EROSION/SEDIMENT YIELD PARAMETERS

The erosion/sediment yield component of GLEAMS has been changed only dightly from that in CREAMS. The
principal changes include the fixing of some user-input variables for which default values were often used, and letting
some be dynamically driven internally. Two updateable channel parameters (critical shear stress and depth to
non-erodible depth at the side of the channel) are now driven internally in the model rather than user specified. These
changes reduce the user dependence for parameter file development. The user-friendly parameter editor is particularly
helpful in establishing card sequence in the erosion parameter file. Generalized help tables from CREAMS are used
in the software where possible.

Soil composition of sand, silt, clay, and organic matter is now entered in the hydrology component with other soil

physical and chemical characteristics. Since clay content is needed by soil horizon for the plant nutrient component, silt
content was added also, and the sand fraction is determined asresidual.

* * k% *k *x *k *x %k * *k * *x *k *x *k *x *k * *x * *x *

Cards 1-3: TITLE

TITLE Three 80-character lines of alphanumeric information that identifies the particular computer run. For
example, the soil type, the crop rotation, the tillage practices, may be useful in identifying the file.
Thistitlewill be printed on the erosion output file.

Card 4: BYEAR¥*, EYEAR*, EROOUT, FLGSEQ, METFLG
BYEAR Four-digit year when simulation begins, e.g. 1973
EYEAR Four-digit year when simulation ends, e.g. 1975

EROOUT Code for output

for abbreviated annual summary outpuit;

for detailed annua summary output;

for abbreviated monthly and annual summary output;
for detailed monthly and annual summary output;

for abbreviated storm-by-storm and summary output;
for detailed storm-by-storm and summary output;

b wWNEFO

FLGSEQ Thisflag indicates the execution sequence of erosion-sediment sub-models as follows:

overland;

overland-impoundment;
overland-channel;
overland-channel-channel;
overland-channel-impoundment;
overland-channel -channel-impoundment.

OO WNE

233313133131313133333333333333333313131))D

* Changed to 4-digit year in version 3.0 for Y 2K compliance
FLGSEQ determines whether certain groups of cards areread. Cards6, 7, and 8 are always read
once and once only. Cards9to 11 areread only if FLGSEQ is 3 or more; they are repeated for a
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METFLG

Card 5:

SSCLY

Card 6:

NPTSO

DAOVR

Card 7:

XOV()

SLOV()

Card 8:
NXK
XSOIL()

KSOIL()

second channel if FLGSEQ is4 or 6. Card 12isread only if FLGSEQ is 2, 5, or 6, and they are
read only once.

Code for metrication
O if parameter data are in English units;
1 if parameter data are in metric units.
SSCLY
Specific surface areafor clay particles (m%g) (suggested value of 20.0 for kaolinite and 800.0 for
montmorillonite), e.g. 20.0
NPTSO, DAOVR

Number of pointsfor overland flow profile slope, e.g. 5 (Maximum number is 10. Generally little
advantage in using more than 5.)

Drainage area represented by the overland flow profile, acres (hectares), e.g. 3.2 (1.30)

XOV(1), SLOV(I) for | = 1 to NPTSO on Card 6

Distance from upper end of overland flow profileto the point where slopeisgiven, ft (m), e.g. 140.0
(42.67)

Slope of the overland flow profile at the XOV(), ft/ft (m/m), e.g. 0.02
NOTE: Upto5 pointscan begiven ononecard. If 6to 10 pointsare used, two Cards 8 arerequired.
It is possible to have two slopes given at the same distance to represent a sharp break. An example
for an abrupt slope change is shown below
Card 6: 3 20
Cad7: 80.0 0.02 80.0 0.04 1200 0.04
NXK, XSOIL(I), KSOIL(l) for I = 1to NXK
Number (1 to 4) of sope segments differentiated by changes in soil erodibility factor, e.g. 1

Relative horizontal distance from the top of the slope to the bottom of the segment, e. g. 1.0

Soil erodibility factor for the slope segment just above XSOIL, ton/ac per English El
(t.hah/haMJ.mm), e.g. 0.23

Example: Assume a horizontal slope length of 200 ft (60.96 m), KSOIL = 0.20 for the first 150 ft
(45.72 m), and KSOIL = 0.30 for the last 50 ft (15.24 m). Card 8 would be as shown below:

Card 8: 2 075 020 10 0.30
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The last XSOIL on Card 8 must be 1.0.

Cards9to 11 contain theinitial channel parameters. If FLGSEQ is1 or 2 on Card 4, no Cards9to 11 are needed. If
FLGSEQ is4 or 6, two setsof Cards9to 11 arerequired for the two channelsindicated. Channel profile plots should
be developed before completing Cards 9 to 11.

Card 9:

NSC, CTLO, RA, RN, DACHL, DACHU, Z

Card 9 applies to the field channel, standing at the upper end of the 1st or 2nd channel, whichever is being
considered, looking downstream.

NSC

CTLO

RA
RN
DACHL

DACHU

Card 10:
XLSP()

SSLP()

Number of channel segments differentiated by changesin slope, e.g. 3 (Maximum of 5.)
Channel outlet control condition that affects flow depth:
1 if critical depth controls depth at the end of the channel;
2 if uniform flow controls depth at the end of the channel;
3 sameas2, except Manning's"n" for the outlet channel isthe same asthat for the lower segment
of the field channel, that is, the field channel continues beyond the edge of the field;
4 if arating curve controls depth at the end of the channel.
Critical discharge, Q, is computed as follows:
Q =RA * YRN
where
Q = critical discharge, ft /sec (m /sec),
RA = coefficient (Card 10),
Y =flow depth, ft (m),
RN = exponent (Card 10).
Coefficient in the rating equation, e.g. 2.4 (Leave blank if CTLO < 4)
Exponent in the rating equation, e.g. 2.25 (Leave blank if CTLO < 4)
Total drainage area at the lower end of the channel, ac (ha), e.g. 3.2 (1.30)
Drainage are at the upper end of channel, ac (ha), e.g. 0.20 (0.08)

Side dlope of field channel cross-section expressed as horizontal -to-vertical distance, ft/ft (m/m), e.
g.20.0

Enter the value for Z that most closely approximates the channel shape.

XSLP(1), SSLP(1) for | =1 to NSC (Card 9)
Distance from upper end of the channel to the bottom of segment I, ft (m), e.g. 46.0 (14.02)

Slope of segment | directly above, ft/ft (m/m), e.g. 0.025
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Card 11:

NOTE:

CTLZ

CTLN

CTLSL

CTLZ, CTLN, CTLSL
Card 11 refers to the outlet control channel, that is, standing at the end of the channel looking
downstream (at the end of the 1st channel looking at the 2nd channel, or at the end of the field
channel 1ooking beyond the edge of the field.

Side slope of a cross-section of the outlet control channel, expressed as a ratio of horizon-
tal-to-vertical e.g. 20.0

Manning's "n" for the outlet control channel, e.g. 0.03

Slope of the outlet control channel, ft/ft (m/m), e.g. 0.002

Card 12 isfor impoundment parameters. If FLGSEQ =1, 3, or 4 (Card 4), skip card 12--do not leave blank line.

Card 12: DAPND, INTAKE, FRONT, DRAW, SIDE, CTL, DIAO, C
DAPND Total drainage area above theimpoundment, sasme asDACRE in hydrology, ac (ha), e.g. 3.2 (1.30)
INTAKE Saturated soil-water intakerate or saturated conductivity withintheimpoundment, in/hr (cm/hr), e.g.
0.20 (0.51)
FRONT Embankment front slope (vertical to horizontal), ft/ft (m/m), e.g. 0.20
DRAW Slope (vertical to horizontal) along channel draining into the impoundment, ft/ft (m/m), e.g. 0.024
SIDE Side slope (vertical to horizontal) of land at impoundment toward DRAW, ft.ft (m/m) e.g. 0.01
CTL Code for type of impoundment outlet:
1 if the pipe outlet control istypical of impoundment-type terraces,
2 if an orifice coefficient, C, isto be entered.
DIAO Diameter of orificein outlet pipe, in (cm), e.g. 3.0 (7.5) Leaveblank if CTL = 2.
C Orifice coefficient, e.g. 3000.0 Leave blank if CTL=1.
The equation for Cis:
C = 3600 Q/Y°®
where
Q = peak discharge of pipe outlet, cu ft /sec (cu m/sec),
Y = depth of water above orifice, ft (m).
Updateable Parameters

The remaining input, Cards 13 to 22, are updateable parameters that are time dependent. The program reuses the
updateable parameters after a period of rotation (NYEARS, Card 13) is completed. The execution sequence flag
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(FLGSEQ, Card 4) determinesthe sequenceinwhich Cards 13to 22 areread. Thereareno updateable parametersfor
the impoundment. The updateable overland flow parameters are on Cards 15 to 18, and those for the channel are on
Cards 20 to 22. An overland-channel-channel sequence (FLGSEQ = 4, Card 4) will have Cards 13 and 14 followed
by Cards 15 to 18 for the overland flow, followed by Cards 19 to 22 for the 1st channel, followed by another set of
Cards 19 to 22 for the 2nd channel.

Card 13:
NYEARS
Card 14:

CDATE()

NYEARS
The number of yearsin thisrotation, e.g. 1
CDATE(J) for J=1to 10
The Julian days on which sets of parameters take effect, e.g. 001, 105, etc.

The first CDATE must be 001 for the first year of a rotation or simulation in order to have
parametersfor model operation to begin at the start of ayear. The beginning CDATE of subsegent
years does not have to be 001.

NOTE: The computer readsall 10 datafields on Card 14 but uses only values greater than zero. If,
for example, only five CDATES areto be used in ayear (J=5), enter themin thefirst fivefields of
the card and leave the last five fields blank. The parameter editor automatically includes CDATE
=001 for the first year, and places CDATE in the appropriate fields.

Useone Card 14 for each year of rotation. The maximum number of CDATES possiblein arotation
is40. They may be spread out, such as4 per year for a10-year rotation (10 Card 14's); 10 per yr for
a4-yr rotation (4 Card 14's); or any combination betweenthese. Eachyear doesnot requirethe same
number of CDATES.

Card 13 and an appropriate number of Card 14's must alwaysbethefirst cardsin a set of updateable
parameters.

Cards 15 to 18 contain the updateable parametersfor the overland flow. Card 15isread ontheinitial passthrough the
program, but not in subsequent reads of updateable parameters. Thismeansthat the XFACT'sinitially entered on Card
15 will remain the same for every year of the rotation.

Card 15:

NXF

XFACT()

NOTE:

NXF, XFACT(I) for | = 1to NXF

Number (1 to 4) of overland flow profile segments differentiated by changes in the overland flow
updateable (annual) parameters, e.g. 1.0

Relative horizontal distance from the top of the overland flow profile to the bottom of segment |
(ratio of distance to bottom of segment to total profile length), e.g. 1.0

A set of Cards 16 to 18 are needed for each overland flow segment, NXF, for each year of the
rotation. For example, if NXF =3 and NYEARS = 3 (Card 13), 9 setsof Cards 16 to 18 are heeded.
Thelast XFACT on Card 15 must be 1.0 The proper sequence of these sets and the last value are
established automatically in the parameter editor.
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Card 16:

CFACT()

Card 17:

PFACT()

Card 18:

NFACT()

CFACT(1,J) for J= 1 to the number of updates per year

Soil lossratio for overland flow profile segment I, e.g. 0.56

PFACT(1,J) for J =1 to the number of updates per year

Contouring factor for overland flow profile segment I, e.g. 1.0

NFACT(1,J) for J= 1 to the number of updates per year
Manning's "n" for overland flow profile segment I, e.g. 0.020

CAUTION: NFACT must never belessthan 0.010 Thislower limitisfixed inthe parameter editor
which will not accept a smaller value.

