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ADmEssoF~oME 

by L. B. MoClelJan* 

Iampleaeedthis~~towelo~youtothisooIlferenoeandtoextendtoyouthe 
hospitality of the Bureau of Reolamation, on behalf of Comlsaloner Straue and Chief Engineer 
Young, to n&&the faal.l3tles of the Bureau avallable during your vieit. Unf~rhmately, Chief 
Engineer Young ie awq on vaoation aud is unable to be here this morning. 

I underatandthatthisls theflretmetingofthie kindwhere the entlreprogmnle de- 
voted speolf10allytO the Sed.imntationproblem. Thle lniteelf ConetltUtee eon&?&at of a 
milestone in the progreee In this particular field of teohnloal study. The Bureau, of couree, 
oonslders it quite anhonortoexte~~% ltsfaoilltlee andbe hoatatametlngofthla eort. 
We c-u-e delightedtohaveyouhere. 

I?owI under&and thatMr.Brown, the ChaIrmanof the Suboommlttee onSedinxmtatlonof the 
Federal Inter-@my River RaeIn Comittee, will outline the scope and fun&lone of thin oon- 
ferenoe. Therefore,Iwillnotatte&to go into that phase. Thoeelnchargeoftheprogren 
suggested that I might give you a brief history of the Federal Center, aa it le now called, and 
explain why the Bwreau of Reolanmtlon ie now establiehing its headquartera at thla plaoe. 

TheFederalCenter,br the Anne Plant aa itwae calledduringthe war,was built by the 
ztineers in 1941 prior.to Pearl Harbor, for the purpose of miwafacturing mall arm am- 

. ThepLantwasleaeedtothsReiaingtonAnaeC~,whichoperateditand~~- 
tured mllliom of round6 of 30-caliber &ells. The plant made quite a recordandturnedout 
many ehella atamuohfaster rate thanthe planthadorlglmllybeendeaignetdfor. As the ww 
progressed ltdsvelopedthatthemllitaryrmedfor mallarm ammunltlonwaa adequate,andthie 
plant,alongwlthee~~otheret~~utthsoauntry,waeehutdawn. Laterinthewaramed 
for larger cuber &ells developed, am3 the &leer Industrlee took over part of the plant and 
oonverted it tothemanufaoture of155-nun, aml8-lnohebslle. The large blaokbuildingwlththe 
peculiar ventilatora In the roof whloh you noticed 88 you drove up wae the forge plant for the 
Ealeer Industrlea. ThleBuildlngl-Bwhlohwe are nowinvaa aleo oonveredbytheKaleer Indus- 
tries for the wbnufaoture of 9-mm. shell8 later Inthe war program. The tooling-up was just 
aboutoompleted at the end ofthewar,andthemanufaoture of g0-mu, shellswas mveraotually 
started. 

Whenthe warwae over this plantwaeldle for atime andooneidered a surplus property. 
DuriDg the war the Bureau of Reolamation had an expanded program, prlnolpally in ooxmeation 
within&aUationof generatorfaoilitiee to~provldbjpowerfor themanufacture of alulnlnum, 
magnesium, and other war lnduetriee, and In expandi& the organization to take aare of that 
progremltwaensceeearytorentaddltionalepaoe invarlouebulldinge downtown. Whenthswar 
wis over the.Bur6au wae oalled on for additional e-ion of It8 program, the developnmnt of 
large irrl&ationprojsote toxaalm farmhome available forreturningveterane,andthle ~nl.ar@- 
merit program rmceealt.ated a fbrther expansion of fihe Bureau's staff. There wae just no office 
spaae available-indownimnDenver. Plam were thenunderoonsiderat1onford1epoea.l of the 
AnnePlmltandwhatueeehou3dbemdeofit. Conalderatlonwae glvbntomaldng It available 
to a nmnber of mall lndustrlea, but the orltloal need for office epace on the pwt of the sari- 
oueFederalagenoles inthls areaflnallydeoldedthatWeAz.mePlantehouldbe convbrtedto 
meet that med. The nanm was chancgsd to "Demer Federal Center," the buildings were turned 
overtotheFed,eralBuildings Administration and the oesious Goverzumntcg agenoiee ih need of 

