127

SILTATION IN IMPOUNDMENTS

Joakim G. Laguros an;I Jimmy F. Harp

School of Civil Engineering and Environmental Science, University of Oklahoma,

Norman, Oklahoma

P, latad
S

T

are outlined and the areas of

to imp di
and h are identified.

The basic needs for irrigation, the ever-
increasing demand for water supply and
power, and the recent emphasis on water-
oriented recreation bave stimulated the
wide-spread construction of man-made
lakes or impoundments. In planning for the
overall effective use of impoundments, it
is important to consider the unavoidable
problem of siltation. This report is an at-

knowledge of transportation and deposition
of sediments has not advanced materially.
This has been true because the mechanism
of turbulence is so vastly complex and may
never be solved except in a gross statistical
way. The classical hydrodynamics approach,
which stipulates that deposition is a direct
function of the weight of the suspended
particle in the water medium con-

tempt to point out the par s rel
to the phenomenon of siltation and to
identify the areas of uncertainties and fu-
ture research

WATERSHED MANAGEMENT AND
EROSION

Sediments originate with some erosive
action upon the watershed area (1). There-
fore, watershed management, which is de-
fined as the “most efficient use of the land
within its capability for sustained produc-
tion of crops, grass, and trees as well as for
nonagricultural purposes” (2), becomes a
significant factor. In describing erosion,
the ASCE Task Committee (3) reports
that, usually, fine-grained sediments result
from sheet erosion, while coarse-grained
sediments result from channel erosion, and
that total prevention is impossible. Con-
sequently, concentration of efforts entirely
on remedial measures is unacceptable. be-
cause it is then too late to do any good.
Preventive and remedial measures, imple-
mented simultaneously, appear to be more
effective with small watersheds than with
large ones. Moore and Smith (2) present
information relative to the benefits derived
tfrom pilot projects; they state that addi-
t:onal advantages accruing from such con-
trol measures are improvement in water
caality and improved fish and wildlife
1 abieat.

TRANSPORTATION AND
DEPOSITION OF SEDIMENTS
Since the publication of the Task Com-
“iittee’s Progress Report in 1962 (3) our

quently, of its diameter, continues to be
the principal postulate (4). As an extension
of this observation, critical or threshold
conditions for the initiation dislocation
mechanism and subsequent movement of
sediments have been advanced and present-
ed in the 1966 Progress Report of the Task
Committee (5). There still exists, consider-
able degree of inaccuracy involved in the
equations predicting both transport and
deposition. It appears that the unpredic-
tability arises from the interdependence of
the flow characteristics on the properties
of the sediment itself; in turn, the silt load
is under the peculiarly mutual influence of
bedload and suspended load. Attempting to
delineate these influences, Einstein (6)
observed that silt particles moving over a
gravel bed settle out by filling first the
bottom voids of the gravel bed. He further
proposed the “half-life T” concept, defined
as the time a particle may stay in suspension
until its concentration has been reduced to
balf the original value by deposition in
the gravel bed.

The relation of sediment transport, Q,,
t0 streamflow, Q, is depicted tmugh a
general equation of the form

Q, = k0" Eq. 1
Unfortunately, the difficulty in correctly
evaluating the variables £ and # diminishes

the sensitivity of this equation and, there-
fore, the prediction of Q, is in error, often-

times. In fact, this general relationship is
a quantified observation from the several
postulations of sediment load theories.
Vanoni (7) in 1961 applied the eight most
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perties of sediments, e.g., size distribution
and shape of particles, ific weight,
sediment concentration, mineralogi

The mineralogy of sediments, tradition-
ally, has not been of major concern. Current
studies by the University of Oklahoma
School of Civil Engineering and Environ-
mental Science, at Lake ird i
Norman, indicate that the mineralogical
composition of sediments less than five
microns in diameter is an important para-
meter because it gives rise to icular
electrochemical behavior of these sediments.
It was observed that sediments having
keolinitic-illitic mineralogy settled at a
higher rate than those having montmoril-
lonitic mineralogy, possibly because the
former were constituted in denser flocs
the latcer. Thus, the moatmorillonitic par-
ticles stayed relatively dispersed in the
suspension. Due to the predominance of
calcium the effect of the adsorbed ions

