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ENVIRONMENTAL ASPECTS OF RUN-OFF AND SILTATION IN THE
ANACOSTIA BASIN FROM HYPERALTITUDE, PHOTOGRAPHS

ABSTRACT

An analysis has been made of the effects of urbanization and highway con-
struction on run-off, erosion and siltation on the Anacostia watershed. The
analysis is based on changes in land use patterns as determined from aerial
photographs as well as geologic and hydrologic data for the region.

Two selected subwatersheds of Indian Creek and one of Little Paint Branch
of the Northeast Branch of the Anacostia were studied in terms of three hypo-
thetical storms of different magnitudes. It was determined that an approximately
10 percent increase in impervious surface could bring about a 12 percent increase
in the peak discharge for storms of the magnitude of tropical storm Agnes, a 20
percent increase in peak discharge for 10 hours storm and as much as a 150
percent increase in peak discharge for a typical thunderstorm. Also the early
hourly incremental discharge from a storm of Agnes' magnitude could be
increased by as much as 100 percent. Correspondingly large effects were
observed in soil erosion and siltation from bare construction sites which show
sediment yields of up to hundreds of thousands of tons per square mile per year.

The effects of rapid run-off, erosion and siltation are interrelated with other
environmental problems such as sewage, oil and chemical pollution and lack of
adequate public transportation. The net result is one of a steady degradation of
the urban and suburban environment and of the estuary and bay into which this
river flows.
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ENVIRONMENTAL ASPECTS OF RUN-OFF AND SILTATION IN THE
ANACOSTIA BASIN FROM HYPERALTITUDE PHOTOGRAPHS

INTRODUCTION

It is now generally recognized that urbanization involves a complex of inter-
acting factors which determine tl:c -nvironmental quality of a watershed or river
basin. To what extent these factors de ermine the carrying capacity* of the basin
with respect to population and technology is less clear but has become a pressing
question.

In the process of urbanization, river basins are degraded through increased
biological and chemical pollution from such sources as industries, commerce,
residences and transportation systems. Part of the chemical load is attributable
to nutriesits which result from greatly increased sewage Rows, since the effluent
from sewage treatment plants is characteristically discharged into streams.
Superimposed on this biological and chemical pollution are the effects of rapid
water run-off and sediment from paved and eroding vegetation denuded land. In
the headwaters and interstream area, soils are washed away at catastrophic rates,
frequently leaving sterile and impermeable subsoils of increased erodabiitty. On
the floodplains, whose capacities become too small to contain the augmented flood-
waters, coarse gravels and silts now cover the former fertile deposits of the
pre-technological period or cut across them in newly eroded channels. At the
same time stream banks bereft of their forme r mesh of protecting vegetation and
roots, are more subject to erosion than in their natural state. Characteristically
also the water storage capacity of floodplains is diminished by filling and
construction. Thus flooding may be aggravated in both upstream and downstream
reaches due to poorly designed road embarkments and other structures. Bank
caving, flooding of residences, and destruction of roads, and bridges is the order
of the day. Although some sediment which clogs the stream channels may be
removed by dredging operations, most of fine material is transported into
esturaries and boys where it contributes to fouling of shellfish beds, fish spawning
grounds, wildlife habitat, and recreational waters. All along these urban rivers
oil slicks line the banks and mud flats and obstruct the flow of raw or poorly
treated sewage and solid debris. Frequently the worst of these effects occur in
the most densely populated areas and deny the inhabitants even a modicum of
water recreation.

We are concerned here with a restricted version of carrying capacity that is defined in relation
to :ortain indexes of environmental quality or levels of pollution. By contrast the ultimate
carrying capacity of the Earth depends on available resources and total environmental factors.
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In addition to the environmentally detrimental effects of rapid water run-off
is the loss of a valuable resource. The multiplication of impermeable surfaces
through urbanization increases rot only the peak discharge of storms but also
the absolute quantity of water lost to the watershed throughout the year. Thus
there is a general dehydration effect of urbanization. Water which is lost is
prevented from recharging the ground water table and aquifers. Consequently
more water must be imported into the area or shortages will be felt. This in
turn places stress on neighboring regions which are called upon to supply this
water.

Most or all of the effects listed above have been identified in the Anacostia
Basin and in the Potomac Estuary into which the Anacostia discharges (Mueller
and Lahn, 1970; Jaworski Clark and Fiegner, 1970). Of particular weight in the
Anacostia Basin is a transportation system which is centered on the private
automobile. This large automobile population in the basin give* rise to a con-
tinuous seepage of oil into streams from highways, parking lotk: and service
stations. The oil pollution from automobiles has its complement in the silt,
concrete spoils and gravel pits which result from the construction of highways
to serve these vehicles. The proliferation of highwal o .-lid their associated
impermeable surfaces in turn cause greatly accelerated run-off and water loss
to the basin. By and large the various forms of environmental degradation re-
inforce each other so that the cumulative effect is greater than the sum of its
parts.

The purpose of this study is to determine the local and regional effects of
urbanization on the hydrology and related factors of a drainage basin. In partic-
ular the effects of urbanization on run-off, stream discharge, and sediment yield
are evaluated and compared for different storm events and for varying degrees
of urbanization. We feel that such studies as these, conducted by responsible
public agencies should be required to precede any future major construction and
should form a logical part of the environmental impact statement of the project.

N1C: f ii^)DS

Aerial photographs of three sub-drainage basins of the Anacostia Watershed
(Figure 5) taken in 1904 and 197 1 were compared for purposes of determining
the change in land use patterns (Figures 1, 2, Table 15). Black and white aerial
photography was utilized for this purpose and was supplemented with high altitude
infrared photography which was especially useful in determining badly eroded and
bare or exposed areas. Earth Resources reclinology Satellite (ERTS) Imagery was
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used for studying the overall regional land use relationships of the Anacos:ia
watershed. Geology, land use patterns and the soil cover associated with a given
land use are the predominant factors which influence the hydrology of a given
basin. The geology is shown in Figure 3 and in Table 16. A soil map (Figure 4)
of the Little Paint Branch, and a sub basin of Indian Creek Basin, which reflect
the textural characteristics of the various soils, was compiled fmm the Prince
George's and Montgomery County soil burveys of 1967 by mapping together those
units whose textural classes were the same or very similar. Hydrologic
characteristics of the soils were then determined. The hydrologic characteristic
of a particular soil and its susceptibility to erosion is determined by the rate
of infiltration of water when it is thoroughly wet.

Presented below are the hydrologic characteristic categories developed by
the Soil Conservation Service (SCS) and used in this report (Soil Conservation
Service Handbook, 1954):

A. (Low run-off potential). Soils having high infiltration rates even when
thoroughly wetted and consisting of deep, well to excessively drained sands and
gravels. These soils have a high rate of water transmission.

B. Soils having moderate infiltration rates when thoroughly wetted and con-
sisting chiefly of moderately deep to deep, moderately well to well drained soils
with moderately fine to coarse textures. These soils 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 tsxture. These soils have a slow rate of water
transmission.

D. (High run-off potential). Soils having very slow infiltration rates when
thoroughly wetted and consisting chiefl y of clays with a high swelling potential,
soils with a permanently high water table, soils with a ciaypan or clay layer at
or near the surface and shallow soils over nearly impervious material. These
soils have a very slow rate of water transmission.