* Aeeietant Chief Englmer, Eleotrloal and bleohanloal, Branch of Deelepl and Conetruotlon, 
Bureau of Reolamatim, Denver, Colo. (for Walker R. Young, Chief Engineer). 
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office space were allotted various buildings and space. The Federal agencies which have been al- 
lotted space include the Veterans Administration, Forest Service, Ceolcgical. Survey, Public 
Roads Administration, War Assets Administration, and Bureau of Reclamation. 

The first unit of the Bureau or@nization moved was the Hydraulics Laboratory, which moved 
here inMarchl946. Additional units of the laboratory facilities were moved as space becanm 
available. Now I believe the laboratories are practically 100 percent moved out here. Other 
units of the Bureau's organization have been moved into Building LA, immsdiately south of this 
building. I believe the Dam Design Division, Electrical-Mechanical, Structural, Architectural 
Divisions, Tracing Division, @irologs Division, and perhaps others are now out here. Additional 
desi.Epl divisions will be moved here as soon as the space can be mads available. We now expect 
the administrative offices will be moved out here the middle of the summer, provided the present 
strike in the building 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 staff of the Chief lbgineer andwhointended to take aprcminentpart inthis conference, is 
Ill. The paper which he was to have read will be read by Mr. Rerbert of the Rydraulic 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 conferenoe will be both profitable and interesting. 
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B OH SJD~ATIOX - PURPOSE OF COEFEKEXX 

byCarlB.Brown* 

Onbehalf of the Govwrxmmntagenolee represented onthe FederalInter-AgenoyRiver Basin 
connnittee, IwelcoIB3 you to this 0oIIference. This is the first technical meeting of national 
scope ever held In this country on the problems of ssdimentationaa they ara of conosrntothe 
englrmer and conservationist. The conference is anoutgrouthof increasingrecognitionof the 
importanoe and widespread ramifications of sediment in the planning of river basin developnts 
and In ths oonservatlon of M and water resouroes. 

AfewFedsral,State,andlooalegenales InthsUnitedStatee havelnvestigatadone or 
anotheraspsctof ths sedimentproblemfromtime totinm duringnorethanaaentury. It has 
cmly been within the past 15 to 20 years, howsver, with t&s advent of expanded Faderal programs 
of flood control, reclsnatlon, power developnmnt, navlgatlon improvenmnts, and eoil conservation, 
that the true Import of sedinmnt has corm to be recognized. 

The firstatteqttonmasurethe sedimentloadof streams in thle countrywasmade a little 
more than 100 years ago on the Mlssiseippl River by the United States w Engineer& The first 
studies of reservoir siltingdatebackonlytothe18gO'e. The Corps of Engineers has sampled 
the suspended load of the Mississippi River during various periods from as early as 1.638; of ths 
Missouri River fron as early as 1879. In connection with preparation of the so-called 308 Re- 
ports on flood control, navigation, power, and othsr phasee of river baeln development, begin- 
ning In the iate 1920's, the Corps of Engineers carried on extensive suspended-load sampling 
at many at&ions in the Missouri River Basin, the Upper Mississippi and tributaries, and on 
other etreams. During this period, aleo, the Engineers made surveys of a xuunber of reservoirs 
to determine ths effects of sedimentation. Since 194.0, or slightly earlier, many of the Die- 
trictOffioe8 of thie agenoyhavw begunextensive program3 of suspended-load sampling and of 
sedLnmntation surveys of all reservoirs for which the Englneers are responsible. Ths Corps of 
Engineers has also conductednumerous experiments attheVicksburg,Mies,laboratorg andelse- 
where on the effects of sediment on river behavior. 

