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SECTION 1.0
INTRODUCTION

The rates and magnitudes of discharges of pollutants from nonpoint sources
do not relate simply to source characteristics or source-related param-
eters. Evaluation of 'the severity of this problem is hampered by the lack
of tools to quantify pollutant loads, and scanty and imprecise data on the
interrelationships between control measures and pollutant loads are a de-
terrent to formulation of control or regulatory strategies. This User's
Handbook is the result of a program which had as one objective the develop-
ment of nonpoint pollution loading functions for significant sources and
significant pollutants.

The Handbook has two basic functions. First, it presents loading functions
together with the methodologies for their use. Second, it presents some of
the needed data, provides references to other sources of data, and suggests
approaches for generation of data when available data are inadequate. A
corollary function consists of assessments of the adequacies of functions
and their supporting inventories of data, and an assessment as well of the
extent to which pollutants and nonpoint sources are adequately covered.

A loading function, as the term is used here, is a mathematical expression
which one uses to calculate the emission of a pollutant from a nonpoint
source and discharge of the pollutant into surface waterways. For pur-
poses of this Handbook, a substance becomes a pollutant only when it is
deposited in surface waters. For example, the movement of sediment and
nutrients from a corn field to the edge of the field does not qualify as
pollutant discharge, even though the transport process may be an impor-
tant part of the overall pollutant emission mechanism.

A source is a land area devoted reasonably exclusively to a specific use,
which therefore can be treated as a unit with respect to land use practices
and potential for pollutant discharges. A cornfield, a field of soybeans,
a highway under construction, a mine, a forest, and a landfill are sources.
Similarly, a group of cornfields is considered to be a source if practices
from field to field are sufficiently uniform that an average set of data
adequately describes the entire acreage.



A load is defined as the quantity of pollutant discharged to surface

waters from the source per unit of time: load = kilogram BOD per source
per day, etc. The loading function is the expression or equation which
permits calculation of the load. The function has provisions for calcu-
lation of a load on a per hectare basis (or other suitable unit dimension),
and total source load is calculated by multiplying the unit load by source
size. Finally, all sources within an area of interest, such as a watershed
or river basin, can be summed up to obtain the load of a particular pollu-
tant discharged to the surface waters from all identified sources.

A tremendous variety and quantity of data are necessary for productive

use of the loading functions. A small fraction of that body of data is
included in this handbook, primarily in the appencices. The user is re-
ferred to other sources of data ranging from systematic compilations to
the knowledge and judgment of local experts. The importance of the latter
can hardly be overemphasized. These sources are delineated in succeeding
sections as specific data needs arise for individual loading functions.

Essentially three categories of data are needed. One category is the in-
formation which describes the areal.characteristics of a source: its lo-
cation within a county, basin, state; its sizes, perhaps its dimensions;
and its basic land use, i.e., row crops, construction of residences, solid
waste disposal, and strip mining.

A second category of data is that which is characteristic of a source or
area, independently of land use. This category includes data which de-
scribe agricultural productivity, water permeability, erodibility, and
similar properties of soils; topographic features of the land; rainfall
and runoff; and stream miles, locations, and stream densities.

The third category is the data which are needed to describe how a source
is used. Examples are tillage methods and conservation practices, crop-
ping patterns, quantities and schedule of pesticide use, irrigation flows,
and population densities.

It may perhaps be construed from the above discussion that the loading
functions are straightforward expressions or equation, matched by pre-
cise, well-documented data, and that cal@ulations can be made by routine
procedures with perhaps little discriminatory inputs of judgment by the
user. This seldom is the case. A substantial fraction of the presenta-
tions of the following sections is devoted to procedural descriptions
which should assist the user in using his or other local judgments and
inputs, and instruct the user in the limits of applicability of the
functions.



Emphasis is given to loading functions or estimating procedures which are
generally useful from the standpoint of the depth, quality, and quantity
of available data or information. For this reason the functions are in
the main relatively simple and basic concepts, as opposed to theoreti-
cally oriented descriptions of physical, chemical, mechanical, and bio-
logical processes. Indeed, where necessary and appropriate, estimates
and the rule of thumb approach are preferred to more rigid theoretical
functions which suffer from the lack of key data.

The loading functions cover the following sources and pollutants:

Sources

« Agriculture: cropland, pasture and rangeland, irrigated land, wood-
land, and feedlots

o Silviculture: growing stock, logging, road building

. Construction: wurban development and highway construction

. Mining: surface mining and underground mines

. Terrestrial disposal: landfill and dumps

. Utility maintenance: highways and streets, and deicing

. Urban runoff

. Precipitation

. Background sources: mnative forests, prairie land, etc.

Pollutants

. Nutrients: nitrogen and phosphorus
. Sediment

. Biodegradable organics

. Pesticides

. Salinity

. Radioactivity

. Mine drainage

. Metals

. Microorganisms

The definition of the term pollutant used in this document takes some
liberties with current legal definitions (specifically various interpreta-
tions of the law) and with philosophical interpretations of what substances
under what circumstances should be viewed as pollutants, Basically, a
substance is termed a pollutant if it has been observed in nonbeneficial
quantities or concentrations. The task of determining when a specific
substance is present in nonbeneficial quantities is left to the user and

to official interpretations of water quality regulations. Sediment ex-
emplifies the 'pollutant' which serves a very useful purpose at some
optimum level.



The concept of natural background is both quite important and difficult

to describe in universally acceptable terms. Furthermore, background
levels of the polluting substances cannot be readily and precisely deter-
mined by current methods which treat this subject and the approaches
proposed in this document are admittedly the object of controversy with
regard to both the philosophy of the approach and the technical methodology.
The importance attributed to natural background comes from the following:
(a) background is often thought to represent the ideal envirommental quality,
and thus to represent the goal which we should strive to achieve, and (b)
background accordingly is often thought to be a fundamental criterion for
assessing the reasonableness of control measures and for evaluating the
cost of control in relation to benefits. These are not necessarily self-
evident truths. A notable case in point is the salinity in much of our
natural waters at levels above those suitable for certain beneficial uses.
Background is nevertheless a useful concept in that it serves as a point
of reference for determining what might be reasonably achieved in water
quality management, for establishing goals and objectives, and for iden-
tifying conditions or sources over which we may have little or no control,
such as precipitation-borne nitrogeneous compounds. The use of background
at such a point of reference is legitimate, as long as ones interpretation
of background is not used as an excuse to indiscrimately set aside or
ignore certain problems.



SECTION 2.0
GUIDELINES FOR USE OF THE HANDBOOK
2.1 INTRODUCTION

This handbook has been developed for use with data or information on
record and accessible to the user. Some exceptions occur; that is,
certain loading functions assume the capability on the part of the
user to procure data by field and laboratory analysis or other on-site
data procurement methods. Field sampling and analysis is suggested
when data on record are inadequate, perhaps not in existence at all.

The handbook user should obtain and use the best data he can find.
The best data usually are those which have been measured or developed
locally. Such data can supplement the data or data sources recom-
mended throughout the handbook, or it can be used in a complementary
fashion, i.e., to help arrive at a range of values appropriate for
the specific user area.

The user is encouraged to use functions which are more area specific
than those presented in the handbook, to use research models if he is
so inclined, and to adapt suggested methodologies so that they directly
represent his area.

The information regarding loading functions and their use is presented
in Sections 3.0 through 12.0 and in Appendices A through H. The texts
of Sections 3.0 through 12.0 are devoted chiefly to descriptions of the
functions themselves, of the terms within the functions, and of proce-
dures for use of the loading functions. These sections contain certain
tables and figures which either present data needed in the loading func-
tions or which describe procedures for use of the loading functions.
Lengthy compilations of data are for the most part presented in the
appendices, In addition, the appendices contain certain types of back-
ground information and presentations of specific procedures which are
essential but which do not fit conveniently in the discussions in Sec-
tions 3 through 12.0.



The following subsections present information on terminology, symbols,
formulas, and procedures for use of the handbook. The loading functions
themselves are presented together with definitions of terms in tabular
form. The material presented in the remaining parts of this section
should be consulted by the user to help him define his specific prob-
lem and.to guide him to those parts of the handbook which he will use

in calculating the emissions of nonpoint pollutants from his sources.

2.2 TERMINOLOGY, SYMBOLS AND FORMULAS

The terminology and symbols conform with some exceptions to standard
symbols and terms. A broad range of subject matter is covered, and
the symbols normally used in one area or discipline overlap or are in
conflict with those of another. These conflicts were sometimes re-
solved; other times the best course was to keep the old and familiar

terminology.

Equations and formulas for the most part avoid the abbreviated notation
and symbolism typical of engineering or physical science equations, in
favor of more cumbersome but more readily interpreted terms.

The term Y universally denoted pollutant load for a source. The usual
symbols for basic parameters have been used almost without exception: Q
for volume rate of water flow, runoff or streamflow; P for precipitation;
C for concentration, etc. S uniformly denotes sediments. The majority
of the terms and symbols used in the handbook are defined in the summary
of loading functions presented in Section 2.4, and in the "Glossary'" and
""Symbols" given in the last part of the handbook. Miscellaneous symbols
are defined as they occur throughout the text of Sections 3.0 through 12.0
and the appendices.

The general format of the equations or loading functions is shown in
Section 2.4. Note that multiplication of one term by another is to

be performed only if the two terms are separated by the dot (-) symbol.
The parenthesis is not used to denote multiplication; it has been re-
served for the function of separating and defining terms or symbols.
Thus, C(HM)BG denotes "background concentration of heavy metal,” and
Y(RAD) "load of radiation."

2.3 PROCEDURE FOR USE OF THE HANDBOOK

Several basic steps are involved in estimation of pollutant loads.
These are:



1. Establish the boundaries of the area under consideration, which will
usually be a political or physical entity: an urban area, a watershed,
a minor basin, a state, etc. Define the general character of the area:
agriculture, silviculture, mining, urban, etc.

2. Identify nonpoint sources in the area, in appropriate detail. Tden-
tify pollutants to be evaluated for each source. The source-pollutant
matrix, Table 2-1, will assist in defining sources and pollutants.

3. Identify loading function options: Section 2,4 and Sections 3.0
through 12.,0.

4. Tdentify data needs, determine availability of data for possible op-
tions; assess quality and depth of coverage of available data: Sections
3.0 through 12.0 and Appendices A through H.

5. Select loading functions which best match the problem with quality
and depth of data.

6. Procure necessary data for all sources/pollutants.

7. Calculate pollutant loads (see Sections 3.0 through 12.0) for indi-
vidual sources, and sum to obtain total loads.

2.4 SUMMARY OF LOADING FUNCTIONS

In this section approaches to calculation of pollutants are summarized.
Limitations to their use are presented as well, in summary fashion. Pol-
lutants and sources which must be treated by approximate methods which
require much discretion in use are delineated.

The summary cites no references. These are cited in Sections 3.0 through
12.0 and the appendices. References to tables, figures, and equations in
Sections 3.0 through 12.0 are provided to facilitate location of methods
and procedures, together with detailed discussion of dimensional units.

2.4.1 Sediment From Sheet and Rill Erosion

The basic tool for estimation of sediment from sheet and rill erosion is
the Universal Soil Loss Equation (USLE). The loading function based on
the USLE is:



Table 2-1. SOURCE - POLLUTANT MATRIXZ/

Source

Pollutant
Organic
Nutrient matter Pesticides Salinity Heavy
Sediment N, P BOD H,I,F TDS metals Radioactivity Coliform Other
Agriculture 3 4 4 5 8
Irrigation return flow 6
Silviculture 3 4 4 5 8
Mining 3 8 8 Acid mine
) drainage - 7
®
t
Construction 3 8
Urban runoff 9 9 9 9 9 9 9
Highways 9 9 9 9 9
Feedlots 10 10 10 10 Suspended
solids - 10
Terrestrial disposal 112/ 11 11 11
Background 12 12 12 12 12 12 12

a/ Numbers in table indicate section numbers.
b/ Nitrogen only.,



where Y(S)g

P

Sq =

Y(S)p = A-(R-K-L-8-C+P-Sq) (3-1)
sediment loading
source area

the rainfall factor; Figures 3-2 and 3-3, or methods
presented in Section 3.2

the soil erodibility factor; USDA K factor lists,
Appendices B, D, and E

the slope length factor; Figures 3-7, 3-8, and 3-9,
Appendices C, D, and E

the slope gradient factor; Figures 3-7, 3-8, and 3-9,
Appendices C, D, and E

the cover factor; USDA C factor lists, Tables 3-3 to
3-6

the practice factor, Table 3-7

sediment delivery ratio, Eq. (3-2), Figure 3-10

The USLE was developed primarily for agriculture, and has been used
chiefly east of the Rocky Mountains. The factors are best defined for
these areas of use, and methods for use in silviculture, construction,
mining, and other sources outside agriculture are not well developed.
For the latter sources the USLE can serve as the basis for estimations
by personnel skilled in soil science and hydrology. The USLE is quite
useful in areas outside agriculture for estimating the probably impact
of control measures (dikes, vegetation, slope modification), even though
it may be inaccurate for estimation of absolute values for sediment
yields, especially from small subwatersheds.

2.4.1,1 Streambank and gully erosion (see Section 3.0) -

Streambank and gully erosion are not treated by the USLE, and landslides
are similarly not treated. Calculation of sediment yields from these

sources requires examination of experience and data in the area of in-
terest, by local personnel.



2.4.1.2 Sediment from urban runoff -

Methods for estimating sediment in urban runoff are presented in Section
9,0 (see 2.4.7). The basic method involves the use of values for various
urban areas developed by analysis of sediment loads in many urban areas.

2.4.1.3 Sediment from feedlots (see Section 10.0) -

The Universal Soil Loss Equation is not used for feedlots. Measured data
on feedlot runoff are used as the basis for prediction. TFeedlot loading
functions are synopsized in Section 2.4,8.

2.4.2 Nutrients and Organic Matter (see Section 4.0)

The principal method of estimating nutrient and organic matter loads con-
sist of first calculating sediment yields, and multiplying sediment yields
by factors which denote concentrations of these substances in the soil and
enrichment in the erosion process.

2.4.2.1 Nitrogen -

Yields of total nitrogen (NT, all forms of nitrogen) are estimated by mul-
tiplying sediment yields by concentrations of total nitrogen in soil and
by an enrichment factor. In addition to sediment-carried nitrogen, nitro-
gen carried in rainfall is included in the loading function. Available
nitrogen is the sum of precipitation-borne nitrogen and a fraction of the
sediment-borne nitrogen,

Y(NT)E = a-Y(S)E-CS(NT)-rN (4-1)
Y(N)p. = A'%(%'NPr'b (4-3)
Y(NT) = Y(ND) + Y(¥)p,
Y(NA) = Y(NT) - £y + Y(N) p,. (4-4)
where Y(S)g = sediment load
Y(NT)E = total nitrogen from erosion
Y(N)Pr = nitrogen from rainfall, discharged to streams
NT = sum of nitrogen of all chemical forms

A = area of source

Iy = enrichment factor

10



NA = available (mineralized) nitrogen
fy = ratio of NA to NT in sediment
a = dimensional constant

b = attenuation factor

Np, = rate of deposition of nitrogen from the atmosphere in

precipitation
Cg(NT) = concentration of nitrogen in soil
Q(OR) = overland runoff
Q(Pr) = total precipitation

"Available nitrogen'" is the forms of nitrogen which are readily available
for plant nutrition: nitrate, ammonia, and simple amines. Essentially
all of the nitrogen in rainfall is in the available form.

The loading functions for nitrogen based on the USLE and presented in
Section 4.0 do not apply to nitrogen from certain specific sources.

Nitrogen from terrestrial disposal operations, presented in Section 11.0
(see 2.4.9) is estimated by procedures for estimating leachate volumes,
pollutant concentrations in leachates, and delivery ratios for leachates.

Nitrogen from feedlots, presented in Section 10.0 (see 2.4.8) is esti-
mated from runoff volumes and a range of observed nitrogen concentrations.

Nitrogen in urban runoff, presented in Section 9.0 (see 2.4.7) is esti-
mated from data on urban runoff characteristics.

The loading functions for nitrogen do not encompass soluble nitrogen
forms, principally nitrate, which are leached into subsurface waters
and eventually reach surface waters in groundwater or drainage flows.
Methods for treatiﬁg such situations via a generalized function are
not available, and local experience, data and expertise must be relied
upon,

The loading functions for nitrogen based on sediment as a carrier become
increasingly inadequate as sediment yields diminish. This inadequacy
will be most evident in situations where erosion is minimal and mineral-
ized nitrogen is abundant. A newly harvested forest temporarily devoid

11



of growing timber may have a temporary excess of mineralized nitrogen
which is susceptible to both leaching and transport overland in sedi-
ments and in solution. Nitrogen emissions from terraced fields may be
higher in mineralized nitrogen than emissions from fields with less con-

trol of runoff and erosion.

2.4,2.2 Phosphorus -

Functions for phosphorus are presented in:

Section 4.0, Nutrients and Organic Matter;
Section 9.0, Urban Runoff; and
Section 10.0, Livestock in Confinement.

Refer to Sections 2.4.7 and 2.4.8 for a summary of functions for phos-
phorus in urban runoff and feedlot runoff. Functions for sediment-borne
nutrients from other sources are presented below.

Phosphorus is carried almost entirely on sediment. 1In situations where
erosion can be predicted, the loading function for phosphorus can be ex-
pressed as the product of sediment yield times phosphorus concentration
in sediment. The concentration of phosphorus is taken to be the concen-
tration in the eroding soil times an enrichment factor.

The load of available phosphorus is calculated by multiplying the load

of total phosphorus by the ratio of available phosphorus to total phos-
phorus.

Y(PT) = a-Y(8)p Cg(PT) - p (4-8)

Y(PA)

Y(PT) £p (4-9)

where Y(PT) = yield of total phosphorus
a = dimensional constant

Cg(PT) = concentration of phosphorus in soil

r
P = enrichment factor

<
S
.4
e
n

yield of available phosphorus

P = ratio of available phosphorus to total phosphorus

12



2.4.2.3 Organic matter -

Functions for organic matter (BOD) are presented in:

Section 4,0, Nutrients and Organic Matter;
Section 9.0, Urban Runoff (see Section 2.4.7); and
Section 10.0, Livestock in Confinement (see Section 2.4.8).

Essentially all nonpoint emissions of organic matter are sediment borne.
Organic matter loading functions are expressed as a function of sediment
yields, with the exception of feedlot runoff, where a range of concen-
trations in runoff is used to calculate loads., TFor other nonurban sedi-
ment and for urban sediments, the yield of organic matter is a product

of sediment yield and organic matter concentration in sediment; an en-
richment factor is needed to account for preferential erosion of organic-
rich sediments in nonurban sources.

Y(0M)g = a-Cs(0M) Y (S)p-x (4-12)

1]

where Y(OM)p = organic matter loading

Y(S)g total sediment loading from surface erosion (see Eq.

(3-1))
OM = enrichment factor

a = dimensional constant

Cg(OM) organic matter content of soil

Loads of organic matter calculated by procedures in the handbook cover
major known sources, except for special cases which are not amenable to
treatment by generalized functions. Some of these are:
Direct or wind-blown deposition in streams of leaves from forests.
Capture of hay and other vegetative debris by floodwaters.
Irresponsible dumping of livestock wastes or other organic wastes

in sites susceptible to washout or erosion (including improper
field spreading of manure).

13



2.4.3 Pesticides

Loading functions for pesticides are among the least satisfactory of

those presented in the handbook.

In ome option (Case I Method, Section 5.0) national historical data

on concentrations of pesticides in soils are the basis for estimation,
These concentrations are multiplied by sediment yields to calculate
pesticide loads. The method is restricted to insoluble pesticides.

A major drawback of the approach is its insensitivity to peak loads
which may occur during the pesticide use season at times of high run-
off. The method also suffers (presently) from a relative scarcity of
data on soil concentrations. It is useful primarily for large areas
(states, major basins) where average yields may be adequate, and small
watershed specific loads are not required.

2.4,3.1 1Insoluble pesticides, Case I and Case II methods -

Y(HIF) = ¥(S)g"Cg (HIF) -rHIF-lo'6 (5-1)
where Y(HIF) = total pesticide loading for source
Y(S)p = sediment loading, Eq. (3-1)
CS(HIF) = concentration of pesticide in soil
ryrp = enrichment ratio

The adequacy and applicability of the above method may be increased sub-
stantially through inputs of local/regional data and experience on pesti-
cide usage, levels in soils, rainfall and runoff patterns in relation to
pesticide use, and data on persistencies (life times) of pesticides in
the use environment. The Case II method for insoluble pesticides is
based on losses in sediments, as in the Case I method, with liberal in-
puts of local data.

2.4.3.2 Soluble plus insoluble pesticides (Case III method) -

A Case III method i$ presented, in Section 5.0, for both soluble and in-
soluble pesticides, which requires that local data be obtained on runoff
and on pesticide concentrations in runoff. If historical data of this
type are available it may be used for predictive purposes. If none are
available, data accumulated in a sampling program in the area or region
of concern will serve as the basis for development of a predictive capa-
ability.

14



Y(HIF) = ZQ4C;°a (5-2)

i
where Q = runoff volumes
C = concentration in runoff
i = storm event
a = dimensional constant

2.4,4 Salinity in Irrigation Return Flow

Three optional methods are presented in Section 6.0 for estimating salin-
ity in irrigation return flow. Each of the options is valid in principle
but has drawbacks due to one or more of the following reasons: (a) data
inputs are not readily accessible; (b) the quality of existing data inputs
varies widely; and (c) a good deal of insight about specific cases is re-
quired on the part of the user. At the present time, a good bit of effort
is underway to develop mathematical models for salinity in irrigation re-
turn flow. It is reasonable to expect that outputs from these models will
yield loading functions which will supercede the three methods presented
in this handbook.

The three methods are:

Option T: Calculation of Water and Salt Balances About the Irrigation

Site
Y(TDS)IRF = a-A+C(TDS) - [IRR + Pr - cu] (6-1)
where Y(TDS)TRrF = salinity load in irrigation return flow

A = irrigated area
IRR = irrigation water added to crop root annually
Pr = annual precipitation

annual water consumptive use

]

CU

15



concentration of total dissolved solids in ground-
water contributing to subsurface return

C (TDS) gy

a conversion factor

Option II: Salt Balances in Streamflow

Y(TDS) 1gp = a-[Q(Str)g-C(MS)p - Q(Str) A C(IS)A) - Y(TDS)gg ~ Y(MS)pp  (6-4)

salinity load contribution from irrigation

H

h Y (IDS
where ( )IRF

Y(TDS)BG = gsalinity load contribution of background

Y(TDS) pp = salinity load contribution of point sources
Q(Str)B = gtreamflow below irrigated areas

Q(str)A = streamflow above irrigated areas

C(TDS)B = total dissolved solids concentration below irrigated
area
C(IDS)p = total dissolved solids concentration above irrigated

area

a = conversion constant

Option TII: Estimation From Historical Data

Loads from several irrigated areas have been quantitatively assessed over
a period of years. These data, synopsized in Tables 6-3 through 6-7, and
other data available to the user, can serve as guidelines for current es-
timations of salinity in irrigation return flows.

Option I requires specific information concerning how much water is de-
livered, how much is used consumptively, and the concentration of salt

in groundwater where applied irrigation water may be lost by deep perco-
lation. Uncertainty in any of these input data will affect the accuracy
of the procedure. Option I is most realistic in cases where the ground-
water dissolved solids are several times higher than dissolved solids in
applied irrigation water, and is recommended for use in those areas meet-
ing such a specification. Furthermore, the procedure is not recommended
for sprinkler irrigation systems where evaporative losses in the delivered
water may be excessive.

16



Option IT has been the method traditionally used to estimate salinity
from irrigation return flow. Basically, this method consists of mea-
suring salinity loads in streams above and below irrigated areas. Dif-
ferences in salinity are thus attributed to irrigation. The principle
uncertainty in the Option II method lies in the contribution of back-
ground to the salinity load. Definition of background salinity will re-
quire knowledge and insight about the particular area being considered.

Option ITI--loading values-~-is perhaps the most reliable method. How-
ever, loading values must have been determined for the area of interest

or for like areas in order for the method to be useful. Such values are
not available in many irrigated areas. The measurement of salinity loads
requires extensive monitoring and analysis, which are beyond the resources
of many irrigation projects. As mathematical models are developed for
predicting salinity from irrigation return flow, it is likely that their

outputs can be used to obtain valid estimates of salinity loading values
from specific areas.

2.4.,5 Acid Mine Drainage

Two options are presented for acid mine drainage emissions to surface
waters--source to stream approach, and stream to source approach. The
loading functions are discussed in Section 7.0 of the handbook.

Source to stream approach - The source to stream loading function has
been developed based upon statistical analysis of acid mine drainage
data in the Monongahela River Basin. The loading function describes
the potential acid formation from a '"typical" mine, and allows for the
neutralization of part of the acid by background alkalinity, Defini-
tion of the typical mine was established by regression analysis. The
source to stream loading function is:

Y(AMD) = N[K (T y + Iy + Tpg + Ipg) = KpeQ(R)-C(Alk)p-l  (7-1)

where Y(AMD) = acid mine drainage load

N total number of sources which are potential emitters

of mine drainage

I I

IAU’ IAS’ 190 I1g T load index values, Table 7-?

Ka, Kp = constants determined from regression analysis,
Table 7-1
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flow as annual average runoff

Q(R)

C(Alk)gg = concentration of background alkalinity, Figure 7-1
This loading function depends upon knowledge of the numbers of mines

in various categories (underground and surface, active and inactive)
and upon the neutralization potential of background. It should be ap-
plicable to all mines associated with pyritic wastes whether they be
coal or metal ore mines. There is a good deal of uncertainty in its
application to metal mines, since the function was developed for the
Appalachian coal regions of the United States, and becomes less ac-
curate as one moves westward into coal areas of the midwest and west.

Stream to source approach - The stream to source loading function for
acid mine drainage is based upon comparison of sulfate loadings in
streams to sulfate contributions from background and from point sources.
The rationale for this approach lies in the fact that sulfate is a prin-
cipal product of acid mine drainage. The loading function is:

Y(AMD) = a-A*Q(R)[C(S04) - C(504)pg = C€(504)pp] (7-8)
or Y(AMD) = a-Q(Str)[C(804) - C(SO04)pg = C(S04)prl
where Y(AMD) = acid mine drainage

A = area containing mine drainage sources

Q(R) = flow as annual average runoff
Q(str) = flow as streamflow
C(804) = sulfate concentration in surface waters
C(S04)pg = sulfate concentration in surface waters attribu-

table to background, Figure 7-2
C(SO4)PT = sulfate concentration from point sources
a = dimensional constant
The stream to source approach does not allow for neutralization of acid

mine drainage between the point where it is formed and the point where
it is discharged. Thus, high values may be estimated in some cases,
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The main uncertainty in the function is contribution of sulfate from
background and point sources. Knowledge of the area under considera-
tion is essential for accuracy. If the function is used in primarily
rural areas, the point source sulfate contribution term can be ignored.

2.4.6 Heavy Metals and Radiation (see Sections 8.0, 9.0 and 11.0)

Nonpoint sources of heavy metals and radiation include sediment, abandoned
mine sites, chat piles, tailings piles, urban runoff, and landfill.

Methods for estimation of emissions of heavy metals from urban runoff
and landfill are presented in Sections 9.0 and 11.0 (see 2.4.7 and
2.4.9), respectively, Methods for estimation of loads from mines and
mining refuse are presented in Section 8.0. The latter methods are
summarized below.

In general, methods for calculating loads of heavy metals and radio-
activity are relatively crude. Their principal usefulness likely is
limited to pinpointing of problem areas, so that needs for analysis
in greater depth can be determined.

One option for estimation of loads assumes that data on individual
sources are available, and can be summed to a total load (Option I
below). A second option assumes no source data are available and
historical data (or handbook user-generated data) on streamflow or
runoff and on concentrations of the pollutants in the flows are com-
pared with information on background levels of the pollutants (Option
II below).

The special case of heavy metals associated with sediment emissions is
considered in Section 8.5.

Option I: Summation of Loads From Individual Sources

Y(HM, RAD) = a°ZQy°C(HM, RAD)p (8-1) and (8-2)
n

where Y(HM, RAD) = heavy metal (HM) load or radioactivity (RAD) load

C(HM, RAD), = heavy metal or radioactivity concentration emitted
from the nth source
Qn = flow from the nth  source
a = conversion factor, Table 8-1
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Option IT: Estimation From Data on Runoff or Streamflow

Y(HM, RAD) = a.A.Q(R)-[C(HM, RAD) - C(HM, RAD)p.] (8-3) and (8-5)

a-Q(str)[C(MM, RAD) - C(HM, RAD)BG] (8-4) and (8-6)

It

or Y(HM, RAD

I

where Y (HM, RAD) heavy metal (HM) load or radioactivity (RAD) load

C(MM, RAD) = concentration of heavy metal or radioactivity in
runoff or streams
c(, RAD)BG = heavy metal or radiocactivity concentration emitted

from background, Figures 8-1 through 8-7

A = area containing nonpoint sources

flow as average annual runoff

Q(R)

flow as streamflow

Q(Str)

a = conversion counstant, Table 8-3

Heavy Metals Attached to Sediment

The special case of heavy metals in the soil matrix carried into surface
waters with sediment is treated by the following method. The method is
discussed in detail in Section 8.5.

Y(HM)S = a-CS(HM)-Y(S)E (8-7)

where Y(HM)S = yield of heavy metals in sediment

CS(HM) = concentratjon of heavy metals in the eroded soil

Y(S)E sediment yield as defined by Eq. (3-1).

a conversion factor
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2.4.7 Urban and Related Sources (see Section 9.0)

An extensive amount of data have been assembled and evaluated in several
recent studies. These data comprise loading values for pollutants in ur-
ban and highway runoff. ©Pollutants documented include solids (sediment),

BOD, COD, phosphorus, nitrate, ammonia, coliforms, organic nitrogen, and
heavy metals.

The loading functions are summarized below. The data on which the func-
tions are based have been analyzed for standard error, which usually is
relatively low (< + 50%). Discretion must be exercised in extrapolations
to urban areas for which no data exist.

2.4.7.1 Urban runoff -

Solids
Y(S)U = L(S)'LSt (9-1)
where Y(S)U = solid loading from urban nonpoint sources
L(S) = solid loading rate, Table 9-1

Lg¢ = street curb-length

Other pollutants

Y(i)y = a¥(8),-Cli)y (9-2)

where Y(i)U = loading of pollutant i from urban nonpoint sources

a dimensional constant

Y(S)U = urban solid loading

C(i)U concentration of pollutant i 1in solids, Tables 9-1 and

9-2
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2.4.7.2 Road traffic -

Y(i)tr = Y(i)+LH-TD.AX (9-4)
where Y(1)¢, = loading of pollutant i from road traffic
Y(i) = deposition rate of pollutant i , Table 9-5
LH = length of highway
TD = traffic density
AX = average number of axles per vehicle

2.4.7.3 Street and highway deicing salts -

Y(DI) = a-b-DI (9-5)

where Y(DI) salt loading

a = dimensional constant

o
]

attenuation factor

DI = amount of deicer applied, Appendix H
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2.4.,8 Livestock in Confinement (see Section 10.0)

Data on ranges of concentrations of pollutants in feedlot runoff have
been combined with methods for estimating runoff quantities from feed-
lots. The overall methodology is crude, and differences between actual
and estimated loads may be great. The precision of the estimates is
also dependent on the accuracy of information on feedlot locations,
areas, and sizes. Feedlots with runoff control are excluded from the
nonpoint category.

Pollutants covered are sediment, BOD, phosphorus, nitrogen, and coliforms.

Y(i)pp, = a*Q(FL)+C(i)py,-FLy-A (10-1)
where Y(i)pp = loading rate of pollutant i from a livestock facility
a = a constant

direct runoff from feedlots

Q(FL)

C(i)py, = concentration of pollutant i in runoff, Tables 10-1
and 10-2

FLyq = delivery ratio, feedlots

A = area of livestock facility

2.4.9 Terrestrial Disposal

Leachates from wastes disposed on land vary widely in quantity and com-
position, and delivery of leachate-contained pollutants to surface waters
may range from 0 to 100%. The loading function for these pollutants is
thus very crude, and reasonably accurate results depend greatly on the
availability of site~specific information. The handbook presents synop-
ses of data on pollutant concentrations in leachates, and suggests a gen-
eral methodology which should be adapted to local or regional needs.

The loading function requires knowledge either of percolating or leach-
ate rates, information on pollutant concentration, and knowledge of site
characteristics which permit estimation of a delivery ratio.

Y(i)pp = a°C(i)pp*Q(LF)-LF4-A (11-1)
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where Y(i)yp = loading rate of pollutant i
a = dimensional factor

C(i)LF = concentration of pollutant i in leachate at site,

Table 11-1
Q(LF) = percolation rate (Figure 11-2)
LFy = leachate delivery ratio

A = area of landfill

2.4.10 Background Emissions of Pollutants (see Section 12,0)

Stream to source approach - The background, or '"matural' rates of pollu-
tant emissions is a sensitive, controversial area. One approach to def-
inition and estimation of background loads is based on the National Hy-
drologic Benchmark Network. Iso-pollutant maps for various pollutants
have been developed from the Network data. These may be used to deduce
probable '"nmatural" in-stream pollutant concentrations, or to estimate
delivered loads,

Y(i)pg = a*A+Q(R)-C(1)g, (12-1)

or Y<i)BG a'Q(Str)°C(i)BG (12-2)
where Y(i)BG = load of ‘-background constituent i

a = conversion factor, Tables 12-1 and 12-2

A = watershed area

Q(R)

flow as average annual runoff

Q(Str) flow as streamflow

C(i)BG = estimated concentration of background constituent i ,
Figures 12-1 through 12-18, Tables 13-1 and 13-2, and
Figures 13-1 and 13-2

The iso-pollutant maps will not adequately represent many local, site-

specific, problem areas. Background concentrations and loads should in
such cases be deduced from local, site-specific data.
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Source to stream approach - Where a "matural" condition can be defined,

it is in principal possible to calculate background loadings via use

of loading functions for a specific pollutant. 1In Section 12.3 is pre-
sented a method for calculating natural nonpoint emissions of sediment.

The method may be extended to phosphorus, total nitrogen, BOD, and heavy
metals. It consists of calculation of sediment yields from a natural site,
namely, land with a vegetative cover typical of that which existed before
man changed that condition.

Y(S)BG = Y(S)E from Eq. (3-1) for natural conditions
Y(NT)p, = Co(ND) o ¥(S)po Ty a
Y(PT)BG = CS(PT)BG'Y(S)BG’rP-a

Iy, Tp = enrichment ratios

Cg (NT) concentration of nitrogen in soil

Cg (PT) concentration of phosphorus in soil

a = dimensional constant
2.5 LIMITATIONS AND ACCURACIES

The estimation of nonpoint pollution is an approximate science, in its
present stage of development. 1In some instance the term science is not
appropriate. The loading functions presented in this handbook should
be adopted and used with this understanding. 1In not one case does a
function cover all possible variables and all possible situations. Par-
ticularly lacking is the capability to follow a dynamic, hour by hour
event or a day by day situation, and develop an integrated load

curve which reflects changes with time. 1In nearly all cases scien-
tific methods will permit reasonably accurate measurement of gross pro-
cesses in a dynamic event, e.g., a rainstorm with its accompanying over-
land runoff and transport of pollutants. It is not the purpose of this
handbook, however, to present the detail of measurement methodologies,
for the objective of the work has been to provide a methodology which
will Permit estimation of nonpoint pollutant emissions with a minimum
of field measurement and will be dependent primarily on existing data
and information.

The lack of scientifically derived expressions (or even valid empirical
relationships) has led to the development of estimating procedures
based on averaged data. 1In only one case--soil loss--has the accumu-
lated data been developed into a currently useful load equation based
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on parameters which represent the physical phenomena involved in gener-
ation and transport of the pollutant. The Universal Soil TLoss Equation
(USLE) represents long term average on an annual basis. It can be used
to predict an assumed single storm event or a series of storm events,

but factor values for single events or for seasonal events are not as
complete and available as '"annual average' factors. If one is interested
in extremes over a period of years, i.e., the equivalent of 7 day-10 year
flow, factor values are essentially nonexistent.

The program which generated this handbook has 'piggy-backed" the USLE
to formulate loading functions for nitrogen, phosphorus, organic matter,
and certain pesticides under certain conditions. These functions thus
are based on the well established USIE factors and on an extensive body
of data relating to the specific pollutants. Again, the functions are
better for average conditions than for extremes.

The above discussion illustrates a key point regarding the accuracies
and limits of usefulness of the loading functions presented in this
handbook. The technology is usually adequate to reasonably good for
predicting averaged pollutant loads. The spread or range of values
which make up that average is likely to be high, however, and an esti-
mated accuracy which includes the probable actual extreme loads about
the calculated average will therefore be much worse than the accuracy
in predicting the average. The estimates of accuracies presented in
Sections 3.0 to 12.0 for the most part are our estimates of the capa-
bility of the loading function to predict an average load, whether it
be an "annual average" or a '"30 day-maximum average." The user should
recognize that any specific real year may be quite atypical with regard
to rainfall quantities, intensities, runoff, vegetative cover and other
factors, and that the actual load may be well outside the specified ac-
curacies,

It should be emphasized that sufficient data are simply not available
for statistically valid estimation of accuracies. The reported accur-
acies are generally best estimates based on characteristics of the func-
tion, its required data base, and the reported/observed ranges of loads
of various pollutants.

Worthy of special mention is the fact that good, area-specific input
data will give much better results than nonspecific or haphazardly
selected data.

Some nonpoint sources are not amenable to treatment by loading func-
tions, for onme or more of several reasons: (1) the source may be so
irregular in occurrence that it can only be described by local personnel;
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(2) data on loads may be lacking; and (3) the source itself cannot be
described in terms which can be translated into rates of pollutant emis-

sion. A list of sources and pollutants which fall in this category fol-
lows:

Roadside erosion

Gully erosion

Landslide, creep

Streambank erosion

Improper manure spreading or dumping

Bacteria from nonurban areas, excepting feedlots

Direct deposition of vegetation in surface waters: leaf fall, wind
blown organic matter

Floodwater transport of floodplain debris

Floodwater scouring of floodplains

Salt leakage from oil fields

Drainage~borne pollutants: forests, wetlands, agricultural lands

Nutrients in irrigation return flow

Groundwater contamination with nitrates, metals, bacteria, pesticides

Direct deposition of fertilizers and pesticides in surface waters

Improper disposal of construction and demolition debris

Nonregulated, unauthorized dumping of domestic and industrial wastes

The loading functions and associated guidelines presented in the handbook
vary considerably in sophistication, overall adequacy, demands for data
collection, and requirements for local judgments, technical skills, and
other resources. Nothing really constructive can be gained by ranking
them by order of adequacy or by other yardsticks, and the limitations of
each have been pointed out throughout the test. It is appropriate to
point out a situation or two which currently present difficult challenges.

Perhaps the greatest void consists of the lack of a capability to sys-
tematically describe the movement of pollutants through the earth, from
surface soil into the root zone, to storage in soil and subsoil moisture,
into near surface and deep aquifers, and movement from thence to the sur-
face as drainage and baseflow in streams. The transport of pollutants
via these processes is little understood. Nitrate movement via subsur-
face routes is inadequately dealt with by current technology, and is es-
sentially excluded from the loading functions. Metals, salts, bacteria,
and soluble organic materials are treated generally with marginally ade-
quate procedures; landfill leachate movement is a case in point. Treat-
ment of irrigation return flow, and its load of salts, nutrients, etc.,
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is a particularly difficult problem; this problem is better described
than are like problems simply because it has been extensively and capably
studied and monitored.
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SECTION 3.0
SEDIMENT FROM SOIL EROSION
3.1 INTRODUCTION

The sediment produced by erosion of sloping lands, gullies, and streambanks,
and transported to surface water is general ly recognized as the greatest
single pollutant from nonpoint sources. Sediment reduces water quality and
often degrades deposition areas., Sediment occupies space needed for water
storage in reservoirs, lakes, and ponds; restricts streams and drainageways;
alters aquatic life and reduces the recreational and consumptive use value
of water through turbidity. More importantly, sediment, particularly that
produced from eroded topsoil, also carries other water pollutants such as
nitrogen, phosphorus, organic matter, pesticides and pathogens.

Erosion of soil by water can take a variety of forms. Sheet erosion is the
uniform removal of a thin layer of soil, normally by the impact of falling
raindrops. Channel erosion exists as rill erosion, gully erosion, and
streambank erosion, caused by detachment and transportation of sediment by
flowing streams (channels) of water. Rill erosion is the result of soil
removal by small concentrations of surface water, such as that often found
between the rows of cultivated crops planted up and down slopes. Channels
formed in rill erosion are small enough to be smoothed completely by cul-
tivation methods.

Gully erosion, similar to rill erosion, is also caused by temporary con-
centration of surface runoff. However, erosion by gullying cuts, by defi-
nition, deeply enough into soil/subsoil that channels so formed cannot be
smoothed completely by ordinary tillage tools.

Streambank erosion refers to carrying off of the soil material on the

sides of a permanent streambed, including those with intermittent flow,
by the energy of moving water.
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Sediments are also produced from mass soil movement, which is the downslope
movement of a portion of land surface under the effect of gravity. Such
movements may take the form of landslide, mudflow, or downward creep of an

entire hillside.

This section presents methods for assessing sediment loading from various
sources. Sheet erosion and rill erosion are treated together as surface
erosion in Section 3.2; the remaining are presented in Section 3.3.

3.2 SEDIMENT LOADING FROM SURFACE EROSION

3.2.1 Overview

In general, the most important contributor of sediment nationwide is sur-
face erosion. Erosion agents, including water, wind, and rain splash, work
continuously to break down the earth's surface to produce sediment from
cropland, forests, pastures, construction sites, mining sites, road rights-
of-way, etc.

The basic mechanisms of soil erosion by water consist of: (a) soil detach-
ment by raindrops; (b) transport by rainfall; (c) detachment by runoff; and
(d) transport by runoff.=' The damage caused by raindrops hitting the soil
at a high velocity is the first step in the erosion process. Raindrops
shatter the soil granules and clods, reducing them to smaller particles and
thereby reducing the infiltration capacity of soil. The force of the rain-
drops also carries the splashed soil, resulting in movement of soil down-

s lope.

