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FIRST SESSION - STATMEI'IT OF SEDIMEKCATIOl'l F'ROBLEELS 

s. x. Love,* Precliding 

REXRVOIR PROBLB.MWITHRESPECTTO SEDIMWTATIOH 

by Thomas Maddock, Jr.= 

The Bureau of Reclamation has constructed 77 storage reservoirs since its inception as a 
goverrmlellt service. Some of these dams are off channel storage and are subject to slightly dif- 
ferent sedimentation problems than those built In stream channels. However, the experience ' 
gained in the operation of these reservoirs, either by the Bureau of Reclamation or by water 
users associations, has shown that deposits of sediment introduces certain problems that partlc- 
ularly relate to the life and water supply of the projects involved. 

&eservgir& for Irrigation storage can be roughly divided Into two types, those providing 
seasonal storage and those providing holQ-over storage. In the first type, storage is provided 
for the purpose of equalizing the flow of the stream during the year, while in the second, stor- 
age Is provided to equalize the flow of the ptrq for a series of years. 

Seaeonal storage reservolre are ueually constructed in the early stages of the develoyt 
of the utilization of a stream system or are constructed where the water supply is ample, in all 
years, for the Irrigated areas Involved. As the waters of a stream systean approach full utillza- 
tion, however, hold-over storage becomes necessary to provide water during periods of low dls- 
charge. \ 

Multiple-purpose reservoirs are sometimes a combination of these-two types of reservoirs, 
storage for flood control purposes being considered a short seasonal storage, while the conser- 
vation storage nmy be considered hold-over storage. Storage for water power may be a by-product 
of conservation storage. If not, storage for water power is usually seasonal stnrage. 

Seasonal s$~qreservolrs have a small capacity in relation to the anuual runoff, while 
those for holdiover storage have a large reservoir capacity in relation'ti the annual runoff of 
the stresm, and furthermore a very large capacity in relation to the tinimum anuual discharge. 
Typical examples of these two types of reservoirs are shown la Table 1. 

+ Chief, Quality of Water Division, Water Resources Branch, Geol6gloal Survey,. Washington, D.C. 
++ Head, Sedimentation Section, Hydrology Division, Branch of Project Planning, Bureau of 

Reclamation, Denver, Colo. 
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TABLE 1. RELATION OF STORAGE CAPACITY TO ANNUAL RUNOFF 
Hold-over Storage 

Reservoir 

Average MinImum 
Capacity annual runoff a2mual runoff 
acre-ft. acre-ft. acre-ft. 

Roosevelt .......................... 1.398.000 ..... 728,000 ........... 210,600 
Elephant Butte ..................... 2.219.000....1.150.00 0 ........... 178,000 
Lske Mead .......................... 27.930.000 .. 12,987,000+ ........ 4,186,OOO 
Pathfinder ......................... 1.040.000 .. 1,258,ooo ........... 485,400 

Seasonal Storage 

Arrowrock .......................... 286.600 ... 1,900,000 ........... 900,000 
Cle Elum ........................... 435.700 ..... 
Buffalo Bill ....................... 456.600 

646,000 
..... 907,200 ........... 536,000 

Gibson ............................. 105.000 ..... 
Pine View 44.200 

558,000 ........... 302,000 
.......................... ..... 191,900 ........... 

*At Brigh% Angel. 
27,400 

In general, seasonal storage reservoirs are usually found in the nhrthern tier of the 
Western States,. while the hold-over reservoirs are found in the southern tier. Locations in be- 
tween may have either type of reservoir. This location has a marked effect on the rate of sedi- 
ment accumulation in reservoirs, since the sediment carried by streams In the Southern States Is 
much higher, in general, than the rates in the northern States, particularly in those streams in 
the Pacific Northwest and those draining mountain areas where the source of runoff is melting 
0nowf3 l It Is possible, however, that some sediment accumulations in reservoirs in the Missouri, 
Arkansas, and Red River Basins may be aa high, relatively, as some of those in the South. 

The effects of s-eaiment deposits in reservoirs are two-fold: first, the capacity of the 
reservoir is reduced; and second, the evaporation losses sre increased. These effects vary In 
Importance with the type of reservoir. 

Seasonal storage reservoirs, sinoe they have small storage capacities In relation to the - -- 
average annuel stream discharge are usually short-lived unless the sediment load of the stream 
is fanall. An example is Lake McMlllan on the Pecos River, where 50 percent of the reservoir ca- 
pacity was lost in 20 years. 

Thie loss of capacity is probably more important in seasonal reservoirs than in hold-over 
reservoirs because of the short intervals between reservoir overflows. From this standpoint, 
rapid reservoir filling means that the irrigated acreage dependent on storage is rapiply returned 
to dependency on a run of the river supply with a consequent shortage of water or a reduction in 
irrigated acreage. 

Deposition of sediment in hold-over reservoirs is not so imp&ant from a short-term stand- 
point as It Is in seasonal reservoirs because,of their large capacity and the Infrequent spills. 
However, from the long-term viewpoint, the results are the same, water shortage end reduction in 
irrigated acreage, 

Elephant Butte Reservoir, after 27 years of operation, had accumulated sediment deposits of 
about 430,000 acre-feet, yet had spilled but once in this period. However, studies now being 
made show that the excess capacity has been exhausted and that reservoir overflow may be more 
frequent in the future, thusindicating a slow reduction in the available water supply. Condi- 
tions at Lake Mead are simiPar to those at Elephant Butte, but are, of course, on a much larger 
scale as far as volume of runoff and sediment are concerned. 

The second effect of sediment accumulations in reservoirs, the increase in evaporation loss- 
es, is of two types. First, the increase in the area of exposed water surface for a given quan- 
tity In storage; and second, the increased transpiration losses frcan vegetation growing on seai- 
merit deposits at the heads of reservoirs. 

Both types of evaporation losses are not usually significant in reservoirs for seasonal 
storage only, since the water supply is usually ample. In fact, a vegetative screen at the head 
of a seasonal storage reservoir may be highly beneficial because such screens reduce the amount 
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of sediment deposited in the reservoir Itself. In hold-over reservoirs, however, and where water 
supplies are short, such losses are highly significant. 

At Elephant Butte Reservoir, the water surface area exposed at 1,700,OOO acre-feet, a not 
unusual operating level, had by 1940 increased by 1,200 acres with a probable water loss of about 
7,500 acre-feet per year. At Roosevelt Reservoir, a deposition of 7,800 acre-feet between 1925 
and 1935 caused an Increase in the surface area, at 700,000 acre-feet of storage, of about 450 
acres, equivalent to an annual evaporation loss of about 2,500 acre-feet per year. 

Relative losses from Increased surface exposure varies from reservoir to reservoir, depend- 
ing on their shape, slope of the stream, reservoir operation end other factors. Losses from 
thfs source at Roosevelt Reservoir should be expected to be higher, for example, than at Elephant 
Butte. 

Losses from increased transpiration f&u vegetationgrowing on sediment deposits at the head 
of reservoirs is very large and in warmer climates can become a great problem. The Increased 
loss from transpiration by vegetation growing on sediment deposits above the reservoir formed by 
Parker Dam is estimated to be 400,000 acre-feet annually. The losses frcnu the same source at 
Lake McMillan on the Pecos River were estimated in 1940 to be 23,800 acre-feet per year from 
areas below the high-water line of the reservoir and 42,200 acre-feet per year fram river areas 
only slightly above the high-water line. Transpiration losses from vegetation growing in sedl- 
merit deposits between the water surface and the high-water line of Elephant Butte Reservoir in 
1936 amounted to 114,800 acre-feet, and from areas slightly above the high-water line amounted 
to 56,400 acre-feet. Today the area of sediment deposits covered with hydrophilic vegetation 
Is greater than it was in 1936, thus increasing losses frcan this source. 

In each of these cases, reservoir capacity was preserved by the presence of the vegetative 
screen. For example, the apparent rate of sediment accumulation in Elephant Butte Reservoir has 
dropped from about 18,000 acre-feet per year to 6,000 acre-feet per year; but It has done so at 
a terrific cost of water, probably somewhere in 'the neighborhood of 100,000 acre-feet per year. 

Because the location of sediment deposits within reservoirs is important from many stand- 
points, the graph shown on Figure 1 was prepared. Gn this graph is shown the relative location 
of sediments deposited in Guernsey Reservoir on the Worth Platte, Elephant Butte Reservoir on the 
Rio Grande, and Roosevelt Reservoir on Salt River. 

Figure 1 shows that 50 per- 
cent of the sediment in Guernsey 
Reservoir is deposited in the up- 
per 35 percent of the reservoir 
depth. Guernsey Reservoir is 
operated so that the reservoir 
pool is at, for all practical 
purposes, a constant elevation. 
In caparlson with Guernsey 
Reservoir is Rooemt Reservoir 
which, operating with wide vari- 
ations In. the pool elevation, has 
only 30 percent of Its sediment 
deposited in the upper 35 percent 
of its depth, but half of the 
sediment deposits are above 58 
percent of the reservoir depth. 

In contrast to these two 0 20 40 60 80 m 
Pm CENT w TOT& SECNHEM DEWSlT reservoirs is the deposit in 

Elephant Butte Reservoir where 
Figure 1. LOCATIOIV OF SEDIMEETDEPOSITS IR approximately .5G percent of the 

wlWrERERESERv01RS sediments are found In the upper 
25 percent of the reservoir depth. 

Elephant Butte Reservoir has had considerable variation in ite operating levels but not as great 
as those at Roosevelt Reservoir. 

The relative differences In the location of these deposits IS due to several factors, such 
as stream slope and quantity and particle size of sediment Inflow, but the reason for the rela- 
tlvely high location of sediment deposited in Elephant Butte Reservoir can be attributed to the 

, 
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growth of vegetation in the upper motions of the reservoir smi to the relative4 large amount of 
eediment being brought into the reservoir by the Rio Grande. 

The important conclusion to be dram from these studies is that in all cases so far studied 
in the West, over 50 percent of the sediment deposits lie In the upper half of the reservoir. 
Inasmuch as allocations for sedlssent storage in reservoirs are usual4 placed at the bottcm, it 
seems advisable to question the~construotion of reservoirs with relative4 large amounts of dead 
storage that will not be filled with sediment for many years. 

Conversely, It has usually been considered that the upper levels of reservoirs, usually al- 
located to flood control in multiple-purpose projects, would be free from sediment deposits. 
Data so far collected show that in some cases this section of the reservoir may be subject to the 
greatest mounts of sediment deposition; 

Usual4 in a discuesion of reservoir sedimentation problems, the question is raised as to 
whether methods of reservoir operation can be adjusted to reduce the rate of sediment accmula- 
Mon. There is evidence that, at least in scsm cases, It can be done. Datacollected by the 
U. S. Engineer Office at Albuquerque and published as an "Interim Report on Sedimentation in 
Conchas Reservoir, South Canadian River, Rew Mexico," show that eedtieut concentrations as hQh 
as 5 percent by weight pase through the lowest outlet Sates of the dam. However, during'periods 
of no flood discharge Into the reservoir, there was no appreciable movsanent of sediment out of 
the reservoir. 

To take advantage of the movement through the reservoir, the following operatinS criteria 
were eet qp, to quote from the pawiow3ly-llumitioned report: 

"a. In the event of floods, the conduits will be opened as soon as the flood flow 
begins to enter the reservoir and maintained open as loag as the discharge contains 
appreciable sediments. If the discharge runs clear after a short period, the con- 
duits will be olosed (unless the flood is expected to cause eplllway discharge), 
and reopened periodically at about 6- to 12-hour intervals, pending arrival of the 
density current and a silty discharge, or until it becomee evident that such dis- 
charge will not 0ccuP. 

"b. During period of low or moderate flow, the conduits till be opened monthly 
and permitted to discharge as long a8 the rebRSecont.&s perceptible sediment*" 

It will be seen that the primary.necessity for this type of reservoir operation is an ample 
water supply. Thus, this type of operation may be available to reeervoirs operated for seasonal 
storage, but it cannot be used in reservoirs where water supplies are short and hold-over storage 
ie necesesry. 

Measurements of the else of sediment part&lee passing throuSh Conchas Dam showed that 97 
percent were in the 5- to M-micron range. Therefore, if material in this size 18 not su impor- 
tant part of the total sediment load of the stream, saving in reservoir space through evacuation 
of sediments till not be important. 

The evacuation of eedlment during periods of normal water release has been observed at Lake 
Mead and Elephant Butte Reservoir. Ro doubt, if enough were known about deuslty ourrents, rea- 
ervoir outlets could be deslepled so as to pass sediments @rouShreservoirs during periods of 
normal reservoir releases. 

Because the sediments deposited in existing reservoirs offer, when measured, the equivalent 
of an Integrated record of several years of sediment momsent by tributary streams, data frcns 
reeervoir sedimsntstion surveys are used as basic data to determIne ledlmentation rates in pro- 
posed reservoirs. 

