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PROCEDURES FOR DETERMINING
PEAK FLOWS IN COLORADO

INCORPORATES AND SUPPLEMENTS
TECHNICAL RELEASE NO. 55
URBAN HYDROLOGY FOR SMALL WATERSHEDS

This handbook is a revision of a handbook bearing the same title dated
January 1977. 1t is intended for use in determining peak flows for the

design of conservation measures and for estimating effects of land use

changes and structural measures on peak rates of discharge. More detailed
procedures are available in Soil Conservation Service National Engineering
Handbook, Section 4 - "Hydrology'. NEH-4 is recommended for investigation
of watersheds greater than 25 square miles in size.

Soil Conservation Service ' March 1980
S. Glade Wilkes
Erke C. King
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SECTION 1

GENERAL

Hydrology is concerned with the origin, distribution, and propérties of
water. The designer is primarily interested in peak runoff for a selected
design frequency. The peak runoff is the maximum instantaneous discharge of
a flood.

It is common in Colorado for flooding to occur in the spring from snowmelt
and in the summer from rainfall. The type of flooding.most critical to an
area depends primarily on the elevation and location of the watershed. High
elevation watersheds are more susceptible to flooding from snowmelt than .
‘rainfall. Foothill streams flood from either condition and occasionally
from a combination of the two. Low elevation watersheds generally produce
flooding from rainfall.

The methods of runoff prediction are simplified for general situatioms. It
would be almost impossible.and too time consuming to apply all runoff para-
meters in a drainage basin. To make the methods usable, only a few signifi-
cant parameters are used.

Limitations

If streamflow data are available for the area being studied, these data
should be used in preference to the procedures in this handbook. Streamflow
data from other but similar areas should be used to check the reasonableness
of results obtained by the handbook procedures.

More detailed analysis using the Soil Conservation Service National Engi-
neering Handbook Section 4 and Technical Release 20 should be used to
estimate peak rates of runoff for drainage areas greater than 25 square
miles or for special situations.

Factors Affecting Surface Runoff

Precipitation, whether it occurs as rain or snow, is the potential source of
water that may run off the surface of watersheds. The soil and vegetative
cover on a watershed has a major effect on the amount of precipitation that
runs off. Mechanical treatment on a watershed, along with its topography
and shape, affect the rate at which water runs off. Soil, vegetative cover
and conservation practices are reflected as hydrologic soil cover complex
numbers in runoff determinations. The time factor is reflected as a storm
distribution type which varies with rainfall intensity. Travel time is
expressed in terms of time of concentration and time to peak. All of these
factors affect the shape and peak of a flood hydrograph.



SECTION 2

PRECIPITATION

The highest rates of runoff (CSM - cubic feet per second per square mile)
are caused by intense rainfall on small watersheds.

The intensity of rainfall varies considerably during a storm period. Three
typical 24~hour storm types, Type I, Type II and Type IIA, were developed
from U, S. National Oceanic and Atmospheric Administration (Weather Bureau)
data. They are associated with climatic regions. Type I intensities are
less than Type II and Type II intensities are less than Type IIA. Type I
storms are typical for maritime climates with wet winters and dry summers
which are characteristic of the coastal side of the Sierra Nevada and
Cascade Mountains in California, Oregon, Washington, in Hawaii and Alaska.
Type II and IIA are typical of the more int¥nse storms that occur over the
rest of the United States, Puerto Rico and the Virgin Islands.

Rainstorm intensities and amounts are also significantly different between
the mountainous areas of western Colorado and the plains of Eastern
Colorado. '

Summer rainstorms that cause flooding on the plains are generally associated
with frontal systems involving cold air from the Northwest and warm moist
air from the Gulf of Mexico. The storms vary in duration from a few hours
to several days depending on the extent of the storm and its speed. One or
more storm cells of high rainfall intensities generally exist and the path
of these cells often determine the location of flooding.

The mountains of Central and Western Colorado are a barrier to the movement
of warm moist air from the south. Because of this, the predominant source
of moisture to areas West of the Continental Divide is the Pacific Ocean.
Summer thunderstorms occur relatively frequemt but without the intensities
or amounts experienced in the plains of Eastern Colorado.

Areal Adjustment of Rainfall

Rainfall-frequency maps show point rainfall amounts and can be used to
determine the average precipitation in drainage areas up to ten (10) square
miles. However, larger areas should be modified for the areal extent of the
storm. Adjustments are necessary to convert point precipitation values to
average precipitation over the watershed area. Rainfall adjustments for
drainage areas greater than ten (10) square miles should be made according
to Figure S-2.



SECTION 3

HYDROLOGIC SOIL GROUPS

This section gives definition of four soil groups’that are used in determin-
ing hydrologic soil-cover complexes, for estimating runoff from rainfall.

Definitions

The hydrologic soil groups, according to their infiltration and transmission
rates, are: o,

A. (Low runoff potential). Soils have high infiltration rates even .
when thoroughly wetted. ~These consist chiefly of deep, well to
excessively drained sands or gravel. These soils have a high rate
of water transmission in that water readily passes through them

B. Soils having moderate infiltration rates when thoroughly wetted.
These consist chiefly of moderately fine to moderately coarse
textures. These soils have a moderate rate of water transmission.

C. Soils having slow infiltration rates when thoroughly wetted. These
consist chiefly of soils with a layer that impeded downward movement
of water or soils with moderately fine to fine texture. These soils
have a slow rate of water transmission.

D. (High runoff potential). Soils having very slow infiltration rates
when thoroughly wetted. These consist chiefly of clay soils with a
high swelling potential, soils with a permanent high water table,
soils with a claypan or clay layer at or near the surface, and
shallow soils over nearly impervious material. These soils have a
very slow rate of water transmission.

Source of Data

Local Soil Conservation Service field offices have soil survey data for
their respective areas. Much of this existing data was mapped with soil
symbols or with soil series names that may not be current. These symbols or
soil series names may be converted to current names with assistance from
respective SCS offices. The 1979 publication, "Soils of Colorado'" has
current soil series names and hydrologic groups. This informatiom is
included in Table S-2 of this publication.



SECTION 4
GENERAL 4

The soil series, antecedent soil moisture, vegetative cover, and condition
of cover affect the volume of runoff from precipitatiom.

WATERSHED COVER AND TREATMENT
Crop residues tilled into the soil and the residual root system from grasses
" that have been in crop rotations improve the hydrologic condition, thereby

reducing the volume of runoff.

Vegetative Cover .

Vegetation affects runoff in several ways. The foliage and its litter
“maintain the soil's infiltration potential by preventing the sealing of the
soil surface from the impact of the raindrops. Some of the raindrops are
retained on the surface of the foliage, increasing their chance of being
evaporated back to the atmosphere. Some of the intercepted moisture is so
long in draining from the plant down to the soil that it is withheld from
the initial period of runoff. Vegetation, including its ground litter,
forms numerous barriers along the path of the water flowing over the surface
of the land. This lengthens the time-of~concentration (See Section 5) and
reduces the peak discharge rate.

Conservation Practices

Conservation practices, in general, reduce sheet erosion and thereby main-
tain an open structure of the soil surface. This reduces the volume of
runoff but the effect diminishes rapidly with increase in storm magnitude.

Contouring and terracing reduce sheet erosion and increase the amount of

rainfall withheld from runoff by the small reservoirs they form. Gradient
terraces increase the distance water must travel and thereby increase the
time-of-concentration. This, in turn, reduces the peak rate of discharge.

HYDROLOGIC SOIL COVER COMPLEX (CN)

A combination of a hydrologic soil group and a land use and treatment class
is a hydrologic soil cover complex (CN). This complex is represented by an
index number which reflects the runoff potential, the higher the CN the
higher the potential. Figures S-3 and S-4 show CN values for most soil
cover complexes. These CNs are for an antecedent moisture condition II (see
the following discussion of Antecedent Moisture Conditionm).

ANTECEDENT MOISTURE CONDITION

The amount of precipitation occurring five days preceding a storm in ques-
tion is an indication of the antecedent moisture condition (AMC) of the
soil. The moisture condition generally used is the average, AMC II. The
average assumes between 1.4 and 2.1 inches preceding a flood event during a
growing season or between 0.5 and 1.1 inches during a dormant seasoun. If
the AMC is greater than 2.1 or 1.l inches respectively, a wet antecedent
moisture condition (AMCIII) is presumed. If it is less than 1.4 or 0.5
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inches respectively, a dry antecedent moisture condition (AMC I) is
presumed.

W

Relative CNs for the three conditions are shown on Figure S-5. AMC II
conditions are assumed unless streamgage and precipitation studies prove
otherwise. Some watersheds or regions in Colorado may have AMC conditions
significantly different than AMC II. CN adjustments using Figure S-5 may be
used in such locations with approval of the State Conservation Engineer.
Intermediate AMC conditions may be appropriate and can also be determined
using Figure S-5. A procedure for making adjustments is discussed in
Section 6, item G. iy : o
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SECTION 5

TIME OF CONCENTRATION

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 a basic element involved in determining timing and magnitude of a
flood hydrograph. Methods discussed in this handbook include:

1. Upland or overland flow;
2. Modified curve number;
3. Channel flow;

4. Hydrograph analysis;

5. Noﬁograph

Chapter 3 of TR-55 gives detailed explanations of the first four methods.
Table S-1 is intended as an aid in using the channel flow method, which is
the preferred procedure for projects of significant size and cost.

Peak discharge charts, figure S~1A, and figure D-2 (TR-55), do not require
Tc values directly. The modified curve number method for determining Tc has
been used to translate Tc into terms of CN, watershed slope and drainage

- area for average shaped natural watersheds. Lag time values from the
modified Curve Number Method must be adjusted for watersheds that are no
longer in their natural condition. Chapter 3 of TR-55 gives details of
these necessary modifications.

The nomograph, figure S-6 is a simplified solution of Tc requiring only
watershed length and height. Its use is self explanatory. It is recom-
mended that this nomograph be an alternative method for drainage areas less
than 1,000 acres.



SECTION 6

PEAK FLOW DETERMINATIONS -

Procedures for determining peak flows from rainfall or snowmelt are included
in this section. A more detailed discussion of snowmelt runoff is given in
Section 7.

Peak discharge methods described in Technical Release 55 have been supple-
" mented herein because of climatic differences between Eastern and Western
Colorado. Peak flow determinations should be made using charts and figures
found in TR-55 and supplemental charts and figures referred to in this
section (Section 6). Certain charts found in TR-55 have been repeated in -
this section for more efficient use of the handbook.

Hydrologic procedures and charts for Eastern Colorado will apply East of the
8,000 ft. elevation in the upper reaches of the South-Platte and Arkansas
River Basins. Hydrologic procedures and charts for Western Colorado will
apply West of this designated boundary.

Figure S-1B applies to the mountain areas, including either western or
eastern slope streams that historically flood from snowmelt conditionms,
regardless of elevation.

The following figures and tables will be considered a supplement to Techni-
cal Release No. 55 "Urban Hydrology for Small Watersheds', and are to be
used in conjunction with procedures described therein:

A. Figure S-1, a chart of peak discharge CSM/inch versus time of
concentration (Tc) for Type IIA storm distribution in Eastern
Colorado and Type II storm distribution in Western Colorado.

B. Figure S-1A charts of peak discharges versus drainage area, CN, and
slope. These charsssapply to undeveloped watersheds with a shape
factor of L = 209a”°° (See TR-55, pg. E-5). For cases differ-
ent than this refer to TR-535 Appendix E for adjustment procedures.

The average slope can be determined as follows:

l. Determine watershed area (DA) and height (2Z) which is the
elevation difference from high to low point in the watershed.

2. . Select three contours located at 25, 50 and 75 percent of the
watershed height (2).

3. Measure the length of each contour LCys,: LCs»
LC
75°

4. Solve for average watershed slope by:

S = 0,25 2 (1.c25 + LCqy + LC75)

DA

Note: Units DA = square ft., Z = ft., LC = ft.

7



Slope interpolation tables and adjustments for water areas in the
watershed are found in Appendix E of TR-55.

Figures S-1B and S-1C charts of peak discharge versus drainage area,

and mean annual precipitation. Figure S-1B applies to predomi- .J
nately snowmelt streams in the mountain areas of Colorado. See -
Section 7 to help make this determination. —

Figure S-2, a chart for making areal adjustments to point rainfall
values. This chart is applicable to all of Colorado, for drainage
areas greater than 10 square miles. It is not appropriate for the
design of Earth Dams and their spillways. For .this purpose refer to _ 4
Chapter 21 of NEH-4.. »

Figure S-3, a chart of hydrologic soil cover complex and associated - ]
curve numbers for range and forest lands in Colorado.

Figure S-4, hydrologic soil cover complex and associated curve
numbers for croplands.

Figure $-5, a chart for adjusting CNs for various antecedent mois-
ture conditions. Antecedent moisture condition II should be used et
for design purposes unless permission to modify is obtained from the
State Conservation Engineer. Such permission will be.based on
rainfall and streamgage evidence that supports AMC and CNs signifi-
cantly different from those reflected in Figures S~4 and S-5 for AMC
II. Modified AMC conditions for an area or region may be determined
as follows:

1. Select one or more representative watersheds that have at least
10 years of streamgage record. Make a frequency analysis of _
annual maximum discharge in accordance with Chapter 18, NEH-4. D

2. Determine basic Tc, CN (for AMC-II), and precipitation-frequency -
data for the selected watersheds, and compute theoretical dis-
charges using figure. S-1. Compare theoretical discharges with
streamgage values in step 1 for the same frequencies.

3. Revise CNs established in step 2 until theorotical discharges
are similar to values in step l.

4, Use final revised CNs of step 3 along with initial CNs of step 2
in figure S-3 to determine modified AMC condition appropriate
for the area., This AMC condition may be used for other ungaged
watersheds in the area that are hydrologically and meteorologi-
cally similar.

Figure 8-6 nomograph to determine time of concentration.

Figure §-7, rainfall frequency maps for Colorado.

Table S-1, time of travel and Tc by stream hydraulics.



K. Table S-2, soil names and hydrologic classifications for Colorado
soils.

L. Table 3, runoff for inches of rain.

Hydrologic evaluations in Colorado should follow the procedures as outlined
in TR-55. Figure S-1 should be used in the same manner as figure 5-2 of
TR-55. The tabular method of determining peak discharge referred to in
Chapter 5, and data in figures 7-1, 7-2 and D-2 (TR~55) are not applicable-
to the type II-A storm distribution, and shall not be used in Eastern
Colorado. Other references in this supplement should be considered as more
specific information and have ' no bearing on procedures as outlined in
TR-55.



SECTION 7

ESTIMATION OF RUNOFF FROM SNOWMELT

This section supplements figure S-1B as a more detailed method for analyzing
flooding from snowmelt conditions. Methods of snowmelt forecasting for
irrigation and similar purposes, are described in the Snow Survey Handbook
of the Soil Conservation Service.

Details of the thermodynamics of snowmelt are omitted from this section
because of their limited value in the method presented here. Some standard
references are: -

Clyde, George D. - Snow-melting characteristics. Technical Bulletin
231, August 1931. Utah Agricultural Experiment Station, Logan, Utah.

Light, Phillip - Analysis of high rates of snow-melting. Pages 195-205,
Transactions of the American Geophysical Union, 1941,

Wilson,'w. T. = An outline of the thermodynamics of snowmelt. Pages
182-195, Transactions of the American Geophysical Union, 1941.

Significance of Snowmelt Floods. Bankfull capacities in csm (cfs per square
mile) are normally greater for small watersheds than for large ones. Since
snowmelt rates are relatively low in c¢sm there may be flooding on large
watersheds when streams on small watersheds are flowing less than bankfull.

Water Resource specialists acquainted with an area will know the relative
importance of snowmelt as a source of flooding in that area. In doubtful
cases the data normally gathered by interview for a historical flood series
will usually define the character of flood flows. In other instances, the
runoff records will show the importance of snowmelt flooding. It 1is seldom
necessary to make detailed hydrologic investigations into the matter.

Regional Analysis Method. This method is for estimating the magnitudes and
frequencies of peak discharges or runoff volumes for ungaged watersheds by
use of relationships for nearby gaged watersheds. The method in its
simplest form is as follows:

A. Select nearby gaged watersheds that are climatically and physically
similar to the ungaged watershed. These watersheds and nearby areas
like them comprise the region that gives the method its name.

B. Construct frequency lines for peak discharges or runoff volumes of
the gaged watersheds.

C. Plot peak discharges or runoff volumes for selected frequencies
(only the 2- and 100-year frequencies if the frequency lines are
straight) of each gaged watershed against its drainage area size,
using log paper for the plotting and making straight-line
relationships for each frequency.

10



D. Construct the frequency line for the ungaged watershed (or any of
its subdivisions) by entering the plot with drainage area, finding
the magnitudes at each line of relationship, plotting the magnitudes
at their proper places on probability paper, and drawing the
frequency line through the points.

In practice the method could be more complex but usually only in step C.
Other variables in addition to drainage area are related to the peaks or
volumes. These variables may include one or more of the following, alone or
in combinations, directly or by means of index numbers:  type of climate,
mean annual precipitation or rainfall or snowfall, mean seasonal precipita-
tion or rainfall or snowfall, maximum or minimum average monthly rainfall,
storm pattern, storm direction and many others. For more complete list of
variables refer to SCS National Engineering Handbook, Section 4. -

The use of multiple regression methods is a necessity if more than one
variable appears in the relationship. Chapter 3, Book 4, Techniques of
Water Resources Investigations of U. S. Geological Survey is a basic
reference on regionalization.

11



Peak Discharge - c¢sm /inch

Figure S-/ Peak Discharge in
csm Per inch of Runoff
Versus
Time of Concentration, Tc¢
Type |l Storm Distribution
Type 11-A Storm Distribution
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FOREST HYDROLOGIC CONDITION CLASS
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Figure S-3
HYDROLOGIC SOIL COVER COMPLEX & ASSOCIATED CURVE NUMBERS
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FIGURE S-4 RUNOFF CURVE NUMBERS FOR HYDROLOGIC SOIL-COVER COMPLEXES
S (Antecedent moisture condition II, and Ia -0.2 8)

Cover

Land use Treatment Hydrologic |
or practice condition Hydrologic soil group
A B C D
Fallow Straight row — 77 86 91 94
"Row crops-é/ " Poor 72 81 . 88 91
" Good 67 78 85 89
Contoured Poor 70 79 84 88
" Good 65 75 82 86
"and terraced Poor 66 74 80 82
"on " Good 62 71 78 81
Small 3/ Straight row Poor 65 76 84 88
grain Good 63 -75 83 87
Contoured Poor 63 74 82 85
Good 61 73 81 84
"and terraced Poor . 61 72 79 82
' : Good 59 70 78 81
Close-seeded Straight row Poor 66 77 85 89
legumes 1/ " " Good 58 72 81 85
or Contoured Poor 64 75 83 85
rotation " Good 55 69 78 83
meadow "and terraced Poor 63 73 80 83
"and terraced Good 51 67 76 80"
Pasture Poor 68 79 86 89
or range Fair 49 69 79 84
Good 39 61 74 80
Contoured Poor 47 67 81 88
" Fair 25 59 75 83
" Good 6 35 70 79
Meadow Good 30 58 71 78
Woods (Isolated groves on Poor. 45 66 77 83
farms & ranches) Fair 36 60 73 79
Good 25 55 70 77
Farmsteads —— 59 74 82 86
Roads (dirt) 2/ —_—— 72 82 87 89
(hard surface) 2/ — 74 84 90 92

1/ Close-drilled or broadcast

2/ Including right-of-way

3/ Do not use adjustments for contoured or terraced treatments with
storm frequencies greater than 10 years.
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CHANNEL LENGTM IN FEET (L)
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Table S-1 Time of Travel - Hours

Channel Average Velocity - Feet Per Second

Length

Miles 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00 2.93 1.47 0.98 0.73 Q.59 0.49 0.42 0.37
2.00 -5.87 2.93 1.96 1.47 1.17 0.98 0.84 0.73
3.00 8.80 4,40 2.93 2.20 1.76 1.47 1.26 1.10 |
4,00 11.73 5.87 3.91 2.93 2,35 1.96 1.68 1.47
5.00 14.67. 7.33 4.89 3.67 2,93 2.44 2.10 . 1.83
6.00 " 17.60 8.80 5.87 4,40 3.52 2.93 2.51 2.20
7.00 20.53 10.27 6.84 5.13 4,11 3.42 2.93 2.57
8.00 23.47 11.73 7.82 5.87 4.67 3.91 3.35 2.93
"9,00 26,40 13.20 8.30 6.60 5.28 " 4.40 3.77 3.30
10.00 29.33 14.67 9.78 7.33 5.87 4.89 4,19 3.67
11.00 32.27 16.13 10.76 8.07 6.45 5.38 4,61 4,03
12.00 35.20 17.60 11.78 8.80 7.04 5.87 5.03 4,40
13.00 - 38.13 19.07 12.71 9.53 7.63 6.36 5.45 4,77
14.00 . 41,07 20.53 13.69 10.27 8.21 6.84 5.87 5.13
15.00 44,00 22,00 14.67 11.00 8.80 7.33 6.29 5.50
16.00 46.93 23.47 15.64 11.73 9.39 7.82 6.70 5.87
17.00 49,87 24,93 16.62 12,47 9.97 3.31 7.12 6.23
18.00 52.80 26.40 17.60 13.20 10.56 8.80 7.54 6.60
19.00 55.73 27.87 18.58 13.93- 11.15 9.29 7.96 6.97
20.00 58.67 29.33 19.56 14.67 11.73 9.78 8.38 - 7.33
21.00 61.60 30.80 20.53 15.40 12,32 10.27 8.80 7.70
22.00 64.53 32.27 21.51 16.13 12,91 10.76 9.22 8.07
23.00 67 .47 33.73 22.49 16.87 13.49 11.24 9.64 8.43
24,00 70.40 35.20 23.47 17.60 14,08 11.73 10.06 8.80
25,00 73.33 36.67 24.44 18.33 14.67 12.22 10.48 9.17
26.00 76.27 38.13 25.42 19.07 15.25 12.71 10.90 9.53
27.00 79.20 39.60 26.40 19.80 15.84 13.20 11.31 9.90
28.00 82.13 41,07 27.38 20.53 16.43 13.69 11.73 10.27
29.00 86.07 42,53 28.36 21.27 17.01 14.18 12.15 10.63
30.00 88.00 44,00 29.33 22.00 17.60 14.67 12,57 11.00

Estimating Tc By Stream Hydraulics

1. Estimate the 2-year frequency discharge in the stream. When this cannot
be done, use the approximate bankfull discharge of the low flow channel.

2. Compute the average velocity by stream reach.

3. Use the average velocity and the valley length of the reach to compute
the travel time through the reach by Table S-1.

4. Add the travel times of step 3 to get the Tc for the Watershed.

In most cases the hydraulic data do not extend to the watershed ridge. The
remaining time (to add iu. step 4) can be estimated by adding the time obtained
by the upland method. See TR-535, Figure 3-~1.
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Table S-1 Time of Travel - Hours
Average Velocity - Feet Per Second

Channel
Length
Miles
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SOIL
SERIES

Aaberg
Absarokee
Absted
Acacio
Acasco
Acree
Adel
Adena
Adilis
Agneston
Agua Fria
Alamosa
Albinas
Alda

Allens Park

Almont

Almy Variant

Altvan
Alvarado
Andreeson
Animas
Ansel
Anselmo
Antero
Antrobus
Anvik
Apache
Apishapa
Arena
Arle
Arvada
Ascalon
Ashcroft
Atencio
Avalon
Avar
Ayon
Azeltine
Baca
Badito
Baller
Bangston
Bankard
Barcus
Barishman

. Table S-2

SOIL SERIES NAMES AND HYDROLOGIC CLASSIFICATION

SOIL
GROUP

0:>»»onommc:o:cnwmcooocwwnmmnowwogoowocwmnmnuwuoc

FOR COLORADO SOILS

29

March
SOIL SOIL SOIL
SERIES GROUP SERIES
Bassel B Brinkert
Batterson D Broadmoor
Bayard B Bross
Bead o Brussett
Becks C Bucklon
Beckton c Buena Vista
Beenom D Buf fmeyer
Begay B Buford
Belmear c -Buick
Benteen c Bulkley
Big Blue D Budnyman
Bijou B Bushman (T
Bijou, mod. deep B Bushvalley
Billings C Cabin
Billings, GR C Cadoma
Substrata Cahona
Billings, Shale C Calkins
Substrata Campo
Binco D Campus
Blackman c Canyon
Blackwell D Capulin
Blakabin C Carbol
Blakeland A Carlstrom
Blanyon c Carnero
Blendon B Carracas
Blevinton B Caruso
Bloom D Cascajo
Bluerim B Castelleia
Bobtail C Cathedral
Boettcher c Cebolia
Bogan C Cebone
Bonaccord D Cerro
Bosler B Chaffee
Bostwick B Chapin
Bottle C Chappell
Bowdish C Charlos
Bowen B Chaseville
Boyle D Chedsey
Breece B Cheeseman
Bresser B Cheyenne
Bresser, GR B Chilton
Substrata Chipeta
Variant Chris
Bridgeport B Christianburg
Briggsdale C Chubbs

1980

SOIL
GROUP

)
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Table S-2 (continued)

SOIL
SERIES

Cimarron
Clayburn
Clergern
Cliffdown
Cliffhouse
Coalmont
Cochetopa
Colby
Collbran
Collegiate
Colombo
Colona
Colorow
Columbine
Comodore
Coni
Coors (T)
Copperdale (T)
Corlett
"Corta
Costilla
Cotopaxi
Cowdrey
Crespin
Crestvale
Critchell
Crowfoot
Cruckton
Cumbres
Curabith
Curecanti
Cushman
Dacono
Dahlquist
Dailey
Dalhart
Darling
Dateman
Dawes
Deacon
Deertrail
Delson
Denver
Derrick
Detra
Dewville
Dinnen
Dix

SOIL
GROUP

:>wwmmnodwommw:x>moow>ou=mwoo0>>U>mncc>wowcomonowmmo

SOIL

SERIES

Doak
Dobrow
Doct
Dollard
Dominquez
Dominson
Driggs
Duffson
Dunday
Dunton
Dunul
Dwyer
Eachuston
Eastonville
Eckley
Edgewater
Edloe
Elbeth
Ellicott
Els
Elsmere
Embargo
Emerald
Empedrado
Endlich
Englewood
Epping
Ethelman
Etoe
Evanston
Eyre
Falcon
Falfa
Farisita
Farnuf
Fern CLliff
Flatirons (T)
Fleer
Fluetsch
Fola
Fondis
Forelle
Fort Collins
Foxcreek
Frisco
Fruita
Fruitland
Fughes

SOIL
GROUP
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March 1980

SOIL
SERIES

Fulcher
Gapo
Garber
Garita
Garo
Garrett
Gas Creek
Gateview
Gateway
Gaynor
Gelkie
-Genola
Gerrard
Gibbler
Gilcrest
Girardot
Gladel
Glenberg
Glendive
Glenton
Goemmer
Gold Creek
Goldvale
Goshen
Gothic
Gove
Grafen
Granath
Granile
Grantsdale
Graypoint
Green River
Greenough
Grenadier
Grimstone
Gunbarrel
Hogga
Handran
Hapney
Harbord
Hargreave
Harlan
Harsha
Harvey
Haverly
Haverson
Havre
Hawksell

SOIL
GROUP
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Table S-2 (continued)

SOIL
SERIES

Haxtun
. Hayford
Heath-
Heflin
Heldt
Herzman (T)
Hesperus
Hierro
Hinman
Hiwan (T)
Holderness
Homelake
Hooper
Hopkins
Hossick
‘Hunchback
Hyannis
Ildefonso
Iles
I1iff
Inavale
Irigul
Irim
Jarre
Jenkins -
Jerry
Jodero
Judy
Juget
Julesburg
Kassler
Kather
Kebler
Kech
Keeldar
Keith
Keota
Kettle
Keyner
Kezar
Kildor
Kim
Kippen
Kirtley
Kittredge
Klondike
Koen
Kornman

SOIL

-GROUP

SOIL

OO WOPEOFOFOAERIEOPBIOEOOWNODPPOON B IONOOAU0DOEBODOOOW

SERIES

Kofami (T)
Kubler
Kuma

Kutch

Kut ler
Laird
LaJara
Lake Creek
Lamanga
Lamo
Lamphier
Laney
Laporte
Larand
Larim
Larimer
Larkson
Las

Las Animas:
Lasauses
Lazear
Leadville
Leal

Leaps
Leavitt
Lebsack
Legault (T)
Leighcan
Leyden (T)
Limber
Limon
Lincoln
Lininger
Lismas
Litle
Littlebear
Loma
Lonetree
Longmont
Loup
Louviers
Loveland
Lucky
Luhon
Lulude
Lunch
Lymanson
Macfarlane

31

SOIL
GROUP
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March 1980

SOIL
SERIES

Mack
Manburn
Manhattan
Manter
Manvel
Manzanola
Matcher

‘Mayflower

Mayoworth
McClave
McCook

McGinty

McIntyre
Medano
Meeteetse
Mendenhall
Menoken
Meredith
Mergel
Mesa
Midway
Mine
Minnequa
Miracle
Mirror
Mishak
Mitchell
Moen
Mogote
Molas
Monte
Montez
Mord
Morop
Morset
Morval
Mosca
Mosher

Mount Home

Moyerson
Muggins
Mulstay
Mysten
Nathrop
Naturita
Nava jo
Naz
Nederland

SOIL
GROUP
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Table §-2 (coﬁtinued)

SOIL
SERIES

Neesopah
Nelman
Nelson
Nepesta
Neville
Newcomb
Newfork
Newlin
Nihill
Niwot
Nikhu
Norka
Norriston
Norte
Northwater
Nortonville
Nucla

Numa

Nunn
Nutras
Nystrom
Olney
Orchard
Ordway
Orsa
Osgood
Otero
Ouray

Owen Creek
Pagoda
Pagosa
Palma
Palmer Canyon
Pando
Paoli
Parachute
Parkview
Parlin
Passar
Pastorius
Peeler
Peetz
Pendergrass
Peninsula
Penrose
Percetopn
Perrypark
Persayo

SOIL
GROUP

SOIL
SERIES

DWW UODQOUPPOE OO EEFOOOREIPFPPOIEDOOEIOIPPPE OO IO IO

Pescar
Peyton
Piceance
Pictou
Pierian
Piltz
Pinata
Pinelli
Pinkham
Platner
Platoro
Platte
Pleasant
Plome
Poancha
Potter
Potts
Poudre
Powderhorn
Primen (T)
Pring
Progresso
Promontory
Ptarmigan
Pulpit
Pultney
Purner
Quackenbush
Quamon
Quander
Rabbitex
Radersburg
Rago
Raleigh (T)
Rance
Randman
Rarick

Rat ake
Ravola
Rawah
Razor
Razorba
Redcloud
Redcreek
Redfeather
Redlands
Rednun
Redridge

32 .

SOIL
GROUP
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March 1980

SOIL

SERIES

Redrob
Redthayne
Redtom
Redvale
Renohill
Resort (T)
Rhone
Richfield
Ricot
Rizozo
Rocky Ford
Rogert
Rooney (T)
Rosane
Rosebud
Roubideau
Roxal

Ruby

Rule

Ryan Park
Saguache
Sambrito
Sampson
Samsil

San Arcacio
San Isabel
San Luis
Sanford
Sapinero
Saraton
Satanta
Sawatch
Sawcreek
Schamber
Schofield
Scholle
Schrader
Scott
Scout

‘Seitz

Sharps
Shavano
Shawa
Shingle
Shrine
Shule
Siebert
Silas

SOIL
GROUP
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Table $-2 (continued)

SOIL
SERIES

Sili
Silvercliff
Singerton
Sixmile
Skyway
Sneffels
Space City
Spicerton
Sphinx (T)
Sprucedale (T)
Standley (T)
St. Elmo -
Stapleton
Stecum
Stoneham
Stroupe
Stumpp
Stunner
Sudduth
Sundance
Sunshine
Supervisor
Tabernash
Table Mountain
Tamp

Tanna
Tarryall
Tassel
Tealson
Tellman
Tellura
Teoculli
Terry

Tex
Thedalund
Thiel
Thoroughfare
Thornburgh
Tiagos
Tigiwon
Tilton

Tine
Tinytown
Tisworth
Tivoli
Tolman
Tolvar
Tomah

NOTE: (T) indicates a tentative classification.

SOIL
GROUP

SOIL
SERIES

WEHOPOWEPFII NI QEEEORUDUODOQAEIEIOQAEOETOEEEP>POC0O0P OO ®EO

Tomichi
Tongue River
Torsido
Trag
Travelers
Travessilla
Treon
Tridell
Tripp

Trout Creek
Troutdale
Troutville
Truckton
Trump
Tullock
Turret
Tyrone
Uffens
Uinta

Ula

Ulm

Ulysses
Unaweep
Uncompahgre
Upson
Uracca
Utaline

Ute

Vale

Valent
Valentine
Valmont
Valto

Vamer
Vandamore
Vasquez
Vastine
Veatch
Vebar
Veldcamp (T)
Venable
Verde
Vernal
Villa Grove
Vona

Vulcan
Wages
Wahatoya

33

SOIL
GROUP
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March 1980

SOIL
SERIES

Walden
Walknolls
Wann
Waybe
Weber
Weld
Wellsville
Westcreek
Westplain
Wetmore
Wetterhorn
Wheatridge
Wichup
Wigton
Wiley
witt
Wix
Woodhall
Work
Wormser
Yampa
Yochum
Yoder
Youga
Youman
Youngston
Yovimpa
Zinzer
Zoltay

SOIL
GROUP
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TABLE S-3

RUNOFF FOR INCHES

OF RAIN

Curve Numbers From No. 55 through No. 98

34



RUNOFF FOR INCHES OF RAINFALL

CURVE

~ 00| 01| 02]|]03|04]|05]|06]|07]|08] 009
0

1 0.00| 0.00| 0.01

2| 0.02| c.o02| 0.04| 6.05| 0.c7| c.o8| 0.12] o0.12| 0.15] 0.17

3] o.19| c.22| 06.25| 0.28| 0.31] 0.35| 0.33| 0.42| 0.45| o0.49

4| 0.53| c.57| 0.61| C.65| G.7C| 0.74] -0.79| 0.83| 0.88| 0.93

5] o.98| 1.03| 1.08] 1.13] 1.19| 1.24]| 1.29| 1.35| 1.40] 1.46

6] 1.52] 1.58| 1.63] 1.69| 1.75] 1.81| 1.87| 1.94| 2.00| 2.06

71 2.12| 2.19] 2.25) 2.32| 2.33| z.45| 2.51] 2.58| 2.65| 2.72

81 2.78| 2.85| 2.92| 2.99| 3.ce| 3.13| 3.200 3.27] 3.34| 3.42

9| 3.49| 3.s6| 3.63) 3.71 | 3.78| 3.85| 3.93| 4.00| 4.08| .15

10| 4.23| w.30| 4.38| 4.46 | 4.53| 4.61| 4.69| 4.76] 4.84] 4.92

111 s.00| s.08| 5.15| s5.23| s.31] 5.29| 5.47| 5.55| s5.63| s5.71

12} s.79| s5.87| 5.95| 6.03 | 6.12| 6.20| 6.28| 6.36] 6.46]| 6.53

13| 6.61| 6.69] 6.77] 6.86 | 6.54] 7.02 | 7.11| 7.18| 7.27] 7.36

14 1 7.44| 7.53| 7.61| 7.69| 7.78| 7.86| 7.95| 8.03| 8.12| 8.2

15] s8.29] 8.38]| 8.46| 8.55| 8.63| e.72| 8.81| 8.89| 8.78| 9.07

16 | 9.15| 9.24] 9.33] 9.41| 9.50]| 9.59] 9.68| 9.76 | 9.85| 9.94

17 | 10.03 | 10.11 | 10.20 ] 1¢.29 | 10.38 | 10.47 | 10.56 | 10.64 | 10.73 | 10.82

18 | 1091 11.00 | 11,09 11.18 | 11.27 | 11.36 | 11.45 | 11.53 | 11.62 | 11.71

19 {11.80 | 11.89] 11.98 | 12.07 | 12.15 | 12.25 | 12.34 | 12.43 | 12.52 | 12.61

20 | 12.70 | 12.30 | 12.89 | 12.98 | 13.¢7 | 13.16 | 13.25 | 13.34 | 12.43 | 13.52

2
NOTE: Runoff value determined by equation @ = (P-025)".
P+083S

REFERENCE:
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CURVE

b6

RUNOFF FOR INCHES OF RAINFALL

Tenths

nchon 0.0 0.1 02 03| 0.4 | 05 06 | 0.7 | 0.8 | 0.9

0
1 0.00 | 0.00| @.01] o0.01
2| o0.02| c.03| 0.05| 0.06| 0.08| 0.10| 0.12| 0.14| 0.17| 0.1%
3| 0.22| o0.25| o0.28| 0.31] 0.34| 0.38| 0.42| 0.45| 0.49| 0.53
4| o0.57| c.62| 0.66| c.70| 0.75| 0.79] 0.84} 0.89| 0.94| 0.99
5] 1.04| 1.09] 1.15| 1.20] 1.25| 1.31] 1.36| 1.42| 1.48]| 1.54
6] 1.60| 1.66| 1.72| 1.78| 1.84| 1.90| 1.96 | 2.02| 2.09| 2.15
71 2.22| 2.28| 2.35| 2.41 | 2.48| z.55| 2.62| 2.68| 2.75| 2.82
8| 2.89| 2.96| 3.03| 3.10| 3.17] 3.25| 3.32| 3.39| 3.46]| 3.54
9] 3.61| 3.68| 3.76| 3.83 | 3.91| 3.98| 4.06| 4.13| 4.21| 4.28
10| 4.36 | 4.44| 4.51| 4.59 | 4.67| 4.75| 4.83| 4.90| 4.98 | 5.06
11| s.14] s5.22; s5.30| 5.38| 5.46| 5.54| 5.62| 5.70| 5.78| 5.86
12 ] 5.95| 6.03] 6.11| 6.19| 6.27 | 6.36 | 6.44 | 6.52| 6.60| 6.69
13| 6.77| 6.85| 6.94| 7.02 | 7.11 | 7.19 | 7.27| 7.36| 7.40] 7.53
14| 7.61| 7.70| 7.78| 7.87 | -7.95| 8.04| 8.13| 8.21| 8.30| 8.38
15| 8.47| 8.56| 8.64| 8.73] 8.82| 8.90| 8.99| 9.08| 9.16| 9.25
16| 9.34| 9.43| 9.52| 9.60| 9.69| 9.78| 9.87| 9.96 | 10.04 | 10.13
17 | 10.22 | 10.31 | 10.40 | 10.49 | 10.58 | 16.67 | 10.75 | 10.84 | 10.93 | 11.02
18 | 11,11 1:.20 | 11.29| 11.38 | 11.47 | 11.56 | 11.65 | 11.74 | 11.83 | 11.92
19 {12.01 ] 12.10] 12.19 | 12.28 | 12.37 | 12.46 | 12.55 | 12.65 | 12.74 | 12.83
20 | 12.92 | 13.01 | 13.10 | 13.19 | 13.28 | 13.37 | 13.47 | 13.56 | 13.65 | 13,74

2
NOTE: Runoff value determined by equation Q = (P-0.25)
P+08S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY



~ RUNOFF FOR INCHES OF RAINFALL

CURVE

57/

~" 00| 01| 02| 03|04]05)| 06|07 08] 0.9

0
1 0.00| 0.,00| 0.01| 0.02
2| 0.03| c.osl| o.06 0.08| 0.C9| G.12{ 0.14| 0.16| 0.19{ 0.22
3] o0.25| o0.28| 0.31] 0.34| 0.38| 0.42| 0.45| 0.49| 0.53| o0.58
4| o0.62| c.66| 0.71| C.75| 0.80| G.85| .0.90| 0.95| 1.00| 1.05
51 1.11] 1.16] 1e21| 1.27) 1.33] 1.38| 1.44| 1.50| 1.56| 1.62
6] 1.68| 1.74| 1.80| 1.86| 1.$3| 1.99| 2.05| 2.12| 2.18| 2.25
71 2.31] 2.38( 2.45| 2.52| 2.58|. 2.65| 2.72| 2.79| 2.86| 2.93
81 3.00| 3.07) 3.15| 3.22| 3.29| 3.36| 3.44| 3.51| 3.59]| 3.66
91 3.73| 3.81| 3.88| 3.96| 4.C4| 4.11| 4.19| 4.27| 4.34| 4.42
10§ 4.50| 4.58| 4.65| 4.73| 4.81| 4.89| 4.97| s.05| s.13]| s.21
11] s.29| s.37| s5.45| 5.53| s5.61| 5.69| s5.78| 5.86| 5.964| 6.02
12| 6.10f 6.19| 6.27| 6.35| 6.44| 6.52| 6.60| 6.69| 6.77| 6.85
13| 6.9 7.02| 7.11] 7.19| 7.28| 7.36] 7.45] 7.53| 7.62| 7.70
14 7.79| 7.28| 7.96| s8.05| 8.13| 8.22| 8.31| 8.39| 8.48| e.57
15| s8.66| 8.76| 8.83| 8.92| 9.co| 9.69| 9.18| 9.27| 9.36| 9.44
16| 9.53| 9.62| 9.71| 9.80| 9.89| 9.98| 10.06]10.15| 10.24! 10.33
17 {10.42| 10.51| 10.60|'10.69 | 10.78 | 10.87 | 10.96 | 11,05 | 11.14 | 11.23
18 11.32 | 11.41] 11.50 | 11.59 | 11.€8] 11.77 | 11.86 | 11.95 | 12.04 | 12.13
19} 12.22 ] 12.31 | 12.41] 12.50 | 12.59 | 12.68| 12.77 | 12.86 | 12.95| 13.04
20 | 13.146 | 13.23 | 13.32| 13.41 | 13.50| 13.59 | 13.69 | 13.78 | 13.87 | 13,96

