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the U.S. Army Corps of Engineers, Los Angeles District Office.

Revisions include (i) an updated rational method, developed to better
estimate peak flow rates obtained from rainfall-runoff relationships, (ii)
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A.l.

A.2,

A.3.

SECTION A

INTRODUCTION

PURPOSE

This manual provides the computational techniques and criteria for the
estimation of runoff, discharges, and volumes for use in hydrology study

submittals to the County of San Bernardino (hereinafter "Agency").

HYDROLOGIC PROTECTION LEVELS

It is the goal of the Agency to provide 100-year return frequency flood
protection for all habitable structures and other non-floodproof structures.
Consequently, all drainage plans must demonstrate this 100-year flood

protection criteria.

Additionally, it is the design objective of the Agency to afford specific design
criteria for the more frequent flood events. That is, flood protection levels
for 10- and 25-year floods may be required for major street travelways, catch
basin sump design, and other conditions. The design criteria may be obtained

from the Agency.

PRESENTATION

Preciptation and loss information common to both the Rational Method
and the unit hydrograph procedure for developing flowrates is contained in
Sections B and C, respectively. Specific guidelines for application of the

Rational Method are contained in Section D. Section E contains the

" procedures for developing runoff hydrographs using the unit hydrograph

method and Sections F through I contain guidelines for application of various

flood routing methods. The development of runoff hydrographs for small
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areas is discussed in Section J and watershed modeling guidelines are
provided in Section K. The appendices provide additional discussion of

various hydrology topics.
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B.1.

B.2.

SECTION B

PRECIPITATION

CLASSIFICATION OF PRECIPITATION

In this manual, references are made to several types of storm
precipitation mechanisms which may occur in San Bernardino County
watersheds. The classification of storm precipitation is generally attributed
to the mechanism which elevates the moisture laden air mass to be
subsequently cooled. Frontal precipitation, for example, occurs when
moisture laden warm air is elevated (along a frontal surface) over a region of
cooler air. Likewise, nonfrontal precipitation implies that the storm
precipitation is not attributed to fronts. Convective precipitation is caused
by the upwards migration of warm air through dense cold air or, for example,
thunderstorms over the desert. Related rainfall intensities range from light
showers to catastrophic cloudbursts. Orographic precipitation describes the
process of moisture laden air being cooled due to the elevation of the air

mass over mountain barriers.

MECHANISMS FOR COOLING

Each of the above-discussed elevation mechanisms involves a cooling
process which is also associated with the resulting precipitation. Cyclonic
cooling, for example, is generally classified according to the association with

frontal and nonfrontal effects.

The nonfrontal grouping is associated with the convergence and resulting
elevation of air accompanied with a low pressure area. Nonfrontal cyclonic
precipitation of extratropical origin is associated with rainfall (or snows) of

moderate intensities and of long duration. This type of storm may last for a
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B.3

few days and deliver one to in excess of six inches of precipitation. In
contrast, nonfrontal cyclonic precipitation of tropical origin may result in

over double the rainfall in a period of half the duration.

Orographic cooling occurs when moisture laden air is elevated along a
mountain barrier, allowing the air to expand and cool at the upper elevation
lower pressure. Because of the mountain barrier, a "rain shadow" may occur
on the lee side of the barrier. Generally, the windward sides of mountain
barriers are more cloudy, have more precipitation and have smaller

temperature ranges than the leeward side.

When vertical instability of moisture laden air is produced by surface heating,
a convection current results. Convective precipitation is generally
associated with very short duration events of high intensity, and can result in

catastrophic flooding.

PRECIPITATION DEPTH-DURATION-FREQUENCY

Due to the apparent randomness of precipitation patterns and
intensities, a strictly deterministic analysis of precipitation quantities is not
possible and, consequently, a statistical evaluation is generally used. In the
statistical analysis, the following definitions of precipitation depth, duration,

and frequency are used:

Precipitation depth: the amount of precipitation occurring during a

specified duration of storm time. Precipitation depth is usually

expressed in units of inches.

Duration: the specified length of storm time under study. Duration
may be expressed in any time unit such as seconds, minutes, hours, days

or season.




Frequency: the frequency of occurrence of events with the specified
precipitation depth and duration. This is expressed in terms of either the

return period or exceedance probability, both of which are defined below.

Intensity-duration: dividing precipitation depth by duration, an average

intensity for a specified duration is obtained.

Critical duration: the critical duration of a design storm event for a

hydraulic structure is essentially the "time of concentration,” which is the
time for water deposited at the most remote part of a watershed to flow to

the structure, outlet or spillway.

In hydrologic analysis, the rainfall intensity is usually the most important
parameter. This value relates both precipitation volume to storm duration and also
relates storm runoff to storm precipitation with the intensity being an upper bound
to the watershed runoff rate. However, in order to provide a reasonable level of
flood protection, the statistical concept of return frequency is utilized which aids
in assigning a probabilistic meaning to a precipitation event. The following

definitions are used in this hydrology manual:

Exceedance (cumulative) probability: the probability that a precipitation

event of a specified depth and duration will be exceeded in one year.

Return period (recurrence interval): the long term average number of years

between occurences of an event of a given depth and duration, either equaled

or exceeded.
The exceedance probability (p) and return period (T) are related by
p=1Ll/T (B.1)
From the above definitions it can be argued that a 100-year precipitation event,

for example, will not necessarily occur once in every 100 years but actually has a

finite probability that it will occur in several consecutive years.
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B.4. MEASUREMENT AND SYNTHESIS OF PRECIPITATION DATA

Of interest for hydrologic studies are the maximum intensities of
precipitation possible throughout a watershed. Given a long history of such
maximum rainfall intensities for various durations of time, a reasonable
statistical interpretation can be made of the data to determine estimates of
maximum rainfall intensities or depths as a function of storm duration and of
return frequency. The County of San Bernardino maintains and operates both
automatic recording and standard (manual) rain gauges throughout the county
and summarizes the data in its annual Hydrologic Data Report. Other
sources of precipitation data include the U.S. Weather Bureau, U.S. Army
Corps of Engineers, U.S. Geological Survey, and other private and

governmental cooperative weather observers.

For each automatic recording rainfall gauge, the precipitation records are
analyzed to determine the annual maximum rainfall depth for several
durations of interest (e.g., 5-minutes, 10-minutes, 15-minutes, etc.). This
data can then be arranged in an increasing order of magnitude for each storm
duration for the history of the rain gauge, and plotted on normal probability
paper. From this accumulation of rainfall depth-duration data, various
statistical models can be applied to assign a return frequency (or period) to
the known data values and to estimate maximum rainfall depth-duration
values for typically unmeasured higher return frequencies (e.g., the 100-year
return frequency). The resulting data for each rain gauge is generally termed
"point precipitation" values to distinguish them from average values for large

areas.

Because storm events seldom locate their peak intensities over rain gauges,
and because the rain gauge network is widely distributed (allowing small
intense rainfall events to miss the gauge network), and because of mechanical
defects of the gauging devices and due to other unknown variables such as
wind effects, the rainfall data can generally be assumed to underestimate the

true maximum point rainfall intensities.
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B.5.

B.6.

POINT PRECIPITATION

The County has prepared isohyetal maps (Figures B-1 through B-12)
showing 2-year 6-and 24-hour, 10-year 1-hour, and 100-year 1-, 6-and 24-hour
point precipitation values. These maps are based on the "NOAA Atlas 2,
Precipitation-Frequency Atlas of the Western United States, Volume XI-
California" published by the National Weather Service in 1973. A correlation
to local rain gauge data and an interpretation of short duration precipitation
data was prepared by the County of San Bernardino. Figures B-1 through

B-12 can be found at the end of this section.

The isohyetal maps may be used to estimate the precipitation data needed to
prepare rational method (Section D) or unit hydrograph (Section E) hydrology
studies. However, the maps are to be considered only as an approximation of
point precipitation values and should be verified against all available rainfall
data sources, especially in the desert regions of the County. Any deviation in

the use of the provided rainfall data must be approved by the Agency.

Point precipitation values for other return frequencies can be estimated using
the diagram (NOAA Atlas 2) of Figure D-2.

RANDOM NATURE OF POINT-PRECIPITATION DATA

When rain gauge records are examined to identify relationships with
respect to time, an extremely wide range of variations are found. These
random variations are so great that they essentially obscure any long-term
pattern or periodicity which may exist. To utilize point precipitation data,
therefore, a combination of probabilistic and deterministic methods are
needed. The duration and magnitude of individual storm events is assumed
probabilistic, while the internal assemblage of the storm may be essentially
deterministic. Additionally, the origin of such storm events (e.g., convective,

orographic) adds to the difficulty of developing a comprehensive analysis.

B-5
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B.7. EVENT DEPTH-DURATION

B.8

For most hydrologic study purposes, the important relationship is that
of precipitation depth for any rainfall event of a given duration. As discussed
in the NOAA Atlas 2, this relationship will include total precipitation from
storms of the given duration, and will also include the depths from
independent continuous partial storm durations. This information can be
represented by event depth-duration curves which are constructed by ranking
in the order of decreasing rainfall depth all storm events of some common
duration from a subject rain gauge. From the position of a precipitation
depth, an estimate can be made of the number of years during which the

event (of a given duration) will be equaled or exceeded.

After constructing event depth-duration curves, a second set of precipitation
depth-duration {(or intensity-duration) curves can be developed which, for a
given return frequency, represent the maximum precipitation depth (or

intensity) which can occur from any storm as a function of duration.

INTENSITY-DURATION CURVES

Intensity-duration data is required for use with the rational method.
This data is usually presented in the form of curves of rainfall intensity in
inches per hour versus storm duration in minutes. Intensity-duration data for
durations under 3 hours tends to plot in a straight line on log-log paper, and

the curves for various return periods tend to run parallel to one another.

Intensity-duration curves can be developed for a watershed by estimating the
appropriate area-averaged one-hour point precipitation values from the
isohyetal maps. Intermediate return frequency point precipitation values can

be estimated from Figure D-2.

Using Figure D-3, the one-hour point precipitation value is plotted and a

straight line is drawn with the appropriate slope. Generally, a slope of 0.6
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B.9.

may be used for watersheds in the southwestern portions of the county and
0.7 is used in the desert and mountain areas. As with the point precipitation
data, rainfall records should be examined to determine an appropriate slope
of the intensity-duration plot. Since most rain gauge data interpretations are
based on stations with few years of record, extreme care is needed to
properly determine the intensity-duration curves. From Figure D-3, a

minimum duration of 5 minutes is used for rational method studies.

SYNTHETIC 24-HOUR CRITICAL STORM PATTERN

The United States Department of Agriculture Soil Conservation Service
(SCS) developed dimensionless critical storm patterns using the U.S. National
Weather Service's (NWS) rainfall frequency atlases (ref. 2). The rainfall
frequency data for areas less than 400 square miles, for durations to 24 hours,

and for frequencies from 1 to 100 years were used.

These critical storm patterns are based on the generalized precipitation
depth-duration-frequency relationships shown in technical publications of the
NWS, and precipitation depths for durations from 1 minute to 24 hours were
used to derive the storm patterns. Using increments of 30-minutes,
incremental precipitation depths were determined. For example, the 30-
minute depth was subtracted from the l1-hour depth and the l-hour depth was
subtracted from the 1.5-hour depth. The storm patterns were formed by
arranging the 30-minute incremental depths such that the maximum 30-
minute depth is contained within the maximum Il-hour depth, and the
maximum l-hour depth is contained within the maximum l.5-hour depth and
so forth. Because all of the critical precipitation depths are contained within
the storm pattern, the critical storm patterns may be assumed appropriate

for designs on both small and large watersheds (ref. 2).
The agency's design storm pattern is based upon a modification of the SCS

24-hour storm pattern. The design storm pattern provides a representation of

local precipitation depth-duration-frequency tendencies by constructing the
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several nested intervals to fit local recorded rainfall data. Additionally, the
SCS storm pattern is further modified to include the necessary adjustments
(reduction in shorter duration point precipitation values) due to watershed
area effects. The procedures used to construct the 24-hour storm pattern
and determine the associated rainfall depths adjusted for depth-area follow
the U.S. Army Corps of Engineers methods as published in the HEC Training
Document No. 15 (ref. 10). Details of the 24-hour storm pattern and the

necessary adjustments for depth-area effects are contained in Section E.

B.10. LONGER DURATION RAINFALL DATA

The Agency's design storm criteria extends to a multiday design storm
when needed to evaluate detention basin characteristics (sections F and G).
The following tabulation provides a ratio of daily rainfalls to the peak 24-
hour mass rainfall, and shall be used whenever rainfall data is inadequate to
provide the quantities directly. (Table B.l is an average relationship

developed from the Claremont Pomona College and Lytle Creek PH rain

gauges).
TABLE B.1. MULTIDAY RAINFALL MASS RATIOS
RAINFALL DURATION RATIO TO PEAK 24-HOURS
PEAK 24-HOURS |
(PEAK 48-HOURS)~(PEAK 24-HOURS) 0.36
(PEAK 72-HOURS)-(PEAK 48-HOURS) 0.19
(PEAK 96-HOURS)~(PEAK 72-HOURS) 0.15
(PEAK 120-HOURS)~(PEAK 96-HOURS) 0.10
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C.l.

C.2.

SECTION C
LOSSES
WATERSHED LOSSES

Watershed outflow is a function of precipitation, watershed losses, and
routing processes. Watershed routing processes are presented in Sections D
and E where the rational and unit hydrograph methods are presented in detail.
Precipitation estimation procedures and data are presented in Section B.

This section will present watershed loss computation methods and data.

Watershed losses are considered to be depression storage, vegetation inter-
ception and transpiration, minor amounts of evaporation, and infiltration.
Infiltration is the process of water entering the soil surface and percolating
downward into the soil where it is stored during a precipitation event.
Subsequently, the stored soil water may be consumptively used by vegetation,
percolate further downward to groundwater storage, or exit the soil surface
as seeps or springs. Seepage from stream bank storage is the primary source
of baseflow which is derived from prior precipitation events. For modeling
purposes, watershed losses are grouped into two components: namely, (i)
infiltration, and (ii) initial abstraction which includes all the losses except

infiltration.
HYDROLOGIC SOIL GROUPS

The major factor affecting loss rates is the nature of the soil itself.
The soil surface characteristics, its ability to transmit water to subsurface
layers, and total storage capacity, are all major factors in controlling the
infiltration rate and initial abstraction parameter values of a particular soil.

Soils are classified into four hydrologic soil groups as follows (refs. 2,3):

GROUP A: Low runoff potential. Soils having high infiltration rates
even when thoroughly wetted and consisting chiefly of deep,
well-drained sands or gravels. These soils have a high rate

of water transmission.

Cc-1




C.2.1.

Cl3.

GROUP B: Soils having moderate infiltration rates when thoroughly
wetted and consisting chiefly of moderately deep to deep,
moderately well to well drained sandy-loam soils with
moderately fine to moderately coarse textures. These soils

have a moderate rate of water transmission,

GROUP C: Soils having slow infiltration rates when thoroughly wetted
and consisting chiefly of silty-loam soils with a layer that
impedes downward movement of water, or soils with
moderately fine to fine texture. These soils have a slow

rate of water transmission.

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

transmission.

Soil Maps

Maps have been prepared which designate the locations of the various
soil groups within San Bernardino County (see Figure C-1 for index map) and
are contained at the back of this section (Figures C-9 through C-16). Section

C.8 contains details regarding soil map data and sources of information.
SOIL COVER AND HYDROLOGIC CONDITIONS

The type of vegetation or ground cover on a watershed, and the quality
or density of that cover, have a major impact on the infiltration capacity of a
given soil. Definitions of specific cover types are provided in Figure C-2.
Further refinement in the cover type descriptions is provided by the

definition of cover quality as follows:
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Residential Landscaping (Lawn, Shrubs, etc.) - The pervious portions of
commercial establishments, single and multiple family dwellings, trailer parks
and schools where the predominant land cover is lawn, shrubbery and trees.

Row Crops - Lettuce, tomatoes, beets, tulips or any field crop planted in rows
far enough apart that most of the soil surface is exposed to rainfall impact
throughout the growing season. At plowing, planting and harvest times it is
equivalent to fallow.

Small Grain - Wheat, oats, barley, flax, etc. planted in rows close enough that
the soil surface is not exposed except during planting and shortly thereafter.

Legumes - Alfalfa, sweetclover, timothy, etc. and combinations are either
planted in close rows or broadcast.

Fallow - Fallow land is land plowed but not yet seeded or tilled.

Woodland - grass - Areas with an open cover of broadleaf or coniferous trees
usually live oak and pines, with the intervening ground space occupied by annual
grasses or weeds. The trees may occur singly or in small clumps. Canopy
density, the amount of ground surface shaded at high noon, is from 20 to 50
percent.

Woodland - Areas on which coniferous or broadleaf trees predominate. The
canopy density is at least 50 percent. Open areas may have a cover of annual or
perennial grasses or of brush. Herbaceous plant cover under the trees is usually
sparse because of leaf or needle litter accumulation.

Chaparral - Land on which the principal vegetation consists of evergreen shrubs
with broad, hard, stiff leaves such as manzonita, ceanothus and scrub oak. The
brush cover is usually dense or moderately dense. Diffusely branched evergreen
shrubs with fine needle-like leaves, such as chamise and redchank, with dense
high growth are also included in this soil cover.

Annual _Grass - Land on which the principal vegetation consists of -annual
grasses and weeds such as annual bromes, wild barley, soft chess, ryegrass and
filaree.

Irrigated Pasture - Irrigated land planted to perennial grasses and legumes for
production of forage and which is cultivated only to establish or renew the stand
of plants. Dry land pasture is considered as annual grass.

Meadow - Land areas with seasonally high water table, locally called cienegas.
Principal vegetation consists of sod-forming grasses interspersed with other
plants.

Orchard (Deciduous) - Land planted to such deciduous trees as apples, apricots,
pears, walnuts, and almonds.

Orchard (Evergreen) - Land planted to evergreen trees which include citrus and
avocados and coniferous plantings.

Turf - Golf courses, parks and similar lands where the predominant cover is
irrigated mowed close-grown turf grass. Parks in which trees are dense may be
classified as woodland.

' SCS
SAN BERNARDINO COUNTY COVER TYPE
HYDROLOGY MANUAL DESCRIPTIONS

Figure C-2




C.4.

POOR: Heavily grazed or regularly burned areas. Less than 50
percent of the ground surface is protected by plant cover or

brush and tree canopy.

FAIR: Moderate cover with 50 percent to 75 percent of the ground

surface protected by vegetation.

GOOD: Heavy or dense cover with more than 75 percent of the

ground surface protected by vegetation.

In most cases, watershed existing conditions cover type and quality can be
readily determined by a field review of a watershed. In ultimate planned
open spaces, the soil cover condition shall be considered as "good." Figure
C-3 provides the CN values for various types and quality of ground cover.
Impervious areas shall be assigned a CN of 98. It is noted that for ultimately
developed conditions, the CN for urban landscaping (turf) is provided in

Figure C-3.

WATERSHED DEVELOPMENT CONDITIONS

Ultimate development of the watershed should normally be assumed
since watershed urbanization is reasonably likely within the expected life of
most hydraulic facilities. Long range master plans for the County and
incorporated cities should be reviewed to insure that reasonable land use
assumptions are made for the ultimate development of the watershed. A
field review shall also be made to confirm existing use and drainage patterns.
Particular attention shall be paid to existing and proposed landscape
practices, as it is common in some areas to use ornamental gravels underlain
by impervious plastic materials in place of lawns and shrubs. Appropriate
actual impervious percentages can then be selected from Figure C-4. It
should be noted that the recommended values from these figures are for
average conditions and, therefore, some adjustment for particular appli-

cations may be required.




Curve (1) Numbers of Hydrologic Soil-Cover Complexes For Pervious Areas-AMC II

Quality of Soil Grou
Cover Type (3) Cover(2) [AJTBJCID
NATURAL COVERS -
Barren 78 | 8 | 91 | 93
(Rockland, eroded and graded land)
Chaparral, Broadleaf Poor 53 170 | 80 | &5
(Manzonita, ceanothus and scrub oak) Fair 40 | 63 | 75 | 81
Good 31 |57 {71 |78
Chaparral, Narrowleaf Poor 71 82 88 | 91
(Chamise and redshank) Fair 55 |72 | 81 | 86
Grass, Annual or Perennial Poor 67 |78 | 86 | 89
Fair 50 |69 |79 | &
Good 38 |61 |74 | 80
Meadows or Cienegas Poor 63 |77 | 85 | 88
(Areas with seasonally high water table, Fair 51 |70 | 80 | 8¢
principal vegetation is sod forming grass) Good 30 |58 |71 |78
Open Brush Poor 62 |76 | 8 | 838
(Soft wood shrubs - buckwheat, sage, etc.) Fair 46 | 66 | 77 | 83
Good 41 163 |75 |81
" Woodland Poor - 45 | 66 | 77 | 83
(Coniferous or broadleaf trees predominate. Fair 36 |60 |73 |79
Canopy density is at least 50 percent.) Good 25 | 55 |70 |77
Woodland, Grass Poor 57 |73 | 82 | 86
(Coniferous or broadleaf trees with canopy Fair 4y 1 65 | 77 | 82
density from 20 to 50 percent) Good 33 |58 |72 |79
URBAN COVERS -
Residential or Commercial Landscaping Good 32 |56 |69 |75
(Lawn, shrubs, etc.)
Turt Poor 58 | 74 | 83 |87
(Irrigated and mowed grass) Fair by | 65 |77 |82
Good 33 |58 |72 |79
AGRICULTURAL COVERS -
Fallow 77 | 8 |91 |94
(Land plowed but not tilled or seeded)

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

CURVE NUMBERS
FOR
PERVIOUS AREAS

Figure C-3 (lof2)
;J\\b



Curve (1) Numbers of Hydrologlc Soil-Cover Complexes For Pervious Areas-AMC Il

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

3.  See Figure C-2 for definition of cover types.

50 percent of the ground surface is protected by plant cover or brush and tree canopy.
Fair-Moderate cover with 30 percent to 75 percent of the ground surface protected.

Good-Heavy or dense cover with more than 75 percent of the ground surface protected.

Quality of Soil Gro
Cover Type (3) Cover(2) [A [ B |
AGRICULTURAL COVERS (Continued)
Legumes, Close Seeded Poor 66 | 77 | 85 | 89
(Alfalfa, sweetclover, timothy, etc.) Good 58 | 72| 81 | 85
Orchards, Evergreen Poor 37 |73 | 82 | 8
(Citrus, avocados, etc.) Fair % | 65 | 77 | 82
Good -33 | 58|72 |79
Pasture, Dryland Poor 68 | 79 | 8 | 89
(Annual grasses) Fair 49 | 69 | 79 | 84
Good 39 |61 | 74 | 80
* Pasture, Irrigated Poor 58 | 76 | 83 | 87
(Legumes and perennial grass) Fair % | 65| 77 | 82
Good 33| 58|72 |7
Row Crops Poor 72 | 81 | 88 | 91
(Field crops - tomatoes, sugar beets, etc.) Good 67 | 78| 85 | 89
Small grain Poor 65 | 76 | 84 | 88
(Wheat, oats, barley, etc.) Good 63 | 75| 83 | 87
Notes:
A i. All curve numbers are for Antecedent Moisture Condition (AMC) II.
2.  Quality of cover definitions:
Poor-Heavily grazed, regularly burned areas, or areas of high burn potential. Less than

CURVE NUMBERS

FOR

PERVIOUS AREAS

Figure C-3 20f2)

e

oy



ACTUAL IMPERVIOUS COVER

Recommended Value
For Average
Land Use (1) Range-Percent Conditions-Percent (2)

Natural or Agriculture 0 - 0 0
Public Park 10 - 25 15
School 30 - 50 40
Single Family Residential: (3)

2.5 acre lots 5 - 15 10

1 acre lots 10 - 25 20

2 dwellings/acre 20 - 40 30

3-4 dwellings/acre 30 - 50 40

5-7 dwellings/acre 35 - 55 50

8-10 dwellings/acre 50 - 70 60

More than 10 dwellings/acre 65 - 90 &0
Multiple Family Residential:

Condominiums 45 - 70 65

Apartments 65 - 90 80
Mobile Home Park 60 - 85 75
Commercial, Downtown Business

or Industrial &8 - 100 90
Notes:

I. Land use should be based on ultimate development of the watershed. Long
range master plans for the County and incorporated cities should be reviewed

to insure reasonable land use assumptions.

2. Recommended values are based on average conditions which may not apply to

a particular study area. The percentage impervious may vary greatly even on
comparable sized lots due to differences in dwelling size, improvements, etc.
Landscape practices should also be considered as it is common in some areas
to use ornamental gravels underlain by impervious plastic materials in place of
lawns and shrubs. A field investigation of a study area shall always be made,
and a review of aerial photos, where available, may assist in estimating the
percentage of impervious cover in developed areas.

For typical equestrian subdivisions increase impervious area 5 percent over the
values recommended in the table above.

SAN BERNARDINO COUNTY -ACTUAL IMPERVIOUS COVER

FOR

HYDROLOGY MANUAL DEVELOPED AREAS

Figure C-4
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C.5. ANTECEDENT MOISTURE CONDITION (AMC)

The definitions for the AMC classifications are:

AMC I: Lowest runoff potential. The watershed soils are dry enough

to allow satisfactory grading or cultivation to take place.

AMC II: Moderate runoff potential; an average study condition.

AMC 1lI:  Highest runoff potential. The watershed is practically
saturated from antecedent rains. Heavy rainfall or light
rainfall and low temperatures have occurred within the last

five days.

For runoff hydrograph studies based on this manual it is assumed that a low
AMC index (high loss rates) will be used in developing short return period
storms, and a moderate to high AMC index (low loss rates) will be used in
developing longer return period storms (e.g., 100 year). For the purposes of
design hydrology, AMC 1 will be used for the 2- and 5-year return frequency
storms. For the case of 10-, 25-, 50-year return frequency design storms,
AMC 1I will be used. For 100-year storm analysis, AMC III shall be used. In
detention basin design studies, AMC III conditions shall be considered in order

to identify any downstream flooding potential.

C.5.1. Adjustment of Curve Numbers (CN) for AMC

The CN values selected for a particular soil cover type and quality also
depend upon the AMC condition assumed. The CN values listed in Figure C-3
correspond to AMC II and require adjustment in order to represent either
AMC I or AMC III. Table C.1 provides the necessary CN adjustments to

account for AMC changes for hydrologic studies in San Bernardino County.




TABLE C.1. CURVE NUMBER RELATIONSHIPS

CN for Corresponding CN for AMC Condition

AMC

Condition Il 1 111
100 100 100
95 87 99
90 78 98
85 70 97
80 63 94
75 57 91
70 51 87
65 45 &3
60 40 79
55 35 75
50 31 70
45 27 65
40 23 60
35 19 55
30 15 50
25 12 45
20 9 39
15 7 33
10 4 26
5 2 17

0 0 0

C.6. ESTIMATION OF LOSS RATES

In estimating loss rates for design hydrology, a watershed curve number
(CN) is determined for each soil-cover complex within the watershed using
Figure C-3. The working range of CN values is between 0 and 98, where a
low CN indicates low runoff potential (high infiltration), and a high CN
indicates high runoff potential (low infiltration). Selection of a CN takes into
account the major factors affecting loss rates on pervious surfaces including
the hydrologic soil group, cover type and quality, and antecedent moisture
condition (AMC).

Also included in the CN selection are the effects of "initial abstraction" (Ia)
which represents the combined effects of other effective rainfall losses
including depression storage, vegetation interception, evaporation, and trans-

piration, among other factors.
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C.6.1. Estimation of Initial Abstraction (la)

The initial abstraction (la) for an area is a function of land use,
treatment, and condition; interception; infiltration; depression storage; and
antecedent soil moisture. An estimate for la is given by the SCS as

Ia = 0.2S (C.1)

where S is an estimate of total soil capacity given by

51000 4 (C.2)
CN

where CN is the area curve number.

C.6.2. Estimation of Storm Runoff Yield

Given the CN for a subarea Aj, the corresponding 24-hour storm runoff

yield fraction, Yj, is estimated by

(qu - la)2
Yj ) (Poy -1a + S)Pyy (.3)
where
Yj =  24-hour storm runoff yield fraction for
subarea Aj
P2y = 24-hour storm rainfall
Ia = initial abstraction from (C.1)
S = see (C.2)

It is noted that should la be greater than Py in (C.3), then Y;j is defined to be
zero. In this manual, the notation Y and Y;j will represent the runoff yield

fraction, rather than the volume of runoff.

If the area under study contains several (say m) CN designations, then the

yield, Y, for the total area must represent the net effect of the several curve

Cc-11



numbers. By weighting each of the subarea yield values according to the

respective areas,
Y = (Y[A] + o+ YA /(A + Ag +e4Ap) (C.4)

where each Yj follows from (C.3).

C.6.3. Low Loss Rate, F*

In design storm runoff hydrograph studies, the following formula is used

to estimate that portion of rainfall to be attributed to watershed losses:

Y=1-Y (C.5)
where
Y = catchment low loss fraction
Y = catchment 24-hour storm runoff yield

fraction computed from (C.4)

Using the low loss fraction, Y, the corresponding low loss rate, F¥, is given
by
F* = ?’I (C.G)

where 1 is the rainfall intensity and F* has units of inches/hour. Use of F*
enables the design storm 2&4-~hour storm runoff yield to approximate the yield

values obtained from the CN approach (see Figure C-5).

Infiltration Rates

Soil infiltration rates have been estimated for each of the soil groups by
laboratory studies and measurements. These measurements show that an
initially dry soil will have an associated infiltration rate which essentially
decreases with time as the soil becomes wetted. As the soil is subjected to
continual heavy rainfall, this infiltration rate approaches a minimum (usually
within about 30 minutes) which represents the infiltration capacity of the

soil.
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When sufficient stream gauge information is available, infiltration rates for
unit hydrograph hydrology can be estimated from a study of rainfall-runoff
relationships of major storms. Where such data is not available, infiltration
rates for pervious areas as a function of CN can be estimated using Figures
C-3 and C-6. Loss rates for pervious areas estimated from the Figure C-6
curves are generally consistent with values developed from rainfall-runoff

reconstitution studies in San Bernardino County watersheds.

C.6.5. Estimation of Catchment Maximum Loss Rates, F

The infiltration rate selected from Figure C-6 applies to the pervious
area fraction of the watershed. The infiltration rate assumed for an
impervious surface is 0.0 inch/hour. The maximum loss rate, F,, for a

catchment is therefore given by
Frm = apF (C.7)
m==p°p

where ap is the pervious area fraction, and Fp is the infiltration rate for the

pervious area.
Should a catchment contain several Fj values, the composite Fp, value is
determined as a simple area average of the several F,, values. Table C.2

provides Fm values for a wide range of cover types and soil groups.

C.6.6. Design Storm Loss Rates

In design storm runoff hydrograph studies, a 24-hour duration storm
pattern is used to develop the time distribution of effective rainfall over the
watershed, The effective rainfall quantities are determined by subtracting

the watershed losses from the design storm rainfall.

The loss rate used for a particular catchment is a combination of the
maximum loss rate F, and the low loss rate F*. F* is used as the loss rate
unless F* exceeds F,, in which case F, is used as the loss rate. Thatis, F
serves as the maximum loss rate. Typically in 100-year storm studies, F*

serves as the loss rate for the entire storm pattern except for the most
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TABLE C.2. Fm (in/hr) VALUES
FOR TYPICAL COVER TYPES

SOIL GROUP
COVER TYPE Apll) A B C D
NATURAL:
Barren 1.0 0.41 0.27 0.18 0.14
Row Crops (good) 1.0 0.59 0.41 0.29 0.22
Grass (fair) 1.0 0.32 0.56 0.40 0.31
Orchards (fair) 1.0 0.88 0.62 0.43 0.34
Woodland (fair) 1.0 0.95 0.69 0.50 0.40
URBAN:
Residential (1 DU/AC) 0.80 0.78 0.60 0.45 0.37
Residential (2 DU/AC) 0.70 0.68 0.53 0.39 0.32
Residential (4 DU/AC) 0.60 0.58 0.45 0.34 0.28
Residential (10 DU/AC) 0.40 0.39 0.30 0.22 0.18
Condominium 0.35 0.34 0.26 0.20 0.16
Mobile Home Park 0.25 0.24 0.19 0.14 0.12
Apartments 0.20 0.19 0.15 0.11 0.09
Commercial/Industrial 0.10 0.10 0.08 0.06 0.05
NOTES:

(1) Recommended aj, values from Figure C-4
(2) AMC Il assumed for all Fm values

(3) CN values obtained from Figure C-3

(#) DU/AC=dwelling unit per acre



C.7.

C.7.1.

intense rainfalls where F, would apply. However for lower frequency storm
studies such as the 5-year return event, F* often applies for the entire
24-hour storm pattern. The example problem of section E provides an
illustration in the use of F* and F, values. Figure C-7 illustrates the loss

rate function used with the design storm.

DESERT HYDROLOGY LOSS RATES

For desert catchments, a field investigation will be required for most
hydrologic studies to determine the pertinent drainage area characteristics.
The extent of the required field study will depend on the size of the drainage
area and the complexity of the drainage problem. Many features such as
channel-flow pattern, flow distribution, channel diversions, and type and
density of the vegetative cover may not be apparent from contour maps or
air photos. The field study may also indicate the need for low level air

photos to solve complex drainage problems.

Hydrologic Soil-Cover Complex

A determination of vegetative cover types, hydrologic condition of
cover types, and hydrologic soil group must be made for the drainage area.
Ordinarily only broad categories of soils and cover types are delineated.
Hydrologic soil cover complexes most commonly encounted in desert areas
are given in Figure C-8 together with the associated curve numbers (CN).
Curve numbers and, consequently, direct runoff varies with vegetation type,

vegetative cover density, and hydrologic soil group.

C.7.2. Hydrologic Cover Types

Vegetative types are divided into the following groups:

Desert Brush: Includes such plants as mesquite, creosote bush, black
bush, catclaw, cactus, etc. - desert brush is typical of lower elevations

and low annual rainfall.
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C.7.3.

C.8.

Herbaceous: includes short desert grasses with some brush - herba-
ceous is typical of intermediate elevations and higher annual rainfall

than desert areas.

Mountain Brush: mountain brush mixtures of oak, aspen, mountain

mahogany, manzanita, bitter brush, maple, etc. - mountain brush is
typical of intermediate elevations and generally higher annual rainfall

than herbaceous areas.

Juniper-Grass: juniper areas mixed with varying grass cover that is

generally heavier than desert grasses due to higher annual precipitation

-typical of higher elevations.

Ponderosa Pine: ponderosa pine forests typical of high elevations and

high annual precipitation.

Hydrologic Cover Density

Hydrologic cover density is defined as the percent of the ground surface

covered by the crown canopy of live plants and litter.

Three broad ranges of vegetative cover density have been established.

Poor: 0 - 20% Vegetative cover
Fair: 20% - 40% Vegetative cover

Good: Over 40% Vegetative cover

HYDROLOGIC SOIL GROUP MAPS

Hydrologic soil groups are determined from Figures C-9 through C-lé.

The figures are reduced from base plates prepared at two different scales:
1:250,000 for the northwestern, northeastern, southeastern, and southwestern
portion of the County and 1:48,000 for the southern valley portion of the
County. Copies of the base plates may be purchased from the San Bernardino
County Surveyor's Office or the San Bernardino County Flood Control

District, Water Resources Division.

C-20




Soil groups are delineated for County areas on each of the figures. Only the
southwestern portion of the county, south of the San Gabriel and San
Bernardino Mountains have been recently surveyed by the SCS (Soil Survey of
San Bernardino County, Southwestern Part, California, USDA, Soil
Conservation Service, 1979). The survey that this report is based on was
completed in 1971. An older survey is available for the southwestern desert
area covering the Barstow, Victorville, Twenty-nine Palms areas
(Southwestern Desert Area report and General Soil Map, USDA, Soil
Conservation Service, 1970). The remaining areas of the County in the
northern and western desert areas have not been surveyed. Hydrologic soil
groups in this area were inferred from 1:250,000 scale geologic maps of
California which are published by the State of California, Department of
Natural Resources, Division of Mines. The various sources of information are
delineated on the plates.” Where geologic maps are used to infer hydrologic

soil groups, additional surveys may be required.

As an additional aid in determining the hydrologic soil group, the SCS
national soil group key has been reproduced and is included at the end of this
Section as Table C.3. The source of this table is the National Engineering
Handbook, Section 4, 1972.

