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of recent rainfall - runoff data synthesis and model calibration. Concurrent
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A.l.

A.2.

Al3.

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.z2.

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. Nonifrontal 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 moijsture 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 wusually 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=LUT (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-l 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

B-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 | 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 l-hour depth and the l-hour depth was
subtracted from the l.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 I.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.l. 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.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.

c-1

P




C.2.1.

C.3.

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
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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 I

Quality of Soil Grou
Cover Type (3) Cover (2) [ A
NATURAL COVERS -
Barren 78 | 86 | 91 | 93
(Rockland, eroded and graded land)
Chaparral, Broadleaf Poor 53 170 | 80 | 85
(Manzonita, ceanothus and scrub oak) Fair 40 | 63 175 |81
Good 31 {57171 178
Chaparral, Narrowleaf Poor 71 {82 |88 |9l
(Chamise and redshank) Fair 55 | 72 | 81 |86
Grass, Annual or Perennijal Poor 67 {78 | 8 | 89
Fair 50 |69 |79 | 8
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 | 84 | 88
(Soft wood shrubs - buckwheat, sage, etc.) Fair 46 | 66 | 77 | 83
Goeod 41 163 |75 |81
 Woodland Poor - 45 | 66 |77 | 83
(Coniterous 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
(Conitferous or broadleaf trees with canopy Fair by | 65 | 77 | 82
density from 20 to 50 percent) Good 33 {58 |72 |79
URBAN COVERS -
Residential or Commercial Landscaping Good 32 156 |69 |75
(Lawn, shrubs, etc.)
Turt Poor 58 | 74 | 83 |87
(Irrigated and mowed grass) Fair 4y | 65 | 77 |82
Good 33 |58 (72 |79
AGRICULTURAL COVERS -
Fallow 77 |1 8 |91 |94
(Land plowed but not tilled or seeded) .

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

CURVE NUMBERS
FOR
PERVIOUS AREAS
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Curve (1) Numbers of Hydrologic Soll-Cover Complexes For Pervious Areas-AMC I

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 50 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 Groc\_xp_
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 57 |73 | 82 | 8
(Citrus, avocados, etc.) Fair % | 65 | 77 | 82
Good -33 | 58|72 |79
Pasture, Dryland Poor 68 | 79 | 86 | 89
(Annual grasses) Fair 49 | 69 | 79 | 84
Good 39 | 61 | 76 | 80
- Pasture, Irrigated Poor 58 {75 | 83 | 87
(Legumes and perennial grass) Fair 9% | €5 | 77 | 82
Good 3358172179
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 | &
Notes:
11.  All curve numbers are for Antecedent Moisture Condition (AMC) I
2.  Quality of cover definitions:
Poor-Heavily grazed, regularly burned areas, or areas of high burn potential. Less than

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

CURVE NUMBERS
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PERVIOUS AREAS
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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 80
Multiple Family Residential:

Condominiums 45 - 70 65

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

or Industrial 80 - 100 90
Notes:

1. 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.

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



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 Ill:  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 1II 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.l. CURVE NUMBER RELATIONSHIPS

CN for Corresponding CN for AMC Condition

AMC
Condition II 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 33
60 40 79
35 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 ) 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" (1a)
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

la = 0.25 (C.1)

where S is an estimate of total soil capacity given by

s - 1000 4 (C.2)
CN

where CN is the area curve number.

C.6.2. Estimation of Storm Runoiff Yield

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

yield fraction, Yj, is estimated by

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

It is noted that should la be greater than Py in (C.3), then Yj is defined to be
zero. In this manual, the notation Y and Yj 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 = (YlAl + vy YmAm)/(Al + Ao +"'+Am) (C.4)

where each Y; 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 I is the rainfall intensity and F* has units of inches/hour. Use of F*
enables the design storm 24-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.

(o

)

LA




RAINFALL, P(INCH)

24 - HOUR STORM

LI = —
SRS SN N s ! ! :
awxmsw‘e,.llklwy e R e o otk sa : e N
0 O RO 0 B S0 e BOREE BN
e p oo bt bbb bt e et e
. | 8 S SRR R AR S Tqu.,v .
[ ) L (2] - 00

o~
24-HOUR STORM RUNOFF, R(INCH)

SCS 24 -HOUR STOR
SAN BERNARDINO COUNTY AINEALL - RONORE

HYDROLOGY MANUAL RELATIONSHIPS

CcC~13 Figure C-5




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
Fm = apFp (C.7)

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

pervious area.
Should a catchment contain several F, values, the composite Fry 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 2%4-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, Fp
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 Ap(l) A B c D

NATURAL:

Barren 1.0 0.41 0.27 0.18 0.14

Row Crops (good) 1 0.59 0.41 0.29 0.22

Grass (fair) 1.0 0.82 0.56 0.40 0.31

Orchards (fair) 1.0 0.88 0.62 0.43 0.34
l

Woodland (fair) .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 (+ 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

(4) DU/AC=dwelling unit per acre



C.7.

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.

C.7.1. Hydrologic Soil-Cover Complex

C.7.2.

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.

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.

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 4#0% Vegetative cover

C.8, HYDROLOGIC SOIL GROUP MAPS

Hydrologic soil groups are determined from Figures C-9 through C-l6.

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.

Cc-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 &, 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 ANL 4 ALMY B ANLAUF c ARDISTOOK
AASTAD B AHLS TROM 4 ALOMA c ANNABELLA B AR2SA (4
ARAC o AHMEEK B ALONSO B ANNANDALE [ ARP 4
ABAJD [ ANDLT 0 ALOVAR [4 ANNISTON B ARRINGTON B
ABBOTY D AHTANUN [4 ALPENA 8 ANOKA A ARRITILA 1]
ABBUTTSTUNN [4 AHw ARNEE c ALPHA [4 ANONE S 4 ARROLIME [4
ABCAL o] AlBUNITO [4 ALPON B ANSAR ] D ARXON "]
ABEGG 8 ALKEN B/C  ALPUWA e ANSEL 8 ARROW B
ABELA ] AIKMAN D ALPS 4 ANSEL MD A ARROWSMITH []
ABELL 8 AILEY B ALSEA 8 ANSON B ARROYD SECO B
A ERDEEN 0 AINAKEA 8 ALSPAJGH 4 ANTELOPE SPRINGS C ARTA [
ABES D ATRMONT C ALSTAD B ANTERD [ ARTOIS 4
ABILENE < AIROTSA B ALSTOWN B ANT FLAT C ARVADA 1]
ABINGTON 8 AIRPORY D ALTAMONT D ANTHO 8 ARVANL [
ABlQua 4 AITS B ALTAVISTA 4 ANTHONY B ARVESIN 1]
ABC B/C  AJG 4 ALTOORF "] ANTIGO 8 ARVILLA B
ABOR D AKARA A ALTMAR 8 ANT 1L ON ] ARZELL 4
ABRA C AKASKA B ALTC C . ANTIDCH D ASA B
ABRAHAN ] AKELA [ ALTOGA [4 ANTLER c ASBURY B
ABSAROREE c ALADDIN B ALTON B ANTD INE 4 ASZALON 3
ABSCOTA 8 ALAE A ALTUS B8 ANTROD BUS B ASCHOFF B
ABSHER [’ ALAELOA 8 ALT VAN [} ANTY ] ASHBY (4
ABSTED v ALAGA A ALUN [ ANV IR B ASHZRIFT B
ACACID ¢ ALAKAL D ALUSA 0 ANWAY 8 ASHDALE ]
ACADEMY 4 ALAMA B ALVIN B ANZA B ASHE ]
ACADIA [v] ALAMANCE [} ALVIRA [4 ANLIAND 4 ASHKUM [
ACANA D ALAMD 0 ALVISOD D APACHE D ASHLAR 8
ACASCO ] ALAMDSA [4 ALVOR [ APAKUIE A ASHLEY A
Acc ITUNAS 3 ALAPAHA [ AMADDR o APISHAPA c ASH SPRINGS 4
ACEL J*] ALAPAIL A AMAGON o APISON B ‘ASHTON B
ACKER 8 ALBAN B 4MALU ] APGPKA A ASHUE 8
ACRMEN B ALBANG "] AMANA B APP1AN c ASHUELDT €
ACME c ALBANY c AMARGDSA 0 APPLEGATE 4 ASHWIID [4
ACO B ALBATON ] AMARILLO 8 APPLETON 4 ASKEW [4
ACOLITA b aLBEE 4 AMASA B APPLING B ASD 4
ACOMA c ALBEMARLE 8 AMBERSON APRON 8 ASITIN [4
ACOVE 4 ALBERTVILLE [< AMBDY 4 APT 4 ASPEN ]
AChEE 4 ALB1A 4 AMBRAN [4 APTAKISIC 8 ASPERMONT 8
ACRELANE 4 ALBION B AMEDEE A ARABY ASSINNIBOINE )
ACTOUN B ALBRIGHTS [4 AMEL JA B ARADA [4 ASSUMPTION B
ACUFF a3 ALCALOE c AMEN]IA B ARANSAS ] ASTATULA A
ACWURTH B ALCE STER B AMERIZUS A ARAP I EN 4 ASTOR A/D
ACY 4 ALCGA B AMES c ARAVE D ASTOR1A ]
ADA a8 ALLONA B AME SHA B ARAYETON B ATASCADERD <
AORIR 0 ALCOVA 8 AMHERS T [4 ARBEL A 4 ATASCISA ']
ADAMS A ALDA [4 AMITY [4 ARBINE 8 ATCD 8
ADAMSDN [3 ALDAX a AMMON B ARBIR B ATENCID B
ADAMSTIWN ALDEM 2] AMOLE [4 ARBUCKL E B ATEPIC [*]
ADAMSVILLE C ALDER B AMDR B ARCATA B ATHELWOLD B
AGATON "] ALDERDALE 4 AMDS 4 ARCH B ATHENA [
ADAVEN D ALDERWOOD [4 AMSDEN B ARCHA BAL B ATHENS B
ADDIELOU 4 ALDINC c AMSTERDAM B ARCHER [4 ATHEARLY B
ADD 1SUN 3} ALDRELL 4 AMT OFT D ARCHIN 4 ATHERTON B/0
ADOY [4 ALERKNAGIYX ] Amy b ARCD ] ATHNAR [
AUE A ALEMEDA c ANACAPA B ARCDLA c ATHDL 8
ADEL A ALEX [ ANAHUAL D ARD c ATKINSON []
AJELAIDE 0 ALE XANDRIA [4 ANAMITE [} ARDEN B ATLAS D
ADELANTY B ALEXIS B ANAPRA ] ARDENVD IR B ATLEE c
ADEL IND ] ALFOKD B ANASALI € ARDILLA 4 ATHIRE 8/D
ADELPHIA 4 ALGANSEE B ANATONE [+] AREDALE B ATIKA [
ADENA C ALGEKRITA B ANAVERDE ] ARENA c ATON ]
ADGER 3} ALGIERS C/D  ANAwWALT D ARENALES A ATAYP2 C
ADILIS A ALGONA 8/D ANCHD B ARENDTSVILLE B ATSION C
ADIAJUNDALK ALMAMBRA B ANCHORAGE A ARENDSA A ATTERBERRY 8
ADlV ] ALICE A ANCHOR BAY D ARENIVILLE ] ATTEWAN A
AQJUNTAS ¢ ALICEL 8 ANCHOR POINT 2] ARGONAUY D ATTICA 8
ADKINS 8 ALICIA [} ANCLOTE 3] ARGUELLD [ ATTLEBDRD
ADLER 4 AL1DA B ANCOD [4 ARGYLE [ ATWATER 8
ADDLPH 7] ALIKCH] B ANDERLY [4 ARIEL c ATHELL c/so
ADRIAN A/D  ALINE A ANDERS [4 ARIZOD A ATw%O0D 8
AENEAS B aLKO o ANDERSON ] ARKABUTLA [4 AUBBEENAUBBEE 8
AETNA 8 ALLAGASH [} ANDES [4 ARKPORT B AUBERRY 5
AFTON [} ALLARD B ANDORINIA [4 ARLAND B AUBURN c/D
AGAK B ALLEGHENY & ANDOVER "] ARLE 8 AUBURNDALE 1]
AGASS 12 D ALLEMAND S D ANDREEN 8 ARLING D AUDLAN 8
AGATE [°] ALLEN 8 ANDREELS ON [4 ARLINGYON 4 AU GRES [4
AGAWAM 8 ALLEROALE 4 ANDRES ] ARLOVAL 4 AUGSBURG 8
AGENLY c ALLENS PARK a ANDREWS 4 ARMAGH D AUGUSTA [4
Avkh u ALLENSVILLE [4 ANED -} ARMIJO "] AuLD 2]
AGNER B ALLERNTINE [*] ANETH A ARMINGTON 2] AURA ]
AGNEW 8/% ALLENWDOD 8 ANGELICA D ARMO B AURDRA [4
AGNGS 3 ALLESSIO ] ANGELLINA 8/D ARMDUR B AUSTIN [4
AGUA B ALLEY [4 ANGELD 4 ARMST ER 4 AUSTWELL 1]
AGUADILLA A ALL 1 ANCE 8 ANG IE 4 ARMSTRDNG [ AUKYASSE [’}
AGUA DuLCE C ALLIGATOR 1} ANGLE A ARMJCHE E D AUZQUI ]
AGUA FR14 B ALLIS D ANGLEN [ ARNE GARD B AVA 4
AGUALT B ALL1SON 4 ANGOLA c ARNHART [ AVALANCHE 8
AGUE LA 3 ALLOVEZ 4 ANGOSTURA B ARNHE 1 c AVALON 8
AGUILITA [ ALLOWAY ANHALT 3} ARND D AVERY B
AGUIRRE v ALNACT B AN AK o ARNOL O B AVON [4
AGUSTIN 8 ALMENA [ ANITA D ARNOT C/2 AYONBURG 1]
AMATONE [\] ALMONT D ANKENY A ARNY A AVINDALE 3

RITES A BLANK HYDROLOGIC SOIL GROUP INDILATES THE 501L GROUP HAS NOT BEEN DETERMINED

TWD SJIL GROUPS SUCH &S B/C INDICATES THE DRAINED/UNDRAINED SITUATION
SAN BERNARDINO COUNTY >G5 SOIL. NAMES
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ANBREY
ANTELL
AYAR
AYCOCK
AYON
AVR
AYAES
AYASHIRE
AYSZES
AZAAR
AZARMAN
ALZELTINg
ALFlELD
AZTALAN
AlTEC
ALULE
ALwELL

Badg

Ba3B INGTON
YABCOCK
PABYLON
BACA

BACH
BACHUS
SACKIONE
8ACULAN
dADENAUGH
BAUGER
BADGERTAN
8AM
BAQUS
BAGARD
vAGDAD
BAGGUTT
SAGLEY
BAHEM
BAILE
SAINVILLE
3AIRD HOLLIW
Balduia
SAKEOVEN
BAKER
BAKEA PASS
BALAARA
YaLGH
aaLcunm
BALD
BaLJER
SALLULLK
3ALL#IN
6aLDY
BALE
BALLARD
BALLER
SALLINGER
SALM
DALMAN
JALIN
DALTIC
SALTINOKE
BALTU
BaM3ER
BAMFORTH
3ANLAS
BANCROFT
BANUERA
JANGI
BANGUR
BANGSTuUN
SANKARD
BANKS
SANNCZR
SANNERVILLE
BANNOCK
BANWUETE
bARABQU
daRAGA
dARBARY
sARBUUR
3ARBOUAY ILLE
SARLLAY
DARLCO
AARCUS
BARU
BAKLEN
BARDLEY
3ARELA
BARFIELJ
bad FUSS
BAAGE

QAR ISHMAN

NJTES

SAN BERNARDINO COUNTY

BARKER
BARKERYILLE
BARKLEY
BARLANE
‘BARL ING
BARLOW
BARNARD
BARNE S
BARNE STON
SARNEY
BARNHARDT
BARNSTEAD
BaRNUM
BARRADA
SARRETT
BARRINGTON
BARAON
BARRONETT
BARRONWS
BARRY
BARSTONW
BARTH
BARTINE
BARTLE
BARTLEY
BARTON
BAATONFLAT
BAAYCN
3ASCCM
BASEHOR
JASHAW
BASHER
BASILE
BASIN
BASINGER
BASKET
BASS
BASSEL
BASSETT
AASSFIELD
JASSLER
BASTIAN
BASTAQP
BATA
BATAVIA
BATES
BATH
BATTERSOM
BATTLE CREEK
/5 BATIaA
BAUDETTE
3AUER
BAUGH
BANTER
SAXTEAVILLE
BAYANGN
BAYARD
BAYBORO
JAYERTON
BAYLOR
BAYSHOAE
BAYS1DE
BAYLCOS
BATYWGOD
BALETTE
BAZILE
nEAD
BEALLE
BEALES
BZAR BASIN
dzAR CREEX
BEARDALL
BEARDEN
BEARU STOWN
BEAR LAKE
BEARMGUTH
BEARPAN
BEAR PRAIRIE
BcARSKIN
JEASLEY
arA SUN
SEATON
SEATTY
BEAUCCUP
BEAUFGRD
SEAUMDONT
BrAUKEGARD
BZAUSITE
dEAUYALS
BEAVERTON
BECK
HECKER
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BECRET
BECALEY
BECKTON
PECKWITH
BECK¥UURTH
BECREENK
BEDFORD
BED INGTON
BEDNER
BEEBE
BEECHER
BEECHY
BEEHIVE
BEEK
BEENOM
BEELAR
BEGAY
BEGOSHI AN
BEHANIN
BEMEMOTOSH
BEHRING
BEIRMAN
BEJUCOS
BELCHER
BELDEN
BELDING
BELEN
BELFAST
BELFIELD
BELFORE
BELGRADE
BELIMDA
BELKNAP
BELLANY
BELLAYISTA
BELLE
BELLEFONTAINE
BELLICUM
BELLINGHAM
BELLPLNE
BELMONT
BEL MGRE
BELT
BELTED
BELTUN
BELTRAMI
BELTSVILLE
BELUGA
BELYOIR
BEMCLARE
BENCVUOLA
BEMEWAH
BENFIRLD
BENGE

8EN HUR
BENIN
BENITO
BENJAMIN
B8EN LUMOND
BENMAN
BENNDALE
BEMNETT
BENNINGTON
BENOIT
BENSUN
BENTEEN
BENTONYILLE
BENZ
BEQTIA
BEQWANE
BERCAIL
BEADA
BEREA
BERENICETON
BERENT
BERGLANU
BERGSTROM
BER IND
BERKELEY
BERKS
BERKSHIRE
BERLIN
BERMESA
BERMUD I AN
BEERNAL
BERNALDY
BERNARD
dERNARD INOD
BEANARDST IM
BEANMILL
BERNICE
SERNING

c BERRENDOS [ dLAZKROCK 8
8 BERR YLAND b] BLAZKSTON 8
0 8ERTEL SON 8 BLACXTALL 3
c BERTHOUD B BLAZKNATER 1]
B BERT I[E c BLAZKWELL 87D
B BERTOLOTTI ] BLADEN 0
c BERTR AND 8 3LAGT o
] BERY ILLE 0 BLAINE 8
c BERYL 8 aLAIR C
A BESS EMER 3 BLAIRTON c
c BETHANY c BLAKE c
BETHEL a BLAKELAND A
a BETTERAVIA c BLAKENEY c
c BETTS B BLAKEPORT [
D BEULAH ] BLALOCK D
] BEVENT 8 BLAYER c
B BEVERLY ] BLAMCA ]
c BEW D BLANCHARD A
] AEWLEVVILLE 8 BLANCHE STER B/0
8 BEWL IN 2 ALAND c
0 BEXAR c 3LANDFORD c
2} BEZLANT 3 BLANDING ]
] 8188 3/D BLANEY ]
D 8 IBGN A SLANKET [+
D QICKELTON ] BLANTIN A
] BICKLETON [4 BLANYON c
[+ 81CKNORE c BLASGELL A
B BICONDOA c BLASTNGAME c
B 81CCEFORD b] BLAZIN 0
] BILOL EMAN 4 BLENCOE [+
] BIOMAN c BLEND -}
>} BIDWELL 8 BLENDGN 8
c BIEBEA D ILETHEN ]
c BIENVILLE A BLEVINS B
o BIG BLUE 1] BLEIYINTRN 8/0
] BIGEL A BLICHTIN D
B1GELOW 5 aLlss 0
] BIGETTY [+ BLICKATZN c
c B81{6GS A 3LIIGETT a
c BIGGSVILLE 8 SLONFIAD B
8 B1G HCRN c BLIJM c
8 BIGNELL ] 3LIDOMFIELD a
0 B8IG T{MBER 0 8LIONING ]
0 BIGWIM 2 BLIQR >}
4 BlJOU A 3LISSIM c
B SILLETT A BLIUNT 4
C BILLINGS 4 ALJUNTYILLE C
D BINDLE 8 BLJECHER c
4 BINFURD ] BLUYEIELL 4
C BINGHAN 3 SLUE SARTH o
c BINNSVILLE p] BLUEJAINT 8
c BINS 8 BLUE LAKE A
4 BINTCN c BLUEPIINT 8
B B8IPPUS a BLUZE STAR ]
B BIRCH A BLUEWING 8
0 BIRCHWOOQ c BLUFFIALE 4
D B8IRDOW 8 BLYFETON D
2 B8IRCS c BLUEIRD 0
8 BIRDSALL ] BLY 8
A 8 IRDS 30RO ] BLYTHE 2
8 BIHCSLEY ] BJARDTAEE c
c BIRKBECK 8 BI83 D
[°] AI5BEE A BIBTAIL B
o} BISCaY [+ BICK 8
€/t 3ISHOP B8/C BIJELL 2
8 BISPING ] BJJINBURG 8
[4 BISSELL ] BQUINE a
o BISTI c 32EL A
8 8IT 0 BOELUS A
0 BITTERQN A BIESEL 8
c BITTERACOT [ 3JETTIHER 4
] BITTER SPRING 4 835aN 4
c BITTON 8 LEETR )
] BIXBY a FRTH D
A 8JCRK [ BIHANNIN 4
[1} ALACHLY 4 BIHENIAN ]
8 BLACK 3UAN B BIISTFESAT c
3 BLACK BUTTE [4 SOLAR 4
8LACK CANYON o BILD 3
[4 BLACKCAP a BSLES c
8 BLACKETT ] 30LIVAR ]
[4 BLACKFaQOT /5 BALIVIA [}
[4 BLACK HALL 0 0L TON 8
a BLACK HAMK 2 PLEYY 8
1] BLACKLEAF 8 BON 8
8 JLACKLEED ] BINACIDAD n
0 BLACKLICK 2 SINAPARTE A
c BLACKMAN c 8aND o
4 BLACK YOUNTAIN D BONDRANEN 0
8 BsLaCKDAaA z BIVOURANT a
A BLACKPIPE C BINE 0
4 8LACK AIDGE D 8ING ]

& dLANK MYDACLLGGIC SGIL GAQUP INDICATES THE S2IL GROUP HAS NCT 3EEY 2ETERRINED

TwO SUIL GAOUPS SUCH AS 2/C INGICATeS THE URAINED/UNURAINED SITUATIIN

HYDROLOGY MANUAL

S.C.S. SOIL NAMES
FOR
HYDROLOGIC CLASSIFICATIONS

c-3l

(2 OF 21)

