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SECTION A 

INTRODUCTION 

A.1. PURPOSE 

This manual prov ides 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"). 

A.2. 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. 

A.3. PR ES ENT A TION 

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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SECTION B 

PRECIPITATION 

B.l. 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. 

B.2. MECHANISMS FOR COOLING 

Each of the above-discussed elevation mechanisms involves a cooling 

process which is also associated with the resulting precipitation. Cyclonic 

cooling, for example, is generally classified according to the association with 

frontal and nonfrontal effects. 

The nonfrontal grouping is associated with the convergence and resulting 

elevation of air accompanied with a low pressure area. Nonfrontal cyclonic 

precipitation of extratropical origin is associated with rainfall (or snows) of 

moderate intensities and of long duration. This type of storm may last for a 
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few days and deliver one to in excess of six inches of precipitation. In 

contrast, nonfrontal cyclonic precipitation of tropical origin may result in 

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

Orographic cooling occurs when moisture laden air is elevated along a 

mountain barrier, allowing the air to expand and cool at the upper elevation 

lower pressure. Because of the mountain barrier, a "rain shadow" may occur 

on the lee side of the barrier. Generally, the windward sides of mountain 

barriers are more cloudy, have more precipitation and have smaller 

temperature ranges than the leeward side. 

When vertical instability of moisture laden air is produced by surface heating, 

a convection current results. Convective precipitation is generally 

associated with very short duration events of high intensity, and can result in 

catastrophic flooding. 

B.3. 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. 
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Frequency: the frequency of occurrence of events with the specified 

precipitation depth and duration. This is expressed in terms of either the 

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

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

intensity for a specified duration is obtained. 

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

hydraulic structure is essentially the "time of concentration," which is the 

time for water deposited at the most remote part of a watershed to flow to 

the structure, outlet or spillway. 

In hydrologic analysis, the rainfall intensity is usually the most important 

parameter. This value relates both precipitation volume to storm duration and also 

relates storm runoff to storm precipitation with the intensity being an upper bound 

to the watershed runoff rate. However, in order to provide a reasonable level of 

flood protection, the statistical concept of return frequency is utilized which aids 

in assigning a probabilistic meaning to a precipitation event. The following 

definitions are used in this hydrology manual: 

Exceedance (cumulative) probability: the probability that a precipitation 

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

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

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

or exceeded. 

The exceedance probability (p) and return period (T) are related by 

p = 1/T (B.l) 

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. POINT PRECIPITATION 

The County has prepared isohyetal maps (Figures B-1 through B-12) 

showing 2-year 6-and 24-hour, 10-year 1-hour, and 100-year 1-, 6-and 24-hour 

point precipitation values. These maps are based on the "NOAA Atlas 2, 

Precipitation-Frequency Atlas of the Western United States, Volume XI­

California" published by the National Weather Service in 1973. A correlation 

to local rain gauge data and an interpretation of short duration precipitation 

data was prepared by the County of San Bernardino. Figures B-1 through 

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

The isohyetal maps may be used to estimate the precipitation data needed to 

prepare rational method (Section D) or unit hydrograph (Section E) hydrology 

studies. However, the maps are to be considered only as an approximation of 

point precipitation values and should be verified against all available rainfall 

data sources, especially in the desert regions of the County. Any deviation in 

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

Point precipitation values for other return frequencies can be estimated using 

the diagram (NOAA Atlas 2) of Figure D-2. 

B.6. 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. 
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B.7. EVENT DEPTH-DURATION 

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. 

B.8. 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. lntermedia te return frequency point precipitation values can 

be estimated from Figure D-2. 

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

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

B.9. SYNTHETIC 24-HOUR CRITICAL STORM PATTERN 

The United States Department of Agriculture Soil Conservation Service 

(SCS) developed dimensionless critical storm patterns using the U.S. National 

Weather Service's (NWS) rainfall frequency atlases (ref. 2). The rainfall 

frequency data for areas less than 400 square miles, for durations to 24 hours, 

and for frequencies from 1 to 100 years were used. 

These critical storm patterns are based on the generalized precipitation 

depth-duration-frequency relationships shown in technical publications of the 

NWS, and precipitation depths for durations from 1 minute to 24 hours were 

used to derive the storm patterns. Using increments of 30-minutes, 

incremental precipitation depths were determined. For example, the 30-

minute depth was subtracted from the 1-hour depth and the 1-hour depth was 

subtracted from the 1.5-hour depth. The storm patterns were formed by 

arranging the 30-minute incremental depths such that the maximum 30-

minute depth is contained within the maximum 1-hour depth, and the 

maximum !-hour depth is contained within the maximum 1.5-hour depth and 

so forth. Because all of the critical precipitation depths are contained within 

the storm pattern, the critical storm patterns may be assumed appropriate 

for designs on both small and large watersheds (ref. 2). 

The agency's design storm pattern is based upon a modification of the SCS 

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

local precipitation depth-duration-frequency tendencies by constructing the 
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several nested intervals to fit local recorded rainfall data. Additionally, the 

SCS storm pattern is further modified to include the necessary adjustments 

(reduction in shorter duration point precipitation values) due to watershed 

area effects. The procedures used to construct the 24-hour storm pattern 

and determine the associated rainfall depths adjusted for depth-area follow 

the U.S. Army Corps of Engineers methods as published in the HEC Training 

Document No. 15 (ref. 10). Details of the 24-hour storm pattern and the 

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

B.10. LONGER DURATION RAINFALL DATA 

The Agency's design storm criteria extends to a multiday design storm 

when needed to evaluate detention basin characteristics (sections F and G}. 

The following tabulation provides a ratio of daily rainfalls to the peak 24-

hour mass rainfall, and shall be used whenever rainfall data is inadequate to 

provide the quantities directly. (Table B.l is an average relationship 

developed from the Claremont Pomona College and Lytle Creek PH rain 

gauges). 

TABLE B.1. MULTIDAY RAINFALL MASS RATIOS 

RAINFALL DURATION 

PEAK 24-HOURS 

(PEAK 48-HOURS)-(PEAK 24-HOURS) 

(PEAK 72-HOURS}-(PEAK 48-HOURS) 

(PEAK 96-HOURS)-(PEAK 72-HOURS) 

(PEAK 120-HOURS}-(PEAK 96-HOURS} 
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l 

0.36 

0.19 

0.15 

0.10 
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SECTION C 

LOSSES 

C.1. 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. 

C.2. 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 



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. 

C.2.1. 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. 

C.3. 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: 

C-2 
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Residential Landscaping (Lawn. Shrubs. etc.) - The pervious portions. of 
commercial estaDusnments, smgte ana 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 ,o 
percent. 

Woodland - Areas on which coniferous or broadleaf trees predominate. The 
canopy density is at least ,o 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. Ory 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. 

SAN BERNARDINO COUNTY 
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POOR: 

FAIR: 

GOOD: 

Heavily grazed or regularly burned areas. Less than 50 

percent of the ground surface is protected by plant cover or 

brush and tree canopy. 

Moderate cover with 50 percent to 75 percent of the ground 

surface protected by vegetation. 

Heavy or dense cover with more than 7 5 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. 

C.4. 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. 
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Curve (I) Numbers of Hxdrologic Soil-Cover Comelexes For Pervious Areas-AMC U 

Quality of Soil GrouD - Cover Type (3) Cover (2) A 5 C D 

NATURAL COVERS-

Barren 78 86 91 93 
(Rocklandt eroded and graded land) 

Chaparral, Broadleaf Poor ,3 70 80 a, 
(Manzonitat ceanothus and scrub oak) Fair 40 63 7' 81 

Good 31 '7 71 78 

Chaparral, Narrowleaf Poor 71 82 88 91 
(Chamise and redshank) Fair " 72 81 86 

Grasst Annual or Perennial Poor 67 78 86 89 
Fair ,0 69 79 84 
Good 38 61 74 80 

Meadows or Cienegas Poor 63 77 a, 88 
(Areas with seasonally high water tablet Fair ,1 70 80 84 
principal vegetation ls sod forming grass) Good 30 ,8 71 78 

Open Brush Poor 62 76 84 88 
(Soft wood shrubs - buckwheat, sage, etc.) Fair 46 66 77 83 

Good 41 63 1, 81 

Woodland Poor 4, 66 77 83 
(Coniferous or broadleaf trees predominate. Fair 36 60 73 79 
Canopy density is at least ,o percent.) Good 2, " 70 77 

Woodland, Grass Poor ,1 73 82 86 
(Coniferous or broadleaf trees with canopy Fair 44 6' 77 82 
density from 20 to ,o percent) Good 33 '8 72 79 

URBAN COVERS .. 

Residential or Commercial Landscaping Good 32 " 69 7' 
(Lawn, shrubs, etc.) 

Turf Poor ,a 74 83 87 
(Irrigated and mowed grass) Fair 44 6' 77 82 

Good 33 ,a 72 79 

AGRICULTURAL COVERS-

Fallow 77 86 91 94 
(Land plowed but not tilled or seeded) 

SAN BERNARDINO COUNTY CURVE NUMBERS 
FOR 

HYDROLOGY MANUAL PERVIOUS AREAS 
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Curve ~I) Numbers of Hldrol21lc Soll-COver Com2lexes for Pervious Areas-AMC D 

Quality of Soil GrOUD 
Cover Type (3) Cover (2) A 8 ~ IJ 

AGRICULTURAL COVERS (Continued) 

Legumes, Close Seeded Poor '' 
77 i, 19 

(Alfalfa, sweetclover, timothy, etc.) Good ,1 72 11 i, 

Orchards, Evergreen Poor ,1 73 12 86 
(Citrus, avocados, etc.) Fair •• '' " 12 

Good 33 ,1 72 79 

Pasture, Dryland Poor ,1 79 16 19 
(Annual grasses) Fair 49 69 79 i• 

Good 39 61 71J 80 

Pasture, Irrigated Poor ,1 71f 83 17 
(Legumes and pereMial grass) Pair •• 6' 77 82 

Good 33 '8 72 79 

Row Crops Poor 72 11 81 91 
(Field crops - tomatoes, sugar beets, etc.) Good 67 71 i, 19 

Small grain Poor ,, 76 14 11 
(Wheat, oats, barley, etc.) Good 63 1, 13 17 

Notes: 

1. All curve numbers are for Antecedent Moisture Condltio·n (AMC) 11. 

2. Quality of cover definitions: 

Poor-Heavily grazed, regularly burned areas, or areas of high burn potential. Less than 
50 percent of the ground surface is protected by plant cover or brush and tree canopy. 

Fair-Moderate cover with SO percent to 75 percent of the ground surface protected. 

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

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

SAN BERNARDINO COUNTY CURVE NUMBERS 
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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. 

2. Recommended values are based on average conditions which may not apply to 
a particular study area. The percentage impervious may vary greatly even on 
comparable sized lots due to differences in dwelling size, improvements, etc. 
Landscape practices should also be considered as it is common in some areas 
to use ornamental gravels underlain by impervious plastic materials in place of 
lawns and shrubs. A field investigation of a study area shall always be made, 
and a review of aerial photos, where available, may assist in estimating the 
percentage of impervious cover in developed areas. 

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

SAN BERNARDINO COUNTY 
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C.5. ANTECEDENT MOISTURE CONDITION (AMC) 

The definitions for the AMC classifications are: 

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

to allow satisfactory grading or cultivation to take place. 

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

AMC 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, A MC I 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 II will be used. For 100-year storm analysis, AMC Ill 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.l provides the necessary CN adjustments to 

account for AMC changes for hydrologic studies in San Bernardino County. 
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TABLE C.l. CURVE NUMBER RELATIONSHIPS 

CN for Corresponding CN for AMC Condition 
AMC 

Condition 11 I Ill 

100 100 100 
95 87 99 
90 78 98 
85 70 97 
80 63 94 
75 57 91 
70 51 87 
65 45 83 
60 40 79 
55 35 75 
50 31 70 
45 27 65 
40 23 60 
35 19 55 
30 15 50 
25 12 45 
20 9 39 
15 7 33 
10 4 26 
5 2 17 
0 0 0 

C.6. ESTIMATION OF LOSS RA TES 

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 O 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" (la) 

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 (Ia} 

The initial abstraction (Ia) for an area is a function of land use, 

treatment, and condition; interception; infiltration; depression storage; and 

antecedent soil moisture. An estimate for Ia is given by the SCS as 

Ia = 0.2S 

where S is an estimate of total soil capacity given by 

S = 1000 _ 10 
CN 

where CN is the area curve number. 

C.6.2. Estimation of Storm Runoff Yield 

(C.l) 

(C.2) 

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

yield fraction, Yj, is estimated by 

(C.3) 

where 

Y· J = 24-hour storm runoff yield fraction for 

subarea Aj 

P24 = 24-hour storm rainfall 

la = initial abstraction from (C.l) 

s = see (C.2) 

It is noted that should la be greater than P24 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 
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numbers. By weighting each of the subarea yield values according to the 

respective areas, 

(C.4) 

where each Yj follows from (C.3). 

C.6.3. Low Loss Rate, F* 

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

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

where 
y 
y 

Y= 1 - Y (C.5) 

= 

= 

catchment low loss fraction 

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* = Y•I (C.6) 

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). 

C.6.4. Infiltration Rates 

Soil infiltration rates have been estimated for each of the soil groups by 

laboratory studies and measurements. These measurements show that an 

initially dry soil will have an associated infiltration rate which essentially 

decreases with time as the soil becomes wetted. As the soil is subjected to 

continual heavy rainfall, this infiltration rate approaches a minimum (usually 

within about 30 minutes) which represents the infiltration capacity of the 

soil. 
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When sufficient stream gauge information is available, infiltration rates for 

unit hydrograph hydrology can be estimated from a study of rainfall-runoff 

relationships of major storms. Where such data is not available, infiltration 

rates for pervious areas as a function of CN can be estimated using Figures 

C-3 and C-6. Loss rates for pervious areas estimated from the Figure C-6 

curves are generally consistent with values developed from rainfall-runoff 

reconstitution studies in San Bernardino County watersheds. 

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

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, Fm, for a 

catchment is therefore given by 

(C.7) 

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

perv ious area. 

Should a catchment contain several Fp values, the composite Fm value is 

determined as a simple area average of the several Fm values. Table C.2 

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

C.6.6. Design Storm Loss Rates 

In design storm runoff hydrograph studies, a 24-hour duration storm 

pattern is used to develop the time distribution of effective rainfall over the 

watershed. The effective rainfall quantities are determined by subtracting 

the watershed losses from the design storm rainfall. 

The loss rate used for a particular catchment is a combination of the 

maxim um loss rate Fm and the low loss rate F *. F * is used as the loss rate 

unless F* exceeds Fm, in which case Fm is used as the loss rate. That is, Fm 

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 A 

NATURAL: 

Barren 1. 0 0.41 

Row Crops (good) 1.0 0.59 

Grass (fair) 1.0 0.82 

Orchards (fair) 1.0 0.88 

Woodland (fair) 1.0 0.95 

URBAN: 

Residential (1 DU/ AC) 0.80 0.78 

Residential (2 DU/ AC) 0.70 0.68 

Residential (4 DU/ AC) 0.60 0.58 

Residential (10 DU/ AC) 0.40 0.39 

Condominium 0.35 0.34 

Mobile Home Park 0.25 0.24 

Apartments 0.20 0.19 

Commercial/Industrial 0.10 0.10 

NOTES: 

(1) 

(2) 

(3) 

(4) 

Recommended ap values from Figure C-4 

A MC II assumed for all Fm values 

CN values obtained from Figure C-3 

DU/ AC=dwelling unit per acre 

C-16 

B 

0.27 

0.41 

0.56 

0.62 

0.69 

0.60 

0.53 

0.45 

0.30 

0.26 

0.19 

0.15 

0.08 

C D 

0 .18 0.14 

0.29 0.22 

0.40 0.31 

0.43 0.34 

0.50 0.40 

0.45 0.37 

0.39 0.32 

0.34 0.28 

0.22 0.18 

0.20 0.16 

0.14 0.12 

0.11 0.09 

0.06 0.05 



intense rainfalls where Fm 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 Fm values. Figure C-7 illustrates the loss 

rate function used with the design storm. 

C.7. 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 

A determination of vegetative cover types, hydrologic condition of 

cover types, and hydrologic soil group must be made for the drainage area. 

Ordinarily only broad categories of soils and cover types are delineated. 

Hydrologic soil cover complexes most commonly encounted in desert areas 

are given in Figure C-8 together with the associated curve numbers (CN). 

Curve numbers and, consequently, direct runoff varies with vegetation type, 

vegetative cover density, and hydrologic soil group. 

C.7.2. Hydrologic Cover Types 

Vegetative types are divided into the following groups: 

Desert Brush: Includes such plants as mesquite, creosote bush, black 

bush, catclaw, cactus, etc. - desert brush is typical of lower elevations 

and low annual rainfall. 
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C.7 .3. 

Herbaceous: includes short desert grasses with some brush - herba­

ceous is typical of intermediate elevations and higher annual rainfall 

than desert areas. 

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

mahogany, manzanita, bitter brush, maple, etc. - mountain brush is 

typical of intermediate elevations and generally higher annual rainfall 

than herbaceous areas. 

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

generally heavier than desert grasses due to higher annual precipitation 

-typical of higher elevations. 

Ponderosa Pine: ponderosa pine forests typical of high elevations and 

high annual precipitation. 

Hydrologic Cover Density 

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

covered by the crown canopy of live plants and litter. 

Three broad ranges of vegetative cover density have been established. 

Poor: 0 - 20% Vegetative cover 

Fair: 20% - 40% Vegetative cover 

Good: Over 40% Vegetative cover 

C.8. HYDROLOGIC SOIL GROUP MAPS 

Hydrologic soil groups are determined from Figures C-9 through C-16. 

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. 
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Soil groups are delineated for County areas on each of the figures. Only the 

southwestern portion of the county, south of the San Gabriel and San 

Bernardino Mountains have been recently surveyed by the SCS (Soil Survey of 

San Bernardino County, Southwestern Part, California, USDA, Soil 

Conservation Service, 1979). The survey that this report is based on was 

completed in 1971. An older survey is available for the southwestern desert 

area covering the Barstow, Victorville, Twenty-nine Palms areas 

(Southwestern Desert Area report and General Soil Map, USDA, Soil 

Conservation Service, 1970). The remaining areas of the County in the 

northern and western desert areas have not been surveyed. Hydrologic soil 

groups in this area were inferred from 1:250,000 scale geologic maps of 

California which are published by the State of California, Department of 

Natural Resources, Division of Mines. The various sources of information are 

delineated on the plates.· Where geologic maps are used to infer hydrologic 

soil groups, additional surveys may be required. 

As an additional aid in determining the hydrologic soil group, the SCS 

national soil group key has been reproduced and is included at the end of this 

Section as Table C.3. The source of this table is the National Engineering 

Handbook, Section 4, 1972. 

As new soil data becomes available, the hydrologic soil group plates will be 

updated. Consequently, the County should be occasionally contacted to 

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

C-21 
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TABLE C. I 

AABHG C AHL C ALMY B AHLAU~ C AROOSTOOK 
AASTAD 8 AkL!lilROM C ALOHA C AHNOELLA B Alt'.lSA C 
A8AC 0 Alif!HK B ALONSO 8 AMMAN DALE C ARP C 
AUJJ C AHOLT D ALOVAR C ANNISTON 8 AUIN~TON 8 
UbOTT D AHTANUM C ALPENA 8 AMOU A UlllTJLA 0 
A680TTST U,IH C Arh,AHNEi: C ALPHA C ANON ES C AltROLlME C 
AbCAL 0 AIBClNITO C ALPON e ANSARI D AUON 0 
AUGG 8 All<Et. 8/C ALPUWA e ANSEL 8 AUOW B 
ABELA 8 AIKMAN I) ALPS C ANSEUl:l ... AUOwSMITH I 
ADCLL 8 AILEY 8 ALSO B ANSON 8 AUOYJ SECO II 
At!ERDHN 0 Al NA KEA 8 ALSPAJGH C ANTELOPE SPRINuS C uu C 
AIIES D AlRMOt.T C ALSTAD 8 ANTERO C UTOIS C 
ABILENE t AIROTSA 8 ALSTO..N 11 ANT FLAT C ARVADA D 
UIN!.TON B AIRPORT 0 ALTAMONT D ANTHO B A~VANl C 
AiHllUA C AlTS B i.L UVI SU C ANTHONY B UVESON D 
A80 BIC AJO C AL TO'ORF 0 ANTIGO B A~VlLLA B 
A81.lR 0 Al<Al<A A ALTMAR 6 ANTILON B UZELL C 
ABRA C AI\ASKA a ALTO C ANT !OCH D ASA B 
AbRAkAII 8 AKE LA C AL TOGA C ANTLER C AS8l.lRY B 
AIISAROl<f:t C ALAOOlh 8 ALTON 8 ANTOINE C AS;lLON II 
nscou 8 ALU A ALTUS B ANTROBUS B ASCHOFF 8 
AoSHEI< 0 ALAHOA B ALTVAN s ANTY 8 ASHBY C 
AIISTi:O " ALAGA A ALUM 6 ANV II<. 8 ASH:RJFT II 
AC.AC.IO C ALAK.Al 0 ALUSA D ANWAY 8 AS HD ALE 8 
ACADEMY .:. ALAIIA B ALVfN e ANZ-A 8 ASHE 8 
ACAOlA 0 ALAMAl«::E II ALVIRA C: ANlUNJ C: ASHKUM C: 
ACANA D ALAMO 0 ALVISO 0 APACHE 0 ASHLA~ I 
ACASCO D ALAMOSA C: ALVOR C APAKUlE A ASHLEY A 
,. .. clTuNlS ii ALAPAHA 0 AMADOR 0 APlSHAPA C ,s~ SPRIN;s C 
ACEL 0 ALAPAI A AMAGON 0 APlSON 8 '&S>ITON 8 
ACKtR ,I ALBAh B .iMALU D APOPKA A AS-4UE a 
AC-.Ml:'N s UIIAN(; D AMAN& B APP UN C ASHUELOT t 
ACMI: C ALl>ANY C lMARGOSA 0 APPLEGATE C lSHwOJO C: 
ACO 8 AL!!A TON 0 AIW.RlLLO 8 APPLETON C: ASKEW C: 
;.COLITA b ALSEt C AMASA 8 APPLING s &Si:1 C: 
ACOMA C ALBEMARLE 8 AIISERSON APRON 8 ASJTlN C 
ACOVi: C: AL!ltR TV ILLE C AMIIOY C APT ; ASPEN B 
ACkct C ALBU C AM!lRAW C APTAKISIC 8 ASPER~ONT 8 
ACRtLANt C AL Bl Oh !l AMi:OEE A ARAl!Y ASSltlNIBDINE B 
A(;TON 8 ALBRl<.HTS C AMELIA B ARAOl C ASSU>IPTION II 
&;uFF a ALCALDE C Al'IENU B ARANSAS :, ASTATULA A 
ACwORTr! II ALCl:STEli. a AMElrn;us A ARAPll!N C ASTOR AID 
~CY C ALCGA I, AMES C AR.AH 0 AST.IRU II 
AOA ii AL:ONA e AME SHA 8 ARAVETON 8 ATASCADERO t 
AOUR 0 ALCOVA 8 AMHERST t ARBELA C: ATASCJSA D 
AOAMS A ALDA C AMITY C ARB()Nf 8 ATCJ I 
ADAMSON l:l ALOAX 0 AMMON 8 ARBOR 8 ATENCIO fl 
AolAMSTil•~ ALOEh 0 AMOLE t ARSUCKLE 8 ATEPlC D 
AOAPISVILs:: C ALDER 8 Al'IOR 8 ARCATA 8 AT,tElllOLO I 
AO&TuN 0 ALOEI\OALE C AMOS C AO.CH B ATHENA fl 
AOAVi:N 0 AlDl:RwOOD C AMSDEN 6 AACHABAL 8 ATHENS I 
AOOIHOU C ALDlf<O C AIISTEROAM 8 ARCHER C AT MERL Y fl 
AOOISuN 0 ALOioELL C AMT OFT D ARCHIN C ATHERTON 110 
AO.IY C AUK.MG!~ 8 AMY 0 ARCO B Anl!IU C ,.ie A ALt:l!EOA C ANACAPA B ARCOLA C ATIIOL 8 
AOi'.L A ALl:X 6 ANAr!l.lAC D ARO C ATKINSON B 
AuELAI01: 0 ALE XANORIA C Al<AMlTE 0 ARDEN 8 ATLU 0 
AOELANT,J 8 ALEXIS 8 Al<APRA B AR.OENYOIR 8 ATLU C 
AOELINO 8 ALFOkD II ANASALI 6 AR.OJLU C ATIIJRE 1/0 
ADELPHIA C ALiiANSEE 6 .+.!<ATONE 0 AREDALE B ATJU t 
AOl:NA C AL!,l:IUTA 8 ANAVEROE 8 ARENA C ATO~ I 
ADGER D ALGIERS CID ANAWALT D ARENALES A ATUPA C 
AOlLIS A ALGCi!IA BID ANCHO 8 ARENDTSVILLE 8 ATSlON C 
AOl~JNOA~K ALHAM!\RA B ANCHOltAI.E A AI\E'-OSA A ATTERBEUY I 
AOlV s ALltE A ANCHOR BAY D ARENZVILLE II .t.TTEWAli A 
AuJUNTAS C ALIC EL 8 ANCHOR Pill NT D ARGONAUT 0 ATTICA I 
A'iJl<INS I! ALICIA fl ANCLOTE D ARGUELLO 8 ATTLEBORO 
ADLl:R C ALIOA B AIICO C ARGYL£ II ATWATER • ADOLPH I) ALI .. CHI 8 ANOcRLY C ARIEL C ATliELL t/0 
ADRIAN A/'i) ALINE A ANDERS C AlllZO A ATIIOOD I 
AENUS II AL._0 0 ANOERSON 8 ARUSUTLA C AUHE!NAUHEe I 
A1:TNA s ALLAGASH fl ANDES C AMPOO.T !\ AUBER~Y I 
AFTOh I) ALLARD s ANOORINlA C ARI.ANO B AUBURN CID 
AGAtt B ALLEGHENY II ANDOVER 0 ARI.E s AUSl.lR'IDALE D 
AbASSll. D ALLE~ANDS 0 ANDREEN 6 ARI.ING D AUDIAN I 
AGATi: 0 ALLEh 8 ANOREHON t ARLINGTON C AU GRES C 
A!,AWAl'I fl ALLE!WALE C ANDRES B ARI.OVAL C Au;seuRG B 
AlicNCY t ALLU,S PAI<._ B ANOREoS t ARMAGH D AUGUSTA C 
hi:~ " ALLfNSYILLI: C ANEO D ARIUJO 0 AULD 0 
AG,.tR II ALLEhTlf<E 0 ANETH A ARMlhGTON 0 Al.lU II 
Alatil:W 3/C ALLENwOOD s ANGl:.LICA 0 ARNO B AUlORl t 
AGNC.S ii ALLE SSlO 8 All!,ELINA 1\1D ARMOUR 8 AUSTl!il C 
AGUA 8 ALLEY C ANGELO t Aru-tST ER C Ausn,eu D 
AGUAOlLLA A ALLIANCE 8 ANGlE C AAASTIIONG 0 Al.lXVASSE D 
AGUA 0\11.,i: C ALLIGATOR D ANGLc A ARl'IIICHEE 0 AUZ:IUI fl 
AGUA FRIA s ALLn 0 ANGLEN e ARNEGARD Ii AVA t 
AGIJALT 8 ALL I SON C ANGOLA C ARNHART C AVlLAlilCr!E I 
AGUl:UA 6 ALLOUEZ t ANGOSTUP.I. 8 ARNHEIH t AVALO!t I 
Ali\l lL lTA e AUO .. AY ANHALT 0 AKNll D AVERY 8 
AGUIRRE II AL><AC B ANIA._ 0 ARNOLD B AVON t 
A..USTIN B ALMl:t.A t ANITA 0 ARNOT er, AYONBURG D 
AHo\TJNi: 0 ALMONT 0 ANKENI' A ARNY A AY3"1DlLE [ 

HJ TES A BLAN._ l'!YOROLOGlt SOIL GROUP INDIZATES THE SOil GROUP HAS NOT lle!lil :>ETiRMlHEO 
TWO SOIL G~OUPS SUC.H AS &IC INDICATES THE ORAINEOIUNOU.INEO SITUUIO'i 

SAN BERNARDINO COUNTY 
s.c.s. SOIL NAMES 

FOR 
HYDROLOGY MANUAL HYDRO LOGIC CLASSIFICATIONS 
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AWBREY I) BAUER C BECllET C BER~ENDOS 0 BLA:KROCK B 
urELL 0 BUKERVILLE C BECllLEY 8 8~~YLAN0 ~ BLAC~STON 8 
AUK 0 B.U.KLU II BECKTON D BERTELSON 8 8LACKT41L a 
AYCOCK 8 BARLJU<E 0 81:CllWITH C BUTHOUO B BL~CKWATU D 
.i.YON B • BAKL ING C 8ECKilOURTH B BERT IE C BL1:~Wi:LL 1110 
AY~ ol BAHOW 8 BECREEll B BEIi.TO LOTTi B 8LAOE"I I) 
AYRES 0 BARNAR.I) 0 BEDFORD C BE!<T?. A.~0 B SLA~J D 
AYRSHIRE C BARNES B &EDINGfON B BEAVILLE D BLUN: B 
AYSil:S 8 S4RNE$TON B BEDNER C BERYL s BLU~ C 
AUAR C BARNEY " BEEBE A BESSEMER s BLll~TON C 
AlAR"AN C BARNHARDT B BEECHER C BETHANY C BLAKE C 
Al EL Tl Ne a BAR,.STUO BEilCHY BETHEL ~ BLAKELA~D A 
ALflELD 8 8Aio.NUM 8 BEEHIVE 8 BETT ERAVIA C BLlKl:NEY C 
AHAL AN d URRAOA D BEEK C BETTS !I BUKEPOU B 
Al.Tia(. 8 aARRUT D BEENOM D Bi:ULAH B BLALOCK D 
Al.UL!: C BARRl,.GTON B BEU.AR B BEYtNT 8 BLl~E~ C 
Al•cLL B SARRON 8 BEGAY 8 BEVERLY 8 BLA~U B 

au ... 01,en C llEGOSHIAN C sew D BLA~CHA~D A 
BAaB A BARROWS 0 BEHANIN B acWLEYV ILLE a BLAl;CHESTER BIO 
BOIIINGTill'I 8 SARRY 0 SEMEIOOT DSH 8 Bi:WL IN 0 8L4>;0 C 
t1A8COC!!. C BARSTOW .. BEHRl,.G D BEXAR C SLUIOFORD C 
U!>YLON A URTH C BElRNAN D BEZZANT s 8UNDIN1> B 
SACA C URTINE C &EJUCOS B 8188 an BLUIEY s 
oACH I) URTLE D BELCHER D 8IBON A BLANKET C 
BACHUS C BARTLEY C BELDl:N D BICK ELTON B BLiHJN A 
i!ACKllLINI: A BARTON 8 BELDING B 81CKL ETON C BLl'iYON C 
o.\CULAN A ilARTONFLAT e BELEN C i!ICK•HJRE C BLl,OELL A 
tlAOENAUGH 8 URYON C BELFAST B S!CDNOOA C 8LASl!iGA1tE C 
8AuGEM C USCOM B BELFIELD 8 B IODEFORO J BLH)N 0 
BAOGi:RTON & BASEHOR D SELFOII.E e 8 ltDL Ell.AN C BLE,;CJE C 
SAW D 8ASHA1o 0 8ELGAAOE 8 SIDMAN C BL:!'<il 0 
SA~US C BASHER B BELINDA D BID-ELL B SLENDi:.li 8 
BAG.ARD C USILE D BELKNAP C SIEBE;\ D SUTH;N B 
&~(;DAD e BUIN C BELLAMY C BIENVILLE A BLEVl~S B 
oAGGuTT D SASINGEfl C BELL.AVISTA D BIG BLUE 0 BL:Vl~TOII Bill 
oAGLEY 8 BASKET C BELLE B BIGEL A BL ICHT~N D 
8AHE!4 8 BAS~ A BELLEF ONT Al NE 8 I GEL OW C aLISS D 
aAILE D BASSEL 8 BELL ICU" B BIGETTY C BLOC:<TOII C 
l!UNVILLE. C u.;snT 8 BELLINGHAM C BIGGS A SL:JJGHT A 
SA lttD HOLLJ■ C ~ASSl'li:LD e iieLLPINE C IHGGSVILL E B BLO,.F'.;l!O a 
dUURA D oASSLi::R 0 SELHONT 8 SIG HOR" C BLJJ'I C 
&AKEOVE.N Q BASTIAN 0 BELIOORE B. BIGNELL 8 SLJOMFIELD A 
SAKkil C BASTROP a BELT D SIG TIMBER D SLJO,.JNG 8 
8AKl:II PASS d BATA A BELTED D BIGwlN D BUOR D 
B"LAAM A BATAVIA 8 BEUUN C BIJOU A 6LJSSOM C 
liAL~H I) aATES e BELTRAMI B BILLETT A BLJUNT C 
ULCC.M d BATH C BELTSVILLE C BILLINGS C BLJUNTVILLE C 
ULO C BUTEilSOII 0 BELUGA D BINDLE a BL;JC!<~~ C 
BAL:JEI!. ~ BATTLE CREEK C BELVOIR C SINFuRD B BLU:3fLL C 
oALC,t.iCK !>IC BATZA D &ENCL.AR& C BINGHAl4 a BLue eurH a 
ULC.t1IN 0 8.lUDtTTE 8 BfNi:YOLA C BINNS VILLE 0 BLJEJOl~T B 
•"LOY d BAUER C BENEWAH C Sl~S B SLcJE LUE A 
SALE C BAUGH BIC BENFIRLD C BINTON C !LVl:POINT 8 
BALLA/ID 8 &AUER B BENGE s BIPPUS 8 SL~i: SUR s 
dALLcR D SAXHilYILLE " al:N HUR 8 BIRCH A BLvEwll<G 8 
&ALL INGcR C UYA/40 .. 8 BENIN 0 BIR.CH•OOQ C BL!.i?~UtLC C 
oALM SIC BAYARD A UNITO D BIRDO• B SL~;:crcN a 
oAL,.AII OIC. BAYBORO 0 BENJAMIN 0 BIROS C BL~F-,~O 0 
UL.JN a UYEfi.TON C S£N Lu"OIIO s BIROS ALL 0 SLY a 
•"LTIC D BAYLOR 0 BEN ..... 11 A 8 UICS 801<0 B BL TTHE 0 
••LTIHOP<I: a UYSHOllc SIC f>tNNIJALI:: B E>l~CSLEY D BOl~OTU:.E C 
dALTU D UY SIDE C BENNt:TT C BIRKoECK e sJ,;; D 
bM!ilEII B BAYUCOS 0 BENNINGTON 0 i:IISBEli:. A BJBU!L s 
ilA14FORTH II SAYWGOO A BENOIT 0 BISCAY C 3J:K B 
oAN;..AS e BAli:TTE C BtNSUN Cir; olSHOP e,: BJ JELL 0 
bANC~OFT d BAllLil B SENTfEN B ti ISP IN;'.; s BJ)il,Ji!U~G a 
SAN~cl<A • 1>EAD C BEl,TONVILLE C BISSELL B Bo:ll~E s 
oANG,l .. oEAC.LE C BENl D B!ST I C S~EL A 
&ANbvll. 8 !ltALES A &EOT IA s BIT 0 ouELUS A 
dANGSTuN A Be.AR BASIN a BEOWbE ll B!TTUON A BJESEL B 
UNllARO A di::Ail CRl:cK C oERCAIL C BITTERRCOT C SJETT:HER C 
BANKS A BEAROALL C BtROA e BITTER SPRl'4G C s~:a:-. C 
BANNcR C 8EAl!OEN C BEREA C BITTON e BO~UT 8 
oANNERV!LLI: "" BEARUSTOWN C BER EN! CET ON B BIXBY a 8:::IGUC D 
l!ANNOCK B BUR LAKE D BERENT A SJGRK C 8JHAN,~QN C 
BAN,lUEfE i) oEARMGUTH • BERGLANl.l D BLACHLY C 80HEMUN a 
bU.A60U B dEARPAW B BERG~TRll~ s SLACK eURN B BJISTFu~T C 
.... u ... C BEAi< PRAIRIE a BER INO B BLACK BUTTE C SJLlR C 
l!Al<SARY D BcARSKlN D BERKELEY SLACK CANYON 0 B□ LJ a 
•AR6uUi< • ocASLEY C. BEUS C BLACK CAP A a:;L,S C 
o-RBuURV ILLi: il dcASUN C 8E?.KSHIRE B BLACK err B 3 □ LJVO a 
rl"R<.LAY ' ~EATON ~ BERLIN C BlACKFuOT el~ o~L!VU B 
oAllC.O B BEA TTY C 8ERMoSA C. ~LACXHALL 0 B□LfO~ s 
ilARCUS 8 BEAUCCUP s Bc~MUOIAN B 8LACXl-'At1K ::; BJ~SAY B 
::,,AiUJ u 81:.AUfCRll D ~ERNAL 0 oLACKLEAF 8 80"' a 
8A1<QcN ' dEAU,oONT D &ER"4LOU a ,LACKL~Ell A ao~ic;o~o !) 

