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PREFACE

This technical release was prepared by hydraulic engineers from the Engi-
neering and Watershed Planning Unit (E&WP), Upper Darby, Pa., and the
Central Technical Unit, Hyattsville, Md. Valuable contributions were re-
ceived from the Engineering Division, Washington, D.C., E&WP Units at
Lincoln, Mebr., Portland, Oreg., and Fort Worth, Tex., and from state
hydrologists and engineers.

This technical release is presented as a guide for field personnel in
estimating the effects of land use changes and structural measures on
hydraulic and hydrologic parameters, runoff volume, and peak rates of
discharge. Field engineers should recognize that some of the proposed
methods are in the formative stage and thus have not been fully tested.
The results should be compared with other available methods, and engi-
neering judgment should be used in arriving at a final estimate. Careful
consideration should be given to the scope and importance of the job
when deciding on a particular procedure. It is not intended that all
procedures fit all situations that arise.

As more data become available procedures described in this technical re-

lease will be revised. (
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CHAPTER 1

EFFECTS OF URBANIZATION ON RUNOFF VOLUME
AND PEAK RATES OF DISCHARGE

Introduction

This technical release analyzes the effects of urbanization in a water-
shed on hydraulic and hydrologic parameters and presents methods of

estimating runoff volume and peak rates of discharge. Obtaining basic
data on runoff volume and peak rates of discharge is difficult because
conditions are constantly changing during the transition from rural to
urban land use. At this time only general empirical relationships be-

tween the parameters that affect runoff and peak rates of discharge can
be developed. Much research is being undertaken to better analyze the
effects of urbanization through collection of r\moff data and study of

watershed models. Reports of progress in this field are being made con-
tinually. For additional Information see the bibliography in appendix A.

As population density and land values increase, the effects of uncon-
trolled runoff become an economic burden and a serious threat to the
health and well-being of a community and its citizens. En5)hasis must be
placed on providing solutions to the water problems caused by radical
changes in land use. Estimating the magnitude and frequency of future
flood events makes possible systematic planning and installation of
structural and nonstructural measures to reduce hazards to acceptable
levels

.

Management of runoff from even minor storms is rapidly becoming an engi-
neering requirement of local and state governments to help reduce flood-
ing and stream erosion. Rapid deterioration of stream channels caused by
increased storm runoff has had a detrimental impact on communities. Co\in

ties and states are adopting policies which limit the effects that
changes in land use may have on the stream regimen within a development
or watershed. These policies cover such areas as (1) assisting in the
planned management of water resources, including storm drainage, through
out the watershed; (2) promoting and encouraging the Inclusion of flood
storage in all planned reservoirs; and (3) encouraging and assisting in
planning for onsite retention of runoff thro\:gh the use of temporary
storage structures and infiltration devices.

There is a need for thorough understanding of the problems associated
with the rapid conversion of land use and for adequate technical pro-
cedures to assist local communities, municipalities, and planning groups
in assessing the effects of changed land use on streamflow.

Effects of Urban Development

An urban or urbanizing watershed can be defined as an area in which all
or part of the watershed will be covered by impervious structures, such
as roads, sidewalks, parking lots, and houses. Urban stream channels may
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also be supplemented by some form of artificial drainage system, such as
paved gutters and storm sewers.

The effect of urbanization on the water regimen has long been recognized.
Investigations to evaluate the factors involved have been going on for
over 35 years. Ideally, hydrologic studies to determine volume and rates
of runoff should be based on long-term stationary streamflow records for
the area being investigated. Such records are seldom available for small
drainage areas, and because of the time involved in converting a water-
shed from rural to urban conditions, available records normally are not
adequate. It becomes necessary to estimate the magnitude and frequency of
peak rates of runoff through modeling of measurable watershed characteris-
tics. An understanding of these characteristics is required for judging
how to alter parameters to reflect changing watershed conditions.

Urbanization of a watershed changes its response to precipitation. The
most common effects are reduced infiltration and decreased travel time,
which result in significantly higher peak rates of runoff. The volume of
runoff is determined primarily by the amount of precipitation and by in-
filtration characteristics related to soil type, antecedent rainfall,
type of vegetal cover, impervious surfaces, and surface retention. Travel
time is determined primarily by slope, flow length, depth of flow, and

roughness of flow surfaces. Peak rates of discharge are based on the re-
lationship of the above parameters as well as the total drainage area of
the watershed, the location of the development in relation to the total
drainage area, and the effect of any flood control works or other man-
made storage. Peak rates of discharge are also influenced by the distri-
bution of rainfall within a given storm event. SCS uses three standard
rainfall distributions—types I, lA, and II. Type Il-distributlon ap-
plies to all areas' of the United States except for parts of the Pacific
Coast states. For rainfall distribution in the Pacific Coast states,

refer to the map in appendix D.

Volume Parameters

Soil type
Since urban areas are seldom completely covered by impervious structures,
soil properties are an important factor in estimating the total volume of
direct runoff. The infiltration and percolation rates of soils indicate
their potential to absorb rainfall and thereby reduce the amount of direct
runoff. Soils having a high infiltration rate (sands or gravels) have a

low runoff potential, and soils having a low infiltration rate (clays)
have a high runoff potential. Urbanization on soils with a high infiltra-
tion rate increases the volume of runoff and peak discharge more than
urbanization on soils with a low infiltration rate.

Cover type
The type of cover and its hydrologic condition affects runoff volume
through its influence on the infiltration rate of the soil. Fallow land
yields more runoff than forested land for a given soil type. Cover ii:ig

areas with impervious material reduces surface storage and infiltration
and increases the volume of runoff.
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Some rainfall is retained on the surface and by vegetation before rmmoff
begins. Interception is rainfall that is caught by foliage, twigs,

branches, leaves, etc. This rainfall is lost to evaporation and thus

never reaches the ground surface. Increasing the vegetal cover increases

the amount of interception.

Surface depression storage begins when precipitation exceeds infiltration.
Overland flow starts when the surface depressions are full. The water in

depression storage is not available as direct runoff.

Initial abstraction is the sum of interception, depression storage, and

infiltration before runoff begins. It occurs on all types of cover,

from pasture in good condition to concrete pavement. However, the amount
of initial abstraction is less on concrete pavement than on pasture.

Time Parameters

Slope
Urbanization can change the effective slope of a watershed if flow paths
are altered by channelization and by terracing areas for building lots,
parking lots, roads, and diversion ditches. The slopes of stom sewers,
street gutters, roads, and overland flow areas as well as stream chan-
nels are significant in determining travel times through urban water-
sheds.

Flow length
Flow length may be reduced if natural meandering streams are changed to
straight channels. It may be increased if overland flows are diverted
through diversions, storm sewers, or street gutters to larger collection
systems.

Surface roughness
Flow velocity nonnally increases significantly when the flow path is
changed from flow over rough surfaces of woodland, grassland, and natural
channels to sheet flow over smooth surfaces of parking lots, diversions,
storm sewers, gutters, and lined channels.

Methodology

Procedures outlined in SCS National Engineering Handbook, Section 4, hy-
drology (NEH-4), are adequate for detemiining volumes, peak rates, and
hydrographs of mnoff from urban areas. The increase in the volume of run-
off due to urbanization depends more on the percentage of impeirvious area
than on any of the other watershed constants. Changes in the time-area
relationship (lag time) can be estimated by hydraulic analysis of overland
velocities and storage. Changes in channel routing can be estimated by
hydraulic analysis of channel velocities and storage.

The soil-cover complex and associated mnoff curve number procedure out-
lined in NEH-4 can be used to measure the change in runoff volume caused
by urbanization. Runoff curve numbers for land use and treatment practices
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for hydrologic soil groups were developed from daily rainfall records
from small agricultural watersheds. By using land 'ose patterns found in
an urban area and accounting for impervious areas, a composite weighted
curve number representing runoff potential from the watershed can be
determined

.

Special attention should be given to the computation of time of concen-
tration and travel time. Once storm drains are installed, the flow pat-
tern may be changed so significantly that flow retardance cannot be
represented by factors based on runoff curve numbers or overland flow.
Velocities of flow through culverts and channels should be computed
using hydraulic procedures that take into consideration the characteris-
tics of the flow paths.

When urbanization is proposed in only part of a watershed and peak dis-
charges are desired downstream of the development, consideration should
be given to subdividing the watershed into areas of similar land use.
The hydrographs from these areas are combined and routed to the outlet.

Methods of determining peak rates of runoff are outlined in chapter 16

of NEH-4. Examples 1 and 2 in chapter 16 of NEH-4 show the development
of the total hydrograph. Hydrographs are used when timing effects of
tributaries must be analyzed or hydrographs must be routed. Example 4
in chapter 16 of NEH-4 describes a procedure for computing only the peak
rate of discharge. This approach can be used when runoff characteristics
within a watershed are homogeneous and routing is not required.

Examples in this technical release illustrate the effects of urbanization
on volumes and peak rates of runoff losing procedures outlined in chapter
16 of NEH-4. Chapter 2 in this technical release discusses rionoff volume
from urban areas and presents methods of developing runoff curve numbers
for urban areas. Chapter 3 discusses time of concentration and travel
time as they are affected by urbanization and presents examples of the

computation of these parameters. Chapters 4, 5, and 6 present methods of
computing peak rates of discharge using standard charts applicable to
small drainage areas, charts for preliminary planning and evaluation,
and SCS-TR-20 procedures for dealing with more complicated watershed
conditions. Chapter 7 reviews methods of surface and subsurface storage
used to reduce peak discharges caused by urbanization.

As more information is gathered and analyzed, better procedures may be
developed to analyze the effects of urbanization. Procedures presented
in this technical release will be revised periodically to incorporate
results of future research.
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CHAPTER 2

ESTIMATING RUNOFF FROM URBAN AREAS

Introduction

Effective rainfall is that portion of precipitation that produces direct

runoff, which is water that enters the stream channels during a storm or

soon after and forms a runoff hydrograph. Losses or abstractions are that

portion of precipitation that does not contribute to direct runoff.

Losses occurring on urban watersheds are similar to those occurring on
natural watersheds. The amount of runoff from a storm event largely de-

pends on detention, infiltration, evapotranspiration, etc., and is re-

lated to soil type, type of vegetation, and amount of impervious cover.

With proper modifications and assumptions, the soil-cover-complex method
described in NEH-4 can be used to estimate runoff from urban areas. The

variables used in this method apply to runoff from both agricultural
and urban watersheds. A combination of a hydrologic soil group (soil)

and a land use and treatment class (cover) is used to determine the hy-
drologic soil-cover complex. The effect of the hydrologic soil-cover
complex on the amount of rainfall that r\ms off is represented by a

runoff curve number, referred to as CN. Chapters 7, 8, 9, and 10 of
NEH-4 discuss the development of soil-cover complexes including soils,
cover, treatment practices for agricultiiral areas, and resulting runoff.

In an urban watershed, the cover usually consists of both pervious and
impervious surfaces. Impervious surfaces, such as roofs, streets, side-
walks, driveways, and parking lots, have some initial abstraction before
runoff occurs. However, during an intense part of a storm event, nearly
100 percent of the rainfall may run off. Both Initial abstraction and
infiltration should be considered for pervious surfaces such as lawns,
parks

,
and playing fields

.

Runoff Equation

Figure 2-1 shows schematic curves of accumulated storm rainfall P, run-
off Q, and infiltration plus initial abstraction (F + la). For conven-
ience in estimating runoff, initial abstraction includes all the storm
rainfall occurring before surface runoff starts.
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Figure 2-1. --Schematic curves of accumulated rainfall
(P), runoff (Q), and infiltration plus Initial ab-

straction (F + Ig^) showing the relation expressed
by equation 2-5.

Assume

(Eq. 2-1)

where F is the infiltration occurring after runoff begins in inches, S is

the potential abstraction in inches, Q is the actual direct runoff in
inches, and Pg is the potential runoff or effective storm runoff (storm
rainfall minus the initial abstraction) in inches.

With F = Pg - Q, equation 2-1 can be written as

Q = ^ (Eq. 2-2)

P + S
e

The initial abstraction (Ig) in inches, estimated from an enQ3irical re-
lation based on data from small watersheds, is

la = 0.2S (Eq. 2 -3 )
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Thus

Pg = P - = P - 0.2S (Eq. 2-4)

where P is the total storm rainfall in inches. Substituting equation 2-4

in equation 2-2,

(P - 0.2S)^
P+ 0.8S

(Eq. 2-5)

Potential abstraction S is related to the soil and cover conditions of a

watershed. The runoff curve number, which is also related to soil and

cover conditions, is related to potential abstraction S by

CN
1,000
S+ 10

(Eq. 2-6)

from which

S
1,000

CN
10 (Eq. 2-7)

The solution to equation 2-5 is shown in table 2-1 for a range of CN's

and total rainfall amounts.

Table 2-1. --Runoff depth in inches for selected CN's and rainfall amounts

Rainfall
( inches

)

Curve Number (CN) 1 /

6o 65 70 75 80 85 90 95 98

1.0 0 0 0 0.03 0.08 0.17 0.32 .56 .79
1.2 0 0 0.03 0.07 0.15 0.28 0 . 1+6 .71+ .99
l.U 0 0.02 0.06 0.13 0.2I+ 0.39 0.61 .92 1.18
1.6 0.01 0.05 0.11 0.20 0.3I+ 0.52 0.76 1.11 1.38
1.8 0.03 0.09 0.17 0.29 0 .U 1+ 0.65 0.93 1.29 1.58

2.0 0.06 O.ll O.2U 0.38 0.56 0.80 1.09 1 . 1+8 1.77
2.5 0.17 0.30 0 . 1+6 0.65 0.89 1.18 1.53 1.96 2.27
3.0 0.33 0.51 0.72 0.96 1.25 1.59 1.98 2.1+5 2.78
U.O 0.76 1.03 1.33 1.67 2.0I+ 2 . 1+6 2.92 3 . 1+3 3.77
5.0 1.30 1.65 2.0I+ 2 . 1+5 2.89 3.37 3.88 1+. 1+2 I+.76

6.0 1.92 2.35 2.80 3.28 3.78 1+.31 I+.85 5.1+1 5.76
7.0 2.60 3.10 3.62 14.15 1+.69 5.26 5.82 6.U1 6.76
8.0 3.33 3.90 1+. 1+7 5.0I+ 5.62 6.22 6.81 7.1+0 7.76
9.0 u.io 1.72 5.31+ 5.95 6.57 7.19 7.79 8 . 1+0 8.76

10.0 1.90 5.57 6.23 6.88 7.52 8.16 8.78 9.1+0 9.76

11.0 5.72 6 .UU 7.13 7.82 8 . 1+8 9.II+ 9.77 10.39 10.76
12.0 6.56 7.32 .8.05 8.76 9 . 1+5 10.12 10.^6 11.39 11.76

-/ To obtain runoff depths for CN's and other rainfall amounts not
shown in this table, use an arithmetic interpolation.
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Effect of Urbanization on Runoff

Initial abstraction consists of interception, infiltration, and depres-
sion storage that must be satisfied before runoff begins. Urban initial
abstraction has been found to be correlated with slope of the impervious
area. However, because of the limited scope of the research data avail-
able, no attempt has been made to revise the basic runoff equation to
apply exclusively to urban areas.

Investigations have also shown that runoff from small (less than annual)
rainfall events comes primarily from the impervious areas. However, both
the pervious and impervious areas contribute to runoff for the larger,
less frequent events. If the pervious portion of an urban area has a CM
of 60 to 65, approximately 2 Inches of rainfall is needed before runoff
begins . Most 24-hour rainfall values used in computing peak rates of
flow are over 2 inches. Therefore, for urban analysis the total water-
shed area can be assumed to contribute to storm runoff.

Urban Runoff Curve Numbers

Several factors should be considered when computing the anticipated fu-
ture CN for urban areas . The amount of runoff can vary depending on
whether house gutters connect directly to storm drains, outlet onto im-
pervious driveways, or outlet onto lawns or other pervious areas where
infiltration can occur. General building practices or codes within a

development may be helpful in determining runoff flow paths. Some areas
have zoning ordinances on how storm runoff from individual houses must
be handled.

In determining urban CN's, consideration should be given to whether
heavy equipment compacted the soil significantly more than natui’al con-
ditions, whether much of the pervious area is barren with little sod
established, and whether grading has mixed the surface and subsurface
soils causing a completely different hydrologic condition. Any one of
the above could cause 'a soil normally in hydrologic group A or B to be
classified in group B or C, respectively. In many areas of the country,
lawns are heavily irrigated. This may significantly increase the mois-
ture content in the soil over that under natural rainfall conditions.

Table 2-2 giveg CN's for agricultural, suburban, and urban land use
classifications. The suburban and urban CN's are based on typical land
use relationships that exist in some areas. They should only be used
when it has been determined that the area under study meets the criteria
for which these CN's were developed.

There will be areas to which the values in table 2-2 do not apply. The
percentage of impervious area for the various types of residential areas
or the land use condition for the pervious portions may vary from the
conditions assumed in table 2-2. A ciirve for each pervious CN can be
developed to determine the composite CN for any density of impervious
area. Flg\ire 2-2 has been developed assuming a CN of 98 for the impervio\is
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Table 2-2. --Runoff curve numbers for selected agricultural, suburban, and
urban land use. (Antecedent moisture condition II, and I„ = 0.2S)

a.

HYDROLOGIC SOIL GROUP
LMiD Ubl:; DlJJbUKimurJ

A B C D

Cultivated laindi^: without conservation treatment 72 81 88 91

: with conservation treatment 62 71 78 81

Peisture or range land: poor condition 68 79 86 89

good condition 39 61 7*4 80

Meadow: good condition 30 58 71 78

Wood or Forest land: thin stand, poor cover, no mulch 1*5 66 77 83

2 /good cover-' 25 55 70 77

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

good condition:- grass cover on 75? or more of the area 59 61 7I* 80

fair condition: grass cover on 50? to 75? of the area 1*9 69 79 8!*

Commercial and business areas (85? impervious) 89 92 9I* 95

Industrial districts (72? impervious). 81 88 91 93

Residential:-^

? Impervious-^Average lot size Average

1/8 acre or less 65 77 85 90 92

1/i* acre 38 6l 75 83 87

1/3 acre 30 57 72 81 86

1/2 acre 25 51* 70 80 85

1 acre 20 51 68 79 81*

Paved parking lots , roofs , driveways

,

etc.-^ 98 98 98 98

Streets and roads:

paved with curbs and storm sewers1/ 98 98 98 98

gravel 76 85 89 91

dirt 72 82 87 89

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

-' Good cover is protected frcm grazing and litter and brush cover soil.

-/ 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 rcEiaining pervious areas (lawn) are considered to be in good pasture condition
for these curve numbers.

In some warmer climates of the country a curve number of 95 may be used.
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PERCENT IMPERVIOUS

Figure 2-2. --Percentage of impervious areas vs. composite CN's for

given pervious area CN's.

area. The curves in figure 2-2 can help in estimating the increase in

runoff as more and more land within a given area is covered with im-

pervious material.

There are a number of methods available for confuting the percentage of

impervious area in a watershed. Some methods include using U.S. Geologi-

cal Survey topographic maps, land use maps, aerial photographs, and

field reconnaissance. Care must be exercised when using methods based

on such parameters as population density, street density, and age of the

development as a means of determining the percentage of impervious area.

The available data on runoff from urban areas are not yet sufficient to

validate widespread use of these methods.

Example 2-1

Compute the runoff from 5 inches of rainfall for a 1,000-acre watershed

to be converted to a suburban development. All the soils are in hydro-

logic soil group C. The proposed land use is 50 percent detached houses

with lot size l/4 acre; 10 percent townhouses with lot size l/8 acre;

25 percent streets with curbs and gutters, schools, parking lots, plazas;

and 15 percent open space, parks, schoolyards, etc., with good grass
cover.

1. Compute the weighted runoff curve number.
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Land use Percent

Table 2-2
curve
number Product

Detached houses with lot size 1/4 acre 50 83 4,150

Townhouses with lot size 1/8 acre 10 90 900

Streets with curbs, plazas, etc. 25 98 2,450

Open space, parks, etc. 15 74 1,110

100 8,610

Thus

Weighted CN = = 86

2. From table 2-1 using CN = 86 and P = 5 interpolate to read

Q = 3.47 inches.

Example 2-2

Compute the runoff from 6.3 inches of rainfall for a 1,000-acre water-
shed to be converted to a suburban development. The soils are in hy-
drologic soil group B. Forty percent of the development is ing^ervious

with all impervious areas connected; 60 percent is pervious and con-
sidered to be in good grass cover.

1. From table 2-2 read pervious CN = 61.

2. From figure 2-2 read CN = 76.

3. From table 2-1 using CN = 76 and P = 6.3 interpolate to read

0, = 3.64 inches

.

Example 2-3

Compute the runoff curve number for a 1,000-acre watershed. The hydro-
logic soil group is 50 percent B and 50 percent C interspersed through-
out the watershed. The land use is:

40 percent residential area that is 30 percent impervious

12 percent residential area that is 65 percent impervious

8 percent paved roads with open ditches

10 percent paved roads with curbs and storm sewers '

16 percent open land with 50 percent fair cover and 50 percent good
cover

14 percent parking lots, plazas, schools, etc. (all impervious)
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Using table 2-2 and figure 2-2,

runoff curve number.
display the data given and

Hydrologic soil

compute til

group
Land use B C

Pet. CN Product Pet

.

CN Product

Residential (30 pet. impervious) 20 72 1,440 20 81 1,620

Residential (65 pet. impervious) 6 85 510 6 90 540

Roads with open ditches 4 89 356 4 92 368

Roads with curbs apd sewers 5 98 490 5 98 490

Open land:

Fair cover 4 69 276 4 79 316

Good cover 4 61 244 4 74 296

Parking lots, plazas, etc. 7 98 686 7 98 686

50 4,002 50 4,316

Thus

Weighted CN = ^;QQ2^+^4;316 _ g3^^g gg^

Example 2-4

A 175-acre watershed is 30 percent agricultural and 70 percent urban
land. The agricultural area is 40 percent cultivated land with conserva-
tion treatment, 35 percent meadow in good condition, and 25 percent
forest land with good cover. The urban area is residential: 60 percent
is l/3-acre lots, 25 percent is l/4-acre lots, and 15 percent is streets
and roads with curbs and storm sewers. The entire watershed is in B hy-
drologic soil group.

Display the data given and compute the weighted composite runoff curve
niimber using curve numbers for the given land use in table 2-2.

Land use Acres Curve Number Product

Agricultural: (52)
Cultivated land (conservation 21 71 1,491
treatment

)

Meadow (good cover) 18 58 1,044
Forest (good cover) 13 55 715

Urban: (123)
l/3-acre lots 74 72 5,328
l/4-acre lots 31 75 2,325
Streets and roads with curbs
and storm sewers 18 98 1,764

175 12,667

Weighted CN = = 72.4 (use 72)

Thus
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CHAPTER 3

TIME OF CONCENTRATION, TRAVEL TIME, AND LAG

Introduction

Urbanization commonly increases the velocity at which water can flow
from its point of impact on the watershed to the watershed outlet. Time

of concentration, travel time, and watershed lag are three related

watershed parameters directly affected by the increased velocity. These

parameters are widely used in determining peak rates of runoff.

Time of concentration is the time it takes for runoff to travel from

the hydraulically most distant part of the watershed to the point of
reference. It is usually computed by determining the water travel time

through the watershed. In hydrograph analysis it is the time from the

end of excessive rainfall to the point of inflection on the falling limb
of the hydrograph. Lag can be considered as a weighted time of concen-
tration and is related to the physical properties of a watershed, such
as area, length, and slope. In simple hydrograph analysis, lag is the

time from the center of mass of excessive rainfall to the peak rate of

runoff. The time of concentration determines the shape of the runoff
hydrograph. Thus, changes in the time of concentration cause changes in
the resulting hydrograph. The extent of urbanization and stream modi-
fication affects the travel time of water through the watershed, which
changes the time of concentration.

Two factors can contribute to a decrease in travel time. Urbanization
generally decreases overland flow travel time by decreasing flow re-
tardance and by reducing the interflow distance because there are more
points of interception by gutters and other conveyances. Channelization
decreases travel time by increasing velocities in improved channels.
The travel path may be on the surface of the groimd or below it (as
subsurface flow) or in a combination of both. Urban hydrology studies
have shown that the response time of subsurface flow is so much longer
than that of surface flow that only surface (including sewer) flow
travel time is of significance when determining peak discharges.

Computation of Travel Time

Overland flow, storm sewer or road gutter flow, and channel flow are
the three phases of direct flow commonly used in computing travel time.

Overland flow

The travel time for overland flow in an urban area consists of the time
it takes water to travel from the uppermost part of the watershed to a
defined channel or inlet of the storm sewer system. This type of flow
is significant in very small watersheds because a high proportion of
travel time is due to overland flow. The velocity of overland flow can
vary greatly with the surface cover and tillage as shown in figure 3-1.
If the slope and land use of the overland flow segment are known, the
average flow velocity can be read from figure 3-1. The travel time is
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then computed by dividing the total overland flow length by the average
velocity.

, 1 .2.3 .5 1 2 3 5 10 20

Figure 3-1. --Average velocities for estimating travel time for
overland flow.

Storm sewer or road gutter flow
Travel time through the storm sewer or road gutter system to the main
open channel is the sum of travel times in each individual component of
the system between the uppermost inlet and the outlet. In most cases
average velocities can be used without a significant loss of accuracy.
During major storm events, the sewer system may be fully taxed and ad-
ditional overland flow may occur, generally at a significantly lower
velocity than the flow in the storm sewers. By using average conduit
sizes and an average slope (excluding any vertical drops in the system),
the average velocity can be estimated using Manning's formula.

Since the hydraulic radius of a pipe flowing half full is the same as

when flowing full, the respective velocities are equal. Travel time may
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be based on the pipe flowing full or half full. The travel time through
the storm sewers is computed by dividing the length of flow by the
average velocity. If flow is principally in shallow road gutters, the
curve for overland flow in paved areas shown in figure 3-1 can be used
to determine average velocity.

Channel flow
The travel time for flow in an open channel from the storm sewer outlet
to the watershed outlet (or evaluation or design point) can be deter-
mined by using Manning's equation to compute average velocities. Bank-
full velocities should be used to compute these averages. Channels may
be in either natural or improved condition.

Example 3-1

An urbanized watershed is shown in figure 3-2. Three types of flow con-

ditions exist from the furthermost point of the watershed to the outlet.

Compute the travel time (T.(.) and time of concentration (T^) based on

the following data:

Reach Description of flow Slope length

Percent Feet

A to B Overland (forest) 7 500

B to C Overland (shallow gutter) 2 900

C to D Storm drain with manhole 1.5 2,000
covers, inlets, etc.

(n = 0.015; diameter 3 feet)

D to E Open channel, gunite, trape- 0.5 3,000
zoidal (b=5; d=3; z=l.l;
n= 0.019)

Figure 3-2. —Urban watershed for example 3-1.
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1.

Compute the overland flow travel time.

Reach A to B (forest cover). From figure 3-1 for a slope of 7 percent
read v = 0.7 ft/sec.

length

velocity
500 ft = 714 sec
0.7 ft/sec

Reach B to C (street gutter). From figure 3-1 for a slope of 2 percent
read v = 2.8 ft/sec.

, _ length

t velocity

900 ft

2.8 ft/sec

2.

Compute the storm drain flow travel time.
Reach C to D. Use Manning's equation to compute pipefull velocity.

V =
1.49,D. 1/2

n (f

V
1^ 3 2/3

0.015 ''4^ (0.015)
1/2

= 10 ft/sec

T
t

length ^ 2,000 ft
velocity 10 ft/sec

200 sec

3.

Compute the open channel flow travel time.
Reach D to E. Use Manning's equation to compute bankfull velocity.

1.49 2/3 1/2
V = V ' s'

n

n = 0.019 for gunite channel

s = 0.005

1 49 ^

V = Q (1-78) (0.005) = 8.2 ft/sec

T = length - 3,000 ft - 366 sec
t velocity 8.2 ft/sec
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4 . Summary

Reach
Description

of flow
Length
(ft)

Velocity
(ft/sec )

Travel t:

(sec)

A to B Overland 500 0.7 714

B to C Overland 900 2.8 321

C to D Storm drain 2,000 10.0 200

D to E Open channel 3,000 8.2 366

Total 1,601

Thus

^ 1,601 sec = ^
^ n f r r\r\

' ' /\^ ^ ^ hx*
c (3,600 sec/hr)

Computation of Lag

The time between a brief heavy rain and the maximum runoff rate is called

lag. Lag is a watershed parameter that is often related to time of con-

centration. It can be estimated from historical hydrographs or it can be

estimated from specific watershed characteristics, such as watershed
length, slope, and flow retardance. Watershed lag is used to compute peak
discharges of the unit hydrograph in equation 4-1 in chapter 4. The same
relationship is used in all SCS procedures outlined in chapters 4, 5,

and 6.

Hydrograph m.ethod

In hydrograph analysis, lag is the time from the center of mass of excess
rainfall to the peak rate of runoff. The time difference between the
center of excess rainfall and the peak runoff can be determined by ana-
lyzing hydrographs from historical storm events. Based on studies of many
storm events for a range of watershed conditions, the following empirical
relationship between lag and time of concentration was derived:

L = 0.6 T^ (Eq. 3-1)

This relationship is for average natural conditions and for approximately
uniform distribution of runoff over the watershed. A limited study of
urban hydrographs shows that this relationship does not differ signifi-
cantly in urbanized watersheds.

Modified curve number method

In small urban areas (less than 2,000 acres), the curve number method
described in chapter 15 of NEH-4 can be used to estimate the time of con-
centration from watershed lag. The curve number method, originally devel-
oped from agricultural watershed data, was Intended to span a broad set
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of conditions ranging from steep to flat and from heavily forested to

smooth. The equation for watershed lag is:

L

0.8
C

1 ,

(S + 1)
0.7

900
(Eq. 3-2)

where

L = lag in hours

C = hydraulic length of watershed in feet

S
1,000

CN'
- 10 (where CN' is the retardance factor and is equivalent

to the runoff curve number)

Y = average watershed land slope in percent.

Figure 3-3 jhows the solution to equation 3-2 in graph form.

The CN' is a measure of the retardance of surface conditions on the rate

at which runoff concentrates at some point in question. Therefore,

(S + 1)°*'^ is a retardance factor based on the surface condition of the

watershed

.

Data collected from small urban watersheds Indicate that the retardance

factor CN' generally does not adequately reflect the increased rate at

which water can run off as a result of the installation of impervious
areas, roads, gutters, and storm drains. Where an area is completely
paved, such as a small parking lot, equation 3-2 adequately represents
lag. For composite land use areas where streets, gutters, or sewers
provide a more efficient flow pattern than lawns, forests, or other
pervious areas, equation 3-2 overestimates lag.

Two factors cause the difference between historical measurements of lag
and those computed by equation 3-2. The first is the extent to which a

stream (usually the major watercourse in the watershed) has been changed
over natural conditions either by straightening or by enlarging stream
capacity and providing bank protection to allow higher flow velocities
than under natural conditions. The second factor is the increased amount
of impervious area, which permits water from overland flow sources and

side channels to reach the main channel at a much faster rate than under
natural conditions.

The weighted runoff curve number, if used as a retardance factor in
equation 3-2, does not provide sufficiently for the decrease in lag
caused by changes in the main channel and increases in imipervious areas.
Since urbanization can take place while the miain channel is left in its

natural state, separate adjustments to the lag equation were derived to
account for the effect of each of the two factors on lag.
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Figure 3-3. —Curve
watersheds

number method
under natural

for estimating lag (L)

conditions up to 2,000

for homogeneous
acres

.
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Figure 3-4 shows lag factors required to adjust equation 3-2 for water-
sheds where the natural condition of the main channel has been hydrau-
lically improved. If the main channel has not been modified, the lag

computed by equation 3-2 can be used. Not enough data are available, nor
is equation 3-2 accurate enough, to distinguish between the types of

channel modification made. The adjustment for channel improvement is

made as follows. If 50 percent of the channel has been modified from its
natural condition and the future- condition curve number is computed to
be 80, then the lag computed by equation 3-2 (or read from figure 3-3)

is multiplied by 0.7.

Figure 3-4. —Factors for adjusting lag from equation 3-2 or figure 3-3
when the main channel has been hydraulically improved.

Figure 3-5 shows lag factors for adjusting equation 3-2 if part of the
watershed is impervious. If the future -condition curve number is 100 or
the impervious area is zero, adjustments are not necessary. When a
significant part of the watershed is impervious, time of concentration
is decreased because the flow paths to the main channel are more effi-
cient than under natural conditions.

Since figures 3-4 and 3-5 are used only with future -condition curve
numbers, the lag factors cannot be used to directly compute the decrease
in lag (or time of concentration) from present conditions. To determine
the change in lag or time of concentration from present to future con-
ditions, compute the present value and then, using the future -condition
cui^e number, compute the future value.

When only peak discharges from an urban watershed are desired, lag does
not have to be computed. Peak factors in figures 4-1 and 4-2, discussed
in the next chapter, are used in the same manner as the lag factors when
urban modifications tp a watershed have occurred. If other procedures
are used to compute peaks, but a time of concentration for future con-
ditions is desired without making a detailed survey to determine the
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individual overland components of flow, figures 3-4 and 3-5 can be used.

Figures 3-4 and 3-5 are approximations at best and have the same limi-

tations and uses as equation 3-2 and figure 3-3.

Figure 3-5. —Factors for adjusting lag from equation 3-2 or figure 3-3
when impervious areas occur in the watershed.

Example 3-2
A watershed of 1,000 acres has a present-condition curve number of 75,
average watershed slope of 4 percent, and hydraulic length of 13,200
feet. Urban development is expected to modify about 70 percent of the
hydraulic length, increase the impervious area to 40 percent, and in-
crease the runoff curve number to 80. Compute the present- and future

-

condition time of concentration using the curve number method.

1.

Present-condition lag from equation 3-2 or figure 3-3 with CN =75.

^ ^ (U,200)°‘^(3.33 +

1,900(4)°*^
= 1.45 hr

2. Present-condition time of concentration from equation 3-1.

T = 1.67(1.45) = 2.42 hr
c

3. Future -condition lag.

a. Basic future -condition lag with CN = 80:

/ ^
0* 8, ,0.7

L = hi220L_(2^5^iL_ = 1.25
1,900(4)

b. Lag factor for modification of 70 percent of the hydraulic length
from figure 3-4: hydraulic -length lag factor = 0.59
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c. Lag factor for 40 percent impervious area from figure 3-5
impervious-area lag factor = 0.76

d. Future -condition lag = 1.25(0.59) (0.76) = 0.56 hr

4. Future-condition time of concentration from equation 3-1.

= 1.67(.56) = 0.94 hr
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CHAPTER 4

PEAK DISCHARGES (APPENDIX D CHARTS)

Introduction

A quick and reliable method of computing peak discharges from agricul-
tural drainage areas 1 to 2,000 acres in size is given in charts in
appendix D. The charts were prepared for the solution of the general re-
lationships, are based on type-II rainfall distribution, and are
applicable to most agricultural areas of the United States. They do not
apply to parts of the Pacific Coast states that do not have type-II
rainfall distribution, as shown on the map in appendix D.

This chapter presents a method of adjusting peak discharges obtained
from the charts in appendix D to reflect the increase in peak discharge
due to urbanization. Additional methods for interpolating or adjusting
peak discharges for conditions not found on the charts or not repre-
sented by the general equations in this chapter are given in appendix E.