2
NOTE: Runoff value determined by equation Q = Q:%é?-
+ U,

REFERENCE:
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CURVE

b3

' RUNOFF FOR INCHES OF RAINFALL

~" 00| 01| 02| 03|04|05]|06]|07]|08]0.9

0
1 c.00| 0.00| 0.01| 0.02] 0.03
21 o0.04{ 0.05{ 0.07| 0.09| 0.11] 0.13| 0.16 | o0.18 | Q.21 | 0.24
31 0.27| ©0.31] 0.34] o0.38| 0.41| 0.45| 0.49 | 0.53| 0.58 | 0.62
4] o0.67| 0.71| 0.76| 0.81 | 0.86| 0.91 | 0.961 1.01| 1.06 111
51 1.17] 1.22| 1.28| 1.3 | 1.40 ] 1.45| 1.51 ] 1.57| 1.63| 1.70
6 1.76 | 1.82 | 1.88| 1.95| 2.01 | 2.08 | 2.14 | 2.21 | 2.27| 2.34
71 2.01| 2.48 | 2.55| 2.62 | 2.69| 2.76 | 2.83| 2.90| 2.97| 3.04
8| 3.11 ) 3.19| 3.26| 3.33| 3.41| 3.48| 3.55| 3.63| 3.70| 3.78
9| 3.86 | 3.93| 4.01 | 4.09 | 4.16 ] 4.24| 4.32| 4.40 | 4.47 | 4.55
10| 4.63 | 4.71 ) 4.79| 4.87 | 4.55| 5.03] s5.11 | 5.19| 5.27 | 5.35
11| s5.43| s.52; s.60| s.68| s5.76| 5.84| 5.93| 6.01] 6.09| 6.17
12| 6.26 | 6.34| 6.43| 6.51 | 6.59 | 6.68 | 6.76 | 6.85| 6.93| 7.02
13| 7.10] 7.19] 7.27] 7.36 | 7.44| 7.53| 7.62| 7.70] 7.79| 7.87
14| 7.96 | 8.05| 8.13| 8.22| 8.31| 8.40| 8.48| 8.57 | 8.66| 8.75
15] 8.83| 8.92| 9.01] 9.10| 9.19]| 9.27| 9.36| 9.45| 9.54| 9.63
16| 9.72| 9.81| 9.90] 9.98 | 10.c7]10.16 | 10.25 | 10.34 | 10.43 | 10.52
17 | 10.61 | 10.70 | 10.79 | 1c.88 | 10.57 | 11.06 | 11.15 | 11.24 | 11.33 | 11.42
18 | 11.52 | 11.61 ] 11.70 | 11.79 | 11.88 | 11.97 | 12,06 | 12.15 | 12.24 | 12.33
19 | 12,43 12.52 | 12.61 | 12.70 | 12.79 | 12.88 | 12.98 | 13.07 | 13.16 | 13.25
20 J13.34 | 13.44 | 13.53 | 13.62 | 13.71 | 13.81 | 13.90 | 13.99 [ 14.08 | 14,18

‘ 2
NOTE: Runoff value determined by equation Q@ = (P-0.25)
© P+08S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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———— RUNOFF FOR INCHES OF RAINFALL

CURVE

o] 00| 01| 02|03/ 04|05]|06]|07/08]| 0.9

o| .
1 0.00| o0.00| 0.01| o0.01| 0.02] o0.03
2 o.05| 0.07| 0.08| .11 0.13| o0.15] o0.13| 0.21| 0.264| o0.27
3] 0.30|-0.34] 0.37| 0.41| 0.45| 0.49| 0.53| 0.58| g.62| 0.67
41 o.71| 0.76| o0.81] 0.86| o0.51] o0.96 ] 1.00] 1.07] 1.12] 1.18
51 1.23{--1.29| 1.35| 1.41| 1.47| 1.53| 1.59| 1.65| 1.71| 1.77
~—6|-1.84 |-~1.90 | 1.97| 2.03| 2.10] 2.17] 2.23] 2.30| 2.37| 2.44
74 2.51| 2.58| 2.65| 2.72| 2.79| 2.86| 2.93| 3.00| 3.08| 3.15
81 3.22| 3.30| 3.37| 3.45| 3.52| 3.60| 3.67| 3.75| 13.82( 3.9
91 3.98] 4.05| 4.13| 4.21| 4.29] 4.37| 4.45] 4.53| 4.60| 4.60
10| 4.76 | 4.84| 4.92| s5.01| s.ca| 5.17| 5.25| s5.33] s.41] s.49
11] s.s8| s5.66| 5.74| s.82| s.s1| 5.99] 6.07| 6.16| 6.24| 6.32
121 6.01| 6.50| 6.58| 6.66| 6.75| 6.83| 6.92] 7.01| 7.09| 7.18
13} 7.26 |- 7.35| 7.43| 7.52| 7.61] 7.69| 7.78| 7.87| 7.95! s8.04
14 1 g.13|-8.22| 8.30! 8.39| 8.48| 8.57| 8.66| 8.74| 8.83| 8.92
15{ 9.01| 9.10| 9.19| 9.28 | 9.36| 9.45| 9.54| 9.63| 9.72| 9.81
16 | .90 9.99|10.08 | 16.17 | 10.26 | 10.35 | 10.44 | 10.53 | 10.62 | 10.72
17 [ 10.80 ] 10.89 | 10.98 | 11.07 [ 11.16 | 11.25 | 11.35 | 11.44 | 11.53 | 11.62
18 | 11.71{ 11.80 | 11.89 | 11.98 | 12.08 | 12.17 | 12.26 | 12.35 | 12.44 | 12.53
19 | 12.63 ) 12.72 | 12.81 ] 12.90 | 13.c0 | 13.09 | 13.18 | 13.27 [ 13.36 | 13.4¢
20 | 13.55| 13.64 | 13.74 | 13.83 | 13.52 | 14.01 | 14.17 | 14.20 | 14.29 | 14.39

2
NOTE: Runoff value determined by equation Q = (P-0.25) PP— gg i)
+ U,

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

60

RUNOFF FOR INCHES OF RAINFALL

—| 00| 01| 02| 03|04|05|06|07]|08]|059
0
1 0.C0| 0.00| 0.01| 0.02| 0.03| 0.04
2| o.06| c.o8| oc.10| 0.12| o0.15| 0.17| o0.20| 0.23| 0.26| o0.30
3] 0.33] 0.37] o0.41| 0.45| 0.49| 0.53| 0.57| o0.62| 0.67| o0.71
Al o0.76| a.s1| o0.86] 0.91| 0.57| 1.02| 1.07] 1.13| 1.19] 1.24
5| 1.30] 1.36) 1.42] 1.48| 1.54]| 1.60| 1.66] 1.73| 1.79| 1.86
6] 1.92] 1.99] 2.05]| 2.12] 2.19] 2.25| 2.32| 2.3% 2.46 | 2.53
71 2.60| 2.67| 2.74| 2.82| 2.89| z.96| 3.04| 3.11| 3.18| 3.26
81 3.33| 3.41| 3.48| 3.56| 3.63] 3.71| 3.79| 3.87| 3.94] 4.02
9] 4.10] 4.18] 4.26) 4.34] 4.42| 4.49] 4.57| 4.65| 4.76| 4.82
10| 4.90| 4.98| 5.06| s5.14| 5.22| s5.31| s5.39| s5.47| s5.55]| s5.64
11| s.72| s.s0] s5.89] s5.97) 6.c5| 6.14| 6.22] 6.31| €.39| 6.48
12 ] 6.56] 6.65] 6.73] 6.82| 6.90] ¢.99| 7.08| 7.16| 7.25| 7.34
13| 7.42] 7.51| 7.60| 7.68| 7.77| 7.86] 7.95| 8.03| s.12] s8.21
14 1 s8.30| 8.38| 8.47| 8.56| s8.65| 8.74| 8.83| 8.92| 9.01| 9.09
15| 9.18| 9.27] 9.36] 9.45| 9.54| 9.63| 9.72| 9.81| 9.90| 9.99
16 | 10.08 ] 10.17] 10.26] 10.35 | 10.44 | 16.53 | 10.62 | 10.71 | 10.81 | 10.9¢
17 1 10.99 | 11.08 11.17| 11.26 | 11.35| 11.44 | 11.56 | 11.63 | 11.72 | 11.81
18 | 11.90] 11.99| 12.09 ] 12.18 | 12.27 | 12.36 | 12.45 | 12.55 | 12.64 | 12.73
19 | 12.82] 12.92 | 13.01] 13.10] 13.19] 15.29| 13.38 | 13.47 | 13.57 | 13.66
20 | 13.75] 13.85{ 13.94 | 14.03 | 14.12 | 14.22 | 14.31 | 14.40 | 14.50 | 14.59
NOTE: Runoff value determined by equation Q = ‘(-I-DP;%%%-)Z
+ U,

REFERENCE:

40

National Engineering Handbook, Section 4, HYORQLOGY
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~ RUNOFF FOR INCHES OF RAINFALL

CURVE

~| 00| 01| 02} 03]|04|05]|06]07]|08]|09
0
1 ' 0.00 | o0.co| o0.01| 0.02| 0.03 | c.04]| 0.06
2] 0.07{ c.c9| 0.12| c.14| 0.17] 0.20| 0.23| 0.26| 0.29] 0.33
3| 0.37| o0.40| 0.44| 0.45| 0.53| 0.57| 0.62 | 0.67| 0.71| 0.76
4] o.81| 0.86| 0.92| 0.97| 1.02| 1.08| "1.14| 1.19| 1.25| 1.31
51 1.37] 1.43| 1.49| 1.55| 1.62| 1.68| 1.74| 1.81] 1.87] 1.94
6| 2.01| 2.07| 2.14 | 2.21 | 2.28| 2.35| 2.42 | 2.49 | 2.56| 2.63
7] 2.70| 2.78| 2.85| 2.92| 3.c0| 3.07| 3.14| 3.22| 3.29| 3.37
8| 3.45] 3.52| 3.60| 3.68 | 3.75| 3.83] 3.91| 3.99| 4.07| 4.15
91 4.23| 4.31| 4.38| 4.47| 4.55| 4.63| 4.71| 4.75| 4.87 | 4.95
10| s.03| s.12] 5.20| s.28| s.36| s.45| s5.53| s.e1| s5.70| 5.78
11] s.a7| s5.95| 6.04| 6.12| 6.20] 6.29| 6.38| 6.46 | 6.55| 6.63
12| 6.72| 6.80| 6.89| 6.98 | 7.06| .7.15| 7.24 | 7.32| 7.41| 7.5¢C
13] 7.59| 7.67| 7.76] 7.85| 7.54| 8.03| 8.11| 8.20| 8.29| 8.38
14| 8.47| 8.56| 8.65| 8.74 | 8.82| 8.91| 9.00 | 9.09| 9.18 | 9.27
15] 9.36| 5.45| 9.54| 9.63| 9.72| 9.81| 9.90 | 9.99|10.08 | 10.18
16 | 10.27{10.36 | 10.45| 10.54 | 10.63 | 10.72 | 10.81 | 10.90 | 11.00 | 11.09
17 | 11.18{ 11.27 | 11.36 | 11.45 | 11.55 | 11.64 | 11.73 | 11.82 | 11.91 | 12.01
18 112.10] 12.19 ] 12.28 | 12.38 | 12.47 | 12.56 | 12.65 | 12.75 | 12.84 | 12.92
19 | 13.03 | 13.12 | 13.21 | 13.30 | 13.40 ] 13.49 | 13.58 | 13,68 | 13.77 [ 13.86
20 | 13.96 | 14.05 | 14.15 | 14.26 | 14.33 | 14.43 | 14.52 | 14.61 | 14.71 | 14.8¢C
NOTE: Runoff value determined by equation Q = QLO'Z—S)-Z
P+08S

REFERENCE:

National Engineering Handbook, Section 4, HYDROLOGY
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CURVE "

RUNOFF FOR INCHES OF RAINFALL

_—~—l 00 01| 02| 03]|04]05]|06]07]|08] 0.9

0
1 0.00| o0.co} 0.01| 0.02| 0.03| c.05| o0.07
2] 0.09{ c.11| 0.13| 0.16] 0.19| 0.22| 0.25| 0.29| 0.32| 0.3s
3] 0.40| 0.44| 0.48| 0.52| 0.57| GC.62| 0.66] 0.71] 0.76]| 0.81
41 o.86| 0.92| 0.97| 1.03| 1.c8| i.14] 1.207] 1.26| 1.32| 1.38
5| 1.464| 1.50| 1.56| 1.63| 1.69| 1.76| 1.82| 1.89| 1.95]| 2.02
6| 2.09| 2.16| 2.23| 2.30| 2.37| 2.44| 2.51| 2.58| 2.65| 2.73
71 2.80| 2.87| 2.95| 3.02| 3.10] 3.17| 3.25| 3.33| 3,40 3.48
8| 3.56| 3.63| 3.71| 3.79| 3.87| 3.95| 4.03| 4.11| 4.19| 4.27
9] 4.35| 4.43| 4.51| 4.59| 4.67| 4.75| 4.83| 4.92| s5.00| s.08
10| s5.17| s.25| 5.33| s.42| 5.50| 5.58| 5.67( 5.75| 5.84| 5.92
11 ] 6.01] 6.09] 6.18] 6.26| 6.35| 6.43| 6.52| 6.61| 6.69| 6.78
12| .87 6.95| 7.04| 7.13| 7.22| 7.30| 7.39| 7.48| 7.57| 7.65
13| 7.74| 7.83| 7.92| .01 s.10! s.19] s8.27] 8.36| s8.45| s.56
14| 8.63| 8.72| 8.81| 8.90| 8.99| 9.08| 9.17| 9.26| 9.35| 9.44
15] 9.53| 9.62] 9.71| 9.80| 9.89] 9.99| 10.08 | 10.17 | 10.26 | 10.35
16 | 10.44 | 10.53 | 10.62} 10.72 | 10.81 | 10.90 | 10.99 | 11.08 | 11.18 | 11.27
17 | 11.36 | 11.45{ 11.54 | 11.64 | 11.73 | 11.82 | 11.91 | 12.01 | 12.10 | 12.19
18 | 12.28 | 12.38 | 12.47 | 12.56 | 12.66 | 12.75 | 12.84 | 12.94 | 12.03 | 13.12
19 J13.22] 13.31] 13.40| 13.50 | 13.59| 13.68 | 13.78 | 13.87 | 12.97 | 14.06
20 | 14.15 | 14.25 | 14.34 | 14.03 | 14.53 | 14.62 | 14272 | 14.81 | 14.91 | 15.00

2
NOTE: Runoff value determined by equation Q = (P-0.25)
P+0.88S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

63

RUNOFF FOR INCHES OF RAINFALL

~™ 00| 01| 02|03 |04|05| 06|07 08|09
-0
1 0.00| 0.00| o0.01]| 0.02| 0.03| 0.04| c.06| o0.08
2| o.10| 0.13] 0.15| o0.18| 0.21| 0.24| 0.28| 0.31| 0.35] 0.3
3| 0.43| 0.48| 0.52| 0.57| 0.e1| 0.66| 0.71| 0.76| 0.81] o0.86
41 o0.92| 0.97| 1.03| 1.co| 1.14] 1.20|-1.26| 1.32] 1.38] 1.45
51 1.51] 1.57 | 1.64| 1.70] 1.77) i.8¢| 1.90| 1.97| 2.04| 2.11
61 2.18| 2.25| 2.32| 2.39] 2.46| z.53| 2.61| 2.68| 2.75] 2.82
7] 2.90| 2.98| 3.05| 3.13| 3.20| 3.28| 3.36| 3.44| 3.51| 3.59
81 3.67| 3.75| 3.83| 3.91| 3.59| 4.07| 4.15| 4.23| 4.31] 4.39
9% 4.47| 4.55| 4.64| 4.72 | 4.80| 4.88| 4.97 | s5.05| s5.13| 5.22
10} s.30| s.38| 5.47| 5.55| s.e4| 5.72 | 5.81 | 5.89 5.98 | 6.07
11 ] s.15 6.24 | 6.32| 6.41 | 6.50| 6.58 | 6.67 | 6.7¢ | 6.84| 6.93
12| 7.02| 7.11| 7.20) 7.28 | 7.37| 7.46 | 7.55| 7.64| 7.73| 7.81
13 7.90| 7.959| 8.08| 8.17] 8.26| 8.35| 8.44 | 8.53| 8.62| 8.71
14| 8.80| 8.89| 8.98| 9.07 | 9.16 C9.25 | 9.34| 9.42| 9.52| 9.61
15] 9.71| s.80| 9.89| 9.98 |16.C7 [10.16 | 10.25 [10.35 |10.44 | 10.53
16 | 10.62 | 10.71 | 10.80 | 10.90 | 10.59 | 11.08 [ 11.17 | 11.27 [ 11.36 | 11.45
17 f11.54 [11.64 | 11,73 | 11.82 | 11.92 [ 12.01 | 12.10 | 12.19 | 12.29 | 12.38
18 |12.47 | 12.57 | 12.66 | 12.75 | 12.85 | 12.94 | 13.04 | 13.13 | 13.22 | 13.32
19 | 13.41 | 13.50 | 13.60 | 13.69 | 13.79 | 13.88 | 13.97 | 14.07 | 14.16 [ 14.2¢
20 | 14.35 | 14.45 | 14.54 | 14.63 | 14.73 | 14.62 | 14.92 | 15.01 | 15.11 | 15.20
) 2
NOTE: Runoff value determined by equation @ = (-=0:25)
. P+0.83

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

64

~" 00| 01| 02| 03|04]|05]|06]|07]|08] 0.9

0
1 0.00! 0.01| 0.01| 0.02| 0.04] 0.05| 0.07| 0.09
21 o.12| o0.14| 0.17| 0.20]| 0.24| 0.27| 0.31| 0.35| 0.39| 0.43
3| 0.47| o0.51] 0.56| 0.61| 0.66| 0.71| 0.76| 0.81]| 0.86| 0.92
41 0.97| 1.03| 1.09| 1.15| 1.21| 1.27| 1.33] 1.39| 1.45| 1.52
51 1.s8| 1.65] 1.71| 1.78| 1.85| 1.927| 1.98| 2.05| 2.12| 2.19
6| 2.27| 2.34| 2.41| 2.48| 2.55| 2.63| 2.70| 2.78| 2.85| 2.93
71 3.00} 3.08| 3.16| 3.23] 3.31| 3.39| 3.47| 3.55| 3.62| 3.70
8| 3.78| 3.86| 3.94| 4.02| 4.11| 4.19| 4.27| 4.35| 4.43| 4.51
9| 4.60| 4.68| 4.76| 4.85| 4.93| S.01| 5.10| 5.18| 5.27| S5.35
10| s5.43| s.s2| s.61| 5.69| 5.78| 5.86| 5.95| 6.03| 6.12| 6.21
11| 6.29] 6.38] 6.47| 6.56| 6.64| 6.73| 6.82| 6.91| 6.99| 7.08
12| 7.17| 7.26| 7.35| 7.44| 7.53| 7.61| 7.70| 7.75| 7.88| 7.97
13] s.06| 8.15| 8.24| 8.33| 8.42| 8.51| 8.60| 8.69| 8.78| 8.87
14| s8.96| s9.05| 9.15| 9.24 | 9.33| 9.42| 9.51| 9.60| 9.69| 9.78
15| 9.88| 9.97] 10.06] 10.15 | 10.24 | 10.34 | 10.43 | 10.52 | 10.61 | 10.70
16 | 10.80 | 10.89| 10.98 ] 11.07 | 11.17 | 11.26 | 11.35 | 11.45] 11.54 | 11.63
17 J 11,73 11.82 | 11.91 | 12.01 | 12.10 ] 12.19 [ 12.29 | 12.38 | 12.47 | 12.57
18 | 12.66 | 12.75 | 12.85| 12.94 | 13.04 | 13.13 | 13.22 | 13.32 | 13.41 | 13.51
19 | 13.60] 13.69| 13.79| 13.88 | 13.98 | 14.07 | 14.17 | 14.26 | 14.306 | 14.45
20 | 14.55| 14.64 | 14.73 | 14.83 | 14.92 | 15.02 | 15.11 | 15.21 | 15.30 | 15.4C

2
NOTE: Runoff value determined by equation Q@ = %-?]—ESS)-

REFERENCE:

National Engineering Handbook, Section 4, HYDROLOGY
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_____RUNOFF FOR INCHES OF RAINFALL

CURVE

'~z 00| 01| 02]03|04|05]|06]|07]|08] 09

; —
1 0.00| 0.00{ o0.01| o0.c2| 0.03| 0.05]| 0.06] C.09| o0.11
2] o0.14| c.16| 0.19{ 0.23| 0.26| 0.30| 0.34| 0.38| 0.427 0.46
3] o.s1 0.55| 0.60| 0.65| 0.70] 0.75] 0.81| 0.86| 0.92| 0.97
41 1.03] 1.c9| 1.15] 1.21| 1.27] 1.33]-1.39| 1l.46]| 1.52] 1.59
5| 1.6e5] 1.72] 1.79] 1.86| 1.53| z.00| 2.07| 2.14| 2.21] 2.28
6| 2.35| 2.43| 2.50| 2.57| 2.65| 2.72| 2.80| 2.87| 2.95| 3.03
70 s.10| 2.18| 3.26| 3.34| 3.42| 3.50| 3.58| 3.66]| 2.74| 3.82
81 3.90| 3.98| 4.06| 4.14| 4.22| 4.30]| 4.39] 4.47] 4.55| 4.64
91 4.72| 4.80| 4.89| 4.97| s5.c6| S.14| 5.237] 5.31| S5.40| 5.48
10| s.57{ s5.65| 5.74| 5.83| 5.51| 6.00]| 6.09] 6.17] €.26| 6.35
11| 6.44| 6.52| 6.61| 6.70| 6.79| .88 6.96| 7.05| 7.14| 7.23
12§ 7.32| 7.41| 7.50| 7.59| 7.68| 7.77| 7.86| 7.95| 8.04]| 8.13
13| 8.22| 8.31| 8.40| 8.49| e.58| e.67| 8.76| 8.85| 8.94| 9.03
14| 9.13] 9.22| 9.31] 9.40| 9.49] 9.58| 9.68| 9.77| 9.86 | 9.95
15} 10.04 | 10.14 ] 10.23] 10.32 | 10.41 | 10.51 | 10.60 | 10.69 | 10.78 | 10.28
16 | 10.97 ] 11.06 | 11.16] 11.25 | 11.34 | 11.44 | 11.53 | 11.62 | 11.72 | 11.81
17 ] 11.90 | 12.00 | 12.09 | 12.18 | 12.28 | 12.37 | 12.47 | 12.56 | 12.65 | 12.75
18 | 12.84 | 12.94 | 13.03] 13.12 | 13.22 | 13.31 | 13.41 | 13.50 ] 12.60 | 13.69
19 | 13.79| 13.88 | 13.98 ] 14.07 | 14.17 | 14.26 | 14.35 | 14.45 | 14.54 | 14.64
20 | 14.73 | 14.83 | 14.93 | 15.02 | 15.12 | 15.21 | 15.31 | 15.4C | 15.50 | 15.59

; 2
NOTE: Runoff value determined by equation Q = (P-025) PP— 2; SS)
: + U.

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

66

RUNOFF FOR INCHES OF RAINFALL

~N| 00| 01| 02| 03|04/|05]|06]|07]|08]09

0
1 0.00 | 0.0t | 0.01 | 0.62| 0.04| 0.06| 0.08| 0.10]| 0.13
21 o0.15| o0.18| 0.22| ¢.25| 0.29| 0.33| 0.37| 0.41| 0.45| 0.50
3! o.ss] o.59| 0.64| 0.69| 0.75| c.80| o0.86| 0.91] 0.97| 1.03
4| 1.09 1.15| 1.21 | 1.27] 1.33| 1.40| 1.467 1.53| 1.59| 1.66
5{ 1.73| 1.80 1.87| 1.94| 2.61| 2.08| 2.15| 2.22| 2.29| 2.37
6| 2.44 | 2.52| 2.59| 2.67| 2.74| 2.82| 2.89| 2.97| 3.05| 3.13
71 3.21| 3.28| 3.36| 3.44| 3.52| 3.60| 3.68] 3.76| 2.85| 3.93
81 4.01] 4.09| 4.17| 4.26 | 4.34| 4,42 | 4.51 | 4.59 ]| 4.67 | 4.7¢
9| 4.84| 4.93| s.01| s.10] s5.13| s.27| 5.35| 5.44 | 5.53| 5.6l
10| s.70| s.79| 5.87| 5.96 | 6.05| 6.13 ] 6.22| 6.31 | 6.40| 6.49
11| 6.57| 6.66| 6.75| 6.84 | 6.53| 7.02] 7.11| 7.20| 7.29| 7.38
121 7.47| 1.56 | 7.65| 7.74 | 7.83| 7.92| 8.01| 8.10| 8.19| 8.28
13| a.37| s.46| 8.55| 8.64| 8.73| 8.83 | 8.92| 9.01| 9.10| 9.19
14 9.28| 9.38| 9.47| 9.56 | 9.65| 9.74 | 9.84 | 9.93]|10.02 | 10.11
15} 10.21 | 10.30 | 10.39 | 10.49 | 10.58 | 10.67 | 10.76 | 10.86 | 10.95 | 11.04
16 | 1114 [ 11.23 { 11.33 | 11.42 | 11.51 | 11.61 | 11.70 [11.79 | 11.89 | 11.98
17 | 12.08 | 12.17 } 12.26 | 12.36 | 12.45 | 12.55 | 12.64 | 12.74 | 12.83 | 12.92
18 | 13.02 | 13.11 ] 13.21 | 13.30 | 13.40 | 13.49 | 13.59 | 13.68 | 13.78 | 13.87
19 | 13.97 | 14.06 | 14.16 | 14.25 | 14.35 | 14.44 | 14.54 | 14.63 | 14.73 | 14.82
20 | 14.92 | 15.02 | 15.11 | 15.21 | 15.30 | 15.40 | 15.49 | 15.59 | 15.68 | 15.78

2
NOTE: Runoff value determined by equation Q = Q_—_O_ZS_)
P+0.8S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

__ "RUNOFF FOR INCHES OF RAINFALL

Tenths

Inches 00| 01| 02| 03|04 |05)| 06| 07| 08]| 029

O IN OOV |WIN |~ O
—
E ]
—
N
[
1 ) i
~ 4
—
—
L ]
N
-
-
[ ]
W
»
o
L)
P
o
o
L]
F ol
-~
P
[}
()]
w
—
[ ]
[o 3
[®)
—
[ ]
o
-~
—
[ ]
-~
Fo

15]10.37 | 1c.47 | 10.56 | 10.65 | 16.75 | 10.84 | 10.94 | 11.03 | 11.12 | 11.22

16 11.31 | 11.40§ 11,50} 11.59 | 11.69 | 11.78 | 11.87 | 11.97 | 12.06 | 12.16

17 | 12.25 | 12.35 | 12.44 | 12.54 | 12.63 | 12.73 12.82 | 12.91 | 13.01 ] 13,10

18 | 13.20| 13.29 | 13.39| 13.48 | 13.58 | 13.67 | 13.77 | 13.87 | 12.96 | 14.06

19 | 14015 | 14.25 | 14.34 | 14.44 | 14.53 | 14.63 | 14.72 | 14.82 | 14.92 | 15.01

20 1 15.11 | 15.20 | 15.30 | 15.39 | 15.49 | 15.59 | 15.68 | 15.78 | 15.87 | 15.97

(P=0.25)2

NOTE: Runoff value determined by equation Q =
P+083S

REFERENCE: National Enginéering Handbook, Section 4, HYOROLOGY
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"CURVE

68

RUNOFF FOR INCHES OF RAINFALL

—~—] 0.0] 01| 02| 03|04|05]|06]|07]08]|0.9
0
1] 0.00| o0.01| 0.01| 0.03| c.c4| c.06| 0.08| 0.11] ©.13| o0.1¢
2| 0.20| ¢.23| 0.27| 6.31 | 06.35| 0.39| 0.43| 0.48| 0.53] o0.s8
3| 0.63| o0.68| 0.73| 0.79| o0.85]| 0.90| 0.96| 1.02| 1.08| 1.14
41 1,21 1.270 1.34| 1.40 | 1.47 | 1.53| 1.604 1.67| 1.74| 1.81
S| 1.88| 1.95| 2.03| 2.10| z.17| z.25| 2.32| 2.4c| 2.47| 2.55
6| 2.62] 2.70| 2.78| 2.86| 2.53| 3.01| 3.09| 3.17| 3.25| 3.33
71 3.41] 3.49| 3.58| 3.66| 3.74| 3.82| 3.90| 3.99] 4.07| 4.15
81 s.24| 4.32] 4,01 4.49| 4.58] 4.66| 4.75| 4.83| 4.92| s.00
9] s.09] s.18] s.26!| s5.35| s5.44] 5.53| s.61] s5.70] s5.79| s.88
10] s5.97| 6.05| 6.14] 6.23 | 6.32| 6.41| 6.50| 6.59| 6.68| 6.77
11] 6.86| 6.95] 7.04] 7.13 ] 7.22] 7.31] 7.40| 7.49| 71.58| 7.67
12 7.76| 7.e5]| 7.94| 8.04| 8.13]| s.22| 8.31| 8.40| 8.49| 8.5
13| 8.68| 8.77! s.86| 8.95| 9.¢5| 9.14] 9.231 9.32] 9.42] 9.51
14 ] 9.60| 5.70{ 9.79| 9.88 | 9.98 | 10.07 | 10.16 | 10.26 | 10.35| 10.44
15]10.54 | 10.63 | 10.73 | 10.82 | 10.91 [11.01 {11.10 | 11.20 | 11.29 | 11.38
16 | 11.48 | 11.57 | 11.67 ) 11.76 | 11.86 | 11.95 | 12.04 | 12.14 | 12.23 | 12.33
17 1 12.42 | 12.52 | 12,61 | 12.71 | 12.80 | 12.90 | 12.99 | 13.09 | 12.18 | 13.28
18 | 13.38 | 13.47 ] 13.57 | 13.66 | 13.76 | 13.85 | 13.95 | 14.04 | 14.14 | 14.23
19 [14.33 | 14.43 | 14.52 | 14.62 | 14.71 | 14.81 | 14.91 | 15.00 | 15.10 | 15.19
20 | 15.29 | 15.39 | 15.48 | 15.58 | 15.67 | 15.77 | 15.87 | 15.96 | 16.06 | 16.16
2
NOTE: Runoff value determined by equation Q = (P-025)
P+0.8S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

RUNOFF FOR INCHES OF RAINFALL

o~ 00| 01| 02| 03|04|05)|06]|07]08]09
0 0.00
1| o.00| o0.01| 0.02| c.03| 0.05| 0.07| 0.09| 0.12| 0.15| o0.18
21 0,22 0.25| 0.29| 0.33| 0.38| 0.42| 0.47| 0.52| 0.577 0.62
3| o0.67| 0.72| 0.78 | 0.84| 0.50| G.95| 1.02| 1.08| 1.14| 1.2¢C
4% 1.27] 1.33| 1.40| 1.47| 1.53| 1.60 | -1.67 | 1.74| 1.81| 1.89
51 1.96 | 2.03| 2.11| 2.18 | 2.25| 2.33| 2.41| 2.48 | 2.56| 2.64
61 2.71 | 2.79| 2.87| 2.95| 3.03| 3.11| 3.19| 3.27| 2.35| 3.42
71 3.52| 3.60| 3.88| 3.76 | 3.85| 3.93| 4.01| 4.10| 4.18] 4.27
8| 4.35| 4.04| 4.52| 4.61 | 4.63| 4.78| 4.87| 4.95| 5.04| 5.13
91 s.21| s.30! s.39| s5.48 | s5.56| 5.65| 5.74 | 5.82| s5.92| s.01
10| 6.10| 6.18| 6.27] 6.36| 6.45| o6.54| 6.63| 6.72| €.81] 6.9¢C
11] e.99] 7.08| 7.17| 7.27{ 7.36| 7.45| 7.56 | 7.63|77.72| 7.81
12| 7.90| s8.00| 8.09| 8.18| 8.27| 8.36 | 8.46 | 8.55| 8.64 | 8.72
131 s.83] 8.92] 9.01 9.11 | 9.20] 9.29| 9.34 | 9.48 | 9.57| 9.66
14| 9.76 | 9.85| 9.95|16.04 | 10.13 | 10,23 { 10.22 | 10.41 | 1C.51 | 10.60
15 10.70 | 10.79 | 10.88 | 10.98 | 11.C7 | 11.17 | 11.26 | 11.36 | 11.45 | 11.55
16 | 11.64 | 11,74 | 21.83 | 11.93 | 12.02 | 12.12 | 12.21 | 12.31 ] 12.40 | 12.50
17 1 12.59 | 12.69 | 12.78 | 12.88 | 12.97 | 13.07 | 13.16 | 13.26 | 12.35 | 13.45
18 | 13.55 | 13.64 | 13,74 | 13.83 | 13.63 | 14.02 | 14.12 | 14.22 | 14.31 | 14.41
19 ] 14.50 [ 14.60 | 14.70 | 14.79 | 14.89 | 14.99 | 15.09 | 15.18 | 15.27 | 15.37
20 | 15.47 | 15.56 | 15.66 | 15.76 | 15.85 | 15.95 | 1605 | 16.14 | 16.24 | 16434
NOTE: Runoff value determined by equation Q = LP;O_:_Z_S_)_Z
P+083S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

/0

RUNOFF FOR INCHES OF RAINFALL

Tenths

Inches 0.0 0.1 0.2 0.3 0.4 | 05 0.6 0.7 0.8 0.9
0 0.00
1{ o.00| c.ot| 0.03| 0.04| 0.06| 0.08| 0.11| 0.14] c.17| 0.20
2| 0.24| c.28| 0.32| G.36 | 0.41| G.46| 0.50| 0.5¢| 0.61] 0.86
3| o0.72| 0.77| o0.83| ©.89] 0.55| i.01| 1.c7| 1.14| 1.20] 1.27
41 1.33| 1.40| 1.47] 1.54| 1.61| 1.68| 1.75- 1.82| 1.89| 1.9¢
51 2.04| 2.11| 2.19| 2.26| 2.34] z.42| 2.49| 2.57| 2.65| 2.73
6| 2.81| 2.89] 2.97| 3.05| 3.13| 3.21| 3.29| 3.37] 2.46| 3.54
71 3.62| 3.70| 3.79| 3.87| 3.56| 4.04| 4.13| 4.21| 4.30]| 4.38
8| 4.47| 4.55| 4.64| 4.73| 4.81| 4.90| 4.9 | s.07| S.16| 5.25
9] s.34| 5.43| 5.52| 5.60| 5.69| 5.78| 5.87| 5.96| 6.05]| 6.14
10| 6.23| 6.32] 6.41| 6.50| 6.59| 6.68| 6.77| 6.86| €.95| 7.04
11 a3 7023 7.32| 7.41 | 7.50] 7.59 ] 7.e2 | 7.78 ] 7.87| 7.96
12| s.05| 8.14| 8.24| 8.33| 8.42| s.51| 8.61! 8.70| €.79| 8.89
13| e.98| s.07| 9.17| 9.26| 9.35| 9.45| 9.54| 9.62| 9.73| 9.82
14| 9.92|10.01 | 10.10| 10.20 | 10.29 | 10.39 | 10.48 | 10.57 | 10.67 | 10.76
15 ] 10.86 | 10.95| 11.05 | 11.14 | 11.24 | 15.33 [ 11.43 | 11.52 | 11.62 | 11.71
16 | 11.81 | 11.90} 12.00| 12.¢c9 | 12.19 | 12.28 | 12.38 | 12,47 | 12.57 | 12.67
17 1 12.76 | 12.86 | 12.95 | 13.05 | 13.14 | 13.24 | 13.34 | 13.42 | 13.53 | 13.62
18 | 13.72 ] 13.82 ] 13.91 ] 14.01 | 14.10 | 14.20 | 14.35 | 14.39 | 14.49 | 14.5¢
19 | 14.68 | 14.78 | 14.87{ 14.97 | 15.07 | 15.16 | 15.26 | 15.36 | 15.45 | 15.55
20 | 15.65 | 15.74 | 15.84 | 15.94 | 1£.03 | 16.13 | 16.23 | 16.32 | 16.42 | 16.52
2
NOTE: Runoff value determined by equation Q = (P-025)
: P+0.83S

REFERENCE:

National Engineering Handbook, Section 4, HYDROLOGY
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RUNOFF FOR INCHES OF RAINFALL

CURVE

~ 00| 01| 02| 03|04|05)|06]07]08] 0.9
0 0.00
1] 0.01| ¢.02| c.03! c.05| 0.07| o0.10]| 0.13| o0.16| 0.19| 0.23
21 o0.27| 0.31| 0.35| 0.40| 0.44| 0.49| o0.54| o0.60| 0.65] 0.7
3| o0.76| c.82| o0.88| 6.94] 1.00| 1.07] 1.13] 1.19] 1.26] 1.32
4] 1.40| 1.46] 1.53| 1.60| 1.6 1.75| -1.82| 1.89] 1.97] 2.04
51 2.12| 2.19] 2.27| 2.35| 2.43| 2.50| 2.58| 2.66| 2.74| 2.82

6] 2.90| 2.98| 3.06] 3.16] 3.23| 3.31| 3.39| 3.47| 3.56] 3.64
71 3.730 3.81| 3.89| 3.98| 4.06| 4.15| 4.24] 4.32] 4.41] 4.50
8| 4.58| 4.67] 4.76 4.84 | 4.93| s.02| s.11| s.20] s.28] s5.37
9| s5.46| 5.55| s5.64| 5.73| 5.82| 5.91| 6.00| 6.09| e.18] 6.27

10| o6.36| 6.45| 6.54| 6.63| 6.72] 6.81] 6.90| 7.00] 7.09| 7.18

111 7.27] 7.36] 7.45| 7.55| 7.64| 7.73| 7.82| 7.92| e.01| s.10

12| s.19| s8.29| 8.38| 8.47| 8.57| 8.66| 8.75| 8.85| 8.94| 9.03

13 9,13 G.,22 9.32 G.41 9.50 9.60 9.69 9,79 9.88 9,937

14 | 10.07] 10.16] 10.26| 10.35 | 10.45| 10.54 ] 10,64 10.72 | 10.83 | 10.92

15 ) 11.02 1112 11,20 [ 11.30 | 13.40]1:.49] 11.59 ] 11,68 | 11.78 ] 11.87

16 | 11.97) 12.06) 12,16} 12.25 ] 12.35 | 12.45| 12.54 | 12.64 | 12.73 | 12,83

17 { 12.93] 13,02 13.12| 13.21 | 13.31 ] 13.41 | 13.50| 13.60 | 12.69 | 13.79

18 | 13.89] 13.98] 14.08] 14.18] 14.27] 14.37] 16.47 | 14.5¢ | 14.66 | 14.7¢

19 | 14.85] 14.95] 15.05| 15.14 | 15.24| 15.34 | 15.43] 15.53 ] 15.63 ] 15.72

20 | 15.82 ] 15.92] 16.01] 16.11] 16.21] 16.30] 16.40 | 16.50 | 16.60 | 16.69

2
NOTE: Runoff value determined by equation Q = (P-0.253)
P+08S .

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

72

RUNOFF FOR INCHES OF RAINFALL

o 00| 01| 02| 03]|04]|05]| 06, 07]| 08/ 0.9
0 0.00 | 0.00
1} o0.01| c.02| o0.04| c.06| 0.c9} ©.11| 0.14} o0.18| c.21| o0.25
21 0.29| c.34| 0.38| 0.43| 0.48| 0.53| 0.58| 0.64| 0.69| 0.75
3| o.81] 0.87| 0.93| €.99] 1.c6| 1.12| 1.19| 1.25| 1.32) 1.39
4| 1.46| 1.53| 1.60| 1.67] 1.75| 1.e2] 1.89-| 1.97| z2.04| 2.12
5| 2.20| 2.27| 2.35| 2.43| 2.51| 2.59| 2.67| 2.75| 2.83| 2.s1
6] 2.99| 3.07| 3.16] 3.24| 3.32| 3.41| 3.49| 3.57| 3.66| 3.74
71 3.83| 3.91| 4.00| 4.9 | 4.17| 4.26| 4.34| 4.42] 4.52| 4.61
8| 4.69| 4.78| 4.87| 4.96 | s5.c¢5| 5.14| s5.22| s5.31] 5.40| 5.49
9] s.sa| s.67| 5.76| 5.85| 5.54| .03 6.12| 6.21| 6.30| 6.39

10| 6.49| 6.58| 6.67| 6.76 | 6.85| €.94 | 7.04| 7.12 ) 7.22| 7.31
11] 7.40] 7.50}{ 7.59| 7.68| 7.77]| 7.87| 7.96| 8.05| 8.15| 8.24
12 ] 8.33| 8.43| 8.52| 8.61| 8.71| 8.80 | 8.90| 8.99| 9.08| 9.18
13| 9.27| 9.37| 9.46| 9.55| 9.65| 9.74| 9.84| 9.92|10.03 ] 10.12
14 | 10.22 | 10.31 | 10.41 | 10.50 | 10.60 | 16.69 | 10.79 | 10.88 | 10.98 | 11.07
15} 1117 11.26 | 11.36 | 11.45 | 11.55 | 1i.65 ] 11.74 | 11.84 | 11.93 | 12.02
16 | 12.12 ] 12.22 | 12.32 ] 12.41 | 12.51 [ 12.60 | 12.70 | 12.80 | 12.89 | 12.99
17 | 13.08 | 123,18 13.28 | 13.37 [ 13.47 | 13.57 | 13.66 | 13.76 | 13.86 | 13.95
18 | 14.05 | 14.15 | 14.24 | 14.34 | 14,44 | 14.53 | 14.63 | 14.73 | 14.82 | 14.92
19 | 15.02 | 15.11 | 15.21 | 15.31 | 15.40 | 15.50 | 15.60 | 15.70 | 15.79 | 15.89
20 | 15.99 | 16.08 | 16.18 | 16.28 | 16.38 | 16.47 | 16.57 | 16.67 | 16.76 | 1648¢

2

NOTE: Runoff value determined by equation Q = &—0—2—3—)-

. P+08S

REFERENCE:
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RUNOFF FOR INCHES OF RAINFALL

CURVE

/3

. /
REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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N 00| 01| 02|03}|04/|05)|06]|07]08] 0.9

0 0.00 | 0.01

1| c.02| c.03| o0.05| 0.07| c.16| 0.13| o0.16| 0.20| 0.24| 0,28

21 0.32| 0.37| 0.41| C.46 | G.51| G.57| 0.62 | 0.68| 0.747 0.8C

3] o0.86| 0.92| 0.98 | 1.05| 1.11| 1.18 ] 1.25| 1.32] 1.39| 1l.46

41 1.s3| 1.60] 1.67] 1.75| 1.82| 1.90| -1.97| 2.05| 2.12| 2.26

51 2.28| 2.36| 2.44| 2.52 | 2.60| 2.68 | 2.76| 2.84| 2.92| 3.01

6] 3.09| 3.17| 3.25| 3.34| 3.42| 3.51| 3.59| 3.68| 2.76| 3.85

71 3.93| 4.02| 4.1l | 4.19 | 4.28| 4437 | 4.66 | 4.54 | 4.63| 4,72

8| 4.81| 4.90| 4.99| 5.08| 5.17| 5.25| 5.34| 5.43| 5.52| 5.6l

9| s5.70]| 5.80| 5.89| 5.58 | 6.C7| e.l6| 6.25| 6.34| €.43| 6.52

10| 6.62| 6.71| 6.80| 6.89 | 6.98| 7.08| 7.17| 7.26| 7.35| 7.45

11| 7.54| 7.63| 7.73| 7.82| 7.51| e.o1| 8.10| 8.19| @.29| 8.38

12| 8.48| 8.57| 8.66 | 8.76 | 8.85] 8.95| 9.04| 9.13| 9.23 | 9.32

}_¥3 9.42 | 9.51| 9.61| 9.70| 9.eC| 9.89 ] 9.99 |10.08 | 10.18 | 10.27

14 | 10.37 10.46 | 10.56 | 10.65 | 10.75 | 1C.84 | 10.94 | 11.04 | 11.13 | 11.22

151 11.32 11.42 | 11.51 | 11.61 | 11,71 {11.80 | 11.90 | 11.99 | 12.09 | 12.19

16 | 12.28 12.38 | 12.47 | 12.57 | 12,67 | 12.76 | 12.86 | 12.96 | 12.05 | 13.15

17 J 13.25 | 13.34 | 13.44 | 13.54 | 13.€3 | 12.73 | 13.83 | 13.92 | 14.02 | 14.12

18 | 14.21 | 14.31 | 14.41 | 14.50 | 14.¢C | 14.70 | 14.79 | 14.89 | 14.99 | 15.09

19| 15.18 | 15.28{ 15.38 | 15.47 | 15.57 | 15.67 | 15.77 | 15.86 | 15.96 | 16.0¢

20 | 16.16 | 16.25 | 16.35 | 16.45 | 16.55 | 16.64 | 16.74 | 16.84 | 16.94 | 17,02
NOTE: Runoff value determined by equationQ = Q:—O'—Z-S—)z