BAi!DLi:Y C ocAUi<Eti•?.D C 6ERNAR0 ll BLACI\UJCK il SJ~OUTE A 
3~RELA .,; 81:AU~ITE 8 oERNAi<OlNO C BL.I.C.K>•AN C. BJ~O 0 
bUl'li:L.l 0 tlt!AUVAIS ~ Bc?.N.t.ROSTQN C 8L.1.l;K •OUNTAIII 0 BON!lAA~CH 0 
•".!FUSS d BEAVHTQI\I A SERNMILL 8 BLACKOAil C ao~OUUNT 8 
1::1:,a,ii.Gc C &ECK C BERNIC!: A BLACKPIPE C BJ,.E 0 
oAi\l>NMAN " tti:CKER B BEi<NING C. BLACK ~ !OGE 0 SJ~G B 

"'J le S 4 oL~NK hYO~LLOGIC SOIL G~OUP INDICATES THE SJIL GROUP HAS ll~T ¼ce~ lET!:~~1.,eD 
T•O Svll G~OUPS SUCH AS 8/C INOIC.:.TcS THe ~RAlNEulUNuRAINi:0 SITUATIJ~ 
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8.JIOIAM C BRANDON B BROOKLYN D BUSTER C CA'IP SP ASS C 
BONIFAY A BIUNOYIIINE C BROOKSIDE C BUUNO C CA'IPUS B 
BONlLLA B llRANl'ORD B 6ROOKSl ON ll/0 BUTLER 0 t,\lt~O:>EN C 
BONITA D BRANTl'ORO 8 BROOKSVILL! 0 BUTLERTOwN t: CANA C 
BuNN D BRANYON D BROOMF!ELO I) BUTTE C CANAAN CID 
BONNER ll BIUSHEAR C BROSELEY B BUTT ERl'!ELD C CA~ADIAII B 
BONNET fl BRASSFIELD 8 BROSS B BUTTON C CANADICE 0 
BONNEVILLE B BRATTON 8 BROUGHTON 0 BUX!N 0 tlt;Ul)AIGUA D 
BONNICK A BRA VANE 0 BROdRO C BUXTON C CANASERAGA C 
BONl<IE 0 BRAXTON C: BROwNi:LL B BURS 0 CANAVERAL C 
&0110 0 IIRAY,.lLL BIO BROlll<F!ELD ... BYNU" C CANBU\N 0 
BONSALL 0 BRUS D BROWNLEE B BYRON " CAND!LERO C 
BONU C 6RAYTON C BROYLES 8 CA,.E C 
BONT! C BRAZ I TO A BRUCE 0 CABAL LO B C:ANUOU 0 
BOOKER D BIUZOS A BRUFFY C: Cl.BARTON 0 CUE£!(. B 
BOOMER B BREA 8 BRUIN C CABIIA C CANEL B 
BOONE A BRfCKcNR 10GE 0 BIIUNEEL B/C CABBART 0 CANELO 0 
BOONESBJRO B IIRECKNOCK 8 BRUNO A CABEZON D CANEY C 
BOONTON C BRUCE B BRUNT C CABIN C CANEYVILLE C 
BOOTri C &REGAR 0 BI\USH CABINET C CANU 8 
BOIUCHO C BRE,.cN B &RUSSETT B CABLE D CANF lELO C 
IIORAH Al: BRcMER B BRYAN ... CABO ll.OJO C, tAN!STED C 
BORDA 0 BRH!O C IIRYCAN B CASOT J CA~'l!NGER 0 
BORDtAUX B BREMS A 8RYtE 0 Cl.CAPON 8 CA~~ON 8 
BOROcN B BRENDA C 8UCAN D CACHE 0 CA~!lE B 
IIOROEll. B BRENhAN B &UCHAN4N C CAC!QUE C CANON:ITO B 
8DRNSTEDT C BRENNER CID BUCtiENAU C CADDO D C41COVA 8/0 
BORREGO C IIRENT C BUCHER C CAOEV ILLE D CANTAL4 B 
BORUP B 81\E,NTON 8 BUCKHOUSE A CADMUS B CANTON B 
BORVANT 0 BRE NTIIOOD B 8UCl<.!NI.H4M CADOl'IA 0 CA~TR!l B 
BORZA C BRESSU B BUCI\LAND C CADtlR C CUTUA 8 
BOSANI\O I) BREVARD B BUCKLEUR 8 CAGEY C CANUT10 8 
BOSCO B UEVPRT 8 BUCI\LEY Bit CAG!JAB:1 D CAi,YDN !) 
BOSKET B 81\EifER C BUCIC:LON D CAGI< 1 N B CAPAC 8 
!>OSLER 8 8REl<STER D BUCI\NfR " Cl.HAU 8 CAPAY 0 
S(ISQUE B 8RE1<TON C BUCKNfY 4 CAH!I.L B ~APE 0 
BOSS D BRl CKEL C BUCKS B CAHONE C CAPE FEAR 0 
80$T>IN C IIR1CKT0N C 8UCKSl\1N C CAHTO C CAPERS 0 
B0$TM1CK 8 BRIO GE C IIUCODA C CA!D 8 C4P!LLu C 
BOSwELL 0 BIUOG!i:HAMPTON 8 BUDD B CAIRO D CAPLES t: 
BOSWORTH D BRIDGEPORT B BUDE C CAJALCO C CAPPS B 
&DTcLLA B BRlOGER • BUl:LL B CAJON ... CAPSHAW C 
BOTHWELL C BIUDGUON 8/C BUENA VISTA 8 Cl.LAUR 0 CAPUL!N 8 
BOTTINEAU C 811.lDGET B BUl'FlhGTO,. 8 CALABASAS 8 CAPUT4 C 
BOTTLli: A BRIOGl:VILLE 8 BUl'flil:YEI\ 8 CALAIS C CUA;O C 
BOULDER B BRIOGPORT 8 IIUFf PUK C CALAllll<E 0 CAULAMPI B 
BOULDER LAKI: 0 BRIEOIIELL B BUICI\ C CAI..APOOYA t CARBO C 
lsOULDEli POiNT 8 BIUEF B BUIST e CAI.I.WAH B CUBOL 0 
BOULFLAT D BRll:hSBURG BUKREEK B CALCO C CARBONi>ALE D 
BOURIIE C BRIGGS A BULLION D C.ALDER D CU8UH B 
80w C BRIGGSDAU C BULi.REY 8 CALOIIELL B cu;ITY 0 
8Jw8AC C BRIGGSVILLE C BULL RUN B CAI.EAST C CUOIF~ 8 
8Gi!IBELLS B BRIGHTON WO BULL Ti\A!L B CALEB 8 CA\DlNGTON C 
BO•llDIN 0 BRIGHTWOOD C BULLY B CALE!\4 C CUOON D 
BO•uRe C BRILL B BUIIGARD B CAI.HI ... CUEY B 
eowERS C BR!" C BUNCDIIBE A CALHOUN D CAUY LAKE B 
BOIIIE 8 &RI IIF-lELD CIP 8UNCIO 8 CAL!CO !) CAUYTDMN D 
IIOWMAN 8/D BRIMLEY 8 BUNOYl<AN C CALIFON CARGILL C 
BC•MANSV ILLE C BRINEGAR B BUNEJUG C CAI.IIIUS B CAU&: B 
BOXfLOcR t BRINKERT C BUNKl;R D CAI.I TA 8 CARlBEL 8 
BllXWELL C BRlNKERTON D BUNS EL ME! ER C CAl.!U B CARl8:lU 8 
BOY A BRI SCOT 8 IIUNT INGV! .LE 8/C CALKINS C CHLIN D 
BQYCE BID 81\1 TE C BUNYAII B CALLUO C CARLINTON B 
BQYO 0 BR! TTOII C BURBANK A CALLAHAN C CUL!SLE AID 
BOYER 8 BRIU" A BURCH 8 CALLEGUU D CAUDTH B 
IIOYNTON IIROAD C BURCHARD B CALLINGS C C4RLOW 0 
8DYSAG D BROADALBIN C BURCHELL 1/C CALLOWAY C CARLSBAD C 
BOYSEN D BROAOU B BURDETT C CALMAR II CA~LSBQRG A 
BOZARTH C IROAOIIROOII: C BUREN C CALN EVA C CARLS:lN C 
BOZE 8 BRO AO CANYON 8 8URGESS C CAI.DUSE 8 CARLTJN B 
BOZEMAN A BROAOHUD C BURGl B CAI.PINE 8 CUM! B 
BRACEVILLE C BRDADHUIIST D IIUllGIN D CALVERT D CAR~ASAW C 
BRACKEN D BROCII: D BURKE C CALVERTDN C CA~NEG!f C 
8RACKI.TT ' SROCKLISS C BURKHARDT 8 CALVIN C CUNERO C 
BRAD 0 8ROCI\MAN 

' BUR.LEIGH 0 CAI.VISTA 0 CUNEY 0 
BRADDOCK C eRDCKO B BURLESON 0 CAM B CA\:lLINE C 
81\AOENTON 8/tl BROCKPORT 0 8UllL!NGTON A CA,.AGUEY 0 CAt~ B 
81\ADER 0 BROCKTON 0 BURMA CAMAI< GIi 6 tAOISALITOS D 
BRAD~ORD B BROCkWAY B IIURMESTU 0 CAMARILLO a,:; CA~R!ZO ,. 
81\AllSHA• B &RODY C BURNAC C CANAS A CAU!TAS ... 
BRAO■AY 0 BROE I! BURNETTE B CAM{lSCREEK an CAULEY t 
Bi\ADY 8 BROGAN B BURNH{lll 0 CAIIBEl\li C cuso D 
BRADYVlLLe C uo,ooN 8 BURNSIDE B CA,.BR IDGE C cnso-. D 
BIUHAII 8 BROLLUR 0 BURNSVILLE B CAMUN il CA~STURS B 
8RA1NERO B BRi.lMO B BURNT LAKE B CAll£RON D CAUTUIIP : 
BRALLIER D &RONI.UGH 8 BURRIS 0 CAMILLUS 8 CAH 8 
Bi<A" B dRONCl<Q 8 BURT 0 Ct.Ill' 8 CARTAGENA 0 
BRAIIAR0 B BRONSON B BURTON 8 CAMPBELL B/C CU.THAY C 
MA"BLE ' BRONTE C BUSE B CAHPHORA B cuuso C 
BRAll•ELL C BROOKE C IIUS'i B CAMP! A 8 CUUT>IERSVI LLE 8 
BP.AND 0 liROOKl'IUO B bUSHNfLL C CA,.PO C c,,vE~ A 
l!RANDfNl!URG • 8RODKINGS I! BUSHVALLEY D CAl<PONE 8/C tUW!LE D 

N\lTU A BLAN!\ HYDROLOGIC SOIL GROUP !NQJ;ATES THE SOIL GROuP HAS NOT BHN JETUIIIN~O 
Two SO! L lokOUP s SUCH AS 8/C !NOJCATES TNE DRA!NcO/UNORAlNEO SlTUATIJ~ 
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CAll'tYILLI 8 CENTRAL POINT 8 ClllLGREII C CLARE SON C CJKEJUE B/C 
CAU GU.NOE C CEllESCQ A CHILIIOIIU C CLARl:VlLLE C CJKEL a 
CASCAOE c; CERll.11.LOS 8 CHILI 8 CLAR !NDA D COKE:~ 0 
CASCA.10 8 CEllllO c; tHILK4T C CL.IJI ION 8 CJKESa\/~Y D 
CUClLLA 8 CHACU t tHILLICOTr!E C CLARITA D COKi:VILLi: a 
CASCO 8 CHAFFl!I! C CHILLISQUAQUE CLARK 8 COLUTH CID 
c.sia 8 CHAGRIN 8 CIIU .. WM a CLARK FORK A CJL3H T D 
CA$1:IU!ll. D CHAIX 8 CHILIIARK ~ CLARKSBURG C CJL:lU~N 8 
:un C CHALFONT C CHILO 8/D CLAllKSDALE C CJLH 8 
;ASltEL C CHALMERS C CHILOQUIN 8 CLARUON a COLCHc STE.~ 8 
;45111011 D CHAMA 8 CIIILSON D CLARK SV 1LLE 8 CJLOC.:t.E=it s 
CASHMERE 8 CHAMBER C CHILTON 8 tUllNO a CJLJE~ D 
CUl<MDHT 8 CHAMSERINO C CHI MAYO D CLARY 8 CJLJ SPRIN~S C 
CASINO ,. CHAMl$E 8 CltlMNcV 8 CLATO fJ CJLE 8/C 
C.UITO 0 CHAMOUNE 8 CHINA CREEK 8 CLATSOP 0 CDLES~OOK 8 
CASPAR II CHAMNON 8 CHINCH4LLO 8/0 CLAVERACK C CJLi:14lN C 
CASPUNA II CHANCE 8/0 CHINIAK A cuwsON C CJLEMlNTO•II 0 
tUS A Cl1ANOLEII 8 CHINO 8/C CLAYSUllN 8 COLETJ A 
tASSAOA'-A CHANEY C CHINOOK 8 CLAY SPRINGS 0 CJLP.lX C 
CASSIA C t HA N"""°N II CHIPEU 0 CUYTClt 8 CJL!,~O e 
C:.ASSIIIO C CHAMING 8 CHIPLEY C CLeARFIELO t COLllilS 8 
CASSCLARY a CHAIOTA 8 CHIPMAN D CLU!I. LA.Ke 0 tOLLAMS~ C 
CASSVILU CHANTIER 0 CHlPPENY 0 CLHK C COLL41l0 a 
CAST.UC C C11APIN t tHIPPeo 8/0 CLE ELUM 8 CJLLHUI C 
CASTALIA C CHAl'MN Cl11QUITO CID CLEGG 9 CJLLEa~ t 
C:.UUNA a CHAPPELL 8 CHlRlCAHUA D CLEMAN 8 CJLLE'J 14 Te C 
CASTELL C CH4IUI 8 CHlSP4 e CLE"S 8 COLLETT C 
CAUILI 8 CHARGO 0 CHITINA 8 CLE~V ILLE e COLLtaa A 
CUTlNO C CHARI TON 0 CHITTENDEN C CLEORA 8 CJLL!'IGTON 8 
CUTLI 0 CHARI TY 0 c111rwooo C CLERF C C'.lLLl'IS C 
C.UTLEVALI 0 CHAllLEilOlS C CHIVATO D CLERMONT 0 :oLLl'ISfON C 
CUTl';ill C C11AllLUTOII C CHhA•A 8 CLEVERLY 8 CJLLl'ISVILLE C 
CUTO c:. CHARLEVOU 8 CHO C CLICK A CJL~A 8 
CASTRO C CHAR.LOS • C:.H08EE D CLlFFOOWN 8 CJL,~OR 8 
CASTROVILLE 8 CHARLOTTE 1'./0 CHOCK 8/D CL IFFHlUSE : CJLO 8 
c:.uusE D CrtAllL JON 8 CHOCOLOC;O 8 CLIFFORD a C:JLOCJ(UM a 
CASwELL D CHASE C CHOPAKA C CLIFFWOOD C COLO~A A 
CATALINA 8 CHASESURG 8 Cl<OPTANll A CL I FTl:R SON a CJLJM50 s 
CATALPA C CHA SEVILLE ,. Cl<OPTlE 0 CL1fTOII C C:JLO-.l C 
CATANO A Cl1ASKA C CHORAL14DNT 8 CLlFTY a COL~~IE • CATARINA 0 CHASTAIN 0 Cl10Su 8 CLll!ARA D CJLORlOO 8 
CA.TAULA C CHATBUIIN 8 CHOTEAU C CL l,~Al< 0 CJLJ, □ Cll 0 
CAT.lwllA 8 CHATFIELD C CHRIST UN C CLIIII: C COLJS □ D 
CUH 0 CHA THAM B CHRlSTU,;A 8 CLINTON B CJLJSSE A 
CATHCART ' CHATSllORTII 0 CHRIST l4NihJRG 0 CLIPP ER a,.: CJV D 
CATHEDRAL D CHAUNCEY C CHRISTY g CLOOINE J C:lLUI~ 8 
CATHIRINi 810 Cl1AV1U 8 CHROPE C CI.O'iT a;: 8 CJLD,; A 
CATHllO Q Cl1hANAKEli C CHU ALAR B CLOQIJALL\/1! C C.JLTS NECK B 
CATLETT CID C11UOLI C CHUBBS ' CLCQ\/ATO 8 C~Lu~a[" 3 
CATLIN ii Cl<eCllUT 0 CHUCUWALLA 8 CLOQUET 8 CJLUl<~l,.E A 
CATNIP 0 CHiDEl<AP a CHUGTER 8 CLOUD D CJLuSl C 
CATOCTlt-1 C Cl<EUTDwAGA I) CHVL!TNA 8 CLOllCCROFT D CJLIILLe a,c 
CATOOSA ii CHllUEMAt-1 C CHUMi,Y C/0 CLOUD PEAII C ClLVIN C 
CATSKILL A CHEHALl!M C CHUIISTICK C CLOUD R IH 8 COL,.OJO 8/D 
C.lTTU.AUGUS C CHE11ALIS 8 CHUPAOEIU C CLOUGH 0 CJLY 3 
CAUDLE 8 CHi:HIJLPUM D Cl1URCH 0 CLOVERDALE 0 COLYB C/D 
CAWAL 8 CHHAII 8 Cl1URCH1LL D CLOV ci'. SPRINGS 3 c:~ER a 
-.UE I) CHi:LSEA A CHURCHVILLE D CLU< 15 a t.J•H10 a 
.;;AHLT 0 Cl<EMAllA a CHUf<tt 8 CLUFF C cJwsri 0 
c•ve R.:ic.ll ,. CHi:NIJNG CHIJII.NOAS11Ek 8 CLU~ IE 0 C:~F,EY C 
CAYO D CHEN 0 CHUTe ,\ CLt;•Oe C CJ~ITAS A 
CAYOOc C CHE NA 4 ClALeS 0 CLURO C C·)~I.Y C 
CAWQUR 0 CHENANGO A CIBE..UE B CLYCE 0 ca~ME,:e C 
CAllKER a CHl:NEY 8 Cl80 a CLY,.ER B c:va A 
CAYAGUA C CHcNNEBV C C1BOI.A 8 COACHELLA a CO~QnRE a 
CAYLOR a CHl:lloOIOETH 8 CICt~ 0 COAO 3 CJ~J~O 3 
CAYUGA C CHEQIJi:ST C C10RAL C COAL c;a.eeK 0 CJ•PT:HE a 
CUAOERO C CHi:REETE A C 1iNE8A C C:)ALMO.'lr C CJ.•PTJN C 
CA.ZADOR II CHcRIONI u Cl/IA C C.JA"O C CO•STJCK C 
CUENUVIA B CHEROKEE D Cl>•AUO"' C COA~ S e:;CLD it: CO•US d 
CE80Ll4 C CHERRY C CINCINNAr! C C.JAT IC;:;;;k C CJ'llL3 s 
CE801'E C CHERRYHILL B ,1,.,..i A CuATSa\/1\G 0 :o,;ANT C 
CECIL 8 CHEUY SP~INGS C ClNDci.CONE 8 COBS 6 CJ'lASA\/GA C 
CiDA 8 CHt;SAII A C1NUAR a COSEN () :ONATA 0 
CEDARAH 0 CHcSHIRE 8 Cll<T~ClNA 0 C.JBE't a CJ'li!OY 0 
Ci:OAR, 6UTTE C C!iESHNINA C CIPR1ANU 0 COBURG C CJ,;Ht S C 
CiC.kCO.;c r, CHESNl,.NUS e CIACLE C CCCHHvPA C CJ~CHJ C 
Ct:OAR MOUNUIN 0 CHESTiR B CI RC LEV ILLi: C COC~A A C;)>tCJ,ULLY a 
CcOARY ILI.E " C111:STERTul!I C i.lSNE 0 CCQL lLLA C CO'tCJ~C 0 
Ci:.:><:.N,A d CHETCO 0 CISPUS 4 c ... tor.u:; C C:::!'ICRC:K e 
C.CO"ON C/il CHETEK B CHICO a ,ooY .. CJ'lOl C 
Cf:LAYA a CHi: YE LON C CLACUMAS C :oe A CJSO!T 0 
Ci.LiTON i) CHl:wACLA C CLAl81.1~NE d Cvt:6UR'I C :JS:JON C 
CUINA C Cl1i: •ELAH 8 CLA!Rc A CO••CCK ;:, CJt-tE A 
Ci:LIO A/J .;rte YEr.Ne 8 CLAlliEHONf 8 COFF 0 C~~EJ~ ' CiLLAII 0 C11!AIIA C, CL!l>LLAH t COfFf :K 3 C :JN€ S TOG4 s 
C~NCuVE B CltH;USHA a CLAM Gv1.:r1 0 C.JGC,CN a CJ'lESUS B 
CcttTER ' Cl<ICIJPH ii cu11a C CJGSl,oLL C C~~~~•EE a 
CeNTER CllElill ij Cli!COTE 0 CUll!TvN C COhASSEr a CJ'<GU a 
Ci:1'hRFULO a CH1GLEY C CLAPPi:R a C!JhO' HH v CJ\il 0 
CfNTi:~VILLE 0 CHI LCCTT C CUl'.c,.URE 0 CJKJe 3 C:JkKLl/rit ,! 
CENTRALIA it Crt!Li)S 8 CLA~E"<CE 0 CJIT C cnLE~ ~ 

11.JTliS 4 BLA~~ HYUROLCGIC SCIL G•O\/P l:◄v1i.4TES THE S:llL GROUP HAS NCT 3:EE.',f .J,1:T!H~llli!EJ 
T•D SOIL GKOUPS SUCH ~j 8/C INOICATfS THE VkA!Ncu/UNOR~lhEO SHU~TIH 
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CONLEY C COUAT II CllOIIUY D DANSKIN • OELLIIIISE • CUt.NfAUT C COURTHOUSE 0 CllOilll • DANT 0 01:L'I 0 
CONNt.CTICIJT COURTLAND a CROilSHAIII • liANVERS C OEl.'11.R 0 
COl,NEIIHIN & COURT.NEY 0 CROilEII C DAWILLE C DELMITA C 
CONOTTOIII 8 COURTIIOCK • CIIUCES D DA.NZ. • DEL'IDlfT • COIIOVER 8 COUSE t tRUtKTOII • DARCO A DELMDRTE t 
tONu■ l!IGO t COUSNATTA I CRUI CKSHAIIIII: C DARGOL D DELPHI I 
CONUD II COYE D CRUME • DARIEN C DELPHl~L t 
CONROE & COVEi LO 8 CRUl'IP D DAIU.JIG • DELPIEDlA t 
CONSER C/D COVELANP C tflUTCH • DARNELL C DEL,JIIIE D 
CONSTA8Li: A COVELLO 8/C CRUTCHER D DAR!IIN • DELRAY AID 
CONSTAl'ICU 0 COVENTRY I CRUlE C DAIIR A DEL REY C 
tONSUHO 8 tOYETTOII.N C CRYSTAL LAU • DAIIIIET C DEL RIO I 
CUNTH I) COVll!IGTOII D CRYSTAL s;uN;s D DAIIIIOCH C DELSON C 
tONT1NE C tO•AN A CIIUTOLA • DAIIRDUUTT C DELTA C 
CONT1NfNTAL C tOwAUS C cuu • DAIIT A OELTOIII 8 
CONTI\,\ COSTA C tOWOefl C tUHRANT • DARYA Di D DELW1M ,. 
til<iVENT C COlilDRE'f C CUCHILLAS D DAlllillH D OELTNOU. A 
COOi( I) tOwEEIUN D CUDAHY D DASSEi. D OEMUT B 
C:JOKPOl<T C COwi!RS a CUERO II DAST C OE MASTEi!.$ • COOLBR!TH B COiiE TA C CUEVA D DATBHN C OE l'IAYA C 
COOL10Ge 8 COwlCHE II CUEVIUS D OATIIIO. C DEMERS D 
COOLVlLLe C. co .. oco C CULIE'-TSDII I D,\Tll\'Llll C DEMKY 0 
C.JOll8S 8 cox D CULLEII C DAIJL TON D DEMiJlll t 
C::JONEY 8 COXVILLE 0 CULLEIIKA I DAUl'Hlll OEIIOPOLIS C 
COOPER C COY D CULLO C DAVEY A DEMPSEY • COOTER C C.OYATA C CULPEPER C DAVIDSON • OEMPSTf:R • COPAKE 8 COi.AO • CULVERS C DAVIS a DENU I 
COPALIS 8 CRABTOl'I I C.Ullll!RLAND II DAVISON I DEIIIHAilKEN 0 
COPl':LAND 8/J CRADDOCK 8 C.UIILEY C DAVfDNE I DEIIISOII C 
COPITA B CRADLIBAUG!i C CUl'IIIIIIGS 11D OlllilH C DEIIIIAH 0 
C.OPUY C.RAfTOti C CUND!YCI • DlllfflDD 11D DEIIMIS C 
COPPER Rl'lfR D CRAGO • CUIIICO C DAWSON 0 DEMNY D 
COPPERTOh & C.RAGOLA D CUPPER • OAXTY C DENROCk D 
U)PPOCK 8 CRAIi, C tURANT I DAY D DENTON D 
COPSEY D C.RAIGIIONT C CUROLl C OAYIILI. A DENVU C 
COQUILLE Cfi) CRAIGSVILLE A ClllllCANTI II DAnON 0 OE:JOA- D 
CORA D CU MER 0 CURHOLLOII 0 DAYVILLE IIC DE,EII C 
CORAL C CRANE • CURUl!I C DAU 0 DEPOE D 
CORSt:TT B CRANSTON 8 CURii.Ai,! C DUCDN • DEPORT D 
C.JR6JN & Cf<ARY C CURTIS CllEEll D OUDl'ALL • DUA II 
CJRttGA C CRATER I.AKE I CURTIS SIDING " DUMA C DERINDA C 
CJRO C. CRAVE• C CUSHIHi I DUH C OUR C 
CORDES s CRAlill'ORII 0 CUSHMN C DIAN .LAXE C DERRICll I 
C..JRDOVA C CREAL D CUSTER C DIIAllOURl'I' II DESAN A 
!:ilUhlli C CRE81.\IN C CUTTER D OURY C DESUT C 
COI\KtNDALc & CIIEOO. C CUll D DIIARYTl)lf • OESClUIUDD D 
CO'-lENA " CREEDIWI D CUYAlll II DEATNM C DESCHUTES C 
CiJRLf:TT 8 CREEOl!OOII C CUYDN " DEAVER C DESERET C 
Cull.LEY C CRE 1r.t1TOII • CYAII D DIIIHGlll C DESERTER a 
CORMANT C CRELOON II CVLINllllt II DIIIOUH D DESHA D 
CUIUIHILL 8 CREUARD C CYNfHUiM CID DICAlf 0 DESHLER C 
CilRNIIIG 0 CP.EstllllT • CYPRIIIOAT C 08'ATIGII D DESOLATION C 
CORll;ISI< 8 CRE sec C CYRIL • DECATUR II Dl!Sl>UII • CORN\JTT C CRE SPIii C DECCA • DETER t 
CORl'IVlLLf II CREST C ORIOi II OICUII C OETLDlt C 
Cull.01.AL C CRESTLINE • DACDHO C DEC Kl RY ILLI C Ol!TDUR C 
CORPENli,i, 0 CRUTMORE DACOSTA 0 OIICLD II onu • CORRAL nos A CRESTGN A DADE " DIICORRA • DETlDIT C 
CvRRECO C CRESlilELL C OAFUll • DECROSS II DIV • CORRERA 0 CRETE D OAGf'LAT C DIii C DIYIU DIVE D 
CORSO~ C CREVA D DAGGETT A DEIPIIATIR C DEYOE 0 
CuRlAOA 8 CRE VASSf A 0AiLUII D OHR CAEEK C DEYOlGIIES C/0 
COklEl. D CRE lilS D OAGOR II DEERl'IIELD • DEVOL II 
COI\TlNA A CRIDER I OAGUAO C DlllllfORD 0 DEVOii I 
tOIIUNNA D CRIM • DAGUEY C OIIERIHG I DEVORE I 
CORYALL1S 8 CRI SFULD • DAHLQUIST II DEIIILDDGI 0 DEVOY D 
CORwti, II c.RITCHl!LL • DAIGI.I C oeeR l'AU " DEIIART 
CORY C CRl VI U A DAIU!Y A DEIRTGN II DEWEY II 
C;JRYOON C CROCKER A DAKOU • OHRTRAII. C DEiiVJLLE • COSAD C Ci<OtKl!TT D DALIIO II DEFIANCI D OEllTER • COSH C tROESl,S C DALIY D DEFORD D DIA C: 
CuSHOCTOt, C CROFTOl'I 8 DALCAII C: DEGAIIIIO 1/C DUBLD 0 
COSKI II CROGHAN I DALE II DIIGNl!lt C DIAMOND 0 
CO~SAYUNA C CRIJOKl:D C DALHART II OE GIii\' D DUMOIID SPIii NG$ C 
COST1LLA A CROOKED Cllf.EI(. D OALl"II • DIJAII .. T II DUIIDNOYlLLI! C 
COTACO C CROOKSTOh I DALLAM II D&MU C DUIIEY C 
C(ITAT1 C CROOI< 8 DALTON C DIIUJYIH D DUNDLA D 
CJT tTO C CROPLEY 0 DALUl'I II OIIU • DUI C 
CuTO C CROSSY C DAMASCUS D DIILAU • OIHU C: 
COTOPAltl A CROSS D DAMON D OWHCO C DICll A 
.;on & Ci<OSSYILLE • 011114 • 011.AIIIY A DICKEY t 
COTTER ~ CROSMELL A OAIIIUltY C DELANO IIC Dl:KINSOII " :oTTHAL & CR.CT D DANBY OIILICD D Dltir.5011 C 
CllTTJfR e CROTOt; D OANORIIA C OIILEIIA 0 DHIY C 
CJTTO~WuuJ C CROUC:I< 8 DAIIORIOGE D Dlil.fllM II ou,iu C 
i,;\HTKi::LL (. CROlil C OAIIGIEI\G D DELHI A DHHTIIII I 
~OUCt-i t CROlil CHU. • DANIC C DELICIAS • DILL I 
CJlli>AR 0 CRO•fOOT 8 DANIELS II DELU 1110 DILLARD C: 
COULSTONi: B CROwl<EART D DANKO D DELL C DILLDDilll cou,.rs C CROii HURT 0 DANLEY C oaLEKER • DILLlllwER I 
(.JUPtVlLLc • C CROio HILL C DANHEl'IORA D DEi.LO a,: OILLDtl D 

