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Albuquerque, New Mexico, 

March 19, 1929. 

The Honorable Board of Commissioners, 

T\-Tiddle Rio Grande Conservancy District, 
Albuquerque, New Mexico. 

Gentlemen: 

I have the honor of transmitting herewith Volumes I and II of

the Report of the Chief Engineer submitting a plan for flood control, 
drainage and irrigation of the Middle Rio Grande Valley Project, re- 

vised to include the Modification of the Plan, as approved by the Court
August 15, 1928. 

In revising the manuscript of the original report, as submitted to

you May 1, 1928, it has been the aim to keep the original report intact, 
but to note all changes due to the modification ordered by the Court. 
Volume I, as now submitted, is therefore intended as a record of the
Official Plan of the Middle Rio Grande Conservancy District. No im- 
portant changes have been made In Volume II, Contract Forms and
Specifications. 

There have been added to the report as appendices a recent water
supply study of the Project by R. G. Hosea, and also a brief descrip- 
tion and record of the evaporation experiments obtained at the Los

Griegos Station under the cooperative agreement between this District
and the United States Bureau of Reclamation. 

Respectfully, 

J. L. BURKHOLDER, 

Chief Engineer. 



SYNOPSIS OF THE REPORT

This report is presented for the express purpose of outlining a plan
for flood control, drainage and irritation of the Middle Rio Grande
Conservancy Project in accordance with the requirements of Chapter

45 of the Session Laws of the State of NTew Mexico for the year 1927. 
It consists of three volumes and certain exhibits. The exhibits contain
the following: Five volumes of special reports marked Exhibits R- 1, 
R- 2, R- 3. R-4, R- 5, and 17 volumes of drawings marked Exhibits P- 1, 
P- 2, P- 3, P- 41 P- 3, P -5a, 1\ 1- 1, NI -la and A1- 2, and R -3a and R -3b, 
which are a part of Special Report R- 3. 

The recommended Plan is described in Section V of Volume I. It
consists of flood control and river improvement work, a comprehensive

system of drainage and a modern system of irrigation, including a stor- 
age reservoir and four diversion dams. The proposed work is all be- 
lieved to be necessary at this time for the material improvement and de- 
velopment of the middle Rio Grande valley. The total estimated cost
of the Plan as modified is $ 10, 337, 000 which includes the share of the
United States of America, on behalf of the Indian lands within the
project, estimated as $ 1, 593, 311. This cost estimate includes liberal

provisions for contingencies and it is believed to be ample for the com- 
pletion of the Plan. 

The report includes a description of the early history of the area in- 
volved, an outline of present conditions and the need for the proposed
work, and a record of the investigations and studies made by the engi- 
neers of the District during the development of the Plan. In this latter

part an attempt has been made to set forth the important features studied
and finally rejected as a part of the recommended Plan, and the reasons
for this exclusion. 

Attention is directed to the special reports included as exhibits to
this report. There are five of these, all dealing directly with the recom- 
mended Plan. Of these the report entitled " Preliminary Report on In- 
vestigations in lTiddle Rio Grande Valley, \ ew Mexico," by the United
States - Bureau of Reclamation, deals with the water supply of the pro- 
posed project and reaches the conclusion that the supply is adequate, as

developed by the Plan, for the irrigation of 140,000 acres. 

The report entitled " Erosion and Control of Silt on the Rio Puerco, 
New Mexico", by Kirk Bryan and George '\' I. Post, is an interesting de- 
scription of the causes of excessive erosion. It fixes the responsibility on
the Rio Puerco for over 40 per cent of the silt entering the Rio Grande, 
and outlines methods and cost estimates for ameliorating this condition. 

President E. H. Wells, of the New Mexico State School of 'Alines, 
had made a study of the geology of the El Vado reservoir for the Dis- 
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trict, and his report is entitled " The Geology- of the El Vado Dam Site
and Reservoir". 

Dean Philip S. Donnell, of the University of \ e -VI, Mexico, has col- 

lected and studied the extensive data on water table conditions in the
middle Rio Grande valley-. His report entitled " Report on Ground
Vater Determinations" is accompanied by one volume of maps and one

volume of profiles. 

The Board of Consulting Engineers has rendered several reports to
the District which are included as a volume of the exhibits. A sunl- 
mam- of this report is included in paragraph 118 to 122. 



PART I

THE PLAN

SECTION I

CHRONOLOGICAL DEVELOPMENT OF
THE RIO GRANDE BASIN
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REPORT OF CHIEF E\ GIN EER

SECTION I

CHRONOLOGICAL DEVELOPMENT OF THE

RIO GRANDE BASIN

The Middle Valley

The Middle Valley Prior to Spanish Exploration. 

A The middle Rio Grande
avalley in New Mexico is probablyy

one of the oldest irrigated areas in the United States. Long before the
first explorations of the Spaniards in 1539, the Indians in this valley
were irrigating their lands, and traces of ancient canals are found in
many localities. 

2. These prehistoric Indians left no written records from which
to determine the time when they first settled in the Rio Grande valley. 

Their oven traditions and the studies of archaeologists seem to indicate
that it was about the beginning of the Christian era, though some scholars
place the date still earlier. 

3. Antonio de Espejo, writing of the Rio Grande valley as seen
by him about 1582, says in his " relaciones", " They ( the Indians) have
fields of maize, beans, gourds, and piciete in large quantities which they
cultivate like the Mexicans. Some of the fields are under irrigation, 
possessing very good diverting ditches, while others are dependent upon
the weather." 

4. Archaeologists and historians differ widely in their estimates
of the number of these earlier inhabitants. Benavidez says that the Rio
Grande valley was quite densely populated, one " city" alone having
3000 inhabitants. Other investigators think his estimates exaggerated, 
but there is positive proof of the existence of a number of towns or

pueblos", and it is thought that a veru conservative estimate of their
population would be something like 25, 000 people. 

5. If they cultivated one acre of land per inhabitant ( which is
about the present area cultivated per capita on some of the pueblo
grants), there must have been about 25,000 acres of cultivated land in
the valley prior to the coming of the Spaniards. 

The Middle Valley from 1539 to Date. 

6. The first Spaniards to visit New Mexico were treasure seek- 
ers under Coronado. They accomplished little in the way of developing
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the cOulltry and, disappointed in their quest for the fabulous wealth of
Cibola", returned to Mexico in 1542. 

7. It was not until 1598 that a real colonizing expedition under
Don Tuan de Onate came into the valley and founded a settlement near
the mouth of the Rio Chama at the Indian pueblo of Yugewinge. This
settlement was christened San Juan de los Caballeros and was the first
capital of the new empire. Here, with the assistance of 1500 Indians, 
Onate built a canal or " acequia" which was probably the first Spanish
ditch in the country. 

8. A few years later ( probably 1609) this settlement was aban- 

doned and a new capital was established at the Ciudad Real de la Santa
Fe de San Francisco de Assizi, where it remains today under the shorter
name of Santa Fe. 

9. Exploration and colonization was carried on from Santa Fe
f or a period , of about 75 rears, but in 1680 the Indians rose in revolt
and drove the Spaniards out of the country. They retired to Paso del
Norte ( the El Paso of today) and remained there for 12 years. In
16921 under Don Diego de Vargas, they put down the Indian rebellion

and returned to Santa Fe and the Rio Grande valley. 

10. At this time many vast Spanish land grants were made, in

recognition of services rendered during the pueblo rebellion, and the real
development of the country began. Perhaps because of the location of
Santa Fe, 

which was the capital and headquarters for the entire country, 
this development took place generally from north to south, the country
near Santa Fe being settled first. 

11. In almost regular progression down the river to the south, 
settlement and development followed. Bernalillo was founded about

1700 on a land grant from the Spanish Crown. 

12. The Yllla de San Felipe de Alburquerque, named for King
Philip of Spain and his Viceroy the Duke of Alburquerque, was settled
in 1706 on the site of the old " hacienda" of Don Luis Carbajal, which

had been destroyed by the Indians during the uprising of 1680. 
13. In 1739 certain residents of Albuquerque, dissatisfied with

conditions there, moved a few miles to the southward and established
the settlement known as Nuestra . Senora de la Concepcion de Tome
Dominquez. This settlement still exists under the shorter name of

Tome, and it is interesting to note that one of the reasons for the dis- 
satisfaction of the original settlers with Albuquerque was the shortage
of water for their fields. 

14. In 1716 a grant of land known as the San Clemente Grant
was made to Ana Sandoval y Manzanares, daughter of Mateo Sandoval
y 11lanzanares, one of the original colonists driven out by the pueblo
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rebellion of 1680. The present town of Los Lunas, some 20 mile-, south
of Albuquerque, is located on this grant. 

15. The Belen area developed from another land grant made 111
about 1642 and the La Joya grant to the south followed. 

16. The Socorro area was developed many years later. There

were Indian pueblos in this locality in pre -Spanish time and the Span- 
iards established several missions at these pueblos, but after the rebellion

of 1680 these few small settlements were exposed to continual attack bythe hostile Apaches who murdered or drove of f the settlers, and it was
not until the building of the railway down the Rio Grande valley some
200 years later that the real development of this country took place. 

17. The above historical sketch outlines roughly- the history of

the settlement of the middle Rio Grande valley in New Mexico. As
each community was settled it built its own irrigating ditch or " acequia", 

since all of these settlements were agricultural communities, dependent
upon irrigation, 

without which no crops could be grown in this country. 
Today there are nearly 70 ditches in the middle valley resulting in muchduplication of effort and waste of water ( see paragraph 66) . 

18. From the date of discovery by the Spanish Conquistadores
in 1539, the middle Rio Grande valley was claimed by Spain and was

ruled by Spanish governors under the jurisdiction of the colonial gov- 
ernment Of Mexico until 1821, when Mexico established her inde- 

pendence. 

19. When Mexico revolted and became independent, this upper

country became Mexican territory and so remained until it was ceded
to the United States of America under the treaty of Guadalupe Hidalgo
in 1848. This treaty, which marked the end Of the : Mexican war, guar- 

anteed to the inhabitants Of the ceded area the same rights and privi- 
leges to which they had been accustomed. Consequently the customs of
the Spanish colonies have been preserved to a considerable extent in
New Mexico, and this becomes important in any consideration of the
irrigation canals and of the use of water. 

The Valley from San Marcial to Fort Quitman
Brief Historical Statement. 

20. In the southern Rio Grande valley, in the early days of
Spanish rule, there was only one important settlement. This was at
Paso del Norte ( the present El Paso) where a ford or pass across the
river gave access to the northern country. 

21. Otermin and his fugitives from Santa Fe stopped in El
Paso in 1680 and remained until 1692, but no colonization on any large
scale was attempted on account of the constant raids of the hostile
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Apaches. Numerous attempts were made to cultivate that portion of
the Rio Grande valley frola E1 Paso to Palomas during the last of the
18th and the first of the 19th centuries, but the ii-lhabitants were driven
off or murdered. 

22. On August 4, 1853, \ Iexico made a grant of land to cer- 
tain Mexican families known as the Civil Colony of 1\ 1esilla, the lands
being on the west side of the Rio Grande near Mesilla. This area was
then part of the Republic of XIexico and was later acquired by the
United States as a part of the Gadsden purchase. 

23. There were no Indian pueblos south of the present San
Iarcial at the time of the Spanish conquest. This is definitely stated

in the memorial of Fray Alonzo de Benavidez, and also in the " re- 

laciones" of Antonio de Espejo, both of whom traveled up the Rio
Grande from Mexico without finding any, Indian pueblos south of the
present San Marcial. 

The Rio Grande Valley in Colorado
First Settlements. 

24. A number of exploring expeditions into Colorado were made
by the Spaniards f rom Santa Fe in the days of Spanish rule in New
Mexico, but it was not until after 1850 that actual colonization began. 
For ten or twelve years thereafter, a number of Spanish settlements

were made in the Costilla, Culebra and Cone j os valleys which are tribu- 
tary to the Rio Grande in Colorado, but it was not until about 1873 that
Americans began to move into the San Luis valley in numbers. 

Rapid Development after 1880. 

25. About 1880 the Denver & Rio Grande Western Railroad
built into the valley. A number of huge canals were constructed and
large areas of land were brought under cultivation until the normal flow
of the river was practically exhausted. Reservoirs were then con- 

structed and development continued. Today the greater part of the

water which crosses the interstate line into New ' Zexico is flood water, 
drainage return flow, or water which cannot be utilized i11 Colorado. 

Effect on Lower River. 

26. This progressive increase in the use of water in Colorado
has had a two -fold effect in the middle river valley in New Mexico. 

The flow of the river has decreased and at the same time the irrigated
area has decreased, by reason of the rising river bed and the increasing
seeping of adjacent lands. The one effect has to a great extent con- 
cealed the other. As the irrigable area decreased the demand for water
decreased and tended to conceal the increasing shortage, but this condi- 
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rebellion of 1680. The present town of Los Lunas, some 20 mile-, south
of Albuquerque, is located on this grant. 

15. The Belen area developed from another land grant made in
about 1642 and the La Joya grant to the south followed. 

16. The Socorro area was developed many years later. There
were Indian pueblos in this locality in pre -Spanish time and the Span- 
iards established several missions at these pueblos, but after the rebellion

of 1680 these few small settlements were exposed to continual attack bythe hostile Apaches who murdered or drove of f the settlers, and it was
not until the building of the railway down the Rio Grande valley- some
200 years later that the real development of this country took place. 

17. The above historical sketch outlines roughly the history of

the settlement of the middle Rio Grande valley in New Mexico. As
each community was settled it built its own irrigating ditch or " acequia", 

since all of these settlements were agricultural communities, dependent
upon irrigation, without which no crops could be grown in this country. 
Today there are nearly 70 ditches in the middle vallev resulting in much
duplication of effort and waste of water ( see paragraph 66) . 

18. From the date of discovery by the Spanish Conquistadores
In 1539, the middle Rio Grande valley was claimed by Spain and was

ruled by Spanish governors under the jurisdiction of the colonial gov- 
ernment of Mexico until 1821, when Mexico established her inde- 
pendence. 

19. When Mexico revolted and became independent, this upper

country became Mexican territory and so remained until it was ceded
to the United States of America under the treaty of Guadalupe Hidalgo
in 1848. This treaty, which marked the end of the Mexican war, guar- 

anteed to the inhabitants Of the ceded area the same rights and privi- 
leges to which they had been accustomed. Consequently the customs of
the Spanish colonies have been preserved to a considerable extent in
New Mexico, and this becomes important in any consideration of the
irrigation canals and of the use of water. 

The Valley from San Marcial to Fort Quitman
Brief Historical Statement. 

20. In the southern Rio Grande valley, in the early days of
Spanish rule, there was only one important settlement. This was at

Paso del Norte ( the present El Paso) where a ford or pass across the
river gave access to the northern country. 

21. Otermin and his fugitives from Santa Fe stopped in El
Paso in 1680 and remained until 1692, but no colonization on any large
scale was attempted on account of the constant raids of the hostile



26 ZIIDDLE RIO GRANDE CONSERVANCY DISTRICT

Apaches. Numerous attempts were made to cultivate that portion of
the Rio Grande valley from El Paso to Palomas during the last of the
18th and the first of the 19th centuries, but the inhabitants were driven
off or murdered. 

22. On August 49 1853, l%lexico made a grant of land to cer- 
tain Mexican families known as the Civil Colony of 1\-lesilla, the lands
being on the west side of the Rio Grande near 1\'Iesilla. This area was
then part of the Republic of Ai lexico and was later acquired by the
United States as a part of the Gadsden purchase. 

23. There were no Indian pueblos south of the present San
Marcial at the time of the Spanish conquest. This is definitely stated
in the memorial of Fray Alonzo de Benavidez, and also in the " re- 

laciones of Antonio de Espejo, both of whom traveled up the Rio
Grande from Alexico without finding any Indian pueblos south of the
present San 1\ 1arcial. 

The Rio Grande Valley in Colorado
First Settlements. 

24. A number of exploring expeditions into Colorado were made

by the Spaniards f rom Santa Fe in the days of Spanish rule in New
Mexico, but it was not until after 1850 that actual colonization began. 
For ten or twelve vears thereafter, a number of Spanish settlements

were made in the Costilla, Culebra and Conejos valleys which are tribu- 

tary to the Rio Grande in Colorado, but it was not until about 1873 that
Americans began to move into the San Luis valley in numbers. 

Rapid Development after 1880. 

25. About 1880 the Denver & Rio Grande Western Railroad
built into the valley. A number of huge canals were constructed and
large areas of land were brought under cultivation until the normal flow
of the river was practically exhausted. Reservoirs were then con- 

structed and development continued. Today the greater part of the

water which crosses the interstate line into New ,,,\-lexico is flood water, 
drainage return flow, or water which cannot be utilized in Colorado. 

Effect on Lover River. 

26. This progressive increase in the use of water in Colorado
has had a two -fold effect in the middle river valley in New Mexico. 
The flow of the river has decreased and at the same time the irrigated
area has decreased, by reason of the rising river bed and the increasing
seeping of adjacent lands. The one effect has to a great extent con- 
cealed the other. As the irrigable area decreased the demand for water
decreased and tended to conceal the increasing shortage, but this condi- 
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tion did not hold true below the middle Rio Grande valley where the
shortages became more and more apparent as time went on. 

The U. S. Rio Grande Project

The Mexican Protest. 

127. In 1895 arotest was made b y Mexico onp  behalf of certain
citizens of Juarez against the alleged immoderate use of the waters of
the Rio Grande in Colorado and New Mexico, and the construction of

an international dam and the appointment of a commission to distribute
the waters of the Rio Grande equitably between the United States and

11Texico was proposed. 

Investigation by International Commission. 
28. This protest resulted- in the appointment of an international

commission, and a study of the whole Rio Grande situation was made
under its direction. The part of this study dealing with the flow of the
river, the diversions therefrom, and the existing storage sites thereon, 
was made by- W. W. Follett, Civil Engineer of El Paso, and appears in
Senate Documents Vol. 21, No. 229, 55th Congress, 2nd Session, pp. 47- 
177. 

Ditches in the Rio Grande Valley in New Mexico in 1896. 
29. Table 1 shoves the ditches which were found by Mr. Fol- 

lett in the Rio Grande valley in 1896, taken f rom the above mentioned
report. 

Treaty with Mexico. 
30. The outgrowth of the whole matter was the negotiation of

a treaty between the United States and Mexico, wherein the United
States guaranteed to Mexico the delivery of 60,000 acre feet of water
per annum at the heads of the Mexican canals. 

Location and Construction of Elephant Butte Reservoir. 
31. To insure the ability to carry out the provisionsof this

treaty, the United States Bureau of Reclamation constructed the Ele- 
phant Butte Reservoir with a capacity of 2, 600, 000 acre feet. This

reservoir not only guarantees the delivery of water to Mexico, but also
makes possible the irrigation of some 155, 000 acres of land in New
Mexico and Texas, which constitutes the .Rio Grande Project of the
United States Bureau of Reclamation. The reservoir, which has been
completed and in operation since 1915, is located on the Rio Grande

just below the lower end of the' middle valley and extends south from
San Marcial for a distance of about 45 miles to the site of the Elephant
Butte Dam. 
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MIDDLE RIO GRANDE CONSERVANCY DISTRICT. 

Progress and Decline of Irrigation Development in the
Middle Valley

Conclusions of C. R. Hedke. 

32. In a report made to the New A7exico Interstate CompactCommission by C. R. Hedke, Civil Engineer, in December 1924, en- 
titled " A Report on the Irrigation Development and Water Supply of

the Middle Rio Grande Valle-, IST. M., as it Relates to the Rio GrandeCompact", on pages 19 and 20 appears the following data, Table 2

Table 2

Middle Rio Grande Developments

33. " The above table received excellent confirmatory data
through the drainage survey made by the State of New Mexico in 1918
under the direction of Mr. G. M. Neel ( later State Engineer), whofound 65 ditches with a carrying capacity of 1, 95/ second feet, irri- 
gating 47, 007 acres during the war period of maximum production, and

calculating 115, 000 acres as the area with suitable soil and surface topog- raphy for irrigation." 

34. This data is also corroborated by the surveys of the MiddleRio Grande Conservancy District ( see paragraph 5/) which show an
area of about 45, 000 acres under cultivation in 1926 and 1927. 

n

Time of n L o . V Total Under
Construction Z

U d o " Ditch
Acres) 

Ancient and very
old .... ' ' i 15 i40 11, 100 j 7,830Old18, 930

About 1700 ....... 1
40

2
946
40

20,285 1 25, 815 46, 100

Before 1800 ...... 6 221 i
1, 300

4, 500
1, 300
7, 400

2 600

18350Before 1850 ...... 
To 1880

5 143 3, 000 5, 350

To 1910 .......... 
6

5
184

197
3, 500 10,E 13, 500, 
1, 535 ' 21, 885 23, 420

Totals ....... I 79 2, 145 I 45,220 79, 580 124, 800
This table is given by Mr. Hedke as

made in 1910 by Mr. H. W. Yeo
a summary of an investigation

of the United
Service, at present State Engineer

States Reclamation
of New Mexico.) 

Mr. Hedke goes on to say p. 20, paragraph 5) : 

33. " The above table received excellent confirmatory data
through the drainage survey made by the State of New Mexico in 1918

under the direction of Mr. G. M. Neel ( later State Engineer), whofound 65 ditches with a carrying capacity of 1, 95/ second feet, irri- 
gating 47, 007 acres during the war period of maximum production, and

calculating 115, 000 acres as the area with suitable soil and surface topog- raphy for irrigation." 

34. This data is also corroborated by the surveys of the MiddleRio Grande Conservancy District ( see paragraph 5/) which show an
area of about 45, 000 acres under cultivation in 1926 and 1927. 
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On pa( e 22 in the aforementioned Hedke report, appears

the f ollowlllg data, Table 3: 

Table 3

Table Showing the Progress of Irrigation Developments in the Middle Rio
Grande Valley based on the reports of: W. W. Follett, Engineer, Inter- 
national Boundary Commission; H. W. Yeo, Engineer, United States Recla- 
mation Service; State of New Mexico, 1918 Drainage Survey." 

Time

Up to

1600

1700

1800

1850

1880

1896

i

1910

1918

1925

82 2, 145 ; 124, 800

Acres

Failed

I
i

71 1, 779 1 50, 000 74, 800

79 2, 121 45, 220

65 1, 957 ' 47. 000
60 1, 850 ! 40, 000

Maximum and Present Development. 

79. 580

11

11

Remarks

Indian development. 
Indian with Spanish. 
Above with Spanish grants. 
N atural increase. 
Transcontinental traffic and

ci %, il war demand, com- 

pleted developments. 

Due to short water supply, 
rising water table, R. R. 

supply competition and

R. R. labor demand. 
Further shortage and fur- 

ther rising water table. 
War period. 

Estimated present condition. 

36. Table 3 shows that the maximum development of the mid- 
dle valley of about 125, 000 acres was reached in about 1880 after which
a great retrogression took place, until in 1925 only 40, 000 acres were
cultivated. This latter figure is corroborated by the Conservancy Dis- 
trict surveys which show approximately45,000 acres ill cultivation, in- 
cluding Indian lands, during 1926 and 1927. 

Construction of Ditches. 

37. As shown in the above tables of " irrigation development", 
most of the ditches in the middle Rio Grande valley are very old. The

Indian ditches date back to prehistoric time and no one knows how long
they had been 111 use before they were first seen by the Spaniards in
1539. 

38. As Spanish colonies were founded, ditches were built, since

irrigation
was essential to the agriculture by means of which these early

pioneers existed. \ To records exist, so far as known, which fix the exact
dates of construction of these Spanish acequias, but the dates of the
various land grants are probably a close approximation of some of the
earlier ones. 

Acres
No. of Sec. Ft. Under
Ditches Capacity Develop- 

ment

22 537 25, 555 --- 
61 1, 445 73. 580
70 1, 808 100, 380
80 2, 099 123, 315

82 2, 145 ; 124, 800

Acres

Failed

I
i

71 1, 779 1 50, 000 74, 800

79 2, 121 45, 220

65 1, 957 ' 47. 000
60 1, 850 ! 40, 000

Maximum and Present Development. 

79. 580

11

11

Remarks

Indian development. 
Indian with Spanish. 
Above with Spanish grants. 

N atural increase. 
Transcontinental traffic and

ci %, il war demand, com- 

pleted developments. 

Due to short water supply, 
rising water table, R. R. 

supply competition and

R. R. labor demand. 
Further shortage and fur- 

ther rising water table. 
War period. 

Estimated present condition. 

36. Table 3 shows that the maximum development of the mid- 
dle valley of about 125, 000 acres was reached in about 1880 after which

a great retrogression took place, until in 1925 only 40, 000 acres were
cultivated. This latter figure is corroborated by the Conservancy Dis- 

trict surveys which show approximately 45,000 acres ill cultivation, in- 
cluding Indian lands, during 1926 and 1927. 

Construction of Ditches. 

37. As shown in the above tables of " irrigation development", 
most of the ditches in the middle Rio Grande valley are very old. The

Indian ditches date back to prehistoric time and no one knows how long
they had been 111 use before they were first seen by the Spaniards in
1539. 

38. As Spanish colonies were founded, ditches were built, since

irrigation
was essential to the agriculture by means of which these early

pioneers existed. \ To records exist, so far as known, which fix the exact
dates of construction of these Spanish acequias, but the dates of the

various land grants are probably a close approximation of some of the
earlier ones. 
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39. Since each ditch was constructed to serve its own little com- 
munity or area, there was no attempt to construct a comprehensive irri- 
gation system for the valley as a whole. It was inevitable that a great
duplication should result with a consequent waste of effort, excessive

cost of maintenance, and loss of water. This condition continues to ex- 
ist at the present time. 

Causes of Decrease in Cultivated Area. 

40. The principal causes of the decrease in the cultivated area
in the middle valley are two in number: 

1. Increasing height of water table. 
2. Increasing water shortage. 

41. The most casual inspection of the middle Rio Grande val- 

ley is sufficient t0 reveal the fact that over large areas the water table
is at, or near, the surface. Swamps, salt grass, and alkali offer mute

testimony of the retrogression of what were once cultivated fields. Some
of the causes which have produced this result are: 

a) The increasing use of water in Colorado has reduced the
flow of the river in New Mexico and consequently the silt transporting
capacity of the stream. The result has been a building up of the river
bed and an increase in the seepage f rom the river to the lands. 

j ( b) There is some evidence to support the theory that there
has been a climatic change in the southwestern part Of the United States, 
and that the rainfall and streamflow is less now than it once was. The

effect of such a change would be a decrease in flow and silt carrying
capacity, and a building up of the stream bed. 

c) The amount of silt brought into the Rio Grande has ma- 
terially increased in recent years because of the increase in the amount
of erosion on tributary streams. 

d) Many of the ditches in the Rio Grande valley have been. 
diverting water for 200 years without restraint or regulation and have
doubtless contributed to the rising water table of the lands through which
they pass. 

The Flood of 1874 and Other Floods. 

42. Throughout the history of the Rio Grande valley is found
frequent reference to more or less disastrous floods. Many Indian vil- 

lages have been swept away at one time or another, and the pueblo of
Santo Domingo has been moved several times to higher ground. A
flood in Santa Fe Creek in 1767 cost mangy- lives and caused much prop- 
erty damage. 

143. Many men still living in the valley north of Albuquerqueq
clearly remember the flood of May 1874 when the river overflowed its
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banks at the bend north of Alameda, and poured its muddy torrent

through the valley to a point below where Albuquerque now stands. 

For days the inhabitants of the flooded area went about in boats trying
to salvage what they could from the wreckage of their homes. The fol- 

lowing men were interviewed and remember one or more of these earlier
floods which occurred prior- to 1889: 

Jose Garcia y Gallegos— Alameda. 
flax Chavez— Alameda. 

Pedro Garcia— Worth of Alameda on Sandia Grant. 
Carlos Armijo—Near Albuquerque Indian School. 
Jose Domingo Guru le— Alameda. 

Ramon L'orboa— Los Padillas. 

Jesus Padilla— Los Padillas. 

44. This disaster made such an impression on the minds of the
native population that they composed a song about it, fixing the date of
the occurrence in the first two lines— May 21, 1874. However, the evi- 

dence that such a flood occurred is not based entirely upon recollections
of fifty years ago, but is corroborated by an authentic written record. 

X45. In the diary- of the Jesuit Priests at the Ckurch of San
Felipe de INS eri in Old Albuquerque, under date of May 21, 18%4, may
be found an entry to the of feet that the river overflo- vved its banks at the
bend above Alameda. For several days thereafter the entries show that
the priests were busy helping people to fight the rushing waters, and

moving the valuables of the church to a safe place in the hills. This

flood was probably considerably greater than the largest measured flood
of 33,000 second feet. 

46. Among the older residents of the valley there are also vague
recollections of other floods, one of which probably occurred in or about
the year 1865. Another may have taken place in the early eighties, be- 

fore the first stream measuring station on the river was established at
Embudo in 1889. The floods which have occurred since stream flow
records were kept are considered in Section I . 
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SECTION II

GENERAL AND STATISTICAL DATA

The Project

Location and General Description. 

47. The reclamation and flood control project of the Middle Rio
Grande Conservancy District, herein described, is located in the counties
of Sandoval, Bernalillo, Valencia and Socorro, State of New NTexico, in
the middle valley of the Rio Grande. The middle valley extends alongthe Rio Grande f rom the Indian village of Cochiti at the mouth of White
Rock Canyon, on the north, to San Marcial at the upper end of the
United States Reclamation Bureau' s Elephant Butte Reservoir, on the
south, a distance of over 150 miles. It is long and narrow and consists
of a number of strips of land, f rom one to five miles wide, through
which the river meanders from one side to the other, forming a series

of natural units or districts. 

48. In general, the project includes lands in Townships 1 to 7
South, Ranges 1 West and 1 East, and Townships 1 to 17 North, 
Ranges 2 to 6 East, of the New Mexico Principal Meridian. The aver- 
age longitude is about 107° west and the latitude varies from 34° to
36° north, approximately. 

Area and Ownership. 

49. The
gross area of the valley floor to the base of the hills is

about 210,000 acres of which the larger portion is in private ownership. 
Title to most of this land came originallythrough land grants made bythe Kings of Spain. Subsequent bequests and transfers have reduced
the original grants to a very large number of small irregular- shaped
tracts of which some 12, 500 lie within the boundaries of the ConservancyDistrict. 

50. In addition to the lands referred to in the preceding para- 
graph, there are a number of Indian grants lying wholly or in part in
the middle valley. These grants were made to the Indians by t' --e Span- 
ish Crown

shortly after the suppression of the pueblo rebellion in 1692, 
and were confirmed by the United States Government after this country
was acquired from Mexico under the treaty of Guadalupe Hidalgo in
1848. Six tribes of pueblos hold lands in the middle valley, namely, Cochiti, Santo Domingo, San Felipe, Santa Ana, Sandia and Isleta. 

The total area of Indian land included in the Middle Rio Grande Con- 
servancy District is about 28, 500 acres, exclusive of the river channel
area. 
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Principal Cities and Towns. 

51. The principal cities and towns located within the boundaries
of the -Middle Rio Grande Conservancy District are as follows: 

Albuquerque— County Seat of Bernalillo Count,,-. the largest

city in New Mexico, population 35, 000. 
Bernalillo— County Seat of Sandoval County, population 1, 500. 
Los Lunas— County Seat of Valencia County, population 1, 000. 
Belen— Important railway center, population 4,000. 
Socorro— County Seat of Socorro County, population 1, 500. 

There are also numerous other small towns and communities both
An and Spanish, and the total population of the middle valley is
estimated at about 55, 000 people, including some 3, 000 Indians. 

Assessed Valuations. 

52. The assessed valuation of the middle Rio Grande valley, in- 

cluding lands and improvements, is about $ 40, 000, 000 on a basis of 50 to
60 per cent of actual value, of which about $ 20,000,000 is in the City
of Albuquerque. 

Transportation. 

53. This area is served by the Atchison, Topeka and Santa Fe
Railway, which traverses the entire length of the valley, and by num- 
erous Federal Aid, State and County highways, so that transportation

facilities are first- class. 

Climate. 

54. The middle Rio Grande valley- lies at an elevation ranging
between 4,460 feet at San iMarcial and a little over 5, 200 feet at Cochiti, 
and is protected by hills and mountains on both sides. 

a) The rainfall is light. At Albuquerque the 40 -year mean is
7. 59 inches, and at Socorro the 28 -year mean is 11. 09 inches. 

b) At Albuquerque the mean annual temperature is 55. 7' with

a mean maximum of 70. 1' and a mean minimum of 41. 6°. VA' inters are
mild and open, and in summer the evenings are cool. 

c) The average growing season varies from about 189 days in
the northern end to 198 days in the southern end of the valley. 

d) As a matter of fact, the wonderful climate of the middle

Rio Grande valley is so well known that this country has become a mecca
for health seekers, who come here in increasing numbers each year. 
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Soils. - 

55. The soils of the. middle Rio Grande valley are of river bot- 
tom alluvium, usually of sandy texture and extremely fertile when prop- 
erly drained and irrigated. ( For detailed discussion of these soils see

Soil Survey of the 1Iiddle Rio Grande Valley Area, New Mexico", by
the United States Bureau of Soils, 1912.) 

Crops. 

56. The principal crops grown in the valley are alfalfa, corn, 

grain, fruits, celery and garden truck. Some cotton is grown in the
southern part, and recent experiments indicate that certain varieties of
tobacco are well adapted to local conditions. A factory has been built
near Albuquerque for the extraction of nicotine for commercial pur- 

poses, and a large area is planted to tobacco each year. 

Classification of Valley Lands. 

57. Table 4 shows the classification of the lands of the middle
Rio Grande valley as of date 1926- 1927. 

Table 4

Classification of Valley Lands

Areas shown are total lands under constructed canals or possible extensions
of existing canals. All roads and ditch rights of way excluded. Date from sur- 
vey and inspection by District Engineers. 

Classification
1926- 27 I Acres

Total

Acres

Per

Cent I Per

Cent

Orchard and Garden .............. j 3, 408 2. 28
Alfalfa and Grain ................ 40, 041 26. 69
Pasture and Ha3.................. 1, 355 90
Homesites ....................... 820 55
Total Irrigated .................. 43, 584 30. 42
Salt Grass ........... 48, 603 32. 43
Bosque .......................... 37, 821 25. 24
Swamp and Lake ................. 3, 324' I 2. 21
River W -ash and Arroyo NA' ash .... 19290 i . 86
Barren Alkali 275 18
Sand Dunes and Gravel .......... 4, 400 1 2. 94
Fallow Land ..................... 41980 j 3. 32
Homesites ....................... 3, 588 i 2. 40
Total Non -Irrigated ............. 104. 281 j 69. 58

Totals ........................... 149, 865 149, 865 100. 00 100. 00

Note: Above areas include about 28, 500 acres of Indian lands located in 6
different pueblos. 
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Lands Included in the District
Areas. 

58. The tabulation, Table 5, shows the total irrigable area and
the total benefited area included in the District. The District bound- 
aries, as shown on the maps, include a total area of 277, 760 acres, but

this includes the river bed and a considerable acreage which will not be
benefited by the proposed Plan. The net irrigable area under the pro- 

posed Plan as originally prepared is 128, 787 acres and the total benefited
area is estimated at 132, 724 acres, including some land which it is pro- 
posed to drain but not to irrigate, and including also all lands in Indian
ownership. Final estimates of the benefited areas based on complete
appraisal data, under the Plan as modified and approved, are included in
Table 5. 

Areas Excluded. 

59. Certain small tracts or areas of valley land have been left
out of the benefited area of the District for the reason that their location
is such that they can only be irrigated by canals or laterals passing un- 
der the river, or diverting from the river directly. Either of these meth- 
ods of irrigating such areas would be very costly, in view of the rela- 
tively small acreage involved, and improvements for such areas have con- 
sequently been omitted. ` 

60. Lands of this character include the small tract west of and
across the river from Bernalillo, locally known as Los Montoyas, small

areas lying east of and across the river from San Acacia and Escondida, 
and the area lying on the east side of the river f rom a point a few miles
north of Bosquecito, south to the northerly end of the Val Verde Dis- 
trict. ( See Section VI, paragraphs 374, 375 and 376 for areas elimi- 
nated in plan approved by Court Aug. 15, 1928.) 

Indian Lands. 

61. The gross area within Indian grants is 28, 509 acres, of

which 24. 329 acres is estimated to be irrigable. Of this amount 1, 595
acres are shown by reports of the Pueblo Lands Board as being ex- 
tinguished to the Indians, leaving a net irrigable area in Indian owner- 
ship of 22,734 acres. The reports of the Lands Board on the pueblos
of Cochiti and Isleta have not yet been secured, and these may show a
slight difference in ownership as between Indians and non -Indians. In
the meantime, non - Indian holdings within these pueblos are considered a
part of Indian lands. 

Table 6 shows in detail the available data in regard to Indian lands: 
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Seeped Areas
General Statement. 

62. The middle Rio Grande valley- has long been a notorious
example of a badly- seeped and alkalied irrigated area. The seepage

and alkalinity has increased from year to Near and, at the present

time, there is only about 2.000 acres of land which is entirely unaf- 
fected within the entire valley. The total area in alkali, salt grass

and swamp is over 30,000 acres. A large portion of the area now un- 
der cultivation is seriously affected by alkali, the salt concentration

on such lands being sufficient to reduce crop production ` without en- 

tirely preventing the germination of seeds. Likewise, seepage be- 
comes a menace to agriculture whenever the water table is less than
about 4 feet below the surface. Crop production is frequently' reduced

by seepage and alkali without the farmer fully understanding the

cause of the difficulty. 

63. As early as 1917, the State established a large number

of test wells throughout the valley for measuring periodically the ele- 
vation of the water table. Additional test wells were installed by the
U. S. Department of Agriculture, and the readings of these test wells
were systematically- taken and recorded from March, 1918 to Decem- 
ber, 1921. In July, 1926, the collection of data on water table condi- 
tions was begun under the District' s supervision and, since that date, 
additional test wells have been installed and the entire system

J

of wells has been read at intervals of about 2 months. 

During this period data was collected from over 1, 000 wells. The
data collected since 1918 has been brought together in a report en- 

titled " Report on Ground Water Determination", by Philip S. Don- 
nell, Exhibit R- 3 of the Official Plan. 

Areas Classified by Depths to Ground Water. 
64. A careful study has been made from the test well read- 

ings to determine the present average condition of the valley lands, in
respect to water table conditions. This data is summarized in. Table
7, which shows the various districts within the valley classified by
depths to the water table. The condition shown is the average for
one full year - 1926 to 1927. About 72 per cent of the entire area of
the valley has a water table from 0 to 4 feet below the surface. 
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Table 7

SEEPED AREAS IN MIDDLE RIO GRANDE VALLEY
1926- 27 Average Condition on Gross Area) 

Depth to Ground Nater Below, Surface

DISTRICT
0'- 1' F

i 4'- 6' Totals

Algodones j 7. 46 9. 61 10.911 24. 19 14. 86 29. 55 3. 42 100% 

Bernalillo
Ac

io

429

2.22
552

7. 71
627

20. 57
1390

35. 21 12
854 11698i

1. 64 : 12. 65

197

I 0. 00 + 
5747

100% 

Corrales
Ac 1431

8. 3611
496

22. 12
1323

17. 81
2265

25. 02

13921

23. 83
814

2.86 0.001
6433

100% 
Ac' 2541 672 541 7601 7241 87 I 3038

Alameda X10 4. 05 25. 33 32.88 31. 88 3. 87 1. 99 0. 00 100% 

Albuquerque
Ac ! 211i

15. 60

1317

26. 23
1710

21. 21
16581

19. 67

2011

5. 86
103

11. 43 0.00
5200

10017o

Atrisco
Ac 1478

3. 94 ! 

2485

9. 86
2010

18. 66
18641

61. 41 ' 
555

6. 13
1083

0. 00 0.00
9475

1009
Ac 171 428810 2665 266 I 4340

Barr C%0 8. 82 18. 59 31. 54 33. 45' 7. 60 11 0. 00 0. 00 100% 

Pajarito
Ac 369

2.521
778

6. 79
1320

17. 34
1400! 

52.23 318117. 031 4. 09

I

0.00
4185

100% 

Isleta ( Partially
Ac 184

3. 201
495

6.45
1265

12. 80
3810

24. 87
1242' 

29. 13

2981

19. 30 4.25
7294

100% 
drained) Ac 1401 282 560 1088; 1274 8441 186 4374

Peralta 9. 101 31. 91 26. 80 26. 17 4. 33 1. 6910. 00 100'/"
oAc

Los Lunas
914 ! 

0. 03
3206
7. 94 , 

2693

25. 10
2630 ; 

50. 06
435 1

7. 10
170

8. 71 1. 06 , 
10048

100% 

Tome
Ac 3

4. 54 ' 
6911

15. 861

2184

16. 501
4355

42. 32
618; 

4. 15
758

16. 63 i
921

0. 00 ! 

8701

100ri'o

Belen
Ac ; 474

0. 16
1665 1
4.401

1731

15. 42
4442 , 

54. 27
4351

14. 30 1746I11. 45 0. 00

10493

10050

San Juan
Ac 27

3. 02 i

724 I5. 62 , 
2535

23. 021
8920

46. 35 i
23501

20.09
1882

1. 51 0.39
16438

100% 

San Francisco
Ac 200

24. 52' 

37211

23. 57 ; 
15251

12. 65
3070

13. 61 ' 

1331

14. 13 j
100! 

11. 52
26 I

0.00 , 
6624

100% 

La Joya
Ac 11321

10.30;' 
1088

5. 95
584

5. 03 , 
628, 

4. 18

652i

2.35

532

6.68 ! 65. 51
4616

100910

San Acacia
Ac 561 324 1

18. 78 16. 06
2741

17. 84 i
228 ; 

25. 01
128i

8. 19

364

1. 06

3570 ! 

3. 03
5449

100% 

Lemitar
Ac

70
477 ! 4081

6. 12: 11. 32

453 1
11. 321

636

29. 72
208

16. 98
271

19. 34
331 1

5. 20
2540

100% 

Socorro
Ac 364 6731

11. 92 19. 09 ' 
674

26. 05
1768: 

27. 14
1010

6. 89

11501

891 1
309; 

0. 00
5948

100 io

San Antonio
Ac 666! 

1. 71 ! 
1067

7. 68
1456: 

17. 32
1517

30. 35
385

12. 25
4981 , 

3. 51 27. 18

5589

100% 

Elmendorf
Ac 1651

5. 21 I
740

9. 40 ! 

1669

15. 70
2924

36. 861
1180

8. 79
338 2620

0.00 23. 98

9636

100% 

Val Verde
Ac 436! 1

1. 46

778 I0. 57, 

1299

0. 83
3050' 

13. 23

727

71. 40 12. 51
1985

0. 001
6275

100% 

San h2arcial

5c
51

33 ; 15. 88

20 29

10. 04
463

3 5. 23
2500

25. 97
438

0. 00 7. 55 ; 
3501

100% 

TOTALS
Ac '; 103

5. 971 13. 061

3071 194

18. 32
681

34.84: 
502

12. 87 8. 63 1
i 146

6. 31

1933

100% 
Ac 8952 119568

i'
274661 52212

72. 19 j85.06

19287 12930

11
9462

93. 69

149877* 

100% 
RUNNING % 5. 97 19. 03 1 37. 35

TOTALS Ac" 8952 28520 153-986 108198i 127485: 1404151

acres, is excluded. 

1149877

Area in river - bed, 26, 800
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The Present Irrigation System

Location and Capacity of Ditches, 1896. 

65. Table 1 shows the number, location and capacity of the

ditches diverting water from the Rio Grande between Cochiti and the
lower end of the ' iesilla Valley in 1896, as found by W. NV. Follett. 

Discharge and Capacity of Ditches, 1927. 

66. Table 8 gives the number and capacity of the ditches serv- 
ing the middle Rio Grande valley in 1927 as reported by C. C. Elder, 

Assistant Engineer, United States Bureau of Reclamation. It will be

seen that this table lists 67 ditches between Cochiti and San Niarcial in
1927, while the Follett report shows 71 ditches serving the same area in
1896. 

Table 8

Discharge and Capacity of Ditches, 1927

1 Discharge Estimated
Ditch in Sec. Ft. June 13- 22 Capacity- 

Apr. 1- 11 111 Sec. Ft. 

1 Cochiti West Side ...... 5. 0 4. 0 10
2 Cochiti East Side ................. 7. 0 9. 4 15
3 Pena Blanca ...................... 22. 7 37. 4 60
4 Sili and Domingo ................. 10. 0 39. 1 50
5 San Felipe West Side ............. 0. 5 0. 0 2
6 Domingo East Side ............... 5. 0 8. 8 10
7 San Felipe East Side ............. 4. 0 0. 0 10
8 San Felipe West Side ............. 8. 7 6. 0 20
9 Mgodones ....................... ' 18. 9 5. 7 20

10 Bernalillo ........................ 19. 9 20. 3 40
11 Santa Ana ....................... 9. 5 23. 9 25
12 Olgulll ........................... 3. 1 2. 5 5
13 Sandia ........................... 25. 9 I 12. 0 30
14 Corrales ......................... 78. 0 5 2. 3' 100
15 Alameda ......................... 42. 6 1 39. 0 75
16 Ranchos ......................... 23. 6 44. 0 50
17 Las Gallegos .................... 0.(1 16. 0 20
18 Las Griegos ..................... 22. 3 20. 6 30
19 Barelas 7. 3 0. 0 15
20 Los Duranes ..................... 27. 5 5. 9 40
21 Albuquerque ..................... 11. 9 15. 3 20
22 Lopez ........................... 3. 9 5. 0 8
23 Los Ranchos de Atrisco ........... 14. 4 17. 6 20
24 Arenal ........................... 32. 9 27. 8 40
25 Atrisco .......................... 13. 2 10. 1 20
26 Armijo .......................... 5. 6 0.0 10
27 Barr ............................. ' 5. 0 10. 0 12

28 Pajarito ......................... 48. 0 0. 0 50
29 Isleta ............................ 51. 7 37. 6 70
30 Los Padillas ..................... 17. 7 14. 1 30
31 Cacique .......................... 29. 9 22. 0 40
32 Chical ...........................; 27. 8 19. 3 35
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Table 8 ( Continued) 

Ditch

33 Peralta No. 1 ..................... 
34 Peralta I` o. 2 ...................... 
35 Bosque de los P1110S .. . . ...... .. . . 
36 Otero ............................ 
37 Los Lunas ....................... 
38 Belen ............................ 
39 San Fernandez ................... 
40 Las Cercas ...................... 
41 Valencia ......................... 
42 La Constancia ................... 
43 Los Endames .................... 
44 Tome ........................... . 
45 Los Chavez ..................... 
46 Old Belen
47 Sausal ........................... 
48 Garcia ........................... 
49 ; Jarales No. 1 .................... . 
50 Los Inocentes ....................' 
51 ' Jarales No. 2 ...................... 
52 Jarales No. 3 ..................... 
53 Sabinal
54 ; Rincon .......................... 

55 ' San Francisco ................... 
56 i Casa Colorada .................. . 
57  San Juan ........................ 
58 I Las Nutrias ..................... 
59 1 La Joya .......................... 
60 San Acacia ...................... 
61 Polvadera ................... 
62 Lemitar

63 ; Socorro .......................... 
64 San Pedro ....................... 
65 Luis Lopez ....................... 
66 ; San Antonio .................... . 
67 ! Val Verde ....................... 

Discharge Estimated
in Sec. Ft. June 13- 22 Capacity
Apr. 1- 11 in Sec. Ft. 

33. 4 20. 5 40
42. 7 28. 8 50
29. 5 38. 8 40

7. 5 9. 2 12
27. 3 27. 2 35
95. 4 57. 1 100
10? 18. 6 25
24. 1 17. 5 30
25. 4 18. 4 30
29. 5 26. 1 35
19. 7 8. 3 25
18. 5 21. 7 25
24. 6 22.4 30
34. 1 I 24.6 40
29. 9 15. 4 35
17. 2 19. 1 25

4. 7 17. 3 20
10. 5 25. 1 30
13. 7 45. 1 50
10. 2 16. 6 20

9. 8 17. 8 20
21. 3 15. 2 25

5. 0 4. 3 5
6. 5 0. 1 10

32.7 29.6 40
13. 1 9. 2 14
11. 7 6. 9 20

0. 0 2. 4 5
6.0 1 20.0 20

53. 9 46. 1 90
21. 8 6. 3 35

0. 0 3. 0 5
0. 0 8. 9 15
3. 5 19. 1 30

21. 7 13. 5 25



PART I

THE PLAN

SECTION III

THE NEED FOR FLOOD PROTECTION, 

DRAINAGE AND IRRIGATION



SECTION III

THE NEED FOR FLOOD PROTECTION, DRAINAGE

AND IRRIGATION

The Need for Flood Protection

Albuquerque Located in Channel of 1874 Flood. 

67. It has been definitely established that a disastrous flood oc- 
curred in the area just -North of Albuquerque, in 1874, before the city
occupied its present location. ( See Section I, paragraphs 42 to 46.) 

The business district of the present Cite of Albuquerque occupies the
channel of the flood of 1874, and all entirely inadequate dike serves to
maintain the river in its channel at the danger point above Alameda. 

At various times in more recent years the river overflowed at this point

and once the water reached the outskirts of Albuquerque. 

River Channel Capacity above Alameda. 

68. Hvdraulic computations indicate that the capacity of the

river channel at the critical point above Alameda ( 8 miles north of Al- 

buquerque) is not more than 25. 000 second feet, up to the elevation of
the top of the present dike; an amount likely to be exceeded at ally time. 
Should such a flood occur, the present dike ivould offer little resistance

to the water and the valley would be inundated again. The damage

would be infinitely greater than it was in 1874, as this area is thickly
settled, and the business district of the City of Albuquerque is directly
in the path of the flood. The railway has been constructed since the
flood of 1574. 

Effect of Ditches Across the Valley
69. Each ditch crosses the valley in a ` el: erally southeasterly

direction and the high banks of these ditches Nvould tend to deflect the
water toward the east, against the railway, and to prevent the return of

the water to the river. It is probable that a large flood would wash out

the railway more or less completely from about Mile Post 891 to Mile
Post 90?, a distance of 11 miles just north of Albuquerque, and in ad- 
dition would inundate the yards, the shops, the roundhouse and the Al- 

varado Hotel in the city. rThis flood would not be merely an overflow
of still water, but would be a rushing torrent impelled by a fall of feet

to the mile through the eleven miles of valley above the city, and it would

probably inundate all of that part of town lvinc west of the railway. 
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San Marcial in Dangerous Location. 

70. At San Marcial the flood menace is ever present and only

perpetual vigilance and the expenditure of large sums of money bi- the

A. T. $ S. F. Ry., which has a large investment to protect, has averted

disaster. 

Maximum Recorded Floods. 

71. At other places the need fol- flood protection, while not so

spectacularly apparent, is nevertheless imperative. Stream flow records

kept since 1889 indicate that the peak flow since that time was reached

in May 1920 with a volume of 28, 800 second feet at Buckman ( some

23 miles above the middle valley) , and at San Marcial the maximum

flow of 33, 000 second feet was recorded in 1904. Studies of flow rec- 

ords, drainage areas and meteorological data indicate that the recorded

peak flows of the last 40 years have been relatively small and may be
greatly exceeded at any time. Yet, many of these relatively small floods
very nearly caused serious damage and even disaster. 

Causes of Floods. 

72. While most of the high water of recent Nears has been

caused by melting snow in the mountains, almost any one of several

different tributaries of the Rio Grande could, under proper climatic con- 

ditions, cause a flood which would rival in size and effect that which

devastated Pueblo, Colorado, in June 1921. 

Rising River Bed. 

73. In the middle Rio Grande valley the present river bed is
from 2 feet to 4 feet higher than the low point of the valley floor in
many places, while at San Marcial, New Mexico, the river bed has

raised about 12 feet since 1880. The raising of the stream bed is great- 
est at San Marcial, decreases with distance upstream therefrom and is

probably changing very slowly at Albuquerque. 

Shifting River Channel. 

74. The present river has a distinct tendency to widen its chan- 
nel as a natural consequence of the rising bed. This tendency is mani- 
fest throughout the river course from Belen to San Marcial, where the

normal flow channel is nearly a mile wide in several places. In recent

years the construction of bridges, railroads, and river protection work

throughout the valley has held the river channel in place and this work
has prevented major shifts in channel locations such as took place in

former years. The water surface elevation in the stream has gradually
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raised and this has resulted in increasing water- logged and alkalied areas, 
and in decreasing the flood carl-vino, capacity Of the river channel. 

Peak Flows and Drainage Areas. 

73. The watershed of the Rio Grande above San Marcial is ap- 
proximately 26, 000 square miles. The largest flood recorded at the San

Marcial gage in thirty years of record is 33, 000 second feet. The drain- 

age area of the Rio Grande above Buckman, New Mexico, is about

14, 000 square miles and the maximum flood discharge recorded at this
point is 28, 000 second feet. The Pueblo Flood of June 3, 1921, was

about 100, 000 second feet, originating from a drainage area of less than
500 square miles. 

Flood Menace at Albuquerque. 

76. It is evident that the river channel is becoming less and less
able to pass floods without serious damage to lands and property. The

high water peak in NIay 1926 was about 12, 000 second feet at Albu- 

querque and this discharge appeared to be about all the channel could

carry without serious overflo- A-. 

77. A large part of the business district of Albuquerque and a
considerable area of the residential portion is -built in a former bed of
the Rio Grande. This fact is established beyond question by the state- 
ments of persons living at the time when the river ran ' through the area
now occupied by the City and is further confirmed by recent surveys. 
Experience with floods, especially those of 1904 and of 1920, has dem- 
onstrated that the City of Albuquerque is dependent upon the dikes

above Alameda and upon the banks of irrigation ditches for protection

against even the normal floods which occur every few years. This pro- 
tection, such as it is, will be wholly inadequate in the case of exceptional
floods such as may sweep through the valley. Indeed, due to the tend- 

encv of the river bed to rise, the flood menace is increasing from year
to year. 

