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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 giltation 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, erostion 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 o1 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 recogiiized that urbanization involves a complex of inter-
acting factors which determine tl.c environmental! qualiiy 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
guestion.

In the process of urbanization, river basins are degraded through increased
biological and chemical pollution from such sources as industries, commerce,
residence ; and transportation systems. Part of the chemical load is attributable
to nutrieats which result from greatly increased sewage flows, 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 erodability. 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
game time stream banks bereft of their former 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 o.her 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 baoys where it contributes to fouling of shellfish beds, fish spawning
grounds, wildlife habitat, and recreational waters, All along these urban rivers
oil slicks 1line the banks and nud 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 & modicum of
water recreation,

* - .
We ire concernsd here with a restricted version of carrying capacity that is defined in relation
to certain indexes of environmental quality or levels of pollution. By contrast the ultimote
cariying capacity of the Earth depends on ovailable resources and total environmental factors.
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In addition to the environmentally detrimental effects of rapid water run-off
is the loes of a valuable resource. The multiplication of impermeable surfaces
through urbanization increases rot only the peak discharge of storms but algo
the absolute quantity of water lost to the watershed throughout the year. Thue
there is a general dehydration efiect 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 i8 centered on the private
automobile. This large automobile population in the basin gives rise to a con-
tinuous seepage of oil into streams from highways, parking lotr and service
stations. The oil pollution from automobiles has its complement in the silt,
concrete spoils and gravel pits which result from the congtruction of highways
to serve these vehicles, The proliferation of highways and thuir 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 sc 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 paitic-
ular the effects of urbanization on run-off, stream digcharge, 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 stalement of the project.

MO DS

Aerial photographs of three sub-drainage basins of the Anacostia Watershed
(Figure 5) tuken in 1964 and 1971 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
infraresd photography which was especially useful in determining badly eroded and
bare or exposed areas. Eurth Resources Technology Satellite (ERTS) Imagery was



used for studying the overall regional land use relationships of the Anacosiia
watershed. Geology, land use patterns and the sofl 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 reflact
the textural characteristics of the various soils, was compiled frnm the Prince
George's and Montgomery County soil surveys of 1867 by mapping together those
units whose textural clasees were the same or very similar. Hydrologic
characteristice 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 8oil Conservation Service (SCS8) and used in this report (8oil Conservation
S8ervice Handbock, 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. Thesc soils have a high rate of water transmission.

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

C. Soils having slow infiltration ratecs when thoroughly wetted and consisting
chiefly of soils with a layer tha! impedes downward movement of water, or soils
with moderately fine to fine toxture. 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 chiefly of clays with a high swelling potential,
soils with a permanently high water table, soils with a claypan or clay layer at
or near the surface and shallow soils over nearly impervious material, These
80ils 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 . :1l to moderately drained character of the surface soils.
In order to simplify calculations and ai the same time place conservative



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 fg :tora. A detailed analysis of individual soils
in the basins would show that the « -ajority of hydrologic conditions lie betwcen

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 utflized for the deter-
mination of run-off and soil erosion are the following:

Equation (1) Q = (P - 0.28)/(P + 0.88) X
(SCS Handbook, 1951) P
8

area of the watershed
amount of rainfall in inches
Potential maximum retention
the intial abstraction

Q = direct runoff

BN

Equation (2) Q, =484 XQ/(d/2+ 0.6 t.) Qp Peak discharge

(SCS Handbook, 1954} = duration of =ifective rainfall
t_ = time of concentration
t, = time to poak discharge
t, = time to base

t, = d/2 0.6t

t, = 2.67t
Equation (3) A = Krlscp (Agri. A = average annual soil loss in tons/acre
Handbook 282, 1962) K = erodability factor

1s = slope length factor

c = cropping management

p = conservation practice

r = rainfall factor

Note: TFor estimating sediment yield from censtruction sites and other denuded
areas, ¢ and p were set = to 1. This is analogous to lands lying fallow.



The curve number (CN) is a value which reflects the probability of precipi-
tation becoming subsurface flow or overland flow. i.e., the higher the curve
number, the more likely precipitation over an arca 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 the 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 onc hour. These incremental hydrographs
were then combined into a composite hydrograph for the e¢ntire storm.

Equation 3, the universal soil loss equation was used to estimate sediment
yield from counstruction sites and other arcas 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 ¢ and p factors
were assigned a value of 1; this indicates that no measures have been taken to
reduce the effect~ of erusion and this ia true of most construction sites,

In evaluating the changes in run-off potential due to urbanization three
hypothetical storm events were utilized. The storm evenis used were: 1) The
firat thirteen hours of a storm with the characteristics of hurricane Agnes, the
last major storm over this area. 7Total precipitation from Agnes in this area
was 6.28 in. (16em} of which 5.28 inches (13.em) fell within the first thirteen
hours. 2) A storm of 10 hrs, duration and 3) A thunderstorm of 1 inch per hr.
(2.54cm) 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 basing, given the lund use patterns as they existed in 1964 and
1971. The eategory "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" scdiment yield and diecharge" 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
doveloped by the Soil Conservation Service (SCS Handhook, 1954),

