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FOREWORD 

This users manual descrires how to use the Fortran IV computer program for 
calculating flcx:xl hydrographs in basins that have a minimum of hydrologic 
infonnation. The program uses the soil conservation service (SCS) curve 
numbers which account for soil types e111d land uses but it uses physically 
based inflitration equations~ rather than the errpirical SCS equations for 
computing excess rainfall. 

Sufficient copies of this report are reing distributed to provide a 
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This document is disseminated under the sponsorship of the 
Department of Transportation in the interest of information 
exch~nge. The United States Government assumes no liability 
for its conte~ts or use thereof. The contents of this report 
reflect the views of the contractor, who is responsible for 
the accuracy of the data presented herein. The contents do 
not necessarily reflect the official views or policy of the 
Department of Transportation. This report does not constitute 
a standard, specification, or regulation. 

The United States Government does not endorse products or 
manufacturers. Trade or manufacturers' names appear herein only 
because they are considered essential to the object of this 
document. 
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I. INTRODUCTION 

The estimation of rainfall-runoff relations in ungaged watersheds 

is a common problem in engineering hydrology. Typically, the problem is 

approached with statistical or empirical tools, the lack of necessary 

data preventing a physical modeling of the processes involved. The 

research report which this user's manual accompanies, however, shows how 

a correspondence can be established betwee~ the Soil Conservation 

Service's curve number, (a runoff index calibrated against soil-land 

cover complexes), and the hydraulic soil parameters appearing in modern, 

physically based infiltration equations. Such a correspondence permits 

the physical modeling of the abstraction of rainfall in basins for which 

there is a minimum of available hydrologic information. The purpose of 

the program XSRAIN is to facilitate the application of a curve number

soil parameters correspondence to the prediction of flood hydrographs. 

Program XSRAIN can generate a flood hydrograph for a given rainfall 

event using readily available information on the physical character

istics of the watershed in question. Determination of an SCS curve 

number from soil and land cover types permits the abstraction of 

rainfall by means of physical infiltration equations. The routing of 

the excess rain to yield an outflow hydrograph for the basin outlet is 

accomplished by means of the SCS dimensionless unit hydrograph (mass 

curve). This requires the input of additional morphological and 

time-of-travel· characteristics which can be estimated from topographic 

maps. 

The influence of soil moisture variation on runoff volumes due to 

seasonality and antecedent rainfall may be incorporated if such 

information is available. However, this is optional--one may simply 

assume "average" antecedent soil moisture conditions. 

For purposes of comparison, there is an option available whereby 

one may elect to have calculations made using the standard SCS equation 

for excess precipitation, as well as calculations using the assumption 

of a uniform rainfall intensity. 

In general, an effort was made to keep program XSRAIN flexible in 

terms of the required assumptions and the form of the input data 

utilized in its application. 
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II. IMPLEMENTATION 

1. Preliminary Work 

1.1 Units Employed in XSRAIN 

Program XSRAIN was written to perform all calculations in terms of 

English units. The metric equivalents of these units are presented 

here: 

1 in. = 25.4 mm 

1 ft = 0.3048 m 

1 sq mi = 259.00 hectare 

35.31 cfs 3 = 1 m /sec 

1.2 Determination of Curve Number 

Regardless of which particular option offered by XSRAIN is 

ultimately chosen by the user, the first step that must be taken is the 

determination of a curve number (abbreviated as CN) for the watershed in 

question. Procedures for accomplishing this are outlined in detail in 

the SCS National Engineering Handbook, Section 4, Hydrology, Chapters 

7-10, in particular (hereafter referred to as NEH-4). Those procedures 

will be covered briefly here. 

The first step is to obtain soil survey information from the SCS 

state soil scientist for the watershed in question. From this one can 

determine the names and areal extents of the soils occurring in the 

watershed. Using Table 7.1 of NEH-4 (reproduced in the appendix of this 

User's Manual) one can determine the hydrologic group of the soils: A, 

B, C or D. These hydro logic groups are defined by the SCS by the 

following descriptions: 

"A. (Low runoff potential). Soils having high infiltration 

rates even when thoroughly wetted and consisting chiefly 

of deep, well to excessively drained sands or gravels. 

These soils have a high rate of water transmission. 

B. Soils having moderate infiltration rates when thoroughly 

wetted and consisting chiefly of moderately deep to deep, 

moderately well to well drained soils with moderately 

fine to moderately coarse textures. These soils have a 

moderate rate of water transmission. 
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C. Soils having slow infiltration rates when thoroughly 

wetted and consisting chiefly of soils with a layer that 

impedes downward movement of water, or soils with 

moderately fine to fine texture. These soils have a slow 

rate of water transmission. 

D. (High runoff potential). Soils having very slow 

infiltration rates when thoroughly wetted and consisting 

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. These soils have 

a very slow rate of water transmission." (p. 7.1, NEH-4) 

Once hydrologic soil groups have been identified, one consults 

Tables 1 and 2 (taken from NEH-4 and SGS Technical Release No. 55) where 

curve numbers are tabulated by land use, treatment and hydrologic soil 

group. Using the characteristics of the watershed in question, the 

appropriate CN can be identified. 

"A composite curve number (CN) for a watershed having 

more than one land use, treatment or soil type can be found by 

weighting each curve number according to its area. If, for 

example, 80 percent of a watershed has a CN of 75 and the 

remaining 20 percent is impervious (CN=lOO), then the weighted 

CN = 0.80 x 75 + 0.20 x 100 = 80." (Viessman, et al., 1977, 

p. 618) 

Hydrologic condition refers to the relative propensity of a land 

use to produce runoff and therefore be susceptible to soil erosion. For 

example, pasture which is heavily grazed by cattle would yield large 

amounts of runoff and hence be in poor hydrologic condition. On the 

other hand, pasture which is only lightly grazed and has good plant 

cover would be in good hydrologic condition. 

Detailed description of the land use and land treatment classes 

used in Table 1 is provided in Chapter 8 of NEH-4. 

Having identified a CN for the watershed of interest, one may next 

consult the Table of Correspondence (Table Al) in the appendix of this 

3 



Table 1. Runoff curve numbers 
(antecedent moisture 
NEH-4), p. 9.2). 

for hydrologic soil-cover complexes 
condition II, and I = 0.2 S) (from 

a 

Cover 

Treatment Hydro logic Hidrologic Soil Group 

Land Use or Practice Condition A B C D 

Fallow Straight row 77 86 91 94 

Row crops Straight row Poor 72 81 88 91 
Straight row Good 67 78 85 89 
Contoured Poor 70 79 84 88 
Contoured Good 65 75 82 86 
Contoured and 

terraced Poor 66 74 80 82 
Contoured and 

terraced Good 62 71 78 81 

Small grain Straight row Poor 65 76 84 88 
Straight row Good 63 75 83 87 
Contoured Poor 63 74 82 85 
Contoured Good 61 73 81 84. 
Contoured and 

terraced Poor 61 72 79 82 
Contoured and 

terraced Good 59 70 78 81 

Close-seeded Straight row Poor 66 77 85 89 
legumes }j Straight row Good 58 72 81 85 
or Contoured Poor 64 75 83 85 
rotation Contoured Good 55 69 78 83 
meadow Contoured and 

terraced Poor 63 73 80 83 
Contoured and 

terraced Good 51 67 76 80 

Pasture Poor 68 79 86 89 
or range Fair 49 69 79 84 

Good 39 61 74 80 
Contoured Poor 47 67 81 88 
Contoured Fair 25 59 75 83 
Contoured Good 6 35 70 79 

Meadow Good 30 58 71 78 

Woods Poor 45 66 77 83 
Fair 36 60 73 79 
Good 25 55 70 77 

Farmsteads 59 74 82 86 

Roads (dirt) 2/ 72 82 87 89 
(hard surface)!/ 74 84 90 92 

1/ Close-drilled or broadcast 
It Including right-of-way 
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Table 2. Runoff curve numbers for selected agricultural, suburban, 
and urban land use (antecedent moisture condition II, and 
Ia= 0.2 S) (from SCS Technical Release No. 55, p. 2-5). 

Hydrologic Soil Group 

Land Use Descriptions 

Cultivated land 1_/: without conservation treatment 

with conservation treatment 

Pasture or range land: poor condition 

good condition 

Meadow: good condition 

Wood or forest land: thin stand, poor cover, no mulch 

good cover 'l_/ 

Open spaces, lawns, parks, golf courses, cemeteries, etc. 

good condition: grass cover on 75% or more of the area 

fair condition: grass cover on 50% to 75% of the area 

Conunercial and business areas (85% impervious) 

Industrial districts (72% impervious) 

Residential '1./: 
Average lot size 

1/8 acre or less 

1/4 acre 

1/3 acre 

1/2 acre 

1 acre 

Average% impervious 4/ 

65 

38 

30 

25 

20 

Paved parking lots, roofs, driveways, etc. 'ii 

Streets and roads: 

paved with curbs and storm sewers 1./ 
gravel 

dirt 

A 

72 

62 

68 

39 

30 

45 

25 

39 

49 

89 

81 

77 

61 

57 

54 

51 

98 

98 

76 

72 

B 

81 

71 

79 

61 

58 

66 

55 

61 

69 

92 

88 

85 

75 

72 

70 

68 

98 

98 

85 

82 

C 

88 

78 

86 

74 

71 

77 

70 

74 

79 

94 

91 

90 

83 

81 

80 

79 

98 

98 

89 

87 

1_/ For a more detailed description of agricultural land use curve numbers refer to 
National Engineering Handbook, Section 4, Hydrology, Chapter 9, Aug. 1972. 

2:._/ Good cover is protected from grazing and litter and brush cover soil. 

D 

91 

81 

89 

80 

78 

83 

77 

80 

84 

95 

93 

92 

87 

86 

85 

84 

98 

98 

91 

89 

'}_/ Curve numbers are computed assuming the runoff from the house and driveway is directed 
towards the street with a minimum of roof water directed to lawns where additional 
infiltration could occur. 

!!._/ The remaining pervious areas (lawns) are considered to be in good pasture condition 
for these curve numbers. 

"j__/ In some warmer climates of the country a curve number of 95 may be used. 
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Userts Manual to determine the equivalent hydraulic soil properties. 

From that table values for hydraulic conductivity at natural saturation, 

K (in./hr), and for storage suction factor at field capacity , (Sf)fc 

(i~.) are obtained. Storage suction factor is defined by the equation: 

(1.1) 

where Hf is wetting front suction of the soil (effective capillary 

drive) (in.), 0 is water content of the soil at natural saturation 

(dimensionless), and e. 
1 

is initial water content. 

(Sf)fc is the value of Sf (the storage suction factor) obtained 

when 8i = 0fc' 0fc being the water content at field capacity, a 

condition comparable to the SCS antecedent moisture content (AMC) 

type II. Natural saturation refers to saturation under field condi

tions, where water content, 0, is always somewhat less the the porosity, 

~, due to the inevitable presence of entrapped air. 

Alternatively, it can be left to XSRAIN to compute K and (Sf)fc 

from the curve number under Suboption 2 (see Section 2.6). 

Additional watershed descriptors must be input so that the 

calculated excess rainfall pattern may be routed to the basin outlet by 

the SCS dimensionless unit hydrograph. Among these descriptors are the 

basin area in square miles, the average watershed slope in percent and 

the length in feet from the basin outlet to the divide. These can be 

readily determined from a topographic map. 

Two options require more information if they are elected. Exact 

input requirements are described in the Option Summaries. 

All options require the specification of a rainfall duration and 

cumulative depth. This information is provided by the user according to 

design needs. A time distribution of the rainfall may also be speci

fied, or it may be left to the program to impose a time distribution 

pattern. 

XSRAIN uses the time distributions identified by Huff (1967) in his 

study of storms occurring in Central Illinois. He classified four types 

of storms, according to whether peak rainfall occurred in the first, 

second, third or fourth quartile of the storm duration. For each type 
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he derived curves of cumulative percent of precipitation vs. cumulative 

percent of storm time. XSRAIN can use the median (SO percent 

probability) curve for any of the four storm types. As a guide to 

choosing which quartile to specify for peak rainfall, consult Table 3. 

Table 3. Percentage distribution of quartile types. After Huff (1967). 

Percent of Cases for 
Given Duration 

(Hours) Quartile 
Frequency 

Quartile <12 12-24 >24 (%) 

1 45 29 26 32 

2 50 33 17 34 

3 35 42 23 25 

4 22 .26 52 9 

All Storms 42 33 25 100 

20 40 60 80 100 
CUMULATIVE PERCENT OF STORM TIME 

Figure 1. Time distribution of first-quartile storms. 
After Huff (1967). 
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Figure 2. Time distribution of second-quartile storms. 
After Huff (1967). 

, ~ 
o __ /,,'~,:;:_~ I 

0 20 40 60 80 100 
CUMUL~TIVE PERCENT OF STORM TIME 

Figure 3. Time distribution of thirs-quartile storms. 
After Huff (1967). 
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20 40 60 80 100 
CUMULATIVE PERCENT OF STORM .TIME 

Figure 4. Time distribution of fourth-quartile storms. 
After Huff (1967). 

_, _, 
~ 
~ : 40 
~ e 50% PROBABILITY 
Cl) 

_, 
i! e 
I-

~ 
\.) 

~ 
~ CUMULATIVE PERCENT OF STORM TIME 

Figure 5. A first-quartile, 50 percent probability time 
distribution. After Huff (1967). 
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An example of a first quartile, 50 percent probability histogram is 

given in Figure 5. First- and second-quartile storms are seen to be the 

most common, although storm duration is an important factor in 

determining in which quartile the rainfall peak occurs, as the table 

shows. In general, Huff identified: 

"A trend for the longer heavier storms to dominate the fourth

quartile grouping, whereas short duration storms account for a 

major portion of the first- and second-quartile groups." 

(Huff, 1967, p. 1008) 

Having identified watershed descriptors and a design storm, the 

user should consult the following Option Summaries to see which to 

employ when running XSRAIN. 

Table 3 and Figures 1-5 are drawn from, "The Distribution of 

Rainfall in Heavy Storms," by F. A. Huff, in Water Resources Research 

Journal, Volume 3, Number 4, p. 1007. 

As stated, the user may specify a time distribution of rainfall. 

This can be read in to be used "as is," or XSRAIN can be called upon to 

rearrange the input rainfall steps to form a U.S. Army Corps of 

Engineers "balanced hyetograph." Details are given in the option 

summaries and the description of subroutine BALANCE. 

2. Option Summaries 

All main options calculate excess rainfall for a variable rainfall 

pattern by the infiltration approach. A tabulation is made by time 

steps of cumulative infiltration, incremental infiltration, mean infil

tration rate, mean rainfall rate and ~ean excess rainfall rate, and a 

mass balance check is provided. Watershed descriptors are used to 

derive a unit hydrograph from the SCS dimensionless mass curve, and this 

in turn is used to route the computed excess rainfall and produce a 

runoff hydrograph in cfs. Under Suboption 1, it is possible to have 

these same calculations made by three additional means- of computing 

excess rain, for purposes of comparison. These three cases are: the 

infiltration approach, with constant rainfall assumed; the SCS method, 

with variable intensity rainfall; and the SCS method, with constant 

rainfall assumed. 

10 



2.1 Main Option One--Imposed Time Distribution of Rainfall and 
Average Soil Moisture Conditions 

This option will impose a Huff rainfall time distribution according 

to the quartile and time step specified by the user. Field capacity 

soil moisture (AMC II) is assumed. 

Inputs 

The user must provide the following information when employing this 

option: 

CN, curve number 

K, hydraulic conductivity (in./hr) 

(Sf)fc' storage suction factor at field capacity (in.) 

(The reading in of K and (Sf)fc is optional under Suboption 2) 

P, cumulative depth of rainfall (in.) 

tD, duration of storm (hr) 

LAGFLAG: if LAGFLAG = O, watershed lag time (TL, hr) is computed 
from the following parameters: CN, the watershed curve 
number; L, the length from basin outlet to the divide 
(ft); Y, average watershed slope (percent); if 
LAGFLAG = 1, TL is provided by the user. 

Area, in square miles 

Q, Huff quartile (1, 2, 3 or 4) 

~t, time step for rainfall distribution (min). 

Outputs 

The following information is provided by XSRAIN under this option: 

Values of cumulative precipitation (in.) at the end of each time 
step according to the Huff time distribution 

Time (hr) at the end of each time step 

Mean rainfall intensities for each time step (in./hr) 

A unit hydrograph computed from the SCS dimensionless mass curve 

The watershed lag time (hr) 

The time to peak of the unit hydrograph (hr) 

t, ponding time for variable intensity rainfall (hr) 
p 
r, rainfall intensity producing ponding (in./hr) p 
W , cumulative depth of rainfall infiltrated up to ponding (in.) 

p 
Last full-time step previous to ponding time 
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An excess rainfall pattern (in./hr) 

A mass balance check 

A flood hydrograph, in cfs vs. hr. 

If $CS calculations are opted for under Suboption 1 additional outputs 

are: 

S, the maximum watershed storage capacity as defined by SCS (in.) 

I , the initial abstraction as defined by SCS (in.) a 

Subroutines 

The following subroutines are called by XSRAIN under this option: 

HUFF, UH, PONTIM, PPINF, ROUTE, CONSTR AND SCS (if comparison 
hydrographs are generated, that is, Suboption 1 = 4), TABLE {if K 
and Sf are computed from CN, that is, Suboption 2 = 1). 

2.2 Main Option Two--Imposed Time Distribution of Rainfall and 
Antecedent Soil Moisture Accounting 

This option will also impose a Huff rainfall time distribution 

according to the quartile and time step specified by the user. Storage 

suction factor is modified for the infiltration equations, and so is the 

CN for the SCS equations. Modifications are based upon the day of the 

year and the five day antecedent rainfall depths, additional information 

which must be provided by the user. 

Inputs 

The user must provide the following information when employing this 

option: 

CN, curve number 

K, hydraulic conductivity (in./hr) 

(Sf)fc' storage suction factor at field capacity (in.) 

(The reading in of K and (Sf)fc is optional under Suboption 2) 

P, cumulative depth of rainfall (in.) 

tD' duration of storm (hr) 

LAGFLAG: if LAGFLAG = O, watershed lag time (TL, hr) is computed 
from the following parameters: CN, the watershed curve 
number; L, the length from basin outlet to the divide 
(ft); Y, average watershed slope (percent); if 
LAGFLAG = 1, TL is provided by the user. 

Area, in square miles 

Q, Huff quartile (1, 2, 3 or 4) 
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~t, time step for rainfall distribution (min) 

Month and day of the year 

Rainfall for previous five days (in.). 

Outputs 

The following information is provided by XSRAIN under this option: 

Values of cumulative precipitation (in.) at the end of each time 
step according to the Huff time distribution. 

Time (hr) at the end of each time step 

Mean rainfall intensities for each time step (in./hr) 

S, (in.), the maximum watershed storage according to SCS for 
antecedent moisture condition II 

Effective depth of soil profile (in.) 

Hf, wetting front suction (in.) 

Julian date 

S, (in.), seasonally adjusted by sine approximation (see 
Section 3.2) 

(0-8.), 
1 

moisture deficit adjusted for season and antecedent 
rainfall 

storage suction factor adjusted for season and antecedent 
rainfall (in.) 

A unit hydrograph computed from the SCS dimensionless mass curve 

t, ponding time for variable intensity rainfall (hr) p 
r, rainfall intensity producing ponding (in./hr) p 
W, cumulative depth of rainfall infiltrated up to ponding (in.) p 
Last full time step previous to ponding 

An excess rainfall pattern (in./hr) 

A mass balance check 

A flood hydrograph, in cfs vs. hr. 

If SCS calculations are opted for under Suboption 1, additional outputs 

are: 

CN, S, I , adjusted for time of year and AMC. 
a 

Subroutines 

The following subroutines are called by XSRAIN under this option: 

HUFF, DEFICIT, UH, PONTIM, PPINF, ROUTE, CONSTR AND SCS (if 
comparison hydrographs are generated, that is, Suboption 1 = 4), 
TABLE (if K and Sf are computed from CN, that is, 
Suboption 2 = 1). 
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2.3 Main Option Three--User Specified Time Distribution of 
Rainfall and Antecedent Soil Moisture Accounting 

With this option, the user provides a time distribution of rainfall 

to be used "as is," or else a set of times and steps of rainfall to be 

rearranged into a U.S. Army Corps of Engineers "balanced hyetograph." 

Time steps may be entered in either minutes or hours, and steps of rain 

may be read in as either incremental depths (in.) or intensities 

(in./hr). 

The user also provides information as to day of the year and five 

day antecedent rainfall depths for modification of Sf and CN. 

Inputs 

The user must provide the following information when employing this 

option: 

CN, curve number 

K, hydraulic conductivity at natural saturation (in./hr) 

(Sf)fc' storage suction factor at field capacity (in.) 

(The reading in of K and (Sf)fc is optional under Suboption 2) 

P, cumulative depth of rainfall (in.) 

tD' duration of storm (hr) 

LAGFLAG: if LAGFLAG = O, watershed lag time (TL, hr) is computed 
from the following parameters: CN, the watershed curve 
number; L, the length to the divide from basin outlet 
(ft); Y, the average watershed slope (percent); if 
LAGFLAG = 1, TL is provided by the program user. 

AREA, in square miles 

Month and day of the year 

Rainfall depth for each of the previous five days (in.) 

N, the number of time steps of rainfall 

PFLAG: if PFLAG = O, input rain is in in./hr; if PFLAG = 1, 
input rain is in inches. 

CFLAG: if CFLAG = O, user time distribution of rain is used "as 
is;" if CFLAG = 1, a Corps of Engineers "balanced 
hyetograph" is formed from input steps of rain. 

TFLAG: if TFLAG = O, input times are in minutes; if TFLAG = 1, 
input times are in hours. 

T(I), (I=l,N), the set of times at the end of each step, all of 
equal length, in either minutes or hours 

R(I), (I=l,N), the set of steps of rain, expressed either as 
increments of depth (in.) or as intensities (in./hr). 
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Outputs 

The following information is provided by XSRAIN under this option: 

Values of cumulative precipitation (in.) at the end of each time 
step. 

S, (in.), the maximum watershed storage according to SCS for 
antecedent moisture condition II 

Effective depth of soil profile (in.) 

Hf' wetting front suction (in.) 

Julian date 

S, (in.), seasonally adjusted by sine approximation (see 
Section 3.2) 

(0-8.), 
l 

moisture deficit adjusted for season and antecedent 
rainfall 

A unit hydrograph computed from the SCS dimensionless mass curve 

t, ponding time for variable intensity rainfall (hr) p 
r, rainfall intensity producing ponding (in./hr) 
p 

W, quantity infiltrated up to ponding (in.) 
p 

Last full time step previous to t 
p 

An excess rainfall pattern (in./hr) 

A mass balance check 

A flood hydrograph, in cfs vs. hr. 

If SCS calculations are opted for under Suboption 1, additional outputs 

are: 

CN, S, I , adjusted for time of year and AMC. 
a 

Subroutines 

The following subroutines are called by XSRAIN under this option: 

DEFICIT, UH, PONTIM, PPINF, ROUTE, CONSTR and SCS (if comparison 
hydrographs are generated, that is, Suboption 1 = 4), TABLE (if K 
and Sf are computed from CN, that is, Suboption 2 = 1), BALANCE 

(if a "balanced hyetograph" is formed, that is, CFLAG = 1). 

2.4 Main Option Four--User Specified Time Distribution of Rainfall 
and Average Soil Moisture Conditions 

As in Main Option 3, the user provides a time distribution of 

rainfall to be used "as is," or else a set of times and steps of rain

fall to be rearranged into a U.S. Army Corps of Engineers "balanced 

hyetograph." Time steps may be entered in either minutes or hours, and 
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steps of rain may be read in as either incremental depths (inches) or 

intensities (in./hr). 

This option is simpler than Main Option 3 in that it assumes field 

capacity soil moisture conditions (AMC II). 

Inputs 

The user must provide the following information when employing this 

option: 

CN, curve number 

K, hydraulic conductivity (in./hr) 

(Sf)fc' storage suction factor at field capacity (in.) 

(The reading in of K and (Sf)fc is optional under Suboption 2) 

P, cumulative depth of rainfall (in.) 

tD' duration of storm (hr) 

LAGFLAG: if LAGFLAG = O, watershed lag time (TL, hr) is computed 
from the following parameters: CN, the watershed curve 
number; t, the length to the divide from basin outlet 
(ft); Y, the average watershed slope (percent); if 
LAGFLAG = 1, TL is provided by the program user. 

AREA, in square miles 

N, the number of time steps of rainfall 

PFLAG: if PFLAG = O, input rain is in in./hr; if PFLAG = 1, 
input rain is in inches. 

CFLAG: if CFLAG = 0, user time distribution of rain is used 
"as is;" if CFLAG = 1, a Corps of Engineers "balanced 
hyetograph" is formed from input steps of rain. 

TFLAG: if TFLAG = O, input times are in minutes; if TFLAG = 1, 
input times are in hours. 

T(I), (I=l,N), the set of times at the end of each step, all of 
equal length, in either minutes or hours 

R(I), (I=l,N), the set of steps of rain, expressed either as 
increments of depth (in.) or as intensities (in./hr). 

Outputs 

The following information is provided by XSRAIN under this option: 

Values of cumulative precipitation (in.) at the end of each time 
step 

A unit hydrograph'computed from the SCS dimensionless mass curve 

t, ponding time for variable intensity rainfall (hr) p 
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r, rainfall intensity producing ponding (in./hr) 
p 

W, cumulative depth of rainfall infiltrated up to ponding (in.) 
p 

Last full time step previous to ponding t 
p 

An excess rainfall pattern (in./hr) 

A mass balance check 

A flood hydrograph, in cfs vs. hr. 

If SCS calculations are opted for under Suboption 1, additional 

outputs are: 

CN, S, I for AMC II. 
a 

Subroutines 

The following subroutines are called by XSRAIN under this option: 

UH, PONTIM, PPINF, ROUTE, CONSTR AND SCS (if comparison hydrographs 
~ are generated, that is, Suboption 1 = 4), TABLE (if K and Sf 

are computed from CN, that is, Suboption 2 = 1), BALANCE (if a 
"balanced hyetograph" is formed, that is, CFLAG = 1). 

2.5 Suboption 1--Comparison Hydrographs Found with Alternate Means 
of Computing Excess Rainfall 

This suboption permits the production of extra flood hydrographs 

for comparison of results using other methods of calculating excess 

rainfall. If these comparisons are not desired, a value of one should 

be read in (SUBOPTl=l) and excess rain will be calculated by only one 

approach--by the infiltration method for a variable intensity rainfall 

event. 

If this suboption is set equal to four (SUBOPT1=4) , three 

additional means of computing excess rainfall will be executed: by 

infiltration method, for constant rainfall; by SCS method for variable 

rainfall; and by SCS method for constant rainfall. In every case, a 

flood hydrograph is produced by calling subroutine ROUTE. 

2.6 Suboption 2--Specification of Soil Hydraulic Parameters 

Under this option there are two possible means of providing the 

hydraulic soil parameters necessary for computation of infiltration (the 
~ hydraulic conductivity, K (in./hr), and the storage suction factor at 

field capacity, (Sf)fc (in.)). If Suboption 2 is set equal to zero 

(SUBOPT2=0), then the user must input these values, either after 
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consulting the Table of Correspondence or based on some other means of 

estimation. This option permits experimentation on the part of the 

user. 

Alternatively, it may be left to XSRAIN to compute K and (Sf)fc 

from the SCS curve number (SUBOPT2=1). This is done by subroutine 

TABLE. 

3. Description of Subroutines 

3.1 Subroutine HUFF: Imposition of a Time Distribution on a Given 
Depth and Duration of Rainfall 

This subroutine first converts the user specified time step, at, to 

units of hours. Subroutine HUFF proceeds to divide the storm duration, 

tD, into ten equal steps. These time steps (PT(I)) are used to form a 

discretized version of a Huff rainfall time distribution (see 

Figure 6). Then, according to the quartile specified, cumulative depths 

of precipitation (PP(I)) are calculated which correspond to each of the 

ten discrete steps. Next, the storm duration is divided by the 

specified time step, at, to get the number of time steps (N) that will 

appear in the output and upon which all subsequent calculations will be 

based. In DO loop 10, linear interpolation is performed between the 

steps of the discretized Huff rainfall time distribution to get cumula

tive precipitation depths for the user-specified time steps. For 

example, in Figure 6 we see that the time at the end of user time step 

t. has a corresponding depth of cumulative precipitation (by linear 
1 

interpolation) equal to 68 percent of the total cumulative 

precipitation. In DO loop 30, these steps of cumulative precipitation 

are used to compute mean rainfall intensities corresponding to the 

user-specified time steps. 

FORTRAN Symbol 

DELT 

Variable List 

Math Symbol 
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Definition 

User specified time step. Read-in 
in minutes. Converted to hours by 
HUFF. 



FORTRAN Symbol 

PT(I) 

PP(I) 

TD 

p 

CUMP(I) 

Q 

N 

T(I) 

R(I) 

IFLAG 

Variable List (continued) 

Math Symbol 

(O. l)(I)(tn) 

ln 

p 

Q 

N 

t. 
1 

r. 
1 

Definition 

Time (hr) at end of 'Ith' 10 percent 
step of discretized Huff time 
distribution imposed on storm 
duration. 

Depth of cumulative precipitation 
(in.) assigned to time PT(I). 
Assignment depends on quartile (Q) 
in which peak rainfall occurs. 

Time elapsed since beginning of 
storm (storm duration). 

Cumulative depth of rain for entire 
storm. 

Cumulative depth of rain (in.) at 
end of 'Ith' user time step. 

Huff quartile (1 1 2, 3 or 4). 

Number of time steps of length 
specified by user occurring in 
storm. Last step may be of an 
odd length. 

Elapsed time at end of 'Ith' time 
step of user-specified length. 

Mean rainfall intensity during 'Ith' 
time step of user-specified length. 

Flag variable used in interpolation 
loop 10. Keeps track of number of 
full 10 percent timesteps (PT(I)) 
occurring before user time step in 
question (T(I). 

3.2 Subroutine DEFICIT: Revision of Moisture Deficit for Season 
and Antecedent Rain 

This subroutine adjusts the moisture deficit at field capacity, 

(8-8fc), in response to time of year and five day antecedent rainfall 

depths. It is a sort of moisture accounting scheme adapted for applica

tion on an event basis rather than a continuous one as would be used by 

a simulation model. 
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Figure 6. Example of a discretized version of Huff rainfall time 
distribution for the case of a storm with the peak occurring 
in the second time quartile. 

20 



One of the principal assumptions of this subroutine is that soil 

moisture variation through the year may be approximated by a sine curve. 

This assumption is based upon soil moisture lysimeter data presented in 

USDA Technical Bulletin No. 1367, (1967). Figures in this publication 

show soil moisture varying in a roughly sinusoidal way through the year, 

with small, jagged fluctuations about such a path, assumed due to short 

term wetting and drying. An example is shown here in Figure 7. 

The second major assumption employed in this subroutine is that the 

SCS parameter S (in.), for AMC II, is the volume of soil pore space 

available to be filled by water when .. the soil moisture content is at 

field capacity. Hence, S = (8-8£) D, where D is the effective soil c e e 
profile depth expressed in inches. D is taken to be a constant e 
watershed characteristic. 

22--------,-----..----r--.----Y---.--~-,--....,..-r---r-~ 

PERCOLATION: 
0.20 I 0.,2 .. 

MAY JUNE 

0.04" 

JULY 

0.0311 0.02·· 0.01" 

AUGUST SEPTEMBER OCTOBER 

Figure 7. From USDA Technical Bulletin No. 136 7 (196 7) "Evaluation of 
Agricultural Hydrology by Monolith Lysimeters, 1956-62." 
Seasonal sine curve added by authors. 
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These assumptions are exploited by DEFICIT in the following manner. 

First, S for AMC II is computed by the SCS formula: S = 1000/CN - 10. 

Then the moisture deficit at field capacity is calculated by the 

equation (0-0fc) = 0.253 - .002 CN. (This regression was developed in 

the establishment of the SCS-infiltration correspondence, see Appendix). 

Next, the effective soil profile depth is calculated: De= S/(0-0fc). 

Wetting front suction is calculated by Hf= (Sf)fc/(0-0fc). Recall 

that the definition of storage suction factor at field capacity is 

(Sf) fc = Hf(0-0fc). Julian date is calculated from the month and day 

specified by the user with the formula: 

Julian date = 30 X (month-I)+ day (3.2.1) 

This date is used in the argument of the sine function used to 

approximate seasonal variation of S. Seasonal S is computed with 

the formula: 

Seasonal S = 1.3S {[sin(Julian d;te-5+1800] + 1} + 0.2S (3.2.2) 

This formula gives a seasonal S for the date five days before the 

storm of interest, so that five day antecedent rainfall can be used to 

arrive at an S value for the day of the storm, hence the -5 term in 

the argument of the sine. The 180 is the phase shift of the sine curve 

from the beginning of the year. Work on the establishment of SCS 

infiltration correspondence showed that the minimum (AMC III) moisture 

deficit could be approximated by: 

(3.2.3) 

If follows analogously that: 

8AMC III= 0 •2 8AMC II • (3.2.4) 

This is where the 0.2S term in the seasonal S equation came from. 

Study of figures of lysimeter data from USDA Technical Bulletin No. 1367 

suggested a maximum seasonal moisture deficit occurring in late summer 

which could be approximated by: 

Late summer (0-0.) = 1.5(0-0£) . 
1 C 

(3.2.5) 
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Through the year, S varies between 0.2 SAMC II at the end of winter 

and 1.5 SAMC II at the end of summer. This explains the 1.3 S term 

of the equation. When sine= -1, S = 0.2 SAMC II; when sine= 1, 

s = 1.5 SAMC Ir· 

Once a seasonal S has been established, it is modified by the 

five day antecedent rainfall to get a value for the day of the storm. 

The S is treated in much the same way as an antecedent precipitation 

index (API), the difference being that S is the measure of the dryness 

of a watershed, and API an indicator of the wetness of a watershed. 

When using an API, a value for a day without rain is taken as the value 

from the day before times a factor such as 0.94. The converse of this 

is done by DEFICIT. S for a day without rain is computed as 1.06 times 

the value from the day before. For example, if S = 6.00 in. on a given 

day, and it is followed by a day of drying (no rain), the new S value 

is calculated to be 1.06 x 6.00 = 6.36 in. If a second day of dryness 

occurs the new value of S would be 1.06 x 6.36 = 6.74 in. (Study of 

figures in USDA Technical Bulletin 1367, like Figure 7 of this manual, 

suggested the factor 1.06.) Rainfall in the five day period will reduce 

S by the amount infiltrated, W. This is estimated by simply using the 

SCS equation with S = SAMC II and Ia= 0.2 S. Thus 

(P-0.2 S) 2 
w = p - P + 0.8 S (3.2.6) 

on a given day of rain depth P. If, referring to the above example, it 

was found that an amount, W (in.), was infiltrated on that second day, 

S would have turned out to be (1.06 x 6.36) - W = (6.74-W) in., instead

of the 6.74 in. calculated for no rain on the second day. In this 

manner, the seasonal S calculated by the sine approximation is 

modified by the rainfall depths reported for the five days previous to 

the day of the storm in question to give an adjusted S. 

The adjusted S is used to calculate an adjusted moisture deficit, 

(0-0.): 
1 

(0_0 _) _ adjusted S 
1 - D (3.2.7) 

e 
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This, in turn, is used to calculate a storage suction factor: 

(3.2.8) 

This value of Sf is used in subsequent subroutines for calculations of 

ponding time and infiltration. 

FORTRAN Symbol 

JDATE 

MO 

DAY 

s 

CN 

DFC 

DEPTH 

HF 

SFFC 

SB 

SA 

AR(l) 

AR(2) 

AR(3) 

AR(4) 

AR(S) 

AQ 

Variable List 

Math Symbol 

s 

CN 

D 
e 

p 
e 

Definition 

Julian date 

Month (1-12) 

Day of the month (1-31). 

SCS parameter S, AMC II (in.). 

SCS curve number. 

Moisture deficit at field capacity. 

Effective soil profile depth (in.). 

Wetting front suction (in.). 

Storage suction factor at field 
capacity (in.). 

Seasonally adjusted S (in.). 

S adjusted for season and 
antecedent rainfall (in.). 

Depth of rain occurring 5 
before storm (in.). 
Depth of rain occurring 4 
before storm (in.). 
Depth of rain occurring 3 
before storm (in.). 
Depth of rain occurring 2 
before storm (in.). 
Depth of rain occurring 1 
before storm (in.). 

days 

days 

days 

days 

day 

Excess precipitation on one of the 
5 antecedent days (in.). 
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FORTRAN Symbol 

SMAX 

SF 

Variable List (continued) 

Math Symbol 

s max 

Definition 

S = 2 S Corresponds to max AMC n· 
wilting point moisture deficit, 
(8-8 ·1). 

W1 

Storage suction factor (in.). 

DA (8-0.) 
1 

Moisture deficit adjusted for season 
and five day antecedent rainfall. 

3.3 Subroutine UH: Determination of a Unit Hydrograph from the 
SCS Dimensionless Mass Curve 

Subroutine UH computes a unit hydrograph for the event and 

watershed of interest from the SCS dimensionless mass curve. This 

processs is begun by computing the watershed lag time unless it has been 

specified by the user. The formula is: 

(3.3.1) 

where t£ is the lag time (hr), tis the length to the divide from the 

basin outlet (ft), Y is the average watershed slope (percent), and 

S = (1000/CN) - 10, the watershed storage (in.). Lag time is defined in 

NEH-4 as 11 • the time from the center of mass of excessive rainfall 

to the peak rate of runoff ... " (p. 15-4). 

The lag time is in turn used to estimate the time to peak, T, by 
p 

the formula: 

T = Llt + t 
p 2 Jl, 

(3.3.2) 

where T is time to peak (hr), and Llt is the length of a time step in 
p 

the input rainfall pattern (hr). This time to peak is descriptive only 

of the hydrograph produced by one inch of rainfall occurring in the 

period Llt. It is not the time to peak of the event of interest. T p 
is calculated because the time scale of the dimensionless mass curve is 

normalized with respect to this value, and hence it must be known to be 

able to make use of the mass curve, to derive a unit hydrograph. 
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Figure 8. SCS dimensionless unit hydrograph and mass curve from NEH-4). 
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Chapter 16 of NEH-4 suggests that the length of the time step, ~t, 

should not exceed O. 25 T to ensure a smooth flood hydrograph. 
p 

Subroutine UH checks ~t against this criterion and prints a message 

warning of a possibly jagged hydrograph if ~t > 0.25 T. 
p 

After making this check, the subroutine defines the dimensionless 

mass curve in discrete 5 percent steps of mass along with the corre

sponding normalized times (see Figure 9). A check is made to determine 

the number of steps of user-specified length ~t there are in the total 

time span of the mass curve, which is 5 T In DO loop 28 it is 
p 

ensured that there are this many elements in the time step array T. 

In DO loop 12, a linear interpolation scheme is used to find mass 

curve ordinate values for each time step of user-specified length ~t. 

Each time step is divided by T before the interpolation is performed. 
p 

Each ordinate value represents the (dimensionless) ratio of 

(instantaneous) cumulative flow to total cumulative flow (i.e., for the 

whole storm duration). In DO loop 16, the incremental differences 

between these ratios are found. These are the dimensionless ordinates 

of the unit hydrograph for a one inch pulse of rain occurring in a time 

period of duration ~t. To ensure that these "deltas" add up to one, 

they are normalized with respect to their sum. The dimensionless deltas 

are saved, and a set with units of cfs/in. are computed as well. The 

deltas with units of cfs/in. are those employed in subroutine ROUTE, 

which computes a flood hydrograph in cfs. 

Subroutine UH produces a line printer plot of the unit hydrograph 

by calling subroutine MAPA. This is a library subroutine on the system 

at Colorado State University. The DATA statement on line 10 of UH 

contains the titles used on this plot. Users on other systems should 

substitute a subroutine of their own, or simply delete the DATA, 

DIMENSION MT(8), and CALL MAPA statements and forgo plotting the unit 

hydro graph. 
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Figure 9. Discretized version of SCS dimensionless mass curve used in 
subroutine UH. 
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FORTRAN Symbol 

s 

CN 

LAGFLAG 

TL 

L 

y 

TTP 

D 

RATIOQ(I) 

RATIO(I) 

QQT(I) 

DELT 

NN 

XNN 

N 

NPLUS 

Variable List 

Math Symbol 

s 

CN 

Tfl 

fl 

y 

T 

D 

Q/Q 

t/T p 

Definition 

Watershed storage (in.). 

SCS curve number. 

Flag variable indicating whether t 1 
is to be computed. If LAGFLAG = O, 
tfl is computed from S, Y, and fl. 

If LAGFLAG = 1, t 1 is specified by 
the user. 

Lag time (hr). 

Length to divide (ft). 

Average watershed slope (percent). 

Time to peak (hr). 

Length of SCS maximum recommended 
time step, 0.25 T (hr). 

Ratio of instantaneous cumulative 
flow to total cumulative flow at 
'Ith' 5 percent step of total 
cumulative flow (see Figure 9). 

Ratio of time at 'Ith' step to time 
to peak (T ). 

Ratio value interpolated from RATIOQ 
for a user specified time step. 

Length of user-specified time steps. 

Integer number of time steps of 
length At in a period equal to 
5 T . 

29 

Real number of time steps of length 
At in a period of 5 T 

Number of time steps of length At 
in storm being analyzed. 

NPLUS=N+l; the lower index of DO 
loop 28. 



Variable List (continued) 

FORTRAN Symbol 

T(I) 

!FLAG 

TTTP 

DELTA(!) 

SUMDEL 

DD(I) 

AREA 

MAPA 

Math Symbol 

t/T p 

Definition 

Array of times at the end of each 
step (hr). 

Counter used in loop 12 
interpolation scheme. 

Ratio of time at end of a user time 
step to time to peak (dimensionless). 

Unit hydrograph ordinate for 'Ith' 
time step. 

Sum of unit hydrograph ordinates. 

Dimensionless unit hydrograph 
ordinate for 'Ith' time steps. 

Area of watershed in square miles. 

Colorado State University subroutine 
for producing a line printer data 
plot. 

• 3.4 Subroutine PONTIM: Determination of Ponding Time 

This routine calculates ponding time, given a pattern of variable 

rainfall intensity, according to the formula: 

t = t. l + p J-

j-1 
- L 

v=l 
(3.4.1) 

where t is ponding time, t. is time at the end of 'jth' time step, r. 
p J J 

is mean rainfall intensity for the time step being considered, Sf is 

storage suction factor, and K is hydraulic conductivity at natural 

saturation. 

The formula is applied to successive time steps until a solution is 

reached, that is, the calculated t 
p 

is less than t .. 
J 
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For example, if j = 1, the equation reduces to: 

If tp ~ t 1 , ponding time has been identified as falling in the first 

time step. If tp > t 1 then tp is recalculated for j = 2: 

If t 1 < tp ~ t 2 , ponding time has been identified as falling in time 

step two. If t > t 2 , the program proceeds to calculate t for p p 
j = 3. This process is repeated until a solution is reached. 

If r. ~ K, ponding cannot possibly take place, and the algorithm 
J 

proceeds to calculations for the next step. 

In some cases it is found that t > t. but in the next 
p J 

calculation, for j + 1, it is found that t < t. < t.+l· Then ponding 
p J J 

time is taken as t = t., but the rainfall producing ponding, r, is 
p J p 

taken as rp = rj+l· This happens when rj+l is much greater than rj. 

The ponding time calculated by PONTIM is that used in calculations 

of post-ponding infiltration for variable intensity rainfall, which are 

carried out in subroutine PPINF. 

FORTRAN Symbol 

KT 

I 

SUMP 

Variable List 

Math Symbol 

~ K 

Definition 

Hydraulic conductivity at natural 
saturation (in./hr). 

Counter designating time step of 
consideration. 

j-1 Sum of precipitation depths 
l rv(tv-tv_ 1) occurring in time steps previous to 

v=l that of consideration (in.). 
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Variable List (continued) 

FORTRAN Symbol Math Symbol Definition 

R(J) 

T(J) 

PT(I) 

SF 

TP 

WP 

K 

r. 
J 

t. 
J 

t 

w p 

RP r 
p 

3.5 Subroutine PPINF: 

Mean rainfall intensity during 'jth' 
time step (in./hr). 

Time at the end of the 'jth' time 
step (hr). 

Ponding time calculated for 'ith' 
time step (hr). 

Storage suction factor (in.). 

Ponding time (hr). 

Cumulative infiltration (also rain 
fall) up to ponding time (in.). 

Counter indicating last full time 
step before ponding time. 

Rainfall rate producing ponding 
(in./hr). 

Calculati~n of Post~Ponding Infiltration 

This subroutine picks up where PONTIM leaves off, calculating 

infiltration quantities by time steps following ponding time, according 

to the formula: 

w. = w + S(W ,0.) {4t.-t +B - ./B} + K(t.-t) . 
J p pi JP JP 

(3.5.1) 

w. 
J 

is the cumulative infiltration occurring up to the end of the 'jth' 

time step. t. is the time at the end of the 'jth' time step. S(W ,0.) 
J p l. 

is the rainfall sorptivity, defined by the equation: 

2K(Sf+W ) 2 
S(W ,0.) = S p 

p l. f 

B is the quantity determined by the condition that at 

infiltration capacity is equal to the rainfall rate, r. p 
for B is: 
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(3.5.2) 

t = t , the p 
The equation 



(3.5.3) 

Knowing the cumulative infiltration at the end of a time step, it 

is a simple matter to find the mean infiltration capacity for that time 

step. The cumulative infiltration for the previous time step is 

subtracted from that for the just ended time step, yielding the incre

mental quantity of infiltration occurring in the latest time step. This 

quantity, a depth of water, is divided by the duration of the latest 

time step to yield a mean infiltration capacity in inches per hour. To 

get an excess rainfall rate for the time step, the mean infiltration 

capacity is subtracted from the mean rainfall rate for that step. If 

the infiltration capacity is greater than the rainfall rate, then the 

infiltration rate which actually occurred is simply equal to the rain

fall rate, and the excess rainfall rate is zero. The cumulative 

infiltration occurring up to the end of the time step is revised to 

reflect the fact that infiltration was occurring at a rate less than 

capacity. After an excess rainfall pattern is computed for infiltration 

losses, 0.1 in. is removed from this (immediately after ponding), to 

account for surface retention losses. Lastly, subroutine ROUTE is 

called to generate- a flood hydrograph from the excess rainfall pattern. 

FORTRAN Symbol 

RSORP 

SF 

RP 

RSTARP 

KT 

Variable List 

Math Symbol 

S(W ,8.) 
1 

r p 

r* p 

K 
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Definition 

Rainfall sorptivity (in./hr112). 

Storage suction factor (in.). 

Rainfall rate producing ponding 
(in./hr). 

Normalized rainfall rate at ponding 
Cr /K). 

Hydraulic conductivity at natural 
saturation. 



FORTRAN Symbol 

WP 

B 

K 

M 

N 

W(I) 

DELW(I) 

IR(I) 

T(I) 

TP 

R(I) 

RE(I) 

RET 

PS 

RER(I) 

!FLAG 

Variable List (continued) 

Math Symbol 

w p 

B 

N 

w. 
J 

t 

r 

Definition 

Cumulative infiltration (also 
rainfall) up to ponding time (in.). 

Term in Equation 3.5.1, used for 
convenience (hr). 

Counter passed from PONTIM 
indicating last full time step 
before ponding. 

Index of the first full time step 
after ponding. 

Number of time steps in event. 

Cumulative infiltration occurring up 
to the end of the 'jth' time step 
(in.). 

Increment of infiltration occurring 
during time step I (in.). 

Mean infiltration rate occurring 
during time step I (in./hr). 

Time at the end of time step I (hr). 

Ponding time (hr). 

Rainfall intensity during time 
step I (in./hr). 

Excess rainfall rate during time 
step I, before retention is 
subtracted (in./hr). 

Retention depth (in.). 

Depth of excess rain in a time step 
from which retention is being 
subtracted (in.). 

Excess rainfall rate after retention 
has been subtracted (in./hr). 
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Counter incremented for each time 
step after the onset of excess rain. 



Variable List (continued) 

FORTRA.~ Symbol Math Symbol Definition 

DELP 

NF 

TM 

p p 

PE p 
e 

Depth of excess rain occurring in a 
time step (in.). 

Number of time steps after the onset 
of excess rain. The ultimate value 
of !FLAG. 

Array of time steps after the onset 
of excess rain (hr). 

Total depth of rainfall in the 
entire event (in.). 

Cumulative excess precipitation 
depth (in.). 

3.6 Subroutine ROUTE: Calculation of a Flood Hydrograph 

This subroutine is called by subroutines PPINF, CONSTR AND SCS. It 

uses the unit hydrograph of subroutine UH to compute a flood hydrograph 

(in cfs) from excess rain patterns (in inches). This computation is 

done according to the formula: 

n 
q(n) = l t.P(j) o(n-j+l) for n = 1, 2, ... , MM 

j=l 
(3.6.1) 

where q(n) is a flood hydrograph ordinate (cfs), t.P(j) is an increment 

of excess rainfall (in.), o(n-j+l) is an ordinate of the unit hydro

graph produced in UH, (cfs/in.), and MM is the sum of the number of 

(nonzero) unit hydrograph ordinates (NN) and of the number of steps of 

excess rain (NF), minus 1, namely: MM= NN + NF -1. 

This is the number of time steps for which outflow will appear. 

The maximum MM that XSRAIN can handle is 150. 

The program sets equal to zero the excess rainfall steps for times 

(NF+l) through MM, and also the deltas for times (NN+l) through MM. 

A set of time steps (TM) is defined beginning at the onset of 

excess rain and running through step MM. Times and computed outflows 

are printed out. In addition, subroutine MAPA is called to give a 
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line-printer plot of the flood hydrograph. As noted in the summary for 

subroutine UH, MAPA is a library subroutine on the system at Colorado 

State University. Users on other systems should substitute a subroutine 

of their own. If no plot is desired, simply delete the statements DATA, 

DIMENSION MT(8), and CALL MAPA. 

FORTRAN Symbol 

MM 

NN 

NF 

TM(I) 

NPLUS 

DELP 

DELTA 

QA 

MAPA 

Variable List 

Math Symbol 

Ml 

0 

q 

Definition 

Total number of time steps for 
which there will be flow. 

Number of unit hydrograph ordinates. 

Number of steps of excess rain. 

Set of times (hr) beginning with 
onset of runoff. The value of TM(l) 
gives the time elapsed between the 
onset of rain and the end of the 
first time step of runoff. 

Counter used in assigning zero 
values to portions of DELP and 
DELTA arrays. 

Steps of excess rainfall (in.). 

Ordinate of unit hydrograph in 
(cfs/in.). 

Flood hydrograph ordinates (cfs). 

CSU library subroutine to give a 
line-printer data plot. 

3.7 Subroutine CONSTR: Post-Ponding Infiltration with Assumed 
Constant Rainfall 

This subroutine treats the event specified by the user as one of 

uniform rainfall intensity. It calculates ponding time, post-ponding 

infiltration and a pattern of excess rainfall. The purpose of the 

subroutine is to demonstrate the very different pattern of excess 

rainfall one obtains with constant rainfall assumed as compared to that 
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arrived at with a variable rainfall event. This can make a big 

difference when the results are used to compute a flood hydrograph for 

a watershed. 

The constant rainfall rate is first calculated: 

(3.7.1) 

Sorptivity for a constant rainfall event is slightly different from 

that for a variable rainfall event: 

S(8i) = Jiifof (3.7.2) 

The normalized rainfall rate, r*, is computed: 

(3.7.3) 
K 

Ponding time is computed by the Mein and Larson formula: 

t 
p 

(3.7.4) 

No successive solution for ponding time is required since the rainfall 

intensity is the same for every time step. The quantity infiltrated up 

to ponding is then simply: 

W = rt p p (3.7.5) 

Post-ponding infiltration is computed by the formula 

~·~ 

W. = W + S(8.) (r!: 1) { ✓t.-t +B - ✓B} + K(t.-t) . 
J p l J p J p 

(3.7.6) 

w. 
J 

is the cumulative infiltration at the end of time step j. B is 

the quantity, for a constant rainfall event, determined by the condition 

that at t = t , the rainfall rate equals the infiltration capacity, 
p 

namely: 

(3. 7. 7) 

Incremental values of infiltration are computed for each time step from 

the cumulative values, and these increments of infiltration are divided 
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(, 

l 

by the length of the time steps to get mean infiltration capacities for 

each time step. As in PPINF, excess rainfall rates are found for each 

step by subtracting the mean infiltration capacity from the mean rain

fall rate. If the infiltration capacity exceeds the rainfall rate, the 

actual infiltration rate occurring is simply taken as the rainfall rate 

itself, and the cumulative infiltration is adjusted to reflect this. 

After an excess rainfall pattern is computed for infiltration losses, 

0.1 in. is removed from this (immediately after ponding), to account for 

surface retention losses. An array of increments of excess rainfall 

depths (DELP) is computed for use by the subroutine ROUTE, which 

produces a runoff hydrograph. Finally, a mass balance check is made and 

ROUTE is called. 

FORTRAN Symbol 

CR 

p 

TD 

SORP 

KT 

SF 

RSTAR 

TP 

KK 

RATIO 

WP 

W(I) 

Variable List 

Math Symbol 

r 

p 

S(0.) 
1 

i< 

r* 

t 

w p 

w. 
J 

Definition 

Constant rainfall rate (in./hr). 

Cumulative. precipitation for entire 
event (in.). 

Duration of rain (hr). 

Sorptivity (in./hr112). 

Hydraulic conductivity at natural 
saturation (in./hr). 

Storage suction factor (in.) 

Normalized rainfall rate. 
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Ponding time (hr). 

Counter indicating last full time 
step before ponding. 

Self explanatory; a convenience 
term. 

Cumulative infiltration (and 
rainfall) up to ponding (in.). 

