General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



= X-913-76-161
PREPRINT

HYDROGRAPH SYNTHESIS USING
LANDSAT REMOTE SENSING
AND THE SCS MODELS

(NASA-TM=X=71175) HY

3 '11,1-4

LNG L AR SN - e _iy 3C1L O08H

. LS (.- --) 63 D = ) ')’,l\:'slv:
»-/"-3 \_‘.’Si,‘

ROBERT M. RAGAN
THOMAS J. JACKSON

JULY 1976 /5 cep wis

GREENBELT, MARYLAND




S g e e e

X-913-76-161
Preprint

HYDROGRAPH SYNTHESIS USING

LANDSAT REMOTE SENSING AND THE SCS MODELS

Robert M. Ragan
Thomas J. Jackson

July 1976

GODDARD SPACE FLIGHT CENTER
Greenbelt, Maryland



HYDROGRAPH SYNTHESIS USING

LANDSAT REMOTE SENSING AND THE SCS MODELS
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Thomas J. Jackson?

ABSTRACT

The land cover requirements of the Soil Conservation
Service (SCS) Model used for hydrograph synthesis in urban
areas were modified to be Landsat compatible. The Curve
Numbers obtained with these alternate land cover categories
compare well with those obtained in published example prob-
lems using the conventional categories. Emergency spillway
hydrographs and synthetic flood frequency flows computed
for a 21.1 sq. mi. test area showed excellent agreement be-
tween the conventional aerial phdto—based and the Landsat-

based SCS approaches.

1NAS/NRC Resident Research Associate on leave from Department of le Engineering, University of
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HYDROGRAPH SYNTHESIS USING

LANDSAT REMOTE SENSING AND THE SCS MODELS

I. INTRODUCTION

Traditionally the planning and design of Urban Drainage Systems focused on
the simple objective of moving runoff from an area as quickly and with as little
cost as possible, Today, socio-economic and environmental considerations re-
quire that planning and design be conducted within the framework of an overall
stormwater management system. Consideration must be given to the protection
of downstream land uses through such innovations as o:-site detention storage,
adjusting the timing of runoff through channel modification, and provisions for
minimizing changes in water quality. These more sophisticated design and plan-
ning requirements have led to the development of a nimber of computer-based
mathematical models intended to simulate both the quantity and quality of runoff
from urban areaé. These models vary in their structure and some are consid-
ered primarily as planning tools while others are ﬁuch more detailed and intended
- for design purposes. Regardless of the particular structure of the models, most
require land cover information to define the hydrologic parameters needed as
inputs.

The advantage of a model having parameters defined in terms of land cover
is that it allows éxperirﬁentation with alternate forms of devélopnien’b and the
assessment of future changes fh_at rﬁight occur. The basic approac_h is v.tq cali-

brate a model to reflect the h}fdi'ologic regime produced by the existing laﬁd
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cover and drainage system., Once the planner is satisfied that the model ade-
quately represents his existing system, he is then able to evaluate the impact of
land cover changes and alternate water management projects. Used in this man-
ner, the hydrologic model becomes animporcant tool in water resources planning.

Unfortunately, collection of the necessary land cover information and its
translation into hydrologic parameters is rather difficult, especially when a
large watershed is involved. It is not uncommon for a model to have a reduced
utility because it was not possible to define the land use distributions within the
available time and funding constraints. Trade-offs between accuracy of the model
parameters and the time or money available for their determination must be made.
Because of the necessity of such trade-offs, a study was conducted to investigate
the use of computer aided analysis of Landsat multispectral data for estimating
the land cover distributions needed for the operation of a model that is represen-
tative of those in current practice. The model selected was that developed
by the Soil Conservation Service (8CS) of the United States Department of Agri-
culturel 2 3, The land covers emphasized were those needed for models being
used in‘ suburban areas adjacent to metropolitan centers.

The following sections attempt to meet several objectives. Section II pro-
vides the reader with an overview of the SCS Modelrrequ‘irements. Section HI
discusses the 1imitatiohs of Landsat relative to the conventional’ model reduire-
ments and presents an altei‘nate land cover that can be defined through computer

aided analysis of the Landsat Multispectral scanner (MSS) comwputer compatible



tapes (CCT). The impact of using Landsat-compatible lan( cover as an alter-
native to the more detailed conventional requirements of the SCS Model are ex~
amined in Section IV through comparisons with the example problems presented
in SCS-TR~551.

A step by step example problem illustrating the use of the Landsat compatible
land cover is presented in Section V. Section V centers on the computation of an
emergency spillway hydrograph for an SCS Class b structure that would be placed
at the lower end of the 21.1 square mile Northwest Branch Watershed in the
Maryland suburbs of Washington, D. C. The Landsat-based hydrograph is then
compared with that computed with the more detailed traditional input data ob-
tained from color infrared aerial photography and digitized soil maps.

Section VI compares the synthetic flood frequency series for the Northwest
Branch obtained by three different approaches with the SCS Models. The rela-
tively simple hand computation version of the SCS Model described in Chapter 21
of SCS-NEH-42 was used to generate peak discharges using, first, Landsat com-
patible, and then, traditional air-photo based inputs. These peak discharges
were then compared with those produced by the SCS-TR-203. The "TR-20" is
an extensive computer package that broke the watershed into 109 sub-areas and
routed the flows through 120 channel cross—seotiohs that had been surveyed and

entered as input to the model.



II. OVERVIEW OF THE SCS MODEL

There are a number of versions of the SCS model described in (1, 2, and 3).
All versions require land cover and soil descriptions, but the sub-models used
tu compute the discharges range from quite z'mple tovery complex. Theapproach
emphasized in the present study is that recommended for use in the computation
of emergency spillway hydrographs in Chapter 21 of SCS-NEH-42 ., The textbook
by Viessman, Harbaugh, and Knapp4 has an excellent description of this version
of the SCS Models. For a more comprehensive discussion of the SCS approach
than that presented in this section, the reader is referred to the above citations.

The SCS Models compute direct runoff through the use of a set of curves, or

their formulations in computer based versions, that were developed from field
studies that measured runoff for numerous soil-land cover complexes. These
curves defins a Curve Number, CN, that is a function of land cover and soil type.'
Table I, reproduced from (1), illustrates the approach used in selecting the
Curve Number.

The four hydrologic soil types are classified in accordance with the following

criteria:

A. (Low runoff potential) Soils having high infiltration rates even when
thoroughly wetted and consisting chiefly of deep, well to excessively
drained sands or gravels. They have a high rate of Wdter transmission. ~

B. Soils having moderate infilfration rates when thoroughly wetted and con-

sisting chiefly of moderately deep to deep, moderately well to well



drained soils with moderately fine to moderately coarse textures. They
have a moderate rate of water transmission.

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

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

County Soil Surveys define the distributiofl'of fhe soils by name. Once the
name of the soil is known, the hydrologic classification cé.n be obtained from
tables in the SCS-NEH-42 , or those reproduced in Chov\;5 . Table II illustrates
one page of these tabulations.

Once the Curve Number has been selected, Figure 1 (Fig. 10.1 of Ref. 2) is
used to compute the direct runoff from the rainfall. As will be subsequently il-
lustrated by examples in Section V, a series of equations, figures, and tables
are then used to compute the hydrograph.

There were several reasons for selecting the SCS Model for detailed study.
First, itis a hydrologié as opposed to a hydraulic model. In a hydrologic model,
the runoffiis estimated through quite simple equations that "lump'' the water-

shed processes through coefficieats based on average land use or other basin



characteristics. A hydraulic model, on the other hand, requires detailed defi-
nition of such factors as length of overland flow, channel cross-sections, rough-
ness coefficients, and structure of the linkages of the flow systemns. These
details are necessary because the hydraulic model estimates runoff by simulating
the individual watershed processes through a series of physically-based mathe-
matical sub-models. A previous study® indicated that land covers could be de-
fined from Landsat with the resolution required for the hydrologic, but not the
hydraulic models.

A second reason for selecting the SCS Model rests in its wide use. Many of
the watershed development projects in urban areas use funds available through
PL-566, the Watershed Protection and Flood Protection Act of 1954, When PL~
566 funds are involved, the SCS monitors the design of the flood control facilities
and requires the use of some form of the SCS Model to determine flows and stages.

Finally, the SCS Model is typical of the coefficient bagsed hydrologic models.
For example, it is similar to the recently developed STORM’ which will be used
by the U. S. Army Corps of Engineers in its Urban Studies Program?® in that a
runoff coefficient is defined kased on land use. The two models are dissimilar
in that STORM is a continuous streamflow generator while the SCS model is a
single event model. Still , any successes experienced in modifying the SCS pack~

age to use Landsat data can be applied to STORM or other models.



