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Sediment Removal from Flood Water by Grass Filtration

OVERDRAFT of ground -water sup-
plies in the southwestern United

States is a problem of major concern.
In Arizona alone the magnitude of this
overdraft is estimated to be three mil-
lion acre -feet annually (9)". In order
to ameliorate this situation, the amount
of ground -water recharge may be aug-
mented by artificial recharge methods
using water supplies normally lost by
nonbeneficial evapotranspiration.

Flood water is a major source of sup-
ply for artificial recharge in the South-
west, especially during the summer
when storms of high intensity and small
areal extent occur frequently. Because
of the energy available in runoff waters
resulting from such storms, however,
larger quantities of sediment are en-
trained. In order to sustain intake rates
in recharge facilities, the entrained sed-
iment must be essentially completely
removed. Development of efficient and
economical methods for sediment re-
moval is, therefore, one of the principal
problems facing workers in artificial re-
charge research. One method which
appears to have promise is grass filtra-
tion. This paper summarizes work con-
ducted by the Institute of Water Utili-
zation at the University of Arizona,
on the effectiveness of grass filters for
sediment reduction and on the factors
involved in the successful use of this
method.

PREVIOUS WORK

Brown (1) coined the general term
"vegetative screen" to describe a dense
growth of vegetation through which
sediment -laden water must flow to en-
ter a reservoir. The effectiveness of
vegetative screens for control of reser-
voir silting has been indicated by
Brown (ibid), Colman (2), and Ste-
vens (8). Stevens, for example, re-
ported that sedimentation of Lake Mc-
Millan on the Pecos River, N.M., was
effectively retarded by Tamarisk growth
in the valley above the reservoir. Ac-
cording to Brown (1) , the vegetation
diffuses or spreads the flow of water,
thus reducing the velocity and causing
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the sediment to deposit around and be-
tween the plants.

Grass filters have been used in Bay-
ard, Nebr., for treatment of sugar beet
wastes prior to disposal (6). Wastes
were passed over a treatment field of
160 acres. During a trial of this pro-
cedure, using an application rate of 8.6
acre -feet per day, it was found that
suspended solids were reduced from
5215 to 63 parts per million (ppm) , a
reduction of 99 percent. The corre-
sponding reduction in biochemical oxy-
gen demand was 67 percent.

Requirements of Grass Filters
Previous studies have shown that

grasses selected for filtration should
meet the following requirements:

(a) Deep root system to resist scour-
ing if swift currents develop,

(b) Dense, well ramified top growth,
(c) Resistance to flooding and

drought,
(d) Ability to recover growth sub-

sequent to inundation with sedi-
ment,

(e) Yield economic returns either
through the production of seed
or hay.

OBJECTIVES AND PROCEDURES

The Institute of Water Utilization
conducted experiments during a three -
year period to evaluate the effectiveness
of grass filters for sediment reduction in
flood water destined for artificial re-
charge facilities. Two experimental sites
were selected near Safford, Ariz. One
site was located on the University of
Arizona agricultural experiment station
at Safford. The second site was located
near San Jose.

Specific Objectives
Specific objectives of the research

conducted at Safford were:
(1) To determine filtration efficiency

of various grasses.
(2) To determine the relative effect

of the following factors on grass filtra-
tion: (a) length and slope of plots,
(b) initial turbidity of flood water, (c)
application rate (i.e., loading), (d) de-
gree of submergence, and (e) stage of
grass development and degrees of sur-
face ramification.

Safford Agricultural Experiment
Station Plots

In 1961, seven experimental border
checks were established on a 4.54 -acre
plot of the field station. Each border
check was 25 ft wide by 1,000 ft long

with an average slope of 0.10 percent.
Six of the plots were seeded or planted
to one of the following grasses: Goars
fescue, Panicum Coloratum, Blue Pani-
cum, coastal Bermudagrass, common
Bermudagrass, and Sudan grass. The
seventh plot was seeded to Lahontan
alfalfa.

Turbid Gila River water was used
for all experiments. Water was applied
and measured onto the checks from a
head ditch by means of two -inch si-
phons.

During experimentation, water sam-
ples were collected from the siphons
and at various locations along the
checks. The quantity of sediment en-
trained in the samples was estimated
by means of the Jackson candle method.
This method consists of adding turbid
water to a special tube until the image
of the flame from a standard candle,
viewed through the water, just disap-
pears. Turbidity values, using this
method, are based on the length of
light path to cause the image to disap-
pear. Because refractive indices of
sediment bear little direct relationship
to concentration of sediment, turbidity
can be related to weight concentration
only after calibration. Commercial
tubes are graduated in divisions of parts
per million based on turbidity standards
of powdered silica and water (7) .