That such data should be ueed with caution and proper4 evaluated is shown by the results 
of several re-surveys of Roosevelt Reservolr, given In Table 2.. 
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TABLE 2. ROOSEVELTRESERVOIR SEDIMEXWATIO~SUMMARY 

Year Sediment deposited 
(acre-ft.) 

In&aae 

1905 
1914 

zd 
27;oooo 

1916 35,000 
1919 621000 
1925 101,000 
1935 108,800 

In this case, annual sediment increments range from 0 to 17,000 acre-feet, while the average 
rate ia 3,630 acre-feet. There ie no reason to believe that differences in this case are due to 
different degrees of accuracy in eurveye, although the original reservoir survey may have been 
none too accurate. 

Fluctuations in sediment accumulation in Roosevelt Reservoir eBBIp to vary rather markedly 
with high runoff. The heavy deposition during 1915 to 1916 corresponded .tith ?rery heavy runoff, 
the discharge during the perloa being the equivalent of almost 6 years of average runoff. The 
period 1917 to 1919, which shows no sediment deposition, was one of low r&off. Actually a con- 
siderable amount of sediment nacly have been~depoaited in the reservoir during this period, but the 
lowering of the water in the reservoir during this period allowed the conaolidatlon,of sediments 
to take place. Also, there was resorting of older deposit8 which tended, perhaps, to increase 
the deneity of the deposited sedimenta. The period 1925-1935, which also shows a low annual rate 
of sediment deposition, MB alao one of low flow, with low water levels that penultted cmpactlon 
of sediment. 

Very little ie known about rates of caupaction of sediments in reservoirs but thie very lm- 
portant phase of the eedimentation problem ie worthy of etudy. It seema possible that the appar- 
ent eedimentatlon rate for reservoirs with unfluctuating water levels may be higher than that for 
caaparatlve reservoirs where water surface elevations vary wlxlely, providing that in the first 
case there is no increaeing deposition above the highest reservoir elevations. 

Ae ha8 been mentioned previously, the growth of vegetation at the head of reee&olre ha8 a 
marked tendency to reduce the rate of sediment accumulation. Already notedia the fact that the 
apparent rate of eedlment accumulation in Elephant Butte Reservoir hae dropped frcan 18,000 acre- 
feet per year to 6,000 acre-feet per year. 

Lake McM1llan on the Pecos River, previously mentioned aa a reservoir in which 50 percent 
of its capacity was lost in the first 20 years of operation, lost only about 6 percent of lte 
capacity In the second 20 yeara of operation through the screening effect of vegetation growlug 
on headwater sedilaent deposits. 

Reservoir8 located In cold climates do not se= to develop heavy growths of vegetation on 
their sediment depoeite. Bowever, it should be expected that euch growth will take place in res- 
ervolra constructed In Texas, Oklahoma, and Kansas, and perhaps In IVebraeka. 

The eo-called "trap efficiency of reservoira," thatie,the proportionofinflowing eedimente 
retained In a reservoir, hae been the eubject of much discussion. The experience of the Bureau 
of RecLsaration haa been that ae long aa there le appreciable storage in a reeetioir, trap efff- 
cienclee are at least 90 percent. Studlee of the operation of Imperial Dam chow that at the time 
of closure in April 1938, there was 84,000 acre-feet of storage. Trap efficiency remained well 
above 90 percent until 1943, when the storage capacity had been reduced to 24,000 acre-feet, 
despite the fact that during thie period the discharge of the Colorado River averaged about 
16,000 cfe. 

Once the xrap efficiency began to fall below 90 percent, ita rate of decline wa8 rapid, 80 
that by the end of 1944 the trap efficiency had fallen to about 60 percent and the storage capa- 
city of the reeervoir had been reduced to about 15,600 acre-feet. 

I would like to make the obeervatlon that where sucoeeelve surveys have been made on a 
@van reservoir, there hae been Indicated a euccessive decrease in the rateofeedlment accumula- 
tion. This be been due to the operation of a ccxublnation of the v+rioue factora noted previous-r 
4. Thle etataQent le Bade not to mlnlmize the importance of eedlmeht ~acctrmulatlonln reeervoire, 



which even at low rates is appallingly high, but to stress our lack of knowledge regarding the 
problem of reservoir sedimentation. This in itself should justify the need for resurveys of 
reservoirs to determine the loss of storage capacity end to evaluate the secondary effects of 
sediment deposits such as have been discussed. 

The effect of loss of capacity in reservoirs used for irrigation has been brought to at- 
tention by many persons, particularly by J. C. Stevens and the diecusslon of his two papers In 
the publications of the American Society of Civil Engineers. The thou&t has been expressed, 
generally, that the West would revert to desert, for the most part, after the last potential res- 
ervoir had become filled with sediment. 

What I would like to.polnt out, in closing, is that reduction in acreage of irrigated areas 
will have to take place before the last reservoir site is utilized. We can expect full develop- 
ment of our Western streams before our present reservoirs are filled with sediment. Water till 
not be available to provide for the excessive losses that will take place in these reservoirs in 
later periods of their life and for evaporation from newly constructed reservoirs. We therefore 
must, to the extent possible, preserve what we now have. 

DISCUSSION 

GUNNAR . BRUNN.* Mr. Maddock has covered very well reservoir problems in the West. I would 
like to mention only a few of the problems which we have encountered in the more humid Midwest. 

First, as you know, evaporation is not such a serious problem in the Midwest. Therefore, 
the effect of transpiration by vegetation growing at the head of a reservoir Is usually not im- 
portant. In this region, willows, cattails, and other brush often grow naturally, even in the 
coldest climate, on delta deposits at the head of a reservoir. Such a screen is usually consid- 
ered distinctly advantageous, since it reduces the velocity and carrying power of the water and. 
causes It to deposit a part of its load'before reaching the lake. At Pittsfield Reservoir, 
Pittsfield, Ill., the proposed flood and sediment control program calls for more efficient uee of 
en already existing vegetative screen by blocking the stream channel with small dams and forcing 
the water tospread throw the dense growth. 

The other problem on which I would like to spend shame time is the effect of World War II on 
rates of reservoir sedimentation, particularly in the Midwest. In the Midwestern States there 
are four reservoirs on which sedimentation eurveys were made before the war, end which were re- 
snrveyed during or after the war. One of these, Pleasant Hill Reservoir, at Perrysville, Ohio, 
is a flood control reservoir with a permanent recreational pool A/. One, Sharon Woods Reservoir, 
near Sharonville, Ohio, is strictly a recreational lake. 
near Columbus, Ohio 2/, and Lake Decatur, 

The other, O'Shaughnessy Reservoir, 
at Decatur, Ill. 9, are water supply reservoirs. 

The fact that two sedimentation surveys have been made on each of these reservoirs makes 
possible a study of trends in reservoir sedimentation. Such a study hea already been made on 
Lake Deoa&r g. In the case of Pleasant Hill Reservoir, where the first survey was reconnais- 
sance end the second detailed, the reconnaissance data were recomputed for comparison with the 
detailed survey data. All other sedimentation surveys considered were detailed surveys. 

* Sedimentation Specialist, Water Conservation Division, Regional Office, Sol1 Conservation 
Service, Milwaukee, Wise. 

A/ g/ .3/ See"References" at close of comments. 
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In order to make the data comparable, the measured amual sediment accumulation for the 
first and second periods at each reservoir has been converted from acre-feet to tons per acre of 
drainage area. At Lake Decatur a study of 21 sediment samples shows that the average specific 
weight of the sediment is 51.7 pounds per cubic foot. The specific weight of the sediment at.the 
other reservoirs has been estimated, considering trap efficiency, fluctuation of water level, 
and other factors, as follows: Sharon Woods - 55 pounds, Pleasant Hill (first period of measure- 
ment) - 55 pounds, and O'Shaughnessy (first Period of measurment) - 60 pounds. At Lake Decatur 
and Sharon Woods Reservoirs, fluctuation of the water level is relatively minor. At Pleasant 
Hill and O'Shaughneesy Reservoirs, however, it Is importaut. This fluctuation has undoubtedly 
caused a compaction by drying of the sediment deposits. For this reason, higher specific weights 
were estimated for these reservoirs during the second period of measurement, namely 65 pounds per 
cubic foot for Pleasant Hill and 70 pounds for O'Shaughneasy Reservoir. 

It was also necessary to convert sediment accumulation to sediment production, by making an 
allowance for sediment which has passed over the spillway or through outlets in the dam. At 
Lake Decatur, a study of turbidity records indicates a trap efficiency of 78 percent. For the 
other reservoira, trap efficiency has been estimated, using the "design curve" developed by 
Brown '(/,and information as to the mode of operation of the reservoir, aa follows: Pleasant Hill 
- 90 percent and Sharon woods - 85 percent. At O'Shaughnesey Reservoir the trap efficiency is 
estimated to have decreased because of decreasing reservoir capacity from 65 percent during the 
first period of measurement to 60 percent during the second. 

Finally, in this study some means had to be found to eliminate the effect of abnomalruuoff. 
It is well known that there is practically no relationship between daily runoff and daily rate of 
sediment production. There is, however, a very definite relationship between anuual runoff and 
annual rate of sediment production. Mr. Maddock haaa pointed out that annual sediment accmula- 
tion lh Roosevelt Reservoir seems to vary markedly with runoff. Brown 2/ has shown that annual 
suspended sediment load varies with annual runoff to the 1.52 power on the Colorado River at 
Grand Canyon, Ariz., end to the 2.43 power on the Green River at Green River, Utah, with other 
streams ranging between these extreanea. Preliminary data indicates that a slightly lower range 
of exponents may be expected in the Midwest, probably averaging about 1.8. This ie the relation- 
ship which has been used in this study. It is recognized that at any particular reservoir a 
different relationship probably exists, but this is believed to be close to the average. 

By this means it was possible to adjust the rate of sediment production from the emouut that 
actually has been produced to the amount that would have been produced in each case if the runoff 
had been normal. Figure 1, therefore, represents annual rate of sediment production, converted 
from acre-feet to tone per acre of drainage area, addusted for trap efficiency of the particular 
reservoir, and adjusted to norm1 runoff. The probable effect of compaction of sediment due to 
water level fluctuation and drying has also been taken into account in this figure. 

With the effect of these factors neutralized, what has been the trend in rates of reservoir 
sedimentation? As lllrry be seen, all of the reservoirs have shown an Increase in rate of aedimen- 
tation just before and during World War II. 

5 1 Figure 2 16 intendedto &~Wthe trend in 

FIGURE I oultivation of intertilled crops; such as corn 
ANNUAL RATES OF SEDIMENT PRODUCTION an& soybeans, In each of the four reservoir 

$"- 
(ADJUSTED FOR TRAP EFFICIENCY watersheds. These cum88 are based on county 
AND ABNORMAL RUNOFF CONDITIONS 1 

B 
+&s@- 

o%neu& figures,aIldntayllotbe exactiyrepre- 
sentatlve of the reservoir watersheds. It is, x ther%fore, dangerous to GOBQEU-3 the Y.-ate of : 

53- sedimant produotlon with proportion of land in 
i&m-tilled crops for any onereeervoir. How- B .L= 2 ever, It is worthy of note that in DlO8t Of the 

B b watersheds there appears to have been a rather 
EP- _ eha2-p increase in the amount of land in inter- 
E tilled crops after 1934, caused chiefly by the 
I ~aseddmandforfoodbeforeaud during 
; World War II, and increased pl?OdUCtiOR of SOY- 
S,-- - be&s. 

aF*e 3 the average rate of3eUIEmt 
LAKE DECATTUR 

0 I 
p~du&ion for the four reservoirs and the av- 

IWO 19!?5 ,930 1935 ,940 1945 ,950 e-0 pr0pOrtiOUOf Land in1nterti-U~ Crops 
YEAR are oaalpama. 33.~8~ 1934 to 1944 the average 

k/ 2/ See *References" at close of ccaments. proportion of latla put to l.llt%rt~ll~ crops 
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FIGURE 1 
-PROPORTION OF LAND 

IN INTERTILLED CROPS 

tncreased by 61 percent. DLIKQ the mme pe- 
rlod the average rate of eediwnt production 
at these five reservoir0 irmrea0ed by almost 
three tines, with the effect of atid run- 
off rulea out. 