When the rate of rainfall exceeds the rate of infiltration, depressions on
the surface fill and overflow, causing runoff. Runoff water breaks sus-
pended soil particles into smaller sizes, which helps to keep them in sus-
pension.

3.2.1.1 Factors affecting surface erosion -

Factors which have been considered the most significant in affecting erosion
of topsoil consist of:

1. Rainfall characteristics,
2. Soil properties,

3. Slope factors,
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4. Land cover conditions, and
5. Conservation practices.
Rainfall characteristics define the ability of the rain to splash and erode

soil. Rainfall energy is determined by drop size, velocity, and intensity
characteristics of rainfall.

Soil properties affect both detachment and transport processes. Detachment
is related to soil stability, basically the size, shape, composition, and
strength of soil aggregates and clods. Transport is influenced by perme-
ability of soil to water, which determines infiltration capabilities and
drainage characteristics; by porosity, which affects storage and movement
of water; and by soil surface roughness, which creates a potential for tem-
porary detention of water,

Slope factors define the transport portion of the erosion process. Slope
gradient and slope length influence the flow and velocity of runoff.

Land cover conditions affect detachment and transportation of soil. Land
cover by plants and their residues provides protection from impact of rain-
drops. Vegetation protects the ground from excessive evaporation, keeps
the soil moist, and thus makes the soil aggregates less susceptible to de-
tachment. 1In addition, residues and stems of plants furnish resistance to
overland flow, slowing down runoff velocity and reducing erosion.

Conservation practices concern modification of the soil factor or the slope
factor, or both, as they affect the erosion sequence. Practices for ero-
sion control are designed to do one or more of the following: (a) dissipate
raindrop impact forces; (b) reduce quantity of runoff; (c) reduce runoff
velocity; and (d) manipulate soils to enhance the resistance to erosion.

3.2.1.2 Effect of man's activities on surface erosion -

Man alters surface erosion primarily by changing cover and altering the
hydraulic system through which the water and sediment are transported.

Activities which impact surface erosion can be categorized into four classes:
cropping practices, silvicultural activities, mining activities, and con-
struction activities. Depending on the initial status of land and the na-
ture of activity, a wide range of impact can be expected. Table 3-1 lists
some reported values of the magnitude of the impact.

Surface erosion from croplands - Cropping practices change the soil cover
so that it favors one type of plant and discourages the growth of others.
The practices expose the soil and leave it loose and liable to erosion,
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Table 3-1.

SOME REPORTED QUANTITATIVE EFFECTS OF
MAN'S ACTIVITIES ON SURFACE EROSION

Magnitude of

Type of impact by the
Initial status disturbance specific disturbanceé/ Reference
Forestland Planting 100-1,000 Brown (2)
TOW CTrops
Grassland Planting 20-100 Brown (2)
TOW Crops
Forestland Building 220 Megahan (3)
logging roads
Forestland Woodcutting 1.6 Megahan (3)
and skidding
Forestland Fire 7-1,500 Ralston and
Hatchell (4)
Forestland Mining 1,000 Collier et al. (5)
Row crop Construction 10 USDA/SCS (6)
Pastureland Construction 200 USDA/SCS (6)
Forestland Construction 2,000 USDA/SCS (6)

a/ Relative magnitude of surface erosion from disturbed surface, assuming

The first row of the table, for example,
indicates that transforming a forestland into row crops will increase
surface erosion 100 to 1,000 times.

"1" for the initial status.
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Soil erosion can be affected by cropping practices such as tillage, irriga-
tion, planting, fertilization, and residue disposition.

Tillage detaches soil and promotes oxidation of organic matter in soils.
These processes decrease aggregation and reduce the infiltration capacity.
Plowing creates a plow pan. Agricultural machinery compresses the soil,
reducing large-pore space and, consequently, its infiltration capacity.
All this results in higher runoff and erosion rates.

Crop planting varies in its effect on erosion, depending on the species,
the stand density, the distance between the rows, and the direction of the
rows with respect to the slope. The denser and the more nearly on the
contour the planting is made, the less erosion will result.

Fertilization helps to ensure stands, causes faster and heavier growth, and
is consequently a help in protecting the soil and in creating beneficial
residues. Manure can serve both as a fertilizer and a ground cover.

Crop residues help to protect soil from detachment by rainfall and runoff.
They also contribute to making up organic matter in soils and therefore
increase soil stability against water erosion.

Surface erosion from forestlands - Forestland generally can be character-
ized by: (a) a vegetative canopy above the ground surface; (b) a layer of
decayed and undecayed plant remains on the surface; and (c) a system of
living and dead roots within the soil body. These conditions insulate the
so0il against the impact of rain, obstruct overland flow, and retard move-
ment of soil by water action. These conditions reduce erosion and sediment
production to a minimum,

Major causes of erosion on forestlands include:

1. Damage to cover from cutting, logging, and reforestation activities,
and construction of roads and fire lanes.

2. Damage to cover because of fire, grazing, and recreational activity.

3. Damage on land reverting to forest cover from other land use, such as
strip mines, and on which adequate cover conditions have not developed.

Surface erosion from pasturelands - The dense cover of grasses, legumes,

and other low growing plants is generally effective in protecting the soil
from erosion by rainfall and runoff. Consequently. the amount of erosion

from a well-managed pasture is small.
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Overgrazing is the major cause of accelerated erosion on pasturelands. The
grazing animals may eat the forage down to the ground, lessening the effec-
tiveness of plants in intercepting the raindrops. Open spots on pasturelands

can erode as rapidly as cultivated fields.

Surface erosion from construction sites and mining sites - Construction and
mining activities involve extensive earth-moving operations. In these di=-
verse earth-moving activities, the natural protective ground cover is dis-
turbed; compacted soils are dislodged and redistributed; highly erosive
soils from the deeper horizons are exposed to the elements; shallower,
smoother terrain is recontoured to steeper slopes; and runoff is often in-
creased and accelerated.

Sediment production from construction sites differs from that caused by
other types of nonpoint sources in that it is generally of limited duration.
Agricultural operations continue to produce sediment-containing runoff year
after year, while intensive sediment yields from a construction project
typically last from a few weeks to a few years, during which time the areas
of exposed soils may be well stabilized by vegetation, chemical application,
or other control measures, either permanent or temporary.

3.2.1.3 Sediment delivery ratio -

Sediment loadings to surface waters are dependent on erosion processes at
the sediment sources and on the transport of eroded material to the recep-
tor water. Only a part of the material eroded from upland areas in a water-
shed is carried to streams or lakes. Varying proportions of the eroded
materials are deposited at the base of slopes, in swales, or on flood plains.

The portion of sediment delivered from the erosion source to the receptor
water is expressed by the delivery ratio.

Factors affecting sediment delivery ratio ~ Many factors influence the sedi-
ment delivery ratio. Variations in delivery ratio may be dependent on some
or all of the following factors and others not identified. The reader is
referred to References 7 and 8 for more detailed discussion of the subject.

Proximity of sediment sources to the receptor water--e.g., channel-
type erosion produces sediment that is immediately available to the
stream transport system, and therefore has a high delivery ratio.
Materials derived from surface erosion, however, often move only short
distances and may lodge in areas remote from the stream, and therefore
have a low delivery ratio.

Size and density of sediment sources--when the amount of sediment
available for transport exceeds the capability of the runoff transport
system, deposition occurs and the sediment delivery ratio is decreased.
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Characteristics of transport system--runoff resulting from rainfall
and snowmelt is the chief agent for transporting eroded material.
The ability to transport sediment is dependent on the velocity and
volume of water discharge.

Texture of eroded material--in general, delivery ratio is higher for
silt or clay soils than for coarse textured soils.

Availability of deposition areas--deposition of eroded material mostly
occurs at the foot of upland slopes, along the edges of valleys and in
valley flats.

Relief and length of watershed slopes--the relief ratio of a watershed
has been found to be a significant factor influencing the sediment-
delivery ratio., The relief ratio is defined as the ratio between the
relief of watershed between the minimum and maximum elevation, and the
maximum length of watershed.

3.2.2 Sediment Loading Function for Surface Erosion

Sediment loading is defined in this handbook as the quantity of soil mate-
rial that is eroded and transported into the watercourse. Sediment loading
is dependent on (a) on-site erosion, and (b) delivery, or the ability of
runoff to carry the eroded material into the receptor water.

The sediment loading function is based on concepts of the mechanisms of
gross erosion and sediment delivery. The Universal Soil Loss Equationg/
(USLE) is chosen to predict the on-site surface (including sheet and rill)

erosion, for the following reasons:

1. This equation is applicable to a wide variety of land uses and climatic
conditions.

2. It predicts erosion rates by storm event and season, in addition to
annual averages.

3. An extensive nationwide collection of data has been made for factors
included in the equation.

The sediment loading function has the form:

n
Y(S)y =i§1 [A;-(R-K-L.5.C-P-g); ] (3-1)
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where Y(S)E sediment loading from surface erosion, tons/year

number of subareas in the area

n
Source areal factor:

A; = acreage of subarea i, acres

Source characteristic factors:

R = the rainfall factor, expressing the erosion potential of
average annual rainfall in the locality, is a summation
of the individual storm products of the kinetic energy
of rainfall, in hundreds of foot-tons per acre, and the
maximum 30-min rainfall intensity, in inches per hour,
for all significant storms, on an average annual basis

K = the soil-erodibility factor, commonly expressed in tons
per acre per R unit

L = the slope-length factor, dimensionless ratio

S = the slope-steepness factor, dimensionless ratio

C = the cover factor, dimensionless ratio

P = the erosion control practice factor, dimensionless ratio
Sq = the sediment delivery ratio, dimensionless

The R factor in the above equation can be expressed in metric units
[(hundreds of meter-metric tons/ha-cm) times (maximum 30-min intensity,
cm/hr)] by multiplying the English R values by 1.735. The factor for
direct187nversion of K to metric-tons per hectare per metric R unit is
1,292.2%

Equation (3-1) can be used to predict sediment loading resulting from
sheet and rill erosion from noncroplands as well as croplands. Param-
eter values for silviculture, construction, and mining are less well
documented than for agriculture, however. The user will thus find it
relatively easy to use Eq. (3-1) for agriculture, and substantially
more difficult for other sources. It does not predict sediment con-
tributions from gully erosion, streambank erosion, or mass soil move-
ment.
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In Sections 3.2.3 and 3.2.4 below, procedures and an example will be
presented for estimating sediment loadings based on the above described
loading function. Section 3.2.5 presents data and data sources of source
characteristic factors. Methodology for predicting minimum and maximum

erosion rates is presented in Section 3.2.6. Section 3.2.7 presents data
sources for source areal factors.

3.2.3 Procedure for Use of the Sediment Loading Function

The following procedure is to be used to calculate sediment loading from a
designated area based on the loading function in Eq. (3-1). The terminology
applies to agricultural lands, but the procedure is applicable to other non-
point sources. This procedure is shown as a flow diagram in Figure 3-1.

Estimation of surface erosion should be made for each land-use type. For

a land-use type, if 90% or more of the area is made up of one soil type,
one may calculate soil loss for the land use based on that soil type. If
there is less than 907 of one soil type, one should calculate soil loss for
each soil type that makes up at least 10% of the land use, and then obtain
a weighted average for the entire land-use area.ll

Obtain basic land data -

Total area, and land use acres in the area: cropland, pastureland, and
woodland, etc.

Soil characteristic information including soil name, soil texture, etc.,
for each land use.

Information about canopy and ground cover condition for each land use.

Topographic information, such as slope gradient and slope length of the
land.

Information about the type and extent of conservation practices.

Determine factor values -

Determine R: Use the appropriate isoerodent map (see Figure 3-2 and 3-3),
or procedures described in the Section 3.2.5.1 for the western United States.

Obtain K: Obtain the K values of the named soils from published lists of
SCS, or determine K values on nomographs (Figures B-1 and B-2 in Appendix B)
from soil properties.

Determine LS: Refer to Figures 3-7 or 3-8 for uniform slopes, or Figure 3-9
for irregular slopes.
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Obtain C: Refer to the appropriate table for the crop or ground cover con-
dition for C value in Section 3.2.5.4.

Obtain P: Refer to Table 3-7.
Determine sediment delivery ratio, Sy: Obtain from local sources or from
Figure 3-10 by using drainage density and soil texture for homogeneous

watersheds.

Calculations -

Multiply R, K. LS, C, and P, and Sq to obtain sediment loadings for crop-
land, pasture, and woodland in annual yields per unit area of source.

Multiply loading rates by source sizes (total hectares or acres) for crop-
land, pastureland, and woodland to obtain total loading per source.

Sum socurce loadings calculated in the item above to obtain total loading
from land uses (total loading in the watershed will require summation of

other sources within the watershed).

3.2.4 Example of Assessing Sediment Loading from Surface Erosion

Assume a watershed area of 830 acres in Parke County, Indiana (west central).
Compute sediment loading from the watershed from sheet and rill erosion in
terms of average daily loading, maximum daily loading during a 30-consecutive-
day period, and minimum during a 30-consecutive-day period.

Basic information -

Land use types:
Cropland
Pasture
Woodland
Delivery ratio: 60%
Land information:
Cropland - 180 acres
Continuous corn
Conventional tillage, average yield ~ 40 to 45 bu
Cornstalks are left after harvest

Contour strip-cropped
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Soil -~ Fayette silt loam
Slope - 6%
Slope length - 250 ft

Pasture - 220 acres

No appreciable canopy

Cover at surface - grass and grasslike plants
Percent of surface or ground cover - 80%

Soil - Fayette silt loam

Slope - 6%

Slope length - 200 ft

Woodland - 430 acres

Medium stocked

Percent of area covered by tree canopy - 507%
Percent of area covered by litter - 80%
Undergrowth - managed

Soil - Bates silt loam

Slope - 12%

Slope length - 150 ft

Maximum and minimum rates - The ratios between 30-day maximum and average
daily rates, and 30-day minimum and average daily rates for continuous corn,

pasture, and woodland for this area are evaluated in Section 3.2.6. They
are:

Continuous corn: Ratio--30-day maximum/average daily

3.2
Ratio--30-day minimum/average daily = 0.25

Pasture and woodland: Ratio--30-day maximum/average daily = 2.5
Ratio--30-day minimum/average daily

n
o
N
w

Calculations of loading per acre -

Cropland:

R

200 (Figure 3-2)

K

0.37 (USDA-SCS)
LS = 1.08 (Figure 3-8)

C = 0.49 (Section 3.2.5.4)
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‘P = 0.25 (Table 3-7)
Sq4 = 0.60
Calculate average annual loading per acre.

Y(S) = 200 x 0.37 x 1.08 x 0.49 x 0.25 x 0.6

annual
5.87 tons/acre/year

Calculate average daily loading per acre.

Y(S)avg. daily = 5.87 tons/acre/year + 365 days
0.016 ,tons/acre/day = 32 lb/acre/day

[l

Calculate maximum loading per acre during a 30-consecutive-day period.

Y(5)30-day max = 0-016 tons/acre/day x 3.2
0.052 tons/acre/day = 104 1lb/acre/day

Calculate minimum loading per acre during a 30-consecutive-day period.

Y(S) .= 0.016 tons/acre/day x 0.25

30-day min

= 0.004 tons/acre/day = 8 lb/acre/day

Pasture:

R = 200

K = 0.37

LS = 0.95

C = 0.013 (Table 3-4)

P = 1.0

Sq = 0.60
Y(S) = 200 x 0.37 x 0.95 x 0.013 x 1.0 x 0.6

annual

= 0.548 tons/acre/year = 1,100 lb/acre/year

Y(S)avg‘ daily = 0-548 tons/acre/year + 365 days

0.0015 tons/acre/day = 3 lb/acre/day
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]

= 0.0015 tons/acre/day

Y(S)ap . 2.5
30 day max = (0.0038 tODS/acre/day 7.6 lb/acre/day

0.25
0.8 1b/acre/day

i

0.0015 tons/acre/day
= 0.0004 tons/acre/day

b

Y(S)EIO-day min

Woodland:
R = 200
K = 0.32
LS = 2.75

C = 0.003 (Table 3-5)

P=1.0
Sq = 0.60
Y(8) ppual = 200 x 0.32 x 2.75 x 0.003 x 1.0 x 0.60
= 0.3168 tons/acre/year
Y(S)avg. daily = 0.3168 tons/acre/year + 365 days

]

0.0009 tons/acre/day = 1.8 1lb/acre/day

X

0.0009 tons/acre/day x 2.5
4.4 1b/acre/day

Y(S)3O-day max
0.0022 tons/acre/day

]
Il

1]

0.0009 tons/acre/day x 0.25

¥(8)30-day min
0.0002 tons/acre/day = 0.4 lb/acre/day

il
]

Calculations of gross loading =~

Average daily:

]

Cropland - 180 acres x 0.016 tons/acre/day

Pasture - 220 acres x 0.0015 tons/acre/day

]

Woodland - 430 acres x 0.0009 tons/acre/day

2.88 tons/day
0.33 tons/day

0.39 tons/day

Total Y(S)avg. total
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30-day maximum:
Cropland - 180 acres x 0.052 tons/acre/day = 9.36 tons/day
Pasture - 220 acres x 0.0038 tons/acre/day = 0.84 tons/day

Woodland - 430 acres x 0.0022 tons/acre/day = 0.95 tons/day

Total Y(5)30~max total = 11.15 tons/day

30~-day minimum:
Cropland - 180 acres x 0.004 tons/acre/day = 0.72 tons/day
Pasture - 220 acres x 0.0004 tons/acre/day = 0.09 tons/day

Woodland - 430 acres x 0.0022 tons/acre/day = 0.09 tons/day

TOtal Y(S)BO-day min total = 0,90 tons/day

3.2.5 Determination of Source Characteristic Factors

3.2.5.1 The rainfall factor (R) -

R is a factor expressing the erosion potential of precipitation in a lo-
cality. It is also called index of erosivity, erosion index, etec. It is

the summation of the individual storm products of the kinetic energy of
rainfall (denoted by E), and the maximum 30-min rainfall intensity (de-
noted by I) forall significant storms within the period under consideration.
The product EI reflects the combined potential of raindrop impact and run-
off turbulence to transport dislodged soil particles from the site.9/

Values of average annual rainfall-erosivity index, R, are shown in Figure
3-2 for the continental U.S. and Figure 3-3 for islands of Hawaii. On
these maps, the lines joining points with the same erosion index value
are called isoerodents. Points lying between the indicated isoerodents
may be approximated by linear interpolation.

Interpolation for values of R factors in the mountainous areas, particu-
larly those west of the 104th meridian may not be appropriate because of
the sporadic rainfall pattern. Values of the erosion index at specific
areas can be computed from local recording rain gage records with the
help of a rainfall-energy table and the computation procedure presented

by Wischmeier and Smith.lg/

ARS recently recommended that 350 be the maximum used in the Gulf and
southeastern states, shown in Figure 3-2, until further research can val-

idate values higher than 350.
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Figure 3-2. Average annual values of the rainfall-erosivity factor, r2

a/ Source: 'Control of Water Pollution from Cropland, Volume I - A Manual for Guideline

Development,'" Agricultural Research Service, USDA (Report No. ARS-H~5-1),
and Office of Research and Development, EPA (Report No. EPA-600/2-75-026a),
Washington, D.C., November 1975.
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In the northwestern United States, runoff from snowmelt contributes sig-
nificantly to surface erosion. The annual index of R for some portions of
this region is the combined effect of rainfall and snowmelt designated by
Ry and Rg, respectively. The snowmelt factor (Rg) is important in Areas
A-1, B-1, and C on Figure 3-4 (also refer to Table 3-2). The map values

in the shaded region of the Northwest (see Figure 3-2) represent values for
the rainfall effect (Ry) only, and must be added with appropriate Rg values
to account for the effect of runoff from thaw and snowmelt.

Interim procedures for calculating annual R values, which include both Ry
and Rg, for the northwestern U.S. are described in Conservation Agronomy
Technical Note No. 32, USDA/SCS, Portland, Oregon, September 1974,12/ and
are briefly presented below.

Annual Ry factor: The annual Ry factor is obtained by using as base the
2-year, 6-hr rainfall (2-6 rainfall). Relationships between R, and 2-6 rain-
fall vary to conform to specific local climatic characteristics. These re-
lationships are designated as Type I, Type IA, and Type II, and are shown

in Figure 3-5. Specific areas applicable to these curves are shown in Fig-
ure 3-6, Type I curve is for the central valley and coastal mountains and
valleys of southern California. Type IA curve applies to the coastal side
of the Cascades in Oregon and Washington, the coastal side of the Sierra
Nevada Mountains in northern California, and the coastal regions of Alaska.
Type II curve applies to the remainder of the region. For 2-6 rainfall data,
refer to Technical Paper No. 40, U.S. Department of Commerce, Weather Bureau,
Washington, D.C., May 1961, or other suitable rainfall frequency analysis
reports.

Annual Rg factor: To obtain the annual Rg factor for a given location, ob-
tain the average annual total precipitation by snowfall (in inches of water
depth) and multiply it by the constant 1.5 to give annaul Rg.

Sources of snowfall data: The 1941 Yearbook of Agriculture, USDA, Washington,
D.C.; ''Climates of the States,'" Water Information Center, Inc., Port
Washington, New York, 1974; data resulting from the Western Federal-State-
Private Cooperative Snow Surveys, coordinated by SCS/USDA, Portland, Oregon;
or other equally suitable precipitation records.

Data on snow density is necessary to convert depth of snow to depth of melt-
water. Snow at the time of fall may have a density as low as 0.0l and as
high as 0.15 g/ml. The average snow density for the United States is taken
to be 0.10.14/ If snowfall is recorded as inches of precipitation, no con-
version is required.

Annual R factor: The annual R factor for the western United States is the
summation of effect of rainfall, Ry, and snowmelt, Rg. Where Ry is not sig-
nificant, values of R and Ry are the same.
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Table 3-2. APPLICABILITY OF R, AND Ry FACTORS IN THE AREAS
WEST OF THE ROCKY MOUNTAINS13/

Areas

(see Figure 3-3)

A-1

A-4

B-1

a/
b/

X needed,
- Not needed.

Typical locations

Washington, Idaho, Nevada,
California, western Utah

Cascades, Sierra, Tetons of
Idaho, Wasatch Mountains

West of Cascades, San Joaquin
Valley, west of Sierras

Areas of southern California,
east of Santa Annas, southern
Nevada, intermountain Nevada,
Salt Lake area, Utah

Western Montana, Colorado,
eastern Utah, high elevations
of Arizona

Great plains area of eastern
Montana, Wyoming, Colorado
(includes gently sloping
mesas and upland at lower
elevations of Monticello,
Utah area)

Rainfall during summer is
high; high elevations
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Monthly distribution of R factor -'The monthly distribution of the erosion
index for the 37 states east of the Rocky Mountains has been reported in
USDA-ARS Agriculture Handbook No. 282.2 The erosion index distribution
curves are reproduced and shown in Appendix A. Average monthly erosion in-

dex values are expressed as percentages of average annual values and plotted
cumulatively against time.

The monthly disti%?ution of erosion index for the islands of Hawaii also has

been developed.™" These curves are shown in Appendix A.

For the areas west of the Rockies in the continental United States, the
monthly distribution of erosion index R is the summation of R. and Rg.
Where Ry values are not needed, the R and R, curves are the same.

As of June 1974, the monthly R distribution curves for portions of the area
had been made available.lg/ The reader should contact the state Soil

Conservation Service for such information. Procedures suggested by SCS for
computing and plotting monthly R distribution curves for the western United

States are described in Appendix A.

3.2.5.2 The soil-erodibility factor (K) -

K factor is a quantitative measure of the rate at which a soil will erode,
expressed as the soil loss (tons) per acre per unit of R, for a plot with
9% slope, 72.6 ft long, under continuous cultivated fallow.

K factors for topsoils, as well as subsoils, for most soil series have been
developed. Values of K for soils studied thus far vary from 0.12 to 0.70
tons/acre/unit R.

The K values for named soils at different locations of the nation can be
obtained from the regional or state offices of the Soil Conservation Service.

K values of soils can be predicted from soil properties. In Appendix B of
this handbook, two nomographs are presented from which K values may be de-
termined for topsoils and subsoils when the governing soil properties are
known.

3.2.5.3 The topographic factor (LS) -

Soil loss is affected by both length (L) and steepness of slope (S). These
factors affect the capability of runoff to detach and transport soil mate-
rial.
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The slope length factor is the ratio of soil loss from a specific length
of slope to that length (72.6 ft) specified for the K factor in the equa-
tion. Slope length is defined as the distance from the point of origin of
overland flow to either of the following, whichever is limiting, for the
major part of the area under consideration: the point where the slope de-
creases to the extent that deposition begins; or the point where runoff
enters a well-defined channel that may be part of a drainage network, or

a constructed channel that may be part of a drainage network, or a con-
structed channel such as a terrace or diversion. Slope length can be de-
termined accurately by on-site inspection of a field, or by measurements
from aerial photographs, or topographic maps. When the land is terraced,
the terrace spacing should be used. All slope lengths are compared to a
slope length of 72,6 ft, which has a factor value of 1.

The slope gradient or percent slope factor is the ratio of soil loss from
a specific percent slope to that slope (9%) specified for the K value in
the ULSE. A 9% slope has a factor value of 1. Slope data may be obtained
from topographic maps, engineering or land level surveys, and other sources.
A widely used method is to estimate slope from soil survey maps in which
the soils have been mapped by slope range.

The slope length (L) and slope gradient (S) are combined in the USLE into
a single dimensionless topographic factor, LS, which can be evaluated using
a slope-effect chart.

Slope-effect charts for uniform slopes - The slope-effect chart in Figure
3-7 is designed for the following areas shown in Figure 3-4: A-1 in
Washington, Oregon, and Idaho; and all of A-3.l§/

For the remainder of the U.S., the slope-effect chart, Figure 3-8, is to
be used.li/

Slope-effect charts in Figure 3-7 and 3-8 can be used when uniform slopes
are assumed. The following steps are to be used for obtaining LS values
from these charts:

1. Enter the chart on the horizontal axis with the appropriate value of
slope length.

2. Follow the vertical line for that slope length to where it intersects
the curve for the appropriate percent slope.
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Figure 3-7. Slope effect chart applicable to Areas A-1l in Washington,
Oregon, and Idaho and all of A-3l§&§&9/

a/ See Figure 3-4.

E/ Dashed lines are extensions of LS formulae beyond values tested in
studies.
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Figure 3-8. Slope--effect chart for areas where Figure 3-7 is not
applicablel§4é

3/ The dashed lines represent estimates for slope dimensions beyond
the range of lengths and steepnesses for which data are available.
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3. Read across the point of intersection to the vertical axis. The number
on the vertical axis is the LS value,

Slope-effect charts for irregular slopes - An irregular slope should be
divided into a series of segments such that the slope gradient within each
segment can be treated as uniform. The slope segments need not be of
equal length. The total soil loss from the entire slope is calculated
based on the effective LS value for the entire length of the irregular
slope.

A family of curves shown in Figure 3-9 was designed to facilitate the de=~
termination of the LS factor for the irregular slopes ranging from 2 to

20%. The quantity plotted on the vertical scale is designated by the sym-
bol U. Slope lengths, designated by A, are plotted on the horizontal scale.

Assume an irregular slope with n segments illustrated as follows:

where A distance from the top of the entire slope (the point at which

. overland flow begins) to the lower end of the jth segment
kj-l = length of entire slope above segment j
A, = overall slope length
Sj = the slope gradient of segment j, in percent

The steps taken for calculating LS for irregular slopes using Figure 3-8
.15/
are:=2

1. Enter on the horizontal axis with the value of xj_l (the slope length
above segment j).

2. Move vertically to the curve with the appropriate percent slope for
segment j.
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3. Read on the vertical scale the value of Ulj‘

4. Enter the figure with the value of ), (the distance from the top of

the entire slope to the lower end of the jth segment), repeat Steps 1 through

3 to obtain the value of U2j‘

5. Subtract UZ' from U, ..
j L]

6. Repeat Steps 1 through 5 for each of the slope segments.

7. Sum n values of Up: = U,., divide the sum by %o (the overall slope

length). The result is the effective LS value for the entire length of the
irregular slope.

Examples of the use of the above procedure to calculate LS factors for ir-
regular slopes are given in Appendix C of this handbook.

The percentage of the total sediment yield that comes from each of the n
segments can be obtained through a similar procedure. The relative sediment

contribution of segment j, assuming constant soil erodibility for the entire
slope, is given by:

Upi - Up;

J

j=1

For constructed slopes or mined slopes that cut into successive soil hori-
zons, the soil erodibility K may vary considerably from upper to lower parts
of a slope. When variations in slope gradient are associated with varia-
tions in soil erodibility along an irregular slope, K and Up - U; must be
combined as follows to estimate the relative sediment contribution of seg-
ment j.

s B

g1 Ky 0 U2y - Uiy)

3.2.5.4 The cover management factor (C) =

In the ULSE, the factor C represents the ratio of soil quantity eroded from
land that is cropped or treated under a specified condition to that which
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is eroded from clean-tilled fallow under identical slope and rainfall condi-
tions. C ranges in value from near zero for excellent sod or a well~
developed forest to 1.0 for continuous fallow, construction areas, or other

extensively disturbed soil.

Factor C for croplands - In order to evaluate the cover management factor

for crops, five crop stage periods have been selected for relative uniformity
of cover and residue effects within each period. These five periods are
defined as follows:3/

Period F: Rough fallow - Turn plowing to seeding.

Period 1: Seedbed - Seeding to 1 month thereafter.

Period 2: Establishment - From 1 to 2 months after seeding. (Exception:
for fall-seeded grain, Period 2 includes the winter period and
extends to 30 April in the North and 1 April in the South, with
intermediate latitudes interpolated.)

Period 3: Growing crop = From Period 2 to crop harvest.

Period 4: Harvest, residue or stubble - From crop harvest to turn plow or
new seedbed. (When meadow is established in small grain,
Period 4 ends 2 months after grain harvest. Thereafter, it is
classified as established meadow.)

The average cover factor C for the entire year or years of crop rotation is
computed by crop stages. Input for calculation of C includes average plant-
ing and harvesting dates, productivity, disposition of crop residues, tillage,
and monthly distribution of the erosion index R. The C value for each of
these time periods is weighted according to the percentage of annual rainfall
factor occurring in that period. The summation of these RC products for the
entire year or years of crop rotation is then converted to a mean annual C.

Values of factor C for croplands are highly variable with rainfall pattern,
planting dates, type of vegetative cover, seeding method, soil tillage, dis-
position of residues, and general management level. Ranges of C value for
several types of vegetation and ground cover are listed in Table 3-3, in
order of decreasing protection against erosion (increasing C value from
near zero to 1),

The reader is advised to consult with state conservation agronomists of SCS
for appropriate C values for crops in the local area. The reader is also
referred to USDA-ARS Agriculture Handbook No. 2822/ for a listing of approxi-
mated C values for various crops at each crop stage, at well as a working
table for derivation of average C value for periods of crop rotation.
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Table 3-3. RELATIVE PROTECTION OF GROUND COVER AGAINST EROSION
(In order of increasing C factor)

Land-use groups

Permanent vegetation

Established meadows

Small grains

Large-seeded legumes

Row crops

Fallow

of '"C" values

Examples Range
Protected woodland 0.
Prairie

Permanent pasture
Sodded orchard
Permanent meadow

Alfalfa 0.

Clover
Fescue

Rye 0.

Wheat
Barley
Oats

Soybeans 0.

Cowpeas
Peanuts
Field peas

Cotton 0.

Potatoes
Tobacco
Vegetables
Corn
Sorghum

Summer fallow 1.

Period between plowing and
growth of crop
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Factor C for pasture, range and idle land - C values typical of permanent
pasture, range, and idle lands, with varying cover and canopy conditions,
are given in Table 3-4. These values were developed by Wischmeier.—

Factor C for woodland - Wischmeierlg/ also estimated factor C for some
woodland situations. Data are presented in Table 3-5.

Factor C for urban and road areas, construction and mining sites - On these
areas and sites, the factor C represents the effect of land cover or_treat-
ment that may be used to protect soil from being eroded. Table 3-61L

lists values of the factor C for various soil covers and treatments.

3.2.5.5 The practice factor (P) =~

The factor P accounts for control practices that reduce the erosion poten-
tial of runoff by their influence on drainage patterns, runoff concentration,
and runoff velocity.

For croplands, control practices refer to contour tillage, cross-slope farm-
ing, and contour strip-cropping. The practice value P is the ratio of soil
loss from a specified conservation practice to the soil loss occurring with
up- and downhill tillage, when other conditions remain constant. Table
3—7l§/ shows P values for up and downhill farming, cross-slope farming with-
out strips, contour farming, cross-slope farming with strips, and contour
strip-cropping.

Terracing is also an effective practice to reduce soil erosion. The quan-
titative effect of terracing is accounted for in the slope length factor,

since the horizontal terrace interval becomes the slope length, after the

terraces are constructed.

3.2.5.6 Sediment delivery ratio (Syq) -

The sediment-delivery ratio, in this handbook, is defined as the fraction

of the gross erosion which is delivered to a stream. The classical method
for determining an average delivery ratio is by comparing the magnitude of
the sediment yield at a given point in a watershed (generally at a reservoir
or a stream sediment measuring station), and the total amount of erosion.
The quantities of gross erosion from sloping uplands are computed by erosion
prediction equation for surface erosion, and estimated by various procedures
for gullies, stream channels, and other sources (see Section 3.3 of this
handbook). The sediment yield at a given downstream point is obtained
through direct measurements.
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Table 3-4. '"C'" VALUES FOR PERMANENT PASTURE, RANGELAND, AND IDLE LANDEéJ&/

Vegetal canopy Canopy Cover that contacts the surface
Type and height coverS Percent ground cover
of raised canopy?/ ) Typed/ 0 20 40 60 80 95-100
Column no, 2 3 4 S 6 7 8 9
No appreciable canopy G 0.45 0.20 0.10 0.042 0.013 0.003
W 0.45 0.24 0.15 0.090 0.043 0.011
Canopy of tall weeds 25 G 0.36 0,17 0.09 0.038 0.012 0.003
or short brush \ 0.36 0.20 0.13 0.082 0.041 0.011
(0.5 m fall height) 50 G 0.26 0.13 0.07 0.035 0.012 0.003
W 0.26 0.16 0.11 0.075 0.039 0.011
75 G 6.17 0.10 0.06 0.031 0.011 0.003
1) 0.17 0.12 0.09 0.067 0.038 0.011
Appreciable brush 25 G 0.40 0,18 0.09 0.040 0.013 0.003
or bushes W 0.40 0.22 0.14 0.085 0.042 0.011
(2 m fall height) 50 G 0.34 0.16 0.085 0.038 0.012 0.003
13 0.34 0.19 0.13 0.081 0.041 0.011
75 G 0.28 0.14 0.08 0.036 0.012 0.003
W 0.28 0.17 0.12 0.077 0,040 0.011
Trees but no appreci- 25 G 0.42 0.19 0.10 0.041 0.013 0.003
able low brush W 0.42 0.23 0.14 0,087 0,042 0.011
(4 m fall height) 50 G 0.39 0.18 0.09 0.040 0.013 0.003
1) 0.39 0.21 0.14 0.085 0.042 0.011
75 G 0.36 0.17 0.09 ¢.039 0.012 0.003
W 0.36 0.20 0.13 0.083 0.041 0.011

a/ All values shown assume: (1) random distribution of mulch or vegetation, and
(2) mulch of appreciable depth where it exists.
/ Average fall height of waterdrops from canopy to soil surface: m = meters.
¢/ Portion of total-area surface that would be hidden from view by canopy in
a vertical projection (a bird's-eye view).
d/ G: Cover at surface is grass, grasslike plants, decaying compacted duff,
or litter at least 5 cm (2 in.) deep.
W: Cover at surface is mostly broadleaf herbaceous plants (as weeds) with
little lateral-root network near the surface and/or undecayed residue.
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Table 3-5. "C" FACTORS FOR WOODLAND.X8/

Forest
Tree canopy litter
percent of percent of /
Stand condition areal areah Undergrowth-E "c" factor
Well stocked 100-75 100-90 Managedd/ 0.001
Unmanagedd/  0.003-0.011
Medium stocked 70-40 85-75 Managed 0.002-0.004
Unmanaged 0.01-0.04
Poorly stocked 35-20 70-40 Managed 0.003-0.009
Unmanaged 0.02-0.092/

When tree canopy is less than 20%, the area will be considered as
grassland or cropland for estimating soil loss.

Forest litter is assumed to be at least 2-in. deep over the percent
ground surface area covered.

Undergrowth is defined as shrubs, weeds, grasses, vines, etc., on
the surface area not protected by forest litter. Usually found
under canopy openings.

Managed - grazing and fires are controlled.

Unmanaged - stands that are overgrazed or subjected to repeated
burning.

For unmanaged woodland with litter cover of less than 75%, C values
should be derived by taking 0.7 of the appropriate values in
Table 3-4, The factor of 0.7 adjusts for the much higher soil
organic matter on permanent woodland,
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Table 3-6. "C" FACTORS FOR CONSTRUCTION SITESAZ/

Type of cover

None (fallow)

Temporary seedings
First 60 days
After 60 days

Permanent seedings
First 60 days
After 60 days
After 1 year

Sod (laid immediately)

Rate of application

In metric tons

1.

00

.40
.05

.40
.05
.01

.01

C value

Maximum allowable
slope length

Mulch per hectare In tons per acre C value (ft)
Hay or straw 1/2 1/2 0.34 20
1 1 0.20 30
1-1/2 1-1/2 0.10 40
2 2 0.05 50
Stone or gravel 14 15 0.80 15
55 60 0.20 80
120 135 0.10 175
220 240 0.05 200

Chemical mulches
First 90 days a 0.50 50
After 90 days a/ 1.00 50
Woodchips 2 2 0.80 25
4 4 0.30 50
6 7 0.20 75
11 12 0.10 100
18 20 0.06 150
23 25 0.05 200

a/ As recommended by manufacturer.
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Table 3-7. "P" VALUES FOR EROSION CONTROL PRACTICES. ON CROPLANDSL3/

Up- and Cross-slope Cross-slope
down- farming Contour  farming with Contour
Slope hill without strips farming strips strip-cropping
2.0-7 1.0 0.75 0.50 0.37 0.25
7.1-12 1.0 0.80 0.60 0.45 0.30
12,1-18 1.0 0.90 0.80 0.60 0.40
18.1-24 1.0 0.95 0.90 0.67 0.45

Measurements of sediment accumulations in reservoirs and sediment-load rec-
ords in streams show wide variations in sediment yields from watersheds.
Estimates show that as little as 5% and as much as 1007 of the materials
eroded in some watersheds may be delivered to a downstream point. Esti-
mates of the delivery ratio for some specific watersheds, particularly in
the humid sections of the country, can be obtained from the Soil Conserva-
tion Service, USDA.

Many delivery-ratio analysis studies were aimed at finding measurable in-
fluencing factors that can be related to sediment-delivery ratio. A popular
means of developing such information is by statistical analysis using the
sediment-delivery ratio as the dependent variable and measurable watershed
factors as the independent, or controlling variables. As pointed out in
Section 3.2.1.3 of this handbook, many physical and hydrological factors of
watersheds may influence sediment-delivery ratios. Some are more pronounced
in their effect than others. Some lend themselves to quantitative expres-
sion whereas others do not., To this date, however, the science of sedimen-
tology has not progressed to the state where the relative influence of each
of the individual physical and hydrological factors has been evaluated, and
their relative influence on the delivery ratio of sediment has not been de-
termined to the degree of accuracy desired. Nevertheless, empirical rela-
tionships for delivery ratios have been proposed and are presented below.
Estimates of sediment loading can be made through the use of these relation-
ships, but such estimates should be tempered with judgment and consideration
of other influencing factors which are not included in the quantitative ex-
pressions. The user is encouraged to consult with local experts and should
use local data when available.

Sediment delivery ratio for construction sites - The MITRE Corporation re-
portedlg/ that the sediment-delivery ratio for construction sites can be
approximated by a function of the overland distance between the construc-
tion site and the receptor water.
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The format of the sediment delivery ratio proposed by MITRE for con-
struction sites has the following form:

Sq = p-0.22 (3-2)

where D = overland distance between the erosion site and the
receptor water, in ft

The above equation was empirically derived from available data. The

data base for the derivations has values of D from O to 800 ft. MITRE
suggests that this function should be subjected to further testing, par-
ticularly in areas of the Midwest and Central U.S. from which no data were
obtained and used for deriving the above equation.

Sediment delivery ratio for other intensely distrubed sites - For mining
sites, or for forestland areas such as logging roads, fire lanes, sedi-
ment delivery ratio relationships have not yet been established due to
lack of systematically measured data. It is suggested, however, that the
delivery ratio developed by MITRE and expressed in Eq. (3-2) be used as
the first approximation for these sites. This needs to be validated when
appropriate data become available.

Sediment delivery ratio from relatively homogeneous basins - Sediment de-
livery ratios have been evaluated in many areas of the country, particu-
larly the eastern half of the United States. The delivery ratio usually
depicts a general trend in basins that are relatively homogeneous with
respect to soils, land cover, climate, and topography. The Soil Conser-
vation Servicelg/ has reported an analysis of data from stream and res-
ervoir sediment surveys from widely scattered areas.

This analysis shows that sediment delivery ratios vary inversely with
"drainage basin size'. It also indicates the effect of soil texture of
upland soil on the sediment delivery ratio,

The delivery ratio relationships reported by SCSlg/ were utilized by the
MRI study group in ‘developing delivery ratios for sediment loading to
watercourses. The result is shown in Figure 3-10. The horizontal scale
of the figure is the reciprocal of drainage density which is defined as
the ratio of total channel-segment lengths (accumulated for all orders
within a basin) to the basin area. The reciprocal of drainage density
may be thought of as an expression of the closeness of spacing of chan-
nels, or the average distance for soil particles to travel from erosion
site to the receptor water.
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The delivery ratio relationship shown in Figure 3-10 also takes into
account the effect of soil texture. For example, if soil texture of
upland soil is essentially silt or clay, the sediment delivery ratio
will be higher than when the so0il texture is coarse,

The delivery ratio relationships in Figure 3-10 need to be further vali-
dated by acquisition of new data. They also need to be improved in the
future to include other factors relative to deposition mechanisms.