ITI. MODIFICATION FOR LANDSAT COMPATIBILITY

The Landsat multispectral scanner (MSS) does not have the resolution re-
quired to consistently classify the land uses listed in Table I. Therefore, it is
necessary to develop an alternate series of land use categories that can be identi-
fied with Landsat and still yield Curve Numbers that are in reasonable agree-
ment with those of Table I. First, it must be recognized that the Curve Numbers
presented by SCS are not precise coefficients. Rather, they represent '"best fits"
to the small watershed rainfall-runoff data upon which the model is based. Figure
2, (Figure 10.2 of Ref. 2) is a plot of the field data used to develop the Curve.
Numbers. The term, I,, is the initial abstraction from the rainfall and S is the
sum of I, and the maximum potential abstraction. The Curve Number is related
to S by the relationship

1000
ON = 5735 @

Figure 2 clearly shows that a significant standard error is associated with Equa-
tion 1. T}:us, any proposed alternate land use classification can show some
deviation from the Curve Numbers of Table I without seriously detracting from
the overall SCS Model.

Table III is an alternate approach to defining Curve Numbers and includes
"~ only classifications that computer aided analysis of the Landsat MSS CCT's can
identify. The discussions in (6) conclude that these éategories can be identified

~ with a large degree of agreement with the results obtained from low altitude

aerial photography. The Curve Numbers for Table III were obtained as follows:
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(1) All Forest Land was assumed to be in good cover. The Curve Numbers
of Table IIT are tﬁose of Table I.

(2) Grassed Open Space - To develop the Curve Numbers for this category,
the average of the Table I categories of '"Good Pasture,' '""Good Meadow, "
and "Good Condition Lawns, Parks, Golf Courses, etc.'" were used.
Example: Soil Group A

(Pasture(39) + Meadow(30) + Grauss Lawn(39))/3 = 36

(3) Highly Impervious (Commercial-Industrial-Large Parking Lot) - The
Table III Curve Number is the average of the foilowing TableIcategories:
"Commercial and Business (I = 85%)""; "Industrial (I = 72%)"; and
"Pavements, "

Example: Soil »Group A
CN = (89 + 81 + 98)/3 = 90

(4) Residential - At present Landsat is not able to discriminate different
residential lot sizes, densities, ‘etc. Thus, the Table III category in-
cludes a spectrum of lot sizes and some/ "ow density' or ''garden type"
multifamily housing. The Curve Npmbers presented in Table III are
the average of the "Residential" Curve Numbers for each soil group in
Table I.

Example: Soil Group A

CN = (77 + 61 + 57 + 54 + 51)/5 = 60



(5) Bare Ground - The Table III Curve Numbers are the average of the
"Dirt Road' and "Cultivated Land Without Conservation Treatment"
categories of Table I.

Example: Soil Group D
CN = (89 +91)/2 = 90

(6) Cultivated - During fallow periods, the land under cultivation would
normally be classified as ""Bare Ground." If the cultivated area is
"without conservation practice,' the Curve Numbers will be essentially
those of "Bare Ground." Some of the Land Use-Curve Number tables
in SCS-NEH-42 assign values to various types of crops. Numerous
studies by Purdue University's Laboratory for Applications of Remote
Sensing and others have shown that discrimination among crop types
can be aécomplished with good accuracy with Landsat. Thﬁs, contingent
on ground truth in the area of application, it should be possible to mod-
ify Table III to include crop types if needed.

It must be emphasized that Landsat is proposed onlyb for use in the identifi-
cation of the land covers needed for an alternate approach to the SCS Model. The
hydrologist must still have a topographic map to delineate the watershed bound-
aries and define the slope and length of the channel system. He must also have
some definition of the sqils bh the watershed. Thus, in this coﬁtext, the use of
Landsat is presented as a more efficient techniciue to provide part of the infor- -

mation needed to apply the SCS Model.



The land cover categories presented in Table IIl were selected as being
appropriate for use in the suburban areas surrounding metropolitan centers in
the eastern United States. For use in other geographical areas, different Landsat
compatible categories can be substituted. In arid regions, for example, other
cover conditions might replace forests and grasslands. The categories used are
dependent on need and availability of ground truth. Still, it must be recognizéd
that the pumber of land cover categories in a given table must be limited if
Landsat discrimination is to be accomplished.

Tae two sets of comparisons follow that illustrate the agreement between the
results obtained with Table I and those given with Table III. Section IV compares
the Landsat compatible approach to a set of examples from Reference (1). Sec-
tion V is a cemparison of the approaches using a Landsat land cover delineation
and Table IIT with a land cover identification baséd on high altitude photography
and Table I in the Upper Anacostia River Basin in the Maryland suburbs of Wash-
ington, D. C. This test on the Upper Anacostia compares not only the sensors
and Table I and III, but also the differences caused by using detailed soil and

watershed slope information against "rough soil and slope data.

Iv. COMPARISON OF LANDSAT COMPATIBLE AND CONVENTIONAL LAND
COVER INPUTS USING EXAMPLES FROM SCS-TR-55
,bfThev'following’problems are the examples pfesented in SCS-TR-55 to illus‘—
~ trate the usé of their Urban Hydrologic Model. In each instance, the original ‘

approach' to the problem solution is presented. The exa.mplé problém is then
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re-worked using Table III, the Landsat compatible land cover, to define the

Curve Number.

Example 2-1. Compute the runoff from five inches of rainfall for a 1000 acre

watershed to be converted to a suburban development. All soils are in hydrologic

soil group C. The proposed land use is 50% detached houses with lot size 1/4

acre; 10% townhouses with lot size 1/8 acre; 25% streets with curbs and gutters,

schools, parking lots, plazas; 15% open space parks, schoolyards, etc. with

good grass cover.

A, Table I approach:

1. Compute the weighted runoff Curve Number.

Land Use Percent curve Product
Number

Detached houses with lot size 1/4 acre 50 83 4,150

Townhouses with lot size 1/8 acre 10 90 900

Streets with curbs, plazas, etc. 25 98 2,450

Open space, parks, etc. 15 74 1,110
100 8,610

Thus

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

2. From Figure 1 using CN = 86 and P = 5 read Q = 3.47 inches.

B. Table III approach:

1. The detached and town houses would have been classified as ""Resi-

dential' by Landsat: CN = 83

11




2. The Plazas, Parking Lots, etc. would have been classified as "Highly
Impervious'': CN = 93
3. The Parks, etc., would have been classified as '""Grassed Open
Space''; CN =173
4. CN = ,6(83) + .25(93) + .15(73) = 84.1 Use 84
5. From Figure 1, Q = 3.27 inches
Example 2-2. Compute the Tunoff from 6.3 inches of rainfall for a 1000 acre
watershed to be converted to suburban development. The soils are in hydrologic
soil group B. Forty percent cf the development will be impervious with all im-
pervious areas directly connected and 60% is pervious and considered to be in
good grass.
A. TablelI approach:
1. From Table I Pervious CN = 61
2. From Figuré 3 read CN = 76; from Figure 1 Q = 3, 64 inches
B. Table III approach:

1. 40% I, Consider as 40% Highly Impervious CN =93

no

. 60% Grass, CN =60

w

. .4(93) + .6{(60) =37 +36 =173

4. Q@ =3.51 from Figure 1
Example 2—3. Computé the runoff Curve Number ;for a 1000 acre watershed. |
The hydrologic soil group is 50% B and 50% C intersperééd throughout the wafer—

shed. The land USe is:

12



1. 40% residential area that is 30% impervious

2. 12% residential area that is 65% impervious

3. 8% paved roads with open ditches

4, 10% paved roads with curbs and storm sewers

5. 16% open land with 50% fair cover and 50% good cover

6. 14% parking lots, plazas, schools, etc. (all impervious)

Table I approach:

Hydrologic Soil Group

B C
Land Use Pct. |CN {Product | Pct. |CN|Product
Residential (30 pct. Impervious)| 20 | 72| 1,440 20 | 81| 1,620
Residential (65 pct. Impervious)| 6 | 85 510 6 {90 540
Roads with open ditches 4 | 89 356 4 192 368
Roads with curbs and sewers 5 |98 490 5 | 98 490
Open land:
Fair cover 4 | 69 276 4 |79 316
Good cover 4 | 61 244 4 |74 296
Parking lots, plazas, etc. 7 198 686 7 198 686
50 4,002 50 4,316

4,002 + 4,316
100

Weighted CN =

Table III approach:

= 83.18 (use 83)

1. Categories 1 through 4 cover 7 O% of the watershed and would have

been classified as Residential by Landsat: CN = (74 + 83)/2 =79

2. Category 5 would be classified as Grassed Open Space: CN = (60 +

73)/2 = 67

13 -




3. Category 6 would be Highly Impervious: CN = 93

4, Weighted Curve Number: CN = ,7(79) + .16(67) + .14(93) =79
Example 2-4. A 175 acre watershed consists of 30% agricultural and 70% urban
land use. The agricultural land use is made up of 40% cultivated land with con-
servation treatment; 35% meadow in good condition and 25% in forest land with
good cover. The urban area is residential with an estimated 60% on 1/3 acre
lots, 25% on 1/4 acre lots, and 15% étreets, and roads with storm sewers.
Compute the weighted composite runoff Curve Number for a B hydrologic soil
group.