5318 a-8 d. map that the intense* 0f 

cultivation to intertillea crops ie the only 
factor, exclusiveofrunoff, influencing the 
rate of seahmt production in this region. 
The indications are, however, that it has been 
the met important factm, exoept runoff, up 
to the preeent time. Intheflltme, itis 
natural to expect that soil oon0erping mea+ 
we8 8uoh as aontour CultiPation, strip crop- 
ping, terraciag, diversionditckes anddikes, 
grass waterway0, etremubank protection, ana 
obanuel-atabilising etruetures will greatly 
reduce rate8 ofreservoirsedimepfatiohinthe 
Midwestern States. Rowever, these zueamweu 
oannot obtain their Ill&mm effeotunless the 
pla&tngofidertiUederopsisuutbackto 
rsasonable proportiozq sM~as existed in 
193$. 
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VITO A. VANONI.* Iwouldlike to comnentonthe part ofMr.Maddockls paperdealwwithdeneity 
currents. A aenaity current consists of the flow of the streem entering the reservoir agd reser- 
volrwaterthathas beenmixed ido this streamwhere It eutersthereservoir. Thlsmeatls that 
the flow In the density current Is actually larSer than the flow ia the stresm. If one proposes 
to pass the entire dens%* ourred through the reservoir to pxwvent deposition of sediment, it 
Is neceesary to ha&lee flows greater than.the river flow. This would probably seldcrm, if ever, 
be practical, so thatifmaterialcarrieabydensity currents is to be passed, itwlll be neces- 
sary to store the flow temporarily to allow a settling time dur3q which the concentration will 
be 3.zm33asea and the volume reduced. The fact that density current flows are greater than the 
stream flow is an added ocanplicatlon in using them to prevent reservoir sed3nmtation. I raise 
this point, not in any atixmpt to discourage the use of derdty currents, but as a point of in- 
formatim. I an not as pessldstio as Mr. Maddock re&emiing the use that msy be made of density 
currents inthereservoir sedtiedationprobleu& Bcmever, I feelthatinorder *makeuse of 
density currents,wemustlearntheir characterietios~p~ouroperatione totake allpos- 
slble advautfm of them. 

* Research Project Supervisor, Soil Conservation Servio~ and California limtitute of Technol- 
ogy,Pasaaema, Callf. 
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SEDIMENTATION PROBLWS RELATED TO 
FLOODWAYS, RAVIGATIONCRARRELS AND HARBORS 

by Gail A. Hathaway+ 

It is the purpose of thle paper to highlight a few of the maJor sedimentation problems that 
require prominent consideration in connection with river and harbor improvements. The presenta- 
tion till consist principally of brief accounts of problem8 encountered-by various Division and 
District Offices of the Corps of Engineers in their normal construction activities. 

As used herein, the term "sedimentation problem" refers to either a deposition of sediment 
or the dieplacement of material by scour. A sedimentation problem ie considered to exist either 
when deposition or scour of a detrimental nature is involved, or when it is desirable to control 
these proceeses for a useful purpoae. The filling of reservoirs, navigable channels and flood- 
wayMllustratesdetrimental effects of sedimentation, whereas the rectification and etabillzatlon 
of river channels by controlling scour and deposition of materials through the regulation of 
velocities and direction of currents is an example of the useful applications of theee processes. 

This paper will deal with sedimentation problems related to fl.oodways,'navlgstlon channels 
and hrber8.' Problema pertainlag to reservoirs are to be coneidered in detail In other papers 
on the program, and have, accordingly, been excluded from this discussion. 

Sedimentation problsms are encountered in the development and use of alluvial rivers frcdu 
the headwaters to the mouth, ,extending generally to the river deltas or outer bars of coastal 
harbors. The most important of these problems usually relate to: 

a. Obstruction of floodways(arfd navigation channels by depoeltlon of sediment. 

b. Major changes in channel alignment resulting fram deposition and scour in 
unstabilized channels. 

c. Blocking of outlets of sewers, water Intakes and drainage canale by sediment. 

d. Destruction of river improvements, bridges and eimllar works as the reeult 
of scour and bed movements. 

e. Readjuetment of hydraulic condit,ione below newly constructed reservoirs, 
reeulting from retrogreselon, deterioration of channel efficiencies 
caused by storage or diversion of normal flows and intermittent releases, 
changes in,ehannel St, and similar factors, 

Mlesouri River 

The Missouri River is an excellent subject for study of sedimentation processes. Rngl- 
neerlng problems of first order are encountered in bringing about proper stabilization of the 
river channel and floodway to prevent destruction of valuable farm lands and municipal property, 
and to per&t profitable navigation. prominent euccess has been realized to date in effecting 
these purposes, although there is, of course, much work yet to be aqcomplished. 

. 
The Missouri River has long been known as the "Big Muddy," for reasons readily apparent to 

thoee who have observed the river In flood stage. The unueual eedimentsry characteristics of 
the river are reflected by estimates of silt discharge at Kansas City, which reached as high ae 
153 nillion tone for the flood month of June 19%. 'fhe average annual silt discharge at Kansas 
City has been e&mated ae 204 million tons. Advantage has been taken of the high sediment 
transporting capacity of the Big Muddy In forcing the river to excavate its own channel and 
fill in lov areas. 

* Special AasistanlS, Office of the Chief of Engineers, Department of the Army, 
Waehmon, D. C. 
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In the valley between Sioux City, Iowa, and the mouth of the Mssourl River, the Corps of 
Engineers has undertaken stabilization of the Missouri River to provide a navigable channel of 
g-foot depth and minimum width of 300 feet. Based on many years of experiment and experience on 
the river itself, an effective stabilization program has been developed whereby sediment deposi- 
tion Is incited where desired by installation of systems of permeable pile dikes, and bank scour 
is regulated by revetments. This proep9m,has advanced to the point where the river is "pegged 
down," and no longer free tomeander at will. This stabilization program has provided a channel 
much more suitable than the original river for navigation, and has solved major probleaae which 
formerly resulted from the river shifting away from bridges, water intakes, etc., and destroying, 
or threateningvaluable farm lands and improvements In the valley. 

It in expected that a future sedimentation problem of considerable importance to the 
Miasouri~Rlver downstream from Sioux City will arise because of alterations in the Missouri's 
natural water and sediment discharge regimen by the conetruction of large main-stem reeervoirs 
upstream from Sioux City. The exact nature and magnitude of this problem ten only be speculated 
upon at present. However, it SPPears that sediment interception by the reservoirs may result in 
change0 of such sugnificance that new techniques of river control may have to be developed. 

Sedimentation presents important problems in connection with the continuous floodway to be 
provided between the authorized levees along both banks of the Missouri River from Sioux City, 
Iowa, downstream to the mouth. In the upper portion lof thie reach sediment deposition behind the 
river control structures (river stabilization program) is only well begun. In the downstream 
portion readjustment of the river to the new stabilized channel conditions Is not yet completed, 
and considerable depths of sediment are laid down in overbank areas with each inundation of areas 
outside the channel proper. In still other areas, it appears that present equilibrium condi- 
tions may be upset by constriction of overbank flows to leveed floodways, with the resultant 
possibility of serious floodway scour. These sedimentation problems, particularly as they affect 
flood channel cross-sectional areas and roughness coefficients, are of considerable importance in 
the selection of levee aligmuents;and design grades at the present time. They will continue to 
be of importance becauseof influenceon levee heights, and also because tendencies toward sedi- 
ment deposition or scour will influence , and be influenced by, the future culture and use of the 
floodway lands. 

Among the more important tributary sedimentation problems In the Missouri River Basin are, 
on one extreme, those of rapid silting of drainage'and flood channels, and, on the other extra, 
those of erosion and scour Incited by Ill-advised channel straightening and "cutoff" programs 
orlglnally Installed by local agencies for improvement of drainage or for reduction In heights 
of floods. Channel silting is necessitating enormous expenditures for maintenance in several 
tributary streams. In same cases considerable good is being acccmplished through such exped- 
ients as de-silting basins, but these practices must be expanded materially, and basic programs 
and practices to retain as much of the sediment as possible at it8 origin must be effectuated, 
if the channel silting problems are to be reduced to reasonable proportions. Similarly, the ill 
effects of cutoffs and imprudently straightened channels must be rectified, and future mistakes 
of this nature avoided in critical areas, If the general sedimentation problems of the basin are 
to be alleviated rather than aggravated. 

Arkansas River 

Sedimentation probla on the Arkansas River differ considerably In character and relative 
importance in various reaches between the mouth and the headwatere, generally becoming progres- 
eively more serious in an upstream direction. 

The John Martin Reservoir on the upper Arkansae River In Colorado will be ccmpleted late 
this year. Allocation of storage ie a ~art,i~u&rly critical problem here and requires detailed 
consideration of the quantity snd location of sediment deposits. Operational problems also exist 
to the extent that surveys must be made annually to determine storage loss by sedimentation. 

Long before construction of the John Martin Ram was contemplated it was evident that the 
Pueblo (Colorado)-Syracuse @&MS) reach of the Arkansas River was deteriorating. This was 
due, It is believed, to irrigation diversions that reduced the low-water flows in the river 
channel to return-Irrigation-flows which were insufficient to maintain a hydraulloally efficient 
channel. Flood flows wez%,evldently sufficient to remove most of the tributary sediment con- 
tributions and to carry through thie reach thoae sediments brought in by the aaln channelitself, 
but flood flows could not overcome the net effects of deterioration during low flows. This has, 
in effect, produced an aggrading channel with attendant impaIrme& of dralnage,reduced effective- 
nees of irrigation works and increased to some extent the flood hazaril to mte dcrarrrrtrsamT,~C,:,:l, 
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Rio Grande 

Sedimentation problem on the Rio Grande are more serious and perplexing than on any other 
stream in the Albuquerque District of the Corpe of Engineers. The bed of the river is aggrading 
at a steady rate caueiq increased floor hazards through reductions in channel capacities, in- 
pairment of drainage, raieing of the water table and reduction in the effectiveness of irriga- 
tion works. These factors combined have taken many fine farm lands out of cultivation and pre- 
vented or reduced productivity of many others. Aggradatlon hae, of course, been a slow end 
gradual procese. 

The flood-control works tentatively proposed for the Middle Rio Grande will regulate floods 
without the degradation expected below the proposed dame. This expected degredatlon has been 
the subject of much study and comment. Some believe that with an outflow of 5,000 c.f.s. 
(aelected aa the desired -imum release for flood-control purposes), degradation will not 
offset tributary contrlbutlone. Another view is that 5,000 c.f.e. will. affect deep-sdation to an 
appreciable extent, but controlled releases, whatever their magnitude, must be.eufflcient to re- 
move, at the very least, tributary sediment contributions; degradation can not otherwise occur 
and without degradation principal reclamation features of the project will not be realized. 

Mleslselppi River 

Many volumes would be necessary to treat in f'ull all the eedlmentatlo~ problem of any,one 
of our principal waterways. Like others, Old Man River denumde considerable attention from a 
etandpoint of sedimentation problems; however, we will deal only briefly with one phase of the 
many problems worthy of mention - sedimentation within navigation pools in the Upper Miesisslppi. 

Recognizing that canallzatlon of the Upper ~leelselppl might came accretions in the varloud 
navigation pools, a comprehensive investigation was undertaken to determine the silt-carrying 
capacity of the Mleeieelppl and Its tributaries. Field work was started in the early thirties, 
consisting of sediment sampling and of establlehlng survey rangss within the navigation pools and 
on backwater prims of principal tributaries. During the past 25 yeaxe there have been addltlon- 
al sampling program8 and additional ranges established, a8 well as re-surveys of original range 
profiles. 

Analysis end interpretation of the results of these investigations Involve study of the 
magnitude and duration of the stream flow of the main stem and of the trlbutariee, and study of 
data obtained from eurveya as to the amount of depoeitldn of scour in channel and ln overbank 
storage volumee, together with correlation of data from Bedim&t samples. 

It would be Inadvisable to attempt to present general and overall conclusions derived from 
these inveetigationa. However, mention may be made of some specific tendencies. 

a. Both scour and fill have occurred in the main channele. 

b. Depoeitlon has occurred in the channels and ontheflood plains of the-tributary streame. 

a. !l%e flood plain of the main stem has been raieed by sediment deposition. 

d. With certain exceptlone, the storage capacltle@ of navigation pool6 and of pools at the 
mouths of tributaries have been reduced. 

One general conclualon may be reached - drew in the .main channel of the Mleeieeippl 
River has been neceeeary for maintenance of navigation depthe. 

Debrle Flowa 

In come dralnageBaalne, the control of debris flow8 and heavy bedloadg accompany~ flash 
floods frtm~ preoipltloue mountain areas constitute eerions problats. m of the drainages in 
theLos Aqelea Dletrict are located dlreotly upetream of, or partly wlthln, hlghls developed ur- 
ban and eeml-urbanareae. Prevention of debris damage in such area8 18 of coneiderable econcnulc 
inportance . At the present time six small debris basins, whose only function Is to trap debris, 
have been conetructed in the Loa Angelee area. Periodic removal of collected debrle le required 
in order to ~laintain de&n capacities. The approved project for the Lo8 Angeles County drain- 
age area provides for construction by the Corps of Eagineere of marry additional debris basins. 

.,.’ 
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AB a reeult of extensive gold.mlnlng activltiee In the foothill and mountain aectiona of the 
Sierra Bevada during the last century large volumes of debris were produced which were carried 
downstream by flood waters and deposited either in etream channels near the foothill line or In 
thevalley reaches of most of the streams in the Central Valley. Although mining activity has 
been greatly reduced in recent times, a serious debrle problem exiete in the foothill and valley 
etreame because of the continued erosion by flood flow.9 of old mining debris. Debris dame have 
been constructed on the.Borth Fork of the American River and on the Yuba River. Since their con- 
struction, about 2,3OO,OOO cubic yards of material,have been excavated above these dama and no 
appreciable sedimentation hae been observed below the dams. Additional debrle dame have been 
authorized on Bear River and on the Middle Fork of the American River. 

