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.- preface 
1 3 4  4 

Technical Release 55 (TR-55) presents simplified 
procedures to calculate stom moe volume, peak 
rate of diecharge, hydrographs, and storage volumes 
required for floodwater reservoirs. These prucedum 
are applicable m small watersheds, especiany 
urhhing watersheds, in the United States. FiRt 
issued by the Soil Conservation Service (SCS) in 
January 1975, TR-55 incorponrtes current SCS 
procedures. This revision includes resulb of recent 
research and other changes based on experience with 
use of the ongrnal edition. 

The 
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2. 
3. 

4. 

5. 
6. 

7.  
8. 
9. 

This 

major revisions and.,additiona are- 

A Bow chart for selecting the approprjate 
procedure; 
Three additional rain distn’butions; 
Expansion of the chapter on runoff curve 
numbers; 
A procedure for calculating travel times of 
sheet flow; 
Deletion of a chapter on peak discharges; 
Modifications to the Graphical Peak Discharge 
method and Tabular Hydrograph methd 
A new storage routing procedute; 
Features of the TR-55 computer p ~ o k a m ;  and 
Worksheets. 

revision was D ~ D ~ I E ~  by Roper Cronshey. - .  
Hydraulic Engine&, Hydroliry &it, SCS, 
Washington, DC; Dr. Richard H. McCuen, M e s s o r  
of Civil Engineering, Unive&y of Maryland, College 
Park, MD; Norman Miiler, Head, Hydrology Unit, 
SCS, Washington, DC; Dr.Walter Rawls, 
Hydrologist, Agricultural Research Service, 
Beltsville, MD; Sam Robbins ( d e ,  fomerly 
Hydraulic Engineer, SCS, South National Technical 
Center (NTO, Fort Worth, Tx; and Don Woodward, 
Hydraulic Engineer, SCS, Northeast NTC, Chester, 
PA. Valuable contributions were made by John 
Chenoweth, Stan Hamilton, William Merkel, Robert 
Rallison (ret.), Harvey Richardson, Wendell Styner, 
other SCS hydraulic engineers, and Teresa Seeman. 
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Chapter 1: Introduction r -. - 

The conversion of rural land to urban land usually 
increases erosion and the discharge and volume of 
storm moff in a watershed. It also causes other 
problem that deet soil and water. As part of 
programs established to alleviate these problems, 
engineers in-y must 888e88 the probable 
effects of urban development, 88 well as design and 
implement measures that will minimize its adverse 
effects. 

Technical Release 56 (TR-66) presents simplified 
procedures for estimating runoff and peak discharges 
in small watersheds. In selecting the appropriate 
procedure, consider the scope and complexity of the 
problem, the available data, and the acceptable level 
of error. While this TR gives special emphasis to 
urban and urbanizing watersheds, the procedures 
apply to any small watershed in which certain 
limitations are met. 

Effects of urban development 

An urban or urbanbhg watershed is one m which 
impervious &aces cover or will soon cover a 
considerable area. Impervious surfaces include roads, 
sidewalks, parking lots, and buildings. Natrasl flow 
paths in the watershed may be replaced or 
supplemented by paved gutters, storm sewers, or 
other elements of artificial drsinsge. 

Hydrologic studies to determine moff and peak 
discharge should ideally be based on long-term 
stationary Streamaow records for the area Such 
records are seldom available for small drainage 
areas. Even where they are available, amrate 
statistical analysis of them is usually impossible 
because of the conversion of land to urban uses 
during the period of record. It therefore is necessary 
to estimate peak discharges with hydrologic models 
based on meamable watershed dmactm& * 'cs.only 
through an understanding of these charamenstr * 

and experience in using these models can we make 
sound judgments on how to alter model parameters 
to reflect changing watexshed conditions. 

'c9 

Urbanization changes a watershed's response to 
precipitation. The most common effects are reduced 
infiltration and decreased travel time, which 
significantly increase peak discharges and runoff. 
Runoff is determined primarily by the amount of 
precipitation and by infiltration characteristics 
related to soil type, soil moisture, antecedent M a l l .  
cover type, impervious surfaces. and surface 
retention. %vel time is determined primarily by 
slope, length of flow path, depth of flow, and 
roughness of flow surfaces. Peak discharges are 
based on the relationship of these parameters and on 
the total drainage area of the watershed, the location 
of the development, the effect of any flood control 
works or other natural or manmade storage, and the 
time distriiution of rainfall during a given storm 
event. 

The model described in TR6s begins with a rainfall 
amount uniformly imposed on the watershed over a 
wed time distribution. Mass rainfall is converted 
to mass runoff by using a runoff curve number (0. 
CN is based on soils, plant cover, amount of 
impervious areas, interception, and surface storage. 
Runoff is then tramformed into a hydrograph by 
using unit hydrogmph theory and routing procedures 
that depend on runoff travel time through segments 
of the watershed. 

For a description of the hydrograph development 
method used by SCS, see chapter 16 of the SCS 
National Engineering Handbook, Section 
&Hydrology (NEH-4) (SCS 1985). The routing 
method (Modified Att-Kin) is e-xplained in appendixes 
G and H Of d d t  Technical Relea~e 20 (TR-20) (SCS 
1983). 

Rainfall 

TR-55 includes four regional rainfall time 
distributions. See appendix B for a discussion of how 
these distributions were developed. 

All four distributions are for a %hour period. This 
period was chosen because of the general availability 
of daily rainfall data that were used to estimate 
24-hour rainfaU amounts. The %hour duration spans 
most of the applications of TR-55. 

(210-VI-TR-55, Second Ed., June 1986) 1-1 
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One critical parameter in the model is time of 
concentration VJ, which is the time it takes for 
runoff to travel to a point of interest from the 
hydraulically most distant point. Normally a rainlall 
duration equal to or greater than Te is used. 
Therefore, the rainfall distributions were designed to 
contain the intensity of any duration of rainfall for 
the frequency of the event chosen. That is, if the 
10-year fhquency, %hour rainfall is used, the most 
intense hour will approximate the lO-year, 1-hour 
rainftrll volume. 

methods were derived from hydrographs prepared by 
procedures outlined m chapter 16 of NEH4 (SCS 
1985). The computations were made with a 
computerized SCS hydrologic model, TR-20 (SCS 
1983). 

The methods in chapters 4 and 5 should be used in 
accordance with specific guidelines. If basic data are 
improperly prepared or adjustments not properly 
used, emrs will result. 

Storage effects 
Runoff 

To estimate runoff from storm rainfall, SCS uses the 
Runoff Curve Number (CN) method (see chapters 4 
through 10 of NEH-4, SCS 1986). Determination of 
CN depends on the watershed’s soil and cover 
conditions, which the model represents as hydrologic 
soil group, cover type, treatment, and hydrologic 
condition. Chapter 2 of this TR dkusses the effect 
of urban development on CN and explains how to 
use CN to estimate runoff. 

Time parameters 

Chapter 3 describes a method for estimating the 
parametem used to distribute the m o f f  mto a 
hydrograph. The method is based on velocities of 
flow through segments of the watershed. Two m@or 
parameters are time of conenhation (TJ and travel 
time of flow through the segments (‘I’d. These and 
the other parameters used are the same as those 
used in accepted hydrauiic analyses of open channels. 

Many methods ate empirically derived from actual 
runoff hydrogmphs and watershed chanrctenst ‘ ics. 
The method m chapter 3 was chosen because it is 
basic: however, other methods may be used. 

Peak discharge and hydrographs 

Chapter 4 describes a method for approximating 
peak xates of discharge, and chapter 5 describes a 
method for obtaining or routing hydrographs. Both 

Chapter 6 outlines procedures to account for the 
&e& of detention-type storage. It provides a 
shortcut method to estimate temporary flood storage 
based on hydrologic data developed from the 
Graphical Peak Discharge or Tabular Hydrograph 
methods. 

By maeasing runoff and decreasing travel times, 
urbanhation can be expected to increase downstream 
peak discharges. Chapter 6 discusses how flood 
detention can modify the hydrograph 80 that, ideally, 
downstream peak &charge is reduced approximately 
to the predevelopment condition. The shortcuts in 
chapter 6 are useful in sizing a basin even though 
the final design may require a more detailed analysis. 

Selecting the appropriate procedures 

Figure 1-1 is a flow chart that shows how to select 
the appropriate pmcedures to use in TR-55. In the 
&me, the diamond-shaped box labeled “Subareas 
required?” directa the user to the appropriate 
method based on whether the watemhed needs to be 
divided into subareas. Watershed subdivision is 
required when significantly different conditions 
affecting runoff or timing are present in the 
wateded-for example, if the watershed has widely 
Wering curve numbers or nonhomogenecjus slope 
pa-. 
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Limitations 

To save time, the procedures in TRb5 are simpHed 
by assumptions about some parametem These 
sirnpMcationa, however, limit the use of the 
procedures and can provide results that are less 
accurate thhn more detailed methods. The user 
should examine the sensitivity of the analysis be- 
c o n d u d  to a variation of the peak dkharge or 
hydrogtaph. To ennm that the degree of error is 
tolerable, specific limitations are given m chapters 2 
through 6. AdditionaI general Constraints to the we 
of TR-55 819 as fouows 

The methods in this TR are based on open and 
unconfined flow. over land or in channels. For 
large events during which flow is divided between 
sewer and overland flow, more information about 
hydraulics than ie presented here is needed to 
determine Te After flow enters a closed system, 
the discharge can be asspmed constant until 
another flow is encountered at a junction or 
another inlet. 

Both the Graphical Peak Discharge and Tabular 
Hydrogmph methods are derived from TR-20 (SCS 
1983) output. Their accuacy is comparable; they 
Mer only in their pmducts. The use of T, permits 
them to be used for any size watemhed within the 
scope of the curves or tables. The Graphid 
method (chapter 4) is used only for hydrologically 
homogeneous watersheds because the procedure is 
limited to a single wa-hed subarea The Tabular 
method (chapter 5)  can be lged for a 
heterogeneous watershed that is divided into a 
number of homogeneous subwatemheds. 
Hydrographa for the subwatersheds can be routed 
and added. 

The approximate storagerouting curves (chapter 
6) should not be used if the @ustment for 
ponding (chapter 4) is used. These stomge-routing 
-es, like the peak discbarge and hydmgxaph 
procedures, are genedh t ions  derived h m  
TR-20 routings. 

(21GVLTRS6, Second Ed, June 1986) 



Chapter 2; Estimating runoff 

SCS Runoff Curve Number method Factors considered in determining 
runoff c m e  numbers 

The SCS Runoff Curve Number (CN) method is 
described in detail in NEH-4 (SCS 1985). The SCS 
runoff equation is 

The @or fsctora that determine CN are the 
hydrologic soil group (HSG), cover type, treatment, 
hydrologic condition, and antecedent nmoff condition 
(ARO. Another factor considered is whether 

system (connected) or whether the flow spreads over 
pervious areas before entering the dramage system 

eelecting the appropriate Sgure or table for 
determining curve numbers. 

Q =  (P - 1 2  [Eq; 2-11 impervious areas outlet directly to the dramage 
p-13 + s  

where (Imconaected). Figure 2-2 is provided to aid in 

Q =runoff (in), 
P = rainfd(in), 
S = potential maximum retention after runoff 

begins (in), and 
1, = initial abstraction (in). 

Initial a b M o n  (I.) is all losses before runoff 
begins. It includes water retained in surface 
depressions, water mtercepted by vegetation, 
evaporation, and infiltration I, is highly variable but 
generally is correlated with soil and cover 
parameters. Through studies of many small 

approximated by the following empirical equation: 
agricultural watersheds, I, W ~ S  found to be 

I, = O S .  [Eq. 2-21 

By removing 1, as an independent pammeter, this 
approximation allows use of a combination of S and P 
to produce a unique runoff amount. Substituting 
equation 2-2 into equation 2-1 gives 

CN's m table 2-2 (a to d) represent average 
antecedent nmoff condition for urban, cultivated 
agricultu!al, other agFicultraal and arid and semiarid 

are directly comected. The following sections explain 
bow to determine CN's and how to modify them for 
urban conditions. 

rangeland Table 2-2 ~SSUXRS i m p e r v i ~ ~ ~  

Hydrologic soil groups 

Infiltration rates of soils vary widely and are affected 
by subsurface permeability aa well as surface intake 
rates. Soils are clasdied mto four HSG's (A, B, C, 
and D) according to their minimum infiltration rate, 
which is obtained for bare soil after prolonged 
wetting. Appendix A defines the four p u p s  and 
provides a iist of most of the soils in the United 
States and their p u p  classification. The soils in the 
area of interest may be identified from a soil survey 
report, which can be obtained from local SCS offices 
or soil and water conservation district offices. 

Most urban areas are only partially covered by 
impervious surtaces: the soil remains an important 
factor 
effect on runoff in watersheds with soils having high 

S is related to the soil and cover conditions of the 

100, and S is related to CN by 
watershed thmugh the CN. CN has a range of 0 to runoff e b m .  u-tion has a greater 

- 2- 

infiltration rates (sands and gmvels) than in 

generally have low infilmtion rates. 

Any disturbance of a soil profile can significantly 
change ita infiltration chmtem& * 'a. with 
urbanization, native soil profiles may be mixed or 
removed or fill material from other areas may be 
intmiuced. Therefore, a method based on soil 

[Eq. 241 watersheds predominantly Of silts and clam, which lo00 s = ,-. - 10. 
CN 

Figure 2-1 and table 2-1 solve equations 2-3 and 2 4  
for a range of CN's and midall. 
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texture is given in appendix A for determining the 
HSG classification for disturbed soils. 

Cover type 

Table 2-2 addresses most cover types, such as 
vegetation, bare mil, and impervious surfaces. There 
are a number of methods for determining cover type. 
The most common are field reconnaissance, aerial 
photographs, and land use maps. 

Treatment 

Treatment is a cover type modifier (used only in 
table 2-2b) to d e s m i  the management of cultivated 
a g r i c u l t d  lands. It' includes mechanical practices, 
such as contouring and terracing, and management 
practices, such as crop rotations and reduced or no 
tillage- 

Hydrologic condition 

H@dogic  c0nditi-n~ indicates the effects of cover 
type and treatment on infiltration and mob and is 
generally estimated from density of plant and residue 
cover on sample areas. Good hydrologic condition 
indicates that the soil usually has a low runoff 
potential for that specific hydrologic soil group, cover 
type, and treatment. Some factors to consider in 
estimating the efiect of cover on infiltration and 
=off are (a) canopy or density of lawns, crops, or 
other vegetative areas; cb) amount of year-round 
cover, (c) amount of grass or closeseeded legumes in 
rotations; (d) percent of residue cover; and (e) degree 
of tnzrh? roughness. 

Table t-l.--Runoff depth for selected CN's and rainfall amounts* 
~ 

Runoff depth for curve number of- 

R a i n f a l l 4 0  4s 50 56 60 65 70 75 80 85 w 95 98 

i n c h  
1.0 
12 
1.4 
1.6 
1.8 
20 
25 
3.0 
3.5 
4.0 
4 5  
5.0 
6.0 
7.0 

9.0 
10.0 
11.0 
120 
l3.0 
14.0 
15.0 

ao 

0.00 
.00 
.00 
.oo 
.OO 
.OO 
.00 
.00 
.02 
.06 
.14 
24 
50 
a4 
125 

m 
278 
3.33 
4.00 
4.65 
533 

1.n 

0.00 
.00 
.OO 
.OO 
.oo 
.00 
.00 
.M 
.os 
.18 
30 
-44 
.80 

124 
1.74 
229 
289 
3.52 
4.19 
4.89 
5.62 
6.36 

. .  

0.00 
.00 
.OO 
.00 
.00 
.00 
.a 
.09 
20 
3 3  
.so 
.a, 

1.14 
1.68 
225 
2m 
3.56 
426 
5.00 
5.76 
6.5s 
735 

0.00 
.00 
.00 
.00 
.00 
.02 
.os 
.19 
.35 
.53 
.74 
.98 

1.52 
212 
278 
3.49 
423 
5.00 
L79 
6.61 
7.44 
829 

0.00 
.oo 
.OO 
.Ol 
.03 
.06 
.17 
33 
.53 
.76 
1.02 
130 
1.W 
260 
333 
4.10 
4.90 
5.72 
6-56 
7.42 
830 
9.19 

0.00 
.00 
.02 
.05 
.09 
.14 
30 
51 
.75 

1.03 
1.33 
1.65 
235 
3.10 
389 
4.12 
5.56 
6.43 
732 
821 
9.12 

10.04 

0.00 
.03 
.06 
.ll 
.17 
24 
.46 

1.01 
1.33 
1-67 
204 
2.81 
3.62 
4.46 
533 
6 2  
7.13 
8.0  
8.98 
991 

1085 

.n 

0.M 0.08 0.17 0.32 0.56 0.79 
.07 .I5 27 .46 .74 .99 
.13 24 39 .61 .92 1.18 
J!O .34 S2 .76 1.11 1.38 
29 .44 .65 .93 129 1.58 
38 .56 so 1.09 1.48 1.77 
.65 39 1.18 1.33 1.96 237 
96 125 1.59 1.98 245 2 7  

130 1.64 202 2.45 294 327 
1.67 204 246 292 3.43 3.ii 
205 246 2.91 3.40 3.92 426 
245 289 337 3.88 4.42 4.i6 
328 3.78 430 4.85 5.41 5.76 
4.15 4.8 525 5.82 6.41 6.76 
5.04 5.63 621 6.81 7.40 7.76 
5.95 6.57 7.18 7.79 8.40 8.76 
6.88 7.52 8.16 8.78 9.40 9.76 
7.81 8.48 9.13 9.77 10.39 10.76 
a76 9.45 10.11 10.76 11.39 11.76 
9.n 10.42 11.10 11.76 12.39 1276 

10.67 1139 1208 K.75 13.39 13.76 
11.63 l237 l3.07 13.74 14.39 14.76 



Detennine I 

Determine Detezmine Determine 
composite composite composite 

CN CN CN 

(table 2-2) (figure 2-3) (figure 2-4) 
i . , - 

' I  (table 2-2) 

L ~ ~~ 

I 

Figure 2-2.-Flow durt for aekctinr the .pprogrttc figwe or table for detemining nmodl cum numben. 



Table Z-'la-Runoff curve numben for urban aread 

Curve numbers for 
Cover description hydrologic soil group- 

AveRge percent 
Cover type and hydrologic condition impervious area' A B c D 

Adly dwehped rirban area8 fvegetution established) 

Open space (lawns, parks, golf C O U R ~ ~ .  cemeteries, 
ew.R 

Poor condition (grass cover c 50%) .............. 
Good condition (grass cover > 75%) .............. Fair condition (grass cover 50% to 75%). .......... 

Impervious areas: 
Paved parking lots. roofs, driveways, etc. 

Streets and roads: 
(excluding right-of-way). ......................... 

right-of-way) .................................. 

Dirt (including rightof-way) ..................... 

Paved, &e and storm sewers (excluding 

paved; open ditches (including rightof-way) ....... 
Gmvel (including right-of-way) ................... 

Western desert urban areas: 
Natural desert landscaping (pervious are88 only)' ... 
Artificial desert landscaping (ipervious weed 

barrier, desert shrub with 1- to 2-inch sand 
or gravel mulch and basin borders). .............. 

Commercial and business. ......................... 
Industrial. ....................................... 
Y8 acre or less (town houses). ..................... 
u4 sal? ......................................... 
1/3 acre .......................................... 
yzacre ......................................... 
lacre ........................................... 
2 acres .......................................... 

urban districts: 

Residential districts by average lot aiZe: 

Dcvcloptng h n w c c r s  

Newly gxaded areas (penrioue areas only, 

Idle lands (CNs are determined using cover types 
no vegetationp ................................... 
Bimilar to those in table 2-2cL 

68 
49 
39 

98 

98 
83 
76 
72 

63 

96 

85 89 
12 81 

65 n 
38 61 
30 57 
25 '54 
20 51 
l2 46 

77 

79 
69 
61 

98 

98 
89 
85 
82 

n 

96 

92 
a8 

85 
15 
f2 
70 
68 
65 

a6 

a6 $9 
79 84 
74 80 

98 98 

98 98 
92 93 
a9 91 
87 89 

a5 88 

96 96 

94 95 
91 93 

90 92 
83 ai 
81 a6 
80 a5 
79 a4 
77 82 

91 94 

~~ 

~AV- mnot~ condition. and I, = OS. 
IThc averpzIe m n t  imperviora PRP shown wau wed to develop the compo&e CNa other va~unpbnu YR yd foilou%: hpenkw YIPW 
w c W y  e v m d  to the (1- system, imperuiwa URYO h v c  Y CN of 98. and pen- y ~ p d  are conuicterwl quiwlent tu open 
npwe in g o d  h y h b g k  conciitiun. CNr fur uther d i n u ' o f  conditiom m y  be computed using !@WE 23 or 24. 
CN'r hunn am equivdent tu thav uf pas-. Cumpasite CNs may be eomputcd for other combimtiDM of open space cover type. 
Gmpwite  CN's fur nvtural desert Innckcnping should be computed wing tigums 23 or 24 bpacd on the hpenrioua WY p e m n y r  (CS 
= Iw) and the pervious mea CN. The pervious YRY CN's im yaaumed equivalent to clesert shrub m poor hyclmlogic mndiuon. 
LLcunqmnrite CN's to use fur the clewign ul tempunuy meyvuw . during d i n g  and conutmction rhwld be computed U M ~ R  f m  13 or 24. 
hvml on the c l r g m  of tleveiopmnt (irnpeerviuur YRY percentage) and the CN's for the neuly e penioun y ~ y d  
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Table 2-2b.-Runoff curve numben for cultivated agricultural lands' 
~~ 

Cover description 
Curve numbers for 

hydrologic soil p u p -  

Hydmlogic 
Cover type Treatments conditionJ A B C D 

Fallow 

Row crops 

Small grain 

c l d e d  
or bmadcast 
legumes or 
rotation 
meadow 

Bare Mil 

Crop residue cover (CR) 

Stmight row (SR) 

SR + C R  

Contoured (0 

C +CR 

Contoured 6 terraced (CBT) 

CBT +CR 

SR 

SR +CR 

C 

C +CR 

C&T 

CBT +CR 

SR 

C 

CBT 

- 
Poor 
Good 

Poot 
Good 
Poot 
Good 
Poor 
Good 
Poor 
Good 
poor 
Good 
Poor 
Good 

Poor 
cood 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 

POar 
cood 
Poor 
Good 
Poor 
Good 

77 
i 6  
74 

72 
67 
71 
64 
i o  
65 
69 
64 
66 
62 
66 
61 

66 
63 
64 
60 
63 
61 
62 
60 
61 
59 
60 
58 

66 
58 
64 
55 
63 
51 

86 
8s 
83 

81 
78 
80 
i 5  
79 
75 
78 
74 
74 
71 
73 
70 

76 
75 
75 
72 
i 4  
73 
73 
72 
72 
70 
71 
69 

?I 
72 
75 
69 
73 
67 

91 
90 
88 

88 
85 
85 
82 
84 
82 
83 
81 
80 
7a 
79 - .  
1 1  

84 
83 

83 
80 
82 
81 
81 
80 
i 9  
78 
78 - 
( I  

85 
81 
83 
i 8  
80 
76 

94 
93 
90 

91 
89 
90 
85 
88 
86 
8 7 .  
85 
82 
81 
81 
80 

88 
81 
86 
84 
85 

84 
83 
82 
81 
81 
80 

89 
85 
(35 
83 
83 
80 

84 



Table 23c.-Runoff curve numbem for other ag;icultural lands’ 
~~ 

Cover d d p t i o n  
Curve numbers for 

hydrologic soil p u p -  

Hydrologic 
Cover type condition A B C D 

Pasture. grassland. or mg+continuous 
forage for grazing.’ 

POOr 68 19 86 89 
Fair . 49 69 i 9  8.4 
Good 39 61 ?.I w 

Meadow-continuous grass, protected from - 30 58 71 i8 
grazing and generally mowed for hay. 

Bwh-bmh-weed-gnss mixture with b m h  
the major element.3 

Woods--grass combination (orchard 
or tree farm).5 

WOOdSf 

Farmsteads-buildings, lanes, driveways, 
and surrounding lots. 

s3 Poor 48 67 
Fair 35 56 i o  1 1  

Good 430 48 65 i 3  

- 
4 1  - 

Poor 57 73 82 s6 
Fair 43 65 76 82 
Good 32 58 72 79 

Poor . 4 5  66 77 $3 
79 Fair 36 60 73 

Good 4 3 0  55 70 1 1  
- 

- 59 74 82- 86 

%ve--&off condition. and I, .I O S .  

* f’uor: 
fctir: 
Gwd: 

e m  p u n d  cover or  heavily gmml with nu mulch. 
50 to 3% p u n t 1  cover und not heavily gnaxl. 
>7%? p u n d  cover vncl l i i t l y  ur only Urrvaiudy gnumi. 

J /*wr-: c 50% ground cover. 
Fctir: 50 to 75% p u n d  cover. 
(;ucxl: >i5% p u n c l  cover. 

4 A c t d  curve number b leaa than m, use CN = 30 fur m u f f  eumputy t io~ .  

F N ’ s  shuun were wmputed for arey~( with 50% wuub vnt l jgr ; t  ~ T W S  (pulnure) cuver. Other cumbinVtiona of conditions m y  be cumputwi 
frurn the CN’s fur wuutb vncl pwtwo. 

o/’mr: Funat litter. s d  Lm*. uml b m h  are tlestmyed by heyvy gnuing ur  regular burning. 
Fttir: Wuuh are yraml but nut burned. wd sum forest litter cove= the soil. 
Grid: Wuub w pru& frum &. w d  litter uncl b m h  dequiuely cover the soil. 
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Table ?-2d.--Hunoff e w e  numbers for arid and semiarid rangelandd 

Cover description 
Curve numbers for 

hydrologic soil g r o u p  

Hydrologic 
Cover type condition' A= B C D 

Herbaceous-mixture of grass. weeds, and 
low-gmwing brush, with brush the 
minor element. 

Poor 
Fair 
Good 

Oak-aspen-mountain brush mixture of oak bnrsh, Poor 
aspen, mountain mahogany, bitter brush, maple, Fair 
and other brush. Good 

Pinyon-juniper-pinyon, juniper, or both; 
grass understory. 

Sagebrush with grass undemtory. 

Poor 
F i r  
Good 

POOr 
Fair 
Good 

80 87 93 
71 81 99 
62 74 &5 

66 74 i 9  
48 57 63 
30 41 a 
75 85 89 
38 i3 80 
41 61 i l  

67 80 85 
51 63 70 
35 47 35 

Desert shrub-major plants include saltbush, Poor 63 77 85 88 
greasewood, aeosotebush. blackbrush, bursage, Fair 55 72 81 86 
palo verde. mesquite, and cactus. Good 49 68 i 9  84 
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Antecedent runoff condition 

The index of runoff potential before a storm event is 
the antecedent =off condition (ARC). ARC ia an 
attempt to 8ccount for the variation id CN at a site 
from storm to storm. CN for the avemge ARC at a 
site is the median value as taken from sample rainfall 
and mof f  data. The CN’s in table 2-2 are for the 
average ARC, which is used primarily for design 
applicatiom. See NEH-4 (SCS 1985) and Rallison and 
Miller (1981) for more detailed discussion of storm-to- 
storm variation and a demonstration of upper and 
lower enveloping curves. 

Urban impervious area modifications 

Several factors, such as the percentage of impervious 
area and the m4ans of conveying runoff from 
impervious areas to the drainage system, should be 
considered m computing CN for urban areas (Rawls 
et aL, 1981). For example, do the impervious areas 
connect directly to the drainage system, or do they 
outlet onto lawns or other pervious areas where 
infiltration can occur? 

connected impervious - 
An impervious area is considered connected if runoff 
fmm it flows directly into the drainsge system. It is 
also considered connected if runoff from it OCCUR as 
concentrated shallow flow that runs over a pervious 
area and then into a drainage system. 

Urban CN’s (table 2-2a) were developed for typical 
land use relationshipi based on specific assumed 

were developed on the assumptiom that (a) pervious 

hydrologic condition and (b) impervious areas have a 
CN of98 and are directly connected to the chinage 
system. Some assumed pementages of impervious 
area are shown in table 2-2a 

percentages of impervious m These CN values 

urban an?aa are equivalent to prrsture m good 

IfaIloftheimperviousareaisdkectlyconnectedto 
the drainage system, but the impervious area 
percentages or the pervious land use assumptions in 
table 2-2a are not applicable, use figure 2-3 to 
compute a composite CN. For example, table 2-2a 
gives a CN of 70 for a %-acre lot in HSG B, with an 

assumed impervious area of 25 percent. However. if 
the lot has 20 percent impervious area and a 
pervious area CN of 61, the composite CN obtained 
from figure 23 is 68. The CN difference between 70 
and 68 reflects the difference in percent impervious 
area. 

Unconnected impervious area 

Runoff from these areas is spread over a pervious 
area as sheet flow. To determine CN when all or 
part of the impervious area is not directly connected 
to the drainage system, (1) use figure 2 4  if total 
impervious area is less than 80 percent or (2) use 
figure 23 if the total impervious area is equal to or 
greater than 30 percent, because the absorptive 
capacity of the remaining pervious areas will not 

When impervious area is less than 30 percent, obtain 
the composite CN by entering the right half of figure 
2-4 with the percentage of total impervious area and 
the ratio of total unconnected impervious area to 
total impervious area. Then move left to the 
appropriate pervious CN and read down to find the 
composite CN. For example, for a s a c r e  lot with 20 
percent total impervious area (75 percent of which is 
unconnected) and pervious CN of 61, the composite 
CN from figure 2-4 is 66. If all of the impervious 
area is connected, the resulting CN (from figure 2-31 
would be 68. 

signiticantly affect runoff. 

(21O.VI-TRG, Second Ed., June 1986) 2-9 
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90 

Q) 
& 

70 
0 

8 
u 60 

50 

40 
0 13 20 30 40 . 50 60 70 80 90 100 

Connected impervious area, % 

0.0 

9.5 

1.0 

90 80 7 0  60 50 40 0 10 20 30 
Composite CN Total impervious 

area, % 
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Runoff 

When CN and the amount of rainfall have been 
determined for the watershed, determine runoff by 
using figure 2-1, table 2-1, or equations 2-3 and 24. 
The runoff is usually rounded to the nearest 
hundredth of an inch. 

Limitations 

Curve numbers describe average conditions that 
are useful for design purposes. If the xainfd 
event used is a historical storm, the modeling 
accuracy decreases. 

Use the nmoff curve number equation with 
caution when recreathlg specific features of an 
actual storm. The equation does not contain an 
expression for time and, therefore, does not 
account for rainfall duration or intensity. 

The user should understand the assumption 
reflected in the initial abstraction term (Id and 
should ascertain that the assumption applies to the 
situation. Ip, which consists of interception, initial 
infiltration, surface depression storage, 
evapotranspiration, and other factors, was 
generalized as O S  based on data from 
agricultural watersheds (S is the potential 
maximum retention after runoff begins). This 
approximation can be espeuaUy important in an 
urban application because the combination of 
impervious areas with pervious areas can imply a 
significant initial loss that may not take piace. The 
oppoate effect, a greater initial loss, can occur if 
the impervious areas have surface depressions that 
store some runoff. To use a relationship other than 
Ip = O S ,  one must redevelop equation 23, figure 
2-1, table 2-1, and table 2-2 by using the origmal 
rainfall-runoff data to establish new S or CN 
relationships for each cover and hydrologic soil 
group. 

Runoff from snowmelt or rSin on frozen ground 
cannot be estimated using these procedures. 

The CN procedure is less accurate when m o f f  is 
less than 0.5 inch. As a check, use another 
procedure to determine runoff. 

The SCS runoff procedures apply only to direct 
&ace runoE do not overlook large sources of 
subsurface flow or hgh ground water levels that 
contribute to runoff. These conditions are often 
related to HSG A soils and forest areas that have 
been assigned relatively low CN's in table 3-2. 
Good judgment and experience based on stream 
gage records are needed to a u s t  CN's as 
conditions warrant. 

0 When the weighted CN is less than 40, use 
another procedure to determine runoff. 

Examples 

Four examples illustrate the procedure for computing 
runoff curve number (CN) and runoff (Q m inches. 
Worksheet 2 in appendix D is provided to assist 
TR-55 users. Figures 2-5 to 2-8 represent the use of 
worksheet 2 for each example. All four examples are 

event. 
on the same watershed and the same storm 

The watershed covers 250 acres in Dyer County, 
northwestern Tennessee. Seventy percent (175 acres) 
is a Loring soil, which is in hydrologic soil p u p  C. 
Thirty percent (75 acres) is a Memphis soil, which is 
in group B. The event is a &year frequency, 24hour 
storm with total rainfall of 6 inches. 

Cover type and conditions in the watershed are 
Heren t  for each example. The e.xamples, therefore, 
illustrate how to compute CN and Q for various 
situations of proposed, planned, or present 
development. 

Example 2-1 

The present cover type is pasture in good hydrologic 
condition. (See figum 2-5 for worksheet 2 
intormation..) 
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Example 2-2 

Seventy percent (175 acres) of the watershed, 
consisting of all the Memphis soil and 100 a c m  of 
the bring soil, is %-acre residential lots with lawns 
in good hydrologic condition. The rest of the 
watershed is scattered open space in good hydrologic 
condition. (See figure 24.) 

Example 23 

This example is the same as example 2-2, except that 
the %-acre lots have a total impervious area of 35 
percent. For these lots, the pervious area is lawns in 
good hydrologic condition. Since the impervious area 
percentage differs from the percentage assumed in 
table 2-2, use figure 23 to compute CN. (See 
f i g u ~ e  2-7.) 

Example 2 4  

This example is as0 based on example 2-2, except 
that 50 percent of the impervious area associated 
with the %-acre lots on the bring soil is 
"unconnected," that is, it is not directly connected to 
the chainage system. For these lots, the pervious 
area CN (lawn, good condition) is 74 and the 
impervious area is 25 percent. use figure24 to 
compute the CN for these lots. CN's for the %-acre 
lots on Memphis soil and the open space on brhrg 
soil are the same as those in example 2.2 (See figure 
28.1 
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Worksheet 2 Runoff a m e  number and nrnoff 

2. Runoff 
Stom #1 Storm I2 

I 

Frequency 2 5  '1 .............................. 
8 ~ i a f a 1 1 ,  ? (24-hour) .................. I n  I 

Figure 24.-Workrheet 2 for example 2-1. 
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Worksheet 2: Runoff m e  number and mnoff 

2-14 

2. Runoff 
scorn 11 scorn 12 Storm 13 

Figure Zb.-Workrhcct 2 for eumpb 2.2. 