Flood Menace at San Marcial and Other Points. 

78. The danger from floods is not peculiar to the City of Albu- 
querque. San Marcial is in grave danger from overflow, being located
several feet below the present river bed. Protective dikes built by the
A. T. & S. F. Ry. hold the normal flow of the river f rom the town, but

clischarges of even 12. 000 second feet are a source of danger and a large
flood would do great damage. Practically all of the towns and villages
located in the valley floor are subject to the flood menace and are de- 
pendent for relief upon a comprehensive plan of general river improve- 
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Ment. It is therefore evident that the need for flood preveIltion is 1I11- 
perative. 

Silt Content of Tributary Streams North of Rio Puerco. 

79. Closely allied to flood control is the control of silt in the
Rio Grande, which enters the State of \ eN,,, '\ Iexico a comparatively
clear stream and remains clear until the Mouth of the Rio Chama is
reached, below which point the river is never clear. The Rio Chanla

carries comparatively little silt during its spring flood, but is often heav- 

ilv charged from the run off of rainfall in the lower part of its water- 
shed below the El Vado ReserN- oir. Other tributaries to the Rio Grande

contribute but little water except during floods when vast quantities of
silt, sand and debris are carried into the main stream. 

Silt Content of the Rio Puerco. 

80. The Rio Puerco is the largest producer of silt, Leing the
tributary having the largest drainage area and being subject to frequent
silt -laden floods. In the report by Kirl. Bryan and George Al. Post on
the " Erosion and Control of Silt on the Rio Puerco, New Mexico", 

Exhibit R- 1 Part V.) , it is stated that nearli, 400,000 acre feet of val- 

ley soil has been carried away by the erosion of streams and arroyos in
the Rio Puerco valley during- the last 40 to 50 years. It is also estimated

that some 9, 000 acre feet of silt is brought to the Rio Grande annually
from the Rio Puerco, which is therefore held responsible for almost one- 

half of the 20, 000 acre feet of silt which is annually deposited in the
Elephant Butte Reservoir. 

The Need for Silt Control. 

81. It is, therefore, evident that there is a two -fold need for silt
control on the Rio Puerco and other tributaries; first, to conserve the

soil of the valleys themselves and, second, to decrease the amount of silt

brought into the river and into the Elephant Butte Reservoir by the trio- 
utary streams. It is estimated that under present conditions the capacitN- 
of the Elephant Butte Reservoir will be so descreased in 50 years that
additional storage will be necessary for the -United States Rio Grande
Project. 

The Atchison, Topeka and Santa Fe Railway* 

82. Another phase of the need for improvement closely related
to flood control is the protection of the A. T. & S. F. Ry. which enters

the middle Rio Grande valley near its northern end, at the pueblo of

The modification of the plan approved by the Court Aug. 15, 1928, elim- 

inated proposed improvements at San M'arcial. See Section VI. 
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SaIltO D011lin o, and follows it to a point belOW the southern boundary
of the Conservancy District near Sall Marcial. From Santo DO1111I1gO
to a point near Bernalillo ( 16 miles North of Albuquerque) the railway
is generally- above danger from flood in the Rio Grande. The railway
is in general lower than the top of the proposed levees south of Berna- 
11110, but in a few places the topography of the valley is such that the
railwav has had to adopt a location along the banks Of the river, and in

hese places the levees cannot be carried through. In the narrow canyon

extending from a point just south of La Joya station, nearly to San
Acacia, a distance of about 10 miles, the railway follows the river closely
and is not suf f iciently above it to he safe against even moderate- sized
floods. This was demonstrated in September, 1927, when a flood esti- 
mated at 20, 000 second feet, orlalnatlnc in the Rio Puerco, washed out

the railway in one place and reached practically to the base of rail at
several other points. 

83. At other points there is not room to carry the levees through
between the tracks and the river, and at such places it is proposed to

raise the track in approximately its present location to an elevation suf- 
ficiently high to be above dancer from floods of 50, 000 second feet, 

protecting the river side of the road bed with rock riprap. The location
and extent of these changes, as determined by a cooperative study made
bir the A. T. & S. F. Ry. and the District' s engineers, is not included 111
the Plan as a part of the work of the District, but is considered as a part

of a betterment program to be undertaken by the railway. Such changes

of fect only the railwav and, in general, create no benefits to agricultural

lands or other interests. 

84. At San Marcial the situation is different. In order to pro- 

vide a river channel of capacity sufficient to pass floods of 50,000- 
60, 000 second feet, it is necessary to raise A. T. & S. F. Ry. bridges Nos. 
1005- A and 1006- A and their approaches a maximum of about 8 feet

111 elevation. The cost of this work, as estimated by the A. T. & S. F. 

Ry. Engineering Department, is included in the Plan as a part of the
protection work for San Marcial. No detailed plans of the bridges have
been prepared, as this work is to be done by the railway in accordance
with its own standards. 

The Need for Drainage

Seepage Reported by Hedke. 

85. The need for drainage in the middle Rio Grande valley is
so self evident and so well known that little need be said in regard to
it. It is brought out in a spectacular manner in - Mr. Hedke' s " Table
Showin; the Progress of Irrigation Developments in the Middle Rio
Grande Valley" ( See Section 1, paragraphs 35 and 36), in which it is
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stated that the irrigated area in this valley- was 124, 800 acres in 1880, 

while today it is only 45, 000 acres. 

Well Readings. 

86. Test wells have leen maintained throughout the valley since
1918 and the data collected is shown in detail in Exhibit R- 3. Studies

of over 1, 000 test wells show that in 72 per cent of the area of the val- 
leN• floor- the water table is less than four feet below the ground surface. 

See paragraph 64.) Since most crops require at least four feet of un- 
saturated soil, the high water table strikingly illustrates the need for
drainage. 

Drainage Imperative. 

87. It seems self evident that drainage of the valley is abso- 

lutely imperative. Not only is it necessary to reclaim areas already
waterlogged and abandoned, but to prevent the spreading of that condi- 
tion and the further reduction of the relatively small area of " dry" land

vet remaining. NVIthout drainage this area will decrease year by year

until the middle Rio Grande valley will become a vast swamp and the
population will be forced to seek homes elsewhere. Property values

will shrink or disappear, not only those of farm lands, but those of cities
and towels as well, since urban values are dependent, to a great extent, 

upon the agricultural interests of the surrounding country. 

The Need for Irrigation

Present Irrigation System. 

88. The ditches forming the present irrigation system of the

middle Rio Grande valley were constructed at different times, each one

to serve some small community or area, and with no thought of forming
a part of a comprehensive system of irrigation for the valley as a whole. 
As a result there is a great deal of duplication of of fort and of main- 
tenance expense, and a large loss of water. Structures are primitive
and inadequate, where any at all exist, and there are no adequate diver- 

sion dams on the river in the entire middle valley. Sand dams, which

wash out with every rise, furnish the usual means of diverting water
from the river, and every flood in an arroyo forces the rebuilding Of the
ditch which crosses it. A large amount of labor and money can be saved
the farmers by the construction of all adequate consolidated irrigation
system. 

Necessity for Storage. 

89. Another phase of the need for a comprehensive system of
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irri( ation is the regulation and stabilization of water supply which such

a system will afford. About 70 per cent of the annual flow of the river

occurs during the spring rise, while during the late summer the river is
frequently dry as far up as Albuquerque. In the lower end of the val- 

ley water shortage is frequent and acute. Consequently reservoir stor- 
age is imperative to regulate the flow of the river and to make water

available at the ditch headings during the entire irrigating season. It

is evident that another part of the reclamation problem is the building of
a modern comprehensive irrigation system, including an adequate storage
reservoir. 

Summary of Improvements Needed

Drainage. 

90. About seventy- two per cent of the area in the valley floor
has a water table ranging from above the surface to 4 feet below- the

ground surface. Four feet is about the minimum depth of unsaturated
soil required for successful cultivation with diversified crops. The total
area in alkali, salt grass, and swamp is over 50, 000 acres. Excessive

alkalinity is a common cause of poor crops and a large portion of the
area now under cultivation is seriously affected by alkali. Drainage is

absolutely imperative and is perhaps the most urgent need of the valley. 

Irrigation. 

91. The present irrigation works are inadequate for the area

now being cultivated. The ditch headings in the river are expensive to

maintain and are frequently incapable of delivering water to the ditches. 
The ditches are poorly located; often two or three ditches command an

area which could be served by one. The water supply for irrigation is
frequently inadequate for all the lands south of Albuquerque. In 1926

the river was dry at Belen for nearly sixty days during the season of
greatest demand. At San Marcial the river is dry an average of about
thirty-nine days each year. The need for a storage reservoir and for a

complete modern irrigation system is readily apparent. 

Flood Protection. 

92. The flood menace is an ever present danger, threatening
cities, towns, agricultural _lands, roads, railways and other public utili- 

ties through almost the whole of the middle Rio Grande valley. While

no large flood has occurred in recent years, conditions clearly indicate
the possibility of a great disaster due to the increase in urban and sub- 
urban population in areas where the flood menace is imminent. 

93. It must be borne in mind that the drainage, irrigation and
flood control systems are correlated undertakings and to exclude any one
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Would thro-w lame added costs upon the others. The drain ditches not

only drain the land, but they also develop water for irrigation, and the

excavated material partly builds the levees which protect against floods. 

94. The need to check the rising of the river bed by means of
channel work, the need of silt control on tributary, streams, and matters

of protection involvincr all the resources of the District might be in- 

cluded as a part of the lamer subject of flood protection. 
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SECTION IV

DEVELOPMENT OF THE PLAN

Early Efforts to Reclaim the Middle Valley

Previous Organizations and Associations. 

93. As early as the late Nineties plans for the improvement of
the old acequia systems in the middle Rio Grande valley were consid- 

ered bi, various organizations and individuals, and about fifteen years

later two small drainage districts were attempted south of Albuquerque. 
All of these early plans failed, but as the seeped areas of the valley con- 
tinued to increase, drainage became more and more the important sub- 

ject of discussion in meetings of the various civic bodies and voluntary
associations interested in the agricultural welfare of the various river

communities. The spirit of these pioneers culminated in the enact- 

ment of a law in 1921 creating The Rio Grande Valley Survey Commis- 
sion. That Commission entered into a contract with the United States, 

through the Reclamation Service, dated March 31, 1922, for an investi- 

gation and report on the Middle Rio Grande project. In 1922 a volun- 

tary association known as the Middle Rio Grande Reclamation Asso- 

ciation was formed and fostered through the Chamber of Comi-nerce

and many interested individuals. 

Previous Reports. 

96. Prior to the formation of the ',%-Tiddle Rio Grande Con- 

servancy District, a number of engineering reports were made dealing
with proposed reclamation and drainage for the middle valley. Some

of these are listed in Table 9 for convenient reference and are on file in

the District offices.. 
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Table 9

Partial List of Previous Reports

Reference Name of Report Author Date

1 diddle Rio Grande Declamation U. S. B. of Rec. by 1923
Pro

ject• 
H. J. Gault

2 Reclamation of the Middle Rio Grande Vernon L. Sullivan 1924
Valley of New ) N4exico. 

3 Drainage Investigations, State of N. ' INT. 1919
Middle Rio Grande  alleti. J. A. French

4 Vater Supple for, and Passible Devel- U. S. B. of Rec. i 1919
opment of Irrigation and Drainage Conkling and
Projects on the Rio Grande. Debler

5 Floods and Drainage at San Marcial, U. S. B. of Rec. i 1925
New Iliexico. C. T. Pease

6 Study of the Use of Water for Irriga- V- V. Follett 1896
tion oil the Rio Grande Del ? orte. 

7 Irri- ation Development and N' e' ater Sup- C. R. Hedke 1924
PIN of the Middle Rio Grande Valley. 

8 Review of Nater Supply, Drainage, Ir- i R. L. Meeker
rig ated Areas, etc., Rio Grande
above Ft. Quitman, Texas. 

9 , Rio Grande NVater Supply. Debler and Walker 192410 Soil Survey of the Middle Rio Grande U. S. Dept. of Agri- 1912
Valley Area, X. M. culture

11 12th Annual Report, U. S. Geological U. S. Geological 1890
Survey, pages 240- 278. Survey - 

The Middle Rio Grande Conservancy District
The Original Conservancy Act. 

97. \ otwithstandillg this pioneer work no adequate legal ma- 
chinery had vet been provided to carry out plans for drainage, storage, 
flood control, 

Aver protection and adequate irrigation in the middle Rio
Grande valley-. With the spirit fostered by the voluntary reclamation
association, aided by the many civic bodies and individuals interested, a

conservancy act was passed by the New Mexico Legislature in 1923, 
known as Chapter 140 of the Session Laws of that year. In Septem- 

ber 1923 the first petitions for the organization Of the Colisel-vallcv Dis- 
trict Nvere filed In the District Court of the Second Judicial District, sit- 

ting within and for the County of Bernalillo. 
98. These first petitions were inadequate from a legal standpoint

is they contained no survey descriptions, and in August 1924 amended
petitions were filed containing adequate descriptions, and the case for
the Conservancy District was from that time forward carried through
to a successful decree of organization, , vh1ch was duly entered by the
Court on August 2-6, 1923. Ili order to test the many constitutional
questions involved, an appeal was expedited to the Supreme Court of
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the State of. New - Mexico, and a decision was rendered by that tribuinal
on December 12, 19215, upholding the constitutionality and legality of

the District in all phases. 

The Amended Conservancy Act. 
99. N,,o important chanes have been made in the legal status of

the District since its organization, other than those provided for by

Chapter 45, Session Laws of the State of New - Mexico for the vear
1927. This last mentioned Act is larger- a reenactment of the former

conservancy law, but broadened the application of the former act and

made clear the powers of the District regardin preliminary finances; 

increased the Board Of Directors to five members and generally strength- 
ened certain adminlstratiye provisions contained In the late. Its Most

important provisions improving the old law are those relating to the as- 
sessment of benefits for irrigation, provisions regtllatlll the use of water

in the District, provisions relating to hearings on appraisals, and en- 

larging the preliminary financin(T powers of the District by chan(r*ng the
original assessment powers of 50c an acre, giving the District prelim- 
inary assessment powers on the ad valorem basis of not to exceed eight

8) mills. Fortunately, at the time the Legislature was in session, - 1r. 

James H. Pershing of the firm of Pershing, Nye, Tallmad _,-e & Bcs- 
worth, bond attorneys of Denver, Colorado, and Mr. Arthur E. - Ior- 

gan, President Of the Davton - Morgan Engineering Company of Dayton, 
Ohio, were able to be present 111 Santa Fe and to rive their exI) Icrience
and technical knowledge in drawing or adapting many provisions of the
lave. Both the bond attorneys and authorities on irrigation, who have ex- 
amined the New- lexico Conservancy Act, consider it a model legal in- 
strument f or carrviilg out the flood control, drainage, irrigation and

other purposes contemplated by the : Middle Rio Grande Conserv,, ncy
District. - nder the provisions of this law the Middle Rio Grande Coil- 

servancy District, as originally or( anized, was not affected but its

status was confirmed and approved. The ' North boundary of the Dis- 
trict was fixed as the North line of Sandoval County, the South bound- 

ary as the Elephant Butte Reservoir, and its East and , est boundaries

restricted to lands capable of drainage, flood control or irrigation; or not

more than two miles distant from any such lands. 

Board of Commissioners. 

100. The Board of Commissioners is appointed jointly by the
Judges of the two judicial Districts lying ,vithin the exterior boundaries
of the - fiddle Rio Grande Conservancy District. Their tenure of office

is for a period of six ( 6) _years dating from - larch 16, 1927, and they
are removable only for cause. Such Board has the general powers of a
corporate Board of Directors. The District itself is a political subdi- 
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vision of the State of New Mexico and a body corporate with all the
powers of a public or municipal corporation. The first important duty
of the Board of Commissioners is the preparation of an Official Plan for
the reclamation and flood protection of the middle valley. If no ob- 

ections are made to the Official Plan the Board may adopt the same, 
but if any objections are made thereto the Court holds hearings, and

after Stich hearings the Plan is either adopted, modified, rejected or

referred back to the Board. After the Plan is adopted the Board has
broad authority to execute the same and carry all of the details thereof
Into of feet. 

Board of Appraisers. 

V 101. A Board of Appraisers was appointed by the Judges of the
Judicial Districts having lands within the exterior ' boundaries of the
District. The duty of the Board of Appraisers is to appraise benefits
and damages to all land andproperty, within or without the District, 
which will result from the execution of the Official Plan. Provision
is made in the law for hearings on appraisals. - IA' hen the Court ap- 
proves and confirms the report of the appraisers this approved ap- 
praisal becomes the basis for assessment. 

Outline of Engineering Investigations

General Features. 

1- 102. The Middle Rio Grande Conservancy District engaged an

engineering force In the spring of 1926, with instructions to prepare
plans for flood control, drainage and irrigation of District lands. The
first field surveys were begun in June 1926 and work has progressed
steadily since that time. About $ 300,000 has been expended,. to date of
submitting the Plan, on investigations and work appurtenant to the es- 
tablishment of these plans. The principal items of work accomplished
and the conclusions reached from study of the data gathered will be de- 
scribed in the following paragraphs. 

Property Surveys and Maps. 

103. Valley lands have been surveyed to establish ownerships
and areas, and property maps have been prepared on the scale of 1 inch
equals 200 feet. In general this surveying was done by planetable, with

control traverses run with transit and steel tape. The maps cover all
property within the District exclusive of Indian lands. The tracts

mapped are about 23, 600 in number aggregating approximately 110, 000
acres, and some 20,000 acres not included in the present Plan were also
surveyed and mapped. On the Indian lands. property maps have been
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prepared of all property iIl the hands of non- Incllans, comprising ap- 
proximately 2.440 acres. The Cochin, unto Domingo allcl San Felipe
Pueblo lands have been surveyed, scale 1 inch equals 400 f Eet, and the

lands have been classified. 

Classification and Listing of Properties. 
104. : Ml property within the District exclusive of Indian lands, 

has been inspected, listed and classified for appraisal purposes, and an

appraisal data sheet has been prepared for each tract or parcel of land
In the District for the inf ormtion of the Board of Appraisers. 

Reservoir Surveys. 

105. Three reservoir sates have been surveyed on the Rio
Grande and three on tributary streams. Extensive reconnaissance work

has been accomplished at several other sites. The surveying has been
topographic, for the purpose of obtaining areas and capacities by means
of five- foot contour lines, and was done by planetable. Table 10 shows
the reservoir sites which were surveved. 

Table 10

Reservoir Sites Surveyed

Reservoir Site Location Area Capacity

State Line Rio Grande 14, 000 acres 225, 000 acrefeet previously

Buckman Rio Grande 12, 100 acres 540, 000 acre
surveyed) 

feet
San Felipe Rio Grande 18. 500 acres 1, 000. 000 acre feet
El V ado
Embudo

j Rio Chama
Embudo Creek

300 acres 200. 000 acre feet

Rio Puerco No. 1 Rio Puerco
660 acres

500 acres ! 
36, 000 acre

200,000 acre
feet

feet

Foundation Testing. 
106. Extensive foundation testing has been carried on at the

El Yado, San Felipe and State Line sites, and geological investioatiol- is

and reports have been made at all sites which appear favorable. 

Water Supply Studies. 
107. Studies have been carried on since June 1926 by the

United States Bureau of Reclamation tinder a cooperative contract with
the District. This work consists of the installation and care of a soil

evaporation station, Illonthly, measurements of an extensive systenl of
test wells for measuring the elevation of the ground water, stream gag- 
ing work and silt sampling. A report has been male on this work by the
United States Bureau of Reclamation and is included in the Official
Plan as Exhibit R- 4. 
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108. In addition to the above studies by the Government en i- 
neers, the District has carried on its own independent water supply in- 
vestigations including studies of flood flow and necessary storage re- 

quirements, flood detention storage and, in general, all phases of the

flood protection, drainage and irrigation problem. 

River Protection. 

Wj

109. Cross sections, profiles and special studies have been made
of the river channel. Comparative methods of river protection wort: 

have been laid out and their costs estimated. 

Topography. 

110. The topographic maps made by the State Engineer in
1918, scale 1 inch equals 1000 feet, have been used for base maps. De- 

tailed topography on scale 1 inch equals 200 feet has been taken to the
extent of about 30, 000 acres. The area mapped covers important canal
locations, major structure studies, railroad relocations and new lands

which may be susceptible of irrigation under the proposed method. 

Rio Puerco Silt Studies. 

111. A reconnaissance survey of the Rio Puerco watershed lias
been made for the purpose of securing data on the silt problem. A

special report has been made on this subject and is included in the

Official Plan as Exhibit R- 1. 

Irrigation System Studies. 

112. Many of the present irrigation ditches have been profiled
and their location and grades have been studied. A new irrigation sys- 

tem has been designed consisting of main canals and laterals to cover

the entire area of the valley lands. 

Drainage System Studies. 

113. The seeped areas have been determined and plotted on

project maps and a drainage system has been designed to serve all the
lands. 

Designs and Estimates. 

114. Designs have been prepared for 18 different storage and
flood detention dams for the purpose of comparing types and cost. Six

designs have been prepared for diversion dams ; and all major and minor

structures on cabal, lateral and drainage systems have been designed. 
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Detailed estimates have been prepared for the proposed reclamation

and flood protection works. and comparative designs and estimates have
been made In many cases. 

Railroad Relocations. 

115. Special studies of railroad relocations and - rade changesg

which would be Necessary with the various systems of flood control un- 
der investigation have been made, and maps, profiles and cost estimates
of such changes have been prepared. 

Other Office Studies. 

116. A great deal of time has been spent in office studies which
do not appear in the Plan as they had to do with alternative plans since
discarded. Of this nature were the studies of all recorded floods through
various combinations of detention reservoirs at the State Line and at
San Felipe. 

117. Investigation of various degrees of flood protection at San
Marcial and elsewhere, probability studies, and the studies of a great
number of books, reports, pamphlets, etc., which do not appear directly
in the Plan, nevertheless required a great deal of time. 

Reports of the Board of Consulting Engineers. 

11 & The Board of Consulting Engineers of the District con- 

sists of the following members: 

Dr. Arthur E. (Morgan, 

President of Antioch College, Ohio and
President of the Dayton Morgan Engineering Co. 

M. Reed, 

Chief Engineer of the United States Indian
Irrigation Service. 

D. C. Henny, 
Consulting Engineer, Portland, Oregon. 

A. J. Wiley, 
Consulting Engineer, Boise,. Idaho. 

119. This Board met at Alamosa, Colorado, September 12, 1927, 
together with the Chief Engineer and other representatives of the Dis- 
trict, the Acting Chief Engineer and the Chief Engineer of `'% estern

Lines of the A. T. & S. F. Ry., and others, and went over the entire

conservancy- project in the field. They then went over the maps, plans
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and estimates of the District engineers in Albuquerque. devoting several
days to the task. 

120. The original studies presented to the Board contemplated
the building of three reservoirs ; the E1 Vado, State Line and San
Felipe. The last two were for the purpose of flood detention. Drainage, 

irrigation and silt control were provided substantially as described here- 
in. The estimated cost of the entire improvement under this method
is about $ 16, 000,000. 

121. The Consulting Board recommended a careful balancing
of the various features of the Plan and further study of all details, the

omission of all reservoirs except the El Vado, the protection against

floods of 50,000 second feet by means of levees, and the limiting of the
total cost of the project to not over $ 10.000.000 exclusive of the share
of the United States Government on behalf of Indian lands. 

122. The Plan was thereaf ter amended along the lines of the
proposed changes and resubmitted to the Consulting Board, who on No- 
vember 17, 1927, expressed their opinion of the amended Plan in the

following words: 

The degree of river protection of forded by the Plan as above ex- 
plained is reasonable and well balanced.; the projected system of drain- 

age and irrigation is of a permanent character and foliows the best
practice; the water supply of the project is deemed sufficient, provided

it is rigorously protected against upstream encroachments; and the esti- 

mates are comprehensive and conservative. N' e recommend procedure

under the Plan as now outlined." 

Special Studies and Reports. 

123. In the development of the Plan many studies and informal
reports were prepared on special features of the project. Some of these
have been made a part of the Plan. All are listed in the following
Table 11. 
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Table 11

Special Studies and Reports by District
Title Author Date

The Situation at San Xfarcial C. H. Howell 1- 7- 27The Situation at San Marcial ( Revision) 
The Situation at San Marcial

I C. H. Howell 9- 20_ 27
3rd Revision) 

Rio Grande Channel Improvement
C. H. Howell

1 C. H. Howell
5- 

9- 
1- 27

Channel Improvement and Flood Protection C. H. Howell 11- 
1- 26
8- 27VA' ater Supply Studies

District Lands and Irrigable Areas
R. G. Hosea
C. A. Anderson

9- 1- 27

Ground Nater Determinations P. S. Donnell
11- 

9_ 

3- 27

1_ 27
Erosion and Control of Silt on the Rio

Puerco, New htiexico
Kirk Bryan and 9- 1- 27

El Vado Reservoir Geolog,- 
George M. Post

E. H. ` V -ells
San Felipe Reservoir Geology- Kirk Bryan

9- 

9- 

1- 27
1- 27

State Line Reservoir Geology Kirk Bryan 9- 1- 27Preparation of Cost Estimates J. L. Burkholder and 10- 15- 27

Economic Survev and Agriculture Report, 
Staff

Pearce C. Rodeo col -:' Nov. 1927Middle Rio Grande Valley I laborating with State
College and County

Modified Plan for Flood Protection at San
Agicu

R. G rHHosea
al

eAgents
May, 1928Marcial

Special Fork Required to Protect the j R. G. Hosea 1_ 25_28A. T. &-_ S. F. Railwav

Summary of Flood Studies

The River Channel. 

f 124. The Rio Grande runs in a comparatively direct southerly
course through the entire District from the mouth of White Rock Can - 
von to San TTarcial, a distance of about 167 miles measured along its
meanderings. Above Bernalillo the channel of the river is relatively

yell defined, and the stream does not overflow its banks during ordina- 
rily high water. The fall of the river is about 8 feet per mile through
this section, and the channel width varies from 400 to 800 feet. Below

Bernalillo the channel is not well defined and floods of more than about
12, 000 second feet overflow the ad) acent lands. The fall varies from

about 5 feet per mile near Bernalillo to some 4 feet per mile near San
Alarcial, and the width of the channel also varies from 1, 200 to 1, 500
feet near Bernalillo to some 2. 000 feet at San ' Marcial. 

Drainage Areas. 

125. The drainage area o

is shown in Table 12. 
f the Rio Grande and its tributaries
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Table 12

Drainage Area Tributary to Rio Grande Above San Marcial, New Mexico

Name

Area in Colorado

New Mexico area above Embudo
East Side: 

Rio Costilla

Rio Colorado

Rio Hondo

Rio Taos

Arroyo Hondo
Rio Embudo
Intermediate areas ( approximate) 

West Side: 

Interstate line to Embudo ( approximate) 

New Mexico area above Embudo
Total area above Embudo

Embudo- Buckman
East Side: 

Rio Truchas

Rio Medio
Rio Pojoaque
Intermediate areas

West Side: 

Rio Chama

Intermediate area ( approximate) 

drainage of a part of Pajarito Plateau) 
Total area Embudo- Buckman
Total area above Buckman

Buckman - San Felipe

East Side: 

Rio Santa Fe

Rio Galisteo

Intermediate areas

West Side: 

Intermediate area

Total area Buckman - San Felipe
Total area above San Felipe

San Felipe - Albuquerque

East Side: 

V -est Side: 

Rio Jemez

Intermediate area

Total area San Felipe -Albuquerque

Total area above Albuquerque
Albuquerque - mouth of _Rio Puerco

Eav,t Side : - 

Tijeras Creek

Intermediate area

West Side : ( no large streams) 

Intermediate area

Total Albuquerque - Rio Puerco

8000— 6000

I 

12000— 6000
12000— 6000
11000— 6000

7000— 6000

10000— 5500
7000— 6000

797

2369

10069

86
166

156

121

3150
165

i

3844

13914

11000— 5500
10000— 5200

6000— 5000
i

6000— 5000

i
i

10000— 5000
i

10000— 5000
6000— 5000

I  

10000— 5000
9000— 4500

6000— 4500

372

769
200

330

1671

15585

500

986

200

1686

17271

202

864

388

1- 154

Elevation
Square

Mile

7500- 14000 1 7700

13000— 7500 335
1300— 7500 131
13000— 7000 91

j 13000-- 7000 485

j 12500— 6500 65
1250;)— 6500 270
7000— 6000 1S4

8000— 6000

I 

12000— 6000
12000— 6000
11000— 6000

7000— 6000

10000— 5500
7000— 6000

797

2369

10069

86
166

156

121

3150
165

i

3844

13914

11000— 5500
10000— 5200
6000— 5000

i

6000— 5000

i
i

10000— 5000
i

10000— 5000
6000— 5000

I  

10000— 5000
9000— 4500

6000— 4500

372

769
200

330

1671

15585

500

986

200

1686

17271

202

864

388

1- 154
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Table 12 ( Continued) 

71

Name Elevation
Square

Mile

Total area above Rio Puerco
Rio Puerco- San Marcial

East Side: 

Alamillo Creek
Intermediate area
est Side: 
Rio Puerco
Rio Salado
Intermediate area

Total area Rio Puerco- San ATarcial
Total arca above San Afarcial

18725

9m 0— 4. 00 410
9000— 4500 314

8:) 00— 4500 5170
8000— 4,500 1148
5500— 4500 929

7971

26696

126. Colorado Arca.— The drainage basin in Colorado comprises

7700 square miles, of which 1400 square miles is mountain area aLove
Del Norte on the main stream at elevations ranging from 14000 feet
down to 8000 feet. 

127. New JV c -rico Area, East Sid e.— The drainage basin in
New Mexico ( East Side) comprises 2600 square miles ( south to and

including Rio Santa Fe) draining the west slopes of the Sangre de
Cristo range from elevation 13000 to " 500 feet, approximately. An
area of about 2400 square miles ( Rio Santa Fe to San Marcial) drains
the Sandia and Manzano ranges up to about 10000 feet elevation. This

area is subject to violent floods in any of the numerous arrovos. 
128. New . Mexico Area, West . Side.— The drainage basin in

New Mexico ( West Side) comprises an area drained by four principal
streams from north to south as follows: 

a) Rio Chama. 

The Rio Chama drains an area of 3150 square miles located
between the Continental divide on the west, at elevations exceeding 10000
feet, and the Rio Grande on the east at elevations from 7 500 to 5500
feet. The snowfall is heavy and the run off is large, but floods from
summer and fall rains are small and infrequent. 

b) Rio Jemez. 

The Rio Jemez drains about 1000 square miles of area lo- 

cated south of the Rio Chama drainage and at somewhat lower eleva- 
tions. The run off from this area is less proportionally than from the
Rio Chama drainage and floods due to storms are more frequent. 

c) Rio Puerco. 

The drainage basin of the Rio Puerco is very large, perhaps

5700 square miles, though it is difficult to determine definitely from any
available map. The greater part of the area lies at elevations of 5000

Ir
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to 6000 feet, arrcl is relatively- unprotected by high mountain ranges. 

The Rio Puerco is usually dry but is subject to violent floods from sum- 
mer and fall storms. Such floods bring down vast quantities of silt and
the stream has cut a canyon 35 to 50 feet deep through the soil of the
valley. 

d) Rio Salado. 

The Rio Salado drainage basin is very similar to that of the
Rio Puerco but is somewhat smaller in area and has steeper slopes. It
drains an area of about 1150 square miles, and its floods are probably
nearly as large as those of the Rio Puerco. 

Floods. 

129. The present capacity of the Rio Grande channel is about
12, 000 second feet, and such a volume of water will cause no material

overflow of banks or damage to structures. As mentioned in the histor- 

ical data, it has been established from authentic sources that a flood oc- 
curred in 1874 which did a large amount of damage. This occurred prior

to the time when stream flow measuring stations were installed, and we

have no definite knowledge of its volume. Estimates might be made but

they would of necessity be based on recollections of very old inhabitants
as to high water marks or depths. and would probably mean little. There

are also vague recollections of other floods occurring within the time of
men now living, but the flood of 1874 seems to have been the largest. 

130. The greatest measured flood in the vallev occurred in Oc- 
tober 1904 when 33. 000 second feet passed San Nlarcial. Over 15, 000

second feet of this flood originated below Buckman. 

131. Other floods occurred in 1903, 1905 and 1920, that of 1920

giving the maximum recorded flow of 28,800 second feet at Buckman

near the upper- end of the middle valley. 
132. An analysis of the flow record at Buckman will be of value

to show the frequency and volume of flood peaks which have passed

through the middle valley during the period of record, viz. 1895- 1905, 
1910- 1914, and 1916 to 1925, a total of 26 years. While the Buckman

record is broken and the record for certain years is missing, an indica- 

tion of the flow during these missing years may be obtained from the
records of Embudo and Lobatos stations. 

The Ten Largest Floods at Buckman. 

133. Examination of the Buckman record discloses that there
have been ten flood peaks of more than 12, 500 second feet ( the approx- 

imate present capacity of the river channel) during the 26 years of rec- 
ord, viz. 1895- 1905, 1910- 1914, and 1916 to 1925. The ten maximum

4oods at Buckman are shown in Table 13. 
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Table 13

Ten Maximum Floods at Buckman

3

Number I Month Year Second f- cet

1 M a v 1920 28800

No. 9 i No. 10

1912 238(} 0
3 M a V 1905 19500
4 ' June 1903 19300
5 October 1904 17700
6 June 1921 17400
7 May 1924 16910
8 Max, 1916 15900
9 October 1911 15600

lU Alay 1897 15300

134. Since the drainage area tributary to the river above Buck- 
man- is

uck- 

man- is roughly 14000 square miles, it would seem that past floods have
been comparatively small in volume. Two possible conclusions follow, 
either: 

a) The valley of the Rio Grande above Buckman is so pro- 

tected by mountains that physical and meteorological conditions render
excessive precipitation and consequent floods unusual, or, 

b) No excessive storms and floods have occurred during the
period of record. - 

135. Table 14 shows the progress of the 10 flood peaks referred
to above, from Del Norte to San Mt" ' al. 

Table 14

Progress of 10 Flood Peaks in Rio Grande
From Del Norte to San Marcial

Station No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7I No. 8, ' No. 9 i No. 10

S. F. S. F. S. F. S. F. S. F. S. F. S. F. S. F. S. F. S. F. 
Del Norte 7580 1 6940 7460 6025 3100 9630 5590 4690; 1. 1000* ; 5234
Lobatos 9320 1 8680 11700 12780 3198 12200 73801 5910 7510 No

Em b u do 15000 N o No 15860 N o 14900 8767 9790' N 0
record

8745
record record record record

Buckman 28800 i 23800 19500 19300 17700 17400 16910 15900, 15600 15300
San Marcial 22500 j 15270 29070 18880 33000  19360 12400 ; 151. 15 11780 21750

136. Flood Peak _1' o. 1 at Buckman, Vay 1920.— The maxilrlunl
peak of record at Buckman ( ATay 1920) is analyzed as follows: A flow
of 7580 second feet originated in the mountain area above Del Norte
and, since it occurred in May, was probably due to melting sllow. This
flow increased to 9390 second feet at the Interstate Line. Between the

Believed to be in error. 
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Interstate Line and Embudo, about 5680 second feet , vas contributed

by streams in New Mexico, malting a total of 15000 second feet at Em- 
budo. About 13800 second feet entered the river between Embudo and
Buckman, acid must have come verb• larger- f rola the Rio Chama. The
Rio Chama record at Chamita ( not given above) shows that the Rio
Chama actually did contribute 11000 second feet. The discharge at El
Vado at that time was only 3740 second feet, showing that 7260 second
feet originated in the Rio Chama belom, El Vado. Between Buckman
and San AIarcial the peak flattened out somewhat and reached only
22 500 second feet at the latter point. This peak of 28800 second feet
was therefore the result of 9320 second feet or 33 per cent from Colo- 
rado, 5680 second feet or 20 per cent from New Mexico above the Rio
Chama, 1000 second feet or 40 per cent from the Rio Chama, and 7
per cent from other smaller areas. 

137. Flood Peak No. 2 at BuCkMal2.— Flood peak No. 2 ( next

below the maximum) occurred in '\ lay 1912. The flow of 6940 second
feet at Del Norte was increased to 8640 second feet at the Interstate
Line, and to 23800 second feet at Buckman. The Embudo and Chamita

records are missing, so this peak cannot be distributed in as much detail
as Peak No. 1, but it is probable that several thousand second feet origi- 
nated in the Rio Chama. At San Marcial the peak reached only 15270
second f eet, indicating either a flattening out, or a loss through the val- 

ley, or both. 

138. Flood Peak No. 3 at Buckman.— Flood peak No. 3 oc- 

curred in May 1905 with discharges of 7460 second feet at Del Norte, 
11700 second feet at the Interstate Line, 19500 second feet at Buckman
and 29070 second feet at San AIarcial. ( Embudo report missing.) This
record indicates a flood similar to both No. 1 and No. 2, but added to
by tributaries bet` NTeen Buckman and San Marcial, and probably the Rio
Puerco and the Rio Salado. 

139. Flood Peak No. 4 at Buckman.— Flood peak No. 4 oc- 

curred in June 1903 with discharges of 6025 second feet from above Del
Norte, 12780 second feet at the Interstate Line, 15860 second feet at
Embudo and 19300 second feet at Bucki-nan , indicating a contribution
of 3080 second feet from tributaries in New Mexico north of the Rio
Chama, and 3440 second feet from the Rio Chama itself. The discharge

of 18880 second feet at San Marcial indicates that no tributaries below
Buckman were contributing. 

140. Flood Peak No. S at Buckman.— Flood peak No. 5 oc- 
curred in October 1904 with a discharge of 3100 second feet at Del
Norte, 3198 second feet at the Interstate Line, 17700 second feet at . 

Buckman, 33000 second feet at San Marcial. ( Embudo record missing.) 
Here is a flood of a different character. Since it came in October, it

was evidently caused by rain which fell on the watershed between the
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Interstate Line alid fluckman, and also on the watersheds tributary belo« r

Buckman. The 33000 second feet recorded at San Alarcial is the mam- 

mum flood of record for that station, and testimony of local residents

Z_ 

most of the credit for the flood to the two lower tributaries, the Rio

Puerco and the Rio Salado. 

141. Flood Pear ATo. 6 at Brrckriiair.— Flood peak No. 6 oc- 

curred in June 1921 with a discharge of 9630 second feet from above
Del Norte. 12200 second feet from Colorado at Lobatos, 14900 second

feet at Embudo, 17400 second feet at Buckman and 19360 second feet

at San Illarcial. Here is a flood similar to No. 1 and No. 4, except that

the Rio Chatna contributed only 2500 second feet and more of the total
flow came from Colorado. - L

142. Flood Peak Alo. 1 at Buck» raiz.— Flood peak No. 7 oc- 

curred in ATav 1924 with a discharge of 5590 second feet at Del Norte, 
7380 second feet at the Interstate Line, 8767 second feet at Embudo, 

16910 second feet at Buckman and 12400 second feet at San Iarcial. 

Here is a flood whose characteristics are similar to Peak No. 1, but of a

lesser magnitude. The Rio Chama contributed 8143 second feet as

shown by the difference between Buckman and Embudo, or 7810 sec- 

ond feet as shown by the Rio Chama record at Chamita. The flatten- 

ing of the flood peak through the valley is shown by the peak of only
12400 second feet at San Marcial. 

143. Flood Peak ? Vo. 8 at Buckinan.— Flood peak No. 8 oc- 

curred in May 1916 with discharges of 4690 second feet from above Del
Norte, 5910 second feet at the Interstate Line, 9790 second feet at Em- 

budo and 15900 second feet at Buckman. ( 6110 second feet from Rio

Chaeta.) This flood was similar to peaks Nos. 1, 4, 6, and 7. 

144. Flood Peak NTo. 9 at Bzickinazt.— Flood peak No. 9 oc- 

curred in October 1911 with discharges of 14000 second feet at Del

Norte ( probably an error, though possibly due to a dam failure above) , 
7 510 second feet at the Interstate Line, 15600 second feet at Buckman, 

no record at Embudo) and 11780 second feet at San TTarcial. This

record is similar to Peak No. 5 except that tributaries Belo«- Buckman

were not active. 

145. Flood Peak 1Vo. 10 at Bi.rcknian.— Flood peak No. 10 oc- 

curred in Alav 1897 with discharges of 5234 second feet at Del Norte, 
no record at the Interstate Line) 8745 second feet at Embudo, 15300

second feet at Buckman, 6555 second feet from Rio Chaeta, and 21750

second feet at San Alarcial. The tributaries below Buckman were evi- 

dently active. 
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Most Flood Peaks Due to Melting Snow. 
146. It is interesting to note that of the ten maximum flood

peaks listed, eight occurred in the spring and only two in the fall. The

fall peaks are evidently due to rainfall, and the spring peaks to melting
snow. Of the two fall peaks, the larger was only 17700 second feet

October 1904) . This same point is further emphasized by a detailed
study of the peaks at various stations particularly on the Rio Chama, 
and tends to the verification of conclusion ( a) state, above, paragraph

134, since it is evident that if the high flood peaks in the river are caused
by the spring run off of the mountain snows no enormous flood peaks
are likely. The snow melts slowly at high altitudes and will produce

water over a considerable period of time, rather than a vast quantity all
at once as happens in case of a cloud burst. So far as the upper river
is concerned, 1. e. the Rio Grande above Buckman, New Mexico, it

would seem from the record that the maximum flood peaks are caused by
the maxi! ium snowfall in the mountains melting in the 1"ninii-num Of

time in the spring. On the lower river the maximum flood may be
caused by spring rains on the tributaries contributing to a river already
carrying the spring freshet due to melting snow. 

The Ten Largest Floods at San Marcial. 

147. The ten largest flood peaks at San Marcial may be tabu- 
lated as follows: 

No. 1 October 1904 33000 second feet corresponding to peak No. 5 at Buckman
No. 2 May 1905 29070 second feet corresponding to peak No. 3 at Buckman
No. 3 May 1920 22500 second feet corresponding to peak No. 1 at Buckman
No. 4 Mav

r

1897 21750 second feet corresponding to peak No. 10 at Buckman
No. 15 June 1921 1960 second feet corresponding to peak No. 6 at Buckman
No. 6 Jude 1903 18880 second feet corresponding to peak No. 4 at Buckman
No. 7 July- 18: 8 16775 second feet
No. 8 October 1897 15500 second feet
No. 9 Mai• 1912 15270 second feet correspcnding to peak No. 2 at Buckman
No. 10 May 1916 15145 second feet corresponding to peak No. 8 at Buckman

This tabulation shows that the ten largest peaks at Buckman pro- 
duced eight of the ten largest peaks at San ATarcial. The other two
peaks at San Marcial were both caused by storms on the tributaries en- 
tering below Buckman, probably the Rio Puerco and the Rio Salado. 

Flood Probabilities. 

148. The application of probability methods to studies of flood
flow and run off data is of comparatively recent date. Their use in

actuarial work has been much more common and is perhaps better un- 
derstood, but the recent wort: of X1r. H. Alden Foster ( see Transac- 
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tions American Society of Civil Engineers, 1924) and others, has sii»- 

plified the involved rilathematics of such studies. 

149. Probability studies for both flood peaks and run off have

been made for all of the main Rio Grande stations and for the stations

at Chamita and El Vado on the Rio Chama, and for the Rio Puerco at

the mouth. The conclusions reached f rom these studies were: 

a) That they may be of some value in extending a short time
discharge record, provided that record contains either very high or very
low terms, or both. 

b) That in the case of the Rio Grande and Rio Chama stations, 

where we have a record of approximately 36 years duration, probability

methods are of more value in determining minimum stream flow ex- 
pectation than as a guide to maximum flood peaks. The apparent rea- 

son for this is that the period of record includes a series of very dry
years ( 1898- 190?) but no large flood peaks. 

c) That the high or low flo-vv of the river is not a matter of

chance, as is assumed in the extension of records by means of prob- 
ability curves, but, through this valley at least, depends very largely
upon the time and distribution of the mountain snowfall and the melting
of that snowfall in the spring, which in turn depends directly upon

temperature. Temperature, it seems logical to believe, may well be af- 

fected by sun spots or other solar phenomena, which many scientists be- 

lieve follow certain laws and recur at certain definite intervals. Hence

we may expect cycles of extreme temperatures affecting the fall and the
melting of snow in the mountains and the resulting run off of the river. 
Hoye studv may succeed iii correlating the stream flow records of the
Rio Grande with the tree ring studies of Professor Douglas in Arizona
sufficiently to determine the " wave length" of these climatic cycles and

the amplitude of the waves. 

Flood Control by Means of Flood Detention Reservoirs. 

150. Several reservoir sites exist on the main river above Al- 
buquerque which Nvould be of some value for flood detention, either

singly or combined. The District has made comprehensive studies of

this situation, and its earl- studies contemplated the construction of the

State Line Reservoir, capacity 200, 000 acre feet, together with a flood

detention reservoir at San Felipe with a capacity of 400,000 acre feet. 
By means of these reservoirs the maximum flow of the river below San

J

Felipe could be regulated to about the present channel capacity of some
12, 000 second feet. During periods of flood the water- would back up
behind the San Felipe Dam, the extent of the impounding being deter- 
mined by the intensity and duration of the run off. Such backing up of
water would occur only in years of abnormally large flow. 

151. This type of control has several obvious advantages, prob- 
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ably the most important one being the definite limitation of river flow
below the reservoir and the fact that only small levees would be needed
along the river. The principal disadvantage is the excessive cost of the
San Felipe Dam and appurtenances. The outlet works for limiting the
outflow to 12. 000 second feet, and the spillway to carry 50,000 second
feet or more around the dam, make this reservoir very expensive. The
cost of the detention reservoir plan for 12, 000 second feet regulation

exceeds that for flood protection by levees, as provided in the Plan, by
three to four million dollars. 

152. Other disadvantages of the detention reservoirs would be
the more or less infrequent flooding of Indian lands on the San Felipe
and Santo Domingo Grants, and the remote possibility of a very large
spillway discharge which would exceed the channel capacity of the river
and cause flooding of property. This latter objection might be serious
because, with detention reservoirs, the river channel would become more

and more obstructed through disuse by high floods. 

153. The Board of Consulting Engineers advised against flood
detention reservoirs, and the original idea was therefore modified as to
flood protection. Under the Plan flood protection is to be obtained by
means of levees and other river improvements. 

Flood Control by Means of Channel Dredging. 
154. The proposal has been advanced in some of the earlier re- 

ports, and has had more or less popular backing, that the river channel

might be dredged to any required size and depth, through the entire mid- 
dle valley-, providing both drainage and flood protection. It was claimed

that drain ditches and levees would then be superfluous, and that the large

acreage of land necessary for rights -of -way for such ditches and levees
would be saved for agricultural purposes. Experience on silt -carrying
rivers has demonstrated that often a dredged channel rapidly refills with
silt and does not maintain its depth. It is often necessary to repeat the
operation of dredc ing so that it becomes continuous. Floods from all
tributary streams from the Rio Chama down stream to San Marcial

bring more or less silt into the Rio Grande, and this silt, which is de- 

posited in the river bed, is washed by successive floods into the Elephant
Butte Reservoir. 

155. The elevation of the water surface in the Elephant Butte
Reservoir controls the height of the water surface in the river at the
lower end of the middle valley. Also the water surface of the river at

the mouth of White Rock Canyon is practically- fixed. The total fall

through the valley is therefore definitely limited. If the river can be
straightened, the distance through which the water flows can be reduced, 

and consequently- the slope per unit of distance will be increased. The
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result will be an increase in velocity of flow and in silt transporting

capacity. 

156. Theoretically, the river channel, to be effective in lower- 

ing the water table to a depth of four feet below the surface, would

need to be at least 20 feet deeper than at present. This estimated theo- 

retical depth is based upon the prevailing condition of the present river
bed which is from 2 to 4 feet above the lowest part of the valley, the

normal slope of the water table as experienced on similar lands when
drained, and assuming 2 miles as the distance between the deepened

river and the most remote farmland. A channel of this depth would

probably not effectively drain the entire area of the valley floor. In

practice, drainage ditches are usually spaced about 1,  miles apart to

maintain the water table slope as estimated above. If the river channel

were deepened to provide one effective drain through the entire valley, a
depth of 10 feet below the land surface could be expected to provide

drainage for a strip of land from j2 to 4/ mile wide on both sides of
the channel. Greater depth of channel would not increase proportion- 

ately the width of area drained. NVIth a greatly deepened channel, a sys- 

tem of lateral drainage would still be necessary in parts of the valley, 
dut to the width of the area and the of f icient drainage required in leach- 

ing alkali soils. 

157. A river channel 175 miles long and 500 feet wide, dredc-ed
to a depth of 20 feet, would require the excavation of about 340 million

cubic yards of material. This is about fourteen times the total amount

of earthwork required in executing the Plan. The dredging required
f rom year to year for maintenance of depth would necessitate a large
continuing expense. At San Marcial and in the upper end of- Elephant

Butte Reservoir the maintenance of such a deep channel would be es- 
pecially difficult and expensive. Nlhere a river is building tip its flood
plain, as in the case with the Rio Grande, a very delicate balance of

forces exists, and the interference with these forces by artificial works

and structures is likely to have a far- reaching and often an unforseen
effect. The various studies made for channelizing the river have not
offered an attractive solution of the river problem. 

Channel Control by Jetties. 

158. The proposed channel regulation by means of permeable

jetties or retards has been successfully employed to a limited extent on
the Missouri, Kansas, Canadian and Colorado rivers, and on a small

scale locally. Such jetties are known to be effective in depositing silt
for filling at predetermined places. It is proposed to place these jetties

so that the resulting silt deposits will define a narrowed channel for the
low water flow. The flow, instead of dissipating its scouring effort

over the valley, will be confined between banks of deposited silt where, 
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ith its increased velocity, it will he effective in scouring the narrow
inner channel and in keeping it free from further deposits of silt. The

decision to adopt the method of flood portection using levees and jetties
resulted from the gradual elimination of other methods which were

studied as outlined herein and found to be less desirable. Of the meth- 

ods studied the levee method with jetties and certain other improvements, 
as described in paragraphs 279- 283, is believed to afford the greatest
measure of protection for the money expended. Regardless of cost, it

is the only method which is considered feasible, except a detention reser- 
voir plan, or a combination of levees and jetties with one or more de- 
tention reservoirs. 

Summary of Water Supply Studies

Climatic Characteristics of the Rio Grande Valley. 
159. The general air movements which determine the climate

of the country originate mainly in differences of temperature which

cause differences in air pressure and consequent wind movements from
high pressures to low. In winter the water of the oceans is warmer
than the land of the continents, and the interior continental plateaus be- 
come areas of high pressure, from which the air movement is down, and

toward the low pressure areas of the oceans. 

160. - New ( Mexico is somewhat south of these high pressure

areas, and the Rio Grande Valley is exposed to the cold winds from

the north with the result that late frosts are common in the spring. The

usual warm weather of this latitude is apt to be interrupted by a " north- 

er", after the early fruits like apricots and peaches have blossomed, and

veru often these blossoms are nipped, as they were in April of 1927, 
and again in April of 1928. 

161. In summer the conditions are reversed and the land areas
become warmer than the ocean areas. The resulting air movement f rom
high pressure to low takes place f rom ocean to land and here again the
climate of the Rio Grande Valley is influenced by peculiar local topo- 
graphical conditions. 

162. N, hen an air- current passing over the land encounters an
obstruction like a mountain range, the air is deflected upward where it
cools in the higher altitudes, and its moisture is precipitated. The ob- 
struction past, the cooler drier air again descends, is heated, and ab- 

sorbs moisture. As a consequence the windward side of the mountain
range receives the precipitation while the leeward side is arid. 

163. This influence is operative on the mountain slopes sur- 

rounding the Rio Grande valley. There are three areas with a mean an- 
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nual precipitation of over 35 inches, located in the high mountain areas

of the SZ -111 Juan and Sangre de Cristo ranges in which the Rio Grande

heads. The principal area of this type is the San Juan Mountain area

west of the San Luis Valley. Here the winter snowfall is veru large

often in excess of 30 feet) and the mean annual precipitation probably
exceeds 40 inches on the highest peaks. Thirty to 50 miles to the east, 
in the San Luis N` allev, the precipitation drops to from 6 to 8 inches

annually. 

164. North and east of the San Luis Valley the precipitation
on the high peaks of the Sangre de Cristo probably reaches 35 to 40
inches, but it falls largely on the eastern side of the range and drains
through areas, like the Wet ' fountain Valley, into the Arkansas River. 

On the San Luis Valley side the run of f is small and very little of it
reaches the Rio Grande. 

165. The third high precipitation area is in the southern exten- 

sion of the Sangre de Cristo Range, north and east of Santa Fe. Here

the mountains are so near the Rio Grande that the drainage areas of
the streams are small and the runof f is not large. 

166. Aside from the San Juan mountain area. the most prolific

source of runoff is the Rio Chama area in New Mexico. This stream

drains the southern end of the San Juan area and also a large area hav- 

ing a moderately high precipitation of from 10 to 25 inches per annum. 

167. South of the mouth of the Rio Chaeta there is no de- 

pendable source of runof f. A few small local areas of high precipitation

exist in the Sandia and Manzano Mountains east and south of Albu- 

querque, but they do not produce perennial streams flowing as far as
the Rio Grande. 

168. It is apparent, then, that the Rio Grande basin is a Har- 
row, north and south valley protected above Buckman by mountain

ranges on both the east and the west, and by a lower range on the north. 
The effect of this protection is to produce an arid valley with an annual
precipitation of 6 to 8 inches, while on the high ranges to the east and

west the rainfall averages over 35 inches per year. 