As new soil data becomes available, the hydrologic soil group plates will be
updated. Consequently, the County should be occasionally contacted to

confirm whether updates to the soil map data have been prepared.
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TABLE G.I

AABERG [4 AHL [4 ALMY 8 ANLAUF 4 ARGOSTOOK
AASTAD B AHLSTROM [ ALOHA 4 ANNABELLA B ARDSA C
ABAC o] AHMEEK ] ALONSO B ANNANDALE [4 ARP C
ABAJO C AHDLT 0 ALOVAR [ ANNISTON B ARRINGTON ]
ABBOTT 0 AHTANUM C ALPENA 8 ANOKA A ARRITILA ]
ABBUTTSTUWN C AHAAHNEE 4 ALPHA C ANONES c ARROLIME C
ABCAL D AIBUNITO C ALPON ] ANSAR ] *] ARRON 0
ABEGG 8 AIKEN B/C  ALPUWA ] ANSEL B ARROW B
ABELA 8 AIKMAN 3} ALPS C ANSEL MD A ARROWSMITH ]
ABELL -] AILEY B ALSEA 8 ANSON 8 ARROY2 SECO B
ABERDEEN 0 AINAKEA 8 ALSPAUGH C ANTELOPE SPRINGS C ARTA [+
ABES 0 ATRMONT C ALSTAD B ANTERO < ARTOIS [+
ABILENE < AIROTSA 8 ALSTOWN B ANT FLAT c ARVADA 0
ABINGTON 8 AIRPORT 0 ALTAMONT 0 ANTHO 8 ARVANA [+
ABIQuA c AlITS -] ALTAVISTA [+ ANTHONY ] ARVE SON 0
ABC B/C  AJD 4 ALTDORF D ANT1GO 8 ARVILLA B
ABOR [} AKAKA A ALTMAR 8 ANTILON -] ARZELL C
ABRA C AKASKA 8 ALTC C . ANTIOCH D ASA B
ABRAHAM -] AKELA C ALTOGA [ ANTLER [4 ASBURY -]
ABSAROKEE C ALADDIN B ALTON B ANTOINE c ASCALDN B
ABSCOTA 8 ALAE A ALTUS -] ANTRO BUS 8 ASTHOFF ]
ABSHER 0 ALAELOA 8 ALTVAN ) ANTY 8 ASHBY 4
ABSTED v ALAGA A ALUM & ANV IK -] ASHCRIFT B
ACACIO c ALAKAI 0 ALUSA 0 ANMAY B ASHDALE ]
ACADEMY < ALAMA B ALVIN B ANZA B ASHE ]
ACADIA 0 ALAMANCE 8 ALVIRA C ANLZIAND c ASHKUN [+
ACANA ] ALAMO [+] ALVISO o] APACHE ] ASHLAR ]
ACASCO 0 ALAMOSA C ALVOR C APAKUIE A ASHLEY A
AcclTUNAS B ALAPAHA "] AMADOR 0 AP ISHAPA c ASH SPRINGS C
ACEL 0 ALAPA] A AMAGON [+] AP]SON 8 ‘ASHTON ]
ACKER 8 ALBAN B 4MALU 0 APOPKA A ASHUE 8
ACKMEN -] ALBANG 0 AMANA B APPIAN [ ASHUELOT [4
ACME C ALBANY [4 AMARGDSA 0 APPLEGATE c ASHWOJD C
ACO -] ALBATON 0 AMARILLO B APPLETON C ASKEW [+
ACOLITA ] ALBEE C AMASA B APPLING 8 ASD C
ACOMA C ALBEMARLE 8 AMBERSON APRON ] ASJTIN C
ALDVE c ALBERTVILLE [+ AMBOY [+ APT < ASPEN 8
ACREE [4 ALBIA C AMBR AN [+ APTAKISIC -] ASPERMONT B
ACRELANE C ALBION 8 AMEDEE A ARABY ASSINNIBOINE -]
ACTON -] ALBRIGHTS [ 4 AMELIA B ARADA c ASSUMPTION B
ACUFF 8 ALCALDE C AMENIA -] ARANSAS 2 ASTATULA A
ACHORTH B ALCESTER 8 AMERICUS A ARAP 1 EN [ ASTOR A/D
ACY C ALCGA b AMES C ARAVE D ASTORIA B
ADA 8 ALLONA ] AMESHA 8 ARAVETON -] ATASCADERO C
ADATR [+] ALCOvaA B AMHERST [+ ARBELA c ATASCISA 0
ADAMS A ALDA C AMITY [+ ARBONE B ATCD ]
ADAMSON & ALDAX s} AMMON B ARBOR B ATENCID ]
ADAMSTONWN ALDEN 0 AMOLE [ ARBUCKL € -] ATEPIC ]
ADAMSVILLE C ALDER B AMOR -] ARCATA B ATHELWOLD ]
AGATUN o] ALDERDALE c AMOS C ARCH B ATHENA L]
ADAVEN o] ALDERwDOD C AMSDEN B ARCHABAL B ATHENS ]
ADDIELOV [ 4 ALDIND C AMSTERDAM B ARCHER C ATHERLY 8
ADDISUN 0 ALDWELL C AMTOFT 0 ARCHIN c ATHERTON 8/0
ADDY [+ ALEKNAGIK B ARY D ARCD -] ATHMAR [+
AVE A ALEMEDA [ ANACAPA -] ARCOLA C ATMDL 8
ADeL A ALEX 6 ANAHUAC D ARD c ATKINSON 8
ADELAIDE D ALE XANDRIA C ANAMITE D ARDEN B ATLAS ]
ADELANTUY 8 ALEXIS B ANAPRA ] ARDENVD IR B ATLEE [4
ADEL INO B ALFORD B ANASALZ] [} ARDILLA [ ATHIRE 8/0
ADELPHIA c ALGANSEE & ANATONE [+] AREDALE -] ATIOKA [4
ADENA c ALGER]ITA B ANAVERDE B ARENA c ATON 8
ADGER o ALGIERS C/0  ANAWALT o ARENALES A ATRYPA [4
ADILIS A ALGUMA 8/0 ANCHO ) ARENDTSVILLE B ATSIDN [4
ADIRJUNDALK ALHAMBRA B ANCHORAGE A AREND SA A ATTERBERRY ]
AD1V -] ALICE A ANCHOR BAY [¢] ARENZIVILLE ] ATTEWAN A
ADJUNTAS [ ALICEL -] ANCHOR POINT 2} ARGONAUT *] ATTICA )
ADKINS B ALICIA B ANRCLOTE D ARGUELLD B ATTLEBDRD
ADLER c ALIDA ] ANCO [ ARGYLE B ATWATER 8
ADDLPH ¥ ALIKCH] 8 ANDEARLY C ARIEL < ATHELL c/0
ADR IAN A/D ALINE A ANDERS C ARIZO A ATw00D 8
AENEAS B ALKO [} ANDERSON B ARKABUTLA [ 4 AUBBEENAUBBEE 8
AETNA 8 ALLAGASH B ANDES [+ ARKPORT B AUBERRY 3
AFTON C ALLARD B ANDORINIA C ARLAND B AUBURN c/0
AGAR B ALLEGHENY ] ANDOVER ] ARLE B AUBURNDALE 0
AGASSI2 0 ALLEMAND S 0 ANDREEN 8 ARLING *] AUDI AN ]
AGATE 4] ALLEN B ANDREESON [ 4 ARLINGTON C AU GRES C
AGANAM B ALLENUALE c ANDRES B ARLOVAL c AUGSBURG b
AGENLY c ALLENS PARK B ANDREWS C ARMAGH *] AUGUSTA [4
Aotk v ALLENSVILLE [+ ANED 0 ARMIJO b} AULD 0
AGNgR b ALLENTINE [} ANETH A ARMINGTON 0 AURA B
AGNEN 8/C ALLENwWDOD B ANGELICA ¢] ARMO B AURDRA 4
AGNGS 8 ALLESSIO B ANGELINA 87D ARMOUR ] AUSTIN [+
AGUA -] ALLEY [ ANGELOD C ARMST ER c AUSTHELL ]
AGUADILLA A ALLIANCE 8 ANGIE C ARMSTRONG 0 AUXVAS SE ]
AGUA DuLCE [ ALLIGATOR 0 ANGLE A ARMUCHEE ] AUZQuUl 8
AGUA FRIA ) ALLLS ] ANGLEN [} ARNEGARD ] AVA [
AGUALT B ALLJSON c ANGOLA C ARNHART [+ AVALANCHE ]
AGUEDLA b ALLOUVEZ [+ ANGOSTURA ] ARNHE 1M c AVALON ]
AGUILITA -] ALLOWAY ANHALT 0 ARNO b} AVERY B
AGUIRRE v ALMAC -] AN AK ] ARNOL D B AVON [
AGUSTIN B ALMENA c ANITA b} ARNOT C/0 AVONBURG 0
AMATONE 0 ALMONT b} ANKENY A ARNY A AVONDALE €

NJITES A BLANK HYDROLOGIC SOIL GROUP INDILATES THE SOIL GROUP HAS NOT BEEN DETERMINED

TWO SDIL GROUPS SUCH A5 B/C INDICATES THE DRAINED/UNDRAINED SITUATION
SAN BERNARDINO COUNTY 5.5 SOIL. NAMES
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AWBREY
AXTELL
AYAR
AYCOCK
AYON

AYR
AYRES
AYRSHIRE
AYSEES
AZAAR
AZARMAN
ALELTINg
ALFLELD
AZTALAN
AlTEC
AZULE
AlWELL

8438

BABB INGTON
4A8C0CK
BABYLON
BACA

BACH
BACHUS
BACKBUNE
8ACULAN
BADENAUGH
BAUGER
BADGERTON
8A00
BADUS
BAGARD
BAGDAD
BAGGUTT
B3AGLEY
BAHEM
BAILE
BAINVILLE
SAIRD HOLLIW
BAJURA
SAKEOQVEN
BAKER
BAKER PASS
SALAAM
BallH
3aLCuM
BALD
BALJER
SALOUCK
8ALUwIN
BalkOY
BALE
BALLARD
BALLER
SALL INGER
cALM
DALMAN
JALIN
salTIC
3aLTINORE
3aLTu
BAMBER
3aMFORTH
SANLAS
BANCROFT
BANUERA
BANGJ
BANGUR
BANGSTUN
BANKARD
BANKS
BANNCR
BANNERVILLE
BANNOCK
BANUUETE
bARABOU
BARAGA
BARBARY
BARBUUR
SARBUURVILLE
BARLLAY
bARCD
dARCUS
BARD
BARUEN
3AADLEY
3ARELA
BARFIELY
vadFUSS
BARGE
SARISHMAN

NJTES
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BARKER
BARKERVILLE
BARKLEY
BARLANE

‘BARL ING

BARLOW
BARNARD
BARNES
BARNE STON
BARNEY
BARNHARDT
BARNSTEAD
BARNUM
BARRADA
BARRETT
BARRINGTON
BARRON
BARRONETT
BARROWS
BARRY
BARSTOwW
BARTH
BARTINE
8ARTLE
BARTLEY
BARTON
BARTONFLAT
BARVYGN
BASCCM
BASEHOR
BASHAW
BASHER
BASILE
BASIN
BASINGER
BASKET
BASS
BASSEL
BASSETT
3ASSFIELD
dASSLER
BASTIAN
BASTROP
BATA
BATAVIA
BATES
BATH
BATTERSON
BATTLE CREEX
BATZA
BAUDETTE
SAUER
BAUGH
BAXTER
SAXTERVILLE
SAYANMON
BAYARD
BAYBORO
SAYERTON
BAYLOR

EAY SHORE
BAYSIDE
Bavycos
BAYWGOD
BALETTE
BAZILE
wEAD
BEACLE
BEALES
BEAR BASIN
8zAR CREEK
BEARUALL
BEARDEN
S8EARUSTOWN
BEAR LAKE
bEARMGUTH
BEARPAN
BEAR PRAIRIE
BcARSKIN
BEASLEY
3cA LN
BEATON
BEATTY
3eayCCur
8EAUFCRD
SEAUMONT
8EAUKEGARD
BEAUSITE
BEAUYALS
BEAVERTON
BECK
BECKER
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BECKET
BECKLEY
BECKTON
BECKWITH
BECKWOURTH
BECREEK
BEDFORD
BED INGTON
BEDNER
BEEBE
BEECHER
BEECHY
BEEHIVE
BEEX
BEENOM
BEEZAR
BEGAY
BEGQOSHIAN
BEHANIN
BEHEMOT OSH
BEHRING
BEIRMAN
BEJUCOS
BELCHER
8ELDEN
BELDING
BELEN
BELFAST
BELFIELD
BELFORE
BELGRADE
BEL INDA
BELKNAP
BELLAMY
BELLAVLISTA
BELLE
BELLEFONTAINE
BELLICUM
BELLINGHAM
BELLPINE
BELMONT
BELMQRE
BELT
BELTED
BELTUN
BELTRAM]
BELTSVILLE
BELUGA
BELVOIR
BENCLARE
B8ENEVUOLA
BENEWAH
BENFIRLD
BENGE

8EN HUR
BENIN
BENITO
BENJAMIN
B8EN LUM3OND
BENMAN
BENNUALE
BENNETT
BENNINGTON
BENOIT
BENSUN
BENTEEN
BENTONYILLE
3ENZ
BEOTIA
8EOWANE
B8ERCALL
BERDA
BEREA
BERENICETON
BERENT
BERGLAND
BERGSTROM
BERIND
BERKELEY
BERKS
BERKSHIRE
8ERLIN
BERMESA
BERMUD [AN
BERANAL
BERNALDU
BERNARD
SERNARD INO
BERNARDST ON
BERNRILL
BERNICE
BEANING

[~ BERRENDOS D BLAZKRGOCK 8
8 BERRYLAND 0 BLACXSTON 8
0 BERTELSGON 8 BLACTKTALL 3
c BERTHOUD 8 BLACKWATER ]
8 BERTIE c BLACZKWELL 8/0
B BERTOLOTT] 8 BLADEN o}
[+ BERTR aND -] 3LAGD D
8 BERVILLE D BLAINE 8
[ BERYL 8 BLAGR C
A BESS EMER 3 BLAIRTON C
[ BETHANY [ BLAKE C
BETHEL Pl BLAKELAND A
8 BETTERAVIA c BLAKENEY [
< BETTS 3 BLAKEPORT B
") BEULAH 8 BLALOCK D
8 8EVENT a8 BLAMER C
8 BEVERLY 8 BLANCA 8
[ BEW ] BLANCHARD A
8 BEWLEYVILLE 8 BLANCHESTER 8/0
8 BEWL IN o] 8LAND [~
0 BEXAR c BLANDFORD [
D BEZZANT E] BLANDING 8
8 8188 87D BLANEY 3
D 8 IBON A BLANKET [
[} SICKELTON 8 BLANTIN A
8 BICKLETON [+ BLANYON [
[ 8ICKMORE [+ BLASCELL A
8 B1CONOCA < BLASINGAME 4
8 BICDEFORD J BLAZIN 0
-] BILOL EMAN [ BLENCIE 4
-] 81DMAN 4 BLEND [+]
") BID®ELL 8 BLENDGN 8
4 BIEBER ] BLETHEN 8
4 BIENVILLE A BLEVINS 8
o 81G BLUE o} BLIVINTCN 840
8 BIGEL A BLICHTON 0
BIGELOw < aLIss ")
B BIGETTY 4 BLOCKTON 4
[ BIGGS A SLI2GETT A
[+ BIGGSVILLE 8 8LOMFGRD 8
] B8IG HCRN c BLIJM 4
8 BIGNELL 8 ALIOMFLELD A
") BIG TIMBER 0 8LIOMING 8
0 8IGwIN 2 8LJOR 0
[ BlJOU A 3LJISSaM 4
B BILLETT A BLIUNT c
C BILLINGS 4 BLIUNTYILLE [
") BINDLE 8 BLUCHER 4
4 BINFGRO 8 BLUEIELL c
C BINGHAM 8 BLUE EARTH b
4 BINNSVILLE Pl BLUEJQINT -]
4 BINS 8 BLUE LAKE A
4 BINTON [+ BLUEPJINT 8
8 8IPPUS a BLUE STAR 8
8 BIRCH A BLUEWING 8
0 BIRCHWOUO c BLUFFDALE c
[} BIROOW 9 BLUFETON D
Q BIRCS c BLUFIRD o}
8 BIRDSALL D BLY 8
A BIRDS 0RO -] BLYTHE 4]
8 BIRCSLEY s} BIARDTREE [+
[+ BIRKBECK 8 BJ83 0
0 3I1SBEE A BIBTAIL 8
0 alscay [+ 333K 8
C/G  dISHOP B/C  BIJELL 2
8 BISP ING 8 BJ3INBURG 3
c BISSELL 8 BOSINE 8
0 BISTI [+ CSEL A
8 8IT D BUELUS A
0 BITTERON A 8JESEL 8
4 BITTERRCOT 4 3JETTIHER 4
B BITTER SPRING [+ 833AN [4
c BITTON 8 BO3ART 8
a 8ixXBY 3 836us 0
A 8JCRK [+ BIHANNON [+
0 BLACHLY [+ BIHEMIAN 8
8 BLACK 3URN -] BIISTFOAT [4
8 BLACK BUTTE [4 SJLAR 4
BLACK CANYON 4] 80L0 3
4 BLACKCAP a 33Lzs c
8 BLACKETT ] 30LIvAR g
[4 BLACKFQOT 8/5 80LIVIA 8
[ BLACK HALL D BOLTON 8
8 BLACK HAmK s BIMBAY B
] BLACKLEAF B BON -]
8 ALACKLEED A BONACIORO D
0 BLACKLOCK 0 83NAPARTE L
[+ BLACKMAN c 83IND g
4 BLACK “OUNTAIN 2 BONJRANCH 0
8 BLACKDAR [ BINDURANT 8
A BLACKPIPE [+ BINE o}
< BLACK AIDGE D 8ING -]

4 3LANK MYORCLOGIC SGIL GROUP INDICATZS THE SI2IL GROUP HAS NCT 3EENV JETEZAMINED

TwO SuiL GAQUPS SUCH A3 8/C INGICATeS THE URAINEOD/UNURAINED SITUATION
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BONHAM 4 BRANDON 8 BRODKLYN D BUSTER c CAMP SPASS <
BONIFAY A BRANDYWINE 4 BROOKS IDE C BUTANO < CAMPUS B
BONILLA B BRANFORD 8 EROOKSTON B/D BUTLER D CAMRODEN C
BONITA 0 BRANTFORQ 8 BROOKSVILLE <] BUTLERTOWN < CANA C
BONN D BRANYON o} BROOMFLIELD D BUTTE [ CANAAN c/0
BUNNER B BRASHEAR [4 BROSELEY B BUTTERFIELD c CANADIAN B
BONNET 8 BRASSFIELD B 8ROSS 8 BUTTON C CANADICE s}
BONNEVILLE B BRATTON 8 BROUGHTON 0 BUXIN o] CANANDALIGUA D
BONNICK A BRA VANE 0 BROWARD [ BUXTON [ CANASERAGA c
BONNIE 0o BRAXTON C BROWNELL 8 BYARS o} CANAVERAL [
BONO o BRAYMILL B/D BROWNFIELD A B8YNUM c CANBURN D
BONSALL o BRAYS D BROWNLEE 8 BYRON A CANDELERD c
BONTA [ BRAYTON [4 BROYLES 8 CANE [
BONTI [ BRAZLITO A BRUCE ) CABALLD B CANEADEA o}
BOCKER o BRAZCS A BRUFFY C CABARTON o] CANEEK B
BOOMER 8 BREA 8 BRUIN c CABBA c CANEL B
BOONE A BRECKENR 10GE 0 BRUNEEL 870 CABBARY 0 CANELD D
BOONESBJIRD B BRECKNOCK 8 BRUNO A CABEZON D CANEY [
BOGONTON [ BREECE 8 BRUNT [ CABIN c CANEYVILLE [
800TH 4 BREGAR [ BRUSH CABINET C CANEL 8
BORACHOD [ BREMEN B BRUSSETT 8 CABLE . D CANFIELD c
BORAH A/C  BREMER 8 BRYAN A CABO ROJO 4 CANISTED [
B0RDA o BREMO 4 BRYCAN B CAB0T J CANNINGER 0
BORDEAUX 8 BREMS A BRYLE o} CACAPON B CANNDN B
BORDEN 8 BRENDA C BUCAN D CACHE [*] CANIE B
BORDER B BRENNAN 8 BUCHANAN [ CACIQUE c CANONCITO B
BORNSTEDT c BRENNER C/0  BUCHENAU C CADDO D CANDVA B/D
BORREGO [ BRENT [ BUCHER c CADEVILLE D CANTALA 8
BORUP B BRENTON 8 BUCKHOUSE A CADMUS B CANTON B
BORVANT D BRENTR00D 8 BUCKINGHAM CADOHA 0 CANTRIL B
BIORZA 4 BRE SSER 8 BUCKLAND c CADOR 4 CANTUA 8
BOSANKO o BREVARD 8 BUCKLEBAR 8 CAGEY c CANUTIOD 8
80SCO 8 BREVORT 8 BUCKLEY 8/C CAGUABD "} CANYON 2]
BOSKETY 8 BREWER [ BUCKLON D CAGWIN B CAPAC 8
BOSLER B BRENSTER o BUC KNER A CAHABA 8 CAPAY D
B83SQUE 8 BREHTON c BUCKNEY A CAHILL 8 CAPE D
80SS o} BRICKEL C BUCKS B CAHONE c CAPE FEAR D
BOSTUN [ BRICKTON 4 BUCKSKIN [ CAHTO [ CAPERS D
BOSTwICK 8 BRIOGE 4 BUCODA [ CAlD 8 CAPILLO [
BOSWELL 0 BRIDGEHAMPTON 8 800 8 CAIRD D CAPLES 4
BOSWORTH D BRIDGEPORT 8 BUDE 4 CAJALCO < CAPPS 8
SOTELLA 8 BRIDGER A BUELL 8 CAJON A CAPSHAW <
BOTHWELL [4 BRIDGE SON 8/C BUENA VISTA 8 CALABAR 0 CAPULIN B
BOTTINEAU c BRIDGET 8 BUFFINGTON B CALABASAS 8 CAPUTA [
BOTTLE A BRIDGEVILLE 8 BUFFMEYER B CALALS [ CARALZD [
BOULDER 8 BRIDGPORY 8 BUFF PEAK [ CALAMINE 0 CARALAMPL B
BOULDER LAKE D BRIEDMELL 8 BUICK C CALAPOOYA 4 CARBO £
BOULDER POINT 8 BRIEF 8 BUIST & CALAWAH 8 CARBOL D
BOULFLAT D BRIENSBURG BUKREEK 8 CALCO c CARBONDALE 0
BOURNE C BRIGGS A BULLION D CALDER 0 CARBURY 8
80w C BRIGGSDALE 4 BULLREY 8 CALOWELL 8 CARCLITY *}
BUWBAL 4 BRIGGSVILLE 4 BULL RUN 8 CALEAST < CARDIFEF 8
BOMWBELLS 8 BRIGHTON A70  BULL TRAIL 8 CALEB B CARDINGTON C
BOWUCIN 0 BR16HTNOOD C BULLY 8 CALERA [ CARDON o
BOWLRE C BRILL 8 BUMGARD 8 CALHI A CAREY B
BOWERS C BRIM C BUNCODMBE A CALHOUN 0 CAREY LAKE 8
BONIE B BRIMFJIELD C/0  BUNDO 8 CALICOD 1] CAREYTONN D
BOWMAN B/0 BRIMLEY 8 BUNOYHMAN C CALIFON - CARGILL [
BGAMANSVILLE C BRINEGAR 8 BUNEJUG [ CALIMUS 8 CAlBE B
BOXELDER C BR1NKERT [ BUNKER 0 CALITA 8 CARIBEL -]
BUXWELL C BRINKERTON D BUNSELMEIER [ CALIZA B CARIBOIV 8
8oy A BR1SCOT B BUNTINGVILLE 8/C CALKINS c CARLIN 0
80YCE 870 BRITE C BUNYAN B CALLASBD c CARLINTON 8
BOYD 0 BRITTON C BURBANK A CALL AHAN c CARLISLE A/D
BOYER B BRIZAM A BURCH B CALLEGUAS 0 CARLDTTA 8
BOYNTON BROAD [ BURCHARD 3 CALLINGS C CARLOW D
BDYSAG 0 BROADALBIN C BURCHELL B/C CALLDWAY [ CARLSBAD [
BOYSEN 0 BROADAX 8 BURDETT [ CALMAR [] CARLSBORG A
BILAKRTH C BROADBROOK c BUREN C CALNEVA c CARLSON C
BOLE B BROAD CANYDN ] BUKGESS c CALOUSE 8 CARLTON B
BOZEMAN A BROADHEAD c BURGI 8 CALP INE B CARmM] 8
BRACEVILLE C BROADHUR ST D BURGIN o} CALVERT °] CARNASAW c
BRACKEN ] BROCK D BURKE c CALVERTON [ CARNEGIE c
BRACKETT [ BROCKLISS 4 BURKHARDT B CALYVIN [ CARNRERD [
BRAD o} BRDCKMAN [ BURLEIGH [} CALV]ISTA ] CARNEY D
8RAQDGCK C BROCKO 8 BURLESON >} Cam B CARDLINE [
BRADENTON 8/ BROCKPORT 0 BURLINGTON A CAMAGUEY 8] CAR ]
BRADER o} BROCKTON [+ BURMA CAMAR GO b CARRISALITOS o
BRADFORD 8 BROCRWAY -] BURMESTER 0 CAMARILLD B/°  CARRILD A
BRADS HAN 8 BRODY c BURNAL [ CAMAS & CARSITAS A
BRADNAY ) BROE -] BURNETTE 8 CAMAS CREEK 873 CAISLEY c
BRADY B BROGAN 8 BURNHAM [+} CAMBEARN 4 CARSD 0
BRADYVILLE C BROGDON 8 BURNSIDE B CAMBR JDGE c CARSON 0
BRAHAM 8 BROLLIAR 0 BURNSVILLE 8 CAMCEN 8 CARSTAIRS B
BRAINERD -] BRUMO B BURNT LAKE 8 CAMERON 0 CARSTUMP <
BRALLIER ] BRONAUGH B BURRIS 0 CAMILLUS B CAar B
BRAM ] BRONCHO B BURT o} CAMp B CARTAGENA o
BRAMARD 8 BRUNSON 8 BURTON 8 CAMPBELL B/C CARTECLAY [
BRAMBLE C BRONTE < BUSE 8 CAMPHORA B CARUS) c
BRAMNELL [ BROOKE [ BUSH B CAMP] A 8 CARUTHERSVILLE 8
BRAND o BROOKFIELD 8 BUSHNELL c CAMPO [ CARVER I3
BRANDZNBURG A BRODKINGS 8 BUSHVALLEY 0 CAMPONE 870 CARWILE D
NOTES A BLANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN JDETEAMINED

TWO SOIL GkDUPS SUCH AS 5/C INDICATES THE DRAINED/UNDRAINED SITUATION
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CARYYILLE
CASA GRANDE
CASCADE
CASCAJO
CASCILLA
CASCO
CASE
CASEBIER
CASEY
<ASHEL
CASHION
CASHMERE
CASHMONT
CAS INO
CASITO
CASPAR
CASPIANA
CASS
CASSADAGA
CASSIA
CASSIRQ
CASSCLARY
CASSYILLE
CASTAIC
CASTALIA
CASTANA
CASTELL
CASTILE
CASTIND
CASTLE
CASTLEVALE
CASTNER
CASTO
CASTRO
CASTROVILLE
CASUSE
CASWELL
CATAL INA
CATALPA
CATANO
CATARINA
CATAULA
CATAwBA
CATH
CATHCART
CATHEDRAL
CATHER INE
CATHRO
CATLETT
CATLIN
CATNIP
CATOCTIN
CATQOSA
CATSKILL
CATTARAUGUS
CAUDLE
CAvVAL
CAVE
CAVELT
CAVE ROCKR
Cavo
CAVOOE
CAVGUR
CAWKER
CAYAGUA
CAYLOR
CAYUGA
CAZADERD
CAZADGR
CAZENUVIA
CEBOL LA
CEBCNE
CECIL
CEDA
CEDARAN
CE0AR. BUTTE
CECAREDGE
CEQAR MOUNTAIN
CECARV ILLE
CeOLNEA
CEORON
CELAYA
CELETON
CeL INA
CELId
CELLAR
CENCUVE
CENTER
CENTER CREEK
CENTERFILELD
CENTERVILLE
CENTRALIA
NJTES
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A BLANK HYDRAOLCGIC SCIL GROUP INCILATES THE

CENTRAL POINT
CERESCO
CERRJILLOS
CERRD
CHACRA
CHAFFEE
CHAGRIN
CHAIX
CHALFONT
CHALMERS
CHAMA
CHAMBER
CHAMBERIND
CHAM] SE
CHAMOKANE
CHAMAJION
CHANCE
CHANDLER
CHANEY
CHANNAHON
CHAMNNING
CHANTA
CHANTIER
CHAPIN
CHAPMAN
CHAPPELL
CHARD
CHARGO
CHARI TON
CHARITY
CHARLEBOLS
CHARLESTON
CHARLEVOIX
CHARLOS
CHARLOTTE
CHARL TON
CHASE
CHASEBURG
CHASEVILLE
CHASKA
CHASTAIN
CHA TBURN
CHATFIELD
CHA THAM
CHATSWORTH
CHAUNCEY
CHAVIES
CHAWANAKEE
CHEADLE
CHECKETT
CHEDENAP
CHEEKTOWAGA
CHEE SEMAN
CHEHALEM
CHEHALLS
CHEHULPUM
CHELAN
CHEL SEA
CHEMAWA
CHEMUNG
CHEN

CHE NA
CHENANGO
CHENEY

CHE NNEBY
CHENGWETH
CHEQUEST
CHEREETE
CHERION]
CHEROKEE
CHERRY
CHERRYHILL
CHERRY SPKINGS
CHESAN

CHE SHIRE
CHE SHNINA
CHE SNIMNUS
CHESTER
CHESTEATUN
CHETCO

CHE TEK

CHE VELON
CHE WACLA
CHE WELAH
Cre YENNE
CHIARA
CHICKASHA
CHICUPEE
CHICOTE
CHIGLEY
CHILCCTT
CHILDS

~

~
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CHILGREN
CHILHOW1E
CHILI
CHILKAT
CHILLICQTHE
CHILLISQUAQUE
CHILLUNA
CHILMARK
CHILO
CHILOQUIN
CHILSON
CHILTON
CHIMAYO
CHIMNEY
CHINA CREEK
CHINCHALLO
CHINIAK
CHINO
CHRINOOK
CHIPETA
CHIPLEY
CHIPMAN
CHIPPENY
CHIPPEMA
CHIQUITO
CHIRICAHUA
CHISPA
CHITINA
CHITTENDEN
CHITW0D0
CHIVATO
CHIwANA
CHO

CHOBEE
CHOCK
CHOCILOCSD
CHOPAKA
CHOPTANK
CHOPT1E
CHORALMONT
CHOSXA
CHQTEAV
CHRISTIAN
CHRIST IANA
CHRIST [ANBURG
CHALSTY
CHROME
CHUALAR
CHUBBS
CHUCKA WALLA
CHUGTER
CHULITNA
CHUMMY
CHUMST ICK
CHUPADERA
CHURCH
CHURCHILL
CHURCHVILLE
CHUKN
CHURNDASHER
CHUTE
CIALES
CIBEWE
ciBo
CIBOLA
CICERD
CIORAL
CIENEBA
ClmMa
CIMARRON
CINCINNATI
CINCO
CINDERCONE
CINEBAR
CINTRUNA
CIPRIANY
CIRCLE
CIRCLEVILLE
LISNE
CISPUS
cItico
CLACKAMAS
CLAIBURNE
CLAIRe
CLAIREMUNT
CLallAM
CLAM GULZH
CLAMD
CLANTUN
CLAPPER
CLARZEMURE
CLAKENCE

[4 CLARESON < CIKEDALE 8/C
4 CLAREYILLE C CIKEL 8
8 CLAR INDA 0 COKER 0
[4 CLARION B COKES3URY )]
[4 CLARITA 0 COKEVILLE 3
CLARK -] COLBATH [o¥44)
8 CLARK FORK A £IiL3zeT ]
3 CLARK SBURG [+ COL3URN 8
B/0 CLARKSDALE [+ coLay 8
8 CLARK SGN ] COLCHESTER 8
0 CLARKSVILLE 8 COLOCRESK 8
8 CLARNO 3 CILDEN 2]
[’} CLARY 8 CIL) SPRINGS [4
8 CLATO 8 CALE 8/¢C
B CLATSCP 0 COLE3ROOK B
8/0 CLAYERACK c CILEMAN [+
A CLANSON [ CILEMANTOwWN D
8/7C CLAYBWRN 8 COLETD A
B CLAYSPRINGS D CILFAX [4
o] CLAYTON 8 CaLi33g 8
c CLEARFIELD [ COLINAS 3
0 CLEAR LAKE D COLLAMER [
[+] CLEEK c COLLARD B
8/0 CLE ELUM B SILL3ARAN [+
C/D CLEGG L] CIOLLEEN [
0 CLEMAN L] COLLESIATE c
8 CLEMS B COLLETT [
-] CLEMV ILLE 3 coLLlIcr A
4 CLEORA 3 CILLINGTON 8
[ CLERF [ CALLINS [
0 CLERMONT D COLLINSTON [
B CLEVERLY 8 CILLINSVILLE [
c CLICK A CaLva 8
0 CLIFFDOWN 8 COLMOR 8
8/0 CLIFFHOUSE < clLo 8
-] CLIFFQRD 3 CILOCKUM 3
[ CLIFFw000 c CoLOma A
A CLIFTERSON 8 CJLIM30 3
0 CLIFTON [+ CaLoNA [+
8 CLIFTY 3 COLONIE A
8 CLIMARA [} C3LIRADD ]
[+ CLIMAX 0 CILIRCCK [}
C CLIME < £IL3sd D
8 CLINTON -] CILISSE A
0 CLIPPER 8/C CaLP D
8 CLODINE 3 COLRAIN 8
[ CLONTAAF 8 COLTIN A
8 CLOQUALLUNM C COLTS NECK -]
< cLoquata 3 CoOLUMBIA 3
8 CLEQUET 8 CILUMS INE A
8 CLouD 0 CJLusa [+
B CLOUCCROFT D COLVILLE 3/C
C/0 CLOUD PEAK [ CILVIN c
[+ CLOUD RIM 8 C3Lw2J0 8/0
c CLOUGH D caLy 3
Is] CLOVERDALE 0 COLYER c/0
[>] CLGVER SPRINGS 38 CCMER 8
D CLuvls ) CO“ERLlD 3
8 CLUFF c COMETA 0
8 CLUNTE ] COMFREY [+
A CLURDE c CIviTAS A
0 CLURO o [ LI 4 c
B CLYCE 0 COWMERZE c
[+] CLYMER 8 ccHo A
8 CJOACHELLA 3 COYJJJRE 3
[} c0AD 3 CIvIRO 3
4 COAL CREEK [} COMPTZHE )
[ COALMONT c CIMPTIN [+
C CuamMO o COMsSTICK C
[ CORASESCLD 8/  COwus 3
[+ COATICILK [« CINAL3 8
A COATSBUKG 0 CONANT c
8 €a8s 3 CINASAUGA c
3 COBEN |} SONATA ]
[+] COBEY 3 cIN3OY ]
0 CABURG c CINCHAS c
< CCCHETIPA [« caNerd c
[ cocca A CONCINULLY 8
0 CCCILALLA c CONCIAT 0
A CulOnUs c CONCREZK 8
3 3oy A €3INdA 4
4 C3E A CINDIET [}
3 CIEBURN c CINOON 4
A COrmCCK p] CINE A
8 COFF 0o LONEYD c
[4 COFFE K 3 CONESTOGA 3
D CJGGLN 3 CINESUS 3
4 COGSmeLL c CONGAREE 8
< COMAS3ET ) CINGER 8
3 CUMDCTANH o CaNg )
0 LIHOE 3 CANKLIN 8
D cair < CINLEN B

SJIL GROUP HAS NCT 3EZN SETEIMINED
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CONLEY [ COURT
CUNNEAUT C COURTHOUSE
CONNECTICUT COURTLAND
CONNERTON B COURTNEY
CONOTTON ] COURTRODCK
CONOVER 8 COUSE
CONUW INGD [ COUSHATTA
CONRAD 8 COvE
CONROE ] COVEILO
CONSER L/0 COVELAND
CONSTABLE L COVELLD
CONSTANCiA ] COVENTRY
CONSUMO ] CUVEYTOMN
CUNTEE D COVINGTON
CONTINE [ COwAN
CONTINENTAL [+ COwWARTS
CONTRA LUSTA C COWDEN
CONVENT [4 COWDREY
CooK D COWEEMAN
COOKPORT [ COWERS
COOLBRITH 8 COWETA
CooL10GE ] COWICHE
COOLVILLE [ COwDCEh
CooMBS 8 cax
CIONEY B COXVILLE
CODPER [ coy
COOTER [ COYATA
COPAKE ] COZAD
COPALIS B CRABTON
COPELAND B/ CRADDOCK
COPITA 8 CRADLEBAUGH
COPLAY CRAFTON
COPPER RIVER D CRAGC
COPPERTON 3 CRAGOLA
LOPPOLK B CRALG
CUPSEY D CRAIGMONT
COQUILLE C/9 CRAIGSVILLE
CORA D CRAMER
CORAL c CRANE
CORBETT ] CRANSTON
CIRBIN -] CRARY
CORCEGA 4 CRATER LAKE
CORD [ CRAVENM
CORDES 8 CRANFORD
CORDOVA 4 CREAL
CORINTH [4 CREBBIN
CORKINDALE -3 CREDO
CORLENA A CREEDMAN
CORLETT 8 CREEDMODR
CURLEY c CREIGHTON
CORMANT [4 CRELDON
CURNKILL 8 CRESBARD
CORNING 1] CRE SCENT
CORNISH & CRESCO
CORNUTT c CRESPIN
CORNVILLE 8 CREST
COROZAL 4 CRESTLINE
CORPENING 1] CRE STMORE
CORRALITOS A CRESTCON
CURRECO C CRESWELL
CORKERA D CRETE
CORSAN [ CREVA
CURTADA b CRE VASSE
CORTEZ D CRENS
CORTINA A CRIDER
CORUNNA D CRIM
CORVALLIS 8 CRISFIELD
CORRIN 8 CRITCHELL
CORY [ CRIVIT2
CORYDON [ CROCKER
COSAD c CROCKETT
COSH 4 CRUE SLS
COSHOCTON c CRCFTON
COSK1i B8 CRCOGHAN
COSSAYUNA [4 CRUOKED
COSTiLLA A CROGKED CREEK
COTACO 4 CROGKSTON
COTATL 4 CROOM
CJT1TO c CROPLEY
CuTo 4 CROSBY
COTOPAX1 A CROSS
LOTT 8 CROSSVILLE
COTTER 1] CROSWELL
COTTEKAL 8 CROT
CUTTIER 8 CROTON
CITTONWGUY C CROWH
COTTRELL < CRONW
WOUCH < CROW CREEK
CIUGAR o CROWFOOT
COQULSTONE B8 CRUWHEART
COUNTS C CRUW HEART
LaupeviLLe ‘C CROW HILL