. 
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Worksheet 2: Runoff curve number and mnoff 

2. Runoff 

Ptequenq yr 

binfa l l ,  P (2bttour) .................. i n  

Runoff, Q .............................. in 

.............................. 

t- 

Stors 81 Scorn 82 Storm t3 

2s 

, b # O  
3.48 

Cover dercrlption 

(cover type, trutwat, and 
hydrologic condition; 
,percent lmpervlous; 

unconnected/ eoanected lmperpious 
area ratio) 

3S.l- c;lprrvioef 

I/'' e r r e  Iak, 3so0l ,*.J;t;en 
s.). irrprviwa 

'12 acre I&, c p d  eorrl;Asb.r 

Use Q1 - 

Figum 2-'l.-WorkshCCt 2 for example 23. 
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Workahect 2: Runoff CuRe number and runoff 

2-16 

2. Runoff 
Storm 01 Storm 02 Stors 03 

Preqcunct ..................e........... y? 

aAlnt.11. 1 (2bhour) .......e.......... I n  

Runoff, Q .............................. in 
(US. ? d a v l t h  ub10 2-19  f i g .  2.1. 
01 2-3 4sd 24.) 

Figwe ?.B.-WorbhCct 2 for cumple 24. 
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Chapter 3: Time of concentration and travel time 

Travel time (Td is the time it takes water to travel 
from one location to another in a wawed.  Tr is a 
component of time of concentration (TJ, which is the 
time for runoff to travel from the hydraulically most 
distant point of the watershed to a point of interest 
within the watershed. Tc is computed by summing dl 
the travel times for consecutive components of the 
drainage conveyance system. 

Tc influences the shape and peak of the runoff 
hydrograph. Urbanization usually decreases T,, 
thereby increasing the peak &charge. But T, can be 
increased as a result of (a) ponding behind small or 
inadequate dramage systems, including storm drain 
inlets and road culverts, or (b) reduction of land slope 
through p d i n g .  

Factors afkt ing  time of concentration 
and travel time 

Surface roughness 

One of the most significant effects of urban 
development on flow velocity is less retardance to 
flow. That is, undeveloped areas with very slow and 
shallow overland flow through vegetation become 
modified by urban development: the flow is then 

. delivered to streets, gutters, and storm sewers that 
transport runoff downstream more rapidly. Travel 
time through the watershed is generally decreased. 

Channel shape and flow patterna 

In small non-urban watersheds, much of the travel 
time results from overland flow m upstream areas. 
Typically, urbanization reduces overland flow lengths 
by conveying storm m-off into a channel as soon as 
possible. Since channel designs have eEaent 
hydraulic charameristics, runoff flow velocity 
increases and travel time decreases 

Slope 

Slopes may be increased or decreased by 
urbanization, depending on the extent of site grading 
or the extent to which storm sewers and street 
ditches are used in the design of the water 

r 
I 

1 3 4  4 

management system. Slope will tend to increase 
when channels are svaightened and decrease when 
overland flow is diremed through storm sewers. 
street gutters, and diversions. 

Computation of travel time and 
time of concentration 

Water moves through a watershed as sheet flow, 
shallow concentrated flow, open channel flow, or 
some combination of these. The type that occurs is a 
function of the conveyance system and is best 
determined by field inspection. 

Travel time (Td is the ratio of flow length to flow 
he loc i t r  

where 

Tt = travel time (hr), 
L = flow length (ft), 
V = average velocity (&SI, and 

3600 = conversion factor from seconds to hours. 

Time of concentration (TJ is the sum of Tt values for 
the various consecutive flow segments: 

where 

Tc = time of concentration (hr) and 
m = number of flow segments. 
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3-2 

.50 

.20 

.10 

06 

.04 

.02 

. 01 

.005 
I 
1 

I I I I I I I I I  
2 4 6 10 .  
Average velocity, ft/sec 

I 
20 

Fi- fl.-Avenge velocities for CStimDting t n v t l  time for rhdlow eonerntmted flow. 
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/ , Sheet flow V 

Sheet flow is flow over plane surfaces. It usually 
occurs in the headwater of streams. With sheet flow, 
the fiction value (Manning's n) is an effective 
roughness coefficient that includes the effect of 
raindrop impact: drag over the plane surface: 
obstacles such as litter, crop ridges, and rocks: and 
erosion and transportation of sediment. These n 
values are for very shallow flow depths of about 0.1 
foot or so. Table 3-1 gives lhmng's n vdues for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Manning's 
kinematic solution (Overton and Meadows 1976) to 
compute Tt: 

where 

Tt = travel *e (hr), 
n = Manning's roughness coeffcient (table 3-1). 
L = flow length (ft). 
P2 = %year, 2;bhour rainfall (in), and 
s = slope of hydraulic grade line (land slope, 

Rlft). 

This simplified form of the Manning's kinematic 
solution is based on the following (1) shallow steady 
uniform flow, (2) constant intensity of rainfall excess 
(that part of a rain available for runoff), (3) rainfall 
duration of 24 hours, and (4) minor effect of 
M t m t i o n  on travel time. Rainfall depth can be 
obtained from appendix B. 

[Eq. 3-31 
Shallow concentrated flow 

After a maximum of 300 feet, sheet flow usually 
becomes shallow concentrated flow. The average 

3-1, in which average velocity is a function of 
-1 watercourse slope and type of channel. For slopes 

less than 0.005 Wft, use equations given in appendix 
F for figure 3-1. Tillage can affect the direction of 
shallow concentrated flow. Flow may not always be 
directly down the watershed slope if tdlage runs 

/-' 
f l  Y f  '- velocity for this flow can be determined h m  figure 

Table S-l.-Rougfinesa coefficients (Manning's n) for 
sheet flow 

' 

Surface description n1 

Smooth surtaces (concrete. asphalt, gravel, or -- the slope: 
bare soil) ................................... 0.011 + f l b r j ; c  : S L J  f i Z - A . 7  2.0.4  

Fallow (no residue). ......................... 0.05 

Cultivated soils: 
Residue cover <2096 ...................... 0.06 
Residue cover >2096 ...................... 0.17 

GraSS: 
Short grass prairie ........................ 0.15 
Dense grasses2 ............................ 024 
Bermudagnm ............................. 0.41 

Range (natural) ............................. 0.13 

Light underbrush .......................... 0.40 
WOOdd 

Dense underbrush ......................... 0.80 

'The n values are P curnp0sk.e of infonnvtion compiled by Engm~n 
(1986). 
*Indudes s p e c k  sucb w weeping lovegnus. bluegnse, bufipo 
~rpss. blue grymy grass. und native gnus mixrums. 
When selecting n. eunsider cover to Y height of b u t  0.1 k This 
is the only part of the p h t  uiver Uut will obstruct sheet flow. 

mer determining average velocity in figure 3-1, use 
equation 3-1 to estimate travel time for the shal!ow 
concentrated flow segment. 

Open channels 

Open channels are assumed to begin where surveyed 
cross section information has been obtained, where 
channels are visible on aerial photographs, or where 
blue lines (indicating streams) appear on United 
States Geological Survey (USGS) quadrangle sheets. 
Manning's equation or water surface profile 
information can be used to estimate average flow 
velocity. Average flow velocity is usually determined 
for bank-full elevation. 
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Manning's equatic 

Determine 
pervious 
a 

(table 2-2) 

where 

Deten, 

a penfic 

V saverage 
r = hydrauli 
a =crosssec 

p,,. = wetted I 
8 =slopeof 

slope. ft 
n =Manning 

channel 

. (table 2-2) (figure 2-3) 

Manning's n vduc 
obtained from sta 
(1959) or Linsley 
is computed usin4 
segment can be e 

(figure 
< 

Reservoirs or Id 

Sometimes it is n 
flow through a rs 
watershed. This 1 
andcanbeassun 

Limitations 

0 Manning'skinl 
for sheet flow 
was developed 
rainfall intensi 

Inwatersheds 
identify the ai 
estimate Tc S 
small portion 1 

peak flow tral 
the outlet. Co 
to determine : 
pressure or nc 

Theminimum 



PCNWSXLVANLA EULLSTIW 110. P A 2 1 0 - 0 - 5  

S U I J L C t i  CNG - S h e e t  ?low Length 

Purpose.  To prorlde c l a r i t i c a t i o n  on -he  maximum , r n q t b  of 
r h e e t  f l o w  t o  be ured  l n  c a l c u l a t i n g  t i m e  o f  c o n c e n t r a t i o n  - ( r e )  by thm TR-55 v e l o c i t y  method. 

\'? . .  
ExpiratLon Date.  T h l a  b u l l a t i n  e x p i r e 8  a f t e r  t h e  
a p p r o p r i a t e  a c t i o n r  h a v e  been taken. 

Baekqround. Tbe u8e o f  e x c e r r i v 8 l y  l o n g  o v e r l a n d  .boot flow 
l e n g t h r  i n  c a l e u l & t i n g  TC w i l l  r a a u l t  i n  u n r e a ~ m t i c a l l y  Lou ' 

pmak dirchargmm. T e c h n i c a l  Releame 55,  -Urban Hydrology for 
S m a l l  U a t a r r h e d 8 m ,  r e t e  a t h e o r e t i c a l  maximum r k o o t  flow , .  
l o n g t h  of  300 f e o t .  Whlla that m y  be a p p l i c a b l e  ~ l o e r h e r e  
in t h e  c o u n t r y ,  a d d i t i o n a l  g u i d a n c e  f o r  t h e  U o r L h O 8 8 t  h a 8  
been p rov ided  by t b e  NNTC t l y d r a u l i c  C n g i n r e r .  

r" 

Act ion .  fhm f o l l o w i n g  p r r r g r 8 p h  a h a u l d  be inrerted 08 p89e 
c 3 - 4  o f  TR-55 and p r o v i d e d  t o  non-SCS u r e t r  & a  noodobr . 

-DUO t o  t h e  i r r e g u l a - r  topography,  thm masirnu8 @beet 
f l o w  lmngth t h a t  s h o u l d  be u a r d  f o r  unpaved 8re.8 in 
P o n n r y l o a a i a  i o  1 5 0  f e e t  v i t h  a most l i k e l y  l e n g t h  o f  
50-100 f e e t .  The t h m o r m t i c a l  maximum l e n g t h  of 300 

un i fo rmly  r l o p e d  paved p a r k i n g  l o t r a m  
' f r e t  i r  a c h i e v e d  o n l y  i n  u n i q u e  r i t u r t i o a r  much a8 

A d e t a i l e d  e x p l a n a t i o n  of o v e r l a n d  r h e e t  flow can be found  
. i n  N o r t h e a m t  Hydrology T e o h n i c a l  Hot. NO. N 4  ( r e r i 8 a d  Augomt 

1 9 8 6 ) .  

RICEARO H. DUUCAW 
S t a t e  C o n r e r v a t i o n l s t  

D I S T  I A 0  

d 
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NOTES: Space fo r  u a m y  as CM segments per flow type un be used fo r  each 
worksheet. 

Include a m ~ p ,  schematic. or desc r ip t ion  of flow re&mnta. 

I. Surface d e r c r i p t i o ~  ( t a b l e  3-11 ............ 
Sheet f lov  (Applicable to Te only)  

2. Wnning's roughness coeff., n ( t a b l e  3-11 .. 
3. Plow lensth,  L (coca1 LI 300 fe) .......... 
6. Tuo-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s lope,  s .............................. 
-Puce ...... 

-2  - 
Shallow concentrated flow 

7. Surface descr ipt ion (paved or  unpaved) ..... 
8. Plow length. 1. ............................. 
9. watercourse s lope,  s ....................... 
IO. Average veloci ty ,  V ( f e u r e  3-1) ........... 

Compute Tt ...... L 
11- Tt - rn 

- 10.301 

Channel flow. 1 
12. Crow sec t iona l  flow area, a ............... 
13. Wetted perimeter, p, ....................... 1 
16. Rydraulic radius ,  r - -+ ....... 
15. th.nn.1 slope. s ........................... 
16. Wnning's roughness coeff., n ............... 
17. V I compute v ....... 

- pw 

213 s1/2 
n 

Figure 3-2.-Workahett 3 for example 3-1. 
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Chapter 4: Graphical Peak Discharge method 

This chapter presents the Graphical Peak Discharge 
method for computing peak discharge from rural and 
urban areas. The Graphical method was developed 
from hydrograph analyses using TR-20, "Computer 
Program for Project Formdation-Hydrology" (SCS 
1983). The peak discharge equation used is 

where 

qp = peak discharge (cfs); 
q, = unit peak discharge ( c s d i ) ;  

Q =runoff (in); and 
Am =drainagearea(mii 

F, = pond and swamp acijustment factor. 

The input requirements for the Graphical method are 
as follows: (1) Tc (hr), (2) dravlage area (miz), (3) 
appropriate rainfall distribution (I, IA, 11, or 1111, (4) 
24hour rainfall (in), and (5) CN. If pond and swamp 
areas are spread throughout the watershed and are 
not considered in the Tc computation, an adjustment 
for pond and swamp areas is also needed. 

Peak discharge computation 

For a selected rainfall frequency, the &hour rainfall 
(P) is obtained from appendix B or more detailed 
Id precipitation maps. CN and total runoff (Q) for 
the watershed are computed according to the 
methods outlined in chapter 2. The CN is used to 
determine the initial abstraction (Id from table 41. 
1 8  is then computed. 

If the computed I a P  ratio is outside the range shown 
in e.xhibit 4 (4-1, 4IA, 4-11. and CIII).for the rainfall 
distribution of interest, then the limiting value 
should be used. If the ratio falls between the limiting 
values, use linear interpolation. Figure 41 illustrates 
the sensitivity of I$p to CN and P. 

Peak discharge per square mile per inch of runoff 
(qu) is obtained from e.xhibit 4-1, 4IA, 411, or 4-111 
by using T, (chapter 31, rainfall distribution type, and 
I n  ratio. The pond and swamp *ustment factor is 
obtained from table 4 2  (rounded to the nearest table 
value). Use worksheet 4 in appendix D to aid in 
computing the peak discharge using the Graphical 
method. 

i i' - 3 3 4 4  

1 1 I 7 9 11 11 15 
%infall ( P ) .  incnes 

Figure 4-1.-Variation of I,/P for P and czi. 

Table &l.-I, values for xunoff curve numbem 

Curve I, 
number (in) 

40 3.000 
41 2878 
42 2762 
43 2651 
44 2545 
4s 2444 
46 2348 
47 22s 
48 2167 
49 2.082 
50 2.000 
51 1.922 
52 1.846 
53 1.774 
54 1.704 . 
55 1.636 
56 1.571 
57 1.509 
58 1.448 
59 1.390 
60 1333 
61 1279 
62 126 
63 1.175 
64 1.125 
65 1.077 
66 1.030 
67 0.985 
68 0.941 
69 0.899 

Curve 1, 
number (in) 
70 0.851 
71 0.811 
72 0.778 
73 0.140 
74 0.703 
75 0 . M  
76 0.632 
77 0.597 
78 0.564 
79 0.532 
80 0.500 
81 0.469 

83 0.410 
84 0.381 
85 0.353 
86 0.326 
87 0.299 
88 0273 
89 0247 
90 0222 
91 0.198 
92 0.174 
93 0.151 
94 0.128 
95 0.105 
96 0.083 
97 0.062 
98 0.041 

82 0.439 , 
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Table 4-2.--Adjustment factor (Fd for pond and swamp 
areas that are spread throughout the watershed 

Example 4 1  

Percentage of pond and swamp areas Compute the &year peak discharge for the 250-acre 
0 1-00 watenhed described in examples 2-2 and 3-1. Figure 
0 2  4-2 shows how worksheet 4 is used to compute qp as 

3.0 
5.0 

FP 

0.97 
1.0 087 345 cfs. 

0.76 
0.72 

Limitations 

The Graphical method provides a detemination of 
peak discharge only. If a hydrograph is needed or 
watershed subdivision is required, use the Tabular 
Hydrograph method (chapter 5). Use TR-20 if the 
watershed is very complex or a higher degree of 
accuracyisrequired. 

The watershed must be hydrologically 
homogeneous, that is, describable by one CN. 
Land use, soils, and cover are distriiuted 
uniformly throughout the watershed. 

The watershed may have only one main stream or, 
if more than one, the branches must have nearly 
equal T,'s. 

routing. 
The method cannot perform valley or reservoir 

The F, factor can be applied only for ponds or 
swamps that are not in the TE flow path. 

0 ACCU~~CY of peak discharge estimated by this 
method will be reduced if I f l  values are used 
that are outside the range given in exhibit 4. The 
limiting I&' values are recommended for use. 

This method should be used only if the weighted 
CN is greater than 40. 

When this method is used to develop estimates of 
peak discharge for both present and developed 
conditions of a watershed, use the same procedure 
for estimating Tc. 

Tc values with this method may range from 0.1 to 
10 hours. 
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Worksheet 4: Graphical Peak Discharge method 

Project  Meaver\y  Acpes Qm Date \ O \ S \ 8 5  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Data: 

Drainage a rea  .......... \ - 0 . 3 9  m i 2  (acres/610)  - -  - 7  

‘Runoff curve number .... CN - 7 5 (Pram worksheet 2) Fcgute 2-6 -- 

? / r  

Time of concent ra t ion  .. Tc - 1-53 hr  (From worksheet 3)) f \ 9 u *  3-2 ‘ . I 

Rainfa l l  d f s t r i b u t i o n  type - (1, I A ,  11, 111) 
Pond and swamp a reas  spread 
throughout watershed ....... - - percent  of Am (z acres o r  m12 covered) 

Storm 1 Storm 2 storm 3 

............................... Frequency Y r  

Ra infa l l ,  P ( t i -hour)  ................... i n  

Initial abs t r ac t ion ,  Ia ................. 
(Use CN with t a b l e  4-1.) 

Compute Ia /P  

0.6671 ’ - I - .  I 1 
............................ ,- 

Unit peak discharge,  qu ................. csm/in 1270 I - I I 
(Use Tc and I a / P  with exh ib i t  4 - z )  

Runoff, Q ............................... i n  13.28 I I 
(From worksheet 2). Fiqlre 2-6 I 

P * ’ * *  
Pond and swamp adjustment f ac to r ,  F 
(Use percent pond and swamp a rea  
with. t ab l e  4-2. Factor  is 1.0 f o r  
zero percent pond and swamp area.) 

Peak discharge . qp ...................... 
(mere qp - quQQFp) 

Figum 4-2.-Workshett I for example 61. 
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Chapter 5: Tabular Hydrograph method 

This chapter presents the Tabular Hydrograph 
method of computing peak discharges from rUrai and 
urban areas, using time of concentration Crc) and 
travel time (TJ from a subarea as inputs. This 
method approximates TR-20, a more detailed 
hydrograph procedure (SCS 1983). 

The Tabular method can develop partial composite 
flood hydrographs at any point in a watershed by 
dividing the watershed into homogeneous subareas. 
In this manner, the method can estimate runoff from 
nonhomogeneous watersheds. The method is 
especially applicable for estimating the effects of land 
use change in a portion of a watershed. It can also 
be used to estimate the effects of proposed 
structures. 

Input data needed to develop a partial composite 
flood hydrograph include (1) %hour rainfall (in), (2) 
appropriate rainfall distribution (I, IA, 11, or III), (3) 
CN, (4) Tc m), (5) Tt 0, and (s) dtainage area (d* 

Tabular Hydrograph method exhibits 

Exhibit 5 (51, SIA, 511, and BIII) shows tabular 
discharge values for the various rainfall distributions. 
Tabular discharges expressed in csd in  (cubic feet of 
discharge per second per square mile of watershed 
per inch of runoff) are given for a range of subarea 
Tc’s from 0.1 to 2 hours and reach Tt‘s from 0 to 3 
hours. 

The exhibit was developed by computing 
hydrographs for 1 square mile of drainag.e area for 
selected Tc’s and routing them through stream 
reaches with the range of Tt’s indicated. The 
Modified Att-Kin method for reach muting, 
formulated by SCS in the late 19’70’9, was used to 
compute the tabular hydrographs (Comer et al., 
1981). A CN of 75 and rainfall amounts generating 
appropriate I* ratios were used. The resulting 
runoff estimate was used to convert the hydrogmphs 
in exhiiits 5-1 through 5-111 to cubic feet per second 
per square mile per inch of runoff. 

An assumption in development of the tabular 
hydrographs is that all discharges for a stream reach 
flow at  the same velocity. By this assumption, the 
subarea flood hydrographs may be routed separately 

and added at the reference point. The tabular 
hydrographs in exhibit 5 are prerouted hydrographs. 
For Tt’s other than zero, the tabular discharge 
values represent the contribution from a single 
subarea to the composite hydrograph at  Tt 
downstream. 

Information required for Tabular 
Hydrograph method 

The following information is required for the Tabular 
method 

1. Subdivision of the watershed into areas that are 
relatively homogeneous and have convenient 
routing reaches. 

2. Drainage area of each subarea in square miles. 
3. Tc for each subarea in hours. The procedure for 

estimating Tc is outlined in chapter 3. Worksheet 
3 (appendix D) can be used to calculate Tc. 

4. Tt for each routing reach in hours. The procedure 
for estimating Tt is outlined in chapter 3. 
Worksheet 3 can be used to calculate Tt through 
a subarea for shallow concentrated and open 
channel flow. 

5. Weighted CN for each subarea. Table 2-2 show 
CN’s for individual hydrologic soil cover 
combinations. Worksheet 2 can be used to 
calculate the weighted runoff curve number. 

6. Appropriate rainfall distribution according to 
figure B-2 (appendix B). 

7. The 24hour rainfall for the seiected frequency. 
Appendix B contains rainfall maps for various 
frequencies (figures B-3 to B-8). 

8. Total runoff (Q in inches computed from CN and 
rainfall. 

9. I, for each subarea from table 5-1, which is the 
same as table 41. 

10. Ratio of I$p for each subarea. If the ratio for the 
rainfall distribution of interest is outside the 
range shown in e.xhibit 6, use the limiting value. 
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Development of composite flood 
hY~0sFaPh 

This section descriis  the procedure for developing 
the peak discharge and selected discharge values of a 
composite flood hydrograph. 

Selecting Tc and Tt 

First, use worksheet 5a to develop a summary of 
basic watershed data by subarea Then use 

Table 5-l.-Ia dues for m o f f  curve numbers 

C w e  I, 
number C i )  

40 3.000 
41 2.878 
42 2762 
43 2661 
44 2545 
4s 2444 
46 2.348 
47 2256 
48 2167 
49 2082 
50 2000 
51 1 B  
52 1846 
53 1.774 
54 1.704 
55 1.636 
56 1.571 
57 1m 
58 1.448 
59 1390 
60 1.333 
61 1279 
62 1 2 6  
63 1.175 
64 1.125 
65 1.077 
66 1.030 
67 0.986 
68 0.941 
69 0.899 

worksheet Sb to develop a tabular hydrograph 
discharge summary; this summary displays the effect 
of individual subarea hydrographs as routed to the 
watershed point of interest. Use ZTt for each 
subarea as the total reach travel time fmm that 
subarea through the watershed to the point of 
interest. Compute the hydrograph coordinates for 
selected ZTt's using the appropriate sheets in 
exhibit 5. The flow at any time is 

where 

q = hydrograph coordinate (cfs) at hydrograph 

qt = tabular hydrograph unit discharge from ex- 
time t; 

hibit 5 (csdin); 

and 
Q = runoff (in). 

A,,, = drainage area of individual subarea (mi2); 

C w e  I. 
number (in) 
70 0.867 
71 0.817 
72 0.m 
73 0.740 
74 0.703 
75 0.667 
76 0.632 
77 0.597 
78 0.564 
79 0.532 
80 0.500 
81 0.469 
82 0.439 
83 0.410 
84 0.381 
85 0.363 
86 0.326 
87 Om 
88 0373 
89 0247 
90 Om 
91 0.198 
92 0.174 
93 0.151 
94 0.m 
96 0.106 
96 0.083 
97 0.m 
98 0.041 

Since the timing of peak discharge changes with Tc 
and Tt, interpolation of peak discharge for T, and Tt 
values for use in exhiiit 5 is not recommended. 
Interpolation may result in an estimate of peak 
discharge that would be invalid because it would be 
lower than either of the hydrographs. Therefore, 
round the actual values of Tc and Tt to values 
presented in exhibit 5. Perform this rounding so that 
the sum of the selected table values is close to the 
sum of actual Tc and Tt. An acceptable procedure is 
to select the.results of one of three rounding 
operations: 

1. Round Tc and Tt separately to the nearest table 

2. Round Tc down and Tt up to nearest table value 

3. Round Tc up and Tt down to nearest table value 

value and sum; 

and sum; and 

and sum. 

From these three alternatives, choose the pair of 
rounded Tc and Tt values whose sum is closest to the 
sum of the actual Tc and Tt. If two rounding 
methods produce sums equally close to the actual 
sum, use the combination in which rounded Tc is 
closest to actual T, An illustration of the rounding 
procedure is as follows: 
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34 4' 

Table values by rounding 
Actual method- 
values 

1 2 3 

TC 1.1 1.0 1.0 125 
Tt 1.7 1.5 2.0 1.5 
SUm 2.8 2.5 3.0 2.75 

In this instance, the results from method 3 would be 
selected because the sum 275 is closest to the actual 
sum of 2.8. 

Selecting I,/P 

The computed Ia/P value can be rounded to the 
nearest I,P value-in exhibits 51 through 5111, or 
the hydrograph values (csmlii) can be linearly 
interpolated because I$p interpolation generally 
involves peaks that occur at the same time. 

Summing for the composite hydrograph 

The composite hydrograph is the summation of 
prerouted individual subarea hydrographs at each 
time shown on worksheet 5b. Only the times 
encompassing the expected e u m  composite 
discharge are summed to define a portion of the 
composite hydrograph. 

If desired, the entire composite hydrograph can be 
approximated by linear ebpolat ion as follows: 

1. 

2. 

3. 

4. 

Set up a table similar to worksheet 5b. Include 
on this table the fbll ran- of hydrograph times 
displayed in exhibit 5. 
Compute the subarea discharge values for those 
times and insert them in the table. 
Sum the values to obtain the composite 
hydrograph. 
Apply linear extrapolation to the first two points 
and the last two points of the composite 
hydrograph. The volume under this 
approximation of the entire composite hydrograph 
may differ from the computed runoff volume. 

Limitations 

The Tabular method is used to determine peak flows 
and hydrographs within a watershed. However, its 
accuracy decreases as the complexity of the 
watershed increases. If you want to compare present 
and developed conditions of a watershed, use the 
same procedure for estimating T, for both conditions. 

Use the TR-20 computer program (SCS 1983) instead 
of the Tabular method if any of the following 
conditions applies: 

Tt is greater than 3 hours (largest Tt in e-xhibit 3). 

Tc is greater than 2 hours (largest Tc in e-xhibit 5). 

0 DFainage areas of individual subareas differ by a 
factor of 5 or more. 

0 The entire composite flood hydrograph or entire 
runoff volume is required for detailed flood 
routings. The hydrograph based on extrapolation 
is only an approximation of the entire hydrograph. 

The time of peak discharge must be more accurate 
than that obtained through the Tabular method. 

The composite flood hydrograph should be compared 
with actual stream gage data where possible. The 
instantaneous peak tlow value from the composite 
flood hydrograph can be compared with data from 
USGS curves of peak flow versus drainage area. 
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Examples appropriate values provides the peak discharge (q) 
for subarea 4 at 14.6 hr: 

q = q&Q) = (274X0.70) = 192 cfs. A developer proposes to put a subdivision, 
Fallswood, in subareas 5,6, and 7 of a watershed in 
Dyer County, northwestern Tennessee (see sketch 
below). Before approving the developer's proposal, 
the planning board wants to know how the 
development would affect the Wyear peak discharge 
at the downstream end of subarea 7. The rainfall 
distribution is type I1 (figure B-2), and the %hour 
rainfall (PI is 6.0 inches (figure W. 

Once all the prerouted subarea hydrographs have 
been tabulated on worksheet 5b, sum each of the 
time columns to obtain the composite hydrograph. 
The resulting %year frequency peak discharge is 
720 Cfs at 14.3 hr (i3gw-e 5-2). 

Example 5 2  

Example 5-1 

Compute the Wyear frequency peak dis&aqe at the 
downstream end of subarea 7 for present conditions, 
using worksheets 5a and, 5b. To do this, first 
calculate the present condition CN, T,, and Tt for 
each subarea, using the procedures in chapters 2 and 
3. Enter the values on worksheet 5a (fisure 53). 

Compute the %year frequency peak discharge at the 
downstream end of subarea 7 for the developed 
conditions, using worksheets 5a and 5b. 

First, dculate the developed condition CN, Tc, and 
Tt for each subarea, using the procedures in chapters 
2 and 3. Enter the values on worksheet 5a (figure 
5-31. 

Next, compute the prerouted hydrograph points for 
each subarea hydrograph over a range of time near 
the peak discharge using worksheet 5b (figure 52) 
and the appropriate exhibit 5. For example, for 
subarea 4, in which Tc= 0.75 hr, refer to sheet 6 of 
exhibit 5-11. With LTt of 2.00 hr (the sum of 
downstream travel time through subareas 5 and 7 to 
the outlet) and I* of 0.1, the routed peak discharge 
of subarea 4 at the outlet of subarea 7 oecu~ at 14.6 
hr and is 274 &in. Solving equation 61 with 

1 Subarea 

- Wa t e e  hed 

.......... Subarea 

boundary 

boundary 

Next, compute the prerouted hydrograph points for 
each subarea hydrograph over a range of time near 
the peak discharge using worksheet 5b (figure 5-41 
and the appropriate exhibit 5. For example, for 
sub- 6, in which Tc= 1.0 hr, refer to sheet 7 of 
exhiiit 5-11. With ZTt of 0.5 hr (downstream travel 
time through subarea 7 to the outlet) and I$p of 0.1, 
the peak discharge of subarea 6 at the outlet of the 
watershed occurs at 132 hr and is 311 d i n .  
Solving equation 51 provides the peak discharge (q): 

Once all the preroukj subarea hydrographs have 
been tabulated on worksheet 5b, sum each of the 
time columns to obtain the composite hydrograph. 
The resulting %year frequency peak discharge is 
872 & at 13.6 hr (figure 5.1). 

Comparison 

According to the d t s  of the two examples, the 
proposed subdivision at the downstream end of 
subarea 7 is expected to increase peak discharge 
from 720 to 872 cfs and to decrease the time to peak 
from 14.3 to 13.6 hr. 

(210-VI-TR-55, Second Ed., June 1986) 
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Chapter 6: Storage volume for detention basins 

' As d areas become urbanized, the resulting 
increases in peak discharges can adversely affect 
downstream flood plains. Increasingly, planners, 
developers, and the public want these downstman 
areas to be protected. Many local governments are 
adopting ordinances to control the type of 
development and its allowable impacts on the 
watershed. One of the most common controls 
requires that postdevelopment discharges do not 
exceed presentcondition discharges for one or more 
storm frequencies at specified points along a channeL 

This chapter discusses ways to manage peak 
discharges by delaying runoff. It also presents a 
procedure for estimating the storage capacity 
required to maintain the peaks within a specified 
level. 

Efforts to reduce the effects of increased moff from 
urban areas have been innovative and diverse. Many 
methods have been used effectively, such as 
infiltration trenches, porous pavement, rooftop 
storage, and cistern. But these solutions can be 
expensive or require site conditions that cannot be 
provided. 

The detention basin is the most widely used measure 
for controlling peak discharge. It is generally the 
least expensive and most reliable of the measures 
that have been considered. It can be designed to fit a 
wide variety of sites and can accommodate multiple- 
outlet spillways to meet requirements for 
multifrequency control of outflow. Measures other 
than a detention basin may be preferred in some 
locations; their omission here is not intended to 
disco- their use. Any device selected, however, 
should be assessed as to its function, maintenance 
needs, and impact. 

Estimating the effect of storage 

When a detention basin is installed, hydraulic routing 
procedures can be used to estimate the effect on 
hydrographs. Both the TR-20 (SCS 1983) and DAMS2 
(SCS 1982) computer programs provide m t e  
methods of analysis. Programmable caiculator and 
computer programs are available for routing 
hydrographs through dams. 

r34  4 

This chapter contains a manual method for quick 
estimates of the effects of temporary detention on 
peak discharges. The method is based on average 
storage and routing effects for many structures. 

Figure 6-1 relates two ratios: peak outflow to peak 
inflow discharge (qdqi) and storage volume to runoff 
volume (Vfl,) for all four rainfall distributions. 

The relationships in figure 61 were determined on 
the basis of single stage outflow devices. Some were 
controlled by pipe flow, others by weir flow. 
Verification runs were made using multiple stage 
outflow devices, and the variance was similar to that 
in the base data The method can therefore be used 
for both single- and multiplestage outflow devices. 
The only constraints are that (I) each stage requires 
a design storm and a computation of the storage 
required for it and (2) the discharge of the upper 
stagds) includes the discharge of the lower stagds). 

The brevity of the procedure allows the planner to 
examhe many combinations of detention basins. 
When combined with the Tabular Hydrograph 
method, the procedure's usefulness is increased. Its 
principal use is to develop preliminary indications of 
storage adequacy and to allocate control to a group 
of detention basins. It is also adequate, however, for 
final design of small detention basins. 
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Input requirements and procedures Estimating V, 

Use worksheet 6a to estimate V,, storage volume 
required, by the following procedure. Use figure 61 to estimate storage volume (VJ 

required or peak outflow discharge (90). The most 
frequent application is to estimate V,, for which the 
required inputs are runoff volume Wr), qo, and peak 
M o w  discharge (a. To estimate qo, the required 
inputs are V,, V,, and qi. 

1. Determine q,,. Many factors may dictate the 
selection of peak outflow discharge. The most 
common is to limit downstream discharges to a 
desired level, such as predevelopment discharge. 
Another factor may be that the outflow device 
has already been selected. 

2 Estimate qi by procedures in chapters 4 or 3. Do 
not use peak discharges developed by any other 
procedure. When using the Tabular Hydrograph 
method to estimate qi for a subarea, only use 

.6 

.5 

A >*p 
.4 

.2  

.1 

6 2  

.1 .2 .3  .4 .5 .6 .7 .8 
Peak out f low discharge 
Peak In f low discharge 

Figure Ct.--r\ppmximatc detention k i n  routing for rainfad1 typea I. IA. 11. and 111. 
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peak discharge associated with Tt = 0. 
3. Compute qdqj and determine VJVr from figure 

6-1. 
4. Q (in inches) was determined when computing qj 

in step 2, but now it must be converted to the 
units in which V, is to be e.qressed-most likely, 
acre-feet or cubic feet. The most common 
conversion of Q to V, is expressed in acre-feet: 

5. From steps 3 and 4. compute qo: 

[Eq. 6-31 qo = qi(i> 

6. Proportion the outflow device so that the stage at 
qo is equal to the stage corresponding to V,. If qu 
cannot be calibrated except in discrete steps (Le.. 
pipe sizes), repeat the procedure until the stages 
for qo and V, are approximately equal. 