Modification of Peak Discharge Due to Urbanization

Research in the area of urban hydrology is developing rapidly. Research
to date has been sufficient to identify the parameters that are affected
by urbanization and to derive limited empirical relationships between
those parameters for both agricultural and urban watersheds. The time to
peak for urban watersheds is affected by a decrease in lag or time of
concentration as described in chapter 3.

Figures 4-1 and 4-2 give factors for adjusting peaks calculated from
charts in appendix D based on the same parameters that affect watershed
lag and time of concentration. The factors are applied to the peaks
using future-condition runoff curve numbers as follows:

%DD

where

Factor^-

„

Factor,
IMP HIM

= modified discharge due to urbanization

(Eq. 4-1)

Q = discharge for future CN from appendix D charts

Factor

=

adjustment factor for percent impervious areas

Factor = adjustment factor for percent of hydraulic length
HIM modified.
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1.0 1.2 1.4 1,6 1.8

PEAK FACTOR

Figure 4-1.—Factors for adjusting peak discharges for a given future'

condition runoff curve number based on the percentage of impervious
area in the watershed.
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Figure 4-2.—Factors for adjusting peak discharges for a given futirre-

condition runoff curve number based on the percentage of hydraulic
length modified.
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Example 4-1
A 300-acre watershed is to he developed. The runoff curve number for the

proposed development is computed to be 80. Approximately 60 percent of

the hydraulic length will be modified by the installation of street

gutters and storm drains to the watershed outlet. Approximately 30 per-

cent of the watershed will be impervious. The average watershed slope is

estimated to'-^e 4 percent. Compute the present-condition and anticipated

future -condition peak discharge for a 50-year 24-hour storm event with

5 inches of rainfall. The present-condition runoff cmrve number is 75.

1. From table 2-1
,
the runoff for present condition is 2.45 inches and

for future condition is 2.89 inches.

2'. From the chart for moderate slope in appendix D ('CN = 75 ), the

present condition peak discharge is 120 cfs (cubic feet per second)
per inch of runoff. The peak discharge is then 120 x 2.45 or 294 cfs.

3. From the chart for moderate slope in appendix D (CN = 80), the future-
condition base discharge for CN = 80 is 133 cfs per inch of runoff.
The base discharge is then 133 x 2.89 or 384 cfs.

4. From figure 4-1, with 30 percent impervious area and future runoff
curve mamber of 80, read peak factor = 1.16.

5. From figure 4-2, with 60 percent of the hydraulic length modified and
future-condition curve number of 80, read peak factor = 1.42.

6. The future-condition peak discharge is:

389 (1.16)(1.42) = 633 cfs

7. The effect of this proposed development is to increase the peak
discharge from 294 to 633 cfs.
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CHAPTER 5

TABULAR AND GRAPHICAL METH0D6 OF DETERMNING PEAK DISCHARGES

Introduction

This chapter presents tabular and graphical methods for computing peak
discharges from urban areas using time of concentration (Tq) and travel
time (T-|-). These methods are approximations of the more detailed hydro-
graph analysis, SCS-TR-20 "Computer Program for Project Formulation

—

Hydrology," discussed in chapter 6.

The tabular method can be used to develop composite hydrographs at any
point within a watershed by dividing the watershed into subareas and

computing the time of concentration for each subarea and the travel time

through each reach. The graphical method uses only the time of concen-
tration and is applicable to a watershed where runoff characteristics
are uniform and valley routing is not required. The factors affecting
peak discharge calculations discussed in earlier chapters also apply in

this chapter: 24-hour rainfall amount, a given rainfall distribution,
hydrologic soil-cover complexes (runoff curve numbers), time of concen-
tration, travel time, and drainage area.

The tabular method can be used for watersheds where hydrographs are
needed to measure nonhomogeneous runoff, i.e., the watershed is divided
into subareas. It is especially applicable for measuring the effects of
changed land use in a part of a watershed. It can also be used to de-
termine the effects of structures and combinations of structures,
including channel modifications, at different locations in a watershed.

Tabular Method of Determining Peak Discharge

Table 5-3 shows the tabular discharge values for the type-II rainfall
distribution used in this procedure. Tabular discharges, in terms of
csm (cubic feet per second per square mile) per inch of runoff, are
given for a range of T^'s from 0.1 to 2 hours and T-^ 's from 0 to 4
hours. For T^'s up to 12 hours and T-^'s up to 30 hours, refer to TSC
Technical Note ENG-UD-20. Values for other distributions are available.
Table 5-3 was developed by computing hydrographs for 1 square mile of
drainage area for a range of times of concentration and routing them
through stream reaches with a range of travel times. A constant runoff
curve number of 75 and a rainfall volime sufficient to yield 3 inches of
runoff were used.

The tabular method should not be used when large changes in the curve
number occur among subareas within a watershed and when runoff vol\mies
are less than about 1.5 inches for curve n\Mbers less than 60. For most
watershed conditions, however, this procedure is adequate to determine
the effects of urbanization on peak rates of discharge for subareas
up to approximately 20, square miles in size.
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The computed values of time of concentration (Tq) and travel time (T-t)

can be rounded to the nearest value used in table 5-3 or, if more
refinement is warranted, the discharges can be computed using the cal-
culated Tq and T-t, and interpolating between the Tc and Tt shown in the
table. The information needed to calculate the peak discharge at a ppint
in the watershed is

:

1. The drainage area of each subarea
2. Tc for each subarea
3. T-t for each routing reach
4. The runoff curve number for each subarea
5. The 24-hour rainfall for a selected frequency
6. The runoff in inches for each subarea

Example 5-1
A developer plans to develop subareas 5, 6, and 7 shown in figure 5-1.

The township planning board, before accepting his proposal, wants to
know what effect the development would have on the 100-year discharge
at the downstream end of subarea 7.

1 Subarea

— Stream

Watershed
boundary

.... Subarea
boundary

Figure 5-1.—Sample watershed for example 5-1.

1. Develop a table similar to table 5-1, which provides a summary of all
the basic data required in the tabular hydrograph method.
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Table 5-1.—Basic data used in example 5-1

Sub-
area

Drain-
age

Area
(mi^)

Time of
Concentration

(hrs

)

Riinoff

Curve Number R\inoffi/

(in)

2 /Travel time-'

(hrs

)

Pres

.

Fut. Pres

.

Fut. Pres

.

Fut

.

Pres

.

Fut

.

1 0.3 1.50 1.50 65 65 2.35 2.35 - -

2 0.2 1.25 1.25 70 70 2.80 2.80 - -

3 0.1 0.50 0.50 75 75 3.28 3.28 0.25 0.25

h 0.25 0.75 0.75 70 70 2.80 2.80 - -

5 0.2 1.50 1.50 75 85 3.28 i+.31 1.25 1.00

6 O.U 1.50 1.00 70 75 2.80 3.28 - -

7 0.2 1.25 0.75 75 90 3.28 U.85 0.75 0.50

1/ From Table 2-1 for P = 6 inches.
-/ Travel time thro\igh the reach for the corresponding subarea.

2. Develop a flood routing summary table similar to table 5-2 for
present and future conditions. The T-t for each subarea is the total
travel time for that subarea through the watershed to the point of
interest (end of subarea 7). The hydrograph coordinates under time-
hours for each subarea are computed using the appropriate sheets
from, table 5-3 and equation q = Pp (DA)(Q) where:

q = hydrograph coordinate discharge
in cfs (cubic feet per second)

qp
= csm/in. (cubic feet per second per square mile

per inch of runoff)
DA = drainage area in square miles

Q = runoff in inches

Using subarea 4 as an example, for Tc = 0.75 hours use sheet 3 of
table 5-3. For T-^ = 2.00 hours (the travel time through subareas 5 and
7) the routed peak of subarea 4 appears at the outlet of subarea 7 at
14.0 hours and is 251 csm/in. Therefore, the peak discharge is:

q = 251(.25)(2.80) = 176 cfs.

3. In order to develop a composite hydrograph at the end of subarea 7,
a method of siamming the hydrographs from each subarea is used. This
method provides a means of adjusting the timing of each hydrograph to
allow for the travel time (T-|^) from the individual watershed to the
point in question. Table 5-2 shows how the present and future dis-
charges are estimated. The effect of the urban development is to in-
crease the 100-year peak discharge from 752 to 894 cfs. Methods for
preventing an increase in discharge are discussed in chapter 7.
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Graphical Method of Determining Peak Discharge

The curve of Tq vs. peak discharge in csm per inch of runoff shown in

figure 5-2 was developed from table 5-3 for zero Tt. It can be used for

a watershed where the roinoff can be represented by one curve number,

i.e., the land 'use, soils, and cover are similar and are distributed
uniformly throughout the watershed. This procedure is limited to peak
discharge determination (hydrograph not required) for a watershed where
valley routing is not required. The peak discharge can be calculated

from figure 5-2 using Tq in hours, runoff in inches from. a 24-hour rain-

fall, and drainage area in square miles.

Figure 5-2.—Peak discharge in csm per inch of runoff versus time of
concentration (Tq) for 24-hour, type-II storm distribution.

Example 5-2

A developer wishes to install a planned unit development in the upper-
most part of a watershed. An ordinance in the township requires that a

planned unit development not increase the 100-year-frequency flood flow
at the downstream end of the development. The following basic data have
been determined for present and future conditions

:

Drainage area ~ 960 acres (1.5 mi^)

CN (present) = 80

ON (future) -- 85

Tc (present) = 0.9 hr

Tq ( future ) = 0 . 6 hr

^24 (24-hour, 100-year frequency rainfall) = 6.0 in.
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The land use (present and future) and hydrologic soil groups are evenly
distributed, i.e,, runoff characteristics are uniform throughout the
watershed. What will be the effect of the planned development on runoff
and peak discharge at the 100-year frequency?

1 . Present condition:

Q = 3.78 inches for ON =

From figure 5-2 for =

0. ~ Q.p -^0.

80 and P24 = 6.0 inches (table 2-1 ).

0.9 hours, Qp
= 345 csm per inch of runoff.

= 345 '1.5) (3.78) = 1,956 cfs

2. Future condition:

Q = 4.31 inches for CN = 85 and P24 = 6.0 inches (table 2-l).

From figure 5-2 for = 0.6 hours, qp
= 460 csm per inch of runoff.

q = qp AQ = 460 (1.5) 4.31 = 2,974 cfs

3. The proposed project will increase the total volume of r\moff by
14 percent and decrease the time of concentration by 33 percent re-
sulting in an increase in peak discharge of 52 percent (from 1,956
cfs to 2,974 cfs).

Methods described in chapter 7 can be used to determine the reservoir
storage capacity required to reduce the peak from 2,974 to 1,956 cfs.
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CHAPTER 6

SCS-TR-20 METHOD OF DETERMINING PEAK FLOW

Introduction

This chapter presents a general description of the "Computer Program for

Project Formulation- -Hydrology" distributed by SCS through Technical Re-

lease No. 20 (SCS-TR-20). A detailed description of the use of the com-
puter program is beyond the scope of this chapter. However, an awareness
of its potential use in urban hydrologic studies is important. The pro-
gram was developed primarily as an evaluation tool for watershed project
planning. It provides a procedure for analyzing alternative systems of
structural measures. SCS-TR-20 describes in detail the preparation of in-

put data.

Areas of Application

Under most conditions seen in the field the hydrologic effects of urban-
izing a watershed can be determined by using methods described in chap-
ters 4 and 5. However, consideration should be given to using the com-
puter program when:

1. Watersheds are larger than 2,000 acres

2. There are many subareas with different runoff characteristics

3. Large swamp areas or reservoirs are present

4. Historical storm events need to be analyzed

General Description

The program was developed with strict adherence to a policy of having it

(1) as flexible as possible in the use of input data; (2) provide for the
maximum use, of engineering judgment; (3) engineer-oriented rather than
machine-oriented; and (4) described in the FORTRAN system to provide for
ease in future extensions, alterations, and recompilation for other com-
puter models.

The program computes surface r\moff resulting from any synthetic or nat-
ural rainstorm. It takes into account conditions affecting runoff (CN,

Tq, etc.), develops a hydrograph, and routes the hydrograph through
stream channels and reservoirs . The computer can combine the routed hy-
drograph with those from other tributaries . and print out the total com-
posite hydrograph, peak discharges, time of occurrence, and the water
surface elevation at each desired cross section or structure. Watersheds
are analyzed under present conditions and with various combinations of
land treatment, floodwater-retarding structures, and channel improvement.

Capabilities and Limitations

In general, in any one continuous operation, the computer program can:

1. Route through as many as 60 structures and an unlimited number of
variations for each structure, including that of having no structure.
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2. Route through as many as 120 stream reaches and an unlimited number
of channel modifications for each reach.

3. Compute up to 300 ordinates of a hydrograph and print out the dis-
charge and elevation for each.

4. Make an unlimited number of routings through a watershed, including
variations in rainfall amounts, rainfall duration, and antecedent
moisture condition.

5. Develop and route the runoff for nine different storm distributions
and for an unlimited number of depths and durations for any storm
distribution.

6. Combine hydrographs from an unlimited number of tributaries and
reaches.

Hydrologic and hydraulic parameters that are affected by urbanization
can be varied and used as input to the computer program and the effects
can be analyzed.

If it is desired to use the computer program for urban hydrology studies,
a copy of SCS-TR-20 can be obtained from any SCS state office. A copy of
the source program can be obtained by SCS personnel through the SCS Man-
agement Division, Washington, D. C.; other users can obtain a copy through
the National Technical Information Service:

National Technical Information Service
U. S. Department of Commerce
P. 0. Box 1553
Springfield, Virginia 22151
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CHAPTER 7

METHODS FOR CONTROLLING PEAK DISCHARGES FRCM URBANIZING AREAS

Introduction

As rural areas urbanize, the increase in peak discharges due to more
efficient conveyance paths and increased impervious areas can have a

significant adverse impact on downstream areas. There is a growing in-

terest on the part of planners, developers, and the public in protecting
downstream areas from induced flood damages that may accompany increased
peaks and stages. Planning authorities are proposing local ordinances
that restrict the type of development permitted and the impact develop-
ment can have on the watershed. One of the primary controls being im-

posed is that future-condition discharges cannot exceed present-condi-
tion discharges at some predetermined frequency of occurrence at speci-
fied points on the channel.

Earlier chapters discussed methods of determining changes in peak dis-
charges. This chapter discusses types of measures or construction tech-
niques that can be used to control peak discharges from urbanizing
areas through planned runoff delay and increased infiltration and pre-
sents a procedure for estimating the amount of storage required to
maintain peaks at some predetermined level.

Methods of Reducing or Delaying Urban Runoff

Methods to control runoff in urbanizing areas reduce either the volume
or the rate of runoff. The effectiveness of any control method depends
on the available storage, the outflow rate, and the inflow rate. Be-
cause a great variety of methods can be used to control peak flows, each
method proposed should be evaluated for its effectiveness in the given
area.

Table 7-1 lists measures for reducing and delaying urban storm runoff.
Table 7-2 lists some advantages and disadvantages of each measure. Both
tables were adapted from tables prepared at Pennsylvania State Uni-
versity under the direction of Gert Aron, associate professor of civil
engineering. Effective measures for reducing peak rates of runoff are,
of course, not limited to those listed in table 7-1.

Effects of Reducing or Delaying Urban Runoff

The direct reduction of peak flows and volume of runoff through in-
stallation of these measures is very' difficult to determine. Measures
that increase infiltration also reduce runoff. Therefore the runoff
curve number will be lower than it would be without the measures. Meas-
ures that delay runoff also increase the time of concentration. The de-
gree of change in curve number or time of concentration over the water-
shed depends on how extensively each measure is applied.
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Table 7-1 ^Measures for reducing and delaying urban storm runoff

Area Reducing minoff Delaying runoff

Large flat roof 1. Cistern storage
2. Rooftop gardens
3. Pool storage or

1. Ponding on roof by
constricted down-
spouts

fountain storage

4. Sod roof cover

2. Increasing roof
roughness
a. Rippled roof
b. Gravelled roof

Parking lots 1. Porous pavement
a. Gravel parking

1. Grassy strips on
parking lots

lots

b. Porous or punc-
tured asphalt

2. Grassed waterways
draining parking
lot

2. Concrete vaults and

cisterns beneath
parking lots in
high value areas

3. Vegetated ponding
areas around parking
lots

4. Gravel trenches

3. Ponding and deten-
tion measures for

impervious areas
a. Rippled pave-

ment
b. Depressions
c. Basins

Residential 1. Cisterns for indi-
vidual homes or

1. Reservoir or deten-
tion basin

groups of homes
2. Gravel driveways

(porous)

2. Planting a high de-

laying grass (high

roughness)

3. Contoured landscape 3. Gravel driveways

4. Ground-water recharge
a. Perforated pipe

4. Grassy gutters or

channels

b. Gravel (sand)

c. Trench
d . Porous pipe

e . Dry wells
5. Vegetated depressions

5. Increased length of

travel of runoff by
means of gutters,
diversions, etc.

General 1. Gravel alleys
2. Porous sidewalks
3. Mulched planters

1. Gravel alleys
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Table 7-2.—Advantages and disadvantages of measures for reducing and
delaying runoff

Measure Advantages Disadvantages

A. Cisterns and 1.

covered ponds

2 .

3.

Water may be used for:

a. Fire protection
b . Watering lawns
c. Industrial processes
d. Cooling purposes
Reduce runoff while
only occupying small
area

Land or space above
cistern may be used
for other purposes

1. Expensive to install
2. Cost required may

be restrictive if

the cistern must
accept water from
large drainage
areas

3. Requires slight
maintenance

4. Restricted access
5. Reduced available

space in basements
for other uses

B. Rooftop
gardens

1. Esthetically pleasing
2. Runoff reduction

3. Reduce noise levels
4. Wildlife enhancement

1. Higher structural
loadings on roof
and building

2. Expensive to install
and maintain

C. Surface pond 1.

storage
(usually resi- 2.

dential areas) 3.

4.

5.

Controls large drainage
areas with low release

Esthetically pleasing
Possible recreation
benefits
a. Boating
b. Ice skating
c. Fishing
d. Swimming

Aquatic life habitat
Increases land value of
adjoining property

1. Require large areas
2. Possible pollution

from stom water
and siltation

3. Possible mosquito
breeding areas

4. May have adverse
algal blooms as a

result of eutro-

phication
5. Possible drowning
6. Maintenance prob-

lems

D. Ponding on roof 1.

by constricted 2.

downspouts

3 .

Runoff delay
Cooling effect for
building
a. Water on roof
b. Circulation through
Roof ponding provides
fire protection for
building (roof water
may be tapped in
case of fire)

1. Higher structural
loadings

2. Clogging of con-
stricted inlet re-
quiring maintenance

3. Freezing during
winter (expansion)

4. Waves and wave load-
ing

5. Leakage of roof
water into building
(water damage)



Table 7-2.—Advantages and disadvantages of measures for reducing and

delaying runoff—Continued

Measure Advantages Disadvantages

E. Increased roof 1. Runoff delay and 1. Somewhat higher struc-
roughness some reduction tural loadings
a. Rippled roof (detention in
b . Gravel on ripples or

roof gravel)

F. Porous pavement 1. Runoff reduction 1. Clogging of holes or
(parking lots (a and b) gravel pores (a and b)

and alleys) 2. Potential ground- 2. Compaction of earth
a. Gravel park- water recharge below pavement or

ing lot (a and b) gravel decreases perme'
b. Holes in im- 3 . Gravel pavements ability of soil (a and

pervious may be cheaper b)

pavements than asphalt or 3. Ground-water pollution

( 1/4 in. 4>) concrete (a) from salt in winter
filled with (a and b)

sand 4. Frost heaving for im-
pervious pavement with
holes (b)

5. Difficult to maintain
6. Grass or weeds could

grow in porous pave-
ment (a and b)

G. Grassed channels 1. Runoff delay 1. Sacrifice some land
and vegetated 2. Some runoff re- area for vegetated
strips duction ( infil- strips

tration re- 2. Grassed areas must be
charge) mowed or cut period!-

3. Esthetically cally (maintenance
pleasing

a . Flowers
b. Trees

costs)

H. Ponding and 1. Runoff delay 1. Somewhat restricted
detention (a^ b, and c) movement of vehicle (a]

measures on 2. Runoff reduction 2. Interferes with normal
impervious (a and b) use (b and c)

pavement 3. Damage to rippled pave-
a. Rippled ment during snow re-

pavement moval (a)
b. Basins 4. Depressions collect
c. Constricted dirt and debris (a, b,

inlets and c)
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Table 7-2.—Advantages and disadvantages of measures for reducing and
delaying runoff—Continued

Measure Advantages Disadvantages

I. Reservoir or
detention
basin

1. Runoff delay
2. Recreation bene-

fits
a. Ice skating
b. Baseball,

football, etc.,
if land is pro-
vided

3. Esthetically pleas-
ing

4. Could control
large drain-
age areas with
low release

1. Considerable amount of
land is necessary

2, Maintenance costs
a. Mowing grass
b. Herbicides
c. Cleaning periodi-

cally (silt re-
moval)

3. Mosquito breeding area

4, Siltation in basin

J . Converted
septic tank
for storage
and ground

-

water re-
charge

1. Low installation
costs

2. Runoff reduction
(infiltration
and storage)

3. Water may be \:;ned

for:

a. Fire protection
b. Watering lawns

and gardens
c . Ground-water re-

charge

1. Requires periodic main-
tenance (silt removal)

2. Possible health hazard
3. Sometimes requires a

pump for emptying
after storm

K. Gro\md-water
recharge

a. Perforated
pipe or hose

b. French drain
c . Poro\as pipe
d. Dry well

1. Runoff reduction
(infiltration)

2 . Ground-water re-
charge with
relatively clean
water

3. May supply water
to garden or dry
areas

4 . Little evaporation
loss

1. Clogging of pores or
perforated pipe

2. Initial expense of in-
stallation (materials)

L. High delay grass

(high rough-
ness )

1. Runoff delay
2. Increased infil-

tration

1. More difficult to mow

M. Routing flow

over lawn
1. Rimoff delay
2. Increased infil-

tration

1. Possible erosion or
scour

2. Standing water on lawn
in depressions
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Preliminary studies at Pennsylvania State University^ have shown that
for one particular situation analyzed (a 200-acre urban watershed) the
potential peak flow was reduced by about 8 percent by gravel minidikes
on slightly slanted roofs. Also, installing grass-protected infiltra-
tion trenches to control rrinoff from parking lots reduced the flood peak
by about 5 percent. Various possible combinations of methods should be
evaluated on their particular merit for the watershed under considera-
tion.

Methods for Estimating the Effect of Storage

When a structure such as a retarding dam or holding pond is installed,
hydraulic routing procedures can be used to determine the effect on
peak discharges. The SCS-TR-20 program referred to in chapter 6 provides
an accurate method for analyzing this situation. A less accurate method
has been developed for quickly analyzing effects of storage reservoirs
on peak discharges. The method is based on average storage and routing
effects for many structures. The storage indication method of routing
was used. Figure 7-1 relates the volume of inflow to volume of required
storage for a range of peak release rates. Figure 7-2 relates the peak
outflow-inflow ratio to the storage-runoff volume ratio where a single-
stage pipe spillway or weir is used. Emergency spillway flow is not
considered.

The accuracy of the curves in figures 7-1 and 7-2 depends on the re-

lationship between the storage available, the inflow volume, and the

shape of the inflow hydrograph. When only a small volume is available

for temporary storage, the shape of the outflow hydrograph is v'eiy

sensitive to the rate of rise of the inflow hydrograph. Conversely, when

a large volume is available for storage, the shape of the inflow hydro-

graph has little effect on the outflow hydrograph which, in this case,

is controlled by the hydraulics of the structural system. Therefore,

parameters such as runoff curve number and time of concentration, which

affect the rate of rise of a hydrograph, become significant parameters

in analyzing the effects of structures when the peak outflow rate ap-

proaches the peak inflow rate.

In figure 7-1 the peak inflow rate is not a factor in determining stor-

age requirements. It can be seen that the ratio of volume of storage

(Vg) to volume of runoff (V^) is relatively high. Therefore, inflow

peak is not a significant parameter. Figure 7-1 is usually accurate

within 5 percent for release rates under 100 csm (cubic feet per second

per square mile) and within 10 percent for release rates over 100 csm.

Figure 7-2 relates the ratio of peaks to volumes. For this case the

parameters affecting the shape of the hydrograph are important. In

situations where runoff curve numbers are less than 65 in combination

with short T^ values, V^/Vp values read from the curve will be up to

25 percent too high. Runoff curve numbers over 85 with long T^ values

cause Vs/Vp values to be up to 25 percent too low.

^Studies of flood peak abatement in urban storm runoff conducted by

Gert Aron, assoc, prof, civil eng., Pennsylvania State Univ.
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Figure 7-1.—Approximate single-stage structure routing for weir flow
structures up to 150 csm release rate and pipe flow structures up
to 300 csm release rate.

Figure 7-1 applies to pipe drop inlets of 0 to 300 csm release rate and
weir flow structures of 0 to 150 csm release rate. Figure 7-2 applies to
pipe drop inlets of over 300 csm release rate and weir flow structures
of over 150 csm release rate.

Extrapolation for points falling outside the limits of the curves could
introduce a significant error. The steps necessary to use the procedure
described in this chapter are:

1. Determiine the basic watershed parameters (DA, ON, etc.).

2. Determine the volume of mrnoff and peak rate of flow from the water-
shed.
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3. Set the desired rate of outflow from the structure.

4. Determine the required volume of storage from the appropriate figure,
7-1 or 7-2.

5. Proportion the storage structure so that the design outflow rate and
maximum storage occur at the same stage.

Note that in steps 3 and 4, the storage volume could be set and the re-
sulting rate of outflow determined from figures 7-1 and 7-2. For struc-
tures with drainage areas over 2,000 acres and for events of less than
2-year frequency, the SCS-TR-20 program discussed in chapter 6 should be
used. The following examples show how figures 7-1 and 7-2 are used.

Example 7-1
A developer is attempting to secure a pemit to install a 4.2-acre-ft
detention resei^oir at the outlet of a proposed 75-acre development for
storm water management. Based on procedures described in chapter 4, the
present peak discharge of the design storm is 180 cfs (cubic feet per
second), the future runoff is 3.4 inches, and the future peak discharge
is 360 cfs. Using the stage-discharge and stage-storage curves shown in
figure 7-3, determiine whether the proposed structure will reduce the
future-condition peak discharge to 180 cfs.

For this example, 180 cfs is the desired outflow Qo and 360 cfs is the
future-condition discharge into the reservoir Qj_. Inflow runoff is

3.4 inches.

1. Select the proper figure to use in the shortcut routing method.

Qq “ IBO cfs (present peak)

= 180 cfs (640 acres/mi^) = 1,536 csm
75 acres

Since Qo is greater than 300 csm, use figure 7-2.

Q
2. Compute (must be in same units).

^ ^ 180 cfs ^

0^ 360 cfs

3.

Detemine Yq (volume storage).

With ^ = 0.5, enter figure 7-2 and find ^ =0.28.

Qi Vr
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STORAGE IN ACRE FEET

6 4

Figure 7-3.—Stage-discharge and stage-storage relationship for
structure A in example 7-1.

Since = 3.4 inches, then

Vg = 0.28 (3.4) = 0.95 in

, P_._95 in
.(
75 acres) ^ 5^9 acre-ft

12 in /ft

4. Determine available storage.
From figure 7-3 the elevation of the crest of the emergency spillway
must he 104.8 msl (mean sea level) to discharge 180 cfs. At this
elevation the available storage is 4.2 acre-ft.

5 . Evaluate proposed structure.
The required storage of 5.9 acre-ft is greater than the 4.2 acre-ft
provided by the proposed structure. The structure should be rede-
signed to raise the crest of the emergency spillway to 105.7 msl
( 5.9 acre-ft ), and the principal spillway should be modified so that
it will discharge 180 cfs at 105.7 msl.

Example 7-2
Based on the conditions in example 5-1, determine the release rate and
the storage required at structure 6A located near the outlet of subarea
6 to maintain the peak discharge at the existing rate at the outlet of
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the watershed. Refer to figure 5-1 and tables 5-1 and 5-2. Assume a

pipe drop inlet spillway for the structure.
1.

From table 5-2., subtract the future -condition flow contribution by
subarea 6 from the future composite hydrograph as follows:

Rydrograph Time (hours)

location 13.0 13.2 13.5 14.0 14.

5

Composite discharge
(cfs)

819 858 894 774 603

Subarea 6 discharge
(cfs)

371 333 245 138 85

Composite discharge 448 525 649 636 518
minus subarea 6

(cfs)

Note that the partial coii5)osite hydrograph peak is 649 cfs at the
outlet of the watershed.

2.

Since the present-condition maximum peak discharge at the outlet is

752 cfs^ the release rate of structure 6A cannot exceed 752 cfs minus
the peak of the partial composite hydrograph. Therefore,

maximum release rate = 752 - 649 = 103 cfs

3.

Determine peak outflow (Qq) in csm from proposed structure 6A.

^
103 cfs
0.4 mi^

= 258 csm

4.

A pipe drop inlet with 258 csm maximum release rate will be routed.
Use figure 7-1 since the release rate is less than 300 csm.

5.

Determine required storage (Vs) • With = 258 csm, Vj, = 3.28 in.

(future-condition runoff for subarea 6). Enter figure 7-1 and find

Vg = 1.55 in

_ 1.55 in (640 acres/rai^ ) (0 .4 mi^) =33.1 acre-ft
12 in/ft

Therefore, the storage required to maintain the peak discharge at the
present rate at the watershed outlet is 1.55 inches or 33.1 acre-ft.
The pipe spillway must be designed to provide 103 cfs outflow at
33.1-acre-ft storage.

Example 7-3
Determine the release rates and storage required to maintain present
peaks for two structures, one located at the outlet of subarea 4 (site
4A) and one at the outlet of subarea 6 (site 6A) as shown in figure 5-1
and example 5-1. Structure 4A will have a pipe drop inlet spillway and
'structure 6A will have a straight drop spillway.



7-12

1.

The decision on the amount of reduction to he accomplished at each
structure is more or less arbitrary. Several alternatives should be
studied to find the optimum design. This example will illustrate one
trial calculation to show the procedure used. First subtract future-
condition outflows of subareas 4 and 6 from the future composite hy-
drograph as follows:

i^ydrograph Time (houi-s)

location 13.00 13.20 13.50 14.00 14.50

Composite discharge (cfs) 819 858 894 774 603

Subarea 4 discharge (cfs) 58 103 188 174 106

Subarea 6 discharge (cfs) 371 333 245 138 85

Composite discharge 390 422 461 462 412
minus subareas 4 and 6
(cfs)

Note that the partial composite hydrograph peak discharge is 462 cfs.

2.

The combined release rates of the two structures can be 752 cfs
(desired peak) less 462 cfs (partial composite peak). Therefore
stmcture 4A release and structure 6A release equals 752 minus 462,
or 290 cfs.

3.

It is now necessary to decide the distribution of the 290 cfs re-
lease rate between the two structures. For a first trial assume
structure 6A release is 200 cfs and structure 4A release is 90 cfs.

4.

Determine storage required in structure 6A.

a. Qo = 200 cfs = 7-t ^ = 500 csm.^ 0.4 mi'=^

Since Qq is more than 300 csm, use figure 7-2.

b. Since figure 7-2 is to be used, the peak inflow (Qj_) at the outlet
of subarea 6 must be determined.

Do not use 371 cfs or 245 cfs , because the discharges in table
5-2 and in step 1 above are subarea contributions at the outlet
of subarea 7 and not the peak inflow at subarea 6.

Enter table 5-3 for T^ = 1.00 hr (sheet 4 of 5) and T^ = 0 and
find = 316 csm per inch of runoff.

Qi = 316 (V^) = 316 (3.28) = 1,036 csm

Compute required storage (Vg)

.

With Qq = 500 csm and Qi = 1,036 csm.

Qo _ 500

Qi 1,036
= 0.48

c.
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From figure 7-2, ^ =0.29 and with V^
runoff) ^

3.28 in (future-condition

5.

Vs = 0.29 (Vp) = 0.29 (3.28) = 0.95 in

0.95 in (640 acres/mi^) (0.40 mi^) = 20 acre-ft
12 in/ft

Determine storage required in structure 4A.

a. (step 3) = 90 cfs = 90 cfs =360 csm
° 0.25 mi^

Since Qq = 360 csm and the outflow structure is a pipe drop inlet,

use figure 7-2.

h. Since figure 7-2 is to be used, the peak inflow (Qj_) at the outlet
of subarea 4 must be determined. Enter table 5-3 for Tq » 0.75 and

Tt = 0 and find = 388 csm per inch of runoff.

Qi = 388 (Vr) = 388 (2.80) = 1,086 csm

c. Compute required storage (Vg)

•

With Qq = 360 csm and = 1,086 csm,

^ = 360 = 0.33

Qi 1,086

From figure 7-2 read = q. 41, and with Vp = 2.80 in,
''r

Vg = 0.41 (2.80) = l.l in

_ 1.1 in (640 acres/mi^) (O. 25 mi^) _ 15 acre-ft

Summary

Structure

12 in/ft

Drainage area Qo Storage

csm cfs acre - ft
4A .25 368 90 15

6A .40 500 200 20

Total 290 35

Other trial calculations can be made to determine the most economical
allocation of storage between the two structures that still maintains a
combined release rate of 290 cfs.
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APPENDIX B

SOIL SERIES AND HYDROLOGIC SOIL GROUPS

This appendix provides soil names and their hydrologic classification
used in determining soil-cover complexes in chapter 2 of this technical
release. The hydrologic parameter, A, B, C, or D, is an indicator of
the minimum rate of infiltration obtained for a bare soil after pro-
longed wetting. By using the hydrologic classification and the asso-
ciated land use, r*unoff curve numbers can be computed as shown in
chapter 2.

The hydrologic soil groups, as defined by SCS soil scientists, are:

A. (Low runoff potential). Soils having a high infiltration rate even
when thoroughly wetted and consisting chiefly of deep, well to
excessively drained sands or gravels.

B. Soils having a moderate infiltration rate when thoroughly wetted and
consisting chiefly of moderately deep to deep, moderately well to

well drained soils with moderately fine to moderately coarse texture.

C. Soils having a slow infiltration rate when thoroughly wetted and con-
sisting chiefly of soils with a layer that impedes downward movement
of water or soils with moderately fine to fine texture.