A, Table I approach:

Land Use Acres Curve Number Product -

Agricultural (52) '

cultivated land - cons. treat 21 71 1491

meadow - good cover 18 58 1044

forest - good cover 13 55 715
Urban (123) |

1/8 acre lots 74 ; 72 5328

1/4 acre lots 31 75 2325

streets and roads with curbs

and storm sewers 13 28 1764

175 ; 12667

Welghted CN = 1—%76—2’—7 =72.4 Use CN =72

B. Table III approach:
1. Agricultural Watershed (30%)
a. Assuming that the cultivated land was open, it would have been

classified as Bare Ground. No consideration would havé, been

14



given to the conservation practices because they could not be seen
with Landsat: CN = 82
b. The meadow would have been classed as Grassed Open Space:
CN = 60
c. Forest Land: CN = 55
d. Curve Number for Agricultural Portion of Watershed: CN =
.4(82) + ,.35(60) + .25(55) = 68
2. Urban Watershed (70%) - The individual streets would not have been
detected. The entire urban portion of the watershed would have been
classified as Residential: CN =74

3. Composite Curve Number: CN = ,3(68) + .7(74) =72.2 Use 72

V. COMPARISON OF LANDSAT AND AERIAL PHOTOGRAPHIC APPROACHES

ON THE UPPER ANACOSTIA RIVER BASIN

The previous exampies were hypothetical and were those included in Refer-
ence (1). Implicit in the comparison was the assumption that the Landsat would
be completely accurate in identifying the appropriate land covers listed in the
examples. Such will not be the‘ case. It was also assumed in the previous ex-
amples that all of the détailed soil information would be available. Such infor-
mation can be developed from the County Soil Surveys th!at are usually available
through the State Offices of SCS. However, the development of detailed soil

inforination is tedious and would detract from the advantage of speed offered by

the Landsat approach. The following example accomplishes several things.
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First, it is a "real world" problem which includes the confusion between land
cover classes to which all remote sensors are subject. It also examines the
impact of using a rapid estimate of soils and slopes as opposed to very detailed
estimates of these parameters. Finally, the steps illustrate the approach used
in the emergency spillway version of the SCS Model. The equations used in the
model are presented as Table IV (Table 21.11 of Ref. 2).
PROBLEM: Compute an emergency spillway hydrograph for a Class b structure
to be constructed at Colesville on the Northwest Branch of the
Anacostia River.
APPROACH: Use Soil Conservation Method outlined in Chapter 21-Design Hy-
drographs, Section 4, SCS National Engineering Handbook? .
A. Landsat Based Approach Using Image 100
1. Use USGS 1:24000 topographic maps to outline watershed boundary.
The drainage area is found to be 21.1 square miles. Figure 4 shows
tributaries and watershed boundary. ' 4
2. Develop transparency of the watershed boundary at scale of approxi-
Ihately 1:100,000.
3. Use Image 100 screen projector to overlay transﬁarency of Step’VZ
onto the color Cathode Ray Tube display of the Landsat scene of the
area sufrounding the watershed under study. Black out the area not

inside watershed boundary. (An alternate approach could have been

16



to digitize the watershed boundary and enter into the Image 100 with

cards.)

. Classify the land covers in the watershed in accordance with Table

III. Obtain alpha-numeric output to insure that unclassified pixels

are randomly distributed. Use listing of pixel classifications to |

assign percentages of watershed devotei to each land use.

a. Figure 5 is a photoreduction of the alpha-numeric map of the
Upper Anacostia produced by the Image 100

b. Below is a listing of the pixel assignments for the Upper Anacostia

Total Pixels 10,680

Forest 2528  (23.7%)
Grassed Open Space 4068  (38.1%)
Highly Impervious 198 (1. 9%)
Residential 3424  (32.1%)
Unclassified 462 4.2%)

. Use "General Soil Map'' from the appropriate County Soil Survey
published by the SCS of USDA td determine the soil associations in
the Watershed. Figure 6 is the General Soil Map from the Montgom-
ery County Soil Survey. It was not necessary to determine the exact
loéation of the watershed on this map because of the uniformity of
the soil associations in the vicinity. The Upper Anacostia centei‘s
around Norbeck and is in a Gienelg—Manor-Chester soil association.
In other areas it might be necessary to outline the watershed to

estimate the percentages of different associations in the watershed.
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6. Use Table 7.1 of NEH-4 to determine the Hydrologic Soil Classifi-
cation of the Soil Association found in Step 5. Figure 7 is an example
of one page of Table 7.1. All three soils in the watershed are in the
"B'" Hydrologic Classification.

7. The Curve Number for the watershed can now be assigned from

Table III, In the case of the Upper Anacostia:

23.7%  Forested CN = 55
38.1%  Grassed CN = 60

1.9%  Highly Impervious CN = 93
23.1%  Residential CN = 74

Weighted CN = ,237(55) + .381(60) + .019(93) + .321(74) = 61.4
This accounts for only 95.8% of watershed because of 4.2% un-
classified pixels: CN = 61.4/.958 = 64

8. From 1:24,000 USGS topographic sheet find the longest length chan-
nel. Estimate an average slope by measuring the distance along the
channel system between contours at several points. In the Upper
Anacostia, the maximum length of channel flow was found to be
46,000ft. The average S = 0.007'/"'.

9. Estimate the time of concentration by computing the time of flow
down the longest channel. Some reconnaissance was necessary to
develop an estimate of "n' and the flow characteristics. From lim-
ited recqnnaissance, USGS Water Supply Paper 1849° was used to

: estiﬁate n = ’.04. The channel bankfull hydraulic radius was approxi- )
mately one foot. The Manning equation gave V = 3 ft/sec. Thus, the
flow time in‘ thé chaﬁnel for the Upper'Anacostia was 4.26 hours.

18



10. In a large watershed, Step 9 is a satisfactory estimate of the time
of concentration, Smaller watersheds require the additional over-
land flow time required for the runoff to reach the channel. This
time is controlled by the length, surface material, and the land
slope. To determine the overland flow time:

a. Maximum length of overland flow probably does not exceed 400
feet.

b. To find the slope, an estimate of the distribution of the suk-
groups within the watershed soil association must be made. The
County Soil Surveys include a table entitled ""Approximate Acreage
and Proportionate Extent of the Soils." Figure 8 is the appro-
priate table from the Montgomery County Survey. Without field
invesvtigations, one can only assume that the county-—wide distri-
butions hold within the watershed. The percentages assigned to
each soil are used to obtain a weighted slope. This is accom-
plished by multiplying the average slope éf tke soil by the extent.
The sum of these products is then divided b& the sum of the ex-
tents to obta;in an average slope as shown by Table V. In the
case of thé Upper Anacostia, the average slope was 10.4%.

c. The velocity of overland flow is estimated ﬁ'om Figure 15-2 of

NEH-4, presented here as Figure 9. For a forest-grass cover
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on a slc;pe of 10%, the velocity is 0.8'/sec and yields an over-
land flow time of 0. 14 hours.
d. The total time of concentration is then the channel flow time
plus the overland flow time. In the Upper Anacostiat, =4.26 +
.14 = 4.4 hours.
NOTE: Steps 11 - 24 correspond to Steps 1 - 14 on Pages 21.51 ~ 21.53 in the
example from SCS-NEH-42,
11. The time of concentration is less than six hours, therefore

Determine the 6-hour storm rainfall amount, P. For this struc-

ture class the rainfall amount is taken from Figure 10a (ES-1020
of Ref. 2). For the given location the map shows that P = 8.2 inches.

12. Determine the areal rainfall amount. From Figure 10b (Figure

21.2a of Ref. 2) factor = .94. Therefore P =, 94 (8.2) = 7. 7inches.

13. Make the duration adjustment of rainfall amount. No adjustment is

made because the time of concentration is not over six hours.

14. Determine the runoff amount, Q. Enter Figure 1 (Fig. 10.1 of

Ref. 2) with P = 7.7 inches and CN = 64 and find Q = 3.6 inches.

15. Determine the hydrograph family. En;cer Figure 1Cc (Fig. 21.3 of

Ref. 2) with CN = 64 and at P = 7.7 read hydrograph family 3.

16. Determine the duration of excess rainfall, T, . Enter Figure 10d

(Fig. 21.4 of Ref. 2) with P = 7.7 inches and at CN = 64 read by

interpolation that T, = 4, 4 hours.
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17.

18.

19.

20,

21.

22.

23.

Compute the initial value of T, . By Equation 21.4 (Table IV) this

0.7 (4.4) = 3.1 hours.

Compute the T'O/Tp ratio, This is 4,4/3.1=1.4

Select a revised To/Tp ratio from Figure 10e (Table 21. 16 of Ref.

2). This table shows the hydrograph families and ratios for which
dimensionless hydrographs are given in Table 21. 17 of Ref. 2.
Enter Figure 10e with the ratio from Step 8 and select the tabu-
lated ratio nearest it. For this example the selected ratio,

(To/Tp) rev., is 1.5,

Compute Rev. Tp. This is a revised Tp used because of the change

in ratio. By Equation 21.5 (Table IV), Rev. Tp = 4. 4/1.5=2,93
hours.