Vr = 53.33Q(Am) [Eq. 6-11 
. where 

Limitations 
Vr = runoff volume (acreft), 
Q = runoff (in), 

A,,, = drainage area (mid, and 
53.33 = conversion factor h m  in-mi2 to acre-ft. 

5. Use the results of steps 3 and 4 to compute V,: 

v, = V G )  Eq. 6-21 

where V, = storage volume required (acre-ft). 
6. The stage in the detention basin corresponding to 

V, must be equal to the stage used to generate 
q,. In most situations a minor modification of the 
outflow device can be made. If the outflow device 
has been preselected, repeat the calculations with 
a modified qo value. 

Estimating qo 

Use worksheet 6b to estimate qo, required peak 
outflow discharge, by the following procedure. 

1. Determine V,. If the maximum stage in the 
detention basin is constrained, set V, by the 
maximum permissible stage. 

chapter 2, and convert it to the same units as V, 
(see step 4 in “Estimating VS”). 

3. Compute Vflr  and determine qdqi from figure 
61. 

4. Estimate qj by the procedures in chapters 4 or 5. 
Do not use peak discharges developed by any 
other method. When using the Tabular method to 
estimate qj for a subarea, use only the peak 

2 Compute Q (in inches) by the procedures in 

disc- assoCiated With Tt = 0. 

0 This routing method is less accurate as the qdqi 
ratio approaches the limits shown in figure 6-1. 
The curves in figure 6-1 depend on the 
relationship between available storage. outflow 
device, inflow volume, and shape of the int’low 
hydrograph. When storage volume (V,) required is 
small, the shape of the outflow hydrogmph is 
sensitive to the rate of rise of the inflow 
hydrograph. Conversely, when V, is large, the 
inflow hydrograph shape has little effect on the 
outflow hydrograph. In such instances. the outflow 
hydrograph is controlled by the hydraulics of the 
outflow device and the procedure therefore yields 
consistent results. When the peak outflow 
discharge (90) approaches the peak inflow 
ducharge (si), parameters that affect the rate of 
rise of a hydrograph, such as rainfall volume, 
curve number, and time of concentration, become 
especially sigmfkant. 

The procedure should not be used to perform final 
design if an error in storage of 25 percent cannot 
be tolerated. Figure 6-1 is biased to prevent 
undersizing of outflow devices, but it may 
signrficantly overestimate the required storage 
capacity. More detailed hydrograph development 
and routing will often pay for itself through 
reduced construction costs. 
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Examples Using V, = 5.9 acreft (figure 6-2, step 9) and the 

Four e-xamples illustrate the use of figure 61. 
Examples 61 through 64, respectively, show 
estimation of V,, use of a two-stage structure, 
estimation of qo, and use with the Tabular 
Hydrograph method. 

Example 6-1: Estimating V,, single-stage structure 

A development is being planned in a ?&acre 
(0.117-miq watershed that outlets into an existing 
concretelined channel designed for present 
conditions. If the channel capacity is exceeded, 
damages will be substantial. The watershed is in the 
type I1 storm distribution region. The present 
channel capacity, 180 cfs, was established by 
computing discharge for the Syear-frequency stom 
by the Graphical Peak Discharge method (chapter 4). 

The developed-condition peak discharge (si> computed 
by the same method is 360 cfs, and m o f f  (Q) is 3.4 
inches. Since outflow must be held to 180 cfs, a 
detention basin having that maximum outflow 
discharge (90) will be built at the watershed outlet. 

How much storage WJ will be required to meet the 
maximum outflow discharge (90) of 180 cfs, and what 
will be the approximate dimensions of a remangular 
weir outflow structure? Figure 62 shows how 
worksheet 6a is used to estimate required storage 
(VS = 5.9 acre-ft) and maximum S- (E-= 105.7 
tt). 

The rectangular weir was chosen for its simplicitK 
however, several types of outlets can me& the 
outflow device proportion requirement. Most 
hydraulic references, along with considerable 
research data that are available, provide more 
guidance on variations of outlet devices than can be 
summarized here. 

An outlet device should be proportioned to meet 
specific objectives. A singlestage device was 
sped& in this example because only one storm was 
considered. A weir is suitable here because of the 
low head. The weir crest elevation is 100.0 ft. 

elevation-storage curve, the maximum- stage (E,J is 
105.7 ft. 

The rectangular weir equation is 

qo = 32 L H w l j  

where 

Eq. 6-11 

qo 
& = weir crest length (ft), and 
H, = head over weir crest (ft). 

= peak outflow discharge (cfs), 

H, and qo are computed as follows: 

Hw = E- - weir crest elevation 
= 106.7 - 100.0 = 5.7 R. 

Since qo is known to be 180 cfs, solving quation 6 4  
for & yields 

L =  90 IEq. 6-51 
32 HW15 

= = 4.1 ft. 
32 (5.7)1.5 

In summary, the outlet structure is a rectangular 
weir with crest length of 4.1 ft, Hw= 5.7 ft, and qo = 
180 cfs corresponding to a V, = 5.9 acre-ft. 
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Example 62: Estimating V,, twwstage structure 

In addition to the requirements for a %year peak 
outflow discharge of 180 cfs stated in example 61, a 
decision was made to limit the 2-year outflow 
discharge to 50 cfs because of potential damages to 
agricultural property below the lined channel. By the 
method in chapter 4, the estimated 2-year peak 
discharge for developed conditions will be 91 cfs and 
runoff (Q) will be 1.5 inches. 

Again, a rectangular concrete weir outflow device 
was selected; the device could have been another 
type, but it is important to remember that the flows 
through the f b t  stage are part of the total discharge 
of the higher stage. 

Figure 63 shows how worksheet'b is used to 
compute the V, of 2.4 acre-& and E- of 103.6 for 
the first stage. E- of 103.6 is the weir &est 
elevation for the second stage. 

Equation 65 is again used to compute LW for the 
first stage. The weir crest elevation for the first 
stage is 100.00 ft and qo = 50 cfs. The first-stage 
computations for H, and & are 

H, = E- - weir crest elevation 
=i 103.6 - 100.0 = 3.6 

and, from equation 65, 

L =  50 = 2.3 ft. 
323.6Y.j 

The second stage is then proportioned to discharge 
the correct amount at 105.7 ft  (figure 6-2, step 10). 
Compute the discharge through the first stage for 
elevation 105.7 ft using 

L =Uft(firststage) 
and 

Hw = 105.7 - 100.0 = 5.7 ft. 

By substituting these values in equation 64, 
discharge (q0, through the first stage at 105.i Et is 
calculated: 

90 = 32Z2.3X5.7)l.j = 100 cfs. 

Now compute the required weir crest length (L,,.) for 
the second stage, using equation 66 .  Since the 
second stage crest elevation is 103.6 ft. 

H, = 105.7 - 103.6 2.1 ft; 

and, since Q for the second stage equals the total 
discharge &om example 61 minus discharge through 
the first stage, 

qo = 180 - 100 = 80 cfs. 

F d y ,  substituting these H, and q, values in 
equation 66 results in 

In summary, the outlet structure is a 2-stage 
rectangular weir with tirst stage crest length of 2.3 
ft at elevation 100.0, and second stage crest length of 
8.2 ft at elevation 103.6 R. 

The weir equation used is probably less accurate for 
the twwtage example than for the singlestage 
example. The actual second-stage discharge will be 
slightly more than the one computed, but a 
discussion of hydraulics of outflow devices is outside 
the scope of this technical release. E.uample 6-2 is 
presented only to illustrate the interrelationship of 
outflow discharges and storage volume and to show 
how to develop preliminary estimates of storage 
requirements for twestage outlet structures. 
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Example 6-3: Estimating Q 

A development is being planned for a 10-acre 
watershed (0.0156 mi% A county ordinance requires 
that the developedcondition outflow from the 
watershed for a 24-hr, 100-year hquency storm does 
not exceed the outflow for present conditions. The 
peak discharge from the watershed for present 
conditions, 35 cfs, is calculated from procedures in 
ehapter 4. For developed conditions, runoff (Q) is 5.4 
inches, peak discharge from the watemhed is 42 & 
from procedures in chapter 4, and rainfall 
distribution is type 11. 

What wiU be the peak outflow discharge (qJ from a 
detention basin that is located at the outlet and has 
maximum allowable storage volume (VJ of 35,OOO ft3 
and peak inflow discharge (si) of 42 &? Figure 64 
shows how worksheet 6b is used to estimate q,, as 33 
cfs, which is within the 35cfs limit. An outflow 
device will be selected to discbarge 3 3 &  at a stage 
corresponding to a V, of 35,OOO ft3. 
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Example 64: Estimating V,, Tabular Hydrograph From exhibit 5-11, the largest qt value is 357 c s d i n  
(exhibit 5-11, sheet 7: TE = 1.0 hr, Tt = 0, and I$P= 
0.10 at 12.8 hr). From figure 5.4, AmQ for subarea 6 
is 1.31. Therefore, 

method 

This e.xample builds on examples 5-1 and 52 (pages 
5-4 to 5-8). If peak outflow discharge from subarea 
7 must not exceed the discharge for present 
conditions, what wiU be the storage volume (V& 
required in a detention basin at the outlet of subarea 
6? 

. q = (357) (1.31) = 468 cfs. 

This q value is, of course, the same as the peak 
inflow discharge (si> into the detention basin. 

First, compute the outflow hydrostaph without 
subarea 6 as shown in the table below, which 
presents developed-condition discharges for example 
52. (The information in the table is from figure 54.) 

Finally, use worksheet 6a (figure 6-51 to compute V, 
as 332 acre-& . 

. The required storage volume of 33.2 acre-ft is the 
basis for determining the required stage in the 
detention basin. This stage is a guide in 
proportioning a spillway that will discharge 82 cfs or. 
less at that storage. The timing or routing effect is 

discharge at near qo for a significant period. 

Dischpga (cfa) at time (hrk 

Subprea 13.0 13.2 13.4 13.6 13.8 140 14.3 146 16.0 not c o ~ d e l ' d  the outflow hydrograph will 

1 
2 
3 
4 
5 
6 omitted 
7 
Total without 
subaRp6 

7 9  
7 9  

14 29 
19 32 

117 167 

244 167 
408 413 

- -  

11 I6 
1 2 2 0  
5 8 8 9  
63 114 

206 214 

119 90 
468545 

- -  

?Bra 
96 132 
74 46 

193 143 
132 99 

4 8 4 0  
621582 

- -  

- 
155 
152 
25 
83 
70 

34 
499 

- 

After computing the outnow hydrograph, determine 
the madmum permissible outflow discharge from 
subarea 6. The present condition peak discharge at 
the outlet of subarea 7 is 720 cfs at 14.3 hr (figure 
5-21, and the developed condition peak discharge at 
the outlet of subarea 7 minus subarea 6 is 638 cfs 
(table above). The difference between these two 
discharges, 82 cfs, is the maximum outflow discharge 
(90) for the detention basin. 

Next, determine the peak discharge for subarea 6 for 
developed conditions by substituting values in 
equation &l: 

610 (210-VI-TR35, Second Ed., June 1986) 
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1. 

2. 

3. 

6 .  

5. 

I/ - 

Not appllcable to this example 

btent lon hrln atorage 

r bt.: 6. - ................. 
Drainage area ....... a, - 0.w ml2 vr 9, 

type (I, u, ss, SIX) - = QI 
binfall dlrtrlbutlm (Una - v i t h  figure 6-11 

8. Runoff mluae, 
0 ,  .......... 

Iraquency ...... (Vr - Q 4 p . 3 3 ,  

I 
b' ----- ' 

0 ,  .......... I 
Iraquency ...... (Vr - Q 4 p . 3 3 ,  

90 

91 
C a p u t .  - ........ 1-1 
2nd reair includes . h e  reage 9,. 

10. 

Figun 6.j.-Worksheet 60 for example 6-4. 
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.Appendix A: Hydrologic soil groups 

Soils are classified into hydrologic soil groups 
(HSGs) to indicate the minimum rate of infiltration 
obtained for bare soil after prolonged wetting. The 
HSG’s, which are A, B, C, and D, are one element 
used in determining runoff curve numbers (see 
chapter 2). For the convenience of TR-55 users, 
e-xhibit A-1 lists the HSG classification of United 
states soils. 

The infiltration rate is the rate at which water 
enters the soil at the soil surface. It is controlled by 
surface conditions. HSG also indicates the 
transmission rate-the rate at which the water 
moves.within the soil. This rate is controlled by the 
soil profile. Approximate numerical ranges for 
transmission rates shown in the HSG definitions 
were first published by Musgrave (USDA 1955). The 
four groups are defined by SCS soil scientists as 
follows: 

Group A soils have low runoff potential and high 
infiltration rates even when thoroughly wetted. They 
consist chiefly of deep, well to excessively drained 
sands or gravels and have a high rate of water 
transmission (greater than 0.30 in/hr). 

Group B soils have moderate intiltration rates when 
thoroughly wetted and consist chiefly of moderately 
deep to deep, moderately well to well drained soils 
with moderately h e  to moderately coarse textures. 
These soils have a moderate rate of water 
transmission (0.150.30 in/hr). 

Group C soils have low infiltration rates when 
thoroughly wetted and consist chiefly of soils with a 
layer that impedes downward movement of water 
and soils with moderately h e  to fine texture. These 
soils have a low rate of water transmission (0.050.15 
in/hr). 

Group D soils have high runoff potential. They have 
very low infiltration rates when thoroughly wetted 
and consist chiefly of clay soils with a high swelling 
potential, soils with a permanent high water table, 
soils with a claypan or clay layer at or near the 
surface, and shallow soils over nearly impervious 
material. These soils have a very low rate of water 
transmission (0.0.05 in/hr). 

. p  -’ 7 3 4 4  

In exhibit A-1, some of the listed soils have an added 
modifier; for e-xample, “Abrazo, gravelly.” This 
refers to a gravelly phase of the Abrazo series that 
is found in SCS soil map legends. 

Disturbed soil profiles 

As a result of urbanization, the soil profile may be 
considembly altered and the listed group 
classitication may no longer apply. In these 
circumstances, use the following to determine HSG 
according to the texture of the new surface soil. 
provided that significant compaction has not occurred 
(Brakensiek and Rawls 1983): 

HSG soiltextures 

A 
B Silt loam or loam 
C Sandy clay loam 
D 

Sand, loamy sand, or sandy loam 

Clay loam, silty clay loam, sandy clay, silty 
clay, or clay 

Drainage and group D soils 

Some soils in the list are in group D because of a 
hgh  water table that creates a drainage problem. 
Once these soils are effectively drained, they are 
placed in a M e r e n t  group. For example, Ackerman 
soil is classified as AID. This indicates that the 
drained Ackerman soil is in gmup A and the 
undrained soil is in group D. 

(210-VI-TR-55, Second Ed., June 1986) A- 1 



Exhibit A-1: Hydroiogic soil groups for United States soils 

A A O A O  
A A O C P G  
AA-ON 
A A S T A D  
AAZDAHL 
AOAC 
AOA J O  
AOALOOAOIAH 
AOAPCA 
A O O A T C  

AOOOTT 
AOOOTTST0UN 
AOCAL 
AOEGG 
AOCLA 
A O I L L  
A O C R O f L h  
AOL90kC 
A C C P S I T O  
A Y E 9 1  

A O O ~ C  

recs 
bocese 
A I I L t N C  
A I I I ) U A  
A I I O U A .  CLODOLD 
A n l T A  
A 0 0  
A 0 0 9  
A I O i )  I G I  WE 
A I O T C N  
.@PA 
AOPAHAN 
A O P A Z C  
A O P A Z O .  GDAVLLLT 
AORCU 
AOPIGD 
A O S A D J U t C  
A b S C J T A  
ABSP4tC 
AOSTCD 

AbSTOM 
A C A C I O  
ACADFCT 
ACAO I A 
ACA-A 
ACANOD 
ACASCO 
A C C ' L C I A T O I  
ACC ITUNAS 
A C L L  
A C M l e  IN 
ACKCP 
ACKCPLAL 
A C K I D V I L L C  
ACCCTT 
ACCLC T 
ACKUCK 
ACKMCPL 
ACKUATLP 
ACYL 
ACO 
ACOMA 
ACOPC 
ACOVC 
ACCLDALC 

ACDCLANC 
ACTi)h 
ACUCC 
ACUNA 
ACT 
AOA 

A D A M I  
A O A m I C W  
A C A M S V I L L C  
AOATON 

AOSTLD. C L o a o e o  

Acacc 

ADA t a  

0 I AOAVCN 
0 I A O O I C K S  
c 1 A O O I C L O U  
0 I AM 
0 I AOZK 
0 I A W L  
c I ADCL. UCT 
S I A O E L A I O C  
0 I A W L A N T O  
0 1 A O C L l N 3  
0 I A D C L I N O .  
0 I S A L I N E - A L K A L I  
C I A D C L O H I A  
J I ADEN 
0 I AOCNA 
0 I Aff iCP 
I I AOICUI 
C ! A O I L I S  
0 I A D I N  
C I ADIOS 

0 I A D I I N S  
Y I AO111NS. A L K A L I  
C I A O I I N S .  U t T  

C I A W A N  
C 1 A M O C  
C 1 A m L P N  
0 I ADDS 
0 I A W I A N  
0 1 AOVOKAT 
9 I ACiLT 
s 1 ACNCAS 
0 I ACCCT 
C I ACLCT 
0 I ACTAOEN 
0 I ACTOY 
C I AGA 
A I AGAIPAY 
D I AGAN 
C I AC4R 
0 I A G A S S I Z  
C I A O T I  
0 1 A O T Y A  
C I A O U A N  
0 1 AGCNCT 
0 I AGZP 
C I A U A T A N  
D I ACNAL 
0 I ACNCSTON 
0 I ACNCSTON. C O I I L T  
C I SUOSTPbTUM 
C I ACNCSTON. CO(I0LY 
0 I AGNCSTON. 
A / o l  YONCPAVCLLT 
c 1 ACNCU 
1 I AGNOS 
I I A G M  
C I A G O 9 1  

0 I ACUA 
C I A G V A  n U L C f  
0 I A G U A  f D 1 A  
C I AGUA C R l A .  M l b u  
C I P A I N C A L L  
C I A W A  C P I A .  S T W T  
0 I A W A O I L L A  
C I A W A L T  
c I ArdJeDA 
Z I A G V I L A P L S  

n I ADJUNTAS 

s I Amen 

e I AGPA 

I AGUILITA 
c I A W I P P C  
C I A W I T I N  
C I A N A 0 1  
C I b((L 
A I AMLSTPOM 

C I AWL1 
9 I A W A M  

I I A w e t i  

C I A W N  
0 I A M N K L I N  

A I A M T A W M  
0 I AHTANUC.  D P A l W O  

0 I AICONIIO 
0 I A I C O  
0 I A I K C M  
I I 4IKM.N 
C I A I K N A N .  STONT 

I A I L I T  
W C I  b l W L l l h  
C I A l N A W A  
C I A I W S L C T  
0 I AINSWGPTH 
I I AIRLCNT 
8 I A I O P O L T  
0 I A I T I  
0 I A J C  
C I A J O L I T O  
8 I A K A 0  
C I AKAKb 
C I A K b N  
C I AKASKA 
C I A U L A  
C I AKCPCAN 

C 1 AKIN.  
A / O l  A K L C F  
P I ALADOIW 
C I A L A C S M I  

I ALbC 
C I ALACLOA 
B I ALAGA 
0 I A L A K A I  
C/O1 A L A L A  
I I ALALADITAS 
0 I ALbVANCC 
0 I A L I V O I Q U E  
0 I A L A Y C  
0 I ALANOGOP3r) 
C I ALANDSA 
C I ALAVOYA.  DPAINCC 

C I ALAWCS 
0 I ALAUAWA 
0 I A L A O A I  
0 1 A L A Z A N  
C I ALCAI; 
C I A L I A N O  

I ALOANT 
C I A L t A T O N  

e I A-S 

0 I A*WAhNCC 

w o i  wcmuc 

I ALALUCMCL 

c I .Leet 

c I A L C C P T V I U C  

I A L I C M A R L E  
C I ALOCPTON 

C I A L l l h A S  
C I A L I I C W  
C I A L C O I G H T S  

C I A L I U P L .  WAINC3 
C I A L R U S  
S I A L C A N  

c I ALSUCZ 

I A L C C S T L P  
e I ALCJA 
A I A L C O I A  
fJ I A L C P T  
B I ALCOVb 

C I ALOA S A L I N E  
C I A L D A I  

I ALOCN 
C I ALDCO 
C I A L C C C O A L I  
0 I ALCCOUANO 
C I ALCCEW(W0 
0 I 4LDI 

e I ALCA 

n I ALOIMZ 

e I ALDINC 

I I ALCDO 
0 I A L C G I O S  

e I A L t C t O A  
c I ALL1 

C I A L O I N 0  

C 1 A L C K N A C I K  

0 I A L C I A N D C P  
I I ALCXANDR1A 
0 I A L C I O  
C I ALCLACK 

C I ALCANSCC 
b I A L C A P R O I O  
0 I ALCCPITA 
t I A L C I L R Y  
C I ALGOA 
0 I ALCOMA 

C I ALHARK 

C I A L I C I L  
A I A L I C I A  
O / O l  A L l D A  
I I A L I K C Y I  
0 I ALINC 

C I ALKO 
6 I A L L A C A I M  
0 I ALLALCRC 

I ALLANTON 
C I ALLANTON.  
A I OCOPCSSIONAI 

A I A U O O b N  
C I ALLCCWENT 
6 I ALLEUANOS 
C I A L L C N  

I b L L L N D A L C  

C I A L L E N S  D A R K  
I b L L C N S  OAPK.  

C I A L L C N T I N C  
C I ALLCNUOOD 

I A L L C T  
Z I ALLHANOS 
0 I A L L I A N C E  
A I A L L I G A T O R  

e I .Lmoo 

e I ALNAMBDA 

0 I A L I C C  

1 A L K l P I D C L  

e I ALLAPO 

e I A u e m o o w  

e I ALLIS 
c I ALLIS- 
0 I A L L K C D  
C I A L L C P  
0 1 A L L O U f Z  
C I ALMAC 
0 I ALCANOP 
6 I A L L A V I L L C  
C I ALPCNA 
0 I A L M C D I A  
P I A L L I S A N T C  
C I ALMO 
C I ALLIDNT 

I I ALMT 
0 I A L N I T C  

e I ALLOTA 

e I ALO 
e I ALWA 

e I ALOMSO 

0 I A L O M A I  
A 1 ALONA 

C I ALOVAP 
b f i l  ALOCWA 
C I ALPHA 
0 I A L O I N  
C I ALOON 
C I ALOObA 

C I A L P 0 1  
C I ALS 
P 1 ALSCO 

e I ALPID 

0 I A L I C A  
C I ALSDAUGH 
C I ALSTAD 
C I A L S T O N I  
C I ALSUD 
C 1 ALTALONT 
0 1 ALTADCAC 
C I ALTAP 
C I A L T A V I S T A  
0 I ALTDORC 
C I ALTMOUSC 
I I A L T I C P L S T  
C I A L T I T A  
A I A L T l A P  
0 I A L T O  
C/O1 ALTOCA 
C I A L T D N  
W O I  ALTOONA 
I I ALTUDA 
0 I A L T U E A S  
0 I A L T U S  
I I A L T V A N  
0 I ALUC 
0 I A L U U  
I I ALUSA 
A I ALVAPADO 
C I A L V I N  
0 I A L V I P A  
I I A L V I S O  
0 I A L V O D E S T  
I / D l  ALVOD 
0 I A L V r D .  OPAINCD 

0 I A L W I L O A  
0 I A L T A N  
0 I ALZAOA 
0 I ALZOLA 
0 I AMADOR 
0 I AMAGON 
0 I I U A L I A  
0 I AMALU 

STONT C I A L A N 4  
0 I AMANGA 
0 I A M A R I L L O  
I I A U A S A  
0 I A M A S A .  MODCPATCLT 
0 I MET. SANOT 
0 I S U I I S T P A T U U  

I ALVOD. OROTCCTCD 

o I Awnen 
e I A N O I A  
e I AWIOAT 
0 I AMOOT 
I I ALODANT 
0 I AMYPAb 

1 A l C L I A  
0 I ANCNC 
C I A N C N I A  
0 I ANCNSON 
I I AMCRICANOS 
0 I A N C P I C U S  
C I ALCPT 
c I AMCS 
e I A M C S C A  
0 I AUCSUONT 
c I ANHCPST 
C I AUIITAO 
0 I A M I T T  
0 I U M O N  
0 I ANCOAC 
c I A M G L t  
A I AUOP 
0 I AMOPUS 
A I A N O I  
C I ANDSTDUN 
C I ANOAD 
0 I ANONION 
C I A N I D C M  
A I ALSTCODAY 
0 I ALTOCT ' 

0 
C 
C 
0 
C 
0 
0 
0 
C 
0 
I 
9 
C 
0 
C 
C 
A 
C 
0 
C 
0 
I 

I 
0 
0 
0 
C 
O 
D 
0 
C 
C 
0 
C 
D 
C 
0 
0 
8 
0 
0 
C 
0 
6 
C 

A 

8 
0 
C 
C 
0 
I / C  
C 
0 
0 
D 
e 
A 
0 
C/O 
0 
C 
D 
0 
0 
0 
C 

0 
0 
C 
C 
C 
C 
0 
0 
3 

A 
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Exhibit A-1, continued: Hydrologic mil groups for United States soils 

C I ASSUNOTfON 
0 I A S I A  
0 I A S T A T U L A  
0 ' I ASTOI 
o I ASTW. CLoooeo 

c/o1 ATA.OUL 
A I A S V 0 1 ) X A  

C I ATASCO 
0 I ATASCOSA 
C 1 A T A T L  

0 I ATCO 
0 I A T I Y C X O  
A I ATLPXC 

0 I ATWLNA 

0 I ATWL 
C I A T K I N S  
0 1 ATKXMSON 
C 1 A T L A S  
0 I ATLCC 
6 - I ATLOW 
0 I ATMODC 
C I 110.. 

. O  I ATOMXC 
0 I ATnAC 
0 I A T n A V C S A O A  
C I ATDXNC 
0 I A T W P A  
C I ATSXOY 
0 1 ATSfON. TXDI? 

C 1 A V T C L L A  
0 /0 l  ATTLP 

0 I ATTLUAN 

I! I ATTXCA 
0 I ATTOVAC 
0 I ATUATEl) 
0 1 ATbCLL 
C I ATWOO0 

C I A U A  
0 I AUlAEOW 
0 I AU#OEENAWOCC 

c I .icWee 

c I .TneLwnLo 

o I .rWenTon 

o I noooeo 

A I dweneenav 

D I ATTCWAW. u e i  

e I AU Gnes 

e I Auaeamv 
e I auaaev 
0 1 AMUDN 
e I AUeuamoALe 
C I AUCCO 
0 I AUCCIC 
0 1 AUCSIUDC 
0 I AUCUSTb 

C I AULD 
1 / 0 1  A U I A  

c I AL'CUST~W 

e I AuneLte 
P I AuneLxus 

a I .USLUS 
0 1 AUEODA 

0 I AUSTIN 
0 I AUSTXNVILLE 
I I AUSlUCLL 
r I AUT 
I 1 AUTOMIA 
0 I AUTDTVILLC 
c I AUIVAISC 
C I AUZOUI 
0 I AVA 
C I AVALON 
I I AVANT 
0 I A V A n  
0 I A V A W A T Z  
C 1 AV'CNAL 
A I A V I L L A  
0 I AVXS 
0 I AVOCA 

e 
e 
A 
e/o 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
1 
0r0 
1 
0 
¶ 
0 
C 

.o 
Y /o 
C 
0 
8 
0 
a 
0 
c/o 
0 

0 

0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
0 
@ 
0 
C 
0 
e/c 
0 
0 
0r0 
C 
0 
0 
0 
0 
e/o 
C 
0 
C 
0 
0 
C 
0 

0 
0 
C 

8 
0 
A 
9 
0 
A 
0 

A 

A 

e 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

C I D Y D C I C L D  C 
0 I B Y W I L L  e 

I BUDNOUNTAIN 
I BYDOCK 0. 
I D Y W C K .  WAVCLLV C 

0 I SUBSTRATUN. 
0 I OIAXNLD 
0 1 BYDOCK. S U X N l  
0 I BYDOCK, SALXW 
0 I DUOOCK. D I A X M O  
I I D Y D U X N  
0 I B U O Y  

I B U L  

B / D I  BYLAYACK 
1 B Y L A W  c 
I BYLXNULR 

0 I B Y L T O U N  
C I D Y L V A I  
I I B Y L V  

I D U M A *  
C I B U U N .  SALXW. 

C I BUMLARE 

C I BUD(( 
C I B Y S O I A  

I B Y T I C  

I BANA 
0 I BANAC 

I I U B C R  
c I BANDS 
em1 muiuan 
0 I IANADLRU 
0 I BANAT 
C I BANOURV 
0 I BANCAS 

I Bu(CKLI 
0 I BANCIOTT 
C I BANCV 
I I I A N O A C  

I D A N O L I A  
I I B A N D X O  
I I IAUOON 
D I BAHC 
I I IANCO 
c I IANCOR 
C I I W C S T O N  
0 I DANIDA 
M I  BANKARO 
D I I A N K N R A D  
0 I BANKS 

I BANLlC 
0 I BANNLL 

I nuaten 
0 I DANNINC 
A IBANNXON 
C I DYOCOCK 
0 I B4NTRV 
I I Om08 
C I D Y A D 0 0  
C I B-ACA , 

C I B Y A N A  
C I B Y A T A R X  
0 I BARBAROSA 

I B Y B A I V  
I DARBC.1 
I I U B O U R  

0 1 B M B O U R V 1 U C  
0 1 B Y C A V L  
C I D U C C  
0 I D-CLAY 
B I D U C D  
I I C U C U S  
C I D-0 
0 I I Y D L N  

A I BAAL. .et 

c I m u e n  

c I B Y *  

I mwoeo 

I BU-USA 

I B U l l U O l L  

C 
C 
C 
0 

0 
0 
0 
0 
0 
0 
I 
C 
0 

C 

C 
I 

0 

A 

C 

0 
I 
0 
C 
0 

0 

C 
A 

A 
0 
A 

A 
C 

C 
C 
C 

u o  
0 

C 

UD 
0 
0 
0 

e 
B 
C 
B 
A 
0 
C 

e 

I 
C 
C 
0 
0 
C 
0 
C 

0 
0 
C 
0 
0 

0 
C 
I 
I 
C 
C 
0 
0 
A 
C 
I 
C 
C 
C 
0 
0 
C 
0 '  
I 
I 
I 
0 
I 
I 
C 
0 
0 
0 
A 
0 
I 
C 
I 
0 
C 
I 
0 
I 
C 

C 
I 
0 
0 

0 
C 
C 
0 
A 
0 
0 
B0C 

e 

e 

e 

PONOtD 0 
i 

D 
C 

t 
C 
0 
0 
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 

I 
C 
I 
0 
C 
I 
C 
0 
C 

C 
C 
A 
I 
C 
C 
I 
D 
C 
C 
0 
C 
C 

I 
D 
0 
0 
C 
C 
I 
C 
D 
I 
0 
C 
I 
0 
0 
I 
I 
I 
I 
I 
I 
C 
I 
C 
0 
I 
I 
0 
I 
0 
C 
I 
I 
C 
C 
I 
0 

0 
C 
C 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
0 
I 

I I )  
0 
I 
I 
0 
I) 
D 
I 
D 
I 
I) 
6 
I 
I 
I 
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Exhibit All, continued: Hydrologic soil groups for United States soils 
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Exhibit All, continud Hydrologic soil groups for United Statea soils 
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0 I C A L I W A Y  
c I CALCO 
C I CALCOWSlA 
0 I CALCROSS 
e I C U D  
0 1 CALOCR 
I I cuoeerom 
c I CALOWCLL 

0 I CALL 

c I c a e e  

0 , I C b U W C L L  ORAIW 

I C A L C A S l  

I c u e w a a  
V C I C A L C W N I A  

b I C A U I A  
0 1 CALMI 

C I C A L I C O  
C I C A L I C O 1 1  

0 I C A L W O W  

e I c u m m  
c I C A L I r V S  
C I C L L I T A  
0 I C U I Z A  
0 1 C A L K I N S  
C I CALLADO 
0 1 CALLAMAM 
C I C A L L A N  
0 I CALLCCUAS 

0 I C A L L I S O U R C  
6 I C U L D A V  
C I CALMAP 

a I CULIMCS 

0001 C U N e v r  

C I CALOOO c I CAMTLLN 
I CALOOSA C I CANTLT 

0 I CALOUSF 0 I C A N T I L A  
C I CALCAC 0 I CANTOL 

0 I C A L C I N C  0 I C A N l P I L  
C I CALROV 0 I CANTUA 
C I C A L L I N  0 I CANlUCWl! 
o I caveatom C I C A M U T I O  
0 I C A L V I N  C 1 CAYWALL 
A I C A L V I S T A  0 I CANVON 
c I c a w a m  0 I CAPAC 
0 I CALZACORTA 0 I CAPAV 

A I C Y M O O  0 I CAPE PEAR 
C I C A M A R I U O  C I C A P C W R N  

0 I C A L A I  A I CACLRTON 
8 I CAMAS. S T O W  e I C A P W I  
0 I C Y A T T A  0 1 C A P I L L O  , 

I I CAMOAPGE I I C A P I S T R A M 0  
0 I CAMOLRN C I C A P I T A L  

C I CAPJAC A 1 CAWOLIT 
o I c A m e e t W  C I C A P L L N  
c I C Y I I I A  a 1 C A P L f S  
8 I C A ~ D I O C L  C I CAPLLS.  ORA1 
A I C U O L N  6 I CAPON. 