t;JftS A 8LAhl( riVOROLOGIC SOIL GADUP IIIOICATES THE SOIL GIIOU, HAS HOT SEEN HTEUIINED 
TMO S~IL GROUPS SUCH A$ 8/C INDICATES THI OAAIIIIIO/UNDIIAINIO SITUATl31 
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DlLLIIYN A DOUGHTY A DU PA.;c B EGBERT a,: E~IL • II 
DlLIIAN C DOUGLAS a 0UPEE C EGEi.AND B ~"4t.!~ II 
DILTS D D0\111.0 8 DUPLIN C EGGl.eSTON 8 E!it-•4 C 
DlLWOII.TH D DOYER 8 DUPO C EGl'IAR C E~•BT A 
Dll'IAL D DOVRAY D DUPONT D ElCKS C E••E T 8 
DlHYAII C DOIi 8 DUPREe D ElFiHT ~ E••.ll'IS C 
Dl,.GI.E 8 DOIIAGUC 8 DURAi.OE C EJ<.At< C E<JH 9 
DlNGL ISHr.A D DOloDEN C DUilAl'iu 8 EKi,LAKA d E~PEQRADO C 
OINKELl4AM a DOWELLTON D DURAHI' D ELA" A Eiil_.l:Y a 
DIHKEY A DOlrlMU 8 DUREl.lE B el.BEAT D E•PEHILLE C 
DINr.EM 8 DOWNEY 8 DURHAM 8 EI.SU~M 3 E«Pl'lE C 
OlNSDAI.E B DOWNS 8 OUR~.EE C El.CO 8 E•tIC.( 8 
DI!<IU8A 8/C DOXIE C DUROC 8 ELD 8 C,'tCE & 
DINLER 8 DOYCI: C DURASTEIN D ELDER & EIIC!E~RO 0 
DIOXICI: a DOYI.E A DUSTON 8 El.lifR HOLi.Oii ;) E .. c 1 .~~ 8 
DIPHAII D DOYLE ST OWN D DUTCHESS 8 ELDERON 8 E~~,!U C 
01QUE 8 DOYN C DUTSON D el.COIi 8 ENO!:.~SoY s 
DlSAaEI. D DRA C Dunc.i 0 ELDORADO C E!<DlCJTT C: 
DlSAUTEL a Dll.ACIIT C DUVAL 8 ELOR l OGE C E~H ' OlSCO a DRAGE 8 DUZEL B ELEPHANT 0 ENF!El.(l a 
DlSlfiER D DRAGOON 8 DlrllGHT 0 eu.~oY 8 E~GI.E 8 
DIS TEIU-lirF C DRAGS TON C DIOYEI\ A ELF~ I DA B E~::;us1::>~ 6 
DITCHCAMP C 011.At<AT D DYE D ELIJAH C e-.~Lawvoo C: 
DITHOO C Dll.U!i D uYER EllCAK C E~GLUIID D 
DIVEAS 8 DRAKE 8 DYKE 6 ELK II EN~IS e 
DIVIDE 8 ORAIIYOH 8 DYREMG D El.KADER 8 ESJCt-tVlLLE 8/0 
DIX A DllAPER C EI.KCR EEK C e~ou 9 
DIXIE C DRESDEN 8 EACHUS TON 0 ELl<. HCl.LOW II E'l:N C: 
DIXNOIIT C DRESSLER C EAO C eLKt<O A.'i a e~~~ee D 
DlXNOU 8 OREwS 8 EAGAR 8 ELKINS 0 E'<:JS 8 
DIJIOi,VILLE C DREXEL 8 EAGLECDNe 8 ELKlNSV ILU a e.~as;u~G 0 
OIXV1LLE A DlllrTON C EAKl!i 8 EI.KHOU>lO C o~S;'<A04 8 
OOAK 8 DRIGGS 8 EAl<ES B ELK MOUNTAIN II f'<SIG~ 0 
D.lHS C DRUM C EARLE 0 ELKOL D E"SLEY 0 
:>uBEL 0 011.UHHEII. a EA~Ll'!OIIT 8/C ELKTON 0 E~SH□M a 
008ROW 0 DRUMMOND 0 EA~P B El.LASELLE BIO -E~TE~T! s 
llil8Y D ORUllY 8 EASLEY D El.I.ED GS C E'IT;?-P~ f SE 8 
DilCAS 8 OR YAO C EAST FORK C ELLERY 0 E~TIAf 0 
OilCKEP.Y C ORY8UllG 6 UST I.AKE A El.LETT 0 E~UMCLAW C 
DilCT 8 DRY CP.EU ' EASTLA~O C EI.Ll8Eil 4 P~HIM C 
DODGt 8 DRYDEN 8 EASTON C ELLICOTT A E?~HTA ij 
DOOGEV JLLE 8 DAY I.AKE C EASTONVILL!: A ELLIMGTOI, 8 f?LEY 8 
DOOSO/i C DUANE a UST PAl<I. D ELLIMOil C E~J~F'; TTE , 
DOGER A CUART C UST PORT A ELL lOTT C: EP 0 1 .. G J 
DOGUE C ouauetLA C UTOHl'O.N El.LIS 0 E"S!o 0 
DOI.AND a DU8AY D EAUGALLlE 8/0 eLLISFORDE C EU 9 
DOLE C 0\186$ II EBA C EI.LlSJN a EU/4 C 
DOLLAR 8 OUBOlS C EBBERT 0 SLLOAII 0 E~SH C 
DOLLARD C DUBUQUE 6 EBBS 8 ELLS6 E~RY : E~IC a 
DOI.Oil.ES 8 DUCEY 8 EUIIUER ' EI.LSioul. TH C EHE C 
Dill.PH C DUCHESNE a ECCLES a ELLtlM C E~l ~ 9 
DllMU C DUCKETT C ECHAi\D C ELl'l B E~N: ST C 
DIJIIINGO C DUCOA D ECHLER 11 ELi<DALE a E~>J a 
DONINGUEL C DUDA A ECKERT 0 ELIIE"OO~F 0 E~i-1,"':JUS?! C 
DOIUNIC • OUOLEY D ECKLEY a !Li<IRA ,. ESCHJ SA C 
DIJN1Nll C DUEi. a ECKMAM II El,"0 C ESCAL. 8 
.lJMlNSJN A DUELM C ECKI\ANT 0 EL/'t3NT a ESCAl.4/'IT: a 
DONA ANA ~ DUFl'AU II liCTOR a ELMORE a es:1,•eu C 
D>JIIAH\IE C llUFFER D EDALGO C i:Ll'wOOD C Es:,~,,,o C 
OUNALD 8 DUFF I ELD 11 EDDS 8 ELNOR4 a ES~JNJ e 
DONAVAII 8 DUFFSDN 6 EDDY C: ELLI KA 3 .S>t, r:, e 
DIJNEGAL DUFFY 8 EDEN C ELPA" 0 ES?ll 0 
DONERAIL C DUFUR 8 EDEl,TON C CL PECO C li'SPl~41. ,. 
oor.n .;. DUGGINS 0 EDi:NVALE D EL RM,CHO a ES?L Pl 0 
DIJNICA • DU<iDUT D EDGAR a i:LAED 8/J asr., C 
DOMLONTD!i C DUGIIAY D ECGECU,tBE 8 ELRGSi: s es~uATZEl e 
DOIIHA i) DUKES A EOGH;Y C ELS A es:; a 
OOIINAN C DUI.AC C EuGEMC"T a i!LSAH a ESS!'l C 
OONNARDD 8 DUMAS a EDGEw4TtR C ~LS INB!JRO 8 ESSEX C 
llOIIIIYil!IOOK D OUMECQ C EDGEwlCK 8 EI.S!NGRE A ES3EXVILL! D 
OJl,DVAN B OUHCNT 8 EDGhOOD A cLSl<E •E A asn:uo a 
OOOLEY A OU!IBAA D EDGINGTON C SL.SO D ESTEL~rna a 
OOOr.i:; 8 DUNBAIITDII ' EDll,A D cL Sul.YO C :STE~ 0 
OQOR 8 CUii BRIDGE 8 EOl!IBU~G C cl.ST □" 8 ESTE,B~CiOK 9 
Oll~A 0 ;:;ur.CA!i D EDlSON 8 ELT~P IA a EST'<cW!LLS ,; 
DORAN C :)Ul,CANNON b 1:ClSTil C EL TREE a EST I VE C 
OilllCHESTcR 8 OU!ICCM D EDITH A EL TSAC 0 :STJ 9 
Dl).i\OSHIN 0 DUNDAS ' EDLUE a ELi;HA 9 !:SHSLLA s 
DOROTHEA C i)UNUAY A i:DMI..NoJS 0 €L1oOCO C eT~AN '3 
DOllOVAII 0 OUNDEe C ECP<ul'-1: 0 .;LY a t: iHE TE :! 
0011.S 0 DUNi:LLEII 8 EDMIJ!IO C <:LYSIAN 6 ET~RIJGc C 
uORSET 8 our.e s.1111 A .r,111.A C ELZ!N&;A a ET!I. 4 
DJS CABEZAS C OUNGENESS 8 EONEYV ILL:: 6 i::"ISCf;N 8 er~, 
cuss ,; our. GI.EN C EDOM C E.~BR Y a ETJE s 
Ou~SH.U. 0 ou,;Kl!ISYlLLi 8 EDRuY D E~6UCO 9 ETJdH 8 
,uTEN 0 OUNKlllK 8 EDSON C E~OE~T C ET:JwN 6 
DOTHAN ,I DUNLAP B EDitARCS 8/ 0 E~~R C i:TSH D 
COTTA 8 our.11c;1e 8 EEL C Sllil'E"''LO 8 ETT-t C 
DOTY a OUNNI"G C EFF 11<1,;TC!i D ;1!4E~S0"4 B ETTC~ 3 
O.JU8LiTOP 8 DUNPHY 0 EF•UN A E'410A , HT:~sa~?.G 6 
DOUDS d OUNUL A EGA!! C e'4 l~li A'IT 8 ETT;;.l~K 0 
OilUGHt..TY A CUN VILLE 8 EGAr. a E'4lG•AT ION J :•J34.~~<.S s 

NllTES A BLAkK HV~RQLO{/,lC SOIL G~OUP !'IC!CAT:S THE S..:ilL GihJUP t-1AS ~CT ?i:::'11 :::cr:~•t ~t:u 
TlrlO SQII. G~OUPS SUCH AS a,c INv!CATES THt ~RAI~ID/U~D~,l~EJ SITUATIJ• 
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EUDORA I FE 0 FLDliELL C FllENtH t C.ULP:K t 
EUFAULA A FiOORA • FLOWER.EE • FRENC lffDWN D l,UIION C 
EUREl<.A ll FELAH A FLOYD • F,_EIIUIJ t GU!\011.E 8 
EUSTIS A FfLDA 610 fLUElStH C l'll!Sr.0 t/0 GUNU 0 
EUTAW 0 l'iLIOA " FLUSH!~ FIi.JANA 0 GUO 0 
EVANGELINE C FELii.Eii. D FLUVANNA C FII.IANT D C.All.ll 0 
EVA"IS 8 fELLO•SHlP D fLl'c.ARI: • FlllDLO ; G,OUII.O • EVANSTON 8 FELT • FLYNN D ""IEDlllN 8 UUETSON • EVARO A , EL TA C FOARD D FRIENDS 0 GUII.ETT • EVART D FELTHAM A FOGEUVILLI • I'll.JES D Gu,1soN • EVENDALE t FELTON I FOLA 8 FlllNDU 8 G,UTON C 
EVERETT II FELTCNU • FOLEY 0 FIUO 8 G,UWIII C 
EVERGU,OES AID FENtE 8 FONDA D l'IUUELL t G,UtONADE 0 
EVERLY II FE!iOALL C fOIC1S C FA0HllG :, GAS Cl.EU C 
EVERIIA!i C n .. 11000 I FONT AL D FA01111AII t GASKELL t 
EVERSOii D FERA C FONTIIHII • FRONDORF t GASS D 
EVESBORO A FERDELFOII.O C FOP UNO D FIIONHOflll : GUSET 0 
EWA 8 FERD1' C FOR.HS I FIWNTOII 0 GATESBURG A 
EWUL A FEROIIIIAIU> C FOllD 0 FROST 0 GATE SON C 
EIIALL A FERG,US • FOIi.ONEY A FIWlTA • GATEVIEIO • E•HNGSVILLE 8 FERGUSON 8 FCROTII.AN C HIUlTUND • G,ATEWAY C 
El'.C.ELSIOI\ II FERtl.\M>O • FOROWJLU I Fl.YE C UTEWOOO 0 
EXC.liEQUER 0 FERN tLIFF I FIIAE " FUiGO t GAULDY 8 
EXETER CID FERNOALl I FOIIELANO 0 l!Ueu t GAVINS C 
EXLINE 0 FERNLEY C l!'DllEUI • l'U'-'IIH 8 GAVUU D 
Ull.AY D FIRNOk • FORESI\AN • #ULCMU C G,AY I) 
EXUM C FIRNPCJNT C FOII.UTOALI " NILDA t G,AYLIIRD • EYERBOli D FERRELO • FOIIUTER C fULLIIITON I GAYNOR C 
URE • FERRIS D FORESTON C FULlllll 1/0 iAYYlLL£ 8 

FERRON 0 FORGAY A FULSHEAR C GAULLE 0 
FAIIIUS 8 FERULJNE I) FOllMN • l'Ui.TON 0 GAZO$ 8 
FACEY ILLE 8 FESTINA • l'OIINIY " l'UQUU I GIAIIHUT A 
FAHEY I FETT D l'OIUll$T C FURNISS 11/0 GUIIY • FAIM C FETTlt D FORHr C FUil, 8/1) GEE 8 
FAINES ,. F IAHOli.11. C l'OllS"-EN C l'USULINA C GEEIUILG, C 
F41RUNKS 8 FJBU D FORT COLLINS I GUil C 
FAIRDALE I FIOAUO t FORT DRIii! C GAASTRA t. GEFO A 
FU RFU a FlODLiTOlofi C FORT LYON I GAIIALDON I GlLKlE 8 
FAIP.FIELI) 6 FIOOYMEMT C l'OIIT MUOI A SA!IU D GEi! C 
FUii.HAVEN e FIELDING 8 FCRT IIOTT A GAHL t G,£1110 C 
FAIRMO"'"T D f1ELOO!i I FORT PIEAC.I C GAIICA 0 GEIISON C 
FAIRPORT t FIELOSOM A FORT ROC-. C GACEY D GENi:SEE 8 
FAJRYOELL C FIFE I FOllTUNA D GACHAD0 0 GENEVA C 
FAJARDO C FIFER 0 FORTWINGAfl C GADDIS C GENOA 0 
FALAU C FILLMORE. D FOIIWAIIO C GADES ' GENOLA 8 
FALCON 0 FINCASTLE C f05H0111 • GACSOllil 0 GEORGE VILLE • FALFA C FINGAL C l'OSSUfl • GAGE GIORGIA 8 
FALFURRIAS A Fl!iLEY • FOSTIR IIC GAGIIY I lllRALD D 
FALK a FJIIESTHL I FOSTORIA I GAGHCIIIHI t GIii.BEil D 
fALKNER C Fll,GllELL • FOWITAltl 0 G,&fflf I HlllG 8 
l'ALL B FIRM&GE I FOUIILOG 0 GAINES t GERI~ • FALUROOK ate FIRO D FOUWUi • GAJNUVlLLf. A GERLAND C 
fALLON C F IIITII 1/C f'OUII STAA IIC kUTA D GElllAIIIA 
FALLSBOIIG t FISH WEK • FOUTS • GM.I 8 GEUIANY 8 
FALLSINGTON D l'ISHEa.$ I FO& • GALl:ti I GEU.AII.D 0 
FA!itHER ' FISHHOOK D FQlc.MII._ 110 GM.IIIA t GESTkJN 8 
FA!iG 6 FI$HKILL FOJIIQIMT C GA.LIPPI t GETTA C 
FA!iNIN II FITCH A F0,1101. I) GAUSTOWN A GETTYS C 
fAll!iO C FITCNYlu.f C FO,IIPAM 0 GALETIJN 0 GEY SEN D 
FANU C FITZGERAU> • FOJI PARII 0 GALEY a GHENT C 
FARADAY 8 FITZHUGH I FClltTON C G,AL.lSTEO t GIULER C 
FARALLOIIE 8 FIVE DOT I FRAILEY • GALLAGtlER B GUBOII • FARAWAY 0 FIYEMILE I FIi.Aii • GALLATIN A GIBBS 0 
HRB I) FIVES • FUNCU A ULLEGOS • GUBSTOWN A 
FAIi.GO 0 FLAGG II FRAICITAS D fMLL JNA C IHFFIN t 
FARISJTA C FLAGSTAFF C FIIAIII D GALLION B GIFFORD C 
FAIi.LANO II FLAK II FRAllKFOllT " GM.U B I.ILA I 
f-AAMINGluN C/0 FLAIIIIIIG • FIIANl!.IIIK C. GALVUTOII A I.JL&Y a 
FAil.NHAM a FLAMINGO D FIIAi«LIN • c;.u.vu C GILCHUST 8 
FARl\tHAIITON 8/~ FLANAGAN 11 FUi«SUlltlN • ;ALVIN t GILCREST B 
FARNUF {; FLA!iDIIEAU I FIIAIIIT CIIIN 0 liM.IIU' I GJLU) C 
FAANUM B FLASl'IEII A FRANKYILLI • GA .. LIII A GILES II 
FARRAGUT C FLATNUO A FRATIRNIDAD 0 GAIIIOA I GILFJRO BID 
FARRAR II FLAT HOIIM • FIIAZH C GANNETT 0 GJLHOULY 8 
FAl\RELL 8 FLATTOI' D FRIO C GANSM!II 0 GILIS•IE C 
fAP.AllilURG II FLATl&lLLOW • FUOEMSll>lli C hPO D GILLUII C 
FARII.OT C FLAXTON A FIIEOEIII. CK • Ul'PMAHA I GlLLIGO B 
FARSDH 8 FLEAK A FREOIIN C URA 8 GILLS C 
FU.WELL C FLEtHADC • flllOIINIA C Gt.lllH ,. GJLLS8UR:; C 
FASKIII II FLl:Ell D Fll£01UCQQIII C GARIUTT 8 GIL~AN I 
FATIIIA B FLEETIIOOD FIIHIUIIG C UIICINO C GILIIO-E C 
FATT lG C FLEISCMMMN I) FII.IECI I) GoAIIOII.U 0 GILPl!i C 
FA~CE A FLElll•G C l'IIMOQl'I C GARDIN& I GILROY C 
FAUOUIER C FLETCHIR I FIIHHOIJI • GAROINH A GILSON • FAUSSE 0 FLOKE 0 fllHL • • Gt.RON a• S F:>11-. 8 GILT ,o:;e 0 
FAWCETT C FLOlt C Flll!EMN C HIU)MIRVILLI D GJNAT 0 
FUN II FLOMATION A FREE!IIIIWlLLI • GARllONE ' Gl"IGU C 
FUOH 0 FLOIIOT I FIIEEOII I GAUY C GINI 8 
FAUL C FLOIIEIICE C FIi.EU C GARFJILO t GINSE~ C 
FAYETTE II FLORESVILU t FREEST OHi: C GMITA t GHUl>OT 0 
FUETTEY ILLE 8 FLOIUOANA 8/0 FREUENfR C GARLAIID • GUO A 
FUWOOD ' FLORISSANT C FIIE-T C IM.IILIT A GIVEN C 

N.:ITES A IIL4NK HYOROLOGlL SOIL GP.OUP IIIIOIC.ATU THE SOIL ;ROUP KA$ NOT Ill• DETE•MINEO 
hO SOIL GROUPS SI.CH A$ d/C INCilC4TES TIii ORt..ltll:DIUMOIIAJMIO "SlTUATU~ 
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GLAOOfN 
i:iLAi.::~ PAitl( 
G;...ADST;J~i 
GL40111I\I 
Gi..~1'1IS 
GlA-'lt~ 
Gi...1.S.VOIII 
I.ii.EA~ 
i,,,i...!:ASO,~ 
G\.2,'i 
G~"'<eH 
bLE"'«!i.C:liG 
C. ... i:~ok.Ji.JK 
GI. EN<.Of 
(;Lt,NUAlC 
GLfNOIYc 
GLtNCO~A 
GLc~ELC 
GL f,•,F I ELO 
GLa~Fo~o 
GLcNHALL 
l,LfNhAH 
GLi:NIOOO 
~CNNALLi"i 
Vl..t:~(.MA 
<,Le!SROSf 
G ... =~sreu 
GLc~TC'< 
GI.. ;!'f" [Ellf 
bt.f.''fVH,LE 
Gi..ICt: 
GLIKI.JN 
~LCJ,..lA 
LILwUC.i:STEA 
1~ ... JviK 
.:;,L Y"..C..JN. 
~ ... 'f/1N 
G .. u?Lt. 
~.)CcA~O 
UJJC,i 
'JJIJCt.!t: 
~.JOFRE:.Y 
V,)C.1111.i.t. 
GJc:JLi:l~ 
";J':!:.SCL 
i;.;FF 
G,. vl:'i lC 
G.:L 1 l'-
e, JL C ·.~QA 
·:.,:u.:i .. ::t.1.:·:tt 
~-•,..;.)i:;t-;!,.'.~l..,= 

:.~;.. L. ;_ ,7. 1 J:;L,J 

'-' ·:...:.hlLL 
(;1...LG!111 A~ 

,:; •. i..•i..._ !UGC 
vuLJ;u~ 
G ... t.J:i:::,1t~1 
:;uLOS TUN 
C,JLDHR~~-1 
\J,1..t.J'IAl::: 
c.;t.CYE i~ 
(;,-.;lIAU 
1.,,....:L1..u~E"'­
\l,JL Tk Y 
GU-"1':l 
i.j,J~~ 

t.Cli\l !Cf. 

GJ~UALE 
G-J.:.,Jlr.G 
i...ul..\Jll>1:;TUl'i 
GUUOLVli 
G.JGv!WIAN 
GJ<h•l'tlCH 
\.11,.h)O~i>.:.. [r-....;,s 
~~1.,,Si: Cl'l.r:.;A 

1J:.J>ii: \.;,\~i; 
G..;iJ.SttUS 
:.,,Jk.~0 
ju~::);:iN 
i.,:tkt: 
v-.ikUu/',,IO 

G.Jn.r"\A~ 
Gjill~ 
b<J~ lN'J 
GJ1'M-4N 
GJkU$ 
GORU:!.L 
GJSrk~ 
GJSt1~Te 
G,J:;p;:;;,.T 
~; T~-:..~ 

A 
C 
e 
A 
C a,: 
C 
ti 
C 
8 
8 
ii 
0 
0 
8 
~ 
0 
ti 
0 
C 
8 
8 
C 
C 
8 
a 
0 
a 
ii 
·c 
• 
8 
C 
A 
C/0 
s 
C 
C 
a 
0 
0 
C 
u 
C 
~ 
C 
8 
C 
D 
0 
d 
0 
0 
C 
a .. 
C 
C 
~ 

C 
C .,, 

GOTHARO 
GOTHIC 
GOTH.:. 
GOU LO ING 
GOVAh 
GO~I: 
GOWEN 
GI\A8E 
GR.:.i\L~ 
GRACi:.,<IJNT 
GUCE~lLLc 
GRADY 
Gi<AfEN 
G;I.Af TCIII 
(.itAHAII 
GRAIL 
GR.\"11 
G.ANATH 
GRAN& Y 
GRANCe RONCE 
GRU,DFl:LO 
GRU,O~IE • 
Gil.4NH 
GRANGcA 
G;I.A.'<GEVILLE 
G~"" I Li: 
GIU,NQ 
GRANT 
GRANT S8URG 
GRANT SO.tLE 
GR•N~IL~E 
Gi<AP!:VIM: 
Gi<A$McRE 
GUSSt.A 
(i~ASSY ilUTTe 
5itATZ 
.i:.tA \!'OEN 
GRA-.,,E 
GR•YITY 
GRA YCAL.'4 
Gf<AYl"CkO 
GRAYLlNG 
G!!• YLC.;,; 
Gi<AYPO!r,T 
GRAYS 
iiii<AT BENO 
GREELEY 
GR:;:', BLUl'f 
G;.;;:~6~AE 
GRl:Et-. C;tNYON 
GwEa ',C~tEK 
GRbi:1-.(.ALE 
Gil~!:."!IF!.:t..O 
GrlC E1';.0~N 
~~EE~lii:Ar 
..;R.t;!V-.CU\lrt 

sl >ER 
GR!:ENS30Ru 
GREE~SCk 
f~kfikT.;N 
<i~E eN~lLLE 
YRStt-.._ATEl' 
Grlt =~•ICH 
•..i~c E~ 111CCO 

U Gf"EER 
3 Gr-.:!GC~Y 
D ""->rALE~ 
C G;::tELL 
C Gilc'-IA(A 
C GRi:.NilLLe 
S SHA~ 
a 111 [t-~GK 
6 ~~::. Yf:.Ai:.l( 
lJ >JKi YBULL 
t.\ '111.C YC.Ll FF 
u GKliY S 
9, t;RlfFY 
8 \JliUGSiCN 
u G•l~STAO 
a GR! ~;,t.J1.J 
A ..;~ { TNE't 
3 GRI Yl:il 
C (;~IULY 
C U'i<0GAN 
~ G~GSECLCSi: 
A G~uss 
a ~~vrc,-
8 G,ri.,JVE 
0 G~CVEL.>NO 
C GS . .JVt:~ 
A ~I\C\i'E TON 

~JT¢S A 8~~~~ MYO~~L~GlC 
r~o S;)[ L .;~CUPS SuCH AS 

0 
C 
C 
0 
C 
8 
8 
8 
6 
8 
8 
0 
8 
3 
0 
C 
8 
8 
A/0 
0 
8 
c. 
C 
C 
8/C 
8 
0 
s 
C 
A 
e 
C 
B 
a 
A 
C 
C 
a 
C ... 
8 
A 
B 
a 
8 
8 
8 
5 
C 
8 
e 
B 
e 
0 
fl 
C 

GROWDEN 
G/tCWLER 
GRUB&S 
GRULLA 
Gi<U"IIIT 
GRUNDY 
(;RUVER 
GRYGLA 
GlJAOALUPE 
GUAJE 
GUALALA 
GUAMAN! 
GVANAUNO 
GUANA.!leO 
GlJAl<!CA 
GUAYA80 
GUAYABOTA 
GUAYA,.A 
GU8EN 
GUCKEfN 
GlJcLPH 
GUENIX 
GUERNSEY 
GUSRRE"IO 
GUEST 
GUIN 
GIJLfR 
GULONA 
GU1<80JT 
GUN8ARREL 
CUl<N 
GUNNOI( 
GUNSIGHT 
GUNTER 
GURABO 
GURNEY 
GIJS>AVUS 
GUST Ill 
GUTHRIE 
GUYTO!t 
GWIN 
GW l Nt,f TT 
GY~ER 
GYPSTRUM 

6 
6 
0 
0 
0 
C 
C 
C 
a 
A 
0 
8 
6 
C 
0 
8 
0 
D 
8 
C 
6 
C 
C 
C 
0 
A 
a 
8 
C 
A 
8 
C 
a 
A 
0 
C 
0 
C 
0 
0 
0 
B 
C 
8 

HAM8R !(;HT 
HAA8URG 
HAi<BY 
HAMEL 
HAMERLY 
HAMIL TOM 
HAMLET 
HAML [N 
HAM~ONTON 
HAMPCEN 
>iA,.PSrt!RE 
HA"PTCII 
HA/IT AH 
HWA 
H.U.AL El 
HANAMAULU 
HANCEVILLE 
HANCO 
HANO 
HANORAN 
HANOSBORO 
HANDY 
HANEY 
H4NFORO 
HANGAARD 
HANGE"' 
HAN !POE 
HANK INS 
HANKS 
HANLY 
HANNA 
HAt.NU!! 
HANOVER 
HANS 
HANSEL 
11ANSKA 
HANSON 
HANTHO 
hANTl 
HAP 
HAPG.:100 
HAP~EY 
HAR801l0 
HMSOURTON 
HARCO 

~ACCKE C HAROE"AII 
HACIENDA O HARDfSTY 
HACI( 8 HARO ING 
><A.:KERS !l H,UDSO.A88LE 
HACKt:TTST C~ N 8 HAIIOY 
HAOAR A HARGREAVE 
HAO ES C HARK tR S 
HAOLi:Y 8 HARKEY 
HAOO 8 HARL A,~ 
HAGfN B HARLE!! 
HAGi;NIIARTH 8 HAJ!LEST;JN 
~.AGE.,.tR A HARLINGE'i 
Hl.GtR C HAR"Ef<L 
HAGERMiN C HAxlOONY 

C HJ.GERS TOWN C HARN!: Y 
C HAGGA 8 HARP ER 
B HAG~EHY 8 HARPE TH 
A HAGSTA.;JT C tiAR?'.i 
B H.A~Uc A HA"? S T!:R 
0 hA!G C HAR?T 
C HA! l(,U 8 HARQU A 
A hAIL~N 8 HAAR !ET 
a l<Al~ES 11/C HARRIIIA!i 
0 HAIRE C HARR IS 
C HALAMA 6 HAR~ I SSUR G 
e HALDEi\ C HAI\~ !SON 
C HALE B HARRISVILLE 
0 l<ALEDON C HAI\ST!:"E 
a 11ALEl•A 8 HARST [11,E 
C nALcY S HART 
C kAI.F l<OOII 8 HAI! T CA"'P 
S liALFORO A H.ill.TFCRO 
6 HALFWAY O HART !G 
8 HALGAlTCH 8 HARTLA1'0 
8 1-'AL !l S HARTL ETON 
8 liALll,.AILI: a HARTLINE 
C HALIS 8 HARTS6UllG 
C 1-'ALL !I HART SELLS 
C l'<ALLECK 8 HARTS I-ORN 
S HALL RAN<:H C HARVARD 
C t<ALLYILLi: 8 HARVEL 
C HALSH O HAl<YEY 
A HA><ACER A HARilClOO 
A HAMAKJAPOKJ 8 HASK I 
B 1-'A~AN 8 HASKILL 
6 HAl'AK 8 11ASKINS 
8 HMISLEN C HASSELL 

0 
8 
C 
C 
C 
A 
8 
8 
C 

C 

C 
A 
C 
A 
8 
0 
a 
C 
0 
0 
8 
a 
C 
ii 
B 

a 
A 
8 
0 
C 
C 
C 
C 
A 
8 
0 
B 
6 
C 
8 

8 
8 
a 
0 
a 
0 
8 
C 
B 
s 

C 
(l 
C 
C 
C 
J 
8 
a 
C 
3 
C 
0 
8 
0 
) 

C 
5 
C 
0 
C 
A 
a 
6 
a 
:l 
s 
6 
:l 
5 
B 
C 
C 
8 
A 
C 
C 

SC!L GI\CUP [.~ulCUES THE S □ lL G~CUP 
o/C l1'0ICATES The DRA!NcO/UNORAINED 

HAS ~or lf!:~ 
SITlU,TIJ~ 

l<ASTl!IGS 
H-' T 
11A;SO~O 
HAT:H 
kA r::-1c.~ Y 
H4 TF 1:LD 
HiT>t~wA'I' 
Hl TT!: 
HATTJ~ 
Hl<Ji! SUOT 
HAUG.a~ 
HAJSH 
HAV4,,A 
HAY!~ 
HAV!Ri. Y 
HAVil~SO'I 
HAV!LLAH 
HHl~.iOON 
HAVR!: 
HAY~EL.JN 
HA .. 
i'A•ES 
HAIi! 
HA,<KelE 
HAW .. SElL 
H4w(S•ltl HGS 
HUfU'I 
HUSOURNE 
HAYB~J 
HAYn~ 
HA'l'fSTON 
HAYESVILLE 
H4YCJSLO 
HAYFO~O 
HAY~ONil 
HAY~ess 
HAY~II: 
HAYP~E SS 
HAY SPUR 
HAYT~~ 
HAYTI 
HAY,.0.)0 
t<U!!L 
HAli:LUR 
HAl,!:;:'1 
HAlLE,<lJ~ST 
HAlLETOr. 
HAZ.TON 
HUJL!:Y 
HE40~UU TER S 
HEUi! 
HUT>t 
HEHLY 
HU8~0NYILLE 
He,e~ 
Hi: ee ~ r 
HE3GE~ 
teBJ 
H:E~~ON: 
HECHT 
HEC1tl 
HECLA 
HfCTO~ 
HEOOEN 
HED~l:K 
HE:,VILLE 
HEC.NE 
HE!:li:N 
HE!:H.,Ali 
HEIL 
HE1>10AL 
HE I SHON 
HEISLER 