. : P+08S



CURVE

74

RUNOFF FOR INCHES OF RAINFALL

~N 00| 01| 02|03|04]|05]|06]07]|08]|09
0 ] 0.00| 0.01
1] c.02| 0.04] 0.06| 0.09| 0.12] G.15| o0.18] 0.22| 0.26| 0.30
21 0.35| 0.40| 0.45| G.50| 0.55| 0.61| 0.67] 0.72| 0.78| 0.85
3| o.91| 0.97| 1.04] 1.11| 1.17} 1.24] 1.31| 1.38| 1.45| 1.52
41 1.60| 1.67] 1.75| 1.82| 1.90] 1.97| 2.057| 2.12| 2.21| 2.29
51 2.37] 2.45| 2.53| 2.61| 2.69| 2.77| 2.85| 2.94| 13.02| 3.10
6] 3.19| 3.27| 3.36] 3.44 | 3.53| 3.61| 3.70| 3.78 | 2.87| 3.96
71 .06 4.13] 4.22| 4.31 | 4.35| 4.48| 4.57| 4.66| 4.75| 4.84
8| 4.93| s5.02| s.11| 5.20| 5.29| 5.38| 5.47| S5.56| 5.65| 5.74
91 s5.83| s5.92| 6.01] 6.11 | 6.20| 6.29| 6.33| 6.47| €.57| 6.6¢
10| 6.75| 6.84] 6.94| 7.03| 7.12) 7.21 | 7.31 | 7.4Cc | 7.49| 7.59
11| 7.68| 7.77] 7.87| 7.96 | 8.06| e.15| 8.24| 8.34| 8.43| 8.53
12| s.62| 8.71| 8.81| 8.90| 9.00| $.09 | 9.12 | 9.28 | '9.38 | 9.47
13| 9.57| s.e6| 9.76 | 9.85 | 9.95] 10.04 | 10.14 | 10.23 | 10.33 | 10.43
14 | 10.52 | 10.62 | 10.71 | 10.81 | 10.50 | 1:.00 | 11.10 | 11.19 | 11.29 | 11.3e
15{1:1.48 | 11.58 | 11.67 ] 11.77 | 11.86 | 11.96 | 12.06 | 12.15 | 12.25 | 12.35
16 | 12,44 | 12.54 | 12.64 | 12.73 [ 12.83 | 12.93 | 13.02 | 13.12 | 12.22 | 13.31
17 ] 13.41 | 12.51 | 13.60| 13.70 | 13.80 | 13.89 | 13.99 | 14.09 | 14.19 | 14.28
18 1 14.38 | 14.48 | 14.57 | 14.67 | 14.77 | 14.87 | 14.96 | 15.06 | 15.16 | 15.2¢
19 | 15.35 | 15.45 | 15.55 | 15.65 | 15.74 | 15.84 | 15.94 | 16.04 | 16.13 | 16,22
20 | 16.33 | 16.43 | 16.52 | 16.62 | 16.72 | 16.82 | 16.91 | 17.01 | 17.11 [ 17.21
NOTE: Runoff value determined by equation Q = (_E’_—O_.Zﬁz
P+0.8S
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RUNOFF FOR INCHES OF RAINFALL-

CURVE

75

N 00| 01| 02| 03|04|05)|06]|07]|08] 059
0 0.00 | 0.01| 0.02
1| o0.03| c.o5{ 0.07| 0.10| 0.13| ¢c.17| 0.20} 0.24| 0.29| 0.32
21 o0.38| c.43| 0.48| 0.54| 0.59| G.65| 0.71| 0.77] Q.83 | 0.90
3] 0.96| 1.03| 1.10f l.16 | 1.23}] i.30 1.3? 1.45 | 1.52| 1.59
41 1.67) 1.74| 1.82] 1.90| 1.57| 2.05| 2.13| 2.21| 2.29| 2.37
5| 2.45| 2.53| 2.61| 2.70| 2.78| 2.86| 2.95| 3.03| z2.11| 3.20
6] 3.28| 3.37| 3.46| 3.54| 3.63| 3.71| 3.80| 3.89 | 2.98| 4.06
71 a.is| 4.24] .33 4esz| 4usi| 4uso| s.ee| 4.77| 4.86] 4.9s
81 s.04| s.13| s.22| s.32| s5.41| s.50] 5.59| s.e8| s5.77| s5.8¢
_ 91 s.95| 6.05| 6.14) 6.23| 6.32| 6.42| 6.51| 6.60] 6.69] 6.79
10} o.88 | 6.97 7.07 7016 | 7.25| 7.35] 7.46 | 7.53| 7.63| 7.72
11] 7.82| 7.91| e.o0| 8.10] e.19] €.29| 8.3¢e | B8.48 | 8.57| 8.67
12| 8.76| 8.86| 8.95| 9.05| 9.14| 9.24 | 9.233 | 9.43| 9.52| 9.62
13} 9.71| 9.81| 9.90 | 16.00 | 10.C9 | 16.19 | 10.25 | 10.38 { 10.46 | 10.57
14 } 10.67 | 10.77 | 10.86 | 10.96 | 11.C5 | 11,15 | 11.25 | 11.34 [ 11.44 | 11.54
15| 11.63 | 11,73 11.82 | 11.92 | i2.c2 | iz.11 | 12.21 [12.31 ] 12.40]12.50
16 | 12.60 | 12.69 | 12.79 | 12.89 | 12.59 | 13.08 | 13.18 | 13.28 | 12.37 | 13.47
17 | 13.57 | 13.67 | 13.76 | 13.86 | 13.96 | 14.05 | 14.15 | 14.25 | 14.35 | 14.44
18 | 14.564 | 14.64 | 16.74 | 14.83 | 14.53 | 15,03 | 15.13 | 15.22 | 15.32 | 15.42
19 f15.52 | 15.61 | 15.71 ] 15.81 | 15.51 | 16.00 | 16.10 | 16.2C | 16.30 | 16.4C
20 | 16.49 | 16.59 | 16.69 | 16.79 | 16.88 | 16.98 | 17.08 | 17.18 | 17.28 | 17.37

2

NOTE: Runoff value determined by equation Q = (P-0.25)

P+083

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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JURVE

RUNOFF FOR INCHES OF RAINFALL

o 00| 01| 02| 03]|04]05|06]|07]| 08|09
0 0.00| G.01| 0.02
1] o0.04| c.o6| 0.09| o0.12| 0.15| 0.19| 0.23| 0.27| 0.32| 0.3¢
2{ 0.1 | c.47{ o.52| 0.58| 0.63| 0.69| 0.76| 0.82| 0.88]| 0.95
3] t.o0| 1.08| 1.15) 1.22) 1.29| 1.36] 1.644| 1.51| 1.59| 1.6¢
A 1.74| 1.81| 1.89| 1.97| z.cs| 2.13| 2.21 ) 2.29 2.37| 2.45
5| 2.53| 2.62| 2.70| 2.78| 2.87| z.95| 3.04| 3.12| 2.21| 3.29
6] 3.38| 3.47| 3.55| 3.64| 3.73| 3.81| 3.90| 3.99| 4.08| 4.17
7] 4.26| 4.35| 4.43| 4.52| 4.61| 4.70| 4.79| 4.88| 4.97| s.07
8| s.16| s5.25| s5.34| s5.43| s5.52| s.e1| s5.71| s5.80| s5.89| s.98
9] 6.07] 6.17] 6.26| 6.35| 6.45| €.54| 6.63| 6.7z €.82| 6.91
10 7.01| 7.10) 7.19| 7.29| 7.38| 7.47| 7.57| 7.66| 7.76| 7.85
11| 7.95| e.04| e.14| e€.23| 8.32| €.42| 8.51| 8.61] 8.70| s.80
12| 8.90| 8.99| s.09| .18 9.28| 9.37| 9.47| 9.56| 9.66| 9.76
13| 9.e5| 9.95] 10.04 | 10.14 | 10.23 | 16.33 | 10.43 | 10.52 | 10.62 | 10.72
14 | 10.81 | 1¢.91 | 11.00 | 11,10 | 11.20 ] 11.29 | 11.39 | 11.49 | 11.58 | 11.68
15 [ 11.78 | 11,87 | 11.97 | 12.07 | 12.16 | 12.26 | 12.36 | 12.46 | 12.55 | 12.65
16 | 12.75 | 12.84 | 12.94 | 13.04 | 13,14 | 12,23 | 13.33 | 13,42 | 12.52 | 13.62
17 1 13.72 | 13.82 | 13.91 ] 14.01 | 14.11 | 14.21 | 14.30 | 14.4C | 14.50 | 14.60
18 | 14.69 ] 14.79 ) 14.89 | 14.99 | 15.¢9 | 15.18 | 15.29 | 15.32 | 15.48 | 15.57
19 | 15.67 | 15.77 | 15.87 | 15.97 | 16.C6 | 16.16 | 16.20 | 16.3¢6 | 16.46 | 16.55
20 | 16.65 | 16.75] 16.85 | 16,95 | 17.C4 | 17.14 | 17.26 | 17.34 | 17.44 | 17.53
: 2
NOTE: Runoff value determined by equation Q = (—::-’%g—i)-
’ + U,

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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*, RUNOFF FOR INCHES OF RAINFALL

CURVE

/7

REFERENCE:

537

National Engineering Handbook, Section 4, HYDROLOGY

—_] 00| 01| 02| 03|04|05]|06]|07]|08] 009
0 0.00| 0.00] ¢.01| 0.03
1] o0.05| c.o7| o0.10]| 0.13| G6.17| G.21| 0.25| 0.3¢| 0:34] 0.39
21 0.,05) 0.50| 0.56| 0.62| 0.68| 0.74| 0.80| 0.87| 0.93] 1.00
3] 1.07] 1.14| 1.21] 1.28 | 1.36| 1.43| 1.50| 1.58| 1.66| 1.73
41 1.81 | 1.89 1.97| 2.05| 2.13| z.21 |  2.29 2.37 | 2.48 | 2.54
51 2.62| 2.71| 2.79| 2.87| 2.96| 3.04| 3.13| 3.22| 2.30| 3.39
~ 6] 3.48| 3.56| 3.65| 3.74 | 3.83| 3.92| 4.01| 4.1C]| 4.18] 4.27
71 4.36| 4.45| 4.54| 4.63| 4.72| 4.82| 4.91| 5.06| 5.09| 5.18
81 5.27| 5.36| 5.46] 5.55| s.e4| 5.73| s5.83| 5.92| 6.01| 6.1cC
91 6.20] 6.29] 6.38| 6.48 | 6.57| c.66| 6.76| 6.85| 6.95] 7.04
10} 7.13] 7.23| 7.32| 7.42| 7.51| 7.61] 7.70| 7.79| 7.89| 7.98
11 8.08| 8.17| 8.27| 8.36| 8.46| .56 | 8.65| 8.75| 8.84| 8.94
121 9.03| 9.13| 9.22| 9.32| 9.42| 9.51| 9.61| 9.76| 9.80| 9.9¢
o 13| 9.99|1c.09 | 10.19] 10.28 | 10.38 | 10.47 | 10.57 | 10.67 | 10.76 | 10.86
14 1 10.96 | 11.05 | 11.15 | 11.25 [ 11.34 [ 11.44 | 11.54 | 11.64 | 11.73 | 11.82
154 11,93 12.02 ) 12.12 | 12.22 | 12.31 | 12,41 | 12.51 | 12.61 | 12.70 | 12.8¢
16 112.90 | 13.00| 13.09| 13.19 | 13.29 | 13.39 | 13.43 | 13.58 | 12.68 | 13.7¢
17 1 13.87 | 13.97 | 14,07 | 14.17 | 14.26 14236 | 14.45 | 14.56 | 14,65 | 14.75
18 [ 14.85] 14.95 | 15.05 ] 15.14 | 15.24 | 15.34 | 15.44 | 15.54 | 15.63 | 15.73
19 115.83 | 15.93 | 16.03 | 16.12 | 16.22 | 16.32 | 16.42 | 16.52 | 16.61 | 16.71
20 | 16.81 [ 16.91 ] 17.01 [ 17.11 | 17.20 | 17.30 | 17.49 | 17.5G | 17.60 | 17.7C
2
NOTE: Runoff value determined by equation Q = (P}L—g;—z-)-
. + U,



SURVE

RUNOFF FOR INCHES OF RAINFALL

| 00| 01| 02| 03|04 |05)|06]|07]|08] 09
0 0.00 | 0.01| 0.c2| 0.04
1l 0.06| c.o9| 0.12| ¢.15| 0.19] 0.23| 0.2¢8| 0.32| 0.38| 0.43
21 0.48| 0.54| 0.60] 0.66 | 0.72] 0.79| 0.85| 0.92| 0.99| 1l.0¢
30 1.13) 1.20] 1.27] 1.3s | 1.42| 1.50] 1.57| 1.65| 1.73| 1.81
4| 1.89| 1.97| 2.05| 2.13| 2.21| z.29| 2.38[ 2.4¢| 2.54| 2.63
51 2.71| 2.80| 2.88| 2.97| 3.c5| 3.14| 3.23| 3.32| 2.40| 3.45
6] 3.58| 3.67| 3.76| 3.85| 3.93| 4.02| 4.11]| 4.20| 4.29| 4.38
71 4.08| 4.57] 4.66] .75 | a.84 ] 4.93| s.c2| s.11] s.21] 5.30
8| 5.39| s5.48| s5.58| s5.67 | 5.76| 5.86| 5.95| 6.04| e€.14| 6.23
9| 6.32 | 6:42| 6.51| 6.60| 6.70| 6.79| 6.89 | 6.98| 7.08] 7.17

10 7.26 | 7.36| 7.45| 7.55 | 7.64| 7.74| 7.83| 7.92 ] e.03| 8.12
111 g.22| s8.31| s8.41| s8.50| @a.€0| e.69| 8.72| e8.89| e.9e | 9.08
12| s.17) s.27| 9.37| 9.46 | 9.56| 9.651 9.75| 9.85| 9.94 | 10.04
13 |,0.14 1 1¢.23 | 10.33 ] 10.43 | 10.52 | 10.62 | 10.72 | 10.81 | 10.91 | 11.01
14 1110|1120 11.30 ] 11,40 | 13249 [ 11.59 | 11.69 [ 11.78 | 11.88 | 11.98
150 12,08 1217 12,270 12.37 112,47 [ 12.56 | 12,60 | 12.7¢ | 12.86 | 12.95
16 | 13.05 | 13.15 | 13.25 | 13.34 | 13.44 | 13.564 | 13,64 | 13.74 | 13.83 | 13.93
17 114,03 14.13 | 14,22 | 14.32 | 14.42 | 14.52 | 14.62 | 14.71 | 14.81 | 14.91
18 | 15.01 ] 15.11 ] 15.20 ] 15.30 | 15.46 | 15.50 | 15.60 | 15.70 | 15.79 | 15.89
19 | 15.99 | 16.09 | 16.19 | 16.28 | 16.35 | i6.48 | 16.5¢ | 16.68 | 16.78 | 16.87
20 | 16,97 ) 17 07 17.17 ] 17 27 | 1737 | 17047 | 17056 | 17 66 | 17.78 | 17,86
NOTE: Runoff value determined by equation Q = wz
P+0.8S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY

58

A

(W



RUNOFF FOR INCHES OF RAINFALL

CURVE

/9

~ 00| 01| 02| 03|04|05]|061]07]08] 0.9
0 0.00| 0.01} 0.02! 0.04
1] o0.07| c.10 0.13| .17 o0.21| v.26| 0.31] 0.36| c.41| 0.4¢
21 0.52| 0.58| 0.64| Q.71 | 0.77| C.84| 0.90| 0.97 | 1.047] 1.12
3] 1.19 1:26 1e34 | 1.6l | 1.49] 1457 | 1l.64] 1.72{ 1.80]| 1.88
4] i.96| 2.04| 2.13| 2.21| 2.29| z2.38| -2.46| 2.54| 2.63| 2.71
51 2.80| 2.e9| 2.97] 3.06 | 3.15| 3.26| 3.32| 3.41| 2.50| 13.5%
- o 6 "3;58 ;:57 3,86 | 3.95 | 4.C4 | 4.13| .22 | 4.31| 4.40| 4.4S
7 s.se| 4eer| 4.77| 488 | 4.55| s.04| s.14| s.22| s.32| s.41
8| s.51| 5.60| 5.69| 5.79| 5.88] 5.97| 6.07] 6.16| 6.26] 6.35
9] e6.44| €.54| 6.63| 6.73| .82 €.92| 7.01] 7.11]| 7.20| 7.30
10| 7.397] 7.49| 7.58| 7.68| 7.77| .67 | 7.95| s.06| s.16| 8.25
11| 8.35] 6.44| g.54| 8.63| 8.73| e.e3 8.92 | 9.02| 9.12| 9.21
12| 9.31] 9.61| 9.50| 9.60| 9.706| 9.79| 9.89| 9.99 | 10.08 | 10.18
13 | 10.26 | 10.37 | 10.47 | 10.57 | 10.€6 | 10.76 | 10.86 | 10.9¢ | 11.05 | 11.15
14 | 11.25 [ 11.34 | 11.44 | 11.54 | 11.64 | 11,73 [ 11.83 | 11.92 | 12.03 | 12.12
- 15| 12.22 | 12.32 | 12.42 | 12.51 | 1z.e1 | 12.70 | 12.81 | 12.90 | 13.00 | 13.10
16 | 13.20 | 13.30 | 13.39} 13.49 | 13.55 | 13.69 | 13.79 | 13.88 | 12.98 | 14.08
: 17 | 14.18 | 14.28 | 14.37 | 14.57 | 14.57 | 14.67 | 14.77 | 14.86 | 14.96 | 15.06
. 18 {15.16 | 15.26 | 15.36 | 15.45 | 15.55 { 15.65 | 15.75 | 15.85 | 15.95 | 16.04
19 | 16.14 | 16.24 | 16.34 | 16.44 | 16.54 | 1o.64 | 16.73 | 16.82 | 16.93 | 17.02
20 J17.13 | 17.23 [ 17.32 [ 17.42 | 17.52 | 17.62 | 17.72 | 17.82 | 17.92 | 18.02
NOTE: Runoff value determined by equation Q = ﬁz—s-lz
P+0.8S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

30

RUNOFF FOR INCHES OF RAINFALL

Tenths

Inches 0.0 | 0.1 0.2 |. 0.3 0.4 | 05 0.6 0.7 0.8 0.9
0 0.00| 0.01] €.03| 0.0¢
1] o0.08| 0.12]| o0.15| c.19| 0.24| 0.29| 0.34| 0.39] 0.44| o0.5cC
2| 0.56| 0.62| 0.69| 0.75| 0.2 ¢.89| 0.96( 1.02| 1.10]| 1.18
3| 1.25| 1.33| 1.40| 1.48| 1.56| 1.64| 1.72] 1.8c| 1.88| 1.9¢
41 2.04| 2.12] 2.21| 2.29| 2.38| z.46| 2.55| 2.63| z.72| 2.81
51 2.89| 2.98| 3.07| 3.16| 3.24| 3.33| 3.42| 3.51| 2.60| 3.69
6| 3.78| 3.87| 3.96| 4.05| 4.14| 4.24| 4.33| 4,42 4.51| 4.6C
7] 4.69] 4.79| 4.88| 4.97} s.ce| s.16| 5.25| 5.34| s5.44] s5.53
8| s5.62| 5.72| 5.81| 5.91| s.00| 6.10| 6.15| 6.28| 6.38| 6.47
9] 6.57| 6.66] 6.76| 6.85| 6.55| 71.06| 7.16) 7.23| 7.33] 7.42

10| 7.52| 7.62| 7.71| 7.81| 7.5¢| #.00| 8.10| 8.19| e.29| s.38
11| s.48| 8.sa| s.o7| 8.77| e.e7| 8.96| 9.06| 9.16| $.25| 9.35
12 ] 9.45| 9.54| 9.64| 9.74| 9.83| 9.93 | 10.0c3 | 10.12 | 10.22 | 10.32
13 | 10.42] 10.51 ] 10.61 10.71 | 10.8110.90 | 11.00 | 11.10 | 11.20 | 11.29
14 1 11.39] 11.49 | 11.59 | 11.68 | 11.78 | 11.88 | 11.98 | 12.07 | 12.17 | 12.27
151 12.37 ] 12.47 ] 12.56 | 12.66 | 12.76 | 12.86 | 12.96 | 13.05 | 12.15 | 13.25
16 ] 13.35 | 13.45] 13.54 | 13.64 | 13.74 | 13.84 | 13.94 | 14.03 | 14.13 | 14.22
17 | 14.33] 14.43 | 14.53 | 14.62 | 14.72 | 14.82 | 14.92 | 15.02 | 15.12 | 15.21
18 J15.31) 15.41 ] 15.51] 15.61 | 15.71 | 15.80 | 15.90 | 16.00 | 16.10 | 16.20
19 | 16.30 ] 16.40] 16.49 | 16.59 | 16.69 | 16.79 | 16.89 | 16.99 | 17.09 | 17.15
20 | 17.28| 17.38 | 17,48 17.58 | 17.68 | 17.78 | 17.88 ] 17.98 | 18.07 | 18,17

2

NOTE: Runoff value determined by equation Q = (P-0.25)"

‘ P+0.8S

REFERENCE:

60
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RUNOFF FOR INCHES OF RAINFALL

CURVE

~N™ 00].01|02]03|04|05]|06]|07]|08] 0.9
0 - | 0.00 | 0.01| 0.02] c.04 0.07
1] 0.10| 613} c.17] c.22 0.27| 0.32| 0.37| 0.42| c.48| 0.54
2] o.61 | C.67| 0.74] 0.80 | 0.87| G.94 1.02 | 1.09 | 1.16"] 1.2¢
3| 1.32] 1.39| 1.47| 1.55| l1.63| 1.71| 1.79| 1.87 | 1.96 | 2.04
41 2.12 | 2.21| 2.29| 2.38| 2.47) 2.55|-2.64 | 2.72| 2.81 | 2.9C
51 2.99| 3.08| 3.17| 3.26 | 3.34| 3.43] 3.52| 3.62| 3.71 ] 3.8cC
6] 3.89 | 3.98 | 4.07| 4.16 | 4.25] 4.35| 4.44 | 6.52| 4.62| 4.72
71 4.81] 4.90| 5.00| 5.09 | 5.12| 5.28| 5.37| S5.46| 5.56 | 5.65
8| s.75| s.84| 5.94| .03 | 6.13]| 6.22| 6.31 | 6.41| £.51 ]| 6.6C
9] 6.70| 6.79] 6.89| 6.58 | 7.c8 | 7.17| 7.27| 7.37| 7.46 | 7.5¢

10| 7.65| 7.75| 7.85| 7.94 | s.ce| w.13| s.23| 8.33] 8.42| 8.52
11| 8.62| 8.71| e.81| e.91 | 9.c0| 9.10| 9.29 | 9.30 | $.39 | 9.49
12| 9.59| s.68] 9.78| 9.88 | 9.58 | 10.07 | 10.17 | 10.27 | 10.37 | 10.4¢
13 {10.56 | 10.66 | 10.76 | 1C.85 | 10.95 | 11.05 | 11.15 | 11.24 | 11.34 | 11.44
14 | 11,54 | 11.63 | 11.73 | 11.83 | 11.53 | 12.03 | 12.12 [ 12.22 | 12.32 | 12.42
15 ] 12.52 | 12.61 | 12.71 | 12.81 | 12.51 [ 13.01 | 13.11 [13.20 |{12.30 | 13.4C
16 | 13.50 | 13.60 ] 13.69 | 13.79 | 13.89|13.99 | 14.09 | 14.15 | 14.29 | 14.38
17 1 14.48 | 14.58 | 14.68 | 14.78 | 14.88 | 14.97 [ 15.07 | 15.17 | 15.27 | 15.37
18 |15.47 | 15.57 | 15.66 | 15.76 | 15.86 | 15.96 | 16.06 | 1616 | 16.26 | 16.3¢
19 1 16.45 | 16.55 | 16.65 ] 16.75 | 16.85 | 1.95 | 17.05 | 17.15 [ 17.24 | 17.34
20 | 17,44 | 17.56 | 17.64 | 17.74 | 17.84 | 17.94 | 18.04 | 18.12 | 18.23 | 18.23
2
NOTE: Runoff value determined by equation Q = %’00—2-35—)-
. + U,

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

32

RUNOFF FOR INCHES OF RAINFALL

00| 01| 02| 03|04|05|061|07]|08] 0.9
.0 6.00 | 0.01| 0.02] c.o5]| 0.08
1] o0.11| c.15| 0.20] 6.24 | 0.29| 0.34| 0.40| 0.46| c.52| o.se
2| o0.65| 0.7t o0.78| c.85| 0.92| 1.00| 1.07| 1.15| 1.22 1.3C
3] 1.38| 1.46] 1.54) 1.62| 1.70| 1.78| 1.86] 1.95| 2.03| 2.12
41 2.20| 2.29| 2.37| 2.46| 2.55| 2.63| 2.72] 2.81| 2.90| 2.s9
9] 3.08| 3.17| 3.26| 3.35| 3.44| 3.53| 3.6z | 3.71| 32.80| 3.¢9
6] 3.98| 4.08| 4.17| 4.26 | 4.35| 4.45| 4.54 | 4.63| 4.73| 4.82
7] 4.91| s5.01] s5.10| 5.19] 5.29| 5.38] s5.48 | 5.57| s.67| s5.7¢
8| s5.86 | 5.95| 6.05| 6.14| 6.24| 6.33| 6.43| 6.52| €.62| 6.71
91 6.81| €.91 7.00| 7.10| 7.19| 7.29| 7.39| 7.48] 7.58| 7.68
10| 7.77| 7.87| 7.96| s8.06| 8.16| 8.25| 8.35| 8.45| 8.55| 8.64
11] s8.74] s.e4l 8.93] 9.03| 9.13| 9.23{ 9.32| 9.42| 9.52| 9.61
12] s.71| 9.81| 9.91|10.00 | 10.10|10.20 | 10.30 | 10.35 | 10.49 | 10.59
13 1 10.69] 10,79 | 10.88 | 10.98 | 11.c8 | 11.18 | 11.28 | 11.37 | 11.47 [ 11.57
14 | 11.67 | 11.77 | 11.86 11.96 | 12.C6 | 12.16 | 12.26 | 12.35 | 12.45 | 12.55
15 1 12.65 | 12.75 | 12.85 | 12.94 | 13.¢4 | 13.16 | 13.24 | 13.34 | 13.44 | 13.53
16 )13.63 ] 13.73 ] 13.83 ] 13.93 | 14.¢3 | 14.13 | 14.22 | 14.32 | 14.42 | 14.52
17 1 14.62 [ 14.72 | 14.82 [ 14.91 | 15.c1 | 15.11 | 15.21 | 15.31 | 15.41 | 15.51
18 | 15.60 | 15.70 | 15.80 | 15.50 | 16.c0 | 16.10 | 16.20 | 16.30 | 16.40 | 16. 45
19 1 16.59 | 16.69 | 16.79 | 16.89 | 16.59 | 17.09 | 17.19 | 17.25 | 17.38 | 17.48
20 | 17.58 | 17.68 [ 17.78 | 17.88 | 17.98 | 16.08 | 18.15 | 18.28 | 18.37 | 18.47
2
F{OTE: Runoff value determined by equation Q = (P-0.25)
P+038S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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RUNOFF FOR INCHES OF RAINFALL

CURVE

33

el 00] 01| 02]03]04/05 )06 07]08]039
0 9.00| 0.02| 0.04] 0.06| 0.09

1" 0.13) c.17| o0.22| c.27| 0.32) 0.38| 0.44] 0.50| 0.56| 0.63

21| 0.69| c.76| 0.83| c.91| 0.98| 1.06| 1.13| 1.21| 1.29| 1.37

3| i.e5) 1.53| 1.61) 1.69] 1.77] :.86| 1.94| 2.03| 2.11| 2.2¢

41 2.29| 2.371| 2.46| 2.55| 2.64| 2.72|- 2.81] 2.9C| 2.99 3.08

o 51 3.17| 3.26| 3.35| 3.65| 3.54| 3.63| 3.72| 3.81| 3.90| 4.00
) ) 6| 4.09| 4.18| 4.28| 4.37| 4.46| 4.56| 4.65| 4.74| 4.86| 4.93
71 s5.03! s.12| 5.22| 5.31| 5.40| 5.50| 3%.59| 5.69| 5.79| s5.8¢

8| s.98| 6.07| 6.17| 6.26 | 6.36] c.a5| 6.55| 6.65] 6.74] 6.84

) 9| 6.93| 7.03| 7.13| 7.22f 7.32| 7.42] 7.51| 7.61]| 7.71| 7.80
10] 7.90| s8.00| 8.09! 8.19| 8.29] 8.39] 8.48| 8.58| 8&.68| 8.78

11| 2.87| 8.97| 9.07| 9.16| 9.26| 9.36| 9.46] 9.56| 5.65| 9.75

12| 9.85| 9.95| 16.04 | 16.14 | 10.24 | 10.34 | 10.44 | 10.53 | 10.63 | 10.73

13 | 10.83 | 10.93 | 11.02 | 11,12 | 11.22 | 11.32 | 11.42 | 11.51 | 11.61 | 11,71

14 111,81 ) 11.91 ) 12,01 12.10 ] 12.20] 12.30 [ 12.40 | 12.5C | 12.60 | 12.69

150 12.79] 12.89 | 12.99] 13.¢9 | 13.19 ] 13.29 | 13.38 [ 13.48 | 13.58 | 13.68

16 | 13.78 | 13.88 | 13.98 | 14.07 | 14.17 | 14.27 ]| 14.37 | 14.47 | 14.57 | 14.67

) 17 | 14.77 | 14.86 | 14.96 | 15.06 | 15.16 | 15.26 | 15.36 | 15.4¢6 | 15.56 | 15.66
. 18| 15.75| 15.85 | 15.95 | 16.05 | 16.15| 16.25 | 16.35 | 16.45 | 16.55 | 16.64
19 | 16.74 | 16.84 | 16.94 | 17.04 | 17.14 | 17.24 | 17.34 [ 17,64 [ 17.54 | 17.64

20 |17.73 ) 17.83 | 17.93 | 18.03 | 18.13 | 18.23 | 18.33 | 18.42 | 18.53 | 18,62

2
NOTE: Runoff value determined by equation Q = (;—'gz—ssl
+ U,

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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JURVE

RUNOFF FOR INCHES OF RAINFALL

~ 00| 01].02|03}|04|05 |06 ]| 07]|08] 09
0 c.co| c.ot| 0.02| 0.05] G.08| 0.11
1| o0.15| c.20| c.25| c.30| 0.36| 0.42] 0.48| 0.54| Q.61 0.68
2] 0.75| 0.82| 0.89] 0.97| 1.ca| 1.12| 1l.2u| 1.28| 1.36| 1l.44
3| 1.52| 1.60| 1.68] 1.77| 1.e5| 1.94| 2.03| 2.11| 2.20| 2.29
41 2.37| 2.46| 2.55| 2.64| 2.73| z.82| 2.911 3.0c| 2.09| 3.18
51 3.27| 3.37| 3.46| 3.55| 3.64| 3.73| 3.83| 3.92| 4.01] 4.11
6| 4.20| 4.29| 4.39| 4.48 ] 4.58| 4.67| 4.75| 4.86| 4.95| 5.05
71 s.14| s.24| s.33| s5.43| s.52| s5.62| s5.72| s5.81| s5.91| .00
8| 6.10| 6.20| 6.29| 6.39| 6.48| 6.58| 6.60| 6.77| 6.87| 6.97
9| 7.06| 7.16| 7.26| 7.35| 7.45| 7.55] 7.64| 7.74| 7.84| 7.94

10| s.03| s.13| 8.23| 8.33| 8.42] s.52| 8.62] 8.72| 8.81] 8.91
11| 9.01| 9.11| 9.20| 9.30| 9.40| 9.50| 9.60 | 9.69| 9.79| 9.89
12| 9.99 | 1c.09 | 10.18 | 10.28 | 10.38 | 10.48 | 10.58 | 10.67 | 10.77 | 10.87
13 |10.97 [ 11.07 | 11.17 | 11.26 | 11.36 | 1i.46 | 11.56 | 11.66 | 11.76 | 11.85
14 | 11.95 [ 12.05 | 12.15 | 12.25 | 12.35 | 12.45 | 12.54 | 12.64 | 12.74 | 12.84
15 12.94 | 13.04 | 13.14 ] 13.23 | 13.33 [ 135.43 | 13.53 | 13.62 | 12.73 | 13.83
16 [13.93 ] 14.02 | 14.12 | 14.22 | 14.32 | 14042 | 14.52 | 14,62 | 14.72 | 14.82
17 | 14.91 | 15.01 | 15.11 | 15.21 | 15.31 | 15.41 | 15.51 | 15.61 ] 15.71 | 15.81
18 | 15.90 | 16.00 ] 16.10 | 16.20 | 16.30 ] 16.40 | 16.50 | 16.60 | 16.70 | 16.8¢C
19 1 16.90 ] 17.00 | 17.09 | 17.19 | 17.29 | 17.39 | 17.49 | 17.59 | 17.69 | 17.79
20 | 17.89 | 17.99 | 18.09 | 18.19 | 18.28 | 18.38 | 18.48 | 18.58 | 18.68 | 18.78

. 2

NOTE: Runoff value determined by equation Q = o=0:25)

P+0.8S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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RUNOFF FOR INCHES OF RAINFALL

CURVE

35

~™ 00| 01| 02| 03|04/|05]06]|07]|08]0.9
0 c.col c.oc1| 0.03| o0.06] c.09| o0.13
1] o0.17 | c.22| a6.28| ¢.33] 6.39] w.45{ 0.52| o0.58| c.65]| 0.72
2] o.80| 0.87| ©0.95] 1.02| 1.10] i.18 | 1.25| 1.34| 1.42| 1.51
3| 1.59] 1.68] 1.76| 1.85| 1.53] c.02| 2.11] 2.19] 2.28| 2.37
4] 2.46| 2.55| 2.64| 2.73| 2.82| <.91|-3.07| 3.1C| 3.19| 3.2¢
51 3.37| 3.46 | 3.56 | 3.65| 3.74| 3.84] 3.93| .02 4.12]| 4.21
6] 4.31 | 4.40] 4.50] 4.59 ] 4.68] 4.78| 4.87| 4.97| 07| s.1e
71 5.26| 5.35| 5.45| 5.564 | S5.64| 5.74| 5.83| 5.93| 6.02| 6.12
8| .22 6.31] 6.41] 6.51] 6.60] 6.70] 6.83| 6.89 | 6.99] 7.09
9 7.19| 7.28 | 7.38| 7.48 | 7.57 | .67 | 7.77 ] 7.87 1 7.96| 8.0¢
10| g.16| 8.26| 8.35| 8.45| 8.55| 8.65| 8.75| 8.84 | 2.94| 9.0¢
11| viia] s.26] 9035 ] 9,43 9.53 ] 9.63 | 9.73 ] 9.32 | 9.92 | 10.02
12 V1012 | 16.22 | 19.32 | 16.41 | 10.51 | 1c.osl | 10.71 | 10.81 | 1c.91 | 11.0C
13 {11100 11.20] 1230} 41,40 11,50 11.60 | 11.69 11,75 |11.89 | 11.55
14 112,09 | 12.19{12.29 | 12.35 | 12.43 [ 12.58 | 12.63 | 12.72 | 12.88 | 12.98
15} 13,08 | 13.18 | 13.27 [ 13.37 [ 13.47 | 13.57 | 13.67 | 13.77 | 13.87 | 13.97
16 14,07 [ 14.16 | 14.26 | 16.36 | 16.46 | 14.56 | 14.65 | 14.76 | 14.86 | 14.96
17 | 1s.06 { 15.16 | 15.25 | 15.35 | 15.45 | 15.55 | 15.65 | 15.75 | 15.85 | 15.95
18 | 16.05 | 16.15 1 16.25 | 16.35 | 16.44 | 16.56 | 16.64 | 16.74 | 16.86 | 16.94
19 1 17.06 | 17.16 | 17.26 [ 17.34 | 17.44 | 17.564 | 17.64 [ 17.73 [ 17.93 | 17.93
20§ 19,03 | 18.13 | 18.23]18.33 | 18.43 | 13.53 | 18.63 | 18.73 | 18.83 | 18.92
2
NOTE: Runoff value determined by equation @ = (_P—iZ_S)_
P+0.8S

REFERENCE:

65

National Engineering Handbook, Section 4, HYDROLOGY



CURVE

RUNOFF FOR INCHES OF RAINFALL

~™ 00| 01| 02| 03|04|05]|06|07]|08]|059
0 ¢.co| c.02| 0.04] 0.07] 0.11] o0.15
1] o0.20| c.25| 0.31| 0.36 | 0.43 | c.49| 0.56 ] 0.63| c.70| 0.77
2] o.85| 0.92| 1.00| 1.08 ] 1.16| 1.24| 1.32| 1.41] 1.49] 1.58
3| 1.66] 1.75| 1.83| 1.92 | z.c1| <.10] 2.19 | 2.27 | 2.36 | 2.45

4] 2.56| 2.66| 2.73| 2.82| 2.51| 3.c0| 3.091 3.19| 2.28| 3.37
51 3.47] 3.56| 3.65| 3.75 | 3.86 | 3.93] 4.03| 4.12| 4.22] 4.31
6| 4.41| 4.50| 4.60| 4.69 | 4.76| 4.88 | 4.99}| 5.08 | 5.17| 5.27
71 s.36| s.46] s5.56|.5.65| 5.75| 5.85| 5.94 | 6.04 | 6.14 | 6.23
8| 6.33] 6.43| 6.52| 6.62 | 6.72] 6.81] 6.91 | 7.01 | 7.11 | 7.20
© 9] 7.30| 7.40| 7.50| 7.59| 7.69| 7.79| 7.89 | 7.99 | 8.08| 8.18
10| 8.28| s.38| 8.47| 8.57 | 6.7 | v.77 | 8.27 | 8.97 | 9.06 | 9.1¢
11| 9.26 | 9.36| 9.46| 9.55| 9.65| .75 | 9.85 | 9.95]1¢.05 | 10.15
12 | 10.24 | 10.34 | 10.44 | 10.54 | 10.64 | 10.74 | 10.84 | 10.93 | 11.03 | 11.12
134 ,1.23 0 11.33 { 11,63 {11.53 | 11.62 | 11.72 | 11.82 [11.92 | 12,02 | 12.12
14 | 12.22 | 12.32 | 12.42 | 12.51 | 12.61 | 12.71 [ 12.81 [ 12.91 | 12.01 | 13.11
15 13.21 | 13.31 | 13.40 | 13.50 | 13.60 [ 13.70 [ 13.80 | 13.9C | 14.00 | 14.1C
16| 14.20 | 14.30 | 14.40 | 14.49 | 14.55 | 14.69 | 14.79 | 14.89 | 14.99 [ 15.09
17 {15.19 | 15.29 | 15.39{ 15.49 | 15.59 | 15.69 | 15.75 | 15.8¢ | 15.98 | 16.08
18 | 16.18 | 16.28 | 16.38 | 16.48 | 16.58 | 16.68 | 16.72 | 16.88 | 16.98 | 17.08
19 | 17.17 | 1727 | 17.37 | 17,67 | 17,57 [ 17,67 | 17,77 [ 17.87 | 17.97 | 18.07
20 { 18.17 | 16.27 | 18.37 | 18.47 | 18.57 | 1e.67 | 18.77 | 18.8¢ | 18.96 | 19.0¢

2
NOTE: Runoff value determined by equation Q = Q’—O—ZS—)
P+08S

REFERENCE: . National Engineering Handbook, Section 4, HYDROLOGY
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RUNOFF FOR INCHES OF RAINFALL

CURVE

37

—~] 00| 01| 0203|0405 06]07]|08] 0.9
0 c.00| ¢.c1| c.02| 0.05| 0.05| c.13| 0.17
1} o0.22| 0.28| 0.34| c.40| 0.47| 0.54| 0.61| o0.6e| 0.75| o0.82
2| o.o1 | 0.99] 1.07] 1.15 1.23 | 1.31| 1.40| 1.48| 1.57| 1.65
3] t.74] 1.83| 1.92| 2.0t 2.10| 2.19] 2.29| 2.37| 2.46| 2.s5
41 2.64| 2.73| 2.82| 2.92| 3.¢c1| 3.10|-3.20| 3.29| 13.38| 3.4e
5] 3.57| 3.66| 3.76| 3.85| 3.95 4004 | 4.14| 4.23| 4.33| 4.42
6] «.52| 4.62] 4.71| 4.81 | 4.5C| .00 5.10] 5.1 5.29( 5.35
7] s.48| s.58| s5.68| 5.77| 5.87| 5.97| 6.06| 6.16| 6.26| 6.36
8| 6.45| 6.55| 6.65] 6.75| 6.04| 6.94| 7.06| 7.14] 7.23| 7.33
9| 7.43| 7.53| 7.63| 7.72| 7.82| 7.92| 8.02| 8.1z| 8.21] s8.31
10| s.41| 8.51| 8.61 8.71| 8.80| 6.90| 9.06| 9.1C| $.20| 9.3cC
111 9.39 9.49| 9.59| 9.69| 9.79| 9.89| 9.93|10.08 | 1C.18| 10.2¢
12 | 10.38| 10.48 | 10.58 | 1C.68 | 16.78 | 10.87 | 10.97 | 11.07 | 11.17 | 11.27
13 1137 [ 11,47 ] 11.57 | 11.67 | 11.76 | 1l.86 | 11.96 | 12.06 | 12.16 | 12.26
14 | 12.36 | 12,46 | 1256 | 12.66 | 12.75 | 12.85 | 12.95 | 13.05 | 12.15 | 13.25
15 {13.35] 13.45] 13.55| 13.65 | 13.75 | 13.84 | 13.94 | 14,04 | 14.14 | 14.24
16 | 14,34 14,44 | 14.54 | 14.64 | 14,74 | 14.84 | 14.94 | 15.04 | 15.16 | 15,23
17 | 15.33 ] 15.43 | 15.53 | 15.63 | 15.73 | 15.83 | 15.53 | 16.03 | 16.13 | 16.23
18 | 16.33 ] 16.43] 16.53 | 16.63 | 16.73] 16.82 | 16.92 | 17.02] 17.12 | 17.22
19 | 1732 17,62 1752 | 17.62 | 17.72 | 17.82 | 17.92 | 18.02 | 1e.12 | 18.22
20 | 18.32| 18.42 | 18.52 | 18.62 | 18.71 | 16.81 | 18.91 | 19.01 | 19.11 | 19.21
. 2
NOTE: Runoff value determined by equation Q = (P-0.23) :—?)g SS)
+ U,

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY

67



CURVE

88

RUNOFF FOR INCHES OF RAINFALL

| 0.0 01| 02|03|04/|05|06]|07]|08] 0.9
0 0.00 | 0.ci| ¢.03| 0.06{ 0.16| c.15| o0.2¢C
1] 0.25| 0.31| 0.38| 0.44| 0.51| 0.58| 0.66| 0.72| 0.81| 0.39
21 0,97 1.05| 1.13] 1.21 | 1.30| 1.38| 1.47| 1.56| 1.64| 1.73
3] t.82] 1.91| 2.00| 2.09| 2.18] 2.27| 2.36) 2.45] 2.55] 2.84
41 2.73) 2.82! 2.92| 3.0t | 3.11| 3.20| 3.291 3.35| 3.48]| 3.s8
51 3.67| 3.77| 3.86| 3.96| 4.05] 4.15| 4.24| 4.34| 4.44]| 4.53
6] 4.63| 4.73| 4.82| 4.92| s.c2| s.11| s.21| 5.31| s.40| s.50
7] s5.60| 5.69| 5.79| 5.89| 5.59| e.08| 6.18| 6.28 | 6.38| 6.47
81 6.57| 6.67| 6.77| 6.87| 6.96| 7.6 | 7.16] 7.26| 7.36| 7.5
9] 7.55! 7.65| 7.75| 7.85| 7.94| s.06| 8.14| 8.24| .34 8.4

10| s8.53| 8.63| 8.73] .83 | 8.93| 9.03| 9.13| 9.22| 9.32| 9.42
111 9.s2] s.62| s.72| 9.82| 9.s2|10.01| 10.11]10.21 ] 1¢c.31 | 10.41
12 | 10.51 | 1c.61 | 10.71 | 10,81 | 10.61 | 11.60 | 11.12 | 11.2C | 11.30 | 11.40
13 111.50 ] 11.60 | 11.70 | 11.80 | 11.50 | 11.59 | 12.09 | 12.19 | 12.29 | 12.35
14 | 12.49{ 12.59 | 12.69 | 12.79 | 12.89 | 12.99 | 13.09 | 13.19 | 12.28 | 13. 38
15 ] 13.48 ] 13.58 | 13.68 | 13.78 | 15.88 | 13.98 | 14.08 | 14.18 | 14.28 | 14. 3¢
16 ) 14.48 ] 14.58 | 14,67 ) 14.77 | 16.87 ] 14.97 | 15.07 | 15.17 | 15.27 | 15.37
17 115,67 15.57 ] 15.67 ] 15.77 | 15.87 | 15.97 | 16.07 | 16.17 | 16.27 | 16.37
18 | 16.46 | 16.56 | 16.606 | 16.76 | 16.86 | 16.96 | 17.04 | 17.16 | 17.26 | 17. 3¢
19 | 17.66 | 17.56 | 17.66 | 17.76 | 17.86 | 17.96 | 18.06 | 18.16 | 18.26 | 18.36
20 | 18.46 | 18.56 | 18.65 | 18.75 | 18.85 | 18.95 | 19.05 | 19.15 | 19.25 | 19.35

. 2

NOTE: Runoff value determined by equation Q = ——-———(:' gz i)

+0.