LIL/



BONHAM 4 BRANDON 8 BROOKLYN 4] BUSTER 4 CAMP SPASS C
BONIFAY A BRANDYW]NE 4 BROOXS IGE c BUTAND ¢ CAWPYS B
BONILLA B BRANF ORD B BROOKSTON B/D  BUTLER D CAMRODEN [4
BONITA ] BRANTFDRO B BROOKSVILLE D BUTLERTOMN < CANA c
BANN D BRANYGN -} BROQMFIELD D BUTTE 4 CANAAN ()
BLNNE R B BRASHEAR 4 BROSELEY B BUTT ERFIELD c CANADIAN ]
BONNET B BRASSFIELD B BROSS B BUTTON 4 CANADICE 0
BONNEVILLE 8 BRATTON B BROUGHTON 1] BUXIN [1} CANANDALGUA D
BONNICK A BRAVANE 0 BROWARD 4 BUXTON c CANASERAGA ¢
BONNIE 1] BRAXTON c BROWNELL [} BYARS -} CANAVERAL c
BOND 0 BRAYMILL B/0 BROWNFIELD A BYNUM 4 CANBURN D
BONSALL b} BRAYS D BROWNLEE B BYRON h CANDELERD c
BONTA c BRAYTON [4 BROYLES 8 CANE c
BONTI C BRAZITD A BRUCE b CABALLOD B CANEADEA 0
BOUKER 1] BRALZCS A BRUFFY c CABARTON D CANEEK B
BDOMER 8 BREA B BRUIN [4 CABBA c CANEL B
BOONE A BRECKENR JUGE 0 BRUNEE L 8/C CABBARY 0 CANELD D
BODNESBJIRD [} BRECKNOCK B BRUNO A CABEZON ] CANEY c
BLONTON 4 BAEECE 8 BRUNT c CABIN c CANEYVILLE c
BOOTH c BREGAR 0 BRUSH CABINETY c CANEZ 8
BORACHQ c BREMEN 8 BRUSSETY B CABLE . D CANE IELD [4
BORAH A/C BREMER ] BRYAN A CABO A0J40 (4 CANISTED 4
BORDA 0 BREMD [4 BRYCAN B CABOT J CANNINGER [}
BORDEAUX B BREMS A BRYCE D CACAPON B CANNDN B
BORDEN 8 BRENDA 4 BUCAN D CACHE [ CANIE ]
BORDER B BRE NRAN 8 BUCHANAN c CACIQUE c CANDNZ1TO B
BOANSTEDT 4 BRENNER C/D BUCHENAU [4 CADDO D CANDVA B/D
BORREGO [4 BRENT 4 BUCHER c CADEV ILLE <] CANTALA 8
BORUP 8 BAENTON [} BUCKHOUSE A CADMU S B CANTON [}
BOAVANT D BRENT 00D 8 BUCKINGHAM CADOMA D CANTRIL B
BORZA 4 BRE SSER ] BUCKLAND c CADDR L CANTUA B
BOSANKD 7 BRE VARD B BUCKLEBAR B CAGEY c CANUTID 8
80SCO ] BREVLRY B BUCKLEY B/C  CAGUABD 0 CANYDN b
BOSKET ] BREMER [4 BUCKLON D CAGWIN B CAPAC ]
BOSLER B BRE&STER D BUCKNER A CAHABA ] CAPAY D
BISQUE B BREHTON 4 BUC KNEY A CAMILL 8 LAPE 0
BOSS D BRICKEL 4 BUCKS B CAHONE C CAPE FEAR D
BOSTuUN [4 BRICK TON [4 BUCK5KIN c CANTO [4 CAPERS D
BOSTwICK 8 BRIOGE [4 8UC ODA [4 CAID B CaPILLG c
BOSWELL 0 BRIDGEHAMPTON B BUOD 8 CAIRD D CAPLES 4
BOSMDRTH D BRIDGEPORT ] BUDE [4 CAJALCD [< CAPFS B
BOTELLA 8 BRIDGER A BUELL 8 CAJON A CAPSHAN [4
BOTHWELL 4 BRIDGESON B/C BUENA VISTA ] CALAHAR 0 CAPULIN B
BOTTINEAU [4 BRIDGET B BUFF INGTON B CALABASAS B CAPUTA [4
BOTTLE & BRIDGEVILLE 8 BUFFMEYER B CALALS [ CAAAZD [
BOULDER B BRIDGPORT 8 BUFF PEAK [4 CALAM INE D CARALAMPL B
BOULDER LAKE ] BRIEONELL 8 BUICK [4 CALAPDOYA H CARBO <
BOULDER FOINT B BRIEF B BUIST B CALAWAH 8 CARBOL D
BOULFLAT D BRIENSBURG BUKREEK 8 CALCO < CARBONDALE 0
BOURNE [4 BRIGES A BULLION 1] CALDER "] CARBUAY B
BOw 4 BRIGGSDALE 4 BULLREY B CALDWELL B CARCITY 1]
BUWBAC [4 BRIGGSVILLE [4 BULL RUN B CALEAST C CARDIFF 8
BOWBELLS 8 BRIGHYON A/D  BULL TAAIL B CALEB B CAADINGTON [4
BOWUDIN D BRIGHTMDOD [4 BULLY ] CALERA C CARDON 1]
BOWDRE 4 BRILL ] BUMGARD B CALHI A CAREY B
BOWERS 4 BRI 4 BUNCOMBE A CALHOUN D CAREY LAKE B
BawIE 8 BRIMFIELD €/p BUNDD B CALLCO D CAREYTONN D
BOWMAN B/0 BRIMLEY ] BUNOYMAN 4 CALIFDN - CARGILL [4
BLWMANSV ILLE [4 BRINEGAR B BUNEJUG c CAL IMUS [] callBE ]
BUKELDER 4 BKINKERT c BUNKER -} CALITA [] CARLIBEL ]
BUXWELL 4 BRINKERTON D BUNSELMEIER [4 CALIZA B CARIBOW B
say A BRI SCOT B BUNTINGVILLE BfC CALKINS c CARLIN 1]
BOYCE B/D BRITE c BUNYAN 8 CALLABD 4 CARLINTON B
Bavo -] BRI TTON C BURBANK A CALL AHAN 4 CARLISLE A/D
BOYER B BRIZAM A BURCH B CALLEGUAS 1] CARLOTTA B
BOYNTON BROAD 4 BURCHARD B CALLINGS C CARLOM 0
BDYSAG 1] BROADALBIN [4 BURCHELL B/C CALLDwAY 4 CARLSBAD c
BOYSEN D BROADAX 8 BURDETT [4 CALMAR [} CAR|SBARG A
BAZARTH [4 BROADBROOK [4 BUREN c CALNEVA c CARLSON [4
BOLE 8 BROAD CANYON B BURGESS [4 CALOUSE ] CARLTIN B
BOZEMAN A BROADHEAD [4 BURG] 8 CALPINE B CAam] 8
BRACEVILLE c BRDADHUR ST D BURGIN <] CALYERT 0 CARNASAW [4
BRACKEN o BROCK D BURKE c CALVERTON [4 CAINEGIE [4
BRACKETT [4 BROCKLISS 4 BURKHARDT 8 CALVIN 4 CAANERD 4
BRAD 0 BRDC KMAN [4 BUALEIGH ] CALV] STA p] CARNEY D
BRADOOCK [ BRDCKD 8 BURLESON o CAmM 8 CAADLINE 1
BRAOENTON B/} BROCKPORT [*] BURLINGTON A CAMAGUEY 1] cair B
BRADER 0 BROCKTON 1] BURMA CAMAK GU B CARRISALITOS 0
BRADFORD 8 BROCKWAY B BURMES T ER <] CAMARILLD B/L CAARIZD A
BRADSHAN B BRDDY 4 BURNAC 4 CaMas [ CARSITAS A
BRADWAY [} BROE [} BURNETTE 8 CAMAS CREEK B/D CAISLEY 4
BRADY [] BROGAN [} BURNHAM [+] CAMBERN c CARSD D
BRADYVILLE c 8ROGDON 8 BURNSIDE B CAMBR IDGE c CARSON D
BRAHAR ] BROLLIAR 0 BURNSVILLE B CAMLEN -] CASTALAS B
BRAINERD B BRUMO B BURNT LAKE B CAMERON o CARS TUMF <z
BRALL IER [*] BRONAUGH B BURRIS D CaMlLLUS 8 car B
BRAM B BRONCHD B BURT 0 Camp B CARTAGENA o
BRAMARD B BRUNSON B BURTON 8 CAMPRELL B/C CARTECAY C
BRAMBL E 4 BRONTE [4 BUSE B CAMPHORA B CARUSI 4
BRAMWELL [4 BROOKE [4 BUSH B CAMP] A B CARUTHERSVILLE B
BRAND [*] BROOKF]ELD B BUSHNELL c CAMPO c CAVER I3
BRANDENBURG A BRODKINGS B8 BUSHVALLEY 1} CAMPONE B/C LARWILE D
NOTES A BLANK HYDROLOGIC 50IL GROUF INDICATES THE SOIL GROUP HAS NDT BEEN JETEAMINED

ThO SOIL SxOUPS SUCH AS B/C INDICATES THE ORAINED/UNDRAINEC SITUATION
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CARYYILLE
CASA GRANDE
CASCADE
CASCAJD
CASCILLA
CASCO
CASE
CASEBIER
TASEY
ZASHEL
+ASHION
CASHMERE
CASHMONT
CAS IND
CASITO
CASPAR
CASPLANA
CASS
CASSADAGA
CASSIA
CASSIAQ
CASSCLARY
CASSYILLE
CASTAIC
CASTALIA
CASTANA
CASTELL
CASTILE
CASTIND
CASTLE
CASTLEVALE
CASTNER
CASTO
CASTAQ
CASTADVILLE
CASUSE
CASWELL
CATAL INA
CATALPA
CATAND
CATAR INA
CATAULA
CATAuBA
CATH
CATHCART
CATHEDRAL
CATHER INE
CATHAO
CATLETT
CATLIN
CATNIP
CATOCTIN
CATODSA
CATSKILL
CATTARAUGUS
CAUDLE
CavalL
CAVE
-AVELT
CavE RuCR
Cavd
CAVOOE
CAYGUR
CAwKER
CAYAGUA
CAYL 2R
CAYUGA
CALAQEAD
CAZADDR
CALENUYIA
CEBOLIA
CEBGMNE
CECIL
CE0A
CEOARAN
CEO0AR. BUTTE
CECAREDGE
CEOAR MOUNTAIN
CECARY ILLE
CcOUNLA
CEORON
CELAYA
CELETON
Cel IN&
CaLid
CELLAR
CenCivE
CENTER
CENTER CREEX
CENTERFIELD
CENTERAVILLE
CENTAALIA
NJTES
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CENTRAL POINT
CERESCO
CERRILLOS
CERRD
CHACRA
CHAFFEE
CHAGRIN
CHALIX
CHALFONT
CHALMERS
CHAMA
CHAMBER
CHAMBERIND
CHAM] SE
CHAMOKANE
CHAMAION
CHANCE
CHANDLER
CHANEY
CHA NNAHON
CHANNING
CHANTA
CHANTIER
CHAPIN

CHA PMAN
CHAPPELL
CHARD
CHARGQ
CHAR[ TON
CHARITY
CHARLE3OLS
CHARLESTON
CHARLEVOIX
CHARLOS
CHARLOTTE
CHARL TON
CHASE

CHA SEBURG
CHASEVILLE
CHASKA
CHASTAIN
CHA TBURN
CHATFIELD
CHA THAM
CHATSWORTH
CHAUNCEY
CHAVIES
CHAWANAKEE
CHEADLE
CHECKETT
CHEDEMAP
CHEEK TOWAGA
CHEE SEMAN
CHEMALEMN
CHEHALILS
CHEHULPUR
CHE LAN
CHEL SEA
CHEMAWA
CHE MUNG
CHEN

CHE NA
CHENANGO
CHENEY

CHE NNEBY
CHENGWE TH
CHEQUERST
CHEREETE
CHERION]
CHEROKEE
CHERRY
CHERRYHILL
CHERRY 5P&INGS
CHESAM

CHE SHIRE
CHE SHNINA
CHESNIMNUS
CHE 5TER
CHESTEATUN
CHETCO

CHE TEK

CHE YELON
CHEWACLA
ChHE WELAH
Cre YENNE
CrlARA
CHICKASHA
CHICUPEE
CHICOTE
CHIGLEY
cHILeCeTTY
CHILGS

RN vl N Nall. N Nolal N-Nol- B NaX B Mol Nall-NJ Na N Nal 38 8 -] n»wUmnnawbﬂnmnnmnmonbunut>unnaubmu nbwwmnwswuwnnmnﬂnunnnmbw

CHILGREN
CHILHOWIE
CHILY
CHILRAT
CHILLICOTHE
CHILLISQUAQUE
CHILLUM
CHILMARK
CHILOD
CHILOQUIN
CHILSOMN
CHILTON
CHIMAYQ
CHIMNEY
CHINA CREEK
CHINCHALLO
CHINIAK
CHINOD
CHINIOK
CHIPETA
CHIPLEY
CHIPMAN
CHIPPENY
CHIPPENA
CHIQUITO
CHIARICAHUA
CHI5PA
CHITINA
CHITTENDEN
CHITWGOO
CHIVATO
CHlwAwA
CHD

CHOBEE
CHOCK
CHOCILOCZD
CHOPAKA
CHDPTANK
CHOPTIE
CHORALAONT
CHOS XA
CHOTEAU
CHRIST1AN
CHRIST IANA
CHRIST IANBURG
CHAISTY
CHROME
CHUALAR
CHUBBS
CHUCKAWALLA
CHUGTER
CHULITNA
CHUMMY
CHUMST ICK
CHUPADERA
CHUACH
CHURCHILL
CHURCHVILLE
CHUAMN
CHURNDASHER
CHUTE
CIALES
CIBEWE
ciso
c180La
CICERD
CIORAL
CIENEBA
Clma
C1MARKON
CINCINNAT]
CINCY

C INDERC ONE
CINEBAR
CINTRUNA
CIPALANY
CIACLE
CIRCLEVILLE
LISNE
CI$PUS
CITico
CLACHAMAS
CLAIBURANE
CLASRE
CLATRENUNF
CLALLAN
CLAM GULZA
CLAMO
CLANTWN
CLAPPER
CLARERURE
CLAKENCE

4 CLARESON < CIKEJALE B/C
4 CLAREVYILLE c CIKEL a
8 CLAR INDA b COKER s}
4 CLARION -] CORESAURY )
[4 CLARITA D COKEVILLE -]
CLARK ] LOLBATH (4]
a CLARK FOAK a caL3zT 0
L] CLARK $BURG c COLZURN B
B/D CLARKSJALE 4 coLay k]
] CLAAK SN ] LOLCHESTEA B
o CLARK SV ILLE B COLDCREEK 8
8 CLARNO 3 CILIOEN D
D CLARY B COLD SPRINGS c
B CLATO B COLE asc
B CLATSCP o COLE3RDOK B
B/0 CLAVERACK [ COLEMAN 4
A CLAWS ON [ CILEMANTOWN D
B/C  CLAYBURN ] COLETD A
B CLAYSPRINGS 0 SLFAX 4
0 CLAYTON -] CJLi3’Q 8
4 CLEARFIELD [ COLINAS ]
D CLEAR LAKE 9 COLLAMER 4
0 CLEEK c COLLARD ]
B/D CLE ELUM 8 SILLAAN c
€/D CLEGG ] CILLEEN 4
D CLEMAN L] COLLESIATE 4
8 CLENMS B CILLETT 4
B CLEMY ILLE 3 CaLLIER A
[4 CLEORA a CILLINGTON B
4 CLERF [+ CaLLINS 4
D CLERMONT -] SOLLINSTON [4
B CLEVERLY B CILLINSVILLE [4
[4 CLICK A CaLvA B
] CLIFFDORN 3 COLMIR 8
B/D CLIFFHJUSE 4 caiLo B
8 CLIFFQRD a CILICKUM a
c CLIFFWOO0 c CoLOma A
A CLIFTERSON -] CaLamMaon 3
0 CLIFTON c CaLoNa [
B CLIFTY ] CILINIE A
B CLIMARA 0 CJLORADD B
c CLIMAX o CILIACCK o
4 CLINE ) £aL3sa D
-] CLINTON B CILISSE A
0 CLIPPER B/C  CALP D
8 CLCODINE 3 COLRALN B
4 CLONT2RF 8 CILFIN A
-] CLOQuaLLuN [+ COLTS NECK B
< cLCQuaro a CoLUAALA 3
8 CLOQUET ] COLUM3 [NE A
8 CLCuUD b} CILusk [+
B CLGUCCROFT D COLVILLE 3/c
C/D CLQUD PEAK [ CILVIN [
[+ CLLUD RIM 8 CSLWa20 B/0
c CLOUGH D (]84 3
o CLOVERDALE 2 CDOLYEA c/0
] CLGYER SPRINGS 3 LOMER -]
2 CLOUVIS 3 Co=ExID ]
8 CLUFF c CowETA 2]
8 CLUNIE D COWFREY c
A CLLURDE c CIWiTAS A
0 CLURO c comr c
B CLYCE 0 CONHERLE C
D CLYMER ) cowg 2
B COACHELLA 8 CO%JQJIRE 3
0 coao 3 CI%3RO 3
[ LCAL CAEEK o CONPTLHE 3
< CIALMDNT c CIMPTIN <
4 CJamo [4 CaHSTICK <
4 COAASESCLD B/Z  COWUS -]
4 CJAT [CR c CINAL3 ]
A COATS BUAG ") LONANT 4
B ca88 ] CINASAUGA [4
a CUBEM 2 LINATA ]
[:] COBEY a caN30Y ]
[} CO3uRG c CINIHAS c
[+ CCCHETGPA < caNermd c
4 cocca A CINCINULLY 8
Q LochL aLLia 4 CONCIALC 0
a CullnUs 4 CCNCRESNK -]
3 any a £JIN0A [4
c CoE A CINOIT i}
3 CJEBURY 4 3NDON [4
A COemGCK pl CINE A
a8 CIFF Q LINEYD ™
[ COFFEZK 3 CINESTOGA 3
o CUGGLN 3 CINESUS a
C CAGSmeELL < CONGAYEE 8
[4 COMASSET 3 C3NGER 8
3 CURQCTAH o jssl 1 D
0 LIHOE 3 CINKLEN 4
o carr c CIVLEN ]

A BLanK RYDAQLCGIC SCIL GROUP [NUILATES THE SJIL GROUP HAS NOT 3ZEw SETEIMINED
TwQ S0IL GAGUPS SUCH A3 B/C INDICATES THE CRAINEC/UNURZINED SITUATIIN
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COMLEY
CUNNEAUT
CONRNECT [CUT
CONNERTON
CONQTTON
CDNOVER
CONUW1NGD
COMRAD
CONRDE
CONSER
CONSTABLE
CONSTANCIA
CONSUMO
CUNTEE
CONTINE
CONTINENTAL
CONTRA LUSTA
CONVENT
coox
CJOKPOAT
COOLBRITH
CooLlbGE
COOLVILLE
CoOMBS
CIOMEY
COQPER
COOTER
COPAKE
COPALIS
COPELAND
COPITA
carLay
COPPER RIVER
COPPERTON
COPPOLK
CUPSEY
COQUILLE
CORa
CORAL
CORBeTT
CARBIN
CORCEGA
CORD
CORDES
CORDOVA
CORINTH
CORKIHDALE
CORLENA
SRRLETT
CURLEY
CORMANT
CURNMILL
CORNING
CORKISH
LORNUTT
CORNVILLE
COROZAL
CORPENING
CORRAL 1TOS
CURRECO
CORKERA
CORSON
CURTADA
CORTE2
CORTIhA
CORUNNA
CORVALLIS
CORWIN
CORY
CORYDON
cosap
CoOSH
CasHOCTON
COSKi
COSSAYUNA
LOSTILLA
COTACO
COTATI
CJdTIT0
[o1V) £ ]
COTOPAX]
Lart
COTTER
ZOTTERAL
CUTTIER
CITTONWUGD
LUTTRELL
LOUCH
COUGAR
CQULSTONE
CAQUNTS
LJdupeviILLe
NJTES

oo
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COURT
COURTHOUSE
COUARTLAND
COURTNEY
COQURTROCK
COUSE
COUSHATTA
COVE
COvELLD
COVE LAND
COVELLD
COVENTRY
CUVE YTOuN
COVINGTON
COwAN
COmAATS
COMUEMN
CONWDREY
COWE EMAN
CORERS
COWE TA
CUNICHE
COwDCD
(e}
COXVILLE
coy
COYATA
COZAD
CRABTON
CRADDOCK
CRADLEBAUGH
CRAF TON
CRAGD
CRAGDLA
CRALG
CRAJGMONT
CRAIGSVILLE
CRAMER
CRANE
CRANSTON
CRARY
CRATER LAKE
CRAVEN
CRAWFORD
CREAL
CREBBIN
CREDOD.
CREE DMaN
CREEDMGOR
CREIGHTON
CRELDON
CRESBARD
CRE SLENT
CRESCO
CRESPIN
CREST
CRESTLINE
CRE STRORE
CRESTON
CRE SWELL
CRETE
CREVA

CRE ¥ASSE
CRE NS
CRIDER
CAlm
CRISFIELD
CRITCHELL
CRIVIT2
CROCKER
CROCKETTY
CAGUE SUS
CRCFTON
CRCGHAN
CRUOKED
CROGKED CREEK
CROGKSTON
CROOM
CROPLEY
CROSBY
CROSS
CROSSVILLE
CROSWELL
CROT
CROTON
CROUCH
CROM

CROW CREEK
CROWFOQT
CRUWHEART
CRUW HEART
CROW MILL
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CRONLEY
CRONN
CROWSHAW
CROZIER
CRUCES
CRUCKT ON
CRUICKSHANK
CRUME

CRUMP
CRUTCH
CRUTCHER
CRULE
CRYSTAL LAKE
CRYSTAL $PRINGS
CRYSTOLA
cusa
CUBERANT
CUCNILLAS
CUDAHY
CUERD
CUEVA
CUEVITAS
CULBERTSON
CULLEN
CULLEOXA
cullo
CULPEPER
CULVERS
CUMBERLAND
CUNLEY
CUMNINGS
cunnlyd
CUNICO
CUPPER
CURANT
CuRDLI
CURECANTL
CURHOLLOW
CURLEwW
CURRAN
CURTIS CREEK
CURTIS SIDING
CUSNING
CUSHMAN
CUSTER
CUTTER
itz

CUYAMA
CUYON

CYAN

CYL INDER
CYNTHIANA
CYPRENDRT
CYRIL

DABD®
OACOND
DACOSTA
DADE
DAFTER
DAGFLAT
DAGGETT
DAGLUR
DAGOR
DAGUAD
DAGUEY
DAMLOGUIST

DANBY
DAKDRE A
DANDRIOGE
DANGBERG
DaniC
DANIELS
DANKO
DANLEY

D& NNERDQRA

DANSK IN
DANT
LANY ERS
DANVILLE
DANL
DARCD
DARGOL
DARI EN
DARL I NG
DARNELL
DARNEN
DARR
OARRET
OARROCH
DARRDUZETT
DART
OARVA DA
OARW IN
DASSEL
DASY
DAT EM AN
DATIND

DAZE
DEACDN
OEADFALL
DEANA
DEAN
DEAN , LAXE
DEARDURFF
DEARY
DEARYTON
DEAT AN
DEAVER
DEBENGER
DEBORAM

D DECAN
DECAT MM
DECATUR
DECCA
DECKER
DECKEAVILLE
DECLD
DECORRA
DECROSS
DEE
DEEPWATER
DEER CREEK
DEERF 1ELD
DEEAFORD
DEER ING
DEERL DDGE
DEER PARK
DESATON
DEERTRAIL
DEFIANCE
DEFOAD
DEGARND
DEGNER
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A BLANK rYORDLOGIC SOIL GROUP INDICATES THE SOIL GAOUP HAS NDT SEEN
TH0 SOIL GRDUPS SUCH AS 8/C IMDICATES THE DRAINED/UNDRAINED SITUATION
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AFC

DELLROSE
DEL®
DELNAR
OELM]TA
DELMDNT
DELNORTE
DELPHI
DELPHILL
OELPIEDRA
DELP INE
DELRAY
DEL REY
DEL RID
DELSON
DELTA
DELTON
DELWIN
DELYNDI1A
DERAST
DE MASTERS
DE MAYA
DEMERS
DENKY
DENONA
DEmJPOLLS
DEMPSEY
DERPSTER
DENAY
DENRAWKEN
DEN1 $ON
DENMARK
DENNLS
DENNY
DENADCK
DENTON
DENVER
DEJDAR
OEPEW
DEPDE
DEPDRT
DERA

DESCALABRADD
DESCHUTES
DESERETY
DESEATER
DESHA
OESHLER
DESOLATION
DESPAIN
DETER
OETLOR
OETOUR
DETAA
DETADIT

DEY

DEVILS DIVE
DEVDE
DEVDIGNES
DEVOL

DEVDN
DEVDRE
OEVOY
DEWART
DENEY
DEWVILLE
OEXTER

OTa

DladLd

D1 AMDND
DIAMDND SPRINGS
DI AMDNDVILLE
DIANEY

Dl aNDLA
olaz

DILLDOWN
DILLINGER
DILLDN

JETERMINED
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OILLWYN
DILMAN
OILTS
OILWORTH
OIMAL
DIMYAW
DIMGLE
DINGL I SHNA
DINKELMAN
DINKEY
OINNEN
DINSDALE
DINUBA
DIMLER
OIOXICE
DIPMAN
01QUE
DISABEL
DISAUTEL
olsco

O 1SHNER
DISTERHEFF
DITCHC ANP
DITHOD
DIVEAS
DIVIDE
0ix

DIKIE
D1XMONT
DIXMORE
DIXOMYILLE
DIXVILLE
Q0AK
D3BBS
DUBEL
DOBRQW
DABY
DOCAS
DOCKERY
DaCT
DODGE
DODGEY ILLE
DODSON
DOGER
DOGUE
DOLAND
DOLE
OOLLAR
DCLLARD
DOLUJRES
QOLPH
DOMEZ
DUMINGD
DOMINGUEZ
DOMINIC
DOMING
JJM INSON
DONA ANA
DUNAKUE
DUNALD
OONAVAN
UUNEGAL
DDNERAIL
DONEY
OONICA
DONLONTON
DUNNA
QANNAN
OONNARDQ
DINNYBROOK
DIND VAN
GaOLEY
D0ONE
[RLTY

OJRA
DORAN
DQRCHEST ZR
DIADSHiIN
DOROTHEA
DJORDVYAN
QORS
UORSET
D05 CABEZAS

DJUBLETOR
Oguos
DQUGHERTY

NJITES

~
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DOUGHTY
DOUGLAS
00URD
DOVER
DavVRAY
DOw
DOWAGILAC
DDWOEN
DOWELLTON
DOMNER
DOWNEY
00N S