~-:: l .! ~\ 
H:LUT 
HEL!:MANO 
HEL!:NA 
HEL ◄ E~ 
i<EL'IHIA 
HELY 
11E~i!RE 
~E• .. I 
Hf~•FleLO 
HE~PST:40 
HE~C~ATT 
11E~)!!l!SON 
;,e~OR!CKS 
HE,EF':R 
Hf ~KI~ 

.>STH~INEO 

8 
D 
0 
C 
C 
C 
9 
C 
C 
C 
a 
D 
8 
8 
e 
8 
C 
0 
8 
B 
~ 

A 
a 
A 
A 
a 
A 
a 
C 
B 
6 
8 
B 
C 
8 
8 
6 
A 
8/0 
8 
0 
a 
C 
0 
a 
C 
8 
0 
8 
8 
0 
C 
A 
8 
8 
C 
A 
0 
C 
C 
C 
B 
0 
C 
9 
0 
D 
0 
C 
0 
8 
8 
8 

0 
C 
C 
C 
C 
C 
8 
8 
C 

C 
8 
B 
a 
C 
a 
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HENLEY .. HOSOU u hOIUl II HUT A i.iA~DiU, C 
HfNUNiZ C HOBSO!i C l-10REB 8 HYATT VILLI C llEE C 
HENNEKE 0 HOCnHEI M 6 HORNE D HYDABURG D 
HENNEPIN ii l-10CJ.lh~ r, HORNELL D HYDE 0 J.leU C 
HENNINGHN C HOCUhSDN C HORNING A HYDRO C J!!.::UJ,.U\$ a 
HENRY i; HOCI\UY C HOl!NITOS D HYMAS 0 ..IA~•~A D 
HiNSl:L 8 HOOH I) HORROCKS 8 HYRUM 8 JA;INTO a 
HENSHAW C HOi>GINS t HORSESHOE 8 HYSHAK 0 ,Jt,.::K CREEK A 
Hi:NSLEY D HUOGS!JN C HORTON 8 JACHIN a 
HEPLER D HOEl!t 8 HORTOt<VILLE 8 IAO C JA(;>:ttIFE t 
HERBlRT o HOl:LlLE C HOSKIN C IBERIA D ;tCI\.PORT D 
Ht:REFDRO 8 HDFf,.._,u; C HOSKINNINI D ICEHE C JA.C.~S C 
HcRUMER 8 HOFFk.ANV1LLE t HOSLEY D IOA 8 J1<~.:.SOH • HeRLUNG 0 HOGA .. SBURG e HOSMl:R t 10,HEL a JA': KSONVI LLE t 
IERKISTON II HDGELANO 8 HOTb t IIJAJ. II J.11.L'.Ol:S D 
Hi:f<>ION ,. HOC.& C HOT LAI\E t !DANA C ,:~C,OBSEN D 
Hi:RNOON 6 H0~"'-1~ 8 HOU.ll:I( i !DEON D J<.::ObY C 
HERu 6 HOh 8 HOUGHTON /JJD 10140N 8 Ji'.t~!.15.$ C 
Hi;Ri\f:l\A • HOH>IANN C HOUK t l(i.!,;ACIO t ~~t.QUilt4 C 
HEIIRICJ. t Ho;,:~ C HOULKA D IGO D ., :IIIN 8 
HERll(IN e HOLtiROOI( 6 HOULTQN C/D IGUALDAO D .!Id FltEY A 
Hi:RSH • H0LtOK8 Ii HOUND8Y 0 IHI.EN 0 ~"-C')~fES 8 
Hfll.SHAL 6/0 HULl•AloAY 0 HOURGLASS 8 !JAM D .,,.w.,t, a 
HESCH a HOLlkh " HOUHTONlt 0 ILDEFONSO 8 J•·.L"H • HcSPER ;; HOi.uH ll HOUSE KQ)Nf AUi D ILKA 8 ~•.~ES CA!d'ltltl 8/C 
HESPERIA Ii HOLJ.,Ef<KAN C HOUSEVILLE C ILLION BIO ~•F.ESTOl!N C 
HESPERUS 6 HOLIJi:i>.NESS C HOUSTON D lKA 8 Ji<HE C 
HiSSE C HOLDi<!oGE e HOUSTON &LACK D l116Ll!I\ 8 J.\1-'iSE C 
HHSEL 0 HOLLUoD 6 '10VDE Alt lKLaY C J,.nSEN • HESSELBERii 0 HOLLlhGER 8 HOVEN D IM>IOKALIE 8/D JI.RU D 
HESSi:LTlhc 8 HOLLIS t/iJ HOYENwEEP C l!WER IAL 0 .i•·,~oe t 
HESSLAN t HOLLI STER !) HOVERT 0 INAYALE A J,c~ ! ti C 
HOSOI, C t<OLLCJIIAh C HOVE? C lNDART B JI.RR!; 6 
HETTINGEk 0 HOLLOdY A HOwAIW 8 1..0IAHDIIA D .:UV!S 8 
HoXT 8 HOLLY 0 HO,,ELL C INOIAN JASJER 8 
HEltL 6 HOLLY SPRINGS D HO•LAND C INOlAN CREE:« D JI.OCAS • H14LcAH 0 HOLLhDOD D HOH 8 INDIANO C .. a,\f, 8 
HlAloATHA A HOL>IDt:L C HOYLETON C INOUNOLA t JH t 
Hlll&AkO D HOLMES e HOY PUS A INDIO ii JUEii II 
Hlbl!lNli C HOLO>IL,A ii HOYTVILU 0 IN(;A B JllnDN 0 
HIBi:RNIA C HOLOPAI< B/0 HUBbARO • INGALLS B JE~t; A 
HICKORY C HOLROY!J 6 HU8EIU. Y D lhGARO 8 JU"E~ETTE D 
HICKS 8 HOLSINE 6 HUBERT e INGEN 10 C JEA~ LAir.E B 
HIO .. L!iO 8 HOLST 8 HUBLl:RSIIURG t llll!il<A>I D JEDD C 
HI DUWJY I) HOLSTON B HU!;I\LEBekRY C IN,;Leit B Jf:;!)O D 
Hlu~WOOO C HOLT B HUDSON C ll,ll\S 0 JEHERSON 8 
HIERRO t HOLTlE B HUECO C 1N1'4ACHUI\ D Jcl\1.EY C 
Hl(;HAIIS I) HOL TVlLLE C HUH A llll>IAN C JEL" 0 
HIGHFIEL& B HOLYOKE CID HUENE>IE lllt INKO • .!E~A B 
HlGH GAP C HOIIA C HUEl<HUERD 0 IIIINESVALE D JeNKll;S 8 
HIGHLAND 8 HOHe CAHP C HUEY 0 INSr;lP C Jf!,P.INSON D 
HIGH,.QRE B HOMHAl<.f B HUFFINE A INVER!ESS D JENNESS II 
Hll.>1 PAii.i( ! HOMEk C HUGGINS C I~VILLE e JE~l,llllGS C 
HIHIIIANU ,. HOIIESTAII.E I) HUGHES 8 lNttOOD C Jl:NNY D 
Hl 1 Bt,lR C HOIIE S TEAO 8 HUGHESVILLE 8 IO 8 JERAULD D 
HlkO PUJ. 8 HONAUhAU C HUGO 8 ICILA • JoUCHO C 
HU,O SPii INGS 0 HONCI/T e HU1'H1CA CID IOLEALI t JE~Ollf C 
HILDRETH 0 HONOALE 0 HUlMU • ION.l II JEUY C 
HILEA 0 HOt,DC t HULETT 8 IONIA e JESBEL I) 
HILES B H,)1;00HO 8 HU<.LS C IOSCO 8 JESSE CAIIP C 
HILGER B HO!,EOYi: e HULLT B IPAVA 8 JESSUP C 
HILGRAVt 8 HONEY I) HULUA I) IRA C JEtr a 
HILLel<ANt, C: HONE YGRO'Vt C HUM ii I REDELL D JIGGS t 
HILLERY 0 HO,..EYVILLE t HUIIACAO II IIIEtfaA C JI~ C 
HILL ET 0 HO .... 6 HUM4.TU t IR.Ill C Jl~ENEZ t 
HILLFIELO " HONJ.,KAA • HUM&ARHI! 8 1Rlltk B Jll'ITOIIN C 
HILLGATE !) HONOLl.i~ e HUlll!IkO t 1 N:IN IILO $5011 D JDS C 
HILLIAR.) 6 HuNO,.ANU & HU>l80LDT 0 IRON IIOUNUIN D JOilOS C 
HILLO" b HOhOULIULI 0 HUMOUN 6 IRON RI VER 8 JO:ITY II 
HlLLSBORu 8 HONUAULU A HUIIE C IRDNTON C J;l~~;J • H1LLS04LI: B HOOl.i I! H\tll:ST ON C IRRIGON C JUDHJ B 
HILMA!! C/0 HOOOLE 8 HUIIIUNGTON C IRVIN(;TOIII ' JOCi.. II 
HILO 4 HvuOSPORT C HUMPHREYS I! 1111• IN 0 JOH e 
HILT B HOvOVIE• B HU>IPTULIPS B lSAAt t JOHNS t 
•IILTuN B HOOKTCIN C HUNSAKER il/C ISAAQUAH 8/t JOHNS&Ull.G D 
HlNCI\LEY .. HO~UHUA B HUNTERS 8 UAN D JOHNSON 8 
HIN~l:S C HOuPAL p HUNT ING C lSAJ.T I D JOHNSTON 11/0 
HINESbUR.G t HOOPER D HUNTINiiTON II ISSELL C JOHN~WOOD 8 
HINKLt D HuOPtSTON 8 HUNTSVILLE I lSHAK C JCJCf; ll 
HINMAN t HOUSIC • HUPP II !SHI PUHi C JOLllN C 
HINSIJALf HOOT ll HURDS 8 ISLAND II JOLlET C 
MINT.I.E 0 HOOTEN D IIURLEY 0 ISO>! 8 J~N(;SVILLE • HIPPU t HOOVER B HURON t ISSAQUAH 8/t JO,US I 
HISLE 0 HOPEU D HURST D ISTOI\POGA D Jlli'LIN 8 
HITT 5 HOPETO>i C HURdL II lTCA D Jtl,PPi B 
HI VISTA ,t HOPE•fLL HUSE C ITS~OOT 8 JOkOAN D 
Hli,ASSH ii HOPGOOD t HCSSA B/0 IUK4 C JO~GE II 
HIM(l(ii) A HOPII.INS I! HUSSMAN ll IVA C J □RMAOA C 
HIXTuN 8 HOPLtY B HUTCHINSON C lVIJ,i 8 J::tH C 
H.;&ACKEi< II HOPPER B HUTSil'I B IVES 8 JOSE C 
H.Jl!AN C HOUUIAI! II HUllLEY I) IVIE A JOSEPHINE 8 
H.J6o5 B HOUTl.:J 0 HYAII 0 IVINS C JOSH 8 

... nu A BLANK HYDROLOGIC SOIL Gl<OUP INOICATtS THE $OIL GROUP HAS NDT BEn on,a,,1ueD 
li/110 ~.Jl L c;k(n.,PS SUCH AS B/t ;N/\lCAH, THE OAAINED/UNDRAIIIEO SlTUATll'l 
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JOY ll KARNAK 0 KEOliNS 0 KIPP C k.OVlCii D 
JUANA OUL 8 URNES 8 l:EPLER C K IPPEN ,. KOYE~ 8 
JU8 ILEE C URl!O 8 KERBY II KIPSslN C KOYUKUK II 
JUOO 0 URS A Kl:RMEL a KIRK 81) KHOE a 
JUOITH 8 KAilSH!IER 0 KERl!IT A KIRKHAM C KhNtBURG ll 
JUDKINS C KA>l.TA C IC.ERKI A KIRUANO 0 KllATKA C 
JUOSO>I 8 UR TAR 8 KERR 8 KIR~ TON 8 KRAUSE • JUOY C KA SCHMIT 0 KU.RICK 8 KIRKYlLLE C Kl!EUIE't C 
JUGET D l<ASHIIITNA 8 KERl'lTOIIN KIRTLEY C K~Sl<LHI s 
JUGHANOl.i: 0 KASI LOF A KERSHAW A K!IWIN C KRE'irt C 
JUUS l!I KASKI 8 KUSICK D K1SRING 0 K~ESSOl'I C 
JULtSBURG A KASOTA C KERSTON AID KISSICK 0 UUM D 
JUL IAIHTA ~ ~Ai SL ER A KEJI.T C KlSTLfR C/J KRUSE 6 
JIJHPE 8 lllSSON C KEll.illN C KITCHELL 8 KRU! □F B 
JUNCAL C UTAIU 8 Kl!UL!II C Kl TC HEN CRl!EK II KUBE 8 
JUNCOS 0 UTEMCY C KESWICK D KlTUP C KUBLER C 
Jul',CT l<lN 8 KATO C KETCHLY 8 KITTANNING KUBLI C 
JIJi'<E •U 8 K4TRINE 8 KETTLE I KlTT ITAS 0 KUCCitA 8 
Jt!HUlA KAfULA 8 KETTlEl!AN 8 K 1TTREOGE C KUCK. C 
JUl<IHAl! a KATY C KETT NEIi C KITTSON C KUGRUG I) 
JUHIUS C KAUFIUN D KEVIN C KIUP 8 KUHL 0 
JIJl-l(l a KAUPO A KEWAUNEE C Kl'IA 8 KUU!411 • JUNQUITOS C """en 0 KEWEENAW A KIWANIS • KULA 8 
JUR,l C • ._.,.,,.e C KEYA I!, KIZHUYU. 3 KULUAlA 1!1/C 
JUVA 8 KAWh!HAPI.I 8 KEYES 0 KJAJl 0 KULllT B 
J,JYA.~ 0 KA.,B#iollAII C KEYNER 0 KlABEil C KU•A a 

K4wICK A KEYPORT C UAIIATH 8/J KUliU 8 
l(A4l\JALU ,. l<.hKAkLIII C KEYSTONE A KLAUS A KUNUWEIA C 
UCHEJsAK 8 KU.AU 0 KEYTeSYILll: 0 KLA•ASI 0 KU?~EANUF 8 
KAOA<,E 0 KEAHUA II KEZAR 8 KLEJ 8 K\/,€3 ,. 

·KAOASHAN 8 <<ALAKl!KUA C KIAWAH C KL IC·K ER C KU~O 0 
uoE C KEALU D KIHIE II KLICK IT AT C KUSKOKWll! 0 
UOIN a ,u,uaullG 0 KICKEilY ILLE 8 KLINE B KUSLINA 0 
KAOOr<.A II KUR"S II KIOO 0 KLINESYILLE en KUTCH 0 
KAEN.l 0 KEATING C UOMN 8 KLINGcR 8 KUHTOWl'I 8 
<AHAi.UV 0 KeAUUHA 0 UEHL A KLONO !KE 0 KV I CHO: B 
• AHA~4 e Ki.A•At(Ai'U 8 KIETlKE 0 KLCNE a KwETHLUK ,. 
UHANUI 8 l<EBLcR 8 KIEV 8 KLOOCl-f!AN ; K'fLE 0 
UHLER 8 •ECH 0 KlKONI 8 KLOHN 8 KYLE~ D 
KA'iOLA 8 KE(.XO 8 KILARC 0 KLUT!IIA a 
lAri Shf!:TS 0 •Eull.ON C KILAUU 8 KNAP Pt. 8 LA BUGE 8 
l<AHIJA 0 K~:'HRS C KILBWRNE A KNHLANO ~ LUETTE C 
KAIKLI 0 KbGAN Kl LoURII 8 KlllnlN C UBI SH 0 
~AILUA ,. l<EE l 0 KILCHlS D KNIGHT C uaou 0 
flAiMU A <HKl:c 8 lllLOOR C KNIK a LABOUNTY C 
i<AI,.ALIU A rl.tfLCAll 8 KILGORE 8/0 KNIPPA 0 LA BOUNTY C 
KAlPOlOl 11 I((;!:~ C KiLKcNNY 8 KN08 HILL 8 Lt. B~loR C 
UlWlKI ,. KHNO C Kl LLBUCK CID KHOwLES B lABS~lFT 0 
¥,UA!. a i..use 0 KILLEY D KNOX ~ LACVlS C/0 
K4Lt.l OCH 8 KEG 8 KILLlNGIIORTH K.'fULL t LA CHA C 
~l,..,A1'4A C KcrlEIIA C KILLPACK C KNUTSEN a LAC: TA 8 
1'..lq,,.,lf,1111\LUO ~ Kf !GLEY C Kl Ll'IERQUE C KQ8U C lA:KANAh~A C 
i..ALAi'A B KELSl:i\ 8 KILN 0 KOBEH 8 LAC.)1,4 C 
KAl.AUPAPA u KEi TH B KILOA A KOCH C LAC:'.ITA 0 
IULlF-,N~l<Y 0 Kl:KAHA 8 KIL CHANA A KOOU C LACY D 
ll.AL!HI 0 llE"-AKE 0 KILWINIIING C KODIAK 'I LlOcl B 
UL ISPELL ,I KELLER C Kll'I 8 KOE"LfR C LAOOE~ 0 
KALKASKA A KELLY I) Kl MANA 8 KOELE B LAOelLE 8 
o,,HA 0 KELN C Kl l'ISALL C KOEPKE 8 u:•Jiil C 
l(ALJKQ 0 KEl5EY 0 Kll'lllf:RLY 8 KOE~L ING 8 LAOUE B 
l(.AluLOCH B l<~LSO C Kll'l&ROUG>i D KOGISH 0 LA:lYSIIIT!t 0 
i<.A;...SlN i) i<EL f,..__ 8 Ul'..ii:RLIN;. 0 KOHi.LA A LA FUGE B 
fl.AMACK 8 KELVIN C Ki"l<CW.$ C KOile£ B LAl'E 0 
KA,.AKUA ,. Ki;~Ml:Rl:R C Kll•O C KOKE~NOT C Ui'IJTE 0 
ll""Ai:IA a Ki:1400 B Klf<A 0 KQl(.0 a Lt. F'JNOl 8 ......... ou 8 KE>IPSVlLLe B KINCO A KOIIOKAHI 0 L4FJ1,J 8 
IJ..AMAY 0 l(.f.:-.tPTYh B KINESA'IA C KOK:)!<0 8/!) llGLORlA B 
KAl!le a ... ,.u C KlNGl'ISHER 8 KOLBERG 8 LAGuNOA C 
UMRAR d Ki:NA,.SYI LLE A K1NGHURST a K(JLEKOI.E t LA t;RA~OE C 
Ul'IAol:C 0 Kr;,NOAU C KH<GMAN 0 KOLLS 0 LAGHl'<GE 0 
UNA~A a KENDALL a Klll<.S C/0 KOLLUTUK 0 L•rlA INA B 
KANA PAHA A/0 Ki:NOAUYILLE B KlNGS8UAY I) KOLOA C LA "OGUE 8 
~ANOrn e KEl'lt.SA• & KINGSUY a KOLOII C L~~ONTAN 0 u,,e d KENMOOA e Kl,.GS RIVU C KOl.uK.:)Li) 8 LlHS I TY A 
K.4Nf0Hf 8 KENNALi.Y 8 KlNGSTull a KONA 0 LAH)I~ C 
~A.~i:?UU 8 KE,.NAN ll KINGSVILLE (; KONAWA a LAIDLAW 8 
llANll!A C t<ENNcdEC a KINKiiAO C KCNNE~ , LAIL C 
KAltLEE a Ki:NNEOY olC KINKEL I! KOl'<vK Tl : L~!<OSVILLi: 0 
<.;.NOSH C Kl:NNl:R 0 KINKOIIA 0 KOOLAU C LllSfP () 
KA>dLA 0 KEN"E•ICK a Klltl<AN C I\OOSil lA : LAJ4JU 0 
KAPA.A ,. 1<.CNNEY A Kl ""'EAR e KJOHNAI • LUE • KAPAPALA 8 KENNcY LAKE C K!NNi:Y fl KOPUH J LAKE CHARLES 0 
UPOO d KEIH, C l{INJlrlCK C KOPP a LAKE :?.EE"- C 
KAPO•SIN C KENOMA 0 Kl '<RcAO 0 KOPPES B LAKEHHE>; a 
KA?UHllUNI 0 i<ENSAL a KINRO~S 0 KORCHU a LAKc'i~RST ,. 
KARAl!IN a KEi<SPUR • Kl NS Ti.IN D K.lRNMAN a LUE JANEE 8 
UROE 8 Ki:NT 0 KINTA 0 KJS•OS 0 LA<:l&NO A 
KAR HE EN u KENYCN C KINTON C KOSSc J LAK:~JNT 0 
KAIi.LAN ' KEO d KlNlEL 8 KUSTl:R C LAKEPilRT (! 
KAALlN A KEOU1AR a KlOMi.TU ,. KOSZT A B Lt.llESHORE 0 
KAIi.Lil 0 KEO,.AH C Kl □IIA " KOT£00 J LAKE SOL B 
It.Ail.LUK 0 Ke.OTA C KIPLING 0 KOUTS B LAKcT::lN B 

'IIH•S 4 lLANK HYOROLCGI, SOIL GROUP INOlCATeS THE SOIL GliOUI' HAS 'IOT 3EE'i JcTBl<INEO 
TWO SOI l .;~OlaPS SU<.r1 A~ o/C lltC!CATES THc OllA.INc.0/UNOilAINEO SITUAT l.l~ 
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. 

lAKEVIEW C LATAH C Ll:NAIIEf 810 UNVILLI! e LD~oOAL! t 
LAKEWIN e LATAHtO t LENNEP D LlNWD()I) AID LOUIN CID 
LAKf;wOOD A LAUNG B LENOIR D L !PAN D LORDSTOWN t 
LAIi.i e LATANIER D LENOX 8 LIPPINCOTT 6/D LO~F.lUVILU C 
LAKIN A LATENE e LENZ 8 LllUDS 8 LORELU D 
LAAOIIA D LATHAM D LEO B LlllReT D LORcNZO " LALAAU A LATHROP t LEON AID LI SADE II LO~ETTD B 
LA UNOE 8 LATINA D LEONARD t LlS.UO 0 LORING C 
LALLU: D LAT OH D LEONARDO B LIS80N B LOS \LAIIDS 8 
LAM 8/il LATONIA B LEONARDTOIIN D LISIIAS D L\lS 841<0$ C 
UMAII B LATTY D LEONIDA$ B LlS~DRE 8 LOSEE B 
UIIAR.TINt B LAUOUDAU B LEOTA C l ITtHFil!lD " LOS GATOS Bit 
Ull8UT 8 UUGENOUR 8/D LEPLEY D L ITHGOld t LOS GUINEDS C 
LAIIBUH ' ll,UGHLIN 8 lEROAl C LITHIA t lOSHIUH 0 
LAIIBOIIN 0 lAUKAIA B LEROY B lITIIIBEk C LOS OSOS C 
LAl!lNGTON D LAUREL ' LESAGE 8 LlTLE C LOS ROBLES 8 
LAIIO 8 LAURELHUIIST C LESHARA B LlTTll!IIEAII A LOS TlNOS e 
UIIONI D LAUA.ElWDOD B LEStiO C l lTTL EF 1£1.D 0 LOST tA.EEK 8 
LAIIONT A ~AUREi< e LESLIE D LITTLE HOAN t LOH HILLS C 
LAMONTA D LAVALLEE B LESTER B LITTLE POLE 0 LOS TUHCOS 0 
LAMOURE C UVA TE B LE SUEUII B llTT~ETDN B LOS Tc/ELLS II 
UIIPHIU. B LAVEEIII B LEU C LITTLE WOOD 8 LOY HAIR C 
LA~PSHIRE D UVtlDO D LETCHEII D LITZ C LOTUS B 
LAMSON 0 LAVEIUUH C LETHA 0 LIV C L\U.J:>ON C 
Ll,NAIIK 8 LA VERKIN C LETHENT C LIVERIIOII.E " L□ UOONVtLLi C 
LANCASTER B LAVlkA C LETOI\T II LIVIA D LOVIE C 
LANCE C lAWAJ B LETTERBOII 8 LIVINC.STQl!I 0 LOU! SA B 
LANO D LAWET C LEVAN " LIVONA A LOUIS&IJII.G 8 
UNDES B LAWLER 8 LEVASY C LllE C LOUP D 
LANDISIUA'- C LAliREHCE C LEVERETT C LllUNT 8 LOUROES C 
Ll,NOLOW C LUIRENCEVILlc C LEVIATHAN 8 LLANOS C LOVVIEA.S D 
UNOUSKY D LAWSHE c LEVIS C LOBDELL C LOVEJOY C 
LAl,fE C LAIISON 8 lElilS D LOBELVILLE C LOVEL•ND C 
LANEY C LAlfTHEl D LEWISBERRY B LOBERG 8 L~VELL C 
LAIIG an LAWTOI< C LEWl58U"' C LOBER T B LOVELOCK CID 
LAIIIGFOIIO C LU ' LEWISTON C LOBITOS C LOWHL C 
LAN(;HEI B lAUl 8 LEWISVILLE C LOCI.NE 0 LO!IRY 8 
LANGLEY C LA'l'COCK 8 LEX B LOC.EY C LOWVILLE 8 
LANGLOIS 0 LAYTON A Ll:XIIGTIIH 8 LOCHS.A B LOnL e 
LANGOLA 8 LAZEAll D LHAZ B LOCKE B LOYAL TDN D 
LANGRELL B Let. C Ll86INGS D LOC~EIIB'I' C LO'l'SVILLE D 
LANGSTON C LEAOU B LIBBY e LOCK HARD 8 lOtAN(I 8 
LANIER 8 LEADPOINT 8 llBEG A LOCKHART 8 L □ZIE~ 0 
LANIGER 8 LEADVALE C UBERAl 0 LOCKPCJ\T 0 LlllLUALl!I D 
LANKBUSH 8 LUDVILLI: 8 LIBERTY C LOCKlfOOD B LU6BotK C 
LANKIN C LEAF 0 LIBORY A LOCUST C LUBRE~HT C 
LANK TREE C LEAH\' C LIBRAI\Y D LDOAR D LUCAS C 
LANOAK B LEAL B LIBUTTE 0 LODEMA A l~:E C 
LANSDALE 8 LEAPS C UCK B LOOI C LUcfOlLE B 
LANSDOWNE C LEATHAM C LICK ClleEK D LOOO I) LUCERNE e 
LANSlNI. 8 LEA VENUORTH 8 1.ICKOALE I) 1.0FFTUS C Lu:IEH C 
!.4NTIS B LEAVITT 8 LICKING C LOFTOt, D LU:ILE D 
LANTON D LEAVl 7TV1LLE B llCKSKILLET D LOGAN 0 LUCIUTON 8 
LANTONU B LESANON C LI ODELL 0 LOGO ELL D LV:KEN8ACII C 
LANTZ 0 LEll'-1< e LIEBERMAN C LOGGEI\T " Lu:n 8 
L4P 0 LE BAA B LIEN D LOGHOUSE B LUCO STAR. B 
LA PALMA C LEBEC 8 LIGGET B LOGY a LUCY A 
lAPt!:R II LEBO ' LIGHTNlt.lG 0 lOtU!II C LU~DEN D 
LAPINE A LEBSACK t LIGNUM C LO ... ILLEll t LU,LO~ C 
LAPLATU t LECK KILL e LIGON D LOHNE$ A LUEDcRS C 
LAPON 0 LEOl>EOER 8 LIHEN A LOIRE B LU'KIN D 
1.APORH C LEOGlifOAA A LIHUE 8 LOLAK 0 Ltli·laN B 
LA POSU A LEDGE~ 0 LIKES A LOULIU B LUaUE C 
LA P.URlt: B leDRU D llL'-11 A LOLEKAA 8 LU~IN C 
LARA8Ef B LEOY llLLIWAUP " LOLETA CID LUU B 
LARANO II LH D LIMA II LOLO A LllLING D 
LAf<CHMOUNT B LH0$ C LI MANI B LOLOH A LUI\SEE D 
lARDtLL C LttF!ELD C LIMBER 8 LOIi'- C LU•~I 8/i:. 
LAREUO e LEHAl,AU A LlMUUCK C LOMAL TA D LU• t 
LAll~S C LEEPER 0 Lll!ON C LOMAX B LUNol C 
LA!I.GEl<T 0 LH SVILLE 8/t Ll!!ONES 8 LOMIRA 6 LUs.:,; C 
LARGO e LEE TON C LH1PII, C L(llo!IUS D LU1'Jl~O t 
LARIN A LEE TOid A C LlNCO B LONDO t lU~JV D 
LARIMER a lfFOR 11 LINCOLN " LONE C LU,:7 C 
LARKIN 8 LEGLER B LINCROFT A LONEPlNE C LU~P!ijO C 
LAIIKSON ' Lfii:lf<E 8 lINllLEY C LONER 101.E ii LUPfUN D 
LA llOSf B UHEw C LINDSEY D LONE ROCK ,. LUU 0 
LARRY 0 LEHIGH C llNDSIOE C LOkETREE A LU!<AV C/0 
LARSON D lEHMAh$ D LlHDSTROfl 8 LONGFORD C LU11E D 
LARUE A LEHR II LINDY C LONGLOIS e LUTK C 
LAI\VIE I) LEIUSTEA C LINEVILLE t 1.0NGMARE I) LUTHEk ii 
LAS C LEI LEHI.IA 11 LINGANOIU: 8 LONGIICJ!jT C LUTlE 8 
LAS ANIMJ.S C LELA D LINKER II LONGA.IE C LUTON D 
LASAUScS C LEL~ND D LIH~VILLE e LDNGVAI. B LU~HNE C 
LAS FlORU D Li:MElA I) LINNE C LONI. VALLEY B LUluR D 
LASHU.\' LEMING C llNNET D LONGVIEW C lUZENA D 
LASIL D Lfl!M 8 LINNEUS 8 LONOKE 8 Ll~AN II 
LAS LUI.AS C LEMCJNEX a llhO C LONTI C LV:-0111:.G C 
LAS POSAS C LEMPSTER C/0 LINOYU 8 LOOKOUT C LYDl D 
LASSEN D l.fN C LlNSLAW 0 LOON II LYQI Cl II 
LASTANCI: B LENA A LINT 8 LOPER 8 l\'fORO C 
LAS Vf.GAS D LENAPAH II LINTON e LOPH 0 LYLES II 

NJTH A BLAhK H\'IIROLOGU: SOil l"iROIJP lijOlC'-lES THE SOIL GROUP HAS NOT IEE~ ~ETtr,:tl~ED 
,wo SOIL (;ROclPS SUCH AS ,tC J.-OIC,HE~ Tlil: DUINED/UNDA.1,INl:> SITUATI:!, 
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L 'l'~AII (;/0 l'ALIN CID IIARLETTE 6 ~U OA'I' ' MC?'-'!f~SC:-4 C 
LYIIAHSON C 14ALJAl!All 8 HARLe'I' C MA'l'cR ) ,v,;':?'.i! E 8 
LYNCH a l<ALLOT A ><ARLIN 0 ~AVeS 0 "ICQUl'.Htt C 0 
LYIICIIIIURG 8/0 "'4Ll'I C "ARLCW C M.i.ffiELO a ~r;~v~=~ C 
LYNDEii A l!ALO a MARL TOH C >l•YFLa•ER : ,,.~ \i1E e 
L YNNOYL • !!ALONE 8 l'A~~.ARTH 8 ,•..v11ew 0 /'11:CT .\:i:'.;A'l 1" 8 
LYNN 11.t.1/EH 8/~ NLOTERRE 0 l'ARNA 0 "IAYLANO C ICCYl:(i:RS C 
LYNNYILLI C ""LPAIS C l<ARPA 8 MAY•fN 0 ICe!'l 0 
LYNX 8 14ALPCSA C NA1VLEE!o1 0 ,•AYNU,D LAKi: a W,E\) {';( A 
L'l'ONNAII C l!ALVEIIN C ~ARQUETTE A ~AYO a M':-1.:);::!iYIU.! 8 
LYON$ 0 11.l,l<ALA 0 MAIU! 8 MAYOC~ 3 ~ElJIJ! Lt.! C 
LYOHSV(LL! 8 "1.\JolOU C ~R~IOTT 8 ~AYOWOtTH C ,-.E~·~J!:~ 0 
LYSINE 0 l'ANAl!M C MARSDEN C 11.I.YSOORF 3 ~E.:~"' 0 
LYSTA!ll 8 l!ANALAPAII MARSELL 8 .-tAYS'I ILLE -E:;, 8 
L Yf£LL a MAN.ANA C l'ARSHALL 8 WAYTO~li C l'iE:i<.C.3'itLLE C 

