DOCUMENTATION MANUAL
VOLUME 6
RAINFALL LOSSES

INTRODUCTION

Rainfall losses are, in the aggregate, the sum of all losses to applied rainfall that
occur at or near the point of raindrop impact with the surface of the watershed. The
difference between applied rainfall depth and runoff depth (rainfall excess) is rainfall loss.
Other losses do occur in the rainfall-runoff process, specifically transmission losses during
overland flow and in the conveyance channels, but these losses are not generally classified
as rainfall losses, and these other losses are not included in the treatment of this section.
For flood hydrology, it is not adequate to simply estimate the magnitude of rainfall losses;

the time distribution of the losses must be estimated also.

Rainfall losses are generally composed of evaporation, interception, depression
storage, and infiltration into the land surface. Factors that affect the magnitude (and the
time distribution) of rainfall losses are; impervious land surfaces, soil type and texture,
vegetation type and extent of surface cover, litter and other cover on the soil, surface
roughness, surface temperature, ambient temperature, rainfall intensity in a very complex
way, antecedent soil moisture, soil density, and numerous other factors. At this time, it
has been possible to formulate theories to estimate the magnitude of rainfall excess for
several of these rainfall loss mechanisms, however, no existing theory is adequate to
completely describe the rainfall loss process. This situation is complicated by the fact that
there is tremendous variability over both time and space in most of the factors controlling
rainfall losses in watersheds. The best that can be expected is that general relations can
be established to estimate rainfall losses with some degree of confidence that represent

uniform, rather idealized conditions.

THEORY
Numerous theories have been formulated for the purpose of modeling the rainfall
loss process. Some of the theories and models were developed to simulate the composite

rainfall loss process that includes all sources of rainfall losses, and an example of such a
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model is the SCS CN method. Other theories were formulated for the purpose of modeling
only the infiltration component of the rainfall loss process, and an example of such a
model is the Green and Ampt infiltration equation. Use of an infiltration model requires a

separate estimation of the rainfall losses that are due to factors other than infiltration.

It is not possible to provide a comprehensive discussion of all of the rainfall loss
theories that have been developed. Text books, hydrology handbooks, and professional
literature should be consulted for this purpose. A good overview of rainfall loss and
infiltration theories and models will be presented in the new ASCE Handbook of Hydrology
that will be published in about 1992/1993.

The Green and Ampt infiltration equation is the preferred method to be used to
estimate rainfall losses due to infiltration for ADOT projects. A brief description of this
equation and its computational procedure is contained in the Rainfall Losses section of the

Drainage Design Manual for Maricopa County, Volume 1, Hydrology (Appendix 6-A). A

good general discussion of the Green and Ampt equation is contained in Hydrology and

Floodplain Analysis by P.B. Bedient and W.C. Huber, Addison-Wesley Publishing Company,
1988 (Appendix 6-B).

The Initial Loss plus Uniform Loss Rate (IL + ULR) method is also described in the

Drainage Design Manual for Maricopa County, Volume 1, Hydrology. Two additional

sources of information should be consulted when using that method for flood hydrology;

the Flood Hydrology Manual by A.G. Cudworth, U.S. Bureau of Reclamation, 1989, and

Design of Small Dams, Third Edition, U.S. Bureau of Reclamation, 1988. Although those
references provide some good background information, they probably cannot be used to
select uniform loss rates (CNSTL) for the IL+ ULR method when that method is used for

special cases in Arizona.

DEVELOPMENT OF ADOT RAINFALL LOSSES CRITERIA

The scope-of-work (March 1990) specifies that three rainfall loss methods will be
considered, and that the recommended method(s) would be selected from those three.
Those three methods are:

12 Green and Ampt infiltration equation plus a surface retention loss,

2, Initial Loss plus Uniform Loss Rate (IL + ULR) method, and
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3. the SCS CN method.

At Meeting No. 1, it was decided that ADOT will provide examples of the various
levels of information that are available for Arizona for use in estimating rainfall losses. In

descending order, these were:

a. SCS soil surveys (usually by county),
b. ADOT county soils maps, and
C- ADOT map of Arizona indicating hydrologic soil group.

At Meeting No. 2, Mr. Robert Ward provided a map of Arizona indicating the
availability and status of the detailed SCS soil surveys for Arizona. That map is shown in
Appendix 6-C.

A Rainfall Losses Working Paper dated December 1989 (revised May 1990) was
submitted prior to Meeting No. 2. That working paper recommended adoption of the
Green and Ampt equation as the preferred method with the IL+ULR method as an
alternative. At Meeting No. 2, Mr. George Lopez-Cepero suggested that the Green and
Ampt equation be the recommended method and that suggestion was approved at the
meeting. It was agreed that a preliminary draft of the Rainfall Losses Working Paper be
submitted prior to Meeting No. 3 that would provide clear guidance on the selection of the

Green and Ampt equation parameters from the best available information for Arizona.

The Preliminary Draft of Working Paper No. 3 (September 1990) was prepared and
submitted. Procedures to estimate the Green and Ampt equation parameters were
provided, and the IL+ULR method was recommended for special situations where rainfall
infiltration losses would not be controlled by soil texture. Comments were received on the
Preliminary Draft of Working Paper No. 3 at Meeting No. 3, and revised Working Paper No.
3 (October 1990) was submitted.

At Meeting No. 4, corrections were noted for the IL+ULR method and other
editorial comments were received. A revision to Working Paper No. 3 (21 January 1991)

was made.
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At Meeting No. 5, Mr. Ray Jordan asked about determination of soil texture in
Example No. 1. Subsequently, Mr. Robert Ward prepared a Technical Memorandum
(Appendix 6-D). Dr. George Sabol responded to Mr. Ward’s memorandum with Technical
Memorandum No. 8 (Appendix 6-E). These were reviewed at Meeting No. 6 with the
conclusion that the use of the "gravelly"” modifier on soil texture will be treated as

presented in the Working Paper.

Prior to Meeting No. 7, Mr. Ray Jordan distributed copies of miscellaneous
infiltration articles to the Committee (Appendix 6-F). Dr. George Sabol summarized some
data from one of those articles (also in Appendix 6-F), and it was concluded that the Green
and Ampt parameters do not appear to be in doubt based on that data, and may be

somewhat conservative.

Comments on Green and Ampt parameters were received from Mr. David Creighton

of the Arizona Department of Water Resources (Appendix 6-G).

GREEN AND AMPT PARAMETERS
The procedure to estimate the Green and Ampt parameter values was determined
by the consultant (GVSCE) while performing research and development for the Flood

Control District of Maricopa County in producing the Drainage Design Manual for Maricopa

County, Volume 1, Hydrology. The following describes the research and development for

that manual that was subsequently adopted for the ADOT Manual.

The Green and Ampt equation as coded into HEC-1 requires three parameter values;
hydraulic conductivity (XKSAT), capillary suction (PSIF), and soil moisture deficit
(DTHETA). The primary reference for the green and Ampt equation parameters is the
paper by Rawls and others (1983) (Appendix 6-H). Notice that there is an error in that
reference and that the hydraulic conductivities for loam (.34 cm/hr, (.15 in/hr)) and silty
loam (.65 cm/hr, (.25 in/hr)) are reversed. This error is corrected in the ADOT Manual.
Green and Ampt equation parameters for silt are not contained in the above reference, and
those soil texture parameter values were taken from a publication by Rawls and Brakensiek

(1983) (Appendix 6-1).
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Values of DTHETA as functions of Dry, Normal, or Saturated soil, as defined in the
ADOT Manual, were developed from information presented by Rawls and Brakensiek
(1983) (Appendix 6-1). The work sheets used to develop the DTHETA "Dry" and the
DTHETA "Normal" values in the ADOT Manual are presented in Appendix 6-J.