[}



DESCRIPTIONS OF BABINS
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. (61m) 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 {8 320 ft. (98m) 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 fromw 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 Spencerville
Road, which forms part of the divide between the Anacostia and Patuxent watersheds,
on the west and southwest by Columbia and Cherry Hill Road and on the east by
Old GunPowder Road, which is the divide between Little Paint Branch and Indian
Creek,

Geolcgy- (Conke, and Cloos, 19561, 1953) The brsin lies in both the piedmont
and coastal plain geologic provinces (Figure 3). The geologic formations under-
lying the basin are the Wicomico, Patuxent, Laurel Gneiss and Wissahickon Schist,
The Patuxent formation dominates the geology of this basin and the two other
basins undcr study, and consists of deposits of unconsolidated sand, gravel, clay
and silt; the percentage of cach varying with location, The Laurel Gneiss and
WissahickonSchistunderly the headwater and tributary regions of the basin with
the Patuxent occunying the divides between the tributaries in this region (Fig-
ure 3), Quunternary and younger deposits of sand, silt and gravel form the flood
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 [irst association is the predominant one in the
basin with the Beltsville soil series being the major constituent, The Leonard
Town occeupies depressions and low places and makes 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 respeet to drainage and other
aspeets but they all have in common a [ragipan of varying permeability in the
subsoil. Sume of the characteristics of the predominant Beltsville soil area



are a» 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 counr: 8oil survey
also points out that the Beltsville soils pose special problems fu: 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 prchlems 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).

Land Use Patterns - Thelanduse patterns based onthe analysie of 1971 photog-
raphy are as follows: Highdensity suburban complexes, and paved i'oads comprise
approximately 14.4%. The high density housing areas are concentrated towards
the southern end of the bagin near the Capital Beltway and along the Interstate 95
higkway (I-95) (Figure 1). Most of the high density areas are made up of single
family homes of the Calverion housing development and parts ot the city of
Beltsville as well as 1-95, 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 1-95, Grass-
land and iawns associated with low density housing areas, cropland and medium
to lightly wooded areas comprise approximately 40% 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 50%. additional housing and row. .8 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 due 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.




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 cms) (Figure 8). This is approximately a 12'y increase in peak
discharge. For the hypothetical 10 hour storm the increase in discharge is ap-
proximately 20% (Figure 9) and for a thunderstorm the increase in discharge is
150% (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 Auration,
high intensity storms maximum infiltration rates are quickly attained and all
surfaces act as relatively imparvious 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. 1tion {Yorke and Davis, 1972). The increase in rates of runoff and
discharge can be atiributed to the 109 increase of impervious suiface 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 faciiitate
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 markedincrease in incremental discharge for the
larger storms {rom 1964 to 1971, In particular this is apparent {rom the storm
of Agnes’ wagnitude. 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 yicld in two major
ways: (1) by denuding land ol vegetative cover and therefore making soil suscep-
tible to removal by runoff and (2) the increase in discharge due to urbanization
increases a stream's ability to e¢rode ils 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 u yearly basis sediment yield from construction areas within
the basin may range from 137 metric tons/acre to 300 metric tons/acre.




From Eq. 3 we find that for a single storm which drops 8 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 80ils were classified prior to con-
struction as being moderately to severely eroded so thal 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 yiseld for
this area might have been as high as 250 metric tons/acre/yr. Likewise, the
sediment yield from certain arcas assocciated 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
fact that the soils in this area were classified as being moderately eroded prior
to disturbance.

Basin 1T - 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 Wicomico Formations. The Patuxent Formation underlies over 8(% of
the basin with the Anne Arundel Clay making up 17% (Figure 3).

Soils (Prince George's County Soil Survey, 1967) The majcr soil agsoci-
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 Christiana-Sunnyside-Beltsville series, Most of the urban
development has teken 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,



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 densi‘y
areas made up approximately 19% of the basin and are concentrated close to the
beltway. These areas include part of the city of Beltsville and portions of I-85
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 thebasin. The remaining areais comprised mostly of wooded
areas and cropland ofthe U, S, Department of Agriculture research center, withthe
heavily wooded areas making up approximately 50% of the basin, The major
changes within the bagin since 1964 have been the addition of I-95 and expansion
of 3and and gravel operations (Figure 2), Also residential housing and industrial
areas have been added in the Beitsville 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
3% increase in urbanization since 1964. For the first thirteenhours of storm of
Agnes' magnitude, the peak discharge increases by approximately 9%. For the
ten hour storm, discharge would increase by 25%., (Tables 9, 10, 13, 14). Al-
though the increase in discharge for the storms of long duration is relatively low,
the 27% 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 gruvel 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 theland, the susceptility of these soilsto 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 1-95 which crosses the basin,

Basin MI - Indian Creek

The third basin studied i8 a sub-basin of Indian Creek. 7This 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-9%},

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 (4.15Km?).