IIAIIASSA C 1'.,\RSHAN 0 NAYV I LL! 3 ~E:(~E~3ti,~ C 
IIABAN!f. 0 MANASSA$ a "AR$HOAl.l: C ICAYloOOO ! •n• 8 
IIAUN C IIAIIASTASK C l'AR S kl' I HJ C "AUPPA a l'EJA~'.l C 
MIii 0 NANAfEi 8/D MARSING 8 P'i!"<l.ON C ><e,uY C 
MABIIA'I' 0 l'ANA"" C MAi!T C IC,UJMA C "'EOr JR 0 e 
MACAii, II IIANCEI.ONA A MARTELLA 8 ~CAPS!: C ,-s:,i:~a.i u 
"4CECCNIA C "ANC!<ESTEA A MARTIN C l'CALL E.'l 8 HEQ!: !ltE LOO GE a 
MACFARLANE 8 MA!-10.&N 8 '4AATINA • l'CALLIST!R C •EJISA 8 
NACIIETE C MANO !'II' l!LO 8 "AKTINECK D MCALPIN C ,._i:JL.!Y 8 
MACHIAS a /!ANOE YlLLE 8 l'A~TINl!l, 0 MCBH ~ 91l!Fl•A't 8 
NJICHUELD 0 "A~FREO 0 MARTINI 8 -•CSETH ') •ES"lS A 
IIACK C i-!A"'tGUJt I) HARTINS8URG 8 l'C8RIDE 8 M':ETE:TSE D 
MACKEN 0 MANHATTAN A "ARTINSCALE a •CCAB E 3 •SGJfTT D 
MACl<.l"-'C 8 ~41U<i,JM C MARTINSON 0 MCCAFF5RY A .-r:-;-,~ C 
MACX58UR!; 8 1'1NI C MJ.ATINSVILL E 8 IICCA IN C •EHL C 
~ACOM& 6 l'<ANILA C '1.AiHINTON C l!CC.,!,LE8 8 l'i:~LHOAN C 
NACOIIOl!R 8 'CU<lSTE! 8 HAIi.TY a "CCALLY £) •EIG$ 
l'!ACCN a IIA~ITCU C MAAVlN 0 MCCA,.IION 0 11 E I<.L i: 0 
IIAC'i II NAIILEY 8 MARVELL 11 MCt~~N C •:lSS 0 
'1AOALIN 0 IOANLIIJS C !\ARVIN C •CCARRUI D •EL,OURNE 11 
IIAOAW4SKA 8 MA'ILCiVE 8 P'ARY C /<CCAATHY a •ELSY C 
MAOOOCll .. M41HUhG 8 MARYDEL 8 1'CCL4VE C •Ell TA 8 
~AOOO~ ,. ... oou; 0 l'ARYSLAIID 0 ,~CCi.l:Ai!'I' C IIELLa~THlN 0 
MAilELU C !'UO~ 8 l'AUOA C MCCLHLAI; 6 !'ELL OR D 
MAOEL1,-e 0 "ANSl'!ELO 0 IIASCA,.P 0 >,CCLOUO C •EL LOTT a 
1'AOE!U 0 /UN1,1C 8 ,._,.SCHETAII 8 l'CCOIN 0 ... Ei_Jl.\NO C 
P'!AOISO"I e ~4.'4SKEII 8 "-AS,OTTE 0 NCCOLL ;) l'H:uise C 
>!At'ONHA C /ONT A.Ci!U C l'AShEL C >'C:JNNEL 8 •E.Sl,JNE • MAOIIAS C IOA~Tell C/0 l"ASHULAVILLE B/0 MCCCC!t a ,•EL TON s 
"40Rlil 8 M4STU ii MlSON 8 MCC:lllNIC!t C l'ElYILLE 8 
MAORCNE C l'\NTCII 8 JUSO,"IY l U.E C •CCOY C 1'h~I~ 0 
;JAOllRU 8 ~U.Ntl ! l'ASSACK 8 NCC~H s l'S~ALJOSE 0 
t1AFURT 8 "ANU C l'ASSENA C "CCR ORY ~ •E~?Hl S 11 
•,\GALLON 8 M4'1VH C MUSILLCN 8 l<CCRCSK I! 0 ME~A~G4 A 
•~i.2.'IS a ~~~,.000 0 MASTE~S~ 8 MCCULLOUGM C !IIE'1.\l'i C 
n~GGIE .:) i">MU•HITA C MATAGORDA 0 MCCULLY C •c~UO 8 
~~: .. ~-•~NI$ C IOANZAl'O C l>IAHMCROS C •CCUNE 0 ~E:\iCH C 
!14:(;;·,\ 0 M,,NUNCLA C IIA!A'IUSKA C MCCJTCHEN C JtE,"tOl:3CURE C 
i1AGNOLU !I 1<4PES C !IA!ANl.AS a 1i11CCOL E 8 HE~OOC!N:J 8 
NAG~US C ,.,HE NOVtT All'I e 11A TA PUKE s MCC0'4ALO & ,.E'f~C~ 8 
>IAGOT~U 0 l'APlE TON C/0 M&TAWAl'I C l'CCO~ALCSV ILLE : •e~oou 8 
>IAGl.lAYO D l'\RAGIJE l 8 l<,ITCHER A ~CEWEN a ,-e,cFEE D 
>IA.-IAHEY C/J 1'4RA fHON 8 MATFIELD ' MCFAOCEN a "IE "4::tt,J a 
~Al➔.l,Ff'I' r.lv l'A~8LE A MATHERS s MCF• IN C ~E~LJ 0 
114HALA C MU.8L6MOI.JkT 8 MAThci<T0'4 a ~CfAUL C MES:J C 
MI\HALASVILLE 8/0 i<.oRCELINAS 0 "AT HES ON a MCG.\FFU a "E•JKEN C 
HAW.NA a ~UC.:TU 4 l'ATt<EilS "CGA~R C ME,0'41/<e~ 8 
>IAHASk4 8 l"RCIAL 0 MATHIS A MCGlRY C •E'ITJ C 
l<A~ER C P<•~CUI! a l'ATlllSTOf C •C:;t;HEE C •£'+TO~ 8 
!OAHONlNG 0 ~•i\CUS C ,•ATLOCK 0 !'CGILVERY J )4E~uo.l.f C 
,•AHUKOII,\ a .,,~cuse 0 MAP«:.N 0 14CGl)ITY • •E~CE!> C/0 
~UDtN 8 "~~tY 0 KATTAPU C MCGI RK : ~.~,e.,es 0 
MULi! ,l •A~OEM C MATTCLE C )!CGIJlO~ • ~E!CE\ C 
•u1~STAr D ,,.,,~011< C l>IAU 0 •CGRA Tl+ 8 111E~i:€Y r. 
l'~JAO.\ 8 "4RENliO CID MAUDE 8 •CCREloi • •E<EJITM s 
1tAU,ALAE 8 ~4RE SJJJ. & l'AUGHA'4 C ~Cl•El,RY '3 WE'\ETA C 
IUl<.AlAPA 0 ,.,~ 1•.iERUM II l'AUKEY C ,•CIL'oAINE 4 •E~1'CL 8 
~AUPILI I,, 'IARGViRl Te 6 MAU.•Et /VO l'CIHOSH s l'SHDIUI s 
lllliAJ(l\~JAa !I IIAi\Ul B/C l'MJN480 0 MC!'ITYRE a ,-:~ t-.o 0 
~AKAl1eL1 & l"iA,,U,.A C l<~UPIN C l'CKA" !E 0 •EUEL 8 
'-AKiNA 8 rt,$.~lAS 0 l'IAVREPU 0 MCKAY D Me1L!~ 0 
~AK!U 8 P'Al'.ltAO 8 P'AUR.lC.f A .•Cl<E'lNA :n t.tE~~lLL 8/0 
MAIO,AK A l<AP.!COPA 8 MAURINE 0 >!CKENllE .) ,.E~~A 0 
11,U,llT I C l'Ai<ISTTA C MAURY II IICK li'<LEY ~ -£~GS A 
MAL 8 ~ARILL>' C l'AYS;\JCK C ,oCKINNi::Y 0 •~~~ii=? CL) ii 
IOJ\LA a Ml<INA A l'AVIE 0 "CLAIN ~ "''=~~ lt..L {. 
l',.LA8AR An IIARlON 0 MAW•t; • l'CLAUi\lN 3 -.E.\ .\ ILLAN C 
AALA80N C nARIPOSA C MA.II ~ l<CLeAN ·- 1,1£~~1~4.C A 
l'IAI.ACHY 8 l'UlSSA C >'UEY C l<CLEOO 3 ,,;=l.\!iT 3/C 
'4ALAGA s MARKES 0 MUF!ELD ' ,~Cl'AHON -~.\ •~UGE s 
!<ALANA A l'ARKEY 0 M,,C,$CH A ,OCMEE~ C ~E'- TJ~ 8 
NALAYA 0 l'J,RKHAII C MUTON a !<C•UL LIN 0 .,.e~ iZ. 8 
ll~L8lS 8 !14Rl<LAN0 C MAX~ILLE A MCl'U~OIE : IIIESA s 
IIALCOLII 8 1'4~!($80!10 C MAhELL D l"CM1JKPHY s •oSC.\L 8 
!!ALETTI C IIARLJI " HAY a HC.~UillAY D ~E :iC.\i,.l:RO C 
~ALIZA 8 l!U\L80RO a MAYBERRY C >'CNARY ) •Est U C 
!!ALl8U 0 MARLEAl'I 8 l'AY8ESO I) "C?AUL ,I "ES~ll.L C 

NJTU A &LANK ~YOROI.OC.IC SOIL GROUP l~Ol~lTES T'<E SO!i. GAOUP HAS ~OT ~ EE~ :JETE~.◄ lNIZO 
T1uo son r.ROUPS $!;CH AS 6/C 11"0ICATES THE OR4I NEO/UNORAINED SJTUATl,'I 
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s.c.s. SOIL NAMES 
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MESMAN C HINuRA C "'-'NT OYA 0 MURDOCK ; !1'YAi<RO s 
MESPUN " "o!lt..TO C Mut.TPtLLlER C MURE;,; e NWSSINK 
~ESSU C M1'W 0 MONTlillSE e MURRILL s NAYLQi< 
MET 0 MIN VALE B MONTVALE 0 MURY ILLE 0 ~~Y<EO C 
Miil AL I Nf a Mlk.A 0 MONTVERDE WD MUSCATINE B NH B 
MeTAMuRA s MlkABAL C MONhH C MUSE C r.-eu B 
HETU 8 MIRACLE B MCNUE e MU SELLA B NEA?OL IS B/0 
IIET'10W s Mii<AIIAk B l<OOOY 8 MUSICK a hE&~KEP. C 
METIGOSHt A ,111,1;>,;!)f. 0 MOOtiUO 8 MUSJ,;14 B N:',IC;EN 0 
METOLIUS B PU RES B rlOOSE RI VER 0 IIUS!(INGUM C NE3 l SH s 
Mi;Tl'.E 0 ll!Rli01' e MORA B MUS"OGEE C NtBO 
METZ A ll!RkOk LAKE A MORADO C 111JSQUU C NE:HE C 
M~XlCO 0 111 SS!Ot, 'II MORALES 0 MUSSEL B NEDERLAND B 
MHOON C MlT'-H B 1<01>.D C MUSSELSHELi. B N!.C.OKAtCc 0 
MIAMI e Ml TC.HELL B MOREAU 0 MUSSEY J NHJLE PEA!< C 
MIAMIAN ' MIT I iOA .. GA C MOREHEAD C MUS TA NC AID NEf.>M'.lRE C 
MICCO "'" MITRE C MOREHOUSE C MU1NALA 6 Nf;lt.C:Y B 
JllllC.HELSOr-• 8 l'llltl, 0 MORHANO 0 MUTUAL 6 ~,:ESOPAH C 
Kl~Hl C.Af'\MC: C MIZPAH C l!ORELANOT ON A MYAKKA A/0 p,,;fGITA 8 
MlCK a MOANU 0 MORET 0 MYA'fT B/0 NE,LEY 8 
IIWAS 0 Mui-PA D !!OREY I) MYEkS D t,ErtALEM 8 
~lOOLE C MOAULA A MORF!TT e MYERSVILLE B N:HAR 8 
MlDOLEi!URY e MOSEET!E 8 l!ORGANF leLO 8 f<lYLREA 8 NEILTl)N A 
MlDESSA a ~□;A 0 MRCNl:C MYfs.lCK J NE!SSO~ s 
l!!OLAM) 0 /'IOCHC B MORIARTY 0 MYRTLo B NE~U C 
lllDN!CHT 0 MOOA 0 l<DR!CAL C MYSTl:N A NSLL!S 8 
MleVALE C MJUALE C MORLEY C MYST l C 0 NELl!A~ B 
~l!iwAY 0 MODEL C MORMON MESA D MYTOt. e NELSCJTT B 
MIFFLIN ii MOOE"A B MOROCCO A/C NELSON B 
MJFFLIN8U,l,G B MOPES TO C MORON! 0 NAALEHJ 8 !,[MAH C 
MIGUEL 0 IIOOOC C MOROP C NABESHA 0 N!:MJH A 
MIKE 0 IIO~Nl<OP!E 0 MORRILL B NACEV ILLE C Nt;Nli.NA 6 
MIKESELL C MLlicPlll B MORRIS C NA(.HfS e ~Efll~O B 
~lLACA b IIOfFAT & MO~iHSON a NAC!~ IENTO C foiEOLl 0 
~!LAN 8 M3GOLLON 8 MORROW C NACOGOOCHES & NEJTO~A B 
MILE~ 6 /olOGUL b MORSE D NADEAN 8 NEPALTO A 
KILFORD C lluHALl s MORTEt,SON C NAOllltA 0 Ni: 0 ESTA C 
1<l1.HAI< C MOHAVE e MORTON 8 NAFF s NE?l"ll 8 
MILHE!H l "1QHA111K 8 MORYAL B i;AGEE SI s NE PPEL 8 
MILL 6 l!uIRt C MOSOV C r.AGIT SY C NHTV~E A 
l<ILLARD 6 H:JKE LUMNE 0 IIOSCA A NAGLE 8 NHESill, B 
MlLLBOf<O 0 MOKENA C MOSCO• C NII.GOS 0 lliEs:,o " Mi LL BROOK 8 MOKJAK il l<OSEL C NAHATCHE C NHhAMINY 8 
MlU8URNi' ~ MOKULEIA 6 MOSHAN"ON 8 NA"1MA C N:S!U 8 
MILLCREfl\ B KDLAM,, 8 MOSHER 0 l<AHUNTA C NESKAH! 8 
MlLLfR D /olOi.CAL 8 IIOSHERYILLE C NAlw, 9 l<ESll □ •IN C 
MlLLfRLUX 0 MOLEhA A MOSIDA e NAKAI 8 N=SDEi..Ek 8 
MILLEP.TON D MOL INCS 8 MCSQUET D lliAK..,EK D NESS D 
Mil LETT 8 MJLLYULE 0 MOSSYROCK B NALOC, 8 NESSl:L 8 
MILLGROY~ 6/[) '4CLL Y 8 MOTA s NAMSE B NE SSOPAH 8 
M!l.L HOLLO• 6 MOi.OKAI B MOTLEY B NAl!ON C lltESHR C 
HILi.I CH D MOLSON s "OTOwUA 0 NAl<A~Klt, A NESTU:cA C 
MILLIKEN C HOL Y .. Eux 8 MOTTSVILLi: " NAl,CY 8 NETH TS A 
MILLINGTuN a MONAD A HOULTON 8/0 NANNY B N: T~~'IG B 
>4ILL15 C MONAHAN 0 HOUND C NANNY TON B N1:TJ 8 
MILLRACE B MONAHANS 8 MOUNTA I NSURG 0 NANSENi: 8 NETTLi:TON C 
H!LLSt,.P C MONAl<LA 0 MOUlff•INVIE• 8/0 NANTUCKET C NcJSE'<T B 
HlLLSOAL i: 8/0 MONCLOVA B IIOUNTAINYILLE e NAN!JM C NEU~S e 
H!LL5n0LM C MONOAIHN C MOUNT AIRY A NAPA ~ NEUS~: B 
H!LLV!Lli; 8 HONOOVI 6 MOu1,T CARkOLL fl NAPA ISHAK 0 NEVAOOil C 
HI LL,.00.s 0 MOhEE D HOJNT HOME 8 NAPA V!Nf B Ni:vL.LE 8 
f'IILNE• C MvN!CO B MOJl,T HOOD B NAPIER s NEVIN C 
MILPITAS C HO"IOA B MOUM LUCA$ C NAPLENE B NEV I NE 8 
MILROY 0 MONl THU 0 MOUM OLIVE 0 NAPLES a NEVK• C 
H!~TON C MONMOIJTH C MWNTVIEII 8 NAPPANEE D NEYJYER 0 
MlHBRES C MONC, 0 MCV!LLE C NAPTOM>.E 8 NEVTAn C 
MIMOSA C MONOLITH C HO,.ATA 0 NARANJITO C NEVU 0 
MINA C HiJNONA 8 MO•ER C NARA>.JO C Jtil[flA.itK C 
H!NAH B MOl,WNGAHELA C HCYERSON 0 NA1'CISSE B NE•A~T B 
HlNATAii.i 0 M~td\CE 8 HCYINA 0 NAkC, B NE•UGO e 
HINCHEY e MONRCE YI LLE C/0 MUCARA 0 NARLON C NEW5Er(G B 
~!NCO B 140 .. Sl s MUCH C NARON b NE~~E;::_i:i.y C 
M!NOAl.i; 8 MONa.£.r..A Tl; C l!UORAY 0 hARUGANSETT s NblbY 8 
HINOEGO B M,jN Tl>CLE 0 MvD SPRINGS C NARROliS .) NE• UMSRIA C 
H!NDEMA'< B MONTALTO C ftil,UCHWSE C NASER s NEwUSTLE s 
~lNDl.cN C MOt,TARA C MUIR e NASH B NbtCO"'B A 
!<INt: 8 HON TAU< C MUI f<l\l RK e NASHUA A NEliJALE 8 
MINEOLA MONTCALM A MUKILTEO 0 NAa.HV lLLE B NE•ELc ll 
l'IINEI'. 0 IIONH e MULCROII 0 NASON C NEolELL TON 0 
MINERAL A MONTE CRISTO D MULKt;:V ' t,jAS,AU C/0 NEwH!;E 
MINERAL MJUNTAIN ' MONTEGRANilr 0 MULLINS 0 NASS ET 8 NE.tro~K 0 
~INEkVA B MON TELL ll MlJLLll<V!LLE t; NATALIE C NEwKH<~ 0 
M!No B MONTELLO ' HULT C NATC11El 8 NEwLOiilS 8 
KING..i B MONTE OLA I) MULT ORPOR A NATHROP s NE«LIN 8 
MINlDOK• C MONHkvSA 0 MUMFORD B NATIONAL B NE •••;u,ET 8 
MINNc!S"A C MONTl:VALLU D MUNDcLEIN 6 NATRONA s ,-E«PO'( T C 
MlN'-£05:,, B MCINTGOMERY 0 IIUl'IDOS B '-ATRUY 0 NE•RUSS B 
H!NNi:QUA B MONTI ULLO s MUNISING B NIITUR IT A B NE,.RY B 
M!N"ETuNKA 0 MONTIETH A MUNK C N.t.UKATI 0 ~i:.•S~iH 8 
MJNMIIAUKAI< 8 MO" TIIORENCI B MUNSON 0 NAU~BURG C NEwS1 EAO C 
l'\JNN1 i.C.t. D HO'-TCSO ll MUNUSCJhG 0 NAYAJI) 0 NE•TON A/0 
MJNUA C MONTOUR D MU><□□ B NAVA'- 0 N!:Wl ONU 8 

NJTE> • BL•~· nrOKDLOC!t SJlL G+,u~- ',ult ATES THf SOIL Gf:CV~ HAS NOT !Iii£~ JHEs•,lNED 
Ttf!O ~tdL ;:"li •• ~z. ~t.X.ri AS en Jc;L,,.K''" Hi<: llRAl!ifC>/!.lNOx•IH.D S ITUATIJ~ 
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NCWTOIIIN 
"E•II Ille 
ijfZ PERCt: 
N[AG,OR;\ 

l<URT 
NloLEY 
NICHOLSON 
NICttGLVILLli 
,.lCKEl 
NICOOtl'US 
NICOLAUS 
N IC~lLET 
Nll:1..SiiN 
NlGr!Ttthl( 
NIHll.L 
NIO:iUNA 
NIKeY 
NIKISHKA 
IIIKLASOt; 
NIKOt.Al 
~JLAkO 
Nllt.:i 
'ill!"-00 
Nl1'Ck 
'<l«Ei,ILE 
~I~evt:H 
Nll<lGitET 
NlNHHliC8 
'1lNNt$CAH 
~IOeEcc 
NIOTA 
Nl~e 
N!PPER~lt'!:K 
SIP•f 
• IP SlJ!< 
NlRA 
SIS~\A 
"!,HG,_ 
NI SQUALLY 
"HSS~ii 
•Hu 
N !Ul I! 
NI 1/LJC 
s, ~,:., r 
~IJtA 
>-;;xUN 
NJ l:)t-. f:.:N 
;"wltL1~A. 
~-JC.i 
!\l • ..:6L t 
'li.lt} S{ ·Jr T 
. .,,v,::,·c.~ 
NJ~,.:11111~'1 
.... h L 

C 
C 
C 
C 
8 
C 
C 
C 
8 
d 
C 
8 
0 
8 
8 
0 
6 
A 
d 
0 
C 
C 
C 
C 
0 
8 
8 
e 
! 
C 
0 
8 
a 
A 
C 
8 
C 
D 
A 
a 
8 
C 
0 
C 
C 
ii 
8 

• 0 
a 
• .; 

" () 

NORTON 
NOR TC,.V!LLE 
NOit TUNE 
NOii.MAU 
NOR•AY FLU 
NO~•Et..L 
NGRIOICH 
NOSIOClQO 
NOTI 
NOTUS 
NOUQUE 
NU>ARA 
NOVAJ..V 
NOwOC:0 
NOVO 
NOVSON 
NUBY 
MJCIICI.LS 
NUCLA 
NUECtS 
NUGENT 
'<UGGET 
,;u11A 
NUNOA 
NUNICA 
NUNN 
NUSS 
-~UTLEY 
NUTRAS 
NUTRIUSO 
NUVALUE 
NHLA 
N'l''<CRE 
1,y55,1 
NY:i~J. TON 
NYSTl,.OM 

QA,iE 
CA~JA'-E 
iJA'«:"CN 
Oil;..t"Clij) 
□ •<( GUN 
0Al( Gi,Q\IE 
C>I( lAI\E 
CAr,LAhO 
CHS 11.IOGc 
C•"-~ILLE 
a., ,cc~ 
OAN> ► Vl(A 

OASIS 
OAT>,.AN 
Ct:'A'1 
UdARC 
081;N 

~~;-qi,.! ::, C£RAST 
N,Jti..l.;IPPl. :.., ij6~AY 
N.ul( .\ 'I ~ COU~N 
:\01<.C"I i S, B OCiiLA 
"i.1,,,,LA~ B 0(;,E-4Nt:T 
.,,;1. JChUCH 8 CCEAl.0 
kv1.IN fl OCr1EYtOAi... 
s..,L-; 5 CCMl.Uf.KGNEE 
'iVNC -.) L:Cr,t.l 
"4<.Jfl.H•A:OTUN O UCdLf.C 
li',,.;N(JPArl,J I) CCHCPtE 
NvoJKA(hA.--PS CiJ OCtLLA 
ku~~S~C~ d CCtLfY 
~J.:.;r..,Q,1•1 U OC£.Et. 
1,JRA ii wC.lNEE 
~u~~J <> OCu" TC. 
t.iJfl.dci, r u vcv~ r A 
~0;i,6CI\.NE O OG:JUtCC 
:'i..JiH,Y O GCT ..\GC.N 
~u~'.) 6 CiUE:E 
NuRL:cY d GJtlL 
r-.U~UEN O IJO(:M 
Nu,h.H-ttd,S ti OOt.Rr-iCfT 
NVrifCL!I. ::$ OOc SS,i 
.'tJI\Gf 3 GOIN 
"IJ~A S 00Nf 
~ ... I\.~.\ r:;/,;, O'FALLON 
Ns.iilJ'!ANGCc iJ OGDC N 
~JR~t:Sf ~ CGEEChEa 
~J~Kli C OGcMA~ 
l;.)RRISTJ1' 11 CGiL\lli: 
~JR TE 6 .JGL .. LA 
NORTHD4li C CGLi 
NJ~THF(tccJ S CHA'l'SI 
,JRTHMC~o C UHIA 
~!JI< THPJ~ T U,JA I 
~i,),t, TH ?'}WJtK ~ OJA TA 
-~Y .. THl,ao<"LANC C/0 OUNOGAN 

NJTtS A aL•1'K HYOROLOGIC. 
ToO SJ IL Gi<OI.PS SiJCH AS 

C 
C 
0 
8 
8 
C 
D 
8 
0 
A/C 
D 
a 
a 
C 
C 
C 
CJD 
C 
8 
C 
A 
C 
C 
C 
C 
C 
0 
C 
C 
8 
C 
0 
A 
C 
a 
C 

OKAW I) 
ouv 8 
OKEECH08ei: IJ 0 
OKEHANU A/ I) 
OKEMAH C 
01\LAREO 8 
OKLAdHA IJO 
OKMOlt 8 
0110 0 
OKO80Jl C 
CIIOLONA 0 
OKREEI( 0 
OKTl88EHA D 
OLA C 
OLAA A 
OLALW. C 
OLANTA 8 
OLATHE C 
OLD CAl'II' 0 
OLDHAM C 
tiLOS 0 
OLOSIIA~ 8/ 0 
OLOWIC.11 8 
O!.ELO & 
OLE NA 6 
OLE QUA & 
OLHE C 
OLEX 8 
OLGA C 
OLI B 
OLUGA B/0 
OLINOA 8 
OLIPHANT 8 
OL I VES>i,UN 0 
CLlVER B 
l,LIV!ER C 
OLJETO A 

8 CLMlTO 0 
8 GUIITZ B 
0 OLMOS C 
8 OLIISTFO II/ D 
8 OL1'H B 
C OLCKUI 0 
8 OLPE C 
c as~ o 
C OLTON C 
A OLUSTEE 8/ D 
D OlYIC 8 
8 CllYMP!C a 
B Ol'ADl B 
s o~~ a 
c oiou c 
B OMEGA A 
C OMtNA 8 
0 O"N! C 
0 ON~ A/0 
0 ONALASKA 8 
0 C~A/<I A 8 
0 CNARi,A B 
A ON•-• 0 
8 CNA•U 8 
8 ONO.Ad 8 
0 01,EIOA & 
C O'NEILL 8 
B/i) ONEONTA 8 
C ~IU C 
8 CNIT!i B 
A/0 ON,;T.l C 
C CNuVl 0 
8 CNRAY C 
0 CNSLOW 8 
8 CNTAilJ O 6 
a CNfl\0 8/0 
0 ONTCW.GOI; 0 
8 ONYX il 
A OCl<All A 
C OPAL 0 
0 OPEQUC'i C/0 
C CPHI~ C 
C OPIHl!<.AO D 
D OPPIO D 
0 O~UAGA C 
C CU C 
C CRAIi 8 
C ORA1'1GE 0 
8 OR oNGE8URG 8 
a c~u o 

OP.ELLA 
ORE'I 
ORES? IMH 
ORFilRO 
OP.IOU 
ORIF 
ORIO 
Oll!J~ 
ORITA 
ORUNO 
CRL.lNCO 
ORl'At. 
ORMS3Y 
ORODELL 
ORO F INC 
ORO (;llANOE 
ORONO 
OROVAOA 
ORPHANT 
:JAA 
Oi<RVILLE 
ORSl 
ORSINO 
ORTeLLO 
CRTIGALITA 
Oi\TI~G 
ORTIZ 
OIHL :"( 
OP.MET 
0~000 
OSAGE 
OSAKIS 
OSCAR 
OSCUl<A 
OSGOOD 
OSHA 
OS;.AifA 
0' SHEA 
OSnl<OSH 
OSHTEMO 
OS If<\ 
OSKA 
OS>,UNO 
ClSO 
OS088 
OSOR I OGE 
OSOTE 
OSSIAN 
OST 
OSUANOEi\ 
OTERO 
OTI-ELLD 
OTIS 
OTISCO 
OTISV ILL! 
OTLEY 
OTSEGO 
OTTER 
OTTEReeJr 
OTT ER r<ll l 
OTTOKEE 
OhAY 
on,EL l 
OUACHITA 
OURAY 
OUTlET 
OVALL 
.JVl;~GAARD 
OVERLAND 
OVE.CL Y 
OVERTuN 
OVIO 
01/l~A 
01'E,j0 
OweN Ci<EeK 
owe~s 
OoHI 
cwosso 
OWYHEE 
DXAL IS 
OXBOW 
OXERINE 
O~F,JR 0 
OU.~IS 
C!AN 
OUU<Ei: 

D 

• C 
C 
C 
A 
C 
8 
a 
8 

• C 
S/C 
C 
8 
C 
r 

' 0 
C 
C 

• A 
A 
C 
C 
C 
8 

• 8 
0 
8 
0 
C 
8 
B 
D 
C 
C 
8 
BIO 
C 
8 
8 
0 
0 
11 
C 
a 
8 
8 
0 
C 
A 
A 
8 
C 
S/!) 
C 
6 
A 
~ 
C 
C 
A 
C 
C 
C 
C 
C 
0 
C 
3 
J 
C 
D 
8 
a 
8 
C 

0 
8/0 
J 
C 

0 ORChAAO d PUii( I 8 
A ORO A PAALOA 8 
8 ORO NANCE C PAA,J11AU l 
0 ORD•A1 0 PACHAPPA 8 
8 CRH IA O PACHECO 8/C 

SOIL G•GuP INDICATES THE SOIL GROUP HAS ~OT !Ee~ 
a,c l1'01CATES THE DRAINED/UNQiUINEO SITUATl)1 

PlCK 
PAC(~RO 
PAC<E, 
'PA:..<rllM. 
HC~'.i~COLE 
P•:~;.:wo 
PACJU T 
PAC HlLUS 
P'l:i:;!'4 
P,::iRO~I 
PlO:Jt:AH 
PAJUS 
Pl.SL 
Poer 
PA .. 004 
PtH\4NAU7 
PAHlEl,i 
P,H,OC 
PUA 
PAICE 
PA I "ESVI LL: 
PAl~T,CCK 
PAIT 
PAJARITO 
Pl.Jl;\:l 
PUl 
PAUU 
PU!"! 
PUA 
HUCIO 
PALAP\LAI 
PAL,\ nNe 
P4L!:STI !'<E 
PALlSl::lE 
PUIIA 
PAL~Hl:JO 
PAL~ au::11 
PU~E\ 
PlL~E~ CANYOII 
P•L*l:H 
PAL<S 
PAL•YU 
·••::i 
P.l!.□OURO 

P4LJ~• S 
P,\LOIII SO 
PAUS V,:itOl:S 
?•LJUSE 
P.Al..SG-<OVE 
PA"UC.J 
PA"3A 
PA"SDH 
PA14U'4Ki:Y 
Pl~I 
PA~lCA 
:=tA'14E.w4 
Pl~ASOi=l=!<E: 
Pl"IC:..E~ l 
P-.:~Ui;LA 
PA~DO 
PA,.00-H 
Pl~OQR,\ 
Pl~OUU 
PA~! 
PU,GUI TCH 
Pl'<'lfl..L 
PA,.IQGL,E 
PA"KY 
PflNC.:ttE 
PANOLA 
PAN SEY 
Pl,.fE:;o 
PAN T,o< 
PUHCN 
P"ILA 
PlJU 
PAONIA 
PAPU 
PAP~I 
PAP.\KlTlNG 
PJPOOSE 
PUAOI Se 
PlUOOX 
P,~AlJ!"l 
PUA~•Jit: 
PU• Sul 
Pl~C:LAS 
PARC€: 
PUE-!AT 
PU5'1T 
Poane 
••~ IS 

~EH~IIIMEJ 

C 
8 
C 
8 
ll 
0 
a 
I) 

C 
8 
8 
8 
6 
B 
C 
C 
0 
D 
C 
C 
C 
C 
8 
8 
C 
8 
8 
B 
8 
8 
8 
8 
8 
8 
8 
C 
A 
0 
8 
8 
0 
8 
8 
8 
8 
0 
a 
a 
! 
0 
C 
0 
C 
8 
0 
0 
D 
8 
C 
6 
C 
0 
0 
a 
8 
8 
a 
C 
3 
D 
0 
0 
D 
0 

• 8 
C 
0 
A 
0 
C 
C 
8 
C 
0 
8 
0 
D 
C 
C 
C 
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PAR1SHV1LLi: C Pi:LIC 0 PlCUUNE 8 PLE~SANT VIEW 6 PO, i) 

PAI\KA'J' 6 PHLA ll PlCKA.,AY C PLE:>GER ~ ~or" 11) ,) 

P•RKOALf b PELLEJAS e PlCKEN' D PLHll ; PO r~ : 
PAl<KE 8 Pi:LOld C PICKET• 8 PLEll<IE 0 PJr .. rrcH C 
PAP.II.ER 8 PEL UK 0 PICKFORD 0 PLEVNA 0 PiH~HZ ,; 
PARl!.FIELO C Pi:l<Si:RTON A PJ;11RELL 0 PLO!!E 8 PQf:,)U! s 
PAI\KHlLL 0 PE•,&INA C PIC'-WICA B PLOVER 3 PU rT ~~ C 
PARAHURST PE118F.OKE B PICO 8 PL\J~AS 8 Pei rr.:; 8 
PARKINSON 8 PU,A B Pl COS• C PL\J"l,tER a10 P:)PHe a 
PARl!.VlEw II Pi:NCE A PICTOU B PLVSH e POJL ! sEY 8 
PARKV lLLi: C PEM)EI, B PH CREEK 0 PLUTH 8 i>CrJ;i::= Y 0 
PARKwO,JO AID PEN:l ORU LLE 6 Pl ERUN A PLUTOS C POIEHT A 
PARLi:YS B PENDROT 0 Pl EilPONT C PLYIIOUTH A POi~;;R 8 
PAlU,ll• C PENHAS 0 PIERRE 0 POALL C PD•'E~HORII C 
PARLO 8 PENINSUI.A C PIERSONTE fl POARCH B POsHL C 
PARIIA C PENISTAJA b PIIHOl'iUA A POCALI.A A PO •F.~ ' PARNELL 0 PEN,TENTE 8 Pl~< a POCAT el.LO 8 PJ I H Tf C 
PARR s PENLAlt C flLCHIJCJ; A POUER 0 PO'f..,,:Y 0 
PAkRl.li 0 PENI> C PlLGRlll B POCOMOKE ::) PO ;:i • TKA r. 
PARklSH C Pt!jNCL C PlLOT 8 POOl D POf 0 
PARSHIJ.L 8 PENNINGTON 8 PILOT ROCK C POOUNK 8 J7J1',:a,; D 
PAi<SIPPANT () Pi;NC, C PIIIA 6 POE MC l'IJLJ ,lo 
PARSONS D Ptt<OTER C PIIIER B POE/ ILLE ll p:u ; SLAIICO 6 
SAHR! C Pi:NROSE D PINAL 0 POG4L 'I P~, ·i..; ,: 
PASAGSHAK 0 PENS ORE D Pl,<ALENO B POGANl,!.8 D ?R i:" i~R 0 
PASCO e1; Pi;NTl10USE 0 PI.~ll!T 6 POGUo • Pi{ ,1 ,,':Y ,:; 
PASO SECO 0 PE~ll 0 Plf'l•HA C POHAKUPU A PR.l • f A 
PASQUHTJ C/'O Pl:N•ELL A PINAVcTES A PO!~OEJ(TER C P\ ·,.,.·i:?A & 
PASQUOTAlllt 8/i:; HN,.OO0 A Pl ••CHER C POl~SETT B P~c~t~ESS 0 
PASSAR C PEOGA .. PH,CKNET C POl~T a pr,;;_:, ( SH 0 
PASS CAICYO!i 0 Pf:OH C PliiCOt;NlN& 0 POINT ISABEL C ,'R,i;d .__,; C 
PASSCREEK C PEONE BIC PlllCUSHIOII 8 POJ;)AQUE ~ P:. ::~fJSS C 
PASTURA 0 PEORIA 0 PlNEOA BID POKEGEfllA I) PL •,;JIJE ISLI! & 
PAUHS & PEOTONE C PINEDALE 8 POKEl'IAN B ;,._:: ... To A 
PATENT C PEPOON B Pli;EGIJEST 8 POKER C PR~~ roN A 
PATILLAS e PcllUfA C PINELLOS AID PQI.Al'<O H P~l:t1tTT IJ 
PATlLO C PERC.HAS 0 PINET DP C POLAR 11 p~:. y D 
""' 11 (,l!t~K .. Pcl<Cl ¥AL ( PINEVILLE 6 POLA TIS C P'Jl': ': C 
PATNA e PcRELLA (, PlNcY C POLE " PR '.u• n 
PATO\iTVILLE C Ptl<HAM C PINICON 8 POLtc~ C l'h;f:!iUI 0 
PATI\JCIA 6 PERICO 8 PHIKEL C POLEL IIIE e Pa; t:·r, 0 
PATRICK 8 PER IT SA C PINKM" B POLEO a P~) ~eAUX C 
PAT ROLE C PERklHS C PINKSTON B POLEY C P~1M1,ltiAR !I 
PATT AN! 0 PERJ;S A PINNACLES C POLICH 8 PRlNcETON II 
PATTi:N8Uf<G fl PERLA C PINO C POI.LARO C PR!P<':~ILLE C 
PATTE~ C P~RMA A l'll<OLA C POLL A SKY C PR 'Ii,; 8 
PATTERSON C PiRMANENTE C PINOLE B POLLY 8 P~:'iS C 
PATTON 6/0 PER/UN a PINON C POI.O 6 Pk'. TcHETT C 
P4TWAY C PcRRINE 0 Plh!ON:S 0 POLSON C l'~~.'.WR 8 
!'AUL e Pl::RkOT 0 PJNTAS 0 POI.VAOEI\A B P~tJ .. ;<,F.SSO C 
PAUL PING IJ Pl.RkY I) PlNTLAR A POl<AT C ?Kn"l! ;j'f: 0 
PAULINA 0 PERRYPAIIK 6 PINTO C POM!:LLO C PIU)MC I.) 

