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ADDRESS OF WELCOME

by L. N. MoClellan*

I am pleased this morning to welcome you to this conference and to extend to you the
hospitality of the Bureau of Reclamation, on behalf of Commissionsr Straus and Chief Engineer
Young, to make the facilitles of the Bureau available during your visit, Unfortumately, Chief
Enginser Young is away on vacation and is unable to be here this morning.

I understand that this is the first meeting of this kind where the entire program is de-
voted specifically to the sedimentation problem. This in itself constitutes somewhat of a
milestons in the progress in this particular field of technical study. The Bureau, of course,
conslders 1t quite an honor to extend its facilities and be host at a meeting of this sort.
Wo are delighted to have you here,

Now I understand that Mr., Brown, the Chairmen of the Subcommitiee on Sedimentation of the
Federal Inter-Agency River Basin Committee, will outline the scope and functions of thia con-
ference. Therefore, I will not attempt to go into that phase. Those in charge of the program
suggested that I might give you a brief history of the Federal Center, as it is now called, and
explain why the Bureau of Reclamation is now establishing its headquarters at this plsace.

The Federal Center, or the Arms Plent as it was called during the war, was built by the
Army Engineers in 1941 prior to Pearl Harbor, for the purpose of manufacturing small arms am-
mnition. The plant was leased to the Remington Arms Company, which operated it and manufac-
tured mlllions of rounds of 30-caliber shells. The plant made quite & record and turned out
many shells at a much faster rate then the plant had originally been designed for. As the war
brogressed it developed that the military need for smell arms ampmnition was adequate, and this
plant, along with several others throughout the country, was shut down. Later in the war a need
for larger caliber shells developed, and the EKalser Industries took over part of the plant and
converted it to the manmufacture of 155-mm, and 8-inch eshelle. The large black building with the
peculiar ventilators in the roof which you noticed as you drove up was the forge plant for the
Kaiser Industries. This Building 1-B which we are now in was also convered by the Kaiser Indus-
tries for the manufacture of 9-mm, shells later in the war program. The tooling-up was just
about completed at the end of the war, and the manufacture of 90-mm. shells was never actually
started.

When the war was over this plant was idle for a time and considered a surplus property.
During the war the Bureau of Reclamation had an expanded program, principally in commsction
with installation of generator facilities to: provide power for the manufacture of aluminum,
magnesium, and other war industries, and in expanding the organization to take care of that
program it was mecessary to rent additional space in various buildings downtown. When the war
was over the- Bureau was called on for additional expansion of its program, the development of
large irrigation projects to make farm homes available for returning veterans, and this enlarge-
ment program necessitated a further expansion of the Bureau's staff, There was just no office
space available in downtown Denver. Plans were then under consideration for disposal of the
Arms Plent and what use should be made of it. Consideration was given to making 1t available
to a number of amall industries, but the critical need for office gpace on the part of the vari-
ous Federal agencies in this area finally decided that this Arms Plant should be converted to
meet that need. The name was changed to "Denver Federal Center," the buildings were turned
over to the Federal Buildings Administration and the various Govermmental agencies in need of

* Assistent Chief Engineer filootrice.l and Mechanioal, Branch of Design and Conétruntion,
Bureau of Reclamation, Denver, Colo. (for Walker R. Young, Chief Engineer).



office space were allotted various bulldings and space. The Federal agencles which have been al-
lotted space include the Veterans Administration, Forest Service, Geological Survey, Public
Roads Administration, War Assets Administration, and Bureau of Reclamation.

The first unit of the Bureau organization moved was the Hydraulics Laboratory, which moved
here in March 1946. Additional units of the laboratory facilities were moved as space became
available. Now I believe the laboratories are practically 100 percemt moved out here. Other
unita of the Bureau's organization have been moved into Bullding l-A, immedistely south of this
building. I believe the Dam Design Division, Electrical-Mechanical, Structural, Architectural
Divisions, Tracing Division, Hydrology Division, and perhaps others are now out here. Additional
design divisions will be moved here as soon &s the space can be made available. We now expect
the administrative offices will be moved out here the middle of the summer, provided the present
strike in the buillding industry doesn't further delay the remodeling program.

