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A LABORATORY EVALUATION OF
TRASH RACKS FOR DROP INLETS

By GEORGE G. HEBaUSt and WENDELL R. GWINN, research hydraulic engineers, Southern Region, dgricultural Re-
search Service, U.S. Department of Agriculture, Stiliwater, Okla.

SUMMARY

Performance fests for trash racks on closed-
conduif spillways, using one-eighth-scale models,
were developed and standardized by comparison
with the performance of full-scale prototype
structures mounted on a droy inlet to a 2-foot-
diameter conduit.

Flow data for use in spillway design were col-
lected by testing models and prototypes of stand-
ard and experimental designs under a range of
flow conditions, with clear water and standard-
ized trash loads.

INTRODUCTION

An entrance trash rack is normally requived to
prevent plugging of closed-conduit spillways
that release water from fleodwater-retarding
reservoirs. The effectiveness of the frash rack is
highly dependent on its geometry. It is possible
for the trash rack itself to become so plugged
with trash that a reduction in spillway capacity
resulis. A rack form that intercepts frash with
minimum reduction of flow through the spillway
is therefore needed. Various forms of trash
racks, ineluding Soil Conservation Service
(3CS) standard designs, were studied in labora-
tory experiments at the Water Conservation
Struetures Laboratory at Stillwater, Okla., to

determine how well they met this need. The re-
sults of these studies are presented here for the
guidance of designers of flood-control works.

The trash racks were tested on both model-
and prototype-size structures. Their perform-
ance’was evaluated by comparing the weir and
entrance loss coefficients for trash-laden flows
with the corresponding valies {or clear water
flows. The tests were intended to indicate (1)
how well a given trash rack would perform its
function, (2) the relative performance of the
trash racks, and (3) the reliability of models for
trash-rack research.

MEASURES OF TRASH-RACK EFFECTIVENESS

The effectiveness of a {rash rack is judged by
its ability to preserve the clean flow capacity of
the structure as trash accumulates on the rack.
A measure of flow capacity is the change in the
value of the weir-flow discharge coefficient, the
plate-coutrol discharge coefficient where applic-
able, or the pipe-flow entrance-loss coefficient.

The weir-flow discharge coefficient, C, is de-
fined by the relation

@

=g

{1

1 Mr. Hebaus is now & civil engineer with the Corps of
Engineers, Department of the Army. 8t, Paul, Minn.

where @Q==the discharge in cubic feet per sec-
ond,
L=the cresf length of the weir in feet,
and H—the head above the crest in feet.

A decrease in this coefficient indicates a ve-
duction in flow capacity of the structure.
The plate-control coefficient, Cr, is defined by
the relation
Q

i

C.i"
whare Cr=plate-control coefficient,
¢ ==discharge rate in cubic feet per sec-
ond,
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and H =head referred to spiliway crest in
feet.

@ and b are determined by the dimensions of
the inlet and are obtained by the solution of the
equation for plate control. A decrease in C, indi-
cates a reduction in the fiow capacity.

Donnelly, Hebaus, and Blaisdell* have devel-
oped the following equation for plate control;

0.05L,)

e
(3}
where =width of drop inlet,
=length of drop inlet,

and L, —overhang of the plate beyond the
outside of the drop inlet.?

The quantities in pointed brackets are zero for
negative values.

The pipe-flow crest-loss coefficient, K., is de-
fined by the relation

Ky éhh_ My

Ly

(4)

where Ak is the pressure drop between the water
surface above the entrance to the structure and
the drop inlet midheight in feet, and h,. is the
mean velocity head in the drop inlet in feet, An
increase in the pipe-flow crest-loss coefficient
indicates a reduction in the flow capacity of the
structure.

The crest-loss coefficient is based on the vel-
ocity head in the drop inlet. Coefficients used by
designers are, for convenience, often based on
the velocity head in the barrel.

To express the crest-loss coefficient in terms
of barrel velocity head, by, K. can be multiplied
by the square of the ratic of the barrel area to

r

AN Ah—=h
LY . ko
Ko (A ,) T ke,

the drop inlet area, (i‘“) )

Thus

TRASH RACKS TESTED

The trash racks tested included early (circa
1948) and current (1969) designs used by the
Soil Conservation Service on drop inlets daring
the fime the tests were made, 1957 to 1969. Some
mod:fications to these designs were also tested.

Table 1 lists the trash racks and the tests to
which they were subjected. By “meodel” is meant
a reduced-scale structure piaced in an indoor hy-

draulic-laboratory testing flume., A “prototype”
is a large-scale test structure (with barrel diam-
eter of 2 feet) placed in an outdoor test basin.
“Flexible trash” is hay for the prototype and
simulated hay for the model. “Rigid trash” is
sticks and small logs for the prototype and twigs
and small sticks for the model. Drawings of the
racks tested ave included in this bulletin.

TEST APPARATUS

In this research, both reduced-scale and full-
size models (termed “model” and ‘‘prototype,”
respectively) of drop inlets and trash racks were
tested. Since model tests are much faster and less
expensive than prototype tests, an important

? Donnelly, Charles A., Hebaus, George G., and Blais-
dell, Fred W. 1974. Hydraulics of closed conduit spill-
ways, Part XII. The two-way drop inlet with a flat bot-
tom. U.S. Dep. Agric., Agrie. Res. Serv. [Rep.] ARS-
NC-14.

3 The definition for I, by Donnelly, Hebaus, and
Blai=ell has been used here, Elsewhere in this report L,
is defined as the distance between the outside of the drop
inlet wall and the inside of the skirt. The two values of
L, cbtained by applying the two definitions to & strue-
ture differ by the thickness of the skirt.

part of the research was directed toward devel-
opment of test techniques that would yvield model-
test data closely simulating prototype perform-
ance during trash-laden flow. With such tech-
niques available, it will be possible to carry on
much of the future trash-rack vesearch with
maodels only.

The full-size structures had a 2-foot-diameter
concrete outlet pipe with a fall of approximately
11 feet. They were located in an approximately
square reservoir having a surface area of about
one-half acre when full. Flow into the reservoir
was measured with a 4-foot modified Parshall
flume. The water level in the reservoir and the
pressures in the test structure for the first tests




TABLE |.—Test combinations of structures, trash vacks, and test conditions

Taboratory tests
Flexible trash Rigid trash
Model Prototype Model Prototype

Trash-rack Figure
designation number®

Laboratory modifications
and variationstested

Struetnre Design3

Remarks

4-wmay square - x X
dr~+ inlet.

Hiltside inlet

2-way drop inlet .... Inlet dengths, 20 and 30,

deck heights, (2/2}D and
I; deck overhang, D and
(3720 so0lid and wvented
decks; combinatins of sol-
id and vented side skirts;
round bar, spacing (L/3) D
and {4/ 5.

A-way squars
drop inlet,

High rack and inlet in dam
face,

Vented skirt on part of sides.

Vented skirt on all of sides . ..

b 1) 11 P

Wented skirt on part of sides.
52 S . 3 2 Wented skirt on all of sides . ..
G4 e . 3 3 Minimum-size =2l deck used,

68 = 3 N

? Entries in this column refer to the last series of tests, covering standard and modified 3CS designs.
* Numbers refer to illustrations .t this bulletin.
i 8=standard SCS design; L=-laboratory design; M= modified SCS design.

Trash rack no longer being
built. Various trash materj-
als, loads, and feeding rates
appled in model to simuiate
prototype behavior.

Model of prototype structure
#16 on Sandstone Creek,

kla.

Standard flexible-trash test
applied to all wvariations,
One test condueted without
bars.

Standard rigid-trash test de-
sipned in pretotype and
dunlicated in model.

Mo pro tutyp'e.

Ttack moved farther from in-
fet than in rack 1.

Do.

Splitter wall omitted in most
tests.

Sphitter wall omitted.

I AHOLVEHOAY']
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were measured in stilling wells with point gages
read to the nearest 0.001 foot. In later tesis on
the two-way drop inlet, pressures were read di-
rectly to the neavest (.01 foot with small open-
tube manometfers.

The smali-scale models, with one exception,
were one-eighflh the size of the full-size struc-
tures and were made of transparent Plexiglas.
The outlet conduit was arranged so that its dis-
charge end could be raised or lowered to alter the
head on the system, and, therchy, the pipe-flow
capacity of the models. The trash-rack bars were
made of brass, and the gratings used for the
vented declc and skirts were hardware cloti.

The models were installed in a4 tank 5 feet 7-
1/2 inches wide 2 feet 6 inches deep, and 13 feet

TRASH SPECIMENS AND

Selection of material for the standard trash
loads was based on data devived from an analy-
sig of trash found arvound 37 flood-detention
reservoirs distributed through Oklahoma. In
trash on the racks themselves {{igs. 1 and 2} and
around reservoir shovelines {figs. 3 and 1) were
logs of diameters up to 4 inches and lengths up to
about 8 to 18 feetl; sticks of various diameters,
lengths, and shapes; twigs; weed stalks and
thistle plants; leaves; livestoek manure; and {ine
materials consisting of decaved grass stems, de-
cayed twigs, and silt. Logs larger than 5 inches
in diameter were found on the shore, but not ‘n
the trash racks.

The trash was classified as either flexible or

i
ek

PN—3604
Froune 1.—Open trash rack with log wedged in rack, site
6, Beav, Fall, and Goon Greeks walershed, Oklahoma.

2-1:2 inches long. Flow entered the tank through
a 1-foot H-flume, where it was measured, and ap-
proached the models very uniformly through a
baffle system at the head of the tanlk. Headwater
and pressure measurements were made in still-
mg wells with point gages read to the nearest
(LO01 fool.

Piezometers were placed at the midheight of
the drop inlet. In the square drop inlets, a piezo-
meter was located in the center of each wall. In
the rectangular, two-way drop inlets, six piezo-
meters were used. One was placed at the mid-
point of each upstream and downstream end
wall, and two were placed on each side wall,
spaced one-third of the drop inlet length from
the end walls,

STANDARD TRASH LOADS

rigid. These terms describe the action of trash
when it accumulates on a trash racl.

Flexible trash such as hay can wrap around
vacl members or around other trash lodged
against the rack., Rigid trash, represented by
sticks and logs, while deformed very little by
flow, can accumulate, entangle, and wedge
arvound and in the trash rack. Because of the
different hbehavior of these two kinds of trash,
each was tried separately in the trash-rack tests.

Trash specimens for the models had to dupli-
catethe action of the trash in the prototype. Also
required was a standard frash test that could he
applied to all trash racks so their relative effec-
tiveness could be compared. The first experi-

PN-—3603
Figunre 2.—Woven wire trash rack almest completely

plugged, below site 17, Sandstone Creek watershed,
Oklahoma.
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PN—3606
Figure 3.—Trash pile on face of dam, site 11, Long
Braneh Creek watershed, Oklahoma.

! ,}“‘:
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PN—3507
FiGure 4.—Trash pile along shoreline, site 6, Turkey
Greek watershad, Oklahoma,

ments were devoted to finding a suitable model
trash and developing a standard trash test.

Standard Flexible-Trash Load

Hay was selected as the flexible trash for pro-
totype testing. Eight pickup truckloads of loose,

dry, weeping lovegrass hay were fed into the
reservoir (fig. 5). Much of this material became
waterlogged and submerged during the test.
Since the same action had to be duplicated in the
medel, a suitable model material was sought.
Grass clippings were tried, but they would not
sink. iemp rope cut into 1-3/4-inch lengths,
separated into individual strands (fig. 6) and
freated with a weak solution of sulfuric acid to
remove grease submerged in the model flow and
closely simulated the action of the hay in the
prototype.

A standard flexible-trash load of 1,000 grams
of air-dry hemp strands, applied at the rate of 40

PN-—3508
FIGURE 5,—The flexible-trash specimens used in the

prototype tests.

PN—3602
Figure 6.—The flexible-trash specimens used in the
model tests.
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grams every b minutes, was used in all flexible-
trash model tests after the early development
trials,

Standard Rigid-Trash Load

Rigid-trash tests were also conducted, first on
the prototype with a three-way drop inlet and
later on a model. Fairly straight, smooth logs
ranging from 2-1/4 to 5 inches in diameter and
from 2 to 17-3/4 feet long and sticks ranging
from 1-1/2 0 7-2/3 feet long were used. Six logs
and 12 sticks in each of 8 subloads, Tor a total of
43 logs and 96 sticks in all, were selected as the
standard rigid-trash load. Figure 7 shows the
random shape and size of the pleces in a typical
prototype subload. The same nimber of pleces,
scaled down fo one-eighth size, was used for the
small-model test.

DEPARTMENT OF AGRICULTURE

PN-— 365
FI:CRE 7.-~A typical prototyne rigid-trash subload,

TEST PROCEDURE

Each rack was first tested without trash in the
flow. The gdischarge and loss coefficients ob-
tained from these clear water tests provided the
basis for assessing the performance of the rack
when the fiow was charged with frash. The clear
water tests on the rack-equipped drop inlet were
also compared with cleay water tests on the drop
iniet without a trash rack, to obtain a measure of
the energy loss caused by the rack alone.