Cumulative infiltration at end of 
time step I (in.). 



FORTRAN Symbol 

T(I) 

B 

DELW(I) 

IR(I) 

RE(I) 

PECONS 

RET 

RER(I) 

DELP 

DELT 

M 

N 

NF 

PS 

TM 

Variable List (continued) 

Math Symbol 

t. 

B 

Definition 

Time at end of time step I (hr). 

Term in Eq. (3.7.6) (hr). 

Increment of infiltration (in.). 

Mean infiltration rate in time 
step I (in./hr). 

Mean excess rainfall rate in time 
step I (in./hr). 

Cumulative excess precipitation for 
a constant rainfall event (in.). 

Surface retention depth (in.). 

Excess rainfall rate after retention 
has been subtracted (in./hr). 

Array of increments of excess 
precipitation; used by ROUTE (in.). 

Length of a time step (hr). 

Counter used to add up the number 
of steps of excess rainfall. 

The index of the fi..:st full time 
step after ponding. 

The total number of time steps in 
the rainfall event. 

The number of steps of excess 
rainfall. 

Increment of excess rainfall from 
which retention is subtracted. 

Array of time steps beginning with 
onset of excess rainfall after 
retention is subtracted. This is 
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the time set used to compute a flood 
hydrograph (hr). 

I ! 



3.8 Subroutine SCS: Excess Rainfall by the SCS Method 

This subroutine uses the SCS approach for finding excess rainfall 

for both variable and constant rainfall events. If main options 2 or 3 

are elected, the curve number is modified according to season and five 

day antecedent rainfall. May through September is taken as the growing 

season. Criteria for AMC types I and III are those presented in 

Table 4. 2 of NEH-4, presented here in Table 4. Curve numbers are 

computed for AMC I and III, if criteria dictate, by the Sobhani (1976) 

equations: 

CNII 
= ----------

2.334 - 0.01334 CNII (3.8.1) 

CNII = ---,----=----,,....-,--=--
0.4036 + 0.0059 CNII (3.8.1) 

These equations match the values of NEH-4, Table 10.1, within± 1 CN. 

Table 10.1 is reproduced in the Appendix as Table AZ. 

Table 4. Seasonal rainfall limits for AMC (after NEH-4). 

Total 5-day Antecedent Rainfall 
AMC Group 

I 

II -

III 

Dormant Season 

Inches 

Less than 0.5 

0.5 to 1. 1 

Over 1.1 

Growing Season 

Inches 

Less than 1. 4 

1.4 to 2.1 

Over 2.1 

The variable rainfall case is addressed first. Starting with the 

first step, cumulative depth of rain up to that time is compared with 

(he initial abstraction (I = 0.2 S) and if it is less than I , the a a 
program records all rain as having infiltrated, and skips to the next 

time step. If cumulative rainfall exceeds I , cumulative infiltration 
a 

is computed by the equation 
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W. = P. -
J J 

(P.-I )2 
J a 

P. - 0.8 S 
J 

(3.8.3) 

where W. is the cumulative infiltration through time step 'j', and P. 
J J 

is the cumulative precipitation through time step 'j'. 

As in PPINF and CONSTR, increments of infiltration are computed 

from the cumulative values, and these in turn are divided by the length 

of their respective time steps to get mean infiltration capacities. 

Mean excess rainfall rates are equal to the mean rainfall rates minus 

their respective mean infiltration capacities. If mean infiltration 

capacity should exceed the rainfall rate for a time step, the infiltra

tion rate for the step is taken as equal to the rainfall.rate for that 

step. In such a case, cumulative infiltration is revised down to 

maintain mass balance. Finally, steps of incremental excess rainfall 

depth are computed and subroutine ROUTE is called to compute a flood 

hydro graph. 

The program next turns to the case of the constant rainfall rate 

storm, and redefines the steps of cumulative precipitation accordingly. 

It then passes through the same algorithm as for the variable rainfall 

case to produce a pattern of excess rainfall and a flood hydrograph. 

Variable List 

FORTRAN Symbol Math Symbol Definition 

AMC AMC Antecedent moisture condition, for 
SCS, the sum of rainfall depths for 
the five previous days (in.). 

AR(l) Depth of rain falling on 5th day 
previous (in.). 

AR(2) Depth of rain falling on 4th day 
previous (in.). 

AR(3) Depth of rain falling on 3rd day 
previous (in.). 

AR(4) Depth of rain falling on 2nd day 
previous (in.). 

AR(S) Depth of rain falling on 1st day 
previous (in.). 
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FORTRAN Symbol 

MO 

CN 

IFLAG 

s 

IA 

CUMP(I) 

W(I) 

DELW(I) 

T(I) 

IR(I) 

R(I) 

RE(I) 

p 

TD 

PESCS 

CR 

DELP 

Variable List (continued) 

Math Symbol 

CN 

s 

I 
a 

w 

p 

R 

Definition 

Month (1-12). 

Curve number. 

Flag variable distinguishing 
between constant and variable rain 
computations. 

SCS watershed storage parameter 
(in.). 

Initial abstraction (in.). 

Cumulative rainfall through step I 
(in.). 

Cumulative infiltration through 
step I (in.). 

Incremental infiltration in step I 
(in.). 

Time at end of step I (hr). 

Mean infiltration rate in step I 
(in./hr). 

Mean rainfall rate in step I 
(in./hr). 

Mean excess rainfall rate in step I 
(in./hr). 

Cumulative rainfall depth for entire 
event (in.). 

Duration of rain (hr). 
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Depth of cumulative excess 
precipitation for entire event by 
the SCS method (in.). 

Constant rainfall rate, r = P/td 
(in./hr). 

Array of increments of excess rain; 
used by ROUTE (in.). 



Variable List (continued) 

FORTRAN Symbol Math Symbol Definition 

DELT At 

ICOUNT 

N 

NF 

TM 

Length of a time step (hr). 

Index used to count the number of 
steps of excess rain (DELP). 

The total number of time steps in 
the rainfall event. 

The number of time steps with excess 
rain occurring. 

Set of time steps beginning with 
onset of excess rainfall used in 
ROUTE (hr). 

3.9 Subroutine TABLE: Computation of Hydraulic Soil Parameters 
from Curve Number 

This subroutine computes hydraulic conductivity, K (in./hr), and 

storage suction factor at field capacity, (Sf)fc (in.), given a curve 

number (CN). Hydraulic conductivity is computed directly from a 

regression equation which has CN as its only unknown. The storage 

suction factor is found in two steps. First, the sorptivity at field 

capacity, S(8fc), is found directly from a regression equation in CN. 

Then, (Sf)fc is found by the following equation: 

[S(8fc)]2 

~ (3.9.1) 
2K 

This is simply a rearrangement of the equation defining sorptivity: 

scei) = J2Ksf (3.9.2) 

The particular regression equations used to find K depend upon 

the CN. These equations are: 

K = (100-CN) 
315.43 CN > 75 (3.9.3) 

~ K = 1.236 0.0154 CN, 36 < CN < 75 (3.9.4) 

~ K= 1.853 - 0.0324 CN, CN < 36 (3.9.5) 
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The equations for sorptivity are: 

= (100-CN) 
42.252 CN > 65 (3.9.6) 

S(8fc) = 1.191 - 0.00575 CN, CN < 65 (3.9.7) 

There is no bias in Equations (3.9.3) through (3.9. 7) due to 

assumed constant rainfall rate in establishing the CN 

correspondence. Earlier versions of these equations contained such a 

bias, but they have since then been corrected. 

FORTRAN Symbol 

CN 

KT 

SORP 

SFFC 

Variable List 

Math Symbol 

CN 

K 

Definition 

SCS watershed curve number. 

Hydraulic conductivity (in./hr). 

Sorptivity at field capacity 

(in./hr112). 

Storage suction factor at field 
capacity soil moisture content 
(in.). 

3.10 Subroutine BALANCE: Formation of Corps of Engineers 
"Balanced Hyetograph" 

This subroutine takes a set of input steps of rainfall (either in 

in. or in./hr) and rearranges them into a "balanced hyetograph" as used 

in U.S. Army Corps of Engineers practice (see reference number 3, 

page 3-02). 

The algorithm begins in DO loop" 40 by arranging the rainfall 

array so the pulse of greatest magnitude is the first element, that of 

second greatest magnitude is the second element, etc. Next, in DO 

loop 90, the steps of rainfall are rearranged to that the greatest is 

the central element, the second greatest occurs just before it, the 

third greatest occurs just after it, the fourth greatest occurs just 

before the second greatest, and so on. This is the form of the 

"balanced hyetograph." 
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Variable List 

FORTRAN Symbol Math Symbol 

N 

R r 

CHECK 

ICHECK 

BR 

CTR 

4. Illustrative Examples 

4.1 Main Option One 

Definition 

Number of steps of rainfall. 

Array of rainfall steps, either in 
in. or in./hr. 

Comparison variable. 

Index of the 'Ith' largest step of 
rainfall. 

Intermediate array of rain steps 
where BR(l) is greatest, BR(2) is 
next greatest, etc. (in. or in./hr) 

Index of center element of R array 
which is of greatest magnitude in 
a "balanced hyetograph." 

Suppose a small watershed in central Oklahoma is under 

investigation. Study of soil maps show 36 percent of the area char

acterized by soils of hydrologic group D and the remaining 64 percent by 

group B. The land use is pasture. The watershed has a past history of 

overgrazing and has suffered from erosion due to this practice, 

suggesting a classification of poor hydrologic condition. Consulting 

Table 1 (NEH-4, Table 9.1) shows a curve number of 89 for areas of soil 

group D and 79 for soil group B. The composite CN is found by 

weighting by area: 

CN = 0.36(89) = 0.64(79) = 82.6 

Next the table of correspondence (Table Al) is consulted to determine 

infiltration parameters. Interpolating values it is found that 

K = 0.055 in./hr and (Sf)fc = 1.537 in. 

Maps and air photos are studied to determine the watershed 

characteristics required as inputs for the SCS dimensionless unit hydro

graph· procedures. The area is 14 acres, or 0.03 square miles. The lag 

time wiil be estimated by Equation (3.3.1), within subroutine UH. The 
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length to the divide from the basin outlet is 1,100 ft. The average 

watershed slope is estimated from contours to be 8 percent. 

During the event of interest, 3.0 in. of rain fell on the watershed 

in 8.0 hr. The time distribution is unknown, so a Huff distribution 

will be imposed. Table 3 suggests a storm of 8.0 hr duration would 

likely fall in the second-quartile category. A time step of 20 min is 

elected. 

All the necessary inputs are now available for running XSRAIN with 

option one. Data cards are prepared in the following manner: 

Input Description for XSRAIN, Main Option One 

Math FORTRAN 
Card Field Columns Symbol Symbol Format Description 

1 1 1 OPTION II Main Option of XSRAIN 
elected 

1 1,2 SUBOPTl 12 Suboption 1 (see Sec. 2.5) 
2 2 3,4 2X 

3 5,6 SUBOPT2 12 Suboption 2 (see Sec. 2.6) 

1 1-10 K KT FI0.3 Hydraulic conductivity at 
natural saturation 
in./hr) 

2 11-20 (Sf)fc SFFC Fl0.3 Storage suction factor at 
field capacity (in.) 

3 3 21-30 p p Fl0.3 Cumulative depth of 
precipitation (in.) 

4 30-41 lo TD Fl0.3 Duration of storm (hr) 

5 41-50 CN CN Fl0.3 SCS curve number 

4 1 1 LAGFLAG II If LAGFLAG = 0, t 1 (hr) 
is computed by Eq. (3.3.1) 
If LAGFLAG = 1, t 1 is 
specified by user. 
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Input Description for XSRAIN, Main Option One (continued) 

Card Field Columns 

If LAGFLAG = O, Card 5 

1 1-10 

5 2 11-20 

3 21-30 

Math 
Symbol 

FORTRAN 
Symbol Format Description 

has the following format: 

AREA Fl0.2 Watershed area (square) 
miles 

R, L Fl0.2 Length to divide (ft) 

y y Fl0.2 Average watershed slope 
(percent) 

If LAGFLAG = 1, Card 5 has the following format: 

1 1-10 AREA Fl0.2 Watershed area (sq. mi.) 
5 

2 11-20 tR, TL Fl0.2 Lag time (hr) 

1 1 Q Q II Huff quartile chosen 
(1, 2, 3 or 4) 

6 2 2,3 2X Two blank columns 

3 4-13 at DELT Fl0.1 Time step chosen (min) 

The coding sheet for these data is shown as Figure 10. 

A copy of the results printed out by XSRAIN for the example is 

presented in Exhibit 1. It should be noted that in the tabulated output 

of subroutine PPINF, the first time listed is ponding time, and the 

values in the W and DELW columns are the cumulative infiltration at 

ponding, W. It is understood that IR= R = RP (the ponding rainfall) p 
and that the excess rainfall rate, RE, is equal to zero. 

Note that in the output of subroutine UH there is a warning given 

that the user-specified time step is greater than 0.25 Tp (Tp is the 

time to peak). This condition may yield a jagged, discontinuous 

hydrograph. In this example, however, the flood hydrograph is seen to 

be smooth in spite of this. 
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Figure 10. Coding sheet showing input data for example of Main Option One. 



Exhibit 1. Output of XSRAIN for example of Main Option One. 

MAIN OPTION CHOSEN IS 

IF SU80PT1 = 1, ONLY INFILTRATION APPROACH IS USED ~ITH VARIABLE RAl~FALL ~ATES 
IF SU8UPT1 = 4, HYDROGRAPHS ARE DERIVED WITH FOUR DIFFERENT MEANS OF CALCULATI~G EXCESS RAIN 

IF SUBOPT2 = O, USER INPUTS KT AND sFFC 
IF SUBOPT2 = 1, KT AND SFFC ARE COMpUTEO FROM CN 

SUB OPTION 1 = SUB OPTION 2 = 0 

HYDRAULIC CONDUCTIVITY, KT = . e055 IN/HR 
STORAGE SUCTION FACTOR AT FIELD CAPACITY, SFFC = 
TOTAL PRECIP, P= 3.ooo IN 
DURATION TIME, TD= 8.000 HR 
CURVE NUMBER, CN = 82.6 

1.537 IN 

IF LAGFLAG = O, LAG TIME IS COMPUTED IN SUBROUTINE UH 
IF LAGFLAG = 1, LAG TIME IS PROVIDED BY THE USER 

LAGFLAG = 0 

AREA= .03 SQ MI 
LENGTH TO DIVIDE= 1100.00 FT AVG WATERSHED SLOPE~ 

20e0MIN 
e.oo PERCENT 

HUFF YUARTILE= 2 TIME STEP= 

OUTPUT OF SUBRDUTI"lE HUFF 

HUFF HYETOGRAPH 
=============== 

TIME (HR) CUMULATIVE PRECIP ( IN) 

.333 e038 

.667 .075 
1.000 .165 
1.333 .290 
l .b67 .435 
2.000 .660 
2.333 .sas 
2.667 1.1so 
3.000 1,425 
3.333 le685 
3.667 lo923 
4.000 2ol60 
4.333 2.348 
4.667 2.535 
s.uoo 2.655 
5."333 2.730 
S.M>7 2.79B 
6.000 2.835 
6.333 2e873 
6 0 b67 20900 
1.000 2.925 
7.333 20950 
7.667 2.975 
8.000 3.000 

OUTPUT Or SUBROUTINE UH 

RAINFALL INTENSITY (IN/HR) 

• 113 
• 113 
.210 
.37S 
.435 
o67S 
0675 
.795 
.e2s 
0780 
o 713 
.712 
0563 
.562 
.360 
.225 
,203 
• 113 
• 112 
.os3 
.075 
o07S 
0075 
o075 

USE~ TIME STEP OF .333 HR IS GREATER THAN 0.25 TI~E TO PEA}(,~HlCH IS 
R~SULTING HYDROGRAPH MAY BE JAGGED 

WATERSHED LAG TIME= oll2HR 
TIME TO PEAK= .278HR 

UIIIIT HYDROGRAPH 
TIME<HRl ORDINATES IN (CFs/JNl 

• 333 
,b67 

1.000 
1.333 
l.b67 

30.42 
23 .. 43 

2.52 
le45 
.2s 

49 

DIMENSIONLESS ORDINATES 

.524 

.404 

.043 

.025 

.004 

e070 HR 



Ln 
0 

Exhibit 1. (continued). 

GR11?H 1 

40.000 

36.000 

32.000 

28.000 

CUCFS/IN) 

20.000 

H,.ooo 

12.000 

8.0000 

4.0000 

o. 

o. 

# 
# 
# 
# 
#----· 
# 
# 
# 
# 
#-----
# 
# 
# 
# 
#----· 
# 
# 
# 
# 
#----
# 
# 
# 
# 

#----
# 
# 
# 
# 

#----· 
# 
# 
# 
# 
#----
# 
# 
# 
# 
#----
# 
# 
# 
# 

# 
# 
# 
# 

• 

.40000 
.20000 

1 # 
1 # 

1 # 
# ____ ,, 
# 
# 
# 
# 

--••# 
# 
# 
# 
# ____ ,, 
,, 
# ,, 
# ____ ,, 

• # 
# 
# 
# ____ ,, 
# 
# 
# 
# ____ ,, 
# 
# 
# 
# ____ ,, 
" # 
# 
# ____ ,, 
# 
# 
# 
# 

----# 
# 

• # 

•· # 
# 

.aoooo 1.2000 1.6000 2.0000 
.60000 1.0000 le4000 1.0000 

TIMECHR) 

CINIT HYDQOGRAPH· 
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Exhibit 1. (continued). 

OUTPUT OF SUBROUTINE PONTIM 

PONDING TIME= 1.264 HR 
LAST FULL TIME STEP T( 3)= 

PONDING RAINFALL= 
1.000 

• 375 IN/HR DEPTH OF RAIN INFILTRATED PREv,ous TO PONOI~G= 

·OUTPUT OF SUBROUTINE PPINF, VARIABLE RAINFALL, INFILTRATION APPROACH 

T(HR) = TIME IN HOURS 
W(INl = CUMULATIVE INFILTRATION JN INCHES 
UEL~(I~l = INCREMENTAL INFILTRATION IN INCHES 
IR(lN/HRl = INFILTRATION RATE IN INCHES PER HOUR 
H(IN/HR) = RAINFALL RATE IN INCHES PER HOUR 
~EClN/HR) = RAINFALL RATE AFTER INFILTRATION SUBTRACTED 
RERIIN/HR) = NET EXCESS RAINFALL RATE AFTER ·RETENTION SUBTRACTED 

T (Hrl) 

l. 264 
l.333 
1.067 
2.000 
2.333 
2.067 
3.000 
3.333 
3.o67 
4.000 
4.333 
4.667 
5.000 
5.333 
5.667 
6.000 
6.333 
6.667 
1.000 
7.333 
7.667 
s.ooo 

W(IN) 

.2o4 

.289 

.398 

.492 

.576 

.6S5 

.728 

.797 

.864 

.927 

.91:i9 

DELW(lN) IR(INIHR) R(lN/HRl RE(IN/HRl RER(lN/HRl 

1.048 
}.106 
1.163 
1.218 
1.255 
1.293 
1.320 
1.345 
1.310 
1.395 
1 ■ 420 

~ASS BALANCE CHECK 

.264 

.025 

.108 

.094 

.oss 

.078 

.073 

.069 

.066 

.064 
0061 
.060 
.058 
0056 
.ass 
.038 
.037 
.028 
.025 
.025 
.025 
■ 025 

EXCESS PRECIP= 1.4B0 IN 

.366 

.325 

.282 

.254 

.235 

.220 

.208 

.199 

.191 

.1A4 

.179 

.173 

.169 

.165 

.113 

.112 

.083 

.075 

.075 

.075 

.075 

CUMULATIVE INFILTRATION: 1,420 IN 
RETENTION: .100 IN 
TOTAL PRECIP= 3,000 IN 

.375 

.435 

.675 

.675 
,795 
.825 
.780 
• 713 
.112 
.563 
.562 
.360 
.225 
.203 
.113 
.112 
.083 
.075 
.075 
.075 
,075 

,009 
,110 
,393 
,421 
.560 
.605 
,572 
.514 
,521 
,378 
,384 
.187 
.056 
,038 

0,000 
0,000 
0,000 
0,000 
0.000 
0,000 
0,000 

0.000 
0.000 

.205 

.421 

.560 
,605 
.572 
.514 
.521 
.378 
.384 
,187 
.056 
.038 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

.264 IN 



Exhibit 1. (continued). 

DATA USED TO COMPUTE FLOOD HYOROGRAPH: 

T<HRl = TIME IN HOURS 
DELP(IN) = INCREMENTAL DEPTH OF EXCESS RAINFALL 
DELTA<CFS/lN> = UNIT HYOROGRAPH ORDINATE 

T(HR) 

2.000 
2.333 
2.b67 
3.000 
3.333 
3.667 
4.000 
4.333 
4.b67 
5.000 
5. 3.33 
5.667 
6.000 
6.333 
6.b67 
1.000 
7.333 
1 0 6hi 
a.ooo 
a.333 
8.667 
9.000 
9.333 

OELP(IN) 

.068 

.140 
• l d7 
.202 
.191 
.111 
.174 
.126 
.128 
.062 
.019 
.013 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

FLOOD tiYOROGRAPH 

TIME (HR) 

2.000 
2.333 
2e667 
3.000 
3.333 
3.667 
40000 
40333 
40667 
50000 
5,333 
5.667 
60000 
60333 
6.667 
1.000 
7.333 
7e667 
s.ooo 
a.333 
8e667 
9.000 
.9.!33 

52 

OELTA(CFS1IN) 

30.424 
23.435 
2.s,1 
1.450 

.251 
o.ono 
o.ono 
o.ono 
o.ono 
o.ono 
0o000 
o.ono 
o.ono 
0.000 
0o0no 
Oo0no 
0o0o0 
0.000 
0.000 
0.000 
0.000 
o.ono 
o.ono 

Q(CFS) 

2.os 
s.01 
9ol4 

l0o97 
llo21 
10.49 
10.12 
e.67 
1.sa 
s.so 
2.57 
1.19 

.46 

.01 

.02 

.oo· 
0o00 
o.oo 
o.oo 
o.oo 
0o00 
o.oo 
o.oo 
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Exhibit 1. (continued). 

GRAPH 2 

2Qo000 

10.000 

16.000 

14.000 

12.000 

O(CFS) 

10.000 

8.0000 

6.0000 

4.0000 

2.0000 

o. 

=====================•====•====•==========•=••======•============••·••=•=·•==••===•••==•==•====•===== 
# 1 l l 1 1 1 1 # 
# 1 1 1 1 l l l # 
# l 1 l l 1 l l # 
# 

•----
# 

# 
# 
# 

•----
# 
# 

# 
# 
#-•--· 
# 

" " # 
#----
# 
# 
# 
# 
#----
# 
# 
# 
# 
#----
# 
# 
# 
# 
#----
# 

# 
# 
# 
#----
# 
,# 
# 
# 

• 

• 

• 

• 
• 

• 

• 

•· 

• 

# ____ ,, 
# 
# 
# 
# ____ ,, 
# 
# 
# 

" ----# 
# 
# 
# 
# 

-•-•# 
# 
# ,, 
# ____ ,, 
# 
# 
# 
# 

-•--# 
# 
# 
# 
# 

# 
,, 
# 
# 

-•--# ,, ,, 
# 
# 

#----· -•-•# 
# # 
# 1 1• 1 1 # 
# l 1 .l 1 # 
# l l * l 1 # 

===========================================================•===•===•====··==·===•===·===•====•===·=== 
1.6000 3.2000 ~.sooo 6.4000 s.0000 9.6000 

2.4000 400000 5.6000 8.8000 

TIME(HR) 

FLOOD HYOROGRAPH 



4.2 Main Option Two 

In this example, the same problem as posed in Section 4.1 will be 

solved, with the difference that this time the influences of season and 

five day antecedent rainfall will be taken into account. The rainfall 

event occurred on September 29 and was preceded by 0.25 in. of rain 

4 days earlier. This means that: 

MO= 9 

DAY= 29 

AR(l) = 0.0, AR(2) = 0.25, AR(3) = 0.0, AR(4) = 0.0, AR(S) = 0.0 

It will be left to XSRAIN to determine the hydraulic conductivity, 

K, and storage suction factor, (Sf)fc' from the curve number. Hence, 

SUBOPT2 = 1. In addition, a lag time will be specified from a study of 

the basin's geomorphology and channel characteristics. That estimate of 

lag time is 1.2 hr. It follows then that LAGFLAG is set equal to 1. 

Data cards should be of the following format. 

Input Description for XSRAIN, Main Option Two 

Math FORTRAN 
Card Field Columns Symbol Symbol Format Description 

1 1 1 OPTION I1 Main Option of XSRAIN 
elected 

1 1,2 SUBOPTl 12 Suboption 1 (see Sec. 2.5) 
2 2 3,4 2X 

3 5,6 SUBOPT2 12 Suboption 2 (see Sec. 2.6) 

1 1-10 p p Fl0.3 Cumulative depth of 
precipitation (in.) 

3 2 11-20 tD TD Fl0.3 Duration of storm (hr) 

3 21-30 CN CN Fl0.3 SCS curve number 

4 1 1 LAGFLAG I1 If LAGFLAG = O, tQ (hr) 
is computed by Eq. (3.3.1) 
If LAGFLAG = 1, tQ is 
specified by user. 

54 



Input Description for XSRAIN, Main Option Two (continued) 

Card Field Columns 
Math 

Symbol 
FORTRAN 
Symbol Format Description 

If LAGFLAG = O, Card 5 has the following format: 

5 

1 

2 

3 

1-10 

11-20 

21-30 

.fl 

y 

AREA 

L 

y 

Fl0.2 Watershed area (square) 
miles 

Fl0.2 Length to divide (ft) 

Fl0.2 Average watershed slope 
(percent) 

If LAGFLAG = 1, Card 5 has the following format: 

5 

6 

7 

8 

1 

2 

1 

2 

3 

1 

2 

3 

1 

2 

3 

4 

5 

1-10 

11-20 

1 

2,3 

4-13 

1,2 

2,3 

5,6 

1-10 

11-20 

21-30 

31-40 

41-50 

Q 

At 

AREA 

TL 

Q 

DELT 

MO 

DAY 

AR(l) 

AR(2) 

AR(3) 

AR(4) 

AR(5) 

55 

Fl0.2 Watershed area (square 
mile) 

Fl0.2 Lag time (hr) 

Il Huff quartile chosen 
( 1, 2, 3 or 4) 

2X Two blank columns 

Fl0.1 Time step chosen (min) 

I2 Month in which storm 
occurs (1-12) 

2X Two blank columns 

I2 Day of the month on which 
storm occurs (1-31) 

Fl0.3 Depth of rain fallen 
5 days previous (in.) 

Fl0.3 Depth of rain fallen 
4 days previous (in.) 

Fl0.3 Depth of rain fallen 
3 days previous (in.) 

Fl0.3 Depth of rain fallen 
2 days previous (in.) 

Fl0.3 Depth of rain fallen 
1 day previous (in.) 
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GX:28-7327-6 U/M 050 .. 
FORTRAN Coding FDl'm Printed In U.S.A. 

PROGRAM XSRAIN - MAIN OPTION TWO - INPUT DATA 
1----------------,---------,------------t ~~~~~NS 

GRAPHIC PAGE 1 OF 1 

PROGRAMMER VERDIN JAMES P. o•re Se t. 5, 1980 PUNCH 
CARD ELECTRO NUMBER'" 

~ STATEMENT 2 8 NUMBER 8 
I 2 J 4 5 6 7 

2 

1! 1 

:s .)o 
1 I 

0 01:s, i 

2 '2 10 ·' 

9 12 9 

0 0 
.. , 
'I 

i 
I 

' 

I ·. 

I '·, 

: 

i i I 
I I 

I 2 3 • s 6 7 

FORTRAN STATEMENT 
IDENTIFICATION 

SEQUENCE 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22. 2:l 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 4B 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 so 

l l l I • ·,, l 
\ \ I i I 

8 21; 6 I I I 

1 .. ' l I 

I 
i 

i 

: I I I I 
I I I 

i ' 
I I ! i ! I 

I 
,, 

·, ·., k I ' I,, ', 

I 
' 0 ol 0 . 0 

I• 
0 . 0 

''· I i i 

l 
,' 

I .·. 

i i i i 
' I ; i i i i I 

I 
! I i 

I ! i 
! I 

! I 
1 l i i I 

i i ! l i 

,, ', t ·. 1 • 
' .• 

' 
1~·- 1-:., .. 

' ' 

,,'' ,. I 

l ! ,·,: '., ' 1,· :· / 

.i' ' ' 

' i ' I I i I I i 
I j 
' 

I ',I 

I I • 
! i ! 

I 

I I I 
I i 

' I• ' I• ' ,· 

', I 

' I 

' I 
i 

I ! l 
I I i I 

! I i i I 

i i I i i 

i I I I 
I ! I i 

8 9 10 11 12 13 14 1s 16 11 1s 19 20 21 22 2a 24 25. 26 21 2s 29 ao 31 a2 33 a, JS 36 37 as 39 40 41 42 43 44 45 46 47 48 ◄9 so s, s2 sa s◄ ss 56 s1 ss 59 60 61 62 63 64 65 66 67 68 69 10 11 12 73 74 1s 76 n 78 79 eo 
*A 5!andcm:I ca.-d form, IBM electro 888157, is available for p,unch,n9 slat~ents from th,s form 

""Number of forms per pad may vary slightly 

Figure 11. Coding sheet showing input data for example of Main Option Two. 
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Exhibit 2. Output of XSRAIN for example of Main Option Two. 

MAIN OPTION CHOSEN IS 2 

IF SUBOPTl = l• ONLY INFILTRATION APPROACH IS USED ~ITH VARIABLE RAI~FALL ~ATES 
IF SUAOPTl = 4, HYDROGRAPHS ARE DERtVEO WITH FOUR DIFFERENT ~EANS OF CALCULATI~G EXCES~ RAI~ 

IF SUBOPT2 = O, US-ER INPUTS KT AND sFFC 
IF SUB0PT2 = lt KT AND SFFC ARE COMPUTED FROM CN 

SUB OPTION l = 

STORM l)EPTH P = 
SUB OPTION 2 • 

3. 0-00 IN STORM DURATION TD= 

OUTPUT OF SUBROUTINE TABLE 

HYDRAULIC CONDUCTIVITY, KT= •055 IN/HR 
STORAGE SUCTION FACTOR AT FIELD CAPACITY• SFFC • 

8• 000 HR, 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IF LAGFLAG • O, LAG TIME IS COMPUTED 
IF LAGFLAG = 1, LA_G TIME IS PROVIDED 

LAGFLAG = 
AREA= .oJ SQ MI 

USER PROVIDED LAG Tlt-lE = l.200HR 

HUFF QUAR Tl LE• z TIME STEP= 
"IONTH= 9 OAY= 29 

ARRAY OF ANTECEDENT RAINFALL DEPTHS 

ARC l> • 
AR ( 2) s 

AR( 3)= 
AR ( 4) = 
AR ( 5) = 

0.000 
.250 

0.000 
0.000 
0.000 

IN SUBROUTINE Ul-t 
RY THE USER 

20.0HIN 
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Exhibit 2. (continued). 

OUTPUT OF SUBROUTINE HUFF 

HUFF HYETOGRAPH ~ 

=============== 
TIME (HR) 

.333 

.667 
1.000 
1.333 
l .<>67 
2.000 
2.333 
2.667 
3.000 
3.333 
3.667 
4.000 
4-_333 
4.667 
5.000 
s.333 
5.667 
6.000 
6.333 
6.667 
1.000 
7.333 
7.667 
e.ooo 

CUMULATIVE PRECIP (IN> 

.038 

.075 
• 165 
.290 
.435 
.660 
.ass 

1.1so 
lo425 
I.685 
1.923 
2.160 
2.348 
2.535 
2.655 
2.730 
2.798 
20835 
2.873 
2.900 
2.925 
2.950 
2.975 
3.000 

OUTPUT OF SUBROUTINE DEFICIT 

RAINFALL !~TENSITY (l~/~R) 

.113 
• 113 
.210 
.375 
.435 
.675 
.675 
.795 
.825' 
.780 
.713 
.712 
.563 
.562, 
.360 
.22s 
.203 
• 113 
.112 
.083 
.01s 
.,075 
.075 
.075 

S• 2.101 IN 
EFFECTIVE DEPTH= 
ADJUSTED DEFICIT•· 

23.99 IN 
.163 

WETTING FRONT SUCTION,HF,• 17.508 IN 
STORAGE SUCTION FACTOR ,SF~• 2.861 

JUL.ti AN DA.TE • 269. 
I~ 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 



Exhibit 2. (continued). 

OUTPUT OF SUBROUTINE UH 

WATERSHED LAG TIME• ls200HR 
TIME TO PEAK• le367HR 

UNIT HYOROGRAPH 
T!ME(HR) ORDINATES IN (CFS/IN) 

.333 

.667 
1.000 
1.333 
1.667 
2.000 
2.333 
2.667 
3.000 
3.333 
3.667 
4.000 
4.333 
4.667 
s.ooo 
5.333 
5.667 
6.000 
6.333 
6.667 
1.000 

1.s1 
1.79 
6.76 

10.60 
10.ss 
0.10 
6.21 
4.36 
2.10 
l .57 
1.14 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.is 

59 

OIMENSIONLE5S 0RDl~ATES 

0026 
.031 
• 116 
ol82 
.1s2 
.140 
.101 
.075 
0046 
.021 
.020 
0005 
.oos 
.oos 
0005 
.oos 
.oos 
.oos 
.oos 
.oos 
.003 
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Exhibit 2. (continued). 

GRIIPH 

20.000 

18.000 

16.000 

14 •. 000 

12.000 

0(1"'.F'S/IN) 

10.000 

s.0000 

6.0000 

4.0000 

2.0000 

o. 

o. 

•-------=---====-=--------=-=--=---------=-==s---=--~--=--------=s------=:c-s::::a __ a ____ ==-~---=•=== 
# 1 l 1 
# 1 1 l 
# l l 1 
# 
#----· 
# 
# 
# 
# 
#----· 
# 
# 
# 
# 
#----
# 
# 
# 
# 
#----
# 
# 
# 
# • • 
#----
# 
# 
# 
# 
#---- • 
# 
# 
# * 
# ,, ____ 
# 
# 
# 
# 
#----· 
# 
# 
# 
# ,, ____ 
# * • 
# 1 
# 1 
# 1 

1 
1 
1 

• 

• 

• 

•· •· l 
l 

• 1 * 

1 
1 

* 1 * * 

1 
1 
l* 

# 
# 
# 
# ____ ,, 
# 
# 
# 
# 

-•-•# 
# 
# 
# 
# 

----# 
# 
# 
# 
# 

---•# 
# ,, 
# 
# ____ ,, 
# 
# 
# 
II 

----11 
# 
# 
# 
II 

----11 
# 
II 
# 
II 

----11 
II 
# 
# 
# 

-•-•# 
# 
# 
II 

* • * # 
s::•========••======::z:z=~=========:z::::::z:::z2:::::2z:==============•===========z=======~======•* 

l.4000 2 .. 0000 4.2000 5.6000 1.0000 
.10000 2.1000 305000 409000 6.3000 

TIME CHRJ 

UNIT HY0ROGRAPfi 



Exhibit 2. 

0\ ..... 

(continued). 

OUTPUT OF SUBROUTINE PONTIM 

PONDING TIME= lo622 HR 
LAST FULL TIME STEP T( 41= 

PONDING RAINFALL= 
lo333 

.435 IN/HR DEPTH OF RAIN INFILTRATED PREVrous TO PONDI~G= 

OUTPUT OF SUBROUTINE PPINF, VARIABLE RAINFALL, INFILlRATION APPROACH 

T(HR) = TIME IN HOURS 
W(JN) = CUMULATIVE INFILTRATION IN INCHES 
DELw(INl = INCREMENTAL INFILTRATJON IN INCHES 
IR<lN/HR) = INFILTRATIO~ RATE IN INCHES PER HOUR 
~(IN/HR) = RAINFALL RATE IN INCHES PER HOUR 
RE!lN/HR) = RAINFALL RATE AFTER yNFILTRATION SUBTRACTED 
RER<IN/HR) = NET EXCESS RAINFALL RATE AFTER RETENTION SUBTRACTED 

T(HR) W ( IN) OELw<INl IR ( IN/HR) R(IN/HR) RE ( IN/HR) REIH I 1-.1/rlR) 

1.622 .416 ,416 
1.667 .435 ,019 .429 ,435 ,006 0.000 
2.000 ,565 .130 ,390 ,675 .285 0.000 
2.!33 • 6'79 ,114 ,342 ,675 ,333 ,318 
2.667 .1s2 .103 .310 ,795 ,485 ,'+85 
3.000 .878 .096 .287 ,825 ,538 .538 
3~333 ,968 ,090 .U,9 ,780 ,511 .s11 
3.667 1.053 ,085 .255 , 713 ,458 ,458 
4,000 1,134 ,081 ,243 ,712 ,469 ,469 
4,333 1,212 ,078 ~213 ,563 ,329 ,329 
4.667 1,287 ,075 .225 ,562 ,338 ,338 
s,ooo 1,359 ,073 .218 ,360 ,142 ,142 
5.333 1,429 ,070 .211 ,225 ,014 ,014 
5,667 1,497 ,068 ,203 ,203 0,000 0.000 
6.000 1,534 ,038 ,113 , 113 0.000 0.000 
6.333 1,572 ,037 .112 ,112 0,000 0.000 
6,667 1,599 ,028 ,083 ,083 0.000 0,000 
7,000 1,624 ,025 .075 ,075 0.000 0.000 
7.333 1,6'+9 ,025 .075 ,075 0,000 0.000 
7.667 1. 6 74 ,025 ,075 ,075 0,000 0.000 
8,000 1,699 ,025 .075 ,075 0.000 0.000 

MASS BALANCE CHECK 

EXCESS PAECIP• 1,201 IN 
CUMULATIVE INFILTRATION• 1,699 IN 
RETENT10>.Jm .100 IN 
TOTAL PRECIP• 3.000 IN 

,416 IN 



Exhibit 2. (continued). 

DATA USED TO COMPUTE FLOOD HYOROGRAPHI 

T(HR) = TIME IN. HOURS 
OELPIIN> : INCREMENTAL DEPTH OF EXCFSS RAINFALL 
DELTA(CFS/IN> • UNIT HYOROGRAPH ORDJNATE 

T(HR) DELP C IN> OELTA(CF'StlN> 

2.333 .106 1.si',1 
2,667 .162 1.795 
3,000 .179 6.756 
3.333 .110 10.596 
3,667 • 153 10.546 
4.000 .156 a.102 
4.333 .110 6.201 
4.667 .113 4.356 
s.ooo .047 2.696 
s.333 .ous 1.574 
5.661 0.000 1.139 
6.000 0.000 .295 
6.333 0.000 .295 
6,667 0.000 .295 
1.000 0.000 .295 
7.333 0.000 •?95 
7,667 0.000 .295 
a.ooo 0.000 .295 
B.333 o.ouo 0295 
8,6&7 0.000 .295 
9,000 0.000 • }48 
9.333 0.000 0,0oO 
9.667 0.000 o.ono 

10.000 0.000 o.ono 
10.333 0.000 0.000 
10,667 0~000 0.000 
11.000 0.000 o.ono 
11.333 0.000 0.000 
11,667 0.000 0.000 
12.000 0.000 0.000 
12.333 0.000 o.ono 
12,667 0.000 0.000 
13.000 0.000 0.000 
13.333 0.000 0.000 
13.667 0.000 o.ono 
14.000 0.000 0.000 
14.333 0.000 0.000 
14.667 0.000 0.000 
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Exhibit 2. (continued). 

FLOOD HYDROGRAPH 

TlMElHR) 

2.333 
2,.667 
3.000 
3.333 
Je667 
4.000 
4.333 
4e667 
5.000 
5.333 
Se667 
6e000 
,.333 
,.667 
7.000 
7.333 
7e667 
s.ooo 
a.333 
8e667 
SteOOO 
,.333 
9.667 

10.000 
10.333 
10.667 
11.000 
11.333 
11.667 
12.000 
12.333 
12.667 
13.000 
13.333 
lJ.667 
14.000 
14.333 
14.667 
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Q(CFS) 

.16 

.43 
1.28 
2.79 
4.58 
6.12 
7.14 
7.75 
7.76 
7.34 
6.49 
s.20 
3.79 
2.60 
1.12 
l .12 
.12 
.s2 
.40 
.36 
.34 
.Jo 
.25 
.20 
.is 
.10 
.06 
.oJ 
.01 
.oo 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 



Exhibit 2. (continued). 

GRAPH 2 
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4.3 Main Option Three 

In thi:,;: example, the same problem introduced in the example for 

Main Option One will be treated. The seasonal and antecedent rainfall 

data and the lag time estimate of Main Option Two will be used as well. 

The fact that a Huff time distribution of rainfall is replaced with a 

user-specified set of rainfall increments is what makes this example 

different from the example of Main Option Two. For this specific case, 

the rainfall steps will be rearranged into a "balanced hyetograph," but 

this is not a requirement under Main Option Three. It is possible to 

have the user-specified rainfall used "as is." 

It should be noted that any set of rainfall steps specified under 

Main Option Three (or Four) must correspond to a set of equal length 

time steps. This is required for compatibility with the unit hydrograph 

used for routing of excess rainfall. 

XSRAIN is set up to handle a user-specified rainfall pattern of up 

to 100 steps. If it is desired to use the program with more steps, 

changes in the coding have to be made. See Section 4.5. 

The rainfall pattern for this example is tabulated below. In this 

case N = 32. 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

T(I) hr .25 .SO .75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 

R(l) in. .01 .01 .01 .01 .01 .02 .03 .03 .03 .04 .OS .05 .20 .is .25 .so 

17 18 19 20- 21 22 23 24 25 26 27 28 29 30 31 32 

T(I) hr 4.25 4.50 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50 6.75 7.00 7.25 7.50 7.75 8.00 

R(I) in. .40 .35 .25 .08 .08 .07 .07 .03 .03 ·.o3 .02 .02 .02 .02 .02 , .01 

Since a "balanced hyetograph" will be formed from the R(I) values, 

they could have been entered in any order. There is nothing special 

about the order that is presented. Although in this case the R(I) 

values are input as depths (in.) and the times are input in hours, they 

could have been read in as rates (in./hr) and minutes if it had been so 

desired. The program distinguishes between the various units by means 

of flag variables. They are PFLAG and TFLAG. 
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If PFLAG = O, input rain is in inches/hour. 

If PFLAG = 1, input rain is in inches. 

If TFLAG = O, time is input in minutes. 

If TFLAG = 1, time is input in hours. 

In addition, the flag variable CFLAG is used to determine whether a 

"balanced hyetograph" is to be formed or if the user rainfall steps are 

to be used "as is." 

Card 

1 

2 

3 

4 

If CFLAG = O, user time distribution is used "as is." 

If CFLAG = 1, a "balanced hyteograph" is formed. 

Input Description for XSRAIN, Main Option Three 

Math FORTRAN 
Field Columns Symbol Symbol Format Description 

1 1 OPTION II Main Option XSRAIN elected 

1 1,2 SUBOPTl 12 Suboption 1 (see Sec. 2.5) 
2 3,4 2X 
3 5,6 SUBOPT2 12 Suboption 2 (see Sec. 2.6) 

1 1-10 p p Fl0.3 Cumulative depth of 
precipitation (in.) 

2 11-20 tD TD Fl0.3 Duration of storm (hr) 

3 21-30 CN CN Fl0.3 SCS curve number 

1 1 LAGFLAG I1 If LAGFLAG = O, ti (hr) 
is computed by Eq. (3.3.1) 
If LAGFLAG = 1, ti is 
specified by user. 

If LAGFLAG = O, Card 5 has the following format: 

1 1-10 AREA Fl0.2 Watershed area (square) 
miles 

5 2 11-20 ! L Fl0.2 Length to divide (ft) 

3 21-30 y y Fl0.2 Average watershed slope 
(percent) 
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Input Description for XSRAIN, Main Option Three (continued) 

Math FORTRAN 
Card Field Columns Symbol Symbol Format Description 

If LAGFLAG = 1, Card 5 has the following format: 

1 1-10 AREA Fl0.2 Watershed area (square 

5 mile) 

2 11-20 t.Q. TL Fl0.2 Lag time (hr) 

1 1,2 MO 12 Month in which storm 
occurs (1-12) 

6 2 3,4 2X Two blank columns 

3 5,6 DAY 12 Day of month on which 
storm occurs (1-31) 

1 1-10 AR(l) Fl0.3 Depth of rain fallen 
5 days previous (in.) 

2 11-20 AR(2) Fl0.3 Depth of rain fallen 
4 days previous (in.) 

7 3 21-30 AR(3) Fl0.3 Depth of rain fallen 
3 days previous (in.) 

4 31-40 AR(4) Fl0.3 Depth of rain fallen 
2 days previous (in.) 

5 41-50 AR(5) Fl0.3 Depth of rain fallen 
1 day previous (in.) 

1 1-3 N N 13 Number of time steps 
specified by user 

2 4,5 2X Two blank columns 

3 6 PFLAG 11 Flag indicating units of 
user input rainfall steps 

8 4 7,8 2X Two blank columns 

5 9 CFLAG 11 Flag determining whether 
a "balanced hyetograph" 
should be formed 

6 10, 11 2X Two blank columns 

7 12 TFLAG 11 Flag indicating units of 
user input time steps 
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Input Description for XSRAIN, Main Option Three (continued) 

Math FORTRAN 
Card Field Columns Symbol Symbol Format Description 

1 1-10 tl T(l) F6.3 'l'ime (min or hr) at end of 
1st time step 

. . . 
9-18* . 

. . . 
10 91-100 tlO T(lO) F6.3 Time (min or hr) at end of 

10th time step 

1 1-10 rl R(l) F6.3 Rainfall rate (in./hr or 
in.) in 1st time step 

19-28* • . 
. . . 

10 91-100 rlO R(lO) F6.3 Rainfall rate (in./hr or 
in.) in 10th time step 

*Number of cards depends on number of time steps of rainfall specified by 
user. Program is set up to take as many as 100 time steps. 
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FORTRAN Coding Form 

f-•-•o_G_RAM __ X_SRA_I_N_-_MA_I_N_O_PT_I_O_N_THR_E_E_-_IN_P_UT __ D_AT_A ___ ~---------1 ~~~~~~~Ns 
PROGRAMMER VERDIN JAMES P, 0•" Set. 7, 1980 

~ STATEMENT '2 g NUMBER 8 FORTRAN STATEMENT 

GRAPHIC 

PUNCH 

GX28-7327-6 U/M 050 .. 
Printed in U.S.A. 

PAGE 1 Of 1 
Ct.RD ELECTRO NUMBER'" 

IDENTIFICATION 
SEQUENCE 

1 2 J 4 5 6 7 8 9 10. II 12 13 14 15 !6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 TJ 73 74 75 76 77 78 79 80 

3 I I ; 
li I I 1 I 

i 
1 • 

. g' 2 9 

1 11 I 
o . 121 sl 01 .isi • 
2 '7· S 3; .-o: 

' s 2: S s .·s: 
' 7 7' S 8 . 0 

I 
0 11 . I ol1 ! 
0 s l .1 0!51 

0 8 I ,I 0p1 l 
0 2 . l ol 1: 

; i ' ' 
l I 

I I I I ! I 
i ! ! 
I I I I I 

i 
i i 

i 

I 

! I ' I 
i I ! I ! 
• I I 

8\ .. iol i i i 

1 . 2 

oi .12Jsl I l i l 0 .10: : 

i iol .17 sl I I 1i .. o I 11 . i 21 sl 
3 25 

s 75 

i. ! O' 1 i 
i I. :21 o I ! 
I I. 1 ol 1 I I 

' : 
' 

i I 
: I I I 

I 
.t 

' ' 

i I ! i 

3. 7 S' 

! . 0 1! i. 0 i 1[ 

I . 2 sl ; l. 2 is[ 
I. o 3i I ! I. ol l 
I I I I 

I ! I 
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! I i 
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! I I I 

1i. I si"' i 
4 . 0 

. ! o, 2i 

. !ol 31 

i i 
i : 

I 
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I 
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I 
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! 
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I ' . 

i : 
l2:. Io I 1_2! 2is: !2 . ! 51 

4 2 S 4 • 's 4 75 s ,0 

6 7: S 7 0 7 21.5 ,7 s 

' ' i 

,. ·o 3; 

i I 
I 

.: 0 3. ol4! : • 10: 3 I 

1 • [3[ s l .I 2 s I o!si 
I • 11 I I .; 0 ~ o: 2! I I i ; i i. lo 2 i ' ; I I I I I 
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' 
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1 i 
I I I i ! I ! I I I I ' I I 
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: I 1 i I : 
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l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Zl 28 29 30 31 32 33 34 J5 36 37 38 39 40 41 42 43 44 45 46 47 48 49 SO 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 n 78 79 BO 

*A stcndan:( cord form. IBM electro 888157, 1s ovo1loble for punch1ni:1 stolemenl'S from this form 
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Figure 12. Coding sheet showing input data for example of Main Option Three. 
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Exhibit 3. Output of XSRAIN for example of Main Option Three. 

MAlN OPTlON CHOSEN lS 3 

IF soaoPTl = 1, ONLY INFILTRATION APPROACH IS USED WITH VARI~BLE RAI~FALL ~ATES 
IF 5U80PT1 = 4, HYORDGRAPHS ARE DERtVED WITH FOUR DIFFERENT ~£ANS OF CALCUL~TI~G EXCESS RAIN 1 

IF SU80PT2: O, USER INPUTS KT AND 5FFC 
IF SUB0PT2 = 1, KT AND SFFC ARE COMPUTED FROM CN 

SUB OPTION 1 = 

STORM DEPTH P"' 

SUB OPTION 2 = 

J.ooo IN STORM DURATION TD= 

OUTPUT OF SUBROUTINE TABLE 

HYDRAULIC CONDUCTIVITY, KT= .o5S IN/HR 

a.ooo HR 

STORAGE SUCTION FACTOR AT FIELD CAPACITY, SFFC = 1 • 537 I \h 

IF LAGFLAG = O, LAG TIME IS COMPUTED IN SUBROUTINE UH 
IF LAGFLAG = 1, LAG TIME IS PROVIDED BY THE USER 

LAGFLAG = 

AREA= .03 SQ MI 
USE~ P~OVIDED LAG TIME = l.200HR 

MONTH: 9 DAY= 29 

ARRAY OF ANTECEDENT RAINFALL'. DEPTHS 

AR ( 1) = 0.000 
AR( 2)= .250 
AR( 3)= 0.000 
AA ( 4)S 0.000 
AR ( 5)= 0.000 

N:s 32 PFLAG = CFLAG = TFLAG= 

N IS THE NUMBER OF TIME STEPS IN THE USER SUPPLIED STORM 
IF PfLAG=O, INPUT RAIN 15 IN IN/HR 
IF PFLAG=l, INPUT RAIN IS IN INCHES 

IF CFLAG=O, USER TIME DISTRIBUTION yS UTILIZED AS IS 

CURV~ NU~BER C~ = 

IF CFLAG=l, CORPS OF ENGINEERS BALANCED HYETOGRAPH IS FORMED FRO~ INPUT RAINFALL, 

IF TFLAG = O, INPUT TIMt IS IN MINUTES 
IF TFLAG: l, INPUT TIME IS IN HOUR~ 
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Exhibit 3. (continued). 

TP.1E STE?S, HOURS 
. :250 .soo .750 1.000 1.2so 1.soo 1.750 2.000 2.2so 2.soo 2.750 3.ooo 3.250 3.500 3.750 4.000 4.250 4e500 4.750 s.ooo 

5.250 5.soo S.750 6.000 6,. 250 6.500 6.750 1.000 7.250 1.500 7.750 s.ooo 
RAINFALL DEPTH INCREMENTS 

.010 .010 .010 .020 .020 .020 .030 .030 .030 .040 .050 .010 .oao .250 o2So .400 .500 0350 .250 0200 

.080 ,070 .oso .030 .030 .030 .020 .020 0020 .010 0010 .010 
RAINFALL INTENSITIES, IN/HR 

.040 0040 • 040 .oeo eOBO .OBO .,120 .120 .120 -0160 .200 0280 .320 1.000 1 .. 000 -1 .• 600 2.000 1.~00 1 .. ono . .• 800 

.320 •280 .200 .120 .120 • 120 .080 .080 .080 .040 0040 0040 
STEPS OF CUMULATIVE PRECIP 

.010 .020 .030 .oso .010 .090 .120 .150 .180 .220 .270 0340 .420 .670 .920 1.320 1.820 2•170 2.420 2.620 
2.100 20770 2.020 2.850 20880 2.910 2.930 2.950 2.970 20980 2.990 3.ooo 

****-********************•***********•********************************••···························· 

OUTPUT OF SUBROUTINE DEFICIT 

S= 2.107 IN 
EFFF::C TI VE DEPTH= 
AOJUSTED DEFICIT= 

23.99 IN WETTING FRONT SUCTION,HF,= 17.508 IN JULJAN DATE= 269. 
.163 STORAGE SUCTION FACTOR ,SF~s 2.861 I" 

OtJTPUT OF' SUBROUT 1NE UH 

W~TERSHEO LAG TIME s lo200HR 
TTME TO PEAK= le325HR 

U~IT HYOROGRAPH 
rIME(HR) ORDINATES IN (CFS/IN) 

.250 

.500 

.750 
1.000 
1.2so 
1.500 
1.750 
2.000 
2.250 
2.500 
2.750 
3.000 
3.250 
3.500 
3.750 
•.ooo 
4.250 
4.500 
4.750 
5.000 
5.250 
5.SOO 
5.750 
6.000 
6.250 
6.500 
6.750 

l .55 
1.ss 
3o62 
7.67 

10.64 
12.32 
9ol3 
7.69 
6022 
4,.86 
3o2J 
2.1a 
1.62 
le33 
.30 
.30 
.30 
.30 
.Jo 
.Jo 
.Jo 
.30 
.30 
.Jo 
.Jo 
.Jo 
.1s 

DlMENSlONL.E:6S'. ORDI~ATES· 

.. 020 

.020 
0047 
e099 
ol37 
ol59 
.11a 
0099 
0080 
0063 
0042 
.028 
.021 
.017 
.004 
0004 
.004 
.004 
0004 
0004 
0004 
0004 
0004 
0004 
0004 
0004 
.002 

SEASO"AL. S = 3.152 I" 
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Exhibit 3. (continued). 
GRAPH 
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Exhibit 3. (continued). 