C ODXAIE
DOYCE
O0YLE
DOYLESTOWN
DOYN
DRA
DRACUT
DRAGE
DRAGOON
ORAGSTON
DRAHAT
DRAIN -
DRAKE
ORANY(N
DRAPER
DRE SDEN
DRESSLER
UREwS
DREXEL
DR1FTON
DRIGGS
DRUM
QRUMMER
DRUMMOND
QRURY
DRYAQD
DR YBURG
DAY CREEK
DRYDEN
DRY LARE
DUANE
DUART
CUBAKELLA
busay
puBas
GuUBpDILS
DUBUQUE
DUCEY
OUC HE SNE
DUCKETT
DUC QR
ouda
OUDLEY
OUEL
OUELM
OUFFAV
CUFFER
OUFF1ELD
DUFF SON
OUFFY
DUFUR
OUGGINS
ouGOuUT
DUGWAY
QUKE S
OuULAC
DuUmaSs
DUMELQ
CUMTNT
DUNBAR
OUNBARTON
DUNBAIDGE
DUNCAN
SUNCANNON
DUNCLN
DUNDAS
UUNUAY
QUNDZE
DUNELLEN
OUNE SAND
DUNGENESS
DUN GLEN
DUNKINSYILLE
DUNKIRK
OUNLAP
OUNMGARE
CUNNING
DUNPHY
QUNUL
CUNVILLE

A BLANK HYURGLOGIC SCIL GROUP IMCICATES THE SGIL GRUUP HAS NOT 2
Twd SOIL GAGULPS SUCH AS &/C INVICATES THE URAINEQZUNGALINED SITUATIOW
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DU PaGE
DUPEE
DUPLIN
buro
DUPONT
DUPREE
LURALGE
DURAND
BURANT
OURELLE
CURHAM
OURKEE
DURGC
DURASTEIN
OUSTON
DUTCHESS
DUTSON
DUTTON
DUvVAL
DUZEL
DWIGHT
DWYER
CYE
OYER
DYKE
DYRENG

EACHUSTON
EAD

EAGAR
EAGLECONE
EAKIN
EAMES
EARLE
EARLMONT
EARP
EASLEY
EAST FORK
EAST LAKE
EASTLAND
EASTGN
EASTONVILLE
EAST PARK
EASTPORT
EATONT QuN
EAUGALLIE
EBA
EBBERT
1111
EBENELER
ECCLES
ECHARD
ECHLER
ECMERT
ECKLEY
ECKMAN
ECKRANT
ECTOR
EDALGO
E0DS

EODY
EDEN
EDENTON
EDENVALE
EDGAR
ECGECUMBE
EDGELSY
ECGEMUNT
EDGEwATER
EOGEwICK
EOGE wQ0D
EDGINGTON
EDINA
EDINBURG
£0ISON
eL15TQ
EDITH
EDLUE
EOMLNUS
ECMURE
EDMUND
cONA
EDNEYYILLE
EDOM
EDRCY
EDSON
EOWARDS
EEL

EFF INGTCN
EFmuN
EGAM

EGAN

bDbhh»nomeommwuhU (=X ) OPODNOQODEODERNPOTIOOODOMNOD®

~
o

PONOOEFOTNOO PO NONNDOoOwENONEOMN®

mﬁDDﬁEﬁOf\
(=4

EGRERT
EGELAND
EGGLESTON
EGNAR
EICKS
ELFORT
EXAH
EKALAKA
ELAN
ELBEART
EL3UAN
ELCO

ELD

ELDER
ELCER HOLLOW
ELDERCN
ELCCN
ELDQAADD
ELDR1DGE
ELEPHANT
ELERGY
ELFRIDA
ELIJAN
ELICAK
ELK
ELKADER
ELKCAEEK
ELK HOLLOW
ELKHOAN
ELKINS
ELKINSYILLE
ELXMOUND
ELK MOUNTAIN
ELKOL
ELXTON
ELLAAELLE
ELLEDGE
ELLERY
ELLETT
ELLIBER
ELLICOTT
ELLINGTON
ELLINGR
ELLIOTY
ELLIS
ELLISFORDE
ELLISON
ELLOAM
ELLEBEARY
ELLSWUATH
ELLUM
ELMA
ELMDALE
ELMENDORF
SLMIRA
ELMD
ELMINT
ELMORE
ELMWO GO
ELNORA
SLCIKA
ELPAN

EL PECD
EL RANCHD
ELRED
ELEGSE
ELS

ELSAH
ELSINBORD
ELSINGRE
EL SME RE
BLEC

£L SOLYO
ELSTON
ELTCPIA
ELTREE
ELTSAC
ELwWHA
ELWOLD
&Ly
ELYSIAN
ELZINGA
EMSLEN
EMBRY
c4pUCO
EMDENT
EMER
SUERALD
SMERSCN
EMIDA
EMIGR ANT
EMIGAAT ION

w
~
]

EMILY
EMLIN
=L ET
EMMERT
EM¥ET
EMEINS
E4J1Y
E£wOERRACO
Eu2ZY
EMPSYVILLE
Epac
Ewrlf«
ENCE
ENCIERRD
ENCINA
ENDERS
ENDZSSBY
ENDICOTT
ENET
ENFIELD
ENGLE
ENGLESIDE
ENGLEWJTD
ENGLUND
ENNES
ENQCHVILLE
ENaLA
ENZN
ENGREE
ENDS
ENOS3URG
EVSENADA
ENSIGN
ENSLEY
EYSTROM
/2 -ENTENTE
ENTERPA] SE
ENTIAT
ENUMCLANW
EPHIALM
EPHRATA
EPLEY
EPJUFTTTE
EPO (NG
E°S1E
ERA
ExaM
EYSER
ERIC
ERLE
ELiN
EANEST
ExN]
ERAANMTJUSPE
£6£332%a
ESCaL
ESCALANTE
ESCAMD A
ESINDIDD
ES®IND
ESPARTS
ESPIL
ESPINAL
ESPLIN
B+ 4 4
ESQUATZIEL
ES3

~

ESSEN
ESSEX
ESSEXVILLE
ESTAZAZD
ESTELLINE
ESTER
ESTEABRAGOK
ESTHEAVILLE
ESTIVE
573
ESTRELLA
ETHAN
ETHETE
ETHRIDGE
ETIL
ETNA
ETIE
ETJe4H
ET2uM
ETSEL
ETTA
ETTER
ETT2RS3URG
ETTAICK
SUBANKS

N JETERMINED
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EUDORA
EUFAULA
EVRERA
EUSTIS
EUTAMN
EVANGEL INE
EVANS
EVANSTON
EVARD
EVART
EVENDALE
EVERETT
EVERGLADES
EVERLY
EVERMAN
EVERSON
EVESBURD
EnA

EwWalL
EWALL
EdINGSVILLE
EXCELSIOR
EXCREQUER
EXETER

EXL INE
EXRAY

ExXUM
EYERBOW
EYRE

FaBlIus
FACEVILLE
FAHEY
FAIM
FAINES
FAIRBANKS
FAIRDALE
FAIRFAX
FAIRFIELD
FAIRHAVEN
FAIRMOUNT
FAIRPORT
FAIRYDELL
FAJARDO
FALAYA
FALCON
FALFA
FALFURR IAS
FALK
FALKNER
FALL
FALLBROOK
FALLON
FALLSBURG
FALLSINGTON
FANCHER
FANG
FANNIN
FANND
FANUY
FARADAY
FARALLONKE
FARAMAY
FARB
FARGO .
FARISITA
FARLAND
FARMING1ON
FARNHAM
FARNHAMTDN
FARNUF
FARNUM
FARRAGUT
FARRAR
FARRELL
FARAENBURG
FARRDT
FARSDN
FARMELL
FASKIN
FATIMA
FATTIG
FAUNCE
FAUQUIER
FAUSSE
FANCETT
Faun
FAXON
FAYAL
FAYETTE
FAYETTEVILLE
FAYWDOD

NOTES

SAN BERNARDINO COUNTY

HYDROLOGY MANUAL

] FE [} FLOWELL [4 ERENC M

A FEDORA [ FLOWEREE ] FRENC HTOWN

] EELAN A FLOYD [] FRENE AU

A FELDA 870 FLUETSCH [ FRESNO

D FELIDA B FLUSHING FRIANA

4 FELKEF ] FLUVANNA [4 FRIANT

] FELLDuSHLP -] FLYGARE [} FRIOLO

B FELT [] FLYNN 0 FRIEDMAN

A PELTA c FDARD o FRIENDS

0 FELTHAN A FOGELSVILLE [} ERIES

c FELTON [ FOLA [] FRINOLE

[ EELTCMIA [] FOLEY ] FR1D

A/0  FENCE 8 FONDA 1] FRIZZELL

[} FENDALL 4 FONDIS [4 FROBERG

c FENNOGD 8 FOMTAL [¢] FRONM AN

D FERA [ FONTREEN [] FAONDOR F

A FERGELFORD c FDPIANO 0 ERONHOFER

] FERDIG [ FORBES [] FRONTON

A FERD I NAND [ FORD D FROST

A FERGUS ] FORDNEY A FRUITA

B FERGUSON 8 FORDTRAN c FRUITLAND

[ FERNANDO [3 FOROVILLE [ FRYE

[} FERN LLIFF L] FORE ] FUEGO

€/D FERNDALE 8 FORELANOD D KUER A

D FERNLEY [4 FORELLE [ 3 FUGAN EE

D FERNOR [ FORESHAN [ FULCMER

[4 FERNPCINT c FORESTDALE -] PULDA

D FERRELG [ FORESTER c FULLERTON

[ FERRIS ] FORESTON [4 FULRER
FERRDN D FDRGAY A FULSHEAR

B FERTALINE D FORMAN [ FULTON

8 FESTINA [ FORNEY L] FUQUAY

) FETT D FORREST [ FURN 153

c FETTIC ] PORSEY c FURY

A FIANDER c FORSGREN c FUSUL INA

B FIBEA ] FORT COLLINS )

[ FIDALGD c FORT DRUSN 4 GAASTRA

B PIDDLETOMN 4 FORT LYON ] GABAL DDN

8 FIODYMENT c FDRT MEADE A CARRS

B FIELDING B FORT MOTT A GABEL

D FIELDON [ FORT PIEACE c GABLCA

4 FLELDSIN A FORT AOCK c GALEY

T FIFE [ FORTUNA -} GALHADO

c FIFER D FORTHINGATE 4 GADDES

c FILLMORE D FORWARD [4 GADES

] FINCASTLE c EQSHORE [ GACSDEN

< FINGAL [ FOSSUM ] GAGE

A FINLEY [] FOSTER W/C  GAGEBY

8 FIRESTEEL 8 FOSTOR1A 8 GAGET O

[4 FIRGRELL [ FOUNTALIN 0 GAMEE

B FIRMAGE [ FOURLOG '] GAINES

B/C  EIRO [} FOURMILE [ GAINESVILLE

c FIRTH 8/C FDUR STAR MC GALATA

c FISH CREEK [] FOUTS [ ] GALE

D F]SHEKS 8 FOx s GAL kN

L £ 1SnAHDOK [*] FQICAEEK /D  GALENA

& FISHKILL FORMOUNT c GALEPP]

B FITCH A 11§ D GALESTONN

c FITCAVILLE c FOMPARK, ] GALET oM

[4 FITIGERALD [ FOX PARK ] GALEY

[ FITIHUGH ] FOXTON [ GALISTED

B FIVE DOT [ FRAILEY [ GALL AGHER

D FIVEMILE [] FRAM [ GALLATIN

0 FIVES ] FRANCES A GALLEL0S

] FLAGG [} FRANCITAS D GALL INA

[4 FLAGSTAFF 4 FRANK o GALL 1 OM

B FLAK B FRANKFORT -] GALYA

L/0  FLAMING [ FRANKIRK 4 GALVESTON

B FLAMINGO o FRAMKLIN [ GALVEL

BfZ  FLANAGAN [} FRAMNCSTONN [ GALY IN

[ FLANDRE AU 3 FRANKT Gt D GALEAY

] FLASHER 'y FAANKVILLE 1] GAMBLER

< FLATHEAD A FRATERNIDAD ] CAMBDA

B FLAT WORN [ FRAZER 4 GANNETT

8 FLATTOP -] FRED [4 GANSNER

8 FLATHILLON 8 FREDENSBDAG c “aPp

c FLAXTON A FREDERICK [} GAPPRAYER

B ELEAX A FREDON c GARA

c FLECHADD [ FREDONI A c GARBER

[ FLEER ] FREDRIC S 0N c GARBUTY

a FLEE TwOOD FREEBURG c GARCE MO

4 FLE T SChmANK ] FREECE D GARDELL A

A FLEMING c FAEEDOR c GARDE MA

[ FLETCHER [] FREEHOLD [ GARD ENER

1} FLOKE [+ FREEL - 8 GARDNER'S FOAR

c FLOM c FREEMAN [ GARDNERVILLE

'Y FLOMATIGN A FREEMAMVILLE [} GARDONE

D FLONGT [ FREEON 8 GAREY

[4 FLORENCE c FREER c GARFIELD

8 FLORESVILLE c FREESTDNE [4 CARITA

B8 FLORIGANA 8/0 FREELENER [4 GARLARD

c FLORI SSANT [ FREMONT [ GARLET
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GARLOCK
GARNMDN
GARMDRE
GARNER
GARD
GARR
GAARARD
GARRETSDN
GARRETT
GARR [SON
GARTON
GARWIN
GASCONADE
GAS CREEK
GASKELL
GASS
GASSET
GATE SBURG
GATESON
GATEVIEwW
GATEWAY
GATEwD0D
GAULDY
GAVINS
GAVIDTA
GAY
GAYLORD
GAYNDR
CAYVILLE
GALELLE
GALDS
GEARMART
GEARY
GEE
GEEBURG
GEER
GEFD
GELKIE
GEN
GEMID
GEMSON
GENC SEE
GENE VA
GENDA
GENOLA
GEDRGEVILLE
GEDRGIA
GERALD
GERBER
GERIG
GERING
GERLAND
GERMANTA
GEAMANY
GERRARD
GESTRIN
GETTA
GETTYS
GEYSEN
GHENT
GIBBLER
GleBaN
GIpes
GIBBSTOWN
GIFFIN
G1FFORD
GILA
cILBY
GILCHRLST
GILCREST
GILEAD
GILES
GILFIRD
GILHOULY
GILISPIE
GILLIAM
GILLIGAN
GILLS
GILLSBURZ
GCILYAN
GILMORE
GILPIN
GILRDY
GILSON
GILT ED3E
GINATY
GINGER
GINI
GINSER
GI3ARDDT
612
GIVEN

&
A BLANK HYDROLOGLIC SOIL GROUP INDICATES THME SDIL GROUP WAS NOT BEEW JETERMINED
TwD SOIL GROUPS SAUCH AS 8/C INDICATES THE ORAINEO/UNDRAINED SITUATION
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GLADOEN
GLACE PARK
GLADSTONE
GLaumIN
GLAMIS
GLANN
GLASuON
GLEAN
GLEASON
GLEN
GLENEAR
SLENGEHG
GLENDRUIK
GLENLOE
GLENCALE
GLEND IVE
GLENCDRA
GLINELG
GLENFIELD
GLzNFORD
GLENMALL
GLENRAM
GLENMOARA
GLENNALLEY
GLENLMA
GLENRLDSE
Gu ENSTEUD
GLENTCON
GLENVIEN
GLENVILLE
Gi Itk
GLINGN
GLURTIA
GLLUCEITER
GUIVYER
SLYNDON

S YN
GuaBlt
wICLARD
GJILE
WwIUELNXE
JUOFREY
GOUMIN
GJEILEIN
fJ2SSEL
GUFF
GuwBa i
Gl AlN

A CENUALE

GUL UMAN
S ud< (UGE
wulJs Ul

Gl 05 TuN
CULOSTRE
Gutl. J¥aALz
Gl OVE RN
Gul fal
UCLLARER
GULTRY
GomMEl

[PNLL|
GCAVYICR

G IGLH
GJLOALE

GILD ING
GuLDINSTUN
GOUDLIA
GIOuMAN
Gudun ICH
GIIDSPAING
GJUSE CHel
d)dve LaKE
B3 SMUS
Gohly
SURTGN
LikE
wwkouhlD
GdaraM
GIRIN
GURING
GURMAN
GORkUS
GURIELL
GaSreN
GJShUTE
GJSPORT
332THAM

SAN BERNARDINO COUNTY

HYDROLOGY

A GOTHARD o] GROWDEN 8 HAMBR IGHT 0 KASTINGS
C GOTHIC [ GRCOWLER -] HAMBURG 8 HAT
B GOTHG c GRUBBS ] HAMBY c HAT30RO0
A GOULOING [} GRULLA 3} HAMEL 4 HATZH
[+ GOvAM c GAUMNIT [} HAMEALY c RATIMERY
8/: Gave [} GRUNOY c HAMIL TON A HATFIZLD
< GOWEN 8 GRUYER c HAMLET B HATHAWAY
Y GRABE 8 GRYGLA [+ HAML {N 8 HATTIZ
c GRABLE [} GUADALUPE 3 HAMMAONTON c HATTaY
8 GRACEAONT 8 GUAJE A HAMPC EN HAUBSTADT
8 GRACEVILLE 8 GUALALA [ HAMPSHIRE c HAUSGAN
8 GRADY 0 GUAMANY a HAMP TCN H HAJSER
D GRAFEN B GUANABAND 8 HAMT AH c HAVANA
i} GAAF TCN 3 SUANAJIRO c HANA A HAVEN
B GRAHAM D GUANICA [+ HANALE] c HAVEALY
3 GRATL c GUAYA3D B HANAMAULU A HAYER SON
b} GRAMA 8 GUAYABOTA 0 HAMCEVILLE 8 HAYILLAH
B GRANATH [} GUAYAMA L [*] HANCO ] HavINSDON
0 GRANBY A/D  GUBEN 8 HAND 8 HAVRE
[ GAANCE RONLE 0 GUCKEEN [+ HANOR AN 4 HAVAELON
8 GRANDFIELD 8 GUEZLPH a HANDS BORG 1} HA #
] GRANDVIE w C.  GUENOC c HANDY b} MAMES
c GAANER C GUERNSEY [+ HANEY B HAW I
c GRANGER c GUERRERD c HANFJROD 3 HARNKEYE
B GAANGEVILLE B/C GUEST 0 HANGA AR D c HAWKSELL
8 GRaniLlE 8 GUIN A HANGER 3 HAWKSIRINGS
2 GRANG 1} GULER B HANIFOE 8 HAXTUN
] GRANT 8 GULKANA [] HANK INS 4 HAYSOURNE
] GRANTSBURG [+ GUNMBOIT [ HANK S 8 HAY32]
‘c GRANTSCALE A GUNBARREL A HANLY A HAYDEN
8 GRANVILLE 3 GUNN [} HANNA a HAYESTON
B GRAPEVINE [ GUNNUK 4 HAMNU A 1] HAYESVILLE
c GAASMERE B GUNSIGHT B HANOY ER c HAYTIELD
A GRASSNA 8 GUNTER A HANS c HAYFIRD
C/0 GRASSY BUTTE A GURABD 0 HANSEL c HAYMOND
3 SAATZ c GUANEY [4 HANSK & c HAYNZSS
4 GHKAVDEN c GUSTAVUS D HANSON 4 FAYNIE
c GRAVE L] GUSTIN c HANTHO -] HAYPRE S§
B GRAVITY c GUTHRIE ] HANT Z ] HAYSPUR
3} GRAYCALM a GUYTON D HAP ] HAYTER
o GAAYFCRD ] GWIN 0 HAPGTOD ] HAYTI
[+ GRAYLING A GWINNETT 8 HAPNEY 4 HAYWQO0
v GRAYLLLK 8 BYMER c HARBLRD 8 HAZZL
c GAAYPCInT 3 GYPSTRAUM 8 HARBOURTON HAZZLANR
bl GRAYS B HARCO 8 HAZEN
4 GREAT BEND 8 MACCKE c HARCERAN 8 HAZL EHYURST
8 GRESLEY 8 HACIENDA 1] HARDESTY 3 HAZLETON
c GREEZMN BLUFF ] HACK 8 HARD ING a HAZTON
2 GREENBRAE [ HACKERS ] HARDSCAABBLE ] MEADLEY
b} GREZN LANYON 8 HACKETTSTCHN B HARDY ] HEADJUAR TER S
3 GAEz VCREEN 8 HAD AR A HARGREAVE 8 HEAKE
3 GREENCALE B HAJES 4 HARKER S 4 HEATH
3 GREENFIELD ] HADLEY 8 HARKEY 8 HEATLY
c GRE ENMOAN D HADD 8 HARL &N 8 HE3BAOINVILLE
8 GREENLEAF B HAGEN -] HARLEM = HEBER
A GREENGUGH c HAGENBARTH B HARL ESTON c HE3ERT
< GREENPORT HAGENER A HARL INGEN a HE3GEM
C GREEN Af VER 8 MAGER [ HARMEHL [+ RE3D
v GREENSI0R0 HAGEAMAN c HARMONY c HE2RDN
c GREENSCN c HAGERSTOWN c HARNEY [4 HECHT
< GAEENTON c HAGGA ) HARPER 2 HEZx]
c GREENYILLE 8 HAGGERTY 8 HARPETH 8 HEZLA
a GREENWATER A HAGSTAQT [4 HARPS a HECTOR
i GRESNRICH [} HAGUE A HARP S TER c HEJDEN
a SRcENRICO 0 RAIG c HARPT 3 HEDRIZX
] GFEER 4 HA KU ] HARQUA c HEJVILLE
3 GREGCAY A HALLMAN B HARR 1ET ] HEGNE
] GRurALER 3 HAINES 8/C HARR1MAN 3 HEIDEN
[ GRELL [5} HALRE C HARR S o HEIDTMAN
c GRENALCA c HALAWA 8 HARR I SBURG J HEIL
[ GRENVILLE E RALDER 4 HARR 1SON < HEIMDAYL
a GRE FHAX [4 HALE B HARRISY ILLE [+ HEISETDN
a GREm [NGX D HALEDON c HARSTENE 3 HEISLER
8 G2z YEALK ] PALEIWA 8 HARST INE c
s i} GAETBLLL c RALEY a HART D
I3 B GREYCLLLIFF [ HALF MOON 8 HART CAmMp |+
0 GAEYS L} HALFORD A HARTFCRO A AS12EQ
3 GRIFFY 8 HALFWAY [ HARTIG 3 MELOT
8 GRIGSTON 8 HALGAITOH a HART LAND 3 HELEMANA
b GRImSTAD B HAL LI ] HARTL ETON 3 HELENA
0 GRI SwulD B HALLIMAILE a HARTL INE 3 HEL 4ER
A GrlTNEY c HALIS 8 HART § BURG 3 HMELYET 14
3 GRIVER c FALL 8 HARTSELLS 8 HELY
4 GRIZZLY 4 MALLECK ] HART S HORN a HEM3RE
c GROGAN 8 HALL RANGH c HARYARD 3 HEww]
3 GAGSECLCSE C HALLVILLE ] HARVEL B HEI FLELD
A GRJISS < HALSEY 0 HARVEY c HEMP STEAD
3 BRGTCN A HAMACER A HARWGOD c HENCIATT
8 GRGVE A HAMAKJAPOKD 8 HASK [ 8 HENIEA SON
bl GRUVYELAND B HAMAN 8 HASKILL A MENDRICKS
[4 GRIVER B HAMAR 8 MASK INS [+ HENEFER
A GRLVETON 8 HAMBLEN c HASSELL c HENK N
N3TES A BLANK RTORCLGGIC S5CIL GROUP [NDICATES THE SOXIL GACUP HAS NOT JIESY IETERWINED

TWd 331L GACUPS SUCH AS &/C INDICATES THE DRAINEQ/UNDRAINED SITUATIIN
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HENLEY
HENLINE
HENNEKE
HENNEPIN
HENNINGSEN
HENRY
HENSEL
HENSHAW
HENSLEY
HEPLER
HERBERT
HEREFDRD
HZRKIMER
HERLUNG
HERMISTON
HERMON
HERNUON
HERD
HERRERA
HERR1CK
HERRUN
HERSH
HER3HAL
HESCH
HESPER
HESPER1A
MESPERUS
HESSE
HESSEL
HESSELBERG
HESSELTING
HESSL AN
HESSON
HETTINGEK
HEXT
KELZEL
HlALEAM
HlAKATHA
H1BBAKD
HIEBING
HIBERNIA
HICXORY
HICKS
HIDALGD
HIDEAwWAY
HIOE®DOD
HIERRO
HIGHAMS
HIGHFIELD
HIGH GAP
HIGHLAND
HIGHMIRE
HIGH PARK
H1RIMANU
HI )1 BNER
HIKO PEAK
HIKO SPRINGS
HILDRETH
HILEA
AILES
HILGER
HILGRAVE
HILLEMANN
HILLERY
HILLET
HILLFIELD
HILLGATE
HILL)ARD
HILLDN
HILLSBORU
HILLSOALE
HILmAK
HILO