169. The lower valley ( below Buckman) is wider and it also is

protected by the lower mountains of the Jemez, Datil and N11mbres

Ranges on the west, and Sandias, ' Nlanzanos, Oscuros, and San Andres

Mountains On the east. The whole area included in the middle valley is
in the belt of less than te11- inch rainfall; In fact, the average rainfall for

the middle valley is probably from 7 to 8 inches per annum. 

Gaging Stations. 

170. Records of flow of the Rio Grande are available for sev- 

eral stations in Colorado of which two are of particular interest: 
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1) Del Norte: 

phis station measures the flow of the Rio Grande into

the San Luis Valley above most of the irrigated area. 
The station is well located and has been in operation

s::: cc Gctuuer 1889. Tlie arci, ra of this record is

1 01isiucreQ to be 2,Qod. 

2 1 Lobatos : 

This station i ntfarly at the I nte1•state Line and meas- 
ures the flow of the Rio Grande from Colorado into
New Mexico. It has been in operation since June, 

1899 and its record is considered good. 

Records from three stations in New Mexico are available: 

1) Embudo : 

Located a few miles above the mouth of the Rio

Chaeta. Records are available f rom January, 1889 to

December 1903, and t rom September, 1912 to date. 

2) Buckman: 

Located some 30 miles downstream f rom Embudo, 

and below the mouth of the Rio Chama. Records

are, available f rom February, 1895 to December, 1905, 

and f rom June, 1909 to date. 

3) San Marcial: 

Located at the town of San ' Marcial a few miles above

the upper end Of the Elephant Butte Reservoir. Rec- 

ords are available from January 1895 to date. 

Records of flow of the Rio Chaeta are available at: 

1) Chamita : 

Located at the mouth of the Rio Chama near the

point where it empties into the Rio Grande. Records

available from November, 1913 to date. 

2) El Vado : 

Records kept at various stations near El Vado for

period September, 1912 to September, 1916, and from

Februarv, 1920 to date. 
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A condensed tabulation of flow records follows: 

Table 15

Flow Records

Station
Period of

Record

Mean Annual

Flow in A.F. 
i

11Zax. Flow

j in A. F. 
Min. Flow

in A. F. 

Lobatos 1599— date 627, 000 1, 040. 600 981700
Colo. - New Alex. I

I 1920) 1902) 
Interstate Line

Embudo 1899— date 855, 000 1. 379, 000 281. 000
1920) 21902) 

Buckman 1895— date 1, 400 000 j 359 000 4.. x, 000
1920) 1902) 

San Marcial I 1895— date 1, 180, 000 2,422,000 201, 000

j 1905) 1902) 
C1 arnita 1914— datC 1 525, 000 787, 000 258,000

I 1920
E1 ado 1912- 1916. 

1920 date

315, 000
1

530. 000 899000
to 1916) 1904 ) 

171. The records of Buchman and San Marcial stations are of
particular interest because they measure the water at the head and foot
respectively of the middle valley. Buckman measures the water supply
of the middle valley and San AMarcial measures the remaining water
Which flows into the Elephant Butte Reservoir Of the United States Bu- 
reau of Reclamatoin just below San : 1larcial. 

172. The Buckman record includes the three periods 1895- 1905, 
1910- 1914, and 1916- 1925, and parts of the record at Embudo and Lo- 

batos are missing, but, by plotting monthly curves of relationship be- 
tween Lobatos, Embudo and Buckman, it is possible to fill in the gaps

in the records and obtain a reasonably accurate record for all three sta- 
tions covering the 38 -year period 1889- 1926. 

Hydrographs. 

173. Hydrographs of the stream flow at all of the Rio Grande
stations and at all of the principal tributaries have been plotted.. Study
of these records and hvdrographs shows that generally about 70 per cent
of the flow of the Rio Grande above the middle valley- occurs during the
three months of April, l\-Iay and June. In late summer there is a short- 

age of irrigation supply almost every year. The hvdrographs show a

verb, drN, series of years occurring during the period 1898- 1902. 

Colorado Depletions. 

174. Because of the fact that the irrigated area of the San Luis
valley in Colorado and the use of water thereon has increased greatly
since 1890, it is necessary in estimating the future water supply for the
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middle valley to take into account this depletion of flow. The Dehler- 

Elder Report ( E hibit R- 4 of the Official Plan) includes detailed

studies of this depletion and a compensated record of middle valley de- 
mands based thereon. The water supply studies, taking account of the
low flow years and Colorado depletions, sho,,v that a storage of about

190, 000 acre feet is essential to regulate the erratic river flow and to sup- 
plement the irrigation supply during the summer when the spring flood
has passed. 

Summary of Reservoir Investigations

General Statement. 

175. The conclusions resulting from the reservoir investiga- 

tions and studies described in paragraph 105, may be summarized as fol- 

lows: 

a) There are no reservoir sites on tributaries to the Rio Grande, 
other than the Rio C:hama, of sufficient size or with adequate water

supply to supply the requirements of the middle valley. 
b) There are sites on the Rio Chama where reservoirs of some

200, 000 acre feet capacity can be constructed at reasonable cost, and

where an adequate water supply seems assured. The best of these sites

appears to be the one at El Vado, in Rio Arriba County, \ ew Mexico. 

c) Several reservoir sites exist on the main Rio Grande above
the District, but most of these sites are of insufficient capacity to be of
great value. The following three sites are not open to this objection: 

The State Line Site. 

176. At the State Line site a reservoir of nearly 200,000 acre
feet capacity is economically- feasible, without inundating drain outlets
in the San Luis Valley, Colorado. Being located just North of the In- 
terstate Line, it is above the principal New ,,,\,Texico tributary, the Rio
Chama, and is consequently dependent upon the run off f rom the Colo- 
rado area of the Rio Grande watershed for its water supply. Under

present conditions this supply is inadequate and uncertain and, should

certain proposed storage reservoirs in Colorado be built, this reservoir

would be of small value for irrigation. Its value for flood protection

would be appreciable, but it is too far away from the middle valley to be
very effective, unless developed in combination with a lower detention

reservoir. 

The Buckman Site. 

177. This site has a capacity of some 600,000 acre f eet and is
located on the Rio Grande just below the mouth of the Rio Chama. Its
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water supply is adequate, but economic reasons forbid its constrllCtlOn. 

A reservoir at this location would inundate the Rio Grande valley from
Otowi to a point above Espanola, and would destroy a large acreage of

very valuable land. In addition it would inundate the Indian pueblos

and lands of San Ildefonso. San Juan, and Santa Clara, and a part, at

least, of the torn of Espanola. 

The San Felipe Site. 

178. This site is in some sways the best site on the river between
the State Line and Elephant Butte Reservoir. Its economic capacity
would be about one million acre feet, with a dam about 150 feet high. 
Ill this location, its water supply would be assured and, lying directly
above the middle valley, its value for flood protection would be very
great. 

179. On the other hand the development of the San Felipe site
would cause inundation of a large acreage of Indian land and would
either f once the removal of the pueblo of Santo Domingo to higher

round, or, if developed for a smaller capacity, the protection of the

pueblo in its present location by means of a high dike or levee would
be necessary. 

ISO. Ila combination with the E1 Vado Reservoir and the State
Line Reservoir, the San Felipe site would afford an ideal system of ir- 
ri`)-ation, storage and flood protection. In such a plan it would he simple
a flood detention basin, which would retard and regulate flood flows to
a predetermined volume, capable Of being safely conducted through the
valley. The development of this reservoir for 400,000 acre feet storage
vas a part of one plan considered. However, any development of this

site for capacity of less than one million acre feet would necessitate pro - 
Vision for large spills. The site is not easily adapted to spillways of large
capacity and this provision greatly increased the estimated cost. 

The El Vado Reservoir. 

181. As set forth in paragraph 114, nine different designs have
been made for the dam at the El Vado Reservoir site, covering dams
of various types and heights. These designs were based on detailed
topo,craphic surveys of the site, deep drilling tests in the bed of the
river, and a series of [ open shafts sunk in the broken rock of the east- 
erly abutment. 

182. Preliminary water supply studies indicated that a storage
capacity of 200,000 to 225, 000 acre feet would be required. After the
completion of the United States Bureau of Reclamation water supply
report, the capacity of 190, 000 acre feet was decided upon and was ap- 

proved by the Board of Consulting Engineers. In the final design, the
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crest of the dam has been raised slightly increasing the capacity of the
reservoir to 198, 000 acre feet, because this huller elevation of maximuln

water surface simplifies the design and increases the capacity of the

emergency spillway. The elevation of this structure is controlled by a
saddle" in the hills located about a mile away from the dam. 

183. The dam site is located in a narrow canyon with walls of

massive sandstone and hard shale. The side walls are almost vertical

and are less than 100 feet apart and a casual inspection of the site im- 

mediately suggests the use of a concrete arched dam. Test shafts, how- 

ever, demonstrated an unusual geologic condition of the east abutment

which seems to prohibit the use of a concrete arch. 

184. The geology of the site is described in detail in a report
by 1\ 1 r. E. H. NVells, President of the New ' Mexico School of Mines, en- 

titled " The Geology of the El Vado Damsite and Reservoir, Rio Arriba

County, Ne«- Mexico", ( Exhibit - No. R- 2 of the Official Plan) . 

Briefly this condition may be summarized as follows: On the east side

of the river at the El Vado damsite the strata clip to the west, toward

the river. As originally formed these strata consisted Of alernate layers
of sandstone separated by strata of clay or poorly cemented material. 
At a later time the soft material has been either squeezed out or eroded

by percolating water. The result has been a breaking and letting down
of the rock strata to a considerable depth near the river, but to lesser

depths as the distance from the river increases, so that the east abut- 

ment affords no stable water - tight foundation above the river bed and

is in of f ect a loose rock fill. 

185. The type of dam has therefore been determined by the
broken condition of the east abutment and a gravel and loose rock em- 

bankment with a concrete cut- off wall and a concrete face has been se- 

lected for the site. The dam is described in paragraphs 268- 217- 5. 

The Situation at San Marcial* 

General Statement. 

186. The situation at San Marcial has been studied intensively
and several solutions of the problem have been suggested. Since 18S0

the river bed has raised from 12 to 14 feet at San-Marcial and the chan- 

nel is almost obliterated. The capacity of the channel has been so re- 

duced that a discharge of 12, 000 second feet in 1926 caused a water sur- 
face 3 feet higher than a flood of 12, 100 second feet in 1919, and 4.7

feet higher than the flood of 33, 000 second feet in 1904. The water

The Plan approved by the Conservancy Court on Aug. 15, 1928, eliminates all pro- 

posed improvements south of the north line of the Bosdue del A>>ache Grant, including
San Marcial, with the sole exception of certain channel improvements. 
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surface in 1926 was about 6 feet above the railroad tract:, and the tract: 

and town are from 2 to 3 feet to«- cr than the bottom of the river. 

187. The A. T. & S. F. Rv. has a levee along its tracks f rom
a point about 6400 feet north of the station to a point about 3500 feet
south thereof. Joining the south end of the railroad levee the town has
a levee extending southwesterly about 4500 feet to the higher ground
south of " Old Town". Roughly paralleling this levee, there is a sec- 

ond levee about 3500 feet long, also built by the to« -n, and these levees

form the only protection to the town and the railroad against direct over- 
flow during high water. They are not capable of wlthstandlnc large
floods, and they have been breached frequently. Continuous raising of
the river bed will require continuous raising of the levees at continuous
expense and with increasing hazard. Ultimately this system must be
abandoned. 

lss. Ground water in San Marcial is at or above ground sur- 
face most of the time, and the problem Of drainage is difficult because
the river is higher than the land. Drains must be carried a long dis- 
tance down stream to find an outlet offering sufficient fall for the lov"-- 
ering of the water table in the town. Drawing h-9, ENhibit P- 4 of the
Official Plan, shows diagramatically the present condition of the river

channel and the rate of filling in of that channel in the vicinity of San
Marcial. It shows the silt delta or " plug" which is believed to be the
cause of most of the river trouble at this point. It seems necessary to

get the river either through or around this silt plug, and various plans

for doing so have been studied. Three methods have been considered
for this purpose. 

Flood Protection at San Marcial— Method A. 

189. Method A was based on the fact that clear water has much
more erosive power than silty water. With the ordinary flow of the
river controlled by flood detention reservoirs ( as was first proposed) 
and with a silt detention program being carried out on the tributary
streams, it was thought that the situation at San -AIarcinl might be irrl- 
proved. It was concluded, however, that such a method was impracti- 

cal and that the time required could not be predicted. The condition at
San Marcial is acute and needs an immediate remedy. Alethod A was

consequently discarded. 

Flood Protection at San Marcial— Method B. 

190. Method B proposed to improve the present flood channel
by levees f rom a point about 2 miles above town to A. T. & S. F. Ry. 
Bridge No. 1005A about 1 mile below. This bridge, a steel truss, 

spanned the channel of 1920, which has since filled in up to the floor of
the bridge. It is proposed to reopen this channel and extend it along the
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west side of the valley- to a point Opposite Old Ft. Craig, where it will

empty into the present channel. Where the reopened channel leaves the

present channel, a drop structure 500 feet wide is proposed at a point
ahou.t 150 feet east of A. T. & S. F. Ry. Bridge No. 1005A. The con- 

struction of this drop would be such as to induce scour in the channel
above. A spillway channel with a capacity of 10, 000 second feet would
be made Of the present river channel under Bridge 1006A, and the main

channel under Bride 1005A would be constructed to a capacity of

20. 000 second feet. The combined capacity- is therefore 30, 000 second

feet. 

191. Levee protection would be provided above the drop by
means of jetties made of channel irons and wire fencing, and by means

of trees and wire fence where practicable. At the lower end of t1, e sand

plug it is proposed to prevent the formation of sand bars by the exten- 
sion of these permeable jetties, spaced so as to form a narrow channel

which will have a scouring velocity Drainage will be provided either

by increasing the depth and grade of the present drain or by constructing
a new system. '-,\ Zethod B is considered to be practical, economic and

permanent, but more expensive than a similar plan which includes the

raising of the track and bridges at San Marcial. 

Flood Protection at San Marcial— Method C. 

192. ' Method C proposed to make a complete channel change

of the river and divert it over to the west side of the valley past San
i\-Zarcial. This method is practical, but would cost about twice as much

as method B, on account of additional bridges, length of channel and

right- of- way expense. 

Flood Protection at San Marcial— Method D. 

193. ' NZethod D was similar to method B, except that the rail - 

NN -ay bridges and the tracks approaching them are raised about 6 feet to
provide a greater waterway. A channel would he excavated from the

present river bank just above bridge 1005A to Ft. Craig in a slope of
000615. At and above the bridge the width will be 500 feet. Below the

bridge there will be a transition from 500 feet to 100 feet and the last
3000 feet of channel will be only 50 feet wide. The idea of this channel

is to excavate only for the small and ordinary discharges and confine
the floods between the high ground on the west and a longitudinal re- 
tard of woven wire on the east. A flood channel about 600 feet wide

would be so determined. This arrangement, due to the raising of Bridge
1005A, has a greater flood capacity than 30, 000 second feet, so that the

spillway channel is not needed. Otherwise, it is similar to method B

without the drop. Drainage conditions are not quite as good as in
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method B, oil account of higher water surfaces in the flood channel, but

the cost is much less for method D. 

194. When the Board of Consulting Engineers advised the elitll- 
ination of all flood detention reservoirs from the Plan, it was no longer

possible to count upon a predeteri- nined, regulated river flow, and it

seemed necessary to provide protection for San ' Iarcial against a greater

flood than the 30,000 second feet previously considered. 

195. Again it became necessary to revise the San Marcial pro- 

tection plan and three more methods G, E and F were considered, to pro- 

tect against 30,000 second feet, 50, 000 second feet and 100, 000 second

feet, respectively. These three methods worked out in detail, with cost

estimates, established the relationship between the degree of flood pro- 
tection to be obtained and cost, and indicated that the maximum degree

of protection obtainable at a reasonable cost is about 50. 000 second feet. 

In other words, the cost of protection against floods of much more than

50, 000 second feet would be excessive and would result in an unbalanced

Plan. 

Flood Protection at San Marcial—Method E. 

196. ' Method E, providillg protection against 50, 000 second feet, 
was therefore decided upon. This plan provides for the protection of

San - A'Iarcial by high levees, the raising of bridges 1005A and 1006A, 

with their approaches a maximum -distance of about 8 feet, the replacing
of present pile bridge 1006A with a new steel truss bridge, the drainage

of the San Marcial area by means of an open drain ditch outletting in
the river opposite Old Fort Craig, and the maintenance of a flood chan- 

nel through the silt plug by means of permeable jetties. This method

is described in detail in Part V, Paragraphs 352- 359. Exhibit R- 1

should be studied in connection with the San Marcial situation. This

report sets forth, on pages 165 to 167, the serious nature of the engi- 

neering problem at the upper end of Elephant Butte Reservoir. 

River Bridges

Provisions of Conservancy Act Relating to Removal of Structures. 

197. The Conservancy Act gives the District very broad powers. 

Under the general heading " Removal of Structures", Section 313 of the

pct, reads in part as follows: 

Sec. 313.— Removal of Structures. 

1) For the accomplishment of the Official Plan, the Board of

Directors of any district shall have full power and authority to improve
in alignment, section, trade, location Or in any other inanner, any water
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course, and theN- maN- remove, widen, lengthen, lo«' er, raise or otherwise

change any public or private road -bridge or railroad bridge or any other
coilstrt ction, over, across, in, into, under Or through any such water

course, or 117Z1N- rewire the same to be clone, and the foregoing shall appy
to all such changes specified by the Official Plan, or reasonably neces- 

sary for the accomplishment of the same ; provided, however, that when- 

ever any such change is made necessary in a11v construction because of

the failure of the same to permit the free flog- of the water in such

stream in time of flood, or to permit the necessary enlargement or pro- 
tection of the channel, then the owner of such construction shall make

such change and all adjustments of grade, road- wav, track., approach or

other construction incidental thereto, « Tithout cost to the District, and

without any claim for damages against the District

Discussion of Various Bridges. 

198. Fif teen bridges span the Rio Grande between Cochiti and
San- Iarcial, at the following points: 

199. It will be seen from the above table that the lengths of

these bridges vary greatly. The narrower ones in the northern end of

the district are, generally speaking, considerably higher above the stream, 
and the stream itself has more fall than is the case lower down, so that

the channel capacity under these bridges is greater than in some of the
longer ones. Cochiti and San Felipe are considered to be safe against
very considerable floods, perhaps 50, 000 second feet, and the ne` NT Ba- 
relas Bridge, it is understood, will provide sufficient waterway for this
amount. 

Table 16

Bridges Spanning the Rio Grande Between Cochiti and San Marcial

Location I hind Type Length

1 Cochiti Highway Steel Truss 246
2 San Felipe Highway Steel Truss 428
3 Bernalillo Cuba Railway Pile Trestle 850 Approximately
4 Bernalillo Highway Pile Trestle j 1252
5 Alameda Highway Pile Trestle 862
6 Barelas Highway Steel Truss 1565
7 Isleta Railway Plate Girder 638
8 Isleta Highway Pile Trestle 948
9 Los Lunas Highway Pile Trestle 880

10 Belen Highway Pile Trestle 680
11 Belen Railway Plate Girder 800 Approximately
12 San Acacia Highway Pile Trestle 292
13 Escondida Highway Combination Pile Tres- 

tle and Steel Truss 516
14 San Antonio Highway Combination Pile Tres- 

tie and Steel Truss 749
15 San Tarcial Highway Steel Truss 455

199. It will be seen from the above table that the lengths of

these bridges vary greatly. The narrower ones in the northern end of

the district are, generally speaking, considerably higher above the stream, 
and the stream itself has more fall than is the case lower down, so that

the channel capacity under these bridges is greater than in some of the
longer ones. Cochiti and San Felipe are considered to be safe against

very considerable floods, perhaps 50, 000 second feet, and the ne` NT Ba- 
relas Bridge, it is understood, will provide sufficient waterway for this

amount. 
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200. The A. T. & S. F. Ry. engineers do not consider the rail- 

way bridges at Isleta and Belen to be capable of withstanding 50, 000

second feet of water, and propose to lengthen each bridge about 200 feet. 

201. The various other highway bridges do not create any ad- 
ditional flood menace but are very- likely to be washed out, or have their

approaches washed out during exceptionally high water. At San Acacia

the highway bridge is located across a very narrow river channel at the
lower end of the canyon between La Joya and San Acacia. High water

scours out the bottom of the river under the bridge to great depths, but

approximately 20,000 second feet during September 1927, brought the

water up to the floor of the bridge, and indicated about the limit of the

channel capacity at this point. 

202. At Escondida about 12, 000 second f eet inundates the low
fill which f orms the approach to the bridge on the east side. A flow

much in excess of this amount would probably wash out this approach
and render the bridge impassable. Were this approach to be raised and

strengthened, the bridge itself would probably wash out. 

203. At San Antonio an old makeshift wooden truss does duty
both for the branch railway to the Tokay coal mines and for a highway. 
This structure will probably be washed out during the first large flood. 

204. It is not considered necessary to replace these bridges at
the present time, since they do not create an additional flood menace, 
and they may continue to serve their purpose for years. Should they be
washed out in some subsequent flood, they should be replaced with more

substantial structures designed to provide waterways for at least 50, 000

second f eet. 

205. It should be the policy of the District to prevent the nar- 
rowing of the flood channel of the river by the construction of high fills
approaching river bridges in order to shorten the bridges themselves. In

fact, it should be the ultimate aim to have all bridges long enough and
high enough to provide a clear flood channel of at least 50, 000 second
f eet, but 1 t i s Deli eyed that thi s ultimate goal can be approached gradually
by replacing present structures as they wear out or become inadequate, 

Power Possibilities

General Statement. 

206. Power possibilities in connection with the proposed recla- 

mation and flood protection plan of the District are considered to be of

much future value. In general four types of site where power might be

developed exist. These are: 
r

a) At the El Vado Reservoir. 
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b) At the diversion dams. 
c) At small drops in the irrigation canals. 
d) At a few points where canals are considerably higher than

valley floor. 

Types ( a), ( b), and ( c) Unsuitable. 

207. Detailed investigation of power possibilities at sites of

types ( a) , ( b) and ( c) disclose the fact that such sites are unsuitable

for the following reasons: 
El Y' ado reservoir is essentially a reservoir for the storage of irri- 

gation water. It is an insurance against shortage of water in the river

and in general will be drawn upon only when such shortage exists. Un- 

der normal conditions of river flow, this reservoir is likely to be drawn
down during the months of July, August and September and, in periods

of extreme drought, it may be emptied during the summer months. 

During the winter and spring it must be refilled and during the refilling
no water will pass the dam except the relatively small amount necessary
to supply prior rights below the dam. It is evident that the necessities

of operation as a storage reservoir conflict with those of a power reser- 

voir and no continuous, dependable flow of water for the generation of

power can be counted upon. 

Of the four diversion darns, only the Cochiti dam can be built of

sufficient height to be of any value in the development of power. A

design for a combination diversion and power dam was made for this

site but was f ound to be so costly that the idea was abandoned. 

The main canals are located through the low part of the valley ex- 
cept in the case of the Belen High Line Canal. Such locations necessi- 

tate the use of drops, since the valley slope is greater than the grade of
the canal. As a rule these drop structures provide a fall of tour feet

or less, in fact, no drops of more than four feet are contemplated

While no development of power on a large scale could be made at these

drop structures, it is thought that small individual installations might

be of some value. 

Type ( d) Suitable at a Few Locations. 

205. At several places where the irrigation canals of the Dis- 

trict attain a considerable elevation above the valley floor, it is possible

to construct a power drop and a by- pass or wasteway back to the river. 
Several such power sites have been investigated. 

Cochiti Power Site. 

209. A possible power development exists at a point on the pro- 
posed Cochiti Main Canal, just north of the village of Cochiti, some 20
miles north of Bernalillo, and 23 miles southwest of Santa Fe. This
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development will require the enlargement of the COchitl Main Canal to

a capacity sufficient to carry the entire winter season flow of the river
from the diversion dam to a point 6,000 feet below; the construction of

11. 800 feet of new power canal ; the construction of the power house it- 

self ; and the excavation of a tailrace 4000 feet long back to the river. 

An of fective head of 28 to 30 feet is available and a power develop- 
ment of 884 K. Nb'. is estimated as possible at all times. This estimate

is based on a minimum river flo« of 500 second feet at the Cochiti diver- 

sion dam, which is apparently very conservative. 

Power Sites on Belen High Line Canal. 

210. At two or three places on the Belen High Line Canal, it

would be possible to drop from the canal down into the valley and in- 
stall a power plant at the foot of the drop. It is necessary to carry water
from the main west side canal across the valley and across the river to
serve the San Juan area, in any event. If the main canal were to be

built with an excess capacity from the head down to the power drop, 
and a wasteway were to be provided back to the river, a certain amount

of continuous flow could be counted upon during the irrigation season, 
and during the winter months the whole flow of the canal could he

turned through the power drop. 

Summary of Investigations of Two Sites on Belen High Line Canal. 

211. Two power sites on the Belen High Line Canal were

studied in some detail: 

a.) The first is located west of the village of Los Chavez, about

16 miles below the head of the Belen High Line Canal, where a drop of
about 50 feet is available In a distance of 600 feet or less. The irriga- 

tion demand below this drop would amount to some 200 to 250 second
feet, and an excess of 150 second feet in the main canal above the

power drop would give a total of about 400 second feet through the
drop. Roughly, the power development here would amount to about

1220 H. P. for the 400 second foot total flow. As indicated above, it

would be necessary to provide a wasteway to the river for the excess
of 150 second feet, and a «- asteway from the San Juan Lateral to the
river for the 250 second feet or irrigation water. 

b) The second site investigated is located at a point on the

Belen High Line Canal, about three miles south of Belen, where the

canal is 10, 900 feet west of the river and about 74 feet above it. Irri- 

gation requirements below this point, together with diversion of 400 to

500 second feet of river water during the non -irrigation season, assure

the development of 1490- 1690 K. ti's'. of power at this point. 
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No Power Plants Included in Plan. 

212. it was decided to omit these possible power developments

f rom the present Plan, though it is realized that they should be kept in

mind as rather attractive future possibilities. Their principal disad- 

vantage lies in the combination of power development, which involves

continuous canal operation, during twelve months of the year, with irri- 

gation operation, which is onlv continuous during eight months. It

would be difficult to clean canals, repair them, or renew structures dur- 

ing continuous operation. With the present demand for power, such

developments do not appear very attractive, but it is possible that in the

future, with the country more thickly settled, a greater power demand

might lie created, possibly sufficient to absorb the entire output. In. 

this case, the estimated financial returns appear attractive enough to

warrant the construction of one or more of these power plants by the
District, and this can be done at any time with very little change in the
irrigation system as now proposed. 

General Features of Design

Drainage System. 

213. The drain ditches have been projected upon the 1000 - foot

scale contour maps of the valley, with particular reference to the topo- 

graphic features of the lands. They were then transferred to the 200 - 
foot scale property maps by pantograph and adjusted as far as possible
to existing property lines. Because of the fact that the 12, 000 or more

tracts of land in private ownership in the valley are very small and very
irregular in shape, it is impossible to avoid the cutting of many such
tracts. The details of location of drains may be improved perhaps in

some cases by field locations, but modifications of this kind will be of a

minor character and will have little effect upon the Plan as a whole, 

either as to location or cost. 

214. From carefully kept records on the Government Rio

Grande Project, the effectiveness of open ditch drainage can be closely
predicted both from the standpoint of lowering of the water table and
of recovery of water. These records are particularly applicable here in
the middle valley where conditions are so similar to those of the lower
valley. 

215. The design and spacing of the proposed drain ditches has
been based upon results actually obtained in the lower valley. Drain

ditches are located with the expectation that they will be effective for
trom half a mile to three-quarters of a mile on each side, and they are

spaced accordingly within this limit and as controlled by the topography
and irrigation canals. 
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216. The water reclaimed by the drainage ditches is a very es- 
sential part of the water supply for the District lands, and the estimates

of the amount of such reclaimed water are set forth in Exhibit R- 4 of
the Official Plan. The project drains must provide capacity for this
reclaimed water and also for additional water resulting from direct

seepage from the river into adjacent drains. The drainage system has

been designed for carrying capacity in accordance with discharge meas- 
urements made on drains below Elephant Butte Reservoir, adjusted to

meet local conditions, as follows: 

a) Riverside drains, 2. 5 second feet per mile of drain. 

b) Interior drains in valley floor, 1. 5 second feet per mile of

drain. 

c) Interiot drains rear foot of side hills and below irrigation

canals, 1. 75 second feet per mile of drain. 

217. Studies by the District and by the United States Bureau of
Reclamation demonstrate that the saving of water which will be accom- 
plished by drainage will more than offset the increased use of water for
irrigation of District lands, so that an actual saving of water for the
Government Rio Grande Project will result. 

Water Supply Developed from Water Reclaimed by Drainage. 

218. The Plan proposes to develop a water supply f or the irri- 
gation Of District lands by means of the drainage Of these lands as out- 

lined in the foregoing section on drainage. This is possible because of

the great loss of water by evaporation from the valley lands under pres- 
ent water table conditions. Drainage, as provided by the Plan, will lower

the water table a sufficient distance below the surface to reduce greatly
the present loss of water, thus of f ecting an actual development of water
now lost to all beneficial use. This water will be made available to the

lands of the District partly by direct diversions from the natural and
augmented flow of the Rio Grande, and partly by the release of stored
water f rom the El Vado Reservoir. 

219. In this connection the following is quoted from Exhibit

R- 4 " Preliminary Report on Investigations in Middle Rio Grande Val- 
lei-, 'New Mexico", bN- E. B. Debler, Hydrographic Engineer, and C. C. 

Elder, Assistant Engineer, United States Bureau of Reclamation, De- 

cember 15, 1927, as follows: 

Water Supply
Of surface waters entering the middle valley through the Rio

Grande and its tributaries, including also the gain from Buckman to

Bernalillo, 582, 000 acre feet of water, on the average, is annually lost
through the valley to San Marcial, being somewhat larger in years of
high run off and very much smaller in years Of extremely low run off, 
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due to fluctuating water table on the valley lands and variation in irri- 
gation supply. With developments planned by the District, such losses

will be relatively much more uniform and it is estimated will average
535, 000 acre feet annually, including the use of stored waters. Add- 

in!Z to this loss, an average evaporation loss at El Vado reservoir of
9.000 acre feet annually, makes a total loss of 544, 000 acre feet an- 

nually. In the years of low run off, when under present conditions such

losses are relatively small, the losses with the valley reclaimed will also
be smaller by reason of lack of divertible water resulting from insuffi- 
cient storage capacity to provide a full supply. It is concluded that mid- 

dle valley development will, therefore, not infringe on the water supply
for lands dependent on Elephant Butte Reservoir." 

220. This feature of the Plan is of utmost importance and is
of an unusual nature. It means that sufficient water can be saved by
drainage to more than supply the additional needs of the District with- 
out in any way interfering with the rights of other appropriators on the
river. 

Irrigation System. 

221. Each of the four divisions will derive its supply of water
f rom a main canal heading in the river at one of the four diversion

dams. The Belen Division will have two such canals, one on each side

of the river. These main canals might be designed in either of two

ways: 

a) As " high -line" canals which would run on light supported

grade lines without drops. Such canals would follow the side hills bor- 

dering the valley, and since their grades would be much less than the

slope of the valley floor, they would gain elevation over the valley lands
as they extended downstream. They would, therefore, make possible

the irrigation of some new land lying above the present irrigation sys- 
tem. 

b) As " low -line" canals running through the valley floor. Such

canals would require drops at more or less frequent intervals, since the

canal grades would of necessity be less than the general downstream

slope of the valley. 

929. In three of the four divisions the Plan proposes low -line

canals, chiefly for the reason that they avoid the extra first cost and
the extra maintenance cost of carrying large canals across the many
large arroyos which empty into the valley from the side hills. Since it

is believed that the adequacy of the water supply for large areas of new
land would be very questionable, the extra land which might be irri- 

gated by more expensive high line canals is not an important considera- 
tion of canal location. 
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223. In the Belen Division, however, the west side main c. nal

has been loctaed as a high - line canal for the reason that little cross

drainage is encountered on the west side of the river between Belen and

L, a Tova. The Rio Puerco practically, parallels the Rio Grande at no

great distance, and consequently the drainage areas tributary to the Rio

Grande are small. 

224. Some veru fine land above the present ditches will thus be

brought under the new irrigation system, in the area west of Los Lunas

and Belen as far south as Mile Post 943 on the A. T. & S. F. Ry., 
where it is proposed to drop the water from. the high -line canal down
to about the limits of present irrigation ditches. 

Rio Puerco Unit. 

225. A study was made contemplating the extension of the

Belen High Line Canal around the hills and up the Rio Puerco valley, 
crossing the Rio Puerco at a point about 10 miles above its mouth and
extending down the south and west side of this valley. " I' his extension

would have brought under cultivation about 10, 000 acres of new land

in the Rio Puerco valley and is considered to be entirely feasible. The

necessity for economizing in the total cost of the project has caused this
unit to l:)e excluded from the Plan. However, the Belen High Line

Canal has been designed with sufficient excess capacity to carry the

water necessary for these Rio Puerco lands, if at some time in the fu- 

ture it should be deemed desirable to construct this part of the project. 

Canal Capacities. 

226. Records of water deliveries on the Rio Grande Project

show an average of 2. 57 acre f eet per acre per annum delivered at the

farms, with . 44 acre feet per acre delivered in June, the month of max- 

imum use. This figure has been somewhat increased in designing the
canals for the District. Canal capacities have been computed on the

basis of a delivery of 3 acre feet per acre per annum, with a maximum

30 -day delivery of 20 per cent, or 0.6 acre feet per acre. Expressed in

terms of second feet this becomes 0.01 second -foot capacity per acre
of land to be irrigated, with an added capacity for seepage and regu- 
lation losses. 

Seepage Losses. 

227. Seepage losses have been computed from the Moritz

0 YN

formula s= 0. 2 C where

7 Y
s= loss in second feet per mile of canal. 
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Q= --discharge of canal in second f eet. 

mean velocity of flow in feet per second. 
C= depth in feet lost per day over wetted perimeter of canal. 
C= 1. 5 for high line canals. 

C= 1. 0 for valley canals. 

Regulation Losses. 

228. Regulation losses have been estimated at 10 to 20 per cent

of the canal capacity, depending upon the canal discharge, and these

amounts of additional capacity have been added to all canals between
headworks and wasteway points. 

Canal Velocities. 

229. Canal sections and grades have been based upon Kutter' s

formula with special consideration of the relation of velocity to erosion
and silting. The soil survev of 1912 shoves that the soils of the valley
vary from the Gila fine sandy loam, with a surface soil 24% per cent

clay and silt, to the Gila clay, with a surface soil 88/ per cent clay and
silt. It is evident that, as a general rule, the canals of the District will

be constructed in soils which contain a large percentage of clay and

silt, and particularly will this be true for the low line valley canals. 

230. The studies of Fortier and Scobev of " Permissible Canal

Velocities" ( Transactions American Society of Civil Engineers, 1926, 

Vol. 89) indicate that in soils containing considerable clay, with water

carrying silt in suspension, rather high velocities may be safely used. 

In addition to the above considerations the Kennedy studies on erosion
and silting of canals in India have been kept in mind and the Kennedy
formula for non -silting, non -scouring velocity, viz., V= 0. 84d0•64' 

has been used as a criterion of the relationship between velocity and
depth to some extent. In general, the following values for " n" and " v" 

have been used in canal design: 

Valley Canals

Capacity- n" v" 

40 s. f. or less 0. 025 2.25 ft. per sec. 

40- 75 0. 0225 2. 50 ft. per sec. 

75- 300 0. 020 3. 00 ft. per sec. 

300- 1000 0. 020 3. 25- 3. 50 ft. per sec. 

High Line Canals

Capacity n" v" 

40 s. f. or less 0. 025 2. 0 ft. per sec. 

40- 75 0. 0225 2. 25 ft. per sec. 

75- 300 0. 0225 2. 6 ft. per sec. 

300- 1000 0. 020 2. 85- 3. 00 ft. per sec. 
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Side Slopes, Depths and Curvature. 

231. In general, trapezoidal canal sections having side slopes
of 1 / to 1 have been used. The minimum width of base is 6 feet. 

As a rule a suitable velocity was considered more important than the
depth of channel. No depths greater than 8 feet have been used. No

curves whose radius is less than ten times the width of base have been
introduced. A freeboard of at least / the depth has been provided. 

Crowns are flat and are 4 or more feet wide. 

Scope of Irrigation System. 

232. The attempt has been made to include in the Plan the con- 

struction of an irrigation system which will bring water to a point within
at least half a mile of each farm or tract in the middle valley. Where
the farms are under irrigation at the present time, the present farm

distributaries will serve the land without the additional construction of
small ditches. In the case of tracts which are not improved, the small

ditches connecting such farms with canals and laterals constructed by the
District must be built by the landowner. 

Drops. 

233. All drops have been designed as concrete -lined chutes with
a drop or fall of 4 feet or less. The velocity generated by this fall is
dissipated by the principle of the hydraulic jump which is created by - 
the change of grade at the lower end of the chute. Typical drawings for

drops of various sizes are included in the exhibits of Part V of the Plan. 

River Siphons. 

234. Certain areas can be reached only by carrving laterals
across the river. Since the river banks are low at all such crossings, 

flumes cannot be used and it is necessary to carry the laterals under the
river in inverted siphons. The Plan contemplates the construction of
sig: reinforced concrete siphons as follows: 

Cochiti 60 -inch diameter 400 feet long
Sili 40 -inch diameter 1200 feet long
Corrales 46 -inch diameter 1200 feet long
Atrisco 72 -inch diameter 1200 feet long
Casa Colorado 60 - inch diameter 1200 feet long
Val Verde 52 -inch diameter 1500 feet long

235. Experience in the construction of similar siphons on the

Rio Grande Project, near El Paso, has demonstrated the efficiency and
Note: The Val Verde Siphon has been eliminated from Plan, see Section VI, 

Paragraphs 374, 375, and 376. 
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economv of a system of unwatering by rneans of well -points and pumps, 
so that the construction of the siphon barrel can be accomplished " in

the dry". Concrete was chosen in preference to wood stave or steel

pipe, because it is thought that the bands of the Dile and the steel shell

of the other would soon rust under conditions to which these pipes would

be subjected. 

Arroyo Crossings. 

236. Arroyo crossings will be of two general types determined

by local topography; the first a reinforced concrete pipe siphon, the sec- 

ond a reinforced concrete culvert crossing on grade. In both cases the

arroyo will be carried over the canal. 

Railway Crossings. 

237. Where canals cross railways, existing bridges will be used
and, where new bridges are necessary, the A. T. & S. F. Ry. standard

open deck creosoted pile trestles are contemplated. 

Road Crossings. 

238. Crossings of main roads and highways have been deter- 

mined from property maps, and standard creosoted timber bridges have

been indicated at all such points. Due to the very great number of small
tracts, it has been impossible to forecast the exact number of farm

bridges which will be needed and consequently such structures have been
estimated on a mileage basis, one for each half mile of canal. 

Drain Ditch Crossings and Under Drains. 

239. Where drains cross canals or laterals, structures will con- 

sist in general of one or more lines of 36 -inch to 48 -inch diameter re- 
inforced concrete pipe. A similar class of structure will be utilized for

passing surface water under canals. 

Farm and Lateral Turnout Gates. 

240. Farm turnouts have been estimated on the basis of one

turnout for each quarter mile of lateral, plus 15 per cent, and of one

turnout for each half mile of main canal in places where irrigation takes

place directly from the main canal. 

241. Turnout gates from laterals will consist of metal gates, 

sliding in steel frames, discharging into metal pipes of 12, 15 or 18 - 

inch diameter. Some 3000 such gates are contemplated, so that as far

as possible a standard design is desirable. The drawings of the design

proposed are E- 29 and E- 36 Exhibit P- 3 of the Official Plan. 
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Kutter' s " n" for Flood Channels. 

242. Flood channel capacities have been computed from sur- 

veyed or projected river sections using water surface slopes obtained
from surveys or from topographic maps. The factor " n" in Kutter' s
f ormula has been. taken as, 

1) . 023 for clear, low water channels with sand and silt bottom
and no vegetation or trees, 

2) . 030 for clear channels immediately adjacent to low water

channels subject to frequent overflow and with little or no vegetation ex- 
cept a few weeds, 

3) . 033 for overflow channels, subject to overflow at occasional
intervals, with cleared bosque or brush; such channels to be cleared and
kept cleared by the district. 

Alternative Studies and Locations

General Statement. 

243. The Plan is the outgrowth of a comprehensive study and
comparison of various alternatives, and the elimination of those which
proved to be Impractical or excessively- costly. Two types of compara- 
tive studies have been made; the first dealing with details such as the
location of canals and drains and the choice of types of structures, and
the second dealing with the broader aspect of choosing the most eco- 
nomical and efficient general plan for the development of the project as
a whole. 

244. The irrigation and drainage systems have not offered a
wide range of comparative studies, because the configuration of the val- 
leN has, in a large measure, fixed the location of diversion dams and
these have in turn controlled the position of both canals and drains. 
However, 

two possible sites were available for the diversion dam serving
the Albuquerque Division, and a comparative stud- has indicated that
the lower site situated at Angostura is more economical than the upper
s. te near San Felipe Pueblo. 

243. In designing drainage and irrigation layouts, costs were

computed on an acreage basis for each natural unit of the project, and

several of the less feasible smaller units were eliminated from the area
proposed to be benefited. Also many alternative canal and drain loca- 
tions were compared as to cost and efficiency in order to select the best. 
In considering the second phase of the alternative studies, that of choos- 
ing the best general method for developing the project as a whole, it has
been

necessary to take Into account the economic situation of the Dis- 
trict. 
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Cooperative Agencies

The United States Government. 

246. In accordance with the provisions of an Act of Congress
approved February- 14, 1927, the United States Government appropri- 

ated $ 50, 000 on behalf of the Indian lands included in the Conservancy
District, toward the preliminary expense of the preparation of the Dis- 

trict Plan of reclamation and flood protection. The Indian Department

designated General H. F. Robinson of Albuquerque, Supervising Engi- 
neer of the United States Indian Irrigation Service, as the local repre- 

sentative of the Indian Department in matters pertaining to cooperation
with the Conservancy District, and he has rendered the District valuable

service in furnishing maps, plans and data on matters within his juris- 

diction. 

2.17. - 1\ 1 r. !'. M. Reed, Chief Engineer of the United States

Indian Service, has acted as one of the Board of Consulting Engineers
which has reported favorably upon the proposed conservancy project. 

Act of Congress Authorizing Contract with District.* 

248. An Act of Congress approved March 13, 1928, provides

an appropriation not to exceed $ 1, 593, 311, on behalf of Indian lands, 

hich constitute about 18 per cent of the area of the District, for the

construction of the proposed reclamation and flood control works. This

act provides for an agreement between the Secretary Of the Interior and
the Conservancy District, covering the details of procedure in regard

to determination of areas, designation of the Secretary' s local repre- 

sentative, and in general specifies in some degree how the money shall
be spent. The following is a copy of the Act: 

Public -No. 169 -70th Congress) 

S. 700) Approved March 13, 1928

An Act Authorizing the Secretary of the Interior to execute an

agreement with the Middle Rio Grande Conservancy District providing
for conservaiton, irrigation, drainage, and flood control for the Pueblo

Indian lands in the Rio Grande Valley, New Medco, and for other pur- 

poses. 

Be it enacted by the Senate and House of Representatives of the
United States of America In Congress assembled, That the Secretary
of the Interior is hereby authorized to enter into an agreement with the
Middle Rio Grande Conservancy District, a political subdivision of the

State of New '' texico, providing for conservation, irrigation, drainage, 

and flood control for the Pueblo Indian lands situated within the exterior

boundaries of the said Middle Rio Grande Conservancy District, as pro- 

The Secretary of the Interior executed this contract on behalf of the United States
on Dec. 14th, 1928. 
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vided for by plans prepared for this purpose in pursuance to an Act of
February 14, 1927 ( Forty- fourth Statutes at Large, page 1098). The

construction cost of such conservation, irrigation, draina, e, and flood - 

control work apportioned to the Indian lands shall not exceed $ 1, 593,- 
31.1, and said sum, or so much thereof as may be required to pay the
Indians' share of the cost of the work herein provided for, shall be pay- 
able in not less than five installments without interest, which installments
shall he paid annually as wort: progresses: Provided, That should at

anv time it appear to the said Secretary that construction work is not
being , carried out in accordance with plans approved by him, he shall

withhold payment of any sums that may. under the agreement be due
the conservancy district until such work shall have been done in accord- 
ance with the said plans: Provided further, That in determining the
share of the cost of the works to be apportioned to the Indian lands

there shall be taken into consideration only the Indian acreage benefited
which shall be definitely determined by said Secretary and such acreage
shall include only lands feasibly susceptible of economic irrigation and
cultivation, and materially benefited by this work, and in no event shall

the average per acre cost for the area of Indian lands benefited exceed
67. 50: Provided further, That all present water rights now appurte- 

nant to the approximately eight thousand three hundred and forty- six
acres of irrigated Pueblo lands owned individually or as pueblos under
the ,proposed plans of the district, and all water for the domestic pur- 

poses of the Indians and for their stock shall be prior and paramount to

any rights of the district or of any property holder therein, which pri- 

ority so defined shall be recognized and protected in the agreement be- 
tween the Secretary of the Interior and the said iMiddle Rio Grande

Conservancy District, and the water rights for the newly reclaimed lands
shall be recognized as equal to those of like district lands and be pro- 
tected from discrimination In the division and use of water, and such

water rights, old as well as new, shall not be subject to loss by nonuse

or abandonment thereof so long. as title to said lands shall remain in

the Indians individually or as pueblos or in the United States, and such

irrigated area of approximately 8, 346 acres shall not be subject by the
district or otherwise to any pro rata share of the cost of future opera- 
tion and maintenance or betterment work performed by the district. 

The share of the cost paid the district on behalf of the Indian lands un- 
der the agreement herein authorized, including any sum paid to the dis- 
trict from the funds authorized to be appropriated by the Act of Feb- 
ruary 14, 1927 ( Forty- fourth Statutes at Large, page 1098) , shall be

reimbursed to the United States under such rules and regulations as

may be prescribed by the Secretary of the Interior: Provided, That

such reimbursement shall be made only from the proceeds of leases of
the newly reclaimed pueblo lands whether leased by Indians or others, 
Indians, however, to be riven the preference in the making of such

leases, and the proceeds of such leases to be applied, first, to the reim- 
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bursement of the cost of the works apportioned to said irrigated area of

approximately 8, 346 acres: Provided further, That as to not to exceed

4,000 acres of such newly reclaimed. lands if cultivated by Indians no
rentals shall be charged the Indians: Provided further, That there is

hereby created against the newly reclaimed lands a first lien for the

amount of the cost of the works apportioned to such newly reclaimed

lands which lien shall not be enforced during the period that the title to
such lands remains in the Pueblo or individual Indian ownership: Pro- 

vided further, That said Secretary of the Interior, through the Commis- 

sioner of Indian Af fairs, or his duly authorized agent, shall be recog- 
nized by said district in all matters pertaining to its operation in the same
ratio that the Indian lands bear to the total area of lands within the dis- 
trict, and that the district books and records shall be available at all

times for inspection by said representative." 

Agreement with the U. S. Bureau of Reclamation. 

14e -
A ---V 249. An agreement was entered into between the United States

Bureau of Reclamation and the District in the Spring of 1926, which

provided for an investigation and report by the Reclamation Bureau on
the following points: 

a) Stream gaging. 
b) Evaporation and transpiration losses. 

c) Measurement of ground water levels. 

d) Consumptive use of water. 

e) Determination of water storage requirements of the

District. 

f) Silt Measurements. 

250. By the terms of this agreement the investigations were

carried on and the report was made by the engineers of the United States
Bureau of Reclamation, the District paying half of the cost. This re- 

port, entitled " Preliminary Report on Investigations in Middle Rio

Grande Valley, New Mexico", by E. B. Debler, Hydrographic Engi- 

neer and C. C. Elder, Assistant Engineer, United States Bureau of

Reclamation, is included in the Official Plan as Exhibit R-4. 

State of New Mexico. 

251. By an Act of the state legislature approved March 15, 

1927, a fund was created for the purpose of investigating reservoir sites
in the State of New Mexico, and $ 7, 625. 00 of this fund was spent in co- 

operation with the District in drilling and exploring foundations at sev- 
eral reservoir sites investigated l)v the iictrirt. nntallly nt E1 ,,- nr1n

at San Felipe. 
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The Counties Within the District. 

252. The Counties of Sandoval, Bernalillo, Valencia and So- 

corro have purchased property neaps from the District for all District
lands lying within their boundaries. 
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SECTION V

STATEMENT OF THE PLAN

General Features

Plan Includes Flood Control, Drainage and Irrigation. 

253. The lands and property to be improved by the proposed
works of the District are located in the middle Rio Grande valley, be- 

tween the Indian village of Cochiti on the north and the town of San
Marcial on the south. The Plan proposes the construction of flood con- 
trol and river improvement works, a comprehensive and modern system

of irrigation, a drainage system, and a reservoir for the partial stabiliza- 

tion of the discharge of the Rio Grande. 

Existing Ditches to be Used Where Feasible. 

254. These works will be built with as little disturbance as pos- 
sible to the service of the present irrigation ditches. The existing ditches
will be utilized in the Plan wherever feasible. In some cases these

smaller ditches will be adapted to the new Plan without material change, 

except to supply the necessary headgates to feed water from new main
canals to the existing ditches. In other cases the old ditches will be en- 
larged and supplied with modern structures. New main canals will be
provided for each area proposed to he improved, and these will be regu- 

lated by modern diversion dams and headworks. 

Water to be Carried Within Half a Mile of Every Farm. 

255. It is not proposed to construct farm laterals or shall dis- 
tributaries, but the District works will generally carry the irrigation

water to within half a mile of each farm. 

River Improvement. 

256. The river improvements will consist in the maid of levees
on each side of the river, a system of permeable jetties designed to

straighten and narrow the low flow channel, and the clearing and pro- 
tection work necessary to make the channel efficient and safe for flood
discharges. 

Degree of Flood Protection. 

257. The degree of flood protection provided under the Plan
will afford reasonable protection and security based on the present

knowledge of the past history of the river. It will permit growth and
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promote substantial increases in value of all the property under the Dis- 
trict. A system of detention reservoirs combined with certain channel
improvements would have been somewhat more desirable than the rec- 
ommended Plan. The cost of such a system is believed to be impracti- 
cable under present conditions. It may be considered as the ultimate
protection desired after values have increased sufficiently to warrant
and make possible such further improvements. At that future time, 

with the channel improvements completed as contemplated by the Plan, 
and values greatly incr,2ased, the building of one or more reservoirs on
the Rio Grande above Albuquerque will be a relatively easy accomplish- 
ment. Moreover, experience may demonstrate that the river work pro- 

posed under the Plan is more effective than can be definitely predicted
at this time. The important fact is that the work now proposed will fit
in, without alteration or waste, with any additional protection which may
be deemed desirable in the future. 

Type of Drainage. 

2Drainage will be accomplished by a system of deep open
drains similar to the Isleta Drainage Ditch. 

Portions of Valley' Not Included. 
9. Certain small isolated portions of the valley are not in- 

cluded in the area covered by the proposed improvements because of the
excessive cost of irrigation and the impossibility of securing adequate
drainage without pumping. These areas are Bolenguin, Pueblito and San
Pedro in the Socorro Division, San Geronimo in the Belen Division and
Los Montoyos in the Albuquerque Division. ( See Section VI, para- 

graphs 372 to 377 for other areas eliminated under Plan approved by
Court.) 

Cost Estimates. 

260. The proposed Plan is believed to be the best and cheapest
method of providing the necessary improvements described herein. The

cost estimates have been prepared with knowledge of the cost of similar
improvements constructed at El Paso and elsewhere. These are be- 

lieved to be ample, provided reasonable care and economy are exercised
in supervising construction. The total estimated cost of the Plan as
approved is $ 10, 337,000. 

Adaptation of Details of Plan to Conditions. 

261. Conditions relating to the project were closely studied in
outlining the Plan. Information relating to the physical features was

suf f iciently accurate to permit plans and estimates to be made. In carry- 
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b
out the Plan, it will be desirable to adapt the details of the work to

each condition as further disclosed in order to obtain the most advan- 

tageous combination of cost and results. Such adaptation will entail

minor increases and decreases in quantities and modifications in the de- 
tails of the designs and the position of structures. The Plan does not

attempt to forecast and define conditions beyond reasonable limits, and

such adjustments to actual detail conditions are understood to be within

the limits of the Official Plan and are not to be construed as changes
in or additions to the Official Plan. The same is true concerning vari- 
ations made necessary in order to avoid unnecessary interference with

existing works and structures, and concerning other conditions which

become apparent on the various parts of the work as construction or
preparation for construction progresses. The Official Plan also pro- 
vides, subject to approval by the Board of Commissioners, for major

changes in the size and type of individual structures when such change

is plainly advantageous; does not reduce the efficacy of the project as
a whole or , to individual beneficiaries; does not cause increased dam- 

ages for which compensation is not provided; and does not add to the

project more than 10 per cent of the original estimated cost of the af- 
fected structural unit. 

Coordination of Features. 

262. While the proposed work is referred to frequently as con- 
sisting of various features or parts, it should be understood that these

parts are coordinated and that each feature of the Plan depends upon

other parts for its proper functioning as a whole. The coordinated Plan

is comprised of these separate parts, each fulfilling an important func- 
tion itself, but acting also to supplement other features to the end that
the entire Plan will produce the fullest measure of benefit. 

263. Dut to this interlocking of functions of the various parts
of the Plan, it will be impracticable to separate the various features of

the Plan either in the practical accomplishment of the work or as to the
benefits to be derived from the work. 