Most of the soils in the area under study range between well to moderately
drained. This means excess water in the soil profile is readily removed. How-
ever, the presence of fragipan in the subsoil negates to a large degree the bene-
ficial effects of the Al to moderately drained character of the surface soils.
In order to simplify calculations and at the same time place conservative

3

r



bounds on values obtained for run-off and discharge an average hydrologic
condition of "B" was chosen for all of drainage basins under study. B was chosen
because of the variation in permeability of the subsoils, different susceptibility
to erosion of the soils and other fastorn. A detailed analysis of individual soils
In the basins would show that the ,ajorily of hydrologic conditions lie between
B and C with a few in the A category. Using the hydrologic condition of the soil
and the land use associated with a given soil (Figures 1 and 2) run-off curve
numbers were next determined (Figure 7). The equations utilized for the deter-
mination of run-off and soil erosion are the following:

Equation (1) Q = ( P - 0.2S)/(P + 0.8S) X = area of the watershed
(SCS Handbook, 1951) 	 P = amount of rainfall in inches

S =Potential maximum retention
the intial abstraction

Q = direct runoff

Equation (2) Q = 484 XQ/(d/2 + 0.6 t ,) Q p Peale discharge
(SCS Handbook, 1954;	 d = duration of effective rainfall

t, = time of concentration
t„ = time to peak discharge
t b = time to base

tp = d/2 + 0.6t

1

A = average annual soil loss in tons/acre
K erodability factor
is = slope length factor
c = cropping management
p = conservation practice
r = rainfall factor

tv,=2.67tn

Equation (3) A = Krlscp (Agri
Handbook 282, 1962)

Note: For estimating sediment yield from construction sites and other denuded
areas, c and p were set = to 1. This is analogous to lands lying fallow.
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The curve number (CN) is a value which reflects the probability of precipi-
tation becoming subsurface now or overland flow. i.e., the higher the curve
number, the more likely precipitation over an area will become surface runoff.
The curve numbers are then used to find a graphical solution to the runoff equa-
tion (Equation 1, Figure 7). The direct runoff, which is the depth in inches to
which an acre of land would be covered if t!.e water were evenly distributed, is
then used in equation 2 which provides the peak discharge in cubic feet per second.
For storms of long duration, hourly hydrographs of discharge versus time were
compiled using eq. 2 with d equal to one hour. These incremental hydrographe
were then combined into a composite hydrograph for Uie entire storm.

Equation 3, the universal soil loss equation was used to estimate sediment
yield from cunstruction sites and other areas where vegetative cover has been
removed and the soils disturbed. Such areas combined with bank erosion are
the major source of sediment pollution. For these areas, the c and p factors
were assigned a value of 1; this indicates that no measures have been taken to
reduce the effect- of erosion and this Li true of most construction sites.

In evaluating the changes in run-off potential due to urbanization three
hypothetical storm events were utilized. The storm events used were: 1) The
first thirteen hours of a storm with the characteristics of hurricane Agnes, the
last major storm over this area. Total precipitation from Agnes in this area
was 0.28 in. (10cm) of which 5.28 inches (13.cm) fell within the first thirteen
hours. 2) A storm of 10 hrs, duration and 3) A thunderstorm of 1 Inch per hr.
(2.54em) typical of the type of storm this area is subject to during the summer
months.

The data on runoff and discharge are based on these hypothetical storm
events over the basins, given the land use patterns as they existed in 1904 and
1971. The category "impervious surfaces" (IV) includes all paved surfaces and
all surfaces which for practical purposes behave as impervious surfaces. Also
the headings "effects on runoff "and" sediment yield and dfeeharge" refer to the
probable effect caused by the change in land use. Values for time of concentration
and soil erodability factor, K were obtained from the monograph and curves
developed by the Soil Conservation Service (SCS Handbook, 1954).
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DESCRIPTIONS OF BASINS

Basin I - Little Paint Branch

Dimensions - The reach extends from the intersection of Spencerville Road
and Route 29 in the north to a point 200 ft. (elm) south of where Sellman Road
crosses the stream and is 6 miles (9.7Km) in length (Figure 5). The area drained
is approximately 9 square miles (23Km 2 ). The elevation differences between the
highest and lowest point in the basin is 320 ft. (08m) and the topography can be
described as rolling. The slopes (Figure 6) range generally from 0-25%; the
steepest slopes being located along tributaries and the main stream. The flood-
plains along the main stream (Little Paint Branch) are relatively narrow in the
upper portion of the basin and broaden as the stream crosses from the piedmont
into the coastal plain province. The widening of the flood plains in this basin

begins in the Beltsville area. The basin is bounded on the north by Speneerville
Road, which forms part of the divide between the Anacostia and Patuxent watersheds,
on the west and southwest by Columbia and Cherry dill Road and on the east by
Old Gun Powder Road, which is the divide between Little Paint Branch and Indian
Creek.

Geolcgy- (Cooke. and Cloos, 1951, 1953) The basin lies in both the piedmont
and coastal plain geologic provinces (Figure. 3). The geologic formations under-
lying the basin are the Wicomico, Patux(nt, Laurel Gneiss and Wissahickon Schist.
The Patuxent formation dominates the geology of this basin and the two other
basins under study, and consists of deposits of unconsolidated sand, gravel, clay
and silt; the percentage of each varying with locaW)n. The Laurel Gneiss and
Wissahickon Sehistunderl y the headwater and tributary regions of the basin with
the Patuxent occu!)ying the divides between the tributaries in this region (Fig-
ure 3). Quanternaiy and younger deposits of sand, silt and gravel form the Rood
plains at the southern tip of the basin (Figure 3).

Soils-(Prince. Georges County Soil Survey, 1967) The major soil associations
within the drainage area are Leonardtown - Chillum, Beltsville and the Bibs
tidal marsh associations. The first association is the predominant one in the
basin with the Beltsville soil series being the major constituent. The Leonard
Town occupies depressions and low places and malces up approximately 14';^ of
the series and the Chillum and other minor soils comprise the rest of the series.

The soils differ in varying degrees with respect to drainage and other
aspe,ts but they all have in common a Iragipan of varying permeability in the
subsoil. Some of the characteristics of the predominant. Beltsville soil area
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are as follows: moderately well drained but with moderate effective depth, thick
and very compact fragipan in the subsoil, clay content ranges from 18-35 percent,
with a seasonally perched water table. The Prince George's cai.:w- soil survey
also points out that the Beltsville soils pose special problems fw residential use
and that they are best suited for park and recreational development. The Bibb
series consists of poorly drained soils on the flood plains along the streams of
the coastal plain. These soils are confined to the Beltsville-Calverton area in
this basin. Because of the poor drainage and flooding prc')Iems associated with
these soils, residential use of the soils is limited. However, a substantial portion
of those soils in the basin have undergone some development (Figure 4).