In closing, I regret to announce that E, W. Lane, who is a consulting hydraulic engineer on
the steff of the Chief Engineer and who intended to teke e prominent part in thils conference, is
111. The paper which he was to have read will be reasd by Mr. Herbert of the Hydraulic Laboratory
staff. We are very sorry that Mr, Lane's illness prevents him from participating in the discus-
sion of various papers. Those discussions have been assigned to others in our organization.

Again I want to express our pleasure in having you all here for this conference. I hope
your visit will be enjoyable and that the conference will be both profitable and interesting.



PERSPECTIVE ON SEDIMENTATION - PURPOSE OF CONFERENCE

by Carl B. Brown¥*

On behalf of the Govermment eagencies represented on the Federal Inter-Agency River Basin
Committee, I welcome you to this conference. This is the first technical meeting of national
scope ever held in this country on the problems of sedimentation as they are of concern to the
engineer and conservationist. The conference 1s an outgrowth of increasing recognition of the
importance and widespread ramifications of sediment in the plamning of river basin developments
and in the comservation of land and water resources.

A few Federal, State, and local agencles in the United States have investigated ons or
another aspect of the sediment problem from time to tims during more than a century. It has
only been within the past 15 to 20 years, however, with the advent of expanded Federal programs
of flood control, reclamation, power develoyment, navigation improvements, and soil conservation,
that the true import of sediment has come to be recognized.

The first attempt to measure the sediment load of streams in this country was made a little
more than 100 years ago on the Mississippi River by the United States Army Engineers. The first
studies of reservoir silting date back only to the 1890's. The Corps of Engineers has sampled
the suspended load of the Mississippi River during various periods from as early as 1838; of the
Missouri River from as early as 1879. In commection with preparstion of the so~called 308 Re-
ports on flood control, navigation, power, and other phases of river basin development, begin-
ning in the ilate 1920's, the Corps of Engineers carried on extensive suspended-load sampling
at many stations in the Missouri River Besin, the Upper Mississippi and tributaries, and on
other streams. During this period, also, the Enginesers made surveys of a mumber of reservoirs
to determine the effects of sedimentation. Since 1940, or slightly earlier, many of the Dis-
trict Offices of this agenoy have begun extensive programs of suspended-load sampling and of
sedimentation surveys of all reservoirs for which the Engineers asre responsible. The Corps or
Engineers has also conducted numerous experiments at the Vicksburg, Miss. laboratory and else-
where on the effects of sediment on river behavior.

The Geological Survey sampled the suspended load of the Rio Grande at El Paso in 1889 and
1890, and in cooperation with the Intermational Boundary Commission during various periods sub-
sequent to this date. During 1906-1907 this agency sampled the suspended-sediment load of many
streams throughout the United States for a period of one to two years. In 1925 the Survey began
a sampling program in the Colorado River and tributaries which has continued to date. In 1934
to 1940 the Survey cooperated with the Soil Conservation Service and Forest Service in measur-
ing the suspended-sediment load in mmerous small streams throughout the United States. The
Survey made an investigation of reservoir silting in La Grange Reservoir on the Tuolumne River,
California, in 1905, and considered this problem on the Salt River, Arizona, in a publication
1ssued in 1897. In 1946 the Survey began an extensive program of sampling on tributaries of
the Missouri River.

The International Boundary Commission has sampled the sediment load of the Rio Grande at
various points continuously since 1928.

The Bureau of Reclamation begen suspended-sediment sampling on the Colorado River at Yuma,
Ariz., in 1909, and has done similar sampling on other streams at various dates. The Bureau
hes made sedimentation surveys from time to time on a number of reservoirs under its control -

* Sedimentation Specialist, Office of Research, Soil Conservation Service, Washington, D. C.,
and Chairman, Sedimentation Subcommittee, Federal Inter-Agency River Basin Committee.



notably Lake McMillan on the Pecos River in 1910 and subsequently, Elephant Butte Reservoir on
the Rio Grande in 1916 and at intervals thereafter, and Guernsey Reservoir on the North Platte
River from time to time since 1927. The Bureau has also made extensive measurements of density
currents in Lake Mead, and of degradation of the channel of the Colorado River from Hoover Dam
to Yuma. It has devised and installed unique desilting works at Imperial Dam on the Colorado
River to remove the sediment load at the entrance of the new All-American Canal. In 1946 the
Bureau developed a program of systematic studies of reservoir, stream-channel, canal, and re-
lated sedimentation problems.

