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Uniform grade terraces are often credited with trapping about 80 percent of
the sediment that reaches them. However, this value has been used without
consideration of how it is affected by factors such as terrace grade, length,
vertical interval, and channel sideslope. [Cata from terrace studies in the
1930's and 40's at eight locations were analyzed to determine if these fac-
tors a fected deposition. The results showed that the net amount of sediment
deposited in a uniform grade, open end terrace channel ranges from none for &
0.6 percent grade to 73 percent for a 0.1 percent grade for terraces typical
of those of the 1930's. The amount deposited in modern terraces is estimated
to be greater because today's terrace channels have shallower channel
sideslopes. The data were also used to evaluate CREAMS, a field scale model
for Chemicals, Runoff, and Erosion from Agricultural Management Systems, for
its ability to describe the effectiveness of terraces to control sediment
yield. The results showed that CREAMS can accurately estimate average annual
sediment yield from terraces when accurate estimates of the hydrologic inputs
of rainfall erosivity, runoff volume, and peak runoff rate are available for
individual storms.

" INTRCDUCTION

Terraces are an effective conservation practice for control of erosion and
runoff from agricultural fields. Rill and interrill erosion are reduced
because terraces break the slope into shorter slope lengths, and runoff is
safely conveyed from the field at nonerosive velocities. If grade along the
terrace channel is flat enough, much sediment may be deposited in the chan~
nel. This deposition helps to maintain soil productivity, reduce sed iment
yield from the field, and control nonpoint-source pollution from sediment.

Erosion and sediment yield from rerraced fields are frequently estimated with
the Universal Soil Loss Equation (USLE) (Wisctmeier and Smith 1978). Deposi-
tion in graded terraces and outlet channels is accounted for by multiplying
the estimated soil loss for the interterrace area by a supporting practices
factor, P (Wisctmeier and gmith 1978). Broadbase terraces are usually
assumed to trap about 80 percent of the sediment reaching them (Wisctmeier
and Smith 1978).
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Inpowndment or tile outlet terraces effectively control sediment vield bdy
zracping about 95 gercent of the sediment that reaches :hem (Laflen et al.
1972, Wiscmeiar ard Smich 1973). The éamount zracced derends on the charac—
rariscics of the arcdad sediment, impoundment gecmetIvy, sursace runoff, ard
ratention time of runctf in the impoundment (Laflen 2t al. 1978).

The 3C gercent valte attributad 0 uniform grade, open and terraces is often
used without considerstion of now it is affeczed Sy factors such as terrace
grade, length, verzical intervai, and channel sideslore. CTata £frem terrace
studies conducted in the 193C's and 40's at eight locations were analyzed to
Getormine how those factors affect deposition. The data were also used to
evaluate the erosion/sediment viald component of CREMMS (Knisel 1980) for its
ability to describe the effectiveness of terraces to control sediment yield.

ANALYSIS OF FIELD DATA

Extensive data on 3oil loss frem terraces at soil erosion research stations
establisned in the early 1930's are available in USTA Tachnical 3ulletins
listed in the Appendix. Typical studies included the effect of terrace
length, "grade, and vertical interval on sediment vyield from terraces.
Watersheds were instrumented to measure runoff rate and volume, soil loss
amownt, ard rainfall rate and volume from individual terraces and frcm a sys-
tem of terraces and outlet channels. An unterraced watershed was often
instrumented so that soil loss frem it could be compared with that frem ter-
raced watersheds.

Effect of Grade and Other Factors

The data were analyzed to identify the relationship of soil loss frcm a ter-
race (i) with terrace grade, vertical interval, and length; (ii) with crop-
ping, management, and soil loss on the interterrace area; (iii) with runof€;
and (iv) with storm erosivity. Terrace grade was the only factor where we
could determine a definite relationship frem the field data. Either the
other factors had little measureable influence, or their effect was masked by
differences between watersheds.