OUTPUT OF SUBROUTINE PONTIM 

PONOING TIME= 3.250 HR 
LAST FULL TIME STEP T(l3l= 

PONDING RAINFALL= 
3,250 

loOOO IN/HR DEPTH OF ~AIN !~FILTRATED PREVtOUS TO PO~OI'-'G= 

OUTPUT OF SUBROUTINE PPINF, VARIABLE RAINFALL, INFILTRATION APPROACH 

T(H~) = TIME IN HOURS 
w(IN) = CUMULATIVE INFILTRATION IN INCHES 
DEL~IIN> = INC~EMENTAL INFILTRATION IN INCHES 
!R(IN/HR> = INFILTRATION RATE IN INCHES PER HOUR 
M ( I 1-J/HR l = RA I1>1FALL RATE IN INCHES PER HOUR 
~E<IN/HRI = RAINFALL RATE AFTER yNFILTRATION SUBTRACTED 
MER(IN/HRl = NET EXCESS RAINFALL RATE AFTER RETE~TION SUBTRACTED 

T(HR) W(IN) DELl>I ( IN> IR(INIHRl R(lN/HR) RE(IN/HR) RER<l'-'/riR) 

J.~so .420 .420 
3.500 .604 0184 .736 1.000 .264 0.000 
3.750 .734 .130 .519 1.000 .481 .345 
4.000 .841 .108 .431 1.600 1.169 1,169 
4.250 .936 e095 .379 2.000 1.621 1.621 
4.500 1.022 .086 .,345 1.400 1.oss 1.055 
4.750 1.102 .oeo .319 1.000 0681 .681 
5.000 1.177 .075 .299 .aoo .so1 .so1 
5.250 l.248 .011 .284 .320 .036 .036 
s.soo 1.316 .068 .270 .280 .010 .010 
s.1so 1.366 .oso .200 .200 0.000 0.000 
6.000 1.396 .030 el20 .120 0.000 0.000 
6.250 1.426 .030 .120 .120 0.000 0.000 
6.:>00 l.456 .030 .120 .120 0.000 0.000 
6.750 l.476 .020 .oao .oso 0.000 0.000 
1.000 l.496 .020 .000 .oao 0.000 0.000 
7.250 1.516 .020 .,080 .080 0.000 0.000 
1.soo 1.526 .010 Q040 • 040 0.000 0.000 
7.750 1.536 .010 • 040 .040 0.000 0.000 
s.ooo 1.546 .010 .040 .040 0.000 0.000 

MASS BALANCE CHECK'. 

EXCESS PRECIP:: 1.354 IN 
CUMULATIVE INFILT~ATION= 1 .. 546 IN 
RETENTION:: .100 1114 
l()TAL PHECIP: 3.000 IN 

.420 IN 



Exhibit 3. (continued). 

DATA USED TO COMPUTE FLOOD HYOROGRAPHZ 

T(H~) = TIME IN HOURS 
DFLP(IN) = INCREMENTAL DEPTH OF EXCESS RAINFALL 
DELTA(CFS/IN) = UNIT HYOROGRAPH OROJN4TE 

T(HR) DELP(IN) OELTA(CFS/IN) 

3,750 ,086 1,554 
4,000 ,292 1,554 
4.250 ,405 30623 
4,500 ,264 7,667 
4,750 .110 10.643 
s.ooo ,125 12,324 
s.2so ,009 9,128 
s.soo .002 7,689 
s.1so 0.000 6.220 
6,000 0 .. 000 4,856 
6.250 0.000 3.231 
6.soo 0.000 2,184 
6,750 0.000 l,623 
1.000 0.000 1.3~3 
7,250 0.000 ,3o4 
7,500 0.000 ,3o4 
7,750 0.000 .Jo4 
a.ooo 0.000 a3o4 
8.250 0.000 ,3o4 
8,500 0,00() .Jo4 
8.750 O,OOQ e3o4 
9,000 0.000 ,3o4 
9.250 0.000 ,304 
9.500 0.000 .Jn4 
9,750 0.000 ,3n4 

10.000 0.000 .3n4 
10.2i;o 0.000 .152 
10,500 0.000 0.000 
10.1so 0.000 O,OoO 
11.000 0,000 O,OoO 
11.250 0.000 o,ono 
11.soo 0.000 O,OoO 
11,750 0.000 0,0nO 
12.000 0.000 o.ono 
12.2<;0 0.000 0,0oO 
12.soo 0.000 0,0oO 
12,7';0 0.000 0.000 
13,000 0.000 0.000 
13.250 0.000 0.000 
13.500 OeOOO 0.000 
13.750 0.000 o.ono 
14.000 0.000 0.000 
14,2~0 0.000 0.000 
14.500 OeOOO 0.000 
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Exhibit 3. 

fLOOO HYOROGRAPH 

TIME (HR) 

3,750 
4.000 
4,250 
4,500 
4e75o 
s.ooo 
5,250 
5,500 
s.7so 
6,000 
6•250 
6,500 
6,750 
7,000 
7,250 
1.soo 
7.750 
8,000 
8,250 
e,soo 
8,750 
9.000 
,.2so 
9,500 
9,750 

10.000 
10,250 
10.soo 
l0,750 
11.000 
11,250 
11.soo 
11.750 
120000 
12.zso 
12.soo 
12.750 
13.000 
13,250 
13,500 
u. 750 
1+.000 
14,250 
14,500 

(continued). 
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Q(CFS) 

, 13 
,59 

l,40 
2,7E, 
5,30 
8,70 

11,55 
12,91 
12,54 
11,27 
9,46 
7,33 
5,50 
4.02 
2,88 
1.92 
1,18 

.78 
,56 
,42 
,41 
,41 
,.41' 
,41 
~41 
041 
,40 
~34 
,24 
o 13 
,07 
,02 
.oo 
,oo 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o,oo 
o.oo 
o.oo 
o.oo 
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Exhibit 3. (continued). 

GRAPH 2 
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2.0000 6.0000 10.000 14.000 10.000 

TIME PiR) 

FLOOD HYDROGRA?H 



4.4 Main Option Four 

Once again, the same basic problem as presented in Section 4.1 will 

be solved here as a means of illustrating the operation of XSRAIN under 

Main Option Four. Main Option Four is really the same as Main Option 

Three, only a bit simpler--there is no accounting for soil moisture 

variation due to seasonality or antecedent rainfall. Field capacity 

soil moisture (AMC II) is assumed. The lag time estimate, t 1 = 1.2 hr, 

introduced is Section 4.2 will again be used. 

With this example, Suboption 1 will be set to produce hydrographs 

with all four available methods of calculating excess rainfall 

(SUBOPTl = 4). In addition, the user-specified rainfall will be read-in 

in minutes in inches/hour. This rainfall pattern will be used "as is," 

rather than have a "balanced hyetograph" formed. 

On the following pages, the input and output data are presented .. 

Input Description for XSRAIN, Main Option Four 

Math FORTRAN 
Card Field Columns Symbol Symbol Format Description 

1 1 1 OPTION 11 Main Option of XSRAIN 
elected 

I 1,2 SUBOPTl 12 Suboption 1 (see Sec. 2.5) 
2 2 3,4 2X 

3 5,6 SUBOPT2 12 Suboption 2 (see Sec. 2.6) 

I 1-10 K KT Fl0.3 Hydraulic conductivity at 
natural saturation 
in. /hr) 

2 11-20 (Sf)fc SFFC Fl0.3 Storage suction factor at 
field capacity (in.) 

3 3 21-30 p p Fl0.3 Cumulative depth of 
precipitation (in.) 

4 30-41 tD TD Fl0.3 Duration of storm (hr) 

5 41-50 CN CN Fl0.3 SCS curve number 
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Input Description for XSRAIN, Main Option Four (continued) 

Math FORTRAN 
Card Field Columns Symbol Symbol Format Description 

4 1 1 LAGFLAG I1 If LAGFLAG = O, tJl (hr) 
is computed by Eq. (3.3.1) 
if LAGFLAG = 1, tJl is 
specified by user. 

If LAGFLAG = O, Card 5 has the following format: 

5 

1 1-10 AREA Fl0.2 Watershed area (square) 

2 

3 

11-20 

21-30 

Jl 

y 

L 

y 

miles 

Fl0.2 Length to divide (ft) 

Fl0.2 Average watershed slope 
(percent) 

If LAGFLAG = 1, Card 5 has the following format: 

5 

6 

1 

2 

1 

2 

3 

4 

5 

6 

7 

1-10 

11-20 

1-3 

4,5 

6 

7,8 

9 

10, 11 

12 

N 

AREA 

TL 

N 

PFLAG 

CFLAG 

TFLAG 

78 

Fl0.2 Watershed area (sq. mi.) 

Fl0.2 Lag time (hr) 

I3 Number of time steps 
specified by user 

2X 

I1 

2X 

I1 

2X 

I1 

Two blank columns 

Flag indicating units of 
user input rain (see 
Sec. 4.3) 

Two blank columns 

Flag indicating if a 
"balanced hyetograph11 is 
formed (see Sec. 4.3) 

Two blank columns 

Flag indicating units of 
user input time steps 
(see Sec. 4.3) 



Input Description for XSRAIN, Main Option Four (continued) 

Math FORTRAN 
Card Field Columns Symbol Symbol Format Description 

1 1-10 tl T(l) F6.3 Time (min or hr) at end of 
1st time step 

7-16* 

10 91-100 tlO T(lO) F6.3 Time (min or hr) at end of 
10th time step 

1 1-10 rl R(l) F6.3 Rainfall (in. or in./hr) 
in 1st time step 

17-26* • 

10 91-100 rlO R(lO) F6.3 Rainfall rate (in. or 
in./hr) in 10th time step 

*Number of cards depends on number of time steps of rainfall specified by 
user. Program is set up to take as many as 50 time steps. 
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IBM FORTRAN Coding Form 
GX211-7327-6 U/M 050** 

• Printed in U.SA 

,_,_,o_o,_.,. __ X_S_RA_I_N_-_MA_IN_O_P_TI_O_N_FO_U_R_-_I_NP_lIT_D_A_T_A __ ~----------< ~~~r~~~~~Ns 
PROGRAMMER· VERDIN, JAMES P. oATE Sept. 9, 1980 

GRAPHIC PAGE 1 OF 1 
CARD ELECTRO NUMBER"" 

~ STATEMENT 'z 
8 NUMBER 8 FORTRAN ST A TEMENT 

PUNCH 

IDENTlflCATION 
SEQUENCE 

1 2 3 4 s 6 7 a 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 J! 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 71 78 79 80 

4 I .! ! 1· ! I ~ ,7 l ! l l I ! ! i ; I I t 
4 0 I I i I i I I I I I .. i ! I ! 
0 5 5 ~ .: 5l3 7 3 . 0 8 • 0 8 21. 6 I I ! i I i i i I I i I ! 

1 I i 
! I ii.12: I 

I i : . 
• 

0 0 :o, i 
! : i 

1 5. 
.. 

:f i 16 lo I i7 sl .i ol. i 3 0 4 5 9 11 2 0 !1 s 01. I I 
I i I I -: 

I 

1 6 5 . ! i211 .! 
I 

21 s!. I 4/oi. 1 8 0 1 9 5 0 '2 2 .218 si.: b o ol. I : I I I I I I 
i I I 

3 1 S 3 3 ol, 3 4 s. I 316 0 13 7 sl. 3 9 o. 14 ol si. 4i3 si.: k s 01. I I I I I ! i : 
I 

i ! i I 
8: oi ! : i 

4 i I l ' I I I ! . i . 
Q!.: ol 4 :o ,. 0~ i :o !. 014 1 io 014 .i ol 8: 1 2' I 1 2! • 1 16 I 

2'oi 
i - : I I i1 i. 11 21 .i (j . 2.0 • 18 0 Oi 0 . 6: , 1 . oi 3 12 

: 

3J2 . i2 8J I 2ls 1 2 i. 1 2 11 , I J. 1. ]0 8 o! 8! i ! . lo 8i I ! i. ol81 l I I I i I 
018 . 0 4i i I i I I l f l I ! 

I i I ! I 

i l 
! 
I I I I I i I 

i : I I I i i I I I I i I I : I 
i 

I i i i : . I i 

' i 
. 

i I . 
l i I I I 

i i ! I : ! I 
t i 

I ! I I I i i ! ! ! I I I ' I 

I ! I i 
i ! ! 

i ! I i 
I ! i I I I i l I I ' I ! I I 

I I I I i i I ! i I 
I I I i I I } ! I i j ! I I 

I 
I 

: i I ! I I I I 
I ! i 

. 
I I 

• 

I 

' : 
! 

I . 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 -44 '5 46 47 48 49 50 51 52 SJ 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

"A sMndard cord form, IBM electro 888157, ,~ 111111,loble for eunching statements from this form 

""Number of fonns per pad may wary slightly 

Figure 13. Coding sheet showing input data for example of Main Option Four. 
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Exhibit 4. Output of XSRAIN for example of Main Option Four. 

MAIN OPTION CHOSEN IS 4 

IF SU80PT1 = 1, ONLY INFILTRATION ApPROACH IS USED wITH VARIABLE RA!~FALL ~ATES 
IF SUBOPTl 4, HYDROGRAPHS ARE DERJVED WITH FOUR DIFFERENT ~EANS OF CALCULATI~G EXCESS RAIN 

IF SUBOPT2 = 0, USER INPUTS KT AND sFFC 
IF SU80PT2 = 1, KT AND SFFC ARE COMPUTED FROM CN 

SUB OPTION l = 4 SUB OPTION 2 = 0 

HYDRAULIC CONDUCTIVITY, KT= .055 IN/HR 
STORAGE SUCTION FACTOR AT FIELD CAPACITY, SFFC 
TOTAL P~ECIP, P= 3.ooo IN 
DURATION TIME, TD= 8.000 HR 
CURVE NUMBER, CN = 8206 

1.537 IN 

IF LAGFLAG = O, LAG TIME 15 COMPUTED IN SUBROUTINE UH 
IF LAGFLAG 1, LAG TIME 15 PROVIDEo BY THE USER 

LAGFLAli = 

AREA= .03 SQ MI 
USE~ PROVIDED LAG TIME 

N= 32 PFLAG = 0 CFLAG = 0 TFLAG= 0 

N IS THE NUMHER OF TIME STEPS IN THE USER SUPPLIED STORM 
IF PFLAG=O, INPUT RAIN IS IN IN/HR 
IF PFLAG=l, INPUT RAIN IS IN INCHES 

IF CFLAG=O, USER TIME DISTRIBUTION yS UTILIZED AS IS 
IF CFLAG=l, CORPS OF ENGINEERS BALANCED HYETOGRAPH IS FORMED FROM INPUT RAINFALL; 

IF TFLAG = O, INPUT TIME IS IN MINUTES 
IF TFLAG = 1, INPUT TIME IS IN HOURS 

TIME STEPS, MINUTES 
1s.o Jo.o 45,0 60.0 75.0 90.0 105.0 120.0 135.0 150.0 165.o 1eo.o 195.0 210.0 

Jls.o JJo.o 345.o 360.o 375.o 390.0 405.0 420.0 435.o 4So.o 4&s.o 4BO.o 
TIME STEPS, HOU~S 

.250 .soo .750 1.000 1.250 1.500 1.750 2.000 2.2so 2.500 2.750 J.ooo 3.250 J.500 
s.2so s.500 5.750 6.000 6.250 6.500 6.750 1.000 7.250 7.500 7.750 e.ooo 
RAINFALL INTENSITIES, IN/HR 

.040 e040 .040 .040 .040 .oeo .120 .120 .120 .160 .200 .200 .soo 1.000 

.320 .2so .280 .120 .120 .120 .oeo .oso .oso .oso .oso .040 
STEPS OF CUMULATIVE PRECIP 

.010 .020 .030 .040 .oso .010 .100 .130 el60 .200 .250 •300 .soo .750 
2.660 2,730 2,800 2.830 2.860 2.890 2.910 2.930 2.950 2.970 2e990 J.ooo 

22s.o 240.0 

3.750 4e000 

1.000 2.000 

1.000 1.soo 

2ss.o 210.0 285.0 300.0 

4.250 4•'500 4.750 5.ooo 

1.600 1•400 1.000 .320 

1.900 2.,50 2.soo 2.sao 



Exhibit 4. (continued). 

OUTPUT OF SUBROUTINE UH 

WATERSHED LAG TIME• le200HR 
TTME TO PEAK• le325HR 

U~IT HYOROGRAPH 
TIME(HR) ORDINATES IN (CFs/IN) 

.2so 

.soo 

.750 
1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
.2. 500 
2.750 
3.000 
3.250 
3.500 
3.750 
4.000 
4.250 
4.500 
4.750 
s.ooo 
5.250 
s.soo 
s.1so 
6.000 
6.250 
6.500 
6.750 

1.ss 
1.ss 
3.62 
7.67 

10e64 
12.32 
9el3 
7e69 
6.22 
4.86 
3.23 
2.1e 
le62 
le33 

e30 
.Jo 
.Jo 
.30 
.30 
.Jo 
.30 
.30 
.30 
.Jo 
.Jo 
.. Jo 
.1s 

82 

0IMENSIONL£6S· ORDl~ATES· 

.020 

.020 
e047 
.099 
al37 
al59 
all£\ 
e099 
.oso 
.063 
.042 
.020 
~021 
.017 
.004 
.. 004 
0004 
e004 
e004 
.004 
.004 
e004 
e004 
e004 
.004 
.004 
.002 



Exhibit 4. (continued). 

GRAPH 
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Exhibit 4. (continued) . 

OUTPUT OF SUBROUTINE PONTIM 

PONDING TIME= 3.000 HR 
LAST FULL TIME STEP TC12>= 

PONDING RAINFALL= 
3.ooo 

.800 IN/HR DEPTH OF RAIN !~FILTRATED PREv,ous TO PONOI~G= 

OUTPUT OF SUBROUTINE PPINF, VARIABLE RAINFALL1 INFILTRATIO~ APPROACH 

T(rl~) = TIME IN HOURS 
wlINI = CUMULATIVE INFILTRATION JN INCHES 
OELw(IN) = INCHEMENTAL lNFILTRATyON IN INCijES 
IR(lN/HRl = INFILTRATION RATE IN INCHES PER HOUR 
H(IN/HRI = RAINFALL RATE IN INCHES PER HOUR 
RE<lN/HR) = RAINFALL RATE AFTER INFILTRATION.SUBTRACTED 
RER<IN/HH) = NET EXCESS RAINFALL RATE AFTER RETE~TION SUBTRACTED 

TIHR) W(IN) DELW(IN) IR ( IN/HR) R ( IN/HR) RE(IN/HR) RER(l~/HR) 

3.000 .300 .300 
3.250 0446 .146 .584 .soo .216 0.000 
3.500 .549 .103 .,411 1.000 .589 .405 
3.750 .635 .086 .343 1.000 .657 .657 
4,000 .no .076 .303 2.000 1~697 l.697 
'4-. 250 0780 .069 .211 l .600 le323 1.323 
4.500 .844 0064 .257 1.400 lol43 1 .. 143 
4.750 ,904 e060 .242 1.000 .758 .,758 
s.ooo .962 .057 .230 el20 .090 .090 
S.l50 1.016 .055 .219 .320 .101 .101 
5.500 1.069 .053 .211 .280 .069 .069 
5.750 1.120 .os1 .204 .280 .076 .076 
6e000 1.150 .030 .120 .120 0.000 0.000 
6.250 1.180 .. 030 .120 .120 0.000 0.000 
6.500 1.210 .030 al20 .120 0.000 0 .. 000 
6.750 1.2Jo .020 .oso .oso 0.000 0.000 
1.000 1.250 .020 .oao .oso 0.000 0 .. 000 
7.250 1.210 .020 .oao .oso 0.000 0.000 
7.500 1.290 .020 0 080 .oso 0.000 0.000 
7.750 1.310 .020 .oso .oso OeOOO 0.000 
s.ooo lo320 .010 .040 .040 0.000 0.000 

l'IASS BALANCE CHECK 

E.l(CESS PRECIP= 1 .sso IN 
CUMULATIVE INF'ILTHATION: 1.320 IN 
.RE TENT 10~= .100 IN 
TOTAL P~ECIP• 3.000 IN 

.300 IN 



Exhibit 4. (continued). 

OATA USED TO COMPUTE FLOOD HYOROGRAPHI 

T(HRJ = TIME IN HOURS 
DELP(IN) = INCREMENTAL DEPTH Of EXCESS RAINFALL 
DELTA(CFS/IN) = UNIT HYOROGRAPH ORDINATE 

T(HR) DELP(JN) DELTA(CFS1lN) 

3.500 .101 l.554 
3.750 .lo4 1.554 
4.000 .424 J.623 
4.250 .331 7.667 
4.500 .2d6 10.643 
4.750 .190 12.3;,4 
s.ooo .023 90128 
S.250 .02s 7e689 
s.soo .011 6.220 
5.750 .019 4.856 
6.000 0.000 ·J.231 
60250 0.000 2.184 
6,500 0.000 l.623 
6.750 0.000 1.333 
1.000 0.000 .Jo4 
7.250 0.000 .Jo4 
7.500 0.000 o3o4 
7.750 0.000 .3o4 
s.ooo 0.000 .Jo4 
s.2so 0.000 .3o4 
s.soo 0.000 .3o4 
B.750 0.000 .Jo4 
9.000 0.000 .Jo'+ 
9.250 0.000 e3o4 
9-.500 0.000 .Jo'+ 
9.750 0.000 .3o4 

10.oou 0.000 • l r:;2 
10.2so 0.000 0.000 
10.500 0.000 0.000 
10.750 0.000 o.ono 
11.000 0.000 0.000 
11 .2'>0 0.000 0.000 
11.500 0.000 o~ooo 
11,750 0.000 0.000 
12.000 0.000 o~ooo 
12.250 0.000 0.000 
12.500 0.000 0.000 
12,750 0.000 0.000 
13.000 0.000 o.ono 
13.250 0.000 o.ono 
13.500 0.000 0.000 
13.750 0.000 o.ono 
14.000 0.000 o.ono 
14.250 0.000 o.ono 
14.~00 0.000 0.000 
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Exhibit 4. (continued). 

FLOOD HYDROGRAPH 

3.soo 
3.750 
4,000 
41250 
4.soo 
4,750 
5.000 
s.250 
s.500 
s.150 
6e000 
60250 
60500 
6e750 
1.000 
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e.soo 
80750 
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9,250 
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90750 

10.000 
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11 .ooo 
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11.750 
12.000 
12,250 
12.soo 
12.750 
13.000 
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lJ.500 
13.750 
14.000 
14.250 
l4o500 
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Q(CfS) 

.16 

.41 
l 028 
2.54 
4.83 
B.19 

11.36 
13,98 
14.48 
13.66 
11.78 

9.54 
7.58 
5.78 
4.23 
2.,99 
1 e98 
1.33 

.89 

.63 

.57 

.s2 

.so 

.48 
e48 
.48 
,47 
.43 
.34 
.22 
.13 
,05 
.02 
.01 
.01 
.oo 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
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Exhibit 4. (continued). 
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Exhibit 4. (continued). 

OUTPUT OF SUBROUTINE CONSTR. CONSTANT RAINFALL BY INF~LTRATION APP~OACH 

T (ti~) W(IN) DELW(lN) IR<INIH~) RC IN/HR) RE(IN/HR) RER(l'II/HR> 

.704 .2<>-4 .264 

.750 .281 .011 .369 .37S .006 0.000 
1.000 .365 .084 .337 .375 .038 0.000 
1.2s0 .440 .074 .298 .375 .077 0.000 
l.=>00 .so8 .068 .272 .,315 .103 0.000 
1.750 .5 '1 .063 .253 .375 .122 0.000 
2.000 .630 .o59 .23g .375 .137 .079 
2.2so .687 .o56 .226 .375 • 149 .149 
2.soo .741 .054 .216 .375 .1S9 .159 
2.750 .793 .os2 .208 .375 .167 .167 
3.000 .843 .050 .201 .375 .174 .174 
3.250 e891 .049 .194 .375 .181 .181 
3.SOO .939 .047 .-189 .375 .186 .186 
3.750 .985 .046 .. 184 .375 .191 .19l 
4.000 leOJO .045 .180 .375 0195 .,1,95 
4.250 1 .074 .044 • 1·76 .375 .199 el99 
4.soo 1.111 .043 .172 .375 .203 .203 
4.750 1.159 .042 .169 .375 .206 .206 
s.ooo 1.200 .041 .166 .375 .209 .209 
s.2so 1.241 e04l .163 .375 .212 .212 
s.soo 1.281 .040 .160 .375 .215 .215 
s.1so 1.320 .039 .158 .375 .2'17 .211 
6.000 le3S9 .039 :1s6 .375 .219 0219 
6.250 1.398 .038 .,153 .375 .222 .222 
6.!>00 1.436 .038 .15! .375 .224 .224 
6.750 1.473 .037 .150 .375 .22s .225 
1.000 1.510 .,037 , 148 .375 .227 .221 
7.250 l.546 .037 146 .375 .229 .229 
1.soo 1.583 .,036 ,145 .375 .230 .230 
7.750 l .618 .036 .143 .375 .232 .232 
s.ooo l.654 .03S .14?. .375 .233 .233' 

MASS BALANCE CHECK 

EXCESS PRECIP= 1.246 IN 
CUMULAflVE lNFILTHATION: l .654 IN 
RETENTLO"l= .100 IN 
TOTAL PHECIP= 3.ooo IN 
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Exhibit 4. (continued). 

DATA USED TO COMPUTE FLOOD HVOROGRAPH: 

T(HR) = TIME IN HOURS 
DELPIINl = INCREMENTAL DEPTH OF EXCESS RAINFALL 
DELTA(CFS/IN) = UNIT HYOROGRAPH OROyNATE 

T (HR) DEL.Pl IN) DELTA(CFS/lN) 

2.000 .020 l.554 
2.250 .037 l.554 
2.500 .040 3.623 
2.750 .0~2 7.667 
3.000 .044 10.643 
3.250 .045 12.324 
3.500 .047 9.128 
3.750 .048 7.689 
4 • 000 .049 6.220 
4.250 .. oso 4.856 
4.500 .os1 3.231 
4.750 .os2 2.184 
s.ooo .os2 1.623 
s.2so .053 l.333 
s.soo .054 .3o4 
5.750 .054 .3o4 
6.000 .ass .3o4 
6.250 .oss .3o4 
6.500 .056 .3o4 
6.750 .0~6 .3o4 
1.000 .057 .3o4 
7.250 .057 .3o4 
7 • 500 .oss e3o4 
7.750 .o~a .Jo4 
s.ooo .osa .304 
8.250 0.000 • 3o4 
a.sou 0.000 • l c;2 
B.7~0 0.000 0.000 
9.000 0.000 0.000 
9.2<,0 0.000 0.000 
9.500 0.000 0.000 
9.750 0.000 0.000 

10.000 0.000 0.000 
10.2,;o 0.000 0o0o0 
10.soo 0.000 o.ono 
10.750 0.000 0.000 
11.000 0.000 o.ono 
11,250 0.000 o.ono 
11.soo 0.000 0.000 
11 .• 750 0.000 o.ono 
12.000 0.000 0.000 
12.250 0.000 0.000 
12.soo 0.000 0.000 
12.750 0.000 0.000 
13.000 0.000 o.ono 
13.250 0.000 o.ono 
13.500 0.000 OoOoO 
13.750 0.000 o.ono 
14.000 0.000 0.000 
14,250 0.000 0e0o0 
14,500 0.000 o.ono 
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Exhibit 4. 

FLOOD HYOROGRAPH 

TIME (HR) 

2.000 
2.2so 
2.soo 
2.750 
3.000 
3e250 
3.soo 
3.750 
4.000 
4e250 
4.soo 
4.750 
s.ooo 
s.2so 
s.soo 
s.1so 
6.000 
&.250 
6.500 
6e75o 
1.000 
1.2so 
1.soo 
7.750 
a.ooo 
a.250 
a.soo 

• a.150 
9.000 
9ei!50 
9.500 
9.750 

10.000 
10.2so 
10.soo 
10.750 
11.000 
11 .250 
11.500 
11 • 750 
12.000 
12.250 
12.soo 

·12.1so 
lJ.000 
13.250 
13,500 
13.750 
14.000 
14.250 
14.so.o 

(continued). 
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Q(CF'S> 

.03 

.09 
el9 
• 41 
.11 

1 .23 
1.68 
2.01 
2.42 
2.12 
2.96 
3.16 
3.32 
3.47 
3.58 
3.67 
3.75 
3.83 
3.90 
3.96 
4.03 
4e09 
4 • 15 
4.20 
tt.25 
4.21 
4.17 
3.99 
3.58 
2e98 
2.20 
1.76 
1.32 

.97 

.69 

.so 

.38 

.29 

.21 

.20 
• 18 
.16 
• 15 
.13 
.11 
.10 
.oa 
.06 
.04 
.03 
.01 



Exhibit 4. (continued). 

GRAPH 3 
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Exhibit 4. (continued). 

OUTPUT OF SUBROUTINE SCS 
CN = 82.6 S=2.107 IA = . 421 

VARIABLE RAINFALL CASE, SCS METHOD 

T(HR) W(IN) DELW(IN) IR( IN/HR) R(IN/HR) RE(IN/HR) 

. 250 .010 .010 .040 .040 0.000 

. 500 .020 .010 .040 .040 0.000 

. 750 .030 .010 .040 .040 0.000 
l .000 . 040 .010 .040 .040 0.000 
l. 250 .050 .010 .040 .040 0.000 
l. 500 .070 .020 .080 .080 0.000 
l. 750 . 100 .030 . 120 . 120 0.000 
2.000 . 130 .030 . 120 . 120 0.000 
2.250 . 160 .030 . 120 . 120 0.000 
2.500 .200 .040 . 160 . 160 0.000 
2.750 .250 .050 . 200 . 200 0.000 
3.000 . 300 .050 .200 .200 0.000 
3.250 .497 . 197 .789 .800 .011 
3.500 . 706 .208 .834 l .000 . 166 
3.750 .875 . 170 .679 l.000 . 321 
4.000 l. 135 . 259 l .038 2.000 .962 
4.250 l. 290 . 155 .622 l .600 .978 
4.500 l. 400 .110 .440 l. 400 .960 
4.750 l. 468 .067 . 269 l.000 . 731 
5.000 l. 487 .020 .080 . 320 .240 
5.250 l. 507 .019 .077 .320 .243 
5.500 l.523 .016 .065 .280 . 215 
5.750 l.538 .016 .063 .280 . 217 
6.000 l.545 .007 .026 . 120 .094 
6.250 l.552 .006 .026 . 120 .094 
6.500 l.558 .006 .026 . 120 .094 
6.750 l. 562 .004 .017 .080 .063 
7.000 l.566 .004 .017 .080 .063 
7.250 l. 571 .004 .017 .080 .063 
7.500 l.575 .004 .016 .080 .064 
7.750 l. 579 .004 .016 .080 .064 
8.000 l. 581 .002 .008 .040 .032 
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Exhibit 4. (continued). 

DATA USED TO COMPUTE FLOOD HYDROGRAPH& 

T<HR) = TIME IN HOURS 
DFLP(tN) = INCREMENTAL DEPTH OF EXCFSS RAINFALL· 
DELTA(CFS/lNl = UNIT HYOROGRAPH ORDJNATE 

T(HR) DELP<INl DELTA(CFS1INl 

3.250 .003 1.554 
3.500 .042 l.5c;4 
3.750 .oso 3.6?3 
4.000 .241 70667 
4.250 .245 10.643 
4.500 .240 12.3;>4 
4.750 • l 83 9.1;>8 
s.ooo .060 7.6A9 
s.2so .061 6.220 
5.500 .054 4.8s6 
5.750 .054 3.231 
6.000 .023 2ol84 
6.250 .024 1.623 
6.500 .024 i.313 
6.750 .016 e304 
7,000 .016 .3o4 
7.250 .016 .. 3()4 
1.soo .016 .3o4 
7.750 ,016 .3o4 
~.ooo .008 .3o4 
B.250 0.000 .3o4 
s.soo 0.000 .3o4 
B.750 0.000 .3o4 
Q, 000 0.000 .3o4 
9.250 0.000 .3o4 
9.500 0.000 .3o4 
9.750 0.000 .lc;2 

10.000 0.000 0.000 
10.250 0.000 o.ono 
10.soo 0.000 0.000 
]0.750 0.000 0.000 
11.000 0.000 0.000 
11.250 0.000 0.000 
11.500 0.000 0.000 
11.750 0.000 0.000 
12.000 0.000 0.000 
12.250 0.000 o.ono 
12.soo 0.000 0.000 
12.750 0.000 OeOnO 
13.000 0.000 0.000 
13.250 0.000 0.000 
13.500 0.000 0.000 
13.750 0.000 0.000 
14.000 0.000 0.000 
]4.250 0.000 0.000 
14.500 0.000 o.ono 
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Exhibit 4. 

FLOOD HYOROGRAPH 

3.250 
3.500 
30750 
4.000 
4.250 
4.500 
4,750 
s.ooo 
s.2so 
s.soo 
5,750 
60000 
6.250 
6e500 
6,750 
7.000 
1.2so 
1.soo 
7.750 
A,000 
A,250 
s.soo 
8,750 
9.000 
Q,250 
9,500 
9e750 

10.000 
10,250 
10.soo 
10.750 
11 .ooo 
11,250 
11 • 500 
11.750 
12.000 
12.250 
12.500 
12.1s0 
13.000 
13.250 
13.500 
13.750 
14.000 
14.250 
14.500 

(continued) 
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Exhibit 4. (continued). 
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Exhibit 4. (continued). 

CONSTANT RAINFALL CASE, SCS METHOD 

T(HR) W( IN) DELW(IN) IR( IN/HR) R(IN/HR) RE(IN/HR) 

.250 .094 .094 .375 .375 0.000 

.500 . 188 .094 .365 .375 0.000 

. 750 . 281 .094 .375 .375 0.000 
1.000 .375 .094 .375 .375 0.000 
l. 250 .468 .093 . 371 .375 .004 
l. 500 .554 .086 .344 .375 . 031 
l. 750 .663 .079 . 316 .375 .059 
2.000 .706 .073 .292 .375 .083 
2.250 . 773 .068 . 270 .375 .105 
2.500 .836 .063 . 251 .375 . 124 
2.750 .894 .058 .234 .375 . 141 
3.000 .949 .054 . 218 .375 . 157 
3.250 1.000 . 051 .204 .375 . 171 
3.500 1.048 .048 .191 .375 . 184 
3.750 l. 092 .045 .180 .375 . 195 
4.000 l. 135 .042 . 169 . 375 .206 
4.250 l. 175 .040 . 159 .375 . 216 
4.500 l. 212 .038 . 150 .375 .225 
4.750 1.248 .036 . 142 .375 .233 
5.000 1. 281 .034 . 135 .375 .240 
5.250 l. 313 .032 . 128 .375 .247 
5.500 1. 344 .030 . 122 .375 .253 
5.750 1. 373 .029 . 116 .375 . 259 
6.000 l. 400 .028 .110 .375 . 265 
6.250 1. 426 .026 . 105 .375 .270 
6.500 l. 451 .025 . 100 .375 .275 
6.750 l. 475 .024 .096 .375 . 279 
7.000 l. 498 .023 .092 .375 .283 
7.250 l. 520 .022 .088 .375 .287 
7.500 l. 541 . 021 .084 .375 . 291 
7.750 l. 561 .020 .081 .375 . 294 
8.000 l. 581 .019 .077 .375 . 298 
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Exhibit 4. (continued) 

DAT~ USED TO COMPUTE FLOOD HYOROGRAPHI 

TtH~> = TIME IN HOURS 
DELP(tNI = INCREMENTAL DEPTH OF EXC~SS RAINFALL' 
DELTA(CFS/INI • UNIT HYOROGRAPH OROyNATE· 

TtHRI 

1.250 
1. 500 
1.750 
2.000 
2.250 
2.soo 
2.7S0 
3.000 
3.250 
3.500 
3.750 
4.000 
4.2$0 
4.500 
4.750 
s.ooo 
s.250 
s.500 
S.750 
6. 00.0 
6.250 
6.500 
6.7S0 
1.000 
7.2S0 
7.500 
7.750 
e.ooo 
B.250 
A.soo 
8.750 
9.000 
9.250 
9.500 
9.7S0 

10.000 
10.2so 
10.soo 
10.1so 
11 .ooo 
11.250 
11.soo 
11. 750 
12.000 
12.250 
12.soo 
12.750 
13.000 
]3.250 
13.500 
13.750 
14.000 
14.250 
14.500 

DEl.PCINI 

.001 

.ooe 

.015 

.021 

.026 

.031 
,035 
.039 
.043 
,046 
.049 
.os2 
.054 
,056 
.oss 
.060 
.062 
.063 
.065 
.066 
.068 
.069 
.010 
•. on 
.012 
.073 
.074 
,074 

0,000 
0.000 
0.000 
0.000 
0,000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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DELTA(CFS1IN> 

1.554 
1.554 
3.623 
7.667 

10.643 
12,3;>4 
9,128 
7,6A9 
6,220 
4,856 
3,231 
2alA4 
1.623 
1,3'.\3 

,3()4 
.Jo4 
.Jo4 
.3o4 
.3o4 
.3o4 
.3o4 
.3o4 
,3o4 
,,3().4. 
.3o4 
,304 
,152 

0,0nO 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ono 
0.000 
o.ono 
o,ono 
0,0oO 
0.000 
o.ono 
0.000 
0,0o0 
0,0oO 
0,On0 
0,0n0 
0,0o0 
o.ono 
O,0o0 
O,OoO 
O,OnO 
o.ono 
o.ono 
0,0n0 
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FtOOD HYOROGRAPH 

TlME(I-IR> 

1.2so 
1.soo 
1.750 
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2.2so 
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3.000 
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40000 
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60000 
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60750 
1.000 
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·7 .1so 
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80750 
QoOOO 
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9,750 

10.000 
100250 
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11.000 
11,250 

-11,500 
11 • 750 
12.000 
12,250 
12.soo 
12.750 
l '.h 000 
13.250 
11.soo 
13,750 
14.000 
140250 
14.soo 

(continued). 
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Q(CFS) 

.oo 

.01 

.04 
,09 
.20 
.37 
.62 
091 

1 .23 
1 .56 
1.89 
2.22 
2.s2 
2.a1 
3.08 
3,33 
3.55 
3.,76 
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4.13 
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s.u 
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.01 



Exhibit l~o (continued) 
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4.5 Dimensional Limitations of XSRAIN 

Program XSRAIN is set up to handle storms of up to 100 steps of 

rainfall. If it is desired to use the program with an event of more· 

rainfall steps than this, one must change the dimensions of pertinent 

arrays as they are defined in DIMENSION and COMMON statements. 

Specifically, if it is desired to process an event with, say 120 steps, 

simply change all arrays presently dimensioned to have 100 elements to 

be able to hold 120 elements. This can be done with one command with an 

interactive text-editing computer system. 

In a like manner, XSRAIN is capable of producing a runoff 

hydrograph with up to 150 steps of outflow. If this in not enough, 

simply change all arrays dimensioned for 150 elements to be able to hold 

the necessary number of elements. In this way, all interacting arrays 

will be of compatible size. 

5. Example Calculated by Hand 

The application of infiltration equations for variable intensity 

rainfall is not so· complicated that one must rely on a high-speed 

digital computer. The following example will show that a pocket 

calculator is sufficient equipment for solving these problems . 

Suppose the following information is given: 

CN = 82.6 

K = 0.059 in./hr 

(Sf)fc = 0.884 

2, = 1,100 ft 

P = 1.1 in. 

t = 2.0 hr 
D 

Date = Sept. 29 

Y = 8 percent 

AR(l) = AR(3) = AR(4) = AR(5) = 0.0 

AR(2) = 0.25 in. 

AREA= 0.03 square miles 

5.1 Calculation of Time Distribution 

The next step to take is to impose a time distribution on the 

1.1 in. of rainfall over the 2 hr duration. Lets say a knowledge of 

local conditions suggests that peak rainfall typically occurs in the 

third quartile of a storm duration. A 20 minute time step is 

chosen. This is translated into a percentage of the total 

d • b 20 min 100 16 7 t U • F' 3 f uration y 2 (60 min) x percent= . percen. sing 1gure or 

a Huff third-quartile storm, one can tabulate the following values: 
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Step 1 2 3 4 5 6 

Cumulative percent 
storm time 16.7 33.3 50.0 66.7 83.3 100.0 

Cumulative percent 
precipitation 7.0 15.0 28.0 73.0 95.0 100.0 

Incremental percent 
precipitation 7.0 8.0 13.0 45.0 22.0 5.0 

Incremental 
precipitation (in.) .08 .09 .14 .so .24 .05 

The values in the first row are found by simply adding 16.7 percent for 

each time step. Values in the second row are read off using the Huff 

third-quartile, 50 percent probability curve in Figure 3 to pick off 

ordinate values corresponding to the first row, abscissa values. The 

numbers in the third row are just the differences between the successive 

second row values, for example, the third time step value is 

28.0 - 15.0 = 13.0. These in turn are converted into steps of inches of 

rain in the fourth row by multiplying the total depth of rain by the 

appropriate percentages, e.g., in time step three 

l3. O 1 1 • 0 14 • lOO.O x • in.= • in. 

The length of a time step is computed by 1~~:~ x 2 hr= 0.33 hr. 

The mean rainfall intensity for each time step is computed by 

dividing each increment of rainfall by the length of a time step. For 

step three this would be: 

0.14 in. 0 42 . /h 
0.33 hr = • in. r 

Results for all six steps are tabulated below. 

Step 1 2 3 4 

t (hr) .33 .67 1.00 1.33 

r (in./hr) 0.24 0.27 0.42 1.50 
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With a variable rainfall pattern now established, one may proceed 

to the calculation of a storage suction factor revised for seasonal and 

5 day antecedent rainfall (if this is not desired, one could skip ahead 

to calculation of ponding time using the field capacity value of storage 

suction factor). 

5.2 Revision of Storage Suction Factor 

Calculations in this section follow the ·procedure programmed in 

Subroutine DEFICIT of XSRAIN: First calculate the (approximate) Julian 

date for the day in question: 

Julian date = 30 x,~[9-1) + 29 = 269 
-~ 

Next, the AMC II value oI S: 
,\;." 

S = 1000 10 = 1000 CN - 82 _9 10 = 2.11 in. 

Seasonal S is found nfxt: 

Seasonal S = X (1.3)(2.11) + (0.2)(2.11) 

= 3.16 in. 

Seasonal S is next modified by the 5 day antecedent rainfall and 

drying. This is most easily accomplished in a tabular fashion: 

A Day in Sequence 
.. 

1 2 3 4 5 -~~l 

B 1.06 x Yesterday's 
Adjusted s 3.16 3.35 3.29 3.48 3.69 

C Antecedent Rain (AR) ·.'::..~ - 0.00 0.25 0.00 0.00 0.00 
11;·, 

D Antecedent Infiltration 0.00 0.25 0.00 0.00 0.00 

E Adjusted s (Row B-Row D)::;. 3 .16 
~ll'f 

3.10 3.29 3.48 3.69 

., :. 
Seasonal S = 3.16 in. is tak~µ as the starting point in Row B, Column 1. 

j,~ ~ 

There was no rainfall on the first day to change this value. Row B, 

Column 2 is filled in with .l.06 times the Row E value of S from 
:\! l ,~ 

Column 1, a value of 3. 35. jJrhis must be modified for rain infiltrated 
,.:/ 

on that day, which is estimated by the SCS method with I = 0.2 S and 
a 

AMC II: 
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2 
W =AR_ (AR-0.2 S) 

(AR+0.8 S) 

In this case, though, AR= 0.25 < 0.2 (2.11) = 0.42 = I so all of AR 
a 

is assumed infiltrated and the above equation doesn't apply. The 

adjusted S for day 2 is then calculated as 3.35 - 0.25 = 3.10 in. 

Values for day 3, 4 and 5 are found in a similar manner. The adjusted 

value of 3.69 in. (Row 'E', Column 5) will be used to calculate the 

moisture deficit for the day of the storm. 

Moisture deficit at field capacity is estimated using CN: 

(0-0fc) = 0.253 - 0.002 CN = 0.253 - 0.002 (82.6) = 0.088 

Effective depth of the soil profile is calculated as 

D = 8AMCII _ 2.11 _ 24 0 . 
e ~ - 0. 088 - --· _1._n_. 

(8-efc) 

wetting front suction is found by 

Hf 
(Sf) fc 0.884 10.04 in. = = 0.088 = 
ce:efc) 

The moisture deficit for the day of the storm may now be calculated: 

(e-ei) = adju;ted S = -~4~.6--~-~-~-: = 0.15. 
e 

This in turn permits the calculation of the revised storage suction 

factor: 

This value will be used in subsequent calculations of ponding time and 

post-ponding infiltration. 

5.3 Ponding Time Calculations 

The formula employed here is 

t = t + __! 
p j-1 r. 

J 

j-1 
- I 

v=l 

103 

(3.4.1) 



For the first time step, j = 1, one obtains 

1.506 ]- O 
~-1 [ .059 

= 2.04 hr 

Since 2.04 > 0.33 = t 1 , the formula is tried with the next time step, 

j = 2, namely: 

Since 

t 1 [ 1. 506 
p = 0 •33 + 0.27 .27 

1 .059 -

- ( 0 . 33 )( 0 . 24) ] = 1. 60 hr 

1. 60 > O. 67 = t 2 , 

1 

on[e :~::/roceed to j = 3, with thle result: 

tp = 0.67 + _42 ~ _ l - (.24)(.33)-(.27)(.33) = 0.855 hr 

.059 

Since t 2 = 0.67 < 0.855 < 1.00 = t
3

, ponding time occurs during the 

third time period, when t = 0.855 hr. 

5.4 Calculation of Post-Ponding Infiltration 

Up to ponding time, all rainfall infiltrates. After ponding, 

cumulative ponding is calculated by the formula 

where 

and 

w. = W + S(W ,0.) [,Jt.-t +B - /B] + K(t.-t ) 
J p p 1 J p J p 

S(W ,0.) = p 1 

2K(Sf+W )
2 

p 

(3.5.3) 

In our case 

WP= (.24)(.33) + (.27)(.33) + (.42)(.855-.67) = 0.246 in. 

r = 0.42 in./hr p 
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Thus, we may calculate 

B -- 21 (l.506+0.246) 2 __ 

(.059)(1.506) <:ci;9 - 1) 2 
0.461· hr 

Substituting, we get 

w. = 0.490 ✓t.-.394 + 0.059 t. - 0.137 
J J J 

Substituting values of t gives values of cumulative infiltration 

explicitly. The difference between adjacent cumulative infiltration 

depths gives incremental depths of infiltration. These may be divided 

by the length of a time step to yield mean infiltration capacity values 

for each time step. Values are tabulated below. 

j t. (hr) 
J 

3 1.00 

4 1.33 

5 1.67 

6 2.00 

w. (in.) 
J 

.303 

.416 

.515 

.602 

AW. (in.) 
J 

.113 

.099 

.087 

I. (in. /hr) 
J 

0.34 

0.30 

0.26 

The mean infiltration rate between ponding and the end of time step 

three is found by 

.303 - .246 
1.00 - .855 = 0.39 in./hr 

Mean excess rainfall rate in any period is now simply found by 

subtracting the mean infiltration rate from the rainfall rate. 
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If I.> r., then 
J J 

r = 0 e. 
J 

r = r. - I. 
e. J J 

J 

and I. = r .. 
J J 

Finally, retention (interception and depression storage) of 0.1 in. 

is subtracted from the excess rainfall pattern. This quantity is 

subtracted from the beginning of the r pattern to yield the r' 
e e 

final excess rainfall pattern. A full tabulation is given below: 

j 

1 

2 

ponding 

3 

4 

5 

6 

t 

(hr) 

w 
(in.) 

aw I r r 
e 

(in.) (in./hr) (in./hr) (in./hr) 

0.33 0.079 0.079 

0.67 0.168 0.089 

0.855 0.246 0.078 

1.00 0.303 0.057 

1.33 0.416 0.113 

1.67 0.515 0.099 

2.00 0.565 0.050 

0.24 

0.27 

0.42 

0.39 

0.34 

0.30 

0.15 

0.24 

0.27 

0.42 

0.42 

1.50 

o. 72 

0.15 

0.00 

0.00 

0.00 

0.03 

1.16 

0.42 

0.00 

A diagram of the results is presented in Figure 14. 

5.5 Calculation of Runoff Hydrograph 

r' 
e 

(in./hr) 

0.00 

0.00 

0.00 

0.00 

0.88 

0.42 

0.00 

In this section, the excess rainfall pattern computed in 

Section 5.4 will be converted to a flood hydrograph by means of the SCS 

dimensionless unit hydrograph (mass curve). 

First, the time characteristics of the unit hydrograph are 

computed. Lag time, tQ, is found by Equation (5.5.1) 

t = Q0.8(S+l)0.7 

Q 1900 (Y) 0•5 
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where ! is the length to the divide (ft), 

S is the SCS watershed storage (in.), and 

Y is the average watershed slope (percent). 

For the selected watershed, this works out to be: 

Next, the time to peak is calculated: 

Computing: 

Tp = 0.~33 + 0.112 = 0.28 hr 

It should be noted here that 

0.112 hr 

0.333 hr= at> 0.25 T = 0.07 hr p 

(5.5.2) 

NEH-4 warns that in such a case the resulting flood hydrograph will be 

jagged and discontinuous. If this turns out to be so, it may be 

necessary to make calculations using shorter time steps. 

Alternatively, one may estimate lag time by another method of 

Reference Al qf the Appendix. One may find that lag time is greater 

than that found by Equation (5.5.1) and that therefore ~t < 0.25 T. p 
The curve number method was developed from observations on a great many 

different watersheds and hence may not adequately represent the 

peculiarities of the watershed in question. 

Using 20 min (0.333 hr) time steps, values of t/T are computed, p 
and corresponding values of Q/Q read from Figure 8 (the SCS mass 

curve). The results are given here: 

t (hr) .333 .667 1.000 1.333 1.667 

t/T 1.19 2.38 3.57 4.76 5.95 p 

Q/Q .51 .93 .99 .. 995 1.00 
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Differences between successive mass curve (Q /Q) values give 
a 

dimensionless unit hydrograph ordinates, or deltas (o): 

A 

8(1) = 0.51 

0(2) = 0.42 

8(3) = 0.06 

8(4) = 0.005 

o(5) = 0.005 

flood hydrograph may now be computed by the formula: 

n 
q(n) = l 

j=l 
r'(j) 8(n-j+l) for n = 1, 2, ... , MM 

e 
(5.5.3) 

where q (n) is an outflow in inches/hour ( to be converted later to 

cfs), r'(j) is an excess rainfall rate in inches/hour, and MM is the 
e 

total number of time steps for which flow will occur. MM is the sum 

of the number of excess rainfall steps and the number of deltas, 

minus 1. For the considered problem: 

MM = 2 + 5 - 1 = 6 

and by Equation (5.5.3) one calculates: 

r' (1) o(l) 
e 

= (0.88)(0.51) = 0.45 q(l) = 

q(2) = r'(l) o(2) + r'(2)8(1) = (0.88)(0.42) + (0.42)(0.51) 
e e 

= 0.58 

q(3) = r~(l) o(3) + r~(2)8(2) + r~(3)o(l) 

= (0.88)(.06) + (.42)(.42) + (.00)(.51) = 0.23 

q(4) = r'(l) o(4) + r'(2)o(3) + r'(3)o(2) + r'(4)o(l) e e e e 

= (0.88)(.005)+(.42)(.06)+(0.0)(.42)+(0.0)(5.1) = 0.03 

q(5) = r'(l) o(5)+r'(2)o(4)+r'(3)8(3)+r'(4)o(2)+r'(S)o(l) e e e e e 

= (0.88)(.005) + (.42)(.005) + 0 + 0 + 0 = 0.0065 

q(6) = r'(l) 8(6)+r'(2)8(S)+r'(3)8(4)+r'(4)o(3)+r'(S)o(2) e e e e e 

+ r'(6)o(l) = (0.88)(.005) + 0 + 0 + 0 + 0 = 0.0044. 
e 
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These flood hydrograph values may be converted to cfs by multiplying by 

the area (square miles) and the conversion factor 645.3 (cfs/sq.mi.). 

It should be noted that q(l) will occur at the same time as 

r' (1), which is the step ending at 
e 

t = 1.33 hr after the onset of rain. 

A tabulation of the flood hydrograph is presented: 

t (hr) 1.33 1.67 2.00 2.33 2.67 3.00 

q (cfs) 8.7 11.2 4.4 0.6 0.1 0.1 

Figure 15 is a plot of the hydrograph. 
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APPENDIX 

This section consists of four miscellaneous items pertinent 

to this Manual. 

Reference Al deals with TIEthods of estirnation of tiTIE of 

concentration and lag tiTIE. It is exerpted from NEH-4, Chapter 15. 

Reference "A2. deals with :rroisture deficit prediction from 

SCS curve number and other relations. 

Table A3 lists soil narres and their hydrologic classifications. 

Exhibit Al is the corrplete listing of Program XSRAIN. 
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Reference Al. Methods of Estimation of Time of Concentration and Lag 
Time (excerpted from NEH-4, Chapter 15) 

Time of concentration 
This is the time it takes for runoff to travel from the hydraulically most 
distant part of-the storm area to the watershed. outlet or other point of 
reference downstream. In hydrograph analysis, Tc is the time from the 
end of excessive rainfall to the point on the falling limb or the hydro
graph ( point of inflection) where the recession cu.rve begins ( see 
Chapter 16). Tc is generally l.Ulderstood as applying to surface runoff. 