The following steps are to be used to obtain delivery ratio (Sg) from
Figure 3-10.

1. Enter the figure on the horizontal axis with the value of the recip-
rocal of drainage density (1/DD).

2. Move vertically from the value of 1/DD to where it intersects the
curve for the appropriate soil texture.

3. Read across from the point of intersection to the vertical axis.
That number represents the delivery ratio, Sq-

Values of drainage density - A great range of values of drainage

density exists in the United States, from 2 km/kmZ? (3 miles/miles2) for
the Appalachian Plateau Province29/ to 500 km/km2 (800 miles/miles2) in
Badlands at Perth Amboy, New Jersey.gl/ In general, according to Strahler,

low drainage density is found in regions of highly resistant or highly
permeable subsoil materials, under dense vegetative cover, and where re-
lief is low. High drainage density is favored in regions of weak or im-
permeable materials, sparse vegetation, and mountainous relief.

Some typical values of drainage density for various locales in the U.S.
are given in Table 8-8. Local drainage density figures may be obtained
from agencies such as the Geological Survey and the Army Corps of En-
gineers.

Measurements of drainage density can be made from a topographic map
with a planimeter and chartometer. Care must be taken to include all
permanent stream channels to their upper ends by checking in the field
or aerial photographs in verification of topographic maps. A rapid
approximation method for determining drainage density is suggested by
Carlston and Langbein.gl
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Table 3-8, TYPICAL VALUES OF DRAINAGE DENSITY

Location

Appalachian Plateau
Province

Central and eastern
United States

Dry Areas of the Rocky
Mountain Region

The Rocky Mountain Region
(except the above)

Coastal ranges of
southern California
Badlands in South Dakota

Badlands in New Jersey

Drainage density

km/km? mile/mile?
1.9-2.5 3.0-4.0
5-10 8.0-16.0
31-62 50-100
5-10 8.0-16
12-25 20-40
125-250 200-400
183-510 310-820
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3.2.5.7 Summary of applicabjlities of source characteristic factors -

The preceding paragraphs indicate that assessment of sediment loadings from
surface erosion requires quantitative information on soil erodibility, rain-
fall and snowmelt erosivity, topography, vegetative cover, conservation
practices, and sediment delivery ratio. Applicability of each factor var-
ies with specific location of the site and also with type of land distur-
bance. Table 3-9 gives a total summary of variations in application of
those factors,

3.2.5.8 Limitations of the loading function -

The USLE predicts soil losses from sheet and rill erosion. It does not
predict sediment from gullies, streambank erosion, landslides, road ditches,
irrigation, or from wind erosion. The USLE was developed primarily for
croplands, and has been chiefly based upon experimental plot data from the
areas east of the Rocky Mountains. The loading function therefore is best
defined for these areas of use. For croplands in the western United States
and sources outside agriculture such as silviculture, construction, and
mining, the factors have not been systematically developed, which seriously
affects the ease of using the USLE for such sources.

Specific limitations include:

R: Research is needed to determine the effective R values more accurately
in both the east and west of the continental United States.

L and S: The relationships on which the slope effect charts are based
were derived from data taken on slopes not exceeding 20% and length not
exceeding 400 ft. How far these dimensions can be exceeded before those
relationships change has not been determined.

C: More work is needed to improve definitions of cover factor, particularly
for areas outside agriculture, such as undisturbed forest, harvested or burned
forests, logging roads, mining sites, rangeland, and construction sites.

P: The reported values of the practice factor have been limited to crop-
land. Definition of practice factor values is needed for various conser-
vation practices on silviculture, mining, construction and other areas
outside agriculture.

Sq: The science of sedimentology has not progressed to the state where

the sediment-delivery ratio can be predicted to the degree of accuracy de-
sired. In addition, for the benefit of pollution analysis, delivery ratios
should be developed for prediction of sediment loadings reaching the
"receptor waters' rather than 'reservoirs."
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Table 3-9. SUMMARY OF APPLICABILITY OF CHARACTERISTIC FACTORS

07

Land use Source
Extent of land characteristic Regions in the United States
disturbance Example factor Eastern states and Hawaii Western states
Zero to moderately  Growing forests R Affected by rainfall only; use Affected by rainfall, some areas also by
disturbed Range land Figures 3-2 or 3-3. snowmelt (see note below).
Pastureland
Cropland K Erpodibility of topsoils. Erodibility of topsoils.
Orchards
LS Use Figure 3-8 for natural Use Figure 3-7 for some areas in
slope steepness and slope Washington, Oregoﬂ, Idaho, and
length (except terracing). California; the remainder use Figure
3-8 (except terracing).
C For croplands and orchards, C's For croplands and orchards, C's are de-
are determined locally by termined locally by SCS. For forests,
SCS. For forests, use Table use Table 3-5; rangeland and pasture-
3-5; rangeland and pasture- land, use Table 3-4.
land, use Table 3-4.
P For croplands, use Table 3-7; For croplands, use Table 3-7; others =
others = 1.0. 1.0.
S4 Assume relatively homogeneous Assume relatively homogeneous land use
land use components; use components; use Figure 3-10.
Figure 3-10.
Intensively Construction R Affected by rainfall only; use Affected by rainfall, some areas also by
disturbed sites Figures 3-2 or 3-3. spowmelt (see note below).
Mining sites
Logging roads K Erodibility of topsoils and Erodibility of topsoils and subsoils.
Fire lanes subsoils.
LS Use Figure 3-9 for irregular Use Figure 3-9 for irregular slopes.
slopes.
C Use Table 3-6. Use Table 3-6.
P Equals 1.0. Equals 1.0.
Sd Use Eq. (3-2) Use Eq. (3-2)

Note: See Section 3.2.5.1 for "Methods for Developing Annual R Values for the Western United States.



The loading function in Eq. (3-1) and supporting data in tables and figures
were designed to predict longtime average loadings for specific conditions.
Sediment loading for a specific year may be substantially greater or smaller
than the annual averages because of differences in number, size, and timing
of erosive rainstorms, and in other weather parameters. The reader is re-
ferred to Table 11 of USDA Agriculture Handbook 2822/ for a listing of 50,
20, and 5% probability values of R factor at 181 key locations in the area
east of the Rocky Mountains. These may be used for further characteriza-
tion of soil-loss hazards.

Due to the uncertainties embedded in factor values, it is advisable that
sediment loading computed by Eq. (3-1) be accepted as reasonable estimates
rather than as absolute data. Table 3-10 lists the best estimate of the
range of accuracy for Eq. (3-1) and available supporting data. The range
figures pertain to annual average. For a specific year, the range may be
much larger than those given.

Table 3-10. ESTIMATED RANGE OF ACCURACY OF SEDIMENT LOADS
FROM SURFACE EROSION

Predicted loading Estimated range of accuracy
(MT/ha/year) (MT/ha/year)
0.1 0.001 ~ 1.0
1 0.1~5
10 5~ 15
100 50 ~ 150
1,000 500 ~ 1,500

3.2.6 Source Characteristic Factors for Predicting Maximum and Minimum
Sediment Loadings

The loading function in Eq. (3-1) can be used to predict sediment loading
other than annual averages. Variations of the loading rate are embedded
in rainfall factor R and cover factor C. The evaluation procedure is il-
lustrated in the following examples.

Example 1: Variations caused by rainfall factor alone - The rainfall
erosion index R varies within a year, as shown in percent erosion index
curves in Appendix A. For lands where cover factor is relatively constant,
such as woodland and grassland, temporal distribution of rainfall factor

R governs temporal variations in erosion.
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Figure 3-11 shows an example of monthly distribution of percentages of
annual R values. This distribution curve is for parts of Michigan, Missouri,
Illinois, Indiana, and Ohio based on Curve 16 in Figure A-2d. The following
steps are required for evaluating monthly variation of R values,

1. Read the percent of annual erosion index, at the predetermined time in-
terval, on the appropriate erosion index distribution curve (for this spe-
cific example, Curve 16 on Figure A-2d in Appendix A).

2. TFor each time interval, subtract the reading of the first date from
that of the last date.

3. Results of Step 2 are the percents of annual index that are to be ex-
pected within the particular periods. Use these data for plotting distri-
bution curve. The percent average daily is 0.274, which is obtained by
dividing 100 (percent) by 365 (days in a year).

The curve in Figure 3-11 indicates that, if other factors hold constant,
soil erosion in this area would have its maximum from 20 June to 20 July,
and minimum from late December to late January.

One estimates that, based on the R distribution in Figure 3-11, the maxi-
mum daily loading rate during a 30-consecutive-day period for woodland and
grassland in this particular area is approximately 2.5 times that of aver-
age daily loading rate for 1 year; the minimum daily rate during a 30-
consecutive-day period is approximately one-fourth of the average daily
rate.

Example 2: Variations caused by the combined effects of rainfall factor

and cover factor - For croplands, where soils are tilled and surface con-
ditions change drastically from one crop stage to another, evaluation of

erosion variation should include both the R factor and C factor.

Required steps to achieve such evaluations are:
1. Determine average dates of each crop stages.

2, Determine C factor values for each crop stage from such information
as productivity, disposition of crop residues and tillage.

3. Obtain monthly distribution of R.

4. Multiply C factor values by the R value of the corresponding period.

Variations of RC products are the temporal variations of sediment loading.
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Figure 3-11. Projected variation of soil erosion for lands with constant
cover factor, in parts of Michigan, Missouri, Illinois,
Indiana, and Ohio2

g/ Source: Midwest Research Institute.
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In this example, temporal variation of surface erosion rate for continuous
cornland in central Indiana was calculated. Again, the erosion index dis-
tribution Curve No. 16 on Figure A-2d was used. Assumptions were conven-
tional tillage, a yield average of 40 to 59 bu of corn per acre, and corn-
stalks left on the field after harvesting. The dates, C values, and per-
cent of erosion index for five-crop stages, and RC products are:

Percent R

Crop stage, Cover Percent

starting- factor, in the RC

ending date ca/ Readingh/ period product
Turn plowing, 5/1-5/19 0.55 13.8 5.7 3.14
Seeding, 5/20-6/19 0.70 19.5 16.5 11.55
Establishment, 6/20-7/19 0.58 36.0 21.3 12.35
Growing crop, 7/20-10/9 0.32 57.3 33.7 10.78
Harvest and 0.50 91.0 22.8 11.40

stubble, 10/10-4/30

Total 100 49,22

a/ Reference source: USDA-Agricultural Research Service Handbook No.
282,9/ Table 2.
b/ Reading from Figure A-2d (Curve 16) for starting date.

The annual C factor is estimated at 0.49. Temporal variation of surface
erosion rate, in terms of percent of annual total, is shown in Figure 3-12.
It is seen that the maximum erosion from this continuous cornland would
occur in mid-June through mid-July, nearly identical to the period of
maximum erosion with constant soil cover (Figure 3-11). The 30-day max-
imum is approximately 3.2 times average daily, which is higher than the
previous (constant C factor) case due to the magnifying effect caused

by the overlapping of a high R period with a high C period. Figure

3-12 also shows that minimum erosion would occur during the winter sea-
son; the 30 day minimum is one-fourth of the average daily load.

3.2.7 Source Areal Data

Information and data of considerable variety are needed to assess sediment
loading by surface erosion from various sources. Pertinent source charac-
teristic data including soil erodibility, rainfall erosivity, slope length,
slope gradient, vegetative cover, conservation practices, and delivery
ratio, have been presented in the previous sections. This section presents
sources of data relevant to acreages of land use and land disturbance.
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The following are sources of areal data which are pertinent to assessing
sediment loadings from various nonpoint sources.

Land use -

“Conservation Needs Inventory" - Soil Conservation Service

"Census of Agriculture' - Bureau of Census

State cropland and livestock reports - State Agriculture Department

Forest survey reports - Forest Service

Range survey reports =- Soil Conservation Service, Forest Service

Forest cutting and fire reports - Forest Service, State Foresters

‘"Jatershed Conservation and Development Field Data' - Bureau of Land
Management

Housing construction -

[

Statistical Yearbook - U.S. Department of Housing and Urban
Development

County and City Data Book - U.S, Bureau of Census

"J.S. Census of Population and Housing' - U.S. Bureau of Census

"Housing Authorized by Building Permits and Public Contracts' - U.S.
Bureau of Census
"Construction Report'" - U.S. Bureau of Census

Mining activities -

Mineral Yearbook - U.S. Bureau of Mines

Mining permits - State

Highways and roads -

U.S. Federal Highway Administration
State Highway Department

The following data sources are particularly pertinent to assessment of
surface erosion for large areas.

Data for agricultural lands--the Conservation Needs Inventory (CNI) - The
CNI is one of the major sources of data for agricultural land in the
United States. The first inventory was made in 1958 to 1960 and updated
in 1967. The objective of the inventory was to develop current, detailed
data on land use and conservation treatment. needs on rural land and to ob-
tain data on watershed project needs on both privately and publicly owned
land in the U.S. The inventory includes all acreage except urban and
built-up areas and land owned by the federal govermment, other than crop-
land operated under lease or permit.
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Inventoried lands are compiled by county in terms of land use, land capa-
bility class and subclass,* and conservation treatment needs as shown in
Table 3-11. The seven major rural land use categories are subdivided into
18 secondary land use classifications and current (1967) conservation
treatment needs. Each group is inventoried according to land capability
classes and subclasses.

It is important to note that not all land was classified or inventoried

in the CNI. For the noninventoried land (including federal noncropland,
urban buildup, and small water bodies), there has been thus far no infor-
mation concerning use of land by capability. For most regions the propor-
tion of total land in the noninventory group is not significant. However,
in the western states the proportion of this group may be very high.

Copies of state inventories may be obtained from the State Conservation
Needs Inventory Committee, and/or University Agricultural Extension Service.
Magnetic tapes of the inventory are available from the Statistical Labora-
tory, Iowa State University, Ames, Iowa.

The U.S. Soil Conservation Service in 1972 solicited soil scientists in
the United States for the soil data relevant to surface erosion, in format
compatible with the format of CNI. Data are reported by Land Resources
Area** (LRA) and by land capability class and subclass. For all LRAS east

* Land Capability Classification is one of a number of interpretive group-

ing of soil survey maps made primarily for agricultural purposes.

In this classification, the arable soils are grouped according
to their potentialities and limitations for sustained production of
the common cultivated crops that do not require specialized site con-
ditioning or site treatment. Nonarable soils (soils notsuitable for
long-time sustained use for cultivated crops) are grouped according
to their potentialities and limitations for the production and per-
manent vegetation and according to their risks of soil damage if
mismanaged.

The capability classification provides three major categories:
(a) capability unit; (b) capability subclass; and (c) capability
class. The reader is advised to consult with State Conservation
Needs Inventory for detailed descriptions of classifications,

*% Land Resource Areas (LRA), as delineated by the Soil Conservation
Service, U.S. Department of Agriculture, are broad, geographic areas
having similar patterns of soil (including slope and erosion), climate,

water resources, land use, and type of farming. Delineation and de-
scription of LRAs are available in USDA-SCS, Agriculture Handbook
No. 296, "Land Resource Areas of the United States," December 1965,
and USDA-ERA series on "The Look of Qur Land--An Airphoto Atlas of
the Rural United States.'

77



Table 3-11.

LAND USE AND TREATMENT NEEDS CATEGORIES OF THE
CONSERVATION NEEDS INVENTORY

Primary use
classification

Cropland in tillage
rotation

Other cropland

Pastureland

Rangeland

Secondary use
classification

Corn and sorghum

Other row crops
Close~-grown crops

Summer fallow

Rotation hay and pasture
Hayland

Conservation use only

Idle

Orchards, vineyards and
bush fruit

Open land formerly
cropped
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Treatment classification

Treatment adequate
Treatment needed--nonirrigated
Residue and annual cover

Sod in rotation

Contouring

Strip-cropping or terracing
diversion

Permanent cover

Drainage

Treatment needed--irrigated

Cultural and management
practices

Improved system

Water management

Treatment adequate

Treatment not adequate

Treatment
Treatment
Needs change in land use

adequate
unfeasible

Protection only

Improvement only

Improvement and brush control

Reestablishment of vegetative
cover

Reestablishment and brush
control

Treatment adequate

Treatment unfeasible

Needs change in land use

Protection only

Improvement only

Improvement and brush control

Reestablishment of vegetative
cover

Reestablishment and brush
control



Table 3-11. (Concluded)

Primary use
classification

Forestland

Forestland grazed

Other land

Secondary use
classification

Commercial

Noncommercial

Commercial

Noncommercial

On farms
Not on farms
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Treatment classification

Treatment adequate

Noncommercial--stand éstablish-
ment and reinforcement

Commercial--stand establishment
and reinforcement

Commercial--timberstand improve-
ment

Treatment adequate

Forage improvement

Reduction or elimination of
grazing

Treatment adequate
Treatment not adequate



of the continental divide, information solicited includes name of dominant
soil, dominant slope length, dominant slope percent, and K factor. These

data were reported in Data Form 1.

For LRAs west of the continental divide, where K factors had not been de-
veloped before the survey, information solicited includes dominant soil
name, dominant slope length, slope percent, and estimated soil losses
(tons/acre/year) from selected cropping systems. Data were solicited in

Form 1W.

For convenience of use, the MRI study group has combined factors in Form 1
and calculated K.LS indexes for various land capability classes and sub-
classes for LRAs in the areas east of the continental divide. Values of
the K°LS index, and questionnaire returns in Form 1W (for LRAs west of
continental divide) are presented in the Appendices D and E, respectively,
of this handbook. These data can be used together with land-use data in
the State Conservation Needs Inventory for assessing gross erosion from
agricultural lands in large areas.

Data for commercial forests =~ The most recent data on state and national
levels are presented in '"The Outlook for Timber in the United States,”
U.S. Department of Agriculture, Forest Service, Forest Resource Report No.
20, October 1973, This is a report on the nation's timber supply and
demand situation and outlook, related primarily to the commercial timber-
lands in the U.S. that are suitable for production of timber crops. This
report provides statistical data, as of 1970, on the current area and con-

dition of the nation's forestland, inventories of standing timber, and
timber growth and removals by individual states. Information is also in-
cluded on recent trends in forestland and timber resources, trends in util-
ization of the nation's forest for timber and other purposes, and trends

in consumption of wood products. This report represents the latest in a
series of similar timber appraisals prepared by the Forest Service in the
past.

If more local detail data are needed, they likely can be provided by the
forest and range experiment stations. An important timber resources in-
ventory on a local level available from the forest and range experiment
stations is "Forest Statistics" (or "The Timber Resources'). The recent
publications present inventories of timber resources on the state and
county levels. The forest resource data andthe accompanying discussions
of forest area, volume, growth, and cut are useful for planners.

Despite the availability of considerable information on the United States
timber inventory, there are important gaps in information necessary to
assess pollutant loadings from forested areas. There is far more informa-
tion available today concerning standing timber volume on forestland than
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there is concerning soil and topographic characteristics, the acreage of
forest harvested, method of harvest, mileage of roads built and maintained,
percent canopy and ground cover situation, and current soil and water con-
servation practices. One possible method of obtaining such information is
through personal contact with local knowledgeable persons. The following
are individuals who may be able to supply such needed data:

U.S. Forest Service

Resource management staff officers
District rangers

Forest supervisors

Regional foresters

U.S. Bureau of Land Management

State director
District manager

State and local agencies

State foresters
County foresters

Private forest industries

Data for mining and construction activities - The extent of construction

and mining activities in a given locale can be estimated directly from
sources such as building permits, construction reports, and mining permits.
Similar data also can be obtained from some other sources, such as census
data for housing units, highways, roads, utility transmission lines, etc.,
in which data are assembled periodically. Data gathered in different years
can be translated into average annual acreages of land being disturbed by
construction activities.

For example, the census in County and City Data Book, U.S. Department of
Commerce, Bureau of the Census, includes the total number of housing units
between 1967 and 1972. Also given are the number of units in single family

units and the number in multiple units. From these figures the average
annual number of new single and multiple dwelling units can be determined.
With actual data or an approximation of acreage per housing unit, one may
estimate the average annual acres of land used for new housing.
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Construction activities for a given site are generally of limited duration,
and so is sediment production. MRI economists estimated the average dura-
tion of construction to be:

6 months for residential buildings,
11 months for nonresidential buildings, and

18 months for nonbuilding construction.

3.3 SEDIMENT LOADINGS FROM OTHER SOURCES: GULLIES, STREAMBANKS, AND MASS
SOIL MOVEMENT

3.3.1 Overview

3.3.1.1 Gully erosion -

Gully erosion is caused by temporary concentration of runoff during and
immediately after rainfall, Sediment production from gullies is accom-
plished by scouring on the bottom or sides by running water, by slides of
materials into gullies from the side, and by erosion over the well-defined
headscarp.

Gully erosion is common to most regions in the United States. Expansion
of gully development is most vividly apparent in arid and semi-arid areas
such as southwestern U.S. where climatic changes are easily expressed in
network changes, and also in those areas where the influence of man has
been substantial or rapid, or both.

Gullies usually are found on slopes greater than 5 degrees. Gullies are
especially active during the rainy season, and are particularly well-
developed on the margins of uplands composed of highly friable sandstones.

Development of gullies is associated with improper land use and severe
climatic events. The effect of land use on gully development is connected
with modification of land cover and soil conditions, and subsequent changes
in runoff patterns. Gullies have developed following the removal of trees
on the lower part of the sides of glacial troughs, and following compaction
of ground, change in topsoil, and changes in infiltration characteristics.
The impact of land use on gully development is most striking when original
plant cover on steep slopes is removed and runoff occurs with little im-
pediment.

Climatic fluctuations also may cause gully development. Climatic fluctua-
tion may cause disappearance of vegetation cover, and lead to vivid gully-
ing activities.
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Sediment production from gully development has been described for some
regions in the U.5.28,29/ The quantity, though often large, is usually

less than that produced by surface erosion. However, economic losses from
dissection of uplands, damage to roads and drainage structures, and deposi-
tion of relatively infertile overwash on flood plains are disproportionately
large. Technical procedures for evaluation of gully erosion are available
in Soil Conservation Service, '"Procedure for Determining Rates of Land Dam-
age, Land Depreciation, and Volume of Sediment Produced by Gully Erosion,"
SCS Technical Release No. 32 (1966).

The prediction of gully growth has thus far received little attention, al-
though some studies have developed empirical prediction procedures for

specific localities.

3.3.1.2 Streambank erosion -

In the streambank erosion process, energy from streamflow, ice, and floating
debris, and the force of gravity are applied to the streambank and stream-
bed. If the energy is greater than the resistance of soil particles form-
ing the channel, erosion results. Brown2/ suggests that in most forest and
range country and in areas with less than 51 cm (20 in.) of precipitation
annually, channel-type erosion (including gully, streambank, etc.) generally
produces the greater part of the sediment. Where a watershed is primarily
agricultural and has more than 51 cm (20 in.) of precipitation, a major

part of the sediment production is generally from sheet erosion. Gottschalkég/
suggests that streambank erosion is dominant in the semiarid and arid areas
of the United States and in the mountainous areas of the Central and South
Pacific Coast regions. Anderson3l/ estimated sediment yields from the North
Coast watersheds of California, and the Williamette Basin of western Oregon,
and concluded that sediment contribution from streambank erosion in that
part of the country is greater than from other sources combined.

In 1969, the Corps of Engineers, in conjunction with Soil Conservation Ser-
vice personnel, completed the '"National Assessment of Stream Bank Erosion.”gg/
All districts in the nation provided information on the amounts of stream-
bank erosion in their areas. Stream density by land resource area was used

to determine total stream miles and bank miles. Estimates were then made

on how many of these banks erosion was negligible, moderate, and serious.
Damages were determined at the site where erosion occurred and where the
ensuing sediment was deposited. Cost of treatment was calculated for both
moderate and serious cases.

A report on the nationwide assessment was issued by the Corps in October
1969. Regional inventory reports are available from appropriate district
offices.
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3.3.1.3 Mass soil movement -

Mass soil movement is the downslope movement of a portion of the land sur-
face under the effect of gravity. Such movements may take the form of“-.
landslide, mudflow, or downward creep of an entire hillside, and contribute
to sediment loadings to surface waters. In many areas this source of supply
is unimportant. However, mass soil movement may constitute the dominant
process of erosion in areas with exceptionally steep slopes, high rainfall,
or low-strength soil, such as that of mountainous areas of western North
America, as well as of southern California. In such areas, s0il may remain
in place as the result of a delicate balance between forces tending to
cause downslope movement and various forces tending to resist it. Any dis-
turbance may upset this delicate balance and result in initiation or accel-
eration of mass soil movement.

Landslide is influenced by the slope of the land, composition of soil, and
water content of the soil. Dyrness§§ indicated that stony soils from
basalt and andesite were 14 to 37 times more stable than those from tuffs
and breccias, which are volcanic parent materials, and normally weather
rapidly to silts and clays. Silts and clays can retain large quantities
of water. The water adds to the soil burden and reduces its strength,
thus promoting landslides. 1In Oregon, landslides normally occur near peak
stream flow from winter storm runoff when the water content of soil is at
the maximum,

Man's activities may play an important role in initjation and acceleration
of mass soil movements. 1In a review of mass erosion research in the
western United States, Swanston32/ made the following statements about the
effect of disrupting activities of man on mass soil movements:

"Road building stands out at the present time as the most damaging
activity. Soil failures relating to this activity are the result
primarily of slope loading from road fill and sidecasting, inade-
quate provision for slope drainage, and of bank cutting.

Fire, natural and man-caused, is a second major contributor to
accelerated soil-mass movement in some areas. This relates largely
to the destruction of the natural mechanical support of soils, often

abetted by surface denudation of the soil mantle, opening it to the
effects of surface erosion.

Logging affects slope stability mainly through destruction of pro-
tective surface vegetation, obstruction of main drainage channels
by logging debris, and the progressive loss of mechanical support
on the slopes as anchoring root systems decay."
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Very little work has been done to establish quantitative cause and effect
relationships between mass soil movements and causative factors, including
natural characteristics and man's activities in watersheds.

3.3.2 Methods for Quantifying Sediment Loading from Gullies, Streambanks,
and Mass Soil Movement

The cause/effect interrelationships of gully erosion, streambank erosion,
and mass soil movement have yet to be put into proper perspective. Methods
are therefore not available for any given locality and any set of existing
or assumed conditions for accurately predicting contributions of sediment
loading from these sources. The discussion and general facts presented in
the preceding paragraphs will serve as guidelines for estimation of channel
erosion and mass soil movement. These guidelines generally apply to two
options, presented below, for estimating gully and streambank erosion and
mass soil movement at the local/regional level., These options may be used
separately or in combination.

3.3.2.1 Estimation from historical local data and research results -

The local history of gully erosion, streambank erosion, and mass soil move-
ment can be obtained by local interview and from existing research results.
Research results are available in engineering surveys and basin and project
reports., Public agencies which have these results include: Department of
Army--Corps of Engineers; Department of the Interior--Bureau of Land
Management, Bureau of Mines, Fish and Wildlife Service, and National Park
Service; Department of Agriculture~-Forest Service and Soil Conservation
Service; state departments of water resources; public works authorities;
and planning commissions.

3.3.2.2 Estimation from historical topographic data -

Quantification of sediment production from gullies, streambanks, and mass
soil movement also can be made through use of aerial photographs. A large
area of the United States was photographed from the air about 35 years ago.
Many areas have been rephotographed periodically. These aerial photographs
provide valuable tools to determine the boundaries and lateral movement of
channels during varidus periods of time and are used extensively in water-
shed investigations whenever available. The following agencies and organi-
zations have aerial photographs of parts of the United States: Department
of the Interior--Geological Survey, Topographic Division; Department of
Agriculture--Agriculture Stabilization and Conservation Service, Soil Con-
servation Service, and Forest Service; Department of Commerce--Coast and
Geodetic Survey; Department of the Air Force; National Aeronautics and
Space Administration; various state agencies; and commercial aerial survey
and mapping firms.
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SECTION 4.0

NUTRIENTS AND ORGANIC MATTER

4.1 INTRODUCTION

Nitrogen and phosphorus are the primary nutrients which are important in
agricultural and silvicultural practices. The effect of these nutrients on
receiving waters is the increased potential for algal blooms--especially in
lakes and reservoirs--thus interfering with many beneficial uses of these
waters. Of the two nutrient elements, phosphorus has received greater em-
phasis because of the available technology to control phosphorus discharges
from municipal and industrial sources. Nitrogen is also important as a
rate-limiting nutrient for algal growth in some surface waters; however,
the nitrogen pathways in plant nutrition are relatively more complex than
those of phosphorus. Technology for controlling nitrogen emissions from
point sources is not sufficiently advanced to economically justify its
adaptation to nonpoint pollutant emissions.

The magnitude of losses of these two nutrient elements from different
source activities can, in principle, be calculated by making nutrient bud-
gets of all source inputs and outputs, and specifically determining out-
puts to surface waters. Methods for estimation of quantities involved in
the several parts of a nutrient budget are not well enough developed for
use in nutrient loading functions. In addition, the quantities of nu-
trients that actually reach a stream from a given source are subject to
variation depending upon the nature of the intervening terrain. The pre-
diction of nutrient losses from various land uses can in part be accomp-
lished by loading functions which describe the changes of nutrient con-
tent in the soil in response to various external variables such as cultural
practices, fertilizers, and climatic differences, and which account for
soil losses by erosion.

Organic matter from cropland and pastureland carries oxygen-consuming ma-
terials that can degrade the quality of receiving waters by stripping its
oxygen content, and carries potentially pathogenic microorganisms from

livestock wastes and other rural runoff. A loading function for organic
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matter has been developed based on the organic matter content of soil
and sediment yield.

These assumptions are more nearly correct for nitrogen when erosion is
moderate to extensive, and are less correct when erosion is slight or
when surface runoff is negligible. In the latter cases dissolved forms
of nitrogen are the principle nitrogen pollutants. These are transported
either to subsurface waters or directly to surface waters in runoff.
Functions which describe either of the latter phenomena are not yet avail-
able, and the approach to estimating dissolved forms of nitrogen accord-
ingly involves a combination of local or regional experience supplemented
by measurements of soluble nitrogen forms in runoff and baseflow.

Nutrient and organic matter loading functions presented in this section

are accordingly based on the sediment loading function developed in Sec-
tion 3.0 entitled "Sediment Loading Functions." It is assumed that the

nutrients and organic matter are carried through surface runoff and that
most of these are removed with sediment.

Because the currently available data applicable to the entire U.S. may
not reflect the local conditions, it is suggested that local data when-
ever available be used in preference to the general data presented in
this section.

4.2  NITROGEN

4.2.1 Introduction

Soil nitrogen is derived from several sources which include geologic
weathering, microbial reactions, precipitation, and chemical fixation.
Addition of chemical fertilizers and organic residues to soil constitutes
man's effort to increase or supplement nitrogen forms which can be read-
ily utilized by plants. Although the cultivated soils contain a large
reservoir of total nitrogen in the plowed layer--about 2 to 4 tons/acre--
available nitrogen is usually quite small--a few pounds per acre. The
significance of this available nitrogen to water pollution is great, how-
ever. As much as 95% of total nitrogen in the soil is organically bound
and is not readily released in solutions for plant growth. The ammonium
ion in soil which is tightly bound to clay or other anionic molecules in
soil is also not readily available for plant growth. Nitrate which is
not held by soil particles can be readily transported through the soil
profile to below the root zone in the absence of an actively growing crop
and can eventually join the groundwater pool. The time of migration of
groundwater nitrogen to surface waters can extend to several decades
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depending upon groundwater hydrology relative to surface water hydrology.
Significant nitrogen losses to the air occur through volatilization and

denitrification processes.

4.2.2 Precipitation

Precipitation contains significant quantities of numerous substances,
including nitrogen and phosphorus.l;g/ That precipitation which falls
on surface waters carries with it a load which becomes a part of the
total pollutant load. The direct contribution via precipitation is neg-
ligible for surface streams, and may be substantial for lakeg or still-
standing waters--as much as 50% of the total nutrient input.=/ Contri-
butions of precipitation-borne nutrients to surface waters via overland
runoff will vary in proportion to both precipitation and runoff. The
simplest approach is:to assume that overland runoff carries with it,
without loss to the soil, the nitrogen and phosphorus load which it con-
tained when it reached the earth. Overland runoff is seldom very direct
except in high intensity/high quantity storm events or in certain types
of sunowmelt, and rainfall entrained nutrients will in most runoff events
be exposed to mineral and organic matter in the soils. Phosphorus and
nitrogen should be somewhat attenusted by exposure to the soil.

That fraction of precipitation-borne phosphorus carried in precipitation
which does not discharge to streams via overland runoff becomes a part
of the inventory of phosphorus in the soil, and becomes relatively im-
mobile in the surface layers of soil. The surface-sorbed phosphorus be-
comes a nonpoint pollutant when it is discharged to streams on eroded
sediment.

That fraction of precipitation-borne nitrogen which is not immediately
carried off in overland runoff also enters the soil compartment where it
continues its participation in the complex nitrogen cycle: some stays
in the root zone, and may be completely utilized by plant life; some
moves below the root zone, and thus becomes involved in a very ill-
defined physical-chemical-biological-hydrologic system; some of that
which stays in the root zone is a candidate for transport, later, to
surface streams in overland runoff.

Since only a small fraction of precipitation incident on land enters
surface waters by overland runoff, the great majority of precipitation-
borne phosphorus and nitrogen is deposited on the land and becomes a part
of its continually changing inventory of nutrients. The present discus-
sion is concerned with estimation of the fractions of the precipitation-
borne nutrients transported directly, via overland runoff, to surface
waters. An analysis of '"national average" data is instructive.

92



Annual average precipitation is 76 cm (30 in.). Annual average runoff
via all processes is 25 c¢m (10 in.). The fraction of rumoff occurring
by the overland varies widely; for purposes of discussion 207 of total
runoff will suffice. Average annual overland runoff is thus 5 cm (2
in.), or about 7% of precipitation.

Reported deposition rates of nitrogen and phosphorus in rainfall range
from about 5 to 10 kg/ha/year (4.4 to 8.9 1b/acre/year) for nitrogen,

and reportedly average 0.05 to 0.06 kg/ha/year (0.045 to 0.055 lb/acre/
year) for phosphorus.l&g/

Seven percent of the precipitation-borne phosphorus and nitrogen might
thus be carried directly to surface waters, if no absorption on soil is
assumed. Nonattenuated yield rates, for stream deposition, national
average basis, would accordingly be 0.35 to 0.7 kg/ha (0.31 to 0.62
1lb/acre) of nitrogen, and 0.0035 to 0.004 kg/ha (0.0031 to 0.0036 1b/
acre) of phosphorus. If one assumes that phosphorus is 50% attenuated
and nitrogen 25% attenuated, the net yields become 0.28 to 0.53 kg/ha
(0.25 to 0.47 1lb/acre) of nitrogen, and 0.0018 to 0.002 kg/ha (0.0016
to 0.0018 1b/acre) of phosphorus.

If one translates the above data into in-stream concentrations (assum-
ing no in-stream transformations), the results are 0.1l to 0.21 ppm
nitrogen, and 0.7 to 0.8 ppb of phosphorus. Comparison of these con-
centrations with the national benchmark station data summarized in
Figures 12-3 and 12-4 reveals the perhaps fortuituous comparison that
nitrogen concentrations estimated from precipitation are the same as
what appears to be an average for nationally observed concentrations

in locations relatively unaffected by man. The above estimated concen-
trations for phosphorus are lower than benchmark station concentrations
(0.7 to 0.8 ppb vs 10 to 200 ppb of total phosphorus). This compari-
son indicates that the load of precipitation-borne phosphorus is a small
fraction of the phosphorus nonpoint contribution to surface streams, but
that nitrogen contributions are a significant part of the in~stream bur-
den of available forms of nitrogen (particularly nitrate).

A comparison of nutrient contribution from precipitation with that from
croplands reveals that, on a national basis, the eroded soil from crop-
lands yields about 20 kg/ha/year (18 lb/acre/year) of total nitrogen.3/
Assuming a 7% value for the available fraction in total nitrogen, the
load of available nitrogen from cropland becomes 1.42 kg/ha/year (1.26
lb/acre/year). This value compares with 0.28 to 0.53 kg/ha/year (0.25
to 0.47 1b/acre/year) of available nitrogen in precipitation. Since the
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cropland nitrogen loading function does not account for precipitation
loads, the total contribution to a stream should include both these
sources. The total load of "available' nitrogen thus is about 1.8 kg/
ha/year (1.6 lb/acre/year), on a national average basis, from cropland.

Although available nitrogen is extremely significant in the enrichment
of stream nutrition, the role of the remainder of the total nitrogen
carried on eroded sediment is also substantial. Since streams are dy-
namic in nature, there is a continuous mineralization of soil nitrogen
by the microorganisms in the bottom sediment which is supplied with
oxygen from both stream reaeration processes and photosynthetic pro-
cesses. Thus, the delayed release of available nitrogen to the aquatic
systems can be as significant as the available nitrogen in precipi-
tation and eroded soil. For example, in-stream nitrogen burdens averaged
over the Missouri River basin translate to an average yield of about 3
1b/acre/yeanﬁ/ of nitrate-nitrogen, which is two to three times the de-
livered rate from nonpoint sources and precipitation.

Nitrogen loading from precipitation should be added to that from surface
erosion processes to obtain the total load. Since the load for phosphorus
from precipitation is small, the phosphorus loading function does not in-
clude the contribution from precipitation.

4.2.3 Nitrogen Loading Function

While the complex interactions in soil, air, water, and plants are rea-
sonably well understood, methods for quantifying movements within the
system are still in the research stage. Methods which are suitable for
general use oversimplify the problem, must be used with discretion, and
may be quite inadequate in certain cases. 1In particular, it is not
presently possible to describe leaching processes for soluble forms of
nitrogen. The nitrogen loading function is made up of two sources: (a)
erosion; and (b) precipitation. Total nitrogen loading is obtained by
adding the yields from both sources. The loading functions exclude
leaching losses, and predict the amount of total nitrogen that is re-
leased to surface waters by runoff and erosion. The nitrogen in precip-
itation is mostly in available form.

Nitrogen loading function for erosion loss is:

Y(NT)E = a'Y(S)Co(NT)'r (4-1)

N
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where Y(NT)g = total nitrogen loading from erosion, kg/year (lb/year)

a = dimensional constant (10 metric, 20 English)

Cg (NT) total nitrogen concentration in soil, g/100 g

Y(S)g = sediment loading from surface erosion, MT/year (tons/

year)
ry = nitrogen enrichment ratio
Available nitrogen can be obtained by using a fraction £y which is the

ratio of available N to total N in sediment. Thus, the available
nitrogen in sediment is

Y(NA)E = Y(NT)E'fN 4-2)
Nitrogen loading function for precipitation is
Q(OR)
Y(N) = A *Npr+b (4-3)
T qeen)

where Y(N) py, stream nitrogen load from precipitation, kg/year

(1b/year)

A = area, ha (acres)

Q(OR) = overland flow from precipitation, cm/year (in/year)

Q(pPr) = total amount of precipitation, cm/year (in/year)

Np. = nitrogen load in precipitation, kg/ha/year (lb/acre/
year)

b = attenuation factor
Almost all of Y(N)p, will be in the available form so that the total

available nitrogen from both erosion and precipitation may be obtained
by adding Eqs. (4-2) and (4-3). Thus,

Y(NA) = Y(ND)p £y + Y(W)py (4-4)
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4.2.4 Fvaluation of Parameters in the Nitrogen Loading Function

The value of Y(S)r can be evaluated from the sediment loading function
presented in Section 3.0 "Sediment Loading Functions.' The value of the
enrichment ratio 1y 1is variable according to the soil texture and cul-
tural treatment. Vietsé/ presented the values of ry wusing data from
small experimental plots (see Table 4-1). Hagin and Amberger,é/ as well

as Stoltenberg and white,z/ have proposed an 1y value of 2.0. Massey

et al.§/ estimated the value of 1y as 2.7. Because of wide variations
in the properties of erodible soil, a single value of 1ry is not prob-
able; the values reported range from less than 2.0 to greater than 4.0, and
an appropriate value should be selected for a specific location from local

knowledgeable sources such as the State Agricultural Experiment Stations.

Table 4-1. NUTRIENT AND SEDIMENT LOSSESQ/

Enrichment

Total loss (kg/ha) ratio, r
Source Soil _N P N P
Check 29,100 74.5 75.8 3.88 1.59
Rye winter cover crop 13,160 38.9 37.7 4.08 1.56
Manure (45 MT/ha) 18,390 52.8 44.3 4.28 1.47
Rye and manure (45 MT/ha) 8,130 21.5 19.6 3.35 1.47

9/

Nutrient losses from forest soils are typically very low. Kilmer<
cited several authors toshow that nutrient losses from forestlands are
insignificant. Clear-cutting and buring of forest areas accelerate the re-
lease of nutrients (Table 4~2). The erosion-based loading function for
nitrogen losses will obviously yield inaccurate estimates of nitrogen losses
from sources such as forests and pastureland which have good cover and from
which soil loss by erosion is negligible. For this case, it is approrpiate
to use Eq. 4-1 only with substantial reservations, and the user is advised
to use case study data which appear to best represent his area of concern.
This latter approach requires that the user define the mechanisms which de-
scribe his situation, i.e., the relative contributions from erosion, leach-
ing, and surface transport in runoff, and discharge via groundwater/subsur~
face return mechanisms,
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Table 4-2. EFFECT OF CLEAR-CUTTING AND FERTILIZATION ON NUTRIENT
OUTPUT IN DOUGLAS FIR FORESTSE/

N P
Treatment (kg/ha) ke /ha
Control 0.21 0.01
Clear-cut 0.39 0.05
Fertilized (200 1b/acre) urea 0.28 0.03
Ammonium sulfate 0.43 0.07

a/ Source: Cole and Gessel (1965) cited by Rilmer.2/

Nitrogen losses by leaching are also negligible from actively growing
grassland. However, losses from legume grass mixtures can be high.
Lysimeter studies by Low and Armitage (page 7 of Ref. 9) showed that
clover produced about 10 times as much N loss in drainage as that in
actively growing grass; however, the loss was 100 times as much when
the clover crop died.