Although generally of lese spectacular algnlflcance than described above, debris problema 
are encountered in connection with many local protection projects in the nOrtheaEIterK4 United 
States. The construction of small timber-crib check dems on till. streams hae proven profitable 
in many cases aa a means of reducing coete of maintaining channel improvements or drainage faoll- 
itiee. These are usually located near the bluff lines or immediately aboVe improved channel 
eectione a 

Harbor8 and Coastal Waterways 

Rumerous end varied eedlmentatlon problems are encountered in connection with the develop- 
ment and maintenance of navigation channels and harbor~fn&allatione. The magnitude and impor- 
tance of these,problm will be indicated by a few examplea. 

Eaet Coast 

New York Harbor. Sedimentation in certain channela in Rew York Harbor Is sufficient to 
require yearly maintenance. The initial work on the South Channel, Raritan River, wan completed 
In April 1942. Shoaling occurred rapidly thereafter, and In the fall of 1944 over 700,OOO.cubic 
yards of materials,were dredged to restore the channel to project dimensions. Within two years 
the channel again ehoaled to the extent of 704,000 cubic yards. The exact cause of the rapid 
shoaling is not known at this time. However, a preliminary examination hae indicated that the 
following five factore, acting singly or in combination, mu& influence the icondition: 

a. Change of hydraulic cross-eection of the South Channel of Raritan River; 

b. Aligument of the South Channel; 

c. Discharge of lndu&rlal waete and sewage dlepoealwith reeultlng cheuuicdl 
prsoipitatlon; 

d. Density currents due to tidal +lt-water flow from the bay; and 

e. Stream-bed load due to erosion of eurroundlng terrain. 

A comprehensive survey haa been recommended, includlrfg a poaalble model etu@, to detemine meane 
of controlling or eliminating this shoaling. 

Delaware River. The Delaware River below Philadelphia, Pa ., preeente a major sedimentation 
problem. A cantinuoua program of.maintenance dredging ia required in order to maintain naviga- 
tion projects. The average yearly dredging, baaed on lg&-1946 records, is about 13,000,OOO 
cubic yards. Corrective action haa been limited to training worke to increase velocltiee at 
pointa of heaviest ehoaling. A program of comprehensive model studies ie being planned to find 
a solution of the problem. The Delaware River ie alao'the main source of the sediment that oc- 
cur6 in the tidal portlona of the Schuylklll River and in Wilmington Harbor. In the caee of the 
former, tidal currents from the Delaware furnish half of the sediment, the remaining sediment 
arising from opbratlona of the coal industry. Thie pollution will ultimately be remedied by 
enforcement of State lawe. Malntenanoe dredging has been accepted as the moat practicable ~u~u18 
of relieving the eftuatlon. 

South Atlantic Coast Rarbors 

In harbors along the South Atlantic Coaet the principal eedimentatlon problema of the Corps 
of Eagineers have been thoee related to the nmtntenance of inner-harbor channels and baeine at 
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Wilmington, N. Car., Charleston and Savannah, with similar but lesser problems at certain other 
Installations. The sedimentation problem Involves the flocculation and precipitation of finely 
divided sediment and chemicals In solution upon contact with salt water.. 

At Wilmington, Charleston and Savannah Harbors, annual costs of maintenance have greatly in- 
creased within the last few years, notably so at Savannah. A number of factors may have con- 
tributed to such increase, among them: 

a. Decrease In vessel traffic due to war conditions, resulting In less stirring up of 
the deposited sediment into the water, with resulting reduced tendency for the sediment to be 
carried seaward out of the harbor. 

b. Restoration of full project depths that had been allowed to deteriorate somewhat 
during earlier war years. 

c. Increased unit costs of dredging. 

The average annual dredging required for maintenance of navigation projects at Wilmington and 
Charleston is approximately 3,500,OOO cubic yards for these two proJecta. 

Savannah Earbor. SedXmentation in Savannah Earbor is attributed to the precipitation of 
Savannah River sediment by the action of salt water. Pollution of the harbor by industrial and 
domestic wastes may also affect the quantity of precipitated matter. The plaOe end amount of 
deposits in the harbor vary with tidal conditions end river discharges. Full details of the 
work needed in connection with the Savannah Harbor sedimentation problem have not yet been worked 
out, but the fOllowing,is a brief outline of what is considered necessary: 

a. Determine the source of the shoaling material. If a large quantity comes from 
cavingbanks below Augusta, bank protection works may reduce the/shoaling. 

b. Determine whether the precipitation of sediment in the harbor is due to contact 
with the sea water alone or whether domestic and/or industrX(tl pollution of the harbor waters 
affects the amount, and to what degree. 

c. Determine the amounts, locations, and kind of sediment deposit in the several 
sections of the harbor for the principal flow conditions - mean, spring and neap tide, and high 
end low river flow. 

With these data and the results of model studies, itiis probable that benefits from the 
several plans of improvement studies can be evaluated with sufficient accuracy to determlne 
which improvements are economically feasible and which should be constructed. 

Gulf Coast 

Mobile Baz. A few figures irill illustrate another sizable navigation channel and harbor 
sedimentation probless. MaXntenance dredging on Mobile Harbor for the eleven-year period, 1936 
to 1946, averaged h,OOO,OOO cubic yards annually; The average annual maintenance dredging on 
the Warrior River and lower Tombigbee River, headwaters to Mobile Bay, for the same period Is 
2,300,OOO cubic yards. The figures alone are significant of the undertalclng necessary to main- 
tain these installations. 

Gulf Intercoastal Waterway. Shoaling in the Intercoastal Waterway, particularly at the 
Brazes and Colorado River Crossings, constitutes another problsm. The opening of floodgates 
in the canalto permit passage of tows results in large lntrusions.of sediment ins the waterway. 
Investigations and studies.are-underwayss that remedial plans may be made to reduce sedimenta- 
tion at these crossings. 

West Coast 

Mission Bay. The San Diego River was diverted from San Diego Bay to Mission Bay in 1876. 
Since that time, shoaling has been steady and pronounced in Mission Bay. Diversion of the San 
Diego River direct to the ocean la now authorized as part of a combined navigation-flood con- 
trol project on Mission Bay and San Diego River. 

Los Angeles Harbor. Sedimentation also constitutes a serious problem at other harbors on 
our Western Coast. The Los Angeles River annually deposits large quantities of sediment in 
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Long Beach outer harbor in the form of a delta at the mouth of the river. Buriug the 1938 flood 
alone, over ~,OOO,O~ cubic yards of material were.brought down by the river. The San Gabriel 
River, which empties into San Pedro Bay, presents a similar problem but to a lesser extent. An 
initial dredging progrsm at the mouth of the Los Angeles River, involving 5,200,OOO cubic yards 
of material, was completed in 1946. With the further improvement of the Los Angelee-Long Beach 
Harbors, similar dredging at the mouth of the San Gabriel River may be required in the future. 

San Pablo Bay. An uuusual maintenance dredging problem of avrjor importance exists in the 
San Pablo Bay and Mare Island Strait project. The conclusions arrived at from a study of the 
problem resulted in the continuation of normal maintenance dredging and the subsequent temporary 
adoption of agitation dredging. Agitation dredging as undertaken was based on the assumption 
that during periods of msximum ebb tides, currents would carry material into San Pablo Bay and 
deposit it in deep waters. This method has resulted in conflicting opinions as to whether it is 
satisfactory. A factor worthy of mention is au average deterioration of about 1,260,000 cubic 
yards in the Mare Island Strait Waterway each year. Mainteuauce Is now undertaken by noxmal 
aethods of hopper dredging. However, au expensive maintenance problmu continues to exist, 

Sacramento River. Continued deposition of natural and mining sediment in navigation chan- 
nels of the Sacrameuto - San Joaquin Valley has required the dredging of about 'i%O,OOO cubic 
yards of m&aria1 anuually from the Sacrsmento River Channel,, about 450,000 cubic yards annually 
frcen the Sulsun Bay Channel and about hOO,OOO cubic yards annually frcm the Beep Water Channel to 
Stockton, In order to maintain authorized depths In these projects. 

Columbia River Basin. To the present time, United States funds in au estimated amount of 
$12,000,000 have been expended for malntenauce dredging on authorized river and harbor projects 
in western Washington. In addition, considerable sums have been contributed by local Interests 
for work by the Government, and a great amount of continuous maintenance by private capital has 
been necessary. The silting of harbor navigation chauuels and tributary stream ae far upstream 
es the tidewater effect is an ever present problem, the most satisfactory solution for which has 
been maintenance dredging. 

Beach Erosion I 

In conuectlon with harbor work, the Corps of Engineers is charged with investigations and 
studies of beaches tith a view to devising means of preventing erosion. As beaches are deposits 
of sediment (sand, gravel and shell), beach erosion studies necessarily involve the study of 
sedimentation. Bat infrequently the probl- of e%sion of a b'each is closely connected with the 
deposition of sediment in a nearby harbor. A well-known illustration of such a condition is 
Santa Barbara Harbor, California, sn artificial harbor which was created by local interests by - -. 
the construction of a breakwater. The breakwater caused the deposition of sediment which was 
being moved along the coast under the +fluence oflitto&al currents. ‘As the adjacent beaches 
are dependent for their existence on the continuing supply of this material, ititerference with 
its supply to the beaches caused thm to be depleted of sand. At the same tfme the harbor was 
being shoaled. The beach erosion and harbor shoaling situations are now being alleviated by 
pumping on the beach material hydraulically dredged frcm the harbor. 

Similarly, shore structures for other purpoees than Improvements for uavlgation have created 
beach erosion problems. In lnveati@dg beach problems it ia mortant, therefore, to detemine 
the source of supply of the beach deposits. It can then be ascertained whether the supply is 
being interrupted by natural or artificial means and what the most effective remedial measure8 
might be. In cases where sediments are being Introduced into the ocean by streams, the- stuQ of 
beach problems may requtre Investigation of rainfall and runoff of tributary drainage areas. In 
such situations flood-control projects may have au effect cm beaches by ~aodlfying the rate of 
supply of sedlmeut. 

Conclusion 1 

This paper Indicates a few of the major sedimentation problem in connection with river 
and harbor projects. The engineering profession is challenged to produce solutions to these 
problems - solutions that are sound and feasible from both an engineering and an economic staud- 
point. The intelligent development and mmagement of our rivers and waterways isc eesentlal to 
the protection aud improvement of our productive farm land and our large cities and-industrial 
centers. 
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DISGUSSIOEl 

ELLIOTT FLAXMAN.* Mr. Hathaway's paper stresses the general problems of channel sedimentation 
or scour in the najok drainage basins of the Midwest and Southwest. It seems appropriate to 
point up the relationship of sediment sizes to channel changes which must be dealt with on 
streams which are generally smaller than those dlactiased by Mr. Hathaway. 

On etresma of the X?orthweat snd IVortheaat with which the writer is familiar, the movement 
of gravels, although for short distances year by year, constitute a threat'to channel improve- 
ments, capsc4tiee and adjacent banks. Sporadic efforts at bank revetment on the Walla Wslla 
River, for example, have not prevented and have perhaps aided the developent of fresh areas 
of erosion aownatresm. It has been found that a coarse bed load moving in atresms through a 
flood plain reach must be stabilized in order to prevent lose In channel efficiency, lose of 
rlparian lands and sggradation through accretions from the banks. Local impaimd 0f n00a~y8 
noted in the Upper Susquehsnns of Hew York State and in the far West have been caused by excava- 
t$on of channels from tributaries across fans and flood plains to the major drainage. In the 
Upper Suaquehanna, glacial gravels normally delivered to the streams in small quantities are 
carried through former areas of deposition and Into the principal stream where lodar grades pre- 
vent dissipation of the accumulated msterlal. A similar situation occurs in the Russian River 
Basin in California where artificial changes have impaired the drainage efficiency of a tribu- 
tary channel. The conservationist ana engineer should determine the effect of artificial 
changes of a river sysMn&nd what may be done to reduce the volume of debris which may create 
a hazard due to those changes. 

The problem of mslntalning a stable, excavate&channel through alluvial material consisting 
of fine to coarse sand has arisen In the development of work plans for flood control projects of 
the Department of Agriculture In the Santa Ynez River Basin of California and the Boise River 
Basin In Idaho. Severe gully development in tributw drainage basins has caused a large volume 
of sand to )e deposited on highly developed, gently aloping.fsns and flood plains. An exctivated 
channel of approximately 1 percent grade'acroaa the fen of Es+ Cebads Canyon in the lower Santa. 
Ynez River requires removal of sand yearly: In recent years thishdsbeen largely due to accre- 
tions from the unconsolidated banks of sand deposited since the b&tinning of accelerated gully 
development; Low, variable rainfall ana &.rough~y~aoila prevent establishment of vegatative 
controls and it la the opinion of engineers that construction of a concrete lined channel is the 
only permanent answer to the problem. 