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

Soils - (Prince Georges County Soil Survey 1967) Over 90% of the 8oils in
the basin are made up of the Beltsville and Mattapeake goils. The Beltsville
soils have been described previsusly., The Mattapeake soils are mostly silt
loams, moderately to severely eroded, with clay content varying from 18 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% 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 oi gravel pits. The only change in land use since
1964 has been a converison of 50 acres of woodiand as a result of the construction
of 1-95. 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.
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In this case K = 0.5, 1s = 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 1-95. 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 Capitr! 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 s 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
estiniate that sediment deposition in the Potomac Estuary is approximately 2.1
million yd? annually (Wark 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
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those described in this report. We estimate from aerial photos,raphs and ERTS
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 SBurvey result,

The qualitative and quantitative assessmeut presented here for run-off,
erosion and siltation in the Indian Creck and Little Paint Branch watersheds
may also, with proper qualifications, be generalized to other basing 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
becauge ite 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 1
Basin I, Little Paint Branch
Storm: First thirteen hours of Agnes
Total Rainfall 5.28 inches

P houtly aceamuleted rainfall
l (L) 1T | @on 2y f@d | 30w | n | 0.8 | o.s (3 (13.2) | J3.8)
1 0.07 0.48 0.60 0.90 .80 1.19 1.G5 2.79 3.90 4.18 h.tW 8617 5.28
1.0.c. ¢N W - Accumulated Drvect Run-ﬂr 7 B
10.250 | (1,27 | 1.82) {2.64) (2,703 (2.924
1 58 w1 0.6 0.6 0.1 11 LS
B2un | .02y | {2.84) 12.79) 4.8} (4.48)  4.70¥
] a5 0.0% 0.4 1 1.1 1.7 118 1.45
(0.3%) | (0,38) | (051} | {2.03) | {3.05) | 15.08) 15.6%) {7.42) 8,13} (.64
11} ] .16 0.18 0.2 0.8 1.2 2.0 2.2 3 3.2 34
LTS (LT ) a3y (22 |2 | Q.00 | ) | eueGr [ Bl [ s | 2. ] Q3. | ol
w 100 | 0.07 0.46 .60 0.90 .80 1.2 1.5 2.7v 270 1.15 6.00 517 5.24
Acres Acren X4 (71) - Potentinl run-off in acre-in In hectare-om.
Y1897} @22 | an | men | (226 ! (2500) | zeam
2217 222 | Hos | 1330 2217 2430 | 2860
Yeons) (ay | w71 | @aos | @esny | iz | e244) | (462)
2359 190 s | sy | ogeoo 4000 4120 | 4380
" ey or boan | wer | opsw | owrer | e | oess 1 asty L oasas | neas)
W ! 71 04 330 565 914 16 1420 1510 | 1600
Winam (591 | (ony | ey | oamsny o | ey [ o406y | @s07s | o | 661y | (44100 | (4512 | 4570)
847 6% HETT 730, U wo [ 1015 f 13w | sesu | ogseg | 3500 4390 1390 | 4450
. . i Ao -
Acres Acres XQ (681)  Potettial ryp-ell in gore-1nan hectare-om.
"ti0az) @65 [ w9 [ (6T | 2630) [ (2e04) | (3035
2575 ass | 1286 | 1540 575 2830 | 2960
" (wo9) o2y | coum | paseer | q2v7zy | dzem | @iy | teed)
2469 19% | 2469 | 2700 1160 4300 | 4650
" (2as) eoy 1 o | wim §oenn o ar Janen | asier | ateey | asiz | (2026)
580 w7 LY 1 105 685 | 16 | 1280 1740 1860 | 1970
Y1 19y | gz2ey [ 23%) [ @250 | @500 | @35 | @57y | (v uaosn [ (s1) | dady | gass)y | dam
e 19 124 232 243 249 y25 445 130 w0 | 1zo 1376 100 { 1430

Helationship betwean precipianion, land wse classification (L U € teurve number s iCKE and acraoge 94405 iated with wach hydralogic complen. Complores cre

1 . Heavily wooded areos
11 - Graws or meadow type areas, larmlond, medivm to Lightly wooded aress. ow densiiy residential howsing aress
Ul . Base, denuded aress susceplible to arosion, madium density houting oreas

I¥ < Impetviaws surfoces such ot roads and high demsity suburban industrigl gseas and these areas thol con be considered 16 hauwr curve
avmbsr 8%

Figuies in parentheses ere meirie voluws hectares. conlimaters and hactares cm

coded a4 follaws

ORIGINAL PAGE
OF POOR QUALITIYS
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Table 2
Basin I, Little Puint Branch
Storm: 10 hrs., total rainfail 3 inches