PAULSELL 0 PEl!llHILLE fl PINTUllA A POH?ANO A/0 PRuSilNTORY II 
PAULSON 8 PER SANTI C PINhATEII 0 PCJMPONIO CID PiilU'°II~ t 
PAULVILLE 0 Pt RSA YO 0 PIOCHE 0 POl<PTON 6 PP.t1 \YECT II 
PAUIIALU 8 Ptl<SH.li.. C PlOPOLIS I) POMROY a Pl\ .. 1 5f'~R II 
PAUNSAUGUNT 0 PER SJ S 6 PIPER Bit PONCA fl P~l1SSER t 
PAUSANT 8 P~RT 0 PIROUETTE I) PONCE!iA 0 PR~li'i't'Ut C 
PAUWELA 6 PEl'.U C P!RUII ll PIJNCHA • PlttHJT C 
PAVAhT 0 HSCAPERO CID PISGAH C PONO B/C PROVIDENCE C 
PAVILLION 8 PESET C PlSHlllJN a PONO CREEK 8 Pl.l.1VU 0 
PAVOnROO a PESHASTIN 6 PISTAKEE a POl'IOILLA ,. PR~\'O 6A'J 0 
POCATUC.K D Pi:SO C PIT 0 POt;J L 0 PRC\.fl:!i.S 8 
PAoLET 8 PEHETNEET 0 PlTTl<AN D PONTOTOC e PlJ.h 1;ilrAN 8 
PAWkEf i) Pf:Tl:1--bORO 8 P!TTSF !ELD B PONZER 0 PU.' ulU A 
PAXTON C PETEI--S 0 PITTSTDIIN C POOKU A PU;..H'ft-N A 
PAXVILLE ,; PETOSl(fY PITh!OOO 8 POOL£ 810 PU~c>U 0 
PAYETTE 6 PETRIE ll Pl HER C POOLER 0 f>UEkCO D 
PAYMASTER B PE Tl<OLIA 0 PIUTE D POORl<A 8 Pll!RYA 0 
PAYNE C PEtTOt.S C PL.Ate.DO D POPE b PUtl !' D 
PAYSON IJ Ptl<1'1<0 IUD PLACtNTU. 0 POPPLETON " PUGH bit 
Pi:ACHAM 0 PtYTO~ a PLACtRITO$ C POOUONOCK C PUt,SLEY B 
PURL HAR&Oi< D PFdfHR 8 PLACID A/0 PDF.RE TT BIO PUHi A 
PEARIIAI, PttAGf e PLAt~ D PORT a Puhl IIAU 0 
PEAI\SOLL D PHANTCM C PLAl NF IELO A POf<T A GEV IL.LE 0 PUL •~<;I 8 
HAVlNE C PHAkC II PLAIMlll:W C PORTALES a Pu, EHU 8 
PECATONICA 8 PHAkOLIO D PLAISTED C POf<TALTO e PU •. L tiAN D 
Pi:COS 11 PHEBA C PLANO 8 POIH 6YIION e PULS 0 
P£i)f£ C PHE:fl,l:Y 8 PLASKETT I) PORTu,s 8 PVL ~, •HER D 
Pi1CfRl,ALl:S C PHHAN B PLATA B POllTERV ILLE 0 PUL HIEY t; 
Pi01GO 01;. PHELPS e PLATEA C POP.THILL C PU'<EL C 
PEDLAR 0 PH1HRSON 8 PLATEAU 8 PORTINO C PU► ~H C 
PEOOLI C PHILSON 8/0 PLATNER C POF.TLAND I) PU~• A 
Pi:11RICI< 8 PH! L l PSl\11111. e PLATO C POl'lTNEUF 8 PU~Al.UU 0 
Pt:EflLES C PHILLIPS t PLAT ORO B PORTOLA C PIJ~OHU A 
PcEL C PHILU e PLATTE D 9 0RTSIIOUTH I) PU-Ct.II C 
PiELi:R 8 PHILuMATH D PLATTVILI E 8 PD/I.UM t PU,~Y 0 
~it:Vi~ C PHI l'PS C PL.ALA Sit PDSANT C PU~li.UORY D 
Pi:i.JLfR i) PKOl;t,E B PLEASANT C POSEY 8 PUkl<ER D 
PfGkAI< e PHOEhlX I) PLEASANT &ROVE e POSIT A$ p PUkSLEY 8 
PC.KlN C PIASA D fLEASANTON 8 POSllll>I C. PU•VES I) 
PH11AII BIO Pl~ACHO (. PLEASANT VALE 8 P0$0S C PUSHll A 

N.JTES A BLAN~ HYDROLu&l-t SulL G~OU~ 1Nlll,ATE$ THE $OIL li!(QUP HA$ NOT aEU OETER111NEO 
TWO SulL GROUPS SUCH AS flit U1i.>l(.ATES TM£ ORAl!iEO/UICOMINED SITUUIH 
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PUTNAM 0 RANO,.AN 0 REELFOOT C RIFFE 8 ~OL::TTE C 
PUUKALA 0 UNDOLPH 0 REESER C RIFL! AID ROLPE C 
PUUONE C RANOS C REESVILLE C RIGA 0 ~OLIS.I D 
PUU 00 A UIIGER D REEVES C IUGGINS A AlLLA C 
PUU .:>PAE 8 RANIER C REFUGE C RIGL~Y a ROLL tr D 
PUU PA I RANKIN C REGAN a RILEY C RO:LJF: C 
PUYALLUP B l!ANTOVL 0 REGENT C RILLA a ~0-tSE~G 8 
PYLE A RANYli.lN a REH" C illLL ITO a ~0-30 C 
PYLON D RAPH.JE C RUCHcL a IH>,fr C RO~::O C 
PYOTE A RAPHO 8 RUFF a 1!11'Uh ~ R □ ~~eY C 
PYRAlUO D Rl>PIO.lN B REILLY A iUIIROCK D RO~UL~S D 
P'l'Rl40NT 0 RAPLEE C REINACH I RIN & RO~O C 

RAROE!I C REKOP 0 illNCON C RD~NE3Y 8 
QUACKENBUSH C RARICK a RELAH A ~ INCONAOA C .~J~S0~ a 
QUAKER. C URIUl!I C REUY B Rl'<OGE D ,o~se· a 
QUUEJITOWI a RA SBANO 8 REL1AtfCf C Ril<GLl~G t ~OOT!L D 
QuM,A 0 RASSET B RELU 0 RINGO D ~OSAC!il C 
QI.IAIIOh ,. RAUir;6 C RELSE a illh~OLD B ~OSAMil'<O 6 
QUAtfAH a RATHB!iH C RE,.BERT D ~l,..GWO:lO 8 ROSU! r. 
QUANOAHL B RATLIFF 8 REll"IT A RIO 0 ROS~NK Y C 
QUARLES D RATOtf D RE"SEN 0 RIC ARRUA 0 •os~q10 C 
QUARTZ IIURG C RATTLER B RE,.UDA~ a lllGCO~Cl-0 C •os:oe 0 
QUATA14A C RUTO 0 REMUNOA C RIO GRAJ;CE B ?JSCCW'40N 0 
QUAY B RAUS 8 RENl!AC 0 RIO ll!NG C ROSE~UU B/0 
QUAl.0 0 RAUVILLE 0 11.El<CALSOII C RIO L.AJAS A ROSibLOOll D 
QUEALY D RAUZI B RENCOT A RI'J P IEORAS B ~0.$213\JO 8 
QUE8RADA C RAVALLI C RENFRO'<I 0 RIPLEY 6 ~O~S':3U"G, a 
QUEENY D 11.AVENOALE 0 RENICK D RIPON 6 ROSE :.eeK C 
Queers 8 UVENl<A C REN"1E C/0 RIRIE 6 ROSC!;LEN B 
QUEMAOO C II.AVOLA 8 RENO 0 RISBECK 8 11.0S!'HILL 0 
QUENZER 0 ...... 8 REl<ClllLL C R1S1.EY 0 11.osau,o 0 
\lfJICKSELL D RAw.,lCE 0 RENOVA ~ RISU C R'.JSccLA 0 
·lUIETUS C RAWSON 8 RENOX • ~!SUE 0 RJSEL"S 0 
QUIGLf'f 8 ~AY B RENSHAW 8 RITCHEY 8 ;tOS2rtCVNT 8 
lUILr.ENE C RA'l'AOO C RENS LOii 8 RlTNs R C ~~SE .. OALE 8 
QUILLA'l'UTil !I" RAYENOUF B REl'<SSELAER C RITO a ~QSE 'IAl..t..SY C 
QU!,.BY ii RAY"01'0VILLE 0 RENT IOE C RITTER B O:JSEV!LLi 8 
~UINC'f A RAYNE 8 RENTOII 8/C RITTi!AH : ROSE•JRTH C 
~U!NLAN C RAYNESFOAO 8 RENT SAC C RIH 8/0 •ossE SPRINGS (I 
\lUitfN 0 RHNHAN C Rl!PAilAOA 0 RITZ CAL a RCS! ns A 
QUINNE\ C ~AYNCR 0 REPP ,. RITZV IUl! 8 R~S!.. Y'i s 
QUINTON RAlOII C REP PART B RIVERHEAD 8 i:acs.-.,li 8 
QUlT,.AN C RAZORT a REPUBLIC 8 RIYUSIOE A i7CS'"tl:Y C 
QUONSET • RUOING C RESCUE C R !VER TON C .~ss B 

Rl!AOINGTOH C !IE SERVE B RIVERVIEW 8 ROSS F!J!lk C 
ii.ABER C REAOL 'rN 8 RESNcR 8 R lVRA A ROSSI C 
iUl\l:Y A REAGAN 8 RET 8/C RUil: C 0:::,ss~O"!kE C 
RUIOEUX a RUkOR B RETRIE~ER 0 RlXO!<I C ROS5 i.r.LL:Y C 
ll.Ailll'l B REAL ( AETSCF C RU. 0 ~O!IN C 
1'.ACE 0 R~AP 0 RETSOk 8 ROANOKE 0 R;JHl:'IAY s 
Utlii!.U D REARDAN C REXB~II.G 8 ROSANA s RilT~SAY 8 
RAC1NE e REAYILLE C A EXFORD C R06B!HS 8 ROTTUL:.: 8 
aACOON 0 REBA C REXOil A R088S 0 <JUij !JHU C 
~,AO C Rl:BEL II RE'l'ES C/0 ROBERTS 0 f.lOUi:~ C 
~AOERS8U~.G 8 Rf:eUCll RllYNOLOS ROBE•TSOAU C RQU'fO BUTTE 0 
R~OFORO e REi:AL 0 REYNOSA 8 ROBER TSV ILLE 0 ~J~"4~!.EY C 
R4uLEY C ii.EC LUSE C REYWAT 0 ROBIN 8 ROUNOTCP C 
PADNOR 0 REO&ANlt B RHA"E B ROcl!NSD>j 0 ~JU'i0L1ti C 
UFAEL 0 RED BAY 8 RHEA B ROBlkSONYILLE 9 ~~U~OY C 
RAGEi\ 8 Rl:O l!LUl'F C ~HINEBECK 0 R08LEOO J R::J~SSEA.U A 
UGI.AN C REu IU;TTE B R,.,,:;,.oes 0 R08 ~OY C ~JUT0'l 0 
RAGNAR B ~f08Y C RHOA"E C ROl!Y C it □orr C 
RAGO C iUDCHIEI" C RIB C ROCA 0 R:lVU 0 
RA...SOALE B/0 REOCLCUO e RICCO 0 ROCHE C R □ ~e 0 
UC.TOWN 0 REDDICK C 

::~:!~tLE °' a RCCHElLE ; FtO"S~4 C 
RAH.tL C RcOOING 0 C I\OCHEPORT C RO•LANO C 
AAH/4 C il.EOFIHO a RICHARDSON e RCCKAwA'f C •O•lEY ~ 
RAIL C/f) REO HILL C RlCHEAU C ROCKCASTLE ' POXAL 0 
UINilOW C Rtv 1-t(;CK C RlCHiY C R,JCK CR EcK J RQX3v~ Y ~ 
UINE'f 8 REOUKE 0 iUCHF!ELO C ROCKFORD 8 io1 a 
R,\itfS 6/0 REOLA/>IOS a RICHFORD A ROUHOUSE A POUL 8 
UINSBORO C REOLOOGE 0 R!CHLIE A "-QCK INGHAM C/0 RVYl\. TO,... C 
UKE 0 RE01'ANSON 8 RICH,,ONO 0 "-01".l<.L IN C/0 ~OY(:¢ B 
RALSctf B/C llEDM01"0 C AlCHTER 8 ROCKL Y 0 ;tJi'S T~Nf 6 
"-A!!AOA C: REONUlll C RICHVALE 8 ROCKPORT C GJH 0 
IUMAOERO 8 REOOLA B RICHYISW C ROCK lllVER B •CZ=UVILL: 8 
IUll2LER. 8 REDOtfA 8 RICHWOOD II ROCKTON a ~JZ:rrA a 
RAMELLI C REOUDGI: 8 RlCKMORE C ROCK~ELL • ~JZL"= C 
RAMlRES D REOROB 0 RICKS A ROCKWOOD B -\UA<( C 
RA14M£L C REO ROCK 8 RICO C ROCKY FOl!.O 3 .~:JS t :::;~ £ 
RAMO C RED SPUR 8 RIC?.EST 8 ROOOY ~U!{'J C 
UIIONA 8 REOS TOE 8 RlOO C ROC"Al'I l ~J='f 8 
UMPAkT 8 RED THAYNE 8 RIOGEilURY C ROE 3 ~vZ'fH?L!... C 
RAMPUTAR A Ri:OTOll C RIDGECREST C ROEBUCK 0 :tUCti 5 
RAIIPUTER ,. REOVALE C RIOGEOAI.E a ROELL EN ) ilUC:<lES D 
.UlllSf'f D REOVJEII C RIOGELi>J\D 0 ROE!!ER : •uCLJ:( C 
RAMSHORl!I 8 REE 6 RIOGELAWN • ROES! GER a ?UOJ 0 
RANCE C REESE.11 C RIDGELY 8 ROGE~T ) Ru,E::.• 9 
RA"-CliER.lA 8 REED D RIDGEVILLE a ROHtlER'ilLLE ! ~Ui)JLi'~ C 
RAND 8 REEDER 8 RlOGE~AY 0 RO><RERSVILLE C RUOY~~.:, 0 
UNOAOO C REEOPOINT C AIDIT C ROIC ) Q,iJEL\ .. A ! 
UNOALL D REEDY 0 RIETBROCK C RCKEa'f J ~UGQLES 8 

NOTES A BLANK HYOROLOGIC SOIL GROUP INDICATES THE S(llL GilOUP HAS 'IOT 3e;~ JETi:iUtlrtCO 
T"O SOIL GR OL;P S SIJCH AS B/C lNOt,AtES THI= ORAINEO/UNORAl~EO S lTUA f!O~ 
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RUI DUSO C SALVI SA C SAUK 8 SEDAN $H!L8Y e 
i<U~O !) :,,1. ZE.~ 0 ,AULICH 0 SEDILLO e $•!.::..BYVll.LE e 
RULE B SAMBA 0 SAUM C S!\OWELL : $1;< ,.00:N 
liqJL IC.K C SA~l SI' Cl:> SAUNDl:'RS C S3EDSUOEE !) ~'f ~:.. J KOF D 
<U!480 C SAMNAfllll SK C SAUVli: C/0 S~ES : ~,; ,LLUARGeR 8 
AUHFOl<O 8 SAMPSEL 0 SAlJVOI.A C SEEWEE 8 Sri~!..LORAKE A 
RUMNEY C SAMPSON B SAVAGl: C S eC.AL 0 iH'.:LtROCk ,. 
~UMPI.E c; SA~SIL 0 SAVANNAH C SEGt<O C '":;,MADINE D 
kU>\ RIVtR C S•N ANDREAS C SAVENAt: C SHURN 0 S•"~oc TA 8 
RUNE C ~A~ .A~T0'-1 6 SAVO C SEIH C s~c::.. roN C 
RUNGE & l>AN A1'T0td0 C SAVO IA B SEJITA 0 ';d~~A C 
R•JNhil.LS C SAi> ARCACIO e SAWA!;E D SEKIL C 3 .. tS.tcANDOAH C 
RUNNYHflli: ~ SAt, HNI TO e SAW AT CH c; sr;uu 0 ,i:-h":P e 
RJPfRT A SANCHEl 0 SAWCO.EEK B set.AH C S"cPPARO A 
RUSCO C SAN{.;ALL C 5AW~ILL C SELDEN C SH:P.ANDO A 
RUSE 0 5A~DEII.SON B SAWV!aR C S ELEGNA 0 SK?UR C 
~lJSH C SANOLAl<r C SAXBY D SiiLfUOlif C ·,•l'o~OURNE e 
,<US•HOliN A Shl1ULC!:: A SAXON e SELK {AA D :iH~:;;. H>AN e 
RUSH•ILLE D SA,.ELI 0 SAYBROOK B SELLE e '..H"RI.OCK e 
I..U5S B Sftt, f.l'\IGOIO 6 SAYI.ESVILLE C SSLLERS A/0 )•1'.;.RP.: 0 
RiJ:»SELL ;; .$~/iFORO A ,AYLOR A SF.lMA B )Hl":R?:YL B 
R!ISSHLVILLE ' SM GER B SCALA e S!;MU19100 D -;.,"~wooo e 
RUHL ER C S.Mi Vl:.riMAN J S~AMHAN C SEM!HtmO D S·H ~LE e 
RUSTON b SANGL C SCANOU B SEMINARIO D ~t: '.·11..!)S C 
RUTLAND ~ SANGRl:Y A SCI ~TIC C SE~.!X C '>Hl~FER B 
,,JTI.E,ic D SANILAC C SCAR A SEN B '.it1.1.LO.., C 
UAN f) SU• ISAIIEL 8 StAI\BORO D SENECAVILLE C ,•i'.~4KU D 
RYAi, PARK B 5AN JOAOUIN D SCAVE C SEiJJATCHIE e 5;;·_ NGLE 0 
RYDE 6/0 SAN JCN C SCH.lFFENAllEt A SEQU UI l S><I NGI.ETDIIN C 
RYDER C SAt, JOSE 6 SCHAMBER A SEQUIN e SrliNN a 
PcYE(.ATE B S~N JUAN A SCHAMP C SEOIJO IA C :.irt,rtl<..'JCK C 
RYELI. A SAN LUIS B SCHAPV ILLE C SERENE 0 Sl1iJCTON 6 
RYEPATCH I) s~~ Ill.TEO 8 SCHEBLY D SERNA 0 SHlPLEY C 
RYER C SAN l<IGUEL C SCHER.II AIU) D SEROCD A ~!-!'- P-ROCK 6 
S.YOl<P C SANPETE 8 SCHLEY B SE~PA C/0 .':.'"iiH.ilT 8 
RYUS C 5~1,Pl TCH C SCHMI/T t B SEP.YOSS, D ,ri,RK C 

SAN PIJIL B SCHNi:BLY D SE~,A~E C $~;141.S C 
SA8ANA I) $AN SABA 0 SCHNEIDER C HiPE C SHOEBAR B 
SAdA"A SECA D SAN S!:BASTIAN B SCHNOORSON B/0 SESS l()PjS C ~HCTEFFLER 8 
SABfNYO ~ SANTA C SCHNORIIIJSH C SES,UM 0 S'1(1NKIN D 
oA~lll,A C SANTA CLARA C SCHODACK SETTEI\S C S!.fOOFLlN C 
oAbl"'E A SANTA FE D SCHOOSON C SETTLl£~EYER 0 !,~0011'.. A 
St.:$Lt 0 S,.t,TI. ISOEL CJ SCHOFIELll 8 SEVAL 0 !,HOKEWOGO C 
SAC 8 SANTA LUCIA C SCHOHARIE C SEYER,; 8 ~HO,EY B 
SA:O I) SANTA MARTA C SCHOLLE II SEVltLE D $!"!ORN B 
SACRAMENTO C/D SAl<TAM C SCHOOLEY CID SEVY C s<JH CllEEII D 
SAC UL I) SU!TAQUIN A SCHODNU D S EwARO 8 ~HJSHONE D 
SAODLI: 8 SANTA YNEZ C SCHI\ADeR D Sc"::LL e ~H:JTWCLL D 
SALIOLEBACK 8 SAN TH 0 SCH RAP 0 SEXTC.N 0 ~eOUNS B 
SADE~ 0 SI.NT IAGO 6 SCHRIER 6 SEY>IOUR C SH[lt.°Al TER C 
SA:l!E ij SANTI AK C SCHROCK 8 SHII.I\K D S~:,.LOW C 
SADLER C SAN TIIIOTEO C SCtl/JKACHER 8 SHADELAND C Sli•.\:•SBUIIY 0 
SAFHLL ll SAf,TONI 0 SC HUY LULL B SHAFFER A !,r'tlN.E 6 
SAGAN ING Cl SANTOS c; SCIO B SHAKAN e ~H,ilE D 
S4Gt 0 SANTO TOMAS 8 s,10TO'ilLU C SHAKESPEARE C S,<sOUTS 0 
5AGfHILL 8 SAN YSIDRO D SCUM B ShAKDl'U C SHUBUTA C 
SAGEIIIOOR C SAPIN~l<O B SCITUATE C SHALCAR C SHiJLE B 
SAGERTDN C SAPP 0 SCOBEY C SHAI.ET D S~UI.LSBURG C 
SAGINAII SAPPHIRE 8 SCODTeNEY B SiiAM D SSUMliAY D 
SAGO D SAPPHO 6 SCORUP C SHl.>160 B Srll;PERT C 
SAGOUSPE ' SAPPIN>.TO'< 8 SCOTT D SHAMEL e Sliu•A!i 8 
SAliUACriE A SARA C SCOTT LAKE e SHANAHAN 8 ,I II 
SAHALlE 8 SARALliGUl B scour B SHANOOt. SlbLEYVILLE 8 
SA INT IELENS A SARANI.C 0 SCOW LALE C SHAltE D ~lfYL!:E D 
SAINT HART IN C SAIV,PH [) SCRANTON 11/0 SHAr;O 8 sl;ILY 6 
SALADO 6 SARATOGA B SC RAYO A S,...NTA B s1:nfSTEETS C 
SALAllON D SUATON e SCRIBA C SHAPLEIGH CID UDELL ll 
SALAL " SAl<BEt. A SCRIVEII B SHAl<A TIN 8 SiEAN:IA B 
SALAMATOF I) SARCu ll SCROGGIN c; SHARKEY 0 SleeEPc A 
SALAS C SUDINU C SCULLIN C St!ARON e SIHO C 
SALCHAKU B SAi<DO I, SEA!>ROOll C SHAAP SBURG 8 S,E~OCLIFF D 
SALEK B SAl<(;l:ANT D SEAI\AN C SHARR OTT 0 S!ERU 6 
SAU~SllUl<G t SAR! TA A SEAQUEST C SHA~YANA C UEUAVILLE B 
SALGA C SARKAk 0 SEARtliL IGHT C SHASK 1T B/C SI ESTA 0 
SAlluA A aAhPY A SEAl<ING B SHASTA ,. HFTON II 
SAL It.AS C SAR TELL A SEAl\1.A e SH~YANO 8 ~l:i"AL C 
SALlS&URY D SASKA 8 SEARLES C SHAW'ER II SI G•JRD B 
SALIX ~ .SA,PAIICO 6 SUTO!, e SNltwA 8 !.IK!: STON 0 
SA1.KU'l C SASSAFRAS e SEATTLE 0 SHAIIANO A ~ILCOl e 
SALL lSAW e SASSER e SEAl<ILLDIII B SnAWMUT I!. SILENT D 
SALLUN"i C ~AUI\KA C SE6AGD D SHAY D SILER B 
SAL>\/.)1; e SAT At.TA B SEBASTIAN D SHEAR C SILERTON 8 
SALOL D SATELLITE C SEBASTOPOL C SHECIILER C SILi 0 
SALO'IIE D SUT D SEBEKA 0 SHEOAI)() B SI LSTlO A 
SALRl:E C/il SA TT LEY & SEBEWA BID SHEDD C SILVER C 
SALUIR D SUTRE 8 SE61(E£ D SHtEGE 0 SlLYERADO C 
SALT '-ritJCIC A SHUkN B S~Bl"-ING D SHEEP CREEK C SILVERBDli D 
5ALTl:li. 8 SAT 1JS " Sf8i10 8 SHE.EOHEAD C SHVEk CREEK D 
SALTERY 0 SAUClliR £ SECAU C/C SHrHROCI<. A Sl L~EUON C 
SALT I.AK< ti SAUOE " SEC CA C ShEET IRON e S!LYIES 0 
SALU.:IA C SAUGATUCK C SECRET C SHEFFIELD 0 S!MAS C 
S41.UYIA SAUC.IJS B SECRET CRUil e SHf.LBURNE C Sl~~OE t 

NvTi:!; A &1.A,;K HYOROLOGIC SCIL G~OVP INDICATES THE SOIL GPcOUI' HAS NOT BEEN !lETER>!lNEO 
TNO S:ll~ GPOUPS ~UCH AS iii C IN!ll'.U\:S THE OIIAINED/UNOl\t!HED SITUATl:l~ 
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SIMEON 
SIMMLER 
Sl ◄"ONT 
SlMltl:il 
Sl'ION 
S,~ON4 
s1i,0TE 
Sl~PEJ\S 
St~PSON 
S!l<S 
SINAI 
Sl~CL4IR 
SINE 
s1,'iUTlli:f 
SINGUAS 
Sl~"!GAN 
Sl1'0>UX 
Sl~TON 
S!N\J!< 
SlJ'I 
SIOU~ 
SIPPLil 
SlR I 
SI SIU YOU 
S!SSi:TOli 
SISSON 
SITE~ 
SIT~A 
SIXMILi 
S 1.ZE><OilE 
S lli:~ 
SOG(iS 
SOGIT 
Sf.Al1A 
S~AL•N 
SllA1'A .. !A 
S1t.tMOKAJ1JA 
$UNEE 
S~EL~OCK 
SIC~Rl\V 
S~IOMuRE 
S~I• I.fl 
S<lltl<ER 
SM.IY;JIJ 
S~~<CMISH 
iA...,,·•JKU,.Ci1UCK 
S~OWHEC.AN 
S•Wu CRei:1< 
~ ... ~,..:l,AJi 
,;~uruM 
S<101i:R<,; 
HYHlVcl, 
S)'{ r.-.:i:MISH 
S:<YL!CK 
3!"'.'fl..1~E 
$(YA".\ f 
SL •d 
SLAT!: Cf\',i:K 
14.AUi:.Hffl{ 
SL>VEN 
SLAoSON 
SLifTON 
Sl.i:i:TH 
SLcTHN 
SL IC~ROCK 
s,:GriTS 

A SNOit 
il S>IOilOEN 
C SHOi<LIN 
A S'luWVtLU 
C SNuwY 
0 SOAKPAK 
C SOAP UKE 
8 SCi!OBA 
C SO!IIUNTE 
0 SOilA LAl(E 
C $iJi)t101.iSe 
c ;oo..is 
C SCcLBli:RG 
C S.JFU 
8 SO&il 
C SOGZIE 
8 SCII.OLOF 
8 SOLANO 
0 S.::L □ A TriA 
8 S.:ll.OIER 
A SCL cue 
14 SCLilUI; 
a SuLLEM.S 
a SuLLER 
8 SOLOMON 
6 SCLQ/ltA 
C SOl<S~oRO 
6 SOME:RS 
6 SC><t:RSET 
II SOMi:RVl:LL 
II S.JNSI:~ 
a SONOIT4 
a/: S01>1C1<A 
A SONTAG 
C SO,::R 
a SOQuEL 
8 SCROO 
C SG~• 
B SO"!l.EhTO 
C SJR TER 
6 SOSl4 
C S□THL.\ 
;; SOT!~ 
C Suu ThFOilll 
6/C S:lUThG.> TE 
d SOUTt1"1Cl4: 
8 SPAA 
0 SPACE C!TY 
0 S?ACC 
C S?4LOlhG 
C S?o, 
0 5;iANA11tAY 
B. :i.i'U,EL 
C SPARTA 
0 SPEARFISH 
tt SY:..t.f-..•AN 
;;, S?,:AIWILLE 
C SP~CK 
C 5?EC TER 
0 SPcELYAI 
8 S?E IGLE 
0 SP,:NARD 
c S?~r-.ce;t 
0 S?E ~1.0 
8 SP~KR't 
D SPIC~R 