Soil, cropping, management, interterrace slope, and other factors varied with
the station. Differences were eliminated by normalizing soil loss values at
a location by dividing soil loss for a given terrace grade by that from the
0.5 percent grade terrace at thc location. These normal ized soil loss values
are shown in Table 1 and Fig. 1. The equation

. R = 0.253 e2*%49 (1)

where R = normalized soil loss, and g = terrace grade in percent was fitted
by linear regression.

Grade had a strong influence. The ratio of soil loss from a terrace on a 0.2
percent grade to that from a terrace on a 0.6 percent grade was 0.45. Equa-
tion (1) represents rotations, crogping, and terracing practices of the
1930's. The relationship of soil loss to grade at a specific site may differ
from Eq. 1 deperding on runoff, interterrace slope, crop, and other £actors.
At Bethany, MO, the line in Fig. l was steeger when the interterrace area was
in corn than whnen it was in meadow (Zingg 1942b).

Fraction OFf Soil Loss Derosited In Terrace Channel

The field data were analyzed to determine the fraction of sediment reaching a
terrace channel that is deposited in the channel. Table 2 summarizes the
data from \nterraced watersheds at locations where soil loss could be com-
pared with that from watersheds with 0.25 percent grada “erraces, the ‘recom-
mended grade at the time. Soils were similar, and cropping was the same for



Table 1. Soil loss frcm Single Terrace Watersheds for Uniform Terrace Grades

Location Period of Grade Total soil Ratio of soil loss to
record loss for chat frcm a terrace on a
period 0.5% grade
) (3) (kg/m>)

Guthrie, 1931-38 .50 16.7 N 1.00
Cklahcma 0.33 10.7 0.84
0.17 S.7 .34
Level, open 2.5 0.15

end
Qarinda,> 1933-40 0. 50 14.3 1.C0
Iowa 0.33 8.7 0.5l
0.17 3.2 0.22

(X ] c

Bethany, 1932-40 0.67 54.9 2.35
Missouri 0.50 23.4 1.00
0.33 22.0 0.94
0.17 10.9 0.47
Level, open 7.7 0.33

end
Statesville,d  1931-38 0.75 10.7 0.97
North Carolina 0.50°% 11.0 1.00
0.50 3.2 1,00
0.25 1.2 0.38
yier,t 1931-38 0.50 2.8 1.00
Texas 0.25 1.1 0.39
Level, open 1.0 0.36

end
zanesville,? 1934-37 0.50 11.7 1.00
thio 0.25 6.8 0.58
Level, open 3.6 0.3l

end

Scour reported on a 0. 5% grade terrace.
Mo mention of scour for grades studied.

Grade of 0.67% did not allow scour but was conducive to damaging sedi-
ment deposits in sodded outlet channel.

Appreciable scouring occurred with 0.75% grade. Also, scouring was
noted on 0.5% grade.

Two separate 0.50% grade terraces were located in different fields hav-
ing different soils and slopes. The 0.75% grade terrace was in one
field and the 0.25% grade terrace was in the other field.

Scour was not mentioned, but authors commented that a grade greater than
0.25% was too steep.

" authors commented that 0.5% grade was noticeably too steep, allowing
considerable scouring.
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2, Comcarison of Seil loss Itom =~arcaced and ntecraced Watersheds