Runoff losses of nitrogen from grass sod plots ranged from 2% of applied
nitrogen when soil moisture was 12.5%, to 147 at 25.8% moisture.lg/
Timmons et al.ll/ determined N and P losses in runoff solution and sed-
iment in Minnesota. Their results indicate that leaching losses from

a hay rotation could contribute to substantial N and P losses in solu-
tion.

The value of Cg(NT) in the plowed layer of soil is variable from location

to location and from time to time. Estimates of native soil nitrogen

in the U.S. indicate a range between 0.02 and 0.4%.12/ Parker et al.
published a map in 1946 showing the nitrogen content in the top 1l-ft

layer in the U.S.13/ (see Figure 4-1), Data in Figure 4-1 should be viewed
in general terms; for specific sites, local sources such as SAES and SCS
Soil Surveys should be consulted.

Precipitation also contributes to the soil nitrogen. Atmospheric nitro-
gen extracted by soil microbes becomes incorporated into soil organic
matter; animal manures, crop residues, and other wastes contribute sig-
nificant amounts of nitrogen to the soil, Jennylg/ expressed the nitro-
gen content of the soil in terms of temperature, T, and a humidity fac-
tor, H. Jenny's equation is:
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Cg(NT) = 0.55 e70-08T (1 - ¢0-005H, (4-5)
P
H =
RH (4-6)
1 - —) SVP
( 100’ 2Tt
where P = precipitation, mm/year

Cg (NT) concentration of soil nitrogen, g/l00 g

T = annual average temperature, °C

RH = relative humidity, %

SVP. = saturated vapor pressure at given temperature, mm

of Hg
Equation (4-7) shows the relation between SVP. and T.*

9.2992 - 2360/(273 + T)] (4-7)

SVPt = 10[
The solution of Eq. (4-5) is shown graphically in Figure 4-2. The value
of humidity factor, H, can be determined from Eqs. (4-6) and (4-7). A
nomograph solution of H is shown in Figure 4-3. For given values of
precipitation, relative humidity and temperature, the value of H can be
quickly and accurately established from Figure 4-3. For example, given
Py = 500 mm/year (19.7 in/year), RH; = 60%, and Ty = 5°C (41°F), the
value of H factor can be determined as follows: using a straight-edge
ruler, align P; and RH; to intersect on the index line at "a'" as shown
on the inset of Figure 4-3. Align "a" with T; on the temperature scale
to intersect the H scale. The result on the H scale is 194.

Data in Figure 4-1 may be used as a check on current data. Equations (4-6)
and (4-7) may be used to calculate nitrogen content of soil more precisely

if necessary data are available for using these equations. Again data from
State Agricultural Experiment Stations, and SCS Soil Surveys are much more
dependable than the above sources and should be consulted whenever possible,

The fraction of available nitrogen to total nitrogen in soil, £ is
variable, depending upon many factors such as soil characteristics, degree
of mineralization, and organic matter content. The most important forms
of available nitrogen are NH4+, NO3', and certain simple organic compounds
containing free amide or amino groups. Nitrate is only a minor source of
available nitrogen in soil,

* Modified from Gladstone, S., Elements of Physical Chemistry, D. Van
Nostrand Company, Inc., New York, New York (1946).
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The available nitrogen in soil rarely exceeds 15% of totalnitrogen. Data
from Lopez and Galvezls/ suggest that about 8% of total nitrogen in soil

is available in mineralized form for plant growth., For more precise values,
local expertise should be consulted for a given area.

The values of Q(OR) and Q(Pr) may be obtained from local data sources.
The value of Q(Pr) (annual average precipitation) is usually obtained
from the weather bureau statistics for the area. The value of overland
runoff can be roughly estimated from stream flow data. A user unfamiliar
with hydrology should consult with qualified personnel in state conser-
vation services, agricultural extension service, the Corps of Engineers,
or the Agricultural Research Service for assistance in interpretation of
stream flows. These resources will also have historical information on
overland runoff in relation to precipitation.

Values of Np. are usually available from measurements made in the
local research stations. 1In the absence of actual data, data in Figure
4-4 may be used.

4.3 PHOSPHORUS

4.3.1 1Introduction

Phosphorus occurs naturally in soil from weathering of primary phosphorus-
bearing minerals in the parent material. Additions of plant residues

and fertilizers by man enhances the phosphorus content of the surface

soil layer.

Phosphorus in soils occurs either as organic or inorganic phosphorus.
The relative proportion of the phosphorus in these two categories varies
widely. Organic phosphorus is generally high in surface soils where or-
ganic matter tends to accumulate. Inorganic forms are prevalent in sub-
soils. Soil phosphorus is readily immobilized due to its affinity to
certain minerals. 1In strongly acid soils the formation of iron and
aluminum phosphates, and in alkaline soils, the formation of tricalcium
phosphate reduces the availability of soil phosphorus. Once it is lost
to a stream, the nature of phosphorus existing in sediment or in solu-
tion becomes significant in the nutrition of aquatic microorganisms.

Phosphorus transport from a given site to stream can occur either by ero-
sion or by leaching. The predominant mode of transport is via soil ero-
sion. Soil solution usually contains less than 0.1 pg of phosphorus per
milliliter; the leaching losses are thus extremely low even in well-
drained soils. Exceptions are sands and peats which have little tendency
to react with phosphorus.
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Phosphorus losses from well managed pastures and forested soils are
usually low. For example, unfertilized pastures lost about 0.03 kg/ha
of P during a 6-month period, while addition of 45 kg of P per hectare
resulted in an escape of only 0.04 kg/ha during a similiar period of

time.g

4.3.2 Phosphorus Loading Function

The loading function for phosphorus is based on the soil erosion mecha-
nism. The loading function is:

Y(PT) = a-Y(8)g Cg(PT)-rp (4-8)
where Y(PT) = total phosphorus loading, kg/year (lb/year)
a = a dimensional constant (10 metric, 20 English)
Y(S)g = sediment loading, MT/year (tons/year)
CS(PT) = total phosphorus concentration in soil, g/100 g

rp = phosphorus enrichment ratio

Available phosphorus may be computed from Eq. (4-9):

Y(PA) = Y(PT)-fp (4-9)
where Y(PA) = yield of available phosphorus, kg/year (1lb/year)
fp = ratio of available phosphorus to total phosphorus

4.3.3 Evaluation of Parameters in Phosphorus Loading Function

Sediment loading, Y(S)g , may be obtained from procedures outlined in
Section 3.0 "Sediment Ioading Functions."

The value of Cg(PT) , the total phosphorus content of the soil, is
variable. For any given location, current and local data are preferred
to generalized values given in this report. No central repository of
current nationwide data exists. Parker et al.l3/ published data on the
phosphorus content of soil in the top 30 cm (1 ft) for the 48 states, as
shown in Figure 4-5. Parker's data, although obtained 30 years ago, will
serve as a check on current data. Soil surveys periodically made by the
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Soil Conservation Service contain more recent information on soil phos-
phorus content. State agricultural extension service personnel can also
provide reasonable estimates of soil phosphorus content in a given area.
These sources should be given priority in determining the phosphorus
content of the soil.

The enrichment ratio, rp , has been the least researched parameter in
the loading function. As reported in Table 4-1, the reported rp values
average about 1.5, Massey et al.8/ obtained an rp value of 3.4, and
Stoltenberg and whitel/ reported a value of 2.0. Hagin and Ambergeré/
have used a value of rp of 2.5 in their simulation model for nutrient
losses from agricultural sources. Massey et al.8/ have developed an
empirical equation to determine rp :

log rp = 0.319 + 0.25 (-log X) + 0.098 (-log Y) (4-10)

where X = sediment loss, tons/acre-in of runoff

Y = sediment loss, tons/acre

The determination of available phosphorus in the soil is difficult. Most
reported data fail to distinguish between soluble phosphorus, adsorbed
or particulate phosphorus, and organic phosphorus in sediment runoff.
Total phosphorus is a somewhat meaningless parameter, since only the
soluble orthophosphate form is readily available for uptake by aquatic
organisms. Other forms of phosphorus in sediment can, however, act as

a source or sink for subsequent release in available form.

Schuman et al. have reported an empirical relation between sediment phos-
phorus (concentration in ppm, Cg(PT) ) and soluble phosphorus (concen-
tration in ppm, CQ(P) ) for Iowa soils. The relation may be stated as:

CQ(P) = a + b-CS(PT) (4-11)
where a and b are regression coefficients. The reported values of

a and b are 0.018 and 0.047, respectively.lé/ Equation (4-11) shows

that the ratio of solution phosphorus to sediment phosphorus is just
under 1:20.

Taylorlé/ suggested that about 107 of the total phosphorus in eroded
soil would be available for aquatic plant growth.
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4.4 ORGANIC MATTER

4.4,1 Organic Matter Loading Function

The loading function is:
Y(OM)E = a'CS(OM)‘Y(S)E’rOM (4-12)
where Y(OM)g = organic loading, kg/year (1b/year)

a = a dimensional constant (10 metric, 20 English)

CS(OM) organic matter concentration of soil, g/100 g
Y(8)g = sediment loading, MT/year (tons/year)
oM = enrichment ratio for organic matter in eroded soil

4.4.2 Evaluation of Parameters in the Organic Matter Loading Function

The value of Y(S)E can be obtained from procedures discussed in
Section 3.0. The value of Cg(OM) should be obtained preferably from
current or historical data for a given area, e.g., from the extension
service, For approximate values, Cg(OM) may be taken as equal to

20 x Cg(NT) , where Cg(NT) 1is the total nitrogen concentration in
the soil.=L

The value of roym » the enrichment ratio, is more difficult to assess
due to lack of research data. Values of rpgy are in the range of 1 to
5. The enrichment ratio for sandy soils will be high. Conversely, the
enrichment ratio will be low when the mineral fraction of the soil is
finely divided and highly erodible. The user should consult with local
soil experts and should use local data when available.

4.5 ACCURACY OF LOADING FUNCTIONS

The accuracy of predicting loads using the loading functions presented

in the preceding sections depends, to a large extent, on the availability
of reasonably accurate data for evaluating the various parameters in the
functions. For example, the nitrogen loading function is composed of
several parameters each of which is in turn a function of several other
variables. 1In addition, several options are available to the user to
develop the parameter values from his own sources of information which
may alter the prediction accuracy. However, if the used values reflect
the long-term average rather than a specific year, and if reasonably
large areas are used such as large watersheds (> 100 sq miles) rather
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than individual plots or small watersheds, the expected accuracy can be
reasonably estimated. Using the reasoning that the error in individual
parameters will tend to cumulate to a larger error, the expected ranges
of predicted values for given ''true'' or estimated values of load are

presented in Table 4-3.

Table 4-3. PROBABLE RANGE OF LOADING VALUES FOR
NUTRIENTS AND ORGANIC MATTER

Estimated value Probable range
Loading function (kg/ha/year) (kg/ha/year)
Total N sediment2/ 1 0.1-10
Total N sediment 10 5-20
Total N sediment 50 30-75
Total N precipitation®/ 0.3 0.1-0.6
Total PS/ 1.0 0.5-3.0
Total P 5.0 2-10
Total P 10.0 5-20
Organic matter 10.0 5-20
Organic matter 100 50-200

a/ Available N in sediment will range from 3 to 8% of total N.
h/ Available N is equal to total N in precipitation.
¢/ Available P in sediment will range from 5 to 10% of total P.

4.6 EXAMPLE OF LOADING COMPUTATION

The watershed given in Section 3.0, entitled "Sediment Loading Func-
tions," for Parke County in Indiana will be used to illustrate the metho-
dology presented in this section for computing the loads. It is required
to compute available nitrogen, available phosphorus, and organic matter
loading for the given area for the following conditions:

Average daily loading;

Maximum daily loading during a 30 consecutive day period; and
Minimum daily loading during a 30 consecutive day period.
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The following data, plus scil loss data, are required:

Soil nitrogen content.

Soil phosphorus content.

The preferred source of these data is local records. Jenny's equa-
tion (Eq. 4=5) and Figure 4-5 are alternate sources from which general
values may be estimated.

4.6.1 Nitrogen Loading

Using the following data, soil nitrogen content is calculated:

Average annual temperature = 10°C
Average annual precipitation = 96,5 cm
Average annual relative humidity = 70%

Using the nomograph given in Figure 4-3, the value of H factor was de=~
termined to be 350. From Figure 4-2, and using H = 350 and T = 10°C,
the value of CS(NT) , the soil nitrogen content was estimated to be
0.204% or 0.204 g/100 g. Assume that 6% of total nitrogen is available,
and ry is 2.0. Using Egs. (4-1) and (4-2),

Y(NA), = 20+¥(5)5°0.204+2.0-0.06 (4=13)

0.49:Y(S)g

The values of areal sediment yield as given in the example in Section
3.0, entitled '"Sediment Loading Functions,'" are shown below in Table 4-4

Table 4-4. SEDIMENT YIELD IN EXAMPLE

Sediment yield (tons/day)

Land use Daily average Maximum 30 days Minimum 30 days
Cropland 2.88 9.36 0.72
Pasture 0.33 y 0.84 0.09
Woodland 0.39 0.95 0.09
Total 3.60 11.15 0.90
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The nitrogen loadings are shown in Table 4-5 using the data in Table
4-4 and Eq. (4-13).

Table 4-5. AVAILABLE NITROGEN LOADING, Y(NA)E » 1IN EXAMPLE

Nitrogen loading (1b/day)

Land use Daily average Maximum 30 days Minimum 30 days
Cropland 1.41 4.59 0.35
Pasture 0.16 0.41 0.04
Woodland 0.1 0.47 0.04
Total 1.76 5.47 0.43

4.6.2 Phosphorus lLoading

Assume Cg(PT) = 0.255g/100 g for the area, 10% of Cg(PT) is available
phosphorus, Cg(PA) ; and rp is 1.5, and using Eq. (4-8);

Y(PA)L = 20-¥(§),+0.255-1.5°0.10 (4-14)

]

0.765 ¥(S)g

Phosphorus loadings computed from Table 4-2 and Eq. (4-8) are shown in
Table 4-6.

Table 4-6. AVAILABLE PHOSPHORUS LOADING, Y(PA)g , IN EXAMPLE

Phosphorus loading (1b/day)

Land use Daily average Maximum 30 days Minimum 30 days
Cropland 2.20 7.16 0.55
Pasture 0.25 0.64 0.07
Woodland 0.30 0.73 0.07
Total 2.75 8.53 0.69

4.6.3 Organic Matter loading

Using Eq. (4-12), data for Cg(oM) , Y(S)E » rgyq are needed.
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Assume that the value of CS(OM)/CS(NT) equals 20 and 1y = 2.5,

Y(OM)p = 20°2.5-Y(8)5 20" Cg(NT)

I

1000+ Cg (NT) - Y(S)

I

Using Cg(NT) 0.2%,

Y(OM) = 200-Y(S)g (4-15)

The values of organic loading are computed from Eq. (4-15) and presented
in Table 4-7.

Table 4-7. ORGANIC MATTER LOADINGS IN EXAMPLE

Organic matter loading (1b/day)

Land use Daily average Maximum 30 days Minimum 30 days
Cropland 576 1,872 144
Pasture 66 168 18
Woodland 78 190 18

Total 720 2,230 180
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SECTION 5.0
PESTICIDES

5.1 INTRODUCTION

Pesticides dissipate by several mechanisms: chemical degradation (hy-
drolysis; oxidation); biochemical degradation by soil organisms and
enzymatic systems; volatilization; absorption in plant or animal tissue,
with or without decomposition; leaching into subsurface soils, possibly
into subsurface aquifers; and overland transport in surface runoff and
eroded sediment. Losses by leaching processes and by overland transport
mechanisms are relevant to contamination of water. Pesticide loading
functions must relate mechanisms for these processes to quantities de-
posited in surface waters. The total load of pesticide deposited in
surface waters equals the sum of (a) pesticide transported overland,

and (b) pesticide transported by subsurface processes (leaching, soil
moisture movement, drainage water movement, groundwater discharge to
surface). Soluble pesticides are subject to leaching into subsurface
soils and waters, solubilize in overland runoff water, and are also
transported overland as sediment-bound material. Insoluble pesticides
are transported to surface waters primarily by being carried on eroded
sediment.

Data requirements for a precise pesticide loading function are as fol-
lows:

1, Quantity of pesticide in the source, expressed as some suitable
function of the area, volume, or mass of the source, e.g., concentration
in erodible soil layer; concentration and concentration distribution in
leachable soil profile. The quantity information should be time spe-
cific, i.e., detail source quantities/concentrations as a function of
time elapsed since application, season, etc. Since most pesticides de-
grade, rates of degradation are needed to enable calculation of source
quantities as a function of time.
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2. Quantitative data on overland runoff, by month, season, and year.

3. Quantitative data on sediment transported from the source and deliv-
ered to surface streams.

4. Quantitative data on percolation; seepage; drainage water inventories
and movement; and groundwater inventories and movement.

5. Accurate coefficients, rate constants, etc., for desorption--
solubilization--leach transport of pesticides through soil columns, of
numerous possible soil types.

6. Information on miscellaneous modes of pesticide movement or deposition

such as by volatilization, by removal in harvested vegetative matter, and
direct deposition in surface waters.

Some of the required data is not available or is unknown, and other data
’

are known or available in varying accuracy and degree of coverage of

source situations.

The approach to estimation of contamination of water by pesticides will
therefore vary in response to a combination of three factors: (a) degree
of required accuracy; (b) availability of data; and (c) capabilities of
predictive functions. The greatest impediment is lack of data. Loading
functions and approaches to estimation of pesticide pollution are pre-
sented, in succeeding sections, for three source conditions. These are:

Case 1 - Water Insoluble Pesticides: Average concentrations of pesticide
in soils known. Pesticide load is calculated as a function of sediment
loads. Approach most applicable to large areas. Use limited to annual
average loads.

Case 2 - Water Insoluble Pesticides: Pesticide use history accurately
known, soil analytical data current and extensive, pesticide properties
(especially rates of disappearance) well known. Calculate load as fun-
ction of sediment loss; useful for annual average, 30-day maximum, 30-day
minimum.

Case 3 - Water Soluble and Water Insoluble Pesticides: Concentrations

in runoff waters known, runoff water flows known (stream source approach).
Calculate loads at watershed discharge points, distribute load over water-
shed land uses in proportion to known or probable pesticide use.

These approaches or options do not treat pesticides discharged to ground-
water aquifers and subsurface drainage. The latter can be treated if
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drainage discharge flows are known, together with concentrations of pes-
ticides in the drainage. Pesticide contamination in groundwater aquifers

is presently a research area.

These approaches do not preclude the use, in special or highly documented
situations, of research models or approaches which are being locally de-
veloped by research scientists.

5.2 PESTICIDE LOADING FUNCTIONS

5.2.1 Case 1l: Insoluble Pesticides, Average Soil Concentrations Known

The loading function is:

-6

Y(HIF)* = Y(S)g*C(HIF) +Tyqp-10 (5-1)
where Y(HIF) = pesticide yield for source, kg/day (1b/day)
Y(S)p = sediment yield, kg/day (lb/day)
C(HIF) = concentration of pesticide in soil (ppm)
ryrp = enrichment ratio

Sediment yields, Y(S)E , for the source are calculated by methods pre-
sented in Section 3.0.

Pesticide concentrations in cropland soils throughout the United States
are being monitored by the Environmental Protection Agency, Office of
Pesticide Programs, in the National Pesticide Monitoring Program (NPMP).
The data base emphasizes persistent pesticides, and does not cover soils
outside croplands. It therefore is a limited source of historical data,
and should be used accordingly. Results for 35 pesticides are summarized,
for FY 1969 in Pesticides Monitoring Journal, 6(3):194~228, 1972. (This
article is reproduced in Appendix F.) The FY 1969 data cover cropland
soils in 43 states and noncropland soils in 11 states.

The NPMP FY 1969 data may be used, with considerable discretion, as C(HIF)
values in Eq. (5-1). The '"range of detected residues'" will serve as in-
put for calculation, with Eq. (5-1), of the range of pesticide loads which
may be expected in the area of interest. Simiarly, the "percent positive
sites'" indicate whether a particular pesticide is distributed over much of

* HIF denotes Herbicide, Insecticide, and Fungicide.
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the area or has limited distribution. The NPMP information thus tends
to be useful chiefly for estimating possible extremes in pesticide loads

from large areas and is not applicable to unmonitored areas such as
forestland.

it is imperative that the user of this function obtains up-to-date site
or area-specific data on soil concentrations. Current NPMP data should
be consulted, as should local sources of data, notably universities,
state and local health departments, and environmental agencies.

5.2.2 Case 2: Water Insoluble Pesticides, Current Area-Specific Data
Available

Case 2 covers the source with well-documented concentration data obtained
by analysis of samples taken from the source, in combination with pesti-
cide use data and knowledge of the persistence of the pesticide. If the
source is sampled frequently at well-distributed sampling sites, other
information may be unnecessary. If the sampling is less complete, in-
formation on application rates and persistency will help deduce concen-
trations. The basic loading function is the same as for Case 1, i.e.,
Eq. (5-1). The values used for C(HIF) are determined from different
sources than the sources for Case 1. Guidelines for determining C(HIF)
follows:

1. Document beginning of the season residual concentrations, if any, of
pesticides of interest.

2. Obtain data on application rates and schedules. Estimate concentra-
tion in surface soils (3 to 5 e¢m (1l to 2 in.)) of applied pesticide, tak-
ing into account the fraction of the pesticide which reaches the soil
surface, and the depth the pesticide is mixed into the soil.

3. Add values from Steps 1 and 2 to obtain an initial concentration.

4. From information on pesticide persistency, estimate fraction of pes-
ticide which remains after appropriate intervals of time: days for short:
lived pesticides; months for pesticides with growing season persistency;
and years for long-lived pesticides.

5. 1If pesticide is applied more than once per season, repeat Steps 1,
2, 3, and 4 for each application and estimate concentration throughout
growing season and up to the start of the next growing season.

6. Calculate sediment loads, Y(S)g , from sources by procedures pre-

sented in Section 3.0.
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Calculate annual average Y(S)E if pesticides are relatively persistent
and a reasonable yearly average value can be deduced. Calculate Y(HIF)

from Eq. (5-1):
Y(HIF) average = Y(S)g averageC(HIF) average.10-6
Calculate Y(S)E by months if pesticide concentrations vary widely through-

out the year. Calculate Y(HIF) annual average, 30-day maximum and 30-day
minimum by calculating monthly loads.

Y(HIF) monthly = Y(S)g monthly:C(HIF)-10-0

Sum for a year to obtain annual average. Select 30-day maximum and 30-
day minimum from computed monthly loads.

5.2.3 Case 3: Water Soluble and Water Insoluble Pesticides, Stream to
Source Approach

Water soluble pesticides are in part transported overland in surface
runoff and absorbed on sediments; they are also susceptible to migration
downward in the soil column, where they are not subject to overland trans-
port mechanisms. For lack of a procedure for predicting the ultimate fate
of the fraction which moves downward from the surface, it has been by-
passed in loading function development. That fraction transported over-
land may be estimated if runoff is measured and analyzed for pesticides.
Specifically, watershed hydrographs for storm events must be determined
by measurement, or calculated from predictive models,llﬁ/ and concentra-
tions of pesticides determined for water samples collected at various
stages of the hydrograph(s).* The data so obtained convert to pesticide

loads by multiplying increments of flow by the respective concentration
values:

Y(HIF) storm event = %Qici'a (5-2)
where Qi = increment of flow
Ci = C(HIF) of the ith increment of flow
a = 10-6 if dimensions of Q and C are liters and ppm
a= 62 x 10'6 if dimensions of Q and C are feet3 and ppm

Units of Y(HIF): kilograms (1b)

Base flow (nonstorm event) stream data on flows and concentrations
will not suffice. Many pesticides decompose in water and may be-
come trapped in bottom sediments. Concentrations under base flow
conditions do not accurately reflect storm event loads.
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The storm event load can be distributed back to the land by several op-
tions; for example:

Uniformly over the watershed.

Nonuniformly to broad categories of sources, e.g., row crops.

Specifically to identified or suspect sources, in proportion to
source size.

It will be necessary to sum storm events for the season, perhaps for the
year, to obtain annual loads. The 30 day maximum loadings fall naturally
out of cumulative storm event loads.

This procedure has several limitations and disadvantages. Extensive use
will be costly, and limited use will not suffice to adequately describe
large areas. An appropriate use is as follows: with selective runoff
measurement and analysis it will be possible to develop the relatively
modest inventory of data and experience needed to estimate pesticide
loads for sensitive areas, e.g., an intensive agricultural area which
depends heavily on herbicides and insecticides, and has a relatively
stable and predictable pattern of use. Combination of accumulated in-
formation on pesticide use patterns with representative measured con-
centrations and loads of pesticides will more than adequately serve as
a predictive "loading function.'" Since many of the persistent pesti-
cides are being phased out, the peak loads which occur in storms which
follow pesticide application are increasingly important. This basic
approach will, if properly used, deal with this problem adequately.

5.3 GENERAL INFORMATION

5.3.1 Pesticide Solubility

The dividing line between solubility and insolubility is diffuse and is
affected by factors such as the presence of other constituents in the
solution phase, pH, soil acidity, and organic matter in soil. Solubility
denotes, for purposes of the handbook, relatively little to moderate re-
sistance to leaching, and insolubility denotes moderate to high resistance
to leaching. Limited solubility data and indices of leachability are
presented in Appendix G, Table G-2. A pesticide with a leaching index

of one or two is treated as "insoluble.' An index of three or four is
treated as "soluble."

5.3.2 Pesticide Persistence

General information on persistence is presented in Appendix G. Particu-
larly relevant to load calculation are the data which, though only semi-
quantitative, permit estimation of rates of disabpearance in soils, Resi-~
dues, concentrations and percent losses of selected pesticides are compiled
from recent literature and presented in Table G-3.
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5.4 LOAD CALCULATION: EXAMPLES

Case 1 Method

Conditions: Refer to Section 3.0, entitled 'Sediment Loading Function."

Dieldrin

Continuous corn

A =73 ha

Y(S)g (30-day maximum) 117 kg/ha/day

Y(S)E (annual average) = 36 kg/ha/day

C(I) range, 0.0l to 0.58 ppm from Appendix F, Table F-3

]

Probable minimum load, annual average
Y(I) = 36°0.01°73 x 10-6 = 26 x 10-0 kg/day

Probable maximum load, annual average
Y(I) = 36-0.58°73 x 10-6 = 1,524 x 10-6 kg/day

Case 2 Method

Conditions: Refer to above example.

2,4-D

Application rate: 5 kg/ha

Application date: 15 June

Persistence: 4 weeks (Appendix G)

Residue zero at season start

Y(8)p = 117 kg/ha/day, for l-month period, 15 June to 15 July

Calculations

Initial concentration in erodible soil layer (5 cm), about 5 ppm

Average concentration, estimated from persistence information
equals 2 to 3 ppm for 15 June to 15 July period

Y(H) = 117 x 2.5 x 73 x 10-6 = 0.0214 kg/day

Y(H) (30-day maximum) = 0.0214 kg/day

5.5 LIMITATIONS IN USE

As stated earlier, pesticide behavior in the environment is both complex
and variable, and the accuracy of estimation reflects these complexities.
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The National Pesticide Monitoring Program, which serves as the basis for
Case I, contains data which generally indicate levels of pesticides in
soils throughout the country. and the frequency at which pesticides are
observed is an indication of the intensity of the use pattern. The data
and the Case 1 method should, however, be used only to derive an estimate
of loads over very large areas, and the results should be presented with
two qualifications: (a) that peak loads for nonpersistent pesticides are
apt to be overlooked by the method; and (b) that pesticides which leach
readily into the soil (and thus may contaminate subsurface waters) will
not be accounted for. Examination of the range of values reported in the
NPMP system reveals the fact that loads calculated from that data base
may differ substantially from actual loads, especially if one wishes to
apply calculated loads to a specific small area.

The Case I1 method depends upon area-specific and pesticide-specific data,
and thus will calculate loads considerably closer to actual values than
Case I. Since the data requirement is fairly éxtensive, its use is prob-
ably restricted to a small region--several counties perhaps--in which
pesticide use is uniform and other parameters are also relatively uniform.
The Case II method will, with care in use, be somewhat sensitive to peak
loads, i.e., when it rains soon after pesticide application.

The Case III method can be accurate with care in use. As indicated in
Section 5.2, the approach is probably best used to develop data and ex-
perience at local or regional levels, so that pesticide loads can be
estimated with confidence from a base of accumulated local experience.

Estimates of accuracy expected for Cases I through IIT are presented in
Table 5-1.
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Table 5-1. ESTIMATES OF ACCURACY FOR PESTICIDES

Annual average Storm event
(g/ha/year) (g/ha/day)
Probable Probable
Estimated range Estimated range
Case 1 method 1-10 0.001-100
(insoluble pesticide) Not applicable
Case 2 method 1 0.01-10 1 0.1-10
(insoluble pesticide) 20 5-50 20 5-50
Case 3 method 1 0.1-5 1 0.1-5
(soluble and insoluble 20 10-50 20 10-50

pesticides)
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SECTION 6.0
SALINITY IN IRRIGATION RETURN FLOW
6.1 INTRODUCTION

The accurate prediction of salinity emissions in irrigation return flows
requires detailed knowledge of the particular system being studied. Prac-
tice has shown that salinity in irrigation return flows varies widely in
differing regions of the country because of the specific natures of the
soils, underlying geological formations, regional topography, and irriga-
tion practices. As a result, a simple '"loading function'' applicable to
all irrigation cases has no validity under present state of the art. A
discussion of the data needs for irrigation return flow salinity models
pointing out this fact has been prepared by the Environmental Protection
Agency.l/

For purposes of making assessments of salinity from irrigation return
flow, three optional methods are suggested in this section. The user is
cautioned, however, that the methods are not universally applicable and
hence may yield estimates that are not accurate. The most accurate pre-
diction method remains long-term monitoring of the particular irrigation
area to quantify actual salinity outputs in irrigation return flow.

The three procedures presented here for estimating salinity in irrigation
return flow are:

Option I ~ Source to Stream Approach: The first option involves the es-
timation of irrigation water percolating into groundwater, which finds
its way into surface waters by subsurface return mechanisms. This ap-
proach is valid for only a few areas of the country when valid relation-
ships between applied water and return flows exist. Furthermore, this
option should not be used in cases of spray irrigation where evaporative
losses associated with the applied water are significant. This option is
most valid in those cases where the total dissolved solids in groundwater
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contributing to return flow are very high (ca. 10 times) compared to total
dissolved solids concentrations in applied water.

Option II - Stream to Source Approach: The second option involves a back-
estimation procedure for salinity discharges in irrigation return flow.
Salinity measurements taken at sampling points above and below irrigated
areas will establish the amount of salt discharged in the area drained
by the stream between the two points. This salt load, however, includes
that discharged from background, salt springs, and point sources, as well
as that discharged from irrigation return flow. This method requires a
good definition of salinity sources other than irrigation return flow,
particularly that of background. This method is the one which has been
most widely used by others, especially where the total salinity loads are
measured at the discharge points of drainage basins.

Option III - Loading Values for Salinity in Irrigation Return Flow: A
third method for estimating salinity loads in irrigation return flows is
the use of loading values established for given areas through reduction
of stream monitoring data. A list of such loading values for areas in
the Colorado River basin are presented. These values are applicable only
to the particular region and should not be used except where indicated.

6.2 OPTION I: SOURCE TO STREAM APPROACH

6.2.1 Load Estimation Equation and Information Needs

An equation to estimate salinity in irrigation return flow has been form-
ulated based upon data reported by Skogerboe et al.g/ The equation is:

Y(TDS)1Rp = a*A*C(TDS)gy [IRR + Pr - CU] (6-1)

where Y(TDS)IRF = salinity load in irrigation return flow, kg/day (1b/

day)
A = area under irrigation, ha (acre)
IRR = volume of water added to crop root zone annually for
irrigation, cm (in.)
Pr = annual precipitation, cm (in.)
CU = annual consumptive use of water in growing crops, cm

(in.)
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C(TDS)Gw = average concentration of total dissolved solids in
groundwater contributing to subsurface return, ppm

a = conversion factor to obtain proper units of load. If
Y is in kg/day, a =2.7 x 1074; if Y is in 1b/
day, a = 6.2 x 10~4

The volume of water applied to the crop root zone, IRR , can be deter-
mined by subtracting the volume of tailwater from the total water de-
livered to the irrigation site. The best information would be available
from local irrigation districts.

Annual precipitation, Pr , is available from local weather data. Aver-
age annual precipitation can be used for purposes of estimating gross
salinity loads.

The CU factor, consumptive use, can be estimated by standard formulae
such as Jensen-Haise Method or the Blaney-Criddle Method. The Jensen-
Haise Method for estimating consumptive use is described in detail in
the Skogerboe et al. report on irrigation scheduling.g/ Information
needed for the Blaney-Criddle consumptive use formula can be found in
Todd's Water Encyclopedia,g for the West.

The key data needed in the irrigation return flow loading function are

the groundwater total dissolved solids concentrations, C(TDS)GW. These
values represent that groundwater which contributes to perennial stream-
flow. The best data would be that obtained from observation wells in the
irrigation plot, information which is not always available. For large ir-

rigation areas, one should use an average groundwater TDS value obtained
from several observation wells,

The user is cautioned to avoid using the Option I method for cases in-
volving sprinkler irrigation methods. This method does not account for
evaporation losses during application. If valid information is available
concerning evaporation losses, it should be incorporated into the esti-
mation procedure. Evaporation basically will cause an increase in the

TDS of applied water which will show up as increased TDS in the ground-
water contributing to return flow.

6.2.2 Load Calculation - Irrigation Return Flow

Load calculation involves three basic steps:

1. Obtain necessary information for Eq. (6~1) from sources identified
above.
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2. Substitute values into Eq. (6-1).
3. Compute loads.

The Option I loading value equation (Eq. (6-1)) has been used to esti-
mate loads which can be compared directly to those reported by Skogerboe
et al.2/ pata used as inputs to the equation were those measured by
Skogerboe. Data inputs for Eq. (6-1) are tabulated in Table 6-1, to-
gether with calculated loads. These are compared with reported loads.

Table 6-1. COMPARISON OF SALINITY LOADS OBTAINED WITH OPTION I LOAD
ESTIMATION EQUATION WITH REPORTED SALINITY LOADSZ/ IN THE
GRAND VALLEY, COLORADO

(Essential information: a = 6.2 x 107%; C(TDS)Gw = 6,700 ppm)

Equation
factors Plot No. 1 Plot No. 2 Plot No. 3 Plot No. 4 Plot No. 5

A (acre) 8.5 8.5 25.7 15.0 10.7
IRR (in.) 31.4 23.3 42.1 29.1 24.7
P_ (in.) 1.0 4.1 1.2 2.7 3.3
CU (in.) 26.9 19.1 33.5 20.7 17.1
Calculated 194 293 1,046 692 484
load
(1b/day)
Reported 379 344 1,291 521 545
load
(1b/day)

As can be seen from the comparison, the calculated loads compare reason-
ably with reported loads in four out of the five cases. One reason for
discrepancies between the calculated and reported values may be that the
equation disregards changes in soil moisture storage during the year.

In general, the changes in soil moisture storage which occur during and
between irrigation events should add to zero over an annual period, and
hence would have little effect on annual irrigation return flow volume.
Some irrigation water applied to the crop root zone is retained as soil
moisture, and hence does not show up as either consumptive use or irriga-

tion return flow. Soil moisture storage is an information input which is
not readily accessible.
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The Option I loading value equation should be considered only as a first
approximation method for estimating salinity in irrigation return flow.
Its usefulness will depend primarily upon three factors: (1) the concen-
tration of total dissolved solids in shallow groundwater which is trans-
mitted to surface waters as subsurface return; (2) reliable estimates of
the volume of applied water, tailwater, and return flows; and (3) good
information pertaining to consumptive losses in the complete irrigation
system. 1If these data are deemed insufficient, one should estimate sa-
linity in irrigation return by other procedures.

6.3 OPTION II: STREAM TO SOURCE APPROACH

6.3.1 Loading Equation and Information Needs

A second method for estimating salinity loads from irrigation return
flow involves the stream to source approach. 1In this option, salinity
loads in streams are determined above and below areas of irrigation.
Differences in salinity loads represent total salt being discharged by
the area by background and point sources, as well as irrigation return
flow. Therefore, salt loadings from irrigation return flow are deter-

mined by subtracting out contributions from background and from point
sources.

The Option II loading value equation is:

Y(IDS) pp = a'[Q(str),~C(TDS)y = Q(str),-C(TDS),] = Y(TDS)py - Y(IDS)py (6-2)

]

where Y(TDS) gy yield of salinity in irrigation return flow, kg/day

(1b/day)

Y(IDS)pg = salinity load contribution of background, kg/day (1b/

day)

Y(TDS)PT = galinity load contribution of point sources, kg/day
(1b/day)

Q(str)B = streamflow of surface water below irrigated areas,
liters/sec (cfs)

Q(str), = streamflow of surface waters above irrigated areas,
liters/sec (cfs)

C(TDS)B = concentration of total dissolved solids in stream
below irrigated area, ppm
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C(TDS), = concentration of total dissolved solids in stream
A above irrigated areas, ppm

conversion constant needed to obtain proper units of
load. 1If flow units are liters/sec, a = 0.0864
(metric system, kg/day). If flow units are cfs,
a = 5.39 (English system, 1lb/day).

o
It

Flow and concentration data obtained above and below irrigated areas can
be obtained from U.S. Geological Survey records of the region, or in some
cases from local water quality monitoring data. The use of these data in
the loading value equation will indicate total salt added to surface waters
between two points.

The salt load from point sources in the area under consideration can be
determined using information supplied by persons responsible for the point
sources. Point source contributions may be estimated from data contained
in discharge permit applications available from state and local pollution
control agencies, and from regional Environmental Protection Agency offices.
The total dissolved solids from the individual point sources in the area
are summed to yield total point source contributions.

The most difficult piece of information to be obtained is quantities of
salt discharged from background. 1In many cases, particularly in the arid
and semiarid regions where irrigation is intensive, this estimation can
only be accomplished by knowledge of the characteristics of the particular
area.

This estimation relies upon the judicious use of information concerning
background in a particular region. The use of broad general definitions
of background such as those presented in Section 12.0 of this handbook is
not recommended for the Option IT method for salinity in irrigation return
flow. An estimation of background TDS levels may be made using the U.S.
Geological Survey's Hydrologic Investigations Atlas, HA-61, Plate 1.4/
This plate contains information concerning dissolved solids concentration
for surface waters throughout the conterminous United States. It does

not differentiate between point and nonpoint contributions to salinity,
nor does it account for cumulative effects of runoff from a wide variety

of sources into stream water. The use of this map is recommended as a
first approximation of background.

The equation needed to define background total dissolved solids load can
be formulated in two ways, depending upon the units of flow. If flow is
measured as annual average runoff, the equation is:
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Y(TDS)p, = a-A*Q(R)-C(IDS)y, (6-3)

where Y(TDS)pg = salinity load from background, kg/day (1lb/day)

A = area under consideration, ha (acre)

]

Q(R) = flow, as annual average runoff, cm (in.)
C(TDS)BG = concentration of background total dissolved solids as
determined by local information, ppm

a = conversion constant to obtain proper units of load.
If load is kg/day, a = 2.7 x 10'4; if load is 1lb/day,
a=6.2x 1074,

If flow is measured as actual flow in liters per sec (cfs), the equation
for estimating salinity loads in background becomes:

Y(TDS)BG = a-C(TDS)BG-[Q(str)B - Q(str)A] (6=4)

where Q(str)p and Q(str), are the flows below and above the irrigated
areas, respectively. If the load is kg/day, a = 0.0864; if the load is
lb/day, a = 5.39. The concentration of total dissolved solids in back-
ground, C(IDS)pg , is the same as defined previously.

After proper information has been obtained, it is substituted into the
correct background total dissolved solids equation (Eqs. (6-3) or (6-4)),

and background total dissolved solids load computed.

6.3.2 Option II Load Calculation

The step-by-step procedure presented below is used for Option IIL stream
to source load calculations.

1. Obtain needed flow and concentration information for points above and
below irrigated areas. In many cases, information obtained at the mouth

of a drainage basin containing irrigated agriculture is sufficient, thus

obviating the need for above stream data.

2. Estimate total salinity loads above and below irrigated areas using

proper flow and concentration data. The total salinity load from irri-

gated areas, including its nonirriggted land uses, is determined by sub-
tracting upstream load from downstream load, via Eq. (6-2).
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3. Obtain data pertaining to point source contribution and sum indi-
vidual point sources to obtain total point load.

4. Determine background total dissolved solids load using Egs. (6-3)
or (6-4) and procedures outlined previously in this section.

5. Estimate salinity load from irrigation return flow by subtracting
values obtained in Steps 3 and 4 from the value obtained in Step 2.

Step 2 - Step 3 - Step 4

Y(TDS){gF

Y(total) - Y(background) - Y(point)

The Option II stream to source approach for estimating salinity loads
in irrigation return flow has been applied to several subbasins of the
Colorado River. Values generated by the Option II load estimation equa-
tion have been compared with values reported by the Environmental Pro-
tection Agency in Appendix A to their report concerning the '"Mineral
Quality Problem in the Colorado River Basin.'" Results of the compari-
son are presented in Table 6-2.

Table 6~2. COMPARISON OF SALINITY LOADS ESTIMATED BY OPTION II
METHODS WITH THOSE REPORTED BY EPAE/

Flow at C(TDS) at Calculated
basin basin C(TDS)p; load using  Reported
mouth mouth estimate Option II load
Basin (cfs) (ppm) (ppm) (tons/day) (tons/day)
Black ForkR/ 663 495 200 527 481
GunnisonS/ 3,100 558 200 2,990 3,100
Big Sandy Creekd/ 140 2,190 1,300 336 200
Whitee/ 901 472 300 217 20

a/ U.S. Environmental Protection Agency, Regions VIII and IX, "Natural
and Man-Made Conditions Affecting Mineral Quality," Appendix A of
EPA Report, The Mineral Quality Problem in the Colorado River
Basin (1971).

b/ Reference a, Figure 20.

