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PURPOSE AND SCOFE

With the increasing demands made on our water supplles
withlin the past few decades has come the realization that
fundamental research concerning this natural resource whieh
is basic to our national economy is woefully lacking. Be~
cause the water resource 1is so closely linked with climate,
it was the consensus of opinion for many centurles that man
could alter it no more than he could alter the weather.

This is not entirely true, for, in addition to climate, the
avallable water supplies may be affected by the vegetation
and by soll facstors. Through his use of the land, man
exerts a very significant influence on both the vegetation
and the soil. As a result, he also modifies the water re-
source, but the nature and extent of this modification has
been a subject of much speculation and controversy.

Because of the lack of hydrologic data, i1t has besen im-
possible in the past to establish a sclientific basis for the
management of water as a natural resource. Currently, an
increasing demand for such information is belng made by
many publie and private interests. Industry requires a de-
pendable supply of clean water. Muniecipalities demand an
adequate, pure water supply. Many publiec and civie agencies
require information for flood control programs and power
projects. The recreation and tourist trades lean heavily

upon the nation's water resource. Fish and wildlife in-




terests are dependent upon clear, cool streams for the pro-
duction of rfish and game.

In recent years, many ambitious projects have been
inaugurated; new faotories have been built, cities have
doubled their facilities for supplying water to an increas-
ing population, sports and recreation areas have been de-
veloped--all at tremendous expense and all making tremendous
demands on the local water resources. If the water supply
is found to be adequate, clean and pure, such ventures
prosper. Unfortunately, many of these efforts have been
hampered by muddy streams and unexpected stream behavior.
When these occur, the land-use pattern of the watershed in
question is immediately examined in order to locate the
source of the difficulty. Frequently, the watershed will
not be entirely in natural forest, but will show a mixed
pattern of usage. Small areas may be farmsd, grazed or
logged. This immediately occasions much heated controversy
as to Just which area is the cause of the trouble. When
mountain farming is one of the factors which appears in a
mixed land-use pattern, the decreased value of the development
often has been attributed primarily to this practice. Just
how deleteriocus the cecultivation of small patches of stee)p
land may be has been the subject of muoch speculation.

Thousands of acres of steep forest land have been cleared
for use as oropland or pasture in the Southern Appalachians.

To farm sueh land successfully requires great skill and care. ‘




Many authorities claim that much of it should never be farmed
at all. It is common knowledge that individual farmers may
"wear out” many such mountain farms in a lifetime.

It is the lntent of this dlssertation to determine the
effects of clearing and cultivating steep forested slopes on
certalin surface runoff characteristics as well as to study
some Of the resultant biologic and edaphic changes in the
watershed.

Numerous studies have been made on cultivated and for-
ested watersheds and indirect comparisons meade therefrom.

To the writer's knowledge, however, there has been no report
in which a forested watershed has been calibrated, clearcut
and cultivated and a direct comparison made.

In this study, carried out on the Little Hurricane
Watershed on the Coweeta Hydrologic Laboratory in Macon
County, North Carolina, the forested watershed was callibrated
from 1934 to 1940. In 1940 the area was clearocut and from
1941 to date has been subjected to mountain farming typical
of the Southern Appalachian region. As nearly as possible
the land has been treated as though a mountain family lived
near the stream and tended the area to make its livelihood.

If the effects of clearing steep forest land on the
hydrologic behavior of a small watershed can be adequately
determined, it should serve as a guide to the land-use ques-

tions on larger drainages and basins.
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PAST WORK

Numerous investigations have been undertaken in many
localities throughout the country for the purpose of measur-
ing runoff and erosion. Many of these studies, however, have
been confined to ocultivated areas and others have been made
on a small plot or lysimeter scale. The literature has be-
come 80 voluminous that no attempt is made here to review it
all. Instead only selected representative projeots which pro-
vide a partiocularly pertinent background to the present study
will be cited. In no case, however, has the writer found
reference to a forested watershed being calibrated, cut-over
and put into agricultural land use.

Since 1930 the United States Department of Agriculture
has established 19 soil conservation experiment stations in-
cluding numerous cooperative projects with state Agricultural
Experiment Stations. Similarly, the Forest Service, Unlited
States Department of Agriculture maintains 14 stations where
ressarch in watershed management is curreatly being conducted.
In addition, at least nine other weatershed research centers are
conduoting studies under the jurisdiction of other federal
and state agencies including the Corps of Engineers 1in the
Department of the Army, the Weather Bureau in the Department
of Commerce, the Geological Survey in the Department of the
Interior, the Tennessee Valley Authority and the New York and
Michigan State Departments of Conservation. Following, a list
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of watershed research centers in the United States prepared

by Frank and Netboy (14) is presented.

WATERSHED RESEARCH CENTERS IN THE UNITED STATESl

(AS OF JANUARY 1, 1950)
U. S. Department of Agriculture

Forest Service (primarily in forest, brush, or range areas)
Slierra Ancha, Globe, Ariz.

San Dimas (southern California), Glendora, Calir.
Continental Divide, Fraser, Colo. (Bureau of Reclamation,
Department of Interior, oco-operating on snow-cover re-

lations phase).
Front Range, Woodland Park, Colo.
Western Slepe, Delta, Colo.
Coweeta Hydrologic Laboratary (southern Appalachian Moun-
tains), Dillard, Ga.
Boise Basin, Boise, Idaho
Buckeye, Athens, Ohilo
Delaware Basin, Bethlehem, Pa.
Central Pledmont, Union, S. C.
Great Basin, Ephraim, Utah
Wasateh, Farmington, Utah
Tallahatchie, Oxford, Miss.
Mountain State, Elkins, W. Va,

Soil Conservation Service (in agricultural areas)

Watkinsville, Ga. Coshoecton, Ohilo
Edwardsville, Il11l. Guthrie, Okla.
Lafayette, Ind. Waco, Tex.

Iowa City, Iowa
Booansboro, MA.

Blacksburg, Va.
Chatham, Va.

College Park, Md.
East Lansing, Mioh.
Hastings , Nebr.
Ithaca, N. Y.

Staunton, Va.
LaCrosse, Wis.
Fennimore, Wis.

Department of the Army and Department of Commeroce

Corps of Englineers, in co-operation with Weather Bureau
Central Sierre Snow Laboratory, Soda Springs, Cal.
Upper Columbia Snow Laboratory, Marias Pass, Mont.
Willamette Snow Laboratory, Blue River, Ore.

I¥renk, B. and A. Netboy, Water, Land and People.
Knopf, Inc., New York, 331 pp., 1950.




U. S. Department of the Interior

Geological Survey
Central New York, Albany, N. Y. (in co-operation with
New York State Department of Conservation)
Green River, Tacoma, Wash. (in co-operation with city of
Tacoma, Wash.,)

Tennessee Valley Authority
Cheastuee Creek, Athens, Tenn.
White Hollow, Norris, Tenn.
Copper Basin, Copper Hill, Tenn.
Henderson County, Tenn.

Stations at Statesville, North Carolina (5) and Watkins-
ville, Georgia (32), both on the Piedmont, are engaged 1in
cropping and erosion control measures, and measure runoff
from small plots, lysimeters and field watersheds. Included
in the studies conducted at Statesville are plots on two
wcoded watersheds. A comparison of land use practices at
the former station indicates decreasing soill losses in the
following order: fallow, continuous cotton, rotation
(cotton and corn with winter cover crops), grass, woods burned
annually and unburned woods.

In surface runoff the trends are the same except that
the burned woods area ylelds a higher percent of precipita-
tion appearing as surface runoff than does the grass area.
In the case of the fallow area, over 174 percent of the pre-
cipitation appears as surface runoff as compared with 0.7
percent for the unburned woods.