racacion watershed Slape Sloce Usis Soil loss Sadizent
arg Lemeh characzeristics lergch  steemness ok neasurey diusted? del ivegy
af recosid . s “ racio”
\T2rTace raaes are - -
0.25% unless noted). tm) (%) (ka/m"Y = (ka/@"?
Gushrie, Unterraced; centoured 107 c.0 1.30 122.3 182.1
Cklanoma wiitiple, level, open end 21 1) 0.26 9.8 71l.4 0.39
1930~-18 zarraces; } @ 0.327
Clarinda, Unterraced; cornv/saall 67 7.7 1.50 10,7 7.8
Icwd grain rocation, faming
233441 parailel to field bouna-
Y
wmiizicle cerraces, 17 3.3 c.36 1.4 2.7 0.26
conzoured; SorvSIail
grain rotation; arassed
ouclet channel; @ = 0.6
« ¥ Unterraced; cantoursd; %6 5.2 .98 2.9 3.0
corn/smail grain/meadow
rotation
Unterraced; contoured 72 8.4 1.64 1.8 1.2
corr/small grairv
meacow rotation d
Multiple terraces; 15 10.0 0.95 0.2 0.2 0.11
contoured; corn/snall
grain/meadow rotacion;
grassed outlet channel
Bathany, Unterraced; contoured; 37 9.0 1.30 5.3 4.1
Missouri grassed waterways
1935-42 Multiple terraces, 17 7.0 0.62 1.1 1.7 0.42
contoured, grassed :
outlet channel
Tyler, Unterraced; contoured 51 7.5 1.17 11.6 9.9
Texas Single terrace; contoured; 19 6.0 0.53 1.2 2.3 0.23
1933-41 s0il loss measured at
outlet of terrace
Zanesville, Unterraced; contoured 76 14.0 3.63 37.5 10.3
Chio Single terraced; centoured; 21 10.0 1.15 7.6 6.6 0.64
soil loss measured at
outlet of terrace
LaCrosse, Unterraced; contoured 91 15.0 4.4 54.6 12.3
Wisconsin single terrace; contoured; 21 10.0 1.15 8.4 7.3 0.59
1933-36 soil loss measured ac
outlet of terrace
1937-43 Unterraced; contoured; f£il- 91 15.0 4.43 8.5 3.8
ter: strip cver lower
1/3; ? = 0.5 .
Single terrace contoured; 2 10.0 1.15 2.9 1.3 0.46
soil loss measured at
cutlet of terrace
2 Mdjusted soil loss is measured soil loss divided by LS and P factor values to xdjusc sheer and
rill erosion to a ccmmon base for terraced and uncerraced watersheds,
Y sediment delivery racio is the ratio of adjusted soil losses {rom the terraced and unterraced
watersheds and represents demosition in terrace channels, ouclec channel, ar boch. Same as USLE
? subisczor Sor sediment yield from terraces.
€ s waterched with a level terrace was the only onc suitable for comparison. Sedizent yield from
a 0.25% grade terrace is 1/0.52 that from an open end, ievel torrace according to #9. .
4 An averdge of the soil loss {rem the two corn/small grain/meadow rotation unterraced watersheds
was used to compute sediment deiivery ratio.
e

Yo uniforn Q.Ei'grwe cerzace availablre. A variable 0 to 0.5% gride terrace was used.  Saca
from other .csacions showed that the two give similar soil losses.



watersheds at a location. The average ratio of measured soil loss from the
rerraced watersheds to that from correspording unterraced watersheds for data
in Table 2 1is 0.15. That is, without consideration of reduction of slope
length, gqully erosion, or any other factor, the average sediment yield frem
terraced watersheds was 15 percent of that for unterraced watersheds. Ter-
races on these watersheds reduced sediment yield by eliminating gully erosion
that was severe on some of the unterraced watersheds, reducing rill ard
interrill erosion by dividing total slope length into increments, and causing

some eroded sediment that reached the terrace channels to be deposited rather
than leave the field.

To estimate sediment yield from fields, the USLE may be written as:

A=RXLSCP (2)
where A = sediment yield (mass/unit area/unit time), R = factor for
rainfall-runoff erosivity, K = factor for soil ercdibility, L = factor for
sloperdength, § = factor for slope steepness, C = factor for cover—
management, and P = factor for supporting practices which can include the

effect of gully erosion (P > 1) or deposition in terrace channels (P < 1) as
well as the effect of contouring and filter strips.

The ccmposite P factor for sediment yield from terraces is the product of

several subfactors such as contouring and deposition in a terrace channel.
The P subfactor for deposition in a terrace channel is essentially a sediment

-/

2.8 | /’

Normalization R=@.253e2'849
Point

race Of A Given
On A B8.5% Grade

1.01

a \4
0.8 -

B.S" -}

® Guthrie, COK

o A Clartinda, IR

@ Bethany, MO

® Statesville, NC
7 Tyler, TX

M Zanesviile, OH

<]

8.4 -
q

8.2 1

R - Ratio Of Soil Loss Frgm_ﬁ Ter
Grade To That From A Terrace

a.1 t t } t
a.8 a.2 2.4 8.6 8.8 1.8

g - Terrace Grade (%)