The Division of Irrigation of the Soil Conservation Service, U. S. Department of Agriculture
(formerly of the Office of Experiment Stations and Bureau of Agricultural Engineering), sempled
the suspended load of the Brazos and Wichita Rivers in Texas in 1900-1902; made a study of the
sediment load of the Colorado River of the West and of various irrigation canals leasding from it
in 1917-1918; and in 1924 began systematic measurements of the sediment load of Texas streams, a
program which has continued to date. The Division made sedimentation surveys of several reser-
volrs in Texas in the early 1920's. It has also made extensive studies of methods for removing
sediment from irrigation canals and of desilting basins for controlling debris from mountain
torrents.

Since the early 1930's the Forest Service of the U. S. Department of Agriculture has made
a number of reservoir sedimentation surveys, particularly in California, and has made other
studies of sediment movement in streams and emall watersheds within the National forests.

In 1934, the Soil Conservation Service, U. S. Department of Agriculture, established a
Sedimentetion Section in ivs Office of Research to make systematic studies of thes causes and
effects of sedimentation resulting from accelerated soil erosion. As part of these research
studies and, also, after 1937, as part of the flood control surveys made Jointly with the
Forest Service under suthority of the Flood Control Act of 1936, the Service has completed
numerous sedimentation surveys in all parts of the country. Detailed sedimentation surveys
have been made on sbout 150 reservoirs and reconmnaissance investigations on some 300 other
reservoirs. Now methods have been developed for determining a stream-channel and flood-plain
aggradation and scour, and surveys have been made on some 50 representative valleys. Research
on suspended- and bed-load transportation and on density currents in reservoirs has been carried
on in cooperation with the California Institute of Technology and at various field locations.
Numerous studies of sediment control methods and the effects of various conservation measures
on rates of sediment production have been made at experiment stations and in experimental water-
sheds in various parts of the country.

The Tennessee Valley Authority began in 1934 a systematic program of measurement of the
suspended load of streams and surveys of principal reservoirs in the TVA system.

Various other agencies have made important contributions through surveys and msasurements,
notable among which have been the Office of Indian Affairs and the Fish and Wildlife Service
in the U. S. Department of the Interior; the Rorth Carolina Department of Conservation and
Development; the Los Angeles County Flood Control District; the Bast Bay Municipal Utilities
District of Oakland, Calif,; the Salt River Valley Water Users Association of Phoenix, Ariz.,
the University of Texas through the late Dean T. U. Teylor; the Aluminum Company of America;
the city of Baltimore; and many others.

Since about 1935 there has been a growing recognition of the significance of the sediment
problem and of the need for coordination of efforts in ite investigation. This need led in
1939 to the formation of a Federal interdepartmental committee on the measurement and analysis
of sediment loads in streams. Under the sponsorship of this committee a cooperative research
project was established at the Iowa Institute of Hydraulic Research, University of Iowa, to
develop improved samplers and field and laboratory technigues for sediment-load investigations.
The need for cooperation and coordination on a broader scale led the Federal Inter-Agency River
Basin Committee in May 1946 to establish a Subcommittee on Sedimentation. This Subcommittee
absorbed the functions of the old interdepartmental committee and has been instrumental in
starting a number of new projects, the nature and scope of which have been reported in the
Committee's monthly minutes, guarterly nows-letter supplements, and other reports that have
been distributed from time to time to field offices.

Flgure 1 has been prepared to show the ramifications of the sediment problem in some
poerspective. This diagram relates the principal types of sediment problems to the principsl
classes of enterprise or natural resources which they affect. The harmful effects of sedimenta-

tion may be divided into five major categories as shown in. the boxes at the bottom of the diagram:
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(1) Sediment concentration in water may be harmful even though the stream is fully compe-
tent to cerry all of its load without deposition. High turbidity may destroy the value of the
stream for fish and wildlife. It makes the stream or lake undesirable for swimming. Coarse
sediment in transportation may demege power turbines. Fine sediment must be filtered at con-
slderable cost before the water is acceptable for public, domestic » and industrial uses.

(2) Sedimentation in improved chammels, floodways, ditches, and canals used for navigation,
drainage, irrigation, and flood control must be prevented or the sediment removed if these im-
provements are to function effectively.