Compute qp . By Equation 21,6 (Table IV) this is 484 (21. 1)/2.93 =
3485 cfs. |

Compute Qqp . Using the Q from step 14 and the qp from Step 21

gives Q(qp) = 3.6 (3485) = 12546 cfs.

Compute the times for which hydrograph rates will be computed.

In Equetion 21.7 (Table IV) use Rev. Tj from Step 10 and the
entries in the t/Tp column of the selected hydrcgfaph in Table 21,17
of Ref. 2 (presented here as Table VI). The computed times are

shown in Column 2 of Table VII.
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24, Compute the hydrograph rates, Use Equation 21, 8 (Table IV) and

the qc/qp column of the selected hydrograph in Table 21, 17 of R=f.

2 (Table VI in this report). The computed rates are shown in

Column 3 of Table VII. The hyarograph is plotted as Figure 11.
B. Aerial Photographic Approach

1. As with the Landsat approach, use 1:24000 USGS topographic map
to outline watershed.

2. As the first step in developing the Curve Number, land uses in the
watershed were determined from a 1:24,600 enlargement of a U-2
color infrared high altitude aerial photograph. The approach was
to identify the dominant land cover in each cell of a 1/4 inch grid
overlayed on the photograph. At this scale, each cell was 6.03
acres. Two interpreters were used and their results averaged to
give the percentages shown in Table VIII,

3. Table I requires hbusing densities to obtain the Curve Number. A
one inch square transparancy was overlayed onto a series of resi-
dential areas that were representative of the housing developments
in the watershed. The number of housés inside the square were
counted to obtain the number of dwelling units per acre as reciuired
by Table I. The <iensity distribution}»is shown in Table IX.

4. The Anacostia Resource Identification Study®10 had developed a

series of detailed soil maps using computer techniques. Figure 12
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shows the distribution of Hydrologic Soil Groups. Each symbol
represents the dominant soil group in a 1.15 acre cell. By counting
the number of symbols assigned to each group in the watershed, the

following distribution was obtained:

A 0%
B 79.9%
C 5.5%
D 14.6%

. Curve Number was then computed as follows:
a. Calculation of Weighted CN for Residential Areas:

CN by Soil Group

B C D
1/4Ac. 75 83 87 .799(75) + . 055(83) + .146(87) = 77.2
1/3Ac. 72 81 86 .799(72) + . 055(81) + .146(86) = 74. 6
1/2Ac. 70 80 85 .799(70) + . 055(80) + . 146(85) = 72.7
1Ac. 68 179 84 .799(68) + . 055(79) + .146(84) = 70.9

.007(77.2) + .162(74.6) + .418(72.7) + .413(70.9) = 72.3
CN Residential = 72.3

b.> Calculation of other CN's:

Land Use
Cultivated =~ 71 78 81 .799(71) + .055(78) + .146(81) = 72.8
Open Space 61 74 80 .799(61) + .055(74) + .146(80) = 64.5
Forest 55 70 77 .799(55) + .055(70) + .146(77) = 59.0
Multi-Family 85 90 92 .799(85) + .055(90) + .146(92) = 86.3
IND-COM 88 91 93 .799(88) + .055(91) + .146(93) = 88.9
~ Parking Lot 98 98 98 ‘

Dirt- 81 88 91 .799(81) + .055(88) + .146(91) = 82.85
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6.

10.

11,

12.

13.

14.

- 15.

16.

¢. Calculation of the Final Weighted CN;
.153(72.8) + .244(64.5) + .252(59.0) + .257(72.3) + .018(86.3)
+.005(98.0) + . 027(88.9) + .045(82.85) = 68.4, use 68
As in Step 9 of the preceding Landsat approach, the time flown down

the Channel System was 4.26 hours.

. The time of overland flow requires the land slope. Figure 13 shows

the slopes of the soil groups in the watershed in the same format as
Figure 12. By counting the number of symbols assigned to each
slope, the average watershed slope was estimated to be 8.4% as
shown by Table X, From Figure 9, the time of overland flow was

computed as 0.13 hours.

. Time of concentration T¢ =4.26 + .15 = 4.41 hours

. Because T is less than 6 hours, use storm duration of 6 hours.

From Figure 10a (ES-1020 of Ref. 2) P = 8.2 inches

Areal rainfall from Figure 10b: factor: = .94 Therefore P = 7. 7"
Duration adjustment; not necessary since ppt. is less than 6 hr
Runoiff @, Figure 1, CN =68.01, Q = 4, 0"

Hydrograph family: Figure 10c Use NO, 3

Duration of excess rainféll. To: since less than 6 hr Figﬁfe 71_0d
Use Top =4.86

Tp=.7(4.6)=3.1hrs

To/Tp=4.6/3.1=1.48
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17. Revised To/Tp: Figure 10e Rev. To/Tp = 1.5

18. Revised Tp; Eq. 21-5 Rev. Tp =3.1

19. Qp: Eq. 21-6 =484 A/Rev. Tp = 484 (21.1)/3.1 = 3294
20. Qgp = 4(3294) = 13176

21. Hydrograph is listed in Table XI and shown as Figure 11.

VI. COMPARISONS WITH SCS-TR-20

A more extensive SCS Model, the TR-203, was used by the Maryland National
Capital Park and Planning Commission (MNCPPC) and their consultants in the
development of a comprehensive storm water management program for the Ana-
costia River Basin. The function of the model was to synthesize a flood frequency
series for present and future land uses that could be used for flood plain delin-
eation and estimating reservoir storage requirements.

Conceptually, the TR-20 is a more comprehensive, computerized version of
the model used in the Landsat and U-2 studies described in the previous section,
A key feature of the TR-20 is that it automatically computes hydrographs for
individual subwatersheds draining into the channel system and routs them to the
downstream end of the drainage basin. Backwater curves are then computed to
establish the flood plain.

Land cover for the TR-20 model was delineated by MNCPPC from 1:4800
‘aerial photos and field investigations. No records were kept concerning the
number of mén—hoﬁrs required bééause the staff was involved in other projects.

Discussions with the MNCPPC staff and experiences with 1:4800 aerial photos
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during the Anacostia Resource Identification Study!® indicate that the time re-
quired for land use delineation in the upper 21.1 square miles of the basin was
at least one and one-half to two man-months. Land covers, soil types, and the
corresponding Curve Numbers were developed for 109 sub-watersheds ranging
in area from 3.1 acres to 2. 36 sq. miles.

As mentioned earlier, the TR-20 collects sub-watershed hydrographs and
routs them through the channel system. Thus, channel cross sections are re-
quired as inputs to the model. One-hundred and twenty cross-sections were
used in the TR-20 for the Upper Anacostia Basin. A commercial surveying firm
was hired for the field work. A three man crew was able to complete an average
of three cross sections per day. Thus, approximately 40 calendar days, or 120
man-days, were required to establish the cross-sections used in the TR—-ZVO study.

SCS has an option for three antecedent moisture conditions, I, II, and III in
their models. The Curve Numbers used in the Landsat and U-2 examples of the
previous section were for antecedent moisture condition II. The MNCPPC de-
cided to use zntecedent moisture condition III in their work with the TR-20. Table
10.1 of Reference 2 increases the Landsat and U-2 CN's of 64 and 68 to 81 and 84
respectively for the III moisture condition. The weighfed Curve Number for the
Upper Anacostia as used by MNCPPC in the TR~-20 was 80.5, Thus, the Curve
Number agreement among the ‘thre,e approaches is truly excellent.

MNCPPC also estimated the percent imperviousness of the vUpper Anacostia

as part of their land use studies. They estimated that 19% of the watershed was
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covered by roof tops or some kind of pavement. The Landsat and U-2 estimates
were 15.2% and 15. 3% respectively.

Stream cross-section Number 120, used by MNCPPC in the TR-20, was at
Randolph Road which coincides with a USGS gaging station established in 1927,
Table XII shows the Stage-Cross Sectional Area-Discharge relationship for this
station. So that a comparison could be made, the Landsat and U-2 approaches
described in the previous section were used to synthesize a flood frequency series
with antecedent soil moisture III Curve Numbers. The approach was to compute
peak flows produced by the 24-hour rainfalls corresponding to specified return
periods. These were the same rainfalls used by MNCPPC.

Figure 14 shows the three synthetic frequency curves., Table XTI compares
the discharges and depths of flow estimated by the three approaches. The Land-
sat and U-2 discharges are higher than those of the TR-20. If the land-use and
soil input data to the three approaches were identical one would still expect lower
discharges from the TR~-20 because of the attenuation produced by flood routing
sub-routine. The agreement among the approaches with respect to depth of flow
is excellent, especially when one considers the uncertainties concerning river
stage during periods of flooding.