VEGETATION COVER CORRECTION FACTOR

The effect of ground cover on infiltration rate was investigated. The equations
presented by Rawls, Brakensiek and Savabi (1989) (Appendix 6-K) were investigated, and
a discussion of results are shown in Appendix 6-L. Those equations were not accepted
because they yielded inconsistent results across the range of soil textures. Attempts were
made to develop a functional relation for hydraulic conductivity as a function of ground
cover and canopy cover. Dr. Leonard Lane assisted with the analysis of data that has
been published by various researchers. The results of Dr. Lane’s work are contained in
Appendix 6-M. No satisfactory results were obtained and the lack of an adequately
developed and verified procedure for adjusting bare soil infiltration rates for the effects of

ground cover and canopy cover remains a major deficiency.

Dr. Tim Ward assisted in providing infiltration data and reviewing work, and as an
advisor. Recent research by Ward and others at New Mexico State University (Appendix
6-N) and elsewhere indicates that canopy cover can greatly increase the infiltration rate.
As a result of those published research results and communication with Dr. Ward, a
simplified relation was developed to adjust the bare ground hydraulic conductivity for

vegetation cover.

AREA AVERAGING OF GREEN AND AMPT PARAMETERS
The procedure that was developed for the calculation of the area weighted Green
and Ampt XKSAT value was adopted from work by Van Mullem (1991) (Appendix 6-0).

IMPERVIOUS AREA

Estimation of rainfall losses is highly sensitive to the percent impervious area in the
watershed. Impervious area is often measured as total impervious area or as effective
impervious area (that impervious area that is directly connected to the outlet of the
watershed). Effective impervious area (RTIMP in HEC-1 notation) is the measure of

impervious area that is to be used, and that is because runoff from the non-directly
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connected impervious area must flow onto impervious area where infiltration and other
losses can occur. Two sources for estimating effective impervious area where used; TR-
55 and a paper by Alley and Veenhuis (1983). Those references and a summary of
estimates for RTIMP are provided in Appendix 6-P. Mr. Robert Ward provided information

on impervious area from other studies in which he has been involved (Appendix 6-Q).

WORKING PAPER NO. 3
The final version of Working Paper No. 3 (16 April 1992) is shown in Appendix 6-R.

That working paper was incorporated into the ADOT Manual.

BIBLIOGRAPHY
A bibliography on pertinent references to infiltration and rainfall losses is provided in
Appendix 6-S. The bibliography is taken from the list of references to a draft of the ASCE

Handbook of Hydrology that is in preparation.
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Rainfall

General

Rainfall excess is that portion of the total rainfall depth that drains directly from the
land surface by overland flow. By a mass balance, rainfall excess plus rainfall loss
equals precipitation. When performing a flood analysis using a rainfall-runoff
model, the determination of rainfall excess is of utmost importance. Rainfall excess
integrated over the entire watershed results in runoff volume, and the temporal
distribution of the rainfall excess will, along with the hydraulics of runoff, deter-
mine the peak discharge. Therefore, the estimation of the magnitude and time
distribution of rainfall losses should be performed with the best practical technol-
ogy, considering the objective of the analysis, economics of the project, and conse-
quences of inaccurate estimates.

Rainfall losses are generally considered to be the result of evaporation of water from
the land surface, interception of rainfall by vegetal cover, depression storage on the
land surface (paved or unpaved), and infiltration of water into the soil matrix. A
schematic representation of rainfall losses for a uniform intensity rainfall is shown
in Figure 4.1. As shown in the figure, evaporation can start at an initially high rate
depending on the land surface temperature, but the rate decreases very rapidly and
would eventually reach a low, steady-state rate. From a practical standpoint, the
magnitude of rainfall loss that can be realized from evaporation during a storm of
sufficient magnitude to cause flood runoff is negligible.

Interception, also illustrated in Figure 4.1, varies depending upon the type of
vegetation, maturity, and extent of canopy cover. Experimental data on intercep-
tion have been collected by numerous investigators (Linsley and others, 1982), but
little is known of the interception values for most hydrologic problems. Estimates
of interception for various vegetation types (Linsley and others, 1982) are:
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Rainfall Losses

Interception,

Vegetation Type inches
hardwood tree 0.09
cotton 0.33
alfalfa 0.11
meadow grass 0.08

No interception estimates are known for natural vegetation that occurs in Maricopa
County. For most applications in Maricopa County the magnitude of interception
losses is essentially 0.0, and for practical purposes interception is not considered for
flood hydrology in Maricopa County.

Depression storage and infiltration losses comprise the majority of the rainfall loss
as illustrated in Figure 4.1. The estimates of these two losses will be discussed in
more detail in later sections of this manual.

Three periods of rainfall losses are illustrated in Figure 4.1, and these must be
understood and their implications appreciated before applying the procedures in
this manual. First, there is a period of initial loss when no rainfall excess (runoff) is
produced. During this initial period, the losses are a function of the depression
storage, interception, and evaporation rates plus the initially high infiltration
capacity of the soil. The accumulated rainfall loss during this period with no runoff
is called the initial abstraction. The end of this initial period is noted by the onset of
ponded water on the surface, and the time from start of rainfall to this time is the
time of ponding (Tp). It is important to note that losses during this first period are a
summation of losses due to all mechanisms including infiltration.

The second period is marked by a declining infiltration rate and generally very little
losses due to other factors.

The third, and final, period occurs for rainfalls of sufficient duration for the
infiltration rate to reach the steady-state, equilibrium rate of the soil (fc). The only
appreciable loss during the final period is due to infiltration.

The actual loss process is quite complex and there is a good deal of interdependence
of the loss mechanisms on each other and on the rainfall itself. Therefore, simplifying
assumptions are usually made in the modeling of rainfall losses. Figure 4.2 represents
asimplified set of assumptions that can be made. In Figure 4.2, it is assumed that surface
retention loss is the summation of all losses other than those due to infiltration, and
that this loss occurs from the start of rainfall and ends when the accumulated rainfall
equals the magnitude of the capacity of the surface retention loss. It is assumed that
infiltration does not occur during this time. After the surface retention is satisfied,
infiltration begins. If the infiltration capacity exceeds the rainfall intensity, then no
rainfall excess is produced. As the infiltration capacity decreases, it may eventually
equal the rainfall intensity. This would occur at the time of ponding (Tp) which signals
the beginning of surface runoff. Asillustrated in both Figures4.1and 4.2, after the time
of ponding the infiltration rate decreases exponentially and may reach a steady-state,
equilibrium rate (fc). It is these simplified assumptions and processes, as illustrated in
Figure 4.2, that are to be modeled by the procedures in this manual.
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Rainfall Losses

Surface Retention Loss

. Surface retention loss, as used herein, is the summation of all rainfall losses other

than infiltration. The major component of surface retention loss is depression
storage; relatively minor components of surface retention loss are due to intercep-
tion and evaporation, as previously discussed. Depression storage is considered #o
occur in two forms. First, in-place depression storage occurs at, and in the near
vicinity of, the raindrop impact. The mechanism for this depression storage is the
microrelief of the soil and soil cover. The second form of depression storage is the
retention of surface runoff that occurs away from the point of raindrop impact in
surface depressions such as puddles, roadway gutters and swales, roofs, irrigation
bordered fields and lawns, and so forth.

A relatively minor contribution by interception is also considered as a part of the
total surface retention loss. Estimates of surface retention loss are difficult to obtain
and are a function of the physiography and land-use of the area.

