SECTION 3

EFRECT OF SOIL AND WATER CONSERVATION
PRACTICES ON SERIMENT DELIVERY

All conservation practices designed ro control erosion will potentially
reduce sediment. Generally, the reduction in sediment delivery will be
proportional to the reduction in erosion. However, the affectiveness

of SWCPs for sediment control will depend on field location in relationship
to watercourses and to a lesser degree on the sediment producing stomm
characteristics. Soil that is tramsported by overland runoff and veaches

a surface water becomes 2 water poilutant.

In North Carolina, SWCPs have tvaditionally been designed to contyol seil
erosion. Since some form of seil erosion is the first step in the production
of sediment, one could logically t SWCPs to potentially control soil loss
to surface water from areas where the practices ave used., One could also
extend that reasoning to the control of the movement of scil-assoclated
substances to surface water. But to do So requires the assumption that
reduction in gross $0il erosion leads directly to similar reductions of
sediment and sediment-adsorbed substances reaching the surface waters. This
1ine of reasoning has been the starting point for much of the evaluation of
the effects of SFCPs on sediment and substances attached to soil in sediment.
However, the factors used to evaluate the effectiveness of SWCPs for erosion
control are often different than those needed for analysis of effects on
sediment and sediment-associated substances. For example, in addition to

the average quantity of soil that moves, information is needed on when it
moves, how fay it moves, from where it originates and what its characters
fe.g., adsorptive properties). These and other factors are considered in
evaluating the potential effects of BWCP on sediment vield and sediment
associated substances,

Cropland Accounts for 50% Sediment

In the U.5,, approximately 50% of all sediment originates from cropland
{USDA-SCS, 1978) (40). Other major sources of sediment are construction sites,
roadbanks, urban areas, and styeambanks.

Coneideration of soil loss in runoff is important not only because soil
itself is & potential water pollutant but alse because some pesticides and
autrients are associated with soil losses, Substances attached to soil move
with it in the tunoff. Therefore, control of soil loss may directly

control losses of adsorbed substamces, The interrelationship between the
character of sediment that is associated with adsorbed substances and that
controlled by various SWCPs can provide a means 1o estimate the effectivensss
of a specific SWCP to control adsorbed substances,

Sediment Delivery

Sediment load estimates must be made for each specific wetershed to be
meaningful in tevms of water quality.
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Sediment Fills Reservoirs

Many reservoirs arve filling at & rate of 5 pegcent of their capacity per
year. Rservoirs with capacities of 123,000 m’ or less are filling at a
vate of 2.7 percent ammually, The medisn storage depletion for all

5,8, reservoirs is 1,5 percent per year, Mclowell and Grissinger, 1976 (27}
after Jendy et al. 1973 (41).

Characteristic of Sediment

The sediment causing processes include soil detachment and transport.

The bulk of on-field soil detachment is a result of vainfall impsct, FEoth
primary particies and aggregates can be detached, Sand and silt ave more
easily detached than clay. Aggregates tend to be broken down by continuous
raindrop impact, Secil detachment by rainfall cccurs in & very thin layer at
the soil surface, Soil detechment by wumoff can occur if shear forces of
fiow are great enouph or if flow wndevcuts the soil. Detechment by flow is
localized in areas where runoff concentrates and generally comes from deeper
in the soil profile than that detached by rainfall, Aggropates detached

by ramoff tend to be larger than those detached by rainfall.