The GeologlcalSurvey sampled the suspendudload ofthsR10 Crania at ElPaso In1889 and 
1890, and In coopsrationwiththe InternationalBoundary CommIssionduring various periods sub- 
sequent to this date. Durlngl%%-lgO7this agenoy sampled the suspended-sedimentloadofmany 
streams throughout the United States for a period of one to two years. In 1925 the Survey began 
a sampling progrmn in the Colorado River and trlbutariee which has continued to date. In 1934 
tc 1940 ths Survey cooperated with ths Soil Conservation Service and Forest Service in measur- 
lngtbs suspendad-sedinmntload Innumerous small streams throughoutthe'UnitedSt&es. Ths 
Survey made an invwstigation of reservoir eilting in La Grange Reservoir on the Tuclumne River, 
California, in 1905, and considered this problem on ths Salt River, Arizona, In a publication 
Issued In l&7. ti 1946 the Survey began an extensive program of sampling on tributaries of 
the Missouri River. 

The International Boundary Commiselon has sawpled tbs sediment load of ths Rio Grande at 
various points continuously &me 1928. 

The Bureau of Reclametlon began suspended-sediment sampling on the Colorado River at Yuma, 
AriZ., InlgOg, andhas dons similar sampling on other etrsams at various dates. The Bureau 
has made sedimentation surveys from time to t* on a nusber of reservoirs under Its control - 

* Ssdinmntatlon Specialist, Office of Researah, Soil Conservation Service, WashIngton, D. C., 
and Chainaan, Sedimentation Subcommittee, Federal Inter-Agency River Baeln Ctittes. 
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notably Lake McMillan on the Pecos River in 1910 and subsequently, Elephant Butte Reservoir on 
the Rio Grands in 1916 and at intervals thereafter, and Guernsey Reservoir on the Earth Platte 
River from time to tims since 1927. The Bureau has also made extensive measuremsnts of density 
currents in Lake Mead, snd of degradation of the channel of ths Colorado River from Hoover Dam 
to YlJnla. It has devised and installed unique d&silting works at Imperial Dam on the Colorado 
River to remove the sedtint 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 IrrQation of the Soil Conservation Service, U. S. Deparknant of Agriculture 
(formerly of the Office of Experiment Stations and Bureau of'A&cultural Engineering), sampled 
the suspended load of the Brazos and Wichita Rivers in Texas ln 1900-1902; made a study of the 
sediment load of the Colorado River of the West and of various irrigation canals leading from it 
in 1917-1918; and in 1924 began systematic measurements of the sediment load of Texas streams, a 
programwhiohhas continued to date. The Division made sedimantatlon surveys of several reser- 
voirs In Texas in the early 1920's. It has also made extensive studies qf methods for removing 
sediment from irrigation canals and of desilting basins for controlling debris from x~untain 
torrents. 

Since ths emly 1930's the Forest Service of the U. S. Demnt of Agriculture has made 
a number of reservoir sedinkantation surveys, particularly in California, and has made other 
studies of sediment mvemnt ln streams and small watersheds within the Eational forests. 

In 1934, the Soil Conservation Service, U. S. Department of Agriculture, established a 
Sedlnwntation Section in its Office of Researoh to make systematic studies of the causes and 
effects of sedimentation resulting from accelerated soil erosion. As part of these research 
studies and, also, sfter 1937, as part of the 'flood control surveys nrade jointly with the 
Forest Service under authority of the Flood Control Act of 1936, the Service has completed 
numerous sedimentationsurveys inallparts of the country. Detailed sedimentation surveys 
have been made on about 1% reservoirs and reconnaissance Investigations on so1113 3CNI other 
reservoirs. Eewm&hods have beendevelopedfordetermlnkqa stream-ohannelsndflood-plain 
aSgradation and scour, and surveys have been mad8 on same 50 representative valleys. Research 
on suspmded- 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. 
lJlaperous studies of sediment control methods and the effects of various conservation measures 
on rates of sediment production have been made at expertint stations and in experimental water- 
sheds invarious 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 measurements, 
notable -nG which have been the Office of Indian Affairs snd the Fish and Wildlife Servloe 
in the U. S. Departslent of the Interior; the Iiorth Carolina Departslent of Conservation and 
Development; the Los An&es County Flood Control District; the East Bay Municipal Utilities 
Distriot of Oakland, Calif.; the Salt River Valley Water Users Associationof Phoenix, Ariz., 
the University of Texas through the late Dean T. U. Taylor; the Aluminum Coqany of America; 
the city of Balttire; and many others. 