264. The El Vado Reservoir is primarily for irrigation pur- 

poses, but it will also be helpful in the flood control problem. The river- 

side drains will supply the major portion of the material for the con- 
struction of levees without materially adding to the cost of these drains. 
Likewise it may be pointed. out that the spoil banks of the interior drains

will provide levees which may be useful, in the case of major floods, for

secondary defense purposes. Also that the drainage of the land will

afford an immense " soil reservoir" which may be filled during floods, 
by seepage of hill or river water, before damage is wrought at the sur- 

f ace. 
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265. The estimated cost of the Plan is predicated upon the con- 
struction of all the features comprising it, and not upon the construction

of anv one of these features taken separately-. If any single feature of
the Plan were to be constructed by itself, the cost of this part would
necessarily be higher than has been estimated herein. The order of ac- 

complishment will be undertaken with due regard for the most pressing
need of immediate benefit and to the most efficient method of com- 

pleting the Plan as a whole. The following description of the features
and parts of the Plan should be considered in the light of this paragraph. 
The classification of the work by features, as followed hereinafter, is
an arbitrary division of the wort: contemplated, made for the purpose
o f clari f ving the description. 

Water Development an Essential Feature of the Plan. 

266. The execution of the Plan will cause the development of
large quantities of water now lost by evaporation to all beneficial use. 
One of the express purposes of the drainage system is to reclaim water
and make it available to the lands of the District. Exhibit R- 4, " Pre- 
liminary Report on Investigations in Middle Rio Grande Vallev, New
Alexico", sets forth the estimated amount of water which will be thus
reclaimed. Title to all water so reclaimed or saved by the works of the
District is hereby asserted for the irrigable lands within the District. 

Classification of Improvements. 

267. The improvements proposed by the Plan may be segre- 

gated according to the seven main features listed below, each of which

is described in succeeding paragraphs. 
1) Storage Reservoir. 
2) Flood Control and River Improvements. 
3) Silt Control on Tributaries. 
4) The Drainage System. 
5) The Irrigation System. 
6) Diversion Dams. 
7) Improveinents at San Marcial.* 

Storage Reservoir
Location. 

268. The storage of water for irrigation purposes and partial
regulation of the flow of the Rio Grande through the District will be
accomplished by the construction of a reservoir on the Rio Chama at El
Vado, 16 miles southwest of Tierra Amarilla, Rio Arriba County, New

Eliminated; see Section VI, paragraphs 380, 381 and 382. 
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Alexico, and about 75 miles above the confluence of the Rio Chaeta and

Rio Grande. The reservoir is about 175 miles northeasterly- from AI- 

buquerque. 

Dimensions of Dam. 

269. The proposed dam is located in a narrow gorge cut through
the sandstone and shale formation. It will have a height of 1751 feet

above bed rock and will be built of gravel and loose rock, both of which

are found near the site. The dam will have a total length of 1, 300 feet
at the crown line and a bottom length of about 140 feet. The steep
slope of the easterly abutment breaks at a height of 100 feet above the
river and extends out in a flat slope, thus accounting for the length of
crown. The westerly abutment is continuously steep. The crown width
will be 20 feet, and the maximum bottom width of the base will be 600
feet. The upper f ace will have a slope of 1 / to 1 and the lower f ace
1 / to 1. A concrete parapet wall « rill be provided at the crown. 

East Abutment. 

270. An important feature of the site is the broken condition of
rock in the east abutment. This is fully described in Exhibit R- 2 " The

Geology of the E1 Vado Damsite and Reservoir, Rio Arriba County, 
New Mexico" by E. H. Wells. The construction of the dam provides

for a reinforced concrete cut -of f wall extending through the broken rock
into solid sandstone. 

Slope Paving and Cutoff Wall. 

271. The upstream slope of the dam will be provided with a

reinforced concrete face increasing in thickness from 8 inches at the top
to 13 inches at the bottom. At the lase of the dam the concrete face

will join a heavily reinforced cut- off wall extending vertically into the
bed rock. Below the cut- off wall it is proposed to pressure grout the
rock through drill holes provided for this purpose. 

Outlet Works. 

272. The outlet works will consist of two 60 -inch steel pipes, 

extending through the dam in two conduits of reinforced concrete, and

controlled by needle valves at the lower end. The combined capacity of
the two operating valves at full head is 2, 300 second feet. Emergency
valves of the " butterfly" type are located at the inlet end of the conduits

and provided with manual and remote electrical control. A small elec- 

tric generator will be provided and operated from the outlet conduits to
furnish current for lighting the dam and operators' quarters and for

operating the emergency valves. 
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Area and Capacity. 

273. The reservoir will have a capacity of 195. 000 acre feet at
the elevation of the top edge of the spillway gates, which is 9 feet below

the top of the dam or 13 feet below top of parapet wall. At this elevatloll

the water surface of the reservoir will have an area of about 3, 600 acres. 

Only about 250 acres of improved land will be inundated at high water. 

Operating Spillway. 

274. The drainage area of the Rio Chama above E1 Vado reser- 

voir is approximately 650 square miles. Two spillways will be pro- 

vided having a combined capacity of approximately 58,000 second feet. 
The operating spillway, with a capacity of 6,000 second feet, is located

at the westerly end of the dam. It is controlled by radial gates which
discharge into a concrete chute. The chute is supported by the solid
sandstone and shale of the west abutment of the dam, and it will dis- 

charge the overflow into the river at a safe distance below the dans. 

Emergency Spillway. 

275. A11 emergency spillway, with a capacity of about 52.000

second feet, is located in a saddle about one mile westerly from the dam. 

Water will be discharged at this point only at very infrequent intervals
after the capacity of the operating spillway is exceeded. The discharged

water will flow back to the Rio Chama through all arroyo which enters
the river over a mile below the dam. This spillway consists of a con- 
crete weir 700 feet In length. Below the weir three cross walls will be

built across the arroyo with proper spacing to prevent scour and under- 
mining of the weir. 

Flood Control and River Improvements

Capacity of Flood Channels. 

276. It is proposed to construct levees on each side of the Rio
Grande nf sufficient height and at a proper distance apart to permit the
safe passage of 40, 000 cubic feet per second measured at the upper end
of the levees above Albuquerque, and increasing to 50,000 cubic feet per
second measured at San Marcial. The Plan provides for extra height

of levees to give increased security against flooding at Albuquerque and
lands in its immediate vicinity, with the expectation that this highly val- 
uable area may be safe aganst floods of 75, 000 cubic feet per second. 

Low Flow Channels. 

277. A system of permeable jetties will be provided within the
levee lines. These will be arranged in such manner as to afford the
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maximum protection to the levees and at the same time define a narrow, 
low flow channel which is expected to scour its bottom, due to increased
velocity of flow, sufficiently to overcome the present tendency of the
river to raise its bed. 

Area Between Levees to be Acquired by District. 
278. The land within the levee lines including the river bed is

to be acquired by the District. This area will be cleared where necessary
to remove obstructions to the free flow of water. Some channel exca- 
vation will be accomplished in order to straighten the low flow channel
at bad bends; however, a general program of river dredging is not con- 
templated. 

Levees. 

279. The general height of levees will be 8 to 9 feet above nor- 
mal ground surface through the agricultural area. From the bend north
of Alameda to a point below Albuquerque, the east side levee will have
a height of 10 feet. At the critical points this stretch of levee will be
reinforced and provided with special protection against erosion and

breaching. At San Marcial the river levees will have a height ranging
from 10 feet to a maximum of 14 feet. Proper clearing, roughening or
scarifying of the ground under all levees is contemplated. 

280. All river levees will have crowns of 8 feet and 10 feet
respectively, varying with the height. Their slopes will be 1Y2 to 1 on
the land side, and 2/ to 1 on the river side. They will be spaced a min- 
imum distance of 1, 200 feet apart at the northerly end of the project, 
increasing gradually in a downstream direction to approximately 1, 500
feet at Albuquerque and 2,000 feet at points below the Rio Puerco. 

Jetties. 

281. The proposed jetties will be of the " permeable" type, con- 

structed of materials which will cause a slowing down of the velocity- of
flow and thus cause a gradual deposition of silt. The top of the jetties
will be generally 6 feet or more below the crown of the levees, permit- 

ting flow over the top in cases of major floods. 
282. In general,. it is proposed to construct the jetties of gal- 

vanized woven wire fencing held in place by steel piling or by other de- 
vices which may prove more effective for the purpose. The approxi- 
mate location of the jetties is shown on neaps A- 7, A-8, A-9 and A- 10
Exhibit I- 1, and types of construction are shown on Drawing K-44. 
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Levee Protection. 

283. The protection of the levees against erosion will be ac- 

complished gradually as and where the need becomes apparent, and in

accordance with experience to be gained during construction. A por- 

tion of the protection work will consist of the planting of grasses, shrubs

and trees on the river side slopes of the levees, and immediately in front
thereof. Bends and curves subject to erosion during floods will be pro- 
tected by jetties or other suitable protective work. No trees shall be left

standing within thirty feet of levees. 

Silt Control on Tributaries

General Statement. 

284. The Rio Grande carries a high proportion of silt and the

proportion increases markedly below the mouth of the Rio Puerco. The

deposition of silt in the channel at San Xlarcial has been especially in- 

jurious. The Plan provides for combating this silt deposition in the Rio
Grande by the river improvement works previously described. The ef- 

fect

f- 

fect of the river improvement work in this direction will be rendered

more certain by combating the excessive erosion on the Rio Puerco

watershed, thus preventing the delivery of a large portion of the silt to
the Rio Grande. The effectiveness of silt retention and erosion pre- 

vention works on the Rio Puerco seems more certain when it is under- 

stood that this stream is believed to be responsible for over 40 per cent

of the total silt now entering the Elephant Butte Reservoir-, although its

watershed comprises but about 20 per cent of the total Rio Grande

watershed. 

Silt Retarding Works.* 

285. The Plan proposes the construction of silt retardation

works on the Rio Puerco and its tributaries, as described in more detail

in Exhibit R- 1, " Erosion and Control of Silt on the Rio Puerco, N. M.", 

by Kirk Bryan and Geo. M. Post. The general method consists of small

check dams built across the arroyos and small washes, and the planting
and care of grasses, shrubs and trees to prevent side erosion. 

286. It is expected that silt will be deposited back of the checks

extending upstream for a considerable distance. In the larger arroyos it

is planned to add a second series of checks, after the first series is filled

with silt, thus accomplishing the required filling in two lifts. It is not

planned to entirely fill the existing channels of large arroyos in this man- 
ner, but only the depth in excess of that required for the largest floods. 
Drawing B- 21 shows a typical installation of one of the larger checks. 

This program has been modified, see Section VI. 
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The tentative locations are shown on sheets 1, 2, 3 and 4 of B- 10. In

the smaller arroyos only one series of checks will be installed. In rnanv

cases these may be constructed entirely of brush and rock found near
the site. 

Drainage

General Features. 

287. The proposed drains are of two general types, riverside

drains which will closely parallel the river and provide the outlets for
interior drains, and interior drains branching from ; the riverside drains
and following generallv the lower portions of the valley. Drains will all

be of the open type similar to the Isleta Pueblo drains, and to those con- 

structed On the Rio Grande Project near El Paso, Texas, by the United
States Bureau of Reclamation. 

288. The drains will require many structures In passing high- 
ways, irrigation canals, and railroads. These are planned to be con- 

structed of permanent materials, wherever practicable, and In accord- 

ance with approved modern design practice. 

289. The drainage system is not designed to control floods from
the side arroyos. Such floods will occur in the future as in the past

whenever a torrential rainfall occurs on the steep slopes of the valley. 
Due care will be taken to protect the drains against damage from such
floods, and whenever it is possible to do so, the arroyo waters will be af- 

forded an entrance into the drains through restricted openings which

will pass off the water in such a gradual manner as not to damage or
overflow the drains. 

290. In general, the drainage system is designed to provide a

normal water table under all the irrigated land varying from a mini- 
mum of 4 feet under lands distant from drains to about 6 feet below
the lands adjacent to the drains. Construction of drains will proceed
in all cases from the outlet toward the upper end in such a manner as
to provide drainage when the lower portion of each drain is completed. 

Drains will be built with draglines or similar excavating machinery. 

Riverside Drains. 

291. The material excavated from riverside drains will be depos- 

ited toward the river and utilized in the construction of the levee system. 
These drains will have a depth of 6 to 8 feet below & e normal ground

surface, except at points near the outlets where the grades will be flat- 

tened to meet the elevation of the river bed. The`- NN - 111 have widths

at the bottom varying from a nllnlmum of 10 feet
r

to a maximum of

about 20 feet, governed by the quantity of water to be discharged. 

The side slopes are planned 1I/,' to 1 in all cases but, because of the
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unstable and saturated condition of the materials forming the banks, 
this slope will not be attainable in many places. 

Structures on Riverside Drains. 

292. The land on the river side of the riverside drains is to be
acquired by the District and dedicated to use as a part of the river

channel. Due to this condition the only permanent structures required
on such drains will be highway bridges at approaches to bridges over
the Rio Grande. Such -bridges will be constructed in accordance with
Drawing No. E-26, Exhibit P- 3, except where the drain can be carried

under the road in Die or more lines of concrete pipe. 

Interior Drains. 

293. The interior drains will discharge through the riverside
drains into the Rio Grande at selected outlets. They will have depths
of about 10 feet below normal ground surface, except at points near

outlets in riverside drains where the grades will be flattened to meet
that of the shallower drains. They Nwill have widths at the bottom of
from 8 to 14 feet, depending upon the quantity of water to be carried. 
The side slopes are estimated at 1 / to 1 in all cases but, due to the

unstable condition of the material forming the banks, this slope will

not be attainable in all places. 

294. Interior drains will be located as shown in Exhibit M- 1, 
in accordance with the water table and soil conditions which have been
studied for this especial purpose. In general, the drains will be so

spaced that -the greatest distance from any point to a drain will be ap- 
proximately half a mile. 

Structures on Interior Drains. 

295. A great many structures will be required on the system of
interior drains for purposes of passing roads, irrigation ditches, and

railroads over the drains, and for taking surface water into the drains. 
Drawings showing the general type of structures proposed to be

built have been prepared and are included in Exhibit P- 3 of the Plan. 

296. Bridges are planned over the drains at all existing State, 
County and privately owned roads. In addition to the bridges required
at such points, other private bridges are included in the Plan to serve
farms which may be cut by the drains. 

297. Substantial metal flumes will be provided across the

drains, wherever necessary, in order to preserve the established irriga- 

tion layouts on farms cut by drains. In so far as possible, however, 

the drains will be located in the swales and water will be made avail- 
able on each side of the drains, so that an excessive number of flumes
will not be required. 
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298. A permanent class of structures will be provided at all

places where drains cut the malls canals or main laterals. Such struc- 

tures will generally be of the culvert type and be constructed of con- 
crete. 

Surface Water. 

299. The waters entering the valley from side arroyos and

washes will be permitted to enter the drains through pipe structures
designated as " Drainage Inlets," which will pass under the spoil banks

and enter the drains near the bottom. Exceptions to this rule exist ill

the case of arroyos which discharge very large quantities of water. 

In such cases the river levees may be turned and extended a short

distance along the sides of the arroyo in order to confine the floods
and guide the water direct to the river. This may, necessitate passage
of the riverside drain underneath the arroyo in a closed culvert or

siphon. 

300. In general, the surface water condition will be greatly
improved, due to the construction of drains, because drainage will

provide a " soil reservoir" which may be temporarily filled from the
arroyo floods without damage at the surface. Also, the smaller sur- 

face discharges may be taken directly into drains. 

Areas Having Partial Drainage. 

301. At the outlets of the riverside drains certain areas will

have only partial drainage due to the flattening of grade in the drains
to meet the river bottom. The drains have been located to restrict
such areas to the smallest acreage possible. 

302. An estimate has been made of the size of the various

tracts which xvill have incomplete drainage under the Plan. Each

tract has been divided into two classes to represent the degree of drain- 
age to be provided, and the results are shown in the following tabula- 
lation : 

Table 17

Summary of Partially Drained Areas

Division Riverside
Drain

Area in Acres
Vater Depth 0' to 2' 

Area in Acres

N,Tater Depth 2' to +' 

Albuquerque Corrales 113 106
Albuquerque Albuquerque 90 100
Belen Peralta 22 76
Belen Sabinal 3S 29
Belen San Francisco 0 14
Socorro . Limitar 228 186
Socorro Socorro j 76 202

Total F-64 713
Combined Total 1. 277 Acres
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Irrigation System

General Features. 

303. The Plan provides for a comprehensive system of main
canals and laterals, together with modern structures for the regulation

and use of the water. These works are located in four divisions from
north to south as follows: 

1) Cochiti Division
Irrigable Area 12, 674 acres

34, 575 acres
2) Albuquerque Division Irrigable Area

3) Belen Division
Irrigable Area 35, 227 acres

4) Socorro Division
Irrigable Area 26, 311 acres

Total Estimated Irrigable Area ( Original Plan) 128, 787 acres

On the basis of deductions due to the modifications of the Plan
as , approved, and by final check of appraisal data, the irrigable area

is as follows: 

Cochiti Division
13, 000 acres

Albuquerque Division
37, 205 acres

Belen Division
57. 399 acres

Socorro Division
15, 663 acres

Total Irrigable Area Official Plan
123, 267 acres

304. It is not proposed to construct farm laterals or the small- 

er distributaries. However, the District canals are arranged to carry

water generally to within a distance of about half a mile from the most
remote farm, and connections will be made from the new canals

to existing ditches. 

305. In many cases it is proposed to take over existing
canals

and incorporate them as part of the new system. Such canals will be

enlarged, if necessary, and suitable structures will be installed so that
adequate water service can be maintained for all the lands served. 

306. Each of the four divisions will be served by a diversion
dam in the Rio Grande and suitable headgates for regulating the

water supply. 

Description of Main Canals. 

307. The locations of the main canals to be constructed under
the Plan are shown in Exhibits M- 1 and M- 2. NNI- ith the exception of

the San Juan canal, they will head at the diversion dams and will

extend the entire length of the division or district to be irrigated, de- 

creasing in size as the various laterals and farm turnouts are supplied. 

Modern irrigation structures will be provided on each canal to facili- 
tate and make safe their operation and use. The main canals are all

planned to be constructed by draglines or similar excavating equip- 
ment. 
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Length, Capacity and Earthwork of Main Canals. 
308. The main canals, together with their length, capacity. 

and required earthwork, are shown in the following tabulation: 

Table 18

Proposed Main Canals

Cochiti Main Canal. 

X09. The Cochiti Main Canal will su' pply water to the Cochiti
Division. It diverts from the Rio Grande at the «- esterly end of the

Cochiti Diversion Dam and follows the river to a point below the

Cochiti Bridge, where it passes under the river in an inverted siphon

of reinforced concrete. From the easterly or downstream end of the
siphon the canal follows the foothills in a southerly direction, passing

the village of Pena Blanca and the Indian Pueblos of Santo Domingo

and San Felipe. Below the " narrows" at San Felipe this canal com- 

mands a strip of excellent bench land in the vicinity of Algodones and
ends near the village of Angostura. The canal is planned with a

maximum section as follows: Base 10 feet, Water Depth 4. 2 feet, 

Slopes 1 / to 1, Crown 12 feet. 

Structures on Cochiti Canal. 

310. The important structures on the Cochiti Canal are the

siphons and culverts under the many large arroyos and the Rio

Grande. Eleven structures of this type are required. These will all

be constructed of reinforced concrete in general accordance with draw- 
itl( T nulnl) ers E- 40 and E- 43, Exhibit P- 3. 

311. The minor structures required, consisting of bridges, 

farm turnouts, lateral headgates etc. will be provided and installed

in accordance with the standard plans shown in Exhibit P- 3. 

Albuquerque Main Canal. 

312. The main canal of the Albuquerque Division heads at

Revised length 28. 0 miles, Earthwork 628, 500 c.}-.; Capacity 276 Sec. ft. ( See Section

VI paragraphs 369 to 375 inclusive.) 

Length Earthwork Capacity
Name of Canal

in Miles I Cu. Yds. i Sec. Ft. 

Cochiti 24. 8 391, 400 200

Albuquerque 34. 3 864, 131 550

Belen 111gh Line 32. 2 1, 834, 000 100.) 

Peralta 157 200, 000 300

San Juan 17. 7 259, 000 170

Socorro 43. 9 926, 078 680

Totals 168. 6 4, 474, 609

Cochiti Main Canal. 

X09. The Cochiti Main Canal will su' pply water to the Cochiti
Division. It diverts from the Rio Grande at the «- esterly end of the

Cochiti Diversion Dam and follows the river to a point below the

Cochiti Bridge, where it passes under the river in an inverted siphon

of reinforced concrete. From the easterly or downstream end of the
siphon the canal follows the foothills in a southerly direction, passing

the village of Pena Blanca and the Indian Pueblos of Santo Domingo

and San Felipe. Below the " narrows" at San Felipe this canal com- 

mands a strip of excellent bench land in the vicinity of Algodones and
ends near the village of Angostura. The canal is planned with a

maximum section as follows: Base 10 feet, Water Depth 4. 2 feet, 

Slopes 1 / to 1, Crown 12 feet. 

Structures on Cochiti Canal. 

310. The important structures on the Cochiti Canal are the

siphons and culverts under the many large arroyos and the Rio

Grande. Eleven structures of this type are required. These will all

be constructed of reinforced concrete in general accordance with draw- 
itl( T nulnl) ers E- 40 and E- 43, Exhibit P- 3. 

311. The minor structures required, consisting of bridges, 

farm turnouts, lateral headgates etc. will be provided and installed

in accordance with the standard plans shown in Exhibit P- 3. 

Albuquerque Main Canal. 

312. The main canal of the Albuquerque Division heads at

Revised length 28. 0 miles, Earthwork 628, 500 c.}-.; Capacity 276 Sec. ft. ( See Section

VI paragraphs 369 to 375 inclusive.) 
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the easterlv end of the Angostura Diversion Dam about 24 miles north
of Albuquerque. The canal has a maximum section as follows: Base

20 feet, water depth 5. 8 feet, Slopes 11/ to 1, Crown 12 feet. The lo- 

cation of the canal is in the valley floor, approximately midway be- 
tween the river and the edge of the valley. West of Albuquerque the

canal passes under the Rio Grande in an inverted siphon of reinforced

concrete and continues through the Atrisco and Pajarito Districts, ter- 

minating on the Isleta Pueblo lands. 

Structures on Albuquerque Main Canal. 

313. The Albuquerque Main Canal requires drops at approxi- 

mately mile intervals to maintain safe velocities of flow. Such struc- 

tures will be built of reinforced concrete in accordance with drawings

E- 30, E-31, E- 32, E- 33 and E- 34, Exhibit P- 3. 

314. The general plan of the Atrisco Siphon under the Rio

Grande is shown on drawing E-43, Exhibit P- 3. The inside diameter

of the siphon will be 72 inches and its length 1. 200 feet. 

315. Minor structures consisting of bridges, farm turnouts, 

lateral headgates etc. will be built wherever necessary for the proper
operation and use of the canal and in accordance with the plans shown

in Exhibit P- 3. 

Belen High Line Canal. 

316. The Belen High _Line is the main canal for the lands

on the ` vest side of the Rio Grande and the San Juan area on the east

side, in the Belen Division. The canal heads at the westerly end of the
Isleta Diversion Dam and continues in a southerly direction on a very
light grade, passing Los Lurias, Belen, Jarales, Sabinal, and ends at a

point near Mile Post 943 on the A. T. & S. F. Ry. In this location

the canal cuts no improved property and may be constructed without
interference with existing canals and without crossing proposed drains. 

317. The maximum section of this canal is as follows: Base

30 feet, ` Fater Depth 8.0 feet, Side Slopes 1 / to 1, Crown 18

f eet. With a maximum capacity of 1000 cubic feet per second, 

the Belen High Line will be the largest canal on the project. 

It will have sufficient capacity as designed to irrigate all the lands

included in the proposed Plan and, in addition thereto, to carry a sup- 

ply for approximately 10,000 acres of excellent land which may be

irrigated in the Rio Puerco valley by a future extension of the canal. 
It is not proposed to construct such an extension at this time, but canal

capacity will be available if required in the future. 
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Structures on Belen High Line Canal. 

318. Due to its location along the side Of the valley the Belen
High Line Canal will require no drop structures and very- few other

structures of major importance. A ' N- asteway and sand trap is provid- 
ed about 3 / miles below the Isleta Diversion Dam. Numerous cul- 

verts will be required to pass surface drainage under the canal. These

are shown on drawing E- 39, Exhibit P- 3. Minor structures of the

usual types including farm turnouts, bridges and lateral headgates

NN - ill be installed as required for proper use and operation of the canal. 

These structures are shown in Exhibit P- 3. 

Peralta Main Canal. 

319. The main canal for the Peralta District in the Belen

Division heads at the easterly end of the Isleta Diversion Dam and
follows through the approximate center of this unit passing the vil- 

lages of Peralta, Valencia and Tome and terminates below Cerro

Tome. The canal has a maximum section as follows: Base 12 feet, 

water Depth 4.8 feet, Slopes 1 / to 1, Crown 14 feet. 

Structures on Peralta Main Canal. 

320. No major structures are required on the main canal of the

Peralta District. Drops will be necessary at approximately one -mile
intervals to compensate for differences in grade between the canal and

the supporting ground. These will be installed in accordance with

drawings E- 33, E- 34 and E- 35, Exhibit P- 3. 

321. Minor structures consisting of farm turnouts. lateral head - 
gates, bridges, etc. will be built as required for the proper operation

and use of the canal. Drawings of these structures are shown in

Exhibit P- 3. 

San Juan Main Canal. 

322. The main canal for the Casa Colorado and San Juan

Districts in the Belen Division «- ill divert from the Belen High Line

Canal at Mile 22. 2, approximately 2 / miles below Belen. The canal

Nwill cross the Belen District lands in a southeasterly direction serving
this area en route, and passing under the Rio Grande in an inverted
siphon of reinforced concrete above the village of Casa Colorado. 

From the easterly or downstream end of the river siphon the canal
rill continue down the valley, passing the villages of Casa Colorado, 
San Juan and Las Nutrias, terminating 3 miles below Las Nutrias. 

Structures on San Juan Canal. 

323. The San Juan Canal will require several relatively impor- 
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tant structures. The first of these is a series of concrete drops, at a

point near its heading, whlch are required to drop the canal from the
ele%-ation of the Belen High Line Canal to the level of the valley. 

At mile 1. 7 it is proposed to provide a wasteway to the Rio Grande
which will serve the San Juan Canal and also assist in the operation
of the Belen High Line Canal. The jarales Siphon under the Rio

Grande, located at 'XIlle 4.2, will be similar to the other river siphons

but will have an inside diameter of 48 inches and a length of 1, 200 feet. 

324. The minor structures will consist of farm turnouts, lateral

headgates, bridges and drainage culverts which will be installed where

required, in accordance with standard plans as shown In Exhibit P- 3. 

Socorro Main Canal. 

325. The main canal of the Socorro Division is planned to

divert from the westerly end of the San Acacia Diversion Dam. This

canal will command the entire irrigable area of the Socorro Division. 
It will have a maximum section as follows: Base 16 feet, Water

Depth 6. 5 feet, Slopes 1/ to 1, Crown 16 feet. The canal is located

as a valley canal, approximately in the center of the irrigable area, 

with laterals diverting at required intervals to irrigate the s'_op: ng

sides of the valley. The canal passes under the Rio Grande on the

Elmendorf Tract in an inverted siphon and continues on the easterly

side of the river through the Val '%erde District. It ends opposite the

town of San Marcial.* 

Structures on Socorro Main Canal. 

326. Due to the location as a valley canal, the main canal of

the Socorro Division will require numerous drops, located at approxi- 

mately one -mile intervals. Three important culverts are planned to

pass the canal under the larger arroyos. These are located as follows: 

The San Lorenzo about a mile north of the village of Chamisal, an

unnamed arroyo at Mile Post 973 on the A. T. &C S. F. Rv., and another

about half a mile north of the village of San Antonio. At mile 10 the

canal will be lined with concrete for a length of 1, 900 feet, where it

passes between the hill and the A. T. & S. F. Ry. 

327. The Val Verde Siphon, at mile 33, is planned to be built

in accordance with the standard design drawing E-43, vvith an inside

diameter of 52 inches, and a length of 1, 500 feet. ( Eliminated in plan. 

See Section VI Paragraphs 374 and 384.) 

328. The minor structures will consist of bridges, farm turn- 

outs, lateral headgates and drainage culverts, as may be required for

Due to modification of Plan this canal will end at the North line of the Busque del
Apache grant. See Section VI. 
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safe and efficient use and
operation of the canal. Designs of these

structures are shown in Exhibit P- 3. 

Laterals. 

329. The location of the laterals to be constructed under the
Plan is shown in Exhibits M- 1 and IM -2. The laterals are the branches

of the main canals and larger laterals. They will head in the main
canals or in other laterals and will be controlled by suitable headgatesf

Zany of the laterals shown as part of the Plan utilize the site o

existing ditches. In such cases the old ditch is to be rebuilt, if this is

necessary to secure the required capacity, and provided with suitable

structures of modern design. NN' henever necessary to prevent inter- 

ference with the usual operations of the old ditches, their reconstruc- 

tion will be accomplished during the non -irrigation season. 

330. The construction of the larger laterals will be accom- 

plished by machine excavators, while the smaller laterals may be

built by teams and scrapers, as governed by conditions. 

Length and Earthwork of Laterals. 

331. The following list of laterals shown in Table 19, to be

built as located in the various divisions of the project, shows the

lengths and earthwork required for their construction. 

Division

Cochiti Laterals
Albuquerque Laterals

Belen Laterals . 

Socorro Laterals
Totals

Structures on Laterals. 

Table 19

Laterals by Divisions

1 Length

Utiles

1 38. 7

114. 3

147. 5
77. 7

378. 2 I

Earthwork

Cubic Yards

186,805
873, 560

926, 078

311, 909

2, 298, 352

332. Laterals will require structures of the same general type

as the main canals, but of smaller size and less cost. The minor struc- 

tures are therefore numerous, and very few structures of major im- 

portance will be required. 

333. Only three major structures are planned on laterals. Two

of these are siphons under the Rio Grande, and the third is a long flume

on the Arenal Lateral. The Sill Siphon is located at mile 0.6 on the

Revised: Length 55. 8 miles; Earthwork 226, 712 c. Y. ( See Section VI, paragraph 385.) 
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Sill Lateral in the Cochiti Division, and it will have an inside diameter

of 40 inches, and a total length of 1, 200 feet. The Corrales Siphon is

located at Mile 1. 7 on the Corrales Lateral, and it will have an inside

diameter of 54 inches. and a total length of 1, 200 feet. Both of these

structures will be built in accordance with the standard plans included

in Exhibit P- 3. 

334. The flume on the Arenal Lateral will have a length of

3. 500 feet and a capacity of 36 cubic feet per second. It will be in- 

stalled in accordance with drawing E- 25, Exhibit P- 3. 

335. The minor structures consist of farm turnouts, bridges, 

drainage culverts and flumes. These will be constructed wherever re- 

quired for the safe and efficient operation and use of the laterals, and

in accordance with standard plans shown in Exhibit P- 3. 

Special Features on Lateral System. 

336. The laterals have been described as heading in the main
canals or larger laterals. There are two exceptions to this in the Plan. 

In the Cochiti Division a small lateral diverts from the Rio Grande di- 

rectly below the San Felipe Pueblo, on the west side of the river. This

lateral is to be reconstructed and enlarged to divert and transport water

for the irrigation of approximately 300 acres Which comprises all the
irrigable land in this unit. A concrete headgate will be provided at the

intake to regulate the flow of the canal. 

337. In the Albuquerque Division the irrigation of the Barr

District south of Albuquerque is planned to be served from a lateral

diverting from the Albuquerque Riverside Drain. The water delivered

to the Barr District lands in this manner will be discharged from the

main canal in proper quantities to dilute the excess alkalinity of the

drainage water. 

338. In the City of Albuquerque it is proposed to purchase the
water rights from the Barelas Ditch for all lands south of 1\ 1arquette

Avenue. The purpose of this is to permit abandoning the present ditch
through the city. 

Diversion Darns

General Features. 

339. Four diversion dams on the Rio Grande are included in
the Plan, located and named as follows: Cochiti, at the mouth of ' White

Rock Canvon near Cochiti Puehlo , Angostura, about 24 miles north of

Albuquerque near the village of Angostura; Isleta, at Isleta Pueblo, 12

miles south of Albuquerque; San Acacia, about 16 miles north of So- 
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corro near San Acacia. These four structures are of somewhat similar

design, each being a low weir or a barrage of gates with headworks for
regulating the flow into canals and sluiceways for clearing the control
gates. 

Cochiti Diversion Dam. 

340. The Cochiti Diversion Dam is a concrete Ogee weir struc- 

ture founded on heavy gravel. It has a crest length of about 300 feet

and a height of 7 feet. The total width of the base slab is 80 feet. The

diversion works are located at the westerly end of the dam. These

consist of two concrete conduits leading to the Cochiti Division Main

Canal, controlled by two 3. 6 -foot by 4. 5 - foot slide fates, and a sluiceway
through the dam in front of the gates controlled by one 10 -foot by 7 - 
foot radial gate. The dam is designed to divert a maximum of 200 cubic
feet per second for irrigation of the Cochiti Division. The detailed de- 

sign of this dam is shown on Drawing Dcl, Exhibit P- 2. 

Angostura Diversion Dam. 

341. The Angostura Diversion Dam is a low flat " Indian" type

weir founded on sand and gravel. It has a total length of 938 feet, in- 

cluding the sluiceway. The river section of the dam is to be constructed

of loose rock held in place by sheet piling and concrete walls. The top
slope will be paved with hand laid rock. This section is 520 feet long, 
and it has a maximum height of about 6 feet above river bed and a base

of about 70 f eet. 

342. The central section of the dam is located on a gravel bar, 

and it consists of a sloping concrete deck with sheet piling at the crest
and toe. The toe will be further protected by loose riprap. 

343. The sluiceway section, located at the easterly end of the
dam, consists of five openings each 20 feet Ovide, controlled by five

radial gates 20 feet wide by 6.4 feet high. This section is supported by
round piling. A concrete floor extends 57 feet upstream and 40 feet

downstream from the gates. 

344. The headworks consist of a skimming weir 149 feet long, 
designed to exclude the heavier sand and gravel from the canal. The

canal is regulated by one radial gate 20 feet wide by 6.4 feet high, set

about 150 feet downstream from the skimming weir. The headworks

is designed to divert a maximum of 550 cubic feet per second for irri- 
gation of the Albuquerque Division. The detailed design of this dam

is shown on Drawing Dat, Exhibit P- 2. 
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Isleta Diversion Dam. 

345. The Isleta Diversion Dam consists of a flat crested con- 

crete slab 692 feet long, supported on sheet piling and terminating at

both ends in sluiceway sections each 127. 5 feet long. The foundation is

gilt and fine sand, requiring supports of round piling and sheet piling
for all concrete work. The structure is designed to divert 300 cubic feet

per second at the easterly end for the Peralta District,- and 1, 000 cubic

feet per second at the westerly end for the other lands of the Belen Di- 
vision. 

346. The concrete slab forming the crest is 40 feet wide, and

its downstream toe will be protected against scour by a blanket of heavy
riprap 20 feet wide and from 5 to 10 feet thick. The sluiceway is con- 
trolled by 6 radial gates, each 20 f eet wide by 6. 4 feet high. 

347. The headworks consist of similar structures at each end

of the dam designed to exclude the heavier sand and gravel from the
canals by " skimming" the surface of the stream. These structures

have lengths of 170. 5 feet and 84. 5 feet respectively. The canals lead- 

ing from the headworks are controlled in each case by radial gates. 

Drawings Di3, Exhibit P-2 show the details of the design of this darn. 

San Acacia Diversion Dam. 

348. The San Acacia Diversion Dam consists of a barrage of
30 radial gates, each 20 f eet wide by 6. 4 f eet high, located in a gorge

of the Rio Grande at the village of San Acacia. The foundation at this

point is silt and fine sand, necessitating the use of round piling supports
and sheet piling cut- offs for all concrete work. 

349. The dam has a total length of 643.6 f eet. The pier sec- 

tion supporting the gates has a base 18 feet wide resting on round pil- 
ing. Concrete aprons extend 60 feet upstream and 18. 6 feet down- 

stream f rom the gate sections, with sheet piling at the upper and lower
edge of concrete. A heavy blanket of loose rock 20 feet wide will be
placed at the downstream edge of the concrete apron to prevent scour. 

350. The gates will be operated by suitable hoists from a con- 
crete deck supported on the gate piers and extending the length of the
clam. Counter weights are provided on each gate to facilitate rapid

opening in the case of floods. 

351. The headworks consist of a " skimming" arrangement de- 

igned to exclude sand and gravel from the canal. This is located at

the westerly end of the dam, controlling the intake to the Socorro Di- 
vision Main Canal which has a maximum capacity of 276 cubic feet
per second. The detailed design of this structure is shown on Drawing
Dsa3, Exhibit P- 2. 
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Improvements at San Marcial* 

General Features. 

352. At San Xlarcial the river channel is almost obliterated by

silt. Since 1880 the river bed has raised from. 12 to 14 feet, and in

consequence of this raise the channel capacity has been greatly reduced
and is decreasing from year to year. At the present time the average

elevation of the town and railroad yards is from 2 to 3 feet below the

bottom of the river channel opposite. Floods are controlled by small
and wholly inadequate levees on each side of the river. A detailed de- 

scription of the studies made of this condition may be found in para- 

graphs 186 to 196. 
r

353. The proposed improvements consist of levees, jetties and

channel work, the raising of the A. T. & S. F. Ry. tracks and struc- 

tures, and drainage. 

Work Affecting the Atchison, Topeka and Santa Fe Railway. 

354. The Plan provides a raise of grade on the A. T. & S. F. 

Ry. extending from Station 8056 - 75 to Station 8190+ 00. The maxi- 

mum height of the required raise is about 8 feet. Suitable connections

will be provided from the raised main track to the necessary yard tracks. 
The water crane and crane pit, the coal chute and trestle, and the depot

will be raised to meet the revised grade of the tracks. 

355. It is proposed to replace the present pile trestle bridge

o. 1006- A by a through steel truss 43" skew span bridge about 465 feet

in length. It is also proposed to raise bridge No. 1005- A to meet the

revised grade, and to maintain this bridge as a spillway for major

floods. Drawing IL -30, Exhibit P- 6, shows profile of the railroad and

the proposed grade raise. 

Levees. 

356. The Plan provides levees on both sides of the Rio Grande

about 14 feet in height, and of a section similar to the standard levee. A

levee will be built westerly from the north end of bridge No. 1005- A

to the hills, to protect San Marcial from backwater. The levees will

be protected from river erosion by woven wire supported on steel chan- 
nels along the toe of slopes. 

Scour Through the Silt Plug. 
357. Below the railroad tracks, on land belonging to the Ele- 

phant Butte Reservoir of the United States Bureau of Reclamation, 

All improvements at San Marcial, with the exception of certain channel work, were

eliminated from the Plan. See Section VI. 
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the river has deposited a silt delta extending generally across the river

valley. This delta is now acting as a " plug" to flatten the slope of the

river opposite San Marcial. 

358. In order to ameliorate this condition, it is proposed to

straighten and confine the normal flood flow between two lines of woven

wire supported by steel piling. This work will extend to a point near

Old Fort Craig, and is intended to induce a scouring of the channel be- 
tween the lines of retards. Major floods will in part find an outlet into

the reservoir through the upstream bridge 1005- A. Drawing K-9, Ex- 

hibit P- 6 shows the silt delta referred to above. Drawing K-27, Ex- 

hibit P- 6 shows the plan of the proposed channel improvements. 

Drainage. 

359. The San Marcial Drainage Ditch is planned to discharge

into the improved channel about 3. 4 miles below railroad bridge 1006- A. 

It will follow the westerly side of the valley and come to an end north
of the town. A headgate will be provided at the point where the drain

crosses the " Old Town" levee, and above this point a levee will be con- 

structed on the west side of the drain to protect the town and levee from

arroyo floods. 

Execution of Project Works

Order of Construction. 

360. The work will follow an order of construction formulated

to correlate the various controlling factors to the best advantage. One

object is to extend and add to the areas of productive land as rapidly
as possible. Land now supplied with irrigating water, but seeped and

unfit f or use in its present condition, will be the first drained, so far as

such program can be arranged. Following this, other land will be

drained and made ready f or the preliminary conditioning operations of
clearing and plowing in order that it can become productive without

unnecessary delay when the irrigating water becomes available. 

361. Parts of the work embracing flood protection f or Albu- 

querque, San Marcial, and other important localities will be given pref - 

erence, furnishiiig protection of the more highly developed sections at
the earliest possible date. 

362. The El Vado Dam will be commenced as soon as arrange- 

ments can be made, and pushed to completion, making irrigation water
available when needed. The diverting dams on the Rio Grande will

likewise be pushed to an early completion for use in supplying water
to the canals, some of which may be used before being completed. 

363. The canals, laterals and interior drains, involving some
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16,000,000 cubic vards of excavation, must be scheduled according to

two governing factors. The work must of necessity be done almost en- 
tirely by draglines, and it must therefore be apportioned somewhat uni- 

formly over the construction period in order to minimize the amount. 
of equipment needed on the work, at any one time, and to obtain in this

way the lowest costs for doing the work. On the other hand, such work

as is to be done each year will be so chosen that it will be of most use

to the greatest possible amount of land. 

364. The exact location of the river levees and adjacent river- 

side drains will depend upon the results accomplished with the per- 

meable jetties, placed in advance, along the river for the purpose of

filling bends and the straightening of the river. Construction of the

levees and riverside drains must therefore fit into the program for river

improvement which, owing to its nature, must be done gradually, com- 

mencing at the most advantageous places and progressing as conditions
will warrant. Also, in order to keep the present ditches in operation
without entailing the wasteful expense of providing temporary struc- 
tures, construction of some parts of the riverside drains will be post- 

poned until the ditches can be fed from new canals of the District. 

Time Required to Complete Project. 

365. The excavation items control the time needed to complete

the project. It seems that five years should be allotted to the work in

order to secure normal costs, but this estimate of time may be some- 
what modified upon a detailed development of the construction program

which would take into account both costs and the other requirements of

the situation. 
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Exhibits Accompanying the Plan

366. The following exhibits consisting of five volumes of spe- 

cial reports and 17 volumes of drawings ( not in form available for dis- 

tribution) are included as a part of the Plan: 

Summary Exhibit Sheets

Erosion and Control of Silt on the Rio Puerco, N. AS. 1 R- 1

Vado

The Geology of the El Vado Damsite and Reservoir ! R- 2

George M. Post

Report on Ground Nk ater Determination R- 3

The Geology of the El Vado Damsite

Profiles and Cross Sections Showing Ground Water R -3a 1

Topographic Maps Showing Seeped Areas R -3b 35

Preliminary Report on Investigations in \ diddle Rio

Report on Ground Water Determination Philip S. Donnell

Grande Valley, New Alexico R- 4

Profiles and Cross Sections Show- 

Reports of Board of Consulting Engineers R- 5

E1 Vado Dam and Reservoir P- 1 F

Diversion Danis P- 2
I

o

Plans for Minor Structures, Irrigation and Drainage System P- 3 20

River Improvements and Silt Control P- 4 16

Profiles of Canals and Drains P- 5 14

Plan of Modifications, Socorro Alain Canal P - 5a 1

Division Asaps, Scale 1" equals 1000' M- 1 4

Plan of Modifications Near San Alarcial i M - la 1

Property Maps ( 9 Volumes) AI - 2 189

Total 292

SPECIAL REPORTS

Title Author Exhibit 1 Sheets

Erosion and Control of Silt on the Rio Kiri: Brvan and

Vado Dam— General Layout and Sections

Puerco, N. M. George M. Post R- 1

Dam— Section " M' Outlet Works

The Geology of the El Vado Damsite j

Vado Dam— Emergency Spillway

and Reservoir E. H. Wells R- 2

Dam— Operating Spillway

Report on Ground Water Determination Philip S. Donnell j R- 3

Damsite— Topography, Logs of Shafts, Test Pits

Profiles and Cross Sections Show- 

ing Ground Water

Cv4

R -3a i

Topographic Maps Showing Seeped

Reservoir— Topography Cv7 1

Areas i R -3b 35

Preliminary Report on Investigations E. B. Debler and

in Middle Rio Grande Valle-, New C. C. Elder— U. S. 
Mexico Bureau of Recla- 

mation R- 4

Reports of Board of Consulting Engi- 
neers

EXHIBIT P -1— E1 Vado Dam and Reservoir

R- 5

Title Drawing ; Sheets

E1 Vado Dam— General Layout and Sections Cv25 i 1

El Vado Dam— Section " M' Outlet Works Cv26 1

El Vado Dam— Emergency Spillway Cv27 1

El Vado Dam— Operating Spillway Cv23 1

El Vado Damsite— Topography, Logs of Shafts, Test Pits
and Drill Borings Cv4 I 1

El Vado Reservoir— Topography Cv7 1
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iEXHIBIT P- 2— Diversion Dams

Title Drawing I Sheets
Cochiti Diversion Works— General Plan and Sections I Incl 1

Angostura Diversion Works i Dat 1

Isleta Diversion Works j D13 2

San Acacia Diversion ` Forks Dsa3 I 1

EXHIBIT P- 3— Plans for Minor Structures

Permeable Jetties ! 

Irrigation and Drainage System

1

Profile River Bed and Railroad Sub - grade at San Marcial

Title Drawing i Sheets

Four Foot Standard Drops: 

K- 9 1

800 Sec. Ft. Capacity 28 Ft. Base Canal E- 37 I 1
700 Sec. Ft. Capacity 22 Ft. Base Canal E- 38 1
600 Sec. Ft. Capacity 20 Ft. Base Canal E- 30 1
500 Sec. Ft. Capacity 16 Ft. Base Canal E- 31 1
400 Sec. Ft. Capacity 14 Ft. Base Canal E- 32 1
300 Sec. Ft. Capacity 12 Ft. Base Canal E- 33 1
200 Sec. Ft. Capacity 12 Ft. Base Canal E- 34 j 1

100- 10 Sec. Ft. Capacity less than 12 Ft. Base Canal E- 3- 1

Standard Metal Flumes E- 23 1

Standard Bridges over Drains and Canals E- 26 1

Surface Water Pipe Inlet to Open Drains E- 27 1

Standard Bridges and Culverts for Small Laterals E- 28 I 1

Typical Laterai Turnouts j E- 29 1

Typical Farm Turnouts E- 36 i 1

Typical Under Drain E- 39 1

Typical Cut and Cover Sections I E- 40 1

Typical Drain Outlet E- 41 1

Standard Drainage Culverts E- 42 1

Typical River Siphon E- 43 1

Typical River Siphon Waste -way E- 44 1

EXHIBIT P- 4— River Improvements and Silt Control

Title I Drawing i Sheets

Proposed Railroad Grade Change at San \ Iarcial K- 30 1

River Profile Angostura to San Marcial K- 37 1

River Sections and Capacity Curves, Belen Division ! K- 38 1

River Sections and Capacity Curves, Socorro Division j K'=39 1

River Sections and Capacity Curves, Albuquerque Division ; K- 40 1

Permeable Jetties ! K- 44 1

Profile River Bed and Railroad Sub - grade at San Marcial K- 45 1

River Bed Conditions at San- Marcial K- 9 1

Filling Under Santa Fe Railway Bridge 100- A K- 10 1

Water Surface Conditions at San Alarcial K- 11 1

Flood Protection at San Marcial K- 27 1

Rio Puerco Silt Control Structures B- 21 1

Rio Puerco  atershed Maps B- 10 4
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EXHIBIT P- 5— Profiles of Canals and Drains

Title 1, Drawing Sheets

Cochiti Main Canal 1 Epl 1

Albuquerque Main Canal Ep2 i 1

San Juan Main Canal Ep4 1

Socorro Main Canal Ep5 1

Socorro and Peralta Main Canals Ep8 1

Belen Main Canal j Ep14 1

Sabinal- Belen Riverside Drain j Ep3 1

Socorro- Lemitar Riverside Drain Ep6 ! 1

San Francisco -San Tuan Riverside Drain Ep9 1

Peralta Riverside Drain Ep12 1

Isleta- Atrisco- Corrales Riverside Drain Ep7 1

Albuquerque Riverside Drain Ep10 1

Val Verde - San Antonio Riverside Drain Epll ' 1

Bernalillo Riverside Drain Ep13 1

EXHIBIT P- 5a— Plan of Modifications, Socorro Main Canal

Title Drawing Sheets

1Socorro Main Canal— Modified Plan

EXHIBIT M- 1— Division Maps, Scale 1"= 1000' 

Title I Drawing I Sheets

Cochiti Division A-7 1

Albuquerque Division A- 8 1

Belen Division A- 9 1

Socorro Division A- 10 1

EXHIBIT M- 1a— Plan of Modifications Near San Marcial

Title 1 Drawing Sheets

Modifications Near San Marcial 1

EXHIBIT M- 2— Property Maps ( 9 Volumes) 

Volume Map Numbers County Sheets

1 1 to 19 Sandoval 19

2 20 to 40 Bernalillo 21

3 41 to 61 Bernalillo 21

4 62 to 83 Valencia 22

5 I 84 to 100 Valencia 17

6 101 to 117 Valencia 17

7 118 to 145 Socorro 28

8
I

146 to 168 Socorro 23

9 169 to 189 Socorro I 21
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SECTION VI

MODIFICATION OF THE PLAN

The Plan as Submitted to the Court. 

367. The report of the Chief Engineer of the Tiddle Rio

Grande Conservancy District, submitting a plan for flood control, drain- 

age, and irrigation of the ' Middle Rio Grande Conservancy Project, was

filed with the Secretary of the District on ' May 3, 1928. The Plan, as

submitted, includes improvements for an area of 133,000 acres within

the District for an area extending along the Rio Grande from Nlhite

Rock Canvon on the north, to the head of Elephant Butte Reservoir, 

below San- Tarcial, \ l e` ir Mexico, on the south. 

368. The Board of Commissioners adopted this Plan on June

121 1928, after holding a legally advertised hearing thereon. Only one
exception to the Plan as adopted. that of J. Fred Schoellkopf, was taken

before the Board. 

Protests to Plan as Submitted. 

369. Protests to the Plan were filed by J. Fred Schoellkopf of

Dallas, Texas, in behalf of 8, 300 acres of land located in the lower end
of the Socorro Division of the project on the lands of the Bosque del
Apache Grant, and by 26 property owners residing in the Val Verde - 
La Mesa area situated in the extreme southern end of the Socorro Di- 
Tision. Also, certain petitions have leen filed in the Court requesting

consideration for a modification of the Plan to include the deepening

of the channel of the Rio Grande. 

370. The two protests first mentioned request. the elimination

of areas from the District, or an elimination of the contemplated im- 

provements on the land of the Protestants. Due to the fact that these

areas are in the extreme southern portion of the District, such an elim- 

ination is possible without disturbing, to any great extent, the improve- 

ments contemplated for other areas within the District. 

Proposed Modification. 

371. The Board of Commissioners of the District directed the
Chief Engineer, by resolution of the Board dated July 6, 1928, to pre- 

pare a complete report on the possibility of eliminating improvements
from the lands of the two Protestants first above mentioned. This re- 

port made in accordance with the Board' s resolution does not consider

the proposed deepening of the channel of the Rio Grande, but is confined

entirely to the effect on the District of eliminating improvements in so
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far as possible from all lands south of the north line of the Bosque del
Apache Land Grant. 

Areas Affected by Proposed Modification. 
372. The area f rom which improvements are proposed to be

eliminated is situated entirely- in Socorro County and covers the extreme
south end of the project as originally planned. It lies on both sides of

the Rio Grande and extends southerly f rom the north line of the Bosque
del Apache Grant in Sections 16, 17 and 18, T. 5 N., R. 1E., New
Mexico Principal , Nf eridian, to the south boundary line of the Middle
Rio Grande Conservancy District just below San Marcial, a distance

along the river of about 16. 5 miles. Through this area the valley varies
in width from 1/ to 2/ miles. 

373. All lands involved lie within two large land grants, the
Bosque del Apache Grant and the Pedro Armendaris Grant No. 33. The
entire area is traversed on the west side by the A. T. & S. F. Railway
from about 7.5.0 feet north of Mile Post 991 to about 1500 feet south of
Mile Post 1006, approximately 15.4 miles. 

374.. The meanderings of the river from hill to hill divide the
area generally into four natural bodies of land, two on each side of the
river. Those on the north contain land in the' Bosque del Apache Grant
known as the Elmendorf Tract, and also a few private claims adjacent

to the south boundary of the grant on the east side of the river. At the

south end are the areas or districts of San Marcial and Val Verde -La
Xlesa, the former being west of the river and the latter on the east side
thereof. 

375. Practically the entire area is unimproved. The only agri- 
cultural land is located In the Val Verde -La Mesa area which is served
by the single irrigation ditch of the entire area. This ditch, the Val
Verde, takes out from the river in Section 18, T. 6 N., R. 1 E. and ir- 

rigates approximately 1100 acres. The Town of San Marcial occupies
about 50 acres in the south part of the San Marcial area. The balance

of the area is occupied mainly by salt grass and bosque, and its use is

limited to cattle grazing. 
376. The entire area, exclusive of the river bed, roads, present

ditches and railroad right- of- way, contains 14479 acres within the lim- 
its of the valley floor, and within the limits of the proposed improve- 
ment. This land is classified as follows: 
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Irrigated

Orchard and Garden
Alfalfa and Grain

Total Irrigated
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Non -Irrigated ` 

75 Salt Grass
1037 Bosque

Swamp
1112 River Wash

Sand Dunes

Mesa and Upland

Fallow

Homesites

Town of San Marcial

Total Non -Irrigated

Irrigated 1, 112

Non - Irrigated 13, 367

Total Acres 14, 479

4245 - 

7723

137

36

258

203

596

119

50

13, 367

The original Plan affected this acreage in the following manner: 

Lands Benefited ................................................ 11, 795 acres

Lands taken by District for Rights - of --,`,ay and Floodway....... 1, 619 acres

Lands not affected by Plan ...................................... 1, 065 acres

Total ..................................... 14, 479 acres

377. Approximately 524 separate parcels of land are included
in the entire area. They include 495 small tracts distributed about

evenly between small agricultural holdings in the Val Verde -La Mesa
area, and homesites and platted lots in the Town of San Marcial. The

remaining 29 tracts are owned by two separate owners who hold the
majority of the acreage involved in the area proposed to be eliminated. 
The amount and percentage of the area held by the several owners are
as follows : 

Conditions at San Marcial. 