There is no way to be certain that the SCS Models provide the best estimates
of the flood frequency series. The flood frequency series developed from the
long term Upper Anacostia stream flow records by USGS Table XIV ’c‘:annot be

used as a comparison because of the drastic shifts in land use occurring during

27



the 1960's, However, if an SCS approach is gdopted for a study, the results on
the Upper Anacostia provide strong indications that the relatively simple Landsat
or U-2 approaches are just as good as the TR-20. Of major importance, the
inputs required for the Landsat and U-2 approaches can be estimated in a fraction
of the time required for the development of the TR-20 inputs.

When making a comparison between Landsat and aerial photographic ap-
proaches, one automatically assumes that the photes provide the Yground truth."
The U-2 photo blown up to a scale of 1:24,600 allows an interpreter to see every
house and smasll field in the watershed. Still, when it becomes necessary to
classify the land uses in accordance with Table I, or some similar breakdown,
some confusion develops concerning the exact category to which a particular
parcel should be assigned .' Table XV is a '"confusion matrix' for the two inter-
preters working on the Upper Anacostia River Basin. The confusion matrix
shows that when a large sample is involved, 2707 grid cells in this case, the
overall classification represented by the "percent of total" is good. On the
other hand, the classification of a single cell or small p@rc_el of land may be
confused among several categories just as is the case when using Landsat data,

The confusion matrix presents the number of samples that Interpreter 1
assigned to 1an§1 use L; that were assigned to land ﬁse Lj by Interpreter 2. For
instance, Inte.rl;reter 1 assigned 381 samples to the class "eultivated" and of
those same 381 samples; Interpreter 2 aséigned 223 to the class cultivated, 105

to open space, etc, When large samples are used the values in the matrix can
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be divided by the totals of the rows or columns to obtain probability estimates
for each assignment. By dividing the first column of Table XV by the column
total, 381, one obtains the probability that Interpreter 2 will assign a sample
labeled cultivated by Interpreter 1 to each of the land uses. If one of the inter-
preters is assumed to be 100% accurate the values would represent the prob-
abilities of correct and incorrect assignment. However, in the present study
they must be interpreted simply as the probability of agreement and disagreement.
The diagonal elements of the confusion matrix represent the agreement of
the two interpreters. The overall agreement is 68%. If the classes Cultivated
and Open Space and the classes Parking Lot and Industrial-Commercial are
combined into the classes Grass and Highly Impervious respectively the classi-
fication scheme is similar to that used for the Landsat data. The probability of
agreement is now 77% because confusion between certain classes was removed

by combining them.

VII. CONCLUSIONS

The SCS Model is an empirically based approach to hydrograph synthesis.
It was selected for examination because the parameters needed for its operation
are heavily dependent on land cover distributions that can be modified for Land-
sat compatibility. If a plénning agency decides to use the SCS model, the land
cover categories can be developed through computer aided analysis of the Land-
sat CCT's. The results obtainéd with the La.ndsat based approach should com-

pare favorably with those based on the conventional land cover delineations.
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The testing program of this study used topographic and conventional soil
survey data. In some geographical regions it is possible to extract congiderable
topographic data such as stream networks, etc., from Landsat!!. Considerable
work is also being done to develop techniques for estimating soil types from
Landsat!? through inferences from stream networks, vegetal cover, tone, and
cultural practices. Improvement in the ability to extract topographic and soil
information wi‘ch Landsat should make the satellite based SCS approach an in-

i

creasingly attractive tool for hydrograph synthesis on ungaged watersheds.
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Figure 1. Graphical Solution of Runoff Equation.
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Figure 6. Production of General Soil Map from Montgomery County Soil Survey.
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Soil Area | Extent Soil Area | Extent
cres Pereent Acres Perownt
Aldino silt loam, 0 to 3 pereent slopes......... 125 [0} Chilluin and Penn gravelly silt loams, 3 to 8
Aldino silt loam, 35 o 8 pereent slopes, moder- percent slopes, severely eroded ... ... ... 248 a1
stely eroded . .. 1,212 0. 4 || Chillum and Penn gravelly silt loams, 8 o 15
Aﬂim sitt loamn, 8 1015 |u reent alop' -¢ “moder- percent slopes, moderately eroded .. ... 161 =
L ST S P AR e 3 ™ Chillum and Penn gravelly silt loams, 8 to 25
AMlino silt lowm, 8 to 15 pereent slopes, severely percent slopes, severely eroded . ... .. 299 i
T R e R e e 12 " Chrome silt loam, 8 to 15 pereent slopes, mod-
Ashton silt loam, 0 to 3 pereent slopes. . .. ... 92 " B T SR e R S TR A 140 0]
Ashton silt loam, 3 to 8 pereent slopes, moder- Chrome very stony silt lmm, 3 to 25 pereent
stely croded . . 73 0] slopes, moderately eroded. ... ... ... 14 [0}
Beltaville silt loan, 0 o3 pun nt slopvs, mod- Chrome aud Conowingo mll. lonms, 3 to 8 per-
T T o [ e A R e e e 463 = | cent slopes, moderately croded ..o . L . 2,22 P
Beltaville silt loam, 3 to 8 pereent slopes, mod- Chrome and Conowingo silt foams, 3 to 8 per-
TR L T e R e e 1,211 .4 cent slopes, severely eroded. . ... .. ik 71 V]
Beltsville silt loam, 8 to 15 pereent slopes, mod- L6 T e R S 219 3
N T TR R eIk Sl ey e e 109 0] Congaree silt loum, 0 to 3 percent slopes "7 "
Bermudian silt loam, 0 to 3 pereent slopes. . . 28 ") Conowingo silt loam, 0 to 3 percent slopes,
Bermudian silt lowm, 3 to B percent siopes. . 42 ") moderntely eroded oo oo oo e niiiiiiiaaann 82 "
Bowmansville silt Iu.un U to 3 pereent slopes. .| 2, 343 .7 || Conowingo silt loam, 0 to 3 percent slopes,
Beandywine loam, 3 to 15 pereent slopes, wod- L e, PR e SR e M I 359 =
TR gt e e e 208 .1 || Croom gravelly loam, 3 to 8 pereent nlupu,
Beandywine Joum, 3 to 15 peree ut stopes, se- moderntely eroded . .. o oo aeiiaiaan 67 3
T E i ) e it S s SRR s 187 .1 || Croom gravelly loam, 8 to 18 ;xm-m. slopes,
Beaudywine loum, 15 to 25 pereent slopes, mod- moderately eroded - o 413 .
T E U B e e e 143 m Croom gravelly loam, 8 to 5 percenl. ulopa,
Brandywine Imm\, 15 to 25 pereent alupﬂ, se- severely eroded . . 129 (U}
wni\ L L St s 173 .1 || Croom gravelly lomu, 1510 25 pcmnt Ulopou,
Bueks silt lowm, 0 to 3 pereent slopes. . ...... 63 (0] ety erodel. . s e 126 Q)
Bucks silt Imuu 0 to 3 peceent slopes, moder- Croom gravelly lonmn, 15 to 25 pereent ;Ione-,
T LRy PR L e e s e 136 0] T R L U et e o S SR 101 Q)
Bucks silt loam, 3 to 8 pereent nlopu, moder- Croom gravelly lowm, 25 to 45 percent slopes,
B L b B PRt e L S e e 1, 662 .8 ity Ot e iie s s anine 148 ®
Bueks silt loam, 3 to 8 percent slopes, severely Croom gravelly loam, 25 to 45 pereent slopes,
eroded. . . 111 (0] sl T T S e R S R A 116 U}
Bucks silt loawm, 8 to 156 pereent slopes, mod- Croton silt loam, 0o 8 pereent slopes. . ... ... 2, V04 .8
erately and severely eroded ... Sy e 88 0] Edgemont gravelly sandy loam, 3 to 8 pereent
Calvert silt loam, 0 to 8 percent :lopw. 460 3 slopes, moderately eroded . - oo ooeow oo o 42 0]
Captina silt loan, 0 to 3 pereent slopes .. ... 609 .2 || Kdgemont gravelly sandy loam, 8 to 15 porev-ut
Captina silt Jowm, 3 to 8 percent slopes, mod- slopes, severely eroded . . oo o o oioLan 63 Q]
whitelyiotadod S L S a ke 181 .1 1| Elioak silt loam, 0 to 3 pereent slopes ... ... 24 "
Chester silt losun, 0 to 3 pereent slopes.. ... .. T2 2 || Elioak silt loam, 3 to 8 pereent slopes, moder-
Chexter silt loim, O to 3 pereent slopes, mod- A s e e S e s - 1,862 .8
L L T e e S S S RS e A 193 1L Elioak silt loam, 8 to 15 percent slopes, moder-
Chextor wilt lu.un, 3 to 8 pereent slopes, mod- R . PERShe s e e 159 »
erately eroded ...| 10, 063 3.2 || Elioak silty ¢lay loam, 3 to 8 p«rcc-ut ulu'u-',
(\mln " mlt loam, 3 to 8 p--ru ot slupl u, se vm~ly MR Il - oo ini srankiaen 246 . |
........................... 846 .3 || Elionk ufty clay loam, 8 to 15 pereent slopes,
Chﬂn -t nlt Joam, 8 to 15 percent slopes, mod- T R e e P S 1 .0
erutely eroded . cieed 446 = E.Ik lilt Ionm 0 to 3 percent slopes, moderately
Chestor silt lu.un, 8to 15 porcout nlupt--l PO e e e e 38 o
g L e e - T SR - 339 ik Elk |ilt loam, 3 to 8 percent olopu, modemtely
&wncln silt loam, U to 3 pereent slopes. ... 3, 095 EE B | i SR ST ¢ b e e e ] 318 =
i gravelly silt Joam, 3 to 8 percent EII: silty cluy loam, 8 to 15 wrcam. slopes,
wopes, moderately eroded ... Pt 232 =5 severely RSy e A = 34 ™
Chlllo. gravelly silt loam, 3 to 8 percent Eroded Iund l"euu T g e R 29 P |
slopes, severely eroded oo 101 (O] Glenelg ehmmvry silt loam, 3 to 8 prmnt
Chlllum gravelly silt loam, 8 to 15 percent slopes, moderately eroded . . ... 4, 905 L8
slopes, moderately eroded. ..ol 256 -1 |l Glenelg channery silt loum, 3 to 8 percent
Chilllum gr'nvl:y nll):‘ loam, 8 to 15 percent = = 810pes, SOVETEly €P0BOd. . <o s ene e nainnann 1, 412 =
shupes, severely eroded .o oo oo o i .
Chlllum’ gravelly silt loam, 15 to 25 pereent Glenelg channery silt loam, 8 to 15 p-mm s
slopes, moderately eroded. . .. .. ... ... 784 .
ps, moderntely eroded . _ . ... L Lo 174 T G 1 ik 1 8 to 15 t
Chlllum gravelly silt loam, 25 to 45 percent lenelg ‘“‘““‘I'” - h i"""' prEIeY 847 3
moderately eroded .. ... ..._... 85 o) slopes, severely eroded ... .o ... amun .
Chlllum silt loam, 3 to 8 percent slopes, mod- Glenelg chunnery silt loam, 15 to 25 percent
T heesne il S o ina s 1, 404 4 slopes, moderutely eroded. .. ..o 107 (0]
Chilllum silt loam, 8 to 15 prrn-m. slopes, mod- Glenelg channery silt loam, 15 to 25 P'""“‘
O 0k Lroie 5 s Bl pesont Hopes. » =i Tl i ey e b ¢ slopes, o =t
um m, 15 to reent slopes, mod- Slenelg gravelly loam, percen
Chibum .2.'&"’:’-“ enm.u loa : o nﬁn“lyeflm l""z""i """ it slopes, s T
enin grav. L g velly loam, 3 to 8 percen
-d-nu{y 94 .3 .w.&"-u ............ s HE et nl®