¢/ Reference a, Figure 34.

d/ Reference a, Figure 18.

g/ Reference a, Figure 25.
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From the data in Table 6-2, it is seen that Option II tends to overpre-
dict salinity in irrigation return flow. The overprediction may be due
to conservative estimates of background contributions, or to emissions
from unknown natural point sources such as salt springs. The data in
Table 6-2 clearly point out the fact that background, particularly that
in arid or semiarid areas, needs to be carefully considered. For example,
the high background level in the Big Sandy Creek area is due to water
seepage from saline lake beds in the area. Such characteristics must be
known if the Option II approach is to yield valid results.

6.4 OPTION III: LOADING VALUES FOR SALINITY LOADS IN IRRIGATION RETURN
FLOW

Perhaps the most useful method of estimating salinity loads is through
loading values determined for particular regions. Lists of such values
are presented in Tables 6-3 through 6-7 for subbasins in the Colorado
River basin, and for irrigated regions in California.

Studies in the Twin Falls area and the Colorado River basin indicate that
the range of values for salt pickup from irrigated lands is roughly 1.3
to 22 MT/ha/year (0.5 to 8 tons/acre/year).é/ An average salt pickup rate
might be 5 MT/ha/year (2 tons/acre/year). On a per day basis, the range
becomes 3 to 50 kg/ha/day (3 to 44 1lb/acre/day), and the average becomes
12 kg/ha/day (11 1lb/acre/day).

6.5 ESTIMATED RANGE OF ACCURACY

The accuracy of the three optional procedures for estimating salinity
loads from irrigation return flow will be no better than the accuracy of
the input data. For this particular system, the quality of the input
data is likely to be quite variable. More often than not, the quality
of input data will be less than that desired by the user., In addition,
the estimation procedure mechanisms tend to compound errors inherent in
the input data.

With these factors taken into account, ranges of error for Options I and
II have been estimated. The Option III method~-loading values--is the
most accurate method if proper input data are available. However, its
use requires loading values generated from on-site data, and such data
are most often not available.

Table 6-8 presents the estimated range of error for the Option I (Source

to Stream) procedure. The error is estimated for several ranges of areas
which emit an average annual load of either 1 or 10 MT/year.
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Table 6-3. SALT YIELDS FROM IRRIGATION IN GREEN RIVER suBBASINa/

Area

Green River above New Fork River
Big Sandy Creek

Blacks Fork in Lyman area

Hams Fork

Henry's Fork

Yampa River above Steamboat Springs
Yampa River, Steamboat Springs to Craig
Milk Creek

Williams Fork River

Little Sanke above Dixon

Little Sanke, Dixon to Baggs

Ashley Creek

Duchesne River

White River below Meeker

Price River

San Rafael River

Average salt yield

(tons/acre/yr) (kg/ha/day) (1b/acre/day)
0.1 0.6 0.5
5.6 34.3 30.7
2.4 14.7 13.2
0.3 1.8 1.6
4.9 30.1 26,9
0.2 1.2 1.1
0.4 2.5 2.2
1.0 6.1 5.4
0.3 1.8 1.6
0.3 1.8 1.6
0.5 3.1 2.7
4.2 25.8 23.0
3.0 18.4 16.4
2,0 12.3 11.0
8.5 52,2 46.6
2.9 17.8 15.9

a/ U.S., Environmental Protection Agency, Regions VIII and IX, "Natural and Man-
Made Conditions Affecting Mineral Quality," Appendix A of EPA Report, The
Mineral Quality Problem in the Colorado River Basin (1971).

Table 6-4, SALT YIELDS FROM IRRIGATION IN UPPER COLORADO MAIN STEM SUBBASINA/

Area
Main stem above Hot Sulphur Springs
Main stem, Hot Sulphur Springs to
Kremmling
Muddy Creek Drainage Area
Brush Creek
Roaring Fork River
Colorado River Valley, Glenwood Springs
to Silt
Colorado River, Silt to Cameo
Grand Valley
Plateau Creek
Gunnison River above Gunnison
Tomichi Creek above Parlin
Tomichi Creek, Parlin to mouth
Uncompahgre above Dallas Creek
Lower Gunnison
Naturita Creek near Norwood

Average salt yield

(tons/acre/yr) (kg/ha/day) (1lb/acre/day)
0.3 1.8 1.6
0.9 5.5 4,9
2.4 14.7 13,2
0.7 4.3 3.8
3.5 21.5 19,2
2.3 14,1 12.6
3.5 21,5 19.2
8.0 49,1 43.8
0.9 5.5 4.9
0.3 1.8 1.6
0.3 1.8 1.6
0.3 1.8 1.6
4.5 27.6 24.7
6.7 41.1 36.7
2.8 17.2 15.3

a/ U.S, Environmental Protection Agency, Reglons VIII and IX, '"Natural and Man-
Made Conditions Affecting Mineral Quality," Appendix A of EPA Report, The
Mineral Quality Problem in the Colorado River Basin (1971).
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Table 6-5. SALT YIELDS FROM IRRIGATION IN SAN JUAN RIVER SUBBASINQ/

Area

Fremont River above Torrey, Utah

Fremont River, Torrey to
Hanksville, Utah

Muddy Creek above Hanksville, Utah

San Juan above Carracas

Florida, Los Pinos, Animas drainage

Lower Animas Basin

LaPlata River in Colorado

LaPlate River in New Mexico

Average salt vyield

(tona/acre/yr) (kg/ha/day) (lb/acre/day)
0.4 2.5 2.2
5.8 35.6 31.8
3.1 19.0 17.0
2.7 16.6 14.8
0.2 1.2 1.1
3.5 21.5 19.2
1.4 8.6 7.7
0.3 1.8 1.6

a/ U.S. Environmental Protection Agency, Regions VIII and IX, "Natural and Man-
Made Conditions Affecting Mineral Quality," Appendix A of EPA Report, The
Mineral Quality Problem in the Colorado River Basin (1971).

Table 6-6, SALT YIELDS FROM IRRIGATION IN LOWER COLORADO RIVER BASINE/

Area

Virgin River
Colorado River Indian Reservation
Palo Verde Irrigation District
Below Imperial Dam

(Gila and Yuma projects)

Average salt vyield

(tons/acre/vyr) (kg/ha/day) (1b/acre/day)
2.3 14,1 12.6
0.5 3.1 2.7
2.1 12.9 11.5
variable - -

a/ U.S., Environmental Protection Agency, Regions VIII and IX, '"Natural and Man-
Made Conditions Affecting Mineral Quality," Appendix A of EPA Report, The
Mineral Quality Problem in the Colorado River Basin (1971).
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Table 6-7. SALT YIELDS FROM IRRIGATION FOR SELECTED
AREAS IN CALIFORNIAZ
Average salt yield
Area (tons/acre/year) (kg/ha/day) (1b/acre/day)
North coastal 0.353 2.2 1.9
Central coastal 0.808 5.0 4.4
Sacramento 0.707 4.3 3.9
Delta-Central Sierra 0.974 6.0 5.3
San Joaquin 0.827 5.1 4.5
Tulare 0.768 4.7 4.2
Colorado Desert 10.9 7 0

a/ California Regional Framework Study Committee for Pacific Southwest
- Inter-Agency Committee, Water Resources Council, "'Comprehensive
Framework Study, California Region, Appendix XV, Water Quality,

Pollution, and Health Factors,” June 1971.

Table 6-8. ESTIMATED RANGE OF ACCURACY FOR OPTION I (SOURCE TO STREAM)
PROCEDURE FOR ESTIMATING SALINITY FROM IRRIGATION RETURN FLOW

Area
considered

(ha)
< 100
100 - 1,000

1,000 - 10,000

> 100,000

Calculated
load
(MT/ha/vyear)

1
10

10

10

10
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Probable range

of loads
(MT/ha/vyear)
0.7 1.5
8 13
0.5 3
6 15
0.3 5
4 20
0.1 10
2 25



As can be seen from the table, the Option I procedure 'is deemed most ac-
curate when used for small areas, and when larger loads are calculated.
This aspect of accuracy arises because the Option I function is totally
dependent upon local conditions such as total dissolved solids in ground-
water, water consumptive use variations from crop to crop, irrigation
water supplied to specific fields, and variation of deep percolation
losses. If any of these data are extrapolated to larger areas, the vari-

ations in input data become wider, and hence the procedure becomes less
accurate for large areas.

In principle, error in the Option I method can be minimized for large
areas by summing up the values obtained for small areas. However, it
is questionable whether such a summation would yield calculated values
with any higher accuracy than those obtained using the Option IT method.

Estimated ranges of error for the Option II (Stream to Source) procedure
are given in Table 6-9. When Option II is used, the most accurate loads
will be calculated when large areas are considered. The ranges shown in
Table 6-9 assume that background salinity loads have been carefully con-
sidered. Since these background loads are the most uncertain component
of the procedure, the breadth of the error range is determined by this
uncertainty.

Table 6~9, ESTIMATED RANGE OF ACCURACY FOR OPTION II (STREAM TO SOURCE)
PROCEDURE FOR ESTIMATING SALINITY FROM IRRIGATION RETURN FLOW

Area Calculated Probable range
considered load of loads
(ha) (kg/ha/day) (kg/ha/day)
< 1,000 1 0.2 -5
10 4 - 30
1,000 - 10,000 1 0.5 - 3
10 6 - 20
> 100,000 1 0.8 - 1.5
10 8 - 13
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The Option IT method is deemed to be less accurate when small areas are
considered. The decrease in accuracy for small areas is inherent due to
uncertainty in flow measurements as well as uncertainty in background.
In general, small areas are associated with small streams draining the
area. The amount of variation for small streams is usually quite high
(and more unpredictable) than that of large streams.

No estimate of error has been given for the Option IITI procedure for
estimating salinity loads from irrigation return flow. The accuracy
of this option--use of salinity loading values--depends chiefly on the
trouble taken by the user to characterize his region and develop site-
specific information on his loadings. This option can be the most ac-
curate of the three discussed, provided that the values used are accu-
rate,

The availability of accurate loading values for the Option III approach
is quite limited. Accurate values can be obtained through long term
monitoring and analysis of irrigated areas, an expensive and time con-
suming operation. However, various mathematical methods for predicting
salinity in irrigation return flow are being developed. These models
will tend to describe the complicated relationships between the water
used for irrigation and the land being irrigated which result in salin-
ity emissions. It may be that at some future time, these models will
be sufficiently validated so that their outputs can produce loading
values for use in the Option III procedure. The user of this handbook
is encouraged to keep abreast of these modeling projects so that their

output can be used to obtain accurate estimates of salinity from irri-
gation return flow.
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SECTION 7.0

ACID MINE DRAINAGE

7.1 INTRODUCTION

The emission of acid mine drainage arises from land disturbances created
by coal and metals mining activities. The mine drainage arises because

of atmospheric and hydrologic actions on pyritic materials associated

with the mined materials. The pyritic materials may be in residues left
behind at the mined-out site, or in residues produced by coal processing

or mineral beneficiation. If pyrites (or other sulfurous materials) are
not associated with a particular mined product, e.g., quarrying, sand and
gravel operations, etc., then acid mine drainage will not occur. Thus, the
presence or absence of pyritic materials is the determining factor for
nonpoint emissions of mine drainage.

Mine drainage can arise from active and inactive mines and from under-
ground and surface activities. In addition, mine drainage can arise from
processing wastes, e.g., tailings piles and gob piles. 1In considering
nonpoint emissions from these latter sources, processing wastes disposed
of on the land surface are considered as surface mines.

Basically, regional mine drainage problems arise because of an assemblage
of individual sources in an area. A procedure for estimating mine drain-
age loads based upon the statistical distribution of individual sources
is presented here as Option I. The procedure was developed using data
gathered by Environmental Quality Systems, Inc., in a study dealing with
estimation of mine drainage emissions in the Monongahela River Basin,l/

and from data obtained for the Appalachian Regional Commissiong/ for their
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report concerning mine drainage in Appalachia.z/ This procedure is funda-
mentally a source to stream loading function. On the other hand, sulfate
analysis of surface waters are key indicators of nonpoint emissions of
mine drainage, since sulfate is the end product of atmospheric/hydrologic
reactions with pyrite. Thus, an Option II estimation procedure is pre-
sented which uses the stream to socurce approach -and is based on sulfate
concentrations in surface waters. A brief description of these two op-
tions follow.

Option I - Source to Stream Approach: A loading estimation procedure is
presented which relates the number of total sources in an area, the dis-
tribution of these sources among four categories (active underground,
active surface, inactive underground, and inactive surface), and neutral-
ization of acidic products of pyrite weathering with background alkalinity.
This approach is particularly useful for heavily mined areas of the coun-
try, such as the coal mining regions of Appalachia. In other areas where
mining is less concentrated, this statistical approach may not be adequate.

Option II - Stream to Source Approach: The second option involves compar-
ing sulfate loadings found in surface waters with sulfate loadings ex-
pected from natural background. 1Increases in sulfate loading as surface
waters move through an area over the background contribution can bg at-
tributed to nonpoint emissions of mine drainage in the area. This second
approach should be considered when detailed information about the number
of sources is unknown, where mining density is low, or when streamflow
data are deemed more appropriate to use.

7.2 OPTION I: SOURCE TO STREAM APPROACH

7.2.1 Loading Function and Information Needs

The loading function for the Option I approach contains three fundamental
elements: the number of potential sources of mine drainage; the amount
of raw acidity formed from the sources; and the neutralization capacity
of the background. The second element--amount of raw drainage formed--
involves the statistical distribution term toc account for the widely var-
iable source-to-source loads arising from the individual sources. The
loading function is:

Y(&MD) = N[Ky* (Ipy + Ips + Ipp + Irg) - Kp*Q(R)'C(Alk)pg] (7-1)

where N = total number of sources which are potential emitters of
acid mine drainage
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Statistical Distribution Term

constant representing the raw acid load generated by
the "typical' site. A range of values for K, is
presented in Table 7-1, and discussed in Section

7.2.2.

Ka

Iay» Ias: Iipe
I1s

it

load index values for the number of Active Underground
sources, Active Surface sources, Inactive Underground
sources, and Inactive Surface sources. The load in-
dex values are presented in Table 7-2, and discussed
in Section 7.2.3.

Background Neutralization Term

constant representing the neutralization capacity of
background alkalinity for raw acid produced at the
"typical' site. A range of values for K, 1is pre-
sented in Table 7-1, and discussed in Section 7.2.2.

]

Kp

flow as annual average runoff in the area, cm/year
(in/year)

Q(R)

it

C(Alk)pe = concentration of background alkalinity in the area,
ppm as CaC03. C(Alk)BG can be determined through
use of an isoalkalinity map (see Figure 7-1, Section

7.2.4).

7.2.2 Constants K, and Kp in Option I Loading Function

Description of the acid mine drainage discharge from the "typical’ source
was determined by subjecting a number of mine drainage data obtained in
the Monongahela River Basinl/ to regression analysis. These data repre-
sented the acid load discharged at specific sites from about 7,000 poten-
tial sites. The regression analysis indicated that the distribution of
mine drainage quantities from the 7,000 sources could be well fit (index
of determination = 0.998) to a hyperbolic function dependent upon (a) the
number of sources, (b) the quantity of mine drainage from the largest
source, and (c) the cumulative amount of mine drainage emitted from all
sources. The regression equation has the form:

lim AN =1 (7-2)
N—>o



Table 7-1.

VALUES OF K,

DRAINAGE OPTION I LOADING FUNCTION

AND Kp FOR ACID MINE

Ka Kp
Units of Value of Range of Value of Range of
load Ka Ka Kp Ky
Metric kg/day 130 110-150 0.15 0.10-0.20
English 1b/day 280 250-320 0.62 0.35-0.75
Table 7-2. LOAD INDEX VALUES FOR ACTIVE AND INACTIVE
SURFACE AND UNDERGROUND MINES
Fraction Load index
of mines Active Active Inactive Inactive
in category underground surface underground surface
0.00 0.00 0.00 0.00 0.00
0.05 0.33 0.08 0.13 0.03
0.10 0.50 0.16 0.23 0.06
0.15 0.60 0.22 0.31 0.08
0.20 0.67 0.27 0.37 0.11
0.25 0.71 0.32 0.42 0.13
0.30 0.75 0.36 0.47 0.15
0.35 0.78 0.39 0.51 0.17
0.40 0.80 0.43 0.54 0.19
0.45 0.82 0.45 0.57 0.21
0.50 0.83 0.48 0.60 0.23
0.55 0.85 0.50 0.62 0.24
0.60 0.86 0.53 0.64 0.26
0.65 0.87 0.55 0.66 0.28
0.70 0.88 0.56 0.67 0.29
2.75 0.88 0.58 0.69 0.31
0.80 0.89 0.60 0.70 0.32
0.85 0.89 0.61 0.71 0.33
0.90 0.90 0.63 0.72 0.35
0.95 0.90 0.64 0.74 0.36
1.00 0.91 0.65 0.75 0.37
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where A = the quantity of mine drainage from the largest source
N . .
TB, = the cumulative amount of mine drainage from all sources
i=1*
N = the number of potential mine drainage sources in the

area

N
The ratio of ¥ B; to N thus determines the acid load from the "typi-
i=1
cal" site. Furthermore, the equation implies that the load will be more
accurate when the number of sources considered becomes very large.

A part of the raw mine drainage generated within the mining area will
have been neutralized by background alkalinity before it is discharged
to surface waters. From the consideration of the background neutraliz-
ing capacity in the Monongahela River basin, it has been possible to
establish values of K, and K for the loading function (7-1) based
upon the regression analysis represented by Eq. (7-2). These values are
presented in Table 7-1.

The value K, represents the raw acid generated at the "typical" mine
site as determined by Eq. (7-2). The value K, represents the neutral-
ization of part of the raw acid by background alkalinity in the area
directly affected by the "typical" site.

7.2.3 Load Index Factors for Option I Loading Function

The K, values presented in Table 7-1 have been established based on
data pertaining to the Monongahela River basin., 1In order to use them
in other regions of the country, the K; term must be corrected to re-
flect the distribution of potential mine drainage sources. This correc-
tion is accomplished through the use of '"load index factor!'" determined
in the following manner:

The total number of sources are separated into four components: number
of active underground (AU), active surface (AS), inactive underground
(IU) and inactive surface (IS). The fraction of each source is deter-
mined for each category by dividing the number of sources in a certain
category by the total number of sources.

After the category fractions have been determined, a load index value is
found in Table 7-2 for each category. The first column of Table 7-1 in-
dicates the fraction of mine in each category; subsequent columns contain
the load index value for each category. This procedure is exemplified in
Table 7-3, using a hypothetical situation involving 1,800 mines.
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Table 7-3. EXAMPLE OF DETERMINATION OF LOAD INDEX VALUES

Number of Fraction of
sources sources TLoad index
Active underground 180 0.10 0.50
Active surface 450 0.25 0.32
Inactive underground 630 0.35 0.51
Inactive surface 540 0.30 0.1
Total 1,800 1.00 1.48

After fractions of mines have been determined in each category, the ap-
propriate load index value is established for each category by referring
to the appropriate column in Table 7-2. After the individual load index
values have been determined, they are added together to yield a total load
index value required for the loading function. The total is the factor
(IAU + Iug+ Igp t IIS) in the loading function.

The load index values have been established by proportionating the total
load and total number of sources (as determined by the regression analy-
sis results of Eq. (7-2)) into contributions from active underground,
active surface, inactive underground, and inactive surface sources in the
Monongahela River basin. The bases for the proportionment were obtained
from data in the 1969 Appalachian Regional Commission report concerning
mine drainage.Z/ This exercise yielded a series of four equations defin-
ing load index values for each of the four types of mine drainage sources.
The equations from which the load index values in Table 7-2 were derived
are:

DAU
I, & e 7-3
TR 7-3)

n
= ._AS__. (7_4)
0.54 + Mg
= n1y
S 7_
nys
1.70 + nIS

I1s (7-6)

where Dyy > Bpg > Dry o and n;g are the fractions of mines in each of
the four categories.
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npy T npg F o0y + nyg = 1.0 (7-7)
The total number of sources in an area is determined by study of state
and local historical records. Basically, what is needed is the number

of active and inactive underground and surface sources. The total num-
ber of sources need not be an exact count; a reliable estimate is quite
satisfactory for use in the loading function.

Information concerning active sources can be found in the annual Minerals
Yearbook, published by the U.S. Bureau of Mines. An alternate source of
information about active sources will be state and local permit programs.
Uncontrolled waste piles associated with active mines should be counted
as active surface mines.

Information about inactive mines may be more difficult to obtain. Prob-
ably the best source of information on inactive mines will come through
analysis of historical records of the area. These records should be
available in state archives.

7.2.4 Background Alkalinity Term for Option I Loading Function

The Ky values presented in Table 7-1 have also been established from
Monongahela River basin data. These too must be corrected in order to
reflect changes in the neutralizing capacity of background. The correc-
tion factors involve alkalinity concentrations in background and average
annual runoff.

Background alkalinity concentrations are determined by locating mining
areas on the iso-alkalinity map (Figure 7-1), estimating concentration,
and using this value in the alkalinity term. If other values of back-
ground alkalinity concentrations are deemed more appropriate than those
shown on the map, then they should be used instead. In areas afflicted
with acid mine drainage emissions, one should be cautious about using
"unaffected" stream values of alkalinity. Although data may have been
generated in areas unaffected by mining activity, unknown sources of
mine drainage may be present which would lower background alkalinity es-
timates.

Average annual runoff can be estimated from standard runoff maps such as
that in the U.S. Geological Survey's National Atlas, Plates 118 and 119.

7.2.5 Procedure for Using Option I Loading Function

The procedure for putting together components of the source to stream
loading function to estimate levels is outlined below.
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1. Estimate total number of potential mine drainage sources through re-
view of state and local records, permits, etc., as indicated in Section

7.2.3.

2. Establish load index values for the following categories: active
underground, active surface, inactive underground, and inactive surface,
by procedures indicated in Section 7.2.3.

3. Sum up load index values established in Step 2.

4. Determine constant K, from Table 7-1.

5. Multiply results generated in Steps 1, 3, and &4 to obtain value of
statistical distribution term of the loading function.

6. Determine average annual runoff in area from standard runoff maps,
e.g., U.S. Geological Survey's National Atlas, Plates 118 and 119.

7. Determine background alkalinity from iso-alkalinity map (Figure 7-1)
or from other data deemed to reflect background alkalinity concentrations
more adequately.

8. Determine proper constant Ky from Table 7-1.

9. Multiply values yielded by Steps 6, 7, and 8 to obtain background
alkalinity term.

10. Subtract value obtained in Step 9 from that obtained in Step 5.

11. Multiply value obtained in Step 10 by the total number of mine drain-
age sources established in Step 1. This final step will yield the load
of acid mine drainage being emitted from the mining region under consid-

eration.

7.2.6 Examples of Option I Loading Function Utilization

The mine drainage loading function has been used to estimate loads emitted
from two basins in Appalachia--West Branch Susquehanna, and Allegheny.
These examples are presented to indicate how the mine drainage loading
function can be used.

7.2.6.1 Case I: West Branch Susquehanna

Data Source - Federal Water Pollution Control Administration, Ohio Basin
Region, U.S. Department of the Interior, '"Stream Pollution by Coal Mine
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Drainage in Appalachia," Attachment A to Appendix C of the Appalachian

Regional Commission Report, Acid Mine Drainage in Appdlachia, Washington,
D.C. (1969).

Step

1.

Step 2.

Step

Step

Step

Step

Step

Step

Step

Step

Step

10.

11.

Number of mine sources N: 4,400
Number of draining sources: 967

Load index values (Table 7-2):

Active underground: 19; 27 = 0.02
Active surface: 17; 2% 0.02
Inactive underground: 630; 65% = 0.65
Inactive surface: 301; 31% = 0.31
Total: 967 1007 = 1.00

Load indexes: Iyg = 0.07
I,g = 0.02

IIU = 0.66

I;g=0.15

load index summation total: 0.90
Constant Ka from Table 7-1: 280

Calculation of statistical distribution term: 280 x 0.9 = 252
Average annual runoff Q(R): 20 in.

Background alkalinity C(Alk)p, (from Figure 7-1): 10 ppm
Constant Kp (from Table 7-1):  0.62

Calculation of background alkalinity term: 0.62 x 20 x 10 = 124

Subtract alkalinity term from statistical distribution term:
252 - 124 = 128

Compute acid mine drainage load: 4,400 x 128 = 560,000 1b/day

]

Mine drainage (calculated) = 560,000 1b/day

Mine drainage (reported) 500,000 1b/day
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7.2.6.2 Case II: Allegheny River Basin (1966)

Data Sources - Appalachian Regional Commission Report, Acid Mine Drainage
in Appalachia (1969); Tybout, R. A., "A Cost Benefit Analysis of'Mine
Drainage,' paper presented before 2nd Symposium on Coal Mine Drainage
Research, Pittsburgh, Pennsylvania, 14-15 May 1968; and U.S. Bureau of
Mines, Minerals Yearbook, 1966, Washington, D.C. (1967).

Step 1. Number of mine sources N (Tybout): 6,626

Step 2. Load index values (Table 7-2):

Active underground: 228; 3% = 0.03
Active surface: 310; 5% = 0.05
Inactive underground: 2,350; 36% = 0.36
Inactive surface: 3,738; 567 = 0.56
Total: 6,626 100% = 1.00
Load indexes: Ipy = 0.10
Ipg = 0.08
Ity = 0.51
IIS = 0.24
Step 3. Load index summation total: 0.93
Step 4. Constant K, from Table 7-1: 280

Step 5. Calculation of statistical distribution term: 280 x 0.93 = 260
Step 6. Average annual runoff Q: 20 in.

Step 7. Background alkalinity C(Alk)BG (from Figure 7-1): 10 ppm

Step 8. Constant K;, (from Table 7-3): 0.62

Step 9. Calculatiog of background alkalinity term: 0.62 x 20 x 10 = 124

Step 10. Subtract alkalinity term from statistical distribution term:
260 - 124 = 136

Step 1l. Compute acid mine drainage load: 6,626 x 136 = 900,000 1b/day

Mine drainage (calculated) = 900,000 1b/day

It

Mine drainage (reported) 866,000 1b/day
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7.3 OPTION II: STREAM TO SOURCE APPROACH

7.3.1 Loading Function and Information Needs

Since acid mine drainage is basically a discharge of sulfuric acid (and
its reaction products), the presence of sulfate in stream water analyses
is often a good indicator of nonpoint emissions from mine drainage
sources. Thus, a comparison of sulfate levels detected in streams with
that expected from natural background will yield an estimate of nonpoint
emissions of mine drainage. The loading function can be expressed in
two ways, depending upon the units of flow.

Y(AMD) = a*A-Q(R)-[C(SO,) - €(50,)5. - C(50,)p,] (7-8)

Y(AMD) = a-Q(str)-[C(S04) - C(SO04)pg - C(50,)py ] (7-9)

where Y (AMD) yield of acid mine drainage, kg CaCO3/day (1b CaCO3/day)

A = area containing mine drainage sources, ha (acre)

]

Q(R), Q(str) flow; Eq. (7-8) requires flow units Q(R) as annual
average runoff, in cm/year (in/year). Equation (7-9)
requires flow units Q(str) as streamflow in liters/

sec (cfs).

C(S04) = concentration of sulfate in surface waters, ppm
C(S0,4)pe = concentration of sulfate in surface waters attributable
to background, ppm
C(SO4)pT = concentration of sulfate in sources attributable to
point sources, ppm
a = conversion constant for obtaining proper load

The two key elements of this loading function are in the conversion fac-
tor a and in the concentration of background sulfate C(SO4)pg. The
value of a to be used in the loading function is determined by the
units of flow. A table of a values is presented in Table 7-4. The
values take into account the conversion of sulfate concentrations (in
ppm) to their calcium carbonate equivalents (ppm as CaCO3). This con-
version is necessary in order to obtain load units of kilograms CaCO3
per day (lb CaCO3/day).

151



Table 7-4. CONVERSION FACTORS a TO BE USED FOR
OPTION II MINE DRAINAGE LOADING FUNCTION

Sulfate Units of Units of
concentration flow area Value of Units of

units Q A a _Y(AMD)

ppm cm/year ha 2.8 x 1074 kg CaCO3/day
ppm in/year acre 6.4 x 1074 1b CaCO3/day
ppm liters/sec - 0.090 kg CaCO3/day
ppm cfs - 5.61 1b CaC03/day

The background levels of sulfate can be estimated through the use of an
iso-sulfate background map presented in Figure 7-2. The region of in-
terest is identified on the map, and sulfate levels estimated through the
contours. If more specific data are available which are believed to de-
scribe background sulfate levels more adequately, then these data would
be preferred to the use of Figure 7-2.

Other components of the loading function are obtained through standard
sources. Sulfate concentration in streams, C(S04) , and streamflow,
Q(str) , can be obtained from U.S. Geological Survey studies and from
local water quality records. Annual average runoff can be estimated with
the U.S. Geological Survey Surface Runoff Map, Plates 118 and 119, in the
National Atlas. Sulfate contributions from point sources, C(SO4)PT s
can be estimated from data contained in permit applications for point
source discharges.

7.3.2 Procedure for Using Option II Mine Drainage Loading Function

The step-by-step procedure for using the Option II loading function is
outlined below.

1. Obtain necessary water quality data, streamflow data, and areal data
from U.S. Geological Survey records, local records, or other similar
sources.

2. TFrom these data establish appropriate values for A » QR) , and
C(SO4) .

3. Determine value for background sulfate, 0(804)BG , using Figure 7-2,
or from local water quality information thought to be more appropriate.
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4. Determine value of conversion constant a by means of Table 7-4.,

5. Insert a , A, Q(R) , C(S04) and C(804)pg values established
in the above steps into proper form of Option II loading function.

6. Compute mine drainage loads.

7.3.3 Example of Option II Loading Function for Mine Drainage

An example of how the Option II loading function can be used is summar-
ized in Table 7-5. This table contains results for the Tioga and Juniata
river basins in Appalachia obtained by the Option II loading function.
The Option II estimates are within 80 to 110% of the reported loads.

The loading function works out well in these cases because mine drainages
(and background) are the principal sources of sulfate in the area. If
the loading function is applied to more highly industralized areas, e.g.,
the Anthracite Region of Appalachia, it tends to overpredict the nonpoint
loads of mine drainage. 1In the industrial areas, point source discharges
of sulfate report as nonpoint discharges within the context of the Option
II method. Therefore, the Option II approach should be used mainly in
rural areas. If amounts of the point source contributions of sulfate are
known, however, they can be subtracted from estimates yielded by the Op-
tion II loading function. This procedure would ameliorate some of the
deficiencies of using the stream to source approach in populated or in-
dustrialized areas.

7.4 ESTIMATED RANGE OF ACCURACY

A series of estimated value ranges for several acid mine drainage loads
calculated using the Option I procedure are presented in Table 7-6. Two
ranges are presented--one for Appalachia, and one for regions other than
Appalachia. As can be seen by the ranges, the loading function is more
accurate when applied to coal mining in Appalachia than it is when used
in other parts of the country.

One major source of error in the Option I loading function lies in the
number of mine drainage sources in the area being considered with the
loading function. If not enough sources are available in an area, it

is likely that their distribution of loads will not meet that of the
"typical"” mine from which the loading function was developed. This prob-
lem will most often be encountered in regions outside of Appalachia where

mining activity density (number of mines in the area being considered)
is small.
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Table 7-5. ESTIMATED MINE DRAINAGE EMISSIONS FROM TLOGA AND JANIATA
RIVER BASINS USING OPTION II LOADING FUNCTION

Essential information: Y(AMD) = a-Q(str)-[C(S0,) - C(50,)p: = C(S04)pr)

a = 5.61
Sulfate
Flow at concentration Total Background Calculated mine Reported mine
confluence  at confluence sulfate load sulfate load drainage load drainage loada/
Basin (cfs) (ppm) (1b caCoO3/day) (1b caCo3/day)  (1b CaCO3/day) (1b cacC03/day)
Tioga 25 150 21,000 1,400 19,600 24,100
Juniata 150 60 50,500 8,400 42,100 37,900

é/ Federal Water Pollution Control Administration, Ohio Basin Region, U.S. Department of the Interior,
"Stream Pollution by Coal Mine Drainage in Appalachia,' Attachment A to Appendix C of the
Appalachian Regional Commission Report, Acid Mine Drainage in Appalachia, Washington, D.C. (1969).




Table 7-6. ESTIMATED RANGE OF LOADS FOR OPTION 1 (SOURCE TO STREAM)
ACID MINE DRAINAGE LOADING FUNCTIONS

Probable range of loads

Number of Calculated (kg/day)
mine drainage load Other than
sources (kg/day) Appalachia Appalachia
> 1,000 1,000 200-5,000 al/
10,000 5,000-20,000 a/
100,000 80,000-120,000 al/
100-1,000 500 0-3,000 0-5,000
'5,000 1,000-20,000 500-50,000
50,000 20,000-80,000 10,000-100,000
< 100 100 0-1,000 0-2,000
1,000 0-10,000 0-20,000
10,000 1,000-30,000 500-50,000

a/ Areal density of mining activities outside of Appalachia is less
than 1,000 mines per total area considered.

Another source of uncertainty lies in the choice of the constants K
and Kp in the loading function. The calculated loads in Table 7-6
assume Kz = 130 and Kp = 0.54 as indicated in Table 7-1. However,
a range of values i1s provided for both Ky and Ky in Table 7-1 and
the user is at liberty to select values of these constants which best
represent his area. The larger ranges in areas outside Appalachia as
indicated in Table 7-6 reflect a higher degree of uncertainty in proper
choices of K, and Ky 1in the loading function.

A third source of error in the Option I function is found in the estima-
tion of background neutralization capacity. The neutralization capacity
of background will vary widely throughout the area in which mine drainage
sources are located. This variation in background alkalinity, together
with the relatively large areas that need to be considered in oxrder to
have enough sources for the statistical distribution, is probably the
biggest source of error in the loading function.

The estimates in Table 7-6 suggest that more uncertainty is to be ex-

pected with small loads than with large loads. This greater uncertainty
is due to the subtraction steps in the Option I procedure. The nearer
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in magnitude the statistical distribution and background alkalinity
terms, the greater the potential error in the calculated value. Indeed,
there may be instances where calculated acid mine drainage emissions
will be zero (or a negative value), when in fact acid mine drainage is
present. These occurrences are most probable in areas having high back-
ground alkalinities such as found in the Midwest.

The Option II stream to source approach for acid mine drainage depends
strictly upon measured sulfate levels in streams compared to estimated
sulfate levels in background. Estimated ranges of acid mine drainage
loads are presented in Table 7.7. An area of 1 million hectares (4,000
sq miles) has been used to differentiate between larger and small areas
in Table 7-7. The range of loads arising from smaller areas are some-
what broader on a percentage basis than are the loads from the larger
areas. The differences in breadth reflect the fewer number of sources
in the smaller area, as well as a higher degree of uncertainty in back-
ground levels.

Table 7-7. ESTIMATED RANGE OF LOADS FOR OPTION II (STREAM TO SOURCE)
ACID MINE DRAINAGE LOADING FUNCTIONS

Area containing Calculated
mining sources load Probable range of
(ha) (kg/day) loads (kg/day)
< 1,000,000 1,000 200-10,000
10,000 5,000-30,000
> 1,000,000 1,000 500-3,000
10,000 6,000-20,000
100,000 70,000-150,000

In addition to area differences, Table 7-7 also indicates a wider range
for small total loads than for large total loads. These differences are
due to uncertainties in the difference between total sulfate and back-
ground sulfate, i.e., the [C(SO4) - C(SO4>BG] term. The larger loads
thus reflect a larger ''met' sulfate attributable to acid mine drainage.
A larger net value is inherently more accurate than a small net value.
Thus, larger loads calculated by the Option II procedure are more ac-
curate than smaller loads calculated in the same manner.
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SECTION 8.0
HEAVY METALS AND RADIOACTIVITY
8.1 INTRODUCTION

Two options are presented for estimating nonpoint loads of heavy metals
or radiocactivity. The estimation procedures for both heavy metals and
radiocactivity are identical, except that input data for heavy metals re-
quire concentration reported in parts per billion, while input data for
radioactivity require units of picocuries per liter. The two options
are:

Option I - Source to Stream Approach: A summation of loads emitted by
known sources in the area under consideration. These sources represent,
in most cases,.emissions from abandoned mining sites and from their as-
sociated processing operations such as tailings piles. This approach
will be sufficient in those areas where the nonpoint sources have been
identified. Since all mines do not produce drainage to transport heavy
metals or radiocactivity, the contribution of the nondraining mines to
the total load will be zero. 1In many other cases, drainage from many
inactive mining sites will be negligible when compared to the few major
sources. Contribution to the total load from many minor sources may be
insignificant compared to the load from the few major sources.

Option II - Stream to Source Approach: An estimation of loads obtained

by difference between total load and estimated background load. This
option should be used where specific sources of heavy metal or radioac-
tivity have not been identified or characterized. Since most heavy metals
and radiocactive nuclides tend to precipitate within a short distance after
their discharge into surface waters, the possibility exists that heavy
metals or radiocactive contents of stream water samples do not accurately
reflect the quantity of materials actually delivered to the stream by non-
point sources. This problem can be overcome by using water quality data
sampled at points known to be in close proximity to the nonpoint sources,
even though precise locations of nonpoint sources are unknown.
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In addition to the above methods, the special case of heavy metals associ-
ated with sediment loads is discussed in Section 8.5. The U.S. Geological
Survey has reported results of an extensive sampling and analysis program
in which heavy metal contents of surficial soils in the United States were
determined.l/ This study indicates that heavy metals in sediment consti-
tute a significant nonpoint load in terms of quantity. However, the impact
of the heavy metal load on surface water quality is much less severe. The
method described in Section 8.5 "piggy-backs' the heavy metal concentration
of soils onto the sediment loading function (Eq. 3-1, Section 3.2.2) in
order to estimate sediment-borne heavy metal nonpoint loads arising from
the various sources of sediment emissions.
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8.2 OPTION I: SOURCE TO STREAM APPROACH

8.2.1 Information Requirements for Loading Value Equation

The loading value equations for estimating heavy metal or radioactivity
loads emitted by nonpoint sources using the source to stream approach
are:

Y(HM) = a T Q,-C(mh), (8-1)
n
Y(RAD) = a 3 Q, *C(RAD)_ (8-2)
n
where Y(HM) = yield of heavy metal from a given area, kg/day (1b/day)
Y(RAD) = yield of radioactivity from a given area, picocuries/

day

C(HM)n = concentration of heavy metals emitted from nth source,
ng/liter (ppb)

concentration of radioactivity emitted from the nth
source, picocuries/liter

C(RAD),

Qy = flow transporting pollutant from the nth source, liters/
sec (cfs)

a = conversion factor needed to obtain proper units of load
(see Table 8-1)

Flow (Q) and concentration (C) information is obtained from data gath-
ered from recent nonpoint monitoring studies, or from permit application
records. The nonpoint sources emitting heavy metals or radioactivity are
likely to be abandoned or inactive mining sites, milling and ore beneficia-
tion sites, and associated waste rock dumps and tailings ponds. If such
data are not available, it may be necessary to use the Option II approach
rather than Option T.

8.2.2 Procedure for Using Option I Loading Value Equation

The step-by-step procedure for using Option I for heavy metals and radio-
activity loads is:
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Table 8-1. CONVERSION FACTORS a TO BE USED FOR OPTION I LOADING VALUE EQUATIONS

Concentration
Constituent units
Heavy metals ppb
Radioactivity picocuries/yg

Units of

flow "Qa/

4 /sec
cfs

3 /sec
cfs

Value of

tnon
a

8.64 x 1072
5.39 x 10-3

8.64 x 10~4
2.45 x 10-0

Units of
"y load"

kg/day
1b/day

picocuries/day
picocuries/day

a/ Flow data may be obtained from U.S. Geological Survey Records, STORET data,
U.S5. Army Corps of Engineer records, or other records available at local

levels.



1. Obtain data for composition and flow of drainage from individual
nonpoint sources.

2. 1If heavy metal concentration data are reported in units other than
parts per billion (or pg/liter), convert data to parts per billion units.
Conversion of parts per million to parts per billion is accomplished by:

ppb = 1,000 x ppm

If radioactivity units are reported in units other than picocuries per
liter, convert data to proper units.

3. 1If flow units in raw data are reported as gallon per minute, gallon
per day, etc., convert flows to liters per second (cfs).

4. Add concentrations of heavy metals or radioactivities to obtain total
concentrations. Heavy metals include all metallic constituents except:
sodium, potassium, calcium, magnesium, and aluminum. The metalloids
arsenic and antimony should be counted as heavy metals.

The total heavy metals may be separated into three subcategories if de-
sired:

Category A - iron <+ manganese;
Category B - arsenic + copper + lead + zinc; and
Category C - remaining heavy metals.
5. Multiply flows and concentrations for each individual site.