0 I CALPCAC o I CANTON eewo 

0 I CAMACUCV 0 I CbPC 

c I CAMARILLO. oaAIwo e I cmeas 

A I cueex  o I cmooae 

A 1 CAWCO e I CACSWAU 
I CAMCWACK 0 1 C A W S  

I c u e m  0 I C A P T I N A  
A I C A M I L L U S  0 I C A P T I V A  

I CAM1110 C I C A P U L I N  

I C A M P I I L L .  * u c C  C I CARADAN 
A I SUOSTRATW I CA*ALANCI  

I CAMPOELL. 0l )AINEO 0 I CAROCNCLC 
A I CA*COCLLTON 
A I CABCCRCCK 
A 1 C A M P I A  I C A r e O N A  

0 I C A I C M  C I C A P C I T V  
0 I CAROCMAS 0 I CANCSPASS 

0 I CADCUS 0 I. CAROlCC 
A I c ~ ~ o o o e m  C 1 CAPOICAM 
B I CAN. C 1 CAROINGTON 
e I CANAAN C I CACOON 
B f i l  CAMAOIAM I 1 C A n c C R e C  
I001 CANADICE 0 I CARCV 

e I CAMPANA I C A a a c o L e s  

C I CAPO0 
c I C A I O O L  

0 I C - 0  c I C A a e O h o A L L  

0 I CAMALOU b I CARL* LAKC 
C I CAWANOAIGUA 0 I C A R G t L l  
0 I CANAILRAGA C I C b P C I L L  
0 1 CALAVCRAL c I CA.10LL 
C I CANOURN 0 I C A a I o O u  

!O 6 I CAN0CLAI) IA 0 I CAI)IOCA 
I 1 CAMOCLCRO C I C A O I S  

0 I CARJO C I CANOCRLV 
e I CAYOLCa A 1 C A R L I N  

I CAMOLESTICK C I CARLINTOW 
A I c A a L t s L e  c I CAMOOR 

C I CANE C I C I O L I T O  
A I CANLAOCA 0 I CARLOS 
0 I C A W C K  e I CAOLOTTA 
C I C A W L O  0 1 CARLOU 
b I C A M l S T  0 I CAOLSBAO 
C I C A Y V V I L U  c I CA.LSI0.C 
0 1 CANE2 I o m s o m  

c I CAaLSTROM I I cmcIeLo 
0 1 C A N I S T C O  0001 C A W T O M  
C 1 C A M I S T f O .  STON. 0 I CARMACK 
c I curiae 0 I C A n M L  
0 I c.*La 0 I C A W 1  
c I C A M C L L  
0 1 c r * r r w  I C A R W O V  
c I C u * O c  
c I c-omviue o I c.a*CcIe 
c I C A M e  0 I CAWNCRO 
e I CANOVA O m 1  CARMCV 
C I C W T A L A  o I cIooLIme 

l I CADWICWACL 

I I CAl)NASAW 

e 
0 
C 
0 
C 
0 
0 
0 
0 
C 
0 
C 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
C 
0 
0 

IMCO c 
C 
C 
0 
C 
C 
0n0 
0 
0 
0 
1 
0 
C 
0 
0 
A H 0  
0 
0 
0 
1 
C 
0 
0 
0 
e 
0 
C 
0 
0 
0 
C 
C 
0 
C 
A00 
0 
Ad0 
0 
0 
C 
A 
1 
C 
C 

C 
0 
C 
C 
C 
C 
C 
0 
C 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

CAPOLLO 
CARON 
CAPON I A P S W Y  
CAPPeMTCC 
C A M  
CADPACIS 
CAPPANZA 
CAPPCPCCK 
C A P P I Z A L C S  
C A P P l Z O  
CAPPOLLS 
CAPRYIACK 
CAPS I TAS 
CAPSITAS.  WET 
CAPSOM 
C A P S T A I R S  
C A P S T W P  
CAP 1 
CARTACEMA 
CAQTCCAT 
CAPTCC 
CADTCRCT 
CAPTWAGL 
CAPUSO 
CARUTl4EDSV I L L C  
cAovcn 
crau I Le 

CARYV i u e  
CAPTTOUM 

CAS. GPAMOC 
CASAIOMMC 
CASAGA 
CASCAOC 
CASCA JO 
C A S C A m .  C O I I L T  
CASC ILLA 
C I S C O  
CASC 
CASCT 
CASMCL 

CASWION 
CASMwLae 
C A S H I O N  T 
C A S I T C  
CASLO 

cAsW:eas 

0 I CATALPA 
A 0 0 1  CATAWOUMT 
0 I CATAM0 
0 I CATAPACT 
I I C A T A P I M A  
0 I CATASKA 
e I CATAULA 

A I CATCLLX 
A I CATCPL 
0 I C A W  
C I C A T Y A P P l h  
A I CATMAT 
I I CATMCART 
0 I CATWCOSAL 
A I CATWCCN 
C 1 C A T W e P I W  
I I CATMLANCT 
0 1 C A T W O  
C I C A T I L L A  
3 I C A T L A  
0 I C A T L L T T  
I 1 C A T L I M  
C I CAlWAM 
I I C A T N I P  
A 1 C A T O C T I M  
0 I CATOOSA 
0 I CATPOI ' IT  
I I CATTCPCCK 
C I CATICRCCK.  
I I O A V C L L T  
c 1 ~ S T P A T W (  
C I CATTO 
A I CAUDCZ 
¶ 1 CAUSEWA 

9 1 CAVAL 
S I CAVAMAUGh 
0 I CAYL 
c I CAveGuCcM 
I I C A V C W I L L  

I I CATCWCLL 

9 I c w s e v  

C I CAV'LLT 
I r CAVCMOISM 
0 I C A I 0  

0 I CAVOUP 
0 I CAVOOC 

. ~-~ 
CASLI. moocn.ttLv c i CAVA 

I C 1  I CATAGUA 
CAS*OS 0 1 CAYTOM 
C I S P I P  I I CAYUGA 
CAS01 A N A  I I CAYUSC 
CAS8 ¶ I C A Z A O L P 1  
CASSIA c I c u A o o e  

CASS I no e I CCCOLLCTA 
CASSIPO. STOMT c I cuome 

CASTA I C  c I ctc:L 
CAS T A L I  A c I CEO. 

C A S S I A .  IODCPATCLY I 1 C U C M O V I A  
ueLL omimeo I CI !BOLIA 

C A 8 SOL AD T C I CIEOOYA 

CASTANA e I CCDAP O U T T t  
C A S T C U  C I CL3.0 MOUMTAIM 
CASTCLLCY A 8 I CCOARAM 

CAS TC PMrw C I C L D A P C I C L K  
CASTILL I I C C O A P C A U S  
C A S T I N 0  C I CEDARCAP 
CASTIMO. r W S l O M T  0 I C C O A C W I U  
CASTLC 0 I C L D U D A S S  
CASTLCVALE 1 I C C D Q c l A  
CASTMCR 0 I CLLK 
CAST0 C 1 CCLACY 

CAS l e u @  9 I C e o A a e x u w  

CASTOM I I m e s i c  

CASUSC o I c a i o  

C A I U C U  I I C a s o s P a i m c s  
C A l A L I N A  I I cemem 

CASTRO 0 I C R C T O N  
CASTROVILLC 0 I C C L I M A  

CASVAPC 0 1 CCLLAP 

c I cemcove 

I I cemitn 
o I cemven c a e e K  
o I ctmicewnc 
I I C e w e w i e L o  
c I cemiwtv iue  
I I C t Y T x l s l r A  
a I CLYTRAL D J I N T  
C I CCMTDALIA 
C I CCWTMALPCAK 
c I C t r n A T  

0 I C L R I N I  

0 I C C h I Z A  
A I CLMTCYAYT 

a I cemcsco 

I I ccPiw.  u a u z  
c I team 
e I cenaxuos 
A ~ I  cenwc 
C I C O T M I K  
0 I CLTPACK 
0 0 1  CWACWA 
I I CWACON 
0 I CWAO 
D I c n A w e c  
C I CWAGFIM 
I I C w A r r  
A I CWAII)CS 
P 
A 

0 
C 
C 
I 
e 
C 
0 
I 
C 
0 
I 
0 
C 
0 
0 
C 
C 
C 
I 
C 
I 
0 
C 

CMA I WS. 

C W I I  
cwuco 
CWALCOMT 
CWALKCPCCK 
C Y I L M C R S  

ocpaess I ~ M U  

CMAIA. nooemmLv 
SLOW P e m  

C~AIA. caoL 
CWAIATL 
C h A L I L A L  
cmmeeeima 
C M A I I ? L a L A I M  
C w U r r C  
CWUGKAMC 
CMAIDACMC 
C M A I P I O M  
CMAMAC 
CMAMCC 
CWAMCLLLOI) 
CPANOLLP 
CMAUCT 
CMAMMAWON 
CPAMM IMC 

CMAIA.  * O X P A T E  
Dea*eAI IL I T *  

C I C W M T A  

C I C W O A N O K Z  
0 I C W D C P T O M  
I I C M A P I M  
0 I C W P L A M  
0 I C W P O T  
0 I CWADOELL 
C I CWAPPUIS 
C I CMAOUA 
& I CPAPCC 
I I ChAOCOL 

I ChAPO 
I I CWOOOTOM 
8 I cnameiie 
a I CWAICO 
c I C * A P I T 0 *  
o I C t u n L e e o i s  
o I CWAPLCIOIS. u t i  
c I CMAPLCS 
C I CWAULCS11)* 
o I cweLevoIx 
C I CPAPLOS 
c I C W U L O S .  UCT 

c I C H A M T I C P  

8 1  
8 1  
A I  
C I  
C I  
C I  
P I  
0 1  
e l  
I I  
I I  
C I  
0 1  
8 1  
0 1  
C I  
C I  
b I  
C I  
C I  
P I  
C I  
C I  
C I  
0 1  
K I  
C I  
I 0 B l  
0 1  

I 
I I  
D I  
C I  

I00 I 

I 
P I  

I 
C I  
I I  

C I  
8 1  
0 1  
C I  
I I  
I I  
I I  
0 1  
C I  
I I  
C I  
0 1  

@ I  
0 1  
C I  

r i  

e i  

e i  

c i  

I C W R L O 1 1 C  

I CMARMOCK 
I CWARWOCK. 

I C U P 0  
1 CWASC 
I C W S L C U C  

I cWm.iom 

I *ODemteLv r e t  

C m s e v i L L t  
CMASKA 
CWASTAIM 
C W T I W M  
CWATCOLCT 

I ChA1C.U 

C W A T Y U  

cwrr 
C)UTUGC 
CWAWONT 
CMAUMCCT 
CWAUTAWUA 

CMAUAMAKCC 
CWAYSON 

C W A O L C  
C W A Y I  
C W 9 O V G A M  

C M C K L R  

C W O A T M A  
C M O C M A P  
C W O C S K I  

cmtrxtLo 

1 CWATSUWTW 

CWAVICS 

cnhzos 

cmccwi 

c W c c e i i  

c a o s e v  
cmeene 

C n e e s e w A M  

cmmwwn 

CMCCKTOUACA 

C M W A L L Y  
C Y C Y A L I S  

<=LAN 
C M L S L A  
CWWAUA 
C W M  
CWLMA 
C M M A M C O  
C W W A U L T  
CYCMCGA 
C M l r C T  
C I e M M C I T  

CWCOAY 
CI4eOueST 
C M P I O M I  
c w Q I m e c  

cnmoweir 

cueaav 

C 
I I CWCWCLAM C 
c I cnevemme I 
I I CWCA 0 

I C M I A P A  0 
C I CWICANC C 
C I CWICMAMTMA 0 
I I CWICKAWOWIMT 0 
A I C M I C K A I A N  I 

C 0001 CMICKASA. 
0 I CWICKASMA I 
0 I CWICKPCCK 0 
I I C n r c o L e T e  C 
o I c w c o i e  0 
e I CMICCLAMO I 
e I cwi txcv  C 
0 I C P I K A I I ~  C 
C I C W I L A O  C 

C 0 I C M I L C O T T  
0 I C W I L C O T T .  GPAVCLLT 0 
c I C M I L C O T T .  COOL 

0001 CYCUACLA 

c i CYILOJ 
I I C n I L G a e M  
c I CWILWOUIC 
c I C W I L I  
C I C W I L I C C T A L  
0 I CWILKOOT 
0 I C H I L L  
I I C h l L L U L  
0 I C M I L L A P K  
c I C Y t L O O U i M  

I I CWtLSOM 
I I CWILTOM 
I I C H I M A T O  
c I cmire 
0 1 C W I I C N C A  
o I cmimmev 
e I CMIMAPOINT 

o I cm:mcoie.cue 
I I cwxwcm 

o I cwwpcp 

C I CMIWCAP 
0 I CWYMCWALLO 

A I C W I M I A K  
e I CWINO 
C I CWIMO. OPAIMCO 
A I CWIMOOK 
A I CWINVAP 
a . I CwtPemofiLe 
A I c m t P e w i L L  
I I C M I P L T A  
c I C M I P L C T  
I I C W I D I A M .  
I 1 S A L I M C - A L K A L I  
C I C W t P I A M .  

0 I C H I P I A M .  O P A l r r l O  
C I C Y I C O L A  

o I rooeP.ieLv '.el 

C I C W e R T .  C A L C A P C W S  I I C W I W C M T  
c I cwmav. COOL I I CWlPPCbA 
I I C M S R T  SPPIMC c I cnrwemo 
I I c n c n a w i L L  

I I cwswinc I I CWlsmORe 
C I ChCSMhIMA c I C W I S O L L  

I I CMIDICAWUA 
A I C M P U I  I I CWIPPCMATTCR 
C I C M S A U  A I C Y I S C A  

a I C N C S N I I W S  b I C M I S P A  
I I cwest.iee I I C M I S T O C Y I M A  
c I C W S t t .  0 I C W I T I M A  
c I c ~ s i c w o w  0 I C M I T T U L  
C I C W I T N U T  
C I CWLSTOMIA 0 I CWIVATO 
I I CMCSUMCOOK C I CWIUAUKUM 
c I C W T C O  0 I C M I U A W A  
C I C W T C K  8 I CWO 
C I C X T W T W O  I! I CMOATCS 
I I C W V A L  

a I CMI~UOOO 

c I c w m e  
e I cmveLow c I cnoeee. 
0 I C W V I O T  e I 0CP.LssIoNAL 

0 
e 
C 
C 
I 
I 
0 
0 
I 
C 
0 
0 
0 
I 
0 
C 
0 
A 
0 
I 
0 
0 
0 
A 
C 
I 
I 
C 
0 
0 
0 
C 
3 

C 

0 
A 
0 
0 
0 
0 
e 
0 
0 
A 
e 
a 
C 
0 
0 
C 
I 
8 
C 
C 
I00 
0 
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 

I C U N  GULCH 
I I CLAN0 
0 I CLAN- 
0 I C U N A  
0 I C U N A L P I N I  
0 I CLANTON 
o I CupIen 
I I cunenonc 
I I c u n e t m  
c I C L A R e 1 ( 0 0 1  
o I cuncsoa 
c I c u n e v i u c  
0 I CUI)IIIOA 
C I CLARION 
c I CLAntTA 
c Iura 
o I c u m  PORK 
C I CLAIKCLLM 
C I CLAnKnAWCC 
I I C U I K S I U G  
c I cumcsoue 
C 1 C L A O K I V I L L C  
I I CLARWO 
c I C U T 0  
I I C U T S O C  
0 I C U W C M  
I I cLAvcn.CK 
0 I C U V I C O N  
c I C U U S O N  
I 1 C U Y I W W  
e I cuvsPnw6s 
I I a A Y T O N  
I I CLL C L W  
0 I c u m  LAKL 
0 I C U A O  LAKC. 
c I STwATIPIeo 
0 I SU0STl)AfUN 
0 I CLLAI) LAKE. 
o I *OoenAieLv rcv 
8 I C U U O R W K  
0 I C u A n P I R o  
A I C U A I C W K  
0 1 C u A R w A T e n  
I I C U A V A C L  
o I c u b v e n  
e I C u A V N o n  
c I Q C O I T  
c I C U C C  
c I CUGMOWN 
o I a e m n  
o I cuwentine 
o I cuncwime.  

c I C U N S  
c I C U N V I L L L  
c I C U N O I W N  
c I c u o * L  
A I C U O R A  
0 I cuw 
e I C U D C I R N  
0 I CUONONT 
e I C U I C L A ( O  

0 I CLICK 
8 I CLIPPDCLL 
A I CLIPCOOUN 

c 1 C L I P c 0 . 0  
I I C L I P S A W  
0 I CLICTCRION 
I I CLIPTOlc 
c I C L I P T Y  

0 I C L I N e  
I I C L I Y T O P  
A I C L I N T  
I I CLINTON 

I O l A I l c C O  

o I aevemv 

c I awcnousc 

8 I CLINA1A 
0 I C L I N A l  

c I CL1.W. 
0 I CLIYCL.. OlAI*LO 
VDI CLOOINC 
0 I CLONTAnP 
A 1 CLOOUALLUN 
C I CLOOUATO 

I I CLOSKLY 
0 I C L O T M  
0 I CLOUO PeAK 
c I CLOUD 1):- 

c I CLwocnort 
c I a o t m m o  
0 I CLOUGM 
e I C L W R L Y  
o I cLovcn spI)twGs 
D I cwvenoae 

I I CLOVIS  
c I cLoucos 
c I CLOWCOS. r e t  
c I CLOWPIN 
I I cwrr 
I 1 CLUNIC 
e I CLUOC 
0 I C L W O  
I I cLvoe 
c I CLvren 

c I cLoouei 

A I CLOVCRLA*0 

C I C M C Y I L L A  
C I C M C W I L L A .  r l T  
I I C M N U I L A  
0 1 COAL C W C K  
I I COALIANK 
c I COALDALL 
0 I COALOIAW 
c I c0u*0*1 

I COAWO 

C I COATS8UIG 
1 COOAT 

0 I CCIIATUI 
c I C W I  
0 I C D H U O I K  
o I cooen 
o I c w e v  
o I cooLe 
0 I COIOC 
0 I COIOC 
I I C ~ a G  
c I COCWeTOPA 

c I coc)(11: 

I c a o a  
e I caoonw 

I CMI)SLCOL3 

I I COCMIMA 

0 I COCWPAN 

I 1 COCOLALLA 

0 1  
C I  
0 1  
I 1  
C I  
D I  
S I  
C I  
c/o1 
C I  
I I  
0 1  
C I  
0 1  
0 1  
D I  
0 1  
C I  
S I  
8 1  
C I  
I I  
C I  
t I  
e 1  
0 1  
a /o  I 
D l  
0 1  
C I  
I I  
0 1  
0 1  
0 1  
0 1  
C I  
C I  
C I  
0 1  
I 1  
C I  
8 1  
0 1  
0 1  

0 1  
C I  
C I  
C I  
C I  
0 1  
C I  
C I  
A I  
C I  
0 1  

e i  

0 
e 
e 
C 
0 
0 
C 
e 
A 
I 
I 
C 
C 
I 
I 
I 
I 
0 
0 
C 
0 
C 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I c a o L u u .  oaatneo c I 
c a w  I I  
CaDOIuS C I  
C W O U I N  0 1  
COOYLAKC S I  
COC A I  
COLIGCK 0 1  
C O C S U  C I O l  
cwc C I  
c o w e m  0 1  
CCCCON 0 1  
C W A  0 1  
COQSueLL C I  
COYACer 0 1  
coy.sse1 e l  
c m a c i m  1101 

E U I S T n A N N  I 
C O O L  a 1  
C O I L S  C I  
C C I T  0 1  
C O I L 0 . U  0 1  
c a c o u e .  ona:wo c I 

CO(OC1AM. SANOT 0 I 

COICL 
cmeo 
cosessunv 
c o x e v u e  

caoent  
caeunn 
c a w  
c a o c n m  
ccLoeni 
c u e  
c a e n m  

COLANO 
CPLIA. 

CDLC~ANTOWN 
COLLSTINC 
C a r  A 1  
c a m u  
cm:eoo 

c a L A L e n  
c a L A n o  

c o u e n u  

c o u e e e o a u  

c a L e t i .  oniweo 
c a u c n  

CO4IN.S 
COLITA 

COLLAYONI 

C O L L I I A N  COSILY 

COLLCQIATC 
COLLCTT 

COLLI *010*  
COLLINS 
COLL I ~ T O N  
c a L  I w ~ v  i u e  
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 
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Exhibit All, continued: Hydrologic soil groups for United States soils 
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O I I O L L  
OICK 
OICRCRSON 
OICKLV 
OICKIUSON. LAP(Z1 
OICKINSON. TILL 

C 

0 
6 
C 
C 
0 

0 
0 
I 
I 
C 
0 
0 
0 
I 
e 
0 
C 
C 
C 
0 
0 
e 
C 
C 
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0 

I 

e 

e 
4 

0 I SUISTRATUU 
C I OICKINSON. NAAT>SO 0 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
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oe 
oe 
oe 
oe 
oe 
oe 

oe 
oc 
oc 

a 

n 
I 
S 
S 
S 
S 
S 

0 I OICKINSON. 
am C I OICKLAN 
'I) C I OICKSON 
*IC. 8 I OIOOV 

WI*CS* O I V  I I O I C M S T A O T  
NOI*CSm COBOLV C I OI tRSSCN 

A* 4 I o:ein:cm 
A n 1  c I O I W V  
A T O V A  c I OIGCCR 
CAUIRADO 0 ' I  OICMTO* 

L A A T < I O  I 
A 
C 
0 
C 
0 
C 
0 
C 
I 
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o1a ionao 
D I L U M N  
D I U  
D I U A I O  

DILLWYW 
OILMAN 
D I L T D N  
O I L I S  
DIMAL 

D l Y l C K  
DIM0 
DIMYAW 
DINA 
DINCD 

DINLYO 
DINCLC 
D I N C L  ISMMA 
D INCMAW 
DINKLLMAN 
D I N K L L S  
o i m m  
O I N I D U L  
DINWA 
OINWDOOT 
DINzeP 
D I O I S U O  
O I O X I Q  
D IPSAN 
O I P S C A  
O I O M  

D I S A 8 C L  
D I I A U T L L  
DISCO 

OISYPAW 
O l S T t L L  

DISTDN 
DISW000 
DITCMCAWP 
DITMDD 
DITWLY 

o u e v  

D I neeox 

otwes 

orneGo 

otsmwen 

otsvenmecc 

oivens 
o r v i o e  
DIVOT 
D l X  
D I X U L T A  
0 1 x 8 0 ~  

D I  XWDNT 
DIXDN 
DIXONYILLC 
OIYOU 
00.1 
W A C U I  
WOOINS 
DoeeS 

DDBCM T 

M O T  
W C A S  

o 1 x n  

WeeL 

Doenow 

o m e e  
o a e m  
W c K c  nv 

ooocs 

omocriue 

Doan 
m s I e c n e e K  

WCPAR 
DOCT 

wooc 

DDOSDN 
DotL 

DOWE 

Exhibit A-1, continued: Hydrologic mil groups for United States soils 

0 1 -AND 
o I o a o e e  
e I D a m e .  SANDY 

B I oaese: 
A I oaew 
c i o a c s  
D I o a u n  
o I o a L A a o  
c I OaLAnwtoc 
o I D a L v a A n K  

l o a m  
c I oaus 
c I o a c  
e I o w e u  
D I oaeI(ciwe 

I oaenie 
c I o a e z  
D I o a I w G u e z  
c I o a m t c  

e I o a o  

0 I DOlrLD 
e I DOMUDSON 

e I D O r L R A I L  
o I omev 
0 1 DOMICA 
B - 1  DOMICA. LOANT 
D I QII)C.CI 
C I DOMICYAN 

I o m e m u  
B I DONLOWTON 
0 I DONNA 
C I O O H U A N  
c I DoNwAnD0 
c I D O * * L L  
c I D m w E L L Y  
D I omwen 
c I D W l r I N G  
C I D Q U Y 8 P M K  
C I DOODLLLINK 

0 I DOOLIN 

C I LUOST1)ATUU 

0 I 0 0 L I A N  

0 I DOMINO 
8 I D a I r I O N  

I DOWA ANA 
C I DONAMUL 

C I DOMAYAN 

8 I m L e v  

c I owwe 
A I ooon 
D I DWWAK 
8 I DQ)A 
C I W I A W  
c I D M 0  
B I D a c n e s T e n  
c I o a e n i m  
C I W I U ) N T  
0 I D M N A  
8 I D a O S m l N  
c I D M O I M C A  

o I D o w e n  
c .  I oanawce 
D I oms 
o I OQSLT 
0 I O O S U I G O S  

c I 001s 

I omew 
c I DolCuW 

I DOTLAKC 
I wiseno 
I W T A  

c I D o n  
c I D w C e T T e  
A I D o u o L e  
e I D o u o S  

C I 0Q)OVAN 

D I O O S C U O I  

C I O O U M A N  

C I DQ)CAL 

C I  
e l  
C I  

I 
C I  

I 
C I  

I 
D I  
D I  
C I  
D I  
C I  
C I  
e l  
A I  
C I  
8 1  
c t  
e l  
C I  

@ I  
C I  
0. I 
D I  
e l  
c/o1 
0 1  
C I  
D I  
C I  
C I  
C I  
C I  
em1 
D I  
e l  
C I  
C I  
C I  
e l  
e l  
C I  
C I  
0 1  
C I  
C I  
C I  
C I  

I 
C I  
D I  
0 1  
C I  

e t  

e I D U I N A  c i  
0 I O U L D Y  
8 I D U O I S  
D I ouuoue 

I ouwee C 
0 I DURMAM 6 
8 I ouaiet  C 
A ~ I  oueoc 8 
D I ounnsTem 0 
A I O M I T  C 
o .I m m e e  C 
0 I DUSTOW I 
A I DUTCMCSS 8 
A I DUTeK I 
A I W T T D N  C 
B I DUYAL 0 
0 1 D u x o u n v  I 
c I c u m  C 
A 1 DWIGMT 0 

I owyea A 
c I D T t  D 

I DTXI? 9 
D I D V L A W  0 
c I D T R t Y G  0 
0 I CACmJS e 

0 c I LICMUSTO* 
A I LAD C 
c I C A C M  0 
'0 I LAGLICDML 0 
c I eACLtPASs 0 
0 I CAGLCPOCK 6 
e I e A c L e v t L L e  D 

e I L A C L L U I N C  
0 I C A K l N  8 
8 I e u v  0 
0 I L A P A  8 

I e.tacaee 8 
o I e m u  0 
D I tA lLWDMT D 

8 I DW0I)SMAK 6 

8 I CARLMDNT. DDAIWLD C 
C I CARP 
0 1 H R S W A W  
0 I CASBY 
e I e A s L e v  
D I eAspua 
01Ol CAST COPR 
A I L A S T  LAKC 
C I LASTAOLL 

C I CASTCMDP 
0 I L A S I C A I L  

I CASTLAND 
C I LASTOW 
0 I CASTPOUT 

I LASTWCLL 
A I tASTU0DD 
D I LATON 
0 I L A U C A L L I L  
b I CAUCALL11. 
0 I DCDPesSIoNAL 
c I LmmLettte 
e I eo. 
8 I e0.c 

I eeecw 

I eeoaA 

I LASTCAN 

I eoos 
c I m i c  
C I CODDA. STONY 
A I COOM 
c I LDIO 
c I c c u e s  
c I ecmano 
D I CCMAW 
o I ecmewoon 
A I ecsenv 
c I e c K L e v  
0 I I C K I A N  

I I C K I A W T  
D I LCKVDLL 
A I e a w s c  
D I CCDLA 
e I eco* 

0 
D 
0 
C 
0 
C 
A 
0 
8 
A 
8 
0 
D 
A 
D 
D 
0 
000 
D 

0 
C 
0 
U O  
0 

0 
C 
C 
0 

D 
A 
C 
D 
0 

D 
0 
0 
C 
D 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

CCONCINA 
C C T W  

C O O I N G I  
eoaLco 

eoos 
eoov 
toem 
eoewaowen 
eoeniom 
eomo 
eo- 
eocew ILL 
eoceLev 

cocci ICK 

eoineunc 

eoL IN* 
eoLoe 

eommos 
tomone 
eomwo 

COCAR 

t0GCNOMT 
t O C t U  ATLR 

COG I *CION 
LOIMA 

eolsTO 

LOmlNSTZR 

CONUNOSTON 
CONA 
eONCTTOUN 
eoNevv iue  
Loom 
t0ROV 
COSON 
COUAROS 
eeL 
t e u o v e  
e e w o  IMT 
cep 
e r r t i  
C W l N C T O M  
t C A U  
CGAN 

I I e u o w L u e  

c I e L w t t e  
e I eLco 
.e I c u  
c I tL0t.N 
c I eLoem 
o I emem MOLLOW 
c I eLaeooM 
3 I CLOIRON. STONY 
e I eLDc1* 
0 I tLDON 
c I LLOOR.OO 
c I LLORloCe 
0 I CLCCTRA 

0 I e u u m  

C 
C 
vo 
0 
C 
C 
0 
0 
D 
0 
0 
0 
9 
0 
0 
0 
C 
0 
C 

0 
0 
0 
C 
C 
0 
C 
0 
0 

em 

C 
C 

C 
0 
C 
A 
0 
C 
3 
0 
0 
0 
C 
0 
C 
0 
I) I eLroae 
c I c v o t o c e  
e I e u v i u e  
c I CUWOOO 
A I eL*ioo 
Y I CL'(0OA 

9 I eLacim 
1 LLOCMOUAN 

C I E L O I K A  
e I eLOm. 
0 I CLPAM 
a I eweorno 
e I c u e 0  

0 

0 
A 
e 
0 
A 
0 
8 
0 
9 
C 
0 1 0  
9/1 
C 
C 
C 

0 
c 
R 
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0 
C 
8 

c 
0 
C 

e 

e 

e 

C 

0 

C 
t 
e 
C 
C 
A 
e 

e 

0 
C 
0 
C 
0 
C 
0 
0 

9 
0 

C 
C 

C 
0 
C 
R 

0 
s00 
A 
0 
C 
C 
0 
0 
0 
8 
C 
0 

e 

e 

e 

e 

e 

e 

e 

e 

c I CSTLR 

e I estcao 
c I esves 
0 I LSTLSLAKL 
c I es imenv iue  
c I CSTO 
e I L S T R L L U  
0 I ETACM 
em1 etcnem 
0 I LTCLKA 
0 I ETMAN 
0 I C T M A N I A  
0 I C1MLLU.N 

I LITER. TMAWCO 

o I i tmete  
c I eweve.  s a i h c  
c I etneioce 
0 I eTIL 
o I etoe 
c I eToiLe 

e I e n e L  

0 I ETOWAM 
c I L1O.N 

' 0  I C l T A  
c I CTTCW 
0 I CTtERSOURG 
0 I L t T R l C I  
9/01 LUOANKI 
o I ewLio  
0 I e u w a A  
0 I t U e R  
0 I CWAULA 
b I e u n a R L e e  
C I CULONIA 
c I C W O L A  
0 I CURIKA 
c I euseio 
e I L U S T I S  
0 I LUTAW 
c I L V A O A L L  
c I evrweLIme 
0 I EVANS 
0 I LVAMSWAN 
C I EVANSTON 
8 I LVANSVILLC 
C I W A N T  
c 1 C V A I O  
c I evbno 
0 I t V A R T  
c I eveNobLe 
A I eveoew 
c I evenen. MAPO 

c I evencuoes 
e I evenLv 

e I evemwmrte 
P I eveseooo 
1/01 evaioce 

0 I SUCSTRATW 

0 1 LVCWWAh 
0 I CVCISOh 

0 I LWA 
A I C I A .  OLOROCK 
0 I S U I S T R A T W  
0 I CUALL 
o I exceLsiom 
c I excneouee 
E I excLose 
o I exeL 
c I exeteo 

e I exette 
c I exin. 
c I exLI*e 
A / 0 l  LXRAV 
e I exum 
0 I LVAK 
c I eveopob 
e I CVLAU 

I exenm. WICK 
e I soLum 

0 
C 
0 
0 
C 
0 
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C 
C 
C 
0 
0 
0 
0 
C 
C 
A 
0 
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0 
0 
0 
0 
0 
0 
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C 
0 
0 
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C 
C 
0 
C 
A 
0 
0 
C 
0 
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e00 
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C 
A 
¶ 
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e 
C 
0 
C 
A 
0 
0 
C 

A 
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0 
0 
C 
C 
0 

e 
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C 
C 
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A 
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Exhibit All, continued: 

CTOTA 
CTW 
C Z I I N  
CAOIUS 
CACLVILLC 
CACCT 
FACTORY 
CACTORT. MOIST 
C U D I N  
CAOOLL 
CACAN 
CACASA 
C A W T  
CAIW 
CAIW. W O I S l  
CAIROANKS 
CAIRIURN 
FA I WCWILO 
C4IROALC 
CAIRCAI 
C A I  RP ILL0 
f A IRWAVLN 
PAIRLIE 
CAIRLO 
CAIRWOUNT 
CAIRPLAT 
C A I ~ O I N T  
C A I H O R T  
CA I RW 4 V  
CAIRTOCLL 
CAIRVLAWN 
CA4ARDO 
CALATA 
CALOA 
CALCON 
PALPA 
C U f U I ( I I A S  
f ALK 
f A L I I  RK 
f U K N C R  
C ALLOROOK 
CALLCREEK 
C A L L L I T  

A I C U R A 6 U T  
0 I C U I A R  
I 1 C A R M U  
I I C Y R L N I U C  
I I C U R 0 1  
0 I C U S O N  
C 1 C Y W N .  VET 
0 I C U V A  
0 I C A W A N T  
I I CASMINC 
C I CASSI* 
c I CArwm 
I I C A l I W A  
C I CATTIO 
I I C r m C C  
I I FAUNSOALE 
0 I C A U W I C R  
c I CWSSC 

0 I C A I  

I I C A V C ~ l C V I L L L  

I I I C  
c I CC4RS 
C I CCA1WCRLECS 
c 1 CUT)ILRSTOWL 
C 1 C t D J I  
0 I CLDORA 
C I CCDSCRCCK 
0 1 CLLAN 
0 I CLLCMCR 
0 I C U O A  
C I C U O A .  
A I ##CSSIWAL 
C I C C L I C I T V  

c I C e L l Z  

c I I C U O U S M I C  

I I CAVWT 
I I CAUIN 

0 I CAXON 
0 I CATCTTC 

0 I CATWOOO 

o I r a m  

~ 0 I C U K C R  

0 
C U L O N  C 
CALLON. NONCLOOOCO I 
CALLSAN 0 
CALLSINCTW .A 
CALOWA 0 
CALSCW A 
CUSULA 0 
CANAL C 
CANCWCR C 
CANOANCLC C 
CANOOW D 
CANC 0 
CANNIN 0 
CANNO C 
CANSWAU S 
C A N l t  C 
C A N U  0 
f APS C 
PARAWAY 0 
CAR. 0 
CAROCR I 
CARGO 0 
CARISITA 0 
CARLANO 0 
CARLOW I 
CARLO.. W I C n  C 

C A R Y L L  I 
CAO(l1NSTOl C 
CARWSUOWW 0 
C A W T U N  0 
C A R W A W  I 
C A R m A W l O N  C 
CARNUC 0 
CARNUC. WCT C 
CARNUW 0 

RAINFALL 

I 
I 
I 
I 

I I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Hydrologic soil groups for United States soils 