Bae fostnote st end of table

Figure 8. Montgomery County Soil Distributions.
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Figure 10(a). Rainfalls for Emergency Spillway Hydrographs. (Fig. 21.5 of NEH-4(2))
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Figure 14. Comparison of Synthetic Frequency Curves.
Northwest Branch of Anacostia River at Colesville, Maryland
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Table I
Runoff Curve Numbers for Selected Agricultural, Suburban,
and Urban Land Use.
(Antecedent moisture condition II, and I, = 0.28)
(Table 2-2 of SCS-TR-55)

HYDROLOGIC SOIL GROUP *
LAND USE DESCRIPTION A B c D
Cultiveted lund!/: without conservation treatment 12 g1 ! 88 91 *
+ with conservation treatment 62 T1 18 81
1
Pasture or range land: poor conditien 68 19 86 89
good condition 39 61 h 80
kMendov: good condition 30 58 s 78
Wood or Forest land: thin stand, poor cover, no mulch bs 66 hks 83
good cover?/ 25 |55 70 17
Open Spaces, lawns, parks, golf courses, Cemeteries, etc.
good conditiont grass cover on 5% or more of the area 39 61 T4 80
rair condition: grass cover on 50% to .75% of the ares L9 69 19 8l
Commercial and business ureas (85% impervious) 89 92 9k 95
Industrial districts (72% lmpervious). ' 81 | 88 | 91 | 93
Residential: 3/
Average lot size Average ¥ Imperviousil
1/8 acre or less 65 11 Bs 90 92
1/l acre 38 61 | 15 83 87
1/3 acre 30 ST | 72 | 81 | 86
1/2 acre 25 sk | 70 | 80 | 85
1 scre ; i 20 st ) 68 | 19 8y
Paved parking lots, roofs, driveways, etc.il 98 98 98 98
Streets and roéds:
paved with curbs and storm seweras! ' 98 | 98 98 98
gruvel - : RO 76 85 89 91
dirt : 72 82 GT‘ 89
s

"3 For.a move detailed description of agriciltural land use curve pumbers refar to
Natlional Engineering Handbook, Section I, lydrolegy, Chapter 9, Aug. 1972.

: 1/ Good cover is protected from graz1ng and li£Cer and brush cover sofl.

‘/ Curve numbers are computed agsuming “the runoff from the house end drivewey
is directed towards the street with a minimum of roof water dirxected to lawns
where addlitional infiltretion could occur, '

&/ me remaining pervious aress (lawn} are considered to be'in good pasture condition
“for these curve numbers.

’/ In some warmer climutes of the country e curve number of 95 may be ‘used,

GE I8 | -
1GINAL PA T
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Table II
Soil Names and Hydrologic Classifications.
(Table B-1 of SCS-TR-55)