The first experimental watershed project of the Soil

Conservation Service was established near Coshocton, Ohio

y




in the Muskingum Watershed Conservancy Distriet (25, 32),
Inteasive studies are being made there on the effects of land
use and erosion-control practices on the conservation of

80il and moisture and on flood flows for LAk ocomplete water-
sheds supporting various cover types. These watersheds
_range in size from three to 4,600 acres. An anelysis of

8011 water relationships on four small watersheds at
Coshoocton was made by Dreibelbis and Post (1l1l) in 1941. A
comparison among a wooded, pastured and two cultivated
watersheds all on similar solls showed a much lower volume of
surface runoff for the wooded area. On the wooded watershed
only 0.11 ineh or 0.2 percent of the precipitation ran off
compared with 0.60 inch and l.4 percent for the pastured

area and 6.35 inches or 15.0 percent runoff for one of the
cultivated areas.

A 250 acre experimental tract near Zanesville, Ohilo,
including three gaged watersheds, was established in 1933 to
study the effect of land use on runoff and ercsion. Included
in this study is a 2.23-aere wooded watershed. For the
five-year period from 1934-1938, Borst and Woodburn (8) noted
the average soil loss from this watershed as 0.0l17 tons per
acre per year. The average annual runoff was noted as 1246
inches which amounts to approximately 0.34 percent of the
aversge annual precipitation.

Near LaCrosse, Wisconsin (17) a 160-acre tract conteins

three gaged watersheds: a pasture cleared of timber, a grazodfl
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hardwood forest and a typical ungrazed woodlot. An analysis
of eight intense starms ococurring in 1935 indicated that about
84 and 3 percent of the precipitation appeared as surface
runoff on the timbered-grazed and cleared-grazed watersheds
respectively while on the ungrazed wooded area runoff ooccurred
only twice and then in quantities so =small as to be insigni-
ficant. The same trends were indicated for soil losses from
the watersheds.

An experimental watershed project for the Blacklands
region has been established on the Brazos Drainage Basin near
Waco, Texas (32) where erosion, land use, hydrologic and
soll data are being studied on thirty watersheds. Included
in these studies are several wooded plots. An analysis of
801l losses and surface runoff indicate similar results to
those obtained at Statesville, N. C. Plots on virgin woodlot
yielded only 0.122 percent surface runoff and 0.002 tons per
acre 8301l loss compared with nearly 30 and 10 percent surface
runoff and 65 and 23 tons per acre per year s0il loss for
fallow and ocontinuous ocotton plots respectively.

A project designed to study the effects of land use and
cultural practices on surface runoff was established in 1940
jointly by the Soil Conservation Service and the Purdue
University Agricultural Experiment Station at Lafayette, Indiana
(4). Inoluded in the twenty gaged Adrainage areas ranging ia
size from two to four and ene-half acres are two wooded

watersheds. Up to 1949, however, no treatmeant of the wooded
watersheds had been attempted.




A similar study involving two small agricultural water-
sheds and one wooded watershed was initiated in 1940 by the
So0il Conservation Serviece in oeooperation with the Michigan
State College Agricultural Experiment Station near East
Lansing, Miochigan (15, 27). This project is unique in that
the majority of the installations on the two ocultivated water-
sheds are designed to record the results directly on one
master recorder and switoh panel. The primary objective of
this investigation is the study of the hydrology orf farm
lands under winter conditions of snow-cover and frozen solil.
Results of the investigations to date indicate a marked
difference in 80il losses between the wooded watershed and
the two agriocultural watersheds. Total soil losses from the
wooded watershed for a ten-year period amounted to only 64
pounds as compared with many tons from the two ocultivated
watersheds. Similar differences in surface runoff were noted
except under conditions of frozen ground and snow cover.

A commereial clearcut treatment was applied to the wooded
watershed in 1951, however, results of this treatment will
not be available for at least five years.

Experimental waterahed studies by the Forest Service,
United States Department of Agriculture, are being conducted
at six of the Forest Experiment Stations: Southeastern,

California, Southwestern, Rocky Mountain, Intermountain, and

Northeastera (32).
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At the Southeastern Station, hydrologic studies are
being made at the Bent Creek Experimental Forest near Ashe-
ville, North Caroclina, the Calhoun Experimental Forest near
Union, South Carolina, and at the Coweeta Hydrologiec Labora-
tory near Franklin, North Csesrolina. Nearly all of the water-
shed work, however, is currently beling conduoted by the
Coweeta station (30). In addition to the study covered in
this 4dissertation, research projects include the determina-
tion of the effects of the following treatments upon water
yield and water quality: (a) permanent complete removal of
all major vegetation, (b) temporary complete removal of all
major vegetation, (¢) removal of riparian vegetation, (4)
local logging practices, (e) woodland grazing, (f) removal
of understory vegetation (laurel and rhododendron), {(g)
temporary defoliation by gas, and (h) forest fires.

The results of these investigations are summarized be-~
low: (a) permanent complete removal of vegetation inereases
water yields by 17 area inches annually, (b) temporary com-
Plete removal of all major vegetation inoreases water yields
by approximately 17 inches and this inocrease becomes pro-
gressively less as the vegetal cover increases, (o) the re-
moval of riparian vegetation tends to eliminate diurnal
fluctuations in stream flow, (4) local logging practices,
particularly poorly loocated and constructed logging roads,
effect a marked increase in erosion and stream turbidity,

(e) woodland grazing brings about a marked inmorease in over-
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land storm runoff and erosion and shows that the cattle
grazed on the watershed failed to thrive (21), (f) the re-
moval of an understory of laurel and rhododendron effects
an increase in water yleld of approximately three area
inohes per year, (g) preliminary observations indiscate that
temporary defoliation of vegetation by gas may be used as
an emergency measure in extreme drought periods to reduce
transpiration and thus increase water yields and (h) no
significant change in streamflow resulted from a forest
fire, probably because the s0il under the litter layer was
very moist and new leaf growth and sprouting helped to pro-
tect the soll from rainfall impact before intense staorms
occurred.

The ma jor work center for the California Forest and
Range Experiment Station is the San Dimas Experimental Forest
near Los Angeles. Projects are under way here to study the
disposition of rainfall as influenced by watershed conditions,
including vegetation, soils, geoclogy and topography; and to
develop methods of watershed management, ineluding the treat-
ment of areas deauded by fire, to assure maximum yleld of
usable water and satisfactory regulation of flood runoff and
erosion. Installations include 17 watersheds, 18 experimen-
tal plots and 26 large lysimeters.

Forest inrlnenoos and watershed management investiga-
tions at the Southwestern Forest and Range Experiment Station

are carried out on the Sierra Ancha Experimental Forest near
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Globe, Arizona. Work projects there are designed to deter-
mine the infliuence of vegetation (forest, evergreen shrub,
and range) on stream flow, water uses, water losses, erosion
and sediment production. Gaged watersheds, plots, and
natural lysimeters are utilized. In addition to the Sierra
Ancha Experimental Forest, experimental plots are located in
representative areas throughout the Salt River Watershed.
Plot studies on range land on the Sierra Ancha station demon-
strated that ungrazed range land with good plant cover pro-
duced higher water yields and much greater soil losses than
overgrazed range with poor ground cover. (31).

Hydrologic investigations of the Rocky Mountain Forest
and'Range Experiment Station are carried out at the Fraser
Experimental Forest near Grand Lake, Colorado; the Manitou
Experimental Forest near Colorado Springs, Colorado; and at
the Western Slope Research Center near Delta, Colorado. At
the Manitou station, studies are being made on the influence
of grazing, timber cutting, and revegetation of depleted
watershed lands upon water supplies and more particularly
upon erosion and sedimentation. Experiments at the Fraser
Experimental Forest are designed to show the influence of
lodgepole pine and spruce-fir forests and of the cutting of
this timber upon the yield of water largely from stored snow.
At the Western Slope Research Center ma jor effort is devoted
to the analysis of range and watershed problems for drainage

basins of western Colorado. Small grazing and reseeding
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projects have been established and plans are being drawn for
studies of the effects of vegetation and grazing on infil-
tratioa and erosion.