REFERENCE:

National Engineering Handbook, Section 4, HYDROLOGY

68



RUNOFF FOR INCHES OF RAINFALL

CURVE

39

Tenths

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY

69

Inchos 00} 01| 02| 03} 0.4 ]| 05 06 | 0.7 | 0.8 | 0.9
.0 _ c.00| o0.c2| o0.04| o0.c8| o0.12] c.17| o0.22

1] o0.28| c.35| o0.41] 0.48| 0.55| 0.63] 0.71| 0.78| 0.86] 0.94

20 1.03| 1.11] 1.19| 1.28 | 1.27| 1.45| 1.54| 1.62] 1.72¢ 1.81

3| 1.0 1.99| z.08| 2.17| 2.26] z.35| 2.45| 2.54| 2.63] 2.73

41 2.82| 2.91| 3.01| 3.10]| 3.20| 3.29|.3.39| 3.48| 2.58| 3.67

5] 3.77| 3.86| 3.96| 4.06| 4.15| 4.25| 4.35| 4.44| 4.54| 4.64

6] 4.73| 4.83| 4.93| 5.02| 5.12| 5.22| 5.31| S.41| S.51| 5.61

71 s.70]| s.s0| s5.90| 6.00| 6.10] c.19] 6.29| 6.35{ .49 | 6.58

81 6.68| 6.78| 6.88! 6.58| 7.c8| 7.17| 7.27| 7.37] 71.47] 7.57

9] 7.67} 7.76| 7.86| 7.96| 6.C6| 8.16| 8.26| 8.36| 8.45| 8.55

101 s8.65] 8.75| 8.85| 8.95| 9.c5| s.15]| 9.24| 9.34| s.44| 9.54

11| y.64| 9.74| 9.84| 9.94 | 10.c4 | 1¢.24] 10.23 ] 10.33] 1c.43 | 10.53

12 1 10.63 | 16.73{ 10.83 | 1€.93 [ 11.€3 | 1i.13 | 11.23 | 11.32 | 11.42 | 11.52
1311162 11.72 | 11.82 [ 11.92 | 12.c2 | 12.12 | 12.22 | 12.32 | 12.42 | 12.52
_;4”_12.61 12,71 12.81 | 12091 | 13.61 [ 13.11]13.21 | 13.31 | 12.41 | 13.51
150 13,60 13.71 | 13.81 [ 13.91 | 14.01 ] 1411 | 14,20 | 14.30 | 14.40 | 14.5¢C
16 | 14.60 14.70 | 14.80 ) 14.90 | 15.€C | 15,10 | 15.20 | 15.30 | 15.40 | 15.5¢

17 | 15.60| 15.70 | 15.80 | 15.90 | 16.c0| 16.10 | 16,19 | 16.25 | 16.29 | 16.45

18 | 16.59 ] 16.69] 16.79] 16.89 | 16.59 | 17.09 | 17.19 | 17.29 | 17.39 | 17.45
19 {17.59 ) 17.69 | 17.79| 17.89 | 17.99 | 12.09 | 18.19 | 18.29 | 18.39 | 18.45
20 | 18.59 | 18.68 | 18.78 | 16.88 | 18.55 | 19.08 | 19.14 | 19.2¢ | 15.38 | 19.48

NOTE: Runoff value determined by eguation Q = wz
. P+08S



CURVE

90

RUNOFF FOR INCHES OF RAINFALL

o~ 00| 01| 02| 03|04|05)|06]|07]|08] 09
0 0.01 | o0.c2| v.c6| 0.1 0.14| c.20| o0.2¢
1} 0.32| c¢.39| 0.46| 0.53| 0.6l G.68| 0.76| 0.84| 0.93| 1.01
21 1,09 1.18] 1.27] 1.35| l.44| 1.53| 1.62| 1.71| 1.80] 1.89
3| 1.98| 2.08| 2.17| 2.26 | 2.36| 2.45| 2.564| 2.64| 2.73| 2.82
4| 2.92| 3.02| 3.11 | 3.21 | 3.30| 3.40| 3.497 3.55| 2.68| 3.78
51 3.88 | 3.97| 4.07| 417 | 4.26| 4.36| 4.45 | 4.56 | 4.65| 4.75
6| 4.85| 4.94| s5.04| s5.14| s5.24| 5.33| S5.43|.5.52| 5.63| 5.73
71 s.e2| s.92| 6.02| 6.12| 6.22| 6.31| 6.61| 6.51| €.61| 6.71
8| .81 e.91| 7.00| 7.10] 7.20| 7.30] 7.40| 7.5C| 7.60 | 7.65
9] 7.79| 7.89| 7.99| 8.09| 8.19| .29 | 8.39 | 8.4t | 8.58 | 8.68

10| s.78| s.88| 6.98| s.08| 9.18| 9.28| 9.38| 9.47| 9.57| 9.67
11 9.77| s.87| 9.97 | 10.07 | 10.17 ] 1¢.27 | 10.37 | 10.47 | 1C.57 | 10,66
12 | 10.76 | 1c.86 | 10.96 | 11.06 | 11.16 | 11.26 | 11.36 | 11.4¢ | 11.56 | 11.6¢
13| 11.76 | 11.86 | 11.96 | 12.05 | 12.15 | 12.25 | 12.35 | 12.45 | 12.55 | 12.65
14 | 12.75 | 12.85 | 12.95 | 13.05 | 13.15 | 13:25 | 13.35 | 13.45 | 12.55 | 13.65
15 ] 13,75 { 13.85 | 13.94 | 14.04 | 16,14 | 14.24 | 14.24 | 14,44 | 14.54 | 14,64
16 | 14.74 | 14.84 | 14.94 | 15.04 | 15.14 | 15.24 | 15.34 | 15.44 | 15.54 | 15.64
17 {15.74 | 15.84 | 15.94 | 16.04 | 16.14 | 16.23 | 16.33 [ 16.42 | 16.53 | 16.62
18 | 16.73 | 16,83 | 16,93 17.03 | 17,13 | 17.23 } 17.33 | 17.43 | 17.53 | 17.62
19 {17.73 | 17.83 | 17.93 | 18.03 | 18.13 | 1£.23 | 18.33 | 18.43 | 18.53 | 18.62
20 | 18.73 | 18.83 | 18.93 | 19.03 | 19.13 | 19,23 | 19.33 | 19.42 | 19.52 | 19.62

2

NOTE: Runoff value determined by equation Q = (P-0253)

P+08S

REFERENCE:
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 RUNOFF FOR INCHES OF RAINFALL

CURVE

91

o~ 00| 01| 02| 03|04|05]|06]07]|08]| 0.9

0 — .00 | €.01| 0.03} 0.07] 0.12| 0.17] ¢c.23| 0.29

1] 0.36 | c.43| 0.50| o.s58 | o0.e6| o0.74| 0.92| 0.91| c.99| 1.08

2] 1.16 ] 1.251 1.34) 1.43] 1.52| 1l.61| 1.70 ) 1.75| 1.89| 1.98

3| 2.07 | 2.16| 2.26 | 2.35 | 2.45| 2.54| 2.64 | 2.72| z.23| 2.9z

41 3,02 | 3.11 | 3.21| 3.31| 3.40] 3.50 | 3.59 | 3.69 | 2.79| 3.85

51 .3.98 | 4.08| 4.18| 4.27 | 4.37| 4.47| 4.57| 4.66 | 4.76 | 4.8¢

6] 4.96f_5.06| 5.15| 5.25 | 5.35| 5.45| 5.55| 5.64| 5.74 | 5.84

7] 5.94 L 6.04| 6.14] 6.23 | 6.33| 6.43| 6.52] 6.62| €.73| 6.83

8| 6.92) . 7.02) 2,12 7,22 7.32) 7.42| 7.52| 7.82 | 71.72| 7.81

9| 7.91] -8.01] 8.11 | 8.21] 8.31) s.41 ] 8.51| 8.61 | 8.71] s.ac

10| 8.90] 9.00| 9.10] 9.20] 9.30] 9.40 ]| 9.50 | 9.6c| 9.70 | .30

11] 9.90|1¢.00]10.09}10.19 [10.29 [1¢.39 | 10.49 |10.59 | 1C.69 | 10.79

12 110.89 [ 1c.99 ) 11.09 | 11.19 | 11.29 | 11.39 { 11.49 | 11.59 | 11.69 | 11.78

13 111.88 | 11.98 | 12.08 ]| 12.18 | 12.28 [12.38 | 12.48 | 12.58 | 12.68 | 12.78

14 }12.88.{ 12.98 | 13.08 { 13.18 | 13.29 | 12.38 | 13.42 | 13.58 | 12.68 | 13.78

15§ 13.88 ] 13.97 ] 14.07 | 10.17 | 14.27 [ 14.37 | 14.47 | 14.57 | 14.67 | 14.77

16 | 14.87 | 14297 [ 15.07 [ 15.17 | 15.27 | 15.37 | 15.47 [ 15.57 | 15.67 | 15.77

17 {15.87 [ 15.97 | 16.07 | 16.17 | 16.27 | 16.37 [ 16.47 [ 16.57 | 16.57 | 16.77

18 | 16.87 [ 16.96 | 17.06 | 17.16 | 17.26 | 17.36 | 17.45 | 17.5¢ | 17.66 | 17.7¢

19 | 17.86 | 17.96 | 18.06 | 18.16 | 18.26 | 18.36 | 18.46 | 18.5¢ | 18.66 | 18.7¢

20 | 18.86 | 18.96 | 19.06 | 19.16 [ 19.20 | 19.36 | 19.45 | 19.5¢ | 19.66 | 19.7¢
NOTE: Runoff value determined by equation @ = (—P;O-'-ﬁ-)-2

P+08S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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RUNOFF FOR INCHES OF RAINFALL

—~] 00| 01| 02|03|04|05|06]|07]| 08|09
0 0.00| c.02| 0.¢5| ©.09| 0.14] 0.20] c.26]| 0.33
1| 0.40| c.48| 0.56| 0.64] -0.72| 0.80| 0.89] 0.97] 1.06| 1.15
2] 1,26 1.33 1.42| 1.51 | 1.60| 1.69| 1.79| 1.88| 1.97| 2.07
3 2.16 | 2.26| 2.35 2.45 | 2.54 ] 2.64| 2.73| 2.83| 2.92| 3.02
41 3,12 3.21| 3.31| 3.41] 3.50| 3.60| 3.724{ 3.80| 3.89| 3.99
51 4.09| 4.19| 4.28| 4.38 | 4.48| 4.58| s.68| 4.77| 4.87| 4.97
6] 5.07] s.17| s5.27| 5.36| 5.46| 5.56| S5.66| 5.76| S.86| 5.96
7] 6.05| 6.15| 6.25| 6.35| 6.45] 6.55| 6.65| 6.75| 6.85| 6.94
8| 7.06| 7.14] 7.20| 7.34| 7.44| 7.56| 7.64| 7.74| 12.84| 7.93
9] s8.03| 8.13] 8.23| 8.33 | 8.43| 8.53| 8.63] 8.73| 8.83] s8.93

10 ] 9.03| 9.13| 9.23| s.32| 9.42| 9.52| 9.62| 9.72| 9.82| 9.92
11| 10.02]10.1210.22 | 10.32 | 10.42 | 1¢.52 | 10.62 | 10.72 | 10.82 | 10.92
12 | t1.02 {1112 11020 | 11.31 | 11.41 | 11.50 | 1l.61 | 11.71 | 11.81 | 11.91
13 112.00 [ 12,11 [ 12.21 | 12.31 | 12.41 | 12.51 | 12.61 | 12.71 | 12.81 | 12.91
14 | 13.01 | 13,11 | 13.20{ 13.31 | 13.41 | 13.50 ] t3.61 | 13.71 | 12.80 | 13.90
151 14.00] 14.10 ] 14.20 | 14.30 | 14.4¢ | 14.50 | 14.60 | 14.70 | 14.80 | 14.9¢C
16 | 15.00 | 15.10| 15.20 | 15.30 | 15.40 | 15.50 | 15.60 | 15.70 | 15.80 | 15.90
17 ] 16.00] 16.10] 16.20 | 16.30 | 16.46 | 16.50 | 16.60 | 16.7C | 16.80 | 16.9¢
18 | 17.00| 17.10 | 17.20| 17.30 | 17.40 | 17.50 | 17.60 | 17.7¢ | 17.79 | 17.89
19 ] 17.99| 18.09| 128,19 1€.29 | 18.39 | 12.49 | 18.55 | 18.69 | 18.79 | 18.85
20 1 18.99 ] 19.09 | 19.19] 19.29 | 19.39 | 19.49 | 19.59 | 19.69 | 15.79 | 19,85

2

NOTE: Runoff value determined by equation Q = (P-025)

P+08S

REFERENCE:

72
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RUNOFF FOR INCHES OF RAINFALL

CURVE

~" 00| 01| 02| 03|04]05]|06]|07]|08] 0.9
0 0.00| 0.02| c.c6| c.11| 0.17] 0.23] 0.30| 0.37
11 o0.45| 0.53| 0.61| 0.69 | 0.78| C.87| 0.95| 1.04] 1.13{ 1.22

2 1.3 1.e1| 1.s0f 1.59| 1.69| 1.78| 1.e7| 1.97| 2.067| 2.16
3l 2.25| 2.35| 2.45{ 2.54| 2.64| z.73] 2.83| 2.92| 3.03| 3.12
41 3.22| 3.32| 3.641| 3.51| 3.61] 3.71 | 3.81| 3.9C| 4.00| a.lc
51 4.20| 4.30| 4.39| 4.49| 4.59| 4.69| 4.79| 4.89| 4.98| s5.08
6] s.18| s5.28| 5.38| s5.48| 5.58| S5.68| 5.78| 5.87| 5.97| 6.07
71 6.17] €.27| 6.37| 6.47] 6.57| 6.67( 6.77| 6.86| 6.96| 7.0¢
8| 7.16| 7.26| 7.36| 7.46 | 7.56| 71.66| 7.76| 7.8¢| 71.96| =8.0¢
91 s8.16| 8.25| a8.35| 8.45| 8.55| 8.65]| 8.75| 8.85| 8.55| 9.05

10| 9.15| 9.25| 9.35| 9.45| 9.55| 9.65| 9.75| 9.85| s.95] 10.05

11} 10.15] 10.24 | 10.3¢ ] 10.44 | 10.54 | 1c.64 | 10.74 | 10.84 | 10.94 | 11.04

12 | 11.14 | 1126 | 11.34 | 11.64 | 11.54 | 11.64 | 11.74 | 11.84 | 11.94 | 12.04

13| 12.14 | 12.24 | 12.34 ] 12,44 | 12.54 | 12,64 | 12.74 | 12.84 [ 12.94 | 13.04

14 113,14 13.23 | 13.33 | 13,43 | 13.53 ) 13,63 | 13.73]13.83|12.93] 14.03

15| 14.13 | 14.23 | 14.33 | 14.43 | 14.53 | 14.63 | 14.77 | 14.83 | 14.93 | 15.03

16 | 15.13 | 15.23 ] 15.33 ) 15.43 ]| 15.53 ] 15.63 | 15.73 | 15.82 | 15.93 | 16.02

17 | 16.13] 16.23 | 16.33 | 16.43 | 16.53 ] 16.63 | 16.77 | 16.82 | 16.93 | 17.03

18 17.13 17.23 17.33 17.43 17.53 17.63 17.717 17.83 17.63 ] 18.0C3

19 | 18.13 | 18.23 | 18.33 | 18,42 | 18.52 | 12.62 | 18.72]18.82 ] 18.92|19.02

20 1 19.12 | 19.22 | 19.32 | 19.42 | 19.52 | 19.62 | 19.72 ] 19.82 | 15.52 | 20.02

2
NOTE: Runoff value determined by equation @ = (———:' ?”23 2)
+ U,

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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CURVE

94

RUNOFF FOR INCHES OF RAINFALL

Tenths

tnches 0.0 ] 0.1 0.2 0.3 04 | 05 0.6 0.7 0.8 0.9
0 0.01| 0.04| 0.C8| 0.14| 0.20| 0.27| C.35| 0.42
1| o0.50| ¢.59| 0.67| Ce76| 0.85| 0.94| 1.03 | 1.12| 1.21| 1,30
2] 1,40 1.49| 1.58| 1.68) 1.77] 1.87| 1.97| 2.06| 2.16| 2.25
3| 2.35) 2.45] 2.54 | 2.64 | 2.74 | .8 | 2.93| 3.03| 2.13] 13.23
4| 3.32| 3.42| 3.52| 3.62| 3.72{ 3.82| 3.914 4.01] 4.11| 4.21
51 4.31| 4.41| 4.51| 4.60| 4.70| 4.80| 4.90| s.oc| s.10| s.zc
6] s.30| 5.40| 5.50] 5.59| 5.65| 5.79| 5.89| 5.99| .09 6.19
71 6.29| 6.39] 6.49| 6.59| 6.69| 6.79] 6.88] 6.98] 71.08]| 7.1¢8
8| 7.28| 7.38| 7.48| 7.58 | 7.€8| 7.78| 7.82| 7.9e| e.os8| 8.18
O 8.28| 8.38| 8.48| 8.58 | B.e4| b.78| 8.87| 8.97| 9.07| 9.17

10| 9.27| 9.37| 9.47| 9.57| 9.67| 9.77| 9.e7| 9.97| 10.07 ] 10.17
11 {10.27(10.37 10.47 | 10.57 [ 16.€7 | 10.77 | 10.87 | 10.97 | 11.07 | 11.17
12 {1127 11037 | 1147 | 11.57 | 11.67 | 11.77 | 11.87 | 11.97 | 12.06 | 12.16
13| 12.26 | 12.36 | 12.46 | 12.56 | 12.66 | 12.76 | 12.86 | 12.9¢ | 12.06 | 13.16
14 | 13.26 | 13.36 ] 13.46 | 13.56 | 13.66 | 13.76 | 13.86 | 13.96 | 14.06 | 14.16
15| 16,26 | 14236 | 14246 | 14.56 | 14.66 | 14.76 | 14.86 | 14.96 | 15.06 | 15.16
16 | 15.26 | 15.36 | 15.46 | 15.56 | 15.¢6 | 15.76 | 15.85 | 15.9¢6 | 16.06 | 16.1¢
17 | 16.26 | 16236 | 16.46 | 16.56 | 16.66 | 16.76 | 16.86 | 16.9¢ | 17.06 | 17.1¢
18 1 17.26 | 17.36 | 17.66 | 17.56 | 17.66 | 17.76 | 17.86 | 17.9¢ | 18.06 | 18.1¢
19 | 18.26 | 18.36 | 18.46 | 18.55 | 18.65 | 1£.75 | 18.88 | 18.95 | 19.05 | 19.15
20 | 19.25 | 19.35 | 19.45 | 19.55 | 19.€5 | 19.75 | 19.85 | 19.95 | 2¢.05 20,15

2

NOTE: Runoff value determined by equation Q@ = (P=0.23) :: ((])z 2)

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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'RUNOFF FOR INCHES OF RAINFALL

CURVE

~N™ 00| 01| 02] 030405/ 06]|07]|08]09
0 _ 0.01 | .05 | ©C.11| G.17 ] 0.24| 0.32| 0.40| 0.48
1] o.s6 c.65| C.74| ¢.83| 0.52| 1.01 ] L.l1] 1.26] 1.29] 1.39
2| i.68| 1.58 | 1.67| 1.77| i.e7 2096 | 2,06 | 2.16 | 2.257| 2.3%
31 2.45| z.55| 2.65| 2.74 | z.e4 | z.94| 3.04| 3.14| 2.23| 3.32
41 3.43| 3.53| 3.63| 3.73| 3.83] 3.93[-4.02| 4.12 | 4.22| 4.32
_ 5] 4.42| 4.52| 4.62| 4.72| 6.e2| 4.92| 5.1 S.1l| s.21] 5.31
6] s.61 | s.si| s.e1| s.71 | 5.e1| .91 6.01] 6.1l ] €.21] 6.3l
7] 6.61] 6.51| 6.61| 6.70 | 6.85| 6.90 7.00 | 7.10| 7.20| 7.30
8| 7.00| 7.50| 7.60| 7.70| 7.ec| 7.90| 8.00| 8.10| €.20]| 8.30
9| s.40| 8.50| 8.60| 8.70| s.80| 8.90| 9.0c| 9.1C| $.20| 9.3C
10] y.40! $.50| 9.59| 9.69] 9.79| 9.89 | 9.99 |10.05 | 10.19 | 10.25
11 }10.39 | 1c.49 | 10.59 | 16.59 | 16.79|4¢.89 [ 10.59 | 11.06 [ 11.19 | 11.29
12 | 11.39 [ 11.49 ) 11.59 | 11.69 | 11.79 | 11.89 | 11.99 | 12.09 | 12.19 | 12.29
13 §12.39 | 12.49 | 12.59 | 12.69 | 12.79 | 12.89 | 12.99 | 13.09 | 13.19 | 13.25
14 [15.59 | 13.49 | 13.59 | 13,69 13,79 | 13.29 [ 13,99 | 14.09 | 14.19 | 14.29
151 14.39 ] 14.49 | 164.59 | 14.69 | 14.79 | 14.89 | 14.93 | 15.09 | 15.19 | 15.25S
16| 15.39 | 15.49 ] 15.59 | 15.69 | 15.73 | 13.89 | 15.99 | 16.06 | 16.18 | 16,28
17| 16.38 | 16.48 | 16.58 | 16.68 | 16.78 | ic.s8 | 16,92 [17.08 | 17.18 | 17.22
18 | 17.38 | 17.48 | 17.53 | 17.68 | 17.76 | i7.88 | 17.9% | 18.08 | 18.18 | 18.2¢
19| 1u.38 | 18,48 | 18.58 | 18.63 | 18,72 | 1e.u8 | 18.98 | 19.02 | 19.18 | 19.2¢8
20 | 19.38 | 19.48 | 19.538 | 19.68 | 19.7% | 1v.88 | 19.98 | 20.08 | 20.18 | 20.2¥
, :

NOTE: Runoff value determined by equation Q = (P-0.23)

P+0.8S

REFERENCE:

National Engineering Handbook, Section 4, HYDROLOGY
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CURVE |

96

RUNOFF FOR INCHES OF RAINFALL

~ 00| 01| 02| 03]|04]|05]|06]07]|08]|0.9
0 c.o0| 0.03| c.07| c.14| .21 | 0.29] 0.37] c.45| 0.54
1) 0.63| c.72| 0.81| ¢.91 | 1.c0| i.09]. 1.19| 1.29 | 1.38 ] 1l.48
2| 1.57] 1.7 1.77| 1.87 | 1.6 (.06 | 2.1u| 2.2¢| 2.36| 2.45
31 2.55| 2.65] 2.75 ] 2.85 | z.55] .06 3.16 | 3.26 | 2.34| 3,44
A1 s.54 | 3.64| 3.74| 3.84 | 3.54 0 4.06| 4.137] 4.23 | 4.33| 4.42
51 4.53| 4.63| 4.73| 4.83 | 4.53 ] s.c3| s5.13| 5.23 ] 5.33| 5.43.
6] s.53| s.63| s5.73] s.83| s5.53| €.03| 6.12] 6.22] €.32] 6.42
71| 6.52| 6.62| 6.72| 6.82 | 6.52] 7.02| 7.2 7.22| 7.32| 7.42
81 7.52 | 7.62| 7.72| 7.82 | 7.52| €.02| 8.12| 8.22| 8.32| 8.42
9] s8.52| 8.62| 8.72| #.82 | 8.52] S.c2 | 9.12| 9.2z | S.32| 9.42
10| 9.52| s.s2| 9.72| 9.82 | 9.52 | 10.02 | 10.12 | 10.22 | 10.32 | 10.42
11 |10.51 ] 1c.61 !l 16.71 [ 16.81 [ 1651 | rrool [ arot {11.21 | 11.31 [ 11,61
12 {11.51 | 11.61 | 11,70 | 11.81 | 11.51 | 12.01 | 12.11 [12.21 | 12.31 | 12.41
13 | 12,51 | 12.61 | 12.71 [ 12.81 | 12.50 [ 13.00 | 13.10 | 13.21 [12.31 ] 13.41
14 | 13.50 | 13.61 | 13.71 | 13.81 | 13.50 | 14.01 | 14.11 | 1621 | 14.31 | 14.41
15} 1a.51 | 14061 | 14,710 | 14,81 [ 14.51 | 15.01 | 15,10 | 15.21 | 15.31 | 15.41
16 | 15,51 | 15.61 | 15.71 ] 15.81 | 15.51 | 16.01 | 16.11 | 16.21 | 1€.31 | 16.41
17 1 16.51 { 16.61 | 16.71 | 16.81 | 1651 | 17,00 [ 17,01 [17.21 [ 17,31 | 17,41
18 117.51 [ 17.61 | 17.70 | 17.81 | i7.51 | 16.01 | 18.11 {18.21 | 18,31 | 18.41
19 | 18.51 | 1861 | 1e.71 ] 18,81 | 18,91 {1501 | 19.1r [19.21 ] 15.31 [ 19.41
20 | 19.51 | 19.61 | 19.71 | 19.81 | 19.91 | 20.01 | 20.11 | 20.21 | 20.31 | 20.41
2
NOTE: Runoff value determined by equation Q = (P-0.25)
P+08S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY
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RUNOFF FOR INCHES OF RAINFALL

CURVE

] 0.0 01| 02|03]|04|05| 06|07 08|09
0 C.00{ 0.04] C.10| G.18| c.26| 0.24| 0.43| c.52| 0.61
1] o0.71| c.80| 0.90| 0.99 | 1.c9| i.18| 1.28| 1.38| 1.48] 1,57
2| 167 | 1.77] 1.87{ 1.97 | 2.C7| .16 | 2.26| 2.3¢| 2.46°| 2.5¢
3] 2.66| 2.76 ] 2.86| 2.96 | 3.ce| 3.15| 3.25| 3.35| 3.45]| 3.s5
41 3.65| 3.75| 3.85| 3.95| 4.C5 | 415 |-4.25| 4.35| 4.45| 4.55
5] 4.65| 4.75| 4.85| 4.95| s.05| 5.15| 5.25| 5.35| S5.44| S5.54
6| s5.66| 5.76| s.84| 5.94 | 6.c4| .14 6.24 6.34| .44 | 6.54
7] 6.66| 6.74| 6.84| 6.94 | 7.C4| 7.16| 7.26] 7.34 ] 7.44| 7.54
8| 7.64| 7.76| 7.84| 7.94| 8.c4| B.14| 8.24| 8.34| 8.44| 8.54
9| s.64| 8.74| 8.84| 8.94| 9.cal 9.14| 9.24| 9.34| 9.441 9.54

10| 9.64 9.74| 9.84 | 9.94 | 10.ca | 1014 | 10.24 | 10.34 | 10.44 | 10.54
11 [10.64 | 16.74 | 10.84 | 16.94 | 11.C4 | 11.14 | 11.24 | 11.34 | 11.44 | 11.54
12 J11.66 | 11.74 | 11.84 | 11.94 | 12.C4 | 12.14 | 12.24 | 12.34 | 12.44 | 12.54
13 112,64 | 12.74 [ 12.86 [ 12.94 | 13.c4 | 13,14 | 13.24 | 13.34 | 12.44 | 13.54
14 | 13,64 { 12.74 | 13.84 | 13.94 | 14.C4 | L4els | 14.24 | 1434 | 14.44 | 14.54
15| 14.64 ] 164,74 | 14.84 | 14.94 | 15.C4 | 15.14 | 15.24 | 15.34 | 15.44 | 15.54
16 | 15.64 | 15.74 | 15.83 | 15.93 | 16.C3 | 1£.13 | 16.23 | 16.33 | 1e.43 | 16.53
17 | 16.63 ] 16.73 | 16.83 | 16.93 | 17.¢3 | i7.13 | 17.23 | 17.33 | 17.43 | 17.53
18 | 17.63 | 17.73 ] 17.83 | 17.93 | 18.¢3 | 18.13 | 18.23 | 18.33 | 18.43 | 18.53
19 1e.63 | 18.73 | 18.83 | 18.93 | 19.C€3 | 19.13 | 19.23 | 19.32 | 19.43 | 19.53
20 ] 19.63 ] 19.73 | 19.83 | 19.93 | 20.c3 | 20.13 | 20.23 | 20.32 | 2¢.43 | 20,52
NOTE: Runoff- value determined by equation Q = L'O'Q)-z
P+0.88S

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY

77



CURVE

98

RUNOFF FOR INCHES OF RAINFALL

,m,,,:mm 0.0 0.1 02| 03 | 0.4 | 05 06 | 0.7 | 0.8 | 0.9
0 g.01| o0.07| 0.15] 0.23| ©¢.32| 0.41| 0.5¢| C.60| 0.6S
1] 0.79| c.s89| 0.99| 1.08| 1.18| 1.28]| 1.38| 1.48 | 1.58 | 1l.68
21 1.77| 1.87| 1.97] 2.07| 2.17| 2.2 2.37] 2.47| z.s7| 2.67
3| 2.77| 2.87| 2.97| 3.07| 3.17| 3.27| 3.37| 3.47 | 3.57| 3.67
41 3.77| 3.86| 3.96| 4.ce| s.16| 4.26| 4.367] 4.4 | 4.56 | 4.6t
5| 4.76 ] 4.86| 4.98| 5.06 | 5.16| .26 | 5.36 | 5.46 | 5.56| 5.566
6] s.76| s5.86| 5.96| 6.06| 6.16] c.26] 6.36| 6.46 | €.56 | 6.6¢
71 6.76 | 6.86 | 6.96| 7.06 | 7.16| 7.26] 7.36| 7.46] 1.56| 7.6¢
81 7.76| 7.86| 7.96| e.co| 8.16| 8.26| 8.35| 8.46| 8.56| 8.6¢
9| s8.76| 8.86| 8.96| 9.06| 9.16| 9.26| 9.36| 9.4¢| G.56 | 9.6¢

10| 9.76 | 9.86| 9.96 | 10.06 | 16.16 | 10.26 | 10.36 | 10.4¢ | 10.56 | 10.66
11| 10.76 | 10.86 | 10.96 | 11.06 | 11.26 | 11.26 | 11.36 | 11.46 | 11.56 | 11.66
12 | 11.76 | 11.86 | 11.96 | 12.06 | 12.16 | 12.26 | 12.36 | 12,46 | 12.56 | 12.6¢
13 ] 12.76 | 12.86 | 12.96 | 13.06 | 13.16 | 13.26 | 13.36 | 13,46 | 12.56 | 13.6¢
14| 13.76 | 13.86 | 13.96 ] 14.06 | 1416 | 14,26 | 14.36 | 14.46 | 14.56 | 14.6¢
15 14.76 | 14.86 | 14.96 | 15.06 | 15.16 | 15.26 | 15.36 | 15.46 | 15.56 | 15.66
16 | 15.76 | 15.86 | 15.96 | 16.06 | 16.16 | 16.26 | 16.35 | 16.46 | 16.56 | 16.6¢
17 | 16.76 | 16.86 | 16.96 | 17.06 | 17.16 | i7.26 | 17.36 | 17.4¢ [ 17.56 | 17.6¢
18 1 17.76 | 17.86 | 17.96 | 18.06 | 18.16 | 18.26 | 18.26 | 18.46 | 18.56 | 18.6¢
19 | 18.76 | 18.86 | 18.96 ] 19.06 | 19.16 | 19.26 | 19.36 | 19.4¢6 | 19.56 | 19.6¢
20 | 19.76 | 19.86 | 19.96 | 20.06 | 20.16 | 2u.26 | 20.36 20.46 | 2¢.56 | 20.66

2

NOTE: Runoff value determined by equation Q = (_::—_([])%

+ U,

REFERENCE:
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National Engineering Handbook, Section 4, HYDROLOGY

o0ty

CJ L.J Ll

L.2d

o

L.

g .



Fig. S-7
RAINFALL FREQUENCY

MAPS

100 year, 24 hour
50 year, 24 hour
25 year, 24 hour

10 year, 24 hour

5 year, 24 hour
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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, Nebr., 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 runoff 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 econcmic burden and a seriocus threat to the
health and well-being of a community and its citizens. Emphasis 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. Coun-
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 through 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 sbme 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 conditionms.

~ 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, IA, and II. Type II-distribution 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 cf 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. Covering
areas with impervicus material reduces surface storage and infiltration
and increases the volume of runoff.
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Same rainfall is retained on the surface and by vegetation before runoff
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 begihs 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 storm 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 normally increases significantly when the flow path is
changed from flow over rough surfaces of woodland, grassland, and natural
charmnels 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 determining volumes, peak rates, and
hydrographs of runoff from urban areas. The increase in the volume of run-
off due to urbanization depends more on the percentage of impervious area
than on any of the other watershed constants. Changes in the time-area
relationship (lag time) can be estimated by hydraulic analysis of dverland
velocities and storage. Changes in channel routing can be estimated by
hydraulic analysis of channel velocities and storage.

The soil-cover complex and associated runoff 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 use 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 using procedures outlined in chapter
16 of NEH-4. Chapter 2 in this technical release discusses runoff 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 msthods 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. lLosses 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 runs 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 agricultural 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 + Ia). For conven-

ience in estimating runoff, initial abstraction includes all the storm

rainfall occurring before surface runoff starts.
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Accumulated
Rainfall (P)

Accumulated
runoff (Q)

Accumulated

Amount

N
T
- _ Time, T

Figure 2-l.--Schematic curves of accumulated rainfall
(P), runoff (Q), and infiltration plus initial ab-
straction (F + Iy) showing the relation expressed
by equation 2-5.

Assume

1O

F
5 (Eq. 2-1)

g

e

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 P, is the potential runoff or effective storm runoff (storm
rainfall minus the initial abstraction) in inches.

With F = P, - Q, equation 2-1 can be written as
_Pe?

Pe + S

Q (Eq. 2-2)

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

I, = 0.25 (Eq. 2-3)
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Thus
Po =P -1I,=P-0.25 : (Eq. 2-4)

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

q = (B -0.25)2
P+0.85

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

1,000

CN = 3+ 10 (Eq. 2-6)

(Eq. 2-5)

from which

- -1-2—%%9 - 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 . Curve Number (CN)1/ T
{inches)

60 @ T0 75 80 85 90 95 98
1.0 0 0 0 003 0.08° 0.17 0.32 .56 .79
1.2 0 0 0.03 0.07 0.15 0.28 0.46 LTk 99
1.4 0 0.02 0.06 0.13 0.2 0.39 0.61 .92 1.18
1.6 0.01 0.05 0.11 0.20 0.34% 0.52 0.76 1.11 1.38
1.8 0.03 0.09 0.17 ©0.29 0.Lk 0.65 0.93 1.29 1.58
@ 0.06 0.24 0.38 0.56 0.80 1.09 1.48 1.77
.5 0.17 0.30 0.4 0.65 0.8 1.18 1.53 1.96 2.27
3.0 0.33 0.51 0.72 0.96 1.25 1.59 1.98 2.4 2.78
k.o 0.76 1.03 1.33 1.B7 2.0 2.4 2.92 3.3 3.77
5.0 1.30 1.65 2.04 2.45 2.890 3.37 3.88 bL.,h2 L.76
6.0 l.92 2.35 2.80 3.28 3.78 4.31 L4.85 5,41 5.76
7.0 2.60 3.10 3.62 4,15 L4L.59 5.26 5.8 6.41 6.76
8.0 3.33 3.90 L.4u7 s5.04 s5.62 6.22 6.81 T.h0 T.76
9.0 L.,10 L. 72 5.3k 5.95 6.57 7.19 T.79 8.40 8.76
10.0 L.90 5.57 6.23 6.88 T.52 8.16 8.78 9.40 9.76
11.0 5.72  6.44 T7.13 7.82 8.48 9.1k 9.77 10.39 10.76
12.0 6.56 7.32 .8.05 8.7T6 9.45 10.12 10.76 11.39 11.76

1/ o 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 CN
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 natural 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 comrletely different hydrologic condition. Any one of
the above could cause a soil normally in hydrolcogic 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 gives 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 dstermined that the area under study meets the criteria
for which these CN's were develcped.

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 curve for each pervious CN can be
developed to determine the composite CN for any density of impervious

area. Figure 2-2 has been developed assuming a CN of 98 for the imperviou
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Table 2-2.--Runoff curve numbers for selected agricultural, suburban, and
urban land use. (Antecedent moisture condition II, and I, = 0.25)

HYDROLOGIC SOIL GROUP

LAND USE DESCRIPTION ry B c D

Cultivated landl/: without conservation treatment 72 | 81 | 88 | 91
: with conservation treatment 62 7L | 78 | 81

Pasture or range land: poor condision 68 79 86 89

good condition 39 61 Tb4 80

Meadow: good condition 30 s8 | T 78

Wood or Forest land: thin stand, poor cover, no mulch ks 66 7 83

good cover?/ o 25 55 70 7

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

good condition:  grass cover on 75% or more of the area 39 61 Th L]

fair condition: grass cover om 50% to 75% of the area Lo 69 9 8%

Commercial and business areas (85% impervious) ' 89 92 9b 95

....... Industrial districts (72% impervious). a1 a8 91 93

Residential:d/

Average lot size Average % Impervious=/

1/8 acre or less 65 77 8s 90 92

1/4 acre 38 61 75 83 87

1/3 acre 30 57 T2 81 86

1/2 acre 25 54 70 8o 85

1 acre 20 51 68 79 8k

Paved parking lots, roofs, driveways, etc.3/ 98 98 98 98

Streets and roads:

paved with curbs and storm severss/ 98 98 98 98
gravel : 76 85 89 91
dirt T2 82 871 89

i/ For a more detailed description of agricultural land use curve numbers refer to
National Engineering Handbook, Section U4, Hydrology, Chapter 5, Aug. 1972.

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

3/ 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
vhere additional infiltration could occur.

4/ e remaining pervious areas (lawn) are considered to be in good pasture condition
for these curve numbers.

3/ 1In some warmer climates of the country & curve number of 95 may be used.
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area. The curves in figure 2-2 can help in estlmatlng 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 computing 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 1/4 acre; 10 percent townhouses with lot size 1/8 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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Table 2-2

_ curve .
Land use Percent number  Product
e " ‘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, etec. 15 74 1,110
100 8,610

Thus
8,610
. _ 8,610 _ .
Weighted CN = 100 86

2. From table 2-1 using CN = 86 and P
—— =~ 7w Q = 3.47 inches. .

Example 2-2

= 5 interpolate to read

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 impervious

sidered to be in good grass cover.
s 1. From table 2-2 read pervious CN =
2. From figure 2-2 read CN = 76.

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

Q = 3.64 inches.

Example 2-3

6l.

with all impervious areas connected; 60 percent is pervious and con-

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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Uéing table 2-2 and figure-2-2, display the data given and compute the
runoff curve number.