D. (High runoff potential). Soils having a very slow infiltration rate
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 shal-
low soils over nearly impervious material.
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Table B.l—Soil names and hydrologic classifications

AKAKA A AMADOR 0 ARBOR B ATLEE C
AASTAO B AKASKA e AMAGCN 0 ARBUCKLE B ATNORE B/0
ABA JO C AKEL A c AHALU 0 AkCATA B ATOKA C

ABBOT

T

0 ALADDIN B AMANA 6 AkCH B ATSION C
ARlUlTTSTOWN C ALAE A AMARGOSA 0 ARCHABAL b ATTERBERRY B

ABEGG 6 ALAELOA e AMARILLC B ARCHER C ATTEWAN A

AB6LA B alaga A AMASA B ARCHIN c ATTICA B
ABELL b alaka

1

D AMBERSCN ARCO 6 ATUEBORO
AbEftOEEN 0 ALAMA c AMBOY C ARCOLA c ATWATER B
ABES 0 ALAMANCE B AMOKAW c ARD c ATWEtL C
ABILENE C ALAMC c AMECE6 A ARDEN B ATWCOO 8
ABlNGTilN 6 ALAMOSA c AMELIA B ARDENVCIR B AUBBEENAUBBEE B

ABIOUA c ALAPAHA D AMFM A B ARDILLA C AUBERRV B
ABO e ALAPAl A americus A AREOALE B AUBURN C
ABKA c ALRAN 0 AMES C ARENA C AUBURNOALE 0
ABkAHAK B ALBANO c AMHERST C ARENALbS A AUOIAN B

ABSA9UKFE C ALBANY c AMITY c APENOTSVILLE d AU ORES C
absc.jta B ALBATON 0 AMMON B ARENOSA A AUGSBURG 6
ABSHEk 0 albee c AMULE C AREN2VILLF 6 AUGUSTA C
ACAC in C ALBEMARLE B AMOR B ARGONAUT 0 AULO 0
academy c ALBERTVILLE c AMOS C ARGUELLO 6 AURA 6
ACAOI

A

0 ALBI A c AMSTERDAM B ARGYLE B AURORA C
acana 0 AL3ICN B AMTCFT 0 AR120 A AUSTIN c
ACE 1 tunas B AL6K IGHTS c AMY D arkabutla c AUXVASSE 0
ACEL 0 ALCALDE C ANACAPA B ARKPCRT 6 AUZQUl 6
ACKEP B ALCESTER b ANAHUAC 0 ARl AND B AVA C
ACKMEN B ALCOA 8 ANAMITE D ARL ING C AVALANCHE B

ACME C ALCONA b ANAPRA 6 ARLINGTON A AVALON 8

ACO b ALCOVA H AKATONE D AKLOVAL C AVERY 6

AC*)L 1 T A b ALDA C ANAVERDE 6 ARMAGH 0 AVON C
ACCVE C ALOAX 0 ANCFC C armingtun 0 AVONBURG 0

AC roN 8 ALDCN c ANCHORAGE A ARMU B AVONDALE e
ACUFF 6 ALDER e ANCHOR BAY 0 ARMOUR B AW6REY 0
ACWUaiH 6 aloepoale c ANCHOR POINT B ARMSTER C AXTELL 0
ADA 6 ALUERWUOO C ANCLCTE C armstkcng 0 AYAR C
AOAIv D ALOINO C ANCC C ARMUCHtE c AYCCCK 6
ADAMS A ALCKNAGIK e ANGERS C ARNEGAKD 8 AYR B

ADAMSON R ALtX e ANCEPSCN B ARNHART c AYRES 0
A0AM$TOWN ALEXANDRIA c ANDES c aknheim c AYRSHIRE C
AOAMiViLLE C ALEXIS B ANCCR INI A c ARNO 0 AYSE6S B

AOAT(JS D ALFORD d ANDOVER 0 ARNOLD B A2TALAN 6
ACAVEN n algansee B ANCRES B AKNOT C/O AZTEC 6

ADD 1 SON D ALGIERS C/O ANCREteS C AROCSTOCK AZULE C
AOOY c ALGOMA d/0 ANEC 0 AROSA 0 AZWELL B

Aue A ALICE A ANETh A APP 0
ADEL A ALICEL R ANGELICA 0 AkK I NGTON 6 BABB A

ADELA If'E 0 ALIC lA C angel ina 6/0 AKkCL IM.E c BABBINGTON e
adelantg P AL IDA 3 ANGIE C ARRCN C bABCOCK B

ADFLPHIA c AL IKCHI 0 ANGLE A ARRCM B BABYLON A

ACFNA c ALKO 0 anglen B APRuMSM I th 6 bACA C
ADILL IS A ALL AGASH b ANGELA C ARTA C BACH D
AnikiV.OACK ALLARD b angcstura B ARTOIS C BAChUS B
AOK INS R ALLEGHENY e AN I AK D ARVACA D BACKBONE A

AOLEh C ALL EMANOS u AN I TA 0 ARVANA C BADENAUGH B

AOUl PH 0 ALLEN H ANKENY A ARVESON C BADGER C
AOk I AN A/0 ALLENDALE c ANLAUF C AKV 1 LLA 6 BAOGERTON 6
AENEAS B ALLENSVl LLF c annarella A AR2 ELL C 6AD0 0
AE TN ^ B ALL6KT 1 NE 0 annanoale C ASA 6 BAOUS C
AF TON D allenwogo B ANM STCN e ASeURY 8AGCA0 B

AGAP 8 ALLEY c ANOKA A ASCALCN B 3AGG0TT D
AGASSI 1 D ALL ! ANCE 3 ANCNES C ASChUFF b BAGLEY B

AGATE n ALL IGATOR L ANSELMC A ASCFROF T b BAHEM B

AoAkA- 6 ALL I S 0 ANSON B ASHBY C BAILE D
AGENCY C ALL I SCN c ANTELOPE SPR INGS C ashcale B BAINVILLE C
AUK 0 ALLOU62 c anterc C ASHE 6 CAIRO HOLLOW C

AGNEK B ALLOWAY ANT FLAT C ASHKUH C BAJURA 0

AGNEM e/C ALMAC 9 ANTHONY 6 ASHLEY A BAKEOVEN 0
AGNUS B ALM6NA c ANT IGO 6 ASH SPRINGS c BAKER c
AGUA B AL^'ONT c ANT ILCN 6 ASHTON B BAKER PASS B
AGUAOILLA A ALKY e ANT ICCH 0 ASHUE B BALAAM A

AGUA CL'LCf c ALC'HA c ANTLER C ASHUELCT C 6ALCH 0
AGUA FklA c ALONSO e ANTC I NE C ASHWl'CD C riALCOM 6

AGUFDA 6 ALL'VAR c ANTV B ASKE« C BALD C
A GO II I TA B ALPSNA B ANMAY B ASC 0 balcer C
AGUl D ALPON 8 AN2A b ASCT IN C BA L DOCK B/C
AGUST IS B ALPCmA R APACHE 0 ASPEN B BALDWIN D
ahatont 0 ALPS APAKU I E A ASPE KMt NT 8 BALOY B
AHL c ALSEA B AP 1 ShAPA C ASSlNNinCINE 8 BALE C
AhLlTl- DM c alstao e AP I SCN 6 ASSU»-PT ION b BALLARD B
AHMEEK 8 ALSTLMN p APP 1 an D astatula A BALLINGER C
AHUl T 0 AL T AMONT L APPL'-GATt C ASTC K A/0 BALM B/C
AHTANtjM C ALTAVISTA C tiPPL L TON C AST Ok I A e bALMAN b/C
AHwAh L AL TPCIRF r AHPL I NG d atascaueko c bALCN B

AIGONI TO c altmar d ft P H C N B ATCC 6 BALTIC 0
AIkFN b ALTC c APT C ATEF IC c eALTlHCRE e
A| KMA 4 0 AL TOoA c APTAKISIC s ATHf LWLLD b BAHBER B
AlLfY n ALTlN r- ARA8Y AfHcNA b bamforth e
A INA/ FA d altus B AR ACA d ATHENS d BANCAS B
A I hMl'NT c AL T VAN 1' AKAP ItN C ATHE PTlN t/C BANCROFT 0
A I kit Sa ri ALVIN p A K A V E 0 ATHCL t BANDERA 8
AI vPU T 0 ALV I KA c AKAve rcN e ATK I NSC N b BANCO C
AITS d AIV I SC u akhela L ATLAS u BANCOR 8

NOTES A BLAi;r 1MYDrOLOG 1

C

SOM rPOUP MTI CATFS <;nii rnnijn UAC ftpy PFFri nFTFP’*l»’FD
TWO SOIL CROUPS suru AS B/r lUDlOA TFS T* 'F DPA MTD/U'TinA

1 f'FP ^ 1 THAT 1 n*|

January 1971



Table B.l—Continued

BANGSTON A BEATTY bertelscn A BLAKENEY C BOROA D

6ANKAR0 A BEAUCOUP B BERTHOUO B blakepcrt 6 BORDEAUX B

HANKS A BEAUFURD D BERTIE C BLAMER c BORDEN B

OANSEH C BEAUMONT 0 hertolotti B BLANCA B BORDER e

BANNFRViLie C/D BEAUREGARD C pertranc B BLANCHARD A BORNSTEOT B

BANNOCK 6 8EAUS1 TE B berville D BLANCHESTER 6/0 BORREGO C

bANouF re D BEAVERTON B BERYL B BLAND C eORUP 6

BARABOI B BECK C BESSEMER B BLANDFORO c BORVANT 0

BARAGA C BECKER B BETHANY C BLANOING e aORZA c

BARBAKY 0 BECKET C BETHEL 0 BLANEY 6 eOSANKC 0

BARBOUR B 8ECKLEY e BETTFRAVIA C BLANKET c 0OSCO d

BAkBOUKV lU F B BECKTON D BETTS B BLANTON A BOSKET 6

BAKCl AY C BECKWl TH c BEULAH 6 BLANYON C BOSLER B

BARCn 6 BECKWOURTH B eevENT B BLASINGAHE c BOSGUE B

BARCUS B BECREEK B BEVERLY 6 BLENCOE c BOSS D
BARD 0 BEDFCRU c BEW D BLENC 0 BOSTON C

BARDEN C BEDINGTON e BEWLEYVILLE B BL6NCON B BOSTWICK B

BARDLfcY c BEONER C BEWL IN D BLETHEN B BOSWELL D
BARELA c 8EFBE A BEXAR C BLEVINS B BOSWORTH 0

BARFIELD D BEECHER C BEZZANT B BLICHTON 0 BOTELLA B

BARFUSS B 6EFCHY BIBB B/0 BLISS D BOTHWELL C
BARKER C BEEH tVE 8 BIBON A BLOCKTON C BOTTINEAU C

BARKER VI LIE C BEEZAR B BICKELTCN e BLODGETT A BOTTLE A

BARKLFY B BEHAMN 6 BICKMORE C BLOMFORO B BOULDER B

BARL ANE 0 BEHtMOTUSH B BiCCNOOA c 8LC0M c BOULDER LAKE D
BARLOW 0 BEJUCOS B BIODEFORD D BLOOMFIELD A BOULDER POINT B

BARNARD D BELDEN D blCDLEMAN C BLUOMING e BOULFLAT 0

BARNES B BELOING B eiOwELL e BLOCR D BOURNE C
6ARNES10N B BELFAST B B1 EBER D BLOSSOM c BOW C

BARNEY A SELF lELD 0 BIENVILLE A BLOUNT c BOWBELLS B
BARNHARDT 6 6ELF0RE B PIG BLUE D BLUCHEK c BOWOOIN 0
BARNSTFAO BELGRADE B BIGEL A BLUEBELL c eOWCRE C

6ARNUW 6 BEL INDA 0 eiGETTY C BLUE EARTH 0 BOWERS C

barkaoa P BELKNAP C BIGGS A BLUEJCINT B BOWIE B

BARR 1 NGTON 0 BELLAMY B BIGGSVILLE 6 BLUE LAKE A BOWMAN B

BARRON B BELLAVIST

A

0 BIG HORN C BLUEPCINT 6 BOWMANSVILLE C
BARHONETT C BELLE B BIG TIMBER 0 BLUE star B BOX ELDER C
BARRCiWS 0 BELLEFCNTA1N6 BICWIN A BLUEWING B 60XWELL c

BARRY 0 BELL ICUM B BIJCU A bluffoale C BOY A

BARSTUW B BELL INGHAM C eiLLETT A bluffton D BOYCE e/D
BARTH C BELLPINE C BILLINGS C BLUFORO D BOYD 0
6ARTLE 0 6ELMCNT B BINFORO b BLY 6 BOYER 6

BARTON 6 BELMORE B BINGHAM B BLYTHE 0 BOYNTON
BARTONFL AT 6 BELT 0 BINNSVILLE 0 eOARCTKEE C eOYSAG 0
BARVON C BELTED 0 BINS 0 BOBS 0 eOYSEN p

BASCOH 6 BELTRAMI 6 BIPPUS 6 BOBTAIL 6 BOZARTH C

basehor 0 BELTSVILLE C BIRCH A BOCK B BOZE e
BASHAW 0 BELUGA c 6IRCHH0C0 C BDOFNBURG e BOZEMAN A
BASHFk p BELVCIR C BIROS c BUOINE B 6RACEV1LLE C
BASH E D 8FNCLARE c OIRCSALL 0 0OEL A BRACKEN D
BASIN C BENEVOLA c BIROSBORC B BOELUS A BRACKETT C

BASINGER C BENEWAH C BIRCSLEY 0 BOETTCHER c 6RA0 0
BASKET C 8ENF IRLO C 6IRK6ECK B BOGAN c BRAOOOCK C
BASS A BENGE e eiSBEE A BOGART B BRADENTON B/0
BASSEL B BEN HUR 8 BISCAY C BOGUE 0 BRACER c
BASSETT D BENIN D 8ISHCP 6/C ee)HANNON c BRADFORD B

BASSLER 0 BENITO 0 eiSPING B BOHEMIAN e BRADSHAW A

BAST IAN 0 BENJAMIN D eiSSELL B BUI STFORT c BRAOWAY C

BASTROP B BEN LOMOND 6 R I T 0 80LAR c BRACY B
BATAVi

a

B BENMAN A BI TTERON A BOLD B BRACYVILLE C
BATES 6 BENNHALE B BiTTERRCOT C BOLES c 6RAHAM e

BATH C BENNETT C BITTER SPRING c BOLIVAR B BRAINERO B
BATTLE CREEK C BENNINGTON 0 bITTEHSPRING c BOLIVIA 6 BRALLIER 0
BATZA c BENOIT c BiXflY 6 BOLTON B BRAM 6
8Al»0ETTE B BENSCN C/0 bjckk C BOMBAY B BRAMARD B

BAUER c BENTONVILLE BLACHLY c BON B BRAMBLE C
BAUGH B/C BENZ D BLACK BUTTE c 60NACCUR0 C BRAMWELL 0
BAXTER B B6l.T 1 a B BLACK CANYON 0 BONAPARTE A BRAND 0
baxtekville B 0CCWAWE C BLACKCAP A eCNO c BRANDENBURG A
BAYANON B 0ERCAIL c PLACKET I B BGNURANCH c BRANDON B

bayard A BEROA 6 BLACKFOGT B BCNDUfiANT B BRANDYWINE C
BAYDORO 0 BEREA C BLACKHALL D BONE 0 BRANFORD B

6AYSHORF B/C BEREMCETON P 6L ACKHAWK 0 BONG e BRANTFORD B
BAYS106 C BERENT A BLACKLEAF B BONHAM c BRASHEAR C
BAYWOni) A bERGL AND D 6LACKLOCK D BONILLA e 8RASSFIEL0 e
BAZFTTr C BERGSTROM B PL ACKMAN C eCNI TA 0 BRATTON B
BEAD C BERING B BLACK MOUNTAIN 6 BONN D BRAXTON c
0 EAOL c c BERKELEY BLACKCAR c eCNNER B BRAYMILL B/D
BtALES A BERKS C PLACKPI P6 C eONNET B BRAYS 0
BEAR BASIN B BERKSHI Rfc 8 BLACK RIDGE c BONNEVILLE 6 BRAYTON C
bear C^FEK C BEKL IN c 8LACKRCCK B 8CNNICK A BRAZITO A
BE ARDALl c BERMUDIAN B BLACKSTCN e eONNU C BRAZOS A
BEAKOEN c BERNAL C BL ACKTA I

L

B BONU 0 BRECKENRIOGE 0
BEAROSTOWN c pernaloo B 6LACKWATER 0 BON;>ALL 0 BRECKNOCK 0
BEAR lake 0 pernako 0 BLACKWELL B/D BONTA c BREECe 6
beahhouth A beknaroino c PLACEN 0 eONI I c BREGAR D
BE ARPAW H blrnarostgn c BLACC D BCOKER D BREMEN B
beak praipie B BERNHl LL B Bl AINE 8 PCOMEP 8 BREMER e
beahsk in D BERNICE A BLA |R c BOUNE A BREMO c
BEASLEY c BERNING C PLAIKTCN C BCONESBURG B 6REMS A
6EASON c BERRENOOS 0 PLAKE c BOOTH C BRENDA C
BEA TON c BEKRVl AND 1' PLAK^LANO A BORAH A BRENNAN B

NOTFS A BLAfJK MYOnOLnCIC SOIL HPOUP IMPICATFS T»'F f'Oji rnonp ma«: »'0T PFfr' D«^TEP>* I »Tr
TWe SOIL GROUPS SUPM AS fl/C IMOirATFS TMF PPA I f.'Fr/1'’'PPA I "FP
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Table B .1—Continued

BRENNER C/0 BUCKLEY e/C CAIC B CAPUTA c CATLIN B

BRENT C bUCKLON 0 CAIRO 0 CARACO c CATNIP 0
BRENTON B BUCKNER A CAJALCC C CARALAMPI e CATCCTIN C
6RENTN000 B BUCKNEY A CAJCN A CARBO c CATCOSA e

6RESSER B BUCKS B CALABAR 0 CARBOL 0 CATSKILL A

BREVARD 6 BUCKSKIN C CALABASAS c CARBONOALE 0 CATTARAUGUS C
BREVORT e BUCOOA C CALAIS c CAR6URY e CAUDLE B
BREWER c BUOD B CALAMINE 0 CARDIFF e CAVE D

BREWSTER 0 6U0E C CALAPOOYA c CARCINGTON c CAVE ROCK A

BREWTON c BUOE c CALAWAH 6 CAROON 0 CAVC 0

BRICKEL c BUELL A CALCO c CAREY B CAVOOE c
BRICKTON c BUENA VISTA B CALOER D CAREY LAKE 6 CAVCUR 0

BRIDGE c BUFFINGTON 6 CALDWELL e CAREYTGWN 0 CAWKER e

bridgehahpton B BUFF PEAK C CALEAST c CARGILL C CAYAGUA C

BRIDGEPORT B BUICK C CALEB B CAR IBE B CAYLOR e

BRIDGER A eUKREEK a CALERA c CAKlBEL B CAYUGA C
BRIDGE SON B/C BULLION 0 CALHI A CARIBOU B CAZADERC c
BRIOGEVILLE 6 BULLREY 6 CALHOUN 0 CARLIN 0 CAZAOOR e

6RI0GP0RT B BULL RUN b CALICO D CARL INTON 6 CAZENOVIA R

BRIEOWELL 6 BULL TRAIL B CALIFCN C CARLISLE A/0 CEBOLIA C
BRIEF B BULLY 6 CALIMUS B carlctta B CEC IL B

6R IENS6URG eUMGARO B CAL ITA B CARLLW 0 CEDARAN 0
BRIGGS A BUNCOMBE A CALIZA A CARLSBAD c CEDAR BUTTE C

briggsoale C BUNOO B CALKINS C CARLSBORG A cedaredge
Q,

BRIGGSVILLE c eUNE JUG C CALLAHAN C CARLSON C CEDAR MT. D

BR IGHTON A/0 BUNKER D CALLEGUAS 0 CARLTON B CEOARVILLE B

BRIGHTWOCD C BUNSELMEIER C CALLINGS c CARMI B CECONIA 6

BRILL 8 eUNTlNGVlLLE B/C CALLCWAY c CARNEGIE C CEORUN C/0
BRIM C BUNYAN B CALMAR B CARNERO C CELAYA B

8RIMFIEL0 C/0 BURBANK A calneva c CARNEY 0 CFLETON D
BRIMLEY 6 BURCH B calcuse B CAROLINE c CEL INA C
6RINEGAR B BURCHARD B CALPINE B CARR B CELIC A

brinkerton 0 8URCHELL B/C CALVERT 0 CARHl SALi TOS 0 CELLAR C
BRI SCOT B eUROETT C CALVERTCN c CARRIZC A CENCOVE e

6RITE C BUREN c CALVIN c CAR SC 0 CENTER c
BRITTON C BURGESS B CALVISTA 0 CARSON 0 CENTER CREEK B

BRIZAM A BURGI B CAM B CARSTAIRS B CENTERF lELO B

BROAD C euRGIN D camaguey 0 cakstump C CENTERVILLE D
broaoalbin c BURKE C CAMARGO B CARTAGENA 0 centralia 6

BROADAX e 6UHKHAR0T B CAMARILLO e/c CART ECAY c central POINT e

BR0A06R0GK c BURLEIGH 0 CAMAS A cakusc c CERESCO A
6RDA0 CANYON B BURLESON 0 camascreek e /0 CARUThEPSVILLE B cerrillos c

BkOAOHEAD C BURLINGTON A CAM3ERN c CARVER A CERRO c
6R0A0HURST 0 BURMA CAMBRIDGE c cahwile C CHACRA c
BROCK D eURMESTER D camcen B CARYV ILLE B CHAFFEE c

brockliss C 6URNAC C CAMERON 0 CASA GRANDE C CHAGRIN B

bpockman c BURNETTE 6 CAM ILLUS B CASCADE C CHAIX B

BRUCKP JR T 0 BURNHAM 0 CAMP B CASCAJO B CHALFONT C

BROCKTON 0 BURNSIDE B CAMPBELL B/C CASC ILLA B CHALMERS c
BROCKNAY B BURNSVILLE B CAMPHORA b CASCO B CHAMA B

BRODY c BURNT LAKE B CAMPIA B CASE e CHAMBER C

BROGAN 6 BURRIS 0 CAMPC c casebieh 0 CHAMBERINO C

BKCGODN B BURT D campcne R/C CASEY c CHAMl SE B

OROLL lAR C BURTON B CAMPSPASS c CASHEL c CHAMOKANE e

BROMO b eusE Q CAMPUS B CASHICN 0 CHAMPION e

6R0NAUGH 6 euSHNELL C campcoen L CASHMERE B CHANCE e/o
BRONCHO 6 BUSHVALLEY 0 CANA C cashmcnt 6 CHANDLER 6

BRONSON B BUSTER c CANAAN C/0 CASING A CHANEY C
BRONTE c HUTANO c CANADIAN B CAS I TO C CHAKNAHON e

BROI3KE C BUTLER 0 CANACICE 0 CASPAR rt CHANNING B

BROOKF lELC B PUTLERTOWN c CANANDAIGUA C CASPl ANA B CHANTA 8
BkOOK INGS 8 BUTTE c canaseraga c CASS A CHANTIER 0

BROOKLYN 0 BUTTERFIELD c CANAVERAL c CASSACAGA CHAPIN c
BROCKSIDE C BUXIN D CANOELERC c CASSIA C CHAPMAN
OROOKSTON 6/0 BUXTCN c CANE c CASSCLARY B CHAPPELL B

DROCKSVILLE 0 BYARS 0 CANEADEA 0 CASSVILLE CHARD e

RROSELEY B BYRON A CANEEK e CASTAIC C CHARI TCN 0
BR.DSS 6 CANEL B castal IA C CHARITY 0
BROUGHTON 0 CABALLO C CANELCX C CASTANA a charleston c
BROWARD C CAbARTON c CANEY c CASTELL c CHARLEVOIX B

BROWNELL 8 CA63A c caneyville c CAST ILc B charlos A

-BRO^NF lELO A CAdBART c CANF lELO c CASTING C CHARLOTTE A/0
BROWNLEE B CA8EZ0N 0 canisteo c castle 0 CHARLTON B
BkOYLcS C CAbIK c CANN 1 NGER a CASTLc VALLEY 0 chase C
BRUCE 0 CAf. INET c CANOE B CASTNEK c chaseburg B

BRUiN c CABLE 0 CANCNCITO c CASTC c chaseville A
BRUNEtL B CABO ROJO c CANCVA B/D CASTRO c CHASKA C

BRUNO A CABOT c CANTCN e CASTROVILLE B CHASTAIN 0
BRUNT c CACAPUN b CANTK IL B CASUSC C CHATBURN B
RKUSETT B CACHE 0 CANTUA B CASWELL e CHATFIELO
BRUSH CACIQUE b CANUT 10 6 CAT AL INA B UHATHAM B

BRUSSF TT 6 CAUOC 0 CANYLN D CATALPA C chatswcrth 0
BRYAN A CADE VILLE D CAPAC B CATANO A CHALNCEY C
orycan 6 CAOWUS e CAPAY 0 CATARINA 0 CHAVIES e
BRYCE D C A DOM

A

c CAPE 0 CAT AULA c CHAWANAKEE c
BUCAN n CAUOk c CAPE FEAR 0 CATAWBA B CHEAOLE c
BUCHANAN c CAGEY c CAPERS D CATh D CHECKETT D
6UCHENAU c CAGUA80 D CAP ILLC 0 CATHCART e CHECAHAP B

BUCHER c CAHABA B CAPLFS c CATHEDRAL c CHEEKTCWAGA 0
BUCKINGHAM CAHILL d CAPPS B CATHERINE B/D CHEESMAN B

BUCKL AND c CAHUNE C CAPSHAH C CAIHRO D CHEHALEM C
bucklebac 6 CAHTC C CAPUL IN c CATLETT C/0 r.HEHALIS B

NOTES A BLANK HYOPOLOGIC SOI L CPnUP If’OICATFS THF <“0
1 L r.rmtr h fOT RCF*. ncTC0M|iifp
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Table B.l—Continued

CHEMULPUN C CHUTE A CCACHELLA e CONAL0 B COT ITO C

CHCl AN B C lAL es 0 CCAD B CCNANT C COTC C

CHELSEA A cialitos B COAL CREEK C CONASAUGA C COTCPAXl A

CHEMAWA fi CIBEOUE P CCALMONT c CONATA 0 con B

CHEMUNo CIBU U CCAMC c CONBCY 0 COTTER B

CHEN 0 CIBOLA B COARSEGCLO B CONCHAS c COT TERAL e

CHtNA A CICERO 0 CCATICOOK C CONCHO c COTTIER B

CHENANuO A C lOERCONE 6 COATSBURG 0 CONCONULL Y B COTTONWOOD C

Cheney B CIORAL C COBB B CONCORU 0 COTTRELL c

CHENNf MV C cieneba e ClBEN D CGNCREEK e COUCH c
CHENUW- TH B CIMA c COBEY B CONOA c cougar c

CHcUU( ST C C I PAPRCN c cceuRG C CONOIT c C0UL5T0NE B

ChEREE TE A C I NC INNAT

1

c CCCHE TOPA C CONDON c COUNTS c

CHEROKEE 0 C INCO A COCCA A CONE A CCUPEVILLE e

CHEHOV c CINEBAR B COCOLALLA C CCNE JO C COURT B

ChERRYhI L L c CIRCLE C CODCRUS C CCNESTUGA B COURTHOUSE 0
CHERRY SPRINGS 0 C IFCLE VILLE C CODY A CCN6SUS B COURTLANO B

CHE SAh B C 1 SNE D CCE A CCNGAREE e COURTNEY C

CHESHIRE e C 1 SPUS A CCEBURN C CON I 0 COURTROCK B

CHE SHN INA 0 Cl T ICO 6 CCFF D CONLEN B couse c

chesmhnus B CLACKAMAS L CGGGOK B CONLEY c COUSHATTA 8

CHESTER 6 CLA 1 BORNE B COGSWELL C CCNNE AUT c COVE 0

CHESTERTON c CLAIRE A COHASSET 6 CONNECT ICUT COVEILC B

CHE TCt' 0 CLAIPEMONT B COHOCTAh 0 CCNNER 6 COVELAND C

CHE I EK B CLALLAM B COHCE e CONOT TON B COVENTRY B

CHt VEl ( N C CLAM GULCH c COIT C CONOVER B COVEYTOWN C

CHEHACLA c CLAMC c CCKEDALE c CONUW INGU c Covington D

CHEHtL AH B CLANTON c COKEL c CONRAD B COWAN A

CHEYENNE B CLAPPER fi COKER 0 CONROE 6 COWARTS C

CHI AR

A

D CLAREMCRE c CCKESBURY 0 CGNSER C/O COWOEN 0

CHICKASHA B clarence c CCKEVILLE B CONSTABLE A CUWCRY c

CHICOPEE B CLAR6S0N c CCLBATH C/0 CONSUMO B COWEEHAN c

CHICOTF 0 clareville c CCL0ERT 0 CONT INENTAL c COWERS e

CHIOL E Y C CLAR INDA 0 CCLBURN B CONTRA COSTA C COW ICHE B

CHI lcott 0 CLARION B CCL6Y 6 CONVENT c COWCOO c

chilos B CLAR 1 TA 0 COLCHESTER B COOK 0 cox D

chilgren C CLARK 6 CCLDEN CCCKPCRT c COXVILLE D

CHlLHOtalE c CLARK FORK A COLD SPRINGS C CCULBKITH 6 COYATA C

CHll I 6 CLARKSBURG C CCLE e/C CUULV ILLE c COZAO B

CHILL ICOTHE C clarksoale c CLLEBRCCK B COOMBS B CRABTON 6

Chill isouaoue CLARKSON B COLEMAN C COONEY B CRADDOCK B

CHlLLUP B CLARKSVILLE e CCLEMANTCWN 0 CCCPER C CRAOLEBAUGH D
chilhark 6 CLARNO b CLL670 A CCCTER c CRAFTON C

ChIL J B/0 CLARY B CCLFAX C CCPAKE B CRAGO 6

CHILUOUIN 6 CLATO B CCL INAS e COPAL IS B CRA IG C

CHlLSON 0 CLAT SOP 0 CCl LAMER C COPELAND B/0 CRA lOHONT C

CHIL TCN B CLAVERACK c CCLLARO e COP ITA B CRAHER 0

CHiHAYv C CLAWSON c CCLLBRAN C CCPLAY CRAKE B

CHI MNE Y e CLAY8URN b CCLLEEN C CCPPtP RIVER 0 CRANSTON B

CHINA CREEK B CLAYSPP INGS D CCLLEGIATE c COPPEKTON B CRARY C

CHI NCHALLO 6/0 CLAYTON 6 CCLLETT c CCPPOCK B CRATER LAKE B

CHIMAK A CLEARFIELD C COLL lER A CUPStY 0 CRAVEN C

CHINO 0/C CLEAR LAKE 0 COLL INGTON 6 cogoiLLE C/O CRAWFORD 0
CHlNOUK B CLEEK c COLL INS c CORA 0 CREAL D
CHIPETA D CLE ELUM 6 CCLLINSTCN c CORAL C CREbBlN C

Chipley c CLEGG 6 CC LL INSV ILLE c CCRHETT c CREEOHAN U
Cm| PMAN c cleman B CC LMA 8 CORBIN B CREEOMOCR c

CHlPPf NY 0 CLEHVILLE B CCLMCR c CORCEGA c CRE IGHTON B
CHiPPr-A 6/0 CLRCRA B CCLC e CCRL c CRELDCN 6

CHlUUI TU c CLtRf B CCLCCKUM B COKCES B LRESBARO c
CHIP icahua 0 CLERMONT C COLCMA A CORDOVA c CRESCENT B

CHI T INA 6 CLEVERLY A CCLCMBC B CCjh I NTh c CRESCC C
CHl T TENOEN C CL I FFDCWN C CCLCNA C coskinuale e CREST c
CHI TwO.^y C CL IFFHUUSE c CCLCME A CORLENA A CRESTLINE e

CHIVA7' c CL IFFOPO B CCLCRADO B CORLFTT 6 CRESTMCRE
CH I MAmA 6 CL I FFWCOO C CCLCRCCK C CORLEY c CR6ST0N A

CHU C CLIFTERSON b CCLCSC 0 CURRANT c CRE Swell c
CH'iREE D CLIFTON c CCLCSSE A CCRNHILL B CRETE 0
CHOCK 6/0 CLIFIY 6 COLP 0 CORNING 0 CREVA 0
CHCCOl GCCO b CLIMAKA D CLLPAIN 6 CORNUTT c CREVASSE A
CHuPAk a C CL I MAX C CCL TCN A CCRNVILLE B CREWS n

CH(JP 1 ANK A CL 1 ME C COLTS NECK B COkOZ AL c CRIDER 6

CHUPT I

E

D CLINTON B CLLUMbI

A

B CORPEMNG 0 CR IH B
CHORAL HCNT B CLOOINE C CCLOMblNE A corral I TOS A CR I SFl ELD B
CH'iTEAU C CLCNTARF 6 COLUSA C CCRKECn c CR 1 TCHELL B

CHR I ST 1 AN C CLOgUALLUM C CCLVILLE 6 CORRERA 0 CRIVITZ A
CHR 1ST 1 ANA 8 CLi OtATO a CCLVIN C CCRSCN c CROCKER A

CHP 1ST I ANRURG 0 CLCOUET b CCLWOCO e /0 CURTEZ 0 CRCCKETT 0
CHR 1 sty 6 CLOUD 0 CLLYER c/o CORT INA A CROFTCN B
CHROHJ C CLF.UOCROF T c CCMER IC 6 CORUNNA c CROCHAN B
CHUALAE B CLOUD peak e CCMETA c COPVALL I

S

B CRLCKEU C
CHUBRS C CLOUD RIM B COMFREY c CORWIN 6 CROCKED CREEK 0
CHUCKAWALLA B CLOUGH 0 CCMITAS A CCkY C crockston B
r.HUL I TNA B CLOVERCALE c COMLY c CORYCON c CRCCM e
CHUHMY C CLOVER SPRINGS B CCMMERCE c COSAC c CROPLEY c
CHUHST ICK C CLLV I S b COHO A COSH c CROSBY c
CHUPAOtR A 0 CLUFF C CCHOCORE B CCSHCCTON CROSS 0
CHURCH 0 CLUNIE 0 CCHCRO B COSK 1 B CROSSVILLE B
CHURCHILL 0 CLURO c CCHPICHE e CCSSAYUNA C CROSWELL A

CHURCHVILLE 0 CLUfiO c CCHPTCN c COSTILLA A CROT 0
CHURN B CLYDE c CLHSTCCK c CCTACU C CROTON 0
CHURNUASHER B CLYMER p CCHUS 6 COTAT

I

C CROUCH 6

NOTES A BLANK HYOPOLOGIC SOIL CPOIIP INnirATE' Tl'f 'Oil OPOUP MA' NOT B'^pN n'’TFRM|”En
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CROW C CAN/ B CEL REY C OIXMCNT C DRY CREEK C
CROK CRtfK B OARGOL C CEL RIC C OIXMCHE b ORYDEN B
CRCHFnOT C OAKIEN C DELTA C CIXUNVILLE c DRY LAKE C
cruwheakt B OARL ING B ULLTCN B CIXVILLE A DUANE 6
CRi>4 htLL C OAkNELL C C E L b I N A CCAK C DUBAKELLA C
CRO;«L £ Y 0 OARNEN B CELYNOI

A

B ULBBS B 0U6AY D

CKUWi^ B OARR A demast B OOBY 0 OUBBS e
CRCteSHAW B carrft C DEMASTERS B CCCAS P DUBCIS C
cpnz I F« C OARRCCH C Ut MAYA C OCCKERY C CUBUGUE e

CRUCKTON 0 CART A DEMERS 0 OCCT B CUCEV 6
CRUICKSHANK c CAOVAOA 0 DEMKY 0 OOUGE B DUCHESNE A

CPUMF B OAhtalN D DEMONA c coogeville e DUCKETT C
CRUMP 0 CASSEL 0 OEMCPCLIS c OUDSCN c DUCCR c
CRUTCH B UATCMAN C DEMPSTER B ouger A OUOA A

CRUTCHFP 0 DAT 1 NO C oenay B CCGUE C DUDLEY D
CRUZL c uathvler c OEMSON c CCLANC b DUEL e