LandUsePatterns -Thelanduse patterns based on the analysis of 1971photog-
raphy areas follows: High density suburban complexes, and paved roads comprise
approximately 14.4170 . The high density housing areas are concentrated towards
the southern end of the basin near the Capital Beltway and along the Interstate 95
highway (I-95) (Figure 1). Most of the high density areas are made up of single
family homes of the Calverton housing development and parts of the city of
Beltsville as well as I-95. Denuded land, gravel pits, medium density suburban
complexes together comprise 8 percent of the basin. The gravel pits are scat-
tered throughout the area with most of them located adjacent to I-95. Grass-
land and lawns associated with low density housing areas, cropland and medium
to lightly wooded areas comprise approximately 405(; of the area. Compar-
atively little land is presently used for farming in the basin. Low density housing
is distributed between Route 29 and Columbia Road along the west side of the
basin. The rest of the area consists of relatively heavily wooded areas. Since
1964 the major changes within the basin have been the construction of I-95 and
approximately 5017,• additional housing and rott-s in the Calverton-Beltsville
area. (Figure 1 and 2).

Effects on Runoff and Discharge - A comparison between land use in 1972 and
1964 (Figs. 1 and 2) shows the following changes in the Little Paint Branch basin:
(1) An increase from 271 acres of impervious surfaces or surfaces that for
practical purpose can be considered impervious to 847 acres of impervious
surfaces. This additional 576 acres is clue chiefly to construction of Interstate
95 and the addition of housing and roads to the Calverton Area. Over 300 acres
of the new construction occurred at the expense of wooded areas. (2) Thus
occurred a reduction of the heavily wooded areas from 2757 acres to 2217 acres
and a decrease in bare or exposed surfaces from 580 acres to 472 acres. The
latter includes sand & gravel areas, and those areas which are easily eroded.

7
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It can be seen from Tables 1 to 6 that the most significant factor affecting
total runoff is the area of impervious surfaces relative to those of low runoff
potential, especially those which are heavily wooded. For the hypothetical storm
of Agnes' magnitude, peak discharge would increase from approximately 1650 to
1850 cfs (45 to 53 ems) (Figure 8). 'f his is approximately a 12' X', increase in peak
discharge. For the hypothetical 10 hour storm the increase in discharge is ap-
proximately 201;(: (Figure 9) and for a thunderstorm the increase in discharge is
HVv (Tables 13 and 14). This increase in the percentage of discharge with
decrease in storm magnitude can be attributed to the fact that for long duration,
high intensity storms maximum infiltration rates are quickly attained and all
surfaces act as relatively impervious surfaces, whereas for the less intense
storms of shorter duration, runoff from impervious surfaces begins immediately
while all of the precipitation occurring on low runoff potential areas may be taken
up by infilt, ltion (Yorke and Davis, 1972). The increase in rates of runoff and
discharge can be attributed to the 10^/c, increase of impervious sui •face in the
basin. Computed rates of discharge would be substantially higher if account
were taken of the effect of sewer drains and other structures which facilitate
runoff since these structures decrease the time of concentration.

Also, the most detrimental effects of this increased discharge will be on
those tributaries closest to the urbanized areas. For instance, those tributaries

which drain the Calverton area are now being subjected to flooding due to thunder-
storms whereas before urbanization, such storms did not pose a threat.

Although the relative change of peak discharge is most pronounced for the
smaller stormsthere is a marked increase in incremental discharge for the
larger storm from 1964 to 1971. In particular this is apparent from the storm
of Agnee' -Aiabmitude. Figure 8 shows that the discharge for the 10th hour was
increased by more than 100 percent as a result of urbanization. Such effects
greatly increase flooding and damage during early stages of the storm.

Effects on Sediment Yield - Urbanization affects sediment yield in two major
ways: (1) by denuding land ul vegetative cover and therefore making soil suscep-
tible to removal by runoff wid (2) the increase in discharge due to urbanization
increases a stream's ability to erode its banks and bed. Only the sediment
yield from construction and other bare and denuded areas will be considered here
since these areas contribute the bulk of the sediment delivered to the stream
channels (Guy and Ferguson, 1964). Storm runoff will have its most adverse
erosional effects during periods of construction when the land is bare for long
periods of tim". On a yearly basis sedim ent yield from construction areas within
the basin may range from 137 metric tons/acre to 300 metric tons/acre.

8
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From Eq. 3 we find that for a single storm which drops 3 inches (7.6 cm) of rain
in ten hours the sediment yield is approximately 40 tons/acre. Of the total
gross eroded sediment during storm events at least 30% finds its way into the
main channel immeuiately and the percentage becomes higher as the proximity
of construction to tributaries become closer. In particular such was the case
during the expansion of the Calverton area where tributarties run directly
through the construction (Figure 5). Consequently as much as 50 to 60% of the
gross erosion from this site may have found its way into the stream channels
during storm events. Furthermore, these soils were classified prior to con-
struction as being moderately to severely eroded so that further disturbance
of the soils in this area would probably increase the soil erodibility factor far
above 0.32 which is the average for the basin. Therefore sediment yield for
this area might have been as high as 250 metric tons/acre /yr. Likewise, the
sediment yield from certain areas associated with the construction of I-95
probably was higher than the average of 137 metric tons/acre/yr. This is
true because slopes within the construction area range between 15-25% and the
fwt that the soils in this area were classified as being moderately eroded prior
to disturbance.

Basin II - Indian Creek

Dimensions - The basin is drained by a segment of Indian Creek which
extends from a point 2000 ft. (620 m) north of where Indian Creek crosses I-95
to the intersection of the creek with Sunnyside Avenue in Beltsville (Figure 5).
This is a total length of about six miles (9.7Km). Total drainage area is approxi-
mately 10 square miles (26Km2).

Geology - (Cooke and Cloos, 1951, 1953) The basin lies entirely within the
Coastal Plaingeologic province, and is underlain by the Patuxent, Anne Arundel
Clay and Wicom i co Formations. The Patuxent Formation underlies over 8C% of
the basin with the Anne Arundel Clay making up 17% (Figure 3).

Soils (Prince George's County Soil Survey, 1967) The major soil associ-
ations in the basin are the Christiana - Sunnyside-Beltsville, Beltsville-
Leonardtown-Chillum, and Bibbs tidal marsh. The dominant soil series within
the basin is the Ch ri stiana-Sunnyside -Beltsville series. Most of the urban
development has trken place on these and the Bibbs tidal marsh soils. Some of
the characteristics of the Christiana-Sunnyside association are: (1) well-to
moderately drained with compact subsoil, (2) soils tend to cave, (3)to slump and
flow when wet or under load of buildings; and (4) septic tanks do not function well
in these soils.

9
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Topography - This is essentially the same as that of the adjacent Little Paint
Branch basin.

Land Use - Land use patterns in 1971 were as follows (Figure 1): High density
areas made up approximately lK, of the basin and are concentrated close to the
beltway. These areas include part of the city of Beltsville and portions of I-95
and industrial sites located along route 1 and adjacent to the Baltimore and Ohio
railroad. Denuded land mostly in the form of operational gravel pits comprises
17-1/2 percent of the basin. The remaining area is comprised mostly of wooded
areas and cropland of the U, S. Department of Agriculture research center, with the
heavily wooded areas making up approximately 50 17e of the basin. The major
changes within the basin since 19G4 have been the addition of I-95 and expansion
of Sand and gravel operations (Figure 2). Also residential housing and industrial
areas have been added in the Beltsville areas.