Flexible-Trash Tests on Full-Size Structures

Flexible-trash tests were conducted on only
two full-size structures, the four-way square
drop inlet and the three-way square drop inlet
with {rash rack 2,

The first trash-rack tests were made on the
full-size, four-way square drop inlet. At the be-
ginning there was some exploring and trying out
to do, so early tests do not conform to the proce-
dures Jater adopted as standard. For the first
test a flow of 25.4 cubic feet per second {(weir-
flow range) was introduced into the reservoir.
When the flow became steady, the eight pickup
truckloads of dry weeping lovegrass hay were
fed into the reservoir over a period of 160 min-
utes.

The inflow rate was increased to 83.6 cubie
feet per second, a vate sufficient to cause pipe
flow, and the pool level began to rise. This inflow

rate was maintained for 22 hours, but equiiib-
rium was not established, The water level in the
reservelr was rising at a rate of about 0.08 foot
per hour at the end of this prolonged flow.

After the 22-hour pipe-flow run, the inflow

-ate was reduced to 26.1 cubic feel per second,
approximately the same rate used at the start of
the test. The water level in the reservoir then be-
gan to fall and reached a steady levelin 18 hours.
Inflow was ent off, and the water drained down
to the spillway crest level.

During the run, measurements were made of
the inflow rate and the elevation of the water
surface in the reservoir, Kxcept for the two weir
flows that were at a steady pool level, the meas-
urements were made with a szlowly changing
reservoir water level for the {est on the four-way
square drop inlef. Tor trash rack 2a the measure-
ments in the weir-flow range were for steady
flow.

Flexible-Trash Tests on Small Models

The standard flexible-trash load for the smail
models was introduced into the flow over a 125-
minute period which began after pipe flow was
established. By this procedure, data for ¢aleuln-
tion of the weir and cresl-loss coefficients for
clear water flow were obtained during the initial
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part of the trash test, without having to run a
separate clear watertest.

During the initial part of the test, the clear
water flow into the model basin was increased by
steps., Water level and inflow rate were meas-
ured when the water level became constant after
each flow increase. After the flow rate reached
the pipe-flow range, one final set of clear water
flow measnrements was made. Then the inflow
was increased slightly, and as the water level in
the basin rose, trash feeding was begun. After
feeding was complefe, the water usually reached
a level four to five pipe diameters above the weir
erest. This level was held constant for abeout 1
hour by holding inflow rate constant and adjust-
ing the elevation of the ountlet pipe. This was
enough time for all the trash either to lodge on
the rack or to sink o the tank floor. Then, with
the inflow rate unchanged, the head prol was
lowered by lowering the outlet pipe to increase
the effective head. When the head-pool had
stabilized, the entrance-head readings and the
fime of measurement were recorded. After about
seven such measurements at successively lower
pool levels in the pipe-flow range, the inflow was
reduced in steps through the weir-flow range,
and flow was allowed to become steady in each
step before head measurements were made.
After the test, the trash canght on the rack was
removed, dried, and weighed.

Rigid-Trash Tests on Small Models and
Full-Size Structures

For the rigid-trash tests, in both models and
prototypes, the flow was increased in eight steps
—+thyee in the weir-flow range, two in a transi-
tion range in which the flow could be under plate
contrel, and three in the pipe-flow range. Afier
each flow increase, one rigid-frash subload was
fed. Head and discharge measurements were
made when the head-pool level became steady (in
the full-size structure, steady pipe flow required
a long waiting time, so readings were usually
taken during unsteady flow and adjusted for
storage change). This procedure of feeding trash
on the rising stage was intended to stimulate the
way trash would reach a structure in a reservoir.
After all the trash had been fed, the flow was
reduced in seven steps and the measurements
were repeated.

This test procedure was used to enable meas-
urement of the effect of trash buildup during
the rising stage and its cumulative effect in the
falling stage. The number of logs and sticks that
passed through the structure, were floating in
the reservair, o1 were deposited on the banks was
recorded. Trash lodged in the rack was phofo-
graphed and counted, To record how the trash
approached the structures, 16-millimeter time-
lapse movies weyre taken during the full-size
stracture tests.

TEST RESULTS

Under the heading for each type of structure
is a desecription of any test procedure that dif-
fered from the standards previcusly described,
the test vesults, and a discussion of rack perform-
ance.

The percentages of total frash loads caught on
the rack and passing through the spilhway for
any given rack are less than 104 percent because
the trash floating on the surface, resting on the
bottom of the model basin, or left Iying on the
reservoir shore after each test was nol reporied.

Water for the model experiments was drawn
directly firom Lake Carl Blackwell and contained
varying amounts of suspended sediment. After
all the trash had Leen fed and had either reached
the structure and passed through it lodeed on its
rack, or settled t¢ the basin ficor, sediment parti-

59B-704 O =75 -2

cles from the water continued to accumulate on
the flexible-trash fihers lodged on the rack. This
resulted in an increase in crest-loss coefficient
K. with time. An example of the increase of K, is
shown in figure 8. There was no cumulative ef-
fect from test to test because the trash fibers
were washed and dried after each test. During
{est 59 on the four-way drop inlet, the water was
especially muddy, and the trash fibers were
much darkened by accumulated sediment.

Since K. increases with time because sediment
accumulates in the trash, values of K. measured
long after the end of trash feeding in the models
arenot a realistic measure of the effect of trash
alone. Therefore, a method for establishing a co-
efficient unaffected by sediment was developed.
Since the increase in K. with time caused by the
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FIGUuRE 8.—Increase of entrance-loss coefficient with
time for a two-way drop inlet during a trash test on
a model,

sediment accumulation was apparently linear
(fig. 8), the line showing the trend of X. values
was projected back to 135 minutes from the start
of feeding. By this time (10 minutes after the
end of trash feeding), all trash had either
reached the sfructure or had sunk to the flgor.
The projected value of K. at 135 minutes more
truly represents the head loss due to trash alone,
excluding most of the unwanted effects of sus-
pended sediment. It was, therefore, adopted as
the standard valne of K, for evalnating the effect
of trash on rack performance. Since weir coeffi-
cients for many of the model tests were obtained
from flows near the end of the test, they also in-
clude the effect of suspended sediment. On the
model racks, there is no way to evainate the ef-
fect on the weir coefficient of sediment accumu-
lation on flexible trash. However, the possible
presence of this effect should be kept in mind
when applying these data to field structuves.

The Four-Way Square Drop Inlet

The full-size structure had a conerete drop in-
let, with a 24-ineh-diameter conherete culvert Dipe
for the barvel. Rack members were fabricated
from 2- by 2- by 1/4-inch structural steel angles,
and the decking and skirts were made of 2-inch,

full-dimension, rough-sawed lumber. The deck
planks were 2 by 6 inches and were spaced one-
half inch apart. The fest strueture closely simu-
lated field structures being built at that time
{1956}, Figure 9 is a drawing of the test struc-
ture. The model drop inlet was one-eighth the
size of the full-size structure and was built of
transparent Plexiglas. Flexible trash only was
used i tests on both the prototype and model of
this structure.

The full-size styucture tests

Prototype tests were conducted first. The
structure was brought into steady weir flow, and
eight pickup truck loads of dry weeping love-
grass hay were fed into the upper eud of the
reservoir. Three hours after the stavt of feeding,
most of the hay was floating near and around the
structure. There was very little wingd during this
test. The inflow was then increased to hring the
structure into pipe flow. This flow rate was
maintained for 22 hours, during which time
much of the hay became waterlogged and sank.

Bavel D32
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FIGUre 9.—The four-way square drop inlet and trash
rack.
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The inflow was then stopped. When the head
pool was drained, large accumulations of hay on
the rack became visible. A net placed around the
structure before the test was used o catch the
hay that fell of the rack bars (fig. 10}, This,
combined with the material remaining on the
rack, weighed about 47 pounds when dried.

About 2-1/2 weeks later the test was repeated.
It was thought probable that the trash deposited
around the structure during the previous test,
and now dry, would float up with a rising head
pool, lodge on the trash rack bars, and produce a
test more severe than the first, Instead, the dry
hay rose up past the trash-rack bars. The wind
was blowing at the time, so hay remained only
on the leeward side of the inlet. On the windwazrd
side it was biown away. As a result, only about 15
pounds of hay (estimated, not measured)} lodged
on the rack (fig, 11). The second test, therefore,
was a less severe test of the trash rack than had
been anticipated.

The head-discharge relutions for the two pro-
totype tests are plotted in figure 12. For com-
parison, the clear water test data are also plotted
in fignre 12, It is evident that during the first
test the weir-flow heads were increased consid-
erably by the frash which acecumulated on the
rack. Weir-flow coefficients as low as 1.35 were
obtained in this test (fig. 18). These values are

5

PN—3511
FIGURE 10.—Trash accumulation on the trash rack of the

four-way drop inlet prototype after the first test,

PN-—3612
Preure 11.—Trash accumnlation on the trash rack of the

four-way drop inlet prototype after the second tesf.

compared in table 2 with the clear water weir
coefficient values for the largest weir-flow head
before pipe flow started. At this head the trash-
covered rack had a weir coefficient of 1.70 as
compared with 3.53 for the clean rack. The test 1
reduetion of the weir coefficient to 48 percent of
its clear water value represents a reduction of
52 percent in discharge capacity, a sizable reduc-
tion to be caused by oniy 47 pounds of hay. For
the second test, with 15 pounds of hay on the
rack, the weir coefficient value was 2.60. This
represents a reduction of 29 percent in the dis-
charge capacity of the clean rack.

The erest-loss coefficients, K., are also listed
in table 2, For both tests the coefficientinereased
from 0.49 for the clean rack to 1.17 for the frash-
covered rack. This increase is not readily trans-
lated into discharge capacity reduction because
K, represents only a part of the head loss under
pipe-flow conditions.

The model tests

In the model tests with flexible trash, various
types and amounts of trash and several feeding
rates weve tried {table 8} to develop model trash
flows similar to those of the prototype. For tests
53 and 54 the flexible trash was simulated with
femp fibers, obiained by cutting an old 3/8-inch-
diameter hemp rope into 1-3/4-inch-long picees
with a handsaw. The short pieces were hand-
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Ficure 12.—Head-discharge relations for the four-way square drep inlet prototyype.

separated into the individual strands—approxi-
mately 480 per piece. When straightened, the
strands averaged 2-1/8 inches long. During test
53 approximately 250 grams of the hemp fibers
were fed into the flow over a 4-hour period. This
trash load contained an estimated 115,000 indi-
vidual strands of hemp fiber, The fibers floated
and moved toward the drep inlet with the flow.

After the fest was over the trash was found on
top of the rack deck and on the basin floor. Hovw-
ever, the load looked light compared with the hay
load used in the tests on the full-size structure,
50 to 500 grams was used for test 54. After this
test the trash pattern still did not look compar-
able with the full-scale pattern, so grass elip-
pings obtained from mowing a lawn were tried
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for test b5. The clippings weuld nof sink and
move toward the rack, so this material was dis-
carded as unsatisfactory for flexible-fyrash sima-
lation.

The hemp fibers simulated hay better than the

grass clippings, but they would not readily sink
in the flow, and they were a little stiff a-d
springy. After the oily coating was removed fiom
the fibers with a dilute acid solufion, thenr fon-
dency to sink was sufficiently enhanced to make

4
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Ficure 13.—Resuits of the flexible-trash test on the four-way square drop inlet prototype,

CTABLE 2 —Testresulls for fows -way square drop inlet prototype

Weir coefficient, C

Crest-loss
coefficient, I{,

Trash load Clear

water

Hay {8 pickup loads)
Hay (residue from 1st test)

Trash caught

-
With (percent)

trash

Clear With
water trash

170 0.45 119
2.50 49 117
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TABLE 3.—Flexible-trash model tests on four-way square drop intet

Test Trash - - ¥ e;d ing
No. nrount fe time
Type used (grams} {minutes)
53 Untreated hemp .... .. 250 240
5T S Fi < T 500 283
35 Grasselippings ... ... e .
58 Treated hemp ... ... ... 420 180
% S F2 I T 985 330
58 .- 80, verernan.. 9306 195
8559 ..., de. 840 185
(11 J Ao vaneeninns 1,020 170
) [ [ T 1,000 176
82 ... do. v oviniaae 1,030 180

! For clear water, weir coefficient C==3.51 and crest-loss coefficient K, ~:0.38.

Coefficients

Trash
Remarks with trash? caught
& ’ K,_' " (percent)
Trash fed upstreany of 3.40 0.45 47
struetiure.
......... do, ... 3.217 il 38
Trash fed around .20 .82
structure.
......... i s TR 3.30 1,64
......... dow e 3.29 .50
......... do. .. . ... 1.36 2.45
......... do. ... ... 3.20 AT
Duplication of test 60 3.25 it
......... do. ... .. ...