378. At San Marcial, New INTexico, river conditions have be- 

come almost intolerable due to the silting of the river channel. To rem- 

edy or ameliorate this condition the District engineers have made vari- 
ous studies and have prepared a plan for improvements. ( See Section
INT, Paragraphs 186 to 196.) The degree of success of this plan de- 

pends upon the results obtained with silt control on tributary streams, 

notably the Rio Puerco. ( See Exhibit R- 1, pp. 165- 166.) 

379. The Santa Fe Railway, with its division terminal facili- 

ties at San Marcial, would be one of the chief beneficiaries of the im- 

Total Lands in Area' Lands Benefited

Acres) (%) Acres) (%) 

J. Fred Schoellkopf et. al. 9, 413 i 65. 0 8, 300 70. 4

Victorio Land and Cattle Co. 2,291 15. 8 914 7. 8
Other Owners 2,775 19. 2 2, 581 21. 8
Totals 14, 479 100. 0 11, 795 100. 0

Conditions at San Marcial. 

378. At San Marcial, New INTexico, river conditions have be- 

come almost intolerable due to the silting of the river channel. To rem- 

edy or ameliorate this condition the District engineers have made vari- 
ous studies and have prepared a plan for improvements. ( See Section
INT, Paragraphs 186 to 196.) The degree of success of this plan de- 

pends upon the results obtained with silt control on tributary streams, 

notably the Rio Puerco. ( See Exhibit R- 1, pp. 165- 166.) 

379. The Santa Fe Railway, with its division terminal facili- 

ties at San Marcial, would be one of the chief beneficiaries of the im- 
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provements at this point. However, there has recently been a material
reduction in the railroad' s forces at San Marcial and it seems probable

that the Railwav may contemplate a partial abandonment of its terminal
there. No definite commitment on this matter has been made by the

Railwav, so far as is known. The attitude of the Railway Company has
a material bearing on the problem of the proposed modification of the
Plan because, if San Marcial is to become of less importance as a termi- 

nal, the Railway Company' s benefits under the original Plan will be de- 
creased. The Company has been advised of the proposed elimination
of improvements, as outlined herein, and it has not objected to the

change in plans. 

The Modified Plan. 

380. Studies have been made of the effect of eliminating all

the improvements contemplated by the Plan located below the north line
of the Bosque del Apache Grant. In so far as the construction of

jetties is concerned, it seems that it will be necessary to retain these as
contemplated by the Plan, extending to the head of the Elephant Butte
Reservoir. This seems necessary because the river bed is now filling
with silt and, unless corrective measures are taken, it is only a question
of a short time until serious trouble can be expected at the north line of

the Bosque del Apache Grant. It seems preferable to construct river

improvements continuously.- to the Elephant Butte Reservoir, rather than

to be forced to make large and uncontemplated expenditures at a future

date in order to protect the improvements of the District. 

381. Likewise it may he stated that silt control on the Rio Puerco

is a feature which the District, as a whole, cannot of ford to entirely
eliminate without seriously jeopardizing the entire project. The -.\Todi- 

fied Plan contemplates reducing the silt program to an expenditure of
100,000. with this sum of money and the possibility of interesting

the Federal Government in this problem, it seems that sufficient work

may be accomplished to protect the improvements remaining under the
Modified Plan. This seems especially true because the effect of silt is
naturally greatest directly at the head of the reservoir at San -Alarcial. 

San Marcial, under the Modified Plan, will be some 13 or 16 miles south

of the improved agricultural lands of the District. 

382. In order to properly drain all the lands north of the north
line of the Bosque del Apache Grant, it is necessary to extend the out- 
let of the San Antonio Riverside Drain approximately 2/ miles south- 

erIv into the grant lands. 

383. The Modified Plan, as considered herein, therefore in- 

cludes a full program of river jetties, as contemplated by the original
Plan, a partial program of silt control and the extension of a drain out- 
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let, together with levees some distance south on the lands of the Bosque
del Apache Grant. All other improvements south of the north line of
the Bosque del Apache Grant described in the Plan, including drains, 
irrigation canals, levees, etc., would be eliminated under the proposed

Modified Plan. The works retained will be necessary in order to fully
improve the lands north of the grant line and to insure their full pro- 

ductivity under farming conditions. The Modified Plan, as described

above, is shown on map Exhibit M -la, and Exhibit P -5a shows revised

profile and sections of the Socorro : Main Canal. 

Cost of the Plan as Modified. 

384. The cost of the Modified Plan, as described above, is

shown by cost estimates herein to be $ 10. 357, 000. ( See Table \' o. 22.) 

This is a saving of $ 1, 491, 000 under the estimated cost of the original

Plan. In order to determine what proportion of this saving results in

a gain of revenue to the District, it is necessary to consider the loss of
revenue which may occur because of the elimination of improvements
contemplated by the 'Modified Plan. 

Loss of Revenue to District by Elimination of Improvements. 

385. While definite figures of benefit have not been placed

against individual tracts within the area, a rough estimate of the reve- 

nue lost to the District by the proposed elimination of improvements in
this area follows: 

Table 20

Total Revenue Expected from Area Under the Original Plan. 

Source I Acres Benefited I Total Expected Revenue

Bosque del Apache
Schoellkopf et. al.) 

S. H. Claims in Bosque del Apache
Val Verde -La Mesa
San Marcial

Total ( Exclusive of Ry.) 
A. T. & S. F. Railway tlirough elimi- 

nation of railroad reconstruction

at San Marcial

8,300. 00 $ 445. 711

492. 50 25, 917

2, 366. 81 118, 340

635. 39 42, 771

11, 794. 70 $ 632, 739

325. 127* 

Totals I 11, 794. 70 1 $ 957, 866

386. The above table estimates a total revenue to the District
of $ 957,866 to accrue through the execution of the District Plan. This

is based in part upon the assumption that the proposed railway re- 

construction at San Marcial will offer benefits to the Railway Com- 

Railway Company' s estimate of cost of railway improvements at San Marcial under
District' s Plan. 
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pany exactly corresponding to the cost of the work. This may not be
the fact. However, on the basis of the estimate, that is, after deduct- 

ing from the total saving made by the ' Modified Plan, $ 1, 491, 000, the

total expected revenue as estimated above, $ 9,57, 866, there remains a

sum of 5533, 134 which represents the estimated net saving to the

District b-,- the elimination of the improvements as contemplated

herein. 

Future Maintenance. 

387. In addition to the direct saving in cost made by the

proposed Modified Plan, it is pointed out that the exclusion from the

Plan of the San Marcial silt problem eliminates the most uncertain

engineering problem within the District. The responsibility of the

District to maintain farming conditions directly above Elephant

Butte Reservor is eliminated by the Modified Plan, and this may re- 
sult in reduced future maintenance cost for the entire project. 

Probable Sources of Future Revenue. 

388. The elimination of the major program of improvement

from this area still leaves features which may be utilized by certain por- 
tions of the area to their benefit. 

389. The channel improvements to , be carried on under the

Modified Plan will be beneficial to the lands, but if Elephant Butte
Reservoir becomes filled with silt agriculture cannot be maintained
in the vicinity of San Marcial. With the existing uncertainties in

regard to silting and in view of the proposed reduction in silt control
work, it is believed best that the District should assume no responsi- 

bility for maintaining farming conditions south of the north line of

the Bosque del Apache Grant. This can probably only be done by
eliminating all assessments for river improvement work. 

390. It is expected that the river will at all times discharge

water past the north line of the Bosque del Apache Grant. During
the period of heaviest irrigation use, it is estimated that a minimum

discharge of 50 second feet will be developed from the drainage works
of the Socorro Division alone. This discharge will be augmented by
regulation losses at the San Acacia Diversion Dam which may normally
amount to about 30 second feet. 

391. The river is often dry under present conditions and it is
obvious that such a stabilized discharge during the summer months will
be of value to the lands of the Bosque del Apache and to those of the
Val Verde -La '\ 1esa area. Further, additional water can be delivered

from the District' s irrigation works into the river so as to provide an
amount sufficient for ample irrigation needs of these areas. 
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392. The development of such increased supply in the river

will be due to the District' s works and such water will be available to

the lands now being irrigated or which might be placed under irrigation
in the future. Anv relief obtained during periods of drought from the
augmented and stabilized flow of the river, which the proposed Modified

Plan will provide, constitutes benefits to the lands from which the

District might anticipate future revenue. This can be secured through

the sale of water or dealt with by appraisal according to such benefits
as may be decided at the time the Appraisal Report is filed. 

The Bosque Del Apache Grant. 

393. While irrigation and drainage improvements are generally
excluded south of the north line of this tract, certain improvements

must of necessity be carried through a portion of the tract. The Elmen- 

dorf Drain and a levee along its east side are carried across the northeast
portion of the large tract between the river and the railroad. These join

with the west bank of the river at a point about 2/ miles below the

north line of the grant. The operation of these structures will render

certain portions of the land available for cultivation, if water is supplied

through the District' s irrigation works or otherwise. 

394. The installation of such District improvements would ap- 
pear to convey full or partial benefit from irrigation, drainage, and flood

protection to a portion of the lands in Sections 16, 17, 18, 19, 20, 21, 

29 and 30. The acreage involved in such possible improvement is rough- 
ly estimated at 600 to 800 acres. 

395. No benefits may be expected from other lands within

the grant, except as such lands are considered by the Appraisers to

have a general benefit, or are given advantage of irrigation water ob- 

tained from the increased river flow provided by the District. 

The Val Verde -La Mesa Area. 

396. No improvement is conveyed to this area except as may
be conveved to the lands from increased river flow. Lands which now

experience serious periods of shortage in irrigation water may be greatly
benefited by the availability of water maintained in the channel by the
District works above. 

Advantages of the Modified Plan. 

397. The direct advantages to be gained by modification of the
Plan, as herein outlined, may be summarized as follows: 

1) Reduction in total cost of project from $ 11, 828, 000 to - 

10, 337, 000. 
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2) The estimated net saving to the District, considering loss
in revenue due to the Modified Plan, is $ 533. 000. 

3) The Modified Plan eliminates the most difficult engineer- 

ing problem, the San 1larcial silt problem, from the Plan

and reduces future uncertainties in regard to maintenance

of agriculture in the lower end of the District.. 

4) The L'osque del Apache lands constitute the largest single
area of unsettled lands within the District. Their elimina- 

tion f rom the improved area should generally strengthen

the security of the remaining area to be improved. 
5) With District improvements discontinued at the north line

of the Bosque del apache Grant, the distance between the

flow line of Elephant Butte Reservoir and improved Dis- 

trict lands becomes about 16 miles. The fall in this

distance is about 60 feet. This distance and difference

in elevation is a safeguard to the future existence and

maintenance of District works. 

Disadvantages of the Modified Plan. 

398. If the Plan of the District is modified, as outlined herein, 

the areas from which the improvements are eliminated will probably

continue to become more and more adversely affected due to the silt

delta forming at the head of Elephant Butte Reservoir. ( See Exhibit

R- 1, Erosion and Control of Silt on the Rio Puerco, New Mexico, pp. 
165- 166) . A continuation of agriculture within these areas, now re- 

stricted to 1, 100 acres, cannot be maintained indefinitely without check- 
ing the inflow of silt into the reservoir. 

399. With the full silt control program as contemplated by the. 
Plan, and the probability of arousing Governmental interest and assis- 
tance in the work of checking excessive erosion on tributary streams, 
agriculture might be prolonged many years. ' With drainage and a full

water supply these areas could then prosper. 

400. The Town of San Xlarcial is now located on land which is

lower than the bed of the Rio Grande. Its existence depends upon

wholly inadequate dikes. Without the help of a comprehensive plan of
improvement, it cannot exist much longer. The citizens of this town

have been looking to the District for correction of their problems for

many years. 

401. The Modified Plan will cause a loss in water to the river, 

due to the high evaporation losses from swamped and water- logged

areas which would have been saved by drainage under the original plan. 
This loss is estimated at 6,900 acre feet per annum. Under full irriga- 

tion and drainage, the water consumption on the 11, 800 acres proposed
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to be improved under the Plan would average 6, 900 acre feet per annum

less than the water consumption under present conditions. 

The Modified Plan Approved by the Court. 

402. The district court of the 2nd judicial District set a day for

the hearing of protests to the ConservancyDistrict plan as submitted, 
and after consideration of the evidence introduced handed down a

decree, approving the plan, modified by the elimination of the areas

south of the north line of the Bosque del Apache Grant, as described

in Section VI herein. This decree was rendered on August 15, 1928. 

Table 21

Canals, Laterals, Levees and Works. Revised by Modified Plan. 

Length ! Length

in in

Structure or Work Original I Modified Remarks

Plan Plan

Socorro Main Canal

Elmendorf Lateral

Apache Lateral

Herrick Lateral
Olguin Lateral
La Mesa Lateral
San Antonio Riverside Drain

Val Verde Riverside Drain
Elmendorf Drain

Herrick Drain
Salome Drain
La Mesa Drain
San Marcial Drain
San Marcial Levees

King' s Levee
Flood Protection & River Control

Sill Control on Tributaries

44 Miles 1 28 Miles Ends in modified plan at

5. 3 Miles
4. 7 Miles
3. 4 Miles

4. 7 Miles

3. 8 Miles
26. 5 Miles

10. 1 Miles
8.9 Miles

3. 8 Miles
3.9 Miles
3. 2 Miles

4. 0 Miles

3. 2 Miles
1. 0 Miles

north boundary line of

Bosque del Apache Grant. 

None Eliminated from the plan. 

None Eliminated from the plan. 

None Eliminated from the plan. 

None Eliminated from the plan. 

None Eliminated from the plan. 

4. 5 Miles Part south of north boundary
line of Bosque del Apache

Grant eliminated from the

plan. Location revised to

o u t l e t into Elmendorf

Drain. 

None Eliminated from the plan. 

5. 7 Miles Relocated to outlet into the

j river east of M. P. 993 of

the A. T. & S. F. Railway. 
None i Eliminated from the plan. 

None Eliminated from the plan. 

None Eliminated from the plan. 

None Eliminated from the plan. 

None Eliminated from the plan. 

None Eliminated from the plan. 

Levees to north boundary line
of Bosque del Apache Grant. 
Permeable jetties in river to
a point below San Marcial. 

Reduced to jetties on main

side arroyos and Rio Puerco. 
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SECTION VII

ACKNOWLEDGMENTS

403. Among the many pioneers who labored during the early
years to promote drainage and reclamation in the middle Rio Grande

valley, the names of the late Cone- T. Brown of Socorro, the late
Eugene Kempenich of Peralta, the late Clark X1. Carr and the late A. B. 

X[ cXIillen of Albuquerque, should receive prominent mention. These
men, tobether with A. B. Stroup, F. S. Donnell, B. C. Hernandez, 

James Bezemek, Don J. Rankin and . C. Reid of Albuquerque, George
N,N'. Bing of San INIarcial, John Becker, Jr., of Belen, and others, did

much to arouse public interest to the needs of the valley. 

404. The creation of the Rio Grande Survey Commission, un- 

der a legislative enactment of 1921, was the first definite step toward
a comprehensive study of the entire middle valley. The Board of Com- 
missioners under the act, appointed by Governor Merritt C. Mecham, 

were Coney T. Brown, A. B. McMillen, and W. C. Reid. With the as- 
sistance of Mr. Herman Mohr and llr. R. P. Barnes, this commission

made a special study and investigation of the Conservancy Act of Ohio
and, in conjunction with the Middle Rio Grande Reclamation Associa- 
tion, succeeded in obtaining the legislation known as The Conservancy
Act of New Mexico, passed by the State Legislature in 1923. 

405. In March 1922 at a mass meeting held in the Albuquerque
Chamber of Commerce, the Middle Rio Grande Reclamation Associa- 

tion was organized and funds were collected to promote the organization

of a Conservancy District. The officers of the association were Coney
T. Brown, President, James Bezemek. Vice President, J. C. Smith, Sec- 

retary, and Chas. S. White, "Treasurer. 

406. tinder the leadership of this association and with the assis- 
tance of Messrs. R. P. Barnes and Pearce C. Rodey as attorneys, the

organization of the Middle Rio Grande Conservancy District was car- 
ried through to a successful completion. In this organization work many
individuals and civic organizations gave material assistance. General
H. F. Robinson, : Messrs. George -.\ I. Neel. Edmund Ross, Jay Turley
and Ira N. Sprecher all gave technical guidance and assistance to the
various petitions and court hearings. 

407. The first officers of the District were Messrs. George E. 
Cook of Socorro, President of the Board of Directors, Robert E. Dietz

of Albuquerque, Ramon Baca y Chavez of Belen, Directors.; J. C. 
Smith, Secretary and Treasurer, and Pearce C. Rodey, Attorney. The

original Board of Appraisers were James Bezemek, Chairman, Ira N. 

Sprecher and Alejandro Gonzales. 
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408. The above is an incomplete record of the mangy- individuals

and organizations who have given valuable time and study to the earlier
problems of reclamation. The organization work of the Conservancy
District was in itself a task of magnitude and of great importance to

the future. The earlier organizations are to be commended for the

comprehensive engineering data gathered, which has been of material

assistance to the present studies. 

409. Acknowledgments are due the following organizations and
individuals, as well as many Others not mentioned here, who have assisted

the District engineers in the development of the Plan: 

The United States Bureau of Reclamation through its Denver, 

Colorado, and El Paso, Texas, offices has supplied valuable data and in- 

formation and has studied and reported upon the water supply of the

project. " Kr. C. C. Elder, Assistant Engineer, United States Bureau of

Reclamation, has been in charge locally of the cooperative water supply
studies until recently, and his excellent work in this connection is appre- 

ciated. 

410. General H. F. Robinson, Supervising Engineer, United

States Bureau of Indian Affairs, who for many years has studied irri- 
gation problems of the Southwest, -has of f ered all his files of data and

has cooperated with the District in matters pertaining to Indian lands. 

411. Mr. Herbert V. Yeo, State Engineer of New Mexico, has

supplied the District with copies of reports and maps. His report of

early irrigation conditions in the middle Rio Grande valley, made for

the United States Bureau of Reclamation, has been of especial value. 

412. The District has made full use of the excellent topographic

maps and water table data of the middle Rio Grande valley taken under

the direction of Mr. George AL Feel, former State Engineer. This

work has saved the District considerable expense. 

413. ' INIr. J. C. Smith, Flood Commissioner Of Bernalillo Coun- 

ty, and Mr. Phillip Campredon, Flood Commissioner of Socorro County, 
have made their experience with the Rio Grande flood problem available

for the District. 

414. The Engineering Department of the A. T. & S. F. Ry. has

made available their flood records and other data. The officials of this

railway have taken an active interest and have cooperated in the work of

the District in many ways. 

415. The technical schools of the State have rendered material

assistance to the work. The State College of Agriculture and Mechanic

Arts at Mesilla Park has made numerous tests of silt samples and alkali

waters and soils. The agricultural experts of this school, and of the

havevarious counties in the District, given valuable information. 
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416. The District has been very fortunate in being able to se- 
cure engineering consultants of experience in similar problems and high
standing in their professions. The Dayton Morgan Engineering Con-1- 
pany has been retained throughout the progress of the investigations. 

Mr. Arthur E. Morgan has served with a Board of Consulting Engi- 
neers. consisting of Messrs. D. C. Hennv of Portland, Oregon, A. J. 

k' iley of Boise, Idaho, and W. -Al. Reed of Washington, D. C. The

able counsel and advice of these engineers has been of particular value
to the Chief Engineer. 

417. Expressions of sincere appreciation are clue the entire en- 

gineering force of the District for the loyal support and earnest service
given. This report could not have been forthcoming at this time if the
District engineers had not given more effort than just the day' s work
to its completion. 

418. The able and active assistance rendered by the division
chiefs, 1Ir. C. H. Howell, former designing engineer, 1\ 1r. R. G. Hosea, 

present designing engineer, ' Mr. Edi-nund Ross, engineer in charge of
property surveys, George Al. Post, engineer in charge of reservoir
investigations, and XI r. C. A. Anderson, engineer in charge of appraisals, 
has been Of especial value. 

419. The preparation of this report is the work of the entire
engineering staff, with the assistance of Mrs. E. G. Watson, District

Secretary. Mr. R. G. Hosea has given much time to research of the

early history of the middle Rio Grande valley and to water supply and
flood studies, and is responsible for these phases of the report. Mr. 

Barton Al. Jones, Chief Engineer Of the Pueblo Conservancy District, 
has prepared the volume of " Contract Forms and Specifications" and

rendered other valuable assistance. Mr. Edmund Ross has had in charge
the preparation of the volume on " Property Affected by the Plan." 

420. The engineering force has had full cooperation and con- 

stant support from both the present and the former Board of Commis- 
sioners, and from the Attorney and the Secretary of the District. This

is acknowledged with grateful appreciation of the assistance that such
cooperation has been In the development and preparation of the Plaii. 
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SECTION I

ARRANGEMENT AND PREPARATION OF THE
ESTIMATES

General Statement. 

421. In the following pages are tabulations of estimates of

quantities and cost of the wort; required in the prosecution and comple- 

tion of the Plan. All estimates have been prepared on the basis of per- 

formance by contract. The field cost items include the estimated con- 

tractor' s profit and an allowance for superintendency, plant depreciation

and camp expense where necessary. Because of the nature of the work

to be performed, the length of the construction period, and the necessary

work which may have been inadvertently omitted from estimates, it has

been deemed advisable to add liberal contingent allowances to the esti- 

mated field costs. 

Arrangement of Estimates. 

422. The estimates of quantities are grouped under main head- 

ings covering work which might naturally be included in a group of

contracts, or one contract covering work that is inclusive of a natural
division or geographical location; as, E1 Vado Dam, Angostura Diver- 

sion Dam, Belen Main Canals, Socorro Riverside Drains, etc. These

main headings are subdivided according to structures, features and the

class of work to be done to complete each structure, -group of structures, . 

or feature, and are listed separately under subheadings, together with

the numerical designation of the specification item under which each

kind of work f alls. 

423. The summary of cost is grouped under main headings cov- 
ering all items necessary to complete a definite principal part of the

Plan; as " El Vado Dam and Appurtenances," and " Irrigation Including
Diversion Dams." 

Preparation of the Estimate. 

424. Cost estimates in general are based on actual costs of simi- 

lar construction on the Rio Grande Project near El Paso, and on other

reclamation projects in the West which have been constructed in recent
years. Railroad construction features have been estimated with the

assistance of the A. T. & S. F. Ry. engineers. 

425. Quantities f or El Vado Dam and the f our diversion dams

on the river are prepared from detail designs. Unit costs used are taken

f rom similar structures recently constructed, due allowance being made
for difference in location, cost of materials, freight, and labor. 
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426. Earthwork quantities are computed f rom profiles plotted

from projected locations of canals, drains, and levees on the topographic

leaps of the District, and increased 10 to 15 per cent to allow for inac- 
curacies In elevation. The topography maps have in general a two -foot
contour interval, and are drawn on scales of 200 feet and 1000 feet to the
inch. 

427. The number of Railroad, State Highway and County
bridges has been estimated by counting the actual number of such cross- 
ings shown on the maps. Quantities are based on the design and length

of the bridge required. Costs are computed on the following general
basis: 

Railroad bridges $ 40.00 to $ 50. 00 per f oot

State Highway bridges ....... at $ 1000 each

County bridges ............. at $ 550 each

428. Increases and allowances are made to this cost depending
on the location and character of the crossing. The cost of farm bridges

is estimated at $ 500 per mile of drain, canal, or lateral, with adjustments

where necessary as noted for other bridges. Quantities and costs of the
rivet- siphons are based on actual work being carried on near El Paso, 
under similar conditions at the present time. The river is to be diverted

to one side; the excavation and construction of the reinforced concrete

pipe structure is to be accomplished " in the dry" by a well point pre- 
drainage system. Cost of arroyo siphons and other arroyo crossing
structures are computed on' a similar basis, except that no unwatering is
required. 

429. Minor structures are estimated as follows: Drain inlets

are computed at $ 100 per mile; farm turnouts are placed at /- mile

intervals on main canals and at /- mile intervals on laterals, plus a con- 

tingency of 15 per cent, double this number if the topography of the
country permits irritation on both sides of the canal or lateral; tempo- 

rary structures or flumes are based on the crossing of present ditches
by the proposed irrigation and drainage system during construction; 
measuring devices, weirs or rating flumes are placed near the head of all
main canals; minor flumes are computed at $ 500 per mile of drain; 

minor drops are estimated directly from the profiles or laterals. The

unit prices used in computing the cost of these structures are based on
contractors' prices on similar work, the cost of materials being furnished
by reliable manufacturers and dealers. 

430. The number and size of major drops, laterals, headgates, 
flumes, sandtraps, wastewav structures on canals and drains, underdrains

and crossing culverts, are estimated directly f rom the profiles and maps
of the District. Quantities and costs of these structures are computed
from preliminary- designs, with allowances for contengencies of an un- 
foreseen character. The costs and quantities of the railroad reconstruc- 
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tion work near San Marcial are taken directly from the A. T. & S. F. 

Ry. engineers' estimates. 

431. The location and length of permeable jetties are shown on
the snaps. Costs are computed from the designs of these structures, al- 

lowing an ample contingency for unforeseen obstacles. 

432. In general, all materials such as cement, reinforcing steel, 

corrugated metal pipe, timber, piling, radial gates, slide gates, etc. are to

be purchased by the District. 

433. Allowances are made for the operation of the present sys- 

tem of ditches during the construction of the proposed canals and drains. 
The cost of rebuilding parts of farm ditches destroyed by drains is esti- 
mated at $ 125 per mile of the proposed drains. This work will be done

by teams, and is placed in the estimate of quantities as team excavation. 

434. Experience on similar projects shows that new canals re- 

quire a short period of light operation before they will carry water in a
satisfactory manner. To cover this, an estimate is made rfor priming

and puddling at $ 100 per mile of canal and lateral. 

435.. Prior to turning the completed project over to the mainte- 
nance department, operation probably will be carried on for an initial

period by the construction force. This cost is estimated at 75 cents per

acre, and is taken account of in the estimates of cost of the main irriga- 
tion canals. 
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EL VADO DAM AND APPURTENANCES

Summary of Quantities

161

Specification
Item' 1laterialI Description of Work or I

IUnit

i

Quantity

RIGHT OF WAY: 

96 Purchase Acre 4, 65S

EXCAVATION: 

1 River diversion during construction Lump Sum
2 Clearing foundation Lump Sum

17- 18- 19- 47 ! Preliminary test borings or test pits Lump Sum
19 " ! Solid rock— upstream toe open trench, exca .•. 

Ail classes) Cu. Yd. 44, 167
19 Solid rock -- in cut- off trenches at toe of paving

All classes) Cu. Yd. 7, 621
19 Solid rock—outlet works Cu. Yd. 1, 940
19 Solid rock— op-- rating spillway Cu. Yd. 1, 000

17- 18 Earth and loose shale in emergency spillway
Machine excavation, no haul) Cu. Yd. 7, 865

17- 18 Earth and loose shale in emergence spillway
Machinery excavation and haul) Cu. Yd. 24, 877

17- 18 Loose shale in emergence spillway ( Hand exca- 
vation and no haul) Cu. Yd. 2, 610

17- 18 Earth and loose rock in operating spillway ( No
haul) Cu. Yd. 2. 500

18 Shale in operating spillway (. No haul) Cu. Yd. 13, 500
17- 18 Earth and loose rock on conduit area for outlet

works Cu. Yd. 850
19a i Stripping below El. 6740 ( river bed) Cu. Yd. 2,000

17- 18 Earth and loose rock - stripping abutments Cu. Yd. 3, 000
17 Trimming for paving ( 6") Cu. Yd. 21450

BACKFILL: ( Emergency Spillway) 
37 Operating spillway and outlet Cu. Yd. 4, 000

IEMBANKMENT: 
34 Loose rock on downstream face ( Charged to

rock excavation) Cu. Yd. 76, 650
33 Gravel fill Cu. Yd. 315, 030

PAINTING: 

55 eater proofing on concrete face Lump Sum
DRILLING AND GROUTING HOLES: 

47 ! Holes not over 20 feet deep Lin. Ft. 3, 380
47 ! Holes 20 ft. to 40 ft. deep Lin. Ft. 7, 840
48 i F' roviding and placing connections umber 365
48 Pressure grouting Cu. Yd. 727

CONCRETE: ( Dam) 

41 j Slope paving face of dam Cu. Yd. 5, 000
40

I
Parapet Cu. Yd. 560

39 Cut- off walls Cu. Yd. 7, 621

CONCRETE IN OUTLET WORKS: ( Trash Rack) 

39 Floor and footings Cu. Yd. 71
40 Posts, cross beams, splitter wall and roof Cu. Yd. 224

CONCRETE IN CONDUIT: 

40 Barrels, stair cover and cut- off collars Cu. Yd. 3, 315
40 Pipe cradles, anchors, stairs and walkways Cu. Yd. 106
40 Butterfly valve housing Cu. Yd. 427
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E1 Vado Dam and Appurtenances ( continued) 

Summary of Quantities

Specification Description of Work or

Item Material
Unit Quantity

CONCRETE IN NEEDLE VALVE HOUSING UNDER

ELEVATION 6755: 

39a Bottom, sides, splitter Lyall and top of square

conduit, bottom and sides of needle valve

setting Gantry Foundation: stairs, landing, cop- 
ing and control Douse floor Cu. Yd. 323

ABOVE ELEVATION 6755: 

40 Walls of control house Cu. Yd. 23

39- 40- 41 Fmergency spillway footings, cut- offs and apron

for weir section retaining Lyall footings and

slope paving Cu. Yd. 1, 293

STRUCTURAL CONCRETE: 

40 Slone wall and cutoffs for weir section, vertical

alls, cnpinns, cutoffs for retaining walls Cu. Yd. 457

39 Sill, ( Lean concrete) Cu. Yd. 1, 440

CONCRETE IN OPERATING SPILLWAY: 

39 & 40 Floors Cu. Yd. 960

39 &. 40 Retaining walls Cu. Yd. 750

39 & 40 Ciltof f Cu. Yd. 30

39 & 40 Warps Cu. Yd. 60

39 & 40 Piers Cu. Yd. 175

39 & 40 I Bridge Cu. Yd. 10G

39 & 40 Handrail posts Cu. Yd. 5

39 & 40 Protection Lyall Cu. Yd. 26

WATER PROOF JOINT: ( Toe of Slore) 

56 Providing and placing Lin. Ft. 1, 600

REINFORCING STEEL: 

46 Bending and placing ( Face of dam) Lb. 22, 500

46 Bending and placing ( Other concrete) Lb. 1, 600, 900

METAL WORK: 

75 Installing 2- 20' x10' radial In and hoists Lb. 20,000
75 Installing trash rack metal Lb. 55,940
75 Installing 6' diameter butterfly valves Lb. 100, 000

75 Installing 6' diameter steel pipe Lb. 353, 000

75 Installing 60" balanced valves Lb. 165, 000

75 Installing handrail Lin. Ft. 125

75 Installing Gantry crane Lb. 10, 000

75 Installing miscellaneous metal in outlet, stairs, 

roofing, sash, roof trusses, etc. Lb. 4, 000

75 Installing turbine generator, wiring and conduit

for linhting tunnel and control of butterfly
valves, lighting system for top of dam

i
Lump Sum

MATERIALS FURNISHED BY CONSERVANCY
DISTRICT

44 gement Bbl. 31, 200

45 Reinforcing steel Lb. 2. 123, 400

Paint. 

55 Pater proofing for concrete face Lump Sum
Metal Work. 

61 Radial gate hoists 2

62 20' xl0' radial gates ( 2) Lb. 18, 000

65 Trash rack metal Lb. 55, 940

58 Steel pipe 6' diameter Lb. 353, 000

60 Butterfly valves ( 6' diam.) Number 2
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El Vado Dam and Appurtenances ( continued) 

Summary of Quantities

l63

Specification

Item

Description of Work or

Illaterial
Unit uaiitity

MATERIALS FURNISHED BY CONSERVANCY

96

DISTRICT: ( con' t) 

Acre Lump Sum

59 60" balanced needle valves Number 2
65 Handrail Lin. Ft. 125
65 Gantry crane Lb. 10, 000
65 Miscellaneous metal outlet, stairs, roofing, sash

I Cu. Yd. 1, 000
18

roof trusses. etc. Lb, i 4, 000
76 Turbine, generator, wiring and conduit for light- 

33

ing tunnel and control of emergency valves, 

Cu. Yd. j 2, 400
29

linht; n, system for ton of dam

Cu. Yd. 

Lump Sum
PERMANENT IMPROVEMENTS: 

i

20- 21- 22 Roads

Cu. Yd. 

Lump Sum
91 Buildin= s

Cu. Yd. 

Lump Sum

COCHITI DIVERSION DAM

Summary of Quantities

Specification

Item
i Description of Work or

i Material L"nit Quantity

RIGHT OF WAY: 

96 Purchase Acre Lump Sum
EXCAVATION: 

1 Diversion of river during construction Lump Sum
17 a Sand and gravel below El. 5242 Cu. Yd. 1 1, 500
17 Sand and gravel above El. 5242 I Cu. Yd. 1, 000

18 Loose rock above El. 5242 Cu. Yd. 3, 000
EMBANKMENT : 

33 Sand and gravel Cu. Yd. j 2, 400
29 Riprap Cu. Yd. 700

CONCRETE: i

39 Cutof f Cu. Yd. 180
39 Aprons Cu. Yd. 760
39 Ogee Cu. Yd. 630
39 Slope pavement Cu. Yd. 220
40 Radial gate piers and deck Cu. Yd. 26
40 Outlet culvert piers and portal Cu. Yd. 100

METAL WORK: ( Installing) 
75 3. 6' x4.' slide gates and hoists Lb. 3, 800
75 10' x7. 0' radial gates and hoists I Lb. 1, 700
75 Steel foot bridge Lb. 3, 000
75 Handrail Lin. Ft. 24

50- 51 Wooden bridge floor F.B. M. 300
46 Reinforcing steel Lb. 45,000
33 Ppckf ill i Cu. Yd. 500

MATERIALS FURNISHED BY CONSERVANCY
DISTRICT: 

44 Cement Bbl. I 2,400
45 Reinforcing steel Lb. 45,000

Metal Work. 

62 3. 6' x4. 5' slide gates and frames Lb. 2,600
62 S tems Lb. 600
62 Guides and couplings Lb. 100
63 Hoists Lb. 500
61 10' x70' radial gate Lb. 1, 300
61 Pins and bearings Lb. 100
61 Hoist Lb. I 300
65 Handrail Lin. Ft. 24
65 iont bridge Lb. 3, 000

PERMANENT IMPROVEMENTS: 
91 Buildings Lump Sum
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COCHITI DIVISION

Summary of Quantities

Main Canal

Specification

Item

Description of ` York or

1
Material

Unit Quantity

RIGHT OF WAY: 

96
1

I Purchase Acre 152

3 Removal of buildings and structures dile 25

6 Fence alterations Mile 25

CANAL EXCAVATION: 

8 Excay. earth machine Cu. Yd. 383, 300

9 Excay. loose rock Cu. Yd. 7, 600

10 Excay. solid rock Cu. Yd. 500

RAILROAD BRIDGES: 

17 Excavation and backfill Cu. Yd. 5
50- 51 Timber M. Ft. B.-M. 8. 5

52 Piling Lin. Ft. 720

82 Steel guard rail Lin. Ft. 270

COUNTY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 1, 378

50- 51 Timber 1. Ft. B.' XI. 54. 5
52 Piling Lin. Ft. 1, 310

RIVER SIPHONS: 

23- 24- 25 Excavation and backfill Cu. Yd. 15, 635

29 Riprap Cu. Yd. 300

40 Reinf orced concrete Cu. Yd. 330

45- 46 Reinforcing steel Lb. 33, 000

44 Cement Bbl. 413

ARROYO SIPHONS: 

17 Excavation and backfill Cu. Yd. 17, 729

29 Ri raRiprap j Cu. Yd. 1, 020

40 Reinforced concrete Cu. Yd. 1, 307

44 Cement Bbl. 1, 634

45- 46 Reinforcing steel Lb. 130, 700

MINOR STRUCTURES: 

17 Excavation and backfill Cu. Yd. 1, 378

39 Plain concrete Cu. Yd. 25

40 Reinforced concrete Cu. Yd. 143

44 Cement Bbl. 217

45- 46 Reinforcing steel Lb. 10, 700

50- 51 Timber M. Ft. B. M. 63

71 24" Rein. cone. pipe Lin. Ft. 643

71 36" Rein. cone. pipe Lin. Ft. 450

61- 63- 75 Radial gate with hoists Lb. 10, 246

MAJOR DROPS: 

17 Excavation and backfill Cu. Yd. 143

39 Plain concrete Cu. Yd. j 66

40 Reinforced concrete Cu. Yd. 165

44 Cement Bbl. 286
45- 46 Reinforcing steel Lb. 12,500
50- 51 Timber M. Ft. B. M. 1. 75

1 SAND TRAPS AND WASTEWAYS: 

17 Excavation and backf ill Cu. Yd. ` 875

40 Reinforced concrete Cu. Yd. I 211

44 Cement ( Bbl. I 264
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Cochiti Main Canal ( continued) 

Specification

Item

Description of s't' ork or

illaterial
Unit Quantity

SAND TRAPS AND WASTEWAYS: ( con' t) 

i

45- 46 Reinforcing steel Lh. 16, 600
61- 63- 75 Radial gate with hoists Lh. 6, 517

50- 51 Timber INLFt. B.: t1, 7

6

UNDERDRAINS AND CROSSING CULVERTS: 

Mile 33. 72

17 Excavation and backfill Cu. Yd. 1, 511
40 Reinforced concrete Cu. Yd. 700
44 Cement Bbl. 875

45- 46 Reinforcing steel Lb. 70,000
29 Riprap Cu. Yd. 500

I

OPERATION DURING CONSTRUCTION: i

92 Priming and puddling Mile 24.8
98 Opera' ion Acre 10,300

COCHITI DIVISION

Summary of Quantities

Laterals

Specification

Item

Description of Work or

Material I ' Unit Quantity

RIGHT OF WAY: 
i

96 Purchase Acre 210.24
2 Clearing and grubbing Acre 15. 
3 Removal of buildings and structures 1%1ile 33. 72
6 Fence alterations Mile 33. 72

CANAL EXCAVATION: 

8 Excay. earth machine Cu. Yd. 186, 805

COUNTY BRIDGES: 

17 Excavation and backfill ' Cu. Yd. 257
50- 51 Timber M. Ft.B. h1. 45. 7

I RIVER SIPHON: 
i

23- 24- 2.5 Excavation and backfill Cu. Yd. 1, 858
40 Reinforced concrete Cu. Yd. 418
44 Cement Bbl. 523

45- 46 Reinforcing steel Lb. i 41, 800

ARROYO SIPHONS: 
i

17 Excavation and backfill Cu. Yd. 70
40 Reinforced concrete Cu. Yd. 83
44 Cement Bbl. 104

45- 46 Reinforcing steel Lb. 8, 300

MINOR STRUCTURES: 

17 Excavation and backf ill Cu. Yd. 12, 003
39 Plain concrete Cu. Yd. 9
40 Reinforced concrete Cu. Yd. 94

45- 46 Reinforcing steel Lb. 7, 890
44 Cement Bbl. 128

50- 51 Timber M. Ft.B. XL i 237. 2
71 24" Rein. cone. pine Lin. Ft. 140

661 12" Corrugated metal pipe Lin. Ft. 1, 070



166 \ MIDDLE RIO GRA -NDE CO\ SERVAN C1 DISTRICT

Cochiti Laterals ( continued) 

Specification Description of s't' ork or
t: nit Quantity

Item Material

MINOR STRUCTURES: ( con' t) 

66 15" Corrugated metal pipe Lin. Ft. 704

66 18" Corrugated metal pipe Lin. Ft. 814

62- 63- 75 Slide gates with hoists i Lb. j 34, 004

MAJOR DROPS: 

17 Excavation and backfill Cu. Yd. 157

40 Reinforced concrete Cu. Yd. 463

45- 46 Reinforcing steel Lb. 30, 800

44 Cement Bbl. 579

50- 51 Timber

LATERAL

S. Ft. B. M. 4. 6

HEADGATE: 

17 Excavation and backfill Cu. Yd. 133

29 Riprap Cu. Yd. 346

40 Reinforced concrete I Cu. Yd. 26

44 Cement j Bbl. 33

45- 46 Reinforcing steel j Lb. 2,500
52 Piling Lin. Ft. 420

61- 63- 75 Radial gates with hoists Lb. ! 2,200

80 Woven wire Lin. Ft. 200

FLUMES: 

17 Excavation and backf ill Cu. Yd. 28

29 Riprap Cu. Yd. 300

40 Reinforced concrete Cu. Yd. 1 4. 5
44 Cement B bl. 6

45- 46 Reinforcing steel Lb. 340

50- 51 Timber M. Ft.B. M. 9. 82

52 Piling Lin. Ft. 1, 040

67 Metal flume Lin. Ft. 350

CONCRETE LINING: i

17 Excavation and backfill Cu. Yd. 75

39 Plain Concrete Sq. d 1' 446

44 Cement j Bbl. n i 150

SANDTRAPS AND WASTEWAYS: 

17 Excavation and backfill Cu. Yd. 43

40 Reinforced concrete Cu. Yd. 25

44 Cement Bbl. 32

45- 46 Reinforcing steel Lb. 2,500

50- 51 Timber M. Ft. B. M. 0. 5

61- 63- 75 Radial gate with hoists j Lb. ' 931

UNDERDRAINS AND CROSSING CULVERTS: 

17 Excavation and backfill Cu. Yd. 53

40 Reinforced concrete Cu. Yd. 67

44 Cement Bbl. 84

45- 46 Reinforcing steel Lb. 6, 700

71 36" Rein. conc. pipe Lin. Ft. 1, 015

OPERATION DURING CONSTRUCTION: 

92 Priming and puddling Mile 33. 71

98 Operation i Acre 3 875



REPORT OF TIIE CHIEF EN -GIN -EER

ANGOSTURA DIVERSION DAM

Summary of Quantities

167

Specification Description of Work or

i 11 it Quaiitit", 
Item Material + 

RIGHT OF WAY: 

96 Purchase acre 1; 0

EXCAVATION: 

1 Diversion of river during construction Lump Sum
17a Sand and ; ravel below El. 5076 Cu. Yd. 2AJ0

17 Sand and gravel above El. 5076 Cu. Yd. 8,: 00

18- 18a Loose rock all elevations Cu. 1" d. 500

EMBANKMENT : 

34 Loose rock in main channel Cu. Yd. 5, 000

34 Hand placed pavement Cu. Yd. 2, 003

33 j Sand and gravel from excavation Cu. Yd. 4,:, 00 . 

BACKFILL: 

33 Selected gravel Cu. Yd. 450

33 Puddle i Cu. Yd. 1, 030

PILING: 

52 Round timber piles Number 70
52 Round timber piles driving Lin. Ft. 1, 750
52 Timber sheet piling in place M. Ft. B. M. 193

CONCRETE: 

39 Floors ( sluice, headgate and inclined concrete
crest) Cu. Yd. 1, 500

39 Piers ( sluice and headgate sec.) Cu. Yd. 130

40 Decks. ( sluice and headgate sec.) Cu. Yd. 100

39 Slope pavement Cu. Yd. 40

40 Retaining walls and warps Cu. Yd. 520
39 Cutoff walls rockfill section Cu. Yd. 750

39 Cutof f walls concrete section Cu. Yd. 250

RIPRAP: 

29 i Loose rock Cu. Yd. 5, 000

j REINFORCING STEEL: 

46 Bending and placing Lb. 270, 000

METAL WORK: ( Installing) 

75 6- 20' x6. 4' radial gates Lb. 33, 000

75 7- 20' x2' slide gates Lb. 7,000
75 j Radial gate hois` s Number 6

75 Slide gate hoists Number 7

75 Pipe handrail Lit. Ft. 575

MATERIALS FURNISHED BY CONSERVANCY

DISTRICT: 

44 Cement Bbl. 4, 100

45 Reinforcing steel Lb. 
i

270, 000

Metal Work. 

61 6- 20' x6. 4' radial gates Lb. 33, 000

62 7- 20' x2' slide gates Lb. 7, 000

63 Radial gate hoists Number 6

63 Slide gate hoists Number 7

65 Pipe handrail Lin. Ft. i575

PERMANENT IMPROVEMENTS: 

91 1 Buildings Lump Sum



168 MIDDLE RIO (; RA -NDE CO1\ SERVA N\ CY DISTRICT

ALBUQUERQUE DIVISION

Summary of Quantities

Main Canal

Specification Description of Work or

Item I Material "
Unit Quantity

RIGHT OF WAY: 

96 Purchase Acre 412. 1

2 Clearing and grubbing Acre 10

3 Removal of buildings and structures Mile 34. 24

6 Fence alterations Nile 34. 24

CANAL EXCAVATION: 

8 Excavation earth machine Cu. Yd. 864, 131

14 Excavation earth team Cu. Yd. 21, 460

HIGHWAY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 2, 000

50- 51 Timber 1. Ft. B.:- 1. 90

52 Piling Lin. Ft. 1, 200

89 N ' oven wire guard rail Lin. Ft. 800

COUNTY BRIDGES: i

17- 20 Excavation aild backfill Cu. Yd. 853

50- 51 Timber M. Ft. B. M. 36. 5

52 Piling Lin. Ft. 876

RIVER SIPHON: 

23- 24- 25 j Excavation and backfill Cu. Yd. 17, 897

29 Riprap Cu. Yd. 300

40 Reinforced concrete Cu. Yd. 864

44 Cement Bbl. 1, 080
45- 46 Reinforcing steel Lb. 86, 400

MINOR STRUCTURES: 

17 Excavation and backfill Cu. Yd. 14, 122

39 Plain concrete Cu. Yd. 37. 5
40 Reinforced concrete Cu. Yd. 460

44 Cement Bbl. 622

45- 46 Reinforcing steel Lb. 34, 500

50- 51 Timber R1. Ft. B. M. 208

71 24" Rein. conc. pipe Lin. Ft. 1, 840

61- 62- 63- 75 i Radial gate and slide bate with hoists Lb. i 26, 404

MAJOR DROPS: i l
17 Excavation and backfill Cu. Yd. 2, 921

40 Reinforced concrete Cu. Yd. 1. 736

4;' 46 Reinforcing steel Lb. 130, 000

50- 51 Timber M.Ft.B. M. 56. 

61- 63- 75 Radial gate with Hoists Lb. 39, 960

44 Cement Bbl. 2, 170

CONCRETE LINING: 

17 Excavation and backfill Cu. Yd. 254

39 Plaiil concrete Sq. Yd. 4, 900
44 Cement Bbl. 510

WASTEWAY STRUCTURES: 

17 Excavation and backfill Cu. Yd. 255

40 I Reinforced concrete Cu. Yd. 61

45- 46 Reinforcing steel Lb. 4, 600
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Albuquerque Main Canal ( continued) 

Specification

Item

Description of Work or

Material
I-- Ailt

I

Quantity

RIGHT OF WAY: 

1 WASTEWAY STRUCTURES: ( con' t) 

i

50- 51 Timber M. Ft.B. M. 2

2

61- 63- 75 Radial gate with hoists Lb. 1, 862

76
44 Cement Bbl. 

6 Fence alterations

UNDERDRAINS AND CROSSING CULVERTS: 

j 114. 2

17 Excavation and backfill Cu. Yd. 10, 125

29 Riprap Cu. Yd. 132

39 Plain concrete Cu. Yd. 460

40 Reinforced concrete Cu. Yd. 360

44 Cement Bbl. 1, 025

45- 46 Reinforcing steel Lb. 36,000

Piling

OPERATION DURING CONSTRUCTION: 

526

82

92 Priming and puddling Mile 34. 24

98 Operation Acre 33, 930

ALBUQUERQUE DIVISION

Summary of Quantities

Laterals

Specification Description of Work ort
Item Material

nit II Quantity

RIGHT OF WAY: 

96 Purchase Acre 473

2 Clearing and grubbing
Acre 18

3 Removal of buildings and structures Mile 114. 2

6 Fence alterations Tile j 114. 2

CANAL EXCAVATION: 

8 Excavation earth machine Cu. Yd. 873, 560

14 Excavation earth team Cu. Yd. 
j I

12,625

RAILROAD BRIDGES: 

17 Excavation and backfill Cu. Yd. I 6

50- 51 Timber M;.Ft.B. M. I 6. 2

52 Piling Lin. Ft. 526

82 Steel guard rail Lin. Ft. 198

STATE HIGHWAY BRIDGES: 

17 I Excavation and backfill Cu. Yd. 300

50- 51 Timber M.Ft.B.M. 50

52 Piling Lin. Ft. I 1, 200

89 Woven wire guard rail Lin. Ft. i 750

COUNTY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 1, 402

50- 51 Timber M.Ft.B. M. 248. 2

52 Piling Lin. Ft. None

i RIVER SIPHON: 

23- 24- 25 Excavation and backf ill Cu. Yd. 12, 107

40 Reinforced concrete Cu. Yd. 612

44 Cement Bbl. 765

45- 46 Reinforcing steel Lb. 61, 200



1700 ' MIDDLE RIO GRANDE CO\ SERVAN CY DISTRICT

Albuquerque Laterals ( continued) 

Specification Description of Work or

Item Material
unit Quantity

MINOR STRUCTURES: 

17 Excavation and backfill Cu. Yd. 11, 380

40 Reinforced concrete Cu. Yd. 497

44 Cement Bbl. 625

45- 46 Reinforcing steel Lb. 38, 750
50- 51 Timber M. Ft. B. M. 461. 3

61- 62- 75 Slide gates with hoists Lb. 99, 400

66 12" Corrugated pipe ( metal) Lin. Ft. 2,800

66 15" Corrugated pipe ( metal) Lin. Ft. 3. 300

66 18" Corrugated pipe ( metal) i Lin. Ft. 1, 590

LATERAL HEADGATES : 

17 Excavation and backfill Cu. Yd. 1, 491

40 Reinforced concrete Cu. Yd. 234

44 Cement Bbl. 292

45- 46 Reinforcing steel Lb. 17, 5:, 0
61- 63- 75 Radial gates , vith hoists Lb. 15, 964

FLUMES: 

17 Excavation and backfill Cu. Yd. 241

40 Reinforced concrete Cu. Yd. 41. 5
44 Cement Bbl. 60

45- 46 Reiniorcing steel Lb. 3, 060

50- 51 Timber Af. Ft. B. M. 90
52 Piling Lin. Ft. 10, 432

67 Metal flume Lin. Ft. 3, 550
39 Plain concrete Cu. Yd. j 6. 4

CONCRETE LINING: 

17 Excavation and backfill Cu. Yd. 98
39 Plain concrete Sq. Yd. 1, 530
44 Cement Bbl. 160

WASTEWAY STRUCTURES: 

17 Excavation and backfill Cu. Yd. 255
40 Reinforced concrete Cu. Yd. 61
44 Cement Bbl. 76

45- 46 Reinforcing steel Lb. 4,600
50- 51 Timber M.Ft.B. M. 2. 0

61- 63- 75 Radial gates with hoists Lb. 1, 862

UNDERDRAINS AND CROSSING CULVERTS: 

17 Excavation and backfill j Cu. Yd. 4, 316
39 Plain concrete Cu. Yd. 55
40 I Reinforced concrete Cu. Yd. 165
44 Cement Bbl. 275

45- 46 Reinforcing steel Lb. 16, 500
71 36" Rein cone. pipe

i
Lin. Ft. 1, 760

OPERATION DURING CONSTRUCTION: 

92 Priming and puddling Mile 114. 17
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ISLETA DIVERSION DAM

Summary of Quantities

Specification

Item

I.>escription of Work or

Material
Unit Quandt} 

RIGHT OF WAY: 

96 Purchase Lump Sum

EXCAVATION: 

1 Diversion of river during construction_ Lump Sum
17a Sand, gravel and clay below elevation 4883 Y.0 Cu. d. 13, 000

17 Sand, gravel and clay above elevation 4883. 0 Cu. Yd. 2, 500

18- 18a Loose rock all elevations Cu. Yd. 200

19- 19a Solid rock all elevations Cu. Yd. 100

BACKFILL: 

33 Sand, gravel or clay Cu. Yd. 7, 800

33 Selected gravel Cu. Yd. 700

PILING: 

52 Round timber piles Number 146

52 Round timber piles driving Lin. Ft. 3, 650

52 Timber sheet piling in place XLFt. B. M. 203

CONCRETE: 

39 Floors ( river section, headgates and transitions) Cu. Yd. 3, 200

40 Piers ( river section and headgates) Cu. Yd. 210

40 Decks ( river section and headgates) Cu. Yd. 140

39 Retaining walls Cu. Yd. 320

RIPRAP : i

29 Loose rock Cu. Yd. 5, 800

REINFORCING STEEL: 

46 Bending and placing Lb. 305, 000

METAL WORK: ( Installing) 

75 15- 20' x6. 4' radial gates i Lb. 82,500

75 12- 20' x2' slide gates Lb. 12, 00

75 Radial gate hoists Number 15

75 1 Slide gate hoists Number 12

75 Pipe handrail Lin. Ft. 1, 300

MATERIALS FURNISHED BY CONSERVANCY
DISTRICT: 

44 Cement Bbl. 4, 900

45 1 Reinforcing steel Lb. 303, 000

Metal Work. i

61 15- 20' x6. 4' radial gates Lb. 82, 500
62 12- 20' x2' slide gates Lb. 12, 000

63 Radial gate hoists Number 15

63 Slide gate hoists Number 12

65 Pipe handrail Lin. Ft. 1, 300

PERMANENT IMPROVEMENTS: 

91 Buildings I Lump Sum



172 ' MIDDLE RIO GRANDE CONSER\' ANCY DISTRICT

BELEN DIVISION

Summary of Quantities

Main Canals

Specification

Item

Description of Work or

Material
j ' Unit t Quantity

RIGHT OF WAY: 

Acre 862. 2
96

2

Purchase

Cleariiia and grubbing Acre 10

3 Removal of buildings and structures Mile 66

6 Fence alterations Mile 66

CANAL EXCAVATION: 

8 Excavation earth machine Cu. Yd. 2,283, 400

8 Excavation earth team Cu. Yd. 12,820

9 Excavation loose rock Cu. Yd. 8. 000

10 Excavation solid rock Cu. Yd. 2, 000

RAILROAD BRIDGES: 

17 Excavation and backfill Cu. Yd. 14

CO - 51 Timber M. Ft.B. M. 31. 1

52 Piling Lin. Ft. 2, 622

82 Steel guard rail Lin. Ft. 988

STATE HIGHWAY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 800

50- 51 Timber M.Ft.B. M. 46

52 Piling Lin. Ft. 600

89 Woven wire guard fence Lin. Ft. 400

COUNTY BRIDGES: 

17- 20 Excavation and backf ill Cu. Yd. 708

0- 51 Timber M. Ft. B. M. 29. 2

52 Piling Lin. Ft. 696

RIVER SIPHON: 

23- 24- 25 Excavation and backfill Cu. Yd. 3, 480

40 Reinforced concrete Cu. Yd. 506

44 Cement Bbl. 632

45- 46 Reinforcing steel Lb. 50,600

RAILROAD AND DRAIN SIPHONS: 

17 Excavation and backfill Cu. Yd. 5, 549

39 Plain concrete Cu. Yd. 70

40 Reinforced concrete Cu. Yd. 360

44 Cement Bbl. 538

45- 46 Reinforcing steel Lb. 4, 500

71 36" Rein. cone. pipe Lin. Ft. 252

95 Maintenance of railway traffic Lump Sum

MINOR STRUCTURES: 

17 Excavation and backfill Cu. Yd. 29, 691

39 Plain concrete Cu. Yd. 90

40 Reinforced concrete Cu. Yd. 1, 050

44 Cement - Bbl. 1, 425

45- 46 Reinforcing steel Lb. 78,750

50- 51 Timber M.Ft.B. M. 415

71 24" Reinforced concrete pipe Lin. Ft. 4, 200

61- 63- 75 Radial gates with hoists Lb. 60, 270

MAJOR DROPS: 

17 Excavation and backfill Cu. Yd: 2,080

39 Plain concrete Cu. Yd. 500

40 j Reinforced concrete Cu. Yd. 825

A



REPORT OF THE CHIEF EN GIN EER 17 J

Belen Main Canals ( continued) 

Specification Description of Work or
Unit Quantity

Item Material

MAJOR DROPS: ( con' t) 

44 Cement Bbl. 1, 656

45- 46 Reinforcing steel Lb. 62, 005

50- 51 Timber N1. Ft.B.- i. 305

61- 63- 75 Radial gates with hoists Lb. 24, 062

HEADGATES : 

17 i Excavation and backfill Cu. Yd. 914

40 Reinforced concrete Cu. Yd. 108

44 ; Cement Bbl. 135

45- 46 Reinforcing steel
Lb. 10, 800

61- 63- 75 Radial gates with hoists Lb. 9, 500

j WASTEWAY STRUCTURES: 
17 Excavation and backfill Cu. Yd. 4.486

39 Plain concrete Cu. Yd. 164

40  Reinforced concrete Cu. Yd. 581

44 Cement Bbl 1, 035

45- 46 Reinforcing steel Lb. 56, 600

50- 51 Timber M. Ft. B. M. 13

61- 63- 75 Radial gates with hoists Lb. 30, 143

UNDERDRAINS AND CROSSING CULVERTS: 

17 Excavation and backfill Cu. Yd. 12, 363

39 Plain concrete Cu. Yd. 170

40 Reinforced concrete Cu. Yd. 500

44 Cement Bbl. 838

45- 46 Reinforcing steel Lb. 50, 000

71 36" Reinforced concrete pipe Lin. Ft. 59600

OPERATION DURING CONSTRUCTION: 

92 Priming and puddling Nile 66

98 Operation Acre 55, 905

BELEN DIVISION

Summary of Quantities

Laterals

Specification Description of Work or
Unit Quantity

Item Material

RIGHT OF WAY: 

96 Purchase Acre 934

2 Clearing and grubbing Acre 33

3 Removal of buildings and structures Mile 148

6 Fence alterations Mile 148

CANAL EXCAVATION: 

8 Excavation earth machine I Cu. Yd. 926, 078

14 Excavation earth team Cu. Yd. 74, 650

RAILROAD BRIDGES: 

17 Excavation and backfill Cu. Yd. 15

50- 51 Timber M.Ft.B. M. 35. 8

52 Piling Lin. Ft. 3,030

82 Steel guard rail Lin. Ft. j 1, 136



174 _ MIDDLE RIO GRAN -DE CONSERVANCY DISTRICT

Belen Laterals ( continued) 

Specification Description of Work or

Item Material

1\ 1. Ft. B. I1. 