Effects on Runoff and Discharge - The significant changes are as follows:
(1) increase of impervious surfaces from 956 to 1200 acres, (2) increase in
gravel and sand operations from 335 acres to 475 acres and a decrease by 150
acres of heavily wooded areas. The result of these conversions represents a
317( increase in urbanization since 1964. For the first thirteen hours of storm of
Agnes' magnitude, the peak discharge increases by approximately 97. For the
ten hour storm, discharge would increase by 255;.. (Tables 9, 10, 13, 14). Al-
though the increase in discharge for the storms of long duration is relatively low,
the 271ii, increase in discharge for thunderstorm may prove significant, espe-
cially in those areas of Beltsville located along the flood plains. Also since the
incidence of such storms as Agnes and the 10 hour storm may be 50 and 2 years
respectively, the effect of local thunderstorm is relatively more important.
For example, the Arlandria area of Northern Virginia is quite frequently subject
to flooding due to local thunderstorms. The inability of Four Mile Run to
contain the increased discharge due to rapid urbanization in that area accounts
for the frequent floods to which it is subject.

Effects on Sediment Yield - In 1971 the Indian Creek basin had approximately
200 to 400 acres of land in the form of sand and gravel pits and other unreclaimed
areas associated with construction of I-95. Using equation 3 we see that sediment
yield from this area ranges between 50 to 150 thousand tons per yr. However,
the major localized erosional damage occurred during the period of time that the
80 acres of land associated with I-95 lay bare of vegetation. As was the case in
the adjacent Little Paint Branch Basin, most of the soils on which 1-95 was con-
structed were classified as moderately eroded (Prince Georges County Soil Survey,
1967). With the denuding of the land, the susceptility of these soils to erosion increased
greatly. Assuming that the K value after removal of vegetative cover was 0.43,
and using eq.(3), sediment yield from this area would have amounted to approxi-
mately 200 metric tons/acre/year.
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Considering the fact that the construction site lay bare of vegetation from
6 months to 1 year, this amounts to 12,500 to 25,000 metric tons from that portion
of I-95 which crosses the basin.

Basin III - Indian Creek

The third basin studied is a sub-basin of Indian Creek. 'Ibis basin was
chosen in order to minimize variations of soil, geology, topography andthe
other parameters which affect the hydrology. Also virtually all of the impervious
surfaces within the basin were of one source and location (I-95).

Dimensions - The reach extends from headwaters of Indian Creek to a point
1000 ft. (300 m) below the intersection of I-95 and Indian Creek (Figure 5). The
total drainage area is approximately 1.6 square miles (4.15Km2).

Geology - (Cooke and Cloos, 1951, 1953) Deposits of the Patuxent formation
underlie the entire basin.

Soils - (Prince Georges County Soil Survey 1967) Over 90% of the soils in
the basin are made up of the Beltsville and Mattapeake soils. The Beltsville
soils have been described previously. The Mattapeake soils are mostly silt
loams, moderately to severely eroded, with clay content varying from 16 to 30%
(Figure 4). Slopes in the basin vary from 5 to 25% with most of those asso-
ciated with I-95 falling in the 10 to 15°x, range (Figure 6).

Land Use - Land use in 1964 was as follows (Figure 1, 2): 400 acres medium
to heavily wooded, 300 acres in grass or meadow land, 300 acres of bare eroded
and denuded land in the form of gravel pits. The only change in land use since
1964 has been a converison of 50 acres of woodland as a result of the construction
of I-95. This change represents 5% of the drainage basin.

Effect on Runoff and Discharge - Considering a storm of Agnes' magnitude,
the change in peak discharge would be approximately 25%, for the 10 hour storm
the peak discharge would increase by approximately 40%, and for a thunderstorm,
peak discharge rises by approximately 110%.

Effects on Sediment Yield - The sediment contribution from the sand and
gravel pits and the construction phase of I-95 has been estimated previously in
discussing the larger Indian Creek basin, but it is interesting to calculate the
sediment eroded from the 50 acres of the I-95 right of way during construction.

I
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In this case K = 0.5, is = 2.0. If we utilize these values in eq. 3 and utilize the
yearly rainfall factor we obtain 200 metric tons/acre/yr. For a severe thunder-
storm A = 40 metric tons/acre/yr. or a total of 2000 metric tons of sediment
eroded from a 50 acre segment of I-95. This illustrates further the effects of
denuding wooded and other low yield areas.

SUMMARY AND CONCLUSIONS

The analysis of the effects of three hypothetical storms, particularly based
on the hydrographs (Figures 8 and 9), indicates that the degree of urbanization
which took plece in the Anacostia Basin between 1964 and 1971 greatly enhanced
flood peaks of thunderstorms and the early hourly incremental run-off of large
storms such as tropical storm Agnes. As a result of these effects local flooding
and flood damage of such storms probably increased significantly. It is likely
for example that the effect of the actual storm Agnes was considerably greater
than if it had occurred in 1964 rather than in 1972. Although these results were
obtained from selected basins of the Northeast Branch of the Anacostia similar
effects also occur throughou the Basin where a corresponding degree of urban-
ization prevails. Thus, it was documented recently (Cohen, 1972) that extensive
damage to property values occurred at the George Washington Cemetery on the
Northwest Branch of the Anacostia due to rapid run-off from the Capitrl Beltway
(Interstate Highway 495) and newly urbanized areas upstream. Damage in this one
small area was placed at one million dollars.

In addition to the effects of erosion, siltation and flooding, urbanization
brings about a serious loss of water resources throughout the year. This loss is
particularly great in the case of the frequent summer thunderstorms because
for such storms there is a great potential for infiltration in non-urbanized areas
since the ground usually does not become saturated during the short period of
the storm. However with the spread of impermeable areas this short term
capacity for water retention is lost. However Figures 8 and 9 show that even
for the larger storms absolute water loss is increased substantially by impervious
surfaces since apparently substantial infiltration can occur during the period of
the storm even though the ground is kept saturated.

We may also extend our results on erosion and siltation to the entire
Anacostia Basin. Thus the U.S. Geological Survey has made a conservative
estimate that sediment deposition in the Potomac Estuary is approximately 2.1
million yd 3 annually (Wank and Keller, 1963). Of this amount approximeut 12
percent or 251,000 yd' is contributed by the Anacostia River. The major sources
of this sediment are those areas which are undergoing urbanization similar to

12
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those described in this report. We estimate from aerial photiw,raphs and ERTE
data that about 5 percent of the Anacostia Basin fits this category. According to
equation 3 the sediment yield from this area should amount to approximately
400, 000 yd  annually. Considering the uncertainties in such figures this is in
essential agreement with the Geological Survey result.

The qualitative and quantitative assessment presented here for run-off,
erosion and siltation in the Indian Creek and Little Paint Branch watersheds
may also, with proper qualifications, be generalized to other basins with similar
geologic and hydrologic conditions. The remote sensing data, here largely ob-

tained from aerial photographs, may also be expanded to include earth satellite
data which might then be used to integrate and interpolate in larger basins,
particularly in the coastal plain.

