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FIRST SESSION - STAMT OF SEDIMENTATION PROBLEMS

S, K. Iove,* Presiding

RESERVOIR PROBLEMS WITH RESPECT TO SEDIMENTATION

by Thomas Maddock, Jr. %%

The Bureau of Reclamation has constructed T7 storage reservoirs since its inception as a
govermnment 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 assoclations, has shown that deposits of sediment introduces certain problems that partic-
ularly relate to the life and water supply of the projects involved.

Reservoirs for irrigation storage can be roughly divided into two types, those providing
seasonal storage and those providing hold-over storage. In the firat 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 siream for a series of years.

Seasonal storage reservoire are usually constructed in the early stages of the develorment
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 & stream system approach full utiliza-
tion, however, hold-over storage becomes necessary to provide water during periods of low dis-
charge. ’

Multiple-purpose reservoirs are sometimes a combination of these two types of reservoirs,
storage for flood control purposes being considered & short seasonal storage, while the conser-
vation storage may 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 storage.

Seasonal storage reservoirs have a small capacity in relation to the amnual runoff, while
those for hold-over storage have a large reservoir capacity in relation to the annual runoff of
the stream, and furthermore a very large capacity in relation to the minimum annual discharge.
Typical examples of these two types of reservoirs are shown in Table 1.

*  Chief, Quality of Water Division, Water Resources Branch, Geoldgical Survey, Washinébon, D.C.
#* Head, Sedimentation Section, Hydrology Division, Branch of Project Pla.nning, Bureau of
Reclamation, Denver, Colo.




TABLE 1. RELATION OF STORAGE CAPACITY TO ANNUAL RUNOFF
Hold-over Storage

Average Minimum
Capacity annual runoff annual runoff
Reservoir acre-f't. acre-ft, acre-Tt,.

Roosevelt 008000000800 s0000 00000 1,398’000..ooo 728,000 vs000c8s00 0 210,600
Elephant Butte ..veccsccccesesesorss 2,219,000...-1,150,000 secrcesesae 178,000
LoK® MEAd veveevennnnennseecsnnnenss 27,930,000.. 12,987,000% +..e.... 4,186,000
PAtBEANAOY veeeeeeenssvenonsnnsosas 1,040,0000. 1,258,000 wuvveee.... 485,400

Seasonal Storage

ATYTOWIOCK seceesosssovecscssssasaras 286,600... 1,900,000 ceeveeesses 900,000
Cle Elum R Y N Y NNy Y RNy Y Y] h35,7o°..--. 6%,000

Buffalo BI1l ..eeesevrvansssarcccces 456,600, 40s. 907,200 soreooessss 536,000
GIDSON 4sevvevnssenssesrnscnssrsensns 105,000s e ess 558,000 reesroesecss 302,000

Pine VIOW ...ivevrveirennenncnnssnns bh,200. 0.0 191,900 vuvvurnnen. 27,400
#At Bright Angel.

In general, seasonal storage reservoirs are usually found in the northern tier of the
Western States, while the hold-over reservoirs are found in the southern tler. 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
enows. It is possible, however, that some sediment accumulations in reservoirs. in the Missouri,
Arkensas, and Red River Basins may be as high, relatively, as some of those in the South.

The effects of sediment deposits in reservoirs are two-fold: first, the capacity of the
reservoir is reduced; and second, the evaporetion losses are incressed. These effects vary in
importance with the type of reservoir.

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

This loss of capacity is probably more important in sgeasonal reservoirs than in hold-over
reservolrs because of the short intervals between reservoir overflows. From this standpoint,
rapid reservoir f1lling means that the irrigated acreage dependent on storage is repidly 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 important from a short-term stend-
point as it 1s 1ln seasonal reservoirs because of their large capacity and the infrequent spills.
However, from the long-term viewpoint, the results are the same, water shortags and reduction in
irrigated acreage.

Elephant Butte Reservolr, after 27 years of operation, had accumulated sediment deposits of
about 430,000 acre-feet, yet had spilled but once in this pericd. However, studies now being
made show that the excess capacity has been exhausted and that reservoir overflow may be more
frequent in the future, thus indicating a slow reduction in the available water supply. Condi-
tions at Lake Mead are similar to those at Elsephant 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 incresse in evaporation loss-
es, 1s of two types. First, the increase in the area of exposed water surface for a given quan-
tity in storage; and second, the lncreased trasnspiration losses from vegetetion growing on sedi-
ment deposits at the heads of reservoirs.

Both types of evaporation losses are not usually significant in reservoirs for seascnal

storage only, since the water supply is usually ample. In fact, a vegetetive 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 Butie Reservoir, the water surface area exposed at 1,700,000 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 depositiom 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 thelr shape, slope of the stream, reservoir operation and other factors. Losses from
this source at Roosevelt Reservoir should be expected to be higher, for example, then at Flephant
Butte.

Losses from increased transpiration from vegetation growing 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 from 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 from river areas
only slightly above the high-water line. Transpiration losses from vegetation growing in sedi-
ment deposits between the water surface and the high-water line of Elephant Butte Reservolr in
1936 amounted to 114,800 acre-feet, end from areas slightly sbove 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 from 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 nelghborhood of 100,000 acre-feet per year.

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

20

‘ Figure 1 shows that 50 per-
Y i cent of the sediment in Guernsey
o IS SO A g eeeomam sotre omr Reservoir 18 deposited in the up-
F1000 STORASE : - per 35 percent of the reservoir
ELEPHANT BUTTE RESERVOIR ) depth“ Guemﬂey Reservoir is
1938 sunvEY - 13.84% W“f% e operated so that the reservolir
e pool is at, for all practical
J// /L&xwossvsn RESERVOIR purposes, & constant elevation.
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o cvemyser mEsenvom which, operating with wide vari-
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In contrast to these two
reservoirs 1s the deposit in
Elephant Butte Reservolr where

Figure 1. LOCATION OF SEDIMENT DEPOSITS IN approximately 50 percent of the
WESTERN RESERVOIRS sediments are found in the upper
25 percent of the reservoir depth.
Elophant Butte Reservoir has had considerable variation in its 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-
tively high location of sediment deposited in Elephant Butte Reservoir can be attributed to the
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growth of vegetation in the upper sections of the reservoir and to thn relatively large amount of

ad e + halwme hrvmvmhhd Lamda dha wceamacesad e Al Dl foeamd
ssdiment being brought into the rsssrvoir by the Rio Grands.

The important conclusion to be drawn from these studies is that in all cases so far studied
in the West, over 50 percent of the sediment deposits lile in the upper half of the reservoir.
Inasmuch as allocations for sediment storage in reservoirs are usually placed at the bottom, it
seems advisable to question the construction of reservoirs with relatively large emounts of dead
storage that will not be filled with sediment for many years.

Conversely, it hes 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 sectlon of the reservoir may be subject to the
greatest amounts of sediment deposition.

~ Usuelly in a discussion of reservolr sedimentation problems, the question is raised as to
wvhether methods of reservoir operation cen be adjusted to reduce the rate of sediment accumula-
tion. There is evidence that, at least in some cases, it can be done. Data collected by the
U. S. Engineer Office at Albuquerque and published as an "Interim Report on Sedimentation in
Conchas Reservoir, South Cansdian River, New Mexico," show that sediment concentrations as high
as 5 percent by welght pase through the lowest outlet gates of the deam. However, during periods
of no flood discharge into the reservoir, there was no appreclable movement of sediment out of
the reservoir,

To take advantage of the movement through the reservoir, the following operating criteria
were set up, to quote from the previously-mentioned report:

"a, In the event of floods, the conduits will be opened as soon as the flood flow
begins to enter the reservoir and meintained open as long as the discharge contains

appreciabls ssdiments., If ths dischargs rums clsar after a short periocd, the con-

duits will be closed (unless the flood is expected to cause spillway discharge),
end reopened periodicelly at sbout 6- to 12-hour intervals, pending arrival of the
density current and a silty discharge, or until it becomes evident that such dis-
charge will not occur.

"b. During period of low or moderate flow, the conduits will be opened monthly
and permitted to discharge as long as the release contains perceptible sediment +"

It will be seen that the primary .necessity for this type of reservoir operation 1s an ample
water supply. Thus, this type of operation may be available to reservoirs operated for seasonal
atorage, but it cannot be used in reservoirs where water supplies are short and hold-over storage
is necessary.

Measurements of the size of mediment particles passing through Conchas Dem showed that 97
percent were in the 5- to 20-micron range. Therefore, if material in this size 1s not an impor-
tant part of the to*al sediment load of the stream, saving in reservoir space through evacuation
of sediments will not be important.

The evacuation of sediment during periods of normal water releease has been observed at Lake
- Mead and Elephant Butte Reserveir., No doubt, if enough were known about density currents, res-
ervoir outlets could be designed so as to pass sediments through reservoirs 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 movement by tributary streams, data from
reservoir sedimentation surveys are used as basic data to determine Sedimentation rates in pro-
posed reservoirs.

That such data should be used with caution and properly evaluated is shown by the results
of several re-surveys of Roosevelt Reservoir, given in Table 2.-
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TABLE 2. ROOSEVELT RESERVOIR SEDIMENTATION SUMMARY

Year Sediment deposited , _ Increase

(acre-ft.)
1905 0 o0
191k 27,000 27,000
1916 62,000 ) 35,000
1919 62,000 0
1925 101,000 39,000
1935 108,800 7,800

In this case, annual sediment increments range from 0 to 17,000 acre-feet, while the average
rate is 3,630 acre-feet. There is no reason to believe that differences in this case are due to

different degrees of accuracy in surveys, although the original reservolr survey may have been
none too accurate.