Mr. Edihaway~e statement thatsix debris basins have been cons+%ted in the Los Angeles 
District presumably refers only to those of the Army Engineers. In addition, the Los Angeles 
County Flood Control District has c?natructed about 20 debris basins at the mouths of San 
Gsbriel and~Ssnta t&mica Mountain tributaries. 

me ststmante on hsrborsedlmentati~n suggest that the &eveloplPent of costly maintenance 
operations in proposed harbor areas msy be foreseen by comparison of capacity, shape andposition 
of the harbor to a hypothetical reservoir on the same stream. A small harbor at the mouth of a 
large stream has a low capacity-inflow ratio ana will quickly lose its capacity in a msnner com- 
pars?+ to a amd.l reservoir on the same stream although much fine msterial may be swept out to 
* Sadlmentation Specialist, Water Conservation Division, Regional Office, Soil Conservation 

Service, Portland, Oreg. (ai8Ou88ion not reed at Conference). 
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sea. Flocculation by the action of salt water in the harbor areas induces deposition, as Mr. 
Hathaway points out. Slack water areas at the mouths of rivers and in artificial harbors also 
furnish ready deposition areas for bed load carried by the streams. 

CARL B. BROWN. Barbor sedimentation is a problem of large economic significance. A study made 
several years ago by the Soil Conservation Service on Baltimore Harbor indicated an annual inflow 
of about 600,000 cubic feet, with an annual dredging coat, pre-war, of $150,000. The sediment Is 
coming almost entirely from soil erosion on the upland drainage area. That represents an annual 
cost of about 50 cents per acre of drainage area contributing the sediment and dredged annually 
from the harbor by the Corps of Engineers. 

GERARD  H. MATHES.* The object of this discussion is to invite attention to the need of revising 
current definitions of l'sediment" by including therein the solids which normally are transported 
in solution. Aa stated by Mr. Hathaway, sedimentary deposits of considerable magnitude result 
from the flocculation of clays in suspension, and from the precipitation of solids in solution. 
Their removal by dredging from harbors and coastal waterways runs into great costs annually. 
These chemical proceeses are foxme of sedimentation and merit reco&tion ae such. 

It has been customary to restrict the term "sediment" to designate only fragnentalmineral 
debris transported by water, which settles out by gravity, a concept which takes cognizance of 
strictly physical processes only. It Ignores the fact that solids transported In solution enter 
into and constitute a part of every fragmentary sediment deposit; it ignores also the deposition 
of solids by chemical precipitation. Manifest inconeistencles have resulted from this customary 
Interpretation of the term "sediment" - inconsistencies which seem all the more Inexplicable 
when one realizes that‘Webster*s International Dictionary recognizes that sedimentary deposits 
may result from either physical or chemical processes. Excerpts quoted from this dictionary are 
appended to this discussion. 

To elucidate, consider the case of a river bar in process of formation. Particles of gravel, 
sand, silt and clay - i.e., fragmental mineral debris - find lodgement and build up the bulk of 
the body of the bar. But each particle, down to the most minute, has a film of river water ad- 
hering to it, water which containe solid8 in eolution. There results a bar structure containing 
chemical constituents, some of which may drain out or be replaced again as river stages fall and 
rise, but the residue of which, in the final consolidation or drying out of the bar, crystal- 
llzee out and coats the fragmental particles. To cite a well-known case, rivers whose waters 
leach tannic acid from the roots of swamp vegetation, contain tannates which coat sand grains 
end gravel so thoroughly as to render their aand and gravel wholly unfit for use as concrete ag- 
gregates. Another illustration is afforded by our Western streams, especially those of the arid 
regions which carry a heavy dissolved load - in some instances heavier than their suspended load - 
where efflorescence and Incrustations along river banks, on bars, and even on the river bed proper 
where dry, are common sights. Here, again, the chemical constituents are detrimental to concrete 
and also to vegetation, as is well known. 

Consider, next, the case of the bar first discussed, after a lapse of geological time, when 
it has become consolidated Into sandstone. Analyses of its texture and chemical composition 
disclose the presence of some of the solids that prevailed erstwhile in solution in the river 
water that built the bar; and not unlikely also, scme of these chsmlcal constituents played a 
part in the cementing processes that bound the sand grains together to form the sandstone. 
Worthy of note is the fact that to geologists and engineers, sandstone is known as a sedimentary 
formation. 

Transferring our thoughts next to the chemical sedimentation processes in harbors and es- 
tuaries mentioned by Mr. Hathaway, flocculation caused by sea water is found to take place on a 
vast scale, so vaet in fact that deposits In our South Atlantic and Gulf Coast ports which rep 
qulre removal by dredging are reckoned in terms of millions of cubic yard8 annually. Nor does 
all that is removed by dredging conetitute the total deposited by chemical action, for a large 
part is swept out to sea by the ebb-tide currents. 

Flocculation is an electro-che&cal process of base-exchange analogoue to that which takes 

*,Consultlng Engineer, Eew York, 8. Y. (former Head Engineer, Mississippi River Commission). 

-25- 



place in the reconditioning of zeolltes uaed in water softening. Briefly described, the clays 
that result from the decomposition of limestones, dolomltes and granitic rocks of the Appala- 
chian Mountains, are hydrous slllcates of altinum having a calcium-magnesium base. The pre- 
sence of Iron oxides gives these clays their bright red color and accounta for the red color 
of the river waters descending frcrm these mountains. The clay particles, in the course of their 
journey down the river in suspension, have no tendency to flocculate or deposit. They are kept 
in a state of complete dispersion due to all being charged with the same electrical potential. 
Contact with the salt water of the ocean causes the strong sodium in the latter's composition to 
become dominant In the chemical reactions that ensue. It takee the place of the calcium and 
magnesium while these latter combine with the chlorine of the salt water - a so-called base ex- 
change. There results a hydrous silicate of aluminum with a sodium base, whose particles at 
once form nuclei which settle out. In simple language, what at first was a calcium clay now has 
turned to a sodium clay. The red color fades to a yellowish-gray end eventually to a bluish- 
mar l The deposits so formed partake at first of the nature of a sludge; which still permits a 
sounding lead to penetrate and touch bottom, but which offers considerable resistance to the 
passage of hulls and propellers of ships. If permitted to accumulate and lie undisturbed, Mom- 
pactlon takes place and a stiff dark blue clay eventually results, known to engineers and geolo- 
gists as marine clay. Deposits of this kind are abundant in stratified rocks as far back as the 
earliest, and are recognized as sedimentary formations. 

Sludges result also from the chemical reactions of sewage and industrial effluents upon 
contact with salt water, as mentioned by Mr. Hathaway. Although not recognized as geological 
formations, these sludges nevertheless, after attaining a certain degree of compaction, may well 
some day become regarded as sedimentary formations. 

In order to dispel any misgivings as regards the propriety of including flocculated and 
chemically precipitated matter in the definition of sediment, the following excerpts from Web- 
ster's International Dictionary, second edition, are here quoted verbatim. Pertinent statements 
have been underlined by the writer. 

Sediment. - Latin sedimentum, a settling, from sedere, to sit. 

1. The matter which settles to the bottom from a liquid; settlings; lees; dregs. 

2. Oeologlc material, or a mass of it, deposited as by water. To deposit 
as sediment. 

Sedimentary. 

1. Of, pertaining to, or containing, sediment, as sedimentary deposits. 

2. Formed by or from deposits of sediment, as sedimentary rocks. 

Sedimentary rock.- Geologic rock formed of sediment, mechanical, chemical, or organic; 
especially: 

1. Clastic rooks, as conglomerate, sandstone, and shale, formed of frag- 
ments of other rock transported fram their sources and deposited 
in water. 

2. Rocks formed by precipitation from solution, as rock salt end gypsum, 
or from secretions of organisms, as most limestone. 

Sedimentatlon.- The act or process of depositing sedfment; also, the deposition, 
especially by mechanical means, of matter suspended in a liquid, as the 
sedimentation of a water supply. 

Flocculate.- To aggregate into emall lumps; - said of soils, sediments, etc; 

Lee or Lees. - That which settles at the bottom, as of a cask of liquor, especially 
wine during fermentation and aging; sediment; dree. 

Dreg. - Corrupt or deflllng matter contained in a liquid, or precipitated from it; 
feculence; lees; grounds; sediment. 
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J. W. DIEOIV.* I wonder if I could make a coUpleof general remarks about Mr. Hathaway's 
statement, which I think cover some of the most challenging points that face all of us in sedl- 
mentatlon work. Be pointed out, I presume correctly, that the irrigation diversions in the Upper 
Arkansas have caused a change of regimen in that stream, and mentioned the fact that in certain 
respects that had caused increases in the flood damage. That Is a problem that the Bureau of 
ReClamation must face, and we are endeavoring to face it intelligently. Slmllarly I think other 
agencies, such as the Corpsof Engineers in their channel work, must face realistically the prob- 
lem which regulating works are causing in the rise of flood plains. The third point that I want 
to bring out Is degradation or aggradation of river channels below big dams. We in the Bureau 
have had come experience along that line on the Colorado River and elsewhere. I think that Mr. 
Hathaway pointed out that on the Missouri we are anticipating such an effect from the proposed 
dams. I don't think any of us knows exactly what that effect will be, but in the progress in 
the develoment of major streams, or even of minor ones, we engineers who are confronted with 
the designs, plans and layouts of structures must take full account in our plans of the effect8 
which we think they will have. Unfortunately, some of those effects will not be good. 

. 
RALPHFT. RHODESS.* The problem of sedimentation in the Savannah River, Georgia, Is typical 

of that in many of the rivers of the South Atlantic Coast. The basin has an area of 10,600 
square mlles and is divided into the Appalachian Region and the Atlantic Plain, the former being 
subdivided generally Into Appalachian Mountains and the Piedmont Upland. On the southerly side 
of the Piedmont Upland, which has an area of about 7,200 square miles, lies the Fall Line, and 
south of this, 3,200 square miles of Coaetal Plain, part of whichi'at least, is nmde up of the 
Coastal Terraces. The river rises in the Appalachian Mountain area and flows through the Pied- 
mont Upland and the Coastal Plain to ita mouth in the Atlantic Ocean. 

In the Mountain and Upland areas, the soils are derived from the granite rocks or from horn- 
blende rocks and are light or heavy, according to the proportions of sand,or clay in them. These 
~011s are generally red, especially those derived frcm the hornblende rocke. The soils of the 
Coastal Plain, being derived from limestenes, clays, and sands, are calcareous, argillaceous, 
or sandy soils predominating. 

The largest rivers of the Coastal Plain of Georgia are what may be called through-flowing 
streams,l.e., they rise above the fall line and flow across or through the Coastal Plain. Above 
the fall line, they have general slopes up to 50 feet to the mile, while below the fall line the 
slopes are about 0.5 foot to the mile. They differ from the smaller streams in the quality of 
their waters which are more or less turbid and stained red or reddish-yellow by fine particles 
from the red clay of the Central Upland. These rivers are older, geologically speaking, than 
the Coastal Plain rivers, as the latter were not formed until after the development of the 
Coastal Terraces. 

The streams rising within the Coastal Plain are much clearer than the through-flowing 
streams. Although the water is clear, it frequently contains, in suspensfon, very finely divided 
particles of decayed vegetable matter which color it with shades of brown. 

The through-flowing streams have the larger drainage areaa, and their sources are-in the 
mountains where there is heavy rainfall. The average and maximum river discharges are, there- 
fore, larger than the Coastal Plain streams. 

As the through-flowing streams pass through the Mountain and Upland areas, they accumulate 
a load of eroded eoll, depositing the heavier sand particles in the channel wherever there is 
an opportunity, such as in reservoirs, but carrying most of the finely divided clays on towards 
the lower rivers. When these rivers pass the fall line, their slopes flatten and they become 
meandering streams, caving their banks, and thus producing a load of sand which moves along the 
bed and a finely divided and suspended load of clay which is add@ to that already in suspeneion 
f'rcxn above the fall line. The lower reaches of the through-flowing streams are, therefore, very 
different from the Coastal Plain streams, as the latter contain very little material in bed 
load movement and very little solid matter in suspension. 

The mouths of the Coastal stresms, where they emerge from the youngest geological terraces 
andenter the ocean, are single channels and are characterized by bqing deep gorges and by having 
pronounced ocean bars In the ocean and across their mouths. , On the other hand, the lower por- 
tions of a through-flowing stream are characterized by a delta formation through which the river 
* Director, Branch of Project Planning, Bureau of Reclamation, Washlngton, D. C. 

+H Savannah District, Corp of Engineers, Department of the Army, Savannah, Da. 
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discharges into the ocean through a number of relatively shallow mouths, between which are marsh 
islands of various sizes. This delta formation and the Islands were probably formed gradually ' 
by the deposit of sand and silt brought from tha upper reaches of the river. The nearer the 
mouth of the river, the finer the sand and the larger the percentage of silt. The deposit of the 
sand within the channel was due to the reduction in current velocities by the tide waters, and 
the silt was precipitated by the action of sea water. The deltas are, therefore, a mixture of 
sand and silt. 