Cards 19 to 22 contain the updateabl e channel parameters. Card 19isread ontheinitial passthrough the program, but
not in subsequent years of annual channel parameters. Thismeansthat the XCHAN'sentered initially will remain the
same or every year of the rotation. The proper sequence of these updateable channel parameters is established
automatically by the parameter editor.

Card 19:

NXC

XCHAN()

NOTE:

Card 20:

NCHAN()

Card 21.

DCHAN()

Card 22:

NXC, XCHAN(I) for | =1 To NXC

Number (1to4) of channel profile segmentsdifferentiated by changesinthechannel parameters, e.g.
1

Relative horizontal distance from top of channel to the bottom of segment I, e.g. 1.0

Thelast value of XCHAN on card 19 must be 1.0 Thisisautomatically established by the parameter
editor.

NCHAN(1,J) for J= 1 to the number of updates per year
Manning's "n" for channel segment I, e.g. 0.045

CAUTION: NCHAN must not be less than 0.030 The parameter editor will not accept a smaller
value.

DCHAN(1,J) for J= 1 to the number of updates per year

Depth to nonerodible layer in the middle of the channel for segment I, ft (m), e.g. 0.33 (0.101)

WCHAN(1,J) for J= 1 to the number of updates per year
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WCHAN()  Top width of channel for segment I, ft (m), e.g. 10.0 (3.05)

NOTE: A setof Cards20to 22 isrepeated for each channel segment (XCHAN, Card 19). Similarly, agroup
of sets are repeated for each year of the rotation.

If FLGSEQ =4 or 6 (Card 4), asimilar set of Cards 20 to 22 are repeated for each segment and year for the second
channel.

Parameterson Cards 21 and 22 have afeature none of the other parametershave: if negative valuesare assigned to any
parameter--with one important exception described below--the model uses the computed value for DCHAN and
WCHAN. For example, a-99.0 value on Card 21 tellsthe model to use the simulated value for DCHAN rather than
update to some specified value, say 0.33 (0.10). Where apositive value, such as 0.33 (0.10) isgiven, it indicates that
tillage occurred and the depth to nonerodible layer or plowpan isreset to 0.33 ft (0.10 m). The-99.0 is used to make
it more prominent; any negative value serves the same purpose. These same conditions hold for WCHAN (Card 22),
also.

There is one exception where negative values on Cards 21 and 22 have computational value, and that ison thefirst
pass through the annual values. Thefirst fields of DCHAN and WCHAN values are used as the absolute values. In
subsequent reuse of the annual values, if aminussign is present, computed values of DCHAN and WCHAN are used
rather than the absolute value of the parameters.

Generalized tables for the erosion component (some help tables from the parameter editor) are given for user
information.
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EROSION PARAMETER DESCRIPTION

The erosion component has been changed only slightly from that described by Foster et a. (1980a; 1980b) and
the USDA-SCS (1984). The changes mainly have been in slightly streamlining input to reduce user-dependence and
allow more internal estimation of parameters. Some user choices have been eliminated since GLEAMS is a water
quality loading model as opposed to state-of-the-art erosion model. For example, the user no longer has the option of
specifying up to 10 sediment particle classes. This option was seldom, if ever, used in water quality considerations.
There arefive particle classes consisting of the primary sand, silt, and clay, and small and large aggregates with sizes
estimated internally after Foster et al. (1985).

Input data describing the overland flow profile was significantly changed from that in CREAMS. Ascough
and Foster® developed algorithms to take distances and slopes (tangents) along the overland flow profile, and fit
parabolas tangent to the slope at the specified distances. This procedure greatly simplifies the user input, and the
algorithms create smooth profiles described by the data.

Much of the following material describing the erosion parameters was taken from the above referenced
publications. Itisnecessary to repeat theinformation herefor user convenienceinhavingthematerial in onepublication
when devel oping parameter files. A parameter editor devel oped for the erosion component is an extremely important
software package, external to the model, to aid in creating and editing parameter files. Proper card sequences for
different flow sequences, rotation cycles, and parameterized segments for overland flow and channel profiles are
established automatically. Theuser isled through the parameterization processwithout having to think about order and
sequence.

Although the parameter editor isaself-contai ned software packagewith convenient helptables, additional and
more detailed description may be especialy helpful to users who are not erosion specialists. The following material
isintended to aid in the erosion component parameterization.

Initial General Parameters
BYEAR and EYEAR

The beginning and ending years of simulation were input in the hydrology component, and are used in the
model to determine the number of years of rainfall datato read. These parameters are repeated here in the erosion
component to facilitate writing an internal file that has complete parametersfor all years of simulation rather than just
for the rotation cycle as entered.

Designating Erosion Component Output--EROOUT

A separate output fileis maintained for each component to give the user optionsfor his specific problemsand
interests. Designation of EROOUT allows the user to obtain quite a range of output information from very brief
summariesto very detailed stormoutput. EROOUT =0 providesvery abbreviated annual summariesonly without data
by flow element. EROOUT = 1 provides detailed annual summary data with information for each element, i.e.
overland, channel 1, channel 2, and pond. EROOUT = 2 gives abbreviated monthly and annual summaries. Each
higher level of output also includesthelower level. For EROOUT = 3, detailed monthly summaries also includesthe
detailed annual output. Likewise, EROOUT =4 providesabbreviated storm-by-storm output aswell asthe abbreviated

*Ascough, J. C., and G. R. Foster. USDA-National Soil Erosion Laboratory, Purdue University, West L afayette,
Indiana. Personal communication. October 3, 1985.
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monthly and annual summaries. EROOUT = 5 gives the most detailed storm-by-storm output and the detailed
summaries.

Flow Sequence--FLGSEQ
Thefield, or natural drainagearea, isrepresented by acombination of such elementsasoverland flow, channel,
and temporary impoundment. The proper sequence of these elements determine the order in which dataare read and

computations made in the model. The six sequences represented in the model are:

Seguence No. Seguence of Elements

Overland

Overland-Pond
Overland-Channel
Overland-Channel-Channel
Overland-Channel-Pond
Overland-Channel-Channel-Pond

OO WNE

The best representation of the field is needed to generate the best estimate of sediment yield at the edge of the
field. Major field features must be identified before selecting the appropriate flow sequence. Site visits, aerial
photographs, and topographic maps are needed to characterize the flow elements represented in the field. USGS
topographic maps are generally too coarse for this purpose unless the slopes are very steep. Soil survey maps can be
used to supplement the information.

All field drainage areas are assumed to be composed of an overland flow element. Natural topography causes
overland flow to converge into major flow concentrations on many fields. These concentrations are readily
distinguished from rills that may exist. Several rills may combine flow into the larger concentrations. Distinction
between rills and flow concentrations is not necessarily based upon relative size, but how the behave hydraulically.
Removal of asinglerill has negligible effect upon hydraulics, but removal of asingle concentration hasamajor effect
upon the transport of sediment.

Other flow concentrationsthat may exist within fields other than these natural onesareterrace channels, grass
waterways, and diversion ditches. Ridgesdeveloped by tillage at the edge of afield may confine overland flow into the
turn-row areaand result in amajor flow concentration. Ridge-furrow systems such asin potato production or in high
water table areas result in major flow concentration. The furrows have more affect than rills, but the removal of one
furrow may not have a major affect for the field. Each ridge and furrow behaves like a mini-terrace, and the flow
concentration may require consideration.

Pond elementsin the erosion/sediment yield component resultsin temporary ponding of water as opposed to
any permanent storage of water such as afarm pond or floodwater retarding structure.
Impoundment terracespond water temporarily until it can bedrained by the pipeoutlet. Pipeculvertsthrough roadways
and through field berms also create temporary impoundment of water resulting in deposition of the coarse sediment
fractions. Natural drainage of water through abreak in aridge around afield may result in temporary ponding. Debris
and sediment basins may be considered as the pond element if there is not a permanent storage of water.

Examples of each of these flow sequences may be helpful for the user in representing specific sites.
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1 If overland flow drainsinto astream (of channel) which also containswater drained from areas other
than the field of concern.

2. Overland flow converges into an impoundment such as an impoundment terrace, or into a culvert
through a roadway.
3. The field may be overland flow converging into a single concentration down the center of thefield,

or overland flow draining along a turn-row caused by a ridge at the field edge, or overland flow
intercepted by a diversion terrace.

4. Fields with aterrace system draining into a grassed waterway typify FLGSEQ 4. Overland flow
enterstheterracechannel whichinturndrainsinto agrassed outlet channel. Thissequencemight also
represent overland flow from the side of arow ridgedraininginto afurrow and thefurrowsdraininto
awaterway or aturn row at the edge of afield.

5. If overland flow from theinter-terrace areadrainsinto aterrace channel before flowing into the pond
of animpoundment-typeterrace, the overland-channel -pond sequenceisappropriate. Overland flow
converging into a central concentration of flow that drains through a road culvert also represents
sequence 5.

6. The overland-channel-channel system of sequence 4 (the terrace system) that drains through aroad
culvert typifies sequence 6.

Only one"representative” overland flow profileisaccepted by the erosion component of GLEAMS. Thiswill
be discussed in detail later. Branching channels, such as two concentrations of flow merging into a single is not
considered a channel-channel sequence and is not permitted in the model. Selection of the one that gives the best
representation must be made by the user. Thebest overall representation isdesired to givethe best estimate of sediment
yield at the edge of the field.

Metrication--FLGMET

FLGMET isusedinthehydrology parameter fileto designate that all input and output isin metric. However,
it is repeated in the erosion component merely for the parameter editor to specify the correct values and ranges of
parameter values.

Specific Surface Areafor Clay--SSCLY

Specific surface area of soil particlesis used to estimate an enrichment ratio (ER) for sediment delivered to
the edge of the field. Phosphorus and ammonia are adsorbed onto the clay fraction of the soil, and pesticides are
adsorbed onto the organic carbon in the soil. Transport capacity of overland and concentrated flows determine which
particles can becarried, and deposition of the sandsoccur first, followed by large aggregates and then small aggregates.
Deposition of the coarser heavier fraction occursinimpoundments, al'so. Thesand and silt fractionsdo not contain plant
nutrients and pesticides. Therefore, it is hecessary to estimate a measure of the increase (enrichment) of soil finesin
the sediment leaving the field. One measure is an enrichment ratio, i.e. the ratio of the specific surface area of the
sediment to the specific surface area of the residual soil
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SS
ER = %9 [5]

soil

Sediment is routed through the delivery system (sequence) alowing deposition, and the composition of sediment by
primary particles (sand, silt, clay, and organic matter) is known. The specific surface areais also calculated for the
residual soil.

Specific surface area of sand and silt are given by Baver (1965) as 0.05 and 4.0 m%g, respectively. Organic
matter surface area active in pesticide adsorption is generally accepted as 2,000 m?g. Specific surface area of clay
particles depends upon the mineraogy. Specific surface areas of 20 and 800 m?/g are given (Baver, 1965) for kaolinite
and montmorillonite clay particles, respectively.

The specific surface areas for sand, silt, and organic matter given above are fixed in GLEAMS. Sincethere
is such a difference for the two clay minerals, the user must specify the specific surface for clay particles, SSCLY.