CRYSTAL LAKE B CAULTCN D DENMARK 0 OCLE C OUELM c

CRYSTAL SPRINGS 0 CAUPHIN CENMS c OCLLAR b OUFFAU B
CRYS Tj^ a 3 OAVEY A DENNY 0 OOLLARD c DUFFER D

Cuba H OAV lOSON H ctNprcK 0 CULCRES B DUFF lELO 6

CUBERANT 6 CAVIS B DENTCN 0 OOLPH C CUFFSON B

CUCHILLAS 0 CAVISON R DENVER c DOMINGO c DUFFY 8

cuoahy 0 OAHES C OEPEm c DOMINGUEZ c DUFUR e

CUOIY I 6 DAWHCn e/D CEPCE 0 OCMIMC A OUGGINS D

CUERU B OAWSGN 0 OER INCA c OCMINO C UUGCUT 0

CUE VA 0 CAY 0 resAN A OCNA ANA e CUeWAY c

cueviTAs 0 OAYBELL A CESART c OCNALO e DUKES A

CULLEN c DAYTCN 0 DESCALABRAOO 0 CUNEGAL CULAC C

CULLEOKA 8 OAYVILLE b/C DESCHUTES c OONEPAIL c OUMAS B

CULLO c GAZE D DESERET c OCNICA A OUMECG C
CULPEPiR c OEACON 6 DESHA 0 OCNLCNTCN C CUMCNT C
CUl VbRS c DEADFALL 8 CESELER c CCNNA D DUNBAR 0
CUM8ERLAN0 B ceama C OESCLAT ILN c OCNNAN C DUNBARTON c

CUMLEY c OEAN B OtSPAiN 6 DUNNYbKOOK 0 CUNBR lOGE B
CUMMINGS e /0 DEAN LAKE C DETER c DCNCVAN B DUNCAN 0

CUNIC'J c OEAROURFF B OETLCR c COOLEY A OUNCANNCN B

CUPPER B 06^ RY C OE TOUR c DCONE e OUNCCM 0
CUROL

I

C OEAKYTON B cetroit c OCGR B CUNCAS c

CURECANT

I

H OEATMAN C OcV B DORA D OUNCAY A

CUKLf W C CFAVER C DEVILS DIVE u CGRAN C CUNCEE C

curkan c 0EPENG6R c D6VCL 6 CURCHtSTER b OUNELLEN e
currant B OECAN D cevcN B OORGShlN c CUNE SAND A

CURTIS CHEEK 0 DEC ATHON C DEVCRE H DOR 0 T HE A c OUNGENESS B

CURTIS S ICING A DECATUR B Dtta/RT CGRCVAN 0 CUN GLEN C

CUSH I No B OECCA R DEWEY B OCRS B CUNKINSVILLE 6
CUSHMAN C DECKER C DEWVILLE b CORSET H DUNKIRK 6

CUSTFR c OECKEKVILLE C DEXTER b DOS CABEZAS C DUNLAP e
cutter 0 OECLC E CIA C CCSSMAN 6 DUNMORE b

CUTZ 0 OECORRA B OIAPLC 0 ogthan 6 DUNNING C

CUYAMA p OFCRCSS u 01 AMCNO C OOTTA B OUNPHY c

CYL INOtR B DEE C OIAMCND SPRINGS C doty B OUNVILLE B
CYNTHl ANA C/0 ceepnater L DIAZ C CGUbLETOP B DU PAGE e

CYPREMi)rT c OEtK CREEK C DIBBLE C ccucs e CUPEE C
CYR IL 3 DctPf lELO e DICK A DQUCHERTY A DUPLIN C

OEERFORO 0 DICKEY A DOUGHTY A DUPC c
OABCb B DEEP- ING c CICN INSON A DOUGLAS B DUPONT c

l)AC( NA C deerlooge 0 C ICKSCN C DOUPC 8 DUPREE 0
CADE A DEER PARK A OIGBY C COVER B CURALDE c
caftek B 06ERT0N B C ICGER C COVRAY 0 DURAND B

CAGGETT A leertkail C DIGHTCN b COW b DURANT D

OACLUV 0 OEF 1 ANCE 0 DILL B CCWAGIAC 6 DURELLE B
OAGOk 0 OEFURO 0 DILLARD D CCWOEN C DURHAM e

CAGUAO c DEGARMO b/C CILLCCWN CCWCLLTCN c CURKEE c
OAGUcY c DEGNER c DI LL INGER e CeWNER B CURCC e

oahlouist B OE GREY 0 Cl LLCN 0 CeWNtY B CURRSTE IN 0
i;aigle c uejaknet B OILLWYN A DOWNS a DUTCHESS fi

CAlLcY A cekalb c C ILMAN c COX It c DUTSGN 0
oakcta 8 DEKCVFN D DILTS 0 LCYCe c OUTTCN 0

DALBO B CFLAKE i\ 01 LWDPTH c COYLE A DUVAL B
OALbV n Ot LANCr. L CIMAl c COYLE A OUZEL b

DALE B DELANEY A D IMYAW c CCYLtSTLWN 0 DWIGHT 0
JALE.^HT B DELANO DINGLE b D'LYN C UWYER A

CAL 1 AN H OELECU L 0 INGL I SHNA c CkA C DYE C
DALL i.< 8 HELENA C DINKELMAN B ORACUT c DYER
l-ALTil'. c DtLF INA r, CINKtY A GRACE B DYKE e

UALUPF b DELHI A DINNEN R CRAGOON B DYRENG u
OAMASCUS 0 DEL ICi AS J D INSDALE 6 CRAGSTON C
DAMG 0 CELKS •3/0 DINUHA B/C CHAIN D tAD c

CANA B DELL c UNZEK B CRAKE B EAGAR e

CANHUNY C DEI LEKER u DICXICE C CRANYON B LAGLECONE e

OANEY CEl LC A/C r ituE B CRAPtH C EAK IN B

OAf^Dr ^ A c DCLLROSE E CISAPEL C CRtSCEN B EAH£S B
OA\CR 1 lUic 0 OELM c ni SAUTtL 8 CRESSLER C EARLE U

DANL.TEi-'G 0 celmar c 01 see B ck t W S 6 tARLMONT B/C
OANIFLS B OELMITA c OISHNER C CH IE TON C EARP 6

CANKU 0 DEL MDNT B CISTfRhEEF C DR IbGS B tASLEY 0
CAM RY c CELNCRTE L r I TtHCAMP C CHUM C hast fork c
oann:-;m:^r a u DLL PM I 6 Cl vehs 0 CkUMMEH 8 CAST LAKE A

OANSS 1 N 6 OLLPHILL t CIVILE B chumkcno C EASTLAND c
uant J OtLPIEORA C CiX A CkUKY B CASTCN c

OANVlRS c OlL P INL D OIX A CHYAC c EASTONVlLLE A

OANV iLLf c DELRAY A/0 DIXIE C CRYbURG B EAST PARK 0

NDTE5 A BLAMr HYtlPOLOGir SOIL r.noUP If'PICATE?; T*JF FniL npoi'P HAS t'OT BEEH P'^TEPHIHEP
TWO SOIL P.PPUPS SOPH AS B/P IHOIPATFS TUF OPA I *''^n/M"pPA I HEP SITX-
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E ASTPi't^T A ELL ISCN e FSMCNO H FARNUM B fleischnann 0

EATi)NTUmN ELLOAH c E SPAHTO b farragut C FLEMING C

EAUbALL IE B/U ELlSaERRY ESPIL 0 FARRAR B FLETCHER e

EBA C FLL SMORTH C ESPINAL A FAKKELL 6 FLOKE 0
ebhfk r 0 ELPA B eSCLATZEL e F AKRENBURG 6 FLOP C

EBSS H FLMOAL6 b ESS B FARkOT C FLOMATICN A

EOfNEZt y C ELMI PA A ESSEN c f ARSON b FLORENCE C
ECU ES H ELKO C ESSEX C FAKWELL C FLORIOANA B/D
ECHAHO C ELHCNT e ESSEXVILLE 0 FAT IMA B FLURISSANT C
ECHl EK B ELMORE B LSTACAOO B FATT IG C FLOWELL C

tCKLEY d ELMWOOD C ESTELL INE B F AUNCE A FLOWEREE e

ECKMAN B ELNORA B ESTEP 0 FAUQUIER C FLOYD B

ECKRANT D ELOIKA b ESTERBRCOK B FAWCETT C FLUSHING
tCTOK C ELPAK 0 ESTHEBVILLE B FAWN 6 FLUVANNA C

edaloo C EL PECO C ESTO C FAXON 0 FLYGARE e

EODS 6 EL RANCHO b ESTRELLA B FAYAL C FLYNN 0
EDUV C ELPEO B/O ETHAN b FAYETTE B FOARD 0

EDEN C ELPED B/D EThETE 6 FAYETTEVILLE 6 FOGELSVILLE e

f OENTUN c ELS A ETHRIDGE C FAYWCCO C FOLA B

EOCNVALE D elsah e 6T IL A FE 0 FOLEY 0
EOGAH B ELSIKBORO B ETNA FEDORA B FONDA 0
EOGECUSBC B ELSMFRE A ETCWAH B FELOA B/O FONCIS c
EOGtlEY C ELSO 0 ETCWN 8 FEL IDA B FONTAL c

EOGEMONT 6 EL SCLYO E ETTA C FELLOWSHIP D FONTREEN B

EDGE WATER C ELSTON B ETTER B FELT 6 FOP lANC D

EOGEM ICK B ELTOPIA P ETTERS6URG B FELTA C FORBES B
FOGEwUOO A ELTREE B ettrick D feltham A FORC 0

EOGINGTUN c ELTSAC 0 EUBANKS B FELTON 6 FORONEY A

EDINA 0 ELWHA B EUOORA 6 FELTUM A B FOROVILLE B

EDINBURG c ELWOCO C EUFAULA A FENCE B FORE 0
EDISON B ELY B EUREKA C FENOALL C FORELAND c
EDI Sin c ELVSIAN 0 EUSTIS A FENWOOO 6 FORELLE B

EDITH A ELZ INGA 6 eutaw 0 FEROELFOKO C FCRESNAN 6

EOlPfc Q EMBOEN B EVANGELINE c FEROIG C FORESTOALE 0
EDMONDS C EMDENT t EVANS 8 FERGUS e FORESTER c
ED»*ORE 0 EMEP C EVANSTON B FERGUSON e FORCAY A

EOMUNJ c EMERALD B EVARC A FERNANDO c FORMAN B

EDNA D EMERSON 6 eVART 0 FERNOALE B FORNEY 0
EDNFrviLU e EMIOA D EVENOALE FERNLEY c FORREST c
EDOM c EMIGRANT e EVERETT B FEPNOW 6 FORSEY C
ED SON c EMIGRATION 0 EVERGLADES A/0 FERNPCINT C FORSGREN c
EOWAKDi 6/D EMILY 0 everly B FERRELO B FORT COLLINS B
EEL C EML IN B EVERMAN C FERR IS 0 FORT DRUM c
EFF INGTCN D EMMA C EVERSON c FERRON b FORT LYON B

EFyUN A EMMERT A tVESBORC A FtRTAL INE 0 FORT MEADE A

EGAM C fmme T B EWA 6 FEST INA 6 FORT MOTT A
EGAN 6 EMMCN'S C EMAIL A FtTT 1C D FORT PIERCE C
EGBERT e/C EMORY B EWIKGSVILLE B FIANOER C FORT ROCK C
EGEL and B EMPE Y B EXCHEQUER 0 FI8EA 0 FORTUNA 0
EGGLESTON 8 EMPE YVILLE t EXETER C FIOALGO c FORTWINGATE c
EGnak C EMPIRE C FXL INE c FIDDLETUWN C FORWARD C

E ILRS C EMR ICK b EXRAY 0 F I DCYMENT C FOSHOME B
E IFORT ENCE B EXUM c FIELDING 6 FOSSUM B
EKAH c FNC IFRRC D eyerbcw 0 F lELOCN 6 FOSTER B/C
EKALAKA B FNC I NA B eyre B FIELOSUN A FOSTORIA b

ELAM A ENOERS C FIFE 6 FOUNTAIN 0
ELBERT 0 tNDICOTT B fab ius B FIFER D FOURLOG 0
ELbURN e ENf T H FACEV RLE B FILLMORE 0 FOURMILE 6

ELCO 6 ENF lELO B FAHEY 6 F INCASTLE C FOUR STAR B/C
ELO B ENGLE H FA IM C fingal C FOUTS 6

ELDER B FN&LESIDE 8 FARES A FINLEY 6 FOX 6
ELDER HULLOw D GNGL EwOOD C FAIRBANKS 6 FIRESTtEL B FOXCREEK C

ELOEHON B engluno D f A IfiCALE' B F IkGREL L 6 FOXMCUNT C

EL DON 6 ENNIS 0 FAIRFAX 6 F iKMAGb B FOXCL D
ELDORAOU C ENMCHVILLE B/O FA IRF lELO b FIRO C FCXPARK 6
eldkioge c enola b fairhaven B FIRTH 6 FOXTON C
elephant D ENCN C FA IRMCUNT D FISH CREEK 6 FRA ILEY C
elerov B ENDS B FA IMPORT c FISHERS b FRAM B

EL FH I DA B ENCSRURG D FAJARDC c F ISHHOOK 0 FRANCIS A
ELIJAH c ENSIGN D FALAYA c FISHKILL FRANK 0
FL lOAK C ENSLEY C FALCON c FITCH A FRANKFORT 0
ELK h ENSTROM 6 FALFURR IAS A F ITCHVI LLE c FRANKlkK c
ELKADEK B ENTERPRISE 6 FALK B FITZGERALD 6 FRANKLIN B
KLKCRFEK c ENT I AT 0 falkner C F ITZHUGH B FRANKSTCWN B
cLK HOLLOW B tNUMCLAW e FALL 8 FIVE OUT B FRANKTCWN D
ELKHOPN R EPHRAIM c fallbrcck B FIVEMILE B frankville 6
ELKINS D EPHR ATA e FALLCN C FIVES 6 FRATERNIOAD 0
ELK INSVILL F R EPOUFETTE L F ALLSBURG FLAGG e FRAZER C
tLKHOUNO c EPPING D FALLSINGTON 0 FLAGSTAFF c FRED C
ELK mountain 6 EPSIE C FANCHER C FLAK 6 FREOENSeORG C
ELK TON 0 ERA B FANG c FLAMING B FREDERICK B

ELL ABFLL E 8/C EP AM c FANK IN 6 FLAMINGO D FREOON C
ELL EDGE 0 frber C F ANKC c FLANAGAN 6 FREDONIA c
ELLcRY C EPIC e f AND c FLANCRE AU 6 FREDRICKSON c
ELI ETT D ERIE c fakacay c FLASHEP A FREE6URG c
ELI IOEk A EK I N e F ARALLCNE 6 FLATHtAD A FREECE 0

ELL ICOTT A ERNEST L FARAWAY 0 FLAT HORN B FREEHOLD 6
FLL INGTON B ERR AMOUSPE C FARCr 0 FLATTOP D FREEL B
ELL INO-J B escal 6 FAR ISTA 6 FLAXTCN A FREEMAN C
ELL lOT T c ESCALANTE B FARLANC 6 FLcAK A FREEMANVILcE B

ELL 1 S D ESCAMBIA C FAHMINGTCN C/0 flechauu c FREEON 6
ELL 1‘iFaRCF C ESCONDIDO C FAPNUF e FLEETwCOO FREER C

NOTES A BLANK hydrolOG
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FREESTONE C GASCCNAOE 0 GLENF lELO 0 granger c GUNN B

FREE'ZENER 6 GAS CREEK C GLENFORO C GRANbEV ILLE B/C GUNTER A

FREMONT C CASKELL c CLEKHALL B gramle 6 GURA60 0
FRENCH C GASS 0 CLENHAM B granc C GURNEY c

FRENCHTOMN 0 GASSET D GLENMCRA C GRANT 8 GUSTAVUS B
FRENEAU GATE SBURG A GLENNALLEN C grantsburg c GUSTIN C

FRESNO c GATEVIEW B GLEKOMA B CRANTSUALL A GUTHRIE 0
FR 1 ANA D GATEWAY C GLENRCSE B GRANV ILLE 6 GUYTON 0
FRIANT 0 GATEWOOD 0 GLENSTEO 0 GRAPEVINE c CWIN 0

FR lOLO C GAULDY 6 GLEKTON B GRASMERE 0 GWINNETT 6

FRIEOMAN B GAVINS C GLENVIEW B GRASSNA B CYMER C
FRIES 0 GAVIOTA D GLENVILLE C GRASSY BUTTE A

FRIO 6 GAY 0 GLIDE 6 GRATZ c HACCKE C

FRIZZELL C GAYLORD B GL IKON B GRAVCEN c HACIENDA C

FROeCRG 0 GAYNOR C GLCRIA C GRAVE e HACK 6

FROHMAN c GAYV RLE e GLCUCESTER A GRAVITY c HACKERS 6

FRONHOFER c GAZELLE 0 GLOVER C/0 GRAYCALM A HACKETTSTOWN e

FRONTON 0 GAZOS 6 GLYNOCN B GRAYFCkO B HADLEY 0

FROST D GEARHART A GLYNN C GRAYL ING A HAOO e

FRUITA B GEARY B GCBLE c GRAYLOCK B HAGEN e

FRUITI ANC 6 GEE B GCCCARO B GRAYPCINT e HAGENBAKTH 0

FRYE 0 GEEBURG c CCOOE 0 GRAYS B HAGENER A

FUEGO C GEER C GOCECKE 0 GREAT BEND e HAGER C
FUERA C GEFO A GODFREY c GREELEY B HAGERMAN 6

FULOA C GELKIE B GODWIN D GREEN BLUFF 6 HAGERSTOWN C
FULLERTON B GEM C GCEGLE IN c GREEN CANYON B hagga B

FULMER B/O GEMIO C GOESSEL D GREENCREEK B HAIG C
FULSHEAR C GEMSCN C GCFF C GREENCALE e HAIKU e

FULTON 0 GENESEE 6 GCGEB 1C 6 GREENFIELD B HAILMAN 6

FUOUAY B GENEVA C GGL61N C GREENHORN 0 HAINES B/C
FURNIS B/D GENOA D GCLCCNDA D GREENLEAF e HAIRE C
FURY 8/0 GENOLA e GCLOENOALE e GREENCUGH c HALAWA 6

GEORGEVILLE B GCLtF lELO B GREENPORT HALCER C
gaastra 0 C GEORGIA B GCLCHILL B GREEN RIVER B HALE 6

GABALOON c GERALD 0 GOLDMAN C GREENSBORO HALEIWA 6
GABICA 0 GERBER 0 GCLORIOGE B GREENSON c HALEY B

GACEY 0 GER IG B GOLDRUN A GREENTON c HALF MOCN B

GAOOES c GEH ING B GOLDSBCRO C GREENVILLE B HALFORD A

GAGES G GEPLAND C GOLOSTON C GREENWATER A HALFWAY D

GADSDEN 0 GERMANIA GULCSTREAM 0 GREENWICH 6 HALII 6

GAGE GERMANY b GCLCVALE c GREENWOCU C HAL IIHAILE B

GAGEBY B GESTRIN B GCLUVE IN c GREER C HALIS B

GAGETOWN C GETTA C GCLIAO c GREGCRY A HALL B

GAHEE B GETTYS C gollaher A GRELL L halleck e

GAINES C GEYSEN 0 GCMEZ B GRENADA C HALL RANCH c
GAINESVILLE A GHENT c GCNVICK B GRENVILLE B HALLVILLE B

GAL ATA D GIB6LER c GOCCH D GRESHAM C HALSEY 0
GALE 6 C I6BCN 6 GCCCALE c GREWlNGK c hamakuapoko 6

GALEN B GIH6S 0 gccding c GREYBACK 6 HAMAN 6

GALENA C GIBBSTOWN A CLiCCINGTON c GREYBULL c HAHAR 6
GALERPI c CIFF IN c GCCDLCW B GREYCLIFH C HAMBLEN C

galestown A GIFFORD c GOODMAN B GRIFFY 6 HAM6R ICHT 0
GALEY B GILA C GCCCRICH B GRIGSTON 0 HAMBURG B

GALISTEO - 0 GIL6Y B GCCDSPRINGS 0 GRIMSTAC 6 HAMEL C
GALLAGHER B GILCHRIST 6 GOOSE CREEK B GRISWOLD B HAMERLY c
GALLATIN A GILCREST B GOCSE LAKE C GRI VER C HAMILTON A

GALL7G0S B GIL EAU C GCCSMUS B GRIZZLY C hamlet 6

GALLINA C GILES B GCRCO C GROGAN 6 HAMLIN 8

GALL (ON B GILFCRO e /0 GCRE D GKOSECLOSE C HAMPDEN
GALVA B GILHCULY B GCRGCNIC A GROSS c HAMPSHIRE C

GALVESTON A GIL ISPIE C GCRHAM B GROTCN A HAMPTON c

GALVIN C GILL IAM c GCP IN C GROVE A HAMTAH c

GAMBLER A GILL IGAN B GORING C GRCVELANO B HANA A

GANNETT 0 GILLS c GCRRAN B GROVER B HANALEl c
GANSNER 0 GILMORE 0 GCROS A GRCVETLN B HANAMAULU A

GAPO D GILPIN c GORZELL B GRUBBS 0 HANCEVILLE B

GAPPMAYER B GILRCY c GOSHEN B GRULLA 0 HAND B

GAR A 6 GILSON B GCSHUTE 0 GRURM 1

T

c HANOFCRO 8
GARBER B GILT EDGE c GCSPCRT C GRUNDY c HANEY 6

GAKBUTT b GINAT 0 octham A GRUVER c HANGAARO C

GARCENO C GINGER c GCTHAPO D GRYGLA c hanger B

GARUENA B GINI B GOTHIC C GUADALUPE e HAN IPOE 6

GARDINER A GINSER c GCThC C CUAJE A HANKINS C
GARDNERS FORK B GIRO A GCOLDING 0 coalala D HANKS B
GAkDNEPVILLE 0 GIVEN c GCVAN c GUAMANl B HANLY A

GARCONE A GLAOCEN A GOVE B GUANAJIBO C HANNA B

GAREY C GLADSTONE e GCWEN B GUAN ICA 0 HANOVER C
GARFIELD c GLADWIN A GRABE 0 CUA YABO e HANS c
GARI TA c GLAMIS C GRABLE B GUAYA0OTA 0 HANSEL c

GARLAND B GLANN B/C GRACEMONT B GUAYARA D HANSKA c
GARLET A GLASGOW C GPACEVILLE b GUBEN B HANSON A

gaklcck C GLEAN H GRACY D GUCKEEN C HANTHO 6
GARMON c GLEASON C GRAFTON B GUELPH B HANTZ D
GARMORE ft bLE N B GRAHAM 0 GUENCC C HAP 6

garner 0 GLEN0ERG 0 GRAIL c GUERNSEY C HAPGOOO b
GARG D GLENBROOK D GRAMM B GUERRERO c HAPN'EY C
GARk D GLENCOE C GRANATH 6 GUEST D HARBORD B

GARRARD 6 GLENDALE 0 GRANBY A/0 COIN A HARBOURTON
GARRETSON 8 GLENDALE B GRANDE RCNDE 0 GULER B HARCO e
GARRETT B glendi ve e CRANOFIELC B GULKANA B HARDEMAN B

GARR 1 SUN 8 GLENDORA c CRANCVIEW C GUMBCOT C HARDESTY B
GARWlN C GLENELG B graner c GUNBARR EL A harcing 0

NOTES A BLANK HYDROLOGIC SOIL GROUP !' niCATES THF SOI L GPOUP HAS rioT PFEH DFTEPMirEP
TWO SniL GRnilPS SUCH AS B/C ItiniCATES THF nPAi^’Fn/ur'DPAif'ED r ituation

January 1971



B-9
Table B .1—Continued

HAROSCRABBie 6 HE PER 6 HlLCRETh D HONEYGROVE c HUMBARGER B

HARDY 0 HEBERT C HILEA 0 HONEYVILLfc c hUMBlRD C

HARGREAVE R HE6GEN A HUES B HCNN B HUMBOLDT C

MARKERS C HEP.O D HUGER B HONCKAA A HUMOUN B

HARKEY 6 HEBRON C HILGRAVE 6 HCNCLUA B HUME c

HARLAN B HECHT 6 HILLEMANN C HONCMANU 8 HUMESTON c

HARLEM C HECK I C HILLET 0 HCNGUL lUL

1

D hummington c

harleston C HECL A B HILLFIELO B HONUAULU A HUMPHREYS 6

HARL INCEN 0 HECTCR D HILLGATE C HCOO B HUMPTULIPS B

HARMEHL C HEODCN C HILLIARD 6 HOODLE 8 HUNSAKER 6

HARMONY c HEOR ICK 6 HlLLCN B HCCOSPCRT B HUNTERS 6

MARNcY c HEOVILLE 0 HI LLSBCRO 6 HOOOV lEw e HUNTING C

HARPETH B HEGNE 0 HILLSCALE B HOOKTCN c HUNTINGTON B

HARPS R HEIOEN 0 HILHAR C/0 HOOLEHUA B HUNTSVILLE 6

harpster C HEIOTMAN c HILC A HOCPAL 0 HUPP 8

HARPT 6 HEIL D HILT B HCCPtR D HURLEY 0

HAKOUA e HE 1 MOAL B HUTCN B HCOPESTCN e HURCN C
HAR3UA B HE 1 SETON B HINCKLEY A HCCSIC A HURST 0
HARR lET 0 HEISLER B HINOES C HCCT 0 HURWAL e

HARR IMAN e HEIST B HIKESBURG C hcoten D HUSE c
HARK 1

S

0 HE ITT C HINKLE 0 HCOVER B HUSSA 6/0
HARR ISeURG 0 HEITZ 0 H INMAN C HOPETCN c HUSSMAN 0

HARR 1 SON C HEIZER 0 HINSDALE HOPEWELL HUTCHINSON c

harrisville c HELOT C hintze D HOPGCCO c HUTSON e

harstene e HELEMANO c HISLE D HOPKINS B HUXLEY 0

HART 0 HELENA c HITT B HCPLEY B HYAM 0

hart CAMP c HELMEK c HI VISTA C HCPPER B HYAT A

HARTFORD A HELVETIA c HIWASSEE 6 HOOUIAM 6 HYATTVILLE 6

HART IG B HEL Y B HlWCOO A HORAT 10 D hyoaburg 0
HAR TL AND 6 HEMBRE B MIXTCN B HCKO e HYDE 0

HARTLE TON B HEMM i c HCBACKER B HCRE0 B HYDRO c
HARTL INE 6 HEMPFIELO HCBAN C HCRNELL 0 HYMAS 0
HAPTSeURG B HEMPSTEAD c HC8BS 6 HORNING A HYRUM 6

HARTSELL S B HENCRATT 6 HCBSCN C HORNITOS 0 HYSHAM C
HARTSHORN 8 HENDERSON 6 hCCHHEIM B HORRCCKS e

HARVARD B HENDRICKS B HOCKING B HORSESHOE B lAQ c

MARVEL B HENEFER C HCCKINSON C HORTCN 6 IBERIA c
HARVEY C HENKIN B HOCKLEY C HCRTCNVILLE 6 ICENE c

HASKlLL A HENLEY C HCCGE B HOSK IN c lOA B

HASK INS C HENL INE C HUDGINS C HOSLEY u 10A6EL B

HASSELL 0 HLNNEKE c HCCGSCN C HCSMER c lOANA C
HASTINGS 6 HENNEPIN B HUE BE 8 HOT AW c lOECN 0
HAT B HENNINGSEN C HCELZLE C HOT LAKE c lOMCN B

HAT80RC 0 HENRY 0 HCFFMAN C HCUDEK B IGNACIO 6

HATCH c HENSEL B HCFFMANVILLE c HCUGHTON A/D IGC 0
HATCHERY c henshah C HCGANSBURG 6 HOUK c IGUALDAO 0

HATE I ELO c HENSLEY 0 HCCELAND B HCULKA C IHLEN 0
HATHAWAY 8 HEPLER 0 HCGG 0 HOULTCN C/D IJAM c
HATTIE C HERBERT B HCGRIS 6 HCUN08Y 0 IL06FCNS0 6

HATTON C HEREFORD 6 HCH B HOURGLASS B ILKA B

HAUBSTADT C HERK IMER e HCHMANN C HCUSATCNIC 0 ILL ION 8/0
HAVANA B HEFLCNG D HCKC C HOUSE MOUNTAIN D IMA B

HAVEN B H6RMISTCN b HCLBROCK B HCUSEVILLE C IMRLER 8

HAVERL

Y

6 HERMCN A HOLCOMB 0 HOUSTON 0 IMLAY C
HAVERSON B HERNDON B HCLOAWAY 0 HOUSTON BLACK c IMMCKALEE B/0
HAVILLAH B HERO B HCLDEN A H0V06 A/C IMPERIAL C

HAV INGOON C HERRERA A hCLCEPNESS C HOVEN 0 INAVALE A

HAVRC HERRICK C HCLCREGE 6 HOVLNWEEP C INO lAHOMA C

HAVRELCN B HEPPCN B HCLLAND 6 HOVEk T 0 INDIAN
HAH B HERSH A HULL INGER B HUVEY c INDIAN CREEK 0

HAWES A HEP SHAL B/0 HGLL IS C/0 HOWARD B IND lAKC c
HAH I B HESCH P HLLL I STER 0 HOWELL C INOIANCLA A

mawkeyf A mesper C hlllcman C HOWLAND C INDIO 6

HAHK SELL A HE SPER I A B HOLLOWAY A HCYC 6 INGA B

hahksprings s HE SPERUS B HOLLY 0 hcyleton C INGALLS B

HA* TUN A HESSE C HCLLY SPRINGS 0 HOYPUS A INGARD B
HAYBi)URNe B HESSEL 0 HCLLYWOCC 0 HCYTVILLC 0 INGENIO C
HAYRKO C HESSEL8ERG c HCLMOEL c HUBBARD A INGRAM 0
HAYOEN B HESSELTINE B HOLMES 6 HUBER 0 (NKLER 6
HAYE STUN B HESSCN C HCLCMUA B HUBERT 8 INKS C
HAYE SVILLE b HETTINGER D HCLCPAw B/0 HUBLERSBURG C INMAN c
HAYFIELO P NEXT B HC LRCYO 6 HUCKLEBERRY C IKMC A

HAYFOKO C HE ZEL b HOLS INE B HUDSON C INSKIP C
haymono 8 HIALEAH 0 HCLST B HUECC c INVERNESS 0
HAYNESS D HIAWATHA A HCLSTCN B HUEL A INWCOO c
haysi 8 HIBBARD c HOLT 6 huenemh 0/C 10 6
MAVPRhSS A HIPB INC c HCLTLE B HUCRHUEKO 0 lOLA A
HAYSPUR B/n H ICKCRY c HULTVILLE c HUEY 0 lOLEAU C
hayter B HICKS H HCLYCKF C/0 HUFF INt A IONA B
HAYT I 0 HIDALGO e HOMA c HUGGINS c IONIA B
HAVHOOO 6 HIDE AWAY 0 HOME CAMP c HUGHES 0 ICSCC B
HAZEL C HlOEWOCO c HCMEL AKE B HUGHESVILLE B IPAVA d
hazelair 0 HIGHAMS 0 HOMER c HUGC 6 IRA C
HAZf N B highfield e HCMESTAKE 0 HUICHICA C IKEOELL 0
HAZL EHURST C HIGH GAP c HOMESTEAD B HUlKAU A IKE TE8A C
HAZLt rON R HIGHLAND e hCNAUNAU c HULETT B IR IM C
HEAOLf Y B HIGHMORE b HCNCLT 6 HULLS C IRCCK B
HEAODUARTERS B HIGH PARK B HONCALE 0 HULLT B IRON BLOSSOM 0
HEAKE 0 HIHIMANU A HCNDC c HULUA D IRCK MOUNTAIN 0
HEATH C HI IBNER C HCNCCHC 8 HUM b IRON RIVER e
HEATLY A HIKO PEAK 6 HCNECYE B HUMACAO b IRONTCN c
HE0BRONV1LLF 3 HIKC SPRIN(.S C HONEY 0 HUMATAS C IRVINGTON c

MOTES A BLANK HYORDLOC ir SOIL rpoup inniPATFs t'"F \ t rPOUr MAf. HPT ntTN DFTFOMiMFn
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IRWIN 0