Fluctuations in sediment accumulation in Roosevelt Reservoir seem to vary rather markedly
with high runoff. The heavy deposition during 1915 to 1916 corresponded wilth very heavy runoff,
the discharge during the perioa being the equivalent of almost 6 years of average runoff. The
period 1917 to 1919, which shows no sediment deposition, was one of low rumoff. Actually a con-
siderable amount of sediment may have been deposited in the reservoir during this period, but the
lowering of the water in the reservoir during this period allowed the consolidation of sediments
to take place. Also, there was resorting of older depgsits which tended, perhaps, -to increase
the density of the deposited sediments. The periocd 1925-1935, which also shows & low annual rate

of sediment deposition, was also one of low flow, with low water levels that permitted cmpaction
of sediment.

Very little is known about rates of compaction of sediments in reservoirs but this very im-
portant phase of the sedimentation problem is worthy of study. It seems possible that the appar-
ent sedimentation rate for reservoirs with unfluctuating water levels may be higher than that for
comparative reservoirs where water surface elevations vary widely, providing that in the first
case there is no increasing deposition above the highest reservoir elevations.

As has been mentioned previously, the growth of vegetation at the head of reservoirs has a
marked tendency to reduce the rate of sediment accumulation. Already noted is the fact that the
apparent rate of sediment accumulation in Elephant Butte Reservoir has dropped from 18,000 acre-
feet per year to 6,000 acre-feet per year.

Lake McMillan on the Pecos River, previously mentioned as a reservoir in which 50 percent
of its capacity was lost in the first 20 years of operation, lost only about 6 percent of its
capacity in the second 20 years of operation through the screening effect of vegetation growing
on headwater sediment deposits.

Reservoirs located in cold dl:l.mates do not seem to develop heavy growths of vegstation on
their sediment deposits. However, 1t should be expected that such growth will take place in res-
ervoirs constructed in Texas, Oklahoma, and Kansas, and perhaps in Nebraska.

The so-called "trap efficiency of reservoirs," that 1s,the proportion of inflowing sediments
retained in a reservoir, has been the subject of much discussion. The experience of the Bureau
of Reclamation has been that as long as there is apprecieble storage in a reservoir, trap effi-
clencies are at least 90 percent. Studies of the operation of Imperial Dam show 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 191&3 s when the storage capacity hed been reduced to 24,000 acre-feet,
dgapite the fact that during this period the discharge of the Coloradc River averaged about
16,000 cfs.

Once the trap efficiency began to fall below 90 percent, its rate of decline was rapld, so
that by the end of 1944 the trap efficiency had fallen to about 60 percent and the storage capa-
city of the reservoir had been reduced to about 15,600 acre-feet,

I would like to make the o'bsemtion that where successive surveys have been made on a
given reservoir, there has been indicated a successive decrease in the rate of sediment accumula-
tion. This has been due to the operation of a combination of the various factors noted previous-
1y. This statement is made not to minimize the importance of sediment accumulation in reservoirs,
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which even at low rates is appallingly high, but to stress our lack of knowledge regaerding the
problem of reservoir sedimentation. This in itself should justify the need for resurveys of
reservoirs to determine the loss of storage capacity and to evaluate the secondary effects of
sediment deposite such as have been discussed.

The effect of loes of capacity in reservoirs used for irrigation has been brought to at-
tention by meny persons, particulerly by J. C. Stevens and the discussion of his two papers in
the publications of the American Society of Civil Englneers. The thought has been expressed,
generally, that the West would revert to desert, for the most part, after the last potential res-
orvolr had become filled wlth sediment,

What I would like to.point out, in closing, is that reductlion 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 will
not be available to provide for the excessive losses that will take place in these reservoirs in
later periods of thelr 1life and for evaporation from newly constructed reservoirs. We therefore
must, to the extent possible, preserve what we now have.

DISCUSSION

GUNNAR M. BRUNE.* 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 & 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-
erad 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 Reservolr,
Pittsfleld, Ill., the proposed flood and sediment control progrem calls for more efficient use of
an elready existing vegetative screen by blocking the stream channel with smell dems and forcing
the water to spread through the dense growth.

The other problem on which I would like to spend sSome 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 surveys were made before the war, and which were re-
surveyed during or after the war. One of these, Pleasant Hill Reservoir, at Perrysville, Ohio,
is a flood control reservolr with a permanent recreationsl pool _]_./ . One, Sharon Woods Reservoir,
near Sharonville, Ohlo, is strictly a recreational lske. The other, O'Shaughnessy Reservoir,
near (Columbus, Ohio g/ , and Lake Decatur, at Decatur, Ill. 3/, are water supply reservolrs.

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 haes already been made on
Lake Decatur 3/. In the case of Pleasant Hill Reservoir, where the first survey was recomnals-
sance and the second detailed, the reconneissance date were recomputed for comparison with the
detailed survey data. All other sedimentation surveye considered were detailed surveys.

* Sedimentation Specialist, Water Conservation Division, Reglional Office, Soil Conservation
Service, Milwaukee, Wisc.
1/ 2/ 3/ See™References" at close of comments.
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In order to make the data comparable, the measured annual 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 & study of 21 sediment samples shows that the average specific
welght 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 measurement) - 60 pounds. At Lake Decatur
and Sharon Woods Reservoirs, fluctuation of the water level is relatively minor. At Pleasant
Hill and O'Shaughnessy Reservoirs, however, it is important. This fluctuation has undoubtedly
caused a compaction by drying of the sediment deposite. For this reason, higher specific weights
wore estimated for these reservoirs during the second periocd of measurement, namely 65 pounds per
cubic foot for Pleasant Hill and TO pounds for O'Shaughnessy Reservoir. -

It was also necessary to convert sediment accumulation to sediment production, by making an
allowance for sediment which has passed over the splllway or through outlets in the dam. At
Lake Decatur, a study of turbidity records indicates a trap efficiency of 78 percent. For the
other reservoirs, trap efficlency has been estimated, using the "design curve" developed by
Brown 4/,and information as to the mode of operation of the reservoir, as follows: Pleasant Hill
- 90 pertent and Sharon Woods - 85 percent. At O'Shaughnessy Reservoir the trap efficiency is
estimated to have decreased because of decreasing reservolr capacity from €5 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 abnormal runoff.
It is well known that there is practicelly no relationship between daily runoff and daily rate of
sediment production. There 1s, however, a very definite relationship between annual runoff and
annual rate of sediment production., Mr. Maddock has pointed out that annual sediment accumula-
tion In Roosevelt Reservoir seems to vary markedly with runoff. Brown 2/ hes shown that annual
suspended sediment load varles with annual runoff to the 1.52 power on the Colorado River at
Grand Canyon, Ariz., and to the 2.43 power on the Green River at Green River, Utah, with other
streams ranging between these extremes. Preliminary date indicates that a slightly lower range
of exponents may be expected in the Midwest, probably averaging about 1.8. This is the relation-
ship which has been used in this study. It 1s recognized that at any particular reservoir s
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 amount that
actuslly has been produced to the amount that would have been produced in each case if the runoff
had been normal, Figure 1, therefore, represents annuel rate of sediment production, converted
from acre-feet to tons per acre of drainage area, adjusted for trap efficiency of the particular
reservoir, and adjusted to normal 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 may be seen, all of the reservoirs have shown an increase in rate of sedimen-
tation Just Vefore and during World War II. )

° ] | | | T Figure 2 is intended to show thehtrend in
FIGURE | : : cultivation of intertilled crops, such as corn
ANNUAL RATES OF SEDIMENT PRODUGTION and soybeans, in each of the four reservoir
(ADJUSTED FOR TRAP EFFICIENCY watersheds, These curves are based on county
AND ABNORMAL RUNOFF GONDITIONS ) wooS T census figures, and may not be exactly repre-

M_ sentative of the reservolr watersheds. It is,
% therefore, dangerous to compare the rate of

T

sediment production with proportion of land in
intertilled crops for any one reservoir. How-
ever, it is worthy of note that in most of the
watersheds there appears to have been a rather
‘sharp increase in the amount of land in inter-
t$1lled crops after 1934, caused chiefly by the
"increased demand for Pood before and during
World War II, and increased productlon of soy-
— ‘beans. .