The surface retention loss on impervious surfaces has been estimated to be in the
range 0.0625 inch to 0.125 inch by Tholin and Keefer (1960), 0.11 inch for 1 percent
slope to 0.06 inch for 2.5 percent slopes by Viessman (1967), and 0.04 inch based on
rainfall-runoff data for an urban watershed in Albuquerque by Sabol (1983). Hicks
(1944) provides estimates of surface retention losses during intense storms as 0.20
inch for sand, 0.15 inch for loam, and 0.10 inch for clay. Tholin and Keefer (1960)
estimated the surface retention loss for turf to be between 0.25 to 0.50 inch. Based
on rainfall simulator studies on undeveloped alluvial plains in the Albuquerque
area, the surface retention loss was estimated as 0.1 to 0.2 inch (Sabol and others,
1982a). Rainfall simulator studies in New Mexico result in estimates of 0.39 inch for
eastern plains rangelands and 0.09 inch for pinon-juniper hillslopes (Sabol and
others, 1982b). Surface retention losses for various land-uses and surface cover
conditions in Maricopa County have been extrapolated from these reported es-
timates and these are shown in Table 4.1.

Table 4.1
Surface Retention Loss for Various Land Surfaces in Maricopa County

| Surface Retention
Land-use and/or Surface Cover Loss IA, Inches
(1) (2)

Natural

Desert and rangeland, flat slope 0.35

Hillslopes, Sonoran Desert 0.15

Mountain, with vegetated surface 0.25
Developed (Residential and Commercial)

Lawn and turf 0.20

Desert landscape 0.10

Pavement 0.05
Agricultural

Tilled fields and irrigated pasture 0.50




Infiltration

Infiltration /

Infiltration is the movement of water from the land surface into the soil. Gravity
and capillary forces drawing water into and through the pore spaces of the soil
matrix are the two forces that drive infiltration. Infiltration is controlled by soil
properties, by vegetation influences on the soil structure, by surface cover of rock
and vegetation, and by tillage practices. The distinction between infiltration and
percolation is that percolation is the movement of water through the soil subsequent
to infiltration.

Infiltration can be controlled by percolation if the soil does not have a sustained
drainage capacity to provide access for more infiltrated water. However, before
percolation can be assumed to restrict infiltration for the design rainfalls being
considered in Maricopa County, the extent by which percolation can restrict infiltra-
tion of rainfall should be carefully evaluated. SCS soil scientists have defined
hydrologic soil group D as:

“Soils having very slow infiltration rates when thoroughly wetted and consist-
ing chiefly of clay soils with a high swelling potential, soils with a permanent
high water table, soils with a claypan or clay layer at or near the surface, and
shallow soils over nearly impervious material.”

. This definition indicates that hydrologic soil groups A, B, or C could be classified
as D if a near impervious strata of clay, caliche, or rock is beneath them. When these
soils are considered in regard to long-duration rainfalls (the design events for many
parts of the United States) this definition may be valid. However, when considered
for short-duration and relatively small design rainfall depths in Maricopa County,
this definition could result in underestimation of the rainfall losses. This is because
evenarelatively shallow horizon of soil overlaying an impervious layer still has the
ability to store a significant amount of infiltrated rainfall.

For example, consider the situation where only 4 inches of soil covers animpervious
layer. If the effective porosity is 0.30, then 1.2 inches (4 inches x 0.30) of water can
be infiltrated and stored in the shallow soil horizon. For design rainfalls in Maricopa
County, this represents a significant storage volume for infiltrated rainfall and so
when developing loss rate parameters for areas of Maricopa County that contain
significant areas classified as hydrologic soil group D, the reason for that classifica-
tion should be determined.

Hydrologic soil group D should be retained only for:
» clay soils,
» soils with a permanent high water table, and

» rock outcrop.

Hydrologic soil group D should probably not be retained in all situations where the
classification is based on shallow soils over nearly impervious layers; site specific
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Rainfall Losses

studies and sensitivity analyses should be performed to estimate the loss rates to be
used for such soils.

Recommended Methods for Estimating
Rainfall Losses

Many methods have been developed for estimating rainfall losses; five are listed as
options in the HEC-1 Flood Hydrology Package. They are:

1. Holtan Infiltration Equation

2. Exponential Loss Rate

3. SCS Curve Numbers (CN) Loss Rate

4. Green and Ampt Infiltration Equation

5. Initial Loss Plus Uniform Loss Rate (IL+ULR)

Of these five, however, only two—Green and Ampt and IL+ULR—are recom-
mended for estimating rainfall losses in Maricopa County for the reasons discussed
below.

The Holtan Infiltration Equation is an exponential decay type of equation for
which the rainfall loss rate asymptotically diminishes to the minimum infiltration
rate (fc). The Holtan equation is not extensively used and there is no known
application of this method in Arizona. Data and procedures to estimate the
parameters for use in Maricopa County are not available. Therefore, the Holtan
equation is not recommended for general use in Maricopa County.

The Exponential Loss Rate Method is a four parameter method that is not exten-
sively used, but it is a method preferred by of the U.S. Army Corps of Engineers.
Data and procedures are not available to estimate the parameters for this method
for all physiographic regions in Maricopa County, but Exponential loss rate
parameters have been developed from the reconstitution of flood events for a flood
hydrology study in a portion of Maricopa County (U.S. Army Corps of Engineers,
1982a). However, adequate data are not available to estimate the necessary
parameters for all soil types and land uses in Maricopa County, and this method is
not recommended for general use in Maricopa County.

The SCS CN method is the most extensively used rainfall loss rate method in
Maricopa County and Arizona and it has wide acceptance among many agencies,
consulting engineering firms, and individuals throughout the community. How-
ever, because of both theoretical concerns and practical limitations, the SCS CN
method is not recommended for general use in Maricopa County.

As mentioned previously, the two recommended methods for estimating rainfall
losses in Maricopa County are the Green and Ampt infiltration equation and the




Recommended Methods for Estimating
Ralnfall Losses

4.4.1

initial loss and uniform loss rate (IL+ULR) method. Both methods, as programmed
into HEC-1, can be used to simulate the rainfall loss model as depicted in Figure
4.2. (Fora full discussion of these methods, see Sections 4.4.1and 4.4.2.) The IL+ULR
is a simplified model that has been used extensively for flood hydrology and data
often are available to estimate the two parameters for this method. The Green and
Ampt infiltration equation is a physically based model that has been in existence
since 1911, and has recently been incorporated as an option in HEC-1.

The preferred method, and the most theoretically accurate, is the Green and Ampt
infiltration equation. This method should be used for most studies in Maricopa
County where the land surface is soil, the infiltration of water is controlled by soil
texture (see Appendix D), and the bulk density of the soil is affected by vegetation.
Procedures were developed, and are presented, to estimate the three parameters of
the Green and Ampt infiltration equation. The alternative method of IL+ULR can
be used in situations where the Green and Ampt infiltration method is recom-
mended, but its use in those situations is not encouraged, and, in general, should
be avoided. Rather, the IL+ULR method should be used in situations where the
Green and Ampt infiltration equation with parameters based on soil texture is not
appropriate. Examples of situations where the IL+ULR method is recommended
are: large areas of rock outcrop, talus slopes, forests underlain with a thick mantle
of duff, land surfaces of volcanic cinder, and surfaces that are predominantly sand
and gravel. Because of the diversity of conditions that could exist for which the
IL+ULR method is to be used, it is not possible to provide extensive guidance for
the selection of the two parameters of the IL+ULR method.

Other methods should be used only if there is technical justification for a variance
from these recommendations and if adequate information is available to estimate
the necessary parameters. Use of rainfall loss methods other than those recom-
mended should not be undertaken unless previously approved by the Flood Con-
trol District and the local regulatory agency.