HILT
HILTUN
HINCKLEY
HINUES
HINESBURG
HINKLE
HINMAN
HINSVALE
HINTLE
HIPPLE
MISLE
HITT

HI VISTA
HIWASSEL
AlWDGD
HIXTUN
HuBACKEA
HJBAN
HOBAS

~
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chobprpPOwcMO

HaB UG

HUB SON
HOCAHELI R
HOCKIANG
HGC KT NSON
HOLKLEY
HUDGE
HODGINS
HDOG SUN
HDEBE

HOL LILE
HUFFmAN
HOFFRANYILLE
HOGANSBURG
HOGELAND
HGGO
HOGAIS
HOR
HOHMANN
HOKG
HULBROLDK
HOLCOHB
HULLAWAY
HOLDEN
HOLDER
HOLUE RMAN
HDLUE ANE 53
HOLDREGE
HOLLAND
HMOLL INGER
HaLLIS
HOLLI STER
HOLELOmMAN
HOLLOnAY
HOLLY
HULLY SPRINGS
HUL LYw00
HOLMDEL
HULMES

- HOLDMUA

HOLOPAN
HOLROYD
HOL SINE
HOL ST
HOLSTOR
HOL T
HOLTLE
HOLTYILLE
HOL YOKE
HOMA

HOHE CAMP
HOMELAKE
HOMEK
HOMES TARE
HUMESTEAD
HONAUNAU
HONCUT
HONDALE
HONDC
HUKDOR)
HONEDRYE
HONEY
HOKE YGROVE
HONEYVILLE
HONN
HONUK AR
HONGLU&
HUNOMAKLU
HONDULI L]
HONUAULY
HOOU
HDOOLE
HLLDSPORT
HOUDVIE W
HOOXTGON
ADGLEHUA
MOUPAL
HOOPER
HIOPESTON
HOOSIC
HOOT
HOGTEN
HUGVEAR
HOPEKA
HOPE TGN
HOPEWELL
HOPGQOGD
HOPXINS
HOPLEY
HOPPER
HOQUL AM
HORATIA
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HORU

HOREB
HORNE
HORNELL
HORNING
HOANITOS
HORROCKS
HORSES HOE
HRORTGON
HORTONYILLE
HOSKIN
HOSKINNIN]
HOSLEY
HOUSHER
HOTAW

HOT LAKE
HOUDEK
HOUGHTON
HOUX
HOULKA
HOULTON
HOUNDBY
HOURGLASS
HOUSATONIC
HOUSE MQUNTAIN
HOUSEVILLE
MOUSTON
HOUSTON BLACK
+OVDE
HOVEN
HOVENWEEP
HOVERT
HOVEY
HUw&RD
HOWELL
HOWLAND
HOYE
HOYLET DN
HGYPUS
HOYTVILLE
HUBbARD
HUBERLY
HUBERT
HUBLERS BURG
HUCKLEBEKAY
HUDSON
MUECD

HUEL
HUENEME
HUERKUERD
HUEY
HUFFINE
AUGGINS
HUGHES
HUGHESVILLE
HUGO
HUICHICA
MU KAL
NULETT
HULLS
HULLT
HULUA

HUN
HUMACAD
HUMATAS
HUMBARGER
HUMBIKD
HUMBOL DT
HUMSUN
HUME
HUMESTON
HUMKING TGN
HUMPHREYS
HUMPTULIPS
HUNSAKER
HUNTERS
HUNT ING
HUNTINGTON
HUNTSVILLE
HUPP

HURDS
RURLEY
HURON
HURST
HURwAL
HUSE

HUSS5A
HUSSMAN
HUTCHINSON
HUT SOm
RUXLEY
HYAK

NITES
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HYAT
HYATTYILLE
HYDABUA G
HYDE

HYORD
HYMAS
HYRUM
HYSHAM

1a0
IBERJIA
ICENE

1DA
1DABEL
LDAK
1DANA
IDEDN
10A0K
1GNAC 1O
1&D

1GUAL DAD
IALEN
1AM
ILOEFONSD
ILKA
ILLIDON
1na
IMBLER
1MLAY
I5MDK AL EE
IMPER JAL
INAVALE
INDART
INOTAHOMA
INDIAN
INDIAN CREEK
INDI AND
INDIANDLA
INDID
INGA
INGALLS
INGARD
INGENID
INGRAN
INKLER
IRKS
INMAC HUK
INMAN
(R h]
IMNESVALE
INSKIP
INVERNMESS
IRVILLE
INRQGO

10

10LA
10LEAY
108A
1081A
10s8CD
1PAVA

1A
IREDELL
IRETERA
IRIM
JROCK
JRDON BLDSSOW
IRON MOUNTALR
IRON RIVER
IRONTON
JRRIGON
TIRVINGTON
IRUIN
L15AAC
ISAAQUAH
ISAN
ISANT ]
I1SBELL
1SHaM
ISH] PISHI
1SLAND
1SOM
15SAQUAH
1STDXPOGA
1TCa
17SkO0T
1UKA

Iva

1van

1VES

IVIE
IVINS
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+LAGORA
JLEE

JAEU
JrIAGUAS
JALANA
SALEINTO
JalK TREEK
JALKLIN
JALKNIFE
JACNPDRT
“ALAS
4ulKSON
JATKSONVILLE
Jul08
JELOBSEN
JELOBY
JRLRUES
wilQUITH
wio#IN
JRIFUEY
<AGIETES
2hi,
EINEL Y1 N
«rHES CANYDN
LaKESTOUN
JaHE
AN, SE
JENSEN
JARAB
JRYBOE
JENETR
J2RRE
<RAVIS
JASFER
JLUZAS
ah¥h
JiX
JRYEM
JUYSON
JELN
JEAKERETTE
JEAR LAKE
JEDD
JESDD
JEFFER SON
JERLEY
JELM
<JENA
JENKINS
JEARINSON
JENNESS
JENKINGS
JENNY
JERAULD
JERICHOD
JEADKE
JERRY
JESBEL
JESSE CANP
JESSUP
JETT
JIGGS
Jin
JIAENEL
J1 AT Own
J08
JOBDS
JOZITY
JACKD
JUDERD
JOEL
JOES
JUHNS
JOUNSBURG
JOMHSON
JOANSTON
JOHNaWDOD
JOICE
JOLAN
JOLIET
JONESVILLE
JONUS
JUFLIN
JEFPR
JORDAN
JORGE
JORNADA
JORY
JOSE
JOSEPHINE
SIE

J
A BLANK HYDROLLUGIC SUIL GROUP INDICATES THE SOIL GROWP MAS MOT BEEN DETER:INED
TeQ 20IL GrWPS SULH AS B/L INDICATES THE DRAINED/UNDRAINED SITUATIIY

OO0 14 rPEWCRPIMNONNODONIMNONeraIdTO ONM

munhhwoumubﬂounzwoﬂuum»unﬂhnnnwnnuﬂnﬂwonuuuwcﬂaonmobounmbmwmhhu
©Q

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

S.C.S. SOIL NAMES

FOR

HYDROLOGIC CLASSIFICATIONS

C-38

(9 OF 2i)

TN



40V

JUANA O1AZ
JUBILEE
4U00
JUDITH
JUDOKINS
JUOSON
JUDY
JUGET
JUGHANDL E
JULES

JUL £SBURG
JULTAETTA
JUMPE
JuRkCal
JUMCOS
JUMCTION
JUNE AL
JUNLATA
SUNIPERD
JUNIUS

SUND
JUNQUITDS
JURA
JU¥A
JUNAN

KAALUALY
KACHERAK
KADALE
~KA DASHAN
KADE
KADIN
KADOKA
KAENA
XAHALUU
L AHANA
KA HANUL
KAHLER
XAWDOL A
Kart SHEETS
WARUR
KAIKL]
KafLUA
KA iMU
XA INALIU
XAIPQION
KAIWIK]
WALAE
KALAL OJCH
K& AKA
FhiusmALUG
KALAPA
KaLAUFAPA
KAL IFUNSKY
KAL Il
WAL [SPELL
KALKASKA
KAt MlA
KalOKo
KALOLOCH
KALSIN
KAmACK
KamaXOA
KAMATA
KARAILE
KAMAY
KAMIE
KAMRAR
KANABEC
KANALA
KANAPAHA
KANOLR
KAKE
KANEQHE
AAXEPUU
KANIMA
KANLEE
LANOSH
KAMLA
KAPAA
KAPAPALA
KAPOQO
KAPORSIN
KAPUH IKAMI
KARAMIN
KAROE
KARHEEN
KARLAN
KARLIN
KARLY
KARLUK
MITES

@O0 ® TEOMPRPELONIMNEODNDT
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KARNAK
KARNE S
XARR0
KARS

KaR SHNER
KAATA
KARTAR
KASCHMLT
KASHWITNA
KASILOF
KASK]
KASGTA
FASSLER
KASSON
KATAMNA
KATENCY
KATa
KATRINE
KATULA
KATY

KAUF HEN
KAUPQ
WAVETT
NAwAIHAE
KAWALHAPAL
KARBARGAM
KAwICH
KAnKABLIM
KEAAY
KEAHUA
KEALAKEKUA
KEALILA
KEARSBURG
KEARNS
KEATING
KEAUKAHA
KLiAnaKAPU
REBLER
KECH
KELXD
KEJADN
KEzFERS
KE:GAN
KEEY
KEEMEE
KEELCAR
KEENE
KEEND
KEESE

KEG
KErENA
KEIGLEY
KEISER
KEiTH
KEKAHA
KEXAKE
KELLER
KELLY
KELN
KELSEY
REL 50

<EL TNER
KEL¥IN
KEMMERER
KE®MQO
KEMPSVILLE
KEMPTUN
sinal
KENANSVILLE
KENDALA
KENDALL

70 KENDALLVILLE

KENESAW
KENMOCR
KENNALLY
KENNAN
KENNEDEC
KENNEDY
KENNER
KENNEWICK
KENNEY
KENNEY LAKE
KERG
KENUMA
RENSAL
KENSPUR
KENT
KENYGN
KEOD
KEDLLAR
KEGMARH
KeCTa

A BALANK PYDROLZGILC SUIL GROUP INDICATES THE SOIL GRCUP WAS NOT 3ESY JeTEAMINED
Ted STIL GROAUPS SUChH a5 B/C INCICATES THe DRAINEC/UNDAAINED SITUATION
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KEQWNS
KEPLER
KERBY
KERMEL
KERMIT
KERMD
KERR
KERRICK
KERRTOWN
KERSHAMW
KERSICK
KERSTON
KERT
KERNIN
KESSLER
KESWICK
KETCHLY
KETTLE
KETTLEMAN
KETTNER
KEVIN
KEWAUNEE
KEWEENAN
KEYA
KEYES
KEYNER
KEYPORT
KEYSTONE
KEYTESVILLE
KEZAR
KIAWAH
K[BBIE
KICKERVILLE
KIDO
KIDMAN
RIEHL
KIET IKE
KIEY
KIKONI
K1LARG
KILAUEA
K[ LBOJRNE
KIL3URN
KILCHTS
KILOOR

K[ LGORE
K1LKENNY
KILLBUCK
KILLEY
KILLINGWMORTH
KILLFACK
KJLMERQUE
KILN
KILOA
KILCHANA
KiLWINNING
|3L]
KIMAMA
KIMBALL
KIMBERLY
K1 MaROUGH
CIMRERL ING
KImMONS
K1»0

KINA
KINCO
KINESAVA
KENGF1SHER
KINGHURST
KENGMAN
KINGS
KINGSBURY
KINGSLEY
K1NGS AIVER
KINGSTON
KINGSYILLE
KINKeAD
KINKEL
KINKOkA
K[ NmAN

K[ MNEAR
KINNEY
KINNICK
KEMREAD
KINROSS
KINSTUN
KINTA
KINTON
KINZEL 7
KIOMATIA
KIONA
KIPLING

D Klpe c XOvicH 0
[4 KIPPEN A KOYEMN 8
B KIPSON c KOYUKUK B
a8 K 1RK B/) KRADE ]
A K LRK HAM c KRANZBURG ]
A K IRKLAND 2 KRATKA [4
] K IRK TGN a8 KRAUSE A
B K1RRY [LLE [4 KREAMER [+
KIATLEY 4 RASMLIN -]
A KIRVIN c KRENTZ [4
D K 1SR ING b} KAESSAN [4
A70 KISSICK 0 KA UM 0
[+ KISTLER /) KRUSE (]
[ K ITCHELL ] KRUZOF 8
c KITCHEN CREEK B KUBE ]
0 KITSAP c KUBLER 4
[} KITTANNING KUBL! [4
[} KITTITAS D KUCEAA B
8 K ITTREDGE [ KUuCK [4
[4 KITTSON [+ KUGRUG n
4 xlup a8 KUHL 0
[4 KIvA 8 KUKATAW A
A KiWaN1is A KULA 8
8 KIZHUYAK 3 KULAKALA 8/C
o KJAR 0 KULLIT ]
1] KLABER c KUma 8
[4 KLAMATH B/0 KUWIA []
A KLAUS A KLUNUWE LA [4
o KLAXAST 4] KURREANOF B
B KLEJ 8 KURES A
[4 KLICKER [+ KUag 0
B KLICK ITAT 4 KUSKIKNI M 0
8 KL INE ] KUSL [NA 0
[1} KL INESVILLE /2 KUTCH 0
8 XL INGER ] KUTZTOWN B
A KLOND IKE p) KVICHAK ]
[*] KLCNE [ KWETHLUK A
B KLOOC HMAN H KYLE D
B KLOTEN 8 KYLER D
0 KLUT INA 8
8 KNAPP A B LA BAAGE 8
A KNEEL AND < LABETTE [
B KNIFF IN c LABI SH 0
o KNIGHT [4 LA3OU 0
c KN IK 3 LABDUNTY [4
8/0 KNIPPA 2 LA BOUNTY [+
B KNOB HILL [} LA BRIER [4
C/0 KNDWLES B LABSHAFT 0
D KNOX ] LACAMAS (1]
KNULL [ LA CASA [4
[4 KNUT SEN ] LaCITa 3
[4 KOBAR C LACKANANNA 4
0 KQBEH 8 LACINA [4
A KOCH [4 LACOTA 0
A KODAK < Lacy D
C . KODIAK 3 LADD 8
2 KOERL ER c LADQER 1}
8 KDELE a LADELLE 8
c KDEFPKE B LAZOGA c
8 KOEAL ING ] LADUE ]
1] KOGISH o LADYSHITR 0
1] KOMAL A A LA FARGE -]
[4 KOKEE ] LAFE D
[ KOKERNOT < LAFITTE 0
0 KQORD 3 LA FONDA 8
A KIKCK AH | 2 LARINT 8
[4 KOKORO 870 LAGLORIA 3
8 KOLBERG 8 LAGINOA 4
] KULEKCLE c LA GRANDE [
D XKOLL S 0 LAGIANGE 0
C/D  XOLLUTUK b LAHA[NA 8
] KDLDA [ LA HOGUE ]
8 KGoLase c LAADNTAN o
c KOLOK LD ] LAHRITY A
[] KGONA 0 LALIDIS [4
[4 KONAH A 3 LAIOLAN 3
[4 KGNNER p] LAIL 4
[ KUNGK T | LafADSVILLE D
o KOGL AU c LALAEP 9
c KOCSK 1A < LAJARA [+]
[} KJCTENAL A LAKE ‘A
B XKUPLaK 2 LAXE CHARLES D
4 KoPP 8 LAKE ZAEEK [4
0 KGPPES 8 LAKEMELEN 8
D KCORCHEA B LAKEHURST A
D KJIRNMAN B LAKE JANEE B
1] KJI5mMOS D LAKSLAND A
[4 K0SS¢E b] LAKEMINT 1]
8 KUSTER < LAKEPORT 8
A KOSZITA ] LAKE SHORE -]
8 KJTECD b] LAKESAL 8
0 XGuTs 3 LAKETCN B
S.C.S. SOIL NAMES
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LAKEY [En c LATAH C LENAWEE /D LINVILLE 8 LORADALE [
LAKEWIN 8 LATAHCD [4 LENMEF 2} LINWDOD A/D  LDRAIN c/D
LAKENGOD A LATANG B LENGIR D LIPAN 0 LORDSTDWN [
LAK] N 8 LATARIER D LENDX B LIFPINCOTY 87D LDREAUVILLE [
LAKIN A LATENE L] LENZ B LIRIDS B LORELLA 2]
LAKONA 0 LATHAN D LEQ B LIRRET D LOREN2D A
LALAAU A LATHROP [4 LEON AfD LJISADE ] LORETYO B
LA LAWDE 8 LAT INA [ LEONARD [ LiSAm 0 LORING C
LALLIE 1] LATOm D LEONARDO B LISBON ] LOS LLANMDS B
LANM B/2 LATONIA B LEONARDTOMN o LISmAS 0 LUS BANDOS c
LAMAR B LATTY D LEONIDAS ] L1ISYDRE B LOSEE B
LAMART INE B LAUDERDALE B LEOTA 4 LITCHFIEBLO A LOS GATOS 6/C
LAMBERY B LAUGENDUR B/D LEPLEY 0 LITHGON < L35 GUINEOS C
LAMBETH < LAVGHLEIN B LERDAL c LITHIA c LOSHMAK 0
LAMBDRN D LAUMALA B LEROY ] LITINBER [ LO0s 0508 C
LAMINGTON D LAUREL < LESAGE ] LITLE c LDS ROBLES 8
LAND B LAURE LHURST 4 LESHARA B LITTLEBEAR A LDS TaNO5 B
LAMDNI D LAUREL w3OD B LESHD [ LITTLEFIELD D LOST CREEK B
LAMONT A LAUREN B LESLIE D LITTLE HORN < LOST HWILLS c
LAMONTA D LAVALLEE B LESTER B LITTLE POLE o LOS TRANCOS 0
LAMOURE C LAVATE B LE SUEUR 8 LITTLETON 8 LOSTHELLS B
LAMPHIER -] LAVEEN B LETA [ LITTLE woOD B LOVHAIR c
LAMPSHIRE D LAVELDO 0 LETCHER [ LIT2 < LDTusS B
LAMSDN il LAVEAKIN 4 LETHA D LIV c LOUDON c
L ANARK B LA VERKIN 4 LETHENT [ LIVERMORE A LOUDONVILLE c
LANCASTER B LAVINA c LETORT B LIvVIA 1] LOUIE C
LANCE c LAWA] B LETTERBOX ] LIVINGSTON D LOUISA [
LAND 0 LAMET 4 LEVAN A LIvVONA A LOUI SBURG B
LANDES B LAWLER -} LEVASY [ LI1ZE c LOUP [}
LANDI SBURG C LAWRENCE [+ LEVERETT c LIZZIANT B LOURDES C
LANDLOM 4 LAWRENCEVILLE [4 LEVIATHAN B LLANOS c LOUVIERS D
LANDUSKY D LAWSHE c LEVIS [ LOBDELL 4 LoveEaOY c
LANE c LAWSON B LEw]S b LOBELVILLE c LOVELAND c
LANEY C LAETHER b LEWISBERRY B LOBERG -] LOVELL c
LANG 8/0 LAwTON [4 LEWISBURG 4 LOBEART B LOVELOCK c/D
LANGFORD c LAX [4 LEWISTON C LOBITOS c LOWELL C
LANMGHE L B LAXAL B LEWISVILLE c LOCANE o] LOWRY 8
LANGLEY C LAYLOCK e LEX B LOCEY L LOWVILLE B
LANGLDIS 0 LAY TON A LEXINGT 0N ] LOCHSA -] LDYAL 8
LANGOLA ] LAZEAR b LHAZ B LOCKE B LOYALTON [
LANGRELL B LEA [4 LIBRBINGS D LOCKERBY c LIYSVILLE D
LANGSTON c LEADEA ] LIBaBY B LOCKHAR D B LOZAND B
LANILER B LEADPDINT B LIBEG A LOCKHART B LO2IER o
LANIGER B LEADVALE (4 LIBERAL 0 LUCKPORT D LUALUALEL 0
LANKBUSH B LEADVILLE e LI1BERTY 4 LOCK®DOOD B LUBRBDLK C
LANKIN C LEAF ] L1BDRY A LOCUST c LUBRELHT C
LANKTREE C LEAHY [ L1BRARY D LODAR >} LUlAS C
LANOGAK B LEAL B LIBUTTE o LODEMA A LUZE c
LANSDALE B LEAPS [ LICK B Loo1 C LULEDALE B
LANSDOWNE c LEATHAR [4 LICK CREEK D LODD ] LUCZERNE 8
LANS ING ] LEA VEMHORTH ] LICKDALE b LOFFTUS < LUZIEN C
LANTIS B LEAVITY - B LICKING c LOFTON °] LUCILE D
LANTON 0 LEAVITTVILLE B LICKSKILLET o LOGAN D LUCILETON B
LANTDNIA B LEBANDN [ LIDDELL D LOGDELL ] LUZKENBACH c
LANTZ ] LEBAK B LIEBERNAN c LOGGERT A LUCKY B
LAP 0 LE BaAR B LIEN o LOGHOUSE B LUCKY STAR B
LA PALMA [4 LEBEC B LIGGET 8 LOGY 8 Lucy A
LAPEER 8 LEBU [4 LIGHTNING 0 LOHLER < LUODEN 0
LAPINE [ LEB 5ACK 4 LIGNUM 4 LOWMILLER L LUoLOv c
LAPLATTA c LECX KILL B LIGON [ LOMNES A LUEDERS C
LAPON 1] LEDBEDER 8 LIMEN A LOIRE B LUFKIN D
LAPORTE c LEDGEFORK A LIHUE 8 LOLAK D LirHan ]
LA POSTa A LEDGER [+] LIKES A LOLALITA 8 LUJANE 4
LA PrA(R]E B LEDRU [ LlLAK A LOLEK AA B LUalN c
LARABEE [} LEDY LILLIwAUP A LOLET A C/0  LULA B
L ARAND -] LEE D Lina ] LOLO A LULING ]
LARCHMOUNT B LEEDS c LIAAN] B LOLON A LUSBEE [}
LARDELL 4 LEEFIELD 4 LIMBER 8 LDMA c [QVLLTS B/
LAREDD ] LEELANAY A LIKER]ICK C LOMALTA [} Lur £
LARES C LEEPER 8] LIMON C LOmAX 8 LuKNa C
LAKGENT Q LEESYILLE B/C LIMONES ] LOMIRA B LUNIH c
LARGD ] LEETON [ LIKPlA c LOMITAS ] LUNJ 11D 4
LARIM A LEETUNIA [ LINCO L] LONDG L LUXDY o
LARIMER -] LEFOR 8 LINCOLN A LONE c LRt C
LARKIN B LEGLER B LINCRORT A LONEP INE c LUMPAND 4
LARKSON < LESORE [} LINDLEY c LONER IDGE B LUPTUN [}
LA ROSE B LEREW [ LINDSEY [} LONE RDCK A Lukd D
LARRY D LEHIGH (4 LINDSIDE 4 LONETREE A LURAY c/0
LARSON o LEHMANS D LINDSTROm B LONGFORD 4 Luig [}
LARUE A LEMWR 8 LINDY C LONGLOLS B LUTH C
LARYIE ] LEILESTER [ LINEVILLE 4 LONGMARE L] LUTHER B
LAS C LEI LEHUA B L INGANORE 8 LONGMONT [ LUTIE ]
LAS ANIMAS 4 LELA o LINKER ] LONGRIE c LUTON [
LASAUSES c LELAND 4] LINKYILLE B LONGY AL B LUYERNE [+
LAS FLORES D LEMETA o LINKE C LONG VALLEY B LUXOR )
LASHLEY LEMING < LINNET b LONGY IERW c LUZENA ]
LaslL Q LEMHK ] LINKEVS 8 LONDKE 8 LYLAN B
L&S LUCAS C LEMONEX 4] LIND 4 LONT] c LYLOMLAG 4
LAS POSAS c LEMPSTER €70 LINOYER 8 LOOKOUT L LYoa [}
LASSEN 1] LEN 4 LINSLAW "] LOON -] Lyaftx B
LASTANCE ] LENA A LINT ] LOPER 8 LYFORD c
LAS VEGAS o LENAPAH 4 LINTON L] LOFEL 0 B

NJTES
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LYNAN
LYMANSON
LYNCH
LYMCHBURG
LYNDEN
LYNND YL
LYNN HAVEN
LYNNVILLE
LYNX
LYONMAN
LYONS
LYONSYILLE
LYSINE
LYSTAIR
LYTELL

HABANK
MABEN
HABI
WABRAY
MACAR
MAC EDCNIA
MACFARL ANE
MACHETE
BMACHIAS
HACHUELD
MACK
HACKEN
MACKINAL
MACKSBUR G
HACOMA
MACCHBER
MACCMN
NACY
HADAL IN
MADAMASKA
MADDICK
4ADDOX
MADEL IA
MAJEL INE
MADERA
HADLSON
HACQNNA
MADRAS
MAQRID
MAGRCNE
MADUREZ
RAFURT
MAGALLON
YAGENS
HARGRE
MAGINNIS
LTERL
AAGNDL 1A
MAGHUS
MAGGTSU
MAGLAYD
HMARAFFEY
HANAFFY
MAHALA
MAHALASYILLE
HAHANA
MAHASKA
MAHER
RAHON ING
AAHUKONA
A IDEN
MATILE
HALMSTAY
LEWEYTS
HAK JAL AE
MAKALAPA
MAKAPILI
MAR A DAL
WAKAREL |
MAKENA
MAK IX ]
MAKS AK
MAROT T
MAL
RALA
HALABAR
MALABON
MALACHY
MALAGA
MALAMA
HALAYA
mALBES
MALCOLM
MALETTI
MALEZA
MALIBY
NJUTES

c/m0
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A BLAMK MYDROLOGIC SCOIL GROUP INDICATES THE SOfi GROUP MAS NOT SEEN JETEIMINED
TYO SQ1L GROWPS SUCH AS B/C INDICATES THE DRAINEOJUNDRAINED SITUATILH