Soil is transported by runoff, Clay and organic watter ave more easily
transported than cosrses particles such as sand. The epergy of runoff is
reflected in its velocity and volume,

Sediment charcteristically hes smailer and lighter particles than the original
soil, Sediment deposition in streams snd lakes is not the only fomm of
water pellution from soil; soil can alse he in suspension Or move as

2 bed load. The suspended load which can cause turbidity, reduced photo-
synthesis, etec., will be made up predominately of clay and organic matter.
Suspended load is relatively variable over the year and is typically the
result of a single or series of intense storm events. If the suspended

ioad originated as soil detached by vainfall, it is more likely fo have
adsorbed chemicals than if it is made up of soil detached by rumoff,
especially if the chemicels were surface applied, Bed load typically
consists of coarse material, The bed lvad does not fluctuate as wuch as

the suspended load and is & minor event in terms of soil adsorbed substances.,

Effectiveness of Conservation Practices

Certain practices are move effective during one time of the year than
another. This is particularly tyue of vegetative canopies and residue
covers, Seasonal practive effectiveness should be matched with seasonal
sediment producticn potential,

{1} Contour Farving - the main advantage of contour farming is in

reducing runoff. Most research shows that rumoff is reduced by at least
508 with contouring; therefore, on land where contouring can be used,

one could assume that contouring would rveduce sediment yields by 50%.

This would include the use of diversions or terraces to bresk slope length.

{2) Diversion - arve effective in reducing slope length and thus reduce

erosion, Secdiment reduction should be egual to the sum percentage
reduction as for ercsion.
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{3)  Terrace - is not dependent on Crop Cancpy or yesidue. Terraces
are more effective in May, June, and July. Terraces should reduce
sediment delivery from a field by 50%, '

{4) Conservation Tillage - this practice is very effective in veducing
runoff and also in protecting the soil from detachment by raindrops,
Sediment yields should be from 70 to 90% less on land with conservation

. ¢

tillage as compared o continuous Cropping with no conservagion practices.

(5] Cover Grop - benefits vary depending on growth of cover Crop.
A good cover crop reduces seil detachment and reduces romoff, Sediment
reduction will vary from 10 to 25%.

{6) Grasses and Legumes in Rotation - this practice should reduce
sediment vields by the same percentage as the reduction in eTosion
which would normelly be 25 to 33% for a rotation with ope year of
sod, Additional years of sod in a rotation will significantly
redute eresion rates, '

(7) Grassed Waterways - will serve as filtering ared. The amount of
sediment reduction will vary greatly depending on site conditions,

(8) Filter Strips - are placed between ditches, streanms and agriculiural
Tand for the purpese of removing poliutants from overland fiow. The
principal control mechanism of grassed filter strips is to veduce runoff
velocity so that particles settie out, Infiltration might also be
ipereased 50 that nmoff will be reduced. Factors that influence the
effectivencss of filter strips are width of strip relative to yunofi
volume, density of grass cover, detention time and uniformity of flow
over the buffer strip,

There is limited data available on the effectiveness of filter stvips
- for removing sediment but Several years of Field chservaticn would lead
us to believe that strips 15 to 25 feet wide are effective on flatter
slopes if water is not allowed to concentrate. Work by Dole et al.
shawed that forest buffer strip of 7.6 m (24.95 ft) was sufficient to
prevent stream polluvtion from animal waste.

{93 Crop Residue - has move impact on reducing soil detachment than
in reducing Tunoff. In some cases, crop residue is wore effective
than cover crops in reducing erosion and sediment,

(10} Sediment Basin - not consideved as an exosion contyol practice nut

when desipned properly could reduce sedbrent ylelds by 70%. Sediment
hasing do very little to protect the soil rescurce base,
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SECTION 4
COST-EFFECTIVENESS OF SOTL AND WATRR CONSERVATON PRACTICES

Soil erosion is undesirable principally because of long-term sdverse
effects on soil productivity while sediment delivery to waterways is
undesirable because of the effect on water quality,

There are many variables to evaluate when determining the cost-
effectivencss of soil and water comservation practices for reducing
erosion. This process becomes even more complex when determining the
cost-effectiveness of SWOPs for reducing sediment poliution. There ave
several reasons for this, including (1) theve are no standards as to

the amount of sediment which can be allowed in a body of water, and

(2} there ave not widely accepted wodels for predicting sediment transport.