The hydraulics of the tides in the mouth of a tidal river offer a wide field of research to 
obtain basic data for the use of engineers in designing channels-which will be self-maintaining 
and stable in somewhat the same respects as the mouths of the Coastal Plain rivers. A complete 
Investigation of such problems includes that of the sand moving as bed load and the larger prob- 
lem of the silt which is deposited by the precipitating action of salt water. 

An important step in an investigation of this kind may be the accurate analysis of the 
transported material to determine Its composition. The next step may be- finding where it comes 
from. If the original material is found principally in caving banks of the upper river, the 
remedy, as far as eliminating the silt is concerned, may be revetting the caving banks. xt is 
possible that some of the silt may be mud from the marshes and some of the sand may be from the 
along-shore drift which is brought to the inside channels by the flood tide. . 

The precipitating agent or agents should be determined, together with the conditions under 
which they are most active. It is not sufficient to say that the precipitating agent is sea 
water. With an exact knowledge of the precipitating agents and how they act on the loaded fresh 
water, we will know how any Industrial waste which may be dumped into a stream affects silt pre- 
cipitation. The pollution of our streams by industrial and domestic waste is a matter which is 
now receiving some deserved public attention, and the determination of how such pollution affects 
the deposit of silt in navigable waterways may be a large factor in formulating policies and reg- 
ulations governing disposal of wastes. 

The importance of this matter of silt deposit in navigable channels is indicated by the cost 
of their maintenance for navigation. Such costs for four harbors on the Atlantic and one on the 
Gulf of Mexico are given in Table 1. In addition to the cost of removing this deposit, ships 
are delayed because now and for some time in the past dredging plants for the prompt removal of 
these deposits have not been available, and navigation has suffered accordingly. 

TABLE 1. COST OF MAIRTERAWCE 
ATLARTIC ABDGULF PORTS ORSILT-BEARIEGRIVERS 

Location 

Delaware River, 

1941 1942 1943 1944 1945 

Philadelphia to Sea . . . $l,23l,OOO . . . . ..$2.183.000 . . . . $4,263,000.. $2,951,000..$3,273,000 
Schuylklll River, Pa. . . . . . . 171,000 . . . . . . . . . 96,000 . . . . . . . 270,000..... %O,OOO.... 575,000 
Wilmington Harbor, IV. car. . 238,000 . . . . . . . . . 49,500 c...... 226,000..... 216,000.... 123,000 
Savannah Harbor, Ga. . . . . . . . 455,000 . . . . . . . ..tig.OOO . . . . . . . 532,000..... 665,000.... 843,000 
Mobile Harbor, Ala. . . . . . . ..%Ol.OOO . . . . . . ...127.000 . . . . . . . 27j',OOO..... 320,000 . . . 384,000 

. 

The above remarks do not cover all phases of the investigations and studies which should 
be made to solve the problems of sedimentation In rivers. They draw a general picture, however, 
which shows the wide field to be investigated and the importance of the problems connected there- 
with. It is understood that the Corps of Engineers is considering initiating some investigations 
and studies looking to the solution of the problems referred to above, and It is believed that 
the money and effort which may be expended along these lines will pay large dividends in the 
solution of problems of channel improvements and maintenance in the mouths of rtvers flowing ln- 
to tide water. 
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SEDIMERTATIOR PROBLPMS OF THR LARD 

by E. N. Munns* 

In the botanical world, a weed ie a plant out of place. In the world‘of water, sediment is 
also a weed -- soil out of place. Soil In place is like a gorgeous rose, the pride of our gar- 
dene; ~011 out of place is like the dmdellon, a public nuisance. Occasionally some botanlet 
works with a weed. He propagates it, fertilizes it, cultivates it; ecaaetimee he come up with a 
new petunia, something of value. Some of UB have done the seme thing with sediment. We have en- 
couraged it, fertilized It, leveled it. And when we have worked over it, fuaeed over it, and 
spent money on it, sediment becomes a valuable petunia in the form of a beach, an airport, a 
real-estate subdivision, an island. However to moat of us, sediment is at111 a public nuisance. 
And because sediment Is the weed of our water world, we met treat it as a weed lest It crowd 
out our valuable plants. Like good gardnere, we must prevent,'reduce, or control this weed. 

Soil out of place is primarily a land problem,. for It is a product of the land. It is the 
primary product of laud abuse. Lacking protective plant cover, soil ia torn from its rightful 
place by water, carried by water, and deposited by water. When in its lightest form and at its 
minimum, sediment may be only the "murkn in the cloudy water of a-spring or merely the dlecolor- 
ation in a rivulet. At Its maximum, soil on the move'my ree&le a concrete mix which containa 
but little water but floats great boulders on ite surface like so many corks. When dieplaced 
aoil comee to rest, it may be anything: mud flats, sand bars, deltas or debris cones. Wherever 
displaced soil may be found as suspended material, bed load, or sediment, it indicates miatreat- 
merit of laud, mimanagement of our farms and ranches, fields and orchards, range land and forest. 

Soil out of place is usually considered a problem of the bottoms. It is aleo a problem in 
the uplands. Here one will find its origin. The site from which thie debris ceme le claw-marked 
by the thousand8 of gullies on our hilllands, by raw cuts in the peaceful banks along our water- 
waya, by arroyos and ravines In our mountains, plains, and deserts. Its upland source is also 
marked by infertile fields, depleted range, declining agriculture, and by rural aluma which in- 
variably are a concomitant of impoverished land. Yet these ugly sores which eczze dare to say are 
normal, have only recently been developed on land that hae laid quietly under the sky for thou- 
sands of years before man seriously abused the earth's surface. 

Soil out of place threatens our natfonal existence. It threatens us in the upland areas-- 
the point of origin. It threatens us at its reeting places in the bottoms. History tells us 
that deteriorating soil, no less than depoelted soil, has brought proud and august nations to 
disaster. We are told that Mesopotamia once supported some 30 million people on 10 million acree 
of land. Today, its 5 million acres of tillable land barely sustain Its 5 mtlllon citizens, 
many of whom have been reduced to a state of beggary. Rven in our own Weet,.a civilization of 
high order once flourished; today we trace faint lines on area1 photograph that mark the route 
of extinct irrigation oanale. This clvllieatlon too has all but disappeared because of soil out 
of place. Will history repeat itself? That question mustbe kept constantly~before UB. 

Soil out of place hae adversely affected irrigation.The effectiveness of irrigation ditches 
is maintained at a high level just so long as the transported soil material remains in suepen- 
eion from the time It entera the system until it reaches the land. When fine eilt reaohee the 
land, such material may be a source of fertilizer, even as the waters of the Rile bring valuable 
headwater silt to the irrigated lower valley. The colloidalmaterlal so carried may also be ben- 
eficial in sealing unlined canals and ditches agalnet water losses. On the farm, this material 
may or may not be demaging, depending on whether or not it my have a tendency also to eeal the 
aoil against the percolation of irrigation water. As yet auoh damages by euepanded ellt to 
American irrigation are relatively small. 

Great damage however is caused to irrigation by the heavier aedd.mente which are direct4 
deposited in the ditches and canals. here clear water ia taken from a reservoir, this problem 
is largely absent, but when direct stream divereion is %nvol@d, troubles begin. Many irrigation 

* Chief, Dlvlaion of Forest Influencee,.B~ch of Reeearch, U. S. Forest Serrlce, Waehiz@+3n,D.C. 
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enterprises, particularly the snaller oues, have been in dlfflculty year after year because with 
declining mumner flows, eedlmeut deposits at the dam have shifted position and (10 prevented water 
frcm enterfag the aanale. In the light of pr9seat4ay lntemmt in great public worka, there is 
an inclination awmg public a@ciee to forget the mall developsmuts. We, as public servanta, 
cannot afford to take lightly the troubles of the mall irrigation enterp~lses for theme uults 
make up 45 percent of all laud under ditch and are 96 pero9nt of all enterprlees. 

Troublesome aa such sedlmentatlon may be at the diversion dam, it Is aa nothiilg..ccmpared to 
the demage caused by the larBer materials which enter the ditches and canale~ I have been told 
that scme of the main canals in the Boise Valley Irrigation system have besn occasionally so 
filled with erosion debris that sufficient water could with difficulty get througb the ditch. In 
1939 the average annual danqe ,mused by eedlmentatlon of canals and ditches In this valley was 
estimated at around $350,000. Rough calculation6 In the Boise Basin Indicate that the irrigation 
farmer suffers an annual damage of one dollar an acre a year because of sediment. Tra'&lated 
Into other terms, It cost8 him one dollar an acre a year to have someone so abuse th9 plant cover 
on his watershed as to cause the soil to Bet out of place. At Mlnersvllle, Utah, the main irri- 
&&ion canal MB filled with debris from upstream sources six tlmee In a single eeaeon. The 
failure to get water throw the ditch ayetem that year co& the cmty acme $6O;OOO in crop 
failures, and, in addition, irrigation assessment6 were inoreaeed 5OO percent. With the right 
kind of soil cover, these loesee cquld largely have been prevented. Other m&l Irrigation en- 
terprises have beep brought to the brink of disaster by sedlmentatlon re~9ultlng i%caa watershed 
abuse. / 

Other problaae affecting irrigation arise fram sbil out of place. We shall here be content 
only to mention the Rio Grande, probably the nation's most severely injured major river and cer- 
tainly 80 where lrri~tion is concerned. The Rib Grande is only thne ca8ually treated here be- 
cause Its condftiona are widely known end becauee undoubtedly others will refer to them nmny, 
many times. The Rio Grand% Valley is America's national monument to the destructive power of 
man-induced accelerated erosion and of its resulting sedim9ntatlon. 

Soil out of place hae ruined thousands of acre8 of farm land. Largeareas of oncerichand 
fertile bottom land In eastern States have been buried under heavy deposits of infertile soil 
materlale. Extenelve area6 of Weetern valley lands have likewise been destroyed by the deposl- 
tlon of debris torn frcm slopes and channels. 

The Sol1 Survey Report for Rlbert County, Georgia, states: "Some of the area8 mapped aa 
meadow were originally good areas of congaree silt loam or congaree fine sandy loam, over which 
a mixed covering of sandy material haa been deposited followi- the clearing of adjacent hill- 
aides. The bottom land of Will Shoal Creek about a mile from the county line is typical omie 
coaditson. It was reported that all the bottom was cultivated and the soil was congarc~, fine 
ssndyloam12years ago. At present the bottom laud is a esndy vash tith poor drainage and ie 
covered with alders and willows." 

Repeated flooding In Utah In recent,years haa been respo+ble for the 1088 of rich a@- 
cultural land through deposition. Such depoeltlon,of ear&, mveli and boulders on fertile valley 
lands appears always to be associated with the-summer floods that~orl.glnate on mistreated moun- 
taln watersheds. In 1945, a mud and debris flow frcm the abused portion of one small watershed 
ofonly 10,OOO acres produced Qarsees of over $lOO,OOO, a consid9rable portion of which was due 
to the deposition of sediments alon9. 

In the mountain arwa of the We&, it 1s not unccawm to find heavy deposition of infertile 
materials cn meadow lands following abuse of watershed slopee. Many valuable grazing lade hare 
thus been converted to willow and alder thickets a6 a result of a elngle storm. Three recent de- 
poelta, sanetimes ten Or more feet deep, can be readily Identified by the sharp oontraet between 
the origInal dark hu&c eoilbelow and the lighter colorsd raw mineral soil on top. 

Most of ue don't like spinach, especially with aand In it, Livestock don't like oand xn 
their diet either. Yetmanypastureesnd grasslands are each year givena coating of earthmater- 
ial which ~lrtually ruins the land until newgrowth appear@, or until after raina have washed the 
soil off the plante. 

Depoeition in both &nor and ZBajOr &ream ohannels hae also played a major role in deetroy- 
lng or reducing the productiveneee of bottom lands. In ohannels Of gentle elope we repeatedly 
find depositions 80 great as practically to iill stream channela almost to the level of the ad- 
jac9nt buttcub Both eaet and west, north and south, our modern culturally-induaed accelerated 
er06lan~s reeultedlnbedloade soheaVy thatmany etream final.lyhayebecw tlredanddropped 
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their loa in their tracka. The evidence of this 1s written in nearly every section by the lee- 
leenedfree-way under bridges, by clogged road culverte, in the hi@er etagee of flooda, ad in the 
swamping of adjacent lands as the water table risee. Claeaical examplee of them can be found 
iu the Driftleee Area of Wieconein, .iu the hill~eection of northern Mbeiseippi, and in the Rio 
oraude. I am told that the railroad ei&mkment at San Marcia1 on the Rio Granda has been raieed 
36 feet eince 199. * 

The aggradation of chanuela 18 reeponeible for peatly accentuating flood damages. With 
clogged ohaunels, flood waters that nomally would do little damage epread out on each aide of 
the channel, overflowiug periodically lands that were flooded ouly occasionally. And with euch 
frequent overflowiug come6 alao the concomitant damage, that of overbanh deposition of infertile 
eoll.~tgrial upon the fl0od plain. Such channel aggradation le not stable; it haa the tendency 
to migrate up&mam as:shcallng progressively cane86 deposition. Thue the Ill effects are epread. 