4G

¢ No data were taken because the grass clippings would not sink.

» High sediment load in water,

them a suitable “model hay.”* This materisi is
referred o in the text as treated hemp to dis-
tinguish it from the untreated hemp,

Tesis B8 through 62 were run fo develop a
technique for the use of treated hemp fibers in
the tests. The load and the feeding time used in
test 58 produced a realistic trash accumuiation
on and arcund the rack and looked promising as
a standard. Test 89 was intended to be a dupliea-
tion of test 58 to check reproducibility of resuits.
However, the water supply was a little muddy on
the day of the ftest and sediment was filtered out
by the mat of fibers around the rack. The ac-
cumulated sediment greatly increased the head
loss through the mat of flexible trash on the rack,
so test 59 was discarded as nonstandard. This
test is still of considerable interest because it
may represent an extreme, so the results are con-
sidered in the discussion.

Tests 60, 61, and 62 were alike in trash joad
and feeding time, with approximately 1,000
grams of trash fed ab the rate of 30 prams every
5 minutes. Duplicate tests were run to check the
reproducibility of resulfs.

The frash . d and feeding rate for the last
three tests produced trash movement and accum-
ulation patterns similar to those in the prototype
tests, and are suitable for realistic model tests.
In subsequent model tests the amount of frash
was the same. The feed rate was inereased to 40

grams every H minutes to reduce test time. Fig-
ures 14 and 15 show the model after tests 58 and
29,

The results of the flexible-trash tests on the
model are given as weir coefficients in figures
16, 17, and 18 and are listed in table 3.

Figure 16 compares weir coefficients for three
of the trash tests with weir coefficients for clear

PN-3613%
Fiaure 14— Hodel of trash rack on four-way drop inlet

afier flexible-trash test 58, Neote the trash has
dropped off bars.
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BN BG4
FIGURE 15.—Sediment on trash after tost 59 on the four-

way drop inlet,

water tests. A 230-gram load of untreated hemp
trash reduced the weir coefficient slightly, and
doubling the trash load reduced it further. Table
3 shows reductions of 3 percent and 7 percent
for tests 33 and 54, respectively. Approximately
similay loads of untreated and treated hemp
trash caused weir-coefficient rveductions of 7
percent and 9 percent for tests 34 and 56, re-
spectively.

The effect of trash feed rate on the weir co-
efficient can be evaluated by comparing the re-
sults for tests 57 and 58 (fig. 17 and {able 3).
The lower feed rate in test 57 caused a 6-percent
reduction and the higher feed rate, a 9-percent
reduction in weir coefficient. Figure 17 algo
shows the 62-percent reduetion in the weir co-
efficient caused by sediment in the flow in test
59 with a trash load comparable Lo test 3R {9-per-
cent reduction).

Figure 18 provides a ready comparison of the
weir coefficients for the three tesis having simi-
lar trash loads and Teeding times, and shows that
the test technique vields consistent and repro-
ducible resulls.

The weir capacity of this stroclure was not
materially reduced during trash-laden flows ex-
cept for test 38, during which the water con-
tained a high suspended-sediment load. The weir

capacity for the other trash tests was at least
80 percent of the clear water capacity.

Table 3 shows that flexible trash caused no
substantial inerease in K, in tests 53, 58, 60, 61,
and 62. In these tests the head-pool surface was
well above the top of the slotied deck, and flow
entered the inlet through the slotted deck as well
as through the rack hars. But during test 56 and
most of tests 54 and 57, the head-pool level was
near or below the top of the deck, and since all
water hud to flow through the trash in the rack,
the K. values increased substantially over the
values for the clean water tests. For test 58 the
head-pool level was above the deck, yvet there was
a large increase in K. due to sediment aceumila-
tion in the trash,

The Hillside Inlet

The hiliside inlet was used on many of the
principal spillways in older upstream flood-
water-retarding structures. Typiecal of these in-
lets is the one on the principal spillway at site
16 in the Sandstone Cresk watershed of the
Washita River Valley of Oklahoma. A sketch of
the inlet is shown in figure 19. U.S. Geological
Survey data on the outflow {rom the principail
spillway and the corresponding peol elevations,
made to determine the head-discharge relation
for the spillway, were made available to the au-
thors for use in this study. Measurements of two
trash-laden flows as well as clear water flows
were included so that performanece of the {yash
rack in trash flow could be determined. The data
also provided an opportunity to check the find-
ings of meodel tests, by evaluating laborafory
techniques against field experience. Accordingly,
model tests of the site 18 struecture were made in
the laboratory, using an existing medel which
was similar to the field structure.

Tie vatio of the conduit diameter of this model
to the prototype conduit diameter was 1 to 11.3.
The proportions of the available model were nnt
exactly like the protolype; thus, the seale ratiocs
for the various components were different. A
significant difference was thal the prototype
had a flat evest with the sutside and inside edges
heveled, whereuas the model crest was {lat for the
outside half and rounded to a radius of one-half
crest thirkness for the inside half. To compare
model and prototvpe performance, model weir
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Front rack members
are 3" x1/4" bars
et 8" centers

centers

Side rack mambers are
angles at

[ T N L W S

Anti-vortex wall
of 2" lumber

Diameter of canduit,D,=34"

9“_-_ L_ 4[_8" ‘ _-_9"

Figuar 19.—The hillside drop inlet and trash rack.

length was defined as the distance around the
crest at the point where rounding begins, and
Pprototype weir length was defined as the dis-
tance around the inside of the three sides of the
drop inlet. The ratio of these lengths was 1 to
12.9, and this was chosen as the scale ratio for
the construction of the model rack and for the
analysis and comparison of the weir-flow data.
Another difference between the model and
prototype was the relatively thicker crest of the

model, resulting in a scale of 1 to 14.9 for the
drop inlet interior dimensions.

Two flexible-trash tests were conducted on the
hillside inlet model. One was the standard test
with pipe flow starting at Q/D, equal to about
20.6. The second was a prototype simulation test
which requirved raising the outlet of the conduit
discharge hose so that pipe flow would begin at
Q/D**==11.5, This criterion for simulation was
developed from one field measurement with Q==
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165 for H==8.09, and the scale ratio of 12.9. The
significant difference between these two fesis is
the higher drop-iniet entrance velocity for the
standard test than for the prototype simulation
test at the start of pipe flow when trash feeding
began. The standard trash load and feeding vate
were applied in each test,

Figure 20 shows the trash on the model after
the standard flexible-lrash test. The head-dis-
charge relationship and the weir coefficients for
this test ave plotted in figure 21. In caleulating
the dimen. ionless quantities Tor this plot, the
actual diameter of the moxel conduit was used.
Clear water test data are plotted on the same
figure for comparison. It isevident that the trash
accumulation on the rack greatly increased the
head requivement for a given flow. Weir coeffi-
cienis from the trash tests and the clear water

PN-3515
F1eURE 20.--Flexible frash collected on model of hillside

inlet, site 16, Sandstone Creek watershed, QOkla-
homa, after standard flexible-trash test.
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Fizune 21.—Head-discharge relationships and weir coefficients for hillside inlet model.
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tests all shown in figure 21. Crest-loss coeffi-
cients are given in table 4. For the standard test
they were 0.23 for clear water and 4.49 for the
trash flow. Flexible trash substantially reduced
both the weir and the pipe-flow capacity of this
structure.

Clear water and trash-laden flow hesd-dis-
charge relationships for both the model and pro-
fotype for the prototype simulation tests are
shown on figore 22. Profotype values for head
and discharge are used in this figure. Model data
were converted to prototype values by using the
seale ratio of 1:12.98. The agreement between
model and prototype rating data is good in the
weir-flow range. Evidently, the choice of the
weir lengths to establish the model-to-prototype
scale ratio was the correct one. The success in
getting the model to perform like the prototype
in the pipe-flow range is evidenced by the good
agreement between the model fest and the two
field observations. The scale ratis of the conduit
diamefer is not critical tu pipe-flow simulation,
because this simulation could have been handled
by manipuiations other than raising the eleva-
tion of the ontlet. A constriction at the discharge
end of the conduit would have served as well.

Weir coefficients for the prototype and the
model are compared in figure 22. The difference
in model and prototype values of C for clear wa-
ter probably resuited from the difference in
erest shapes. Crest-loss coefficients are given in
table 4,

About 12 percent of the trash fed during the
standard flexible-trash test caught on the vack
and plugged the structure, encugh to inecrease
the crest-loss coefficient from 0.25 to 4.49. In the
prototype simulation test, the lower veloeities
attracted less than 1 percent of the trash to the

rack, but even this small amount increased the
crest-loss coefficient from 0.21 to 2.32.

Two field measurements of discharge in the
weir-flow range during trash flow also show the
significant capacity reductions that trash ecan
cause in this type of structure and trash rack.
For one of these flows, the weir coefficient
dropped to 0.07. See figure 22 for the plot of
these two head-discharge measurements.

The Two-Way Drop Inlet

The two-way drop inlet, illustrated in figure
23, was designed by the Soil Conservation Serv-
ice about 1957, soon after the trash-rack experi-
ments were started at the laboratory. The inlet
showed promise of being effective and practical
so far as trash contrel was concerned, and its
widespread use was anticipated. Therefore, it
was subjected to intensive testing.

Two types were investigated, with solid and
open-mesh side skirts. For each of these the ef-
fects of height and overhang of the plate and of
the rack-bar spacing were determined. Figure 28
shows the variables investigated and gives their
dimensions,

Two inlet lengths were tested, 2D and 3D.
Testing started with the 2D-long inlet, and it
therefore was subjected to some exploratory re-
search and manipulations of variables which
were not carried over {o the testing of the 3D-
long inlet, For example, earlier tests had shown
that rack-bar spacing was not important, so it
was held constant at D/3 for the later tests.

Cleay water and flexible-trash tests were per-
formed on all racks, using the standard trash
loads and feeding rates.

The clear water tests
The clear water tests were made as a basis
for evaluation of rack performance under trash-

TaBLE 4. —Test results for four-way square drop inlet with hillside inlet

Wair coefficient, C

Crest-loss

coefficien X, Trash

Test Trash load
scale

Clear
vrater

caught
{percent)

With

] T With
trash Clear !

water trash

Modsal Flexible, standard
Do, o0 L Protetype simulation
Prototype ..o ..., Actual field trash?

0.5 0.23 4.4% 12
G5 .21 2.32 1
.07 . e .

t Field trash was probably a mixture of flexible and rigid.
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FIGURE 22— Comparison of head-discharge relationships and woir coefficients for model and protobype of hillside infet
for clear water and trash-"nden flows.

laden flows. The clear water tests also provide a
measure of the effect of the rack alone on the
performance of an inlet.

Head-discharge data are shown in figure 24
for elear water flow into a2 two-way drop inlet
2D long with a plate D/2 above the crest and
having a I} overhang. At a height of D/2 the

plate level is below the intersection of a weir-
flow curve and the pipe-flow eurve for this inlet.
Consequently, in the intermediate flow range,
the head-discharge relation is controlied by the
plate level.

The head-discharge relation for the plate-con-
trol region of this structure has heen ealculated
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FIGURE 23.-- - The twe-way drep inlet and variations tested.
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Figure 24.—Head-discharge relationships for two-way drap inlet comparing performance of drop inlet with and with-
out rack bars.

from Donnelly, Hebaus, and Blaisdell's equation
(eqnation 8) and plotied as a dash line on figure
24. The data points fall above this line indicating
that, for a given discharge, a higher head oc-
cirred than was predicted by the equation. Rath-
er than attempt to develop a new equation from
less extensive data, to fit the observations better
than Donnelly, Hebaus, and Blaisdell’s equation,
1t was retained and coefficients applied to it. The
validity of this approach was borne out by its
use in defining the effect of trash on the head-
discharge relation in the plate-control range,
Below the plate-control range the flow is con-
trolled by the weir, and the head-discharge rela-
tion is Q@=C2LH:, Above the plate-control
range the flow is controlled by the pipe system,
and the head-discharge relation is
a=a N ETZ E‘K a2} (5)
where  A,=Dbarrel avea,
g==acceleration of gravity,

Z=difference in elevation between
welr crest and the centerline of
the ontlet of vipe,

2K ~=summation of loss coefficients in-
cluding:

K. (i”) —crest-loss coefficient.

K, =transition-loss coeffi-
cient.

f—Dl—=Friction-loss coeffi-
cient,
l=velocity-head
cient.
C=a coefficient,
L==inlet length,
and @ and H=as previously defined.

Figure 24 also shows the head-discharge data
for the same inlet after a trash rack was in-
stalled. This rack has solid skirts, three rack bars

coeffi-
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on each side, and two layers of hardware cloth
for vent guards. The head-discharge data for the
inlet with and without a trash rack show that
the rack haslittle effect.