NJTES

THQ SUIL GROUPS SUCH AS B8/C INDICATES THE DRAINED/UNDRAINED SITUATION

SAN BERNARDINO COUNTY
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CROWLEY
CROWN
CROWSHAW
CROZIER
CRUCES
CRUCKTON
CRUICKSHANK
CRUME
CRUMP
CRUTCH
CRUTCHER
CRUZE
CRYSTAL LAKE
CRYSTAL $PRINGS
CRYSTOLA
cusa
CUBERANT
CUCHILLAS
CUDAHY
CUERD
CUEVA
CUEVITAS
CULBERTSON
CULLEN
CULLEOKA
cuLLo
CULPEPER
CULVERS
CUMBERLAND
CUMLEY
CURMINGS
CuNDIYO
CUNICO
CUPPER
CURANT
CURDLE
CURECANT]
CURHOLLOW
CURLEW
CURRAN
CURTIS CREEK
CURTIS SIDING
CUSHING
CUSHMAN
CUSTER
CUTTER
cuTL
CUYAMA
CUYON
CYAN

CYL INDE
CYNTHI A
CYPREMORT
CYRIL

DABGS
DACOND
DACOSTA
DADE
DAFTER
DAGFLAT
OAGGETT
DAGLUN
DAGOR
DAGUAD
DAGUEY
DAHLQUIST
DAIGLE
OALLEY
DAKOTA
GcaL8O
DALY
DALCAN
DALE
DALHART
DALIAN
OALLAN
DALTON
DALUPE
DAMASCUS
DAMON
DANA
DANBURY
DANBY
DANDREA
DANDRID GE
DANGBERG
DANIC

DANNEMORA

DANSK IN
DANT
DANY ERS
DANVILLE
DANZ
DARCOD
DARGOL
DARIEN
DARL ING
DARNELL
DARNEN
DARR
DARRET
DARROCH
DARRDUZETT
DART
DARVADA
DARN IN
DASSEL
DAST
DAT EMAN
DATIND.
DATHYLER
DAUL TON
DAUPH IN
DAVEY
DAVIDSON
DAVIS
DAVISON
DAVYDNE
D DAwES
DANRDD
DAWSON
DAKTY
DAY
DAYBELL
DAYTON

DEAN  LAXE
DEARDURFF
DEARY
DEARYTON
DEATMAN
DEAVER
DEBENGER
DEBORAN

D ODECAN
DECATION
DECATUR
DECCA
DECKER
DECKERVILLE
DECLO

OECORRA
DECROSS

OE
DEEPMATER
DEER CREEK
DEEREIELD
OEERFORD
OEERING
DEERL 0DGE
DEER PARK
DEERTON
DEERTRAIL
DEFIANCE
DEFORD
DEGARND
DEGNER

OF GREY
DEJARNET
DEKALS
DEKDV EN
DELA
DELAKE
GELANCO
DELANEY
DELANG
OELECO
DELENA
DELFINA
DELM1
DELICIAS
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A BLANK HYDROLOGIC SOIL GROUP INDICATES THE SCIL GROUP MAS NDT BEEN

HYDROLOGY MANUAL

OELLROSE
OELY
OELMAR
DELMITA
DELMONT
DELNORTE
DELPHI
DELPHILL
DELPIEDRA
OELPINE
ODELRAY
DEL REY
DEL RIO
DELSON
DELTA
DELTON
DELMIN
DELYNDIA
DEMAST

DE MASTERS
DE mAYA
OEMERS
OEMKY
DEMINA
DEMDPOLLS
DEMPSEY
DEMPSTER
DENAY
DENHANKEN
DENI SON
DENMARK
DENN1S
DENNY
DENRDCK
OENTON
OENVER
DEJDAR
OEPEw
DEPOE
DEPORT
OERA
DERINDA
DERR
OERRICK
DESAN
DESART
DESCALABRADD
OESCHUTES
DESERET
DESERTER
DESHA
DESHLER
DESOLATION
DESPAIN
DETER
OETLOR
OETOUR
DETRA
DETROIT

DEV

OEVILS DIVE
DEVOE
DEVOIGNES
DEVOL

DEVDN

DEVORE

OEVOY
DEWART

DENEY
DEWVILLE
DEXTER

0IA

DlABLD
DIANOND
DJAMOND SPRINGS
DIAMONOVILLE
DIANEY
DIANOLA

0IAL

DICKINSON
OICKSON
ojeey
DISGER
DIGHTON
DILL
OILLARD
OILLDOWN
DILLINGER
DILLON
JETERMINED
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S.C.S. SOIL NAMES

FOR
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DILLWYN
DILMAN
OILTS
OILWORTH
OIMAL
DIMYAM
DIMNGLE
DINGL ISHNA
DINKELMAN
OINKEY
DINNEN
DINSDALE
DINUBA
DINZER
DIOXICE
DIPMAN
01QUE
DISABEL
OISAUTEL
01sC0
DISHNER
DISTERREFF
DITCHCAMNP
DITHOD
DIVERS
DIVIDE
oIX

DIXIE
DIXMONT
OIXMORE
DIXONVILLE
OIXVILLE
Q0AK
0083s
OUBEL
DOBROW
vaaYy
DJCAS
DJCKERY
DOCT
000GE
DOOGEVILLE
000S0Nn
DOGER
DOGUE
DOLAND
DOLE
OOLLAR
OCLLARD
DOLJRES
Q0LPH
DUMEZ
DUMINGD
DOMINGUEL
OOMINIC
OUMINO
OJM INSON
DONA ANA
DUNAHUE
OUNALD
OONAVAN
OUNEGAL
DONERAIL
OONEY
DONICA
DONLONTON
DONNA
QUNNAN
OONNARDO
UONNY3A00K
DIND VAN
OOCLEY
DOONE
0J0R

OURA
CORAN
DORCHEST &R
DJROSHIN
OOROTHEA
DJROVAN
QURS
UORSET
00S CABEZAS

oary
OJUBLETOP
0ou0os
DQUGHERTY

NOTES

SAN BERNARDINO COUNTY

DOUGHTY
DOUGLAS
DOURO
DOVER
DOVRAY
DOW
DOWAGIAC
DOWDEN
DOWELLTON
DOMNER
DOWNEY
DONNS
OCGXIE
DOYCE
DOYLE
DOYLESTOWN
DOYN

DRA
DRACUT
DRAGE
DRAGOON
DRAGSTON
DRAHAT
DRAIN
ORAKE
ORANYON
ORAPER
DRE SDEN
DRESSLER
CREWS

DRE XEL
DRIF TON
ORIGGS
DRUM
ORUMMER
DRUMMOND
GRURY
ORYAD
ORYBURG
DRY CREEK
DRYDEN
DRY LAKE
DUANE
DUART
CUBAKELLA
ouaay
ouBss
ouBQlLS
DUBUQUE
OUCEY
DUC HE SNE
DUCKETT
OUCOR
ouoa
DUOLEY
OUEL
DUELM
DUFFAU
GUFFER
OUFFIELD
OUFF SON
OUFFY
DUFUR
DUGGINS
OUGOUT
OUGWAY
OUKES
OuLAC
DUMAS
DUMECQ
CUMCNT
DUNBAR
OUNBARTON
OUNBRIODGE
ODUNCAN
CUNCANNON
DUNCCM
DUNDAS
DUNUAY
OUNDEE
DUNELLEN
OUNE SAND
OUNGENESS
DUN GLEN
DUNK INSVILLE
OUNKIRK
OUNLAP
ODUNMCRE
CUNNING
DUNPHY
OUNUL
CUNVILLE

~
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HYDROLOGY MANUAL
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OU PAGE
DUPEE
DUPLIN
ouPO
DUPONT
OUPREE
CURALCE
DURAND
CURANT
DURELLE
CURHAM
OURKEE
DURGC
DURASTEIN
OUSTON
OUTCHESS
DUTSON
DUTTON
DUVAL
DUZEL
DMIGHT
DWYER
CYE
OYER
DYKE
DYRENG

EACHUSTON
EAD

EAGAR
EAGLECONE
EAKIN
EAMES
EARLE
EARLMONT
EARP
EASLEY
EAST FORK
EAST LAKE
EASTLAND
EASTCN
EASTGNVILLE
EAST PARK
EASTPORT
EATONT OwN
EAUGALLIE

EBENEZER
ECCLES
ECHARD
ECHLER
ECKERT
ECKLEY
ECKMAN
ECKRANT
ECTOR
EDALGOD
EDDS

EDDY

EDEN
EDENTCON
EDENVALE
EDGAR
ECGECUMBE
EDGELSY
EOGEMUNT
EDGEwWATER
EDGEwICK
EDGEwQOD
EDGINGTON
EDINA
EDINBURG
EDISON
ECISTO
EDITH
EOLUE
EOMLMNUS
ECMURE
EDMUND
EONA
EDNEYVILLE
EOOM
EDRCY
EDSON
EOwARDS
EEL

EFF INGTCN
EFwUN
EGAM

EGAN

EGBERT
EGEL AND
EGGLESTON
EGNAR
EICKS
ELFORT
EXAH
EKALAKA
ELAM
ELBERT
ELBUAN
ELCO
ELD
ELOER
ELCER HOLLOW
ELDERCN
ELCCN
ELDORADO
ELDR1DGE
ELEPHANT
ELERGY
ELFRIDA
EL1JAH
ELICAK
ELK
ELKADER
ELKCREEK
ELK HOLLOW
ELKHOAN
ELKINS
ELKINSVILLE
ELKMOUND
ELK MOUNTAIN
ELKCL
¢ ELKTON
ELLABELLE
ELLEDGE
ELLERY
ELLETT
ELLIBER
ELLICOTT
ELLINGTON
ELLINGR
ELLIOTTY
ELLIS
D ELLISFORDE
ELLISON
ELLOAM
ELLSBERRY
ELLSWORTH
ELLUM
ELMA
ELMDALE
ELMENDQORF
ELMIRA
ELMO
ELMINT
ELMORE
ELMWOGD
ELNORA
ELCIKA
ELPAN
EL PECO
EL RANCHO
ELRED
ELRGSE
ELS
ELSAH
ELSINBORD
ELSINGRE
EL SME RE
ZLED
EL SGLYG
ELSTON
ELTCPIA
ELTREE
ELTSAC
ELWHA
ELWOCD
SLY
ELYSIAN
ELZINGA
ZMSCEN
EMBRY
EMBUCO
EMDENT
EMER
EMERALD
SMERSCN
EMIDA
EMIGRANT
EMIGR AT IGN
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A BLANK HYODRGLGGIC SCIL GROUP INGICATES THE SSOIL GRUUP HAS NOT
THO S3IL GAGUPS SUCH AS B/C INUICATES THE ODRAINEQ/UNGRAINED SITUATIZ
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EMILY
SMLIN
BT
EMMERT
E4MET
EMMINS
£433Y
EweEDRADG
EMPZY
EMPEYVILLE
EwP[3E
EwRICK
ENCE
ENCIZRR]
ENCINA
ENJERS
ENDZASBY
ENDICOTT
ENET
ENFIELD
ENGLE
ENGLESIDE
ENGLEWDQD
ENGLUND
ENNITS
ENJCHVILLE
ENJLA
ENDM
ENGREER
ENDS
ENOSSURG
SNSENADA
ENSIGN
ENSLEY
ENSTROM
/3 -ENTENTE
ENTZRPAISE
ENTIAT
ENUMCLAMW
EP44 (M
EPHRATA
EPLEY
EPQUEITTE
EPOING
E9SIE

ERA

EAM
EIGER
ERIC

ER(E

EIIN
ERNEST
E]N]
ERAMQUSPE
£6CA30%a
ESCaAL
ESCALANTS
ESZAMB]A
ESZINDIDO
ESHIND
ESPaaTd
ESPIL
ESPENAL
ESPLIN
2sry
ESQUAT2EL
ESS

~
(V]

ESSEN
E5SSzX
ESSEXVILLE
ESTAZADD
ESTELLINE
ESTER
ESTZRBRIOK
ESTHERVILLE
ESTIVE
2573
ESTRELLA
ETHAN
ETHETE
ETHRIDJGE
ETIL
ETNA
ETJE
ETJwaH
ET2wN
ETSEL
ETTA
ETTER
ETTERS3ILRG
ETTRICK
EUBANKS
JETER™INED

MUPLUEPTOOPUEPITPORURWIOO PRI PWEFEOOERETORNENPDEEPOONODROUONE P POUNTODEORDRROIPONORRIOOPDPURIFTVWOPLOOOOIE®R

I
<

~
o

PO PORRONOERRONOFrFUEROMEEOONN RO OO UlERN00RNVNODRUEDOVPEODODIRIODNDDEIFOONTOEORFOGW

(R <R- NTRo NN N. N7

S.C.S. SOIL NAMES

FOR

HYDROLOGIC CLASSIFICATIONS
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EUDORA
EUFAULA
EURERA
EUSTIS
EUTAK
EVANGEL INE
EVANS
EVANSTON
EVARD
EVART
EVENDALE
EVERETT
EVERGLADES
EVERLY
EVERMAN
EVERSON
EVESBURD
ENA

EWAIL
EWALL
EWINGSVILLE
EXCELSIOA
EXCHEQUER
EXETER
EXLINE
EXRAY

EXus
EYERBOW
EYRE

FABIUS
FACEVILLE
FAHEY
FAIN
FAINES
FAIRBANKS
FAIRDALE
FAIRFAX
FAIRFIELD
FAIRHAVEN
FAIRMOUNT
FAIRPORT
FAIRYDELL
FAJARDO
FALAYA
FALCON
FALFA
FALFURRIAS
FALK
FALKNER
FALL
FALLBROOK
FALLON
FALLSBURG
FALLSINGTON
FANCHER
FANG
FANNIN
FANND
FANU
FARADAY
FARALLONE
FARAWAY
FARB
FARGO .
FARISITA
FARLAND
FARMINGTON
FARNHANM
FARNHAMTON
FARNUF
FARNUM
FARRAGUT
FARRAR
FARRELL
FARRENBURG
FARRDY
FARSON
FARMELL
FASKIN
FATINA
FATTIG
FAUNCE
FAUQUIER
FAUSSE
FAWCETT
FANN
FAXON
FAYAL
FAYETTE
FAYETTEVILLE
FAYWOOD

NOTES

SAN BERNARDINO COUNTY

HYDROLOGY MANUAL

B FE -] FLOWELL (< FRENC M

A FEDORA ] FLOWEREE [ FRENC HTOWN

o FELAN A FLOYD 8 FRENE AV

A FELDA 870 FLUETSCH c FRESNO

0 FELIDA ] FLUSHING FRIANA

c FELKER ] FLUVANNA (< FRIANT

B FELLONSHIP -] FLYGARE ] FR10LO

8 FELT 8 FLYNN <] FRIEDMAN

A CELTA [ FOARD [} FRIENDS

] FELTHAM A FOGELSVILLE [ ] FRIES

c FELTON 8 FOLA [ FRINDLE

8 FELTCNIA 8 FOLEY ] FR1D

A/D  FENCE 8 FONDA D FRIZZELL

6 FENDALL (< FONDIS (< FROBERG

[4 FENNOOD 8 FONTAL o] FROMNM AN

0 FERA (< FONTREEN ] FRONDORF

A FERDELFORD 4 FOPJANO D FRONHOFER

B FERDIG (< FORBES 8 FRONTON

A FERD I NAND (< FORD /] FROST

A FERGUS 8 FORDNEY A FRUITA

8 FERGUSON 8 FORDTRAN (< FRUITLAND

& FERNANDD [ FORDVILLE ] FRYE

] FERN LLIFF 1] FORE ] FUEGO

C/D FERNDALE ] FORELAND ] RUERA

0 FERNLEY c FORELLE [ FUGAWN EE

] FERNON 8 FORE SHAN [J FULCHER

4 FERNPCINT c FORESTOALE [} FULDA

D FERRELO [ FORESTER (< FULLERTON

B FERRIS [ FORESTON (< FULMER
FERRON D FORGAY A FULSHEAR

8 FERTALINE 0 FORMAN 8 FULTON

8 FESTINA 8 FORNEY ] FUQUAY

8 FETT D FORREST (< FURN]SS

4 FETTIC o] FORSEY (< FURY

A FIANDER [ FORSGREN [ FUSUL INA

8 FIBEA ] FORT COLLINS 8

5 FIDALGO [4 FORT DRUM 4 GAASTRA

B FIOOLETOMN [ FORT LYON 8 GABAL DON

B FIDDYMENT [ FDRT MEADE A GABBS

13 FIELDING 8 FORT mOTY A GABEL

0 FIELDON 1] FORY PIERCE [ GABICA

4 FIELOSON A FORT ROCK [ GACEY

c FIFE 8 FORTUNA [} GACHADO

c FIFER ] FORTWINGATE [4 GADDES

[4 FILLMORE [} FORWARD [4 GADES

0 FINCASTLE 4 FOSHONE ] GADSDEN

c FINGAL c FOSSun [ GAGE

A FINLEY [ FOSTER 8/C GAGERY

8 FIRESTEEL 8 FOSTORIA 8 GAGET O

[ FIRGRELL [ ] FOUNTAIN [} GAMEE

B FIRMAGE 8 FOURLOG [} GAINES

B/C  FIRO [} FOURNILE [ GAINESVILLE

[ FIRTH 8/C FOUR STAR B/C  GALATA

[ FISH CREEK 8 FOUTS [ GALE

] FISHEKS 8 FOX [J GAL EN

[ 4 F 1SAND0OK -] FOXCREEK B/D  GALENA

B FISHKILL FOXMOUNT c GALEPP]

B FITCH A FOXOL 4] GALES TOMN

[ FITCHVILLE c FOXPARK /] GALETON

c FITIGERALD [ FOX PARK /] GALEY

8 F1TLHUGN 8 FOXTON < GALISTEO

B FIVE 007 8 FRAILEY [ GALL AGHER

2] FIVEMILE 8 FRAM [ ] GALLATIN

0 FIVES 8 FRANCI S A GALLEGOS

0 FLAGG [ FRANCITAS ] GALL INA

c FLAGSTAFF c FRANK [} GALL 10N

8 FLAK ] FRANKFORY /] GALYA

C/D  FLAMING 8 FRANKIRK c GALYVESTON

8 FLARINGO [+ FRANKLIN 8 GALVEL

B/1 FLANAGAN 8 FRANKSTOWN 8 GALVIN

] FLANDRE AU ] FRANKT Dun ] GALWAY

3 FLASKHER A FRANKVILLE [ GAMBL ER

c FLATHEAD A FRATERNIDAD [} GANBOA

B FLAT HORN [ ] FRAZER [ GANNETT

8 FLATTOP ] FRED c GANSNER

[ FLATKILLOW 1] FREDENS BORS (< GAPD

c FLAXTON A FREDER1CK [ GAPPMAYER

8 FLEAK A FREDON [ GARA

c FLECHADD 8 FREDONI A [ GARBER

] FLEER [} FREDRICKSON [ GARBUTT

8 FLEE TwOOD FREEBURG [ GARCENO

c FLE I SCHMANN [} FREECE [} GARDELLA

A FLEMING [ FREEOON (< GARDENA

c FLETCHER [ FREEHOLD [ GARDENER

0 FLOKE [} FREEL - [ GARDNER®S FORK

c FLOM c FREEMAN [4 GARDNERVILLE

B FLOMATION A FREEMANVILLE ] GARDONE

0 FLONGTY B FREEON 8 GAREY

< FLORENCE [ FREER [ GARF1ELD

[] FLORESVILLE < FREESTONE c GARITA

8 FLORIGANA 870 FREELENER c GARL AND

c FLORI SSANT c FREMONT [4
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GARLOCK
GARMON
GARMORE
GARNER
GARD
GARR
GAARARD
GARRETSON
GARRETT
GARR ISON
GARTON
GARWIN
GASCONADE
GAS CREEK
GASKELL
GASS
GASSET
GATE SBURG
GATESON
GATEVIEW
GATEWAY
GATEWO0D
GAULDY
GAVINS
GAVIOTA
GAY
GAYLORD
GAYNOR
GAYVILLE
GAZELLE
GALZOS
GEARMART
GEARY
GEE
GEEBURG
GEER
GEFD
GELKIE
GEN
GENMlD
GEMSDN
GENESEE
GENE VA
GENDA
GENOLA
GEORGEVILLE
GEORGIA
GERALD
GERBER
GER]G
GERING
GERLAND
GERMANIA
GERINANY
GERRARD
GESTRIN
GETTA
GETTYS
GEYSEN
GHENT
GIBBLER
G1BBON
GIBBS
GIBBSTONN
GIFFIN
GlFFORD
GlLa
GILBY
GILCHR]ST
GILCREST
GILEAD
GILES
GILFIRD
GILHOULY
GILISPIE
GILLIAM
GILLIGAN
GILLS
GILLSBURS
GILwAN
GILMORE
GILPIN
GILRDY
GILSON
GILT EDSE
GINAT
GINGER
GINI
GINSER
GIRARDOT
GIRD
GIVEN

LE
A BLANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP MAS NOT BEEY DETEAMINED
ThD SOIL GROUPS SUCH AS 8/C INDICATES THE ORAINEO/UNDRAINED SITUATION
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GLADDEN
GLACE PARK
GLADSTINE
GLAGWIN
GLAMIS
GLANN
GLASOO
GLEAN
GLEASON
GLEN

GuL INEAR
GLENSERG
GLENBRIUK
GLENLOE
GLENCALE
GLEND IVE
GLENCORA
GLENELG
GLENFIELD
GLENFORD
GLENHALL
GLENRAM
GLENMORA
GLENNALLEN
SLENOMA
GLENRCSE
GuENSTEU
GLENTON
Gl NV [En
GLENVILLE
GiLIBE
GLIXKGN
GLGRIA
GLUUCESTER
GUIVER
GLYNGAN
Su TN
GJBle
GJIULARD
GJOLE
GIUELXE
SUOFREY

GuLUMAN
SR IUGE

CILOSTRL A
Gul.OvaL =
GULOVE QN
Gollag
LCLLARER
GULTRY
GoMEZ

GuUMM
GONYICK
GoLH
GJGOALE
GAL) ING
GULOINGTUN
GOudLUn
GIUUMAN
Guldun ICH
GINOSPAING
GIUSE Crel
5235 LaAKE
GUUSMUS
GOROU
3URGON
LIRE
wukouNhlO
GunmAM
GIRIN

GUR ING
GURMaN
GakUS
GORZELL
GISHEN
GJSkUTE
GISPURT
35THAM

SAN BERNARDINO COUNTY

HYDROLOGY

A GOTHARD 0 GROWDEN 8 HAMBR IGHT 2 KASTINGS 8
C GOTHIC c GROWLER 8 HAMBURG 8 HaT hi
8 GOTHG c GRUBBS 0 HAMBY 4 MAT3CRO b
A GOULOING 1] GRULLA [»] HAMEL [+ HATCH [+
[ GOVAN 4 GRUMMIT bl HAMERLY c HATIHERY c
8/c GOvVE ] GRUNODY [« HAMIL TON A HATF [ZLD [
< GOWEN 8 GRUVER c HAMLET 8 HATHAWAY 8
8 GRABE 8 GRYGLA [ HAML IN 8 HATTES [+
[4 GRASBLE 8 GUADALUPE 3 HAMMONTGON 4 HATTON [
B GRACEMUNT 8 GUAJE A HAMPC EN HAUBSTADT 4
8 GRACEVILLE 8 GUALALA 0 HAMP S HIRE [+ HAUSAN 8
3 GRADY 0 GUAMANI 8 HAMPTCN < HAUSER 0
D GRAFEN 8 GUANABANO 8 HAMT AH c HAVANA 8
0 GRAF TCN 3 GUANAJIR0 c HANA A HAVEN 8
8 GRAHAN D GUANICA 1] HANAL EI c HAVERLY 8
3 GRAIL 4 GUAYASO 8 HANAMAULY A HAVER SON 8
0 GRAMM ] GUAYABOTA 0 HANCEVILLE 8 HAVILLAH c
8 GRANATH 8 GUAYAMA - 3} HANCO 2 HAYINGION 0
[’} GRANBY A/D  GUBEN 8 HAND 8 HAVRE 8
4 GRANCE RONGE 0 GUCKEEN 4 HANOR AN 4 HAVAELON 8
8 GRANDFIELD 8 GUELPH 8 HANDS 8ORGQ 0 HaA )
8 GRANDVIEw C. GUENKC [+ HANDY b HAWES A
c GRANER c GUERNSEY [« HANEY 8 HAN I 8
c GRANGER 4 GUERRERQD [+ HANFORO 3 HAWKEYE A
8 GRANGEVILLE B/C GUEST 0 HANGAARD 4 HAWKSELL A
) GRANILE 8 GUIN A HANGER 3 HAWKSIRINGS 8
0 GRANG [’} GULER 8 HANIPOE 8 HAXTUN A
) GRANT 8 GULKANA 8 HANK INS < HAY3OURNE ]
3 GRANTSBURG c GUMBCOT [+ HANK S 8 HAY323 [+
c GRANTSCALE A GUNBARREL A HANLY A HAYDEN 8
) GRANVILLE 8 GUNN 8 HANNA 8 HAYESTON 8
8 GRAPEVINE c GUNNUK [+ HANNUN 2] HAYESVILLE 8
[+ GRA SMERE B8 GUNSIGHT 8 HANCV ER 4 HAYE[ZLD 8
A GRASSNA 8 GUNTER A HANS c HAYF3IRD c
C/D GRASSY 3UTTE A GURABO 0 HANSEL 4 HAYUGND B
) SRATZ [+ GUANEY [4 HANSK A c HAYNESS 8
c GRAVDEN c GUSTAVUS 0 HANSON A HAYNIE 8
c GRAVE 8 GUSTIN c HANTHO 8 HAYPRESS A
B GRAVITY c GUTHRIE D RANTZ D HAYSPUR 8/0
D GRAYCALM A GUYTON D HAP 8 HAYTER 8
o GRAYECRD 8 GWIN 0 HAPGJOD 8 HAYT] D
c GRAYLING A GWINNETT 8 HAPNEY c HA Y®000 ]
U GRAYLCLK 8 GYMER 4 HARBCRD 8 HAZEL C
4 GRAYPCINT ) GYPSTRUM 8 HARBUURTON HAZZLAIR "]
] GRAYS 8 HARCO 8 HAZEN 3
[+ GREAT BEND 8 HACCKE C HARCE%AN 8 HAZLEHURST 4
) GREESLEY 8 HACIENDA o HARDESTY 3 HAZLETON 3
[+ GREEM BLUFF 8 HACK 8 HARD [NG 0 HAZTON 0
2 GREENBRAE 4 HACKERS 8 HARDSCRABBLE 8 MEADLEY 8
b} GREEN CANYON ] HACKETTSTCHN B HARQY D HEADQUARTERS 8
3 GRE: WCREEK 8 HADAR A HARGREAVE 8 HEAKE b
) GREEANCALE B8 HADES c HARKERS c HEATH c
3 GREENFIZLD 8 HAOLEY 8 HARKEY 8 HEATLY A
c GRE ENFORN [} HADO 8 HARL AN ) HEIBRAONVILLE 8
8 GREENLEAF 8 HAGEN 8 HARLEM < HEBER B
A SREENGUGH c HAGENSARTH 8 HARLESTON c HEIERT c
< GREENPCRT HAGENER A HARL INGEN b} HE3GEN A
C GREEN R VER B8 HAGER c HARMEHL c HE3D 3}
o GREENS30ORG HAGERMAN C HARMONY c HE2RON c
c GREENSCN [+ HAGERSTOWN c HARNEY [+ HECHT 4
< GREENTON [+ HAGGA B HARPER ] HEZX] [+
[+ GREENVILLE 8 HAGGERTY 8 HARPETH 8 HECLA 8
A GREEMWATER A HAGSTAQT [4 HARPS ) HECTOR [}
N SRESNWICH 8 HAGUE A HARP STER c HEDDEN c
3 SRcENRCCO 3} RALG c HARPT 3 HEDRICZK )
9 3 c HA IxU 8 HARQUA c HEJDVILLE 0
3 A RALLMAN 8 HARR 1ET =} HEGNE =}
D 3 HAINES B/C HARR IMAN 8 HEIDEN 0
[ 0 HAIRE C HARRIS 0 HEIDTmAN 4
[+ [4 HALAWA 8 HARR ISBURG J HEIL 0
L GRENVILLE -] HALDER [« HARR 1 SON < HEIXDAL 8
) GRE SHAX [4 HALE 8 HARR ISV ILLE c HEISETCN 3
) GRE w [NGK [} HALEDUN 4 HAKSTENE ] HELSLER 3
2 GREYEALK 3 RALEIwA 8 HARST INE c

S p] GRETBULL C RALEY 3 HART [’}

IS a GREYCLLIFF c HALF MOON 8 HART CAmMP z
i} GREYS 8 HALFORD A HARTFCRO A AE1ZER "]
3 GRIFFY 8 HALFWAY b} HARTIG 3 HELST [
8 GRIGSICN 8 HALGALTOH 8 HARTLAND ) HELZMANG c
) GRINSTAD 8 HALII 8 HARTL ETON 3 HELENA [+
a GRISWULD 8 HALTIMAILE 3 HARTL INE 3 HEL 4E€R c
A ORI TNEY c HALIS 8 HART SBURG 3 HELYETIA c
3 GRIVER c HALL 8 HARTSELLS 8 HELY 3
[+ GRIZZLY c HALLECK 8 HART S HORN 3 HEM3RE 8
c GRGGAN B8 HALL RANCH c HARVARD 3 HEW] c
3 GAGSECLCSE 4 HALLVILLE 8 HARVEL 8 HE4IFIELD
A GRUSS [+ HALSEY 0 HARVEY c HEMPSTSAD [4
3 SRGTCN A HAMACER A HARWGOD [+ HENCRATT 8
8 SR VE A HAMAKUAPOKD 8 HASK [ 3 HENDERSON 8
p) GRCUVELAND 8 HAMAN 8 HASKILL A HENDRICKS ]
4 GRJUVER 8 HAMAR 8 HASK INS [+ HENEFZER 4
A GRCVETON 8 HAMBLEN 4 HASSELL 4 HENKIN 8

NJTeS A BLANK RYDRULGGIC SCIL GRCUP INDICATES THE SOIL GAGCUP HAS NOT JIESN DETERMINED

TWO S3IL GRGUPS SUCH AS 3/C INDICATES ThHE DRAINED/UNDRAINED SITUATIIN

MANUAL

S.C.S. SOIL NAMES
FOR
HYDROLOGIC CLASSIFICATIONS
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HENLEY
HENLIND
HENNEKE
HENNEP IN
HENNINGSEN
HENRY
HENSEL
HENSHANW
HENSLEY
HEPLER
HERBERT
HEREFDRD
HZRKIMER
HERLUNG
HERMISTON
HEKMON
HEKNOON
HERG
HERRERA
HERRICK
HERRUN
HERSH
HER3HAL
HESCH
HESPER
HESPERIA
HESPERUS
HESSE
HESSEL
HESSELBERG
HESSELTINE
HESSLAN
HES SOM
HETTINGEK
HEXT
HELZEL
HlALEAH
HIARATHA
HIBBARD
HIEBING
HIBERNIA
HICKORY
HICKS
HIDALGO
HIDEAWAY
HIDE®QOD
HIERRD
HIGHAMS
HIGHFIELD
HIGH GAP
HIGHLAND
HIGHMORE
HIGH PARK
HIHIMANY
HIIBNER
HIKO PEAK
HIKO SPRINGS
HILDRETH
HILEA
HILES
HILGER
HILGRAVE
AILLEMANN
HILLERY
HILLET
HILLFIELD
HILLGATE
HILLI1ARD
HILLON
HILLSBORY
HILLSDALE
HILMAR
HILO
HILT
HILTUN
HINCKLEY
HINUES
HINESBURG
HINKLE
HINMAN
HINSVALE
MINTLE
HIPPLE
HISLE
HITT
HI VISTA
HIWASSEEL
HINOGD
HIXTUN
HUBACKER
HJBAN
HQBaS
NJTES
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HOBOG

KOB SON
HOCAHEIM
HOC K IAG
HOCKINSON
HOCKLEY
HODGE
HODGINS
HUDG SUN
HOEBE
HOLLZLE
HUFFmAN
HOF FHANVILLE
HOGANSBURG
HOG ELAND
HOGO
HOGRIS

HOn
HOMMANN
HOKG
HOGLBRUDK
HOLCOMB
HULLA®RAY
HOLDCN
HOLDER
HOLUE RMAN
HOLUERNE SS
HOL DREGE
HOLLAND
HOLL INGER
HOLLIS
HOLLISTER
HOLL OMAN
HOLL CnAY
HOLLY
HOLLY SPRINGS
HUL L YwD0D
HOLMDEL
HOLMES

- HOLOMUA

HOLOPAK
HOLROYD
HOL SINE
HOL ST
HOLSTOR
HOLT
HOLTLE
HOL TVILLE
HOL YOKE
HOMA

HOME CAMP
HOMELAKE
HOMER
HOME S TAKE
HOMESTEAD
HONAUNAU
HONCUT
HINDALE
HONDC
HUNDORO
HONEQYE
HONEY
HONE YGROVE
HONEYVILLE
HONN
HONGXAA
HONGL Uk
HUNOMARU
HONOULIULL
HONUAULY
HOOU
HOOOLE
HOGDSPORTY
HOUOVIEW
HOOKTON
HOGLEHUA
HOOPAL
HOOPEKR
HOOPESTON
HOOSIC
HOUT
HOOTEN
HUGVER
HOPEKA
HOPE TON
HOPEWELL
HOPGOGD
HOPKINS
HOPLEY
HOPPER
HOQUL AM
HOKATIO

~

-
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HORD

HORER
HORNE
HORNELL
HORNING
HGRNIT QS
HORROCKS
HORSES HOE
HORTON
HORTONYILLE
HOSKIN
HOSKINNINI
HOSLEY
HOSMER
HOTAN

HOT LAKE
HOUDEK
HOUGHTON
HOUK
HOULKA
HOULTON
HOUNDBY
HOURGLASS
HOUSATONIC
HOUSE MOQUNTAIN
HOUSEVILLE
HOUSTON
HOUSTON BLACK
HOVDE
HOVEN
HOVENWEEP
HOVERT
HOVEY
HUwARD
HORELL
HOwLAND
HOYE
HOYLET ON
HOYPUS
HOYTVILLE
HUBbARD
HUBERLY
HUBERT
HUBLERSBURG
HUCKLEBEKRY
HUDSON
HUECD

HUEL
HUENEME
HUEKRHUERD
HUEY
HUFFINE
HUGGINS
HUGHES
HUGHESVILLE
HUGO
HUICHICA
HUL KAU
HULETY
HULLS
HULLT
HULUA

HUM
HUMACAD
HUMATAS
HUMBARGER
HUMBIKD
HUMBOLDT
HUMGUN
HUME
HUMESTON
HUMMINGTON
HUMPHREYS
HUMPTULILPS
HUNSAKER
HUNTERS
HUNT ING
HUNTINGTON
HUNTSVILLE
HUPP

HURDS
HURLLEY
HURON
HURST
HURWAL
HUSE

HUSSA
HUSSMAN
HUTCHINSON
HUTSON
HUXLEY
HYAM

A BLANK HYOROLUGIC SOIL GROUP INDICATES THE SOIL GROWP HAS NOT BEEN DETERWINED
Tal SOIL GROWPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATIONW

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

] HTAY A i SAGORA c
B HYATTVILLE C 1LEE C
] HYDABURG ]

o] HYDE 0 JARY [4
A HYDRO C JeCAGUAS 8
] HYMAS 0 JACLANA ]
8 HYRUM -] JALINTOD 8
8 HYSHAM D JaLK CREEK A
B JALELIN 8
-3 1AD C JALKRIFE T
[ IBERIA D JRUKPORT o]
] ICENE C whLAS C
o] 10A 8 J4LKSON 8
C JDABEL B JATKSONVILLE C
14 1 DAK B Jal0g ]
[ 1DANA [+ J&LOBSEN ]
1 I1DEON 0 JALOBY C
A7D  1DHOWN B JRTRYES [4
[ IGNACIO C JalQUITH C
0 160 ] wIHIN 8
C/D JGUALDAD 0 Jhi FREY A
o] IHLEN 0 SALCUEYES 8
8 1JdanM 0 shi 8
[} ILDEFONSO B AlLRAR A
0 1LKA 8 <ALHES CANYDR 8/C
4 ILLION B/D  I4KESTOUN C
] IMA B JANE [
] IRBLER 8 JAKLSE [4
AZC  IMLAY 4 JENSEN A
/] IHMOKAL EE B/0 JLRAB ]
[ IKPER IAL [} SR BOE [
] INAVALE [ LRETR C
C INDART 8 JERRE B
13 INCIAHOMA o SRRYES B
[ INDIAN JASFER 8
4 INDIAN CREEK [} JLUZAS A
8 INDIAND c ShYA ]
[ INDIANDLA [ J#Y [
A INDIO 8 JRYEM 8
D INGA 8 JAYSON 0
A INGALLS 8 JEAN A
] INGARO -3 JEAXERETTE 0
B INGEN 10 [+ JEAR LAKE 8
C INGRAM 0 JEDD [4
[ INKLER 8 JESDO ]
[ IRKS 0 JEFFERSON 8
[ TNMAC UK 0 JERLEY C
A INMAN [ JELM 0
B/C INMD A JERA -]
[+] IMNESVALE 0 JERKINS )
o] INSKIP [+ JEXRINSON /]
A INVERNESS D JENNESS B
[ IKVILLE L] JENKINGS C
B INKDOD c JENNY o]
] 10 8 JERAULD 0
] 10LA A JERICHD C
/D J0LEAU [ JEROME [
A 10NA B JERRY <
B IONIA -] JESBEL 0
[4 10SCD 8 JESSE CAMP 4
8 JPAVA 8 JESSUP [
0 1RA [ JETT B
8 IREDELL 0 JIGGS [
8 IRETEBA C Jin C
4 IRIN . € JINENEL 4
8 IROCK 8 SINTDuN <
C JRON BLDSSOM '] $08 14
0 1RON MOUNTAIN 0 JDBODS [
& IRON RIVER [] JOIIETY B
C 1RONTON [4 JAIKD A
[ JIRRIGON [+ JUDERD 8
[ IRVINGTON c JOEL 8
8 TRuIN [} JOES ]
8 154AC C JOHNS [4
B/C 1SAAQUAH B/C  JOWNSBURG ]
B 1SAN 0 JOHRSON 8
[ 1SANT ] 0 JORNSTON 8/0
8 1SBELL C JOHN W DOD 8
B 1SHAM C JOICE 0
) iSH] PISKI C JOLAN [
[ I1SLAND 8 JOLIETY C
0 1508 8 JONRE SVILLE A
4 1SSAQUAH B/C  JONUS B
o] 1STOKPOGA 0 JOFLIN B
8 1TCa 0 JOPPA 8
[ 1TSk0OT 8 JOKDAN 0
8/0 [UKA C JORGE )
V] Iva [+ JORNADA 4
14 1VAN 8 JORY [
B IVES 8 JOSE [4
] IViE A JOSEPHINE 8
0 IVINS [ JOSIE ]