The implication in the definitions of Land Tc, that the time factor is 
only a case of calculating a theoretical velocity of a segment of water 
moving through a hydraulic system, is a.'11 over-simplification. As with 
lag, T0 may vary because of changes in h_ydraulic and storage conditions. 

Estimating Tc, Tt and L 

Each method presented here is in effect a short-out from which one or more 
watershed charactetlstics have been omitted. It is a good practice to 
consider more than one method, choosing the one that best fits the 
characteristics of a given watershed. It is not worthwhile averaging 
estimates made using two or three methods. Instead, the method that 
appears most applicable because of field and data conditions should be 
used. 

Field observations 
At the time field surveys to obtain channel data are made, there is a 
need to observe the channel system and note items that may affect channel 
efficiency. Observations s~ch as the type of soil materials in the 
banks and bottoms of the channel; an estimate of Manning's roughness 
coefficient; the apparent stability or lac~ of stability of channel; 
indications of debris nows as evidenced by deposition of coarse sediments 
adjacent to channels, size of deposited materials, etc., may be 
significant. 

Indications of channel stability can sometimes be used to bracket the 
range of velocities that normally occur in the stream channels. 
Because high sediment concentrations frequently affect both channel 
velocities and peak rates of runoff, it is important to note when this 
potential exists. 

Intensity of investigations 
The purpose fo~ which a study is made is a guide to the amount of work 
that should be done in securing data to serve as a basis for estimating 
Tc (Chapter 6). ·Where the eydrograph is to be the basis for design or 
for an important conclusion in planning, sufficient surveys should be 
made to serve as a basis for (a} dividing the main drainage course into 
reaches that are approximately uniform as to channel sizes, slopes and 
characteristics and (b) determining average cross sections, roughness 
coefficients and slopes for each reach. Where the h_ydrograph is to be 
the basis for preliminary conclusions, Tc may be estimated by taking the 
travel distance from maps or aerial photographs and estimating average 
velocity from general knowledge of the approximate sizes and characteris
tics of channels in the area l.Ulder consideration. 

Many natural streams have considerable sinuosity, meander, etc. as well 
as overfalls and eddies. Tendencies are therefore, to l.Ulderestimate the 
length of channels and overestimate average veloclties through reaches. 



Strewn hYdraulics for estimating travel time and Tc 
This method is recommended for the usual case where no usable hydrographs 
are available. This procedure is :most applicable for areas where surface 
runoff predominates. It can result in too short of Tc for areas where 
interflow and ground water now are a JJajor part of runoff. 

Stream or valley lengths am flow velocities are used, -being taken from 
field survey data. It is assumed the stream has been divided into reaches. 

1. Estlmate the 2-7ear frequency discharge in the stream. When 
this cannot be done, use the approximate bankfull discharge of the low 
now channel. 

2. Comp~te the average velocity. In watersheds with narrow flood 
plains where the depth of overbank flow may be 10 to 20 feet during a 
major flood event, it may be desirable to use correspondingly higher 
velocities for frequencies of 10 to 100 years or greater. 

J. Use the average velocity and the valley length of the reach to 
compute the travel time through the reach by equation 15.1. 

4. Add the travel times of step 3 to get the Tc for the watershed. 
Use of the low flow channel bankfull discharges with valley lengths is a 
compromise that gives a Tc for average fioods. For special cases {channel 
design, for instance) use whatever average velocities and lengths are 
appropriate. 

In most oases the hydraulic data do not extend upstream to the watershed 
ridge. The remaining time (to add in step 4) can be estimated by adding 
the time obtained by the upland method or the Tc obtained by the ~ 
number method. See figures 15.2 and 15.3 respectively. Use the one most 
applicable to the upper watershed characteristics. 

Lag may be estimated in terms of Tc using the empirical relation: 

L ::: 0.6 T0 •••••••••• _- ••••••••••• Eq. 15.3 

This is for average natural watershed conditions and for an approximately 
uniform distribution of runoff on the watershed.. When runoff is not 
uniformly distributed the watershed can be subdivided into areas within 
which the runoff is nearly uniform, enough so that equation 15.3 can be 
applied. 

Upland method 
Types of flow considered in the upland method are: overland; through 
grassed wate:rvays; over paved areas; and through small upland gullies. 
Upland flow employed. in this method can be a combination of these various 
surface runoff conditions. The velocity is determined using figure 15.2. 

The most remote segment of runoff that becomes part of the total time of 
concentration may occur in wide sheets overland rather than in defined 
channels. This type or flow is of practical importance only in very 
small watersheds because runoff is usu.ally concentrated into small 
gullies or terrace channels within less than a thousand feet of its 
origin. The velocity of overland flow varies greatly with the surface 
cover and tillage as demonstrated in figure 15.2. 

Surface runoff along terrace channels is another type of upland flow. 
The velocity am distance of flow that relate to time of concentration 
is based on the terrace gradient and length. A velocity of 1.5 feet 
per second can be assumed for the average terrace channel. Runoff soon 

ll5 



concentrates from sheet flow into small gullies. Their path of flow 
and location may change from one flood to the next. Ordinary tillage 
operations may obliterate them after each period of runoff. Still larger 
gullies are formed which under a good conservation practice are trans
formed into permanent grassed waterways. 

The travel time (Tt) for each type of upland flow can be computed using 
equation 15.1. The summation of these travel times will equal the Tc 
1n the upland or subwatershed, to the watershed outlet, or down to the 
point where hydraulic cross sections have been made for the stream 
hydraulics method. 

In a small watershed the elapsed time for overland flow in figure 15.2 
'IIJAY be a substantial percent of the total watershed time of concentration. 
Conversely, it is a much smaller portion of the total time of concentra
tion in larger watersheds. In watersheds larger than 2000 acres, it can 
usual.ly be ignored by extrapolating the average measured velocity over 
the entire hydraulic distance as P!eviously described. 

The upland method apould be limited to small watersheds (2000 acres or 
leas) and to the sub-watershed portions of larger watersheds above and 
beyond the point where it is impractical to survey cross sections and 
make other detailed hydraulic measurements. This upstream limit is 
usually selected where natural reach storage ceases to be an important 
element in shaping a unit hydrograph for the watershed 1n question. 

Qurye number method 
Thia method was developed tor areas of less than 2000 acres. 

F,quation 15.4 was developed from research watershed data: 

L .1 o.e (S+l)°•7 

1900 r'· 6 

Where L • lag in hours 

.t • hydraulic length of watershed in feet 

S • 1000 • 10 where CN' ~ hydrologic soil cover 
CN' 

complex number (CN) in Chapter 9. 

Y • average watershed land slope in percent 

F.q. 15.4 

The curve number method was developed to span a broad set of conditions 
ranging from heavily forested watersheds with steep channels and a high 
percent of the runoff resulting from subsurface or inter-flow and 
meadows providing a high retardance to surface runoff, to smooth land 
eurfaces and large paved parking areas. The CN• is a measure of the 
retardance of surface conditions on the rate at which runoff concentrates 
at some point in question. This retardance. factor (CN') is approxtmately 
the same as the CN in Chapter 9. A thick mulch in a forest is associated 
with a low CN in Chapter 9 and reflects a high degree of retardance as 
well as a high infiltration rate. A hay meadow has a relative low CN, 
other factors being equal, and like a thick mulch in a forest provides a 
high degree of retardance to overland flow in small watersheds. Conversely, 
·.>are surfaces with very little retardance to overland flow are represented 
by a high CN• . Runoff curve number tables in Chapter 9 can be used for 
approximating the CN' for the "8" in equation 15.4. A CN 1 of less than 
50 or greater than 95 should not be used in the solution of equaticn 15.4. 

The slope (Y) in percent is the average land slope of the watershed. 
Theoretically, it would be as if slopes were obtained for each corner of 
a grid system placed over the watershed, and then averaged. 

Figure 15.3 provides a quick solution +-0 equation 15.4. 
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Variations in Lag and To Due to Urbanization 

Investigations have indicated that a significant increase in peak 
discharge can result from urbanization of a watershed. Such increases 
in the peak dlscharge are generally attributed to the construction of 
collection systems that are more efficient in a hydraulic sense than 
those provided in nature. These systems increase conveyance velocities 
so that greater amounts or discharge tend to reach points of concentra
tion concurrently. Where now once prevailed over a rough terrain and 
along f'ield gullies and stream channels, urbanization provides 
hydraulically smooth concrete gutters, streets, storm drains and open 
channel noodV&7s that convey runoff rapidly to dow,u1+--ream points. 

The amount of' imperviousness due to urbanization in a watershed varies 
from about 20 percent in the case of low dansi ty residential aras to 
&bout 90 percent where business and COD1111ercial land use predominates. 

fable 15.l illustrates the degree of' imperviouimeas with land use f'or 
typical urban development. 

Table 15.i.-Percent of' imperviousness for various densities of urban 
occupancy. 

Land Use 

Low Density Residential 
Medium Density Residential 
High Density Residential 
Business - Commercial 
Light Industrial 
Heavy Industrial 

% Imperviousnesa!/ 

20 - 30 
25 - 35 
30 - 40 
40 - 90 
45 - 65 
50 - 70 

!/ Effects of' Urbanization on Storm Runoff - Cudworth and Bottorf -
South Pacific Division - Corps of' Engineers. Presented to Water 
Management SubcODllllittee, PSIAC, March 1969. 

A Cli' of' 90 or 95 can be used to estimate the impervious portion. CN• 
for lawns, parks,· etc. can be selected from one of the curve number 
tables in Chapter 9. 
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Reference A2~ Moisture Deficit--CN Regression Equation and Other 
Relations 

Using data available for 9 soil textural classes, a regression 

equation was developed to permit prediction of field capacity moisture 

deficit from CN. The CN values used were the transforms of the 

least-squares S values found for each soil type. (See the discussion 

of program SCSEXT in the portion of the report (Morel-Seytoux and 

Verdin, 1980) recounting how the SCS infiltration correspondence was 

established.) The field capacity moisture deficits, (0-0fc)' were those 

reported in USDA Technical Bulletin No. 1518. A plot of the data points 

and the line which fit them is shown in Figure Al. 

Moisture deficit estimates for AMC III were found by using the CN 

in column 3 of Table A2, and working backward to find (8-0III). 

Effective capillary drive was defined by Hf= (Sf)fc/(0-0fc). The 

sorptivity of Table Al corresponding to CN (AMC III) and the hydraulic 

conductivity corresponding to CN (AMC II) was used to solve for a 

storage suction factor corresponding to AMC III. This was then divided 

by the effective capillary drive, Hf' to yield an AMC III moisture 

deficit, (0-0III). The average ratio of (0-e11I) to (0-8fc) was 

found to be 0.2. 

The mean ratio of (8-0 .1)/(8-0f ), using data of USDA TB 1518, 
Wl C 

was found to be 2. 
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Figure Al. Relation between field capacity moisture deficit and curve number. 



Table Al. Table of correspondence. 

CURVE NUMBER l(fCIN/HRl SFIINl SORPTIVITY(IN/HR**l/2) 
=======:::==•= =====•==• ====::= ------------=-=a=-=--- CURVE NUMBER l(f IIN/HR) SF<INI SORPTIVITYllN/HR**l/21 

===:======== ========• ====•= ===================;== 
100.0 0.000 I 0.0000 f>O.O .466 .876 .9035 

99.0 .003 .088 .023 7 49 ■ 0 .481 0859 09093 
98 ■ 0 .006 .177 00473 48.0 .497 .843 09150 
97.0 .010 .26!> .0710 47·.o .512 0 828 .9208 
96. o. .013 .353 00947 46o0 0528 .813 09265 
9500 0016 0442 o 1183 ,.5.0 0543 .800 09323 

94o0 .019 .53o ol420 44.0 .558 .78~ .9380 

93.0 .022 0618 .1657 43.0 .574 .776 .9438 

92.0 .025 0707 .1893 42.0 .589 .765 .9495 

91.0 .029 .795 .2130 41.0 0605 .755 .9553 

90o•O .032 0883 02367 40.0 .620 • 745 09610 

89.0 .035 .972 .2603 39.0 0635 .735 .9668 
88.0 .038 1.060 .2840 38o0 .651 .t:27 09725 
87.0 .041 1.148 03077 37.0 .666 .718 .9783 
86.0 0044 10237 03313 36.0 0687 .705 .9840 
05.0 0048 lo325 03550 35.0 o 719 .681 .9898 
84.0 .os1 1.414 .3787 34o0 .751 .659 .9955 
83.0 .054 1.502 .4023 33.0 .784 .640 1.0013 
82.o .057 lo590 .4260 32 •. 0 0816 .621 1.0010 
81.0 0060 lo679 .4497 31.0 0849 -.604 1.0128 
00.0 .063 1. 767 .4734 30.0 0881 os89 10010s 
79.0 .0&1 1.055 .4970 29.0 .913 .574 1.0243 

I-' 
78,0 .010 1 ■ 944 .5207 2a.o .946 0561 le0300 

N 77o0 .o73 2.032 0544ft 21.0 .978 .548 100358 

N 76.0 .076 20120 .5&80 2&,0 1.011 0537 100415 
75.0 0081 2.161 .5917 2s.o 1.043 0526 100473 
74.0 .096 1.964 06154 24,0 1,075 0516 1.0530 
73.0 .112 1.026 .6390 23.0 1.108 0506 lo0588 
72.0 .121 lo 726 .6627 22.0 1.140 ·"97 1.0645 
11.0 ol43 1.652 .6864 21.0 1.173 .488 1.0703 
10.0 .150 lo595 .1100 20,0 1.205 .480 1.0760 
&9.0 .173 1.5s2 .7337 19. 0 1.237 .HJ 1,0818 
&8.0 .189 lo519 .7571t 10.0 1.210 .466 1.0875 
67.0 .201t l .tt9• .7810 17 .o 1.302 ·"59 1.0933 
6&.0 ,220 lo474 ,8047 l&,O 1,335 0452 1.0990 
&5.o ,235 1,421 .8173 15,0 1.367 ,446 1.1048 
&4.0 .250 1,352 .8230 14,0 1 .399 ,441 1.1105 
63,0 ,266 1.292 ,828B 13.0 lo432 0435 1 o 1163 
&2.0 .281 1.238 ,8345 12,0 1,464 .430 1.1220 
61 • 0 .297 1.190 .Btt03 11.0 lo497 .425 1.1278 
60.0 .312 1,147 08460 10,0 1,529 .420 1.1335 
59.0 ,327 1.10s .8518 9.0 l .561 .416 1.1393 
S8.0 .343 1.013 ,8575 a.o lo594 .411 lol450 
57.0 .358 1.040 ,8633 7,0 1 ■ &26 ,407 1,1508 
56.0 .374 1.011 .8690 &,O l ■ &59 0403 lol565 
55.0 .389 ,984· .8748 s.o 1 .• 691 .399 1.1623 
54,0 0404 .959 .0005 4.0 1.723 .396 1,1680 
SJ.O ,420 .935 ,8863 3,0 le756 .392 1 • 1738 
s2.o .435 .914 ,8920 2.0 l.788 .389 1,1795 
s1.o .451 .89" .8978 1,0 l e-621 ,386 1 o 1853 



Table A2. Table of curve numbers for AMC I and AMC III. 

1 2 3 4 5 1 2 3 4 5 

CN for Curve* CN for Curve* 
condi- CN for Starts condi- CN for starts 
tion conditions s where tion conditions s where 
II I III values* p = II I III values* p s 

(inches) (inches) (inches) (inches) 

100 100 100 o.o o.o 60 40 78 6.67 1.33 
99 97 100 0.101 0.02 59 39 77 6.95 1.39 
98 94 99 0.204 0.04 58 38 76 7.24 1.45 
97 91 99 0.309 0.06 57 37 75 7.54 1.51 
96 89 99 0.417 0.08 56 36 75 7.86 1.57 
95 87 98 0.526 0.11 55 35 74 8.18 1.64 
94 85 98 0.638 0.13 54 34 73 8.52 1.70 
93 83 98 0.753 0.15 53 33 72 8.87 1.77 
92 81 97 0.870 0.17 52 32 71 9.23 1.85 
91 80 97 0.989 0.20 51 31 70 9.61 1.92 
90 78 96 1.11 0.22 50 31 70 10.0 2.00 
89 76 96 1.24 0.25 49 30 69 10.4 2.08 
88 75 95 1.36 0.27 48 29 68 10.8 2.16 
87 73 95 1.49 0.30 47 28 67 11.3 2,26 
86 72 94 1.63 0.33 46 27 66 11.7 2.34 
85 70 94 1.76 0.35 45 26 65 12.2 2.44 
84 68 93 1.90 0.38 44 25 64 12.7 2.54 
83 67 93 2.05 0.41 43 25 63 13.2 2.64 
82 66 92 2.20 0.44 42 24 62 13.8 2.76 
81 64 92 2.34 0.47 41 23 61 14.4 2.88 
80 63 91 2.50 0.50 40 22 60 15.0 3.00 
79 62 91 2.66 0,53 39 21 59 15.6 3.12 
78 60 90 2.82 0.56 38 21 58 16.3 3.26 
77 59 89 2.99 0.60 37 20 57 17.0 3.40 
76 58 89 3.16 0.63 36 19 56 17.8 3.56 
75 57 88 3,33 0.67 35 18 55 18.6 3.72 
74 55 88 3.51 0.70 34 18 54 19.4 J.88 
73 54 87 3.70 0. 74 33 17 53 20.3 4.06 
72 53 86 3.89 0.78 32 16 52 21.2 4.24 
71 52 86 4.08 0.82 31 16 51 22.2 4.44 
70 51 85 4.28 0.86 30 15 50 23.3 4.66 
69 50 84 4.49 0.90 
68 48 84 4.70 0.94 25 12 43 30.0 6.00 
67 47 83 4.92 0.98 20 9 37 40.0 8.00 
66 .46 82 5.15 1.03 15 6 30 56.7 11.34 
65 45 82 5.38 1.08 10 4 22 90.0 18.00 
64 44 81 5.62 1.12 5 2 13 190.0 38.00 
63 43 80 5.87 1.17 0 0 0 infinity infinity 
62 42 79 6.13 1.23 
61 41 78 6:39 1.28 

*For CN in column 1 
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Table A3.' Soil names and hydro logic classifications. 

AAl!ERG C AHL C ALMY B ANUUF C AROOSTOOK 
AASTAD B AHLSTROM C ALOHA C ANNABB.LA B AROSA t 
ABAC 0 AHMEEK B ALONSO B ANNANDALE t ARP C 
ABAJO C AHOLT D ALOV,lR C ANNISTON B AllRINGTDN 8 
AHOTT D AHTANUM C ALPENA B ANOKA A ARRITOLA D 
AHOlTSTOWN C AHWAHNEE C ALPHA C ANONES C ARROUME C 
ABCAL D AIBONITO C ALPON B ANSARI D ARRON D 
A0EGG 8 AIKEN B/C ALPOWA B ANSEL B ARROW 8 
ABEU B AIKMAN D ALPS C ANSELMO A ARROWSMITH B 
ABELL B AILEY B ALSE:A B ANSON B ARROYO SECO B 
ABERDEEN D AINAKEA B ALSPAUGH C ANTELOPE SPRINGS t AllTA C 
A!.\ES D AIRMONT C ALSTAD B ANTERO • t ARTOIS C 
ABILENE C Al ROT SA 8 ALSTOWN B ANT FLAT C ARVADA D 
AIUll!GTON B AIRPORT D ALTAMONT D ANTHO 8 ARVANA C 
AHQUA C AITS B ALTAVISTA C ANTHONY B ARVESON D 
HO 8/C AJO C ALTo'ORF D ANTIGO B ARVH.LA 8 
AeoR D AKAKA A ALTMAR B ANTILON 8 ARlELL C 
ABRA C AKASKA 8 ALTO C ANTIOCH D ASA 8 
ABRAHAM 8 AKELA C ALTOGA C ANTLER C ASBURY B 
ASSAROKE(: C ALADDIN B ALTON 8 ANTOINE C lSCUON 8 
HSCOTA 8 ALU A ALTUS 8 ANTROBUS 8 ASCHOFF B 
li&SHER D ALAELOA 8 ALTVAN 8 ANTY 8 ASHBY C 
AHTED 0 ALAGA A ALUM 8 ANVIK 8 ASHCROFT 8 
ACAtlO C ALAKAI D ALUSA D ANWAY 8 ASHDALE 8 
ACADEMY C ALAMA B A-t:¥ni 8 AHL\ B ASHE B' 
ACADIA 0 ALAMANCE B ALVIRA C ANZIANO t ASHKUM C 
ACANA D ALAMO D ALVISO D APACHE D ASHLAR 8 
AtASCO D ALAMOSA C ALVOR C APAKUIE A ASHLEY A 
AGUTu.tAS B ALAPAHA D AMADOR D APISHAPA C ASH SPRINGS C 
ACEL D ALAPAI A AMAGON D APISON B ASlfTON B 
ACKER B ALBAN 8 4MALU D APOPKA A ASHUE 8 
ACKMEN I ALBANO D AMANA 8 APPIAN C ASlfUELOT ' ACME C ALBANY C AMARGOSA D APPLEGATE C ASHWOOD C 
IICO B ALBATON D AMARILLO B APPLETON t ASKEW C 
ACOLITA 8 ALBEE C AMASA 8 APPLING 8 ASO C 
ACOMA C ALBEMARLE 8 AMBERSON APRON B ASOTIN C 
ACOVE C ALBEflTVILLE C AMBOY C APT C ASPEN 8 
ACREE: C ALBIA C AMBRAW C APTAKISIC 8 ASPERMONT B 
ACRELANE C ALBION B AMEDEE A ARABY ASSINNIBOINE 8 
ACTON 8 ALBRIGHTS C AMELIA 8 MADA t ASSUMPTION 8 
A!;Ul'F 8 ALCALDE C AMENIA B ARANSAS D ASTATUtA A 
ACWORTH 8 ALCESTER B AMERICUS A ARAPIEN t ASTOR A/D 
ACY C ALCOA 8 AMES C ARAVE D ASTORIA 8 
ADA B ALCONA 8 AMESHA 8 MAVETON B ATASClOERO C 
ADAIR D ALCOVA 8 AMHERST C AIUlELA C ATASCOSA D 
ADAMS A ALDA C AMITY C ARIONE II ATCO 8 
ADAMSON • ALDAX D AMMON 8 ARBOR 8 ATENCIO 8 
ADAMSTOWN ALDEN D AMOLE C ARBUCKL.e 8 ATEPIC D 
AOAMSVILLE C ALDER 8 AMOR 8 ARCATA 8 ATHELIIDLO B 
AOATON 0 ALDERDALE C ANOS C ARCH 8 ATHENA 8 
ADAVEN 0 ALDERWOOO C AMSDEN 8 ARCHABAL B ATHENS I 
i\OiHELOU C ALDINO C AMSTERDAM 8 ARCHER C ATHERLY 8 
AOOISON D ALOWELL C AMTOFT D ARCHIN C ATHERTON 810 
ADDY C ALEKNAGIK 8 AMY D ARCO B ATHIIAll C 
ALlE •A AU:MEDA C ANACAPA 8 ARCOLA C ATHOL 8 
ADEL 'A ALEX B ANAHUAC D ARD C ATKINSON 8 
ADEL.A JOE D ALEXANDRIA C ANAMITE D ARDEN I ATUS 0 
ADELANTO 8 ALEXIS 8 ANAPRA • ARDENVOJR B ATLEE C 
AOELJNO 8 At.FORD • ANASALI • AIU>ILU C ATNJRE 8/0 
l!DELPHIA C ALGANSEE • ANATONE D AREDALE 8 ATOKA C 
ADENA ., ALGERITA 8 ANAVERDE 8 ARENA t ATON 8 
ADGER D ALGIERS C/D ANAWALT D ARENALES AfllYPA C 
AIUUS .A ALGOMA BID ANCHO 8 ARENDTSVILLE 8 ATSJDN C 
ADIRONDACK ,{; ALHAMBRA 8 ANCHORAGE A ARENOSA A ATTERBERRY 8 
ADIV ,a ALICE A ANCHOR IAY D MENZVILLE • ATTEWAN A 
AIJJUNTAS ]I) _jLJCEL • AMC.HOR POI NT D AMONAUT D ATTIU 8 
&Dl!.INS • ALICIA • ANCLOfE 0 ARGUELLO 8 ATTLE801l0 
~ER C ALIDA 8 ANCO C ARGYLE 8 ATWATER • ADOLPH D ALIKCH-J 8 ANOERLY C ARIEL C ATWELL C/0 
AOAIAN AID ALINE A ANDERS C AIUZO A ATWOOD B 
i\iNEAS 8 ALKO I) ANDERSON I ARKABUTLA C AUHEENAUBBEE a 
AUNA 8 ALLAGASH, 8 ANDES C ARKPORT • AUBERRY • &.HOH D aLLAfU> 8 ANDORINIA C ARI.AND 8 AUBURN CID 
AGAR 8 ALLEGHENY 8 ANDOVER D ARlE I AUBURNDALE D 
AGASSIZ D ALLEMANDS 0 ANDREEN 8 ARI.ING D AUDIAN 8 
£SATc D ALLEN 8 ANDREUDN C ARLINGTON C AU GRES C 
Ac.ANAM 8 ALLENOALE C ANDRES B ARI.OVAL C AUGSBURG I 
AGENCY C ALLENS PilK 8 ANDREWS C ARMAGH D AUGUSTA C 
AGER 0 ALLENSVILLE C ANED D ARMIJO D AULD D 
AGNER 8 ALLENTJNE D ANETH A ARMINGTON D AUllA 8 
Ac.NEil 8/C ALLENNOOO 8 ANGELICA D ARNO B AUilOU C 
AGNOS • ALLESSIO 8 ANGELINA BID ARMOUR 8 AUSTIN C 
AGUA B ALLEY C ANGELO C ARMSTER C AUSTt,ELL D 
t.GUADJLLA A ALLIANCE 8 ANGIE C AJUISTRONG 0 AUXVASSE D 
AGUA DULCE C ALLIGATOR D ANGLE A ARMUCHEE D AUZQUI I 
AGUA fRlA 8 ALLIS D ANGLEN • ARNEGARD B AVA C 
I.GUALl .• ALLISON C ANGOLA C ARNHART C AVALANCHE 8 
£GUEOA I ALLOUEZ t ANGOSTURA 8 ARNHEIM C AVALON B 
AGUILlTA B ALLONAY ANHALT D ARNO D AVERY 8 
AGUIRRE u ALMAC 8 ANIAK D ARNOLD 8 AVON t 
11\GUSTJN • ALMENA C ANITA D ARNDT CID AVDNBURG D 
&HATONE D ALMONT D ANKEfff A ARHY A AVONDALE E 

UTES A BLANK HYDROLOGIC SOIL GllOUP INDICATES THE SOIL GROUP HAS NOT BEEN DETHMINEO 
TNO SOil GROUPS SUCH AS 8/t INDICATES THE DRAINED/UNDRAINED SITUATION 
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Table A3. (continued). 

AIIIBREY D BARKER C BECKET C BERRENDOS D BLACKRIICK B 
UTELL D BAllKE.RVILLE C BECKLEY 8 88\RYLAND D BLACKSTON B 
AYAR D BARKLEY I BECKTON D BERTELSON B BLACKTUL B 
AYtOCll B BARLANE D BECKWITH C BERTHOUD B BlAtKIIATER D 
AYON 8 BARLING C BEtKWOURTH B BERTIE t 8LACKIIELL 8/D 
AYR I IARLOII 8 BECREEK 8 BERTOLOTTJ • BUDEN D 
AYRES 8 BARNARD D BEDFORD C BERTRAND 8 BLAGD D 
AYRSHIRE C BARNES B BEDINGTDN B BERVILLE D BLAINE B 
AYSEE.S 8 BARNESTON B BEDNER C BERYL B BLAIR C 
AUAR C BARNEY A BEEBE A BESSEMER I BLURTON C 
AZARMAN C BARNHARDT B BEECHER c; BETHANY C BLAKE C 
AUL TINE B BARNSTEAD BEE.CHY BETHEL D BLAKELAND A 
AZFIELD B BARNUM B BEEHIVE B BETTERAVIA C BLAKENEY C 
AZTALAN B BARRADA D BEEK C BETTS 8 BUKEPOU B 
ALTEC B BARRETT D BEENOM D BEULAH • BULOCK D 
AZULE C BARRINGTON 8 BEHAR 8 BEVENT I BLANER C 
AUE.LL B BARRON B BEGAY B BEVERLY B BLUtA B 

BARRONETT C BEGDSHIAIII t BEIi D BLANCHARD A 
BABB A BARRDIIS D BEHANIN B BEIILEYVILLE 8 ILANCIIESTER BID 
8A8BINGTON B BARRY D BEHEMDTDSII • BEIILIN D BLAND C 
BABCDtK C BARSTOlil • BEHRING D BEXAR C BUNDFOllD C 
BABYLON A BARTH C BEIRIIAN D BEZZANT I BLANDING B 
BACA C BARTINE C BEJUCDS B BIBB 8/D BLANEY B 
BACH D BARTLE D BELCHER D 8180N A BLANKET C 
BAtHUS C BARTLEY C BELDl:N D BJCKELTON B BLA!IITON A 
BACKBONt A BARTON B BELDING B BICKLETON C IIUNYON C 
BACULAN A BARTONFLAT II BELEN C BICKMORE C BLASDELL A 
IADENAU&H B BARVDN C BELFAST B IIICONDDA C BUSINGAIIE C 
BADGER C BASCOM B BELFIELD B BIDDEFORD D BLAZON D 
BADGERTON B '-sBASEHDR D BELFORE B BIDDLBIAN t BLENCOE C 
BADO D BASHAW D BELGRADE B BIDIIAN C !ILEND 0 
BADUS C BASHER B BELINDA D BIDIIIELL B BLENDON I 
BAGARD C BASILE D BELKNAP C BIEBER D BLETHEN B 
8AGDAD B BASIN C IELLAMY C 81ENVILLE A ILEVINS • BAGGOTT 0 BASINGER C BELLAVl$TA 0 IIG BLUE D ILEVINTON 8/0 
BAGLEY B BASKET C BELLE B BIGEL ·A BLICHTON D 
BAHEM B BASS ,. BELLEF ONT Al NE BIGELOW C BLISS 0 
&AILE D BASSEL B BELLICUM B BIGETTY c; BLOCKTON C 
BAINVILLE C BASSETT B IELLINGHAM C BIGGS A BLODGETT A 
BAIRD KILLi)W t BASSFULD B BELLPINE C BIGGSVILLE 8 BLDNFORO B 
IIAJURA D 8USL6R D BELIIONT • BIG HORN t BLOOM C 
BAKEOVl:N D BASTIAN D BEL-E B BIGNELL ·• BLOOMFIELD A 
BAKER t BASTROP B BELT D BIG TIMBER 0 BLOOMING B 
BAKER PASS B BATA A BELTED 0 BIGIIIIN D BLOOR D 
BALAAM A BATAVIA B IElTON C BIJDU A ILDSSDM C 
BALCH D BATES B BELTRAMI B BILLETT A It.DUNT C 
BALtOM II BATH C BELTSVILLE C BILLINGS C BLOUNTVI LLE C 
BALD C BATTERSON D BELUGA D BINDLE I BLUCHER C 
BALDER ' BATTLE CREEK C BELVOIR C 8INFDRD I BLUEBELL C 
BALDOCK Bit IIATZA D BENCLARE C BINGHAN B ILUE EARTH D 
BALt.WIN D BAUDETTE B BENEVDLA C BINNS VILLE D 8LUEJOINT B 
BALDY B BAUER C BENEIIAH C BINS I BLUE LAKE A 
BALE C BAUGH 8/C BENFIRLD L IINTDN C BLUEPOINT B 
BALLARD B BAXTER. 8 BENGE B BIPPUS B BLUE STAR B 
BALLER D BAXfERVILLE B 8£N HUR B BIRCH A ILUEIIJNG B 
BALLINGER C BAYAMON B BENIN D IIIRCHIIOOD C BLUFFDUE C: 
BALM BIC BAYARD A BENITO D BIROOII B BLUFFrON 0 
BALIIAN B/C BAYBORO D BENJAMIN D IJRDS C BLIIFOllD D 
IIALDN B BAYEATDN C BEN LOMOND B BIRDSALL D ILY B 
IIALTIC D BAYLOR D BENMAN A IIRDSBORO 8 BLYTHE D 
BALTIMORE B BAYSHORE 8/C BENNDALE B BJRDSLEY D ID&RDTIU:E C 
BALTll D BAYSIDE C BENNETT C BlRKIIECK I 1385 0 
BAMBER B BAYUCOS D BENNINGTON D BISBEE A IOIITAJL B 
BAMFORTH B IIAYIIODD A BENOIT D BISCAY -~ IDCK I 
BAN'-AS B BAUTTE L IENSUN CID BJSHDP 1/C llDELL D 
BANtROFT 8 BAZILE B BENTE.EN B BISPING B BO;)ENIURG I 
IANDERA I IEAD C 11:'NTONY ILLE C BISSELL • BODINE • IANGO C BEADLE .c IENZ 0 IJSTI C BOEL A 
BAN&OR B HALES A BEOTIA B Ill D IOELUS ,. 
BANGS TON A BEAR BASIN B 8EOIIAWE D BITTER.ON A BOESEL B 
BANKARD A BEAR C.REEK C: IERCAIL C BITTERROOT C BOETTCHER C 
BANKS A IEARDALL C BERDA B BITTER SPRING •C BOHN C 
BANNl:R C BEARDEN C: BEREA C llTTDN • &Di.ART B 
BANNtRV ILLt. C/i) BEARllSTOIIN C BERENJCETON • BIXBY • BO&UE D 
BANNOCK B BEAR LAKE D BERENT A BJDRK C IDHANNON C 
BANIIUUE D BEARMCUTH A IIERGLANO D ILACHLY G BOHEMIAN B 
IIARABDll 8 BEARPAII B BERGSTR8" • ILACKBURN I B!IISTFORT C 
BARAGA ' BEAil PRAIRIE B BERlND B BLACK BUTTE C BOUR C 
IIARBARY D BEARSKIN D BERKELEY BLAtK CANYON D BOLD B 
BAii.BOUR • BEASLEY C IERKS C 11.ACKCAP • IDLES C 
BARBOtlRVILU • lllASON ' 111!:RKSHJRE • BLACKETT B IIOLIVAII B 
BARl:LAY C IIEATON C BERLIN C BLACKFOOT Bit BDLJVU B 
IIARCD • IIEATTY ' IERMESA C BLACKNALL D 90LTON B 
BARCUS II BUUCOUP B BERIIUl>IAIII • BLAtKHAIIK II l3NBAY B 
IIARU D IEo\UFliRD D BERNAL D BLACKLEAF B 11D11 • IIAllOtN ' BEAU"ONT D IERNALDll B 8LACKLEEO A BDlll4CCDllD D 
BARDLEY ' 111:AUREGARD C 8ERNARD D BLACKLOCK D BQIIIAPARTE A 
BARELA C BE4USlTE B BERNARDINO C BLACKMAN C IDND D 
BARfJEL~ D BEAUVAIS B 81:RNAROSTON C BLACK 'I OUN TA Ill D BONDRlNCH D 
tlAltFUSS B BEAVERTON ,. IIERNHILL B BLACKOAR C IDNDURANT II 
IIARGI: C 11:CK C BERNICE ,. BLAtllPlPE C BONE D 
BARISHMAN ' HtKEll B BERNING C BLACK UDGE D IDlllli • NOTES A BLANK ffYDRt.LOGlt SOIL GROUP JNOICATc$ THE SOIL GROI.P ttAS NOT aee~ DETERMINED 

TIID Sl11L GROUPS SUCH AS B/C INOICATtS THE DRAINED/UNDRAINED SJTUATIJ• 

NEH Notice 4-102, August 1972 

125 



Table A3. (continued). 

IONIWI C IUNDON I aAOOKLYN D IUSTER c; CAMPSPASS C 
IOHlfAY • HANDYIIINE C IROOKSIOE C: BUTANO C C,,NPUS • IIINILLA • IIIANfORO • BROOKSTON 110 IUTLER D CANRODEN C 
IIINITA D IIIANTFIIAD I BROOKSVILLE 0 BUTLERTOIIN t CA!IA C 
IONIII 0 IRANYON D BROOIIFJELO 0 BUTTE C tA!IUNttl CID 
BUNNER • BRASHEAR C IIIOSEUY 8 BUTTERFIELD C CANADt. I 
BONNET B 8RU5'FIELO I BROSS B BUTTON t CAIIADltE 0 
IIINNEVILLI I HATTON a BROUGHTON D DWIJN D CANUDAIGUA D 
IONNltll • BRAVANE D aROWARD C BUXTON t tAliASERAGA t 
IOIINJE D BUXTON C BROIINELL B BYARS D CANAVERAL C 
80IIO 0 BRAYIIILL 110 IROIINF IELD • IYNUM C CANDUIIN D 
BONSALL 0 HAYS 0 11\0IINLEE a IYRON • CANOELERD C 
IONTA C aRUTON C BROYLES I CANE C 
IOIITI C •RAtno A IRUCE 0 CABALLO • CANEIIDEA 0 
IOOllER D autos • IRUFFY C CAIARTON D CANEER • BOOMEII I IAEA • IRUIN C CABIA C CANEL • IOONE A BltECllENR IOGE D IRUNEEL 8/C: CADS.ART D CANELO D 
BOONESIDM I IRECKNOCK • IRUNO A C.UElON ·D CA1'EY C 
BIIONTON C BREECE I BIIUNT C CABIN C CANEYVILLE C 
100TH C HEGAII D IIIUSH CABINET C CA!IEZ • -ACIII C BR&lii!l't I IIWSSETT a CABLE 0 CANFIELD C 
NIAN A/C IREIIH • HYAN a CAIO.ROJO ~ CANISTEO C 
IIIIIDA 0 PENO C !IRYCAN • CAIOT D CANNINGER 0 

. IIOllDEAUJI • HEMS A IIIYCI D CACAPON ·• tAlfNOII ii 
IORDEII • IRENDA C IIICAN D CACHE D CANOE B 
IOHII • lllENNAN • IIUCHANAN C CACIIIUE C CAlfONCITO • IOllN$TIDT C lltENNEl CID IUCHEIIAU C CADDO D CAlfOVA 1/D 
IOIIREGO C IIIENT C IU(;HEII C CADEWILLE D CANTALA I 
IORUP • HENTON • IUCKHOUSE A CADMUS • CA!ITON • IIOAYAIIT 0 IRE NTIIIOOO II lutKINGHAM CAOOIIA 0 CA!tTUL I 
IOlllA C aRESSER I IUC:KLAND G: CAOOR C CA'ITUII I 
IOSANllD D IREYARD I IIICKLEIAR iS CAIEY C CAIIUTID I 
IDSCD • IREYORT I IUCKLEY 11/C C:AGUAIO 0 CANYON 0 
IOSltlT I IREllll!II C IUCIILON I) CAGIIIN a CAPAC I =~= • IREIISTER 0 IUCIUIER A CAHol.lA I CAPAY 0 

I IRIIIITON C IUCKNEY ,. CAHILL I CAl•E D 
IOSS 0 lltlCIIEL C IUCKS • CAHONE C CAPE FEAR 0 
BOSTilN C HICKTON C IUCKSKll'I C CAH1'0 C CAPERS 0 
IOSTIIIICK I IIIIDGI C IUCODA C CAID I CAPJLLO C 
IOSIIELL D IIUOGEM4NPTON • BUOO ii CAIRO D CAPLES C 
IOSIIOATH D lll0$EPOllT I BUDE C WAL(;D c; CAPPS • IOTILLA I lllJOGEII A BUELL • CAJON A CAPSHAIII C 
IOTHIIELL C IRIDHSON 1/C BUENA VISTA D CALABAR 0 CAPULIN • IOTTINEAU C IRJOGET Ill IUFFJNGTOII II CALABASAS I CAPUTA C 
IOTTLE A IIIIDHVJLLIE I IUFFMEYER B CALAIS C CUACO C 
IGULDEII I IRIDVORT I IUFF PHK C CALAMINE 0 CAULAIIPI 8 
IOULDER LAili 0 IRJEDIIELL • IIIICK C CALAPIIIIYA C CAHO C 
IOULOEk PO.hit • HJEF I IUIST I CALAIIAH • CAIIBOL 0 
IDULl'LAT 0 IRIENSIURG BUKREEK II CALCO C CAHONDU.1 D 
IOURNE C IIUHS A IWLLION 0 CALDER D ~ y • IOI! C IRl&GSOALI C IULLREY I CALDIIELL I Cl Y 0 
IOIIIAC C lllGGSVJLLI C IULL RUN Ill CM.HST C' CARDIFF • IGIIHLLS I IRIGHTON AID IULL TRAIL II CALEB • C._OINGTON C 
IOIIDOIN D llll GHTWDOD C BULLY 8 CALERA C CAllDDN D 
IOIIDlll C IRJLL • IU-0 • CALHJ A CAllEY B 
IGIIERS C IRIM C IUNCQIIDE A CALHOUN D CAltEY LAKE I 
101111 I IRINFULD C:,p IIIUNDO Ill CALICO D CAllEYTDIIN 0 
IOIIIIAN I/Ir IIUIILEY I IUNDYIIAN C CALIFON . CARGILL C . 
IQIIMNSV II.LI C IRll!IEGAR I IUNEJUG C CM.JIIUS I CUIIE I 
IOJIELOER C IRINllEIIT C IUNKE!l 11 CM.IT.A I CAllJIEL I 
IOJIIIELL C fal Nltl!IITIIN D -SELIIEIER C CALUA • c;AllllOU • IOY A IIUSCOT I IUNT INGVJLLI -,c; CALUNS C CAllLIN D 
IO'ICE IID IIUTE C IUNYAN I CALLAIO C CAllLIIOTON I 
IIWD D =ITTON ·c -- A CALLAHAN C CAllLISLE AID 
IOY&R • ..UAII A IIURCH • CALLHUU D CARLOTTA • IOYNTON 00.Ab C IURCttARD 11 CM.LINGS C CULOII D 
'IIIYSAI • .. OAOALIIN C IURCHELL .,, CALLOWAY C: WLSIAD C 
IOYSEN 0 POADAlC I a,ROETT C CALIIAR I CAILSIORG A 
IOlilTH C lo°!:-:.. C IUREN C CAI.NEVA C CARLSON C 
IOlE • • IURBESS C CM.DUSE • CULT:IN I 
IOUIIAII A UOADIIEAD C _,RGI • CIIL.PINE • CAIINI I 
MACPILLI C lllOADHIII ST D IUHIN 0 CALVERT 0 CAllNASAII C 
lllACIIEN D •ou 0 IURQ C CALVERTON C CA"NKIE C 
IIIACIIETT C IAOCIILISS C IUIUUtAltDT • CM.YIN C CAllNERO C 
IUD 0 lilOCKIWI C IUllLIIGH 0 CALVI STA 0 ClltllEY 0 
IIAIIOOCII C llOCKO I IURLESON 0 CAN .1 CAllOLINE C 
MAOENTOII IIIJ IAOCIUIORT 0 IURLINGTON A CAIIAGUEY 0 CAU • MADEll D HOCICTON. I) IURIIA CAMARGO • CAllRJSALJTOS 0 
IIAOfGIIO • tllOCllllA'I' • IURIIESTIR D CAMARILLO 1/C CARRIZO A 
IHOSHMI I hOOY C IURNAC C CAMAS A cusnu A 
MADIIAT • 11101! • IURNETTE I CAMASCIIEEll 1/1) CAULEY C 
IIADY • tRl>GAN • IUR-M 0 CAMBERN c; cuso 0 
IUD'l'VILLI C IIIOGDON • IURNSIOE I CAMBRIDGE C CUSON 0 
MAHAii I IROLUAil 0 IURNSYILLE • CMIDEN • CUSTURS I 
&\IN.EM> I .ROflO • IUllfff LUE I CAMERON D CAllSTUMP C 
IRALLIIR • IRONAllliill I .-,UU D CAMILLUS I CAU I - •• lllONCHO I IURT D UN I CAllTMEtrR I) 

lliAIIHD • .. ONSDN I IURTIIN I CMIPIELL 1/C CAHICAY C 
MAllkE C •01111, C: IUSE I CANPHORA • CAllUSO C 
IRMIIILL C :.ig::mo C IUSH • CJIIIIIIU I CAllUTNERSYILLE I 
-1) D • IIUSIIIIELL C CAIIPO C CUVEII ·A 
IUNIIEIIIURG • IIIOOKIN&$ • IUSHVALLEY D CAIIPONE 1,c CAlllllLE D 

NOY&f A IUNII "YORDLOGIC $OIL HOUP INDJCAflS TtE SOIL GIIOII' IIAS NOT HIii DITEIIIIINID 
.. IOfL GROWS SIICtf AS 1/C INDICATES TNE DRAINl:DIUNDUINID SITUAflil'I 
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Table A3. (continued). 

CAllYVILLE • CENTllAL POI NT 8 CHILGREN C CURESON C COKEOUE 8/C 
CASA GRANDE C CERESCO A CHILHOWIE C CUREVILLE C COKEL 8 
CASCADE C CERRILLO$ 8 CHILI B CLARINDA D COKER D 
CA5CAJD • CERRO C CHILKAT ' CURIDN II COKESBURY D 
CASCILLA II CHACRA C CHILLICDrHE C CLARITA D COKEVILLE 8 
CASCO • CHAFFEE C CHILLI SQUAQl!E CLARK B COLIIATH C/D 
CASE • CHAGRIN • CHILLUM B CURK FORK A COLIIERT 0 
CASEBIER D CHAIX • CHILMRll • CLARKSIIURG C COLBURN B 
:ASEY C CHALFONT C CHILO BID CLARKSDALE C COLIIY B 
;,\SHEL C CHALMERS C CHILOQUIN B CLARKSON • COLCHESTER B 
;ASHIDN D CHAMA • CHILSON D CURKSVILLE 8 COLDCREEK II 
CASHIIEAE • CHAMIIER C CHILTON 8 CLARNO B COLDEN D 
CASttllOIIIT • CHAMIERINO C CHIIIAYO 0 CLARY B COLD SPRINGS C 
CASINO " CHAMISE 8 CHIMNEY 8 CUTO II COLE 8/C 
CASITO D CHAMOKANE • CHINA CREEK 8 CLATSOP 0 COLEBROOK 8 
CASPAR • CHAMNDN • CHINCHALLO BID CLAVERACK C COLEM,N C 
CASPIANA • CHAN!;E BID CHINlAK A CUIISON C COLEMANTOIIN D 
CASS A CHANDLER 8 CHINO B/C CLAYBURN B CDLETO " CASSADAGA CHANE-Y C CHINOOK • CLAYSPRINGS D COLFAX C 
CASSIA C CHANNAHON • CHI PETA D CLAYTON 8 CDLIBRD B 
CA$SIRD C CHAN.UNG • CHIPLEY C CLEAR Pl ELD C COLINAS 8 
CASSOLARY • CHANTa • CHIPMAN l) CLEAR LAKE D CDLLAIIER C 
CASSVILLE CHANTIER D CHIPPENY D CLEEK C COLLARD • CASTUC C' ' CHAPIN C CHIPPEWA 1/D CU ELUM B CDLLBltAN C 
CASTALIA C CHAPIIAN CHIQUITO CID CLEGG • COLLEEN C 
c:ASTANA • CHAPPELL 8 CHIRICAHIJA D CLEIIAN • CDLLEGIUE C 
CASTELL C CHARD • CHISPA B CLEMS 8 COLLETT C 
CASTILE • CHAIIGD D C:HITINA 8 Cl.ENVILLE 8 COLLIER· " CASTIND C CHAltlTIIN D tHITTENDEN C CLEORA II CDLLINGTON 8 
CASTU D CHARITY D CHITIIDOD e CLERF C COLLINS C 
CASTLEVALE D CHARLEIOIS C CHIVATD D CLERMONT D COLLINSTON C 
CASTNER C CHAltLESTDN C CHIIIAIIA • CLEVERLY 8 COLLINSVILLE C 
CASTO C CHAIILEVDIJI • CHO C CLICK A COLMA B 
CASTltD C CHARLDS A CHOIEE D CLIFFDOIIN a. COLIIOR I 
CASTROVILLE • CHAALDTTE AID CHOCK 1111 CI.IFl'HDUSE C COLD 8 
CASUSE D CHARLTON 8 CHOCOLOCCD _. CLIFfllltD 8 CDLOCKUM B 
CASIIELL D CHASE C CHOPAIIA C CLlrFIIOOD C COLOMA A 
CATALINA I CHASEIURG 8 CHOPTANK A CL I Ft ER SON 8 COLOMBO 8 
CATALPA ' CHA SI: V ILLIE A CHOPTIE D CLIFTON C COLON, C 
CATANO A CHASKA C CHORALMONT • tLlf'TY 8 COLONIE " CATARINA D CHASTAIN D CHOSIIA • tLINARA D COLORADO 8 
CATAULA C CHATBURN • CHOTEAU C ti.lllAll D COLiJROCK D 
CATAIIBA • CHATFIELD C CHIIUTIAN C CLINE C CDLDSO D 
CATH D CHATHAM B CHRISTJANA • CLINTON B COLDSSE " CATHCART ' CHATS-TH D CHRISTIANBURG D CLIPPU 8/C COLP D 
CATHEDRAL D CHAUNCEY C CHRISTY • CLODIIIE D COLRAIN 8 
CATHERIN!: 8/0 CHAVIES • CHR01£ i: Ci.ONURI' 8 COLTON " CATlltO 0 CHAIIANAKEE .c; CHUALAlt • CI.OIIUALLUII c- COLTS NKK 8 
CULETT C/0 CHEADLE C CHUBBS ' CLOQUAfll 8 COLUMBIA II 
CATLIN • CHECKETT D CHIJCKAIIALLA • f:LOIIUET 8 COLUIIIIIIIE " CAJNIP D CHEOEHAP • CHUGTER • CLOUD 0 COLUSA C 
tATDtTIN C CHEEKTDIIAGA D CHULITNA 8 CLOUDCROFT D COLVILLE 8/C 
CATOOSA • CHEESEMAN C CHUMMY CID CLOUD l'Ult C C3LVIN C 
CATSKILL A CHEHALEM C CHUMSTICK C CLOUD ltlN I CDLIIODD 8/D 
CATTARAUGUS C CHEHALIS B CHUPADERA C tLDUGH D COLY 8 
CAUDLE • CHEHULPUH D CHURCH D CLOVERDALE D COLYER C/0 
CAVAL • CHELAN 8 CHURCHILL II c;&.OVEA SPRINGS 8 COMER I 
c:AVE D CHELSEA " CHURCHVILLE II '-LDVIS 8 COIIERID 8 
CAVELT II CHEIIAIIA B CHURN • CLUFF C CDMEU D 
CAVE RQC.K A CHEMUNG CHURNOASHER • CLUIIIE D COMFREY C 
CAYO D CHEN D CHUTE A CLIIRDE C CDIIITAS ,. 
CAVOOi: C CHENA A CULES D CLURO t CONLY C 
CAVOUR D CHENANGO " CHEQUE • CLYDE D COMMERCE C 
CANKER I CIIEIIU • Cl80 D tl\'IIER 8 COMO A 
CAVA&UA C CHENNEH C CIBOLA I COACHB.LR B COMDDORE B 
CAYLOR I CHENOleTH B CICERO D COAD • COIIORO • CAYUGA C CHECIUUT C CIDRAL t i:OAL CREEk D COIIPTCHE I 
CUADERD C CHEREUE " CIENEIA C COALMONT C COMPTON C 
CAZADDR • CHUIDNI II CINA C COAMO C COMSTOCK C 
CAZENOVIA • CHEROKEE D CJIIAltRON C COARSEGOLD Bit COMUS 8 
CEIDLIA C CHERRY C CINCINNATI C COATICOOK C CO!IALB a 
CIICINE C CHEIUl.VHILL 8 CINCO A COATSBURG D CONANT C 
Cl:CIL I CHERRY SPRINGS C CINDERCONE • CD88 8 CONASAUGA C 
C:IOA • CHUM! A CINEBAR 8 COBEN D CONATA D 
CEDARAN D CHESHIRE • CINTRDNA D COBEY I CDIIIDV II 
CEDAR BUTTE C CHUHNINA C CIPRIANO D COBURG C COMCHlS C 
CEIIAREDGE B CHESNIMNU.S B CIRCLE C COCHETDPA C CO!IICHJ C 
CEDAR NOUNTAIN D CHESTER 8 CIRCLEVILLE C COCOA A CONCONULLY 8 
CEDARVILLE • CHUTERTllN C CISNE D COCDLALLA C CONCORD D 
Cl:IKINIA I CHETCII D CISPU.S A C.IOOkUS C CDNCREEK 8 
CEDRON C/D CHETEK • CITICO 8 I.OD\' A CONDA C 
CeLAYA I CHUELON C CLACKAMAS C &OE " CDNDIT D 
Cl!LETDN D CNEIIACU C CLAIBORNE 8 &llEBUR'I C CONDON C 
CkLINA C CHEIIELAH I CUIRI: A COtkOCK D CONE A 
CELID A/0 CHtYENNE • CLUREMDNT 8 COFF D CD"IEJO C 
CELLAR D CHIARA D CULLAN ·t COl'FUK I CONESTOGA • CENCOVE • CHIUASHA • CLAN GULCH D CQGGON • CO~ESUS 8 
CiNTER ' CHIC&lPEE • CUMO C CDGSlll:LL C CDNGAII.EE 8 
CENTER CR.EEK I CHI COTE D CUNTIJN C ClltMHET 8 CONGER 8 
CENTERFIELD 8 CHIGLEY t CLAPPER ii CDHJCTAH D CDIII D 
CENTERVILLE D CHILCGTT 0 CUREMURE D CORJ~ 8 CONKLIN 8 
CENTRALIA I CHILO$ 8 CLARENCE 0 COIT C CJNLEN 8 

IWTES A BLANK HYDRDLOGIC SOIL G~OUP IIUIICAJES THE SOIL Cil\DUP HAS NOT IEEN OETE-IIINED 
TIIO SOIL GROUP$ SUCH AS 8/C INDICATES JHE O~AINEO/UNDRAINED SITUATIDII 
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Table A3. (continued). 