7
|

Annual Sediment Production ( Tons per Acreb)

T

LEASANT HILL RES.
O'SHAUGHNESSY RESERVOIR |4 ,

In Figure 3 the average rate of sediment

0 AE| DECATIR | l | ! production for the four reservoirs and the av-
920 1925 1930 1935 1940 1945 50 erdge proporition of land in inbtertilled crops
YEAR aro compared. From 193% to 1944 the average
L/ 5/ See "References” at close of comments. proportion of land put to intertilled crops
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7o T | I T increased by 61 percent., During the seme pe-
FIGURE 2 riod the average rate of sediment production
o e ED Caome | at these five reservoire increased by almost

three times, with the effect of abnormel run-
off ruled out,

This does not meen that the intensity of
cultivation to intertiiled crops is the only
factor, exclusive of runoff, influencing the
rate of sediment production in this region,
The indlcatlions are, however, that it has been
the most importent factor, except runoff, up

WARY
£RVOLRL B ’
w to the present time, In the futurs, it 1s
ol SO O R SHARON g RESERVORL— | natural to expect that s0il conserving meas-
ures such as contour cultivation, strip crop~
R | | | | yring, terracing, diversion ditches and dikes,
1920 1925 1930 vEan 1935 1940 1945 mae w&tms’ Bmmbank p!'otection,
channel-stabilizing structures will greatly
reduce rates of reservoir sedimentation in the
Midwestern States, However, these méasures
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YITO A, VANONI,* I would like to comment on the part of Mr. Maddock's paper dealing with density
currents. A density current comslsts of the flow of the stream entering the regservoir and reser-
voir water that has been mixed into this stresm where it enters the reservoir. This means that
the flow in the density current 1s actually larger than the flow in the stream. If one proposes
to pass the entire densiity current ‘through the reservoir to prevent deposition of sediment, it
1s necessary to handles flows greater than. the river flow, This would probably seldom, if ever,
be practical, so that if material cerried by density currents is to be passed, 1t will be mneces-
sery to store the flow temporarily to allow & settiling time during which the concentration will
be increased and the volume reduced, The fact that density current flows are greater than the
streem flow is an added complication in using them to prevent reservoir sedimentation, I raise
this point, not in any atiempt to discourage the use of demsity currents, but as & point of in-
formation., I am not as pessimistic as Mr, Maddock regarding the use that may be made of density
currents in the reservoir sedimentation problem. However, I feel that in order to make ume of
density currents, we must learn thelr characteristlcs and plan our operations to take all pos-
gible advantage of them, :

¥ Tesearch Project Supervisor, Soil Conservation Service and California Ingtitute of Techmol-
ogy, Pasadena, Calif. .
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SEDIMENTATION PROBLEMS RELATED TO
FLOODWAYS, NAVIGATION CHANNELS AND HARBORS

by Gail A. Hathaway*

It is the purpose of this paper to highlight a few of the major sedimentation problems that
require prominent consideration in comnection with river and harbor improvements. The presenta-
tion will consist principally of brief accounts of probleme 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 displacement of material by scour. A sedimentation problem is considered to exist either
vhen deposition or scour of a detrimental nature is involved, or when it is desirable to control
these processes for a useful purpose. The filling of reservoirs, navigable channels and flood-
waysillustrates detrimental effects of sedimentation, whereas the rectification and stabilization
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 applicetions of these processes.

This paper will deal with sedimentation problems related to floodways, navigation chennels
and harbers. Problems pertaining to reservoirs are to be considered in detail in other papers
on the program, and have, accordingly, been excluded from this discussion.

Sedimentation problems are encountered in the development and use of aliuvial rivers from
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| and navigation chammels by deposition of sediment.

b. Major changes in channel alignment resulting from deposition and scour in
unstabilized chamnels.

c. Blocking of outlets of sewers, water intekes and drainage canals by sediment.

d. Destruction of river improvements, dbridges and similar works as the result
of scour and bed movements.

e. Readjustment of hydraulic conditions below newly constructed reservoirs,
resulting from retrogression, deterloration of channel efficlencles
caused by storage or diversion of normal flows and intermittent releases,
changes in chammel allgmment, and similar factors.

Missouri River

The Missouri River is an excellent subject for study of sedimentation processes. ZXngi-
neering problems of first order are encountered in bringing about proper stebilization of the
river channel and floodway to prevent destruction of valuable farm lands and municipal property,
and to permit profitable navigation. Prominent success has been realized to date in effecting
these purposes, although there is, of course, much work yet to be accomplished.

The Missouri River has long been known as the "Big Muddy," for reasons readily apparent to
those who have observed the river in flood stage. The unusual sedimentary characteristics of
the river are reflected by estimates of silt discharge at Kansas City, which reached as high as
153 million tons for the flood month of June 1929. The average annual silt discharge at Kansas
€1ty has been estimated as 204 million tons. Advantage has been taken of the high sediment

transporting capacity of the Big Muddy in forcing the river to excavate ite own channel and
£111 in low areas.

* Special Assistant, Office of the Chief of Engineers, Department of the Army,
Washington, D, C.
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In the valley between Sioux City, Iowa, and the mouth of the Missouri River, the Corps of
Engineers has undertaken stabilization of the Missouri River to provide a navigable chammel of
9-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 18 incited vwhere desired by installation of systems of permeable pile dikes, and bank scour
1s regulated by revetments. This program has advanced to the point where the river is "pegged

down," and no longer free to meander at will. This stabilization program has provided a channel

much more suitable than the original river for navigation, and hss solved major problems which
formerly resulted from the river shifting away from bridges, water intakes, etc., and destroying
or threatening valuable farm lands and improvements in the valley.

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

Sedimentation presents importent 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, downstreem to the mouth. In the upper portion of this 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,
end considerable depths of sediment are laid down in overbank areas with each inundation of areas
.outeide the channel proper. In still other areas, it appears that present egquilibrium 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-sectionasl areas and roughness coefficients, are of considerable lmportance in
the selection of levee aligmments end design grades at the present time. They will continuwe to
be of lmportance because of influence on 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 extreme,
those of erosion and scour incited by i1ll-advised channel straightening and "cutoff" programs
originally installed by local agencles for improvement of drainage or for reduction in heights
of floods. - Channel silting is necessitating enormous expenditures for maintenance in several
tributary streams. In some cases considerable good is being accomplished 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 poseible at its origin must be effectuated,
1f the channel silting problems are to be reduced to reasonable proportions. Similerly, the 11l
effects of cutoffs and imprudently straightened channels must be rectified, and future mistakes
of thias nature avoided in critical areas, if the general sedimentation problems of the basin are
to be alleviated rather than aggravated.

Arkansag River

Sedimentation problems on the Arkansas River differ considerably in character and relative
importance in various reaches between the mouth and the headwaters, generally becaming progres-
sively more serious in an upstream direction.

The John Martin Reservoir on the upper Arkansas River in Colorado will be completed late
this year. Allocation of storage 1s a particularly critical problem here and requires detalled
consideration of the quantity and 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 Dam was contemplated it was evident that the
Pueblo (Colorado)-Syracuse (Kansas) 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 returm-irrigation-flows which were Insufficlent to maintain a hydraulically efficient
channel. Flood flows were evidently sufficient to remove most of the tributary sediment con-
tributions and to carry through thia reach those sediments brought in by the main channel itself,
but flood flows could not overcome the net effects of deterioration during low flows. This has,
in effect, produced an aggrading channel with attendant impairment of drainage,reduced effective-
ness of irrigation works and increased to some extent the flood hazard to points downstream,
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Rio Grande

Sedimentation problems On the Rio Grande are more serious and perplexing than on any other
stream in the Albuquerque District of the Corps of Engineers. The bed of the river 1s aggrading
at a steady rate causing increased flood hazards through reductions in channel capacities, im-
pairment of drainage, raising 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. Aggredetion has, of course, been a slow and
graduel process.

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

Mississippl River

Many volumes would be necessary to treat in full all the sedimentation problems of any one
of our principal waterways. Like others, 0Old Man River demands considerable attention from a
standpoint 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 Miselssippl.

Recognizing that canalization of the Upper Mississippi might cause accretions in the various
navigation pools, a comprehensive investigation was undertaken to determine the silt-carrying
capacity of the Mimesissippl and its tributaries. Field work was started in the early thirtles,
consisting of sediment sampling and of establishing survey ranges within the navigation poole and
on backwater prisms of principal tributaries. During the past 25 years there have been addition-
al sampling programs end additional ranges established, as well as re-surveys of original range
profiles.

Analyeis and interpretation of the results of these investigations involve gtudy of the
megnitude and duration of the stream flow of the main stem and of the tributaries, and study of
date obtained from surveys as to the amount of deposition of scour in channel and in overbank
storage volumes, together with correlation of data from Sediment semples.

It would be inadvisable to attemp_'t to present general and overall conclusions derived from
these investigations. However, mention may be made of some specific tendencies.

a. Both scour and f£111 have occurred in the main channels.
b. Deposition has occurred in the channels and on the flood plains of the tributary streams.
¢. The flood plain of the main stem has been raised by sediment deposition,

d., With certain exceptions, the storage capacities of navigation pools and of pools at the
mouths of tributaries have been reduced.

One general conclusion may be reached - d.redg:lng in the main channel of the Misslssippi
River has been necessary for mintenance of navigation depths.

Debris Flows

In some drainage basine, the control of debris flows and heavy bedloade accompanying flash
floods from precipitious mountain areas constitute serious problems, Many of the drainages in
thelos Angeles District are located directly upstream of, or partly within, highly developed ur-
ban and semi-urban areas. Prevention of debris damage in such areas is of 'comsiderable economic
importance., At the present time six small debris basins, whose only function is to trap debris,
have been constructed in the Los Angeles area. Pericdic removal of collected debris is required
in order to maintain design capacities. The approved project for the Los Angeles County drain-
age ares provides for construction by the Corps of Engineers of many additional debris basina.
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AB & result of extensive gold mining activities in the foothill and mountein sections of the
Sierra Nevada during the last century large volumes of debris were produced which were carried
downstream by flood waters and deposited either in stream 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 debris problem exists in the foothill and valley
streams because of the continued erosion by flood flows of old mining debris. Debris dams have
been constructed on the.North Fork of the American River and on the Yuba River. Since their con-
struction, about 2,300,000 cubic yards of material have been excavated sbove these dams and no
appreciable sedimentation has been observed below the dams. Additional debris dams have been
authorized on Bear River and on the Middle Fork of the American River.