STATE HIGHWAY BRIDGES: 

17- 20 Excavation and backfill

50- 51 Timber

52 Piling
89 Woven wire guard rail

COUNTY BRIDGES: 

17- 20 Excavation and backfill

50- 51 Timber

MINOR STRUCTURES: 

17 Excavation and backfill

40 Reinforced concrete

45- 46 Reinforcing steel
44 Cement

50- 51 Timber

66 j 12" Corrugated metal pipe

66 15" Corrugated metal pipe

66 18" Corrugated metal pipe

62- 63- 75 Slide gates with hoists

DROPS: 

17 Excavation and backfill

40 Reinforced concrete

44 Cement

45- 46 Reinforcing steel
50- 51 Timmer

61- 63- 75 Radial gates with hoists

LATERAL HEADGATES: 

17 Excavation and backfill

40 1 Reinforced concrete

44 I Cement

45- 46 Reinforcing steel
61- 63- 75 Radial gates with hoists

CONCRETE LINING: 

17 t Excavation and backfill

39 i Plain concrete

44 Cement
01

1 WASTEWAY STRUCTURES: 

17 i Excavation and backfill

40 Reinforced concrete

44 Cement

45- 46 Reinforcing steel
50- 51 Timber

61- 63- 75 Radial gates -v6th hoists

UNDERDRAINS AND CROSSING CULVERTS: 

17 Excavation and backfill

39
I

Plain concrete

40 Reinforced concrete

45- 46 Reinforcing steel
44 i Cement

OPERATION DURING CONSTRUCTION: 

92 Pr:, -,i n.c and puddling

Unit Quantity

Cu. Yd. 310

1\ 1. Ft. B. I1. 50. 3

Lin. Ft. 1, 200

Lin. Ft. 750

Cu. Yd. 700

M. Ft.B. M. 129

Cu. Yd. 

Cu. Yd. 

Lb. 

Bbl. 

Lin Ft. 

Lin. Ft. 

Lin. Ft. 

Lb. 

Cu. Yd. 

Cu. Yd. 

Bbl. 

Lb. 

M,Ft.B. I\I
Lb. 

Cu. Yd. 

Cu. Yd. 
Bbl. 

Lb. 

Lb. 

Cu. Yd. 

Sq. Yd. 
Bbl. 

Cu. Yd. 

Cu. Yd. 

Bbl

Lb. 

M.Ft.B. 111. , 
Lb. 

i

Cu. Yd. 

Cu. Yd. 

Cu. Yd. 

Lb. 

Bbl. 

Mile

32, 729

305

26, 940

381

82=1. 8

5, 104
4, 070

3, 670

163, 424

1, 647

1, 218

1, 522
74, 950

21. 6

17, 530

2, 316

324

405

21, 600

14, 040

247

4, 720

491

574

130

162

13, 000
4.6

4, 430

16, 283

763

167

16, 660

1, 162

134. 93
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REPORT OF THE CHIEF ENGI\ EER

SAN ACACIA DIVERSION DAM

Summary of Quantities

Bbl. 

1/ 3

Specification ! Description of Vork or

Reinforcing steel

Quantity
Item

MaterialUnit

Metal Work. 

RIGHT OF WAY: 

31- 20' x6. 4' radial gates

96 Purchase Acre Lump Sum

8- 20' x2' slide gates

i
EXCAVATION: 

i 8, 0If 0

63

1 Diversion of river during construction Acre Lump Sum
17 a Sand, gravel and clay below elevation 4661. 30 Cu. Yd. 3, 000

17 Sand, gravel and clan above elevation 4661. 30 Cu. Yd. 18,000
18- 18a Loose rock all elevations Cu. Yd. 500

19- 19a Solid rock all elevations Cu. Yd. 200

17 Culvert excavation under railroad Cu. Yd. Lump Sum

91

BACKFILL

Buildings j

33 Sand, gravel or clay Cu. Yd. 1, 000
33 Selected gravel Cu. Yd. 21510

PILING: 

52 Round timber piles Number 210

52 Round timber piles driving Lin. Ft. 5, 300
52 Timber sheet piling in placeZ. Ft. B. s. 146

CONCRETE: 

39 I Floors ( river section, headgates flume and

transition) Cu. Yd. 2, 800

40 Piers ( river section and headgates) Cu. Yd. 400

40 I Decks ( river section and headgates) Cu. Yd. 230

39 Retaining walls Cu. Yd. 125

40 Culvert under railroad Cu. Yd. 115

39 Slope pavement Cu. Yd. 60

39 Counter weights Cu. Yd. 50

RIPRAP : i

29 Loose rock . Cu. Yd. 4, 300

REINFORCING STEEL: 

46 Bending and placing Lb. 300, 000

METAL WORK: ( Installing) 

75 31- 20' x6. 4' radial gates Lb. 170. 500
75 8- 20' x2' slide gates Lb. 8,000
75 Counter weight supports Lb. 117, 000

75 Radial gate hoists Number 31

75 Slide gate hoists Number 8

75 Pip-- handrail Lin. Ft. 1, 700

MATERIALS FURNISHED BY CONSERVANCY

DISTRICT: 

44 Cement Bbl. 4,800
45 Reinforcing steel Lb. 300, 000

Metal Work. 

61 31- 20' x6. 4' radial gates Lb. 170, 500

62 8- 20' x2' slide gates Lb. i 8, 0If 0

63 Counter weight supports Lb. 117, 000

63 Radial gate hoists Number 31

63 Slide gate hoists Number 8

65 I Pipe handrail Lin. Ft. 1, 700

PERMANENT IMPROVEMENTS: j
91 Buildings j I Lump Sum
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SOCORRO DIVISION

Summary of Quantities

Main Canal

SpecificationIItem

Description of Work or

L
Material

Unit QUaIltltN' 

RIGHT OF WAY: 

96 Purchase Acre 338

2 Clearing and grubbing Acre 94

3 Removal of buildings and structures Mile 28

6 Fence alterations Mile 28

CANAL EXCAVATION: 

8 Excavation earth machine Cu . Yd. 626, 000

9 Excavation loose rock Cu. Yd. 2,500

RAILROAD BRIDGES: 

17 Excavation and backfill Cu. Yd. 4

50- 51 Timber M.Ft.B. M. 26

52 Piling Lin. Ft. 2, 195

82 Steel guard rail Lin. Ft. 824

STATE HIGHWAY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 200

50- 51 Timber I.Ft.B. M. 9

52 Piling Lin. Ft. 120

89
i

Woven wire guard rail Lin. Ft. 80

COUNTY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 990

50- 51 Timber M. Ft. B. M. 40

52 Piling Lin. Ft. 960

MINOR STRUCTURES: 
I

17 Excavation and backfill Cu. Yd. 7, 381
39 Plain concrete Cu. Yd. 87. 5

40 Reinforced concrete Cu. Yd. 980

44 Cement Bbl. 1, 335

45- 46 Reinforcing steel Lb. 73, 575
50- 51 ! Timber M.Ft.B. M. 204

71 24" Reinforced concrete pipe Lin Ft. 1, 060

61- 62- 63- 75 Slide and radial gates with hoists Lb. 
I

61, 875

MAJOR DROPS: 

I
17 Excavation and backfill Cu. Yd. 2, 609

40 Reinforced concrete Cu. Yd. 608
44 Cement Bbl. 761

45- 46 Reinforcing steel Lb. 45, 600

50- 51 Timber M;.Ft.B. M. 19. 5

61- 63- 75 Radial gates with hoists Lb. 13, 579

CONCRETE LINING: 
i

17 j Excavation and backfill Cu. Yd. 200

39 Plain concrete Sq. Yd. 5, 000

44 Cement Bbl. 695

WASTEWAY STRUCTURES: 

17 Excavation and backfill Cu. Yd. 242

40 Reinforced concrete Cu. Yd. i 91

44 Cement Bbl. 121

45- 46 Reinforcing steel Lb. 6, 825

50- 51 Timber M. Ft. B. M. 2. 8

61- 63- 75 Radial gates with hoists Lb. 4, 584

16

01
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Socorro Main Canal ( continuEd) 

177

Specification I Description of Work or
Unit QuatltitN

Item Material

UNDERDRAINS AND CROSSING CULVERTS: 

17 Excavation and backfill Cu. Yd. 10, 067

39 Plain concrete Cu. Yd. 183

40 Reinforced concrete Cu. Yd. 1, 175

44 Cement Bbl. 2, 037

45- 46 Reinforcing steel Lb. 89, 700

OPERATION DURING CONSTRUCTION: 

92 Priming and puddling Mile 28

98 i Operation Acre 16, 000

SOCORRO DIVISION

Summary of Quantities

Laterals

Specification Description of Work or I Unit Quantity
Item Material

i

RIGHT OF WAY: 

96 Purchase Acre 340.8

2 Clearing and grubbing Acre 101. 8

3 I Removal of buildings and structures Mile 55. 73

6 Fence alterations Mile 55. 73

CANAL EXCAVATION: 

8 I.: xcavation earth machine Cu. Yd. 226, 712

RAILROAD BRIDGES: 

50- 51 Timber M.Ft.B. M. 9. 9

52 Piling Lin. Ft. 835

82 Steel guard rail Lin. Ft. 312

STATE HIGHWAY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. I 693

50- 51 Timber M. Ft.B. M. 25. 5

52 Piling Lin. Ft. 680

89 Woven wire guard rail Lin. Ft. 
I

240

ARROYO SIPHONS: 

17 j Excavation and backfill Cu. Yd. 53

40 Reinforced concrete Cu. Yd. 52

4Y Cement Bbl. 65

45- 46 Reinforcing steel Lb. 5, 200

MINOR STRUCTURES: 

17 Excavation and backfill i Cu. Yd. 2, 850

40 Reinforced concrete Cu. Yd. 277

44 Cement Bbl. 337. 25

45- 46 Reinforcing steel Lb. 21, 365

50- 51 I
Timber M. Ft. B. M. 165. 3

66 12" Corrugated metal pipe Lin. Ft. 1, 620

66 15" Corrugated metal pipe Lin. Ft. 260

66 18" Corrugated metal pipe Lin. Ft. 1, 296

61- 62- 75 Slide gates with hoists Lb. 41, 152

LATERAL HEADGATES: 
i

17 Excavation and backfill Cu. Yd. 1, 063

40 Reinforced concrete Cu. Yd. 85



178 DtIDDLE RIO GRANDE CONSERVANCY DISTRICT

Socorro Laterals ( continued) 

Specification Description of NVork or

Item I Material
Unit Quantity

Quantity

LATERAL HEADGATES: 

RIGHT OF WAY: i

44 Cement Bbl. 106

45- 46 Reinforcing steel Lb. 6, 375

61- 63- 75 Radial gates `,, ith hoists Lb. 4, 305

71 24 Reinforced concrete pipe Lin. Ft. 300

10. 

WASTEWAY STRUCTURES: 

DRAIN AND LEVEE EXCAVATION: 

17 i Excavation and backfill Cu. Yd. 39

40 Reinforced concrete Cu. Yd. 9

44 Cement Bbl. 11

45- 46 Reinforcing steel Lb. 675

50- 51 i ' Timber I. Ft. B.\ i. 0. 10

2. 2

UNDERDRAINS AND CROSSING CULVERTS: 

Cement Bbl. 

17 1 Excavation and backfill Cu. Yd. 333

40 Reinforced concrete Cu. Yd. 131

44 Cement Bbl. 16. 1

45- 46 Reinforcing steel Lb. 9,825

71 36" Reinforced concrete pipe Lin. Ft. 472

65

OPERATION DURING CONSTRUCTION: 

WASTEWAY STRUCTURES: 

92 I Priming and puddling dile 55. 73

COCHITI DIVISION

Summary of Quantities

Riverside Drains and Levees

Specification

Item
Description of Work or

Material
L nit Quantity

RIGHT OF WAY: i
96 Purchase ; Acre 43. 5
2 Clearing and grubbing Acre 20. 

3 Removal of buildings and structures Mile 2

6 Fence alterations Mile 10. 

DRAIN AND LEVEE EXCAVATION: 

11 Excavation earth machine Cu. Yd. 536, 350
14 Excavation earth team Cu. Yd. 5, 400

MINOR STRUCTURES: i

17 Excavation and backfill Cu. Yd. 3, 113

40 Reinforced concrete Cu. Yd. 2. 2

44 Cement Bbl. 3

45- 46 Reinforcing steel Lb. 215

50- 51 Timber AI. Ft.B. M.. 12. 

28 Dry rubble paving Sq. Yd. 22

66 18" Corrugated metal pipe Lin. Ft. 65

66 24" Corrugated metal pipe Lin. Ft. 65

WASTEWAY STRUCTURES: 

66- 71 36" Corrugated metal pipe or reinforced concrete

pipe with flap gate Lin. Ft. 600

UNDERDRAINS AND CROSSING CULVERTS: i

71 36" Reinforced concrete pipe Lin. Ft. 300

29 Riprap Cu. Yd. 500
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COCHITI DIVISION

Summary of Quantities

Interior Drains

Specification Description of Work or

Item Material
Unit Quantity

RIGHT OF WAY: 

96 Purchase Acre 88. 7
2 Clearing and grubbing Acre 15. 0
3 Removal of buildings and structures Mile 9. 73
6 Fence alterations Mile 9. 73

DRAIN EXCAVATION: 

11 Excavation earth machine Cu. Yd. 350, 359
14 Excavation earth team Cu. Yd. 2,210

RAILROAD BRIDGES: 

17 Excavation and backfill Cu. Yd. 7
50- 51 Timber M. Ft. B. M. 9. 1

52 Piling Lin. Ft. 772
82 Steel guard rail Lin. Ft. 290

COUNTY BRIDGES: 

17- 20 Excavation and backf ill Cu. Yd. 400
50- 51 Timber M. Ft. B. M. 18

52 i Piling Lin. Ft. 240
89 Woven wire guard fence Lin. Ft. 160

MINOR STRUCTURES: 

17 Excavation and backfill Cu. Yd. 47551
39 1 Plain concrete Cu. Yd. 42
40 Reinforced concrete Cu. Yd. 25. 5
44 Cement Bbl. 84. 5

45- 46 Reinforcing steel Lb. 1, 900
50- 51 Timber M. Ft.B. M. 69. 2

52 j Piling Lin Ft. 210
67 i Metal flume Lin. Ft. 328
28 Dr rubbleDry paving S Yd. q 25
66 18" Corrugated metal pipe Lin. Ft. 78
66 I 24" Corrugated metal pipe Lin. Ft. 78

UNDERDRAINS AND CROSSING CULVERTS: 
17 Excavation and backfill Cu. Yd. 109260
39 Plain concrete Cu. Yd. 200

50- 51 Timber I M.Ft.B.M. 5. 2
71 36" Reinforced concrete pipe j Lin. Ft. 1, 440.0
44 Cement Bbl. 250
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ALBUQUERQUE DIVISION

Summary of Quantities
Albuquerque Riverside Drains

Specification Description of Work or Unit Quantity
Item Material

RIGHT Or WAY: 

6 Fencing alterations
DRAIN EXCAVATION: 

11 Excavation earth machine

14 I Excavation earth team

RAILROAD BRIDGES: 

17 Excavation and backfill. 

50- 51 ' Timber

52 Piling
82 Steel guard rail

STATE HIGHWAY BRIDGES: 

17- 20 Excavation and backfill. 

40 Reinforced concrete

44 Cement

45- 46 Reinforcing steel
50- 51 Timber

52 Piling
89 I `' Woven wire guard rail

COUNTY BRIDGES: 

17- 20 Excavation and backfill. 

50- 51 Timber

52 Piling
89 Woven wire guard rail

MINOR STRUCTURES: 

17 Excavation and backfill

28 Dry rubble paving
39 Plain concrete

40 Reinforced concrete

44 Cement

45- 46 Reinforcing steel
50- 51 Timber

52 Piling
66 18" Corrugated metal pipe

66 24" Corrugated metal pipe

67 Metal flume

WASTEWAY STRUCTURES: 

66- 71 36" Corrugated metal or reinforced concrete pipe

with flap gates
UNDERDRAINS AND CROSSING CULVERTS: 

17 Excavation and backfill

39 Plain concrete

44 Cement

50- 51 Timber

71 36" Reinforced concrete pipe

Mile 59. 4

Cu. Yd. 1, 979, 934

Cu. Yd. 3,715

Cu. Yd. 1 11

M. Ft. B. M. I 20. 7

Lin. Ft. 1, 758

Lin. Ft. 658

Cu. Yd. 655

Cu. Yd. 50

Bbl. 62. 5

Lb. 5, 000

M.Ft.B. M. 20

Lin. Ft. 320

Lin. Ft. 160

Cu. Yd. 800

M. Ft.B. M. 36

Lin. Ft. 480

Lin. Ft. 320

Cu. Yd. 20, 226

Sq. Yd. 130

Cu. Yd. 6. 5

Cu. Yd. 17. 0

Bbl. 29. 5

Lb. 1, 300

M. Ft.B. M. 86. 5

Lin. Ft. 152

Lin. Ft. 405

Lin. Ft. 375

Lin. Ft. 
i

50

Lin. Ft. 900

Cu. Yd. 12, 528

Cu. Yd. ! 250

Bbl. 312. 5

M. Ft.B. M. 1 5. 28

Lin. Ft. 1 1. 440
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ALBUQUERQUE DIVISION

Summary of Quantities

Interior Drains

Specification I Description of Work or

Item laterial

28

Acre

RIGHT OF WAY: 

96

none

Purchase
2

Mile

Clearing and grubbing
3

Cement

Removal of buildings and structures
6

I Reinforcing steel

Fence alterations

50- 51 Timber

DRAIN EXCAVATION: 

11

Piling

Excavation earth machine
14

Nletal flume

Excavation earth team

66 18" Corrugated metal pipe

1 RAILROAD BRIDGES: 
17

24" Corrugated metal pipe

I Excavation and backfill
50- 51 Timber j

52 Piling
82 Steel guard rail

STATE HIGHWAY BRIDGES: 

17- 20 Excavation and backiiil
40 j Reinforced concrete
44 Cement

45- 46 Reinforcing- steel

50- 51 Timber

52 Piling
89 W'oven wire guard rail

COUNTY BRIDGES: 

17- 20 v_xcaVatuon and backfill
50- 51 I Lumber

52 Piling

I
MINOR STRUCTURES: 

181

Unit Quantity

Cu. Yd. 
28

Acre

I

732
Acre none

Mile I 55. 34
Mile 55. 34

Cu. Yd. 2, 926, 042

Cu. Yd. ! 34, 600

Cu. Yd. 
M.Ft.B. M. 
Lin. Ft. 
Lin. Ft. 

Cu. Yd. 
Cu. Yd. 

Bbl. 

Lb. 

M. Ft.B. M. 
Lin. Ft. 

Lin. Ft. 

i
Cu. Yd. 

M. Ft.B. M. 
Lin. Ft. 

17 Excavation and backfill Cu. Yd. 
28 Dry rubble paving Sq. Yd. 
39 Plain concrete Cu. Yd. 
40 Reinforced concrete Cu. Yd. 
44 Cement Bbl. 

45- 46 I Reinforcing steel Lb. 
50- 51 Timber M.Ft.B. M. 
52 Piling Lin. Ft. 
67 Nletal flume Lin. Ft. 

66 18" Corrugated metal pipe Lin. Ft. 
66 24" Corrugated metal pipe i Lin. Ft. 

WASTEWAY STRUCTURE: 

66- 71 1 36" Corrugated metal pipe or reinforced concrete
pipe with flap gates

UNDERDRAINS AND CROSSING CULVERTS: 
17 Excavation and backfill
39 Plain concrete
44 Cement

50- 51 I Timber
71 36" Reinforced concrete pipe

23

26

2, 196

794

655

50
62. 5

5, 000
20

320

160

7, 686
305

7,320

2
P
589
138
354

207.8
702. 5

15, 506
423. 2

1, 770
2,777

415

415

Lin. Ft. 300

Cu. Yd. 10, 398
Cu. Yd. 250

Bbl. 312.5
M. Ft. B. RT. 1 44

Lin. Ft. 1, 200



182 ' INTIDDLE RIO GRAIDE CONSERVANCY DISTRICT

BELEN DIVISION

Summary of Quantities

Belen Riverside Drains

Specification

Item

Description of Work or Unit Quantity
Material

3

RIGHT OF WAY: 

Removal of buildings and structures Mile 29.6

6 Fence alterations Mile 74. 0

DRAIN EXCAVATION: 

11 Excavation earth machine Cu. Yd. 2, 581, 086

14 Excavation earth team Cu. Yd. 940

RAILROAD BRIDGES

17- 20 Excavation and backfill Cu. Yd. 1, 200

50- 51 Timber I M. Ft.B. M. 13

52 Piling Lin. Ft. 1, 440

82

95, 

Steel guard rail

Maintenance of Railway traffic

Lin. Ft. 400

Lump Sum

STATE HIGHWAY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 600

50- 51 Timber M. Ft.B. M. 27

52 Piling Lin. Ft. 360

89 Woven wire guard rail Lin. Ft. 240

COUNTY BRIDGES

17- 20 Excavation and backfill Cu. 756

50- 51 Timber
I . M. Ft.B. M. 30

52 Piling Lin. Ft. 720

MINOR STRUCTURES: 

17 Excavation and backfill Cu. Yd. 39, 924

28 Dry rubble paving Sq. Yd. 155

40 Reinforced concrete Cu. Yd. 16

44 Cement Bbl. 20

45- 46 Reinforcing steel Lb. 1, 240

50- 51 Timber M.Ft.B. M. 184. 9

66 18" Corrugated metal pipe Lin. Ft. 465

66 24" Corrugated metal pipe Lin. Ft. 465

WASTEWAY STRUCTURES: 

66- 71 36" Corrugated metal or reinforced concrete pipe

with flap gates I Lin. Ft. 1, 500



REPORT OF THE CHIEF EIS GIN EER 183

BELEN DIVISION

Summary of Quantities

Interior Drains

Specification I Description of Work or i

Item j Material
Unit

I Quantity

RIGHT OF WAY: 

96 Purchase Acre j 1, 080

2 Clearing and grubbing Acre 55. 5
3 ! Removal of buildings and structures Mile 74.73
6 Fence alterations Mile82.26

DRAIN EXCAVATION: 

11 Excavation earth machine Cu. Yd. 3,798,589
14 Excavation earth team Cu. Yd. 46, 015

RAILROAD BRIDGES: 

17 Excavation and backfill Cu. Yd. 8
50- 51 Timber M. Ft. B. M. 15. 5

52 Piling Lin. Ft. 1, 320
82 Steel guard rail Lin. Ft. 495

STATE HIGHWAY BRIDGES: 

17- 20 i Excavation and backfill Cu. Yd. 600
50- 51 Timber M-Ft.B.M. 27

52 Piling Lin. Ft. 360
89 Woven wire guard rail Lin. Ft. 240

COUNTY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 8 694
X

50- 51 Timber M.Ft.B. M. 345
52 Piling Lin. Ft. 8,280

MINOR STRUCTURES: 

17 Excavation and backfill Cu. Yd. 53, 986
39 Plain concrete Cu. Yd. 524. 8
40 i Reinforced concrete Cu. Yd. 308
44 Cement Bbl. 1, 041

45- 46 Reinforcing steel Lb. 23,000
50- 51 Timber M.Ft.BAL 680.26

52 Piling Lin. Ft. 2,654
67 Metal flume Lin. Ft. 4,100
28 Dry rubble paving Sq. Yd. 210
66 18" Corrugated metal pipe Lin. Ft. 630
66 24" Corrugated metal pipe Lin. Ft. 630

UNDERDRAINS AND CROSSING CULVERTS: 

17 Excavation and backfill Cu. Yd. 21, 614
39 Plain concrete Cu. Yd. 450
44 Cement Bbl. 565

50- 51 Timber M.Ft.B. M. 8.8
71 ? 6" Reinforced concrete pipe Lin. Ft. I 2,400



Speci f ication

Item

2

6

11

17

50- 51
52

82

17- 20

50- 51
52

89

17

28

40

44

45- 46

50- 51

66

66

66- 71

11

39

44

50- 51

71

I IDDLE RIO GRA:` DE CONSERVANCY DISTRICT

SOCORRO DIVISION

Summary of Quantities

Socorro Riverside Drains

Description of Work or

Material

RIGHT OF WAY: 

Clearing and grubbing
Fence alteration

DRAIN EXCAVATION: 

Excavation earth machine

RAILROAD BRIDGES: 

Excavation and backfill

Timber

Piling
Ste --1 guard rail

STATE HIGHWAY BRIDGES: 

Excavation and backfill

Timber

Piling
Woven wire guard rail

MINOR STRUCTURES: 

Excavation and backfill

Dry- rubble paving
Reinforced concrete

Cement

Reinforcing steel
Timber

18" Corrugated metal pipe

24" Corrugated metal pipe

WASTEWAY STRUCTURES: 

36" Corrugated metal pipe or reinforced concrete

pipe with flap gates
UNDERDRAINS AND CROSSING CULVERTS: 

Excavation and backfill

Plain concrete

Cement

Timber

36" Reinforced concrete pipe

Unit Quantit" r

Acre

Mile

I

Cu. Yd. 

Cu. Yd. 

M,.Ft.B. M. 
Lin. Ft. 

Lin. Ft. 

I

Cu. Yd. 

M. Ft.B. M. 
L -n. Ft. 

Lin. Ft. 

Cu. Yd. 

Sq. Yd. 
Cu. Yd. 

Bbl. 

Lb. 

M.Ft.B.M. 
Lin. Ft. 

Lin. Ft. 

Lin. Ft. 

Cu. Yd. 

Cu. Yd. 

Bbl. 

M. Ft.B. M. 
Lin. Ft. 

12

28

1, 043, 124

7

13. 2

1, 080

405

i
200

9

120

80

I

6, 231

88

8.8
11

660
12. 5

265

265

900

2, 080

50
62.5

8. 8

240
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SOCORRO DIVISION

Summary of Quantities

Interior Drains

Specification
Item

Description of Work or

Material
L"nit Quantity

RIGHT OF WAY: 

96 Purchase Acre 386. 6

2 Clearing and grubbing Acre j 108. 3

6 1 Fence alterations Mile i 31. 1

DRAIN EXCAVATION: 

11 Excavation earth machine Cu. Yd. 1. 348,664
14 Excavation earth team Cu. Yd. 5, 120

RAILROAD BRIDGES: 

17 Excavation and backfill Cu. Yd. 22

50- 51 i Timber M. Ft. B. M. 40.8
52 Piling Lin. Ft. 3, 480

82 Steel guard rail Lin. Ft. 1, 300

STATE HIGHWAY BRIDGES: 

17- 20 Excavation and backfill Cu. Yd. 1 1, 600

50- 51 Timber M.Ft.B. M. 144

52 Piling Lin. Ft. 1, 920

89 Woven wire guard rail Lin. Ft. 1, 280

COUNTY BRIDGES: i
17- 20 Excavation and backfill Cu. Yd. 480

50- 51 Timber M. Ft. B. M. 21. 6

52 Piling Lin. Ft. 288

89 tiVoven wire guard rail Lin. Ft. 192

MINOR STRUCTURES: 

17 Excavation and backfill j Cu. Yd. 12, 560
28 1 Dry rubble paving Sq. Yd. 142

39 Plain concrete Cu. Yd. 193

40 Reinforced concrete Cu. Yd. 120. 3

44 Cement Bbl. 392

45- 46 Reinforcing steel Lb. 9, 000

50- 51 Timber M. Ft. B. M. 196

52 Piling Lin. Ft. I 968

67 Metal Flume Lin. Ft. 1, 512

66 1 18" Corrugated metal pipe Lin. Ft. 423

66 j 24" Corrugated metal pipe Lin. Ft. 423

UNDERDRAINS AND CROSSING CULVERTS: 

17 Excavation and backfill Cu. Yd. i 11, 720

39 j Plain concrete Cu. Yd. 253

44 Cement Bbl. 316

50- 51 Timber I. Ft. B. M. 4. 8

71 36" Reinforced concrete pipe Lin. Ft. 1, 315
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FLOOD PROTECTION AND RIVER CONTROL

Summary of Quantities

Cochiti, Albuquerque, Belen, and Socorro Divisions

Specification Description of Work or
Unit Quantity

Item Material

SILT CONTROL ON TRIBUTARIES

Summary of Quantities

Silt Control

Specification Description of Work or

Item Material
Unit Quantity

SILT CONTROL STRUCTURES: 

50- 65- 75 Permeable jetties on side arroyos Number 299

50- 65- 75 Permeable jetties on Rio Puerco Number 24

Experimental structures ' Lump Sum
Planting, supervision and care of plantations I Lump Sum

Reference: " Erosion and Control of Silt on the Rio Puerco, New Mexico," by Kirk Bryan and
George M. Post, Exhibit R- 1. 

0

LIST OF STRUCTURES AND WORK

Descriptaterialof Work or
Feature I Unit Quantity

DAMS: 

RIGHT OF WAY: 

Storage

96 Purchase Acre 9, 000

2- 4 Clearing and grubbing Acre 2,510

Main

CHANNEL AND LEVEE EXCAVATION: 

153

Lateral

11 Excavation earth machine Cu. Yd. 340, 000

30 Borrow earth machine Cu. Yd. 1, 797,200

30 Finishing Lin. Ft. I 924, 800

65- 75 Permeable jetties Lin. Ft. I 493, 670

11- 30- 65- 75 Maintenance of levees and jetties 4 years

Irrigation system Cu. Yd. 

Lump Sum

SILT CONTROL ON TRIBUTARIES

Summary of Quantities

Silt Control

Specification Description of Work or

Item Material
Unit Quantity

SILT CONTROL STRUCTURES: 

50- 65- 75 Permeable jetties on side arroyos Number 299

50- 65- 75 Permeable jetties on Rio Puerco Number 24

Experimental structures ' Lump Sum
Planting, supervision and care of plantations I Lump Sum

Reference: " Erosion and Control of Silt on the Rio Puerco, New Mexico," by Kirk Bryan and
George M. Post, Exhibit R- 1. 

0

LIST OF STRUCTURES AND WORK

Descriptaterialof Work or
Feature I Unit Quantity

DAMS: 

Storage Irrigation system Number 1

Diversion Irrigation system Number 4

CANALS

Main Irrigation system Mile 153

Lateral Irrigation system Mile 356

DRAINS: 

Riverside Drainage system i Mile 206

Interior Drainage system Mile 183

EXCAVATION: 

Main canals Irrigation system Cu. Yd. 4,211, 711

Laterals Irrigation system Cu. Yd. 2, 300, 430

Riverside drains Drainage system Cu. Yd. 5, 667,834

Interior drains Drainage system Cu. Yd. 8,511, 099

Channel and levees Flood control & river protection Cu. Yd. 2, 137, 200
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List of Structures and Work ( continued) 

Description of Work or

Material

RIGHT- OF- WAY: 

Canals and drains

River

Clearing and grubbing

Clearing and grubbing

STRUCTURES: 

Railroad bridges

Highway bridges
County bridges
Farm bridges
River- siphons

Arroyo, railroad and other

siphons

Farm turnouts ( main canals) 

Farm turnouts ( laterals) 

Major drops

Minor drops

Lateral headgates

Flumes ( major) 

Flumes ( minor) 

Sandtraps and wasteways

LTnderdrains and crossing
culverts

Measuring devices
Drain inlets

Temporary
Wasteway
Permeable jetties
Permeable jetties

Feature Unit

i

Irrigation and drainage systems Acre

Flood protection Acre

Irrigation and drainage systems Acre

Flood protection & river control Acre

Irrigation and drainage systems 1 Number

Irrigation and drainage systems Number

Irrigation and drainage systems Number

Irrigation and drainage systems Number

Irrigation system Number

Irrigation system

Irrigation system

Irrigation system

Irrigation system

Irrigation system

Irrigation system

Irrigation system

Irrigation and drainage systems

Irrigation system

Irrigation and drainage systems

Irrigation system

Drainage system

Irrigation and drainage systems

Drainage system

Flood control & river protection

Silt control on tributaries

Number

Number

Number

Number

Number

Number

Number

Number

Number

Number

Number

Number

Number

Number

Lin. Ft. 
Number

1 S7

Quantity

6, 194

9, 000

492

2,510

32

64

323

1, 418

5 ( L.F.5200) 

8 ( L. F.3600 ) 
i 507

2, 786

155

55
85

2 (L.F.3850) 
180( L.F.8100) 

26

208

8

172

170

12

493,670
323

DIVERSION

Condensed Summary

DAMS

of Quantities

Specification Description of Work or
Unit I Quantity

Item Material

RIGHT OF WAY: 

96 Purchase Acre Lump Sum

EXCAVATION: 

1 Diversion of river during construction Lump Sum
17a Sand and gravel below specified elevation. 

Vet excavation Cu. Yd. 19, 500

17 Sand and gravel above specified elevation. 

Dry excavation Cu: Yd. 30,000

18- 18a Loose rock all elevations Cu. Yd. 4, 200

19- 19a Solid rock all elevations Cu. Yd. 300

EMBANKMENT AND BACKFILL: 

29 I Riprap Cu. Yd. 15, 800

33 Selected gravel, sand, or clay Cu. Yd. 18, 600

34 Loose rock in main channel and hand placed
pavement Cu. Yd. j 7,000
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DIVERSION DAMS

Condensed Summary of Quantities

Specification

Item

Description of Work or

Material
Unit Quantit"• 

CONCRETE: 

39 Plain concrete Cu. Yd. 1, 841

40 Reinforced concrete Cu. Yd. 11, 015

PILING: 

52 Round timber piles Number 425

52 Round timber piles driving Lin. Ft. 10,700

52 Timber sheet piling in place M. Ft. B. M. 542

REINFORCING STEEL: 

46 Bending and placing Lb. 920,000

METAL WORK: ( Installing) 

75 Radial gates Lb. 287,700

75 Slide gates Lb. j 30,800

75 Radial gate hoists Number 52

75 Slide gate hoists Number 27

75 Pipe handrail Lin. Ft. 3, 599

75 Steel foot bridge Lb. 3, 00D

75 Counter weight supports Lb. 117,000

50- 51 Wooden bridge floor F. B. M. 300

MATERIALS FURNISHED BY CONSERVANCY
DISTRICT: 

44 Cement Bbl. 16, 200

45 Reinforcing steel Lb. 920, 000

Metal Work. 

61 Radial gates Lb. 287,700

62 Slide gate Lb. 30, 800

63 i Radial gate hoists Number 52

63 Slide gate hoists Number 27

63 Counter weight supports Lb. 117, 000

65 Steel toot bridge Lb. 3, 000

65 Pipe hand rail Lin. Ft. 3, 599

PERMANENT IMPROVEMENTS: 

91 Buildings Lump Sum

If
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IRRIGATION SYSTEM

Condensed Summary of Quantities

Specification ' 

Item

Description of Work or

Material
Unit Quantity

96 Purchase of R. O. AT. Acre 3. 722. 34

2 Clearing and grubbing Acre 281. 80

3 i Removal of buildings and structures Mile 504. 89

6 Fence alterations Mile 504.89

i
8 Excavation earth machine Cu. Yd. 6, 369,986

9 Excavation loose rock Cu. Yd. 18, 100

10 Excavation solid rock Cu. Yd. 2, 500

14 Excavation earth team Cu. Yd. 121, 555

Total Canal Excavation ...................... 6, 512, 141

17- 20 Excavation and backfill Cu. Yd. 224, 012

23- 24- 25 Excavation and backfill— river siphons Cu. Yd. 50, 977

29 Riprap Cu. Yd. 2, 398

39 Plain concrete Cu. Yd. 2, 686

39 Plain concrete Sq. Yd. 17, 596

40 Reinforced concrete Cu. Yd. 18, 610

44 Cement Bbl. 29, 078

45- 46 Reinforcing steel Lb. 1, 533, 030

50- 51 Timber M.Ft.B. M. 4,090. 5

52 Piling Lin. Ft. 30, 662

61- 62- 63- 75 Radial and slide gates with hoists i Lb. 688, 244

66 12" pipe Lin. Ft. 10, 594

66 j 15;; pipe Lin. Ft. 8, 334

66 18 pipe Lin. Ft. 7, 370

67 INIetal flume Lin. Ft. 3, 900

71 ; 24" Reinforced concrete pipe Lin. Ft. 8, 183

71 36" Reinforced concrete pipe Lin. Ft. 9, 549

80 Woven wire Lin. Ft. 200

82 Steel guard rail Lin. Ft. 3, 728

89 Woven wire guard rail Lin. Ft. 3, 020

92 Priming and puddling Nile 491. 58

95 Maintenance of railway traffic Lump Sum
98 1 Operation Acre 120, 010

96 Purchase of R. O. Vk Acre 2, 331

2 Clearing and Grubbing Acre 210. 8

3 Removal of buildings and structures Mile 171. 4

6 Fence alterations Mile 375. 33

11 Excavation earth machine Cu. Yd. 
I

145080, 933

14 Excavation earth team Cu. Yd. 98, 000

Total Drain Excavation ...................... 14, 178,933

17- 20 i Excavation and backfill Cu. Yd. 263, 184

28 Drrubble paving Sq. Yd. 910

29 Rip -rap Cu. Yd. 500

39 Plain concrete Cu. Yd. 2,573. 3

40 Reinforced concrete Cu. Yd. 805. 6

44 Cement Bbl. 4, 227

45- 46 Reinforcing steel Lb. 62,821

50- 51 Timber M. Ft. B. M. 2, 882. 34

52 Piling Lin. Ft. 38. 528

66 18" pipe Lin. Ft. 2,746

66 24" pipe Lin. Ft. i 2, 716

Excavation and backfill for structures. 
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DRAINAGE SYSTEM

Condensed Summary of Quantities

Specification

Item I
L

Description of Work or

Material
Unit Quantity

66- 71 36" pipe or reinforced concrete pipe with flap
gate Lin. Ft. 4, 200

71 36" Reinforced concrete pipe Lin. Ft. 8, 335

67 Metal flume Lin. Ft. 8, 767

82 Steel guard rail Lin. Ft. 4, 342

89 Woven vire guard rail Lin. Ft. 2, 833

95 i Maintenance of Railwav traffic I Lump Sum



PART II

ESTIMATES OF QUANTITIES AND COSTS

SECTION III

SUMMARY OF COST
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Socorro ( ivisio
I

TOTAL COST OF IRRIGA- 
TION INCLUDING DIVER- 
SION DAMS

Contingencies

Drainage. 

Cochiti ( Division) Riverside

Drains and Levees
Cochiti ( Division) Interior

Drains

Albuquerque ( Division) 

Riverside Drains

Albuquerque ( Division.) 

Interior Drains
Belen ( Division) Riverside

Drains i
Belen ( Division) Interior

Drains i

Socorro ( Division) Riverside I
Drains

i

Socorro ( Division) Interior

Drains j
TOTAL COST OF DRAINAGE
Contingencies

Flood Protection and River
Control

Contingencies

i

3, 401, 186
347, 727

i

65, 643

72, 990

256. 886

483, 238

312, 509

604, 320

I

181, 273

343, 421

2, 320, 280
1

272, 259

i

1, 461, 745
359, 092

3, 165, 515 I $ 235, 671

319, 047 28, 680

65, 643 1
72, 990' 1

256, 886 ! i

483, 2381

312, 5091

604, 320 1 . 

122, 007

225, 231 ' 

TABLE 22
a, 

COMPARATIVE GENERAL SUMMARY OF COST

1, 322, 554 i

See paragraph 384) 

323, 453 j 35, 639

IDecrease

I Summary of Cost  ith
inSummar- of Cost with

Original Plan Plan Cost Cost

El Vado Dam & Appurtenances 1, 317, 560
164, 303

1, 317,

560164,303
Contingencies

Irrigation. 

621485 62, 485 jCochiti Diversion Dam $ CO
Cochiti ( Division) Main Canal 190, 313 190, 313

141, 501
i

Cochiti ( Division) Laterals 141, 501

Angostura Diversion Dam ! 154, 707 154, 707

Albuquerque ( Division) Main
381, 056 381, 056

Canal

Albuquerque ( Division) 

377, 768 I
377, 768 i

Laterals
i

Isleta Diversion Dam
Belen ( Division) Main Canal

182, 541
648,740, 

182,541 j
648, 740 ! 

Belen ( Division) Laterals 49, 778 459, 778

San Acacia Diversion Dam 190, 856 190. 856

265, 457
Socorro ( Division) Main Canal 459, 357

D' n) Laterals 152 084 110, 313
Socorro ( ivisio

I

TOTAL COST OF IRRIGA- 
TION INCLUDING DIVER- 
SION DAMS

Contingencies

Drainage. 

Cochiti ( Division) Riverside

Drains and Levees
Cochiti ( Division) Interior

Drains

Albuquerque ( Division) 

Riverside Drains

Albuquerque ( Division.) 

Interior Drains
Belen ( Division) Riverside

Drains i
Belen ( Division) Interior

Drains i

Socorro ( Division) Riverside I
Drains

i

Socorro ( Division) Interior

Drains j
TOTAL COST OF DRAINAGE

Contingencies

Flood Protection and River
Control

Contingencies

i

3, 401, 186
347, 727

i

65, 643

72, 990

256. 886

483, 238

312, 509

604, 320

I

181, 273

343, 421

2, 320, 280
1

272, 259

i

1, 461, 745
359, 092

3, 165, 515 I $ 235, 671

319, 047 28, 680

65, 643 1
72, 990' 1

256, 886 ! i

483, 2381

312, 5091

604, 320 1 . 

122, 007

225, 231 ' 

I 21142, 824 ! 177, 456

247, 886 ; 24, 373

1, 322, 554 i 139, 191

323, 453 j 35, 639
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Table 22 ( continued) 

Summaryof Cost with Summary of Cost with, 
Decrease

Original Plan Modified Plan
111

Cost

Railroad Reconstruction

San Marcial) 268. 700 None 268,700

Contingencies 56, 427 56, 427

Silt Control on Tributaries 444. 935 86, 956 357, 979

Contingencies i 46, 936 8, 239 38, 697

Purchase and Protection of
Water Rights 80, 000 80, 000

Permanent Improvements ( Tele- 

pl one system, construction

quarters, etc.) 50, 000 50,000

Preliminary Expense Including
Organization to be Re -funded 325, 000 325, 000

Field Engineering 367, 156 315, 878 51, 278

General, Administrative and

Legal 544, 694 467, 785 76, 909

GRAND TOTAL COST I i $ 11, 828, 000! 10, 337, 000* 1, 491, 000

Approved by the Court Aug. 15, 1928. 
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STATE OF NEW MEXICO

MIDDLE RIO GRANDE CONSERVANCY DISTRICT

REPORT OF THE CHIEF ENGINEER

APPENDIX " A" 

WATER SUPPLY STUDIES

by

R. G. Hosea



SUMMARY

The net irrigable area of the project as it appears in the Official

Plan of the Conservanc_`• District, as approved by the Court August
13, 1928, is as follows: 

Cochiti Division 13, 000 Acres

Albuquerque Division 37, 205 Acres
Belen Division 57, 399 Acres

Socorro Division 15, 661 Acres

Total 123,265 Acres

Based on records of the Mesilla Talley ( a part of the U. S. Rio

Grande Project) the following assumptions are made: 

a) Total Annual Consumptive use of river water 3. 9 acre feet
per acre irrigated ( includes river losses) . 

b) Drainage return 2. 4 acre feet per acre. 

Except in Cochiti Division where drainage is not so nec- 

essary, and where the assumed return is less.) 

c) Delivery on lands 3. 0 acre feet per acre. 
d) River losses, considered in addition to above, both by evapo- 

ration from water surface and by seepage to lands not

included in District. 

Irrigation season demand on Rio Grande at Buckman is estimated

as follows: 

March 10,000 Acre Feet
April 83, 003 Acre Feet

May 911000 Acre Feet

June 93, 000 Acre Feet

July 98, 000 Acre Feet
August 70,000 Acre Feet
September 34,000 Acre Feet

Total 479,000 Acre Feet

October demand more than offset by return flow from drainage.) 

For the purposes of this study the Buckman record is modified for
Colorado irrigation conditions of 1927, as determined by Messrs. D. 

C. Henny, R. G. Hosea and A. W. Newcomer, engineers - for New

Mexico and Texas at the Rio Grande Compact Conference, Santa Fe, 

New L\ Iexico, January 21 to February 14, 1929. This study was made
under the direction of Mr. D. C. Henny, Consulting Engineer of Port- 
land, Oregon. 

Deficiencies of Buckman flow below project demands are made

up by release from El Vado storage usually in July, August and Sep- 
tember, as follows. 
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Release

Year from El Vado

1897 74,000 Acre Feet

1898 71, 000 Acre Feet

1899 176, 000 acre Feet

1900 112. 000 Acre Feet - Shortage

1901 82, 000 Acre Feet

1902 61, 000 Acre Feet - Shortage

1903 79, 000 Acre Feet

1904 305, 000 Acre Feet - Shortage

1905 120, 000 Acre Feet

1906 18, 000 Acre Feet

1907 0

1908 83,000 Acre Feet
1909 33, 000 Acre Feet

1910 159, 000 Acre Feet

1911 25, 000 Acre Feet

1912 57, 000 Acre Feet
1913 135, 000 Acre Feet
1914 0

1915 44,000 Acre Feet

1916 23, 000 Acre Feet

1917 59,000 Acre Feet
1918 113,000 Acre Feet
1919 2,000 Acre Feet
1920 24,000 Acre Feet

1921 27,000 Acre Feet
1922 107,000 Acre Feet
1923 48,000 Acre Feet
1924 98,000 Acre Feet
1925 102,000 Acre Feet
1926 114,000 Acre Feet
1927 17,000 Acre Feet

58,000= 12 ic of demand

172, 000= 361Ic of demand

186, 000= 3917c of demand

No depletion of the river is indicated by reason of middle valley
project operations, even during a very dry series of years, such as

that of 1898- 1904. In years of full water supply for the middle valley
a gain of about 57,000 acre feet to the river is estimated. 

The inclusion of 10, 000 acres of Rio Puerco valley land has the

effect of increasing the E1 Vado shortages by about 5 per cent, but

does not introduce additional shortages in other years and does not de- 

plete the river at San Marcial below the amount which has been re- 
corded. 

The Rio Grande Compact between the States of Colorado, New

Mexico and Texas, recently signed at Santa Fe, New Mexico, while

temporary in its nature, may be of decided benefit to the middle valley
particularly if the " Closed Basin Drain" and the " State Line Reser- 

voir", therein contemplated, should be constructed. 



WATER SUPPLY AND FUTURE OPERATING

CONDITIONS OF MIDDLE RIO GRANDE

CONSERVANCY DISTRICT

Foreword. 

On April 16, 1926, the diddle Rio Grande Conservancy District
entered into a contract with the United States Bureau of Reclamation, 

pursuant to which contract the Bureau carried on certain " studies of

water supply, silt deposit and other problems affecting the Rio

Grande." 

On December 15, 1927, a report to the Chief Engineer of the Bu- 

reau was made by Engineers E. B. Debler and C. C. Elder under the
title " Preliminary Report on l\-liddle Rio Grande Valley Investiga- 
tion— New Mexico". This report, hereinafter referred to as the Deb - 

ler -Elder report, was filed with the District Court as Exhibit R- 4 of

the Official Plan of the - 1\, Iiddle Rio Grande Conservancy District. 

The Debler- Elder report, inter alia, considers the questions of

water supply of the Conservancy District project and the effect of the
future operations of the project upon the water supply of the Elephant
Butte Reservoir. The latter consideration is naturally paramount with
the Reclamation Bureau and with the District as well, since no material

depletion of water supply of the Elephant Butte Reservoir could be al- 
lowed. 

Since the Debler- Elder report was made, more data have. become

available with respect to: 

1) Consumptive use and drainage return in the Mesilla Valley. 
2) River . depletions in Colorado. 

3) Area of Aliddle Rio Grande project, as determined by the
Official Plan of the District, approved by the Court in

August, 1928. 

In order to make use of this additional information and to bring
estimates of water supply, canal diversions, drainage return, reservoir

operation and river depletions up to date, the following study and re- 
port is herewith submitted. 

This study considers the subject from two different points of

view: 

1) That of the water requirements of the project in connection

with river flow at Buckman and storage at E1 Vado. 