In aveas where Sediment contributes to the degradation of water guality, it
is generally assumed that practices which reduce soil erosion in a field
have the effect of causing less sediment to be available for transport

to water, To determine the level of effectiveness for selected SWCPs

in any given field, both the level of erosion and the sediment delivery
ratio {SDR) for each conservation system must be loowd. The rate of
erosion can be computed by using the Universal Soil Loss Fouation (USLE)

as discussed in the Introduction, Sediment delivery is equal to a
caleulated sediment delivery ratio (SPR) times the estimated soil erosion.

As with erosion control systems and not single practices should be evaluated
as to their cost-effectiveness for improving water quality. Generally, the
cost per ton for controlling exosion in @ field increases as the soll loss
rolerance is approached, For example, if annual erosion is 20 tons per acre
on & crop field, it costs less per ton to yeduce the eresion from 20 to 15
tons/acre/year than it would cost to reduce the érosicn from 10 te

5 tons/acre/tear. The reason for this is uhat simple managmnent such as
contouring and crop residue managewent can be used, To reduce the soil loss
to an acceptable level may require structural practices such as terraces.

A 1973 ACP evaluatvion of several conservation practices gives the Cost
per ton of so0il loss for the Southern Coastal Plain.

TARLE 1

COST PER TON SOQLL SAVED BY CONSERVATION PRACTICE
SOUTHERN COASTAL PEAINS
2% Intersst
ACP Bvaluation

“Bo11 Loss | oeil Loss S01.t Cost Per Ton

Conservation Practice Before  After Saved Soil Saved
Terrace Systems 15,63 5,04 9.69 .56
Diversions 92.65 312,66 $9.98 G6.03
Cropland Protective Cover 12,53 8.98 3.55 4.21
Conseyvation Tillage Systems 14,93 2,72 12,21 .69
Styipcropping Systems 15,88 1.48 12.40 0.22
Vegetative Cover on Critical

Areas 47,84 1.i2 46,71 0,10
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To determine the cost-effectiveness of a practice (system), one must
know:

1. Amomnt of reduction in erosion and/or sediment,
Z.  Cost of practice,

3.  Effect on crop yields,

4 Chwange in production inputs,

Reduction in Erosion

This was discussed for each practice in Section 2,

TABLE 2
COST OF INSTALLING CONSERVATION PRACTICES
% Total
Cost Per 1/ Unit Per Cost Per Life Ammml  Awwal
Practice nit Acre - Acre Span  O&M Cost Cost 2/
Conservation Tillage $  10/Ac 1 $10.00 1 - $ 31.00
Contour Farming O/ he 1 0 1 - 0
Cover (rop 15/AC 1 15.00 1 - 16.00
{ritical Ares Pltg. 830/ Ac - - 25 z 111,00
Crop Residue S/Ac 1 5.00 1 - 5,50
Debris Basin :

{Sediment Pond} 5,000/ /ea - - 25 3 618.00
Diversion BO/LE 200 Fr, 120.00 10 5 24.00
Filter Strips RYFIAY 175 Frt, 30.00 10 5 &.00
Grassed Waterway 1,200/Ac L6 Ac, 72.00 10 3 14.00
Grassed § Legumes

in Rotation 175 Ac - 175,00 3 - 68,00
Striperopping s/AC 1 5,00 10 1 1.2%
Terraces __+20/LF 400 LF 20,00 10 5 16,00

1/ Price Base 1988, Raleigh, N.C,
2/ Based on 8% Intevest Rate

Change in Crowp Yields

{1} Conservation Tillage - Most vesearch shows That yields with conservation
tillage equal or exceed conventional tillage by 10% on well drained soils
and decreased yields by 10% on poorly drained soils (43},

(2) Contour Farming - Since contouring decreases runoff and keeps water on
the field, yvields would be expected fo increase when unommal soil moisture

iy inadequate, but be decveased in aveas of excess rainfall or poor drainage.
SDA reported in 1945 from various studies an average increase in crop yields
of 17% with contouring {13},

{33 Cover Crop - Could have either a positive of negative effect on the

vield of the succeeding crop depending wainly on moisture conditions.
On the average cover crop probably won't have any effect on yield.
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{4) Critical Area Planting - This is not a cropland practice as
such. An avea treated as a critvical area is generally not suited for
production.