At the Intermountain Forest and Range Experiment Sta-
tion (4) tests are under way to study the effects of forest,
brush and herbaceous plant cover in aatural,doplotid and
restored comdition on the iafiltration, storage, fertility,
biology and stability of forest and range land soils; to
determine land use practices for stabilizing eroding water-
shed solls and for maintaining soil stability under the im-
pact of grazing, loggiag and other wildland uses. Studies
are being coaducted on coarse, granitie socils of southwest
Jdaho; various solls on steep slopes of the Wasatch Mountains
in pnorthera Utah; and on heavy limestone soils on the Wasateh
Plateau ia central Utah.

A surfece infiltration study made on the Uinta National
Forest in Utah in 1951 indicates that infiltration rates
averaged from 5 to 50 percent lower on grazed sites than on
ungrazed areas. Storm runoff from the grazed plots ranged
from 50 to 100 percent more than on the ungrazed areas and
soil losses on the grazed plots averaged six to eight times
more than on uangrazed areas (35).

At the Northeastern Forest Experiment Station, a study
was initiated in November, 1948 on the Lehigh-Delaware Ex-
perimental Forest (28) of about 1800 aecres to detemine the
influence of the present scrub-oak cover oan runoff. After a ‘




period of ocalibration it is planned to econvert the eover
from sorub-oak to a better forest type by foreast management
and proteotion measures and to evaluate the effect of these
changes in eover oa runoff and ground water.

The earliest hydrologic investigation in this ocouatry
conocerned with the influence of forests on streamflow and run-
off was initiated in 1909 by the U. S. Forest Service and the
U. S. Weather Bureau at Wagon Wheel Gap, Colorsado. Bates
snd Heary (6) reported in 1927 that the cutting of forest
cover increased the total annual water yield, lneoreased
water yleld from snow and produced increased erosion. They
further indicated that the results were not too conoclusive
~dues to porous solls, thin original cover and prolifiec sprout-
ing of aspen.

One of the earliest investigations was that initiated by
Ramser in 1917 near Jackson, Tennessee. He worked with six
watersheds varying in size from l1l.25 to 112 aeres, five of
whieh were in mixed land use and contained forest cover
varyiag from 14k to 55 percent. Ramser reported in 1927 (24)
that forest cover has a decided influence in reduocing the rate
of rnno:r from a watershed exeept when antecedent rainfall
has been high in which case the influence is slight.

In 1932 a study was started by the Geologlcal Survey,
United States Department of Iaterior in cooporatiop with the
State of New York Conservation Department to determine the

influence of reforestation on stream flow in state forests
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in central New York. Submarginal lands were purchased and
planted to coniferous tree species. Ayer (2) reported in
1949 that up to that time practically no significant change
in runoff had been effected.

One of the most ricent reports is that of “he White
Hollow Watershed in Union County, Tennessees published by the
Tennessee Valley Authority in 1951 (29). The 1715-acre
White Hollow Watershed was set aside for watershed studies
in 1936. TFollowing acquisition, watershed management included
extensive erosion-cont:ol operations and tree planting. The
study shows the following changes in surface runoff and other
hydrologic characteristics as a result of 15 years of improve-
ment and management: (a) The improvement in forest ocover
which occurred resulted in greater watershed proteoction with-
out measurable decrease in water yield. (b) There was no
shift in the seasonal runoff pattern as a result of land-use
changes. (c¢) No measurable change took place in the total
quantity of evapo-transpiration plus other losses. Apparently,
since a greater density of vegetal cover must be supported
by greater water use through transpiration, balancing factors
were in operation. (4) Peak discharges during the summer
season were markedly reduced. Reductions in winter peak ais-
charge rates were not appreciable. (e) The greater part of
the peak discharge reduction occurred in the first two or
three years of investigations, smaller reductions contin-

uing after that time. (f) Modification of summer peak
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discharges were s0 great that the frequeney of peaks dAduring
the latter years was much less than duriag the earlier years.
(g) The time Adistribution of surface runoff was materially
changed. Surface runoff discharge was prolonged to produse

a more sustained flow. (h) Comparison of sediment records
based upon manually ocollected samples during early years with
records obtained during the past yesar (1950) by means of an
automatic sampler shows clearly that there has been a very
material reduction in sediment load during the l5-year periocd
of observatioas.

It is apparent, after a review of the literature, that a
direct comparison of the results of this study with any
previously reported is virtually impossible. Many studies
have demonstrated that watersheds or plots with undisturbed
forest cover yield less surface runoff and produces less
801l loss than grazed or bumed forests, pastures and crop-
lands. In few cases, however, have attempts been made to show
changes ia surface runoff except in terms of total surface
runoff expressed as a percent of the precipitation.

The study made in this Adissertation is unique irn that the
watershed was calibrated under forest conditions, the forest
cover was removed and lend use practices then applied. In
addition, an adjacent watershed with similar characteristios
was maintained in eontinuous rforest sover thus providing a
further eoatrol. Consequeantly, an epportunity was provided

to study more detailed changes in surface runoff.



THE COWEETA HYDROLOGIC LABORATORY

With tho recoghaition of the need for additioamal research
in watershed management came the realization also that the
seleestion of sites for such research would be complicated and
dirfiocult. Foresters, hydrologists and engineers contributed
rigid specirications which had to be fulfilled if the findings
were to be valid end of more than local significance.

Oae area which met every important requirement was a
5,600-a06re tract ia the Nantahala Mountains of westeran North
Carolina. This traet, established in 1933 by the United
States Forest Service, is now internaticnally known as the
Coweeta Hydroleogic Laboratory. Several factors oombine to
make the area ideal as a natural laboratory suitable for
fundamental hydrologic research. Rainfall is high, averag-
ing 72 inches per year, and is rather uniformly distributed
throughout the year. Because of the frequency of storms
and the uniformity of the storm pattern, it is posaible teo
obtain valid results in mueh sherter time than in an area of
less precipitation. Approximately 98 perceant of the precipi-
tation oecurs as rain se there is little snow to compliecate
the studies. Seepage losses are virtually eliminated as the
deep and porous scils of the area are derived from weathered
granite.

Topographically, this particular section 1is also ideal
in that its steep slopes and sharp ridges form natural
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boundaries for the many small drainage basins--each an in-
dependent hydrolegic unit--nesessary for research of this
type. ZElevations vary frem 2,200 to 5,200 feet within the
boundaries of the station.

Although over half of the Cowesta area was sutover
25 years before the government acequired ownership, land
use practices have altered the character of the forest it-
self very little. A dense nmixed-hardwood forest, typieal of
mueh of eastern United States, is predominant at Coweeta.
The cutover lands support second-growth forest and the re-
mainder of the land is in 0ld growth. Chestnut was formerly
the major specles but has been wiped cut by the blight. The
largest part of the forest is now in ocak-hickory. Another
15 percent is in cove harédwoods: yellow poplar and northern
red cak intermixed with hemloock along the streams. Sugar
maple, yellow birch, beech and piteoh pine oceur occasionally
at the lower elevations.

Because of the similarity of this area to many other
parts of the country and because of the favorable pattern of
precipitation, data derived from studies on the Coweeta tract
caa be applied elsewhere. Consegueantly, research coaduocted
here in water behavior and management has national as well as
regiocnal and local significance.

Figures 1, 2 and 3 give the location, drainage patieran
and individual Adrainage areas respectively of the Coweeta

Hydrologie Laboratery.
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THE LITTLE HURRICANE WATERSHED

The Little Hurricane Watershed, designated as drainage
No. 3, is loecated in the Coweeta Hydrologic Laboratory,
Macoan Couaty, North Carolina. Its location within the
Coweeta area is shown in Figure 3. The waters of Little
Hurricane Branch flow into Shope Creek and thence into
Coweeta Creek whioch is a tributary of the Little Tennessee
River.

The watershed eontains 22.79 aores and assumes the shape
of an isoseeles triangle. The aspect or exposure is essean-
tially seutheast. Figure 4 shows an overall view of the
watershed, and Figure 5, a map of the Little Hurrieane
Drainage.