2) That of the future effect of the middle valley project upon
the river flow at San Marcial, and the water supply for
the Elephant Butte Reservoir. 
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PART I

WATER REQUIREMENTS

Areas. 

The Official Plan of the Middle Rio Grande Conservancy Dis- 
trict, as approved by the Court August 15, 1928, contemplates the irri- 

gation and drainage of 123, 267 acres distributed among the four di- 
visions as follows: 

Cochiti Division 13, 000 Acres

Albuquerque Division 37, 205 Acres

Belen Division 57, 399 Acres

Socorro Division 15, 663 Acres

Total 123, 267 Acres

The decision of the court fixing the southern limit of the District

irrigation and drainage works at the north line of the Bosclue del

Apache Grant ( except for an outlet drain extending a few miles south
of this point) excludes areas south of this line. A few other areas

are also excluded where the cost of irrigation and drainage would be
prohibitive. The following tabulation lists the valley areas included
in the District, as determined by District surveys arM computations

made in 1926, 1927 and 1928. 

Table 23

Classification of areas included in District

Data from Appraisal Dept, as of date Dec. 28, 1928) 

The distribution and classification of Indian lands (* as shown in

Table 23) is approximate only, but the total figure of 22, 734 acres is
considered to be correct. No data on other classification of Indian

lands are available. 

V. 

et

Division Total
Classification

Cochiti Albuq. ; Belen Socorro
Acres

Orchard, garden, alfalfa and grain 969 13, 410 16309
319 4474

583 7, 281

38,991
Pasture and hay 8

977

2, 200

15, 610 24, 628 5, 057 46,272
Total Irrigated

Salt ISO 5, 462 16, 438 2. 230 24, 310
grass

Bosque 176 3, 239 4, 340 7, 274. 15, 029

Swamp and lake 5

1

772

2, 753

899

1, 853

873

44

2. 549

4, 651
Sand dunes

18 350 50 110 528
Gravel

Mesa and upland 41 1, 560 4, 631 47 6. 279

Platted rural homesites 14

435

736

14, 872

138

28, 349

26

10. 604

914

54, 260
Total Unirrigated

Indian Lands Cultivated 4,4=11 1, 9: 5 1. 274 0 7. 670

Not Cultivated 7, 147

11, 588

4. 769

6, 724

3, 148

4, 422

0

0

15, 064

2?; 734
Total Indian Lands
Total Net Irrigable Area 13, 000 ! 37. 205 57, 399 15, 661 123, 266

The distribution and classification of Indian lands (* as shown in

Table 23) is approximate only, but the total figure of 22, 734 acres is
considered to be correct. No data on other classification of Indian

lands are available. 

V. 

et
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The areas shown are net areas and do not include rights-of- way
for ditches, drains, roads, etc. 

Table 24

Classification of all Valley Areas

Classification
Division

Cochiti I Albuq. I Belen

Net Irrigable Area 13, 000 37,205 57, 399
1) River channel— Cochiti to

114

21001 x21115

San Marcia] 4, 250 6,000 8, 700
Bosquecito Area ( excluded) 

Irrigated
Salt grass and bosque i

Pueblito Area ( excluded) : 

Salt grass and bosque
Bosque del Apache Grant, Val

Verde and San Marcial Areas
excluded) 

Irrigated
Non -irrigated

Area in cities and towns 0 2.850 240
2) Rights- of- way, ditches, flood
channel, etc. 1 1, 000 3, 656 5, 380

3) Areas between present high

line ditches and hills 4, 000 12,000 18, 300

Total Valles- 

Total

Socorro I Acres

15. 661 1239266

79850 26,800

114

21001 x21115

756 756

1, 095

13, 385 14, 480 1 = f ` ` 

160 3, 250 o. l

4, 512 1-52048 1 t

5,033285• 
2109000" 

Dotes: ( 1) " River channel" distributed by districts in proportion to length of river chan- 
nel in each district. Assume 75% of channel in Socorro Division to be in- 
cluded in District ( 5, 888 acres). _ a

2) Distribution by districts approximate only— total correct. _ -
U

3) Distribution by districts approximate only— total correct. 

From the foregoing tabulation it is apparent that the project de- 
mand on the river at Buckman must include water for 1, 200 acres of
irrigated land, not included in the District; for losses from 24, 838+- k t. L( b.f
acres of river channel above the south line of the district; for losses

from 2, 737 acres of salt grass and bosque situated above the

south line of the District in excluded areas; and for losses from 15, 048

acres listed as rights- of- way. Losses from land above present ditches

assumed to be supplied from rainfall. 

In predicting the future effect of the project on the Elephant
Butte Reservoir, it is necessary to take account also of the 13, 385
acres of land, largely bosque and salt grass, lying between the north
line of the Bosque del Apache Grant and San Alarcial.) 

Comparison Middle Rio Grande Valley with Mesilla Valley. 

The middle Rio Grande valley is very similar to the Mesilla Val- 
le), in physical and climatic characteristics. The Mesilla Valley lies
along the Rio Grande about 100 miles south of the lower end of the
Middle Valley and forms part of the Federal Rezlamation Bureau' s
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Rio Grande Project. It is irrigated by means of water from the Ele- 
phant Butte Reservoir and is drained by means of a system of open
drainage ditches, similar to the system proposed for the Middle ` alley. 

Very complete records of drainage return flow are availab'_e and rec- 

ords of river flow at both ends of the Mesilla Valley have been kept
for many years. 

It is, therefore, possible to compute the consumptive use of water

in the Mesilla Valley and the amount of water returned to the river
through the drains, and it seems fair to assume that in the AZiddle Val- 

ley these items will be proportional, or at least similar. 

Table 25

Comparison of Mesilla and Middle Rio Grande Valleys

The following tabulation ( Table 26) summarizes the total annual

consumptive use of river water in the Mesilla Valley during the last
five years ( 1924- 1928) . 

Table 26

Annual Consumptive Use of River Water in Mesilla Val! ey
Data from U. S. Bureau of Reclamation) 

1924) 

Rio Grande at Leasburg ......................... 991, 935 A. F. 

Rio Grande at Courchesne ....................... 799, 070 A. F. 

Depletion 192, 855 A. F. 

Irrigated Area ................... 61, 966 A. 

Consumptive Use ................ 3. 1 Acre Feet per Acre. 

1925) 

Rio Grande at Leasburg .......................... 856, 218 A. F. 

Rio Grande at Courchesne .............. ....... 633, 622 A. F. 

Depletion 222, 596 A. F. 

Irrigated Area ................... 67, 356

Mesilla Valley
Middle Rio Grande

Valley

Total Valley Area
1

109, 000 Acres 210,OOO Acres1123, 600Irrigated Area ay. 1923- 1927g ( ) 66, 300 Acres Acres ( Proposed) 

Irrigated Area in per cent of

Total Valley Area 62.3 59% 

Mean Annual Temperature
600 560

Principal Crop Cotton Alfalfa(?) 

Rainfall 8" to 10" 8" to 10" 

The following tabulation ( Table 26) summarizes the total annual

consumptive use of river water in the Mesilla Valley during the last
five years ( 1924- 1928) . 

Table 26

Annual Consumptive Use of River Water in Mesilla Val! ey
Data from U. S. Bureau of Reclamation) 

1924) 

Rio Grande at Leasburg ......................... 991, 935 A. F. 

Rio Grande at Courchesne ....................... 799, 070 A. F. 

Depletion 192, 855 A. F. 

Irrigated Area ................... 61, 966 A. 

Consumptive Use ................ 3. 1 Acre Feet per Acre. 

1925) 

Rio Grande at Leasburg .......................... 856, 218 A. F. 

Rio Grande at Courchesne .............. ....... 633, 622 A. F. 

Depletion 222, 596 A. F. 

Irrigated Area ................... 67, 356 A. 

Consumptive Use ................ 3. 3 Acre Feet per Acre. 

1926) 

Rio Grande at Leasburg ......................... 820. 463 A. F. 

Rio Grande at Courchesne ...................... 556,836 A. F. 

Depletion 263, 627 A. F. 

Irrigated Area ................... 76, 222 A. 

Consumptive Use ................. 3. 4 Acre Feet per Acre. 
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Table 26 ( continued) 

1927) 

Rio Grande at Leasburg ......................... 873, 522 A. F. 

Rio Grande at Courchesne ....................... 619, 566 A. F. 

Depletion 253, 956 A. F. 

Irrigated Area ................... 73, 314 A. 

Consumptive Use ................. 3. 5 Acre Feet per Acre. 

1928) 

Rio Grande at Leasburg ......................... 912, 132 A. F. 

Rio Grande at Courchesne ....................... 623, 637 A. F. 

Depletion 288, 495 A. F. 
Irrigated Area ................... 76, 057 A. 

Consumptive Use ................ 3. 8 Acre Feet per Acre. 

203

Average consumptive use of river water per acre irrigated during period 1924- 1928
3. 42 acre feet per acre. ( Note that this figure includes all river losses.) 

It is believed that with modification to allow for one dissimilar con- 
dition, this figure is also applicable to the middle Rio Grande valley. 

The dissimilar condition is the dif f erence in the kind of crop and its pos- 
sible greater use of water. In the Mesilla Valley the principal crop is
cotton, while in the Middle Valley it is doubtful if much cotton will be
raised, except perhaps in the southern part. Alfalfa and grains, which

will probably be the preponderant crops of the Middle Valley, require

more water than cotton. The figure of 3. 42 acre feet per acre consump- 
tive use for the Mesilla Valley has, therefore, been increased 15 per cent, 

making 3. 9 acre feet per acre per annum as the estimated future con- 

sumptive use of river water in the middle Rio Grande valley. With an

irrigated area of 123,265 acres, the river depletion should amount to

480, 740 A.F. per year. ( Compare with 478,296 as shown in Table 40.) 

The monthly distribution of the irrigation demand is also based on
the use of water in the Mesilla Valley, modified to take account of the

somewhat shorter season in the Middle Valley. Th- s distribution is the

same as that assumed in the Debler- Elder report and is as follows: 

January 0 March 3% July 19% 

February 0 April 17% August 14% 

November 0 May 19% September 817c

December 0 June 19% October 1 % 

Other Estimates of Consumptive Use and Losses. 

In connection with the assumed figures for consumptive use it may
be noted that in the Conkling- Debler report of 1919, In discussing use of
water and losses on the Rio Grande Project, the following assumptions
were made: 

Plant Consumption ................ 1. 0 Acre Foot per Acre

Evaporation incidental to irrigation. 1. 5 Acre Feet per Acre
Evaporation from uncultivated areas 0. 35 Acre Feet per Acre

Consumptive use ................... 2. 85 Acre Feet per Acre
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The figure for evaporation from uncultivated areas Nvas based on
the following assumptions: 

Uncultivated Areas............ 10" Ic of total

Waste Areas .................. 6'! c of total

Fater Table ................... 6 ft. below surface

Evap. from water table 25% of evap. from free water surface. 

Evap. from free water surface 7 ft. per year. 

Annual evap. from uncultivated and waste areas 1. 75 ft. per yr. 

Same prorated on acreage basis - 0. 35 acre feet per acre. 

Return flow through drains was estimated at 1. 5 acre feet per acre. 
Recent records indicate about 2.4 acre feet per acre drainage return

from the Mesilla Valley. 

Headgate diversion was assumed to equal the consumptive use, 

2. 85 plus the drainage return, 1. 5, or 4. 35 acre feet per acre. 

Transmission loss in the Franklin Canal and Laterals for the year
1918 was f ound to be 27 per cent of the diversion. 

Loss from evaporation in the river was assumed to be 66.000 acre
feet for the period February -?November from a channel of 10, 000 acres. 

Seepage loss from the river was assumed to be entirely recovered by the
drains. 

In the Debler- Walker report of 1924 and in the Hedke report of

1924, net consumptive use of water was estimated at 2. 5 acre feet per
acre per year for lands under the Rio Grande Project above El Paso, 
Texas. 

Table 27

Mesilla Valley Drainage Discharge in Acre Feet
Data from U. S. Rio Grande Project Office, E1 Paso, Texas) 

Month 1923 I 1924 1923 1926 ( 1927 Average : coo of total

January  11, 565 9, 174 10, 249 9, 995 9, 941  10, 185 5. 4

February
March

11, 335

14, 414

9, 324

121551

10, 146

15, 123 I
9, 080 ! 

13, 3041
9, 436

14, 148 ; 

9, 864

13, 829

5. 2
7. 3

April 16, 239 ; 14, 412 181993 14, 262 i 17, 613 i
161304 8. 6

Alai 18,803 ! 18, 994 21, 196 1 19, 001 20, 309 19, 661 j 10. 4

June 19, 357 18, 815 22; 260 19, 836 ` 20, 230 20,099 10. 6

JUIN 19, 509 19, 306. 23, 9991 22,
9301,, 

22, 037, 21, 556

20, 265 ! 

11. 4

10. 8
August 20, 218 207359 121, 316 19, 656 1 19, 776

September 15, 614, 19, 471 19, 999 19, 207 20, 028 18, 864 i 9. 9

October 14, 467 16, 264 14, 72201 14, 321 15. 034 14, 961 79

November 121002 1217501 12, 231 12, 708 13. 238 j 12, 586 6. 6

December 11, 707 11, 847 10, 805 I 11, 183 i 10, 655 j 11, 239 5. 9

Total 185, 230 i 182, 871 201, 037 ! 185, 174 192, 446 ! 189, 413 100. 0

Acres irrigated

Second ft, per mile

of drain

51, 801 61, 966 67, 356 76, 222 73, 314 66, 330

1. 55 1. 40 1. 56 1. 44 1. 30 1. 45
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Miles of drain Jan. 1. 1923- 153. 8, Jan. 1, 1928- 201. 4. 

Total Valley Area—hlesilla Valley 109, 000 acres. 

Total Irrigable Area— Mesilla '' alley 78,000 acres. 

Based on total valley area, drain return= ay. 1. 75 Acre Feet per Acre. 
Based on irrigable area, drain return— 
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Cochin Division

Albuquerque Division

Belen Division

Socorro Division

Below District and above

San Marcial

Total

4250 A. @ 3. 9 equal 16, 575 A.F. 

6000 A. @, 3. 9 equal 23, 400 A. F. 

8700 A. @ 3. 9 equal 33, 930 A. F. 

5888 A. @ 3. 9 equal 22. 963 A. F. 

1962 A. C 3. 9 equal 7, 652 A.F

26,800 A. 

Losses from Salt Grass and Bosque Areas. 

104, 520 A. F. 

The evaporation losses f rom bosque and salt grass areas, as deter- 

mined by the Los Griegos evaporation experiments, were as follows: 

Bosque, water table 2'- 4' below surface - 3. 6

Salt grass, water table F- 2' below surface - 3. 5

Assuming the 2, 757 acres excluded from the District above the

Bosque del Apache Grant to be 50 per cent bosque and 50 per cent salt
grass, with an average evaporation rate of 3. 6 feet, ( of which 0. 7" is

supplied by rainfall) gives a water loss of 5,000 acre feet, all of which

occurs in the Socorro Division. 

Losses from Rights -of -Way, Towns, Etc. 

Losses from rights- of-way, towns, roads, flood channels, etc., have

been estimated at 3 acre feet per acre and are approximately distributed
by divisions as follows: 

Cochiti 1, 000 A. @ 3. 0 equal 3,000 A.F. 
Albuquerque 6, 506 A. @ 3.0 equal 19, 518 A.F. 
Belen 5, 620 A. @ 3. 0 equal 16, 860 A.F. 
Socorro 4, 672 A. @ 3. 0 equal 14, 016 A.F. 

Total 17, 798 A. 53, 394 A.F. 

Consumptive Use. 

The following tabulation shows the estimated future consumptive

use of river water in the middle Rio Grande valley ( rainfall deducted) : 
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Table 30

Estimated Consumptive Use of River Water ( Annual) 

Acre Feet Per Year

Division Total

Classification - 

Cochiti I Albuq. Belen Socorro Acres - 

Conservancv District Lands
123, 267 acres C 3. 0 39, 000 111415 1172, 197 46, 989 369, 801

Other Irrigated Lands ' 
1, 200 acres a 3. 0 .... 3, 600 3. 600

River Channel Evaporation Losses

24, 838 acres C 3. 9 1 16, 575 j 23, 400 33, 930 22, 963 969868
Excluded areas

2,757 acres ( t 2. 9 .... .... ! 8, 000 8, 000
Rights - of -` Vag-, Etc. 

17, 798 acres a 3. 0 3, 000 19,518 16, 860 14, 016 53, 394

Total Project 58, 575 154, 5331 222, 987 95, 568 531, 663

Excluded Areas between project and

San Marcial, 13, 385 acres a 2. 9 .... 

River Channel between project and

San Marcial, 1, 963 acres C 3. 9 I

EI Vado Reservoir Evaporation

Total Vallev

Less Drainage Return ( Socorro Div. 

entire year, Cochiti, Albuquerque

and Belen Division Nov. -Feb. 

See Table 7 ) 

Net Annual Consumptive Use, 

Entire Valley

38,817

7, 656

9. 000

587, 136

94. 849

1492.287

Compare with Debler-Elder figure of 544, 000 - See DEbler Elder report page 1C8, par. 3) 
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Future valley losses determined by a somewhat different method are
shown in Table 31. 

Table 31

Estimated Future Losses Middle Rio Grande Valley
Loss

Class if ication I Av. Depth Area Loss I Acre Feet

j Water Table Acres Feet I Per Year

Irrigated Area i 6' 

0'- 2' 

123, 600

18, 920

3. 0
3. 8

1 370, 800

71, 900
River banks and bars

0 10, 000 4. 6 46, 000
River open water

Unbenefited Area
Pueblito, Bosquecito, Val

Verde and San Marcial) 

Irrigated 2'- 4' 2,200 3. 0 I 6,600

Unirrigated

Bosque 2'-' 5, 600 3. 6 20, 100

Salt Grass F- 2' i 1, 500 3. 5

7 0

5, 250
500

Swamp
Sand Iunes

0

0

70

200 1. 0 200

Other areas i Variable 43, 910 3. 0 131, 730

Total Valley 206 000i , 653,080

Deduct rainfall of 0. 71' over 206,000 A.-
146, 000

507, 080

Including sand bars, mesa or uplknd, fallow, unirrigated homesites, road and ditch rights- 

of- way, areas above ditches and below foot of mesa slopes, etc. 

Project Demand on River. 

Assume application of 3 acre feet per acre on the lands for the
irrigated areas and a transmission loss of 33 1/ 3 per cent. This gives a

headgate diversion of 4. 5 acre feet per acre for 123, 267 acres= 554, 700

acre feet. 

The transmission loss of 1. 5 acre feet per acre, or 184,900 acre

feet will be partly lost by evaporation from rights -of -way, etc., and will

be partly recovered through the drains.) 

Assuming the headgate diversion for other irrigated lands not in

the District to be 4. 5 acre feet per acre gives 5, 400 acre feet which must

be carried in the river to supply such lands. 

Channel and other losses shown in Table 30 are assumed to occur
in the same monthly distribution as the evaporation rates found at the

Los Griegos Station, viz.: 

Jan. 1. 8% Mar. 7. 85c May 12. 8% July 13. 2 c
Sept. 

t. 6: 6% Dec. 2.0% 
Feb. 4. 1 o Apr. 9. 8% June 13. 7% Aug

Debler- Elder report Table 32, P. 89) 

From Table 30 and the above data, Table 32 is derived as follows: 



APPENDIX A 209

Table 32

Irrigation Season Demand on River

March - October) 

Acre Feet

Diversions for District lands ................ 554, 700 Acre Feet

Diversions for lands not in District.......... 5, 400 Acre Feet

River channel losses ........................ 84, 760 Acre Feet

Losses in excluded areas .................... 7, 000 Acre Feet

T nr,ses in flood channel and other
rights -of -way ........................... 

46, 720

698, 580

Redivertible Drainage ...................... 191, 730

77% of total annual drainage return from
Cochiti, Albuquerque and Belen Divisions) 

Net Demand ................................ 506, 850 Acre Feet

Assuming a gain to the river between Buckman and the Middle

Valley of 36, 500 acre feet per year ( see next paragraph) , or 31, 750 acre

feet during the irrigation season, reduces the project demand on the

river at Buckman to 475, 100 acre feet. 

Compare with Debler- Elder figure of 578, 000 acre f eet ( See Deb - 

ler -Elder report Table 18, p. 44, also this report Table 39.) 

Return Flow Buckman to Bernalillo. 

A number of measurements have indicated a considerable gain to
the river between Buckman and Bernalillo, but the numerical amount

of this gain has not been definitely determined, nor has it been f ully

identified as surface or sub -surf ace inflow: It seems likely that much of

it may be surface drainage from the Pajarito Plateau to the west of

White Rock Canyon. 

For the purposes of this study an annual inflow of 36, 500 acre feet
the equivalent of an average inflow of 50 second feet) is assumed

to accrue to the Rio Grande between Buckman and the Middle Valley, 
distributed monthly in proportion to the monthly distribution of river

flow at Buchman, as follows: 
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Table 33

Estimated Gain in Rio Grande between Buckman and Middle Valley

The following tabulations summarize future diversions, losses, 

drainage returns and river depletions by divisions. 

0

Per Cent

Month of Total Acre Feet

January
3

3

1, 095

1, 095
February

6 2, 190
March

13 4, 74
April

28 10, 220
May

20 1, 300
June 2, 555
July

4 1, 460
August

4 1, 460
September

5 19825
October

4 1, 460
November

1, 095
December

36, 500
Total

The following tabulations summarize future diversions, losses, 

drainage returns and river depletions by divisions. 

0
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Table 35

Diversions, River Loss, Drainage Return and River Depletion

Albuquerque Division

Irrigable Area 37, 205 acres. 

Delivery on lands 3.0 A.F. per A. equals 111, 615 A.F. 

Headgate diversion 4. 5 A.F. 
Per

A. 
equals16789,292189,292 A.F. 

Drainage return 2.4 A.F. p A. equals

Net Consumptive use 3. 0 A.F. per A. equals 1119615 A.F. 
42, 918 A.F. 

River channel and other losses

River
River

Diversions Draina e I Depletion

Month Diversions
Channel

plus Return at head
and Other Losses

Losses
Belen Div. I Remarks

Table 36

Diversions, River Loss, Drainage Return and River Depletion

Belen Division

Irrigable Area 57, 399 acres. 
Delivery on lands 3. A. F. per A. equals 172, 197 A. F. 

Headgate diversion 4. 5 A. F. per A. equals 258, 295 A. F. 
0

Drainage return 2. 4 A. F. per A. equals 137, 758 A. F. 

Net consumptive use 3. 0 A. F. per A. equals 150, 790 A. F. 
River channel and other losses

Loss
Loss

Loss

Loss

Loss

Loss

Loss

Gain

Gain

A.F. S. F. A.F. S. F. A.F.  S. F. A. F. S. F. A.F. S. F. 

March 5022

28458  

84

474

3346

4210

56

701

8368

32668 I
140

544

6251

8037

1004

134
21171

24631 ' 

351I
410

April

May i 318061318 530 55001 92 37306 622 ; 8930

9823

149

164

29376, 

27883 ; 

473

465

June 31806 ' 

31806 1530
530 5900

5960
981
991

37706

37766

628

629 ! 9823 : 
27943

11711
i

48889

July
August 23436 390

223
56701
4120 i

9 

691
29106
17512

485

292

9

8930 , 

164

149

9283
85821

321

143
September 13392

1696 28 2875 48 471 76 7144 115
2573

15194

56037

56139

October. 

Nov. -Feb. i 0 0 5337 22 5337 22 20531 8

112

63

Total 167422

253

229

42918i
1 210340 , 

20664

89292 I 121048

255411
5982

426. 1100

13780

11024 18442 84 Gain

October 2578

0

43

0 ; 
i

63391 26 6339 ; 26 316521 3 L5 13 06 Gain

Nov. - Feb. 

Table 36

Diversions, River Loss, Drainage Return and River Depletion

Belen Division

Irrigable Area 57, 399 acres. 
Delivery on lands 3. A. F. per A. equals 172, 197 A. F. 

Headgate diversion 4. 5 A. F. per A. equals 258, 295 A. F. 
0

Drainage return 2. 4 A. F. per A. equals 137, 758 A. F. 

Net consumptive use 3. 0 A. F. per A. equals 150, 790 A. F. 
River channel and other losses

Loss
Loss

Loss

Loss

Loss

Loss

Loss

Gain

Gain

Cannel
iver

I Diversions 1. 

Drainage

River

Depletion

Month Diversions and Other I
Plus

Losses
Return at head

Socorro Div., Remarks
Losses

A.F. S. F. A.F. I S. F.' A.F. S. F. A.F. ; S.

F3962March 7749

TS. F. A.F. 

66 11711
i

48889

195

815

9646

12402 I

160

207

206 35

36487 608

Loss

Loss

April

aMy

43911

49077

732

818

4978

6502' 

83

108 555)79I 926 13780, 229 41799 697

681

Loss

Loss

June 49077 818 6960 ' 116

118

56037

56139

934

936

15158

15158

253

253

40879

40981 683 Loss

July
August

49077

36162

818' 
603 ' 

70621

6706 112 42868. 715. 15158 i 253

229

27710, 462

11761 i 196

Loss

Loss

September 20664 345 1 48771
3404

81

57
255411
5982

426. 1100

13780

11024 18442 84 Gain

October 2578

0

43

0 ; 
i

63391 26 6339 ; 26 316521 3 L5 13 06 Gain

Nov. - Feb. 
7--

F 171327' 

Total 258295 50790! 13090851 137758; 
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Table 37

Diversions, River Loss, Drainage Return and River Depletion

Socorro Division

Irrigable Area 15, 663 acres. 

Delivery on lands 3. 0 A.F. per A. equals 46, 589 A. F. 

Headgate diversion 4. 5 A. F. per A. equals 70,484 A.F. 
Drainage return 2. 4 A. F. per A. equals 37, 590. A. F. 

Net consumptive use 3. 0 A.F. per A. equals 46, 989 A. F. 

River channel and other losses 50,379 A.F. 

Nov. - Dec. ! — 741411- 31 11

Total 19675

River RiverRiver Demand

River
Diversions

in

River

Cochiti

Month Diversions
i Channel

plus
Drainage Depletion

J une 4088 68

July 8950 149

and Other
Losses

Return in Soco o

October

I

5042

Losses i

106

Division Remarks

A.F. S. F. A.F. S. F. A.F. S. F. A.F.  S. F. A.F. S. F. 
March 2100 35 3930' 65 6030 100 2112' 44 3398 56 Loss

April 11985 200 4937 82 16922 282 3384 56 13538 226 Loss

May 13395 223 6448 107 19843 331 3760 63 16083 268 Loss

June 133951 223 6902 115 20297 338 4136 69 16161 269 Loss

July 13395i 2231 7003 117 20398 340 41361 69 16262 271 Loss

August I 98701 164 6650 111 16520 275 4136
I

69 123841 206 i Loss

September 5640 ' 94 4836; 80 10476 175 3760 63 6716  112' Loss

October 704 121 3375 ' 56 4079 68 30081 50 1071 18 Loss

Nov. -Feb. 0 0 6298 26 6298 26 86381 36, 2340 101 Gain

Total 704841 I 50379 I 1208631 37590 83273

Table 38

Annual Project Demand on River at Buckman

From Tables 34, 35, 36, 37) 

Nov. - Dec. ! — 741411- 31 11

Total 19675

River RiverRiver Demand
Depletion Depletion Depletion

in
on

Cochiti
Month Div. 

A.F. S. F. 
March

April
441 7

5147 ' 86

May 1211 20' 

J une 4088 68

July 8950 149

August 1 6905 115
September 2909 48 i

October 1680 , — 28
Nov. -Dec. ! — 741411- 31 11

Total 19675

River River
Diversions

Demand

35

Depletion Depletion
plus

Losses
on

3. 6487

in in

473

River

697

Albuq. I Belen
in

Socorro
at

4661

Div. I Div. 
Div. 

Buckman Remarks

A.F. 

2117

24631

28376

27883

27943

19283

8582

2573

15194

1210481

S. F. A. F. S. F. 
35 2065 35

410 3. 6487 608
473 41799 697

465 40879 681
4661 40981 683

321 27710 462

143 11761 196

43 ! 5042 4

3 253131 106

171327; 

A.F. i S. F. A.F. i S. F. 

6030I 100 9771 163 Loss

169221 82 83187 j 1386 Loss

198431 331 91229 1520 Loss

20297 338 931471 1552 Loss

203981 340 9827211638 Loss
16520 275 70418 1 1173 Loss

10476 ' 175
3372811

562 Loss

40791 68 5216 1- 87 Gain

6298 26 41623 — 1741 Gain

1208631 1 432913
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Table 39

Irrigation Season Demand at Buckman

479, 752- 5, 216 gain in Oct. = 474, 536, Compare Table 32 this report) 

Table 40

River Depletion Buckman to San Marcial

Depletion Depletion
River

Net

Month
Depletion Depletion Depletion

Socorro below So- Gain
River

Cochiti D. Albuq. D. Belen Div. Div. corro Div. Depletion

March I - 441 I
54

2, 117 2, 065 3, 398 3, 625
4' 74 89,

190 902
1 36, 487 13, 58 4, 554 , 

April 5, 147 24, 631

May 1 211 28, 376 41, 799 16, 083 5, 948 I 10, 220 103, 637

June 4, 088 27, 883 40, 879 16, 161 6, 366 7, 300 102, 677

July 8. 950 27, 943 40, 981 16, 262 6, 459 2, 555 103, 150

6, 905 19, 28Aug. 
3 I 27, 710 121384 I 6, 134 1, 460 73, 876

Sept. 2, 909 8, 582 11. 761 6, 716 4, 461 1, 460 35, 889
25 - 3, 286

Oct. - 1, 680 - 2, 573 I - 5, 042 1, 071 3, 113 4, 745 - 39, 703

Nov. - Feb. - 7, 414 - 15, 194 I - 25, 313 - 2, 340 5, 813

Total 19, 675 I 121, 048 I 171, 327 I 83, 273 1 46, 473 36, 500 478, 296

Add 9, 0() 0 acre feet estimated annual
f

waap° 

er totthe

rtion verss
from El Vado

compared

withDeser- 
eb- 

ler- Elder
gives 487, 296 acre feet annual loss o

ler- Elder figure of 544, 000 acre feet ( see Debler- Elder Report p. 108, par. 3). 

Note discrepancy of 5, 000 acre feet between the total annual depletion of
487, 296 acre feet, as shown in Table 40, and 492, 287 acre feet, as shown in Table

30, due to excess of drainage over demands In October.) 

This Report
Deb'.er- Elder Report Table 18, p. 44

Month of Total Acre Feet Month `% of Total Acre Feet

9,771
83187 April

3

17

17, 000

97, 000March 2

IApril

May

17

19 91, 229 May 19

19 j
109, 000

110, 000

June 19

20

93, 147

98,272

Julie

July 19 110, 000

July
August 14 70,418 August  14

8 I
82. 000

47 000
September 7 33, 72$ September ! 

i October 1 6,000
October 2

Total 100 I 479, 752 1
100 I 578, 000

479, 752- 5, 216 gain in Oct. = 474, 536, Compare Table 32 this report) 

Table 40

River Depletion Buckman to San Marcial

Depletion Depletion
River

Net

Month
Depletion Depletion Depletion

Socorro below So- Gain
River

Cochiti D. Albuq. D. Belen Div. Div. corro Div. Depletion

March I - 441 I
54

2, 117 2, 065 3, 398 3, 625
4' 74 89,

190 902
1 36, 487 13, 58 4, 554 , 

April 5, 147 24, 631

May 1 211 28, 376 41, 799 16, 083 5, 948 I 10, 220 103, 637

June 4, 088 27, 883 40, 879 16, 161 6, 366 7, 300 102, 677

July 8. 950 27, 943 40, 981 16, 262 6, 459 2, 555 103, 150

6, 905 19, 28Aug. 
3 I 27, 710 121384 I 6, 134 1, 460 73, 876

Sept. 2, 909 8, 582 11. 761 6, 716 4, 461 1, 460 35, 889
25 - 3, 286

Oct. - 1, 680 - 2, 573 I - 5, 042 1, 071 3, 113 4, 745 - 39, 703

Nov. - Feb. - 7, 414 - 15, 194 I - 25, 313 - 2, 340 5, 813

Total 19, 675 I 121, 048 I 171, 327 I 83, 273 1 46, 473 36, 500 478, 296

Add 9, 0() 0 acre feet estimated annual
f

waap° 

er totthe

rtion verss
from El Vado

compared

withDeser- 
eb- 

ler- Elder
gives 487, 296 acre feet annual loss o

ler- Elder figure of 544, 000 acre feet ( see Debler- Elder Report p. 108, par. 3). 

Note discrepancy of 5, 000 acre feet between the total annual depletion of
487, 296 acre feet, as shown in Table 40, and 492, 287 acre feet, as shown in Table

30, due to excess of drainage over demands In October.) 



PART II

WATER SUPPLY
Records. 

A stream gaging station has been maintained at Buckman, on the

Rio Grande, a few miles above the northern end of the middle Rio

Grande valley since 1895. This station, for all practical purposes, 

measures the flow of the Rio Grande into the middle valley. The record

covers the period 1895- 1927, with the exception of a few breaks which

have been filled in by comparison with records at Embudo and San

Marcial. 

The average flow at Buckman for the 33 years of record ( including
extensions) is 1, 428, 000 acre feet, with variations from a minimum of

425, 000 acre feet in 1902, to a maximum of 2, 359, 000 acre feet in 1920. 

The seasonal distribution of the average flow is as follows: 

Table 41

Monthly Distribution of Flow of Rio Grande at Buckman

Month Per Cent Acre Feet I Av. Second Feet

January 3 42, 800 713

February 3 42, 800 713

March 6 85, 600 1, 427

April 13 185, 600 3, 093

May 28 400, 000 6, 667

June j 20 285, 600 4, 760

July 7 100, 000 1, 667

August 4 57, 100 I 952

September 4 57, 100 ; 952

October 5 71, 400 19190

November 4 57, 200 952

December 3 42, 800 713 - 

Total 100 ! 1, 428, 000

This distribution of flow immediately suggests the necessity of

storage for the purpose of regulation, and the large variations in annual

flow indicate the necessity for hold -over storage as well. 

The following table summarizes the flow of the Rio Grande at

Buckman by months. 
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Table 42

Run- off of Rio Grande at Buckman, New Mexico

Unit 1000 A. F.) 

Year Jan., Feb. Mar. Apr. i Nlay June 1, July Aug. Sept. Oct. Nov, Dec. j 1 otal

1895 i34

37

33

35

84

81

338; 

207

284

166

276, 

32

109

25

91

15

43

18

42

29

50

30
441
00

1428

705
1896

1897 29 30 61 303' 702' 366 97 27 41 136 72 32 1896

1898 22 25 33

81

266! 

1761
200' 

118, 

224

24

162

37

39

22

19

53; 

22

27

36

45

39

38

1087

683
1899

19V0

26

37

36 

32 53 52' 212; 173 18 10 43

35

24

30

25

28

29

29

708

I 858
1901 24

30

37 , 

271

46

34

83

98

319

74

131

28

45

17

51 : 

34 29 17 18 19i 425
1902

1903 23 25 75 172 407 709 j 137 27 22 22 25 24 1668

1904 21

44

24, 

52

21

138j
1 27

219

24

785

17

573
15

54

92

39

148

23

253

26

49

38

35

38

726

2049
1905

1906 35

51' 

34I

491
49' 

96! 

1611

334

539

531

476. 

754

167

610

66

197

58

137, 

112

74

69

45

50 

41' 

1816

2919
1907

1908 41 41 85 145 167, 128 48 78 47 44, 34 33 891

1909 37 38 65! 207 557 492 95 90

22

203

17; 

81, 

11! 

29

34

36

32

1930

1256
1910

1911

37

48

31

42
2001

92

305' 

150

426

408

130

340

11

350 70 64
3361 132 78 2110

1912 49 43, 95 139 701 5601' 96 53 38, 38 38 33 1883

1913 34 36

43

49

90

146

170

180

373

112: 

259

38

140

17

117: 

26

83

50

87

49

56

35

36

772

1495
1914

1915

41

34 t38 t67 250 x-460 475 92 71 ; 43 40 36 39 I 1645

1916 44 ; 50 194 I 266, 551 325 99 132. 51 i x- 154 , 95 56 2017

1917 421
33

42

33

65

68

163

71 j
312

185

455. 

136

196

66

38

26
281
i43

25
t32 j

37

37 35i45, 

1438

775
1918

1919
j

36 ; 34 86 315 570 201 138 89 36 ! 53 54 541 1666

1920 49 78 86 142 860, 705 184 60 37 47 63 481 2359

1921 45{ 47 102 72 259 672 108 192 95 471 50 54 1743

1922

1923

54; 

44' 

50

47

76

57
107

95

401

397

369

261

82

58

21

82

14

118

16

138

35

98

42; 

70

1267

1465

1924 45 61 61 368 684 204 55 31 24 ; 29 42 49 I 1653

1925 491 52 86 160 114 481 58 60 43 641 60 52 846

1926

1927
j 50 ' 

I 35

46

40

t76

67

t175

177

446

436

335

224 I
49

186

20 ! 

53
23

157 I
25

131

34

72 ; 

38 1317

53 I 1630

33 yr. ay. 1429

Modification of Buckman Record to Take Account of Increasing Use
of Water by Colorado. 

During the period covered by the Buckman record ( 1895- 1927) 

Colorado has continuously and progressively depleted the flow of the

Rio Grande across the Colorado - New Mexico interstate line by reason
of increasing diversion and storage of water in Colorado. This fact

is of importance in any studies of water supply for projects in New

1\,Iexico, for the reason that under present conditions of development in
Colorado the river flow would have been less than the records indicate. 

The numerical amounts of these depletions are difficult of ascer- 
tainment and are somewhat dependent upon the judgment of the indi- 

From Embudo record by means of relation graphs, Plates L. M. N. & P. 

Rio Grande at Embudo plus Chama at Chamita ( mouth). 

Unmarked quantities from U. S. G. S. water supply paper No. 358 and from compila- 
tion by State Engineer. 

r
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vidual. A number of determinations have been made by various engi- 
neers at different times. The most recent and perhaps the most

thorough determination of Colorado depletions was made by Messrs. D. 

C. Henn_-. R. G. Hosea and A. W. ?\ ewcomer, engineers for New Mex- 

ico and Texas at the Rio Grande Compact Conference in Santa Fe, 

New Mexico, in February, 1929. This stud\- was made under the

direction of Consulting Engineer, D. C. Henny. 

For the purposes of this study the flow of the Rio Grande at

Del Forte plus the flow of the Rio Conejos at Alogote was considered
as " inflow" to the San Luis Valley in Colorado. The record of flow at

the " Lobatos" or " Interstate Line" station was considered as outflow. 

Inflow was plotted against outflow, by months, for three periods viz. 

1900- 1910, 1911- 1920, and 1921- 1928. While the points so plotted

scattered somewhat they, nevertheless, define three curves which were

adjusted so that the deviations of the points from the curves balanced. 

These three curves indicate a progressive change of relationship be- 
tween inflow and outflow. By considering each curve as - representing

this relationship as of the average or mean year of its time period, the rate
of change of relationship ( depletion or repletion) was obtained and de- 

pletions up to 1927 and back to 1900 were computed. From this data

and records of inflow the depletions for each month during the period
of record have been computed, as shown in the following table. 
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Table 43

Colorado Depletions, 1927 Condition

Values marked * to be added, other values to be subtracted) 

Unit 1000 A. F. 

Year , Total an. Feb. i IMar. Apr. Ma-% June July- ; Aug. Sept. Oct. ! Nov.' Dec. 

1900 68 6 13 I * 22 3' 891 51 1 1 4 4 19 11

1901 55 6, 13 17 2
821

32; 1 3 7 4 18 10

1902 37 6 12 17 0 23 1 0 1 4 4 17 10

1903 154 S i 12 17 2 81 77 44 ; 6 8 5 16 9

1904 11 5 12, 15 3 19 ' 1 0 19 9 7 15 8

1905 132 5 11 16' 6 82! 68 20 8
61

5 14 ; 7

1906 162 4 11 15 12 ' 801 61 42 14 9 7 12' 7

1907 199 4 11 15' 12 i 621 58 57! 54 9 ! 6 11 j 6

1908 79 4' 11 14 15 33 ; 33 15 26 ' 6 5 ; 10 ' 5

1909 141 4 10 12 17 67 44I 27 23 9 7 9 4

1910 74 3, 10 13 24 66 20 1i 2 4 5' 8 4

1911 159 3 i 10 11 24 64 37 43 i 25 8 8 7 3

1912 110 3 10' 10 14 ; 67 24 271 9 6 6 ' 6 2

1913 55 2

2

9

9

8

8

18 43

48

12 6

25

2

23

6

8
7

8

5

4

1

01914 106 13 20

1915 1 80 2 ; 9 7: 23' 23 16 23 16 7 7 3 , 0

1916 132 2 8 71 35 47 14 24 31 7 8 2 1

1917 ! 80 8 6 22 21 15 23 16 5 5 2! 1

1918 43 1 7 5 13 23 9 8 41 5 5 ' 2 1

1919 88 1 6 5 28 38 81 14 14 4 41 2 0

1920 71 1 5 4 91 36 11 16 12: 3 4 . 2 ! 0

1921 64, 1 j 5 4 12' 24 9 14 16' 4 4, 1 I 0

1922 54 1 ! 4 3 j 10 26 7 9 10' 3 2 1 0

1923 44 1 3

2

2

2

9 19 5 1 8 10 3 3 j 1 0

1924 31 0 10 15 4 5 2 1 l 1 0

1925 181 0' 1 1 j 7 7 2, 3, 2 1 2 0 0

1926 i 8 01 1 l j 2 31 1 2 2 0 011 0 0

1927 0' 

6

0 0 0 U

2

0; 

4
0 0 0: 0 0, 0 0

1928 j 0' 1 1! 1 1 0 0 I O j 0
1

U

Total 2153 74 222 256 333 1184 6391 4571 351 146 133 l 188 84
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Table 44

zly

Run -Off of Rio Grande at Buckman, New Mexico, Corrected for Colorado Depletions

as of 1927

Year', Tota: Jan.' Feb. I Mar. I Apr. 

1900 640 43! 45 ! 7'! 55

1901 803 30 50, 63 85

1902 462 36, 39 51 98

1903 1514 28' 37 92 170

1904 737 26 36 36 24

1905 1917 491 63 174, 2131

1906 16') 4 39 45 64 j 149

1907 2720 55 60, 1111 322

1908 812 45 52 99 130

1909 1789 41 48' 77 190; 

1910 1182 40 41 213; 281' 

1911 1951 511 52 103 126; 

1912 1173 52 53 105 125

1913 717 i 36! 45 571 128

1914 1389 431 52 98 157

1915

1916 156511885

361

46

47

58
74

201 I
227

231

1917 1358 44 50 71 141

1918 732 34 40 731 58

1919 1578 37; 40 91 287

1920 1 2288 501 83 90' 133

1921 1 1679 46 52 106 60

1922 1213 551 54 791 97

1923 1421 45; 50 591 86

1924 1622 45 1 63 631 358

1925 828 491 53 87 i 153

1926 1327 50 47 77 173

1927 1631 35 40 67 177

1\ TaN June Jul} Aug. I Sept. Oct.  N ov. Dec. 

123; 122 17 9 39 28 44, 40

237 99 44 48 28 34. 46 39

51 27 17 33 25 21 35 29

326' 632 93 21 14 27 41 33

5 16 15 73 141 260 64 43

703 505' 34 31; 17 31 52 45

459 415! 125 52 49 119 81 57

469, 696 I 553 1. 13 ; 128 80 56 47

134 95 33 52 41 49 44 38

490 448 68 67 192 88 38 40

3601
110 10 20 13 16 42 36

344 303 307 45 56 3.14 139 81

634' 536 69 44 32 44 44 35

137' 100 32 15 20 57' 54 36

325 239 ; 1151 94 75 95i 60 36

437

504

459 1

311 j
69

75
1

SJ
101

36

44

47

162, 

39

97

39

55

291 I 440' 173 22 23 30 39 34

162 1L 58 22 38 371 39 44

532 193 124 75 I 32 57 56 54

8241
235

694

663

168
94

48

176

34; 

91

51

51

55; 
51; 

48

54

375 362 73 11 11 18 36 42

378i 256 50 72 115 , 141 99, 70

6691200 50 29 25 j 30 43: 49

107 ' 

4431
46

334

J5

47

58

18

42

23

66

25i

60i, 

34i

52

38

436 224 186! 53 157 131 72 53

Total 39187 1186
1

1395 2556 I 4445 ! 10196 8643 2752 I 1498 1535 2139 j 1570 1272

iiDischarge Record at El Vado Reservoir Site. 

Records of monthly discharges are available at the damsite for

eight years of the period 1913 to 1924. A continuous record has been

secured on the Chama, at its mouth near Chamita, since 1913. A gaging

station is maintained at present at Park View, 15 miles above the dam - 

site, with past records for 1913, 1914, 1915 and 1925. The El Vado

record, missing for 1913. and 1925, was estimated by adding to the

Park View discharge 157e of the gain between Park View and Chamita, 
this being the average per cent of the gain shown by the 1914 and 1915
records available at all three stations. 

Other missing records have been estimated by use of the curves
on plate 24, which show the relation between the flow at El Vado and
at Chamita for the four months periods, November to February, March

to June, and July to October. Prior to 1913 it was necessary to use the

Note : Quotation from the Debler- Elder Report p. 150- 151. The diagrams mentioned

are not reproduced in this report. 
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gain In the Rio Grande from Embudo to I'uckman as the basis of the
estimate. The total obtained f rom the curves on plate 24 was distributed

among the months in proportion tO the monthly flow at Chamita. 
The use of the Embudo- Buckman gain instead of the Chamita dis- 

charge, when the latter is not available, is justified by the curves on
plate 25. The annual discharges of the Chama at Chamita are plotted
for the period of record in a descending order of magnitude for com- 
parison with the Embudo- Buckman gains also plotted. Several small

tributaries enter the Rio Grande between Embudo and Buckman, in addi- 

tion to the Rio Chama, but their flow is largely of f set by diversions from
the river. 

As shown, the discharge of the Rio Chama at Chamita is practically
the same as the river gains, the only considerable variation having been
in 1924. 

The monthly inflows to the E1 Vado reservoir site, both measured

and estimated, are listed in Table 53 from 1898 to 1926. Estimates

were not computed for the years 1906 to 1909 as during these years
no records were secured at Chamita, Buckman or Embudo. Estimates of

the Embudo flow made by comparison with the record at Lobatos show
these to have been years of above normal runoff, however, so that no

shortage could have occurred at El Vado during these years." 



Year

1897

1898 j
1899

1900

1901

1902

1903

1904

1905

1906

1907

1908

1909

1910

1911

1912

1913

1914

1915

1916

1917

1918

1919

1920

1921

1922

1923
1924

1925

1926
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5 ! 
0

35

5

5. 1 i
14. 6

2.

15.

7

1

4

6 1
4. 4

5. 8

3. 0

15. 2

4. 2

13. 4

2

i

0

3
24

3

3. 3

6. 4

1. 3

4

2

2

3

4. 5
3. 6

4. 2

8. 5
3. 3

8. 6

2

0

1

12

2. 0

3. 6
4. 4

3

4

3

3

3

2. 4

2.
81

6. 1

4. 9

3. 4

7. 7 1
3 1

Record for periods 1898 to Nov. 1912, Dec. 1915 to April, 1916, Oct. 1916 to

Feb. 1920, and Tan. to Dec. 1926, estimated by comparison with flow of Rio
Chama at Chamita when available ( after 1912) ; otherwise with Rio Grande gain
from Embudo to Buckman. 

Record for periods Dec. 1912 to Sept. 1913, and Jan. to Dec. 1925. estimated

by. adding to Park View flow 1517c of gain between Park View and Chamita. 

Operation E1 Vado Reservoir. 

From Table 39 the project demand on the river at Buckman in

round figures is as follows ( in 1000 acre foot units) : 

March 9. 8 A. F. July 98. 3 A. F. 

April 83. 2 A. F. Aug. 70. 4 A. F. 

May 91. 2 A. F. Sept. 33. 7 A. F. 

June 93. 1 A. F. 
Total 479, 000 A. F. 

Buckman record depleted as of 1927. 

Capacity of reservoir 198, 000 acre feet. 
Reservoir losses 2, 000 acre feet per month while filling or full. 
Water to be released from E1 Vado only to extent necessary to maintain

flow at Buckman equal to project demand. 

Reservoir assumed empty April 1, 1897. 

299

390

328

202. 2

311. 4

351. 0

547. 5
346

217

392

505. 0
281. 0

383. 7

351. 3

412. 6

228. 9

396

Table 45

18 20 j
3

0 0 72 96 1 96

Run - Off of Chama at E1 Vado

0 0

6 4 40 77 165 0

Unit 1000 A. F. 

6 4

3 4 20 32

This table is Table 53 p. 148- 149 of Debler- Elder Report) 

13 10

Jan. j Feb. Mar. I Apr. May June July I Aug. 

65 10 3 I

Sept. 

11

Oct. ; 

22

Nov. 

2

Dec. 

0

Total

5472 3 19 145 1265

0 0 0 93 51 13 3 9 0 4 6 6 185

0 4 29 94 49 8 11 5 21 3 7 5 236

5 3 14 23 62 27 1 0 22 6! 2 2 167

1 3 12 39 109 25 1 12 14 8 6 4 1 234

1 1 1 58 25 2 1 5 14 11 2 3 2 125

2 2 18 76 ' 176116 i 30 3 1 1 1 2 428

1 2 0 2 8 1 0 i 25 46 48 i 7 2! 142

4 8 57 103 177 0 15 ; 10 3 j 4 1 5 4 390

5 ! 
0

35

5

5. 1 i
14. 6

2.

15.

7

1

4

6 1
4. 4

5. 8

3. 0

15. 2

4. 2

13. 4

2

i

0

3
24

3

3. 3

6. 4

1. 3

4

2

2

3

4. 5
3. 6

4. 2

8. 5
3. 3

8. 6

2

0

1

12

2. 0

3. 6
4. 4

3

4

3

3

3

2. 4

2.
81

6. 1

4. 9

3. 4

7. 7 1
3 1

Record for periods 1898 to Nov. 1912, Dec. 1915 to April, 1916, Oct. 1916 to

Feb. 1920, and Tan. to Dec. 1926, estimated by comparison with flow of Rio
Chama at Chamita when available ( after 1912) ; otherwise with Rio Grande gain

from Embudo to Buckman. 

Record for periods Dec. 1912 to Sept. 1913, and Jan. to Dec. 1925. estimated

by. adding to Park View flow 1517c of gain between Park View and Chamita. 

Operation E1 Vado Reservoir. 

From Table 39 the project demand on the river at Buckman in

round figures is as follows ( in 1000 acre foot units) : 

March 9. 8 A. F. July 98. 3 A. F. 

April 83. 2 A. F. Aug. 70. 4 A. F. 

May 91. 2 A. F. Sept. 33. 7 A. F. 

June 93. 1 A. F. 
Total 479, 000 A. F. 

Buckman record depleted as of 1927. 

Capacity of reservoir 198, 000 acre feet. 
Reservoir losses 2, 000 acre feet per month while filling or full. 

Water to be released from E1 Vado only to extent necessary to maintain
flow at Buckman equal to project demand. 

Reservoir assumed empty April 1, 1897. 

299

390

328

202. 2

311. 4

351. 0

547. 5
346

217

392

505. 0
281. 0

383. 7

351. 3

412. 6

228. 9

396

i
18 20 j

3

0 0 72 96 1 96 31 0 i 0 0

6 4 40 77 165 0 17 6 4

3 4 20 32 161 63 13 10 12 i

2. 0 2.7 5. 01 52. 3, 88. 2 28. 5; 5. 5 2. 5! 3. 5
3. 4 3. 6 ! 9. 41 54. 7 1 132.0 53. 6 14. 2 7. 5 j 7. 6

4. 0 3? 10.91 78.0 123. 0 94. 61 18. 2 8. 0 ' 4. 0

5 80 135 170 86.) l 21. 7 15. 9 ; 6. 0

4 ; 17 16 62 105 101 27 6 2

2 j 3 !: 20 34 91 32 1 19 3 4

3 j

3. 

226

10 32. 6

104

59. 4

153 I
183. 0

39
1

127. 0

39

56. 7 I

12

18. 0

2

4. 0

3. 1; 4. 3; 13. 0 21. 9 119.0; 68.31 11. 71 19. 7 7. 8. 

3. 01 4.8 1, 31. 4 59. 3 197. 0 60.5 7. 211 4. 3 2.9

7. 3 7. 8 10.5 36. 7 1 148. 8 1
61. 5 12. 6. 13. 7 23.8

16. 8 9. 7 36.0 105. 1 178. 3 1 47. 3 12. 4 4. 1 2.0

4. 41 3. 0 14. 6 76. 2 57. 4! 18. 71 7.8 11. 3 5. 8
5 I 4, 9 75 174 j 95 ; 15 j 10 j 2

5 ! 
0

35

5

5. 1 i
14. 6

2.

15.

7

1

4

6 1
4. 4

5. 8

3. 0

15. 2

4. 2

13. 4

2

i

0

3
24

3

3. 3

6. 4

1. 3

4

2

2

3

4. 5
3. 6

4.2

8. 5
3. 3

8. 6

2

0

1

12

2. 0

3. 6
4. 4

3

4

3

3

3

2. 4

2.
81

6. 1

4. 9

3. 4

7. 7 1
3 1

Record for periods 1898 to Nov. 1912, Dec. 1915 to April, 1916, Oct. 1916 to

Feb. 1920, and Tan. to Dec. 1926, estimated by comparison with flow of Rio
Chama at Chamita when available ( after 1912) ; otherwise with Rio Grande gain
from Embudo to Buckman. 