Description of Overland Flow Area
Profile and Soil Erodibility

It was stated in the discussion of FLGSEQ above that only one representative overland flow profile can be
entered in GLEAMS. Itisnot thelongest, shortest, steepest, or the flatest, but isthe most representative of the entire
overland flow area. The entire area of the field is generally considered contributing overland flow, DAOVR (see
FLGSEQ above). A special application where DAOVR islessthan the field areawould be the ridge-furrow system
described inthediscussion of FLSEQ. Inthiscase, DAOVR would bethe areaof anindividual furrow, i.e. row width
(spacing) timesthe row length. Thetotal area of the field would be the drainage area at the outlet of the last channel
or pond.

Before entering datafor the overland flow profile, it is recommended that the user obtain atopographic map
of thefield (USGS topo map is not sufficiently detailed). Mark about 10 overland flow paths on the map, and plot the
profiles on x-section paper. After plotting the profiles, select what appears to be the most representative of the group.
Thisrequires professiona judgement and it is somewhat subjective, but objectivity isurged. The overland flow shape,
length, and slope are sensitive input since they control the delivery of sediment to the channel, pond, or field outlet.
Their sensitivity decreases with other flow elementsin the sequence. Channelsand a pond may reduce the sensitivity
depending upon channel slope and impoundment characteristics.

The overland flow profile is described by giving distances and slopes along the flow path to the end of the
profile. Beginning at the upper end or top (topographically highest point) of the profile as the zero distance, select up
to 10 points where the slope is to be given. Although some would say there cannot be a slope of a point, the slope of
acurved surface at apoint isatangent to the curve. Thelast point must bethetotal slopelength. Ascough and Foster®
considered up to 20 points along the profile and found that little accuracy was gained by more than about 5 points, and
essentially none was gained with more than 10. Thus, the limit in GLEAMS was fixed at 10.

A uniform slope can be represented by one point at the end of the profile, or by a point at the beginning and
one at the end. For example, a 100 ft (30.5 m) long flow path with a slope of 0.02 ft/ft (m/m) could be given as

Sp cit.
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100.0 0.02
or it may be entered as
0.0 0.02 100.0 0.02
Both representations will give the same results.

One point on the overland flow profile may be given two slopesif thereis an abrupt change. An example of
thisrepresentation isin the Strawberry Hillsareain California. Strawberries are grown on high beds (approximately
1ftor 0.33m) onavery sandy soil. When theridges are shaped with almost vertical sidewalls, trickleirrigation tubing
isplaced in theridge, a plastic cover is placed on top of the ridge, and the edge of the plastic isforced into the side of
the ridge near the top. A relatively sharp break in the slope occurs at the edge of the ridge. This slope could be
represented as follows:

Distance (XOV) Slope (SLOV)
(ft) (ft/ft)
0.75 0.002
0.75 2.00
1.25 2.00
1.25 0.005
1.50 0.005

The first two points (0.75 ft) isthe top edge of the ridge, and the next two points (1.25 ft) is the bottom edge
of theridge. The last point (1.50 ft) is the end of the overland flow profile which is the middle of the bottom of the
furrow. Thisisan extremeexampleof ashort, steep overland flow profilethat can berepresented simply inthisversion
of GLEAMS.

The above example for the strawberry beds represents a complex slope shape: convex-concave. When
describing other complex shapesthat are smooth in transition rather than the abrupt changesin slope, careful attention
should be given to the curved sections. Any rapidly changing slope, other than the abrupt breaks, require more closely
spaced points.

Zero (flat) slopes are not permitted in GLEAMS. Zero slope will result in afatal run-time error, divide by
zero. If aslope segment is perfectly flat, such as the top of the strawberry bed described above, some small value of
dlope should be entered. For example, a slope = 0.0005 is practically negligible, but will prevent division by zero.

Soil erodibility is considered a non-updateable parameter in GLEAMS. Although aternate freezing and
thawing, wetting and drying, or tillage versus no-till systems change the erodibility, the changes are considered small.
Also, for relative comparisons of management systems, a constant value of erodibility is entirely satisfactory. If the
model is used for absolute prediction for individual storms, a constant erodibility is much less desirable.

Erodibility of soil varies within a series just as water retention characteristics. Likewise, prior erosion and
sediment transport in an overland flow region may change erodibility from one area on the flow path to another, i. e.
from aflat upper slope with anormal soil plow layer to a steep mid slope where significant erosion and transport of a
sand-size fraction to the flattened slope at the bottom of a concave section where deposition has occurred. Signif-icant
differencesin the soil erodibility (KSOIL) along the overland flow path can be distinguished in the model. Upto four
segments can be represented with different erodibility factors. Even though afield is mapped as the same soil series,
and the soil database gives only one value of erodibility, the user can objectively change KSOIL on the representative
overland flow profile.
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The example of the strawberry beds given above is onein which two KSOIL parameters should be entered.
The plastic cover extending across the ridge (from 0.0 to 0.75 ft) would have an erodibility factor of 0.00, while that
from0.75to0 1.5 ft might have KSOIL =0.30. A zerovauefor KSOIL will not resultinarun-timeerror since KSOIL
isamultiplicative parameter.

Soil erodibility isdetermined the sameasfor the Universal Soil Loss Equation (Wischmeier and Smith, 1978).
It can be estimated using the nomograph in the handbook. Also, it has beenincluded in theinformation on the Soils-5
database. If neither the database nor the handbook are available, an estimate can be made using average particle size-
distribution data from the textural classification. Thismay be a useful feature in countries where good soil databases
are not available.

Table E-1 was devel oped for the average sand, silt, and clay contents of each of the 21 textural classifications
in Table H-5. Wischmeier and Smith (1978) gave an expression for soil erodibility

2.1 TFL14 104 (12 - OM) + 3.25 (SF -
100

KSOIL = 6]l

where OM is percent organic matter, SF is a soil structure code, and PF is a soil profile permeability class. TFisa
texture factor given as

TF = (SI + VFS) (100 - CL) [71

where Sl is percent silt, VFS s percent very fine sand, and CL is percent clay. The values of TF givenin Table E-1
assumes that one-half of the sand fraction is VFS. The soil structure code is

1 very fine granular,

2 fine granular,

3 medium or coarse granular,
4 blocky, platy, or massive.

The profile permeahility classis

1 rapid,

2 moderate to rapid,
3 moderate,

4 dow to moderate,
5dow,

6 very dow.

Therelationship givenin equation [6] isvalid wherethefraction of silt doesnot exceed 70 percent. Only thesilt texture
listed in Table E-1 exceeds the 70% limit. The soil erodibility, KSOIL, is estimated by the relation

KSOIL = TF (12 - OM) + SF + PF [8]

where SF and PF are approximate generalized structure and permeability factors, respectively.

Erodibility of soil in concentrated flow (channels) iscalculated in themodel as0.39timesK SOIL for overland
flow (Foster et al., 1980a). This allows adjustment internally for different soils.
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Soil erodibility isasensitive parameter sinceit isamultiplicativefactor in estimating rill and interrill erosion.
However, if the flow sequence contains a channel and/or pond, the sensitivity of sediment yield at the edge of thefield
to erodibility may be very slight. Thiswould result for atransport- limited systems.

Initial Channel Parameters

Description of channel characteristics and controls are required to supply enough information for the model
to consider flow conditions affecting sediment transport and/or deposition. Channel slope, shape, and width affect flow
velocity, and controlsmay cause backwater that resultsin sediment deposition. The user must be careful when selecting
parameter valuesto distinguish between " outl et control channel™ and "field channel™. Outlet control channel placesthe
user at the edge of thefield (or outlet of channel 1) looking downstream at those conditions or characteristics that may
cause backwater. Thefield channel placesthe user at the edge of thefield (or at the outlet of channel 1) looking back
up the channel into thefield. These are keysin knowing which channel or what condition is being parameterized. If
thereisachannel-channel in the flow sequence, channel 2 isthe outlet control channel for channel 1, and channel 1is
the field channel. For channel 2, the outlet control channel is what lies beyond the edge of the field, and the field
channel is channel 2.

Just as for the overland flow profile, it is necessary to indicate the number of slope segments in the field
channel. A maximum of 5 slope segments can be entered. 1f the channel has a continuously steepening or flattening
from the upper end of the channel, 5 segments may be needed. Also, if soil or geologic layers cause astair-step profile,
the maximum number may be used. A uniform slope could be represented with only one slope segment for the entire
channel length.

Field Channel

A field channel isdefined asaconcentration of flow, such aswhere several rillsconvergeor well-defined grass
waterways, terrace channels, of diversions. Thelength of anatural concentration of flow extendsfromitsorigin, or rill
convergence, to the outlet at the field edge or where it drains into another channel. The length of a constructed
waterway, terrace channel, or diversion iswell defined. These determinations should be made from a site visit and
topographic map before assigning parameter values.

Number of Channel Slope Segments--Channel slopeis specified for amaximum of five segments beginning from the
upper end, or channel origin. The distance from the origin to the bottom of each successive segment and the slope of
the respective segment is entered (see distance and slope below). The number of segments, NSC, denotes how many
values distance and slope are to be entered.

Outlet Control--Some type of control at the field channel outlet may affect the flow condition that either increases
velocity (causes a draw-down of water surface) or causes backwater in the channel. Either condition affects the
transport and/or deposition of sediment near the end of the field channel. For example, an overfall from aterrace
channel into aroadsideditchwould causecritical flow at the point of overfall. Theflow velocity and sediment transport
capacity would increase. Therewould not be awell defined stage discharge rel ation because channel geometry would
beirregular. Conversely, aweir, flume, or some type of water-level control structure in the channel would have a
regular geometrical shapewith aconstant rating equation. TableE-2 givesthefour typesof control for different defined
conditions that may be specified by codeas CTLO.

Channel Outlet Control: Rating Coefficient and Exponent--Channel control structuresthat are stable and constant in
time can be represented by discharge-to-depth relationships. If the shape of a berm or the shape of an overfall
(nickpunct) remains stable, ratings can be developed and used flow controls. Weir and flume or other ratings can be
expressed as
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Q = RA (V)R []

where Q is discharge, m¥sec (ft*/sec), and Y is depth of flow over the control, m (ft). RA and RN are discharge
coefficient and exponent, respectively, the values of which depend upon the rating and units of Y and Q.

Drainage Area of the Channel at the L ower End--If the flow concentration (channel) isthe main stem of awatershed
or field, the drainage area at the outlet, DACHL isthetotal areaof thefield. It isthe same as DACRE in hydrology.
If the channel isaterrace channel, it isthe areaof theterraceinterval selected asthe representative channel. Thisarea
issmaller than the drainage area of the overland flow, DAOV, whichisthetotal field area. If the channel isafurrow
between two crop rows, the area is the product of row length and spacing, and is less than the field area.

Drainage Area of the Channel at the Upper End--The main stem of awatershed generally does not extend to the field
boundary or divide. Natural drainage converges from a pie-slice shaped areainto the upper end of the channel. The
area of this pie diceis the drainage area of the channel at the upper end, DACHU. The runoff from this area may
contain some sediment, and the discharge and sediment load is greater than zero at the upper end. The areaisused to
extend the channel back, at the same slope asthe upper segment and same drainage density asfor the main channel, to
apoint of zeroflow. Thisfictitiouslength isadded to the channel length entered to give an "effective" channel length
that becomes an output.

A terrace channel or agrassed waterway that serves only as aterrace outlet channel does not have adrainage
areaat the upper end, i. e DACHU =0.0. Discharge and sediment load begins at zero at the upper end of the channel.
It is necessary to begin channel computations with zero water and sediment inflow at the beginning of the top
computational segment. Computations progress down the channel as spatially varied, uniformly increasing discharge.