{5} Crop Residus Use - Increases moisture holding capacity and should
have positive effect on vields.

{6) Debris Basin (Sediment Pord) - Does not affect production,

{7} Diversions - Yhen used in combination with contouring, should
increased yields by 17%,

{8) Filter Strip - Kill pot have divect effect on yields. Filter strips
can remove land From production arcund the edges of fields that would
sometimes be planted in Tow Crop.

{9) Grasses and Legumes in Rotation - Will have a positive effect on
row crop yield {323 increase] (44). However, the amoumt of land available
for row crops would be less.

{10) Grassed Watermway - Does not directly affect crop yields.

(11} Stripcropping - Involves both rotations and contouring so crop yields
would be expécted to increase.

(12) Terraces - Can have @ positive effect on yield by making move efficient
use of water, When used in combination with contouring, yields should
increase hy 20% {13].

For conservation tillage, decreases in machinery and labor expense nearly
balance increased pesticide expenditures, Thus the most important factoy
determining changes in famm income associated with these practices is their
offect on vields. .
Contouring also shows only a relatively small change in variable costs.
Howevey, this practice is not applicable in meny fields, Alse for this
situation, machinery and labor costs £or contouring were assumed to incréase
by 10% above costs for straight-row tillage. Increases of 3 to 4 times

this much could occur in many situations. -

Changing from continvous corn to a votation (50% com) causes a large
decrease in variable costs, This is due not only to the lower costs
associated with oats and hay, but also to a savings in nitvogen and
rootworm insecticide costs amounting to $47.00 for the first year or com
following hay.

Stripcropping costs ave Simply a combination of rotation costs and
costs for contouring. No additional costs would normally occur.
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Effectiveness of SWOPS

The effectiveness of SHCPs for reducing sediment delviery o waterways
depends on both the initial level of soil erosion and the initial sediment
delivery ratio (SDR). To illustrate the relative effectliveness of
different practices and how effectiveness changes for different field
situations, levels of soil erosion and sediment deliery have been calculated
for a hypothetical field situation. Initally, levels of soil erosiom were
calculated on a field with 250 £t. slope and @ 4% gradient; K = .32

R = 250; G = .492; {continuous soybeans), Table 4 illustrates several
conservation systems.

TABLE 4

COST-BRFECTIVENESS VALUE FOR SELECTED
SWCPs FOR AN EXAMPLE SOYBEAN FIELD

i/ Erosion Sediment.
Assumed. Change In Izié 3/ 2/ 3/
% Change Net Income sduction Cost-Eff. “Reduction Cost-Ei
Practice In Yield  $/Ac, Tons/hc.  $/Fon Tons/Ac,  $/Ton
Contouring with
TRYTAces 15% +$7.00 4/ 12 - 3.3 -
Contouring +
terraces + grassed
WaLeTWayS 15% -$7.40 12 +.58 3.3 52,12
Conservation tillage . 10% +$5,25 &/ 20 - 6.0 -

1/ Net cost is defined as the 1055 in income with the SWCP as compared to
continuous soybeans with no SWCP. Includes change in yield less
increased variable bost. Yields were based on 25 bushels per acre before
treatment 2 §6.50 per bushel. Interest rate 8%,

2/ Reduction is defined as the dvop in rate of erosion Ov sediment delivery
compared to rates with continuous soybeans with no SWCPs, Initial evosion
vate is 23 tons per acre per year and sediment delivery ratio is 0.5,

3/ Cost-Effectiveness is the cost per ton for reducing erosion o sediment
vield. No cost effectiveness is not showd when there is an increase in.
net Teturn.