S.C.S. SOIL NAMES
FOR
HYDROLOGIC CLASSIFICATIONS
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J0v7

JUANA D1AZ
JUBILEE
JU00
JUODITH
JUOKINS
JUDSON
JuUoY
JUGET
JUGHANOLE
JULES

JUL £SBURG
JULTAETTA
JUMPE
JUNCAL
JUNCOS
JUNCTION
Juntay
JUNLATA
JUNIPERD
JUNIUS
SJUNG
JUNQUITOS
JURA

JUVYA
JUVAN

KAALUALY
KACHEMAK
KADAXE
~KADASHAN
KADE
KADIN
KADQOKA
KAENA
KAHALUU
5 AHANA
KAHANUIL
KAHLER
KAHOL A
KArt ShEETS
KAHUA
KAIKLI
AalLUA
KA iMy
KAINALIU
KAIPQIO!L
KA[WIK]
FALAL
KALAL 3CH
KA AMA
YaLAMA LU0
RALAPA
KALAUPAPA
KAL [FONSKY
RALINI
RAL ISPELL
KALKASKA
KacMLA
KALOKG
RALGLOCH
RALSIN
KAMACK
KAMAKUA
AAMASA
RAMAILE
KAMAY
KAMIE
KAMRAR
KANABEC
KANANA
KANAPAHA
KANOIR
KANE
KANEDHE
KANEPUU
KANIMA
KANLEE
LANOSH
KANLA
KAPAA
KAPAPALA
KAPQO
KAPOKSIN
KAPUHIKANT
KARAMIN
KARDE
KARHEEN
KARLAN
KARLIN
KARLD
KARLUK
NJTES
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KARNAK
KARNES
KARRD
KARS
KAR SHNER
KARTA
KARTAR
KASCHMIT
KASHWITNA
KASILGF
KASK]
KASGTA
LASSLER
KASSON
KATAMA
KATEMCY
KATO
KATRINE
KATULA
KATY
KAUF HAN
KAUPO
KAVETT
KAwATHAE
KAWALHAPAL
KAWBARGAM
KAwICH
KARKAWLIN
KEAAU
KEAHUA
SKEALAKEKUA
KEALIA
SEANSBURG
KEARNS
KEATING
KEAUKAHA
KiANAKAPU
REBLER
KECH
KECXO
XEQORON
KEZFERS
KE:GAN
KEES
KEENKEE
KEELCAR
KEENE
KEENO
KEZSE
KEG
KT HENA
KEIGLEY
KELSER
KEiTH
KEKAHA
KEXAKE
KELLER
KELLY
KELN
KELSEY
REL ST
KEL TNER
KELYIN
KEMMERER
KEMQO
KEMPSVILLE
KE4PTCON
Kinal
KENANSYILLE
KeNDALA
KENDALL

0 KENDALLYILLE
KENESAW
KENMOOR
KENNALLY
KENNAN
KENNESEC
KENNEDY
KENNER
KENNENWICK
KENNEY
KENNEY LAKE
KENUG
KENOMA
KENSAL
KENSPUR
KENT
KENYON
KEO
KEOLLAR
KECMAH
KeOTA

A 3LANK HYDROLCGIC SUIL GROUP INOICATES THE SOIL GRZUP HAS NOT 3ESN JcTEXIMINED
TWQ SOIL GROULPS SUCn A5 6/C INCICATES THe ORAINEO/UNDRAINED SITUATIIN
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SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

KEOWNS
KEPLER
KERBY
KERMEL
KERAMIT
KERAMO
KERR
KERRICK
KERRTOWN
KERSHAW
KERSICK
KERSTON
KERT
KEAWIN
KESSLER
KESWICK
KETCHLY
KETTLE
KETTLEMAN
KETTNER
KEVIN
KEWAUNEE
KEWEENAW
KEYA
KEYES
KEYNER
KEYPORT
KEYSTONE
KEYTESVILLE
KEZAR
KIAWAH
KIBBIE
KICKERVILLE
K100

KIOMAN
KRIEHL
KIETIKE
KIEVY
KIKONI
KILARC
KILAUEA
KILBOURNE
KILBURN
KILCHES
KILOOR
KILGORE
KILKENNY
KILLBUCK
KILLEY
KILLINGWORTH
KILLPACK
KJLMERQUE
KILN
KILQOA
KILCHANA
KILWINNING
Kim
KIMAMA
KIMBALL
KIMBERLY
K1 MBROUGH
KIMRERL ING
KIMMONS
KIMQ

KINA

KINCD
KINESAVA
KINGFISHER
KINGHURST
KiNGMAN
KINGS
KINGSBURY
KINGSLEY
KINGS RIVER
KINGSTON
KINGSYILLE
KINKEAD
KINKEL
KINKORA
KINSAN
KINNEAR
KINNEY
KINNICK
KINREAD
KINROSS
KINSTUN
KINTA
KINTON
KINZEL '
KIOMATIA
KIONA
KIPLING

1] K1pP [+ KOVICH 0
C KIPPEN A KOY¥EM B8
[} K1PSON [4 KOYUXUK 8
8 KIRK B/ KRADE 8
A K IRK HAM 4 KRANZBURG 8
A KIRKLAND b KRATKA c
8 K IRK TGN 8 KRAUSE A
8 KIRKVILLE [ KREAMER C
KIRTLEY 4 KREMLIN 8
A KIRVIN [+ KRENTZ 4
o K1SRING b} KRESSON C
AZ7D KISSICK b} KR UM [}
[ KISTLER €/ KRUSE 8
[+ KITCHELL 8 KRULZOF 8
[ KITCHEN CREEK 8 KUBE 8
0 KITSAP C KUBLER [
8 KITTANNING KuBL! C
8 KITTITAS )] KUZZRA 8
8 KITTREDGE < KUCK [
C KITTSON [ KUGRUG n
4 Kjup 8 KUHL 0
[ KIvA 8 KUKAIAY A
A KIWANIS A KULA 8
8 KIZHUYAK 3 KULAKALA 8/cC
[\] KJAR D KULLIT 8
1] KLABER 4 KUmA 8
[ KLAMATH 8/0 KUNiA 8
A KLAUS A KUNUNETA C
o KLANWASIT o KUPREANOF 8
8 KLEJ 8 KURES A
[ KLICKER [ KURJ ]
B KLICK [TAT < KUSKJKWI N [}
8 KLINE 8 KUSL INA 0
0 KLINESVILLE €/0 KXUTCH [}
8 KLINGER 8 KUTZTOWN 8
A KLCND IKE bl KVICHAK 8
1] KLCNE 3 KMETHLUK A
8 KLOOC HMAN : KYLE D
8 KLOTEN 8 KYLER 1]
0 KLUT INA 8
8 KNAPPA 8 LA BARGE 8
A KNEELAND < LABETTE [+
8 KNIFF IN c LABI SH 0
0 KNIGHT C LA30U 0
[+ KN IK ] LABOUNTY [
8/0 KNIPPA b LA BOUNTY [
8 KNOB HILL 8 LA BRIER [+
C/0 KNOSLES 8 LABSHAFT 0
o KNCX L] LACANMAS Cs0
KNULL < LA CASA [
4 KNUT SEN 8 LACITA 3
[ KOBAR 4 LACKANANNA 4
0 KOBEK 8 LACINA [4
A KOCH [4 LACOTA D
A KODAK < LACY 0
C . KOOlAK 3 LADD 8
8 KOEHRL ER c LADOER 0
8 KOELE 8 LADELLE 8
[ KOEPKE 8 LASOGA [+
8 KOEAL ING 8 LADUE 8
1] XOGISH 0 LADYSNITH [+]
1] KOHAL A A LA FARGE 8
4 KOKEE -] LAFE 0
4 KOKERNOT < LAFITTE 0
0 KOKQ 3 LA FONOA 8
A KIKCK AH1 ) LAFINT 3
4 KOKOm0O 8/0 LAGLORIA 3
8 KOLBERG 8 LAGONDA [
8 KOLEKGLE < LA GRANDE [
)] KGOLLS 0 LAGRANGE 0
C/D  KOLLUTUK b LAHAINA 8
[ KOLDA 4 LA HOGUE 8
8 KGLOB c LAHONTAN 0
[ KOLOK L O 8 LAHRITY A
8 KONA o} LAIDIS 4
[ KONAN A 3 LAIDLAN ]
[4 KCNNER p) LAIL 4
8 KOINGK TI < LAIROSVILLE D
[°] KOGLAU c LAIREP 9
4 KOGSK 1A z LAJARA o
8 K3GTENAL A LAKE ‘A
B XOPIAH J LAXE CHARLES 0
[ KapPp 8 LAKE ZREEK [
0 KOPPES 8 LAKEHELEN 8
D KCRCHEA 3 LAKEHURST A
[ KORNMAN 8 LAKE JANEE B
0 KJISMOS o] LAKELAND A
4 K0SSc J LAKEMINT D
8 KUSTER < LAKEPORTY 8
A KOSZTA 8 LAKE SHORE [:]
8 KJTECO J LAKESOL B
)] KGUTS 8 LAXKETON B
S.C.S. SOIL NAMES
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LAKEV [En
LAKEWIN
LAKEwDOD
LAK]
LAKIN
LAKOMA
LALAAV

LA LANDE
LALLIE
LANM
LAMAR
LAMART INE
LAMBERT
LAMBETH
LAMBORN
LANINGTON
LAMD
LAMONI
LANONT
LAMDNTA
LAMOURE
LAMPHIER
LAMPSHIRE
LAMSON

L ANARK
LANCASTER
LANCE
LAND
LANDES
LANDI SBURG
LANOLOM
LANDUSKY
LANE
LANEY
LANG
LANGFORD
LAMGHE]L
LANGLEY
LAMGLDIS
LANGOLA
LANGRELL
LANGSTON
LANIER
LANIGER
LANKBUSH
LANKIN
LANKTREE
LANOAK
LANSDALE
LANSDOWNE
LANSING
LANTIS
LANTON
LANTONTA
LANTZ

LAP

LA PALMNA
LAPEER
LAPINE
LAPLATTA
LAPON
LAPORTE
LA POST»
LA PrARIE
LARABEE
LARAND
LARCHMOUNT
LARDELL
LAREQO
LARES
LARGENT
LARGO
LARIM
LARIMER
LARKIN
LARKSON
LA ROSE
LARRY
LARSON
LARUE
LARVIE
LAS

LAS ANIMAS
LASAUSES
LAS FLORES
LASHLEY
LASIL

LaS LUCAS
LAS POSAS
LASSEN
LASTANCE
LAS VEGAS

NOUTES

SAN BERNARDINO COUNTY

0
A BLANK HYDROLOGIL SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DET:iMINED

c LATAH [ LENAKWEE 8/D LINVILLE 8 LORADALE 4
8 LATAHCO c LENNEP 0 L INwDOO A/D LORAIN c/n
A LATANG B LENGIR 0 L IPAN 0 LORDSTOWN [4
8 LATANIER o} LENDX B LIPPINCOTT B/D0 LDREAUVILLE [
A LATENE B LENZ B LIRIOS 8 LORELLA o
0 LATHAM 0 LEO B LIRRET ] LOREN2D A
A LATHROP 4 LEON A/D  LISADE B LORETTO B
8 LATINA [} LEONARD [ LISAR ] LORING c
0 LATOM 0 LEONARDO B LISBON e LDS ALAMOS B
B/0 LATONIA 8 LEONARDTOWN [} LISHMAS 0 LOS BANOS [
8 LATTY o LEONIDAS B LISMDRE B LDSEE B
8 LAUDERDALE B LEOTA [4 LITCHFIELD A LOS GATOS B/sC
8 LAUGENDUR B/D LEPLEY 0 LITHGON L LOS GUINEOS [
C LAUGHLEN 8 LERDAL C LITHIA |4 LOSHRAN [¢]
0 LAUMATA B LEROY ] LITIMBER c LOS 0S0S 4
0 LAUREL [« LESAGE 8 LITLE [ LOS ROBLES B
B LAURELHURST C LESHARA B LITTLEBEAR A LOS TANODS 8
0 LAUREL WwOOD ] LESHO 4 LITTLEFIELD o] LOST CREEK ]
A LAUREN B LESLIE ] LITTLE HORN < LOET MWILLS C
D LAVALLEE B LESTER B LITTLE POLE o LOS TRANCOS o}
c LAVATE B LE SUEUR 8 LITTLETON 8 LOSTHELLS B
8 LAVEEN B LETA 4 LITTLE wOOD 8 LOYHALR [4
] LAVELDC D LETCHER ] LITZ c LDTuUS 8
0 LAVERKIN [4 LETHA [} LIv c LOUDON [
B LA VERKIN c LETHENT 4 LIVERMORE A LOUVOONVILLE <
B LAVINA 4 LETORT B LIVIA 4] LOUIE 4
[4 LAwAl B LETTERBOX B LIVINGSTON 0 LOUISA B
0 LAMET [+ LEVAN A LIVONA A LOUI SBURG B
B LAWLER [} LEVASY [4 LIZE [ LouP [}
4 LAWRENCE [ LEVERETT [4 LIZZANT 8 LOURDES C
4 LAWRENCEVILLE < LEVIATHAN B LLANDS |4 LOUVIERS [}
0 LAWSHE c LEVIS [4 LOBDELL c LOVEJOY C
[ LAWSON B LEW]S D LOBELVILLE c LOVELAND [4
19 LAWTHER D LEW1SBERRY 8 LOBERG ] LOVELL 4
B/) LAWTONM [4 LEW]SBURG 4 LOBERT ] LOVELDOCK c/0
c LAX 4 LEWISTON C LOBITOS c LOwELL C
B LAXAL B LEWISVILLE 4 LOCANE o] LOuRY ]
4 LAYCOCK e LEX B LOCEY c LOWVILLE 8
0 LAY TON A LEXINGTON 8 LOCHSA ] LovAL 8
8 LA2EAR [} LHAZ ] LOCKE 8 LOYALTON ]
B LEA 4 LIBBINGS ] LOCKERBY c LOYSVILLE D
[4 LEADER 8 LIBBY 8 LOCKHARD 8 LOLAND ]
8 LEADPOINT ] LIBEG A LOCKHART B LO2IER 0
] LEAOVALE 4 LIBERAL 0 LOCKPQRT 0 LUALUALE] [}
8 LEADVILLE 8 LIBERTY (9 LOCK®0AD -3 LUBBOLK C
4 LEAF [} LIBORY A LOCuUST |4 LUBRECHT [4
4 LEAHY [4 L1BRARY ] LODAR ] LUCAS 4
B LEAL 8 L1BUTTE 0 LODEMA A LULE c
8 LEAPS [4 LIck B LODI c LUCEDALE B
c LEATHAN 4 LICK CREEK [} LODO 0 LUCERNE B
8 LEAVENUORTH 13 LICKDALE [+ LOFFTUS < LUCIEN C
] LEAVITT -B LICKING c LOFTON ] LUZILE ]
0 LEAVITTVILLE B LICKSKILLET [} LOGAN D LUCILETON ]
8 LEBANDN C L1DDELL 0 LOGDELL ] LUZKENBACH c
0 LEBAK 8 LIEBERMAN [ LOGGERT A LUCKY B
0 LE BAR 8 LIEN 0 LOGHOUSE ] LUCKY STAR e
C LEBEC 8 LIGGET 8 LOGY 8 Lucy A
8 LEBU 4 LIGHTNING 0 LOHCER c LUDDEN [}
A LEB SACK C LIGNUK [+ LOWMILLER < LUJLOw [+
c LECK KILL 8 LIGON [} LORNESS A LUEDERS 4
0 LEDBEDER 8 LIHEN A LOIRE -] LUFKIN 0
c LEDGEFORK A LIHVE 8 LOLAK ] LUHON 8
A LEDGER [} LIKES A LOLALITA 8 LUJANE ¢
8 LEDRU 0 LILaH A LOLEK AL B LUAIN [
8 LEDY LILLInaup A LOLETA C/0  LULA B
8 LEE [ LInA B LOLO A LULING ]
8 LEEDS [ LIRAN] ] LOLON A LUNBEE [}
C LEEFLELD < LIMBER B LOMA c Lunl 8/
] LEELANAY A LIMERICK c LOMALTA ] Lus [
C LEEPER ] LIMON 4 LOMAX 8 LUN4 C
o LEESYILLE B/C  LIMDNES ] LOMIRA ] LUNCH 4
8 LEETON C LIMPIA c LOMITAS 0 LUND LD [
A LEETUNIA C LINCO e LONDO c LURDY 0
8 LEFOR 8 LINCOLN A LONE c LusT [
8 LEGLER ] LINCROFT A LONEP INE c LUMPIND [
[ LEGORE [ LINDLEY c LONER JIDGE 8 LUPTUN 0
B LEHEW C LINDSEY 0 LONE ROCK A LUKA 0
o LEHIGH C LINDSIDE C LONETREE A LURAY c/0
0 LEHMANS 0 LINDSTROM 8 LONGFORD c Luiz D
A LEHR 8 LINDY C LONGLODIS B LUTH [
0 LEICESTER C LINEVILLE C LONGMARE <] LUTHER 8
C LE1LERUA -] LINGANORE 8 LONGHONT < LuTic B
c LELA [} LINKER 8 LONGRIE < LUTON [}
[ LELAND 0 LINKVILLE B8 LONGV AL ] LUYERNE C
0 LEMETA 1] LINNE < LONG VALLEY B LUXDR o]
LEMING C LINNET 0 LONGY €W [ LUZENA 0
"] LEMN 8 LINKEUS 8 LONOKE B LYLAN 8
c LEMONEX D LIND C LOKT1 < LYCONIAHG c
c LEMPSTER C/0 LINOYER 8 LOOKOUT L Lyoa 0
0 LEN C LINSLAW o LOON e Lyorcx .3
) LENA A LINT ] LOPER 8 LYFORD [
o LENAPAH LINTON B LOPEL LYLES 8

TWD SDIL GROVUPS SUCH AS 3/C IMCICATES THE DRAINED/UNDRAINED SITUATIOW
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LYHAN
LYMANSON
LYNCH
LYNCHBURG
LYNDEN
LYNNOYL
LYNN HAVEN
LYNNVILLE
LYNX
LYONMAN
LYONS
LYONSVYILLE
LYSINE
LYSTAIR
LYTELL

HABANK
MABEN
HABI
MABRAY
MACAR
MACZLONIA
MACFARLANE
MACHETE
BACHIAS
MACHUELD
HACK
MACKEN
MACK INAC
MACKSB8URG
HACOMA
MACCHBER
NACON
RACY
AADAL IN
MADA WASKA
MADOOLK
YADDOX
MADEL IA
MAQEL INE
MADERA
HADISTON
MADGMMA
MAQRAS
MADRID
MAGRONE
YADUREL
NAFURT
HAGALLON
YMAGENS
ARGIE
MAGIMNNIS
HEeA
MAAGNOL 1A
MAGMUS
MAGGT SU
MAGLAYD
HAHAFFEY
YAWAFFY
MAHALA
MAHALASVILLE
MAHANA
MAHASKA
MAHER
KAHONING
SAHUK ONA
MAIDEN
MAILE
HAINSTAY
HAJADY
2AKLAL AE
MAKALAPA
MAKAP L
MAK ATAD
MAKAHEL L
KAKENA
MAK K]
MAKSAK
MAKOT L
MAL
KNALA
HALABAR
MALABON
MALACHY
MALAGA
MALAHA
HALAYA
MALBIS
MALCOLM
MALETTI]
MALEZA
MALIBU
NJTES

QOOVLONUGRIPEEPNROOBOOO PRORNDOIPOOOROEOBIOOND REPOPOODO

MALIN
MALJAMAR
MALLOT
MAL M

MALO
RALONE
MALOTERRE
MALPALS
MALPGSA
MAL YERN
HAMALA
KAROU
MANAHAA
MANALAPAN
MANANA
MANASSA
HANASSAS
HANASTASH
MANATEE
MANANA
MANCELONA
HANCHESTER
HANDAN
MAMDERFIELD
MANDEVILLE
HANFRED
MANGUM
MANKATTAN
MANHEIN
MANI
KAMILA
MANISTEE
MANITCU
MANLEY
MANLIUS
MANLGVE
MANNING
MANOGUE
MANOR
MANSFUELD
MANSIC
BAYqSKER
HANTALCHIE
MANTEQ
MANTER
MANTCN
HaNTZ
HANU
MANVEL
PANNGOD
MAMZANITA
MANZANO
MANZANCLA
MAPES
MAPLE MOLNTAIN
MAPLETON
PARAGUEL
MAR A THON
MARBLE
MARBLEMOUNT
MAACELINAS
HARCETTA
MARCIAL
HaRCUH
MARCUS
MARCUSE
Ma2CY
MARDEM
HEADIN
MARENGD
HARE SLA
MAAZERUH
MARGUERITE
HAR LA

EAR JANA
MARIAS
MAR ICAD
MARICOPA
KARTETTA
MARILLA
MARINA

/0 MARION
RAR [ POSA
PARTSSA
MARKE S
MARKEY
MARKHAM
MARKLAND
PARK SBGRA
MARLA
MARLBORD
MARLEAN
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[
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MARLETTE
MARLEY
MARLIN
MARLCh
HARLTON
MARMARTH
MARNA
MARPA
MARPLEEN
MARQUETTE
MARR
RARRIQTY
MARSDEN
MARSELL
MARSHALL
MARSHAN
MARSHOALE
MARSHFIELD
MARSING
MART
MARTELLA
MARTIN
MAAT INA
MART INECK
MARTINEZ
MARTINI
MART INSBURG
MARTINSCALE
MARTINSON
MAATINSVILLE
MART INTON
MARTY
MARYAN
MARYELL
MARVIN
MARY
MARYDEL
MARYSLAND
MASACA
MASCANP
MASCHET AN
MASCOTTE
MASHEL
MASHULAVILLE
MASON
MASGNVILLE
MASSACK
MASSENA
MASSILLON
MASTERSCN
MATAGGRDA
MATAMCRQS
MATANUSKA
MATANZAS
MATAPEAKE
MATAWAN
MATCHER
MATFIELD
MATHERS
MATHERTON
MATHES ON
MATHEWS
MATH{S
MATHISTON
MATLOCK
MATMGN
MATTAPEX
MATTCLE
MAY

MAUDE
MAUGHAN
HAUKEY
MAUNMEE
MAUNABQ
KAUPIN
YAUREPAS
MAURICE
MAURINE
HMALRY
MAVERICK
MAVIE
MAWAE

MAX

MAXEY
MAXFIELD
MAKSTN
MAXTON
MAXYVILLE
MAXmELL
MAY
MAYBERRY
MAYBESQO

wuiuh»hwmhnommnmnmsnowoncmonwownmcwmmoo»nwhwonomohmw»owownnor\m

nmo»m»nna»onmUbor\o&nnmonnoonb

0

MAY CAY o] MO PHERSCN C
MAYER J wipAle 3
MAYES 0 MCQUARRLE 0
MAYFIELD 3 MIIUEEN C
MafFLOWER < ¥ A8 8
MAYHEW b} MCTASSART 8
YAYLAND [ MCVLZKERS [
MAYMEN o) MEAD 0o
MATNARD LAKE 3 MEADIN A
“aYd 3 MEASTYILLE 8
MAYDC AN 3 MEADYILLE c
MAYOWOATH C MEMNDER o
MAYSCORF 3 MECAN 3
MAYSVY ILLE WMELIA 8
“AYTOWN c MECKESVILLE [
MAYVILLE 3 AECKLENBURSG 4
MAYWO30 L) MEJA 8
MAZEPPA 3 MEIAND 4
m:ION C MEDARY 4
MAZUMA C MEQFIRD -]
MCAFEE [4 MEJFAA 1]
MCALLEN 8 MEZIZINE LOOGE :
MCALL ISTER < MEDINA 8
MCALP IN C MEILZY 8
MCBEE 3 REDIWAY -
MCBETH bl MESKS A
mCBRIDE 8 MEETEZTSE Y]
wCCABE 8 MEGGETT 0
MCCAFFERY A MESIN [
MCCAIN [4 MEHML C
MCCALES ] MEALHGAN [
HCCALLY -] MEIGS

MCLCAMMON 0 MEIKLE ]
MCCANN [+ LES &1 0
MCCARRAN D MEL3JURNE 8
MCCARTHY 3 MEL3Y c
mCCLAYE < MELITA 8
MCCLEARY [+ BELLENTHIN 0
MCLLELLAN 8 MELLJR b}
nCCLOVD [+ MELLOTT 8
MCCOIN 0 SELJLAND 4
MCCOLL J MELAQSE 4
MCZONNEL 8 mELSTINE A
MCCOOK 3 MELTON 3
MCLORNICK [ MELVILLE 8
MCcCay c MELYIN 0
MCCREE 8 MZMALIOSE 0
MCCRORY o MEMPHI S B
MCCRCSKIE bl MENAHGA A
WCCULLIUGH c MENAN [
MecuLLY < MENARD 8
MCCUNE 0 MENCH C
MCCUTCHEN c MENDE3TURE 4
MCOJLE 8 HENDGCIND L]
MCCONALD 8 MEYOON -]
MCCONALCSVILLE < MENQQTA 8
“CEWEN ] MENTFEE ]
MCFADCEN : MENER] 8
MCFAIN < MENLD 0
MCFAUL c MEND [4
MCGAFFEY 3 HENJIKEN [
MCGARR c MENOMINES 8
HCGARY (4 MENT] [+
MCSEHEE < MENTOR 8
MCGILYERY bl MEJUCN [
MCGINTY 3 wEICED c/0
MCGIRK o) MECEIES 0
NCGOWAN 3 “EICER [
MCGRATH 8 MERCZY L
MCGREW A MEIEILTH 3
MCHENRY 3 MEIETA [
MCILWAINE A MEAGEL L
MCINTCSH 8 MEILI1AN 8
MCINTYRE 3 MEQ [v0 5]
MCKAMmIE 0 MEIKEL 8
MCKAY a MEALIN 1)
MCXENNA S/0  MEIMILL a/0
MCKENZIE J MEINA 0
MCKINLEY 3 €SS A
MCKINNEY o] #MEAQ[FIELD 8
MCLAIN " MEIRILL C
MCLAURIN 3 WEIAILLAN [
MCLEAN z LELER LT Y A
MCLEDD 3 wEITT 8/¢C
MCMAHON < ME RJUGE 8
MCMEEN c MERTON B
MCMULLIN o MERTZ 8
MCMUROIE c MESA L}
MOMURPHY 3 »ESCAL 8
MCMURRAY bl MESCALZRO [
MCNARY b} mESTTA [
MCPAUL 3 MESKILL [

A BLANK HYDROLOGIC SOIL GROUP INOICATES THE SOIL GROUP HaS NOT SEEN JETEMINED
TyYO SAft GROUPS SUCH AS B/C INDICATES THE ORAINEO/UNDRAINED SITUATIZL"
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MUNTOY A
MONTPELLIER
MONTROSE
MONTVALE
HMONTVERDE
MONTWEL

HTNUE
»0o0Y

MTOHO0

HOOSE
MORA

HORADO

RIVER

MGRALES

KDRD

MOREAU

MOREHEAD
MOREHOUSE
HORELAND
HMORELANDT ON

MORET
MDREY

MORFITTY
HMORGANFIELD
HMORGNEC
MORIARTY
MORICAL

MORLEY

MORMON MESA
#OROCLO

HMORON]
MOROP

MORRILL

MORRIS

MORRISON

HORR On

MORSE

MCRTENSON

MORTON
MORVAL

MOSBY

nOSCA
mOSCOw

MCSEL

MOSHANNON

MOSHER

MCSHERVILLE

HMOSICA

MOSQUET
HOSSYROCK

HMOTA

HOTLEY

#CTDQUA
MOTTSVILLE
MOULTON

MCUND

MOUNTAINBURG
MOUNTLINVIEW
MOUNTAINVILLE

HOUNT
MOUNT
MOUNT
MOUNT
MOUNT
MOUNT

AIRY
CARROLL
HOME
HOO0D
LUCAS
QLIVE

MOUNTVIEW
MCVILLE

MOWATA
MOWER

MCYERSON

MCY INA
MUCARA

MUCET

MUDRAY

MuD SPRINGS
MUGHDUSE

MUIR

MUL&KRIRK
MUKILTED
MULCROW

MULKEY

MULLINS
MULLINVILLE

HULT

MULT ORPOR
MUMFORD
MUNDELEIN

MUNC0S

MUNISING

MUNK

MUNSON

MUNUSC ONG

MURDO

0 MUKDOCK < NAVARROD B
[4 MUREN 8 NAVESINK
8 MURRILL 8 NAYLOR
] MURVILLE D NAYPED [
A/D MUSCATINE B N&L 8
4 MUSE 4 N-BAR 8
8 MUSELLA B NEAPOLIS 8/0
8 MUSICK 8 8z [4
8 MUSINIA 8 D
D MUSK INGUM < 3
8 MUSKOGEE 4
c MUSQUIZ C NECHE c
D MUSSEL B NEDERLAND B
4 MUSSELSHELL 8 NEEOHAM D
2] MUSSEY 2 NEEDLE PEAR c
4 MUST ARG A/D NEEDMORE C
[4 HMUYNALA 8 NEELEY B
D KUTUAL B NEE SOP AH c
A MYAKK & A/D NEGITA 8
¢} MYATT 8/D NEGLEY B
[} MYERS D NEHALEM ]
e MYERSVILLE 8 NZHAR 8
B RYLREA 8 NEILTGN A
MYRICK 2 NEIS30N 8
[+] MYRTLE 8 NEXIA c
[4 MYSTEN & NELLIS 8
4 MYSTIC [} NELMAN B
D MYTOA 8 NELSCOTT B
s C NELSDN 8
2] NAALEHU B NEMAH c
[4 NABESNA D NEMITE a
B NACEV ILLE c NEN&NA [
c NACHES [ NENND B
8 NACIMIENTO 4 NEDLS D
4 NACOGDOCHES B NEJTUMA ]
o} NADEAN B NEPALTO A
4 NACINA D NEPESTA c
B NAFF B NEPHI 8
B NAGEES1 [ NEPPEL 8
[4 NAGITSY C NEPTUNE a
A NAGLE 8 NERESON B
[4 NAGOS ¢} NESUA A
[4 NAHATCHE c NESHAMINY B
B NAHMA c NEZSIKA 8
0 NAHUNTA c NESKAHI B
4 NATWA 8 NESKOWIN [4
e NAKA ] 8 NESPELEM B
0 NAKNEK [} NESS o}
B NALOCL B NESSEL 8
B NAMBE [ NESSOPAH 8
8 NAMON 4 NESTER c
) NANAMKIN A NESTUZLA 4
a NANCY B NETARTS A
8/D NANNY B NETCONG 8
4 NANNY TON 8 NETD 8
o] NANSENE 8 NETTLETON [4
8/D NANTUCKET 4 NEU3ERT 8
g NANUM c NEUNS 8
A N&P& D NEUSKE 8
B NAPAISHAK ! NEVADOR [4
B NAPBV INE 8 NEVILLE 8
B NAPIER B NEVIN (4
[4 NAPLENE 8 NEVINE B
"] NAPLES 5 NEVKA [4
8 NAPPANEE ] NEVIYER [}
[4 NAPTOWNE 8 NEVTAH [
D NARANJITO c NEVU D
c NARANJO [ NEWARK c
[} NARC ISSE 8 NEwART B
o] NARD 8 NEwAYGO B
D NARLGN c NEXSERG 8
4 NARON 3 NEWLERRY [4
o] NARKAGANSETT B NEWBY 8
4 NARROWS h) NEw CAMBRIA [4
[4 NASER B NEWCASTLE 8
g NASH 8 NEWCOMB A
e NASHU A A NEWDALE 8
1] NASHV ILLE B NEWELL 8
2] NASCN < NEWELLTON 1]
C NASSAU C/D  NEWFANE
[+] NASSET 8 NEWEORK 2}
[ NATAL IE c NEWKIRK [}
[4 NATCHEL B NEWLANDS 8
A NATHROP 8 NEWLIN 8
B NATIONAL 8 NE WMARKE T 8
8 NATRONA 3 NEWPDRT [4
B NATROY D NEWRUSS 8
[ N4TUR ITA 8 NEWRY 8
4 NaUKaTI 0 NEWSKAH B
0 NAUMBURG : NEWS1EAD [
D NAVAJ O o} NE#/TON A/D
B NAVAN 0 NEWICONIA 8

£ BLANK nVDRGLOCIC SuiL Griu™~ 7~DICATES THE SOIL GRCUP HAS NOT BEEN JETERKINED

MESHAN C HINGRA
MESPUN a MINTD
MESSEK < MINU
MET ol MINVALE
METALINE e MIkA
METAMURA B MIRKABAL
METEA -] MIRACLE
METHOW B MInAMAK
METIGODSHE A MIRAKCA
METOLIUS B MIRES
METRE D MIRKOR
METZ A MIRKOR LAKE
MEXICO 0] MISSION
MHOON c MiTCH
MIAMI B MITCHELL
MlIAMIAN < HIT]IWANGA
MICCOD A/D KITRE
MICHEL SON 8 KIZEL
MITH]IGAMME [ HIZPaH
HICK 8 MOANC
MICAS 0 MUAPA
MIDDLE C MOAULA
MIDDLEBURY ] MOBEETIE
MIDESSA B8 MOCA
4IOLAND 0 HOCHO
MIONIGHT 0 [JebT X
MIDBVALE c MODALE
HIOwWAY D HODEL
MIFFLIN [ HODENA
MIFFLINBURG B MOCESTO
MIGUEL o] MGooC
MIKE 7] MCENKCPIE
MIKESELL [ MUEPITZ
MILACA b MOFFAT
MILAN B MIGOLLON
MILES B KAGUL
MILFORD [ HOHALL
MILHAM [4 MOHAVE
MILHEINM C MOHARK
HILL e MJIRE
MILLARD 3 MOKELUMNE
MILLBORD Is] MOKENA
MILLBROGK B MOKIAK
MILLBURNE ] MOKULEIA
MILLCREEK B8 MOLANL
MILLER 0 MOLCAL
MILLERLUX 0 MOLENA
MILLERTON b} MOL INCS
MILLETT B MULLVILLE
MILLGROVE B/0 MILLY
MILL HOLLOw 8 MOLOKAL
miLLlCH s} MOL SON
MILLIKEN [ MGL YNEUX
MILLINGTUN 8 MONAD
MILLIS C MONAHAN
MILLRACE B MONAHANS
MILLSAP C HONARLA
MILLSDAL E B/0 MONCLOVA
MILLSHOLM C MONDAMIN
MILLVILLE B MONDOVI
MILLwWOOu 0 MONEE
MILNER < MUNICO
MILPITAS [N MONIGA
NILROY "] MONI TEAU
MILTON C MONMOUTH
MIMBRES [ MINO
MIMOSA [ MONOLITH
MINA c MONONA
HINAM 8 MONUNGAHELA
MINATARE 0 MINRCE
MINCHEY e MONRCEVILLE
MINCG 8 MONSE
MINDALE B MONSERATE
MINDEGO B MONTAGUE
MINDEMAN B MONTALTD
MINDEN [4 MOKTARA
HMINE B8 MOKTAUK
MINEGLA MONTCALM
MINER D MONTE
MINERAL A MONTE CRISTQ
MINERAL MJUNTAIN C MONTEGRANDE
MINEKVA B MONTELL
MING B MONTELLO
MINGO & MONTEOLA
MINIDOKA C MONTEKUSA
MINNE ] SKA [+ MONTEVALLO
MINNEDSA -] MUNTGOMERY
MINNEQUA 8 MONTICELLO
MINNETUONKA 0 MONTIETH
MINNE WAUKAN 8 MONTMGRENCI
MEINNIZCE b MONTC SO
MINUA [+ MONTOUR