temperature effects have noc béen car-
ried out in the field,

SILTATION SURVEYS AND
SEDIMENT ANALYSIS
The wseful life of an impoundment i
mhmdwhndnvolnmeofdepoainl;
materials assumes & level sofficient to pre-
venit the impoundment from serving its in-

tended purpose. Following Brune’s work
(8), the trap efficiency of reservoirs can be
computed using the ific weight for a
deposited sediment. are some diffi-
ties inherent in this predictive method.
For example, while a 40-50-10 (clay-sile-
sand) combination is reported to be not
:::e% foll;’:!tded material, d:endm texture of
may vary dej ing on
geological factors, tion time, and run-
off characteristics.

On the other hand, certain depositional
patterns can be established between grada-
tion characteristics and location of depo-
sition, but they are very general. For ex-
ample, larger particles are deposited as a
delta at the head of the impoundment and
smaller particles are deposited farther down
towards the retaining strucure; however,
absence of strong currents and increased bio-
chemical activity in shallow areas may
cause excessive deposition of smaller par-
ticles in these areas. Also conducive to
errors is the wide range of variability in
specific weight of the deposited material
which is reported (9) as varying between
19 to 106 Ib per cu ft depending on whether
the material is fine- or coarse-grained.

Sedimentation surveys may be predictive
or actual. In the predictive method the bed
load or the probable rate of sedimentation
is calculated from data of the suspended
sediment of the inflowing rivers. Stevens
(10) estimated the bed load to be 15% of
the ed load. What reduces the re-
liability of this approach is its dependeace
on varilblu:f.\ctl:las lm of the site,
management e wa area, nature
and slope of the river bed, velocity, and
depth and shape of the feeding stream.

The actual survey method consists of
field measurements of the core type carrie
out to establish differences between periodic
capacities of the im ¢, the differ
ences being interpreted as siltation. Giver:

ible maximum variations of 40 to 1009~

water content, and 19 to 106 Ib per cu {:
for specific weight, it becomes evident ths -
the imposition of various consolidating;
Joads introduces errors even on systemat :
sedimentation volume or thickness .
The specific weight equations proposed b
hneundmlmnndmdiﬁeﬁbyudkf
(3) are empirical but the engineer tods '
has no alternstive except to rely on them. . -
recently developed method of sedime: *



measurement employs an x-ray gnuge 11).
This is a continuous. operation and it is
based on measuring the ratios of the at-
tenuation of x-rays through the river water
and through a reference cell or distilled
water. The ratio is functionally related to
the concentration of the suspended sediment
in the river water.

SEDIMENT CONTROL AND
ECONOMIC ASPECTS OF
SEDIMENTATION

Impoundments are the result of political

decisions. Hopefully, engmeenng and eco-
nomic data are used as inputs.

Sediment control can be effected by
watershed protection projects (12) and by
recarding basins (13). The former are
applicable to large sheet erosion areas.
Therefore, evaluating the reduction of sedi-
ment yield at the mouth of the watershed
involves identifying component benefits
which are oot always measurable. Retarding
basins have been applied to small areas
such as channel erosion, and their eﬁecnve-
ness can be expressed in terms of “trap
efficiency,” usually approximately 30%.

Damage from sedimentation in mra.ge
dn:e“rvom is estimated f.: have d
imental proportions. This damage coul
be reduced g;“pmvxdmg upmeam control
or additional storage or of bed
load. The problem, then, clurly lies in
allocating resources according to competing
financial considerations.

RESEARCH NEEDS

The foregoing leads to the conclusion
that sedimentation in-depth study
and research. This can well be describ-
ed by asking the following questions:

lmudwmhmmhlphuween
mpuuaofneth
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3. Howdoabedloadaffectaedimenn—

tion and vice versa
4. What is the mednni:m of physical
sediment-water mixing
5. How can the physm-l, bnolog:cnl. and
chemical factors effecting sediment-
water exchange of phosphates be
quantified?

It ap then, that the integrated
efforts of the hydrologist, the soil scientist,
the physiocochemist, and the microbiologist

are needed, Furthermore, it should be recog-
nmed that the man-made lakes constitute
a Iaboratory, otherwise unobtainable.
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