6. Add up all computed values obtained in Step 5.

7. Choose proper conversion constant from Table 8-1 based upon units of
flow, Q , established in Step 3.

8. Compute load by multiplying the sum obtained in Step 6 by conversion
constant identified in Step 7.

8.2.3 Example of Option I Source to Stream Approach

The Option I approach has been applied to heavy metals emissions from
abandoned mine sites in the Coeur d'Alene River Valley in Idaho. The
computations are summarized in Table 8-2.
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Table 8-2. NONPOINT HEAVY METAL EMISSIONS ESTIMATES FROM SOME INACTIVE MINES IN THE COEUR d'ALENE VALLEY, IDAHO

USING OPTION I METHODSa/

Flow

Mine and nearest town (gpm)

1. Adair, Manhattan 20
. Creek
2. Aldegulch, Murray small
3. Bullion, Wallace small
4, California Gulch, small
Nine Mile Creek

5. Duncan Gulch small
6. Galconda, Mullan 20
7. Monitor, Wallace small
8. Murray, Murray small
9. Placer Gulch, 5
Wallace
10. Silver Beaver, 10
Wallace
11. Snowstorm Peak, 30
Mullan
12. Sunset Peak, small
Wallace

Total load for non-
point sources

Load Load Load
Iron + iron + Arsenic + copper arsenic + copper Miscellaneous miscellaneous Total load
manganese manganese + lead + zinc + lead + zinc heavy metals heavy metals heavy metals
(4/sec) (ppb) (kg/day) (ppb) (kg/day) (ppb) (kg/day) (kg/day)
1.3 159 0.02 15 0.002 4 0.005 0.027
~ 0.3 1,300 0.03 562 0.02 8 0.002 3,050
~ 0.3 208 0.005 15 0.0004 4 0.0001 0 6655
~ 0.3 1,783 0.05 133 0.003 11 0.0003 0.0533
~ 0.3 3,447 0.09 109 0.003 32 0.0008 0.0938
1.3 5,450 0.6 41 0.005 10 0.001 0.606
~ 0.3 1,560 0.04 11,342 0.3 49 0.001 0.341
~ 0.3 1,382 0.04 109 0.003 4 0.0001 0.0431
0.3 200 0.005 25 0.0006 6 0.0002 0.0058
0.6 3,855 0.2 64 0.003 5 0.0003 0.2033
1.9 172 0.03 256 0.04 5 0.0008 0.0708
~ 0.3 390 0.01 212 0.006 67 0.002 0.018
1.12 0.386 0.0136 1.5196

a/ Sceva, J. E., "Water Quality Considerations for The Metal Mining Industry in the Pacific Northwest," Draft Report, Region X, U.S
Environmental Protection Agency, Seattle, Washington (1973). ’ oo



The information in Table 8-2 points out the major weakness of the Option
I approach--it is not known whether all nonpoint sources are accounted
for. It is believed, however, that major contributors are known, and
that this sum represents a good "average' for heavy metal contributions
in the region.

8.3 OPTION II: STREAM TO SOURCE APPROACH

8.3.1 loading Value Equations and Information Needs

Four loading value equations for estimating heavy metal or radioactivity
loads emitted by nonpoint sources using the stream to source approach
can be used. These equations are:

Case 1 Y(HD) = a*A'Q(R)-[C(HM) - C(HM)pg] (8-3)
Case 2 Y(HM) = a-Q(str)-[C(HM) - C(HM)pg) (8-4)
Case 3 Y(RAD) = a-A+Q(R)-[C(RAD) - C(RAD)BG] (8-5)
Case 4 Y(RAD) = a'Q(str)-[C(RAD) - C(RAD)p.] (8-6)
where Y(HM) = yield of heavy metal from a given area, kg/day (1b/day)

Y(RAD) = yield of radioactivity from a given area, picocuries/
day
C(HM) = concentration of total heavy metals emitted from non-
point sources, ppb (ng/liter)
C(HM)p = concentration of total heavy metals emitted from back-
ground, ppb (pg/liter)
C(RAD) = concentration of radioactivity emitted from nonpoint
sources, picocuries/liter
C(RAD)BG = concentration of radioactivity emitted from background

sources, picocuries/liter

A = area containing nonpoint sources, ha (acres)
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Q(R) = flow as average annual runoff, cm (in.)
Q(str) = flow as streamflow, liters/sec (cfs)
a = conversion factor needed to obtain proper units of

load (see Table 8-3)

The four cases are differentiated by the type of flow data available to
the user. Cases 1 and 3 require average annual runoff in centimeters
per year (in/year) obtainable from standard runoff maps, e.g., U.S. Geo-
logical Survey's National Atlas, Plates 118 and 119. Cases 2 and 4 can
use measured streamflow values measured in volume per time unit (i.e.,
liters/sec or cfs). The values for particular streams are available in
U.S. Geological Survey records, STORET data, and U.S. Army Corps of
Engineers streamflow records.

In areas of highly variable flow (such as mountainous regions), the use
of annual average runoff values (Cases 1 and 3) is recommended unless
precise knowledge of streamflow at the sampling site is known. If an-
nual average runoff is used, it is desirable in some cases to not con-
sider the area (A) factor if the areal extent drained above the sam-
pling point is not known accurately. If so done for Cases 1 and 3, the
units of load would become kilograms per hectare per day (1b/acre/day).

On the other hand, if good streamflow and concentration data are avail-
able to the user, he should use the Cases 2 or 4 loading value equations
to estimate heavy metal or radioactivity emissions.

8.3.2 Estimation of Heavy Metal and Radioactivity Emissions from

Background

A key part of the Option II approach is the estimation of heavy metals
and radioactivity emissions from background. A series of maps have been
developed for estimating background concentrations of heavy metals and
radioactivity. These maps are:

Figure 8-1 Background total heavy metals (ppb)

Figure 8-2. Background iron + manganese (ppb)

Figure 8-3 Background arsenic + copper + lead + zinc (ppb)

Figure 8-4. Background miscellaneous heavy metals (ppb)

Figure 8-5 Background radioactivity (picocuries/liter)

Figure 8-6 Background alpha radiocactivity (picocuries/liter)
8-7

Figure Background beta radioactivity (picocuries/liter)
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Table 8-3. CONVERSION FACTORS "a'" TO BE USED FOR OPTION II LOADING VALUE EQUATION
Units
Concentration  Units of of Value of Units of
Constituent units flow "Q" area "A" g Y(HM) or Y(RAD)
Case 1 Heavy metals ppb cm/yr ha 2.7 x 10-7 kg/day or kg/ha/dayi/
in/yr ac 6.2 x 1077 1b/day or lb/ac/day?/
Case 2 Heavy metals ppb 4/sec 8.64 x 102 kg/day
cfs 5.39 x 103  1b/day
Case 3 Radioactivity picocuries/y cm/yr ha 270 plcocuries/day or picocuries/ha/day§¢
in/yr ac 280 picocuries/day or picocuries/ac/day—
Case 4 Radioactivity picocuries/y 3/sec 8.64 x 1074 picocuries/day
cfs 2.45 x 1070 picocuries/day

a/ Units of Y(HM) or Y(RAD) obtained if Area (A) is not used in loading value equation,
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If other sources are not available, these maps should be used to esti-
mate background concentrations of needed constituents.

8.3.3 Procedure for Using Option II Loading Value Equations

The step-by-step procedure for using the Option I1 approach for estimat-
ing heavy metal and radioactivity emissions is:

1. Obtain data for heavy metal and radioactivity concentrations from a
selected number of monitoring stations. The data should include concen-
tration and flow information.

2. Obtain data for heavy metal and radioactivity concentrations in back-
ground. These data may be local data deemed proper by the user, or from
the maps (Figures 8-1 through 8-7) presented earlier.

3. If flow data are not available with concentration data, estimate flow
as annual average runoff from standard U.S. Geological Survey Runoff Maps.

4. After proper flow and concentration data have been acquired, choose
the proper case and determine "a'" value from Table 8-3.

5. Sum up heavy metal concentrations to obtain total heavy metals. The
total heavy metal may be broken into three subtotals: iron -+ manganese;
arsenic + copper + lead + zinc; and miscellaneous heavy metals. The
heavy metal constituents to be considered in the summing process have
been identified in Section 8.2.2, Step No. 4, of this report.

6. If flow data are limited to average annual runoff, and if good areal
data are not known, do not consider area (A) factor in loading value equa-

tion. This aspect will yield results in kilogram per hectare per day
(1b/acre/day).

7. After data have been obtained and processed using the above steps,
insert into proper loading value equation and compute loads.

8.3.4 FExample of Option II Stream to Source Approach

The Option II approach has been used to estimate heavy metal loading from
nonpoint sources in Clear Creek County, Colorado. Results of this esti-
mation are presented in Table 8-4. These computations have used the Case
1 loading value equation, i.e., flow is estimated by average annual run-
off. 1In addition, areal data were insufficient to estimate loads. Thus,
loads are reported as kilogram per hectare per day.

175



9.1

Table 8-~4. HEAVY METAL POLLUTANT EMISSIONS FROM SEVERAL STREAMS IN CLEAR CREEK COUNTY, COLORADOZ/

Arsenic + copper +

Miascellaneous

Iron + manganese lead + zinc heavy metals
Concentration Load Concentration Load Concentration Load
(ppb) (kg/ha/day) (ppb) (kg/ha/day) (ppb) (kg/ha/day)
Case 1 approach: QF = 25 cm/yr; a = 2.7 x 1077
A factors are unknown, loads
reported in kg/ha/yr
Background: Chicago Creek above South Chicago 15
Creek near Idaho Springs, Colorado
Nonpoint Pollutant Emissions:
1. WF Clear Creek above Woods Creek at 5,910 0.04 222 0.001 10 c/
Berthoud Falls, Colorado
2. Woods Creek at mouth at Berthoud 4,800 0.03 1,811 0.01 26,000?./ 0.2
Falls, Colorado
3. WF Clear Creek near Empire, Colorado 1,320 0.01 72 c, 6 c
4. Fall River near Idaho Springs, Colorado 30 c/ 58 e/ 1 c/
5. Virginia Canyon Creek at mouth at Idaho 85,000 0.6 10,000 0.07 1,700 0.01
Springs, Colorado
6. Soda Creek at mouth at Idaho Springs, 89 c/ 91 c/ 1 c/
Colorado
7. Clear Creek above North Clear Creek 1,720 0.01 632 0.004 13 c/
near Hidden Valley, Colorado N
8. Clear Creek above Quayle Creek at 136 cf 47 </ o] c/
Bakerville, Colorado -
9. Clear Creek above South Clear Creek at 63 c/ 884 0.006 3 c/
Georgetown, Colorado -
10. South Clear Creek at mouth at Georgetown, 17 c/ 5 c/ 0 e/
Colorado
11. Leavenworth Creek at mouth near Georgetown, 24 c/ 143 0.001 0 c/
Colorado
12. Clear Creek above WF Clear Creek near 105 c/ 578 0.004 1 </
Empire, Colorado
13. Ute Creek at mouth near Idaho Springs, Colorado 56 cf 88 0.001 5 c/
14. Chicago Creek above Spring Creek at Idaho 160 0.001 75 c/ 0 e/
Springs, Colorado
15. Lion Creek at mouth at Empire, Colorado 18,000 0.1 2,000 0.01 226 0.002
16. Clear Creek above Chicago Creek at Idaho 650 0.004 385 0.002 7 c/
Springs, Colorado ha
17. Clear Creek above STP Outfall at Idaho Springs, 2,020 0.01 823 0.005 12 c/
Colorado -
18. Clear Creek below Sawmill Gulch near Hidden 1,860 0.01 618 0.004 9 c/

Valley, Colorade

a/ Wentz, D. A., "Effect of Mine Drainage on the Quality of Streams in Colorado,’

Colorado Water Conservation Board, Denver, Colorado (1974).
b/ All molybdenum.
¢/ Lless than 0.001 kg/ha/day (1.0 g/ha/day).

Colorado Water Resources Circular No. 21,



In order to obtain actual loads, drainage areas represented by each
sampling station should be known. Estimation of the areas might be
accomplished by studying U.S. Geological Survey topographic maps.
Once areas are estimated, they should be multiplied by the proper
loading rates and summed to obtain estimates for the total load
arising from the nonpoint sources.

8.4 EXPECTED ACCURACY OF METHODS

In the case of the Option I approach where individual sources are summed,
the accuracy will depend upon the variability of the emission loads from
each source. However, as more and more sources are included in the sum-
mation, the more accurate will be the estimate. This increased accuracy
will arise because of the greater number of points forming the statisti-
cal distribution of sources. Option I also assumes that the principal
sources of heavy metal and radioactivity emissions are known for the area
under consideration. Thus, the use of Option I should be restricted to
only those persons with knowledge of the area. An estimate of the ac-
curacy of Option I methods for heavy metals is presented in Table 8-5

for several calculated loads. The accuracy for radioactivity would be
expected to fall into the same percentage ranges.

Option II is inherently less accurate than Option I, since it depends
upon a good estimate of background emissions of heavy metals and radio-
activity, and involves a comparison of these components actually found
with the background estimates. Background heavy metals are particularly
difficult to estimate, since wide variations in concentrations are noted
and emissions are nonuniform throughout the country. Because specific
sources are not involved, heavy metal and radiocactivity loads are con-
sidered to be diffuse and emitted uniformly from all land area considered
when Option II is used. Thus, use of the Option II method is more accu-
rate with larger areas. Accuracy ranges are narrowed further when large
loads are emitted rather than small loads, since Option II involves com-
parison of total loads with background loads. The greater the difference
between total and background levels, the less will be the error intro-
duced by the subtraction operation. An estimate of expected accuracy

for heavy metals emissions using Option II is presented in Table 8-6.
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Table 8-5. EXPECTED ACCURACY OF OPTION I (SOURCE TO STREAM)
METHOD FOR HEAVY METALS
Number Calculated Probable range
of load of loads
sources (kg/day) (kg/day)
10 0.1 0.01-1.0
1 0.5-5
50 1 0.7-3
5 2-10
10 5-15
100 1 0.8-2
5 3-8
10 7-15
20 17-25
Table 8-6. EXPECTED ACCURACY OF OPTION II (STREAM TO SOURCE)
METHOD FOR HEAVY METALS
Area Calculated Probable range
containing load of loads
sources (ha) (kg/ha/year) (kg/ha/year)
< 1,000,000 1 0.2-15
10 3-30
> 1,000,000 1 0.4-10
10 5-20
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8.5 HEAVY METALS ATTACHED TO SEDIMENT

8.5.1 Loading Function

The largest single nonpoint heavy metal load into surface waters will be
that which is carried by sediment. The U.S. Geological Survey has under-
taken an in-depth studyl to determine the elemental composition of sur-
ficial materials in the United States. Soil samples were collected from
863 sites throughout the 48 conterminous states and analyzed for 44 differ-
ent elements. Of these 44 elements, 36 are heavy metals as defined earlier,
i.e., metallic or metalloid elements with atomic number greater than 20,
Sediment arising from various sources throughout the country will carry
these elements into surface waters. Thus, the amount of heavy metal de-
livered with the sediment is directly proportional to the sediment load.

The loading function is:

Y(HM)S = a-CS(HM)'Y(S)E (8-7)

1]

where Y(HM)S yield of heavy metals in sediment, kg/day (1lb/day)

CS(HM) = concentration of heavy metals in eroded soil, ppm
Y(S)E = sediment yield metric tons/year (tons/year)
a = conversion factor to obtain proper units of load. 1If

Y(S)E is expressed in metric tons/year, a = 2.74 x 10’6;
if Y(S)E is expressed as English tons/year, a = 5.48 x
1079,

The loading function assumes that there is no enrichment (or loss) of
heavy metals in the eroded soil. One would not expect to have either en-
richment or loss of heavy metals in the sediment, since they are tied up
in insoluble forms in the soils.

The loading function (Eq. (8-7)) is apt to yield very large values for
heavy metal emissions. The metals are an integral part of the soil-
sediment matrix, and most are sparingly soluble in water. The fraction

of the load which solubilizes in surface waters is usually very small,

and the impact on water quality is thus very much less than one would cal-
culate on the basis of a total load discharged to the stream.
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8.5.2 Information Needs

Two basic pieces of information are needed to estimate emissions of heavy
metals associated with sediment: the amount of sediment produced, Y(S)E;
and the amount of heavy metals in the eroded soils, CS(HM). The value of
Y(S)E is determined using sediment loading procedures (USLE Eq. (3-1)) de-
scribed in Section 3.0. The value of CS(HM) can be determined from the data
collected by the U.S. Geological Survey in their report concerning elemental
composition of surficial materials,= or from other data available locally.

The average concentrations and ranges of the various heavy metals in sur-
ficial materials obtained from the 863 sampling stations are presented in
Table 8-7. 1In addition to the arithmetic averages, the geometric means
(ancther form of "averaging') have also been included on a national basis,
as well as an Eastern and Western areal basis. The line separating East
from West is the 97th meridian.

In many cases, the elements were found to be in concentrations less than
the detection limits of the analytical methods employed by the USGS. The
concentrations of these elements are shown in Table 8-7 to be less than
the detection limits, and no average can be presented. The metals which
fall in this category are arsenic, cadmium, germanium, gold, hafnium, in-
dium, platinum, palladium, rhenium, tantalum, tellurium, thallium, thorium,
and uranium. Many of these elements are known, from other studies, to be
present in soils.

For those elements which were generally found to be above detection limits,
the concentration at each Sampl}ng site has been plotted and mapped in the
U.S. Geological Survey report.l Specific heavy metals in specific areas
can be estimated from these maps. Thus, the USGS report can serve as a

basic reference for U.S. data concerning heavy metals in sediment.

8.5.3 Relationship Between Heavy Metals in Soils and in Surface Waters

As can be seen in Table 8-7, the predominant heavy metal in surficial mate-
rial is iron. The metal having next greatest abundance is titanium. On
the average, these two elements constitute about 93% of all heavy metals

in soils. The remaining 7% is made up of many elements, ranked in the
following order: manganese, barium, strontium, zirconium, cerium, vanadium,
zinc, chromium, neodymium, lanthanium, yttrium, copper, lead, nickel, gal-
lium, niobium, cobalt, and scandium.

The high percentage of titanium in the soils is not reflected in surface
waters. As has been shown in Figure 8-1 and 8-2, iron and manganese con-
stitute the major portion of heavy metals in surface waters. Thus, one
concludes that the solubility mechanisms of manganese and titanium in soils
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differ substantially. From the surface water quality data, it would also
seem that the zinc, copper and lead constituents of eroded soils are rela-
tively mobile in aqueous systems.

On a total load basis, the heavy metals emitted through the sediment route
are much greater than the load detected in surface waters. A comparison
of heavy metals loads in natural background indicates that the surface wa-
ter load is approximately 1% of the load coming via the sediment route.
Most of the metals which are detected in the streams consist of iron, man-
ganese, arsenic, copper, lead and zinc, whereas those in the sediment are
primarily iron and titanium. Thus, the impact of heavy metals on the qual-
ity of surface waters is probably much smaller than the absolute loads of
sediment indicate. However, the differences in solubility and mobility
mechanisms of individual metal components are important for establishing
impacts of specific species,

8.5.4 Reliability of the Procedure

The reliability of estimating heavy metal loads through the procedure dis-
cussed above is a function of three factors: (a) the accuracy of the sedi
ment loads delivered to the stream (Table 3-10); (b) the accuracy of the
heavy metal concentration measurements in the soil; and (c¢) the variability
of heavy metal concentrations in the eroded soils. Of these three factors,
the one concerning variability of heavy metal content will be the most un-
certain. The estimated ranges of values for several heavy metal loads is
presented in Table 8-8.
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Table 8-7. HEAVY METAL CONCENTRATIONS IN SURFICIAL MATERIALS
IN THE UNITED STATESZ/

Geometric means

Arithmetic analysis Conterminous West of 97th East of 97th
Average Range U.Ss. meridian meridian

Element (ppm) (ppm) (ppm) (ppm) (ppm)
Arsenic -- < 1,000 -- -- --
Barium 554 15-5,000 430 560 300
Cadmium -- < 20 -- -- --
Cerium 86 < 150-300 75 74 78
Chromium 53 1-1,500 37 38 36
Cobalt 10 < 3-70 7 8 7
Copper 25 < 1-300 18 21 14
Iron 25,000 100-100,000 18,000 20,000 15,000
Gallium 19 < 5-70 14 18 10
Germanium -- < 10 -- -- --
Gold -- < 20 -- -- --
Hafnium -- < 100 -- -- -
Indium -- < 10 -- -- --
Lanthanum 41 < 30-200 34 35 33
Lead 20 < 10-700 16 18 14
Manganese 560 < 1-7,000 340 389 285
Molybdenum <3 < 3-7 -~ -- --
Neodymium 45 < 70-300 39 36 L4
Nickel 20 < 5-700 14 16 13
Niobium 13 < 10-100 12 11 13
Palladium -- <1 -- -- --
Platinum -- < 30 -- -- --
Rhenium -- < 30 -- -- -



Table 8-7 (concluded)

Geometric means

€8T

Arithmetic analysis Conterminous West of 97th East of 97th
Average Range U.S. meridian meridian
Element (ppm) (ppm) (ppm) (ppm) (ppm)
Scandium 10 < 5-50 8 9 7
Strontium 240 < 5-3,000 120 210 51
Tantalum -- < 200 -- -- --
Tellurium -- < 2,000 -- -- --
Thallium -- < 50 -- -- -
Thorium - < 200 - -- --
Titanium 3,000 300-15,000 2,500 2,100 3,000
Uranium -- < 500 -- -- --
Vanadium 76 < 7-500 56 66 46
Ytterbium 4 < 1-50 3 3 3
Yttrium 29 < 10-200 24 25 23
Zinc 54 < 25-2,000 44 51 36
Zirconium 240 < 10-2,000 200 170 250
Total 30,099 21,991 23,858 19,263
Note: ''- indicates all analyses showed element to be below detectable limits,

a/ Reference 1.



Table 8-8. EXPECTED ACCURACY OF HEAVY METAL LOADS
DELIVERED WITH SEDIMENT

Calculated Probable range
load of loads
(kg/day) (kg/day)
0.1 0.001-1.5
1 0.05-10
10 1-30
100 30-200
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1., Shacklette, H. T., J. C. Hamilton, J. G. Boernagen, and J. M. Bowles,
"Elemental Composition of Surficial Materials in the Conterminous
United States," U.S. Geological Survey Proffessional Paper 574-D,
Washington, D.C, (1971).
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SECTION 9.0
URBAN AND RELATED SOURCES

This section describes pollutant loading functions for developed urban
areas and related sources. In the subsections that follow, the sources
and types of pollutants and factors affecting pollutant generation, as
well as loading functions and relevant data, are presented in the fol-
lowing sequence: wurban runoff, Section 9.1; traffic related pollutants,
Section 9.2; and street and highway deicing salts, Section 9.3.

Discussion in this section pertains only to established areas. Loading
functions for areas under construction are presented in Section 3.0,
"Sediment Loading Functions,'" of this Handbook.

9.1 POLLUTANTS FROM URBAN RUNOFF

From established urban areas, stormwater may pick up various wastes
ranging from settled dust and ash to debris coming directly from man
himself. The quantities of solids from urban nonpoint sources are quite
significant in quantity. Fly ash and dust from industrial processes
such as steel mills, cement manufacturing, and certain chemical pro-
cesses are known to be profuse. Dusts from the burning of organic fuels
are a significant factor, and solids in sizable quantities also result
from off-street mud, automotive exhaust, organic debris from tree leaves
and grass trimmings, and discarded litter.

In this Handbook, the nonpoint pollutant loading function for urban
areas is formulated from pollutant loading values obtained in a recent
URS studyl/ for the U.S. Environmental Protection Agency. 1In that study
URS reviewed a large number of published reports, extracted and statis-
tically analyzed data, and presented average solid loading values and

chemical and biological composition of solids.

In analyses of urban runoff data, URS assumed that only the runoff from
street surfaces contributed to urban nonpoint pollution. The resulting
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loading values for solid wastes are given in terms of pounds per curb-
mile per day. The user should note that these values represent contri-
butions from both street and nonstreet surfaces.

Data developed in the URS study include nationwide means, as well as a
more detailed breakdown of data into major source categories, of solids
loading rates and pollutant composition of street solids. Table 9-1
reproduces, from the URS report, data which are divided into 13 subsets
among three major source categories including climate, land use, and
average daily traffic. These data are different from the whole set means
which are given in the last column of the table, at the 80% confidence
level. Whenever the mean of any parameter (solid loading rates or com-
position) in any subset differs significantly from the mean of the set
of all data, that number may be substituted for the mean of the set of
all data. Table 9-1 also gives the percent standard error of the mean
which indicates the degree of confidence that may be placed on the mean.

Table 9-2 presents the means and standard deviations of concentrations
of mercury and several pesticides, which resulted from a set of data

that were characterized as '"very small and unreliable."

9,1.1 Loading Functions

The functions which make use of solid accumulation rates and solid com-
position and provide for quantitative assessment of pollutant loadings
in urban runoff within a specified urban area are given as follows:

loading functions for solids

Y(S), = L(S)," Lgg (9-1)
where Y(8), = daily total solids loading, kg/day (1lb/day)

L(S), = daily solids loading rates, kg/curb-km/day (1b/curb-
mile/day)

=
1]

street curb-length (approximately 2.0 x street
length), curb-km (curb-miles).

st
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Table 9-1. SOLID LOADING RATES AND COMPOSITIONS=--NATIONWIDE MEANS AND
SUBSTITUTIONS OF THE NATIONWIDE MEANS AT 807 CONFIDENCE LEVEL* 1/

88T

1ba/curb No./dqrao;
mi/dey Concentrations im micrograma per gram of dry solid e./gren
Category Loading DOD:’ CoD QPQ4 TPO“ NUJ .\')(4 OrgN Ccd Cr Cu Fe Pb Mn Ni Sr Zn TCOL1+ PZOZ.1+
Climate Northeast 291° 5,970° 2.6b ).:!9h 17,700b 870c 363- Zlc 27b 260b 4.4£5e
7
Scutheast 103h 29,1(}0h 2,240. 1,9 D‘ l37b 1.370b Zlb zsb 7.0):4d
Southwost 50c 470b 241. 78. 2,.‘520b 57b 15‘ 5.7£5d.
Northwest 30c 248. 34,5oob 2,600° IOC 450. 6.8‘:5r 1.!242
Land Use Opon space
Residential 14,000b 82,000!‘ asob s:.oc 1,800. 93‘ l,430h 2ab
Cocmoreial 74c 53'7°°c 269,000c 2-.250c x,suoe 8.430. 1:ab :!,-‘MOh 48b szob
Light {ndustry -
Heavy industry 278,’ ZS.GOOD l.lGOc 57°b !.225.

Aversge Deily < 500 l‘nod 252 6.954
Tratfic L] R 4
Xo./day 300 - 5,000 9,5000 8-.‘-!.000g 'Mld. 4l9b !8.900‘ !..O(‘:Cvc 1'7d 34c 3_4554

- 5,000 - 13,000 18
[
> 13,000 82d 357 3.8£8
[ * ™
All date 1asb 19,900b X40,000b 1,2&50b 2,9:!0c 804b 2,640c 2.950b 3.4. 211. 104‘ 22,000. 1,810'l 419. JS. 21. 370. 2.5?:5c !..'IF:.‘)h

X
Oaly tbose subset mcans are showa which differ from the moan of tho set of all data at the BO-percent confidence level (Student t > 1.39, Degrees of Freedom » 10). Total
sucber of pormitted sudstitutions = 103, Porcent Standard Error of ihe Mean Subscripting Codo: & @ 0 =9, b w10 =19, c®w 20~ 29, d @30 « 39, @ =m 40 -~ 49, { = 50 = 62

+ . .

Coliform counts are expressed in computer notation, t,0,, ES = 105.
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Table 9-2. MEAN CONCENTRATIONS OF MERCURY AND CHLORINATED
HYDROCARBONS IN STREET DIRT FROM NINE U.S. CITTESY/

Concentrations in micrograms per kilogram of dry solid

Methoxy-~- Methyl
Hg Endrin Dieldrin  PCB chlor DDT Lindane  parathion  DDD
Mean 83 0.2 28 770 500 76 2.9 2 82
Standard 111 - 28 770 1,050 118 7.1 - 78

deviation



Loading functions for other pollutants

Y(@A), = a°Y(S)u-C(i)u (9-2)
where Y(i), = daily total loading of pollutant i., kg/day (lb/day);
MPN(x 10'6) per day for total coliform and fecal

coliform

conversion factor

a:
= 10~6 (metric and English)
Y(S), = daily total loading of solids, kg/day (lb/day), cal-
culated in Eq. (9-1)
C(i). = concentration of pollutant i in solids, ug/g; MPN/g
u

for total coliform and fecal coliform

Equations (9-1) and (9-2), along with solid loading values and composi-
tions in Tables 9-1 to 9-2, provide the means to assess daily average
pollutant loadings from urban areas.

It is important to note that pollutant loadings so calculated are street
surface loadings rather than loadings at outfalls to the receiving waters.
The transport of storm runoff in sewers and removal of pollutants in some
treatment systems would reduce pollutant loads to some extent. Such ef-
fects are not included in loading factors suggested in Tables 9-1 and 9-2.
Furthermore, the methodology presented above does not reflect the effect
of housekeeping practices in the urban area. Good housekeeping practices
such as cleaning of street solids by sweeping, and the use of catchment
basins to remove solids and organic matter, will reduce pollutant loads
from streets to receiving waters.2/

9.1.2 Procedure for Loading Calculations

Data in Tables 9-1 and 9-2 represent two options as well as two levels of
accuracy for a user to assess pollutant loadings from a given urban area.
Application of the '"subset' data may result in higher accuracy, but re-

quire more data and more computation effort, than if "mationwide means"
are used,.

Option I ~ In this option the user will use nationwide means presented
in Tables 9-1 and 9-2. Proceed as follows:

1. Determine solid loading rate and solid composition from tables.

190



2. Determine street length (include that of primary and secondary streets
but not driveways, alleys, or parking lots).

3. Calculate daily solid loading using Eq. (9-1).
4., Calculate daily loading of other pollutants using Eq. (9-2).

Option II - In this option the user will make use of data presented for
source categories in Table 9-1. Steps needed for loading calculations
are:

1. Characterize the study urban area, When applicable, the entire area
should be divided into individual homogeneous sections with unique char-
acteristics. Each individual section is then defined as a subarea (e.g.,
residential area).

2, Determine street length in each subarea.
3. Enter the Table 9-1 at the line labeled "All Data."

4, Select a category of climate, land use, or average daily traffic,
which best applies to an area and move upward to the line of data to the
right of the category heading.

5. Substitute those values available in the row selected for the cor-
responding values in the row labeled "All Data." 1In choosing the sub-
stitute loading factors, the following priority sequence of source cate-
gories is suggested: (a) climate; (b) land use; (c) average daily traf-
fic. The climatic zones of the U.S. delineated by the URS are shown in
Figure 9-1. Caution: it is not permissible to use more than one row of
substitutions at a time, i.e., to use a BOD value for land use and COD
for climate in order to form a new row of loading rate and composition
data., It is both proper and useful, however, to repeat the above process
to obtain several new rows of data to present a range of composition

and loading rates. Use data from Table 9-2, if desired.

6. Repeat Steps 4 and 5 for all subareas.
7. Use Eq. (9-1) to calculate total solid loading in a subarea.

8. Use solid loading (Step 7), Eq. (9-2) and selected composition data
to calculate total loading of other pollutants in a subarea.

9. Sum up loadings of subareas to obtain the loading of the entire study
area.
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The calculation procedure delineated for Option I and Option II above is
illustrated in Section 9.1.4.

Option IIT - In this option, the user will make use of site specific
data,

The recent URS study has assembled all presently available data on the
rates of accumulation of solids and on the concentrations of various
pollutant constituents in those solids that collect on street surfaces.
These data are probably adequate for most urban planning operations.
The user, however, may alternatively replace these loading factors by
site specific data to obtain better prediction.

If site specific data are lacking, users are encouraged to conduct samp-
ling and analytical programs of their own. The data from .site specific
tests, if handled properly, may be used in analyzing the area's runoff
problems instead of using values given in this Handbook. This would be
desirable in most instances, especially in areas or under specific con-
ditions that were not documented in the URS study.

Recommended procedures for conducting site specific tests are given in
Appendix B of the URS Report.l/

With the lack of site specific data, the user may wish to examine the
available published data for source and reliability. The user is re-
ferred to Appendix A of the URS Reportl/ for description of available
data sources, as well as procedures for processing these data.

9.1.3 Street Length and Land Use Data for Urban Areas

Data on street length - Street length data are available from local
public works departments or street departments. They can also be ob-
tained by measurement on aerial photographs.

Survey statistics for the U.S. indicate that sgfeet surfaces occupy on
the average about one-sixth of the urban area.=" The American Public
Works Associationé/‘recently developed a.regression between curb length
of urban area versus population density. Data from many cities across

the country were used. The resulting regression equation is:
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CL = 413.11 - (352.66)(0.839)FD (9-3)

il

where CL = curb length density, ft/acre

PD = population density, number/acre

The correlation coefficient for the equation is 0.72. The regression
curve is shown in Figure 9-2.

Curb length can be estimated if street surface acreage is known. Table
9-3 presents equivalent curb length per unit area of street surface, sug:
gested by URS.l/ However, if actual values are known, it is best to use

known values.

Land use data - The following references provide survey data and analy-
sis results relative to land uses in major urban areas of the U.S.:

Bartholomew, H., Land Use in American Cities, Harvard University Press,
Cambridge, Massachusetts (1955).

Niedercorn, J. H., and E. F. R. Hearle, "Recent Land-Use Trends in
Forty-Eight Large American Cities," The RAND Corporation, Santa Monica,
California, Memorandum RM-3664-FF, June 1963.

Manuel, A. D., R. H. Gustafson, and R. B. Welch, "Three Land Research
Studies," National Commission on Urban Problems, Research Report No. 12,
Washington, D.C. (1968).

The American Public Works Associationé/ estimated land consumption rates
for various land uses in American cities, shown in Table 9-4. These
rates can be used to estimate acreages in different land uses if the
number of population is known.

9.1.4 Example

The study area is a 250-acre urban watershed in Atlanta, Georgia. The
area is mainly residential and has 17 curb-miles of primary and second-
ary streets. Predict the average daily loadings of BOD and lead in run-
off from the entire area.

Option I - Use nationwide means of solid loading rate and compositions
given in Table 9-1.
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Table 9-3.

EQUIVALENT CURB-LENGTH PER UNIT AREA
OF STREET SURFACE, ARRANGED BY LAND USE

TypESL/

Open land

General residential
General commercial
Light industrial
Heavy industrial
All land use types

Table 9-

Equivalent curb-km
per hectare of
street surface

== NN

.11
.15
.63
.71
.59
.83

Equivalent curb-miles
per acre of
street surface

0.53
0.54
0.41
0.43
.40

0
0.46

4. GENERAL LAND CONSUMPTION RATES

FOR VARIOUS LAND USES &4/

Land use
Residential
Commercial
Industrial

Park

Land consumption (acres/capita)

< 100,000
Population

0.1049
0.0101
0.0177

0.0146

> 100,000 > 250,000
Population Population
0.0714 0.0585
0.0084 0.0073
0.0083 0.0077
0.0093 0.0078
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Calculate solid loading -

L(S), 156 1b/curb-mile/day

Y(S), = 156°17 = 2,652 1b/day

Calculate BOD and Pb loadings -

C(BOD), = 19,900:10-% 1b/1b solid

C(Pb), = 1,810:10-6 1b/1b solid

Y(BOD), = 2,652-19,900-10-6 = 52.8 1b/day

Y(Pb), = 2,652:1,810:107% = 4.8 1b/day

Option II - Use substitutions at 807% confidence level.

Atlanta is in the southeast. Move upward in Table 9-1 to southeast
climate category. A loading substitution is available. Make all avail-
able substitutions into the row labeled "All Data.'" The new row has,
among others:

Solid loading rate, L(S), = 103 1lb/curb-mile/day

BOD concentration, C(BOD)y = 19,900-10'6 1b/1b solid

Pb concentration, C(Pb), = 1,370:107° 1b/1b solid

Calculate solid loading -

Y(S)u = 103*17 = 1,751 1b/day

Calculate BOD and Pb loadings -

Y(BOD), = 1,751-19,900+107% = 34.8 1b/day
Y(Pb)y = 1,751+1,370-10"% = 2.40 1b/day
Pollutant loadings calculated in Option II are lower than those in Op-

tion I and probably better represent the real situation in Atlanta,
Georgia.
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9.1.5 Techniques for Assessing Urban Runoff Pollution Characteristics

The material presented in the preceding sections provides states and local
water quality planners with methodologies and data for predicting urban
nonpoint pollutant loadings. It is not intended to serve as a basis for
characterization of runoff flowing from an urbanized area. Rather, it

is intended to give a first-cut assessment of nonpoint urban pollutant
loading without extensive data generation.

The water pollution characteristics of urban runoff are related to both
the quantity and quality of runoff. There are numerous analytical methods
which have been developed for assessing the quality and quantity of run-
off following a rainfall or snowmelt incidence, as a function of time.
Variations of runoff characteristics with respect to time are especially
important if storage, treatment, or other methods of disposal are under
consideration; identification of temporal variations will enable one to
identify and treat the most polluted portion of the runoff.

The presently available analytical methods to assess the water pollution
characteristics of urban runoff consist of several levels of sophistica-
tion. The most accurate and definitive methods are the most difficult
to utilize. Simplistic methods are available to allow the user to ob-
tain approximate estimates.

The user is referred to the literature listed below for methods to assess
the pollution characteristics of urban runoff. The analytical tools
presented in these references range from simple desk calculations to sophis-
ticated computer techniques.

Amy, G., R. Pitt, R. Singh, W. L. Bradford, and M. B. LaGraff, Water
Quality Management Planning for Urban Runoff, U.S. Environmental Pro-
tection Agency, Washington, D.C. (EPA-440/9-75-004) (NTIS PB 241 689/
AS) December 1974,

Brater, E. F., and J. D. Sherrill, Rainfall-Runoff Relations on Urban and
Rural Areas, a study by the University of Michigan for the U.S. Environ-
mental Protection Agency, Cincinnati, Ohio (EPA-670/2-75-046) May 1975.

DiGiano, F. A., and P, A. Mangarella (Ed.), Applications of Stormwater
Management Models, Short Course Proceedings prepared by the University
of Massachusetts, for the U.S. Environmental Protection Agency, Cincinnati,
Ohio (EPA-670/2-75-065) June 1975.

Metcalf and Eddy, Inc., University of Florida, and Water Resources Engineers,
Inc., Stormwater Management Model, U.S. Environmental Protection Agency
(Report 11024 DOC 07/71), 4 Volumes, October 1971.
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U.S. Corps of Engineers, Urban Runoff: Storage, Treatment and Qverflow
Model '"STORM," U.S. Army, Davis, California, Hydrologic Engineering
Center Computer Program 723-58-12520, May 1974,

9.2 POLLUTANTS FROM MOTOR VEHICULAR TRAFFIC ON ROADWAYS

Motor vehicular traffic contributes asubstantial portion of pollutant
material accumulated on the surface of roadways. Significant levels of
toxic heavy metals, asbestos, and slowly biodegradable petroleum products
and rubber are deposited directly from motor vehicles. Contributed by
traffic are also large quantities of particulate materials and nutrients.
All of these constitute a significant source of water pollution.

In a recent study conducted by Biospherics, Inc.,éf for the U.S. Environ-
mental Protection Agency, the deposition rates of traffic related mater-
ials were measured. The sampling activities of that study were conducted
at different locations of urban roadways in Washington, D.C., with a
principal objective of determining the specific contributions of motor
vehicular traffic to materials deposited on roadways. During the investi-
gation, efforts were made to isolate pollutant contributions through other
mechanisms unrelated to motor vehicular traffic, such as land use, street
litter, air pollutant fallout, etc.

Traffic-dependent rates of deposition of roadway surface contaminants
determined by Biospherics, Inc., are given in Table 9-5. These deposition
rates (Kg/axle-km, or lb/axle-mile) are highly correlated with total traf-
fic at sampling sites and therefore considered to be traffic dependent.
This is not to imply that these materials are directly emitted by motor
vehicles, To the contrary, some of the traffic related materials may have
origins other than with the motor vehicle itself.

Information developed by Biospherics can be used to estimate, for a speci-

fic section of a roadway, the traffic related pollutant loads using the
function below:

Y(i)p, = y(i) ,"LH TD*AX (9-4)
where Y(i)y, = loading of pollutant 1 , kg/day (1b/day)

y(i)¢p = deposition rate of pollutant i , kg/axle-km (1b/

axle-km).
LH = length of highway section, km (mile)
TD = traffic density, vehicles/day
AX = average number of axles per vehicle
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Table 9-5. DEPOSITION RATES OF TRAFFIC-RELATED MATERIALSZ/

Deposition rate Significance of
(kg/axle~km) (1b/axle-mile) correlation (%)

(unless otherwise stated)

Dry weight 6.67 x 1074 2.38 x 10~3 < 0.1
Vo lume 1.77 x 1074 6.33 x 1074 <0
(quarts/axle-km) (quarts/axle-mile)
Volatile solids 3.39 x 1072 1.21 x 10~ <0.1
BOD 1.52 x 10-6 5.43 x 10-6 < 0.1
COD 3.58 x 10-5 1.28 x 10~% < 0.1
Grease 4.26 x 1070 1.52 x 1072 < 0.1
‘Total phosphate - P 4.03 x 107/ 1.44 x 1076 < 0.1
Nitrate - N 5.29 x 108 1.89 x 10-7 < 0.1
Nitrite - N 6.33 x 1079 2.26 x 10-8 < 0.1
Kjeldahl - N 1.04 x 10:; 3.72 x 1077 <2
Chloride 6.16 x 10 2.20 x 10” < 0.1
Petroleum 2.39 x 10-° 8.52 x 10~ < 0.1
n-Paraffins 1.68 x 107° 5.99 x 10~ < 0.1
Asbestos 1.08 x 102 3.86 x 105 < 0.1
(fibers/axle-km) (fibers/axle-mile)
Rubber 3.47 x 10~ 1.24 x 10~ < 0.1
Lead 7.81 x 10~ 2.79 x 1072 < 0.1
Chromium 5.18 x 1070 1.85 x 1077 <1
Copper 7.95 x 1078 2.84 x 10 <1
Nickel 1.23 x 1577 4.40 x 1077 < 0.1
Zinc 9.8 x 10-7 3.50 x 10~ < 0.1
Magnetic fraction 3.53 x 107 1.26 x 10~% <1



The following comments are made regarding the data (Table 9-5) developed
by Biospherics, Inc.

1. These data are deposition rates of traffic related materials on road-
way surfaces. They do not represent the discharge of pollutant into the
surface waterways. Correlation has not yet established between the loads
emitting to the streams and the dry weather accumulation on road sur-
face.

2. These deposition rates, however, may represent, on a high side, the
emission of pollutants from traffic related sources. It appears that the
loads flushed to receiving water by storm events depend on the surface
deposition and an attenuation factor which is influenced by the climatic
characteristics of the specific location, particularly the return fre-
quency of rainfall and runoff events sufficient to flush the surface.