Slnoe about 1935 there has been a Ewing reco@tion of the slgnifioance of the semnt 
problem and of the need for ooordination of efforta in Its lnveetigation. This need led in 
1939 to the formationof aFederal interdepartmsntal oommittee onthe measurexmantand~sis 
of sed.imant lo&s in streams. Underths sponsorship of this conuaittee aoooperative research 
projectwas establishedatthe IowaInstitute ofQdraulicResearoh,Unlversityof Iowa, to 
develop -roved samplers and field and laboratory teohnlques for sediment-load investigations. 
The need for oooperation and coordination on a broader scale led the Federal Inter-Agency River 
Basin Committee in May 1946 to establish a Subcommittee on Sedimentation. This Suboommlttee 
absorbed the functions of the old interdepartmental committee and has been instrumental in 
startinS a number of new projects, the nature and scope of whichhave beenreported inthe 
Cormdttee~smonthlymlnutea, quarterly news-letter supplements, and other reportethathave 
been distributed from time to time to field offices. 

Figurelhas beenpreparedto ehowthe rsmlfioatlons of the sedimentproblemln sorm 
peri3peotive. Thisdi~relatestheprinclpaltypesofsedimentproblemetotheprinoipal 
alaases of enterprise or natural remurces whlah they affeot. The harmful effects of sedimenta- 
tion ma9 be divided into five major categories as shown lnthe boxes at the bottom ofthedlagram: 
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(1) Sedinrent concentration in water may be harmful even though the stream le fully compe- 
tent to carry all of its load without deposition. 
etream for fiah and wildlife. 

High turbidity may destroy the value of the 
It makes the stream or lake undesirable for swimming. Coaree 

eediment in traneportation may damage power turbines. Fine sediment must be filtered at con- 
siderable ooet before the water ie acceptable for public, dmstic, and industrial u8ee. 

(2) Sedimentation in improved channele, 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 reeervoirs cause8 loes of etorage capacity, which depreoiates the 
value of the etorage development and cauaea other lessee such ae increased evaporation, decreased 
recreational opportunities, and impaired esthetic values. 

(4) Depoeition on land, Wgrovemente, and habitata, maw during flood flows, causes 
severe damages In maag area8 to agricultural land, to urban areas, 
and to native wildlife. 

to transportation facilities, 

(5) In addition to these direct damagees, ~adation of stream channels and natural or 
artificial floodway8 hae the effect of Increasing flood stage for any given discharge. Conee- 
quently the area inundatedandthe extentofflood-waterdamagesmaybe increasing aa a result 
of eedimentation, although the volume and rate of runoff remaina subetantially the same. AB 
flooda affect all claasee of enterprise and resources ehown on this diagram, thie.is an all- 
inoluEive formof damage. 

RESIJLT,NG IN INCREASED FLOOD STAGE 

Figure 1. l!XVECB OF SEDlIMMDWION 
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These five categories of sediment transport and sedtintation adversely affect 13 major 
classes of enterprise or natural resourcet3. The relationships are showninthe diagram. 

