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irrigation. This project is being integrated b y the Bureau of Reclamation
and the Corps of Engineers of the U. S. Army and complies, in all respects,
with the provisions of the Rio Grande Compact. One of the important features of the proposed project is the detention and control of silt on tributary
streams, thereby reducing the average rate of silting of Elephant Butte Reservoir from about 17,000 acre-ft to about 5,000 acre-ft annually. The project
will not eliminate the silt problem of the basin, of course, since it merely retains
the silt load in reservoirs upstream from Elephant Butte Reservoir. I t will
alleviate a bad situation for many years, however, during which time it is to
be hoped more adequate control measures will become available.
LUNA B . LEOPOLD, 3 1 J U N . AM. SOC. C. E.—The Rio Grande and Colorado
River watersheds differ somewhat from many other large basins in t h a t normal
erosion in the semiarid areas is more widespread and more obvious than in
humid areas. Therefore, there is a tendency to minimize the importance of
watershed management as a factor t h a t might influence the rates of sediment
production.
The author states (see heading, "Prolonging the Life of Lake Mead: Land
Management") t h a t in the semiarid areas natural erosional forces are relatively so important that the best land management can have only minor effects
in reducing the sediments carried by streams. I t should be emphasized, however, t h a t continued mismanagement could increase t h e sediment available t o
streams. In a watershed such as the Rio Puerco, an important sedimentproducing tributary to the Rio Grande, gullying has proceeded so far t h a t land
management alone could have but negligible effect on the lateral widening of
the gully walls and the deepening of the existing arroyos in their upper reaches.
In the Rio Grande and Colorado watersheds, however, there are myriad small
valleys which are not yet gullied and where land management, as a preventive
method, can be effective in keeping sediment out of the main channels. Flash
flows tend to clog the main channel with debris t h a t might be moved into the
reservoirs by larger floods. The larger the area of watershed dissected by
arroyos, the larger will be the percentage of storm rainfalls capable of producing flash flows in the tributary channels.
The history of arroyo cutting of the Rio Puerco will serve to illustrate the
rapidity with which dissection of such alluvial valleys proceeds and the effect
of recent erosion on the problem of sedimentation of reservoirs. The Rio
Puerco comprises 23.6% of the total area above Elephant B u t t e D a m . The
average annual runoff at its mouth 36 amounts to 62,000 acre-ft. Stream-flow
records a t San Acacia, just below the mouth of the Rio Salado, indicate t h a t
the Rio Puerco contributes 6.6% of the runoff and 6 0 % of the suspended load
passing t h a t station. 88
Prior to 1885 the Rio Puerco, an ephemeral stream, was subject to numerous
small floods and occasional great ones, the water spreading over a wide and
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1st Lt., Army Air Forces Weather Service, Loa Angeles, Calif.
" " R i o Puerco Watershed, New Mexico," U. S. D. A. Survey Report, Flood Control, 1911, p. 221
(unpublished).
»Ibid., p. 307.
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8.—OLD STREAM CHANNEL OP THE R I O PUEBCO, NEAR SAN LUIS, N E W MEXICO

F I G . 9-—ARROYO OF THE R I O PUERCO IN 1940,

ABOUT T H R E E M I L E S BELOW SAN L U I S , N E W MEXICO
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grassy valley floor.37 The flood plain was discontinuously channeled, a natural
feature of such a watercourse. The continuous gully, now approximately
156 miles long, cut headward from the mouth, the greatest growth taking place
in the period from 1885 t o 1895.
In 1939 the writer talked to one of the original settlers of the village of
San Luis, N . Mex., the late Miguel G. Dominguez, who came there in 1867
when his father settled in the Rio Puerco valley. The old man showed the
writer the position of the Puerco channel as it was when he was a youth. As
the present arroyo developed, many small remnants of the original channels
have been left on the old valley floor. Fig. 8 was taken at the position indicated by Mr. Dominguez as the 1870 channel. As can be seen the watercourse was shallow and about 20 ft wide, lined with cottonwood trees. These
trees died when the water table was lowered by the cutting of the continuous
arroyo.
Mr. Dominguez said t h a t in his youth there was a gully "head-cut" 4 ft
or 5 ft deep about one mile below the village of San Luis. The gully was
probably discontinuous a t t h a t time. Such evidence corroborates the picture
of the valley constructed by Kirk Bryan and G. M . Post. 37
In 1904, according to Mr. Dominguez, the arroyo a t San Luis was 12 ft
deep. I t is now 30 ft to 40 ft deep. The magnitude of the present channel
can be visualized from Fig. 9, a photograph taken by the writer in 1940.
No discussion of erosion problems of the Rio Grande would be complete
without reference to the voluminous work of Kirk Bryan. 38 The classic report
by Messrs. Bryan and Post 37 provides detailed data on southwestern erosion
history. These men made a survey of the Rio Puerco channel in 1927 and
another was made in 1939 by the Soil Conservation Service. Using Mr.
Bryan's estimate of the volume of the channel in 1885 and the results of the
1939 survey, it is computed t h a t approximately 250,000 acre-ft of material
were eroded from the Puerco channel during the 54-yr period. 39
D a t a on widths of the Rio Puerco channel recorded by land surveys in
1881, 1897, and 1900 were collected by Messrs. Bryan and Post and, together
with later measurements by the Soil Conservation Service, 39 provide indications of the rate of widening of the arroyo. The width of the channel on six
section lines in T 6 N, R 1 W where the Puerco forms the west boundary of the
N. D. Chavez Grant were measured by early land surveys. The increase of
width of channel, averaged for these six places, is shown in Fig. 10.