Land Use History

Prior to 1857 the area was imecluded in the lands of the
Cherokee Indians and used primarily as a range for live-
stoek. In order to improve the quality of grazing the
Indians practiced spring aand fall buraning of the woods. By
eliminating the undergrowth and litter, both the Indians
and the livestoock ocould f£ind nuts and acorns more readily.
Furthermore, buraing the woods was thought to eliminate
milk-sick, an ailment of stock that evidently ceused much
concern amoag the Indians as well as the white settlers who

followed because it not only killed the stock but was con-
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Figure 4.
The Little Hurricane Watershed.
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tracted by human beings as well. It was believed that stoek
econtracted the dlisease in the dark, damp coves and that
buraing would remove the cause.

The Cherokees were removed from this section of the
country ia 1837 by the Federal Goverament and were placed
oen the Qualla Indian Reservation.

In 1835 a hurricane is reported to have levelled all the
timber in the Little Hurricane and the Hurricane drainage
adjacent to it; hence the name of the wateraheds. From
1835 to 1857 white settlers pushing into this region grazed
the drainage area to some extent and practioced semi-annual
buraing much as the Indians before them had done. In 1857
the second-growth timber on the lower ten aores of the water-
shed was cleared for farming and the area was cultivated
until 1887. This inocludes nearly all of the areas which are
now the lower pasture and abandoned cornfield. The ylelds
became 50 low that the fields were then used oaly for
grazing until 1900.

In 1901 the area was ineluded in the land purchased by
the Nantahala Company, a land speculation group. From 1901
uatil 1940 "third growth™ timber, largely of the ocak-chest-
nut ard eove hardweod types re-established itself. By 1934
the dominant trees were 18-20 inches in dlameter. The
chestaut, however, had dropped out because of the blight.

Only the best quality ocak, chestaut and yellow-poplar
was logged from the second growth forest adjoining the old



26

field in 1914. The operation was handled by the Gennette
Brothers according to the terms of the Ritter Lumber Company
which had acquired the tract in the meantime. The remaining
trees were left unharmed except for the damage occasioned
by the logging.

The U. 8. Forest Service acquired the area in 1923 and
it became a part of the Nantahala lational-ruroat. In 1934 the
drainage was included in the area set aside as the Coweeta Ex-
perimental Forest. This name was officlally changed te the
Coweeta Hydrologlie Laboratery in 1949.

After a period of standardization or ealidbration starting
in 1934, the watershed was clearcut in 1940 preparatory te
the "mountain farming™ treatment. Figure 6 shows ecutting
opcrition- by CCC enrcllees during the winter of that year.

Geology and Physiography

The Little Hurricane Watershed lies in the Blue Ridge
province of the Southeran Appalachians. The underlyimg reck
is the Arochean Carolina gneiss and schist. The thickness of
this formation, which was enormous, was greatly inoreased
by complex folding. As a result of folding and the absenoce
of open faults and fractures, there is little likelihood
that continuous channels exist which would permit the sub-
terranean escape of water through the rock.

The parent material weathers to form a relatively deep

soil mantle with bare outorops of rock appearing only on the
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Figure 6.
Clearing Operations by CCC Enrollees, 1939-1940,



28

steeper slopes at high elevations. Two small outorops
oocurring on the upper slopes of the drainage are shown in
Figure 4.

The topography of the area is steep and rugged. The
mean sea level elevations range from 2,425 feet at the base
or weir to 3,124 feet at the top. The distanscse from the
base to the top is about ene~-third mile. The land slopes
are quite steep with north-south averages 46 percent and
sast-west averages 58 percent. The mean slope for the water-
shed is 51 percent and the range is from 10 percent near the
bottom to nearly 80 percent at the head of the d4draimage.

The Arainage pattera of the Little Hurricane Braanch is
dendritie, the stream channel is V-shaped and the slopes are
eonecave, all indioatiAg the youthful stage of the stream.
The permanent stream channel is 436 feet long with a arop
of 65 feet. The average stream gradient is 14 .9 perecent.

The ground water table is only slightly less steep than
the general slope of the land surface, and at four observa-

tion wells raanges from 8 to 16 feet below the s0il surface.

clilntoz
The climate of the Coweeta area is characterized by

moderate temperatures and abundant rainfall. The mean ananual

;!lll elimatic values givea here are based on 15 years
resord at weather station ;1 (Headquarters area) Coweeta

Hydrologie Laboratery, U.S.F.S.
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temperature is 55°r. and@ the normel frost-free season ex-
tends from April 17 to October 23, a period of 189 Aaays.
The average temperature during the growing season is 65°F.
Recordings of 90°F. are rare and summer nights are cool with
minimums averaging 58°F. The three eoldest months, December,
January, and February average 39°F. Periods of c0ld weather
with temperatures below 20°F. are short in duration. The
highest and lowest recorded temperatures are 94°r. inl -15°r.
respectively. |

The average annual rainfall over the Coweeta Hydrologio
Laboratory is 77 inches. Figure 7 shows the rainfall daistri-
bution pattern for the Southern Appalachian Region and ipdi-
cates that rainfall is well-d4istributed throughout the year.
For the past 15 years, precipitation has averaged 3.2 inehes
in October, the driest month, and 7.2 inches in March, the
wettest moath. The greatest amount of rainfall is received
in the southwest portion of the area and the least in the
northeast corner. The difference between these two zones is
about 20 inches a year.

The average monthly evaporation, measured by s standard
U. 8. Weather Bureau evaporation pan, varies from 0.98 ineches
in December to 4.10 inches ian May. The average total evapora-
tioa Tfor the year is 33.56 inches, or 2.80 inches per month.

Climatic summaries indicating mean, mean maximum, mean
minimum, absolute maximum snd absolute minimum temperatures

as well as evaporation rates from a fres water surface by
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years and months are given in the Appendix. Precipitation
sumaaries are given for the Little Hurricane Watershed in

the section on hydrologic data, page 120.

Solls

The solls on the watershed are derived from Archean
granite gneiss and schist. The parent rocks weather to form
a relatively deep s0il mantle. A colluvial rill whieh is
more than 20 feet thick ocscurs on the lower portion of the
drainage. On the upper slopes the s0il mantle ranges from
5-10 feet in thiockness. Two rock outerops and evidenoce of
san 0ld landslide are present. The lower pasture land shows
the orrooti of former cultivation more noticeably than the
area recently eoropped.

Exocept for the colluvial £fill at the base of the water-
shed the s0ils are classified as Porters loam (10)3. In the
colluvial fill they are Porters loam, colluvial phase. The
surface soll of Porters loam ranges from & to 12 inches in
depth amd consists of mellow and friable brown loam. The
subsoil, to a depth of 20-28 iaches, is a red to reddish-
brown, friable and erumbly clay-loam. Below this is a reddish-
brown mixture of clay loam and disintegrated rook.

3%he eantire watershsd was mapped by Devereux et al ia
1929 as Porters stoany loam. After the examination of numerous
soil profiles throughout the area and more reesent deseriptions
of the Porters stoay loam, Porters loam and Porters loam,
eclluvial phase, it is believed that the above classifica-

tion is more nearly correct.
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Porters loam, colluvial phase, is similar in eolor to
typical Porters loam but 1s much deeper and in some places
practiocally no difference exists between the surface soil and
the subsoil. This soil ocontains a falirly high content of
roock fragments which have rolled down from the mountain sides.

According to Devereux et al (1l0) Porters loam is consi-
dered as one of the better agricultural solls of the county.
If it oceupied more favorable relief probably all of it
would be cultivated, but under existing conditions only a
small part is in such use. The mrincipel crop is corn and
yYields range from 15 to 4LO bushels per aere. Cabbage, pota-
toes, snap beans, and pumpkins 4o well also. Porters loam
is one of the good pasture-grass soils of western Noxth
Carolina. Soils of the colluvial phase are used for the pro-
duction of corn, cabbage and potatoes, and the ylelds are

sbout the same as those obtalned on typical Porters loam.

