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.

15-315-1 6



Volume 6
Rainfall Losses

List of Appendices

Appendix Contents

Book 1

6-A Rainfall Losses, from Drainage Design Manual for Maricopa County,
June 1992.

6-B Infiltration, from Hydrology and Floodplain Analysis, by Bedient
and Huber, 1988.

6-C Status of Soil Surveys Arizona, by Soil Conservation Service, June
1989.

6-D Technical Mermorandum, Correlation Between SCS Soil Gradation Data
& Soil Texture Descriptions, by Robert Ward, February 1991.

6-E Technical Memorandum No. 8, Green and Ampt parameter values.

6-F Miscellaneous infiltration articles sent by R. Jordan, 28 May
1991 .

6-G Information supplied by David Creighton (ADWR) on rainfall losses.

6-H Green-Ampt Infiltration Parameters from Soils Data, by Rawls,
Brakensiek, and Miller, 1983.

6~-I A Procedure to Predict Green and Ampt Infiltration Parameters, by
Rawls and Brakensiek, 1983.

6—~J DTHETA worksheets.

6-K Infiltration Parameters for Rangeland Soils, by Rawls, Brakensiek
and Savabi, 1989.

6-L Applicability of the hydraulic conductivity equation to
incorporate canopy cover and ground cover effects, 28 April 1989.

6-M Memo to G. Sabol from L. Lane on proposed Figure 7A as a method of
adjusting values of bare soil hydraulic conductivity KsO to
reflect canopy cover and ground cover.

6-N Rainfall Infiltration and Loss on a Bajada in the Chihuahuan
Desert, New Mexico, by Bolton, Ward and Witford.

6-0 Runoff and Peak Discharges Using Green-Ampt Infiltration Model, by
Van Mullem, 1991.

6-P Effective Impervious Area in Urban Runoff Modeling, by Alley and
Veenhuis, 1983, and table from SCS TR-55.

6-Q Development Design Guidelines for Environmentally Sensitive Lands,
July 1989, City of Scottsdale.

6-R Working Paper No. 3, Rainfall Losses, 20 April 1992.

6-S Bibliography on rainfall losses.

15~85



APPENDIX 6-A

15-315-1



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
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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),
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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,
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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.
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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



ROBERT L. WARD, P.E.
Client AdoT”

Consulting Engineer

Page
Project No. _ /85~ &/ Date 2/72/9/
. Project Name _ 4207 Hydro /"jly Meonaua/ Computed By _BLLD

%00?7/5//)/7 &)o/nr:Xe:/ — ﬂ7aa frre 77/o/a/c/~>/
v 7 -

:o// Cf',/r o053/ 7[/'0/?

Lo \/ F Pe A

P ” - A
50 7, /2 7 =
LeH — KLaveen /oom 75 -/00 7y HEFET NGT SN ST N S
$ /
(#ss &) 85 so0 %o v T Mo sa
70 S ?S 7!7 £ //O' 75 &
So- 70 75 4 Mo z2as =
VF - Vecen # 0/0}/ /00 7, possing Ale, ¥ sieve
(%/SS b> 95- /000 71 Xl ., t& &
gs- 95 7= & Ao, Yo
78- Qo0 7o €z ey R
e A - rer by vi//e 2rave/ly fo-%6 7, passiny MNe. ¢4 sseve
et e = " / £
Joam (#se &) s ’ No. s6 L
Jo- 5 5 Fa z Adlsi-Sa " ¥
So—~9n 7. Alon sty 5

i / Y — F Y
orees- /’}”’/’r‘ "6/‘sm@/ﬂrs LBosed DOn  frea- Lo freS
e i

/~ercenfes o Zo// Cc/r;/)ﬁ:/ //'3/7

NESH T 7 W $0) (',;5> # (,/2)(,:/) i (.zg)(. s/c) = ©0.278 ,'/;//4/-,
PETF & (eBa) {5 } CrZ) (2R D) + CSB)43) = <A 872  /n.
‘ DTHETA (Dry) : (($0)(.35) + ((12)(-75) + (- 3€)(-358) = ©0.32¢

e

OrHETA (Normal) : (.€0)(-25) + (./2) (-08) # (-38)(.25) = o

ATTACHMENT HNo. |




ROBERT L. WARD, P.E.
Client _ A8&S /ADST

Consulting Engineer

. Page
Project No. _A/8s-#/ ’ Date 2/73/9/
Project Name _A2o7 /7/‘/0””/‘:7',‘/ Manwal Computed By _ L4/

/\~/e°rn\/u/'//€ Crave/ty Loom (/D“”@
+ 4

p/oﬁ/,-,,j 5nv,_o/o/c@ S SO ) S/ 7'(3)(_7/9/\5» E/'Qj/‘qm

Scencrs/o A/o. /

€0 7, PS5 sNg Ao, Y S/eve
é’s 70 77 / /(/O T & 2
ot % A o Y o it
2o 70 7’1 /(/6. 200 77

- ./ /
z0 7% Gravel ( =C3)
Norq 7 T
|
0%
d I e
Mo, /o f
s
557 |
/570 ¥ ;
Mo. Yo f !
Ik !
107, Yo7 Sand (£°€5)
/\/7. Zoo T
g L,__
. 30/::
No, 270 T
l e
?
z . &, - S (o b N 0 / )
A2 A Ao A BO ARENE S T Nied  okal Semple ) Size 1%
Qf'/;:/,_‘n;go)/ o 3 carne S 4 and o 2
% 7 ~ B, /
/7//7,'/,#&//)1 S 3,_\)/ DRNACENT 29 & FoU°r /Q/"}L‘//‘ 2 B /) Sovr/ 7‘1",'(5'/0/‘?'
o//a;?/\om Y . =
7 Lo A SO & g
=S o 95 /o
- ol
T of £t T
/(/m dXora (S avarslc 0/ /N et s SIC'S S DL LSS CALME N
, / / . :
Sor ODrea oo i~ beteween Soilt. & /a

ATTACHMEXNT MNo. 2



ROBERT L. WARD, P.E.

Consulting Engineer

Client

Project No.

Page
Date 2//2/‘7/

Project Name

Computed By M_

Boenario . Als. zi
So 7 /ooss/nj /(/o, Y s/eve
7E Ya 2 Alog Jo
S5'S 70 24 /\/o, <o &4
Yo ‘70 4 /\./o, 200 2
/o 470
Grovel SCS>
5 i e
I 75 ?O 5‘0
4
No. /0 |
l .|
= |
207 25 % |
/\/0~ 4o T i
| :
=% v_‘, A
/8 /o S5 /o <and (SC’S)
/(/0.200 T |
S ! |
.f 46 70 :
Alo, 270 { V
l
v

= o = %
ﬁDZJ/S/g ‘4/970 = 725 Je

oF /o/a/ somﬁ/e SrZie 1S

Com/oo,spa/ of qunca// s/'//'/ onof c/ay_

0y mimam

sond percss r’log‘@
7

Son /C/o/?(/'f?: ) So//

FCxAere raarom /'S
g
ok LS
ALY
,K/:,\ o a /a i auo//c o//@
T‘:—‘/\ dreqlou 0!07[‘05’5’/7

= e S

i /
s Fhe SOS sasS Synvey
5//7’“/ 9” C‘//ay’,

AITACHIMENT Ao.

Ly




ROBERT L. WARD, P.E.

Consulting Engineer

Client

Project No.

Page

Project Name

Date 2/2/9/

Computed By _'/eé «w

Scenarso Afa. 3
80 7, passing A Y s/eve
358 70 7 A/O. Jo 7/
Yo 7, Ao, Yo e
SO s &, Ala, Zos %
20 679
Gravel (5C5>
Ao, < T )
e %o 70 ‘
No, /o ‘T
l A
/8 ok ‘
/\/o,qo T I
ey |
o /o Yo Ts <ond (SC‘S>
Mo, 200 T ‘
! |
x Y0 7 ;
ANo, 270 T 7
|
s
[
AL 70 + O ;70 =gl 70 = 4\5—70 Cv[ %07(0/ 50/77/0/6 5 /2@ LS
Com/dospo/ oF send, s//Ft, and c/o/.

Mrnsmem Soend ENCRN )Zczr ‘;/‘ Jo #rnc
/C 5 7 e = /C

dragcram s

Ao

o r

oa/a

7

A / /
Qrealoau?

/

0

Z

/
. / /
7\/0//0(;/@

a

/ 4
bRrFWwwe e

/ s/ So/'/ 7L("X74//\e

- = e
A D Lo

/0 Ane

SV o survey
s/ /4

%

ATTACHMEN T teo. <




ROBERT L. WARD, P.E.