AKAXKA A AMADOR 0 SHRCR (] ATLEE
AASTSO 8 AKASKA & AMAGCN [} ARBUCKLE 8 ATHORE
ABAJD (4 AKEL A c AMMLY 0 AMCATA ] ATOKA
ABSUTY 0 ALADDIN # AMANA ] AKCH [ ATSIONM
ABROT 1T CHN [4 ALAE . LMARGOSA [} ARCHABAL (] AYTLRBERRY
ABEGG: 8 ALAELDA 8 AMARILLC 8 AHCHER c ATTEWAN
ABELA [ ALAGA A AMASA [ ARCHIN 4 ATTICA
ABELL ] ALAKAJ c ANBEKSCN ARCO s AVVLEBOURD
ABERDECN [} ALAMA c ANBOY (4 ARCOLA c ATWATER
ABES [} ALAMANCE [ AMERAW [4 ARD c ATwELL
ABILENF [4 ALAMC [ LPECEE A AKDEN 8 ATwWCOO
ABINGTIN e ALAKGSA [4 AMELIA [ ARULAYCIR s AUBBEENAUBBEE
ABjOUA (4 ALAPAHA (1] AVENTA [ AHDILLA c AUBERRY
ABO B ALAPAY A AMERICUS A AREDALE ] AUBURN
ABHA c ALGRK [ AMES 4 ARENA c AUBURNDALE
ABKAHAN 8 ALRAND ] APHERST '3 AREAALES A AUDIAN
ABSARUKEE c ALBANY [ MY (4 AKENDISVILLE ) AU CRES
3dSCUTA 8 ALBATON [} LMMCN B AR{NOSA A AUGSBURG
ABSHER 0 ALNEE [4 LMULE [4 ARENIVILLF 8 AUGLSTA
Acacin C ALBEMARLE 8 KPCR 8 ARGONAUT o AULD
ACADERY 4 ALKEATVILLE c Am0S c AKGUELLO 8 AURA
ACADTA 0 ALBLA [ AFSTURIAM 8 ARGYLE 8 AUPORA
ACANA ] AL3ICN e AMICFT 0 ARIIC A AUSTIN
ACEITUNAS 8 ALBRIGHTS [ AMY 0 ARKEZBUTLA c AUXYASSE
ACEL ] ALCALDE [4 ANACAPA 8 AHKPGRY 8 Au2Qut
ACKER 8 ALCESTER [ BNARUAC 0 ERLANT 8 Ava
ACKMEN [ ALCUA 5 ANAMITE 0 ARLING c AVALANCHE
ACME 4 ALCONA ] ANAFRA 8 ARLINGTUN A AVALON
AC) 8 aAtcova [ ANATONE 0 AKLOVAL [4 AVERY
ACOLITA [ ALDA c ANAVERDE [ APFAGH ] AVON
ACIVE 4 ALOAX [} ANCHG c AR“TNGTUN 0 AVONBURG
ACION [ ALDEN (4 ANCHCRACE A ARG 8 AVCNDALE
ACUFF 8 ALDER [ ANCHGR BAY D ARPLLR 8 AWBREY
ACWURTH [ ALDERDALE 2 ALCHUR PGINT B ARMSIER c AXTELL
ADA [ ALUE RwUOD c ANCLCTE c ARMSTRUN o AYAR
ADATY D ALDINO [4 ANCO C ARMUCHEE c AYLCCK
ADAMS A ALLKNAGIK 8 ANCERS 3 ARNEGARD B AYR
ADAYSHN ] ALEX e ANCERSCN [ ARNHART [4 AYRES
ADAMSTOWN ALEXANORLA [4 ANCES C ARNHELM c AYRSHIRE
ADAMSVILLE 4 ALEXTS [ ANCCRINIA c ARND o AYSEES
ADATON [} ALFORD 8 ANDOVESR 0 ARNOLO 8 ITALAK
ACAVEN n ALGANSEE 8 ANCRES 8 ARNOY €70 AZTEC
ADDISON 0 ALGIERS C/D. ANCREWS c ARDLSTROK AZULE
ADDY 4 ALGOMA 8/0 ANEC D ARGSA [ AZWELL
ADE A ALICE A ANETH A ARP 0
ADEL A ALICEL (] ANGELICA [ AKRANGYUN B BABS
ADELAIPE 0 ALICTIA [3 ANGEL INA 8/0 ARRCLIME c BABBING N
ADELANTD (] ALIDA ) ANGLE 4 ARRLN c BABCOCK
ANELPHIA 3 BLIKCHI 8 ANGLE A ARRCH [ BABYLON
ACENA [ ALKO [} ANGLEN B AFRUWMSHITH 8 BACA
ADILLTS A ALLAGASH (] ANGCLA c ARTA : c BACH
ADIRAEDACK ALLARD @ ANGCSTURA 8 ARTCIS 4 BAChUS
ACKINS [] ALLEGHENY 8 AN1AK D ARVACA 0 BACKBONE
ADLEN c ALLEMANDS i} ANLTA 0 ARVANA c BADENAUG,
ADULPH 0 ALLEN e ANKENY A ARVESON. [ BADGER
ADn 1AN 470 ALLENDALE C ANLAUF C ARYVILLA a BADGERICN
AE“EAS 8 ALLENSVILLE c ANNAHELLA a ARZELL [ 8ADQ
AETNA A ALLENTINE 0 ANAANOALE 4 aSA 8 BADUS
AFTON n ALLFAWLOD W ARNISTCN ) ASBURY BAGCAD
AGAR B ALLEY c ANCKA A ASCALCN 8 3AGGOTT
AGASSTE 0 ALLTANCE 3 ANGAES c ASCHUFF 8 BAGLEY
AUALE o ALLIGATOR C ANSELNMC A ASCHRUFT 8 BAHEM
AGAMAY 8 ALLIS - 0 ANSON B. ASHBY 4 BAILE
AGERLY C ALLISCN C ANTELCPE SPRINGS C ASHEALE 8 BAINYILLE
AGFN [} ALLOUEZ [4 ANTERC c ASHE 8 DATRD HOLLOW
AGNEK 8 ALLOWAY ANT FLAT [4 ASHEUN [4 BAJURA
AGNEW 8/C ALrAC -8 ANTHONY 8 ASHLEY A BAKEOVEN
AGNOS 8 ALMENA 4 ANTIGO 8 ASH SPRINGS: 4 BAKER
AGUA A ALPONT o ARTILON [ ASHTON 8 BAKER PASS
AGUADILLA 4 ALrY e ANTICCH 0 ASHUE 8 BALAAR
AGUA CULCF 4 ALUHA 4 ANTLER c BSHUELCY € BALLM
AGUA Fria 4 ALUNSO B ANTCINE 4 ASHRCOD c 4ALTON
AGUEDA 8 ALLVAR [4 ANTY [ ASKEw 4 BALD
AGUILLTA 8 ALPENA 8 ANWBY B asc 0 BALCER
AGUTRES [} ALPON B AN2S ¢ . ASCIIN c BALDOCK
AGUSTIN H ALPChA [ APACHE 0 ASPEN ) BALCKEN
AHATONT 0 ALPS APAKUTE A ASPEHMUNT 8 HALOY
AML e ALSEA " APISHAPA 4 ASSIANIACINE 3 BALE
AHLSTENN [ ALSTAD B APISCN 8 ASSUPPTICN 0] BALLARD
AHMEEK B ALSTCWN o APPIAN 0 ASTATULA 3 GALLENGER
AHLLY # ALTAMONT C APPL:CATE L ASTCR 8/0 BALP
AHT AN C0 UALTAVISTA o LDPLLTCN C ASTChiA 8 BALFAN
AHW AN LR € ALIPORE r APPLING 8 . AYASLADEKS c BALCN
ATHONT 1) € ALTMAR L) LPHEN ® acc 8 SALTIC
AIRFA b ALTE c Y44 C BILFIC L ¢al1ImMCRE
AIRMAY ) ALIOGA 4 BPYAKISIC ‘s RIRELWLLD b HAMBER
atLcy i ALTuN B At 2BY ATHLYA ) SAMECRTH
AINAZEA ) ALTYS | ] rAagA d ATHENS 8 BANCAS
abkmityy 4 BLTVAN + BRBFIEN [ ATHLF LK t/C UANCROFT
AfsaTSa ) ALVEN ¥ LHBVE (] ATHCL t - BANCERA
(YR IS v AVT4a c AMBVETCN 3 ATKINSIN b BABNGE
TR L] ALVISC O ARFELA L ATLAS U BANGUR

NOTFS

A BLALY HVDPOLOﬁIé SO £POUP IHPICATES THE SALL FBALR WAS OFT FIFH NFTEPIPED

THOSOFL GROUPS. SURH AS /0 ANDICATES THE DPALVEP/UYNAAINFD € 1THAT Y
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Table 111

Runoff Curve Numbers for Land Cover Delineations

Definable from Landsat.

Land Use Description

Hydrologic Soil Group

A B C D

- Forest Land , 25 S5 70 77

Grassed Open Spaée 36 60 73 78
Highly Imperviousness (Commercial,

Industrial, Large Parking Lot)* 90 93 94 95

Residential 60 74 83 87

Bare Ground 72 82 88 90

*Probably sufficient to use CN = 93 for all soils
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Table IV
Equations Used with SCS Model
(Table 21.11 of NIH-4)

Equation No.

where

Tp = 0.7 Tg 21 .4

To -
Rev. T - 21.5

? rﬁg/l;)rev.
484 A

9p Rev. Tp 21.6
t = (t/Tp) (Rev. Tp) . 21.7
a = (ac/ap) Qgp | 21.8

= drainage area in square miles

=  hydrograph rate in cfs

de- = hydrograph rate in cfs when Q = 1 inch

dp = hydrograph peak rate in cfs when Q = 1 inch

Q = ‘design storm runoff in inches

Rev. Tp = revised time to peak in hours

t = time in hours at which hydrograph rate is computed
Te = time of concentration in hours

Tog = duratlon of excess 1a1nfall in hours

(TolTp)rev = rev¢sed raLJo from table 21. 16
4Tp = time to peak in houro Tor UTU desipgn hydrographs




Table V
Computation of Average Slope
(Step 10b. of Page 19)

Soil ’ ‘ Soil
& &

Slope Extent Weight Slope  Extent Weight
1.5 .2 .3 5.5 4.2 23.1
1.5 .1 .2 11.5 .1 58.7
5.5 3.2 16.6 20. 3.1 62.0
5.5 .3 1.7 35. .7 24.5
11.5 1 1.2 5.5 7.0 38.5
11.5 .1 1.2 11.5 11. 126.5
Glenlg | ’ | 20. 5.3 106.
5.5 2.0 11.0 35. 1.0 35.
11.5 5 5.8 11.5 .2 2.3
20. .1 2. . - 20. 1 2.0
5.5 1 .6 35. .2 7.
11.5 1 1.2 55. .2 1.
1.5 1 .2 , ’
5.5 14.6 80.3 2 63.1  658.8
11.5 2.9 33.4 7 , e

20. .5 10. - Ave. Slope = 10.4%
35. .1 3.5 |
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Table VI
Dimensionless Hydrograph from NEH-4
(Part of Table 21.17 of NEH-4(2))
Hydrograph Family 3

TO/TP =1 To/Tp = 1.5 TofTp = 2
Line t/Tp qC/qP Qt/q t/Tp ac/qp Qt/Q t/’I'p qC/Qp Qt/Q
No.
1 o o o0 0o 0 0 o o 0
2 26 .048  .005 .29 .028  .003 .30 .012  .001
3 52 .219 .03%0 58 190  .0: % 60 .123 016
L 78 521 .101 87 50 094 .90  .343  ,068
5 1.0 .762 .22k 1.16 .656 . .212 1.20 .570 .169
6 1.30 .84 378 1.5 .73F .360 1.50 .657  .304
7 1.56  .778  .533 1.74 .68 .51 1.80  .630 .4h7
8 1.82  .621  .668 2.035 .58  .646 2.10 .562 .578
9 2.08 . 769 2.32 s (756 2.50 484 694
10 2.3 .305 .85 2.61  .350 .841 2.70  .379  .789
11 2.60 .21% 891 2.90 .199 .899 3.00 .267 .861
12 2.86 .1k9  .925 3,19  .13%32 .93L4 3.30  .197  .910
13 3.12  .103%  .949 3.48  .089 .958 3.60 .116  .942
14 3.38  .070  .966 3.77  .05T  .973 3.9 .076  .964
15 3.64 .08 L9717 .06 .038 .983 b.20  .050 .977
16 3,90 .034 ,985 435,025  .990 4.50  .03%3 .987;
17 16 - .024h  .991 L.6h - .015 . .994 4,80 .020 .992
18 4.2 016 .995 h.95 ,008 .997 5.10 .01l .996
19 L.68 .010 .997  5.22 .005 .998 5.0 .006 .998
20 k9% ,006 .999 5.5  .003  .999 5.70 .00k 999{
21 5.20  .00% 1.000 5.80  .002 1.000 6.00 .002 1.000
22 5.46  .001 1.000 6.09 .001 1.000 6.30 .001 1,000
5.72 0 1.000  6.38 0 1.000 6.60 0 - 1.000
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Table VII