» Hydrologic soil group
Land use B s

Pct. CN Product Pct. CN = Product
Residential (30 pet. impervious) 20 72 1,440 20 81 1,620

Residential (65 pect. impervious) 6 85 510 "6 90 540
Roads with open ditches 4 89 356 4 92 368
Roads with curbs and sewers 5 98 490 5 98 490 -
Open land:

Fair cover 4 69 276 4 79 316

Good cover 4 6l 264 4 T4 296
Parking lots, plazas, etc. 7 98 _68 7 98 __ 686

50 4,002 50 4,316
Thus _
Weighted CN = 4’0021804’316, = 83;18 (use 83)

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 1/3-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
number 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) 8 . 58 1,044
Forest (good cover) 13 55 715
Urban: ' (123) .
1/3-acre lots A 72 5,328
1/4-acre lots 31 75 2,325
Streets and roads with curbs
and storm sewers 18 98 1,764
175 . 12,667
Thus

Weighted CN = l%%%éz =72.4 (use 72)
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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 ground 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.

Qverland 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




3=2

then computed by dividing the total overland flow length'by the average
velocity.
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Figure 3-1.--Average velocities for estimating travel time for
overland flow. v

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 flgure 3-2. Three types of flow con-

ditions exist from the furthermost point of the watershed to the outlet.
Compute the travel time (Ty) and time of concentration (T,) based on -

the following data:

Reach o Description of flow Slope Iength

| | Percent Feet
A toB Overland (forest) 7 500
B to C Overland (shallow gutter) 2 900
C toD 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; z2=1.1;
n= 0-019)

Figure 3-2.--Urban watershed for example 3-l.
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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 = 500 £t = 714 sec
velocity 0.7 ft/sec

t

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

_length  _ 900 ft
t = velocity 2.8 ft/sec

= 321 sec

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

1.49 D 2/3 1/2

oy f
_1.49 3 2/3 1/2'_ _
v = m(z) (0-015) = 10 ft/sec

. _ length _ 2,000 £t ‘
T, = ==DEW1_ =
t = 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.

o 1.49 r2/3 sl/2

n
n = 0.019 for gunite channel
s = 0.005 ,
v = 52 (1.73)2/3(0.005)1/2 = 8.2 ft/sec
T = length - 3,000 ft = 366 sec
8.2 ft/sec

t  velocity

e}

.



4. Summary

Description Llength Velocity Travel time
Reach "~ of flow (£%) - (ft/sec) (sec)
A to B Overland 500 0.7 714
B toC Overland 900 2.8 321
CtoD Storm drain 2,000 10.0 200
D to E Open channel 3,000 8.2 366

Total 1,601
Thus
601
= 12002 sec = 0.44 hr

¢ 73,600 sec/nr)

~ " Computation of Lag

The time between a brief heavy rain and the maximum runoff rate is called
lag. lLag 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 inequation 4-1 in chapter 4. The same
relationship is used in all SCS procedures outlined in chapters 4, 5,

and 6.

Hydrograph method

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 Tc ‘ (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 dces 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




The weighted runoff curve number, if used as a retardance factor in

3-6 ' , -~

of conditions ranging from steep to flat and from heavily forested to -
smooth. The equation for watershed lag is:

-~

0.8 0,7 .
=2 (8+1) (Eq. 3-2) -
1,900 ¥** i
LA
where -
L = lag in hours -
'2 = hydraulic length of watershed in feet - ’?
—
S = l;Q?Q - 10 (where CN' is the retardance factor andvis equivalent -
CN to the runoff curve number) . h}
Y = average watershed land slope in percent. -
Figure 3-3 .hows the solution to equation 3-2 in graph form. A —

The CN' is a measure of the retardance of surface conditions on the rate
at which runoff concentrates at some point in question. Therefore, ) i
(8 + 1)°-7 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 chamnels to reach the main channel at a much faster rate than under i
natural conditions.

equation 3-2, does not provide sufficiently for the decrease in lag
caused by changes in the main channel and increases in impervious areas.
Since urbanization can take place while the main channel is left in its
natural state, separate adjustments to the lag equation were derived to -
account for the effect or each of the two factors on lag.
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Figure 3-3.--Curve number method for estimating lag (L) for homogeneous

watersheds under natural conditions up to 2,000 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 O.7.

100_ P b Ll : T T
Y4 E$9'/' : O‘go ! 5
e S Iy e
=2 75 & i) 10
% = SR
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a S
2§ 50—y =
s 9 4 7 -
SE 5 -
£2 <f -
83 25 : B =
&= > _/
o Py -
& VA
0 - FAEE S : .
1 .9 .8 .7 .6 .5

LAG FACTOR

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-
¢ient 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, uSLng the future-condition
curve 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 to 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.
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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.

_(13,200)°°8(3.33 + 1)%°7 _ 1.45 br
- 0.5 oo
1,900(4) %

L

2. Present-condition time of concentration from equation 3-1.
T, = 1.67(1.45) =2.42 hr
3. Future-condition lag.
a. Basic future-condition lag with CN==86:

0.8 0.7
p ={33,200) (2.5 + 1)

== =1.25 hr
1,900(4) °*

b. Lag factor for modification of 70 percent of the hydraulic length
from figure 3-4: hydraulic-length lag factor = Q.59
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c. Lag factor for 40 percent impervious area from figure 3-5:

impervious-area lag factor = C.76
d. Future-condition lag = 1.25(0.59)(0.76) = 0.56 hr
4. Future-condition time of concentration from equation 3-1.

T, = 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 gener-l re-
lationships, are based on type-IIl 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:

Qop = Q [FactorIMP] [FactorHLM] (Eq. 4-1)
where
QMOD = modified discharge due to urbanization
Q = discharge for future CN from appendix D charts
FactorIMP = adjustment factor for percent impervious areas
Factor = ad justment factor for percent of hydraulic length

HIM modified.
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Figure 4-l.--Factors for adjusting peak discharges for a given future-
. econdition runoff curve number based on the percentage of impervious
area in the watershed.
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Example 4-1
X 300-acre watershed is to be 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-ve 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 curve 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 number 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 CRAPHICAL METHODS OF DETERMINING PEAK DISCHARGES

Introduction

This chapter presents tabular and graphical methods for computing peak
discharges from urban areas using time of concentratiocn (Tc) and travel
time (T4). 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 Ty 's from O 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 cdeveloped 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 volume 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 volumes
are less than about 1.5 inches for curve numbers 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 (T,) and travel time (Ty)
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 T, and Ty and interpolating between the Te and Tt shown in the
table. The information needed to calculate the peak discharge at a point
in the watershed is:

1. The drainage area of each subarea

. Tg for
. Tt for

oowmPMw

Example 5-1

A developer

each subarea
each routing reach

. The runoff curve number for each subarea
. The 24~hour rainfall for a selected frequency
. The runoff in inches for each subarea

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

Drain-
Sub- age Time of Runoff 1/ 2/
area Area Concentration Curve Number Runoff= Travel timel
(mi?) (hrs) (in) (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 2 1.25 T0 T0 2.80 2.80 - -
3 0.1 0.50 0.50 75 T5 3.28 3.28 0.25 0.25
L 0.25 0.7T5 0.75 TO T0 2.80 2.80 - -
S 0.2 1.50 1.50 T5 8s 3.28 h.31 1.25 1.00 .
6 0.4 1.50 1.00 T0 75 2.80 3.28 - -
T 0.2 1.25 0.75 T5 90 3.28 4.85 0.75 0.50
1/ Prom Table 2-1 for P = 6 inches.
2/ Travel time through the reach for the corresponding subarea

Develop a flood routing summary table similar to table 5-2 for
present and future conditions. The T4 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 = dp (DA)(Q) where: :

q = hydrograph coordinate discharge
in c¢fs (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 Te = 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:

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

In order to develop a composite hydrograph at the end of subarea 7,

a method of summing 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 (Ty) 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.



Table 5-2.--Discharge summary for example 5-1

Present conditions

Sub- Drainage  Rain- Run-
area T, Ty area fall CN off 12.5 13.0 13.2 13.5 14.0 1.4.5 15.0
hr hr hr hr hr hr hr
Hr Hr Mi< In In Cfs Cfs Cfs Cfs Cfs Cfs Cfs
11 1.50 2.25  0.30 6 65 2.35 4 7 10 19 55 105 136
21! 1.25 2.25 0.20 6 70 2.80 4 6 10 19 56 99 109
3 0.50 © 2.00 0.10 6 75 3.28 | 4 10 19 47 89 71 39
4 0.75 2.00 0.25 6 70 2.80 8 16 27 68 176 165 107
5 1.50 0.75 0.20 6 75 3.28 34 103 127 144 119 80 54
6 1.50 0.75 0.40 6 70 2.80 58 176 217 245 204 37 - 92
7 1.25 0.00 0.20 6 75  3.28 173 144 116 84 53 37 28
Total (Composite hydrograph at end of subarea 7) 285 462 526 626 752 694 565
Future conditions
Sub- " Drainage  Rain- Run- ,
area T Tt area fall CN off 12.5 13.0 13.2 13.5 14.0 14.5 15.0
¢ - hr hr hr hr hr hr hr
Hr  Hr Mi? In In Cfs Cfs Cfs Cfs Cfs Cfs Cfs
1t 1.50 1.75 0.30 6 65 2.35 7 17 27 53 107 137 122
2t 1.25 1.75 0.20 6 70 2.80 6 17 28 54 102 114 90 -
3 0.50 1.50 0.10 6 75 3.28 8 42 70 97 73 38 21
4 0.75 .1.50 0.25 6 70 2.80 13 58 103 188 174 106 60
5 1.50 0.50 0.20 6 85 4.31 81 176 193 184 131 85 59
6 1.00 0.50 0.40 6 75 3.28 234 371 333 245 138 85 62
7 0.75 0.00 0.20 6 90 4.85 315 138 104 73 49 38 32
Total (Composite hydrograph at end of subarea 7) 664 819 858 894 774 603 446

lDischarges for these areas are computed from interpolated csm/in (cubic feet per second per square mile
per inch of runoff) values from table 5-3.

VR GO S GRS GRS ST VU N W R VS R SO R S A GRS B WD B o IR U
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Graphical Method of Determining Peak Discharge

The curve of T, 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 runoff 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 Te in hours, runoff in inches from a 24-hour rain-

fall, and drainage area in square miles.

1000
e
H U
= ‘\
Qg .
ésoo \\‘
S 400 5,
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. \
§3oo SRR TR S U A S —
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§ I S .,\\\\\::,
- P P B . . \
100 \\\

0.1 0.2 0.3 0.k 0.5 0.7 1.0 2.0 3.0 Lo 5.0
TIME OF CONCENTRATION - hours ’

Figure 5-2.--Peak discharge in csm per inch of runoff versus time of
concentration (Te) 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
CN (future) = 85
Tc (present) = 0.9 hr
To (future) = 0.6 hr

Py, (R4=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 CN= 80 and P,, = 6.0 inches (table 2-1),.
From figure 5-2 for T, = 0.9 hours, qp = 345 esm per inch of runoff.

q = qp AQ = 345 "..5) (3.78) = 1,956 cfs
2. FMuture condition:

Q = 4,31 inches for CN
From figure 5-2 for T,

85 and P», = 6.0 inches (table 2-1).

p AQ = 460 (1.5) 4.31 = 2,974 cfs

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

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.

0.6 hours, dp = 460 csm per inch of runoff.

hea]

™



Table 5-3.--Tabular discharges for type-II storm distribution '(csm/in)

Sheet 1 of 5
TIME OF coucz_nm'noi = 0.1 hours
Hydrograph Time in Hours ]
Ty 11.0 11.5 11.7 1.8 11.9 12.0 12.1 12.2 12.3 12.b 12,5 12.6 12.7 12.8 12.9 -13.0 13.2 13.5 1k.0 14.5 15.0 16.0 18.0 20,0
0 24 S1 299 991 Th6é k7T 233 152 132 121 111 8s T 70 68 65 52 L8 39 33 29 2k 18 1k
0.25 20 38 66 140 - 327 626 686 k6 36k 236 169 137 1T 9T 83 75 66 52 b 35 30 2 18 1b
0.50 15 27 36 L3 67 133 268 k82 580 S5k3 k29 310 222 168 134 110 81 63 Y g 38 32 26 19 15
0.75 12 20 25 29 3 b2 65 125 245 392 L96 515 hS2 360 273 206 127 80 53 k2 35 27 19 15
1.00 9 15 19 21 24 28 32 L1 63 115 209 328 k27 470 LS1 389 245 121 64 N 38 29 20 16
©1.50 6 10 12 13 1k 16 17 19 22 25 29 38 56 92 154 236 k10 360 133 66 LY 33 21 16
2.00 3 6 T 8 9 10 11 12 13 1k 16 18 20 23 27 34 7% 2k 371 1k2 68 38 23 17
2.50 2 b 4 S 5 6 T T 8 9 10 1n 12 13 15 16 21 b1 243 343 150 L8 26 19
3.00 1 2 2 3 3 b " 4 S 5 7 T 9 10 12 17 SO0 239 321 Th 29 20
3.50 0 1 1 1 1 2 2 2 3 3 b L 6 6 7 10 17 59 30k 159 Kk) 21
4.00 0 0 0 o} 0 1 1 1 1 2 2 ok 5 6 10 18 6T 290 39 23
TIME OF COMCENTRATION = 0.2 hoursg
Bydrograph Time in Hours
Ty 11,0 11.5 11.7 1.8 11.9 12.0 12.] 12.2 12.3 12.k 12,5 12.6 12.7 12.8 12.9 13.0 13.2 13.5 1k.0 1Lk.5 15.0 16.0 18.0 20,0
0 23 kT 208 509 T96 641 L2k 25 170 138 121 104 8s 15 T 68 56 ko 4o 34 29 24 18 1k
0.25 18 3L 49 91 196 k419 603 627 LB6 3W1 235 173 138 11k 96 83 0 55 43 36 31 25 18 15
0.50 1k 2k 32 37 50 8T 181 34y k490 sSks  W9T 39T 296 219 167 133 92 67 L9 39 33 26 19 15
0.75 11 18 23 26 30 36 4 B8k 161 284 49 k91 LBL k22 340 263 157, B89 56 k3 36 27 19 15
1.00 9 1k 18 20 22 25 29 35 L8 79 143 240  3WT k26 %52 k2T 299 M7 69 L9 39 29 20 16
1.50 s 9 n 12 13 1k 16 18 20 23 26 32 43 67 110 176 330 399 159 12 50 33 22 17
2.00 3 6 7 1 8 9 10 1 122 13 15 16 18 22 28 29 56 192 363 168 T5 Lo 2s 18
2.50 1 3 b 5 5 6 6 T 7 8 9 10 11 12 13 15 19 33 200 337 1Tk 51 26 19
3.00 0 2 2 2 3 3 " b s 5 6 6 8 9 11 15 o 203 36 82 29 20
3.50 0 0 1 1 1 2 2 2 2 3 3 4 6 T 9 16 46 300 180 3k 22
L.00 ] i} o 0 o 1 1 1 1 1 2 2 2 3 L '3 9 16 53 286 L1 2%
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Table 5-3.--Tabular discharges for type-II storm distribution (esm/in)--Continued Sheet 2 of 5

TIME OF CONCENTRATION = 0.3 hours
graph Time in Hours

Ty 11,0 11.5 11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.kb 32.5 12,6 12.7 12.8 12.9 13.0 13.2 13.5 14.0 14,5 15.0 16.0 18,0 20.0
0 21 43 1kl 324 S86 658 535 372 251 18k 148 124 102 86 17 n 61 51 5] k] 30 24 18 1h
0.25 17 31 L3 67 134 279 k6L 559 530 428 38 234 179 143 116 97 16 59 45 37 32 25 18 15
0.50 13 22 29 34 Y] 65 124 238 378 L79 k99 WLT 363 281 216 168 110 Tk 51 k1 34 26 19 15
0.75 10 17 21 24 27 32 41 63 114 203 316 K13 45T Lu3 389 319 198 105 - 60 4s 371 28 20 15
1.00 8 13 16 18 20 23 26 31 4o 60 103 176 269 358 415 426 3Ly 182 K1 S1 (51 30 20 16
1.50 8 10 11 12 13 15 16 18 21 2h 28 36 52 82 132 272 382 192 81 52 34 22 17
2.00 5 6 T 8 8 9 10 11 12 1k 15 1T 19 21 25 bk 151 351 198 85 k1 24 18
2.50 3 h b 5 5 6 6 T 8 8 9 10 1 12 1k 17 28 162 328 200 sk ‘ 27 19
3.00 0 1 2 2 3 3 3 b Y 5 5 6 7 8 9 10 1k 33 169 309 9% 30 20
3.50 0 1 1 1 1 2 2 2 3 3 3 4 5 5 6 9 1k 38 172 294 35 22
4,00 o o 0 0 0 1 1 1 1 1 2 2 2 3 3 4 b 9 15 k3 281 k2 2k
TIME OF CONCENTRATION = 0.4 hours
ltydrogr.ph Time in Hours
Ty 11.0 11,5 11.] 11.8 11.9 12.0 12.1 12.2 12.3 12,4 12.5 12.6 12.7 12,8 12.9 13.0 13.2 13.5 f4.0 1L.5 15.0 16.0 18.0 20.0
0 20 39 103 224 k19 558 575 kS1 331 2k7 190 155 12T 105 %0 8o 66 53 L2 35 30 24 18 1k
0.25 15 28 38 54 98 196 343 L6T 508 L6W 380 295 228 180 1ks 119 a7 6h 'Y { 38 32 26 19 15
0.50 12 20 26 30 37 53 92 172 286 395 L62 4S3 ko2 3320 266 211 137 84 Sk - L2 35 27 19 15
0.75 10 16 19 22 25 29 36 51 85 150 2k2 338 LOT 429 Lo6 356 2h1 128 65 1Y 38 29 . 20 16
1.00 8 12 15 17 19 21 24 28 3y L9 78 132 208 292 362 k403 368, 220 88 55 42 30 21 16
1.50 5 8 9 10 11 12 1k 15 17 19 22 25 3 43 65 102 220 365 224 93 56 35 22 17
2,00 3 5 6 6 T 8 9 9 10 1 13 1 16 17 20 23 31 119 338 225 9 43 28y 18
2.50 1 3 3 b L 5 5 6 6 1 8 9 10 1 12 .13 16 25 132 3T 225 58 27 19
3.00 0 1 2 2 2 3 3 3 Y ) 5 5 T 10 13 28 10 300 107 3 21
3.50 0 0 1 1 1 1 1 2 2 2 3 3 b L. s 6 8 13 32 16 286 36 22
k.00 o 0 0 0 ) 0 o 1 1 1 1 1 2 2 2 3 3 5 8 1h 3% 215 Wk 24

e LUt LS L Ld b L Led Lot b L e L

L

.
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Table 5-3.--Tabular discharges for type-II storm distribution (ecsm/in)--Continued

TIME OF CONCENTRATION = 0.5 hours

Hydrograph Time in Hours

Sheet 3 of 5

¢ 11.0 11,5 11.7 11.8 11,9 12.0 12.1 12,2 12.3 12.b 12.5 12.6 12.7 12.8 12.9 13.0 13.2 13.5 1k.0 1k.,5 15.0 16.0 18.0 20.0
0 18 36 80 166 301 433 M96 W74 395 309 22 19 158 130 109 9% 15 5T 43 36 3 25 18 15
0.25 15 26 37 52 9k 172 217 372 425 k24 383 326 270 221 182 150 107 T3 kg 39 33 26 19 15
0.50 12 20 25 30 38 58 101 169 252 327 3T 385 366 329 285 241 169 103 59 1Y 36 217 19 15
0.75 9 15 19 22 25 30 b 63 103 162 229 292 335 354 38 325 255 157 T S0 39 29 20 16
1.00 1 12 15 17 19 21 25 31 L3 66 103 153 210 26k 304 327 N7 231 109 61 Lk 3 21 16
1.50 5 8 9 10 11 12 1k 15 17 20 24 3l L3 63 92 129 21k 295 22k 115 65 36 23 17
2.00 3 5 6 6 T 8 9 10 11 12 13 1k 16 19 23 30 58 13 271 216 120 Lé 25 18
2.50 1 3 3 L k 5 5 6 1 1 8 9 10 11 12 1 18 39 150 253 209 T 28 19
3.00 o 1 2 2 2 3 3 L 4 i 5 5 6 7 8 10 15 4 15k 239 126 32 21
3.50 0 0 1 1 1 1 2 2 2 2 3 3 L 4 s 6 8 16 56 158 227 38 23
L.00 o 0 0 0 0 1 1 1 1 1 1 2 2 3 1} 5 9 19 63 27 52 25

TIME OF COMCENTRATION = 0.75 hours
Hydrogreph Time in Hours
Ty 11.0 11.5 11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.b 12.5 12.6 12.7 12.8 12,9 13.0 13.2 13.5 14.0 1k.5 15.0 16.0 38.0 20.0
0 15 29 57 98 163 =248 329 375 388 369 325 276 232 195 165 1k2 107 76 51 39 33 26 19 15
0.25 12 21 29 39 61 100 158 227 291 336 355 38 321 285 247 212 156 103 62 Ly 3% 27 19 15
0.50 10 16 21 2% 20 4 63 100 150 208 263 305 327 329 N4 288 226 T 19 S2 W 29 20 16
0.75 8 13 16 18 20 28 30 L3 65 98 1k2 192 239 278 303 311 286, 208 107 63 ks n 21 16
1.00 6 10 13 1k 15 17 20 2k kil Uk 65 95 134 177 220 256 294 26k 1L9 81 53 33 21 16
1.50 L 6 8 9 10 1 12 13 b 16 19 23 31 42 60 83 1T 269 248 152 85 Lo 23 17
2.00 2 L ) 5 6 7 7 8 9 10 1 12 1k 16 18 23 39 9T 251 235 153 56 26 19
2.50 1 2 3 3 i A L s -5 6 T 7 8 9 10 1 15 28 107 218 236 91 29 20
3.00 0 1 1 2 2 2 2 3 3 4 L 5 S 6 6 7 12 33 113 225 153 3k 22
3.50 0 0 1 1 1 1 1 1 2 2 2 3 3 3 4 4 T 13 39 1T 215 k24
k.00 0 0 0 [V} 0 0 o 1 1 1 1 1 1 2 2 2 b 7 15 ks 207 63 26

6-¢



Table 5-3.--Tabular discharges for type-II storm distribution (esm/in)--Continued Sheet 4 of 5
TIME OF CONCENTRATION = 1.0 hours
) Rydrograph Time in Hours ]
Ty 11,0 11.5 11.7 1.8 1.9 12.0 12.1 12,2 12.3 12.% 12.5 12.6 12.7 12.8 12.9 13.0 13.2 13.5 14.0 14.5 15.0 16.0 18.0 20,0
v} 13 24 is 66 10T 155 211 258 301 313 316 2301 277 247 217 188 16 102 64 L6 36 27 19 15
0.25 10 18 24 32 4 68 102 146 193 238 212 293 299 293 275 252 200 139 8L sk HY 29 20 16
0.50 8 1k 17 20 24 32 L6 68 99 136 178 219 251 274 284 283 254 187 105 65 1Y 3l 21 16
0.75 1 1 13 15 17 20 25 33 W 67 9% 128 165 202 233 256 273 236 140 82 55 33 21 16
1.00 S 9 1 12 13 15 17 20 25 33 46 65 90 121 1sk 18T 2k 262 183 107 66 37 22 17
1.50 3 5 T 7 8 9 10 11 12 1k 16 19 24 N 43 s§ 103 185 2k 181 110 48 2h 18
2.00 2 3 4 b4 5 6 6 1 8 8 9 10 1 13 15 18 29 69 182 230 178 70 27 19
2.50 1 2 2 3 3 3 ) 4 5 S 6 6 7 8 9 10 12 =22 17T 118 219 10k AN 2
3.00 0 1 1 1 1 2 2 2 3 3 3 4 b 5 5 (3 T 10 25 83 210 172 39 22
3.50 0 \ 0 0 1 17 1 1 2 2 2 2 3 3 3 ) 6 1 29 B8 202 352 25
k.00 o o o o o o oo o 1 1 1 1 1 1 2 2 2 & 6 12 33 195 11 28
T arogarh Tiae Tn Tocta o

Ty 1.0 11.5 11.7 1.8 11.9 12,0 12,1 12.2 12.3 12.b 12.5 12.6 12.7 12.8 12,9 13.0 13.2 13.5 k.0 14.5 15.0 16.0 18.0 20.0
0 11 21 37 s1 79 10T 1MT 187 219 2k9 264 271 267 256 28 219 17T 128 81 56 L2 29 20 16
0.25 9 15 21 27 36 53 T4 103 13T 172 205 231 249 259 259 253 223 16T 102 67 48 31 21 16
0.50 T 12 15 17 21 27 37 51 T2 98 128 160 190 216 235 24T 251 209 130 82~ s6 3L 21 16
0.75 6 9 12 13 15 17 21 27 36 50 69 93 120 149 ATT 202 235 242 165 103 67 38 22 17
1.00 L T 9 10 1 13 1k 17 21 27 36 k9 66 88 113 139 190 , 236 200 130 83 43 23 17
1.50 3 5 6 6 T 8 8 9 10 12 1k 16 20 25 33 b 76 1k2 223 195 131 58 26 18
2.00 1 3 3 " 4 5 s 6 6 7 8 9 10 1 13 15 28 s2 1k3 222 189 8 29 20
2.50 1 1 2 2 2 3 3 3 L b 5 S 6 - 1 1 8 10 17 58 143 2010 132 35 21
3.00 0 1 1 1 1 1 2 2 2 2 3 3 3 L 4 5 20 64 143 196 L5 23
3.50 Q o [\ 4] o 1 1 1 1 1 1 2 2 2 2 3 5 9 23 68 190 62 26
k.00 0 0 o 0 0 0 0 0 0 0 1 1 1 1 1 1 5 10 26 18k 91 30
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" ‘Table 5-3.--Tabular discharges for type-II storm distribution (csm/in)--Continued Sheet 5 of 5

TIME OF CONCENTRATION = 1.5 hours

Hydrograph Time in Hours
T¢ 11,0 1.5 11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 13.0 13.2 13.5 1k.0 14.5 15.0 16.0 18.0 20.0
0 10 18 k1t 2 57 81 105 133 16k 192 209 227 235 236 236 225 201 153 99 68 50 32 20 16
0.25 8 13 17 22 30 L1 57 16 99 125 153 178 199 215 225 230 224 188 122 82 58 36 21 16
0.50 6 10 13 15 18 22 30 Lo 54 T2 94 118 143 167 188 204 224 224 152 99 68 39 22 17
0.75 S 8 10 11 13 15 18 22 29 39 52 69 89 111 134 157 19% 219 182 122 82 4y 23 17
1.00 h 6 8 9 10 11 12 1h 17 22 29 38 50 66 8y 105 148 198 214 150 100 50 2y 18
1.50 2 b 5 5 6 T T 8 9 10 12 1k 17 21 26 3L 58 109 191 204 1k9 T0 28 19
2.00 1 2 3 3 L L " 5 5 6 7 8 8 10 11 13 19 ko 112 184 197 102 33 20
2.50 0 1 1 2 2 2 3 3 3 4 " 5 S 6 6 T 9 1k 45 11k 190 1hT Lo 22
3.00 0 0 1 1 1 1 1 1 2 ? 2 3 3 3 L Ly 5 7T 16 k9 115 184 53 25
3.50 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 3 18 53 178 Th 28
L.00 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 2 b 8 21 174k 105 3h
TIME OF CONCENTRATION = 2.0 hours
Hydrograph Time in Hours
Ty 1.0 11.5 11,7 11.8 11.9 12.0 12.1 12.2 12.3 12.h 12.5 12,6 12.7 12.8 12.9 13.0 13.2 13.5 1L.0 14.5 15.0 16.0 18.0 20.0
0 T 1k 22 30 38 L9 64 8o 95 11k 133 152 165 175 184 192 190 176 129 93 68 k1 23 17
0.25 6 10 13 17 22 28 37 N 61 5 91 108 126 143 157 168 185 189 153 109 19 L6 2L 17
0.50 5 8 10 1n 13 17 21 27 35 L5 57 T 86 103 119 135 162 186 172 1 92 52 26 - 18
0.75 4 6 8 8 10 11 13 16 21 26 3 A3 55 67 82 97 129 ,166 183 149 109 59 27 ¢ 18
1.00 3 5 6 T 7 8 9 1 13 16 20 26 33 L2 52 64 92 136 180 167 127 68 29 19
1.50 1 3 3 i 4 5 5 6 7 8 9 10 12 15 18 23 37 68 135 175 163 93 38 2y
2.00 1 1 2 2 3 3 3 b 4y S 5 6 6 T 8 10 1% 26 71 133 170 127 L2 23
2.50 ) 1 1 1 1 1 2 2 2 3 3 3 b b 5 5 7 11 29 T& 132 166 53 26
3.00 0 0 0 0 1 1 1 1 1 1 2 2 2 2 3 3 y 12 32 76 162 7 30
3.50 0 0 0 0 0 0 0 0o 1 1 1 1 1 1 1 2 2 13 35 158 95 35
L.00 o - 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 3 [3 1k 8o 155 k3

T1-¢



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 Jjudgment; (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 runoff resulting from any synthetic or nat-
ural rainstorm. It takes into account conditions affecting runoff (CN,
Tc’ 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 ons continuous operation, the computer program can:

1. Route through as many as 60 structures and an unlimited aumber of
variations for each structure, including that of having no structure.



. Route through as many as 120 stream reaches and an unlimited number
of channel modifications for each reach.

. Compute up t0 300 ordinates of a hydrograph and print out the dis-
charge and elevation for each.

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

. Develop and route the runoff for nine different storm distributions

and for an unlimited number of depths and durations for any storm

distribution. '

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

Hydrologic and hydraulic parameters that are affected by urbanization

Lod

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 persomnel through the SCS Man-

agement Division, Washington, D.C.; other users can obtain a copy through
the National Technical Information Service:

(..J

National Technical Information Service
U.S. Department of Commerce
P.0. Box 1553

Springfield, Virginia 22151

b
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CHAPTER 7
METHODS FOR CONTROLLING PEAK DISCHARGES FROM 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 pesak 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 7-1l.--Measures for reducing and delaying urban storm runoff

.Area

Reducing runoff

Delaying runoff

Large flat roof

Cistern storage
Rooftop gardens
Pool storage or
fountain storage
Sod roof cover

1. Ponding on roof by
constricted down-
spouts

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

1. Grassy strips oh

Parking lots 1. Porous pavement
a. Gravel parking parking lots
lots 2. Grassed waterways
b. Porous or punc- draining parking
tured asphalt lot
2. Concrete vaults and 3. Ponding and deten-
cisterns beneath tion measures for
parking lots in impervious areas
high value areas a. Rippled pave-
3. Vegetated ponding ment
areas around parking b. Depressions
lots . ¢. Basins
4. Gravel trenches
Residential 1. Cisterns for indi- 1. Reservoir or deten-
vidual homes or tion basin
groups of homes 2. Planting a high de-
2. Gravel driveways laying grass (high
(porous) roughness)
3. Contoured landscape 3. Gravel driveways
4. Ground-water recharge 4. Grassy gutters or
a. Perforated pipe channels
b. Gravel (sand) 5. Increased length of
¢. Trench travel of runoff by
d. Porous pipe means of gutters,
e, Dry wells diversions, etec.
5. Vegetated depressions
General . Gravel alleys 1. Gravel alleys

W

Porous. sidewalks
Mulched planters

1

o

B

-4

-4

]



Table 7-2.--Advantages

7-3

and disadvantages of measures for reducing and

delaying runoff

Measure Advantages Disadvantages
A. Cisterns and l. Water may be used for: 1. Expensive to install
covered ponds a. Fire protection 2. Cost required may
b. Watering lawns be restrictive if
c¢. Industrial processes the cistern must
d. Cooling purposes accept water from
2. Reduce runoff while large drainage
only occupying small areas
area 3. Requires slight
3. Land or space above . maintenance
cistern may be used 4. Restricted access
for other purposes 5. Reduced available
space in basements
for other uses
B. Rooftop 1l. Esthetically pleasing 1. Higher structural
gardens 2. Runoff reduction loadings on roof
: and building
3. Reduce noise levels 2. Expensive to install
4. Wildlife enhancement and maintain
C. Surface pond 1. Controls large drainage 1. Require large areas
storage areas with low release 2. Possible pollution
(usually resi- 2. Esthetically pleasing from storm water
dential areas) 3. Possible recreation and siltation
benefits 3. Possible mosquito
a. Boating breeding areas
b. Ice skating 4. May have adverse
¢. Fishing algal blooms as a
d. Swimming result of eutro-
4. Aquatic life habitat phication
5. Increases land value of 5. Possible drowning
ad joining property 6. Maintenance prob-
lems
D. Ponding on roof 1. Runoff delay 1. Higher structural

by constricted 2.
downspouts

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)

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)
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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. Scomewhat 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. o) concrete (a) from salt in winter
filled with (2 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 periodi-
3. Esthetically cally (maintenance
pleasing costs)
a. Flowers
b. Trees

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
¢. Constricted dirt and debris (a, b,
and c)

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

Measure Advantages Disadvantages
I. Reservoir or 1. Runoff delay 1. Considerable amount of
detention 2. Recreation bene- land is necessary
basin fits 2. Maintenance costs
a. Ice skating a. Mowing grass
b. Baseball, b. Herbicides
football, etc., ¢. Cleaning periodi-
if land is pro- cally (silt re-
vided moval) _
3. Esthetically pleas- 3, Mosquito breeding area
ing 4, Siltation in basin
4, Could control
large drain-
age areas with
, low release
J.. Converted 1. Low installation l. Requires periodic main-
septic tank costs tenance (silt removal)
for storage - 2. Runoff reduction 2. Possible health hazard
and ground- (infiltration 3. Sometimes requires a
water re- and storage) pump for emptying
charge 3. Water may be used after storm
. for:
a, Fire protection
b. Watering lawns
and gardens
¢. Ground-water re-
charge
X. Ground-water 1. Runoff reducticn 1. Clogging of pores or
recharge (infiltration) perforated pipe
a. Perforated 2. Ground-water re- 2. Initial expense of in-
pipe or hose charge with stallation (materials)
b. French drain relatively clean
c. Porous pipe . water
d. Dry well 3. May supply water
to garden or dry
areas
4, Little evaporation
loss
L, High delay grass 1. Runoff delay 1. More difficult to mow
(high rough- 2. Increased infil=-
ness) ~ tration
M. Routing flow 1. Runoff delay 1. Possible erosion or
over lawn 2. Increased infil- scour
tration 2. Standing water on lawn

in depressions
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Preliminary studies at Pemnsylvania 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 runoff fram parking lots reduced the flood peak
by about 5 percent. Various possible cambinations 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 very
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 ocutflow 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, Vé/Vf values read from the curve will be up to
25 percent too high. Runoff curve numbers over 85 with long T, values
cause vg/vr values to be up to 25 percent toco low,

1Studies of flood peak abatement in urban storm runoff conducted by
Gert Aron, assoc., prof. civil eng., Pennsylvania State Univ.
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3.5

3.0

= e =
7 WEIR FLOW STRUCTURES UP TO 150 CSM RELEASE
FIPE FLOW STRUCTURES UP TO 300 CSM RELEASE

2.8

2.0 -

STORAGE IN WATERSHED INCHES (V)

- APPROXIMATE STRUCTURE ROUTING .
172 FOR SINGLE STAGE STRUCTURES [ i1 .07
TYPE [l DISTRIBUTION
24 HOUR RAINFALL

1.0

1.0 1.5 .0 2.5 3.0 3.5 4.0 4.5 5.0
RUNOFF IN WATERSHED INCHES (V.)

Figure 7-l.--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 O to 3C0 csm release rate and
weir flow structures of O 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. Determine the basic watershed parameters (DA, CN, T, etc.).

2. Determine the volume of runoff 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 bte
used.. The following examples show how figures 7-1 and 7-2 are used.

Example 7-1

A developer is attempting to secure a permit to install a 4.2-acre-fi
detention reservoir 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, determine whether the proposed structure will reduce the
future-condition peak discharge to 180 cfs.

For this example, 180 cfs is the desired outflow Qg and 360 cfs is the

future-condition discharge into the reservoir Qj. Inflow runoff V, is
3.4 inches. .

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

%

180 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 —=9 (must be in same units).

Q1

E‘i - 180 cfs

Q. 360 cfs 07

3. Determine Vg (volume storage).

With 92 = 0.5, enter figure 7-2 and find.XE =0.28.

Q3 Vr
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Figure 7-3.--Stage~discharge and stage-storage relationship for
structure A in example 7-1.

Since V, = 3.4 inches, then

Vg =.0.28 (3.4) =0.95 in

= 0.95 in (75 acres) - 5.9 acpe-ft
12 in/ft

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

5. Evaluate proposed structure.
The required storage of 5.9 acre-ft i1s 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



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:

Hydrograph Time (hours)
location o _13.2 3.5 1%.0 .5
Composite discharge 819 858 . 894 774 603
(cfs) ) .
Subarea 6 discharge 371 333 245 22 85
(cfs)
Composite discharge 448 525 649 636 518
minus subarea 6
(cfs)

- Note that the partial composite hydrograph peak is 649 cfs at the

outlet of the watershed.

. 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

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

_ 103 cfs

Qo = 5.4 mi2 =258 csm

. 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.

Determine required storage (Vg). With Q, = 258 csm, V., = 3.28 in.

(future-condition runoff for subarea 6). Enter figure 7-1 and find
Vg =1.55 in

_ 1.55 in (640 acres/mi?)(0.4 mi2) =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 ocutflow at
33.1l-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.

7-11
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l.

The decision on the amount of reduction to be accamplished 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:

Hydrograph : | Time (hours)

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.

. The combined release rates of the two structures can be 752 cfs

(desired peak) less 462 cfs (partial composite peak). Therefore
structure 4A release and structure 6A release equals 752 minus 462,

"or 290 cfs. . .

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 c¢fs and structure 4A release is 90 cfs.

Determine storage required in structure 6A.

I _ 200 cfs _
8. Qo = 200 cfs = 0.2 miZ - 500 csm.

Since Qg 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 cutlet
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 Ty = O and
find Qi = 316 csm per inch of runoff.

Qi = 316 (vr) = 316 (3.28) = 1,036 csm"
c. Campute required storage (Vg).
With Qg = 500 csm and Qi = 1,036 csm,

Q _ 500
% 1036 048

by

-d
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V.

From figure 7-2, vﬁ = 0.29 and with Vy = 3.28 in (future-condition
runoff) r
= 0.29 (V,) = 0.29 (3.28) = 0.95 in

Vs
| 0.95 in (640 acres/mi?) (0.40 mi?) = 20 acre-ft
12 in/ft

5. Determine storage required in structure 4A.

a. Qg (step 3) = 90 cfs =20 cfs =360 csm
0.25 mi?

Since Q, = 360 csm and the outflow structure is a pipe drop inlet,
use figure 7-2.

b. Since figure 7-2 is to be used, the peak inflow (Qi) at the outlet
of subarea 4 must be determined. Enter table 5-3 for T, = 0.75 and
Tt = O and find Q; = 388 csm per inch of runoff.

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

c. Campute required storage (Vg).
With Q, = 360 csm and Qj = 1,086 csm,

Qo = 360 =0.33

Qi 1,086
From figure 7-2 read IS = 0.41, and with V; = 2.80 in,
r
Vg = 0.41 (2.80) = 1.1 in
_ 1.1 in (640 acres/mi?)(0.25 mi2) _ 15 acre-ft
= 12 in/ft
6. Summary
Structure " Drainage area Qo Storage
mi? csm efs acre - ft
LA .25 368 90 15
64 .40 500 200 20
Total —- - — 290 35

Other trial calculations can be made to determine the most econamical
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, runoff 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.

. 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.

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

(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 impervicus material.