Consulting Engineer

Client Page
Project No. Date 2/72/9/
Project Name LU

Computed By

e, It

Scenerro

g0 /» /0055/77 //o, < sseve
28 7 i A/o. /¢ ”
SroN 77 s .| e &
S0 s £ A/O 2o “
N N
L0 /o GM‘/@/, (SC‘S/
o4 !
; l
AS ?0 L) .:7; 4
/(/o. /70 f
1
Yok ;
RS 28 fo |
i <and (S€S)
10 % 40 %
Ao, zoo 1 |
2 207
Mo, 270
|
|
\
?
S £l Tard B Ol s > F fos #a / 5.7/)7/0/@ S/ NS

- =
S V)
Com/ocs e/ oFf

Minimam sSand percentes
f° 7
3//07/‘0/7’1 L a0 L
2 I& 410
v L
!/ s
Mo data rs ava /(;C © &y

£

)Cor él‘(os),éo://

i
elrfrweesr

/

D

send , :///j ond C/ay,

So /’/ )‘(c)()/&/‘{o

Io/:/,/'f}/f; >/
SES S/l 5\://\\/@%
/ 7
0 /) < C /<

TAOH MENT Ao, &




LW O LUY

‘o ry

7

A @)
100
qc/) A
e :
-
W o
80 Wy
M '
Clay
> JAVAVAYAVAVA J
S 60 &
= P QO
3 , Silty
= Sandy cla
&g clay Silty
Clay loa clay
Sandy clay loam
loa
20 e
Sandy logm Silt loam
Loamy Silt
0 Sand)sand
(@)
e
o)
0“6
3
o) Cp}\\
(o) ?e(
(@)
~
Kol

Fia. 5-1. U.S. Debartment of Agriculture textural classification triangle [3, p. 209] with axes

added. The point P represents a clay (soil) containing 50 per cent clay, 20 per cent silt, and
30 per cent sand.




Please note:

Copyright pages
were not scanned




APPENDIX 6-E

15-315-1



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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70: GEORGE SABOL RE HIS 28 APRIL CORRESPONDENCE

SUBJECT: PROPOSED FIGURE 7A AS A METHOD OF ADJUSTING
VALUES OF BARE SOIL HYDRAULIC CONDUCTIVITY
Ks0 TO REFLECT CANOPY COVER AND GROUND COVER

FROM: L. J. LANE
George:
I think we are close to solving the problem of how to derive

simplified means of estimating Ks to use in the Green—Ampt
infiltration equation.

I must confess, I am still somewhat confused by the complicated
regression equations from Rawls, et al. But, I have a proposal for
you which may help clear up the confusion.

If you could clean up and document a straight forward way to account
for coarse fragments in the soil, crusting, and bulK density changes
affecting Ks, I can takKe care of canopy cover and ground cover
effects.
Consider an equation of the form:

Ks = KsO*(exp(Acc*ccS) ) *¥(exp(Agc*gci))

where: Ks Adjusted Ks for use in Green-Ampt eq. (mm/h),

Ks0 Bare soil Ks incorporating coarse fragments in the
profile, crusting, and changes in bulK density (mm/h>,

Acc = Coefficient expressing influence of canopy cover,

ccx = Percent canopy cover (X,

Agc = Coefficient expressing influence of ground cover, and

gc”% = Percent ground cover (X).

If you could develop procedures to get estimates of KsO, I have some
ideas for the canopy cover and ground cover effects.

In the following Analysis Notes, I derive first order estimates of
Acc and Agc for data from 32 rainfall simulator plots in Arizona,
Nevada, and New Mexico.

But first a question for you. In your Fig. 7A, why is the value of
KE/XKSAT less than one (~0.53) for values of 0.0 ground cover and
0.0 canopy cover? [ thought the bare soil KsO was the minimum value
and Ks increased with addition of canopy cover and ground cover.
This is why I do not understand why we don’t require KE/XKSAT >=1.07?

In any event, please read through my Analysis notes and let me Know
what the next step is. Perhaps we should set down at a desk
together for half to a full day together to clear up any

: . heg, e =




The problem is my crazy schedule. I will be travelling to Kancsas
City, Honolulu, Newark, Edmonton, and West Lafayette over the next
two and a half months. Following are some proposed dates should you
agree on the need for some personal discussions. We should probably
count on a full day to accomplish the tasks outlined above.

June: 1. Sat 4/17 (Note Sunday June 13 is Father’s Day)

July: I "Mon 72/3 (Note Tues is July 4)
2+ PRl 47
S at a8

Again, please consider the need for a meeting and let me Know if any
of the above dates would be convenient for you. You can call and

leave a message on my machine at home (4602-575-8009) if we wind up
missing calls back and forth.

Thanks,

eonard J. Lane///




ANALYSIS NOTES

Re: PROPOSED FIGURE 7A AS A METHOD OF ADJUSTING Ks IN THE GREEN-AMPT
INFILTRATION EQUATION FOR THE MARICOPA COUNTY HYDROLOGY MANUAL

I. SELECTION ANMD PRELIMINARY ANALYSIS OF DATA

My personal library and the University of Arizona

Science
Library were consulted to find appropriate reportzs and papers
meeting the folloawing criteria.
1. Pealing with rainfall =zimulator studiez in the Southwest
2. Studie=z reporting zome soil=z information including surface
goil texture, or providing sufficient information in the
text to allow estimation of apparent zurface coil texture.

3. Studies reporting percent canopy cover, percent ground
cover, and measured final infiltration rate Kf as a
statistic representing a field-measured eztimate of Ks.

My quick literature search and quick trip to the library turned
up four Key references listing data on 32 experimental plots (Table
1>. The soils on the sites listed in Table | were all poorly
described in the text with textures qgiven as =zand, aravelly loamy
sand, gravelly sandy loam, fine sandy loam, and szandy loam. From
narrative descriptions given in the texts of the paperz, I
claszified the soils as zand (Za), Loamy Sand (LS%a), Sandy Loam
(SaL), and Loam (L> in the last column of Table 1. Those classified
as Loam probably are- Sandy Loam near the Sandy Loam—--Loam border.

In any event, my textural classifications are not rigorous but are
more "apparent" based on my reading of the texts, my Knowlesdge of
the sites, and the grouping of the resulting Kf walues, I am far
from satisfied with these claszifications or groupings. But, as
Iona as our soils colleagues continue to uszse zuch descriptive and
gqualitative descriptions of zscils and concentrate their efforts on
profile properties as opposed to surface and near surface
properties, we in the West will suffer from poor =oilzs information.

The quantitative data from the publications are summarized in
Table 2. Of the four textural classes in Table 2 ( Sa, LSa, SalL,
and L », LSa and SalL could probably be combined baszed on th=2
ztatiztics of the measured Kf values shown in the last column. But,
[ suggest we Keep them separate for now as we don‘t Know how really
representative the valuez are of all possible Loamy Sands and Sandy
Loams.

IT. ANALYSIS & PREDPICTION OF Ks FROM Ks0O, CCX, AND GC

An equation of the following form was hypothesized as a means
of adjusting Ks0 for canopy and ground cover effects. Becauce I had
trouble understanding how to get coarse fragments, crusting, etc.
into the estimate of KsO, I decided to get estimates of it by
optimization.

The proposed equation is an exponential form which haz some




desirable properties such as robustness and Known properties in the
limits. The proposed equation is

Ks = KsD#(exp{Acc*¥cci )*{exp(Agc*gciid)] 1)

where: Ks Adjusted Kz value to use in Green—-Ampt =29. <mmsh)

Ks0 = Bare soil Ks wvalue adjusted for crusting, 2tc. (mmsh),
Acc = Coefficient for canopy cover eftfectsz,

ccyi = Percent canopy cover,

fgc = Coeftficient for gQround cover e2ffects, and

gci = Percent aground cover.

A least squares program was written to read in observed Kf data
from Table 2, assume initial walues of Ks0, Acc, and Aac, calculate
corresponding values of Ks from Equation 1, and tind the least
squares or best estimates of KsiO, Acc, and Agc. Except for thez

Sand, it looked like 0.01 provided a reaszsconable (not optimal az I
have not done a complete analysis) wvalue for Acc and Agc. For Sand,
I assumed Acc = 0.005 because cancopy effectz seem to diminish for

the sandier soils. Of courcse, these somewhat arbitrary selections
for Acc and Agc no doubt affect the optimal value of Ks0. This is a
problem for a subsequent multivariable optimization study. I do not
have the appropriate software available. Howewver if you have a
statistical pacKage which can do multiple regreszion, we could take
the Tog transform of Equation | and estimate all three parameters by
least squares regression. [ did not thinkK you wanted me to take the
large amount of time- to write such a program and, in fact, you
probably already have one we can use if we get together.

Table 3 lists the K=z0, Acc, and Agc values used for each of the
four apparent textural classes and the final column of table 3 shows
the estimated Ks values. Az you will zee, these predictions are
quite close to the measured Kf wvaluez considering the data were
collected over a 20+ year period by a variety of investigatorz ucing
many different techniques.

Table 4 contains data summarizing how well the Kz walues
correlate with the measured Kf values by class and for all data.
The corresponding Kf and K= values and the regreszion line between
them i= shown in Fig. 1. My conclusion is that if wou can get the
right Ks0 value, then the propozed equation and the paramester values
shown in Table 4 can be used to estimate Ks values sufficiently
accurate for practical application=.

Figure 2 shows Ks/Ks0 ws ground cover and canopy cover for the
Sand and similar results are shown for the other texture classes in
Figure 3.

If you compare Figure 3 with your Figure 74, you will notice
the following:

1. Fig. 3 suggests the range of influence of ground cover is
from exp{0.0) = 1.0 to exp(1.0) = 2.718 as is the influence
of canopy cover so long as Acc=Agc=0.01. Your Fig. 7A




think we are getting close but are not quite the

suggests about a factor of 2 correction for canopy cower and
also for ground cover. Again, I don”t Know why KE/XKSA i<
not 1.0 when canopy cover and ground cover are both zero.