ISAAC C
ISAAOUAH B/C
ISA6ELL C
ISAN U
ISANTI 0
ISHAM C
ISHI PI SHI C

ISLAND B
I SOM H

ISTOKPGGA D
ITSWOOT B

I UK A C
1 VA C
IVAN 6

IVES 6

1 VIE A
IVINS C
IZAGURA C
IZEb C

JABU C
JACAGUAS B

JACANA 0
JACINTO B

JACK C^EEK B
JACKLIN 6
JACKNIFE C
JACKS 0
jackshn b

JACKSONVILLE C
JACOB 0
JACOBSEN 0
JACOBY C

JACOUFS C

JACOUITH C
JACWIN a

JAFFREY A
JAGUEYFS B

JAL B
JAMES CANYON B/C
JAMESfCtaN C
JANE C
JANlSe C

JANSEN A
JAkbOE C
JAkITA C
JARRE b

JARVIS e

JASPER P

JAUCAS A

JAVA A

JAY C
JAYEH B
JAYSON 0
JEAN A

JEANERFTTF D
JEAN LAKF fi

JFOOG 0
JEFFE.sSON B

JEKLFY C
JELM u
JFNKINS B

JFNKINSON 0
JENNESS B

JLNMNGS C

JENNY 0
JERAULD 0
JERICHO C
JE-<OME rt

JERRY C
JESiiEL 0

JtSSc CAMP C
JESSUP C

JPTl 8
Jir.GS C

J M C
JIMENEZ C
JIMTCWN c
JJB C
JGBCS C

JUCITY b

JOEL tJ

jncs e

JOHNS c
JUhNSPiJRG 0
JOHNSON B
JOHNSTON R/0
JGHNSi-'jnO 0
JOICF 0
Jl.LIcT C
JUNFSVILLC A

NOTES

jONus e

JOPLIN B
JOPPA B

JORDAN 0
JCRNAOO b

JORY C

JCSE C

JOSEPHINE 6

JOSIE B
JOY B

JUBILEE C
JUOO 0

JUDITH B

JUDKINS C
JUOSCN B

JUDY C
JUGET 0

JUGHANOLE S

JULES B

JULESBURG A

JULIAETTA B

JUMPE B

JUNCAL C

JUNCOS 0
JUNCTION B

JUNEAU e

JUNIATA
JUNIUS C
JUNO B

JUNOUITOS C

JURA C
JUVA B

JUVAN 0

KAALUALU A

KACHEMAK B

KAOASHAN B

KAOE C
KADfiKA 6

KAUCKA 0
KAFNA D

KAHALUU 0
KAHANA 0
KAHANUl b

KAHLER 8

KAHOLA 0

KAH SHEETS 0

kahua 0

KAIKLl D

KAILUA A

KAIMU A

KAINALIU A

KAIPCIOI 6

KAIWlKl A
KALAE B

KALAPA C

KALAMAZOO 8

KALAPA d

kalalpapa 0
kalifonsky c

KALI HI n
kali SPELL A

KALKASKA A

kalhia B

KALOKO C

kaloloch E

KALSIN c

KAKACK B

KAMAKOA A

KAHAOA b

KAMACLE B
KAHRAR b

KANABEC B
KANAKA B*
KANAPAHA A/D
KANOIK a

KANE H
KANEOHE e

KANtPUU B

kanlee b

KANGSH C
KANZA C

KAPAA A

KAPAPALA B

KAPCO e

KAPCwSiN B

KAPUHlKANl L
KARAPIN B

KAKOE C
KARHEEN C

karlan c
KARLIN A

KARLC 0

KARLUK
KARNAK
KARNES
KARRO
KARS
KARTA
KARTAR
KASHWITNA
KASILCF
KASKI
KASCTA
KASSLER
KASSCN
KATAPA

KERHIT L A

KERR B
KERRICK B
KERR TOWN
KERSHAW A

KERSICK 0
KERSTON A/0
KERT C
KERUiN C
KESSLER C

KESWICK 0
KETCHLY 6

kettle a

KETTLEMAN B
KLTTNER C

KIVIN C

KLhAcMF C
kewfenaw a

KEYA 8

KEYES 0
KEYPORT C

KEYTESVILLE 0
KEZAR a

KIAWAH C
KlbdlE 6

KICKERVILLE B
KIOC C

KICPAN B
KIEHL A

KIEV 6

KlKONI B
KILARC 0
KILAUEA 6
KtLBOURNE A

KlLBURN A

KUCHIS C
KILOCR C
KILGORE 6/0
KILKENNY 8

KILLBUCK C/0
KILLEY B

KILLINOWURTH
KILLPACK C
KILHFRCUE C

KILCA A
KILLHANA A

KILWINNING C

KIM B

KIMAHA B

KIMBALL C
KIMBERLY 0

KIM6RCUGH C

KIMMERLING C
KIMO C
KINA 0

KINCC A

kingfisher 6
KINGHURST 6

KINGPAN C
KINGS C/0
KINGSBURY 0
KINGSLEY B

KINGS RIVER C

KINGSTON B

KINGSVILLE C
KINKEAD 0

KINKEL B

KINKCRA 0
KINMAN C
KINNEY 6

KINNICK C
KINREAO 0

KINROSS 0
KINSTCN C

KINTCN C
KINZEL B

KICNA B

KIPLING 0
KIPP C
KIPPEN 8

KIPSCN C
KIRK B/D
KIRKHAM C
KIRKLAND 0
KIKKTCN e

kirtley e

KIRVIN C
KISRING 0

KISSICK 0

KISTLER C/0
KlTChELL B

KITCHEN CREEK B

KITSAP C

K1 TTANNING
KITTITAS B

KITTftEOGE C
KITTSON C

Kiup e
KIVA 6

KIWANIS A
KIZHUYAK 6
KJAR 0
KLABER C
KLAMATH 6/0
KLAUS A

KLAWASI C
klej e

KLICKER C
KLICKITAT C
KLINE B

KLIKESVILLE C/0
KLINGER B
KLONDIKE 0

KLONE e
KLOOCHMAN B
KLOTEN B
KLUTINA 6

KNAPPA B
KNEELANO C
KNIFFIN C
KNIGHT C
KNiK e

KNIPPA 0
KNOB HILL B

KNCWLES 6

KNOX B

KNULL B
KNUTSEN A

K08AR C
KOCH C
KODAK C

KOOIAK e
KOEHLER C

KOELE 6

KOEPKE B
KOERLING e

KOGISH 0
KOHALA A

kokee a

KOKC B

KOKCKAHI 0

KOKOMO B/0
KOLBERG 8

KOLEKGLE C

KOLLS 0
KOLCA C
KOLCKOLC B

KONA 0
KCNAWA e

KONNER C
KONCKTl C
KOCLAU C

KOCSKIA C

KOOTENAI A
KOPIAH C
KOPP B

KOPPES 8

KORCHEA 6

KORKMAN 6

KOSPOS C
KOSSE 0
KOSTER C
KOSZTA B
KOUTS B

KOVICH C

KOYEN B

KOYUKUK B

KRACE 6

KRANZ6URG B

KRATKA C
KRAUSE A

KREAMER
KREPLIN B

KRENTZ B

KKESSON C
KRUP 0
KRUSE 6
KRuzoF a

KUBE a
KUBLER C
KUBLl C

KUCERA B

KUCK C
KUHL 0

KATEPCY
KATC
KATH INE
KATULA
KATY
KAUFPAN
KAUPG
KAVETT
KAkA IHAE
KAWAIHAPAI
KAWBAWGAM
KAWICH
KAWKAWL 1

N

KEAAU
KEAHUA
Kt ALAKEKUA
KtALlA

K

K£

K

K

KECPAH
KECTA
KECWNS
KtPLtR
KEPBY
KtRPEL

A BLANK TTVDROLOrir SOIL OnOMp
TWO SOIL CROUPS SUCH AS R/C IN

FANSBURG
E ARNS
EAT INC
E AUK AHA
fc AWAKAPU
E6LER
ECH
ECHO
LCRCN
EEFERS
EEGAN
EE I

EtKEE
EENE
FENC
EG
HENA

E IGLEY
E ISER
e iTH
EKAHA
FKAKE
ELLER
ELLY
ELN
ELSEY
LSC

ELTNER
6LVIN
EPCC
EPPSVILLE
EPPTCN
ENAl
ENANSVILLE
ENCAI

A

ENCALL
encallville
ENESAW
ENPCCR
ENNALLY
ENNAN
ENNEdEC
NNEOY

ENNEWICK
ENNEY
ENNEY LAKE
ENC
ENCMA
ENSAL
ENSPUR
ENT
ENYON
EC
tCLCAR

C
0

e
B

A
C

B
B

A

6
C
A

C
6

C
C

e

B

C
0

A
0

C
6

C
A

C

0
B

C

0
0

6

C
0

0

B
C

B
C

C

0

6

c
c

B

C

C
B

6

B

0

c

0

c

c

c

B

C
B

B

6
C
A

C

B

B

B

6
B

B

B

6

B

A

C
0
0

B

A

0
C
6
B

C
c

0

c
a

B
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Table B.l—Continued
B-11

^

iKUKAI AU A LANE C LEACVILLE a LICKCALE 0 LOLAK D

KULA B LANEY B LEAF 0 LICKING c LOLALl TA B

KULAKALA 0/C LANG B/D LEAHY B L ICKSKULET D LOLEKAA B

WULLIT B LANGFORD C LEAL B LIDDELL D LOLETA C/0
KUMA B LANGHEI B LEAPS C L IEBERHAN c LOLC A

kuNlA B LANGLEY C LEATHAM C LIEN 0 LOLCN A

(UNUW^ I A C LANGLOI

S

0 LEAVENWORTH 8 L IGGET 6 LOMA C

(UKO D LANGCLA B LEAVITT B LIGHTNING 0 LOMALTA 0
(USKCKhI

M

0 LANGRELL B leavittville B L IGNUM c LOMAX B

i^USLINA 0 LANGSTON C LE8ANCN C L ICON 0 LOMIRA. B

(^UtCH 0 LANIER B •LE8AW 8 LIHEN A LONOC C

KUTZ TOtaN B LANI CER B LEBEC B LIHUE B LONEPINE C
i;v ICHAK B LANKHUSH B lEBO C LIKES A LONERIDGE 6

LYLE 0 LANK>IN C LEBSACK C LILAH A LONE ROCK A
i;yi 6R 0 LANKTREE C LECK KILL 6 LILLIWAUP A LONETREE B

LANOAK B LED6EDER B LIMA 8 LONGFORD C

1 A BARGE B LANSOALF 0 LEOGEFORK A LIMANI B LONGLOIS B

1 ABETTE C LANSDOWNE LEDGER C L IMBAR 6 LONGHARE B

1 AB ISH 0 LANSING B LEORU D LIMERICK C LONGMONT C
1 A BOUNTY C LANTIS B LECY L IMON C LONGRIE C

t A BRIER C LANTCN C LEE 0 LIMOKES B LONGVAL B

1 ACAHAS C/D LANTCNIA B LEEDS C L INCCLN A LONG VALLEY B

1 A CASA C LANTZ C LEEF lELO c L INCRCFT A LONGVIEW C

1 AC I TA C LAP 0 LEELANAU A LINDLFY C LONCKE 6

1 ACKAWANNA C lapalma C LEEPtR D LINDStY D LONTI C
I.ACONA C LAPEER B LEESVlLLE B/C LINCSIOE C LOOKOUT C
I.ACOTA 0 LAPINE A LEETCN C L INDSTROM B LUON B

.ACY 0 LAPLATTA C LEETCNIA C L INDY C LOPER 6

.AOO B LAPORTE C LEFCR B L INEVILLE c LOPEZ D

LADDER 0 LA PCSTA A LEGLEH B LINGANORE B LORAOALE C
lAOELLE B LA PRAIRIE B LEGCRE 6 LINKER B LORAIN C/0
Ilaocga C larabee B LEHEW C LINKVILLE B LORDSTOWN c
iLAOUE C lahchmcunt B LEHIGH C LINNE C LORELLA 0
Ilaoysmith D LAROELL C LEHMANS 0 LINNET 0 LORENZO A
LA FAROE B LAREDO 6 LEHR B LINNEUS B LORETTO B

LAFE D LARCS C LE ICESTER C L INO C LOR INC C
LA FONOA C largent U LE ILEHUA 8 LINSLAW 0 LOS ALAMOS C
LAFONT B LARGC C LELA 0 LINT B LOS BANOS c
LAGLOR lA b LARIMER B LELANO D L INTCN B LOSEE B

LAGONOA C LARKIN e LEHETA D LINVILLE B LOS GATOS 6

LA grande C LARKSON c LEMPSTFR C/0 LINWCOO A/0 LOS GUINEOS C
LAHAINA B LA ROSE B LEN C LIPAN 0 LOS OSOS C
LA HOGUE B LARRY D LENA A LIPPINCOTT B/O LCS ROBLES B

LAHONTAN 0 LARSCN 0 LENAPAH 0 LIRICS B LOS TANOS B
LAIOIG c LARUE A LENAWEE B/O tIRRET D LOST CREEK 8
LAIOLA^ B LARVIE 0 LENNEP 0 LISAOE B LOST HILLS C

LAI ROSVILLE D LAS c LENC IR 0 LISAM C LOS TRANCOS D
LAIREP 0 LAS ANIMAS c LENCX B LISBON B LOSTWELLS B
LA JARA c LASAUSSES c LENZ e L ISMAS 0 LOTHAIR C
LAKE A LAS FLORES 0 LEC B LISHCRE 6 LOTUS 6
LAKE CHARLES 0 LASHLEY LEON A/0 LITCHFIELD A LOUDON C
LAKF CREEK b LASIL D LEONARD C LITHGOW C LOUCCNVILLE C
LAKEHELFN B LAS LUCAS c LEONARDO B L ITHIA c LOUIE C
LAKFHUKST A LAS POSAS c LECNARDTCWN 0 LITIMBER c LOUISA B

LAKE JANEE A LASSEN 0 LEONIDAS 8 LITLE 0 LOUl SeURG B
LAKELAND A lastance 6 LECTA C LITTLEBEAR A LOUP D
LAKEHONT D LAS VEGAS 0 LEPLEY 0 LITTLEFIELD D LOURDES C
LAKEPORT B LATAH c LEROAL C LITTLE POLE 0 LOUVIERS 0

LAKESHURE D latahco c LERCY B LITTLETON 6 LOVEJOY c
LAKESOL B LATAMER 0 LESHARA B LITTLE WOCD e LOVELAND c
LAKETON B LATHAM D LtSHC C LITZ c LOVELL c
LAKEVIEN c LATINA D LESLIE 0 L IVERMOHE A LOVELOCK c/c
LAKEWIN A LATOM 0 LESTER B LIVINGSTON 0 LOWELL c
LAKEWOOD A latcma B LE SUEUR B L I VCNA A LOWRY 6
LAK t U latty C LETA C LIZE C LOWVILLE B
LAKIN A LAUDERDALE e LETCHER 0 L IZZANT 6 LOYAL B
LAKOHA D LAUGENOUR B/O LETHA 0 LOBUELL C LOYALTON 0
LAL AAU A LAUGHLIN 6 LETHENT C LUBELVILLE C LOYSVILLE D
LA LANOE C LAUMAI

A

B LETCRT LCBEKG B LOZANO 6
LALL IE 0 LAUREL C LETTERBOX B LUBERT B LOZ lER 0
LAH R/0 LAURELHURST c LEVAN A LCBITOS C LUALUALEI 0
LAMAR ft LAURCLWOOD 6 LE VASY C LOCEY C LUBBOCK c
LAHART INE 8 LAUREN B LEVER6TT C LOCHSA B LUBRECHT c
LAMBERT B LAVALLEE B LEVIATHAN B LCCKE B LUCAS C
LAMBETH C LAVEEN B LEV IS C LCCKERBY C LUCE C
lamington 0 LAVELDO 0 LEWIS D LCCKHARO 6 lucedale b
lamo 6 LAVERKIN c LEWISBERRY B LOCKHART B LUCERNE 6
LAHGM 0 LAVINA c LEWISBURG C LCCKPCKT 0 LUCIEN c
LAMCNT A LAWAI ft LEWISTON C LCCKWOCO B LUC ILE e
LAMONTA 0 LAWLER B LEWISVILLE c LOCUST C LUCILETON B
iamoure C LAWRENCE c LEX B LOOAR 0 LUCKY 8
LAHPHl £R B LAWRENCEVILLE c LEXINGTON B lUCEMA A LUCKY STAR 6
LAMPSH IRE D LAWSCN B LlftBIKCS 0 LOC I C LUCY A
LAMSON 0 LAWTHER 0 L 1 BBY B LOOC 0 LUDDEN D
LANARK B LAWTCN c L IBEG A LGFFTUS C LUDLOW c
LANCASTER B LAX c LIBERAL 0 LOFTCN D LUFKIN D
LANCE B LAYCCCK 6 LIBERTY c LOGAN C LUHCN 6
land D LAYTCN A LIBCRY A lcggert A LUJANE c
LANDcS 0 LEA C LIBRARY 0 LCGY 6 LUK IN c
LANDI SRUPG C leader 6 LI8UTTE 0 lchler C LULA B
LANDLOm c L6AOPOINT 6 L ICK 6 lohmulek C LUMBEE D
L ANOUSKY 0 LEAOVALE C LICK CREEK D LOHNES A LUMMI 8/C

NOTES A BLANK HYOPninCir SOIL OPOUP limiCATES T^r SOIL o.pnijp HAS NOT BEEN OETEP‘'INEr
TWO SOIL Groups SUCH AS R/C IMOICATFS THE OPA I NEP/tlNPPA I NEO SITUATION
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Table B.l—Continued

LUN C MALABAR A/O MARKSBCRC MAYFLCWER C MCV ICKERS c

LUNA C MALA0ON C MARLA A MAYHEW 0 HEAD 0
LUNCH C MALACHY B MARLBCRC B MAYLANO B MEACIN A

LUNDIMO c MALAGA B MARLE AN B MAYMEN C MEADCwViLLE B

LUNOY B MALAMA A MARLETTE B MAYNARD LAKE B MEAOVILLE
LUNI c MALAYA 0 MARLEY B MAYO B MEANDER 0

LUPTON D MALCCLM e MARLIN 0 MAYGOAN B MECAN 6

LUKA D MAIEZA 6 MARLCW C MAYCWORTH D MECCA B

LURAY C/D MALIBU 0 marltcn C MAYSDORF B MECKESVILLE C

LUTE D MALIN C/0 marmarth B MAYSVILL6 MECKLENBURG C
LUTH C MALJAMAR A MARNA 0 HAYTCWN C MEOA B

LUTHER B mallct A HARPA B MAYVILLE & MEOANG C
LUTIE B MALM C marcuette A MAYHGOO B MEOARY C
LUTON 0 MALC 6 MARR 6 MAZEPPA b ME0FCP.0 0

LUVERNE c MALONE B MARRIOTT B MAZCN C MEOFRA 0

LUXOR c malcterre C MARSOEN C MAZUMA c MbOIClNE LODGE a

LUZENA 0 MALPAIS C MARSELL B MCAFEE C MED INA 8

LYCAN B MALPCSA C MARSHALL B MCALLEN B MEDWAY B

LYCOMING C MALVERN c HARSHAN 0 MCALLISTER C MEEKS A

LYOICK B MAMALA 0 MARShCALE c MCALPIN c MfcETEbTSE C

LYFORO C MAMOU c MARSHFIELD c MCBEE 6 MEGGETT 0

LYLES B MANAHAA c MARSING e MC0ETH c MEGCN C
LYMAN C/0 MANALAPAN MART c MCBRIDE B MEHL C

LYNCH D MANANA c martella B MCCABE B MEHLHCRN C

LYNCHBURG B/0 MANASSA c MART IN C MCCAFFERY A MEIGS
LYNOEN A MANASSAS 6 MARTI NA A MCCAIN c ME IKLE 0

LYNNUYL A manastash c MARTINECK 0 mccaleb B MEISS 0

LYNN HAVEN B/0 MANATEE H/0 MARTI NEZ 0 MCCALLY 0 MELBOURNE B

LYNNVl LLE C MANAMA c MARTINI B MCC AMMON C MELBY c
LYNX B mancelona A MARTINSeURC b MCCARRAN 0 MEL ITA B

LYONMAN C manche ster A martinsoale 6 MCCARTHY 6 MELLENTHIN 0

LYONS D MANOAN b MARTINSON C MCCLAV6 c MELLCR C

LYUNSV ILLE B manoerfielo b MARTINSVILLE 6 mccleary c MELICTT 6

LYSINE 0 manoeville 6 MART INTCN c MCCLELLAN B M.ELOLAND C
LYSTAIfi b MANFRED C MARTY B MCCLCUO c MELROSE C
LYTELL B MANGUM 0 MARVAN D MCCOIN 0 MELSTGNE A

MANHATTAN A MARVIN c MCCOLL 0 MELTCN b

maben C MANHEIM c MARY C MuCONNEL e MELVILLE e

MABt 0 MAN! c MARYDEL 6 MCCOCK B MELVIN D
MABRAY D MANILA c MARYSLAND 0 MCCCRNICK c MEMALOCSE 0

MACAY B MANISTEE B MASADA c MCCCY c MEMPHIS 6

MACEOONI

A

C MANITOU c MASCAHP 0 MCCREE B MENAHCA A

MACHETE c MANLEY B MASCCTTE 0 MCCRCRY C MENAN C

MACH! AS b MANL lUS c MASHEL B MCCRCSK IE 0 MENARD B

MACK c MANLCVE B MAShULAViLLE 0/0 MCCULLOUGH c MENCH C

MACKEN 0 MANNING 6 MASON 6 MCCULLY c MENCEBGURE C
MACKINAC B MANOR 6 MASCNVILLE c MCCUNE 0 HENCGCINO b

macksburg B MANSFIELD MASSACK B MCCUTCHEN c MENDON b
MACOMB B MANSIC E MASSENA C MCDOLE b HENOGTA b

MACOMBER B MANSKER B MASSILLCN B MCDONALD 6 MENfcFEE 0

MACON 6 MANTACHIE C MASTERSCN B MCOONALOSVILLE c MENFRC e
MACY B MANTEO C/0 MATAHOROS C HCEWEN B MENLO D
MAOALIN D MANTER B MATANUSKA C MCFACOEN B MENC C
MAOAWASKA B MANTON B MATANZAS 6 MCFA IN C MbNGKEN C
MAODOCK A HANTZ B MATAPEAKE a MCFAUL C mencminee B

MAODOX MANU C MATAMAN C MCGAFFEY c MENTC C

MAOEL I A C MANVEL C MATCHER A mcgary c MENTCR a

MAOEL INE 0 MANWCOD 0 MATF IbLD c MCGEHEE c MEQUCN C

MADERA 0 MANZANITA c MATHERS B MCGILVERY c MERCED c /0
MADISON B MANZANO c MATHtRTCN b MCGINTY B MERCEDES 0

MADONNA C MANZANOLA c MAT HE SON b MCGIRK c MERCER c
MADRAS c MAPES c MATHEWS mcglwan 6 MERCbY c

MADRID B maple mt. B MATHI STCN C MCGRATH b MEREDITH e

MADUKEZ B mapleton C/0 MATLCCK 0 mccpew A hereta c
MAGALLON 6 MARATHON 6 MATMCN 0 MCHENRY B MERGLE B

magens B MARBLE A MATTiPEX c MCiLWAlNb A MER lOlAN b

MAGINNIS C MAkBLEMOUNT B MATTCLE c MCINTOSH e HER INO 0
MAGNA 0 MAkCFTTA A MAUCe 6 MCINTYRE e MERKEL e

HAGNOL lA 6 MARCUM B MAUGHAN C MCKAM 1

e

0 MERLIN c

MAGNUS C MARCUS C MAUKEY C MCKAY 0 MERRILL e/o
MAGUAYO 0 MARC Y 0 MAUMEE A/0 MCKENNA c/0 MERNA c
MAHAFFY c /0 MAROEM C MAUNABC 0 MCKENZIE D MERCS A

MAHAL

A

c MAKOIN C maupin c MCKINLEY c HERKIF lELO B

MAHALASVILLE B/0 MARENGO C/0 MAUPEPAS 0 MCK I NNEY D MERRILL C

MAHANA B MARESUA B MAURINE 0 MCLA IN c MERR ILLAN c
MAHASKA 6 MARGERUM B MAURY B MCLAURIN B MERRIMAC A

MAHER C MARGUER ITE B HAVER tCK C MCLEAN c MERRITT d/C
MAHONING 0 MAR I A 0/C MAV IF 0 MCLECC 6 MER ROUGE b
MAHUKONA 8 MARIANA C MAtaAE A MCMAHON c MERTCN b

MAI DEN B MAR 1 AS D MAX 8 MCMEEN c HERTZ
maile A MARICAO 8 HAXEY C MCMULLIN c MESA B

MAJADA 6 MARICOPA B MAXFIELC C MCMUROIE c MESCAL C
MAKAALAE 6 MAR 1 ETTA C MAXSCN A MCMURPhY B MESCALERO C
makalapa D MAR i LLA C MAXTCN B MCMURRAY D HESITA C
MAKAP IL I A MAR INA A MAXVILLE A MCNARY C MESKILL C
MAKAWAO a MAR ION C MAXWELL 0 MCPAUL b MESMAN C
MAKAUEL

I

fl MAR I POSA C MAY e MCPHERSON c MESSER c
MAKENA B MAKISSA C MAYBERRY c MCPHie b MET 0

MAKIKI 6 MARKES 0 MAYBESC C MC2UAHR IE G METALINE b
MAKOT

1

c MARKET 0 MAY DAY 0 MCCUEEN C MtTAMORA 8

MAL B MAPKHAM C MAYER 0 MCRAE B MbTEA b

MAL A B MA/JKLAND C MAYFIELD B MCTAbGART a MET IGUSHE A

NOTES A CLANK HYOrOLOCI

c
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Table B.l—Continued

M6TOLIUS B MISSION B MCRCANF I6L0 e NABESNA C NESS 0

Mt TRE D MITCH B MORGNEC NACeViLLE C NESSEL 6

MfTZ A MITCHELL B MCR lARTY 0 NACHES e NESSOPAH e

M6X ICU 0 MIT IWANGA C MCR ICAL C NAC IMIENTO C NESTER C
MHOON 0 M 12 PAH C MCRLEY C NACCGCQCHES B NESTUCCA C

MIAHI B MCANC 0 MCRMCN MESA D NAOEAN b NETARTS A

MIAMIAN C MOAPA 0 MCRCCCC A/C NAO INA B NETC B

MICCD A/0 MOAULA A MCHCN 1 0 NAFF B NETTLETCN C
MICHELSON 6 MOBEETIE B MORCP C NAGEESl 8 NEUBERT B

MICHlOAMNe C MCCA 0 MCRRILL B NAGi rsv C NEUNS e

MICK B MOCHO B MGRR I

S

C NAGLE a NEUSKE 6

MinAS 0 MOOA D MCRR 1 SON e NAHMA C NEVAOOR c
MIOOLF C MOCALE C MORROW c NAHUNTA C NEVILLE e

MI DOL EBURY B MODEL C MCPSE 0 NAlwA 6 NEV IN c

MIOESSA 8 MODENA e MORTENSCN c NAKA 1 6 NEV INE 6

HIDLANC 0 MODESTO c MCPTCN B NAKNEK 0 NEVCYEK 0
MIDNIGHT C MODOC c MCRVAL c NAMPE 6 NEVTAH c

MIOVALF c MOENKOPIE 0 MUSBY c NANAMK I

N

A NEVU 0
MIDWAY 0 MOFFAT B MCSCA A NANCY B NEWARK c
M IFFL IN B MOGOLLON 8 MOSEL c NANNY 6 NEHART 6

MIFFL INBURG B MOGUL B MOSHANNCN B NANNYTCN B NEWAYGO e
MIGUEL C MOHAVE B MOSHER 0 NANSENE B NEWBERG e

MIKE D MOHAVE B MCSHERVILLE C NANTUCKET C NEWBERRY c

MI KESELL C MOHAWK B MOS IDA B NANUM C NEWBY B
MILACA B MOIRA C MOSGUET 0 NAPA c NEW CAMBRIA C
MILAN B MOKELUMNE 0 MCSSVROCK 8 NAP lER B NEW CASTLE e

MILES B MOKENA C MCTA e NAPLES B NEWCOMB A

MILFORO C MOKULEI

A

B MCTTSVILLE A NAPPANE

.

0 NEWOALE 8

MILHAM C MOLANO B MCULTON 6 NAPTCWNE B NEWELL B

MILHEIM C MOLCAL B MOUND c NAKANJ 1 TU C NEWELLTCN 0
MILL B MOLENA A MCUNTAINBURG D NARANJO C NEWFANE
MILLARD B HCL INOS 8 MCUNTAINVI EW B/D NARC ISSE e NEWFCRK 0
MILL90RO 0 MOLLY B mcuntainville B NAKD B NEWK 1 RK e

MlLLbROOK B MOLOKAI B MOUNT AIRY A NARLCN c NEWLANDS B
MILL0URNE B MOL SON B MOUNT CARROLL 6 NARCN e NEWL IN e

MILLCKEEK B MOLYNEUX 6 MOUNT HOME B NARRAGANSETT B NEWMARKET B
MILLER 0 MONAD A MOUNT HOCO 6 NARRCmS 0 NEWPORT C

MILLCRLUX 0 MONAHAN C MCUNT LUCAS C NASER e NEWRY 6
MILLERTON 0 MONAHANS 6 MOUNT CLIVE D NASH B NEWSKAH B

MILLETT B MCNAROA 0 MCUNTVIEW e NASHUA A NEWSTEAO 0
MILLGROVE 6/0 MCNCLOVA B MOV ILLE C NASHVILLE 8 NEWTON A/D
MILL HOLLOW 6 MONOAMIN C MCWATA 0 NASCN c NEWIONIA B

MILL ICH 0 MCNOCVI B MOWER C NASSAU c/0 NEwTOWN C
MILL I NGTON B MONEE 0 MOYINA 0 NASSET 6 NEwV ILLE C

MILL IS C MONICO 6 MUCARA 0 NATAL IE c NE2 PERCE C
MILLRACE B MON IDA B MUCET C NATCHEZ a NIAGARA C
M ILLSAP C MCM TEAU 0 MUORAY 0 NAThROP B NIART 6

millsdale 6/0 MONMOUTH c MUD SPRINGS c NAT ICNAL B NIBLEY C
MILLSHOLM C MONO 0 MUGHCUSE c NATRONA B NICHOLSON C

MILLVILLE B MONOL 1 TH c MUIR e NATUR I TA H NICHCLV ILLE C
MILLWOOD 0 MONONA B MUIRKIPK B NAUKAT

I

0 NICKEL 6

MILNER C MONONGAHEL A c MUK U TtC 0 NAUM6URG c NICKLE 0

MILPI TAS c MONROE 6 MULDRCW 0 NAVAJO D MCCOEMUS B
MILROY 0 MONRCEVILLF C/D MULKEY c NAVAN D NICOLAUS C
MILTON c MCNSE b MULLINS 0 NAVARCO B NICOLLET 6

M! MOKES c MCNSERATE C MULT c NAVESINK NIELSEN U
mimosa c MONTAGUE 0 MULTCRPOP A NAYLOR NIGHTHAWK e
MINAM B MONTAL TO c MUMFCRD 8 NA2 B NIHILL 6
MINATARE 0 MONTARA D MUNDF.LE IN 6 NEAPCL I

S

B/0 nikishka B

MINCHt

Y

6 MONTAUK c MUMSING B NEBEKER C NIKLASON B

MINCO B MONTCALM A HUNK C NEtJ 1 SH 6 NIKOLAI D
MI NDAL E B MONTE CKI STO 0 MUNSON 0 NEBO NlLAND . C
MINOEGl B MONT 6GRANDE 0 MUNUSCCNG 0 NECHE C NILES c
MINDEMAN B MONTELL C MUROC 6 NEDERLAND e NIMROD c

MINOEN C MONTtLLO C MURDOCK c NEEDHAM 0 NINCH c

HIM 6 MONTEVALLO C MUREN e NEEDLE PEAK c NINEMILE 0
MINEOLA MCNTGOMERV 0 MURRILL 8 NEECMCRE c NINEVEH 6

MINER D MONT ICELLO B MUSCAT INE 8 NEELEY B NIN IGRET 6
MINERAL A MCNT lETH A MUSE c NEC I TA B NININGER B

MINERAL MT. C MONT MORENC

I

e MUSELLA 8 NEGLEY B NINNESCAH B
MINERVA 8 MONTOSA c RUSICK B N'EHAL EM B MObELL C
MING B MONTCUP 0 MUS IN lA b NE IL ton A NIGTA 0
MINGO 8 MCNTCYA c MUSK I NGUM c NE I SSCN 6 NIPE B

MlNIOl'KA C MONTPELLIER c MUSKOGEE C NEK I A C NIPPERSINK B
MlNNE I SKA C MGNTRUSE d MUSSELSHELL e NELLIS B NIPSUM C
MINNEOSA A montvale u MUSSEY 0 nelscctt B NIRA B
MINNFOUA 6 MCNTVEROE A/0 MUSTANG A/O NEL SCN B N I SHNA C
MINNETONKA 0 MONTWELL c MUTNALA 6 NEMAH C NISHCN L
MINNcWAUKAN 6 MOCOY B mutual 8 NENANA b NISCUALLY A
MINM FCf 0 MC'^HCO n MYAKKA A/C NtNN( B NISSWA B
MINOA C MCCSE RIVEF c MYATT e/C NECLA 0 NIU B
MI.4QRA c MORA u MYERS 0 nectcma e NlUL I 1 C
M INTO B MCRAOO c MYERSVI LLF B NcPESTA c MVLCC c

'

MINU D morales c MYLHEA B N b P H I 6 NlwCT c
M INVALE 3 mcro c MYR ICK 0 NtPPFL e N 1 XA c
MIRARAL C MOP F AU c MYRTLE B NtPTUNf A M XCN B

MIRACL 6 B MORE MEAD c MYSTEN A NERESCN ti N I XCNTON b

MIRA-^AK B MOREHOUSE c myst ic D NESDA A NIZ IAN
M 1 R ANOA 0 MORELAND 0 MYTCN B NESHAMINY e NOBLE
MiRf S 6 MORELANOTON A NcS IKA B N06SC0TT A
HIKKUR B MCREY c N-BAR B NESKCW I

N

0 NODAWAY 6
M IRRQO [ akF A MCf-F I TT e NAALEHU B NESPELEM B NOEL 0

A BLAfiK HVDPnLnnir boil nroiip i''nicATFB toe boii oppi'p ma'' pot rffn CFTERn»'En
TWO SOIL OROIIPB SIIPM A'' p/r ir'OIFATFB TI'F PPM ''Fn/I"'PPA

| •'FO EITUATIPP
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Table B-1—Continued

NOHILI 0 CCILLA C CNSLCW 6 owesso B PARALCHA c
NOKASIPPI 0 cckley B ONTAR IC 6 OWYHEE 6 PARAMORE D
NOKAY C ocoee A/0 CNTKO B/0 CXALIS C PARASOL B

NOKOM 1

S

B OCONEE C CNTCNAGCN 0 OXBCW C PARCELAS 0

NULAM 6 CCCNTO 6 CKYK B OXtRINE c PARDEE 0
NOL ICHUCKY B CCCSTA C gckala A CXFCRO c PAREHAT B

NOl IN B ocoueoc B OPAL 0 CZAMIS e/0 PARENT C
NOLO B OCTAGON 6 OPECUON C/0 02AN 0 PARIETTE c
NOME C ODELL 6 CPHIR c OZAUKEE C PARIS
NCNOAL rON 6 COE RHOTT C OP IHIKAC 0 PAR ISHVILLE C
NGNOPAHU L) ODESSA 0 CQUAGA C PAAIKI B PARKAY B
NOuKACHAMPS C/0 COIN C ORA C PAALCA 6 PARKOALE B
NOUKSACK B DONE C CRAN 0 PAAUHAU A PARKE B
NOONAN 0 O'FALLON 0 CRAKGE 0 PACHAPPA fi PARKER a
NOKA B OGOEN 0 cranceburg 0 PACHECO e/C PARKFIELO c
NORAO B GGEECHEE C CPCAS D PACK C PARKHILL 0
NCKbC.RNe B CGEMAW c ORCHARD B PACKARD B parkhurst
NOKbY U OGILVIE c CPO A PACKER C PARKINSON B

NOkO B CGL ALA e CRCNANCE C PACKHAM B PARKVILLE C
NOR OfN 6 OGLE B OROWAY U PACKSAOOLE B PARKWOCO A/C
ncronf ss 8 OHAYSl c uRELlA D PACKWCCO 0 PARLEYS 6

NGHF.'AK 6 OH I A A ORELLA 0 PACOLET B PARLIN C
NCKOr- B OJA 1 fl CREM A PACTCLUS C PARLO B

NCkKA 8 OJATA 0 CREST IM6A C PAOEN c PARMA C
NCK“A B CKANCGAN B CKFCRO C PADRONI e PARNELL 0
NORkJ- ST C OKAW 0 CRIDIA C PADUCAH B PARR 8

NOkH I

i

C OKEECHOBEE A/0 OR IF A PAOUS 6 PARRAN D
NOR FHDAL E c CKfcELANTA A/0 CR ir C PAESL 6 PARRISH C
NO< IHF I FLC B CKt MAH C lRICN 6 PAOET B PAR SHALL e
NUK iHPrjR T CKLAREO B CR ITA B PAGOCA C PAHSIPPANY D

NORTH Pr«CFH c CKLAWAHA A/D CPLANO B PAhKANAGAT C PARSONS 0
NOR Thij'^OF RL ANC C/D CKMOK C CRLANOC A PAhwE Ah D PARTRI c
NOR Tun C OKO 0 Crkan C PAHPCC D PASAGZHAK e
NGHTOWI LL6 c LKUBGJI c URMSBY B/C PAIA C PASCO B

NOR TUK b 0 OKCLONA r CHCOELL C PAICE C PASC SECO 0
NORWALK B CKPEEK u ORCF INC B PAINESVILLE PASCUETTI c/0
NORWAY FLAT A OKT I B0EHA 0 OHO GRANDE C PA I NTRGCK B PASQUOTANK 6/0
NORwFLL c OLA c ( PC NO 0 PAI T B PASSAR c