FALIN
MALJAMAR
MALLOT
MAL M

MALO
RALONE
MALOTERRE
MALPALS
MALPGSA
MAL YERN
RAMALA
KAMOU
MANAHAA
MANALAPAN
MANANA
KANASSA
HANASSAS
MANASTASH
MANATEE
MANANA
MANCELONA
FMANCHESTEA
MANDAN
MANOERFIELD
MANCEVILLE
MANFRED
MANGUN
MANHATTAN
YANMEIM
MANT
KANILA
MANISTEE
MANITCU
HANLEY
MANL IUS
MANLGVE
MANNING
MANOGLE
MaNODR
MANSALELD
MANSIC

A {SKER
MANTALHIE
MANTED
MANTER
MANTCN
BANTL
MANU
MANYEL
PANKGOD
MAMIGNITA
MANT ANQ
MANZANCLA
MAPES
MAPLE MOLNTALN
HMAPLETON
PARAGUEL
MAR A THON
MARBLE
MARBLEMDUNT
MARCELINAS
RARCETTA
MiRC 1AL
MzACLA
MAACUS
HARCUSE
MARCY
MALDEM
HEAD IN
MARENGO
MAREJIA
213 ERUA
MARGUERITE
MAR LA
EéRIANA
PARIAS
MARfCAQ
mapiCcara
KAR[STTA
MARILLA
HARIMA
mARION
NAR I POSA
PARTASA
MARKE S
MARKEY
HARKHAR
MaRKLAND
PARKSBGRO
MARLA
MAALBORD
MARLEAN

c/0

~
(=]

~
o

~
o

~
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MARLETTE
RARLEY
MARL IN
MAR LOW
MARLTON
MARFARTH
MARNA
MARPA
MARPLEEN
HARQUETTE
MARR
MARRIQTT
MARSDE N
MARSELL
MARSHALL
NARSHAN
MARSHDALE
MARSHFIELD
MARSING
MART
MARTELLA
MART[N
MAAT INA
MARTINECK
BARTINEL
MART{N]
MART IN58URG
MARTINSCALE
MART INSON
MAATINSVILLE
MART INTON
MARTY
MARVAN
MARVELL
MARY [N
MARY
MARYDEL
MARYSLAND
MASADA
MASCANP
MASCHET Ar
SASCOTTE
mASHEL
MASHULAVILLE
MASON
MASOUNVILLE
MASSACK
MASSENA
MASSILLCN
MASTERSCN
MATAGCROA
MATAMCROS
MATANUSKA
MATANLAS
MATAPEAKE
MATARAN
MATCHER
MATFIELD
MATHERS
MATHEATON
#ATHES ON
MAThEuS
MATHIS
MATHISTON
HMATLOCK
MATMON
MATTAPEX
MATTCLE
MAY

HAUDE
MAUGHAN
PAUKEY
MAUMEE
MALINAHO
KAUPIN
MAUREPAS
NAURICE
MAUR INE
MAURY
MAVEALICK
MAVIE
MAWAE

MAX

HAXEY
MAXFIELD
MALSTN
M&XTCN
MAAVILLE
MAXmELL
MaY
MAYBERRY
MAYBESQ

a SAY GAY 3 MG AHEASCN c
c MAYER b] MLPALE 3
o} MAYES 5} MCQUAARTE D
% MAYFIELD 3 MOZUEEN c
[+ AaTFLIMER b wilag 8
8 MAYHEW b METAGSART 8
0 “AYLAND 4 MIVILRERS <
8 MAYMEN 2 MEXD o
3} MAYNARD LAKE 3 MEADIN A
A uAYd 3 MEAD LwYILLE ]
B MAYDC AN 3 MEADYILLE c
8 MaYTwORTH c MEBNZER 0
[4 MAYSCORF 3 MECAN [-]
8 MAYSY ILLE MEZZA 8
a MAYTOWN 4 MECKESVILLE 4
0 MAYVILLE 3 MECALENBUAS c
c MaYwQG30 9 “EIA 8
4 MAZEPPA 3 MEDANI 4
8 " IGN c MEJARY c
[4 MAZUM A [ MEQFIAD -]
-] MCAFEL 4 MEJFAA y
C MCALLEN B MEQILINE LOOGE 3
A MCALL ISTER < »EIINA 8
D MCALP IN 4 MEJLEY 8
0 MCBEE a ®EDIWAY a
8 MCOETH 2 MESKS A
3 MCBRIDE -] MEETEZTSE o]
L] MCCABE 8 MERGETT 0
Q MCCAFFERY A ME 33 4
a MCCAIN [+ MEHL C
C MCCALES ] MEALHGAN [+
3 #CCALLY 2 HEIGS
0 MCLAMMON o wEIKLE a
B MCCANN [ MZISS 2]
4 NCCARARAN D WEL3OURNE B
[4 MCCARTHY 3 MEL3Y c
8 MCCLAVE < HMELITA 8
0o MCOLEARY [ MELLENTHIN o]
[+ MCCLELLAN 3 =ELLIR b}
0 mCCLOUD [ MELLAOTT 8
-] MCCOLN o SELQLAND [+
0 mCCOLL e} MELIOSE c
< MCIONNEL 8 mELSTINE A
B/D MCCCCK 3 MELTAON 8
-] MCCIANICX [+ MELYILLE 8
[+ MCCaY 4 MELVIN D
8 MCCREE 8 M4EMALIQSE 0
4 MCCRORY 2 WEMPHL ]
8 MCCRACSK IE 3 MENANGA A
8 MCCULLOUGH c NENAN [4
0 MCCULLY < MENARD 8
[+ “CCUNE 0 MENCH 4
[ MCCUTCHEN 4 MENJE3ICURE 4
3 MCCOLE 8 MENDIC IND ]
3 MCCONALD & MENICN 8
c MCCOMALOSVILLE  C MENDGTA B
A “CEWEN L} RENEFEE D
[ MCFADCEN 3 MEYFER] 3
3 mCFALN 4 MSNLD 0
a9 MCFAUL 4 MEND [4
3 MCGAFFEY 3 HENJINEN [+
MCGARR 4 MENGHMI HEE 8
A MCGaRY [4 WENT] [
4 #CSEHEE C MENTOZ -]
o] ®CGILVEAY bl MEJUCN c
0 MCGINTY 3 mEACED c/0
c MCGIRK < ®EICEIES 0
[+ MCGOwWAN 3 “EITEY [+
a MCGRATH ] MEIZEY [
a MCCREN A MEIEDLTH )
[4 NMCHENRY 3 MEIJETA [
[ NCILwAINE A MEGEL a8
AD MCINTOSH 3 MEI{I1AN L]
0 MCINTYRE ] MEI[ND o
[+ MCKARIE 2} MEIKEL -]
0 MCKAY 2 HEILIN 9
A MCXENNA /3 WEIMILL a/0
0 NCKENIIE 2 MZ3ug 0
a MCKINLEY 3 =E13S A
c MCKINNEY D MEAR R YTELD 3
] MCLAIN < 213 ILL [4
A MCLAURIN 3 “EARJLLAN c
L] HCLEAN Z uERR {UALC A
C MCLEDD 3 VEQRITT 3/¢
c MCMAMON : wEd RAAUGE ]
A MCMEEN ¢ MEATIN B
a MCMULLIN 3} MERTL ]
A MCMURDIE : MESA [}
] MCMURAPHY ] mESCAL 8
3 MCHURRAY 2 MESLALERO c
4 HCNARY 2 MESITA C
o MCRaAUL 3 MESAILL c
S.C.S. SOIL NAMES

C-4i
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MESMAN
MESPUN
MESSER
MET
METALINE
METAMUAA
METEA
NETHOW
MET]GOSHE
HMETOLIUS
METRE
METZ
MEKICO
MHJ0N
MIAM]
HIAMIAN
MICLO
MICHEL SOn
MICHIGAMME
MICK
MICAS
NIDDLE
MIDDLEBURY
MIDESSA
MIDLAND
MIONIGHT
MIOYALE
HIGwWAY
MIFFLIN
MIFFL INBURG
MIGUEL
MIKE
MIKESELL
HILACA
MILAN
MILES
MILFORD
MILHAM
MILHEIM
MILL
MILLARD
MILLEBORD
mILLBRAGK
MILLBURNE
MILLCKEEX
MILLER
MILLERLUX
MILLERTON
HILLETT
MILLGROVE
MlLL HOLLOW
MILLICH
MILLIKEN
MILLINGTON
HILLIS
MILLRACE
MILLSAP
MILLSDALE
MILLSHOLM
MILLVILLE
MILLwWODs
MILNER
MILFITAS
MILROY
MILTON
MIMBRES
MIMGSA
MIN&
MiNAM
HINATARE
MINCHEY
MINCD
MINDALE
MINDEGO
MINDEMAN
% INDEN
HMINE
MINEGLA
MINER
MINERAL
MINERAL MJUUNTAIN
HINERVA
MING
MINGD
HINIDOKA
MINNEISKA
MINNEDSA
MINNZQUA
MINKETUNKA
MINNE WAUKAN
MINNILC
HINUA
NJTES

Tl SLIL I

~
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HINGRA
KINTO
MINU
MINVALE
MIRA
MIRABAL
MIKACLE
MIRAMAR
PIRANDA
IRES

MIRRGA
MIARDH LAKE
MIESION
MiTCH
MITCHELL
MIT1wANGA

D MITKE
KIZEL
HIlPaH
MO& KU
MULPA
MOAULA
MOBEETIE
PMOCA
naCHD
LlsFZ X
MUDALE
MODEL
MODENA
MGDESTO
MCCOC
MLUENKGPIE
MUZPITZ
MOFFAT
MIGOLLON
KaGin
MOUHALL
MOHAVYE
MOHARK
MJIRE
MOKE LUMNE
HMOKENA
MUK 1 AK
MOKULELA
MOLANL
MOLCAL
MOLENA
MOL INCS
MILLVILLE

D MOLLY
MOLOKAL
MOL SON
MGL YNEUX
MONAD
MONAHAK
MONAHANS
MONARLA

D  MONCLOVA
MONDAMIN
MONDOW]
MONEE
MunlicD
WONIGA
MONI TEAY
MONMGUTH
HMIND
HMONOLITH
MONONA
MONUNGAHELA
M3NRCE
MONRCEVILLE
HMOUNSE
MONSERATE
MoNTAGUE
MONTALTO
MOHTARA
MOKTAUK
MONTCALM
MONTE
MONTE CRISTO
MONTEGRANDE
MONTELL
MONTELLD
MOUNTEGLA
MONTERLSA
MONTEVALLL
MUNTGUMERY
HMONT1CELLD
MONTI1ETH
MONTMTRENCT
MONTC SO
MONTGUR

4 BLAMM nYDROLOCIC SUML GRi{v™ "~DITATES THE SOIL GRCUP HAS NOT 3EZ:EN JETSRWINED
w35 5ulr AS B/L INLiumt
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MUNTOVA
MONTPELLIER
MONTROS E
MONTVALE
MONTVE RDE
HMONTWEL

MCRUE
rOgoY

MOOHA0

HOOSE
MORA

MORADD

RIVER

MCRALES

MOAD

MCREAU

MUREHEAD
MOREHMOUSE
MORELAND
MORELANDTON

MORET
MDREY

MORFITT
MORGANFIELD
HMORGNEC
MORIARTY
MURICAL

MORLEY

MORMON MESA
MOROCCOD

MORGON]

MOROP

MORKILL

MORR]IS

MORRLEON

MORR O

MOR SE

MCRTENSON
MDRT ON

MORVAL

MD5BY

mCOsSCA
mDSCOR

MOSEL

MOSHANNON

MOSHER

MCSHERVILLE

MOSICA

MOSQUET
MOSSYROCK

MOTA

MOT LEY

MCTDIUA
MOTTSVILLE
MOULTON

MCUND

MOUNTAINBURG
MOUNTLINVIER

MOUNTAINVILLE

MOUNT
MOUNT
MOUNT
ROUNT
MOUNT
MOUNT

Alay
CARRDLL
HOME
HOOD
LUCAS
QLIVE

MOUNTVIEW
MOVILLE

MOWATA
MOWER

MCYERSON

MCY INA
MUCARA

MUCET

MUDRAY

MUl SPRINGS
MUGHQUSE

HMUIR

MUl &K RN
MUKILTED
MULLROW

MULKEY

MULLINS
MULLIAVILLE

MULT

MULT ORPOR
MUMFORD
MUNGELEIN

MUNG DS

MUNISING

HUNK

MUNS ON

MUNUSC IhG

MUKDO

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

[} MUKDOCK < NAVARRO 8
c MUAEN B NAYESINK
[} MURKILL B NAYLOR
D MURV1LLE D NAYPED C
A/D MUSCATINE B 794 B
C MUSE c N-BAR B
8 MUSELLA B NEAPOLLS 8/D
] MUSJCK =] NEBZKER [
] MUSINIA B NEIGEN D
s} MUSK INGUM < NE3ISH 3
8 MUSKOGE £ [4 NEBD
c MUSQUIZ C NETHE c
<] MUSSEL B NEDERLAND B
C MUSSELSHELL B NEEGHAR 1]
o NUSSEY 2 WEEJLE PEAR [
c MUSTANG A/D NEEDMIRE 4
c MUTNALA B NEELEY B
<] MUTUAL B KEESOPAH c
A MYAKK 2 A/D NEGITA 8
D MYATT B/D NEGLEY ]
[} MYEKS [} NEHALEM B
] HMYERSVILLE B NZHAR 8
B MYLRE& 5 NEILTGN &

MYRICK 2 NEIS30ON 8
3] MYRTLE B NEKRIZ c
4 MYSTEN & NELLIS 8
C MYSTIC 0 NEL MAN B
D MYTOM ] NELSCZJTT B
AC NELSDN 8
D NAALEH) B HEMAKH C
c NABESHA C NEMITE A
B NACEV ILLE < NENLNA 3
c NACHE 5 B NENNG B
8 NACIMIENTO ¢ NEDLR [
C NACDGDOTHES ] NEJTUMA ]
D NADEAN B NEPALTO A
C NADINA D NEPESTA 4
8 NAFF B NEPN B
B NAGEES] 5 NEPPEL B
4 NAGITSY 4 NEP TUNE a
A NaGLE B NERESON B
c NAGOS [ NESLa A
C NAHATCHE [ NESHAMINY B
B NAHMA [4 NESIKA B
0 KAHUNTA 4 NESKAHI B
c NAlw2 L] NESKOWIN C
8 NAKA | B NESPELEM B
D NAKNEK o] NESS D
B N&ALDL B NESSEL B
] NAMY E 8 NESSOPAM ]
B NAMON 4 NESTER c
0 NANAMK 1IN A NESTUZCA c
A NANCY -] NETAATS A
B/D  NANNY B NETCONG 8
[4 NANNY TON 8 NETD B
1] NANSENE [ NETTLETON c
B/D NANTUCKET 19 NEJIERT B
] NANUM 4 NEUNS B
a N2P& 2 NEUSKE ]
B NAPALSHAK [ NEWADOR c
B NAPAVY INE ] NEVILLE B
8 NAPIER B NEVIN c
c NAPLENE B NEWINE ]
o NAPLES 3 NEVKA C
8 NAPPANEE B NEYIYER [’}
C NAPTOMNE ] NEVTAR c
[} NARANJ]ITO c NEVYU o
c NAKAN 40 4 NEWARK c
D NARZ ISSE 8 NE=ART B
] NARD B NEwaYGO 8
0 N&ALON c NEXDERG B8
c NARDN [ NEWSERRY c
2] NARRAGANSETT B NEwWHY [}
C NARROWS 2 NEw LAMBRIA [4
C NASER B NEWCASTLE ]
] NASH 8 NE /L 0™B A
8 NASHUA A NEWDALE 8
o] NASHV ILLE B NEWELL [}
<] NASCN 4 NESELLTON D
C NASSAU CfD  NEWFANE
3] NASSET q NEXEDAK 2}
1] NATAL IE C NEWK]RK D
[ NATCHEZ B NEWLANDS L]
A NATHROP 5 NEWLIN B
8 NATIONAL B NE WMBRKET B
[} NATRON2 3 NEW2OAT [4
8 KATROY o NEWRUSS B
[} NaTUR ITA ] NEWAR Y 8
c NAUKAT] ] NEWSKAH 8
D NAUMBURG < NEWS1EA0 ]
2} NAVEJQ D NE#/TON A/D
B NAVAN o NoWIGNIA B

THE DRAINED/UNOREIFED SITUATION
S.C.S. SOIL NAMES
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NEWTOWN [ NORTON 4 aKAM 0 ORELLA o PACK
NEmVILLE [4 NOR TCNVILLE 4 OKAY 8 OREM A PACXARD
NEL PERCE c NGR TUNE 1} OKEECHQBEE A/D OAESTIMBA c PACKER
MNIAGARA c HORNALK ] OKEELANTA A/0 ORF3JROD [< PALKHAM
NiART 8 NORWAY FLAT ] CKEMAH 4 QORIDIA 4 PACXIACOLE
NIBLEY c NGRWELL 4 OKLARED 8 ORIF A PALRW2GD
NICHOL SON c NGRW1CH D OXLAWAHA A/D  ORID c PACOLET
NICHGLYSLLE c NORWGOD B OKMDX 8 ORIIN -] FAZTCLUS
NICKEL 8 NOTI o oxD 5} ORITA 8 FADEN
NICODEMUS a NOTUS A/C OXOBOJI [4 ORLAND B [LLELLH
NICOL AUS [4 NOUQUE 2} CKOLUNA 2} CRLANLCO A PADUZAH
NICULLET 8 NUvY ARA 8 OKREEK ] ORMAN 4 PA2US
NIELSEN [1} NOVARY ] OKT [BBEHA D DRMS3Y /T PAESL
NIGATHAWK 8 NOWTGO c OLA C QRODELL c PAZET
NIRILL ] NOYOQ 4 OLAA A CROD FIND ] PASDRA
NIKAZUNA 0 NOY SGN 4 OLALLL [+ 0RO GRANDE [4 FAMAANAGAY
NIREY B NuaY C/0 OLANTA a QRONO S PAHREAA
NIKISHXA A KUCRGLLS 4 GLATHE 4 QRDVADA 4 PAMRDL
NIKLASOM a NUCLA ] OLD CAKP o ORPHANT D PALA
NEIRGL AL hal NUECES [ DLOHAM [ DRR c PALLE
NILAKD C NUGENT A oLDS D ORRVILLE c PAINESYILLE
NILES C NUGGET < OLOSMAR B/D ORSA A PAINTRECK
Y IMROG 4 NUMA [4 OLOWICK B ORS ING A PAIT
NINCHh C NUNDA 4 OLELD 8 ORTELLD A PAJARITO
NINEMILE o NUNICA c OLENA 8 CRTIGALITA c PAJIARD
NINEVEH [} NUNN 4 OLEQUA 8 0ATING c PUXA
NINIGRET ] NUSS 0 DLETE [ QRTIZ 4 PAXALA
NININGER 8 NUTLEY [4 OLEX ] ORTLEY ] PAKRIN]
NINNESTAH £ NUTRAS [4 oLGA c ORWET A paLa
NIDSELL 4 NUTRIUSE ] oLl B ORXCJD 8 PaLaciIn
NIDTa ] MUVALLE [ OLIAGA B/0 QOSAGE b) PALASALAIL
NIPE [} NYALA o OLINGA B OSAKIS 9 PALATINE
NIPPERSINK 3 NYMCRE A OLIPHANT [] 0ScAR 0 PALESTINE
NiP®T A NYS554 [+ OLIVENHAIN 1] OSCURA c PALISADE
HIPSUM < NY33aTaN 3 GLIVER ] 056300 8 PALMA
NiRA a NYSTROM 4 GLIVIER c asHA 8 PALMAREJD
NISH\A 4 OLJETS A QSrAwA D PALY AEACH
NISHON ] OAAE 8 CLmMITO D O*SHEA 4 PALMER
NISQuaLLY A GARDALE 8 CLMITZ ] 05rK0SH 4 PALMER CANYON
N{§5md B CARLEN o OLMGS [ DSHTEMD 8 PALHITH
Niu 8 GARFCRD 8 OLMSTFO B/D OSIEQ 8/0 PALNS
NIl [ OAK GLEN 8 OLNEY ] 0SKA c PALMYAA
NEVLIE Q DAK GRGYE C oLcxul 4 OSMUND B PALT
NiwLT c Cak LAKE ] OLPE [ GSO 3 PALIDURD
XA [ SarLAND [ OLSON ja} 0saBe 4] PALDMAS
NIKON [ Caxs RlOGE [ QLTIN c QSOR [ OGE o PALOMING
NIXSNTON B CAKYILLE A CLUSTEE B/D 0SOTE -] PAL]S VERQES
EIFALTY a OAd wCCD 0 oLric 8 O0SSIAN [ PALIUSE

2 QAN FUKA ] GLYMPIC 3 osT a3 PALSGAQVE

a DAS1S ] omAD1 B OSTRANDER 8 PAMLICO

A DATMAN B GHAFRA B OTERD 8 PanJA

< GEAN 4 OMAK 4 OTRELLO D PAMSDEL

3 SaRRC ] OMEGA A oTis c PARUNKEY

] JREN c OMENA 3 aTisco A PANG

2 CERAST V] sl 1 C OTISVILLE A PANACA

v uBaay o ONA A/D CTLEY B PANAEwA
NUKAY < GBURKR 1} ONALASXA E} oTSEG0 4 PANASOFEXEE
MIKCM IS B alaiLa 1] Chamia B OTTER 9/2 PANCHER]
NuldR 8 CCEANET D CNARGA ] OTTERBE X! c PaN,HUELA
AL JLRUCKY -] CCEaNg A ONawA 0 OTTEA AOLY 8 PANOD
Nut IN 5 OCHEYEDAN 8 CNANAY 8 OTTOREE A PANDOAH
SoL3 3 GOHLOCKGNHEE ] CNDAnmg 8 OTWAY 3 PANDQAA
NUHE 2 (M1 o CNEIDA 8 OTWELL 4 PANDURA
Mo AL TUN ES UlHLn G [4 D*NEILL B QUACHITA c PAME
HNLP ARY v CCHGPEE B/0 ONEDONTA 8 OURAY A PANGUI TCH
NuDKADHANP S CfJ OCILLa [ CNITA 4 QUTLET c PANMILL
NULK ALK a CCXLEY 8 CNITE ] OovaLL 4 PANI QS UE
NIGNAN bl 0ClEx 4/0  QONGTA [4 O¥ERGAARD c PANKY
NORA B JCUNEE [4 CNUVA [+] OVERL AND 4 PANCIHE
Ndeag 3 OLIUNTG 8 CNRAY 4 OVERLY c PANOLA
KORgeRT ) GLosTa ] CNSLOwW -] GYEATUN 0 PANSEY
NOR BLRNE d GLAUEGL 8 GNTARID 8 ovid c PANTESD
NORBY ) CCTAGLN E] CNYRQ B/D OVINA E] PANTHER
NMURD ] GUEE o ONTSNAGON D OWESD 2 PANTGN
NURLBY 4 CoblLL ] ONYX 8 Owen CREEK c PAGLA
NURDEN ) CDEM A OCKALA A OWENS ] PAdLI
NURUNESS & ODEAMCTT 4 GPAL o OwMl ] PAONTIA
NGRFTLK 3 QDcsSa i} OPEQUCK C/0  GWGSSa ] PAPAA
AJRGE 3 GUin 4 CPHIR 4 QWYHEE 8 PAPAL
NJRKA g ONE [ GRIHIXAQ o OXxalLls [ PAPAKATING
NuRHA e/ GYFALLON 0 CPPIQ fal QXBOW < RAPIJSE
MORMANGEC v GGDEN D DQUAGA c QXER INE 4 PARADISE
NIRREST s CGEECHEE [ CRA 4 CXFIRD 2 PARAOQX
NJAR] S [4 UGcMAN 4 CAAN 8 Qzamis 8/0 PalALIMA
NJAR ISTuN o CGiLvIE [4 ORANGE D CIAN 2 PARAMIAZ
NJRTE 2 JGLALA ] CRANGEBURG [ QL1AUK BE c PAAASOL
NURTHOALE c CGLE 8 CRCAS 0 PARZZLAS
NURTHF [cud 3 CHAYSI 0 CGRCHARD B8 PAAIK] 8 PARCES
NJRTHMGRE [ URiA A ORD A PAALDA 8 PAZE-AT
NURTRPURT Qdal 8 GRONANCE C PAAIMAY [} PARENT
NJATH POmJLR [% CJATA 0 CACWAY 2] PACHAPPA 8 PARIETTE
NUATHUNBEALANG (/D OKANCGAN ] CRELIA D PACHECO 8/C Paais