The CREAMS model operated as three separate computer programs with an intermediate pass-typefile. It
was simple to select a specific storm from the hydrology passfile to operate as input to the erosion component. The
USDA-SCSirrigation engineer at the West National Technical Center, Portland, Oregon, wanted to use CREAMS to
compute erosion from furrow irrigation. Since the model could consider arow furrow asachannel, thiswasafeasible
application. However, furrow irrigation begins with flow at the upper end greater than flow at the lower end, i.e.
spatially varied uniformly decreasing flow--the opposite that in the model. The erosion component was modified by
Dr. G. R. Foster toaccept aDACHU greater than DACHL, representing moreinflow at the upper end than at the outlet.
A hydrology passfile was created artificialy with the runoff volume equal to the equivalent depth of irrigation water
applied, azerorainfall energy, and acharacteristic dischargerate (at thelower end of the furrow) equal to an estimated
tailwater flow rate. This permitted erosion/sediment yield calculations for an individual furrow.

GLEAMS also acceptsDACHU greater than DACHL, but sinceerosionissimulated simultaneously, natural
rainfall events and furrow irrigation events cannot be simulated in the same run. 1t would require the model to stop
simulation and re-configure the DACHU and DACHL between the events. Thisis not feasible. If it is desired to
consider erosion by furrow irrigation, CREAMS isrecommended for use. Likewise, if pesticides are of concern with
the irrigation event, then the CREAMS chemistry component is recommended.

Field Channel Sideslope--The sideslope, Z, of the field channels vary with type of channel. Sides of terrace channels
are generally not symmetrical, but a sideslope of 5:1 (horizontal-to-vertical) isrecommended. A value of 10:1 would
be appropriate for a natural concentration of flow unless better information is available. A value of 20:1 is
recommended for concentrated flow caused by aridge or berm at the edge of afield. Constructed trapezoidal shaped
waterways generally degrade to a parabolic shape before grass is established, and a value of 25:1 or 30:1 is
recommended depending upon width and depth of the designed channel.

Field Channel Distance and Slope--The channel segment distance and slope description is entered into the model for
amaximum of five segments. The distance from the upper end (origin) of the channel to the bottom of the segment,
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and the slope at the bottom of the segment in entered for all segments, NSC. All distances, measured in ft or m, are
measured from the top of the channel, and the last distance entered is the total channel length.

A uniform channel slope can be represented with one segment (NSC = 1), with the distance, XSLP, equal to
the total channel length, and the slope, SSLP, equal to the average slope, expressed in ft/ft or m/m. If a channel
continually steepensor flattens from the beginning to the outlet, the entire five segments may be needed to describethe
slope adequately.

QOutlet Control Channel

Consideringtheoutlet control channel, that isstanding at theend of channel 1 1ooking at channel 2, or standing
at the end of the field channel looking beyond the edge of the field, describe the channel characteristics. These
characteristics affect the flow velocity and sediment transport capacity.

CTLZ--CTLZ isthe approximate side slope of the control channel. If the field channel continues beyond the edge of
the field with the same shape, slope, and etc, CTLZ may be the same as that for the field channel. If a channel is
regularly tilled, side slopes ranging from 10:1 to 15:1 (horizontal:vertical) may be appropriate. For naturally eroded
channels or concentrationsof flow caused by afield boundary ridge, 20:1 may more nearly approximatethe side slopes.
Foster et al. (1980a) expressed side slope of arectangular channel related to a function of bottom width divided

by discharge weighted over arange of rates. This assumes the user knows in advance the anticipated flow rates. An
apriori estimate of 20:1 to 25:1 would be an acceptable value. Side slopes for terraces were recommended as 5:1.

Outlet channel sideslopeisnot generally asensitive parameter, but some channel characteristicsmay resultis
significant sensitivity. The user is urged to give careful attention the this value.

CTLN--Manning's "n" for the outlet control channel, CTLN, is arelatively sensitive parameter sinceit affects flow
velocity. The velacity is used to calculate transport capacity and shear stress, and thus erosion or deposition.

For outlet control channelswithin afield, "n" values may be obtained from Table E-3. Cover included inthe
table represents a moderate range for grassed channels and channels that aretilled and cropped. If the outlet control
channel is an extension of the field channel, the valuesin Table E-3 are appropriate. However, if the outlet control
channel has brush and trees along the banks, or boulders and cobbles, other data sources should be consulted. Such
sources include Ree and Palmer (1961), Chow (1959), and Barnes (1967). If these or other sources are not readily
available, reasonable estimates can be made by extension from valuesin Table E-3. Datain the table for very dense
grassand agood cover of small grainin 7-in (18-cm) rows show Manning's"n" values of 0.30, thelargest valuesin the
table. 1t would be reasonable to expect that channels with brush and weeds might have values in the range of 0.40 to
0.60 depending upon density and size. These are merely guidelines in absence of data, but good references are
recommended since the parameter may be relatively sensitive.

CTLSL --Slopeof theoutlet control channel, CTLSL, isanother relatively sensitive parameter sinceit affects sediment
transport at or near the edge of the field. 1n an overland-channel-channel sequence where the second channel occurs
within the field, the second channel isthe outlet control channel. CTLSL isthe slope of the first (upper) segment of
that channel. Theoutlet control channel for the second channel isbeyond the edge of thefield (standing at thefield edge
looking downstream). 1nan overland-channel sequence, the outlet control channel isbeyond the edge of thefield, also.
In both of these cases, CTLSL is the slope immediately beyond the edge of the field, within 15-20 m (45-60 ft).
Changes farther downstream probably has little affect.

If the outlet control channel beyond the edge of the field is an extension of the field channel, the same
parameters for side slope, bottom slope, and Manning's "n" are the same as for the last segment of the field channel.
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These considerations mainly apply to site-specific situations. Since channel conditionsbeyond the edge of the
field may have significant affect on sediment yield, it is very important to visit the site before devel oping parameters
and applying themodel. Thiscannot be over-stressed. Lessconcern may bejustified for more generalized applications
where relativity is more important.

Pond (Impoundment) Element

The pond element in GLEAMS represents temporary impoundments of sediment-laden water that allows
deposition of the coarse, heavy particles (aggregates and sand). Infiltration occurs at the bottom of the impoundment,
and it is assumed to drain within the day on which inflow occurs. It was developed to represent impoundment-type
terraceswith pipeoutlets, temporary ponding of runoff water behind ridgesand cul verts, and debris or sediment basins.
All of these are designed expressly to remove sediment |oad for runoff water beforeit enters streams or other receiving
bodies.

Design of impoundmentsmust consider ratio of runoff areato pond volume, and thetimerequired for drainage.
Thesetwo factorsdeterminethe sediment removed from therel easewater. Impoundment characteristicsdo not change
during a simulation, and sediment deposition is accumulated in the pond for all inflow events. If the storage volume
isfilled to maximum capacity during the simulation, the pond becomes ineffective and un-attenuated sediment-laden
flow continuesto pass through theimpoundment. Any changesin pond characteristics such aspipesize, basin size, or
etc, the smulation must be stopped and the new system described.

Control

Two types of control are included in the model: (1) a pipe riser typical of paralel terraces, and (2) an
equivalent orifice coefficient. Designation of control type tells the model what data are needed, i.e. pipe diameter
(DIAO) or orifice coefficient (C).

Impoundment Characteristics

Drainage Area--The pond element is always the last (lowest) element in the flow sequence, i. e. overland-pond,
overland-channel-pond, etc. Thus, the drainage areainto the pond, DAPND, isgenerally thetotal drainage areaof the
field (DACRE in hydrology). If arepresentativeimpoundment terraceisbeing represented, thefield areaisgenerally
taken as the drainage area contributing to the terrace rather than the entire field. Littleisto be gained by the model
simply adding thedischarge, sediment yield, and chemical yield from several pipe outletswhere deposition/attenuation
does not occur.

Intake--Theinfiltration rate, or saturated hydraulic conductivity, of the pond bottom may be significant in transmitting
water into the profile of light-textured soils. High intake rates add to the effectiveness of the pond for sediment
deposition, but it may adversely affect ground water quality if the inflow contains soluble, mobile chemicals. The
INTAKE parameter may be specified the same as SATK for the top horizon in hydrology, or asthe final infiltration
rate if information is available.

Pond Storage Relations--The impoundment surface area and storage volume are needed for the model to estimate the
deposition of sediment in the pond and that fraction that flowsout. The surface area, that isthe area of soil over which
infiltration occurs, is needed. The surface area, SA (ft?), is expressed as
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SA =F_(y)® [10]

where F, is a coefficient, B is an exponent, and y is water depth in the pond in ft. (English units only are given here
sincetherelationshipisexpressedintheseunitsinternally inthemodel.) Thesurfacearea:depthrelationshipsaredesign
criteria, and design information is needed for accurate assessment. Values of F for impoundment terraces in lowa
(Laflenet al., 1972) and Alabama (Rochester and Busch, 1974) were found to range from 4,500 to 9,500. Correspond-
ing values of the exponent B ranged from 1.10 to 1.77.

If design data are not available, avalue of B = 2 isassumed, and F is estimated from physical characteristics
of the pond. The relation in the model is

(9,
T [11]

s (d) (9)

wheref isfront slope (FRONT) of the embankment, d is the draw slope (DRAW) aong the line of flow toward the
embankment, and sisthe side slope (SIDE) along the embankment. FRONT, DRAW, and SIDE areexpressed in ft/ft
(m/m).

Diameter of the Orifice in the Pipe Outlet--DIAO is the diameter of the orifice (hole) in the pipe riser that allows
unrestricted drainage from the pond. DIAO should not be mistaken asthe diameter of the pipe. Thepipemay belm
(3ft) indiameter, but if the orificeisonly 2 in (5 cm) in diameter, the orifice controlsthe outflow. Foster et a. (1980a)
suggestsavalue of DIAO = 3in (7.5 cm) for impoundment terracesif a better value cannot be found. Unfortunately,
somemodel userstakethissuggestion for apond with adrainage area(DAPND) of 100 acres (40 ha) giving aninfinite
stage, and thisresultsinamodel run-timeerror (math overflow). Caution and sound professional judgement are urged.
DIAO isasensitive parameter sinceit isused to estimate the sediment deposition and sediment discharge through the
pone. Sediment enrichment ratio is dependent upon DIAQO, and sediment yield and ER affect nutrient and pesticide
adsorption.

Orifice Coefficient--An orifice coefficient, C, isrequired in the model, but if it is not known, C can be left blank and
the model will estimate a value from the relation

C - 3600 % [12]

where Q is discharge (ft¥sec), Y is depth (ft) of water above the control, and 3600 is constant to convert seconds to
hours. (Only English unitsaregiven sincetheequationisusedin English unitsinternally inthemodel). Thedischarge
coefficient is a sensitive parameter for sediment yield and enrichment ratio, and for nutrient and pesticide transport.

Updateable Parameters
Someparameterschangewithtillage, crop growth, and harvest. Tillagethat makesor eliminatesridge/furrow
systems changes direction of flow. Tillage aso changes the surface roughness, it may incorporate crop residue, and it

destroys crop root systems that would otherwise hel p resist erosion by concentrated flow. Changein crop canopy with
agrowing crop affects the rainfall energy that reaches the soil surface. Those parameters affected must be updated
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periodically for the model to adequately represent erosion and sediment transport. Updateabl e parameters occur inthe
overland flow and concentrated flow elements, but not in the pond element. The shape of the pond that affects depth-
area-volume relations does not change during a simulation.