NOr<WlCH 0 OLAA A ORCVAUA C PAJARITO B PASS CANYON 0
NCRWO''0 8 OLALLA C CKR C PAJARO C PASSCREEK B

NOT 1 0 CLANTA B LRRVILLE C PAKALA 6 PASTURA 0
NOTUS A CLATHE C CRSA A PAK IM B PATAHS e

NCVARA 6 OLD CAMP c CRS INO A PAL A 8 PATENT c
NUVARV d OL(»HAM c ORTELLC A PAL AC 1C a PAT ILLAS e

NOwC'JO c OLDS t CRT IGAL I TA C PALAPAL A1 B PATILO c

NO>. c CLUSHAR b/0 CRT ING c PALATINE B PATH CREEK 6

NUHY c CLOHlCK H CPTIZ c PALESTINE B PATNA C

NU*. ROLLS c CLELO 6 rPWLOC B PAL 1 SADE B PATCUTVILLE c
NUCLA B TA ENA 8 ( SAGE 0 PALMA 8 PATRICIA e

NOFCES c CL t QUA 0 eSAK IS 6 PALHARc JO C PATRICK e

NUGcr r c CLE IE B LSGCCC b PALM BEACH A PATRCLE c

NUHA c OLEK B LSEA B PALMER 0 PATTAM 0
NUNOA c OLGA C GSHAWA 0 PALMER CANYON B PAT TEN6URG 6

NUNICA c CL I O' SHEA c PALMICH B PATTERSON c

NONN c CUAGA h C SRKCSH c PALMS C PATTON 6/C
NUSS 0 CL I NUA d CSHTCMO B PALMYRA B PATUAY C

NOTL r Y c LL 1 PHANT ri CS iCR 6/0 PALO 6 PAUL B

nuthas c CL iVcHAlN C '-SKA C PALLMAS e PAULDING 0

NUTR lose B CL 1 Vt R R L SHUNT B PALOMINO 0 PAULINA C

NUVAL OF c CL 1 VIER C ISC B PALlS VERDES e PAULSELL 0

NYAL A 0 CL^'I TO D cscee 0 PALLUSe B PAULVILLE e

NY-^CRF A CLMl TZ 3 OSCR IDGE C PALSGPCVE e PAUMALU B

NVbSA C CLOGS C CSLIE B PAM.L ICC D PAUNSAUGUNT 0
NVSSA TON B CL;^ST£D e /0 CS5 I^N C PAMLA C PAUSAM e

NVSTRCM C CLNE Y 8 OST B PAMSCEL 0 PAUWELA B
CLCKUl C cstpancer B PAN A B PAVAHRCC B

I'AHE R CLPE C CTERC B panaca C PAVANT 0
UAKUAL fc B OLSCN c CTE-eUC U PANAEWA 0 PAVILL ICN 6

OAKObN 0 CLTON c ( T I S C PANASCE FKEE 0 PAWCATUCK 0
lAKFCKO H OLUSTEE e/D CT I SCO A PANChER

1

B PAWLET e
f AK GLEN rt LLYIC R OT ISVILLE A PANChUELA c PAWNEE u
OAK Go-ivE C OLYMPIC 0 cTLEY B PANCe e PAXTON C
OAK LAKF b cmaha p f TStOC C panclah c PAYETTE B

LAKLANO c CMAK c liter B/0 PANDORA 0 paymaster B

OAKS b IPGf c CHEGA A CTTLhBEIN C PANGURA 0 PAYNE C

OAKVILLE A TMENA R CTTEkhCLT b pane B PAYSCN 0

l AK WOUl- 0 CHNI c Cl tlkef A PANCUI TCH B PEACHAM c
CANAP'JKA B CNA A/U riUAY 0 PANHILL e PEARL HARBOR D
OASIS R CNAL ASKA ri UT WELL c PANIC C(Jt B PEARMAN
1 .AT HAN b cnamia P CUACHITA c PANKY c PEARSCLL 0
flHAN c CNARGA p OURAY A PANCCHE R PEAVLNE c
OHAR 1 u ONAWA 1' OLTLtT c PANuLA U PECATCMCA H
l ER AY 0 CNAWAY B OVALL c PANSEY 0 PtCCS C
nUURN u CNOAWA L CVf. rOAARC c panthe-< c PEDEE c
OCALA 0 CM I OA B OVERLY c P A N T L N c PEOERNALES c

fH.EAMT 0 (.'NE ILL P LVt RTCN c PAOL A A PEU IGO d/C
UCbANf; A ONE I'NTA M rv IC c PALL 1 0 PEDLAR c
UCHF Yf ')AN 3 OM TA C (VINA B PAPAA c PEDRICK B

LCHLOCKCNtC B CM TE B OwEGC 0 PJPA 1 A PEEBLES C
UCHf D LM TA C ».RLN CREEK c PAPAKAT ING 0 PEEL c

C CNCVA 1 ( w r N i 0 PAP( CSr c PEELER 8
OCi.!. PC* B/D CNKAY 0 f WHi 6 PAKAC I SC c PEEVER C

MOTTS A pLAMK HYDROLOr ir '‘Of L r.ppnp i»in| ''ATF'^ T(’F SOIL OPOIJP PAS MOT BFFM OFTERMIMEO
TWO SOIL OROIIPS Rurw A' R/0 IHOtrATrC TWR OPA inFO/UHOPA I I'FO 'ITIIATIOM
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Table B .1—Continued
B-15

PLGLtK 0

Pf CP AM ft

PhKIN C

PPLHAM 6/0
PK IL C
PfLlA 0

PCUlNA C

P(-MnFPTUN A
PIMPIKA C

PfMRR,,Kf 0

PENA ft

PENCE A

PENOtN B

PENC LPt ULE 0

PENDPGY U
PIMSTAJA 6

PEMTFNTE B
PI NN C

PENNfL C

PENNISG1UN 6
PFNMSUIA C

PfND C

PENOYEP C
PfNftOSL 0

Penthouse n

PENT/ 0
PtNWOOO A

PEUCA C

PEOH C

PtONE B/C
P6UTUNE C

PEPOON B

PEOUfcA C

PERCHAS 0
PEHClVAL C

PERELIA C

PERHAM C

PEkICO B

PERMNS C
PERKS A

PERLA C
PERMA A

PERNANENTE c
PERRIN B
PERklNE 0

PtRR'JT 0
PERRY 0
PERRYVlllF 6

PEmSAY' 0
PERSHING C

PERSIS 0
PERT D
PERU C
PESCAOERr C/D
PESET C
PESHASTIN B

PfSU C
PETEETNFET 0
PCTFRHORO 6
PETERS 0

PETOSKT

Y

P C T P I K 0
PFTkOLlA 0
PCTTUNS C
PEtaAMO 6/0
PfYTON B
PHACE 6
PHAP. ’ 6
PHARCl IG 0
PHE BA C
PHFt f.» Y 6

PHELAN B
PHtLPS B

PHIFcRSON H
PhILjCN D/O
PHILLIPS C
PHlLLIPShURG A

PmU.J b

PH|LfJ‘'ATH 0
PHIPPS C
PMOtlE 6

PHClrNll 0
PIASA D
PICACHC C

picayune ft

PICkAkAY C
PICKENS 0
PICKETT B

PICKEflRO 0
PICKWICK B

Picn 0
PICTnu 8

PIE CREEK D

PIERIAN A

PIE RPONT C

PIE RRE 0

PIIHLNUA A

PIKE e

PIlCHUCK A

PILGRIM R

PILOT 0

PILOT ROCK C
PIMA B

PINAL D
PINALENO B

PINATA C

PINAVEIES A

PINCHER c

PINCKNEY c

PINCONNING 0
PINCUSHION B

PINEDA B/0
pinecale b

PINEGUE ST B

PlNELLOS A/0
PINE TOP C

pineville B

PINEY C

PINICCN e

PINKEL C

PINKSTON B

P INNACLES C

PING C

PINULA c

PINOLE B

PINCN C

PINLNES U
PIMAS 0
PINTLAR A

PINTO C

PINTURA A

PINTWATER C

PIOPCL I

S

0
PIPER e/C
PIROUETTE c

pisgah c
PI SHKUN 6

PISTAKEE B

PI T D
PITTMAN C

PITTSF 1 ELO e

PI TTSTOWN c

PITTWOOO B

PLACENT I A C
PLACER I TOS C

PLACID A/0
PLACK C
PLAINFIELD A

PLA I NV I Ew C
PLAI STEO c

PLANO b

PLATA B

PLATEA 0
PLATEAU B

FLATNER C

PLMC C

PLATTE c

PLATTVILLE D

PLAZA 0/C
PLE ASANT 0

PLEASANT GROVE e
PLCASANTUN B

PLEASANT VALF 6

PLEASANT VIEW 6
PLEDGER C

FLECK C

PLO INE C

PLEVNA c

PLOME C

PLOVER 8

PLUMAS P

PLUMMER B/0
PLUSH 0

PLCTH b

PLUTOS 0
PLYMOUTH A

PPALL C

pcarch B
POf ALL A A

PGCATFLLO 0

POCKER D

POCOMOKE C
PODO 0

PCOUNK e

PCE B/C
PCCANEA8 C

PCCUE 6

PCHAKUPU A

PLINSETT e

pciKT e

PtINT ISABEL C

POJOAOUE B

PGKECEPA 6

PCKER B

POLAND
POLAR 6
PCLATIS C

POLE A

PCLEfcAR C

PCLElIKE B

POLEC C
PCLEY C
PCLICH C

PCLLARO C
POLLASKY C

POLLY B

PCLC 6

PCLSCN U
PCLVAOERA C

PCKAT C

PCkELLC C

PCkPANC A/D
PCkPCMC C
PCKPTCN 6

POkROY B

PCNCENA 0
FCNCHA A

POND B/C
PLNC CREEK B

PCNCILLA A

PCML 0

PCMCTCC e

PCK/ER 0
POCKU A

PCOLE e/0
POCLER 0

PCCRHA B
PLPE B

PCPPLETCK A

PCCUCNCCK C

PCRRETT 8/0
PORT B

PCRTAGEVILLE 0
PCRTALES C

PCPT BYRCN B

porters B

PCRTERVILLE 0

PGPThiLL C

PORTING C
PlRTLANO 0

PORTNEUF 8

PCRTCLA 0

PCkTSkCUTH 0
PCSANT C

POSEY B
PCSITAS 0
POSKIK C

PCSCS C
POST 0

PCTAMC D
potlatch c

PCTRAT/ 0

POTSCAM C
PCTTrP C

POTTER 0

POTTS B
PCGCRE 6

PCULTNEY 8
poverty a

PCkCER 8

PCWCERHGRN C
POWELL C

POWER B

PCWHITE C
PCWOEY 0

PCWWATKA 0

PCV 0
PCYGAN 0
PC/C C/0
PLZO BLANCC B

PRAG C
PRATHER B

PKATLEY C
PRATT A

PREACHER B

PKEflISH 0

PREBLE C

PRENTISS C

PkESwUE ISLE B

PRtSTO A

PRESTON A

PREWITT C
PREY 0

PRICE C
PHIOA 0
PRIDHAH G
PRIETA C

PkIMFAUX C
PRIMCHAR e

PKINCETCN e

PRINEVILLE C

PRING B

PRINS C
PRCCTCP e

PROGRESSG C

PRUklSE 0
PRCMC 0

PRUkCKTORY B

PkuNG C
PROSPECT B

PRGSPEk B

PROSSER C
PRUTIVIN C

PkOUT C
PRCVIOENCE C
PROVC C
PRCVC BAY 0

PRCWERS 6
PTARMIGAN B

PUAULU A

PUCHYAN A

PUOOLE 0

PUERCO 0
PUETT C

PUbE T C

PUGSLEY B

PUH 1 A
PUHIMAU 0

PULASKI e

pule'hu b

PULLMAN 0

PULS 0

PULSIPHER 0
PULTNEY C

PUMPER C
PUNA A

PUNALUU C

PUNGHU A
PURDAH C
PURDY 0
PURGATORY 0
PURNER 0

PURSIEY e

PURVES 0
PUSTOI A

PUTNAM C

PUUKALA 0
PUUONE C

PUU CC A

PUU CPAE B

PUU PA B

PUYALLUP 6

PYL F A

PYLCN C

PYCTE A

PYKAMIO C

PYKMCNT 0

CUAKER C

OUAKERTCMN 6

QUAHBA 0
ouanah e

OUANOAHL 0

GUARLES C

GUAHT/3URG C
QUATAHA C
quay c

OUEBRAOA C

OUEETS B
QUEMADC C

CUENZER 0
OUlCKSELL C
QUIGLEY b
CUILCENE C
ouillayute b

QUIM0Y C
QUINCY A

QUINLAN C

QUINN 0

tiUlKNEY c
QUl NTCN
QUITMAN c

OUONSE T A

RABER c

RABEY A
RABIOEUX 6
RABUN 6

RACE 0
RACHERT D
KAC INE B

RACOON 0
RAD c

RADFORD e

RADLEY c
RADNOR 0

RAFAEL 0
RAGLAN 0
RAGNAR B

RAGC c

RAGSDALE 6/0
RAGTCHN 0
RAHM c

RAIL c /0
RAINBOW c

RAINEY e
RAINS B/O
RAINSeORO c

RAKE 0
RAOSEN 8/C
RAMADA c
RAMAOERO e

RAMBLER B

RAMELLI c

RAHIRES 0
RAMPEL c

RAMC c
RAMCNA B

RAMPART B
RAMPAKTAR A

RAMSEY 0
KAMSHORN B

RANGE c

RANCHERI

A

6
RANC B
RANOAOC C
RANDALL 0
RANDOLPH D
RANCS c
RANGER 0
RANIER c
RANKIN c
RAMOUL 0
RANYHAN 6

RAPELJE c
RAPHO e

RAPIOAN B

RARCEN c
RAR ICK B
RARITAN c

RASBANC e

KASSET 6

kATHBUN c

RATLIFF B

RATCN C
RATTLER e

RAUe 6
RAUVILLE D

RAUZl 6

RAVALLI C
kAVENOALE 0

RAVENNA C
RAVCLA B

KAWAH B

RAWHIDE 0
RAWSCN 8

RAY 6

RAYADO C
RAYENOUF 8

RAYMONOVILLE 0
RAYNE e
RAYKESFCRO e

RAYNHAM C

RAYNOR 0
RAZOR C
RAZCRT 6

READING C
kEAOlNGTCN C

REAOL YN 8

REAGAN e

A BLANK MYnnOLnrir soil GPOUP IMnirAT^S TP** soil CPODP has hot PFFM OFTEPMIftEP
TWO SOIL CROUPS SUCH AS B/C IMPICATFS THF 0 oa |
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B-16
Table B.l—‘Continued

REAKOR 6 RHOADES D PCCK RIVER e RUOYARC c SALMON b

REAL 0 RIB C RCCKTON 6 RUELLA b SALOL 0
REAP 0 RICCO 0 RCCKHELL B RUGGLES B SALCNIE B

REAROAN C RICETON B RCCKHOCO e RUIDOSO t SALTAIR 0
REAVILLE C RICEVILLE C ROCKY FCRO e RUKC D SALT CHUCK A

REBA c R ICHAROSON B PCOOY RULE 8 SALTER B

REBEL B R ICHEAU 0 RODMAN A RUL ICK C SALTERV 0
REBUCK RICHEY C ROE RUMBO C salt lake 0

RECLUSE 0 RICHFIELD c ROEBUCK 0 RUMFORO B SALUDA C
REOBANK 6 RICHFORO A ROELLEN 0 RUMNEY C SALUVIA
RED bay 6 R ICHLIE A RCESIGER B rumple C SALVISA c
RED BLUFF 8 R ICHMONO c RCHNERVILLE B RUM RIVER C SALZER 0
REO BUTTE e R ICHTER B RCHRERSVILLE C RUNE C SAMBA 0
RFOSy c RICHVALE 6 POKE0Y 0 RUNNELLS C SAMISH c /0
REOCHIEF c RICHVIEH C ROLETTE c RUNNYMEOE B SAMMAMISH c

HEDCLOUO B RICHHOOO B ROLFE c RUPERT A SAMPSEL 0
REDDICK C R ICKHCRE C ROLISS 0 RUSCO C SAMPSON 8

REDOING 0 RICKS A RCLLA C RUSE D SAMSIL 0
REOFIELD B RICREST B ROLLIN 0 RUSH C SAN ANDREAS c

REO HILL C RIDO C ROLCFF c RUSHTCHN A SAN ANTON B
RED HOOK C R lOGEBURY C POMBO C RUSHV ILLE C SAN ANTONIO C
REOLAK6 0 RIDGECREST c ROMEO C RUSS B SAN ARCACIO 6

REDLANDS B RIDGEDALE B ROMNEY C RUSSELL 6 SAN BENITO B

REOHANSON B RIOGELANC 0 ROMULUS 0 RUSSELLVILLE C SANCHEZ D
REOHONO C R lOGEL AWN A ROND 0 RUSSLER C SANOALL c

REONUN C RIDGELY B RCNNE6Y B RUSTON e SANDERSCN 8
REOOLA B RIOGEV ILLE 6 RCNSCN B RUTLAND c SANCLAKE 0

REOONA e RIDGEHAY 0 ROSACH! C RUTLEGE 0 SANCLEE A

REORIOGE 8 RIETBROCK C RCSAMCKD B RYAN c SANELl 0
REOROB B flIFFE B ROSANE C RYAN PARK B SAN EMIGOIO B

REO ROCK B RIFLE A/0 RCSAR IC C R.Y06 B/0 SANGER B
REO SPUR 6 RIGA 0 RCSCCE D PYOER c SAN GERMAN 0
REDSTOE B RIGGINS A RUSCCMMCN 0 RYEGATE 6 SANGO c

REOTHAYNE B RILEY C RCSEBERRY B RYEPATCH 0 SANGREY A

REOTQM C RILLA B ROSEBLCCM 0 RYER c SANILAC c
REDVAL E c RILLITO 6 RCSEBUO B RYUS c SAN ISABEL B

REDVI EH c RIMER C RCSE6UPC 6 SAN JOACUIN 0
REE B RIMINI A ROSE CREEK C CABANA c SAN JON c
REED c RIMROCK 0 ROSEGLEN 6 SABANA SEGA 0 SAN JOSE 6

REEDER 6 RIN b RUSEHILL 0 SABENYO B SAN JUAN A

REEOPOINT c RINCON C RCSELANO 0 SABINA c SAN LUIS B

REFOY c RINCONADA c ROSELMS 0 SABINE A SAN MA-TEO C
REELFOOT c RINGLING c RCSEMOLNT 8 SABLE 0 SAN MIGUEL c

REESER c RINGC 0 ROSENOALE B SAC B SANPETE A

REESVILLE c RINGCtO 6 RCSFV ILLE B SACO C SANPITCH c

REFUGE c R INGHOOO b RCSEHORTH C SACRAMENTO C/0 SAN POIL B
REGAN 6 RIO D RCSHt SPRINGS C SACUL 0 . SAN SABA 0
REGENT c RIC ARRIBA 0 ROSITAS A SADDLE 0

• SAN SEBASTIAN B

REHH c RIO GRANDE 6 RGSLYN 8 SADDLEBACK B SANTA C
REICHEL B RIO KING C RCSMAN 6 SADIE 6 SANTA CLARA c
REIFF B RIO LAJAS A RCSNEY C SADLER C SANTA FE 0
REILLY A RIO PIEDRAS 6 RCSS 8 SAFFELL 6 SANTA ISABEL 0

REINACH B RIPLEY B RCSS FORK C SAGAN 1,NG 0 SANTA LUCIA c
REL AN A RIPON 6 ROSSI C SAGE 0 ^ANTA MARTA c

RELAY B RIRIE 6 RCSSMCYNE % SAGEHILL B SANTANA c
RELIANCE c RISTA c RCSS valley c SAGEMOOR C SANTAOUIN A

RELU 0 RISUE 0 RCTAN c SAGERTCN c SANTA YNEZ c

RELSE B RITCHEY B RCTHIEMAV 6 SAGINAH SANTEE 0
REMRERT 0 RITNER C RCTHSAY 8 SAGC 0 SANTIAGO e

REMMT A RITTER B rcubioeau C SAGOUSPE c SANTIAM c
RENSEN 0 RITTMAN c ROUEN C SAGUACHE A SAN TIMOTEO c
REHUDAR B RITZCAC 0 ROLNO BUTTE 0 SAHAL

I

6 SANTCNI 0
REHUNOA C RITZVIl LE B PCUNDTCP c SAINT ALBANS B SANTOS c
RENFROta D RIVERHEAD 6 RCUNOUP c SAINT CHARLES U SANTO TCMAS 6

RFNO 0 RIVERSIDE A RCUNUV C SAINT CLAIR 0 SAN YSIORO C
RENOHILL C K IVERTCN 6 ROUSSEAU A SAINT ELMO A SAPP 0
RENOVA B RIVERVIEM B RCUTON 0 SAINT CtORGC c SAPPHIRE B

RENOX B RIVRA A ROUTT C SAINT HELENS A SAPPINGTON 6
RENSHAW B RIXIE C RCVAL 0 SA1N1 IGNACE c SARA C

RENSLCi* B RIZ 0 RCHE D SAINT JOE b SARALEGUI b

RENSSELAER C RCANCKE c HLHENA 0 SAIM JCHNS d/U SARANAC c
RENT IDE C ROBBINS 6 RCHLANG C SAINT LUCIE A SARAPH c
RENTON B/C RCBBS 0 RCHLEY B SAINT MARTIN c SARATOGA b
RENTSAC C ROBERTS 0 RCXBURY B SAINT MARYS B SARCO 8

REPARAOA 0 R06ERTS0ALE c HCY 6 SAINT MCHCLAS C SARDINIA C
REPPART B ROBERTSVILLE 0 ROYAL b SAINT PAUL B SARGEANT 0
REPU8L IC B ROBIN B POYALTCN c SAINT THOMAS D SAR ITA A

RESCUF C RCHINSON D RCYSTCNE B SALAOO B SAKKAR C
RESERVF B ROblNSCNVILLE 6 PCZA 0 SALAL 6 SARPY A
RESNER B RCPLEDO 0 RCZELLVILLE B SALAMATOF C SARTELL A
RET B/C ROB ROY c RCZtTTA B SALAS C SASKA e

RETRIEVER 0 ROBY c RCZLEE C salchaket B SASSAFRAS B

RETSOF c RCCHE c PUARK C SALEM e SASSER 0

retsuk 6 ROCHELLE c RUeiCCN A SALtMSbURG b SATANKA c

RExeURG 8 ACCHEPORT c Ruein C SALGA c SATANTA e

REXCH A ROCKAHAY c RUBY b SAL IDA A SATELLITE c
REYES C/0 ROCKCASTLE 0 PUCF b SAL INAS c SATT 0
RFYNOLUS ROCK CREEK 0 RUCKLES 0 SAL I SBURY 0 SATTLEV e

RF YNOSA B ROCKFORD b RUCL ICK c SAL 1 X 6 SATTRE B
REYHAT 0 ROCKINGHAM C/O RUCC 0 SALKUM c SATL'S 6
RHAHE B ROCKLIN c RUOEEN 6 ibALLlSAta e SAUCE b

RHINEBECK 0 ROLKPORT RUDOLPH c SALLYANN c SAUGATUCK C

Nf)TES A BLANK HYDROLOGIC SOI L OROIIP r'DI CATFS THF SOI L GPOIJP has r'OT RPFM OFTEPr'IMEO
TWO SOIL CiPOUPS SDOH AS P/C IHOICATFS THE OPA I tiFO/'K'tlPA IHFO SITUATION
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SAUOUS B SELFRIOGE c SHICCTCN 6 SKI YOU B SPARTA A

SAUK B SELKIRK 0 SHIPLEY C SKOKCMISH B/C SPEARF ISH 6

SAUL ICH 0 SELLE B SHIPRCCK B SKCCKUMCHUCK e SPEARVILLE C

SAUM C SELLERS A/0 SHIRK 6 SKCWHEGAN b SPECK 0

SAUNOFKS c SELMA H SHCALS C SKULL CREEK 0 SPECTER 0

SAUVie c /0 SEMI AHMOO C SHOEFFLER B SKUMPAH c SPEELYAI C
SAUVUL

A

c SEMIt<MOO 0 SHCNK IN 0 SKUTUM c SPEIGLE e

SAVAGE c semikario 0 SHOCK A SKYBERG c SPEKARC c
SAVANNAH c SEN B SHCREWOCO C SKYHAVcN D SPENCER 6

SAVC c SENECAVILLE C SHCREY B SKYKCMI SH B SPERRY c
SAVOi

A

B SEt'UATCHlE 8 SHCRN B SKYL INF c SPICER C

SAwAer D seouim A SHCRT CREEK 0 SKYWAY B SPILLVILLE e

SAWATCH C SEGUCI

A

c SHCSHONE D SLAB c SPINKS A

SAWCREEK B SERENE D SHCTWbLL D SLATE CREEK c SPIRIT B

SAWMILL C SERNA D SHCUNS B SLAUGHTER c SPIPO e

SAWYEfi c SEROCO A SHCWALTER C SLAVEN c SPLENOCRA c
SAXBY 0 SERPA C/0 SHOWLGW C SLAWSCN B SPLITROCK 0

SAXCN B SERVCSS D SHREWSBURY 0 SLAYTCN C SPCFFORO c
SAY3ROUK 6 SESAME C SHRINE B SLEETH c SPOKANE 6

SAYLESVILLE C SESPE c SHRCUTS 0 sletten D SPONSELLER e

SAYLOR A SESSIONS c SHUeUTA C SLICKRCCK B SPOON BUTTE 0
SCALA B SESSUM 0 SHULE e SLIGHTS C SPOCNER c

SCAMMAN C SETTERS c SHULLSBURG C SLIGC B SPOTTSWCOO B

SCANOI

A

B settlemeyer 0 SHUMWAY 0 SLIKOK c SPRAGUE 6/C
SCANT IC C SEVERN B SHUPERT c SLIP B SPRECKELS C

SCAR A SEVILLE 0 SHtWAH B SLOAN C SPRING C/0
SCARHORU 0 SEVY c SI 6 SLOCUM e SPR ING CREEK C
scAve C SEWARD B SIBLEYVILLE B SLODUC C SPRINGDALE 6
SCHAFEENAKER A SEWELL B SIBYLEE 0 SLOSS c SPRINGER B

SCHAM6EP A SEXTON 0 SICILY 6 SLUICE B SPRIKGERVILLE 0
SCHAMP C SEYMOUR c SICKLESTEETS C SMARTS B SPR INGF lELD D
SCHAPVILLE C SHAAK 0 SIOELL 6 SMITH CREEK A SPR INGMEYER C

SCHEBLY 0 SHAOELANO c SIEANCIA B SMITHNECK 6 SPR INGTOWN C
scherrapd D SHAFFER A SIEBER A SMITHTCN 0 SPUR B

SCHLEY B SHAKCPEE C SIELC C SMCLAN c SPURLOCK B

SCHNCRHUSH C SHALCAR 0 SIERCCLIFF 0 SMOCT D SOUALICUM B
SCHOOACK SHAH 0 SIERRA B SNAG B SQUAW e

SCHOOSCN C SHAMBO B SIERRAVILLE 6 SNAHCPISH B SQU ILLCHUCK B
SCHOFIELD B SHAMEL B SIESTA 0 SNAKE C SQUIM B

SCHCHAHIE C SHANAHAN 6 SIFTtN B SNAKE HOLLOW 8 SQUIRES B

SCHOLL

E

C SHANOON SIGNAL 0 SNAKELUM B STAATSBURG
SCHOOLEY c /0 SHANE 0 SIGURD B SNEAD D STABLER 0
SCHRIER B SHANO 6 SIKESTQN 0 SNELL C STACY 8
SCHROOK B SHANTA 6 SILCCX 6 SNELL (NG B staoy 6

SCHUMACHER B SHAPLEIGH C/0 SILENT D SNOHCM 1 SH 0 STAFFORD C
SCHUYLKILL B SHARATIN e SILER 6 snooualmie 6 STACECOACH e
SCIC B SHARKEY 0 SILERTCN 8 SNOW B STAHL C
SCIOTOVILLE c SHARON 6 SlLl D SNOWDEN C STALEY C
SCISM B SHARPSBURG R SILVER 0 SNOWL IN B STAMBAUGH 6

SCITUATE C SHARVANA c SILVER6CW D SNGWVILLE 0 STAMFORD 0
SCOBEY c SHASKIT 6/C SILVER CREEK D SNOWY A STAMPEDE 0
SCOOTENFY B SHASTA A SILVERTCN C SOAP LAKE e STAN 6
SCORUP C SHAVANO b SILVIES 0 SOBOBA A STANOISH C/0
SCOTT 0 SHAVER B SIMAS C SOBRANTE c STANEV 0
SCOTT LAKE B SHAWANO A SXMCOE c SODA LAKE e STANFIELD c
SCOUT A SHAWMUT 6 SIMECN A SOOHOUSE c STANLEY c
scowlale C SHAY D SIMPLER D scous c STANSfiURY 0
SCRANTON B/0 SHEAR C SIMNER A SCEL6ERG 6 STANTON 0
SCR 16A C SHECKL6R C SIMCN C SOFIA c STAPLETON b

SCRIVER B SHECO C SIMCNA B SGGN D STAR6UCK 0
SCMOGGIN C SHEEGE 0 SIMPERS 6 SOGZIE B STARICHKOF D
SCULL IN C SHEEP CREEK C SIMPSCN C SOLANO 0 STARKS c
SEaBROOK A SHEEPHEAO C SIMS 0 SCLOATNA e STARR 6

SEAMAN C SHEEPKOCK A SINAI C SOLDIER 0 STASER 0
SEAOUEST C SHEETIRCN c SINCLAIR B SOL OUC e STATE 6
SFARCFL IGHT C SHEFFIELD 0 SINE C SOLLEKS c STATEN D
SEARING B SHELBURNE c SINGLETREE 0 SCLLEH 0 STAVE c
searla B SHELBY B SINGSAAS B SCLOMCN 0 STAYTON 0
SEARl ES C SHELBYVILLE 6 SINNIGAM C SOLCNA B STEAMBOAT 0
SFATON B SHELDON S INUK 6 SOMBRERO D STEARNS D
SEATTI E D SHEL IKOF C SION e SOMERS e STECUM A
SEBAGC 0 SHELLA6ARGER B SICUX A SCMeHSET c STEED A
SEBAST IAN D SHELLORAKE A SIPPLE A SOMERVELL e STEEOMAN 0
SEBASTOPOL C SHELLROCK A SISKIYCU b SCMSEN c STEEKEE c
SEBEKA 0 SHtLMADINE 0 SISSETCN b SCNCI TA 6 STEELE 6

SEBEWA B/0 SHELOCTA B SISSCN B SONCMA 0 STEESE C
SEBREE 0 SHELTON C SITES C SCNTAG c STEFF C
SE6R ING 0 SHFNA c SITKA e SOPER 8 STEGALL C
SECATA C SHENANDOAH c S IXMILE 6 SCguEL 8 STE IGER A
SECRET C SHEPPARD A SUEMCRE B SORF c STE INAUER B
SECRET CREEK B SHER lOAN B SIZER B SORRENTO B STE INBECK B
SEDAN SHERM 0 SKAGGS B SORTER 0/0 STE IN'MET: D
SEECSKAOEE 0 SHERRYL 6 SKAGIT 0/C SOSA c STE INSBURG C
SEES C SHIBLE e SKAHA A SCTELLA C STE IWER c
SEEWEF 6 SHIELDS C SKALAN C southfcrk 0 STELLAR 0
SEGAL 0 SHIFFER R SKAMANIA B SOUTHGATE c STEMILT C
SEGNO c SHILOH C SKAMCKAWA 6 SUUTHW ICK c STENOAL C
SEHCHN 0 SHI NAKU c SKANEE C SPAA 0 STEPHEN c
SEJITA 0 SHINGLE 0 SKELLCCK B SPACE CITY A STEPHENSBURC e
SFKIU D shingletown c SKERRY SPADE B STEPHENVILLE 6
SELAH c SHINN 0 skillet C SPALDING C STERLING A
SELDCN c SHINROCK c skinner C SPANAWAY B STERL INGTON e

Nf)TES A BLANK HYDROLOGIC sni L r.POOP INDICATES Thp SOIL r.PDt;p HAS POT PCFN DFTEPMr’Fn
Tun SOIL GPniips Gurn as b/g innirATFS thf opa u'Eo/nMpnAi"Fn situation
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STf TSCN B SUNSET 6 TALLAFCCSA c TENSAS 0 TIMKEN 0

STETTEi? D SUNSHINE C TALLEYVILLE B TENSED c TIMMERMAN B

STEUBEN B SUNSWEET c TALLS B TENSLEEP 6 TIMMONS 6

STEVENS B SUPAN B tallula e TtOCULL

I

B TIMPAHUTE 0
STEVENSON B SUPERIOR C* TALLY B TEPEE D TIMPANCGOS B
STEWART D SUPERSTITION A TALMAGE A TEPETE 6/0 TIMPER 0
stickney C SUPERVISOR C TALMO B TERINO C TIMPOONEKE B

STIOHAM A SUPPLEE 6 TALCKA D TERMINAL 0 timula B

STIGLER C SUP B TALPA D TERMC c TINA C
STILLMAN A SURGH B TAMA B TEROUGE 0 TINCAHAV A
STILLWATER 0 SURPRISE B TAMALCO D TERRA CEIA A/0 TINE A
STUSGN B SUPRENCY B/0 TAMBA C/0 TERRAO 0 TINSLEY A
STIMSON B/C SURVYA C TAMMANY CREEK B TERRERA C TINTON A
stingal 6 SUSIE CREEK D TAMMS C TERRIL a TINVTOWN 6
STINSON C SUSl TNA e TAMPICO 6 TERRY 6 TIOCANO 0
stirk D SUSQUEHANNA D TANAMA 0 TEKWILL IGER C TIOGA B
stiruh 8 suther C TANANA c T6SAJC A TIPPAH C
STISSING sutherlin c TANBEPG 0 TESCCTT C TIPPECANOE 8

STI versville B SUTPHEN 0 TANDY c TESUQUE B TIPPER A

stockdhioge B suttler B TANEUM C TETCN A TIPPERARY A
STOCKLAND 8 SUTTON 6 TANEY c TETCNIA e TIPPIPAH 0
STOCKPEN 0 SVEA 6 TAKGAIP c TETCNKA c TIPPO C
STuCKTON 0 SVERDRUP b TANNA c TETCTUM c TIPTON B
STllOICK 0 SVOLD C TANNEP c TEH B/O TIPTONVILLE B

ST.lKfcS 0 SWAGEP c TANSEM B TEX e TIRA 6

STOMAR c SWAKANE b TANTALUS A T£XL INE e TISBURY 6
STONER 6 SWAN c TANHAX 0 TEZUMA c TISCM C
STONEWALL A SWANBOY D TACPI c THACKERY e TISH TANG 6
STONO B/D SWANNER 0 TAGS c THAOER c TITUSVILLE C
STONYFORO D SWANSON c TAPIA c THANYCN A TIVERTCN A
STOOKFY B SWANTON B/0 TAPPFN 0 THATCHER B TIVCLI A

STOPOEN B SWANTOWN c TARA B THATUNA C TIVY C
STORLA 6 SWAPPS c TARK IC D THAYNE B TOA C
storm king 0 SWARTSWOOD c TARKL IN C THEBES B TOBICO 0
STORY C SWARTZ 0 TARPC c THE0C 0 TOBIN B
STOSSEL c SWASEY D TARRANT c THEDULUNO C TOBLER B
STOUGH c SWASTIKA c TARYALL B THENAS c TOBCSA 0
STOWELL D SWATARA A TASCOSA B THERESA B TOBY 6