This resume' of the history of arroyo cutting in the Rio Puerco characterizes
the development of recent erosion in most of the watersheds of the southwest.
This discussion cannot possibly do justice to the large volume of data published on the subject; nor is this the place to discuss the relative importance of
overgrazing and climatic change as causes of the present epicycle of erosion.
71
"Erosion and Control of Silt on the Rio Puerco, New Mexico," by Kirk Bryan and G. M. Post,
Rept. to the Chf. Engr., Middle Rio Grande Conservancy Dist., October, 1927.
*"Hiatorio Evidenoe on Changes in the Channel of the Rio Puerco," by Kirk Bryan, Journal of
Geology, Vol. 36, 1928, pp. 265-282.
» " R i o Puerco Watershed, New Mexico," U. S. D. A. Survey Report, Flood Control, 1941, p . 218
(unpublished).
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The fact remains t h a t overuse of land has contributed to the timing and to
the extent of the present erosion problem. Because there are many subtributaries in various parts of the Rio Grande and Colorado watersheds which
are not yet gullied, continued mismanagement of land can still be a factor in
producing large amounts of sediment which might further aggrade the main
channels or be deposited in reservoirs.
The author states t h a t the prime objective of range and forest management
is to produce as much forage and merchantable timber as possible on a sustained yield basis ("Prolonging t h e Life of Lake M e a d : Land Management").
The qualification might well be added t h a t this assumes t h a t the soil and
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vegetation will be ecologically stable under continued use. Such is the case
in most areas where deterioration has not progressed too far.
Planting of forests solely to prevent erosion is seldom a sound financial
investment, as Mr. Stevens states. This is certainly true in so far as private
enterprise is concerned. From the standpoint of the nation as a whole, however the time has already come when the value of cover on certain watersheds
as relatively permanent protection for areas downstream far exceeds the actual
cash value of the land itself. I t is to be hoped t h a t there will be an increasing
realization of the value of watershed cover as protection for water supplies
and as a factor promoting soil stability. These are separate values and no
less important than the value of the merchantable produce.
The sedimentation problem brings the engineer face to face with many
nonengineering aspects of land use. In many respects watershed control,
including all the biological considerations of grazing, forestry, and fanning,
constitutes an engineering problem in t h a t it is susceptible to engineering
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techniques of over-all analysis and planning. A growing number of engineers
are extending themselves into biological fields, b u t there is still a need for
practicing engineers to broaden the scope of their activities in order t o apply
engineering experience to the vast job of conserving the deteriorating land
resource. Papers such as the one under discussion constitute a stimulus
toward this end.
C A B L B. B R O W N , 4 0 ASSOC. M.
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"focused attention on the part sedimentation will play in the future history of
Western civilization." 41 In the present paper he analyzes the effects of sedimentation on the useful life of Lake Mead and Elephant Butte Reservoir.
His conclusions strongly re-emphasize the urgency of the task lying ahead of
engineers and conservationists to find some practicable means for conserving
the limited, irreplaceable, and indispensable reservoir sites on major southwestern streams.
Lake Mead.—Previous estimates of the annual rate of silting in a reservoir
on the Colorado River at Boulder Canyon have ranged 42 ' 43 from 80,000 acre-ft
to 150,000 acre-ft. A rate of 137,000 acre-ft originally estimated by Harry F .
Blaney and the late Samuel Fortier, Members, Am. Soc. C. E., in 1928 44 was
quoted by the U. S. Bureau of Reclamation in 1936 with the qualification t h a t
"this amount will decrease with upstream development. I t is estimated t h a t
the total silt deposits in the reservoir will not exceed 3,000,000 acre-feet at the
end of 50 years." 45 However, the Bureau's Final Reports on the Boulder
Canyon Project contain this statement: "Estimates indicate t h a t before Boulder
Dam was built the average rate of silt transportation through Black Canyon
was about 100 thousand acre-feet per year, approximately 5 tons per second." *"
On the basis of new data, Mr. Stevens has concluded t h a t the average rate
of silting in Lake Mead without upstream developments will be 198,000 acre-ft
annually. There is considerable evidence to indicate t h a t even this estimate
is too low. The author's analysis is based primarily on the suspended load
records obtained by the U. S. Geological Survey, at Grand Canyon, during the
16-yr period from October 1, 1925, to September 30, 1941 (see Table 4). His
analysis contains no allowance, however, for the fact t h a t this was a period of
predominantly subnormal stream flow throughout the Southwest, although he
mentions this fact several times in the text. Fig. 4 shows the rapidly declining
level of Great Salt Lake and the declining 5-yr moving average of stream flow
of the Rio Grande at Otowi, N . Mex., from 1925 through 1935. A cumulative
« Head, Sedimentation Section, SCS, Washington. D. C.
« "The Silt Problem," by J. C. Stevens, Transaction*. Am. Soo. C. E., Vol. 101 (1936), p. 208.
" "Colorado River and Its Utilization," by E. C. LaRuo, Water Supply Paper No. S9S, U. S. Geological
Survey, Government Printing Office, Washington, D. C., 1916, p. 222.
« "Handbook of Applied Hydraulics," by C. V. Davis, McGraw-Hill Book Co., Inc., New York, N. Y.,
1942, p. 131.
**"Silt in the Colorado River and Its Relation to Irrigation," by Samuel Fortier and Harry F. Blaney,
Technical Bulletin No. 67, U.S.D.A., Washington, D. C , 1928, p. 4.
** "Boulder Canyon Project—Questions and Answers," U. S. Bureau of Reclamation, Washington,
D. C , May 1, 1936.
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