P » hourly accumulsted rainfall
(0.762) | (1.58)| (2.29) | (3.05) | (3.81) | (4.57) | (5.33) | {(8.10) | (&.38) | (7.02)
0.3 0.6 0.9 1.2 1.5 1.8 a.1 2.4 2. 3.0
L.UC. CN Q * acoumulated direct run-off
{0.1237) | (0.254) | (0.508)
1 85 0.05 0.1 0.2
{0.,076) | (0.254)| (0.457)| (0.C88) | (0.940) | {1.27)
i 1.3 0.03 0.1 0.18 0.27 0.37 0.50
(0.254) | (0.533)| (0.B89) | {1.40) | (1.78) ] (2.41) | (2.92) | (4.83)
111 82 0.1 0.21 0.35 0.565 0.70 0.95 1.18 1.9
{0.782) | (1.52) ) (2.29) | (3.08) | (3.81) | (4.87) | (6.33) | (6.10) | (6.86) | (7.82)
v 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) = potontial run-off in acro-in and in Bectare-cm
1(896) (113) | (2280 | (456)
2217 110 222 444
I (953) (73} {242) {437) (653) (894) | (1212)
2359 71 236 425 835 B70 1179
" ey ws) | aozy | 10y | (@5 | (sey | wemy | sy | (928
472 47 99 165 260 330 450 540 900
w(343) {261) 1624y (786) | (1049) | (3308) | (1562) | (1830) | (2076) (238) | (2611)
B47 254 510 765 1020 1270 1530 1780 2020 2300 2540
Acres Acres XQ (64) = Potential run-off in arce-in and in heetare-cm
' (1042) (a1) | @esy | s31)
2575 137 258 516
H (1000) {76) (254) 457) {684) (835) {126)
2469 T4 247 445 665 810 1230
h {235) (54) (125) (209) (329) (416) (565) (684) | {1131)
580 58 122 203 320 4056 550 868 1100
w(lO‘B) (83) (168} (251) {335) (416) (504) (588) {669) {750) {832)
271 81 163 244 326 406 490 570 650 730 810

Relationship betwsan precipitation, lond use classification {L.U.C.} ¢curve numbers (CN} and acreage associoted with esch hy-
drotogic complex. Complexes are coded o3 follows:
| ~ Heovily wooded arans.

1l - Gross or meodovw typs areas, formland, medium to lightly wooded areas, low density rasidential housing aress.

i1l - Bare, denuded arens susceptible to erosion, medium density housing areas.

IV = Impervious surfaces such as roads and high density suburban industrial areat ond those ares  that con be considered

to have curve numbers ~ 85,

Figures in porentheses ort metric values: hectores, centimaters end hactore-cm.
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Table 3

Basin II Indian Creek

Storm: First 13 hrs. of Agnes
Total Rainfall 5,28 inches

P - hourly accurulated rainfsll
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Table 4
Basin 11
Storm- 10 hra. Total rainfall, 3 inches

P # hourly scoumulated rainfall
w.1om) | (1.89) | @29 | 3.08) | 3.8y | .8m) | (8.3% | (0.100) | (8.86) | (7.2)
0.3 0.8 0.9 1.2 1.5 1.8 8.1 2.4 21 | 8.0
L..U.C. CN Q ~ accumulated direct run-off
(0.12m)1 (0.2543] (0.808)
1 55 0.05 | 0.1 0.2
(0.076)| (0.254) | (0.4571)| (0.888) | (0.0400 (1.27)
1 65 0.08 | 0.1 0.8 | 227 | 037 | 0.0
(0.254) | (0.55%) | (0.289)| a0y | (178 | 241 | @2.82) | @em
m 82 0.1 0.21 | 035 | 056 | o070 | 095 | 115 | 1.9
(0.762) | (1.62) | 2.29) | (3.08) | (3.81) | (4.57) | (8.35) | (6.10) | (8.80) | (7.62)
v || os 0.8 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
Acres Acres XQ (T1) = potential run-off in acre-in and in hectare-cm
: ;
{1330) ges) | @an | am
3218 163 | 328 | 756
* (som) W asd) 1 erey | @ | ess | o
1500 4, ¢ 150 | 270 | 400 | ss0 | 7s0
" o2y 4o | aem | are | @ | @3 | wesy | oesy | (e25)
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Acres Acres XQ (64} - Potential run-off in acre-in and in hectare-cm
' (1470) (s5) | @123 | (744)
3621 180 | 362 | 724
11
©27) @oy | 1s9) | ooy | wony | 585y | (150)
1.10 45 | 185 | =262 | aso { &40 | 730
" s @5 1 @ | wesy | uaesy | o) | (288 | @soy | 5715
336 34 62 | o3 | 162 | 204 | 280 | 340 | s60
Y 38m) o) | o1y | awd) | 182y | a0y | (1768 | 2056) | (2364) | (2673) | (2981)
956 27 | 575 | se0 | 1160 | 1430 | 1720 | 2000 | 2300 | 2600 | 2000

fielationship between procipitation, lond use <lassification {L U.C ) curve numbers [CN) and acreoge ossecioied with each
hydrologic complex. Compluxes ars coded as follaws
I = Heavily wooded erecs.

It - Grass or maadew typs aress, farmland, medivm to lightly wooded areos, low density residential housing orecs

ill - Bare, denuded oreas susceptible 1o erosion, medivm density houting crees.