Although generally of less spectacular significance than described above, debris problems
are encountered in commection with many local protection projects in the northeastern United
States. The construction of small timber-cribd check dams on small streams has proven profitable
in many cases as a means of reducing costs of maintaining channel improvements or drainage facil-
ities. These are usually located near the bluff lines or immediately above improved chammel
sections, .

Harbors and Coastal Waterways

Numerous and varied sedimentation problems are encountered in connection with the develop-
ment and maintenance of navigation channels and harbor: installations. The magnitude and impor-
tance of these ‘problems will be indicated by a few examples.

v

East Coast

New York Harbor. Sedimentation in certasin channels in New York Harbor is sufficient to
require yearly maintenance. The initial work on the South Channel, Raritan River, was completed
in April 1942. Shoaling occurred rapidly thereafter, and in the fall of 1944 over 700,000 .cubic
yards of materials were dredged to restore the channel to project dimensions. Within two years
the chennel again shoaled to the extent of TO4,000 cubic yards. The exact cause of the rapid
shoaling is not known at this time. However, a preliminary examination has indicated that the
following five factors, acting singly or in combination, must influence the icondition:

&a. Change of hydraulic cross-section of the South Channel of Raritan River;
b. Aligmment of the South Channel;

c. Discharge of industrial waste and sewage disposal with resulting chemical
precipitation;

d. Density currents due to tidal salt-water flow from the bay; and
e. Stream-bed load due to erosion of surrounding terrain.

A comprehensive survey has been recommended, including a possible model study, to determine means
of controlling or eliminating this shoaling.

Delaware River. The Delaware River below Philadelphia, Pa., presents a major sedimentation
problem. A continuous program of maintenance dredging is required in order to maintain naviga-
tion projects. The average yearly dredging, based on 194k-1946 records, 1s about 13,000,000
cubic yards. Corrective action has been limited to training works to increase velocities at
points of heaviest shoaling. A program of comprehensive model studies is being planned to find
a solution of the problem. Ths Delaware River is also the main source of the sediment that oc-
curs in the tidal portions of the Schuylkill River and in Wilmington Harbor. In the case of the
former, tidal currents from the Delaware furnish half of the sediment, the remeining sediment
arising from operations of the coel industry. This pollution will ultimately be remedied by
enforcement of State laws. Maintenance dredging has been accepted as the most practicable means
of relieving the situation.

South Atlantic Coast Harbors

In harbors along the South Atlantic Coast the principal sedimentation problems of the Corps
of Engineers have been those related to the maintenance of immer-harbor channels and basins at
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Wilmington, N. Car., Charleston and Savannah, with simllar but lesser problems at certain other
installations. The sedimentation problem involves the flocculatlon 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 Savannsh. A number of factors may have con-
tributed to such increase, among them:

a. Decrease in vessel traffic due to war cornditions, resulting in less stirring up of
the deposited sediment into the water, with resulting reduced tendency for the sediment to be
carrled 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 approximstely 3,500,000 cubic yards for these two projects.

Savannah Harbor. Sedimentation in Savannah Earbor is sttributed 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 place and amount of
deposits in the harbor vary with tidal conditions and 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
caving banks below Augusta, bank protection works may reduce the/shoaling.

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

¢. 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
and low river flow.

With these data and the results of model studies, 1t iis probable that benefits from the
several plans of improvement studies can be evaluated with sufficient accuracy to determine
which improvements are economically feasible and which should be constructed.

-Gulf Coast

Mobile Bay. A few figures will illustrate another sizable navigation channel and harbor
sedimentation problem., Maintenance dredging on Mobile Harbor for the eleven-year period, 1936
to 1946, averaged 4,000,000 cubic yards annuelly. The average annual maintenance dredging on
the Warrior River and lower Tombigbee River, headwaters to Mobile Bay, for the same period 1s

2,300,000 cubic yards. The figures alone are significant of the undertaking necessary to main-
tain these installations,

Gulf Intercoastal Waterway. Shoeling in the Intercoastal Waterway, particulerly at the
Brazos and Colorado River Crossings, constitutes another problem. The opening of floodgates
in the canal to permit passage of tows results in large intrusions.of sediment in the waterway.

Investigations and studies-are underwey so 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 is now authorized as part of a combined navigation-flood con-
trol project on Mission Bay and San Diego River.

Los _Angeles Harbor. Sedimentatlion 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. During the 1938 flood

P P L& ONO DON avshd o aroeed o s el 2l mrmsan Tranomas salade 3 mcen han Qo et d o
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River, which empties into San Pedro Bay, ‘presents a similar problem but to a lesser extent. An
initial dredging program at the mouth of the Los Angeles River, involving 5,200,000 cubic yards
of material, was completed in 1946. With the further improvement of the Los Angeles-Long Beach
Harbors, similar dredging at the mouth of the San Gsbriel River may be required in the future.

San Peblo Bay. An unusual maintenance dredging problem of major 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. Agitetion dredging as undertaken was based on the assumption
that during perlods of maximum ebb tides, currents would carry material into San Pablo Bay and
depoeit 1t in deep waters. This method has resulted in conflicting opinions as to whether 1t ia
satisfactory. A factor worthy of mention is an average deterioration of sbout 1,260,000 cubic
yards in the Mare Ieland Strait Waterway each year. Maintenance is now undertaken by normsl
methods of hopper dredging. However, an expensive maintensnce problem continues to exist.

Sacramento River., Continued deposition of natural and mining sediment in nasvigation chan-
nels of the Sacramento - San Joaquin Valley has required the dredging of about 700,000 cubic
yarde of material amnually from the Sacramento River Channel, about 450,000 cubic yards annually
from the Suisun Bay Chennel and about 400,000 cubic yards annually from the Deep Water Chammel to
Stockton, in order to maintain authorized depths in these projects.

Columbia River Basin. To the present time, United States funds in an estimated amount of
$12,000,000 have been expended for maintenance 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 necesesary. The eilting of harbor navigation chennels and tributary streams as far upstream
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been maintenance dredging.

Beach Erosion

In connection with harbor work, the Corps of Engineers is charged with investigations and
studies of beaches with & 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. Not infrequently the problem of eresion of a beach 1is closely connected with the
deposition of sediment in & nearby harbor. A well-known illustration of suck a condition is
Santa Barbara Harbor, California, an artificial harbor which was created by local Iintereste by
the construction of & breakwater. The breakwater caused the deposition of sediment which was
being moved along the coast under the influence of littoral currents, 'As the adjacent beaches
are dependent for their existence on the continuing supply of this material, interference with
ite supply to -the beaches caused them to be depleted of sand., At the same time the harbor was
being shoaled. The beach erosion and harbor shosling situstions are now being alleviated by
pumping on the beach material hydraulically dredged from the harbor.

Similarly, shore structures for other purposes then improvements for navigation have created
beach erosion problems. In investigating beach problems it is important, therefore, to determine
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 measures
might be. In cases vwhere sediments are being introduced into the ocean by streams, the study of
beach problems may require investigation of rainfall and runoff of tributary drainage areas. In
such situations flood-control proJjecte may have an effect on beaches by modifying the rate of
supply of sediment.

Conclusion

This paper indicates a few of the major sedimentation problems 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 stand-
point. The intelligent develomment and meanagement of our rivers and waterways 1sessential to
the protection and improvement of our productive farm land and our large cities and-industrial
centers.
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DISCUSSION

ELLIOTT FLAXMAN.* Mr. Hathaway's paper stresses the general problems of channel sedimentation
or scour in the major 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 discussed by Mr. Hathaway.

On atreams of the Northwest and Northeast with which the writer is familiar, the movement
of gravels, slthough for short distances year by year, constitute a threat®to channel improve-
ments, capacities and adjacent banks. Sporadic efforts at bank revetment on the Walla Walla
River, for example, have not prevented and heve perhaps aided the development of fresh areas
of erosion downsiream. It has been found that a coarse bed load moving in streams through a
flood plain reach must be stabilized in order to prevent loss in channel efficiency, loss of
riparian lands end aggradation through accretions from the banks., Local impairment of floodways
noted in the Upper Susquehenns of New York State and in the far West have been caused by excava-
tion of channels from tributaries scross fans and flood pleins to the major drainage. In the
Upper Susquehanna, glaclal gravels normally delivered to the stresms in small quentities are
carried through former areas of deposition and into the principal stream where lover grades pre-
vent dissipation of the accumulated material. A eimilar situation occurs in the Russian River
Basin in California where artificial changes heave impaired the drainage efficlency of a tribu-
tary chennel. The conservationist and engineer should determine the effect of artificlal
changes of a river system jand what may be done to reduce the volume of debris which may create
a hazard due to those changes.

The problem of mesintaining a steble, excavated;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 Bolse River
Basin in Idaho. Severe gully development in tributary drainage besins has caused a large volume
of sand to be deposited on highly developed, gently sloping fans and flood plains., An excavated
channel of approximately 1 percent grade across the fan of East Cebada Canyon in the lower Santa
Ynez River requires removal of sand yearly. In recent years this hasbeen largely due to accre-
tions from the unconsolidated banks of sand deposited since the beginning of accelerated gully
development. Low, variable rainfall and droughty soils prevent establishment of vegatative
controls end it is the opinion of engineers that construction of a concrete lined chennel is the
only permanent answer to the problem.