H1TES A ALAsNX WYDROLOGIC SGIL GRGUP INDICATES THE SOIL GROUP HAS NJT 3EEN DETEIMINED

TW0 SJIL GAOULPS SUCH AS B/C INDICATES THE DRAINEUD/UNIRAINED SITUATION
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PARISHVILLE 4 PELEC ] PICAYUNE 8 PLE4SANT VIEM B P>
PARKAY [ PELLA D PICKANAY c PLEDGER e} PO 242
PLRKDALE b PELLEJAS B PICKENS D PLEEK < PaIH
PAKKE 8 PELONA c PICKET . 8 PLEIKE s} PITLATCH
PaRKER B PELUK o PICKFORD D PLEVNA i} PuTRAT2
PARKFIELD [ PEMBERTON A PILKRELL D PLOME B POT5IAM
PARKHILL 0 PEMBINA 4 PICAYICK B PLOVER ] POTTER
PARKHURST PEMBRIKE 8 PICD B PLUMAS B POITS
PARKINSON B PENA 8 PICOSK . 4 PLURAER B0 POJNRE
PARKVI1EW [ PENCE A PICTOU 8 PLUSH B PUOULINEY
PARKVILLE [+ PENDEN B PIE CREEK 0 PLUTH B POURIEY
PARKWOJO A/D  PEND OREILLE B PIERIAN A PLUTDS < PD/ERTY
PARLEYS ] PENDROY ] PIEAPONT c PLYMOUTH A PQ {IZR
PARLIN [4 PENELAS D PIERRE 1] POALL 4 PNH’)ZAHORN
PARLD B PENINSULA c PIERSONTE ] POARC H 8 PONELL
PARMA 4 PENISTAJA B PIIHONUA A POCALLA A PDAER
PARNELL 0 PENJ TENTE 8 FIXE 8 POCATELLO ] PIEALTE
PARR B PENLAN [4 PLLIHICK A POCXER a POLEY
PARRAN 0 PENN [4 PILGRIA 8 POCOMOKE bl PO 143 TKA
PARRISH c PENNEL [ piLarT 8 POO3 '] POY
PARSHALL 8 PENNINGTON ] PILAT ROCK c POOUNK [ PO
PAKSIPPANY 0 PENG [+ FlMA 8 POE B/C ULl
PARSONS D PENOYER [+ PIMER 8 PDE/ILLE 0 P53 SLANCO
PARTRI [4 PENROSE D PINAL [¢] POGAL B} Ph i
PASAGSHAK 2] PENSURE D P 1<ALEND B POGANEAB D PRYTER
PASLG 8/, PENTHOUSE o PLAAMT 8 POGUE 4 PAATLEY
PASD SECO [} PENTZ o PINATA [4 PDHAKUPU A PRI “{
PASQUETT] C#D  PENWELL A PINAVETES A POINDEXTER C PR i R
PASQUOTANK B#i  PENWOGD A PINCHER [4 POINSETT B PRTAINESS
PASSAR [4 PEOGA 4 PLIMCKNEY [4 POINT 3 PRES{SH
PASS CANYIN [} PEDH [4 PIHCONNING D POINT ISABEL z .
PASSCREEK [4 PEONE B/C PINLUSHIDN B POMIAQUE ]

PASTURA [*} PEORIA 0 PINEDA B/D POKEGEMA [

PATAHS B PEQTONE C PINEDALE B PCKEMAN ]

PATENT [4 PEPOON B PlNEGUESY ] POKER o

PATILLAS B PclUEA c PINELLOS A/D  POLAND H PALHITY
PATILO [4 PERCHAS o} PIKETDP [4 POLAK [} PRLY

Pai 11 LAEEK o PrRCIvAL < PINEVILLE B8 POLATIS C PRLE
PATRA 8 PERELLA [ PINEY [4 POLE A PR:UA
PaTOGTVILLE 4 PEKHAHM [3 PINICON B POLEB&R < PhIDHAM
PATRIC1A [3 PERICO B PINKEL [4 POLEL INE B PRISTA
PATRICK B PERITSA [+ PLINKHAR 8 POLES B [ESTTIND |
PATRGLE c PERRINS 4 PINKST ON ] POLEY c PRIMGHAR
PATTANI 0 PEAKS A PINNACLES [4 POLICH B PRINCETON
PATTENSURG 8 PERLA [4 PINO 4 POLL ARD 4 PRINEVILLE
PATTER [4 PERMA A PINTLA 4 POLLASKY c PR M3
PATTERSON [4 PERMANENTE 4 PINOLE 8 POLLY B PkiNS
PATTON §/0 PERKRIN B PINON 4 POLD [ PKITCHETT
PATWAY [4 PERRINE 7} PIMONES D POLSON C PRU TOR
PAUL 8 PERKOT 0 PIRTAS 0 POLVADERA B PRIZHESSD
PAULDING I¥] PERKY 5} PINTLAR A POMAT [4 PRI SE
FAULINA 0 PERRYPARK [} PINTQ c POMELLD 4 PROKE
PAULSELL ] PERRYVILLE ] PIRTURA A POME ANO A/D  PRUMUNTORY
FAULSON B PERSANTI [4 PINTWATER 2] PUMPONID L/0  PRUNS
PAULVILLE B PERSATO [*} PLOCHE ] POMP TON B PRUSPELT
PAUMALU B PEKSHING [4 PLOPOLIS 5} POMROY B PRUSHER
FAUNSAUGUNT 0 PEKSIS B PIPER 8/C PONCA B PROSSER
PAUSANT 8 PERT 0 PIROUETTE /] PONLENA D PRUTIVIN
PAUWEL A 3 PERU [4 P1RUA B PONCHA 'y PRUUT
PAVANT 0 PESC AUERD C/D  PISGAH [4 PORD B/C  PRUVIDENCE
PAVILL IUN B PESET 4 PISHKUN 8 POND CREEK 8 PRUYU
PAYORRID B PESHASTIN 8 P1STAKEE 8 POMDILLA A PRUVS BAY
PAWCATULK 0 PESD . 4 PIT D PONIL D PRUWERS
PARLET [ PETEETNEET [+] PITTHAN D PONTOTOC [} PTLRYIGAN
PAWNEE 3} PETERBORD 8 PITTSFIELD B PDNZER 0 PUrLLU
PAXTOR c PETEKS 0 PITTSTOAN c PDOKU A PULHTAN
PAXVILLE L PETCSKEY PITT#00D B POOLE B/D  PULLLE
PAYETTE B PETRIE [} PIYLER [4 POOLER V] PUEKCO
PAYMASTER B PETAOLIA 5} PIUTE [ POORMA B PUERTA
PAVYNE [4 PETTONS [ PLACEDO '] POPE b PUEYY
PAYSON 7] PEWAMO B/D PLACENTIA o POPPLETON A PUGET
PEACHAM 0 PEYTOM [ FLACERITOS c POQJONDCK c PULSLEY
FEARL HARBUR [*} PFelFFER B PLACID A/D  PORRETT B#D  PUHL
PEARMAN PRAGE B FLALK ¢} PORT B PuriHAU
PEARSOLL 2} PHANTCH 4 PLAINFIELD A PORTAGEVILLE D PULASK]
PEAVINE (4 PHARC [ PLAINY JEW [4 PORTALES B PUL ENU
PECATONICA B PHAKGLIO "] PLAISTED [4 POKTALTD B PLi.LHAN
PECOS 1] PHEB & [4 PLAND B PORT BYRON 8 PULS
PEDEE [4 PHEE NEY 8 PLASKETT D PORTERS 8 PUL §LVHER
PECERNWALES 4 PHELAN 8 PLATA 8 PORTERVILLE o PULTHEY
PEDIGO B/C  PHELPS 8 FLATEA 4 PORTHILL < PUKEL
PEDLAR 0 PHIFERSON 8 PLATEAU B PORT LND 4 PUP LR
PEDOL ! (4 PHI LBON B/D PLATNER 4 PORTL AND D PUK&
PEDRICK B PHILIPSBURG 8 PLATO < PDRTNEUF B PUNALUY
PEEBLES 4 PHILLIPS 4 FLATORD ] PORTOLA c PUKTHU
PEEL [4 PHILG B PLATTE D ORTSMIUTH D PUFL AR
PEELER B PHI LUMAYH [ PLATTVILIE B PORUM [ PUADY
FEEYER [4 FHIPPS [4 PLALZA B/C PDSANT [ PURGATORY
PEuLER bl PRUEDBE 8 PLEASANT 4 POSEY B PURKNER
PEGKAM B PHGENIX [ PLEASANT GROVE B POSITAS D PUKSLEY
PEKLN [4 PIASA D FLEASANTDN B POSK IN L PURVES
PELHAM B/0 PILACHO L PLEASANT VALE B POSOS 14 PusYQl

NITES A BLANA HYDROLOGLL SLIL GROUF INDICATES THE SOIL GROUP HAS NDT BEEN DETERWINED
TW0 SGIL GRUUPS SUCH AS 8/C IWUICATES THE DRAINED/UNORAINED SITUATION
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PUTNAM o} RANDMAN 1] AEELFOOT C RLIFFE a ATLETTE C
PUUKALA »] JANDOLPH o] REESER C RIFLE A/D  ROLFE c
PUUONE c RANDS C REESVILLE C RIGA D RJILISS 2
PUY 00 A RANGER o REEVES C RIGSINS A RILLA c
PUY OPAE B RANIER C REFUGE c RIGEY -] LRINN 0
PUU PA B AANKIN [+ REGAN 8 RILEY C ROLIF® [4
PUYALLUP B RANT QUL 0 REGENT c RILLA 8 A24BEASG B
PYLE A RANYHAN a REHM C ALILLIT] 8 RI*3Q C
PYLON 1] RAPELJE [+ REICHEL a RImES c ROMED c
PYOTE A RAPHO 8 REIFF -] RImlNg A ROMNEY [+
PYRARID 0 AAP I DAN 8 REILLY A RIMAGCK D ROMULJS 0
PYRMONT ) RAPLEE [ REINACH B RIN ] ROND C

RARDEN c REKOP [} A INCDN c RDNNE3Y 8
QUACKENBUSH [4 RARICK ] RELAN A AINCONADA c RINSON 8
QUAKER 4 AAR I TAN c RELAY ] RINOGE o 0ISE” 8
QUAKER TOWN -] RASEAND B RELIANCF c AINGL ING L AgITEL D
QUAHIA D RASSET 8 RELIZ 1] RINGO 1} A0SALHI c
QUAMDN A RATAKD C RELSE 8 RINGALD a8 ATSAMIND 8
QUANAH ] RATHELN C REMBERT o] RINGWDOD 8 ROSANE A
QUANDAML 8 RATLIFF 8 REMMIT A R10 b RJSANKY [
QUARLES ] RATON 0 REMSEN 2] RIC ARRI3A v] LLEZLY §a] c
QUARTIZBUAG c RATTLER 8 REMUDAR 3 RIGCONCHD ¢ AJSCaE 0
AUATAMA c RATTO 0 REMUNDA C RIJ GRANCE 8 ATSCO™4ON 2
Quay 8 RAUB 8 RENEAC D RID KING 4 ROSEBEARY B/D
Quala 0 RAUVILLE D RENCALSON c RID LAJAS [ ROSE3LODM 0
QUEALY 0 RAUZI B RENCIT A RIG P IEJRAS - 032300 -]
QUEBRADA [+ RAVALLL 4 RENFROW [} RIPLEY 8 RJIIEAURG 8
QUEENY 1] RAVEMDALE D RENICK 0 R1PON a8 AJSE LREEK 4
QUEETS 8 AAVENNA 4 REMMIE C/D RIRIE 8 AQSESLEN a8
QUEMADD < RAVOLA a REND D RISBECK 8 ROSENILL o}
QUENTER D EAwAM a RENCHILL 4 RISLEY o RISELAND o
QUICKSELL D RAWr[CE -} RENQVA I RISTA c RISELLA 3]
AVIETUS [ RAw SCN 8 RENOX 3 RESUE D A1sciMs o}
QUIGLEY 8 RAY ] RENSHAW -] RITCHEY 3 AQSZACUNT a
AILCENE 4 AAYADOD C AENSLOW 8 RITNER [+ ROSENDALE 8
QUILLAYUTE ¥ RAYENOUF ] RENSSELAER 4 ALT 3 RQSE VALLESY C
QuimMaY ] RAYMOMDVILLE 4] RENTI0E 4 RITTEA a RISEVILLE 8
wUINCY A RAYNE B RENTON B/¢ RITTmAN b ROSEWIRTH [
AUINLAN [ RAYNESFORD 8 RENTSAC [ RITZ 873 ROSHE SPRINGS 0
QAUINN ] RAYNHAH C REPARADA D RITICAL 3 RAS{TAS A
QUINNESY C RAYNCR v} REPP A RITIVILLE a RSSLYN 9
QUINTON RAZOA C REPPART 8 RIVERHEAD a ADSMAN 8
QUITHAN c RAZQRT B8 REPUBLIG ] RIVERSIDE A ROSNEY C
QUONSET 4 READ ING [ RESCUE 4 RIVERTON L ATSS B

READINGTON C RESERVE 8 RIVERYIEW 3 RJSS FORK c
RABER [ REAGL vh 8 RESHNER 8 Riv_RA A 20551 c
RAREY A REAGAN 8 RET a/C RIXIE C BISSHQYNE C
RAB INEUX B REAKQOAR B RETRIEYER D RIXaN L RQ53 vALLZY [
AAALR B REAL [y RETSCF [ Alz 2 AT TAN c
AACE ] REAP o] RETSOK ;] ROANECKE o RITH{E4AY 3
AACHERT ») REARDAN [+ REXBURG B ROBANA -3 ROTASAY 3
AACINE 8 REAVILLE [ REXFORD [ RDBAINS ] AQTTULEE a
RALDON D REBA C REXDR A ROEBS ] RJUBISEAY <
~AD Cc REBEL 8 REYES C/D RDBERTS o} RQUEN <
RADEK3BURG 8 REBUCK REYNOLDS ROBERTSDALE = AQUND BUTTE D
AADFORD B RECAL D REYNASA a ROBER TSV ILLE a AJSNBLEY <
RADLEY 4 RECLUSE C REYWAT o] RDBIN 3 RJUNOTOP [4
RADNOR 0 REDBANK B RHAME 8 RC2INSDN o FIUNDUR c
RAFAEL 1} RED BaAY 8 RHEA 8 ROBIMSONYILLE g WUNIY c
RAGEA 8 RED HLUEF c RHINEBECK 0 RCALEDD | RouSigay A
RAGLAN < RED BLTTE ] RHOARES o] RCB ADY C RAUTON o
RAGNAR 8 AREDAY C RHGAME < ROBY < ROUTY 4
RAGO C RECCHIEF [ Rls 4 ROCA 2 ROVaL 0
AAGSDALE B/9 REDCLCUD 8 RICCO 0 ROCHE c ROwE a
RAGTONN D REDDICK 4 RICETON - 8 ROCHELLE 4 ROmENA [
RAMAL [ RECDING 0 RICEVILLE [ ROCHEPORT c ROWLAND =
RAHM < REDFIELD -] RICHAROSON B RCCXAWAY [ ROMLEY 3
RAIL £/D RED HILL 4 RICHEAY C RODCKTASTLE ] RIXAL 0
RA[N3CW 4 REL KHGOK c ALICHEY c ROCX CREEK 3 AJXauAyY ]
RAINEY a8 REDLAKE D RICHFIELD 4 ROCKFOROD a agy -]
RAINS 3/0 REDLAMDS 8 RICHFORD A ROCKHOUSE a aQvaL B
RAINSBORO [ REDLODGE D RICHLIE A ROCK INGHAN €/ ROYALTON c
RAKE D REDMANSON B R ICHA#OND 2] RQCKL IN C/0 apyLa 8
RALSEN B/C REDMOND c AICHTEA -] ROCKLY a RA¥3TINE 8
AAMADA [ REDNUN c RICHVALE 8 ROCKPORT c &2 s}
RAMADERD 8 REDOLA B RICHYIEW c ROCX RIVER 8 ATGITLLVILLE 8
RAMBLER 8 RECONA 8 R ICHWQOD 8 ROCKTON L} RILZFTA L}
RARELLI [ REDR IDGE 8 RICKMDRE c ROCKWELL 3 R2LEE 4
RAMIAES 1] REDAQE 0 RICKS A ROCKWOQD 3 RUARK C
RANMEL c RED ROCK B R1CO c ROCKY FORD 3 AULLON A
RAMO 4 RED SPUR 8 RICREST B R30DY AUaig C
RAMONA 8 REDSTOE 8 R100 c ROCMAN A auar 3
RAMPART B AEQTHAYNE -] RICGEAURY c ROE 3 AusYHILL C
RAMPARTAR A REDTOM 4 RIDGECREST [ ROESUCK o uld 3
RAMPARTEA A REDVALE C RIDGEDALE 3 ROELL EM 3 AULKLES 0
RAMSEY o} REDVIEW 4 RIOGELAND '] ROEMEAR od AULLICK c
AAMSHORN B REE ] RIDGEL AWN A ROES ! GER 3 2Ub3a o]
RANCE < REEBEX [ RIOGELY B ROGERT 2 RUDEEN 3
RANCHER A B REED D RIDGEVILLE B3 ROHNERYILLE 3 WAL c
RAND 8 REECER B RIDGEWAY o ROWRERSVILLE < RUDYARD a
RANDADO [ REEDPDINT [ AIDIT [ ROIC 2 2UELLA 3
RANDALL o] REEDY o] AIETBROCK [ RCKEBY 2 WGGLES B

NOTES A BLANX HYDAOLOGIC SOIL GROUP INDIZATES THE SOIL GROUP HAS NOT 3IEEN JETIAMINED
T¥Q 35IL GROLPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION
SAN BERNARDINO COUNTY S5 SOIL. NAMES
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RUTDGSO
RUKD

RULE

kUl 1{K
AUNBDQ
RUMFI&D
RUMNEY
AUMPLE
WUM RIVER
RUNE
RUNGE
RUNNELLS
RUNNYMEDE
RJPERT
RUSCO
RUSE

RUSH
RUSHTOWN
RUSHVILLE
RUSS
RUSSELL
RUSSELLVILLE
RUSSLER
RUSTON
RUTLAND
RUTLEGE
AYAN

RYAN PARK
RYDE
RYDER
RYEGATE
RYELL
RYEPATCH
RYER
KYQRP
RYUS

SABANA
SadANA SECR
SABENYD
SABINA
SABINE
Sasie

5AC

SALD
SACRANENTO
SACUL
SADDLE
SAUDLEBACK
SADER
SADIE
SADLER
SAFFELL
SAGANING
Sace
SAGEMILL
SAGEMDOR
SAGERTDN
SAGINAM
SAGD
SAGOUSPE
SAGUACHE
SAHALIE
S&4INT HSLENS
SAINT MARTIN
SAL ADU
SALALON
SALAL
SALAMATDF
SALAS
SALCHAKET
SALEM
SALEMSBURG
SALGA
SALIOA
SALINAS
SALISBURY
SALIX
SALKUM
SALL ISAN
SALLYANN
SALMUN
SALOL
SALUNIE
SALREE
SALTAIR
SALT {rhliK
SaLTER

SalL TERY
SALT LaKe
SALUDA
SALUY]A

NuTES

SAN BERNARDINO COUNTY

SALVISA
54 2ER
SAMBA
SAMI Sk
SAMMAM] SH
SAMPSEL
SAMPSCN
SAMSIL
SAN ANDREAS
SAN ANTON
SAN ANTONIO
SAN ARCACID
S&n FENITO
SANCHEZ
SANLALL
SANDERSON
SANDLAKE
SakpLER
SANELI
SAN EMIGDIOD
SANFORD
SANGER
S&N UEAMAN
SANGL
SANGRLY
SAMILAC
SAN ] SABEL
SAN JOAQUIN
SAN JGN
SAN JOSE
SAN JUAN
SAN LUIS
SAN MATED
SAN MIGUEL
SANPETE
SANPITCH
SAN PCIL
SAN SABA
SAN SEHASTIAN
SANTA
SANTA CLARA
SANTA FE
SANT2 ISABEL
SLNTA LUCIA
SANTA HMARTA
/0 SANTANR
SANTAQUIN
SANTA YNEZ
SANTEE
SENTIAGD
SANTIAM
SAN TIWDTED
SANTONI
SANTOS
SANTO TOMAS
SAN YSIDRO
SAP INEKD
SARP
SAFPHIRE
SAPPHO
SAPFINGTOY
SARA
SARALBGUL
SARANAC
SARAPH
SARATOGA
SARATON
SARBE A
SLRCE
SARDINIA
SARDC
SAKGEANT
SARITA
SARKAK
S4APY
SARTELL
SASKA
SASPAMCO
S54SSAFRAS
SASSER
SATAKKA
SATANTA
SATELLITE
SATT
70 SATTLEY
S54TTRE
SATURN
SATUS
SAUC IER
SaUDE
SAUGATUCK
SAUGLUS

~
o
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SAUK
SAULICH
SAUNM
SAUNDERS
SAUVIE
SAUVOLA
SAVAGE
SAVANNAN
SAVENAC
SAVO
SAVD1A
SAWABE
SAWATCH
SAWCREEK
SAWMILL
SANYER
SAXBY
SAXON
SAYBRDOK
SAYLESYILLE
SAYLOR
S5CALA
SCAMMAN
SCANDI A
SC2NTIC
SCAR
SCARBORD
SCAVE
SCHAFFENAKE:
SCHAMBER
SCHAHMP
SCHAPVILLE
SCHEBLY
SCHERRARD
SCHLEY
SCHMUT I
SCHNEBLY
SCHNELDER
SLHNOORSON
SCHNORBUSH
SCHODACK
SCHODSON
SCHOFILELD
SCHUHARILE
SCHOLLE
SCHODULEY
SCHODNER
SCHRADER
SCHRAP
SCHRIER
SCHROCK
SCHUMACHER
SCHUYLKILL
(1]
SCIDTOVILLE
S5C1sm
SCITUATE
SCOBEY
SCOOTEMEY
SCORUP
scarrt
SCOTT LAKE
SCOUT
SCDWLALE
SCRANTON
SCRAVD
SCRIBA
SCRIYER
SCROGGIN
SCULLIN
SEABROOK
SEAmAN
SEAQUEST
SEARCHL IGHT
SEARING
SEARLA
SEARLES
SEATOM
SEATTLE
SEAWILLON
SEBAGD
SEBASTIAN
SEBASTOPOL
SEBEKA
SEBEWA
SEBAEE
SEBRING
SEBUD
SECATA
SECCA
SECRET
SECREY CREEK

B SEDAN SHELBY

0 SERILLO B S-ZLBYVILLE

4 SEDWELL 4 Dian

C SZEDSKADEE 0 IKOF

C/D  SzES b4 S+ ILLABARGER

4 SEEWEE B SHELLORAKE

c SEGAL 0 SHELLROCK

[4 SEGND <

c SEHIRN 0

c SEITL c

B SEJITA D

D SEKIL c

c sEKIU ]

B SELAH [ SHTIPPARD

[4 SELDEN c SHIZANDD

[4 SELEGNA 1] SHERAR

1} SELFAIDGE c

8 SELKIRK D

B SELLE E

c SELLERS A/D

A SELMA &

B SCMLAHMOG D

[ SEMEHMOD n

B SEMINARID 0

c SEUEX 4

'y SEN 8

o SENECAVILLE c

4 SEQJJATCHIE B

A SEQUIN [} SHINGLETOWN

A SEQUIN B SHINN

c SEQUOIA c 1:nRICK

c SERENE D SHIDCTON

] SERNA D SHIPLEY

] SERQLO A a4, PROCK

B SERPA C/D  SHGRAT

B SEPVDSS, ] SH2RK

] SEGAME [ SHIALS

4 SESPE c SHUEBAR

B/D SESSIDNS c SHOEFFLER

[4 SESSUM o] SHUNKIN
SETTERS c SHODFLIN

c SETTLEMEYER D SHOOK

] SEVAL ] SHOREWDOD

c SEVERN ] SHOREY

[} SEVILLE 1) SHURN

C/0 SEVY < S49RT CREEK

] SEwARD 8 SHISHONE

3} SEMELL ] SHUTHELL

D SEXTGN o LHOUNS

B SEYMOUR 4 SHUWALTER

& SHAARK D SHIWLOW

8 SHADELAND 4 SHECw SBURY

B SHAFFER A SMRINE

B SHAKAN B SHROE

C SHAKESPEARE 4 SHROUTS

B SHAKDPEE [ SHUBUTA

c SHALCAR [} SHULE

c SHALET 1] SHULLSBURG

B SHAN o SHUMWAY

c SHAMBO 8 SHUPERT

D SHAMEL ] SHUWAH

B SHANAHAN B 5

B SHANDON SIGELEYVILLE

C SHANE D STEVLEE

B/D SHAND 8 SITILY .