IV « Impervious surfeces such o reads ond high density suburben industrial aress and those orecs that can be considered

to hove curve numbers - 85

Figures in patentheses are matric values: hectores, cantimaters and hectare-cm.
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Table 5
Basin 11I
Storm: First 13 hrs of Agnes

Total Rainfall 5,28 inches
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Table 6
Basin III
Storm: 10 hras. total rainfall, 3 inches

P = hourly scoumulsted rainfall

{0.743) | (1.58) [ (2.29) | (3.05) | (3.81}) | (4.57) | (B.33) | (6.10} | :6.88) | {7.62)
0.3 0.6 0.9 1.2 1.6 1.8 2.1 2.4 2,7 3.0
L.UC, CN Q = acoumulated direct run-off
(0.127)| (0.254)] (0.508)
I 55 0,05 0.1 0.2
(0.076) | (0.254) | (0.487)! (0.688) | (0.940) | (1.27)
n 65 0.03 0.l 0.13 0.27 0.37 0.50
(0.254) | (0.533) | (0.880)( (1.40) ( (1.76) | (2.41) | (2.92) | (4.83)
mn 82 0.1 0.21 0,35 0.55 0,70 0.85 1.156 1.9
(0.782) { (1.52) | (2.29) | (3.08) | (3.81) | (4.587; | (5.33) | (8.10) | (6.86) | (7.62)
Iv 100 | 0,3 0.8 0.9 1.2 1.5 1.8 2.1 24 2.7 3.0
Acres Acres XQ (71) potential run-off in ecre-in and 11, hectare-cm
Pz asr | @By | 62
300 15 30 60
1]
(142) (11) {36} {65) (L)) 1131) (180)
350 11 15 83 95 130 176
1] ,
{121) (31) (65) (108) {170) (216) (293) {3¢5) {586)
300 30 63 105 165 210 285 345 570
v (20) (158) (31) {48) {62) (7T (83) {108) {123) {139) (154)
50 15 30 45 60 ki3 90 105 170 135 150
Acres Acres XQ (64) = potential run-off in acre-in and in hectare-in
' (142) a | @6 | 2
{360} 18 35 70
" (142) “11} (36) {G5) (98) {134) {180)
360 11 35 83 95 130 175
m
{121) {31) (65) (108) 170) (216) (293) (365) {686)
300 30 63 106 165 210 285 345 570
Y l
2 fr 1 | . : L

Relctionship between pracipitetion, land use classification L C 1], curve numbers, (CNI ond avarage ossociated with sach hy.
drologic complex, Complexes are coded as follows
I - Hoovily weoded eress.

I = Grass sr meadew type areas, lermlend, madium to Lightly wooded areas, low deniity residential housing oreas

1l -~ Bare, dsnuded oreas suscaptible to srosion, medium density housing creds.

IV - Impsrvieus surfoces such as roads and high density suburbon industriol eregs and those areos thot can be considered

to have cusrve numbers - 85

Figures in parantheses ore metric values  hectares, cantimeter ond hectare-cm
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Table 7
BASIN |
Little Paint Branch, Storm: First 13 hrs of Agnes (9.2 mi.%) (23.7 Km?)

ACC QQ Q Q,. InCfS and em
il 71 U4 n G4 7

1] 0

0.003  (0.0076) | 0.01 (0.0254) 1 (011D 13 (U.30M)
wud  (0.,0076) | 0,01 10.025)

018 (0,046) 0061 (0.5 23 (0.65) M2 (2.32)
o2l {.653) 0,065 (V165

0,018 {0,046) 0049 (0.12d) 23 (A40) G3 (1.7%)
0039 (0099} 0,14 {0.3G)

G017 (0.043) 0 22 (0623 0
U565 (1L142) 0.14 (0.35)

q 005 {0127y ] G4 (1.x1)
sy wdi2y | 019 (V. 183)

0,018 {C.04%) 0,04 {0.1u1} 24 (0,GR0)) 51 1.4
TR L UN LY B 0o {0.7VK4 )

U603 (033 0,46 (.17 131 {3.71) 1 690 {14.7)
LTS (00152 0,665 (1.7

0,274 (U.GYG) v (1.63) 350 (.91} w2 {28.2)
0452 (L.1G) 1.31 {3.318)

0,556 (L4l | L1 {0.279) 710 (20.1) 140 {3.96)
1.0l {2.506) 144 (3.61) _

ualn (3.308) 0.GO £1.502) 150 {4.29} MM (215
112G (286} 204 {5,15)

U643 (1.38) 0,08 (,224) 690 (19.5) 115 (3.29)
1.7 (L2 2,14 (5.41)

0094 (0,239) 0.0y (0.229) 120 (3.40) 116 (3.26)
1.75 +.47) 2,02 5.61)

0.01 (0.0254) 13 {.368)

Accumulated un-off and peak discharge for storm of Agnes' magnitude. The accumulated  are

4R4. 92
Lo S2 e 1278,
35 Q"

Q. K

welighted values obtained from Tabie | by adding vertically the acres xQ fur cach hourly Increment

and dividing by total deainage aren. The corresponding metric values are in parenthescs.
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Table 8
BASIN I
Storm: 10 hrs rainfall 8 inches