Vegetation
Previous to oclearing, the primary forest vegetation
consisted of second-growth forest of the ocak-chestanut type,
with cove-hardwood and yellow pine-hardwood types on smaller
areas. Figure 8 indicates the type map made in 1934. The
scale for the merchantable timber ocut on ten acres below the

contour trail during clearcutting operations in 19&0‘ is

%Survey By A. E. Radford amd E. D. Marshall, August, 1940.
From the files of the Coweeta Hydrologic Laboratury, USFS.
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given below (Scribner Decimal C rule with allowance for de-

feot):
Specles Board Feet

Piteh plne ;

Yellow poplar 7,750
Blaek oak 2,310
White oak L20
Chestaut 250
Basswood 590

Red oak

60
Total (141 logs) - 1'57875

To determine what herbacecus cover comes in naturally
following oclearing, an observational survey was made of the
Species were identified and
The followling

ground cover in August, 1940.
mapped aceording to relative preponderance.
species were identified:

l. Herbaceous weeds:

Cacalia atripliciifolia
Havenaria ciliaris
Viola papilionacea
Ambrosia artemisiifolia

Eupatorium purpureum
Acalypha virginieca
Oxalis strieta
Ameranthus hydridus
Setaria lutescens

Paniocum lanuginosum
Eleocharis obtusa
Scirpus strovirens
Scirpus eyperinus

Phegopteris hexagonoptera

Pteridium latiusculum
Kyllinga pumila

Ludwigia alternifolia
Bidens bipinnata

Bideas frondosa
Plantagoe major

Trautvetteria cearoclinensis-

Pale Indian plantaein

Long-spur orechis

Wood vieolet

Ragweed, hotweed,
bitterweed

Joe~-pye weed

Three-seeded morocury

Wood sorrel

Pigweed, tumbleweed

Yellow foxtail,
pigeon grass

Switoch grass

Spike rush

Green bulrush

Wool grass

Broad beech fera

Bracken fera

Dandy or thin-leaved
sedge

Seedbox (false loose-
strirfe)

Spanish needles

Beggarg tiock

Common or broad-

leaved plaatain

Tassel-rue or false
bugbane
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Cimiecurfuga racemosa - Black snakerocot, black
cochosh
Eupatorium urticaefolium - White snakercot

Robiaia pseudocacia, Sassafras varifolium, Smilax
glauca and Vitis bicolor seedlings.

Vitis bicolor-Robinia pseudoacascia sesdlings.

Liriodendron tulipifera, Coraus florida, and Acer
rubrum tridens seedlings.

Aeer rubrum tridens, Diospros virginiana, Sassafras
varifolium seedlings.

Sassafreas varifolium.

Cover herbs and seedlings of trees:
Polystichum aserostiochoides- Dagger fern
Adiantum pedatum - Maiden~hair fern
Phegopteris hexagonoptera Broad beech fera
Dryopteris noveboracensis New York fera

Sanguinarie canasdensis Bloodroot

Liriodendron tulipifera Tulip poplar, yellow
poplar

Coraus florida -~ Flowering dogwood

Rhus coppalina, Rhus typhina and herbaeeous weeds.

Oxydendrum arboreum, Robinia pseudoacacia, Carya
sp., Castanea dentata seedlings sprouts (Originslly
an oak-chestnut type).

Figure 9 shows the post-clearing vegetation map.




Figure 8.
LOC/.L FOLELST TYRES
(Monned in 1934)

Watershed No. 3 - Little furricine Brinch
Coweeta Hydrolorsic Laborntory

K58

Legend

1 ©itecl nine-scearlet oak-chestnut ork
2 &errlet onk-chertnut owk-blick otk
/L Scrrlet ouk-blick ounk-wnite otk

10 Red ouk-chestnut otk-scrrlet ock

15 Yellov. voplar-red oak-hickory

17 Yellow vopler-rea muvle-vhite otk

Scele: 1 inch = 330 feet




Figure 9.
POST CLEARING VEGETATION M/.D*

fctershed No. 3 - Little lurricane Brench
Coweetu lydrologic Laboratory

Scele: 1 inch = 330 feet

Legend

1 ‘'lerbaceous weeads

2 Robini: vnseudoacacisa, Sw.ssafras albidum, Smilex glaucs esnd Vitis
bicolor seedlings

3 Vitis bicolor and Robinia nseudoacuaciau seedlings

4 Liriodendron tulipiferw, Cornus floridas zund Acer rubrum tridens

5 Acer rubrum tridens, Diosnyros virginiuna, Sassafras albidum

6 Sassufres slbidun

7 Coverherbs, cove tree seedlings

8 Rhus copellina, Rhus typhina and herbaceous weeds

9 Oxydendrum arboreum, Robiniu pseudouciciz, Carya svn., and Castanea

dentate (originally oeck-chestnut)

* Survey mede August, 1940 by Albert E. Radford and Eugene D. Marshall.




HISTORY OF THE EXPERIMENT

Instrumentation -~ Installations

Precipitation. Precipitation or recharge to the water-
shed 1s measured by three standard rain gages, numbers 16,
20 and 67. Gages 16 and 20 have been in operation contin-
uously since July 4, 1934. Gage 67 was installed on June 9,
1940 and has been in continuous operation since that date.
Previous to the installation of gage 67, measurements from
standard rain gage 21 were also applied to the area.

Until June 9, 1940, rainfall intensities were measured
by recording rain gage 1, located on the adjacent drainage
area No. 7. Gage 10 has been used since its installation
on June 9, 1940. Recording rain gage 10 and standard rain
gage 67 are located adjacent to each other in order to provide
a check against the accuracy of the former. Figure 10 pic-

tures recording rain gage 10.

Charts are changed at least once a week on the recording
rain gage and it is completely serviced and checked at least
once sach year. The standard rain gages are read following
each storm or as nearly so as possible.

Standard rain gage data are summarized and tabulated by
months, hydrologic seasons, calendar years and hydarologie
years. Data for the three gages servicing the watershed as

well as the weighted areal precipitation is given in the

Appendix.




Figure 10.

Recording rain gage used for rainfall intensity determinations.
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To compute the total areal precipitatioan of the water-
shed, the Horton-Thiesen Means method (19) of weighting
precipitation is used. Figure 1l shows the geometric adivision
of the watershed for these calculations, as well as the loeca-
tion of the different installations. |

Precipitation intensities are computed from the reocorad-
ing raln gage charts. These data are then tabulated on
precipitation intensity records and corrected to agree with
the reading of the standard rain gage located adjacent teo
it. Since the area of the watershed is only approximately
23 aocres, a single recording rain gage is used for inteasity
determinations.

Stream flow. To measure the discharge from the water-

shed a 90-degree V-notoh weir with a 354 inch blade, similar
to that pietured in Figure 10, with a continuous water stage
recorder, was installed on July 5, 1934. The stilling basin
was 6'10" x 4L'11" x 1'5%, with wooden walls and bottom and
a log wall between the silting and stilling basins.

In oxrder to mesasure a wider range in streamflow and to
accommodate greater debris loads, antiecipated as a result
of the watershed treatment, the 90-degree V-noteh control
was replaced with a Columbus CIA deep noteh control in
December, 1939. Figure li pictures the latter stream eon-
trol. In addition, a comcrete stilling well was installed.
The -axi-nn capacity of the blade on the Columbus coatrol

is 2.500 CeB .M.
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To convert the streamflow data into usable form, the
head and time readings are taken from the water level charts
and then converted into volume values, 1. e., cubic feet
per second (¢c.f.s.) and cubic feet per second per sguare
mile (c.s.m.). For special storm studies inoches per hour is
used as well. Volume data are, as in the case of precipita-
tion data, summarized by days, months, hydrologic seasons and
years as well as by individual storms. For special starm
studies volume values are plotted over time to give the
storm hydrographs.

Water stage recorders are completely serviced and over-
hauled at least once per year. Recorder charts are changed
at least once per week and frequently following ma jor storms.

Sample calculations and recording forms for both preci-
rPitation and streamflow data are given in the Appendix.