3. It has been reportedl/ that a total rainfall of 0.5 in, will remove
90% of road surface particulates. The storms of following duration and
intensities are considered to produce such a result:

+ 0.1 in/hr for 300 min (5 hr)

+ 0,33 in/hr for 90 min (1-1/2 hr)
* 0.5 in/hr for 60 min (1 hr)

* 1.0 in/hr for 30 min (1/2 hr)

It has also been reported that total rainfalls of 0.27, 0.15, 0.08 and
0.02 in. will remove 70, 50, 30, and 10% respectively, of road surface
particulates. The return frequency of storms in various regions of the
United States has been developed in a study conducted by the American
Public Works Association for EPA. D

4. A very limited amount of work on highway runoff has been reported
and the loading functions or values which include effects from all pol-
lutant sources on highways are still not available. With the absence of
available data, the deposition rates established by Biospherics may be
used as a first approximation, with the following understandings:

a. Pollutants originating from highways, in addition to traffic related
pollutants, may alsoc come from sources such as atmospheric fallout, litter,
spill, and runoff from adjacent areas. Influences from these and other
sources are not included in the given deposition rates.
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b. These deposition rates were measured on urban roadways. If directly
applied to highway situations, they may result in a higher prediction
than that actually occurred, due to the following reasons: (a) a higher
travel speed on highways than on the urban roadways, and (b) a lower
frequency of stop-and-go on highways.

9.2.1 Sources of Roadway Traffic Data

Data on mileage of urban and rural roadways and annual vehicle-miles of
travel are generally available at state highway departments. These data
are presented in reports, such as New Mexico's "Traffic Survey, 1973,"
and Oregon's "Traffic Volume Tables for 1973." The states also prepare
traffic flow maps showing travel on major routes.

9.2,2 Example

A 100-km section of a highway has a traffic density of 40,000 cars/day.
Assuming two axles per vehicle, the following calculations are made to
estimate loadings of BOD and total phosphate from Eq. (9-4).

y(BOD) . = 1.52 x 107° kg/axle-km

Y(BOD)¢y = 1.52 x 1070 x 100 x 40,000 x 2 = 12.2 kg/day

I

y(PT)tr 4.03 x 107 kg/axle-km

Y(PT),, = 4.03 x 1077 x 100 x 40,000 x 2 = 3.2 kg/day

9.3 STREET AND HIGHWAY DEICING SALTS

A set of loading functions for deicing salts has been developed which
describes (a) average daily loading in a year, (b) average daily load-
ing in the winter season, and (c) maximum daily loading in a 30-
consecutive day period.

The 30-day minimum is negligible, since praétically all of the deicing
salt enters surface waters or moves to subsurface or groundwater during

the winter and early spring months.

9.3.1 loading Functions

Loading function for annual daily average - The deicing salt loading
function for daily average in a year for an area under consideration is

developed from (a) quantity of salt applied per year and (b) proportion
of salt reaching surface water.
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Y(D:Daverage daily (annual) = a-b+DI/365 (9-5)

where Y(Dl)average daily
(annual)

quantity of salt loading to water course,
average over l year, kg/day (1b/day)

a = conversion factor,
= 1,000 (MT, kg)
2,000 (tons, 1b)

It

o
I

attenuation factor, dimensionless

DI amount of deicer applied in the area,

MT/year (tons/year)

For urban streets, the attenuvation factor '"b" is 1.0, with the assump-
tion that applied salt is completely flushed into the storm sewer system
and into the receiving waters.

For rural areas, the attenuation factor "b" has been found to be in
the range of 0.5 to 0.9, due to losses to subsurface and groundwater.

A value of 0.7 is recommended. If local values for deicing salt losses
are available, however, they should be used in the loading function in
preference to 0.7.

Loading function for daily average in winter season - This function is
the same as Eq. (9-5) except that the denominator (365 days) is substi-
tuted by the number of days in the winter season.

Loading function for 30-day maximum - This loading function was developed
by evaluating snowfall frequency in an area and salt loading per snow-
fall day. For the latter, the function has the form:

Y(DI) = a-b-DL/SD (9-6)

snowfall day

where  Y(DL)gnowfall day — Salt loading. per snowfall day, kg/day (1b/
day)

SD = the number of snowdays, defined as days in
which 2.5 c¢cm (1.0 in.) or more of snow

falls

The 30 day maximum load can be determined by estimating the greatest
number of snowdays occurring in a 30-day period (SD30). The ratio of
the number of snowdays during the 30 day maximum period to the total
number of snowdays in the winter season will define the percentage of
the annual salt application during the 30-day period. Thus:
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= — 9-7
DI30 DI D ( )
where DI30 = the tonnage of salt applied during the 30 day maximum
period

The loading function which describes the maximum daily loading in a 30
consecutive day period, therefore, is:

Y(DD30_day maximum ~ (a-b-DIgy)/30 (9-8)
In the northern latitudes, especially in rural areas, the largest frac-
tion of the snowfall and applied salt remains on the ground until the
spring thaw, and hence, the 30 day maximum load is shifted to the spring
months. The user should rely on local experience to determine the 30
day maximum period.

9.3.2 Sources of Required Data

Number of snowdays (SD) - The number of snowdays in the winter season
can be estimated with climiatic maps in The National Atlas of the United
States, U.S. Department of the Interior, Geological Survey (1970), or
Climatic Atlas of the United States, U.S. Department of Commerce, June
1968, or other equally suitable sources.

Amount of deicing salt applied - Data may be obtained from the follow-
ing agencies:

Street departments;
Public work departments;
Highway departments; and
Tollway authorities.

Nationwide data on deicing salt application are periodically collected
by and available from the Salt Institute, Alexandria, Virginia.

Appendix H of this Handbook presents available statistics relative to
deicing salts application on highways. Information includes tonnage
of salt (sodium and calcium chlorides) applied, application rates per
snowday per unit length of single-lane roads, mileage of highways and
tollways treated, and mean annual snowdays. Application figures were
determined by survey in the late 1960's.
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SECTION 10.0
LIVESTOCK IN CONFINEMENT

10.1 INTRODUCTION

The loading function for livestock in confinement is applicable only to
feedlots that operate without adequate runoff control facilities. The
feedlots which come under either the federal NPDES permit program, or
state and local regulations which require runoff control are excluded from
the scope of the handbook.

State and local regulations concerning feedlot runoff control requirements
vary. Sometimes these requirements may exceed those of NPDES or encompass
smaller lots than the lower limits of NPDES. Thus, the loading function
includes those feedlots not covered under NPDES, less those which ade-
quately manage/control waste and pollutant runoff in response to local
regulatory requirements or for other causes. Some of the added exclusions
are: completely closed confinement hog and poultry lots sized below NPDES
limits; and dairy lots below the NPDES limit, which control both milking
operation wastes and loafing/feeding area wastes. Turkey and laying hen
operations operated with the confined range management system will be in-
cluded (unless runoff is controlled). The principal livestock operations
covered in this handbook are thus the smaller beef, dairy, and hog opera-
tions, and poultry operations which involve confined range.

The present (1975) requirements for NPDES permits for animal confinement
facilities were published in the Federal Register dated 3 May 1973. Ac-
cording to these requirements, the following categories of animal feedlot
facilities are included under the NPDES permit program:

Slaughter steers and heifers, 1,000 head or more;

Dairy cattle, 700 head or more;

Swine over 55 1lb, 2,500 or more;

Sheep, 10,000 or more;

Turkeys, 55,000 or more;

Laying hens and broilers--continuous flow watering, 100,00 or more;
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Laying hens and broilers--liquid manure handling system, 30,000 or more;
Ducks, 5,000 or more; and
Combination of animals within a facility, 1,000 animal units.

The following multipliers are used to calculate the number of animal units
in lots with more than one type of animal.

Slaughter steers and heifers - 1.0;
Dairy cattle - 1.4;

Swine - 0.4; and

Sheep - 0.1,

The above enumerated size limits are under review, and the handbook user
should ascertain what current limits are specified before proceeding with
load calculations.

Most livestock operations eventually dispose residual wastes on land--
cropland, pasture, etc. The land-disposed wastes are nonpoint sources of
pollution, which are covered in Section 4.0 entitled '"Nutrients and Organic
Matter.'" The loading functions presented in Section 4.0 are satisfactory
for wastes disposed on land by practices which minimize or eliminate runoff
incidents with land-spread manure. The data base for mismanaged land
spreading is not adequate for development and use of a loading function;
local judgment and estimates will be required.

On-site feedlot wastes are quite variable--by region, by season, by type

of animal, and by lot management practices. Particularly variable is the
on-site inventory of wastes. Beef cattle operations typically will develop
a permanent net inventory of wastes over a few centimeters of the lot sur-
face. Open poultry and hog lots will have a considerably smaller average
inventory of on-site wastes on a per unit area basis. These variabilities
lead naturally to wide variations in pollutant loads and concentrations
carried off the lots in runoff. Thus, it has been concluded that average
or typical numbers should not be presented for the convenience of the hand-
book user. Rather, a range of values will be presented, and the burden of
determining the proper position within the range is shifted to the user.

10.2 LOADING FUNCTION FOR LIVESTOCK OPERATIONS

The loading function is based upon the premise that the size and area of
individual and cumulative feedlots can be determined and located within

the area under assessment, and that the following factors can be adequately
established: (a) quantities of runoff, Q, from lots, as a function of
appropriate units of time; (b) concentrations, C, of pollutants in the
runoff; and (c) the fraction, FLy, of runoff-contained pollutant delivered
to streams. The loading function based upon these premises is:
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Y(i)pp, = a-Q(R)-C(i)pp-FLy-A (10-1)

where Y(1i) = loading rate of pollutant i from a livestock facility,
FL
kg/day (1b/day)

Q(R) direct runoff, cm/day (in/day)

C(i)py, = concentration of pollutant i in runoff, mg/liter

FLy4 delivery ratio

>
1

area of livestock facility, ha (acres)

a dimensional constant (0.1 metric, 0.23 English)

o
Il

10.3 FEEDLOT RUNOFF EVALUATION

10.3.1 Factors in Runoff Estimation

Runoff volume is dependent upon many factors. The most important variables
are: (a) amount and intensity of precipitation; (b) soil moisture condi-
tion; (c) topography including slope and surface cover; and (d) soil charac-
teristics. Stocking rates (area per animal), which are determined in part
by local precipitation patterns such as humid and arid condition, may affect
the degree of compaction of the surface and thus the runoff volume.

Precipitation - Precipitation varies in duration and intensity for a given
location, and average precipitation values may lead to errors in calcula-

tion of runoff volumes. Feedlot surfaces can absorb and store a definite
water volume in any specific period of time, and runoff may not occur
until the volume of rainfall exceeds the absorptive and storage capacity
of the surface. Similarly, rainfall intensity has a significant effect
on the rate of runoff and may affect the runoff volume.

Snow may accumulate on feedlots in cold climates and may not result in run-
off until thaw conditions set in. Significant runoff may result from snow-
melt in middle and northern latitudes of the U.S. The volume of snowmelt
may be computed from records of total snowfall. The water equivalent of
snow in precipitation varies significantly, but it is generally assumed
that 10 in. (25 cm) of snowfall contains 1 in. (2.5 cm) of water.l/

Soil moisture - The amount of runoff is affected by the degree of satura-
tion of soil with water. A dry soil-manure mixture has greater capacity
to absorb precipitation and to retain moisture than a wet mixture. Ante-
cedent precipitation is thus an important factor in determining the soil
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moisture. When one rain follows closely after another of equal intensity
and duration, a greater volume of runoff may result from the second rain.

Topography - The slope and surface cover, i.e., whether concrete lot or
dirt lot, may affect the runoff volume. For feedlot situations, the effect
of slope on runoff volume was not shown to be significant. The effect of
paving the lot surface, however, was reported to be significant. Manure
handling practices, including frequency of cleaning the surface, may have
an effect on the amount of runoff. Even on unsurfaced feedlots, the sur-
face soil-manure mixture is subject to compaction and tends to provide a
sufficient and effective barrier to seepage. This is especially true in

a continuously operating feedlot.

Soil characteristics - A coarse, sandy soil has a greater infiltration
capacity than a clay soil. The infiltration capacity for bare soils is

in the range of 0.5 to 1.0 in/hr (1.25 to 2.5 cm/hr) for sandy soils,

0.1 to 0.50 in/hr (0.25 to 1.25 cm/hr) for intermediate soils, and 0.0l to
0.10 in/hr (0.025 to 0.25 em/hr) for clay and clay loam type soils. These
rates are for bare soils which are not excessively trampled or excessively
compacted. The movement of animals within the lot will often create a
soil-manure mixture at the surface, which will reduce the natural infiltra-
tion capacity of the soil and increase the runoff volume.

10.3.2 Precipitation Data Analysis

The single most important characteristic of precipitation is its variability.
Estimation of runoff will be greatly influenced by the quality of precipita-
tion data. 1In general, the longer the record, the better is the estimate

of probable precipitation for a given location. A l-year precipitation rec-
ord is not a good indicator of the probable occurrence of precipitation in
the future, but there is no simple way to determine a priori what length

of records will give a reliable estimate of average precipitation in a given
location.

Depending upon the time and resources available, the local planner should
determine the length of records that must be included in the analysis. A
wide variety of precipitation data is available. Local climatological data
are issued on a monthly basis by the U.S. Department of Commerce--National
Oceanic and Atmospheric Administration. Table 10-1 shows the locations by
state for which weather records are issued. There are three categories of

publications which will help to determine the amount of daily precipitation
for a given location:
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Table 10-1.

STATIONS FOR WHICH LOCAL CLIMATOLOGICAL DATA ARE ISSUED,
AS OF 1 JANUARY 1974
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ALABAMA
Birmingham
Huntsville
Mobile
Montgowmery

ALASKA
Anchorage
Annette
Barrow
Barter Island
Bethel
Bettles
Big Delta
Cold Bay
Fairbanks
Gulkana
Homer
Juneau
King Salmon
Kodiak
Kotzebue
McGrath
Nome
St, Paul Island
Suzmit
Talkeetna
Unalakleet
Yakutat

ARIZONA
Flagstaff
Phoenix
Tucson
Winslow
Yuma

ARKANSAS
Fort Swmith
Little Rock

CALIFORNIA
Bakersfield
Bishop
Blue Canyon
Eureka
Presno
Long Beach
Los Angeles Airport
Los Angeles

Civic Center
Mt. Shasta
Oakland
Red Bluff
Sacramento
Sandberg
San Diego
San Francisco

Airport

City
Santa Maria
Stockton

COLORADO
Alamosa
Colorado Springs
Denver
Grand Junction
Pueblo

CONNECTICUT
Bridgeport
Hartford

DELAWARE
Wilmington

DISTRICT OF COLUMBIA

Washington-National AP
Washington~Dulles Int'l AP

4, Monthly summary issued,
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FLORIDA MASSACRUSETTS NEW YORK (Contd.)
Apalachicola abc Boston abe Buffalo
Maytona Beach ac Blue Hill Obs, New York
Fort Myers abe Worcester abc Central Park
Jacksonville abe J.F. Kennedy Int'l AP
Key West MICHIGAN abe LaGuardia Field
Lakeland abe Alpena abe Rochester
Miami Detroit abe Syracuse
Orlando abe City Airport
Pensacola abe Detroit Metro AP NORTH CAROLIRA
Tallahassee abc Flint abe Asheville
Tampa abe Grand Rapids abc Cape Hatteras
West Palm Beach abc Houghton lake abe Charlotte

abe Lansing abc Greensboro

GEORGLA ac Marquette abe Raleigh
Athens abe Muskegon abe Wilmington
Atlanta abe Sault Ste, Marie
Augusta NORTH DAROTA
Columbus MINNESOTA abe Bismarck
Macon abe Duluth abe Fargo
Rowe abc International Falls abe Williston
Savannah abe Minneapolis-St. Paul

abc Rochester OH10

HAWA1I abe St. Cloud abe Akron-Canton
Hile Cincinnati
Honolulu MISSISSIPPL ac Abbe Obs,
Kahului abc Jackson abc Airport
Lihue abc Meridian abe Cleve land

abe Coluambus

1DAHO MISSOURL abe  Dayton
Boise abc Columbia abe Mansfield
Lewiston abe Kansas City abe Toledo
Pocatello abe St. Joseph abe Youngstown

abe St. Louis

ILLINOIS abe Springfield OKLAHOMA
Cairo sbc  Oklahoma City
Chicago MONTANA abe Tulsa

Midway Airport abe Billings

0'_Hare Airport abe Glasgow OREGON
Moht‘\e abe Great Falls abe Astoria
Peoria abe Havre abe Burns
Rocl':ford abc Helena abe Eugene
Springfield abe Kalispell abe Meacham

abe Miles City abc Medford
lefM abe Missoula abc Pendleton
Evansville abc Portland
Fort Haym_ NEBRASKA abc Salem
Indianapolis abe Grand Island abe Sexton Summit
South Bend abe Lincoln
TOWA abe Norfolk PACIFIC IS1ANIB
Bur lington abe North Platte abe Guan
> abe Omaha abe Johnston
Des Moines abc Scottsbluff abe Koror
D.Jbuque . ac Valentine abe Kwa jalein
Sioux City ;
Waterloo abe Majueo
NEVADA abe Pago Pago
abe Elko abe Pona

KANSAS abe  Ely abe  Truk (Moen)
Concordia abe Las Vegas abe Wake
Dodge City abe Reno abe Yap
$°°d:““d abe Winnemucca

O] a
wirhita - S PENNSYLVANIA
abc Concor:AHP at;: el}entwn
a rie

KFNNG(Y ac Mt, Washington abe Harrisburg

Ll‘:lt:“‘,:‘;'l‘e abe  Philadelphia
NEW JERSEY Pittsburgh
Atlantic City abe Aitrport

WUXSI§NA abc Airport ac cns
Q]exanizxa a State Marina abe Scranton
;::nchalrlizs abc :ewark abe Williamsport

Orlean: ac renton
s"::”e:m”’ RHODE ISLAND
NEW MEXICO ac Bloclf Island

MAINE abe Albuquerque abe Providence
Caribou ac Clayton
Portland abc Roswe 11 SOUTH CAROLINA

Charleston
MARYLAND NEY YORK :bc 2::';“‘
Baltimore abe Albany
abe Columbia
abe Binghaaton abe Greenville-
Spartanburg
b. HMonthly susmary includes available J-hourly observations. <.

Published if 5 or more available per day.
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SOUTH DAKOTA
Aberdeen
Huron
Rapid City
Sioux Falls

TENNESSEE
Bristol
Chattanooga
Knoxville
Memphis
Nashville
Oak Ridge

TEXAS
Abilene
Amarillo
Austin
Brownsville
Corpus Christi
Dallas
Del Rio
El Paso
Fort Worth
Galveston
Houston
Lubbock
Midland
Port Arthur
San Angelo
San Antonio
Victoria
Waco
Wichita Falls

UTAR
Milford
Salt Lake City
Wendover

VERMONT
Burlington

VIRGINIA
Lynchburg
Norfolk
Richmond
Roanoke
Wallops Island

WASHINGTON
Olympia
Quillayute Airport
Seattle-Tacoma AP
Seattle Urban Site
Spokane
Stampede Pass
Walla Walla
Yakima

WEST INDIES
San Juan, P, R,

WEST VIRGINIA
Beckley
Charleston
Elkins
Huntington
Parkersburg

WISCONSIN
Greea Bay
La Crosse
Madison
Milwaukee

WYOMING
Casper
Cheyenne
lander
Sheridan

Annual Summary issued.



1. Hourly precipitation data at various stations in each state are re-~
ported by month. Daily summaries are also included. These data are ex~-
tensive, and can be used to determine precipitation amounts for a given
location quite accurately., Table 10-2 shows typical results for Missouri
in January 1974,

2, Local climatological data for a given station are summarized by month.
Data are given on a daily basis, and at 3-hr intervals. An example of the
type and extent of data in this category is shown in Table 10-3 during the
month of January for the weather station located at International Airport

in Kansas City, Missouri.

3. Climatological data for each state are reported monthly. These data
include both the official observatory data and data from other private and
public climatological records. These data are presented on a daily basis.
Typical precipitation data for parts of Missouri during January 1974 are
presented in Table 10-4.

10.3.3 Estimation of Runoff from Feedlots

The quantity of pollutants discharged from a feedlot depends largely upon
the runoff volume and the pollutant concentration in the runoff. Limited
data on cattle feedlot runoff characteristics in terms of various pollutant
concentrations are presented later in Tables 10-10 and 10-11,

The overall method consists of estimation of probable storm events for the
period of interest, by analysis of historic data, calculation of runoff
from individual storm events, and summation of runoff from all storm events.
The period of interest may be a year, or some fraction of a year--usually

30 days.

Methods for estimating runoff volumes from feedlots may be divided into
two categories:

1. Soil Conservation Service (SCS) Method; and
2. Empirical Regression Method.

Both the methods predict runoff volume from a given precipitation event.

The SCS method utilizes the concept of soil cover and hydrologic (infil-
tration) capacity of soil in calculating runoff. The regression method,

as the name implies, is based on the linear regression of observed rainfall-
runoff relationships for any given location. Because of the variability

of the observed runoff patterns, and also because the regression coeffi-
cients may not be established adequately for a given location, the regres-
sion method is considered to be less reliable in predicting runoff volumes.
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Table 10-2.

HOURLY PRECIPITATION

. MISSOURT
HOURLY A\MOUNTS JULY 1974
STATION - A M Hour Ending P M Hour Ending
&2
b
T ‘ 2 l 3 l ] 5 7 l 8 8 10 l 1 12 |1 l 2 3 l 4 5 6 { ' 1 [ 9 10 { 11 J 12 | ToTAL
MONTHLY MANIMUM AMOUNTS
- 3 6 12 24
HOLRS ! 2 ACCUMULATION
AINUTES 15 30 45 60 120 180
{Applr heading as appropriate)
AORNERSVILLE SMOUNT W43 .44 $68 .99 1.00 1.00
DATE/TIME DF
ENDING 22/10:00P 22/19100P 22/12100P 23/2:00A 23/31004 23/31004
JEFFERSON CITY L U 4.1 we W2 .6
1) .1 +d
25 al ol
AMDUNT .2 N ] .0 3 N
DATE/TIME OF
FNCING 4/3:100A% 4/3:1004 4/4 O0A+ 4/4100A 4741004 4/41004
AMOUNT .l e o2 .3 ot b
DATE/TIME OF
ENDING 25/4130P+ 4/21154 4/31154+ 4721454 4/31154+ 4/31154
JEFFERSDN BARRACKS 25W 1| - - - - - - - - - - - - - - - - - - -
31| - - - - - - - - - - - - - - - - - - - -
AMOUNT - hd 4 -
DATE/TIHE OF
ENDING
AMOUNT - - - -
nsTE/TIME OF
ENDING
JEWETT T E 1o a2 201 .13
14 .45 45
AMDUNT 45 .43 145 .45 045 4
DATE/TIME DF
ENBING 14/4100P 14/4100P 14/4100P L4/4100P l4/4100P l4/400P
KANSAS CITY WSO afl E 2,13 .34 1.2
: * 25 o1 38f .32 1 | -4
AMOUNT ' 34 .68 79 1.2 f.12 1.12
DATE/TIME OF
ENDING 3/9100P 37101007 3/11100P 3/12:00P 3/12700P 3/12100p
KANSAS CITY SWOPE PARK 3 .3 5 o1} 1.2
o : .
AMOUNT . 1.1 a2 1.2 1.3 1.3
DATE/TIME DF
ENDING 3/11:00P 3/11100P 3/12100P 4/11004 4/11004 4/11004
AMOUNT 4 .0 7 .Y f
DATE/TIME OF ' ee 1.2
ENDING 3/10:45P 3/11100P 3/11115Ps 3711415+ 3/11115P 37118150
KEARNEY W3 a2 ok 1
AMOUNT 2 > i N .6 .o
DATE/TIHE OF
ENDING 3/8:00P 3/9100P 3/%100p 37111000 3/11t00P 3/11to0p
BHDUNT .3 .4 . .
DATE/TIME OF N 2 -
ENDING 3/8100P 3/8115P 3/8115p 3/8:18P 3/9100P 3/10115p
XIRKSVILLE RADID KIRY i - - - - - - - - - - - - - -
3| - - - - e - - C 2 Z - - -
AKOUNT - - -
DATE/TIHE OF
ENDING
AMDUNT . - - - - -
DATE/TIME OF
ENDING
CaKESTOE o ooz .2 o4
15 o ol
22 .1 .1
25 b} .3
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Table 10-3 Kansas City, Missouri

Nat Weather Service Met 0Ob
<, LOCAL CLIMATOLOGICAL DATA ; . € Sy
SN 05 B International Airport

: , U.S. DEPARTMENT OF COMMERCE 3 1974

¢ NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION anuary

\‘&‘J ENVIRONMENTAL DATA SERVICE
. Targs of
Latitude 39 19 "y Longitude g4 43 'y Elevation 'groung! 1014 ft S!.andard time used  cpprpay WBAN #03947
T T
. | Weather types [Snow recipitation | Ave ] unshine Sky cover
Temperature °F I on dates of e Pre p S—ﬁ station Wind Fosi 5 Tenths
' occurrence ellcts now. | pres- | astest |
; D;grgc (?;}5 "1 Fo r or | Water | fice sure ! ‘ o mile |
—_ ! ase 2 Heavy feg X iee o equiva- pellens] 1 I =18 |
< | - 3 Thunderstorm round lent | In - - | al A - ° 8
€ £ ¢ € 2! 4 lcc pelis | ; ent Elev |2 d =g ¥ c I |4 3 S Py
3 5 & 3¢ &2 np no S5 Hau a In 1 RC & & . =] © 23w 5
£ 3 « T € e a £ |, c 6 Glaze 06AM 10251258 S { o< g 2 na 128 2% ] 22
I x z § 'é_g :31‘ 5 . —g 7 Duststorm feet ;Sz%‘ g o ‘gn. ¢ 332 YRl Ee <5 %
3 = s | < gE <8 £ S 4 ?\r)'::fr"gnsi‘?;, In msl S8 <E|@E A [ x£& |2v|d3|2E|A
1 2 3 4 5 6 TA 7B 8 9 10 11 12 ll! 14 15 16 17 18 19 20 21 |22
1 [} -13 -7%! ~35 !-16 72 [} ] 4 04 5 29.‘00}35‘ 2.5| 4.6 9 3 Te7| 82 4 5 1
2 1o [¢] 5 =23 |- 5 60 0 8 4 .07 .7[29.32 07| 5.0] 6.5 13 E 6.7| 71| 10 8 2
3 1% 3 9 -19 Y 56, - © 4 0 0129.36133] 7.5| 7.6 10; Nw B.0| B4 [ 5 3
4 17 -1 8 <20 - 2 57 011 8 4 0 029.20 07| 2.2| 4.0 10{ NE 8.0 84 1 2 4
5 18 1 10 -18a 3 55 0 4 0 0]29.08 |06 5.1] 5.3} 12 N 7.1| 75] 10 9 5
6 17 1 9 -19 6 56 of 1 3 T T(28.92(35] 4.6| B.2| 13| NW 6.7 70 5 ] &
7 17 -3 7 <21 |- & 58 0 3 0 0]29.00 (14 2.8 6.6 10 € 7.8| 82 8 6 7
8 13 2 8 -19 2 57 [} 4 & B 3 .12 #9|28.92{02| B.4|12.4] 20| NW 1.2] 124 10 7 8
9 7 -1 3 -24 |~ & 62 [+ 8 4 20 2.,3(29.10102; 9.8{11.1{ 15 NE 5.41 56 9 7 9
1o 12 3 8 =19 4 57 o] 1 8 7 .03 +4128.98(02(10.9(11.7| 13 N 5.5 57| 10 6 (1o
11 ] -9 -2 -29 1-11 67 o 1 7 [ 0(29.23(32| 7.6| 7.8] 11| NW 10.0|100 1 11
12 8 -13x% -3 -30 |-13 68 0] 1 7 0 0(2%.40i12) 3.2 7.3 13 3 7.5 17 9 7 |12
13 27 7 17 -10 12 48 Q 8 7 o] 0(29.16(17] 6.9 8.8 15 S 6.1 63 10 10 (13
14 39 24 32 5 22 33 0] 1 8 7 0 0(28.99|21| 9.4(10.1] 16 9.1 | 94 1 1 |14
15 42 29 36 9 25 29 0 8 6 o 028.93[21{1044(10.5] 17 S 7.9 Bo| 10 8 (15
16 43 33 38 11 20 27 ol 1 s} o] 028.8312111.7[12.1| 19| SW 8.3 | 85 [} 4 [le
17 43 30 37 1n 35 28 0 2 8§ 3 0 0]28.82{1%9) 6.3 6.9 11 S 5.6 57| 10 9 117
18 40 33 37 10 32 28 [¢] 2 7 T 0|28.87|36] 7.8 8.9] 18 N 0.6 7| 10 10 |18
19 34 31 33 6 28 32 [+ 2 ] T .02 0]28.87 04| 5.5[ 6.5| 15 N 0.0 0] 10 10 |19
20 29 33 36 8 30 29 [} 2 8 T .12 0]28.66 (26| 4,0 4.8] 11 W 3.8] 39| 10 8 (20
21 37 33 35 7 29 30 of 1 T T 0(28.87|03[ 3.9 6.6 17| NE ls1) 11] 10 10 (21
22 35 30 33 5 26 32 01 8 T 12 0(28.9234| 9,7]10.5] 17| NW 0.7 7| 10 10 (22
23 41 25 33 5 23 32 ol 1 T 0 0(29.09 24| 5.0 6.2 10| SW 9.0| 91 4 3 |23
24 48 28 38 lo 25 27 0 0 0 0(29.14 (21| 4.8 5.2 T SW 9.8 92 [+ 0 |24
25 53 30 42 14 27 23 0 0 0 0(29.02 |19 8.3| 8.6} 21| SW 9.7 97 [¢] 0 |25
26 44 34 39 11 31 26 of 1 [} 30 0|28.60(19| 6.8 7.6 19 S 0.3 3| 10 8 |26
27 36 29 33 4 25 32 [+ 4 6 0 .02 T|28.87|33| 5.3| 6.8 17| NW 5.7 57| 1o 9 (27
28 47 28 38 9 27 27 of 1 4 6 8 T .01 T128.80(21} 2.8 5.0]| 16| SW 9.1{ %0 1 4 (28
29 56 35 46 17 32 19 0 0 0 0/28.B0|21(10.3(10.4] 16 S 9.5 92 1 2 |29
30 60%* 39 50% 21 34 15 0 ] 0 0128.67|20|14.5|14.5( 23| SW 9.3} 91 3 1 |30
31 44 26 35 5 20 _3Q Q Q Q 0126.94]011 7,6111.81 221 NW 8.8 87 4 4 |31
Sum Sum — Total | Total — Total | Total For_ the month. Total | % [Sum | Sum
948 527 — — 1272 ) Number of days 1,05} _4.8128,99]26 8] 8.2] 23l sw [196.0] for [203 (182
Avg Avg Avg | Dep [Avg] Dep | De Precipitation | Dep. Dale 30 | Posaible jmomtf Avg | Avg
30,61 17.0] 23,81 =4,01 15| 119 ol = .0lwmeh 11 -0,20 ——=——]——T1303.2] 65] &.5] 5.9
Season to date Snow, 1ce pellels
Number of days Total | Total 1 Greatest 1n 24 hours and datcs Greatest depth on ground of snow,
[ Maximum Temp {inyimum Temp. 3153 ] 0 1 rstorms 0 Precipitalion [ Snaw. ice pellets ice pellets or ice and date
S90°f] = 32° <32° | =0 | Dep | Dep avy fog X 4 .30] 26 | 2.6] 9-10 7 ] 16s+
o | 13 24| 7 67 ol Clear 8 Partly cloudy 6 Cloudy 37 |
HOURLY PRECIPITATION (Water equivalent in inches}
M A M Hour ending at P M Hour ending at B
4] 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 _, A
1 .01| 02| ,01} 1
2} .02| ,02| 02| .01 2
3 3
4 4
5 5
L] T T T 6
7 7
8 T 02| .03 .02f 02| .02| T T 01 T T T T 8
9 T T T 04 «03| .0%| .o02| .01} .02| .Ol| .Olf ,01} 9
lof T T 01| 01} T T o1 T T T T T T T T T T T T T 10
11 11
12 12
13 13
l4 lg
15 15
le 16
17 17
18 T is
19 T T Q020 T T T T T T T T 19
20 T T 01| .05] ,04} .02{ T 20
21 T T |21
22|71 T 06| T .04 JOl} .01} T T T 22
23 23
24 24
25 25
26 T .04 «04] 04| .06 .06 ,03] (03] T T 26
27 201} .01 T T T T L
28| 7 T W01 T T 28
29 29
30 30
35
*  Extreme temperatures for the month May be the last
of more than one occurrence Subscription Price: Local Climatolog-
Below zero temperature or negative departure from ical Data $ 2.00 per year including 1 [Resultant |
t r\l‘ox;rgfl;! Alaskan stations annual issue 1if published, foreign| ° —— — wind
+ Also on an ea’rllcr.d:l;?n(;r dates. r%\ﬂllxng 75¢ extra - Single copy: 20¢ vl T I ”Temperriar:}!‘ri wi T c
X Heavy fog restricts visibihty to 14 mile or less or monthly issue; 15¢ for annual| ' E® ig5 . . wi - |50 & < =
T In the Hoorly Precipitation table and in columns summary. Make checks payable to De- sTgdidael . °la |owell ‘; z T a
9, 10, and 11 indicates an amount too small to partment of Commerce, NOAA. Send pay- g; 8 a1 ™ o Twla2 el d aE
measure ments and orders to National Climatic| TE&F™2 %4 SR AT A I 819
:r];‘(‘; sqt:;o‘rl\ for degree daya begins with Julv for heating Center, Federal Building, Asheville j |~ < |x5|8 |2Z|%
wi a : . ’ - — e
Data 1n cul\?!:\anrs) g.url;f)ollt'i'jpu and 15 are based on 8 North Carolina 28801 . 100 429,00, 22y 20, 14] 72] T.4/30 1.2,
observations per day at 3-hour inters ale . 103 5128.99; 211 19 14 73| 7.9/ 30, 1.0
Wind directians are thawe from which the wind blows 1 certify that this is an official 06 5 28.99, 20! lﬁi 13) 74 7.8 30 1.1
Resullant wind 13 the vector <um of wind diectins publication of the National Oceanic 09 61 29.02, 21l 19 14: T4| 7.6 21 6
and speeds divided by the number o cbservations and Atmospheric Administration, and 12 7029.02] 27 24) 18 o6 8,3 24 1.7"
;:'ufi‘t’}"“ f“(')g“_";;‘:l’"‘mﬂ_feq\en~ uf degreec trom true is compiled from records on file at 15’ 6| 28.97 25| 26, 170 62l 9.3 270 2.4
.i€.09 = East, 18 = South, 27 = West 36 = the National Climatic Co N | [
and 00 = Calm. When directions are in tene of degives na Imatic Center, Ashe 18 6 28.97 27, 24 17} 66| 8.8 07 -3
hod 89 = faim. When hrections are in tons of dewives yi116" North Carolina 28801, 21| ol 28.98] 25| 22, 16| 70| 8.6l 17 1.3

13
Lminute speeds If the / appears m Col 17 speeds
Are gusty, A/ 4 (: h )</
Any errora detected will be corrected and changes n ‘
summary data will be annotated in the annual summary Director, National Climafic Center USCOMM — NOAA — ASHEVILLE 475

NOTICE: CLIMATOLNGICAL HDRPALS BASED ON THE PERIOD 1941-1970 ARF EFFECTIVE AS FOLLOWS
HEATING NEGRFE DAYS - JULY 1, 1973
CODLING DEGKEE DAYS, TEMPERATURE, AND PRECIPITATION  JANUARY 1, 1974
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Table 10-4.

DAILY PRECIPITATION

214

MISSOURT
JANUARY 1974
Pl Day of Month
Station B -
ElnJ2]s[«[s]s]7 s[eo]w]nfr[n]ulis w[r]w[w[x]a IR EAERIEIE
. . .
WORTMWEST PRAIRIE O1
A3 40
Nt 10 4 .02 w23 W31 Y W22 15
M-Xw 2 .08 .02 W29 W21 .00 02 7 30 .03 .20 .o; 3§ .
BAGDKFELD .03 T 2320 .29 .08 SIS 407 .07 .0 . .0
BRUNSWICK -l - - - - - - - - - - - - : . - Z
BURLINGTON JUNCTION 1,59 .18 08 08 .28 .11 .09 40 w200 .03 7 .12
CARNOULTON 1.8 .02 T .21 ;ov ;; o T .01 .02 .13 .08 TZ‘ é; .80 '11 16
CHILLICOTHE 1.49 .20 . . . . .
CHILLICOTHE RADIO KCHI 1.84 .06 .01 W22 .10 .28 T T 19,06 .02 13 T 69 .08 .02
LOLDMA 1,82 T Wz .22 T T 30 402 18 .10 .08
CONCEPTION 1.5% T .10 19 S48 18 .08 T T oz T 08T .20
CONCORDTA 2.28 .02 T 18 47 .02 T .08 .20 T a2 e ke
EOGERTON - < - - - - M . - - Z R ; iy
FAIKFAX - e - 04 27 - .22 - - "
FAYETTE Y T .01 23 .0k T a7 oas .23 4 33
FOUNTAIN GROVE Wi .83 04 T .18 .08 .38 T 27 a0y .08 49 L2
GALLATIN - - LA : : - M
GRANT CITY 1.57 a2 .07 v 2360 <25 ,03 235 405 34
HAMILTON 2 W 1.3 03 w20 .21 T 80T ‘14 .98
INDEPENDENCE TRUMAN 18 1.62) 7 .13 <14 .37 02 T 1 W22 .0 419 T T KT NT
KANSAS CITY INT WSO AF®R | 1,08 .04 .07 T W1z a20) .0 T Q2 a1 1 «t2 W30 .020 .01
KING C1TY - .08 +390 .40 .08 T T .25 .22 - .
LEES SUMMIT REEO WLR 1.74 18 .12[ .30 0 102 .20 85 .20
LEXINGTON 1.84 .02 .02 T 19| .42 .02 201 W17 .04 .21 T BTNy
LUCERNE - T .200 470 - - ! e
KARSHALL 1.98 01D .13] +04) +35 .18 .28 «83 .10l .27
MARYVILLE 2 € 1.3 «08 LI <30 .06 02 .03 T A4 ,06 .08 .19
MERCER & NN 1.80] .10] 225 .10 .10 T .50 .28 .50
MILAN 1.8y 7 08 1 .18 .15 .08 T T 30 7 .25 1 .80 T
NEW FRANKLIN 1 w 3,12 «13 .05 .47 W07 e22 441 T '57 39 .12 L4
DDESS4 3.79 22| .81 1.53 .28 .33 .88 .28
ORESON 1.26 .10 .03 w20 .03 .33 .02 35 L0810 L07 .08
PUATTSBURG WATERWORKS 1.72 1 .31 34,07 W13 .12 G260 .03 45
POLD 1.34) .04 .03 e »20) .21 T T L8 o100 W19 T .86 .03
PRIKCETON & Sw 1.46 .20 .02 e T a2 M L24 20 .54
ST, JOSEPH 4 wWhw 1.2y »08 T 23 .04 20 T T T W14 .04 1B 337 T
SALISBURY 2.54 .02 18 411 0 L03 T .08 A3 32 1 82 7 .22
SPICKARD T W 1.53 .08 0% .20 185 7 T T .03 .31 T .20 .53
SUKNER 3 wSW 1.70 ¢ e . PR L T S . .92 .13 T NN
SWEET SPRINGS 2.9 20 .11 w61 T T T 04 4B .08 T w2 T 34
TARKID 1.3y .20 .07 21 7 W22 T T T .52 104 .08
TRENTON 1.58 .08 18 .18 08 T 1 .04 .21 az .12 .63
UNIORVILLE 1.7 1 08 T .06 21 11 .07 T T 1 W33 407 o14 .19 .78
WAVERLY - .65 1.40 - . - 1.08 .28
« e
NORTHEAST PRAIRIE 02
AUXVASSE 4,07 T 148 .83 32 .74 1.38 .30
BOWLING GREEN 2 NE - s | w68 «70 1,30 - - .
CANTDY LOCX AND DAH 20// 2.97 .02 .03 .02 2301 40,09 01 .73 .02 .06 16 .98 .15 1
CENTRALTA 3.19 18 .86 .37 .30 .28 123 .28
COLUMBIA WSO AP R ([ 3.5 T 13 .e0l .07 T T T T TR 65 i.24 T | 36
EQINA 22 1 .04 .02 a0 .26 05 1 02 .18 T | T .28 97T
ELSBEARY 1 § - - - - 219 113 1,36 .38 .18 .37 -8 .18 7
FREEDOK - .24 08 - | - .02 .07 .63 | 70 FLUBPH £
FULTON 2.99 T T a3 .38 Lol S1Z0 .18 12 k14 16 433 1.08 .15 .23
GERALD 3.7¢ .10 .30 .08 .20 «200 .30 1,00 .38 .18 .31
GREGORY LANDING 2.68 T T .02 3 I YR T 273 W1 12 .08 1.18 o4 T
HANNTAAL WATERWORKS 2.9¢ 1 T 31 .27 0T T LE6 .10 434 (04 .18 1.12 .18
HERMANN 3.68 .05 T 13 .58 03 T 35 WY .02 .60 L8 .05 42
KAKOKA 3.1% T T 2200 W11 .1e 97 .74 IS I
KIRKSVILLE RADID KIRX .42 .02 .01 .20 .02 a7 o1 .18 30 37 %2 .200 .05
LA BELLE 1.9% M T L1300 .28 o4 30 407 .11 .10 .89 o4
LOUISIANA STARKS NUR 2.2 .37 .50 1.21 17
LOUISTANA 407 T T 223 .31 .03 T L84 L4D A8 .17 .28 1.34) a7
MACDN -l - - - - - - - - - - - - - - .
MADISON 3.74 223 .41 Le2 .68 .18 1.8 L4
BARTINSBURG .27 02 .03 .40 1.19 .03 .42 0L .70 1,23 .02 30
EMPHIS 2.79 .02 .08 .01 .18 023,09 W46 403 L3618 1.08 .04
HEXICO 2.07 12 ke L08 Y .16 L2508 .25 .10 .05 .87 .10
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However, because of the simple format, the regression method may be easier
to use on a routine basis, especially when adequate experimental data exist.