(3) Sedimentation in reservoirs causes loss of storage capacity, which depreciates the
value of the storage development and causes other losses such as incressed evaporation, decreased
recreatlonal opportunities, and impaired esthetic values.

(4) Deposition on land, improvements, and habitats, mainly during flood flows, causes
severe deamages in many areas to agricultural lend, to urban areas, to transportation facilities,
and to native wildlife.

(5) In addition to these direct damages, aggradation of stream channels and natural or
artificial floodways has the effect of increasing flood stege for any given dischargs. Conse-
quently the area inundated and the extent of flood-water dameges mey be increasing as a result
of sedimentation, although the volume and rate of runoff remains substantially the same, As
floods affect all classes of enterprise and resources shown on this diagram, this is an all-
inclusive form of damage.

N ON
SEDIMENT SEDIMENTATION OF IMPROVED SEDIMENTATION Az[E)PlzilRT(;eEMENTS
CONCENTRATION CHANNELS, FLOODWAYS, OF L A'\;D HaoiTATS \
tN WATER DITCHES, AND CANALS RESERVOIRS

¥ i

CHANNEL AND VALLEY AGGRADATION
RESULTING IN INCREASED FLOOD STAGE

Figure 1. EFFECTS OF SEDIMERTATION

-5 -



These five cabegories of sediment transport and sedimentation adversely affect 13 major
clagsges of enterprise or natural resourcee. The relationships are shown in the diagram.

The economic significance of sedimentation is, I believe, of considerable pertinence to
this conference. Are W od here to consider the technical aspects of a subject which,
although it may be wid&l] ized, is of relatively little importance to the national
economy? Or is sediment & problem that should be of grave and lasting concern to engineers
and conservationists? How do sediment demsges compare in the aggregate with the damages from
flood waters? What are the over-all effects of sediment on agriculture; on water supply; on
power production; on irrigation; and on flood control?

In an effort to answer some of these questions - to get up a scale of comparison -~ crude
as 1t must be in the light of existing information, I have estimated the cost of sediment to
the classes of enterprise shown in Figure 1. The total average annual damage from all forms
of sediment and sedimentation comes to approximately $175,000,000. The limit of error in this
estimate probably is little if any greater than the error in estimates of the total amnual flood
damages in the United States. United States Weather Bureau date show an average annual flood
damage of $100,657,000 for the 20-year period, 1925-194%. The Forest Service has estimated the
total annuel flood and sedimentation damages at $2%0,000,000, based on data contained in 121
flood control survey reports, 6 by the Department of Agriculture and 115 by the Corps of
Engineers, plus 99 preliminary exsmination reports by the Department of Agriculture. Altogether
these reports cover 51 percent of the area of continental United States. The data were expanded
on an areal basis. It 1s known, however, that several major classes of sedimentation damage,
such as damage to reservoirs and agrioulture.l land resources, were not evaluated in many of
these reports.

The total sedimentation demage estimate includes these items:

(1) Damage to agricultural land resources from overwash of infertile material, impairment
of natural drainage, and swamplng due to channel aggradation, associated flood-plaln scour and
bank erosion - §2:0°01@' . Thi&; estimate 1s based on data collected in field surveys of 34 *
watersheds on which flood control surveys have been completed, or nearly completed, by the De-
partment of Agriculture. These watersheds contain about one-eighth of the land area of the
United States, and being widely distributed should represent a fair average. The damage data
were computed on a per-acre basis and expanded to the total land acreage of the country. If
this figure seems large, it should be borne in mind that sedimentation damege to agricultural
land is cumulative, whereas flood-water damage is recurrent. For example: On a given piece
of valley land which 1s overflowed on ean average of once in 5 years, sufficlently to produce a
total crop loss, the loss is one-fifth of the potential net return. Teke the same plece of land,
however, and allow channel aggradation to raise the water table under the land so that crops can-
not be grown at all, and the loss of return every year is 5 times as great.