Fig. 1. Relationship of Normalized Soil Lloss to Terrace Grade.



delivery ratio, the ratio of sediment yield frem the watershed to soil loss
frem the intarterrace arza. The P subfactor for deposition in terzize chan-
neis, 2., <an Se computed Srem field data bv:

Pm = (A / LTSTPOT) /Ay / L'JS’J?-:'J) ) (3)

w“here the susscripges T and U denotes variables for the terraced and unter-
raced watersheds rescectively. The factors P, ard 2., are ccmposite ? fac-
tors Sor effects of supporti sractices other ‘than d?’:msition in terrace
channelis. -

£ach measured sediment yield value was adjusted according to Eq. 3 using
standaré USLE values (Wiscrmeier and Smith 1978). Gully erosion was not con-
sidered in the adjustment. The LS factor was estimated frcm slope length and
staerness determined frem watershed -mags. Sediment vield from terraces on a
0.25 gercent grade was chosen for comparison with sediment vyield £frem the
\terraced watershed. GSquation 1 was used to adjust for terrace grade at
Guthrie, CK.

Slope length on the unterraced watersheds was typically about 75 m. ter
terracirg, slope lergth was about 20 m which according to the USLE LS- factor
reduced soil loss by 48 percent due to reduction of slope length aione. That
is, the amount of sediment reaching the terrace channel was about 52 percent
of sheet-rill erosion on the unterraced watersheds.

The average sediment delivery ratio (P subfactor for deposition in terrace
and outlet channels) ccmputed according to Eq. 3 for the data was 0.40. This
applies to a uniform 0.25 percent grade terrace typical of those of the
1930's when channel sideslopes were steeper than those currently used. The
0.40 value is twice the 0.20 value frequently used with the USLE to estimate
sediment yield from terraces (Wischmeier and Smith 1978). However, this
value varies with terrace grade, as described earlier, and with channel
sideslope discussed in a later section on Appliczbility of CREAMS. It also
deperds on the amount of deposition in the outlet channel, which varies with
grade, cover, runoff, sediment load reachirg the channel, and sediment size
and density.

Equation 1 can be rewritten in absolute terms to give R = 0.4 for a grade of
g = 0.258. The new equation is .

Py = 0.207 e2-849 (4)
where P = ratio of sediment delivered to the outlet of a uniform grade, open
end tetrace channel to that which reaches the channel. This is an averzge
annual value for 1930's style terraces. values for specific storms may
differ greatly froem those given by Ea. 4.

Deposition may occur everywhere along a low gradient terrace. As grade
increases, deposition ends in the lower reaches of the terrace channel, and
continues at a reduced rate in the upper reach. Cn steep grades deposition
does not occur, and the channel may ercde if the soil is susceptible to ero-
sion by flow. The grade where net deposition is zero is the grade at which
PT = 1. ‘This grade from Zq. 4 is 0.60 percent which generally agrees with
field observations given in footnotes to Table 1. The observations rtecorded
as footnotes in Table 2 did not include the lemath of channel over which ero—
sion and/or deposition occurred. Scour could have occurred over a very short
distarce near the terrace outlet while deposition occurred over a major por-
tion of the terrace channel. Zirgg (1947b) estimated frem the Bethany, h(o]
data that grade could be as steep as 1.0 percent before net deposition emds.
The grade at which scour begins deperds on runoff, cover, and soil conditions
in the terrace channel. CZrosion occurs at a flatter grade at seedbed time
for tilled crops than it does for meacow, where the consplidoted soil has a
higher critical shear stress (Foster et al. 1930b). Also, if sediment load



axceeds =ranspors cacacity in the terrace channel, deposition will oczur aven

=
-
though the soil may be susceptible to 2rosion. Fieid ctservations noted in
.Tapie 1 protably indicated the most suscep:zibie condition.