CONLEY C COURT 8 CROWLEY D DANSKIN 8 DELLROSE 8 
CONNEAUT C COURTHOUSE D CROIIN 8 DANT D DEL'I D 
CONN~CTltUT COURTUND 8 CROIISHAII B DANVERS t DELMAR D 
CllhNERTON B COURTNEY ·D CROZIER C DANVILLE C DELMITA t 
CONOTTON 8 COURTROCK • CRUCES D DANZ • DEL'IONT B 
CONOVER B COUSE C CRUCKTON B DARCO A DELNORTE C 
CONOIIINGO C COUSHATTA 8 tRUlCKS- C DARGOL D DELPHI B 
CONRAD 8 COVE D CRUME 8 DARIEN t DELPHILL t 
CONROE B COVEILO B CRUMP D DARLING • DELP I EDRA C 
CONSER ·c1D COVEi.ANO C CRUTCH 8 DARNELL t DELPINE D 
CONSTABLE A COVELLO 8/C CRUTCHER D DARNEN I DELRAY AID 
CONSTANCIA D COVENTRY • CRUZE C DARR A DEL REY C 
CONSUMO B COVEYTOIIN C CRYSTAL LAKE 8 DARRET C DEL RIO 8 
CllNTEE 0 COVINGTON D CRYSTAL SPRINGS D DARROCH C DELSON i; 
CONTlNE C COWAN A CRYSTDLA B DARROUZETT C DELTA C 
CONTINENT AL C COWARTS C CUBA B DART A DEL'IION B 
CDMTRA COSTA C COIIOEN D CUBERANT I DARVAOo\ 0 DELIIIN A 
CONVENT C COWDREY C CUCHILLAS 0 DARWIN D DELYNOU ,. 
COOK D CDIIEEMAN D CUDAHY 0 DASSEL D DEMAST B 
CllOKPORT C COWERS B CUERO I OAST C DE MASTERS B 
COOLBRITH B COWETA C CUEVA D OATEMAN C OE MAYA C 
COOLIDGE B COWJCHE B CUEVlfAS D DATINO t DEMERS D 
COOLVILLE C COIIDOO t CULBERTSllll 8 DATWYLER C OEllltY D 
COOMBS .8 cox D CULLEII t Dl,IILTON D DEMDNA C 
COONEY 8 COXVIUE D CULLEOKA B DAUPHIN DEMOPOLIS t 
COOPER C COY 0 CULLD C DAVEY A DEMPSEY 8 
COOTER C CDYATA C CULPEPER t DAVIDSON B DEMPSTER B 
COPAKE B COZAD B CULVERS C DAVIS B DENU B 
CDPALIS B CllAIITON B CUMBERLAND B OAVISOII B DENHAWKEM D 
COPELAND 8/D CRADDOCK B CUMLEY C DAVTDNE B DENISON C 
COPITA .8 CRADLE8AUGH 0 CUMMINGS BID DAWES C DENMARK D 
COPLAY CRAFTON C CUNDIYD B OAIIHDD B/D DENNIS C 
COPPER RIVER D CRAGO 8 CUNICO C DAWSON 0 DENNY D 
COPPERTON B CRAGOLA D CUPPER 8 DAJITY C DENROCK 0 
(.OPPOCK I! CRAIG C CURANT B DAY D DENTON D 
COPSEY 0 CRAIGMONT C CUROLI C DAYBELL A DENVER C 
COQUILLE CID CRAIGSVILLE A CURECANTI 8 DAYTON 0 DEODU D 
CORA D CRAMER 0 CURHOLLOII D DAYVILLE 8/C DEPEW C 
CORAL C CRlNE B CURLEII C DAZE D DEPOE D 
CORBETT B CRANSTON B CURRAN C DEACON 8 DEPORT D 
CORBIN B CRARY C CURTIS CREEK 0 oeAOFALL 8 DUA B 
C.>RCEGA C CRATER LAKE B CURTIS SIDING A DEANA C DElllNOA C 
CORO C CRAVEN C CUSHING 8 DEAN C DERR C 
CORDES 8 CRANFOIW D CUSHMAN C DEAN LAKE C DER.IUCK 8 
c.lRDDVA C CREAL D CUSTER C DEARDURFF 8 DESAN A 
CORINTH C CRE881N C CUTTER D DEARY C DESART C 
CDRKINDALE B CREDO C CUTZ 0 DEARYTDN 8 OESCALABRADO D 
CDRLENA A CREEOIWI D CUYAMA B DEATMAN C DESCHUTES C 
CORLETT 8 CREEOIUIOR C CUYON A DEAVER C DESERET C 
CORLEY C CRelGHTON B CYAN 0 DEBlNGER C DESERTER 8 
CORMANT c; CRELDON • CYLINDER 8 DEBORAH 0 DESHA D 
CURNHILL 8 CRESBAIW C CYNTHIANA C/0 OECAN D DESHLER C 
CORNING D CRESCENT B tYPREMOllT C OECUKIN D DESOLATION C 
CORNISH 8 CRESCO C CYRIL B DECATUR 8 DESPAIN 8 
tORNUTT C CRESPIN C DECCA I DETER C 
CORNVILLE 8 CREST C DABDB 8 DECKER C DETLOR t 
CORDIAL C CRESTLINE 8 DACONO C OECKERV ILLE C DETOUR C 
CORPENING D CRESTIIORE DACOSTA D OBCLO 8 DETRA 8 
COIIRALITDS A CRESTON A DADE A OBCDRRA I DETROIT C 
CilRRECD C CllESIIELL C DAFTER • OECROSS B DEV I 
CORRERA 0 CRETE 0 DAGFLAT C DIE C DEVILS DIVE 0 
COIISON C C:REVA 0 DAGGETT A DEEPWATER C DEVOE D 
CURTAOA B CREVASSE A DAGLIIM 0 DEER CREEK C DEVDl&NES C/D 
CORTEZ D CREIIS 0 OAGOR B DEERFIELD I DEVOL 8 
CORTINA A CRIDER • DAGUAO C OEERFORO D DEVON 8 
CORUNNA 0 Cll!M • OAGUEY C DEBING 8 DEVORE I 
CORVALLIS B CRISFIELD • DAHLQUIST 8 DEERLOO&E 0 DEVOY D 
CORWIN 8 CRJTCHELL 8 DAIGLE C DIER PARK A DElllllT 
CORY C CRIVITZ A DAILEY A DEl!llTIIN I Ol!WEY 8 
CORYDON C CROCKER A OAllOTA 8 OEERTRAIL C DENVILLE 8 
COSAO C CROCkETT D DALBO B DEFIANCE D DEXTEA 8 
COSH C CROESllS C DALBY 0 DEFORD D DIA C 
COSICICTON C CROFTON 8 DALCAN C DE&ARIII 1/C DlABLO D 
CD5KI 8 CROC.HAN 8 DALE • OKNER C DIAMOND D 
COSSAYIINA C CROOKED C DALHART 8 DE GREY 0 DUMOND SPRINGS C 
COSTlLLA A CROOKED CREEK D OALIAN B IIEJARNET I DUMDNDVILU C 
COTACO C CROOKSTON • DALLAM • DEKALI C DlANEV t 
COTATI C CROOM • DALTON C DEKDVEN 0 DUNOLA 0 
COUTO C CROPLEY 0 DAWPE • DELA • DIAZ C 
COTO C CROSBY t DAMASCUS D OELAkE I DlHLE C 

• COTOPAXI A CROSS 0 DAMON D DELANCO C DIC:K A 
COTT 8 CROSSVILLE • DANA 8 OB.ANEY A DICKEY ,. 
COTTER II CRDSIIELL A DANBURY C DELANO 1/t DICKINSON A 
COTTERAl 8 CROT 0 DANBY DELECD D DICKSON C 
COTTIER B CROTOlil 0 DANDREA C DELEIIA D DIGIIY C 
CtJTTOHIIOI);} C CROUCH B DANDRIDGE D O&LFlNA I DIISER t 
COTTRl<LL C CROW r. DRNGIERG D DaHl ' DIGHTON 8 
WUCH C CROii CREEK I IWIIC C DELICIAS 8 DILL I 
cauGAA 0 CROWFOOT 8 DANIELS • OELKS BID DILLARD C 
C:OULSTONI: B CROIIHEART D DANKO 0 DELL C DlLLDOIIN 
COUNTS C CROW HEART 0 DANLEY C OELLEKER 8 DILLINGER I 
COUPfVILLc C CROW HILL C DA,iNEMORA 0 OELL·o Alt DILLON 0 

llilTES A ILANK HYORDLOGlt SOIL GROUP INDICATES THE SOil GROii' HAS NOT IEEN 
TWO SOIL GROUPS SUCH AS 8/C INDICATES THE DllAINEO/UNORAINED SITUATIJ~ 

HTERMINED 
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Table A3. (continued). 

DILLIIYN A DOUGHTY A DU PAGE 8 EGBERT 1/C EMILY 8 
DILIIAN C DOUGLAS 8 DUPEE C EGELAND B EMLIN B 
DILTS D DOURO 8 DUPLIN C EGGLESTON 8 EMMA C 
DILWORTH D DOVER B DUPO C EGNAR C EMMERT A 
DIMAL 0 DOVRAY D DUPONT D EICKS C EIIMET 8 
DIIIYAW C DOIi 8 DUPREE 0 ElfDRT C EMM:>NS C 
DINGLE B DOWAGIAC B DURALDE t EKAH C EMORY B 
DINGLISHNA D DOWDEN C DURAND B EKALAKA 8 EIIPEDR.ADD C 
DINKELIIAN 8 ODWELUON 0 DURANT 0 ELAM A EMPEY I 
DlNKEY A DONNER 8 DURELLE B ELBERT D EIIPEYVILLE C 
DINNEN B DOWNEY B DURHAM 8 ELBURN • EMPIRE C 
DINSDALE 8 DOWNS 8 DURKEE C ELCO 8 EMIUCK 8 
DINUBA Bit DOXIE t OURot B ELD I ENCE I 
DlNZER 8 DOYtt t DURRSTEJN D ELDER • ENtlEUD D 
DlOXltE B DOYLE A DUSTON I ELDER HOLLON D ENClNA B 
DlPMAN D DOYLESTOWN D DUTCHESS B ELDERON 8 ENDERS C 
DIIIUE B DOYN C DUTSON D ELDON 8 ENDERSBY II 
DISABEL D DRA C DUTTON D ELDORADO C ENDICOTT C 
DJSo\UTEL B DRACUT C DUVAL B ELDRIDGE C ENEY 8 
DISCO 8 DRo\GE 8 OUZEL B ELEPHANT D ENFlELD 8 
OISHIIER D DRAGOON 8 DWIGHT D ELERDY 8 ENGLE I 
DlSTERHErf C DRAGSTON C DWYER A ELFRIDA II E~GLESJDE 8 
DITCHCAIIP C DRAHAT D DYE D ELIJAH C ENGLEIIDDD C 
DlTHDD C DRo\lN D DYER ELIDAIC C ENGLUND D 
DIVERS 8 DRUE B DYKE 8 ELK 8 ENNIS 8 
DIVIDE 8 DRANYON B DY~ENG D ELKADER 8 ENDCHVILLE 1/0 
DIX A DRAPER C ELICCREEK C EIIDLA 8 
DIXIE C DRESDEN 8 EACHUSTON D ELK MCI.LOW 8 ENON C 
DIXMONT C DRESSLER C EAD C ELKHORN B ENDllEE D 
DIIIMDRE 8 DREIIS 8 EAGAll 8 ELlllNS D ENDS • DIXONVILLE C DREXEL B EAGLECDNE 8 ELKINSV ILL£ 8 ENOSBURG D 
OIIIVILLE A DRlfTON C EAKIN 8 ELKMDUND C ENSENAOi Ill 
ODAK 8 DRIGGS II EAMES B ELK MOUNTAIN 8 IENSJGN D 
DOBBS C DRUM C EARLE D ELKDL D ENSLEY D 
DOBEL D DRUMMER B EARLIIDNT 8/C ELKTON D EIISTRON II 
DOBROII D DRUMMOND D EARP B ELLABELLE 8/D ENTENTE • DOBY D DRURY B EASLEY D ELLEDGE C EIITERPIU$E II 
DotAS B DRYAD t EAST FORK t ELLERY D ENTIAT D 
DOCKERY C DRYBURG 8 EAST LAKE A ELLETT D EIIUlltLAM C 
DDtT 8 DRY CREEK C EASTLAND C ELlJ8ER A EPHUIM C 
DODGE B DRYDEN B EASTON C ELLICOTT A EPHRATA 8 
DODGEVILLE 8 DRY LAKE C EAS TONV ILLE A ELLINGTON 8 EPLEY B 
DODSON t DUANE 8 EAST PARK D ELLINCR C EPDUFETTE D 
D06ER A DUART C EASTPORT A ELLIOTT C EPPING D 
DDGUE C DUBUELLA C EATONrOIIN ELLIS D EPSJE D 
DOLAND B DUBAY D Eo\UGALLIE 8/D ELLJSFORDE C ERA B 
DOLE C DUBBS B EBA C ELLISON 8 ERAM C 
DOLLAR 8 DUBOIS C EBBERT D ELLOAM D ERBER C 
DOLLARD C DUBUQUE 8 EBBS B ELLSBERR'if C ERIC B 
DOLORES 8 DUCEY B EBENEZER C ELLSNCRTH C ERIE C 
DOLPH C 0Ul;HE$NE B ECCLES B ELLUM C EUN a 
DllllEZ C DUCKETT C ECHARD C ELMA 8 ERNEST C 
DOMINGO t DUCOR D ECHLER 8 ELMDALE 8 ER.Ill:> II 
DOMINGUEZ C DUDA A ECKERT D ELMENDORF D ERUIIDUSPE C 
DDMINlt A DUDLEY D ECKLEY B ELMIRA A EStABDSA C 
DOIIINO C DUEL 8 ECKMAN B ELIIO C ESCU 8 
DOMINSON A DUELM ' ECKRo\lU D ELM:INT 8 !ESCALANTE B 
DONA ANA II DUFF AU 8 ECTOR D ELIIORE ll ESCAMBIA C 
DONAHUE C DUFFER 0 EDALGO C ELIINDOD t l!SCDNDJOO t 
DONALD B DUFFIELD B EDDS B ELNORA 11 ESIIDND ll 
DONAVAN I DUFF SON B EDDY t ELOIICA 11 HP.RTO 8 
DONEGAL DUFFY 8 EDEN C ELPAN 0 E$Pll D 
DDNERAll C DUFUR 8 EDENTON C a PECO C ESPINAL A 
DONEY C DUGGINS D EDENVALE 0 EL RANCHO 8 ESPLIN D 
DONICA A DUGOUT 0 EDGAR II ELRED 81D ESPY C 
DDNLONTON C DUGWAY D EDGECUMBE II ELROSE • ESQUATLEL D 
DONNA D DUKES A EDGELEY t ELS A ESS Ill 
DONNAN C DULAC C EOGEMONT 8 ELSAH 11 ESSEN C 
DONNAROO B DUMAS 8 EDGEWATER t eLSlNBDRO 8 ESSEX C 
DONNYBROOK D OUMECQ C EDGE,.[CK B ELSINORE A ESSEllV!LLE 0 
DONOVAN 8 DUMONT B EDGEIIOOD A EL$MERE A HUCADD B 
DOOLEY A DUNBAI\ b EDGINGTON C ELSD . ll ESTELLINE D 
OOONI: .8 DUNBARTON C EDINA D EL SOLYO C ESTER D 
DOOR 8 DUNBRlDGE I EDINBU~G C ELSTON • ESTEHRDQIC 8 
0.JRA 0 DUNCAN D EDISON B ELTDPlA II ESTKEllVILLE • DORAN t DUNCANNON 8 EDISTO C ELTII.EE 8 ESTIVE C 
OORCHESTtR 8 OUNCCiM D EDITH A ELlSAC D l!STO B 
DOROSH[N D DUNDAS t EDLUE 8 ELWHA I UTRELU II 
DOROTHEA C DUNUAY A EDMONilS D EL11:IOD C ETKAN B 
OOROVo\N D DUNOi:E C EDlluRI: D ELY 8 ETHE TE 11 
DilRS 8 DUNELLEN 8 EDMUND C ELYSIAN I ETHRIDGE C 
DORSET B DUNE SANO A EDNA D ELZINGA 8 ETIL A 
DOS Co\BEZAS C DUNGENESS B EONEYVILLE B EMIIDEN • ETNit. 
DOSS t our. GLEN C EDON t EMBRY 8 ET3E 11 
l);JSSMAN a DUNKlNSY[LLE 8 EDROY D EMBUDO • ETJIIAH B 
OolTEN I) DUNKIRK 8 EDSON C E!IDENT C ETDNN B 
DOTHAN 8 DUNLAP 8 EDIIARDS 8/D EMf-R C ETSEL 0 
DOTTA B DUNMORE 8 EEL C EMERALD 8 ETTA C 
DOTY B DUhNlNG I, EFF INliTON D EMERSON 8 ETTU Ill 
DolUBLETOP 8 DUNPHY D EFIIUN A EMIDA D ETTERSBURG B 
DOUDS 8 DUNUL A EGAM C EMIGl<ANT 8 ETTllltll D 
DOUGHERTY A DUNVlLLE 8 EGAN 8 EMIGIIAT ION I> EUBANKS • NiJTES A BLANK HYOROLOGlt SOIL GkOUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINED 

TWO $Oil GROUPS SUCH AS 11/C IN~ICATU THE DRAINED/UNDRAINED SUUATI0/11 
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Table A3. (continued). 

EUDORA • FE D FLDIIELL C FRENCH t 
m~K 

C 
EUFAULA A FEDORA • FLOIIEREE a FREMCHTOIIN D C 
EUREKA D FELAN A FUIYD a FREIIEAU C GARMORE 8 
EUSTIS A FELDA .810 l;LUETSCH C FRESNO CID GARNER D 
EUTAII D FELJOA • FLUSHING FRIANA D &lRO D 
IVANGELINE C FELKER D FLUVANNA C FRIANT D GARR D 
EVANS • FELLDIISHU' D FLYGARE • FRIDLO t GAUARD • EVANSTON • FELT • FLYNN D FIUEDIIAN 8 GARRETSON I 
!¥ARO A FELT.I C FOARD 0 FRIENDS D loARRETT • EVART ,D FELTHAM A FOloELSVILLE • FRIES D GARRISON I 
EVENDALE C FELTON • FOLA 8 fRINDLE I loARTON C 
IVERETT • FELTCINIA 8 FOLEY D FRIO a GARIIIN C 
EVERGLADES A/.D FENCE ' FONDA D FRIZZELL C loASCONADE D 
EVERLY 8 FENO.ILL C FOHDIS C FROBERG D &AS CREEK C 
EYERMAN C FENIIOOD • FONTAL D FROHMAN C GASKELL C 
EVERSON 0 FERA C FONTREEN I FRONDORF C GASS 0 
EVESBORO A FEROELFOID C FOPIANO 0 FllONHQFER t &ASSET D 
EIIA 8 F&RDI& C FORBES 8 FRllNTON D GATESBURG A 
EIIAIL A FERDINAND C FORD 0 FROST D GATESON C: 
EIIALL A FERGUS 8 FORDNEY A FRUITA 8 GATEYIEN a 
EIIINGSVILLE • FERGUSON I FORDTRAN C FRUITLAND 8 GATEIIAY C 
EXCELSIOR I FERNAJGO 8 FORDVILI.E I FRYE C GATEIIOOD· D 
HtHEQIER 0 FERN £LIFF I FORE 0 FUEGO C lollULDY 8 
EXETER CID FERNDALE I FDRELAND 0 fUERA C GAVlNS C 
EXLINE D FERNLEY C J'ORELLE I FUGAIIEE 8 r.AYIQTA 0 
URAY D FERNON 8 FORESMAN 8 FULCHER C GAY D 
EllUN t FERNPGINT C FORESTDALE D FULDA C GAYLORD I 
EYEAIOII D FERRELO • FORESTER C FULLERTON 8 GAYNOR C 
EYRE I FERRIS ) FORESTON C FUUIER 8/0 GAYVILLE 8 

FERRON ) FORGAY A FULSHEAR C &HELLE D 
FAIIUS I FERTM.INE 0 FORIIAN • FUUDN D GAZO$ a 
FACEVILU I FESTIJIA I FORNEY ) FUQUAY 8 &EARHllRT A 
FAHEY a FETT D FORREST FURNISS 8/0 &URY I 
FAIII C FETTIC D FORSEY t l'IIRY 8/D RE 8 
FAINES A FIANDliR C FORSGREN C FUSULINA t GEEBUR!o C 
FAIRBANKS I FlBEA II FORT COLLINS 8 GEER C 
FAIRDALE • FIDAL&O C FORT DRUM C GAASTRA ' GEFD A 
FAIRFAX I F IDDLBTOliN C FORT LYON 8 GABALDON 8 &ELKIE 8 
FAIRFIELD • FIOOYIIENT C FORT IIEADE A &ABBS D GEN C 
FAIRHAVEN 8 FIELGING 8 FORT MOTT A GABEL t GElllD t 
FAIRMOUNT D FIELDON I FORT PIERCE C GABICA D GENSDN C 
FAIRPORT C FIELDSON A FORT ROCK C &ACEY D GENESEE 8 
FAIRYDELL C FIFE .8 FORTUNA D &ACHADO D GENEVA C 
FAJARDO C FIFER D FORTIIINGATE C GADDES t &ENDA D 
FAUYA C FILLMORE. D FORIIARD C GADES G &ENOLA I 
FALCON D FINCASnE t FOSHOME 8 GADSDEN D r.EORGEVILLE 8 
FALFA C FINGM. FOSSUM I GAGE GEl>RGU II 
FALFURRIAS A FINLEY .• FOSTER 8/t GAGEBY • GEULD D 
FALK a FIRESTEEL • FOSTORIA 8 &AGETOIIN C GERBER D 
FALKNER C FIRGRELL • FOUNTAIN D r.AHEE a GERIG 8 
FALL 8 FIRIIM.l I FOURLOG D GAINES C GERING I 
fALLIRDOK 1/C FIRO .D FOURNILE 8 GAINES\IILLE A GERLAND t 
FALLON C FlltTII .8/C l'OUR STAii 8/C: &ALAYA D GERMANIA 
FALLSIURG C FISII CREEK I FOUTS I GALE II &Ell.MANY 8 
fALLSIIIGTIIN D FISIIERS 8 fQJ( I GALEN 8 GERRARD D 
FANCHER C F I SfftlOllll D FQll(;IIEEK 8/D GALENA C &ESTRIN I 
FANG 8 FISHKILL FOJtllOUNT C GALEPPI t &ETTA C 
FANNIN 8 Fl1CII .A FOIIOL D GALESTOIIN A GETTYS C 
FANNO C •FITCIIYILLE ,C FOXPARK 0 GALETIIN D GEYSEN D 
FMU c; FJUGERALD .8 FOX PARK D GALEY 8 GHENT C 
FARADAY I FIUHUGN I FOXTON C GALJSTEO t &HILER C 
FARALLONE I FIVE DOT 8 FRAILEY 8 GALLAGHER 8 GIIIBON 8 
FARAIIAY D FIVElllLI! ii FRAIi 8 GALLATIN A GIBBS D 
FARB D FIVES 8 FRANCIS A GALLEGOS I Gl88STO"" A 
l'AR&D D FLAG& I FRANtlTAS D &ALLINA C: GIFFIN C 
FARISITA C FLAGSTAFF C ~- .D GALLION a GIFFORD C 
FARLAND • FLAK I FRANKFORT D GALVA I &ILll 8 
FARMINGTON C/0 FLAIIIII& • fRANKIRK C GALVESTON A Gl~BY I 
FAIUtHAII 1. FLAMINGO D FRANKLIN • GALVE1 t GU.CHRIST 8 
FARNHAMTON '" FLANAGAN 8 FRAl'«STDIIN I GALVIN t GILCREST I 
FAIINUF I FUNOUAU I fRAl'«TOIIN 0 &ALIIAY • GILEAD C 
FUNUII 8 FLASltER A FRANKVILLE • &AMBLER A GILES 8 
FWA&UT C FUTIIUII • FRATERNIDAD II UNIQA • GILFORD BID 
FARRAR I FLAT KORN ii FRAZER C GANNETT D GILHDULY 8 
FARRELL I FLATTOP D FRED C r.ANSNER D &ILISPIE C 
FARRENBURG I FUTIIILLGII I FREOENSBORr. c GAPO D GILLUM C 
PARROT C FLAXTON . A FREDERICK • &APPIIAYER • &ILLIGAM 8 
FARSON 8 FLEAK A FREDON C GARA 8 GILLS C 
FARIIELL C PLECIIADO • FREDONIA r. &ARIER A &ILLSIURG C 
FASKJl'f I FLEER D FUDRICIISDN C GARBUTT .8 GIL'IAN 8 
FATIMA I FLEETIIOIID FREEBURG C GARCEND C GIL'IDRE C 
FATTIG C FLU 5ClfllANN D FREEtE D GARDEUA D GILPIN C 
FAUNCE A FLUUI& C FREl:DDM C GARDENA I GILROY C 
FAUQUIER C FLETCHEA • FREElllLD I GARDINER " GILSON 8 
FAUSSE 0 F.LOKE 0 FREEL • GARDNER'S FORK 8 GILT EDI.E D 
FAWC:ETT C FLDII e FREEMAN e GARDNERVILLE D GINU a 
FAIIN ii FLOIIAJIOH ~ FREEMNVILLE • &ARDONE " &l'llloER C 

.FUON D FLOIIOT FREEON I GAREY t GINI I 
FAYAL C FLORENCE C FREER C &ARFIB.D C: GINSER t 
FAYETTt • FLORI: SVILLE c; FREESTONt C &MIU C: &UARDOT a 
HYETTIV ILLE I FLORIOANA 8/D FREHENER C GARLAND 8 GIRD A 
fAYIIDOD C FLDlllSSANT C: FRE-T .. C GARI.ET A GIVEN C 

lll>TES A BLANK HYOllOL0&1£ SOIL GIIOUP INDl«;ATES THE SOIL &ROUP HAS NOT IEE/I DETERMINED 
TIIO SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATIOII 
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Table A3. (continued). 

GLADDEN A GOTHARD 0 GROWDEN 8 HAMBRIGHT D HlSTINGS • &LADE PARK C GOTHIC C GROIILER Ill HAMBURG I HAT D 
GLADSTONE B GOTHO C GRUBBS D IWIBY C HATBORO D 
GLADWIN A GOULDING D GRULLA D HAMEL C IIATCH C 
GlAMIS C GOVAN C 61\UM!IIT D HAMERLY C HATCHERY C 
&LANN 8/C GOVE B GRUNDY C HAMIL TON A HATFIELD C 
GLASGOW C GOWEN B GRUVER C HAMLET I HATHAIIAY I 
GLEAN 8 GRUE I GRYGLA C HAMLIN I HATTIE C 
GLEASOM C GRA8LE I GUADALUPE 8 HAl!MONTON C HATTON C 
GLEN B GRACEIIONT II GUAJE A HAl'IPDEN HAUBSTADT C 
GLENBAR B GRACEVILLE I GUALALA D HAMPSHIRE C HAUGAN 8 
GLENBERG 8 GRADY 0 GUAMANI II HAIIIPTDII C HAUSEll D 
GLENBROOK 0 GRAFEN ll GUANABANO ll IWITAH C HAVANA I 
GLENCOE D GRAFTON 8 GUANAJl80 t HANA A HAVEN I 
GLENDALE 8 GRAHAM I) GUANICA 0 HANALEI C HAVER-LY I 
GLENDIVE 8 GRAIL C GUAYABO B HANAMAULU A HAVERSDN I 
GLENDORA 0 GRAIIM B GUAYABDTA I) HANCEVILLE I HAVJLLAH C 
GLENELG II GRANATH 8 GUAYANA D HANCO D HAVINGDDN D 
GLEMFULO D GRANBY A/0 GUBEN 11 HAND 8 HAVRE I 
GLENFORD C GRANDE RIINDE 0 GUCKEEN C HANDRAN t HAVII.ELDN II 
GLEMHALL II GRANDFIELD II GUELPH I HANDSBORD D HAIi II 
GLENHAM I GRANDVJEII C GUENDC C HANDY D HAIIES A 
GLENMORA C GRANER C GUERNSEY C HANEY II HAIII II 
GLENNALLEN C GRANGER C GUERRERO C HANFORD 8 HAIIKEYE A 
Gl.ENOMA B GRANGEVILLE 8,C GUEST D HANGAARD C HAIIKSELL A 
GLENROSE B GRANILE 8 GUIN A HANGER II HAlll!.SPRINGS B 
GLENS TED D GRANO D GULER II HANlPDE B HAXTUN A 
GLENTON B GRANT B GULKAHA B HANKINS C HAYBOURNE B 
GLENVIEW II GRANTSBURG C GUMBOOT C HANKS I HAYBRO C 
GLENVILLE C GRANTSDALE A GUNBARREI. A HANLY A HAYDEN II 
GLIDE 8 GRANVILLE B GUNN Ill HANNA • .-nsTDN II 
GLJKON 8 GRAPf:VINE t GUNNUK C HANNUM D HAYESVILLE II 
GLOIIU C GRASMERE 8 GUNSIGHT 8 IIANDVEl C HAYFIELD • GLOUCESTER A GU.SSNA B GUNTER t,, HANS C HAYFORD C 
GLOVER CID GRASS.Y BUTTE A GURABO D HANSEL C HAYMOND B 
GLYNDON B GRATZ t GURNEY C HANSKA t HAYNESS II 
GLYNN C GRAVOEN t GUSTAVUS D HANSON A 111\YNIE • Gu8L£ C GRAVE B GUSTIN C HANTHO B HAYPRESS A 
GOOIIARD B GRIIVlTY C GUTHRIE D HANTZ D HAYSPUR IID 
GllDDE D GRAYCALM A GUYTON D HAP • HAYTER II 
GuDECKE D &RAYFORD 8 GIIJN D HAPGDDD a HAYTI D 
GODFREY C GR.AYLING A GIIINN:TT II HAPNEY t HAYWOOD 8 
GOOIIJN D GRAYLOCK B &YIIER t HARBDltD I HAUL C 
GOEGLEIN C GRAYPOINT I GYPSTRU.. B HARBDURTON HAlELUR D 
GOESSEL D GRUS 8 HARCD • HAZEN • GOFF C GREAT IIEND 8 IIACCKE C HARDEMAN B HAZLEHURST C 
GUGEBIC 8 GREELEY B HACIENDA D HARDESTY • HA1LETDN I 
GOLBIN C GREEN BLUFF 8 HACK II HARDING D HAZTON D 
GOLCONDA D GREENBRAE C HACKERS B HARDSCRABBLE 8 HEADLEY • GOLD CREEK D GREEh CANYON II HACKETTSTOIIIJ! II HARDY D HEADQUARTERS • GOLOl,NOALE B GREENCREEK 8 HADAR A HAIi.GR EAVE I HUIE D 
GliLDFIELD B GREENDALE B HADES C MARKERS C HUTH C 
GOLOHILL I GREENFIELD II HADLEY B HARKEY • HUTLY A 
GOLDMAN t GREENHORN D IIADD s HARLAN • HEIBIIDNVILLE • GOLDRJDGE a GREENLEAF 8 HAGEN 8 HARLEN C HEIER II 
GOLORUN A GREENOUGH C HAGENBARTH B HARLESTON t HEBERT C 
GULOSIIOM C GREENPORT HAGENER A HARLINGEN D NUGEN A 
GDLDSTDM C GREEN RI I/ER ,II HAGER C MARNEii. C HEID D 
GOLOSTREAII D GREENSBORO HAGEMAN C iWIIIONY C HEHDN C 
GOLDVALI: C 61\EENSON C HAGERSTOIIN C HARNEY C HECHT C 
GOLDVEIN C GREENTON C ttAGGA B HMPER D HECKI C 
GOLIAD C GREENVILLE a HAGGERTY II HARPETH • HECLA • GOLLilHER A GREENWATER II HAGSTADT C HARPS B HECTOR D 
GOLTRY A GREENIIICH II HAGUE A HARPSTER e HEDDEN C 
GONEZ II GREENIIIIOD D HAIG C HARPT • HEDRICK I 
IIOIIM D GREER C ljAIKU II HARQUA C HEDVILLE D 
&OIIVICK B GREGORY A HAILMN ll HAIi.ii.JET D HEGNE D 
GOOCH D GREHALEM II HAINES 11/C HARRIMAN II HEIDEN D 
GOODALE C GIi.ELL D HAIRE C HARRIS D HEIDTMAN C 
GDODJNG C 61\tNADA C HALAIIA II HARRISBURG D HEIL D 
GilODINGTON C GRENVILLE B HALDER t HARRISON C HEIMDAL • GDODLOW B GRESHAM C HALE G HARR ISV ILLI! t HEISETOIII • GOODMAN • GREIIINGK D HALEDON C HARSTENE • HEISLER • GOOl.lkltH 8 liltEYBAtK • lfALEIIIA II HARSTJNE C HEIST B 
GDODSPRJNGS D GREYIIULL t HALEY !I.I HART D HEITT C 
GOOSE CRt<EK 8 GREYC.LIFF t HALF NOON ' HART CAMP C HEITZ D 
GOOSE LAKc D GREYS II HALFORD A HARTFORD ,. HEUER D 
GUOSNUS B GIi.iFFY B '1ALFIIAY D HARTIG • HELOT C 
GolRCu • GIUGSTON • HALGAITQH I HARTLAND • HELEMNO C 
GORDON D GRIMSTAD • HALll II HARTLETON I HELENA C 
GCIRE D GRISIIDLO I HALUNAILE II HARTLINE II HEL'IEII. C 
Golk&,OIIID A GRITNEY C HAUS II NARTSIURG II HELVETIA C 
GuRHAN B GRJVU t HALL II HARTSELL$ II HELY II 
GilRIN C GRll.ZLY C HALLECK 8 HARTSKJRN • HEMBRE • GORING C GRDGAH I HALL RANi;H C HARVARD II NENNI C 
GORMAN 8 GkOSECLOSE C HALLVJLLE • HAII.VEL B HEli,fJELD 
GORUS A GROSS t HALSEY D HARVEY C HEN,STUD C 
GllllZE:LL II GROTOIII A HAIIACER A HAIi.WOOD C HENCUTT II 
&OSHEN B GROVE " HANAKUAPOKl 8 HASU II HENDERSON II 
GDSHUlE D GROVELAND II HAMN I HASKILL A HENDRICKS I 
GOSPORT C GROvt.R B HAIi.AR II HASKINS C HENEFER C 
G.JTHAII A lill.DVETON • HANIILEN C HASSELL C HENKIN • NiJTES A BLANK HYDRllLOGIC SOIL GllOUP IIIOICA'l'ES THE SOIL GllOIJ' HAS NOT HEIi DUEAMINEO 

T~O SOIL GROUPS SUCH AS 8/t INDICATES Tift DRAINED/UNDRAINED SITUATID'I 
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Table A3. (continued). 

HENLEY C HOBOG I) HORO 8 HYAT A IIAIHllA C 
HENLINE C HO&SON C HOREB 8 HYATJYILLIE C IHI C 
HENNEKE D HOCHHEIN 8 HORNE D HYIIAIUR& 'D 
HENNEPIN 8 HOCKINS 8 HORltELL D HYDE D .MIU c; 
HENNINGSl:N C HOCKUISON C HORNING A HYDRO c; llCHUAI 8 
HENRY 0 HOCK4.EY C IIOANJTOS D HYIIAS D .-Cillll • HENSEL • HODGE 8 HORROCKS 8 HYRUM • .tACINTO 8 
HENSHAii C HODGINS C HORSESHOE 8 HYSHAM D ,MCK CREEK A 
HENSLEY D HODGSON C HORTON • .tAClLIN 8 
HEPLER D HOEBE a HORTONVILLE • IAO c; JACKNIFE C 
HERBERT • HOELZU: C HOSKIN C IIEIUA 0 JilClPDllT D 
llEREFORD 8 HOFFMAN :t. HOSKINNINI D ICENE C JAClS C 
HERKIMER • HOFFIIANVILLE C HOSLEY D IDA 8 JACKSON 8 
HERLONG D HOGANSBURG 8 HO$IIER C IDABEL 8 ,IACKSON•nu C 
HERMISTON I HOGELAND 8 HDTAII C IDAK 8 ,IACOI D 
HEMON A HOGG C HOT LAKE C IOANA C JACOIUN 0 
HERNDON 8 HOGRIS 8 HOUDEK 8 JOEON 0 JACOBY C 
HERO 8 HOH B HOUGHTON A/0 IOIION 8 JACQUES C 
HERRERA A HOHMANN c; HOUK C JGNACIO C JACIIUITH C 
HERRICK C HOKO C HOULKA D 1110 0 JAl:11111 8 
HERRON B HOLBROOK 8 HOULTON uo UiUALDAO D JA"REY A 
HERSH A HOLCOJIB 0 HOUND8Y 0 ULEN 0 JAlllll!YIS 8 
HERSHAL 8/D HOLDAIIAY D HOUR&USS 8 IJAM 0 .IAL • HESCH 8 HOLDEN A. HOUSATDNIC D ILDEPONSD • JALIIAR A 
HESPER C HOLDER 8 HOUSE NQINT AIN D ILKA 8 .IAIIES CANYON 8/C 
HESPERIA B HOLDERMAN C HOUSE,IILLE C U.LION 8/D .14111STOIIN C 
HESPERUS 8 HOLDERNESS C HOUSTON 0 IMA 8 JANE C 
HESSE C HOLORE&E I HOUSTON BLACK 0 IMBLH • .IANlSI C 
HESSEL D HOLLAND 8 HOVDE NC IIILAY C .IANSEN A 
HESSELBERG D HOLLINGER 8 HOVEN D IIIIIOULIE 8/D JAIIAI 0 
HESSELTINE 8 HOLLIS CID HOVENIIUP C INPERIAL • IAllDE C 
HESSLAN C HOLLISTER D HOYERT D IHAYALE l IAlllTA C 
HESSON C HOLLOIIAN C HOVEY C JNDAIIT 8 JAllltE 8 
HETTINGER D HOLLOliAY A HOIIARD 8 JNOIAIGMA 0 AllVIS • HEKT 8 HOLLY 0 HOIIELL C JNDIAN ,IASPEII 8 
HEI.EL • HOLLY SPRINGS D HOWLAND C JNOJAN CAIEK 0 "4UCAS A 
HIALEAH D HDLLYIIDOD D HOYE 8 INDIANO C IAH 8 
HIAWATHA A HOLMDEL C HOYLETON C INOIANOLA A "4Y C 
HIBBARD D HOLMES 8 HOYPUS A INDIO • AY!N 8 
HIBBING C HOLDMUA a HOYTVILLE D INGA 8 .IAYSIIN D 
HIBERNIA C HDLOPAII BID HUBBARD A INGALLS 8 .IUN A 
HICKORY C HOLROYD • HUBERLY D JHGAAO I ,IIAIIEIIETTE D 
HICKS 8 HOLSIHE a HUBERT 8 JN&ENIO C ,IEAN LAKE 8 
HIDALGO 8 HOLST 8 HUBLERSBURG C INGRAII D Jl!DD C 
HIDEAWAY D HOLST(lN • HUCKLEBERRY C JNKLEll • . .IEHO D 
HIDEIIODD C HOLT .I HUDSON C INKS 0 ·JEFPIRSON • HllllllD C HDLTL& 8 HUECO C INIIACHUK 0 JllllLEY C 
HIGHAMS 0 HOLTVlUE C HUEL " IIIIIAN C .IILII 0 
Kl&HFIELO 8 HOLYOKE CID HUENEME a,c 1111111 " .IINA • HIGH GAP C HOMA C HUEIIHIIERD D INNHVALE D JINKINS 8 
HIGHLAND • HOME CAMP C HUEY . 0 IIISUP C .Jl!llllJNSON D 
HIGHMORE • HONELAKE • HUFFINE " INVEIIIE$$ 0 .IENNESS I 
HIGH PAIIIC. B HOMER C HUG&INS C INVILLE 8 ,lllllllNlil C 
HIHIMANU A HOMESTAKE D HUGHES 8 11111000 C JINNY 0 
HUBNER C -ESTEAO 8 HUGHESVILLE 8 lo • JIHULD D 
HIIC.0 PEAK • HOHAUNAU C IIIGO 8 IOLA • 41tlCHD C 
NIKO SPRIN&S D HONCUl I HUICHICA UD IIILEAU C ..llOIIE C 
HILDRETH D HONDALE D HUJKAU A IONA I ,ll!ltltY .c; 
HILEA D HONDO C HULETT 8 lONIA I .-suL • HILES I HONOOHO I HULLS ,c IOSCD I JUSE CANP C· 
HILGER • HOHEOYE 8 HULLT I IIAVA • .IISSUP C 
HILGRAVE 8 HOMEY D HULUA D IRA C JITJ 8 
HILLEMANN C HONEYI.RDVE C HUM I !REDELL 0 JIHS C 
HILLERY D HONEYVILLE C HUIIAC.AO 8 llllTHA ·.C .IIN C 
HILLET D HONN 8 HUIIATAS C IIUM C .IIMNH C 
HlLLflELD • HONOIIAA " HUIIBAIIGER 8 IIIIICK • JIIITOIIN C 
HJLL&ATE D HONOUIA 8 HUMBIRD ' 1111111 aosSDII 0 JOI C 
HILLIARD 8 HONOMAHU I HUMBOLDT D IMII MOUNTAIN D JDIDS C 
HlLLDk I HONOUl'..l ULl D HUNDUN a llDN RIVER I JOC1n 8 
HlUSIOllO 8 HONUAULU A HUME C llONTON .c JOCKO A 
HILLSDALE 8 HOOD 8 HUIIESTON C IRltlCIII C .IODllD 8 
HILMAR CID NODDLE B HUIIIMIN6TON C JAYINCTDII C .IOIL .• 
HILD A HDODSPORl C HU-REYS .• JAIIIN 0 JOES • HILT I HODOVIEII B HUMPTULIPS 8 ISAAC C ,IOHNS C 
HILTON I HOOKTON C HUNSAKER IIC ISAAQUAH 1/C .IOIINSllllG 0 
HlNc;KLEY " HODUHUA I HUNTERS 8 ISAN • JIIHNSON • HINDU C HDOPAL D HUNTING C ISANTJ 0 .IONIISTON 110 
HINESBURG ' HOOPER D HUNTINGTON 8 JSBELL C ,IDNNS•ooo • HlHKLc D HOOPESTON 8 HUNTSVILLE 8 ISIMII C ,IOICE D 
HINMAN C HOOSlt A HUPP 8 ISHI PISHI C ,IOLAN C 
HINSDALE HOOT D HUlll>S 8 ISLAND • olDLIET C 
HINTU D HOOTEN D HURLEY 0 ISDII 8 .t11•SVILLI .. 
HIPPLt C HOOVER 8 HURON C ISSAQUAH IIC ,011us 8 
HISLE 0 HOPEKA D -ST D ISTOKPO&A D .IDPLIN 8 
HITT • HDPET(IN c· HURIIAL •. ITCA 0 .tllPPA ·• Kl VISTA C HOPEIIELL HUSE ·C ITSIIDOT • ,IDllDAlt 0 
NIIIASSEE 8 HOPGOOD C HUSSA BID .IUKA C JOlllE • MIIIOOO A HOPKINS 8 HUSSMAN 0 1'A C ,llhtNADA C 
HlXTllN 8 HOPLEY I HUTCHINSON C IVAN • .IOIIY C 
HOBAtllEll ll HOPPfll 8 HUTSON I IVIS • .IDSE C 
HOBAN C HOQUIAM a HUXLEY 0 IHE • ,IOSEPIIINE 8 
Hlll8S I HORATliJ D HYAN 0 IYINS C .IDSII • IIJTES A BLANK HYOROLOGJC SOIL GllDUP 1NDJCATH T"t SOIL GROii' tlAS NOT HEIi DITEIIIIINID 

TIIO SDIL GROUPS SUCH AS 8/C INDICATES THE lllAINEDIUNOllAlNEO SITUATIOII 
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Table A3. (continued). 

,1gy • MRNAK D KEOIINS D KIPP t KOVltH 0 
,IIMNA DIAZ • IIARNES • KEPLER C: KIPPEN A KOYEN II 
.IUIILEE C: IIARRO 8 KERBY B KIP$DN t KOYUKUK fl 
,uoo D MR$ A KERNEL • KIRK BID KUDE I 
,IUDJTH • KARSHNER D KERMIT A KIRKHAM t KRANZBURG II 
,IUDKINS C Ult.TA C: KERMO A KIRKLAND D KRATKA t 
.IUDSDN • KARTAR 8 KERR • KlRKTON 8 KRAUSE A 
.IIIDY C KASC:HMJT D KERRICK 8 KIRKV lllE C KREAMER C 
,IUGH D KASHIIITNA 8 KERRTOIIN KIRTLEY C: KREMLIN 8 
.IUGHANDLE 8 KASILOF A KERSHAW A KIRVIN C KRENTZ C 
,IULES • KA$KI • KERSlCK D KISRlNG D KRESSON C 
,1111.ESIUIIG A KASOTA C KERSTON AID KISSICK D KRUM i) 

,1111.IAETTA • KASSLER A KIRT C: KISTLER CID KRUSE Ll 
.IUMPE • KASSON C: KERlllN C: KITCHELL 8 KRUZOF II 
,IUNCAL C KATAIIA 8 KESSLER C: KITCHEN CREEK B KUBE 8 
,IUNCDS D KATEMCY C KESlllCK D KITSAP C KUBLER C 
,IUNCTlDN • KATO C: KETCHLY B KITTANNING KUBLl C: 
,IUNEAU • KATRINE B KETTLE B KlTTlTAS D KUCEU 8 
,IUIIIATA KATULA B KETTLEHAN B KITTREDGE C KUCK C 
,IUNIPERO 8 KATY C: KETTNER C: KITTSON C KUGRUG D 
,IIINIUS C KAUFIIAN D KEVIN C KIUP 8 KUHL I) 
,IUIID 8 KAUPO A KEWAUNEE C KIVA B KUKAllU I\ 
JINIIIUIIDS C KAVETT D KEIIEENAII A KIWANIS A KULA II 
.IURA C KAIIAIHAE C KEYA B KIZHUYAK B KULAKALA 11/C 
,IUVA • KAIIAUW'AI • KEYES D KJAR D KULLlT 8 
,IUVAII D KAIIBAIGAM C KEYNER D KLABER C KUMA D 

KAIIICH A KEYPORT C KLAMATH 8/D KUNIA II 
UALUALU ,\ KAIIKAIILIN C KEYSTONE A KLAUS A KUNUIIEU C: 
KACHEIIAK • KliAU D KEYTESVILLE D KLAIIASI 0 KUPREANOF II 
KADAKE D KEAHUA • KEZAR 8 KLEJ 8 KUREB A 
KADASHAN • KEALAIIIKUA C: KIAIIAH C: IILICKIR C KURD D 
KADE C KEALIA D KJl81E a KLICKITAT C KUSKOKIIIM 0 
MDIN KEANS8UllG D KICKERVILLE I KLINE 8 IWSLINA D 
WDKA KEAAIIIS I KIDD D KLINESVILLE CID IWTCH 0 
KAINA KEATING C KIONAN B KLINGER • KUTlTOIIN II 
ICAHAI.UU KEAUKAHA 0 KIEHL A KLDIIDIKE D KVICHAK II 
KAHANA KEAIWW'U • KIETZKE D KLONE B KIIETHLUK A 
KAHANUI KEBLER • KIEV • KLDOCltlAN c; KYLE I) 

KAHLER KECH D KIIIONl 8 KLOTEI; 8 KYLER D 
KAHOLA KEC:KO I KILARC D KLUTINA 8 
lAH SHEET$ KEDRON C KILAUEA B KNAPPA B LA BARGE II 
KAHUA KEEFERS C KlLlll.lRNE A KNEELAND t LUETTE C 
KAIKLI KEEGAN KILBURN B KNIFFIN C LABISH D 
UILUA kEU D KILCHIS D KNIGHT C LABOU D 
KAIIIU KEEKH • KILOOII C: KNIii 8 LABOUNTY C 
IAINALIU A KEELOAR • KILGORE 1/D KNIPPA D LA BOUNTY C 
kAll'DIDI • KEENt C: KILKENNY • KNOB HILL B LA BRIER C: 
IAIIIIKI A KEENO C: KILLIUCK CID IUIOIILES 8 LAISHAFT D 
KALAE • KEUE D KILLEY D KNOX B LACAMU· CID 
KALALOC:H • KEG • KILLINGIIIIRTH KNULL C LA CASA C 
KALAMA C: lll!HENA C KILLPAc;K c· KNUTSEN II LAc;lTA 11 
KALAM.AlOO • KEl&LEY C KILNERQUE C KOIAR C LACKAWANNA C 
KAI.APA • KEISER • KILN D KOIEH II LACONA C 
kALAUPAPA D KEITII • KILOR A KOCH f~ LACOTA D 
KALIFONSKJ D KEUHA • KILOHANA A KODAK r; LACY D 
KAI.IHI D KEKAlll D KILIIINNING C KODIAK 8 LADD ll 
KALISPELL ,. KELLER t KIM • KOEHLER C LADDER D 
KALKASKA A KELLY 0 KINANA • KOELE 8 I.ADELLE B 
ULMIA • l!ILN C: KIMBALL C KOEPKE ~-' LADOGA C 
IIALDKO D ·KELSEY D KIMBERLY I KOERLING Ii LADUE II 
KALOI.OCH • KELSO C: KIMBROUGH 0 KOGISH 0 LADYSMITH D 
KALSIN D KELTNER 8 KIMNERLING D KOW.LA ii LA FARGE II 
KAM.ACK • KELVIN C KIIIMDNS C ltOKEE 8 LAFE !) 
KAIIAKOA A KEMMEIIER C: KIND C KDKERNOT C LAFITTE 0 
UIIADA • KEMDO • KINA D KDKO • U FONDA I 
UIIADLE • KEIIPSVILLE • KINCD A KIIKOUHI D LAFONT I 
KAHAY D IIIIIPTON • KINESAVA C KOKOHO BID Li\SLOllU • KAIIIE • KENAI C: KINGFISHER • KOLBERG • LA&ONDA C 
HIIIIAR • KENANSVILLE A KINGHURST 8 KOLEK OLE C LA GUNDE C 
KAIIAHC • KENDI.IA C: KINGNAN D KOLLS D LAGRANGE D 
UNAKA • UNDALL a KINGS CID KOLLUTUK D LAHAINA II 
UNAPAHA AID KENDALLVILLE • KINGSBURY 0 KOLDA C LA HOGUE ii 
ltANOlk • KENESAII 8 KINGSLEY 8 KOLOB C LAHONTAN II 
llANE • KENHOOR • KINGS RIVEi C KOLOKOLO !) Ll,HRITY A 
UNEDHE • KENNALLY I KINGSTON • KONA D LAIDl6 C: 
ltANIPUU • KENNAN • KINGSVILLE C KONAWA 8 LUDUII 8 
KANIIIA t IIINNEBEC • KINKEAD C KOIIINER D LAIL ' KlNLEl • KUNEDY IIC KINKEL 8 KONOKTI t UIRDSVILLE D 
KANOSH C KENNER 0 KINKORA D KIJDLAU C LAIREP D 
UNU D KENNEIIIC:K I KINNAN C KOOSKIA t LAJARA I) 

KAl'AA A KENNEW A KINhEAR • KOOTENAI A UKE A 
-KAl'APALA • KINNEY LAKE t KINNEY • KOPIAH D LAKE CHARLES D 
KAPOD • KENO D KINNICK C KOPP B LAKE CREEK t 
KAPDIISIN C: KENOIIA D KINRl:AD D KOPPES 8 UKEHELEN 8 
KAPUt1 IKANI D KENSAL B KINR~S 0 KORCHEA B LAKEHURST A 
UAAIIIN • KENSPUR A KINSTuN D. KORNMAN I LAKE JANEE II 
KAADi • KENT 0 KINTA D ltQSM0$ D LAKELAND A 
&AAHEEN D KENYlill C KINTON C KOSS£ D LAKEMONT I) 

IWIUN C KEO • KINlEL B KUSTER t LAKEPORT 8 
KAAL.1111 A KEOU/AR 8 KIOIIATU A KllSZTA • LAKE SHORE 0 
IWl&.11 0 KEOIIAH C KIONA • KOTEOO D LUESOL II 
IIARLUK D KEOTA C KIPLING D KOUTS II LAKETON G 11,nu A ILANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP H~S NOT IEEN PETEANINEO 
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Table A3. (continued). 