Because the Anacostia River is a good prototype of an urban river and
because its water flows into the Potomac Estuary and eventually into Chesapeake
Bay, studies of the effects of urbanization on this River can contribute materially

to assessing the larger impact of urbanization on urban populations and coastal
waters. For example these results can be extended to other nearby urbanized
regions such as Baltimore if account is taken of the larger industrial sector in
that region. In particular the adverse effects of chemical pollution, oil, sewage,
and sediment which emanate from such urbanized watersheds illustrates that
waters such as Chesapeake Bay cannot be protected without considering all
pollutant loadings on every watershed which drains into them, indeed past and
current policies with regard to Chesapeake Bay fail seriously in this regard.
Also such studies illustrate that the quality of urban rivers and of the lives of
those living along them depend greatly on what occurs in headwater regions,
frequently in the suburban and rural areas.
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Table I
Basin I, Little Paint Branch

Storm; First thirteen hours of Agnes

Total Rainfall 5.26 inches

t o 	hourly a" lmulaled rainfall
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Table 2
Basin Is Little Print Branch

Storm: 10 hrs., total rainfall 3 inches

P = hourly scoumulated rainfall

(0.789) (1.62) (2.29) (8.08) (1.81) (4.67) (6.33) (8.10) (8.86) (7.62)
0.3 0.8 0.9 1.2 1.6 1st 2.1 2.4 2.7 3.0

L.U.C.	 CM	 Q = aooumulated direct run-off

(0.127) (0,284) (0.506)
I 55 0.05 0.1 0.2

(0.078) (0.254) (0.457) (0.088) (0.940) (1.27)
a 86 0.03 0.1 0.16 0.27 0.37 0.50

(0.254) (0.533) (0.889) (1.40) (1.78) (2.41) (2.92) (4.83)III
t2 0.1 0.21 0.35 0.55 0.70 0.95 1.15 1.9

(0.762) (1.52) (2.29) (3.05) (3.81) (4.57) (5.33) (6.10) (8.86) (7.62)
IV 100 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

Acres	 Acres XQ (71) - potential run -off in acro-in and in hectare-cm

1 (896) (113) (228) (456)
2217 110 222 444

11 (955) (73) (242) (437) (653) (894) (1212)
2359 71 236 425 635 870 1179

111	 (191) (48) (102) (170) (257) (339) (463) (558) (925)
472 47 99 165 250 330 450 540 900

IV (343) (261) (524) (786) (1049) (1306) (1582) (1830) (2076) (236) (2611)
847 254 510 765 1	 1020 1	 1270 1	 1520 1780 2020 1	 2300 2640

Acres	 Acres XQ (64) = Potential run -off in area-In and In hectare-em

1 (1042) (141) (265) (631)
2575 137 258 516

11 (1000) (76) (254) (457) (684) (935) (126)
2469 74 247 445 665 910 1230

III	 (235) (59) (125) (209) (329) (416) (565) (684) (1131)
580 58 122 203 320 405 550 665 1100

IV (109) (83) (168) (251) (335) (416) (504) (586) (669) (750) (832)
271 81 163 1	 244 328 406 490 570 1	 650 1	 730 810

-

	

	 Relationship between precipitation, land use classification (L.U.C.) curve numbars (CN) and acreage associated with each hp
drologic complex. Campleves me coded as follows

I - Heavily wooded areas.
11 - Grass or meadov: type areas, farmland, medium t* lightly wooded areas, low density residential housing Gross.

III - flan, denuded mess susceptible to erosion, medium density housing *teas.
IV - Impervious surfaces such as roods and high density suburbon industrial shat and these area that can be considered

to have curve number 85.	 {
Figures in parentheses ars metric values= hecmres, centimeters and hectorrcm.	
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Table 3
Basin II Indian Creek

Storm: First 13 hrs. of Agnes
Total Rainfall 5.28 inches

--- _ a
	

P - hourly accumul" rmnfail
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Table 4
Basin 1I

Norm- 10 hrs. Total rainfall, 3 inches

P - hourly accumulated rainfall

(0.702) (1.62) (2.28) (2.05) (3.61) (4.57) (6.33) (0.10) (6.80) (7.02)
0.2 0.6 0.8 1.2 1.5 1.8 2.1 2.4 2.7 3.0

L.U.C.	 CN	 Q- accumulated direct run -off

(0.127) (0.254) (0.606)
I 55 0.05 0.1 0.2

(0.076) (0.254) (0.457) (0.680) (0.940) (1.27)
it 05 0.03 0.1 0.18 7.27 0.37 0.50

(0.264) (0.533) (0.888) (1.40) (1.78) (2.41) (2.92) (4.83)
III 62 0.1 0.21 0.35 0.56 0.70 0.96 1.15 1.9

(0.702) (1.52) (2.29) (3.05) (3.81) (4.57) (5.33) (0.10) (6.80) (7.02)
IV ' )0 0.3 0.6 0.9 1.2 1.6 1	 1.8 2.1 2.4 2.7 3.0

Acres	 Acres XQ (71) - potential run-off In acre-In and in hoctnro-cm

1 (1330) (108) (337) (777)
3275 163 328 756

11	 (607) (4 =1 (154) (278) (411) (605) (771)
1500 46 I50 270 400 550 750

w (102 (48) (103) (170) (267) (339) (4133) (51313) (926)
475 48 100 105 260 330 450 550 900

IV (486) (370) (730) (1100) (1439) (1860) (2220) (2570) (29bl) (3392) (3803)
1200 360 710 1	 1070 1	 1400 1800 2160 2500 2900 3300 3700

Acres	 Acres XQ (64) = Potential run-off in acre-in and to hectare-cm

I	 (1 .170) (185) (372) (744)
3621 180 362 724

I
(627) (4O) (159) (2139) (401) (555) (760)
1_40 45 155 262 390 540 730

(135) (35) (64) (106) (1136) (210) (288) (3130) (675)
336 34 62 103 1132 204 280 340 560

IV (387) (205) (591) (884) (1182) (1470) (1768) (2050) (2364) (2673) (2881)
956 287 575 860 1160 1430 1720 2000 2300 2'00 2900

Relationship between Precipitation, land use classification (L .0 C ) curve numbers ((LN) and acreage associated with reach
hydrologic complex. Complexes are coded as follows

I - Heavily weadd ones.
II - Grass ar meads. type areas, farmland, medium to lightly wooded areas, low density residential housing areas

III - Bare, donuded areas susceptible to erosion, medium density housing anos.
IV - Imparoous surfaces such as reads and high density suburban industrial areas and those areas that can be considered

ro hove curve numbers 85.
Figures in parentheses are metric value$'. hectares, erentimetns and hectare•cm.