2ingg (1942a) used profile measurements at 2echany, MO o uostimate that 20
cercent of the sediment reaching a terrace channe: s demosited. Cur
analysis of similar measurzmencs for Statesville, NC, Guthrie, CK, and Tyler,
TX indicaced that 64 gercent of the sediment reaching a.terrace channel on a
0.25 gercent grade is deposited, which agrees with vaiues in Table 2. Errors
in estimating erosion and deposition frem profile measurements are judged to
te as great as errors in Table 2.

APPLICABILITY CF CREAMS

Models like CREAMS (Knisel 1980) ar2 used in aralyses of nonpoint-source ol-
lution from agricultural land to evaluate terraces and other conservation
practices for controlling sediment yield from individual stomms. Data from
the erosion research stations were also used to evaluate CREAMS for this pur-
pose.

Overview Of CREAMS Erosion/Sediment Yield Mcdel

The CREAMS erosion/sediment yield model (Foster et al. 1980a) estimates ero-
sion and sediment vyield from.field-sized areas on a storm-by-storm basis.
Hydrologic inputs are storm rainfall erosivity, EI—a product of rainfall
energy and maximum 30-min intensity; volume of runoff; and peak runoff rate.

Terraced watersheds are represented in CREAMS by a typical interterrace pro-
file and a typical channel for a series of terrace channels that supply a
main outlet channel. Natural waterways in unterraced fields can also be
represented.

Separate relationships describe detachment by raindrop impact (interrill ero-
sion) and by runoff (rill erosion) on areas of overland flow or on interter-
race areas. Erosion in waterways and channels is described by an excess
shear stress equation. Sediment transport capacity is computed with the
Yalin equation (Yalin 1963) modified for nonuniform sediment mixtures of pri-
mary particles and aggregates (Foster et al. 1980a) . When sediment load
exceeds transport capacity, deposition is computed at a rate directly propor-
tional to fall velocity and the difference between transport capacity and
sediment load. Enrictment of fines during deposition is estimated.

validation Of CREAMS For Terraces

Cbserved data from Guthrie, OK; Hays, KS; Clarinda, IA; and Bethany, MO were
used to assess the validity of CREAMS. Measured data included rainfall and
runoff amounts, maximum 30-min rainfall intensity, peak runoff rate, soil
loss, and a description of watershed corditions for each stomm. Cbserved
hydrologic values were used as input instead of values froem the hydrologic
component of CREMMS. This allowed an evaluation of the erosion/sediment
yield component of CREAMS without having to consider errors in hydrolegic
inputs. Parameter values were selected frcm the CREAMS User's Manual (Foster

et al. 1980b) to obtain the results shown in Table 3 without calibration of
the model.

Based on these results, we judged that the erosion/sediment yield component
of CREAMS can satisfactorily show the influence on erosion and sediment yield
of terraces and grassed outlet channels without calibration. This conclusion
assumes that estimates of runoff volume and peak rate are available that
accurately describe the effect of conservation practices on runoff. For
example, if the hydrologic model being used to estimate runoff volume and
peak rate is not sufficiently sensitive to terrace grade, the



and Unter-~

—~>Catien -atarsnea Arza 0. 32 secilent Jlaris
and length Ciaracteristics runozs cbservec  Compuced
oL recsrc croéucing wizh
starms CREXMS
{ra) (ka/m"™: (kq/m‘}
Cuchrie, Sirgle %erracz, variaole qrade, 2.2 8 12,2 3.4
Cklahoma 0.33% at ourlee to 0 at upper
1g31-:8 end
Sirgle tarrace, variable grade, 2.29 63 13.3 11.9
0.3% at osutlet to 0 at ucger
and
Single terrace, uniform 0.3% 1.5 33 12,2 10.5
grage
ob
"7 single terrace, uniform C.17% 1.04 43 4.5 4.8
grade
Hays, Single terrace, uniform 0.33% 0.42 33 3.42 3.82
Kansas grade
193i-38
Single terrace, uniform 0.33% .34 32 2.10 l.63
grade
Sirgle terrace, uniform 0.23% 0.35 32 4.65 5. 47
grade
Single terrace, level, ogen end 1.14 34 0.38 0. 44
Single terrace, level, open end 1.19 36 «33 0.47
Clarinda, Unterraced, corn/small grain 0.80 30 1.94 1.92
Iowa rotation, parallel to field
1934-38 boundary farming
Miltiple terraces, corn/small 0.80 25 0.53 0.35
grain rotation, contoured,
grassed outlet channel
terraced, corn/small grain/ 1.32 21 1.17 0.31
meadow rotaticn, contoured
Unterracad, corn/small grain/ 1.32 28 0.63 1.04
meadow rotation, contoured
Multiple terraces, corn/small 1.26 14 0.09 0.C4
grain/meadow rotation, con-
coured, grassed
outlet channel
Bethany, Uncerraced, contoured, grassed- 1.04 86 7.1 4.9
Missouri waterways
1934-42
Multiple terraces, contoured, 3.25 86 2.1 2.4
grassed sutlet channel
Unearraced, nullied 1.7 137 53.83 11.4