Green and Ampt Infiltration Equation

This model, first developed in 1911 by W.H. Green and G.A. Ampt, has since the
early 1970s, received increased interest for estimating rainfall infiltration losses.
The model has the form:

f=K5(1+HII_.2) forf<i

(4.1)
f=i forf2i
where
f = infiltration rate (L/T),
i =  rainfall intensity (L/T),
Ks = hydraulic conductivity, wetted zone, steady-state rate (L/T)
¥ =  average capillary suction in the wetted zone (L),




Rainfall Losses

0 =  soil moisture deficit (dimensionless), equal to effective soil
porosity times the difference in final and initial volumetric
soil saturations, and

F =  depth of rainfall that has infiltrated into the soil since the
beginning of rainfall (L).

A sound and concise explanation of the Green and Ampt equation is provided by
Bedient and Huber (1988).

It is important to note that as rain continues, F increases and f approaches Ks, and
therefore, f is inversely related to time. Equation 4.1 is implicit with respect to f
which causes computational difficulties. Eggert (1976) simplified Equation 4.1 by
expanding the equation in a power series and truncating all but the first two terms
of the expansion. The simplified solution (Li and others, 1976) is:

F=—05 (2F - Ks At) + 0.5 [(2F - Ks At* + 8KsAt (Oy + )2 4.2)
where

At
L =  accumulated depth of infiltration at the start of At.

the computation interval

The average infiltration rate is:

AF 4.3
e 43)

Use of the Green and Ampt equation as coded in HEC-1 involves the simulation of
rainfall loss as a two phase process, as illustrated in Figure 4.2. The first phase is
the simulation of the surface retention loss as previously described; this loss is called
the initial loss (IA) in HEC-1. During this first phase, all rainfall is lost (zero rainfall
excess generated) during the period from the start of rainfall up to the time that the
accumulated rainfall equals the value of IA. It is assumed, for modeling purposes,
that no infiltration of rainfall occurs during this first phase. Initial loss (IA) is
primarily a function of land-use and surface cover, and recommended values of IA
for use with the Green and Ampt equation are presented in Table 4.1. For example,
about 0.35 inches of rainfall will be lost to runoff due to surface retention for desert
and rangelands on relatively flat slopes in Maricopa County.

The second phase of the rainfall loss process is the infiltration of rainfall into the soil
matrix. For modeling purposes, the infiltration begins immediately after the surface
retention loss (IA) is completely satisfied, as illustrated in Figure 4.2. The three
Green and Ampt equation infiltration parameters as coded in HEC-1 are:

»  hydraulic conductivity at natural saturation (XKSAT) equal to Ks in Equation 4.1;

» wetting front capillary suction (PSIF) equal to ¥ in Equation 4.1; and

»  volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to
0 in Equation 4.1.
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The three infiltration parameters are functions of soil characteristics, ground surface
characteristics, and land management practices. The soil characteristics of interest
are particle size distribution (soil texture), organic matter, and bulk density. The
primary soil surface characteristics are vegetation canopy cover, ground cover, and
soil crusting. The land management practices are identified as various tillages as
they result in changes to soil porosity.

Values of Green and Ampt equation parameters as a function of soil characteristics
alone (bare ground condition) have been obtained from published reports (Rawls
and others, 1983; Rawls and Brakensiek, 1983), and average values of XKSAT and
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table
4.2. The values of XKSAT and PSIF from Table 4.2 or Figure 4.3 should be used if
general soil texture classification of the drainage area is available. References used
to create Table 4.2 can be found in the Documentation Manual.

In Table 4.2, loamy sand and sand are combined. The parameter values that are
shown in the tableare for loamy sand. The hydraulic conductivity (XKSAT) for sand
is often used as 4.6 inches /hour, and the capillary suction (PSIF) is often used as 1.9
inches. Using those parameter values for drainage areas can result in the generation
of norainfall excess—which may or may not be correct. Incorrect results could cause
serious consequences for flood control planning and design. Therefore, it is recom-
mended that—for watersheds consisting of relatively small subareas of sand—the
Green and Ampt parameter values for loamy sand be used for the sand portion of
the watershed. If the area contains alarge portion of sand, then either the Green and

Table 4.2
Green and Ampt Loss Rate Parameter Values for Bare Ground
Soll Texture XKSAT PSIF DTHETA'
Classification inches/hour| Inches Dry Normal |Saturated

(1) (2) (3) (4) (5) (6)
loamy sand & sand 1.2 2.4 0.35 0.30 0
sandy loam 0.40 4.3 0.35 0.25 0
loam 0.25 3.5 0.35 0.25 0
silty loam 0.15 6.6 0.40 0.25 0
silt 0.10 7.5 0.35 | 0.15 0
sandy clay loam 0.06 8.6 0.25 0.15 0
clay loam 0.04 8.2 0.25 0.15 0
silty clay loam 0.04 10.8 0.30 0.15 0
sandy clay 0.02 9.4 0.20 0.10 0
silty clay 0.02 1.5 0.20 0.10 0
clay 0.01 12.4 0.15 0.05 0

! Selection of DTHETA:
Dry = Nonirrigated lands, such as desert and rangeland;
Normal = lIrrigated lawn, turf, and permanent pasture;
= |Irrigated agricultural land.

Saturated
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Ampt method should be used with parameter values for loamy sand or theIL+ULR
method should be used with appropriately determined values for the parameters.

The soil moisture deficit (DTHETA) is a volumetric measure of the soil moisture
storage capacity that is available at the start of the rainfall. DTHETA is a function
of the effective porosity of the soil. The range of DTHETA is 0.0 to the effective
porosity. If the soil is effectively saturated at the start of rainfall then DTHETA
equals 0.0; if the soil is devoid of moisture at the start of rainfall then DTHETA
equals the effective porosity of the soil.

Under natural conditions, soil seldom reaches a state of soil moisture less than the
wilting point of vegetation. Due to the rapid drainage capacity of most soils in
Maricopa County, at the start of a design storm the soil would not be expected to
be in a state of soil moisture greater than the field capacity.

However, Maricopa County also has a large segment of its land area under irrigated
agriculture, and it is reasonable to assume that the design frequency storm could
occur during or shortly after certain lands have been irrigated. Therefore, it would
be reasonable to assume that soil moisture for irrigated lands could be at or near
effective saturation during the start of the design rainfall.

Three conditions for DTHETA have been defined for use in Maricopa County based
on the antecedent soil moisture condition that could be expected to exist at the start
of the design rainfall. These three conditions are:

» “Dry” for antecedent soil moisture near the vegetation wilting point;

» “Normal” for antecedent soil moisture condition near field capacity due to
previous rainfall or irrigation applications on nonagricultural lands; and

» “Saturated” for antecedent soil moisture near effective saturation due to
recent irrigation of agricultural lands.

Values of DTHETA have been estimated by subtracting the initial volumetric soil
moisture for each of the three conditions from the soil porosity.

The value of DTHETA “Saturated” is always equal to 0.0 because for this condition
there is no available pore space in the soil matrix at the start of rainfall. Values of
DTHETA for the three antecedent soil moisture conditions are shown in Table 4.2.
DTHETA “Dry” should be used for soil that is usually in a state of low soil moisture
such as would occur in the desert and rangelands of Maricopa County. DTHETA
“Normal” should be used for soil that is usually in a state of moderate soil moisture
such as would occur in irrigated lawns, golf courses, parks, and irrigated pastures.
DTHETA “Saturated” should be used for soil that can be expected to be in a state
of high soil moisture such as irrigated agricultural land.

4411 Procedure for Aerially Averaging Green and Ampt Parameter Values:

Most drainage areas or modeling subbasins will be composed of several subareas
containing soils of different texutres. Therefore, a composite value for the Green
and Ampt parameters that are to be applied to the drainage areas or modeling
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8 subbasins needs to be determined. The procedure for determining the composite
value is to average the area-weighted logarithms of the XKSAT values and to select
the PSIF and DTHETA values from a graph.