NJITES

TeQ SLIL
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NEWTOWN Cc NORTON [ OKAN [} ORELLA 0 PASK
NEWVILLE c NORTCNVILLE [ OKAY 8 OREM A PACXARD
NEZ PERCE c NORTUNE 0 OKEECHOBEE A/0 QORESTIMBA [+ PACKER
NIAGARA Cc NORWALK B OKEELANTA A/0 ORF3RO 4 PACKHAM
NIART 8 NORwAY FLAT 8 CKEMAH c ORIDIA [ PACKXIACOLE
NIBLEY c NORWELL [+ OKLARED B ORI1F A PAZKXW2GD
NICHOLSON [ NGRWICH ] OKLANAHA A/D ORID c PACILET
NICHOLVILLE c NORWGOO B OKMOX 8 CRIJN 8 PACTILUS
NICKEL 8 NOTI [+ axg ] CRITA 8 PATEN
NICODEMUS 3 NOTUS A/C  OxkOBOJI [ ORLAND B PADAONIL
NICOLAUS [ NOUQUE ] OXKGOLONA . D CRLANECO A PADUCAN
NICULLET a8 NUYARA a8 OKREEX 0 ORMAN < PAJUS
NIELSEN 2] NOVARY B8 OKT18BEHA ] ORMS3Y 8/C PAESL
NIGATHAWK B s Teels] [ GLA C ORCDELL C PA3ET
NIHILL 8 NOYO [ OLAA A ORO F IND -] PAGDIA
NIKASUNA s} NOY SON [ OLALLS [ ORO GRANDE [ PANAANAGAT
NIKEY 8 NUBY C/0 OLANTA B CRONOD o PAMREAA
NIKISHKA A NUCKGLLS [ GLATHE [ OROVADA { PAHRGE
NIKLASON [ NUCLA 8 OLD CaAnP ] ORPHANT 0 PALA
NEIXKGLAL o] NUECES [+ OLDHAM [+ ORR c PALLE
NILAND c NUGENT A GLDS 0 ORRYILLE c PAINESYILLE
NILES [+ NUGGET < OLOSMAR B/D ORSA A PAINTRECK
NIMROO [4 NUMA [ oLowICK B ORS INO A PAIT
NINCH c NUNDA c OLELO 8 ORTELLD A PAJARITO
NINEMILE ] NUNICA [+ OLENA 8 CRTIGALITA c PAJARD
NINEVEH 8 NUNN c OLEQUA 8 ORTING c PAKA
NINIGRET 8 NUSS P} QLETE [ ORTILZ 4 PAXALA
NININGER 8 NUTLEY [+ OLEX 8 ORTLEY 8 PAKINI
NINNESCAH £ NUTRAS [ OLGA [+ ORWET A PaLA
NIQgELL [4 NUTRIUSO 8 oLl 8 ORWCJ0 8 PALACIO
NIOTA 0 NUYALLGE [4 OLIAGA B/0 OSAGE b PALAPALAL
NIPE 8 NYALA o] OLINDA B OSAKIS 3 PALATINE
NIPPERSINK 3 NYMCRE A OLIPHANT 8 OSCAR 0 PALESTINE
NipPPT A NYSS4A [ OL IVENHAIN ] OSCURA [ PALISADE
NiPSUN < NY33ATON 3 GLIVER 8 0sGa00 8 PALMA
NIRA 8 NYSTARCOM [+ GLIVIER c ashHA -} PALMAREJO
NISHNA [4 OLJETS A OSHFAWA 5] PALM BEACH
NISHON o DAHE 8 CLMITO o O'SHEA c PALMER
NisquaLLy A CAKDALE B CLMITZ 8 0SrK0SH c PALMER CANYON
N{SSmA a JAKGEN o] OLMGS [ OSHTEMO 8 PALMIZH
Niu 8 OAKFCRD 8 OLMSTFO 870 OSIER B/0 PALNS
NROLET 4 0AK GLEN 8 OLNEY 8 0SKA c PALMYRA
HIVLI 2 0AX GARGYE c oLckul ] OSMUND B PALD
N{wlT 4 CakK LAKE 8 OLPE C GSO 3 PALQJDURD
XA c CArLAND [ OLSON jal Qsoes 0 PALONAS
NIXON 3 CAXS RIOGE [ OLTON 4 OSOR [JGE o] PALOMI NG
NIXONTON 8 CAKYILLE A CLUSTEE B/D QSOTE 8 PALJS VERDES

A OA«wCCD 0 oLYic 8 OSSIAN c PALJUSE

b QANZ FUXKA 8 GLYMPIC 8 osT a PALSGROVE

8 QASIS 8 OMAD! B OSTRANDER 8 PAMLICO

A QATHMAN 8 GMAHA B OTERD -} PAMZA

< CeANn 4 QmMAK [ OTHELLOD 0 PAMSDEL

38 QS84aRC 8 OMEGA A oTisS c PARUNKEY

b JBEN c OMENA 3 QTISCO A PANA

o) CERAST v OmNy c OTISVILLE A PANACA

v JBAAY o] ONA A/D QTLEY 8 PANAEWA
NUKAY < CaURN 0 OMNALASKA 3 OTSEGO [4 PANASOFFEXES
NIKCHIS B Qlara 2} CNAMIA 8 OTTER 8/D PANCHER]
Nul.am 3 CCEANET 0 CNARGA 8 OTTERBE!IN! c PANIHUELA
ML ICRUCKY 8 CCEAND A ONAwA 4] OTTERAOLY 8 PANDD
NuL IN E) OCHEYEDAN 8 CNAwWAY 8 OTTOKEE A PANOQAH
Nuld 9 GUHLUOGCKOMNEE 8 CNOARA 8 OTwWAY el PANDQORA
NuHE 2 LCrid 0 CNEIDA 8 OTWELL [4 PANDURA
NUNDAL TGN 3 uLHLL G c QINEILL 8 QUACHITA c PANE
NUNUP ArY v CCHGPEE 870 ONEONTA 8 QURAY A PANGUI TCH
NUOKACHhANP S Crs) OCitLA [+ UNITA [+ QUTLET c PANMHILL
NULKSACK 38 CCALEY 8 CHITE B OvaLL [4 PANI3GUE
NICNAN J QClEs A/D  ONGTA [+ JVERAGAARD c PANKY
NIRA 3 JCUNEE [+ CNJVA 0 OVERL AND c PANCIHE
L VLV -} OCONTC -} ONRAY [+ OVERLY c PANOLA
NORGERT 0 aCosTa 2] CNSLOwW B CYERTUN 0 PANSEY
NOFBURNE -] GLout Ce 8 GNTARIO 8 ovio c PANTEGD
NURBY 8 GCTAGLN 8 CNTKQ B/0 OVINA 3 PANTHER
NURD 8 GUEE 2] ONTGNAGON ] OWESD 3 PANTGN
NUR{BY 3 CottLL 8 ONYX 8 OWEN CREEK c PalLA
NJRDEN 3 CDEM A OCXALA A OWENS ] PADLI
NURUNESS B QDERMCTT C GPAL 0 OwHI 8 PACNIA
NORFCLK 3 QDc S84 0 OPEQUCN C/0 GwGSSd -] PAPAA
NURGE 3 GhiN 4 GPHIK [4 OUWYHEE 8 PAPAL
VJRKA g ONE c GPIHIXAO 0 Ooxalis < PAPAKATING
NUAHA 2/ Q'FALLON ] GPPIO o] QXBCwW < PAPOJSE
NORMANGEL J GGDeN 0 DQUAGA c OXER INE 4 PARADISE
NJRREST C CGEECHES C GRA C GXF3RO o] PARADOX
NJRRIS c GGcMAN C GRAN B OZaM]S B/D PalaglMa
NORRISTUN [ OGILVIE [ ORANGE ] CZAN o] PARAMIAZ
NJRTE 8 aGLaLa B CRANGEBURG 8 OZAUK EE [4 PARASTL
NURTHDALC C GoLe 8 CRCAS 2 PARZILAS
NORTHMF et ) CHAYSH [v] ORCHARD 3 PAAIK I 8 PARCEZ
NJATHMGRE [4 UHIA A ORD A PAALCA 8 PARE-AT
NURTROURT QJal 8 GRDNANCE 4 PAAURAY A PARENT
NJIRTH POmJER o CJATA 0 CROwAY D PACHAPPA 8 PARIETTE
NURTHUMBERL AND C/D OXANCGAN 8 CRELIA o] PACHECO B/C  PaRiS

NJITES & BLANK HYDRULOGIC SOIL GARUUP INDICATES THE SOIL GROUP HAS NOT 3EEN DETSIMINED

Tw0 SIIL GROULPS SLCH AS B/C INDICATES ThRE DRAINED/UNORAINED SITUATIOW
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PARISHVILLE c PELIC - D PICAYUNE
PARKAY ] PELLA D PICKANAY
PLRKDALE ) PELLEJAS B PICKENS
PAKKE 8 PELONA C PICKET.
PARKER 8 PELUK 0 PICKFORD
PARKFIELD C PEMBERTON A PICKRELL
PARKHILL ] PEXE INA c PICAWICK
PARKHURST PEMBAOKE 8 PICO
PARKINSON 8 PENA 8 PICOSA
PARKVIEwW 8 PENCE A PICTOU
PARKVILLE c PENDEN -] PlZ CREEK
PARKNOOD A/D  PEND OREILLE b PIERIAN
PARLEYS 8 PENDROY 0 PIERPONT
PARLIN [+ PENELAS 0 Pl1ERRE
PARLD 8 PENINSULA 4 PIERSONTE
PARMA [+ PENISTAJA B PLIHONUA
PARNELL o PEN{ TENTE 8 PIRE

PARR B PENLAR C PILLHUCK
PARRAN 0 PENN C PILGRIM
PARR ISH [+ PENNEL c PiLOY
PARSHALL 2] PENNINGTON -] PILCOT ROCK
PARSIPPANY o PENC c PINA
PARSONS ] PENOYER c P1MER
PARTRI c PENROSE 0 PINAL
PASAGSHAK D PENSORE 0 PIALENO
PASCS 8/, PENTHOUSE 0 PLoAMT
PASO SECO PEnIZ 0 PINATA
PASQUEYTI C/0 PENWELL A PINAVETES
PASQUOTANK B/0 PENWOGD A PINCHER
PASSAR [+ PEQGA e PIKCKNEY
PASS CANYON 0 PEOH [+ PINCONKING
PASSCREEK C PEDNE B8/C PINLUSHION
PASTURA 0 PEORIA 3} PINEDA
PATAHS B PEOTUNE C PINEDALE
PATENT c PEPOON 8 PINEGUESY
PATILLAS B PcQUEA c PINELLOS
PATILO c PERLHAS o PLNETOP
PAIIT CREEK o PeRCIvAL < PINEVILLE
PATNA -] PERELLA [ PINEY
PATOUTVILLE c PERHAH C PINICON
PATRICIA [ PERICO 8 PINKEL
PATRICK B PERITSA c PINKHAM
PATROLE C PERKINS [+ PINKSTON
PATTANI 0 PERKS A PINNACLES
PATTENBURG 8 PERLA c PINO
PATTER C PERMA A PINJLA
PATTERSON 4 PERHANENTE c PINOLE
PATTON 670 PERKRIN ] PINOM
PATWAY [ PERRINE ] PAMONES
PAUL B PERKOT 0 PINTAS
PAULDING o PERKY D PINTLAR
PAUL INA 0 PERRYPARK 6 PINTO
PAULSELL 0 PERRYVILLE 8 PINTURA
PAULSON B PERSANTI [+ PINTWATER
PAULVILLE B PERSAYO D PIOCHE
PAUMALU 8 PEKSHING [ PLOPOLIS
PAUNSAUGUNT 0 PERSIS ] PIPER
PAUSANT 8 PERT 0 PIRQUETTE
PAUWELA b PERU c PIRUM
PAVANT 0 PESCADERD C/D  PISGAH
PAVILLION 2] PESET C PISHKUN
PAVORRO0 ] PESHASTIN 8 PISTAKEE
PAWCATULK 0 PESD R c PIT

PANLET 8 PETEETNEET 0 PITTHAN
PAWNEE o PETERBORG 2] PITTSFIELD
PAXTONR c PETERS o PITTSTOUN
PAXVILLE v PETCSKEY P1TT1#00D
PAYETTE B PETRIE 0 PITZER
PAYMASTER 8 PETROLIA 0 PIUTE
PAYNE [4 PETTOANS c PLACEDO
PAYSON 7] PEWAMO B/D PLACENTIA
PEACHAN 0 PEYTOM b PLACERITOS
PEARL HARBOR 0 PFelFFER 2] PLACID
PEAKMAN PHAGE 8 PLALK
PEARSOLL 0 PHANTCH C PLAINFIELD
PEAVINE [+ PHARD 8 PLAINVIENW
PECATONICA [} PHAKGLIO 2} PLAISTED
PECOS 0 PHEBA [+ PLANOD
PEDEE [+ PHEENEY 8 PLASKETT
PELERNALES [+ PHE LAN 8 PLATA
PEDIGO B/. PHELPS 8 PLATEA
PEDLAR 0 PHIFERSON 8 PLATEAU
PEDOL! [+ PHILBON B/D PLATNER
PECRICK -] PHILIPSBURG B PLATO
PEEBLES [+ PHILLIPS [+ PLATORO
PEEL 4 PHILG 8 PLATTE
PEELER B PHILOMATH 0 PLATIVILIE
PEEVER c PHIPPS [ PLAZA
PEULER 2 PROEBE 8 PLEASANT
PEGRAM B PHOENIX o} PLEASANT GROVE
PEKLN c PlASA 0 FLEASANTON
PELHAN 8/0 PICACHO 9 PLEASANT VALE

NJTES

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL
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PLEASANT VIEW
PLEDSGER
PLEEK
PLEINE
PLEVNA
PLOME
PLOVER
PLUAAS
PLUMRER
PLUSH
PLUTH
PLUTOS
PLYMOUTH
POALL
POARCH
POCALLA
POCATELLOD
POCXER
POCOMOKE
POO3J
POODUNK
POE
POEVILLE
POGAL
POGANEAB
POGUE
POHAKUPU
POINDEXTER
POINSETT
POINT
POINT ISABEL
POJIAQUE
POKEGEMA
POKEMAN
POKER
POLAND
POLAR
POLATIS
POLE
POLEBAR
POLEL INE
POLEG
POLEY
POLICH
POLLARD
POLLASKY
POLLY
POLO
POLSON
POLVADERA
POMAT
POMELLOD
POMP AND
PUMPONID
POMPTON
POMROY
PONCA
POKCENA
PONCHA
POND

POND CREEK
PONMDILLA
PONIL
PONTOTOC
PONZER
POOKUY
POOLE
POOL ER
POORMA
POPE
POPPLETON
POQUONDCK
PORRETT
PORT
PORTAGEVILLE
PORTALES
PORTALTO
PORT BYRON
PORTERS
PORTERVILLE
PORTHILL
PORT INO
PORTL AND
POKTNEUF
PORTOLA
PORT SMOUTH
PORUM
PDSANT
POSEY
POSITAS
POSKIN
POSCS
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POy
POCadD
POTH
PITLATCH
PGTRATZ
POT5)AM
PUTTER
POTYS

PO JORE
POULTHEY
POUNRCEY
PD/ERTY

PO 14 ATKA
POy
PITIAN
ruze

PJZ3 SLANCO
PX
PRATHER
PRILIY
PRI

PR s 4CER
PRIAINESS
PRi5{SH

R.SQUE ISLE
PRILY
PRESTON
PALHITY
PRCY

PRJE

PRIUA
LDHAM
PRISTA
PRI ®IAUX

PRINC
PRINEVILLE
PR 4
PkIHS
PRITIHETT
PR TUR
PRU.SHAESSO
PRIISE
PRUHE
PRUMUNTORY
PRUNS
PRUSPELT
PRUSEER
PROSSER
PRUTIVIN
PRUOUT
PROVIDENCE
PRUYD
PRUVU BAY
PRIUNERS
PYLENGAN
PUULY
PULHYAN
PULULE
PUEKLG
PUFRYA
PUEYY
PUGET
PULSLEY
PUHI

PUHI AU
PULASK]
PULEHU
PLi.LEAN
PULS

PUL §.9HER
PULTHEY
PUMEL
PUPPER
PUKx
PUNALUY
PUNCHUY
PUFGAM
PURDY
PURGATORY
PURNER
PURSLEY
PURVES
PUSTOI

A BLANKN HYDROLOGLL SGIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINED
TWO SGIL GROUPS SUCH AS 8/ IMUILATES THE ORAINED/UNODRALNED SITUATION
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PUTNAN [} RANDMAN [} REELFOOT
PUUKALA 0 RANDOLPH [} REESER
PUUGNE c RANDS C REESVILLE
PUU 00 A RANGER 0 REEVES
PUU OPAE 8 RANIER c REFUGE
PUU PA 8 RANKIN C REGAN
PUYALLUP 8 RANTOUL 0 REGENT
PYLE A RANYHAN 8 REHM
PYLON 0 RAPELJE c REICHEL
PYOTE A RAPHO 8 REIFF
PYRAMID 0 RAPIOAN 8 REILLY
PYRMONT 0 RAPLEE C REINACH
RARDEN c REKDP
QUACKENBUSH C RARICK 8 RELAN
QUAKER c RARITAN C RELAY
QUAKERTO WM 3 RASBANO 8 RELIANCE
QUANSA ] RASSET 8 RELIZ
QUAMON A RATAKE C RELSE
QUANAH 8 RATHEBUN [ REMBERT
QUANDAM, 8 RATLIFF 8 REMMIT
QUARLES 0 RATON 0 REMSEN
QUARTZBURG c RATTLER 8 REMUDAR
QUATAMA c RATTO 0 REMUNDA
QUAY 8 RAUS 8 RENBAC
Qualo 0 RAUVILLE 0 RENCALSON
QUEALY [} RAVUZI 8 RENCOT
QUEBRADA C RAVALLIL C RENFRON
QUEENY [} RAVENDALE o RENICK
QUEETS 8 RAVENNA C RENNIE
QUEMADQ C RAVGLA 8 RENO
QUENZER 0 RAWAH 8 RENCHILL
QUICKSELL D] RAWRILE 2] RENQVA
QUIETUS C RAWSON 8 RENOX
QUIGLEY 8 RAY 8 RENSHAW
IVILCENE c RAYADO c RENSLOW
QUILLAYUTE 4 RAYENOUF 8 RENSSELAER
QUImsY L] RAYMONOVILLE 0 RENTIDE
GUINCY A RAYNE 8 RENTON
QUINLAN c RAYNE SFORD 8 RENTSAC
QUINN 0 RAYNHAR c REPARADA
QUINNEY C RAYNCR 0 REPP
QUINTON RAZCA [ REPPART
QUITHMAN c RAZGRT 8 REPUBLIC
QUGNSET 4 READING c RESCUE
READINGTON c RESERVE
RABER C READL YN 8 RESNER
RABEY A REAGAN 8 RET
RAS IDEUX 8 REAKOR B RETRIEYER
RABUM 8 REAL ( RETSCF
AACE o} RZAP o] RETSOK
AACKERT ] REARDAN c REXBURG
RACINE 8 REAVILLE C REXFORD
IALOON 0 REBA [ REXGR
4A0 c REBEL 8 REYES
RADEKS5BURG 8 REBUCK REYNOLDS
RADFORD 8 RECAL 0 REYNGSA
AACLEY c RECLUSE c REYWAT
RADNOR 0 REDBANK 8 RHAME
RAFAEL o] RED BAY 8 RHEA
RAGER 8 RED BLUFF c RHINEBECK
RAGLAN c RED BUTTE 8 RHGADES
RAGNAR 8 RECBY [ RHOAME
RAGQ c REDCHIEF [ RIB
RAGSDALE 8/9 REDCLCUD 8 RICCO
RAGTONN 0 REDDICK c RICETON by
RAHAL 4 REODING o] RICEVILLE
RAHM c REDFIELD 8 RICHARDSON
RAIL C/D RED HILL c RICHEAU
RA IN3CHW c REL HCOK c RICHEY
RAINEY 8 REDLAKE 0 RICHFIELD
RAINS 8/0 REDLAMDS 8 RICHFORD
RAINSBORO [ REOLOOGE 0 RICHLIE
RAKE 0 REDMANSON B RICHPOND
RALSEN B8/C REDMOND [ RICHTER
RAMADA C REDNUN c RICHVALE
RAMADERO 8 REDOLA B RICHVIZEW
RAMBLER 8 REGGONA 8 RICHNGOOD
RARELLI C REDRIDGE B RICKMDRE
RAMIRES 0 REDROB o] RICKS
RAMMEL c RED ROCK B RICO
RAMQ c RED SPUR 8 RICREST
RAMONA 8 REDSTOE ] RI0D
RAMPART ] REDTHAYNE 8 RIGGEBURY
RAMPARTAR A REDTOM C RIDGECREST
RAMPARTER A REOVALE c RIDGEDALE
RAHSEY 0 REDVIEW c RIDGELAND
RAMSHORN B REE 8 RIDGELAWN
RANCE [ REEBEX C RIDGELY
RANCHERIA 8 REED 0 RIOGEVILLE
RAND 8 REEDER ] RIOGEWAY
RANDADO [ REEOPOINT c RIDIT
RANDALL *] REEDY 0 RIETBROCK

NOTES
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RIFFE
RIFLE

RIGA
RIGGINS
RIGLEY
RILEY
RILLA
RILLITD
RIMErF
RIMINg
RIMROCK
RIN

RINCON
AINCONADA
RINDGE
RINGL ING
RINGO
RINGILD
RINGWQOD
RIO

RIC ARRIBA
RICCONCHO
RIJ GRANCE
RID KING
RID LAJAS
RIT PIEDRAS
RIPLEY
RIPON
RIRIE
RISBECK
RESLEY
RISTA
RESUE
RITCHEY
RITNER
RITO
RITTER
RITTHMAN
RITZ
RITICAL
RITZVILLE
RIVERHEAD
RIVERSIDE
RIVERTON
RIVERYIEW
RIVRA
RIXIE
RIXON

RIZ
ROANOKE
ROBANA
ROEBAINS
ROBBS
ROBERTS
RCBERTSOALE
ROBER TSVILLE
ROBIN
RC3INSON
ROBINSONVILLE
RCBLEDQ
RCB AQY
ROBY

ROCA

ROCKE
ROCHELLE
ROCHEPORT
ROCKAWAY
ROCKCASTLE
RJCK CREEK
ROCKFOROD
ROCKHOUSE
ROCK INGHAN
ROCKL IN
ROCKLY
ROCKPORT
RACX ARIVER
ROCKTON
ROCKWELL
ROCKWOGO
ROCKY FORD
RO0OY
ROCMAN

RDE
ROE3uUCK
ROELL EN
ROEMER
ROES ! GER
ROGERT
ROHMERVILLE
ROMRERSVILLE
ROIC
RCKEBY

~
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ASLETTE
ROLFE
ROLISS
RILLA
ROLLI
RSLIF=
RO4BERS
RJ=3Q
RO®ZQ
ROMNEY
ROMULYS
ROND
RONNE3Y
RINSON
ADISE”
AQOTEL
RQSACHI
RQSAMOND
RGSANE
RISANKY
RO5aR1Q
ROSC 0%
RISCCM4ON
ROSEBEARY
ROSE3LO0M
RO523V0
RQIEIURG
RJISE CREEK
ROSESLEN
ROSERILL
RJSELAND
ROSELLA
AJSzLMS
ROSZMCUNT
RISENDALE
RCSE vALLSY
ROSEVILLE
ROSEWIRTH
ROSHE SPRINGS
ROSITAS
ROSLYN
SSmaN
RGSNEY
R3SS

RJSS FORK
ROSSI
AT3S3MOYNE
ROSS VALLZY
ROTAN
RITAIS4AY
ROTASAY
AQTTULEE
AJUBI3EAY
RJIUEN
RIUND BOUTTS
ROUNDLEY
RJQUNDTOP
RAUNDUP
RTUNDY
RCUSSEAU
RJIUTON
ROUTT
ROvVaL
ROWE
ROWENA
ROWLAND
ROWLEY
ROXaL
RQX3URY
agy

RQYAL
RGYILTON
ROYCSE
RIYSTISHE
k213
AISLLVILLE
RIZETTA

AYBLIIN
RUBLS
RUAY
QUSYHILL
uld
RUCKLES
RUCLIZK

RUDEZIN
UL
RUJYARD
AUELLA
GGLES

A BLANK HYDROLOGIC SOIL GROUP INDIZATES THE SQOIL GROUP HAS NOT 383N JETZAMINED
TwQ SGIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION
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RUIDGSO
RUKD

RULE
RULICK
AUNBD
RUMFIRD
RUMNEY
RUMPLE
kUM RIVER
RUNE
RUNGE
RUNNELLS
RUNNYMEDE
RUPERT
RUSCD
RUSE

RiISH
RUSHTOWN
RUSHVILLE
RUSS
RUSSELL
RUSSELLVILLE
RUSSLER
RUSTON
RUTLAND
RUTLEGE
AYAN

RYAN PARK
RYDE
RYDER
RYEGATE
RYELL
RYEPATCH
RYER
LYJRP
RYUS

SABANA
SABANA SECA
SABENYD
SABINA
SABINE
SazLe

SaC

SAZ0
SALRAMENTO
SACUL
SADDLE
SADOLEBACK
SADER
SADIE
SADLER
SAFFELL
SAGANING
SAGE
SAGEMILL
SAGEMOOR
SAGERTON
SAGINAM
SAGO
SAGODUSPE
SAGUACHE
SAHALIE
SAINT HELENS
SAINT MARTIN
SALADO
SALADGN
SALAL
SALAMATDF
SALAS
SALCHAKET
SALEM
SALEMSBURG
SALGA
SALIDA
SALINAS
SAL ISBURY
SALIX
SALKUN
SALL ISAW
SALLYANN
SALMUN
SALOL
SALUNIE
SALREE
SALTAIR
SALT LHUCK
SALTER

SAL TERY
SALT LaKe
SALUDA
SALUVIA

C SALVISA c SAUK B SEDAN SHELBY

0 54 2ER o SAULICH "] SELILLD ] SHILBYVILLE

8 SAMBA [} SAUM c SEDWELL 4 S DON

(4 Sam] SH C/D  SAUNDERS 4 SZEDSKADEE 0 S :LIKOF

4 SAMMANM] SM c SAUVIE C/D SEES < StiiLLABARGER

B SAMPSEL ] SAUVOLA [4 SEEWEE B SHELLDRAKE

4 SAMPSCN ) SAVAGE 4 SEGAL [ SHILLROCK

4 SAMSIL o SAVANNAR 4 SEGNO c 54ZLMADINE

4 SAN ANDHEAS c SAVENAC c SEHOIRN 0 543L0CTA

4 SAN ANTON 8 SAVO 4 SEITZ c S+i:LTON

8 SAN ANTONIO (4 SAVOIA B SEJITA D S1SNA

c SAN ARCACIOD 8 SAKABE 1] SEKIL c 343 ANDOAH

8 SaN EENITO 8 SARATCH 4 SEKIU ] P

A SANCHEL 0 SAKCREEK B SELAH 4

[4 SANUALL [+ SAWMILL 4 SELDEN c

0 SANDERSON 8 SAWYER 4 SELEGNA D

c SANDLAKE 4 SAXBY 1] SELFRIDGE c

A SAKDLEE A SAXON B SELKIRK [

0 SANELT [5} SAYBROOK B SELLE E

8 SAN EMIGDIOD 8 SAYLESYILLE 4 SELLERS aA/D

8 SANFORD A SAYLOR A SELMA 8

[ SANGER ] SCALA B SZMIAHMOQ 0

< SAM LLAMAN b} STAMMAN 4 SEMINMOD D

b SANGL C SCANDIA B SEMINARID [

¢ SANGRLY A SCANTIC c SEMIX c

"] SANILAC c SCAR A SEN )

[ SAN ISABEL ) SCARBGRO 1] SENECAVILLE c

B SAN JOAQUIN 0 SCAVE [ SEQUATCHIE 8 SH.NGLE

6/D SAN JCN [+ SCHAFFENAKEY A SEQUIH [ SHINGLETOWN

c SAN JOSE B SCHAMBER A SEQUIN B SHLIRN

) SAN JUAN A SCHAHP c SEQUOIA c 5rt: NROCK

A SAN LulS B SCHAPVILLE 4 SERENE 0 SH{DCTON

"] SAN MATEO 8 SCHEBLY ] SERNA 0 SHIPLEY

c SAN MIGUEL c SCHERRARD 1] SERQTO [ 54, PROCK

c SANPETE ) SCHLEY ) SERPA C/D  SMIRAT

4 SANPITCH c SCHMUT L B SERVDSS. 0 SHIRK
SAN PCIL 8 SCHNEBLY 1] SESAME c SHOALS

1] SAN SABA 0 SCHNEIDER 4 SESPE c SHUEBAR

[+] SAN SEHASTIAN ) SCHNOORSON B/D SESSIONS c SHOEFFLER

[} SANTA [+ SCHNORBUSH 4 SESSUM |5} SHUNKIN

[4 SANTA CLARA c SCHODACK SETTERS c SHOOFLIN

A SANTA FE 5} SCHODSON 4 SEVILEMEYER D SHDOK

o SANTA ISABEL [ SCHOFIELD B SEVAL 0 SHOREWQOD

] S&NTA LUCIA [4 SCHUNARIE c SEVERN B SHOREY

v SANTA MARTA [+ SCHOLLE [} SEVILLE D SHURN

C/0  SANTANA c SCHOOLEY C/D SEVY < S4URT CREEK

o] SANTAQUIN A SCHOONER ] SEWARD B SHISHONE

8 SANTA YNEZ [+ SCHRADER ] SEWELL 8 SHUTWELL

B SANTEE 1] SCHRAP [+] SEXTGN [ SHOUNS

[+] SALNTIAGOD [3 SCHRIER B SEYMOUR c SHUNAL TER

8 SANTIAM [+ SCHRACK 8 SHARK 1} SHIWLOW

c SAN TIWOTEO [+ SCHUMACHER ) SHADELAND c SHREKSBURY

B SANTONI [+] SCHUYLKILL B SHAFFER A SHRINE

o SANTOS c scIo [} SHAKAN B SHROE

7] SANTO TOMAS ) SCIOTOVILLE c SHAKESPEARE 4 SHROUTS

8 SAN YSIDKO [+] SCISM B SHAKDPEE c SHUBUTA

[4 SAP INERD ] SCITUATE 4 SHALCAR |7 SHULE

c SAPP [*] SCOBEY c SHALET 3} SHULLSBURG
SAPPHIRE 8 SCOOTENEY B SHAN 4} SHUMMAY

] SAPPHO [} SCORUP c SHAMBO ] SHUPERT

4 SAPPINGTOY 8 SCOTT "] SHAMEL 8 SHUWAY

A SARA [+ SCOTT LAKE B SHANAMHAN ) st

8 SARALEGU] B SCout B SHANDON STBLEYVILLE

A SARANAC ] SCOWLALE c SHANE 0 SIEYLEE

c SARAPH [} SCRANTON B/D SHANO 8 SITILY .

[3 SARATOGA B SCRAVD A SHANTA B SICKLESTEETS

0 SARATOM B SCRIBA [ SHAPLEIGH C/D SIDELL

[} SARBEAN A SCRIVER 8 SHARATIN 8 SIEANCIA

o] SLRCO B SCRDGGIN c SHARK EY ] SIEBER

c SARDINIA 4 SCULLIN c SHARON B SIELD

8 SARDO 3 SEABROOK 4 SHARP SBURG ) SIEROCLIFF

[} SARGEANT [ SEAmAN [4 SHARROTT 0 SIERRA

e SARITA A SEAQUEST 4 SHARY ANA c SIERRAVILLE

[+ SARKAK o SEARTHL IGHT c SHASK 1T B/L SIESTA

Iy SARPY A SEARING B SHASTA A SIFTON

[4 SARTELL A SEARLA 8 SHAVAND B SIGNAL

"] SASKA 8 SEARLES 4 SHAY ER B SIGURD

[ SASPAMCO 8 SEATON B SHAWA 8 SIMESTON

[4 SASSAFRAS 8 SEATTLE [} SHANANOD A SILCOX

8 SASSER ) SEARILLOW B SHANNUT 3 SILENT

c SATANKA 4 SEBAGD ] SHAY 2} SILER

[ SATANTA B SEBASTIAN ] SHEAR 4 SILERTON

"] SATELLITE c SEBASTOPOL [4 SHECKLER c SILl

D SATY D SEBEKA 1] SHEDADD B SILSTID

C/0 SATTLEY 8 SEBEWA 8/0 SHEDD C SILVER

D SATTRE B SEEBREE D SHEEGE [ SILVERADOD

A SATURN [ SEBRING 1] SHEEF CREEK c SILVERBOW

[ SATUS 8 SEBYD B SHEEP HEAD c SILVERK CREEK

] SAUCIER [ SECATA C/C  SHEEPROCK A SILVERTON

L SAUDE & SECCA 4 SHEET IRON 8 SILVIES

< SAUGATUCK c SECRET 4 SHEFFIELD o] SIMAS
SAUGUS B SECRET CREEK 8 SHEL BURNE [+ SIXZDE

NUTES A BLANK HYOROLOGIC SOIL GRCUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINED

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

Tl SQIi GROUPS SUCH AS 3.0 INDICAYTES THE DRAINED/UNDRtINED SEITUATION
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SIMEON
SIMMLER
SI4MGNT
SIMNER
SI%ON
SIMONA
SImOTZ
S1APERS
SIMPSON
Sius
SINAl
SINCLAIR
SINE
SINGLETREE
SINGSAAS
SINNIGAN
SINOMAX
SINTON
SINUK
SION
SIoux
SIPPLE
SiRl
SISKiYoU
SISSETOM
SISSTN
SITES
SITRA
SIXMILE
SIZEMORE
SiZer
SKAGGS
SKAGIT
SKAHA
SKALAN
SKANANIA
SKAMOKARWA
SKANEE
SKELLACK
SKZRRY
SKIOMCRE
SKI'LET
SKINNER
SAIYJU
SKLKCMIGH
SAUIKUMCSAUCK
SKOWHEGAN
SKuUiLL CREEX
SAUMIAK
SRUTUM
SXYJERG
SXYHAVEN
IKToMIsn
SXYLICK
SHYLINE
Sy Ay
SLa3
SLATE CREER
SLAUGHTER
SLAVEN
SLAWSON
SLAYTON
SLEETH
SLETTEN
SLICKRICK
SLIGATS
Sk 16
5L IKIK
sulp
SLIPHMAN
SLOAN
SL3Cum
SL20uC
SL33S
SLuJlce
SHMARTS
SUITH C{xeck
SMITHDALE
SMITHNCCA
SMITHTON
SMOLAN
SMI0T
SNAG
SNAMJPISH
SNAKE
SNAKE HULLGW
SNAKELUM
SNEAD
SHELL
SNELLING
SNOHUMISH
SNUQUALMIE
NITES
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-
o o

A 3BLANK HYURULGCGIC SCIL GROULP

SNOW
SNOWOEN
SNOWLIN
SNOWVILLE
SNUWY
SOAKPAK
SOAP LAKE
SCBOBA
SOBRANTE
SODA LAKE
SOOHOUSE
200us
SCELBERG
SOFIA
S0GAN
SJGZIE
SCKOLOF
SOLAND
SCLOATHA
SCLOLER
SCL ouc
SCLouC
SGLLERS
SOLLER
SOLCMON
SCLCMA
SQMB&ERO
SOMERS
SCMERSET
SOMERVELL
SOMSEN
SSNOLTA
SONC A
SONTASG
SOPER
SOQUEL
SCRDG

SCAF
SORRENTS
SIRTER
505A
SOTELLA
SUTIN
SOUTHFORK
SGUTHGATE
SOUTHaICX
SPAA

SPACE CITY
SPACE
SPALGING
sPaN
SPANAWAY
SPANEL
SPARTA
SPEARFISH
SPEAKMAN
SPEAKYILLE
SPELK
SPECTER
SPELYAl
SPEIGLE
SPENARD
SPENCER
SPENLO
SPERRY
SPICER
SPILLVILLE
SPINKS
SPIRES
SPIRIT
SPIRG
SPLENDGRA
SPLITRO
SPCFFCRO
SPCKANE
SPUNSELLER
SPUUN BUTTE
SPLUNER
SPUTTSWGCY
SPRAGUE
SPRECKELS
SPRING
5PR1ING CKEEK
SPRINGDALE
SPRINGEHR
SPAIMGERVILLE
SPRINGFIELD
SPRINGMEYER
SPRINGTIWN
SPRCUL
SPUR
SPURLLCK

-
(o]
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SQUALICUM
SQuUAs
SQUILLCHUCK
SQUIMER
SQUIRES
ST. ALBANS
ST« CHARLES
ST. CLAIR
ST. EL™MO
ST. GEORGE
STe HELENS
ST« IGNACE
$To JOE
STe. JOHNS
$Te LUCIE
$Te MARTIN
ST« MARYS
§T. NICHOLAS
3T. PAUL
STe THOMAS
STAATS3URG
STABLER
STACY
STADY
STAFFORD
STAGECOACH
STAHL
STALEY
STAMBAUGH
STAMFORD
STAMPEDE
STAN
STANDISH
STANEY
STANFILELD
STANLEY
STANSBURY
STANTON
STAPLETON
STARBUCK
STARGD
STARICHKOF
STARKS
STARLEY
STAR/R
STAScR
STATE
STATEN
STATLER
STAVE
STAYTON
STEAMAUAT
STEARNS
STELUM
STEED
STEEOMAN
STZzZKEE
STEELE
STeese
STEFF
STEGALL
STEluER
STEINAUER
STEINSBELL
STEINMETZ
STEINSAURG
STEIwER
STELLAR
STEM[LT
STENGAL
STEFHEN
STEPHENSBURG
STEPRENVILLE
STERLING
STERLINGTGN
STETSON
STETTER
STEUBREN
STEVEMS
STEYENSON
STEmaRT
STICKNEY
STIOHAM
STIGLER
STILLMAN
STILLWATER
STIL3GN
STIMSCN
STINGAL
STINSGN
STIRK
STIRUM