A more sensitive measure of the effect of a
trash rack is the change in the discharge coeffi-
cient or head-loss coefficient caused by the in-
stallation of the rack. The weir-flow coefficients,
C, are compared in figure 25 for plate heights
D/2 and D. The C values are affected greatly by
nappe clinging. During weir flow with clear wa-
ter the nappes may cling to the sides of the drop
inlet, or one nappe may cling to the side and the
other spring free. The presence of a trash rack
generally caused the nappes to spring free. Cling-
ing obscuves the comparison of C values for in-
lets with and without trash racks. Without a
rack, and for the lower heads, the nappes cling
and C values are high. For the higher heads the
nappes spring free and the C values drop. With
a rack in place the nappe springs free for all
heads {within the testing range)}, and C values
are lowered. Possibly turbulence in the fiow in-
duced by the trash-rack members inhibits nappe
clinging,

The average values of plate-control coeffi-
cients, C,, ohtained from the tests on the drop
inlet with plate height D/2 and plate overhang
D were, without rack, 0.80 (range .78 {o 0.82)
and, with rack, 0.86 (range 0.80 to 0.92}. The
installation of the rack increased the discharge
in the plate-control range by about 8 percent. No
reason i known for this increase,

If the Donnelly, Hebaus, and Blaisdell formula
had {it the data exactly, the value of ) for the
inlet without a rack would have been unity. Why
it is less is not known. The maodels were calipered
and the actual dimensions used in the selution of
the equation. All observations, measurements,
and calenlations were voutinely checlked. Recon-
ciling the difference would have required data,
beyond that needed to meet the obieclives of this
experiment, The equation is, nevertheless, satis-
factory as a base for comparison.

The effect of the trash rack on the head-dis-
charge relation for this drop inlet in the pipe-
contro] range was measured by the change in the
crest-loss coefficient. Average values of K., the
coefficient, obtained from the experiment are,
without raclk, 1.13, and with rack, 1.27. This

598-T04 O~ 75 - 4

small change in &, (0.14) would have but little
effect on discharge. For a typical closed-conduit
spillway with loss coefficients totaling 3.5, this
small change would reduce discharge by about 2
percent.

The effect of a trash rack on the head-dis-
charge relation for a drop inlet has been exam-
ined and feund te be relatively small. For drop
inlets of other proportions and different trash-
rack arrangements, effects of similar magnitude
can be expected. Probably the greatest difference
will be found in K., which varies considerably
with plate height. The previous example was for
a plate height of D/2. For a height of D the aver-
age K. values were, without rack, 0.34, and with
rack, 0.50.

The increase in A, (.16} is small and is of the
same order of magnitude found for the inlet with
plate helght D72,

TABLE 5.—Approximate change in discharoe ca-
pacity of o closed-conduit spillicay following
imstellation of a trash rack

i o Percentage change in discharge at—
Clow TR (Y] it e = e i ——— o
® Plate height D Plate height D72
—7
Plate eontrol +8
Pipe control® —2

! Nof applicable.
* Ior this estimate the sum of the loss coefficients ex-
clugive of i, was 2.37.

In table 5, the effects of a trash rack on the
head-discharge relation for a drop inlet with the
following characteristics are summarized: 2D
fong, with a selid plate extending a distance D
bevond the ocutside face of the dvop inlet wall;
the trash rack has a solid skirt, a two-layer hard-
ware cloth vent guard (56 percent net opening),
and three rack bars.

The example chosen to illustrate the effect of
a trash rack on the head-discharge relation for a
drop inlet showed the crest-loss coefficient for
plate height D/2 to be greater than for plate
height D). This agrees with the findings of
Hebaus! who has shown that crest losses should

1 Hebﬂ.us. George (., 1960, Crest losses for two-way
drop inlet. Froc. Awm. Soc. Civ. Eng,, J. Hydvaul. Div. 95
(HY3): 910-840.




TECHNICAL BULLETIN 1508, US. DEPARTMENT OF AGRICULTURE

=Vent guard,

D
Q

&

o
oM

Weir Coefficient, C

Legend

o-Na rack, no skirt
e-Rack and skirt
Plate {2)}-Number of nappes
height— clinging

W
Ny

4]
N
Q

2 3 4
Head/ Thickness, H/t;

%i:'T

iVent guard |

B
IS

B
3]

B
O

o
(4]

Weir Coefficient, C

W
()

2
Head/ Thickness, H/t,

FIGURE 26.—Comparison of weir coefficients for drop inlets. with and without trash racks for clear water flows.
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theoretically increase as the antivortex plate is
brought closer to the crest.

Crest-loss coefficients, K., were generally low-
er for trash racks with more open area. There-
fore, an attempt was made to relate K. to the net
area of the frash rack. An early analysis seemed
to indicate a systematic relationship, but al-
though 32 combinations of variables were tested,
no variable was tested over a wide enough range
to reveal definite trends in the data. The use of

25

nef trash-rack area as a design parameter to pre-
diet K. for trash-laden flows was, therefore,
abandoned.

The trash tests

The performance data f+om the clear water
and flexible trash tests on the trash racks for the
2D- and 3D-long two-way drop inlets are given
graphically in figures 26 to 34 and listed in ta-
bles 6 and 7. These data include some measure-

TABLE 6,—Test results for the 2D-long twwo-way model drop inlet

Weir
coefficient,

c

Percentage
open
area above

Bar
spacing,

Plate-control Crest-loss
caefficient, coefficient,
Cy K,

Clear
water?

BSs/D skirt or in

mesh side

With
trash®

With
trash

With Clear
trash water

Clear
water

1/
£/9
1/3

56
7B
76

2.0
1.6

0.86 .
.84 0.40
40

Skirt, Z,/D=1/2,L,/D=3/2

4/0
4/9

1,3

a6
76
76

3.3
3.3

2.0
1.7

0.68 e
.62 0.42
.14

Mesh side, 2,/D ==1/2, L,/ D=1

4/9
1/3

1.4
1.4

0.27
.22

Mesh side, & /D =1/2,L /D=3/2

/9 3.6

0.8
i.2

0.79

Skirt, 2,/D=1,Ly/D =1

3.8
4.0
4.0

1.0
1.0

0.26
.26

Skirt, Z,/ D=1, L,/D=3/2

3.9
4.1

1.3
14

0.23
1.6

Mesh side, Z,/D=1,L,/D=1

4.0
3.9

10
1.4

0.27
BT

Mesh side, 2,/D=1,L, /D=3/2

1.2
76

1.3
1.4

0.16
.15

t Clear water coefficient at same head at which lowest trash-flow coefficient observed.

2 Lowest weir ecoefficient observed,
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ments of trash passing the structure and of the
various hydraulic coefficients. Plots are needed
to show the weir coefficients because they vary
with head and with the free or clinging state of
the nappes. The plate-control voefficient, {7, and
the crest-loss coefficient, K., are reasonably con-
stant for a particular structure and ave satisfac-
torily enaracterized by a single value. A sketeh

of the rack and all performance data for clear
and flexible trash-laden flow tests on an individ-
ual structure are given in one figure,

Weir-flow coefficients are plotted against the
vatio of head-to-crest thickness in figures 26 to
34. The plots show a gradua! inevease in the weir
coefficient with increasing head-to-crest thick-
ness ratio, and then lerminate af some upper

TABLET ——wT(’m‘ :mm’f for Hzr D {aan:vn ey mcdrd‘dmpml{’f

pm-centage \\ eir Plate- conho] {Urest-loss

open coefficient. coeflicient, coefficient,
arca above . c , I,
skirt or in “Clear with Clear With Clear
mesh side W atm : trash- waker trash water

Skixt, Z.D

CWith
{rash
e D

Mesh . .. 3 W EXE 15 NA
Selid ... .. I 3 1.2

3.
D 1,_’,L

Skirt, Z,/ D= 11;,43 -1

'3.8 a 1 3 \A
3.8 1.4 NA
1 1

éimt 7,10

15
Sohd A 4.1 11
4.1

'\Iesh side, / ’D—--L 2, [_,h '[)——:1
e DA
1.3

\Iesh sidc Z,. 1}

Solid 1

lLD

1:2, L /D =3/2

0.19

\Iesh mde Z, /D——l L, /D'"l

. 14 NA . NA
Sol:d 1 Ki] 1.3 NA 0.29

\Ieshside / /D--l L /D =3/2

4.1 1.3 NA 0.18

NA \'ot al)phcable

' All bars spaced D/3.
* Clear water coefficient at same head ut which lowest trash-flow coefficient observed.
* Lowest weir coefficient observed,
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T'IGURF 2G.—TResulis of flexible-trash tests on twowway drop inlets 277 long, with skirt and with /72 plate height for
various bar spacings and vent puard areas and for plate overhangs of 2 and 373/2,
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FIGURE 27.—Results of flexible-trash tests on two-way drop inlets 2D long, with mesh side and with D/2 plate height
for various bar spacings and vent guard areas andl for plate overhangs of I and 3D/2.

value of the ratio, at which another flow mode
(either plate control or pipe control) succeeds
the weir-control mode, For racks with a plate
height of D/2, weir control for clear water flow
ends when the water level (head) is at o1 near
the level of the underside of the deck. Weir co-
efficients calculated for flows above this level
increase very rapidly, This sudden rise in coeffi-
cient is an indication that plate control has taken
over. During trash-laden flow it is possible for
the water level to rise above the plate and still
have weir control. See figure 32 for examples.

Head loss through the mat of accumulated trash
will cause a drop in the water surface profile
through the mat. Consequently, the water level
in the reservoir may be above the plate height hut
belew the plate height after the water has flowed
through the mat.

Twa bar spacings were tested on the 2D-long
drop iniet. Little difference was found in the co-
efficients for the two spacings. Table 8 lists the
average values of the three coefficients for clear
and for trashy flows,

(Continued onp.33.)
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FiGURE 32.—Results of flexible-trash tests on two-way drop inlets 3D long, with D plate height and with mesh side
for solid and open mesh plates and for plate overhangs of I and 30/2.

TABLE 8.—Awerage coefficient values in tiwvo- cially for the trash-laden flows, for which the
way drop inlets with trash racks, with dif- variahbility is high. Therefore, bar spacing was
fe? ent bm spachS dropped as a variable in the subsequent experi-

T T e S metits on the 3D-long dvop inlet.

. Bar spacing . . .
Coefficient Flow ittty I Two percentages of open area for the side vent
N 4_{”_?,ﬁ_‘?f’_ above the skirt or for the mesh side were tested.
4.0 4.0 Tahle 9 lists the average values of the three ¢co-
1.38 142 efficients in clear water tests.
: -2-3 "o Because the differences in the coefficients for
50 55 the fwo percentages of open area in the side vents
374 are very small, percentage of open area was also
- —— dropped as a variable in the experiments on the
The difference in coefficients for the twospac-  3D-long drop inlet.

ings is small and probably not significant, espe- The results of the tests on the 3D-long, two-
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TABLE 9.—Average clear-flow coef ficients in 2D-
long, two-way drop tnlets with trash raeks,
with different percentages of side-vent open
arec

Percentape of open area in
side vent or mesh sida

Coefficient

76

3.82
73
.80

Plate control, C,
Crest loss, K

way drop inlet trash racks ave summarized in
table 7. The data are grouped by height and over-
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hang of the plate and by the type of side panel,
skirf, or open mesh. Within each group, results
are given for both a mesh and a solid plate. Alse,
for the racks with skirts, results are shown for
tests made with no mesh covering the open space
between the top of the skirt and the underside of
the plate. Weir- and plate-control discharge co-
efficients and crest-loss coefficients are given
for both clear and fiexible trash-laden flows.

Plate control cannot cccur for the mesh plate
and did not cecur in these experiments for any
plate at height D with clear water flows.

The open mesh plate was new to the 3D-long
drop inlet tests and reflected new developments

S T FY IR TR # 1]
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F1GURE 33.—Results of flexible-trash tests on two-way drop inlets 3D long, with D plate height and with mesh side
for solid and open mesh plates and for plate overhangs of D and 3D/2,
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FIGURE 34.—Results of flexible-trash tests on two-way drop inlets 3D long without trash racks.

in the field since the start of the 2D-long drop
inlet tests. Structures with open mesh plates at-
tracted proportionately more flexible trash tothe
plate and side vents than to the rack base. In
contrast, structures with solid plates attracted
trash mainly to the rack bars where water cur-
rents were strongest. Typical hefore and-after
photographs, figures 35 and 386, illustrate dra-
matically the difference between trash accumu-
lation patterns for solid and open mesh plates.
The effect of plate type, solid or mesh, on the
head-discharge relationship for the structure is
determined by comparing flow-coefficient
values. Crest-loss coefficients were averaged for

all racks tested to obtain the values given in
table 10.

TABLE 10 --»A'um ar,re ey est fuss coeffzczents K.

Plate Flow

WIesh . 34
74

The t'xble shows a smal]er coefflclent (less
head loss) for the mesh plate than for the solid
plate. All flow must go around and under the
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solid plate; therefore, head loss is grea*er than
for the mesh plate, which some of the flow can
pass through.