The composite XKSAT is calculated by Equation 4.4:

. . .4

o e [z Ailog XKSAT;] “.4)

AT

where
XKSAT = composite subarea hydraulic conductivity, inches/hour
XKSATi = hydraulic conductivity of a map unit, inches/hour
(from Appendix A, B, or C)

Aj = size of subarea
AT = size of the watershed or modeling subbasin

After XKSAT is calculated, the values of PSIF and DTHETA (normal or dry) are
selected from Figure 4.3, at the corresponding value of XKSAT.

4.4.12 Procedure for Adjusting XKSAT for Vegetation Cover: The hydraulic
conductivity (XKSAT) can be affected by several factors besides soil texture. For
example, hydraulic conductivity is reduced by soil crusting, increased by tillage,

‘ and increased by the influence of ground cover and canopy cover. The values of
XKSAT that are presented for bare ground as a function of soil texture alone should
be adjusted under certain soil cover conditions.

Ground cover, such as grass, litter, and gravel, will generally increase the infiltration
rate over that of bare ground conditions. Similarly, canopy cover—such as from
trees, brush, and tall grasses—can also increase the bare ground infiltration rate.
The procedures and data that are presented are for estimating the Green and Ampt
parameters based solely on soil texture and would be applicable for bare ground
conditions. Past research has shown that the wetting front capillary suction
parameter (PSIF) is relatively insensitive in comparison with the hydraulic conduc-
tivity parameter (XKSAT); therefore only the hydraulic conductivity parameter is
adjusted for the influences of cover over bare ground.

Procedures have been developed (Rawls and others, 1989) for incorporating the
effects of soil crusting, ground cover, and canopy cover into the estimation of
hydraulic conductivity for the Green and Ampt equation; however, those proce-
dures are not recommended for use in Maricopa County at this time. A simplified
procedure to adjust the bare ground hydraulic conductivity for vegetation cover is
shown in Figure 4.4. This figure is based on the documented increase in hydraulic
conductivity due to various soil covers as reported by investigators using rainfall
simulators on native western rangelands (Kincaid and others, 1964; Sabol and
others, 1982a; Sabol and others, 1982b; Bach, 1984; Ward, 1986; Lane and others,
1987; Ward and Bolin, 1989). This correction factor can be used based on an estimate
. of vegetation cover as used by the Soil Conservation Service in soil surveys; that is,
vegetation cover is evaluated on basal area for grasses and forbs, and is evaluated
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Figure4.4
Effect of Vegetation Cover on Hydraulic Conductivity
For Hydraulic Soll Groups B, C, and D, and for all Soll Textures
other than Sand and Loamy Sand

on canopy cover for trees and shrubs. Note that this correction can be applied only
to soils other than sand and loamy sand.

The influence of tillage results in a change in total porosity and therefore a need to
modify the three Green and Ampt equation infiltration parameters. The effect of
tillage systems on soil porosity and the corresponding changes to hydraulic con-
ductivity, wetting front capillary suction, and water retention is available (Rawls
and Brakensiek, 1983). Although this information is available, it is not presented in
this manual, nor is it recommended that these adjustments be made to the infiltra-
tion parameters for design purpose use in Maricopa County, because for most flood
estimation purposes it cannot be assumed that the soil will be in any particular state
of tillage at the time of storm occurrence and therefore the base condition infiltration
parameters, as presented, should be used for flood estimation purposes. However,
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appropriate adjustments to the infiltration parameters can be made, as necessary,
for special flood studies such as reconstitution of storm events.

Initial Loss Plus Uniform Loss Rate (IL+ULR)

This is a simplified rainfall loss method that is often used, and generally accepted,
for flood hydrology. In using this simplified method it is assumed that the rainfall
loss process can be simulated as a two-step procedure, as illustrated in Figure 4.5.
First, all rainfall is lost to runoff until the accumulated rainfall is equal to the initial
loss; and second, after the initial loss is satisfied, a portion of all future rainfall is
lost at a uniform rate. All of the rainfall is lost if the rainfall intensity is less than the
uniform loss rate.

According to HEC-1 nomenclature, two parameters are needed to use this method;
the initial loss (STRTL) and the uniform loss rate (CNSTL).

Because this method is to be used for special cases where infiltration is not controlled
by soil texture, or for drainage areas and subbasins that are predominantly sand,
the estimation of the parameters will require model calibration, results of regional
studies, or other valid techniques. It is not possible to provide complete guidance
in the selection of these parameters; however, some general guidance is provided:

A. For the special cases of anticipated application, the uniform loss rate (CNSTL)
will either be very low for nearly impervious surfaces, or possibly quite high
for exceptionally fast-draining (highly pervious) land surfaces. For land sur-
faces with very low infiltration rates, the value of CNSTL will probably be 0.05
inches per hour or less. For sand, a CNSTL of 0.5 to 1.0 inch per hour or larger
may be reasonable. Higher values of CNSTL for sand and other surfaces are
possible, however, use of high values of CNSTL would require special studies
to substantiate the use of such values.

B.  Although the IL+ULR method is not recommended for watersheds where the
soil textures can be defined and where the Green and Ampt method is en-
couraged, some general guidance in the selection of the uniform loss rate is
shown in Tables 4.3 and 4.4. Table 4.4 was prepared based on the values in
Table 4.3 and the hydraulic conductivities shown in Table 4.2. In Table 4.4, the
initial infiltration (II) is an estimate of the infiltration loss that can be expected
prior to the generation of surface runoff. The value of initial loss (STRTL) is the
sum of inititial infiltration (II) of Table 4.4 and surface retention loss (IA) of
Table 4.1; STRTL =1I + IA.

C. The estimation of initial loss (STRTL) can be made on the basis of calibration
or special studies at the same time that CNSTL is estimated. Alternatively, since
STRTL is equivalent to initial abstraction, STRTL can be estimated by use of
the SCS CN equations for estimated initial abstraction, written as:

_ 200 (4.5)
STRTL = o T 2
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RATE, DEPTH PER UNIT TIME

INITIAL LOSS (STRTL) = SURFACE RETENTION LOSS +
INITIAL INFILTRATION LOSS

UNIFORM LOSS RATE (CNSTL) = f,

RAINFALL
EXCESS

{//f///

SURFACE RETENTION LOSS

Figure 4.5
Representation of Rainfall Loss According to the
Initial Loss Plus Uniform Loss Rate (IL+ULR)
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Table 4.3
Published Values of Uniform Loss Rates
Hydrologic Soll Uniform Loss Rate, Inches/hour
Group Musgrave (1955) USBR (1975)’ USBR (1987)°
1 (2) 3) (4)
A 0.30-0.45 0.40 0.30-0.50
B 0.15-0.30 0.24 0.15-0.30
C 0.05-0.15 0.12 0.05-0.15
D 0-0.05 0.08 0-0.05

: Design of Small Dams, Second Edition, 1975, Appendix A.

2 Design of Small Dams, Third Edition, 1987.

Table 4.4
Initial Loss Plus Uniform Loss Rate Parameter Values
for Bare Ground according to Hydrologic Soil Group

Initial Inflltrapon, Inches
Hydrologic Soll Uniform Loss Rate I
Group CNSTL Dry Normal | Saturated
(1) (2) (3) (4) (5)
A 0.4 0.6 0.5 0
B 0.25 0.5 0.3 0
C 0.15 0.5 0.3 0
D 0.05 0.4 0.2 0

! Selection of II:
Dry =

Normal =
Saturated =

Nonirrigated lands such as desert and rangeland;
Irrigated lawn, turf, and permanent pasture;
Irrigated agricultural land.




Procedure for Estimating Loss Rates

Estimates of CN for the drainage area or subbasin should be made by referring
to various publications of the SCS, particularly TR-55. Equation 4.5 should
providea fairly good estimate of STRTL in many cases, however, its use should
be judiciously applied and carefully considered in all cases.