Just as parameters change in time, they may also vary in space. For example, even though two crops cannot
berepresented at the sametime hydrologically, if runoff can be assumed to be uniform from two crops, spatial changes
in erosion protection and tillage must be represented in the overland flow element. Also, part of afield channel may
be tilled, and another segment may have side slopestoo steep for tillage. These conditions can be represented in the
erosion component of the model.

Yearsin Rotation Cycle

Updating parameters can be made throughout the crop rotation cycle, and then the parameters are re-used in
subsequent cyclesinthesimulation period. Therotation cycleisspecifiedinthe hydrology component, but it isrepeated
hereasNYEARS toaid in establishing updates. NYEARS should bethe same as IROT in the hydrology component.

Dates of Parameter Changes

When the rotation feature was implemented in the erosion component of CREAMS (USDA-SCS, 1984), the
number of updates were limited to a maximum of 40 during a rotation period. This feature was retained for the
GLEAMS modedl. Generally 40 updates (CDATE) is sufficient. The ten 8-character fields on an 80-column card
(image) was used asaconvenient limit of CDATE per year. Thus, amaximum of 10 updates can be specifiedinayear.
If the rotation cycle is 4 years, there can be amaximum of 10 updates each year for atotal of 40 for the rotation cycle.
If the rotation cycle is 2 years, only 20 CDATES can be entered, 10 per line on two lines. If a 5-year rotation is
simulated, thereare 5 lines (cards) for CDATE. There can only beatotal of 40 updates, but the number per year does
not have to be the same. For example, there may be 10 updatesthe first year, 6 the second year, 7 the third year, 5 the
fourth year, and 9 thefifth year for atotal of 34. It isnot necessary to have updates every year. For example, a5-year
rotation may be corn-soybeans-meadow-meadow-meadow and the meadow is not mowed or grazed. The 1st-year of
meadow obviously would be planted and have some growth increase, and the 3rd-year meadow would be harvested
and/or plowed. The 2nd-year meadow may have arelatively constant forage/cover and updates may not be needed. In
thiscase, ablank card isneeded for thefourth year of therotation. Calendar year or rotation year isnot included as part
of the CDATE, only the Julian date. A continuous crop, i. e. a 1-year rotation, would have 1 card for CDATE with
amaximum of 10 updates.

Thefirst year of arotation cycle must havea CDATE on Julian day 001. Thisisnecessary to have valuesfor
the updateable parameters when simulation begins on January 1 of thefirst year. It isnot necessary to have CDATE
= 001 on subsequent rotation years because the model will wrap around the year's end, and keep the same parameter
valuesuntil they are updated during the year. An update on day 001 on each year (even specifying the same parameter
values as on the previous update) does not cause a problem other than reduce by one the number of additional updates
each year. If observed data were available for the 5-yr rotation cited above, and the record began in the 4th year, the
rotation would appear as meadow-meadow-corn-soybeans-meadow. Then if the middle meadow year really did not
justify updates, a CDATE = 001 would be required in order to haveinitial parameter values when simulation begins.

The user should consider the entire rotation cycle as well as the flow elements before beginning
parameterization. Only one set of CDATESs are specified to include updates of both overland flow and concentrated

flow elements. Parametersare not necessarily changed in the channel element when an updateis madein the overland
flow element, and vice versa

Overland Flow
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Segmentsfor Different Updateable Parameters--Up to four segments can be differentiated with changes in parameter
valuesonthe overland flow profile. A grassbuffer strip at the bottom of the overland flow profile would have different
parameters than those for the cropped portion of the field. Thiswould justify two differentiated segments (NXF = 2).
If parameters are assumed to be uniform along the profile, only one segment (NXF = 1) isrequired. For every NXF,
a set of the three updateable parameter cards are needed in the overland flow element. For example, if NXF = 3, and
therotation cycleistwo years, aset of 3 updateable parameter cardsare needed for each of the 3 segmentsdifferentiated
for each of the two rotation years, atotal of 18 cards for the overland flow.

Thelocation of the different overland flow segments must be given. The segments do not haveto beequal in
length. The total overland flow length is given in the initial parameters. Here, the segments are given in relative
distances (XFACT) from the beginning (top) of the profileto the bottom of the segment. Therelative distancesarethe
actual length divided by thetotal length. For example, assume a 100 ft (30.5 m) overland flow profile length has two
segments (NXF= 2) with different parameters. The top segment is 30 ft (9.1 m) long. Then XFACT, = 0.3, and
XFACT, = 1.0 which is the bottom of the overland flow profile. Thelast XFACT must always be 1.0, representing
the entire overland flow length.

Theerosion parameter editor automatically setscard sequence and number of cardswhen NYEARS and NXF
are selected. The editor showswhich parameter on what segment in which year to aid in parameterization without the
user having to remember what goes where and when.

Soil Loss Ratio--The soil lossratio (CFACT) representsthe crop factor (C-factor) in the Universal Soil Loss Equation
(Wischmeier and Smith, 1978) for a specific part of ayear. CFACT is not averaged over the rotation period in
GLEAMS to give an annual estimate of erosion, but individual C-factors for some shorter period of time for storm
erosion. CFACT isafraction (not a percentage) ranging from0to 1. Inthe USLE, C-factors are step functions, but
thisrarely isthereal situation except at harvest or for amajor tillage. InCREAMS (Foster et al., 1980a) and GLEAMS
CFACT isastep function. With the limited updates (CDATE) each year, it is impossible to approach a continuous
function for CFACT.

A sub-factor method of calculating CFACT daily is employed internally in the WEPP model (Lane and
Nearing, 1989). However, one of the sub-factorsis residue, and if the GLEAMS user does not opt to run the plant
nutrient component, data are not available internally for residue on the surface and other factors. A good biomass
generation with nutrient uptake and stressisrequired, and users who do not want to run that component, such asthose
with agricultural chemical companies, would be at a disadvantage. For this reason, external user-defined CFACT
continuesin GLEAMS.

Soil lossratiosfor anumber of management conditions and selected crops was published by Wischmeier and
Smith (1978). Thetableswere reproduced by Foster et al. (1980a) for CREAMS and areincluded in the appendix of
thispublicationfor user convenience. Valuesinthetablesaregood references, and can be used asguidesfor estimating
CFACT for crops and conditions other than those included in the tables.

CFACT isasensitive parameter inthemodel depending upontheoverland flow profileand theflow sequence.
If FLGSEQ = 1, overland flow only, and the representative profile has auniform slope or is convex (steepening along
the slope), CFACT isvery sensitive. If the slope shapeis concave (flattening along the slope), or is complex (convex-
concave), CFACT isnot nearly as sensitive. If the flow sequence includes a channel, or channels, with slopes flatter
than the last segment of the overland flow profile, CFACT is not a very sensitive parameter. If the flow sequence
contains apond asthe last element, CFACT becomes relatively insensitive for sediment yield at the edge of the field.
For these conditions, the system is generally transport-limited, i.e. the flow cannot transport the sediment load and
deposition of the coarser fraction(s) of sediment occurs until the fine particles can be transported. The convex shape
overland flow profileisgenerally detachment-limited, i.e. the flow volume and rate can transport more sediment than
that detached by raindrop impact. In this case, additional soil will be detached to supply the load. Thus, parameter
sensitivity is site specific.
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Forestry management practices can be reflected by manipulation of CFACT. If the model user issimulating
a 10-yr record beginning the year of clear-cutting a previous forest and continuing through site preparation and
transplanting, NYEARS should beset at 10 and CFACT can be changed each year and within ayear with amaximum
of 40 CDATE’sduring the 10 years. CFACT would change little for clear cutting with limbs and residue left on the
field. A common practicein the southern U.S. isapplication of herbicide 1-1vyears after clear cutting. After another
2-3 months, the areas is raked and windrowed for burning, essentially scal ping the ground of any cover, resultingina
relatively high CFACT inthe order of 0.80-0.90. Thewindrowsare burned by some contractorswhile othersleavethe
raked material to decay in time. The windrows are generally on the approximate contour by eye of the bulldozer
operators. During thefollowingwinter, transplanting isperformed onridgesor flat planting depending uponthedegree
of wetness of the site, with little soil cover afforded by the transplants. Againthe CFACT isrelatively high. Gradual
emergence and growth of weeds and grasses result in some degree of cover afforded for erosion protection. By mid-
summer, depending upon rainfall, afair degree of cover affords significant protection from raindrop impact and the
CFACT ismarkedly reduced to avalue ranging from 0.40 to 0.60 even though little protection is povided by the new
transplants. Littlegrowth of pine occursduringthefirst year. Some contractors/managersapply herbicide pelletsearly
inthe 2" growth year which resultsin significant reduction of competing vegetation resulting in anincreased CFACT.
These management scenarios can be represented in the erosion component of GLEAMS if the user isdiligent in their
development of the erosion parameter file.

Management Practice Factor--The main strength of the USLE that causes it to be modified for application in other
modelsistheimpact of management. The discussion of CFACT aboveindicates how management (crop, tillage, etc)
affect the soil lossratio. The sameistrue for the practice factor (PFACT).

Direction of tillage may significantly influence erosion and sediment yield. Contour furrows may store most
rainfall in excess of soil water storage for most small storms. Large storms may exceed the furrow storage and cause
breakover of ridges that results in more erosion and sediment yield from subsequent small storms than may have
occurred without contouring. Contour tillage loses its effectiveness for long slopes or as slope steepens. Wischmeier
and Smith (1978) gave some guidelines for PFACT based upon slope length and steepness, and the values are
reproduced herein Table E-4. If overland flow slope length exceeds those shown in the table for average slope within
the ranges given, a contouring factor (PFACT) of 1.0 should be used.

Representing the side of arow ridge asthe overland flow profile (such asfor the Strawberry Hills application
in Californiacited above) resultsin ashort, steep profile. Sincetillageisnot performed ontheprofile, but theridgewas
made by thetillage, tillageis assumed to be up-and-down slope. PFACT should awaysbegivenavalueof 1.0for these
applications.

The topography of afield is seldom uniform with contours parallel to the field boundary except where land
forming has been performed. Conventional management systems generally havetillage and row directions parallel to
thelongest field boundary. Unlesscontour tillage, parallel to terracesor contour lines, PFACT will changefrom point-
to-point along the row. The overland flow profile crosses the contours at right angles, but only one profile can be
represented. Among all of theinfinite number of profilesinthefield, tillage direction varies considerably. Up to four
contouring factors can be represented on the overland flow profile, and this can aid in the best representation.

Just astillagedirection rel ativeto the contour changesaround thefield, it also changesfromtimetotimeduring
the cropping system. For example, planting and tillage of row crops may be on the approximate contour, but tillagefor
asmall grain may be parallel to the long axis of thefield. Updating PFACT must be represented on the appropriate
CDATE.

A nonlinear adjustment of the contour factor can be made when tillageis other than on the contour or up-and-
down hill. The adjusted PFACT is

83



PFACT = P_ + AF(1.0 - P

cont) [13]

cont

where AF is the adjustment factor, and P, iSPFACT from Table E-4. AF can be expressed as
AF = 5.14X - 14.91X? + 18.80X* - 8. 03X* [14]

where X is the fraction off the contour. The fraction for up-and-down hill is 1.0.

Sensitivity of thecontouring factor issimilar tothat for CFACT. BothCFACT and PFACT aremultiplicative
factors from USLE.