(2) Damage from sedimentation in storsge reservoirs used for power, water supply, irriga-
tion, flood control, navigation, recreation, and multiple purposes - §2,000,000. This estimate
is based on the results from surveys of some 600 out of spproximately 10,000 reservoirs now
existing in this country. The national investment in reservoirs up to 1940 was at least 5
billion dollara. Thus, the damsge figure is equivelent to sbout 1.0 percent annually of the
investment. This should not be talen to imply, however, that the aversge rate of silting is 1.0
percent. The estimate is based essentially on the annual cost of fully maintaining the services
now provided by these reservoirs through construction of additional storage or equivslent facili-
ties as needed; plus the net losses if replacement is not possible. Additional storags must be
provided in many drainage areas when 15 to 40 percent of the capacities of existing reservoirs
are depleted. Often the supplementary storage will cost 2 to 10 times as much as the initial
storage per acre-foot.

(3) Cost of maintenance or progressive impairment of the capital value of drainage enter-
prises - $17,000,000. Studies of sedimentation in ditohes of various drainage districts have
led to the conclusion that an average value of 20 cents per acre amnuslly for 86 million acres
in dralnage enterprises would give a fair measure of damages due to impairment of drainage
canals or the cost of maintaining them.

(4) Cost of maintensnce of irrigation enterprises - $10,000,000. This is approximately
25 percent of the annual total operation snd maintensnce charge for irrigation enterprises as
reported in the 1940 census. This figure 1s belleved to be on the conservation side,
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(5) Cost of maintenance of harbors and navigable channels as a result of sedimentation
caused by erosion on watershed areas and stream-bank and channel erosion within rivers, but
excluding sedimentation ceused by tidal currents in harbors - §12,000,000. This figure 1s based
on 1940 costs obtained from the U. S. Army Engineers Annual Report of that year. The costs
chargeabls to sediment transported from inland areas have been estimated on the basis of location
of the project work. -

(6) Cost of water purification as a result of excess turbidity - $5,000,000. This estimate
is based on studies of the costs of treatment in representative filter plants, and the amount of
turbid water treated annually from surface sources.

(7) Sedimentation dameges, partly or wholly included in flood-damage estimates, including
increased crop loss due to deposits of sediment on plants, increased damage to property, roads,
streets, etc., by costs of cleaning off sediment, increased flood heights due to channel aggrada-
tion, at least 20 percent of the minimm estimate of total flood dameges, or §20,000 000, This
estimate 1s admittedly based on meager data. It 1s the estimated difference in damage from a
fow historic floods with and without the sediment load transported by the flood waters. Flood
demages from the Ohio River flood of January 1937 and the southern California flood of 1938,
and several others of record, show that a relatively high proportion of the flood damages in
urban areas are dus to the cost of cleaning sediment from streets, houses, furniture, etc.

(8) Other damages not yet evaluated separately, including the added cost of maintenance
of highways, railroads, o0il and gas pipe lines, commmnication lines, damages to power turbines,
damsges to the fish and oyster industry, demages to wildlife, demages to recreation, and impair-
ment of public health from malaria due to clogging of channels - are believed to total at least
$11,000,000, and may be much higher.

If these figures are anywhere near the right order of magnitude, they indicate that engil-
neers and conservationists are confronted with a problem which, in its long-time effeots, may
have a significance not much, if any, less than flood control. Because the effects of many
forms of sedimentation are slowly accumulating, however - because sedimentation is not generally
spectacular like a flood, which is here today and gone tomorrow, leaving catastrophe in its
wake -~ the true significance of the sediment problem has not been generally appreclated, even
in the englinsering profession, much less among laymen.

We are gathered in this conference to explore many of the important aspects of the sediment
problam, to hear of the effects of sediment in one form or another, to learn how the problem has
been investigated in the field and in the laboratory, and to consider some of the possibilities
for remedial sction. The problem ocours in so many fields of enterprise that practically every
Federal agency concerned with land or water has a direct interest in it. Scores of State and
local agencies and engineering firms have evinced much interest in the past few years, and many
of them are carrying on constructive investigations now. To the visitors not connscted with the
Foderal agencles, who have come here to learn about and discuss some of these problems with us,
I extend a cordial weloome. Your help and interest 1s not only valued but is essential to the
solutlion of many of the problems with which we are confronted.

We have a orowded schedule for three days. We have purposely not arranged any evening
meetings with the thought that meny of you would choose to get together in informal groups
for discussion of your particular problems. Or maybe you will be simply ready to go to bed
after some of these Denver steaks which our hosts tell me about. In any event, I hope your
stay here will be profitable and pleasant, worth while professionally, and valuable for the
opportunities you will have to talk with your fellow engineers.
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