The flood of March 19% In the Connecticut River Valley mmpletely deetmyed mne 300 acre8 
of farm land in Vermnt, a&ate which cannot well afford such a 1066. In addition, nearly the 
EXUW acrwe MB lost due to the exceeelvely heavy depoeitlon of ihfertile 4knd and gravel. In 
addition, over 1,700 acre8 were covered with from 6 to 8 inches of gravel; theee were reclaimed 
with great difficulty. Scae 2,200 acres were covered with shallmrerjdepqeit of infertile mater- 
ial aud met of theee'.could be reclaimed. In all, some 4,500 acres of land were adversely af- 
fected by eedimente in thie one flood. And thia ia au area where channel degradation iB a more 
d0minant proceea than in most flood plaina of the United States. 

&dime&s aleo tend to accumulate wherever mall tributary &reams enter into main valleys. 
Such eediments when of heavy material often result in the developme& of fana which gmw to euch 
au eftent at3 to cause the main stream to change it8 course. In oue flood, a fan of great dimen- 
eicn~ reeulting froa a forest fire, pushed the %linon River in Idaho against the oppoeite bank 
where a new cycle of banh eroeion wae induced. Sedimente debouchiug from one tributary drainage 
in the Boise River Valley have been reported to be reeponeible for pushing the river two milee 
acrose its ralley. 

Delta formation and channel fllliug present other problem. Of these, perhaps the most im- 
portant is l3wamping. A6 the channel8 amfilled, ground water rims. In fmme valleye, the 
water tablee have rieen until in places they are Just at the mu-face. Pending become qequent. 
In much caeea it Is not long before valuable bottom lands become mediocre hay land and finally 
are mrrendered.to willows and aldere. Ricing water tables have In mm areae resulted In the 
hill- of coneiderable areatv of mmmercial t+9mvnd the fomation of ewampa. Such awamping 
can be illustrated beautifully in the middle Rio Graude. Cooperrider and Hendricks state that, 
"Of the 85,000 acres that had been rendered unfit for fanning, about 80,000 were given up on ac-' 
count of waterlogsing, which resulted frcm the silting up of the main river chaunel and a corres- 
p0ndiug riee of old cauals aud ditches to levels far above those of bordering lande." 

The direct wee by aedimeutatlon ia chamele are due firet to increased flooding, in- 
creased deposition ou the flood plaina, and finally rielug water tabiee which drowu out cultiva- 
tion. One aspect of damage of this mture frequently over1ooked.i~ that with the loea of valley 
lande, people are forced 0nto goorer eoile 'on the elopes. Although agriculture may be practiced 
on eloping laud, more care in cultivation~and more thought to farm practice6 must be given if the 
8011 ie to be held in place. But with impoverishment of bottimn lands, the farmer turns to the 
eloplw land aud atterapte to recoup hle loseee by tilling a greater area, a,, uufortuuately, 
umally by method8 poorly adapted to the site. The result ie au acceleratiun”of eroeion, the 
produata of which are dumped unceranoniouely onto the valley lands only to aupent the problem. 

Another aspect of we ti SWamping 18 the increasing wer frm *Ia. Throu@lOut 
much of the couutry, cultivation hae greatly reduced the area of mxquito breeding grounde. 
Swamping aa a direct remit of 8011 out of place hae increased the malaria haeard In many parta 
of the country, and in certain areas ie currently cauaiue great conceru. 

Md dralnage is a big problem in the United States, far bigger than meet of UE realize. 
At preBent, there are about 40,OOO organized drainage enterprlees in 38 States, involving 
87,000,OOO acres. But it 1s startling to realize that of these, 24,6OO,ooO acres of presently ' 
cultivatedland need rehabilitation of existing outlet drainage improvemente before maximum pro- 
duction cau be obtained from thaa. Outside of organized d&in&e dietrlcts are ~,OOO,OOO acres 
of wet, swamp, aud overflowed lauds, of which 2O,OOO,OOO acres could be placed in profitable‘pro- 
ducticu at reasonable cost. Sedimentation ie the great threat to the drainage impr0vemente of 
theee lauds. The exact flgurea are-not known, butmauy million acre8 of the total are in need of 
rehabilitation because of sedimentatlou. Practically all the lands needing rehabilitation are in 
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their present state because of soil out of place. 

In Mississippi, approximately 3,000,OOO acres are in organized drainage districts. About 
l,gOO,OOO acres are cultivated and otherwise improved but because of sedimentation are in need of 
extensive restorative measures. A report on drainage districts in Misslssippl states: "The 
most difficult drainage problems are.in areas lying along the eastern edge of the delta adjacent 
to the foothills. Enormous quantities of silt carried by the hill streams are deposited at the 
places where the streams emerge from the hills and enter the delta. Under natural conditions 
alluvial fans ricing as much as 20 feet or more above the levels of the surrounding delta lands 
were formed at these places. These alluvial formations retarded the velocity of the hill streams 
and acted to spread flood waters in several directions over delta farms. In attempting to pre- 
vent flooding many districts excavated drainage channels through the alluvial accumulations and 
constructed guide levee8 to divert flood waters into main streams and river%. !$any of these lm- 
provements operated only for a short period, eoon becoming destroyed by heavy silt deposits ren- 
dering the drainage works partially or wholly ineffective . . . In some districts, drainage con- 
ditions are much more unaatlafactory than before ditches were excavated . . . Usually at dlafancee 
of about 3 to 5 miles from the hills, delta channels fill with sand, silt, and debris so complete- 
ly that the level of the deposited material rises above the general land surface." 

The report describes a highly cultivated area drained by a newly dug channel In 1928. Ten 
years later the lower half of the channel had become completely filled with sediment and the dep- 
osition over the adjacent fields during this period accumulated to depths of as much ae 10 feet. 

This was bottom land. What of the uplands? Drainage improvements in the tributary drainage 
area of the Yazoo River watershed required an original investment of over $2,000,000. In 1941 it 
was estimated that it would cost $2,850,000 to rehabilitate these works. At present day prices, 
restoration would in all probability be near the original cost. Rehabilitation alone will not 
change the conditions which cause deterioration of the channels unless the proJecta are constant- 
ly malntalned, and so long as malpractice on the land continues, maintenance coats due to eedi- 
merits will be high. Experience has shown, however, that agricultural returne during perlode of 
low pricea till not allow for adequate maintenance. A woeful aspect is that poor drainage con- 
ditions have reduced the income of the area by about $l,OOO,OOO annually. Lands that ahould have 
produced an estimsted net income of about $13.30 ,per acre ennually were in 1942 producing only 
$5.70 per acre. Land abuse that resulta in sedimentation is costly to the farmer and to the 
public. 

Other areas show somewhat similar physical and economic results of sedimentation of drain- 
age channels. An e-nation of the Wabash River drainage basin revealed that 4 million acres 
of drained lands or 20 percent of the entire watershed are affected by the eedimentation of drain- 
age ways. Much of the damage is caused by the deposition of silt, sand, and grsvel which comes 
from the not too steep slopes adjacent to the waterways and fra sheet erosion of cropped hill 
fields. Average annual maintenance cost was estimated at $2,100,000, of which about $525,000 ie 
due to sedimentation. This represents an annual outlay of 13 percent of original cost of the 
entire drainage project. 't 

There is another phaae of this problem that bears mention. Displacing soil by erosion ana 
its transit as bed load cannot be given much emphaeis at this stage of the conference. Yet be- 
cause moving bed loads are a source of damage often unevaluated, a damage aeldceP considered by 
en@neers, perhaps including some sedimentationists, but affects a great segment of our people, 
it merits notice. Bed loads, the products of accelerated erosion brought about by careleesness 
and abuse, directly and adversely affect fish life in many of our Inland waters. Bed loads re- 
sulting from Improperly constructed roads, raw road slopea, raw cut banks and fills, have de- 
atroyed the neets and egga of our sport fish. Bed loads from the constantly ravelling sands and 
gravels from upland gullies on agricultural landa, unheallng sores on overgrazed ranges, open 
wounds on deforested hills, bury or destroy the food on which sport fish live 80 that even the 
legal-sized, liver-fed planted trout atarve to death. Or if the fish do not starve, the shoaling 
of the channels raises the temperature of the water to such a point that the fish disappear. 
Many stream, once worth from $500 to $1000 per mile for fishing, have been ruined for that pur- 
pose by carrying soil out of place. It has been estimated that up to as high a8 90 percent of 
all the legal-sized fish planted In inland waters are killed by sediments. 

Soil out of place In our channels also deleteriously affect other forme of wild life. Beaver 
for example are forced to move, the moose that feeds on aquatic vegetation must mlaigrate to better 
pastures, and wild fowl that once found food in abundance in shallov ponds and lakee, now finds 
sand bars and gravel beds lying naked In the sun. 
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We all muet recognize that sediments are soils out of place. We must recognize all the dam- 
ages they do or are capable of doing. Wholly apart from this, however, all of us should realize 
that we are partially to blame. Many practices are followed by the engineering profession that 
lead to added bed load and to damaging sedimentation. Let ua recount a few of them just to in- 
dicate that the engineering professlon can of itself do much to help matters. 

In zmny construction activities, no care is taken to insure that the displaced soil stays 
put. Foundations, streets, sewer systems, aqueducts, pipe lines, tunnels, dams and other types 
of public and private construction jobs are undertaken without any effort on the part of those 
who prepare the contracts or do the work to make sure that soil is kept out of stream channels. 
We In the public service should be alert at all time to keep the public's water free Pnrm soil. 

Iransmountain dfverslons are in the public eye. Engineers have taken water frfzz one drain- 
age system for use in another. They have not worried too much about then downstream slope where 
they spill the water. Instead, at the mouth of the tunnel or at the divide, they have turned 
water loose. A slope or a stream channel is the product of thousands of years of adjustment. 
The slope can, tith Its cover, handle a small quantity of surface run-off; it cannot handle the 
continuous outflow from a diversion. A channel has-become accustomed to a certain volume of 
water; it Is not capable of handling a continuous volume many times its normal capacity. The 
result of releasing diverted water at a high elevation to permit the water to seek its own level 
has been disastrous. Slopesand channels have been gouged out. A new cycle of erosion has been 
started. The deposits below have caused damage and suffering, and will continue, to cause damage 
until the channel is stabilized. 

Cities desilt water taken directly from surface sources. Often this soil material is dumped 
back into the river. 

Road building ln rough areas, especially mountain areas, Is all too often done without re- 
gard for the spoil material. We have many times seen this dumped uncer~onlously over the bank 
to slough off into the nearest brook. 

Engineere who lay out logging and other types of roads do not take cognizance of the kinds 
of soils Involved, the stability of slopes, the need for avoiding meadows, the need for keeping 
soil wastes out of the creeks. In some areas, large quantities of sediments are thus produced 
to add to our job. We who are interested in the deposition of material that affects the use and 
productivity of agricultural lands, are concerned over the apparent lack of consideration which 
many engineers show to the sedimentation problerm except at the place where the sediment lies. 
Unfortunately the need for the education of engineers as to sediment production - a major problem 
from our standpoint - is not a subject for discussion. But is it not time that the engineers 
interested In sedimentation and the preservation of the water resource call the attention ofthelr 
construction brethren to the need for keeping sol1 in place? 

This conference on sedimentation 1s badly needed. It is needed not only to make us realize 
that soil out of place is costing the nation much good hard cash, but also that it does actually 
threaten much of our e&onomlc and social life. TO the man on the street, a reservoir with an 
expected life of 100 years is a peravlnent Institution, yet there are those among us who have seen 
in our brief span of years the usefulness of water projects gravely threatened by sedimentation. 
We here are not the man on the street. We represent the public and have a responsibility to our 
public, a responsibility that transcends the life of a man, a responsibility that can only be met 
by safeguarding the life of the nation. t 

Many of us have heard, if we have not seen in print, statements by szalnent engineers and 
others that when one dam is fill&with sediment and no longer useful, man wlilbulld another and 
another. Many of us have also heard that many of our resources are unlimited. We laay have 
heard some say that the range cannot be destroyed; the forests are lnexhawtible; our oil till 
last forever; our Iron ore and our copper mines will never play out; that when this or that re- 
source is gone we will find subetltutes. Some of us however do not believe in the thesis that 
substitutes will replace our natural resources. 

A reservoir cite ie also a natural resource. l'faturehas provldedmanwithre~tlwe4 few 
really sound and feasible reservoir sites. They-should be preserved until such time as man can 
develop a substitute -- If he can. We must remember that topography and geology are such in 
many drainage basins as to make reservoir construction a doubtful venture. We can dredge chan- 
nels, we can make harbors, we can rehabilitate ditches, we can drain swampy land; we cannot, how- 
ever, generally empty reservoirs of their sediments. Let ie not thereforewaste our reservoir 
sites. Let us preeerve them as long as possible for a future public. Let us take every step 
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poeelble when a reservoir is projected or built to make cure that the 8011 on the watemhed 16 
kept in place. Let UB alao make mre that the public underetande the problem we f&e. 