Weir coefficients, ranging from 3.6 1o 4.1 for
clear water tests, depending upon the head
choser for comparison, were not affected by the

type of plate. For trash-laden flows the weir co-
efficient was higher with the mesh plate than
with the solid plate. The average values for the
two plates were 1.6 angd 1.2, respectively.

The drop inlet with the solid plate probably
‘had a smaller weir coefficient because more

——
/2

D | |
Rack bars

omitted for :

one test

MODEL
TWO -WAY

Weir Coefficient, C

DROP INLET
30 Long

Legend

Rack with bars
¢ Clear water
@ Trash

Rack without bars
A Trash

10

] Vil
Head/Crest Thickness, H/1;

W

V

IGO0 grams flexible trash
fed un'tformly over this time

*2]

{
with rack bars

rs
P

o

M

Crest Loss Coefficient, K,

Zwi?hout rack bars

1 i

100

200

300
Time from start of trash feeding—minutes

FIGURE 37.—-Weir coefficients and entrance loss coefficients compared for tests on a two-way drop inlet with and with-
out rack bars on the trash rack,
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trash accumulated on its rack bars than on the
mesh plate of the other drop inlet. Evidently, for
the mesh-plate-equipped drep inlet, more of the
trash accumulated on top of the plate, leaving
less to lodge on the rack bars.

The effect, on flow of the side panel, whether
skirt or mesh, is indicated by the flow-coefficient
values. Average values of the crest-loss coeffi-
cients are given in table 11,

The more open racks with mesh plates and sides
havethe lower loss coefficients.

The weir-flow coefficients for two side panel
styles are compared in table 12.

For trash-laden flows the more open racks
have higher weir coefficients, but the differ-
ences are probably not significant.

Omitting the bars on the underside of the trash
rack on the two-way drop inlet had a significant
effect. This was done in one test. Figure 37 shows

TABLE 11.—Average crest-loss coef ficients

Plat
Side panel ke

TABLE 12— Average weir coefficients

Plate

Fiow
¢ Salid

Side panel

Mesh

weir coefficients and crest-loss coefficients
measured during this test. The weir capacity foxr
the trash flow is 94 percent of that for clear
water and K, for trash flow is only 18 percent
greater than the clear water value, That theve
was any capacity reduction at all was the result
of some trash fibers wrapping around the end
walls and the solid skirt, During this test 46 per-
cent of the total trash load passed through the
structure.

Another significant effect is illustrated in fig-
ure 37. K. for the test without bars on the rack
did not change with time after the end of feeding.
Probably the greater part of the flow passed
through the unobstructed area between the in-
side of the skirt and the outside of the drop inlet.
Since there was no flexible trash in this flow
path, there could be no accumulation of sediment
to affect the K. value.

THE SOIL. CONSERVATION SERVICE STANDARD TRASH RACKS

Three trash racks proposed by the Soil Con-
servation Service as standards were tesied.
These are identified as racks 1, 8, and 5, and are
shown on figures 38, 52, and 68, respectively.
Laboratory medifications to the standard de-
signs—racks 1 (high), 2 and 2a, 32 and 3b, and
4-—shown on figures 38, 44, 52, and 64, were also
* tested. Models and prototypes of these racks
were investigated. Both flexible and rigid trash
was used in the tests but not on all structures.
Table 13 lists the tests performed on each rack.

Racks 1 and 1 (High)

Rack 1 (fig. 38) was intended for use on drop
inlets with sediment deposits up to their erests.
This extent of sediment fill could not be repro-
duced at reasonable cost in the fuil-size reservoir,
s0 the protofype rack was tested on the available
full-size drop inlet which projects about 6 feet
above the reservoir floor. The model installation

sihulated this projected condition. Standard
rigid-trash tests were run on both the prototype
and the model. The rigid-trash distribution pat-
tern for the model and prototype (figs. 39 and

TABLE 13.—Trash tests performed on standerd
and modified Soil Conservation Service racks

Madel
Flexible Rigid

Pratotype

Rack Flexible  Rigid

Standard:
1
3
5
Modified:

1 (high) s
2

2a
3a
3b
4
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0380
on center E[

04i0 } 1
on cenié{-- :

N7 R

—0.33D

0440
oncenfter

046D
on center

2960~

e
-.q
O
=

L1250 033D

Rack | {high}

FIGURE 38.—The proportions of the three-way square drop inlets, racks 1 and 1 (high).

40) are similar, but more sticks are lodged in
the model rack than in the prototype.

The weir coefficients for the model and the
prototype for clear water and rigid-trash tests
are plotied in figure 41. Agreement of the model
values with those of the prototype is good for
both the clear water and the frash tests, Crest-
loss coefficients from these fests are given in
table 14, For the rigid-trash tests, the K, value is

PN--3620
FICURE 39.—After standard rigid-trash modsal test on

rack 1 (inlet in reservoir},

much larger for the model than the prototype.
Apparently the larger amount of trash lodged in -
the model rack is responsible for the larger
value of K..

Since it appeared that the open area of rack 1
would be too small for expected flexible-trash
accumuiations, a taller rack with more open area
was designed for the model. This rack, shown in
figure 38, is desiznated as rack 1 (high).

PN—2621
Figure 40,.--After siandard rigid-trash prototype test

on rack 1 {inlet in reservoir).
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The model drop inlet on which rack 1 (high)
was installed simulated an installation in the
face of a dam, with the crest level with a hovi-
zontal berm. This configuration simulated a sedi-
ment-filled reserveir, the condition for which
rack 1 was originally designed. A clear water
test and a standard flexible-trash test were run
on this model. Model rack 1 {high) is shown in
figure 42, Weir coefficients are plotted in figuve
13.

The weir coefficients for the clear water tests
were similar for rack 1 (high) and for rack 1.
For the flexible-trash tests the weir coefficient
for rack 1 (high) dropped to 0.17, representing
a 19-fold reduction in weir-flow capacity. The
crest-loss coefficients increased from 0.21 for
elear water tests to 1.5 for the trash tests. All
values ave given in table 14.

Racks 2 and 2a

Rack 2 has rack bars across the top like rack 1
and is the same height, but the three sides of
rack 2 are placed outside the drop inlet sides and
have open mesh panels that partly cover the sides
and extend slightly bhelow the level of the drop
inlet crest. Rack 2 has no horizontal rack bar
near the level of the crest, as rack 1 does. Rack
2a is a minor variation of rack 2 in that the mesh
panels cover the entire sides. Details of racks 2
and 2a areshown in figure 44,

Racks 2 and 2a were tested with rigid trash on
both the model and the prototype drop inlets, and
rack 2a, with flexible trash. Figures 45 and 46
show the model and prototype of rack 2 after a
rigid-trash test, Figures AT and 48 show similar
views of rack 2a. The similar appearance of the
medel and the prototype of both racks is striking.

The weir coefficients for rack 2 for clear water
and trash tests are shown in figure 49, The model

TaBLE 14.--Test results for threeway square dvop inlet yucl 1

PN--.622, PN—2623

FICURE 42.—Model of standard trash rack 1 {high} with

rack and inlet in dam face before {A) and after (3}
standavd flexible-trash tests.

and pretotype values of € are very close for clear
water flows. Rigid trash in the rviving stage of
flow caused no decrease from the clear water C
values, but in the falling stage the C values were

Weir coefficient, G

Crest-loss

coefficient, K, Trash

Tesf scale Trash load!

Clear
water

U X
Flexiblez ... ...... 3.0

Rigrid 3.0

1 All standard loads.
2 High rack and inlet in dam face.

passed
{percent)

With

Clear With
trash

water trash

2.5 0.30 2.2 21
A7 21 1.5 32
2.6 19 .60 24
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FIGURE 44 —The proportions of the labaoratory-modified trash racks for the three-way square drop inlet, racks 2 and
: 2a.

PN—3624 ' PN—3625
FIGURE 45.—After standard rigid-trash model test on FI1GURE 46.—After standard rigid-trash prototype test

rack 2. on rack 2.
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reduced by the trash. As shown in figures 45 and
46, sticks lodged in the racks and some entered
the drop inlet. Evidently the aceumulation oc-
curred during pipe flow, and the sticks wevre in
position to intexfere with the weir flows during
the falling stage.

Weir coeffic ents for rack 2a in the rigid-
trash tests are shown in figure 50. Model and
prototype values are alike for clear water flow
and for hoth the rising and falling stages of rigid
frash-laden flows. There was no reduction in €
caused by the trash. As shown in figores 47 and
48, the mesh sides were effective and practically
no sticks entered the rack., However, these sides
intercepted flexible trash, which reduced the
weir coefficient. The coefficients for the flexible-
trash tests on rac 2a are shown in figure 51,

Crest-loss coefficients for racks 2 and 2a are
given intable 15 along with weir coefficients and
data on the amount of trash passing through the
structure. The clear water crest-loss coefficients
for racks 2 and 2a ave identical, and the model
values are in close agreement with the prototype
values, Trash in the flow increased the eresl-loss
coefficient in all instances, but in rack 2 rigid-
trash tests, the model showed a greater increase
in K. than the prototype. For rack 2n flexible-
trash tests the results were reversed, with the
prototype showing a greater percentage increase
in K. than the mode}. The reasons for this incon-

PN 3626
Ficure 47.—After standard rigid-trash test on model
: rack 2a.

!
i
{

TR

T
FIGURE 48.—After standard rigid-trash Leat on proto-

type rack 2a.

sisteney are not clear; probably they ave related
to the particular Lrash aceumulation patterns on
the racks.

Racks 3, 3a, and 3b

tRack 3 was designed Lor drop inlets in open
water or in sediment-filled reservoirs. The open
area through the sides and lop of the rack was
designed to be sufficient if the hotlom openings
should be closed by sediment, Detuils of rack 3
and its two variations, 3a and 3D, are shown in
figure 22,

The racks weve tested in open waler only. A
flexible-trash test on the model of raek 3 resulted
in a large accumulation of Lrash on the rack
{fig. A1) . The weir coeflicient wus reduced Trom
3.50 for elear water to 1.50 for the trash-covered
rack, and the crest-loss coefficient was increaserd
from 0.31 to 1.82 (table 16).

The center wall was removed from the model
for the rigid-trash tests hecause the prototype
did not have a center wall. Views of the model
and the prototype of rack 3 after rigid-trash
tests are shown in figures 5 and 55, vespectively.
Sticks have entered the racls and accumulated
on the tops. Weir-flow coefficients for the clear
water and the rigid-trash tests for hoth the madel
and prototype are plotied in figure 56. The maxi-
mum values of the weir coefficient are given in
table 18 along with crest-loss coefficients.

Removal of the center wall inereased the weir
coefficient Tor clear water flow from 3.50 to 1,10,
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TABLE 15.—Test resiutlts for th rec-eay squure drop inlet, racks 2 und 24

.- L . Crest-loss )
‘ .\\'011- coc-fiment,‘c coefTicient, i, r"_”S“l
Test scale Hack Trash loadt L‘Iem" \\.- 1ti1 Clomr 7 TWin (;:‘;‘:iu
water trash witer trash

Model . ... . . . Rigid .. . 3.43 2.6 .50 1.81 28
Do. . E do. .. . 345 3,40 30 39 13

Do... .. - Flexible . . . 2845 .35 A0 .53 £
Prototype . o Rigid .
Do.. ... ... . .. T oodes - 3.47 125 28
Do. . . 2 Hay (1 large 34T 185 28
truckload).

< All standartd unless otherwise indieated.

- 347 2.9 28 i Bh

The true cresi length (center wall thicknesses
deducted) was used in caleulating the coefficient.
The center wall probably disturbed the flow.
‘dusing the nappe to spring free and veducing
the weir coefficient.

Weir coefficients for the rack 9 model were
very close 1o those for the prototype (fig, 56) in
the clear water flows. The presence of rigid
trash reduced the weir coefficienis more for the
model than for the prototype. Also, the coeffi-
cients for fiows on the rising stage were aboul
like those on the falling stage. Evidently the
sticks responsible for lowering the coefficient
entered the rack early in the test.

Note! : |
Canter woll on
rack 3 cnly and
anly for the fiex~
tble drgsh tests,

’/—CLEAH SPACING
"'! r—NOT MORE THAN 0/2
o - . -
— 3
B

STEEL
DECK GRATING

FIGURE 52.~—The two-way drop inlet with standard trash PN—3628, PN—§R20
rack 3, and laboratory madifieations, racks 3a and FIGURE 53. -Model of standard Lrash rack 3 before (A)
3hb. and after {2 standard flexible-trash test,




LABORATORY EVALUATION OF TRASH RACKS

TABLE 16.—Test results for two-way drop inlet, 3D-long racks 2, Jua, und 3b

Weir eoefficient, C

Crest-loss

coefficient,® K, Trash

Test scale Rack

Flexible

Profotype
Do, oo i o 3a
b3 s T 3b

t All standard loads.