2. The corrections to Ks0 due to canopr cover and qround cowver
are exponential and thus transform to "nice" straight linez
on semiloq paper as shown in Fig. 3. This makes for easy
interpolation.

3. Figure 3 incorporates optimal or least squares eztimates for

-AD

Ks0. How does Ks0 enter in yvour Fig. /A7

SUGGESTIONS

K
o

{. Please go through my notes and analysis

tom
are correct and that I did not misinterpr

E

v
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r
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o 7
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Yyl
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r
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2. #Assuming no problems from step 1, please conzider
combining your work on Ks0 and my work on canopy and ground
cover influences as the first practical procedure to
estimate Ks on sandy soils in the desert Southwest. We
could propose it as a documented procedure, clearly
explained, and thuz amenable to further testina,
evaluation, and refining. Perhaps we could zuggest some
carefully conducted experiments to evaluate KsQ, Acc, and
Agc as well as the form of Eq. 1. In any event, Eq. 1l is
the simplest I could come up with which is= robuzt and has
reasonable, easily apparent limits, ret fits the data so
well. But again we need to use log transformations and
a multiple regression program to find the true optimal
walues.

Pleaze let me Know what you think of these suggestions. I
re t

L. W bane
Tucson



Table 1. Selected referenca2ad with data on canopr cover,
ec

ground cover, and final intiltration rates.
Reference Plot Identification
In Reference Here

Bach, L. B. 1?24, Determination of LIt Sal
infiltration, runcff, and erozional I SaZl
characteristics of 2 =mxall watershed M 223
uzing rainfall simulation data. Un- MI Sad
published M5 Thecsics, Mew Mexico State =1 SalLl

Univ., Las Cruces, MM, &2 pp.

Kincaid, D, Ri,; J. L, Gardner, and E3 L3al
H. A. Schreiber. 1?484. Soil and 2 LSaz2
vegetation parameters affecting Ed LSa3
infiltration under semiarid conditions. lLH=3 LSa4
Bull. IASH &5:440-452. Eil LSaS
K-10 SaL2
' kane, L. Juy J¢ B. Bimanton, T. E. BM LSas
Hakonson, and E. M. Romney. 1237. BC L5a?
Large-plot infiltration studies in BB LSas
desert and semiarid rangeland areas of ALIN LSa?
the Southwestern U.5.A. Proc. Intrl. Conf. ALLC LSaln
on Infiltration Development and Applica- ~11B LSall
tion., ‘Water Res. Res. Center, Univ. of CN S5al.3
Hawaii at Manca, Honolulu, HI, pp.385-374. CC SalL4g
CB SalL5
HN  SalLé
HC SaL?
HB SalL8
MN L1
MC B
ME i
Ward, T. J. 1224, A& study of runoff and W32 SalL?
erosion processes using large and small Wa2 SalLlo
area rainfall simulators. Mew Mexico State WS2 Salll
Univ. Water Res. Rez. Center, Report WS3 L4
Nai 219, “lp. A NMSU LSal2
MMSU LSal3




Table 2. Summary of canopy cover, ground cover, and final
infiltration rates for selected data in Table 1.

Pliot 1D "Apparent" Textural 7 Canopy “ Ground Einal
Clasz of Surface Soil Cover Cover Infile Rate
L AD, e Kf (mm.h)

Sal Sand or Loamy Sand o7 .0 20 a9, 2
Saz2 e 250 S04 &s0.7
a3 " 41.2 7.8 P f o
Sa4d " SRl 2.7 31
L3al Loamy Sand or Gravelly 44,4 248.7 35.8e
LSa2 Loamy Sand 39.2 272 Pl
LSa3 < 32.1 10.5 20.3
L5a4d " 20.3 17.6 14.7
LSasS " 26.0 14.7 7.0
LSas& * G5dle S Sl
LSa7” o g5t é2.4 21 .0
LSas8 o 0.0 23.6 Lz v
LSa? " 21502 738.4 S
LSal0 L 0.0 70.8 29.4
L5all e 0.0 1 &8 153
LSal2 " 2.0 D2 L 207
L5al3 & 2.0 S0.0e et
Sall Sandy Loam or Gravelly 23.5 18 2 152010
SalLz 1 Sandy Loam 20.0e 175 ¢ 13.2
Sal3 " 34.7 S 253
SalLd = 0.0 D74 150
SalLS " 0.0 “18.8 Il o
SalLé " 42.7 a3 7 25
SalL? Y 0.0 &59,.0 172.3
SalLs s 0.0 21 2 12.4
SalL? 4 23.0 2.1 12.2
Sall10 d ) Ll 152 14.7
SalLll " 25.0 2.0e 16.0
1= Sandy Loam to Loam 2250 760 I 20+
L2 = 0.0 iz R T
L3 4 0.0 14.6 4.3
L4 s 22,0 {.0e ehl

The symbol e represents estimated values using information from .the
text of the references cited in Table 1.
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Summary of K= e=ztimating equations, canopy cover,
around cover, measured final infiltration rates, and
eztimated Ks values. Estimating equation iz

Kz = KsQ0(exp(Acc*cci))*(explAgc*gcx)? where Ks0 is the

bare =zoil Ks value, ccii i< the percent canopy cover, and
gc¥ iz percent ground cover. The coefficients are Acc and
AgC .
Plot ID Farameters Yo Canopy “ Ground Final Est.
Kzl ACC Moo Cover Cover Infil. Rate Ke
CMMA AN C==08 S C =1 ) €3%) K+ (mmsh) {mmsh?>
Sal 30.0 005 .01 97wl 35.0 495.8 S6.58
Saz2 5 25.0 70.49 &0 488.7
S5a3 > e 2 97 .8 PSP 85.7
Sad 8 7.0 S22, 81.0 74.7
LSal 12.0 .01 » 01 44 .4 26 07 25.48e 24.4
L5a2 . 35,2 BT el 1723 2
L3a2 & 0] 10.:5 203 18.4
LSag ¥ 20 .3 17 .6 1807 b7 i)
LSasS g 26.0 14.7 7.0 1820
LSas v G52 97«3 293 40.13
L5a? e 0.0 2. 21 .0 22.4
LSag " 0.0 23.56 T3 192
LS8a? ¥ 2 72.4 S d B2 4D
LEal0 * 0.0 70.8 2?.49 24 .4
LSall i 0.0 16.3 16.3 14.2
L5at2 . " 9.0 S22 25. 7 21 1
L5al13 - 12.0 S0.0e z22:1 22.
Sall 10.8 .01 w01 23D 1.7 12.0 13.
SalLz2 ¥ 20.0e 1 o 3 10 1 24 1950
SalL3 P 24.7 Dt e T 2803 256.0
SaL4d . 0.0 9?.4 15.0 VB 7
SaLsS * 0.0 12.8 11.46 | A
SalLé& o 42.7 63.% 31.6 31.8
SalL? e 0.0 $5.0 173 ) oeh 77
SalLg L 0.0 21 12.4 12.98
SaL? i 23,10 2l 13.3 13.2
Sal10 i 12.0 12 14.7 (6
Salll L 260 2.0e 156.0 P3ias
L1 Sed « 01 .01 2250 s 20519 19s 3
" 0.0 8.1 FarRe) 12.4
L2 A 0.0 16 a6 4.3 &
L4 g 22.0 1.0e @k T

The symbol e reprezents estimated values using information from the
text of the references cited in Table 1.
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ble 4. Comparizon of meazured Kf and estimated Ks values
for the four "apparent" texturzl classes cshown in
Table=z 2 and 3.

Pliot 1D "Apparent" Textural Regres=
Class of Surface Soil K=z

W

o) 0y oW
SUNE/UN
£ WM

Loamy Sand or Gravelly
Loamy Sand
"

o

on
—
o]

7S 0.8

e

WU w0
o w

w

i1} g
a & Wk -

—
w

DU
1O

LS

-
o
@ W
Q0 @

LSal0 -
LSall e
LSal2 "
LSal13 "

SalLl Sandy Loam or Gravelly 0.24 0.%4 0.85
SalL2 Sandy Loam
SaLB =
SalLd +
SalL3 N "
Salé A
SalL? =
SalL8 "
SalL? %
SaL1in . "
SalLll -

L1 5
L2 .
L3 "
L4 "

For all data: N = 32, Kz = 1.2 + 0.,24%Kf, R Squared = 0.93
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L. J. Lane

. Hydrologist
411 E. Suffolk Dr.
Tucson, AZ 85704
602-575-800°%

DATE: August 13, 1989

TO: Dr. George V. Sabol
1351 East 141st Ave.
Brighton, CO 80401
303-457-098¢9

SUBJECT: Report on Analyses of Infiltration Data

Enclosed is a report on my subsequent analyses of the
infiltration data as suggested during your visit here on July
7y 19288,

I think I have done about all I can do with the basic data
set (which is enclosed in hard copy and on a disk). Please
examine the material carefully and let me Know how you decide
to proceed. I suggest you look at Table 4 and 4a enclosed
and consider a procedure such as this.