Mr. Hathsway's statement thatsix debris basins have been constructed in the Los Angeles

District presumably refers only to those of the Army Engineers. In addition, the Los Angeles
County Flood Control District has constructed about 20 debris basine at the mouths of San
Gebriel and Santa Monica Mountaln tributaries.

The statements on harbor sedimentation suggest that the development of costly maintensnce

operations in proposed harbor areas may be foreseen by comparison of capacity,. shape and position .

of the harbor to a hypothetical reservoir on the same stream., A smell harbor at the mouth of a
large stream has a low capacity-inflow ratio end will quickly lose its capacity in a manner com-
parable to a small reservoir on the same stream although much fine material may be swept out to

* Sedimentation Specialist, Water Conservation Division, Regional Office, Soil Comservation
Service, Portland, Oreg. (discussion not read at Conference).
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sea. Flocculation by the action of salt water in the harbor areas induces deposition, as Mr.
Hathaway pointe out. Slack water areas at the mouths of rivers and in artificial herbors also
furnish ready deposition areas for bed load carried by the streams,

CARL B, BROWN., Harbor sedimentation is a problem of large economic significence. 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 cost, pre-war, of $150,000. The sediment 1s
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 Englneers. )

GERARD H, MATTHES.* The object of this discussion is to invite attention to the need of revising
current definitions of "sediment" by including therein the solids which normally are transported
in solution. As stated by Mr. Hathaway, sedimentary deposite 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 processes are forms of sedimentation and merit recognition as such.

It haa been customary to restrict the term "sediment" to:designate only fragmental mineral
debris transported by water, which settles out by gravity, & 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 ignoree alsc the deposition
of solids by chemical precipitation. Manifest inconsistencies have resulted from this customary
interpretation of the term "sediment"” - inconsistencles which seem all the more inexplicable
vhen one realizes that Webster's International Dictionary recognizes thet 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 - 1.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 contains solids in solution. 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 finel consolidation or drying out of the bar, crystal-
lizes out and coats the fragmental particles. To cite s well-known case, rivers whose waters
leach tannic acid from the roots of swamp vegetation, contain temmates 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, especlally those of the arid
regions which carry a heavy dissolved load - in some instances heavier than their suspended load -
vhere efflorescence and incrustations along river banks, on bars, and even on the river bed proper
vhere dry, are common sights. Here, again, the chemical constituents are detrimental to concrete
and also to vegetation, as 1s 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, some of these chemical comstituents 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. )

Trensferring our thoughts next to the chemical sedimentation processes in harbores and es-
tuaries mentioned by Mr. Hathaway, flocculation caused by sea water is found to take place on a
vast scale, 80 vast in fact that deposits in our South Atlantic ‘and Gulf Coast ports which re-
quire removal by dredging are reckoned in terms of millions of cubic yards annually. Nor does
all that is removed by dredging constitute the total deposited by chemical action, for a large
part is swept out to sea by the ebb-tide currents.

Flocculation is an electro-chemical process of base-exchange anslogous to that which takes
# Consulting Englneer, New York, N. Y. (former Head Engineer, Mississippl River Commission).
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place in the reconditioning of zeollites used in water softening. Briefly described, the clays
that result from the decomposition of limestones, dolomites end granitic rocks of the Appala-
chian Mountains, are hydrous silicates of aluminum having & calcium-magnesium base. The pre-
sence of d1ron oxides gives these clays their bright red color and accounts for the red color
of the river waters descending from these mountains. The clay particles, in the course of thelr
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 takes 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 & sodium clay. The red color fades to & yellowish-gray and eventually to a dluish-
gray. 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, com-
paction takes place and a stiff dark blue clay eventually results, known to engineers and geolo-
glsts as marine clay. Deposits of this kind are abundant in stratified rocks as far dback as the
earliest, and are recognized as sedimentary formations.

. Sludges result alsc from the chemical reactions of sewsge 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 dey 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. Geologic material, or a mass of it, deposited as by water. To deposit
as sediment.

Sedimentary.

1. Of, pertaining to, or contalning, 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 rocks, as conglomerate, sandstone, and shale, formed of frag-
ments of other rock transported from their sources and deposited
in water.

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

Sedimentation.- The act or process of depositing sediment; also, the deposition,
especially by mechanical means, of matter suspended 1in a liquid, as the
sedimentation of a water supply.

Flocculate.- To aggreéate 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; dregs.

Dreg. -~ Corrupt or defiling matter contained in & liquld, or precipitated from it;
feculence; lees; grounds; sediment.
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J. W, DIXON,* I wonder if I could make a couple of general remarks about Mr. Hathawsy's
statement, which I think cover some of the most challenging points that face all of us in sedi-
mentation work. He 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 demage. That is & problem that the Bureau of
Reclamation must face, and we are endeavoring to face it intelligently. Similarly I think other
agencies, such as the Corps: of Engineere in their channel work, must face realisticelly the prob-
lem which regulating worke 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 some experience along that line on the Colorado River and elsewhere., I think thet Mr.
Hathaway pointed out that on the Missouri we are anticipating such an effect from the proposed
dems., I don't think any of us knows exactly what that effect wlll be, but in the progress in
the development 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 effects
which we think they will have. Unfortunately, some of those effects will not be good.

.

RALPH F. RHODES.** The problem of sedimentation in the Savannah River, Georgla, is typical
of that in many of the rivers of the South Atlantic Coast. The basin has an area of 10,600
square miles and 1s 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 hae an area of about 7,200 square miles, lies the Fall Line, and
south of this, 3,200 square miles of Coastal Plain, part of which, at least, is made 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 its mouth in the Atlantic Ocean.

In the Mountain and Upland areas, the 80ills 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
goils are generally red, especilally those derived from the hornblende rocks. The soils of the
Coastal Plain, being derived from limestones » clays, and sends, are calcareous, ergillaceous,
or sandy soils predominating.

The largest rivers of the Coastal Plain of Georgis are what may be called through-flowing
gtreams,i.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 develorment of the
Coagtal Terraces., -

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

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

As the through-flowing streams pass through the Mountain and Upland areas, they accumilate
a load of eroded soil, 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, thelr 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 added to that already in suspension
from 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 chamnels and are characterized by being deep gorges and by having
pronounced ocean bars in the ocean and across their mouths. , On the other hand, the lower por-
tions of e through-flowing stream are characterized by a delta formation through which the river
* Director, Branch of Project Planning, Bureau of Reclamation, Washington, D, C.

#* Savannah District, Corp of Engineers, Depariment of the Army, Savannah, Ga.
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discharges into the ocean through a number of relatively shallow mouths, between which are marsh
islands of vaerious sizes. This delta formation and the islands were probably formed graduaslly °
by the deposit of sand and silt drought from the 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 eilt was precipitated by the action of sea water. The deltas are, therefore, a mixture of
sand and silt.

The hydreulics of the tides in the mouth of & 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 originsl materlal 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. It 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 1s 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 1is
now receiving some deserved public attention, and the determination of how such pollution affects
the deposit of silt in navigable waterways may be & large factor in formulating policies and reg-
ulations governing dlsposal of wastes.

The importance of this matter of silt deposit in navigsble 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 avallable, and navigation has suffered accordingly.

TABLE 1. COST OF MATNTENANCE
ATLANTIC AND GULF PORTS ON SILT-BEARING RIVERS

Location 1941 1942 1943 1944 1945

Delaware River,

Philadelphia to Sea ... $1,231,000 ......$2,183,000 .... $4,263,000.. $2,951,000..$3,273,000
Schuylkill River, Pa. ...... 171,000 ..vevuee. 96,000 .c..... 270,000.....-540,000.... 575,000
Wilmington Harbor, N. Car. . 238,000 ......... 49,500 ....... 226,000..... 216,000.... 123,000
Savannah Harbor, Ga. ....... 455,000 ......... 449,000 ....... 532,000..... 665,000..,. 843,000
Mobile Harbor, Ala. ........ 401,000 .........127,000 ....s.. 277,000..... 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 fileld 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 mey be expended along these lines will pey large dividends in the
solution of problems of channel Iimprovements and maintenance in the mouths of rivers flowing in-
to tide water.
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SEDIMENTATION PROBLEMS OF THE LAND

by E. N. Munns#

In the botanical world, a weed 18 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-
dens; soil out of place is like the dandelion, & public nulsance. Occasionslly some botanist
works with a weed. He propagates it, fertilizes it, cultivates it; sometimes he comes up with a
new petunia, something of value. Some of us have done the same thing with sediment. -We have en-
couraged it, fertilized 1t, leveled it. And when we have worked over it, fussed over -it, and
spent money on it, sediment becomes a valuable pstunia. in the form of a beach, an airport, a -
real-estate subdlvision, an island. However to most of us, sediment 1s still a public:nuisance.
And because sediment is the weed of our water world, we must treat 1t as a weed lest it crowd
out our valusble plants. Like good gardners, we must prevent, reduce, or control this weed.

Soil out of place is primarily a land problem, for it is & product:  of the-land. It is:.the .
primary product of land 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 "murk™ in:the cloudy water of a.sepring or merely the discolor-
ation in a rivulet. At its meximum, soil on the move may resemble a concrete mix which contains
but little water but floats great boulders on its surface like so many corks. When displaced
soil comes to rest, it may be anything: mud flats, sand bars, deltas or debris cones. -Wherever
displaced s0il may be found as suspended material, bed load, or sediment, it indicates mistreat-
ment of land, mismanasgement of our farms and ranches, fields and orchards, range land end forest.