10.3.3.1 Soil conservation service (SCS) method -

The Soil Conservation Service of the U.S. Department of Agriculture has
developed a method of estimating direct runoff from small agricultural
plots due to single storm events.2/ The rainfall-runoff relationship given
by SCS is:

Q= (pr - 0.25)?

(10-2)
(Pr + 0.8S)
where Q = direct runoff, cm (in.)
Pr = storm rainfall, cm (in.)
S = potential infiltration, cm (in.)
S is defined in terms of runoff curve number (CN):
cy = 1,000 (10-3)
S + 10
or
s = 1000 _ 4 (10-4)
CN
where S = potential infiltration, in.

CN is related to hydrologic soil-cover complex, i.e., a combination of
specific soil and specific cover. The soils in the U.S. are classified
into four groups according to their hydrologic properties.g/ Group A soils
have low runoff potential and high infiltration rates. Group D soils have
high runoff potential. Groups B and C have intermediate potentials.

The index of watershed wetness is the Antecedent Moisture Condition (AMC).
Three levels of AMC are used:

AMC - T: Lowest runoff potential. The watershed soils are dry enough for
satisfactory plowing or cultivation to take place.
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AMC - I1: The average condition.

AMC - III: Highest runoff potential. The watershed is practically satu-
rated from antecedent rains.

The AMC for feedlots can be estimated from 5-day antecedent rainfall by the
use of Table 10-5, which given the rainfall limits for '"dormant season.'
No upper limit is intended for AMC - III (see Figure 4-9, Ref. 2).

Table 10-5. SEASONAL RAINFALL LIMITS FOR VARIOUS
ANTECEDENT MOISTURE CONDITIONS

Total 5-day
antecedent rainfall
AMC group (in.) (cm)
I < 0.5 < 1.3
11 0.5-1.1 1.3-2.8
111 > 1.1 > 2.8

Using feedlot runoff data from various authors§¢§/ and Eqs. (10-2) and (10-3),
the amount of runoff from a given rainfall amount is computed for the
three antecedent moisture conditions, as shown in Table 10-6.

Table 10-6. RUNOFF (IN INCHES) FROM FEEDLOT SURFACES FOR
VARIOUS ANTECEDENT MOISTURE CONDITIONS

Precipitation (in.)

Runoff condition 0.5 1.0 1.5 2.0 2.5 3.0
AMC IIT
Surfaced 0.318 0.792  1.282 1.776  2.272  2.770
Unsur faced 0.258 0.707 1.185 1.673 2.166 2.660

AMC T and II

Surfaced 0.138 0.505 0.938 1.398 1.871  2.352
Unsurfaced 0.071 0.360 0.741 1.165 1.612 2.072
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The following procedure is suggested to calculate runoff from feedlots
using the SCS method:

a. Determine feedlot area, which includes feeding pens, sick pens, feed
mixing and handling and equipment storage areas, alleys, and other open
areas associated with feedlot management. In the absence of actual data,
assume total area as 115% of feeding pen area.

b. Select the time period for which storm data are required. While no
simple procedure is available to determine the representative storm periods
for a given location, storm data during the past 3 years may be used to
approximate the most recent trends in precipitation. Lesser time intervals
may be used if the records show no substantial deviation from expected

norms in precipitation patterns. Select precipitation data on a daily basis.
Express all precipitation in terms of equivalent water byusing the ratio of
one volume of water to 10 volumes of snowfall.

c. Determine storm rainfall (P) from Step (b) above. For each location,
the nearest weather station data may be used unless special rain gages were
installed for the location.

d. Determine the amount of runoff for a given storm using data in Table
10-6. If local data permit an accurate determination of CN values, Eqgs.
(10-2) and (10-3) may be applicable for a given location,

e. Determine runoff (inches or centimeters) by adding runoffs for each of
the storms over a given period of time. Tt is useful to determine monthly
values in order to obtain maximum and minimum 30~-day runoff volumes. By
adding the monthly runoff volumes, annual runoff may be obtained.

f. Calculate total runoff volume by multiplying runoff depth in Step (e)
with area of feedlot determined in Step (a). The result may be expressed
in volume units (acre-inch to ft3 or hectare-centimeter to m3).

10.3.3.2 Example -

An example computation of runoff for a hypothetical feedlot located near
the climatological station at International Airport, Kansas City, Missouri,

is shown below.

Assume that the feedlot comprises 220 acres (88 ha). Calculate total run-
off volume from the feedlot using 1974 climatological data for the location.

The daily precipitation data for the station are presented in Table 10-7.
These data may be obtained from any one of the three categories of
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DAILY PRECIPITATION DATA (INCHES) FOR KANSAS CITY, MISSOURI - 1974

Table 10-7,

Date

0.71
0.29

2/

0

0.04
0.07

0.15
1.07
0.04

0.24 06 .12
0.03

0.04

0.25

0.02

0.44
0.50

0.35
0.02

0.02

0.62
0.03

0.96
0.01
0.72
0.02

0.06

30

12
20
0.03

.15

13

0.13

0.52
0.14

15

0.49
0.03
0.01

10
11
12
13
14
15
16
17

0.40

0.46
0.04
1.26

0.32

0.08

0.07

1.02

0.03

16

0.

22

0.04

0.01
0.88
0.25

0.03

0.77
3.13
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3.21

.29

18
19
20
21
22
23
24
25
26
27
28
29
30

0.03

0.04

0.02

0.66

0,01

12

12
0.88

0.05
0.09
0.01

0.78

12

0.10

0.05

0.03

11

0.04

0.01

0.29

0.02

0.30
0.02
0,01

12
0.56

0.33

0.28
1.60
0.01

0.01

0.03
0.03

0.01

27
18
.52

3.48

0.57

0.08

0.43

27
4.98

1

1.62

.22

31
Total

.13

1

.13

.18 2.94 10.07 2.16 1

.12

1

1.05

36.12 in.

Annual precipitation:

a/ T - trace.



climatological reports discussed earlier (i.e., hourly precipitation data -

Missouri; local climatological data - Kansas City, Missouri; and climato-
logical data - Missouri),.

Using Egqs. (10-2) and (10-3), and substituting a CN value of 91, Eq. (10-2)
becomes:

Q = (Pr - 0.1978)2
(Pr + 0.7912)

(10-5)

Table 10-8 was prepared using data in Table 10-7 and Eq. (10-5) for each
daily event.

The results in Table 10-8 show that rainfall of less than 0.4 in. produces
no runoff. Only 37 calculations were involved for the 1974 data. On an
annual basis, the results in Tables 10-7 and 10-8 show that 36.12 in. pre-
cipitation resulted in a runoff of 14.58 in. On a 220-acre feedlot, the
annual runoff volume thus amounts to 267.30 acre-ft (32.60 ha-m). This is

equivalent to an annual runoff volume of 87 million gallons or 0.326 million
cubic meters.

10.3.3.3 Empirical regression method -

The general empirical relation between rainfall and runoff developed in
literature for feedlots may be expressed as follows:

Q = L-Pr - B (10-6)
where Q = runoff, em (in.)
Pr = precipitation, cm (in.)
L = regression coefficient (slope)
B = regression constant, cm (in.) (intercept)

The regression constant B may be regarded as that amount of precipitation
that is stored on the feedlot surface and hence not available as runoff.

The coefficient I may be similarly regarded as a fraction of the net avail-
able precipitation (i.e., total precipitation minus total storage and other
seepage losses) that results in surface runoff. Under dry conditions, the
value of B may be higher than that under wet conditions. The value of L
may be higher for surfaced lots than for unsurfaced lots.
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Table 10-8. ESTIMATED RUNOFF (INCHES) FOR KANSAS CITY, MISSOURI - 1974

Date J F M A M J J A S 0 N D

0.0017 0.4450 0.1748 0.4087
0.0969
0.0476
0.3317 0.1263 0.2568 0.0203

0.0096 0.1804

O W NV WN

0.0666 0.0792
11 0.0134 0.0549 0.0343

13 0.0175 0.5501

16 0.2097 0.2785
17 2,7872 0.0712
18 0.0079 2.8665

20 0.1482

21 0.2157
22 0.2785

25 0.0079

28 0.0025 0.0971 0.0156

29 1.2806

30 2.5222 0.0049
31 0.5577 0.3159

Total 0 0.2236 0.0762 1.4330 5.9680 0.5255 0.4450 1.4093 0.2717 3.7631 0.4087 0.0595

Annual runoff: 14.5836 in.



The reported values of L and B are based on the least-squares fit of
experimental data to Eq. (10-6) under different climatic and geographic
conditions. Consequently, significant variations may be found in these
data.

Kreis et al.l/ have determined the values of L and B for a commercial
feedlot in central Texas having an annual precipitation of 37 in. to be 0.5
and 0.124, respectively. Wells et al.8/ showed similar values for south-
western cattle feedlots. They obtained L and B of 0.746 and 0.192 for
surfaced feedlots and 0.345 and 0.309 for unsurfaced lots.

Loehrg/ reviewed literature for feedlot runoff and evaluated the regression
coefficients L and B in Eq. (10-6) for various conditions. Loehr's
results are shown in Table 10-9.

Table 10-9. RUNOFF AND RAINFALL RELATIONSHIPS ON BEEF
CATTLE FEEDLOTSY/

Minimum rainfall
to produce runoff

L B (em) (in.) Conditions
0.945 0.34 1.0 0.4 Surfaced lot
0.882 0.37 1.0 0.4 Unsurfaced lot
0.53 0.14 1.0-1.3 0.4-0.5 3 to 9% slopes
0.93 0.41 1.2 0.45 1968 runoff
0.45 0.05 1.3 0.5 1969 runoff
0.49 0.06 1.3 0.5 1970 runoff
0.50 0.12 0.5-6.8 0.2-0.32 1969 to 1970

The following procedure is suggested to determine the runoff volume using
the Regression Method:

a. Determine feedlot areg and precipitation for a given site using the pro-
cedure described in SCS method, Steps (a), (b), and (c).

b. Determine the regression coefficients for the site conditions in the

area from local experimental data or other reported values applicable to
the area. Otherwise, assume the following ranges of values:
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Site condition Moisture condition L in. (cm)

Surfaced lot Wet 0.5-0.95 0.0-0.2 0.0-0.5
Surfaced lot Dry 0.5-0.95 0.2-0.4 0.5-1.0
Unsurfaced lot Wet 0.5-0.95 0.0-0.3 0.0-0.8
Unsurfaced lot Dry 0.5-0.95 0.3-0.5 0.8-1.0

c. Calculate runoff (centimeters or inches) using Eq. (10-6) and data in
Steps (a) and (b) above.

d. Calculate monthly or annual runoff using the procedure described in SCS
method, Step (e).

e. Calculate total volume of runoff by multiplying runoff depth (Step (d))
with feedlot area (Step (a)).

10.4 POLLUTANT CONCENTRATION IN FEEDLOT RUNOFF

Some of the reported data on feedlot runoff characteristics are presented
in tabular form in Tables 10-10 and 10-11., As indicated earlier, the range
in concentrations is wide. The handbook user has two alternatives.

1. He may use the range of values given in the tables as guidelines for
selecting concentrations for livestock operations in his area. If this al-
ternative is selected, he should use values at both the lower and upper
range of the data which appear to represent his area, and estimate a prob-
able range of loads rather than an assumed average load.

2. He may use data obtained on a current basis in his area. If this al-
ternative is selected, he should be careful to determine and specify the
local range of values. This second alternative is preferred over alterna-
tive (1).

Essentially no data exist for concentrations of pollutants in runoff from
hog lots, poultry ranges, and dairy and sheep lots. 1In lieu of actual
local data (alternative (2) above), the beef cattle runoff data can be used
as guideline data for other livestock., Pollutant concentrations in runoff
are relatively insensitive to the quantity of waste exposed to the runoff,
particularly if the lot surface has been in use for extended periods. It
is not proper to attempt to factor down the concentrations in proportion to
relative rates (hogs versus beef cattle, e.g.) of animal waste deposition
on feedlot surfaces. If actual data are not available, pollutants in run-
off from lots other than beef cattle feedlots should be assumed to lie
within the ranges reported for beef cattle.
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Table 10-10. BEEF CATTLE FEEDLOT RUNOFF CHARACTERISTICS

Alka-
Suspended Total Total linity
Total solids coD BODg Org-N NHy-N NO3-N N P (mg/ £ Ref.
solids (mg/4) (mg/£) (mg/£) (mg/4) (mg/£) (mg/4) (mg/2) (mg/2) as CaC03) pH no.
Nebraska
Snowmelt runoff 3.0-19.88/ - 14,100-78,000 1,600-7,900 - 270-2,028 0-80 1,429-5,765 7-750 - 6.7-7.6 10
Rainfall runoff 0.024-1,743/ - 1,300-8,200 370-600 - 26-82 0-17 65-555 14-47 - 6.7-9.4 10
Texas
Dirt lots - - 2,964-28,000 1,150-3,210 6-434 2-100 0-163 - - 70-1,600 7.1-7.95 8
Concrete lots - - 5,000-48,000 2,400-10,000 35-797 33-774 0-1,270 - - 86-2,600 5.6-7.3 8
Texas
Dirt lot 3,100-28,900?/ 745-17,702 1,440-16,320 1,075-3,450  31-495 4-173 0-2.3 35-668 21-223 - 7
Kansas
Nonsurfaced lot - 1,500-10,500 1,900-8,900 216-1,0105/ - 1-65 0.1-6 50-540 - - 11
Concrete lot - 1,400-12,000 2,760-19,400 31&-2,2005/ - 1-140 0.1-11 94-1,000 - - 11

a/ Percent.

b/ Mg/k.
¢/ Calculated using a COD/BOD ratio.



Table 10-11. RUNOFF CHARACTERISTICS FROM CATTLE FEEDLOTS IN KANSAS* 12/

Concrete Nonpaved
Ammonia-N
Winter 1.3-7.0 mg/yg 1.0~3.8 mg/y
Spring-fall 20-77 mg/y 13-45 mg/y,
Summer 50-139 mg/y 26-62 mg/y
NH3-N: Kjeldahl-N, %
Winter 0.01-0.,05 0.02-0.6
Spring-fall 0.3-0.4 0.06-0.2
Summer 0.1-0.4 0.1-0.3
Nitrite-N
October-November 1.0-5.0 mg/y 1.0-2.3 mg/y
July-August 1.0-6.0 mg/y 1.0-7.0 mg/y
Suspended solids
July-August
Moist - 1 in/hr 6,000 mg/g 5,000 mg/y
Dry - 0.4 in/hr 3,000 mg/yg 1,500 mg/y
Dry - 2.5 in/hr 1,400 mg/g 2,000 mg/y
Wet - 2.5 in/hr 3,000 mg/y 3,000 mg/y
Wet - 0.3 in/hr 12,000 mg/y 10,500 mg/y
October-November
Wet - 1 in/hr 2,000 mg/yg 1,800 mg/y
Wet - 0.5 in/hr 2,500 mg/y -
Bacterial densities (in
millions of organisms per
100 ml), 70% limits
July-November
Total coliform 33-348 22-348
Fecal coliform 35-240 8-79
Fecal streptococci 13-240 8-79

* Kansas data shown here are typical for Midwestern states. These values
tend to increase in the West and decrease in the East.
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Measurements of pollutant concentrations indicate trends helpful in select-
ing data for .load calculation. These trends are: (a) runoff from winter
thawing conditions produce greater concentrations of pollutants than that
produced by rainfall under warmer conditions, and (b) runoff from concrete
(surfaced) feedlots contain higher concentrations of COD, BOD, and nitrogen
than that from unsurfaced feedlots. BOD concentrations in runoff from sur-
faced lots are approximately twice those from unsurfaced feedlots.

10.5 POLLUTANT DELIVERY RATIO, FLd
The proportion of on-site-generated pollutants in feedlot runoff delivered
to streams has not been documented. Delivery ratios have therefore been
developed by the study group in consultation with EPA personnel. Literature
information on sediment delivery and the system developed and presented in
Section 3.0 are the basis for development of values for FLj. The following
additional considerations were involved:

1. The majority of the pollutant load is carried away in the first part of
the runoff hydrograph.

2., Feedlot solids are fine textured and tend not to settle out of overland
runo ff.

3. Observation has shown that buffer strips have limited value for
permanent retention of runoff-contained sediment.

The delivery ratio is therefore expected to be higher than delivery ratios
for sediment from similarly located cropland. Recommended delivery ratios
are:

Case I - Feedlot near (within 0.2 km, 0.1 mile) a permanent unobstructed
waterway: FLy 2 0.9.

Case II - Feedlot located more than 0.2 km (0.1 mile) from stream or un-
obstructed waterway: FLy = 0.7 to 0.9.

10.6 FEEDLOT AREA, A

The A factor in Eq. (10-1) is determined in effect by multiplying feedlot
populations by stocking rates and proportioning areas among specific lots.
In practice, A 1is determined by approximation from data from various
sources such as: "Cattle on Feed,"l3/ state departments of agriculture

and state environmental or health agencies, design manuals, and Special

Census of Agriculture Reports.lﬂ/ Some statistics on beef cattle feedlots
are shown in Table 10-12.
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Table 10-12. NUMBER OF CATTLE FEEDLOT AND FED CATTLE MARKETED--
IN SMALL LOTS, BY STATES (1974)l4.a/

Under 1,000 head feedlot

capacity Total all feedlots
Cattle marketed Cattle marketed
State Lots (No.) (1,000 head) Lots (No.) (1,000 head)

Arizona 6 1 47 895
California 28 13 167 2,002
Colorado 425 131 613 1,892
Idaho 502 11 574 344
Illinois 14,445 755 14,500 850
Indiana 10,477 336 10,500 361
Iowa 31,835 2,710 32,000 3,097
Kansas 5,660 400 5,800 2,240
Michigan 1,667 177 1,700 242
Minnesota 10,970 795 11,020 864
Missouri 11,979 348 13,000 400
Montana 211 26 276 187
Nebraska 14,510 1,330 14,970 3,355
New Mexico 7 1 48 355
North Dakota 880 53 900 84
Ohio 8,175 328 8,200 386
Ok lahoma 358 36 400 566
Oregon 305 22 331 126
Pennsylvania 5,997 114 6,000 123
South Dakota 9,123 407 9,200 585
Texas 1,001 85 1,200 3,899
Washington 165 33 186 301
Wisconsin 7,084 149 7,100 180
23 States 135,810 8,261 137,732 23,334

a/ Number of feedlots under 1,000 head capacity is number of lots
operating at end of year.
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The feedlot area should include area devoted to feed handling and mixing,
sick pens, alleys and equipment storage. Beef cattle lots are typically
15% larger than the feeding pen area.

The following procedure illustrates how A may be calculated. Data for

Nebraska reported in "Cattle on Feed,”léf have been used to estimate aver-
age areas and total area of small feedlots,

Data reported, for feedlots with < 1,000 head:

Number of lots 14,510
Cattle marketed annually 1,330,000

Data assumed:
Stocking rate 23 m2/animal
250 ft2/animal
Turnover rate 2/year

Calculated data:

Average area/lot 0.1 ha (0.26 acre)
Total pen area 1,525 ha (3,800 acres)
Total production area 1,754 ha (4,370 acres)

(Pen area x 1.15)

10.7 METHODS FOR DEVELOPING FEEDLOT STATISTICS

Several options are available to the user to evaluate the parameters in
loading function for feedlots. The following discussion is intended to
facilitate the selection and use of appropriate data and data sources,
especially when the direct use of field data is not possible,

The data on the total number of livestock by county and state are published
in Census of Agriculture statistics, by the U.S. Department of Agriculture.
The census data also show the number of livestock "on feed." State sum-

maries of livestock on feed, by capacity of feedlots, are published by the
Agricultural Statistics divisions of the State and U.S. Departments of
Agriculture. A large fraction of the published state data is related to
beef cattle feedlots. State data sources contain livestock data on a
county basis. The locations of feedlots within a given region can only be
obtained by reference to state/local statistics. If the data specify the
total number of animals marketed, a turnover rate should be used to com-
pute yearly livestock numbers, If the data specify animal on feed or on
hand as of a certain date, then the turnover rate is not considered.
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The distribution data will also help to assess probable distances to given
surface waters, and hence, the amounts of pollutants delivered.

The areas of feedlots may be obtained either from actual inventories of
feedlot data for a region, or estimated by using statistical projections of
sanpled sites for which data exist. An indirect method of estimating feed-
lot area involves a knowledge of animal type, total number of animals, and
stocking rates (area per animal). The stocking rate differs for different
livestock types and usually falls within the following ranges:

Beef cattle - 100 to 400 ft2 (9 to 36 m?)
Dairy cattle - 80 to 400 ft2 (7 to 36 mz)
Swine, breeding - 100 to 250 ft2 (9 to 23 m2)
Swine, growing-finishing - 200 to 1,500 £ft2 (18 to 135 m2)
Sheep - 15 to 100 ft2 (1 to 9 m2)
Turkeys, range - 100 to 200 ft2 (9 to 18 m2)

Feedlot surface conditions, climatic conditions, and other factors determine
the actual stocking rate within the above range.

The required data on feedlot numbers, areas, and locations can thus be de=-
veloped from several sources of data as indicated by the following cases:

Case 1, Little or No Local Data Available

Beef Cattle
Given Data -

* Number of small lots (< 1,000 head), by state, Census of

Agriculture statistics.

«+ Total number of cattle, by county, Census of Agriculture
statistics.

Turnover rate of 2/year.

Estimated Data -

- Average lot size (small lots) equals number of cattle per
turnover divided by number of lots,.
* Average lot area equals average size times stocking rate se-

lected from range given above (100 to 400 ftz/animal, 10 to
40 m2/animal).
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. Number of lots by county, i.e., number of small lots per
county equals number of small lots in state times total
cattle in county divided by total cattle in state,

+ Delivery ratio: 1in absence of information on distance to
watercourses, use 0.9.

Hogs

Given Data -

* Hog population, by county, Census of Agriculture statistics.

* Sixty percent of hogs in small lots (< 2,500 head per lot).

. Fifty percent of all hogs are raised under roof.

. Stocking rate, in range of 200 to 1,500 ft2/animal (20 to 140 m2/
animal).

. Delivery ratio: 0.9.
. Turnover rate: 2/year.

Estimation -

+ Total lot area, in county equals 0.15 times total county
population times stocking rate. Convert to hectares or acres.

Turkeys

Given Data -

+ Total population, by county, Census of Agriculture statistics.

Assumptions -

+ Eighty percent of turkeys on range.

+ Stocking rates, in the range of 100 to 200 ££2/bird (10 to 20
m?/bird)

+ Delivery ratio: 0.9.
- Turnover rate: 2/year.
Estimations -

. Lot area equals 0.4 times county population times stocking
rate., Convert to hectares or acres.
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Sheep

Case 2.

Given Data -

* Total population, by county, Census of Agriculture statistics.

Assumptions -

Eighty-five percent in open lots.

* Stocking rates range from 15 to 100 ft2/animal (1.5 to 10 m2/
animal).

+ Delivery ratio: 0.9.
+ Turnover rate: 2/year
Estimation -

- Lot area, in county equals 0.4 times county population times
stocking rate. Convert to hectares or acres.

Local, Actual Data Available

In an idealized case, perhaps for a small watershed, data on feedlot sizes,
locations, and areas will either be a matter of record, or can be readily
obtained by questionnaire or other means. Feedlots covered by NPDES permits
should be subtracted from the total, and other lots with runoff control also

deleted.

The remainder will be counted as nonpoint sources.
Given Data -

*  Number of small lots and livestock population per lot, local
data.

Area of each lot, local data.

+ Location of each lot from the nearest water course, actual data
of record.

Assumptions =

* Delivery ratios:
0.9 (less than 0.1 mile or 0.2 km from stream).
0.7 (greater than 0.1 mile or 0.2 km from stream).
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Case 3. Combination of Local Data and Area-Wide Data

Determination of area, location, and livestock population of small feedlots
at the local level (county/state) involves a search of various data sources--
including an evaluation of unpublished data of record. State departments of
agriculture--agricultural statistics divisions, animal husbandry divisions

of state agricultural extension services, agricultural economics departments
of land grant universities, state envirommental protection agencies, state
public health departments, county tax assessors' offices, and state revenue
departments are some of the sources of local data. Because of the variations
in jurisdiction in different state governments, the local planner responsible
for making the assessment of nonpoint source pollution from livestock in con-

finement should ascertain the availability of data from appropriate sources
within the state.

The county based livestock population data are published by the U.S. Depart-
ment of Agriculture--Census of Agriculture. However, areal data for small
lots are not available directly from the census data. An example calcula-
tion of the area, delivery ratio, and livestock population in small beef
cattle feedlots from a mix of local and area-wide data is shown below:

Given Data -

Number of livestock, county, Census of Agriculture statistics.

+ Number of small lots (X 1,000 head) by county, from state
agricultural extension division.

*  Number of cattle in small lots, by county. from state agri-
cultural extension division.

- Stocking rates--local data from land grant university, agri-
cultural economics department.

+  Turnover rate equals 2/year.
Assumptions -

* Delivery ratio--for lots less than 0.l mile (0.2 km) from
stream: 0.9; for lots more than 0.1 mile (0.2 km): O0.7.

. None of the small lots reported runoff control.
Estimation -

Area of small lots equal stocking rate time either (1) number of
cattle marketed from small lots divided by 2, or (2) number of
cattle on feed as of January 1.
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10.8 ACCURACY OF PREDICTION

The major uncertainties in the loading function are pollutant concentrations
and delivery ratios. If reliable data on pollutant concentration, feedlot
areas by source, and precipitation-runoff are obtained for the local condi-
tions, the accuracy of prediction can be reasonably good. The pollutant
delivery ratio tends to be quite high for existing feedlots located near
streams. For others, the determination of FLy from local data accurately
will improve the prediction accuracy. Using average, long-term conditions,
the range of accuracies expected are presented in Table 10-13.

Table 10-13. ESTIMATED RANGE OF ACCURACY FOR PREDICTING
POLLUTANT LOADS FROM FEEDLOTS

Estimated value Probable range
Pollutant (kg/ha/year) (kg/ha/year)
BODg 10,000 2,000-50,000
N-total 600 100- 3,000
N-available 50 10- 200
P-total 250 50- 1,000
Suspended solids 10,000 5,000~25,000

10.9 PROCEDURE FOR COMPUTING POLLUTANT LOADING

The following step-by-step procedure is suggested to compute the potential
pollutant loading from feedlots, based on the discussion of loading function
presented in this section. It is assumed that the regional boundary is es-
tablished for assessing the loadings.

l. Determine the number of feedlots.

2., Determine the number and kind of livestock in each feedlot.

3. Determine the area A of individual and total feedlots using either
actual data or procedures outlined earlier in this section.

4. Obtain precipitation data Pr for the time interval required, i.e.,
storm event, 30-day period, year, from local weather stations, or from the
National Climatic Center, U.S, Weather Bureau.

5. Compute runoff volume Q from options presented above.

232



6. Determine the range of pollutant concentrations in feedlot runoff either
from local records or from Tables 10-10 and 10-11,

7. Determine the value of the delivery ratio FLy from a knowledge of feed-
lot location in relation to the stream or from drainage density in the basin.

8. Determine load of each pollutant by using Eq. (10-1), Items 3, 5, 6, and
7 above.

9. Convert results to annual average, daily value, expressed as a range of
loads consistent with ranges of input data on pollutant concentrations.

10.10 EXAMPLE

An open, unsurfaced feedlot in eastern Kansas has an area of about 5 acres
and carries on an average 900 head of cattle at any given time. The feedlot
is located 1/4 mile from a small creek which eventually discharges into the
Kansas River. Assuming that the BOD; concentration of feedlot rumoff ranges
from 5,000 to 10,000 mg/liter and a monthly precipitation of 6 in., calculate
the daily load delivered to the creek during the 30-day period.

In the absence of precipitation event data, interpolation of precipitation
and runoff data presented in Table 10-7 and Table 10-8 for the months of
August and October show an average runoff of 2.5 in.

The delivery ratio is estimated to be 0.8 for a silt-clay soil and a drain-
age density of 4 miles/sq mile.

Thus the BOD5 loading for a concentration of 5,000 mg/liter is, from Eq.
(10-10),

0.23 x 5,000 x 2.5 x 0.8 x 5

Y (BOD)
FL 20

380 1b/day

For BOD5 of 10,000 mg/liter, the loading is Y(BOD)FL = 760 1b/day.
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SECTION 11.0

TERRESTRIAL DISPOSAL

11.1 TINTRODUCTION

Solid wastes and slurries disposed on landfill sites have a significant
potential to pollute local groundwater aquifers, and thus to pollute
nearby surface streams. Water that infiltrates landfill cover soil may
produce leachate, in quantity dependent on precipitation, antecedent
moisture condition of the landfill soil, solid waste composition, and
groundwater hydrology. The absorptive capacity of the landfill, its
areal extent, and the amount of recharge water available for infiltra-
tion are the key parameters that determine the total volume of leachate,
Open dumps can be expected to produce more leachate than sanitary land-
fills.,

Leachates contain significant concentrations of BOD, COD, iron, chlo-
rides, and nitrates. Where toxic wastes have been discharged, the
leachates also contain heavy metals and toxic substances. The charac-
ter of leachate, thus, is highly sensitive to the type of waste in the
land disposal site, the age of the site, and the temperature and mois-
ture content of the fill.

Once a leachate is produced, it may react with soil constituents at
rates depending upon the reactivity of the substances in the leachate.
The concentration and the total quantity of a given pollutant in the
leachate may be attenuated by physical-chemical processes and biologi-
cal processes. The attenuation may proceed both in saturated and un-
saturated zones of the soil, as shown in Figure 11-1.

The degree of attenuation cannot be predicted with reasonable accuracy.
Soil, especially in the unsaturated zone, is probably most important in
this attenuation. The leachate is also in effect attenuated by dilution
in groundwaters, and groundwater movement through underground aquifers
results in reactions (chemical reaction, physical absorption-desorption,
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and biological reactions) which degrade the pollutant, equilibrate it with
geological strata, and possibly transform certain constituents to insoluble
minerals.

11.2 LOADING FUNCTION FOR LANDFILLS

The actual loading rate for a given pollutant cannot be made without knowl-
edge of soil properties, hydrology and landfill characteristics. It is not
possible, therefore, to predict the extent of pollutant load that is actu-
ally transmitted to a stream with presently available data. Approximate
at-site leachate emission rates can be determined from the knowledge of
percolation rates and pollutant concentrations expected from landfill sites,
If a site is located close to a surface water course, the at-site emission
rate may be close to the stream loading rate. If the site is distant from
surface waters, the emissions may be markedly attenuated.

The loading function for a given pollutant is thus given by:

Y(i)LF = a-CQ(i)LF-p~LFd~A (11-1)
where Y(i)LF = average loading rate of pollutant i, kg/year (1lb/year)
p = percolation rate, cm/year (in/year)

CQ(i)LF = average concentration of pollutant i, in leachate at
site, mg/liter

a = a dimensional factor, 0.1 metric (0.23 English)
LFy = leachate delivery ratio for landfill
A = area of landfill, ha (acres)

The delivery ratio, LF , varies in theory from 0 (no delivered pollutant)
to 1.0 (100% delivery). Values of LFd are a matter of local judgment.

Pollutant concentrations, CQ(i)LF, vary with the site characteristics and
vary widely even within a given region. A range of reported values is
presented in Table ll-l.l Pollutant concentration is influenced by the
amount of leachate produced. Leachate volume is in turn influenced by
several factors including surface cover, subsurface lining characteristics
of the landfill, and climatic conditions. Percolation rate may, in some
cases, be higher or lower than leachate flow rate. Published average
annual percolation rates for the United States are shown in Figure 11-2.3/

238



Table 11-1. CHEMICAL CHARACTERISTICS OF LEACHATESL/

Constituent Concentration, mg/1
BODg 80 - 33,100
COD 150 - 71,000
Organic nitrogen 50 - 200
Nitrate (as N) 0.2 - 1,300
Ammonia (as N) 0 - 1,000
Sulfate 28 - 3,770
Chloride 4,7 - 2,467
Iron (total Fe) 0 - 2,820
Hardness 0 - 22,800
Copper 0 - 9.9
Zinc 0 - 370
Manganese 6.1 - 125
Lead 0.1 - 2
Cadmium 0.03 ~ 17
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The percolation map indicates potential leachate quantities throughout

the country. Most severe leachate problems are expected east of the
Mississippi and in the Pacific Northwest. For conditions east of the
Mississippi, where an average of 30 cm (12 in.) of percolation and 80,000
ha (200,000 acres) of landfill surface were assumed, the net annual amount
of leachate produced has been estimated to be 246 million meters3 (65
billion gallons), or 3,000 m3/ha (325,000 gal/acre) of landfill surface.l/
This amount would be reduced by 507 or more with proper cover and vegetation
on the site. The percolation map (Figure 11-2) should serve principally

as a guideline for local analysis. For example, percolation in areas which
experience highly seasonal precipitation will not conform well to data on
the map, and its use would give results in error. Landfill sites should
therefore be analyzed on a local or an areal basis, and percolation data
developed should take into account engineering practice in the area as well
as climatological and hydrological data specific to the area. 1In this re-
gard, it must be emphasized that old sites as well as current sites are to
be included in the analysis.

11.3 PROCEDURE FOR COMPUTING LANDFILL POLLUTANT LOADINGS

In order to compute pollutant loadings from landfill leachates in a regiom,
the following data are needed:

Landfill characteristics including number, size, location, age, and
surface area,

Percolation and leachate data.

Pollutant concentration data.

Leachate delivery ratio.

The availability of specific data will dictate the degree of accuracy one
can achieve in computing the loading rates. Thus, several options are
open to determine the pollutant loadings in a given region.

11.3.1 Landfill Characteristics Including Number, Size, Location, Age,
and Surface Area

The 1968 National Surveyg/ published extensive statistics on community
solid waste practices by region., Waste Ageé/ made a telephone survey of
solid waste disposal practices by region. These reports, while estimat-
ing the number and area of sites, are too broad for use in a local situa-

tion. Local and state health departments should be consulted for specific
site information.
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11.3.2 Percolation and Leachate Data

Case I - When the landfill site is not engineered as a sanitary landfill,
i.e., the surface and bottom are not adequately lined with impervious
material, the leachate flow rate can reasonably be assumed to be equal to
percolation rates typical of the area. Rates indicated in Figure 11-2
may be adequate, but locally specific data are to be preferred. When
groundwater recharge occurs during wet conditions or when the groundwater
table is shallow, upwelling may occur; calculation of leachate rates will
be very difficult in such cases and will be the province of the local
engineer. Monitoring stations will be needed to obtain accurate infor-
mation.,

Case II ~- When the site is engineered to reduce leachate and/or percola-
tion, such as in lined or compacted landfills, considerably smaller
amounts of leachate will leave the site. Data on local design condi=~
tions and monitored parameters should be obtained to determine the
actual rates of leachate production., Sites with similar physical and
climatological characteristics and waste constituents should provide
reasonably accurate data.

11.3.3 Pollutant Concentration Data

As shown in Table 11-1, the concentrations of pollutants vary greatly.
For example, the reported BOD5 concentration ranges are 2,000 mg/liter
to 30,000 mg/liter. The factors affecting leachate composition are
complex. There is no simple way to predict the pollutant concentra-
tion for given site conditions. Monitored or field data should be
obtained for specific situations. 1In general, leachate from a com-

pleted fill where no more waste is being disposed of can be expected
to decrease with time,

11.3.4 Leachate Delivery Ratio

Most published studies describe the on-site pollution potential, and not
the actual load delivered to a stream. The delivery ratio is thus a re-
search area.

The approach to selection of a delivery ratio should be on a site-by-site
basis, with the delivery ratio developed after consideration of the fol-
lowing factors:

1. Proximity of landfill to surface waters.

2. Proximity to subsurface aquifers.
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3. Subsurface water quantities, flows, and direction of flow.
4., Quantity of leachate in proportion to aquifer inventories and flows.
5. The attenuating characteristics of soils for the pollutant of concern.

6. The age of the site.

Confidence in the delivery ratio (as well as leachate quantities and pollu-
tant concentrations) can be markedly increased by analysis of groundwaters
and soils at strategically located sampling spots.

Selection of a delivery ratio is thus the province of local specialists in
hydrology, water and soil chemistry, and landfill design. The delivery

ratio should seldom be more than 0.5 save in exceptionally poorly designed
and managed dumps. Conversely, a delivery ratio near zero should be accepted
only after rigorous examination of site characteristics.

11.4 Accuracy of Predicted Loads

The accuracy of prediction depends upon the accuracy of parameters used in
the loading function. For local situations where small areas are involved,
the area of landfill can be easily and accurately determined from local
data sources. Determination of percolation rates for the area can also be
obtained from experimental data and other reported results for similar soil
characteristics and precipitation rates. The percolation rate also is de-
pendent upon the engineering design of the landfill site, its age, and
groundwater characteristics. Long-term average rates are generally more
precise than short-term, yearly averages. The delivery ratio is usually
obtained with less certainty. The delivery ratio can usually be estimated
to be near zero for small leachate rates. At high rates the uncertainty

in the delivery ratio becomes greater. Concentrations of pollutants in

the leachate are extremely variable and are subject to greater fluctuation
than other parameters. Consequently, greater error is introduced in the
prediction even if other parameters are accurately estimated. The expected
range of pollutant loads is shown in Table 11-2. The ranges were estimated
on the assumption that some actual site data are available, and that actual
characteristics have been evaluated in estimating load; i.e., the range of
values presented in Table 11-1 has not been used in the estimations.
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Table 11-2., ESTIMATED RANGE OF PREDICTED LOADS FOR
VARIOUS POLLUTANTS IN LEACHATES IN LANDFILLS

Estimated value Range of predicted values
Pollutant (kg/ha/year) (kg/ha/year)
BOD, 10,000 1,000-100,000
CcOD 20,000 2,000-200,000
Nitrogen - Total 500 50-5,000

11.5 EXAMPLE

A well engineered sanitary landfill operating during the past 5 years is
located in eastern Kansas where the annual precipitation is 36 in/year.
The site has a total area of 35 acres and is located about 1 mile from a
major river. The rate of percolation is estimated, from local data on
rainfall plus landfill surface characteristics, to be 1.5 in/year through
the fill material, which is primarily composed of municipal refuse.
Leachate from a test well located on-site was analyzed during high flow
period, with the following results:

BOD5 = 8,000 mg/liter

COD = 12,000 mg/liter

pH = 6.3

Alkalinity as CaC03 = 3,620 mg/liter
Chloride as Cl1 = 284 mg/liter

NH4~-N = 84 mg/liter

Assuming that the leachate directly enters the river, calculate the
pollutant loadings for BOD5, chlorides, and nitrogen.

Site data and engineering features of the landfill were used by local
engineers to arrive at a delivery ratio in the range of 0.05 to 0.2.

Assuming a LFyq value of 0.1 in Eq. (11-1), the computed loading rates
are shown in Table 11-3.
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Table 11-3. ©POLLUTANT LOADING RATES IN EXAMPLE
Annual load Daily load
Pollutant (1b/year) (1b/day)
BODs5 9,660 26.5
Chloride 343 0.94
Nitrogen (NH4-N) 101 0.28
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SECTION 12.0
BACKGROUND POLLUTANT LOAD ESTIMATION PROCEDURES
12,1 INTRODUCTION

Nonpoint pollution loads can arise from land which has not been disturbed
by man's activities. Such loads, referred to as '"background" loads,
represent natural nonpoint emissions, and have a significant effect upon
surface water quality. 1In general, a clear-cut distinction between

loads arising from background sources and loads arising from man's land
use practices is virtually impossible to achieve, either philosophically
or technically. Therefore, one should approach the problem of background
pollutant loads somewhat warily, but also firmly. Any estimation of back-
ground pollutant loads will have an unavoidable element of arbitrariness.

This section will present estimation procedure options for background
pollutant emissions.

Two different approaches are discussed--a stream-to-source approach (Sec-

tion 12.2) and a source to stream approach (Section 12.3), together with a
discussion at the expected accuracy of each method.

12.2 STREAM TO SOURCE METHODS

12.2.1 Options Available

Four options for estimating nonpoint pollution loads emitted from natural
background have been developed using the stream to source approach. These
options, together with their constraints, are:

Option I - A method of estimating general background loads over large
areas. The method utilizes annual average runoff in the area considered
and iso-pollutant. concentration maps developed for this purpose, The
method yields estimates of.pollutant loads on an average annual basis,
reported on a per day basis. Use of Option I methods should be restricted
to areas of minor water basin size (80,000 milesz) or larger.
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Option II - A second method for estimating general background levels over
a large area. The method utilizes the iso-pollutant maps as in Option I,
but streamflow carrying the pollutant is used rather than average annual
runoff. This method can be used to estimate maximum and minimum pollu-
tant loads within a year by utilizing maximum and minimum flows during
the year, and represents the stream to source approach, The size restric-
tions are. the same as those for Option I.

Option III - A method for estimating general background levels on a local
or small watershed scale. Average annual runoff for the watershed is used.
Background pollutant concentrations deemed appropriate from local water
quality data are used instead of iso-pollutant maps. This method should
be used when considering local nonpoint problems, and will yield estimates
of annual average background loads reported on a per day basis. This op-

tion uses the same approach as the first one except that provisions are
made for the user to use his judgment to define natural background concen-
trations.

Option IV - A method, applicable to localized areas and to small water-
sheds, for estimating background loads, based on local data and experience.
The method utilizes streamflow data for pollutant transport as in Option

II, and local information deemed appropriate concerning background pol-
lutant concentrations as in Option III. This method permits ready estima-
tion of 30 day maximum and minimum loads by considering flow volumes at
various times of the year. 1If a detailed description of natural background
over a large area is desired, the area can be subdivided into local units,
Option IV applied to each of the units, and the loads computed for each sub-
unit summed over the whole area.

12.2.2 Information Needs for Background Iloading Value Equations

The following information is needed for use in the background loading
value equations presented below.

Area (A) from which background pollutants are being emitted.

Flo

£y

(Q) of water in which background pollutants are transpo