Soll losses. In August of 1941 the concrete debris

béain shown in Figure 17 was oconastructed to measure soil
losses from the watershed. The design of the debris basin
was based upon Stokes Law of the settling velocity of parti-
cles in a liquid. The basin oconsists of three individual
basins each with rfive baffles. The basin obviously catches
all but the finest materials as svidenced by the absence
of sediment in the stream channel below the basin.

The debris basin is cleaned each spring if required or
more frequently in seasons with major stoms producing heavy

80il losses. The water is diverted around the basin from the

g
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welir spillway permitting continuous streamflow measuremsnts.
Samples of sediments from each basin and within each barffle
are taken for volume determinations. The sediment is per-
mitted to 4ry, then it is measured and removed. From the
dry weight of the samples and the volume of silt applying to
each sample an estimate is made of the dry weight of the
sediments trapped imn the basin.

Prior to the installation of the debris basin estimates
of soil losses were made from samples taken from the silting
basin.

Ground water. To study fluctuations in the ground water
surface, four wells were installed duriang the summer of
1941. Daily measurements of the water elevations in the
wells were made uatil November 1, 1942. At that time water
stage recorders were installed on wells 1 and 2. Weekly
measurements of the water levels in wells 3 and i were mde
until April 24, 1944 when, due to a shortage of funds and
labor, water level readings in these two wells were discon-

tinued.

Because of the restricted scope of this dissertation
and the time limits imposed, no attempt was made to inoclude

ground water studies.

Period of Standardization, 1934-1939
oa July 3, 193i4 a 90-degree V-noteh stream eontrol was
put iato operation along with two standard rain gages
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(16 and 20). PFigure 12 pictures a 90-degree V-noteoh weir
similar to that originally inatalled on this watershed. A
recording rainlgago of the float type (1) and another standard
rain gage (21) were installed on October 18 in the adjoining
drainage (Hurricane or area No. 7). A survey of the area
was made during the summer of 1934.
 on August 3, 1939 the V-notch weir was removed and on

Desember 20, 1939 a modified Columbus type l-A deep-noteh
ltrotlzoontrol was installed in order to measure a greater
range of flows and to accommodate greater debris loads.

The maximum rate of runoff measured before clearing was
110 o.s.m. following a raim of 4.67 inoches in November of
1938. The maximum intensity of this rain was 2.12 ineches
pPer hour. |

Before clearing, the rate of sediment movement, based

on accumulation in the welr pond, was 914 pounds per day.

Clearing Operations, 1940

Logeging and clearing operations were started in Novem-
ber, 1939 and were completed in July, 1940. Figures 6 and
13 show the watershed in two stages of oclearing. The mer-
chantable timber on the area below the contour trall was
s0ld to a local firm and logged to simulate local practioces.
The balance of the watershed was cleared by CCC enrolees.
On the lower portiom, stumps over 16 inches in dlameter were

pulled and the brush was piled and burned around the larger




Figure 12.

o
90 V-notch welr installation on Coweeta Watershed No. 1,
similar to that originally installed on Watershed No. 3.




Figure 13.
Clearing operations nearly complete, spring 1940.
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stumps which remained. On the upper portion the trees were
cut and the slash scattered over the ground to form a mulch.
About two acres of the area above the contour trail was
burned over by a forest fire which occurred om July 2, 1940.

A recording rain gage (No. 10) eand a standard rain
gage (No. 67) were installed near the center of the drainage
area on June 19, 1940.

Mountain Farming Treatment, 1941-1951 |

1941l. In the spring of 1941 an area of 5.6 acres was
Plowed using a bull tongue or single foot plow. Figures
14 and 15 show the cornfield during and following plowing.
The field was planted to Hickory King corn with no fertili-
zer used. It was cultivated by hoe during May and June and
the crop of 1322 bushels was harvested in November.

A concrete debris basin was put into operation on
August 28 and four ground-water wells were installed during
the summer. 8Soil mantle depths were measured on cross-
drainage lines and volume soll samples were taken from eight
selected pits. Figures 14 and 15 give views of the Columbus
CIA deep notch weir as well as the concrete debris basin.

1942. The field was plowed agaln with the single foot
plow in 1942 and Hickory King ocorn planted. Because of a
wet summer the corn was worked only once. Windstorms blew

down much of the corn. The yield was 84 bushels or 15.3
bushels per acre. The watershed was fenoced during the summer

with stook fence and a hog-proof fence was put up around the

coranfrfield.

‘



Figure 14.

Plowing cornfield for first crop of corn, April 1940.



Figure 15.

Cornrield in foreground, following plowing
with bull tongue or single-foot plow.

m{%‘
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Of the 17 acres outside the cornfield about 10 acres
was too rough or brushy for pasture and was permitted to grow
up into coppice forest. One hundred pounds of Cherokee
pasture seed mix was sown on the remaining 12 acres. Compe-
tition from trees and shrubs prevented a good catch of grass.

Cattle were alternated between this pasture and the
adjacent wooded watershed (No. 7). In all there were 336
animal days of grazing on watershed No. 3. Herbaceous vege-
tation was estimated to be 80 percent utilized by September
21 and evidence of trampling was conspicuous.

1943. The debris basin was cleaned on May 28. This was
the first measurement of the erocded mmterial trapped by the
debris basin since it was placed in operation on August 28,
1941. Water was diverted around the basin on May 4 and by
May 28 the material had 4dried so that 1t could be shoveled
out. Before cleaning, 200 C.C. samples were collected from
each barffle and the total volumes of silt measured. From the
dry weight of these samples and the volume of silt applying
to each sample, an estimate was made for the dry weight of
the silt trapped 1n.the basins. A total of 437 eubic feet
or 13,928 pounds of 4ry solil material was removed. Pro-
rated over the period from August 28, 1941 to May 4, 1943,
the soil losses amounted to 22.7 pounds per day.

The cornfield was again plowed and this year planted to
Golden Prolific corn. The corn grew well except on the red

clay "scalds™ on the ridges of the portion below the recording




50

rain gage. The corn on the steepest slopes suffered from
washing during thunder storms. The corn yield was 14.6
bushels per aecre.

On pasture, eight animals were grazed for 67 days. The
sprouts bdelow the contour trall were ocut baek in August.

The portien belew the recording rain gage was picked almest
elean but spreoeut growth oa the oxtroin upper slepes was un-
touehed. Oae hundred pounds of a mixture of Italian Rye
grass and Red Tep were sown over the pasture ian Mareh.

The season of 1943 was marked by abundant rainfall in
early summer. Particularly important were very intense thunder.
storms ocococurring duriang June and July. The first notable
washing of the field occurred oan June 13 when 1.10 inches of
rain fell, largely within a 25 minute periocd. This rain fell
at a rate of approximately 5 inches per hour for a five min-
ute iaterval and 4 inches per hour for a ten minute period.
On June li another storm almost ideatical ia rates aad amount
occurred. As evidenced in Figures 18 and 19 these two storms
removed large volumes of 30il from the field. The weir basin
was completely ochoked but records of peak Adischarge were
obtained. Less severe thunderstorms were ecommon in the
following days. Another very severe storm oeourred on July 5
after five days of light showers. This rain agein caused

great erosioan and gave the highest peak discharge recoarded

for this area.



Pigure 16.

Columbus CIA deep notch weir.
(Debris carried down by storm of June 16, 1949)
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Figure 17.

Concrete debris basin and Columbus deep notch control.




Figure 18.

View of welr and ponding basin
after storms of June 13 and 14, 1943.
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The erosion and dAischarge of Area 3 for these storms
was greatly in exeess of that for any other Coweeta area.

The great acocumulation of silt and debris made it impossible
to secure completely satisfactory resords for the falling
stages of the stream discharge. However, the risiang and
peak stages were obtained.

As a result of the erosion which teok place Aduring June
amd July, the debdbris basia was again ecleaned out oa Septem-
ber 15-17. The water was diverted on September 8. The resulta
indicated the enormous inerease in erosion in 1943, -howing
801l losses amounting to 1732 cuble feet or a total of 79,058
pounds for the period from May 28 to September 8. This amounts
to 627 pounds per day.