. Enclosed are the following documents/items:

1. Invoice for June, July and August

2. The interpreted infiltration data

3. Listings of the raw data files which I used in the 2
variable regression through the origin analyses

4. Listings of the regression results

5. Documentation and a listing of the 2 variable regression
program

4. A disk containing the input and regression output data,
source and exe code for the regression program, the
‘program documentation, and a read.me file to help you sort
out the information on the disk.

With the enclosed information and invoice, I will not do any
more worK on the project until you have had a chance to
examine the enclosed material in detail and until we have
discussed the project.

Leonard J. Lane

enclosures
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Kimc i dy wbi R e s L Gardner, and

H. &. Schreiber. 17&¢ =oi 1 oand
vegetation parameters affecting
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Table 2. Summary of canopy cover, gr

ground cover, and final
infiltration rates for zelected data

in Tabkle 1.

B ot= il "ABpparent" Textural e Y Ground Final
Class of Surface ZSoail . Cover Intil) . Rate
! A0 E+ Cmmsh?

1 Loamy Sand or Grawvell: e« S0 45.2

S Loamy Sand 25.0 70,4 &0 ., 7
Sal it 41 .2 97 . 8 R
LS=ad 5 17,0 82,7 21,0
Sas L e 2 e 3 253
LSas S DIATE s2.4 el
LSa7? o i P 23:6 135 2
LSag " 2 78.4 AR5 7
S5a? b a.n0 F0 .2 27 .4
Sall di o0 14,2 s
LZall i a0 5207 P
SZalz " j i i S0.0e 221
LS=al3 i n.o .0 1658
LSal4d " I 78.% 18: 3
LZalsS " 12.4 78.5 22.2
Salé ! 0.0 0.0 &4
Sal? g 18.0 5l 22
Lsalg o LEn 3 &7 .0 TG
Sal? iy & .7 &7 .9 b M
LZzz0 k B3 Tl nd P
Sall Sandy Loam or Gravells 2305 I 122U
Salz Sandy Loam 44,4 2E 25, &e
Sal2 o 23« 2 PR 37 w3
Zaldg & J2a1 Vil 20,3
Sal.S 5 203 107 14.7
Salas i 2a.0 1857 170
Sal”v b Z0.0e 15 v 132
Salg 2 1 97 .5 o
Sal¥® " 0.0 57.4 180
Salio I 0.0 12.8 s &
Sal il i 42.7 & .7 s
Sallz i .0 &5.0 e
Sal13 . .0 21.¢9 12.4
Salld " 22010 ol | 1€.8
SallsS " 12.0 1.2 18,7
Sallé ) 2&a.0 2.0e t&e.0

L1 Loam or Loazm near 2230 Fad) ey
L2 Sandy Loam 0.0 P < PR
ic g 0. ) 4.2
L4 . 22:0 1.0e |

The =ymbol e represzents estimated walues using information from- the
ited in Table 1.

text of the references ci




Table

e e ) Ut

(/LY VR U TR LAY
oS I )

wo

r‘;ll——b—‘l—ﬁt—‘.——)—b)—-i—-H)—-'r0|:|:'“
b B x ST =S

0 0

O W 3 o O W o o O I R W
[ D U TR

i

Sall
SalZz
Salz
Sald
Salls
Sals
SalL?
Salg
Sal?
Sal10
Salll
Sal.i 2
Sall2
Sall1dg
Salis
Sallea

-

1M

r
(S

L4

Summar ¥

meazured final

values,

(]

=
o
L LB

Baze
1

B
3
=

baze

imtilte

==
:

=l O

—

= g S

2 () =~ =
DU s S Y I

rJ
(XN}

8]
~,
Py

=)

()

L0 I S T 0 I O B O IR
) D N

£
E300 )

B o= P
DS S T

FJ

| J v I O

P

raon

WA

Cano p¥
Cover

(eH] Pt A e |

) TR D

S W e W

D SO TN I

-~ W o

-t

BN

Y == 5

oD D

'J [

1

D O

U}

R e O e |

=i

woo—

oom

n

Canapy

rates,

Ground
Coauer

€240
il

1 )
] 2N
~J 0 H o

S Y

B I W I o) R | B

OB R N ¥

Y Y | o= -
= D p) e o
B U 0 I O S S R Y|

)2 o
-] DO oD

on

-] 0

Y S

T
o

..
oD

p—
-
1

1
~J *)

—
Lo
=) o N

[0 T S N o |

B3 o B = U1 00 0 0
QN SSREEy W R vy N Yy SN

’|
N

—_]

- 00O

cover,

and normalized,

Finz

1 (Y

K+ ‘mm.s

-

L E)

2]

i P o I Y Rl 9 R et o S T 1R 5 0
g 0 e RO O .

),

R B I A Y
e I o | N O 3

e

p_.._..;—-p_-u-r_'_'lp_-;_.r-,_];—-

rd
=3

e I

21

Q) L

Rt O TRV I O T SR I K S B

N B 00 B D = = ]

ground

] FMormzlized

Fat

o

=1 8N

1 |'_L'| D

-] =

~J

=4 0J )

Lo Y W S

] 00 £ U v ON

= 0w

cover,

K£-kKsl

=

44

-
—

[ S S i % |

)y o T T e PR P e
e
]

22O 0O G
DR B B IR B
— o I

1 -
-
=
—

el
Ve

0
L

—_—
553 |
I R

=
R
iJ

-~ Do

b R B

22

&3
SN
14
14
.24
.88
.47

b b b ] e e P b b e B e ()
-

.
r-

=
Ny =g
=3

—_ ] it

ki K=0,



Table 2a2. Summary of Ks0 bazse waluesz, canopy cowver, ground cowver,
measzured final infiltration rates, and normalized, Kf KzD,
vwalues, HK=s=0 wzalues adjusted for gravel in profile by
Ksladj = Ks0*#{1.0 - fraction of gravel in profilel.

Flot IO Ex k=0 ¥ Canopy “ Ground Final FHMormalized

e = Cover Cover Intil. Rate K+ K=l

b 7 ¥ KEf <mmsh) (==

LEal 30, a¢.0 25, 0 95.2 I
LSaZ 30. 25.0 70.49 &l o 2.02
LSaz 30, a4 .2 ST L S
LS=24 30. 1D g2.7 81 .0 2«70
L5a5 B 65.2 TR 35.3 2.08
LSad& (s .1 42.4 21 .10 124
LS&ae 17, 0.0 23 13,7 0,8

L=l 27 . 200 72.49 SR 1.23
LSa® 27 . 0.0 s0.8 2.4 1.0%
LSal10 27. A (1 1.2 Jiaieea) 0. &0
L==11 2 =Rl DT P o 1.04
L5al2 23. L, 0 a0.R 2241 n.z2
L5213 24. 0.0 0.a 16,3 0,s8
L5214 23, &3 T 18 g n.e0
L5215 22 19.6 78S 3353 1 il
LZals 1. oo 0. 4.4 0.36
LSt 7 Lo 1850 D 2352 S e
LSzl R L7 L2 AN, 292 1.4%
LS 17 22 2&.7 .4 31.2 1.42
LEaz0 22. SR & 2vez 27

Sall 10, 99 .8 1.5 (2.0 {20
Sal2 4.1 44.4 24.7 35.4 58
SaL3 S.1 35,2 27 vt 17:3 z.24
Sal4 &.1 32. 1 H) ) 20.2 2,33
SalLS Sl 202 176 R 2 A
Sal& =3 | 24.0 Rl 3 17.0 e
salLy 8.4 20,0 >.7 13,7 1.53
Sals 5.0 34,7 57,9 26.3 S5.24
nal.7 5.0 0.0 59,4 15.0 2.00
Zal 10 Sl n.a 12.2 1196 22
Salll 4.0 4.7 A2, 7 el 7,90
A 4.0 0.0 5.0 19.3 4,82
g 4.0 0.0 2.7 12.4 3.0
SalLldg 10,0 22.0 2 .1 12.2 1.22
SalLls 10 .0 {12 1.2 14.7 | a7
Zal.lé 10 13 24 .0 S 1 S 1.&0

L1 .8 22,1 & D 205 2.9
Lz e B 0.0 %S5 7 e 1.24
L3 D 8 0.0 14,4 4,48 0.2
L4 5.4 2240 1.0 P 1.11
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i rezultz for inftluence of
tccxn) and percent ground cover
onductivity,

). = 1 = a¥cc/ + bEgcX

i

Summary of regressi
percent canopy cCcouve
(gck? on hydrauli
Model: » = (KEf. K
or
Kf k=0 = TR0 + a*ccss +ob¥%gcer
lhere: KEf = m

(]
m N 7

eazured final infiltration
rate in mmsh
bz0= baze wvalue of hydraulic
conductivity in mnsh
Soil Texture I+ Coetficient = Coefficient b R¥*x2

zziaon results for intluence of
percent canopy cowver fYcci) and percent ground cover
tgo) on hydraulic conductivity,

Table d4z. Summary of regre=z

*

Model: » = (HKf Kz0adij)
or Ef Kelad

Where: Kf =
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C o -
+ 1 .
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+
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25
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in Lra
in mmh
baszse value of hydraulic
conductivity in mmoh
adinsted for gravel
content in the profile
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w
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Soil Texture I Coefficient =a Coefficient b RE==xZz