The PFACT can represent the forest management practices, also. In the above discussion of CFACT,
windrowing of harvest residue (branches, tops, etc.) was discussed. If the windrows are on the approximate contour,
the PFACT can be adjusted by egns. [13] and [14] above. If the windrows are up-and-down slope, PFACT = 1.

Hydraulic Roughness--Soil cover and roughness slow overland flow and reduce its sediment transport capacity. The
reduction in velocity depends upon the depth of flow, the type of material on the surface, and its density. Manning's
"n" valueisameasure of theresistanceto flow, that is, the higher the"n" value the greater the resistance and lower the
flow velocity. Table E-5 contains estimatesof Manning's"n" for different cover and amount in the overland flow path.
Valuesin Table E-5 are based on n = 0.01 for overland flow over bare soil. It represents a smooth bare surface over
which flow has occurred following tillage.

Flow velocity and sediment transport capacity are inversely related to Manning's "n"--NFACT. Asseenin
Table E-5, NFACT increases significantly from bare soil with little or no surface depressionsto good and very dense
grass cover. Thereisafactor of 40 from smooth bare soil to very dense grass. It is easy to see why well maintained
grass buffer strips reduce sediment transport capacity and sediment yield compared with that from a cropped area.

NFACT isasensitive parameter for sediment yield from uniform or convex slope shapes. If the overland flow
drainsinto a channel of lesser slope or into a pond, the system is transport-limited, and sediment yield at the edge of
the field is not sensitive to NFACT.

Concentrated Flow
Channel Segment Differentiation--Up to four channel segments can be designated for different updateable parameters,

just asintheoverland flow profile. Thisallowsdifferent channel top widthin different sesgments, some segmentstilled
and some not tilled, and etc.

The number of channel segments, NXC, must be positioned by fractions of the channel, XCHAN, just asthat
in the overland flow profile. The relative distance for the top of the channel to the bottom of each segment must be
input. XCHAN for the last segment must be 1.0, representing the total length of the channel.

Terrace channels rarely, if ever, need more than one segment for updateable parameters. These channels
generally aretilled and cropped thesameasinthefield. Terracesaregenerally constructed uniformly, and thetopwidth
of flow isthesamethroughout itslength. Terraceoutlet channels, i.e. grassed waterways, arevegetated throughout their
length. A grassed terraceoutlet channel may be stair-stepped in width to reduce the areathat woul d betaken out of crop
production by a full-width channel for the entire length.

Channel Hydraulic Roughness--Hydraulic roughness, or resistance to flow, in a channel changesin time with tillage
and crop growthin atilled channel, and changeswith grass growth and mowing in grassed waterways. Reeand Palmer
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(1949) show that Manning's"n" varies over a considerable range of the product of velocity and hydraulic radius of the
channel. However, "n" isassumed to be constant for dischargesin achannel in GLEAMS. Thisassumption does not
reduce the effectiveness of the model.

Manning's"n" values(NCHAN) are tabulated in Table E-3 for arange of channel cover and conditions. The
values in the table are generally for VR products (velocity x hydraulic radius) of 1.0 to 1.5. For high flows that
submerge the vegetation, the NCHAN values in the table are too high. For example, submerged un-mowed dense
lovegrass might have an NCHAN value of 0.06.

NCHAN isasensitive parameter for sediment yield sinceit used to cal cul ate sediment transport capacity. If
the channel under consideration is the last element in the sequence, the relative sensitivity is greater than if another
channel or a pond follows.

Depth to Non-erodible Layer--Tillage in a concentrated flow area destroys the root system that binds the soil together
and resistserosion. Also, primary tillage loosens the soil and makesit easier to detach by the concentrated flow, and
erosion occurs down to the depth of tillage. After a severe erosion-producing storm, marks made by the tillage
equipment (moldboard, disk, chisel, etc) are clearly visible on the non-tilled sub-soil layer. This untilled layer is
relatively non-erodible, and further erosion does not occur in the field, nor isit permitted in the model. Subsequent
tillage of the concentrated flow area establishes a new non-erodible at the depth of tillage. The model keeps account
of the erosion out of the concentrated flow zone, deepening to the non-erodible layer then widening to the full top with
of thechannel (Foster et al., 1980b). Theconceptsfor non-erodiblelayer arevalid for ephemeral gulliesand other tilled
concentrated flow areas.

Depth to non-erodible layer in atilled channel element (DCHAN) isan updateabl e parameter, and should be
updated on CDATEsfor primary tillage. It should not be updated for secondary tillage such asarow or field cultivator,
planter, or graindrill. Depth of secondary tillageis generally not more than about 2 in (5 cm), and it isnot considered
sufficient for resetting DCHAN. This might unduly reduce DCHAN in ashort time even without significant rainfall.

If one segment of achannel element istilled and another segment has a permanent grass cover, two channel
segments are needed to represent the element. DCHAN in thetilled segment would be updated with primary tillage,
and the grass segment would not be updated.

A very important featureisincluded in GLEAMS for updating DCHAN. DCHAN must be defined on Julian
day 001 of thefirst year of acrop rotation cycle. However, in achannel segment that isnot tilled, depth to non-erodible
layer should not be updated on day 001 of thefirst year of the next rotation cycle (the updateable parameters are reused
for subsequent cycles of the smulation period). By including aminussigninfront of DCHAN for day 001, the model
uses the absolute value initially, and when the parameters are re-used, it is not updated. On other CDATESs, alarge
negative number, e.g. -99.0, signalsnot update of DCHAN. For example, assumeagrassed channel inafield onwhich
there are six CDATEs in the first year of a 2-yr rotation. Also assume that the depth to non-erodible layer was
established as 0.4 ft (0.12 m) well before simulation begins, and the grass cover will not be plowed. DCHAN for
CDATE 001 should be-0.4 (-0.12), that is minus 0.4, and DCHAN for the other 5 CDATESs should be-99.0 (minus
99.0). Thissignalstheinitial setting of DCHAN to 0.4 ft, it would not be updated throughout the 2-yr rotation, and it
would not be updated on day 001 of the next rotation cycle. Thisisimportant in erosion accounting between updates,
particularly for tilled channel segments.

Updating DCHAN has another important aspect, and that is for resetting the critical shear internally in the
model. Critical shear increasesin time after primary tillage, but isreset to itslowest value on the date of tillage. This
donein the model, and the GLEAMS user does not have to externally set critical shear aswas doneinthe CREAMS
model (USDA-SCS, 1984).

Thedepthto non-erodiblelayer isnot asensitive parameter for vegetated channels. If tilled concentrated flow
segments occur at the bottom of a channel element, DCHAN may be relatively sensitive depending upon the slope of
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the segment. If the sequenceistransport-limited, then DCHAN may not be sensitive. If the sequence is detachment-
limited, it may be relatively sensitive for total sediment yield and enrichment ratio. Thiswould also affect adsorbed
nutrient and pesticide losses aswell. Thus, it israther site-specific.

Channel Top Width--The top width of channel elements do not generally change during asimulation period. Thereis
avery significant management system which does require updating channel top width, WCHAN.

Updating channel top width was developed in CREAMS for the specific model application of aridge-furrow
system. Theridge-furrow systemsat Stawberry Hills, inland-formed cottonfieldsof the Mississippi delta, andin potato
growing areas, al have channel top width equal to the row spacing during the crop growing period. After harvest of
the cotton and potato crops, and at the end of the 2nd year's strawberry crop, tillage obliteratestheridges. 1f WCHAN
is updated to 33 ft (10 m), the channel appears to the model to be infinitely wide with a very shallow depth
approximating shallow overland flow. Computationally thetransport capacity decreasesand deposition of detached soil
particles occurs. Thisis conceptually realistic, and the results closely approximate observed sediment yield.

The samefeature of negativevaluefor DCHAN on CDATE 001 of thefirst rotation year appliesto WCHAN
aswell. Also, the subsequent negative values applies for WCHAN, i.e. -99.0 signifies no update of WCHAN.

WCHAN isnot asensitive parameter except inthe overland-channel representation of theridge-furrow system.
When WCHAN is updated to represent an infinitely wide channel, any sensitivity islost.
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Figure N-1. Soil erodibility nomograph (From Wischmeier and Smith, 1978).
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Table E-1. Texture, structure, and permeability factors for estimating erodibility by soil textural classification.

I

Factor Factor Factor
il Tex{ure

M

Coarse sand 5 5 90 0.00827 0.0325 -0.050
Sand 5 5 90 0.01481 0.0325 -0.050
Fine sand 5 5 90 0.02173 0.0000 -0.050
Very fine sand 5 5 90 0.04401 -0.0325 -0.050
Loamy coarse sand 8 8 84 0.00982 0.0325 -0.025
Loamy sand 8 8 84 0.01624 0.0325 -0.025
Loamy fine sand 8 8 84 0.02301 0.0000 -0.025
Loamy very fine sand 8 8 84 0.03726 -0.0325 -0.025
Coarse sandy loam 15 25 60 0.01914 0.0325 0.000
Sandy loam 15 25 60 0.02549 0.0325 0.000
Fine sandy loam 15 25 60 0.03205 0.0000 0.000
Very fine sandy loam 15 25 60 0.03877 -0.0325 0.000
Loam 20 35 45 0.03618 0.0325 0.025
Silt loam 20 60 20 0.04259 0.0650 0.025
Silt 10 85 5 0.05845 0.0650 0.025
Sandy clay loam 25 20 55 0.02778 0.0650 0.050
Clay loam 35 30 35 0.02360 0.0650 0.050
Silty clay loam 35 50 15 0.02606 0.0650 0.050
Sandy clay 40 10 50 0.01714 0.0650 0.075
Silty clay 0.01870 0.0650 0.075

) 3339?9?9999??999@99%&%@333 )

IL=TF* (12.- OM) + SF + P
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Table E-2. Field channel outlet-control conditions and codes, CTLO. [From Foster et al., 1980a.]

I
§§”§ﬁ%33333333333333333339??9?????99999%%%33%33@%

For terrace, diversion, or Critical depth controls
other channel when depth of flow at the end of the
flow in outlet channel has field channel.

no restricting effect.

For a channel with areach Uniform flow controls depth 2
at the lower end that sets at the end of thefield
the depth of flow, i.e. channel.
heavy vegetation at the
outlet.
The model will choose the Same as 2, except Manning's 3
greater of 1 or 2. "n" for the outlet channel
Note the distinction of is the same as that for the
"field" and "outlet" lower segment of the field
channel. channel.
A control structure such as A rating curve controls 4
aweir, flume, or culvert flow depth at the end of
controls flow depth according the field channel with
to aknown rating curve. critical discharge computed

by:

Q=RA (V)™

IR

91



Table E-3. Manning's "n", CTLN and NCHAN, for channel flow with typical cover (does not include effects of
submergence). [From Foster et al., 1980a.]

IR
B

Smooth, bare soil; Lessthan 1" (2.5 cm) 0.030
roughness elements 1-2" (2.5-5 cm) deep 0.033
2-4" (5-10 cm) deep 0.038
4-6" (10-15 cm) deep 0.045
Corn stalks (assumes residue 1t/ac (2.24 t/ha) 0.050
remainsin place and is 2 t/ac (4.48 t/ha) 0.075
not washed away) 3 t/ac (6.72 t/ha) 0.100
4 t/ac (8.96 t/ha) 0.130
Wheat straw (assumes residue 1t/ac (2.24 t/ha) 0.060
remainsin place and is 1.5t/ac (3.36 t/ha) 0.100
not washed away) 2 t/ac (4.48 t/ha) 0.150
3t/ac (6.72 t/ha) 0.200
4 t/ac (8.96 t/ha) 0.250
Grass (assumes that grassis Sparse 0.040
erect and that flow depth Poor 0.050
does not exceed height of Fair 0.060
grass) Goad 0.080
Excellent 0.130
Dense 0.200
Very dense 0.300

Small grain (20% to maturity)
7" (18 cm) rows with flow Poor 0.130
Good 0.300
14" (36 cm) rows with flow Poor 0.100
Good 0.200
Rows across flow Good 0.300
Sorghum and coton Poor 0.070
Good 0.090
Soybeans Goad 0.080
Sudangrass Goaod 0.200
Lespedeza Goad 0.100

X
77
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Table E-4. Contour factor values (PFACT) and slope-length limitsfor

contouring. [From Wischmeier and Smith, 1978.]