19

1

r



Table 5
Basin III

Storm: Irst  13 hrs of Apes
Total Rainfall 5.28 inches
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Table 6
BadnIII

Storm: 10 hra. total rainfall, 3 inches

P w hourly accumulated rainfall

(0.762) (1.54) (9.29) (3.05) (3.81) (4,57) (5,33) (6.10) ;6.e8) (7.02)
0.3 0.6 0.9 1.4 1.5 1.8 4.1 2.4 2.7 3.0

L.U.C.	 CN	 Q = accumulated direct run-off

(0.127) (0.254) (0.508)
I 85 0.05 0.1 0,2

(0.076) (0.254) (0.457) (0.686) (0.940) (1.27)
If 65 0.03 0.1 0.18 0.27 0.37 0.50

(0.254) (0.533) (0.889) (1.40) (1.78) (2.41) (2.92) (4.83)
IQ 82 0.1 0.21 0.35 0.55 0.70 0.85 1.15 1.9

(0.782) (1.54) (2.28) (3.05) (3.81) (4.571 (5.33) (6.10) (6.86) (7.62)
IV 100 0.3 0.6 1	 0.9 1,2 1.5 1.8 2.1 2.9 2.7 3.0

Acres	 Acres XQ (71) potontial run-off In acre-In and lt, hectare-cm

1 (121) (lo) (31) (62)
300 15 30 60

II	
(142) 0l) (36) (05) (98) fl34) (180)
350 11 35 63 95 130 175

III	
(121) (31) (65) (108) (170) (216) (293) (3C5) (586)
300 30 63 105 165 210 285 345 570

IV (20) (15) (31) (46) (62) (77) (93) (108) (123) (139) (154)
50 15 30 45 60 75 00 1	 105 M 135 150

Acres	 Acres XQ (64) = potential run-off in scre-in and in hectare-in

1 (142) (36) (72)
(350) 18	 35 70

i1	
(142) 111) (36) (65) (98)	 (134) (180)
350 11 35 63 95	 130 175

111
(121) (31) (65) (108) (170) (216) (293)	 (355) (586)
300 30 63 105 165 210 285	 345 570

IVO

Relationship between pecip Cation, land use classification. L C tl , curve numbers. (CNI and avowge essocmted wish each h,.
dialogic complee. C"Pleaes are coded as loll..,

I - Heavily weeded gross.
It - Grass a rnadew type antis, lgrmlend, medium M lightly wooded areas, low denaty rovda.ficl housing areas

III - Bans denuded oaf susceptible to a v." med.um density housing at"!
IV - Impervious surfeces such as reads and high denuty suburban industrial arras and thou areas that can be considered

to hove curve numbers 85,
Figures in panenthaes gra metric vacua hoctares, centimeter and heciamcm

21
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Table 7
BASIN I

Little Paint Branch, Storm: First 13 bra of Agnes (8.2 mi. 2 ) (23.7 Krr.2)

are r!	 4	 ql, In Cis and cm

61	 71	 04	 71	 U4	 71

u	 01fN^ 	

0.003	 (0,0070)	 0.01	 (x0254)	 1	 (0.113)	 13	 (0.310bl

u,1JU3	 (0.0070)	 0.01	 (0.025)

U.U18	 (0.04(1	 0.00-1	 (0.163)	 23	 (0.05)	 82	 (2.32)

I I, IJ2l	 (U.053)	 U.UUJ	 (0,105
0.018	 (0.046)	 0.0.19	 (0.111)	 23	 (0.05)	 63	 (1.78)

0.030	 (0.0991	 0.14	 (0.36)

u.v l 7	 (0.0-13)	 0	 22	 10.023) 	 U

x060	 (0.112)	 0.14	 (0.36)
0	 0.0	 (0.127)	 7	 G4	 (Lein

1j.U61j	 40.112) J (1.10	 (0.483)

Itl	 0.019	 (x0119)	 UAW	 (0.101)	 It	 (x0P0)	 01	 (1.14)

U.U75	 pJ.1 B1)	 IL:._	 (o.'N't)
0.1U3	 (0.33)	 0.46	 (1.17)	 131	 (3.71)	 590	 (10.1)

4.170,	 (i^.4521	 U.UNS	 (1.7•t)
0.274	 101696)	 0.04	 (1.03)	 30U	 (9,91)	 820	 (23.2)

0.152	 (1.16)	 1.31	 (3.381

NN	 N 0.556	 11,411	 0.11	 (11,279)	 710	 (20.1)	 140	 13.9(1)
1.01	 (2.60)	 1149	 (3.UO

U.I IN	 10.300)	 U160	 (1.62)	 150	 (4.25)	 770	 (21.8)

1.1:6	 fLBU)	 2.04	 (5.18)

U.643	 (1.38)	 0.09	 (0.'2'20)	 090	 (10.5)	 115	 (3.25)

Liz	 (4.24)	 2.13	 (5.41)

0.094	 (U;239)	 0.09	 (0.220)	 120	 (3.40)	 115	 (3.25)

1.70	 (4.47)	 2.22	 (5164)
0.01	 (0.0'254)	 13	 (.366)

k _ 484.42. 1275. Q ,	Q .. k5 

Accumulalcd tun-off and poak discharge for storm of Agnes' magnitude. The accumulated Q are
weighted values obtained from Table 1. by adding vertically the acres xq for each hourly increment
end dividing by total drainage area. The corres)x/nding metric values are in parenthesos.
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Table 8
BASIN I

Storm: 10 hrs rainfall 3 inches

ACC Q t,Q Q„ In CIS and cros

64 71 64 71 64 71

0.014 (0.090) 0.043 (0,109
0.014 (0.036) 0.044 (0.112) 18	 (31.65) 56 (1.59)

0.028 (0.071) 0.067 (0.221)
0.034 (0.061) 0.051 (0.130) 30	 (0.849) 65 (1.84)

0.051 (0.130) 0.138 (0.361)
0.025 (0.064) 0.052 (0.132) 31	 (0.878) 67 (1.90)

0.076 (0.193) 0.190 (0.483)
0,040 (0.102) 0.067 (0.170) 51	 (1.44) 85 (2.41)

0,116 (0.294) 0.255 (0.648)
0.064 (0.163) 0.085 (0.216) 61	 (2.29) 108 (3.06)

0.179 (0,454) 0.340 (0.863)
0.072 (0.183) 0.090 (0.229) 91	 (2.58) 115 (3.26)

0.241 (0.612) 0.430 (1.09)
0.099 (0.251) 0.115 (0.292) 126	 (3.57) 147 (4,16)

0.340 (0.864) 0.545 (1.38)
0.095 (0.241) 0.122 (0.310) 122	 (3.45) 156 (4.42)

0.435 (1.10 0.667 (1.09)

(1.57:
0.185 (0.470) 0.192 (0.488) 230	 (6.51) 246 (6.96)

0.6200.620 (1.57) 0.8590.859 (2.18)(2.18)

Accumulated run-off and peak discharge for storm of Magnitude 3 inches in ten home. The accu-
mulated Q are weighted values obtained from Table 2 by adding vertically the acres aQ for each
hourly Increment and dividing by total drainage area. Definitions are as for Table 7.
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Table 9
BASIN H

Indian Creek, Storm: First 13 hrs. of Agnes
(10 mi l ) (26 Km')

ACC Q Q	 QI, In CIS and corn

u4 71 0.1 k	 71	 u 71

0.01 (0.0251) 0.013	 (0.033)	 11	 (0.011) 18 (0.510)

".UL (0.0151)  0.013	 (O.OSd)^
0.058 (O. L}71 0.073	 (U.185	 70	 (1.98) IOU (2.83)

O.0U8 (0.173) 0.118;	 (0:218)'

- 0.03U (0.15(j) 10.071	 10.1881	 83	 (2.35) 105 (2.07)

U. (0.323 0.100	 (().,IOU)I

0.017 l0.W137 0.02	 (0.051)	 14	 (O.U11) 28 (0.799)

0.1-11 (0.35h) 0.18	 (0.157),

U U	 U U

0.1-I1 (0.358) 0.18	 (0.IG7)^

0.04u (U.117) 0.05	 (0.127)	 I	 70	 (1.98) 83 (2.30)