In my judgment, the poaelbilltlee of markedly decreasing eediments through work on the land 
deserve far greater attention by water engineers and geologists than ret ham been given. If the 
engineers who are reeponeible for great public work6 would publicly recognize the eedlment prob- 
lem and would be vociferous in their demand6 that the land managing public agenciee bring about 
reductions In laud abuse a@ mieuse on the watersheds, the problema aeaociated with soil out of 
place would be greatly mi,n5mlzed. Same laude now badly eroding or capable of-aerlouely eroding 
may be worth much more to the public if in mze form of nonuee that will prevent or reduce aedl- 
mente than if used. Lands low in productivity or value, but high eedlment producers, should be 
cloeed to all -fonza of damaglng me. 

That we muet do eomething - and soon - about the dieplaced soil that already ha6 been depoe- 
ited we all recognize. We also know that the moving bed loads now already moving downward In the 
channele till moon cczze to reet and thereby lntenelfy exieting troublee. We ought to know that 
unlese the land le cared for, even greater load8 will deecend upon ua. It 18 up to the engineer6 
to make mre that the land managing agenclea recognize their reeponeibilftiee in so managing, op- 
erating or using laud that the weed In our water world may be eradicated. And if the land manag- 
ing agencies cannot achieve that reduction in eedlmeqt that will safeguard our public work@, then 
the public will have to be called upon to eetablleh thoee controls which will prevent the land 
occupiers and users from further injuring public lnveetzzentm. Engineers should lead the way. 

Here in brief review we can only catch brief glimp,ses of the problem of living with our 
weed - 8011 out of place. This weed ia now beginning to over-run ourgardex&.~ Very little can be 
said In its favor. Instead It is damaging not only the worb man le building to control and har- 
ness water for hla beneficial me, but is damaging the land and the, practicee by which man pro- 
vides himself with food and clothing. Sol1 out of place hurt6 the irrigationlet, the city dweller 
who pays more for poorer quality water, the Industrialist who ueee power, the ovpor whose land is 
covered with debris. It drive6 agriculture from valuable bottom lands. It decreaeee crop pro- 
duction and lncreasee coats. It epreade a weakening disease eepecially emong those whose living 
etandards are gradually lowered to substandard levels. It deetyoy? recreation, and fieh and other 
forma of wild life. It le mat dmaging to the public who in the long run must pay the bllle. 

The probla facing all of us, no matter what our special Interest, no matter whether we be 
engineer8 or agriculturlste, geologists or forester0 -- the probla de what are we goiug to do 
about it? If we cannot eradicate It, how oazi we control it? 

The answer 16 simple. The method of doing it complex. The cost enomoua. The time element 
long. The only sage and 8ure method by which damaging eedimentation can be prevented la to re- 
verm the prooeesoe that create It. Keep the soil in place. How to do it will take all the ekille, 
lngenulty, and imaglnatlon that all of uB - no matter what our backgrouud or experience - can 
bring to bear. That ie our job. 

DISCUSSIOR 

JOHN N. SPENCER.+ Ae usual, Mr. Mume has rung the gong. There le little I can say about his 
paper which would @rove what has previouelp been Bald. Obviouely, on our Weetern irrigation 
,projecte we have a eerioue problem, eepecially 80 if we are to believe what Mr. Muuna has said. 
Pereonally, I am a believer became I have lived in the Weet, I have observed the situation on 
the laud, and I know the serlousneee of the problem. 

Aeeuming the eltuation which Rd Manna describes by actually exleting, then, tmlese something 
le done immediately, the Western Irrigator 18 bound to suffer. 

Congreee hae authorized the Bureau of Reclamation to construct irrigation projeote. This 
agenay has now under aonetrutMon, or authorized, about two billion dollare worth of projects. 
When that program Is oclPpleted there willdbe water storage reservoirs on practically every zmjor 
waterehed in the West. Up to the present tine the Govermuent hae invested about 400 million 
dollare in irrigation inetallatiooa. From that inve&aen~ the nation ie receiving about 525 mil- 
lion dollare in annual crop returxm. About 81 thousand famillea are living on the landa irrigated 

+ Operation and ldaintenanae Supervleor, Reglon7, Rureau of Reclamation, Denver, Colo. *i 
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by Bureau of Reclamtlon~projects , and almost five million people are directly dependent upon 
these projects for a livelihood. 

Assuming continuation of this mammoth construction prograal, we can look forward to the day 
when about four times as many acres will be lrriga%ed, when the crop production will be four 
thee as great, end when four times as many people will be dependent upon these irrigation 1s; 
etallatl.one. Are we going to sit by and wait until 30 millions of people must close shop and 
become "Mesopotamian type of beggars" because of our failure to regard the facts as set forth 
by Mr. Murma? I believe the answer should be an emphatic "Eo," and I wish to propose a plan 
of action. 

In our planning and in the subsequent action let us divide the watersheds of the West into 
twoparte -- the water supply area and the water use area. For the purpose of this discussion, 
the water supply area will be defined as that segment of the watershed from which is derived 
initial supplies of water to be utlllz~ by irrigators, industries, and municipalities located 
in the water use area. The water uae,area includes the land to be Irrigated and the cities and 
industries dependent upon an adequate supply of potable,uater. The water use area will Include 
water storage facilities, canals, diverelons, laterals, drains, the city rater supply systems 
and hydroelectric power plants. 

Our lmowledse of the relationship between the two seepents of the watershed may not be CCBII- 
plete; however, it Is ccmplete enough that by utilizing the-vast resources of knowledge in the 
hands of Federal agencies and local groups we can takethefiret positive steps toward protec- 
tion of our greatest resources--land and water. Underizhis proposal, first priority In the water 
supply area would be given to the production of high quality water for constiption fti the water 
use area. Initial steps should be takem imaediately, based on x&nor tributaries, to determIne 
the degree of lower priority use permissible in each contributing water supply area. These 
studies will show the nature and degree of &zing, tlxiber and recreational use permlasible with- 
out jeopardizing the quality of water and the resultl~ loss of values in the water use area. 
The data so secured should be made available to all interests in the water use area, who, I be:, 
lieve, when fully Informed of the watershed problem can be depended upon to take whatever action 
is necessary to conserve the water resources and insure the permanent well-being of the people. 

HAROLD B. ELMENDORFF.+ Mr. Munns has shown us the tremendous range of problems caused by sediment. 
All phases of agriculture seem to be threatened. Some problems are.80 serious that unless solved 
theywill cause the abandonment of large acreages of farm land in another generation or two. He 
has pointed out that watershed lands are the source of the trouble and that we must look there 
for pemanemt relief. I can't add anything to Mr. Mums' excellent picture of this widespread 
threat. 

However, I would like to point up hle rake by going into more detail concerning one stream 
system that we are all interested in. He mentioned the Rio Grande as one exemple of a deplorable 
state of affairs because :of sedimentation. Answers may be found for each problem separately, but 
no overall solution seems possible as long'ae sediment keeps ccaning down from the watershed lands, 
The Rio Grande project,,extends from east of El Paso, Texas, to north of Das Cruces, with 155,000 
acres almost entirely dependent on storage of flood waters in Elephant Butte Reservoir. The 
Middle Rio Grande Conservancy District extends from Socorro to north of Albuquerque, E. Mex., 
with around 70,000 acres of irrigated land. These two projects contain more than 90 percent of 
theapproximately 250,000 acres of irrigated land in the Rio Grande Basin in Hew Mexico. Three of 
the more serious problems of these irrigated areas are directly attributable to sediment: 

1. Aggradatlon of the Rio Grande channel through the middle valley has clog@ the outlets 
of existing drains and resulted in 'a rising water table. Unless checked this will eventually 
destroy the project. In one eeven-year period the z-lee in water levels, averaged through the 
middle valley, was 0.1 foot a year. 

2. Elephant Butte Reservoir has lost nearly 2O'percent of its original capacity in thirty; 
two years of operation. If the past rate of depletion continues, in another b5.yeara Flephant 
Butte and Caballo Reservoirs will not have sufficient capacity to supply Irrigation needs through 
even the second year of a three-year dry spell such as we have experienced twice since 1915. 
Buareu of Reclamation personnel who are now surveying Elephant Butte believe that deposition in 

* Chief, Water Conservation Division, Re&io,p"l Office, Soil Conservation SexvIce, 
Albuquerque, ii. Mex. L 
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the resehoir has been much less since 1935 than it mre in the first twenty yeara of operation. 
This only uea~~ that the problem has been trasferred upstream and that the sediment load ie lodg- 
ing in the Socorro Valley rather than passing into the reservoir. 

3. The ~60 conc~t.ration of salt cedars and other phreat~phytes above the head of Elephant 
Butte Reservoir is taking s heavy toll Of water, est,hd,ed by the BU~WU of ReolamatiOu as being 
mre m 100,~o acre-feet, auuually, that is sorely ueedbd iu the RIO G-de Basin. 

Suppose we look at EOIW of the solutions which have.beeu m&ted. Management Of the 
Elephant Butte Irrigation District, which operates the Hew Mexico portion of the Rio Graude 
pZW,ject, shrug6 off its loss of reservoir capacity with the belief that when it becomes serious 
they can raise the dam and restore the lost capacity. But will the Middle Rio Grande Conservancy 
District and particularly the people in the vlc$nlty of Socorm, with the knowledge of what has 
happened at the head of the present reservoir, allow the reservoir levels to be raised? 

One suggested way to stop the robbery of water on its way to RleBhant Butte ie to dredge a. 
chanuel through the large sediment deposits at the head of the lake, True, this might convey 
the flood waters through the salt cedars tith a mlninrum of loss, but what about the sediment load 
in the future? Evidently, the salt cedars have been keepdng much of the sediment out of the 
reservoir, but when flood waters are concentrated in an open channel this screening effect will 
be lost. It seems reasonable to expect the reservoir depletion to rise sharply if that is done. 

Virtually everyone agrees that large reservoirs must be built in the Rio Grand8 and its 
chief tributariee to protect the middle valley from floods andsqdimentation. The proposed res- 
ervoirs till provide room to store the sediment that is now coming down the streams for fifty to 
seventy years. Then eedlment till begin to encroach on the capacity reserved for other purposes 
and usefulness of these structures will steadily decline0 What do we do then? Simply build 
more reservoirs and start over? 

Even the proposed large reservoirs,, necessary as they seem to be, may cause new problams in 
same places. Granted that the release of relatively clear water should result in degradation of 
the river channel, at least for some distance below the dams. But where can this sediment go? 
Either it till be deposited in the lower part of the valley or It will be carried Into Elephant 
Butte. Will either of these eventualities please the people who will be affected by theml 

So we see that as long as sedimeat continues to be produced on the uplands, solution of 
eedlment problems in the main river .valley are only temporary and often will merely trade new 
problems for old. As Mr. Munns emphasited,..the only peraumemt solution is to check the sediment 
at its source, on the watershed lands. 

RANBIR SINGH SHERIKANT* I am here as a trainee and don't have much experience in sedimentation 
problems. However, I can say, as has beenrepeatedly pointed out, the problem created by sedi- 
ment transported by water cannot be too highly emphasized. 

As fn the western United Statea, we in India have been faced by probleape created by sediment. 
Cur area under irrigation is about70 million acres, which is nearly equal to the area under ir- 
ri&lon in the rest of the world put together. 

I was personallygonnected for three years tilth the maintenance of some canals in the Fwnjab. 
Oqr rivere mostly flow through al&Ma1 plains and carry enormous quantities of sediment in sum- 
mer. The sediment has a tendenoy to deposit in our canals and distrlbutoriee and thus decrease 
the capacity of the channels and upset the'balance in the distrlbutlon system. Much research 
hasbeen done by various Indian engineers in this field and the names of Kennedy and Lacey &and 
p?3xmlnont amon them. Generally speaking, theattconpt of our eng%neershaebeeu: 

1. To draw Into the canal only as much sediment as can be carried by it without deposition 
or scour, and 

2. Distribute the aedlment load into various laterals according to their se&sent carrying 
capacltle6. 

*'Gomrnment of Ina% (8-t haineo, Bureau of Beoluratlon, Denver, Cola. 
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I noticed quite an interesting phenomenon on the inundation canals which take offfz%xn river 
Iudus. There is no dam in the river for diverting water Into these canals. Use is made of 
creeks of the river which have flatter slopes and higher water levels. Due to change in the 
meander of the river, the mouths of these creeks sometimes used to get closed by sediment dep- 
osition, although the full length of channel downstream was still allright. We’were able to 
keep the creek flowing by constructing suitable spurs at proper places. 

To me it appears that the immediate problem before the irrigation engineer is not how to 
stop the sediment from reaching the stP.eams, because, even if the water reaching the stream is 
quite clear, it will pick up its sediment load Pram stream's bed. Maybe we should devote still 
greater energy to perfect our knowledge of sediment transportation so that we can accurately 
design works to select and carry the desired quantities of sediment in dffferent channels and 
reservoirs. 
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