Trash load!  Clear
water

passed
(percent)

With

o TR
trash Clear ith

water trash

1.56 0.34 1.82
3.40 A4 13

3.86 3 A7
1.0 34 A6
3.5 31 1.1

3.75 31 57
3.8 31 .50

® Entrance-loss coefficients determined hy weighting 6 piezometers at riser midheight,

- Splitter wall nsed.

The crest-loss coefficients for the model and
the prototype were much alike for both the elear
and trash flows (table 18). The trash in and on
the rack increased the crest-loss coefficient to
about 3.5 times its clear water value.

To reduce the number of sticks entering the
rack, a partial-height mesh side panel was added
to rack 3. This variation is identified ag rack 3a.
Weir-flow coefficients for clear water and vigid-
trash flows on both the model and the prototype
of rack 3a ave shown in figure 57. Weir coeffi-
cients given in table 18 are the maximum values

PN-—-JG8
FIicure 54.—After standard rigid-trash model lest on

rack 3.

for clear water tests. Values for the trash tests
are for the same head in which the maximum
clear water values occurred. Crest-loss cceffi-
cients are average values for clear water and
trash tests. The partial mesh side panel improved
the performance of the rack; the changes in the
coefficients over the clear watler values are less
for rack 3a than for rack 3. This is attribuied
Lo the lodging of fewer sficks in rack 3a (figs. 58
and 53) thanin vack3.

Since the partial-height mesh side panel
proved effective in keeping trash ouf of the drop
inlet, a fuli-height mesh side panel {rack3h) was
tried to see if performance could he further im-
proved. Rigid-trash tests on vaclc 3b showed the

PN--3631
Figure 55.--After standard rigid-trash pretotype test

on rack 3.
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_ o PN_—8637
Ficure 38.--After standard rigid-trash test on model

rack da.

PN—2634%
FIGURE 59.—-After standard rigid-trash test on proto-

type rack 3a.

weil to be practically unaffected by the trash in
the flow. Figure 60 shows weir coefficients
versus relative crest thickness for model and pro-
totype, for both clear and trash flows. Rack 3b
(fig. 60) was a small improvement over rack 3a
(fig. 57) in the weir-flow range. In the pipe-flow
range there was virtually no difference in per-
formance between racks 3a and 8b; the crest-loss
coefficients were about the same for both (table
16). Photographs of the model and prototype of

rack 3 after the rigid-trash test (figs. 61 and
62) show ne trash lodged in the rack sides.
Weir coefficients for rigid-trash flows in
racks 3, 3a, and 3b are compared in figuve G63.
Rack 3a produced a significant improvement
over rack 3, and rack 3b provided an additional
smaller improvement, Similar improvements for
pipe flow can be seen in the A, changes in table
16, The performance of racks 3a and 3 was jm-
proved by the niesh side panels, which kept float-
Ing trash ount of the strucluve during low flows.
However, when the head-pool level rose to the
top of the skivts, trash entered the structures. OF
the three racks, 3, 3a, and 3b, rack 3 with the
full side skirt allowed the least rigid trash to en-
fer the structure and pass through the spillway.

Rack 4

Rack 1 (fig, 64) is similar to rack 5 (an SCS
standard rack) except for a solid top plate ex-
tending a distance D 4 beyond the outside faces
of the drop inlet. This is the minimum required
overhang for the plate to exercise vortex control.
as reported by Donnelly, Hebaus, and Biaisdell
(footuote 2).

Rigid-trash tests were made on both a model
and a protetype of rack 4, Views of these tests
are shown in figures 65 and 66. A few sticks en-
tered the open part of the prototype but appearved
to have little or no effect on the hydraulic per-
coefficients to he the same for both clear water
formance of the drop inlet. Figure 87 shows weir
and rigid-trash tests. The crest-loss coefficients
{fable 17) showed no significant increase when
trash was introduced into the flow,

Plate control did not oceur for this struecture.
The transition from welr to pipe flow occurved at
an elevation about even with the underside of the
plate.

Rack 5

Rack 5, having a solid plate with a 2D over-
hang, mesh sides, and horizontal rack bars in a
45-degree sloping plane, is very much like a rack
tested in the 8D-long {wo-way drop inlet series.
The difference is in the extent of gverhang, D
and 1.5D for the two-way drop inlet series, De-
tails of ruck b are shown in figure 68,

Flexible- and rigid-trash tests were run on the
model, and a rigid-trash test on the prototype
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PN—3634
FIGURE 61.—After standard rigid-frash test on model

rack 3b.

e

BN—3635
FiURp 62.—After standard rigid-tvash test on prote-

type tack 3b.

only. Photographs of the model flexible-trash
test and of the rigid-trash tests on medel and pro-
totype are shown in figures 6%, 70, and 71. Head-
discharge curves for the clear water, flexible
trash, and rigid-trash tfests on the model are
shown in figure 72, The rigid trash had little or
no effect on the capacity of the structure, but the
flexible trash reduced the weir-flow eapacity.
Pipe-ftow capacity was also reduced, butf data in
this range are not shown in figure 72,

The weir coefficient obtained in the flexible-
trash flow test (1.95, compared with 4.2 for the

Coefficient, C

Weir

Head/ Crest thickness, H/te

FIGURE 63.—Weir coefficients for racks 3, 3a. and 3b
for ripid-trash flows.
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Froure 64.—The two-way drop inlet with minimum
solid deck, laboratory modification rack 4,
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PHARH HAURKS
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FIoURE 5. - -After standard rigid-trash te<t on pladel
rack L

elear water test) indieates that the capacity re-
duction in the weir-flow range wa= 531 percent.
For the rigid-trash tests ihie welr eoelfictent was
unchanged from the value obtained in the clear
watertests,

tigid trash in the flow had littie or nn effect

BN neT
After stamdard rigid-trash test on profatype

ravi L

FIGURE 6n,

on e erest-loss coelTicient. Flexible trasii. lune-
ever, inereased the erest-loz: coefTicient over the
cienr water value by 150 pereent. Dua ave given
aituble 1s,

TABLE 17T et pexnlts vurfco-wagdrop inic t, D -Tonyg roels

Weir voefficient, ¢

Clear
waler

Test =cale Trash load

Model Rigid RIS 1)
Prototype . o, A AT

! Both standard,
- Entrance-loss coeffivients determined by weighting § plezometers at riser midheight,

U pest~toss
coellicient,” i
With
trash

Trash
passed
tpereent )

TWith

flear
Trash

watey

L3 1,25 1.4 tu
R 1.0 1.14% v

RELATIVE PERFORMANCE OF TRASH BACKS

Performance Under Flexible-Trash Loads
Heir flou

The flexible-trash loads were intended to pro-
vide the severest test of trash-rack performance.
Although the loads may appear unrealistically
heavy in the photographs, ne laboratory test
caused a reduction in Tlow capacily approaching
reductions observed in the field, Flow measure-
ments on a hillside intel in the field show thal
trash reducerd the weir-flow capacity of the inlet
to 2.3 percent of its clear water eapacily, Tn the
worst case, the standard faboratory test on the

model of this sivuciure reduced the flow to 1)
pereent of the clear water capacity. The coeffi-
clent values Tov these ohzervations arve lisied in
table 1.

The flexible-trash tests, while not duplicating
the severity of some trash flows in the field, were
consistent, Thus, at least, they furnish a valid
comparizon of the efficiency of various trash
racks, Intable 19, racks ave ranked on the hasis
of their maintenance of clear water weir-Tlow
apacity in standard flexible-trash tests.

Pereent of clear flow capacity mainlained is
based on the lowest trash-flow weir eoefficient




é-~ Trash, rising
- Trash, falling

RIGID TRASH
TESTS ON
TWO-WAY DROP INLET
WITH MINIMUM PLATE
WiTH RACK 4
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STEEL DECK
GRATING

\
Ja

: CLEAR SPACGING NOT
=l MORE THAN 3/8 D

___+_-__.__
) e ——

F1GURE 88.—-The two-way drop inlet with full solid plate
and standard trash rack 5.

and the clear-flow weir coefficient for the corve-
sponding head, as listed in the data tables. Since
the lowest trash coefficients oceurred at differ-
ent heads for different racks, the comparisons
made in table 19 and alse in tables 20 and 21 are
not for a commor head, but for the worst condi-
tion, i.e., the lowest trash coefficient in each case.

Racks 1, 2, 3a, 3b, and 4 were not tested with
flexible trash, and are not ineluded in table 19.
It is estimated that they would rank about as
follows:

In last place,

- After rack 2a.

After rack 3.

After vack 3a.

Same as two-way inlets.

An average value of flow-maintenance capa-
bilities (38 percent) is given for the 16 two-way,
2D-long racks fested because the differences be-
tween racks are small and the effect of changing
some element of the rack, say the L,/D ratio, is
not necessarily eonsistent for all combinations of
the rack elements, An effort was made, however,
to determine the effect of each element of rack
form on performance by calculating the average
percent of flow maintenance for all racks having
the same value for a selected rack elemient. Tahle
20 gives the results of this caleulation. The fivst
line in this tahle shows, for example, that the
average clear watey flow maintained by all racks
having an L./D ratio of 1 (theve are eight racks
with thisratio) is 36 percent.

The percentage of flow maintained varied con-
siderally within a group. IFor a rack with an
L,'D ratio of one, the range was from 25 percent
to 55 percent. So the differences among the
means reported in tahle 20 may not be signifi-
cant. A statistical analysis of the variance with-
in each group, in which confidence limits were

PH—1638, PN—3630

FIGURE 60,~—Model of standard trash rack 5 before (A) and after (£) standard flexible-trash test.
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TABLE 18.—Test results for two-way drop inlet, 3D-long ruck 5

Weir coefficient, C

Crest-loss

coefficient,” K, Trash

Test seale Trash lgad?

Clear
water

passed
{percent)

With

lear Wi
Trash Clear Vith

water trash

1.17 2,92
1,17 1.22
81 .82

t All standard.

2 Enirance- loss ccefficients determined by weighting G plezometers at riser midheight.

established at the 90-percent level, indicated that
the extent of overhang, as represented by the
L./D ratio, did not affect the flow-maintenance
capability of the rack. Neither did rack-bar spac-
ing nor plate height have a significant effect.

TaBLE 18— Eank of model racks by capubility to
maintain welr flow capacity in the standard
flexible-trash test

Percent
flow
capacity
maintained

Coefficient
data in
table No.

Rack

Square, 4-way drop inlet
2-way, 30, no rack bars
Rack 2a
Rack b ..ocvvuevvnns et
Hack 3 {with center wall)
2-way, 2D all racks except
the one without bars
Z-way, 3D, all racks

Rack 1 (high} ...l .-

TABLE 20.—Weir flow-maintenance capability
for two-way 2D-long racks, averaged for
racks having a common element of rack form
(from flexible-trash tests on model)

However, the racks with solid skirts performed
hetter than similar racks with mesh sides.

A similar analysis and comparison was made
of the two-way, 3D-long trash-rack tests. The re-
sults are given in tabhle 21,

Percentages of the flow maintained also varied
considerably for the 3D-long two-way drop inlet.
Analysis of variance showed that some of the
differences among the means reported in table
21 are not significant. There was no difference
between the two overhangs, L,/D=1 and L,/D—
3/2. However, when the percentage values for
these two racks are examined together with the
parcentage observed for rack 5, a trend ap-
pears. Rack 5 has an overhang ratio, £,/D, of 2,
and it maintained a flow capacity of 46 percent.
Thus, there is evidence of improved performance
with inereased overhang. The kind of skirt, solid
or mesh, made no difference in rack perform-
ance. With the 2D-long drop inlet a difference
wag found. No reason for this inconsistency 1s
apparent except that a statistical test at the 90-

TABLE 21.—Weir-flow-maintenance capability
for two-way, 3D-long trash racks, averaged
Ffor racks having o common element of rack
form (from flexible-trash tests on models)

Percent of
clear waler-flow
maintained

Rack element

Percent of
clear water flow
maintained

Rack element

Rack-bar spacing 413/9
Rack-bar spacing D/3

Meshside ..o v
Solid plate
Mesh plate
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percent level is not very sensitive, and the 1-in-10
chance event may have occurred. Plate type
made a difference, with the mesh plate giving a
better performance than the solid plate. Plate
height also made a diffevence, with the greater
plate height, Z,/D=1, perforning better than
the lesser pliafe height, Z,/D—1:2,

The two racks which maintained weir-flow ca-
pacity best under flexible-trash loads were the
square, four-way drop inlet rack and the two-
way 3D-long rack without horizental rack bars
on the underside. The model of the first main-
tained 93 percent of its flow capacity. The solid
side skirt and the rack-bar arrangement on the
first structure are probably responsible for its
fine performance, In the second case, eliminating
the horizental bars removed a trash catcher from
the main flow path for weir flows, improving
performance.

Table 19 also shows two racks which were poor
performers, the hillside rack and the rack 1
(high). In both instances the instaliation was in
the face of a dam, and any trash reaching the in-
let had to pile up around the rack.

The two-way inlet racks were all in the inter-
mediate-performance range. They maintained
weir flow 36 to 46 percent of the clear water ca-
pacity.