Loamy Sand 20 0,013 o.o03 u.4qz

and» Loam 14 0.042 0.055 D.78
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DA71A  ADJUSTED Fon L-SANDA. DAT
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r 230 Zalll ol 60 : 7 TR
= &1, 2 i A e D
{ % w0 SR 7 21 .0 1 .70
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B .0 70,8 ke n.0%
s 0.0 14.8 14 -0.40
P D SR i 0,04
! 12.0 50 .0 e AR (7

DRl R I AW O B o 0 B % SOt B 0 [ "y B s RS

24 0. ] 14, —~0 .32
23 2.2 78, 2 2. =0 , 20
22 19.6 = 1 33, 0.51
18. 1 0.0 & -0.454q
1&. 12.0 O 7 23 0,45
7 12.3 &2.0 25 0.4%
22 D& e &7 . 4 31 n.4z2
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Foomnt
(20X, 2FILi Y, Fil1) Foe i
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L 23.5 1.9 12.0 0.20
. 44.4 2L, 7 35,4 2.5
; 35.2 27.2 fr.n 0.72
4 32 1 10.5 20,3 1.03
' 20.3 17.4 14.7 0.47
: 26.0 14.7 17.0 0.70
: 20.0 LF: 7 13.2 0.32
: 39,7 57.9 26.3 1.63
. 0.0 S7.4 15.0 0.50
" 0.0 19,8 11.4 0.14
: 48,7 43,7 3.4 2.14
: 0.0 45.0 19.3 0.532
- 0.0 21.°7 12.4 0.249
. 23.0 2.1 18.8 0.82
: 12.0 12 14.7 0.47
- 24.0 z.0 14.0 0. &0

DATA ADTwTED [Fon
6RAVEL N PROFILE SALoAMA  DAT

L9 235 1.3 12.0 0. 20
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2 S e 2 27 .2 s e
" el e 20.3 2o
% 20,3 17.6 14.7 1.41
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4 0.0 57.49 15D 200
: o.n 12.8 11,4 )
4.0 42.7 &2.9 31 .4 & 70
i 0.0 &5.0 12,3 2,82
3 0.0 21.9 1 2.4 2:10

10.0 2350 Pl 188 0.e8
i 12.0 [ 14.7 0.47
- 26,0 2:10 14.0 0n.a0
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ion through the origin for
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4 17.000 22.700 1.700 S Lt
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4 SO0 S2.900 = — 21
z La0o0 22.400 — 5490 -.008
2 21 . 200 S2.40n0 + 120 s 2001
2 LO00 e 0N — ez -.024
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3 (¥ S.o00 el e B ) L0324
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————— End of Data Liszting————-




Sandy loam data, 21
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Liaam data, 8-13/89, xl=cch¥, x2=qc¥, » = (Kf KS0) -1

gt i URLRL L TR R, © 8

&

. i
‘l’ % Hoc B LO0s

With R=quared = &0

Ir
N

i x1Cio> WA 3 j ypred( i)

1 22.000 T&, 500 2.200 1.504
z 000 J8.100 140 « 72D
3 000 1&.400 —. 230 . 1541
4 2z2.000 1.000 110 . 304

‘‘‘‘ End of Data Listing———--




Loamy sand data, 8-713/89, adj for gravel, xl=ccl, KZ2=gcrn, »y=RK+-7KS0 -1

ion through th

i

origin for

%%l + bxx2
: ) ¥ = o1 O3 ) +0.003 GCA,
= L0183 b = L0003
SoAP T

Lu
B
(5=

Jith Requared =

Data Li
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i 3 A x201) ¥ED Fpredii )

b

1 a0 Hean 00 =1l S s
2 Z25.000 T0.L.400 105 1020 s D
= 41,200 S7.800 1 .SZ20 Nl
3 17.000 82.700 {1 .700 A28
= &5, 200 D 1.080 1 .058
& SO0 &2 .400 240 1749
i L0000 22,400 =20 il 7S
2 21 <280 F3.400 « 290 ot DD
? L0000 FOL.200 L 0?0 w220
10 000 1&4.200 -.400 SIS
11 S5.000 o el AL, L0140 e
B 12,000 50,000 —< 120 g
1= Loon Lo -.320 Lunn
14 300 78 . 200 =2l Sl
15 1 s00 72,500 <=1 1) St nllss
. 14 LO0a L00n0 = L0Qo
) I 12,000 9% 700 450 e
12 12300 &% .000 LGP0 izl
B 36 ~00 A7 400 420 204
20 SECIRiE FEL.&D0 . 2 o 7 O




Sandy lcam data, 8135387, adj for gravel, xl=cck, xZ=gci, r=K+ K30 -—|

® o T O N
a = .043 b = 0S5 KSO AbS
With Rsquared = . 782
Data Listing

i o [ R el 1 Fpredi?

i 22.500 1. 200 . 200 1.z
7 44,400 26,700 4,340 2. 2839
3 25.200 27 2100 1.240 2.014
4 J2 100 10 .,.500 2330 1 7268
5 20,200 17.&00 {.410 1.842
& 24,000 14.700 o720 15, 231
7 20,000 e 0g . S320 1.834
2 24,700 S7 .« 200 4,240 4,475
2 Looo S7.400 2.000 2.258
10 LOon 12.2800 1 <320 1 w30
11 8.700 &2,700 52200 5410
12 LO00 A5.000 3.220 3542
s La0n 210 F 00 Z2.1a0 1,200
14 23.000 Z =100 . 280 I L L)
.1.':‘- 12.000 1.200 L4700 LSR5
14 24,000 2.000 A0 1 .235
————— End of Datxy Listing—————
Loam, 8/13/89, adj for gravel, xl=cclk, x2=gcli, » = Kf/KS0 - |
Fegreszzion through the crigin for
¥ = a®xl + b¥x2

Y
|

L022 B = 012
i th Rz=quared = 023

Data Listing

i 2 I A e I ypredi il

. 1 22.000 TE.S00 2.530 1,745
z Lo 7281040 280 . 221
< L0a 14,400 =l20 154
4 Z22.000 1.oo0 55 i B o

————— End of Data Listing—-———




FROGRAM

FPROGREAM: REGORGHZ
PLRFOSE
independent

Mode 1 :

Scolution:

LAMGLURGE : FORTRaAR 77
Input units: % ke
Output Units: * =c

Input Information:

Output

Information:

Two perform regre
var i ab

i

8 i

(NN}

%2l
Estimate

r

o

n

r.

(]

r

DOCUMEMTAT IO

through the origin

= | 1
lez:

b

+
= of

a and b and R =gqu

PROGR KM
Documeyrsr/oN

PROGR AW
L\STINC

for ho

ared

rmat for

the
i» read

tor

v i

dy 1 input files

y 79 output file

title, FORMAT 510

fmt, FORMAT S10

fmt is= the variable fo
the input data.

tilen, FORMAT S10

tfilen iz the filename
ot datia sl Ci P w2000
in under the format fmt

FORM&T

frname, o110
frame the filenzme
+ihe: autput

templ ,tempZ, templ
v R templ
X240 temp2

i = temp?2
far i = 1 to 1. = nx

Tt el
COutput

FOREMAST S10

to screen and
Heading, FORMAT &00
Dutput to zcreen z2nd
Equation, FORM&T 410
Tutput to =creen and
and b, FORMAT &Z20

21
OQutput to screen and

=}

rzqrd, FORMAT £20
Dutput to =z=creen and

FORMAT &2
to fname o
Hezading, FORMAT 440

Output to fname onlx
N D B0l 15 R T GRS 18 S

FORMST &S50

Heading,
Outpot

Output to frname anly
Heading, FORMAT £&0
Cutput to frname only

for all

FORMAT fmt

fname

friame

friame

friame

frnzme

B
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filen
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k=)

at

« 1.2
input
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20 MO o L
name foar
name for

=}

data
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program will r
The ftile tes
irst three rowszs bel i
im the data File . Th
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the following.

armat for the wl
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CE0E2F10, 20
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I
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data
il t
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Tha
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1e

data file
12345872721 2245478521 2245473741 224547855
il ] (] ]
data 1 R 2 steda
datz = g.,44 G
dat =z 2L 0 100, =0 [ 2550
data st n.5s0 167 14
data =i | S, S g LY
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The output data (in file fname) would laok 1ike the
followin g

Test run for two wars
ion through the origin for
a¥xl + b#¥x2
a = 1.588 b = 1.154
With Rsgquared = T

Data Listing

i . L %25 1) ol ¥prediil
1 e 200 2. 220 SR 590 4.44%
2 B afys3N) 4.440 Zwazh 10.415
3 g.000 100,500 125.200 128733
g .JHH . 300 1.100 i .37
S 210 55200 FS.000 &9 . 438
& S0.,000 1 -250 82 oao 21.&40

————— End of Data Listing———--




nNnNnnnN

n

200
510

505

=20

240

- N

20

program r

section to

format

egorgn?