erosion/secimenz yieid ccmoonent of CREAMS will not e as sensitive to ter-
race grade as it should be.

Sensisivity Analysis

Baving shown that CRENMS gives reasonable estimates, 3 sSensitivity analysis
was conductes with CREMMS to study the influence oI ingivideal Zaczors on
sediment vieid frcm terrace systems. The procedure was to compute sediment
yield for a given set of Dase farametear values. Next, sediment yield was
ccmputed for a new value of a given factor, which was varied independentcly
about its base value. The results are given in Tzble 4 where the ccmment
with each line denotes the variable that was changed. Since only one vari-
able was changed at a time, interactions were not stidied. The results are a
better description of relative effects of terrace variables than of absolute
effeczs. Hyérologic inputs were computed with the daily rainfall ortion of
CREXMS (Smith and Williams 1980).

Interpretation Of Results
2K

The sensitivity analysis, like field data, showed that of the factors stu-
died, terrace grade (Sl in Table 4) had the greatest effect on sediment yield
frem terraces. When grade is flat, much sediment is deposited; when grade is
steep, scour potentially occurs in the terrace channel. Sensitivity to grade
is increased when the effect of grade on runoff volume (Q in Table 4) and
peak runoff rate (which field data showed to be significant) is considered.
At Bethany, MO total runoff for the period of record from the 0.67 percent
grade terrace was l.47 times that from a 0.17 percent grade terrace, while
the average peak runoff rate for the 0.67 percent grade terrace was 4.6 times
that from the 0.17 percent grade terrace.

The effect of terrace length (L1 in Table 4) was not great. An increase of
length from 150 m to 450 m increased sediment yield and the USLE P factor-
sediment delivery ratio by 15 percent. An increase in interterrace horizon-
tal interval (LO in Table 4) by a factor of four increased sediment yield by
53 percent, but the sediment delivery ratio did not change.

The USLE P subfactor for sediment yield or sediment delivery ratio is one
minus the fraction of sediment reaching a terrace channel that is deposited.
The fraction of sediment that is deposited depends on transport capacity of
runoff in the channel relative to the incoming sediment load. No deposition
occurs unless transport capacity is less than sediment load. If sediment
load is reduced by reducing the slope of the interterrace area (SO in Table
4) without reducing transport capacity in the terrace channel, rveduction in
sediment yield may not be great. The computed sediment yield from an inter-
terrace area on a 9 peicent slope was 6.9 kg/m~, and sediment yield from the
terrace was 2.4 kg/m” which gives a sediment delivery ratio of 0.35. §edi—
ment yield from the interterrace area for a 3 percent slope was 1.7 kg/m- and
sediment yield from the terraces and outlet channel was 1.2 kg/m~ which gives
a sediment delivery ratio of 0.71. Although soil loss from the 3 percent
slope was one-fourth that from the 9 percent slope, sediment yield was only
cut in half, which doubled the sediment delivery ratio.

Runoff may vary greatly for a given storm erosivity (EI in Table 4) depending
on antecedent conditions. Conversely, particular runoff amounts and rates
can be caused by a variety of stom erosivities. Sediment yield from the
interterrace area is often highly related to stomm erosivity while sediment
yield from the terrace is highly related to runoff if deposition is occur—
ring. Sediment delivery ratio was calculated to decrease for given runoff

s

characteristics when storm erosivity increases.