STOY D SWAUK C TASSEL 0 THER ICT D TOCCOA e

STRAIGHT C SWAWILL lA A TATE B THERMAL C TODD B
strain 6 SWEATMAN C TATIYEE C THERMCPCLIS D TOOCLER a
strasburg C SWEDE e TATU c THETFCRO A TQOOVILLE B
STRATFORD 6 SWEDEN B TATUM c THIOKCL c TOEHEAD c
STR AUSS C SHEEN C TAUNTCN c THCENY D TQEJA c
STRAW B SWEENEY 6 TAVARES A THOMAS C TOEM c
STRAWN 6 SHEET C TAWAS A/0 THORNDALE C TOGO 6

streatur C SWEETGRASS e TAYLOR C THORNDIKE C/0 TOhCNA c
STROIE B SWEETWATER D TAYLCR CREEK 0 THORNCCK 0 roiNE c
STRONGHUR ST B SHENODA B TAYLCRSFLAT 0 THORNTON C TOI YABE c
STRONT 1 A 6 SHIFTON A TAYLORSVILLE c THORNWCOD B TOKEEN c
STROUPE 0 SWIMS A TAYSCM 6 THCRCUGHFARE 8 TOKUL B

STRYKI

R

B SHINGLE 0 TAZL INA A THORP C TOLBY B
STUKEL C SWISBOB 0 teal 0 THCRR b TOLEDO 0
STUKY B SWITCHBACK C TEALHHIT c THCRKEL B TOL ICHA 0
stumhle A SWITZERLAND B TEANAHAY c THOW B TULL A

STUMPP D SWOPE C Tf APC e three mile C TOLLGATE 8

bTUMP SPRINGS 6 SWYGERT c TEAS c THUNCERB IRC C TOLLHOUSE 0

STUT TGAPT 0 SYCAMORE R TF ASCALE B THUH8EK c TOLNA 6

STUTZVIIIE B/C SYCAN A TEBC B THUPLCNI c TOLC 6

SUBLETTE B SYLACAUGA e/C TECHICK B THURLCW c TOLSONA 0

SUOHURY a SYLVAN B TtCCLCTE B THURMAN A fULSTOt D
SUFFIELO c SYMEPTON B TECUMSAH B THURMONT b TOLT D

SUGACLOAF 8 SYNAREP B TECPCW B THUKSTCN B TOL TEC C
SUI SUN 0 SYRACUSE 6 TEEL B T lAK c ICLL*CA B

SUL A c SYRENE U TEhACHAPI 0 T IBBITTS e TOL VAR e
SULLY B SYPETT c TEHAMA C T ICA c TOHAH c
SUL PHUfi A n TF JA 0 TICE c TOMAS 8
SUL tan B TABFRNASH B TCJCN B T ICHIGAN c TOMASr C

SUMAS 6/C TAB IONA B TEKCA C T ICHNCR 0 TOMERA D

SUMUUM 0 TABLE MCUNTAIN B TELA e TICKAPCO c TOM ICHI A

SUM“A B TABLER 0 TELEFCNC 0 TICKASON B TOMCKA A/0
SUMMERF I Flu c TABCR C TELEPHONE 0 TIDWELL 0 TONATA C
SUMMER' e TACCMA 0 TFLFF

H

A TIERRA c TCNAHANCA C

SUMMERVILLE c TACUrSH D TELL b T IETCN e TONEY 0
SUMMl T c TAF T c TELLER 6 TIFFANY c TONGUE RIVER b

SUMMI TVILLE H TAGGERT c TELL ICC 6 TIFTON B TONINI 6

SUMTER c TAHOMA b TELLMAN e TIGEP CREEK 6 TONKA C
SUN (J TAHOUAMENON n telstao B TIGEPCN A TONKEY t

SUNAUW ST c tahquats c TEMESCAL 0 TIGIWCN e TCNKS e

SUNdUWY H TAINTOR c temple 8/C T ICRETT TONCPAH e
SUNCnCtK A TAJO c TEMVIK B T igua D TONCWEK e
SUNO C TAKEUCHI c TFNAUL 0 Tue.us B TONSINA B

SUNDEl

L

c TAKILMA B TE NAHA 6 TILFCKC 8 TONUCO 6
SUNCf RL AND c/n TAKOTNA H TFNAS C T ILL EDA B TOOLE 0

SUNOrWN H TALANTE c TfNCEE C T ILL ICUM e TOCMES 0
SUNF I ELD B TAL APUS P TENTH IFFE c TILLMAN c TOP C
SUNM 1 ANO C TALBOTT r TENFX A T ILMA c TOPPENISH e/C
SUN \YH AY 0 talcot c TEMBAC B TILSIT c TOPTCN
SUNNYSlOt B TAL IHINA 0 TE MNC e TILTON B TOQUERVILLE 0
SUNNWAL F C talkeetna c TENNL 0 T IMBERG C TOQUOP A
SUNPAV C tallac B TENOT C T IMUERL

Y

c TORBCY 6
SUNRISE TAI

1 APFfA C Tf KHRr. B I IMCNTWA 8 TOfiCHL IGHT C

notes A CLANK HYnnoi. nr jr S'^ll. PPOIJP I'TKATP'’ Tl'p 'OIL rnniip HA*' MOT CTFM nrTF«*MfEn
TUO SOIL CPODPS SDCM AS R/C l•'PlrATES TUF DPAIMEO/UVroArTn ^IT "AT in*'
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TOBHUMA C TRUCKEE C UK lAH c VASHTl C VCLINIA e

TOftNING B TRUCKTON B ULEN B VASCUEZ 6 VOLKE c
TOROOA B TRUESDALE C ULLOA B VASSAR 6 VOLKMAR B

TORONTO C TRULL C ULM B VASTINE C VOLNEY B
TORREOC LAKE c TRULUN B ULRICHER B VAUCLUSE c VOLPERIE C
TORREON c TRUMAN B ULUPALAKUA B VAUGHNSVILLE c VOLTAIRE 0

TORRES 6 TRUMBULL D ULYSSES B VAYAS 0 VOLUSIA C
TORR INGTON b TRUMP 0 UMA A VEAL B VONA B

TORRO c TRYON 0 umapine B/C VEAZ IE 8 VORE e
TORTUGAS D TSCHICOMA C UMIKCA B VEBAR B VRCCMAN e

TOTEM B TUB C UMIL 0 VEBAR 6 VULCAN c
TOTTEN B TUBAC C UMNAK B VEGA C VYLACH 0

TOUCHET 6 TUCANNON C UMPA B VEGA ALTA C

TOUHEV 8 TUCKERMAN 0 UNA 0 VEGA BAJA c WABANICA D
TOULON 6 TUCUMCARI C UNACILLA B VEKOL 0 WABASH 0

TOURN C TUPF IT 0 UNAWEEP B VELMA B WABASHA 0
TOLRNOUl ST B TUGHILL 0 UNCCMPAGHRE C VELVA B WABASSA B/0
TOURS 6 TUJUNGA A UNEEOA B VENA e WABEK B

TOUTLE A TUKEY c UNGERS 6 VENANGO c WACA c
TOWER 0 TUKWILA 0 UNICN C VENATOR 0 WACCTA B

TOWNER B TULA c UMONTOtaN e VENETA c WACCUSTA C

TOWNLEY C TULANA c /0 UMCNVILLE c VENEZIA 0 WAOAMS 6
TOWNSeURY B TULARE c /0 UMSCN c VENICE 0 WAOCELL B

TOWNSEND C TUL AROSA c UPSAL c VENLC 0 WAOCOUPS 6
TOWSON 6 TUL lA B UPSt^UR C VENUS fi WADENA e

TOXAWAY 0 TULLER 0 UPTCN c VER8CORT 0 WADES60R0 e

TOY D TULLOCK B URACCA B VERDE c WADLEIGH c
TOYAH 6 TULLY c URBANA c V^HOEL 0 WADMALAW 0

T02E B TUMBEZ c URBG 0 V .RDELL

A

0 WADSWORTH c
TRABUCO C TUMEY D URICH 0 VERDIGRIS B WAGES e
TRACK 6 TUMITAS B URNE 6 VERDUN D WAGNER 0
TRACY B TUMWATER A URSINE C VERGENNES C WAGRAM A

TRAER C TUNEHE AN 0 urtah c V6RHALEN C WAHA c

TRAIL A TUNICA D UPWIL 0 VERMEJC 0 WAHEE 0
trail creek B TUNIS D USAL B VERNAL B WAHIAWA 0

TRANSYLVANIA B TUNKHANNOCK A USHAR B VERNALIS B WAHIKULI B

TRAPPER A TUNNEL 8 USINE B VERNON 0 WAHKEENA e

TRAPPIST C TUPELO C USKA 0 VERONA C WAHKI ACUS B
TRASK c TUPUKNUK 0 UTALINE B VESSER C WAHLUKE B

TR ^VER e/C TURBEVILLE c UT€ c VESTCN C WAHPETON c
TRAVESSILLA 0 TUR60TVILLE c UT ICA A VETAL A WAHTIGUP 6
TRAVIS c TURBYFILL B UTLEY B VETERAN B WAHTUM B/C
TRAW ICK B TURIN B UTUACO B VEYO 0 WAIAHA c
TRAY C TURK 0 UVACA D VIA B WAI AKOA C
TREADWAY 0 TURKEYSPRINGS c UVALOE C VI AN B WAI ALEALE 0
TREASURE B TURLEY c UWALA e VIBORAS 0 WAI ALUA 0

TREBLOC D TURLIN 6 VIBORG 6 WA I AWA D
TREGO C TURNBOW c VACHERIE C VICKERY C WAIHUNA 0
TRELONA D TURNER e VACER B VICKSBURG e WAIKALCA B

trembles B TURNERVILLE e VAOC A VICTOR A WAIKANE B

TREMP6 A TURNEY B VA lOEN D VICTORIA c WAIKAPU 6

TREMPEALEAU e TURRET B VAILTCN B VICTORY 6 WA I KOMO 0

TRENARY B TURR lA c VALCC C VICU C WAILUKU B
TRENT B TUSCAN 0 VALCeZ B/C VIDA B WAIMEA B
TRENTON D TUSCARAWAS c VALE 8 VIDR INE c WAINEE e

TkEP B TUSCARORA c VALENCIA B VIENNA B WAINCLA A

TRES HERMANOS C TUSCOLA B valent A VIEQUES B WAIPAHU c
TR6S HERMANOS c TUSCUM6IA C valentine A VIEW c WAISKA B

TRETTEN c TUSEL c valfpa C VIGAR c WAITS 6

TREVINO 0 TUSKEEGO c VALKARIA B/0 VIGO 0 WAKE 0
TREXLER c TUSLER B VALLAN 0 VIKING 0 WAKEEN 0

TR I AMI c TUSOUITEE B VALLECITCS c VIL c WAKEFIELD 6
TR IASS IC TUST IN B VALLFRS C VILAS A WAKELANO e/u
TRICON c TUSTUMENA B VALMCNT C VILLA GROVE B WAKCNOA c
TR IDELL B TUTHILL B VALMY 6 VILLARS e WALCOTT B
TRIDENT 0 TUTTLE B VALCIS 6 VINA B WALCECK C
tkigo c TUTWILER e VANAJC 0 VINCENNES c WALDO D
TRIMBLE e TUXEDO VANANOA D VINCENT c WALCRCK D
TRIMMER B TUXEKAN B VAN BUKEN VINEYARD c WALDROUP 0
TRINCHERA c TWILACKS A VANCE C VINGC 6 WALES C
TRINI TY 0 TWIN CREEK B VANDA D VIN ING c WALFCRD c
TRIPLEN c TWINING c VANDAL I A C VIMTA c WALKE c

TRIPOLI c TWI SP 6 VANCEROASSCN 0 VINLANU c WALL B
TR I PP e TWO DOT C VANOERGR IFT c VINTON B WALLACE B
TRITON c TYEE 0 VANDERHCFF D VIRA c WALLA WALLA B
TR I X B T YGART 0 VANDERL IP A VIKATCN c WALLER 6/0
TROJAN B TYLER 0 VAN OUSEN 6 VIRDEN c WALL INGTON C
trommald 0 TYNDALL 6/C VANET C VIRGIL 8 WALLIS b
TROMP B/C TYNER A VANG B VIRGIN peak 0 WALLKILL C/D
TRONSEN B TYRONE C VANHORN B VIRGIN RIVER 0 WALLMAN C
TROOK 8 TYSON C VAN NCSTERN 3 VIRTUE e WALLOWA c
TROPAL D VANNCY B VISALIA 6 WALLPACK
TROSI D UBAR C VANUSS B V ISTA c WALLRCCK 0
TROUP A U8LY 8 VANTAGE C VI VES B WALLS8URG 0
trout CREEK C UCOLA C VAN WAGONER D VIVI B WALLSON b

TROUTOAL £ B UCCPI A B VAKCO c VLASATY c WALPOLE c
TROUT LAKE C UOEL 0 VARELUM c VCCA c WALSH B
TRCUT RIVER A UnOLPHO C VAR ICK D VCOEKMAIER e WALSHVILLE 0
TROUTVILLE 8 UFFENS 0 VAR INA C VCLAOORA B WALTERS A

TROXEL B UGAK D VARNA C VCLENTE c WALTCN c
TROY C UHL IG B VARRC B VOLGA 0 •ALLM B
TRUCE c UINTA B VARVSeUPG B VOL IN B WALVAN B

NOTES A BLANK HYDROLOCir SniL r.FnilP IfiPlCATFS THF SOIL GROUP MAS MOT nSEM D^TERMr-ED
TWO SOIL GROUPS SUCH AS B/C INOICATFS TI’F OPA I f'Fn/ll"0PA I I'EO SITUAT|P“
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Table B.l—Continued

B/C wehaokee 0 WHITNEY B WINU C YAMPA C

-AM 1C 8 WEIKERT C/D WHITORE A WINZ C YAMSAV 0
WAMPSVULE 6 WE IMER 0 WHITSCL 6 WIOTA B YANA 6

wanatam 6 WEINBACH c WHITSCN 0 WISHEYLU C YAOUINA B/0
-ANCaEE 0 WEIK 0 WHITWELL C WISKAH C YARCLEY C

kANJI) A WE IRMAN 3 WHCLAN C WISNER 0 YATES 0
WANFTT A A we ISER c W IBAUK 0 WITBECK 0 YAWCIM c

«ann A we I SHAUPT c w ICHITA c WITCH 0 YAWKEY C
WANK A WEISS A w ICHUP 0 WITHAM c YAXCN B
mAPAL ti WE I TCHPEC B w ICKERSHAM 6 WlTHEE c YEA1ES HOLLOW C

mAPATi' C/0 WELBY 6 w ICKETT C HITT c YEGEN 6

KAPbLLC 0 WELCH C w ICKHAH B WITZEL c YELM 6

WAP IN I T 1 A R WELO c w ICKIUP C WCOEN B YENRAB A
WAPP I NO B WELOA C w ICKLIFFE HOOSKOW B YECMAN e

WAPSIl b WELOCN c w fCKSBUPG b WCLCCTTSauRG YETULL A

W AP H A a mELOONA 3 w lOTSOe C WOLOALE C/0 YODER B

*.AKD u WcLLER c M iehl c WCLF 0 YOKCHL C

w ako^pso A wellehhohn C w lEN 0 WOLFESEN c Y0LLA6CLLY D

WAPCCLl. i: WELL INGTON 0 w IGGLETCN B WOLFCRO B YOLC a

<OEN B WELLMAN 3 w IL0RAHAM C WOLF POINT 0 Y0LC6C 0

WAf- OWbLL c WELLNER B w ILBUR c HOLFTEVER C YCMCNT B

r’AWL B WFLLS30R0 C w ILCC C WOLVERINE A YONCALLA C

wAkfiHA^' c WFI LSTCN e M ILCCX 0 WOODBINE B YONGES 0
WAb MAN 0 WELLSVILLE B w ILCCXSCN c WC0D3RI0GE c YONNA 6/0
fiiAKy SPRINGS c WEHPLE 3 k ILOCAT 0 woooeuRN c YORCY B

« A P N tf R S A/n WFNAS 3/C w ILOER B WOODBURY D YORK C

WARRtN WENATCHEE C w ILOERNESS C WCCOCOCK 0 VORKVILLE 0

WARR E N rON b/0 WENDEL B/C w ILCRGSE 0 hoooenville C YOST c
WARk IOK W6NHAM w ILCWOCC 0 HOCOGLEN 0 YOUGA e

v^AHSAW 6 WENONA C w ILEY C WOOOHURST A VOUMAN c

WARS I. B WENTWORTH 6 w ILKES C WOOOLY 0 YOUNGSTCN 0

WAR-ICK A WERNER B ILKCSCN C WOODLYN C YOUPAHE A
WASATCH A WESU C w ILKINS 0 WOUOMANSie 3 YOVIMPA 0

WASCP

I

B WESSEL 0 w ILL 0 wgoomere 6 YSIDORA c

WASHhUPN WESTBROOK 0 w ILLACY b WOOD RIVER C YTURBIPE A

WASH 1 NGTCN B WEST3URY c w 1LLAKEN2IE c WOCOROCK 0 YUBA D

WASHOe C WESTCREEK B w I LLAMAP D WCUDRCW C YUKON 0
WASHiHJGAL 6 WESTERVILLE C w ILLAMETTE B HOODS CROSS 0 VUNES 0

WASHTENAW c/r WESTFALL c w ILLAPA c WOGDSFIELO C YUNQUE c

WASILI

A

c weSTF I ELO w ILLARO c WOOOSIDE A

WAS njA c WESTFORO w ILLETTE A/0 woonscN 0 2AAR 0
WASSA IC B WESTLANO 0/0 w ILLHANO 0 WOODSTOCK C/D ZACA c

W A T Ab C westminstfr C/C w iLLiAMS 8 HOOOSTCWN C ZACHAR IAS B

WATAUGA B WESTMORE B w I LL lAMSBURG B WOODWARD 0 ZACHARY 0

WATlHA'IG 8 WESTMORELAND 0 H ILLIAMSCN C HOOLMAN B ZAFRA 0

WATCHUNG 0 WESTCN 0 w ILLIS C WOOLPER C ZAHILL B

WAT tRd'jRO WESTPHALIA B w ILLITS b' HOOLSEY C ZAHL B

WATf r BURY D wESTPLAIN C w ILLUUGHBY 6 HGCSLEY 3 ZALESK! C

WAT 6R I VO C WESTPORT A w ILLCW CREEK 0 WOOSTER C zalla A

WATERS C WESTVILLE d w ULOWCALE B WOCSTERN 8 ZAMORA B

WATKINS B WETHERSFIELD C w ILLCWS 0 WOCTEN A ZANE C

WATKINS RIOGt B WETHEY 8/C w I LLWCCD A WORCESTER d ZANEIS B

WATOPA 6 WETZEL 0 w ILMER C WORE 0 ZANESVILLE C

WATR TUS 8 WEYMOUTH 0 w ILPAR 0 WORK C ZANONE C

WATSEKA C WHALAN 3 w ILSCN 0 WCRLANO B ZAPATA c

WATSON C WHARTON C w ILTSHIRE C WORLEY C ZAVALA 6

WATSON 1 A 0 WHATCOM C w INANS B/C HORMSER C ZAVCO c
WATSONVILLE 0 WHATELY C w INCHESTER A HOROCK 6 ZEB 6

WATT D WHEATLEY C w INCHUCK c WCRSHAM 0 ZEESIX C
WATTON C wHE ATR I OGE C w INOER 6/0 WORTH C ZELL e

WAU6AY B WHEATVILLE 6 w INCMILL 8 HOKTHEN 6 ZEN C
WAU6EEK B WHEELER 6 w INOCM B WORTHING n ZENCA c

WAurJUNS I E B WHEELING 0 w IND RIVER B WORTHINGTON C ZENIA 0

WAUCHULA B/0 WHE6L0CK C w INDSOR A HORTMAN C ZENIFF 8

WAUCOMA 8 WHtELON 0 w incthorst C HRENTHAM C ZECNA A

WAUCONOA n WHFLCHEL 0 w INDY C WRIGHT C ZIEGLER C
WAUKEf e WHE T STONE 6 w INEG 6 WR IGHTSVILLE D 2IGWEID 0

WAi)K£GAN e WHID6EY 6 w INEMA C HUNJEY 6 ZILLAH 6/C
HAUKENA 0 WHIPPANY C w INETTI 6 HURTS0URO C ZIM D

WAUKCN B WHIPSTOCK c w INFIELD C WYALUSING 0 ZIMMERMAN A

WAUM8EK B WHIRLO c w ING 0 WYARD 8 ZING C
WAUP IKA D WHI T 6 w INGATE B HYARNG C ZINZER 6

WAUScON B/0 WHITAKER c w INGER C WYATT c ZION C
WAVFRL

Y

3/0 WHITCOMB c w INCVILLE 6/0 WYEAST c ZIPP C/0
WAmAKA C WHITE BIRO c w IMFREC C WYEVILLE c ZITA B

WAYCUP B WHITECAP 0 w INK B HYGANT B ZOAR C

WAYOEM 0 WHITEF ISH B w INKLEHAK C WYKOFF 6 ZOHNER B/0
WAYL AND C/0 WHITEFORO B w INLO 0 HYMAN e ZOOK c
WAYNE B WHI TEHORSE e w INLCCK C WYMORE c ZORRAVISTA A

WAYNESBORO B WHITE HOUSE c w INN C WYNN 6 ZUFELT B

WAYSI 06 WHI TELAKE e w INNE0AGC 6 WYNOCSE 0 ZUMBRO 6

WEA 8 WHI TELAW 6 w INKEMUCCA B WYO e ZUMWALT c
WEAVER C WHI TEMAN 0 w INNESHIEK B WYOCENA 8 ZUNOELL 8

WEBB C WHI TEROCK 0 w INNETT 0 ZUNHALL e

WEBER 6 WHI TESBURG c w INCNA 0 YACOLT B ZUNI c
WEBSTER C WHITE STORE c w INUOSKI B YAHARA 0 ZUR ICH B
WEDGE A WHITE SWAN c w INSTCN A YAHOLA B

WEOLiwEE B WHI TEWATER B w INTERS C YAKIMA B

WEED C WHITEWOOO C w intersburg B YAKUS 0
WEEDING A WHITLEY B w INTERSET C YALLANl B

WEEOMAPK B WHI TLOCK 6 w INTHRCP A YALMER 6
WELKSVILLE 6/0 WHI THAN C w INTOKEP C YAMHILL r.

MOTES A BLANK HYOROLOGir SOIL r.pniip iiipiCATES THE SOI L GROUP HAS HOT BFFH PFTFPHIMEO
TWO SOIL GROUPS SUCH AS R/C INDICATES THE OPA I NED/UNDPA I NED SITUATION

January 1971
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APPENDIX C

RA.INFALL MAPS OF CONTERMINOUS UNITED STATES FOR 24-HOUR
RAINFALL AMOUNTS

This appendix contains maps of the conteminous United States showing
24-hour rainfall amounts up to 100-year frequency for areas east of 105°

longitude. For areas west of 105° longitude, use the detailed precipita-
tion maps provided for each state. These may be obtained from the West
Technical Service Center, SCS, Portland, Oreg.
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APPENDIX D

PEAK RATES OF DISCHARGE FOR SMALL WATERSHEDS

This appendix contains charts for estimating peak rates of runoff from
small watersheds for use with procedures in chapter 4 of this technical
release. They provide a basic peak discharge rate for a 24-hour dura-
tion storm associated with a watershed in a natural condition. To use
these charts to determine peak rates of runoff in urban areas, the peaks
must be modified for the amount of urbanization according to factors
discussed in chapter 4 and for other factors discussed in appendix E.

Figure D-1 shows the storm distribution regions for the Pacific Coast
states. For all other states SCS uses only type-II storm distribution.
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LEGEND — Storm Distribution

n Type lA

Figure D-1.—Storm cJlstribution regions.
Pacific Coast states.
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APPENDIX E

ADJUSTMENT FACTORS FOR PEAKS DETERMINED USING CHARTS IN APPENDIX D

Introduction

This appendix describes methods for adjusting peak rates of discharge

for ranges of flat, moderate, and steep slopes; for conditions where
swamps or ponding areas exist; and for conditions where the watershed
shape factor (c/w) varies significantly from that used in the develop-
ment of appendix D charts.

Slope Interpolation

Table E-1 provides interpolation factors to be used in determining peak
rates of discharge for specific slopes within ranges of flat, moderate,
and steep slopes for a range of drainage areas. Appendix D charts for
FLAT slope are based on 1-percent slope, for MODERATE slope on 4-percent
slope, and for STEEP slope on 16-percent slope. For slopes other than

1, 4, and 16 percent, use the factors shown in table E-1 to modify the
peak discharges.

Example E-1
Compute the peak discharge for a 1,000-acre watershed with an average
watershed slope of 7 percent and a runoff cuirve number (CN) of 80 for
4 inches of rainfall.

1. Determine the peak discharge for a watershed with a moderate slope

(4 percent) . From appendix D, read a peak discharge of 295 cfs per
inch of runoff for 1,000 acres and a CN of 80. From table 2-1, find
2.04 inches of runoff for 4 inches of rainfall and a CN of 80. The
peak discharge is then 295 x 2.04 or 602 cfs (cubic feet per second).

2. Determine the interpolation factor. From table E-1 find 7-percent
slope under MODERATE heading and read an interpolation factor of 1.23
for a drainage area of 1,000 acres. (The peak from a 1,000-acre
watershed with a watershed slope of 7 percent is 1.23 times greater
than for an average watershed slope of 4 percent.)

3. Determine the peak discharge for 7-percent slope.

q = (602) (1.23) = 740 cfs

Example E-2
Compute the peak discharge for a 15-acre watershed with an average slope
of 0.5 percent and a runoff curve number of 80 for 4 inches of rainfall.

1. Determine the peak discharge for a watershed with a flat slope (l per-

cent). From appendix D read a peak discharge of 11.2 cfs per inch of
runoff for 15 acres and a CN of 80. From table 2-1, find 2.04 inches
of runoff for 4 inches of rainfall and a CN of 80. The peak discharge
is then 11.2 x 2.04 or 23 cfs.
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Table E-1.—Slope adjustment factors by drainage areas

FLAT SLOPES

Slope
(per-
cent)

10

acres

20

acres
50

acres

100

acres

200
acres

500
acres

1,000
acres

2,000
acres

0,1 0.49 0.47 0.44 0.43 0.42 0.41 0.41 0.40
0.2 ,61 .59 .56 .55 .54 .53 .53 .52

0.3 .69 .67 .65 . 64 .63 .62 .62 .61

0.4 .76 .74 .72 .71 .70 .69 .69 .69

0.5 .82 .80 .78 .77 .77 .76 .76 .76

0.7 .90 .89 .88 .87 .87 .87 .87 .87

1.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.5 1.13 1,14 1.14 1.15 1.16 1.17 1.17 1.17
2.0 1.21 1.24 1.26 1.28 1.29 1.30 1.31 1.31

MODERATE SLOPES

3 .93 .92 .91 .90 .90 .90 .89 .89

4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
5 1.04. 1.05 1.07 1.08 1.08 1.08 1.09 1.09

6 1.07 1.10 1.12 1.14 1.15 1.16 1.17 1.17

7 1.09 1.13 1.18 1.21 1.22 1.23 1.23 1.24

STEEP‘ SLOPES

8 .92 .88 .84 .81 .80 .78 .78 .77

9 .94 .90 .86 .84 .83 .82 .81 ,81

10 .96 .92 .88 .87 .86 .85 .84 .84

11 .96 .94 .91 .90 .89 .88 .87 .87

12 .97 .95 .93 .92 .91 .90 .90 .90

13 .97 .97 .95 .94 .94 .93 .93 .92

14 .98 ,98 .97 .96 . 96 .96 .95 .95

15 .99 .99 .99 .98 .98 .98 .98 .98

16 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
20 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.10
25 1.06 1.08 1.12 1.14 1.15 1.16 1.17 1.19
30 1.09 1.11 1.14 1.17 1.20 1.22 1.23 1.24

40 1,12 1.16 1.20 1.24 1.29 1.31 1.33 1.35
50 1.17 1.21 1.25 1.29 1.34 1.37 1.40 1.43
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2. Determine the interpolation factor. From table E-1 find 0.5-percent
slope under FLAT heading. Read a slope interpolation factor of 0.81
interpolated between the values for 10 acres and 20 acres.

3. Determine the peak discharge for 0.5 -percent slope.

q = (23)(.8l) = 19 cfs

Adjustment Factors for Swampy and Ponding Areas

Peak flows determined from appendix D assume that the topography is such
that surface flow into ditches, drains, and streams is approximately
uniform. On very flat areas and where ponding or swampy areas occur in
the watershed, a considerable amount of the surface runoff may be re-
tained in temporary storage. The peak rate of runoff should be reduced
to reflect this condition. Tables E-2, E-3, and E-4 provide adjustment
factors to determine this reduction based on the ratio of the ponding
or swampy area to the total watershed area for a range of stom frequen-
cies .

Table E-2 contains adjustment factors to be used when the ponding or
swampy areas are located in the path of flow in the vicinity of the
design point. Table E-3 contains adjustment factors to be used when a

significant amount of the flow from the total watershed passes through
ponding or swampy areas and these areas are spread throughout the water-
shed. Table E-4 contains adjustment factors to be used when a signifi-
cant amount of the flow passes through ponding or swampy areas that are
located only in the upper reaches of the watershed.

Table E-2 . --Adjustment factors where ponding and swampy areas occur at

the design point

Ratio of drainage
area to ponding
and swampy area

Percentage of
ponding and
swampy area

Storm frequency (years)

2 5 10 25 50 100

500 0.2 0.92 0.94 0.95 0.96 0.97 0.98
200 .5 .86 .87 .88 .90 .92 .93

100 1.0 .80 .81 .83 .85 .87 .89

50 2.0 .74 .75 .76 .79 .82 .86

40 2.5 .69 .70 .72 .75 .78 .82

30 3.3 . 64 .65 .67 .71 .75 .78

20 5.0 .59 .61 .63 .67 .71 .75

15 6.7 .57 .58 .60 . 64 .67 .71

10 10.0 .53 .54 .56 .60 .63 .68

5 20.0 .48 .49 .51 .55 .59 . 64
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Table E-3.—-Adjustment factors where ponding and swampy areas are spread
throughout the watershed or occur in central parts of the watershed

Ratio of drainage
area to ponding
and swampy area

Percentage of
ponding and
swampy area

Storm frequency (years)

2 5 10 25 50 100

500 0.2 0.94 0.95 0.96 0.97 0.98 0.99
200 .5 .88 .89 .90 .91 .92 .94

100 1.0 .83 .84 .86 .87 .88 .90

50 2.0 .78 .79 .81 .83 .85 .87

40 2.5 .73 .74 .76 .78 .81 . 84

30 3.3 .69 .70 .71 .74 .77 .81

20 5.0 .65 .66 .68 .72 .75 .78

15 6.7 . 62 .63 .65 .69 .72 .75

10 10.0 .58 .59 .61 .65 .68 .71

5 20.0 .53 .54 .56 .60 .63 .68

4 25.0 .50 .51 .53 .57 .61 .66

Table E-4.—Adjustment factors where ponding and swampy areas are
cated only in upper reaches of the watershed

lo-

Ratio of drainage
area to ponding
and swampy area

Percentage of
ponding and
swampy area

Storm frequency (years)
2 5 10 25 50 100

500 0.2 0.96 0.97 0.98 0.98 0.99 0.99
200 .5 .93 .94 .94 .95 .96 .97
100 1.0 .90 .91 .92 .93 .94 .95

50 2.0 .87 .88 .88 .90 .91 .93

40 2.5 .85 .85 . 86 .88 .89 .91

30 3.3 .82 .83 .84 .86 .88 .89

20 5.0 .80 .81 .82 .84 .86 .88

15 6.7 .78 .79 .80 .82 .84 .86

10 10.0 .77 .77 .78 .80 .82 .84

5 20.0 .74 .75 .76 .78 .80 .82

These conditions may occur in a proposed or existing urban or suburban
area and the adjustment factors from tables E-2, E-3, or E-4 should be

applied after the peaks have been adjusted for the effects of urbaniza-
tion as described in chapter 4.

Example E-3
A 5-acre pond is located at the downstream end of a 100-acre watershed
in which a housing development is proposed. The average watershed slope
is 4 percent and the present-condition curve number is 75. After the in-

stallation of the housing development, 30 percent of the watershed will
be impervious and 50 percent of the hydraulic length will be modified.
The future-condition curve number is estimated to be 80. For a rainfall
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of 6 inches ( 100-year frequency event) determine the present-condition
and future -condition peak discharges downstream of the pond.

1. Determine the present-condition peak discharge assuming the pond is

not in place. From appendix D, find the peak discharge to be 59 cfs

per inch of runoff. From table 2 -1 , find the runoff to be 3.28
inches. The peak discharge is then 59 x 3.28 or 194 cfs.

2. Determine the ponding adjustment factor. Since the pond is at the
lower end of the watershed, use table E-2. The ratio of the drainage
area to pond area is 100/5 or 20. For a 100-year frequency event the
adjustment factor is 0.75.

3. Compute the present-condition peak discharge.

q = 0.75(194) = 146 cfs

4. Compute the basic future-condition peak discharge. From appendix D,

find the peak discharge to be 65 cfs per inch of runoff. From table
2-1, find the runoff to be 3.78 inches. The peak discharge is then
65 X 3.78 or 246 cfs.

5. Determine the modification factors for proposed urbanization. From
chapter 4 and figures 4-1 and 4-2 for a curve number of 80: impervious
factor = 1.16; hydraulic length factor = 1.31; urbanization factor =

(I.16)(l.3l) = 1.52.

6. Compute the future-condition peak discharge.

q = 1.52(246) = 374 cfs

7. Compute the future -condition peak below the pond. From step 2 the
ponding factor is 0.75.

q = 0.75(374) = 280 cfs

Adjustment for Watershed Shape Factor

The equation used in computing peak discharges from appendix D was based
in part on a relationship between the hydraulic length and the watershed
area from Agricultural Research Service's small experimental watersheds.
Figure E-1 shows the best fit line relating length to drainage area. The
equation of the line is C = 209a°’^. A watershed shape factor, C /w
(where w is the average width of the watershed), is then fixed for any
given drainage area. For example, for drainage areas of 10, 100, and
1,000 acres the watershed shape factor is 1.58, 2.51, and 3.98, re-
spectively.
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There are watersheds that deviate considerably from these relationships.
The peaks can be modified for other shape factors. The procedure is as
follows

:

1. Determine the hydraulic length of the watershed and compute an "equiv-
alent" drainage area using C = 209a°*^ or figure E-1.

2. Determine the "equivalent" peak flow from the charts for the "equiva-
lent" drainage area.

3. Compute the "actual" peak discharge for the watershed by multiplying
the equivalent peak discharge by the ratio of actual drainage area
to the equivalent drainage area.

The factors for modifying the peak for urbanization following procedures
in chapter 4 can then be applied to the revised peak discharge.

Example E-4
From a topographic map the hydraulic length of a 100-acre watershed with
moderate slopes and a CN of 75 was measured to be 2,200 feet. Determine
the peak discharge for a 6-inch 24-hour rainfall.

1. Determine the "equivalent" drainage area for a watershed with a hy-
draulic length of 2,200 feet. From figure E-1 read 51 acres. (Note
that for a 100-acre watershed the hydraulic length would be 3,300
feet from figure E-1.

)

2. Determine the "equivalent" peak flow from appendix D for a drainage
area of 51 acres and a CN of 75. Read 37 cfs per inch of runoff.
From table 2-1, find the runoff to be 3.28 inches. The peak discharge
is then 37 x 3.28 or 121 cfs.

3. Compute the actual peak discharge for 100 acres.

The peak discharge for the 100-acre watershed with a hydraulic length
of 2,200 feet is 237 cfs (versus 194 cfs for a "normal" 100-acre water-
shed). Adjiostments to this peak discharge for urbanization can be made
using factors discussed^ in chapter 4.