Procedure for Estimating Loss Rates

Green and Ampt Method

A. When soils data are available:

1:

Prepare a base map of the drainage area delineating modeling subbasins,
if used.

Delineate the subareas containing different soils (as determined from soil
surveys, if available). Determine the soil texture for each soil type. Soils
reports such as those of the Soil Conservation Service can be used, if
available, or laboratory analysis of appropriate soil samples from the
drainage area can be used if adequate documentation on the sampling and
laboratory procedure is provided and approved. A soil texture classifica-
tion triangle is provided in Appendix D.

If the watershed or subbasin contains soil of all one texture, then determine
XKSAT, PSIF, and DTHETA from Table 4.2. Adjust XKSAT for vegetation
cover using Figure 4.4, if appropriate.

If the watershed or subbasin is composed of soils of different textures, then
area-weighted parameter values will be calculated:

a. Determine the size (Aj) and the XKSATi values for each soil subarea.
b. Calculate the area-weighted value of XKSAT by using Equation 4.4.
c. Select corresponding values of PSIF and DTHETA from Figure 4.3.

d. Adjust the XKSAT value for vegetation cover using Figure 4.4, if
appropriate. The adjustment factor may be area-weighted, if neces-

Determine the land-use and/or soil cover for the drainage area and use
Table 4.1 to estimate the surface retention loss (IA). Arithmetically area-
weight average the values of 1A if the drainage area or subbasin is com-
posed of subareas of different IA.

Estimate the impervious area (RTIMP) for the drainage area or subbasin,
and arithmetically area-weight average, if necessary.




Rainfall Losses

7. Enterthe area-weighted values of IA, DTHETA, PSIF, XKSAT, and RTIMP
for the drainage area or each subbasin on the LG record of the HEC-1 input
file.

Alternative methods:

Asanalternativeto theabove procedures, Greenand Ampt loss rate parameters
can be estimated by reconstitution of recorded rainfall-runoff events on the
drainage area or hydrologically similar watersheds, or parameters can be
estimated by use of rainfall simulators in field experiments. Plans and proce-
dures for estimating Green and Ampt loss rate parameters by either of these
procedures should be approved by the Flood Control District and the local
agency before initiating these procedures.

4.5.2 Initial Loss Plus Uniform Loss Rate Method
A. When soils data are available:

*

Prepare a base map of the drainage area delineating modeling subbasins,
if used.

Delineate subareas of different infiltration rates (uniform loss rates) on the
base map. Assign a land-use or surface cover to each subarea.

Determine the size of each subbasin and size of each subarea within each
subbasin.

Estimate the impervious area (RTIMP) for the drainage area or each
subarea.

Estimate the initial loss (STRTL) for the drainage area or each subarea by
regional studies or calibration. Alternatively, Equation 4.5 or Tables 4.1
and 4.4 can be used to estimate or to check the value of STRTL.

Estimate the uniform loss rate (CNSTL) for the drainage area or each
subarea by regional studies or calibration. Table 4.4 can be used, in certain
situations, to estimate or to check the values of CNSTL.

Calculate the area-weighted values of RTIMP, ST'RTL, and CNSTL for the
drainage area or each subbasin.

Enter the area-weighted values of RTIMP, STRTL, and CNSTL for the
drainage area or each subbasin on the LU record of the HEC-1 input file.
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TECHNICAL MEMORANDUM

To: Project Committee Members, ADOT Hydrology Manual

From: Robert L. Ward

Subject: Correlation Between SCS Soil Gradation Data & Soil Texture Descriptions
Date: February 19, 1991

During Work Group Meeting No. 5, Ray Jordan raised a question about the determination
of the soil texture used in Example No. 1 to Working Paper No. 3 (dated 21 January
1991). Specifically, the question focused on the correlation between the published
SCS description of the Perryville soil series (PeA) as a "gravelly loam" and the soil
texture that would be obtained by plotting the published gradation analysis of this
soil on a USDA soil texture classification triangle. Concern was expressed that the
gradation data listed in Example No. 1 might not support the published soil description
of a "gravelly loam". I agreed to research this issue in order to identify and
explain any potential conflicts. This memorandum summarizes my research.

During the course of this research, some secondary issues were also uncovered which
should be addressed before the ADOT Hydrology Manual is published in final form.
The first of these secondary issues is the fact that the Agua Fria River tributary
at Youngtown is composed of three different soil series, rather than the single
Perryville series that is referenced in Example No. 1. Based on my visual estimate
from the SCS soil survey map, the watershed is composed of 50% Laveen loam, 12%
Vecont clay, and 38% Perryville gravelly loam. The area-weighted Green—Ampt
parameters for this 3-soil combination are computed on Attachment No. 1. The
inclusion of the Vecont clay and Laveen loam changes the bare soil hydraulic
conductivity (XKSAT) from the 0.40 in/hr. value, published in Example No. 1, to
0.278 in/hr. I noted in reviewing the September 1990 edition of the MCFCD Hydrology
Manual that they also list all three of these soil series (in similar percentages to
those on Attachment No. 1) when computing the Green—Ampt parameters for the
Youngtown watershed. Accordingly, I would recommend that we revise Example No.
1 to reflect the published soil series that comprise this watershed. For consistency,

we should probably use the same data that is published for the example in the
MCFCD Manual.
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Another secondary issue questions the source and shape of the soil texture diagram
published in the MCFCD Hydrology Manual, and also used in Working Paper No. 3.
I met with Bill Johnson, SCS Soil Scientist, Phoenix office, on February 13, 1991 to
discuss SCS policies on soil classification. Bill stated that he had never seen a
soil texture diagram shaped like the one in the MCFCD manual. He said SCS uses
the equilateral triangle (see Attachment No. 6) as their official soil texture diagram.
However, it should be noted that Brakensiek and Rawls (authors of A Procedure To
Predict Green And Ampt Infiltration Parameters) are both USDA employees and utilize
the texture diagram published in the MCFCD Hydrology Manual. 1 have discussed
this issue with George Sabol and he has agreed to try and track down the source
of this "hybrid" soil texture diagram. However, since the equilateral triangle shape
(Attachment No. 6), with sand, silt, and clay axes, appears to be the standard for
soil texture classifications, I would recommend that we stick with this standard

shape so that this same question will not be raised by future users of the ADOT
Hydrology Manual.

Finally, to the central issue of this memorandum. The gradation data published on
pages 74 and 75 (Table 5) of the Soil Survey Of Maricopa County, Arizona, Central
Part, September 1977, (this is the data that was used in Example No. 1 referenced
at the beginning of this memorandum) is not sufficiently detailed to determine soil
classification from a triangular soil texture diagram. This is not possible because
the published gradation data does not separate the silt fraction from the clay
fraction. At least two of the three soil textures (sand, silt, or clay) must be known
to use the texture diagram. Also complicating this issue is the fact that the SCS
texture diagram uses a No. 270 sieve (not a No. 200 sieve) to differentiate between
silt and sand. The smallest sieve size published in the Soil Survey is a No. 200.

Further complications are created by the fact that Table 5 of the Soil Survey
publishes the gradation data as percentage ranges for each sieve size, e.g., 55% to
75% passing a No. 10 sieve, etc. Depending upon which end of the range a specific
soil sample might be associated with, a substantially different soil texture could
be derived. For example, Attachments 2, 3, 4, and S5 show the four possible scenarios
that exist for computing the percentage of sand in the Perryville gravelly loam.
After correcting for the gravel fraction that is larger than a No. 10 sieve, the four
scenarios illustrate how the sand component of the Perryville gravelly loam could
range from a low value of 23% to a high value of 60%. Attachment No. 6 shows
the soil texture envelope (red-shaded area) that would be defined by this range
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of sand percentages. Accordingly, depending upon the distribution of the silt/clay
fraction, a Perryville gravelly loam could plot anywhere from a clay to a sandy
loam, with associated hydraulic conductivities ranging from 0.01 to 0.40 in/hr!