S)))))))))))))))))))))))))))))))))))))))))))))))))))))

Contour
Slo e factor

Maximum
length

3)?)))))))))))))))))))%%))))%%))))))))))))))))))))))))

1to 2 0.60
3to 5 0.50
6to 8 0.50
9to 12 0.60
13t0 16 0.70
17t0 20 0.80
21t0 25 0.90

400
300
200
120
80
60
50

122
91
61
36
24
18
15

S333333333333333333313313333331313333333333313331313131313111D)D)D
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Table E-5. Manning's"n" values for overland flow element (NFACT). [From Foster et al., 1980a.]
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Surface condition rface condition
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Corngtalk residue: Wheat straw mulch:
Applied to fallow surface
0.25 t/ac (0.56 t/ha) 0.015
1t/ac (2.24 t/ha) 0.020 0.5 tlac (1.12 t/ha) 0.018
2 tlac (4.48 t/ha) 0.040 1 tlac(2.24t/ha) 0.032
4 t/ac (8.96 t/ha) 0.070 2 tlac (4.481/ha) 0.070
4 t/ac (8.96 t/ha) 0.074
Disk-harrow incorporated
Crushed stone mulch:
1t/ac (2.24 t/ha) 0.012
2 tlac (4.48 t/ha) 0.020 15t/ac (33 t/ha) 0.012
4 t/ac (8.96 t/ha) 0.023 60 t/ac (135 t/ha) 0.023
135 t/ac (304 t/ha) 0.046
Small grain-20% to maturity: 240 t/ac (540 t/ha) 0.074
Across slope 375 t/ac (844 t/ha) 0.074
Poor stand 0.018 Grass.
Moderate stand 0.023
Good stand 0.032 Sparse 0.015
Dense stand 0.046 Poor 0.023
Fair 0.032
Up-and-down slope Good 0.046
Excellent 0.074
Poor stand 0.012 Dense 0.150
Moderate stand 0.015 Very dense 0.400
Good stand 0.023
Dense stand 0.032
Rough surface depressions:
No depressions 0.010
1-2" (2.5-5 cm) deep 0.014
2-4" (5-10 cm) deep 0.023
4-6" (10-15 cm) deep 0.046

2331333333333333333333333131313131313131333133333333333333131313131313131313I11311I1D)
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Table E-6. Ratio of soil loss from cropland to corresponding loss from continuous fallow (from Wischmeier and Smith, 1978).

2)))))))1)))3)))31))1)31))1)3))1I)NININNNINMIMMNNNINNININIIININIIIINIIIND) 22122)))32)))32)))32)))12)))12)))1)))1)))1)))INNINNNNINININIIININNIINIIINIIINIIINIIINIMD
Soil lossratio® for cropstage Soil lossratio® for cropstage
Line Cover, crop sequence, Spring . Cover period and canopy cover Line Cover, crop sequence, Spring . Cover period and canopy cover:
No. and management* residue? after . )))))MNNNNNNNNINNINMNIINNINNINIIN No. and management residue? after _ 3)1))NNMNNNHNNNMMMNINININNINNN)
lant® FSB 1 2 380 90 9 4L lant® F 'SB 1 2 380 90 9% 4L
))))))1)))31)1)))1)1)))31)))I)NNNINNNNNININIIINIIIINIMIIININIMIIINMNMIMINMININNIIINININ) 12))))))11)))11)))2)3)))))))2)2)332))))))NINNNININNNNININNININIINNINNIINNIIND)
Lb Pct Pct Pct Pct Pct Pt Pct Pet Lb Pct Pct ™ Pct Pct  Pct Pct  Pct Pct Pet
CORN AFTER WC OF RYEGRASS
CORN AFTER C, GS, G, OR COT OR WHEAT SEEDED IN C STUBBLE
IN MEADOWLESS SY STEM WC reaches stemming stage:
Moldboard plow, conv. tillage 79 No-till inkilled WC 4,000 - - 7 7 7 - - - (13)
1 RdL, sprg TP 4,500 - 31 5 48 38 - - 20 23 80 3000 - - 11 11 11 1 9 7
2 3,400 - 3% 60 52 41 - 24 20 30 81 2000 - - 15 5 14 14 11 9
3 2,600 - 43 64 56 43 3R 25 21 37 82 1500 - - 20 19 18 18 14 11
4 2,000 - 51 68 60 45 33 26 22 47 Strip till one-fourth row space
5 RdL, fal TP HP? - 4 65 53 38 - - 20 - 83 Rows U/D slope 4000 - - 13 2 11 - 11 9 (13)
6 GP - 49 70 5 41 - 24 20 - 84 3000 - - 18 17 16 16 13 10
7 FP - 57 74 61 43 - 25 21 - 85 2000 - - 23 2 20 19 15 12
8 LP - 65 78 65 45 32 26 2 - 86 1500 - - 28 26 24 2 17 14
9 RdR, sprg TP HP - 66 74 65 47 - - 22 56 87 Rows on contour 4000 - - 10 10 10 - 10 8 (13)
10 GP - 67 75 66 47 - 27 23 62 83 3000 - - 15 15 15 15 12 9
11 FP - 68 76 67 48 3B 27 - 69 89 2000 - - 20 20 19 19 15 12
12 LP - 69 77 68 49 3B - - 74 90 1500 - - 25 24 23 2 17 14
13 RdR, fal TP HP - 7% 8 70 49 - - 2 - 91 TP, conventional seedbed 4000 - 36 60 52 41 - 24 20 (13)
14 GP - 7 83 71 50 - 27 23 - 92 3000 - 43 64 56 43 31 25 21
15 FP - 7B 86 72 5. 3B 271 - - 93 2000 - 51 68 60 45 3 26 22
16 LP - 7 86 73 5 3B - - - 7! 1500 - 61 73 64 47 3B 271 23
17 Whesltrack pl, RdL, TP® 4,500 - - 31 27 25 - - 18 23 WC succulent blades only:
18 3,400 - - % 3R 330 - 22 18 30 95 No-till plant in killed WC 3000 - - 11 11 17 23 18 16(13)
19 2,600 - - 3 36 R 29 283 19 I 9% 2000 - - 15 15 20 25 20 17
20 2,000 - - 51 43 36 31 24 20 47 97 1500 - - 20 20 23 26 21 18
21 Deep off-set disk or disk plow 4,500 10 - 45 3B A4 - - 20 23 98 1000 - - 26 26 21 21 2 1
22 3,400 10 - 52 43 37T - 24 20 30 9 Strip till one-fourthrow space 3000  — - 18 18 21 25 20 17(13)
23 2,600 5 - 57 48 40 32 25 21 37 100 000 - - 23 23 25 21 21 X
24 2,000 - - 61 51 42 33 26 22 47 101 1500 - - 28 28 28 28 22 19
25 No-till plant in crop residue® 6,000 95 - 2 2 2 - - 2 14 102 1000 - - 33 33 31 29 23 20
26 6,000 90 - 3 3 3 - - 3 14
27 4,500 80 - 5 5 5 - - 5 15 CORN IN SOD SOD-BASED SYSTEMS
28 3,400 70 - 8 8 8 - 8 6 19 No-till plant in killed sod:
29 3,400 60 - 12 12 12 12 9 8 23 103 3to5tons hay yield - - - 1 1 1 - 1 1 1
30 3,400 50 - 15 15 14 14 1 9 27 104 1to 2tonshay yield - - - 2 2 2 2 2 2 2
31 2,600 40 - 21 20 18 17 13 11 30 Striptill 3- 5ton M:
32 2,600 30 - 26 24 2 21 17 14 36 105 50 percent cover, tilled strips - - - 2 2 2 - 2 2 4
106 20 percent cover, tilled strips - - - 3 3 3 - 3 3 5
Chisdl, shallow disk, or field Striptill 1-2ton M
cultivator asonly tillage 107 40 percent cover, tilled strips - - - 4 4 4 4 4 4 6
33 On moderate slopes 6,000 70 - 8 8 7 - - 7 17 108 20 percent cover, tilled strips - - - 5 5 5 5 5 5 7
e 60 - 10 9 8 - - 8 17 Other tillage after sod 14 (149 @1 (19 (149 @19 (19 @14
35 50 - 13 11 10 - - 9 18
36 40 - 15 13 1 - - 10 19 CORN AFTER SOYBEANS
37 30 - 18 15 3 - - 12 20 109 Spring TP, conventiona till HP - 40 72 60 48 - - 25 29
38 20 - 23 20 8 - - 16 21 110 GP - 47 78 65 51 - 30 25 37
39 Ditto 4,500 70 - 9 8 7 - - 7 18 111 FP - 56 83 70 54 40 31 26 4
40 60 - 12 10 9 - - 8 18
41 50 - 14 13 1 - - 9 19 112 Fall TP, conventional till HP - 47 75 60 48 - - 25 -
42 40 - 17 15 3 - - 10 20 113 GP - 53 81 65 51 - 30 25 -
43 30 - 21 18 15 - - 13 21 114 FP - 62 86 70 54 40 31 26 -
44 20 - 25 22 19 - - 16 22
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61
62

RR3

Ditto 3,400
Ditto 2,600
Ditto 2,000
On dopes > 12 percent
Lines 33 - 59 timesfactor of:  —
Disk or harrow after spring chisel

or field cultivator:
Lines 33 - 59 times factor of:
On moderate slopes
On dlopes > 12 percent

Ridge plant*®

Lines 33 - 59 times factor of:

Rows on contour!
Rows U/D slope < 12%
Rows U/D slope > 12%

Till plant:

Lines 33 - 59 times factor of:

Rows on contour!
Rows U/D slope < 7%

Strip till one-fourth of row spacing
4

Rows on contour!

Rows U/D slope

Vari-till:
Rows on contour!

3,400
2.600
2,000

4,500
3,400
2,600
2,000

3,400
3,400
2,600

588583

58888

5888

11
14

0.7
0.9

95

115 Fall & spring chisel or cultivator HP
116 GP
117 GP
118 FP
119 LP
120  Notill plant in crop residue HP
121 GP
122 FP
BEANS AFTER CORN
123 Spring TP, RdL, conventional till HP
124 GP
125 FP
126 Fdl TP, RdL, conventional tillage ~ HP
127 GP
128 FP
Chisdl or field cultivator
BEANSAFTER BEANS
GRAIN AFTER C, G, GS,COT*
129 In disked residues 4,500
130 3,400
131
132
133
134
135 Ditto 2,600
136
137
138 Ditto 2,000
139
140
141 In disked stubble, RdR -
142 Winter G after fall TP, RdL HP
143 GP
144 FP
145 LP
GRAIN AFTER SUMMER FALLOW
146 with grain residues 200
147 500
148 750
149 1,000
150 1,500
151 2,000
152 with row crop residues 300
153 500
154 750
155 1,000
156 1,500
157 2,000
158 2,500
POTATOES
159 Rows with slope -

Contour rows, ridged when canopy
cover is about 50%'*
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Footnotes for Table E-6.