C I C C T T I C  
I I veizen 
I I Fez 
I I ciulccn 
C I CIANDCRe O R A I Y D  
0 I FIAT 
C I CIOALCO 
c I C I W L C R  
0 I CIOOLCTOWN 
0 I ClDor*cNT 
I 1 C I C L O  
A I PIELOCREEK 
0 I C I R O I w C  
c I C!eLOo(( 

o 1 r!r!eLo 
c I C I L I O N  
0 I ?!LIRA* 
c I CIU*oRe 
I I C I N C A S I L C  
c I cwcw 
r/DI CINCMCORO 
s I CI#)OUT 
0 I CINCAL 
C I CINCLROCK 
0 I fIwA(0 
0 I CIYLCV 
I I C I N L C V C O I I T  
0 I CINNCRTT 
A I P I 0  

A I CIPCP 

vol C I W L  
0 I Ctmc 
0 I CICAOA 
I I C I R C O A U  
mi rioeoox 
0 I ~ I R C S T C C L  

D I fI .0  
o I r m o u c  
o I r:nsiv:ew 
0 I C I m l W  

I CICCSTONC 
A I CIRWACL 

I I CIRTW. O I A I N C D  
0 I CISWCIIWAY 

S I CISMWIIN 
0 1 CISWWOOK 
0 1 CISbILAKC 

S 1 C I S W O C K  
C I CISMTPAP 
C I F I S K  

I I CITZCCRALO 
C I CITZWUCM 
I I C I V C U O C K  
C I C I V C N I L C  
C. I CIVCWILC.  SALINE 

c I riswens 

I I C I U ( P O 1  

o I CricWviLLe 

c I civeow 
0 I CIVLPINC 
o I r i v e s  
o I rtvtspniwcs 
I I CLACO 
D I CLACC 
I 1 CLACLCR 
0 I CLACSTACC 
I I CLAK 
C I CLAWOCAU 
I I CLAMIN6 
0 I C U N A O A N  
I I C U N O I I A U  
0 I CLANe 
0 I CLANLT 
0 I CUSWLR 
o t fur )ON 
0 I CUTWL40 
C I C U T I R O N S  
0 I CLAINOSC 
0 I CLATONIA 

0 I CUTRON 
C I C L A T T W  
C I CLAXTON 
0 I C U A K  

C I CLCISCW.ANN 
C 1 CLCNINC 
C I CLCNINCTON 

c I v u e n  

I I CLLTC)ltR 
o I newsrc 
c I rLex 
0 I CLO 
I I CLOCR 
a m i  now 
0 IRO* 

0 I CLOQDWQQD 

C I CLOIATON 
0 I CLONOT 

0 CLOOAMOWC 
C I FLORAL. 
C I CLOWNCC 
A I CLORCSVILLC 
0 I fLORIOANA 
C I C L ~ I O A W A .  
0 I OLPRCSSIONAL 
C I CLORIOANA. CLOOWD 
I I CLORIN 
0 I CLOIISSANT 
D I CLORITA 
0 1 CLOTAC 
c I CLOUCLL 

I mowencc 
c 1 n o v o  
0 1 CLVt lSCW 
o I r w a e  
I 1 CLUKCII 
C I CLUVANNA 

0 I CLTCIRE 

C I CLVNNCOVC 
C I COAO 
0 I COARO 
0 I COCMLIN 
I I COIOLL 
0 I COLA 

0 I CLVIOW 

e I C L v w  

I C a o a a  
o I C a m  

o I co*seIIc 
c I COLLCT 

0 I COWOA 
f I CONDIS 
C I COWER 
0 I CONS 

I COWTAYA 
C I CONTRCCN 
I I C W I A N O  
C- I COI)AOA 
0 I fOR.KCR 
0 I CUROAW 
o I cmom 
c I rmncsvtLLe 

I I C o n 0  
o I rwoice  
P I C Q O N e V  
c I COIO~CV. UCT 
I I COIOTRAN 

e I C o m v I u e  

c I vcneuc. 
0 I C P I S C I Y  
0 1 rO IRSTaURC 
0 I ?ORCSfDALL 
o I rmes ie i  

C I CORIINC 

A I C W W N  

I I CORCLANO 

C I CQCSTON 
0 I C m C A T  
D I CORK 

0 I CORKUOOO 
0 I COPVAOCR . 
0 I CORUAN 
0 I CORWOALL 
4/01 CORYCV 
0 I COPNoa 
C I C O R W S T  
o I r o a s e t i  
I I COOSCV 
0 I CORSGRCN 
0 t CORSVTY 
A I PORT COLLINS 

0 I PORT MOT1 
WOI PORT POCK 
A I CORTANK 

I I CORlUWA 
A 1 CORTWIWCATC 
C I CORTVCOUR 
C I CORVlC 
C I CO.UAP0 
em1 COSS 
0 I COSSILON 

I COSSUY 
0 I C O S T t R  
c I COSlORIA 

D I COR1 neAoe 

o I C o m e s c u e  

o I Coxnowe 

0 I COXOL 

c 1 COXUOR1W 

o I m b u v  

I I COXWOUNT 

0 I COXTON 

0 I CRAOOLC 

8 I CRAILTCN 
0 I CRAW 
0 1 CRAWCIS 
D I CIIANCISCAN 
0 1 ~ R A W C I S O U I T O  
C I CRANCITAS 
0 I CRAWOICW 
C I CPANKCORT 
0 I CPANKIDK 
I I CRANKLIN 
0 I CRANKSTOWN 
0 I ?RANKTOWN 

I001 CPATCPNIOAO 
0 I CRAVAL 
0 I CDaVAL, GRAVELLY 
C I CRALER 
C I WALCRTON 

D I CI IAYKVILLC 

o I iaco 
0 I CRCOENSIORG 
0 I COCOtRtCK 
A I CPCDON 
C I CRCOONIA 
c I C R c o O ~ v e R  
o I Pace 
o I cmeeounc 

I I meeoon. SALIWC 
A I rmecnao 

0 1 CPCCCC 
0 I CRCEOON 

0 I CRCCLAND 

c I CRECNANVILLC 
c 1 CRCtYAW 

o I meeom 
c I racer 

I 
C 
I 
0 
0 
0 
C 
C 
0 
C 
1 
I 
A 
A 
C 
C 
C/O 
0 
C 
C 
C 
I 
a 
0 
A 1 0  
C 
I 
0 C I COUNTAIN 
C I I C O W  STAR 

0 I FOUR STAR. WAINCO 0 
c I COURCWL 0 
I I COMLOC 0 
0 I COURMC 0 
I I tournwe I 
0 t COX 0 
C I COICRCCK 0 
C I COXCPCCKe ORAIWCO . C 

I 
C 
0 
C 
A 

S 
0 
0 
A 
C 
C 
0 
I 
C 
C 
0 
0 
0 
0 
0 
C 
I 
C 
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C 
C 
I 
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O#O 
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0 
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I 
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Exhibit A-1, continued: Hydrologic mil groups for United States soils 
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Exhibit All, continued: Hydrologic soil groups for United States soils 
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Exhibit All, continued: Hydrologic soil groups for United States soils 
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Exhibit A-I, continued: Hydrologic soil groups for United States soils 
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Exhibit All, continued. Hydrologic soil groups for United States soils 
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 
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C I CCbACW 

e I CCUTCDVILLC 

e I C L V I N  

c I C C U A U ~ C C  

1 I CCVCS 
c I C C V C ¶ P O 1 N l  

I CCVNLR 
0 I CCVPORT 
C I CCVSTONL 
0 1 CCZAN 

I CCZAO 
C 1 C I ~ K U S  

I % I A N  
C I CIAUAM 
I I C Y B O I C  
C I C I O C S I L L A M  
A I CICCAPOO 

B I K I D 0  
0 I C I D O C I  
A I CIOWbM 

I CCICCNAW 
0 I CCVA 

c I c:cceRvtLLt 

1 I c:enL 
I s:tscL 
I CICTZCC 

e I C I C V  
I CIS1 

e I C I C O N I  
0 I CILACA 
1 I C I L b I C  
A I CILAUCb 
c I C I L 1 U I N  
0 I C I L C M I S  
0 I CILOOI 
c I C I L C O I L  
b I CILCOIC 
e I C I L I C M N V  
0 I CILLARNCV 
e I CILLbUcC 
0 I C I L L O W C  

A 
C 
Q 
C 
O 
b 
C 
A 
0 
A00 
C 
C 
0 
0 
C 
0 
0 
0 
C 
0 
D 
C 
e 

O 
B 
C 
C 
C 
C 
A 

0 
0 
0 
C 
A 
0 
C 
C 
C 
0 0 0 .  
B 
C 

0 
0 
B 
0 
1 
C 
0 
B 
C 
B 
C 
0 
a 
0 
0 
C 
C 
0 
1 
C 
c/o 
B 

0 I C I L L C V  0 
I K I U C V .  * 0 0 C I A T C L V  C 
I UCT 

B I CILLINCTON 0 
C I KILLPACK C 

I CILNANAGU C 
M I  K I L N C I  C 
c I c:Lncnoue C 
B I CILM 0 

I KILO. A 
I KILOMAMA A 
I KILOWAN C 
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Exhibit All, continued Hydrologic soil p u p a  for United States soils 

0 I K l T T l T A L  
I I K I T T I T A S .  OOAINLO 
C I K l T T D C ~ C C  
0 I KITTSON 
0 I K I V A  
0 I K l U A N I S  
0 I C I Z W Y A K  

0 I KLA3.o 

J I K L A O N I C C  
0 I K L A O N I C K .  STONY 
0 I KLAMATM 
0 I KLAWCLNCCCWCNA 
A I I L A W L N C L C W N A o  
C I U C U S T R I N C  
I I S'JOSTPAlU*  
C I K L A P A T C * C  
I I KLAUS 
0 I K L A U A S I  
0 I K U U A S I .  

C I Y I D S T Q A T U M  
C I K L A U A T T I  
0 I KLAWIOP 
B I K L A Y C N T  

0 I K L C I N D U S M  
I I K L C J  
A001 I L I C K L S  
0 1 K L I C K I T A T  
I I K L I C K S O N  
I I KLINC. C C P I L Y  
A ~ I  .L ime .  oaoiecTeo 
I I KLImCIV1LLL 
c I K L I N G t 3  
C I KLISZOM 
0 I KCISTAN 
J I KLONOISZ 
C I KLONC 
8 I CWOCC(*AN 
0 I KLOOTCW 
A / o l  KLOOTCW11 
c 1 K L O l t N  
8/01 .IL* 
D I SLUM 
c I ILW. 
9 I K L U I I W A  
A I KNAPKC 
¶ I KWAOOA - .  
0 1 K M O P T J N  
I I K I Q C L A N O  
3 I C n D  
A I KWICKCPOCCKCP 

A I CIIICCIN 
I I CNIGMT 
0 I K m I K  
c I smixL is  
C I RYIOOA 
0 I *No5 M I L L  
C I K W 8 T O P  
C I K M C O  
C I KNOKC 
c I CNOLLe 
C I K W S I  
0 I K N O T 1  
0 I K r C U L C S  
e I .ma 
c I K V h L  
C I K W T S C M  
0 I K W A P  
c I Emen 
8 I K-CL 
I I KOCW 
8 I K#M. O O A I W D  
0 I K a A C  
C I K00.K. MNCLOWLD 
0 I K O O I A K  

o I i a a  

c I Kueea .  ORAIPCE 

0 I L A C U I T P I Y C  

0 I IU!CKWCII 

D I m*iesLev 

0 I CODRA 
c I coewcu 

I i c m e  
c I KOCPKL 

c I KCLTYCO 
e I IOTA 

A I KCCRLING 

0 I K O I A .  S A L l w l  
0 I C C W G O  
C I K O G I S W  
A I I D M A L A  
I I KCKAN 

0 I KCICPYOT 
c I &OK0 

I K O I C I A W I  
I KDKOKAr(I.  STONY 

o I K a e c  

c I I O K O r o  
c I I O L A I  
0 I KOLOLOG 
e I c a c I o L e  

I K O L I h  
I KOLLY 

C I K m L L U T U I  

c I C O L O I  
C I K O L 0 I ) r  STONY 
C I KQOKOLO 
0 1 K O L O M K I  
C I R O O  

0 I COLAUA 

C I K n * C r T .  Ol lAINCD 
C / o 1  K O W C P  
I I IOkNCP. OaAINCD 
C I K W C T I  
Y I K O N O C T I .  S l J N T  
b I CCYSIL  

C I KOOWICW 
C 1 KOONTZ 
6 I K00SWAPC.I 
0 I 1.00SKIA 
0 I ZcDTLkAI 
e I KOCIC 
e I co-eoL 
Y I RJO.tS 

e I e a o b  

e I KCMA 

e I K G ~ ~ P T  

e I CCOLAU 

0 I SOICCICA 
0 I CGOCNT 
¶ 1 KCRNUAN 
C I KCOOCACO 
C 1 KOOONlS 
A I KOMTTY 
C I C O S C I U S K O  

0001 K C S I O S  
c I Koscin 

D I c w s e  
e I cossuin 
C I I C Z L T A  
0 I KCTO 
C I K G T Z Z A h  
0 I KOUDY 
e001 .OVICY 
e I KCYLN 
C 1 K O V N I C  
o I umrw 
0 I I O A C K L C  
0 t K 0 A O C  

I CPAKON 
0 I KOA- 
C I R R A N S K I  
I I KI)AhLDUOC 
0 I C m A T I A  
C I K D A U I L  
c I K O t A e n  

C I KPCW 
0 I K O C W L I N  

e I ewes 

C I KICSSON 
C I K.CTCYWACIN 
0 I eaten 
e I n n i c s i  
c I I C O N  
o I znoio 
0 I K W I A T C  
c I anuecem 
0 I K C U I  
0 I KRISC 
e I K U 0 t  

t KUIL l  
C I K U C C I A  
0 I KUCK 
C I K U D C U  

0001 KUKAIAU 

A I zueLea 

e I KWL 

o I WKAIAU.  e t o a a c K  
c I S u e s T P A T u n  
C I K U L A  
C I K U L K T  
0 I K U S Y A N  
0 I I U M A  
C I KUNATOW 
0 1 KUATOSW 
C I KWIA 
I I IU((UICIA 
e I IUNZ 
c I aumzLen 

c I moenATeLv wci 

0 1 C U I 0  
c I cunw 

I I K U S n N C A n I N  

0 I R U C I C U O C  
e I K U P I C A N O C r  

C I K W C I  

C I K U P T Z  

0 I K U I K O K U I M  
C I KUSLIYA 
A I KUTCP 
o I I u x e a  
c I I W  
C I K V I C Y M  

I KVCO 
0 I K Y I U e Z  
0 I K V O A I A  
A 1 I T O C I T L A  
0 I * n e  
c I 1YL:r) 
e I KZIN 
c I L A  oaiem 
e I LA C m c e  
e I LA CCNDA 
e I L A  camoc 
D I L A  nocx 

e a 1  LA WSTA 
e I LA oaAimte 
o I L A  moa 

0 I L A  LAN= 
0 I L 1  P A L P A  

0 I LAOENLO 
c I LADCTTC 
0 I L A I I S W  
0 I LAOKEY 
0 I L A l O l C l T A  
C I LADOU 
9 I L A W U N T Y  

0 I L A I S M A I T  
0 I LADU 

0 I LACAMAS 
0001 LACLROA 
R I LACYADCLLA 
C I L A C I T A  

I LACKAUANUA 
A I LACKS 

e I  LA^- 

I I u e m  

I I LAcLeoe 

C 1 U C O N N I P  

0 I LACOSTC 
a I LACOTA 
0 1 L I C W I C C N T  
0 I LACPOL 
0 .I LACY 
0 I L A O 0  

a I LAcwcmee 

D I LmtLLe  
e I LAOCQLY 
e I LAOMI 

0 I LAOUL 

0 I LADYS*ITW 
0 I LACL 
A 1 LAPITTC . 
C I LAC 

0 I L A G L O R I A  
I I LAGNAC 
C I LAGONOA 

- P  . I .LAGPANGC 
0 I LAGROSS 
A I L A C U N I T A  

0 I LAWAIM. 
0 I LAMONTAN 
0 1 LAWPITT 
0 I L A I D I C  , C I LAIDLAU 

A I L A l O D  
0 I LAIODSVILLC 
C I LAJAPA 
C I L A J I T A S  
0 I L A I C  
0 I LAKC.  CLAYCY 
0 I S U R C A C I  
C 1 L A I C  CYAPLLS 

A I L A I C  JANCC 

A I LAKCWCLCN 

0 I LAKCLAW0 
0 1 LAKCMONT 
0 I LAKCPORT 

C I LAOCGA 
0 I LAOROW 

C I LAOYCOZD 

I LACITOI 

D I LAGUNIT.. u c t  

I L A I L  

c I w e  cncm 

0 I LmerieLo 
e I L A K e n u n s i  

E I Lmesnone 
D I u z e s i o e  
0 I LAUCSCL 
e I LAKCTOW 
e I L u w v i e u  
C I LACCUlN 
0 I LACCUOOD 
0 I L A K I  
C I L A K I N  
0 I LAKCA 
0 I LACOMA 
e I LAKIIOCC 
e I LALAAU 

e I LALOS 
e I LAM 

C I L A L I N O A  
0 I LALLIC 

0 I LAMA 
0 I LACANCA 
0 I LAMA0 
0 1 LAUARSW 
0 I LAMAITINC 
0 1 L A M A W  
0 I LAMAUA 
0 I LA*eCnT 
0 I LA=ee1* 

c I LamcoeeP 

0 I LAMDIAN 
C 1 LAWnINC 

0 I LANINCTON 

C 
0 
C 
D/C 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
O 
0 
O 
0 
0 
C 

0 
C 
0 
A 
A 
C 
0 
O 
C 
C 
C 
C 
0 
D 
0 
O 
A 
C 

0 
C 
0 
0 
C 
A 
A 
0 
6 
0 
I 
I 
C 
C 
0 
A 
0 
A 
0 
0 
C 
A 
I 
0 
0 
0 
C 
C 
0 
C 
C 
0 
0 
0 
6 
0 
a 
E 
O 

e 



Exhibit All, continued: Hydrologic soil groups for United States soils 

LANK I M 
LAM0 
LmOILLC 
L A M O ~ O I  
LAMON I 
LAnOMT 
L A U O N T A  
LANOOSE 
L A N O T I C  
LALQURC 
L A M P A S A S  
Lmwnien 
LANPS W I  ne 
U M S O M  
LAMAWK 
LAMCASTCP 

L A #  
uwcc 

e l  
C I  
S I  
S I  
C I  
S I  
0 1  
0 1  
S I  
C I  
0 1  
S I  
0 1  
010 1 
S I  
S I  
E l  
C I  

L I M O .  O R A l k C O  0- I 
LAMOAVASO S I  
LAMOCO C I  
LANOCR C I  
LANOLS S I  
LANOLOW . C I  
LAMOMAN S I  
LAYOSCMO C I  
LAML C I  
cAmeseoao C I  
L A M L I A  0 .  I 
LAMLV S I  
U M G  C I  
LAMWORD C I  
LAMGWLI e l  
LAMCLADC S I  
LAMGLOIS 0 1  
LAMGOLA e l  
LANGQLLL S I  
LAYGSPWING S I  
LANGSTOM S I  
LAWGTRT 0 1  
LAMICR A I  
Lmicea S I  
LAMlGLP. GRAVLLLV C I 
LAMKOUSW 
L A M S I N  
LANKTPLC ' 

LAMOAK 
LAMOMA 
LANSOALC 
LAMSOOWNC 

- LAWS I NG 
L I N T C R Y  
L A M T l S  
LAMTOM 
LAMTOM. LOW 

LAMTOMIA 
L A M T W  
LAN12 
U N V L R  
LINTOM 
L A P  
LAPAR ITA 
LAPOUM 
LAPCO 

LAPYAM 
L A D  Ime 
L A P L A T T A  
LAPOM 
LAPORTL 
LAPOSA 
U P W A  I 
U R A M O  
L A R C M m U M T  

LARLOO 
LARLS 
LARGO 

p a e c i ~ i  T i l l  w 

u o e m  

u a o e u  

e l  
C I  
C I  
e l  

S I  
C I  
S I  
S I  
e l  
0 1  
e 1  

I 
S I  
S I  
0 1  
C I  
C B  I 
0 1  
C I  
S I  
0 1  
S I  
A I  
A I  
e l  
0 1  
0 1  
C I  
S I  
S I  
e l  
C I  
e l  
C I  
S I  

n i  

S I L A V I M A  
e I LAVOM 

1 L A W A l  
0 I LAWLM 
e I LAULT 

S I LAULCP 

C I LAbCT. 
C 1 S A L I W ! - U K A L t  

0 I LAWNOALL 
S I LAWMWOOO 
0 I LAWNWDOO. 
c I G e p n e s s i o m u  
0 I LAbRCMCt 
A I L A W Q L M C C V I U  
A I LAWSWC 
0 I LAWSON 
0 I LAWTMtZR 
C I LAWTON 
C 1 LAbVCP 
0 I L A X  

C I L A l T O W  
0 I LAVCOCK 
A 1 L A V O I W T  
0 I L A V T I W  

0 1 L A Z A M  

e I LAXAL 

D I L A V V I L W  

0 I LAZLAR 
e I Le OAR 
c I Le sueun 
0 I L L A  
e I LeAoen 
e 1 LCADOW 
o I LeaoPoimi 
c I L C A O V A L C  

RAIMCALL. O R A I M L O  I L C A O V I L L C  e I LLMAPAW 
LATAW.  ORAIMLO C I LEAF 
LA1 AWCO 
LATAWCO. be1 

LATCW 

L A l t S  
L A T L X  
LATWAM 

LATWROP 
LATIGO 
L A T I M A  
L A T I U M  
LATOM 
LATOMIA 
LATOUCWL 

LATOURCLL 
L A T T A S  
L A T T V  
L A U W R O U C  
LAMLRWILL 

LATANICR 

u i e m e  

u i n e a  

u i a u a  

Lwpcn 
Lucemoun. LOUT 

W S T R A T U M  
LwccNouo. S I L T V  
wasimium 

c I L C A C R I V L R  
0 I L C A I U  

A I L L A K S V I L L C  
e I LLAL 
c I LLALA*OIC 

0 I L C A P S  
e I LLATYAM 

o I L e A v e M w o w n  
o I Ledvens 
0 I L C A V I T T  
e I L e A v I i i v I L L z  
D I LLSAP 
e I L L O A M W  

o I L t e t c  
o I Leeo 

o I L e u u e v i u e  

C I CLANMA 
0 I LCAWTO 

0 I LCATMCRMA.( 

I LeeeAu 

0 I LCIISACK 
Om1 LCCK K I L L  
D 1 LLCRAG 
c I Leomao 

I LEDGEFORK 

LAUGCMOUO 
L A U G M L I M  
L Y I M A  I A 
LwatL  

Lwnemizcm 

LWReL.WO 
L A W E M  

LAVACRCCK 
LAVALLCL 
L A V A T L  
L A * a A C A  

LAVlMTAMA 
L A V L R K I M  
L A V I C  

L A v e t M  

S I 1  
I 1  

ORAII(CD e I 1 
c I 1  
I I L  
0 I 1  
S I 1  
e I 1  
e I 1  
S I 1  
S I L  
e I L  
c I L  
S I L  
I I L  
c I 1  
S I 1  

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

.I 

c I LE. 
c I Leraehcn 
S I L L d O L A C  

I L e v i s  
o I Lewisetmev 

I Lewisiow 
e I LEWISVILLC 

C I L C D I S S U P G  

c I LeUKhLe 
c I L E I  
0 I LtXlMGlOM 
e I LCXTOM 
c I Levo. 
c I L L T O C Y  
S I LIneINGs 
e I Liemi 
e I L I I C R A L  

o I LISPARV 
A I Lieuse 
c I Licnh 
C I L I C K  
0 I L I C K O A L C  
0 I L I C K I N G  
C I L I C K S K I L L E T  
0 I L I O A N  

0 I L l P O Q T  

e I LiooeLL 
o I L i o o i e v I L L t  
Sml L IbT  
c I Ll'StRLAM 
c I L I E N  

C 1 L l G G C T  
Am1 LIGWTNING 
0 I L I G N U P  
0 I L IGON 

o I L i n m  
c I Linue 
c I L i x e s  

e I L i L e t a i  

e I LICSNOI 

L I G U R T A  

0 I L I L A W  

c I L I L S O U R N  
c I L I L L I N C S  
e I L l L L l M G T O N  
A 1 L ILLTLANOS 
e I LiLiem 
1 / 0 1  LlLV 
0 I L I M  
e I L I M A  
D I L i reen  
0 I L I N C K I L N  
0 I LIUCRICU 
c I Lireaioce 
c I L I M K I N G  
e I L I M O N  
c I LIPOM. u t i  
e I L i r w e s  
c I LlUPIA 
0 I L I M C O  
0 I L IYCCLN 
C I LINOAAS 
0 I LINOALC 
e I L I N o e L L  
c I L I M O C N  
o I Limoen 
c I L I M O L C T  
0 I L I N O R I T M  
A I Lmosioe 
0 I L I N O S T R O L  

ami Lime 
e I LimeviLLe 

0 I L I N O V  

c I LINGAMORC 
D I LINNART 

C I L I N K E R  
0 I L I N K U P  
0 I L I M K V I L L C  

DIAIMLO c I L I N I Y G C R  

e 
C 
0 
D 
I 
C 
C 
8 
C 
e 
e 
e 
e 

r 
C 

0 
3 
A 
0 
C 
8 
P 
0 
C 
0 
C 
S t O  
e 
R 
0 
0 
0 
0 
C 
C 
0 
S 
A 
e 
4 

A 
S 
0 
S 
(I 
C 
C 
S 
C 
e 
S 
0 
C 
0 
S 
C 
0 
e 
C 
0. 
A 
c/c 
c 
C 
0 
e 
C 
S 
C 
S 
C 
S 
C 
S 
A 
C 
S 
0 

- 0  
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Exhibit A-1, continued. Hydrologic soil gx~upe for United States mils 

I LOWZ 
0 I LOPUASW 
0 1 LOIACK 
C 1 L Q A O A L L  
0 I LOSAIN 
0 I LOOAU 
U I LORAY 
0 I LOIOSTObN 
P I LoaeAuv:ue 

c I LcneKto 
c I LcPetto 

c I LCL)TA 

c I LCS emos 
o I LOI taros 

I LCS OSOS 
o I LGS nce~es 

o I Losee 

I I Losicaeec 
c I LCSTIWC 

e I LcsTsm*i* 

0 I LOILLLA 
0 I LOPCNA 

A I LC.P1*6 
C I LLI)UAL 

C I LOS A L A W S  

I LO8 GUIr(L3S 

I LCS TANOS 
U O I  L C I A * T V I U L C  

e I L C S l 6 A S I N  

0 I LO1TFcIWT 

e I LOSTVALLCY 
A I LOSTCCLLS 
c I LOITVCLLS. r c T  
B I L C l w A l O  
0 I LCTT 
c I LCTUS 
e I LCTUSPO1YT 
c I LOU 
0 I L O U O L P M C I  
6 ILaU0C.h 
0 I LOUCOhVlLLL 
C I L M L L A  
e I Lowmoao 

I L O U I ~  
c I L w i C c w e e K  
C f i l  LOVIl 
c I LOUIS1 
e I LOUISCWCI 
0 I LOfP 
c I L c c P L O u o  
¶ I LoUOo(S 
c I LOUSCOT 

A I L C W J 9 Y  
e I LOUrteos 

B I LCreuce 
0 I LCVCLANO 
c I Lf..Y‘CLAWD. 
0 I C L e v A T 1 0 * ~ ¶ 0 0  
e I L o v e u  
c I LCVeLOCC 

e I s a w e - u x u i  

c I LOYCbCLL 
c I LDrLwie 
c I LcueLL 

a I Lobe* 
I. I L0.S 
o I LouviLLe 
c I LCI 
c I L O I L C V  

0 I LOI.LTON 
c I LOVSVILLL 

C I LOVCLOCK. 

B 1 LOVELOCK. O P A I N C  

I LCbCPCinCK 
ILOWMMB 

0 I L O Y A L  

C I L O Z A  

I I LvLas P 1 LOZAWO 
e I Lozrea 0 I LYMAN 
P I L U A L U U L I  0 I LYMANSOh 
C I LUANA I wme 
C/O1 LUAP c I Lvwcn 

A I Lumecni c I Lvwoew 
C I LUCAS o I LYNN t u v m  
c I Luct 
e I LuceoALe e I L v w w o n  
c I wcenwc e I L v w  
b I LUCLRO a I LY~INYILLL 
e I LucIew c I LYNNUOOO 
c I LUCXLL. ~ O L O A T R Y  c I L Y U I  
o I uet I Lvwxcaeeq 

e I Lwmocx 0 I LVNCMBUPC 

c I LvwMeo. 

e I wcILe.  O I A ~ M O  
c I LUCKeNIACW 
C I L U C K I A W T L  
C I LUCKY 
C I L U C K Y  S T A R  
C I LUCKYRICM 
B I LUCV 
c I LUO 
c I Luooew 
0 I LV31NGTON 
c I LUOLO. 
B I Lucoews 
r I LUKIN 
o I Ltseai 
e I LWOPC 
c ILv)(oN 

I Lute 
C 1 LUKIW 
C I L U A  
c I ’ L U I N C  
c I L U U D C  
c I Lweee . B I Lmnemv 
c I Lw*en 
c I L W U I  
c I LUWI. OPAINLD 
B I L U W S  
C I L U N A  
c I Lwom 
e I LUNOS 
0 I L U N O Y  
e I LUWG 
b I LWT 
o I u o e  
6 I L W I N T O  
c I LWINIO. SALINC 
C I LUIOYOWA 
0 I LWPIWO 
C I LWTON 
e I LWTON* Powoco 
C I L U P A  
0 1 L W A Y  

I L U 0 0 1 C I  
D I L u I e t t i  
C I CUSK 
C I LUTA 

I LUTAK 
o c I Luie 

e I LCTM 
c I LUTWLR 
c I LUTIC 

c I Luvenwe 
a/oi Luxoa 

c I LTm*ooI 

e I L I D I C K  
0 I L Y e a L Y  
0 I LWODO 
0 I L I K E N S  

A I LUTON 
I LUIX1.LOM 

0 I LUZLLA 

A 0 0 1  LYOA 

b I LYoNnAN 
C I LYOhS 

C I L Y R A  
o I LvowsviLLe 

e I Lvne 
r I L I S T A I R  
A I LvteLL 
o I L v v i u e  
0 I L Y I  

c I MAOLL 
c I mum 

0 I MAOANK 

0 I LAOX 
C I NAORAY 

I IIACAO 
I MACAILLNO 

c I MACC 
c I nACe0ONIA 

o I m A c n e i e  

emi w.cnueLo 

0 I SUesTRATUM 
c I MACILM 
C I U A C K C P P I C M O  
c I *ACKCV 

0 I MACPAOLAhC 

C I UACMIAS 

0 I MACK 
0 I MACK. LOAMY 

o I raccsmumc 

A I m.ccweea 

e I UAOAMASKA 
c I cACOeM 

A ~ I  MAOCLINC 

C I LACMLAL 
0 I UACCUO 

C I IIACON 
6 I M A O A L I N  

0 I MAOOOCK 
0 I MAOCLIA 

0 I MAOL1)A 
MI MAOCC 
MI M A O I L L  

0 I MAOONNA 
C I WAOOAK 
0 I MADOAS 
b I * A O O I O  
0 1 M A O M M !  
c I M A D W C Z  
B I MAC$ 
0 I MACALLON 
0 I MAGOALLMA 
8 I I)A0BBI 
C I MAGGIN 
0 I U A O I L L S  
0 I MAGIC 
0 I UACIMNIS 
0 I .MAGNA 
e I nACNeT 
0 I M A W O R  
C I MACNUS 
C I MACOTMA 

c I MAOISON 

b/O 
c/o 
C 
C 
0 
C 
e 
w o  
0 
A 
e/o 
C 
A 
0 
8 
0 
0 
0 
0 
0 
0 

6 
0 
0 
C 
C 
0 
0 
0 
0 
0 
8 
0 
C 
0 
0 
c 
C 

0 
A 
C 
e 
¶ 

C 
0 
0 
0 
C 
A 
W C  
0 
0 
0 
0 

C 
C 
C 
0 
C 
0 
0 
m 
0 

C 
0 
0 
0 
0 
C 
C 
C 
0 

e 

e 

e 
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 

MACOTSU 
U C U A T O  
MAYALA 
M A W A L A S V I U C  
MAWAM 
MAMAMA 
MAWASKA 
MAMOGAM 
MAWOM I M 6  
MAMOOSUC 
MAWTOMLDI 
WAMTOVA 
MAMUKONA 
MA 1. 
U l O L N  

MAIMSTAT 
Ma I T L A M D  
MAJAOA 
M A J U O A  
MAKAALAC 
YAKAM 
MAKALAPA 
MAKAP I L I  
MAKAVAO 
MAKAUCLI  
MAKCMA 
U K  I 
M A K I K I  
MAKLAK 
MAKO1 I 
U L  
MALA 
MALAOAR 
MALAOAR 

MALAOAR. 