Fortunately, our search for technical justification of the described soil texture does
not end with the sieve data published in Table 5 of the Soil Survey report. Table
10 (pages 110-111) of the same report provides much more detailed data on the
gradation of six benchmark soils that are included within the soil survey limits.
Bill said that for those soils which are not tested to the level of detail published
in Table 10 of the soil survey report, the soil scientist will usually field classify
the soil by using simple tests, such as squeezing or rolling a ribbon of soil to
estimate the clay content. He also indicated that field testing with hydrometers
is sometimes used. When this type of testing is employed, there are no detailed
sieve analyses performed that could be used to enter a soil texture diagram.

Table 10 provides a precise tabulation of the percents of sand, silt, and clay that
comprise the Perryville gravelly loam. These percentages are:

i1 Sand - 42.6%

Silt = 39.9%
Clay - 17.5%
Total: 100%

Applying these percentages to the soil texture diagram on Attachment No. 6 indicates
that a Perryville gravelly loam plots almost in the middle of the loam envelope.
A small red "x" on Attachment No. 6 shows the precise plotting point (it lies in
the middle of the "Loam" label). Accordingly, the basic soil texture of "loam" is
confirmed by the gradation data.

However, another question now arises as to how we resolve the discrepancy between
a texture plot indicating a "loam" soil and the narrative description in the report
that defines this Perryville soil as a "gravelly loam". Additional discussions with
Bill Johnson indicated that SCS policy for using "gravelly" modifiers is as follows:

1. Gravelly — 15% to 20% of the sample (by volume) has particle sizes
bracketed by a No. 10 sieve and 3 inches.




2 Very gravelly — 35% to 60% of the sample is retained between a No. 10
sieve and 3 inches.

3. Extremely gravelly — more than 60% of the sample is retained between

a No. 10 sieve and 3 inches. Note: A No. 10 sieve is the upper limit
for the SCS sand size fraction.

I have enclosed Attachment No. 7 as the basis on which SCS applies "sand" modifiers
to basic soil textures. Although I have no supporting test data, the above analysis
suggests that we may be creating some inaccuracies in the selection of Green—Ampt
parameters with our proposed treatment of "modifiers" to the basic soil textures,
e.g., our assumption that a "gravelly loam" will have similar infiltration characteristics
as a "sandy loam". In the case of the Perryville gravelly loam, the published SCS
gradation data clearly indicates the soil is a "loam", not a "sandy loam". The
associated hydraulic conductivities (XKSAT) of 0.25 (loam) and 0.40 (sandy loam)
are substantially different. Perhaps we should revert back to our originally proposed
treatment of modifiers (see Working Paper No. 3 dated 7 January 1991) and simply
drop the "gravelly" modifier from the soil texture when selecting Green—Ampt
parameters. However, prior to doing this, I would recommend that we contact
Brakensiek and Rawls (or any other Green—Ampt researchers) and ask if they have
any test data on gravelly loams, etc., and also ask what their recommendations
would be in assigning Green—Ampt parameters to soils with "gravelly" modifiers, or
any other modifiers that might not fall into our current list of soils for which
Green—Ampt parameters are published.

Conclusions

15 The "percentage ranges" of sieve analysis data published in Table 5 of
the Soil Survey of Maricopa County, Arizona, Central Part, are not sufficient
to use for the determination of soil texture. Unless detailed data, such
as that presented in Table 10 of the same soil survey, is available, the

a>

engineer should use the soil texture defined in the text of the soil survey zz?u,//flz

report. /n w7,

2. The treatment of "gravelly" modifiers to basic soil textures should be
re—examined to determine their influence on the selection of Green—Ampt
parameters.




3. The conventional "equilateral" triangle should be adopted as the soil
texture diagram to be published in the ADOT Hydrology Manual.

Attachments: No.l1 - Soil composition & Green—Ampt parameters for Agua Fria River
tributary at Youngtown

No.2, 3, 4, 5 - Plotting envelopes for USDA soil texture diagram,
Perryville Gravelly Loam

No.6 — USDA soil texture diagram with plotting data for Perryville
Gravelly Loam

No.7 - SCS criteria for using sand modifiers

File: ADOT1.DOC
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TECHNICAL MEMORANDUM No. 8

TO: Project Committee Members
FROM: G.V. Sabol
DATE: 15 March 1991
SUBJECT: Green and Ampt parameter values

This technical memorandum is in response to Mr. Robert Ward's suggestion
that the use of "gravelly" as a soil texture be re-examined (see Mr. Ward's
Technical Memorandum of 19 February 1991).

I and others have spent considerable effort in trying to resolve the
problem (and other similar problems) of relating Green and Ampt equation
parameters to influences such as gravel content in the soil. It is my
conclusion that we presently do not have the "full" answer to the selection of
Green and Ampt parameters for soils existing in nature; i.e., parameter values
incorporating the effects of coarse fragments in the soil, rock and litter
cover of the soil, vegetation cover, impact of land-use, etc. However, it
does appear from the literature that there is some confidence in selecting the
parameters based on soil texture for bare ground conditions without the
compounding effects as mentioned above. Answers to deviations from the simple
bare ground condition will probably come with time as usage encourages
additional research.

In again researching this topic in regard to the effect of coarse
fragments (gravel) in the soil, I found three references that can be
considered. Copies of these are attached, and they are:

(1) Determining the Saturated Hydraulic Conductivity of a Soil Containing

Rock Fragments

Brakensiek, Rawls, and Stephenson (1986)

(2) Applicability of the Green and Ampt Infiltration Equation to Rangelands

Devaurs and Gifford (1986)

(3) Large-Plot Infiltration Studies in Desert and Semiarid Rangeland Areas

of the Southwestern U.S.A.

Lane, Simanton, Hakonson, and Romney (1987)

I think that these will provide interesting reading and will lend some
light on the topic - but will not provide a solution to the problem. First,
there is no question that estimating the Green and Ampt parameters from bare
ground, soil texture alone is inadequate for most natural watershed
conditions. Devaurs and Gifford (1986, pg. 22) state, "These soil texture
predictive triangles, developed for agricultural soils, need revision for use
on rangelands." The problem of the soil coarse fraction is specificly
mentioned as part of the problem for rangelands. No solution is offered in
this relatively recent article.

Brakensiek and others (1986) have provided some evidence to indicate

that the hydraulic conductivity of the fine earth fraction should be reduced
as a function of the weight fraction of coarse material in the bulk soil. The

15-44-1



’ reduction of hydraulic conductivity would be 30% for a bulk soil containing
30% gravel. That work would support Ward's suggestion that the parameters
should be based on the fine earth fraction without regarding the soil texture
modifier such as gravelly.

However, if the soil is gravelly then the land surface will have gravel
and rock cover and there would be a surface soil effect that must be
considered. Lane and others (1987) provides some valuable data on the effect
of vegetation and ground cover on hydraulic conductivity (Table 4). The
measured hydraulic conductivities from those experiments are reproduced below:

Hydraulic Conductivity in mm/hr

Natural Clipped Bare
Ground Vegetation Ground
Site Cover
Bernardino 35.3 2150 13:7
Cave 26.3 15.0 1.6
Hathaway 3L.6 1953 12.4
Mercury 20,5 1.3 4.8
Area 11 39 5 18.4 2l s
Average 29.5 18.4 11,8

Notice that the bare ground hydraulic conductivities compare quite
nicely to the hydraulic conductivities that are provided for sandy loam, loam,
‘ and silty loam soils. Also notice the large increase in hydraulic
conductivity for natural ground cover, an average of 250% increase.