Trials were conducted during the
flood periods of 1961, 1962 and 1963.

San Jose Plots

In 1963, a plot containing 0.3 acres
was obtained in the vicinity of the
Gila River near San Jose for additional
grass -filtration experiments. The water
supply was obtained from a by -pass
canal. The plot was divided into two
checks, each 12 ft wide and 550 ft long.
The average surface slope was 0.60
percent. The two grass varieties used
on these checks were coastal and com-
mon Bermudagrass.

The San Jose plots were established
because the surface slope differed from
the slope of the Safford plots, and be-
cause the water supply was available
continuously during flood periods.

The same procedures described for
the Safford plots were followed during
testing periods on these plots. In addi-
tion, soil samples were taken after flood-
ing for mechanical analyses and bulk
density determinations. The depth of
sediment was determined at various
lateral distances from the head end of
each check.
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RESULTS AND DISCUSSION

Safford Agricultural Experiment Station
During an experiment conducted in

1961, the two Bermudagrasses were
found to be more efficient than the
other varieties for sediment removal.
The Bermudagrasses removed 95 per-
cent of the sediment, whereas Panicum
Coloratum and Lahontan alfalfa ef-
fected 65 percent and 60 percent re-
moval, respectively. These results were
obtained for a flow rate of 0.011 cfs
per foot of width of check and a flow
length of 700 ft.

More extensive tests, performed in
1962, showed that the two Bermuda -
grasses removed up to 99 percent of
sediment entrained in the test water.
During the same trial Goars fescue and
Blue Panicum each removed about 96
percent, and Panicum Coloratum about
94 percent of the sediment. Specific
values of turbidity at various locations
on the coastal and common Bermuda -
grass checks for various times during
this trial are given in Table 1.

The data in Table 1 show that
coastal Bermudagrass was slightly more
effective in sediment reduction than
common Bermudagrass. The maximum
reduction was produced in the coastal
Bermudagrass plot at 10:00 p.m. Aug-
ust 2d, when turbidity was lowered
from 5,000 ppm to 45 ppm in a dis-
tance of 700 ft. The average inflow
rate was approximately 0.0151 cfs per
foot of width of check. Turbidity val-
ues increased at 700 and 1,000 ft dur-
ing the second day of testing, indicat-
ing that either the filtration efficiency
decreased with prolonged flooding or
that the inlet turbidity was increasing.

The tests of 1961 and 1962 were
conducted at sufficiently low flow rates
that the grasses were not submerged.
During 1963, submergence was pro-
duced by conducting tests with higher
flow rates than previously used, shortly
after the grasses were clipped. Under
these conditions, filtration efficiencies
were markedly reduced. During one
test, turbidity values in excess of 5,000
ppm were obtained at both inlet and
outlet locations on the Bermudagrass
plots. Flow rate for this test was 0.051
cfs per foot of width of check and the
grasses were essentially submerged
throughout the length of the check.

San Jose
A test of one week duration was

conducted on the two Bermudagrass
checks during the summer of 1963. At
the time of this test the grasses were
not completely established and surface
coverage was not as great as in a fully
developed stand. Surface elevations
were obtained before the test and sub-
sequent to sediment deposition. Sam-
ples of deposited sediment were ob-

TABLE 1. TURBIDITY VALUES AT VARIOUS LOCATIONS ON COASTAL AND
COMMON BERMUDA CHECKS

(Flooding Experiment, Safford, Ariz. Ag. Exp. Sta., August 1962)
Turbidity Units (approximately ppm)

Date Time 0 ft
Coastal Common

300 ft
Coastal Common

700 ft
Coastal Common

1,000 ft
Coastal Common

Aug. 2 11:00 A.M. 5000+ 5000+ 1750 2333
1:00 P.M. 5000+ 5000 -{- 140 246
4:00 P.M. 5000-{- 5000+ -_- -- -_ 92 95

10:00 P.M. 5000+ 5000+ 2250 2000 45 192 45 73

Aug. 3 7:30 A.M. 5000+ 5000+ 2666 94 395 61 157
10:30 A.M. 5000+ 5000+ 2666 3000 213 1090 94 269

tamed for bulk- density determination
and mechanical analysis. The average
flow rate during the test was 0.011 cfs
per foot of width of check.

During the test, sediment concentra-
tions were reduced, but not to the low
values effected for the same flow rate
on the experiment station checks. For
example, on the coastal Bermudagrass
check with maximum and minimum in-
let turbidity values of 5,000 ppm and
725 ppm, respectively, the correspond-
ing turbidity values obtained at the
end of the check were 2,700 ppm and
230 ppm. The common Bermudagrass
was slightly more effective than the
coastal Bermudagrass check. Continu-
ous flooding did not appear to reduce
filtration efficiency.