U z L e  

oepotssi  OMAL 

n w o e o  
CRCOULNTLT 

MALAION 
MALACMT 
MALAGA 
U L A G A .  STONT 
MALAMA 
MALARGO 
M A L A T A  
MALIIS 
MALCOLM 

MALLLA 
M A L W C W  
MAL I O U  
U L I M  
MALJAMAR 
MALLORT 
MALM 
MALMCSA 
MALO 
U L 0 T e R . C  
M A L O 1 1  
MALOT 
*ALP. IS 
MALSTROM . 
MALVLOW 
M A M A L A  
MAMOU 
MAMAMAA 
U M A M A U K I M  
U W A M A  
MANARD 

-Loem 

U M A R O .  CPAVCLLT 

UMASSA 
U N A S S A S  
MAMAS 1ASM 

S U I S T R A T U  

U w A i e e  

t u w i e e  CLoweo 

MAMATet  . 
D e m t s s i m a L  

I I LAWTSTOVN 
C I M A S A D A  
C I MASARDIS 
D I UASARTK 
D I MASCAMP 
I 1 M U C A R E N A S  
I I LASCWCTAW 
c I i l iscot te  
c I MASCOTTe. 
C I OCPOCSSIONAL 
8 I * A S C I  
I I LASMbW 
c I MASWLL 
0 I MASMVLAVILLL 
8 I M A S K C U  
c I M l J O I  
0 I MASOYIORT 
C I MASONTOVN 
0 1 LASSACK 
I I MASSACI .  OAAlNCD 
0 I MASSAOONA 
A/Ol  M A S S A l l t l T A  

0 I MASSCACW 
C I M A S I C M A  

C I M A S l t W S O N  
0 I MAT. 
0 I MATACOODA 
I 1 MATALOUOS 

I MATANUSKA 
I I MATANZAS 
C I M A T A P I A K C  
C 1 MATAVAN 
I I MATCMCR 
C I M A T F l C L D  
C/O1 LATGO 
I I LAlWCMT 
c I MATMtDS 
C I MATWCRTON 
D I MATWLSON 
A I L A T W I A S  
C I MATMIS 
8 I LATWISTDM 

C I MATLACWI 
I I LATNCCLAT 
I 1 LATOT 
I I L A T T A W S K C L T  
I 1 M A l T A N  
8/01 MATTAPCI 
0 I MATTAPON1 
0 I MATUNUCK 

c I M A S S A N U T T ~ M  

D I m s s i e  

e I MAWOM 

I I M A R S W A L C .  WAlNCD C 1 MAU 
C/O1 L A U I I L A  A I MARSWXCLO 

I I LAPSING 0 I UAUDL 
0 I LA.1 8 I L A U D L I M  
c I M m i e L  D I LAUGHAM 

I LASITLLLA C I MAUKCT 
0 I M A R T I N  c I m.umee 
0 I M A R T I N  P C 3 A  0 I M A . U A I 0  
C I MAWTINCCK D I MAUOlM 
I I V ~ T I N C Z  0 I LAUWCPAS 

C I M M T I M S I W G  C I CAURICC 
C I MARTINSOALE I I MAURT 

D I M A P T I M I  I I mmmeaiovm 

c I nurimsow c I M A W A r s  
c I MARTINSVILLC I I mvco 
6 1 MAWTlNTOM c I M A V C C I C I  

0 I MARTT 0 I MAVLO 
D I MAIIVWSCO c I M A a  
C I MAWVAM D I m a c n e e K  
0 0 1  MARV'CLL I I m a c v  
I I M . O V I N  c I M A I C l t L O  

I 1 MART c I m.aviLLe 
C I MARTSLAhO em1 MAXVCLL 

c I M u l l s  I I M A V I C  
0001 M A R T I S C O  MAVAC 

0001 L A P V T N  I M A I T O M  

C I MAT 
C I MAT CAT 
A I MATACAVA 
A I MATIELL 
0 I L A V I C U R T  
C I LATSCSC 
I I MATIIO 
I / O l  MATOOL 
0 I M A T C e  

I L A T C S  
I I L A I C I L L 0  
0 I W A T r L O I C n  
I I PATCCR 
1/01 LATWLV 
0 I MATMCAO 
I I MATLCM 
0 I MATMAP0 LAKC 
D I M A T 0  
C I MATOOAM 
I I LATOVOPTW 

C f LATSOORC 
C I LATSPPINGS 
I I L A T T A G  
C I L A T T O b N  
0 I M A T V l L L t  
I 1 MATVOOC 
C I MAZAPM 
0 I MAZASKA 

0 I MAZOURKA 

D I mAvoutew 

c I L A Z D A L C  

e I MAZUMA 
e I K con1 
c t M c a c c c  
A I MCALLCN 
c I K A L L I S T C R  
0 I M C A L P I N  
I I wwe 
e I mcattm 
I I M c w i m .  siLine 
e I v c o ? T n .  oaameo 
c I mcwiot 
I I M C I l G C A L  

C I MCCACCEPT 
I I MCCAlM 
c I MCCALCe 
I I MCCALL 
C I MCCALLT 
D I MCCALUOM 
0 I WCCANM 

C 1 MCCAPRAh 
0 I YCCAPTNT 
C I K C A S M  
c I UCCLAV'L 

c I mccAaev 

I L C C L L A P T  
I I MCCLCLLAN 
c I .CCLOUD 

4 / 0 1  K C D I M  
0 I MCCCLL 
c I LCCCLLUW 
0 I K C D M N C L  
o I MCCWNIL. moooeo 
I 1 LCCDOK 
e I KCORNICK 
C I U C C b P T  
C I NCCOT 
c I =ccoec 

c I vccLune 

r m  
A 
I 
0 
I M  
C 
O M  
(I 
I 
D 

(210-VI-"€2-55, Second Ed., June 1986) 

MCCPORT 

MCCvILOUc)( 
= C U L T  
Y C C U r I C R  

M C C W O T  

MCOAOL 

mccnoscet 

mccwe 

wccutcnem 

I 
0 
C 
A 
C 
0 
0 
I 
I f 0  
0 

C 
C 
D 
I 
0 

0 
b 
C 
I 
0 
I 
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C 
e 
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C 
C/@ 
I 
C 
I 
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C 
I 
C 
C 
C 
D 
C 
C 
C 
I 

C 
b 

0 
C 
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C 
I 
I 
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0 
I 
C 
C 
0 
D 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

0 I mIClm. ULT 
I I WOS?aATUM 
C I MIKKALO 
I I MILACA 
I I P I L A W  
C I LILCUPT 
0 I M I L D T  
0 I MILCAM 
c I MILoaeo 

I I L l L f O I O  
b 1 M I L Y A M  
I I MILITARV 
C I M I L L  NOLLOU 

A I MILLADO 

WOI miLes 

c I MILLbOORC 

c I MILLOOWO 
I' I M l L L I a O O K  

I m u o u n m e  
I m u e n  

c I mwLenLux 
e I mILLeaTom 
c I r u e a v i u e  
A/bJ B I L L E T 1  
e I m:LLcmove 
c I MILLMsIM 
c I M I L L M I  
c I M:uvomen 
D I MYLLICM 
b I MILL ICOMA 
c I r I L L x C I N  
I I U I L L I N C  
I . I  M I L L I N G T O N  
0 I M I L L I S  
0 I MILLPAW 
C I MILLPOT 
I I M I L L a A c e  
I 1 MILLPOCK 
0 I M I L L S A P  
I I *ILLSOALL 
o I v i u s m a m  
0 I * I L L S I T C  
I I v u v i u t  
0 I m I L L U w 0  
e I MILMLR 
c I CILOC 
C I M I L D I T A S  
e/oi V I c a e n  
0 I M I L T O M  
c I MILVAP 
0 I I ImIPcs  
C I MIMOSA 
C I MlNA 
A I MINALOOSA 
C I MILA. 

I I MIWATAl)E 
e I L I W C W T  
0 I L IWCIWPIMA 

I .I PILLCRLAKL 

e I P I N A T  

e I PINCO 
I I Lwoeco 
e I nimoew 
D I r i m e  
c I L IYLOLA 
o I mwen 

0 I MINLPAL loum 
c I mimensvwLe 
C I L I M S I M C K R  
C I M l N t T A  
e I N I M C O  
c I MINOUS 
I I M I M I W K A  

0 I MIMLlTN 
0 I MIVMCWA 
c I mImNeYsCA 
I I MINNEOPA 

A I MIYCRAL 

I I MimcLew 
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 

MOOJCSKA 
WOOK I 
*oooc 
WOE 
MOIM 
MOCMKOP IC 
Mol?PIT2 
O f f A T  
NO66 
MOCLXA 

MOCOTC 
O n A L L  

MOMAWK 
O W C K C M  
WOXCSC 

UOIMCOMA 
MOJO 

MOKCMA 
MOKXAK 
WOKINS 
WQtO 
W K U L L X A  
W L A L L A  
WOLAMO 
WOLAS 
MOLCAL 
WOLCMA 
MOLXOM 
D L L I C V  
MOLLNAM 
WOLLV I L L C  
W L L V  
Y l L O C  A X 
N O L I O N  

MOMOL x 
Maw. 
WONACAM 
M m A C n c  
NOMAD 
YlMAOMOCK 
MONAMAMI 
WONAIOA 

mmw 

mwLLow 

wonwe 

wxwes 

m c c L w M c  

woLvwcua 

mmasieuxo 
mm.vxLLe 
wneui I c 
NOMCWA 
W * 0 A M X M  
MOlrOCV 
MoMoov x 
D W ! C  
MOMCA W 
* O ( I C O  
WMXOA 

MOMITCAU 

OM&? AU 
MONOCLX*L 

M O M M A  
MO*OWCAWLLA 
Mo*ROC 
~ O ~ C V X L L C  
MOMSL 
W N S C I A T C  

S U I A C C  
WOMSON 
*OllTACUL 
MOlrTALTO 
WOMTARA 
IOMTAUK 

n o m i t w o  

*OM x ion 

mmcau 

mmscmtc. i n x m  

nolieonme 

0 I MONTCALM 
c I WONTC 
c I wmie CRISTO 
c I uONTccxTo 

c I MONTCLL 
0 I U W T C L L O  
8 I UONTCOCWA 
8 I WONTCOLA 
0 I WD(TCI0SA 
C I W O N T C I A  
0 I UONTCVALLO 

8 I MQITCWAMOC 

c I MONTC2 
e I ~ O N T C O ~ C R V  
e I e O l l X C L U C  
e I WONTXcTn 
c I MONTLXO 
8 I MQITMOPLMCX 
C I MONT*LVA 
8 I WONTOSO 
c I LawTOUP 

c I L O N T P C L L X C I  
e I UONTROSS 

0 I NWTVCRDC 
e I WONTWCL 

e I mmuc 
o I noweno 
8 I WOOOV 
A 1 MWMOO 
0 I WOOLACC 
c I mmnLxcni 
e I MamsntW 
o I moowsionc 
e I U 0 0 M V I L L C  
e I mmncvxLLc 
e I WOOSC R I V C I  
e I MOOSE0 

0 I MOMTOVA 

0 I M O N T V A U  

0 I *#TWCL. A L K A L I  

0 I MOOSCLACC 
0 I WOOU(AWCL 
C 1 W W S I L A U K C  
8 I WaDAMA 
0 I WaDAMG 
e I nO0u.n 
0 I *ORA 
0 I WORAOO 
c I M a A L c S  
0 I MOPAM 
c I LOOAMCW 
0 I WORACOS 
c I r o o  
C I MOPCAU 
e I waoencao 
o I wmcnousc 
C I MORELAM0 
c I MOPCYO 
c I W Q C T  
0 I M a c *  
c/o1 W 0 I ) C X l T  
C I WQCALA 

C I MORXARTV 
0 I WOPXCAL 
e I WOPLCV 
c I W O I L I M C  
0 I W o 1 o M  -SA 
c/o1 D locco  
B I MOPOwI 
c I NOPOP 
0 I -OM 

c/o1 wmaxs 
0 I lQnxsom 
c I WOPIXSTWN 
o I mmaow 
c I mast 
c I MOPSCT 

o I m m w w r e L o  

I M O P R I L L  

e i WORVAL 
0 I wosev 
0 I MOICA 
c I MOSCOW 
o I moseL 
o I Mmcs 
0 I moscs. eOuL0e.v 
c I MOSnAmoM 
o I nosncin 
0 
0 
0 
8 
C 
8 
C 
0 
0 
0 
C 
C 
0 
D M  
C 
8 
0 
A 
0 
0 
A 
0 
0 
C 
0 
C 
0 
C 
A d a  
C 
C 
0 
0 
0 
C 
C 
0 

0 
C 
C 
0 
C 
0 
0 
C .  
0 
0 

e 

aosntu 
N O e M C w v I u E  
MOSnW 
NOSIOA 
NOSXMCC 
U W L A N O C R  
WCSMAN 
Nos0 
MOIOUCT 
MOSaOC 
mcsa VROCK 
mosreLL 
MOTA 
WOTCY 
MOTLCV 
MOTOOUA 
1011 
MOTTLANO 
MOTTO 
MOTTSVXLLC 
MOULTOM 

M O W 0  
MWNOUAVSW 

MOUnOPPAIRXC. 

MOUIIDV XLLC 
* O U T  no* 
MOUYT LUCAS 
MOUWTAOAWS 
MOUNTAIMSOV 
MOUI(TA1MOURC 

moULtuit 

MOUNODRA IR le 

Pcnoeo 

NOUN T A I Mccu 
M O U N T A I M ~ ~ C W  

U o u n i v e o .  

w o u m  t v  x e w 
uwron 
MOVI L L C  
NODATA 
K W L O A  
MOWCti 

MOXCC 

* Q U Y T A I M V I L L C  
WaUWT*CD 

1 0 0 L R A T C L V  I C 1  

mwicn 
*ovens 

e I woveuson 
C I MCVYNA 
0 I UT. AXRV 
0 I UT.  C A R R Q L  
c I WT. woo0 
c 1 UT.  O L I V E  
0 I UT.  *LIMON 
0 I M U C A I A  
0 I WUQIALCC 
0 I MUD tD.x*Gs 
c I I M C O  
V O l  M U D L A V I A  
0 I WUOPAV 
c I wuls 
e I * U P  
c I u c  
c I MUGSINS 
0 I WUC)(OUSC 
8 I Mu6yUT 

0 
0 
C 
B 
C 
C 
0 
C 
0 
0 
0 
C 
C 
0 
8 
0 
0 
e 
0 
0 
0 
0 

C 
0 
0 
8 
0 
0 
A 
C 
0 
C 
A 

0 

A 
0 
C 
8 
0 
E 
C 
C 
8 
0 
C 

8 
0 
C 
0 
0 
C 
0 
0 
C 

e 

w a  

muin 

MW a t e 0  
M U Y R K I I K  

U U X L T C O .  D . A I W ! O  
W U L A T  
*uLoooa 
*ULO.OW 
NIILCTT 
NULGON 
MULUALL 
I U L U O L L A M O  
nuLnoP 
MULCCV 
* U L L I C A  
M U L I G  
MULL INS 
UULLVON 

MULSTAV 
V U L T  
W L  I C *  
MU. TNOMAU 
M U L T O R W I  
LUNOAL 

M U I O C N  
Muwoos 
MUNOT 
Mum X 
Mu( ISXMC 
MUMJOR 
*v*K 
M w w c L L  
*UNSCT 
uumson 
M u N u S c o M c  
M U I A O  
MURAYCn 
MUROO 
MUROOCK 
UURCM 
MWMCN 
MUROC 
W O D W V  
M W R I C T A  
nu00 ILL 
mwlIP 
M(LIV1LLC 
MUSCATXMC 

NUSCLLA 
UUL X CK 
MUS I M X  A 
W S C C C O  

wuLswoc 

uwotLcxm 

muse 

e I UVOMA. r e t  
I UVPA 

0 I V T R I C K  
c I L V P T L E  
0 I m v s T C M  
I I WVSTXC 
0 I MAALCYU 
t I MAALCYU. OLDPOCK 
I I SUOSTRATUU 
0 I NAOCSWA 
0 I NACYCS 
0 I MACYUIA 
C I N A C I M X C M T O  
C I MACLIMA 

0 1 M A O A  
I? I NAOCAU 
C I M A O I M A  
C I N A O I A  

0 I NACf 
0 I NAGITS* 
A I MACLE 
C 1 MAGI)OL 
0 I NACA 

1 WAUATCMC 
0 I MAULA 
C I hAYOM 
0 I NAURU0 
0 1 MAUUMTA 
0 I N A X r A  
C I W A C A I  
0 I WACADMA 
0 I NAKXNA 
0 I MAKMEK 
0401 NAKOCWMA 
0 I M A L A g I  
C I N I L 0 0  
0 I MALL 
C I MAWOE 

e I MACOGOOCUtS 

c I nAeceLxm 

0 
0 
0 
C 
0 
0 
0 
Am 

C 
I 
e 
0 
Ad0 

e 

WbMCLA 
MAUCOK X 
YAMON 
MAVUR 
NANAUKXN 
MANCV 
NAMXAC 
NAMK X N 
NAMMV 
N A M N V 1 0 W  
NAMSEWONO 
MANSeMe 

WAYSUS 
M A M t e P s e P  

WMKCGO. I A I S H V  0 I WANTAUALA 
W S K C C O .  CLAV LOAM 0 I WAMTUCCCT 

S M S T R A  TU* 1 MAMUM 
WWKCLLUMCC 0 I MAPA 
MUSK X M U M  C I U A P I C R  
MUSKOCCC C I MAPLEMC 

0 I U W 0 C A I ) C  
0 I W l S O U f L  
A I NUSSCL 
e I M u s s t L s n e L L  
e I W V l I C m x L L  
c I MUSSCV 
C I MWTAMC 
C I MUTNALA 

C I UVACKA 
0 I UVAeKA.  
I I D C P P C S S I O Y A L  
0 I MVAKKA. TXDAL 
C I WVATT 
c I *VCRS 
0 I Y R R S V X L L C  
c I mwoao 
c I M V L I C A  

o I murrLen 

C I U V W A  

C I NAPOLEON 
c I m u m n e e  
e I WAPTOWWC 
0 I M.I)AMJITO 
C I MARAMJO 
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Exhibit A-1, continued: Hydrologic soil groups for United States mila 
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Exhibit All, continued: Hydrologic soil groups for United States soils 
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Exhibit All, continued: Hydrologic 
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Exhibit All, continued: Hydrologic soil groups for United States soils 
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Exhibit All, continued: Hydrologic soil 
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Exhibit A-1, continued: Hydroiogic soil groups for United States soils 
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' Exhibit A-1, continued: Hydrologic soil groups for United States soils 
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

smeLLaocc A I  
SYCLMAO I N C  0 1  
W E L O C I A  S I  
SMELTON C I  
M N A  0 1  
SWNANDOAM 0 1  
sncm s I/o I 
SkLNON S I  
S W N V A L  e l  
sncp I I  
S W P I N  C I  
SnePDAaO A I  
SnePSTca 0 1  
S W a A W O  e l  
sncara C I  
sncaeuawe C I  
snea I DAN S I  

SWQLOCK I I  
snmm 0 1  
sncamoae S I  
sncmav O A I  
sneaav. STONY 0 1  
sneaavL e l  
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S W V L  I N  C I  
snimca 0 1  
SMlCLOS C I  
sm I r rca  C I  
S M I L L V  C I  
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S n I W A  C I  
SMl*ION C I  
SMINACU 0 1  
snl NO Aa A 0 1  
snimoLea C I  
S M l N c m  C I  
w I W L C  0 1  
Y(I*~LLMILL 0 1  
SMINCLLTOWN C I  
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SIMONlN I I SKTLIQ I I SNOWOOM 0 
I SIMONTON e I ~ S Y L I W  0 I M W L I N  I 

8WPA.K 0 I SCYMOn 0 I sNowuoae C 
S1NPATlCO 0 I SKVaOQ 0 I sNowsMoC 0 
SIMPSON C I SKY VILLA^ 0 I ~ o w s L I o c  I 
S I V S  0 I SCYWAV I I SNOWVILLC 0 
8 INA I C I S U I  0 I SNUCCUL C 
SINAMOX I I SLAOTOWN I I SOACPAK I 
SINCLA 11 C I SLACKS c I soAPcueec . C 
S INCATIC o I s u a e  C I SOAPLACC 0 
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S INKSON e I SLAVCN C I S O O l A N T C  I 
SlNLOC C I SLAW c I. SOISOM C 
S I ~ I C L  e I SLAVTOM o I socoaao C 
8 INN ]CAM o I s L c c P e a  C 1 SODA 0 

8 ION I I SLIOCC~CCC 0 I S O 0 A I A Y  I 
S I O U X  A I sLioeLL 0 I SOOASPRlNC I 
8 IWION e I SLIGWTS c I S O O ~ ~ V I L L C  A 
8 IPCLC I I ~LlCTI*o c I soonousc 0 
S IPSCT I I SLIKQ 0 I SOOUS C 
SIPCCAK A I S L l ~ U T T C  e I socLeeaG 0 
s i a i  I I sLxmoca I I SOCW C 
siaoco C I U I C I A C C  I I SOCIA C 
8 IRWCP 0 I S L I C * U  I I S D t T ~ C a A e a L c  C 
S1I)CCTTA C I SLOAY IA I  S O C T S C ~ A O I L C .  I 
8 ISK c I SLOCAVC o I aAatLv CLOOOCO 
8 1SK I YOU c I SLOCUM C I SOGl C 
SlSSC1ON. 8 I SLUICC C I SOCN 0 
S ISSON I SLUKA C I SOGO 0 
S1STt.S A I SLY e I S O G Z I C  0 
S I T A D  a I SLACKOUT I I SOWADPI I 
SITDOWN A 1 SNALL C I SOJUm 0 

0 SlTCS 
SIWLLL C I fMAI)TS 0 I SOLAN0 0 
S IX ICACON 8 I SMAUC I I SOLOATNA I 
SlImlLC c I SWeOLCY o I S O L O I C ~  C 
sizca I I s*LLTca c I W L W C  0 
SCA6CS c I SNILLY 0001 SOLCOAO e '  
SCAGIT o I SVILCYVILLC o I s o ~ ~ c a  0 
SKAGWAY c I S V I L O  c I I O L I S  C 
SKAYA A I smiTneoao 0 I SQLLCCS C 
SKALAN C I SVITMOALC e I souem 0 
SKAMANIA e I INITNNtCC c I SOLO C 
S K A L O  C 1 SMITNNCCC. O l A l N C D  I I SOLOMON 0 
SKANCC C I SMITWTOM 0 I SOLON. C 
SKAN 10 o I SNITWVILLL b I SOLWAY 0 
SKATL I I SIIITWWlCC o I somaoaooao 0 

C scco AOOLC 
S I L l Y  0 I S M K C Y  c I someas I 
SI(LLLCCK I I S*CLAN c I somcavcLL 0 
SKCL Ow C I SCYONA Om1 SOUSEN C 
SCCL TON e I SWAG 0 I S O N A ~ N P I L  0 

0 sccoav c I SNAnOClSn e I SONOOA 
SKlI?O C I S M K C  C I SONLCT 0 
S C I O M #  I I SNAKC MOLLOW A I SONOCAN C 
S C I N N C R  C I S N A K C L W  I I SONOITA I 
S K I P I N O N  I I SNACCW C 1 SONOMA C 

SXWNA P I S.YCOrlSN 0 1 MO0Cl)ATLLY W t T  

I I sL.UO(Tta C I S O I O I A  SlkQSAAS I 

SINTON I I SLCCTM C I 800. LAKE 0 
I INUK o I sLiccaocc 0 - 1  SO01 LAKC. VCT C 

C I SWALLCOW 0 I SOLAK 

c I '  Wuoacao o I smcwec 

SK 1.09. 0 I SNAP. C I S O N W A .  UUOCRATCLY I 
S K I  V'ou 0 I S W A O  0 I WET. SALINC 
SKGKWlSf i  o I swrceLa C I SCNOMA. S A L I W .  I 
SCCKOVlSN. WAINLD C 1 SWLL C I OQAl) (CO 
SUOL Y I I SNeLLI*O I I WNOMA. ST1)ATICILO 0 
SXOOKUM 
SCCS o I sn~oca C I SONONA. 0 R A I W . O .  I 
SXOWYZCAN 0 I SmONOrISn 0 I SLICMTLY S A L I W  
SCULL CRCIC c I smuo C I SONOMA. DIAINCO. I 

C I S Y L L L A Y  I I S U I S T W A T U  

SKVLLGULCW c Iuoo. 0 I ~Loa0L0 
SCULL WAC 0 I S n w o c  e I SONOMA. W A I W O  e 
SKWIPA* C I SN00UALMlL c I SONOa. I 
SCUTUM c I S N O T 0 1 *  I I SONTAG 0 
scweab c I SNOW I I SOOLACC I 
SCVNAVCN C I SW'UOANCC 0 I SOONAYIC I 

W I C A T C S  TWC 0~AlNCO/UNO~AINCO SITUATION. 
IN- aewa 70 A SOCCI~IC SOIL semes o w s c  CWNO I N  SOIL MA* LCQNO. 
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Exhibit All, continued: Bydrologic soil groups for United States soils 

SOONACCR 
S W S A P  
SOCCR 

SORCNSLN 
s o w  
SORRCNTO 
SORTCR 
sonuw 
S O I A  
SOSTICN 
SOTIN 
M l C W C  
SOULAJLKL 
SOUTMACC 
SOUTWAW 
souTWPo11c 
SOUTWU I C  
SOUTMNOUNT 
SOUTMRIOCC 
SOUTWUI CC 
SOUCAN 
SOUCAN. S O N E W A T  

POORLT ORAINCD 
SPA. 

smum 
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s o h o e  
SPAOPA 
SPACLR 
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SPANCL 
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SPCACS A 
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S P C A R U N  0 
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SOCCIC 0 
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SRCTACLC C 
SPeCTCR C 
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S 4 C R  0 
we icLc 0 
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S e C I I Y  C A  
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S C I N K S  
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S R C N D O I A  
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S R I T 1 1 0  
O L X T T O P  

sptnes 
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smwonc 
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SPON8CLLCR 
WOOL 
SWONCR 
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S@OTTSUWD' 
$CIAOAT 
S W A Y  
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SDIICCS 
SPUINC 
SP* INCOUL 
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8 I S T A m L t l  
C I STAOV 
C I STAPPOIO 

A I S T M L  
C I STACC 
0 I STALCY 
0 I 8 T A L L I N C I  
C I STAWOAUGN 
0 I S T A M P O I 0  

I STAUP 
C I STAWWDC 
C I STAN 
D I STANOLCV 
0 I STANOUP 
C I STANCT 
0 I STANPICLO 
C I STANISLAUS 
C I STANISLAUS. UCT 
0 I S1ANL)OO 
0 I STAPALOOP 
0 I STAPLES 
C / O 1  STAPLCTQN 
C I STAPP 

I STA(I0UCC 
0 I S T A a b 0  

I S T U W O R  
C I S T A a l K C 1 W  
C I 8TAI)CCV 
C I STARCS 
A I STAnLLT 
6 I STAl)WAN 

I STACCCOACM 
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I 
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I 
I 
I 
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I 

STAR11 
STARVCOUT 
STASLR 
STATC 
STATLLINC 
S TA TLCR 
STAT2 
STAVLLV 
S TAV t O N  
STCAo(S 
STCCOAM 
STCCu* 
STCCD 
STCCDIAN 
STCEONAN. $TONI  
STCCCCL 
STLCLC 
STCCNS 
STLCPCAN 

STfLVCR 
STLPV 
STCCALL 
STCIcL11 
S I C 1  LACOON 
STEINAVtR 

S T t  INSOUIG 

STCLLA 
STELLAR 
STCNCCI 
STCWILT 

s Tcc se 

sit Imecc 

snxuen 

- .~ 
C I S T b L  
0 I STCW 

I STCNE 
0 1 SRCW 
0 8 0 1  STCPM 
0 I S T C P I  

I S T D S  
A I STC-1 
0 I STERL 
a I s n n t  
0 I STCRI 
a I STET¶ 
0 I STCTT 
0 I smua 

!Y 

bL 
!N 
!NVILLL 
ICI 
'ONE 

IN6 
INCTON 
!TT 
1 
!R 
!N 

.e 

ic 

0 I STCUICR 
I I SILVCNS 
C I STCVLNSON 
0 I S,TCUART 
C I STEUVAL 
c I S T I C C W V  
0 I STIOWAW 
C I S T I f N  

I STICLCR 
0 I S T I L L S  
0 1 STILGA11 
0 I S T I L L  

1 STILLWAN 
C I S T I L L U A T L I  
8 I STKLSCIN 
D I STKLSOM 
C I STINCA 
C I STIWSON 
0 I STINKS 
C 1 S T I N C U  

I STINCDORN 
0001 S T I P C  
0 I S T I I C  
C I STIRRUP 
0 I S T I M  

0 1 STISSING 
0 I STIVCRSVILLC 
C I STOCCAOC 
C I STOCC~RIOCC 
0 I S l O t C C L  
0 I STOCILAND 
C 1 STOCKPEN 
I I S T 0 0 A  
0 I STOOICC 
0 I STOWLWAN 
0 I STOICS 
0 I STOILY 
D I STOWAR 

I I s i m m .  w*oeo 

a I stmeocmcen 
c I svomeouac 
0 I STONCMAN 

I STONLMCAO 
C 1 STOI(CLICC 
A I STONCLL 
0 1 STONER 
C I STONCVILLC 
C I STOlLUALL 
C I STCNLUCLL 
C I STON0 
0 I STONV~ORO 

I STOOCNOOR 
0 I STOIOCN 
C I STCRLA 
C I S T O I I I T T  
A I STOTT 
C I STOUCW 
0 I STOUT 
0 I STWVNO 
c I ST0.t 
C I STOUCLL 
C I STOV 
C I STRAOCR 
C I STRAWAN 
I I S R A I O c T  
C I STRANOCI*L 

C I STRAT 
C I S T R A T P O I 0  
I I STRATTON 
I I STRAW 
0 I S T R A U M  

I STRCATOl 

a 1 STRCLNA. 
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I I U l S T n A T U N  
0 I STRCLNA. T I L L  
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a I smew. 
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t l l C C I C L 0  
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Exhibit All, continued: Hydrologic soil groups for United States soils 

0 I SUAWTOUM 0 I TACOLA 0 I TAMOUL SUNTA 
SUM 0 I S W A M V I L L C  C I TACOMIC 0 0 1  TANSCN 
summx @ I SUAMUICK 0 I TUOOSM e001 TAMTALW 
SUMbUDG I I SUAPOS C 1 T A W O C K  0 I TAMTILL 
S M I U P S T  C I SUAITSUOOO C I T A W O N  I I TAMUAS 
S u N e u n T  
SUNC I T T  0 I SUASCT 0 I T A F T  C I 1AMV.m 
S W C O O K  A I SWASTIKA C I TACTOWN 0 I T A W 1  
S U N 0  C I SWAUK 0 I T U U N A  A I T A W 0  
SUNOAMCC e I SUAVMC C I TAGGIRT C I T A P I A  
SUMOA T A 1 SUCATNAM C I TAGLAKC 0 I T A P I C l T O C S  
s u m o c ~ ~  e I SUCOL 0 I T Y t K L N I T C M  I! I TAPPAN 
SUMOOUN A I S W C 9  C I T A M L A  C I T A n A  

S W C ~ L L O  I I SWCCT C I T W U A T S  0 I TARCWCC 
S U N L l G n T  0 I S r C C T A P ~ L  0 I TAIMTOR C 0 0 I  TARKINGTON 
SUNMTMAT 0 I I W C T 0 1 ) A S S  0 I T A J O  C I T A I K 1 0  
SWMTSIOC b I SUCCTUATCP 0 I T A K L K Y I  C I T A R K L I M  
SUMMTV ALC c I S . L I T I t m G  C I T A K I L N A  0 I T m L O C  
SUNRAT e I S U C I T I Y C  C I TAKOTMA 0 I. TARMACPI 
SUMD I se c I smew C I TAKPOCdAO 0 I TARMAY 
s w s e  T e I SUCNOOA e I TALAG 0 I TAPPLCT 

SUMSWCLT C I S W I F T  CRLLK 9 I T U A N T C  0 I TARRANT 

SUM T 0 I SWlMLtT  . C I T U I O T T  C I TADPTALL 
SW-1 c I 5UINS 0 I T A L C 0  0 I TARUTTOUM 
SUP ¶ I SUINGLCR 0 I T U C O T  b/DI TASATA 
SUDAN e I s w i m a t n .  rev.  c I TALIMIMA 0 I TASCOSA 
SVDCRIOR 0 I STROMCCT SALIW I T U K L L T M A  C I TASSEL 

s w t w i s o n  C I $WINK 0 I T U L A C  b I TASSO 
suPm.ec e I S U I N O M I ~  C I T U L A O C G A  C I T A T A I  
SUR C I S U I N T  0 I T U L A P O O I A  C I T A T E  
sumcs lot o I swseon 0 I T A L L C T V I L L C  0 I T A T t R W t A 0  
suecer c I swissmexm L I TACLOUIOl  C I T A T I T L C  

S U R Y U I  I I S U I S S V A L C  0 I TALLULA 
sunmus C I SUITCW4ACK C I T A U T  0 I TATTOM 
SUROP 1 s t  I I SWITZCRLANO 0 I T U L A G L  0 I TATUN 
I u o o e ~ c T  o I suopt C I T u b 0  A I T A W T O M  
SUPPt  T T  c I SUOI** ILLC C I T A U O O N  C I T A V A n L I  
i u w t  TORS b I SUTGCRT C I T A L O I A  0 I TAUAM 
SURVTA c I S V I L O M  0 I T A L P A  0 I TAUAS 
SUI A L.N A C m  I S T C A M O W  0 I T U O U l N  P 0 0 l  TAUCAW 
S U S A a V I L L t  0 I WOCRATCLT OLT. I T U U C C  0 1 T A T L O I  

SUS I T W A  I I STCAMOPC. C I TANAWA 0 I T A T L O R S P L I T  
SUSQUL MANNA 0 I MODtRATCLT UCT. I T U A L C O  0 I TATLORSFLAT.  
5UTA I I QATET SUISTRATUW I T A L A L P A I S  C I S A L I W - A L K A L I  
S U T C L I C C  I I STCA*ORC. C I TAVAWCN I TAVLOUSVILLC 
sumen C I MOOCRATCLT WET I TALIA 0 I T A Z L I M A  
SUTWC RL A H 0  0 I STCAMORE. OaAlNCO 0 I T A L C L T  0 I TCAGULC 
SUTMCRL I N  c I S T C ~ M O W .  rLoooeo c I TAUFLAT 0 I TCAKLAM 
S U T K I M  0 I STCAMORC. C L A T  0 I TAWOR0 0 I TCALSOM 
5 U T L C T  8 I SUOSTDATUM I T A W A N T  C R C U  0 I T C A L W W I T  
s u r p * c m  C I STCAM A I ? A W I N G  C I TCAMAWAT 
SUTRU c I S T C L L  0 I T -  . 0 I TEA90 

5 U T T O N  I I S T C S I T C  C I TAYAVA 0 I TEASPOON 
SUVCR 0 I S K A C A U G A  0 I T A L A U A  0 I T L C A T  
SUDANLC I STLCO C I TAMAM.. T*AWEO 0 I T t I O S  
S V C A  3 I s n v m  0 I TAMANA. WOOIRATCLT C 1 TCOO 
svtnstn - I S V L V A Y I A N  c I W t T  I TCCMAOO 
sver)oauc 8 I L T L V C S T L U  0 I TAMASCC 0 I TLCWlCK 
SWAGCP c I s n v i .  C I I A N A Z Z A  r I Tee0 
SWA INOW 8 I STnCO C I TANBARK 0 I T C C O L O R  
SUAKAHL 0 I sTmeeT1a 0 I TAIDT o I tacoran 
SWALC1 0 I STWA8CP 0 I TANCUV C I TCCOCA 
SuaLesiLveo 0 I STOACUSC 0 I T A M T  c I TCOROU 
S W A N P T 9 R A W  9 I s m m e  0001 T A W A I R  c I T e n  
SWAN 0 I S W L T T  C I T A N G 1  c I iceLen 