INCICATES THE SOIL GROUP HAS NOT 3EZW JETZIMINED

8 STISSING c SURGH 8
8 STIVERSVILLE 3 SURPRISE 8
8 STOCKBRIDGE 8 SURAENCY 8/0
8 STOCXLAND 8 SUIVTA [
8 STOCKPEN o] SUSIE CREEK o
3 STOCKXTON b ] SUSI THA 8
B STGOICK 2 SUSQUEHANNA 0
0 STCKES ] SUTHER 4
A STOMAR c SUTHEALIN { e
[ STONER 8 SUTLEW 8/¢
A STONEwWALL A SUTPHEN D
[+ STONU B8/0 SUTTLER 8
8/0 STONYFORD |2} SUTTON B
3/D0 STCDXREY B SVEA -
A STCROEN ) SYESRDRUP B
C STORLA 8 SviLd 4
8 STORMITT 8 SKAGER c
0 STORM KING ] SwAKANE [+
B STCRY C SwaN 4
0 STCSSEL < S4ANAGY 0
STOUGH [+ SWANNER 0
-] STGWELL 2 SAANSIN 3
8 STOY C SWANTON 3/0
B STRAIGHT [ SwANTORN C
C STRAIN £ SWAPPS, 4
) STRASBURG < SAARTSKCOD 4
C STRATFJRD ) SWARTZ D
4 STRAUSS c SudSEY b]
3 STRAW 8 SwASTIKA 4
0 STRARN ) SwATARA A
0 STREATOR < SWaUK 4
8 STROLE 3 SWAadilLLIA A
C/9D STROMGHURST 8 SdEATHAN 4
s} STRONTIA 3 8
[+ STROUPE C 9
C STRYKER 8 SnES [+
0 S$TuaBs [ SREZENEY 3
o] STUCKCREEK ] SHEET 4
- STUKEL 2 SWEETHRASS 8
o} STUKEY 8 SWEETwATER 2]
3 STUMBLE A SHENCDA 3
o] STuMPP o} SWIFTCAEEX -1
C STUMP SPRINGS 8 SAIFTCN A
o STUNNER 8 SwIMS A
a STUTTGART o] SWINGLER 4
8 STUTZMAN 4 SHiNK Pl
8 STUTZVILLE 8/C SWISBD3 o
o SUBLETTE 8 SWITCHBALX 4
B SUCSURY a SHITZISRLAND 8
o SUCDUTH e SmIPE [
[ SUFFIELD 4 SWYGERT [
0 SUGAR LJAF 8 SYCAMSRE asc
o SULSUN bl SYcaN A
A SULA 8 SYLACAUSA B/0
A SsuLLY 8 SYLvaM 8
2} SULPHURA 0 SYMZRTON 8
[+ SULTaN 3 SYNAREP 3
8 SUMAS 8/% SYRAZUSE 3
4 SUmpuM b SYAZNE 0
C SUmma 3 SYRETT [
[ SUMMERF [ELD c
A SUMMERS 8 TABEANASH 8
B SUMMEARV ILLE 4 TA3[ONa 3
8 SuUMMIT t TABLE MODUNTAIN 8
o SUMMITVYILLE B TazgLER 2
[ SUMTER I TagJR J
< SUN 0 TAZAN 8
C SUNBURST c TAZO4A 0
4 SUNBURY 8 TAC3IGSH o]
< SUNCGCK A TAFY 4
[+ SUND < TASGERT C
] SUNCELL 4 Ta4oMa 8
8 SUMDERL AND CrD  TAHAQUANENCN o
8 SUNDCWN B TAAJUATS <
1] SUNFIELD 8 TAINTIR 4
-] SUNMILAND [+ TaJdS 4
0 SUNNYHAY bl TAKSUCHI c
8 SUNNYSTCE 3 TALIL %4 8
8 SUNNYYALE c TaK2THA 3
-} SUNRAY L} TALAS J
V) SUNRISE 2 TALANTS [
c SUNSET 3 TAL&PUS 3
A SUNSHINE o) TALIGTT 4
% SUNSWEET < TALIIT [
A SUNLP p TALIHINA b
9 SUPAN 3 TALCEZ TNA 4
a3 SUPER IQR 4 TaLial 3
8/C SUPESSTITICN 4 TALLAJESGA [
B SUPEARVISCR - TALLAPSGSA <
C SUPPLES 3 TALLEFVILLE 3
Q2 SUR 8 TaLLs 3
3 SURGEM [+ TaLLULA ;)

TwG SOIL SROQUPS SUCH AS o/C INGICATES THE ORAINED/UNDORAINES SITUATISY
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TALLY 8 TENIKG 8 TiGERON A TOWERA b TKENTON o]
TALHAGE A TENRO D TIZI%ON [ TJMiCH] LY TREP -]
TALAD 2] TENDRID 3 TIGRETY TOMOK A A/D  TRES HERMANDS B
TALUKA [} TENOT [ TIGUA [+ TONASKET 8 TRETTEN C
TALPA o TENRAG 8 TYJERAS B TONATA c TREVIND 0
TAMA 8 TERSA> 0 TILFORD B TONAWANDA C TREXLER [
TAMAHA 4 TENSED C TILLEDM 8 TONEY 1] TRIARL [
TAMALCD [ TEXSLEEF B TILLICUR [ TONGUE RIVER C TRIASSIC

TAMBA C/t TEOCuiLll ] TILLHAN [ TONINI 8 TRICON C
TAMELY N TEPEE [+ TILMA c TONKA c TRIBELL 8
TAMMANY CREEK B TEPETE B/D TILSIT C TUNKEY [} TRIDENT D
TAMRANY RIDGE B TERBIES C TILTON B TONKIN < TRIGD C
TAMMS 4 TERE SA 4 T1MBERG c TONKS B/0 TRIMBLE 8
TARPICO ] JERIND [+ TIMBERLY 8 TONOPAH B TRIMHER 8
TANAKA [ TERMINAL D TIMBLIN [ TONOR c TRINCHERA c
TANANA [ TERMO [ TIRENTW, B TONO®RER B TRINITY [
TANBERG 1] TERIUGE [} TIMKEN a TONRA A TRIBMAS B
TANDY c TERRA CElA AZD  [IMMERMAN B TONSINA 8 TRIPIT [
TANEUM [ TERRKAD ] TIMMONS B TONUCO < TRIPLEN B
TANEY [ TERRERA [ T1HPAHUTE [ TOOLE o TRIPOLI [+
TANGA IR C TERRE TON C TIMPANOGOS b TOOHES 2 TRIPP B -
TANNA C TERR i B TiMAPER 0 ToP [+ TRITON [
TANKER [ TERRY B T MPOONEKE 8 TOPIA ] TRIX B
TANSEM 8 TERUWILLIGER < TiauLa B TOPPENISH B/C  TROJAN 8
TANTALUS A TESAJQ A TiNa [+ TOFTON TRDMAALD 0
TANBANA [ TESLOTT C T i HDAHAY A TOQUERVILLE ¢ TROMP [
TAOPI [+ TESUQUE B TINE A TUQUOP A TRONSEN [+
TAQS 7] TETOK A TINGEY B TORBOY B TROOK 8
TAPIA [+ TETQWIA 8 TINSLEY A TORCHLIGHT C TROPAL o}
TAPPEN o TETONKA C TINTON A TORDIA 0 TROSI 0
TARA 8 TETOTuUM C TINYTONN B TORHUNT A C TROUP A
TARKIG D, TEa 8/0 TIOCAND 0 TORNING 8 TROUT LREEK [+
TARKL IN C TEX B TLOGA 8 TORODA B TROUTDALE 8
TARPG C TEXLINE 8 TIPPAH [ TORONTD c TRIUT LAKE c
TARRANT 0 TEZunAL C TIPPECANOE -] TORPEDG LAKE b TROUT RIVER A
TARRETE D THACKERY 8 TIPPEK A TORREON C TROUTVILLE 8
TARRYALL 8 THADER C TIPPERARY A TORRES B TROXEL 8
TASCOSA ) THAGE 4 TIPPIPAH D TURR INGTON 8 TROY c
TASSEL [ THANYON A TiPFD C TORRD C TRUZE C
TATE é THA TCHER b TI1PTON 8 TORS 100 o] TRUCKEE C
TATIYEE C THATUNA [ TIPTONVILLE 8 TORTUGAS 0 TRUCKTON B
TATU [+ THAYNE B TIRO 4 TOSTON ] TRUEF] SSURE A
TATUM [ THEBES 8 TISBURY 8 FOTEL AKE & TRUZSOALE C
TAUNTON [+ THEBO D TISCH C TOTER 8 TRULL C
TAVARES A THEDALUND C TISH TANG 8 JOTTEN 8 TRULON 8
TABAS A/0 THENAS [+ TITUSVILLE [4 TOUCHET -] TRUMAN B
TAWCAM C THED c TIVEF ON A TOUHEY 8 TRUMBULL 0
TAYLOR [ THERESA B Tivowl A TOULON 8 TRUMP 0
TAYLOR CREEX 5} THERIOT 0 Tivy C TOURN C TRYOM [
TAYLORSFLAT 7] THE RMAL C TOA c TOURNQUIST B TSIHICOMA B
TAYLOKSVYILLE c THERMOPOLLS 0 Toeico o} TOURS B Tus <
TAYSOM [] THESS B TOBIN 8 TOUTLE A TUBAC ¢
TAZLENA A THE TFORD A TOUB1SH c TOWER [ YUCARNNON C
TEAL [+ THIEL A TOBLER 8 TOWHEE 0 TUCKERMAN D
TEALSON [+ THI OKOL C TOBOSA 0 TOWNER B TUL SON B
TEALWKIT c THOENY 0 T0BY B TOWNL EY c TULUMCART 8
TEANAWAY C THOMA S 0 TOCCOA B TOWNSBURY B TUEFIT o
TEAPD ® THORNDALE 0 TO0D B TOWNSEND L TuSHILL 0
TEAS C THORNDIKE C/D TOODLER 8 TOWSON B TUJUNGA A
TEASDALE B THORNGCK 0 TODOVILLE 8 TOXAWAY D TUKEY C
TEBO 8 THORNTON o} TOEHEAD C TOY ] TUKHILA o]
TECHICK [] THORNLOOD ] TUEJA C » TOvYAH B TUL& c
TECOLOTE B THOROUGHFARE 8 TGEN C TOZE B TULANA c/0
TECUMSAH 8 THORP [ TO60 B TRABUCO c TULARE c/D
TEDROW ) THORR 8 TO6US 0 TRACK B/C TULARDSA 8
TEEL 8 THORREL B TOHONA 4 TRACY 8 TULIA B
TEHACHAP] 0 THOW 8 TOINE 4 TRAER c TULLAHASSEE C
TEHAKA C THREE MILE D TGISNOT D TRAIL A TULLER 0
TEJA 1 THROCK 4 TOlYABE C TRAIL CREEK 8 TULLOIK 8
TEJON 8 THUNDERS LRO D TOREEN 8 TRAH B TULLY C
TEKOA C THURBER c TOXUL c TRANSYLVANIA 8 TULUKSAK 0
TELA B THURLOWI [+ TOLBY A TRAPP ER A TUMBEL o}
TELEFOND c THURLOH [ TOLEOD D TRAPPIST [+ TUMEY 0
TELEPHONE 7] THURRAN A TGLICHA 0 TRAPPS B TUHITAS 8
TELFER A THURMONT 8 TOLKE 8 TRASK Cc TUMWATER A
TELFERNER [ THURSTON B TouLL A TRAVELERS 0 TUNEHEAN )}
TELIDA D TI1AGOS 8 TOLLGATE B TRAVER B/C  TUNICA ]
TELL 8 TIAK c TOLLHQUSE 0 TRAVESS ILLA o] TUNIS 0
TELLER 8 TIBAN B TOLmAN 0 TRAVIS C TUNITAS B
TELLICO 8 TI8BBITTS 8 TOLNA 8 TRAS1CK B TUNKHANNOCK A
TELLHAN 8 TICA D TOLO 8 TRAY [4 TUNNEL 8
TELSTAD 8 TICE c TOLSONA 1 TREADWAY ] TUPELD D
TEMESCAL 0 TICHIGAN C TOLSTOI )} TREASURE B TUPUKNUK [
TEMPLE 640 TICHNOR 0 TOLT 0 TREBLOC D TUQUE 8
TEHVIK 8 TICKAPOO 4] TOLTEC C TREGO C TURBEVILLE C
TENABO [ TECKASON 8 TOLUCA 8 TRELONA o TURBOTVILLE c
TENAHA [} TIDMELL o TOLVAR B TREHANT B TURBYFILL 8
TENAS [+ TIE&RA c TOMAH c TREMBLES B TURIN 8
TEWCEE [ TIETON B TOmAS B TREMPE A TURK 2}
TENERIFFE [9 TIFFANY C TOMAST [4 TRERP EALEAV B TURKEYSPRINGS C
TENEX A TIFTON B TOME 8 TRENARY B TURLEY c
TEN1BAL 8 TIGEA CREEK B TOMEL D TRENT 8 TURLIN B

NOTES A BLANK HYDROLOGLC SQIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINED
TWO SOIL GROUPS SUCH AS B/L INOICATLS THE DRAINED/UNDRAINED SITUATION
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TURNBGW
TURNER
TURNERVILLE
TURNEY
TURRAH
TURRET
TURRT A
TURSON
TUSCAN
TUSCARAWAS
TUSCAAGRA
TU3SCCLA
TusCumBia
TUSEL
TUSKEEGD
TUSLER
TUSQUITEE
TUSTIN
TUSTUMENA
TUTHILL
TUTNI
TUTWILER
TUXEDO
TUXKEKAN
TwIN CREEX
TWINING
Twisp

Tas 207
1Y30

TYEE
TYGART
TYLER
TYNDALL
T(NER
TYRONE
TYSON

UANA
U3AR
usLY
ULOLA
JCOLD
UCIPIA
UBEL
UDGLPHG
UFFENS
UGAK

UL AND
UHL IG
UINTA
FLEY. ]
JLEN
ULLJA
ULt

UL & ICHER
ULUFPALAKUA
ULy
ULYSSES
uma

UMAP INE
UMIAT
UMIKOA
Ui
UMNAK
UMPA
UMPLUA
UNA
UNAGTILLA
UNAWEEP
UNCTM
UNCOMPAHGRE
UNESOA
UNGERS
UNION
UNITUNTOWN
UNICNYILLE
UNISUN
UPDILKE
UP3SAL
UPSATA
UPSHUR
UPTON
URACCA
URDBANA
UR B0

UR ICH
URNE
URSINE
UR Tan
URwIL
USAL
USHAR

~
o
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USINE
USKA
UTALIME
uTE
uTICA
UTLEY
uTualo
UvaDa
UVALDE
UnALA

VACHERIE
VADER
VADO
VAIDEN
VAILTON
VALBY
VALCO
VALDEZ
VALE
YALENCIA
VALENT
VALENTINE
VALERA
VALKARLA
VALLAN
VALLECIYGS
VALLEGNO
VALLERS
VALMANT
VALMY
VALULS
VAMER
VANAJO
VANANDA
VAN BUREN
VANCE
VANDA
VANDALIA
VANDERDASSON
VAMCERGRIFT
VANCERHOFF
VANCERL1P
VAN DUSEN
VANET
VANG
YANHCRN
VAN NUSTERN
VANNLY
VANUSS
VANTAGE
VAN WAGONEA
VARLD
VARELUN
VARICK
YARINA
VARNA
VARROD
VAR Y SBURG
YasHTl
VASQUEZ
VAS3AL30RO
VASSAR
VASTINE
VAUCLUSE
VAUGHNSVILLE
VAYAS
VEAL
VEAZLE
VEBAR
VECONT
VEGA

YEGA ALTA
VEGA BAJA
VEKGL
VELDA
VELMA
VELVA
VENA
VENANGO
VENATGR
VENETA
VENEZIA
VENICE
YENLO
VENUS
VERBCORT
VERDE
VERDEL
VERGELLA
VERDICO
YERDIGRIS
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VERDUN
VERGENNES
VERHALEN
VERMEJO
VERNAL
VERNALLS
VERNIA
YERNUN
VERGNA
VESSER
VESTON
VETAL
VETERAN
VEYO

ViaA

VIAN
VIBCRAS
VI3CRG
VICKERY
VICKSBURS
VICTOR
VICTOR [A
VICTORY
vICu
vigca
VIORINE
VIEJA
VIENNA
VIEQUES
VIEW
VIGAR
viGu
vIiGus
VIKING
vio
VILAS
VILLA GROVE
YILLARS
viiLy
VINA
VINCENNES
VINCENT
VINEYARD
VINGD
VINING
VINITA
VINLAND
VINSAD
VINT
VINTON
viRa
VIRATON
VIRDEN
VIAGIL
VIRGIN PEAK
VIRGIN RIVER
VIRTUE
VISALlIA
VISTA
VIVES
vivi
VLAZATY
YoCA
VOOEAMASER
VOLADQORA
YoLca
VOLENTE
VDLGA
YOLIN
VOLINLA
VOLKE
VCLKMAR
VOLMER
VCLNEY
VOLPERIE
VOLTAIRE
YOLUSIA
VONA
VORE
VROOMAN
YULCAN
VYLACH

WABANICA
WABASH
WABASHA
WABASSA
WABEX
wACA
WACCTA
WACQUSTA
BADAMS

NJTES
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WADDELL 3 WARDEN .3
WAODCLP S 3 wAIDWELL C
WALELL (] WARE 8
WACENA 8 WAREHAM [4
WACES 30RO 8 WARMAN 0
WADLE I1GH 0 NAIN SPRINGS C
WACHALAN *] WARHERS AZD
WADSWORTH = WAIREN

WAGES a WATRENTON 8/0
WAGNER 0 NARRIOR

WAGRAM A WARSAW 8
WAHA [ WARSING -]
WAHEE b} WARWICK A
WAHTAWA ] WASATCH A
WARIKULT B WASEP] 8
WARKEENA -1 WASHBURN

WAMK [ACUS 8 WA SHINGTON 8
WAMLUKE 8 wA SHJE c
WAHMONIE 0 WA SHOUGAL 8
wWAHPETON c WASHTENANW c/0
#WANT IGUP B WASILLA 0
WAHTUM 0 wWAS{GJIA 3
WAIAHA D WASSALS a
WATAKOA 4 WATAS c
WAIALEALE .9 WATAUGA 8
WATALUA 8 WATCHAUG 8
WALAuA 0 WATCHUNG bl
WATHUNA h WATEAR0RA

WAIKALCA 8 WATSR8URY 0
WAIKANE 8 WATERINO [4
WAIKAPY 3 WATERS [+
WAIKQMD 2 WATKINS 8
WAILUKU 8 WATKINS RLDGE 8
WAIMEA 8 wATD -1
WAINEE 8 WATIPA -}
WAINGLA A wATDUS 8
WAIPAHY [ wATSEKA <
WAISKA 8 wATSIN 4
WAITS a WATSONIA o
WAXE 0 WATSONYILLE 0
WAKEEN 8 wATTY [}
WAKEF IELD a wATTAN [+
WAKELAND 3/3  WAUBAY 8
WAKJN DA < WAUBEEK 8
WAKUL LA a WAUBCNSIE 8
WALCOTT 3 WAUCHULA 8/0
WALDECK [ WAUCOmA 8
waLoo 0 WAUCINDA -]
WALDRON 2 WAUKEE 8
WALDRQUP 0 WAUKEGAN 8
WALES 8 WAUKENA 0
WALFOROD [ WAUKIN 3
WALKE c NAUMBEK 8
WALL 8 AAURIKA [*}
WALLACE ] wAUS EDN 8/0
WALLA WALLA 8 WAVEALY 8/0
WALLER 370 wAWAkA c
WALL INGTON 4 WAYCUP [
wWALLLS 8 WAYSEN 0
WALLK ILL C/0  wAYLAND c/0
WALLMAN [ WA YNE -]
WALLIwaA c WAYNESACRO 8
WALLP ACK 4 WAYSIJE

WALLROCK 8/C WEA 8
WALLS3URG 0 WEAVER [+
WALLSON 8 %E3B [
WALPOLE [ wWS3ER 3
WALSH 8 WEISTER [
WALSHVILLE 2 wEDEKIND 0
RALTERS A WEDERTZ 4
WALTGN [ WEJGE A
WALUM 3 WEDIWEE 0
NALVAN 8 WEED 8
WAABA 8/C WEEJING a/sc
WAMIC 3 WEEDIMARK 8
WAMPSVILLE 8 WESKSYILLE 8/0
WANAT AH 8 WEE2QN 0
WANBL EE 0 wEHADXEE 0
WANDO A wEIKERT c/s0
WANETTA A wE [MEQ D
WANILLA c wE [NIACH c
WANN A WEIR Q
WAPAL 8 WELIAMAN 3
WAPATG C/0 WEISER 4
WAPELLD 8 wELSHAUPT 0
WAPINITIA 8 wELSS A
WAPP ING 8 wEITCHPEC 8
WAPSIE 3 WELAKA A
WARBA [} WEL3Y ]
WARD 2 WELCH c
WARDBORO A wELO c
WARDELL 2 WELDA 4

A BLANK HYORGLOGIC SCIL GROUP INDICATES THE SDIL GROUP HAS NOT SEEM

TWO SCIL GROUPS SUCH AS 8/C INDICATES TrE ORAINED/UNORAINED SITUATION
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%ELOON D wlCK1uP [4 WISNER D YALMER 8
wWELDONA B alCKLIFFE D HITBECK [} YAMAC 8
RELLER 4 WICKSBURG B WITCH D YAMHILL M
WELL INGTON 3} WIDTSGE 4 wITHAH 5} Y AMPA |4
HELLMAN 8 WIEHL [4 WITHEE 4 YAMSAY D
WELLNER B8 WIEN D wlTT B YANA 8
WELL SBEORO [4 WIGGLETON B WITZEL 1} YANZY [4
WELLSTON B WIGTON A WGDEN B YARDLEY <
WELLSVILLE B WILBRAHAM [4 HODSKOW 6/C YATES 0
MELRING D WILBUR [4 WOLCOTTSBURG YAUCD c
WEMPLE B WILCC c WOLDALE C/D YAwDIM D
WENAS 6/ WILCOX c WOLF [} YARKEY <
WENATCHEL 4 WILCOXSON 4 WOLFESEN [4 YAXDN B
WENDEL 8/C  WILDCAT o] WOLFESON 4 YEARY 4
WENHAM WILOER B WOLFORD ] YEATES HOLLOW 4
%ENONA 4 WILDERNESS [4 ®WOLF POINT o YEGEN ]
WENTWORTH ] WILDROSE I¥] WOLFTEVER 4 YELM B
WERLOW 4 WiLDWO0D D HOLVERINE A YENRAB A
WERNER [ WILEY 4 w000BINE 8 Y EOMAN B
WESO [4 WILKES c #00DBRIDGE 4 YESUM B
WESSEL B WILKE SON C WOODBURN 4 YETULL A
WESTBROOK [*] WILKINS D WOODBURY I+l YOOER 8
WESTBURY [4 wiLt o} WOODCOCK B YOKOHL 5]
wESTCREEK 8 WILLACY B WOODENVILLE [4 YOLLABOLLY D
WESTERVILLE c WILLAKENZIE [4 WOODGLEN 1] YOLO B
WESTFALL 4 HILLARAR [} WOOLHALL [} YGLIGO D
WESTFIELD WILLAMETTE 8 HOODHURST A YOMBA <
wESTFORD WILLAPA [4 WOODINVILLE C/D  YOHONT [}
WESTLAND 8/D0 WILLARD ] ®0ODLY 8 YONCALLA c
WESTMINSTER C/0 WILLETTE A/D  HUODLYN C/D YDNGES 2]
WESTMORE B8 WILLHAND 8 HOODMANSIE ] YONNA B/D
WESTMOREL AND 3 WiLL1AMS B WOODMERE 8 YORDY 8
WESTON [ WILLIAMSBURG B8 wWOOD RIVER 3} YORK 4
WESTPHAL 1A B8 WILLIAMSON [ WOODROCK 4 YORKVILLE D
WESTPLAIN 4 wWILLIS 4 WQODROW c YOST 4
WESTPORT 3 WILLITS 8 WOODS CROSS 0 YOUGA 8
WESTVILLE B8 wILLOUGHBY B WOODSFIELD c YOUMAN <
nETHERSFIELD c WILLOw CREEK 8 WOODSIDE A YOUNG STON ]
WETHEY B/C  WILLOWDALE 8 WOODSON I+l YOURAME A
WETTERHORN 4 wILLOWS D WODDSTOCK C/D  YOVIMPA 0
WETZEL ] WILLWCO0D A H00DST OWN < YSIDCRA b}
wEYMOUTH ] WILMER c WOODWARD 8 YTURBIDE A
WHAKANA ] WILPAR "] WOOL MAN B YUBA 0
WHALAN ] WILSON 3} wOOLPER c Yuxo c
WHARTON [4 WILTSHIRE [4 WOOLSEY [4 YUKON D
WHATCOM 4 WINANS 8/C WOOSLEY [4 YUNES o
WHATELY o WINBERRY o} WOOSTER [4 YUNQUE [4
WHEATLEY o] WINCHESTER A WOOSTERN ]

WHEATRIDGE 4 WINCHUCK 4 WOOTEN A LAAR D
WHEATVILLE B WINDEK 8/0 WORCESTER B ZACA D
WHEELER 8 WINDHAM 8 WORF 1] ZACHARIAS ]
WHEEL ING [ WINOMILL 8 WORK [4 ZACHARY D
WHEELON 3} WINOOM 8 WORLAND B LAFRA 8
WHELCHEL ] WIND RIVER ] WORLEY c TAHILL 8
WHETSTONE 8 W1NDSCR A HORMSER 4 ZAHL ]
WHIDBEY 4 wIND THOR ST 4 WOROCK 8 ZaLESKI 4
wHIPPANY [4 WINDY 4 WORSHAM 0 ZALLA A
WHIPSTOCK [4 WINEG < WORTH 4 ZAMOR A B
WHIRLO B WINEMA 4 WORTHEN ] LANE c
WHIT 8 WINETTI 8 WORTHI NG o] ZANELS 8
WHITAKER [ WINFIELD [ WORTHINGTON [4 ZANESVILLE <
WHITCOMB 4 WING 1] WORTMAN C ZANDNE 4
wrllTE BIRD [4 WINGATE B HRENTHAM c LAPATA <
WHITECAP 0 WINGER 4 WRIGHT 4 LAYAL A 8
WHITEFISH 8 WINGVILLE B/D WRIGHTMAN 4 zaveo 4
wHITEFORD 8 WINIFKED C KRIGHTSVILLE 0 LEb 8
wHITEHORSE 8 WINK ] WUNJEY B ZEESIX c
WHITE HOUSE c WINKEL [*] WURTSBORD [4 ZELL 8
WHITELAKE B WINKLEMAN c WYALUS ING D ZEN 4
wWHITELAW [ WINKLER A WYARD B LENCGA c
WHITEMAN 0 WINLO "] WYARNG B ZENIA 8
wHITEROCK 7] WINLOCK [ WYATT c ZENIFF B
WHITESBURG 4 WINN 4 WYEAST [4 ZEONA A
WHITE STURE "] WINNEBAGO 8 WYEVILLE 4 ZI1EGLER c
WHITE SWAN C WINNEMUCCA B WYGANT [4 ZIGWEID B
WHITENATER [ WINNESHIEK B WYKOFF [} ZILLAH B/C
WHITZ w000 c WINNETT "] WYMAN ] ZIm D
WHITLEY B WINUNA 0 WYHORE 4 ZIMMERMAN A
WHITLOCK 8 W1NOOSKI B WYNN 8 ZING [4
WHITMAN 1] WINSTON A WYNCOSE 0 ZINZER B
WHITNEY 8 WINTERS 4 wYO 8 210N 4
WHITORE A WINTEKSBURG [4 WYOLENA 8 z1pp c/0
WHITSOL B WINTERSET 4 21TA 8
WHITSON o WINTHROP A XAVIER B LUAR 4
WHITRELL 4 WINTONER [+ LOATE [3}
WHOLAN 4 WINU 4 YACOLT 8 ZDHNER 8/0
WIBAUX 4 wINZ [ Y AHARA B 200K 4
WICHITA 4 WIOTA B YAHOLA B ZORRAVISTA A
WilCHUP 1] Wl SHARD A YAK] [*] ZUFELT 870
WICKERSHAM B WISHEYLY 4 YAKIMA B ZUKAN D
WICKETT 4 WISHKAR [+ YAKUS o] ZUMBRO 8
wICKHAM B WISKAK C YALLAN] ] ZUMWALT c

NJTES A BLANK HYDROLOGLIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINED

TWO SOIL GROUPS SUCH AS B/C IMOICAYES THE DRAINED/UNDRAIMED SITUATION

ZUNDELL
ZUNHALL
ZUNI
ZURICH
ININGLE

8/C
8/C
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D.1.

SECTION D

RATIONAL METHOD

RATIONAL METHOD EQUATION

The rational method was originally developed to estimate peak
discharges from small (less then one square mile) urban and developed areas
and its use should normally be limited to those conditions. The rational
method equation relates rainfall intensity, a runoff coefficient, and drainage
area size to the peak runoff from the drainage area. This relationship is

expressed by the equation:

Q=CIA (D.1)
where
Q = the peak discharge in cubic feet per second {(cfs)
C = a runoff coefficient representing the ratio of

runoff depth to rainfall depth (dimensionless)

I = the time-averaged rainfall intensity for a storm
duration equal to the time of concentration
(inches/hr)

A = drainage area (acres)

The values of the runoff coefficient (C) and the rainfall intensity (I) are based
on a study of drainage area characteristics such as type and condition of the
runoff surfaces and the time of concentration. These factors and the
limitations of the rational method equation are discussed in the following
sections. Drainage area (A) may be determined by planimetering a suitable

topographic map of the project area.
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Data required for the computation of peak discharge by the rational method
are: (i) rainfall intensity (I) for a storm of specified duration and selected
design frequency; (ii) drainage area characteristics of size (A), shape, slope;

and (iii) a runoff coefficient (C).
LIMITATIONS OF THE RATIONAL METHOD

The validity of the relationship expressed by the rational method
equation holds true only if certain assumptions are reasonably correct and
limitations of the method are observed. Two basic assumptions are that (i)
the frequency of a storm runoff is the same as the frequency of the rainfall
producing this runoff; i.e., a 25-year recurrence interval rainfall will provide
a 25-year recurrence interval storm runoff, and (ii) that the peak runoif

occurs when all parts of the drainage area are contributing to the runoff.

The rational method equation is only applicable where the rainfall intensity
() can be assumed to be uniformly distributed over the drainage area at a
uniform rate throughout the duration of the storm. This condition is
generally assumed to reasonably apply to small areas of less than 640 acres.
Beyond this limit, the rainfall distribution may vary considerably from the
point values given in rainfall isohyetal maps and the rational method equation

may be inappropriate.

The selection of the runoff coefficient (C) is another major limitation for the
rational method equation. For small urban and developed areas the runoff
coefficient can be reasonably well estimated from field and aerial photo
studies. For larger areas where the determination of the runoff coefficient is
to be based on vegetation type, cover density, the infiltration capacity of the
ground surface, and the slope of the drainage area, an estimate of the runoff
coefficient may be subject to a much greater error due to the variability of
the drainage area characteristics. Rainfall losses due to evaporation,
transpiration, depression and channel storage are inadequately evaluated, and
may appreciably affect the estimate of the watershed peak rate of runoff,
especially in natural cover and desert catchment areas. The effects of

depth-area-duration (or depth-area) factors are not accounted for in the
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simple intensity-duration curve used for rational method studies. For large
drainage areas, the absence of depth-area adjustments can result in
significant differences in the estimate of the average depth of catchment

point rainfalls.

The above limitations indicate that an estimate of the peak rate of runoff
becomes less reliable as the drainage area becomes larger and the rational
method equation should generally not be used for drainage areas larger than

640 acres.
CRITICAL DURATION (TIME OF CONCENTRATION)

The critical duration of the storm rainfall required in the rational

method equation is based on the time of concentration of the drainage area.

The time of concentration (Tc) is defined as the interval of time (in minutes)
required for the flow at a given point to become a maximum under a uniform
rainfall intensity. Often this occurs when all parts of the drainage area are
contributing to the flow. Generally, the time of concentration is the interval
of time from the beginning of rainfall for water from the hydraulically most
remote portion of the drainage area to reach the point of concentration; e.g.,
the inlet of the drainage structure. The time of concentration is a function
of many variables including the length of the flow path from the most remote
point of an area to the concentration point, the slope and other
characteristics of natural and improved channels in the area, the loss rate

characteristics of the soil, and the extent and type of development.

For rational method studies based on this manual, the time of concentration
for an initial subarea may be estimated from the nomograph of Figure D-l.
The time of concentration for the next downstream subarea is computed by
adding to the initial Tc, the time required for the computed peak flow to
travel to the next concentration point. Time of concentration is computed for
each subsequent subarea by computing the runoff peak flow rate travel time

between subareas and adding to the cumulative sum.
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When the flow is concentrated in curb and gutters, drainage channels or

conduits, the flow velocity may be estimated by the well-known Manning's

equation
veLld2 g2/3l/2 (D.2)
where
\Y = mean velocity (fps)
n = Manning coefficient of roughness
R = hydraulic radius (feet)
S = energy slope which equals the conduit invert

slope for uniform flow

The travel time will then be the flow distance divided by the velocity of flow.

Computations of travel time through subareas which continually add runoff to
the peak flow (e.g., streetflow) should be based on the average peak flow
through the subarea. This average peak flow is generally a simple average of
the peak flow rates estimated at the upstream and downstream points of the

subarea.

The initial subarea Tc estimation often is the most significant factor leading
to the Tc computation of a watershed. Small development studies typically
utilize only initial subarea estimations due to the small subarea sizes. Larger
study areas generally show high sensitivity to the initial subarea Tc.
Consequently, judgment is needed when developing initial subarea Tc
estimates. The nomograph of Figure D-1 is based on the Kirpich formula and
relates an initial subarea Tc to subarea slope and development type. It is
assumed in the nomograph that overland flow effects dominate the travel

time hydraulics.
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D.5.

It is noted that the Tc computation procedure is based upon the summation of
an initial subarea time of concentration with the several travel times
estimated by normal depth flow-velocities of the peak flow rates through

subsequent subareas.

INTENSITY-DURATION CURVES

Rainfall intensity (I) is determined using intensity-duration curves

which are appropriate for the study watershed.

San Bernardino County has prepared isohyetal maps corresponding to l0-year
l-hour and 100-year l-hour return frequency precipitation. Point rainfall for
intermediate return periods can be determined from Figure D-2. Intensity
duration curves for a particular area can be developed using the log-log paper
of Figure D-3, plotting the l-hour point rainfall value for the desired return
period, and drawing a straight line through the l-hour value parallel to the
required slope. The slope of the intensity duration curve is assumed to be 0.6
for watersheds in the southwest portion of the County. For desert and
mountain watersheds, the slope of the intensity duration curves is assumed to
be 0.7. These slope values may be modified if rainfall data record analysis
indicates that such modifications are appropriate. Any modifications of the
slope values must be approved by the County prior to submittal of a study for

County review.

RUNOFF COEFFICIENT

The runoff coefficient (C) is the ratio of rate of runoff to the rate of
rainfall at an average intensity (I) when the total drainage area is
contributing. The selection of the runoff coefficient depends on rainfall
intensity, drainage area slope, type and amount of vegetative cover, infiltra-

tion capacity of the ground surface, and various other factors.

Since one acre-inch/hour is equal to 1.008 cfs, the rational formula is used to
estimate a peak flowrate in cfs. The runoff coefficient is assumed to be a

function of the impervious and pervious area fractions, an infiltration rate,

S



RAINFALL DEPTH IN INCHES

NOTE:

3.5

N
o

N

o

0.5

3.5

25

0.5

2 5 10

o
25 50 100

RETURN PERIOD IN YEARS

I, FOR INTERMEDIATE RETURN PERIODS PLOT 10-YEAR AND 100 ~YEAR ONE HOUR VALUES FROM MAPS
THEN CONNECT POINTS AND READ VALUE FOR DESIRED RETURN PERIOD. FOR EXAMPLE GIVEN 10- YEAR
ONE HOURs 0.98" AND 100-YEAR CNE HOUR 51.60", 25-YEAR ONE HOUR =1.18".

REFERENCE'NOAA ATLAS 2, VOLUME XTI -CAL.,I1973

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

RAINFALL DEPTH VERSUS
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FIGURE D-2
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FP’ for the pervious area, and the effects of watershed detention. Runoff

coefficient curves are developed using the relationship:

0.90 (aj + (_I__FE)_aR), for I greater than Fp;
C - I (D.3)

0.90 aj, for I less than or equal to Fp

where the proportion factor of 0.90 is a calibration constant determined by
an average fit between the rational method and design storm unit hydrograph

(see Section E) peak flow rate estimates, and where

C = runoff coefficient

I = rainfall intensity (inches/hour)

Fp = infiltration rate for pervious areas (inches/hour)
(see section C.6.4)

a; = ratio of impervious area to total area (decimal
fraction)

ap = ratio of pervious area to total area (decimal

fraction), (ap =1-aj)
PEAK FLOW RATE FORMULA

Combining Equations (D.l) and (D.3), the peak flow estimate for Q is

written in simpler terms by
Q=.90(0-Fy)A (D.4)

where Fr, = apF, (see section C.6.5), and where in (D.4) it is understood that

Lis greater than F, (otherwise Q =.90 ajlA).

In (D.4), F,, represents the loss rate for the total watershed tributary to the
point of concentration. Should the tributary area contain several runoff
surfaces, an area-averaged F, is calculated. Table D.l illustrates such an

area-averaged F, computation.
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TABLE D.l. AREA - AVERAGED F,, COMPUTATION

Subarea F Area Area
Number ap (inchﬁuour) (acres) Weighting
) (2) (3) (&) (5)

1 0.60 0.40 8 1.92
2 0.80 0.30 12 2.88
3 0.75 0.25 11 2.06
4 0.10 0.20 15 0.30
5 0.50 0.25 16 2.00

62 9.16

From Table D.l, the area-averaged maximum loss rate, F,, is given by F, =
(9.16)/(62) = 0.147 inch/hour, say 0.15.

DRAINAGE AREA

The contributing drainage area may be determined from topographic
contour maps, aerial photos, and field surveys. Watershed divides are then
drawn on a suitable topographic map and the enclosed drainage area is
determined by planimeter or other methods. In areas where lateral and
transverse slopes on the watershed are very mild, the nominal watershed area
(or drainage subdivision) runoff may "cascade" under severe rainfall. That is,
when the divide between one watershed and another is defined by a low relief
feature such as the crown of a road, the runoff from such a watershed may
"spill over” into the adjacent watershed or watershed subdivision. This may
occur, for example, when gutter capacity is exceeded thereby increasing
runoff contributions at downstream or adjacent concentration points above
those anticipated by analysis of the nominal or "low flow" drainage
boundaries. The possibility of such cascading shall be considered and

accounted for by the hydrologist.
RATIONAL METHOD CONFLUENCE ANALYSIS

In most studies, the calculation of peak flow rates along a main channel
or stream involves only the direct application of (D.4). Such studies typically
involve the inclusion of subarea runoff to the stream where the effect on the
stream peak flow rate is relatively minor and, consequently, only (D.4) is

needed for the analysis.



At the junction of two or more streams, however, the estimation of the peak
flow rate involves a confluence analysis of the associated runoff hydrographs

(see Appendix I).

For the confluence of two streams, let T, I}, Fmy, Ay, and Qj, be the time
of concentration, rainfall intensity, area-averaged loss rate, catchment area,
and peak flow rate for stream #1 while T, I5, Fmy, A5 and Q7 correspond to
stream #2. Also, let Q| be less than Qp. Finally, let Tp, Ap, and Qp be the
resulting confluence estimates for Tc, area, and peak flow rate, respectively.