Sl.!GO S SPILLVILLE 
$f..l(_,j.C, 0 S?INl(S, 
s .. IP a SPIHS 
SUP,..lN ;;;c S?!RlT 
~~JM• 0 S? I ~O 
SLJC IJM a SPL/:hDORA 
S1...UO;JC C :>PL l TKO 
SLCSS 4.. S?CFfCRO 
SL·J!CE B SPC,:t,;E 
S~•RTS d S?0NSdl.1.IR 
5• I TH C.,coJ< A SPOOh dUTTi: 
SMIT~O~Lo ~ SP~CNE~ 
Sl<llTk,...Ci:,.,. 8 SPUTTSiitOOu 
siun,ra.~ o SP~At.i,f 
SMOLA,; C Si's ECKELS 
S~OGT u SPs l Mi 
SN~G o SP~l~'-' i:Ki:Et( 
S~•'1<lPISH e SP~lh~DALE 
Sl<AKe C $PR lt,Gi:ot 
Sl<Al<I HULLO• 8 SP,lhGEKvlLLE 
S~A~cL\JM 8 SP~lhGFIELO 
SNEAu O 5pq lhG,.EYEil 
S'<ELL C V"lhGTJW" 
~~Els ING e $?,~UI. 
S'4.lHU1' I SH JJ SPUR 
SNU~UALMlt B SPURL~C~ 

NuTES l ~L~~K HYU"ULGGIC 
hO SOIL .SOUPS SUCri AS 

8 SQIJAUCUM & STISS ING 
C SQIJA>< B STIIIERSI/ILLE 
e SQUILLCHUC,( e STOCllSUOGi 
0 SQUIME~ 8 STOCK LANO 
A SQIJli\l;S II STOCK9~N 
II ST• ALtJAl'IS a STOCK TON 
II ST. Ct1ARLE$ 8 STGOICK 
A ST• CLAIR O sro~es 
C ST. cL~O A STOMAi! 
8 ST. GEOilGE C STO,.l:R 
0 ST. Hl:LENS A STONhALL 
C ST• !~NACE C STONO 
8 ST• JOE 8/0 STCNYP.lRO 
II ST. JOHNS S/0 $TODKET 
0 ST• LUC IE A STORDEN 
8 ST. MARTIN C STDRLA 
8 ST• NARYS II STORM ITT 
0 ST. NIC.,OLAS O STORM KING 
6 ;iT. PAUL 8 STORY 
C ST. THOMAS O STOSSEL 
II ST,UTSaURG STOUGH 
8 STA&l.i:R II STOWELL 
C STACY 8 STOY 
0 STADY 8 STI\AIGHT 
0 S TAfFORO C S T~A IN 
8 STAC.Ei;OACH 9 STRASBURG 
0 STAHL C STRATF.JRO 
8 STALEY C S T.11.AUSS 
0 STAISijAUGH a STRAW 
II STA1'FORO O S TRA"li 
C STAMPEOI: 0 SUUTOR 
8 SUN S STI\OLE 
0 STAhOISH C/0 STRONGHURST 
0 SUh~Y O STRO,.T!A 
i!/C STAr;F!ELO C STROUPE 
8 STANLE ( C STRYKER 
C STAr;S3URY O STUBBS 
C STANTON O STUCKCREEK 
e ~ T4PLSTON B STUKEL 
8/1) ST uaucK O S TUKfY 
C ST UGO a STUMaLf 
C STARICHKOF O STUMPP 
8 STA~KS C STUMP SPRINGS 
0 SURLEY O STUN'<EP. 
0 STARR 8 STUTTG.>.RT 
C STA Sci\ 8 S TUH""N 
0 SUTi: e STUHIIILLE 
A STATi:N O sueLcTTe 
8 STATLER 8 SUlltiURY 
0 SU'./t O SUDDUTH 
0 STAYTON O SUfflEL~ 
8 SH,u•ao.u O SUGARLuAF 
ll $1SARNS O SUISUN 
A STEC UM A SULA 
8 STEev A SULL 1 
C STEi:01!4N O SUL?HUR A 
C ST~:.-.ce C. SULT A~ 
0 SteELf 8 SUl'AS 
D SH:i::ic C SW<D\Ji4 
C STi:FF C SU!'UA 
8 STEGALL C SU1<Y€Rf !ELD 
0 STfll>c>< A SUl'MERS 
8 STEi:cAUC~ B SUJ•U•5!(V ILLC 
e STi:INd!:'C<. B SUl'"!T 
C SIElllMi::TZ D SU"~ITVILLE 
C SHINSdU~G C SVl"TER 
8 Sf<l•Eil C SUN 
A SHU.\~ C SUNB.U~ST 
ll STE~IL T C sur.au,Y 
S STEt.uAL C SUNCOCK 
a STEl'Hi:~ C SUNO 
C SfE,'Hc~SaURG 8 SUNCELL 
0 ~Tf,>>sENVlLI.E 8 :.u,,Oe".L~NO 
C ST':RL!kG. a SUNDCWN 
a ,reqL!NGTG'I B SUNF{ i:LO 
a ~Ti:l'SCN a SLJNNH .. AkD 
C STETTC~ 0 S\JNNY><AY 
C SlcUBE~ 6 SUN .. YS!CE 
a STEVf~S B SUN~YV&Lj 
o/C ST~VcN!oON d SUNRAY 
C srew.:.RT O SiJf'.RIS.I:: 
C/0 ST 1i:~t1C:Y C SvNSE T 
C sr la>d~ ;I SuNSkl'IE 
a STIGLc~ C. S:J~S•EET 
8 STILt..',AN t. SUNUP 
0 STILLdTER ,l SUPAN 
0 sr:t..iV~ a SUP':i:t. lOR 
C ST!~SCI< d/C SUPEASTITIC~ 
C STI .. G.A~ a SvPE,VISCR 
D ST!NSG~ C SUPPLE; 
8 ST!llK O SUR 
6 STIWM a SUS GE~ 

C 
~ 
8 
8 
0 
() 

0 
G 
C 
8 
A 
8/0 
0 
a 
9 
a 
e 
J 
C 

C 
i) 

:, 
C 
a 
C 
a 
8 

s 
8 
a 
C 
II 
C. 
8 
0 
8 
A 
0 
8 
!I 
0 
C 
~,c 
8 
ii 

C 
8 
0 
a 
a 
0 
,; 

a,: 
~ 

a 
C 
8 
C 
C 
a 
C 
0 
C 
6 
1 

C/0 
s 
8 
C 
0 
3 
C 
a 
0 
a 

0 
6 
C 
A 

3 
a 
C 

SC!L G~Quy !14C!CATES THE SulL GRCuP 
~,c !NOI~Ares T~E ~R~i~iO/U~~AAlNiQ 

r+•'i -.or 3E:.:lf 
SITUATlJ14 

su~ .. H 
su~?~ISE 
SUHENCT 
su~~1, 
SUSIE CREEK 
SUS1 T!-14 
SUS~UEHANNA 
SUTYS~ 
SUT~HLIN 
SUTLEi< 
SUTPHE~ 
S.JHLU 
SUTTJ't 
SI/El 
SY~~O~UP 
SVJLJ 
$WAGE~ 
S•UANf 
s·••~ 
S•0.9rJY 
SdNNER 
S#l\~SON 
S!il'IDN 
S•lNTOWN 
SWOP?S, 
s••HSwooo 
S••~n 
S•lSCY 
S"ASTIKA 
SdTA~A 
SWAUK 
SIIIA .. ill..IA 
S•EH•AN 
s.;;Je 
Sitl::!E-. 
s-.e:!'t 
S,11CSNEY 
S•ceT 
sweernuss 
SWE~hlTi:R 
Sd~OOA 
S•IFTC~EEK 
S• l F TGN 
S•l~S 
Swl~GLSR 
S~l~K 
SWIS!I03 
SW! TCHahCK 
SiolTZ!:~1.ANO 
S•J~E 
S~YGOT 
SYCAM'.}R.£ 
SYCA~ 
SYLACi!.J:;A 
SYLVA" 
SY•i:HO~ 
SY'>•~EP 
$Y:t.4CUSE 
SYft.:::'.lE 
SY~i:TT 

HSE1'<ASH 
Tl3!J~• 
H3Li: ~OUlfTAI" 
TldLH 
TA~•)~ 
n:ui 
TA:O•A 
TACJOSH 
T-l;T 
r, ;uer... T 
H~•~"'t 
T<l>iQUAH€NC,i 
TA'1'◄ iJ• TS 
Tl!,TH 
TAJ:) 
flllC:i.l:Hl 
i,H.il~4 
HKJT"A 
T.lLA~ 
TAL>Nlo 
TILU) 1JS 
Ta!.L3CT T 
TA,;JT 
HLl><!~A 
HV\EcTN~ 
TA1..:..ac 
T .t.t.!...4.JeGl 
'!'4LLA?0Q$A 
!Ali,.S:tli[lLE 
TAlLS 
TALsCI.A 

JE:i: 1\/IHSE:> 

8 
a 
il/0 
C 
0 
8 
0 
C 
( , .. 
6/C 
0 
8 
8 
II 
8 
C 
C 
C 
C 
D 
D 
8 
5/0 
C 
C 
C 
0 
0 
C 
l 
C 
A 
C 
8 
!I 

C 
3 
C 
8 
0 
a 
e 

" A 
C 
i) 

0 
C 
6 
C 
C 
a/C 
A 
8/0 
8 
a 
~ 

3 
D 
C 

a 
~ 
~ 
0 
;) 

6 
0 
0 
C 
C 
s 
0 
C 
C 
C 
C 
6 
~ 

J 
C 
a 
C 
C 
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TALLY II TEN!l<O 8 fl GE A OH A TO>IERA D TsEIITON 0 
T.ll.llAGE ,. TE,.NO D T!Gl!>ON 6 f::l~lCHI A fi<,EP 8 
T4 .. ~0 I, fl:1"10IUO ,, TlGRHl TOMJKA AID HES HERIIAIIOS 8 
TALOKA 0 Ti:~OT C TlGU4 0 ro,,ASKET 8 TRETTEH t 
ULPA 0 TEl~ftA:~ 6 TIJERAS 8 TONAU C TRSVINO D 
TA114 8 Tff,54:, 0 TlLFORO e T.:>NAi14NOA C TREltLER t 
TAIIAHA C HNSl;O t flLLED" B TONEY 0 UIUI t 
TAIIALCO D Tf~SLEEf e THLICUII a IOtiGUE UVER C TkUSSIC 
Ullll4 t/C TEOCl.li..d e ULLMAN C 'fONINl 8 TRICO"I C 
UIIELY TEPEE 0 T!L'IA C TONK~ C TRli3ELL B 
TAIIIIANY Cl!EiK B TE.pt TE B/0 TlLSlT C WNKEY 0 TRIOENT 0 
T411!14NY R IOi! II •EkBlliS t TILTON B TONON : n"o C 
UIIMS C rue~• C TlllHERG C TOHKS BIO TRIMBLE II 
TAIIP!CO " :ERINO 0 Tl IIBERLY ll TONOP4H B TRI '4MER 8 
TANAIIA 0 TERMIML D Tl MBLIN 0 TONOR C HINCHERA C 
T4NANA 0 TEiH!O t T!l'l!:NTWi 8 TUNOwEK B TRlt;ITY D 
TANBERG D T!:>lilU&E 0 TIMKEN 0 Toi;u A TRl3NAS 8 
UNOY C Tfllf<~ CUA A/0 f H!MERMA!. 8 TO>iSINA B TRIPIT t 
TAN!UM C HRl'<Ar 0 T JM-S 8 To1<uto C UIPLEN B 
TANEY t Tfl\RU.• C Tll<IPAHUTE 0 '(QOcE i) TRIPOLI C 
T 4NGA Ill C TEi\Rf !ON C TlMPANOGOS & Too,.es l) TRIPP B· 
TANNA C l(;iU~h. b 'fif4PER 0 TOP C TR !TON C 
Ui;NER C TEil.RY B THIPOONl:r-E II TOPl4 0 n.u 8 
TANSEM 8 HKtdi.LIG£R t Tl"'-ILA 8 TOPPENISH 8/C TROJAN B 
TANTALUS A TE!\il.JO A TlliA C TOPTON 'i'RO~iUILO 0 
TAN!<A,li. 0 T~itOTT C rlfi!l4HA'f A TOwUERV ILLE C TROPIP C 
TAOPI C TESUOllf 6 TINE A TOll\.lOP A TRON SEN C 
TAOS I) THOh A TINGEY 8 TORSOY B TROUK II 
UPJA t THOHU. ll TINSLEY A TORCHLIGHT C Tt;OP4L 0 
T4PPUi 0 TH01'U C TINTO~ A TuROIA 0 TROS! 0 
TARA II THOlull C Tllol'tTONH 8 TORHUl;T A C TROUP A 
TARKIO I) n~ 8/0 TlOCANO 0 TORNING 8 TROUT 1,.REEK C 
TAIIKLIN C TU 8 TlOGA 8 TOROOA B TROUTDALE 8 
TARPO C T!:XL!NE e TI PPAM C TORONTO C TRJUT LUE C 
TARRANT 0 THUA,!, t TXPPECANOE 8 TOR•EOO LAKE D TROUT RIVH • TARRETE D n,AC/1<,ER'f 6 TlPPE>\ A TORREON C TROUTVILLI 8 
TARRYALL ll THi!.OEI< C TIPPl!R4RY " TO>IRES 8 TROXEL 8 
IUCOSA & TH,l\i,E C. TIPPIPAH 0 TCJllRll;GTON 8 TROY C 
TUS£L 0 Ttllltjf()N A Ul'FO C TQ~RO C TRUCE t 
TATE 8 THATCHH " TIPTON 6 Tul<SIIXl 0 nu:KEE C 
TATIYl:E C THATUIWA C Tl PTONVILLE 8 TORTUGAS 0 TRU:KTON 8 
TATU C THAYNE 8 TIRO C TOSTON 0 Tf<I.IEFI SSURE jl, 
TATUM C THl:8ES 8 T!SIIURY 8 lOTtsME 4 TRUi:SOALE C 
TAUNTON C THEBO D TISCH C TOTEM 8 TRULL C 
TAVARES A THEDALUNO C Tl~H T At,IG II lOHEN 6 TRULON 8 
TAWAS 1./0 THEN4S t Tl TUSlllLLE t iOUCHET 8 Tsu"~H B 
UliCAW t THEil C TJYU. ~ A TOUHEY 8 TRUMBULL 0 
UYLOk C THl:RESA I! TI VOL! ,. TOULON s TRU>IP 0 
TULOR CREfll 0 THl:RJOT 0 Tl.VY t TOvl<.~ C TRYOr; 0 
hfLORSFLAT 0 THERMAL C TOA t TOURNQUIST B u:,uco11A B 
TAUOl<SYJLLE C THI: Rll10POLI S 0 TOOltO 0 TOUP.S ll TUB t 
TAYSOM fj THESS 8 TOBIN 8 TOUlLE • TUUt C 
TilLlNA A THf WOAD A TOBI SH t TOWER I) tUC•NNON C 
TilL 0 THIE!. A TOlll.ER 8 TOWHEE 0 Tu:ir.HIIAN 0 
TEAL SON C TH!OII.Oi. C TOBOSA 0 TOWNER B TUCSOtt 8 
TEALIIHlT t THOENY 0 TOBY 8 TOWNLEY C TUCUMCARI e 
T!AHAW.Y t THONI-S 0 TOCC!llt. 8 TONNS&JRY 8 TUFFIT D 
TEAPO I, THORNO"-LE D TDDll 8 TD~NSENO ~ TU••llLI. 0 
TEAS t THOl!NDJKE CID TODDLER 8 TOiiSON 8 TUJUNGA ,\ 
TUSOAU 8 THORNCiC .. 0 TOOOVI LLI: 6 TOll411AY 0 TUKEY C 
Tl:80 8 Tt;ORNTON 0 TO<HUD C TOY I) TUKWIL.\ 0 
TECHlCK 11 THOR,.loOOO B TUEJA C TOYAH 8 TULl C 
TECOLOTE 8 THOROUGNFAAE 6 TOE1' C TOlE 8 TUUN~ C/0 
TiCUl'ISAH 8 THORP C TOGO 8 TRABUtO C TUL4RE CID 
TEDROW f> THORR 8 TOGUS 0 TRACK 8/C TULAROSA B 
TEEL B THOl<REL B TOnOII' C TRACY 8 TULIA B 
TEH.lClll>PI 0 THOlt 8 TOINE C TRAER C TULL AHA SSE! t 
TEIIAIIA t lHI\H l!ILE D TOUNOT 0 TRAIL .. TULLE~ 0 
TEiJA I THROC .. C TO!UBE t TRAIL CREEK 8 TULLOCK B 
TEJON 8 THUl;Of>RBJJ\O D TOKEEN 8 n .... 11 8 TULLY C 
TEK04 C n,ur.eeR C TOl!.UL t TI\ANSYLVANIA B TVLUKSllK D 
TELA II THURLOlil C TDLBY A TAAPPl!R A TUMBEZ D 
TELEFOHO C THURLOW C TOLEDO D TRAPPIST C TUMEY D 
TELEPtlJHE ll THURMAN A TOLltHA 0 TRAP PS B TU'<ITU 8 
TSL!'U A THURMONT B TOLKf 8 Tfi.ASK C TUMWATER A 
TiiLFERNER D THUA.STON B TOLL A TRAVELERS 0 TU~EHUN ll 
TEL !DA 0 TUGOS 8 TOLLGATE e iR4Vl:R 8/C TU~ICA D 
TELL B TIU C TOLLHOUSE 0 TRAVE.SSILLA D TU~IS 0 
TELLER 8 TIUH 8 1'0L1'14N D TR.AVIS C TU~l US 8 
TiLLIC:0 8 TIBBITTS 8 TOLNt. B TRAWlCll B TUNY.HANNotlt A 
TELLMAN II TICA 0 TOLD 8 TRAY i; TU~~EL B 
Tl!LSUO ,, TICE C TOLSIWA D TREADWAY D TUPELO 0 
TillESUL 0 TICHlGAN C TOLSTOI 0 Tl1.EASUIIE 8 TUPUKNUK D 
TEIIPLE "' TICHNOII D TOLT 0 TREBLOC D TUQUE 8 
TEIIYlk I TICKAPOO 0 TOLTEC C TREGO C TU~BEYILLE t 
Tl:1111<80 0 T!CI.A.SON ll TOLUCA B TRELONA 0 TU~BOTVI LL!: C 
TENAHA ,, TIDllf-LL 0 TOLYAR 8 TRE"4NT e TUUVFILL 8 
TENAS C TlEf-U C TOH,l,t! C: TREMBLES 8 TURIN Ii 
TENCEE D TIETOH B 101,•S B TRl;MPE .. TURK 0 
TENERIFFl C TlFfAIWY C TOHAST t TRE~P EALEAU 8 TURkE'fSPRI li&S t 
TENU A TIFTON B TOME. 8 TRE~AR'I' B TURLEY C 
UNIIAC II TliiEf- CREEK B TOMeL 0 HlENT B TURLIN 8 

NOTES • BL.\N~ HYOROLOGlC SOIL G~-OUP INlllCATES THE SOIL GROii' HAS NOT BEU DETEllMINfD 
TNO SOIL bROUPS $UCH ll$ a,c IN~IClTLS THI: ORAINED/UNORAlNEO SITU4TIJ1 

COUNTY 
s.c.s. SOIL NAMES 
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TURNaow C USU<£ 8 VOOUN D WADDELL B •A~OE~ & 
TURNER 8 US~A D VERGENNES 0 WAOOCuPS 3 ltA~OIIELL C 
TUilMiRVILLi 8 UTALlM: B VERHALEN 0 WAvfLL s li,He • TURNEY B UTE C VeR,.EJO 0 WACl:~A 8 WUEHl~ C 
TUilRAH 0 UTICA l VERNAL 8 1oA:esaoRo 8 -·~~·" 0 
TURilcT 8 UTLEY 8 VERNAL I.S a ltAl.'LE IGH 0 WU11 SPl\lN..S (. 
TlJi\~lA C UTUADO 8 VERNIA A WAC,.ALAII 0 •A~,'IERS A/D 
TURSON 8/C UV.DA 0 VERNON 0 •ADSWOR TH : WAt~E'< 
TUS(;AN 0 U~ALOE C VERONA C WAGl:S 8 WAHE~TON 8/1) 
T~SCARAWAS C UWlLA 8 V£SSER C IIA,NER I) WAHi OR 
Tus,ARGi<A C VEST ON 0 WAGRAII • Wl~S4W 8 
rn,,cLA a VACHfRlE C VET AL A ··~· C lt4~Sl~Q 8 
TUSCVIIBIA 0 VlDl:R 8 VeTEi>.AN 8 WAHEE 0 wA•WICK A 
TUSEi. C uoo 8 vevo D WAHUWA 8 WASH:H A 
TuSKEfGO C VAIDEN I) vu • WAHhlUI. t 8 WA SE Pl • TUSl..l:R 8 VAIL TON 8 VIAN 8 WAHKtENA & WASrl8U.lN 
TU:!.~UI TEE 8 VALdY C Vl50RA$ 0 W Al« I ACUS a WlSHlllGTO!j e 
TUSTIN 8 VALCO C VIaORG 8 WAl<I.UltE 8 i,ASHOE C 
TuSTU~E1'A a VALOEl 8/C VICKERY C WA""ONIE 0 WASHJUGAL 8 
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SECTION D 

RATIONAL METHOD 

D.l. 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: 

where 

Q = 

C = 

I = 

A = 

Q = CIA (D.l) 

the peak discharge in cubic feet per second (cfs) 

a runoff coefficient representing the ratio of 

runoff depth to rainfall depth (dimensionless) 

the time-averaged rainfall intensity for a storm 

duration equal to the time of concentration 

(inches/hr) 

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). 

D.2. 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 runoff 

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

The rational method equation is only applicable where the rainfall intensity 

(I) 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 64-0 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 re liable as the drainage area becomes larger and the rational 

method equation should generally not be used for drainage areas larger than 

640 acres. 

D.3. 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-1. 

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 

(D.2) 

where 

V = 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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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. 

D.4. 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 1-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 1-hour point rainfall value for the desired return 

period, and drawing a straight line through the 1-hour value parallel to the 

required slope. The slope of the intensity duration curve is assumed to be 0.6 

for watersheds in the southwest portion of the County. For desert and 

mountain watersheds, the slope of the intensity duration curves is assumed to 

be 0.7. These slope values may be modified if rainfall data record analysis 

indicates that such modifications are appropriate. Any modifications of the 

slope values must be approved by the County prior to submittal of a study for 

County review. 

D.5. 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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Fp, for the pervious area, and the effects of watershed detention. Runoff 

coefficient curves are developed using the relationship: 

C = I 
{

0.90 (ai + (I - Fp)aP), for I greater than Fp; 
(D.3) 

0.90 ai, 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 

I 

Fp 

a· 1 

ap 

= 
= 
= 

= 

= 

runoff coefficient 

rainfall intensity (inches/hour) 

infiltration rate for pervious areas (inches/hour) 

(see section C.6.4) 

ratio of impervious area to total area (decimal 

fraction) 

ratio of perv ious area to total area (decimal 

fraction), Cap = 1 - ai) 

D.6. PEAK FLOW RATE FORMULA 

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

written in simpler terms by 

(D.4) 

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

I is greater than Fp (otherwise Q = .90 aiIA). 

In (D.4), Fm represents the loss rate for the total watershed tributary to the 

point of concentration. Should the tributary area contain several runoff 

surfaces, an area-averaged Fm is calculated. Table D.l illustrates such an 

area-averaged Fm computation. 
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TABLE D.l. AREA - AVERAGED Fm COMPUTATION 

Subarea F Area Area 
Number ap (inch/hour) (acres) Weighting 

ill J.ll.. .fil_ (4) ..w... 
1 0.60 0.40 8 1.92 
2 0.80 0.30 12 2.88 
3 0.75 0.25 11 2.06 
4 0.10 0.20 15 0.30 
5 0.50 0.25 16 2.00 

62 9.16 

From Table D.l, the area-averaged maximum loss rate, Fm, is given by Fm== 

(9.16)/(62) == 0.147 inch/hour, say 0.15. 

D.7. 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. 

D.8. 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. 
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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 Ti, Ii, Fmi, Ai, and Qi, be the time 

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

and peak flow rate for stream If 1 while T 2, l2, Fm 2, A2 and Q2 correspond to 

stream 112. Also, let Q 1 be less than Q2. Finally, let T P' Ap, and Op be the 

resulting confluence estimates for Tc, area, and peak flow rate, respectively. 

Then two cases are possible: 

*Case 1: Tl = T 2· The runoff hydrographs must both peak at 

T p = T 1 = T 2• And Op = Q 1 +Q2 for a total contributing area 

of AP = A 1 +A2. 

*Case 2: T 1 I- T 2· In this case, the sum of the two runoff hydrographs 

must be considered. Except in very unusual conditions, flow 

rates of the summed runoff hydrograph typically achieve a 

maximum at either Ti or T2, and the peak flow rate 

estimates are calculated as follows: 

Case 2a: T 1 is less than T 2· In this case, the stream with the largest 

Q has the longest Tc. The flow rate of the summed runoff 

hydrograph at time T 2 is estimated by 

Op= Q2 + 02-Fm 1> Q1 
OcFm 1) 

(D.5) 

and T p = T 2 (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 1 +A2. 

Case 2b: T 1 is greater than T 2· In this case, the stream with the 

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

runoff hydrograph at time T 1 is estimated using a ratio of 
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stream l effective rainfall intensities and Tc values 

corresponding to times T 2 and Tl giving 

Qp = Q2 + 02-Fm 1) (T2) Qi 

{ll-Fml) rfiT 
(D.6) 

and Tp = T2. Equation (D.6) indicates that the peak flow 

rate at time T 2 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 2 and, in the general case, only 

(T 2/T 1 )A 1 of the stream 1 catchment area is contributing to 

the peak flow rate (at time T 2>• Consequently for 

downstream study purposes, the "effective" catchment area 

. corresponding to the subject peak flow rate is 

(D.7) 

It is noted that in the confluence peak flow rate estimate of 

(D.6), the critical duration is T p = T 2 which corresponds to 

the effective catchment area of (D.7). Consequently, the 

peak flow rate contribution from the effective catchment 

area of stream l must reflect the higher rainfall intensity 

corresponding to time T 2 rather than time Tl. Use of (D.6) 

results in a peak flow which equals the governing rational 

method peak flow rate estimate from (D.4) applied to the 

effective catchment area computed by (D.7). It is noted 

that the estimation of the effective catchment area is only 

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

STUDIES 

Although the peak flow rate formula should generally not be used for 

catchments larger than 1 square mile, the rational method can be used to 

estimate Tc values for larger areas. That is, the rational method estimate 

for Tc in large areas is adequate for use in the unit hydrograph studies of 

Section E. T-year storm estimates for Tc 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 Tc is estimated using 2-year rainfalls in the 

rational method whereas a 100-year Tc estimate is based on 100-year 

rainfalls. 

D.10. REQUIRED FORMAT 

Figure D-5 illustrates the required format for the submittal of rational 

method hydrology studies. All rational method calculations must be 

summarized on the form shown in Figure D-6. 
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D.11. INSTRUCTIONS FOR RATIONAL METHOD HYDROLOGY CALCULATIONS 

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

drainage system and designate 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, Fm, 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. 

5. 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 

GO-minutes, respectively. After a Tc of 1-hour, subarea travel times should 

be limited to less than l 0-minutes. 

6a. Compute Q = .90 0-Fm)A for the point of concentration. 
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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 Ieng th that the peak runoff must travel to the point 

of concentration of the next downstream subarea. Determine the average 

velocity of flow in this reach using the peak Q in the appropriate type of 

conveyance being considered (natural channel, street, pipe, or open channel) 

using Manning's formula. Where necessary, the mean flow in the conveyance 

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

Using the reach length and average flow velocity, compute the travel time 

and add to the time of concentration from the upstream subarea to determine 

a new time of concentration. 

8. Calculate Q for the new point of concentration using steps 3 

through 6 and the new time of concentration. Determine the time of 

concentration for the next downstream subarea using Step 7. Continue the 

above computation procedure downstream until a junction with a lateral drain 

is reached. 

9. Start at the upstream end of the lateral and compute its Q down 

to the junction with the main line, using the methods outlined in the previous 

steps. 

10. Compute the peak Q at the junction (confluence analysis--see 

Section 0.8) 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. 
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D.12. EXAMPLE PROBLEM 

The following example problem illustrates the format required for 

rational method hydrology studies. In the following, an example watershed is 

analyzed using the rational method approach. The example problem 

presentation contains the following information: 

Description 

o Example Problem Drainage System Map 

o Example problem Intensity - Duration Precipitation Form 

o Example Problem Rational Method Calculation Sheets 
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E.l. BACKGROUND 

SECTION E 

THE UNIT HYDROGRAPH METHOD FOR 

CATCHMENT RUNOFF HYDROGRAPHS 

The unit hydrograph method assumes that watershed discharge is 

related to the total volume of runoff, and that the time factors which affect 

the unit hydrograph shape are invariant, and that watershed storm rainfall­

runoff relationships are characterized by watershed area, slope, and shape 

factors. The UH method is used to estimate the time distribution of 

watershed runoff in drainage basins where stream gauge information is either 

unavailable or inadequate to justify statistical interpretation (refs. 4-10). 

The unit hydrograph method for determining the time distribution of runoff is 

used for hydrology studies of all San Bernardino County watersheds in excess 

of approximately 1 square mile in area. 

E.2. 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 

E-2 



-en 
II.! 
u -II.I 
C) 

0: 
◄ 
:c u 
fl) 

s 

I&. 
0 ... 
z 
l&J 
u 
0: 
l&J 
a.-
-" l,tJ • 

0 

100 

UNIT STORM-EFFECTIVE RAINFALL AT l•INCH/UNIT PERIOD 

I 
t--- UNIT TIME 

I 
I 
I 
I 
I 

UNIT GRAPH (UNIT GRAPH ORDINATES EQUAL UNIT DISTRIBUTION GRAPH ORDINATES 
MULTIPLIED BY ULTIMATE DISCHARGE,K) 

200 <400 600 1000 1200 
TIME (PERCENT OF LAG TIME) 

SYNTHETIC UNIT HYDROGRAPH 
UNIT STORM-EFFECTIVE RAINFALL AT I-INCH/UNIT PERIOD ( UNIT GRAPH} 

l,.__UNIT TIME(VARIABLE) l S-GRAPH(INITIAL POSITION) I :;_;;--~.;.;.;.;.~-------------

1 S·GRAPH OFFSET ONE UNIT TIME PERIOD 
C)LIJ 10 
0:1- I AQ 
◄ ◄ 
:ca 
~.:: _ _, 
o::> 

I&. 
0 ... 
z 
l,tJ 
C.) 
0: 
11,1_ 

~" 
l,tJ • 
C) l,tJ 
0: ... 
ci: ◄ 
:ca 
~.::: _ _, 
0::, 

200 

100 

UNIT DISTRIBUTION GRAPH(BY PRINCIPLES OF SUPERPOSITION) 

<400 600 800 1000 1200 

TIME (PERCENT OF LAG TIME) UNIT DISTRIBUTION GRAPH 

CONTINUOUS EFFECTIVE RAINFALL OF I-INCH/UNIT PERIOD 

ULTIMATE DISCHARGE-OCCURS WHEN 
THE RATE OF RUNOFF MATCHES THE 
RATE OF EFFECTIVE RAINFALL ( I-INCH/ 
HOUR• 645 C.F.S./SQUARE MILE} 

01111:..-----------------------------------

100 

TIME 

SUMMATION HYDROGRAPH 

CONTINUOUS EFFECTIVE RAINFALL AT I-INCH/UNIT PERIOD 

.,.__ LAG TIME- OCCURS WHEN DISCHARGE EQUALS 
50 o/o OF ULTIMATE DISCHARGE. 

100 200 <400 600 800 

IOOo/o OF ULTIMATE DISCHARGE 

1000 1200 
TIME (PERCENT OF LAG TIME) S-GRAPH 

SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL 

DERIVATION 

OF A 
SYNTHETIC UNIT HYDROGRAPH 

E-3 FIGURE E-1 i,:'f -



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. 

E.3. 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.l) 

E-5 
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It it noted that the rational method time of concentration, used for the 

estimation of basin lag time, is a critical parameter in the unit hydrograph 

method. Extreme care must be taken in the evaluation of the catchment Tc 

in order to reduce uncertainty, and enable "reproducibility" of this 

parameter. Section D provides the procedure for estimating Tc using the 

rational method. 

(E. l) 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 value,s 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) = Ct ((L • Lca)/50.5)m (E.2) 

where 

Ct = a constant (determined by regional flood reconstitu-

tion studies) 

L = length of longest watercourse (miles) 

Lea = length along longest watercourse, measured upstream 

to a point opposite center of area (miles) 

s = overall slope of drainage area between the headwaters 

and the collection point (feet per mile) 

m = a constant determined by regional flood reconstitution 

studies 
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It is then assumed that there exists a relationship between watershed lag and 

the quotient ((L • Lca>t(s0.5))m. This relationship is given by the above 

empirical formula for lag when 

3. 

m = 

24 n; (n is the visually estimated basin factor of all 

collection streams and watershed channels, see Figure 

E-2) 

0.38 

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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-n = 

n = 

-n = 

n = 

-n = 

-n = 

-n = 

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

impervious 
4. Main water course improved channel or conduit 

0.020 
1. Drainage area has some graded and non-uniform, gentle 

slopes 
2. Over half of the area watercourses are improved or paved 

streets 
3. Groundcover consists of equal amount of grasses and 

impervious area 
4. Main watercourse is partly improved channel or conduit and 

partly greenbelt (see n = 0.025) 

0.02, 
1. Drainage area is generally roHing with gentle side slopes 
2. Some drainage improvements in the area - streets and 

canals 
3. Groundcover consists mostly of scattered brush and grass 

and small% impervious 
4. Main watercourse is straight channels which are turfed or 

with stony beds and weeds on earth bank (greenbelt type) 

0.030 
1. Drainage area is generally rolUng with rounded ridges and 

moderate side slopes 
2. No drainage improvements exist in the area 
3. Groundcover includes scattered brush and grasses 
4. Watercourses meander in fairly straight, unimproved 

channels with some boulders and lodged debris 

o.o•o 
1. Drainage area is composed of steep upper canyons with 

moderate slopes in lower canyons 
2. No drainage improvements exist in the area 
3. Groundcover is mixed brush and trees with grasses in lower 

canyons 
4. Watercourses have moderate bends and are moderately 

impeded by boulders and debris with meandering courses 

o.o,o 
1. Drainage area is quite rugged with sharp ridges and steep 

canyons 
2. No drainage improvements exist in the area 
3. Groundcover, excluding small areas of rock outcrops, 

includes many trees and considerable underbrush 
4. Watercourses meander around sharp bends, over large 

boulders and considerable debris obstruction 

0.200 
1. 
2. 
3. 