ACCQ 49 Q, In CI8 and cms

64 1 & 71 64 71

0.014 (0,090} 0,048 (0,108
0.014 {0.036) 0.044 (0.112) 18 (31.65) 56 (1.59)
0.028 {0.071) 0.087 (0.221)
0024 (0.061) 0.051 (0.130) 30 (0.84%) 65  (l.84)
0,081 {0.130) 0,138 (0.3651)
0.025 (0.084) 0.052 (0.132) 31 (0.878) 67 {1.90)
0.07¢  {0.193) 0.180 (0.483)
0,040 (0.102) 0.087 (0.170) 51 {1.44) B85 (2.41)
0,118 (0.2) 0,265  (0.648)
0.064 (0.163) 0.085 (0.216) 81 (2.29) 108 (3.06)
0,179  (0.454) 0.340 (0.883)
0.072 (0.183) 0.080 (0.229) 9 (2.58) 115 (3.26)
0.241 (0.612) 0.430 (1.09)
0.699 (0.251) 0.116  (0.292) 126 (3.567T) 47 (4.18)
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 {1.69)
0.185 (0.470) | 0.192 (0.488) | 230 (6.51) 246  (6.96)

0.620 (1.57) 0.859 (2.18)

Accumtulated run-off and peak discharge for storm of magnitude 3 inches in ten hours. The accu-
mulated Q nre woighted values oblained from Table 2 by adding vertically the acres xQ for each
hourly increment and dividing by total drainage area. Definitions are as for Tsble 7.
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Table 9
BASIN 11
Indian Creek, Storm: First 13 hrs. of Agnes

(10 mi?) (26 Km?)

| ACC Q Q Q, in Cf8 and cms
ud 7 6l l ? Gl 71
e e L —~ )
[} 0
| 0.01 (L0254 | w013 {0.033) 1" {0.011) 1% (.51}
nul w0255 | 0013 (0.033)
0,058 (0.4 0073 (1,185 T0 11.94) 100 {2.83)
06 (0.173) 0.055  {.218)
0,039 (U.150) WOTE (01 RE) X} {(2.35) 105 (2.97)
W27 (323 0160 (0.405)
| 0ol (L3 0,02 [0.051) 14 (v.ut1) | 2% (w793
0141 (0.35%) . 0K (0:457) i i
. ‘ ] ‘| 0 0 | 0
[ 0341 (0355 | Ik {0.457) {
0046 (U117 0,035 0.127) T0 {1.9%) 53 (2.35)
omasy {4 023 (0.5%))
0 LIS (ua2sh 1515 U, 38) 151 (ha2n) 208 (5.59)
Poogun (0362 ) 0380 (00155) .
] ! P OIS (0.R00 0,36 (0.914) 150 \1274) | 00 {1d.10G)
U615 (108 UTEG (1T
U685 (1.49) 0.625  (1.59) 167 {1.73) i (24.99)
IR (3.08; | 1.36 (3.15)
0,16 {0.304) 0.14 (356) G610 (17.20 195 {5.52)
LIGU (3450 | 150 (3813
014 {1.24} 0,64 {1.3T) Thn (22.37) 760 (21.:24)
LsGu (.70 2.4 15.18) H
i: 0126 10,308) i 13 0.330) 159 (3.94) 180 (5.10)
|
. 454 - 10
; 8 —37s 13vo.q, Q- v

i Aceumuolated run-oll and peak discharge fopr storm ol Agnes' magnitude, The aceumulated ¢ are

I weighted values obtained [rom Table 3 by addire vertically the acres xQ for cach lourly incre-

voment and dividing Ly total deaidage area. The corresponding metrile values are in parenthesces.
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Table 10
BASIN 11
Storm: 10 hrs, rainfall 3 inches

ACCQ Q Q, In CI8 and cms
o4 n 64 n 64 T

0.044 (0.284) | 0.068 (0.142)

0.045 (0.114) 0.05¢ (0.137) 83 (1.78) 6 (2.12)
0.08¢ (0.226) { 0.110 (0.27%)

0.049  (0.124) 0.083  (0.160) 88 (1.93) 68  (1.83)
0.138 (0.351) 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)

0.067 (0.145) 0.079  (0.201) 79 (2.24) 110 {3.11)
0.245 {0.622) 0.312 (0.792)

0.071  (0.180) 0.086 (0,218) 100 (2.83) 120 (340
0.316 (0.803) 0,398 (1.00)

0.086 (0.188) 0.083 (0.211) 66 (1.87) 115 (3.26)
0.382 (0.970) | 0.481 (1.22)

0.166  (0.269) 0.126  (0.320) 147 4.17) 176 (4.96)
0.488 {1.24) 0.607 (1.54)

0.108  {0.274) 0.126 (0,320} 1650 (4.25) 175 (4.86)
0.596 (1.51) 0,733 (1.86)

0,166 (0.422) 0.214  [0.544) 230  (6.51) 300 (B.50)
0.762  (1.94) 0.947 (2,41}

Ac-umutated run-off and peak discharge for storm of magnitude 3 inches in ten houys,
The nccumulated Q are weighted values obtained from Table 4 by adding vertically the

acres xQ for each hourly increment and dividing by total drainage area. Dofinitions
are as in Table 9.
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Table 11
BASIN 0OI Indian Creek, Storm: First 13 hrs of Agnes
(1.6 mi?) (4.15 Km?)