Transport capacity of flow depends on channel geometry. Computed deposition
increased and sediment delivery ratio decreased as sideslope (SS in Table 4)
flattened from S:1 to 40:1 (horizontal to vertical). Equation 4 is assumed



s 4. Calculated Sediment Yielid (xq/m°}  for Semsitivity 3dnalysis  of  CREWMS

Srosiory Sediment Yiald Comoonent. Yariables Tasted: Terrace Grade {sl), Sunocis
Voiume .Q), Tarrage tenzzh (L), Interzerrace ugrizontal Interval (LOY, Slore
of InTerTerraca Area 'S0), Stormm Zresivivy (EIL, Siceslepe of Ta2riace Channel
(85}, Mamnirgs's n in Quclet mannel (M2), Outler hannel ergtn (L), and
Curve Siumcer Ior

257 Manazgement fractice (C).

Sediment Sediment  Sed tmens=?  Sediment  Sediment 3 Comments
viaid ZIrcm vieid delivery yiald Jdelivery
incerserrace fram racia at fren ratio at
interval cerraca erg ot suclat end of
channel tarrace crannel outlat
chanrel channel
2 2 2
(ka/m") (kg/=") (kg/m”)
3.99 1.57 8.12 1.57 0.42 Base values®
3.89 .35 .9 L.39 .39 Si =9..%
1.8 3.70 .38 2.70 .33 31 = ,.%; Q = 0.4 Q base
3.31 1.32 W27 L.32 .37 St = ,i%; Q= .3Q bhase
2.35 " 0.93 .36 0.93 .36 Sl = .2%; Q= .5Q base
3.99 1.92 .48 1.92 .48 Sl = .4%
2.94 1.24 .42 1.24 .42 sl = .4%; Q= .6 Q base
4.46 2.26 .5l 2.26 .51 Sl = .4%; Q = 1.2 Q base
3.99 2.1 .55 2.19 .55 sl = .5%
3.03 1.42 47 1.42 .47 sl = .5% Q= .63 Q base
4.83 2.7 .59 2.75 .59 Sl = .5%; Q = 1.23 Q base
3.99 3.17 .79 3.17 .79 Sl = .8%
3.24 2.25 .69 2.25 .69 sl = .9%; Q= 0.7 Q base
4.97 4.57 .92 $.38 .92 Sl = ,8%; Q= 1 Q base
4.1% 1.63 .29 1.63 .39 Ll =152
3.99 1.80 .4S 1.80 .45 Ll =450 m
3.15 1.36 .43 1.36 .43 Lto=12m
5.09 2.08 .41 2.08 .41 L0=49n
1.70 1.15 .68 1.15 .68 - SO = 3%
6.89 2.2 .35 2.45 .36 S0 = 9%
2.74 1.38 .50 1.28 .50 EI = 0.5 EI base
2.58 2.17 .37 2.17 37 EI = 2.9 ZI base
3.99 J1.39 . .35 1.39 .35 Ss = 10:1
3.99 *1.18 .30 1.18 .20 €s = 20:1
3.99 1,02 .26 1.02 .26 SS = 40:1
3.99 1.97 .42 2.49 .63 N2 = 0,05
3.99 1.67 .42 1.23 .33 N2 = .2
4.14 1.47 .42 1.74 .42 L2=152nm
3.79 1.587 .41 1.58 .42 L2=610m
1.31 2,55 .42 .35 .43 Q1 = 70, Chisel clcw

Sediment delivery ratio is the ratio of sediment yield at the end of the tarrace
channel or outler channel to that from interterrace area.