Pipe flow

Changes in K, due to trash accumuliation on
the rack can be determined by comparing the
values for trash and clear water flows. These
pairs of values are given in table 22 for all the

trash vacks tested. The effect of a change in K.
on the pipe-flow capacity of a closed-conduit
spillway cannot be determined by examining the
change in K. alone. The crest loss is but one of
several losses in the conduit. Its importance de-
pends upon its relative value with respect o the
sum of all other losses.

An expression relating change of pipe-flow
discharge capacity to change in crest-loss coeffi-
cient must, therefore, include the sum of the
other losses as a parameter. Such an expression
Is devived as explained below:.

The equation for pipe flow (friction loss in
drop inlet not included) is

A 29H

of o 2H N (6)
P AR SISy
\A, ) a

Partial differentiation of Q with respect to K.
vields

1 2
SK, Aﬂ(f) (2gH)1

2 [rf, @f) K, +f-{f_w ,,-Hc,] 3

Dividing both sides of the differential equa-
tion hy the discharge @ results in

AN
K. | 2
sa_ ° "(A,) @
R S /A NE ;
. 2 [A(E-’.‘) +:{,+f5~+x£|

Factoring out K. in the denominator and sub-
stituting

Q= — (7

TABLE 22.—Crest-loss coefficients for clear wuter and flezible-trash flows for the various
trash racks

Rack Codeai"f;ci:;elnt Crest-loss coefficient, X,
tahle No. Clear Trash
Square, 4-wWay .o e e 3 0.38 6.46
Hillside - ... e 4 23 4.49
2-way, 2D, Z/D=1/2 ..., 6 11z 4.31
2-Way, 2D, Z,/D=3% ........... i 6 33 2,36
2-way, 3D ,meshplate -........... ... el 7 : a8 1.14
2-way, 3D, solid plate, Z,/D=1 ..................... i 45 2.62
2-way, 3D, solid plate, Z,/D=1/2 .................. 7 1.25 4.95
RACK 1 (hiZH) «oevvnrininneneeesesas e 14 21 1.5
Rack 2 ..o e e 15 30 56
Rack 8 (with center wall) .................. ...... 1g 34 1.82
Rack b .o i 18 117 2.92
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i
K +fg+E,

7 .
N fov %

-

yields the desirved relationship

K (ﬁp
27 —_——JA’ S— (10)

e

For a 3D, two-way drop inlet with a circular
conduit the expression (in finite increments) re-
duces to

AQ _ Ak, 0.0342
€ K. {0.0685+N)

This expression will be used to determine the
relative reduction in discharge for a typical two-
way, 3D, solid plate, Z,/D=1/2 drop-inlet struc-
ture. Tests on this inlet showed that X, increased
from 1.25 for clear water flows to 4.85 for trash-
laden flows. The effect of this change on the
relative capacity of a structure will be calcalated.
The other loss coefficients are assumed to be

(11)

Transition-loss coefficient, K,==0.6
=15

Qutlet loss, K, 10
Sum of other losses 31

t
Pipe frictionl -
ipe friction oss,fD

Therefore,

39:—2.96 0.0342

) (60685 T oy~ 0397

Thus, for this struecture, an increase of neayly
300 percent in K, caused a decrease of only about
4 percent in discharge capacity in the pipe-flow
range.

Since the effect of an increased crest-loss coef-
ficient on discharge is generally small, the form
of the rack does not appear too eritical insofar as
oss of capacity is concerned. It might seem that
the rack with the lowest crest-loss coefficient
after the trash test would be the best one, but it
isnot possibie to select rack form from this value
alone, It may be necessary, for vortex or reser-
voir-level fluetuation, to set a solid plate at a
height of Z,/D==1/2 above the crest. Although

the crest-loss coefficient for this setting is on the
order of three times the coefficient for a plate
height of Z,/D==1, it must be used. Ii is in order,
then, to compare the performance of racks with
like plate height. Rack 5 has the smallest in-
crease in crest-loss coefficient for all racks with
a solid plate Z,/D=1/2 above the crest {table
23).

Performance Under Rigid-Trash Loads

The Soil Conservation Service standard de-
signs and the Iaboratory modifications to them
were all tested with rigid frash to hoth model and
nrototype seales, but not all were tested with
fiexible trash, se performance of these racks
was compared on the basis of the rigid-trash
tests. Separate evaluations were made for weir
and pipe flows.

Weir flow

Rigid trash atone does not provide a severe test
of the performance of a trash rack, However,
rigid trash lodged in a rack can intercept more
flexible trash than the rack alone, so the rigid-
trash test vesulis are an indicator of potential
frouble from flexible frash.

Table 23 lists the discharge capacity changes
in the weir-flow range due to rigid trash accumu-
lation on the racks.

TABLE 25 —Rank of model and prototype racks
by eapubility to maitniain welr-flowr capucity
inastandard rigid-trash test

Percent of
clear water flow
maintained

Coefficient
data in
table No.,

Rack Test secale

Model .. 18 100
Prototype ...... ..... 109
Model ....... ... . 59
Prototype . . g7
Haodel . 98
Prototype g7
Model 99
Prototype ; g4

Prototype
Model
Protoiype
Model
Prototype
Model
Prototype
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The weir-flow capacity of trash rack 5 was un-
affected by the presence of rigid trash in the
flow. In this respect the rack showed the best
performance of any tested. Racks 4, 3b, and 2a
performed neayly as well. All the best perform-
ing racks prevented sticks from entering the
drop inlet,

Pipe flow

The performance of a trash rack under rigid-
trash loading in the pipe-flow range was evalu-
ated by examining the crest-loss coefficients for
clear and rigid-trash flews. The coefficients for
the racks subjected to rigid-trash tests ave given
intable 24.

Racks 4 and 5 showed only a slight increase in
crest-loss coefficient in the rigid-trash tests. The
largest increase in K, of these two racks was to
the prototype of rack 4, and it can be attribuied
to the sticks which entered the top openings in
the rack. (See figure 66.) No reason for the
small increase in K. for the model of rack 5 is

evident, since no frash passed through it and
none was observed to lodge in it.

TABLE 24.—Crest-loss coefficients for model and
prototype racks in clear and rigid-trosh flow

Crest-loss

Rk qae  meme Coefficient, K,
(lear Trash

1 Mode! ....... ... 14 0.30 22
1 Prototype . ..... 14 18 60
2 Model ... ... .. 13 30 1.81
2 Prototype ... . 13 28 N
2a  Medel ..... ..., 15 30 .34
3 ... da....... 16 34 1.3
3 Prototype .. .. 10 31 i1
da dlodel ... .16 a1 AT
3a  Prototype ... ... i6 A1 AT
3b Model! . ..., ... 16 34 A
3b  Prototype ... .. 16 a1 a0
4 Model ..... ... 17 1.28 1.29
L Prototype A A 1.08 LG
] Modal .- 18 1.17 1.23
5

Prototype .. ... 18 g1 B3

MODEL-PROTOTYPE SIMILARITY

The pairs of photographs 4546, 47T—18, and
54-55 show the striking similarity of the rigid-
trash accumulations on the model and the proto-
type racks. It is net surprising to find the good
agreement between the weir coefficients for the
model and the prototype. This agreement is
shown graphically in figures 49, 50, 51, 56, and
57, and in numerical form in tables 14 to 18 in-
clusive. Table 23 also shows how close the model
and the prototype were in maintenance of clear
water weir flow.

Model and prototype performance for pipe
flow are compared in table 24, where the crest-
loss coefficients are listed {or both clear and rig-
id-trash tests, Clear water coefficients ave gen-
erally very close for model and prototype. For the
frash tests the agreement is not always as good,
with the prototype coefficient generally being
the lower one of the pair. One reason for this is
the wind over the prototype reservoir, which
sometimes prevented part of the rigid tvash from
reaching the test structure. Qver the model there
is no wind, and the trash members move toward
the test structure without interference.

Flexible trash model-prototype comparisons
are possible for only two structures, the four-

way drop inlet and the three-way drop inlet with
trash rack Za. However, the effect of suspended
sediment is present in thie model data, and the
comparisons ave not as convincing as those of
the rigid-trash tests.

Weir coefficlents in figure L3 for the fivst pro-
totype trash test on the four-way drop inlet cor-
respond most nearly to those in figure 17 (sedi-
ment in flow) for model test 59, which had a
heavy sediment load in the water. Head-dis-
charge data for similar model and prototype
tests are plotted in figure 78 for comparison. In
model test, 840 grams of trash werve fed. This
amount of trash, scaled to prototype size by
weight (using the cube of the length ratio)
would be equivalent to 945 pounds. The esti-
mated weight of the eight pickup truckioads of
loose hay used in the prototype test was 1,500
pounds. The additional amount of material fed
to the prototype may have compensated to some
degree for the effect of suspended sediment in
the model test and the trash that did not reach
fhe prototype inlet.

In the three-way drop inlet prototype with
trash rack 2a, one large truckload of grass was
fed. The estimated weight of this material was
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Ficure 73.—Comparison of head-discharge relationships for clear water and flexible-trash tests on model and prolg-
type of the four-way square inlet.

1,150 pounds. The 1,000 grams of material used
in the standard flexible model test are equivalent
to about 1,130 pounds in the pretotype test. The
similarity between the model and prototype data
in figure 51 is excellent; however, the effect of
suspended sediment on model performance
clouds the comparison.

Close similarity between model and prototype
performance is found in the rigid-trash tests on
trash rack 5. Figure T4 shows the weir coeffi-
cients for the model and prototype. For both
flows the model and the protetype have similar

coefficient values. The trash did not have much
effect on the coefficient, probably because of the
small accumulations arvound the rack (figs. 70
and 7).

Prototype clear water values of X, for trash
racks 4 and d arve less than those measured in the
model, as indicated in tables 17 and 18. This may
be due to differences in relative crest thickness.
Hebaus (cited in footnote 4) has shown that in
covered two-way drop inlets, K. decreases with
increasing values of #./0. In the models, £./D
was 0.250, but in the prototypes, it was 0.333.

SIMILARITY OF LABORATORY TESTS TO FIELD CONDITIONS

The standard flexible-trash test was intended
to be severe and may not seem to be representa-
tive of field conditions, sinee no substantial
amounts of loose hay and grass were found at
Oklahoma flood-detention reservoir sites. How-
ever, no flexihle-trash accumulation on a model
resulted in as great a reduction in the weir coef-
ficient as the reduction observed on the field-
installed hillside inlet with a trash-choked rack.
So the tests may not have been too severe after

all. The standard rigid-trash test was also in-
tended to be severe, yet the accumulation of
sticks on and around the racks after a rigid-
trash test did not appear excessive and provoked
the same doubts about their realism as the flex-
ible-trash tests.

Realism combined with guantitative results
from model tests would be highly desirable, Ef-
forts were made to find materials and proce-
dures which would give the same results for
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model and prototype, and some success was
gained with controlled frash. That is, when all
trash was of one kind and was fed in the same
relative amounts to moedel and prototype, like
results were obtained as to duplicating field con-
ditions. Field trash will be whatever floats in
with the flow and every load will be unique, so
there is no hope of predicting the consequences

COMPARISON OF FLEXIBLE-

Head-discharge curves are presented in fig-
ures 75 and 76, comparing curves for clear wa-
ter, flexible trash, and rigid trash for two racks,
Flexible trash in the flow greatly reduces their
discharge capacity in the weir-flow range. Rigid

65

of every trash load by a model test. The only
practical approach is to use standardized trash
loads so that the relative effectiveness of the dif-
erent racks can be compared. But more than com-
parative results werve obtained in these tests: an
estimate of the order of magnitude of flow-capac-
ity loss as a result of trash accumulation on the
various racks can be made from the laboratory
test data.

AND RIGID-TRASH FLOWS

trash has practically no effect. Packing of the
flexible trash, which obstruets flow, is respon-
sible for the reduction eapacity. Even an acetiniu-
lation of rigid trash is much more open, and its
effect on flow capacity is very small,

TRASH-RACK MAINTENANCE

Removal of trash from a rack after a trash-
laden flow is a major concern. Laboratory obser-
vaticns concerning the removal of trash from the
various racks may, therefore, be useful.

In almoest all of the structures tested with flex-
ible trash, with the exception of the hillside inlet
and the three-way square drop inlet with trash
rack 1 in the dam face, trash that ledged on the
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Ficuae 76.—Comparison of flexible- and rigid-trash tests on rack 3.

bars on the underside of the racks fell off when
the head pool was lowered. This can be seen in
figures 14, 15, 35, and 69. The underside of these
racks slope upward and away from the drop in-
let, so that flexible {rash does not pack tightly
against the bars and tends to fall away readily.

Rigid trash, on the other hand, lodged inside
the rack and in the drop inlet of the open-type
racks (figs. 39, 40, 45-48, 54, 55, 58, and 59) and
was sometimes difficult o remove. There was no
difficuity in removing the logs and sticks lodged
in the upper part of rack 4 (fig. 6).