SWANLAIC 1 I T M L C  rOuwTAIM I I TA**AkILL e I tteysns 

I I SWART2 0 I T U O T A  C 1 TAMWAX. OIAIMCO 

sumc v e I SUCLWLT 0 I TAWOULA 0 I 1.neom 

swsnine  C I S W I F T  0 I T U A V A M T C S  e I TARR 

SUNUP 0 I SUICTOM 0 I T U A P U S  e I rAancte 

C I T U L A  C I TASSCLMAM S U P C R S T I T I W  A I swImcLca. WET 

SUUGM 0 I SWISSTAG 0 I TALLS e I TATLVL 
0 I T A T O U C W  

SUSIC cpeex c I SALIMC I T A V A  e I tavLon c n c e K  

5 U T T L C R  9 I STCOLIrcL 0 I T U P I C O  e I T t A S O U t  

SWA*IOT 0 I T M L C M C O I H C  c I TANGLI C I TCCNAT 
SWANOAO 0 I T A O t R M A S N  0 I TAUNA 0 I TCLSTO 

SDANNCr) 0 I TA6LCR 0 I TA**t?R C I T C C V l 4 T  
S W A N S C A  0 I TAEOP 0 I TA)I*CD. LOW 0 I T C F T W  
SWANSON , C I TACAM 9 I p P C C I P I T A T 1 O M  I T C G W  
5 U A N f G N  C / o 1  TACMl  0 I TAWOC I TeMAChACI  

*OTCS: TWO WVORULOCIC M I L  CROWS W C U  AS 00C I * D I C A T C S  TmC O I A I M C O 0 U I O I A I * C D  S I T U A T I O M ~  
mooirieqs snowm. e.c.. meowcx SUOSTRATUN. necem TO A sPccir ic  SOXL srnics @mast 

0 1 TCMAMA 
I T C M I A M  

0 I TEIGCN 
VDI TCJA 
0 I TCJAbC 
C I TCJAMA 
C I TLKLMIMK 
0 I T C K I S O M  
0 I T C I L A M I K A  
0 I TLKOA 

0001 STOMT 
0 I TELA 
A I TtLCWCR 
C I T I L L C A M  
C I TCLLFOMO 
0 I TCLLNOM 
c I TLLCCWONC 

0 I TCLFCR 
I I TCLCCRNLP 
0 I TtLL 

0 I T L L L I C O  
0 I TCLLNAN 
C I W L L U O A  
c I TCLOS 
C I TCLSTAO 
0 I TCMAM 
o I ttveLoa 
0 I TCMLSCAL 
0 I TCNO 
c I TCMPLC 
0 I TCMPLCTOM 
0 I T C N V I K  
C I TCMAIO 
0 I TCWAMA 
0 I T C N A S  

C I TCNOOT 

A I T L M X  
I I TCMIMO 

C I TLNMO 
C I TCNORXO 
C I TLNOT 
e I TCMPIN 
c I T C N I A C  

I T C N S A S  
c I TCNSLO 
A I ttmsLetP 
c I TCNSMOIR 
e I T c N v o R n o  
0 I T t O  
0 I T L O C U L L I  
B I TtPeTe 
C I TCOULSTA 
@ I TCPAOA 
o I Tcmaies 

I rcnemce 

e I Tcaimo 

o I T e K o A .  CxTnemeLv 

B I n u s c o P e  

. A  I T L L L L I I  

o I T e m c e e  

c I i t N c R t w e  

A/DI ttmmILe 

e I TCRCSA 

0 I TCRLAM 
0 I TLRLCO 
C I T C I L I N C U A  
0 I 1CWIM.L 

0 I TLIONOTL 
I I TCIOUCC 

I W I I A  C L I A  

o I rcmw 

I tenia C C I A .  T t o a  
I TEIIA eel.. 

c I rLmoeo 
o I m n . 0  
c I temacTom 

0 I F I C O U C M T L T  

0 I TCRWTOM. STONT 
c I T t R R l L  

COUNO I M  SOIL  WAC LLGCMO. 
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 

C I TWURLOMI 
C I T W R L O W  
0 1 T W O M A N  
C I TWVPMOYT 
I I TMUOOP 
0 I TIACOS 
I I T I A K  
C I T I B A N  
I I T I I I I T T S  
C / D I  T I 5 S  
0 I T I I S O M  
o I T i e u a o m e s  
C I T l C A  

I T I C L  
c I T I C C L L  
8 I TICWMOQ 
C I T I C I M O  
I I T I C K A P O O  
I I T I C K A S O M  
0 I T I D I N G S  
0 I TXDWCLL 
I I T I L O R A  
I I iienauecne 
c I i i c s i o c  
0 I T I C T O M  
I I TICCAMY 
C I TIFTOW 
C I TIGER CPCCK 
I 1 TIGCRO* 
C I T I C I T  
L1 I TIGIWOW 
0 I T I C L C Y  
0 I TICOM 
C I T I C U A  
C I T I J C R A S  
C I T I K I  
0 I T I L C C R  
n I iiLCoao 
I I T I L L C O A  
0 I T I L L I C U M  
0 I T I L L M b M  
0 I TILLLONT 
I I T I L L O U  
A I TILL. 
I 1 T I L S 1 1  
WDI T I L T O N  
I I T I L I A L I C L  
c I TIYC'CRG 
0 1 T lNW?PMAO 
e I TIP@.CRLr 
0 I T I M I C R V I L L C  
I I T I Y O L I M  
I I T I M I U C T W  
0 I T I W C N T W A  
WDI T t Y l U L L  
I I T l W U S  

D I T I lMOMS 
c/o1 T l L P A Y U l C  
0 I TIMPAMOGOS 
0 I T I M P A M O G O I ~  
I I moenAttLv meLL 
C / D I  OPAIMZO 
c I TXMPCR 
b I T l r u s r  
I I T W A  
I I T I M A J A  
I I TIMAMOU 
S I TINOAHAY 

0 I T I Y K C N  
e I T14CUMAM 

C I T I h T O W  
I I TIMYTOUM 
A I TIOCAMO 
I I T l D C A  
C I TIPDAW 
6 I TIPPCCAMOC 
C I T I P P C R  
I I T I P O C P A R T  
I I T I P P I P A L  
C I T I W O  
C I T I P T O M  
0 I T I P T C M V I L L I  
0 1 T I P T C P  
I I 1 f R O  
0 I TISCWV 
0 I T I S C W  
C I T I S D A L C  
0 I T1SW1R 

I TISOMIA 
I 1 TISWO97W 
0 I T I T U S  
0 I T I T U S V I L L I  
I I T I V O L I  
0 I T l V Y  
b I TCA 
P 0 0 l  TCAOLACC 
9 I TOAMC 
C I TOAMO 
I I T O I l C O  
C I TOCIM 
I I TOCISC 
b I TOCLCR 
0 I TCYOSA 
0 I T C I T  
8 I TOCAL 
0 I TOCALCYA 
W C l  TCCAM 
I I TOCCOA 
I I TCCK 
I I T O C O l  
C 
e 
C 
C 
C 
G 
0 
C 
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I 
0 
C 
e 
0 
I 
C 
I 
I 

I 
C 

n 

r 

0 
I 
C 
I 
C 
n 

TOQOLCR 
TODO I T A V 
T C O O V I L L L  
TPCOS 
TOCWCAD 
T G C J A  
T D t L  
TOCCLA 
TOGMOM1 
TOGO 
T CGU S 
TCYDMA 
T C I Y I  
TOlNC 
T C I S M O T  
TCISMOT. DONOLD 
T O I Y A I C  
T C I A T  
TOKCCM 
T P I L A T  

T C K U L  
T R A M T  
TCLC T 
T o L C D 0  

T O L I C n r  
TCLKC 
TOLL 
T U L G A l C  

rcropew 

T a c  x 

D I  
C I  
I I  
C I  
C I  
C I  
I I  
D I  
0 1  

A I TCLTCC 
I I TOLUCA 
0 I T O L V A a  
I I TCMAW 
C I TOrAYAWK 
C I TOrALCS 
C I TOMASAKI  
A I T W A S T  
I I T O L I A P  
C I TCMeSTONC 
I I T O r C  
I I TOMCL 
I I TOWCPA 
C I TOrCRA. CCYCMTCO 
I I W I S T R A T U M  
0 I T O ~ I C W I  
C I TOM3KA 
# I TDWOTLCY 
0 I TOWS 
c I TOnSWLR?* 
L /DI  TOWTY 
C I TOMALCA 
A I TONASKCT 
C I TOMATA 
I I TONCANA 
I I T o l C Y  
I I T o m c u e  PIven 
e I TONID 
A001 T W K A  
C I T o l K A V A R  
C I TOWKAWA 
9 I T P I K C Y  
C I TOMKIM 

C I  
I I  
I I  
e i  
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0 1  
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C I  
C I  

I t  
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C I  
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e i  

TORSIDO 
TOPTUGAS 
TOWULL 
TCSCA 
TOSSCR 
T O 1  TON 
T O T A V I  
TOTCLAKC 
TOTCM 
Tor I C R  
TOTO 
TOTTCN 
T O U c n e T  
TOUWCT 
TOULA 
TOULON 
TOUPM 
TOU~NOU!ST 
TOURS 
TOUTLC 
TOUTLC. CLOODCC 
T0V.R 
TOWAVC 

TOWMCR 
TOWNLEY 
TOwMseMO 
TOWOSAWGT 
TO I AV A Y  
TOT 
TOYAW 
TOVUSKA 
T o t e  

towwee 

e 
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I 
I 
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D 
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b 
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0 
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0 1  
0 1  

8 1  
e l  
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e l  
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D l  

c i  

TONKIN. *oocnbrcLv c I TPARUCC 
WCT I TPACYUTC 

10W.S C I TRACK 
TONOPAW A I TRACK. DRAINCD 
TONOP C I TRACDSA 
TGNOWCC I I TQACT 
TOWPA I I TOADCOOLLAP 

C I TRACR TLWSIMA 
TON I I C I T R I G  
TO*UCO 0 I TDAC. COOL 
T W L t S  0 I I R A Y A W  
T 0 0 L t S I O R 0  I 1 T R A I L  
rooncs 0 1 T R A I L A L P  
T t O N C  C I T P A I L C R C C K  
TOOME. LOAMY I f TaAILWC.0 

SUOSTRATUM. STONY 1 T R A I N C P  
TOP C I TPAITORS 
TCPCC I 0 I TRALPbS 
TOPIMAM G I TRAUWAT 
T O D l A  0 I TRAMOUILAP 
T D D L I C C  I 1 T P A M S T L V A M I A  
TOPOMCC 
vooccmisn 0 1 T R A P P I S T  
nmc+emtsn. onaImeo c I TPADPS 
TOBPC I I TPbSK 
T W S C Y  c I T n A v e L e R s  
roouenvi LLe 0 I TDAVCD 
TOQU I 0 I TRAVCRTINC 
T@DQUQP A I T R A V C S S I L L A  
TCP 0 I T D A V I S  
Tfi)COT A I TPAVSOW 
TORCWLIGYT E I TRAWICK 
TOI)DIA 0 1 TRAT 
tme1 I I TRCAOWAT 
TOQUUMTA C 1 TPCbTT 

C I TPAPOCR 

TOIMCT D I vncmc 
T O P h I L L O  I I m e m o c  

I I TM 
I I TU 
C I 111 
0 I TM 
C I TU 
0 I TU 
A I TU 
I I TU 
WOI TU 
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8 
0 
I 
C 
C 
L1 
I 0 0  
D 
C 
I 
0 
C 
I 
0 
C 
0 
I 
I 
I / O  
I 
C 
C 

0 
C 
0 

0 
C 
I 
C 
E 
I 
C 
8 
C 
0 
0 
C 
0 
C 
0 
I 
C 
0 
103 
I 
O 
C 
0 
C 
0 
C 
C 
I 
O 
I 

A 

e 

(210-VI-TR-55, Second Ed., June 1986) A39 



Exhibit All, continued: Hydrologic 

TRCWSLCS 
ine*.Les. 

TnewPe 
T n e w P e a c A u  

* 0 0 C R A T C L T  WCT 
TRLWONA 

TRCNART 
TReNMoLW 
TRENT 
TRCMTON 
T 4 0 N  
mep 
TRCS MERIANOS 

tnesto 
TRCSANO 

I I ) ISTLC 
TRCTTLN 
T R C V l M  

TRCT 
T R I A N G L E  

TO 1 COW 
TRIO 

i n e v L A c  

inieecv 

TRIO. NOV#SlONV 

T I  IGGCR 
TR I GO 

TRIDCLL 

tntwao 
tn1weLe 
TRlWwCR 
T R l  N 1 0 A 0  
T R l N l T V  
T R I O  

, TRIOWAS 
T R I P I T  
T R l P L L N  
T R I P O L I  
10100 
TR1ST.N 
T R I T O N  
T R l X  
TROCCCN 
TROJAN 
TROW 

Taw. 
TRWC. S A L I N C  
TROPAL 
TUOP 1 c 
TOO1 1 
TROSCV 
TROUGMS 
m0UP 

T R W T  R I V E R  
TROUTOALC 
TROUTCR 
T R O U T V I L L C  
TROVC 
TROXCL 
TRUAX 

TRUCE 
TRUCMOT 

TRUCKLE ORA INCO 
TRUCKTOW 
I R U D A U  

inowsew 

TROUT cmccc 

m u m e  

inuccee 

T W C  
TRWP rssuuc 
T R V t S O A L L  
T . u W o V  
TRULAC 
TRULON 
TRUMAN 
TRUWOULL 
1RUwm 
TRUNK 

0 1  
C I  

I 
C I  
A I  
I I  
I I  
0 1  
S I  
0 1  
0 1  
S I  
e l  
S I  
C I  
S I  
0 1  
0 1  
I I  
A I  
0 1  
C I  
C I  
C I  
S I  
S I  
0 1  
0 1  
I I  
S I  
C I  
0 1  
0 1  
0 1  
e l  
C I  
S I  
em I 
S I  
S I  
0 1  
e l  
S I  
S I  
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S I  
C I  
0 1  
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0 1  
e a  I 
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C I  
C I  
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e l  
S I  
e l  
C I  
C I  
C I  
C I  
S I  
S I  
I I  
A I  
I 1  

. C l  
0 1  
0 1  
C I  
S I  
0 1  
0 1  
0 1  

wscnecc I I  
iausseL C I  
T W V A R  0 1  
TRTON 0 1  
T S A L l  C I  
TSCWICONA @ I  
T S l I I K U  C I  
tsosre S I  
T U 0  C I  
T U A C  C I  
t u e n e T  C I  
TUCANNON C I  
T K C A W O L  C I  
tuccem C I  
TUCCCRWAY 0 1  
TUCSON S I  
T U C U K A R I  S I  
i u c r i  C I  
V U C O  0 1  
T U G W  1 LL 0 1  
TUJUNGA A I  
iucev C I  
T U U M N l C  C I  
T U I D I L A  0 1  

T U .  C I  

TUAMA. NowLmoeo c I 

T W U I L A .  O R 4 I U O  C I 

T U A N A .  ORAlNCO 8 I 

TkLAIC 
T U L U G O  
T U A R O S A  
T U A S C  
T U C M  
TULCCAN 

T U . I A  
T U 1 C  
T I A L A M A S S C C  

T U L O C C  
T U L V  
T U O S O  
TUNAC 
T U A L O  
T U A R l O N  
T U I L C T O h  
T U I T U N  
T W O 0  1 O W  
T W L M I L L  
T W  I CA 
T U N I S  
T U I l T A S  
T U I C  
1WKNA)OIOCC 

T U N  1 SON 
T U O I I  

T W U C N U C  
TWW 
T U R I C V I L L C  
T U S O T V I L L C  
M I V C I L L  
T U X  
TURKC VSPR IN61 
TURLLV 
T U a L l N  
T U L O C C  
T U R r n U N O  
T U Y O A C K  
T M a U L L  
TURNER 
T U N t R C n e S T  

TURNLV 
TURRAW 
111)RCT 
T U R  1 A 

T w e L A c e  

T u L e n  

i w e L  

i w a o  

TUNERV~LLL 

TUIIA. wci 

o i  
I I  
0 1  
e l  
e l  
C I  
0 1  
S I  
e l  
C I  
0 1  
C I  
C I  
0 1  
I I  
C I  
0 1  
C I  
0 1  
C I  
0 1  
0 1  
0 1  
C I  
A I  
A I  
8 1  
D I  
e l  
0 1  
0 1  
e l  
C I  
C I  
S I  
C I  
e l  
I I  
S I  
0 1  
0 1  
C I  
0 1  
I I  
C I  
S I  
e l  
C I  
e l  
0 1  
C I  

TURSOY 
TURTON 
T W A V A N  
TUSCAN 
TUSC AIIAWAS 
T W C A W  I L L A  
T U U O L A  
T W C O S S O  
TUSCUNO 1 A 
T W C L  
T U S l P  
TUSK 
TWCAMOIA 
TUSCCCGO 
T u s L e n  
wsoutme 
T W S V  
T U S T t L L  
T W T  I N  
TUST UWCNA 

T U I M  ILL 
TUTN 1 
TUTTLC 
T U T U I L L A  
T U T U I L C R  
TUUCLC 
TUXCCAN 
T W S A  

we1 

t u l e  

TWIA. w o o a a A r e L v  

iueeov 
T I C I A .  OPAlNEO'  

TUCCHER 
T U l C C  
TWIG 
TUlL 1GMT 

TU1 N 1 YC 
TUlWSI  
T U l S S C L M A N  
T U l S W L W A N .  

TWIN cPetc 

S A L  I N C - A L C A L  I 
uei  

TWlSSCLWAN 

TUOWlLC 
TUOTW 
T V W  

T T 6 A R T  
TVUC 
TVLCR 
TVNOALL 
TVWDALLo ORAlNt?O 
TVNCR 
TTONCC 
TTRC 
TVRONC 
TTSON 
T V Z A C  
UAYA 
UOANC 
USAR 

ue1c 
urn. 

UCOLO 
U C W l A  
W A Y 0  

S A L  I N C - A L K A L l  

Tree 

uaewee 

u c e c  

uocL 
u0eL-e 

uwcws 
uwems. C L o a o e o  

U M U 0 1  . 
u n  

U M L P W O  

U C U  

soil groups for United States soils 

C I UNLAW 
0 I U N L I G  
c I U K O I Y  
0 I UlNTA 
C I U K l A M  
C 1 V L A  

# I U L I O A  
D I U U O A  
S I ULN 
0 I ULRANT 
e I U U I C  
0 I U L R I C W L R  
C m l  ULTRA 
# I U L W A L A K U A  

e I uLm 

e I U L V  
0 I ULVSSCS 
C I UNA 
0 I U N A P I Y C  
C I UWAPlNE. ORAlWCO 
0 I U W A T l L L A  
6 I U W A P G  

C I U W l A T  
C I V I l C O A  

0 I U W A  

e I uwaenLwo 

e I umtL 

I 1 u*ocoos 
0 lu*N*(p 
I Iuu 

I U N A O I L L A  
C I UNACA 
C I UNACUlC 
o I urnweep 
0 I UWCAS 
o I u a c o u P ~ r ( C a e  
e I U 1 0 t R W W 0  
e I UI(DUSC 
c I UIICCRS 
c I U N I C O l  
c I WIo* 
0 I UNlONTOUY 

I UwromviLLe 
I U N l S O n  

0 I W l U S  

c/o1 U I L l C  
c I uwsn 
0 I UWSON 

o I upoice 

I U h l V L G A  

0 I UPOCGPICl' 

C I UPSATA 
0 I UOSMUR 
c I UCCON 
e I UPSON. STONY 
A I U P S P R l N G  

A 0 0 1  UPTWOR 
C I U I T O N  

0 I UIIACCA 
0 I U W A N A  
0 I URSO 
0 I UREAL 
c I U.1CM 
S I U R l P * L S  
0 I M l P W S S o  GRAVCLLV 
A I URLANO 

I UnUCSS 

o I urrrcrr 

e I uPviLLe 

o I unwc 

o I Urmc 
0 I URSA 

0 i URTAM 
I # O l  U n u I L  
8 I U U L  
c I USAL. W A V L L L V  

e I U S l M  
S I USK 

0 I USMAR 

U T A I A  
U T A L l W  

U T l C A  

UTSO 
UTUAOO 
UVAOA 
UVALOC 
uv 1 
UWALA 
U U M A R R l L  
ULONA. 

VAOUS 

VAOAMO 
VAOCR 
VAOMA 1 S 
V I 0 0  
VACOA 

V A l L T O M  
V A l V A  
V A L I V  
VALCO 
YALCRLLC 
v.Lcnes T 
VALOCZ. CLAVCT 

v a o e t .  c u v e v  

uie 

uiLev 

v d m w  

v m m i c  

vAiocu 

S W S T R A T U N  
VALOEZe S A L l N C  

SUOSTPATUN. 
S A L l N L  

VALOCZ e ORA I N C O  
VALOOSTA 
V A L C  
V A L C N C l  A 
VALENT 
V A L C N T l N L  
VALCRA 
VALWALLA 
VALCAR1 A 
VALCAR1 A .  

V A L L A N  
V A L L C  
V A L L L C l T O S  

o e P m e s s I o w A L  

v A L L e o w o  
v A L L e n s  
v.LLevcnv 
VALMAR 
VALNOMT 
VALNT 
VALNOR 
V A L O l S  
VALPAC 
VALSCTZ 
VALTO 
VAL TOM 
VALVCROC 
VAWCR 
VANOWT 
V A W P  

V A N  WORN 
V A N  MOSTLRN 
V A N  UACOWCR 
V ANA J O  
VANANOA 
VANIRUNT 

VAN ousm 

D I vmce 
C I VAWOA 
C I V A N O A L I A  
C I VAMOA*NC 
0 I VANOAWORC 

A I VANOCRMOCC 
C I VANOCRLIP 

I I vawoeaatw 

A40 (210-VI-TR-55, Second Ed., June 1986) 

. 
S 
0 
0 
S 
0 
0 
0 
I 
0 
8 
e 
0 
0 
C 
C 
0 
0 
C 
0 
0 
0 
I 
0 
C 
C 
0 
C 
0 

0 
C 

C 
A 
0 
e 
A 
A 
C 
A 
S/O 
0 

0 
S 
0 
0 
C 
0 
C 
C 
0 
C 
0 
C 
C 
0 
0 
0 
0 
0 
C 
S 
0 
C 
D 
0 
0 
C 
C 
0 
0 
S 
8 
C 
C 
A 



Exhibit A-1, continued: Hydrologic soil groups for United States soils 

VAYCDDS c I vmoe 
VAWCT 0 I VLDOCL 
VAYC I I venoico 
VAWCUAI)O c I veaoicms 
VA**C TLR c I V W O U N  
V I M  I I I VCRCNORTC 
VANUOV c I VLRCAS 
vmoczen I I vencmmes 
VAYOSS I I vennALeN 
YANPCTTCN 8 I V C R l C K  
V A N S 1  CKLC 0 I V C R I T A S  
VANSOY I 1 V'ZRJCLCS 
VAWSTCL I I V W L A N O  

VAWVOR . I I VC**LJO 

V A W Z A W O I  . C  I V C R U I S A  

VANTAGE I V R L O T  

VAMUVDCP c I v r n m i u i o m  

VAOUCRO 0 I VLRWA00 
VARCO 0 I VERNAL 
VAROCM I I V C P * A L I S  
v A a e L u n  I I V C a M O A L L  
VARCLUU. CLAV L O A M  C V C R Y I A  

S U I S T R A T U N  
VARCAS 
V A R I C K  . 
V A P  INA 
V A P N A  
VARYET 
V A P I O  
VARTSIURC 
V A S A  
I A S W T  2 
VASOUCZ 
VASSALIORO 
VASSAR 
VASSCTT 

V A S T I W .  

V A U C L U S E  
VAUGWA.Y 
VAUGC(WSV1LLE 
V b V  
V A T A S  
vc A L  
VCATCW 
VCATCW. STOWV 

VAST i m t  

SALINE-ALKALI 

v u z i t  
v e c m  

veeoum 
vcct 

VCCOWT 

VCCA 
VCCA A L I A  
VEGA I A J A  
VCKOL 

VLLASCO 
VCLOA 
VCLOKAMD 
VCL*A 
WLlW 
VELVA 
*e*. 

VEMAOITO 
V C W A N W  
VC MA- A S S 
V C W A T O l  
V'CWCTA 
re te2  I A 

VCWLO 
VCNTRIS 

veKoL. COOL 

vtmbeLe 

mmice 

vcwuoc 
vcmw 
ve rcus 
VCRIOORT 
V E R C L I C C  

C I V I L L I ,  Ol)AlW?O 
0 I V I L O T  
0 I V I * V I L L L  
I I V I M  
o I vimcemmes 
W O I  V l N C C N T  
c I V I K O *  
C I V l W O l C A T O P  
0 I V I N C C A W W N  
c I V I w V A a o  
I I V I W C O  
@ I V I W l N C  
0 I V I W I W l  
0 I V l N I l A  
0 I V I b J C  
C I V l N L A W 3  
b I VIWSAO 
0 I VIYSOW 
0 I V l W T  

I I V I W T A S  
1 I V l h T O u  

I I VIMT. we7 

I I veRieL 
I I veaiaccs 
I I vcs 
c I VCSCT 
c I v u p m  
o I vcssco 
I I V'CSSILLA 
I 1 VCSTA 
c I V e s T A I u a C  
o I vts iom 

o I v e t e m a  
c I vwo 

I I V I I L C  
I I V I 8 0  

n I VIIWG 
I I vicee 

I VCTA 
C 1 VCTAL 

I I V I A  
0 I V I A *  

C I V I I W A S  

0 I V I C K .  
0 I VICKCRT 
I I VlCKlWC 
C 1 V I C K I W C .  OPT 

C 1 VICKTOW 

C I V I C T O R  
0 V 1 C T I ) R I I  

I I V I C T O R T  
I I V I C U  
I I V l O A  
e I V I O A U R I  
c I V l O R I M C  
0 I V I C J A  
0 I V I C W A  
c I vieoues 

I I V I C I S I W C  

o I v i c i i m t  

I I v i c i o a v u e  

0 I VICAR 
C I V I C I A  
0 I VlGNOLO 
0 I V I G O  
C I V I G U S  
0 I V l K l W C  
0 I V I L  
0 I V I L A S  
0 I V I L L A  
I 1 V I L L A  GROVE 

C I V I L L I  
o I viuecaeem 

c i VIRGIL 

I I vinctm i i v t e  
b I V I R C I N  PEAK 

0 I V I R K U L A  
I I V I W U C  
0 I V I S T A  
C I V I T A L I  
0 I V l T Z l n w  
I I V I U O A  
A / C l  V I U M  

I v i v e s  

n I v iaem 
I I V I V I  

C I VIZCAIWO 
0 I V I Z C A O O I Y T  
8 1 V L A S A T V  
I I VLCCK 
A I V L V  
I I VOATS 
0 I VOCA 
6 I vwepwie r )  
0 I VOIGWT 
c I VoLAOORA 
c I VOLASW 
I I vanoaG 
o I v a c c  
0 I voLewe 
I I VOLlklA 
0 I V Q K M A R  
I I VOLNCT 
o I v o w e n i t  
I I VOLT. 
@ 1 VOLTACE 

0 I bAIASSO 
C I WAIASSO. 
P I OCDRCSSlOMAL 
0 I WAOIASCKA 
C/O1 U A I C K  

C I WAIUSKA 
0 I UACA 
C I VACAWOOTA 
C I WACOTA 
0 I UACOUSTA 
C 1 WAOAMS 
b I WAOOOUPS 

I I bAOCWA 

c I U A I C N  

c I I A O L U  

0 I WAOCNILL 
c I whom 
0 I UAOCSPa1NCS 
I I WAOLE1Q( 

e t u c e s  

C 1 WAOMALAU 
A I WAOSWOUTW 

0 I UACWCR 
C I DACONIOX 
C I UACOWTIRC 
Om1 WACRAM 
C I U A U A  
I I UAMATOVA 
0 1 .AWL 
C 1 WAWCUTWC 
C I WAMIAWA 
C 1 U A W I K U L I  
I I UAWKELNA 
C I b A W L U K C  
0 I UAWOO 
n I wnoetom 

I I W W T I G U D  
I I UAWTU)1 

C 1 UAWRCKOAM 
I I W A W S T A L  

0 I UAWUCAD 
C I UAIAMA 
C 1 I A I A K O A  
0 I U A I A U A L C  
C I W A I A L U A  
I I b A l A W A  
C I UAIWUWA 
I I UAIKALOA 
I I U A I K A M  
I I W A I K A P U  
I I W A I K O W  
0 I U A I L U K U  
0 I . A I M C I  
c I uAiwcc 
I I UAIWOLA 
8 I U A I O A W U  
I 1 W A I S K A  
C I U A l T S  
0 I UAKC 
I I uAceem 

C I  
C I  
0 1  
G I  
0 1  
0 1  
@ I  
C I  
0 1  
C I  
0 1  

0 1  
0 1  
A I  
I I  
8 1  
C I  
0 1  

m i  

V O L T A I m  o I waceCieLo 
V O L T A I R E .  OPAIWCO C I WAKELANO 
V O L T A J U C ~  CDAVCLLY C I UACCDISW 

V o L U S I A  
VOW. I I UACOYOA. T I L L  

VO%ASON I I U A C U L L A  
vwanies C I WALCAN 
v'ooc 0 1 WALCOTT 
voseuac I I WALOIILLIC 
VOSS I I WALOCCK 
V'o.SLT c I w u o e m  
V,KCAN c I W U O O  
VVLACW 0 I WALOOar' 
UAAS e I WALOPWT 
1.0.11 IC. c I wuoaom 

S U I S T P A T U U  . I U A K I T A  
C I WAKOWOA 

voaaLee e I SUISTRAT~ 

w An. sn 0 1 UALOROUD 
W A I A S N A  0 I WALCS 

ami w.Les. ovctmcow 
0 I UALCORO 

I WALWALLA 
0 I UALKC 
A 1 WALKMOLLS 
6 I UALKON 
C I WALL 
I I WALLA b A L L A  
0 I UALLACC 
I I UALLCW 
8/01 WALLLR 
I I U A L L I N C T O N  
I I WALLKILL 
I I W A L L K I L L .  

8 1 WALLOW. 
C I WALLROCK 

0 I UALLSOW 
0 I U A L L U S K I  
c I W A L M t T l  
I I WALOMG 
0 I WALPOLC 
o I WALnees 
0 1 WALSW 
A I U A L S T C A O  
C I UALTCRS 
C I WALTCRSWOW 
0 I UALTI 
0 I .ALUM 
I I WALVAN 
c I WALVILLE 
I I U A M I A  
I I W A M I A .  ORAINCE 
0 I WAMOUSRA 

C I *.*IC 

0 I NOYCLOOOCO 

c I U A L L S I U O G  

c 1 WAMLGO 

0 I UA*DOO 
e I w.nosviue 
0 I WAWACAN 
o I r.weLet 
0 I UAWOA 
C I W A N 0 0  
0 I W A l l Z T T A  
I I WAWILLA 
0 I U A W W  
C I WAYWACOTT 
I I WANOGA 
I I W A M O ~ I C  
I I wAwsta 
0 I UANSCR. O R A l N C O  
I 1 U A D A L  
I I W A O A L .  ICOROCK 
I I S U I S T R A T U M  
I I UADAL. n c o a o c K  
C I S U I S T R A T W  
I I WADATO 
I I WAOLLLO 
0 I W A D 1  
I 1 U A 0 1 W 1 1 1 A  
I I .ADD WC 

I I WAODO 
0 I UAPSWILLA 

c I U A O T U S  
I UA1)DA 

A I WAROR000 
C I WAROCLL 
8 I UAPOLN 
0 I UAROCWOT 
C 1 UAROWCLL 
0 I WA.L 
0 I U A n t A Q L  
C / 0 I  ..PCWAW 

c I WADDIWGLR 

I I UADSIL 

A I WAOM SORIWCS 
0 I WAR9 S W I N G S .  
0 I O I A I Y O .  C L A V  
0 I SUOSTRATW 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

WARN' SPRINGS. 

WARN SPRINGS. 

WARN SPRINGS. COOL 
WARNAN 
WARNAN. GI)AVCLLT 

WARNCKC 
WA9NCRS 
WARNOCK 
WARRCNTON 
WARSAW 
WARSING 
WARU 1 CK 
WAS. 
WASATCM 
UASCO 
WASOA 
WASCPI 
WASMOURN 
WASHINGTON 
WASMINGTON. UCT 

WASMOC 
WASNOUGAL 
WASMTCSAW 
WASILLA 
WAS 104. 
11.11.1 I N  
WASKOV 
WASP0 
W A S S A  IC 
UASS I 1 
WATAO 
W A T A N A  
WATAUGA 
WATCMAOOB 
WATCHAUC 
WA TCWUNG. 
WAlCPOURV 
UATCRCANVON 
WATCRCC 
W A I C D N A N  
UAICRTOWN 
WATCRVILLC 
WATKINS 
WATKINS RlOGC 
U A T O  
WA TONGA 
WATOOPAH 
WAT9OUS 
WATSCKA 
UAISON 
WATSON I A  
WAISONVILLC 
. A I 1  
WATTON 
UATUSI  
WAUOAT 
UAWCCK 
WAUOCPG 
UAUOONSlC 
UAUCCOAM 
WAUCHULA 
WAUCMULA. 

WAUCOOA 
WAUCONA 
WAUCONOA 
WAUKCC 
WAUKCGAN 
WAUKCNA 
WAUKON 
U A U O  
W A U I A C  
UAUNOCK 
W A W A  
UAUPACA 

ORAINCO. ALKALI  

ORAINCO 

S U e S O l L  

SUISTPATUN 

OCPRCSSIONAL 

C I WAUDCCAN 

C I U W I l K A  
I WAUSCON 

C I WAUTONA 
WOI WAVCLANO 
A / 0 l  UAVCLANO. 

0 I W A V C W V  
C / O 1  WAWASCC 
0 I W A W I N A  
0 I WAX 
e I WUPOOL 
0 I WAYAN 
A I WAVOC 
0 I WAVCUP 
A I WAVOCN 
0 I WAYLANO 

0 I WAVNCCO 
0 I WAVNCSBNO 
B I WATWETOUN 
C I WCA 

I WCASM 
0 * 1 CCAINCWORO 
0 I UCAVCR 
C/O1 UCAVCRVILLC ' 

0 I .LO0 
I I WCOORlDcC 
0 I WWOTOWN 
c I WWCR 
0 I W C e I L c  
e I WrnSlCP 

c I WCOCRTL 
c I WCOCE 
9 I WCOLAR 
c I UCDOWCC 
e I W R O  
0 I WU!OINC 
0 I W R W A R K  
0 I W Q K I U A C W C  
B I WCEKS 
0 1 W R K S V I L L C  
A I W R N A  
0 I W R P A N  

0 I UCCA 
0 1 WCMAOKCC- 
0 I WCIGANG 

I w u w i e  

I OCPRCSSlOI(AL 

0-1 W A Y . * o I  . 