Base Values: 20 na watersned located in central Georgia in continuwous, convention-
ally rilled corn. Silt Loam so1l {erodibility = 0.040 ¥g h/m” N). 24 m and a3
interterrace horizontai interval and clope respectiveiy. 1305 m, 0.2% uniform, and
§:1-—terrace lemgth, grade, ard sideslope repsectively. 0.1, 305 m, 53 vniform,
and 20:l-—outlet channel Manning's n, length, grade, and sideslope respectively.
Rainfall erosivity, runoff voluae, peak runoff rate generated by daily rainfall
option of CREMMS hydrclogy comporent !Smith ard Williams 1980;.



o applv o terrace chamnels with 3 sidesicpe oI S:l. Incororating the

resulss of the sensitivity 3nalysis on sidesliope without considering
affact of sideslope on runofi volume or peak rate gives:

2.94g 5-0.24

E'l
o

2. = 0.3 ()
-

where s = channel sideslope (horizontal to verzical). According ©
the

2. S,
fraction of the sediment deposited in a uniform grade, open end terrace
channel with 20:1 sideslopes on a 0.6 percent grade is 0.29 wnich is one
minus the sediment dJelivery ratio. Values of 2, greater than 1 indicate a
potential for net erosion, a case where deposition’ may occur in an upper
reach of the terrace channel and scour in a lower reach.

The results for grassed cutlet channeis were as expectad. Cn a 5 percent
grzés, neither deposition nor erosion was comruted for a Manning's o (N2 in
mapie 4) of 0.1 which recresents a mederately dense grass stand. when n was
decreased +to 0.05, 3 svarse cover, erosion in the outlet channel was calcu-
lated phich is indicated in Table 4 by a sediment yield at the outlet channel
end larger than that at the ends of the terraces. Conversely, wnen n was
increased to 0.20 to represent a heavy, dense cover, deposition was calcu-
lated. These results are not general. Had the outlet channel been on a 4
percent slope, deposition might have been calculated at a lower drass den-
sity. Length of the outlet channel (L2 in Table 4) had little effect until
the channel beczme so long and discharge so high that it began to erode near

the outlet. Little or no deposition was calculated for the outlet channel
because it was steep.

Terraces alone may not adequately control soil loss on the interterrace area.
Additional practices like conservation tillage may be needed. A change from
conventional tillage to chisel plow tillage (CN in Table 4) had little effect
on the sediment delivery ratio.

Modern terraces are often constructed with irregular grades. If grade is
flat enowgh near the terrace outlet to cause much deposition, sediment yield
from the terrace may be closely related to the grade of the terrace channel
near the outlet. Also, deposition may be great at intermediate upstream
points along a terrace of an irregular grade which may influence sediment
yield. In this analysis, we did not consider such nonuniformities.

CCNCLUSIONS

1. The ratio of sediment reaching a terrace channel that is delivered to
the channel outlet depends strongly on terrace grade. Soil loss from a
0.3 percent uniform grade terrace was 45 percent of that from a 0.6 per-
cent uniform grade terrace typical of those of the 1930's. Other fac—
tors, like terrace length and vertical interterrace interval, have much
jess effect. For a given horizontal interterrace interval, the delivery
ratio seems to increase by a factor of 2 when interterrace slope is
reduced from 9 to 3 percent for continuous, conventionally-tilled corn
in a high rainfall-runoff area.

2. The ratio of sediment reaching a terrace channel that is delivered to
the outlet was estimated to be 0.4 for a 0.25 percent uniform grade ter-
race with row crop/small grain/meadow rotations for terraces of the
1930's. At a 0.6 percent grade, net deposition seemed to be insignifi-
cant for these terraces. The delivery ratio for modern terraces on a
0.6 percent grade is estimated to be 0.5 tq 0.7.

3. Conclusions (1) and (2) are for uniform grade, open end terraces and do
not apply to variable or irregular grade, closed end, or tile outlet
terraces.
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mwe argsiorycediment viald comTenent of TREMS, a fiald scals medel for
Chemicals, AnoisZ, ard Trosien frem Ngriculturzl Manzgement Sys.ms, can
ne usaed without calibration to 2valuact? -na arfactiveness 0of terTacss
and arassed watarwavs fOr SSntrolling zediment vield Irem Zam Zieicés.
However, 3CTuracy éer;ér.:‘s an having runoif astimetes Ircm 3 nvdrolegic
model with groger semsitivity to IacIors Like zerrace 3rxde.
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