11.1 K7 (6.1701 11.23	 (0.5sl)
0.113 (0.287) 0.15	 (0.38)	 151	 (.1.28) 206 (5.x91

Ud UU 10.7021 0.380	 (Q.1651
0.313 ((I.800) 0.36	 (0.914)	 150	 112.71) 500 (14.]0)

u.0 15 (1.51;1 C	 0.735	 (1.x7)

0.585 (1.49) 0.025	 (1.59)	 167	 (1.73) 805 (24:40)

1.20 13.05) 1 1.30	 (9.451

0.10 (OAOG) 0.1.1	 0.1.9GG)	 610	 (17.21) 105 (5.5'2)
001.33.451( ^'	 1.50	 (3.81)

0.19 (7.24) 0.54	 (1.37)0	 (22.:31) 750 (2L24)
.701

0.126 (0.305)

171)

 0.13	 10.33059	 (3.94) 180 (5.10)

II
-_

6. 484	 lu-	 - 13 110.	 (;i,,p	 4.
35

:\ccmuulaled rm1-011 and pvrd: dlschargu for storm of Agnes' ntn),miludo. The aocumulatod Q are
weighted values obtained from Table 3 by addir, vertically the arras sQ for cash hourly incre.
mcnt and dividing by tot;-1 draWage an!a. The curreslwndlng metric values are in parentheses.
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Table 10
BASIN II

Storm: 10 bra, rainfall 3 inches

ACC Q Q % In Ct6 and ems

64 71 64 71 64 71

0.044	 (0.284) 0.066 (0.142)

0.045 (0.114) 0.054 (0.137) 63 (1.78) 75 (2.12)
0.089	 (0.226) 0.110 (0.279)

0.049 (0.124) 0.063 (0.160) 68 (1.93) 68 (1.93)

0.138	 (0.361) 0.173 (0.439)
0.050 (0.127) 0.060 (0.152) 70 (1.98) 83 (2.35)

0.188	 (0.478) 0.233 (0.592)

0.057 (0.145) 0.079 (0.201) 79 (2.24) 110 (3.11)

0.245	 (0.822) 0.312 (0.792)

0.071 (0.180) 0.086 (0.218) 100 (2.83) 120 (3.40)

0.316	 (0.803) 0.398 (1.00)

0.086 (0.168) 0.083 (0.211) 66 (1.87) 115 (3.26)

0.382	 (0.970) 0.481 (1.22)
0.106 (0.269) 0.126 (0.320) 147 (4.17) 175 (4.96)

0.488	 (1.24) 0.607 (1.54)

0.108 (0.274) 0.126 (0.320) 150 (4.25) 175 (4.96)

0.596	 (1.61) 0.733 (1.88)
0.166 (0.422) 0.214 ;0.544) 230 (6.51) 300 (8.50)

0.762	 (1.94) 0.947 (2.41)

Ac- mulated run-off and peak discharge for storm of magnitude 3 Inches in ten hours.
The accumulated Q are weighted values obtained from Table 4 by adding vertically the
acres xQ for each hourly increment and dividing by total drainage area. Definitions
are as in Table 9.

0Rp11V
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Table 11
BASIN III Indian Creek, Storm: First 13 hrs of Agnes

(1.6 mi) (4.15 Km?)

Al'C Q Q Q,. In Cf6 and ems

64 71 64 71 64 71

V V

U 6.003 (0.008) U 0

U 0.003 (0.0")

U 0.020 (0.051) U 0
6 0.023 (0.05!+)

U 0.021 fU.053! U 16 (0.453)

u 0.044 (0.112)' 1

U 0.W6 (0.117) U 1.1 (U.39G)
U 0.090 (0.229)

U 0 0 81 (U.878)
0 0.000 10.2'291.

0 0.03 [0.070) 0 U

0 0.120 (0.3(15) .,
V r1,178 (0.139) 0 20 (0.566)

0.08 (o.JVJ) 0.293 IV.7441
0.08 ((,.2UJ) 0.133 0 .10)	 ^ 45 (0.036) 112 (3.17)

u.4 iLp21 0.1,25 (1.59)

^..
0.32 (1,.a 13) 0.1,90 (1.75) 178 (5.04) JW) (9.501

1,.8 (:.'.231 1.315 13.341	 'o

^
1,.5 (1.271 0.133 (0.338) 280 (7.83) -17`0 (13.45)

L1 12.7y} I: H9 (3.1181
6.02 (tI,051) V,016 (1.06) I (0.311) BU (2.JS)

1.3 13.811 2.01,4 (2:2-Il
UA (L021 0.131 (0.333) 224 (6.34) 425 (12.03)

(-1.57)	 ^ 2.106 f5.581^1.^

0.3 (0.762) 0.046 (0.117) 168 04.70) n6 (2:10

^^	 443	 1 SS6 -	 1.1	 _ 085 V,	 I)	 1:

1. Accumulated ruu-oll and pacd< discharge for storm of .A,,nes' magnitude. "I'he accutnuLl.cd el arc.
i^ ur0yhted value. obtained from Table 5 b y adding verticalp the acres xQ for each huurh y incre-
1 meat cold di\ Wing b}' total drainage area. The corresf,ullduig Illetric valu •-8 art, in parentheses.
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Table 12
BASIN III

Storm: 10 hrs rainfall  Inches

ACC Q ? Q Q9 in CfS and cros

64 71 64 71 64 71

0 0.015 (0.038)

0 0.015 (0.038) 0 10 (0.283)
0 0.050 (0.076)

0.030 (0.076) 0.045 (0.114) 20 (0.566) 31 (0.878)
0.030 (0.076) 0.076 (0.190)

0.033 (0.084) 0.048 (0.122) 23 (0.651) 33 (0.931
0.063 (0.160) 0.123 (0.312)

0.053 (0.135) 0.068 (0.173) 36 (1.02) 47 (1.33)
0.116 (0.294) 0.191 (0.485)

0.094 (0.239) 0.099 (0.251) 64 (1.81) 65 (1.93)
0.210 (0.534) 0.190 (0.485)

0.063 (0.160) 0.088 (0.224) 43 (1.22) 60 (1.70)

0.273 (0.694) 0.378 (0.960)

0.035 (0.089) 0.137 (0.348) 21 (0.680) 94 (2.66)
0.308 (0.783) 0.515 (1.31)

0.192 (0.487) 0.115 (0.292) 131 (3.71) 80 (2.27)
0.500 (1.27) 0.630 (1.60)

0.315 (0.800) 0.325 (0.825) 216 (6.12) 222 (0.29)
0.815 (2.07) 0.955 (2.42)

Accumulated run-off and peak discharge for storm of magnitude 3 Inches in ten hours. The
accumulated Q are weighted values from Table 6. by adding vertically the acres v Q for each
hourly increment and dividing by total drainage area. Definitions are as for Table 11.
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Table 13
Peak discharge of thunderstorms for the three basins in 1971

BASIN I

L.U.C. CN Acres Q A x Q

I	 55	 2217	 (897)	 0
11	 65	 2359	 (954)	 0
III	 82	 472	 (191)	 0.15	 (0.38)	 71	 (73)
IV	 100	 847	 (343)	 1	 (2.54)	 847	 (870)