1Symbols: B, soybeans; C, corn; conv till, plow, disk and harrow for
seedbed; cot, cotton; F, rough fallow; fld cult, field cultivator; G, small
grain; GS, grain sorghum; M, grass and legume meadow, at least 1 full
year; pl, plant; RdL, crop residues left on field; RAR, crop residues
removed; SB, seedbed period; sprg, spring; TP, plowedwith moldboard;
WC, winter cover crop; ---, insignificant or an unlikely combination of
variables.

2Dry weight per acre after winter loss and reductions by grazing or
partial removal: 4,500 Ibs represents 100 to 125 bu corn; 3,400 Ibs,
77-99 bu; 2,600 Ibs, 60-74 bu; and 2,000 |bs, 40-59 bu; with normal
30% winter loss. For RdR or fal-plow practices, these four productiv-
ity levelsareindicated by HP, GP, FP, and L P, respectively (high, good,
fair, and low productivity:. Inlines79to 102, thiscolumnindicatesdry
weight of the winter-cover crop.

®Percentage of soil surface covered by plant residue mulch after crop
seeding. The difference between spring residue and that on the surface
after crop seeding is reflected in the soil loss ratios as residues mixed
with the topsoil.

“The soil loss ratios, given as percentages, assume that the indicated
crop sequence and practices are followed consistently. One-year
deviationsfrom norma practices do not have the effect of a permanent
change. Linear interpolation between lines is recommended when
justified by field conditions.

SCropstage periodsare defined as: F, rough fallow--inversion plowing
to secondary tillage; SB, seedbed--secondary tillage for seedbed
preparation until the crop has developed 10 % canopy cover; 1,
establishment--end of SB until crop has devel oped a50% canopy cover
(35% for cotton); 2, development--end of period 1 until canopy cover
reaches 75% (60% for cotton); 3, maturing crop--end of period 2 until
crop harvest. This period was evauated fro three levels of final crop
canopy; 4, residue or stubble--harvest to plowing or new seeding. The
3 columns for cropstage 3 are for 80, 90, and 96-100% canopy cover
a maturity.

96

5Column 4L is for all residues left on field. Corn stalks partially
standing asleft by some mechanical pickers. If stalksare shredded and
spread by picker, select ratio from table E-9. When residues are
reduced by grazing, take ratio from lower spring-residue line.
"Period 4 valuesin lines 9-12 are for corn stubble (stover removed).
8Inversion plowed, no secondary tillage. For this practice, residues
must be left and incorporated.
°Soil surface and chopped residues for matured preceding crop
undisturbed except in narrow dotsin which seeds are planted.
°Tof of old row ridge sliced off, throwing residues and some soil into
furrow areas. Re-ridging assumed to occur near end of cropstage 1.
"Where lower soil lossratios are listed for rows on the contour, this
reduction isin addition to the standard field contouring credit. The P
value for contouring is used with these reduced loss ratios.
2Fjeld-average percent cover; probably about three-fourths of percent
cover on undisturbed strips.
3| again seeded to WC crop in corn stubble, evaluate winter period
asawinter grain seeding (lines 132-148). Otherwise, seetable E-9.
1Select the appropriatelinefor thecrop, tillage, and productivity level
and multiply thelisted soil lossratios by sod residual factorsfrom table
E-10.
5Spring residue may include carryover from prior corn crop.
See table E-9.
"Use values from lines 33-62 with appropriate dates and lengths of
cropstage periods for beansin the locality.
By auesin lines 109-122 are best available estimates, but planting
dates and lengths of cropstages may differ.
\When meadow is seeded with the grain, its effect will be reflected
through higher percentages of cover in cropstages 3 and 4.
“Ratio depends on percent cover. Seetable E-9.
ZSeeitem 12, table E-8.




TableE-7. Approximatesoil lossratiosfor cotton (From Wischmeier and
Smith, 1978).

BRI

ed fina
Estimated initial percent cover from defoliation +
stalks down: 30 45
60
Practice
Defollanon to Dec. 31 15
Jan. 1 to Feb. or Mar. tillage:
Cotton residue only 52 41 32
Residue & 20% cover vol. veg. 32 26 20
Residue & 30% cover vol. veg. 26 20 14
2. ... Chisel plow soon after cotton harvest:
Chiseling to Dec. 31 40 31 24
Jan. 1 to spring tillage 56 47
40
3....Fal disk after chisel:
Disk to Dec. 31 53 45 37
Jan. 1 to spring tillage 62 54
47
4. ... Chisd plow Feb.-Mar., no prior tillage:
Cotton residue only 50 a2 35
Residue & 20% volunteer vegetation 39 33 28
Residue & 30% volunteer vegetation 34 29 25
5....Bed (“hip") Feb. - Mar., no prior tillage:
Cotton residue only 100 84 70
Residue & 20% volunteer vegetation 78 66 56
Residue & 30% volunteer vegetation 68 58 50
Split ridges and plant after hip, or
Disk and plant after chisel (SB):
Cotton residue only 61 54 a7
Residue & 20% volunteer vegetation 53 a7 41
Residue & 30% volunteer vegetation 50 44 38
Cropstage 1:
Cotton residue only 57 50 43
Residue & 20% volunteer vegetation 49 43 38
Residue & 30% volunteer vegetation 46 41 36
Cropstage 2 45 39 34
Cropstage 3 40 27 17
.. Bed (hip) after 1 prior tillage:
Cotton Residue only 110 96 84
Residue & 20% volunteer vegetation 94 82 72
Residue & 30% volunteer vegetation 90 78 68
Split ridges after hip (SB):
Cotton residue only 66 61 52
Residue & 20 - 30% volunteer veg. 61 55 49
Cropstage 1:
Cotton residue only 60 56 49
Residue & 20 - 30% volunteer veg. 56 51 46
Cropstage 2 47 44 38
Cropstage 3 42 30 19
.. Hip after 2 prior tillages:
Cotton residue only 116 108 98
Residue & 20 -30% vegetation 108 98 88
Split ridges after hip (SB): 67 62 57
8.. .. Hip after 3 or moretillages: 120 110 102
Split ridges after hip (SB) 68 6 4
59
9.. .. Conventional moldboard plow and disk:
Fallow period 42 39 36
Seedbed period 68 64 59
Cropstage 1 63 59 55
Cropstage 2 49 46 43
Cropstage 3 44 32 22

Cropstage 4 (See practices 1,2, and 3)

COTTON AFTER SOD CROP:

For the first or second crop after a grass or grass-and-legume meadow has
been turnplowed, multiply values given in the last five lines above by sod residual
factors from table E-10.

COTTON AFTER SOYBEANS:

BB

Table E-8. Soil lossratios for conditions not evaluated in tables E-6 and
E-7 (From Wischmeier and Smith, 1978).

N BB

Stalks broken and partially standing: Use column 4L.

Stalks standing after hand picking: Column 4L times 1.15.
Stalks shredded without soil tillage: see table E-9.

Fall chisdl: Select values from lines 33 - 62, seedbed column

CROPSTAGE 4 FOR SMALL GRAIN:
Seetable E-9.

DOUBLE CROPPING:
Derive annual C value by selecting from table E-6 the soil loss percentages for
the successive cropstage periods of each crop.

ESTABLISHED MEADOW, FULL-YEAR PERCENTAGES:

Grass and legume mix, 3 to 5 tons hay 04
Ditto 2to 3tons hay 0.6
Ditto 1ton hay 10

Sericen, after second year 1.0

Red clover 15

Alfdfa, lespedeza, and second- yearr sericea 20

Sweetclover 25

MEADOW SEEDING WITHOUT NURSE CROP:
Determine appropriate lengths of cropstage periods SB, 1, and 2, and apply
values
given for small grain seeding.

PEANUTS:
Comparison with soybeans is suggested.

PINEAPPLES:

Direct data not available. Tentative vaues derived analytically are available
from

the SCS in Hawaii or the Western Technical Service Center at Portland,
Oregon.

SORGHUM:
Select values given for corn, on the basis of expected crop residues and canopy
cover.

SUGARBEETS:

Direct data not available. Probably most nearly comparable to potatoes,
without

theridging credit.

SUGARCANE:
Tentative values available from sources given for pineapples.

SUMMER FALLOW IN LOW-RAINFALL AREAS, USE GRAIN OR ROW
CROP RESIDUES:
The approximate soil loss percentage after each successive tillage operation
may be obtained from the following tabulation by estimating the percent
surface cover after that tillage and selecting the column for the appropriate
amount of initial residue. The given vaues credit benefits of the residue
mulch, residues mixed with soil by tillage, and the crop system residual.

Percent cover Initial residue (Ibs/acre)
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80 8 8 - -
70 12 13 14 -
60 16 17 18

19
50 20 22 24

25
40 25 27 30 32
30 29 33 37

39
20 35 39 44

48
10 47 55 63

33333133333333333)))))))))))))))))))38)

or grain residue only.

WINTER COVER SEEDING IN ROW CROP STUBBLE OR RESIDUES:
Define cropstage periods based on the cover seeding date and apply values

I

Table E-9. Soil lossratios (percent) for cropstage 4 when stalks are chopped and distributed without soil tillage (From Wischmeier and Smith, 1978).

Soybeans

Tilled
seedbed?

No-till
corn rd®

Grain
Stubble®

Corn or Sorghum
Mulch
Cover’ Tilled
seedbed? No-till
20 48 34
30 37 26
40 30 21
50 22 15
60 17 12
70 12 8
80 7 5
90 4 3
95 3 2

60

46

38

28

21

15

42

32

26

19

16

10

48
37
30
22
17

12

Part of afield surface directly covered by pieces of residue mulch.
2This column applies for all systems other than no-till.

3Cover after bean harvest may include an appreciable number of stalks carried over from the prior corn crop.
“For grain with meadow seeding, include meadow growth in percent cover and limit grain period 4 to 2 months. Thereafter, classify as established

meadow.

Table E-10. Factorsto credit residual effects of turned sod* (From Wischmeier and Smith, 1978).

Hay Factor for cropstage period:
Crop Yield
F SBorl 2 4
Tons
First year after meadow:

Row crop or grain 35 0.25 0.40 0.45 0.50 0.60
2-3 .30 45 .50 .55 .65
1-2 .50 .55 .60 .70
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Second year after meadow:

Row crop

Spring grain

Winter grain

35

2-3

1-2

35

2-3

1-2

35

2-3

1-2

.70

75

.80

.80

.85

.90

75

.80

.85

.60

.65

.70

.85

.90

.95

.80

.85

.90

.70

75

.85

.90

.95

1.00

.85

.90

.95

.85

.90

.95

.95

1.00

1.00

1.00

1.00

1.00

.95

1.00

1.00

Thesefactorsareto be multiplied by the appropriate soil |oss percentages selected from table E-6. they aredirectly applicablefor sod-forming meadows
of at least 1 full year duration, plowed not more than 1 mo before final seedbed preparation.

When sod isfall plowed for spring planting, the listed values for all cropstage periods are increased by adding 0.02 for each additiona month by which
the plowing precedes spring seedbed preparation. For example, Sept. plowingwould precede May disking by 8 mo. and 0.02(8-1), or 0.14, would beadded
to each valuein thetable. For nonsod-forming meadows, like sweetclover or lespedeza, multiply the factorsby 1.2. When the computed valueis greater

than 1.0, use as 1.0.
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