4. 

Drainage area has comparatively uniform slopes 
No drainage improve-ments exist in the area 
Groundcover consists of cultivated crops or substantial 
growths of grass and fairly dense small shrubs, cacti, or 
simiJar vegetation 
Surface characteristics are such that channelization does 
not occur 

SAN BERNARDINO COUNTY 

HYDROLOGY MANUAL 

BASIN FACTOR 
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E.3.1. 

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. 

E.4. 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. 

5. The unit distribution block graph is developed by computing the 

difference between the ordinates (percentage of ultimate discharge) assigned 

to the unit period blocks used to approximate the S-graph of Step 4. This is 

equivalent to computing the difference between the ordinates of two 

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

6. The final step to develop the synthetic unit hydrograph (or unit 

graph) is to multiply the ordinates of the distribution block graph (Step 5) by 

the factor K, the ultimate discharge. The ultimate discharge is defined by 

where 

A 

T 

= 

= 

K (cfs) = 645 A/T 

drainage area (square miles) 

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 I-hour and 6-hour point 

precipitation values by straightline interpolation on log-log paper. This 

approach 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 1-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-16 



E.5.1. 

1. Three separate maps showing the watershed 1-hour, 6-hour and 

24-hour isohyetals for the appropriate storm return frequency. 

2. Calculate an area averaged point precipitation value within the 

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

3. Using standard log-log paper (Figure E-8), plot the area averaged 

point precipitation values for the peak 1-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). 

E.6. 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, I-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 Figure 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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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. 

E.7. DESIGN STORM LOSS RATES 

E.7.1. 

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, Fm 

The maximum loss rate, Fm, for a catchment is computed by 

Fm = apFp (E.4) 

where 

Fm = maximum loss rate (inches/hour) 

ap = perv ious area fraction (see Figure C-4) 

Fp = maximum loss rate for pervious areas (inches/hour); 

(see section C.6.5) 

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

range of 0.10 to 0.40 inches per hour in urbanized areas. 
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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, Fm. At lower rainfall intensities, however, a low loss 

rate, F*, is used for the estimation of effective rainfall. The low loss rate 

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

y = 1 -Y 

where 
y = catchment low loss fraction 
y = catchment 24-hour storm runoff 

(fraction} computed from (C.4) 

The corresponding low loss rate based on the Y value is 

F* = 
where 

F* = 
y = 
I = 

low loss rate (inches/hour) 

low loss fraction 

rainfall intensity (inches/hour) 

(E.5} 

yield 

(E.6} 

Using both the low loss rate (F*) and the maximum loss rate (Fm) 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, Fm, exceeds F*. In all cases, however, the maximum 

loss rate is the constant value, Fm• 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. 
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E.8. RUNOFF VOLUME ESTIMATION 

E.8.1. 

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 

re la tionsh ip (Figure C-5). 

Example Runoff Volume Estimation Problem 

The runoff volume from a 24-hour duration precipitation event with a 

25-year return frequency is estimated using the low loss fraction. Assume a 

1,000-acre watershed with the following land uses (AMC II assumed), cover 

complexes, and soil groups (See Figures C-3 and C-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 80 

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

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

design storm, P24 = 4.49 inches (example) as follows: 

E-24 

I I r. 



TABLE E.2. EXAMPLE PROBLEM YIELD CALCULATIONS 

Subarea Area 
Numbers CN s Ia y Fraction --

1 78 2.82 0.56 0.51 0.10 

2 77 2.99 0.60 0.49 0.05 

3 80 2.50 0.50 0.55 0.05 

4a 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 = (0.6 7)(4.49-inches)(l 000-acres)O-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, Fm, were 

neglected in the calculations. 

E.9. BASEFLOWS 

Base flow is usually a minor factor in developing flood hydrographs for 

relatively rare flood events in San Bernardino County. Generally, 10 cfs per 

watershed square mile is adequate for unlined channels that intercept 
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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. 

E.10. 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 precluded for studies involving ungauged 

watersheds, any hydrologic study not prepared in accordance with this 

hydrology manual may be rejected (see Section K). 

E.11. REQUIRED FORMAT 

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

graph study results for review. 

Figure E-7 is to be used to supply the necessary hydrology information to 

determine the runoff hydrograph. Figure E-8 is used to plot both the 

unadjusted and adjusted mass rainfall curves. Figure E-10 is the Flood 

Computation Form. 
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.. 

PROJECT: DATE: 

ENGINEER: 

1. Enter the design storm return frequency (years) 

2. Enter catchment lag (how-s) 

.3. Enter the catchment area (acres) 

4. Enter baseflow (ds/square mile) 

5. Enter S-Graph proportions (ded.mal) 

Valley: Developed 
Foothill 
Mountain 
Valley: Undeveloped 
Desert 

6. Enter maximum loss rate, Fm (indl/how-) 

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
£ all (inches)* 

Enter watershed area-averaged I-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 

WATERSHED 
INFORMATION FORM 
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E.12. INSTRUCTIONS FOR SYNTHETIC UNIT HYDROGRAPH METHOD 

HYDROLOGY CALCULATIONS 

I. Synthetic Unit Hydrograph Development 

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

B. 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 50 0.38 
lag (hours) = 24n(L•Lca/S • ) 

where 

A 

L 

H 

s 

n 

= 

= 

= 

= 

= 

drainage area (square miles) 

length of longest watercourse (miles) 

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

difference in elevation between the concentration 
point and the most remote point of the basin (feet) 

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

visually estimated average basin factor from Figure 
E-2. 

C. 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. If possible, use the 
unit time of the synthetic critical storm pattern of 5-minutes. 

D. 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 
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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). 

E. 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. 

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

where 

K (cfs) 

A 
T 

= 
= 

= 645A/T 

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

II. 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, 
I-hour, 3-hour, 6-hour, and 24-hour durations. 

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

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

D. 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. 

E. 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. 

III. 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. 
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where 

= 

= 

= 

maximum loss rate (inches/hour) 

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

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

B. Compute the low loss fraction, Y. Use F* in each unit time 
period wh~re the maximum loss rate Fm exceeds the low loss rate 
F*, (F*= Y•I, see section C.6.3). 

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

D. 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. 

2. 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. 

3. 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. 

E. 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: 

Description 

o Watershed Map including Boundary and Geometric Information 

o Watershed Information Form 

o 1-Hour Rainfall lsohyetals 

o 6-Hour Rainfall lsohyetals 

o 24-Hour Rainfall Isohyetals 

o Area-Averaged Rainfall Determination 

o 3-Hour Area-Averaged Rainfall Estimation 

o 5-Minute and 30-Minute Area-Averaged Rainfall Estimation 

o Adjusted and Unadjusted Mass Rainfall Plots (Depth-Area 

Effects) 

o 3-Hour Storm Unit Rainfall Determination (5-Minute Unit 

Interval) 

o Watershed-Loss Information Map 

o Area-Averaged Maximum Loss Rate (Fm) Determination 

o Area-Averaged Low Loss Fraction (Y) Determination 

o Effective Rainfall Determination 

o 3-Hour Critical Storm 

o S-Curve Approximation 

o Unit Hydrograph Determination 

o Runoff Hydrograph Determination 

o Runoff Hydrograph 

E-35 



A•3200 Acres 

SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL 

E-36 

LEGEND 

Watercourse 

Watershed 
boundary 

• Concentration 
point 

EXAMPLE PROBLEM 

WATERSHED BOUNDARY 



PROJECT: tXA NIPL E PRO/JLEM DATE: 

ENGINEER: 

1. Enter the design storm return frequency (years) 

2. Enter catchment lag (hotrs) 

3. Enter the catchment area (aaes) 

4. Enter baseflow (ds/square mile) 

.5. Enter S-Graph proportions (decimal) 

Valley: Developed 
Foothill 
Mountain 
Valley: Undeveloped 
Desert 

6. Enter maximum loss rate, Fm (inch/hotr) 

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 
(inches)* 

area-averaged I-hour point rainfall 

Enter watershed 
(inches)* 

area-averaged 3-hour point rainfall 

Enter watershed 
(inches)* 

area-averaged 6-hour point rainfall 

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 

0.7S 

3200 

a 

/.() o.a 
00 a.a 

0.'18 

030 

0.52 j 

1.45 

2,43 

,3.3h 

5.0 

SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL 

WATERSHED 
INFORMATION FORM 

E-37 



..... 
\ 
\ 

\ 
\ 
\ 
\ 

\ 
\ 

' ' ' .... 

---- ................ 

-----, 
' 

• 

LEGEND 

Watercourse 

Watershed 
boundary 
Concentration 
point 

- ------1.3" 

SAN BERNARDINO COUNTY 

HYDROLOGY MANUAL 

E-38 

EXAMPLE PROBLEM 
100 -YEAR, I-HOUR RAINFALL 

ISOHYETALS 



............ __ _ 

\ 
\ 
\ 
\ 
\ 

\ 

... , 
' 

", 

SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL 

\ 
\ 
\ 
\ 

\ 
\ 

\ 

\ 
\ 
\ 

\ 

' 

E-39 

\ 

' 

' 

' \ 

'-

... 
\ 

\ 

\ 
\ 

' \ 
' \. 

..... __ 

' ' ' ,, 

----4.511 

• 

LEGEND 

Watercourse 

Watershed 
boundary 
Concentration 
point 

----3.011 

EXAMPLE PROBLEM 
100-YEAR, 6-HOUR RAINFALL 

ISOHYETALS 



' \ 
\ 

------ -- ...... ...... 

' 

---
', 

\ 
\ 

' 

\ 
\ 
\ 

\. 

' \, 

\ 

' \ 

\, 
'\. 

' ' ' 

\ 
\ 

\ 
\ 

' 's.011 

LEGEND 

,---- Watercourse 

Watershed 
boundary \ 

\ • \ 
'5.011 

' '4.0
11 

Concentration 
point 

............. 
--3.5 11 

SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL 

E-40 

EXAMPLE PROBLEM 
100 -YEAR, 24-H0UR RAINFALL 

ISOHYETALS 



SAN BERNARDINO COUNTY 
UNIT HYDROGRAPH STUDY: 

EXAMPLE PROBLEM AREA-AVERAGED POINT PRECIPITATION DETERMINATION 

(1) 
Isohyetal 
(inches) 

1.6 
1.5 
1.4 
1.3 

(2) 
Area 

(acres) 

1-Hour Isohyetal Area-Averaging 

640 
928 

1152 
480 

Weighting 
(1). (2) 

1024.0 
1392.0 
1612.8 
624.0 

Total Map Area = 3200 Total Weighting= 4652.8 

Area-Averaged Value = 4652.8 / 3200 = 1.45 

6-Hour lsohyetal Area-Averaging 

4.5 224 
4.0 448 
3.5 1024 
3.0 1216 
2.5 288 

1008.0 
1792.0 
3584.0 
3648.0 
720.0 

Total Map Area = 3200 Total Weighting= 10752.0 

Area-Averaged Value= 10,752 I 3200 = 3.36 

24-Hour Isohyetal Area-Averaging 

9.0 160 
8.0 480 
6.0 800 
5.0 960 
4.0 640 
3.5 160 

1440.0 
3840.0 
4800.0 
4800.0 
2560.0 

560.0 

Total Map Area = 3200 Total Weighting= 18000.0 

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

E-41 



(I) 
Lu 
:z:: u 
~ 
I 

.J 

.J 
~ 
LL 
z 
~ 
0: ... 
z 
0 
Cl. 

50.0 

40.0 

30.0 

20.0 

10.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.5 

0.4 

0.3 

0.2 

20 30 40 50 100 200 300 400 500 

STORM DURATION-MINUTES 

PROJECT LOCATION EXAMPLE P11toll/.EM 

NOTES 100 -Ylft: I J./ odllt = /. 4#i , to-I-lot.Ill' ir s. !!I~ 

SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL 

AREA - AVERAGED 

MASS RAINFALL 

PLOTTING SHEET 

E-42 

1000 



a:: 
::, 
0 
::c 

' en 
UJ 
::c u 
z -

9,0 

7.0 t;;;;::;.i~~'TtTi~~~f:t!.1-~tt!tl±!'. 

6.0 . 

>-
1- 1.0 
~ 0.9. 
UJ 0.8 
I-
~- 0.7 

j • 0.6. 

<l 
LI.. 0.5 • 
z 
<l 
0:: 0.4 • 

0.3 

0.2 

STORM DURATION (MINUTES) 

DESIGN STORM FREQUENCY= 11/12 YEARS 

ONE HOUR POINT RAINFALL= 1.4{ INCHES 

LOG-LOG SLOPE =-41/tQ 

PROJECT LOCATION= cK4AIPL£ eA(J&EM 

SAN BERNARDINO COUNTY 

HYDROLOGY MANUAL 

E-43 

INTENSITY - DURATION 
CURVES 

CALCULATION SHEET 



~0.0 

40.0 

tttrttt-tttttirl-t+t+ttti+tttttt+tttttttttt+HtttHt++++++H-+-1--1-+-W-J-U.U.amm 

30.0 • 

20.0 

; : 

10.o•i . ' ' 

-
' : : ; ' : : ' : - : lsf§-t+-t-H-l'-++!-+4-li++-1,.,1-t+■~, ttttlH:-+t-, ++ttf-!-+-iH-++-;µ....f' 

.... z 
0 
a. 

' I ' i: l 
: 
T 

J. I 

O.lt-1_.11,...,......,.1..w. .... 

!5 10 

. ; ' 

mm I 

I 

I 

20 

I 
I : 

Ii 
I, ' I 

' 
'' II 

mm 

7 
I 

I II I 
: i • I 

30 

STORM DURATION-MINUTES 

PROJECT LOCAl.lON EXAMPLE PROBLEM 

NOTES JOO-YEAR STORM 

SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL 

E-44 

AREA - AVERAGED 

MASS RAINFALL 

PLOTTING SHEET 

-5.63 

,..,. 

+-



UNIT HYDROGRAPH STUDY: 
EXAMPLE PROBLEM UNIT RAINFALL DETERMINATION 

Peak Rainfall 
Unit Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

TIME = 3 HOURS 

(Example Unit Period = 5 minutes) 

Adjusted Mass 
Rainfall Cinches) 

0.45 
0.60 
0.71 
0.80 
0.88 
0.95 
1.02 
1.08 
1.13 
1.19 
1.24 
1.28 
1.33 
1.39 
1.45 
1.50 
l.55 
1.60 
1.65 
1.70 
1. 74 
1.79 
1.84 
1.89 
1. 93 
1.97 
2.01 
2.05 
2.09 
2.13 
2.17 
2.21 
2.25 
2.29 
2.33 
2.38 

E-45 

Unit Rainfall 
(inches) 

0.45 
0.15 
0.11 
0.09 
0.08 
0.07 
0.07 
0.06 
0.05 
0.06 
0.05 
0.04 
0.05 
0.05 
0.06 
0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

TOTAL= 2.38 INCHES 
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UNIT HYDROGRAPH STUDY: 
EXAMPLE PROBLEM WATERSHED LOSS DETERMINATIONS 

Area-Averaged Maximum Loss Rate, Fm 

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

Fp 
Fm Land Use Area Soil (inch/hour} aP. 

and Condition Fraction Group (Fig. C-6} (Fig. C-4} (inch/hour} 

Annual grass; 
fair cover 
(100% pervious) .10 D 0.31 1.0 0.31 

Residential: S.F. 
(1 /4 acre) Lots 
(50% pervious) .60 B 0.75 0.50 0.38 

Commercial: 
(10% pervious) .30 B 0.75 0.10 .075 

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

Pervious 
Curve Number Area 

Land Use Area Soil (CN) Yield Ff action, 
and Condition Fraction Group (Fig. C-3) s<2> y 3) 

Annual grass; 
fair cover 
(100% pervious) .10 D 84 1.90 

Residential: S.F. 
(1/4 acre) Lots 
(50% perv ious) .30 B 56 7.86 

.30 B 98 0.20 

Commercial: 
(10% pervious) .03 B 56 7.86 

.27 B 98 0.20 

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

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

NOTES: 

(2): S = (1000/CN)-10 

(3): Y = (P24-0.2S)2/((P24+0.8S)P24 

(4): Y = 1-Y 
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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 
14 .05 .015 .035 
15 .06 .018 .042 
16 .05 .015 .035 
17 .04 .012 .028 
18 .05 .015 .035 
19 .05 .015 .035 
20 .06 .018 .042 
21 .07 .021 .049 
22 .08 .023 * .057 
23 .11 .023 * .087 
24 .15 .023 * .127 
25 .45 .023 * .427 
26 .09 .023 * .067 
27 .07 .021 .049 
28 .06 .018 .042 
29 .05 .015 .035 
30 .05 .015 .035 
31 .05 .015 .035 
32 .05 .015 .035 
33 .04 .012 .028 
34 .04 .012· .028 
35 .04 .012 .028 
36 .04 .012 .028 

2.36 0.56 1.80 

*unit low loss exceeds maximum loss rate, Fm 
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SECTION F 

FLOW-THROUGH BASIN ANALYSIS 

F.l. 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 streamf low routing. It is noted 

that the Agency has hydraulic design criteria which must be considered in 

addition to the hydrologic criteria established in th,is manual. 

Section E of this hydrology manual includes a detailed discussion of the unit 

hydrograph approach to be used for hydro logic studies of watersheds. The 

approach develops a 24-hour duration synthetic critical storm pattern which 

is composed of peak rainfall intensities for a specified return frequency (e.g., 

peak 5-minutes, 30-minutes, 1-hour, 3-hour, 6-hour and 24-hour) nested 

together with the storm peak 5-minutes of rainfall defined to occur at storm 

time of hour 16. 

Use of this synthetic storm pattern subjects a study watershed to all 

durations of storm events (of a given rainfall return frequency) up to 24-

hours. That is, the 24-hour critical storm pattern for floodwater detention 

basin studies will include all durations of critical storm events up to 24-hours. 

Therefore, in many cases only one design storm is necessary for analysis of 

the detention basin flood routing. 

For a discussion of environmental considerations in using detention basins, 

see Appendix II. 
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F.2. DETENTION BASIN ANALYSIS 

F.2.1. Detention Basin Routing Procedure 

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

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

formula 

where 

I = 

0 = 

AS ::: 

Lit ::: 

AS I- O = -
Lit 

basin inflow rate (cfs) 

basin outflow rate (cfs) 

change in basin storage 

feet) 

time step (sec) 

(F .1) 

during the time step (cubic 

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

average value during the timestep using 

(F.2) 

(F.3) 

where the subscript 1 indicates the beginning of a time period and subscript 2 

indicates the end of the subject time period. Substituting (F .2) and (F .3) into 

the basin routing equation of (F.l) and rearranging terms gives 

(F.4) 

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

storage, Si, outflow, 01, and the average basin inflow 01+I2)/2 for time step 

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

1. Known initial conditions for basin storage and outflow 

2. A routing timestep, .llt 

3. The basin inflow hydrograph 

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

To solve (F .4), a storage indication curve should be developed. Such a curve 

may be derived from the known storage-discharge relationship by selecting 

various values of depth and computing (S+0 dt/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: 

1. Determine the average inflow volume from the inflow hydrograph 

during the timestep .llt; i.e., calculate 01 + 12).llt/2. 

2. Compute S l - 0 1 dt/2 from the assumed initial condition of the 

basin flowdepth or the last computed values of S and 0. 

3. Use (F .4) to compute (S2 + 02 .llt/2). 

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

(see Figure F-4) to compute 02. 

5. Use 02 and the known storage vs. depth and outflow vs. depth 

relationships to compute S2-

These five steps are repeated for the next time step using 12, 02, and S2 as 

the new values of Ii, 0i, and S1, 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. 

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 0 s S-OAt/2 S+OAt/2 
(ft) (cfs) (AF) (AF) (AF) 

0 0.0 o.o 0.00 o.oo 
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. 

F.3. 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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TABLE F.2. 
EXAMPLE PROBLEM BASIN ROUTING TABULATION 

Average 
(I 1 +12) '1t/2 S1-0t '1t/2 S2+O2'1t/2 Time Inflow Inflow Outflow Storage 

(min.) (cfs) (cfs) (AF) (AF) (AF) (cfs) (AF) 

0 0 0 0 

30 2.48 0 2.48 

60 60 .7 2.45 

90 7.44 2.42 9.86 

120 120 2.8 9.74 

200 16.53 9.62 26.16 

180 280 10.3 25.73 

265 21.90 25.31 47.21 

240 250 58.6 44.79 

235 19.42 42.37 61.79 

300 220 112.7 57 .14 

170 14.05 52.48 66.53 

360 120 132.1 61.07 

110 9.09 55.61 64.70 

420 100 124.5 59.56 

80 6.61 54.41 61.02 

480 60 109.8 56.48 

30 2.48 51.94 54.42 

540 0 85.4 50.89 

0 0 47.36 47.36 

600 0 59.20 44.91 

0 0 42.46 42.46 
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generally not known (in advance) for a watershed flood control system which 

includes one or several detention basins. Hence, the use of the 24-hour 

design storm may not be the "critical" storm for flow-through detention basin 

design purposes, and a longer duration design storm may be needed. Figure 

F-6 illustrates the extended design storm (multiday) for a two day duration. 

Longer duration design storms are developed in a similar fashion. 

The multiday design storm utilizes the structure of Figure F-6 for all flow­

through detention basin systems. Successive day storms are developed and 

added in the front of the previously developed design storm patterns until the 

detention basin system demonstrates no increase in the required basin volume 

due to the further extension of the design storm pattern. By increasing the 

basin outlet capacity, the critical duration can be reduced. 

From Figure F-6 it is seen that the extended design storm is constructed 

from an arrangement of rainfalls of identical T-year return frequency. That 

is, even though a two day or longer duration multiday storm is being used to 

test the detention basin's level of flood protection, the extended design storm 

still contains no more than T-year rainfall depths for the extended duration. 

Each of the 24-hour storm patterns are constructed by a simple scaling of the 

peak 24-hour design pattern according to a ratio of the respective 24-hour 

precipitation values. 

F.4. REQUIRED FORMAT 

Figure F-7 illustrates the required format for submitting detention 

basin study results for review. 

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

to determine the routing results. 
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PROJECT, DATE: 

ENGINEER: 

1. Enter the hydrograph unit interval duration (minutes) 

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

). 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 
No. 

Water Surface 
Elevation (FT) 

Basin 
Depth (FT) 

Basin Basin 
Storage (AF) Outflow (CFS) 

1 

2 

) 

0.0 (defined) 0.0 (defined) 

4 

.5 

6 

7 

8 

9 

10 

11 

12 

1) 

14 

1.5 

16 

17 

18 

19 

20 

---

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

SECTION G 

FLOW-BY BASIN ANALYSIS 

(HYDROGRAPH SEPARATION) 

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. 

G.2. 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. 

G.3. FLOW-BY BASIN VOLUME ANALYSIS: WEIR STRUCTURE EFFICIENCY 

Figure G-1 illustrates a typical weir structure flow-by basin design. 

Due to the finite weir length, the actual flow-by discharge (i.e., no overflow 

into the basin) is less than the desired flow-by discharge and, consequently, 

the actual basin storage requirements are higher than idealized by a simple 

separation of the hydrograph. Generally, this volume excess ranges between 

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

G-1 
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SECTION H 

STREAMFLOW ROUTING 

H.1. 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: 

where 

IT 

OT 

OT+dT 

C 

= 

= 

= 

= 

hydrograph inflow at time T 

channel outflow at time T 

channel outflow at time T + dT 

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

Rearranging (H.l) gives the explicit statement 

and 

H-1 

(H.l) 

(H.2) 

(H.3) 



The routing coefficient may be estimated by the empirical relationship 

(ref. 3 ), 

C:V/(V+l.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 flowra te 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 time step, dT, is given by 

dT = CL -3-6-00_V_ (H.5) 

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.l) a modification of 

C is required. Typically, a 5-minute unit period is used in runoff hydrograph 

studies. For a unit period of 5 minutes, dT* = 0.0833 hours and the modified 

routing coefficient is 

C* = 1 - 0-c)E (H.6) 

where E = (dT* + 0.5dT)/(l .5dT). 

H-2 



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

(H.7) 

where K is the channel reach travel time as estimated from the selection of 

the inflow hydrograph mean V value and the channel length, L. Figure H-1 

illustrates the geometric interpretation of the relationship given by (H.7). 

Thus, 

dT = CK (H.8) 

A 5-minute unit period is used for all convex routing applications. 

An examination of the convex routing method reveals that the entire routing 

approach is a function of the routing coefficient, C. Consequently, a 

watershed link-node model composed of m such channel links necessarily 

includes m channel routing parameters, each with an associated unknown 

uncertainty function. Additionally, the uncertainty involved in combining the 

m channel links is further aggravated by the fact that each channel-routed 

hydrograph is also a function of the number and channel reach lengths used 

for each channel link. That is, the routed hydrograph through a channel with 

a length of 20,000 feet will differ from the results of routing a hydrograph 

through two successive reaches with a length of 10,000 feet, and so forth. 

Channel routing processes usually involve relatively short reaches of 

improved channel where storage effects are minor, or where confluences 

from other channels {or pipes) enter the main channel and a summation of 

hydrographs occurs. 
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H.2.1. Example Problem: Convex Channel Routing 

The example problem channel is a rectangular concrete section with a 

base of 10 feet, a Manning friction factor of 0.015, length of 3000 feet, and a 

mean slope of 0.005 foot/foot. The problem inflow hydrograph is tabulated in 

Table H.l. From the table, the average flowrate in excess of the 50-percent 

peak flowrate value is 767 .4 cfs. 

Using Manning's equation, the normal depth flow velocity is calculated as 

(H.9) 

where Rh is the hydraulic radius, and So 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.8), 

K = (3000 ft)/(13.5 fps)(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 

OT +dT = (1-C*)OT +dT-dT* + C*IT (H.10) 

where for the example problem 

OT +dT = (0.052)OT +dT-dT* + (0.948)IT 
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TABLE H.l. 

CONVEX ROUTING EXAMPLE PROBLEM SOLUTION 

Storm Time 
(minutes) 

0 
5 

10 
15 
20 
25 
30 
35 
40 
l/-5 
50 
55 
60 
65 
70 

Inflow 
(cfs) 

o.o 
0.8 
0.9 

l/-0.5 
202.7 
l/-l/-5 .1 
602.9 
653.7 
600.9 
608.0 
917 .1 

1186.7 
1001. 2 
763.6 
714-.9 

Outflowl 
(cfs) 

0.0 
0.3 
0.8 
7.7 

91.1 
274.6 
l/-86.8 
613.1 
634.7 
605.0 
706.9 
992.5 

1117.1 
931.1 
756.7 

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

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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SECTION J 

SMALL AREA RUNOFF HYDROGRAPH DEVELOPMENT 

J.l. 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 {1-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.l.l. 

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. 

1. 

Example Problem: Small Area Runoff Hydrograph Development 

Assume given from a rational method study (see section D): 

watershed area= 8 acres 

time of concentration= 10 minutes= unit interval 

maximum loss rate (Fm)= 0.12 inches/hour 

low loss fraction (Y) = 0.35 

2. D10 follows from Figure D-3, 

where 

D 1 o = 10-year frequency depth (inches) 

T = duration (minutes) 

3. Q = 0.9 (I-F m)A 

J-3 



TABLE J.l. 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 .02* 0.07 .42 3.02 
5 0.90 0.08 .02* 0.06 .36 2.59 
6 0.98 0.08 .02* 0.06 .36 2.59 
7 1.04 0.06 .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 .02* 0.03 .18 1.30 
11 1.27 0.06 .02* 0.04 .24 1.73 
12 1.31 0.04 .01 0.03 .18 1.30 
13 1.36 0.05 .02* 0.03 .18 1.30 
14 1.40 0.04 .o 1 0.03 .18 1.30 
15 1.44 0.04 .01 0.03 .18 1.30 
16 1.48 0.04 .o 1 0.03 .18 1.30 
17 1.52 0.04 .01 0.03 .18 1.30 
18 1.56 0.04 .01 0.03 .18 1.30 
19 1.60 0.04 .01 0.03 .18 1 .30 
20 1.63 0.03 .o 1 0.02 .12 0.86 

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

J-4 



20 
18.58 

-Cit ... 
1 I 

u -
IA.I 15 I \ c., I \ a: 

I \ C( 
:::c 

I \ (.) 

\ (/) 

I Q 
I I 

10 
I I 
I I 
I I 
I \ 
I \ 

\ 
4.3 ~ \ I\ \ 2 I I \ 

Y,\ I \ 
// I I I 

' I \ I \ \ 
0 

14.5 15.0 15.5 16.0 

TIME (HOURS) 

SAN BERNARDINO COUNTY 

HYDROLOGY MANUAL 

J-5 

16.5 17.0 

EXAMPLE PROBLEM 
SMALL AREA 

RUNOFF HYDROGRAPH 

17.5 

Fiture J-2 



SECTION K 

WATERSHED MODELING GUIDELINES 

K.1. 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. 

K.2. 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). 

K.3. COMPLEX WATERSHED RUNOFF HYDROGRAPH DEVELOPMENT 

For complex watershed mode ling 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 re liability 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 
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analyzed based on the design storm impacting each subarea independently 

(see Section E). 

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

area adjustment is needed based upon the entire tributary area. For example, 

should a point of concentration have three tributary subareas with a 

combined area of 6 square miles, then each of the subareas must be 

reanalyzed for the design storm condition with the depth-area factors based 

upon the total area of 6 square miles. All routing procedures are also 

reevaluated based upon the new subarea runoff hydrographs. In this fashion, 

each point of concentration has the appropriate depth-area adjustment 

applied to the design storm. 

K.4. USE OF WATERSHED MODEL COMPUTER PROGRAMS 

Several single event unit hydrograph computer models are currently 

available. For example, the unit hydrograph option of the HEC-1 and TR-20 

programs have been used for both small and large watershed master planning. 

As discussed in Section E, unmodified use of these models are precluded. In 

the following, guidelines are presented which provide the parameter and 

design storm restrictions needed to conform the various available watershed 

models to the design storm conditions described in this manual: 

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

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

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

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

based upon the design storm patterns shown in Sections E, F and G. Depth­

area adjustment and rainfall depths are to conform to the requirements of 

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

niques are to be based upon the modified Pul's and convex methods described 

in the previous sections. (Full details of these techniques are contained in 

refs. 2, 3, 5.) 

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

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

conform to the guidelines of this section of the manual. 

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 pre project 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 HYOROGRAPH 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. 
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APPENDIX I 

THE RATIONAL METHOD AS A DESIGN STORM 

UNIT HYDROGRAPH METHOD 

The rational method can be interpreted as a design storm unit hydro­

graph method. The design storm pattern is developed by using a selected 

return frequency rainfall intensity - duration curve. At a point of 

concentration with time of concentration, Tc, the rational method design 

storm pattern is constructed from an intensity-duration curve by first 

determining the total amount of rainfall (i.e., unit rainfalls) which falls in 

several successive unit periods, each of duration Tc. The next step is to 

arrange these several unit rainfalls into the rational method design storm 

pattern (see Figure 1-1) 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 I-hour in total length, 

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

Using the area-averaged loss rate Fm (e.g., see Section C.6.5), the design 

storm unit effective rainfalls are calculated by subtracting the appropriate 

proportion of Fm from each unit rainfall. It is noted that the design storm 

unit rainfalls are given in units of inches of precipitation whereas Fm 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 1-3 so that the 
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resulting unit period runoff hydrographs correspond in timing to the proper 

unit period effective rainfalls. The runoff hydrograph is developed by adding 

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

DETENTION BASIN CONSIDERATIONS 

Generally, the main purpose for inclusion of a storm water 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 

o Reduce peak rates of runoff to 
downstream areas. 

o Basin reduces transport of sedi­
ments carried in floodwaters. 

o Reduces size of downstream flood 
control facilities. 

o Provides location for groundwater 
recharge if aquifer contact exists. 

o Provides location to concentrate 
floodwaters for contaminant treat­
ments. 

11-1 

POTENTIAL CONCERNS 

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

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

o 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. 

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

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

o Cost of debris removal. 

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

\ , I 



The consideration of a detention basin system needs to address the various 

hydrologic, hydraulic, environmental and flood control concerns listed above, 

as well as any other concern which may arise during the course of the project 

study, and determine the necessary mitigative measures which are acceptable 

to the Agency. Of special concern is the interplay between the several 

components of the total system network. Unplanned placement of detention 

basins without consideration of other watershed detention basins and tribu­

tary watersheds can increase the downstream peak flow rate above the 

anticipated runoff peak flow rate attained without any detention basins in the 

watershed. 
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