My conclusions are the following:

1% It would not be reasonable to use the fine earth soil texture to
classify the soil (disregard the coarse fraction), and maybe also reduce
the hydraulic conductivity by up to 40% to account for the gravel
content. This would be too conservative.

28 The presence of gravel in the soil probably has a much greater effect on
the soil surface to increase the hydraulic conductivity.

8l The bare ground hydraulic conductivity is probably significantly lower
than the natural condition hydraulic conductivity.

4, Retain the soil modifier "gravelly" as presently treated in Working

Paper No. 3 when classifying soil. This may help to offset what are
probably conservative hydraulic conductivities for natural conditions.

15-44-1 2
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: / " Railnfall Losses

ZG-*::::::.::L:-.<:..:v:»:»:»:<.~ I S T e e S o S B B Bl S N S S 0 LIS D B R

Hydrologlc Design Manual
for Maricopa County

»  hydraulic conductivity at natural saturation (XKSAT) equal to Ks in Equation 4.1;

L
» wetting front capillary suction (PSIF) equal to ‘¥ in Equation 4.1; and
»  volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to
0 in Equation 4.1.
Thethree infiltration parametersare functions of soil characteristics, ground surface
characteristics, and land management practices. The soil characteristics of interest
are particle size distribution (soil texture), organic matter, and bulk density. The
primary soil surface characteristics are vegetation canopy cover, ground cover, and
soil crusting. The land management practices are identified as various tillages as
they result in changes to soil porosity.
Values of Green and Ampt equation parameters as a function of soil characteristics
alone (bare ground condition) have been obtained from published reports (Rawls
and others, 1983; Rawls and Brakensiek, 1983), and average values of XKSAT and
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table
4.2. The values of XKSAT and PSIF from Table 4.2 should be used if general soil
texture classification of the drainage area is available. References used to create
Table 4.2 can be found in the Documentation Manual. , S(\ (f
w:z‘?? !
: | o \F—
Ks Tamy«z 2 WERP v/
Green and Ampt Loss Rate Parameter Values for Bare Ground PSI-F N
T
Soll Texture XKSAT | PSIF DTHETA EN M
Classification |Inches/hour| Inches Dry Normal |Saturated
(1) () (3) (4) (5) (6) g SR
sand Rady Y4.6'Mp3\ 1.9. 0.35 0.30 0.4)7 O " Loz B
loamy sand ’\‘JL‘;Z“" V1.2 % ( 2.47 0.35 0.30 2901 O - '8.3% | 5.57
sandy loam L1 04045517 437 | 035 0.25 o4y, O B.lo | 8.73
loam a4 0.25 @.{ 3.5% | 0.35 0.25 o3¢ O JLo5 | 1240
silty loam a% 01548 667 | 040 | 025 nfge O |07 | I530
silt 0.10 7« 7.5 0.35 015 + O : s
sandy clay loam o5y 0.06%8 | 8.6° 0.25 0.15 o3 0 1603 | 17:67
clay loam oy 0.04%¢]| 82~ 0.25 0.15 0.390 0 5258 | )7.5%
silty clay loam o 0.04°08/| 10.8° 0.30 0.15 o422 0 1973 | 2239
sandy clay oy 002508 947 020 | 010432 0 22 04| 25,02
silty clay 1 0.02%01 115, 0.20 0.10 o.f#23 0 21.62 {2549
clay o8 0.01491] 12.4 0.15 | 0.05 o485 0 | 2498 |ap.02
1* Rewrrst k dr0m Ve Jwa nna,(.f,,v 2 E{(rul.‘wll)or'ﬁil( L
Selection of DTHETA:
. Dry = Nonirrigated lands, such as desert and rangeland;
Normal = Irrigated lawn, turf, and permanent pasture; i ; /;
Saturated = Irrigated agricultural land.

September 1, 1990
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- CHAPTER § PRECIPITATION LOSSES

HANDS-ON HEC-1, PAGE 5-21

WEPP:

WEasv Wi PP
“PBiF Sy F /
A, = Réwls
TABLE 5.17 Green-Ampt Infiltration Parameters for Various Soil Classes Toble &

Effective Poroslt& Wetting Front Sur:tion

Soil Class DTHETA PSIF (In)

Hydraulic Conductivity
XKSAT (in/hfr)

Y07 1957 | Y07 | 4.13

.385 24.9% 0.0\

32.02

4,64 -

Source: CHOW, MAIDMENT AND MAYS [1988]
Conversios  Mpdpe -l-oind,llsly and

,
£
/,
v
’
’,

Documn §tion (P} )0, Tuly [566) - Table$-3 and conwrsfons

Ralnfall Losses Hydrologlc Desl

Rew's Blakenciek 4 m;nﬂ(wg;) J. Mydr, Enga P, 109176270 ,Table 2
Rawls, Stone, 4 Breshmsivk (1968)  Chggl M ~Inf: [bpdion tn WERE Model

gn Manual

for Marlcopa Caunty

Table 4.2

‘i6~‘::::: ele e

Green and Ampt Loss Rate Parameter Values for Bare Ground
Soll Texture XKSAT PSIF DTHETA'
Classiflcatlon Inches/hour| Inches Dry Normal | Saturated

(1) (2) (3) (4) (5) (6)
sand 4.6 1.9 0.35 0.30 0
loamy sand 1.2 2.4 0.35 0.30 0
sandy loam 0.40 4.3 0.35 0.25 0
loam f0.25 7 3.5 035 | 0.25 0
silty loam ;9;1_5 b 6.6 0.40 0.25 0
silt 0.10 7.5 0.35 0.15 0
sandy clay loam 0.06 8.6 0.25 0.15 0
clay loam 0.04 £ 820 | 025 0.15 0
silty clay loam 0.04 108 | 030 | 0.5 0
sandy clay 0.02 9.4 0.20 0.10 0
silty clay 0.02 11.5 0.20 0.10 0
clay 0.01 12.4 0.15 0.05 0

1 Selection of DTHETA:

. Dry
Naormal
Saturated

Nonirrigated lands, such as desert and rangeland;
Irrigated lawn, turf, and permanent pasture,
Irrigated agricultural land.

Gape

ember 1, 1990




CHAPTER § PRECIPITATICN LCSSES B\Q[?S— f‘?H%é-l'F?AgGOE 5-21

TABLE 5.17 Green-Ampt Infiltration Parameters for Various Scil Classes @\ '
Effective Porosity Wetting Front Suction Hydraulic Conductivity
Soil Class DTHETA PSIF (in) d XEKSAT (in/hr) o

1.95 4.64

B
Source: CHOW, MAIDMENT AND MAYS [1988]
Rainfall Losses Hydrologlc Design Manual
for Marlcopa County
Table 4.2 {0 et
Green and Ampt Loss Rate Parameter Values for Bare Ground
Soll Texture XKSAT PSIF DTHETA'
Classiflcation Inches/hour| Inches Dry Normal | Saturated
(1) 2 @) (4) (5) (6)
sand 4.6 1.9 0.35 0.30 0
loamy sand 1.2 2.4 0.35 0.30 0
sandy loam 0.40 4.3 035 0.25 0
loam 0.25 * 3.5 0.35 0.25 0
silty loam '0.15! 6.6 0.40 0.25 0
silt 0.10 1.5 0.35 0.15 0
sandy clay loam 0.06 8.6 0.25 0.15 0
clay loam 0.04 82" 0.25 0.15 0
silty clay loam 0.04 10.8 0.30 0.15 0
sandy clay 0.02 9.4 0.20 0.10 0
silty clay 0.02 11.5 0.20 0.10 0
clay . 0.01 12.4 0.15 0.05 0

! Selection of DTHETA:

. Dry = Nonirrigated lands, such as desert and rangeland;
Normal = lrrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.
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