ACC Q Q Q, InCI5 and ems
G4 71 1R 71 G4 71
1] 1}
] 0003 (000K u 0
i 0003 (LL,005)
0 0,020 (LuHh (] 0
f 0,023 (0,058
1 0021 (053 1] 16 (0.453)
| gl (0,112
‘ T 0046 (1,117 u 14 {0.395)
t GUH0 (220
(] 0 i} 31 (0T
0 090 (0229
] [Tk (0.076) U u
1) 020 (0,805
|| i o LLPS It B (TP 4 3 0 20 (0.566)
LA (1,203 0293 (T4
[ 0,08 [{IW{INS] 0132 (110 45 (1,036) 112 (3.17})
0.4 {1.02} 0,625 (1.59)
0.2 (8- K3} L0 (1.75) 178 (D.04) 3uy (450}
R} 2,000 1315 (3.3
0.5 {1.27) i3y (U.338) 280 (7.93) 475 (13.456)
1.1 (2.79) LS (3uux)
U2 0,31 WulG  (1.56) 11 (h311) gu {2.53)
1.3 18,511} 2,068 (3321
0.t (1.02) 0,131 (0,333) 224 (6.3 126 (12,03
1.5 {+.57) 2195 (5.5%)
0.3 {0,762} g {0117 168 (4.76) KEG (2,441}
‘ L ﬁ"i%g‘ S0850Q, QK

Accumulated run-oli and peak discharge for storm of Agnes' magnitude, The accwnulated Q are
Pwetghled vadues obtained from Table 5 by adding vertically the acres xQ for cach hourly incre-
[wnt and dividing by total deainage area. The corresponding metric valu s are in parentheses,
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Table 12
BASIN II1
Storm: 10 hrs rainfall 8 inches

ACCQ Q Q, in CfB and cms
64 n 64 n 64 71

0 0,015 (0.038)
0 0.016 (0.038) 0 10 (0.283)

0 0.03¢ (0.076)
0,030 {0.076) 0.045 (0.114) 20  (0.566) 31 (0.878)

0.030 (0.078) 0.075 (0.180)
0.033 {0.084) 0,048 {0.122) 23 (0.651) 33  (0.93)

0.063 (0.160) 0.123 (0.312)
0.053  (0.135) | 0,068 (0.173) 36 {1.02) 47 {1393

0,116 (0.284) 0.191 (0.485)
0.094 (0.239) 0.099 (0.251) G4 (1.81} 68 (1.93)

0,210 (0.534) 0,180 (0.485)
0.063 {0.160) 0,088 (0.224) 43  (1.22) 80 (1.70)

0.273 (0.684) 0.378 (0.960)
0.035 {0.089) 0.137 (0.348) 24 (0.G680) 94 {2.66)

0.308 (0.783) 0.515 (1.31)
0.192 {0.487) 0.115 (0,292) 131 (3.71) B0 (2.27)

0.500 (1.27) 0.630 (1,60
4.315 {0.800) 0,325 ({0.825) 216 (6.12) 222 (6.29)

0.816 (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 for each
hourly increment and dividing by total drainage area. Definitions are as for Tabie 11.
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Table 13
Peak discharge of thunderstorms for the three bagins in 1971

BASIN I
I 55 2217 (897 0
I 65 2359 (9564) 0
41 82 472 (191 0.15  (0.38) 71 (73)
iv 100 847  (343) 1 {2.54) B417 (870)
918
Qp = 1275 % 0,156 = 200 cfs _ 918 .
(5.Gﬁcm5) weighted Q= m = 0.156
BASIN II
L.UC, CN Acres Q AxXQ
I 55 3275 (1320) 0
i1 65 1500 (607) 0
m 82 475 (192) | 0.15  (0.38) 71 (73)
v 100 1200 (486) 1 (2.54) 1200 (1230)
1271
Q, = 1390 % 0,198 = 275¢is . N 127 ac
(7.79¢ms) weighted Q = 57cs = 0.198
BASIN 111
L.U,C. CN Acres Q AXQ
I 55 300 (121) 0
In 65 350 (142) 0
il 32 300 (121) 015  (0.38) 45 (46)
v 100 a0 (20) 1 (2.54) 50 (52)
95
Q = 685 % 0,095 = 65¢fs , 95
> l = e = . s
b (1.84cms) weighted Q 1000 0.095
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Table 14

Peal. discharge of thunderstorms for the three basins in 1964

BASIN 1
L.UC., | CN Acres Q AXQ
I 55 25675 (1040) 0 0
n 65 2469 (1000) 0 v
1 82 580 (235) 0.15 (0.38) 87 (90)
v 100 271 (110) 1 (2.54) 271 (278)
Qp = 75cfs
{(2.21cms)
BASIN II
L.U.C. CN Acres Q AXQ
I 55 3621 (1470) 0 0
I 65 1548  (627) 0 0
m 82 335 (136) 0.15 (0.38) 50 (52)
v 100 956 (387) 1 (2.59) 956 (992)
Q, = 217cfs
(6.14cms)
BASIN II
L.U.C CN Acres Q AxXQ
I 55 400 (162) 0
n 65 300 (121) 0
10 82 300 (121) 0.15 (0.38) 0.045
v 100 0
Qp =3l cfs
(0.87cms)
ORIGIvA
OF Pocp OB IS
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Table 15
Key Land Use

1.