4/ Net cost is the increase of 5 bushels per acre less 10% for additiomal
machinery, fuel and labor costs due 1o contouring (see Exhibit 1},

5/ Net cost of the inCrease in production 1ess §11.00 per acre anmoal
cost for increased pesticlde cost. :
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Summary

The cost-effectiveness of practices on a field can vary considerably
depending on effectiveness and costs which will vary according to
physical properties of the field, rainfall and crops grown,

Conservation tillage appears to have the most widespread adoption and
potential in North Carolina for reducing ervosion and sediment pollution.
This practice is relatively inexpensive and is very effective in reducing
sediment poliution and saves time and fuel,

Section V of the Soil Comservation Service Technical Guide available in all

counties in North Carolina should be a helpful reference in determining
the cost-effectiveness of conservation systems.
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' EXHIBIT 1
PARTIAL BUDGETING WORKSHEET
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PARTIAL BUDGETING WORKSHEET EO{IBIT 2
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INSTRUCTIQNS FOR USE OF WORKSHEET

This worksheet s designed for use in conjunction with prepared
cost-return budgets to evaluate and compers alfernative resqurge
management systems, The information developed 4s not exact net
returns for the present or future treatments and shoild be wsed as
gstimates. The amounts and estimates may he made for one acre,
several 8Cres, or the entire operation unit.

Gross receipts should inciude all products to be marketed as well as
valdes for those products to he used in another enterprise before
marketing. The amounts or values shown in the cosy-return budgets
may need adjusting to reflect the best estimates of the without

and with conditions. If move than one product {several crops or

more than one product such as wieat grain and wheat straw) ¥s
included, 115t various crops or various products and total the amount
in the complete resource management system.

Variable cost, ownership cost, land charge conteined in the cost-return
budget should be adjusted to reflect changes different to this enter-
prise, List the amount{s) contained in the cost-return budget and
redice or increase the applicabie individual idnputs. Be sure to show

a (4) or {-) to insure credit in the final total for the two condition
fotals,

Average annual cost of conservation practives [BMPs) - List sach
conservation practice that will be instaiied in the alternative resource
management system and determine installation cost. Multiply this amount
by the amortization factor which best reflects the landuser's desire for
period of repayment and interest rate. This may be done for gsach practice
or Tor the total of all practices. This amount is the annugl sguivaient
cost. To this cost, add the expected cost of operation and mainterance
and insart total in the Total Practice Cost under “with condition.”

Net veturns to land management - Total the amounts contained in the
TALhout and Wi Th columns,  subtract the smaller fotal from the larger
total to determine net differences in the alternative,
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Erosion

Gully Erosion

Geologic Erosion

Bill Erosion

Sheet Erosion

Sediment

Sediment Yield
Sediment Delivery
Sediment Delivery

Ration (SOR)

Gross Soil Brosion

GLOSSARY

Datachment and movement of soil or rock fragments by
water, wind, ice or gravity (for purposes of this
study, evesion refers only to that caused by

water and gravity).

Advanced stage of erosion which produces large Chaonsls
which canpot be smoothed over by nowmal tillage
operations.

The nomsal or natural eresion caused by geological
precesses acting over long geologic periods and
resulting in the wearing eway of mountains, the
building up of floodplaing, coastal plains, etc.
Syn, natural erosion.

An erosion process in which mmerous small but well
defined chennels only several inches deep are fovmed,
The 1ills can easily he remcoved by noymal tillage
operations.

The removal of a thin, relatively wniform layer of

seil particles caused by the impact of ralndrops on
wet 50ils, The loosened and spattered particles

may Or may not be subsequently rewoved by surface
runeff,

Any so0lid material, either mineral ov orxganic, that

has heen evoded, tramsported and deposited on and or in
water.

Ay solid material which moves off a unit area (e.g.,
edge of field losses]).

Sediment that is transported te a specific point,
generally 2 stream.

The ratio hetween sediment delivery and soil evosion,

Soil erosion as defined by the Universal Seil Loss
Equation,
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