Table B.1--Soil names and hydrologic classifications

AKAKA A AMAQOR 0 ARSCR 8 ATLEE
AASTAD 8 AKASKA -] ARAGCN 0 ARBUCKLE 8 ATRORE
ABAJO 4 AKELA [4 AMALY 0 ARCATA ] ATOKA
’ ABRUTT ] ALADDIN [ AMANA 8 ARCH 8 ATSION
ARRUTTSTOWN 4 ALAE A AMARGOSA 0 ARCHABAL 8 ATTERBERRY
ABEGG 8 ALAELOA 8 AMARILLC B ARCHER C ATTEWAN
ABELA 8 ALAGA A ANASA 8 ARCHIN [4 . ATTVICA
ABELL ] ALAKAL c ARBERSCN ARCO 8 ATTLEBORO
ABEROECN [+] ALAMA [4 AMBQY [4 ARCULA c ATHATER
ABES 0 ALAMANCE ] AMGRAW [+ ARD 4 ATHELL
ABILENF [4 AlLAnMC c ARECEE A AROEN 8 ATWCOD
ABINGTIIN 8 ALAMGSA c AMELSA 8 ARUENVCIR 8 AUBBEENAUBBEE
ABIQUA (4 ALAPAHA U, AMENIA 8 AROILLA 4 AUBERRY
A8U 8 ALAPAL A AMERICUS A AREDALE 8 AUBURN
ABHA c ALRAN [:] APES 4 ARENA [ AUBURNOALE
ABuAHAM 8 ALRANG c APHERST (4 ARENALES A AUCIAN
ARSARUXEFE [ ALBANY [4 AN (TY [4 ARENOTSVILLE [} AU GRES
335C.iTA 8 ALRATON [} ANMON 8 ARENQSA A AUGSBURG
ABSHES 4] ALBEE [4 AMULE C ARENZVILLE 8 AUGUSTA
AcCacin 4 ALBEMARLE -] APCR 8 ARGONAULT 0 AULD
ACAQEMY [4 ALHERTVILLE [ amQs [+ ARGUELLOD 8 AURA
ACADLA 0 ALBIA [4 AMSTERIAN 8 ARGYLE 8 AURORA
ACANA [} ALJIICN e AMTCFT )] AR1ZC A AUSTIN
ACEITUNAS a ALBRIGHTS c AmyY 0 ARKABUTLA - 4 AUXVASSE
ACEL 0 ALCALDE C ANACAPA. 8 ARKPCRY 8 AUZQul
ACKER 8 ALCESTER L1 ANANUAC 0 ARLANT ] AVA
ACKMEN 8 ALCUA k] ANAPITE ] ARLING c AVALANCHE
ACVE [4 ALCONA ] ANAPRA 8 ARL INGTUN A AVALON
ACU 8 ALCuvVA B ANATUNE [} ARLOVAL [4 AVERY
ACOLITA [} ALOA [4 ANAVEROE 8 APPBAGH 0 AVON
AChVE [ ALDAX 0 ANCHG [ ARMINGTUN [+ AVONBURG
ACTON 8 ALVUEN c ANCHCRACGE A ARMU 8 AVONDALE
ACUFF 8 ALNER e ANCHGR Bay o ARFGUR 8 AWBREY
ACWURTH 8 ALNEROALE C AKCHUR PGINT 8 ARMSTEP < AXTELL
ADA 8 ALUE RWUOD [ ANCLLTE c ARMSTKCNG 0 AYAR
A0A LN [+] ALOING [ 4 ANCGC [ ARPUCHE L [} AYCCCX
AQAMS A ALCKNAGIX ] ANCERS 4 ARNEGAKD 8 AYR
ANAMSUN R ALEX e ANCERSCH 8 ARNKART [+ AYRES
ADAMSTWN ALF XANDORTA [+ ANCES [+ ARNHE IR C AYRSHIRE
ADAMSVILLE 4 ALEXIS 8 ANCCRINIA C ARNG 0 AYSEES
ADATUN 0 ALFORO d ANOCVER 0 ARNGLD -] ALTALAN
ACAVENMN n ALGANSEE 8 ANCRES ] ARNUY C/0 ALTEC
""""" ADUISON 0 ALGIERS C/0 ANCREWS c ARQCSTOCK AZULE
ADDY [ ALGOMA 8/0 ANEC 0 AROSA b] AZWELL
AUE ' ALICE A ANETH A ARP 0
ADEL A ALICEL A ANGELICA 7} AKRINGTON 8 8A88
ADELAICE 0 ALICIA 4 ANGEL INA B/0 ARKRCLINME 4 BABBINGTON
AVELANTG .} ALIDA 3 ANGIE [4 ARRUN [ BABCOCK
ANELPHIA 4 AL IKCHI 3 ANGLE A ARRCW 8 BABYLON
ACEMA [ ALXO [ ANGLEN 8 AKACWSMITH 8 BACA
avlLL (s A ALLAGASH ] ANGCLA C ARTA [ BACH
ANTRIMOACK ALLARD o ANGCSTURA 8 ARTCIS [ BAChUS
ACK [NS a ALLEGHENY L] AN AKX 0 ARVACA 0 BACKBONE
AOLEw [ ALLEMANOS V] ANITA "] ARVANA (N BAOENAUGH
AQULPH [} ALLEN [ ANKENY A ARVESON [ BADGER
ADA LAN A/0 ALLENDALE C ANLAUF C AMVILLA 8 BAOGERTON
AENEAS [} ALLENSVILLE [4 ANNARELLA A ARZELL < 8a00
AETNAY B ALLEATINE n ANNBANCALE C ASA L 8 8A0US
AFTON n ALLEAWUO0D [} ANNISTCN 8 ASBURY B8AGCAD
AGAR 8 ALLEY 4 AACKA A ASCALGN B 3AGGOTT
AGASITZ 0 ALLTANCE 3 ANCMNES C ASChUFF L] BAGLEY
AGATE [\l ALLIGAFQR 4 ANSELMC A ASCHRUFT 8 BAMEN
ALAdAS 8 ALLLS 0 ANSON 8 ASHBY C BAILE
AGENCY [4 ALLISCN C ANTELCPE SPRINGS C ASHCALE 8 BAINVILLE
AGENH ] ALLOUEL 4 ANTERC C ASHE 8 BATRO WOLLOW
AGNEK 8 ALLCWAY ANV FLAT C ASHRUM C 8AJURA
AGNEW 8/C ALMAC L] ANTHONY 8 ASHLEY A SAKEQVENM
AGWIS 8 ALMENA [ ANT[GO 8 ASH SPRINGS [ BAKER
AGUA ] ALFUNT C ANT ILCN 8 ASHFON 8 BAKER PASS
AGUAODILLA A aLry e ANTICCH 0 ASHUE 8 BALAAN
AGUA CULCE [4 AL CHA C ANTLER C ASHUELLT C BALCH
AGUA Frla c ALUNSO B ANTCINE C ASHWLCO c dALLOM
AGUEDA 8 ALCVAR [4 ANTY 8 ASKEw [4 YALD
AGUILITA -] ALPENA 8 ANWAY -] AsSC 0 BALCER
AGUT K& 0 ALPCN 8 ANA 8 ASCTIN [4 aaL0oCx
AGUST [ [ ALPUNRA (] APACHE 0 ASPEN 8 BALCWiN
ArATON 0 ALPS APAKULE A ASPERMUNT 8 BALOY
AhL (4 ALSEA P APIShAPA [4 ASSIANIDCINE e BALE
AHLSTFM C ALSTAD e AP ISTN 8 ASSUMPTICN -] BALLARD
AHMEF K 8 ALSTUwWN [ APPIAN 0 ASTATULA A GALLINGER
AMOL T [H] ALTAMONT C APPL=CaTe 3 asT(w A/D  BALP
AW TANYw [ ALTAVISTA < e2PLCTCN [4 ASTOR LA 8 BALPAN
AHwAb 5 R [ ALTDORF r APPLINC ] ATaSLAUERS c YALCN
ALLUNTT) C AL TmaR ) APWCA 8 ATCC 8 dALTIC
AIKEN b ALTC [4 aPl [4 ATEFIC c CALTINMCRE
AlrmMaty ] AL TOLA C APTAKISIC 8 ATHILWLLY B BAMBER
AlLey n ALTuY n ARARY ATHENA ] BAMFGRTH
AINAZEN 34 ALTUS '} Adsca [} ATHENS [} BANCAS
Alnmniny [4 ALTVAN 3 ARBPLEN C ATHERTUN t/C  BANCRGET
AlrTSa 4 ALVIN H AHBVE 0 ATH( L ] UANQERA
AL«P i T ] ALVida c Ak BVETCN e ATK LASKN b BAAGL
AlTS L] aLvise u ARFRLA o ATLAS u dANGUR
NOTFS A BLALY, HYDPCOLOAIL SOML CROUP [MCICATES TUFE SRR £ANYP WAS AT PPFN RETEPINFED
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BANGSTUN A BEATTY BERTELSCN A BLAKENEY [ 4 BOROA
SANKARD A BEAUCOUP 8 BEKTHOUD 8 BLAKEPCRT 8 BORDEAUX
HANKS [ SEAUFURD ] BERTIE 4 BLARER 4 BORDEN
OANNER 4 BEAUMONT 0 HERTOLOTTI 8 BLANCA ] BOROER
BANNFRVILLE C/0 BEAUREGARD 4 AERTRANC 8 BLANCHARD A BORNSTEDT
BANNOCK 8 B8EAUSITE 8 BERVILLE [} BLANCHESTER 870 BORREGQ
BANQUE TE 0 BEAVERTON 8 BEAYL ] BLAND [4 8QRUP
BARABOI [} BECK c BESSEMER 8 BLANDFURD c BORVANT
BARAGA 4 BECKER 8 8ETHANY 4 BLANOING 8 80RTA
BARBAKY 0 BECKET c BETHEL 0 BLANEY 8 BOSANKC
BAKHIUR 8 BECKLEY 8 BETTERAVIA [4 BLANKET 4 80sc0o
BAKBGURVILLE B 8ECKTON 0 BETTS 8 BLANTCN A BASKET
BARCLAY c BECKWITH [+ BEULAN 8 BLANYUN c BOSLER
8ARCO 8 BECRMOURTH 8 BEVENT 8 BLASINGAME c BOSCUE
BARCUS 8 BECREEX ] BEVERLY 8 BLENCOE [ 80SS
BARD 0 BEDFLRL c BEW 0 BLENC 0 80STON
BAROEN c BEQINGTON 8 BEWLEYVILLE 8 BLENCON 8 80STWICK
8ARDLEY 4 BEDNER c BEWLIN 1] BLETHEN 8 B8OSMELL
BARELA 4 BEFBE A BEXAR [4 BLEVINS 8 BOSNORTH
BAKFIELD o BEECHER (4 BEZIANT 8 BLICHTON 0 BOTELLA
BARFUSS 8 BEFCHY 351 8/0 8LISS 0 BOTHMELL
BARKER c BEEHIVE 8 B18GN A BLOCKTON c BOTTINEAU
BARRERVILLE c BEEZAR 8 BICKELTCN 8 BLGOGETY A BOTTLE
BARKLEY 8 BEHANIN 8 BICKMORE c BLCMFORD . 8 BOULDER
BARL ANE ] BEMEMOTUSH 8 8ICCNDOA [+ BLGOm 4 BOULOER LAKE
BARLUW B BEJUCUS 8 8100EFOROD 0 BLOOMFIELD A BOULDER POINT
BARNARD ] B8ELOEN 0 BICOLEMAN [4 BLUCKING B BOULFLATY
BAKNES ] BELOING ] BI0WELL 8 BLOGR D BOURNE
BANESTUN 8 BELFAST 8 BILEBER 0 8LOsSsOm 4 80n
BARNEY A BELFIELD [} BIENVILLE A 8LOUNT [4 B8OLBAELLS
RARNHARDT 8 BELFORE B 216G BLUE -] BLUCHER C-  BOucOlN
BARNSTFAD BELGRADE a BIGEL A BLUEBELL c B80LCRE
BARNLI® 8 BEL INDA 0 BIGETTY (4 ‘BLUE EARTH o BOMERS
BARKAOA o BELKNAP c BIGGS A BLUEJCINT 8 80uW1E
BARRINGTON [} RELLANY [} BIGGSVILLE 8 BLUE LAKE A BOWPAN
BARRNN 8 BELLAVISTA 1] BIG MGAN c BLUEPGINT 8 BOWPANSVILLE
BARRUNETT C BELLE B 816G TIMBER 0 BLUE STak 8 80X ELDER
BARRIWS 0 YELLEFCNTAINE BIGWIN A BLUEW ING 8 BOXWELL
BARRY [+] BELLICUM 8 B8lJCu A BLUFFDALE C 80Y
RARSTUMW B BELLINGHAM c BILLETT ) A BLUFFTON 0 80YCE
BARTH [4 BELLPINE C CAWLIAGS — . _.C— BLUFORD 0 8QYQ
BARTLE 0 BELMCNT B BINFORD [} BLY 8 BOYER
BARTON 8 B8ELHORE [ "BINGHAN 8 BLYTHE 0 BOYNTON
BARTONFLAT 8 BELT 0 BINNSYILLE 0 BOARCTHEE (4 BOYSAG
BARVAN c BELTED [] BINS 8 8085 0 B8OYSEN
BASCUOM 8 BGLTRAML 8 aIpPuUsS -} 80BTAIL [} B8OZARTH
BASERNA 0 BELTSVILLE [« BIRCMH A BOCK 8 801¢
8ASHAW ] BELUGA 4 BIRChWACO C B80OENBURG 8 BOZEMAN
BASHER [} BELVCIR 4 BI{ROS [ BUD INE 8 BRACEVILLE
BASILE o BENCLARE c BIRCSALL 0 BOEL A BRACKEN
BASIN c BENEVOLA c 8IROSBORU 8 BOELUS A BRACKETT
BAS INGER [ BENEWAMH 4 BIRCSLEY [+] BOETTCHER c BRAD
BASKET [4 BENFIRLD [ BIRKBECK 8 80GAN [ BRADDOCK
B8ASS A BENGE e BISHEE A 80GART 8 BRACENTON
BASSEL a BEN HUR 8 81SCaAyY [ BUGUE 0 BRACER
BASSETY 8 BEMIN 0 - BISKGP 8/C BUMANNON 4 BRADFORD
BASSLER 0 BEN{TO 0 81SPING 8 BCHEMIAN 8 BRAOSHAR
8ASTIAN bl BENJAMIN [+] B1SSELL 8 BUISTFORT c BRADWAY
BASTROP 8 8EN LOMOND 8 Alr /] 80L AR [4 BRACY
BATAVia ] BENMAN A B31TTERON A 8CLD 8 BRACYVELLE
BATES 8 BENNCALE 8 BITTERRCOY C BOLES 4 BRAHAN
BATH [4 BENNETT c BITTER SPRING 4 BCLIVAR 8 BRA INERD
BATTLE CREFK (4 BENNINGTON 0 BITTERSPRING c 8oLIvVIA 8 BRALLIER
8ATZA c BENOIT c B IXAY a 8OLTON 8 BRAP
BAUOETTE 8 BENSCN C/0  BJUCHK 4 8OMBAY 8 BRAPARD
BAUER (4 BENTONVILLE BLACHLY [4 80N 8 BRARBLE
8AUGH B/C BENZ 0 ALACK BUTTE C BONACCURO [ BRAMMELL
BAXTEX 8 RELTIA ] BLACK CANYON 0 HONAPARTE A BRAND
BAXTERVILLE ] ACCWANE c BLACKCAP . 8CND [4 BRANDENBURG
GAYAMON a BERCAIL [+ ELACKETT 8 BGNURANCH c BRANOGN
BAYARD A BERDA 8 BLACKFOGY 8 BCNOURANT 8 BRANCYWINE
BAYDOR) [+] BEWEA 4 BLACKHALL 0 BONE 0 BRANFQORO
BAYSHORF 8/C BEWENICETON 8 BLACKHAWK 0 8GNG 8 BRANTFORD
BAYSIDE 4 BERENT a BLACKLEAF 8 BONHAM 4 BRASHEAR
BAYWANN A BERGLAND n BLACKLOCK 0 8CNILLA ] BRASSFIELO
BAZETTIC [4 BEKGSTRUM 8 BLACKMAN 4 BCNITA 0 BRATTON
BEAD [4 BER INO 8 BLACK MCUNTAIN 8 BUNN 0 BRAXTQN
BEAOLE 4 BERKELEY BLACRCAK 4 BONNEN ] BRAYMILL
BLALES A BEAKS [4 BLACKPIPE 4 BONNET 8 BRAYS
BEAR BASIN 8 BERKSHIRE ] ALACK RIDGE c BCNNEVILLE 8 HRAAYTON
BEAR C4FEK [4 BERLIN (4 BLACKRCCR 8 BUNNICK A BRAZITQ
B8EARDALL 4 BERRUD T AN [ ALACKSTCA 8 BNNNTE c BRAZQS
BEAROE N [4 BERNAL [4 BLACKTA{L 8 BUNU 0 BAECKENRIDGE
BEARDSTOWN 4 AERNALDO 8 ‘BLACKWATER 0 BON>ALL 0 BRECKNCCK
BFAR LAKE ] AERNARD 0 ULACKMELL 8/0 HGNTA c BAEECE
BEARMUIUTY A BEXNAKOD INU [4 BLAGEN 0 BONTI c BREGAR
HEARP AW 4 BEHNAROSTGN [4 BLAGC 0 BCOXER 0 BREPEN
BEAK PRAIVFIE 8 BERNMILL (] BLAINE 8 PCONER 8 BREVER
BEAMSK IN o BERNICE 2 BLAIR - C BOUNE A BREMQ
BEASLEY 4 BERNING 4 BLAINICN [4 BCUNESBUKG B BRENS
dEASI [ ¢EWRENDOS 0 PLAKE 4 BHUTH 4 BRENOA
BEATON 4 BEKR YLANO © PLAKELAND a YR AN A BRENNAN
NOTES A BLANE NYDROLOGIC SNIL GPOUP [MPICATFS TUE SALL APMIP BAS MAT AFCY OETERNINEP
TWO SOIL GROUPS SUCH AS R/C {1IAICATES THF NPAIRED/USNOAINFR STIAT A%
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BRENNER
BRENT
BRENTON
BRENTWOO0
BRESSER
BREVARD
BREVORT
BREWER
BREWSTER
BREWTON
BRICKEL
ARICKTON
8R10GE
BRIDGEHAMPTON
BRIVGEPORT
8RIDGER
BR1DGE SON
BRIDOGEVILLE
8RIOGPOIRT
BRIEOWELL

 BRIEF
BRIENSBURG
BRIGGS
BRIGGSDALE
BRIGGSVILLE
BRIGHTON
BR IGHTwOULD
BRILL
BRIm
BRIMFIELD
ARIMLEY
BRINEGAR
BRINKERTON
BRISCOT
BRITE
YRITTON
BRIZAM
8RUAD
BROADALBIN
8ROADAX
BRUAOBROCK
8ROAD CANYON
BRUADHEAD
BROADHURST
8ROCK
BROCKLISS
APOCKMAN
BRUCKPURT
BROCXTON
BROCKWAY
8RUDY
ARDGAN
BrCGOCN -
BROLL TAR
HROMO
BRONAUGH
BRUNCHU
ARONSJIN
BRONTE
BAOUKE
BRONXFLELC
HRONK INGS
BROCKLYN
BRACKS INE
8ROOKS TUN
BROCKSVILLE
RRNSELEY
8R.18S
BROUGHTON
BRIIWARD
BRGENFLL
BROWNFIELD
BRUWNLEE
BRUYLES
ARUCE
dRUIN
BRUNECcL
BHUND
BRUNT
ANUSETT
BRUSH
BRUSSFTT
BAY AN
BRYCAN
BRYCE
BUCAN
BUCHANAN
BUCHENAY
BUCHEK
BUCK ENGHAM
BUCKL ANL
BuCkLEBAS
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NOTES

BUCKLEY
BUCKLON
BUCKNER
BUCKNEY
8UCKS
BUCKSKIN
8uUC00A
8uoo

BUOE

BUDE

BUELL
BUENA VISTA
BUFF INGTOM
BUFF PEAK
BUICK
BUKREEK
BULL 10N
BULLREY
BULL RUN
BULL TRAlL
BuLLY
EUMGARD
BUNCONEE
BUNOO

BUNE JUG
BUNKER
BUNSELMELEP
BUNTINGVILLE
BUNYAN
BURBANK
BURCH
BUKCHARO
BURCHELL
BURDETT
BUREN
BURGESS
8URGI
BUKGIN
BURKE
BURKHARDT
BURLEIGH
BUNLESON
BURL INGTON
BUKMA
BURMESTER
BURNAC
BURNETTE
BURNHAM
BURNSIDE
AURNSVILLE
BURNT LAKE
BURR IS
BURT
AURTON
BUSE
BUSHNELL
BUSHVALLEY
BUSTER
AUTANO
BUTLER
AUTLERTOWN
BUTTE
GUTTERFIELD
BUXIN
BUXTCN
BYARS
BYRUM

CABALLOD
CABARTON
cagga
CAdBART
CABEZON
CAbiN
CARINET
CABLE
CABQ RUJO
casar
CACAPUN
CACHE
CACIQUE
CAauoC
CADEVILLE
CAUmyS
CADCMA
Caugn
CAGEY
CAGUABO
CAMABA
CAHMILL
CAHUNE
camre
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Table B .1--Continued

8/C Calc
CalRQ
CAJALCO
CAJCN
CALABAR
CALABASAS
CALALS
CALAMINE
CALAPCOYA
CALANAM
catco
CALOER
CALCWELL
CALEAST
CaLEB
CALERA
CaLKI
CALNOUN
CALICO
CALIFCN
CaLlrus
CALITA
caLlia
CALKINS
CALLAHAN
CALLEGUAS
CALLINGS
CALLCWAY
CALPAR
CALAEVA
CALCUSE
CALPINE
CALVERTY
CALVERTCN
CALVIN
CALVISTA
can
CAMAGUEY
CAMARGO
CAPARILLO
CAPAS
CAVASCREEK
CAMBERN..
CAMERIOGE
CAMCEN
CAMERGN
CAPILLUS
CANP
CAMPHELL
CAPPMORA
campla
CAMPC
CAPPUNE
CAPPSPASS
CamPyS
CAPRCOENMN
CANS
CANAAN
CANBODIAN
CANACICE
CANANDA IGUA
CANASERAGA
CANAVERAL
CANCELERC
CANE
CANEAQEA
CAKEEK
CANEL .
CANELCX
CANEY
CANEYVILLE
CANFILELD
CANISTEQ
CANNINGER
CANQE
CAANCNCITO
CANCVA
CANTCN
CANTRIL
Ccantua
Canurig
CANYLN
Carat
CAPAY
CAPL

CAPE Ftam
CAPERS
CAPILLC
CAPLES
CAPPS
CAPShHaAM
LAPULIN
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CAPUTA
CARACO
CARALAMPI
CARBO
CARACL
CARBONDALE
CARBURY
CARDIFF
CARCINGTON
CAROON
CAREY
CAREY LAKE
CAREYTOUWN
CARGILL
CAR 1BE
CanlBEL
CAR1BGU
CARLIN
CARLINTON
CARLISLE
CARLCTTaA
CARLLW
CARL S3AD
CARL SBORG -
CARL SONn
CARLICN
CARPY
CARNEGIE
CARNERQ
CARNEY
CARQLINE
CARR
CAnNWISALITOS
CARR(ZC
CARSC
CARSON
CARSTAIRS
CARSTUNP
CARTAGENA
CARTECAY
CARUSY
CARUTHERSVILLE
CARVER
CAMNWILE
CARYVILLE
CASA GRANOE
CASCADE
CAsCaAJO
CASCILLA
CASCC

. CASE

CASEBIER
CASEY
CASHEL
CASHICN
CASHMENE
CASHPCONT
CASING
CASITG
CASPAR
CASPIANA
cass
CASSALAGA
CASSiA
CASSCLARY
CASSVILLE
CASTAQC
CASTALIA
CASTANA
CASTELL
CAST L
CASTING
CASTLE
CASTLE valiey
CASTNER
CASTC
CASTHG
CASTHROVILLE
CASUSE
CASmELL
CaTAL INA
CATALPA
CATANG
CATARINA
CATAULA
CATAmdBA
CATh
CATHCANRT
CATHEUKAL
CATHERINE
CATHRG
LafLetrr
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c/0

CATLIN
CATNIP
CATCCTIN
CATLOSA
CATSKILL
CATTARAUGUS
CAUCLE
CAVE

CAVE ROCK
CAVG
CAVUDE
CAVCUR
CAHRER
CAYAGUA
CAYLOR
CAYLGA
CAZADERC
CAZAOOR
CAZENQVIA
CEBOLIA
CECIL
CEDARAN
CEDAR BUTTE
CEDAREDGE
CEDAR MT,
CEOARVILLE
CECONIA
CEDRUN
CELAYA
CELETON
CELINA
CELIC
CELLAR
CENCOVE

. CENTER

CENTER CREEK
CEATERFIELD
CENTERVILLE
CENTRALIA
CENIRAL POINT
CERESCO
CERRLILLOS
CERRO
CHACRA
CHAFFEE
CHAGRIN
CHALlX
CHALFONT
CHALMERS
CHANA
CHAMBER
CHARBERINO
CHAM[SE
CHAMOKANE
ChaAPPION
CHANCE
CHANOLER
CHANEY
CHARNAKON
CHANNING
CHANTA
CHANTLER
CHAPIN
CHAPMAN
CHAPPELL
CHARD
CHARITCN
CHARITY
CHARLESTON
CHARLEVOIX
CHARLOS
CHARLGTTE
CHARLTON
CHASE
CHASEBURG
CHASEVILLE
CHASKA
CHASTAIN
CHATHBURN
CHATFIELD
LHATHAM
CHATSNCRTH
CHALNCEY
CHAVIES
CHARANAKEE
CHEADLE
CHECKETT
ChECAHAP
CHEEX TCWAGA
CHEESHAN
CHEMALERN
CHEPALLS
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CHE HUL PUM
CHEL AN
CHELSEA
CHEMAWA
CHE HUNL
CHEN

CHeka

CHE NANGLA
CHENEY
CHENNE 1Y
CHENUW-TH
CHeOUEST
CHEREFTE
CHERUKFE
CHERAY
CHERRYHILL
CHERKRY SPHINGS
CHESAW
CHESHIvE
CHFSHNINA
CHESNImNYS
CHLSTER
CHESTTRION
CHE ICI’
CHLTEXR
CHEVELEN
CHE®ACLA
CHEMEL AR
CHE YENNE
CHiARA
CHICKASRA
CHICNPFE
CHICNTE
CHIGLEY
cHivwcarts
CHILDS
CHILGREN
CHILHNWIE
cri g
CHILLICOTHE
CHILL ISQUAQUE
CHiLlLy»
CHILMARK
cHiLy
CHILUQUEN
CHILSON
CHILICN
CHImMAY,:
CHINNEY
CHINA CAEEX
CHINCRALLO
CHINTAK
CHING
CHINUGUK
CHIPETA
CHEIPLFY
CripNan
CHIPPFNY
CHIPPFal
CHivulTu
CHIRICAHUA
CHITINA
CHITTENDEN
CHITwi,u
CHIvAT
CHIwAwL

[ H

CHOAEE
CHALK
CHCCOL L CU
CHUPARA
CHUP TANK
CHUPT1E
CHARALMCNT
CHITEAY
Cha (53T 1AN
CHRISTIANS
CHR IST TANAURG
CHRISTY
CHRQ %t
CHUAL ¢
CHuBAS
CHULRARALLA
CHUL I ThaA
CHUMKY
CHUMSTICK
CHUPANERA
CHURCH
CHURCHILL
CHURCHVILLE
CHURN
CHURNUASHEK
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Table B .1l--Continued

CHUTE
ClaLes
CLALITUS
CIBEVUE
cisy
c1aaia
CICERD

C IDERCONE
CINRAL
CIENEBA
CIma
CIPARARGN
CINCINNATI
CINCO
CINEBAR
ClaCLE
CIRCLEVILLE
C1SNE
C1sPUsS
cITICO
CLACKAMAS
CLAIBCANE
CLALRE
CLATREMONT
CLALLAM
CLAM GULCH
cLangC
CLANTON
CLAPPER
CLAREMURE
CLARENCE
CLARESON
CLAHEVILLE
CLARINOA
CLARICN
CLARITA
CLARK
CLARK FORK
CLARKSBURG
CLARKSDALE

‘CLARK SON

CLARKSVILLE
CLARNO
Ctany
CLarg
CLATSQP
CLAVERACK
CLAWSCN
CLAYBURN
CLAYSPRINGS
CLAYTION
CLEARFIELD
CLEAR LAKE
CLEEK

CLE ELUM
CLEGG
CLE®NAN
CLEPVILLE
CLrira
cLent
CLERBONT
CLEVERLY
CLIFFOGUN
CLIFFHUUSE
CLIFFORD
CLIFFWGOO
CLIFTERSON
CLIFTCN
CLIFTY
CLimAKA
CLinmax
CLImE
CLINTON
CLOOINE
CLUNTARF
CLLQUALLUM
CLLQLATO
CLCQUET
cLeun
CLCUDCROFT
CLOUD PEAX
CLUUD RIM
CLUUGH
CLCVERCALE
CLLVER S5PRINGS
CLLYIS
CLUFF
CLUNILE
CLURC
CLURG -
CLYOE
CLYMER

A BLANY HYNPALOGIC SOLL Gronp
THO SNIL FROUPS nHEH AS R/
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CCACHELLA
CCap

COAL CREEK
CCALPONT
CCarC
COARSEGLLD
CCATICOOK
CCGATSBURG
coea

CLBEN
CUBEY
cceyeng
CCCHETUPA
CGCCa
CCCOLALLA
cCnCcruUS
ccoy

CLE
CCEAURN
CCFF
CGGGON
COGSWELL
CCHASSET
COrGCTAN
CGrCE

catr
CCREDALE
COKEL
CCRER
CCRESBURY
CCKEVILLE
CCLEATK
cCLBeERT
CCLBURN
CCLBY
CCLCHESTER
CCLOEN -
COLO SPRINGS
CCLE
CLLEBRCCX
COLEMAN
CCLEMANTCWN
CCLETU
CCLFAX
CCLINAS
CCLLARER
CCLLARD
CCLLBRAN
CCLLEEN
CCLLEGIATE
CCLLETY
CCLLIER
COGLL INGTGN
CCLLIAS
CCLLIRSTCN
CCLLEINSVILLE
clLra
ceivcr
[12 84
CCLCCRUMP
CoLLMa
ccLerec
CCLChA
CLLCNIE
CLLCRALG
CCLLRCCK
ceLesc
CCLCSSE
coee
CLLRALN
CCLTCN
CLLTS NECK
CLLUMHBEA
CCLLPBINE
cLLusSa
COLVILLE
CCLvIN
CLLwGCO
CCLYER
CCPERIC
CCPETA
CCMFREY
CCHITAS
corLY
CCrreERCE
cLeQ
CCrOCOKRE
CCPCRO
CCPPICHE
CCPPTCN
cLrsSTCCX
ccrus
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CONALS
CUNART
CONASAUGA
COhATA
CGNBGY
CONCHAS
CONCHO
CONCONULLY
CONCORU
CONCHEEK
CONGA
CONOIT
CONOON
CCNE
CCNEJO
CONESTUGA
CONESUS
CCNGAREE
cont
CUNLEN
CCONLEY
CCNNEAUT
CONNECTICUT
CONNER -

" CONQTTGON

CONGVYER
CUNUN ENGU
CONRAD
CCNRLE
CONSER
CUNSTABLE
CONSURD
CONT INENTAL
CONTHA (0OSTA
CONVENT
caox
CCCKRPCRT "
COULBRITH

s CUULVILLE

CO0K8S
CLUNEY
CLnPrEer
CCCTER
CCPARE
coeaLis
CaPeELAND
coPiTa
ccriay
CCPPER RIVER
COPPERTON
CCPPOCK
CUPSLY
CLUULILLE
AUy )
ConraL
CCROETT
CORH LN
CNRCEGA
CCRL
CurRGeS
CLRUCVA
CUXINTR
CURK INDALE
CUKLENA
CORLFTT
CirLey
CURMANT
CCRARILL
COKNIAG
CORAMUTT
CURNVILLE
CuniZaL
CGHPENING
CORRALITOS
CCRuECH
CUPHERA
CLRSCN
CunTEL
COrTIAA
CUHUNNA
CuURvaLLIS
CORmIN
CCry
CLRYCUN
(63914
casr
CCSHCCTULN
ciskl
CLSSAavYuUNA
CUSTItLA
cLraco
Cararyg
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cariro
cOTC
corCcPaR]
carry
COTTER
COVYERAL
COVTIER
CO¥TICNLQQD
COTTRELL
CUuCH
COUGAR
COULSTONE
COUNTS
CCUPEVILLE
court
COLRTHOUSE
COURTLAND
COURTNEY
CUURTROCK
COuUsSE
COUSHATTA
COvVE
COVEILC
COVELAND
COVENTARY
COVEYTOMN
CUVINGTCN
COunaN
COuARTS
CUvQEN
CUMCRY
COMEEMAN
COWERS
COw ICHE
COwCoD
ox
CUXVILLE
COvara
CQzZa0
CRABTOM
CRADOOCK
CRACLEBAUGH
CRAFTON
CRAGOD
CRAIG
CRAIGMUNT
CRAPER
CRAAE
CRAASTON
CRARY
CRATER LAKE
CRAVEN
CRAWFORO
CREAL
CREBBIN
CRELONMAN
CREEDO®UCR
CREIGHTLN
CRELOCHN
CRESBARD
CRESCENT
CRESCG
CREST
CRESTLINE
CRESTMGRE
CRESTOM
CRESwELL
CRETE
CREvVA
CREVASSE
CREWS
CRICER
CHEP.
CRISFIELD
CRITCHELL
CRIVITZ

CRCCKER

CRCCRETT
CROFTCN
CROGHAN
CRCCREV
CHUCREC CREER
CROUKSICN
CRGCH
CRGPLEY
CRGSBY
CRGSS
CROSSVILLE
CROSMELL
CRQY
CROTON
CROUCH
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B-6

CRNW

CRUW CHEEX
CROWFANY
CRUWHEART
CRi'd HMiLL
CRNaLEY
CHUNN
CHLwSHAN
CRNZiFa
CRUCKTUN
CRUTECKX SHANK
CRUME
cRUMP
CRUTCH
CPUTCHFP
CruZL
CRYSTAL LAKE
CRYSTAL SPRINGS
CRYSTULA
cuBa
CULERANT
CUCHILLAS
CUOANY
cyutyn
CUERN
cugva
CUEVITAS
CULLEN
CULLEDOKA
‘cuLLe
CULPEPER
CULVFRS
CUMBERLAND
CUMLEY
CUMMINGS
CUNIC":
CUPPER
cuant
CURECANT
CURLFw
CUMKAN
CURKaANT
CURTIS CREEK
CUNTIS SICING
CUSHING
CUSHMAN
CUSTFa
CUTTEK
cure
CUYAMA
CYLINDER
CYNTHIANA
CYPREMIRT
CyniL

DABLB
DACINA
LADE
CAFTex
CAGGETY
oacLuy
0AGUH
caGguan
UAGUEY
QaAMLUUIST
NAIGLE
CALLTY
NAKCTA
CALuUO
VALDLY
DALE
VALK AR
CAL [Am
NALL A
GAL Tty
VAL UPF
UAMASCUS
CAM(, !
CANA
UANBUSLY
DANEY
OALUrE A
NANCR UG
CaANGLEYG
OANTFLS
CANKLI
Cru by
DANNE YN A
DANSK M
yanT
ARV 4
NAaWVILLF
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CANZ
DAKGQL
DARIEN
BARL ING
OAKNELL
OARNEN
DARR
CARRET
DARRCCH
CARTY
CA9VADA
NAxwIN
CASSEL
VATCPAN
DartiNo
DATWYLER
CAULTON
CAUPHIN
DAVEY
CAVIOSON
cavis
CAVISON
NaWES
DAWHCN
OAWSCN
CcAY
OAYRELL
DAYTON
DAYVILLE
CAZE
OEACON
CEAOFALL
CEaAMA
0EAN
DEAN LAKE
OtAKOURFF
DEAAY
OEARYTON
DEATMAN
CRAVER
DEFENGER
DECAN
DECATHON
0FCATUR
DECCA
DECKER
UECKERVILLE
0ecCLC
DECORRA
CFCRCSS
["]33
CEEPWATER
OEcR CREEK
CEERFLELD
DEERFORD
DEER ING
DEERLODGE
DEEH PARK
VEEATON
UEERTRAIL
OEF TANCE
OEFGRO
DEGAAMD
DEGNER

0E GReY
UEJAXNET
CEXALY
DEKCVFN
CFLAKF
DELANCL
CELANEY
OEL AN
CELECU
NELENA
OtLF INA
FELHIL
OELICIAS
LELKS
OtLL
OELLEXER
CeLec
LELLRASE
OEL M
CELMAR
NELYLTA
NELMONT
LELNCTE
DELPHL
DLLPHILL
UELPIEDRA
Ct L PINE
CELRAY
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Table B.l--Continued

CEL REY
CtL RIC
CELTA
DELTCN
CELmIN
CELYNOLA
QEMAST
CEPASTERS
Ut mAYA
CEMERS
LEPKY
DE¥QONA
OevCPCLIS
DEFPSTER
DENAY
DENISON
DENPAKK
CENNIS
CEANNY
CENROCK
DENTCN
CENVER
OEPEW
CEPCE
DERINCA
PESAN
CeSART
QESCALARBKAOD
CESCHUTES
CESERET
CtSkHa
CESFLER
OESCLATIN
‘OESPALIN
QETEXR
DETLLN
CETOUR
CETwQLY
Oev
CEVILS CIve
CEVCL
CEVCN
CEVCRE
UERAKRT
TEWEY
CEWVILLE
DEXTER
Cila
olapLC
DLAMCAO
OIAaMCNG SPRINGS
ciaz
clesLE
cicx
CICKEY
CICXKINSON
CICKSCN
otsey
CIGGER
CIGHTCN
otLL
LILLARD
TILLCCWA
DILLINGER
CILLCh
DILLWYN
GiLran
0ILTS
JILWCRTH
oIraL
CiMYAm
DINCLE
OINGLISHAA
CINKELMAN
CINKEY
CINNEN
DINSLALE
DINGHA
LINIEN
CICXICE
rigue
ClSArEL
nisautet
nisce
DISKFAER
CISTERRHEFF
CITCRCAMP
CIVERS
CIvILCE
cix

Jlx

Clxit
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DIXPCNT
OlXmCRE
CIXUNVILLE
CIXVILLE
CCAK
uLdss
ocay
CCCAS
CCCRERY
0cCT
00UGE
DQOLEVILLE
DUOSCN
OUGER
CCGUE
CCLANC
OCLE
OCLLAR
0GLLARD
CULURES
ouLPH

00M NGO
OCMINGUEZ
OGMINIC
OCMINQ
OCAA ANA
DUNALD
CONEGAL
OONERAIL
OCNICA
OCALCNICN
CONNA
OCANAAN
CUNMYBROCK
DCNC VAN
COULEY
CCONE
clur

UQRA
CORAN
CURCHESTER
OURUSHIN
OURUTHEA
CCGRCVaAN
0CKS
CORSET
OGS CALEZAS
CCsSMan
OUTHAN
catTa
ouTY
CCUBLETOP
CCucs
COUCHERTY
LOUGKHTY
LGUGLAS
DAURL
CCVFER
COvRaAY
Cuw
CCwaGIAC
CCADEN
COWCLLTCN
CCwWAE
ClwAeY
CLUNS
cuxle
LUYCE
CUYLE
CUYLE
COYLESTUWN
CLYN

Cka
ORrRACUT
PREYA
CRAGTUN
CRAGSTUMN
CralN
CHAKE
CHANYUN
CRaPen
CHESCEN
CRESSLER
LREWS
CRIFTUN
CRIGCS
CHum
CRUMMER
CHyUFPLNY
CRURY
LRYAC
CRYBUKG
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ORY CREEK
ORYCEN
GRY LAKE
CUANE
DUBAKELLA
OUBAY
ouses
cuBCis
CUBUCUE
GUCEY
CUCHESNE
CUCKETT
CucCCr
DUDA
OUDLEY
DUEL
DUELM
OQUFFAU
OUFFER
OUFFIELD
CUF FSON
OUFFY
OUFUR
BUGGINS
vuGCur
CUGwAY
DUKES
CuLac
VUMAS
QureCqQ
CUPCNT
OUNBAR
OUNBARICN
CUNBR{DGE
OUNCAN
OUNCANACN
OUNCCM
CUNCAS
DUNCAY
CUNCEE
QUNELLEN
CUNE SAND
DUNGENESS
CuM GLEM
CUNKINSVILLE
OUAK IRK
LuhLAP
OUNPCORE
DUNA ING
OUNPHY
DUNVILLE
LU PAGE
CUPEE
OUPLIN
ouPC
OUPCNT
OUPREE
CURALDE
OURANO
OURANT
OURELLE
OURFAM
CURKEE
CURCC
CURRSTEIN
CUTCHESS
oyl SGN
VUTTCN
OuvatL
CUZEL
CwiGHT
UNYER