The economic significance of sedimentation is, 
this conference. Are 

I believe, of oonsiderable pertinence to ~,:, ~,.4.,,; 
here to consider the technical aspects of a subject whioh, 

although It may be wi zed, is of relatively little importance to the national 
econamg? Or ie sedivmnt a problem that should be of grave and lasting concern to e&neers 
and conservationists? How do sedimrnt damages compare in the aggregate with the damages from 
flood waters? What sre the over-all effects of sedtint on agriculture; on water supply; on 
power production; on irrigation; and on flood control? 

In an effort to answer aoms of these qusstions - to set up a scale of comparison - crude 
as it must be in the light of existinS information, I have estimated the cost of sediment to 
the classes of enterprise shown in Figure 1. Thetotalaversge annual damage fromallforms 
of sediment snd sedirosnbation come8 to approxlmatelg $175,000,000. The limit of error in thie 
estimate probably is little if any greater than the error in estimates of the total annual flood 
damqee in the United States. United States Weather Bureau data ahow an average annual flood 
damage of $100,657,000 for the 20-year period, 1925-1944. The Forest Service has estimated the 
total annual flood end sedimentation damages at $250,000,000, based on data contained in 121 
flood control survey reports, 6by the Department of Agriculture andll5by the Corps of 
Engineers, plus 99 preliminsry examination reports by the Department of Agriculture. Altogether 
these reports cover 51 percent of the area of continental United States. The data were expsnded 
on an areal basis. It is known, however, that several major olasees of 0edimentation we, 
such ae damage to reservoirs and agrioultural I.E& resources, were not evaluated in msny of 
these reports. 

The total sed%msntationdamage estimate includes these items: 

(1) Damage to agricultural land resources from overwash of infertile material, impairment 
of natural drainage, and swamping due to channel eggradation, associated flood-plain scour and 
bat&erosion- $~,COO,oOg. Thl~estimate is based on data collected in field surveys of 34 F 
watersheds on which flood control surveys have been completed, or nearly completed, by the De- 
p~ntofA@?ioulture. These watersheds oontain about one-eighth of the land srea of the 
United States, and being widely distributed should represent a fair average. The damage data 
were computedonaper-acre basis andexpandedtothe totsllandacreage of the country. If 
this figure seems large, it should be borne in mind that sedimentation damage to agricultural 
land is cumulative, whereas flood-water damage is recurrent. For example: On a given piece 
of valley land which is overflowed on an average of once in 5 years, sufficiently to produce a 
total crop loss, the loss is one-fifth of the potential net return. Take the txuw piece of land, 
however, and allow channel aggradation to raise the water table under the land so that orops csn- 
not be grown at all., and the loss of return every year is 5 tFmes as great. 

(2) Dv from sedFmsntation in storage reservoirs used for power, water supply, lrriga- 
tlon, flood control, navigation, recreation, and multiple purposes - $JO,COO,OOO. Tbls estimate 
if3 based on the results from surveys of some 600 out of approximately 10,OCC reservoirs now 
exldsting in this oountry. The national investnksnt in reservoirs up to 1940 was at least 5 
billion dollars. Thus, the damage figure is equivalent to about 1.0 percent snnually of the 
lnvestirit. This should not be taken to imply, however, that the average rate of silting ie 1.0 
percent. The estimate is based essentially on the annual cost of fuLLy maintaining the services 
now protided by these reservoirs through oonstruotion of addlti.onsJ. storage or equivalent faoili- 
ties as needed, plus the net losses if replacemeeiit is not possible. Additional storage mnst be 
provided in many drainage areas when 15 to 40 percent of the capacities of existing reservoirs 
are depleted. Often the supplementary storae;e will cost 2 to 10 times as muoh aa the Fnitlal 
storage per acre-foot. 

(3) Cost of maintenance or progressive impairment of the oapital value of drainsge enter- 
prises - $17,00O,OCO. Studies of sedimentation in ditohes of various drainage d+.ricts have 
led to the conolusion that an average value of 20 cents per acre annually for 86 million acres 
in drainage enterprises would give a fair measure of damages due to j.mpamnt of drainage 
oaaals or the cost of maintaining them. 