0 '  I WCOCKlNO 

e I WCCSAICW 

e I ueicLc 
e I weiccni 
e I weimcn 
C I WCINOACM 
0 I - I N G I R T  
0 I bC1NCARTCN 
0 I WCIR 
C I WCIRNAN 
C 1 WCIRNAN. WCT 
0 I WClRNAM. 

I mwLoooco 
0 1 WClSeURG 
e I WClSCR 
0 I WCISMAUPT 
e00 I WClSSCMCCLS 
0 I W C I T A S  

0 I W U W A  
B I WQAKA 
B I W R I T  
0 1 UCLCM 
0 I W Q C W .  611AWLLT 

0 I O R A I W O  
C I WCLCN. R A a L T  
0 I PLOOOCO. ORAINCO 
0 I WUCM. ORAlNCO 
C I WCLCWLANO 
1 / 0 1  UCLCO*C 

I WC11CMPCC 

o I wosrmrun. 

C I WIOAUX e I WCLO C I WCTTCRWORN 
0 I WCLOA 

0001 UCLL111610N 
B/01  WCLLNAN 0 I WCWOKA 

0 I WlLLSeORO c I W c v m O u ~ H  0 I WlCKCTT 
I W c L L S c ~ c e K  0 I WWAKANA 0 I WICKWAN 

1 / 0 1  WCLLSCO C I WHALAN 0 I WICKIUP 

c I WCTZCL 0 I WlCMlTA 

0 I WCWCLA 0 I U1CKAHONCV 
C I WICKCNOURG 
C/O1 WICKCRSHAM 

0 I WICMUP 0 I WCLLCR c I wCveR10N 

e a 1  WELLS e I wcvens 

0 I UHALCT 0 I WICKSOURG e I WCLLSTON 
A I weLLsvtLLc 0 I WMARTON c I UlCUP 
C I WCLLTON B I WHATCON C I WIOCNAN 
0 I WCLOT c 1 WMATCLV 0 I WlOCN 
0 I WCLRlNC 0 I U*IATLCV . A 0 0 1  WIOTSOC 

e I WCLTcn 0 1 W e A l V l L L C  I I WILLAM0 
0 I WC*DLC e I wmeeLcn 0 I WICRGATC 

0 I W C L S M  0 1 WMCATRIOCE 0 I ulcm 

e I UIICO M I  ULNAS o I wweeLcnviLLc 
0 I WCWS. O P A I N E O  C I W e C L I M  e I WICCLCR 
0 I WCNATCHCC 
0 I WCNOANC C I U W l R O C K  c I WIGTON 

c I u e e w a  0 I WIGGLCTON 

C I UeNOANE. OIAlNCD 0 1 W)(CTSTONE C I WILAHA 
e I WCNOOVCR 0 I WMICHNAN 0 1 WILOANKS 
c I WCNOIC 0 I WMIoeCv . C  I WIL IPAHAN 

C I WCNTWORTM 0 1 WYlPPANV C 1 WlLOURTON 
0 I WCOCUCKA 

0 I UCNONA C I WNILPMANC 0 I WILeUR 

c I WCPO C I WYlPSTOCK c I WlLCO. 
e I WCRCLO 
c I WCROG 

0801 WCSCONNC1T 0 I WMlT e I WILOGCN 
0 I UCSOV C I WHllAKCR c I WlLOHOISC 
e I WCSClL 0 I UMITL must c I WlLOORS 
A I WCSlX 0 I U W l l C  STORC 0 I WILOW000 
C I WCSKA 0 1 UMlTC SWAN 0 I WILE 
e I WCSLCT e I WMITCCIP 
e I WCSO 0 I WNlTCCLOUO e I WILMITC 
0 I UCSPAC 0 I WMl~CCOW B I WILMOlT  
0 I WCSPAC. SANOV c I UMITCCROSS 0 I WlLKCS 
0 I SUOSTRATUN 

c I WMlTCCOIO 0 I WILKINS c I WCSSCL 
0001 WCSTOROOK 0 I WMllCMALL e I WILL 
0 I WcsTeWv c I WMlTCMILLS C I WlLLAOV 
c I WCSTeUTTC c I WMITCIaPN 0 I W I L L I C T  
0 I WCSTCANP c I WYITCYORSC 0 I WILLAKCNI IC  
B 1 WCSICRCCK 0 I WMITCKNOO 0 I WILLANAR 
o I wcsie C I WMITCLAKC 
C I WCSTCRVIUC 
0 I UCSTCORK 0 I UYITCPCAK 0 I WILL INEM 
-01 WCSIHAVCN e I UWITCOlVCR C I W I L L A P A  
0 I UCSTMAYCN. C I WMITCROCK 0 1 WILLARD 

c I WMICLCC 0 I WILCO 

I wwnLo e I WILcoaSoN 
C I WYISKCVOICK C 1 WILOALC 

0 I WCINCR 0 I W N I S P R I N O  C I WILDCAT 
C I UCRNOCK 0 I WMlSlLC 0 I UILOCRNCSS 

0 I WILCT 

I WYITCCl~N 0 I WILKCSON 

0 I W l L L A N t T l C  
0 I UMITCNAN 0 I pfLLAMC1TC. UCT 

C I SALINE-ALKALI  I WHllCSBOaO c I WlLLCTTC 
o I wcsritmiw c I W*lTCSOURC c I W l L L H I L L  
C I WCSTLAKC 0 I WMITCION 0 I WILLHO 
0 I WCSTLANO e001 wmtrcsioae I I U l L L l A N S  
c I wesrroa c I WMlTelWORN 0 I WILLIANSOURC 
0 I WCSTMOUCLAYO 0 I U M l T C W A T C ~  0 I WILLIANSON 

A I WILLIAMSPORT 
I WCSTOVCR B I WMlTC1000 C/O1 WILLIANSTOWN 

0 I WMITCUOLC A I wcstm 

C I WCSTPMALlA B I WMITCr000.  000 I WILL I A W V I L L C  
0 I W C S T P L A l N  o I mCLmoco I WILLINAN 

C I WCSTWPT. W I N  B 1 WMITING 0 I W l L L l S T O N  
0 I SUIICACC I W M I 1 I ) I C L I  C I WILLOW CRCCK 
c I wesismome 0 I WMITLCV 0 I WILLOWOALC 
0 I WCSIVACO c I WMITLOCK I I WILLOWCNOC 
A I W C I l V l C W  e I W I T I A N  0 I WILLOWMAN 

o I wesiwni A I WMITCURltWT c I W I L L I S  

0 I W C S T ~ 1 U C  0 I WNITNCV c I WILLOWS 
o I wmrwcco 0 I WHllORC 
0 I WCSWINO c I WYlTlOL I WILNA 

0 I WlLLWOOO 

I I UNITSON 0 I WlLNCR I WCSW000 
I WCTA 0 I WYITTICR 0 1 W1LNINCTON 

0 I UCTWCRSPlCLO c I UWlTWCLL C I WIL IONT 
I wcimcv C I WNOOILT C I WILNONTON 

C I WCTMCV. WAINCO A I WWOLAN e I W I L P A I  
e I WCTMOPC 0 I WNORLCO C I WILPOINT 
0 I WCTSAW c I WMV . 0 I ulL$Mlac 

OOC INOICATCS TMC O R A I ~ O D / U I D R A I N C O  SITUA11011. 
TYATUI.  RCCCR TO A Y C C l C l C  S O I L  S C I I C S  PMASC C W N O  I N  S O I L  N.0 LCOLWO. 
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A 
0 
D 
C 
0 
I 
C 
0 
C 
C 
0 
C 
0 
A 
C 
0 
C 
0 
c/o 
B 
c 
0 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

o I utsnmo 
I wsneome 

o I utsnevLu 
I U I S W A M  

C I UISWKAW. ORAIMLO 
I I U I S K A M  
C I U I S K I C L A T  
c I UISMLR 
A I UlSTCR 
C I U I T I L C K  
e I ui iereLs 
0 1 111WAM 
e a 1  u twee  
o I uitmneet 
I I ~ I T W L R S  

I I UtTTeM 
A I uniemeenc 
c I U I T Z C L  
c I U I X  
e I U I X O I  
I I UOCKLCT 
I I U W A  

C I UODSKOU 

1 U1TWRCLL 

A I WIT1  

I I uwem 

c I UOnLV 
e I u a c o  
I I WQCOTT 
o I u a o a e  
I I uaofiLe. oo.1meo 
OBI u a c  
o I war e o w i  
o I raccaeec 
c I u a C e s o *  
I I uaresom. r e i  
o I wart* 
c I uacoem 
o I uacveveu  
I I UOLL.r)O 
o I u a L e w  
D I u a o t  
c I r a v t ~ i l l ~  

c I W O O  

I I urn. WET 
I I umo R I V C R  
o I rwoeecc  
o I umoaimc 
D I uooocmioce 
0 I UOOOIUIM 
I I uoooeuav 

0 I UWOfODO 
c I UWOCULO(  
I I U W O Y A L L  
I I UWOWPST 
D I U W O I M  
A-1 U W O I M C T O M  

I 100SKOU. O R A I M 0  

I I UOIACK 

C I UW. OVLRUASY 

I 1 UOOOCOCK 

I I u m o r M v i L L e  
I I w w o t m v u e .  
c I D P A I N L O  
C 1 UWOLAUM 
c I UWDCLAC 
A I UWOLT 
I I U W O L T N  
c I umDwA*.Ie 
I I uwwew 
c I UWOIOMT 

c I umoaou 
I I umoaou. 

0 I WOODPASS 
I UOOOIOCK 

0 I U L I M C - A L K A L I  
c I U00OROU. 
A I OCCASIONALLT 
o I noooeo 

c I UCOOS CDOSS 
I uoooseve 

c I wocosp1eLo 
o I w m s t o e  
C I ( IWOSLAKL 
c I uOOoso* 
I I W000STOCK 
e001 UOOOSTOUY 
c I uwoieLL 
e/oi  w m v i L L e  
e I uooouAao 
0 I u o o D u e s T  
c I UOOCUS 
A B 1  UOOLPCI 

C 1 WOOLSTALC 
I UOOLSTCD 

o I U o o L s e v  

o I uoomsocxtt 
e I UOOSLtT 
D I uoosien 
c I UORCLSTCR 
I I uonoem 
c I UOPC 
0 I UWCKA 
I I UOWCWAN 
C I UORCSTOllC 
0 I UODK 
8 I UQI)K. C R A V L L L V  
c I UORLAmo 
e001 uaaLev 
o I u a w s e n  
c I uoa0cK 
I I UORSWAW 
c I UOOTW 
e I woninem 
C I UOIITWIMC 
0 I UCW1L)AY 
C I MO1)TWAM. SAMOT 
A I UOVOKA 
c I UaAUGLLL 
C I URANCO 
D I UPATMA 
I I rae0.n 
A I wwmcoe 
C I URCMWAM 
0 I UREMTWAW 
C I UPIGYT 
C I UOICWTMAM 
0 I U R I G ~ T S I o a O  
I I WRIGYTSVILLC 
I I UOIGYTUOOO 
C I UUKOKI 
c I . U S 1  
o I r u m m  
I I Uv*JCT 
0 I UUPATKI 
A I WURMO 
c I UUISTCM 
c I U U T S I 0 R 0  
C I WTALUSIUC 
0001 UTAWDOTTC 
0 I UTAMT 
C I UTAPO 

I UTAPMO 
I I UTATT 
C I UTCOLO 
I I UTI? 
0 I UTEAST 
I I UT'CTM 
I I U T e T I L L e  
C I U T I C K  
I I UTKCWAW 
C I UTKOCC 
I I UTWAM 
c I w m c w  

I UTuoWeRe 

I UTUMVILLC 
C I UTNW 

I UTNOMA 

0 
0 
C 
I 
0 
0 
c/c 
C 
0 
0 
I 
C 
0 
C 
I 
I 
b 
e 
C 
C 
C 
C 
0 
0 
0 
C 
C 
I 
C 
0 
C 
I 
D 
C 
I 
0 
0 
A 
C 
0 
A 
0 
I 
O 
C 
C 
C 
C 
C 
0 

I 
A 
D 
I 
0 
C 
e 
C 
0 
0 
C 

I 
C 
C 
B 
0 
I 
C 
0 
I '  
I 

0 
I 

r 

e 

e 

umoose 
UT'OCtMA 
UTOWIy6  
WTRCWC 
UTSOCKIMC 
I A M A  
X A M A W  
I A V I L R  
X e w r A  

I L R T A  

I IC. 

xewo 

xenxes 

I me 
I w e  
XIPI!. MOOLRAT+LT 

ULT 
I M A M  
VACOLT 
TACO 
TAWAMA 
VAWARA . 
TAn*e 
TAMOLA 
T A W 0 0  
T A I M A X  
TAK I 
TAKIMA 
TAKUS 
TAKUTAT 
TALLLAKE 
T A L e s V I L L e  
TALLAUI  
TALWLR 
TAMAC 
TAWWILL 
T A W  
TAWSAT 
TAM. 
TAYCT 
T A M t t  
TAMKTOM 
TAUUSW 
TAP 
TAPOAW 
TAOUI 
TAOUIMA 
TAOUIMA. ORAIMLO 
TARCO 
T AROLt T 
TARTS 
T A T  AYOMCT 
T'.TAWO*LT. SlOMT 
T A X $  
TAUCO 
TAUWAUUAW 
TAUDOM 
TAUOIW 

TAUKET 
TASOM 
TtACLR 
TCART 

T'CATLS WOLLOU. 

vAunee 

veAies naLm 

0 I T C G t M  
0 I TLGUAS 
A I T'LLJACK 
I 1 TCLLOUIAT 
C/OI veLLounouMo 

I TLLLOYOOCK 
e I TCLLOUSlOUC 
I I T e L m  
I I T'LMASSCE 
I I T'CMCL 
c I T'CWLO 
0 I TLNRAI 
C I T'LOWAU 
c I veoptm 
0 I T'LOIYCTOM 
c I TCRMO 

I Tesuw 
D I vevven 
I I T'LTULL 
C I T I G O  
C I TIPOP 
C I T L I G  
c I * O I L  
I I TOCCIUL 
0 I TOCXLT 
I I TOOeR 
0 I TOOT 
I I TOYURT 
0 1 TOKATO 
A I TOKOWL 
0 I TOKUT 
C I TOLLAICLLT 
I I TOLD 
I I TOLOGO 
C I TOW11 
C I TOWOMT 

0 I TOMMA 
0 I T O R I A  
0 I TOOK 
0 I TORKTOUU 
I I T O R K T R t t  
I 1 TORKVILLC 
I I TOST 
I I TOST. ORAIMLO 
I I TOUD 

e I vomces 

D 
C 
0 
C 
I 
C 
0 
0 
C 
I 
O 
0 
I 
I 
I 
A 
C 
I 
C 

TOUCA 
TOUCA. SAMOT 

SUISTRATUW 
TOUJAT 
TOUWAN 
TOUYGSTOY 
TOUMGSTOM. UC T 
TOURAWE 
T'OUTLKUE ' 

TOVIWPA 
T P S I  
T 0 I I A l R ) t W  
TSIOORA 
T T U R I  I D t  
TTUPP I A  
TUBA 
TURD 
TUKOU 
wLee 

LOA 
STO 

V L A T  
LOA 

. C A T  
ST0 

TEAT 
WON 

TEAT 
TEAT 

con 

IT SUBSTRATW. I W M C S  
IT I TUWOUC 
!s M a L o u .  c I TURW 
IT SL49STRATW I TUTUUC 
IS noLLou. c I WVAS 
IT I L A A n  
!s noLLou. c I 1.0. 
ITOUT I ZACA 
!S WOLLOU. DRT C I ZACWAIIAS 
:S MOLLOW. C I ZACYART 
ILT  I ZACK 

I I TCATOM 

C I TEDLICK 
c I recnoss 

C I ZAOOG 
A I ZAOVAR 

I Z A C R A  

I 
C 
I 
0 
0 

0 
C 
C 
C 
0 

8 
I 
A 
e 
I 
e 
A 
e 
e 
C '  
C 
C 
C 
0 
C 
0 
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0 
0 
0 
I 
O 
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D 
O 
C 
C 
C 
0 
C 
C 
0 
I 
0 
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0 
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0 
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O 
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I 

A 

& 

(210.W-TR-55, Second Ed., June 1986) 



Exhibit All, continued: Hydrologic soil groups for United States soils 

c I zmea 
c I z a .  
3 I z a r o  
C I Z O T A V  
9 I LOOC 
A I ZOOK. SILT')  
0 I 8USSTRATUM 
A I ZOPRA 
0 I Z 0 R I A V I S T A  
o I zovem 
e I zmem 
S I 2UILI.T 
0 I ZUCAM 
c I z u c w  
0 I Z U A N  
C I Z U A M .  PROTLCTCL, 
C I ZWSRO 
C 1 Z U W A L T  

C I Z U W A L L  
0 I 2-1 
c I Z W l C l l  

c I zuweLL 

A I ZUICKL~ 
o I zuieieL 
I I zuimcLe 
o I zvcoie 
s I zvwe 

o I zneAn 
c I zma.ne iiu 

C I ZTWLR 

0 I SJOST~ATU~ 
C I Z V P L A Q  
C I ZTZTL 
S I I V Z Z I  
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C I  
C I  
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S I  
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Appendix B: Synthetic rainfall distributions and rainfall 
data sources 

The highest peak discharges from small watersheds 
in the United States are usually caused by intense, 
brief rainfalls that may occur as distinct events or as 
part of a longer storm. These intense rainstorms do 
not usually extend over a large area and intensities 
vary greatly. One common practice in rainfall-runoff 
analysis is to develop a synthetic rainfall distribution 
to use in lieu of actual storm events. This 
distriiution includes maximum rainfall intensities for 
the selected design frequency arranged in a sequence 
that is critical for producing peak runoff. 

Synthetic rainfall distributions 

The length of the most intense rainfall period 
contributing to the peak runoff rate is related to the 
time of concentration (T& for the watershd. In a 
hydrograph created with SCS procedures, the 
duration of rainfall that directly contributes to the 
peak is about 170 percent of the Te. For example, 
the most intense 8.5minute rainfall period would 
contribute to the peak discharge for a watershed 
with a Tc of 5 minutes: the most intense 8.5hour 
period would contribute to the peak for a watershed 
with a Bhour Tc. 

Different rainfall distributions can be developed for 
each of these watersheds to emphasize the critical 
rainfall duration for the peak discharges. However, 
to avoid the use of a different set of rainfall 
intensities for each dramage area size, a set of 
synthetic rainfall distributions having “nested” 
rainfall intensities was developed. The set 
“maximizes” the rainfall intensities by incorporating 
selected short duration intensities within those 
needed for longer duzations at the same probability 
level. 

For the size of the drainage areas for which SCS 
usually provides assistance, a storm period of 24 
hours was chosen for the synthetic rainfall 
distaiiutions. The %hour storm, while longer than 
that needed to determine peaks for these drainage 
areas, is appropriate for determining runoff volumes. 
Therefore, a single storm duration and associated 
synthetic rainfall distribution can be used to 
represent not only the peak discharges but also the 
runoff volumes for a range of drainage area sizes. 

Figum B-l.--sCS tthour rainfall distributions. 

The intensity of rainfall varies considerably during a 
storm as well as over geographic regions. To 
represent various regions of the United States, SCS 
developed four synthetic 24hour rainfall distributions 
(I, IA, 11, and III) from available National Weather 
Service (NWS) duration-frequency data (Hershfieid 
1961; Frederick et al., 197‘7) or local storm data. 
Type IA is the least intense and type I1 the most 
intense short duration rainfall. The four distributions 
are shown in figure B-1, and figure B-2 shows their 
approximate geographic boundaries. 

Types I and IA represent the Pacific maritime 
climate with wet winters and dry summers. Type I11 
represents Gulf of Mexico and Atlantic coastal areas 
where tropical storms bring large 24hour rainfall 
amounts. Type I1 represents the rest of the country. 
For more precise distribution boundaries in a state 
having more than one type, contact the SCS State 
Conservation Engineer. 
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Rainfall data sources 

This section lists the most current a h o u r  rainfall 
data published by the National Weather Service 
(NWS) for various parts of the country. Because 
NWS Technical Paper 40 ("-40) is out of print, the 
&hour rainfall maps for areas east of the 106th 
meridian are included here as figures B-3 through 
B-8. For the area generally west of the 105th 
meridian, TP-40 has been superseded by N O M  
Atlas 2, the Precipitation-F'requency Atlas of the 
Western United States, published by the National 
Oceanic and Atmospheric Administration. 

East of 105th meridian 

Hersh6eld, D. M. 1961. Rainfall frequency atlas of 
the United States for durations &om 30 minutes to 
24 hours and return periods from 1 to 100 years. 
US. Dep. Commerce, Weather Bur. Tech. Pap. No. 
40, Washington, DC. 115 p. 

West of 105th meridian 

Miller, J.F., R.H. Frederick, and RJ .  Tnrcey. 1973. 
Precipitation-frequency atlas of the Western United 
States. Vol. I, Montana; Vol. 11, Wyoming; Vol. 111, 
Colorado; Vol. IV, New Mexico; Vol. V, Idaho; Vol. 
VI, Utah; Vol. VII, Nevada; Vol. VIII, Arizon~; Vol. 
IX, Washington; Vol. X, Oregon; Vol. XI, California. 
US. Dep. Commerce, National Weather Service, 
N O M  Atlas 2. Silver Spring, MD. 

Alaska 

Miller, John F. 1963. Probable maximum 
precipitation and rainfall-frequency data for Aiaska 
for areas to 400 square miles, durations to 24 hours 
and return periods from 1 to 100 yeas. US. Dep. 
Commerce, Weather Bur. Tech. Pap. No. 47. 
Washington, DC. 69 p. 

Hawaii 

Weather Bureau. 1962. Rainfall-frequency atlas of the 
Hawaiian Islands for areas to 200 square miles, 
duxations to 24 hours and return periods from 1 to 
100 years. US. Dep. Commerce, Weather Bur. Tech. 
Pap. No. 43. Washington, DC. 60 p. 

Puerto Rico and Virgin Islands 

Weather Bureau. 1961. Generalized estimates of 
probable maximum precipitation and rainfall- 
frequency data for Puerto Rico and Virgin Islands 
for areas to 400 square miles, durations to 24 hours, 
and return periods from 1 to 100 years. US. Dep. 
Commerce, Weather Bur. Tech. Pap. No. 42. 
Washington, DC. 94 p. 
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Appendix D: Worksheets 

This appendix contains seven worksheets that can be 
reproduced for use with chapters 2 through 6. There 
is no worksheet for chapter 1. 

2 
3 
4 
5a,a 

(210-VI-TR-55, Second Ed., June 1986) 
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Worksheet 2: Runoff curve number and runoff 

I 

D-2 

storm I1 

By - Project  

Storm #2 Storm lt3 

. 

Date 

Location Checked Date 

Circle one: Present  Developed 

1. Runoff curve number (CN) 

S o i l  name 
and 

hydrologic 
group 

(appendix A) 

Cover descr ip t ion  

(cover type, treatment, and 
hydrologic condftion; 

percent Impervious; 
unconnectedlconnected impervious 

area ratio) 

11 Use only one CN source per  l ine.  

- 
U 
I 0acs ;es  

(v Omi- 
8i 0 %  
rl 
PI 

Totals  = 1 

. Use a = r[ t o t a l  roduct I 

(weighted) - totalparea 

2. Runoff 

Frequency .............................. yr 

Rainfa l l ,  P (24-hour) .................. I n  

Runoff, Q .............................. I n  
(Use P and CN with t a b l e  2-1, f ig .  2-1, 
o r  eqs. 2-3 and 2-4.) ' 

Product 
of 

CN x a r e a  



Appendix C: Computer program 

The TR-55 procedures have been incorporated in a 
computer program. The program, written in BASIC, 
requires less than 256X memory to operate and was 
developed for an MS-DOS operating system. Users of 
the p r o m ,  however, still need to be hiliar with 
the procedures in this TR. Features of the program 
include the following 

e The full screen (24 lines, 80 columns) is used to 
enter data. Flexibility of coding allows movement 
about the screen for quick data modifications. 

Function keys provide menu power to move to 
di&erent modules CTR-56 chapters) within the 
program. Some keys are permanently defined 
while others vary by module. 

“Help” screens provide pertinent information to 
the user depending on location in the program. 
Two types of information are included: (1) define 
system operation and (2) d e m i  input 
parameters. 

User files provide for optional entry of local data, 
such as rainfall-frequency, graphic peak discharge 
equation coefficients, and tabular hydrographs for 
other rainfall distributions. 

Copies of the program can be obtained from- 

National Technical Information Service 
US. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 
Telephone (703) 487-4650 
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Worksheet 3: Tirtte of concentration (TC) or travel time Crt) 7 & 4 % 4  

Date 

Checked Date 

Pro jec t  By - 
Location 

Ctrcle 

Circle 

NOTES : 

one: Present Developed 
one: T, T through subarea 

' Space f o r  aa many as two r e p e n t s  per flow type can be used €o r  each 

t 

worbhee  t . 
Include a map, schematic, o r  descr ip t ion  of flow segments.. 

Sheet flow (Applicable t o  T, only) Segment ID 

1. Surface descr ip t ion  ( t ab le  3-1) ............ 

3. Flow length,  L ( t o t a l  L I  300 f t )  .......... f t  

2. Manning's roughnese coeff., n ( t a b l e  3-11 0 .  

4. Two- 24-hr r a i n f a l l ,  P2 .................. i n  

5. Land s lope,  8 .............................. f t / f t  

Compute Tt ...... h r  0.007 (nLIoo8 6. Tt = -5  0.4 

Shallow concentrated flow Segment ID 

7. Surface descr ip t ion  (paved o r  unpaved) ..... 
8. Flow length,  L ............................. f t  

9. Watercourse elope, s ....................... f t l f t  

10. Average ve loc i ty ,  V ( f igu re  3-1) ........... f t / s  

Compute Tt hr L ...... 
11* T t  - m . .  

Channel flow Segment ID 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Cross sec t iona l  flow area, a ............... f t 2  

Wetted perimeter,  pw ....................... f t  

Hydraulic radius ,  r - - Compute r ....... f t  

Channel slope, s ........................... f t l f t  

bnning*s  roughness coeff., 0 .............. 

8 

P W  

1.49 - r 2/3-0112 
n v =  compute V ....... f t l s  

Plow length,  L ............................. f t  

Tt - - Compuce Tt ...... h r  L 
3600 V 

I 

E 
Watershed or  eubarea T, o r  Tt (add Tt i n  s t eps  6, 11, and 19) ........ 

(21O.W-TR-55, Second Ed., June 1986) D-3 
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Worksheet 4: Graphical Peak Discharge method 

Date 

Location Checked Date 

Pro jec t  By - 

Circle one: Present  Developed 

1. Data: 

.......... mi2 (acres/640) $ -  Drainage area 
Runoff curve number .... CN - (From worksheet 2) 

Time of concent ra t ion  .. Tc I 

Rain fa l l  d i s t r i b u t i o n  type - (I, I A ,  XI, 111) 

Pond and swamp areas spread 
rhroughdut watershed ...... = percent of Am ( acres or mi covered) 

h r  (From worksheet 3) 

1 

2 

............................... 
In 

2. Frequency 

3. Rain fa l l ,  P (24-hour) .................... 
4. I n i t i a l  abs t r ac t ion ,  1, ................. i n  

5. Compute Ia /P  ............................ 
(Use CN with t a b l e  4-1.) 

6. Unit peak discharge,  qu ................. csm/in I I I I 
i n  S 
1 

(Use Tc and Ia /P  with exh ib i t  4- - 1 

7. Runoff, Q ............................... 
(From worksheet 2). 

8. Pond and swamp adjustment f ac to r ,  F P ’.*. 
(Use percent pond and swamp area 
with table 4-2 .  Factor  is 1.0 f o r  
zero percent pond and swamp area.) 

9 .  Peak discharge . qp ...................... c f s  

(210-VI-TR-55, Second Ed, June 1986) 



34 



PI 
Y 

d 

h m 

D-6 

al 
(0 
p' 

Y 

W 
al 

al c 
0 

5 

n 
b 
h 

h 
U c 
al 

w 
al 
bl 
L.. 

W 

a 

v 
al 
9. 
0 
al 
4 

i 
Y 
c 
al m al 
b 
L 

.. 
0) 
C 0 
al 
r( 

U 
b 

21 
0 

(21O.m-TR-55, Second Ed., June 1986) 

. 
rn 
U 
r( 

2 c 
K 
al 

al 
n 
0 

21 
L, 
9. 
0 
bd 
P 
P 
Q 

* 
P 



Worksheet 6a: Detention basin storage, 
peak oufflow discharge (a known 

Date 

Location Checked Date 

Circle one: Present Developed 

Project By - 

1. 

2. 

3. 

4. 

PI rn a 
Y 
0 
bl 
0 

c 
0 d 
Y 
a 

rl 
@I 

t 

&tent ion basin storage 

Data: 

Rainfall  d i s t r i b u t i o n  
type (I, U, 11, 111) - ....... ml2 Drainage area %I-- 

- 
ph-1 G; I 

Frequency ...... yr m 
m 

s t a  e 

Peak inflow dls-  
charge, q1 0 0 . 0  cfs 

(Prom worluheet 4 or Sb) 

Peak outf lov as- 
charge, qo .... cfs d' 

- r  q, 
(Dee 7 with figure 6-11 

'1 

7. Runoff, Q ...... 
(From worksheet 2) 

8. Runoff volume, - 
9. Storage volume, 

v, .......... ac-f t r] 
0 

10. Maximum stage,  Emax 
(From p lo t )  

Compute - ........ QO 

q i  

2nd stage qo includes 1st s tage qo. 
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Worksheet 6b: Detention basin peak oufflow, 
storage volume (Vs> known 

I 
I 
I 
I 

~ 

. I  

Project  By- Date 

Location Checked Date 

Circle one: Present Developed 

I I I 
I I 
I I 
I I at 

a0 
a 
Y m 
& 
0 
C 
0 
rl 
Y 
a 
5 
d 
bl 

I I I I I f 1 1 .  I I I I 

Detention basin s torage 

'8 1. Data: 6. Compute 7 ........ ....... r Drainage area %'- 
Rainfa l l  d i s t r i b u t i o n  

7. - 90 ............. in m 
qi vs 
(Use 7 and f igure  6-1) 

r 

...... 8. Peak inflow dis- 
2. Frequency yr charge, qi .... c f s  

(From uorluheet 4 or 5b) 

1-1 9. Peak outflow dis- V, f t  

(From worksheet 2) 

3. Storage v o l l l l ~ ~ ,  ............ 
c f s  1-1 charge, q, 0 . 0 .  ...... 90 

(q, = qi(-I) 

10. mximum stage,  Emax 

in m qi 

4. Runoff, Q 

Vr .......... ac-ft 1-1 5. Runoff volume, 

(Vt - QAm53.33) (From p lo t )  

1' 2nd s tage qo includes 1st  s tage  qo. 
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Appendix F: Equations for figures and exhibits 

This appendix presents the equations used in 
procedure applications to generate figures and 
exhibits in TR-55. 

Figure 2-1 (runoff equation): 

[. - 02(; - 10)]2 
Q =  

P + 0.8(!! - 10) 
CN 

where 

Q =runoff (in), 
P =rainfall (in), and 

CN = runoff curve number. 

Figure 2-3 (composite CN with connected 
impervious area): 

CN, CNp + (PmpllOOx98 - CNp) 

where 

CN, = composite runoff curve number, 
CNp = pervious runoff curve number, and 
Php = percent imperviousness. 

Figure 2 4  (composite CN with unconnected 
impervious areas and total impervious area less 
than 30%): 

CN, = CNp + (pmpllOOX98 - CN$l - 0.5R) 

where R = ratio of unconnected impervious area to 
total impervious area. 

Figure 3-1 (average velocities for estimating travel 
time for shallow concentrated flow): 

Unpaved V = 16.1345 (sP5 
Paved V = 20.3282 (sP5 

where 

V = average velocity (ft/s), and 
s = slope of hydraulic grade line (watercourse 

slope, ftlft). 

These two equations are based on the solution of 
Manning's equation (Eq. 3-41 uith different 
assumptions for n (Manning's roughness coefficient) 
and r (hydraulic radius, ft). For unpaved areas. n is 
0.05 and r is 0.4; for paved areas. n is 0.025 and I- is 
02. 

Exhibit 4 (unit peak discharges for SCS type I. 1-4. 
11, and I11 distributions): 

where 

q, = unit peak discharge (csmlin). 
T, = time of concentration (hr) 

(minimum, 0.1; maximum, 
10.01, and 

Co, C1, C2 = coefficients from table F-1. 

Figure 6-1 (approximate detention basin routing 
through single- and multiple-stage structures 
for 24-hour rainfalls of the indicated type): 

where 

Vfl, = ratio of storage volume (V,) to 
runoff volume (VJ, 

qdqj = ratio of peak outflow discharge 
(90, to peak inflow discharge 
(q3, and 

Co, C1, Cp, C3 = coefficients from table F9. 
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Table F-1.-Coefficients for the equation used 
to generate exhibits 4-1 through 4-111 

I 0.10 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

I A  

I1 

I11 

0.10 
0.20 
025 
0.30 
0.50 

0.10 
0.30 
0.36 
0.40 
0.45 
0.50 

0.10 
0.30 
0.35 
0.40 
0.45 
0.50 

230550 -0.51429 
223537 -0.50387 
2.18219 -0.48488 
2.10624 -0.45696 
2.00303 -0.40769 
1.07733 -0.32274 
1.76312 -0.15644 
1.67889 -0.06930 

2- -031583 
131978 -0.28215 
1.83842 -025543 
1.72667 -0.19826 
1.63417 -0.09100 

2.55323 -0.615l2 
2- -0.62257 
241896 -0.61594 
236409 -0.59857 
2- -0.57005 
220282 -0.51599 

247317 -0.51848 
2.39628 -0.512E 
2354T7 -0.49735 
230726 -0.4631 
224876 -0.41314 
217772 -0.36803 

- 0.11750 - 0.08929 - 0.06589 - 0.02835 
0.01983 
O.OS755 
0.00453 
0.0 

- 0.13748 - 0.07020 
- 0.02597 

0.02633 
0.0 

- 0.16403 - 0.11657 - 0.08820 - 0.05621 - 0.02281 - 0.01259 

- 0.17083 - 0.13245 
-0.11985 - 0.11094 - 0.11508 - 0.09525 

Table F-2.-Coeficients for the equation used to 
- generatefigure61 

Rainfall 
distribution CO CI . c, c3 
(appendix B) 

I. IA 0.660 - 1.76 1.96 - 0.730 
11, I11 0.m - 1.43 1.64 -om 
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