CYE

CYER

VYKE
OYRENG

tAD

EAGAR
LAGLECOME
EAKIN
EAMES
EARLE
EAKLMCAT
EARP
EASLEY
FAST FORK
CAST LAKE
EASTLAANY
LASTCN
EASTOMVILLE
EAST PaHK
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EASTPuLAT A ELLISCN 8 FSMCAD L} FARNYUR 8 FLEISCHRANN
EATUNTURN ELLNAM c ESParTQ ) FARRAGUT < FLEPLRG
EAuLALLLE 8/J  ELLSJERRAY EseiL 0 FARR AR B FLETCHER
€8a 4 FLLSMORTH [ 4 ESPINAL A FARRELL 8 ELOKE
€BRF T ] ELrA [} ESCLATZEL ] FARHENHURG 8 FLOP
EAvS 8 ELPOALE [} (33 8 FARRDTY [4 FLOPATICN
EDENELZL M (4 ELMIRA A ESSEM [4 FARASCH 8 FLORENCE
ECLULES " ELPO [4 ESSEX [4 FARYELL 4 FLORIDANA
ECHARD C ELMCATY e ESSEXVILLE 0 FAT IRa 8 FLUR[SSANT
ECHLER (] ELMORE ] tSTacaco 8 FATTIG [4 FLOMELL
ECRLEY [} tLmwQ00 [« ESTELLIMNE 8 FAUNCE A FLOWEREE
ECKMAN ] ELNORA 8 ESTER [} FAUCUIER 4 FLAYD
ECRRANT 0 ELONIXA ] ESTERBRCOX 8 FAWCETT 4 FLUSHING
eCTOx 4 ELPAN 0 CSTRERVILLE 8 FALN 8 FLUVANNA
EDALGO [ EL PECO C ESTU (4 FAXCMh 1] FLYGARE
€00S 8 EL RANCHU ] ESTRELLA ] FAvaL < FLYNN
E€00Y C ELRED 8/0 ETHaAN [} FAYRETTE 8 FOARD
EO0EM C ELRED 870 EThETE 8 FAYETTEVILLE 8 FOGELSVILLE
EOENTUN C ELS A ETHRIDGE [+ FAYNCCO 4 FOLA
EDCNVALCL ] ELSAM 8 ETIL A FE ] FOLEY
£0GAR 8 ELSINBORY ] ETNA FEOQRA 8 FONDA
EQGECUMAE 8 ELSMERE A ETChAN 8 FELOA B/0 FONCIS
EDGELEY [4 ELSO o ETCuN a8 FELIDA 8 FONTAL
EOGEMUNT 8 EL SCLYO [4 ETTA 4 FELLOWSHIP 0 FONTREEM
tOGEwATER 4 ELSTON 8 ETTER 8 FELT 8 FQP ANC
EVUGEH ICK 8 ELTOPIA P ETTEASBURG 8 FELTA [ FOROES
EDGE nUUN A ELTREE 8 ETTRICK 0 FELTPAM A FORC
EUGINGTUN < ELTSAC 0 EUBAAKS 8 FELTGA 8 FQRONEY
EOINA ] ELWHA [} EYDQRA 8 FELTUNIA 8 FOROVILLE
EDINBUKRG < £Lw0C0 [+ EUFAULA A FENCE a FQRE
€01SQn 8 ELY ] LURERA c FENOALL [4 FQRELAND
EOISTY [4 ELYSIAN 8 EUSTIS A FENBUOD 8 FORELLE
EDITH A ELZINGA 8 EUTAw ] FERDELFORD [4 FCRESAAN
EOLOE e EMBDEN 8 EVANGEL INE [< FEROIG C FORESTDALE
EOUMONDS [+ EMOENT C EVANS ] FERGUS [} FORESTER
ED™UNF 0 EMER [ EVANSTCN 8 FERGUSON 8 FORGAY
E0ONUNY 4 EMERALD 8 EVARG A FERNANOG 4 FORPAN
FOna 0 EMERSON 8 Evanrry ] FERNOALE 8 FORNEY
EONFYVILLY 8 EMIDA 0 EVENDALE FERNLEY 4 ‘FORREST
EOUM [ EM{GRANT 8 EVERETT 8 FERNOW 8 FORSEY
E0SON [4 EMIGRATION 0 EVERGLADES A0 FERNPCINT (4 FORSGREN
EDuAMD 3 8/0 EMlLY [}] EvenLY 8 FERRELOD 8 FGRT COLLINS
EEL [ ERLIN 8 EVERPAN [ FERRLS 0 FORT DkUR
EFFINGTICN 0 ERma c EVERSON [4 FERROM ] FORT LYON
EFuUN A EHMERT A LVESBORC A FERTALINE o FORY HEADE
EGAM [4 EBMET a8 Ewa 8 FESTINA 8 FORY ROTY
EGAN 8 EmMMCKS C Ematll A FETTIC 0 FORT PLERCE
£GBERT 8/C EMCRY 8 EMINGSVYILLE (] FIANOER 4 FORT ROCK
EGELAND 8 EMPEY 3 EXCHEQUER [+] FIBEA [} FORTUNA
EGGLLSTON 8 EMPEYVILLE < EXETER [4 FlDALGO [4 FORTuINGATE
EGiian 4 EMPIRF [+ FXLINE o} FIUULETUWN < FORYARD
Elens C EMRICX -] EXR2Y ] FIOCYRENT [ FOSHORE
ELFONT ENCE a Exum [4 FItLDING 8 FOssun
EXAK [4 ENCIFRRC 0 EYERBCW 0 FIELOCN 8 FOSTER
EXALARS 8 ENCINA 8 EYRE 8 FIELOSUN A FOSTORIA
ELam A ENDERS C FIFE 8 FOUNTALN
ELAFRT 0 tNOICOYT B fFaglus 8 FI1FER ) FQUALOG
ELbURN 8 ENHT " FACEVILLE 8 F ILL™ORE o FOURPILE
ELCO 8 ENFIELD ] FARLY 8 FINCASTLE [4 FOUR STAR
€LD 8 ENGLE B FALM c FINGAL (4 FQUTS
ELOER 8 ENGLESIDE 8 FAINES A FINLEY 8 FQox
ELYER HULLNW o BNILL EwWO0H [4 FA[RBANKS 8 FIRESTEEL 8 FOXCREEK
ELOERON 8 ENLLUND c FALIRACALE 8 FIKGRELL 8 FOXPCUNT
ELUUN 8 ENNLS 8 FAIPFAX 8 FinmaGe 8 FOxCL
ELLORAUY 4 EMICHVILLE 8/0 FAIRFLELD 8 Frac 4 FGXPARK
ELOMIDGE [4 ENULA 4 FAIRMAVEN 8 FIRTH 8 FOXTON
ELE PHAMT [»] ENCN [ FALAPCUNT 4] FISH CREEK 8 FRAILEY
ELFROY 8 ENDS 8 FAIKPGRT 4 FUISHERS (] FRAP
ELFNIUA i3 ENC SAURG o FAJAKROC [ FISHFCOXK [*] FRANCIS
ELIJAN [4 ENSIGN 0 FALAYA (4 FISHRILL FRANK
FLIOAR C ENSLEY c FALCON 4 FITCH A FRANKFQORT
ELK u ENSTROM 8 FALFURR1AS A FITCHYILLE c FRANK (KK
ELRADER 8 ENTERPAISE 8 FALK 8 FITZGERALD 8 FRANKLIN
FLRCREEX C ENVIAT o FALKNER C FITZNUGH 8 FRANKSTCHN
LK HOLLCW 8 ENUMCL AW € FaLL 8 FIVE 0UT 8 FRANKTCHN
ELAHORN A EPHRALA [ FALLBRCCK 8 FIVEMILE 8 FRANKYVILLE
ELRINS 0 EPHRATA 8 FALLLN [ FIVES ] FRATERNIDAD
ELKENSVILLF A EPUULETTE c FALLSBURC FLAGC 8 FAAZER
ELRMOUND C EPPING [} FALLSINGTON D FLAGSTAEF 4 FRED
ELR MCUNTAIN 8 EPSILE [ FANCHER 4 FLAK 8 FRECENSBORG
ELKTUN n ERA 8 +ANG 4 FLARING 8 FREDERICK
ELLAAFLLE /0 ERAM C FARNIN 8 FLARINGD [} FREDON
ELLEVGE v ERBFR [4 FANAC 4 FLANAGAN (] FREDONIA
ELleny C ERTL 8 FANUY 4 FLANCRE AU 8 FREDRICKSON
ELLETY 0 ERIE 8 FAWACAY c FLASHER A FREESURG
ELLLBER A EniN 3 FARBLLCNE 8 FLATMLAD A FREECE
ELLICCTY A CRNEST ¢ FARAWAY 0 FLAT HORN 8 FREEHOLD
FLLINGTON a LRRAMULSPE C FaNCS 0 FLATICP 0 FREEL
FLLINU S 8 ESCAL 8 fAR[STA 8 FLAXICN A FREEMAN
ELLTOPT [4 ESLALBNTE 8 FARLANC ] FLEAK A FREEMANVILLE
FLLITS 0 ESCAMBLA C FARPINGTICN C/0 FLECHAVU C FREEON
ELLESFOMCE C FSCUADIDO [ FARNUF 8 FLEETWCCD FREER
NOTES A BLAMY MYOROLOGIE SNIT CONIP [HNICATFS TUF SNALL CPOANIO HAC AT REFN NFTFOMNED
THO SOLL CROUPS SUCH AS R/C IMDICATIS TUE PDAINFALUMPRAIPED SITUATIAY
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FREESTONE
FREEIENER
FREMONT
FRENCH
FRENCHTOWN
FRENEAY
FRESND
FRIANA
FRIANT
FRIOLO
FRIEDNAN
FRIES
FRI1O
FRIZZELL
FROBCRG
FROHMAN
FRONHOFER
FRONTON
FRGST
FRUITA
FRUITLANC
FRYE
FUEGO
FUERA
FULOA
FULLERTON
FULMER
FUL SHEAR
FULTON
FUQUAY
FURNIS
Fuay

GAASTRA-
GABALDON
GABICA

. GACEY
GADDES
GADES
GADSOEN
GAGE
GAGEBY
GAGE TOMWN
GAHEE
GAINES
GAINESVILLE
GALATA
GALE
GALEN
GALENA
GALEPPI
GALESTOMN
GALEY
GALISTEQ
GALLAGHER
GALLATIN
GALL.GOS
GALLINA
GALLION
GALvA
GALVYESTUN
GALVIN
GAMBLER
GANNETT
GANSNER
GAPO
GAPPMAYER
GAKA
GARDER
GAK3UTIT
GARCEND
GARUENA
GAROINER
GAKONERS FURK
CAMONERVILLE
GARCONE
GAREY
GARFELD
GAR[TA
GARL AND
GARLET
GAxLCCK
GARMUN
GARMURE
GAANER
GARG
GARN
GARRARD
GARRFTSON
GARRETY
GARR [ SON
GARWIN
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GASCCNADE
GAS CREEK
GASKELL

© GASS

GASSET
GATE SBURG
GATEVIEMN
GATEWAY
GATEWOO0
GAULODY
GAVINS
GAVIOTA
Gay
GAYLORD
GAYNGR
GAYVILLE
GAZELLE
GA20S
GEARHARY
GEARY
GEE
GEEBURG
GEER
GEFO
GELXIE
GEm
GEMID
GEMSON
GENE SEE
GENEVA
GENOA
GENOLA
GEORGEVILLE
GEORGIA
GERALD
GERBER
GERIG
GERING
GERLANO
GERMANIA
GERMANY
GESTRIN
GETTA
GETTYS
GEYSEN
GHENT
GIHBLER
GI8BCN
GiABS
GIB88STOUN
GIFFIN
GULFFCRD
GILA
GIiLBY
GILCHRIST
GILCRESY
GILEAU
GILFS
GILFCRD
GILMCULY
GILISPIE
GILL AN
GILLIGAN
GILLS
GILMCRE
GILPIN
GILRCY
GILSUN
GILT €0GE
GINAT
GINGER
GINI
GINSER
GIKOD
GIVEN
GLAOCEN
GLADSTUNE
GLAOWIN
GLAMIS
GLANN
GLASGOW
GLEAN
GLEASON
uLEN
GLENBERG
GLENGRUOK
GLENCOE
GLENOALE
GLENDALE
GLENOIVE
GLENDORA
GLENELG
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GLENFIELD
GLENFOROD
GLEAMALL
GLEAMAP
GLENACRA
GLENNALLEN
GLENOMA
GLENRCSE
GLENSTED
GLEKTON
GLENVIEW
GLEAVILLE
GLI0E

GL IXON
GLCRIA .
GLCUCESTER
GLOVER
GLYNOCN
CLYNA
GCBLE
GCLCARD
GCO0E
GOLECKE
GCOFREY
GOCMIN
GCEGLEIN
GOESSEL
GCFF
GLGEBIC
GGLAIN

© GULCCADA

CCLOENDALE
GCLCF1IeLD
GCLLKILL
GCLUMAN
GCLORIODGE
GOLCRUN
GULUSACRO
GOLOSTOM
GULCSTREAM
GCLCVALE
GCLUVEIN
GCLIAD
GOLLAMER
GCHEL
GCAVICK
GUCCH
GGLCALE
GCCDING
GUCCINGION
GCCOLCw
GOQCMAN
GCCCRICH
GCCUSPRINGS
GCOSE CREEK
GOGSE LAKE
GCCSMUS
GCRCO

GLRE
GCHGEONIC
GCRIAM
GCRIN

GGLR ING
GCRPAN'
GCRLS
GORZELL
GOSreEn
CCSHUTE
GCSPORT
GCTHAM
GCTHARD
GLTIKIC
GGThC
GCLLOING
GCVAN

GCVE

GCwEN
GRARE
GRAYULE
GRACEPONT
GPACEVILLE
GRACY
GRAFTCN
GRARAN
GRAIL
GRAMM
GRANATH
GRANBY
GRAMNDE RCNOE
CRANOFIELC
GRANCVIEW
GRANER

BN P C NN PO NN NORI NN NAONN P NN AN NONDOINNSAPNPNDRORRNANEE MO

-
[~

aneo : PO ODPOTRETROIRMNOONOI > NOE
o

GRANGER
GRANGEVILLE
GRAN JLE
GRANC
GHANT
GRANTSBURG
GRANTSUALEL
GRANVILLE
CRAPEVINF
GHASWEPE
GRASSNA
GRASSY BUTTE
GRATZ
GRAVCEN
GRAVE
GRAVITY
GRAYCALM
GRAYFCRO
GRAYLING
GRAYLOCK
GRAYPOINT
GRAYS
GREAT BEMND
GREELEY
GREEN BLUFF
GREEM CANYUN
GREENCREEX
GREEACALE
GREENFIELD
GREEAHONN
GREENLEAF
GHEENCUGH
GREENPURT
GREEN RIVER
GREENSHORO
GREEASON
GREENTON
GREENVILLE
GREENWATER
GREENWICH
GMEEANUCY
GREER
GREGCHY
GRELL
GRENACA
GRENVILLE
GRE Siam
GREWIAGK
GREYHBACK
GREYBULL
GREYCLIFF
GRIFFY
GRIGSTON
GRIMSTAC
GRISWMCLC
GHIVER
GRIZZLY
GROGAK
GMGSECLOSE
GRGSS
GRLTCN
GRAVE
GRCYELAND
GRUVER
GRCVETLN
GRUBSS
GRULLA
GRUMNMIT
GRUNCY
CRUVER
GRYGLA
GUADALUPE
GUAJE
GuALALA
GuAMAN]
GUANAJ T BO
GUANICA
GUAYaBQ
GUAYANGTA
GUAYAMA
GUBEN
GUCKEEN
GUELPH
GUENCC
GUERNSEY
GUERRERL
GUEST

GulN

GULER
GULKANA
GumBLCOT
GUNBARMEL
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GUNN
GUNTER
CURABCG
GURANEY
GUSTAVUS
GUSTIN
GUTHRIE
GUYTON
Culin
GuINNETT
GYMER

MACCKE
HACIENOA
HACK
MACKERS
HACKETTSTOWN
HAOLEY
HAQDO
MAGEN
RAGENBARTH
HAGENER
HAGER
RAGERMAN
HAGERSTCuM
HAGGA
FALG
HALRY
HAILRMAN
HALIMES
HAIRE
HALANA
HALCER
NALE
HALELWA
RALEY
HALF mOCN
HALFORO
HALFWAY
HaL Ll

HAL LIMATLE
HALLS
HALL
HALLECK
HALL RANCH
HMALLYILLE
MALSEY
HAMAKUAPOKO
HANAN
HAHAR
HAPBLEN
HARBRIGHT
HANBURG
HAMEL
HAMERLY
HARILTCMN
HAPLET
nAMLIN
HAMPDEN
HAMPSKHIRE
HARPTCN
HANTAR
HANA
HANALEL
HANAMAULU
MANCEVILLE
HANO
HANOFCRO
HANEY
HANGAARD
HANGER

HAN [PQE
HANKINS
HANKS
HANLY
HANNA
HANOVER
HANS
MANSEL
HANSKA
HANSGN
HANTHQ
HANTZ

HAP
HAPGOQO
FAPNEY
HARBORD
hARBOURTON
HARCO
HARCEMAN
HARDOESTY
HARLING
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HARDSCRABBLE
HARQY
HARGREAVE
MARKERS
MARKEY
HASL AN
HARLEM
HARLESTON
HARL INGEN
HARMENL
HAAMUNY
HARNEY
MARPETH
HARPS
HARPSTER
MARPY
HANOUA
HARJUA
HARR (ET
HARR [ MAN
HARK]S
HARR [SBURG
HARRTSON
MARRISVILLE
MARSTENE
MART

HART Caup
WARTFORD
HARTIG
HARTL AND
nar TLETON
RARTL INE
HAPTSBURG
HAATSELLS
MAQTSHCRN
HARVARD
RARVEL
HARVEY
HASKILL
HASKINS
HASSELL
HASTINGS
HAT
HATBORC
FATCH
MHATCHERY
HATFIELD
HATHANAY
HATTIE
HATTON
HAURSTADT
HAVANA
HAVEN
MAVERLY
HAVERSCN
HAVILLANK
HAY INGOON
HAVRC
HAVRELGN
Haw

HAYES
Hawl
HAWKEYF
HANKSELL
HAWKSPRINGS
AR TUN
HAYBUURNE
HAYARO
HAYOEN
HAYESTUN
HAYESVILLE
HAYFIZLD
HAYFARD
HAYMONY
MAYNESS
HAYNLE
HAYPRFrSS
HAYSPUR
HAYTER
HAVT]
HAYRII)
HAZEL
HAZELAIR
HALZFN
HALLFHURST
hALLETON
MEAOLFY
HEAVDJUARTEMS
HEARE
HEATH
HEATLY
HEBBZOMVILLF
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HERER
HEBERT
HEBGEN
HERQ
HEBRON
HECHT
HECK!
HECLA
HECTCR
MEQCDCN
HEOR ICX
HEOVILLE
HEGNE
HEIDEN
HEIOTMAN
HEIL

HE [MOAL
REISETON
HEISLER
MEIST
HEITTY
HELITZ
REIZER
HELOT
MELE®ANO
MELENA
HELRNER
HELVETIA
HELY
HEMSRE
HEMBL
HEMPFIELD
HEPPSTEAD
MENCRATT
HENDERSON
MENORICKS
MENEFER
HENKIN
HENLEY
HENL INE
HENNERE
HENNEP IN
HENNINGSEN
HENRY
HENSFL
HENSHAM
HENSLEY
MEPLER
HERBERT
HEREFQROD
HERK IMER
HERLCNG
FERRISTCN
HERMCN
HERNOUMN
HECRU
PEPRERA
MEFRICK
REPRCN
HERSH
HFRSHAL
HESCh
HESPER
PESPERTA
HESPERUS
MESSE
HESSEL
HESSELBERG
HESSELTINE
HESSCN
HETTINGER
HEXT
HEZEL
HUIALEAH
HIAWATHA
H13BARD
MIRBING
HICKCRY
HICKS
HIDALGO
HIDEAwAY
Hi0Ew300
RIGHANS
HIGHFIELD
HIGH GAP
MIGHLAND
HIGHMQORE
HIGH PARK
hIHIMANY
HIIBNER
HIXO PEAK
HIKC SPRINGS
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HILCRETH
HILEA
MILES
HILGER
MILGRAVE
HILLERAKRN
HILLET
HILLFLELD
PILLGATE
HILLIARD
rILLCN
HILLSBCRO
HILLSCALE
HILPAR
HILC

HILY
HILTCN
HIMCKLEY
HINDES
WINESBURG
HINKLE
HIAMAN
HINSOALE
NINTZE
MISLE
HITTY

Hi VISTA
HIwASSEE
#InCQ0
HIXTCN
HCBACKER
HCBAN
KC3BS
rCBSLN
hCGCHHETP
ROCKING
MCCKINSON
HGCKLEY
HCCCE
*UCGINS
HCCGSCN
HCERE
HCELZLE
HCFFMAN
HCFFMANVILLE
HCGANSBURG
HCCELAND
HOGG
FOGRILS
HCH
hCRPARN
HCKC
HCLBROCK
HOLCOMB
HCLCANAY
FCLDEA
KCLCERNESS
RCLCREGE
FCLLAND
HCLL INGER
FCLLIS
MCLLISTER
HLLLCMAN
HULLCwAY
HCLLY
HCLLY SPRINGS
HCLLYWCCC
HCLMOEL
KCL¥ES
FCLCPUA
HCLCPAW
HCLRCYO
RCLSINE
HCLST
HCLSTCA
HCLT
HCLTLE
FCLTVILLE
HCLYUKE
HOPA

KOPE CArP
HCPELARE
rCPER
HCPESTAKE
HCMESTEAC
RCAAUAAY
HCNCLTY
HCACALE
RCADC
BCACCHC
FCNECYE
FGAEY
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HONEYGRQVE
HOMEVVILLE
HCNN
HONCKAA
HONCLUA
HONCHANY
KONGUL TUL T
HONUAULU
HCUO
HOOOLE
HCCDSPCRT
HOGOVIEW
HOOKTCN
HOOLERUA
HOCPAL
HCCPER
HCOPESTCN
HCCSIC
RCCT
HCUTEN
HCOVER
HGPETCN
HCPERELL -
FOPGLLD
+OPKRIAS
NCPLEY
HCPPER

" HOQU1 AN
HORATIO

HCRD

HGRES
HCRNELL
HORN ING
FCRANITOS
HGRRCCX S
HORSF SHOE
FQRTCN
PCRTCAVILLE
HOSK (N
HOSLEY
HCSKRER

HOT AW

HCT LAKE
HCUDEK
KCUGHTON
hOUK
hCuLKA
HOUL TCN
HCUNDBY
FCURGLASS
HCUSATONIC
HCUSE MCUNTAIN
FOUSEVILLE
HCUSTCA
HCUSTCN BLACK
ROVOE
PUVER
HOVENREEP
RUVERT
HUVEY
HCHAKO
HCWELL
hGuLAND
HCYE
HUYLETON
FLYPUS
HCYIviLLE
HUBBARD
hUBER
FUBERT
HUBLERSHBUKG
PUCKLEDERRY
HUOSCN
HUECC

HUEL
HUENE ME
FULRFUERI
HUEY

FUFF [NE
hUGGINS
HLGHES
PUGRESVILLE
rUGC
FUICHICA
MUlKAY
MULETT
HULLS
HuLLY
KULLA

HUK
rUMACAD
HUMATAS
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HURMBARGER
hURBIRD
HUMBOLOT
HUROUN
HUME
HUMESTON
HUHP INGTON
HUMPHREYS
HURPTULIPS
MUNSAKER
HUNTERS
HUNTING
HUNTINGTON
WUNTSVILLE
HUPP
HURLEY
HURCN
HURST

HUR WAL
HUSE.

HUS SA
HUSSMAN
HUTCHINSON
HUTSCH
NUXLEY
HYAP

HYAT
HYATTVILLE
HYOABURG
HYDE

HYDRQ
HYNAS
HYRUA
HYSPHAR

1AQ
IBERILA
ICENE

oA .
1048EL
10ANA
10ECN
10RCN
IGNAC IO
16C
1GUALDAD
IHLEN
13Ap
ILOEFCNSO
ILKA
ILLICN
1HA
{HBLER
1MLAY
IMRCRALEE
THPER AL
INAVALE
INO (AHGHA
INOTAN
INOIAN CREEX
INOTANC
INOTANCLA
IND10
INGA
INGALLS
INGARQ
INGENSQ
INGRAN
INKLER
INKS
INRAN
INRC
INSKIP
INVERNESS
INWCCD

i0

1oLA
10LEAV
10N2
IONIA
1CscC
1PAVA

1RA
IREDELL
IRETE3A
IRl
IRCCK
[RCA BLCSSORm
IRCN RCUNTA LN
IAGN RIVER
IRONTCN
IRYINGICN

CRNNP VAS HAT REFN DETEDSINER
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B-10

1/WIN
1SAAC
1SAAQUAN
1SABELL
1SAN
1SANTIT
1SHAN
[SHE PISHE
I5LAaND
1SOm
ISTOKPLGA
1TSwQOT
Tuxka

iva

VAN

I1VES

IviE
IVINS
1ZAGURA
12Et

JaBy
JACAGUAS
JACANA
JACINTY

JACK CREEK
JACKLIN
JACKNIFE
JACKS
JACKSNN
JACKSCNVILLE
JACUB
JACGDSEN
JACO4Y
JACQUES
JACOULTH
JACH N
JAFFREY
JAGUEYES

JAL

JAMES CANYCN
JAMES TN
JANE
JANISE
JANSEN
JARBLE
JARITA
JARKE
JARVLS
JASPER
JAUCAS
JAVA

Jay

JavEr
JAYSON
JEAMN
JEANERETTF
JEAN LAKF
JENVG
JEFFELSON
JEKLFY
JELM
JENKINS
JENKINSON
JENNESS
JENNINGS
JENNY
JERAULY
JERICHY)
JERONE
JERRY
JESUEL
JESSc Camp
JESSUP
FLOAI
JnGS

Jim
JUIMENS L
JINICuN
PRI}

Jeaes
Juciry
JUEL

anes
JOPNY
JURNSURG
JOMNSON
JGHASTON
JOHNS W NN
JNICF
LT
JONFAVILLE
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JOnuS
JCPLIN
JOPPA
JCROAN
JCRNADO

- JORY

JGSE
JOSEPHINE
JOSIE

Jav
JUBILEE

. Jubd

JUOITH
JUOK INS
JUDSCN
Juovy
JUGET
JUGHANDLE
JULES
JULESBURG
JULTAETTA
Junre
JUNCAL
JUNCOS
JURCTICON
JUNEAU
JUNIATA
Junlus
JUND
JUNQUITOS
Jura

Juva
JUVAN

KAALUALY
KACHEMAK
KADASHAN
KADE
KAUGKA
KALCKA
KAENA
XAMALUYU
KAMANA
KAMANUL
KAHLER
KAHOL A
KAH SHEETS
KARUA
xa(KLl
KAILUA
KAIMY
KA(NALIV
KALPCIOT
KAIwiK]
KALAE
KALAPA
KALAPAZOO
KALAPA
KALALPAPA
KALFFONSKY
[YIRE]]
KALISPELL
XALKASKA
KALM1A
XaLCxo
KALOLGCH
KALSIN
KAPACK
KAMAKUA
KAMAOA
KAMACLE
KAMP AR
KANADEC
KANAKA
KANAPAHA
KANDIK
KANE
KANECHE
KANEPUU
KANLEE
KANGSH
KANZA
KAPAA
KAPAPALA
KAPCO
KAPLuSIN
XAPUF IKANT
KARAMIN
KAKDE
KARHEEN
KARLAN
KARLIN

A BLAMNK TIYOROLOCIC SPAEL CAOHA [MRIAATES THE SOIL CRMIP AT NAT AFFY NFTEDVED

TWO SOIL CROUPS SUCH AS A/C IVDICATFS THE DRAIRER/UNDPATNED CITUATIAM
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Table B .1--Continued

KARLC
KARLUK
KARAAK
KARNES
KARRQ
KARS
KARTA
KARTAR
KASHW{TNA
KASILCF
KASKI
KASCTA
KASSLER
KASSCMh
KATAMA
KATEMPCY
KATC
KATHINE
KATULA
KATY
KAUFPAN
KAUPC
KAVETT
KAGA[HAE
KAWAINAPAL
KAmBARNG AM
KaWICH
KAwKAWLIN
KEAAY
KEARUA
KEALAKEKUA
KeaLIA
KEAASBURG
KEARNS
KEATING
KEAUKARA
KeAuAKAPY
KEBLER
KECH
KECKO
KECRCN
KEEFERS
KEEGAN
KEEL
KEEKEE
KEENE
KFENC

KEG
KEFENA
KEIGLEY
KEISER

TKEITH

KEKAMA
KEKAKE
KELLER
RELLY

RELN
KELSEY
KELSC
KELTAER
KELVIN
KEPCC
KEPPSVILLE
KEPPTCN
KcNal
KEAANSVILLE
RENCALA
KENCALL
KENCALLYILLE
KENESAW
XENMCGR
KENNALLY
KEANAN
KEANEBEC
KENNEDY
KEANEWICK
KENNEY
KEAAEY LAKE
KEAC
KENCMA
KENSAL
KENSPUR
KENT
KEANYCA

KEC
HEeCLCAR
KECKAR
KECTA
KECWAS
KEPLER
KERAY
KeRFPEL
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KERMIT
KERR

KERR ICK
KERR TCEN
KERSHAM
KERSICK
RERSTON
KERT
KERMJN
KESSLER
KESWICK
RETCPLY
KETTLE
KETTLEMAN
KETTAER
KLY IN
KLmALNEF
KEnfENaW
KEYA
KEYES
KEYPORY
KEVIESVILLE
KEZAR
KIAwWAH
KiuslE
KICKERVILLE
xi0C
KLICPAN
KIEML
K{EV
KIKONI
KitaacC
KiILAUEA
K{LBCUANE
K ILBURN
KILCHES
KILOCR

K ILGCRE
KILKENNY
KILLBUCK
KILLEY
KILLINGWURTH
KILLPACK
KILRERQUE
xiLCa
KTILLHANA
KILWINNING
Kim
KIMAMA
KimdaLL
KIMBERLY
KIMBRCUGH
KIMMERL ING
im0

KINA
KINCC

K INGFISHER
KINGHURST
KINGPAN
KINGS
KINGSBURY
KINGSLEY
KINGS RIVER
KINGSTON
KINGSVILLE
KINKEAD
KINKEL
KINKLRA
KINMAN

K ENNEY
KINNICK
KINKEAD
KINRUSS
KINSTCN
KINTGN
KINZEL
K{GNA
KIPLING
x{pp
KIPPEN
K1PSCN
KIRK
KIRKFAM
KIRKLANU
KIKTCh
KIRTLEY
XIRVIN
KISRING
KISSICK
KISTLER
RITCRELL
K|TCHEN CREEK
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K1TSAP
KIFTANNING
KITTITAS
KITYREDGE
KITISON
Kjue .
Kiva
KIWANLS
KIZFUYAK
KJAR
KLABER
KLARATH
xLAyS
KLAWAS |
KLEJ
KLICKER
KLICKITAY
KL INE
KLINESVILLE
KL INGER
KLGADIKE
KLONE
KLOOCHMAM
KLOTEN
KLUTINA
KNAPPA
KNEELAND
KNIFFIN
KNIGHT
KNIK
KNEPPA
KNOB HILL
KNCWLES
KNOX
KNULL
KNUTSEN
KQ8AR
xQCh
xQ0AK
KOD AKX
KOEFLER
KQELE
KOEPKE
KQERL ING
KOG ISH
XOMALA
KOKEE
XOKC
KOKCKARI
KOKONMO
KOLBERG
KOQLEKGLE
XoLis
KQLCA
XOLCKQLE
KONA
XCNANA
KONNER
KONCKT1
ROCLAY
XOCSK1A
KOOTENAL
KOP JAM
xapeP
KOPPES
KORCHEA
XORNNAN
LUORY DB
KOS SE
KOSTER
KOSZTA
xgurs
KQVICH
KOYEN
KOYUKUK
KRACE
KRANZBURG
KRATKA
KRAUSE
KA EAMER
KREMLIN
KRENTZ
KRESSON
KRUM
XAUSE
XRUZOF
1471 .14
KUBLER
xusLl
KUCERA
Kuck
KUHL
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KUKATAU
xULA
KULAKALA
KuLLtr
uma
UNTA
UNUNETA
uKg
USKCKRwI M
usLINA
Kuteu
RUTZTOWN
KV ICHAK
YLE
YLER

A BARGE
ﬁABEfYE
AB1SH

A BOUNTY
LA BRIER
LACAMAS
A CASA
Lactra
LACANANNA
LACONA
LACDTA
LACY
1L A0D
LAUDER
LADELLE
LADCGA
LAODUE
LAQYSMITH
LA FARGE
LAFE

LA FONDA
LAFONT
LAGLORIA
LAGONDA
LA GRANDE
LAHAINA
LA HOGUE
LAHONTAN
LAlOLG
LAIDLAW
LALRDSVILLE
LAIREP

LA JARA
LAKE

LAKE ChARLES
LAKF CMEER
LAKEHELEN
LAKEHURST
LAKE JANEE
LARELAND
LAKEMONT
LAKEPGHT
LAKESHURE
LAKESOL
LAKCTON
LAKEVIEW
LAKEWIN
LAKEwIO0
LAK [
LAKEN
LAKOMA
LAL ALY

LA LANDE
LALLIE
LAN

LAMAR
LAMARTINE
LAMAERT
LAMRETH
LARINGTON
LANMQ
LAMONI
LAMCIT
LANONTA
LARUURE
LAMPH[ ZR
LAMPSHIRE
LARSQON

L ANARK
LANCASTER
LANCE
LAND
LANOGCS
LAND [SALRG
LANILOx
LANQUSKY

~
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Table B.l--Continued

LANE
LANEY
LANG
LANGFORO
LANGHE]
LANGLEY
LANGLOLS
LAAGCLA
LANGRELL
LANGSTON
LANTER
LANIGER
LANKBUSH
LANSIN
LANKTREE
LANGAK
LANSUOALF
LANSOOMNE
LANSING
LANTLS
LANTON
LANTCNIA
LANTZ

LAY
LAPALMA
LAPEER
LAPINE
LAPLATTA
LAPOQRTE
LA PCSTA
LA PRAIRIE
LARABEE
LARCHMCUNT
LARDELL
LAREDO
LARES
LARGENT
LARGC
LARIMER
LARKIN
LARK SON
LA RCSE
LARRY
LARSCN
LARUE
LARVIE
LAS

LAS AN[MAS
LASAUSSES
LAS FLORES
LASHLEY
LASIL

LAS LUCAS
LAS PQSAS
LASSEN
LASTANCE
LAS VEGAS
LATAH
LATANCO
LATANTER
LATHAR
LATINA
LATOM
LATCANLA
LATTY
LAUCERDALE
LAUGENOUR
LAUGHL I N
LAUMALA
LAUREL
LAURELHURSY
LAURELwQOOD
LAUREN
LAVALLEE
LAVEEN
LAVELDO
LAVERKIN
LAVIAA
LAwaAl
LAWLER
LAMARENCE
LAWRENCEVILLE
LAWSCN
LAYTHER
LAWICN
LAX
LAYCCCK
LAYTCN
LEA
LEADER
LEADPCINT
LEAOVALE

A BLANK HYDPOLOGIC SOIL GPOUP INNYCATES THE A1l ARANP HAS 10T BREYM NETEPUINED

THO SOIL GROUPS SUCH AS R/ IMNICATFS TUHF NPAINFD/IPIDRAIPED SITUATION
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LEACVILLE
LEAF
LEANY
LEAL
LEAPS
LEATRAM
LEAVENWGRTH
LEAVITT
LEAVITTVILLE
LEBANCN
*LEAAR
LEBEC
LEBQ
LEBSACK
LECK KILL
LECBEDER
LEDGEFORK
LEDGER
LEORY
LECY

LEE

LEEDS
LEEFLELD
LEELANAU
LEEPER
LEESVILLE
LEETCN
LEETCNIA
LEFCR
LEGLER
LEGCKE
LEHEY
LENIGKH
LEMMANS
LEMR
LEICESTER
LEILEFUA
LELA
“LELAND
LEMETA
LERPSTER
LEN

LEAA
LENAPAH
LENAWEE
LENNEP
LENCIR
LENCX
LEMZ

LEC

LEQN
LECNARD
LECNARDO
LECANARDTCHN
LECNLOAS
LECTA
LEPLEY
LERDAL
LERCY
LEShARA
LESKC
LESLIE
LESTER

LE SUEUR
LETA
LETCRHER
LETHA
LETHENT
LETCRY
LEVTERBCX
LEVAN
LEVASY
LEVERETT
LEVIATHAN
LEVIS
LEwlS
LEWISHERRY
LERISBURG
LEWISTCUN
LENISVILLE
LEX
LEXINGTAN
LIRBINGS
Lisgy
LIBEG
LIBERAL
LIGERTY
LisgRy
LIBRARY

LICK CREEX
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LICKCALE
LICKING
LICKSKILLET
LIDDELL
LIEBERPAN
LIEN
LIGGET
LIGHTNING
LIGNUN
LIGGN
LINEN
LinUE
LIXKES
LiLAM
LILLIwAUP
Lina
LInang
LInBAR
LIMERICK
LIMON
LINGAES
LINCCLN
LINCRCFY
LINOLEY
LinOSeY
LINCSI0E
LINOSTROM
LINOY
LINEVILLE
L IAGANGRE
LINKER
LINKVILLE
LINNE
LINMET
LINNEUS
LiINO
LINSLAN
LINT
LINTCA
LINVILLE
L INBCOD
LIPANR
LIPPINCOTY
LIRICS
LIRRET
LISAQE
LiSam
LISBCN
LISNAS
LISHCRE
LITCHFLELD
LITHGOW
LITHIA
tITIRGER
LITLE
LITTLEBEAR
LITTLEFIELD
LITTLE PCLE
LITTLETCN
LITTLE wQLD
LITZ
LIVERMORE
LIVINGSTON
LIVCAA
Lize
LIZIANT
LOBUELL
LUBELVILLE
LCBERG
LUBERT
LcaiIT0S
LOCEY
LOCHSA
LCCKE
LCCKERBY
LGCKHARD
LOCKHART
LCCKPCKT
LCCRruWANLN
LoCusT
LO0AR
LUCEPR
taoct

LQooc
LLFFYUS
LOFTCN
LOGAN
LCGGERT
LCGY
LCHLER
LOHmILLER
LCHNES
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LOLAK
LOLALITA
LOLERAA
LOLETA
LaLc
LOLCN
LORA
LOPALTA
Larax
LORIRA,
LONOC
LONEPINE
LONERIOGE
LGNE ROCK
LONETREE
LONGFORO
LONGLOIS
LONGMARE
LONGMONT
LONGRIE
LONGVAL
LONG VALLEY
LONGVIEW
LONCKE
LONTL
Loarout
Luan
LOPER
LOPEL
LORAOALE
LORAIN
LOROSTOUN
LORELLA
LORENZQ
LORETTO
LORING
LOS ALARGS
LOS B8ANOS
LOSEE

LOS GATOS
LOS GUINEDS
LQs 0s0s
LCS ROBLES
LAs TANGS
LAST CREEK
LtOST HILLS
LOS TRANCOS
LOSTMELLS
LOTHALR
Larys
LAQUCaON
LOUCGNVILLE
LOutE
Laysa
LOUISBURG
Laue
LOURDES
LOUVIERS
Lavesay
LOVELAND
LOVELL
LOVELOCK
LOWELL
LOMAY
LOWVILLE
LOvAL
LOYALTON
LOYSVILLE
LOZaNG
LGZIER
LUALUALEL
Lu8sock
LUBRECHT
LUCAS
LUCE
LUCEDALE
LUCERNE
LUCIEN
LUCILE
LUCILETCON
Lucny
LuUCRY STAR
Lucy
LUODEN
LUCLOw
LUFRIN
LUNCN
LUJANE
LUKIN
LuLa
LUNBEE
Lunnt
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B-12

LuUN

LUNA
LUNCH
LUNDIND
LUNDY
LUNT
LUPTON
LUKA
LURAY
LUTE

LUTH
LUTHER
LUTIE
LUTON
LUVERNE
LUXOR
LUZENA
LYCAN
LYCOMING
LYODICK
LYFOROD
LYLES
LYMAN
LYNCH
LYNCHBURG
LYNDEN
LYNNUYL
LYNN HAVEN
LYNNVILLE
LYNX
LYUNMAN'
LYONS
LYUNSVILLE
LYSINE
LYSTAIR -
LYTELL

RABEN
napl
MABRAY
MACAY
MACEOONT A
MACHETE
MACHTAS
MACK
MACKEN
MACKINAC
MACKSBUKRG
MACOMB
MACOMAER
MACON
MACY
MADAL IN
MADAWASKA
MAODOCK
MADOOX
MADEL LA
MAQEL INE
HADERA
MAD1SON
MAOONNA
MADRAS
HADRID
MADUREZ
MAGALLCN
MAGENS
MAGINNIS
MAGNA
MAGNOLTA
HaGNUS
MAGUAYU
MAHAFFY
MAHAL A
MAHALASVILLE
MAHANA
MAMASK A
MAHER
MAHON ING
MAHUKONA
MATDEN
MAILE
MAJADA
MAKAALAE
MAKALAPA
#AKAP LI
MAKAWAQ
MAKAWEL |
MAKENA
MAK KT
MAKOT !
MAL

naLA
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© MANGUM

‘MANLTOU
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MALABAR
MALABON
MALACHY
MALAGA
MALAMA
MALAYA
PALCCLNM
MALEZA
maLiBU
MALIN
PALJAMAR
saLLCT
PALR

MALG
MALONE
MALCTERRE
MALPALS
BALPCSA
PALYERN
MAMALA
HAMGU
PANAHAA
HANALAPAN
HANANA
HANASSA
MANASSAS
HANASTASH
HANATEE
MANAWA
MANCELONA
MANCHE STER
PANOAN
FANOERFIELD
MANOEVILLE
MANF RED

~
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MANHATTAN
MANME I M
MANY
MANTLA
MANISTEE

PANLEY
MANL TUS
PANLCVE
BANNING
MANOR
BANSFLELD
MANSIC
PANSKER
MANTACHIE
MANTEQ
MANTER
MANTON
MANTZ
MANY
MANVEL
PANWCOD
MANZANTTA
MANZANG
PANZANCLA
MAPES
MAPLE wT,
MAPLETON
MARATHON
MARSBLE
MAKBLENOQUNT
MARCETTA
MARCUM
MARCUS
MAKCY
MARDEM
MARDIN
MARENGG
MAR E SUA
PARGERUM
MARGUERITE
PARLA
RAKIANA
MAR {AS
MAR1CAO
MARICOPA
MANLETTA
MARLLLA
MAR INA
MAR{ON
PARIPOSA
MAR [ SSA
PARKES
MARKEY
MARKHAM
FARKLAND
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Teble B.l--Continued

PARKSBCRC
MARLA
MARLBCAC
MARLEAN
MARLETTE
MARLEY
MARLIN
MARLCH
MARLTCN
MARPARTH
PARNA
MARPA
PARCUETTE
MARR
HARALIQTT

-PARSOEN

MARSELL
MARSHALL
MARSHAN
MARSKCALE
PARSHFLIELD
PARSING
mARY
MARTELLA
MARTIN
MARTINA
MARTIANECK
MARTINEZ
MARTINT
MARTINSBURG
MARTINSDALE
MARTINSON
MARTIMSVILLE
MARTINTCM
MARTY
MARVAN
RARVIN
MARY
MARYDEL
MARYSLAND
MASADA
MASCAMP
MASCCTTE
MASHEL
MASRULAVILLE
*ASOM
PASCNVILLE
MASSACK
PASSENA
MASSILLCN
PASTERSCN
MATAMORQS
PATANUSKA
PATANZAS
MATAPEAKE
MATAWAN
BATCHER
MATFILELD
#ATHERS
MATHERTCHN
MATERESON
MATHEWS
PATHISTCA
MATLCCK
MATHCN
MATTAPEX
MATTCLE
PAUCE
MAUGHAN
MAUKEY
MALNMEE
MaUNABC
MAUPIN
MAURCPAS
PAUR [NE
MAURY
MAVER ICK
MAVIF
MAndE

nax

MAXEY
MAXFIELC
PAXSCN
PAXTCA
MAXVILLE
MAXMELL
MaAY
MAYBERRY
rAYBESC
»aY DAY
PAYER
MAYFLELD
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PAYFLOWER
RAYHEW
MAYLAND
MAYMEN
MAYNARO LAKE
MAYQ
NAYGOAN
RAYCMORTH
MAYSCORF
MAYSVILLE
MAYTCRN
PAYVILLE
MAYNGOO
MALEPPA
PALCK
PAZUPA
MCAFEE
RCALLEN
RCALLISTER
PCALPIN
MCBEE
MCBETH
nCBAIDE
MCCABE
MCCAFFERY
RCCALIN
MCCALER
MCLALLY
HCCAPRON
PCCARRAN
MCCARTHY
MCCLAVE
MCCLEARY
PCCLELLAN
MCCLCUO
MCCOLIN
mcCOLL
MCCONNEL
rCCOCK
MCCCRNICK
»CCCY
MCCREE
WCCKRCRY
PCCRCSK IE
MCCULLCUGH
»CCULLY
#CCUNE
MCCUTCHEN
MCOOLE
PCOONALD
PCOONALDSVILLE
MCEREN
PCFACDEN
MCFAlN
MCFAUL
MCGAFFEY
MCGARY
MCUEREE
PCGILVERY
PCGINTY
MCGIRK
#CGLRAN
MCGRATH
MCGREW
MCHENRY
PCiLWAINC
MCINTUSH
MCINTYRE
PCKAPIE
mCKAY
MCKENNA
PCKENZIE
MCKINLEY
MCKINNEY
MLLAIN
MCLAGRIN
MCLEAN
MCLECT
NCHAMON
MCHEEM
MOPLLLIN
MCRUROLE
MCMURPHY
MCMURHAY
HCNBRY
MCPAUL
MCPHERSCN
MCPHIE
MCIUARKHTE
MCCUEEN
MCRAE
MWCTALGART
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MCVYICKERS
MEAD
PEACIN
MEADCHVILLE
MEACVILLE
PEAMNOER
PECAN
MECCA
MECKESVILLE
MECKLENBURG
REDA
MEDANG
REQARY
FEDFLRO
MEQFRA
MEO(CINE LODGE
MED INA
MEDWAY
MEEXS
MEETEETSE
MEGGETTY
HEGCN
MENL
PEHLHCRN
MEIGS
HEIKLE
mEISS
MELBCURNE
MELBY
MELLITA
MELLENTMIN
MELLCR
MELLCTT
MELQLAND
MELRQSE
MEL STOME
MELTCN
MELVILLE
MELVIN
MEPALGCSE
MEMPHIS
MENAHGA
MENAN
MENAKD
MENCH
MENCEBGURE
HENCCCING
MENCON
MENCLTA
MENEFEE
MENFRC
MENLO
MENC
MENCKEN
MENCHMINEE
MENTC
RENTICR
MEQUCN
MERCED
MERCEDES
MERCER
MERCEY
MEREDITH
MERETA
MERGULE
MERIDIAN
PER IND
MERKEL
MERLIN
MERPILL
MERNA
MERCS
MEARIF{ELD
MERRILL
MERRILLAN
MERR | NAC
MERRITT
MER RCUGE
MERICN
MERTZ
MESA
MESCAL
MESCALERD
MEsSITA
MESKILL
MESPAN
MESSER
MET
METALINE
RETAMURA
wETEA

MET IGUSHE

GPOUP HAS AT peErN CPTFOMpsEn
IMNICATES THE APAIFEN/IMNRAIYER €]THAT AN
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KETOLIUS
HETRE
nETL
HEXICU
MHOON
miami
pPIAMIAN

L] [ o]
M{CHEL SON
MICHIGAMME
L1849
ninas
MINOLF
MIDOL ESURY
MIDESSA
MIDLAND
MION(GHT
MIDVALF
*IOWAY
MIFFLIN
BIFFL INBURG
MIGUEL
RIKE
RIXKESELL
RILACA
KILAN
RILES
HILFORD
AILHAR
RILHELIN
RILL
RILLARD
MILLBORO
NILLBROOK
MILLBURNE
MILLCREEK
MILLER
MILLERLUX
MILLERTON
MILLETY
MILLGRAVE
MILL HOLLOW
MILLICH
MILLINGTON
mrILLLIS
MILLRACE
MILLSAP
NILLSDALE
RILLSHOLM
MILLYILLE
KRILLWOOD
MILNER
aiLPITAS
MILROY
MILTON
MIMDRES
MiKOSA
FINAM
RINATARE
RINCHEY
MINCO
MINDALE
MINDEGL
MINDEMAN
MINDEN
MINE
MINEOULA
MINER
MINFRAL
MINEKAL MT,
MINERVA
HING
®INGD
MINLOUKA
MINNETSRA
MINNEUSA
HINNEQUA
BINNE TONKA
HINNcWAUKAN
HINM{ECE
nINGA
LIRUGLYY
BINTP
LEETY)
MINVALFE
MIRARAL
MIRACLE
MlRAMAW
MiRANDA
*IRES
MIRRUR
H{KRUD | AXF
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Table B.l--Continued

rESSION
RITCH
MITCHELL
MITIMANGA
MIZPAN
RCANC
MOAPA
MCAULA
MOBEETIE
HCCA

MQCHO

PO0A
PQCALE
MGOEL
MQDENA
#QOESTO
#QoDOC
MOENKOPIE
MOFFATY
#QGOLLON
nGGuL
HOHAVE
MOHAVE
MOHAWK
MOIRA

MOK ELUMNE
MOKENA
MOKULET A
HOLANO
HOLCAL
MOLENA

HCL INDS
noLLY
®OLOKAL
POL SON
PQLYNEUX
PONAD
MONAHAN
MCNAHANS
PCNARDA
MCNCLOVA
RONDAMIN
#CNOCVIT
MONEE
MONICO
MONTOA
MCNITEAY
MONMCUTH
“ONO
MONCLITH
MCNGNA
MONONG AHEL A
PONHCE
HMONHCEVILLE
MCNSE
MCNSERATE
PONTAGUE
MONTALTO
MONTARA
MONTAUK
MCNTCALM
PONTE CRISTO
MONTEGRANDE
MONTELL
#ONTELLOD
MONTEVALLO
MCNTGOMERY
MONTICELLO
PUNTIETH
PCNTMORENCT
MONTGSA
FONTCUR
PCATCYA
FPONTPELLIER
MONTAUSE
MONTVALE
MCNTVERDE
MONTWELL
»acny
MCIHCO
PCCSE RIVER
P A
MLRADO
MCrALES
»GkO
PUREAY
MGREHEAD
MOREHCUSE
MGRE(AND
MOKELANDTUN
MCREY
MCLFITT
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MCRGANFIELD
MURGNEC
KCRIARTY
PCRICAL
HCRLEY
HCRPCN FESA

"PCRCCCE .