21,

Town ol Beltsville, - high density detached houses, very light vegetative
covoer

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

Light woods and brush
Benuded land

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

Cropland, land under cultivation

Medium density housing

Cicured land

Baseball field

Cleared land practically devoid of vegetative cover
Lowland subject to inundation

Cleared lowland area

Medium o heavy wooded areas

Light density suburban area

. Industrial Park storage and warehouse area

Badly eroded area devoid of vegetation cover
Light woods on flood plain

Sand and gravel

Denuded area undergoing construction
Industrial Park

Low density rural area

Baseball Field

Under construction

Powerline right of way
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Table 16 (Contimued)
Key Land Use

26,
26.
27,
28.
29,
30.
al.
32,
33.
34,
35.
36.
37.
38,
39.
40,
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

Heavily wooded lowland

Multi -family dwellings
Multi~family dwellings
Farmland

Under construction

Low density housing

Junkyard

Cemetery

Medium wooded area

Heavily wooded (Evergreen)
Medium to lightly wooded areas
Farmland

Farmland

Sand and gravel operations
Farmliand

Mzadows

Inoperational sand and gravel pit
Sand and gravel pit

Medium density Suburban Housing area (single family)
Farmland

Heavy woods

Powerline

Eroded area

Meadow/grassland

Partially filled reservoir

Sand and gravel pits and processing area
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Table 15 (Continued)

Key Land Use

2,
63.
64.
65.
60,
67,
G8.
69,
70.
71.

. Small stand of trees

Farmland

Pond

Sand and gravel pit

Badly eroded area or old gravel pit

Sub station

. Sand and gravel pit

Under construction

Powerline

lFarmlane!

Golf course

Sand and gravel pits

Low density single family homes
Low density single family homes
Farmland

Meadows

Farmland

Sand and gravel operations

[-95 and Interchange

Low density single family homes

Heavily wooded area

. Industrial Park

High density multi-family housing units

. School

High density single family homes

. Orchards/plant research

32



Table 15 (Concluded)
Key Land Use

7.
78.
79.
80.
8l.
82,
83.
84.
85.
BG.
87.
88,
89.
90.
91,
92.
93.
94,
95.
96.
97.
98.
99.
100.
101.

Construction site

High density single family detached ho.nes
Low density single family homes
Non-operational sand and gravel pits
Denuded area

Baseball field

Low density single family homes
Farmland

Low medium density single family homes
Golf course

Woods

Low density single family detached homes
Denuded area

Meadow

Large estate

School grounds

Large estate

Farmland

Low density single family detached homes
Low density single family detached homes
Medium density housing areas

Woods

Medium density housing

School grounds

Low density housing
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Table 16
Gueology (Cooke, and Cloos, 1951, 1953)

Qw

Wicomico formation (Gravel, sand, and silt, stream
deposits passing upward into estuarine deposits to a
maximum altitude ol 140 {ecet above sea level, about
30 feet thick,)

Th

Brandywine gravel (Ancient alluvial fans sloping gently
downward {rom an altitude of apprx, 300 t, above sea
level, The Potomae tan includes many pebbles of chert,
about o {t. thick)

Wp

mlapsco forraation and Arundel elay (undifferentiated)
(Dark-gray massive elay containing lignitived wood and
saurian bon:ss vverlain by massive maroon clay and
varicolored sand aned clay. probably an vutwash deposit;
albwout 300 {t. thick)

hps

aiaxent Formation (Large round pebbles, fine white
pink, or yellow sand, wnd thin Ienses of white or iron-
stained elay and Koolin, The sand beds commouly
contain disseminated kaolin, probably an outwash
deposit, abeut 100 feet thick.)

Im

Laurel wignatite (Intensely pranitized schist mixed
wilh impure granite, muscovite and biotite gronite)

Pzwo

Wissahickon oligoclase-mica schist



Figure 1. Land use patterns in Little Paint Branch (Basin I) and Indian
Creek (Basin II, IIT) in 1971, See Table 15 for annotations. \pproxi-
mate Scale 1: 56, 250,
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Figure 2, Change in land use patterns since 1964, (1) Former wooded
areas, (2) Former denuded areas, (3) Former meadow or grass areas
Approximate Scale 1; 56, 250,
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Figure 3. Geology map - see Table 16 for description of Geology. Note
extent of Patuxent Formation (KPx) which is a major aquifier. Approxi-
mate Scale 1: 56, 250,
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Figure 4. Soils map based on t . tural similarities. X = Silt

Z = Gravelly sand, L = Loam, C = Urban lard complex, CL = Clayey
and, O = sandy loam, G.P, = gravel pit. Approximawe Scale 1: 56,
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Figure 5. Drainage map - Annotations I, IT, III, referto Little Paint Branch,
Indian Creek, and a sub-basin of Indian Creek respectively Approximate

Scale 1: 56, 250,
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f Little Paint Branch and Sub-basin of Indian Creek,

v F 7 YO ) | 25
\ 0to 2 percent, B =2 to 5 percent, ( ) to 1 wreent, | 15 to 25

Figure 6, Slope map
Fy |
percent., Approximate Seale 1: 56, 250,
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