A SHANTA B SICKLESTEEYS

[ SHAPLEIGH C/D SIDELL

& SHARATIN ] SIEANZIA

¢ SHARKEY 0 SIEEER

4 SHAROR B SIELD

C SHARP SBURG B SIEROCLIFF

c SHARROTT D S1ERRA

4 SHARY ANA [4 SIEARAVILLE

[4 SHASKIT B/C SIESTA

B SHASTA A LIFTON

[] SHAVAND ] SI3NAL

C SHAVER 8 SIGURD

B SRAwA ] LINISTON

o SHAWAND A FILLox

8 ShAMNUT B SILENT

[} SHAY 0 SILER

o] SHEAR < SILERTON

4 SHECKLER C st

D SHEGADD B SILSTID

B/D SHEDD [4 SILVER

) SHEEGE 7] S1LVERADD

1] SHEEP CREEK c SILVERBOW

B SHEEPHEAD c SILVEK CREEK

C/C SHLEPADCK A SILYERTON

C SHEET IR ON B SILVIES

[ SHEFF 1ELD D SImMaS

8 SHEL BURNE 4 SINIDE

A BLANK HVOROLOGIC SOIL GROU® INDICAYES THE SCIL GROW HAS NDT BEEN DETERMINED

TwlG ST GROUPS SUCH AS 3.0 INDICATES THE DRAINED/UNCACINED SITUATION

HYDROLOGY MANUAL
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SIMEON a SND W [} SQUALICLUM
S IMMLER ] SNOWDEN c SQUAR
SI4MGNT [ SNORLIN B SQUILLCHUGK
SIMMER A SNUNWVILLE b SWUIMER
SN [4 SHUWY A SQUIRES
SiMONA s} SOAKPAK 8 ST. ALBANS
SImOTE [+ SDAP LAKE ] ST. CHARLES
SIMPERS 8 SCINRA A STa CLAIR
S{H4PSON % SOBRANTE c ST« EL™O
Si=s ) SDOA LAKE B ST. GEOARGE
SINAL c S00HOVSE 0 ST« HELENS
SINCLAIR c 200uJs C STs IGMHACE
SINE [+ SCELBERG 8 5Ta JDE
SINGLETREE c SAFIA 8 ST, JOHNS
SINGSAAS 8 SQGA 1] STe LUCIE
SINNIGAM C SAGLIE 8 $T. MARTIN
SidImax 8 SCRGLOF 8 ST« MARYS
SINTON 8 SOLANO v $T. MNICmDLAS
SINUK D SCLOA THA 8 $T. PAUL
SION 8 SCLOIER c STe THCHMAS
S10ux A SCL GuC 8 STAATS3URG
SIPPLE A SCLoLC B STABLER
Sirl 3 SGLLEKRS [4 STACY
SISKIYQU a SOLLER 0 STADY
SISSETOM B SUL CMON 0 STAFFCAD
5{SSaN 8 SOLCNA B STAGECOACH
$ITES C SIMBRERD s} STAHL
SITkA [} SGMERS B STALEY
SIAMILE [} SOMERSET D STAMSAUGH
SIZEMGRE B SIMERVELL B8 STAMFORD
SIZER 8 SOMSEM 4 STARMPEGE
SKAGSS 8 SGNOLTA 8 STAN
SKAGIT 3/C SONCmaA o STANDISH
SKARA A SONTAG 2} STANEY
SKALAN [ SG#ER B/C STANF{ELD
SKANANIA 3 SOQUEL [ STANLE Y
SKANOKAWA ] SCRDO 4 STANS3URY
SKANEE [ SGRF C STANTON
SKELLOCK B SORRENTD 8 STAPLETON
SKERRY c SIRTER B/0  STARAUCK
SKIDMCRE [} 5854A [+ STARGQ
SKIsLET c SOTELLA c STARICAKOF
SKINMER < S0TIm 8 STARKS
541YJY 4 SQJTHFORK o] STARLEY
SALEKCMISH A/8 SGUTHGATE o STARR
LA IKUASRUCK 3 SQUTHaICX C STASER
SXOWHEGAN 8 SPAA 3} STATE
SKuLl CREEX Q SPACE CITY A STATEN
PESELEF Y ) o S5PACE a4 STATLER
SKUTuM c SPALGING s} STAYE
SXT3ERG c 3PaN 2] STAYTON
SXTHAVEN I SPANARAY ] STEAMADAT
SKrXCMISH 8 SPANEL 0 3STEARNS
SXYLICK [4 SPARTA A STELUM
SEYLINE 0 SPEARFISH 8 sTEE0
S¢Yedr B SFEARMAN [4 STEEDMAN
SL43 ] SPEARVYILLE C STZZKEE
SLATE CAZEX [ SAELR o STEELE
SLAUGHT ER 4 SPELTER 2] STEese
SLAVEM 2 SPcELYA] [ STEEF
SLALSON 8 SPEIGLE 8 STEGALL
SLAYTON 8] SPEMARD 2 STElueR
SLEETH C SPENCER a STEINAUER
SLETTEN ] $25NLD a STEINSECL
SLICKRICK B SPEAKY C STEINMETL
SULIGHTS Q SPICER c STEINSAURG
Sk 163 ) SPILLY¥ILLE 8 STEImER
3LIKIK o S2IMKS A STELLAA
Su18 [} SPIRES o STEMILT
SLIPHMAN BSC  SPIRIT 5 STEMDAL
SLOAN 0 SPIAG ] STEFMEN
SLaCum 8 SPLENDGRA c STEPHENSBURG
Su20Ve C SPLITRAQ D ATEPRENVILLE
SL23S [ SPCFFLAD c STZALING
SLUIGE B SPCKANE 3 STSRLINGTIN
SHARTS 3 SPUNSELLER a STETSLN
S¥ITH Cagex A SPUON BUTTE G STETTLR
SMITMDALS 8 SPLONER c STEUREN
SMITHNECH 3 SPUTTSHGCU a ATEVENS
SAITHTON p] SPRAGLE B/C STCSYENSOR
SMOLAN c SPRECKELS N STEmaRT
S$HIGT o SPRING Cr0  STICKNEY
SN4G 8 SPRINu CREEK [ STIOHAM
SNamOP[SH a SPRINGTALE ] STIGLER
SNAKE 4 SPRIMGER [} STILLMAN
SNAKE HidklUw -] SPAINGERVILLE o] STILLmATER
SNAKELUM 8 SPXIMGFLELD o STILSON
SNEAD o SPRIAGMEYER < STINSCH
SNELL 4 SPRINGTIwN c STINGAL
SNELL ING -] SPRCUL o] STINSGH
SNIHUMISH o SPUR E] STk
SNUNUALMLE 8 SPURLLCK 8 STERUM
HITES A ALANK HYCALLSGIC SCIL GROLP IMGICATES THE

STISSING 4 SUAGH
STIVEASVILLE 3 SURPR] SE
STOCKBAIDGE 8 SURAENCY
STOCXLAND 8 SUlvTh
STOCKPEN o} SUSIE CREEK
STOLKTON L} SUSITRA
STCOICK 2 SUSQUEHANMA
STCKES o SUTHER
STGMAR [4 SUTHEILIN
STONER a SUTLEW
STONEWALL A SUTPHEN
STONO B8/0 SUTTLER

D STONYFORD s} SUTTaN

D STODREY B SVEA
STCRDEN 8 SYSAJRUP
STOALA B SviuLd
STORMITT 8 SWAGER
STORM KING 2 SwAKANE
STCRY [+ SWaN
STCSSEL < S4ANAOY
STOUGH [+ SwaANNER
STCWELL b S&ANSON
sTOY P4 SHANTON
STRAIGHT 4 SwANTQRN
STRAIN 5 SwAPRS
STRASBURG [ SWARTSWOOD
STRATFJRD 3 SHARTL
STRAUSS [4 SwASEY
STRAK 8 SRASTIKA
STRARN -] SwATARA
STAEATOR 4 SWAUK
STROLE 5 SWAdiLLIA

D STROMGHURST B SdEATMAN
STRONTIA -] S&E0E
STAOQUPE ¢ SwelEN
STRYKER 8 SWEEN
STugBs [+ S#EENEY
STUCKCREEK 8 SWEET
STUXEL 2 SWEETHRASS
STUKEY ] SWEE TwATER
STUMBLE A SHENCOA
STUNPP D SHIFTCREEK
STUKP 3PRINGS 8 SAIFTEN
STUNNER -] SwiMs
STUTTGART 0 SWINGLER
STUTINAN c SHivK
STUTZVILLE a/C SWISBAD
SUBLETTE ] SMITCHEALK
SUDBURY 8 SwlTL12ALAND
SUDDUTH < SmIPE
SUFFLELD C SWYGEART
SUGAR LOAF B SYCAMZRE
SUISUN 0 Sycay
SuLa 8 SYLATAUSA
SuLLY 8 SYLVah
SULPHURA o SYSERTAN
SULTaN 3 SYNAQEP
SUMAS 3/% SYRACTUSE
SUMOUM b SYRENE
SUMma -] SYASTT
SUMHERF LELD c
SUMMERS B TABEANASH
SuMMcaY [LLE [+ TAIIONA
Summ(T c TABLE MOUNTALN
SUMM [TYILLE 8 TA2LER
SUMTER 4 TaudR
SUN ] TALAN
SUNBNRST c TAZ34A
SUNBURY 8 TACSOSH
SUNCGCK A TaFT
SUND t TAGGERT
SUNCELL - TA4OMs
SUNDE 3L AND Cs70  TAAQUANENCH
SUNDCWN 5 TAAIUATS
SUNFIELD [ TAINTIR
SUNMILAND < Tadd
SUNNTHAY 2 TAKEUCHI
SUNNYSIDE 3 TadiL %A
SUNNYYALE [ TaKITHA
SUNRAY [ TALASG
SUNRISE 3 TALANTE
SUNSET 3 TAL4PUS
SUNSHINE < TaL3arT
SUMSWEET L TALLIT
SUNUP 2 TALTWINA
SUPAN 3 TALLEC THA
SUPER IR ¢ TALLag

O SUREASTITICN a TALLAT
SUPEANVISGR z TALLAPGGSA
SUPPLES 3 TALLECVILLE
SUR B TALLS
SURGEM c TaLLULA

SOIL GRCUP HAS NOT 3£3N JETZIMINED

TeQ SOLL SRQUPS SUCH AS o/C INGICATES THE ORAIMED/UNIAAINED SITUATLIN

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL
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TALLY 8 TEKING ] TiGERON A TOKERA
TALHAGE A TEHNU ] TISIwON 8 FoMiCHl
TALAD -] TENORID a TIGRETY TAMIK A
TALOKA D TERQT [+ TI6UA D TONASKET
TALPA o TENRAL 8 TIJERAS B TONATA
TAMA B TER SAS o TILFORD ] TONAWANDA
TANAHA [4 TENSED 4 TILLEDM [ TOREY
TAMALCO )] TENSLEEF B TiLLICUR [ TONGUE RIVER
TAMBA C/L  TEOCULJI 8 TLLLAAN 4 TANIN]
TAMELY N TEPEE 1] TILMA 4 TONKA
TAMMANY CREEK B TEPETE B/D TILSIT 4 TUNKEY
TAMMANY RIDGE B TERBIES 4 TILTON B TONC IN
TAMNS 4 TERE SA c TIMBERG 4 TONKS
TARPICO ] CERINO 1] TIMBERLY 8 TONOP AH
TANANA 0 TERMINAL D TAMBLIN D TONOR
TANANA 1] TERMO 4 TIHENT W/ B TONOWEK
TANBERG D TERIUGE D T]MKEN 1] TONRA
TANDY 4 TERKA CElA AZD {1 MMERMAN B TONSINA
TANEUM 4 TERKAD o T1MMONS B TONJCOD
TANEY 4 TERRERM C T1HPAHUTE o 100LE
TANGA IR 4 TERRE TON 4 TIMPANOGDS B TOGHES
TANNA 4 TEHRGw B TiIMPER <] ToP

TANKRER 4 TCRRY B Ti BPOOMEKE ] TOPIA
TANSEM B TERUILLIGER 4 TleLa B YOPPENISH
TANTALUS A TESAJQ A T1iNA 4 TOFTON
TANNAR D TESLOTT 4 ¥ i HOAHAY A TOQUERVILLE
TADPI [4 TESUQUE 8 TINE A TUBRIDP
TADS D TETBK A TINGEY 8 TORBOY
TAP1A 4 TETORLA 8 TINSLEY A TORCHLIGHT
TAPPEN '] TETONKA c TINTON A TORDIA
TARA 8 TETOTum 4 TINYTOWN B TORHUNT A
TARKIOD D TEH B8/D TI10CANO <] TORNING
TARKL IN c TEX B T10GA B TORODA
TARPU c TEKLLME 8 TIPPAN [+ TORGNTO
TARRANT 0 TELumk 4 TXPPECANDE ] TORPEDD LAKE
TARRETE ] ThaCKERY 8 TIPPEK A TORREON
TARRYALL 8 THADER 4 T1PPERARY A TORRES
TASCDSA [ THAGE c TIPPIPAH D TURR INGTON
TASSEL D THANYON A TiPFO c TORRD

TATE B THA TCHER b T1PTON 8 TORS1DQ
TATIYEE 4 THATUNA 4 TIPTONVILLE B TORTUGAS
TATY 4 THAYNE B TIRD 4 TO5TON
TATUR 4 THEBES B TR SBURY 8 TOTELAKE
TAUNTON [+ THEBO D TISCH 4 TOTER
TAVARES A THEDALUND c TISH TANG B YOTTEN
TAWAS AfU  THENAS 4 TITUSYILLE 4 TOUCHET
TAWCAN 4 THED c TIVEF. DN A TOUHEY
TAYLDR [ THE RE SA B Tivoll A TOUL DN
TAYLOR CREEX 0 THERIOT D Tivy C TOLRN
TAYLORSFLAT [+ THERRAL [4 TDA c TOURNQUIST
TAYLOKSYILLE 4 THEAMOPOLIS D TgdiCOo D TOURS

TAY SOM 1 THESS B TOBIN B TOWTLE
TAZLSNA A THE TFORD A TUBISH 4 TOWER

TEAL o THIEL A TOBLER 8 TOWHEE
TEALSOR C THIOKIL C TOBOSA D TOWNER
TEALNWHLT c THOENY 1] ToBY ] TOWNL EY

TE ANANAY c THOMA S D TUCCOA B TOMNSBURY
TEAPD [ THOAKRDALE 1] TODL B TOWKSEND
TEAS 4 THOKNDIKE C/D TUODLER B TOWSON
TEASDALE 8 THORNGCK o} TaDOVILLE 8 TORAWAY
TEBO B THORNTON o TOEHEAD [ 10Y
TECHICK B THORNLOGD B TUEJA €+ TOvaHW
TECOLOYE 8 THOAOUGHFARE 8 TGOEN c TOZE
TECUMSAH 8 THORP 4 TOGG B TRABUCO
TEDRDM B THORR B TOGUS o TRACK

TEEL 8 THOKREL B TURONA c TRACY
TEHACHAP] D THOW B TOINE c TRAER
TEHANA [4 THREE MILE D TOI$NaT P TRAIL

TEJA 1 THRDCK c TOIYABE c TRAIL CREEKX
TEJON 8 THUNDERE LRD D TOKEEN B TRAH

TEKOA c THRURBER c TOxUL [ TRANSYLVANIA
TELA B THURLOAL c TOLBY A TRAPP BR
TELEFOMO 4 THURL OW 4 TOLEOD ] TRAPPIST
TELEP MONE D THURMAN A TGLICHA ] TRAPPS
TELFER A THURMONT B TOLKE 8 TRASK
TELFERNER ] THURSTON ] TOLL A TRAYELERS
TEL IDA ] TiAGQS ] TOLLGATE 8 TRAVER
TELL [-] TIAK c TOLLRUUSE 0 TRAVESS ILLA
TELLER B TIBAN ] TOLMAN P TRA¥IS
TELLICO B TIBBLITTS B TOLNA ] TRAY1CK
TELLMAN 8 TICA D TOLD B TRAY
TELSTAD [] TICE [4 TOLSONA D TREADWAY
TEMESCAL [+] TICHIGAN [4 TOLSTOL 0 TREASURE
TEMPLE BSC TICHMOR 0 TOLT 4] TREBLOC
TEHVIR ] TICXAPOO D TOLTEC [+ TREGQ
TEMABO D TICKASON 8 TOWUCA B TRELDONA
TENAKA B TIDWELL Y] TOLYAR B TREMANT
TENAS C TIERRA ] TOMAR c TREMBLES
TENCEE ] TIETON B TOAAS ] TREMPE
TENERIFFE C TIFFANY 4 TOXAST c TREMP EALEAU
TENEX A TIFTON B TOME [] TRENARY
TEN1BAC [} TIGEA CREER B TOMEL D TRENT
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C  TULARDSA

€ TuNiCa

THENTON
TREP

TRES HERMARDS
TRETTEN
TREVIND
TREKLER
TRiang
TRIASSIC
TRICON
TRIQELL
TRIDENT
TRIGD
TRIMBLE
TRIMHER
TRINCHERA
TRINITY
TRIJWAS
TRIPIT
TRIPLEN
TRIPOLI
TALIPP
TRITON
TRIX
TRIJAN
TROMAALD
TROAP
TRONSEN
TROUK
TROPAL
TRDSI
TROUP
TROUT LREEK
TROUTDALE
TRIUT LAKE
TROUT RIVER
TRIUTVILLE
TROXEL
TROY
TRUZE
TRULZKEE
TRUZKTON
TKUEFI SSURE
TRUZSUALE
TRULL
TRULON

TR UHAN
TRUMBULL
TaMP
TRYON
TSCAITDMA
Tus

TuBAC
TULARNON
TULKERMAN
TULSON
TUTUMCART
TUEFIT
TUGHATLL
TUJUNGA
TUKEY
TUxkwILA
TuL&
TULANA
TULARE

LaKakR-Ra0. N B~

(-2 -]

TULIA
TULLAMA SSEE
TULLER
TULLOCK
TULLY
TULUKSAK
TUMBEL
TUMEY
TURITAS
TUMWATER
TUNEHEAN

TUNIS
TUNITAS
TUNKHANNOCK
TUNNEL
TUPELD
TUPUKNUK
TUQUE
TURBEVILLE
TURBDTVILLE
TURBYFILL
TURIN

TURK
TURKEYSPRINGS
TURLEY
TURLIN
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TURNBGH [4 USINE 8 YERDUN D WADDELL B WARDEN 3
TURNER ] USKA D VERGENNES 0 WADDCULP S 2 WAIDHELL [4
TURNERVILLE 8 UTALIME B VERHALEN [’} WALELL 3 WALE [}
TURNEY 8 uTeE c VERMEIQ 0 WACENA 8 WAAEMAM [4
TUARAH 1} UTICA A VERNAL ] WACES 30R0 WARMAN [1}
TURKET 8 UTLEY ] VERNAL IS 8 WACLE IGH 2 WAZM SPRINGS ¢
TURRLA c uTuaCo 8 VEANIA A WACHALAW 0 WAZNERS A/D
TURSON B/C UVADA ] YERNUN [1} WADSHWORTH < MALUEN
TUSCAN 0 UVALDE c VERCNA [4 WAGES 8 WALRENTON 8/0
TUSCARAWAS < UnA LA 8 VESSER [ WAGNER 0 ¥ARR TR
TUSCARGRA c YESTON [*] WAGRAM A WA 54w 8
TU3CCLA E) VACHERIE [ VETAL A WAHA c wARSING B
TUSCUMBIA 0 VAGER 8 VETERAN 8 WAHEE D wARWICK A
TUSEL [ vADQO B VEYD 1] WAHIANA ] WASATCH A
TUSKEEGD [ VAIDEN 0 via -} WARHIAUL T B wASEPT []
TUSLER 8 VAILTGN 8 VIAN ] WARK EENA a WASHRUAM
TUSQUITEE 8 vaLaY c VIBGRAS 0 SNAMKIACUS 8 WA SHINGTON 8
TUSTIN -] YALCG [+ YI3aQas6 a WAHLUKE B WA SHJE <
TUSTUMENA -3 VALDEZ B/C VICKERY 4 WARMONIE D WA SHJUGAL 8
TUTHILL 8 VALE B YICKSBURS 8 wWAHPE TON C WASHTENAN c/0
TUTNI 1) VALENCIA 8 VICTOR A WAHT IGUP ] wASILLA [1}
TUTWiLER 8 VALENT A VICTORIA o] WAHTUM 7] wASIGJA 3
TuxEDO VALENTINE A VICTORY [ WAIAHA |-} WASSAIT a
TUREKAN 8 VALERA [4 vicu 0 WAIAKDA < wATAB [4
TaIN CREEK - VALKARIA 5/0 V¥IDaA 8 WAIALEALE 2 WATAUGA B
TWiINING [+ VALLAN 2} VIORINE c WAILUA - WATCHAUG ]
TwiSP 8 VALLECITGS C/D VIEJA D WAlAwA -] wWATCHUNG ]
TG 20T [4 VALLECNO B V1ENNA 8 WATHUMNA 2 WATEA3CRY
Y30 b} VALLERS 4 VIEQUES 8 WAIKALCA 8 WATEa8usY [’}
TYEE o VAL MONT 4 ViEw [ WAIXANE ] WATEQIND 4
TYGART [1} VALMY 8 VIGAR c WAIKAPY 8 WATEAS [4
TYLER o vALuUlS 8 viGo D WAIXOMO 2 WATKINS B
TeNDALL B/C  VAMER D vIGus c WALLUKY B WATK[MN5 RIOGE 8
TINER A VANAJOD 2] VIRING o WAIMEA 8 AT -]
TYAONE ¢ VANANDA [*} viL 0 wWAINEE 8 wATJPA ]
TYSaON c VAN BUREN VILAS A MAINGLA A wAT30US 8
VANCE c ViLlA GROVE 8 WA IPAHY C wATSERA [
UANA 0 VANDA ] YILLARS 8 WALSK A ] WAT SIN 4
U3AR 3 VaNCALTA c viLLy 0 WAITS B WATSGNIA D
vaLy B YANDERDASSON D vIiNA B WAKE 9 WATSOMYILLE 0
ULILA o YANCERGRIFT c VINCENNES 4 WAKEEN B WATT 0
JCaLD [ VANCERNOFF 0 VINCENT C WAKEF IELD 3 WATTIN C
ucaria 8 VANDERLIP A VINEYARD c WAKELAND 873 wAUBAY 8
UoEL 0 VAN DL3EN 8 VINGD 8 WAKIN DA c WAUBEEK 8
UdGL ARG 4 VANET 0 YINING [ WAKUL LA A WAUBGNSIE 3
UFFENS 1} VANG B YINITA [4 MALCOTT a WAUCHULA 8/0
UsAK b VANMCRN B VINLAND [ WALOECK C WAUCOmMA 8
Ul AND B YAN NISTERN a VINSAD c waLdC 0 WAULINDA 8
ML IG B VANNGY B VINT ] WALDADON 3 WAUKEE ]
UInTa 8 YANUSS ] VINTON 8 WALORCUP 0 WAUKEGAN ]
UK Ind [+ VANTAGE 4 vIAA [+ WALES 8 WAUKENA 0
JLEN a VAN WAGONER D VIRATON C WALFORD [ WAUKON 3
uLLoA B VARLG c VIADEN c WALKE c WAUMBEK 8
UL B VAAELUA [4 VIRGIL 8 wWALL 8 AAUAINA 0
UL ICHER ] YARICK 2] VIRGIN PEAX 0 WALLACE ] wAUSEDN 8/0
ULUPALAKUA 8 VARINA c VIRGIN RIVER 0 WALLA WALLA 8 WAVEALY a/e
ULy 3 VARNA C VIRTUE c WALLER 370 WAWLLA [4
ULYSSES 8 VARRD [ vIiSaLla B WALL INGTON c WAYCUP [}
UHA A VAR Y 5BURG 8 Y15Ta [ WALL IS 8 WAYZER 2}
UMAPINE B/%  VASHT] = VIVES ] WALLK fLL C/0  wAYLAND c/0
UMIAT [1} VASGUEZ B vivl 8 WALLMAN 4 WA YNE [}
UMIKGA 8 VASSAL3ORD D VLAZATY c WALLIWA c WAYNESBCRD 8
uniL [+] VASSAR -] VGCA [+ WALL? ACK 4 WAYSLIE
UHNAK 8 VASTINE 4 YOOERMAIER [ WALLAOCK B/L WEA ]
UNPA 8 YAUCLUSE 4 YOLADORA a WALLSBURG o WEAYER c
UMP LA 8 VAUGHNSYILLE [ vouco 2 WALLSON 8 wE3D [4
UNA 0 VAYAS 1] VOLENTE c WALPOLE [+ wi3ER 8
UNAGELLA 8 YEAL 8 vOLGA ] WALSH B WEISTER c
UNAREEP B VEAIZLE ] VOLIN 8 WALSHVILLE 2 wEDJEREND 0
JNCTH -] YEBAR -} YOULINLA -] MALTERS A WERERTYL [
UNCOMPAHGRE ] YETONT ] VOLKE [4 WALTGN [4 WEDGE A
UNEEDA 8 VEGA [ YCLKMAR 8 wWALUM 3 KEDJWEZ ]
UNGERS B VEGA ALTA [+ VOLMER D WALVAN 8 WEED 8
UNEON [4 VEGA BAJA c VCLNEY a WAABA B/C WESIING A/C
UNIUNTOWN [} VEROL D YOLPERJE [ WaAMIC 4 WEED#AAK B
UNECNYILLE 4 VELOA B VOLTAIRE D WARPSVILLE B WEEKSVILLE B/O
UNISuUN c VELMA B VOLUSIA C WANAT AR B WEESQON 0
UPDIKE [+] VEL VA 8 VONA ] WaNBLZE 0 WEHADXEE [*]
JPASAL [4 VENA c VDRE ) WANOD A WEINEART cso
UPSATA A VENANGD c VROGNAN 8 WANETTA A wEIMER [
UP SHUR 4 VENATGR 0 YULCAN [4 MANILLA c WEIN3ACH [4
UPTON (4 VENETA [ YYLACH 0 WANN [ WEIR bl
URACCA B VENEZIA o] WaP AL B wEl INAN ]
URBANA [+ VENICE b WABANICA 0 WAPATG C/D wEISER [
URBO D YEMLO "] wABASH D WAPELLD [ wE[SHAUPT s}
URICH 0 VENUS 8 WABASHA [} MAPINITIA ] WELS5S A
URNE 8 VERBCORT 0 WABASSA 8/ WAPP (NG 8 wEI TCHPEC 8
URSINE o YERDE 4 wABEX B8 WAPS IE -] “ELAKA A
UATam c VEADEL 0 wiCa [ WARBA 8 WEL3Y B
URw IL 9 VERDELLA 0 wACCTA 8 WARD 2 WELCH [4
USAL B VEADICO 2} WACOUSTA 4 WAROBORD A WELD [4
USHAR 8 YERDIGRES 8 HADAMS 8 WARDELL 2 WELDA c
NITES A BLANK AYDROLOGIC SCIL GROUP INDICATES THE SDIL GROUP HAS NOT 3EEN JETEQMINED
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=#ELDON
nclDONA
KELLLR
WELL INGTON
HELLMAN
WELLNER
WELL SEOURO
WELLST@N
WELLSVILLE
WELRING
WEMPLE
WENAS
WENATCHEL
WENOEL
WENHAM
WENGNA
WENTWORTH
mERLUW
WERNE R
WESOQ
WESSEL
WESTBROOK
WESTBURY
wESTCKEEK
WESTERVILLE
WESTFALL
WESTFIELD
WESTFORD
WES TLAND
WESTHMINSTER
SESTMORE
WESTMOREL AND
WESTON
WESTPHAL IA
WESTPLAIN
WESTPORT
WcSTYILLE
#ZTHERSFIELD
WETHEY
WETTERMNDRN
WETZEL
MEYMOUTH
WHAKANA
WHALAN
wWHARTON
WHATCOM
wWHATELY
WHEATLEY
WHEATR [D6E
WHEATVILLE
WHEELER
WHEEL ING
WHEELON
WHELCHEL
WHETSTONE
WHIDBEY
mHIPPANY
WHIPSTOCK
WHIRLO
WHIT
WHITAKER
WHITCOMB
arITE BIRD
WHITECAP
WHITEF ISH
wHITEFORD
wH] TEHOR 5E
WHITE HOUSE
WHITELAKE
WHITELAW
WHITEMAN
wHITEROCK
WHITES BURG
WHITE STURE
WHITE SwWAN
WH1TERATER
wWHITZw00D
WHITLEY
WHITLOCR
WHITMAN
WHITNEY
wHITORE
wHITSOL
WHITSON
WHITRELL
WHOLAN
wIBAUX
WICHITA
wWiCHUP
WICKERSHAM
WICKETT
w ICKHAM
NJTES
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wlCK1UP
a JCKLIFFE
WITKSBURG
WIDTSCE
WIEnL
WIEN
WIGGLETON
w15 TGN
WilLBRAHAM
WlLBUR
WILCC
wWiLCOX
wILCGASON
WILDCAT
WILOER
WlLDERNESS
WILDAOSE
wiLDwWOOD
WILEY
WILKES
WILKE SCN
WILKIAS
WiLL
WILLACY
WILLAKENLZIE
WILLARAR
WILLANETTE
WILLAPA
WILLARD
O MWILLETTE
WI1LLHAND
wWilLL]anS
WILL 1AMSBURG
WILLIAMSON
wlll15
WILLITS
#1LLOUGHBY
WlLLDw CREEK
L WILLOWOALE
wlLLOWS
wWILLwG0D
WILMER
WILPAR
wWILSON
WILTSHIRE
WKINAKS
WINBERRY
WINCHESTER
WINCHUCK
WINDEK
WINDHAN
WINDMILL
WINOOM
WIND RIVER
WinD SOR
wINDTHORST
WINDY
WINEG
WINEMA
wWINETTI
WINFIELD
WING
WINGATE
WINGER
WINGVILLE
WINIFRED
WINK
WINKEL
RINKLEMAN
WINKLER
WINLO
WINLOCK
WINN
WINNEBAGO
WINKEMUCCA
WEINNESHI EK
WINNETT
WINUNA
wWlNDOSK]
WINSTON
WINTERS
WINTEKSBURG
WINTERSET
WINTHAOP
WINTONER
WINU
wINZ
wWlGTA
WISHARD
WISHEYLU
WISHKAA
WISKAKH
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WlSNER
HITHELK
WiTCH
nITHAN
WITHEE
wlTT
WlTZEL
WGDEN
WODSKOW
WOLCOTTSBURG
WOLDALE
wDLF
WOLFESEN
WOLFESON
WOLFORD
MOLF POINT
WOLFTEVER
WOLYERINE
MOODA1NE
WOODBR1DGE
WODDBURN
wQOOBURY
wODDLOCK
WOODENVILLE
WOOOGLEN
WOOLHALL
WOODHURST
WODDINVILLE
®OODLY
RUODLYN
HOOUMANSLE
WOODMERE
WO0OD RIVER
WOBDROCK
wWOODRGOW
w0o0oD5s CROSS
WOODSFIELD
w0JDS1DE
WOODSON
WOODST GCK
WOODST 0NN
wWODDWARD
WOQL MAN
wOOLPER
WOOLSEY
wWOOSLEY
WOOSTER
WOOSTERN
wWDJTEN
WDRCESTER
WORF