918

Q , = 1275 x 0.156 = 200 cis	
Q

 weighted	
918	

0.15E
(5.66cros)	 5895

BASIN II

L.U.C. CN Acres Q A x Q

I	 55	 3275	 (1320)	 0
II	 65	 1500	 (607)	 0
I11	 82	 475	 (192)	 0.15	 (0.38)	 71	 (73)
IV	 100	 1200	 (486)	 1	 (2.54)	 1200	 (1230)

1271

Q , = 1390 x 0.198 = 275cfs	
Q = weighted	

1271
g	 6 450 - 0.1 J8(7.79cros)

BASIN III

L.U.C. CN Acres Q A x Q

I	 5:i	 300	 (121)	 0
II	 65	 350	 (142)	 0
III	 82	 300	 (121)	 0.15	 (0.38)	 45	 (46)
IV	 100	 50	 (20)	 1	 (2.54)	 50	 (52)

95

Q
1
 = 685 x 0.095 = 65cfs	 weighted Q =	

95	
= 0.095

(1.84cros)	 1000

28
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Table 14
Peal. discharge of thunderstorms for the three basins in 1964

BASIN I

L.U.C. CN Acres Q A x Q

I	 65	 2575	 (1040)	 0	 0
II	 65	 2469	 (1000)	 0
III	 82	 580	 (235)	 0.15	 (0.38)	 87	 (90)
IV	 100	 271	 (110)	 1	 (2.54)	 1271	 (278)

Qp = 76cfa
(2.21ems)

BASIN R

L.U.C. CN Acres Q A x Q

I	 55	 3621	 (1470)	 0	 0
II	 65	 1548	 (627)	 0	 0
III	 82	 335	 (136)	 0.15	 (0.38)	 50	 (52)
IV	 100	 956	 (387)	 1	 (2.54)	 956	 (992)

Qp = 217cfs
(6.14cros)

BASIN III

L.U.C. CN Acres Q A x Q

I	 55	 400	 (162)	 0
II	 65	 300	 (121)	 0
III	 82	 300	 (121)	 0.15	 (0.38)	 0.045
IV	 100	 0

Qp = 31 cfs
(0.87cros)

ORirrL\TAI, PAGG ISOF P0-1 1R QU
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Table 15
Key Land Use

1. Town of Beltsville, - high density detached houses, very light vegetative
cover

2. Large light industrial warehouse and commercial area located adjacent
to B&O railroad.

3. Light woods and brush

4. Denuded land

5. Medium heavily wooded areas along flood plain and tributaries of Indian

Creek.

6. Cropland, land under cultivation

7. Medium density housing

rs. Cleared land

9. Baseball field

10. Cleared land practically devoid of vegetative cover

11. Lowland subject to inundation

12. Cleared lowland area

13. Medium ^o heavy wooded areas

14. Light density suburban area

15. Industrial Park storage acrd warehouse area

16. Badly eroded area devoid of vegetation cover

17. Light %%nods on flood plain

1 5. Sand and gravel

19. Denuded area undergoing construction

20. Industrial Park

21. Low density rural area

22. Baseball Field

28. Under construction

a 1. Powerline right of way

30
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Table 15 (Continued)
Key Land Use

25. Heavily wooded lowland

26. Multi-family dwellings

27. Multi-family dwellings

28. Farmland

29. Under construction

30. Low density housing

31. Junkyard

32. Cemetery

33. Medium wooded area

34. Heavily wooded (Evergreen)

35. Medium to lightly wooded areas

36. Farmland

37. Farmland

38. Sand and gravel operations

39. Farmland

40. Meadows

41. Inoperational sand and gravel pit

42. Sand and gravel pit

43. Medium density Suburban Housing area (single family)

44. Farmland

45. Heavy woods

46. Powerline

47. Eroded area

48. Meadow/grassland

49. Partially filled reservoir

50. Sand and gravel pits and processing area

31
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Table 15 (Continued)
Key Land Use

51. Small stand of trees

52. Farmland

53. Pond

5 .1. Sand and gravel pit

55. Badly eroded area or old gravel pit

56. Sub station

57. Sand and gravel pit

58. Under construction

59. Powerline

60. Farmlaror

61. Golf course.

62. Sand and gravel pits

63. Low density single family homes

64. Low density single family homes

65. Farmland

66. Meadows

67. Farmland

66. Sand and gravel operations

69. 1-U5 and Interchange

70. Low density single family homes

71. heavily wooded area

72. Industrial Park

73. High density multi-family housing units

74. School

75. High density single family homes

76. Orchards/plant research

32
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Table 15 (Concluded)
Key Land Use

77. Construction site

78. High density single family detached hu nes

79. Low density single family homes

80. Non-operational sand and gravel pits

81. Denuded area

82. Baseball field

83. Low density single family homes

84. Farmland

85. Low medium density single family homes

80. Golf course

87. Woods

88. Low density single family detached homes

89. Denuded area

90. Meadow

91. Large estate

92. School grounds

93. Large estate

94. Farmland

95. Low density single family detached homes

96. Low density single family detached homes

97. Medium density housing areas

98. Woods

99. Medium density housing

100. School grounds

101. Low density housing

33
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Tablo 16
Geology (Cooke, and Cloos, 1951, 1953)

ila•

wicomieu formation caravel, eland, and silt, stream
deposits passing upward into estuarine deposits to a
i11,LC111111M altitude of 1-In feet above sea level, al.,uut
30 fort tillel")

E
tir:undy%Onc gravel (Ancient alluvi;d fans sloping gently
llewlIWard from all ullttude of upprx. 3UU ft. above sea
level. The Potomac lan includes many pebbles of chert,
about I0 ft. thick.)

E
patal)Seu furillatiull ;old Arundel clay (undifterentiated)
(bark-gray massive elnv containing lignitiv-d wood :old
saurian liull "S Uvertain by niPssivc lllarooll Clay and
varicolored sand and cla1-. probable :m uutwash dCl)ositc
about 3U1 l ft. thick.)

l,i,\

I'aiwxcnt furniatiun (Large retllld pc l dAes, fine white
pint:, or yellow scrod, cold thin IcI18e7 of white or irun-
stainCd clay :old koalin. The s;uld beds cunnno,ily
contain disseminated kaolin, probably an uutwash
deposit, 16( 1 10 1011 feet thick.)

h—"

Laurel lrigl.latite (httcnscly ;.Xattitized schist mixed
With impure gra10te, nuscuvite :md biotite grtulite)

Pzwo

Wissahickon uliguclase-mica schist

31
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Figure I L,,ui(i use patterns in Little Paint Branch (Basin 1) and Indian
Creek (Basin 11, 111) in 1971. See Table 15 for aimotations. Approxi-
mate Scale 1: 56, 250.
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t igu,	 Change in land use patterns since 1964, (1) Dormer wooded
al, 	 k2) Former denuded areas, (3) F ormer meadow or grass ;areas
Approximate Scale 1: 56, 250.
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Figure 5. Drainage map - Annotations 1, IT, 111, refer to Little Paint Branch,rl
Indim Creek, and a SLO)-IMSitl of Indian Creek rest)ectively Approximate
Scale 1: 56, 250.
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