Then two cases are possible:

*Case 1: T| = T9. The runoff hydrographs must both peak at
’I'p =Ty =Tp. And Qp = Q1+Q2 for a total contributing area
of Ap = Aj+Ag.

*Case 2: Ty £ Ty. In this case, the sum of the two runoff hydrographs
must be considered. Except in very unusual conditions, flow
rates of the summed runoff hydrograph typically achieve a
maximum at either T| or Ty, and the peak flow rate

estimates are calculated as follows:

Case 2a: Ty is less than Ty. In this case, the stream with the largest
Q has the longest Tc. The flow rate of the summed runoff

hydrograph at time T» is estimated by

(Iz-Fm 1)

Qp=Q2 +
P G

Q1 (D.5)
l-le)

and T, = Ty (see Figure D-4). It is noted that the
confluence peak Q of (D.5) equals the peak flow rate
estimated from direct use of (D.4). Additionally, the total
contributing area is Ap=A1+Aj.

Case 2b: T; is greater than T. In this case, the stream with the

largest Q has the shortest Tc. The flow rate of the summed

runoff hydrograph at time Ty is estimated using a ratio of

D-11
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stream 1 effective rainfall intensities and Tc values

corresponding to times Ty and T giving

(-Fm)) (T7)
T,Fm,) (T

Qp =Qp + (D.6)

and T, = Tp. Equation (D.6) indicates that the peak flow
rate at time T, is the result of the high peak discharge from
stream 2 and the runoff contribution from a fraction of the

stream | catchment area.

That is, a portion of the catchment tributary to stream 1 is
not contributing at time T, and, in the general case, only
(T2/T1)A| of the stream | catchment area is contributing to
the peak flow rate (at time Tj). Consequently for
downstream study purposes, the "effective" catchment area

.corresponding to the subject peak flow rate is
Ap = Ax+(To/T)A| (D.7)

It is noted that in the confluence peak flow rate estimate of
(D.6), the critical duration is TP = T, which corresponds to
the effective catchment area of (D.7). Consequently, the
peak flow rate contribution from the effective catchment
area of stream 1 must reflect the higher rainfall intensity
corresponding to time T, rather than time T;. Use of (D.6)
results in a peak flow which equals the governing rational
method peak flow rate estimate from (D.4) applied to the
effective catchment area computed by (D.7). It is noted
that the estimation of the effective catchment area is only

an approximation, and shall be verified by the hydrologist.
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D.9. RATIONAL METHOD T, CALCULATIONS FOR UNIT HYDROGRAPH
STUDIES

Although the peak flow rate formula should generally not be used for
catchments larger than 1 square mile, the rational method can be used to
estimate T. values for larger areas. That is, the rational method estimate
for T in large areas is adequate for use in the unit hydrograph studies of
Section E. T-year storm estimates for T. are determined by use of the
associated T-year intensity-duration curves (Figures D-2 and D-3). For
example, a 2-year design storm T, is estimated using 2-year rainfalls in the
rational method whereas a 100-year T. estimate is based on 100-year

rainfalls.

D.10. REQUIRED FORMAT

Figure D-5 illustrates the required format for the submittal of rational
method hydrology studies.  All rational method calculations must be

summarized on the form shown in Figure D-6.




:}— DISCUSSION
(PURPOSE , DESCRIPTION OF WATERSHED,

SAN BERNARDINO COUNTY

HYDROLOGY MANUAL

COVER PAGE WITH RC.E. STAMP
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LAND USE MmAP
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D.11.INSTRUCTIONS FOR RATIONAL METHOD HYDROLOGY CALCULATIONS

l. On a topographic map of the drainage area, draw the study
drainage system and designhate subareas tributary to the various points of

concentration (see example problem).

2. Determine the initial time of concentration, (Tc), using Figure

D-1. The initial subarea should be less than 10 acres, have a flow path of less

than 1,000 feet, and generally should be the most upstream subarea of the

watershed drainage system.

3. Using the time of concentration, determine (I) (intensity of
rainfall in inches per hour) from the appropriate intensity-duration curve for

the particular area under study using Figure D-3,

4, Calculate the area-averaged maximum loss rate, F,y, which
corresponds to the soil group, cover complex, and imperviousness of the
drainage subarea. Loss rates for the pervious area, Fp, follow from section
C.6.4.

3. Determine the area (A, acres) of the total watershed tributary to
the point of concentration. Because the rational method computational
results are sensitive to the subarea size definitions (especially in the most
upstream reaches of the watershed), limit the size of subareas to allow for a
gradual increase in subarea size as the study progresses downstream. The
method is sensitive to large differences in successive subarea shapes, and
lengths of reaches where travel times are estimated. Points of concentration
should be selected downstream of the initial subarea such that subarea travel
times are less than 3-minutes and 5-minutes for Tc values of 30-minutes and
60-minutes, respectively. After a Tc of l-hour, subarea travel times should

be limited to less than 10-minutes.

6a. Compute Q = .90 (I-F)A for the point of concentration.




6b. Should the computed Q be less than the previous upstream point

of concentration Q, use the upstream Q value.

7. Measure the length that the peak runoff must travel to the point
of concentration of the next downstream subarea. Determine the average
velocity of flow in this reach using the peak Q in the appropriate type of
conveyance being considered (natural channel, street, pipe, or open channel)
using Manning's formula. Where necessary, the mean flow in the conveyance

(e.g., streetflow) should be used to compute mean flow velocity.

Using the reach length and average flow velocity, compute the travel time
and add to the time of concentration from the upstream subarea to determine

a new time of concentration.

8. Calculate Q for the new point of concentration using steps 3
through 6 and the new time of concentration. Determine the time of
concentration for the next downstream subarea using Step 7. Continue the
above computation procedure downstream until a junction with a lateral drain

is reached.

9. Start at the upstream end of the lateral and compute its Q down
to the junction with the main line, using the methods outlined in the previous

steps.

10. Compute the peak Q at the junction (confluence analysis--see
Section D.8) and evaluate the sensitivity of the computed results to using the
other Q and Tc values determined. That is, the downstream estimated peak
Q values may be higher had a lower Q and lower Tc value been used at an
upstream confluence point. The largest Q is, therefore, estimated along the

entire watershed main channel.



D.12. EXAMPLE PROBLEM

The following example problem illustrates the format required for
rational method hydrology studies. In the following, an example watershed is
analyzed using the rational method approach. The example problem

presentation contains the following information:

Description

o Example Problem Drainage System Map
o Example problem Intensity - Duration Precipitation Form
o Example Problem Rational Method Calculation Sheets
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E.l.

E.2.

SECTION E

THE UNIT HYDROGRAPH METHOD FOR
CATCHMENT RUNOFF HYDROGRAPHS

BACKGROUND

The unit hydrograph method assumes that watershed discharge is
related to the total volume of runoff, and that the time factors which affect
the unit hydrograph shape are invariant, and that watershed storm rainfall-
runoff relationships are characterized by watershed area, slope, and shape
factors. The UH method is used to estimate the time distribution of
watershed runoff in drainage basins where stream gauge information is either
unavailable or inadequate to justify statistical interpretation (refs. 4-10).
The unit hydrograph method for determining the time distribution of runoff is
used for hydrology studies of all San Bernardino County watersheds in excess

of approximately 1 square mile in area.

TERMINOLOGY

The following definitions are used in the discussion of unit hydrograph

and runoff hydrograph synthesis:

Effective rainfall is that part of rainfall that runs off in a relatively

brief time period. (Here, the brief time period is selected sufficiently
small such that the significant hydrologic effects are adequately
represented by the time-period's average values.) Effective rainfall is
the total rainfall less infiltration, evaporation, transpiration, absorp-

tion, and detention.

Unit hydrograph (or unit graph) for a point of concentration on a

watershed (catchment) stream is a curve (hydrograph) showing the time

E~-1




distribution of rates of runoff which results from one inch of effective
rainfall during a unit period of time over the tributary watershed
upstream of the point of concentration. The unit effective rainfall is
generally assumed to occur as an equivalent constant rainfall intensity
during a specified unit period of time (such as 5, 10, 15 or 30-minutes).
Figure E-1 illustrates the general formulation of the unit hydrograph.

Distribution graph is a unit hydrograph whose ordinates are expressed in

terms of percent of ultimate discharge. A distribution graph is
generally developed as a block graph with each block representing its
associated percent of unit runoff which occurs during the specified unit
time. The unit time used in the distribution graph is identical to the

unit time specified for the unit hydrograph.

Summation hydrograph for a point of concentration on a given stream is

a curve (hydrograph) showing the time distribution of the rates of
runoff that would result from a continuous series of unit period
effective rainfalls over the tributary watershed upstream of the subject
point of concentration. The ordinates of the summation hydrograph are

expressed in percent of the ultimate discharge.

Lag for a watershed is the time (hours) from the beginning of a
continuous series of unit period effective rainfalls over the watershed
area (tributary to a point of concentration) to the instant when the rate
of resulting tributary watershed runoff (at the point of concentration)

equals 50 percent of the ultimate rate of the resulting runoff.

Ultimate discharge is the maximum rate of watershed runoff which can

result from a specified effective rainfall intensity. Ultimate discharge
from a watershed occurs when the rate of runoff on the summation
hydrograph is equivalent to the rate of effective rainfall. For an
effective rainfall rate of one inch occurring in a unit period of one
hour, the ultimate discharge is 645 cfs for every square mile of
watershed. Ultimate discharge for different unit periods is given by

E-2
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E.3.

dividing 645 by the unit period in hours, and multiplying by the

watershed area in square miles.

S-Graph is a summation hydrograph developed by plotting watershed
discharge expressed in percent of ultimate discharge as a function of

time expressed in percent of lag.

DETERMINATION OF SYNTHETIC DISTRIBUTION GRAPHS

Adequate storm rainfall and watershed runoff information are available
for the determination of distribution graphs for several streams in Southern
California. The distribution graphs for each of the gauged streams can be
determined by trial-and-error attempts to duplicate the runoff hydrographs
produced by major storm events (i.e., reconstitution studies). The derived
distribution graphs are then verified by using them to reproduce runoff

hydrographs from other major storm events.

The method of determining synthetic distribution graphs is used to estimate
the time distribution of watershed runoff in drainage basins where stream
gauge data is inadequate. The procedure develops a time distribution of
runoff based on the properties of distribution graphs from several gauged
watersheds (refs. 4-10).

It is assumed that the drainage areas within a given region are physiographi-
cally and hydrologically similar. Because no two drainage areas have
identical hydrologic characteristics, the runoff patterns from these areas are
generally dissimilar and the distribution graphs of these areas may differ
considerably. Therefore, direct transposition of distribution graphs from one
watershed to another is usually precluded. However, most distribution graphs
exhibit certain similarities which the introduction of a factor called "lag" will
bring the arrangement of ordinates along the bases of distribution graphs into

a generally consistent relationship. Lag, which was initially defined in the
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literature as the time difference in phase between salient features of the
rainfall and runoff rate curves, is an empirical expression of the hydrologic
characteristics of a watershed in terms of time. Details of the determination
of lag for watersheds where the time distributions of runoff are known and of
the use of lag in developing synthetic distribution graphs are discussed in the

following:

1. Summation Hydrograph - The first step in determining lag for a

watershed is the determination of the summation hydrograph, which is the
hydrograph of runoff that would result from the continuous generation of unit
effective rainfall over the watershed. The ordinates of summation hydro-
graphs are expressed in percent of ultimate discharge and a summation
hydrograph for a point of concentration is determined by adding a continuous
series of identical distribution graphs out of phase one unit period. On such a
hydrograph, the time required to reach maximum (ultimate) discharge is

equal to the length of the base of one distribution graph less one unit period.

2. Lag - Lag for a watershed can be defined as the elapsed time (in
hours) from the beginning of unit effective rainfall to the instant that the
summation hydrograph for the point of concentration reaches 50 percent of
ultimate discharge. When the lags determined from summation hydrographs
for several gauged watersheds are correlated to the hydrologic
characteristics of the watersheds, an empirical relationship is usually
apparent. This relationship can then be used to determine the lags for
comparable drainage areas for which the hydrologic characteristics can be
determined, but for which the distribution graphs for concentration points
cannot be determined because of inadequate hydrologic data. By comparing
lag values (obtained from the analysis of rainfall-runoff data) to catchment
time of concentration Tc values estimated from a detailed rational method

analysis (section D.9), a relationship is readily determined,

lag = 0.8Tc (E.1)

E-5
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It it noted that the rational method time of concentration, used for the
estimation of basin lag time, is a critical parameter in the unit hydrograph
method. Extreme care must be taken in the evaluation of the catchment Tc
in order to reduce uncertainty, and enable "reproducibility" of this
parameter. Section D provides the procedure for estimating Tc using the

rational method.

(E.1) is used in all unit hydrograph studies where sufficient topographic
information is available to compute the time of concentration, Tc. It is
noted that due to Tc being the sum of the rational method's initial subarea Tc
and the subsequent downstream reach hydraulic traveltimes, Tc values will
vary depending on the return frequency of rainfall used in the analysis. That
is, a 2-year storm estimated Tc value typically is longer in duration than a
100-year storm estimated Tc value. Consequently, when computing the lag
corresponding to a T-year design storm event, the Tc is estimated using the
T-year intensity-duration rainfalls in the rational method. For certain large
scale natural condition catchment studies, the Agency may consider the use

of the lag relationship given by the empirical formula:

lag (hours) = Cy ((L * Log)/s0-5)™ (E.2)
where

Cy = a constant (determined by regional flood reconstitu-
tion studies)

L = length of longest watercourse (miles)

Lea = length along longest watercourse, measured upstream
to a point opposite center of area (miles)

S = overall slope of drainage area between the headwaters
and the collection point (feet per mile)

m = a constant determined by regional flood reconstitution

studies

E-6



It is then assumed that there exists a relationship between watershed lag and
the quotient ((L + L3)/(SO-2))M. This relationship is given by the above

empirical formula for lag when

Ct = 24 n; (n is the visually estimated basin factor of all
collection streams and watershed channels, see Figure
E-2)

m = 0.38

3. S-graph - After lag factors are determined for several gauged
watersheds the next step in determining synthetic distribution graphs is the
development of S-graphs, which are summation hydrographs modified so that
the percent of ultimate discharge is related to time expressed in percent of
lag. The derivation of an S-graph is identical to the derivation of a
summation hydrograph, except that the factor of lag has been introduced.
Time in percent of lag has been used to determine S-graphs for five major

groupings of watersheds.

Five S-graphs are used for unit hydrograph development in San Bernardino
County. These S-graphs are entitled Valley:Developed, Valley:Undeveloped,
Foothill, Mountain, and Desert (Figures E-3a, b, ¢, d and e). In conformity
with the definition of lag, each S-graph reaches 50 percent of ultimate
discharge at 100 percent of lag. The average of the several S-graphs
determined for mountain watersheds is assumed to be applicable to the
mountain drainage basins with unknown runoff characteristics. Similarly the
average of the S-graphs determined for valley watersheds is assumed to be
applicable to the valley drainage basins, and so forth. Use of the Foothill S-
graph is only for watersheds characterized by natural channels that are
sharply incised in canyon bottoms; i.e., overbank flows are confined near the
defined channel. Use of the Mountain S-graph is only for watersheds
characterized by natural channels with numerous plunging flow reaches and
lodged boulders/debris. Use of the Valley:Undeveloped S-graph is for natural
watersheds whose channels are not sharply incised, i.e., where overbank flows

may spread widely from the defined channel. Use of the Valley:Developed S-



l. Drainage area has fairly uniform, gentle slopes
2, Most watercourses either improved or along paved streets
3. Groundcover consists of some grasses - large % of area

impervious
4. Main water course improved channel or conduit
n = 0.020
l. Drainage area has some graded and non-uniform, gentle
slopes
2. Over half of the area watercourses are improved or paved
streets

3. Groundcover consists of equal amount of grasses and
impervious area

4. Main watercourse is partly improved channel or conduit and
partly greenbelt (see n = 0.025)

n = 0025

l. Drainage area is generally rolling with gentle side slopes

2. Some drainage improvements in the area - streets and
canals

3. Groundcover consists mostly of scattered brush and grass
and small % impervious

4. Main watercourse is straight channels which are turfed or
with stony beds and weeds on earth bank (greenbelt type)

21
"
[=]
]
o
8

1. Drainage area is generally rolling with rounded ridges and
moderate side slopes

2. No drainage improvements exist in the area

3. Groundcover includes scattered brush and grasses

4. Watercourses meander in fairly straight, unimproved
channels with some boulders and lodged debris

1. Drainage area is composed of steep upper canyons with
moderate slopes in lower ¢anyons

2. No drainage improvements exist in the area

3. Groundcover is mixed brush and trees with grasses in lower
canyons

4, Watercourses have moderate bends and are moderately
impeded by boulders and debris with meandering courses

n = 0.050
1. Drainage area is quite rugged with sharp ridges and steep
canyons
2. No drainage improvements exist in the area
3. Groundcover, excluding small areas of rock outcrops,
includes many trees and considerable underbrush
4. Watercourses meander around sharp bends, over large
boulders and considerable debris obstruction
n = 0.200

1. Drainage area has comparatively uniform slopes

2. No drainage improvements exist in the area

3. Groundcover consists of cultivated crops or substantial
growths of grass and fairly dense small shrubs, cacti, or
similar vegetation '

4. Surface characteristics are such that channelization does
not occur

SAN BERNARDINO COUNTY BASIN FACTOR
HYDROLOGY MANUAL DESCRIPTIONS

Figure E-2

'
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E.3.1.

E.b4.

graph is for all watershed conditions where prismatic channels exist or are to
be provided for conveyance of T-year peak flows. This S-graph is
representative of fully urbanized catchments where the ultimately planned,
free-draining (no detention facilities) storm drains and major flood control
channels are operative. In comparison, should the catchment be {fully
developed but the storm drain system is generally deficient, with significant
ponding and storage effects occuring interior of the catchment, the
Valley:Undeveloped S-graph may be more appropriate than the
Valley:Developed S-graph.

Application of Lag and S-graphs

Using the rational method, the watershed time of concentration (Sec-
tion D) is computed and lag is determined using (E.1). A unit time is selected
(generally 15 to 25 percent of the lag) and accumulated unit time periods are
expressed as accumulated percentages of the watershed lag. These percent-
ages of lag are used in superimposing a "block" graph on the appropriate
average S-graph for the watershed and the resulting pattern is used in
determining the accumulated mean percentage of ultimate discharge for each
accumulated unit time (see example problem). Because these accumulated
mean percentages represent the accumulated mean percentages for the
synthetic distribution graph for the watershed, the mean percentage for

successive unit periods are determined by a series of subtractions.
DEVELOPMENT OF THE SYNTHETIC UNIT HYDROGRAPH

For watersheds where stream gauge data is inadequate, it may
generally be assumed that a synthetic unit hydrograph adequately
approximates the time distribution of runoff at the subject watershed point
of concentration. From the above discussion, a method to develop a

synthetic unit hydrograph is described in the following steps:

1. Estimate the watershed lag using topographic information and a

rational method Tc calculation based on the appropriate T-year rainfall.



2. Select a unit period to be used for the hydrograph analysis. This
unit period will be used for development of design critical storm unit rainfalls
and the runoff hydrograph. The unit period is generally chosen to be within
15 and 25 percent of the watershed lag in order to provide sufficient

definition of the unit hydrograph.

3. An S-graph is chosen which is appropriate for the catchment being
studied.

4, The appropriate watershed S-graph can be approximated by a
block graph where the base of each block is the selected unit period
percentage of lag (Step 2) and the ordinate of each block is the time-
averaged percentage of ultimate discharge (from the S-graph) for that unit
period. The area of each block equals the area under the S-graph for each
respective unit period. Consequently, at the end of each unit period the total
area under the S-graph equals the sum of the areas of the equivalent unit

period blocks.

5. The unit distribution block graph is developed by computing the
difference between the ordinates (percentage of ultimate discharge) assigned
to the unit period blocks used to approximate the S-graph of Step 4. This is
equivalent to computing the difference between the ordinates of two

S-graphs which have been offset by one unit period.

6. The final step to develop the synthetic unit hydrograph (or unit
graph) is to multiply the ordinates of the distribution block graph (Step 5) by
the factor K, the ultimate discharge. The ultimate discharge is defined by

K (cfs) = 645 A/T (E.3)

where

A = drainage area (square miles)

-1
1

unit time period (hours)

1]




E.5.

DESIGN STORM POINT PRECIPITATION

The Agency's prescribed level of flood protection is obtained by using
T-year rainfalls for the development of the T-year runoff hydrograph. Based
on the NOAA Atlas 2, the Agency has prepared rainfall isohyetal maps to be
used to analyze point precipitation patterns within a watershed, (see Section
B.5). Because additional rainfall information may alter the statistical
patterns assumed for point rainfall, the rainfall data obtained from the
NOAA Atlas 2 (and the San Bernardino County isohyetal maps) should be
checked against current frequency analysis for all rain gauges within the
study watershed and adjustments made as necessary and as approved by the
Agency. (For example, it is noted that, based on an analysis of the rainfall
data, the valley area of the County has been in a dry spell for the last 40

years).

It may generally be assumed that the peak 3-hour point precipitation value
within a watershed is related to the peak 1-hour and 6-hour point
precipitation values by straightline interpolation on log-log paper. This
approaéh is an approximation, and also should be checked against current rain

gauge data within the watershed.

The shorter duration (less than 3 hours) rainfall intensity - duration data used
in rational method studies plot as a straight line on standard log-log paper.
Using the appropriate l-hour point precipitation value, an estimate of the
peak 5 and 30-minute point rainfalls can be computed using the procedures

outlined in Section D (see Figure D-3).

The peak 5-minute, 30-minute, l-hour, 3-hour, 6-hour, and 24-hour area-
averaged point precipitation values are required in order to develop the
design storm pattern to be used to compute the watershed runoff hydrograph
for the subject rainfall return frequency. Unit-hydrograph studies to be
submitted for review should contain the following point precipitation

information:




E.5.1.

E.6.

l. Three separate maps showing the watershed l-hour, 6-hour and

24-hour isohyetals for the appropriate storm return frequency.

2. Calculate an area averaged point precipitation value within the

watershed for the peak 1-hour, 6-hour and 24-hour durations.

3. Using standard log-log paper (Figure E-8), plot the area averaged
point precipitation values for the peak l-hour and é-hours of rainfall.
Assuming a straight line relationship, estimate the area-averaged 3-hours
point precipitation value for the watershed. If available, verify this value

against record rainfall data.
4.  Using the rainfall intensity log-log paper (Figure D-3), estimate
the area-averaged 5-minute and 30-minute point precipitation values for the

watershed. If available, verify these values against record rainfall data.

Point Precipitation Adjustment for Watershed Area

In the unit hydrograph approach, the volume of watershed runoff is
related to the watershed average depth of precipitation rather than the depth
at specific points within the watershed. Depth-area curves approximately
relate the average of all point precipitation values for a specific duration and
frequency to the average depth of precipitation within the subject watershed

for the same duration and frequency (Figure E-4).
DESIGN STORM PATTERN

The design storm pattern is based upon a single synthetic 24-hour
critical storm pattern which includes the peak rainfall intensities estimated
for the 5-minute, 30-minute, l-hour, 3-hour, é-hour, and 24-hour durations.
The storm pattern is developed from the watershed area-averaged point
precipitation values, and modified incrementally according to the depth-area
curves of Fig’ure E-4. The assignment of peak rainfall values within the

synthetic critical storm pattern is shown in Figure E-5(a,b,c) (refs. 2, 4, 10).
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E.7.

E.7.1.

For large watersheds (e.g., 5 square miles or larger) or for detention basin
studies, the entire 24-hour synthetic storm pattern may be required for
hydrologic study purposes. For small watersheds (less than 5 square miles)
where only peak runoff rates are required, the peak 3-hours of the 24-hour
synthetic storm pattern generally can be used for study purposes, ignoring the

remaining 21-hours of lower intensity rainfall.

DESIGN STORM LOSS RATES

Where sufficient stream gauge information is of adequate quantity and
quality as determined by the Agency, loss rates for unit hydrograph hydrology
may be estimated from a study of rainfall-runoff relationships of major
storms. Where such data is not available, loss rates for pervious areas shall

be estimated using the methods of section C.é6.

Maximum Loss Rate, F,
The maximum loss rate, F,, for a catchment is computed by
Fn = apFp (E.4)
where
Fn = maximum loss rate (inches/hour)
ap = pervious area fraction (see Figure C-4)
Fp = maximum loss rate for pervious areas (inches/hour);

(see section C.6.5)

Maximum loss rates, F,, for runoff hydrograph studies are usually within the

range of 0.10 to 0.40 inches per hour in urbanized areas.




E.7.2.

Low Loss Rate, F*

During the peak rainfall intensities of the synthetic design storm
pattern, the loss rate used to estimate effective rainfall is typically the
maximum loss rate, F,. At lower rainfall intensities, however, a low loss
rate, F*, is used for the estimation of effective rainfall. The low loss rate

F* is based upon the low loss fraction, Y, defined by (see section C.6.3)
Y = 1-Y (E.5)

where

=
"

catchment low loss fraction

=<
I

catchment 24-hour storm runoff yield

(fraction) computed from (C.4)

The corresponding low loss rate based on the Y value is

F* = Yo (E.6)
where
F* = low loss rate (inches/hour)
Y = low loss fraction

I = rainfall intensity (inches/hour)

Using both the low loss rate (F*) and the maximum loss rate (Fp,) in the
determination of effective rainfall will result in 24-hour storm watershed
yields (ratio of total runoff to total rainfall) that approximate the values

predicted by the curve number approach (see Figures C-5 and C-7).

The low loss fraction should be used to estimate effective rainfall whenever
the maximum loss rate, F,, exceeds F*, In all cases, however, the maximum
loss rate is the constant value, F,,. Use of these two loss rate parameters
enables the 24-hour design storm runoff hydrograph model to develop peak
runoff rates based upon a maximum watershed loss rate (phi index), and also
develop 24-hour storm runoif yields which approximate the values obtained

from the SCS curve number approach.




E.8. RUNOFF VOLUME ESTIMATION

The catchment yield fraction, Y, can be used to approximate the total
runoff volume produced from a 24-hour duration precipitation event without
developing the 2&4-hour storm runoff hydrograph. The basis of this
determination is the curve number approach which provides a rainfall-runoff

relationship (Figure C-5).

E.8.1. Example Runoff Volume Estimation Problem

The runoff volume from a 24-hour duration precipitation event with a
25-year return frequency is estimated using the low loss fraction. Assume a
1,000-acre watershed with the following land uses (AMC II assumed), cover

complexes, and soil groups (See Figures C-3 and C-#):

TABLE E.l. EXAMPLE PROBLEM ASSUMPTIONS

Subarea Area Land Use Soil  Pervious
Number Fraction and Condition Group CN
1 0.10 meadow: good condition D 78
2 0.05 woodland: poor cover C 77
3 0.05 annual grass: good condition D 80
4 0.80 residential (1/8 acre lots) C 69
impervious area fraction
aj = 0.60

The yield is computed for each subarea using (C.3) where, for the 25-year

design storm, Py = 4.49 inches (example) as follows:



TABLE E.2. EXAMPLE PROBLEM YIELD CALCULATIONS

Subarea Area

Numbers CN S la Y Fraction
1 78 2.82 0.56 0.51 0.10
2 77 2.99 0.60 0.49 0.05
3 80 2.50 0.50 0.55 0.05
ba 69 4.49 0.90 0.36 0.32
4b 98 0.20 0.04 0.95 0.48

In Table E.2, subarea & is further subdivided into pervious and impervious
area fractions as subareas #%#a and 4b. Normally, the entire catchment

impervious area fraction is lumped together for simplicity.

Using Table E.2, the catchment runoif yield (fraction), Y, is calculated from
(C.4) as

Y = (0.51)(0.10) + (0.49)0.05) + (0.55)(0.05) + (0.36)(0.32) + (0.95)(0.48) = 0.67

Thus, the 24-hour 25-year design storm runoff volume is estimated to be

VOLUME = (0.67)(4.49-inches)(1000-acres)(1-ft/12-inches)
= 250.7 acre-feet

It is noted that the above volume estimate is typically slightly less than the
runoff volume developed from a 24-hour 25-year design storm runoff hydro-
graph analysis because the effects of the maximum loss rate, F,, were

neglected in the calculations.

E.9. BASEFLOWS

Baseflow is usually a minor factor in developing flood hydrographs for
relatively rare flood events in San Bernardino County. Generally, 10 cis per

watershed square mile is adequate for unlined channels that intercept




E.l0.

mountainous regions where many geologic strata are crossed by the stream
bed. Baseflow can be included in the watershed runoff by adding to the
ordinates of the computed runoff hydrograph. In {fully urbanized areas,

baseflow can be entirely neglected.
ALTERNATIVE RUNOFF HYDROGRAPH METHODS

The San Bernardino County Hydrology Manual has been calibrated to
local watershed conditions (without the use of channel routing parameters) in
order that the unit hydrograph hydrologic methods achieve the desired level
of protection in estimating the return frequency of {floodflows. The
introduction of additional parameters, in particular the routing of subarea
flows, may alter the calibration, resulting in a failure to achieve the flood
control protection level objectives. Because model sensitivity analysis and
model calibration is essentially precludéd for studies involving ungauged
watersheds, any hydrologic study not prepared in accordance with this

hydrology manual may be rejected (see Section K).
REQUIRED FORMAT

Figure E-6 illustrates the required format for submitting unit hydro-

graph study results for review.

Figure E-7 is to be used to supply the necessary hydrology information to
determine the runoff hydrograph. Figure E-8 is used to plot both the
unadjusted and adjusted mass rainfall curves. Figure E-10 is the Flood

Computation Form.
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PROJECT: DATE:

ENGINEER:

6.

7.
&.

9.

Enter the design storm return frequency (years)
Enter catchment lag (hours)
Enter the catchment area (acres)
Enter baseflow (cfs/square mile)
Enter S-Graph proportions (decimal)
Valley: Developed
Foothill
Mountain
Valley: Undeveloped
Desert
Enter maximum loss rate, F, (inch/hour)

Enter low loss fraction, Y (decimal)

Enter watershed area-averaged 5-minute point rainfall
(inches)*

Enter watershed area-averaged 30-minute point rain-
fall (inches)*

Enter watershed area-averaged l-hour point rainfall
(inches) *

Enter watershed area-averaged 3-hour point rainfall
(inches)*

Enter watershed area-averaged 6-hour point rainfall
(inches)*

Enter watershed area-averaged 24-hour point rainfall
(inches)*

Enter 24-hour storm unit interval (minutes)

*Note: enter values unadjusted by depth-area factors

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

INFORMATION FORM

WATERSHED

Figure E-7

i
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INSTRUCTIONS FOR SYNTHETIC UNIT HYDROGRAPH METHOD

HYDROLOGY CALCULATIONS

1. Synthetic Unit Hydrograph Development

where

A.

On a USGS topographic quadrangle sheet or other topographic
map of suitable scale, outline the watershed boundary.

Calculate the catchment time of concentration (Tc) by using a
rational method analysis for the T-year storm.

1. Catchment lag is computed by
lag = 0.8Tc

2. For certain large scale natural condition catchment studies,
the Agency may use the lag relationship given by

— 0.38
lag (hours) = 24n(L+L,/S0-70)

A = drainage area (square miles)

L = length of longest watercourse (miles)

Lea = length along the longest watercourse, measured
upstream to a point opposite the centroid of the area
(miles)

H = difference in elevation between the concentration

point and the most remote point of the basin (feet)

S = overall slope of longest watercourse between head-
waters and concentration point (S = H/L, feet per
mile)

n = visually estimated average basin factor from Figure

E-2.

Select a unit time period. To adequately define the unit hydro-
graph the unit time period should be about 20 percent of lag time,
and never more than 25 percent of lag time. 1f possible, use the
unit time of the synthetic critical storm pattern of 5-minutes.

Select the S-graph applicable to the drainage basin (Figures E-
3a,b,c,d,e). Determine the average percentage of the ultimate
discharge for each unit period. In reading the percentage of
ultimate discharge from the S-graph, the average ordinate over




I1.

I11.

the time increment should be determined rather than the mean of
the ordinates at the beginning and end of the time increment (see
example problem).

Compute the unit distribution graph by subtracting from the
percentage of ultimate discharge for each unit time period, the
percentage of ultimate discharge for the previous time period.

Compute the ordinates of the synthetic unit hydrograph (unit
graph) by multiplying the distribution graph values by the ultimate
discharge K, using:

K (cfs) = 645A/T
where

A
T

drainage area (square miles)
unit time period (hours)

uou

T-Year Design Storm Pattern Development

A.

Using the appropriate T-year point precipitation values from the
rainfall isohyetal maps and figures D-3 and E-8, compute the
area-averaged precipitation values for the 5-minute, 30-minute,
1-hour, 3-hour, 6-hour, and 24-hour durations.

Adjust all point precipitation values for areal effect by using
Figure E-4.

Develop a synthetic critical storm peak rainfall mass plot using
Figure E-8 (see example problem for demonstration).

Using the unit interval duration for the unit hydrograph develop-
ment, calculate the synthetic storm unit interval rainfall quanti-
ties by successive subtraction of mass peak rainfall values, each
offset in time by one unit period.

Arrange the unit rainfall quantities determined in step D into the
critical storm pattern shown in Figures E-5a,b,c. For most
hydrology studies, only the peak 3-hours of the synthetic critical
storm may need consideration.

Runoff Hydrograph Development

A.

Find the pervious area loss rates for subareas within the drainage
area using Figures C-3 and C-4. Adjust these rates to account for
impervious area using the relationship below, and then compute an
area-averaged maximum loss rate for the catchment.



where

Fm = maximum loss rate (inches/hour)

ap = pervious area fraction (decimal percent of
total area). See Figure C-4.

FP = maximum loss rate for pervious areas frac-
tion. See section C.6.4.

Compute the low loss fraction, Y. Use F* in each unit time
period where the maximum loss rate F, exceeds the low loss rate
F*, (F*¥=Y-], see section C.6.3).

Compute the unit effective rainfall for each unit time period by
subtracting the unit loss from the unit rainfall.

Compute the flood hydrograph.

1.

Multiply the effective unit rainfall for the first unit time
period by each synthetic unit hydrograph value to determine
the flood hydrograph which would result from that rainfall
increment.

Repeat the above process for each succeeding effective
rainfall value, advancing the resultant flood hydrographs one
unit time period for each computation cycle. See
Figure E-9.

Sum the flow ordinates found in the steps above to deter-
mine the average flow ordinate per unit time period for the
design storm flood hydrograph.

Add the appropriate base flow to the flood hydrograph ordinates
determined in Step D.
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E.13.

EXAMPLE PROBLEM

The following example problem illustrates the format suggested for
synthetic unit hydrograph hydrology studies to be submitted for review. In
the following, an example watershed is analyzed using the Agency unit
hydrograph approach. The example problem presentation contains the
following information:

(o] © O 0O o 0O 0O 0O o o

0O O 0O 0o 0O 0O o o o

Description

Watershed Map including Boundary and Geometric Information
Watershed Information Form

1-Hour Rainfall Isohyetals

6-Hour Rainfall Isohyetals

24-Hour Rainfall Isohyetals

Area-Averaged Rainfall Determination

3-Hour Area-Averaged Rainfall Estimation

5-Minute and 30-Minute Area-Averaged Rainfall Estimation
Adjusted and Unadjusted Mass Rainfall Plots (Depth-Area
Effects)

3-Hour Storm Unit Rainfall Determination (5-Minute Unit
Interval)

Watershed-Loss Information Map

Area-Averaged Maximum Loss Rate (F,,,) Determination
Area-Averaged Low Loss Fraction (Y) Determination
Effective Rainfall Determination

3-Hour Critical Storm

S-Curve Approximation

Unit Hydrograph Determination

Runoff Hydrograph Determination

Runoff Hydrograph

35
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HYDROLOGY MANUAL
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PROJECT: FXAMPLE PROBLEM DATE:

ENGINEER:
I. Enter the design storm return frequency (years) /00
2.  Enter catchment lag (hours) 0.75
3. Enter the catchment area (acres) 3200
4.  Enter baseflow (cfs/square mile) 0

5.  Enter S-Graph proportions (decimal)

Valley: Developed [0

Foothill 0.0
Mountain 00
Valley: Undeveloped 2.0
Desert
6. Enter maximum loss rate, F, (inch/hour) 02.28
7.  Enter low loss fraction, Y (decimal) 230

8.  Enter watershed area-averaged 5-minute point rainfall
(inches)* —Qp-éL
Enter watershed area-averaged 30-minute point rain-
fall (inches)* [ 27
Enter watershed area-averaged l-hour point rainfall
(inches)* __/.45
Enter watershed area-averaged 3-hour point rainfall
(inches)* 2.43
Enter watershed area-averaged 6-hour point rainfall ‘
(inches)* 336
Enter watershed area-averaged 24-hour point rainfall
(inches)* _S63
9.  Enter 24-hour storm unit interval (minutes) 50

*Note: enter values unadjusted by depth-area factors

SAN BERNARDINO COUNTY WATERSHED
HYDROLOGY MANUAL INFORMATION FORM
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SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

LEGEND
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Watershed
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point

EXAMPLE PROBLEM
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ISOHYETALS
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SAN BERNARDINO COUNTY
UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM AREA-AVERAGED POINT PRECIPITATION DETERMINATION

(1) (2)
Isohyetal Area Weighting
(inches) (acres) (1) - (2)

1-Hour Isohyetal Area-Averaging

1.6 640 1024.0
1.5 928 1392.0
1.4 1152 1612.8
1.3 480 624.0
Total Map Area = 3200 Total Weighting = 4652.8
Area-Averaged Value = 4652.8 / 3200 = 1.45
6-Hour Isohyetal Area-Averaging
4.5 224 1008.0
4.0 4438 1792.0
3.5 1024 3584.0
3.0 1216 3648.0
2.5 288 720.0
Total Map Area = 3200 Total Weighting = 10752.0
Area-Averaged Value = 10,752 / 3200 = 3.36
24-Hour Isohyetal Area-Averaging
9.0 160 1440.0
8.0 480 3840.0
6.0 800 4800.0
5.0 960 4800.0
4.0 640 2560.0
3.5 160 560.0
Total Map Area = 3200 Total Weighting = 18000.0

Area-Averaged Value = 18,000 / 3200 = 5.63

41
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UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM UNIT RAINFALL DETERMINATION

(Example Unit Period = 5 minutes)

Peak Rainfall Adjusted Mass Unit Rainfall
Unit Number Rainfall (inches) (inches)

1 0.45 0.45
2 0.60 0.15
3 0.71 0.11
4 0.80 0.09
5 0.88 0.08
6 0.95 0.07
7 1.02 0.07
8 1.08 0.06
9 1.13 0.05
10 1.19 0.06
11 .24 0.05
12 1.28 0.04
13 1.33 0.05
14 1.39 0.05
15 1.45 0.06
16 1.50 0.05
17 1.55 0.05
18 1.60 0.05
19 1.65 0.05
20 1.70 0.05
21 1.74 0.04
22 1.79 0.05
23 1.84 0.05
24 1.89 0.05
25 1.93 0.04
26 1.97 0.04
27 2.01 0.04
28 2.05 0.04
29 2.09 0.04
30 2.13 0.04
31 2.17 0.04
32 2.21 0.04
33 2.25 0.04
34 2.29 0.04
35 2.33 0.04
36 2.38 0.04

TIME = 3 HOURS TOTAL = 2.38 INCHES
E-45
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UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM WATERSHED LOSS DETERMINATIONS

Area-Averaged Maximum Loss Rate, Fyy,

L. Using the watershed soil and development characteristics, estimate the
area-averaged maximum loss rate:

F
p
Land Use Area Soil (inch /hour) ap Fm
and Condition Fraction Group (Fig. C-6) (Fig. C-4) (inch/hour)

Annual grass;
fair cover
(100% pervious) .10 D 0.31 1.0 0.31
Residential: S.F.
(1/4 acre) Lots
(50% pervious) .60 B 0.75 0.50 0.38
Commercial:
(10% pervious) .30 B 0.75 0.10 .075

Area-Averaged Adjusted Loss Rate (inch/hour) = 0.28



UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM WATERSHED LOSS DETERMINATIONS

Area-Averaged Low Loss Fraction, Y

1. Using the watershed soil and development characteristics, estimate the
area-averaged low loss fraction:

Land Use
and Condition

Annual grass;
fair cover
(100% pervious)

Residential: S.F.