Sediment Deposit, San Jose
Depths of deposition of sediment on

the two checks at eight lateral loca-
tions are given in Table 2 together
with corresponding percentages of
sand, silt and clay. The average depths
of sediment deposited on the coastal
and common Bermudagrass checks
were 0.18 ft and 0.24 ft, respectively.
Based on bulk density values (63 lb /ft3)
and average volumes of deposited ma-
terial, it was estimated that about 34
tons of sediment were deposited on the
coastal Bermudagrass check and 46 tons
on the common Bermudagrass check.

The data in Table 2 indicate that
deposition rates were greater in the
first 50 ft than in the remainder of the
checks. The depth of deposition de-
creased between 50 and 200 ft, in-
creased between 200 and 400 ft, and
decreased at 500 ft. Data on original
surface elevations show that the slope
gradually decreased with distance along
each check. Consequently, the lateral
changes in deposition depths are a mani-

festation of the effect of slope on de-
position rates. It appears that when a
critical slope (and consequently flow
velocity) is exceeded, the deposition
rates are reduced. The critical slope
probably depends on application rate
and grass characteristics (degree of
surface ramification, height, etc.) as
well as on the particle -size distribution
of incoming sediment.

Filtration Length
Results from mechanical analysis,

given in Table 2, show that maximum
percentages of sand, silt, and clay were
obtained at corresponding distances of
10, 50, and 400 ft in the coastal Ber-
mudagrass check and at 10, 50, and
300 ft in the common Bermudagrass
check. These data show that an inverse
relationship exists between the filtra-
tion length to produce a maximum con-
centration of a given particle size in the
deposited sediment and the diameter of
that particle size. In other words, if
the income sediment load were to con-
sist primarily of colloidal size materials,
a longer filtration length would be re-
quired for maximum deposition of that
size than if the materials were pre-
dominantly in the silt -size range. In
addition, to the particle size distribu-
tion of incoming sediment, filtration
length also depends on application
rate, surface slope, and grass character-
istics.

Recovery of Grass After Inundation
With Sediment

Visual observation of the grass stands
at the beginning of the growth season
subsequent to the tests indicated that
growth was not inhibited by the de-
posited sediment. Because of the abil-
ity of Bermudagrass to propagate by
underground root stocks, this grass can

TABLE 2. ORIGINAL SURFACE ELEVATIONS, DEPTH OF DEPOSITED MATERIAL, AND
MECHANICAL ANALYSES OF SEDIMENT AT VARIOUS LOCATIONS ON THE

COASTAL AND COMMON BERMUDAGRASS CHECKS, SAN JOSE PLOTS

Coastal Bermudagrass Common Bermudagrass

Original
Distance surface Depth

from head elevation of
end of (with respect deposit

check (ft) to arbitrary (ft)
datum) (ft)

Sand
(per-
cent)

Silt
(per-
cent)

Clay
(per-
cent)

Original
surface

elevation
(with respect
to arbitrary
datum) (ft)

Depth
of

deposit
(ft)

Sand Silt Clay
(per- (per- (per-
cent) cent) cent)

0 98.64 0.44 98.59 0.46
10 98.22 0.75 51.6 40.0 8.4 98.54 0.38 38.8 48.4 12.8
25 98.32 0.40 43.2 46.6 10.2 98.31 0.42 13.4 68.4 18.2
50 98.06 0.20 3.6 77.0 19.4 98.12 0.20 3.8 76.4 19.8

100 97.57 0.06 3.4 69.4 27.2 97.69 0.10 24.2 46.4 29.4
200 96.87 0.08 20.2 47.0 32.8 96.97 0.06 23.8 39.0 37.2
300 96.42 0.23 31.2 37.6 31.2 96.45 0.29 21.4 38.8 39.8
400 96.03 0.23 21.6 39.6 38.8 96.15 0.31 23.8 42.0 34.2
500 95.60 0.00 95.65 0.14 23.2 37.4 39.4



literally "climb" out of overlying ma-
terial.

MECHANISMS

When grass checks are initially
flooded with turbid water, deposition
is induced primarily by reduction of
incoming velocities below those of the
supply stream. As the advancing front
moves down the field, infiltration rates
are high and further settling is pro-
moted. With time, when steady state -
conditions are approached, the effects
of slope, quantity and quality of tur-
bidity, and vegetative characteristics
become of increasing importance in
sedimentation.