Record for periods Dec. 1912 to Sept. 1913, and Jan. to Dec. 1925. estimated

by. adding to Park View flow 1517c of gain between Park View and Chamita. 

Operation E1 Vado Reservoir. 

From Table 39 the project demand on the river at Buckman in

round figures is as follows ( in 1000 acre foot units) : 

March 9.8 A.F. July 98. 3 A. F. 

April 83.2 A.F. Aug. 70. 4 A.F. 

May 91. 2 A.F. Sept. 33. 7 A.F. 

June 93. 1 A.F. 
Total 479, 000 A.F. 

Buckman record depleted as of 1927. 

Capacity of reservoir 198, 000 acre feet. 
Reservoir losses 2,000 acre feet per month while filling or full. 
Water to be released from E1 Vado only to extent necessary to maintain

flow at Buckman equal to project demand. 

Reservoir assumed empty April 1, 1897. 

299

390

328

202. 2

311. 4

351. 0

547. 5
346

217

392

505. 0
281. 0

383. 7

351. 3

412. 6

228. 9

396
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Table 46

Operation El Vado Reservoir

Unit 1000 A.F.) 

Year Month
Buckman

Flow

El Vado

Flow

E1 Vado

Release

E1 Vado
I

i Loss i

El Vado

Content
Shortage Spill

1897 April

Iay

268

584
1, 

145 i
265

j 2

2

143

198 208

June 269 65
1 i 2 198 j 63

July 70 lU 28 0 170

Aug. 24 3 46 0 124

Sept. 38 11 2 126

Oct. - Mar. 378 24 I 12 138 j
1898 April 198 93 i 2

2

19831

198
1

49
May
June

133

118

51

13 2 198 ! 11

July 82 3 16 00
182

Aug. 32 9 38 44

Sept. 17 0 17 0 127

IOct.-Mar. 256 49 12 164

1899 April 160 94 2 198 58
47

May 104 1 49 2 198

June 26 8 67 0 131 j
July 37 11 61 0 70

1 Aug. 22 5 48 0 22

Sept. 51 21 2 37

Oct. -Mar. 235 32 12 57

1900 April 55 23 28 0 29 1
May 123 62 2 59

June 122 272 84

July 17 1 81 0 3

Aug. 9 0 I 3 0 0 58= 12% 

Sept. 39 22 2 3 i

Oct. -Mar. 255 26 12 17

1901 April 85 39 2 17

May 237 j 109 2 124

June 99 i 25 2 128 1

July j 44 12 54 0 74 1

Aug. 48 14 22. 1 0 52

Sept. 28 8 6 0 46

Oct. -Mar. 245 I 14 12 48 j

1902 I April 98 58 2 61

May 51 25 40 0 21

June 27 2 21 0 0 45
j

July 17 5 0 0 81

Aug. 33 14
1

0 0 37

Sept. 25 11 0 0 9 j

Oct. - Mar. 242 29 12 17 172= 

36% 

1903 April 170 76 2 91

May 326 176 i 2 198 67

June 632 116 2 198 j 114

July 93 30 j 5 0. 193 j
1 Au 21 3 49 0 144 1 i
Sept. 14 1 20 0 124

Oct. -Mar. 199 7 5 12 119
1

Note: Figures for Buckman 1897- 1899 from Debler- Elder Extensions Table 44, p. 137. 
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Table 46 ( Continued) 

Year Month I Buckman El Vado I El Vado I E1 Vado E1 Vado
Shortage Spill

Flow Flow Release i
Loss Content

1904 April 24 2 59 0 60

Mav 5 8 86 0 0 26

June 16 1 77 0 0 77

July 15 0 83 0 0 83

Aug. ! 73 23 2 1 186= 

Sept. 141 46 i
2 45 395% 

Oct. - Mar. 653 126
i

12 159

1905 April 213 103 j 2 198 62

May 703 177 2 198 175

June 505 0(?) 2 196

July 34 15 64 0 132

Aug. 31 10 39 0 93

Sept. 17 3 I 17 0 76

Oct. - Mar. 276 43 12 107

1906 April 149 61 ! 2 166

May 459 154 2 198 120

June 415 77 2 1 198 j 75

July 125 19 2 198 17

Aug. 52 12 18 0 180

Sept. 49 8 2 186

Oct. -Mar. 483 53 12 198 29

1907 April 322 105 2 198 103

May 469 262 2 198 260

June 696 131 198 129

July 553 33 2 198 31

Aug. 143 20 2 198 18

Sept. 128 13 2 198 11

Oct. -Mar. 379 90 12 198 78

1908 April 130 26 2 198 24

May 134 66 2 198 64

June 95 33 i 2 198 31

July 33 8 65 0 133

August 52 5 18 j 0 115

September 41 3 2 116

Oct. -Mar. 297 23 j 12 127

1909 April 190 68 2 193

May 490 170 198 163

June 448 85 2 198 83

July 68 18 30 0 168

August 67 20 3 0 165

September 192 3 2 166

Oct. - Mar. 460 77 12 198 33

1910 i April 281 96 2 198 I 94

May 360 96 2 198 94

June 110 31 2 198 29

July 10 0 I 88 j 0 110

August 20 0 50 ! 0 60 j
September 13 1 0 21 0 39

Oct. -Mar. 300 54 12 81

1911 April 126 77 2 122

Mav 344 1 165 2 198 1 87

June 303 0 2 196 j
July 307 17

1
2 198 13

August 45 6 25 0 173

September 56 4 2 175

Oct. -Mar. 774 98 I
f

12 198 I 63
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Yea-. Month

1912

1913

1914

1915

1916

1917

1918

1919

April

1\ Iav
June

July
August

September

Oct. - Mar. 

April

Mav
June

July
August

September
Oct. - Mar. 

April

May
Tune

July
August

September

Oct. - Mar. 

April

Mav
June

July
August

September
Oct. - Mar. 

April

May
June

July
August

September

Oct. - Mar. 

April

May
June

July
August

September

Oct. -'-far. 

April
Alav

J une
July
August

September

Oct.-'\ Iar. 

April

May
June

Ju1v
August

September

Oct. -Mar. 

Table 46 ( Continued) 

Buckman El Vado El Vado El Vado ; El Vado ' 
Shortage Spill

Flow Flow Release Loss Content

125 i 32  2 198 30

634 j 161 2 198 159

536 63 2 198 61
69 13 29 0 169

44 10 26 0 143

32 12 2 0 141

261 38 12 167

128 i 52 2 198 19

137 88 2 198 86

100 28 2 198 26

32 6 66 0 132

15 2 55 77
i 20 4 14 63

340 28 12 79

157 55 2 132

325 132 2 198 64

239 54 2 198 52

115 14 2 198 12

94 j 8 2 198 6

75 8 2 198 6
348 43 12 198 31

227 78 2 198 76
437 123 2 198 121

459 95 2 98 93

69 18 29 0 169

55 8 15 0 154

36 ! 4 2 154

430 96 12 198 40

231 135 2 198 133

504 j 170 i 2 198 168

311 87 2 198 8

75 22 23 0 175

101 16 2 189

44 6 2 193

479 60 12 198 43

141 62 2 198 60

291 105. 2 198 103

440 101 2 198 99

173 27 2 198 25

22 6 48 0 150

23 2 11 0 139

250 34 12 161

58 31 25 0 136

162 91 2 198 27

127 32 2 198 30

58 j 19 40 0 158

22 3 48 0 110

38 I 4 2 112

288 40 12 140

287 104 2 198 44

532 153 2 198 151

193 1 39 2 198 j 37

124 39 2 198 37

75 12 2 198 10

32 2 2 0 196

390 58 12 198 44
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Records for El Vado flow 1906, 1907, 1908, and part of 1909 extended from extended records of Em- 
budo and Buckman. These are merely estimates. 

Table 46 ( Continued) 

Year MonthFlo« 
Buckman El " ado El %ado I El ' ado E1 ' ado

Shorta* e I
b

Spill
Flow Release Loss Content

192) 0 April 133 59 2 198 57

flay 824 183 2 198 181

June 69.1 127 2 198 12 

July 168 57 2 198 55

August 48 18 22 0 176

September ' 34 4 2 2 176

Oct. - Mar. 358 32 12 196

1921 April 60 2? 2)3 173

M,ay 235 119 198 96

June 663 68 198 66

July 94 12 4 0 194

August 176 20 2 198 14

September 91 8 2 198 6

Oct. -Mar. 344 52 12 198 40

1922 April 97 59 2 198 j 57

May 375 197 2 198 I 195

Julie 362 60 2 198 58

July 73 7 25 0 173

August 11 4 59 I 0 114

September 11 3 23 0 91

Oct. -'. lar. 250 38 12 117

1923 April 86 +, 37 2 118

N1av 378 149 2 198 67

June 256 62 2 198 60

July 0 13 48 0 150

August 72 14 2 150

September 115 24 2 172

j Oct. -Mar. 481 82 12 198 44

1V24 April 358 105 2 198 103

Ma v 669 178 2 198 I 176

June 200 47 2 198 j 45

July 50 12 48 0 150

August 29 4 ! 41 0 109

September 25 2 9 0 100

Oct. -Mar. 311 33 12 121

1925 April 153 76 2 189

May 107 57 2 198 46

June 46 19 47 0 151

I July 55 8 43 0 108

August 58 11 12 0 96

September , 42 6 2 100

Oct. - Mar. 352 48 12 136

1926 April 173 75 2 198 1 11

M a v 443 174 2 198 172

June 334 95 2 198 93

July 47 15 51 0 147

August 18 10 52 ' 0 95

September i 23 2 1 11 0 84

Oct. - Mar. 239 30 12 102

1927 April 177 96 2 194

May 436 166 2 198 160

June 224 60 2 198 58

July 186 22 2 198 20

August j 53 917 I 0 181

September 1 157 29 i 2 198 10

Oct. -Mar. 350(?) 50( ?) 12 198 j 38

Records for El Vado flow 1906, 1907, 1908, and part of 1909 extended from extended records of Em- 
budo and Buckman. These are merely estimates. 
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Effect of Middle Valley Project Upon Water Supply for Elephant
Butte Reservoir. 

In the Debler- Elder report the present water loss in the Middle Val- 
ley is estimated by two different methods: 

a) By comparing recorded flows at Buckman and San Marcial
and making allowance for tributary inflo« v. By this method the loss is
estimated to be 728, 000 acre feet, including rainfall. ( See Debler- Elder
report p. 106.) 

b) By allowing for evaporation losses on various classes of land
in proportion to depths of water table. By this method the loss is com- 
puted as 755,900 acre feet, including rainfall. ( See Debler- Elder re- 
port p. 106.) 

The former figure of 728,000 acre feet is used, though there is some
question as to which method is the more accurate. Excluding rainfall

and allowing for return flow and evaporation from El Vado reservoir

gives 544,000 acre feet per year as the total valley loss under present
conditions. 

Table 40, of this report, shows the annual loss under future condi- 
tions as 487, 000 acre feet, and indicates that for years of full water sup- 
ply to the Middle Valley the river will be benefited to the extent of
about 57, 000 acre feet. 

Only three years of shortage are indicated by reason of shortage in
El Vado reservoir, viz. 1900— shortage 58, 000, 1902— shortage 172, 000, 
and 1904 -- shortage 186, 000 acre feet. In these years the river losses
will evidently be diminished by the amounts of the shortages ( since the

water is not there to supply them) and the drainage return may also be
diminished, or the water table drawn down. 

To determine the effect on the river of the operation of the Mid- 
dle Valley project, the following tabulation of present and future losses
has been made and is comparable to a similar tabulation shown as Table
38, p. 109 of the Debler- Elder report. 

1
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Table 47

Middle Rio Grande Depletion 1898- 1904, Project 123, 267 Acres
Unit 100o A. F. 

Compare Debler- Elder report Table 38, p. 109) 

227

Present Valley Loss I Future Valley Loss I
Change at

San Marcial

This tabulation indicates that during the driest period known on
the river ( 1898- 1904) the Middle Valley would benefit the river by about
570, 000 acre feet, and in no year of the period would the water supply
for the Elephant Butte Reservoir be depleted. 

Effect of Including 10, 000 Acres of Puerco Valley Land in the Middle
Valley Project. 

The Rio Puerco unit of 10, 000 acres, which it is proposed to include
in the Conservancy District at some future time, is drained by the Rio
Puerco which almost bisects the tract, and which flows through it in a
canyon 40 feet deep. This canyon is eroded in the soils of the valley. 
Some additional drainage is also provided by the plans and it is, there- 
fore, assumed that with the efficient drainage provided the consumptive
use of water on this area will not exceed 2. 5 acre feet per acre. If the
unit is included in the project the total demand of the entire project on
the river will be increased by probably 25, 000 acre feet. The additional
drainage flow developed will be available for re - use in the Socorro Di- 
vision, but since it cannot all be used, the irrigation season demand at

Col. 2. From Table 22, p. 62 Debler- Elder report. 
Col. 3. Assumes 100 second feet gain to river except in 1901 ( 75 s. f.), 1902 ( 50 s. f) and 1904 ( 50 s f.) same as Debler- Elder. 
Col. 4. Sum Col. 2 and Col. 3. 
Col. 5. Irrigation. season demand, less shortages plus decrease in drainage return

from Socorro Division. This drainage is assumed to decrease from nor- 
mal of 38, 000 A. F. in proportion to shortages. Col. 6. Reservoir losses from Table 46. 

Col. 7. River gain, non - irrigation season assumed as 65, 000 A. F. in normal years, 75% of this figure in 1899 and 50% in 1900, 1902 and 1904. Col. 8. Sum Col. 5 and Col. 6 and Col. 7. 
Col. 9. Col. 4 minus Col. 8. 
Col. 10. Algebraic sum of quantities in Col. 9. 

Signifies plus. 

o
w
r v

MC) 03

v

dC

id
04

co

vn v L C". r w

8) 9) 10) 

181) (
2) ( 3) 

98 472 72
4) ( 5) 

544. 479
6) 7) 

1899 394 72 1 466 479
12

12
65

50
426

441
118

25 1431900
1901 1

395

457
72
54 I

1 467

511
426 I 12 32 406 61 204

1902 346 36 382 1
479 i

321
12

8

65

32
426

297
85

85
289
374

1903 1 491 72 563 479 12 65 426 137 511
19041 310 36 346 308 10 32 286 60 571

This tabulation indicates that during the driest period known on
the river ( 1898- 1904) the Middle Valley would benefit the river by about
570, 000 acre feet, and in no year of the period would the water supply
for the Elephant Butte Reservoir be depleted. 

Effect of Including 10, 000 Acres of Puerco Valley Land in the Middle
Valley Project. 

The Rio Puerco unit of 10, 000 acres, which it is proposed to include
in the Conservancy District at some future time, is drained by the Rio

Puerco which almost bisects the tract, and which flows through it in a
canyon 40 feet deep. This canyon is eroded in the soils of the valley. 

Some additional drainage is also provided by the plans and it is, there- 
fore, assumed that with the efficient drainage provided the consumptive

use of water on this area will not exceed 2. 5 acre feet per acre. If the
unit is included in the project the total demand of the entire project on

the river will be increased by probably 25, 000 acre feet. The additional
drainage flow developed will be available for re - use in the Socorro Di- 

vision, but since it cannot all be used, the irrigation season demand at

Col. 2. From Table 22, p. 62 Debler- Elder report. 
Col. 3. Assumes 100 second feet gain to river except in 1901 ( 75 s. f.), 1902 ( 50 s. f) and 1904 ( 50 s f.) same as Debler- Elder. 
Col. 4. Sum Col. 2 and Col. 3. 
Col. 5. Irrigation. season demand, less shortages plus decrease in drainage return

from Socorro Division. This drainage is assumed to decrease from nor- 
mal of 38, 000 A. F. in proportion to shortages. Col. 6. Reservoir losses from Table 46. 

Col. 7. River gain, non - irrigation season assumed as 65, 000 A. F. in normal years, 75% of this figure in 1899 and 50% in 1900, 1902 and 1904. Col. 8. Sum Col. 5 and Col. 6 and Col. 7. 
Col. 9. Col. 4 minus Col. 8. 
Col. 10. Algebraic sum of quantities in Col. 9. 

Signifies plus. 
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Buckman will be increased by some 30, 000 acre feet and ` vill be dis- 

tributed as follows: 

Table 48 - 

Irrigation Season Demand at Buckman Including 10, 000 Acres

of Rio Puerco Valley Land

Month I Per Cent t Acre Feet

March 2 10, 180

April 17 86. 530

May 19 96, 710

June 19 96, 7I0

July 20 101, 800

August 14 71, 260

September 7 35, 630

October 2 10, 180

Total ! 50), 000

The of fect on El Vado storage of this increased demand through

the low water years of 1899- 1904 is investigated in the following tabu- 
lation: 

J

V
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Table 49

Operation E1 Vado Reservoir for Project Including

10, 000 Acres of Rio Puerco Valley Land

Year Month
Buckman' El V' ado

Flow Flow

E, ado

release

El ' ado

Loss
E1 N - ado

Content
Shortage Spill

1899 April 160 94 I 198 j
May 104 49 2 198 47
June 26 8 71 0 127

July 37 11 65 0 i 62

August 22 5 49 i 13

September 51 21 2 I 26

Oct. - Mar. 235 32 12 i 46

1900 April 55 ' 23 32 0 14

j May j 123 62 1 2 38

June 12, j 27 2 61

July 17 1 61 0 0 24

August 9
i

0 0 0 62

September 39 22 2 1 86= 
Oct. - Mar. 255 26 12 15 17% 

1901 April 85 39 2 0 13

May 237 109 2 120

June 99 25 1 j 2 120

July 44 12 58 0 62

August 48 14 23 0 39

28 8 9 0 30ISeptember

Oct.- Mar. 245
1

14 i 12 32

1902 April 98 i 58 2 41

May 51 25 41 0 0 5
June 27 I 2 0 0 70

July 17 5 0 0 85

i August 33 14 0 0 38
September 25 11 0 0 11

Oct. -Mar. 242 29 12 17 209= 

41% 

1903 April 170 76 2 91

Mav 326 176 2 198 67
June 632 1162 198 114

July 93 30 9 0 189

August 21 3 50 0 139
September 14 1 22 i 0 117
Oct. -Mar. 199 7 5 , 12 112

1904 April 24 2 63 0 49

May 5 8 49 0 0 43
June 16 1 0 0 81

July 15 0 0 0 87

August 73 25 2 0 211= 
September 141 46 2 44 41% 
Oct. -Mar. 653 126 2 168

1905 April 213 103 2 198 71

May 703 177 2 198 175
June 505 0(?) 2 198

July 34 15 68 0 130
August 31 10 40 0 90
September 17 3 19 0 71
Oct. -Mar. 276 I 43 12 102

No other shortages indicated— see Table 46. 
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The effect on the El Vado reservoir of including 10,000 acres of
Rio Puerco valley land in the project is seen to be to increase the indi- 
cated shortages by 5 per cent. This increase is shown as follows: 

Table 50

Project Shortages in Water Supply

Pro j ect 123, 267 A. I Project 133, 267 A. 

Year Shortage i Demand I Shortage I Shortage Demand 
O

Shortage

1900 58,000 470,000 I 12 86,000 509,000 I 17
1902 I 172, 000 479,000 36 209, 000 509, 000 41
1904 186,000 479, 000 39 211, 000 j 509,000 41

To investigate the net effect on the river of including 10, 000 acres
of Rio Puerco land, the following tabulation is submitted: ( Compare
Table 47.) 

Table 51

Middle Rio Grande Depletion 1898- 1904, Project 133, 267 Acres
Unit 1000 A. F. 

Present Valley Loss Future Valley Loss
Change at

San Marcial

2

oc > 

s. 
ItC? ° o o s>. v rip

cs

w
OG 0v Ee0

1) ( 2) ( 3) ( 4) ( 5) ( 6) ( 7) ( 8) ( 9) ( 10) 

1898 472 72 544 509 12 70 450 * 94
1899 394 72 466 509 12 53 468 * 2 * 96
1900 395 72 467 428 12 35 1 405 * 62 * 158
1901 457 54 511 509 12 70 1 451 * 60 * 218
1902 346 36 382 302 8 35 j 275 * 107 * 325
1903 491 72 563 509 12 70 1 451 * 112 * 437
1904 I 310 36 346 302 10 35 1 277 * 69 * 506

The Rio Grande Compact. 

On or about February 14, 1929, the Compact Commissioners of the
States of Colorado, New Mexico and Texas signed a compact which, if

ratified by the legislatures of the signatory states and approved by Con- 
gress, will become effective for a six- year period, or until June 1, 1935. 

This compact affects the water supply of the middle Rio Grande' 
valley in five major ways: 

Signifies plus. 

No river depletion is indicated and a large gain accrues to the Elephant Butte Reser- 
voir during the six- year period. 

L
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a) Colorado agrees not to deplete the flow of the Rio Grande
at the Colo rad o-.'.\Tew Mexico interstate line during the life
of the compact. 

b) Should the " Closed Basin Drain" in the San Luis Valle be
constructed the Middle Valley > 

ylT
y mai receive the benefit of

some additional water. 
c) Should the " State Line Reservoir" be constructed a better

regulation of the flow
across the interstate line may be ob- 

tained with the probable release of more water during theirrigation season. 

d) When spill at Elephant Butte Reservoir takes place, the
Middle Valley may divert or store the equivalent of a por- 
tion of such spill. 

e) During the life of the compact interstate litigation over the
waters of the Rio Grande is avoided. 

The compact is in effect a six-year cessation of hostilities, duringwhich time it will be attempted to get Government aid for the construc- tion of the " Closed Basin Drain" and the " State Line Reservoir". At

the end of the six- year period a new compact may be drawn in the light
of conditions then existing. 

b
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EVAPORATION
Foreword. 

On April 16, 1926, a contract was entered into between the Middle
Rio Grande Conservancy District and the United States Bureau of

Reclamation. This contract provided for a cooperative investigation of

matters relating to water supply of the proposed Conservancy District
and the effect of the operation of the District works upon the water
supply of the Elephant Butte Reservoir. 

As a part of this investigation, experiments were carried on to de- 

termine the rates of evaporation from water surfaces and from seeped
lands with the water table near the surface. The results of these experi- 
ments are given herewith, the explanatory matter being taken from the

Preliminary Report on Investigations in Middle Rio Grande Valley, 
New Mexico" by E. B. Debler and C. C. Elder, Engineers of the United
States Bureau of Reclamation, said report being included in the Official
Plan of the Middle Rio Grande Conservancy District as Exhibit R- 4. 
At the time this report was made ( December 1927) records had been
obtained for a little over one year. Two full years' records are now

available and the tabulations have therefore been extended to include the
additionpl data. 

Earlier Records of Evaporation in the Rio Grande Valley. 

As the large present loss of water in the Middle Rio Grande Valley
is due to excessive evaporation from undrained lands, the determination

of rates of evaporation and transpiration losses for the various condi- 
tions found there becomes of considerable importance. Satisf actory
records showing even the rate of evaporation from open water were not
available. Class " A" Weather Bureau pans have been maintained for
about ten years at Santa Fe, Elephant Butte Dam and Las Cruces, and

good records secured. ( See table 52.) Determination of the rate of

loss for large open water areas in a very different location and climate
from these records is difficult, but the records are of great value in es- 

tablishing average evaporation rates for other and more applicable short
time records. 

The only known evaporation records for the Middle Rio Grande
Valley were made on the grounds of the University of New Mexico, on

the mesa east of Albuquerque, during the years 1900 to 1904. The data
were published on pages 5- 8, Hadley Climatological Laboratory Bulletin
No. 10, Volume III, 1905, by John Weinzirl, and a brief summary is
given in U. S. G. S. W. S. Paper 188. As the original bulletin is out
of print, a detailed description of the pan has been abstracted and is in- 
cluded here. Pan No. 1 was installed in the spring of 1900 by Dr. G. S. 

Easterday and records secured from February, 1900 to January, 1901, 
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inclusive. The pan was 2 feet square, 1 foot deep, of wood lined with

zinc shecting, sunk almost level with the ground surface, on the Uni- 

versity campus. The bulletin states that " some sand found its way into
the tank but— what is apparently gained in this way is partly balance -1 by
the water consumed by birds and other small animals. Allowance was

made for the rainfall, the result being actual evaporation. Measure- 

ments were made with a meter stick in all cases." Some doubt arose as

to the accuracy of the records due to the shallowness of the pan. Rec- 

ords were, therefore, secured on pan No. 1 again In 1903 and 1904, 

and in addition pans 2 and 3 were installed. These were cylinders of

heavy galvanized iron, 18" In diameter, 54" deep, planted beside pan
No. 1. The complete records are listed in table 54. The period July, 
19039 to June, 1904, was abnormally dry, the total precipitation being
4.06" as compared with a 50 -year mean at Albuquerque of 7. 77", and : 

the evaporation from pan No. 1 during this period closely checked by
that from pans No. 2 and No. 3, was 247. greater than in 1900. The

mean for pan No. 1 for the years 1900 and 1903, which were more near- 

ly normal, although drier than the average, is shown in table 53 by
months together with an estimated corresponding evaporation rate from
large open water surfaces. Because of the shallowness of the pan, the

proper. coefficient to be applied for open water evaporation from large

areas is rather a matter of guesswork, but the best available data indicate

a coef fic' ent of about 76(-, which has been applied. 

Ad
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Table 52

Evaporation Records, Rio Grande Val' ey, New Mexico. 

Class " A" Weather Bureau Pans

Evaporation in inches. 

23/ 

Santa Fe Elegy-. 7013 it. 

Year Jan. Feb. Mar. Apr. May ', June July I Aug., Sept. Oct. Nov. Dec. ; Annual* 

1916

7. 75 9. 91
1920 2. 22 4. 05 ; 

11. 71 8.211 6. 93 6. 48 4.40 2. 87 1. 72

1922

1917 3. 14 2.88 5. 581 7. 221 7. 64 11. 89 9. 95 ! 9. 04 6. 79 5. 94 3. 36 2. 39: 75. 82
1918 1. 08 2.30 3. 81 6. 13 , 9. 77 10. 24 9. 29 ! 8. 17 6. 68 4. 291 1. 96 1. 47 65. 19
1919 1. 59 1. 02 j 2.70 i 5. 50: 8. 29 9. 38 6. 81 ! 7. 47 5. 43 3. 84 2.80 1. 57 56. 40
1920 1 1. 59 2.10 j 3. 911 5. 56 8. 51 9. 04 8. 61 ; 7. 50 6. 53 ; 4. 64 2. 01 1. 71 61. 71
11921 1. 38 2.32 j 4. 53 1 6. 44 8. 88 8. 681 8. 13 6. 64 6. 91 ! 4. 93 3. 26 1. 48 63. 58
1922 1. 421 2. 16 3. 60 j 5.

771: 

10. 18 10. 45 ; 10.26' 8. 72 7. 12 5. 18 1. 86 t 1. 45 68. 17
1923 1. 81

4. 15
1

1. 96

6. 28 8. 58 10. 601 8.75 6. 71 4. 77 3. 81 1. 97 0. 62 60. 15* 
1924 0. 93 I 2.24 i 2. 96 5. 64 8. 35 11. 99 8.81 9. 28 7. 76 ; ! 6. 15 3. 30 1. 20 68. 61
1925 1. 541 2.28 5. 081 8. 22. 9. 01 10. 29 9. 53 7. 471 6. 75 4. 47 ; 2.03 j 0. 77 67. 44
1926 0. 83 3.011 3. 94 4. 76 5. 92 8.78 9. 181 9. 44 6. 71 4. 83 2. 93 1. 02 61. 35
1927 i 1. 72 2. 101 4. 03 1 6. 70 12. 24 9. 31 9. 31 8. 09 5. 46 ! 5. 29 2. 87 1. 08 62. 20
1928 j 1. 45 1. 93 4. 31 6. 02 6. 84 11. 21 10. 01 7. 55 7. 51 4. 58 1. 59 1. 67 64. 68
Mean 1. 54 2.21 ; 4.04 j 6. 18 ' 8. 67 10. 2811 8. 98 7. 93 6. 53  4. 79; 2. 52. 1. 40 65. 07

i 2. 4 3. 4 j 6. 2 j 9.3 13. 4 15. 8 ; 13. 8 12. 2 10. 0 I 7.4 '; 3. 9 ; 2. 2 i 100. 0

Las Cruces, ( N. M. Agr. College) Elev. 3863 ft. 

1918

11. 99 11. 62 12. 90 9. 88
11. 64 12. 35 10. 53 9. 60

1919 2.65 4. 19 7. 75 9. 91
1920 2. 22 4. 05 ; 7.47 10. 36

1921 3. 80: 4. 58 8. 601 10. 23
1922 3. 30 5. 84 8.24 ' 10. 11

1923 3. 37 2.93 16.88 1. 8519. 55
1924 2.94 4. 39 7. 09 8. 15
1925 2. 73 5. 34 i 8. 08 9. 39
1926 1. 91 4. 65 5. 151 7.29
1927 i 3. 22 4. 42 ! 7.25 9. 28. 
1928 3. 03 4. 15 8. 16 9.08
Mean 2.91 i 4. 46 7.47 9. 33

3. 4 1 5. 1 8. 6 10. 7

12. 25 13. 50 12. 89 11. 48
11. 99 11. 62 12. 90 9. 88
11. 64 12. 35 10. 53 9. 60

12. 69 13. 61 13. 24 11. 02
12-36, 11. 27 11. 30 1 8. 95

10. 11 112. 09, 9. 06 ' 9. 72

8. 69 ' 10. 24 9. 14 8. 35
9.04 10. 56 10. 13 9. 30

11. 64 10. 28 10. 29 7. 89
9. 52 11. 78 10.82 7.80

11. 00 j 11. 72 ! 11. 03 9.401
12. 6 1, 13. 5 ! 12. 7 10. 8

Elephant Butte Dam Elev. 4475 ft. 

1916

6. 85 I 3. 621 2.181

1 15. 471 16. 87 1 11. 83 9. 551

7. 47 5. 531 3. 89 2. 66 94. 17
8. 94 6. 101

1
3. 01 3. 13; 91. 67

7. 84 6. 35 4. 38 3. 23 ; 93. 13
8. 08 5. 721 3. 45 2. 71 ; 98. 01
7.09 6. 181 3. 00 1. 851 84.73
8. 92 7. 08 4. 18 2. 44 86. 17

6. 81 4. 99 3. 50 2. 39 79. 65
7. 24 4. 59 3. 63 2.09 75. 58
6.84 5. 80 4. 38 2. 17 83. 45

6. 92 i 5. 22 2.67 2.77 81. 93
7. 61 ' 5. 85 3. 61 2. 51 86. 90

8. 8 6. 7 4.2 2. 9 100. 0

Elephant Butte Dam Elev. 4475 ft. 

1916 I 1 15. 471 16. 87 1 11. 83 9. 551 9. 111 7. 34 ' 4. 93 3. 35
1917 1 2. 14 4. 13 9. 64 12. 93 ; 13. 50 15. 29 13. 25 11. 81 ' 9. 00 ' 8. 92 5. 12 3. 96 109. 69
1918 3. 18 5. 64 8. 21 11. 32:' 15. 71 14. 25 13. 54 11. 60 10. 17 6.72 ' 3. 69 107. 13* 
1919

1

3. 46 7.20; 9. 19: 12. 66 12.68 11. 14 11. 13 7.88 7. 82: 3. 98 2.73 92. 68* 
1920 1 1. 92 3. 91 ! 8. 37 10.47 14. 16 ! 12.47 ! 13. 50 10. 66' 9. 96 8.63 3. 66 3. 471 101. 18
1921 3. 56 4.88 8. 16 10.98 14. 26 ; 13. 07 10. 24 9. 87 9. 74

j
9.41 j 5. 341 3. 68 103. 19

1922 3. 67 5. 54 8. 06. 11. 19! 14. 34 14. 09 13.85 12. 191 8. 97 7.63 3. 801 2.75 i 106. 08
1923 3. 85 3. 31 1 6.76 11. 10. 14. 49 17. 06 i 12. 33 9. 10 7.83 7. 44 2.76 3.83 99. 86
1924 2.55 3. 85 7. 64 8. 76 11. 571 14. 97 ' 10. 74 11. 391 10. 571 8. 65 5. 04 ` 2. 78 98. 51
1925 2.44 4. 66 8. 24 11. 08 11. 74 ; 15. 38 11. 96 10. 79 9. 29 6. 81 1 4. 15

I
2.51 99. 05

1926 i 1. 73 4. 90 5. 30 i 6.99 9. 83 13. 16 12. 02 11. 01 7.27 5. 93 4. 15
1

1. 96 84. 25
1927

1928

i 3. 09

2.80
4.76 7.85 10.22' 14. 83 13. 42 12.38 8. 98 7. 61 ! 6. 61 4.741 2. 42 96. 91
2.80 7. 71 9. 10 9. 81 14. 48 12. 10 9. 62 8. 321 5. 871 2.751 2. 81 87. 54

Mean 2. 81 4.32 7.77 10. 28 13. 26 14. 401 12.22 ! 10. 59 8. 90 7. 52 4. 161 3. 02 99. 25
I 2. 8 4. 3 7.8 10. 4 13. 4 114. 5 112. 3 10. 7 9. 0 7.6 1 4. 2 1 3. 0

Record completed by use of mean for missing months. 
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Table 54

University of New Mexico Evaporation Records

Year

Table 53

EvaporationPrecipitation' Evaporation ; Precipitation
Month

Evaporation on N. M. University Campus ( inches] 

Month J F M A M J J A S O N D
An- 

0. 40 1) 2. 07 0. 41

I nual

Pan No. 1 Mean ! 

5. 21

I

0. 38

j

6. 82

of 1900 and 1903 1. 92 2.35 5. 69 8. 43 10. 53 ' 11. 98 12.07 10. 97 18.83 1' 5. 50' 2.97 1. 64
j

82.88

76% of above est. 

10. 98 0. 18

i

12. 63 0. 06 11. 33

open water rate i 1. 46 , 1. 79 4. 33 6.40 8.00 9. 10 9. 17 8. 35 6. 71 4. 18 2.26 ! 1. 25 , 63.00
of annual 2. 3 2.8 6. 9 10. 1 i 12. 7 114.5 14.6 113. 3 10. 6 6.6 13. 6 ; 2. 0 100. 0

Table 54

University of New Mexico Evaporation Records

Year 1900- 1901 19034904

EvaporationPrecipitation' Evaporation ; Precipitation
Month Pan No. 1 Inches Pan No. 1 1 Pan No. 2 I Pan No. 3 1 Inches

Jan. 1) 1. 81 0.08
Feb. 2.63 0. 40 1) 2. 07 0. 41
Mar. 6. 17 0. 13 5. 21 0. 38
April 6. 82 0. 33 10. 05 0.05
May 1 10. 08 0. 85 10. 98 0. 18
June 12. 63 0. 06 11. 33 2.48
July 11. 78 i 0. 13 12. 36 12. 80 12.03 0.32
Aug. 10. 21 0. 13 11. 73 11. 45 11. 06 0. 00
Sept. 8.00 2.09 9. 65 9.72 9. 92 1. 93
Oct. 4. 38 0. 25 6. 62 6. 92 7. 16 0.00Nov. 1. 73 0.83 4. 21 4. 40 4.40 0.00Dec. 1. 40 0. 00 1. 88 2.40 2. 60 0.00

j
87. 90 j 5. 83

Jan. 2. 04 I 0. 65 j 2.28 2.20 2.20 0.20Feb. 
Mar. 

3. 92 3. 64 3.60 0. 10

Apr. 
7. 48 7. 12 6. 57 0.00

May
10. 71 10. 43 10. 00 0. 00

June
2) 12. 53 12.53 12. 33 1. 19
2) 13. 03 1 13. 03 13. 07 0.32

77. 87 5. 85 ( 4) 96.40 96. 64 ( 3) 94. 94 1 ( 4) 4.06

11) % N ater trozen part of time. ( 2) Estimated from pan No. 2. ( 3) Given as 96. 94 in University
Bulletin. ( 4) July, 1903 to June, 1904. 

Evaporation Station at Los Griegos. 

At the request of Mr. Robert E. Dietz, then a director of the Mid- 
dle Rio Grande Conservancy District, Mr. J. P. Jacobson granted the
use of a corner of his salt grass pasture for an evaporation experiment
station near Los Griegos, five miles northwest of Albuquerque. The

site is very satisfactory for the purpose, the soil, vegetation and sur- 

roundings being typical of the low- lying undrained lands of the valley, 
and the permission to use the ground has been appreciated. Instruments
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and equipment were installed during August and September, 1926, as

rapidly as they could be secured. Meteorological instruments includinga raingage, maximum and minimum thermometers, sling psychrometer, 
and anemometer, were secured from the U. S. Weather Bureau, and the
station has therefore been operated as a cooperative one, and all data
turned in for publication. Operation of open pans No. 1 and No. 2
was begun on September 1, 1926, when readings of all meteorological in- 
struments were also started. The water table levels in the various soil
pans were gradually brought to the desired depths during September
and operation of these started on October 1. Stock tanks of 4.0 feet
diameter were ordered but the actual diameter of pan No. 2 is 48/" 
and of all others approximately 451/2". All pans are of heavy gage gal- 
vanized iron and were thoroughly tested for leaks before installation. 

Pan No. 1, open water, 2.0 f eet deep, is set 1. 75 feet in the ground
with water level maintained 3 inches below the rim. A pointed meter

gage is fixed in center of pan and water surface brought to this level dailyby adding or
removing water with rated cup. The pan is more nearlylike a floating pan than an ordinary ground pan, as the ground water

table is close to the surf ace, its depth varying from 8 inches to 20 inches
during the period of observation. 

Pan No. 2, 48" diameter, 10" deep, filled to depth of 8 inches, open
water class " A" Weather Bureau, standard setting, is placed on a low
wooden platform permitting circulation of air below the pan. A regu- 
lation

gage was not available and evaporation is measured in the same
way as in the case of Pan No. 1. 

Pans No. 3 to 7, are set in the ground with approximately a 3 -inch
rim inside and out. The bottom of each was filled with 6 to 8 inches of
coarse gravel. Soil was then replaced in pans 4, 5 and 6, which are of
4 -foot, 3 - foot, and 2 -foot depths, respectively, and planted with salt
grass sod. Thin layers of soil were tamped into place and the various
sorts replaced in the same order and amount as found in digging theholes for the pans. Pans 3 and 7, of 4 foot and 2 foot depths, respective - 

were filled with river wash material, hauled from a sand bar on the
bank of the Rio Grande, composed of rather fine sand with traces of
silt. 

The water table depth in the pans is held practically constant byautomatic feed from storage tanks, the equipment being similar to that
used at the Ft. Collins laboratory of the Department of Agriculture. 
Quantities of water evaporated are read daily on a scale fixed to a glass
tube alongsidse of and connected at both ends to the storage tanks. 

Samples were taken of the various soils found and sent to the Agri- 
cultural Experiment Station at State College, New Mexico. Mr. H. V. 
Jordan, Assistant Agronomist, classified the entire profile as that of

the Gila Clay loam. The various strata were described as follows: 
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Ground Surface to 1 ft. 3 in ................. Clay Loam. 
1 ft. 3 in. to 2 ft. 7/ in ................................. Fine, sand'- loam. 
2 ft. 7/ in. to 3 ft. 6 in ..................... Clay. 
3 ft. 6 in. to 4 ft ....................................... Sand. 

Average results of mechanical analyses for Gila Clay loam soils of
the Middle Rio Grande Valley as given in the 1912 Soil Survey Bulletin, 
are as follows

IFine
Gravel

Sol l 1 0.0
Subsoil 0. 3
Lower

Subsoil ! 0. 3

Table 55

Soil Analyses. 

Coarse Medium
Sand Sand

1. 3 2. 3
1. 3 4. 0

4. 7 14. 6

Fine Very fine
Sand Sand

Silt Clay

15. 5 1 14. 7 35. 3 30.9
29. 8 26. 5 17. 2 16.2

55. 1 j 17. 6 j 3. 7 4. 1

An analysis was also obtained of a water sample taken August 28, 
1926, from the shallow dug well used as a supply for both open water
and soil pans. The report from C. W. Botkin, Chemist at the Agricul- 
tural Experiment Station, in parts per 100, 000 was as follows: 

Total Mineral Matter .................................... 44. 8
Sodium Carbonate ...................................... 23. 0
Sodium Chloride ....................................... 8. 6
Sodium Sulphate ....................................... 13. 2

Some difficulty was anticipated on account of the high content of
sodium salts in the water used, but the- salt grass grew vigorously, es- 

pecially on pan No. 6, which received a full supply of water, and the

condition of the soil does not seem to have been of f ected. Water in pans
1 and 2, however, has been renewed frequently, in order to avoid a con- 

centration Of alkaline salts which might influence the observed evapora- 
tion rate. 

Measured evaporation losses by months, from pans 1 and 2, with a

summary of meteorological data, for the period September 1, 1926, to

August 31, 1928, are given in table 56. 

k. 
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Table 56

Los Griegos Station Evaporation Record Pans 1 and 2 Open Water Surface

1926 - Sept. 
1926 - Oct. 

Nov. 
Dec. 

1927 - Jan. 
Feb. 
Mar. 
Apr. 

May
June

July
Aug. 
Sept. 

Evaporation, i

1. 03 2. 4

Feet
L

T 2. 0

3. 6
0. 50

Ground Class

T

U

Pan A„ 
1

80 ' 2. 7
1. 62

No. 1 I Pan No. 2 Izz E 

3 3. 5

38. 2

0.465 0. 585 79. 5 j 1. 2 67. 2
0. 314 0. 417 1 75. 3 1. 4 ! 57. 3

j 0. 240 0. 336 71. 4 ! 1. 3 44. 2
1) 0. 075 1) 0. 106 70. 7 1. 1 1 35. 4

0. 084 0. 121 69. 4 1. 1 38. 9
0. 196 I 0. 269 72.8 1. 2 44. 0
0. 384 0.519 74. 0 1 1. 2 I 46. 5

I 0.476 ; 0. 697 68.3 I 0. 9 53. 8
0. 768

I
1. 103 69. 6 1. 1 61. 8

0. 569 0.850 67.0 1. 1 67. 9
0.650 I 0.937 69. 4 1. 5 I 74. 7
0.555 0. 760 73. 0 1. 6 71. 3
0.406 0. 558 72. 7 1. 3 66.3

4. 717 I 6. 673 ! 71. 1 1. 2 i 55.2

1. 04

i

1. 03 2. 4
T j 3. 5
1. 01 2. 4
T 2. 0

0. 34 3. 6
0. 50 4. 7

0. 17

I

1. 04 2.7
1. 03 2.4
T j 3. 5

1. 01 2. 4
T 2.0
0. 34 3. 6

0. 50 4. 7

0. 17 4. 0
T 4. 6

1. 00 3. 1

80 ' 2. 7
1. 62 2. 5

1. 34 2.8

7. 21

1927- Oct. 0. 322 0. 462 69. 7 1. 3 54. 7 0. 19
Nov. 0.213 0. 282 1 75. 5 j 0. 9 46. 6 0. 04
Dec. 

1928 - Jan. 
I 0. 089

1 0.090
0. 121

0. 168
73. 5
53. 5

1. 0 31. 5 0.06

Feb. I U. 1 0. 242 65. 4
i 1. 1

1. 1
3 3. 5

38. 2
0. 00

0. 32
Mar. 0. 359 1 0.514 1

69.8 i 1. 1 ! 47. 1 1 0. 06
Apr. 0.500 ; 0. 718 69. 7 i . 8 52.0 0. 75
May0.445 0. 676 I 65. 7 8 61. 5 ' 1. 38June i 0. 720 1. 060 1 67.8 1. 568.5 0. 00
July 0. 617 0. 917 68. 6 1 2. 3 1 73. 5 1. 43
Aug. 
Sept. 

0.614 I 0. 699 73.62.1 70. 2 2.65
0.444 1 0. 611 72.8 I 2. 6 63.6 15

4. 571 6. 470 68. 8 1. 4 j 53. 4 1 7. 03
1) Pans ice covered during most of December and to Jan. 9, 1927. 2) Anemometer 2 feet above ground surface. 
3) Elevation 4970, one- half mile east of Rio Grande, 4 miles northerly of Albuquerque

3. 2

2.2

2.5
3. 2

2. 6

3. 6

3.6
5. 1

3. 3

3. 8

2.4

2. 6
2.3

3. 1
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For purposes of comparison a summary of the record of the Weath- 
er Bureau Station at the University of ''\ e« r Mexico is included as

Table No. 57. 

Table 57

Meteorological Records at University Station, Albuquerque, N. M. 

Elevation 5196, on mesa east of Albuquerque. 

Year I Normal I 1926- 27 I 1927- 28

k - Li - mcan vi ji year reeora. 

2) Mean of 9 year record. 
3) Anemometer on top of building, 50 feet above ground surface. 

v

1

Cn
Cd U

cz
Cd

Sept. 67.8 1 0.77 6: 9 49 68. 6 1. 04 6. 8 54 67. 4 1. 11 6. 5 6C
Oct. 56. 1 1 0. 82 6. 9 48 58. 8 1. 21 5. 8 54 57.0 0. 22 6. 1 4C
Nov. 43. 5 0. 44 6.8 52 45. 8 T 7. 4 43 48. 8 T 5. 8 49
Dec. 34. 5 I 0.42 6.8 64 33. 8 1. 105.9 73 31. 9 0. 16 7.0 66
Jan. 34. 2 0. 37 6. 2 61 39. 7 0. 03 I 5. 3 59 37. 6 0 6. 2 50
Feb. 39. 6 0. 28 9. 1 51 44. 4 1 0. 42 i 7. 8 57 39. 4 0. 21 7. 8 52
Mar. ; 47. 0 0. 32 9. 6 46 47. 1 0. 35 9. 7 45 49. 2 0. 10 6. 2 40
Apr. 55. 5 0.54 10. 3 41 56.2 0. 21 8. 4 36 53. 6 0. 57 10. 2 38
May 64. 5 0. 46 8. 4 39 66. 1 T 8. 8 21 62. 9 1. 63 7. 5 52
June 73. 3 0.72 8.5 36 71. 2 1. 61 7. 7 38 73. 2 T 8. 9 27
July 76.9 1. 32 7. 5 49 77.4 1. 93 7. 0 46 ; 77. 2 2.54 7. 0 44
Aug. 74. 9 1. 30 6. 5 52 72. 8 1. 63 6. 5 57 71. 8 1. 96 6. 2 60
Annual 55. 7 7. 76 7. 8 49 56. 8 9.537.3 49 I 55. 8 8. 50 7. 1 48

k - Li - mcan vi ji year reeora. 

2) Mean of 9 year record. 
3) Anemometer on top of building, 50 feet above ground surface. 

v

1
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IMeasured evaporation losses and depths to water table for pans No. 
3 - No. 9 for the period Oct. 1, 1926 to Aug. 31, 1928, are shown in
the following Tables Nos. 58- 64: 

i yzi- vct. 

Table 58

Nov. 

Los Griegos Station Evaporation Record

01

Pan No. 3, River Wash Material, Fine Sand with Traces of Silt

1. 59

2. 10

Average Depth to

08

13

Feb. 2. 22

Year and Month Ground Water in

Mar. 

precipitation in Net Eva oration inP

08

Feet
i

Feet

09

Feet

1926 - Oct. 2.42
Nov. 
Dec. 

2. 32

2. 10. 08

10

00
19

10

1927 - Jan. 2. 11

July

00
12

Feb. 
Mar. 

2. 33

2. 36

1. 90

03
02

10

Apr. 2.38

01

04

01
17

May
June

2.49
2.40

00
17

16

July 2.50
08

05
16

Aug. 
Sept. 

2.43

2.24
14

11

20
11

63

14

1. 64
Year I I

i yzi- vct. 2.38 02
Nov. 1. 86 01

12

Dec. 
1928 - Jan. 

1. 59

2. 10
01

08

13

Feb. 2. 22
00

03
03

Mar. 2.38 01
08

Apr. 2. 17 06
09

May 1. 78 12
10

June 2. 18 00
16

July 2.26 12
06

Aug. 1. 90 22
15

Sept. 2.02 01
20

13

Year I 61 1. 33
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Table 59. 

Los Griegos Station Evaporation Record

Pan No. 4, Salt Grass

Average Depth to
Precipitation in Net Evaporation in

Year and Month Ground `" ater in
Feet Feet

Feet

1926 - Oct. 2. 01 09 10

Nov. 2. 32 00 01

Dec. 2. 08 08 09

1927 - Jan. 1. 84 00 01

Feb. 1. 82 03 04

Mar. 1. 67 04 05

Apr. 1. 67 01 01

Mav 2. 30 00 05

June 2.23 08 23

July 2.25 05 29

Aug. 2. 28 14 35

Sept. 2. 30 11 28

Year 63 1. 51

1927 - Oct. 2. 16 02 16

Nov. 2.02 01 18

Dec. 1. 89 01 05

1928 - Jan. 2. 17 00 01

Feb. 2. 17 03 04

Mar. 2.10 01 03

Apr. 2. 10 06 10

Mav 2.09 12 22

June 2. 17 00 18

July 2. 33 12 32

Aug. 2. 27 22 41

Sept. 2. 25 01 I . 19

Year 61 1. 89
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Table 60

Los Griegos Station Evaporation Record
Pan No. 5, Salt Grass

Average Depth to
precipitation in Net Evaporation inYear and Month Ground Water in

Feet Feet
i

Feet

1926 - Oct. 1. 35 I . 09

Nov. 

18
N ov. 1. 15 00

OS

08
Dec. 0. 96 08

1. 19 . 03

09
1927 - Jan. 1. 17 00

Apr. 

01
Feb. 1. 24 03

32

07
Mar. 1. 10 04 11
Apr. 1. 23 01 12

May j
June

1. 22

1. 28
00

08
26

38

July i 1. 27 05 51

Aug. 1. 12 14 61
Sept. I 1. 06 11 35

Year 63 2. 77

1927 - Oct. 1. 34 . 02 27
Nov. 1. 16 . 01 10

Dec. 1. 18 . 01 OS
1928 - Jan. 1. 10 . 00 01

Feb. 1. 19 . 03 03
Mar. 1. 62 . 01 05

Apr. 1. 30 . 06 16

May 1. 30 . 12 32
June 1. 41 . 00 45

July 1. 43 . 12 60

Aug. 1. 41 . 22 56
Sept. 1. 41 . 01 33

Year 61 2. 93
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Table 61

Los Griegos Station Evaporation Record
Pan No. 6, Salt Grass

Average Depth to
Ground Water. in Precipitation in I Net Evaporation inYear and Month

Feet
Feet I

0. 48 . 09

Feet

291926 - Oct. 
Nov. 0.40 . 00 08
Dec. 0.20 . 08 07

1927 - Jan. 0.26 . 00 03
Feb. 0.39 . 03 07
Mar. 0.40 . 04 14
Apr. 0. 47 i . 01 26

May 0. 37 j . 00 59
June 0.41 . 08 i 59

July 0.41 . 05 75
Aug. 0. 40 . 14. 67
Sept. 0.39 . 11 I

63 I
0.47 . 02

49

4. 03

29

Year

1927 - Oct. 
N ov. 0. 45 . 01 09
Dec. 0. 39 . 01 05

1928 - Jan. 0. 39 . 00 i 03
Feb. 0.40 . 03 j 05
Mar. 0.49 . 01 09
Apr. 0. 40 . 06 17

May Q. 42 . 12 40
June 0. 53 . 00 74

July 0. 51 . 12 84

Aug. 0. 48 . 22 64
Sept. 0. 51 . 01

61

48

3. 87Year
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Table 62

Los Griegos Station Evaporation Record

Pan No. 7, River Wash Material, Fine Sand with Traces of Silt

247

Year and Month
Average Depth to
Ground Water iii Precipitation in Net Evaporation iii

Feet I Feet Feet

1926 - Oct. 0. 37 09 26
Nov. 0. 25 UO 23
Dec. 0. 20 08 08

1927 - Jan. 0. 19 ! 00 12
Feb. 0.35 03 20
Mar. 0. 28 I 04 40
Apr. 0.45 01 47

Mav 0. 41 00 68
June 0. 36 08 57

July 0. 39 05 63

Aug. 0. 34 I 14 54
Sept. 0. 34 11 40

Year j 63 4. 58

1927 - Oct. j 0. 20 i 02 32
Nov. I 0. 42 01 18
Dec. 0. 19 01 11

1928 - Jan. j 0. 33 j 00 13
Feb. 0.23 03 17
Mar. 0. 31 O1. 35
Apr. 0. 31 06 43

May 0. 28 j 12 44
June I 0. 42 ! 00 58

July 0. 34 12 57

Aug. 0. 25 22 47
Sept. 0. 25 01 37

Year 1 1 . 61 1 4. 12
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Table 63

Los Griegos Station Evaporation Record

Pan No. 8, ( Started Sept. 1927) Salt Grass

Average Depth to
Year and Month j Ground Water in

Precipitation in Net Evaporation in

Feet
Feet i Feet

1927 - Oct. 3. 06 02 04
Nov. 3. 08 01 0' 
Dec. 3. 10 01 02

1928 - Jan. 3. 07 00 01
Feb. 3. 04 j . 03 03
Mar. 3. 04 01 01
Apr. 3. 09 06 07

May 3. 09 12 13
June 3. 09 00 02

July j 3. 09 1 . 12 16

Aug. 3. 04 j 22 ; 28
Sept. 3. 07 i 01 05

Year I . 61 I 84

Table 64

Los Griegos Station Evaporation Record

Pan No. 9 ( Started Sept. 1927) 

Tules"- Water at or Slightly Above Surface. 

Year and Month Precipitation in Feet Net Evaporation in Feet

1927 - Oct. 02 23

Nov. 01 15

Dec. 01 08
Jan. 00 10

Feb. 03 14
Mar. 01 30
Apr. 06 43

May 12 44

June 00 89

July 12 1. 09

Aug. 22 89
Sept. 01 65

Year 61 5. 39

I
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