. Soll out of place 1s usually consldered a problem of the bottoms. It is also a problem in
the uplands. Here one will find its origin. The site from which this debris came is claw-marked
by the thousands of gullies on our hill lands , by raw cuts in the peaceful banks along our water-
ways, by arroyos and ravines in our mountains, pleins, and deserts. . Its upland source 1s also
narked by infertile flelds, depleted range, declining agriculture; and by rural slums which in-
variably are a concomitant of impoverished land. Yet these ugly sores which some dare to say are
normal, have only recently been developed on land that has laid quietly under the sky for thou-
sands of years before man seriously abused the earth's surface.

Soil out of place threatens our national existence. It threatens us in the upland areass--
the point of origin. It threatens us at its resting places in the bottoms. History tells us
that deteriorating soll, no less than deposited soil, has brought proud and august nations to
disaster. We are told that Mesopotamia once supported scme 30 million people on 10 million acres
of land. Today, its 5 million acres of tillable land barely sustain its 5 million cltizens,
meny of whom have been reduced to a state of beggary. Even in our own West, a civilization of
high order once flourished; today we trace faint lines on areal photographs that mark the route
of extinct irrigation canals. This civilization too has all but disappeared because of soil out
of place. Will history repeat itself? That question must be kept constantly before us.

Soil out of place has adversely affected irrigation. The effectiveness of irrigation ditches
is maintained at a high level Just so long as the transported soil material remaines in suspen-
gsion from the time it enters the system until it reaches the land. When fine silt reaches the
land, such material may be a source of fertilizer, even as the waters of the Nile bring valusable
headwater silt to the irrigated lower valley. The colloidal material so carried may also be ben-
eficial in sealing unlined canals and ditches against water losses. On the farm, this materisal :
may or may not be damaging, depending on whether or not it may have a tendency also to seal the
soll against the percolation of irrigation water. As yet such damages by suspended silt to
American irrigation are relatively small. :

Great damage however is caused to irrigation by the heavier 'aédinents' which are. directly
deposited in the ditches and canals. Where clear water is taken from a reservoir, this problem
is largely absent, but when direct stresm diversion is involved, troubles begin. 'Many irrigation

¥ Chief, Division of Forest Infiuences, Branch of Research, U. S.. Forest Service, Washingtan,D.C.




enterprises, particularly the smaller ones, have been in difficulty year after year because with
declining summer flows, sediment deposits at the dam have shifted position and so prevented water
from entering the canals. In the light of present-ilay interest in great public works, there is
an inclination among public agencies to forget the small developments. We, as public servants,
cannot afford to take lightly the troubles of the small irrigation enterprises for these units
make up 45 percent of all land under ditch and are 96 percent of all enterprises.

Troublesm as such sedimentation may be at the diversion dan, it 1s as nothing. compared to
the damsge caused by the larger materials which enter the ditches and canals. I have been told
that some of the main canals in the Boise Valley irrigation system have been occasionally so
filled with erosion debris that sufficient water could with difficulty get through the ditch. In
1939 the average amnual damage caused by sedimentation of canals and ditches in this nlley was
estimated at around $350,000. Rough calculations in the Boise Basin indicate that the irrigation
farmer suffers an annual damage of one dollar an acre a year because of sediment. Translated
into other terms, it costs him one dollar an acre a year to have someone. so abuse the plant cover
on his watershed es to cause the soil to get out of place. At Minersville, Utah, the main irri-
aation canal was filled with debris from upstream sources six times in a single season. The
failure to get water through the ditch system that. year cost the community some $60,000 in crop
failures, and, in addition, irrigation assessments were increased 500 percent. With the right
kind of soil cover, these losses cquld largely have been prevented. Other small irrigation en-

terprises have been brought to the drink of disaster by sedimentation resulting from watershed
abuse. .

Other problems affecting irrigation arise frem soil out of place. We shall here be content
only to mention the Rio Grande, probably the neation's most severely injured msjor river and cer-
tainly so where irrigation is concerned. The Rio Grande is only thus casually treated here be-
cause its condftions ere widely known and because undoubtedly others will refer to them many,
many times. The Rio Grande Valley is America's national monument to the destructive power of
man-induced accelerated erosion and of its resulting sedimentation.

Soil out of place has ruined thousands of acres of farm land. Large areas of once rich and
fertile bottom land in eastern States have been buried under heavy deposits of infertile soll

materials. Extensive areas of Western valley lands have likewise been destroyed by the deposi-
tion of dedbris torn from slopes and channels.

The Soil Survey Report for Elbert County, Georgia, states: "Some of the areas mapped as
meadow were originally good areas of congaree silt loam or congaree fine sandy loam, over which
a mixed covering of sandy material has been deposited following the clearing of adjacent hill-
8ides. The bottom land of Mill Shoal Creek about a mile from the county line is typical of this
condition. It was reported that all the bottom was cultivated and the soil was congaree fine-

sandy loam 12 years ago. At present the bottom land is & sandy wash with poor drainage and is
covered with alders and willows."

Repeated flooding in Utah in recent years has been responsible for the loss of rich agri-
cultural land through deposition. Such deposition of sand, ‘gravel | and bouldere on fertile valley
lands appears always to be associated with the s\mer floods that originate on mistreated moun-
tain watersheds. In 1945, a mud and debris flow from the abused portion of one small watershed

of only 10,000 acres produced damages of over $100,000, a considerable portion of which was due
to the doposition of sediments alone.

In the mountain areas of the West, it is not uncommon to find ‘heavy deposition of infertile
materials on meadow lands following abuse of watershed slopes. Many valuable grazing lands have
thus been converted to willow and alder thickets as a result of a single storm. These recent de-
posits, sometimes ten or more feet deep, can be readily identified by the sharp contrast between
the original dark humic soil below and the lighter colored raw mineral soil on top.

Most of us don't like spinach, especially with sand in 11:. Livestock don't like sand in
their diet either. Yt many pastures and grasslands are each year given a coating of earth mater-

ial which virtually ruins the land until new growth appears, or until after rains have washed the
soil off the plants.

Depogition in both minor and major stream channels has also played a major role in destroy-
ing or reducing the productiveness of bottom lands. In channels of gentle slope we repeatedly
find depositions so great as practically to fill stream channels almost to the level of the ad-
Jacent bottoms. Both east and west, north and south, our modern culturally-induced accelerated -
erosion hes rosulted in bed loads so heavy that many streams fimlly have become tired and dropped
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their loa? in their tracks. The evidence of this ie written in nearly every section by the les-
sened free-way under bridges, by clogged road culverts, in the higher stages of floods , and in the
swvamping of adjacent lands as the water table rises. Classical exemples of these can be found
in the Driftleass Area of Wisconsin, .in the hill section of northern Mississippi, and in the Rio
Grande. I am told that the railroad embankment at Ban Marcial on the Rio Grande has heen raised
36 feet since 1929. ;
The aggradation of channels is responsible for greatly asccentuating flood damages. With
clogged channels, flood waters that normally would do little damage spread out on each side of
the channel, overflowing periodically lands that were flooded only occasionally, And with such
frequent overflowing comes also the concomitant damage, that of overbank deposition of infertile
soll material upon the flood plain. Such channel aggradation is not stable; it hes the tendency
to migrate upstream as: ahoaling progressively causes deposition. Thus the 111 effecte are spread.

The flood of Merch 1936 1n the Comnecticut River Valley completely destroyed some 300 acres
of farm land in Vermont, a\ State which camnot well afford such a loss. In addition, nearly the
same acreage was lost due to the exceseively heavy deposition of infertile émd and gravel. In
addition, over 1,700 acres were covered with from 6 to 8 inches of gravel; these were reclaimed
with great difficulty. Some 2,200 acres were ‘coversed with shallower\deposit of infertile mater-
iel and most of these could be reclaimed In all, some 4,500 acres of land were adversely af-
fected by sedimente in this one flood. And this is an area where channel degra,dation is & more
dominant process than in nost flood plaing of the United States.

Sediments also tend 'to accumulate wherever small tridutary streams enter into main valleys.
Such sedimente when of heavy material often result in the development of fans which grow to such
an extent as to cause the main stream to change its course. In one flood, a fan of great dimen-
sione resulting from a forest fire, pushed the Salmon River in Idaho ageinst the opposite bank
vhere 8 new cycle of bank erosion was induced. Sediments debouching from one tributary drainage

in the Boise River Valley have been reported to be responsible for pushing the river two miles
across 1its valley.

Delta fomtion and channel filling present other problems. Of these, perhaps the most im-
portant is swamping. As the channels are filled, ground water rises. In same valleys, the
water tables have risen until in places they are Jjust at the surface. Ponding becomes frequent,
In such cases. 1t 18 not long before valuable bottom lands become medlocre hay land and finally
are surrendered to willows and alders. Rising water tables have in some arsas resulted in the
killing of considerable areas of cammercial timber-and the formation of swamps. Such swemping
can be illustrated beautifully in the middle Rio “Grande. Cooperrider and Hendricks state that,
"0f the 85,000 acres that had been rendered unfit for farming, about 80,000 were given up on ac-"
count of waterlogging, which resulted from the silting wp of the main river channel and a corres-
vonding rise of old canals and ditches to levele far above those of bordering lands.” y

The direct damages by sedimentation in channels are due first to increased flooding, in-
creased deposition on the flood plains, and finally rising water tables which drown out cultiva-
tion. One aspect of damage of this nature frequently overlooked is that with the loss of valley
lands, people are forced onto poorer scils on the slopes. Although agriculture may bde practiced
on sloping land, more care in cultivation and more thought to farm practices must be given if the
soil 1is to be held in place. But with impoverishment of bottom lands, the farmer turns to the
sloping land and attempts to recoup his losses by tilling a greater area, and, unfortunately,
usually by methods poorly adapted to the site. The result is an acceleration-of erosion, the
products of which are dumped unceremoniously onto the valley lands only to augment the problem.