Because of reduetion in personnel it was not possible to
eoatinue daily observations of the well elevations. After
November 1, 1942 the depth to ground water was measured
weekly. Water stage recorders, however, were installed on
wells 3-1 amd 3-2.

1944 . The coranfield was permitted to grew up into weeds
and shrubs due to laek of funds and labor. Cattle, however,

were excluded from it.
A 4rift fence was built just below and to the right of the

recording rain gage to eontrol graziang aad prevent conceantra-
tion on the lower portion of the pasture. Cattle were
alternated betweea the two portions (designated upper and
lower pastures). Five hsad of cattle were kept eontinuously

en the area from May 8 to September 22 for a total of 685
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animal days. Nearly all available forage was consumed in the
lower pasture and the soil surface was severely trempled and
compacted. The remaining perennial herbaceous vegetation

was eonsiderably reduced by frost-heaving the following winter.

On the coranfield the most abundant weedy species which
becams eostablished were ragweed and cinquefoil. Blackberries
were abundant along the fease line. Seedlings and sprouts
of leocust and yellow poplar also became established. Only
on the “"scalds™ and in the washes formed in 1943 was any
s0il washing observed.

Weekly readings of the water level in the observational
wells 3-3 and 3-4 were disecontinued April 24.

1945. Cultivation of a eorn ocrop was postponed for ano-
ther season because of shortage of funds and labor. The
shrubs and woody growth which came in on the area in 194k
continued to develop since livestoock again were excluded.
This cover apparently afforded considerable protection
against s0il washing as none was noted en the area itself and
very little silt was transported into the stream echannels.
The "scalds™ which developed AQuring cultivation were still
quite apparent but showed some evidence of healing.

1946. On April 16 the debris basin was again cleaned.
This measurement applied to the period of September 8, 1943
to April 16, 1946, Auring whieh the field was not in cultiva-
tion. The net volume of the sediment was 971 cubic feet and
the 4ry weight was k4,185 peunds. TFor the 952-day period




Figure 19.

View of lower portion of coranfield
after storms of June 13 and 14, 1943.
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this is a rate of accumulation in the basin of 37 pounds per
day.

The cornfield was cleared of weeds and woody vegetatien
and plowed again. Hybrid U. S. 13 yellow corn was planted
without fertilizer. Figure 20 shows brush burning and plow-
ing in April of 1946. The harvest was 65 bushels or 11.6
bushels per aore. This corn was apparently poorly adapted
to the area. Deer aand grouad hogs took a heavy toll of the
oreop, also. Figure 21 pictures the cornfield and lower
pasture in September, 1946.

The Tence between Areas 3 and 7 was opened and the sattle
were alternated between the upper pasture of Watershed 3 and
all of No. 7. There was a total of 1,377 days of grazing oan
both areas. Observations indicated that two-thirds of the
use was oh Area 3 and 85 percent of the food came from that
area.

On May 7, one hundred pounds of lespedeza seed were sown
on the lower pasture and the upper pasture below the contour
trail. The extremely 4ry weather in August apparently elimina-
ted most of the seedlings established from this planting.

No intense thunderstorms ocourred on the area and no

severe 301l washing was observed.

1947 . The debris basin was ocleaned in April to deter-
mine soil losses during erop year 1946. The total net volume
of sediment was 383 cubic feet with a dry weight of 13,507

pousds. The average dally sediment accumulation was 37
pounds per day. .



440594

Figure 20.

Brush burning and plowing in preparation
for fourth corn crop, April 1946.
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Figure 21.
View of watershed in September 1946.
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During this year, the lower slopes of the cornfield
were plowed with a hillside turning plow and the upper slopes
with a single foot. Fertilizer was used for the first time.
The total amount used was 800 pounds of 4-10-4. Hiokeory
King corn was planted again and the yield was 90 bushels or
16 bushels per acre.

Three head of ocattle were kept continuocusly on the
watershed pasture area from May 26 to September 29 fer a
total of 588 days of grazing. Woody sprouts were cut back
in Pebruary on the lower pasture.

1948. The sediment ia the debdris basin was measured oa
April 13, 1948. This measurement applied to the periocd
starting oa April 2, 1947. The basin held 426 cubic feet of
material which had an estimated Ary weight of 16,186 pounds
representing a so0il loss ef 42 pounds per day.

The cornfield was again plowed, this year with two
one-horse side-hill turaing plows and planted to Hiekeory
King corn; 800 pounds of 4-10-6 fertilizer were applied as
evenly as possible.

After the corn was planted, a very d4dry period prevalled
uatil the latter part of June. The corn, however, made good
growth and at no time 4did the leaves indicate that the orop
was suffering from insuffieient moisture. The total yleld
of 80.6 bushels or li.k bushels per acre is lower than that
of 1947 even though this was a bumper corn orop year elsewhere
in this area. Figure 22 shows the harvesting of the 1948 eora

erop.




Figure 22.
Harvesting 1948 corn orop, yleld 1li.4 bushels per acre.
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An average of four head of cattle grazed continuously
on the two pastures and were givea supplemental feed the
last two weeks on the area.

The storm produoing the maximum discharge for the year
occurred oa August 2 when a peak of 1lil c.s.m. was recorded.
The hydrograph reflected every burst of precipitation by
having sharp rises, peaks and recessions, indicating the
sensitivity of the watershead.

Overland flow from the corn rield to the oreek occurred
July 12, August 2, November 19 and November 29. Observations
made during the above and other storm periods indicated that
most of the turbidity increase came from the cattle paths
loeated near the center of the watershed. The good weed
cover that became established after the laast cultivation of
the coranfield in July apparently kept the soll from being
displaced at a rapid rate.

Exploratory infiltrometer ring tests indicated the in-
flueace of trampling on the pastured portion of the watershed
when it took 2 area inches of water 20-30 ldauio. to seepy
into the soil.

On December 10 a thermograph, with one thermocouple in
the stream and one in the air, was installed 10 feet above
the log eoping at the approach end of the ponding basin.

1949. A cleaaing of the debris basin was made April 8
before planting and agaia following the July 10 storm. Soil
losses amounted to 32,879 and 185,875 pounds respectively or
91 and 1,998 pounds per day.
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The cornfield was again cultivated in 1949. Hiockory
King corn was planted and fertilizer applied for the thirad
time. The soil displacement that had taken place since
clearing had exposed large numbers of rocks which sccumulated
on the surface. Fourteen truockloads of medium-sized rock
equalling 21 toas were removed.

After the corn was planted in April, numerous intense
storms occurred that rilled the soil. The 67 perceant above
normal raiafall kept the ground very wet. TFollowing a sterm
of May 22, replanting of some areas of the rfield was necessary
in order to get a stand of corn. Rilling of the steeper
portions after the May 22 and 30 storms extended several
inehes below the plow line and a cultivation whiech followed
was not able to obliterate the rills. Figures 23 and 24 show
the cornfield following the May 22 storm.

The yield of one bushel per acre is in line with ylelds
along the Little Tennessee River whieh were one-sixth to
one~-tenth of those of 1948. TFigure 25 summarizes the ecoran
yields for the seven years of record.

An average of four cattle grazed continuously oan the
pasture areas from May 9 to October 10 and were rotated by
two week intervals between the upper and lower pastures.

The animals were given supplemental feeding after August 1.

Several severe storms ceccurred on Watershed No. 3 during

this year. The outstanding storm was that of July 10 whea
a record peek of 1,850 ¢.s.m. was recorded. It is estimated




Figure 23.

Appearance of cornfield following May 22, 1949 storm.



Figure 24.
Rilling in cornfield following storm of May 22, 1949.




Figure 25.
SUMMARY OF CORN YIELDS, 1941-1949

Watershed No. 3
Coweeta Hydrologic Lsboratory

Pertiliser Applied 145 #/A

Yield

in 1

bushels
per
acre

1941 1942 1943 1947 1948 1949
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that 76 tons of soil and debris came off the drainage in

30 to 40 minutes during this storm. Figures 26, 27 and 28
Picture the debris and sediment carried down by this storm.
Fifteen storms were reported with flows greater than 15 c.s.m.
during the year.