WORK
WORLANO
WORLEY
HORMSER
WOROCK
WORSHAM
WORTH
WORTHEN
WORTHING
WORTHINGTON
#WORTHAN
WRENTHAN
WRIGHT
WRIGHT MAN
WRIGHTSYILLE
WUNJEY
WURTSBORD
WYALUS ING
WYARD
WYARNU
WYATT
WYEAST
WYEVILLE
WYGANT
BYROFF
WYMAN
WYROGRE
WYNN
WYNOOSE
KYO
WYOLENA

XAV1ER

YACLT
Y AHARA
YAROLA
Yaxl
YAKIMA
YARUS
YALLAN]

YALMER
YAMAC
YAMHILL
YAuPA
YAMSAY
YANA
YANZY
YARDLEY
YATES
YAUCD
YAwD Im
YAuKEY
Y AXDN
YEARY
YEATES MOLLOW
YEGEN
YELM
YENRAB
Y EOMAN
YESUM
YETULL
YQOER
YOKOHL
YOLLABOLLY
YOLO
YOLOGO
YOMBA
YOHONT
YORCALLA
YONGES
YONNA
YORDY
YORK
YORKY ILLE
YOST
YOUGA
YOUmMAN
YOUNG STON
YOURAME
D YOQVIMPA
YSIDCRA
YTURBIDE
Yuba
YUukd
YUKON
YUNES
YUNQUE

LUNDELL B/C
LUNHALL B/C
Lunl o]
LURICH ]
IWINGLE D

~ N
o o

o ©O
~
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AR
1ACA
ZACHARIAS
ZACHARY
LAFRRA
ZAHILL
ZAHL
LaLESKI
TALLA
LAMOR A
LANE
IANEILS
ZANESVILLE
LANDNE
ZAPATA
LAYAL A
ZLAVCD
lEB
LEESIX
ZELL
1EN
LENDA
LENIA
LENIFF
LEONA

L 1EGLER
LIGMELD
ZILLAN
im

L IMMERMAN
LING
LINZER
210%
Liep
Z1TA
LOAR
IDATE
IDHNER

~
Lal

100K
LOARAYISTA
IVFELT
ZUKAN
IUMBRO
IUMWALT
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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-I.
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
vo L2 g2/3sl/2 (D.2)
where
\% = 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 10-year
1-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 paralle! 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,

-~
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D.6.

Fp, for the pervious area, and the effects of watershed detention. Runoff

coefficient curves are developed using the relationship:

0.90 (aj + _(.I______F.EEE), for 1 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)

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

aj = 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.1) and (D.3), the peak flow estimate for Q is

written in simpler terms by
Q=.900-FpA (D.4)

where Fr, = ayF}, (see section C.6.5), and where in (D.4) it is understood that
lis greater than F,, (otherwise Q =.90 ajIA).

In (D.4), F,, represents the loss rate for the total watershed tributary to the
point of concentration. 5Should 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.1. AREA - AVERAGED F, COMPUTATION

Subarea F Area Area
Number ap (inchﬁwour) (acres) Weighting
() (2) (3) (4) (5)
| 0.60 0.40 8 1.92
2 0.80 0.30 12 2.88
3 0.75 0.25 Il 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 Ty, I}, Fmy, Ay, and Q, be the time

of concentration, rainfall intensity, area-averaged loss rate, catchment area,

and peak flow rate for stream #1 while T, I3, Fm3, A9 and Q3 correspond to
stream #2. Also, let Q| be less than Q5. 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:

*Case 2:

Case 2a:

Case 2b:

Ty = T9. The runoff hydrographs must both peak at
’I'p =Ty =Tp. And Qp = Q1+Q3 for a total contributing area
of Ap = A+An.

Ty # T2. In this case, the sum of the two runoff hydrographs
must be considered. Except in very unusual conditions, flow
rates of the summed runoif hydrograph typically achieve a
maximum at either T or Ty, and the peak flow rate

estimates are calculated as follows:

T, is less than Tp. 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 0

Qi (D.5)
1-»le)

and T, = T, (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=A]+Aj.
Ty is greater than T3. In this case, the stream with the

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

runoff hydrograph at time T is estimated using a ratio of

D~11
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stream | effective rainfall intensities and Tc values

corresponding to times T and T giving

(Iz-le) (T7) Q
(Il-le) (Tl)

QP = Qz + (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 1 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
(T5/T|)A| of the stream 1 catchment area is contributing to
the peak flow rate (at time T3). Consequently for
downstream study purposes, the "effective" catchment area

.corresponding to the subject peak flow rate is
Ap = A2+(T2/T1)A1 (D.7)

It is noted that in the confluence peak flow rate estimate of
(D.6), the critical duration is T, = T2 which corresponds to
the effective catchment area of (D.7). Consequently, the
peak flow rate contribution from the effective catchment
area of stream | 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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RATIONAL METHOD T, CALCULATIONS FOR UNIT HYDROGRAPH
STUDIES

Although the peak flow rate formula should generally not be used for
catchments larger than | 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.

. 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.




COVER PAGE WITH R.C.E. STAMP

:}— DISCUSSION
(PURPOSE,DESCRIPTION OF WATERSHED,
ME THODOLOGY, SUMMARY)
DRAINAGE SUBAREA
i LAND USE MAP

SOIL GROUP MAP
(MAY BE COMBINED WITH LAND USE
MAP)

RAINFALL INTENSITY FORM
(IF NEEDED)

RATIONAL METHOD STuUDY

SAN BERNARDINO COUNTY TYPICAL REPORT FORMAT
FOR
HYDROLOGY MANUAL RATIONAL METHOD STUDY

D-15 Figure D-§ g

[




9T1-d

il

g-Qq #.nb1 4

RATIONAL METHOD STUDY FORM

SAN BERNARDINO COUNTY [ STuDY NAME: | Colculated by Dote
HYDROLOGY MANUAL -YEAR STORM IHOUR RAINFALL (INCH)= : SLOPE Checked by —— Date "
Concentration Area (Acres) Soil Dev, T, Te 1 Fm Fm Q Flow Path| Sliope v Hydraulics and
Point Subareo Total Type | Type | min. | min. in/nr infiw | avg. Total Lca.olh /1 | t1/sec. Nofes




D.11.INSTRUCTIONS FOR RATIONAL METHOD HYDROLOGY CALCULATIONS

1. On a topographic map of the drainage area, draw the study
drainage system and desighate 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.

17
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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., streetilow) 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.

3. 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
0 Example problem Intensity - Duration Precipitation Form
o Example Problem Rational Method Calculation Sheets
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RATIONAL METHOD STUDY FORM
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RATIONAL METHOD STUDY FORM
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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 | 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
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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
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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)
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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)/50:9)™ (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)

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

m = a constant determined by regional flood reconstitution

studies
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It is then assumed that there exists a relationship between watershed lag and
the quotient ((L * L.,)/(S0-2))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, c, 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-
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SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

Drainage area has fairly uniform, gentle slopes

Most watercourses either improved or along paved streets
Groundcover consists of some grasses - large % of area
impervious

Main water course improved channel or conduit

Drajnage area has some graded and non-uniform, gentle
slopes

Over half of the area watercourses are improved or paved
streets

Groundcover consists of equal amount of grasses and
impervious area

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

Drainage area is generally rolling with gentle side slopes
Some drainage improvements in the area - streets and
canals

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

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

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

No drainage improvements exist in the area

Groundcover includes scattered brush and grasses
Watercourses meander in fairly straight, unimproved
channels with some boulders and lodged debris

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

No drainage improvements exist in the area

Groundcover is mixed brush and trees with grasses in lower
canyons

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

Drainage area is quite rugged with sharp ridges and steep
canyons

No drainage improvements exist in the area

Groundcover, excluding small areas of rock outcrops,
includes many trees and considerable underbrush
Watercourses meander around sharp bends, over large
boulders and considerable debris obstruction

Drainage area has comparatively uniform slopes

No drainage improvements exist in the area

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

Surface characteristics are such that channelization does
not occur

BASIN FACTOR

DESCRIPTIONS

Figure E-2
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E.4.

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.l). 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.
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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.

. 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]

unit time period (hours)

E-15
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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 Il-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, 1-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 1-hour, é-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 l-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 Il-hour and 6-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, 6-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 Figljre 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.6.

Maximum Loss Rate, F,,,

The maximum loss rate, F,;,, for a catchment is computed by

Fm = apFp (E.4)
where

Fn = maximum loss rate {inches/hour)

a, = 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.

R )




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, 7, defined by (see section C.6.3)
Y = 1-Y (E.5)

where

=
n

catchment low loss fraction

<
H

catchment 24-hour storm runoff yield
(fraction) computed from (C.4)

The corresponding low loss rate based on the Y value is

F* = Y1 (E.6)
where
F* = low loss rate (inches/hour)
Y = low loss fraction

1 = rainfall intensity (inches/hour)

Using both the low loss rate (F*) and the maximum loss rate (F,;) 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 runoff yields which approximate the values obtained

from the SCS curve number approach.

Y




E.8. RUNOFF YOLUME 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 24-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 Il assumed), cover

complexes, and soil groups (See Figures C-3 and C-4):

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 30
4 0.80 residential (1/8 acre lots) C 69
impervious area fraction
a; = 0.60

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

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

e



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 30 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 4 is further subdivided into pervious and impervious
area fractions as subareas 4a and &4b. Normally, the entire catchment

impervious area fraction is lumped together for simplicity.

Using Table E.2, the catchment runoff 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.3. 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.l1l

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.

(‘ v’)
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PROJECT: DATE:

ENGINEER:

1. Enter the design storm return frequency (years)

2.  Enter catchment lag (hours)

3.  Enter the catchment area (acres)

4.  Enter baseflow (cts/square mile)

5.  Enter S-Graph proportions (decimal)
Valley: Developed
Foothill
Mountain
Valley: Undeveloped
Desert

6.  Enter maximum loss rate, F, (inch/hour)

7.  Enter low loss fraction, Y (decimal)

8. 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)*

9, 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
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INSTRUCTIONS FOR SYNTHETIC UNIT HYDROGRAPH METHOD

HYDROLOGY CALCULATIONS

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.,/S0-50)

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)

=3
It

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. Ilf 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.

111,

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 (cis) = 6u45A[T

where

A
T

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

nou

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-l, 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:

(=] © 0O 0O o o O o o o

0O O O O 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

J-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

S5-Curve Approximation

Unit Hydrograph Determination

Runoff Hydrograph Determination

Runoif Hydrograph
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PROJECT: LXAMPLE PROBIEM _____  DATE:

ENGINEER:
1. 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) o)

5.  Enter S-Graph proportions (decimal)
Valley: Developed /.2

Foothill 0.0
Mountain 00
Valley: Undeveloped 2.0
Desert
6. Enter maximum loss rate, Fp, (inch/hour) 02.28
7.  Enter low loss fraction, Y (decimal) D30

8.  Enter watershed area-averaged 5-minute point rainfall
(inches) * Q.52

Enter watershed area-averaged 30-minute point rain-

fall (inches)* 107
Enter watershed area-averaged l-hour point rainfall
(inches)* _L45

Enter watershed area-averaged 3-hour point rainfali
(inches)* 2.43

Enter watershed area-averaged 6-hour point rainfail

(inches)* 3.36

Enter watershed area-averaged 24-hour point rainfall

(inches)* —Se63
9.  Enter 24-hour storm unit inter val (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
UNIT HYDROGRAPH STUDY:
EXAMPLE PROBLEM AREA-AVERAGED POINT PRECIPITATION DETERMINATION

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

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
4.0 448 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
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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 1.24 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 2.0! 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, Fp;,

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

Land Use Area Soil (inch fhour) 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 0.3l
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)

Commercial:
(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 Fiaction,
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+0.85)P24

(4): Y=1-Y

—~
H



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 11l .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,



NOTE : THE EXAMPLE UNIT INTERVAL = 5 MINUTES.
NUMBERS ABOVE UNMIT RAINFALLS CORRESPOND
TO UNIT NUMBERS IN UNIT RAINFALL DETERMINATION.
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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 2&4-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, 1-hour, 3-hour, é-hour and 2%-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 IL




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= A4S
At (F.1)
* where

I = 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 1 and O by an

average value during the timestep using

[ - I +12
2 (F.2)
o = O +07
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.1) and rearranging terms gives
(S2 + 07 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, S|, outflow, Oy, and the average basin inflow (I]+I2)/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
A routing timestep, At
The basin inflow hydrograph

b, 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 (I] + I7) At/2.

2. Compute S| - 0y 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 (S + O7 At/2).

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

(see Figure F-4) to compute O».

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

relationships to compute 55.

These five steps are repeated for the next timestep using I, O, and S5 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.
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F.2.2.

F.3.

The example problem illustrates the basin routing procedure.

Example Problem: Detention Basin Hydrograph Routing

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+O Atf2
[¢13) (cis) (AF) (AF) (AF)
0 0.0 0.0 0.00 0.00
1 4.2 14.4 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
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PROJECT: EXAMPLE PROBLEM

o

ATE:

ENGINEER: A4 £ S

i

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

1.  Enter the hyidrograph unit interval duration {minutes) 7%
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 order 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 42
3 /02 2 Z28.8 /2.0
4 /03 3 43.2 5/.7
5 /04 4 52.¢ /147
6 /05 - 72.0 /86.68
7 /06 G 6.4 2632
8 | e —
9 —_— S — —_
10 - - - -
11 I - - -
12 - - - -
13 - - - -
14 - - . -
15 - - - -
16 - - - -
17 — - - ____
18 o - - .
19 - - —_ -
20 1 -
o

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‘r,\‘f!;:“g/e (11 +19) At/2  S4-O1 At/2  S2+07At/2 Outflow Storage
(min.)  (cfs) (cfs) (AF) (AF) (AF) (cts) (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 54,41 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

F-9
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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.



[N

9-4 8anbigy

ADDITIONAL DAY DESIGN STORMS
MAY BE NEEDED DEPENDING ON
BASIN DEMAND (SEE SECTION B.10)

PEAK 48 - HOURS

T W
< P
S 2
3
<
>
=
€0
r 2
o
o
o
c
2
—l
.<
Y
C o
£8
1 m
- O
I
2 0O
om
c
2
D o
b 3
2 A4
<

{S3IHONI) TIVINIVY WIOLS

SECOND DAY PEAK 24 -HOURS
24-HOUR STORM PATTERN (SEE SECTION E)
PEAK 12-HOURS
PEAK
G—HOUR§
PEAK
3-HR
PEAK
I-HR
TOTAL MASS RAINFALL = (PEAK
48- HOUR MASS RAINFALLMHPEAK
24- HOUR MASS RAINFALL)
s & 12w 22 n . a2 % i
3 4

EXTENDED CRITICAL STORM TIME (HOURS)




DETENTION BASIN OUTFLOW {ec.fs.)
AS A FUNCTION OF DEPTH { feet)

DETENTION BASIN STORAGE { Acre - feet)
AS A FUNCTION OF DEPTH | feet)

DETENTION
BASIN INFORMATION FORM
(Fig. F-8)

OETENTION BASIN

INFLOW / OUTFLOW
HYDROGRAPHS

UNIT - HYDROGRAPH

]——- STUDY ( SEE SECTION E FORMAT
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DETENTION BASIN ROUTING CALCULATIONS
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}——- ONE DAY
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IS NOT REQUIRED)

SAN BERNARDINO COUNTY REQUIRED R:CI:SRT FORMAT
HYDROLOGY MANUAL DETENTION BASIN STUDY

F-13

Figure F-7



PROJECT: DATE:

ENGINEER:

1.  Enter the hydrograph unit interval duration (minutes)

2. Enter totai 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)

0.0 (defined) 0.0 (defined)

O 00 ~N O v & W N -

O N 00 NN W N~ O

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

SAN BERNARDINO COUNTY DETENTION BASIN
HYDROLOGY MANUAL INFORMATION FORM
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G.2.
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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 YOLUME 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

!.,/FLOW BY

 —— —— — ——

EXCESS VOLUME
STORED DUE TO
WEIR LIMITATIONS
(SEE TEXT)

STORM TIME

2%

FLOW-BY

INTERCEPT

WEIR

EFFECTIVE
STORAGE

DEAD STORAGE
(WATER CONSER-

VATION OR
DEBRIS TRAP)

INFILTRATION

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

CHANNEL
FLOW

CHANNEL
LINING

LOPE PROTECTION

BASIN OUTLET
PIPE TO JOIN
CHANNEL DOWN-
STREAM OF BASIN

FLOW-BY BASIN
CONCEPT AND ELEMENTS

Figure G-I




IVNNYIN A90T10HAAH

ALNNOD ONIGHYNN3E NVS

(31dNVYX3 AVA-€)

N¥3L1lvd WNOLS
WIILIND NISYE  A8-MOTS

MASS = PEAK (72 -HOURS) , MASS=PEAK (48-HOURS) A MASS =PEAK (24-H0URS~|

— -(48-HOURS) -T‘ —(24 -HOURS) 'T‘ (e.g.,5.65")
(e.9.934" - 798"=1.36") (eg.7.98 —5.65"=2.33")

" |

THAT PEAK PORTION OF THE
29 HOUR DESIGN STORM
PATTERN THAT THE 24 HOUR

INCREMENT OF RAINFALL
WwiLL “F'LL".\—-—‘/

TAVANIVYH WNHO1S

. R

1 ] 1 ¥

0 16 24 40 48 64 72
(DAY 3) (DAY 2) (DAY 1)
STORM TIME (HOURS)

DWR STATION No.YOl 7723 0O (SAN BERNARDINO),I00-YEAR |-DAY DEPTH=5.65",2-DAY=798", 3-DAY=9.34"
(USE LOCAL STATION DATA AS APPROVED BY SBCFCD.SEE SECTION B.iO)

' 2-9 sinbyy




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

C

H

a routing coefficient (where C is between 0 and 1)
Rearranging (H.1) gives the explicit statement
OT4+dT = O + ClIT - O (H.2)

and

C = (O14dT - OT)/(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
Cc* =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+dT - OT)/(IT - O7) = 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.R)
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.
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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.1. 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 = (1.486R0-67540-50)/n (H.9)
where Ry, is the hydraulic radius, and Sg 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

1]

(3000 £t)/(13.5 1ps)(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)E = 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*)OTdT-dT* + C*IT (H.10)

where for the example problem

OT4dT = (0.052)O7 ,qT-gT * + (0.948)IT



TABLE H.l.
CONVEX ROUTING EXAMPLE PROBLEM SOLUTION

Storm Time Inflow Outflow!
{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 45,1 274.6

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 10G1.2 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.

H-6




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.
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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
D|g = 10-year frequency depth (inches)

T = duration (minutes)

3. Q=0.9(-F,)A
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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 .84 6.05

3 0.73 0.12 .02+% 0.10 .60 4,32

4 0.82 0.09 L02% 0.07 42 3.02

5 0.90 0.08 L02% 0.06 .36 2.59

6 0.98 0.08 02% 0.06 .36 2.59

7 1.04 0.06 02% 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 L02% 0.03 .18 1.30

11 1.27 0.06 L02% 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

4 1.40 0.04 0l 0.03 .18 1.30

15 l.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 .0l 0.03 .18 1.30

19 1.60 0.04 .0l 0.03 .18 1.30

20 1.63 0.03 .0l 0.02 .12 0.86

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

J-4



25}
20}
3
wl I5 ~
(L)
2 4
L !
I
Q
@
Q
0}
5 N
0 *’(\/\ < >'\ f\< >\\x>\\>\/ -
4.5 l5.0 I5.5 lG (0] IG 5 I70 I7.5
TIME (HOURS)
SAN BERNARDINO COUNTY EXAMPLE PROBLEM
SMALL AREA
HYDROLOGY MANUAL RUNOFF HYDROGRAPH

J=5 Figure J-2




K.1l.

K.2.

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.
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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 Adiustment - 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.



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.

V. Unit Hydrograph Development - The development of unit hydro-

graphs must conform to the S-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 f{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 F,, (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 1 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 11

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.

11-1

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.

I1-2
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