MCRCNT
PURCP
PCRATLL
MORRIS
PCRR1SON
MCHROW
PCRSE
MORTENSCN
MCRICN
MGRVAL
nusey

»CSCa

MCSEL
MOSMANNCN
MOSMHER
MCSHERVILLE
L8+ 71
MOSQUET
RCSSYROCK
»CTA
RCTTSVYILLE
RCULTON
MOUND
RCUNTATNBURG
PCUNTAIAVIEW
MCUNTAINVILLE
MCUNT AlRY
PCUNT CARROLL
MCUAT MOME
#CUNT WOCD
MCUNT LuCAS
POUAT CLIVE
RCUNTVIEW
ROVILLE
MCRATA
FCRER
PCYIRA
MUCAkA
PUCET
PUDRAY

RUD SPHRINGS
PUGKFCUSE
MUIR

MUIRK [RK
MUK ILTEC
MULCRCY
PULKEY

KULL INS
»uLT
HULTCRPGR
WUMFCRD
PUNCELE IN
MUNISING
MUNK

MUNSCN
PUNUSCCNG
PURDE
MURDCCK
MUREN
MURR[LL
MUSCAT INE
®USE
PUSELLA
vysicx
PUSINTA
MUSK INGUM
PUSKCGEE
PUSHELSHELL
PUSSEY
MUSTANG
PUTNALA
»yTuaL
PYAKKA
Pyary

PYERS
PYERSVILLE
BYLKEA
MYRICK
PYRTLE
MYSTEN
rPYSTIC
PYTCA
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NABESAA
NACEVILLE
NACHES
NACIPIENTO
NACCGCUCHES
MAOEAN
NAD INA
NAFF
NAGEESI
“NAGLTSY
NAGLE
NAHMA
NAHUNTA
NAlnA
NAKA{
NAKNEK
NAMAE
NANAWK IN
NANCY
NANNY
NANAYTCN
NANSENE
NANTUCKET -
NANUP
NAPA
NAP[ER
NAPLES
NAPPANE,
NAPTCRAE
NAKARJITU
RARANJIG
NARCISSE
NARD
NARLCN °
NARCN
NAHRAGANSETT
NAHRCRS
NASER
NASH
NASHUA
MASHYILLE
AASLN
NASSAU
NASSET
NATALIE
NATCHEZ
NATHRGW
NATTCAAL
NATHCNA
NATURITA
NAUKATL
NAUMBUR G
NAVAJG
NAVAN
NAVARCO
NAVESINK
NAYLQR
NAZ
NEAPGLIS
NEDEKER
NEd [ SH
NEBD
NECHE
NEUEKLAND
NEEDNAM
NEECLE pPEAX
NEECMCRE
NEELEY
NEGITA
NEGLEY
NEHALEM
ANEILTON
MELSSCON
NeK LA
NELLIS
NELSCCTY
AELSCAN
NeRAE
NENARA
NENNL
NECLA
NECTCPa
NePESTA
NEPE I
NELPPEL
NeP TUNE
NEKESCN
NESDA
NESHAMINY
NESIka
NESKCWIN
RESPELEM

roApp upe

NESS
NESSEL
NESSOPAN
NESTER
NESTUCCA
NETARTS
NETC
NETTLETCN
NEUBERT
NEUAS
MEUSKE
NEYVAOCR
NEVILLE
NEVIN
NEVINE
NEVCYER
NEVTAN
NEVL
NEWARK
NEWART
NEWAYGL
NEWBERG
NEWBERRY
NENBY

NEW CAMBRIA
NE¥ CASTLE
NEWCCKE
NEWOALE
NERELL
NEMELLTCN
NEBFANE
NEWFCRR
NEWK IR
NERLANOS
NEWLIN
NEWPMARKET
NEWPCRT
NEWAY
NEWSKAH
NEXSTEAD
NEWION
NEWIGNLA
NEwTOUN
NEBVILLE
NEZ PERCE
NIAGARA
NLART
NIBLEY

N [CHOLSON
NICHCLVILLE
NICKEL
NICKLE
MCCOEMUS
NICOLAUS
NICCLLET
NIELSEN
NIGRTHARK
NIHILL
NIKISHKA
NI{XLASON
NIKCLAL
NILAND
NILES
N{MRQOD
NINCH
NINEMILE
NINEYVEH
NINIGRET
NININGER
NINNESCAH
NIOBELL
NIGTA
NI{PE
NIPPERSINK
NIPSUP
NiRA
NISHNS
NISFCN
NISCUALLY
NISSwA
NiU
NLuLlt
NIvVLCC
NIwCY
NiXa
NIXCN
NIXCNTON
NIZIAN
NOBLE
NOBSCOTT
NODAwAY
NUEL
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NOHILI
NORASIPPI
NOKAY
NOXOMTS
NUL AN

NOUL [CHUCKY
NOL IN

NOLO

NQmE
NCNDAL TON
NONOPAHY
NGUKACHAMPS
NOUKSACK
NOONAN
AOK A

NURA1Y
NCRBURNE
LDLT

NOKD
NGRIEN
NGRONFSS
NGRFGLK
KGRGE
NCRKA
NCuwa
MOAKFST
NORBL S

NUR THDALE
NOCTHEIFLE
NUKTHPIIRT
NCRTH PCaCER
HORTrijMRE RL ANC
NOR TuN
NORTOMVILLE
NOK TUNE
HOKwWaLK
NGRwWAY FLAT
NORwFLL
NOrwlCH
NCRWU 'O
NOTT

NUTUS
NCvara
NGVARY
NOwWD
NOYi

tuny
NULRELLS
NUCLA
NLECES
MUGGH F
NUsA

[SUNITY
NUNICa
NUSNN

NUSS
NUTLAY
NUT<AS
NUTHIGSC
NUVALUF
NyaLs
NY4CRE
KYSSa
NYSSHINN
NYSTdLi

CAHE
LAKUALE
CANDEN
CAKFIRY
AR GLEN
Ak GROVE
UaK LAKF
UARLAND
QAKS « {DGF
ARVILLE
CArWOCH
CA% APYKA
GASIS
CATMAN
NHAN
LLEY
{eRAY
NBUK*
JLata
GLEARET
UCE Al
LCHE YT IAN
LOHLOUKENE T
e
LOHOLY

G PP

“nrrs

CCItLA
CCKLEY
0COEE
QCONEE
CCCNTO
CCLsSTA
GCOUEQC
CCTAGON
cneELL
COt RPOTT
COrSSA
CoINn
QONE
QeFALLON
OGOEN
GGEECHEE
CGEMaAw
CGILVIE
CGLALA
UoLE
CRAYST
fHLA
CJAal
0JATA
CXANCGAN
CKAw
OXKEECHOBEE
CKEELANTA
CKEMAR
CKLARED
CKLARAMA
CXMGK
axo
Cxeatdl
OKLLONA
OKPEEX
OKTIBBEHA
aLa

oLAa
aLaLea
CLANTA
CLATHE
GLO Camp
OLUHAM
cns
CLUSPAR
CLUwWICK
CLtto
fLENA
cLEcQua
CLETE
oLeEx
CLea

Lt
CLIAGA
CLINVA
LLIPHANT
CLIVeHAIN
CLIVER
CLIVIER
[ACA R ]
cLY112
cLres
CL2sTED
CLNEY
cLckut
GCLPE
aLsCM
CLTON
LUSTEE
LLrte
CLYMPIC
[TTY
cMaK
CPEGA
CMENA
CPNIL

NA
CNALASKA
CNam[a
CNAMGA
UNANA
CNAwWAY
CNitAwa
CAtICA
GONETLL
UNECNTA
ONITA
CNITE
CHTA
CACvA
B/VU  CNxAY
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Table B.l--Continued

CASLCH
ONTARIC

/0 CNTxQ
CNTCNAGEN
GRYX
cCxaLa
CPAL
OPECUCN
CPreIR
UPIMIKAC
CCUAGA
ORa
CRAN
CRANGE
CRANCERURG
CRCAS
GRCFARD
CRrO
CRCNANCE
P Oway
GRELIA
GRELLA
CREM
CRESTIMNBA
CRFCRO
CRIDIA

a70 CRIF

a/0 LRIC

c LRICN

8 ChlvTa

A/D GRLAND
CRLANDOC
CrPAN
URMSHY
CHCOELL
GRCF ING
<CRG GRANDE
CPONC
LRCvAGA
Cra
LFRVILLE
CHSA
CkS ING
ORTELLC
CRYIGALLTA

/0  CRTING
CRTIZ
rRwiCce
(.Sace
CSakls
£sacce
CSka
GShawA
CTSHEA
CSHRCSH
CSHIrm]
CSIER
SKA
L SPUND
[ 1
cscee
USLAT0GE
CSLte

/0 CSSIEN
GsY
CSTABNCER
CTERC
CIreLLc
Gris

/0 CT1SCO
OVISVILLE
LCTLEY
crsecc
LTTEN
CTTLnIELN
CTTeneCLT
CITULKEF

A/0  CTway

L UImELL

4 CLACHITA

n CUNAY

[N PLILET

-] LVALL

" CVErGaAKD

CVERLY

LYerTCA

rvic
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0wGSs0
GWYMEE
cxaLls
s} {: T4

OXERINE
CXECRO
c2ants
0lan

CLAUKEE

PAALKL
PAALCA
PAAUMAY
PALKHAPPA
PACHECC
PACK
PACKAHRD
PACKER
PACKHAM
PACRSAUDLE
PACKNCCL
PACGLETY
PACTCLUS
PAQEN
PAORCNT
PAGUCAH
PANUS
PAESL
PAGET
pPAGOCA
PARRANAGAT
PANREAN
PAHRCC
PALA
PAICE
PAINESVILLE
PAINTRGCX
PALT
PAJARITO
PALARG
PAKALA
PAKINI
PALA
PALACIC
PALAPALAYL
PALATINE
PALESTINE
PALISANE
PALMA
PALMARCJG
PaLM dEACH
PALNER
PALMEN CANYUON
PaLMICH
PaL»S
PALYYRA
PALG
PALLIPAS
PALL#IND
PALLS VENDES
PALLUSE
PALSGUACYE
pamLICC
paNCaA
PAMSCEL
PaNa
PANACA
PANAC WA
PANASLIFKEE
PANCHEN]
PANCHUELA
PaniC
PANLLAK
PANULRA
PANLURA
PANE
PANGULTCH
PANH(LL
PanIfCle
PANKY.
PANCCHE
PANLLA
PANSEY
PANTRE
PANTUN
PACLA
PaLt!
PavAA
Pavay
PAVAKAT NG
PAPLLSE
PARaLTSL
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PARALGNA
PARAMORE
PARASGL
PARCELAS
PARDEE
PARENAT
PARENT
PARIETTE
PARILS

PAR ISHVILLE
PARKAY
PARKDALE
PARXKE
PARKER
PARKFIELD
PARKMILL
PAARKHURST
PARKINSON
PARKVILLE
PARRWOCD
PARLEYS

PARLIN ]

PARLU
PARNMA
PARNELL
PARR
PARRAN
PARRISH
PARSHALL
PARSIPPANY
PARSONS
PARTRI
PASAGLHAK
PasSCC
PASC SECO
PASCUETT!
PASCUOTANK
PASSAR
PASS CANYON
PASSCREEK
PASTURA
PATANS
PATENT
PATILLAS
PATILO
PATIT (REEXK
PATAA
PATCUTVILLE
PATRICIA
PATRICK
PATRCLE
PATTANI
PATTENBURG
PATIERSON
PATION
PATRAY
PauL
PAULDING
PAUL INA
PAULSELL
PALLVILLE
PALFALY
PAULNSAUGUNT
PAUSANT
PAURELA
PAVAHRCC
PAVANT
PAVILLICN
PAwCATUCK
PAmLET
PAWNEE
PAXTON
PAYETTE
PAYMASTER
PAYNE
PAYSCN
PEACHAP
‘PEARL HARBCA
PEARMAN
PEARSCLL
PEAVEME
PECATCAICA
PeCCS
PEDEE
PLOERNALES
PEU ILC
PEULAR
PLORICK
PEEBLES
Pett
PEELER
PEEVYER
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PLGLER
PEGHaAM
PEKIN
PELHAM
PEL L
PELLA
PELUNA
PEMRERTUN
PLMAINA
PEMAR.KE
PENA
PENCE
PENDEN
PENC LWEILLE
PENDLRLY
PLNISTAJA
PEMITENTE
Pt NN
PLANTL
PENNINGTUN
PENNISULA
PE NO
PENOYER
PENRUSEL
PENTRGUSE
PENTI
PeN®INND
PEUGA
PLOM
PEONE
PEUTUNE
PEPONN
PEQUEA
PEACHAS
PERCIVAL
PERELLA
PEMHAN
PERICO
PERKINS
PERKS
PERLA
PeLRMA
PERMANENTE
PERRIN
PENK INF
PERRYT
PERRY
PLRRYVILLEF
PEXSAY'
PERSHING
PEKRSIES
PEUT

Pery
PESCABERC
PESET
PESHASTIN
PE Su
PETEETNFET
PETFRMIRO
PETE®Y
PETUSKSEY
PETRTY
PETRNLIA
PLTTUNS
PEWAND
PEYTIN
PHAGE

LT Y
PHARCL LU
PHE BA
PHELLLY
PHFLAN
PHLLPS
PHIFrhSON
PrlLLCh
PRILLIPS
PHILL IPSHUKG
Pril g
PHILNYATH
PHIPYLS
PHOR1E
PHUFrNTX
PLASA

v LILACH
PICAYUNE
PILKAwAY
PICKFNS
PILKETT
PICRFORY
PICXWICK
PicH
PICTUL
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nevee

PIt CREEK
PLER AN
PILAPONT
PIERRE
PIINLNUA
PIKE
PILCHUCK
PILGRIMW
PILOT
PILLT ROCK
PIma

PINAL
PINALEND
PINATA
PINAVETES
PINCHER
PINCKNEY

P INCANNING
PINCUSHION
PINEDA
PINECALE

P INEGUE ST
PINELLOS
PINETOP
PINEVILLE
PINEY
PINICCN
PINKEL
PINRSTUN
PINNACLES
PINU
PINULA
PINOLE
PINCA
PINUNES
PinlaAS
PINTLAR
PINTO
PINTURA
PINTwATER
PIOPCLLS
PIPER
PIRQUETTE
PISGAH
PISHKUN
PISTAKEE
PIY
PITTIMAN
PITYISFIELD
PITTSTOWN
P1TTwi0OD
PLACENTIA
PLACLRITOS
PLACIO
PLACK
PLAINFLELD
PLAINVIEW

PLAISTED

PLANG
PLATYA
PLATEA
PLATEAU
FLATNER
PLATC
PLATTE
PLATTVILLE
PLAZA
PLEASANT

PLEASANT GRIVE

PLLASANTUN

PLEASANT VALF

PLEASANT VI
PLENGER
PLT DK
PLL INE
PLEVNA
PLOME
PLOVER
PLUMAS
PLURMER
PLUSH
PLLTH
PLUTOS
PLYNCUTH
poaLL
PrARCH
POCALLA
PLCATFLLOD
POCKER
PUCOPOKE
PCOLO
PLUUNR

A RLANK
THO SOtL
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HynRoLne
LNOUPS

PCE
PCGANLAS
PLGUE
PLhaKUPY
PLIANSETT
PCINTY
PCIAT ISAPEL
POJINAQUE
PLKEGEMA
PCKER
PCLANG
PCLAR
PCLATIS
PCLE
PCLEEAK
PCLEL INE
POLEC
PCLEY
PLLICH
PCLLARD
POLLASKY
PCLLY
PCLC
PCLSLA
PCLVAOERA
PLPAT
PCPELLC
PCHPANC
PCEPCAIC
PLPPTICN
pCeaCY
PCNCENA
FCNCHA
PCAD
PUNLC CREEKR
PCACILLS
PUMNIL
PCATCTCC
PCNZER
[Lo{d 3V}
PCOLE
€ PLCLER
PCLhmA
PLPE
PCPPLETCA
PLLLLNCCK
PCHRETT
PCHT
PCRTAGEVILLE
PCRTALES
PCRT BYRCM
PCRIERS
PCHTERVILLE
0 PGRIWILL
PCRATING
PCRTLAND
PLRINEUF
PCRTCLA
PCHTISPCUTK
PCSANT
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PCSEY
PCSITAS
PCSKIN
PCSCS '
PCST
pCTAMC

C  PLTLATCH
PCTIRATY
POISCaAm
PCTIrR
PCTITER
PCTTS
PCLLRE
PLULTNEY
PCVERTY
PCwCERN
PCHCE HRURN
PLmELL
PCRER

0 PChhiTE
PCHLEY
PChbATKA
LY
PCYGAN
pLlC
PLIC 8LANCC
PRAG
PRATHER
PRATLLY
PRATY
PHEACHER
PREAISH
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PRELLE
PRENTISS
PrtSwut ISLE
PRESTU
PRESTLN
PHEWITY
PREY
PRICE
PuiCh
LLRDLTY ]
PRIETA
PuimEAUX
PRIMChAN
PHINCETCN
PRINEVELLE
PR ING
PRINS
PRCLICR
PRGGRESSG
PRUM[SE
PRCNC
PRUMCATQRY
PHUNG
PHUSPECT
PAGSPER
PROSSER
PRUTIVIN
pRaut
PRLVICENCE
PRUVG
PRCVC bay
PRCWERS
PYARHIGAN
PUAULUY
PUCHYAN
PUDDLE
PUERCE
PUETT
PuLL Y
PUGSLEY
PUHI
PuriImAY
PULASKI
PULERUY
PULLMAN
PULS

PUL SIPHER
PULTNEY
PUMPER
PUNA
PUNALUU
PUNLKHU
PUNDAN
PURDY
PURGATORY
PUANER
PURSLEY
PURVES
PUSTOL
PUTAANM
PUUKAL A
PUUCNL
PuUyU CC
PUU CPLE
PUU PA
PUYALLUP
PYLF
PYLCN

PY TE
PYRAMID
PYRMCNT

CUAKEH
QUAKEKTCHN
QuAmMsA
CUANAK
QUANUANL
QUAKLES
CUARTZ3UKG
QuATAPA
QUAY
QUEBRADA
QUEETS
Queract
CUENLZER
QUICKSELL
QuiGLeY
CUILCENE
GUILLAYUTE
wuimgy
CUiINCY
CUINLAN
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QUIAN

QUIANEY
QUINTCA
QuliTran
QUONSEY

RABER
RABEY
RABIDEUX
RABUN
RACE
RACKHERT
HAC INE
RACCCN
RAD
RAOFORO
RADLEY
RAONGR
RAFAEL
RAGLAN
RAGNAR
RAGC
RAGSDALE
RAGTGuN
RAKR
RALIL
RAAINBCH
AAINEY
RAINS
RAINSBORO
RAKE
RALSEN
RAHADA
RARAQERD
RAMBLER

" RAPELLI

AARIRES
RARPEL
RARNC
RARCNA
RARPART
RAHPARTAR
RARSEY
RANSHORN
RAMCE
RANCHERIA
RANC
KANCAOC
RANQALL
RANCOLPM
RANCS
RANGER
RANIER
RANKIN
RANTOUL
RANYHAN
RAPELJE
RAPHWQ
RAPIOAN
RARCEN
RARICK
RARITAN
RASBANC
RASSET
RATHBUN
RATLIFF
RATCN
RATTLER
RAUB
RAUVILLE
RAULZI
RAvVALLL
RAVENOALE
RAVENNA
RAVCLA
RAWAH
RAWHIDE
RAMSCN
RAY
RAYADQ
RAVENOUF
RAYPOMDVILLE
RAYNE
RAAYNESFCRO
RAYNHAN
RAYNOR
RAZCA
RAZCRY
REACING
READINGTCN
REAOLYN
REAGAN
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REAKOR
REAL -
REAP
REARDAN
REAVILLE
REBA
REBEL
REAUCK
RECLUSE
REDBANK
RED BAY
RED 8BLUFF
RE BUTTE
REODBY
REOCHIEF
REDCLOUD
REDOICK
REDOING
REDFLELD
REN HILL
REN MOOK
REOLAKE
REOLANDS
RENMANSON
REOMOND
RENNUN
REDOLA
REDONA
REDRIOGE
RENROB
RED ROCK
RED SPUR
REOSTOE
REDTHAYNE
RENTOM
REVUVALE
REOVIEW
HEE

REED
REEDER
REEDPOINT
REFOY
REELFNOT
REESEN
REESVILLE
REFUGE
REGAN
REGENT
REMM
AEICHEL
REIFF
HETLLY
REINACH
RELAN
RELAY
RFLIANCE
RELIZ
RELSE
REMAERT
REMM{T
RENSEN
REMUDAR
REMUNOA
RENFRGM
RENOQ |
RENGMILL
RENUVA
HENOX
RENSHAW
RENSLCW
RENSSELAER
RENTIDE
RENTON
HENTSAC
REPARADA
REPPART
REPUBLIC
RESCUF
ARESERVF
RESNER
RET
RETRIEVER
RETSOF
RETSiK
REXBUKG
REXCR
REYLS
AEYNOLUS
REYNUSA
REYWAT
HHAME
RHINEBECK
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WOTES

RHOAQES
RiB

RICCO
RICETON
RICEVILLE
RICHARDSON
RICHEAY
RICHEY
RICHFIELD
RICHFOROD
RICHLIE

R ICHMOND
RICHTER
RICHVALE
RICHVIEW
RICHWO0D
RICKMORE
RICKS
RICREST
R100
RIDGEBURY
RIOGECREST
RIDGEDALE
RIDGELANC
RIDGEL AWN
RIDGELY
RIDGEVILLE
RIDGEWAY
RIETBROCK
RIFFE
RIFLE

RIGA
RIGGINS
RILEY
RILLA
RiLLITO
RIMER
RIMING
RImROCK
RIN

RINCON
RINCONADA
RINGLING
RINGC
RINGGLO

R INGWQNOD
RIO °

RIC ARAIBA
RIU GRANODE
RIC KING
RIO LAJAS
RIC PIEDRAS
RIPLEY
RIPON
RIRLE
RISTA
R1SUE
RITCHEY
RITNER
RITTER
RITTHAN
RITICAC
RITZVILLE
RIVERHEAD
RIVERSIOE
RIVERTCN
RIVEAVIEW
RIVRA
RIXIE

RIZ
RCANCKE
RUBY INS
RCBBS
RORERTS
ROBERTSDALE
ROBERTSVILLE
ROBIN
HCBINSON
ROK INSCNVILLE
ROI'LEDO
R08 HOY
AUKY

RCCHE
ROCHELLE
ACCHEPURT
ROCKAWAY
ROCKCASTLE
RUCK CREEX
ROCKFORD
HOCK INGHAM
AOQCKLIN
HOLKPORY
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Table B.l-«Continued

RCCK RIVER
RCCKTON
RCCRWELL
RCCXNOCO
RCLKY FCRO
RCOOY
AOCMAN
ROE
RCEBUCK
ROELLEN
RGESIGER
RCHNEAVILLE
RCHAERSVILLE
ROKEBY
ROLETTE
HOLFE
ROLISS
ACLLA
ROLLIN
ROLCFF
rUMBo
HONEQ
ROMNEY
ROMULYS
RGNO
ACMNERY
RCNSCN
ROSACH!
RCSAMCAD
ROSANE
RCSaARIC
RCSCCE
RUSCCPHRCN
RCSESERRY
ROSEBLCCH
RCSEEUD
RGSEBURG
ROSE CREEK
ROSEGLEN
RUSEMILL
RCSELAND
ROSELMS
RACSENQUNT
ROSENODALE
RCSEVILLE
RCSEWQRTH
RCSHE SPRINGS
ROSITAS
RGSLYN
RCSPAN
RCSMEY
RCSS

RCSS FCRK
RGSSI
RCSSMCYNE
RCSS .VALLEY
RCTAN
RCTHIEMAY
RCTHSAY
RCUBIDEAY
RCUEN
ROUNO BLUTTE
RCUNOTCP
RCUNOUP
RCUNDY
RLUSSEAU
RCUTON
wCurr
RCVAL
RCNE
HLWENA
RCWLANG
RCwWLEY
RCXBUAY
14

ACYAL
ROYALTCN
HCYSTCME
PClA
RCZELLVILLE
FCIETTA
RCILEE
PLARK
RUEBILON
rRUBIN
AUEY

PUCH
RUCKLES
RUCL ICK
RUCC
RUUEEN
RUDGLPH
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RUDYARD
RUELLA
RUGGLES
RUIDGSO
RuxQ

RULE

RUL ICX
RumBeQ
RUMFCRO
RUMNEY
RUNPLE
RUM RIVER
RUNE
RUNNELLS
RUNNYMEOE
RUPERT
RUSCO
RUSE

RUSH
RUSHTOWN
RUSHV ILLE
RUSS
RUSSELL -
RUSSELLVILLE
RUSSLER
RUSTON
RUTLAMND
RUTLEGE
RYAN
RYAN PARK
RYDE
RYDER
RYEGATE
RYEPATICH
RYER

-RYUS

SABANA
SABANA SECA
SABENYQ
SABINA
SABINE

SABLE

SAC

SACO
SACRAMENTU
SACUL

SAODLE
SAQODLEBACK
SADLE

SADLER
SAFFELL
SAGANING
SAGE
SAGEMILL
SAGERUCR
SAGERTON
SAGINANW

SAGL
SAGOUSPE
SAGUACHE
SAMALL

SAINT ALBANS
SAINT CHARLES
SAINT CLAIR
SAINT £ELMO
SAINT CEORGE
SAINT HELENS
SAINT IGnaCE
SAIMT JOE
SAINT JOHNS
SAINT LUCIE
SAINT maRTIN
SAINT MARYS
SAINT NICHCLAS
SAINT PAUL
SAINT THOMAS
SALAVY

SaLaL
SALAMATGF
SALAS
SALChAKET
SALEm
SALEYSHURG
SALGA

SaLl0a

SAL IKAS
SALISBURY
SALIX

SALKUM
BALLISAw
SALL YANM
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SALPCN
SALOL
SALCMNLE
SALTALR
SALT CHUCK
SALTER
SALTERY
SALT LAKE
SALUOA
SALUVIA
SALVISA
SALZER
SAmEA
SARNISH
SAMPANISH
SARPSEL
SARPSON
SAMSIL

SAN ANGREAS
SAN ANTON
SAN ANTCNIO
SAN ARCACIO
SAN BEMITO -
SANCHEZ
SANOALL
SANOERSCN
SANCLAKE
SANCLEE
SANELT

SAN ENIGDIO
SANGER

SAN- GERHAN
SANGO
SANGREY
SANILAC

SAN [SABEL
SAN JOAQUIN
SAN JON

SAN JOSE
SAN JuaN
SAN LULS
SAN MATEQ
SAN MIGUEL
SANPETE
SANPLTCH
SAN POIL
SAN SABaA
SAN SEBASTIAN
SANTA

SANTA CLARA
SANTA FE
SANTA [SABEL
SANTA LUCIA
SANTA MARTA
SANTANA
SANTAQUIN
SANTA YAEZ
SANTEE
SANTLAGC
SANT AR

SAN TIMQTEQ
SANTCNI
SANTOS
SANTG TCMAS
SAN YSIORO
SAPP
SAPPHIRE
SAPPINGTON
SARA
SARALEGUL
SARANAC
SARAPH
SARATOGA
SARCO
SARCINLA
SARGEANT
SARITA
SAKKAR
SARPY
SARTELL
SASKA
SASSAFRAS
SASSER
SATANKA
SATANTA
SATELLITE
SATTY
SATTILEY
SATIRE
SATUS

SAUCE
SAUGATUCK
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SAUGUS
SAUK

SAUL ICH
SAuR
SAUNOERS
_SAUVIE
SAuvLLA
SAVAGE
SAVANNAH
SavC
SAvOlA
SAWABF
SawatTCH
SAWCREEK
SAwMILL
SARYER
SAXBY
SAXCN
SAYIROUK
SAVLESVILLE
SAYVLOR
SCaLa
SCAMMAN'
SCANDIA
scantic
SCAR
SCARBORU
SCAVE
SCHAFF ENAKER
SCHANMBER
SCHAMP
SCHAPVILLE
SCHEBLY
SCHERH AF O
SCHLEY
SCHNCRHUSH
SCHODACK
SCHOOSCN
SCHOF LELD
SCHCHARIE
SCHOLLE
SCHOOLEY
SCHRIER
SCHROOK
SCHUMACHER
SCHUYLKILL
sci1c

SCIOTUVILLE
SCism
SCITUATE
SCOBEY
SCUGTENEY
SCORuUP
scurt
SCOTT LAKE
scour
SCOWLALE
SCRANTUN
SCRIBA
SCRIVER
SCROGGIN
SCULL IN
SEABRONK
sCaman
SEACQUEST
SFARCHLIGHT
SEARING
SEAKLA
SEARLES
SFATON
SEATTLE
SEBAGL
SEBASTIAN
SEBASTUPCL
SEBEKRA
SEBERA
SEBREE
SEBHING
SECATA
SECRET
SECRET CREEK
SEDAN
SEECSKADEE
SEFS
SEEWEE
SEGAL
SFGIO
SEHCAN
SEJITA

SER (U
SELAN
SELDEN

N

[aXalaX NoalEN ¥ N-N-NaNoB B Xol-B Nal Joll B Nel- N N-ToNol¥ Nol-N RoRaloNalaNaNak-N X J

~
[~

~
o

F

Il

[alal-K-N-NaX-X- Nal-] [ Na¥o¥-NoN NoWol-NolN N NoX- N Nolalolh Na¥all- Na¥ Noll 4. N-No¥ Nl N Na¥ X NN

~
o

~
o

TES

.Table B.l--Continued

SELFRIDOGE
SELRIRK
SELLE
SELLERS
SELMA
SEn(AMNOO
SERIMNMOO
SENINARLO
SEN
SENECAVILLE
SECUATCHLE
SEQUIM
SEQUGIA
SERENE
SERNA
SEROCO
SERPA
SERVCSS
SESAME
SESPE
SESSIONS
SESSUm
SETTERS
SETTLEMEVER
SEVEAN
SEVILLE
SEvVY
SEMAROD
SEHELL
SEXTON
SEYRCUR
SHAAK
SHADELAND
SHAFFER
SHAKCPEE
SHALCAR
SHAM
SHAMBO
SHAMEL
SHANANAN
SHANOON
SHANE
SHANG
SHANTA
SHAPLE IGH
SHARATIN
SHARKEY
SHARON
SHARPSBURG
SHAR VANA
SHASKLT
SKASTA
SHAVANND
SHAVER
SHAKANG
SHAWAUT
SHAY

SHEAR
SHECKLER
SHECO
SHEEGE
SHEEP CREEK
SHEEPHEAD
SHE £ PROCK
SHEETIRCN
SHEFFIELD
SHEL BURNE
SHE LAY
SHELBYVILLE
SHELOON
SHEL IKOF
SHELLABARGER
SHELLORAKE
SHELLROCK
SHELMADINE
SHELOCTA
SHELTON
SHENA
SHENANCOAH
SHEPPARD
SHER [OAN
SKERP
SHERRYL
SHIBLE
SHIELDS
SHIFFER
SHILCH
SHINARY
SHINGLE
SHINGLETOWN
SHINN
SHINROCK
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SHICCTCN
SHIPLEY
SHIPRCCK
SH{RK
SHCALS
SHOEFFLER
SHONK IN
SHOCK
SHCREWCCO
ShCREY
SFCRA
SHCRT CREEX
SECSHONE
ShCTwWELL
SHCUNS
SFCRALTER
SHORLUW
SHREWSBURY
SHA INE
SHRGUTS
SHUBUTA
SHULE
SHULL SBURG
SHUMWAY
SHUPERT
SPUNAM

st
SIBLEYVILLE
SIBYLEE
SICILY
SICKLESTEETS
SIDELL
STEANCIA
SIEBER
SIELC .
SIERCCLIFF
SIERRA
SIERRAVILLE
SIESTA.
SIFTLN
SIGNAL
SIGUROD
SIKESTON
SiLCCx
SILENT
SILER
SILERTYCN
SILl
SILVER
SILVERBOW
SILVER CREEK
SILVERTCA
SILVIES
S1KRAS
SIRCOE
SIPECN
SIPPLER
SIMAER
SIPCA
SIPCNA
SIMPERS
SIPPSCN
Sims

SINAL
SIACLALR
SINE
SINGLETREE
SINGSAAS
SINNIGAN

S IMUK

s1oa

Sicux
SIPPLE
s1sSkiycuy
SISSETCAN
SISSCN
SITES
SITRA
SIXMILE
S1ZEMCRE
SILZER
SKAGGS
SKAGIT
SKAKA
SKALAN
SKAMANTA
SKAPCKARA
SKANEE
SKELLCCKX
SKERRY
SKILLEY
SKIANER
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SREIYCU 8 SPARTA
SHOKCPISK 8/C SPEARFISM
SKCURURCHLCK 8 SPEARVILLE
SKRGUMEGAN -] SPECK
SKULL CREEK 0 SPECTER
SKUHMSAK ] SPEELYAL
SKUTUR 4 SPEIGLE
SKYBERG 4 SPENARC
SKYHAVch 0 SPEMCER
SKYRCHISH ] SPERRY
SKYLINF C SPICER
SKYWAY ] SPILLVILLE
SLAS c SPINKS
SLATE CREEK [ 4 SPIALT
SLAUGHTER [4 SPIPC
SLAVEN c SPLENDCRA
SLANSCN 8 SPLITROCK
SLAYTCN [ SPCFFCRO
SLEETH [4 SPOKANE
SLETTEN 0 SPONSELLER
SLICKRCCK 8 . SPOCN BUTTE
SLIGHTS c SPOQCNER
sLi6C - 8 SPOTTSWCOO
SLIROK < SPRAGUE
sLte 8 SPRECKELS
SLCaAN c SPRING
sLacunm [ SPRING CREEX
swLacec [+ SPR INGOALE
SLOSS < SPRINGER
SLUiICE 8 SPRINGERVILLE
SKARTS 8 SPRINGFIELOD
SHITH CREEK A SPR INGMEYER
SHITHNECK 8 SPR INGTOuUN
SHITHICN 0 SPUR
SHCLAN C SPURLOCK
smQcT 0 sQuaLiCum
SNAG 8 SQuaAw
SNAHCPISH -] SQUILLCHUCK
SNAKE < SQuinm
SNAKE HCLLOW -] SCUIRES
SNAKELUM ] STAATSBURG
SNEAD 0 STABLEH
ShELL [4 STACY
SNELLING ] STAQY
SNOKCRISH ¥} STAFFORO
SNOQUALMLE -] STACECOACH
SNOW [] STARL
SNOWOEN (4 STALEY
SNOML IN 8 STARBAUGH
SNUBVILLE 0 STAPECHO
SNQOwY A STAPPEDE
SCAP LAKRE 8 STAN
5080K”A A STANOISH
SOBRANTE [ STANEY
SQ0a Lakt 8 STANFIELD
SOUKHQUSE [ STAMNLEY
SGous [4 STANSBURY
SCELBERG 8 STANTOMN
SOF (A < STAPLETCN
SGGN 0 STARBUCK
SQGZIE 8 STARICHKQF
SOLANG [} STARKS
SCLDATNA 8 STARR
SOLCIER ] STASER

SOt ouc 2 STATE
SOLLEKS [ STATEN
SCLLER 0 STAVE
SCLCPCA 0 STAYTON
SOLCNA 8 STEAMBOAT
SOMBRERQ [+} STEARNS
SOMERS -] STeCum
SCMENSET c STEED
SOMERVELL 8 STEEOMAN
SCMSEM [4 STEEXKEE -
SCNCITA 8 STEELE
SONCPA 0 STEESE
SCNTAG c STEFF
SCPER L STEGALL
SCUUEL 8 STEIGER
SORF < STE INAUER
SGRRENTO 8 STEINBECK
SCRTER 870 STEINRETZ
SCsaA 4 STE INSBURG
SCTELLA C STEIMER
SQUIFFLARK D STELLAR
SUUTHGATE c STEmELT
SUUTHRICK [ STENOAL
SPAA 0 STEPMEN
SPACE CITY A STEPHENSBURG
SPANE 8 STEPHENVILLE
SPALDING c STERLING
SPANAWAY B STERLINGTON
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B-18

STETSCN
STETTER
STEUREN
STEVENS
STEVENSNN
STEwWART
STICKNEY
STIOHANM
STIGLFR
STILLNAN
STILLwWATER
STILSCN
STINSON
STINGAL
STINSON
STIRK
STIRUNM
STISSING
STIVEASVILLE
STOCKORIOGE
STOCKLAND
STOCXPEN
STUCKTUON
STUOICK
STURES
STOMAR
STONER
STONEWALL
STOND
STCNYFURD
STOUKFY
STORNEN
STORLA
STORM KING
STCRY
STOSSEL
STOUGH
STOWELL
sTuY
STRAIGHT
STRAIN
STRASHURG
STRATFORD
STRAUSS
STRAW
STRAWN
STREATUR
STRAOLE
STRONGHURST
STRONT (A
STROUPE
STHYKEH
STUKEL
STukY
STUMALE
STUMPP

sTUMP SPRINGS

STUTIGAPT
STUTZVILLE
SUBLETTC
SUDHURY
SUFFIELD
SUGARLIJAF
SUISUN
SuLa

SULLY
SULPHURA
SULTAN
SumMas
SUMULUM
SUMm A
SUMMERFIELY
SUMME RS
SUMMELRVILLF
SuMm T
SUMMITVILLE
SuUMTER

Sun
SUNAUKRST
SUNBURY”
SUNCUK
SUND
SUNCELL
SUNC(HLA}D
SUNDC RN
SUNFIELD
SUNNILAND
SUNNYHAY
SUNNYSTOL
SUNMYVALF
SUNRAY
SuNAEST
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SUNSET
SUNSHINE
SUNSWEET
SUPAN
SUPERIOR
SUPERSTITION
SUPERVISOR
SUPPLEE
SUR

SURGH
SURPRISE
SURRENCY
SURVYA
SUSLE CREEK
SUSTTNA
SUSQUENANNA
SUTHER
SUTHERL IMN
SUTPHEMN
SUTTLER
SUTTON
SVEA
SVERCRUP
svOLD
SWAGER
SWAKANE
SWAN
SWANBQY
SWANNER
SWAMSON
SHANTON
SHANTOWN
SWAPPS
SWARTSWCOO
SWARTZ
SWASEY
SWASTIKA
SWATARA
SHAUK
SHAMILLIA
SwEATMAN
SWEDE
SWEDEN
SWEEN
SWEENEY
SWEET
SWEETGRASS
SWEETWATER
SWENUNA
SwiFTON
SuimMs
SWINGLE
SwisSpos
Sw{TCHBACK
ShiTZERL AND
SHUPE
SWYGERT
SYCAPORE
SYCAN
SYLACAUGA
SYLVAN
SYMERTON
SYNAREP
SYRACUSE
SYRENE
SYRETTY

TABERNASH
TABIUNA
TABLE MCUNTAIN
TABLER
TABCR
TAC(MA
TACUCSH
TarT
TAGGERT
TAHOMA
TAHQUANENON
TAHQUATS
TAINTOR
TaJ
TAKEUCHI
TAKILMA
TAKGTNA
TALANTE
TALAPUS
TALRQTT
Tarcor
TALINHINA
TALKEETNA

TALLAC
YA ApSTS
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