Another aspect of damage from swamping is the increasing danger from malaria. Throughout
much of the country, cultivation has greatly reduced the area of mosquito breeding grounds.
Swamping as a direct result of soil out of place has increased the malaria hazard in many parte
of the country, and in certain areas is currently causing great concern.

Land drainage is a big problem in the United States, far bigger than most of us realize.
At present, thers are sbout 40,000 organized drainage enterprises in 38 States, involving
87,000,000 acres. But it is startling to realize that of these, 24,600,000 acres of presently
cultivated | {land need rehabilitation of existing outlet dra.inage inprovemmts before maximum pro-
duction can be obtained from them. Outside of organized drainage districts are 98,000,000 acres
of wet, svamp, and overflowed lands, of which 20,000,000 acres could be placed in profitable pro-
duction at reasonable cost. Sedimentation is the srea.t threat to the drainage improvements of
these lands. The exact figurss are not known, but many million acres of the total are in need of
rehabilitation because of sedimentation. Practically all the lands needing rehabilitation are in
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their present state becausé of soil out of place.

In Mississippi, approximately 3,000,000 acres are in organized drainage districts. About
1,900,000 acres are cultivated and otherwise improved but because of sedimentation are in need of
extensive restorative measures. A report on drainage districts in Mississippi states: "The ‘
most difficult dralnage problems are.in areas lying along the easstern 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 natursl conditions
alluvial fans rising 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 gulde levees to divert flood waters into main streams and river's. Many of these im-
provements operated only for a short period, soon becoming destroyed by heavy silt deposits ren-
dering the drainage worke partially or wholly ineffective . . . In some districts, drainage con-
ditions are much more unsatisfactory than before ditches were excavated . . . Usually at distances
of about 3 to 5 miles from the hills, delta chennels fill with sand, silt, and debris so complete-
1y that the level of the deposited material rises above the general land surface.”

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

This was bottom land. What of the uplends? Drainage improvementes in the tributary drainage
area of the Yazoo River watershed required an original inveetment of over $2,000,000. In 194l 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 projects are constant-
1y maintained, and so long as malpractice on the land continues, maintenance costs due to sedi-
ments will be high, ZExperlience has shown, however, that agricultural returns during perlods of
low prices will not allow for adequate maintenance. A woeful aspect is that poor drainage con-
ditions have reduced the income of the area by about $1,000,000 annually. Lands that should have
produced an estimated net income of sbout $13.30 per acre snnually were in 1942 producing only

$5.70 per acre. Land abuse that results in sedimentation 1s costly to the farmer and to the
pudblic,

Other areas show somewhat similar physical and economic resulis of sedimentation of drain-
age channels. An examination of the Wabash River drainage basin revealed that 4 million acres
of drained lends or 20 percent of the entire watershed are affected by the sedimentation of drain-
age ways. Much of the damage 1s caused by the deposition of silt, sand, and gravel which comes
from the not too steep slopes adjacent to the waterways and from sheet erosion of cropped hill
flelds., Average annual maintenance cost was estimated at $2,100,000, of which about $525,000 is

due to sedimentation. This represents an annual outlay of 13 percent of original cost of the
entire drainage project. *

There is another phase of this problem that bears mention. Displacing soil by erosion sna
1ts transit as bed load cannot be given much emphasis at this stage of the conference. Yet be-
cause moving bed loads are a source of damage often unevaluated, a damage seldom considered by
engineers, psrhaps including some sedimentationists, but affects a great segment of our peopls,
it merits notice. Bed loads, the products of accelerated erosion brought about by carelessness
and abuse, directly and adversely affect fish life in many of our inland waters. Bed loads re-
sulting from improperly constructed roads, raw road slopes, raw cut banks and fills, have de-
stroyed the neets and egge of our sport fish. Bed loads from the constantly ravelling sands and
gravels from uplend gullles on agricultural lands, unhealing sores on overgrazed ranges, open
wounds on deforested hills, bury or destroy the food on which sport fish live so that even the
legal-sized, liver-fed planted trout astarve 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 streams, 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 as 90 percent of
all the legal-sized fish planted in inland waters are killed by sediments.

Soil out of place in our chamnnels also deleteriously affect other forms of wild 1life. Beaver
for example are forced to move, the moose that feeds on aquatic vegetation must migrate to better-

pastures, and wild fowl that once found food in abundance in shallow ponds and lakes, now finds
sand bars and gravel beds lying naked in the sun.
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We all must recognize that sediments are soils out of place. We must recognize all the dem- .
ages they do or are capeble 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 us recount a few of them Just to in-
dicate that the engineering profession can of itself do much to help matters.

In meny construction activities, no care 1s taken to insure that the displaced soll stays
put, Foundations, streets, sewer systems, aqueducts, pipe lines, tunnels, dams and other types
of public and private construction jJobs are undertaken without any effort. on the part of those
who prepare the contracts or do the work to make sure that soll is kept out of stream channels.
We in the public service should be alert at all time to keep the public's water free from soll.

Transmountain diversions are in the public eye. Engineers have taken water from one drain-
age system for use in another. They have not worried too much about the downstream slope where
they epill the water. Instead, at the mouth of the tunnel or at the divide, they have turned
wvater loose. A slope or a stream channel 1s the product of thousands of years of adjustment.
The slope can, with 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. Slopes .and 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. ‘ '

Citlee desilt water taken directly from surface sources. AOfteii this soll material is dumped
back into the river.

Road building in rough areas, especially mountain areas, is all too often done without re-
gard for the spoil material. We have many timee seen this dumped unceremoniously over the bank
to slough off into the nearest brook.

Engineers who lay out logging and other types of roads do not take cognizance of the kinds
of solls involved, the stability of slopes, the need for avolding 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 problem except at the place where the sediment lies.
Unfortunately the need for the education of engineers as to sediment production - a major problenm
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 of their
construction brethren to the need for keeping soil in place?

This conference on sedimentation is badly needed. It is needed not only to make us realize
that soil out of place 1s costing the nation much good hard cash, but also that 1t does actually
threaten much of our economic and social 1life. To the man on the street, a reservoir with an
expected life of 100 years 1s a permanent institution, yet there are those among us wko 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 1life of the natioem. . N

Many of us have heard, if we have not sseen in print, statements by eminent engineers and
others that when one dam 1s filled with sediment and no longer useful, man will build another and
another. Many of us have also heard that many of our resources are unlimited. We may have
heard some say that the range cannot be destroyed; the forests are inexhaustible; our oil will
last forever; our iron ore and our copper mines will never play out; that when this or that re-.
gource 1s gone we will find substitutes. Some of -us however do not believe in the thesis that
substitutes will replace our natural resources. .

A reservoir site is also a natural resource. Nature has provided man with relatively few
really sound and feasible reservoir sites. They should be preserved until such time as man can
develop a substitute -- 1f 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 swempy land; we cannot, how-
ever, generally empty reservoirs of their sediments. Let is not therefore waste our reservoir
sites. Let us preserve them as long as possible for a future public. Let us take every step
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possible when a reservoir is projected or built to make sure that the soil on the watershed is
kept in place. Let us also make sure that the public understands the problem we face.

In my judgment, the possibilities of markedly decreasing sediments through work on the land
deserve far greater attention by water engineers and geologists than yet has been given. If. the
engineers who are responsible for great public works would publicly recognize the sediment prob-
lem and would be vociferous in their demands that the land managing public agencies bring sbout
reductions in land abuse and misuse on the watersheds, the problems associated with soll out of
place would be greatly minimized. Some lands now badly eroding or capable of- seriously eroding
may be worth much more to the public if in some form of nonuse that will prevent or reduce sedi-

ments than if used. Lands low in productivity or value, but high sediment producera ’ ahould be
closed to all forms of damaging use.

That we must do something - and soon - about the displaced soil that already bas been depos-
ited we all recognize. We also know that the moving bed loads now already moving downward in the
channels will soon come to rest and thersby intensify existing troubles. We ought to know that
unless the land is cared for, even greater loads will descend upon us. It is up to the engineers
to make sure that the land managing agencies recognize their responsibilities in so managing, op-
erating or using land that the weed in our water world may be eradicated. And 1f the land manag-
ing agencies cannot achieve that refluction in sediment that will safeguard our public works, then
the public will have to be called upon to establish those controls which will prevent the land
occupiers and users from further injuring public investmente. Bungineers should lead the way.

Here in brief review we can only catch brief glimpses of the problem of living with our
weed - 801l out of place. This weed 18 now beginning to over-run our ‘garden. Very little can be
said in its faveor. Instead it is damaging not only the works man is dbullding to control and har-
ness water for his beneficilal use, but is damaging the land and the practices by which man pro-
vides himself with food and clothing. Soil out of place hurts the irrigationist, the city dweller
who pays more for poorer quality water, the industrialist who uses power, the owner whose land is
coversd with debris. It drives agriculture from valuable bottom lands. It decreases crop pro-
duction and increases costs. It spreads a weakening disease especially emong those whose living
standards are gradually lowered to substandard levels. It destroys recreation, and fish and other
forms of wild 1life. It is most damaging to the public who in the long run must pay the bills.