Mesh plates or open tops attracted consider-
able frash fo the top of the rack. Figure 36b
shows the large “haystack” afop the open mesh
plate on a fwo-way, 3D-long drop inlet foliowing
a flexible-trash test. A similar structure, havin g
2 solig plate instead of open mesh, collected much

less trash on top for the same test (fig. 35b).
Other open-fop racks with flexible-trash accumu-
lations on top are shown in figures 42% and 53b.
Rigid trash alsc accumulated on open top struc-
tures, as shown in figures 61, 62, 65, and 66. This
trash should be removed because it reduces the
capacity of the structure below design value, and
also, can constitut® a fire hazard. Solid-plate
racks should present less of 2 maintenance prob-
lem in this respect than the mesh-plate or open-
top racks.

From the standpoint of maintenance, rack 5
is probably the most trouble-free. No rigid trash
entered this structure or lodged on the rack in
either the model or the prototype. Flexible trash
fell off the bars in the model when the head pool
was lnwered.




LABORATORY EVALUATION OF TRASH RACKS

SIGNIFICANT FINDINGS

Techniques were developed for making model
tests of trash racks for drop inlets on closed con-
duit spillways. Good agreement between results
on small-scale models in laboratory flumes and
on large-scale structures in an outdoor basin, at-
tributable to the use of controlled trash loads,
make it possible to estimate the relative perform-
ance of different rack forms from the standard-
ized trash tests.

The two types of trash studied, flexible and
rigid, behave differently in the flow. Rigid trash
floats on the water surface and ean be kept out
of the trash rack by a skirt or a mesh side panel,
Fiexible frash, on the other hand, tends to be-
come waterlogged and to submerge slowly. When
at or near the density of water, this trash is car-
ried along by the flow stream, which may be en-
tering the rack beneath the water surface, and
pieces may catch on and wrap around rack bars.
Considerable trash can build up on the rack-trash
that, if not intercepted, would pass harmlessly
through the structure.

Racks with underside bars arranged in an up-
ward and outward pattern from the drop inlet
tend to be self-cleaning, Much of the frash on
siuch bars drops off when the water surface is
lowered below the rack. The water can be low-
ered this much when a low-stage orifice iz used
or where, with single-stage outlet structures,
evaporation and seepage losses exceed runoff
and direct rainfall gains for relatively long pe-
riods of time-—the usual situation in subhumid
or dry areas.

Trash racks being used in 1969 were tested in
the laboratory, using both small-seale and large-
scale test structures. Flexible- and rvigid-trash
tests were performed. Of these racks, trash rack
5 performed the best. Tts solid plate and mesh
sides prevented the entry of rigid rash into the
rack. Its ample overhang, 2D, created a large

area which was not veadily plugged by standaxrd
flexible trash. Iowever, this rack muost be lim-
ited to use in open water because the greater
part of the flow approaches this structure
through the part of the rack below the crest of
the inlet.

The two poorest performers were the hillside
inlet rack and rack 1 installed on a three-way
square drop inlet on the face of a dam. Tleir open
construction allows rigid trash to enter and
lodge, and since the crest is level with the berm,
Iarge amounts of flexible trash accumulate on
on and around the rack.

Model-scale racks for two-way drop inlets in
open water were systematically investigated,
using flexible trash. For the 20-long structures
the variables investigated were length of over-
hang, height of plate, skirt or mesh side, and
rack-bar spacing. Changing the overhang from
DtodD 2hadnoeffect on weir capacify, Neither
did changing rack bar spacing from 409 to D /3.

Reducing plate height from D to D /2 reduced
the weir coefficient for clear water flows, But
when trash was introduced into the flow, the
racks with a plate height of 17’2 showed a rela-
tively smaller reduction in wejr coefficients than
the racks with a plate height of D. Racks with
skirts maintained flow capacity better than
racks with mesh sides. For the 3D-long strue-
tures, the results were nuch the same for all rack
components except for the skirt versus mesh-side
comparison. For the longer drvop inlet, the mesh
side performed better. No reason for this re-
versal has heen found. Statistical tests showed
the differences (at the 90-percent confidence
level) to be real for both the 2D- and 3D-long
drop inlets. Different fop plates were used for
the 3D-long structure tests. The mesh top main-
tained a higher percentage of weir flow capacity
than the solid plate,

RECOMMENDATIONS

For two-way drop inlets in open water, a rack
with a selid plate and a solid skirt extending be-
low the inlet crest level is recommended. Ventila-
tion must be provided between the plate and
skirt so that siphoning will not occur, unless such
action is desired. If the vent is made by leaving
an open space between the underside of the plate

and the top of the skirt, this open space should
be covered with mesh to prevent the entry of
sticks. Rack harsshould be placed in a plane slop-
ing downward from the hottom edge of the skirt
to the side of the drop inlet, to prevent rigid
trash, floating alongside the drop inlet at low wa-
ter, from rising with the water and enteving the
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space between the skirt and the drop inlet side.

The rack on the four-way square drop inlet
performed well. However, if a rack of this type is
used, a mesh-covered ventilation space between
the skirt and the plate should be provided.

The racks investigated in this study are gener-
ally best suited for open-water installntons. For
mstallations in hillside locations or berms of
dams, or for sediment-filled reserveirs, a differ-
ent style of rack, as yet undeveloped, is needed.

APPENDIX.—THE MOVEMENT OF TRASH IN A RESERVOIR

Once trash enters a reservoir, whether or not
it will reach the outflow structure will depend
upon the magnitude and direction of the water
and wind currents acting on the {rash.

The relative effects of wind and water cur-
rents on floating trash can be estimated by cal-
culating the forces exerted by the two currents
on a log of diameter 4, oriented perpendictlar to
the wind and floating half-submerged. Let the
wind velocity be V and assume a uniform profile.
For simplicity, assume that the wind does not
affect the water movement below the surface, so
that the current flow can be described by a flat
profile of velocity + opposite to the wind diree-
tion. If the log is prevented from rotating, the
current velocity necessary to hold the log station-
ary against any given wind velocity can be calcu-
lated.

The velocities V and v create drag forces simi-
lar to those resulting from flow around a fwo-
dimensional cylinder. The drag force F of the air
is

A Ve

F=0C,, g Py

5 {A-1)

and the drag force f of the water is

A e

f=Cp;.- '2' P "2' ] (A"z}

where Cy is the drag coefficient for a two-dimen-
sional cylinder, 4 is the cross-sectional area of
the log, and p. and p. are the densities of air and
water, respectively.

For equilibrium F should equal £, or

{A-3)

At 60°F p,=0.00237 slug/ft* and p,=—1.94
slug/ft* so that

vV /1885 ¢, T
_‘=‘/. T, .-—=28.G-‘/-——-:. A4
v ¥ 0.00287 " C,, Con (A-4)

The Reynolds number B for the air flow and
the water {loware

P4 :.-E-(_f. '

"

{A-G}
Vo
where + is lhe kinematic viscosity, and at 617,
v SLEXI0-! £t/ s and 4y == 1.2 10+ friy s,

From egquations A5 and A—6

V18 R £
_ . i =] .3.._..'.t .
T 1.2 R, 13 R,

{A-T}

Since equations A—1 and A7 express the same

rafio,
R:P CIM

The velocity ratio must therefore satisfy com-
patible values of the drag coefficient Cp, and the
Reynolds number R. The current velocity can
then be calculated for any given wind veloeity
and log diameter.

Current velocities were caleulated for assumed
wind velocities of 10, 5, and 2 miles per hour act-
ing perpendicular to the longitudinal axis of a 3-
inch-diameter log. The results are listed in table
A—1, Values of the drag coefficient (', and the
Reynolds number R were cbtained from Rouse’s
figure 1261

Table A-1 shows that with only a very slight
breeze (2 miles per hour) an oppositely directed
water current of at least 0.1 foot per second
would be necessary to hold the 3-inch log steady
in the presence of the wind. Currents of tis
magnitude probably do not exist in most reser-
voirs, except near the inlet. Thus, in most cases,

(A-3)

! Ra;s.e.,.ﬁunter. 1559, Elementary mechanics of fluids.
John Wiley & Sons, Inc., New York.
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TABLE A—1.—Calculations of water velocities to hold J-inch-diameter log stationury against corrve-

Wind
velocity, Reynolds
v number

" ¥iTies T Foat of air, water,
per hour per second B E

13 w

Drag Reynolds

2.2 104
2.80 10
2,28 x 10

1.8 164
L9101
11X 10s

80103

230 14.65
19 14.65
ig 14.65
5 7.33
2 2.93

v

) T I,
133 (RB/R,)
2 FEntries for 10 miles per hour are results of 3 trials.

114310
4.538 % 107

1

coefficient number of coefficient

21103

sponding wind velocities

Drag Water
velocity!
{feet per

second)

Cle‘ 215 C'lm- K
C’im

1.0 1.92
11 . 2.2
1.2 . 2,13

27 1.93
G 2.16

of water,

Cbrb

3 Entries for 5 and 2 miles per hour are final approximations.

floating logs and sticks can be easily moved
arpund a reservoir by very slight winds.

The assumptions used in this brief analysis
oversimplify actual conditions. Considering the
drag of the wind on the water surface, currents
even greater than those indicated would be neces-
sary to hold the log in equilibrium with the wind
forces.

The relative orientation of the log, the wind,
and the current direction was chosen for ease of
analysis. With other orienfations, force compo-
nents would have to be considered. If the log were
oriented parallel to the wind and currvent direc-
tions. approximsately the same result would be
obtained. For this case, assuming the ends of the
log are blunt and of the same size, the drag co-
efficients in water and air are equal since the
Reynolds number is greater than 1,000 in either
case (Rouse, p. 249). This gives a velocity ratio
V/v of 28.6 from equation A-4. From {able A-1,
the average value of V /v is approximately 27. By
comparing values of V/v for the extreme log
orientations and considering the assumptions
made, it can be concluded that V/v is approxi-
mately 30 for all log orientations.

Considering the significant influence of the
wind, the location of the drop inlet in the reser-
voir may have an appreciable effect on the mag-
nitude of the trash problem. Drop inlets located
in the corner of the reservoir, as many of the
older hiliside type were, may have serious trash
problems if the wind direction is favorable for
trash accumulation at the structure. Most newer

structures de not have this problem, hecause they
are placed nearer the center of the dam.

Forces due to circulation can arise in asym-
metrical reservoirs, or even i1l symmetrical res-
ervoirs where the inflow channel is not directly
alined with the drop inlet. These forces probably
have their greatest effect on submerged trash
with a densify near that of water, The flow of
this material will not he affected by wind if it is
deeply submerged. It can, therefore, be easily
moved along with undercurrents. Even thermal
or density currents could cause its movement.

1t would be difficult, if not impossible, to eval-
uate the effecis of civeulation forces on trash in
a reservoir. In large reservoirs they would prob-
ably be negligible, but they can exist, and the
geomefry of the reservoir and the approaching
channel should be considered in locating the drop
inlet to avoid trash accumulations resuiting from
cireulation.

In general, wind and circulation forces act
over the entire reservoir. When the flow very
neayr the drop inlet is considered, other forces
become important. Weir flow creates a2 water-
surface drawdown near crest of the structure.
In this region the flow has appreciable velocity,
and will carry any floating or submerged trash
toward the strueture.

Ruff? in reporting on tests of model trash

ERuff, Paul I, 1958, Model studies of spillways. Univ.
Calif, Inst, Eng. Res., Service to Industry Series Ne.
6079,
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racks for drop inlets, points out that for free
surface weir flow penetvating an open rack,
floating sticks were attracted to the inlet almost
immediately after flow had begun. On the other
hand, a selid skirt avound the structure extend-
ing below crest level and above the weir-flow
water surface was very effective in keeping
floating sticks almost at a standstill. Figure A-1
iflustrates why this should be so. The open trash
rack allows the water surface to slope toward the
inlet, but the solid skirt interrupts the free sur-
face flow and causes a stagnation point. Up-
stream of the solid skirt the free surface has very
little veloeity. Thus, floating trash can he pre-
vented from packing tightly against the trash
rack by the use of a solid side skirt.

The preceding gualitative description of trash
movement is intended to bring out two points.
(1) Several forces can move trash in a reservoir;
the most significant of these is wind. The forces
can combine in many ways, contributing both
positively and negatively to the trash problem.
{2) Tt can be seen that trash motion is virtuaily

Slognohion posnt
~.
B

FIoURE A-1.—Water surface shapes for weir flow with-
out {1} and with {B) a solid skirt.

unpredictable. Therefore, there appears te be no
valid guide for predicting that a given spillway
need or need not be equipped with an entrance
trash rack. However, the consequences of failure
of a floodwater-retarding structure by plugging
of the principal spillway ean be so severe that a
trash rvack is essential to guard against even a re-
mote possibility of such a failure. Moreover. the
factor of human safety demands some protective
deviee at spillway entrances.
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