Program to perform regression analysis

through the origin for two

y = axl + bx2
Lane, July 1989

character*80 title
character*80 fmt
character*! ansl
character*12 filen
character*12 fname

common x1<(1000) ,x2¢1000),

input job info

write (%,500)

format(’ Enter Job Title
read (*¥,510) title
format(al

write (%,5095)

(/
read(*,510) fmt
write(*,520)

Enter format for data (?x,fnn.n,fnn.n,fnn.n?

independent variables

»(1000) ,yhat(1000)>

)

i

format(’ Enter file name for input data 7)
read (¥,510) filen
open(l,file=filen,status="01d")
write(*,5460)

format(’ Enter file name for output *)
read(*,510) fname

open(uni t=2?,file=fname,status="new’)

nx =0

read in data x1¢i)>,x2¢i>,¥(i), i=1 to nx
read(l,fmt,end=20) templ,temp2,temp3

nx. = nx + 1

x1{nx) = templ

x2(nx) = temp2

¥{(nx) = temp3

go to 10

rewind 1

nx = nx

Xnum = nx

initialize variables

sumxl = 0.0
sumx2 = 0.0
sumy = 0.0
sumxly = 0.0
sumx1x2 = 0.0
sumx2y = 0.0

sumxlsq = 0,
sumx2sq = 0

oo




G
do 30 i =1,nx
sumx1l = sumxl + x1Ci)
sumx2 = sumx2 + x2Ci)
sumy = sumy + y<{i)
sumxly = sumxly + x1Ci)*y(i)
sumx1x2 = sumx1x2 + x1Ci)*x2Ci)
sumx2y = sumxZy + x2Ci)*y(Ci)
sumxlsqg = sumxlsq + x1Ci)*x1<i)
sumx2sq = sumx2sq + x2(i)*x2Ci)
30 continue
c
c calculate regression coefficients
c
b = sumxly*¥sumx1x2 - sumxlsqg*sumx2y
b = b/((sumx1x2¥sumx1x2) — sumxlsqg¥sumx2sq)
a = (sumx2y - b¥sumx2sq)/(sumx1x2)
C
c calculate estimated y values
C
sse = 0.0
ssy = 0.0
ybar = sumy/nx
do 40 i = 1,nx
. vhat(i) = a*x1(i) + b*x2Ci)
sse = sse + (y(i)—-yhat(i))*(y(i)=yhat(i))
ssy = ssy + (y(i)-ybar)*(y(i)-ybar)
40 continue
rsqrd = 1.0 - (sse/ssy)
c
C section to write out results
C

write(*,510)title
write(?2?,510)title
write(*,400)
write(?2?,4600)

4600 format(//,5x,’ Regression through the origin for *)
write(*,610)
write(99,610)

610 format(3x,’ y = a¥xl + b¥x2 7)
write(*,620)a,b
write(929,620)a,b

620 format(/,” a= “‘,f10.3,” b= 7,¥10.3)
if({rsqrd.gt.0.0).and.(rsqrd.le.1.0)) then
write(*,4630)rsqrd
write(??,630)rsqrd

else

endif
4630 format(/,” With Rsquared = 7 ,f10.3,)
c

write(?29,635)
635 format(/,” Data Listing 7
write(99,440)




o0
650

660

formatd(/,”’ i x1CiD) y SEAY I,
ypredd{i) R

do S0 i=1,nx

write(29,650)i ,x1Ci>,x2Ci2,yCi),yhatdCi)
continue
format(i9:9x%x,1+10.3;3%,F10.3;1x;+10.3,7x,t12.3)
write(?9,660)

format(/, " ————-— End of Data Listing————- Ll 2D
end

(i
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Table C300-3

Summary of Curve Numbers

for Use in the’ 1989 City HEC-1 Model

(undeveloped Desert Shrub, 15% Cover Density)

Hydrologic Soil Group Curve Numbers
24-Hour 6-Hour
A 60 66
B 74 78
C 82 85
D 86 89
Table C300-4

Percent of Impervious Arca
for Land-Use Classification

Land-Use Classification Percent Impervious Area
Residential See Figure C300-1y,
Tourist Accommodations 85.0 ;
Low Intensity Resort 85.0
Support Commercial 85.0
General Commercial 85.0
Cultural/Institutional 85.0
Minor Office 85.0
Major Office 85.0
Light Industrial 72.0
Open Space 1.0

DRAINAGE DESIGN GUIDELINES
FOR CLASS | AREAS

C300-16
City of Scottsdale - July 1989
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| | w
‘ developed areas. ' The values of 1mperv1ousness used for thlS
study are glven in Table 4 =1, I 3 x Ed

The 5011 types used in thls study were furnished by the Los
Angeles County Department of Public Works which is currently
in the process of refining the soils types north of Avenue S.
As this updated information' becomes avallable,'lt should be
used to rev1se the hydrologlc calculatlons. TR

w.*»- : M

- LAND USE VS. IMPERVIOUSNESS

Land Use Percent

Designation : Density Impervious
NU, RU 1 Du/10 Acre, 1 Du/5 Acre 10
SR é Du/Acre 40
UR 5 Du/Acre 45
‘ UMR 8 Du/Acre 50
UMHR 15 Du/Acre ‘ 65
UHR > 18 Du/Acre 75
oM, LI, MIX Commercial/Industrial 90

4.5 TIME OF CONCENTRATION

A major premise of the Modified Rational Method is that the
greatest discharge from an area occurs when runoff from the
entire area is contributing to the flow passing the selected
point of concentration. Since the rainfall intensity is
decreasing with respect to duration, the maximum discharge
occurs at the shortest time period required for water to
travel from the furthest point of the drainage area. That
time period is identified as the "time of concentration".

Times of concentration are computed for each subarea. The
selection of subareas can have a significant effect on the
computed times of concentration, particularly with respect to
the subareas at the upstream end of each drainage basin. The
size and configuration of these upstream areas determines the
"initial" time of concentration for the basin. Since the
initial .time of concentration : determines the rainfall
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MEMORANDUM

TO: Project Committee Members
FROM: George V. Sabol

DATE: 20 April 1992 WM

SUBJECT: Working Paper No. 3, Rainfall Losses

Attached is a revision to the Working Paper incorporating the procedure to be used to
determine area weighted average of Green and Ampt parameter values. Figure 3-3 was

added. Example No. 2 is included to illustrate this procedure.

A new Figure 3-1 is provided.
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RAINFALL LOSSES

INTRODUCTION

General Discussion

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

losses equals precipitation.

This section is only applicable when performing rainfall-runoff modeling with
the HEC-1 program. The design rainfall is determined from the procedures in the
Rainfall section, and this section provides procedures to estimate the runoff from
the applied rainfall. When using the Rational Method, it is not necessary to
estimate rainfall losses by the procedures in this section because the "C" factor

accounts for the effect of rainfall loss on the peak discharge and runoff volume.

Two methods are provided to estimate rainfall losses; the first method is the
normal one that is to be used for the majority of cases, and the second method is
to be used only for special cases when it is determined that the normal method is
inappropriate. The normal method requires the estimation of the surface retention
loss (Table 3-1) and the estimation of the rainfall infiltration loss by the Green and
Ampt equation. The Green and Ampt equation parameters are estimated as a
function of soil texture (Table 3-2). This classification system places soil into one
of 12 classes based on the size gradation of the soil according to percentage sand,
silt, and clay (Figure 3-1). One of the Green and Ampt equation parameters
(hydraulic conductivity) can be adjusted for the effects of vegetation ground cover
(Figure 3-2). Correction for vegetation ground cover is not to be made if the soil is
either sand or loamy sand, and this is because the use of such a correction could

result in overestimation of the losses due to infiltration.

The second (special) method requires the estimation of the initial loss and an

uniform loss rate (IL+ULR method). The special method is to be used for
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watersheds or subbasins where rainfall losses are known to be controlled by

factors other than soil texture and vegetation cover, or for watersheds that are
predominantly of sand. For example, the land surface of upland watersheds of
Humphrey Mountain near Flagstaff are generally composed of volcanic cinder
overlain by forest duff. Infiltration is not controlled by soil texture in these
watersheds and infiltration rates may be as high as 5 inches per hour or more. Use
of the special method requires adequate data or adequate studies to verify the

IL+ ULR parameters or to calibrate the model of the watershed.

Both the normal and the special methods require the estimation of the
impervious area of the watershed. Impervious area (or nearly impervious area) is
composed of rock outcrop, paved roads, parking lots, roof tops, and so forth.
When performing watershed modeling with the HEC-1 program, the impervious
area is to be the effective (directly connected) impervious area (see definitions).
For urbanized areas, the effective impervious area should be estimated from aerial
photographs with guidance as provided in Table 3-3. For areas that are presently
undeveloped but for which flood estimates are desired for future urbanized
conditions, estimates of effective impervious area should be obtained based on
regional planning and land-use zoning as determined by the local jurisdiction.
Estimates of the effective impervious area for urbanizing areas should be selected
from local guidance, if available, along with the general guidance that is provided in
Table 3-3. For undeveloped areas, the effective impervious area is often O
percent. However, in some watersheds there could be extensive rock outcrop that
would greatly increase the imperviousness of the watershed. Care must be
exercised when estimating effective impervious area for rock outcrop. Often the
rock outcrop is relatively small (in terms of the total drainage area) and is of
isolated units surrounded by soils of relatively high infiltration capacities.
Relatively small, isolated rock outcrop should not be considered as effective
impervious area because runoff must pass over pervious surfaces before reaching
the point of discharge concentration. For watersheds that have significant,

contiguous rock outcrop, it may be necessary to establish those areas as subbasins
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so that the direct runoff can be estimated and then routed (with channel
transmission losses, if appropriate) to the point of interest. Paved roads through
undeveloped watersheds will not normally contribute to effective impervious area

unless the road serves as a conveyance to the watershed outlet.