The problem facing all of us, no matter vhat our special interest, no matter whether we be
engineers or agriculturists, geologists or foresters -- the problem is what are we going to do
about 1t? If we cannot eradicate it, how can we control it?

The answer ie simple. The method of doing it complex. The coet enormous. The time element
long. The only sage and sure method by which damaging sedimentation can be prevented is to re-
verse the processes that create it. Keep the soil in place. How to do it will take all the skills,
ingenuity, and imagination that all of us - no matter what our beckground or experience -~ can
bring to bear. That is our Jjob.

DISCUSSION

JOHN N. SPENCER.¥* As usual, Mr. Munns has rung the gong. There is little I can say about his
paper vhich would improve what has previously been esid. Obviously, on our Western irrigation
projects we have a serious problem, especially so if we are to believe what Mr, Munns has said.
Personally, I am a believer because I have lived in the West, I have observed the situation on
the land, and I know the seriousness of the problem.

Assuming the situation which Ed Munns describes as actually existing, then, unless something
is done immmdiately, the Weatern irrigetor is bound to suffer.

Congress has authorized the Bureau of Reclamation to construct irrigation projects. This
agency hag now under construction, or authorized, about two billion dollars worth of projects.
VWhen that program is completed there will.be water storage reservoirs on practically every ma jor
wvatershed in the West. Up to the present time the Govermment hae invested about 400 million
dollars in irrigation installations. From that investment the nation is receiving about 525 mil-
lion dollars in annual crop returns. About 81 thousand families are living on the lands 1rrigated|

# Operation and Maintenance Supervisor, Reglon T “T, Buresu of Reclamation, Denver, Colo.
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by Bureau of Reclamation projects, and almost five million people are directly dependent upon
these proJjects for a livelihood.

Assuming continuation of this mammoth construction program, we can look forward to the day
when sbout four times as many acres will be irrigated, when the crop production will be four
times as great, and when four times as many pecple will be dependent upon these irrigation in-
stallations. Are we going tc 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. Munns? I believe the answer should be an emphetic "No," 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
two parts -- the water supply area and the water use area. For the purpose of this dlscussion,
the water supply area will be defined as that segment of the watershed from which is derived
initial supplies of water to be utilized by irrigators, industries, and municipaslities located
in the water use area. The water use area includes the land to be irrigated and the cities and
industries dependent upon an adequate supply. of potable water. The water use area will include
water storage facilities, canals, diversions, laterals, drains, the ¢ity water supply systems
and hydroelectric power plants. T

Our knowledge of the relationship between the two segments of the watershed may not be com-
plete; however, it is complete enough that by utilizing the vast resources of knowledge in the
hands of Federal agencies and local groups we can take the first positive steps toward protec-
tion of our greatest resources--land and water. Under—this proposal, first priority in the water
supply area would be given to the production of high quality water for consumption in the water
use area. Initial steps should be taken immediately, based on minor tributaries, to determine
the degree of lower priority use permissible in each contributing water supply area. These
studies will show the nature and degres ofgr&zing, timber and recreational use permissible with-
out jJeopardizing the quality of water and the resulting loes of valuee in the water use area.

The data so secured should be made available to all intereasts in the water use area, who, I be~
lieve, when fully informed of the watershed problem can be depended upon to teke whatever action
18 necessary to comserve the water resources and insure the permanent well-being of the people.

HAROLD B. FIMENDORF.* Mr. Munns has shown us the tremendous range of problems caused by sediment.
All phases of agriculture seem to be threatened. Some problems are.so serious that unless solved
they will cause the abandomment 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 lock there
for permanent relief. I can't add anything to Mr. Munns' excellent picture of this widespread
threat.,

However, I would like to point up his remarks by going into more detail concerning one stream
system that we are all interested in. He mentioned the Rio Grande as . one example of a deplorable
state of affairs because :’b"f sedimentation., Answers may be found for each problem sepsrately, but
no overall solution seems possible as long as sediment keeps coming down from the watershed lands.
The Rio Grande project extends from east of El Paso, Texas, to north of Las Cruces, with 155,000
acres almost entirely dependent on storage of flood waters in Elephant Butte Reservolr. The
Middle Rio Grande Comservancy District extends from Socorro to morth of Albuguergue, K. Mex.,
with around 70,000 acres of irrigated lend. These two projJects contain more than 90 percent of
theppproximately 250,000 acres of irrigeted land in the Rlo Grande Basin in New Mexico. Three of
the more gerious problems of these irrigated areas are directly attributable to sediment:

1. Aggradation of the Rio Grande channel through the middle valley has clogged the outlets
of existing drains and resulted in a rising water table. Unless checked this will eventually
destroy the project. In one seven-year period the rise in water levels, averaged through the
middle valley, was 0.l foot a year, - ‘ B

2. Elephant Butte Reservoir has lost nearly 20 ‘Percent of its original capacity in thirty-
two years of operation.  If the past rate of depletion continues, in another 45 years Elephant -
Butte and Caballo Reservoirs will not have sufficlent capacity to supply irrigation needs through

" even the second year of & three-year dry spell such as we have experienced twice since 1915.

Buareu of Reclamation ‘personnel who are now surveying Flephant Butte believe that deposition in

* Chilef, Water Conservation Division, Reg‘iopb,l Office, Soil Conservation Service,
Albuquerque, N. Mex. S e . :




the reservoir has been much less since 1935 than it was in the first twenty years of operation.

This only means that the problem has been trasferred upstresm and that the sediment load is lodg-
ing in the Socorro Valley rather than paseing into the reservoir.

3. The large concentration of salt cedars and other phréatophy‘bes above the head of Elephant
Butte Reservolr is taking a heavy toll of water, estimated by the Bureau of Reclamation as belng
more than 100,000 acre-feet annually, that is sorely needed in the Rio Grande Besin.

Suppose we look at some of the molutions vwhich have Deen suggested. Management of the
Flephant Butte Irrigation District, which operates the New Mexico portion of the Rio Grande
project, shrugs off its loss of reservoir capacity with the belief that when 1t becomes serious
they can raise the deam and restore the lost capacity. But will the Middle Rio Grande Conservancy
District and particularly the people in the vicinity of Socorro, 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 1ts way to Elephant Butte is to dredge a-
" channel through the large sediment deposits at the head of the lske., True , this might convey
the flood waters through the salt cedars with a minimum of loss, but what about the sediment load
in the future? ZEvidently, the salt cedars have been keeping 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 reservolr depletion to rise sharply if that is done.

Virtually everyone agrees that large reservoirs must be built in the Rio Grande and its
chief tributaries to protect the middle valley from floods and sedimentation. The proposed res-
ervoirs will provide room to store the sediment that is now coming down the streams for fifty to
seventy years. Then sediment will begin to encroach on the capacity reserved for other purposes

and usefulness of these structures will steadily decline. What do we do then? Simply duild
more reservoirs and start over?

Even the proposed large reservoirs, necessary as they seem to be, may cause new problems in
some places. Granted that the release of relatively clear water should result in degradation of
the river channel, at least for some distance below the dems. But where can this sediment go?
Fither it will 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 them?

So ve gee that as long as sediment continues to be prodiced on the uplends, solution of
sediment problems in the main river valley are only tempcrary and often will merely trade new

problems for old. As Mr. Munns emphasized,.the only permanent solution 1s to check the sediment
at its source, on the watershed lands.

RANBIR SINGH SHRIKANT.*# T am here as a trainee and don't have much experiemce in sedimentation

problems. However, I can say, as has been repeatedly pointed out, the problem created by sedi-
ment transported by water cannot be too bighly emphsgized.

As in the western United States, we in India have been faced by problems created by sediment.

Our area under irrigation is about 70 million acres, which 1s nearly equal to the area under ir-
rigation in the rest of the world put togsther.

I was personally comnected for three years with the maintenance of some cansls in the Punjab.
Our rivers mostly flow through alluvial plains and carry enormous quantities of gediment in sum-
mer. The sediment has a tendency to deposit in our canals and distributories and thus decrease
the capacity of the channels and upset the balance in the distribution system. Much research
hasbeen done by various Indian engineers in this field and the names of Kennedy and Lacey stand
prominent among them. Generally speaking, the attempt of our engineers has deen:

1. To drav into the canal only as much sediment as can be carried by 1t without deposition
or scour, and '

2. Distridute the sed

iment loed into various laterals according to their sediment carrying
capacities. ‘ ’ :

*:Government of India (Student Trainee, Bureau of Reclamation, Demnver, Colo.




I noticed quite an interéesting phenomenon on the -inundation canals which take off from river
Indus. There is no dam in the river for diverting water into these canals. Use 1s made of
creeks of the river which have flatter slopes and higher water levels. Due to change in the
meander of the river, the mouthe 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 sedinmient from reaching the strsams; because, even if the water resching the stresm is
quite clear, it will pick up its sediment load from stream's bed. Maybe we should devote still
greater energy to perfect our knowledge of sediment tramsportation so that we can accurately
design works to select and carry the desired quantities of gediment in different channels and
regervoirs,
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