4.

The procedure in steps 1, 2, and 3 can be used to determine peak dis-
charges when the actual hydraulic length is longer than that shown on
figure E-1. For example, if the actual length were 4,500 feet instead
of 3,300 feet, the equivalent area would be 170 acres, as shown in

figure E-1.

actual
discharge

= equivalent discharge ( equivalent drainage area

actual drainage area

q = 121 (^) = 237 cfs
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APPENDIX F

SAMPLE PEAK DISCHARGE WORKSHEETS

Introduction

Peak discharge worksheets have been developed to provide guidance in the

use of TR-55 procedures. The worksheets contain examples that illustrate
the use of several TR-55 techniques.

Procedure: Chapter 4 (appendices D & E)

The primary procedure, using chapter 4 with appendices D and E, is

illustrated by an example on page F-3. This procedure uses a fixed
watershed shape relation (figure E-1) and a fixed lag curve number (CN)

relation (figure 3-3). The peak discharge per inch of runoff is read
from one of the charts in Figure D-2 using a watershed slope range,
drainage area, and CN. Appendix E and urban adjustments may be applied
to the chart value, if appropriate.

One of the adjustments, the watershed shape factor, is applied on the

worksheet as a muliplication factor and requires a second reading of the

Figure D-2 chart. This is a similar but easier to apply procedure than
example E-4 in appendix E.

Procedure: Tabular Method (chapter 5)

The Graphical (T^,) - Peak Discharge Worksheet, page F-5, illustrates
the procedure using figure 5-2 with a computed time of concentration
(Tc)

.

The worksheet example uses the same input as the previous example,
but shows a Tc computed by the Lag-CN method. The comparison of peak
discharge at the bottom of page F-5 (1% difference between procedures)
is meant to show how these procedures are related when a Lag-CN T^;

is used. If the Tc is estimated more accurately by some method other
than Lag-CN, the Graphical (T^) procedure should be used. If you do not
wish to calculate a T^, or Information to develop a T^ is not available,
the primary chapter 4 (appendices D and E) procedure is recommended.

(TR Notice 55-A, September 1981)
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Procedure: Tabular Method (chapter 5)

The Tabular Method, a manual procedure to determine peak discharges for
complex watersheds, is contained in Chapter 5. Tables 5-1 and 5-2 are
samples of how a worksheet can be set up for this procedure.

Use of Worksheets

The slope range (flat, moderate or steep) used in appendices D and E is

the average watershed (land) slope. This is not a channel slope. The
base slope for each range is given on page E-1 and the factors for

interpolation when using other than the base slope is in table E-1.

The worksheets in this appendix give guidance as to which adjustments
are required and which, when applicable, are recommended for each procedure.
However, some of those recommended may be required modifications in some
regions. If not used on the worksheet, a factor of 1.0 is used in
the multiplication.

Do not use the ponding and swampy adjustment factor for the design point
(table E-2) if the approximate routing procedures in chapter 7 (figures
7-1 or 7-2) are to be used at the design point. This will double count
the storage.

A present urban condition is used in the worksheet examples to show how
the urban adjustments can be used to estimate peak discharges from
watersheds with existing urban areas. The references to future curve
numbers in relation to figures 3-4, 3-5 and figures 4-1, 4-2, will be
removed in the next revision of TR-55.

Blank worksheets, pages F-7 and F-9 are included.

(TR Notice 55-A, September 1981)



URBAN ir/DROLOCT FOR SMALL WATERSHEDS (TR-55)
PEAK DISCHAROE WORKSHEET

FOR CHAPTER A (/vPPENDICES D & E)

F-3

Prolect AN)Y CREEK Q US PT.24Z By l-fg Date dA^/S/

MOVJARD COUMTy
^ SO ME STATE checked Date ^ /3a j

Steps Peak Discharge Computations for up to 3 Storms: Type IT
, Duration 24 hours.

1, Data : Watershed Condition = P Y € 3 6->0± (present or future).

Drainage Area (DA) = ZOO acres. Ave. Watershed Slope (S) = 2.

2, Runoff Curve Number (CN)

Hydrologic
Soil Group
(Appendix B)

Land Use Description
Include Treatment, Practice i Condition

(Table 2-2)

CN

(Table 2-2)

(3)

% or Area
(acres)

(4)

Product
(3)x(4)

(5)

c Cul+ivocVed Nw/o Coni€YV(».4(mTYett+>i«irf 8& leo / 0560

c Xv^dui4vi<xl AveOs. 31 50 ^550

c Pe3i 4 c.vn4i<v| - Ac 90 IS IGZO

c Paved. PavKwuj Ay^a^ 38 IZ 1170

Solly J

Totals = zoo 1 7506

Q. (weighted) - 'OJ- 93.53
total col. (4) L 2 00 J — —

•,

use CN = 90
,

3 . Rainfall Frequency ( F

)

Rainfall Depth (P)

4, Runoff Depth (Q)
Use P, CN, and Table 2-1,

5, Basic Peak Discharge (q)
Use S, DA, CN

,
and Figure D-2.

For graph Fiat (S = less than 3%)
labeled:

^
Moderate (S = 3X to 7.9%)

(check one)jLJ Steep (S = 8% 4 greater)

*6, Watershed Slope Facter
Use S, DA, and Table E-1.

7. Peak Discharg e
(q^^)

where
q^

= Steps //4 x 5 x 6

1st Storm 2nd Storm 3rd Storm

1 0 YR, ^5y« 1 0Oy(?

4.0 5.6 (o.S

yrs.

inches

Z.3Z 3. 88

80

5.34 inches

I

cf s/inch of Q
I

I

I

I

1.23
= 1

1

301 4-00 551 cf s

See Steps 8 to 13 for adjustments that may be applicable.
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TR;-55, CHAl’TER 4 (APPENDICES D & E) , PEAK DISCHARGE WORKSHEET (CONT.)

Steps Peak Discharge Computations with Adjustments

8. Data : Obtain if Adjustments are Applicable

Ponding .and Swampy areas (PND) = '4
' acres,

Impervious Area (IMP)

Total Hydraulic Length (HL)

= G 0 acres

,

= 7(o. 00 feet

30

Hydraulic Length Modified (HlJi) = 3 80

Q

feet, 50

% of DA

% of DA

% of HL

*12 .

yrs.

cfs

cf s

(from Step 7) x Steps #9 x 10 x 11 x 12

* If the adjustmdnt is not applicable, enter a Factor of 1.0

(TR NOTICE 55-A, September 1981) I
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URBAN HYDROLOGY FOR SMALL WATERSHEDS (TR-55)
PEAK DISCHARGE WORKSHEET

FOR GRAPHICAL (T ) METHOD (FIGURE 5-2)
c

Project ANJy CR£EK <5 USgf24e By rfR Date ^/ZS/af

hiO\yjf\RD COUNTY, SOMf JTATE Checked Date

Steps Peak Discharge Computation for up to 3 storms: Type II , Duration 24 hours.

1. Data : Watershed Condition = PYesev'-f (present or future)

.

Drainage Area (DA) = 2.00 acres. Ave. Watershed Slope (S) = 2 %.

Ponding and Swampy areas (PND) = ^ acres, 2 % of DA

Impervious Area (IMP) = <oQ acres, 3 Q % of DA

Total Hydraulic Length (HL) = 0 0 feet

Hydraulic Length Modified (HLM) = 3 8 00 feet, SQ % of HL

2. Rainfall Frequency (F)

3. Rainfall Depth (P)

4. Runoff Curve Number (CN) = 90
See other side for computation

5. Runoff Depth (Q)

Use P, CN, and Table 2-1.

6. Time of Concentratior (T ) = hrs.-
- ,c

1st Storm 2nd Storm 3rd Storm

10 Z5yi? 1 00 yR

See other side [^Velocity Method
for computations r ^ Lag-CN Method
(check one) J Other

7. Unit Peak Discharge (q)
Use T^ and Figure 5-2

8 . Drainage Area r DA(acre3 )~| _ P
|_
640 (ac/sm)_J |_

ZOO
640

*9.

10 .

Ponding and Swampy Area Peak Factor
Only use % PND, F and Table E-3;
when PND is spreadout In watershed
and not related to T^ flow path.

Peak Dischar ge. Area Factor

Steps its X 7 X 8 X 9wnere q

Peo-U cow\^» v'l^ cn/g

*If the adjustment is not applicable,
enter a Factor of 1.0.

4.0 5.0

2.92 3.88 5.34

335

0.3/

^.5

yrs.

inches

inches

csm/inch of Q

I

I

I

1

sq. miles

1
1

X
,

1

1

.81 .83 .87

i

:

»

I

'

2 46 334 48Z

2^4/
'243

334/
'330

482/
477

cf c

^
Dcf-feveyice 'v^ Me+loais = i

(TR NOTICE 55-A, September 1981)
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TR-55 GRAPHICAL (T^) METHOD, PEAK DISCHARGE WORKSHEET (CONT.)

Steps from other side

Ao Runoff Curve Number (CN)

Hydrologic
Soil Group
(Appendix B)

I.and Use Description
Include Treatment, Practice & Condition

(Table 2-2)

CN
(Table 2-2)

(3)

Area
(acres)

(4)

Product
(3)x(4)

(5)

c C u w/o CovMe'fvyA+isvo TYe«k4v»\eiA4 ee IZO /0 560

c I y\diu£4v 1 /\y€0v 91 so ^SSO

c Rcsuievh+iVl - Yd Ac 90 Id IG20

c paved Po.Ykm<y 38 IZ l\l(p

Totals = 200 /7 906

CN (weighted) = total col. 5

total col. 4

r 17 306. ]
1- S3’ ™ - !

|~~9Q
1

L 200 J )
use CN -

I

5. Time of Concentration (T )
c

Select computation method , (a) is recommended.

(a) Velocity Method

Reach Description of Flow ^
Length
(ft.)

(3)

Velocity
(ft/sec)

(4)

Travel Time
(sec.

)

(3) f (4)

—^Usc Figure 3.1 for overland flow portion of travel time. Totals =

Tota 1 Travel Time ( sec. )

3,600 (sec. /hr.) 3,600 hrs

v/(b) Lag-CN Method

(1) Unadjusted Lag (L)

Use HL, S, CN, and Figure 3-3.

(7600j
* (2) Hydraulic Lengtli Modified Lag Factor

Use % HLM, CH, and Figure 3-4.

( 507o , ‘iO')

* ( 3 ) Impervious Area Lag Fac tor

Use % IMP, CN, and Figure 3-5.

(307. , SC)
(4) Constant (T^ = 1.67L)

(5) Time of Concentration (T^)

where T = (l)x(2)x(3)x(4)
c

hrs.

hrs.

*
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URBAN HYDROLOGY FOR SMALL WATERSHEDS (TR-55)
PEAK DISCHARGE WORKSHEET

FOR CHAPTER 4 (APPENDICES D & E)

Proj ect By Date

Checked Date

Steps Peak Discharge Computations for up to 3 Storms: Type II , Duration 24 hours.

1.

Data : Watershed Condition = (present or future).

Drainage Area (DA) = acres. Ave. Watershed Slope (S) = %.

2.

Runoff Curve Number (CN)

Hydrologic
Soil Group
(Appendix B)

Land Use Description
Include Treatment, Practice & Condition

(Table 2-2)

CN

(Table 2-2)

(3)

% or Area
(acres)

(4)

Product
(3)x(4)

(5)

Totals =
I

CN (weighted)
total col. (5)

total col. (4)
[- use CN =

3.

Rainfall Frequency (F)

Rainfall Depth (P)

4. Runoff Depth (Q)

Use P, CN, and Table 2-1.

5. Basic Peak Discharge (q)
Use S, DA, CN, and Figure D-2.
For graph _ Flat (S = less than 3%)

Moderate (S = 3% to 7.9%)
Steep (S = 8% & greater)

labeled

:

(check one)J|

*6 , Watershed Slope Factor
Use S, DA, and Table E-1.

7. Peak Discharge (q^)

where
q^

= Steps #4x5x6

1st Storm 2nd Storm 3rd Storm

See Steps 8 to 13 for adjustments that may be applicable.
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TR-55, CHAPTER 4 (APPENDICES D & E) ,
PEAK DISCHARGE WORKSHEET (CONI.)

Steps Peak Discharge Computations with Adjustments

8. Data : Obtain if Adjustments are Applicable

Ponding and Swampy areas (PND) = acres

,

% of DA

Impervious Area (IMP) = acres

,

% of DA

Total Hydraulic Length (HL) = feet

Hydraulic Length Modified (HLM) = feet

,

% of HL

Rainfall Frequency (F) from Step 3

from Step 7

1st Storm 2nd Storm 3rd Storm

Peak Discharge (Hp)

*9. Ponding and Swampy Area Peak Factor
Use % PND, F, and Tables E-2, 3 or 4.

Location in

Watershed

:

(check one)

at Design Point (E-2)

Center or Spreadout (E-3)

Upper Reaches (E-4)

*10 . Watershed Shape Peak Factor
Use HL with Figure E-1 and read;
Equiv. Drainage Area (EDA) =

Use Figure D-2 graph from Step 5, CN, and EDA for;

cfs/in

.

Equiv, Peak/ Inch Runoff (9g) =

Factor

Factor

r 1

1 X

DA “1

|_q from Step 5 _|

r 1

_ EDA J

r 1
L JI

"
L J

*11 . Impervious Area Peak Factor
Use % IMP, CN and Figure 4-1.

*12. Hydraulic Length Modified Peak Factor
Use % HLM, CN and Figure 4-2.

13. Adjusted Peak Discharge (9p)

q^
=

qp
(from Step 7) x Steps //9 x 10 x 11 x 12

* If the adjustment is not applicable, enter a Factor of 1.0

I
X

yrs

.

cf s

cf s

(TR NOTICE 55-A, September 1981)



F-9
UR3AN HYDROLOGY FOR SMALL WATERSHEDS (TR-55)

PEAK DISCHARGE WORKSHEET
FOR GRAPHICAL (T ) METHOD (FIGURE 5-2)

c

Project By Date

Checked Date

Steps Peak Discharge Computation for up to 3 storms: Type II , Duration 24 hours.

1, Data : Watershed Condition = (present or future).

Drainage Area (DA) = acres. Ave. Watershed Slope (S) = %.

Ponding and Swampy areas (PND) = acres, % of DA

Impervious Area (IMP) = acres, % of DA

Total Hydraulic Length (HL) = feet

Hydraulic Length Modified (HLM) = feet, % of HL

2. Rainfall Frequency (F)

3. Rainfall Depth (P)

1st Storm 2nd Storm 3rd Storm

yrs

.

inches

4. Runoff Curve Number (CN) =

5.

See other side for computation

(Q)

Use P, CN, and Table

6. Time of Concentration

2-1.

(T_) =

See other side ") Velocity Method
for computations

r

Lag-CN Method
(check one) J Other

7. Unit Peak Discharge (q)

Use T^ and Figure 5-2

8 . Drainage Area

hrs .1

I

inches

I
X

r DA(acres)
|
_ I

=

1_640 (ac/sm)_l 640
1

csm/lnch of Q

sq. miles

*9 . Ponding and Swampy Area Peak Factor
Only use % PND, F and Table E-3;
when PND is spreadout in watershed
and not related to T flow path.

c

10, Peak Discharge Area Factor
where q = Steps /(5 x 7 x 8 x 9 cf s

*If the adjustment is not applicable,
enter a Factor of 1.0.
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TR-55 GRAPHICAL (T^) METHOD, PEAK DISCHARGE WORKSHEET (CONT.)

Steps from other side

4. Runoff Curve Number (CN)

Hydrologic
Soil Group
(Appendix B)

Land Use Description
Include Treatment, Practice & Condition

(Table 2-2)

CN
(Table 2-2)

(3)

% or Area
(acres)

(4)

Product
(3)x(4)

(5).

Totals =

CN (weighted) ~ total col. 5

total col. 4
use CN =

5. Time of Concentration (T )
c

(a) Velocity Method

Select computation method, (a) is recommended.

Reach Description of Flow —

^

Length
(ft,)

(3)

Velocity
(ft/sec)

(4)

Travel Time
(sec .

)

(3) f (4)

—^Use Figure 3.1 for overland flow portion of travel time. Totals =

Total Travel Time (sec. )

3,600 (sec. /hr.) 3,600 -]
1

(b) Lag-CN Method

(1) Unadjusted Lag (L)

Use HL, S, CN, and Figure 3-3.

* (2) Hydraulic Length Modified Lag Factor
Use % HLM, CN, and Figure 3-4.

* (3) Impervious Area Lag Factor
Use % IMP, CN, and Figure 3-5.

(4) Constant (T = 1.67L)
c

(5) Time of Concentration (T^)

where T = (l)x (2)x(3)x(4)
c

(TR NOTICE 55-A, September 1981)
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TR55A

United States
Department of

Agriculture

Soil

Conservation

Service

P.O. Box 2890
Washington, D C.

20013

November 12, 1981

ENGINEERING - TECHNICAL RELEASE NOTICE 55-A

SUBJECT: SAMPLE PEAK DISCHARGE WORKSHEETS FOR USE IN URBAN HYDROLOGY

Purpose . To supplement Technical Release 55, "Urban Hydrology for
Small Watersheds," with a new appendix F.

Effective Date . Effective when received.

Explanation of changes . The enclosed appendix F supplements TR-55
with worksheets and examples for the computation of peak discharges for

small watersheds. The appendix provides additional guidance on the use
of the TR-55 techniques to improve accuracy and reproducibility of peak
flow estimates.

Filing Instructions . Appendix F should be inserted in TR-55 inside the

back cover, after appendix E. The notice may be filed inside the front
cover. Page 2 of the table of contents should be updated by a pen & ink
change to include appendix F.

Distribution . This notice should be distributed to all SCS offices that
have copies of Technical Release 55 (dated January 1975) .

Copies will be distributed from the National Office only to Federal
agencies at their National Office level. States should make copies of

this notice available to other Federal, State and local agencies who

may be using Technical Release 55.

Additional copies may be ordered from Central Supply by using the order

number: TR55A, or Non-SCS from the National Technical Information
Service

.

PAUL M. HCWARD
Depi-’ty Chief for Tech::o!oqy

Development and Application

Enclosure

(TR Notice 55-A, September 1981)
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F-1

APPENDIX F

SAMPLE PEAK DISCHARGE WORKSHEETS

Introduction

Peak discharge worksheets have been developed to provide guidance in the

use of TR-55 procedures. The worksheets contain examples that illustrate
the use of several TR-55 techniques.

Procedure: Chapter 4 (appendices D & E)

The primary procedure, using chapter 4 with appendices D and E, is

illustrated by an example on page F-3. This procedure uses a fixed
watershed shape relation (figure E-1) and a fixed lag curve number (CN)

relation (figure 3-3). The peak discharge per inch of runoff is read
from one of the charts in Figure D-2 using a watershed slope range,
drainage area, and CN. Appendix E and urban adjustments may be applied
to the chart value, if appropriate.

One of the adjustments, the watershed shape factor, is applied on the
worksheet as a muliplication factor and requires a second reading of the

Figure D-2 chart. This is a similar but easier to apply procedure than
example E-4 in appendix E.

Procedure: Tabular Method (chapter 5)

The Graphical (T^.) - Peak Discharge Worksheet, page F-5, illustrates
the procedure using figure 5-2 with a computed time of concentration
(Tc) . The worksheet example uses the same input as the previous example,
but shows a Tc computed by the Lag-CN method. The comparison of peak
discharge at the bottom of page F-5 (1% difference between procedures)
is meant to show how these procedures are related when a Lag-CN Tq
is used. If the Tq is estimated more accurately by some method other
than Lag-CN, the Graphical (T^,) procedure should be used. If you do not
wish to calculate a T^, or information to develop a T^ is not available,
the primary chapter 4 (appendices D and E) procedure is recommended.

(TR Notice 55-A, September 1981)
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Procedure: Tabular Method (chapter 5)

The Tabular Method, a manual procedure to determine peak discharges for
complex watersheds, is contained in Chapter 5. Tables 5-1 and 5-2 are
samples of how a worksheet can be set up for this procedure.

Use of Worksheets

The slope range (flat, moderate or steep) used in appendices D and E is

the average watershed (land) slope. This is not a channel slope. The
base slope for each range is given on page E-1 and the factors for
interpolation when using other than the base slope is in table E-1.

The worksheets in this appendix give guidance as to which adjustments
are required and which, when applicable, are recommended for each procedure.
However, some of those recommended may be required modifications in some
regions. If not used on the worksheet, a factor of 1.0 is used in
the multiplication.

Do not use the ponding and swampy adjustment factor for the design point
(table E-2) if the approximate routing procedures in chapter 7 (figures
7-1 or 7-2) are to be used at the design point. This will double count
the storage.

A present urban condition is used in the worksheet examples to show how
the urban adjustments can be used to estimate peak discharges from
watersheds with existing urban areas. The references to future curve
numbers in relation to figures 3-4, 3-5 and figures 4-1, 4-2, will be
removed in the next revision of TR-55.

Blank worksheets, pages F-7 and F-9 are included.

(TR Notice 55-A, September 1981)



URBAN ir/DROLOCT FOR SMALL V.'ATERSHEDS (TR-55)
PEAK DISCHAP.OE WORKSHEET

FOR CHAPTER 4 (APPENDICES D & E)

F-3

Project Any creek Q us PT.Z4Z By Date '^/'2-^/dl

MQVMAPO C OUKJTy
^
So me STATE Checked U) YA Date 'j j

Steps Peak Discharge Computations for up to 3 Storms: Type IT
, Duration 24 hours.

To Pat a : Watershed Condition — (present or future).

Drainage Area (DA) = 2 00 acres. Ave. Watershed Slope (S) = Z

2. Runoff Curve Number (CN)

Hydrologic
Soil Group
(Appendix B)

Land Use Description
Include Treatment, Practice i Condition

(Table 2-2)

CN
(Table 2-2)

(3)

li or Area
(acres)

(A)

Product
(3)x(4)

(5)

c C c/l + i'00.4ec)l 'w/o ConseYVA4itr','\TYe«lir<irf 8Z leo / 0560

c I 0 i Aveex, 9/ 5(3 ^550

c F? e i I 4 e Vi4u>-
1

- Ac 30 IQ IGZO

c Paved. PcxvKwnq Avf'A.S 38 IZ 1 1 70
fA

1
C o-N

<J
4tv^

)_ Soil/ J

Totals = ZOO I 7906

CN (weighted) = f 1- 83.53^ total col. (4) L ZOO J — use CN = 90
,

3. Rainfall Frequency (F)

Rainfall Depth (P)

4, Runoff Depth (Q)
Use P, CN, and Table 2-1.

5, Basic Peak Discharg e (q)
Use S, DA, CN

,
and Figure D-2.

For graph Fiat (S = less than 3%)
: ^ ] Mo(labeled

:

Moderate (S = 3 a to 7,9%)
(check one)JLJ Steep (S = 8% 4 greater)

*6. Watershed Slope Factor
Use S, DA, and Table E-1.

Peak Discharge (q )— P
where = Steps !f^ x 5 x 6

1st Storm 2nd Storm 3rd Storm

1 0 yfi, Z5y« ) 0 0 yi?

4.0 5.0 6.5

yrs.

inches

Z.92

80

3.88 5.34

1.23

30 4-00

Indies

cf s/inch of Q

I

55/ cf »

See Steps 8 to 13 for adjustments that may be applicable.
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F-4

TR-55, CHA]’TER 4 (APPENDICES D & E) , PEAK DfSCHARGE WORKSHEET (CONT.)

Steps Peak Discharge Computations witli Adjustments

8. Data : Obtain if Adjustments are Applicable

Ponding and Swampy areas (PND) = 4 acres

,

z % of DA

Impervious Area (IMP) = GO acres

,

30 % of DA

Total Hydraulic Length (HL) = 7 GOO feet

Hydraulic Length Modified (HIM) = 3800 feet

,

SO % of HL

*9c

Rainfall Frequency (F) from Step 3

Peak Discharge (q )
p

from Step 7

Ponding and Swampy Area Peak Factor
Use % PND, F, and Tables E-2, 3 or 4.

Location in

Watershed

:

(check one)

at Design Point (E-2)

Center or Spreadout (E-3)

Upper Reaches (E-4)

*10 . Watershen Shape Peak Factor
Use HL with Figure E-1 and read;
Equiv. Drainage Area (EDA) = ^00

Use Figure D-2 graph from Step 5, CN, and EDA for;

EquiVo Peak/Inch Runoff (9^) = I Z.S cfs/in.

Factor

Factor

r 11 xl
DA ~|

|_q from Step 5 _J1

"1_ EDA J

r I 25 Mr 200 Ac"!

L © 0 c-(s/in J L 400 AJ 0.78

1st Storm 2nd Storm 3rd Storm

/ 0 YR> Z 5 YR / 0 Cys

30/ 4 OO 55/

X X X

.81 .83 • 00

yrs.

cfs

*11 . Impervious Area Peak Factor
Use % IMP, CN and Figure 4-1.

/ . 03

*12 . Hydraulic Length Modified Peak Factor
Use % KLM, CN and Figure 4-2.

/./7

13. Adjusted Peak Discharge (q^)

q^
(from Step 7) x Steps //9 x 10 x 11 x 12

Z43 330 477 cfs

* If the adjustmdnt is not applicable, enter a Factor of 1.0
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F-5

URBAN HYDROLOGY FOR SMALL WATERSHEDS (TR-55)
PEAK DISCHARGE WORKSHEET

FOR GRAPHICAL (T ) METHOD (FIGURE 5-2)
c

Pro.lecc ANY CREEK ® US gf 24Z By Date ^/ZS/S!

PJOvxjARD county, 50M£ JTATF Checked fAi'H'YVV Date ^!3o‘^\

Steps Peak Discharge Computation for• up to 3 storms: Type 11 ,
Duration 24 hours.

1. Data: Watershed Condition = P^e^evri
1

(present or future)

.

Drainage Area (DA) = 200 acres. Ave. Watershed1 Slop e (S) = Z %.

Ponding and Swampy areas (PND) = 4 acres. z % of DA

Impervious Area (IMP) 60 acres

,

30 % of DA

Total Hydraulic Length (HL) = 7600 feet

Hydraulic Length Modified (HLM) = 3800 feet

,

50 % of HL

2. Rainfall Frequency (F)

3. Rainfall Depth (P)

4. Runoff Curve Number (CN) =
See other side for computation

5. Runoff Depth (Q)

Use ?, CN, and Table 2-1.

6. Time of Concent ration (T ) = 0.94
,c

90

7

.

Unit Peak Discharge ( q

)

Use T^ and Figure 5-2

1st Storm
1

2nd Storm 3rd Storm

iOyR 25y<? J 00 yR

See other side ^ [~j Velocity Method
for computations r ^ Lag-CN Method
(check one) J [J Other

I

I

hrs .1

I

4.0

2.92

S.O

3.88 5.34

335

^,5 inches

inches

csm/inch of Q

8 . Drainage Area P DA(acres ) _ n_

[_
640 (ac/sm)_) [_

ZOO
640 J I

0.3/ sq. miles

*9. Ponding and Swampy Area Peak Factor
Only use % PND, F and Table E-3;

when PND is spreadout In v/atershed

10 .

and not related to T flow path.
c

Pe.ak Discharge Area Factor

where q “ Steps ff5 x 7 x 8 x 9

PpaU C i; ctv ^

*If the adjustment is not applicable,
enter a Factor of 1.0.

I

.81 •
oo

U) . 87
1

;
1

1

1
j

1
1

1 =
1

1

1 '

2 4<^ 334 48Z

^24 3
334/

^330 482/
2477

(I
Di-f-fe-yevnce 'v\ Me+liaJii = 1

cf s
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F-6

TR-55 GRAPHICAL (T^) METHOD, PEAK DISCHARGE WORKSHEET (CONT.)

Steps from other side

4„ Runoff Curve Number (CN)

Hydrologic
Soil Group
(Appendix B)

I.and Use Description
Include Treatment, Practice & Condition

(Table 2-2)

CN
(Table 2-2)

(3)

Area
(acres)

(4)

Product
(3)x(4)

(5)

c C 0 w/o 68 IZO I0 5GQ

c 91 so ^5 50

c eri4'i (X 1 - /a Ac 90 18 1620

C Ro.'jed. Pol

V

km 9 A'^eas 98 /^ 1 1 IG

Totals = 200 11300

CN (weighted) = total col. 5 r 17306 85. S3
.

total col. 4 [_ 2.00 J *

5. Time of Concentration (T )
c

Select computation method , (a) is recommended.

(a) Velocity Method

Re.ach Description of Flow
Length
(ft.)

(3)

Velocity
(ft/sec)

(4)

Travel Time
(sec .

)

(3) f (4)

—^Use Figure 3«1 for overland flow portion of triivel time. Totals =

Total Travel Time (sec.) _
j'

3,600 (sec. /hr.') “
[_

3’,600

)/ih) Lag-CN Method

(1) Unadjusted Lag (L)

Use HL, S, CN, and Figure 3-3.

(760C; ETo.'SO)

*(2) Hydraulic Length Modified T.ng Factor

Use % HLM, CH, and Figure 3-4.

c 50 Vo , '30)

* ( 3 ) Impervious Area Lag Fac t^r

Use % IMP, CN, and Figure 3-5.

. <3C)

(4) Constant (T^ = 1.67L)

(5) Time of Concentration (T^)

where T = (l)x(2)x(3)x(4)
c

hrs.

hrs.

sec

hrs

(TR NOTICE 55~A, September 1981)



URBAN HYDROLOGY FOR SMALL WATERSHEDS (TR-55)
PEAK DISCHARGE WORKSHEET

FOR CHAPTER 4 (APPENDICES D & E)

F-7

Project By Date

Checked Date

Steps Peak Discharge Computations for up to 3 Storms: Type II , Duration 24 hours.

1.

Data : Watershed Condition = (present or future).

Drainage Area (DA) = acres. Ave. Watershed Slope (S) = %.

2.

Runoff Curve Number (CN)

Hydrologic
Soil Group
(Appendix B)

Land Use Description
Include Treatment, Practice & Condition

(Table 2-2)

CN

(Table 2-2)

(3)

% or Area
(acres)

(4)

Product
(3)x(4)

(:;)

Totals =
j j

CN (weighted)
total col. (5)

total col. (4)
[- use CN =

3.

Rainfall Frequency (F)

Rainfall Depth (P)

Runoff Depth (Q)

Use P, CN, and Table 2-1.

Basic Peak Discharge (q)
Use S, DA, CN, and Figure D-2.
For graph

^
Flat (S = less than 3%)

Moderate (S = 3% to 7.9%)
Steep (S = 8% & greater)

labeled

:

(check one)j|

*^6 o Watershed Slope Factor
Use S, DA, and Table E-1.

7. Peak Discharge (ip)

where = Steps #4x5x6

1st Storm 2nd Storm 3rd Storm

See Steps 8 to 13 for adjustments that may be applicable.

(TR NOTICE 55-A, September 1981)



F-8

TR-55, CHAPTER 4 (APPENDICES D & E) , PEAK DISCHARGE WORKSHEET (CONT.) c
Steps Peak Discharge Computations with Adjustments

8. Data : Obtain if Adjustments are Applicable

Ponding and Swampy areas (PND) = acres

,

% of DA

Impervious Area (IMP) = acres

,

% of DA

Total Hydraulic Length (HL) = feet

Hydraulic Length Modified (HLM) = feet

,

% of HL

Rainfall Frequency (F) from Step 3

from Step 7

1st Storm 2nd Storm 3rd Storm

Peak Discharge (q )
p

Ponding and Swampy Area Peak Factor
Use % PND, F, and Tables E-2, 3 or 4.

Location in

Watershed

:

(check one)

at Design Point (E-2)

Center or Spreadout (E-3)

Upper Reaches (E-4)

*10 . Watershed Shape Peak Factor
Use HL with Figure E-1 and read;
Equiv. Drainage Area (EDA) =

Use Figure D-2 graph from Step 5, CN, and EDA for;

cf s/in

.

Equiv. Peak/Inch Runoff (H^) =

Factor

Factor

- DA n
q from Step 5 _ EDA J

- r r 1
L J L J

*11 . Impervious Area Peak Factor
Use % IMP, CN and Figure 4-1.

*12 . Hydraulic Length Modified Peak Factor
Use % HLM, CN and Figure 4-2.

13. Adjusted Peak Discharge (Hp)

q^
=

q^
(from Step 7) x Steps #9 x 10 x 11 x 12

* If the adjustment is not applicable, enter a Factor of 1.0

yrs

.

cfs

i

cfs
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F-9
URBAN HYDROLOGY FOR SMALL WATERSHEDS (TR-55)

PEAK DISCHARGE WORKSHEET
FOR GRAPHICAL (T ) METHOD (FIGURE 5-2)

c

Project By Date

Checked Date

Steps Peak Discharge Computation for up to 3 storms; Type II , Duration 24 hours.

I, Data : Watershed Condition = (present or future).

Drainage Area (DA) = acres. Ave. Watershed Slope (S) = %.

Ponding and Swampy areas (PND) = acres, % of DA

Impervious Area (IMP) = acres, % of DA

Total Hydraulic Length (HL) = feet

Hydraulic Length Modified (HLM) = feet, % of HL

2. Rainfall Frequency (F)

3. Rainfall Depth (P)

1st Storm 2nd Storm 3rd Storm

- - 1L --
yrs

.

inches

4.

5.

6 .

7.

8 .

*9.

10 .

Runoff Curve Number (CN) =

See other side for computation

Runoff Depth (Q)

Use P, CN, and Table 2-1.

Time of Concentration (T^) = hrs
See other side
for computations^
(check one) j

Unit Peak Discharge (q)

Use T^ and Figure 5-2

Velocity Method
Lag-CN Method
Other

Drainage Area P DA(acres )

~]

[_640 (ac/ sm)_J

Ponding and Swampy Area Peak Factor
Only use % PND, F and Table E-3;
when PND is spreadout in watershed
and not related to T flow path.

c

Peak Discharge Area Factor
where q = Steps #5 x 7 x 8 x 9

P

inches

of Q

cf 6

*If the adjustment is not applicable,
enter a Factor of 1.0.
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F-10

TR-55 GRAPHICAL (T^) METHOD, PEAK DISCHARGE WORKSHEET (CONT.)

Steps from other side

4. Runoff Curve Number (CN)

Hydrologic
Soil Group
(Appendix B)

Land Use Description
Include Treatment, Practice & Condition

(Table 2-2)

CN
(Table 2-2)

(3)

% or Area
j

(acres) i

(4)
1

Product '

(3)x(4)

(5)

1

Totals =

use CN =CN (weighted) = total col. 5 .

1 1

5. Time of Concentration (T ) Select computation method, (a) is recommended.

(a) Velocity Method

Reach Description of Flow ^
Length
(fto)

(3)

Velocity
(ft/ sec)

(4)

Travel Time
(sec .

)

(3) f (4)

—^Use Figure 3<>1 for overland flow portion of travel time. Totals -

Total Travel Time (sec.) P
]

=

1 1
c 3,600 (sec. /hr.)

|_ 3,600

(b) Lag-CN Method

(I) Unadjusted Lag (L)

Use HL, S, CN, and Figure 3-3.

* ( 2 ) Hydraulic Length Modified Lag Factor

Use % HLM, CN, and Figure 3-4.

* (3) Impervious Area Lag Factor
Use % IMP, CN, and Figure 3-5.

(4) Constant (T = 1.67L)
c

(5) Time of Concentration (T^)

where T = (l)x(2)x(3)x(4)
c

(TR NOTICE 55-A, September 1981)
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sec

hrs
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