LAKEVIEW C LATAH C LEHANEE BID LINVILLE a LOU.DALE C 
LAKEWlN B LATAHCD C LENNEP D LlNIIOOD AID LORUN CID 
LAKEWOOD A LATANG B LENOIR D LIPAN D LORDSTOWN C 
LAKl 8 LATAIIIIER D LENOX 8 LIPPINCOTT a,o LOREAUVILLE C 
LAKIN A LATENE a LENZ B LIRIDS B LORELLA D 
LAKDNA D LATHAM D LED a LIRRET 0 LDllENZD A 
LALAAU A LATHROP C LEON AID LISADE a LORETTO I 
LA LANDE B LATINA 0 LEONARD C LlSAII D LORING C 
LALLIE 0 LATOM D LEONARDO B LIHDN I LOS ,LAMOS B 
LAM BID LATONIA 8 LEONARDTDIIN D LlSIIAS 0 LOS HNOS C 
LAMAR 8 LATTY D LEONIDAS 8 LISMORE 8 LDSEE 8 
LAMARTlNI. 8 LAUDUDALE B LEOTA C LITCHFIELD A LOS GATOS 1/C 
LAMBfRT 8 LAUGENOUR 810 LEPLEY D LITHGOII C LOS GUINEOS c; 
LAMBcTH C LAUGHLIN B LERDAL C LITHIA C LOSHNAN D 
LAMBORN D LAUMAIA B LEROY B LITINBER t LOS OSOS c; 
LANlNGTON D LAUREL C LESAGE 8 LlTLE C LOS RDBLIS a 
LANO B LAURELHURST C LESHARA B LITTLEBEAR A LOS TANOS 8 
LAMONI 0 LAURELIIOOO 8 LESIIO C L ITTL EF IElD D LOST CREEK I 
LAMONT A LAUREN 8 LESLIE D llTTLE HORN t LOST HILLS c; 
LAMUNTA D LAVALLEE B LESTER B LITTLE POLE D LOS TRANtOS D 
LAIIOURE C LAYATE 8 LE SUEUR B LlTTLETON 8 LOSTIIELLS I 
LAIIPHlER B LAVEEJI B LETA C LITTLE WOOD B LOTIIAJR c; 
LAMPSHIRE D LAVELOO 0 LETc;HER D LITl C LOTUS B 
LAMSON D LAVEAKlN C LETHA D LIV C LOUDON C 
LANARK B LA VERKIN C LETHENT C LIVERMORE A LOUDONVILLE C 
LANCASfER 8 LAVINA C LETORT B LIVIA D LOUIE C 
LANCE C LAWAi B LETTERBOI B llVJNGSTON D LOUISA B 
LAND 0 LANET c; LEVAN A LIVONA A LOUISBURG I 
LANDES B LAWLER B LEVASY C LIZE C LOUP D 
LANDIS-& C LAIIRENtE C LEVERETT C LIZZANT I LOURDES C 
LANOLOW C LAWRENCEVILLE C LEVIATHAN I LLANOS C LDUVIERS D 
LANDUSKY D LAWSHE C LEVlS C LOBDELL C LOVEJOY C 
LANE C LAWSON B LEIIIS 0 LOBELVILLE C LOVELAND C 
LANEY C LANTHER 0 LEWISBERRY B LOBERG 8 LOVELL C 
LANG BID LAWTON C LEIIISBUIIG C LOBERT 8 LOVELOCK C/0 
LANGFORD C LAX C LEWISTON C LOBITOS C LOIIELL C 
LANGHEI 8 LAXAL B LEWISVILLE C LOCANE 0 LOIIRY I 
LANGLEY C LAYCOCK B LEX 8 LOCEY C LOIIVILLE 8 
LANGLOIS Q LAYTON A LEXINGTON 8 LOCHSA 8 LOYU B 
LANGOLA B LAZEAR 0 LHAl I LOCKE II LOYALTON D 
LANGRELL 8 LEA C LIBBINGS D LOCKERBY C LOYSYILLI! 0 
LANGSTON C LEADER B LIIIBY I LOCKHARO I LOUNO I 
L.ANliR B LEADPOINT 8 LIBEG A LOCKHART 8 LOUER D 
LANIGER B LEAOVALE C LIBERAL D LOCKPORT D LUALUALEJ D 
LANKBUSH B LEADVILLE II LIBERTY C LOCKWOOD II LUBBOCK C 
LANKIN C LEAF 0 LIBORY A LOCUST C LUBRECHT C 
LANK TREE C LEAHY C LIBRARY D LODAR D LUCAS C 
LANOAK B LEAL B LIIUTTE 0 LODEMA A LUCE C 
LANSDALE 8 LEAPS C UClt B LOOI C LUCEDALE I 
LANSDOWNE C LEATHAM C LICK CREEK D LOOO D LUCERNE I 
LANSING 8 LEAVENNORTH B UCKDALE D LOFFTUS C LUCIEN C 
LANTIS 8 LEAVITT I LICKING C LOFTON 0 LUCILE D 
LANTON 0 Ll!:AVUTVILLE I LICKSKILLET D LOGAN D LUtlLETON I 
LANTONU 8 LEBANON C LIDDELL D UNIOELL D LUCKENBACH C 
LANTZ Q LEBAR 8 LIEBERMAN C LOGGERT A LUCKY I 
LAP D LE BAR 8 LIEN D LDGltOUSE II LUCKY STAR I 
LA PALMA C LE&EC 8 LIGGET 8 LOGY 8 LUCY A 
LAPEER 8 LUO C LIGHTNING D LDHLER C LUIIOEN D 
LAPINE A LEBSAtlt C LIGNUM C LOHMILLER C WDLDII C 
LAPLATTA C LEClt KILL II LIGON D LOHNES A LUEDEIU C 
UPON 0 LEDBEDER B LIHEN A LOIRE 8 LUFII.IN D 
LAPORTE C LEDGEFORK A LI- I LOUK D LUHON II 
LA POSTA A LEOGU 0 LIKES A LOLALITA 8 LUJANE C 
LA Pl<AlRIE 8 LEORU 0 LILAH A LOLEKAA I LUKIN C 
LARABEE 8 LEDY LILLINAUP A LOLETA .CID LULA I 
LARAND B LH 0 ll11A 8 LIILO A LULIII& D 
LARCHMOUNT B LEEDS C LIMHI I LOLON A LUIIBEE 0 
LAROELL C LUFIELO C LINDER I LOMA C LUIIMI 1/C 
LAREDO B LEELANAU A LINERICII: C LONALTA D LUN C 
LAUS C LEEPER D LlNON C LOMAX • LUNA C 
LARGENT 0 LEESVILLE Bit LIMONES 8 LOMIRA 8 LUNCH C 
LARGO 8 LEETON C LlNPlA C LOMITA$ 0 LUNIIIIIO C 
LARIN A LEETONIA C LINCO I LONDO C LUNDY D 
LARIMER 8 LEFOR • LINCOLN A LONE C LUNT C 
LARKIN 8 LEGLER • LJNCROFT A LONEPINE C LUPPINO C 
LARKSON C LEliOl\E B LINDLEY C LONERIOGE I LUPTON 0 
LA ROSE ll LEHEli C LINDSEY 0 LONE ROCK A LURA 0 
LARRY 0 LEHIGH C LINOSIOE C LONETREE A LURAY CID 
LARSON D LEHIIANS D LINDSTROM I LONGF!llD C LUTE D 
LARUE A LEHR • LINDY C LONGLOIS II LUTH C 
LARVIE Q LEICESTER C LIIEVILLE C I.ONGNARE D LUTHER I 

- LAS C LEILEHIJA B LINGANOIIE I LONGMONT C LUTIE I 
LAS ANINA$ C LELA 0 LINKER I LONGRIE C LUTON 0 
LASAUSES C LELAND D LINltVllLE • LONGVAL I LUVERNE C 
LAS FLORES 0 LEMETA D LINNE C LONG VALLEY I LUXOR 0 
LASHLU LEMU;G C LINNET 0 LONGVIEW C LUUNA D 
LASJL 0 LEMM I LINNEUS • LONOKE I LYCAN • LAS LUt;AS C LEMONEX 0 LINO C LDNTI C LYCOMING C 
LAS POSAS C LEMPSTER C/0 UNDYER I LOOKOUT C LYDA D 
LASSEN Q LEN C LINSLAli 0 LOON I LYIIICK • LASTA"'E 8 LENA A LINT I LOPER B LYFORD C 
LAS VEG.U 0 LENAPAH 0 LINTON B LOl'EZ 0 LYLES I 

N.JTES A BLANK HYORDLOGl.t SOIL GROUP INDICATES THE SOil GROii' HAS NOT IEEN OETEllNINEO 
TIIIO SOIL GROUPS SUCH AS 1/C JNl>JCATES THE DRAJNED/UNORAJNEO SITUATJ3N 
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Table A3. (continued). 

LYIIAN CID IIALJN C/D MARLETTE • MAY DAY D MCPHERSON C 
LYIIANSON C MALJANAR • MARLEY C IIAYER D MCPHIE • LYNCH D IIALLDT A MARLIN D NAYES D MCQUARRIE D 
LYNCHBURG BID KALIi C MARLON C MAYFIELD 8 IICQUEEN C 
LYNDEN ,. IIALD B IIARLTON C IIAYFLOIIER C MCRAE • LYNNDYL A IIALONE 8 IIARIIARTH • IIAYHEII D MCTAGGART D 
LYNN HAVEN BID IIALDTERRE 0 IIARNA 0 MAYLAND C NC VICKERS C 
LYNNVILLE C MALPAIS C IIARPA • IIAYNEN D MEAD D 
LYNX B MALPO&A C IIARPLEEN D MAYNAIID LAKE a IIEAD!N A 
LYDNIIAN C HAL VERN C MARQUETTE A IIAYD B MEADOIIVllLE B 
LYONS D MAM.ALA 0 NARR B MAYODAN • l'IUDVU.U C 
LYONS VILLE 8 l!AIIOU C IIARRIOTT • IIAYONORTN C WEUIOEII 0 
LYSINE D MANAHAA C MARSDEN C IIAYSOORF • HECAII B 
LYSTAIR 8 IIANALAPAN MARSELL B KAYSVILLE MECCA B 
LYTELL 8 IIANANA C IIARSHALL B IIAYTOIIN' C IIEtKESYILLE C 

MANASSA C MARSHAN D MAYVILLE 8 IIECUENBUR& C 
MABANK 0 MANASSAS I IIARSNOALE C IIAYIIOOO B MEDA II 
MABEN C MANASTASII C MARSHFIELD C MAZEPPA I IIEDANO C 
IIA81 0 MANATEE 8/0 MARSING B MAZON C PiEDARY C 
IIABRAY 0 MANAIIA C MART C NAZUIIA C MEDFORD II 
NACAR B MANCElONA A MARTELLA B MCAFEE C PIEDFR4 u 
MACEDONIA C IIANCH&STEll A MARTIN C MCALLEN ii IIEOltlNE LOOG! B 
IIACFARLANI! • MANDAN I MARTINA A MCALLISTER C MEDINA I 
MACHETE C MANOERFIEUI 8 IIARTINECk 0 IICALPIN i; NEDLEY • MACHIAS 8 IIANDE.VILLE I MARTINEZ D MCBEE II IIEOIIAY • MACHUELO 0 MANFRED 0 MARTINI B MCBETH 0 MEEKS A 
MACK C MANGUM 0 MARTINSBURG B MCBRIDE I MEETEETSE 0 
IIACllEN 0 MANHATTAN A IIARTlNSDALE I MCCABE I MEGGETT D 
MACKINAC B IIANHE-lft C IIARTINSON D MCCAFFEllY A IIHON C 
IIACKS8Uft& I IIANI C MARTJNSVI LLE B MCCAIN C MEHL C 
IIACOIIB I MANILA C MARTINTON C MCCALEII I MEHLHORN C 
MACOIIBEI\ I MANISTEE • MARTY B MCCALLY D MEIGS 
IIACOtl I MANITOU C MRVAN D IICCAM>ION D MEIKLE D 
MACY I MANLE,Y I MARVELL B MCCANN C NEISS 0 
IIADALIN 0 MANUllS C MARVIN C MCCARI\AII 0 IIELIOURNE I 
IIAOAIIASKA I MANLOVE B i>IARY C MCCARTHY • MELBY C 
MADDOCK 'A MANHJN& B AARYOEL I MCCLAVE C IIELITA B 
IIAODOX IIANOI.UI! 0 MARYSLAND 0 MCCLEARY C IIE LLI! NTHl N 0 
MADELIA C MANOR B NASAOA C MCCLELLAN B IIELLOR D 
MADELINE 0 MANSNELD 0 IIASCAMP 0 MCCLOUD C MELLOTT B 
MADERA JI MANSIC 8 IIASCHETAH 8 IICCOlN D MELOLAND C 
MADISON 8 IIANSK&R I IIASCOTTE D HCCOLL 0 IIELROSE C 
IIADONNA C IIANTACIIJE C IIASHEL C MCCONNEL B NELSTDIE A 
MADRAS C MANTEO C/0 IIASHUU.VILLE 1/0 MCCOOK a NELTON B 
IIAORJD 8 MANTER B MASON II IICCORNI Cll C IIELYILLE I 
MADRONE C MANTON 8 IIASON"!lLLE C MCCOY C IIELVIII 0 
IIAOUREZ B MANTZ B IIA$Sl,CI\ I MCCREE B MEIIALOOSE 0 
NAFUIIT B MANU C IIASS!::11.-\ C lltcllORY 0 IIENPHIS I 
IIAGALLIIN • MANYU C MASSIU.ON I IICCROSKIE 0 MENAHGA A 
MAGEN$ I IIANIIDOD D MASTERSON 8 MCCULLOUGH C IIEIIAN C 
MAGGIE 0 IIANZAIIJTA C IIAYAGOROA D MCCULLY C: IIEIIARI> a 
IIAGINIUS C IIANZAIIO C NA'IH!iJROS C MCCUNE D IIEIICH C 
IIAGNA 0 MANZANOLA C IIATl'lkUSM C MCCUTCHEN C IIENDEIOUllE C 
MAGNOLIA B NAPES C 111\TAMAS B NCDOLE B NENODCINO B 
MAGNUS C MAPLE IIOUNTAJN 8 IIHAi'UIU: I MCDONALD II MENDON I 
IIAGOTSU D MAPLETON CID :·.:srA1ti,1< C IICDONALOSYILLE C NENDOTA I 
IIAGUAYO D MARAGUEZ 8 %~'l"f-rii:fl A MCEIIEN I IIENEFEE D 
MAHAFFEY CID NARATIIOII • M'H,Et.D C MCFADDEN I IIEIIIFRO I 
MAHAFFY C/0 IIARIILE A • \l"lr_#f.r~s 8 IICFAJN C IIENLD 0 
IIAHALA C MARBL6IIOUNT 8 i'?,0,rHERT!Jll B MCFAUL C IIEIIIO C 
IIAHALASVILLE BIO IIARCELINAS D l'tATHl:SOf>l II MCGAFFEY B IIENOllEN C 
MAHANA I MARCETTA A l!JITKl:NS MCGARR t IIENOMJNEE B 
MAHASKA • MARCIAL 0 IIATH!I A MCGARY C NENTO C 
IIANER C NARCWI • lliATHlSfON C MCGEHEE C IIENTOR B 
IIA-ING 0 MARCUS C IIATLl!CK D NCGILVERY D IIEQUOII C 
IIAHUKONA • IIARCUSE 0 IIAYOON D MCGINTY I NERCED CID 
IIAIDEN B IIARU 0 IIAYTAPEll C IICGIRK C MERCEDES D 
MAILE A MARDEN C AATTOt.E C MCCOIIAN 8 IIElCER C 
IIAlNSTAY 0 IIAIIDUI C H,1U D NCC:UTH I IIUCEY t 
IIAJADA • IIARENGD C/0 fWIDE I MCGREW A MElEDITH B 
IIAKAALAE 8 MARESUA • IUUGHAN C IICIENRY • IIEllETA C 
IIAKALAPA 0 MARGERUII I 11.AUKEY C NCILIIAINE A IIEllGEL • IIAllAPIL I A IIARGUEAITI • IIAUMl:E MO MCINTOSH • IIERIDIAN I 
MAKAIIAO • MAIi iA 1/C "-'l.!IIAIID 0 NCJNTYRE I IIEIUNO D 
MAKAIIELI B IIAUANA C AAUl'IN C IICKAII IE D MERKEL I 
IIAKENA 8 MARI.AS 0 MAUlli!:PAS. 0 IICllAY 0 IIEALIN 0 
IIAKllll 8 IIARJCAO I MAURIGE A MCKENNA C/0 NEllNILL 8/D 
MAKLAK A MARICOPA 8 MAURINE 0 IICllENZIE D NUNA 0 
MAKOTI C MARIETTA C MURY .• MCKINLEY B NERDS A 
MAL B MARILLA C IIAYERICK C MCKINNEY D NEUIFJELD B 
IIALA I IIARJNA A MAYIE 0 MCLAIN C MERRILL C 
MALABAR AID IIARIOII 0 MAIIAE A MCLAURIN B IIEllRILLAN C 
IIALABON C IIARIPOSA C MAX I NCLEAN C IIE-RIMAC A 
MAUCHY 8 IIAR1$5A C IIAXEY C IICLEOO 8 Nl!RRITT 1/C 
MALAGA I MARKES D MAXFIELD C IICIIAHON C NEil ROUGE I 
MALAIIA A MARKEY 0 IIAXSON A MCMEEN C IIEUDII B 
IIALAYA D MARKHAM C IIAXTON B IICIIULLIN 0 MER.Tl a 
IIAL8JS B IIAAKLAND C IIAXVILLE A IICIIUROJE C IIESA 8 
IIALCOLN • IIARUBORO C IIAXIIELL 0 IICIIURPHY 8 IIESClL 8 
MALETT! C MARLA A NAY B IICIIURIIAY 0 IIESCALERO C 
MIii.EU 8 MARlBOllO • MAYBERRY C IICNARY D MESITA C 
IIALIIIIU D MARLEAN 8 W.YBESO D IICPAUL B MESKILL C 

NOTE$ A BLANK lf'fDROLll&JC SOIL GROUP INDICATES JHE SOIL GROUP 114S NOT DEEN DETERMINED 
TIIO SOIL GROUPS SUCH AS 8/t INDICATES THE DRAINED/UNDRAINED SITUATID• 
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Table A3e (continued).. 

NESNAN C NINORA C MONTCJ\'A D MURDOCK C NAVARRO B 
NESPUN A MINTO C 

:g:::i~IER 
C NUREN B NAYESINK 

NESSER C MU4U D 8 MURRILL 8 NAYLOR 
NET D IUNVALE 8 MONTVALE D MURYILLE D NAYPEO C 
METALINE B MIRA D MONTVERDE AID MUSCATINE B NAZ 8 
METAMORA 8 MIRABAL C MONTWEL C NUSE C N-BAR B 
NETEA 8 MIRACLE 8 NONUE 8 NUSELLA B NEAPOLIS 8/D 
IIETHO.W 8 MIRAMAR 8 MOODY 8 MUSICK 8 NEBEKER C 
NETJGOSHE A MIRANDA D NOOHOO 8 MUSINIA B NE9GEN D 
METOLIUS I!, MIRES 8 MOOSE RIVER D MUSKINGUM C NEBISH 8 
MURE D MIRROR 8 NORA B MUSKOGEE C NEBO 
f>IEH A IIURMR LAKE A MORADO C MUSQUIZ C NECHE C 
MEJUCO I) MISSION B MORALES 0 MUSSEL B NEDERLAND 8 
l!IIHOON 0 MITCH B MORO C MUSSELSHELL B NEEDHAM 0 
MIAMI a MITCHELL B MOREAU D MUSSEY D NEEOLE PEAt. C 
NlANUN ' NITJWANGA C MOREHEAD C MUSTANG AID NEEDN:JRE C 
MICCO A/0 MITRE C MOREHOUSE C NUTNALA 8 NEELEY B 
NICHELSON B MIZEL D MORELAND D MUTUAL B NEESOPAH C 
NICHlGAMNE C MIZPAH C MORELANOT.ON A MYAKKA A/D NEGITA 8 
NICK 8 MOANO 0 MORET 0 MYATT 8/0 NEGLEY 8 
JUDAS 0 MOAPA 0 MOREY 0 MYERS 0 NEHALEM 8 
IUDDLE C NOAULA A MORFITT 8 MYERSVILLE 8 NEHAR 8 
MIDDLEBURY 8 MOBEETIE 8 MORGANFIELD 8 MYLREA 8 NEILTON A 
fUDESSA B MOCA D NORGNEC MYRICK D NEISSON 8 
IUOl.ANO 0 HOCHO 8 MORIARTY 0 MYRTLE 8 NEKIA C 
IUONJGHT D NODA, 0 NORICAL C MYSTEN A NELLIS 8 
MIDVALE C MODALE C NORLEY C NYSTJC 0 HELMAN B 
IUDWAY D MODEL C MORMON MESA 0 MYTON B NELSCOTT B 
N!ffLIN 8 MODENA B MOROCCO A/C NELSON B 
IUffUNBUilG 8 MODESTO C MORONI D NAALEHU B NEMAH C 
MIGUEL D MODOC C NOROP C NABESNA 0 NENOTE A 
IUKE D MOENKOPJE D MORRILL 8 NACEV ILLE C NENANA 8 
IU~SELL C MOE PITZ 8 MORRIS C NACHES B NENNO 8 
IHUCA B MOFFAT 8 MORRISON 8 NACINIENTO C NEOLA 0 
Pm.AN 8 MOGOLLON B MORROW C NACOGDOCHES 8 NEOTOMA 8 
MILES 8 MOGUL 8 NORSE D NADEAN B NEPUTO A 
f4iLfORD C MOHALL 8 MORTENSON C NADINA D NE PESTA C 
MU.HAP! C MOHAVE 8 NORTON 8 NAFF B NEPHI 8 
~lLHEIN t. MOHAWK B MORYAL B NAGEESI 8 HEPPEL 8 
llllll 8 MOIRA C MOSBY C NAGITSY C NEPTUNE A 
MiLURD 8 MOKELUNNE D MOSCA A NAGLE 8 NE~ESON 8 
MILLBORO D MOKENA C MOSCOW C HAGOS 0 NESDA A 
MU.LBROOK 8 NOKIAK B NOSEL C NAHATCHE C NE SHAM I NY 8 
fliLLl!URNE 8 NOKULEIA B MOSHAHMON 8 NA ... A C NESIKA 8 
liiULLtREEK B NOLAND 8 MOSHER D NAHUNTA C NESKAHI B 
14.l!LLER D NOLCAL B MOSHERVILLE C NAIWA 8 NESKOWIN C 
iULLERLUX D MOLENA A MOS IDA a NAKAI B NESPELEM B 
MILLERTON D MOLINOS 8 MOSQUET D NAKNEK 0 NESS D 
WILLETT 8 MOLLY-ILLE D MOSSYROCK B NALDO B NESSEL B 
N!LLGROVE 8/0 NOLLY B MOTA 8 NAMBE 8 NESSOPAH B 
li!U.L HOLLOW B MOLOKAI 8 MOTLEY B NANON C NESTER C 
MILLICH D MOLSON 8 MOTOQUA D NANAMKIN A NESTUCCA C 
IIIILUKEN C MOLYNEUX 8 ·Mon SY ILLE A NANCY 8 NETARTS A 
MILLINGTON 8 MONAD A MWLTON BID NANNY B NETCONG B 
PULLIS C MONAHAN D MOUND C NANNYTON B NETO B 
1m.LRACE 8 MONAHANS B MOUNTAINBURG D NANSENE B NETTLETON C 
IULLSAP C NONARDA D MOUNTAINVlEW 1/D NANTUCKET C NEUBEU B 
~U.LSDALE 1/il MONCLOVA B MOUNTAllWI LlE w M~IJM C NEUNS 8 
MILLSHOLM C MONDAMIN C NWNT AIRY A NAPA D NEUSKE 8 
IULLYILLE 8 MONDOVI 8 MOUNT CARROLi. I MAPAISHAK 0 NEVADOR C 
IULLIIOOD D MONEE D MCl.lNT HOME & NAPAVINE B NEVILLE 8 
IULNER C MONICO B MWNT HOOD 8 001\PIER B NEVIN C 
IULPITAS C MONIDA 8 flOONT LUCAS C NAPLENE 8 NEVINE 8 
MILROY 0 NONITUU D MOUl'4T OLIVE D NAPLES B NEVKA C 
IULTDN C MONMOUTH C MCIUNTVIEW 8 NAPPANEE D NEVOYER 0 
PUMBRES C NONO .D MOVILLE C NAPTOWNE 8 NEVTAH C 
riU10$A C MONOLITH C NOWATA 0 NARANJITO C NEVU D 
IIUNA C MONONA 8 NC>wER C NARANJO C NEl!IARK C 
NUIAH 8 MONONGAHELA C HOVERSON D NARCISSE 8 NEWART B 
IUNATARi: D NONROE 8 NOY INA D NARC 8 NEWAYGO 8 
MINCHEY 8 MONROEVILLE CID MUCARA D NARLON C NEWBERG B 
ll!INCO B MONSE B MUCH t NARON 8 NEWBERRY C 
MINDALE B NONSERATE C NUDRAY D NARRAGANSETT B NEWBY 8 
MINDEGO 8 MONTAGUE D MUD SPRINGS C NARROWS D NEW CAIIBRIA C 
IUNOENAN B MONTALTO C MUGHOOSE C NASER B NEWCASTLE B 
l'IINDEN C NONTARA 0 MUIR 8 NASH B NEIICOMB A 
IUNi:: 8 NONTAUK C MUIRKIRK B NASHUA A NEWDALE 8 
MINEOLA MONTCALM A MUKILTEO D NASHVILLE 8 NEWELL B 
6'!NER D MONTE 8 NULCROW D NASON C NEWELLTON D 
iUNERAL A MONTE CRISTO D MULKEY C NASSAU CID NEWFANE 
~!HERAL 141JUNTAIN C NONTEGRANDE D MULLINS D NASS ET 8 NEWFOIU D 

·1111NERVA 8 MONTELL D MULLINVILLE 8 NATALIE C NEWKIRK 0 
PUNG 8 MONTHLO C MULT C IIIATCHEZ 8 NEWLlNDS B 
lll!NGO 8 NONTEOLA D MULTORPOR A NATHROP B NEWLIN B 
MINIDOKA C MONTEROSA 0 MUMFORD 8 NATIONAL B NEWIIARKET 8 
IUNNEISKA C MONTEVALLO D MUNDELEIN 8 NATRONA 9 NEWPORT C 
dUNNEOSA 8 l'IONTGOHERY D NUNOOS 8 NATROY D NEWRUSS B 
tUNNEQUA B MONTICELLO 8 MUNISING 8 NATURITA 8 NEWRY B 
MINNETONKA D MONTIETH A MUNK C NAUKATI D NEWSKAH B 
MINNEWAUKAN 8 MON TMORENCI 8 MUNSON 0 NAUMBURG C t4EWSTEAD 0 
NlNNlfCE D MONTOSO 8 NUNUSCONG D NAVAJO D NEWTON A/0 
IUNOA C MONTOUR D MURDO B NAVAN D NEWTONIA B 

NilTES A BLANK HYOROLOG!C SOIL GJtOOP J NOi CA TES THE SOIL GROUP HAS NOT BEEN l>ETERMlNED 
TNO SOIL GROUPS SUC.H AS 8/C INDICATES THE ORAINED/UNuRAlNED SITUATION 
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Table A3. (continued). 

NEIITOIIN C NORTON C OKAII D OR.ELLA D PACK C 
NEIIVILLE C NORTONVILLE C OKAY 8 OAEII A PACKARD 8 
NEZ PERCE C NORTUNE D OKEECHOBEE AID ORESTIN8A C PACKER C 
NIAGARA C NDRIIALK 8 OKEELANTA WO ORFORD C PACKHAM 8 
NIART • NORWAY FLAT 8 OKENAH C ORIOi.A C PACKSADDLE I 
NIBLEY C NORWELL C DKLAREO • OIUF A PACKWOOD D 
NICHOLSON C NDRIIICH D OKUIIAHA ND ORIO C PACOLET 8 
NICHOL VILLE C NDRIIOOD 8 OKNDK 8 ORION 8 PACTOLUS C 
NICKEL 8 NOTI 0 OKO D ORITA I PADEN C 
NICODEMUS 8 NOTUS Alt OK080JI C ORLAND 8 PADRONI 8 
NICOLAUS C NOUQUE D OKOLONA D ORLANDO A PADUCAH 8 
NICOLLET 8 NOVARA 8 OKREEK D ORMAN C PADUS 8 
NIELSEN 0 NOVAll-Y 8 OKTl88EHA D OIUIS8Y 8/C PAUL 8 
NIGHTHAIIK 8 NOIIOOO C OU .c OROOELL C PAGET 8 
IUHILL 8 NOYD C DUA A ORO FINO I PAGODA C 
NIKABUNA 0 NOYSON C OULU. C ORD GRANDE C PAHUNAGU C 
IIIKEY 8 NUBY CID OLANTA 8 ORONO [" PAHUAH D 
IIIKISHKA A NUCKOLLS C OLATHE C OROVADA t PAHROC D 
NIKLASO" 8 NUCLA • OLD CANP 0 OIU'HANT D PAIA .c 
NIKOLAI 0 NUECES C OLDHAM C ORA C PAICE C 
NILAND C NUGENT A OLDS D DRRVIUE C PAINESVILLE C 
NILES C NUGGET C OLDSMAR 8/D ORSA A PAINTRDCK C 
IIINRDO C NUIIA C OLDIIICK • ORSINO A PAIT 8 
NINCH C NUHOA C OLELD 8 ORTELLO A PAJARITO • Nl"EIIILE D NUHICA C OLEN.A 8 OII.TIGALITA C PAJARO C 
NINEVEH 8 NUNN C OLEQUA 8 ORTING C PU.A I 
NINIGRET 8 NUSS D OLETE C ORTU C PAULA 8 
NININGER 8 NUTLEY C OLEX 8 ORTLEY· 8 PAKINI • NINNESCAH ( NUTRAS C OLGA C ONIET A PALA 8 
NIOBELL C NUTIUOSO 8 OLJ 8 ONIOOD 8 PALACIO • "IOTA 0 NUVALDE C OLIAGA 8/0 OSAGE 0 PALAPAUI 8 
NIPE 8 NHLA 0 OLINDA 8 OSAKIS 8 PALATINE 8 
NIPPERSINK B NYNORE A OLIPHANT B OSCAR 0 PALESTINE B 
NIPPT A NYSSA C OLIVENHAIN 0 OSCURA C PALISADE • NIPSUN c; NYSSATON 8 OLIVER • oscooo • PALNA 8 
NIRA 8 NYSTROII C OLIVIER C OSHA B PALNUEJO C 
IIISHNA C OLJETD A OSHAWA D PALN BEACH 
NISHON 0 DAH£ 8 OLMITO 0 O'SHEA C PALNER 
IIISQUALLY A OAKDALE 8 OLMITZ • OSHKOSH C PALNEll CANYON 
NISSIIA 8 OAKDEN D OLMOS c; OSHTEMO B PALIUCH 
NIU 8 OAKFQIIO • OLNSTFO BIO OSJf\ 8/D PALNS 
NIULll C OAK lit.EN 8 OLNEY • OSKA C PAL'IYRA 
IUVLOC D OAK GROVE C OLQKUI 0 OSMUND B PALO 
NIIIOT c; OAK LAKE • OLPE C QSO • PALDDURO 
NIXA C OAKLAND C OLSON 0 05088 D PALOIIAS 
NIXON B OAKS RIDGE C OLTDII C QSORIOGI! D PALOMINO 
NlXONTON B OAKVILLE A OLUSTEE BID OSOTE B PALOS VERDES 
NIZINA A OAKWOOD 0 OLYIC B OSSIAN C PALOUSE 
NOBE 0 OANAPUKA B OLYMPIC B OST B P,'LSUDVE 
NOBLE 8 OASIS B ONADI B OSTRANDER B PAIILICD 
NOBSCOTT A OATIIAIII a OMAHA a OTERO 8 PAIIDA C 
NDCKEN C DIAN C OIIAK C OTHELLO D PANSOEL D 
NDOAWAY 8 OBARC 8 ONEGA A OTIS t PANUNKEY C 
NOEL D DIEN C OIIEIIA 8 OTIStO A PAIIA 8 
NOHlLI D OBRAST D ONNI C OTISVILLE A PANACA D 
IIOKASIPPI D OBRAY 0 ONA AID OTLEY B PANAEIIA D 
NOKAY C OBURN D ONALASKA B OTSEGO C PANASOFFKl!E 0 
NOKOMIS B OCALA D ONAMIA B OTTER BID PAIICHElll 8 
NOLAN B OtEANET D ONARGA • OTTERIEII t PANCHIIELA C 
NOLltHUCKY 8 DCEANO A ONAIIA 0 OTTERHDLl • PANDO I 
NOLIN B otHEYEDAN • ONAWAY 8 OTTOKEE A PANDOAH C 
NOLD 8 OCHLotKONEE I DNDAWA • OTIIAY D PANDORA D 
NOME 0 OCHO D ONEIDA • OTIIELL ~ PANDURA D 
N~DALTON B lltHlltD C 01 NEILL • OUACHITA C PANE • NONOPAHU D otHOPEE 8/0 ONEONTA • OUltAY A PANGUITCH • NODllAtHANPS C/0 OCILLA C ONITA C OUTLET C PAIIHILL • NilOKSACK B otKLEY • DNITE • OVALL C PANIHUE I 
NOONAN D otOEE AID ONOTA C OVERGAARD c; PANKY C 
NORA OCONEE C ONOYA D OVERUNO C PANIJCHE • NORAD OCONTO 8 QNRAY C OVERLY C foANOU D 
NORBERT OCDSTA D ONSLQII • OVERTON 0 PANSEY D 
NOllBORNE DCQUEot • ONTARIO • OVID C PANTEGO D 
NllRBY OCTAGON • ONTKO 810 DVINA I PANTHER D 
NORD ODEE D ONTONAGON D OIIEGD D PANTON D 
NORDBY ODELL • ONYX 8 OIIEN CREEK C PAOLA A 
NORDEN ODEN A OOKALA A OIIENS D PAOLI 8 
NDRDNESS ODERMOTT C OPAL 0 DIIHI I PAONIA C 
NORFOLK DDcSSA 0 OPEQUON CID OIIOSSO • PAPAA D 
NORGE OlllN C OPHIR C OWYHEE • PAPAI A 
NDRKA ODNE C OPIHIKAO 0 OJIALIS C PAPAICATING D 
N:JANA IC 0 1FALLOl,i D OPPIO D OXIOII C PAPOOSE C 
NORNANGEt D OGDEN D OGUAGA C DXERINE i: PARADISE C 
"ORREST C OGEECHEE C ORA C OXFORD D PARADOX I 
NORRIS C OGEIIAII C ORAN B DZANIS BID PAR.ALONA C 
NORRISTJh II OGILVIE C ORANGE D OZAN D PARAIIDRE D 
NCIRTE B OGLALA 8 ORANGEBURG 8 OZAUKEE t PARASOL • NORTHDALE C OGLE • ORtAS D PARCELAS D 
NORTHfh:LD B OHAYSI D ORCHARD • PAAIKI 8 PARDEE D 
NORTHNORt c; UHIA A ORD A PAALOA • PAREHAT C 
NIIRTHPORT OJAI B ORDNANCE C PAAUHAU A PARENT C 
NORTH POlliJER C OJATA D ORDIIAY D PACHAPPA B PRUETTE c; 
IIJRTHUM8citLANO t/D OKANOGAN 8 DAEL IA 0 PACHECO 8/C PAIUS 

NJTES A BLANK HYDROLOGIC SOIL GROUP INOltATES THE SOIL GROUP HAS IIOT BEE" DETERMINED 
TIID SOIL GROUPS SutH AS 8/C INDl,ATES THE DRAINED/UNDRAINED SITUATION 
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Table A3. (continued). 

PARISH"lLLE C PELIC D PICAYUNE a PLEASANT VIEII II PD •• D 
PARKH a PELLA D PICKAIIAY C PLEDGER D POUND D 
PARKDALE a PELUJAS a PICKEN.~ D PLEEK C POTH C 
PARKE a PUOHA C PICKET, a PLEINE D PDTLAfCH C 
PARKER a PELUK D PICKFORD 0 PLE"NA 0 POTlATZ C 
PARKFIELD C PEMBERTON A PICKRELL 0 PLDNE B POTSDAM a 
PARKHILL D PEMBJIIA C PICKIIICK a PLOVER II POTTER C 
'PARKHURST PEMBROKE B PICO a PLUMAS a POTTS a 
PARKINSON a PEIIA a PICDS" C PLUMMER 810 POUDRE a 
PARKVIEII a PENCE A PICfOU a PLUSH a POULTNEY I 
PARKVILLE C PENDEN a PIE CREEK D PLUTH a POUNCEY D 
PARKIIDl:ID AID PEND OREILLE a PIERIAN A PLUTO$ C POVERTY A 
PARLEYS a PENDRDY D PIERPONT C PLYIIOUTH A POIIDER a 
PARLIN C PENELAS D PJERRE D POALL C PDIIDERHDRN C 
PARLD a PENINSULA C PIERSDNTE a POARCH I PDIIELL C 
PARMA C PENISTAJA I PJIHDNUA A PDCALLA • PDIIER I 
PARNELL D PENlTENTE a PIKE 8 POCATB.LO a POIIKIT£ C 
PARR a PENLAII C PILCHUCK A POCKER D PDIILEY 0 
PARRAN 0 PENN C PILGRIM • POCOMOKE D POIIIIAfllA C 
PARRISH C PENNEL C PILOT I PODO D PDT D 
PARSHALL a PENNINGTON I PILOf ROCK C POOUNK a POYGAN D 
PARSIPPANY D PENO C PIMA a POE Bit POZO CID 
PARSDIIS D PENOYER C PINER I PDEVILLE D POZO BLANCO I 
PARTRI C PENROSE D PINAL D POGAL I PRH C 
PASAGSHAK D PENSORE D PINA LENO a POGANEAI D PRATHER I 
PASCO 1.11; PENTHOUSE D PINAlff I POGUE B PRlTLEY C 
,,so SECD D PENTZ 0 PINATA C POHAKUPU A PRATT ' PASQUETTI CID PENNELL A PINAVETES A POINDEXTER C PREACKER • PASCIUOTAllt. 1/0 PENIIOOD A PINCHER C POINSETT • ,REAKNESS D 
PASSAR C PEOGA t PINCKNEY C POINT • PRHISH D 
PASS CANYON D PEON C PINCONNING D POINT ISAIB. ' PREILE C 
PASSCREEK C PEONE 8/C PINCUSHION • POJOAQUE • PRENTlSS C 
PASTURA D PEORIA 0 PINEDA BID POKEGEIIA • PRESQUE ISLE I 
PATAHS • PEOTONE C PINEDALE • POKEMAN • PRESTO A 
PATENT C PEPODN a PINEGUEST • POKER C PRESTON A 
PAULUS a PEQUEA C PINELLO$ AID POLAND • PREIIITT • PATILO C PERCHA$ D PINETOP C POLAR • PREY D 
PATIT CREEK a PERCIIIAL C PINEVILLE • POLATIS C PUCE C 
PATNA I PERELLA C PINEY C POLE A PRIDA D 
PATDUTVILLE C PERHAM C PINICON I PDLEIAR C PRIDHAM D 
PATRICIA a PERICO I PINKEL C POLELINE • PIUETA D 
#ATRIGK • PERJTSA C PI-M • POLl!O • PRIMEAU• C 
l'ATROLE C PERKINS C PINKSTON a POLEY C PRIMGHAR I 
PATTANI 0 PERKS A PINNACLES C POLICH • PIUNc:ETON I 
PATTENBURG I PERLA C PINO C PILLARD C PRINEVILLE C 
PATTER C PERNA A PINOLA C PILUSltY C PAIN& • PATTERSON C PERMANENTE C PINOLE • PII.LY I PRINS C 
PATTON BID PERRIN a PINON ' POLO • PRITCHETT C 
PATIIAY C PERRINE D PINONES D POLSON C PROCTOR • PAUL • PERROT D PINTA$ D PII.YADERA • PRD&RESSO C 
PAULDING 0 PERRY D PINTUR ,. PDIIAT C PROMISE D 
PAULINA D PERRYPARK a PINTO C l'ONELLO C PROMO D 
PAULSELL D PERRYVILLE • PlNTURA A POMPANO AID PROMONTORY • PAULSON • PERSANTJ C PINTIIATER D POIIPDNIO CID PION& i: 
PAULVILLE • PERSAYO D PIOl:HE D POMPTON • PROSPECT • PAUMALU • PERSltiNG C PIOPDLJS D POMROY • PROSPER • PAUNSAU&IIIT 0 PERSIS • PIPER 1/C PONCA • PROSSER C 
PAUSANl • PERT D PIROUETTE D PQNCENA D PROTIVIN C 
PAIIIIEU • PERU C PIRUM • PONCHA A NOUT C 
PAYANT 0 PESCAIIERD CID PISGAH C POND Ill: PllOYIDENCI! C 
PAVILLION I PESET· C PISHIWN I POND CREEK • PROVO D 
PAVDHRQD • PESHASTIN • PISTAKEE • PONDILLA a PROVO an D 
PAIICATUl:K 0 PESO C PIT D PONIL D PllOIIERS • PAIIILET I PUUTNEET D PITTMAN 0 PCINTOTDC I PTARMIGAN • PAIINIE D PETERBORO I PITISFIELD • PONZER 0 PUAULU ,. 
PAXTON C PETERS D PUTSTDIIN C PQOIW A PUl:HYAN a 
PUVILLE 0 PETOSKEY PlTTIIOOD I POOLE BID PUDDLE D 
PAYETTE • PETRIE D PITZER C POOLER 0 PUERCO .D 
PAYMASTER • PETROLIA D PIUTE D PODIIMA • PUEUA D 
PA\'NE C PETT0"5 C PLACEDO D POPE I PUETT 0 
PAYSON D PEIIAMD BID PLACENTIA D POPPLETON A PUGET IIC 
PEACHAM 0 PEYTON a PLACERITOS C PDQUDNDCK ' PUHLEY • PEARL HARBOR D PFUffER • PLACID AID PDRRETT IID PUltl A 
PIARNAN PHAGE I PLACK D PORT • PUHIMAU D 
PEARSDLL D PHANTC.M C PLAINFIELD A PORTAGEVILLE 0 PULASKI • PERVINE C PHARO I PUINVJEII ' PORTALES • PULEHU • PEl:ATDNICA a PHAROLIO D PLAISTED C PDRTALTO • PULLMAN D 
PEl:OS D PKEBA C PLANO • PORT BYRON • PULS D 
PEOEE C PHEENl:Y a PLASKETT D PORTERS • PULSIPHER D 
Pl!OERNALES C PHELAN • PLATA I PORTERVILLE D PULTNEY C 
Pl!OlGO 1/C PHELPS a PLATEA C PORTHllL ' PUMEL C 
PEDLAR D PHIFERSDN • PLATEAU • PDRTINO C """'" C 
PEDOLI C PHILBDN 8/0 PLATNER C PDRTLMD D PUNA a 
PiORICK I PHILIHBURG • PLATO C PORTNEUF • PU!tALUU D 
PHBLES C PHILLIPS C PLATORO • PORTOLA C PUIIDHU ,. 
PcEL C PHILO a PLATTE D •ORTSNQUTH D PUIIDA11· C 
PiELER I PHILOMTH 0 PLATTVIU E • ,.., .. ' PUIIDY D 
PEEVER C PHIPPS ' PLAZA 1/C POSANT C PUHUDRY D 
PEGLER D PHOEBE B PLEASANT C POSEY • PURNER 0 
PEGAAII 8 PHOENIX D PLEASANT GROVE • POSITAS D PUlSLl!Y • Pl«JN ' PUSA D PLEASANTON • POSUN ' PUllYES D 
PILHAII 1/D PICACHO C PLEASANT VALE I PDSOS C PUSTDI a 

IWTH A BUNK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT HEJi DETERMINED 
TIIO SOIL GROUPS SUCH AS B/C INDICATES THE ORAINEO/UNORAINED SITUATICIH 
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Table A3. (continued). 

PUTNAM 0 RANOIIAN D 11.EELFOOT C 11.lFFE B ROLETTE C 
PUUKALA 0 IANDOUH 0 REESER C RIFLE A/0 ROLFE C 
PUUONE C RANOS t 11.EESVILLE C RIGA D ROLJSS 0 
PUU 00 A II.ANGER 0 REEVES C RIGGINS A ROLLA C 
PUU OPAE B RANIER t REFUGE C RIGLEY B ROLLII 0 
PUU PA • 11.ANIUN C REGAN 8 RILEY C ROLOFF C 
PUYALLUP B RANTOUL 0 REGENT C RILLA B ROMBERG B 
PYLE A 11.ANYHAN. 8 REHN C RILLITO I RDMIO t 
PYLON 0 RAPEWE C REICHEL 8 RlMEf C ROMEO C 
PYOTE A 11.APIIO 8 11.EIFF • RIMIN& .. ROMNEY C: 
PYRAMID 0 II.AP IDAII • REILLY A ltlMROc:K 0 ROMULUS 0 
PYRIIONT 0 RAPLEE C: 11.ElNAt;H • II.IN • ROND C: 

RARDEN C: REKOP 0 11.INCON C RONNEBY • QUACKENBUSH C: RARJC:lt • RELAN A a!NC:ONAOA C ROIISON • QUAKER C: RARITAN C RELAY • RINDGE D RDDSE" • QUAIIERTDNN • RASBAND • RELIANC£ C: RINGLING t RODfEL 0 
QUAll'JA 0 RASSE.T • RELU 0 RINGO 0 RDSACHI C: 
QUAMOh A RATAKlii C: II.ELSE 8 RINGOLD I ROSAMOND 8 
QUANAH • RATHBUN C REMBERT D RJNGIIDOO I ROSANE C 
QUANOAHL • RATLIFF • II.EMMIT A RlD D RDSANKY C: 
QUARLES 0 RATON 0 REIISEN 0 RIO ARRIBA D ROSARIO C 
QUARTUURG C: RATTLER • REMUOAR • RlOCDNCHD C: ROSCOE 0 
QUATAMA C RATTO 0 REMUNDA C: RIO GRANDE 8 ROSCOMMON 0 
QUAY • RAUi • RENBAC: D RlO KING C ROSEBERRY 810 
QUAID 0 RAUVILLE 0 RENc:ALSON C RIO LAJAS A ROSEBLOOM 0 
QUEALY 0 RAUlJ • RENc:OT A RID PIEDRA$ 8 ROSEBUD I 
QUEIRADA C RAVALU t RENFRD"I D RIPLEY 8 ROSEBURG 8 
QUEENY 0 R.AVENOALE 0 IIENICII 0 RIPON • ROSE CREEK C: 
QUEETS • RAVENNA C RENNIE c:,o RIRIE 8 ROSEGLEN 8 
QUEIWIO C II.AVOLA • REND 0 RISIEc:K 8 RDSEHII.L 0 
QUENZER 0 RAIIAH • RENOHILL C RISLEY 0 ROSELAND 0 
QUIC:KSELL Ii RAlltllOE 0 RENOVA ll RISTA C ROSELLA 0 
QUIETUS C RANSON • RE- a RISUE D RDSELMS 0 
QUIGLEY • RAY 8 RENSHAII 8 RITCHEY 8 ROSEMOUNT 8 
QUILc:ENE C AAVAOO C: ltENSLOII 8 RITNllR C: ROSENDALE 8 
QUILLAYUTE • RAYl!NOUF 8 RENSSELAER C RITO 8 ROSE VALLEY C 
QUIMBY • RAYIIONOVILLE D RENTIDE t RITTER B ROSEVILLE B 
QUINC:Y A RUNE 8 RENTON 8/C RITTMAN t ROSE NOit TH C 
QUINLAN C RAYNESl'OIIO 8 RENTSAC: C RITZ 8/D ROSHE SPRINGS D 
QUINN D RAYNHAM C REPARADA 0 RITZ CAL 8 RDSITAS .A 
QUINNE\ C RAYNOR D REPP A RITZVILLE II ROSLYII a 
QUINTON II.Al.DR C REPPART 8 RIVERHEAD B ROSMAN I 
QUIJIIAN C RAl.ORT 8 REPUBLIC • RIVERSIDE A RDSNEY C 
QUONSET ' REAOJN& t RESCUE t IUYERTDN C ROSS • READINGTON C RESERVE 8 ltJYERVIEII a ROSS FORK C 
IAIER C READL'IN • RESNER 8 RlVRA A ROSSI C: 
RABEY A REAGAN • RET 8/C: RIXIE C ROSSNOYNE C 
RAIIDEUX 8 REAADR 8 RETRIEVER 0 RUDN C ROSS VALLEY C 
RAIUN • REAL [ RETSDF C RIZ D ROTAN c; 
RACE D REAP D RETSOK 8 ROANOKE D ROTHIEIIAY • RACHEil? D REARDAN C REIBUR& 8 ROBANA I ROTHSAY 8 
RAc:INE • Al!AVIUI C: REXFORD C ROBBINS 8 ROTTULl!E a 
RACODN D REBA C ltEIOR A ROBBS D ROUBIOEAU C 
RAO C REBEL • REYES C:,D lt08ERTS 0 RDUEN C 
RADERSBUR& • REIUC:A REYNOLDS ROBERTSDALE C: ROUIID BUTTE 0 
RADFORD • RECAL 0 REYNOSA 8 R08ER TS VILLE 0 RDUNDLEY C: 
RADLEY t RECLUSE C REYIIAT D ROBIN • ROUNDTOP C 
RADNOR D REDIWIII 8 RHAME 8 ROBINSON D ROUNDUP C: 
RAFAEL D RED BAY 8 RHEA 8 ROBINSONVILLE • ROUNDY C: 
RHER • RED ILUFF C RHINEBECK 0 ROBLEDO D ROUSS!AU A 
RAGLAN C: RED MITTE • RHOADES 0 ROI ROY C: ROUTON D 
RAGNAR • ltEDBY C: RHOAIE C ROBY C ROUTT C 
RAGO C REDCHIEF C: RIB C: ROC:A D ROVAL 0 
RHSDALE BID REDC:LOUD • RICCO D RDQIE C ROIIE D 
IAGTONN D REDOJC:K C Ric:ETON 8 ROCHELLE C ROIIENA C 
RAHAL C: REDOING D RICEVILLE C ROCHEPORT C ROIILAND l; ..... ' REDFIELD I RICHARDSON I ROCKAIIAY C ROIILEY • RAIL C:,D RED HILL .c Rfc:HEAU C ROCKCASTLE D ROIAL 0 
RAINIDII C: RED HOOK C ltlc:HEY t ROCK CREEK D RDIIUIIY • RAINEY 8 REDLAIIE D RICHFIELD C ROtKFmlD I ROY • RAINS 8/D REDLANDS 8 lllCIIFOllD A ROc:KHOUSE A ROYAL • RAINSIOltD C: ltEOLDDGE D RIC:HLIE A RDc:KINGHAM C/D ltOYALTON C 
RME D REDNANSON • Ric:IINOND 0 ltOc:KL JN c:/D ROYCE 8 
RALSEN a,c: REDMOND C RJc:HTH 8 IROCKLY 0 ROYSTONE • lAIIADA C REDNUN C: 11.lc:HVALE • ltOc:KPmlT C ROZA 0 
RAMADl:1111 • REDOLA • lllCHVIEII C ROCK RIYER • ROlELLVILLE • llAIIILEll I lllDONA • RIC:HIIOOD • ltOQtTON I llOlETTA 8 
RAMELLI c; REDRIDGE • ltlc:KIIORE C ROCKIIELL a ROZLEE C: 
RAMIRES D llEDROI D RICKS A ROCKIIODD a RUAltll C: 
RAMEL C lED ROC:ll • au:o C: ROCKY FORD a RUBICON A 
llAMO t RED SPUR • Ric:ltEST • RODDY RUIID C 
IIAIIONA • REOSTOE • RIOD C RODMAN A RUBY • IANPART • REDTHAYNE • RIDGEBURY C: IIOE 8 RUBVHILL C 
RANPAllTAR A REDTON C: IIIDGEc:REST C ROEBUCK D RUCH I 
RAIIPARTER A REOVALE c; RJDGEDALE B ROELL EN D RUCK.LES D 
lAIISEY D llEDVIEII t RIDGELAND D lOEIIER C RUCLICK C 
RAIISHOIIN • REE • lllDGELAIIN A ROES I GER 8 RUDD D 
RANCE C llEEIEX C: RIDGELY 8 ltDGERT D RUOEEN 8 
RAIIC:IIERIA 8 REED D RJDGEVI LLE B ROHNERVILLE B RUDOLPH C: 
RAND • REEDER 8 RIDGEIIAY D RDHRERSVJLLE t RUDYAIID D 
RANDADO t REEDPDINT C RIDIT t ROI(;; 0 RUELLA 8 
RANDALL D REEDY D RIETBltotK C: ROKEBY D RUGGLES • NOTES A BLANK KYOROUIGJC: SOIL GROUP INDICATES THE SOU GROii' HAS NOT BEEN OETEllNINEO 

fllO SOIL GROUPS SUCH AS 8/C: INDlc:ATl:S THE DRAINED/UNDRAINED SITUATIDII 
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Table A3. (continued). 