(4) Coat of maintenanoe of irrigation enterprises - ~lO,OOO,OOO. This in approximately 
25 percent of the annual total operation and maintenance charge for irrigation enterpriees as 
reported In thel&J census. Thle figure Is believed to be on the conservation aide. 
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(5) Cost of maintenance of harbors and navigable chauuels as a result of sedimentation 
oaused by erosion on watershed areas and stream-bank and thin rivers, but 
excluding sedimmtation caused by tidal currents in harbo This figure is based 
on 19&O coats obtained from the U. S. Army Engineers Annual Report of that year. The costs 
chargeable to sediment transported from inland areas have been estimated on the basis of location 
of the project work. . 

(6) Cost of water puriflaation as a result of excess turbidity - $~,OOO,OCO. This estimate 
is based on studies of the oosts of treatment in representative filter plants, and the amount of 
turbidwatertreated aunually front Surface souroes. 

(7) Sedimentation damages, partly or wholly included in flood-damage estimates, inoludixg 
lnureased crop loss due to deposits of sediment on plants, increased damqe to property, roads, 
streets, etc., by oosts of cleaning off sediment, increased flood height8 due to channel aggrada- 
tion, at least 20 peroent of the 3ninimm estimate of total flood damages, or $0,000 COO. This 
estimate is admittedly based on meager data. It Is the estimated difference in damage from a 
few historio floods with aud without the sediment load transported by the flood waters. Flood 
damages from the Ohio River flood of January 1937 and the southern California flood of 1938, 
and several others of record, show thatarelatively highproportionofthe flood damages in 
urban areas are due to the oost of cleaning sediment from streets, houses, furniture, etc. 

(8) Other dam.~es not yet evaluated separately, Including the added cost of maintenance 
of hi&ways, railroads, oil and was pipe lines, conuxunicatlon lines, dsmqes to power turbines, 
damages to the fish and oysteti Industry, dmages to wildlife, dana~es to reoreatlon, and impair- 
ment of public health from n&aria due to closging of ohamels - are believed to total at least 
$ll,OOO,OOO, andmaybemuchhigher. 

If these figures am anywhere near the rightorderofmqpitude, they indicatethaten&i- 
neem 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 
fo+s of sedimentation are slowly aocumulating; however - because sedismntation Is not @zeraUy 
apectaoularlilm aflood,which is here today aud~one tomorrow, leaving catastrophe lnlts 
wake - the true si@.fioance of the Bediment problem has not been generally appreciated, even 
in the ewering profession, muoh less amnS laymn. 

We are @hered iuthls conference to exploremany of the important aspects of the sediment 
problem, to hear of the effeots of sedlmnt in one form or another, to learuhowthe problemhas 
been investigated in the field aud in the laboratory, aud to consider some of the possibilities 
for re3mdlal action. The problem owurs In 80 gamy fields of enterprise that practically every 
Federal agen~yoonoernedwithlandorwaterhas adireotinterestlnit. Scores of State and 
local a&moies and en@neeriDg firms have evlnoed much interest In the past few years, and mmy 
of them are carrying on constructive investl@ions now. To the visitors not connected with the 
Federal a&moiee,whohave CXXIB here tolearnaboutanddiscuss Sony of these problemswithus, 
Iextendaoordialweloon~. Your help and interest is not only valued but is essential to the 
solution of many of the problems with whioh we are confronted. 

We have aorowded schedule for three days. we have &mrgoeelp not arranged any weming 
meetings wlththe thoughtthatmmy of youwould choose to get together in informal groups 
for disoussion of your particular problems. Ormaybeyouwlllbes~lyreadytogotobed 
after sonm of these Denver steaks which our hosts tell BB about. In any event, I hope your 
strUr here wlU. Pe profitable aud pleasant, worth while professionally, aud valuable for the 
~ppotitities YOU will have to talk with your fellow en&mere. 
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