Definitions
rainfall excess - The equivalent uniform depth of runoff, in inches, that drains from

the land surface. Rainfall excess equals rainfall minus rainfall losses.

rainfall losses - The sum of rainfall that is lost to surface runoff due to interception,
depression storage, evaporation, infiltration, and other

mechanisms. Rainfall loss is expressed as an equivalent uniform depth, in inches.

infiltration - The rate of movement, in inches per hour, of rainfall from the land

surface into and through the surface soil.

percolation - The rate of movement, in inches per hour, of water through the

underlying soil or geologic strata subsequent to infiltration.

surface retention loss - The depth of rainfall loss, in inches, due to all factors other

than infiltration.
initial abstraction - The accumulative loss, due to all mechanisms, of all rainfall
from the start of rainfall to the point in time when surface runoff begins. This is

equivalent to the initial loss (STRTL) in the IL+ULR method.

drainage area - The total area contributing to surface runoff at a point of interest

(flow concentration point).
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subbasin - A portion of a drainage area that is determined according to the internal
surface drainage pattern. A drainage area can often be divided into subbasins for

modeling purposes.

subarea - A portion of a drainage area or subbasin that is delineated according to a

physical feature such as soil texture or land-use.

impervious area - The portion of a land area, expressed in percent of total land
area, that has a negligible infiltration rate. Impervious area can be natural, such as
rock outcrop and the surface of permanent water bodies; or man-made, such as

paved areas, roofs, and so forth.

effective impervious area - The portion of a land area, expressed in percent of total
land area, that will drain directly to the outlet of the drainage area without flowing
over pervious area. This is often called directly connected impervious area.

soil - The layer of inorganic particulate matter covering the earth’s surface. It can
and does contain organic matter and often supports vegetation. For the purpose of
estimating rainfall losses, only the upper horizon (generally about the top 6 inches
of soil) will be considered. Underlying soil horizons or other strata will generally

not affect rainfall losses in Arizona for storms of 100 year magnitude or less.

soil texture - The classification of soil into groups according to percentage of sand,

silt, and clay, as used by the U.S. Department of Agriculture (Figure 3-1).

sand - Soil composed of particles in the 2.0 mm to 0.05 mm size range.

silt - Soil composed of particles in the 0.05 mm to 0.002 mm size range.

clay - Soil composed of particles smaller than 0.002 mm.
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hydrologic soil group - A classification system developed by the SCS to place soils

into one of four groups based on runoff potential.

vegetation cover - The percentage of land surface that is covered by vegetation.

Vegetation cover is evaluated on plant basal area for grasses and forbs, and on

canopy cover for trees and shrubs.

PROCEDURE

General Considerations

P

Infiltration is the movement of water from the land surface into and through
the upper horizon of soil. Percolation is the movement of water through the
underlying soil or geologic strata 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, the extent by
which percolation can restrict infiltration for design rainfalls in Arizona needs
to be carefully considered. For example, shallow soils with high infiltration
rates that overlay nearly impervious material can be placed in hydrologic soil
group D in SCS soil surveys. The soil texture, vegetation cover, and depth of
the surface horizon of soil and the properties of the underlying horizons of soil
need to be considered when estimating the infiltration rate. Surface soils that
are more than 6 inches thick should generally be considered adequate to
contain infiltrated rainfall for up to the 100-year event in Arizona without the
subsoil restricting the infiltration rate. This is because most common soils
have porosities that range from about 25 to 35 percent, and therefore 6
inches of soil with a porosity of 30 percent can absorb about 1.8 inches (6
inches times 30 percent) of rainfall infiltration and it is unlikely that more soil
moisture storage is needed for storms up to the 100-year event in Arizona.

In estimating the Green and Ampt infiltration parameters in Arizona for up to
the 100-year rainfall, the top 6 inches of soil should be considered. If the top
6 inch horizon is uniform soil or nearly uniform, then select the Green and

Ampt parameters (Table 3-2) for that soil texture. If the top 6 inch horizon is
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layered with different soil textures, then select the Green and Ampt
parameters (Table 3-2) for the soil texture with the lowest hydraulic
conductivity (XKSAT).

2. Parameter values for design should be based on reasonable estimates of
watershed conditions that would minimize rainfall losses. The estimate of
impervious area (RTIMP) for urbanizing areas should be based on ultimate

development in the watershed.

3t Two sources of information are to be used to classify soil texture for the
purpose of estimating Green and Ampt infiltration equation parameters. The
primary source that is to be used for the watershed, when it is available, are
the detailed soil surveys that are prepared by the USDA, Soil Conservation
Service (SCS). When detailed soil surveys are not available for the
watershed, then the general soil maps and accompanying reports by the SCS

for each county in Arizona are to be used.

4. Most drainage areas or modeling subbasins will be composed of several
subareas containing soils of different texture; and therefore, there may be the
need to determine composite values for the Green and Ampt parameters to be
applied to the drainage areas or each modeling subbasin. The procedure that
is to be used is to average the area weighted logarithms of the individual
subarea XKSAT values and to select the PSIF and DTHETA values from a
graph.

The composite XKSAT is calculated by Equation 3-1:

3 A, log XKSAT,
A;

XKSAT = antilog (3-1)
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‘ where XKSAT = composite hydraulic conductivity (XKSAT), in inches/hour,

XKSAT, = hydraulic conductivity (Table 3-2) of the soil in a subarea, in
inches/hour.

A. = size of a subarea, and

!

A, = size of the drainage area or modeling subbasin.

After XKSAT is calculated, the values of PSIF and DTHETA (normal or dry)

are selected from Figure 3-3 at the corresponding value of XKSAT.

Correction of XKSAT for vegetation cover (Figure 3-2) is made after the
composite value of XKSAT is determined (Equation 3-1). The composite
values for PSIF and DTHETA (Figure 3-3) are determined from the composite
value of XKSAT prior to making the correction of XKSAT for vegetation

cover.

There are conceptual and computational differences between the Green and
Ampt infiltration equation method and the IL + ULR method for estimating
rainfall losses. When using the IL+ULR method, the initial loss (STRTL) is
defined as the sum of surface retention loss (IA) plus initial infiltration loss
that accrues before surface runoff is produced, and this is equivalent to initial
abstraction (see definitions). When using the Green and Ampt infiltration
equation method, the initial abstraction is calculated based on the input of
both the surface retention loss (IA) and the infiltration parameters (XKSAT,
PSIF, and DTHETA).

When using the IL+ULR method both the initial loss (STRTL) and the uniform
loss rate (CNSTL) must be estimated. 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
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. valid techniques. It is not possible to provide complete guidance in the

selection of these parameters, however, some general guidance is provided.

a.

Because this method is only to be used for special cases, the uniform
loss rate (CNSTL) will either be very low for nearly impervious surfaces or
possibly quite high for exceptionally fast draining (porous) land surfaces.
For land surfaces 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 would be reasonable. Higher values of CNSTL
for sand and other surfaces are possible, however use of high values of
CNSTL will require special studies.

The selection of the 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 estimating initial

abstraction, written as:

STRIL = 299 9 (3-2)
CN
Estimates of CN for the drainage area or subbasin should be made by
referring to various publications of the SCS, particularly TR-55. Equation
3-2 should provide a fairly good estimate of STRTL in many cases,
however its use will have to be judiciously applied and carefully

considered in all cases.

Applications and Limitations

The Green and Ampt infiltration equation, along with an estimate of the

surface retention loss can be used to estimate rainfall losses for most areas of

Arizona with confidence. Most soils in Arizona are loamy sand, sandy loam, loam,

or silt loam for which the Green and Ampt infiltration equation parameters from

Table 3-2 should apply. Silt, as a soil texture, is relatively rare and it is not

. expected that significant areas will be encountered. The finer soil textures (those

with "clay"” in the classification name) occur in Arizona but not usually over large
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areas; however, these soils have relatively low infiltration rates (XKSAT). Use of
the Green and Ampt infiltration equation parameters for the finer soil textures may
be somewhat conservative, and therefore their use should be appropriate for most
design flood estimation purposes. Sand, as a soil texture, is also relatively rare and
it has a very high infiltration rate (XKSAT). Therefore, when encountering large
areas that have soils that are classified as sand, it is possible that estimates of
rainfall losses with the Green and Ampt equation would be too large and the
IL+ULR method should be used. Ideally, rainfall-runoff data or streamgage data
would be available for model calibration of loss rate parameters in those cases.
Alternatively, regional studies or extrapolation of resuits from similar watersheds

can be used to estimate the IL+ULR parameters for sand.

In general, the Green and Ampt infiltration equation with an estimate of the
surface retention loss should be used for most drainage areas in Arizona. The
IL+ULR method should be used for drainage areas where soil texture does not
control the infiltration rate (such as volcanic cinder) or where the soil texture of the
drainage area is predominantly sand. Calibration data or results of regional studies

are necessary to justify the selection of parameters for the IL+ULR method.