RUIDOSO C SAL VISA C SAUK 8 SEOAN SHELBY B 
RUKO 0 SALZER D SAULICH D Sl!DJlLO 8 SHEUYVU.LE B 
RULE B SAMBA D SAUM C SliDIIELL C SHELOON 
RULICK C $AMISH CID SAUNDERS C SEEDSKADEE D SHELIKDF D 
.tUMBO C SAMMAMISH C SAUVIE CID SEES C SHE LU BARGER I 
RUMFORD B SAMPSEL D SAUVDLA C SEEIIEE 8 SHELL DRAKE A 
RUMNEY C SAMPSON B SAVAGE C StiGAL D SHELLROCK A 
RUMPLE C SAMSIL D SAVANNAH C SEGNO C SHELMADINE 0 
RUM RJVER C SAN ANDREAS C SAVENAC C SEH:IRN D SHELOCTA 8 
RUNE C SAN ANTON B SAVO C SEITZ C SHELTON C 
RUNGE B SAN ANTONIO C SAVOlA 8 SEJITA D SHENA C 
RUNNELLS C SAN A.RCACIO I SAWABE D SEklL C SHENANDOAH C 
RUNNYIIEDE B SAN BENITO B SRIIATtH C SEKIU D SHEP I 
RUPERT A SANCHEZ D SRWCREEK 8 SELAH C SHEPPARD A 
RUSCO C SANDALL C SAWHILL C SELDEN C SHERANDD A 
RUSE D SANDERSON I SAWYER C SELEGNA D SHER.AR C 
RUSH C SRNDLAkE C SAXBY D SELFRIDGE C SHERBURNE 8 
RUSHTOIIN A SANDLEE A SAXON 8 SELKIRK D SHERIDAN 8 
RUSHVILLE D SANELJ D SRYBRDDk 8 SELLE B SHERLOCK B 
RUSS 8 SAN EIIIGDIO 8 SAYLES VILLE C SELLERS AID SHERN D 
RUSSELL 8 SANFORD A SAYLOR A SELIIA 8 SHERRYL 8 
RUSSELLVILLE C SANGER I SCAU 8 SEMIAIIIOO D SHERWOOD 8 
RUSSLER C SAN GEIIIIAN D $CANNAN C SENIHNOO D SHJILE 8 
RUSTON B SANGO C SCANDIA I SEMINARIO 0 SHIELDS C 
RUTLAND C SANGREY A SCANTIC C SEIIIX C SHIFFER B 
RUTLEGE D SANILAC C SCAR A SEN • SHILOH C 
RYAN D SAN ISABEL I SCARBORO D SENECAVILLE C SHINAKU D 
RYAN PARK 8 SAN JOAQUIN D SCAVE ' SEQUATCHIE I SHINGLE D 
RYDE 8/D SAN JON C SCHRl'FEIMKEt A SEQUIN A SHINGLETIIIIN C 
RYDER C SAN JOSE B SCHAMBER A SEQUIN 8 SHINN I 
RYEGATE 8 SAN JUAN A SCHAMP C SliQUDIA C SHINROCK C 
RYELL A SAN LUIS 8 SCHAPY ILLE C SEAENE D SHIOCTON I 
RYEPATCH 0 SAN MATED 8 SCHEBLY D SERNA D SHIPLEY C 
RYER C SAN NIGUEL C SCHERllARD 0 SERDCo' A SHI PROCK 8 
RYORP C SANPETE 8 SCHLEY 8 SERPA CID SHIR.AT I 
ltYUS C SANPITCN C SCHMUTZ 8 SERVOSS, D SHlllK C 

SAN POIL 8 SCHNEBLY D SESAME C SHOALS C 
SABANA D SAN SABA D SCHNEIDER C $ESPE C SHOEHR 8 
SABANA SECA D SAN SE8ASTUN 8 SCHNDORSON BID SESSIONS C SHOEFFLER 8 
SABENYO B SANTA C SCHNOltBUSH C SESSUM D SHDNKIN D 
SABINA C SANTA CLARA C SCHODACK S&TTERS C SHDOFLIN C 
SABINE A SANTA FE D SCHDOSON C SETTLENEYER D SHDDK A 
SABLE 0 SANTA ISABEL 0 sc;HOFIELO 8 SEYAL D SHOUIIOOD C 
SAC 8 SANTA LUCIA C SCHOHARIE C SEVERN 8 SHDllEY I 
SACO 0 SANTA MARTA C SCHOLLE 8 SEVILLE D SHORN I 
SACRAMENTO C/0 SANTANA C SCHOOLEY CID SEVY C SHDllT CREEK D 
SRCUL D SANTRQWN A SCHOONER D SEtlRRD I SHOSHONE D 
SADDLE B SANTA YNEl C SCHRADER 0 . SEWELL 8 SHOTWELL D 
SRDOLE8RCK 8 SANTEE D SCHRAP D SEXTON D SHOUNS I 
SADER D SANTIAGO 8 SCHRIER 8 SEYMOUR C SHOWALTER C 
SADIE 8 SANTIAN C SCHROCK 8 SHARK D SHOIILOW C 
SADLER C SAN TIMOTEO C SCHUMACHER B SHADELAND C SHllEWSBUltY 0 
SAFFELL 8 SANTONI D SCHUYLKILL 8 SHAFFER A SHUNE • SAGANJNG D SANTOS C SCIO B SHRkRN I SHROE D 
SAGE 0 SANTO TOMAS 8 SCIOTOVILLE C SHRK ESPEARE C SHAOUTS D 
SAGEHJLL • SAN Y.SlDRD D SClSN B SIIRKOPEE C SHUBUTA C 
SRGENOOR C SAPINERD • SCITUATE C SHRLCAA D SHULE I 
SRfiEATON C SAPP D SCOBEY C SHALET 0 SHULLSBUR& C 
SAGINAII SRPPtllRE • SCDOTENEY 8 SHAN D SHUNWAY D 
SA&O D SAPPHO B SCORUP C SHAMBO • SHUPERT C 
SA&OUSPE C SAPPlNGTO-. 8 SCOTT D SHAMEL 8 SHUIIRH • SAGUACHE A SARR C SCOTT LAKE B SHANAHAN 8 SI 8 
SRHALIE 8 SARALIGUI 8 SCOUT 8 SHANDON SIBLEYVILLE 8 
SA INT HELENS A SARANAC D SCOIIULE C SHANE D SUYLEE D 
SAINT IIARTIN C SRRRPH 0 SCRANTON 8/D $HANO I SICILY • SALADO 8 SARATOGA 8 SCRRYO A SHANTA • SICKLESTIETS C 
SRLRDIIII 0 SARRTON B SCRIBA C SHAPLEl&lf CID SIDELL I 
SALAL 8 SARBEII A SCRIVER I SIIARRTJN • SIHNCIA • SALRMATOF D $ARCO 8 SCROGGIN C SlfAIIKEY D SUBER A 
SALAS C SARDINIA C SCULLIN C SHARON 8 SIELO C 
SALCHRKET 8 SAIJ,00 B SEABROOK C SHARPSBUR& I SJERDCLIFF D 
SALEII • SARGEANT D SEAMAN C SHARROTT D SJERU I 
SRLENSIURG a SARITA A SEAIIUEST C SHRRVMIA C SIEUUILLE 8 
SALSA t SARKAR D SEARCHLl&HJ C SHASKJT 8/C SIESTA D 
SALIDA A SARPY A SEARING I SHASTA A SIFTON • SALINAS c; SARTELL A SEARLA 8 SHAVANO 8 Sl&NAL C 
SALISBURY D SASKA 8 SEARLES C SHAVER 8 Sl&URD • SALIX B SASPRIICD 8 SEATON 8 SHAIIA I SIKESTON 0 
SRLKUN C SASSAFRAS • SEATTLE D SHRIIRNO A SILCOX • SALLISAW 8 SASSER 8 SERWILLOII 8 SHAIINUT • SILENT D 
SALLYANN C SATANKA C SEBAGO D SHAY D SILER I 
SALIION B SATANTA 8 SEBASTIAN D SHEAR I: SILERTON 8 
SRLDL D SATELLITE C SEBASTOPOL C SHECKLER C SILi D 
SRLONIE 0 SITT D SHEKR 0 SHEDROO I SILSTJD A 
SALREE CID SATTLEY B SEBEIIA 8/0 SHEDD C SILVER C 
SRLTRIR D SRTTRE 8 SEBREE D SHEEGE D SILVERRDO t 
SALT CHU«;K A SATURN 8 SEBRING 0 SHEEP CREEK C SILYERBOII 0 
SALTtR 8 SRTUS 8 SEIUD I SHEEPHERD C SIi.VER CREEK D 
SALTERY D SAUCJ&R I SECRTR CID SHEEPROCK A SILVERTON C 
SALT LRkt D SAUPE • SECCA C SHEET IRON B SIUIES D 
SALUDA C SAUGATUCK C SECRET C SHEFFIILD D SIMO C 
SALUVIA SAUGUS 8 SECRET CREEll B SHELBURNE C SIMCOE C 

HUTU A BLANK HYDROLD&lt SOIL GROUP INDICATES THE SOIL GROii' HAS NOT BEEN DETEllNINED 
TIIO SOIL 5ROUPS SUCH AS 8/C INDICATES THE DRAINED/UNDAAINED SITUATION 
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Table A3. (continued). 

SIMEON A SNOW B SQUALICUM a STISSING C SURGH 8 
SIMMLER D SNOIIDEN C SQUAii B STIVERSYILLE B SURPRISE 8 
SIMNONT C SNOIILIN B SQUILLCHUCK a STOCKBRIDGE 8 SURRENCY 8/0 
SIMPIER A SNDIIVlLLE 0 SQUIIIER 8 STOCKLAND a SURVYA C 
SIMON C SNOWY A SQUIRES B STOCKPEN D SUSIE CREEK D 
SIMONA 0 SDAKPAK B ST. ALBANS 8 STOCKTON D SUSITNA a 
SIMDTE C SOAP UKE B ST. CHARLES B STDDICK D SUSQUEHANNA D 
SIMPERS a SDBOBA A ST, CLAIR D STOKES D SUTHER C 
SIMPSON C SOBRAHTE C ST. ELND A STONAR C SUTHERLIN t 
SINS Q SDDA LAKE B ST, GEORGE C STONER 8 SUTLEII Bit 
SINAI C SODHDUSE D ST. HELENS A STDNEIIALL A SUTPHEN D 
SINCLAIR C ;oous C ST. IGNACE C STONO 8/D SUTTLER 8 
SINE C SOELBERG B sT. Joe BID STONYFDRO 0 SUTTON B 
SINGLETREE C SOFIA B ST. JOHNS BID STOOKEY B SYEA B 
SINGSAAS 8 SDGN D sr. LUCIE A STORDEN 8 SVERDRUP a 
SINNJGAM C SD6UE B ST• MARTIN C STOii.LA 8 $VOLD C 
SIIIDMAK B SOKDLOF B ST, MARYS 8 STDRNITT B SIIAGER C 
SINTON B SOLANO D ST• NI tHOLAS 0 STORM KING D SIii.KANE C 
SINUK 0 SOLOATNA B ST, PAUL B STORY C SIIAN C 
SION B SOLDIER C ST. THOMAS 0 STOSSEL C SIIANBOY D 
SIOUX A SOL out B STAATSBURG STOUGH C SIIANNER 0 
SIPPLE A SOLDut a STABLER a STOIIELL 0 SIIANSON a 
SIRJ 8 SOLLEKS C STACY B STOY C SIIANTON 8/0 
SISKIYOU 8 SOLLER 0 STADY B STRAIGHT C SI.-NTDIIN C 
SISSETON 8 SOLDIION D STAFFORD C STRAIN B SIIAPPS C 
SISSON 8 SOLONA a STAGEtOACH B STRASBURG C SIIARTSIIOOD C 
SITES C SOMBRERO 0 STAHL C STRATFORD 8 SIIARTZ D 
SITKA B SOMERS B STALEY C STRAUSS C SNASEY D 
SIXMILE 8 SOMERSET D STAMBAUGH 8 STRAW B SWASTIKA C 
SIZEMORE B SOMERVELL B STAMFORD D STRAWN 8 SIIATARA A 
SIZER B SOM.SO C STAMPEDE D STREATOR C SIIAUK C 
SKAGGS a SONOJTA B STAN 8 STROLE 8 SIIAIIILLIA A 
SKAGIT e,; SONOMA 0 STANDISH CID S TRDNGHURST 8 SIIEATIIAN C 
SKAHA A SONTAG D STAMEY D STRDNTIA 8 SIIEDE 8 
SKAUN C SOPER 8/C STANFIELD C STROUPE C SIIEDEN 8 
SKAMANIA 8 SOQUEL B STANLEt C STRYKER 8 SWEEN C 
SKAMDKAWA 8 SORDO C STANSBURY 0 STUBBS C SIIEENEY 8 
SKANEE C SORF C STANTON 0 STUCK CREEK 8 SIIEEf C 
SKELLOCK B SORRENTO 8 STAPLETON B STUKEL D SIIEETGRASS 8 
SKERRY C SORTER 8/0 STARBUCK D STUKEY 8 SWEETWATER 0 
SKIDNDRE 8 SOSA C STARGO 8 STUMBLE A SIIENDDA 8 
SKILLET C SDTELLA C STARltHKDF 0 STUMPP D SWIFTtREEK 8 
SKINNER C SOTIM 8 STARKS C STUMP SPRINGS 8 SWIFTON A 
$KIYOU C SDUTHFORK 0 STARLEY D STUNNER 8 SWINS A 
SKOKOMISH Bit SOUTHGATE D STARR B STUTTGART D SIIINGLER C 
SKDOKUNCHUCK B SOUTHWICK C STASER B STUTZMAN C SIIINK D 
SKOIIHEGAN 8 SPAA 0 STATE B STUTZVILLE 8/C SIIISBDB D 
SKULL CREEK D SPACE CITY A STATEN 0 SUBLETTE 8 SWITCHBACK C 
SKUMPAH D SPADE B STATLER B SUDBURY 8 SWITZERLAND 8 
SKUTUM C SPALDING D STAVI: D SUDDUTH C SllilPE C 
SKYBERG C SPAN D STAYTON 0 SUFFIELD C SWYGERT C 
SK'l'HAVEIV 0 SPANAIIAY B STEAMBOAT D SUGARLOAF I SYCAMORE 8/C 
SKYKOMISH 8 SPANEL D STEARNS D SUISUN D SYtAN A 
SKYLICK C SPARlA A STECUM A SULA 8 SYLACAUGA 8/D 
SKYLINE 0 SPEARFlSH 8 STEED ,. SULLY 8 SYLVAN 8 
SKYWAY • SPEARMAN C STEEDMAN D SULPHURA 0 SYMERTON 8 
SLAB D SPl:ARVILLE C STEEKEE C SULTAN B SYNAREP B 
SLAH CREEK C SPECK D STEELE B SUMAS Bit SYUCUSE 8 
SLAUGHTER C SPEtTER D STEt:SE C SUMDUM D SYRENE D 
SLAVEN D SPEELYAI C STEFF C SUMMA 8 S.YRETT C 
SLAWSON 8 SPEIGLE B STEGALL C SUMMERF IELO C 
SLAYTON D SPENARD 0 STEIGER A SUMMERS B TABERNASH B 
SLEETH C SPENCER 8 STEINAUER B SUMMERVILLE C TA810NA 8 
SLETTEII 0 SPENLO B STEINBECK B SUMMIT C TABLE MOUNTAIN 8 
SLICKRDCK 8 SPUIIY C STEINIIETZ 0 SUMMITYILLE 8 TABLER 0 
SLl6HTS 0 SPICER C STUNS BURG C SUNTER C TABOR D 
SLIGO 8 SPILLVILLE B STEIIIER C SUN D TA~AN 8 
SLIKOK D SPINKS A StELLAR C SUNBURST C TA;oMA 0 
SLIP 8 SPIRE$ D STEMILT C SUNBURY 8 TACDOSH D 
SLIPMAN 8/C SPIRIT 11 STEkDAL C SUNCDDK A TAFT C 
SLOAN 0 SPIRO 8 STEPHEN C SUND C TA&GERT C 
SLOCUM 8 SPLENDORA C STEPHENSBURG 8 SUNDELL C TAHDM 8 
SLDDUC C SPLIT RO D STEPHENVILLE 8 SUNDERLAND CID TAHQUlMENON D 
SLOSS (. SPOFFORD C STERLING B SUNDOIIN a TAHQUUS C 
SLUICE 8 SPOKANE B STERLI NGTDN B SUNFIELD B TAINTOR C 
SNARTS II SPONSELLER 8 STETSON B SUNNILAND t TAJD C 
SNITH ti\feK A SPOON llUTTE I) STETTER 0 SUIINYHAY D TAKEUCHI C 
SMITHDALE B SPOONER C STEUBEN B SUNNYSIDE 8 TAKIL'IA 8 
SMITHNcCK 8 SPO TT SIIOOIJ 8 STEVENS B SUNNYVALE C TUOTNA 8 
SNITHTD'I 0 SPRAGUE 8/C STEVl::NSON 8 SUNRAY 8 TALAG D 
SMOLAN C SPRECKELS C STEWART 0 SUNRISE D TALAPIITE C 
SNOOT 0 SPRING C/D STICKNEY C SUNSET B TALAPUS 8 
SNAG II SPRINl. CkEEK C STIDHAM A SUNSHINE C TALBOTT C 
SNAHOPISH B SPRINGDALE 8 STIGLER C SUNSWEET C TALCDT C 
SNAKE C SPRINGE!! 8 STILLMAN A SUNUP D TALIHINA D 
SNAKE HULLOII 8 SPRJIIGEkVILLE D STILLWATER D SUPAN 8 TALKEETNA t 
SNAKELUN 8 SPRINGFIELD D STILSON B SUPE~IDR C To\LLAC 8 
SMEAi> D SPRIIIGNEYER C STIMSON 8/C SUPER ST IT ION A TALLADEGA C 
SNELL C SPRINGTOWN C STJIIGAL B SUPERVISOR C TALLAPOOSA C 
SffELLING B SPROUL 0 STINSON C SUPPL EE B TALLEYVI LLE B 
SNilHOIIISH I> SPUR B STIRK D SUR 8 TALLS a 
SNOQUALMli' B SPURLOCK 8 STJRUM 8 SURGEN C TALLULA a 

NOTES A BLANK HYOROLDGIC SOIL GROUP INDICATES THC SOIL GROUP HAS'NOT SEEN DETERMINED 
TWO SOIL GROUPS SUCH •s 8/C l!fOICATES THE DRAINED/UNDRAINED SITUATION 
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Table A3. (continued). 

JALLY • TENINO II JJGERDN A TOMERA D TRENTON D 
uu,AGE A TENNO D TiGIWON e TOMI CHI A TREP 8 
TALNO • JENOAIO e TIGRETl TOHOKA AID TRES HERMANOS 8 
TAl.OKA D TENOT C TIGUA D TONASKET 8 TltETTEN C 
TALPA D TENRAG 8 TIJERAS 8 TDNATA C TREVINO 0 
TANA I TENSAS D TILFORD 8 TONAWANDA C TREXLER C 
TAMAHA C TENSED C TILLED"- 8 TONEY 0 TltUMI C 
TANALCO D TENSLEEP 8 TILLICUN 8 TONGUE RIVER C TRIASSIC 
TANIA CIC, TEOCULU 8 '(ILLNAN C TONINI 8 TRICDN C 
TAMELY TEPEE D YILMA C TONKA C TRIDELL 8 
TN1MANY CREEK • TUETE 8/0 TILSIT C TONKEY 0 TIU DENT D 
T MMA!lff RIDGE I TERBI&S C TILTON 8 TONKIN C TRIGO C 
TAMMS t TERESA C TIM8ERG C TONKS 8/D TRIMBLE 8 
TANPltO I :ERINO 0 TIMBERLY 8 TONOPAH 8 TRINMER 8 
TANANA D TE&NINAL D TIMBLIN D TONOR C TRINCHERA C 
TANANA D TERNO C TINENTWi 8 TONOWEK 8 TRINITY 0 
TANBERG D TEROU.E D TIMKEN 0 TONRA A TRIONAS 8 
TANDY C TERRA CUA AID TIMERNAt. 8 TONSINA 8 TRIP IT C 
TANEUM C TERRA(' D TIMMONS 8 TONUCO C TRIPLEN 8 
TANEY C TERRERI. C TINPAHUTE D TOOLE 0 TRIPOLI C 
TANGAIR C TERRETON C TINPANDGOS • TOONES 0 TRIPP 8 
TANNA C TERRI-.. I TIMPER D TOP t TRITON C 
TANNER C TERRY 8 TINPOONEKE 8 TOPIA D TRIX 8 
TANSEM • TERNIUIGER C TlfllLA 8 TOPPENISH 8/C TROJAN 8 
TANTALUS A TESAJO A TINA C TOPTON TROMMALD D 
TANWAl. D TESCOTT C TINDAHAY A TOQUERVILLE C TROMP C 
TAOPI C TESUQUE • TINE A TOQUOP A TRONSEN C 
TAOS D TETON A TINGEY 8 TORBOY 8 TROOK 8 
TAPIA C TETONIA • TINSLEY A TORCHLIGHT C TROPAL D 
TAPPEN D TETONKA c· TINTON A TORDIA D TROSI D 
TAAA • TETOT"" C TINYTOIIIN 8 TORHUNTA C TROUP A 
TAI.KIO D TEN 1/D TIOCANO D TORNING 8 TROUT .:;REEK C 
TAAKLIN C TEX 8 TIOGA 8 TORODA 8 TROUTDALE 8 
TAAPO C TEXLINE 8 TIPPAH C TORONTO C TR:>UT LAKE C 
TARRANT D TEZUNA C TIPPECANOE 8 TORPEDO LAKE D TROUT RIVER A 
TAllllETE D THACKERY I TIPPER A TORREON C TROUTVILLE 8 
TAARYALL 8 THADER C TIPPERARY A TORRES 8 TROXEL 8 
TASCOSA • THAGE C TIPPIPAH D TORRINGTON 8 TROY C 
TASSEL D THANYON A TIPPO C TDRRO C TRUCE C 
TATI I THATCHER 8 TIPTON 8 TORS JOO D TRUCKEE C 
TATIYEE C THATUIIIA C TIPTONVILLE B TORTUGAS D TRUCKTON 8 
TATU C THAYNE I TIRO C TOSTON D TRUEF I SSUJI.E A 
TATUM C THUES 8 TISBURY B TOTELAKE A TRUESDALE C 
TAUNTON C THUD 0 TISCH C TOTEN 8 TRULL C 
TAVARES A THEO At.UNO C TISH TANG B TOTTEN 8 TRULON 8 
TAMAS AID THENAS C TITUSVILLE C TOUCHET B TRUMAN 8 
TANCAII C THEO C TIVERTON A TOUHEY 8 TRUMBULL 0 
TAYLOR C THERESA I TJYOLJ A TOULON 8 TRUNP D 
TAYUJA CREEll D THERIOT D TIYY C TOURN C TRYON D 
TAYLORSFLAT D THERMAL C TOA C TOURNQUIST 8 TSCHIGONA 8 
TAYLORSVILLE C THERMOPOLIS D TOBJCO D TOURS 8 TUB C 
JAYSON I THUS 8 TOBIN 8 TOUTLE A TUBAC C 
TAZLINA A THETFORD A TOBISH C TONER D TUCANNON C 
TEAL D THIEL A TOBLER 8 TOWHEE D TUCKERMAN D 
TEALSON C THIOKOL C TOBOSA D TOWNER 8 TUCSON 8 
TEALIIHIT C THOENY D TOBY 8 TOWNLEY C TUCUMCARJ 8 
HANAWAY C THOMAS D TOCCOA 8 TOWNSBURY 8 TUFF IT D 
TEAPO • THORNDALE 0 TODD 8 TOIINSEND C TUGHILL 0 
TEAS C THORNDIKE C/D TODDLER I TOWSON 8 TUJUNGA A 
TEASDALE I THORNOCK D TODDVJLLE 8 TOXAWAY D TUKEY C 
TEBO I THORNTON 0 TOEHEAD C TOY D TUKWILA 0 
TECHICK I THORNMOOD 8 TOEJA C TOYAH 8 TULA C 
Tl!CDLOTE • THOROUGHFME I TOEM C TOZE 8 TULANA C/0 
TECUNSAH I JHORP C TOGO 8 TRABUCO C TULARE CID 
TEOAOW I THORR I TOGUS D TUCK 8/C TULAROSA I 
TEEL I THORREL I TOHONA C TRACY 8 TULIA 8 
TEHACHAPI D THON • TOINE C TRAER C TULLAHASSEE C 
TEHAMA C THREE NILE D TOISNOT D TRAIL A TULLER D 
TEJA l THROCX C TOIYABE C TRAIL CREEK 8 TULLOCK 8 
TEJON 8 THUND£R8 &RO D TOKEEN 8 TRAM 8 TULLY C 
TEKOA C THURBER C TOKUL C TRANSYLVANIA 8 TULUKSAK 0 
HLA 8 THURLONI C TOLBY A TRAPPER A TUMBEZ .0 
TeLEFONO C THURLOW C TOLEDO D TRAPPIST C TUMEY 0 
TELEPt«JNE D THURMAN A TOLICHA D TRAPPS 8 TURITAS 8 
TELFEA A THURMONT 8 TOLKE 8 TRASK C TUMWATER A 
TELFERNER D THURSTON 8 TOLL A TRAVELERS D TU~EHEAN 0 
TfiLIDA D TIAGOl I TOLLGATE 8 TRAYER 8/C TUNICA D 
TELL I TIAK C TOLLHOUSE D TRAVESSILLA 0 TUNIS D 
TILLER • Tl8AN 8 TOLMAN 0 TRAVIS C TU,.ITAS 8 
JELLICO 8 TIBBITTS I TOLNA B TRAWICK 8 TUNKHANNOCK A 
TILLMAN • TICA 0 TOLO 8 TRAY C TUNNEL 8 
TELSTAD • TICE C TOLSONA 0 TREADWAY 0 TUPELO D 
TiNESCAL 0 TICHI GAN C TOLSTOI D TREASURE B TUPUKNUK D 
TEMPLE 8/C TJCHNOR D TOLT 0 TREBLOC 0 TUQUE 8 
TENVIK 8 TICKAPOO D TOLTEC C TREGO C TURBEVILLE C 
1'ENA80 D TICKASON I TOLUCA 8 TRELONA 0 TURBOTVILLE C 
TENAHA • TIDNEA.L r. TOI.VAR 8 TRENA.NT 8 TUllBYFILL 8 
HNAS C TIERRA D TOMAH C TREMBLES 8 TURIN • TENCEE D TIETON 8 TOMAS 8 TRENPE A TURK D 
JENERIFFE C TIFFAHY C TOMAST C TREl'IP EAL EAU 8 TURKEYSPRINGS C 
TENEX A TIFTON 8 TONE 8 TRENARY B TURLEY C 
TENIIAC I TIGER CREEK 8 TONEL D TRENT B TURLIN 8 

NOTES A BLANK HYDROL061C SOIL GROUP iNDICATES THE SOIL GROUP HAS NOT BEEN OETEllNINED 
TWO SOIL GROUPS SUCH AS 8/C INDICATES THE DRAINED/UNDRAINED SITUATION 
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Table A3. (continued). 

TURNBOIII C USINE B VERDUN 0 WADDELL B IIAltDEN B 
fURNER B USKA D VERGENNES D IIADDOll'S B IIAlDIIELL C 
TURNERVILLE 8 UTALINE 8 VERHALEN D IIADELL 8 IIARE 8 
TURNEY • UTE C VERIIEJO D IIADENA 8 IIAUHU C 
IURRAH D UTICA A VERNAL 8 IIADES80RO 8 IIARNAN D 
fURRET 8 UTLEY • YERNALIS • IIAllLEIGH D IIAltN SPRINGS ' IURRJA C UTUADD 8 VERNIA A IIADIIALAII D IIAllNEltS AID 
JURSON 8/t UVADA D VER- D IIADSIIORTH C IIARREN 
rusc,111· D UVALDE C VERONA C IIAGES 8 WARRENTON 8/0 
IUSCARAIIAS C UIIALA • VESSER C !!AGNER D WARRIOR 
rustAROAA C VESTON D WAGRAM A WAR.SAIi • ruscou I VACHERlE C VETAL A IIAHA C IIARSING • IUSCUNBlA D VAHR 8 VETERAN I IIAHEE 0 WARWICK A 
tUSEL c. VADO • VEYO 0 IIAHIAIIA I IIASUCH A 
TUSKEEGO C VAIDEN 0 VIA • WAHIKULI 8 IIASEPI • TUSLER 8 VAIL TON • VIAN 8 IIAl«l:ENA • WASHBURN 
TUSQUITEE I VALBY t VlBDRAS D WAl«IACUS 8 WASHINGTON 8 
TUSTIN 8 VALCO C VIIORG • IIAILUKE • WASHOE C 
IUSTUMENA • VALDE~ 1/t VICKERY C IIAlflONIE 0 WASHOUGAL • tUTHJLL • VALE • VICKSIUR& a WA .. ETON C WASHTENAW C/0 
TUTNl • VALENCIA 8 VICTOI\ A IIAHTIGUP • IIASU.LA D 
TUTIIIJLER • VALENT A VICTORIA 0 IIIAHTUN D WASIOJA • TUXEDO VALENTINE A VICTORY • IIAIAHA D IIASSAIC • TUXEKAN I VALERA C: VIC:U D WAIAKOA C: NATAi C: 
TIIIN CREEK 8 VALKARJA 8/D VIDA • WAIALEALE WATAUGA I 
TIIINING C YALLAN D VIDRINE C: IIAIALIIA WATCHAUG • TlllSP I YALLEC:lTOS C/0 YIEJA 0 WAIAIIA WATCHUNG D 
r110 oor C VALLEONO 8 VIENNA • IIAIHUNA IIATERBORO 
TYID D VALLERS C: YlEQUES • WAIKALOA IIATERBURY D 
TYEE D VALMONT C YlEII C WAIKANE WATERINO C 
TYGART D VALNY • VIGAR C IIAIKAPU IIAIERS C 
TYLER D VALOU I VIGO D IIAlllONO IIATKINS • JYNDALL 1/C VAMER D VIGUS C IIAILUllU IIAHINS RIKE I 
TYNER A VANAJO D VIII.ING 0 IIAINEA IIATO I 
TYRONE C YANANDA D VIL D IIAINEE IIATDPA • TYSON C YAN IWREN VILAS A IIAINOLA IIATROUS • VANCE C VILLA GROVE • IIAIPAIII C IIAJSEICA C: 
UANA D YANDA D 111LLARS I IIAJSU • IIArSON C 
UIAlt C VANDALIA C VILLY D IIAlTS • IIAJSDNIA D 
UBLY 8 VANOERDASSON 0 VINA • IIAllE D IIATSONYILLE D 
UCOLA D VANDERGRIFT C VINCENNES C IIAllEEN • IIAH D 
UCOLO C VANDERHOFF 0 VINCENT C IIAllEFIELD • WATTON C: 
UCOPIA 8 VANDERLIP A VINEYARD C IIAllELAND 8/D IIAUBAY I 
UOEL D YAN DUSEN I YINGO I IIAllONO. C IIAUBEEK I 
UDOLPHO C YANET D VINING C WAKULLA A WAUIDNSIE • UFFENS D YANG I VINITA C WALCOTT • IIAUCHULA 110 
UGAK D VANHORN 8 VINLAND C IIALDECIC C WAUCOMA I 
UHLAND I YAN NIISTERN • Y.INSAO C IIALDO D IIAUCDNDA I 
UHLIG I VANNOY I VINT • IIALDRON D WAUKEE I 
UINJA I YANOS$ • VINION I IIALORDUP 0 IIAUKE&AN • UKIAH C YANTASE C YJRA C IIALES • IIAUKENA D 
ULEN • YAN WAGONER D YIUTON C IIALFORD C IIAUICON I 
ULLOA • VARCO C VIRDEN C IIALKE C l!IRUMIEK • ULN • YARELUN C VIRGIL I IIALL I IIAURIKA D 
ULRICHER I YARICll D •VIRGIN PEAK D WALLACE I iiUSEDN 8/D 
ULUPALAKUA • VARJNA C VIRGIN RI YER D IIALLA IIALLA • IIAYERLY IID 
ULY I VARNA C VIRTUE C WALLER 8/D IIAIIAKA C 
ULYSSES I VARRO • VISALIA • WALLINGTON C IIATtUP I 
IIIIA A VARY$8UR6 • VISTA C WALLIS I IIAYDEN 0 
UNAPINE 1/C VASHTI C VIVES • IIALLKIU: t/D IIAYUND CID 
UIIIAT VASQUEZ • VIVI • IIALLNAN C IIAYNE • IIIIIKOA VASSALBORO D VLASATY C IIALLDIIA 'C WAYNESBORO I 
UlllL VASSAR • VOCA C .IIALLPACll C IIAYSIDE 
UIINAK VASTINE C VIIIEMAIER • IIALLROCII 1/C IIEA • UIIPA YAUCLUSE C VDUDDRA • IIALLSIURG D IIHYER C 
UNPQUA YAIIGHNSYILU C VOLtO D IIALLSON • IIEII C 
UNA YAYAS D YOUNIE C WALPOLE C IIEIER .• 
UNADILLA VEAL • YOLIA D IIALSH • llt!BSTER C 
UNAWEEP VEAZIE • VOLIN • IIALSHYJLLE D WEDEKIND 0 
UNCDM VEBAR I VOLINIA • WALTERS A IIEDUTZ C 
UNCOMPAHGIIE YECDNT D YDLllE C WALION C IIEDGE A 
UNUOA VEGA C VDLllNAR • IIALUN • IIEDOIIEE D 
UN6EllS VEGA ALTA C YDLIIER D WALVAN • IIEED • UNION C VEGA BAJA C VOLNEY • IIAMIA 8/C WEEDING UC: 
UNIONTOWN • YEKOL D YDLPERIE C IIIAMIC • lfl!EDNARK • UNIONVILLE C VELDA • VOLTAIRE D IIAMPSV Jlll! I IIEEllSYILLE 110 
UNISQN C VELMA • VOLUSIA C WANATAH I IIEEPON D 
UPDIKE D VELVA • VONA • IIMIILEE D IIEHADICEE D 
UPSAL C YENA C YORE • IIANDO A IIEJIIERT CID 
UP$AU A VENANGO C VROOMAN • II.ANETTA A WEUIER D 
UPSHUR C VENA TOR D VULCAN C IIANILLA t WEINBACH C 
UPTON C VENETA C YYLACH D IIANN ' WEIR 0 
URACCA • VENEZIA 0 IIAPAL I WEIRNAN • lli\llANA C Yf:NICE D IIABANICA .D WAPATO C/0 IIEISER C 
IHIID 0 VENLO D IIAIASH D WAPELLO I WEISHAUPT D 
URICH 0 VENUS 8 WABASHA D IIAPIIUTIA • WEISS A 
UIINE • YERIOORT D IIAIASSA 1/D IIAPPING • IIEITCHPEC • URSINE 0 VEltOt C IIAIEK • IIAPSIE • WELAKA A 
URJ"H C VERDEL D WACA C IIARIA • IIELBY • UIIIIIL 0 VERDELLA D IIA(;DTA I WARD D ll!LCH C 
USAL II VERDICO 0 WAtOUSU C WARDIDRD A WELD C 
USHAR 8 YEROJliRIS • WAOANS I WARDELL D IIELDA C 

~TES A BLANK HYDROLDGIC SOIL &ROUP INDICATES THE SOIL GROUP HAS NOT BEEN DETHNINEO 
TIIO SOIL GROUPS SUCH AS 1/C INDICATES THE DRAINED/UNDRAINED SITUATI~• 
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Table A3. (continued). 

IIELOON D WlCKIUP C WISNER D YALNER 8 ZUNDELL 1/C 
lfi:LDONA 8 WICKLIFFE D WITBECK 0 YAMAC 8 ZUNHALL a,r 
WELLER C WICKSBURG 8 WITCH D YAMHILL C lUNI D 
WELLINGTON 0 WI OT SOE C WITHAM 0 YAMPA C ZU~ICH I 
IIELLHAN 8 WIEHL C WITHEE e YAMSAY 0 ZIIINGLE 0 
II ELLNER 8 WIEN 0 WITT 8 YANA 8 
WELLSBORO C WIGGLETON 8 WITZEL 0 YANCY t 
WELLSTON 8 WIGTON A WODEN 8 YARDLEY t 
WELLSVILLE 8 WILBRAHAII C WODSKOW 8/C YATES D 
IIELRING D WILBUR C WOLCOTTSBURG YAUCO t 
WEMPLE 8 WILCO C WOLDALE C/D YAWOUC D 
WENAS 8/C WILCW< D WOLF 8 YAWKEY C 
lilENATCHEi: C WILCOKSON C WOLFESEN C YAXON 8 
MENDEL 8/C WILDCAT D WOLFESON C YEARY C 
NENHAM WILDER 8 WOLFORD 8 YEATES HOLLOW C 
WENOtiA C WILDERNESS C WOLF POINT D Y&GEN B 
WENTWORTH 8 WILDROSE 0 WOLF TE VER C YELM 8 
NERLOW C WILDWOOD D WOlVEIUNE A YENRAB A 
WERNER 8 WILEY C WOODBINE B YEOMAN 8 
WESO C WILKES t WOODBRIOGE C YESUM B 
Wi:SSEL 8 !'ILKESON C WOODBURN C YETULL A 
WESTBROOK D WILKUIS D NOOOBURY D YODER 8 
WESTBURY C WILL D WOODCOCK 8 YOKOHL D 
WfSTCREEK 8 WILLACY 8 WOODE NV ILLE C YOLLA80LLY D 
WESTERVILLE C WILLAKENZIE C WOODGLEN 0 YOLO 8 
WESTFALL C WILLAIIIAR D WOODHALL 8 YOLOGO 0 
IIESTFIELD WILL!UIETTE 8 WOOOHURST A YOMBA C 
WESTFORD WILLAPA C WDODINVJLLE CID YOMONT 8 
WESTLAND 8/D WILLARD 8 WOODLY 8 YONCALLA t 
WESTMINSTER t/D WILLETTE A/O WOODLYN CID YONGES D 
WESTMORE 8 WILLHANO 8 WOOOMANSIE I YONNA 1/D 
WESTMORELAND 8 WILLIAMS 8 WOODMERE 8 YORDY 8 
WESTON D WllLJAMSBURG 8 WOOD RIVER 0 YORK C 
IIIESTPHALIA 8 WILLIAMSON C NOODROCK C YORKVILLE D 
WESTPLAIN C WILLJS C WOODROW C YOST C 
WESTPORT A WILLITS 8 WOOOS CROSS 0 YOUGA 8 
WcSTVILLE 8 WILLOOGHBY 8 WOODSFIELD C YOUMAN C 
WETHERSFIELD C IIILLOW CREEK 8 WOODSIDE A YOUNGSTON I 
WETHEY 8/C WILLOWDALE 8 WOODSON D YOUUME A 
NETTERHORN C WILLOIIIS D WOODSTOCK C/0 YOVIMPA D 
WETZEL D WJLLWOOO A .. OOOSTOWN C VSIDORA D 
WEYMOUTH 8 WILMER C IIOODWARO 8 YTURBIDE A 
WHAKANA 8 WlLPAR D WOOLMAN 8 YUBA D 
WHALAN 8 WILSON 0 NOOlPER C YUKO C 
WHARTON C WILTSHIRE C IIOOLSEY C YUKON 0 
WHATCOM C WINANS 8/C WOOSLEY C Y~ES 0 
WHATELY D WINBEARY D NOOSTER C YUNQUE C 
WHEATLEY 0 WINCHESTER A WOOSTERN 8 
WHEATRIDGE C WINCHUCK C WOOTEN A UAR 0 
WHEATVILLE 6 WINDER 8/0 WORCESTER 8 ZACA 0 
WHEELER 8 WINDHAM 8 WORF 0 ZACHARIAS 8 
WHEELING 8 WINDMILL B WORK C WHARY 0 
WHEELON 0 WINDOM B WORLAND 8 ZAFRA I 
WHELCHEL B WINO RIVER 8 WORLEY C ZAHILL 8 
IIHETSTONE 8 WINDSOR A WORMSER C ZAHL 8 
WHIDBEY C WINDTHORST C WOROCK 8 ZALESKI C 
WHIPPANY C WINDY C WORSHAM D ULLA A 
WHIPSTOCK C WINEG z WORTH C Zo\lllORA I 
WHIRLO 8 WINEMA C WORTHEN • ZANE C 
WHIT 8 WINETT! 8 WORTHING D ZANEIS 8 
WHITAKER C WINFIELD C NORTHINGTON C ZANESVILLE t 
WHin;oMB C WING 0 WORTMAN C UNONE C 
WHITE BIRD C WINGATE B NRENTHAN C ZAPATA C 
WHITECAP D WINGER C WAIGHT C ZAVALA • WHITEFISH 8 WINGVILLE 8/D NRIGHTMN C uvco C 
IIIHITEFORO 8 WINIFRED C WRIGHTSVU.LE D ZEB • WHITEHORSE 8 WINK 8 WUNJEY 8 ZHSU t 
WHITE tOUSE C WINKEL D WURTSBORO C ZELL • WHITELAKE 8 WINKLEHAN C WYALUSING D lfiN t 
WHITELAW 8 WINKLER A WYARD 8 ZINDA C 
WHITE"AN D WINLD D WYAllNO • HNIA I 
WHlTERDCK D WINLOCK C WYATT C ZeNIFF 8 
WHITtSBURG C WINN C WEAST C lEONA A 
dHITE STORE 0 WINNEBAGO 8 WYEVILLE C llEGLER C 
WHITE SNAN t WINNEMUCCA 8 WYGANT C &IGWEID • WHITE .. TER 8 WINNESHIEK 8 WYKOFF I ULLAH 1/t 
WHlTcWOOD C WINNETT D WYMAN 8 UM D 
WHITLEY 8 WINONA 0 WYMORE C ZlMMERNAN A 
WHITLOCK 8 WINOOSKI 8 lilYNN 8 UNG C 
WHITMAN 0 WINSTON A WNOOSE 0 UNZER I 
WHITNEY 8 WINTERS C WYO 8 UON t 
WHITORE A WINTERSBURG t WYOCENA I UPP CID 
WHITSOL 8 WINTERSET C UTA I 
WHITSON 0 WINTHROP A XAVIER 8 ZOAR C 
lfHihELL C WINTONER C ZOATE D 
w·HOLAN C WlNU C YACOLT 8 IOlttER a,o 
WIBAUX C WINZ C YAHARA 8 IOOK t 
WICHITA C WIOTA 8 YAHOLA 8 ZORllAVISTA A 
IUCNUP D WISHARD A YAK! D ZUFELT 1/D 
WICKERSHAM 8 WISHEYLU C YAKIMA 8 ZUKAN D 
WICKETT C WISHKAH C YAIWS D ZUMBRO 8 
WICKHAM 8 WISKAH C YALLANI B ZUMIIALT C 

NaTES A BUNK HYOROLOGtc SOIL GROUP INDICATES THE SOIL GROUP HAS NOT IEEN OEJEIININED 
TNO SOIL GROw>S SUCH AS 8/t INDICATES THE DRAINED/UNOAAINED SITUATION 
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Exhibit Al. Complete listing of Program XSRAIN. 

PROGRAM XSRAIN 73/73 OPT•O TRACE FTN 4o8•508 

C 
C 

PROGRAM XSRiIN(INPUT,OUTPUT,TAPE5,TAPE6•0UTPUT) 
COMMONIAIDELT,O,N,P,TD,CN 
COMMON/BIKT,TP,RP,WP,K 
COMMON/C/MO,OAY,SFFC,S 
COMMON/D/Tl100l,RllOOl,REllOOI 
COMMON/E/AR(S) 
COMMON/f"/SF 
COMMON/G/CUMP(lOOl,OPTION 
COMMON/HI ARFA,L, y·, NN,NF 
COHHON/I/0ELTAl1501 
COMHON/J/0ELP(1501,QAllSOltTMl1501 
COMHONIK/SUA0PT2 . • 
COMMON/L/LAGFLAG,TL 
INTEGER OPTtON,Q,SUBOPT1,SU80PT2,PFLAGtCFLAG,TFLAG 
REAL KT,L 

C THIS PROGRAM CAN COMPUTE EKCESS RAINFI\LL PATTERNS FOR· FOUR CASES 
C • BY INFILTRATION EQUATIONS FOR VARIABLE AND CONSTANT RAINFALL! 
C •BY SCS METHOD FOR VARIABLE AND CONSTA~-T RAI-.FALL 
C FLOOD HYOROGRAPHS ARE COMPUTED FOR ALL· FOUR P.A TTER~S WITH 
C THE SCS DIMENSIONLESS UNIT HYDROGRAPH• 14A~S CURVE 
C 
C MAIN OPTION 1 IMPOSES A HUFF TIME OIS·TRIBUTION ANO ASSUMES FIELD 
C CAPACITY SOIL MOISTURE (AHCIII 
C 
C MAIN OPTION 2 IMPOSES A HUFF T,IME DISTRIBUTION ANO ACCOUNTS FOR 
C SEASON ANO FIVE DAY ANTECEDENT RAIN 
C 
C MAIN OPTION J READS IN A USER SPECIFIED RAINFALL DISTRIBUTION 
C AND ACCOUNTS FOR SEASON- AND FIVE DAY ANTECEDENT RAl N, 
C 
C MAIN OPTION 4 READS IN A USER•SPECIFIED RAINFALL DISTRIBUTION 
C ANO ASSUMES FIELD CAPACITY SOIL MOiSTUR~ (AHCIII 
C 
C ALI. FO.IITRAN SYMBOLS ARE DEFINED IN TME ACCOMPA"IYING· USERS MANllAL 

READl5tll0PTlON 
l FORMATIIll 

WR1TE16,14IOPTION 
14 FORHATl2Xt 11MAIN OPTION CHOSEN 1S11 ,141 

WRITE16,511 -

80/10101 

51 FORMATl//,2x,ntF SUBOPTl • 1, ONLY I~FILTRATI0'-1 APPROACH IS USED W 
11TH VARIABLE RAINFALL RATES" 

C 

t,/,2X, 11 IF SuB.OPTl = 4, HYOROGIIAPHS A~E DERIVED WITH FOIJR DIFFERENT 
I MEANS OF CALCULATING EXCESS RAIN 11 ,//,2Xt 11 IF SUBOPT2 a O, USER INP 
!UTS KT ANO SFFC11,/,2X, 11 IF SUBOPT2 ~ l, KT ANO SFFC ARE COMPUTED FR 
tOH CN 11 t//l 
REA015,381SUBOPT1,SUBOPT2 

38 FORMAT<I2,2XtI21 

C JF SUBOPTl • lt EXCESS RAIN IS ONLY CALCULATED BY lNFJL~RATIO~ 
C EQLIATJONS fOR A VARIABLE PATTERN 
C [F SUBOPTl ■ 4t EXCESS RAIN IS CALCUL•TEO BY FOUR ~ETHOOS 
C FOR PURPOSES Of COMPARISON! BY INFII.TIIATIO~ APPROACH A~O 
C SCS METHOD FOR BOTH VARIABLE ANO CO~STANT RAIN 
C 
C If SUBOPT2 ■ Ot THE USER INPUTS HYORAUL1C CO~OIJCTI~JTYt ~T,ANO 
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Exhibit Al. (continued). 

PROGRAM XSRAIN 73/73 OPT•O TRACE 80/.10/( 

60 

65 

70 

75 

BO 

BS 

90 

95 

100 

105 

110 

C 
C 
C 
C 

C 
C 
C 
C 
C 

STORAGE SUCiioN FACTOR AT FIELD CAPACiTY, SFFC ■ IF SUBOPT2=l, 
THE PROGRAM CALLS SUBROUTINE TABLE TO, COMPUTE l<T AllO SFFC· FROM 
THE WATERSHED CURVE NUMBER ■ 

WRITE16,391SUBOPTl,SUB0PT2 
39 FORMATl/,2X,"SUB OPTION l •",I3,lOX,"SU8 OPTION 2 •",I3,II 

IFISUBOPT2,E0,0)GO TO 40 
READISt4llP 0 TO,CN 

41 FORMATl3Fl0.3) 
WRITE16,421P,TO,CN 

42 F'ORMATl2X,"STORM DEPTH P • 11 ,Fl0,3,2X, 11 IN11 ,SX,·11 STORII, DURATION TO an 
t,F'l0.3,2X, 11HRll,SX, 11CURVE NU"IBER CN • 11 ,F,lO.l,I) 
CALL TABLE 
GO TO 43 

40 READIS,2lKT,SFFC,P,TD,CN 
2 FORMATISF10,3i 

WRITE16tl51KT,SFFC,P,TO,CN 
15 FORMATl/,2X~ 11HYORAULIC CONDUCTIVITY, KT ■ 11 ,FB.l,1X, 11 INIHR 11 ,lt 

t2X, 11STORAGE SUCTION FACTOR AT FIELD CAPACITY, SFFC • 11 ,FB,l, 
11X, 11 IN 11 ,/,2X•"TDTAL PRECIP, P•",F8,3,ll(,11JN11,/o2Xt 
t"OURATION TIME, TO • 11 ,F8,3,U, 11 HR11 ,lt2K, 
t 11CURVE NUMBER, CN • 11 tF8,1,/I 

43 REAOIS,54lLAGFLAG 
54 .FORMATII,11 

MEANING OF LAG TIME FLAGI 
IF LAGFLAG•o, TL IS COMPUTED FROM CN,L• ANO Y JN SJ8ROUTINE UH ■ 
IF LAGFLAG•ltTL IS PROVIDED BY THE PROGRAM USER 

WRITE16,551 
55 FORMATl/,2X, 11 IF LAGFLAG • O, LAG TIM~ IS COMPUTED IN SUBROUTI~~ UH 

t",l,2X, 11 IF LAGFLAG • lt LAG TIME IS PROVIDED BY THEI USER 11 t/l 
WRIT£16,56)LAGFLAG 

56 FORMATl2X, "LAGFLAG • 11 , 13,/1 
IFILAGFLAG ■ EO,l)GOTO 57 
READIS,27lAREA,LtY 

27 FORMATl3F10.21 
WRITE16,28laREA,LtY 

28 FORMATl2X, 11 AREA•",Fl0,2,2Kt 11 SQ Ml", 
11,sx, 11 LENGTH TO DIVIOE•11 ,Flo.2,2x, 11 FT 11 ,5X, 
111 AVG WA.TERSHED SLOPE •"•Fl0,2,2K, 11 PERCENT 11 ) 

GO TO 58 
57 REA015,59)AREA,TW 
59 FORMATl2F10.21 

WRJTE16,60)AREA,TL 
60 FORMATl2X, 11 AREA•",Fl0,2,2X, 11 SQ MI 11 , 

11,sx, 11 usER PROVIDED LAG TIME •",F8,3,"HR11,/) 
58 IFIOPTION,GT,2160 TD 3 

READIS,~lQ,oELT 
4 F'ORMATIIl,2X•FlO ■ ll 

WRITEl&,l61Q,OELT 
16 FORMATC2X, 11HUF'F QUARTILE•"•l4,SX, 11 TI11£ STEP•11 ,FlO,l, 11 MIN 11 1 

IFCOPTJON,EQollGO TO 5 
3 JFIOPTION.EQ,4160 TO 8 

REA015,6)M0 1 0AY 
6 FORMATIJ2,2X,I2) 

WRITE16,l71M0,DAY 
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Exhibit Al. (continued). 

PROGRAM XSRAIN 73/73 OPT=O TRACE 

us· 

120 

125 

130 

135 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

17 FORMATl2X,"M0MTH=",I4,SX1"DAY="tl4) 
REAOC5,7l lAR(ll ,I•l,5) 

7 FORMATC5Fl0 0 3) 
WRITE16,SO> 

SO FORMATl/,2X,"ARRAY OF ANTECEOENT RAI~FALU DEPTHS",/) 
DO 18 J=l,5 
WRITEl6,l9)JtARIJ) 

19 FORMATl2X,"ARl",I2,"l="•Fl0.3l 
18 CONTINUE 

IF<OPTION,EQ ■ 2lG0 TO S 

lF PFLAG = O• INPUT RAIN IS IN IN/HR 
IF PFLAG • ltINPUT RAIN IS IN INCHES 

IF CFLAG • O• USER TIME DISTRIBUTION IS USED AS IS 
IF CFLAG a 1• CORPS OF ENGINEERS BALANCED HYETOGRAPH IS FORMEO 

FROM INPUT RAINFALL 

IF TFLAG a O• TIME IS INPUT IN MINUTES 
IF TFLAG = l• TIME IS INPUT IN HOURS 

8 REAOl5,9lN,pFLAG,CFLAG,TFLAG 
9 FORMATII3,2x,11,2x,I1,2x,I1> 

WRITE(6,20lNtPFLAG,CFLAG,TFLAG 

eO/ll 

20 FORMAT(/t2X,"N="•l3,5X,"PFLAG •",I3,SX,"CFLAG •",I3,SX,"TFLAG•"•I3 
140 It/) 

WRlTE (6, 49) 
49 FORMAT 12X, 11 N IS THE NUMBER OF TIME STEPS IN THE· USER SUPPLIED STORJ4 

IM"l 
WRITE(6,44l 

145 44 FORMATl2X,"yF PFLAG•O, INPUT RAIN IS I~ lN/HR"tlt 
t2X,"lF PFLAG=l• INPUT RAIN 15 IN INC~ES"t/tlt 
12X,"1F CFLAG=O, USER TIME DISTRIBUTION IS UTILIZED AS JS",/, 
12X,"1F CFLAG=l• CORPS OF ENGINEERS ·BALANCED HVETOGRAPH JS FORMED F 
tROM lNP~T RAINFALL",/) 

1S0 IIRITE (6,S31 
53 FORMATl2X,•yF TFLAG • Ot INPUT TIME IS IN MINUTES"tlt 

12X,"IF TFLAG • l• INPUT TIME IS IN HOURS",/) 
READ 15,341 IT II>, l•l tNl 

34 FORMATllOF6 0 l) 
1ss READ(S,101 (Rill, I=l,N) 

10 FORMATllOF6 0 3) 
IFICFLAG.EO.O)GO TO 48 
CALL. BALANCE 

48 CO"ITINUE 
160 IFITFLAG.E0°0 l)GO TO 52 

•RITE16,2ll 
21 FORMATl2X,"TIME STEPS, MINUTES") 

IIRITE16,37l 1T1Il ,I11l,N) 
37 FORMATllX,20F6.l•/120F6el,/,lOF6.l,/l 

165 32 FORMATllX,2oF6.3,/,lX,20F6,3tltlX,lOF6,3,/l 
C 
C CONVERT TIME STEPS FROM MINUTES TO HOURS 
C 

DO 35 I=l,N 
170 35 T(ll=TIIl/60• 

52 WRITE16,36l 
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Exhibit Al. (continued). 

7!/73 OPT•O TRACE-

36 FORMAT c°2k, 11 TIME STEPS, HOURS11 1 
WRITE (6,321 IT t I), I•ltNI 
OELT•T 111 

'175 lFtPFLAG.EQ 0 01GO TO 45 
WRITEt6,461 

46 FORMATt2X,"RAINF'ALL DEPTH lNCREMENTS 11 1 
WRlTEt6,321tRCil•l•l•NI 

C 
uo C CONVERT DEPTHS TO INTENSITIES 

C 
00 47 hltN 

47 RCilaRCII/DELT 
45 WRITEt6,231 

185 23 F'ORHATl2X,"RAINF'ALL INTENSITIES, IN/HR 11 1 
WRITE 16,321 tR·I 1 I, I•ltNI 

C COMPUTE CUMULATt_YE STEP PRECIP,CUHP 
00 24 l•l,N .. 
lF'tJ.EQ.llGO TO 2S 

\90 CUMP( I I •CUHp I J-1 I •R ( II* tT 11> •T ( l•ll I 
GO TO 24 

25 CUMPtll=RIIl*TIII 
24 COIIITINUE 

WRITE16,261 
19S 26 FORMAT 12Xt 11SlEPS OF' CUMULATIY·E PRECIP,11 

WRITE16,32l tCUMPIIl,l=l,NI 
IF'tOPTION.EQeJIGO TO li 
IF!OPTION.EQ•41SF'•SFFC 
lFIOPTlON.E0•4IG0 TO 12 

200 5 CALL HUFF 
lF(OPTIONoEOellSF•SFFC 
lFCOPTlON.EOol)GO TO 12 

11 CALL DEFICIT 
1_2 CALL UH 

205 CALL PONTIM 
CALL PPINF 
IFtSUBOPTloEb.llGO TO 30 
CALL CONSTR 
CALL SCS 

210 30 WRITE16,331 
33 FORMATt/,lOO(lH•l,/1 

STOP 
ENO 
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Exhibit Al. (continued). 