(1/4 acre) Lots
(50% pervious)

Commercials
(10% pervious)

Area
Fraction

.10

.30
.30

.03
.27

Soil
Group

Curve Number
(CN)
(Fig. C-3)

84

56
98

56
98

s(2)

1.90

Pervious
Area
Yield F{action,
v(3)

0.68

Area-Averaged Catchment Yield Fraction (Y) = .698

Area Averaged Low Loss Fraction (Y) = .302, Say 0.30

NOTES:

(2): S =(1000/CN)-10
(3): Y = (P24-0.25)2/((P24+0.8S)P24

) Y=1-Y



UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM 3-HOUR STORM
EFFECTIVE RAINFALL DETERMINATION

(Unit Period = 5 minutes)

Unit Period Unit Unit Loss Effective
Number Rainfall (inches) (inches) Rainfall (inches)

1 .04 .012 .028
2 .04 .012 .028
3 .04 .012 .028
4 .04 012 .028
5 .04 012 .028
6 .04 .012 .028
7 .04 .012 .028
8 .04 .012 .028
9 .05 015 .035
10 .05 015 .035
11 .04 .012 .028
12 .05 015 .035
13 .05 015 .035
L4 .05 .015 .035
15 .06 .018 042
16 .05 015 .035
17 .04 .012 .028
18 .05 .015 .035
19 .05 .015 .035
20 .06 .018 042
21 .07 .021 049
22 .08 .023 = .057
23 11 023 * .087
24 .15 .023 = 127
25 45 .023 * 427
26 .09 .023 » .067
27 .07 .021 049
28 .06 .018 042
29 .05 .015 .035
30 .05 015 .035
31 .05 .015 .035
32 .05 .015 .035
33 04 .012 .028
34 .04 012 .028
35 .04 .012 .028
36 .04 .012 _.028
2.36 0.56 1.80

*unit low loss exceeds maximum loss rate, F
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F.l.

SECTION F

FLOW-THROUGH BASIN ANALYSIS

INTRODUCTION

There are two types of routing that are important in watershed
planning; reservoir routing and streamflow routing. Both processes operate
upon an inflow hydrograph to produce an outflow hydrograph. In this section,
reservoir routing will be presented based on the modified Pul's method.
Section H will present the convex method for streamflow routing. It is noted
that the Agency has hydraulic design criteria which must be considered in

addition to the hydrologic criteria established in this manual.

Section E of this hydrology manual includes a detailed discussion of the unit
hydrograph approach to be used for hydrologic studies of watersheds, The
approach develops a 24-hour duration synthetic critical storm pattern which
is composed of peak rainfall intensities for a specified return frequency (e.g.,
peak 5-minutes, 30-minutes, l-hour, 3-hour, 6-hour and 24-hour) nested
together with the storm peak 5-minutes of rainfall defined to occur at storm

time of hour 16.

Use of this synthetic storm pattern subjects a study watershed to all
durations of storm events (of a given rainfall return frequency) up to 24-
hours. That is, the 24-hour critical storm pattern for floodwater detention
basin studies will include all durations of critical storm events up to 24-hours.
Therefore, in many cases only one design storm is necessary for analysis of

the detention basin flood routing.

For a discussion of environmental considerations in using detention basins,

see Appendix II.
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F.2. DETENTION BASIN ANALYSIS

F.2.1. Detention Basin Routing Procedure

The modified Pul's (refs. 2, 3, 5) method may be used for detention

basin routing studies. The basin routing relationships are based upon the

formula
1-0=AS
At (F.1)
*  where

1 = basin inflow rate (cfs)

o) = basin outflow rate (cfs)
AS = change in basin storage during the time step (cubic

feet)

At = time step (sec)

Equation (F.l) is approximated by replacing the variables I and O by an

average value during the timestep using

[ = I +1Ip
2 (F.2)
o = O; +02
2 (F.3)

where the subscript | indicates the beginning of a time period and subscript 2
indicates the end of the subject time period. Substituting (F.2) and (F.3) into

the basin routing equation of (F.l) and rearranging terms gives
(S2 + 02 At/2) = (S| - 01 At/2) + (I} + 12) At/2 (F.4)

In (F.4), the right side is known from the previously computed values of

storage, Si, outflow, O, and the average basin inflow (I{+I7)/2 for time step

At.
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The solution of the basin routing problem requires the following information:

l. Known initial conditions for basin storage and outflow
2. A routing timestep, At
The basin inflow hydrograph

4. Basin volume vs. depth and outflow vs. depth relationships

To solve (F.4), a storage indication curve should be developed. Such a curve
may be derived from the known storage-discharge relationship by selecting
various values of depth and computing (S+O At/2) from the associated values
for storage and outflow. This quantity is plotted versus outflow such as

shown in Figure F-4.
The solution procedure then proceeds with the following steps:

l. Determine the average inflow volume from the inflow hydrograph

during the timestep At; i.e., calculate (1] + I5) At/2.

2. Compute §; - O At/2 from the assumed initial condition of the

basin flowdepth or the last computed values of S and O.
3. Use (F.4) to compute (So + O At/2).

4. Use the estimate from step 3 and the storage indication curve

(see Figure F-4) to compute O».

3. Use O5 and the known storage vs. depth and outflow vs. depth

relationships to compute S7.

These five steps are repeated for the next timestep using I, Oy, and S as
the new values of Iy, Oy, and Sy, respectively. This procedure is repeated
until the basin inflow hydrograph has been completely analyzed and basin

outflow becomes negligible.



The example problem illustrates the basin routing procedure.

F.2.2. Example Problem: Detention Basin Hydrograph Routing

F.3.

The assumed detention basin depth vs. outflow and depth vs. storage
relationships are shown in Figures F-1 and F-2, respectively. The detention
basin information sheet (Figure F-8) is completed in Figure F-3. Using a
timestep of 60 minutes (3600 seconds), the associated storage-indication

curve is developed in the following table and plotted in Figure F-4.

TABLE F.l.
EXAMPLE PROBLEM STORAGE-INDICATION CURVE DEVELOPMENT

Depth (o) S S-0 At/2 S+0 At/2
(it) (cfs) (AF) (AF) (AF)
0 0.0 0.0 0.00 0.00
1 4.2 4.4 14.22 14.57
2 12.0 28.8 28.30 29.30
3 51.7 43.2 41.06 45.34
4 114.7 57.6 52.86 62.34
5 186.8 72.0 64 .28 79.72
6 263.2 86.4 75.52 97.28

Assuming an initial condition of zero basin outflow and storage, an example
basin inflow hydrograph (unit period of 60 minutes) is routed using the
modified Pul's method in the tabulation of Table F.2. The 60-minute
timestep is used for demonstration purposes only. Typically, a 5-minute
timestep is needed in order to adequately describe the runoff hydrograph
peak flow rates. Important features of a routed detention basin hydrograph

are shown in Figure F-5.

EXTENDED DESIGN STORM CRITERIA

Due to the interaction of watershed size, Tc, percentage of peak

discharge reduction, and basin volume, the critical storm duration is

F-4
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PROJECT: EXAMPLE PROBLEM DATE:

ENGINEER: _ 4 é,'_S’

1. Enter the hydrograph unit interval duration (minutes) ¢0
2. Enter total number of basin depth-versus-outflow
values (maximum of 20) 7
3.  Enter basin outflow (cfs) and storage volume (AF) for
each basin depth value in the following table. Enter
values in orqer of increasing outflow basin depth:
Entry Water Surface Basin Basin Basin
No. Elevation (FT) Depth (FT) Storage (AF)  Outflow (CFS)
1 /00 0.0 (defined) & 0.0 (defined)
2 /0/ / /4.4 4.2
3 /702 2 28.8 /2.0
4 /03 3 3.2 5/.7
5 104 4 57.¢ /47
6 /05 5 72.0 /86.6
7 /06 & 66.4 263.2
8
9 .
10
11
12
13 ‘
14 - - - -
15 - - - -
16 - - - -
17 _____ - - -
18 - . - -
19 - _ - -
20 : -
4.  Enter assumed initial depth (feet) of water in
detention ba;in 0
SAN BERNARDINO COUNTY DETENTION BASIN
HYDROLOGY MANUAL INFORMATION FORM
F=7 FIGURE F - 3

|
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TABLE F.2.
EXAMPLE PROBLEM BASIN ROUTING TABULATION

Time Inflow Al:(;;:wngre (I11+1) At/2  S1-O1 At/2  S2+40,At/2  Outflow Storage
(min.)  (cfs) (cfs) (AF) (AF) (AF) (cfs) (AF)
0 0 0 0

30 2.48 0 2.48

60 60 .7 2.45
90 7.44 2.42 9.86

120 120 2.8 9.74
200 16.53 9.62 26.16

180 280 10.3 25.73
265 21.90 25.31 47.21

240 250 ‘ 58.6 44.79
235 19.42 42.37 61.79

300 220 112.7 57 .14
170 14.05 52.48 66.53

360 120 132.1 61.07
110 9.09 55.61 64.70

420 100 124.5 59.56
80 - 6.61 S54.41 61.02

480 60 109.8 56.48
30 2.8 51.94 54,42

540 0 85.4 50.89
0 0 47.36 47.36

600 0 ‘ 59.20 44.91
0 0 42.46 42.46
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generally not known (in advance) for a watershed flood control system which
includes one or several detention basins. Hence, the use of the 24-hour
design storm may not be the “critical" storm for flow-through detention basin
design purposes, and a longer duration design storm may be needed. Figure
F-6 illustrates the extended design storm (multiday) for a two day duration.

Longer duration design storms are developed in a similar fashion.

The multiday design storm utilizes the structure of Figure F-6 for all flow-
through detention basin systems. Successive day storms are developed and
added in the front of the previously developed design storm patterns until the
detention basin system demonstrates no increase in the required basin volume
due to the further extension of the design storm pattern. By increasing the

basin outlet capacity, the critical duration can be reduced.

From Figure F-6 it is seen that the extended design storm is constructed
from an arrangement of rainfalls of identical T-year return frequency. That
is, even though a two day or longer duration multiday storm is being used to
test the detention basin's level of flood protection, the extended design storm
still contains no more than T-year rainfall depths for the extended duration.
Each of the 24-hour storm patterns are constructed by a simple scaling of the
peak 24-hour design pattern according to a ratio of the respective 24-hour

precipitation values.

F.4. REQUIRED FORMAT

Figure F-7 illustrates the required format for submitting detention

basin study results for review.

Figure F-8 is to be used to supply the necessary detention basin information

to determine the routing results.
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DETENTION BASIN OUTFLOW {ec.fs.)
AS A FUNCTION OF DEPTH { feet)

DETENTION BASIN STORAGE ( Acre - feet)
AS A FUNCTION OFf DEPTH ( feet)

DETENTION
BASIN INFORMATION FORM
(Fig. F.8)

DETENTION BASIN INFLOW / OUTFLOW
HYDROGRAPHS

UNIT - HYDROGRAPH
]— STUDY { SEE SECTION E FORMAT
REQUIREMENTS )

IIIII
2005550200144y, <) 0 DETENTION BASIN ROUTING CALCULATIONS
”,.”-,-,,3{,f;ggz,,,,,, { MODIFIED PULS METHOD )

R T¥0ay

]—— ONE DAY
]——— TWO DAY

ETC.

(UNTIL ADDITIONAL BASIN VOLUME
IS NOT REQUIRED)

SAN BERNARDINO COUNTY REQUIRED R:g:RT FORMAT
HYDROLOGY MANUAL DETENTION BASIN STUDY
F-13 Frawre 77,

=4




PROJECT: DATE:

ENGINEER:

1.  Enter the hydrograph unit interval duration (minutes)

2. Enter total number of basin depth-versus-outflow
values (maximum of 20)

3.  Enter basin outflow (cfs) and storage volume (AF) for
each basin depth value in the following table. Enter
values in order of increasing outflow basin depth:

Entry Water Surface Basin Basin Basin
No. Elevation (FT) Depth (FT) Storage (AF)  Outflow (CFS)

O 00 N A W N -

O 0 00 N O \n & W - O

4. Enter assumed initial depth (feet) of water in
detention basin

0.0 (defined) 0.0 (defined)

SAN BERNARDINO COUNTY DETENTION BASIN
HYDROLOGY MANUAL INFORMATION FORM

Figure F-8
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G.2.

G.3.

SECTION G

FLOW-BY BASIN ANALYSIS
(HYDROGRAPH SEPARATION)

INTRODUCTION

This process models the effect of a channel flowing by a detention basin
or structure which intercepts and diverts away from the channel all runoff
flows in excess of some specified flowrate. Although simple in concept, use
of a flow-by basin in a flood control system can provide a useful reduction in
the runoff hydrograph peak flowrate. Figure G-1 shows the main elements of
a typical flow-by basin. For a discussion on the considerations in using

detention basins, see Appendix II.

EXTENDED DESIGN STORM CRITERIA

A multiple day storm may be required to guarantee that the basin has
an adequate storage capacity remaining when a peak 24-hour storm event
occurs. For a multiple day storm condition involving a flow-by basin system,
the peak rainfall intensities of the selected T-year return frequency should be
incorporated within each 24 hour duration (up to the appropriate mass rainfall

volume with the desired return frequency) such as is shown in Figure G-2.

FLOW-BY BASIN VOLUME ANALYSIS: WEIR STRUCTURE EFFICIENCY

Figure G-1 illustrates a typical weir structure flow-by basin design.
Due to the finite weir length, the actual flow-by discharge (i.e., no overflow
into the basin) is less than the desired flow-by discharge and, consequently,
the actual basin storage requirements are higher than idealized by a simple
separation of the hydrograph. Generally, this volume excess ranges between

20 and 50 percent depending on the weir length used for the overflow.

G-1



VOLUME STORED IN BASIN
OR DIVERTED TO ANOTHER
CHANNEL

o — — — —

FLOW BY
.[____

EXCESS VOLUME

STORED DUE TO

WEIR LIMITATIONS
(SEE TEXT)

2%

WEIR

STORM TIME

FLOW-BY
INTERCEPT

K

EFFECTIVE
STORAGE

DEAD STORAGE
(WATER CONSER-

2z

VATION OR
DEBRIS TRAP)

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

INFILTRATION

CHANNEL
FLOW

CHANNEL
LINING

LOPE PROTECTION

BASIN OUTLET
PIPE TO JOIN
CHANNEL DOWN-
STREAM OF BASIN

FLOW-8Y BASIN
CONCEPT AND ELEMENTS

Figure G-I




(0OI'8 NOILO3S 335°00408S A8 G3A0HddY SV vivd NOIlvlS Tvd01 3SN)
PE6=Ava-€"* 862 =Av0-2",69'G=H1d3a AVG-l YV3A-00!‘(ONIGHYNY3IE NVS) 00 €22Z IOAON NOLLVLS dMa

(SHYNOH) 3WIL WYOLS

(1 Ava) (2 AvQ) (€ Ava)
el 9 8t (04 v m._ (0]
j “ i " .
-
-
=
WIS, TTIM 2
TIVINIVY 40 LNINIJHINI N
MNOH #2 IHL LVHL N¥3Lllvd P
NHOLS NOIS3a HNOH $2
JHL1 40 NOILNOd XV3d 1VHL =
(1 o
o]
C -
C "

(L£€2=596-986269) | (,9¢1=,862 ~ g6 09)
_n (xS9'6"0'8) _ (SHNOH- ¥2)- l_l (SYNOH-8b)-
| SHNOH-b2) ¥V3d=SSYN ' (SUNOH-8Y) ¥V3d=SSYW ' (SHNOH- 22) 3V3d =SSYW

Figure G-2

|
<
O ~ |
mNE,.
RRW_
ous
<
M |17}
s X
>0 0
o= |
tor
o
=]
(T
>
-
2
3
O
O
£ I
>
Q 2
E
g s
< >
X o
W g
22
< 5
% >
o




SECTION H

STREAMFLOW ROUTING

H.l. INTRODUCTION

The convex streamflow routing technique is described for use in design

storm hydrology studies for watershed flood control systems (refs. 2, 3).

H.2. CONVEX ROUTING METHOD FOR UNSTEADY OPEN CHANNEL FLOW

The governing relationship used in the convex routing approach is:

OT.4dT = (1-C)OT1 + CIT (H.1)
where
It = hydrograph inflow at time T
OT = channel outflow at time T
OT.dT = channeloutflow at time T + dT

@]
"

a routing coefficient (where C is between 0 and 1)

Rearranging (H.1) gives the explicit statement

OT4+dT = O + ClIT - OT) (H.2)

and

C = (OT4dT - OD/(IT - OT) (H.3)



The routing coefficient may be estimated by the empirical relationship
(ref. 3),

C=V/V +1.7) (H.4)

where V is a mean flow velocity assumed for the inflow hydrograph. One
method of computing V is to calculate the normal depth corresponding to the
average flowrate of all unit flows greater than 50 percent of the inflow
hydrograph peak flowrate. From this normal depth calculation, V is defined
to be the corresponding flow velocity. Thus V represents an average velocity
which is used to translate the inflow hydrograph along the total length of the
channel. Obviously, other values for V can result depending on the choice of
which average flowrate value to be used from the inflow hydrograph, and
care must be taken to avoid offsetting the hydrograph peak flowrates at

channel confluences by the selection of the channel V parameter.
The routing timestep, dT, is given by

dT = £CL (H.5)
3600 V

where C is given by (H.4), L is the channel length in feet, and dT is in units of
hours.

Because the unit hydrograph analysis base unit period (defined in this section
as dT*) is usually different than the dT time period of (H.1) a modification of
C is required. Typically, a 5-minute unit period is used in runoff hydrograph
studies. For a unit period of 5 minutes, dT* = 0.0833 hours and the modified

routing coefficient is
C*=1-(1-C)E (H.6)

where E = (dT* + 0.5dT)/(1.5dT).

H-2




To determine the dT which corresponds to (H.l), it is assumed that

(OT 44T - OT)/(IT - O1) = dT/K (H.7)

where K is the channel reach travel time as estimated from the selection of
the inflow hydrograph mean V value and the channel length, L. Figure H-1
illustrates the geometric interpretation of the relationship given by (H.7).
Thus,

dT = CK (H.8)
A 5-minute unit period is used for all convex routing applications.

An examination of the convex routing method reveals that the entire routing
approach is a function of the routing coefficient, C. Consequently, a
watershed link-node model composed of m such channel links necessarily
includes m channel routing parameters, each with an associated unknown
uncertainty function. Additionally, the uncertainty involved in combining the
m channel links is further aggravated by the fact that each channel-routed
hydrograph is also a function of the number and channel reach lengths used
for each channel link. That is, the routed hydrograph through a channel with
a length of 20,000 feet will differ from the results of routing a hydrograph
through two successive reaches with a length of 10,000 feet, and so forth.
Channel routing processes usually involve relatively short reaches of
improved channel where storage effects are minor, or where confluences
from other channels (or pipes) enter the main channel and a summation of

hydrographs occurs.




INFLOW HYDROGRAPH

OUTFLOW HYDROGRAPH

FLOWRATE (cfs)

TIME
ASSUMED ROUTING
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H.2.1. Example Problem: Convex Channel Routing

The example problem channel is a rectangular concrete section with a
base of 10 feet, a Manning friction factor of 0.015, length of 3000 feet, and a
mean slope of 0.005 foot/foot. The problem inflow hydrograph is tabulated in
Table H.l. From the table, the average flowrate in excess of the 50-percent

peak flowrate value is 767.4 cfs.
Using Manning's equation, the normal depth flow velocity is calculated as

V = (1.486R,0-67540.50)/p (H.9)
where Rp is the hydraulic radius, and Sq is the channel slope. For the
example problem, V is 13.5 fps (feet per second) and the default routing

coefficient from (H.4) is C = 0.89. From (H.38),

K

(3000 £t)/(13.5 £ps)(3600 sec/hr) = 0.062 hour

dT (0.89)(0.062) = 0.055 hour

From (H.5), C* is estimated for a timestep of dT* equal to 5 minutes by
C* = 1-(1-0.89)F = 0.948

where E = (0.0833 + (0.5)(0.055))/((1.5)(0.055)) = 1.343. Thus the appropriate

convex method routing approximation statement is
OT4dT = (1-C*)OT,dT-dT* + C*IT (H.10)
where for the example problem

OT4dT = (0.052)0T,dT-dT* + (0.948)IT



TABLE H.l.
CONVEX ROUTING EXAMPLE PROBLEM SOLUTION

Storm Time Inflow Outflow!l
(minutes) (cfs) (cfs)

0 0.0 0.0

5 0.8 0.3

10 0.9 0.8

15 40.5 7.7

20 202.7 91.1

25 445.1 274.6

30 602.9 486.8

35 653.7 613.1

40 600.9 634.7

45 608.0 605.0

50 917.1 706.9

55 1186.7 992.5

60 1001.2 1117.1

65 763.6 931.1

70 714.9 756.7

Note 1: outflow is to be offset by 3.7 minutes of travel time due to a
computed mean flow velocity of 13.5 fps.
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SECTION 1

A PIPEFLOW ROUTING MODEL

Similar to the convex routing approximation procedure, the pipeflow
routing model develops an outflow hydrograph from a reach of pipe given an
inflow hydrograph and appropriate pipe section data. In the considered
pipeflow model, however, a limiting value of outflow is assumed whereby all
inflows greater than this pipe capacity are temporarily stored at the
upstream endpoint of the pipe. The stored floodwaters subsequently drain
into the pipe at a rate equal to the pipe capacity. Where this assumption is
not valid, an alternative approach should be used. This modeling approach
approximates the ponding of floodwaters where a significant volume of
storage is available with a small change in flooding depths. Similar to the
convex channel routing method, backwater effects are not included in the

modeling approach.

The pipeflow routing process is modeled by calculating a normal depth flow
velocity for each unit period (e.g., 5-minute) runoff value from the inflow
hydrograph, and translating the unit runoff forward in storm time by the
appropriate time increment. Generally, flowdepths in excess of 0.82 of the
pipe diameter are assumed to be sealed and the unit interval flow velocities
are computed based on a full flow condition. Figure I-1 shows the salient

features of the pipeflow modeling approach.

I-1



(SYNOH) 3WIL 13A0W

HdVY904dAH
Mmo141Nn0

| ALIOVdVD 3did 1V z_<mo|\\ AlI0vdvd 3dld
SM014000714 G3NO0lLS

SM014d00174 d3"O0lS
HdVY904AAH MOT4NI

FLOWRATE

PIPEFLOW
MODELING ELEMENTS

SAN BERNARDINO COUNTY

HYDROLOGY MANUAL

Figure I-1




J.1.

SECTION J

SMALL AREA RUNOFF HYDROGRAPH DEVELOPMENT

INTRODUCTION

For watersheds whose time of concentration (see Section D) is less than
25 minutes, a simpler procedure can be used to develop the design storm
runoff hydrograph. Additionally, the 25-minute limitation corresponds to a
25-percent unit interval (of watershed lag) when using 5-minute unit rainfalls
in the unit hydrograph technique. Consequently, in order to avoid the unit
hydrograph being too coarse an approximation, a small-area unit hydrograph
method is needed. This technique is analogous to the design storm approach

of Section E but has the following simplifications:

i. Depth-area Adjustment - Generally, watersheds whose time of

concentration is less than 30 minutes have a drainage area small enough that
depth-area adjustment is not required; i.e., the regionalized point rainfall

depths are used without depth-area adjustment.

ii.  Design Storm Pattern Development - Using a unit interval equal

to the time of concentration (Tc), unit rainfalls are determined by successive

subtractions along the mass rainfall plot (see Example).
iii. Loss Rates - Conforms to Section E.

iv.  Unit Hydrograph - The unit hydrograph is defined to be a triangle

with a base of 2Tc, and a peak at time of Tc (see Figure J-1). The volume of
the unit hydrograph is (l-inch)(area). The example problem illustrates the
triangle unit hydrograph. Note that in this case, lag is defined to equal the
Tc estimate; (i.e., 50-percent volume occurs at time of Tc). Also note that

lag is not computed, but the rational method Tc is used directly.

J-1
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J.1.1.

V. Convolution - The convolution of the unit hydrograph with the
unit effective rainfalls (storm rainfall less losses) is simply the addition of
peak runoff values at each of the Tc unit intervals (see Example), where peak

flow estimates follow from the rational method of section D.

It is noted that in the small area runoff hydrograph method, the total
catchment area shall be used in the calculations; i.e., although the effective
area may be used for rational method estimates for peak flow rates, the total
catchment area is needed for runoff hydrograph volume study purposes. Any
deviation from the use of the total catchment area must be approved by the

Agency.

Example Problem: Small Area Runoff Hydrograph Development

l.  Assume given from a rational method study (see section D):
watershed area = 8 acres
time of concentration = 10 minutes = unit interval
maximum loss rate (F,) = 0.12 inches/hour
low loss fraction (Y) = 0.35

2. Djg follows from Figure D-3,
where
Do = 10-year frequency depth (inches)

T = duration {(minutes)

3. Q=0.9(-F,)A

J-3



TABLE J.1. EXAMPLE PROBLEM RESULTS

Peak

Rainfall Mass Unit Unit Net Effective Discharge

Unit Rainfall Rainfall Loss Rainfall Rainfall Q)

Number (Inches) (Inches) (Inches) (Inches) (Inch/Hr.) (cfs)

1 0.45 0.45 .02% 0.43 2.58 18.58

2 0.61 0.16 .02% 0.14 .34 6.05

3 0.73 0.12 .02% 0.10 .60 4.32

4 0.82 0.09 .02% 0.07 42 3.02

5 0.90 0.08 .02% 0.06 .36 2.59

6 0.98 0.08 .02*% 0.06 .36 2.59

7 1.04 0.06 L02% 0.04 .24 1.73

8 1.10 0.06 .02* 0.04 .24 1.73

9 1.16 0.06 .02+% 0.04 .24 1.73

10 1.21 0.05 .02+% 0.03 .18 1.30

11 1.27 0.06 .02% 0.04 .24 1.73

12 1.31 0.04 .0l 0.03 .18 1.30

13 1.36 0.05 .02*% 0.03 .18 1.30

14 1.40 0.04 .01 0.03 .18 1.30

15 1.44 0.04 .01 0.03 .18 1.30

16 1.48 0.04 .01 0.03 .18 1.30

17 1.52 0.04 .01 0.03 .18 1.30

18 1.56 0.04 .01 0.03 .18 1.30

19 1.60 0.04 .01 0.03 .18 1.30

20 1.63 0.03 .01 0.02 .12 0.86

*Unit low loss exceeds unit adjusted loss
Discharge to 24 hours is calculated by the above method
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SECTION K

WATERSHED MODELING GUIDELINES

INTRODUCTION

The previous sections provide the several elements used in developing a
link-node watershed model for hydrologic planning purposes. In this section,
guidelines are presented for development of complex hydrologic models for
the analysis of the design storm condition. The combination of the several
submodels described in Sections E-J provides the hydrologist with the
modeling capability to analyze complex watershed conditions including varia-
tions in runoff production caused by flood control measures and alternative
watershed development plans. It is frequently required that the difference in
runoff production between existing and the ultimate development conditions
be mitigated. For example, in large watersheds, the location of greenbelt
channels or detention basins can significantly effect the total watershed peak
flowrate estimate. Similarly, the planned location of high density develop-

ment may mitigate the effects of watershed urbanization.

SINGLE AREA RUNOFF HYDROGRAPH DEVELOPMENT

In many cases, watershed studies involve a free flowing drainage system
where storm runoff is collected by major storm drains or street systems and
is carried from the watershed by means of a major flood control channel.
These watersheds typically have minor storage or detention effects due to
detention basins, channel constrictions, or channel capacity (i.e., overbank
flow) problems. Additionally, these watersheds have a time of concentration
which approximately equals the watershed critical duration and are

comparable to the watersheds from which the S-graphs were derived.



K.3.

Generally, a single basin unit hydrograph study such as illustrated in the
example problem of Section E will be appropriate for the development of a

design storm runoff hydrograph and peak flow rate (see Sections E and J).

COMPLEX WATERSHED RUNOFF HYDROGRAPH DEVELOPMENT

For complex watershed modeling conditions, the watershed is divided
into subareas which are "linked" together by routing processes. Such
watersheds are characterized by significant detention or storage effects and

large areas of different development or soil loss conditions.
The procedures to be used for the various routing processes are given in the
preceding sections. Subarea unit hydrograph and subsequent runoff hydro-

graph development follows directly from Section E.

I Watershed Division into Subareas - All watershed modeling results

differ based on the number and selection of subareas linked together to
represent the total watershed. A guideline for the watershed division is to
limit subareas such that the largest subarea is no greater than four times the
area of the smallest subarea. Generally, subareas are defined which are
tributary to detention basins or major channels whose storage routing effects
are considered significant. Additionally, subareas should be determined such
that the corresponding lag values are between 20 minutes and 2.5 hours;
preferably, between 25 minutes and 1.5 hours (the range of lag values used in
the calibration effort). Arbitrary subdivision of the watershed into subareas
should generally be avoided. It must be remembered that an increase in the
watershed subdivision does not necessarily increase the modeling "accuracy"
but rather transfers the model's reliability from the calibrated unit hydro-
graph and lag relationships to the unknown reliability of the several flow

routing submodels used to link together the several subareas.

ii. Subarea Design Storm Analysis - Each subarea is subject to the

design storm condition. Therefore, all flood control facilities shall be

K-2
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analyzed based on the design storm impacting each subarea independently

(see Section E).

iii. Depth-area Adjustment - As the watershed area increases, depth-

area adjustment is needed based upon the entire tributary area. For example,
should a point of concentration have three tributary subareas with a
combined area of 6 square miles, then each of the subareas must be
reanalyzed for the design storm condition with the depth-area factors based
upon the total area of 6 square miles. All routing procedures are also
reevaluated based upon the new subarea runoff hydrographs. In this fashion,
each point of concentration has the appropriate depth-area adjustment

applied to the design storm.

USE OF WATERSHED MODEL COMPUTER PROGRAMS

Several single event unit hydrograph computer models are currently
available. For example, the unit hydrograph option of the HEC-1 and TR-20
programs have been used for both small and large watershed master planning.
As discussed in Section E, unmodified use of these models are precluded. In
the following, guidelines are presented which provide the parameter and
design storm restrictions needed to conform the various available watershed

models to the design storm conditions described in this manual:

i. Effective Rainfall Computation - All watershed loss rates are to

conform to the specifications of Section C (i.e., watershed 24-hour storm

runoff yields, maximum loss rates (Fm), and low loss fraction (Y)).

ii, Single Event Design Storm Pattern - The watershed model is to be

based upon the design storm patterns shown in Sections E, F and G. Depth-
area adjustment and rainfall depths are to conform to the requirements of

Sections B and E.
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iii.  Routing Processes - Basin and channel routing modeling tech-

niques are to be based upon the modified Pul's and convex methods described
in the previous sections. (Full details of these techniques are contained in
refs. 2, 3, 5.)

iv. Complex Watershed Modeling - The division of the watershed into

subareas and the application of depth-area adjustment to tributary area must

conform to the guidelines of this section of the manual.

' Unit Hydrograph Development - The development of unit hydro-

graphs must conform to the S5-graphs and lag computation procedures
described in Section E. Calculation of watershed time of concentration must

conform to the rational method procedures of Section D.

vi. Preproject Meeting - All complex watershed modeling proposals

are to be discussed with the Agency prior to study submittals for review.
This preproject meeting will aid in familiarizing the project with the Agency,
and also aid in checking whether the modeling approach conforms to the

hydrology manual.

K.5. SINGLE AREA RUNOFF HYDROGRAPH COMPARISON CRITERIA

When a complex watershed model (e.g. a "link-node" schematic involv-
ing subareas linked by channel routing) is to be used, a single area runoff
hydrograph model is also to be developed for comparison purposes. Should
detention basins be planned, the complex model without the basins (i.e. "free-

draining") is to be compared to a single subarea model.

Should the peak Q from the free-draining complex model be greater than the
single area runoff hydrograph model, then the complex model peak Q is to be
used as the design Q. The use of a higher Q for design purposes aids in

accommodating for the increased uncertainty in the complex model.



APPENDIX I

THE RATIONAL METHOD AS A DESIGN STORM
UNIT HYDROGRAPH METHOD

The rational method can be interpreted as a design storm unit hydro-
graph method. The design storm pattern is developed by using a selected
return frequency rainfall intensity - duration curve. At a point of
concentration with time of concentration, Tc, the rational method design
storm pattern is constructed from an intensity-duration curve by first
determining the total amount of rainfall (i.e., unit rainfalls) which falls in
several successive unit periods, each of duration Tc. The next step is to
arrange these several unit rainfalls into the rational method design storm
pattern (see Figure I-1) by placing the largest unit rainfall as the first unit,
followed by the second largest unit rainfall, and so forth until a sufficiently
long design storm pattern is developed (usually about l-hour in total length,

but may be longer depending on the various stream confluence Tc values).

Using the area-averaged loss rate Fp, (e.g., see Section C.6.5), the design
storm unit effective rainfalls are calculated by subtracting the appropriate
proportion of F, from each unit rainfall. It is noted that the design storm
unit rainfalls are given in units of inches of precipitation whereas F, is given

as a rate (inch/hour).

The unit hydrograph corresponding to the rational method is a triangle with
base 2Tc, and a peak occurring at time Tc (see Figure 1-2). For a unit period
of duration equal to Tc and a unit effective rainfall of | inch, the associated
unit period runoff hydrograph must have a peak flow rate of (60/Tc) cfs per
acre where Tc is given in minutes. Similarly, a unit period effective rainfall
of only 1/2-inch must have an associated unit period runoff hydrograph with a
base of 2Tc and a peak flow rate of (1/2)(60/Tc) cfs per acre. The runoff
hydrographs associated to each unit effective rainfall are determined

similarly, and then arranged as shown in Figure I-3 so that the

I-1
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resulting unit period runoff hydrographs correspond in timing to the proper
unit period effective rainfalls. The runoff hydrograph is developed by adding

the flow contributions from the several unit period runoff hydrographs.
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APPENDIX II

DETENTION BASIN CONSIDERATIONS

Generally, the main purpose for inclusion of a stormwater detention

basin in a flood control system is to reduce peak rates of runoff generated

from an upstream watershed and to control peak flows into downstream

areas. Some of the advantages and disadvantages of use of detention basins

are listed in the following:

BENEFITS

Reduce peak rates of runoff to
downstream areas.

Basin reduces transport of sedi-
ments carried in floodwaters.

Reduces size of downstream flood
control facilities.

Provides location for groundwater
recharge if aquifer contact exists.

Provides location to concentrate
floodwaters for contaminant treat-
ments.

POTENTIAL CONCERNS

Detention basins do not reduce
total storm runoff volume (unless
the groundwater recharge potential
is large).

Maintenance of storage capacity,
inflow and outflow facilities is
critical.

Basins increase the duration of
flows which may increase erosion
effects downstream from the
basin. Downstream erosion may be
further increased due to sediment
extraction in the basin.

Improperly sized and placed basins
may aggravate rather than reduce
downstream flooding potential (es-
pecially in large complex systems).

Accumulated debris from runoff
decreases flood control storage
volume in a detention basin.

Cost of debris removal.

Detention basins in urban areas
may become unsightly and/or ver-
min infested without intensive
maintenance.



The consideration of a detention basin system needs to address the various
hydrologic, hydraulic, environmental and flood control concerns listed above,
as well as any other concern which may arise during the course of the project
study, and determine the necessary mitigative measures which are acceptable
to the Agency. Of special concern is the interplay between the several
components of the total system network. Unplanned placement of detention
basins without consideration of other watershed detention basins and tribu-
tary watersheds can increase the downstream peak flow rate above the
anticipated runoff peak flow rate attained without any detention basins in the

watershed.
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