Determination of Soil Texture

The normal method to estimate infiltration losses requires the
classification of soil according to soil texture (Figure 3-1). Two sources of
information are available in Arizona to determine the soil texture. The following

procedure should be applied when determining soil texture from these sources.

SCS Soil Survey - For limited areas of Arizona:

1. Locate the watershed boundaries and subbasin boundaries on the detailed soil
maps.

2. List the map symbol and soil name for each soil that is contained within the

watershed boundaries.
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Read the description of each of the soil series and each mapping unit. Try to
identify the soil texture that best describes each soil (or the top 6 inches of
layered soils).

Consult soil properties tables of the soil survey, and from the columns for soil
depth and dominant texture, make the final selection of soil texture that will
control the infiltration rate. The size gradation data that is provided in the
tables can also be used to assist in selecting the soil texture. Many of the
soils in Arizona contain significant quantities of gravel, and the adjective
"gravelly,” when used in conjunction with the soil texture, can either be
disregarded when it is used in conjunction with "sandy," that is, gravelly
sandy loam can be taken as equivalent to sandy loam; or "gravelly” can be
used as a replacement for "sandy” when used alone, that is, gravelly clay can
be taken as equivalent to sandy clay. Similarly, adjectives such as "very fine"

and "very coarse,” usually used in association with sand, can be disregarded

in determining soil texture classification.

General Soil Map - For each County in Arizona:

1

Locate the watershed boundaries and subbasin boundaries on the general soil
map. (Since these maps are 1:500,000 scale, it may only be possible to
locate the watershed.)

Identify the soil association(s) from the map.

Read the description of each soil which will identify the soil texture and soil
depths.

Consult the soil properties tables of the general soils report, and from the
columns for soil depth and texture make the final selection of soil texture that
will control the infiltration rate. Comments regarding the use of adjectives
such as "gravelly,” and "very fine" or "very course” are the same as item 4

above.
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INSTRUCTIONS

Green and Ampt Infiltration Equation based on Soil Texture

1

10.

11

12,

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

Delineate subareas of different soils on the base map. Determine the soil
texture for each subarea and also 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 each subarea (Table 3-3).
Calculate the area weighted RTIMP for the drainage area or each subbasin.
Estimate the surface retention loss (IA) for the drainage area or each subarea
(Table 3-1).

Calculate the area weighted value of |A for the drainage area or each
subbasin.

If the drainage area or subbasin consists of soil of the same textural class,
then select XKSAT, PSIF, and DTHETA for that soil texture (Table 3-2).
Proceed to Step 10.

If the drainage area or subbasin consists of subareas of different soil textural
classes, then calculate the composite value of XKSAT (Equation 3-1), and
select the composite values of PSIF and DTHETA (Figure 3-3).

Estimate the percent vegetation cover and determine the hydraulic
conductivity (XKSAT) correction factor (Ck) (Figure 3-2).

Apply correction factors (Ck) from Step 10 to the value of XKSAT from either
Step 8 or Step 9.

The area weighted values of RTIMP, IA, XKSAT, PSIF, and DTHETA for the
drainage area or each subbasin are entered on the LG record of the HEC-1

input file.
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Initial Loss plus Uniform Loss Rate (IL + ULR)

The following method can be used only when it is known that soil texture does
not control infiltration rate. This method must be used with adequate calibration or
verification to justify the use of uniform loss rates that may exceed the hydraulic

conductivities shown in Table 3-2.

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

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

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

4. Estimate the impervious area (RTIMP) for the drainage area or each subarea
(Table 3-3).

5. Estimate the initial loss (STRTL) for the drainage area or each subarea by
regional studies or calibration. Alternatively, Equation 3-2 can be used to
estimate or to check the value of STRTL.

6. Estimate the uniform loss rate (CNSTL) for the drainage area or each subarea
by regional studies or calibration.

7. Calculate the area weighted values of RTIMP, STRTL, and CNSTL for the
drainage area or each subbasin.

8. The area weighted values of RTIMP, STRTL, and CNSTL for the drainage area

or each subbasin are entered on the LU record of the HEC-1 input file.
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TABLE 3-1

Surface retention loss for various land surfaces in Arizona
(To be used with the Green and Ampt Infiltration Equation
for estimating rainfall losses.)

Surface Retention Loss (lA)

Land-use and/or Surface Cover inches
(1) (2)
Natural
Desert and rangeland, flat slope .35
Desert and rangeland, hill slopes .15
Mountain, with vegetated surface g

Developed (Residential and Commercial)

Lawn and turf .20

Desert Landscape .10

Pavement .05
Agricultural

Tilled fields and irrigated pasture .50
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TABLE 3-2

Green and Ampt Infiltration Equation loss rate parameter values

for bare ground

Soil Texture XKSAT PSIF DTHETA®
Classification in/hr inches Dry Normal Saturated
(1) (2) (3) (4) (5) (6)
sand® 4.6 1.9 .35 .30 0
loamy sand 1.2 2.4 .35 .30 0
sandy loam .40 4.3 3D 2D 0
loam 25 3.5 .35 .25 0
silt loam 15 6.6 .40 4 0
silt .10 75 35 15 0
sandy clay loam .06 8.6 .25 .18 0
clay loam .04 8.2 .25 18 0
silty clay loam .04 10.8 .30 19 0
sandy clay .02 9.4 .20 .10 0]
silty clay .02 135 .20 .10 0
clay .01 12.4 .15 .05 0

® Selection of DTHETA:
Dry - for nonirrigated lands such as desert and rangeland
Normal - for irrigated lawn, turf, and permanent pasture
Saturated - for irrigated agricultural lands

® The use of the Green and Ampt Infiltration Equation for drainage
areas or subbasins that are predominantly sand should be avoided
and the IL+ ULR should be used.
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TABLE 3-3

General guidance for selecting

Effective Impervious Area (RTIMP)

Effective Impervious Area, in percent

Land-Use Mean Range
(1) (2) (3)

Single-Family Residential

1/4 acre 30 23-38

1/3 acre 22 15-30

1/2 acre 17 9-25

1 acre 14 8-20

2 acres 12 7-20

Multi-Family Residential 54 42-65

Commercial 85 51-98

Industrial 59 46-72
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‘ SOIL TEXTURE CLASSIFICATION

TRIANGLE

" Sandy loam 10
Sand
100 0
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% Silt —

Definitions: Clay - mineral soil particles less than 0.002 mm in diameter.
Silt - mineral soil particles that range in diameter from
0.002 mm to 0.05 mm.
Sand - mineral soil particles that range in diameter from
0.05 mm to 2.0 mm.

Example: Point A is a soil composed of 40% sand, 35% silt, and 25% clay.
It is classified as a clay loam.
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EXAMPLE No. 1
Estimate the Rainfall Loss Parameters for Agua Fria River Tributary, Youngtown,

Arizona

The rainfall loss parameters are estimated for a 0.13 square mile drainage area
in Youngtown, Arizona. A drainage area is delineated on a topographic map, as
shown in Figure 3-4. From the SCS Soil Survey of Maricopa County, Arizona,
Central Part, September 1977, the soil series is Perryville (PeA), described as a
gravelly loam in hydrologic soil group B. Particle size gradation of this soil from the

soil survey is as follows:

Sieve No. Particle Size, mm % Passing Sieve
4 4.76 80-90
10 2.00 (sand) 55-75
40 42 40-55
@ 200 .074 (silt and clay) 30-40

From this size gradation data it is noted that 25 to 45 percent of this soil is coarser
than sand, 15 to 25 percent is sand, and 30 to 40 percent is silt and clay. Data
are not normally provided in the SCS soil surveys to estimate the percentage clay.
From this information, it is concluded that the soil texture classification is best

described as a sandy loam (SL).

The drainage area is nearly all single-family residential with about 1/4 acre or
slightly smaller lot size. About 50 percent of the residential lots are irrigated turf,
although some lawns are in poor condition and the vegetation cover is estimated

as 75 percent. The other 50 percent of the residential lots are desert landscaped.
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The loss parameters are estimated as follows:

IA = 0.10 inch Table 3-1 Residential, Desert Landscape
0.20 inch Table 3-1 Residential, Lawn and Turf
DTHETA = 0.35 Table 3-2 Desert Landscape
0.25 Table 3-2  lrrigated Lawn
PSIF = 4.3 inches Table 3-2 Sandy Loam
XKSAT = 0.40 in/hr Table 3-2 Sandy Loam (bare ground)
C.=1.72 Figure 3-2 XKSAT correction factor at 75 percent

ground cover
XKSAT = 0.40 for Desert Landscape
XKSAT = (1.72)(.40) = 0.69 in/hr for Lawn

RTIMP = 30 percent Table 3-3  Single-Family Residential, 1/4 acre

The area weighted parameters are calculated as follows:
IA = .50(.10) +.50(.20) = 0.15 inch
DTHETA = .50(.35)+.50(.25) = .30
PSIF = 4.3 inches
XKSAT = .50(.40) +.50(.69) = 0.54 in/hr
RTIMP = 30 percent

The LG record is coded as follows:

LG, IA, DTHETA, PSIF, XKSAT, RTIMP
LG, .15, .30, 4.3, .54, 30

15-305-4
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