Hydrograph Tabulation for Landsat Experiment

SCS-ENG-319
Rev. 1-70
File Code ENG-13-14

DATE

e —

HYDROGRAPH COMPUTATION gﬁ:g::g"'e" ——
L(/TIRev. Tolaz(a./aphQKap)|  Qy#(Q/QNQ
VATERSHED OR PROJECT __ /2080 lMCOQ'IIo ' q Q
LANDSAT TesT HOURS CFS INCHES
STATE M. I 0 0 0
| .85 | 35/
STRUCTURE SITE OR SUBAREA ﬁna’a/gé Kd. ‘| L7606 | 2385
' 2.85 | J6¥8
or, AREA /-4 $Q.MI.  STRUCTURE CLASS b Sl 3.%0 %_{'3‘}
‘1 425 Y2/2
2 __H4Y s stomounanion A Wl | 5./0| BS?
POINT RAINFALL _&'_23.. IN. : S ?L.f Z.g"
ADJUSTED RAINFALL: j .80
= .9¢ 27 |—Lks
EAL : FACTOR IN, 1 8.6-0 ZM
: DURATION : FACTOR __ IN. | 935| /657
s ovine . h] 70.20| /782
0 ._ig_m. 3 5| /.90 478
16 /2. 7S5 g ¥
HYDROGRAPH FAMILY NO.
' : v | /3.60] /88
A s | /40| 1o/
couputen 1,2 L we, 5T 5291 6
. LY n | le/¥| 38
. u /6,99 25
(WARE ni JERE 2
CONPUTED_./'_y_Z_- useo_ o S a| 187 (o)
: u
REVISED T, 273 ::
Fes | ey iﬂm n
%= Fev. T =
= (2546 s ®
)
(COLUMN) = (1/T)REV. T, €COLUMN) = (8 / QXQXS) | 31
2
QUCOLUMN) = (0, /0N 1
u
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Table VIII
Land Uses from High Altitude Photography

Average

Land Use Interpretor 1 Interpretor 2
Cultivated 14.1% 16, 15. 3%
Open Space 28.1% 20. 8% 24.4%
Forest 22.7% 27.6% 25.2%
Residential 24.9% 26.5% 25.7%
Multi-Family 1.8% 1.8% - 1.8%
Parking Lot | .4% .6% | .5%
IND-COMM 3.0% 2.4% 2.7%
Bare Soil 5.0% 4,5%

3.9%
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Table IX
Lot Sizes in Residential Areas

P t
Lot Size Total Pe{ggigengfal Areas
1/4 Acre 0.7%
1/3 Acre 16.2%
1/2 Acre 41.8%
1 Acre 41.3%
Table X

Computation of Average Slope

SLOPE RANGE AVG. S % of the Watershed

0-2.5% 1.25% 9.5
2.5-5% 3.75% 3.8
5-10% 7.5% 60.9
10-15% 12.5% 21.9
-~ 15-25% 20% 3.7
35-45% - 40% 0

.095(1.25) + .038(3.75) + .609(7.5) + .219(12.5) +
’ .037(20) + .002(30) = 8.37 = 8.4% S
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Table XI

Hydrograph Tabulation for High Altitude Experiment

SCS-ENG-3IY
Rev. 1-70
File Code ENG-13-14

HYDROGRAPH COMPUTATION

DATE

B

COMPUTED BY _———

CHECKED BY ———

L/ TolRev. Tolas(ac/aghQNag)  Qy=(Qy/Q1Q
WATERSHED OR PROJECT __ Wﬁu&_ t q Q
Hioh Altthud e Phote Tost HOURS CFS INCHES
STATE Md. | 0 0 0
: S Je¢
STRUCTURE SITE OR SUBAREA @dg{g& 17d. ‘1 48 | 2503
‘| .72 | 5929
on anea_R 1./ SQ.MI.  STRUCTURE CLASS é_ ‘1 4.6
‘1 &85 | 9874
T, H¥E . somamn_ & w _.; |4 | Qo2s
POINT RAINFALL _'_Lz_ IN, = ? 7’70
ADJUSTED RAINFALL: LN O
. % 7% |l 8./ | Y4i¥
AREAL : FACTOR IN, s 1 ,. g
DURATION : FACTOR ___—_ " 2| 9.9 | 1739
.nunor‘r/ cunvs w68 :: J/ 2 za I’llg}!
e sl 5| 12.59 o/
NYOROGRAPH FAMILY NO.___ S ® | 43.49
vl /438 198
COMPUTED Ip._‘g_‘_/_. HR. Bl 28| /o5
B /./8 3
¥ n | /7.0 %0
T, HR w1 768l 3¢
T,/ T): 2| 18 /3
COMPUTED /'_i" . ueo b S [ B)| /9278] ©
: u
REVISED T, _ﬁ. = ;«;
R I2PY s 2
55 =
wey=_/3/76 o »
»
NCOLUMN) = (1/T)REV. T, qCOLUMN) = (3, / QXQKQ) | 31
%
QUCOLUMN) = (Q, /0K n
3
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Flow Characteristics at Randolph Road

Table XII

) Flow 5 Discharge
Elevation Area (ft%) (cfs)
Bottom 242.8 0 0
Bankfall 248.5 323.8 1139.1
1 249.4 496.2 1320.2
2 258.6 829.2 2177.2
3 251.4 1107.04 2941.6
4 252.5 1495.6 4169.2
5 253.3 1826.38 5327.3
6 254.2 2194.6 6716.9
7 257.1 3425.8 12,090.6
Table XIII

Discharges and River Stages Computed with SCS Models
- Randolph Road Gaging Station on Northwest Branch of Anacostia River

Return
Period Precip. Discharge (cfs) ~Depth of Flow (ft)
(yrs) (in) TR-20 =~ LANDSAT U-2  TR-20  LANDSAT U-2
2 3.0 2990 3490 3850 8.9 9.3 9.6
S 3.3 4610 5140 6064 10.0 10.4 10.9
10 5.4 6210 6900 7580 10.9 11.3 11.7
25 5.8 7390 8759 9300 - 11.7 12.3 12.7
50 6.7 © 9020 9900 10400 12.5 13.0 13.3
100 7.3 10,780 ~ 11,100 11,806 13.5 13.6 141
Table XIV

Flood Frequency Series for Upper Anacostia B2sed on Long Term

Streamflow Records 1923 4197_0 (USGS)

Return Period

Discharge (cfs)

2

1200 1980 2680 3800 4860 6130

10

25

50

100

56



Table XV
Confusion Matrix for Land Use Interpretation
Form U-2 Photo on the Upper Anacostia

LS

Interpretor 1
o & S
B & m 5 3
3 3 e aaa 3 ki E = = =
Land Use 2 S 2 o = = g 2 o o
> @ 2 S G Ey o ° o
= g & s e g, > & = 8
= & £ &£ F % F g 5 | 3
© o a T & 8 3 &
o 3 g A
~ =
Cultivated 223.0- 143.0 14.0 20.0 0.0 0.0 4.0 41.0 445.0 | 16.4
Open Space k 105.0 ° 382.0 21.0 34.0 3.0 2.0 6.0 10.0 563.0 | 20.8
Forestéd 14.0 ~ 133.0 - 541.0 46,0 2.0 0.0 5.0 6.0 747.0 | 27.6
C: Residential Single 16.0 84.0 32.0 548.0 0.0 0.0 30.0 6.0 716.0 | 26.5
% Residential Multiple 0.0 1.0 0.0 5.6 40,0 0.0 4.0 0.0 50.0 1.8
=
g‘ Parking Lots 0.0 3.0 2.0 2.0 0.0 6.0 3.0 0.0 16.0 0.6
==
G Industry /Commerce 1.0 7.0 2.0 17.0 3.0 4.0 29.0 1.0 64.0 2.4
| Bare Soil 22.0 7.0 2.0 3.0 0.0 0.0 0.0 72.0 106.0 3.9
Total Cells 381.0 760.0 614.0 675.0 48.0 12.0 81.0 136.0 | 2707.0
Percent of Total 14,1 28.1 22.7 24.9 1.8 0.4 3.0 5.0