SU8ROUTI IIIE HUF"F' 73/73 OPT=O TRACE F'TN 4.8•508 

l SUBROUTINE HUF"F' 
COHHONIAIDElT,Q,N,P,TO,CN 
COHMON/0/T(iOO),R(lOOl,REClOO) 
COHMONIG/CUMPClOOl,OPTION 

5 COHMON/H/ARF.A,L,Y,NN,NF'· 
INTEGER OPTION 
INTEGER Q 
O~HENSION PPllO)tPTClOI 

C 
10 C THIS SUBROUTINE IMPOSES A HUFF TIME D~STRtBUTION 0~ AN EVENT 

C OF' SPECIF"lED DEPTH ANO DURATION 
C 

WRITE16,331 
33 F"ORMATC/,lOO(lH•ltll 

15 WRITEl6,281 
28 FORMATC/,lOx,nouTPUT OF SUBROUTINE HIJFFII,/) 

DELT=OELT/600 
C 
C COMPUTE TEN PERCENT TIME STEPS 

20 C 
PTCll=O.l*TO 
00 15 1=2, lo 

15 PT(Il=PTCI•ll•COol•TOI 
IFIQ.GT•llGO TO 50 

25 C 
C COMPUTE FIRST QUARTILE STEPS OF PRECIP FOR TEN PERCE~T TIME STEPS 
C 

PP(ll=0.17•p 
PP(2)=0.48*P 

30 PP(3)=0• 7l*P 
PP(4l=O.ao•p 
PPC51=0.86*P 
PPC6l.,0.91*P 
PPC7l=0.94*P 

35 PPl8l•0.96•p 
PPC91•0.98•p 
PP(lOl=P 
GO TO 53 

50 IF(Q.GT.2160 TO 51 
40 C 

C COMPUTE SECOND QUARTILE STEPS OF PRECt~ FOR TEN PERCENT TIME STEPS 
C 

PP(ll=0 0 03•p 
PPC21=0.13•p 

45 PP13l•0.3l*P 
PP(41•0 053•p 
PP15l=0.72*P 
PP(6l•0.87•p 
PPC7l•0.93*P 

so PP(81=0 0 96*P 
PPl9l=0,98*p 
PP(lOl=P 
GO TO 53 

51 1F(Q,GT.31GO TO 52 
55 C 

C COMPUTE THIRD QUARTILE STEPS OF' PRECIP FOR TEN PERCE~T TIME STEPS 
C 
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Exhibit Al. (continued). 

SUBROUTINE HUFF 73/73 OPT=O TRACE 

60 

65 

70 

75 

80 

85 

90 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

PPll>=0.03•p 
PP<2>=0.lO•p 
PP13l•O.l4•p 
PP(4l•O.l7•p 
PP(5l•0.28•p 
PP(6):0 0 54•p 
PP<7l•0.78•p 
PP(81=0.93*P 
PP19l=0.98•p 
PPllO)•P 
GO TO 53 

COMPUTE FOURTH QUARTILE STEPS OF PAEC•J p, FOR TEN PERCENT T]ME S.TEPS 

52 PP 11 l •0 • Ol*P· 
PP121•0 0 06•p 
PPl3)110 0 l0•p 
PPl4l•O.H•p 
PP(51=0el8•p 
PP(6)D0.25•p 
PP17l•0.3S•p 
PPC8l=0.54*P 
PP19)o:0.92*P 
PPllOl•P 

COMPUTE NUMRER OF TJME STEPS DICTATED, BY USER CHOICE OF, TIME 
INTERVAL LENGTH 

53 N= l NH TD/DEL Tl 
l!.N:TO/DELT 
JFCXN.GT.FLoATCNllN•N•l 

IN LOOP 10, l"'ITERPOLATE CUMIJLATJVE DEPTHS _FOR USER TtME· STEPS 
FROl4 CUMULATIVE DEPTHS FOR TEN PERCElllf TIME, STEPS 

DO 10 1=1 tN 
lFCleEG.NlGO TO 25 

95 lFCl.GT.l>Go TO 20 
TIJ>•DELT 
GO TO 21 

. 20 TCJl•Tll•l)+OELr 
21 lFLAG•l 

100 DO 11 J=l,lo 
lFITII>oLE,PT(JIIGO TO 11 
IFLAG•IFLAG•l 

11 CONTINUE 
IF<JFLAGeGT 0 l)GO TO 12 

105 CIJMPIJ)a(T(tl/PTll))•PP(ll 
GO TO 10 

12 CUMP(Il•lltt<Il•PTCIFLAG•lll/COel•TDll*1PP(IFLAGl•PPCIFLAG•ll 
lll•PP<IFLAG.l) 
<i0 TO 10 

110 25 CUMPINl•P 
TCNl•TD 

10 CONTJNUE 
C 
C IN LOOP 30, COMPUTE MEAN RAINFALL INTEIISITJES FOR EACH USER 
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Exhibit Al. 

115 

120 

125 

130 

(continued). 

C 
C 

TIME STEP 

00 30 I•ltN 
IFII.EQ.NIGO TO 26 
IF<I.GT.llGO T031 
Rtll=CUMPII1/0ELT 
GO TO 30 

31 RIIl•ICUHPltl•CUMPll•lll/OELT 
GO TO 30 

26 R(Nl=IP•CUMPII•lll/CTD•TII•lll 
30 CONTINUE 

WRITEl6127l 
27 FORHATllOX,uHuFF HYETOGRAPH"1/1lOX11511H•lt/l 

WRITE16,22) 
22 FORHATC2Xt 11TIHE CHRl"1SX, 11 CU"'IULATIVE- PRECIP, tINl"1SX, 

!"RAINFALL INTENSITY CIN/HRl 11 ,/) 

WRITEC6123)1TCll1CUHPlll1RCll,l•l1Nl 
• 23 FORHATClX1F10.3,12X1FlOel120XtFl0.31 

RETURN 
ENO 
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Exhibit Al. (continued). 

SUBROUTINE DEFICIT 13173 OPT•O TRACE, FTN 4o8+S08 

1 

5 

10 

15 

C 
C 
C 
C 

C 

SUBROUTINE DEFICIT 
COMMON/A/DELT,O,N,P,TD,CN 
COMMON/C/M0 1DAY,SFFC,S 
COMHON/E/AR(SJ 
COHHON/F/SF 
REAL JDATE,tA 
INTEGER M010AY 

THIS SUBROUTINE MODIFIES THE STORAGE SUCTION FACTO~ DU~ TO 
CHANGE IN MOISTURE DEFICIT DUE TO SEASONALITY ANO ANTECEDENT RAIN 

WRITE16,331 
33 FORMAT(/1lOOllH•l,/I 

WRITEC6,151 
15 FORMATl/,10JC,"0UTPUT OF SUB'IOUTINE OEFICIT",11 

C COMPUTES FOR AMC II 
C 

5=11000,/CNi•lO, 
20 WRITE(6ol21S 

30 

3S 

40 

4S 

so 

ss 

60 

6S 

70 

7S 

12 FORHATl2Xt 11S•11 1Fl0,3,2X, 11 IN 11 ) 

C 
C COMPUTE MOISTURE AT FIELD CAPACITY 
C 

C 
C COMPUTE EFFECTIVE DEPTH OF SOIL PROFILE• 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

OEPTH•S/DFC 

COMPUTE WET,:ING FRONT SUC'fIDN (EFFECTIVE CAPILLARY DRIVE) 

HF•SFFC/DFC 

COMPUTE JULIAN OATE 

JDATE•C30o*FLOATIMO•lll+FLOATIDAYI 

COMPUTE SEASONAL S BY SINUSOIDAL APPROICIHATION 

SB•IISIN(((JDATE•5,•1B0,l/360,1*2,*3ol416)+1,l/2,l*l,3*S' 
1•10.2•s1 

WRITE16,l31oEPTH,HF,JDATE,SB 
13 FORMATl2Xt 11 EFFECTIVE DEPTH= 11 ,Fl0,2,21Ct 11 lN 11 ,31Ct 

!"WETTING FRoNT SUCTION,HF,:H,Fl0 ■ 3,21C, 11 INot,3JC,otJULIAN DATE ■n, 
!FS.0,31C, 11 SEASONAL' S =11 ,Fl0,3,2IC, 11 IN11 1 

SA=SB 
1A=0,2*S 

IN LPOP 10, MODIFY SEASONAL S (SB> ACCORDING TO S DAY ANTECEDENT 
CONDITION T.O OBTAIN ADJUSTED S (SA) 
SA INCREASES DUE TO DRYING BY A FACTOR l,06 PER OAY, SA DECREASES 
BY THE INFILTRATED DEPTH (ARIIl•AQI, APPRDICIHATED ON EACH 
RAIN DAY BY THE SCS METHOD IAMC 111 

DO 10 I=l,5 
IF!ARIIl,E0,0,0160 TO 11 
1FIARCil,LE,1A)G0 TO 16 
AQ■ ((AR(ll•0 ■ 2*Sl**21/(ARIIl•O,B*SI 
SA•ll,06*SAJ•(ARl1l•AQ) 
GO TO 10 

16 SA•ll,06*SAi•ARCII 
GO TO 10 

11 SA=l • 06•SA 
10 CONTINUE 

IFCSA,LE.O,o)SA ■0,05 
SMAIC■ 2,*S 

IFISA,GT.SMAX)SA■SMAX 

DA=S.VDEPTH 
SF:HF*DA 
WRITEC6,l410A,SF 

14 FORMAT 12X,"A0JUSTED DEF'ICIT:c",F'l0,3,5Xt 11STORAGE SUCH ON FACTOR 
1,SF,= 11 ,Fl0,3,2X, 11 IN11 l 

RETURN 
ENO 
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Exhibit Al. (continued). 

SUBROUTINE PONTJM 73/73 OPT•O TRACE f'TN 4o8•508 

1 

s 

10 

15 

C 
C 
C 
C 

C 

SUBROUTINE PONTIM 
COMMONIA/OELT,Q,N,P,TD,CN 
COMMONIB/KT 0 TP,RP,wP,K 
COMMONIO/TCtOOl,RllOO)tREllOOI 
COMMONIF/SF' 
OIMENSION PJ(lOOI 
REA1., KT 

THIS SUBROUTINE CALCULATES PONDING TIME• FOR A VARIABLE• RAINFALL! 
JNTENS I.TY EVENT 

WRITEC6,33l 
33 FORMATC/olOOllH•lt/) 

WRITEC6,271 
27 FORMATC/tlOx,nouTPUT OF SUBROUTINE PONTI"l11 t/l 

I•O 

C I IS THE COUNTER INDICATING THE TIME STEP- OF, CONSIDERATION 
t 

20 10 l•I•l 
IFII,GT,NIGO TO 18 

C 
C TEST RAINFALL INTENSITY W,R,T. HYDRAULIC CONDUCTIVITY 
C 

25 IFCRCll,LE,KTiGO TO 10 
IFCl,EQ,l)Go TO 11 
ll=I•l 

30 

35 

40 

C 
C 
C 
C 

C 
C 
C 

SUMP=O• 

IN LOOP 12, SUM UP PRECIP FALLING IN ALL TIME, STE:PS: PREVIOUS 
TO STEP OF CONSIDERATION· 

00 12 Jal,II 
IFCJ,EQ,l)GO TO ,4 
SUMP=SUMP•R(J)•(T(J\•TIJ•lll 
GO TO 12 

14 SUMP:SUMP+RIJl•TCJ) 
12 CONTINUE 

PT(ll•TCI•l)+Cl,IR(lll•CCSF'/C(R(II/KTl•l,ll•SU"IPI 

TEST COMPUTED PONOING TIME AGAINST TIME• AT ENO OF': PREVIOUS STEP· 

IFIPTCJl•Tlt•ll113,13,17 
13 TP=T<l•ll 

45 RP=Rlll 
GO TO 23 

C 
C TEST COMPUTEO PONOING TIME AGAINST TIME, STEP OF· CO'IISIOERATION 
C 

50 17 IFIPTCll•Tltlll5tl5,10 
11 PTCll•Cl,/R(Ill•ISF/C(RCil/KTl•l,ll 

lF!PTIIl,GT,TCIIIGO TO 10 
15 TP•PT(l) 

RPa:R(Il 
55 23 KcO 

wP■ o·.o 

C 
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. Exhibit Al. (continued) . 

SUBROUTINE PONTIM 73173 OPT•O TRACE 

60 

65 

10 

C 
C 
C 

·c 
C 
C 
C 

LOOP 20 COMPUTES CUMULATIVE INFILTRATION OCCURRING I~ -HOLE 
TIME STEPS PREVIOUS TO PONDING 

00 20 Jal,N 
IF(T(JI.GToTPJGO TO 20 
IF(J.EQ.llGO TO 21 
WP•WP•R(Jl•tTtJ)•TIJ•lll 
GO TO 22 

21 WP•WP•R(Jl*T(J) 
22 K•K+l 
20· CONTINUE 

NEXT FOUR STATEMENTS TAKE CARE OF Fl"'OING TOTAL• INF'IILITRATION 
OCCURRING Up THROUGH PONDING· TIME 

IF<K.EQ.O)GO T0.25 
WP•WP•RP•ITP-TIKll 

75 GO TO 26 
25 lilP•RP•TP 
26 WRITEt6,24lTP,RP,WP 
24 FORMAT(2Xt 11P0NDING TIME•11 ,F8.3,1X,"ti~l•t5X,"PONOlNG RAlNFALL:a11 ,F8.3 

lt1Xt 11 INIHR11 ~5Xt"OEPTH OF RAIN INFILT·~·IAJED PREVIOUS TO PO.,.OING■ 11 ,F'8 
80 t ,3, 1Xt 111N"l 

C 
C K IS THE INOEX OF' THE LAST FULL TIME' STEP BEFORE. PONDING 
C ( IT IS PASSED TO SUBROUTINE PPINF'l 
C 

·as· 'IF(K,GT,O)GO TO 28 
Go· TO 16 • 

28 WRITEt6,29lKtT(Kl 
29 FORMAT 12X.t 11LAST FULL TIME STEP Tl"• 12, 11> • 11 tF8.3l • 

GO TO 16 
90 18 WRJTEt6,19) 

19 F'ORMATC2X,"P0NDING NEVER OCCURS11 1 
16 RETURN 

ENO 
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Exhibit Al. (continued). 

SUBHOUTINE PPINF 73/73 OPT•O TRACE FTN 4.8•508 

5 

10 

15 

lO 

ZS 

JO 

JS 

40 

45 

50 

55 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

SUBROUTINE pPINF 
COMMON/A/DELTtGtNtPtTO,CN 
CO~MONIB/KT,TP~RP,wP,K 
COMMON/F/SF 
COMMON/D/Tl100),RtlOO),REllOO) 
COMMON/H/AREA,L,Y,NN,NF 
COMMON/J/DELP(lSO),QA(lSOltTMllSOI 
DIMENSION WtlOOl,OELW(lOOl,IR(lOOl,RERllOOl 
REAL IR 
REAL KT 

THIS SUBROUTINE COMPUTES POST-PONDINS INFILIRATION FOR A 
VARIABLE INTENSITY RAINFALL EVENT 

WRITEt6,33l 
33 FORMATt/,lOot1H•l1/) 

WRITEC6,2ll 
21 FORMATl/tlOx,nouTPUT OF SUBROUTINE P?•INF, VARIABLE RAINFALL, INFIL 

ITRATION APPR0ACH11 t/l 

COMPUTE RAINFALL· SORPTIVITY 

RSORP•SQRTl2,•KT*IISF•WPl••21/SFI 

COMPUTE NORMALIZED PONDING RAINFALL INTENSITY 

RSTARP=RP/KT 

COMPUTE 11 B11 TERM 

B=0.5•((SF+wP>••2)/(KT•SF•((RSTARP•l.1••2)) 

K IS THE INoEx OF THE LAST FULL TIME STEP BEFORE PONDING, 
(PASSED FROM SUBROUTINE PONT[Ml, MI~ THEN THE INOE, 0~ THE 
FIRST FULL TIME STEP AFTER PONDING 

IN LOOP 10, COMPUTE STEPS OF CUMULATIY~ lNFILTRATION(WltlNCREMENTAL 
INFILTRATIONIQELWl,MEAN INFILTRATION R~TE(IR),ANO ~EAN EXCESS 
RAINFALL RATEIREI 

00 10 I=M,N 
WI I l =WP+RSORP• (SQRT (T (l I •TP+BI •SQRT I :I) l •KT•H (II •TPl 
lFll.EQ,MIGo TO 11 
DELWIIl=Wtl1•WII•ll 
IRIIl=OELWltl/lTIIl•T(l•lll 
GO TO 12 

11 DELWIIl=WII1•wP 
IRIIl=OELWltl/lTIIl-TPl 

12 COI\ITINUE 
IF(RIIl•IH(tlll3tl3,l4 

13 IR<Il=RCII 
REIIl=O,O 
lFll,EQ.MIGO TO 15 
DELWIIl=Rlll*tTtII-Tll•l)) 
Wtil•WtI•ll+OELWIII 
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Exhibit Al. (continued). 

GO TO 10 
1S OELW(Il=R<I1*(T(l)•TP) 

60 W(Il•WII•l>+DELWII) 

65 

70 

75 

80 

85 

C 
C 
C 

C 
C 
C 

GO TO 10 
14 RECI>=RCI>•tRCI> 
10 CONTINUE 

SUBTRACT R_ETENTION (Oel IN) F'ROM EXCESS RAINF'ALL PATTERN 

RET•O~l 
DO 27 I:M,N 
IF'<IeEO.M)Go TO 23 
PS=RE(l)*(T(Il•T<I•lll 
IFCRET•PSl26•25,25 . 

26 RERIIl•(PS•RET)/CT(l)~T(I•lll 
RETao.o 
GO TO 21 

23 PS=RE(I)•(T(Il•TPI 
1F~RET•PS)24,2s,2s 

24 RERCI>•CPS•RET>ICTCil•TP> 
RET=o.o 
GO TO 27 

25 RERUl=o.o 
RET=RET•PS 

-27 CONTINUE 

DEFINE DELP ARRAY OF INCREMENTS OF EKCESS RAIN (IN> 

lFLAG:O 
DO 28 l=M,N 
IFCRER(t) ,Eo,o.o.ANO.IFLAG,EQ.O)GO ro, 28. 
IFI.AG=IFLAG+l 

90 IFll,EGaMIGO TO 29 
DELPCIFLAG):RERCil•OELT 
TMCIFLAG>=Tcl> 
GO TO 28 

29 DELPCIFLAGl ■RER(Il•CTCil•TP) 
95 TMCIFLAGl='l'.cl> 

28 CO'lTINUE 
NF=IFLAG 
WRITEC6,91 

9 FORMATC5l<e 11TIHAI • TIME IN MOURS 11 ,I, 
100 ISX, 11 WCINI • CUMULATIVE INFILlRATION IN JNCMES 11 ,I, 

15Xt 110ELWCIN) • INCREMENTAL INFILTRATIO'l. IN I'ICMES 11 ,11 
15X, 11 IRIIN/HRI • INFILTRATIO~ RATE IN l'ICMES PER HOJR 11 1lt 
15l<, 11RCJN/HR) :s RAINFALL RATE IN INCMES PER HOUR 11 ,t, 
ISX,"RE(INIHRI a RAINFALL RATE AFTER lNFIL,TRATION SJBTRACTE011 ,I, 

105 ISX, 11 RERCINIHR) • NET EXCESS RAINFALL· RATE AFTER RETE~TIO'I SUBTRACT 
I E0 11 ,11 
WRITEC6,l7l 

17 FORMATl5Xe 11TIHR) 11 ,6X, 11 WIIN1 11 ,JX, 11DELIICINl 11 ,1K, 11 IRCIN/HR1 11 ,2X, 11 RCIN/HRl 11 ;SK, 11 RECINIMR 
1/HR1 11 ,2X, 11REIIN/HR) 11 t2X, 11 RERCINIHR) 11 t/l 

110 WRITEC6,l8)TP,WP,WP 
18 FORMATlll<,JFl0,31 

00 16 l•MtN 
WR1TEC6,191Tltl,WCit,OELWCl>~IRCil,ACil,RECl>,RERCII 

19 FORMATClX,7Fl0,3l 
llS 16 CONTINUE 

C 
C CHECK MASS RALANCE 
C 

WRITE 16, 71 
120 7 FORMAT 1/t 2X, 11 MASS BALANCE CHECK 11,/I 

PEaO. 
IFCNF.EQ,O)GO TO 6 
00 8 l=l,NF 

8 PE=PE+DELPCtl 
125 6 RET=O.l•RET 

WRITEC6,20)pE.wcN>,RET,P 
20 FORMATC2Ke 11EllCESS PRECIP•"•F'8,3,2X,"[N 11,I, 

1211,"CUMULATtVE INF1LTRATION•11 ,F'8,3t21(, 11 1N11 ,/, 
12ll,"RETENTioN:11 ,F8,3t2X, 11 IN 11 ,t, 

130 12X,"T0TAL PRECIP=",F8,3,2X, 11 IN 11 1 
IFCNF.EO.OIGO TO 5 
CALL ROUTE 
GO TO 3 

S WRITEC6,41 
1l5 4 FORMATl/,SX,"ALL· RAINFALL l"IFILTRATES •· NO RIINOFF IS PROOUCED 11 ,/I 

3 RETURN 
END 
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Exhibit Al. (continued). 
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C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

f~l1J OPT•O TRACE 

SUBROUTINE cONSTR 
COMMONIAIDELT,Q,N,P,TD,CN 
COMMONIBIKT 0 TP,RP,WP,K 
COMMON/D/TC100l,RllOO)tREClOOl 
COMMON/F/SF 
COMMONIH/AREA,L 1Y,NN,NF 
COMMON/J/DELPC1501,QAl1501,TMl1501 
DIMENSION WclOOl1DELWllOOl,IR!lOOl1RERClOO) 
REAL KT,IR 

FTN ~. 8+508 

THIS SUBROUTINE COMPUTES EXCESS RAINFALL BY lNFILTQATION EQUATION 
FOR A CONSTANT INTENSITY EVENT 

liRITE16,33l 
33 FORMATC/tlOOClH•l,/l 

WRITE 16,21 I 
21 FORMATl/tl0Xt 110UTPUT OF SUBROUTINE CONSTR, CONSTANT RAINFALL BY IN 

IFILTRATJON APPROACH 11 ,/I 

COMPUTE CONSTANT RAINFALL RATE FROM DEPTH ANO OURATlOilf 

CR=PITD 

COMPUTE SORpTIVITY 

COMPUTE NORMALIZED RAINFALL· RATE 

RSTAR:CR/KT 
IFCRSTAR0LE 0l 0)GO TO 4 

COMPUTE MEIN ANO LARSON PONDING TIME 

TP=SF/ICR•CRSTAR•l.11 
IFITP.GE0TD1Go TO 4 
KK:O 

C LOOP 2-2 FINDS INDEX, KK, OF LAST FULL! TIME STEP BEFORE· PONDING 
C 

DO 22 l=l,N· 
IFCTIII.GEoTPlGO TO 22 
KK=KK+l 

22 CONTINUE 
C 
C CALCU~ATE RATIO, A CONVENIENCE TERM 
C 

C 
C 
C 

C 
C 
C 

RATIO•RSTAR/IRSTAR•lol 

CALCULATE DEPTH INFILTRATED UP TO PD~OING TIME, WP 

WP=CR•TP 
B=o.s•TP•(RATI0••3) 

M IS THE JNoEx OF THE FIRST FULL TI1'1Ei STEP AFTER PONDING 

1'1•KK+l 
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Exhibit Al, (continued). 

SUBROUTINE CONSTR 73/73 OPT=O TRACE FTN 4eB•508 

60 

fl5 

70 

75 

80 

BS 

c_ 
C LOOP 20 FINoS STEPS OF CUMULATIVE INF'1ILTRATIONCW), l'IICRE'4ENTAL 
C INF'ILTRATIONIOELWI, MEAN INF'ILTRATIO~ RATEIIRl,ANO MEAN EXCESS 
C RAINFALL RATECREI 
C 

00 20 I=M,N 
Wllt•WP•SORp•RATIO•CSQRTCT(l)•TP•Bl•SQRIIBll•KT*<Tlll•TPI 
IF<leEO,M>Go TO 11 
OELWIIl•WII)•WCI•ll 
lRCil•OELWltlllTlll~Tll•lll 
GO TO 12 

11 OELW(Jl=Wll)•WP 
I/HI I •OELW I I l /IT I ll•TPI 

12 CONTINUE 
lF'ICR•IRlll)l3113,l4 

13 IRI 11 =CR 
REIJl•O,O 
IF'Cl.EQ,MIGO TO 15 
OELWIIl=CR•tTCil•Tll•lll 
Wlll=WII•ll•DELWIII 
GO TO 20 

15 OELWIIl=CR•tTCll•TPI 
II I II =WC l•l) •DELW I JI 
GO TO 20 

14 REIIl=CR•lR(ll 
20 CONTINUE 

C SUBTRACT RETENTION 10,l IN) FROM EXCESS RAINFALL PATTERN 
C 

RET=O,l 
00 27 l=M,N 
lF'll,EG,M>Go TO 23 
PS=RElll*IT(ll•Tll•lll 

90 lFCRET•PSl26,2S,25 
26 RERIIl=IPS•RETl/(TCil•TII•lll 

RET=O,O 
GO TO 27 

23 PS=RElll*IT(I)•TPI 
YS IF'IRET•PS124•25,25 

24 RERII):(PS•RETl/lTCil•TPI 
RET=0,0 
GO TO 27· 

25 RERIIl=O,O 
1_00 RET•RET•PS 

105 

110 

27 CONTINUE 
C 
C DEFINE DELP ARRAY OF INCREMENTS OF EXCESS RAIN DEPTHIINI 
C 

S IFLAG=O 
00 28 hM,N 
IFIRERIIleEQ,OeO•ANO~lFLAGeEGeO)GO T~ 28 
lFLAG:IFLAG•l 
IFII,EG,HIGO TO 29 
DELPIIF'LAGl:RERCll•OELT 
TM I IF'LAGI :sf I 11 
GO TO 28 

29 DELPlIFLAGl:RER(ll•CTCil•TPl 
TMIIFLAGl•TCII 
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Exhibit Al. (continued). 

SUBROUTINE CONSTR 73173 OPT•O TRACE 

115 28 CONTINUE 
NF=IFLAG 
WRITEl6,17) 

FTN 4.8•508 

17 FORMAT (5)(, "T (HR) 11 16X 1 11 11 IIN) 11 , 3X, 110ELII (IN) 11 , lXt 11 IR IINIHIU "• 2Xt 11 R IINIHRI 11 ;:sx, "RE IIN/PiR 
IIHRl 11 12X, 11R~IINIHRl"12X, 11RER(IN/HRl 11 1/I 

120 WRITEl61l8lTP,WPtWP 
18 FORMATllX13FlOo31 

00 16 I=M,N 
WiUTE (6119) T ( I) ,we I) ,DELW Cl) ,IR( I) 1CR1, RE Cl) tRERC II 

19 FORMATllX17FlOo3l 
125 16 CONTINUE 

C 
C CHECK MASS RALANCE 
C 

WRITE 16, 71 
130 7 FORMATl/12X, 11 MASS BALANCE CHECK 11 tll 

PECONS=O• 
IFCNF.EQ.OIGO TO 6 
DO 8 l=ltNF 

8 PECONS=PECONS•DELPII> 
135 6 RET•Ool-RET 

WRITEC6,l01PECONS,WINl,RET,P 
10 FORMATl2X~ 11E)(CESS PREClP=11 1F8.3,2X1 11IN 11 tlt 

12)(,"CU.MULATJVE INF IL TRA TION= 11 , F8o3,2Jt, 11 l ... 11 t/ t 
12Xt 11 RETENTloN: 11 1F8o3tZX, 11 IN 11 ,I, 

140 12)(,»TOTAL PRECIP•11 ,FB.3,2X, 11 lN11 1. 
lFCNF.EQoOlGO TD 4 
CALL ROUTE 
GO TO 2 

4 WRITEC6,31 
145 3 FORMATll,SX,"ALL RAINFALL l"IFILTRATES •· NO RUNOFF IS. PRODUCED",/) 

2 RETURN 
END 
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Exhibit Al. (continued). 

SUBROUTINE SCS 73/73 OPT8 0 TRACE • FTN 4o8•508 
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C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

.c 
C 
C 

C 
c. 
C 

C 
C 
C 
C 
C 

SUBROUTil>tE SCS 
COMMONIAIOELToQ,NoP,TOoCN 
COMMON/C/MO,DAY,SFFC,S 
COMMOtt/0/TCtOOl,RClOOl,REClOOI 
COMMON/E/AR(5) 
COMMON/G/CUMP!lOOloOPTION 
COMMON/H/AREAoL,Y,NN,NF 
COMMON/J/0ELP<1SOl,QA11501tTMtl501 
DIMENSION W(lOO)tOELWClOOloIR(lOOI 
REAL IAolR 
INTEGER OPTtON 

THIS SUBROUTINE COMPUTES EXCESS RAINFIALL BY THE' STANOARO SCS 
METHOD FOR VARIABLE .RAINFAL&:.1 ANO FOR CONSTANT RAINFALL' 

WRITEC6ol51 
35 FORMATCltlOO(lH•l,/1 

WRITE 160211 
t1, FORMATC/olOX•"OUTPUT OF SUBROUTINE SCS 11 tll 

IF OPTION IS l OR 4o CN FOR AMC II IS' USED 

IFIOPTJONoEQol 0 0RoaPTIONoEQo4)GO TO 12 
AMC•O.O 

LOOP 10 ADOS UP 5 OAY ANTECEDENT RAl~FALl.1 

00 10 Ial,S 
10 AMC•AMC+ARIJI 

TEST FOR SE4SON BY MONTH IN WHICH EVENT OCCURS·" 

IFCMOoGTo4oANOoMDoLTolOIGO TO 11 

APPLY S08HANI EQUATIONS TO '40DIFY CN IF, AMC CRITERIA DICTATE 

IFCAMCoLT.0 0 SjCN•CN/C2ol34•0•01334•CN~ 
JFCAMCoGTol 011CN•CN/(Oo4036+0oOOS9•C~~ 
GO TO 12 

11 IFCAMC.LT~l.4)Ctt•CN/C2o334•0o01334•C~i 
1FCAMCoGTo20 l)CN•CN/C004036•0oOOS9•C~~ 

12 CO"ITINUE 

IFLAG IS ZERO FOR THE CASE OF VARIABLE RAIN, ONE FOR CONSTANT RAIN 

IFLA..,•O 
S•ClOOOo/CNi•lOo 
1Aso.2•s 
WRITEC6tllCNtStIA 

l FORMATC2Xo 11cN■ 11 1 F8olt3Xt 115■ 11 ,F8.3,3X, 11 IA•11 ,F8.3) 
WRITEC6,21 

2 FMMATC/t2X, 11VAAIA8LE RAINFALL CASEt SCS METH0011 ,I) 

LOOP 16 COMPUTES CUMULATIVE INFIL T-RATl0"4 CW) t INCREMENTAL! 
INF"ILTAATIONIOELW), MEAN INFILTRATIO~• RATEi i Ri ,ANO MEAN- EXCESS 
RAINFALL RATE!REI 
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Exhibit AL 
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(continued). 

C 

34 00 16 I=l,N 
IFICUMP(lloLE.IAIGO TO 14 
W(ll=CUMP(J1-(((CUMP(Il-lAl••21,ccuM~(ll•O.8•s11 
IFCI.EQ.llGo TO 15 
OELW(ll•WCl1-W(l•ll 
lRCll•OELWCJl/(Tlll•TIJ•lll 
lFIRClloGTotR(IJ>GO TO 6 
RE 111 •OoO 
GO TO 16 

6 RElll•RCil•tRCll 
GO TO 16 

15 OELW I I l •WCI I 
IRCll•OELWIJI/TCll 
IFCRCil.GT.tR(IJIGO TO 7 
REIIl•O.O 
GO TO 16 

7 REIIl•RCll•tR(ll 
GO TO 16 

14 W I II •CUMP II l 
lFCloEOollGo TO 5 
OELW(Il=W<l1-wc1-1, 
IR II l •R ( 11 
RECil=O.O 
GO TO 16 

5 OELWIIl=WU1 
IRIIl•RCII 
RECil=0 00 

16 COIIITltjUE 

C DEFINE DELP ARRAY OF INCREMENTS OF, E~CESS RAIN DEPlHCINI 
C AND TM ARRAy Of TIMES AT WHICH THEY OCCUR 
C 

ICOUNT=O 
DO 28 l=l,N 
IFCRElll0EQ 0 O.o.ANO,ICOUNT0EQ.OIGO T~ 28 
ICOUNT•JCOUNT•l 
DELPIICOUNT1=RECil•DELT 
TM I ICOUNTI "'TI II 

28 CO"ITINUE 
NFa:ICOUNT 
IIRITE16,l7) 

17 fORMATl3Xt"TIHRl"t6XtHW(IN)",3X,"OEL~(INl"tlX,"lR(IN/HR)", 
14X,"RIIN/HR)",5Xt"RECIIII/HRl",/I 

DO 18 I=l,N 
WRITE16,l91TIIl,W(IltDELW(ll,IRlll,RCil,REIII 

19 fORMATllX,6flO.3l 
18 CO,'IITINUE 

If(NF.EQ.OIGO TO 36 
CALL ROUTE 

36 IFIIFLAGoEQ.l)GO TO 33 
WRITEl6,311 

31 FORMATl/,2X,"CONSTANT RAINFALL CASE, SCS METHOD",/1 
C RE-DEFINE tuMP ARRAY,CUMULATIVE CONSTA'IIT PRECIP IN LOOP 22 
C 
C ALSO IN LOOP 22, REDEFINER ARRAY FO~ COIIISTANT RAl~FAL~ CASE 
C 

CR•P/TD 
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Exhibit Al. (continued). 

SUBROUTINE scs· 73/73 OPT•O TRACE 

us 

120 

1zs 

130 

00 22 1•1,N 
IF(l.EQ.N)Go TO 2/t 
lFCl.EQ,llGO TO 23 
CUMP(ll•CUMp(J-ll•(P/FLOAT(N)) 
GO TO 22 

23 CUMP(ll•(P/FLOAT(N)I 
GO TO 22 

21t CUMP II I :P 
22 R(l)sCR 

IFLAG•IFLAG•l 
GO TO lit 

C CALCULATE DEPTH OF CUMULATIVE EXCESS PRECIPi 
33 PESCS•((P-141••21/CP•O~B•S) 

TABS•P•PESCS 
~AITEC6,201pESCS,TABS,P 

20 FOAMATC2Xt 11£XCESS PRECIP BY SCS METtt:>O lS11,FlO.l,2X,"l11111 t 
1l,2Xt 11 TOTAL ABSTAACTlON=- 11 ,F8.3t2X,"l"I"• 
1/,2X, 11 TOTAL PREC1P•11 ,FB.3,2X, 11IN11 ) 

RETURN 
ENO 
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Exhibit Al. 

SUBROUTINE 
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(continued). 

UH 

C 
C 
C 

C 
C 
C 

C 

I 

33 

20 

73173 OPT•O TRACE 

SUBROUTINE UH 
COMMON/A/OELT•Q•N,P.TD,CN 
COMMON/0/T(JOOl,RllOO),RE(lOOl 
COMMON/H/AREA,L,Y,NN,NF 
COMMON~I/DELTAl150) 
COMMON/J/DELP(150l,QAl150l,TMl1501 
COMMON/L/LAGFLAG,TL 
DIMENSION RAT10Tl20l,RATIOQl20),QQT(l50) 
DIMENSION MTIBl,DD(l501 
REAL L 
DATA XT,YTtMT/"TlME(HRI 11 , 11Q(CFS/INI 11 , 11UNIT 

IIRITE16,331 
FORMATl/tlOO(lH•l,/) 
WRITE16,20l 
FORMATl/,2X, 11 0UTPUT OF, SUBROUTINE UH 11 ,I) 

COMPUTES FROM CN 

S=<lOOO./CNi•lO. 
IFILAGFLAG.EQ.l)GO TO 5 

COMPUTE WATERSHED LAG TIME 
TLa<L••OoBl•CIS+lol**Oo7)/ll900.•(v••o.5)) 

F'TN ,.B+SOB 

HYOROGQAPH 
11/ 

C COMPUTE TIME TO PEAK 
C 

C 
C 
C 

C 
C 
C 

5 TTP•(DELTl2.l+TL 

COMPUTE UPPER LIMIT OF DELT 

O•Oo25*TTP 

CHECK THAT oELT IS N.DT GREATER THAN JPPER L!UUT (DI 

IFIDELT.LE.nlGO TO 9 
WRITE16e6lDELT,D 

6 FORMAT(2Xt 11USER TIME STEP OF 11 ,F7o3,1K, 
40 111 HR IS GREATER THAN 0.25 TIME TO PEA-<1 wHICH lS 11 ,F7 ■ 3tlKt 11 HR 11 tlt2X, 

!"RESULTING HYOROGRAPH MAY BE JAGGE0 11 tll 
9 COr.iTINUE 

IIRITE16,241TL•TTP 
24 FORMATl2X,"WATERSHED LAG TIME • 11 ,FBo3t 11 HR 11 tlt2K, 11 TlM( TO PEAK•" 

45 1tFB.3, 11HR") 
C 
C DEFINE SCS MASS CURVE IN DISCRETE 5 PERCENT STEPS OF MASS 
C RATIOQ CONTAINS CONTAINS VALUES FROM OlMENSIONLESS MASS CURVE 
C 

50 00 10 I•l,20 
lF'll ■ EO.llGo TO 11 
RATIOQ(ll•RATIOQII•l>•0.05 
GO TO 10 

11 RATIOQIIl•O.os 
5S 10 CONTINUE 

RATIOT!ll• ■ 47 
RATIOT 121 • ■ 60 
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Exhibit Al. (continued) . 

SUBROUTINE UH 73/73 OPT•O TRACE FTt\l 4.8•508 
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C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

RATIOT (31 "•69 
RATIOT 141 •.78 
RATIOT(51"•85 
RATJOT 161 =•92 
RATIOTC71=•97 
RATJOTl8l=l.02 
RATIOTC9l=l.08 
RATIOT C 101 =1 • 16 
RATIOTC1ll•lo24 
RATIOTl12l=l,32 
RATIOTl13)z:1•4l 
RATIOT I 141 •1 ,51 
RATIOT 1151 "l 062 
RATIOT(l61•1•75 
RATIOT 1171 =lo9l 
RATIOT(l8la2015 
RATIOT (191 •2•60 
RATIOT (20) •s.oo 

QQTIII IS THE VALUE, AT TIME I, OF THE RATIO OF TH~ 
INSTANTANEOUS CU"IULATIVE FLOW OVER THE TOTAL• CUMULe.TIVE• FLOW. 
IT IS OIMENSIOt\lLESS 
INTERPOLATE A QQT VALUE FOR EACH TIME! STEP (UP TO 5' TTPl 
USING VALUES IN RATlOQ 
NN=INT(S*TTP/OELT) 
XNN=S•TTP/DELT 
IFIXNNoGToFLOAT(NN))NN•NN•l 

Et\lSURE THAT THERE ARE NN Tll4E· STEPS OF. LENGTH DELT 

lF!Nt\loLEoNIGO TO 27 
NPLUS=N•l 
00 28 I=NPLUS,NN 

28 TIIl•TII•l>•OELT 
27 COtllTINUE 

INTERPOLATE QQT VALUES FOR TIME- STEPS· OF USE 

00 12 I=ltNN 
TTTP=TIII/TTP 
IF(TTTP~GEo5olGO TO 15 
IFLAG=l 

100 00 13 Jal,2o 
IFITTTP.LE.RATIOTIJl>GO TO 13 
IFLAGsIFLAG+l 

13 CONTINUE 
lFIIFLAGoGT 0l1GO. TO 14 

105 QQT!Il•CTTTP/RATIOT(lll*RATIOOCll 
GO TO 12 

14 QQTCil=(CTTTP•RATIOTIIFLAG•lll/(RATl~f(lFLAGl•qATIOf(lFLAG•lll 
ll*CRATIOQ(lFLAGl•RATlOQIIFLAG•lll•RATIOQ(IFLAG•ll 

GO TO 12 
110 15 QQT(ll=l•O 

12 C0'4TINUE 
C 
C CONVERT QQT RATIO VALUES TO DIMENSIONLESS UH ORDPIATES 
C 
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Exhibit Al. (continued). 

SUBROUTI~E UH 73/73 OPT=O TRACE 

115 00 16 I ■ l,NN 
IFCI.EQ.llGO TO 25 
OELTA(ll•CQQTtI)•OQTII•lll 
GO TO 16 

2S DELTACil ■QQT(JI 
120 l 6 CONTINUE 

C 
C ENSURE THAT DELTAS ADD UP TO ONE 
C 

SUMDEL110. 
J25 00 21 I=l,NN 

135 

140 

150 

C 
C 
C 

C 
C 
C 

C 
C 
C 

21 SUMDEL=SUMOEL+DELTAlll 
OD 23 hl,NN 

23 DELTA(JJ•DELTA(Il/SUMDEL 

COPY DIMENSfONLESS DELTAS INTO DD 

DO 7 I•l,NN 
' 7 DO II l •DEL TA f I i 

CONVERT DIMENSIONLESS DELTAS' TO CFS PER, INCH 

OD 26 I=l,NN 
26 DELTAIIl•OELTACil*AREA*645e3/0ELT 

WRITE OUT THE UNIT HYOROGRAPH 

wRITEC6,8l 
B FORMATt/,lOX,"UNIT HYOROGRAPH",l,3Xt"TIMECHRl",lOX, 

!"ORDINATES TN tCFS/INl"tlOX,"DIMENSIDNLESS DROINATES"ll 
00 22 l•l,NN 
wRITEl6,17lTCil,DELTAtil,ODCil 

17 FORMATClX,Ft0.3,16X,Fl0.2,25X,Fl0.3) 
22 CO,'H INUE 

CALL MAPAIS~T,DELTAtltNN,XMIN,XMAX,Y~l~•YMAXtXT,YT,MTtll 
RETURN 
END 
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Exhibit Al. (continued). 

SUBROUTINE ROUTE 73173 OPT=O TRACE· FTN 4.8•508 
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C 
C 
C 
C 

C 

SUBROUTINE ROUTE 
CO~MONIAIDELT,O,NtPtTDtCN 
COMMON/D/TltOOl,R(lOOl,RE!lOOl 
COMMON/H/ARFA,L,YtNN,NF 
COMMON/1/DELTAllSO) 
COMMON/J/DELPC1S0l,QA!l50!,TM(l50l 
DIMENSION MT(BI 
DATA XT,YT,MTt"TIME(HRl "•"OICFSl 

I 
"•"FLOOD HYOROGRAPH .. , 

COr.!PUTE TOTAL NUMBER OF TIME STEPS FOR WHICH THERE· WILLI BE- FLOW 
NF IS THE NUMBER Of' STEPS AFTER THE ONSET OF EKCESS· RAIN 

C DEFINE TIME STEPS ANO ZERO INFLOWS f'~OM STEP NF• TO MM 
NPLUSzNf'•l 
00 10 l•NPLuS,MM 
TMIIl=THCI-il•DELT 

10 OELP<IlaO.O 
C 
C DEFINE ZERO HYDROGRAPH ORDINATES COELfASI FROM NN TO MM 

NPLUS=NN•l 

C 

00 11 l=NPLuS,HH 
11 DEL TA (l) =o.o 

C WRITE OUT OELP,TMt AND DELTA ARRAYS 
WRITEH•,171 

C 

17 FO"!M.ATC/olX,"OATA USED TO COMPUTE FLOOD· HYDRDGRAPH1 11 tl,/, 
12X,"TIHR) = TIME IN HOURS"tlt2Xt 
l"DELP(INI • 'INCREMENTAL DEPTH OF EXCESS RAlNFALL"tlt 
12Xt 11DELTAICFS/INl • UNIT HYOROGRAPH OROINATE 11 1/1/ 
12X, 11 T(HRl 11 ,9X,"OELPClNl 11 t5X, 0 DELTA(CF&/lNl 11 tll 

DO 16 I=l,MH 
WRITEC6,181TMClltDELP!lltDELIAl11 

18 FORMATl1XtFBo3t2X1Fl003tBXtFlOo31 
16 CO"ITINUE 

C COro!PUTE OUTFLOWS OF THE FLOOD HYDRDG•h\PH 
DO 13 l=l ,MM 
OAIIl=O,O 
DO 13 J=l,I 
OA!ll=QA(Il ♦OELPIJl*DELTA<l-J•ll 

13 CONTINUE 
C 
C PRINT OUT RESULTS 

WRITECl'>,191 

C 

19 FORMATl/12X~"FL000 HYOADGRAPH"1/1/1SK,"TlHE(HRl"1l6X,ttQ(CFSl"1/l 
00 9 I al,MM 
WRITEC6,8lTMIIl 10Alll 

8 FORMATl2X,F!0,3,l4Xtf'l0,21 
9 CONTINUE 

C PLOT FLOOD HYDROGRAPH 
CALL MAPA (5, TM, QAt 1 ,MMtXMIN, XMAXtYMlN·t YP.IUtXT tYT, MT t 1) 
RETURN 
END 
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Exhibit Al. (continued). 

SUBROUTINE TABLE 73/73 OPT=O TRACE F'TN 418•508 

5 

10 

15 

20 

25 

30 

35 

SUBROUTINE TABLE 
CO~MON/A/OELT,Q,N,P,TO,CN 
COMMON/B/KT,TP,RP,WP,K 
COMMON/C/MO,OAY,SFFC,S 
COMMON/K/SUA0PT2 
INTEGER SUBOPT2 
REAL KT 
WRITE16,331 

33 FORMATl/,lOOllH*lt/1 
WRITE16,281 

28 FORMATl/tlO,t,11ouTPUT OF SUBROUTINE UBL.E 11 tl) 
C THIS SUBROUTINE- COMPUTES HYORAUL.IC C:>NOUCTIVIT'ft KTt ANO 
C STORAGE SUCTION FACTOR AT FIELD CAPAC-HY, SFFC, GIVEN A 
C CURVE NUHBERt CN1 
C 
C USE REGRESSION EQUATIONS TO COMPUTE HYORAUL.IC 
C CONOUCTIVITy, KT• ANO SORPTIVITYt SO~P 
C 

C 

IFICN.LEo75 0 )GO TO 11 
KT=llOO,•CN)/315,43 
GO TO 12 

11 IFICN,LE,36,IGO TO 13 
KT•l,236•,0154•CN 
GO TO 12 

13 KT=l.853•,0J24•CN 
12 CONTINUE 

lFICN,LE,65,lGO TO 14 
SORP=llOO,•CN)/42.252 
GO TO 15 

14 SORP=l,191•.0057S•CN 
15 CONTINUE 

C COMPUTE STORAGE SUCTION •ACTOR AT FIELD CAPACITY ,ROM KT ANO 
C SORP 
C 

SFFC=ISORP••21/12,•KTI 
C PRINT OUT RESULTS 

WRITE16,191KT,SFFC 
19 FORMATl/,2X, 11 HYORAUL.IC CONDUCTIVITY, ~T • 11 ,Fl013,2Xt 11 INIHR 11 tl,2X, 

111 STORAGE sucT10N FACtOR AT FIELD c'APACITY, SFFC •",Fl0,3,lX, 11 1!'.111 ,/ 

II 
WRITE 16,331 
RETURN 
END 
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Exhibit Al .. (continued). 

SUBROUTINE BALANCE 73/73 OPT•O TRACE FTN 4.B•S08 

s 

10 

15 

20 

25 

30 

35. 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

SUBROUTINE RALANCE 
COMMONIA/DELT,O,N,P,TO,CN 
COMMONID/T(tOOl,A(lOOl,AE(lOOl 
DIMENSIO~ BA(lOOl 
INTEGER CTR 

THIS SUBROUTINE RE-ARRANGES USER SUPPLIED INCREMENTS OF· RAIN 
<DEPTH OR INTENSlTYi ACCOROl'olG TO TttEI CORPS OF ENGINEERS 
"BALANCED" HYETOGRAPH. Tl-IE USER MAY INPUT THE RAIN STEPS 
IN THE R ARRAY IN ANY ORDER 

SORT ELEMENTS OF R INTO BR SO THAT 81Nl) ts: OF• GREATEST 
MAGNITUDE, 9R(2) IS NE~T GREATEST. Ere. 

DO 40 I•ltN 
CHECK•Rlll 
ICHECK•l 
00 50 Ja2,N 
IFICHECK.GE 0 R(J)IGO TO SO 
Cl'IECK=R(J) 
ICHECt<=J 

50 CONTINUE 
BRIIlzCHECt< 
RtICHECt<l••Q9 0 

40 CONTINUE 

ARRANGE ELEMENTS OF BA INTO A BALANCED HYETOGRAPH 

CTR=(N/2)+1 
R(CTRl=BRll) 
00 90 1=2,1\1 
IFIMODll,21 0 EQ 0 0IGO TO 91 
RtCTR+ll/21)=8Rlll 
GO TO 90 

91 RtCTR•II/21i•BR(l) 
90 CONTINUE 

RETURN 
ENO 
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FEDERALLY COORDINATED PROGRAM fFCP) OF HIGHWAY 
RESEARCH AND DEVELOPMENT 

The Offices of Research and Development (R&D) of 
the Federal Highway Administration (FHW A) are 
responsible for a broad program of staff and contract 
research and development and a Federal-aid 
program, conducted by or through the State highway 
transportation agencies, that includes the Highway 
Planning and Research (HP&R) program and the 
National Cooperative Highway Research Program 
(NCHRP) managed by the Transportation Research 
Board. The FCP is a carefully selected group of proj
ects that uses research and development resources to 
obtain timely solutions to urgent national highway 
engineering problems.* 

The diagonal double stripe on the cover of this report 
represents a highway and is color-coded to identify 
the FCP category that the report falls under. A red 
stripe is used for category I, dark blue for category 2, 
light blue for category 3, brown for category 4, gray 
for category 5, green for categories 6 and 7, and an 
orange stripe identifies category 0. 

FCP Category Descriptions 
I. Improved Highway Design and Operation 

for Safety 

Safety R&D addresses problems associated with 
the responsibilities of the FHW A under the 
Highway Safety Act and includes investigation of 
appropriate design standards, roadside hardware, 
signing, and physical and scientific data for the 
formulation of improved safety regulations. 

2. Reduction of Traffic Congestion, and 
Improved Operational Efficiency 

Traffic R&D is concerned with increasing the 
operational efficiency of existing highways by 
advancing technology, by improving designs for 
existing as well as new facilities, and by balancing 
the demand-capacity relationship through traffic 
management techniques such as bus and carpool 
preferential treatment, motorist information, and 
rerouting of traffic. 

3. Environmental Considerations in Highway 
Design, Location, Construction, and Opera
tion 

Environmental R&D is directed toward identify
ing and evaluating highway elements that affect 

• The complete seven•volume official statement of the FCP is available from 
the National Technical Information Service, Springfield, Va. 22161. Single 
copies of the introductory volume are available without charge from Program 
Analysis (HRO-3~ Offices of Research and Development, Federal Highway 
Administration, Washington, D.C. 20590. 

the quality of the human environment. The goals 
are reduction of adverse highway and traffic 
impacts, and protection and enhancement of the 
environment. 

4. Improved Materials Utilization and 
Durability 

Materials R&D is concerned with expanding the 
knowledge and technology of materials properties, 
using available natural materials, improving struc
tural foundation materials, recycling highway 
materials, converting industrial wastes into useful 
highway products, developing extender or 
substitute materials for those in short supply, and 
developing more rapid and reliable testing 
procedures. The goals are lower highway con
struction costs and extended maintenance-free 
operation. 

5. Improved Design to Reduce Costs, Extend 
Life Expectancy, and Insure Structural 
Safety 

Structural R&D is concerned with furthering the 
latest technological advances in structural and 
hydraulic designs, fabrication processes, and 
construction techniques to provide safe, efficient 
highways at reasonable costs. 

6. Improved Technology for Highway 
Construction 

This category is concerned with the research, 
development, and implementation of highway 
construction technology to increase productivity, 
reduce energy consumption, conserve dwindling 
resources, and reduce costs while improving the 
quality and methods of construction. 

7. Improved Technology for Highway 
Maintenance 

This category addresses problems in preserving 
the Nation's highways and includes activities in 
physical maintenance, traffic services, manage
ment, and equipment. The goal is to maximize 
operational efficiency and safety to the traveling 
public while conserving resources. 

O. Other New Studies 

This category, not included in the seven-volume 
official statement of the FCP, is concerned with 
HP&R and NCHRP studies not specifically related 
to FCP projects. These studies involve R&D 
support of other FHWA program office research. 