Two possible vegetative characteris-
tics involved in sediment reduction are
mechanical sedimentation and adsorp-
tion.

Mechanical Sedimentation
Grass filters probably promote me-

chanical sedimentation by retarding
the flow velocity and, consequently,
enhance particle settling. Cox and
Palmer (3) and Palmer (5) have
shown that vegetal retardance may be
expressed in terms of Manning's co-
efficient of roughness, n. Experimental
results of these workers indicate that
the roughness coefficient depends on
the grass variety being tested and on
the stage of growth and degree of sub-
mergence. Cox and Palmer (3) found
that the Manning's coefficient for Ber-
mudagrass appeared to be slightly
higher than the coefficients of the ma-
jority of other grasses tested during
their experimentation. This result cor-
relates with the results of the sediment
removal experiments at Safford. That
is, the greater removal efficiency of
Bermudagrass is probably a manifesta-
tion of a larger Manning's n for Ber-
mudagrass than for the other grasses.

The results for the third year of test-
ing on the Safford plots may also be
correlated with the experimental re-
sults of Cox and Palmer (3) . These
workers found that the Manning's co-
efficient for short grass was lower than
the coefficient for tall grasses, and that
the coefficient decreased with increas-
ing submergence. Consequently, the
lower effectiveness of Bermudagrasses
for sediment removal after clipping,
when application rates were great
enough to cause submergence, is a

manifestation of lower Manning's co-
efficients under these conditions.

The low filtration efficiency pro-
duced on the San Jose plots is a prob-
able indication of poor uniformity of
grass coverage and consequent low
Manning's n. With increased ramifica-
tion, it is anticipated that the efficiency
will increase. The experimental ob-
servation that common Bermudagrass
was more effective than coastal Ber-
mudagrass indicates that the common
Bermudagrass was better established.
Wheeler and Hill (10) report that the
common Bermudagrass is established
more easily from sprigs than improved
varieties.

Adsorption
A second possible mechanism for

sediment removal, which may be of
academic interest, is adsorption of the
colloidal -size particles to grass surfaces.
Jorden (4) showed that the principal
cause for removal of suspended ma-
terial during filtration of turbid water
through pea -size gravel containing a
well -developed Schmutzdecke, or or-
ganic film is adsorption, or some allied
process. With regard to adsorption,
Jorden (ibid) speculated that the de-
tritus of dead organisms in various
stages of decomposition, may be posi-
tively charged. When the potential of
the Schmutzdecke becomes primarily
positive, it is possible that the nega-
tively charged clay particles become ad-
sorbed. It is possible that a similar
mechanism functions during extensive
operation of grass filters to promote re-
duction in the clay -size fraction of flood
water. The magnitude of this effect is
undoubtedly small compared to me-
chanical sedimentation.

CONCLUSIONS

On the basis of experimental results
at Safford, it appears that grass filtra-
tion is an effective, economical, first -
stage procedure for reducing sediment
in flood water. In spite of a demon-
strated high degree of efficiency, how-
ever, subsequent treatments will be
required to completely clarify the water
prior to introduction into recharge fa-
cilities. The principal advantage of
grass filtration is that the cost of such
subsequent treatments is reduced.

The field experiments at Safford have
shown that length of check, initial tur-
bidity, application rate, slope, grass

height and degree of ramification, and
degree of submergence are interrelated
factors affecting s e dim en t removal.
Thus, for a given initial turbidity a cer-
tain length of check, which may be
called effective filtration length, will be
required to effect sediment reduction to
a given level. As initial turbidity in-
creases, the effective filtration length
must increase to reduce sediment to a
given level. Similarly, the effective
length of filtration is affected by ap-
plication rate, grass height, degree of
ramification and particle -size distribu-
tion in incoming sediment.

The action of grass filters can be en-
hanced, when flood waters are highly
turbid, by passing the water through
settling basins prior to flooding the
grass checks. This procedure will lower
initial turbidity values to levels com-
mensurate with prevailing effective fil-
tration lengths, grass heights and de-
gree of ramification, and degree of
submergence.

Experimental results at the Safford
Agricultural Experiment Station have
shown that Bermudagrasses were the
most effective for sediment removal of
seven varieties tested. In addition, the
Bermudagrasses fulfill the requirements
listed under requirements of grass fil-
ters. Well- established coastal Bermuda -
grass was slightly more effective than
common Bermudagrass. Coastal Ber-
mudagrass also greatly outyields com-
mon under good conditions (10) . A
disadvantage of coastal over common
Bermudagrass is that it must be propa-
gated vegetatively, whereas, common
Bermudagrass may be seeded.
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