Overland flow from the coranfield to the ereek cocourred
during all major storm pericds. Observations during storm
periods imdiocated that highly turbid water flowed through
the coranrield gate and into the main channel. Two gullies
were formed in the two anatural swales during the May 22
storm and were enlarged during the June 16 and July 10
storms to a length of several hundred feet and a width of
4 feot with holes up to 15 imnches deep. Overland flow with
water running down these gullies into the permanent channel
oscurred during each followiag major storm. Observations
agein this year indicated that most of the turbidli ty, during
all but the major storm periods, came from the cattle paths
located near the center of the watershed.

A surface infiltration study was made in July. The
stream and air temperature thermograph, installed in Decen-
ber, 1948, was operated all year and discontinued on Decem-
ber 31, 1949. Stream profile surveys made in July from the
confluence with Shope Creek indicated considerable variation

in temperature along open stream beds, due to shading by

forest and brush.




Figure 26.

Rock deposit in ponding basin carried down by storm
of July 10, 1949. Note inlet to stilling well kept clean
in order to get record of runoff.




FPigure 27.

Rock and soil moved in July 10, 1949 storm.



Figure 28.
Sediment carried into debris basin by storm of July 10, 1949.
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1950. Oa April 8 of this year the debris basin was
again cleamned showing socil lesses from July 13, 1949 to
April 10, 1950 as 42,330 peunds or 156 pounds per day.

The eultivasien ot oora ia the field was dissontinued.
The origml objeetive was teo eropy tu.- steed land in
accordaaes with Prevalliag meuatain agrieulsursl 3rnct1ces,
oontinnlli‘ﬁhpgcgn’?ilc ultil yioll.'wcrb delow: those on
other ow ﬁou- in this sestion. .

In 11.! of Qllt:l.vation and ereoppiag, the area, along
with the mcr .nl ‘Ldwer m-tm-. was grazed uader a rota-
tiaocnal m nynm ; Bctoro gresing -tartod oA the
sbandoned-£16¥4'a eurfess safiltration study (10 inch oylin-
der tut) no mtuha ever ths nnuro eultivated area and
this was rp’.t?od aftor oach )oriol of retational grazing.
The totql“rasins nlc qr‘tﬂi:'ltorlhol for 1950 eonsisted of
881 aniui ”;q.. 'zho ‘eattle were poriuiun.y retated be-
tween the )mn’t )ut\\r-: and tu ela nrnt.lou.

rignro 29 plotu-ol oae d the nl.un u tho abandoned

cornfield aleag with the voluateer vmatm#l Ansu't. 1950.

1951. On April 11 the debris basin was cleaned and
yielded 21,361 pounds of sediment. This is an acocumulation
of 85 pounds per day for the period beginning April 8, 1950.

Both pastures and the abandoned cornfield were grazed
on a rotational grazing system.

A vegetation survey was made of the entire watershed on

August 6. During August, the shrubs, weeds and tree sprouts



Pigure 29.

Gully in abandoned cornfield, August 1950.
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were ocut back, stacked and burned in an effort to improve
the pasture conditions.

The maximum flood peak for the season to September 1
occurred on July 15 when a peak of 126 c.s.m. was recorded
following a brief, intense thnndorltorh. Overland flow was
observed in the abandoned cornfield and particularly in the
lower portion of the lower pasture during several storms
- producing flows of less than 5 c.s.m.

Figure 30 shows the control plots established ia the
abandoned coranfield as well as stacks of brush cut off the
0ld eornfield. Some of the trees in the right foregrouad
had attained heights of seven feet since the field had beea
abandoned ia 1949.

Infiltration ring studies were continued oa the o0la

cornfield as well as on the other segments of the watershed.




Figure 30.

Fenced control plots in abandoned cornfield, August 1951.
Note stacks of brush cut in an attempt to improve the grass cover.



CHANGES IN SOME BIOLOGIC AND EDAPHIC CHARACTERISTICS
OF THE WATERSHED AS A RESULT OF LAND USE

Vegetation Changes

To observe the changes in the vegetal cover on the water-
shed brought about by forest cutting and mountain farming
treatment, a vegetative survey was made on August 6, 1951.
Due to the heterogeneous mixing of the species through the
area, no attempt was made to construct a type map. In lieu
of a type map, the vegetation was observed and identifled
and its relative abundance was noted according to the differ-
ent land use elements. Figure 31 indicates the different
land uses in 1951.

Coppice Forest. In Figure 31 two areas of coppice
forest are noted. Coppice forest "A" was cut in 1939-1940
and has not been cut back or sprouted. Copplce forest "B™
was cut at the same time but was sprouted back in 1941.

The forest and herbaceous cover of the two coppice areas

was 80 similar in size, density and species composition

that they were treated as one. Since a large portion of

the tree stems were of sprout origin the area was classified
as coppice rorest.

Except along the ridges, the forest cover was so
dense that a ground cover of shrubby and herbaceous
vegetation was almost excluded. Along the ridges and

in a Tew openings, greenbrier and wild grape



Figure 3l.
Land Use Complexes, 1951

Little Hurricane Watershed
Coweeta Hydrologic laborstory
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were still abundant. On the slopes, however, these species
were much leass common although plant remains indicated that
they had been quite abundant there until a few years before.

As imdicated above, species were so mixed that no
attempt was made to make a type map. All species listed
below with the exception of blackjack eak and eastern hem-
loek ocourred throughout the two coppice areas. Blackjack
oak was fouand oaly on the ridges and one hemloock was found
Just above the contour trail ia coppice area "B™. Aleong the
ridges, piteh pine, white cak and chinquapin were more
common and tulip poplar less abundant than on the lower
slopes.

Rhodoedendron and mountain laurel oceurred rather
commonly neear the ridges and to a lesser degree on the slopes.
In the adjacent undisturbed forest areas a moderate under-
story of these species occeurs. Rhododendron and laurel
appear to be slow in re-establishing themselves.

The deminant trees were approximately 3 to 3.5 inches
in 4.b.A. and 12-1l5 feet in height. The forest tree species
as well as the shrubby and herbacecus vegetatioen observed

along with their relative abundance are listed below:

Forest Tree 822010.5
Tulip poplar ILiriodendron tulipifera L. Abundant
Dogwood Coranus florida L.

SAIl solentific Remes from Gray's Manual of Bomg%!,
Eighth Edition, edited by M. L. Fermid, rican Book Com-
pany, N. Y. 1632 pp. 1950.




Sweet hickory
Chestnut

Red Maple
Northera red ocak
Black lecust
Pitch pine
Persimmon
Sassafras
Sourwood
Chestaut ocak
Blaek jack oak
Searlet ocak
Black oak
Chinquapin
Yellow bireh
Bitteraut hiekery
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Carya glabra Mill.

Castanea dentata (Iarah.) Borkh.

Acer rubrum tridens Wood.

Querocus rubra var. borealis (Miehx.f) Farw.
Robinia pseudoacacia L.

Piaus rigida Mill.

Diospyres virginTana L.
Sassafras albldum (Nuft.) Nees.
Oxydendrum arboreum . .
Quereus prinus L.

Quercus marylandioca Mueach.
Quercus coccinea Musheh.
Quercus velutina Iam.

Castanea pumila (!.! Mill.
Betula lutes Miehx.f. Moderately Common
Carya oorairom .) XK. Kosh

Common

Wild plum Prunus amerieana Marsh.

Hawthora or thoraapple Crataegus sp. L.

White ocak Quercus alba L.

Staghoran sumae Rhus typhina I.

Spieebush Benzoin aestivale (L.) Nees.

Bastern hemloeck Tsuga canadensis (L. arr. Rare
Shrubby and Herbasceous Vegetation

Blackberry Rubus sp. L. Common

Highbush blueberry
Mouatain laurel
Rhododendron
Wild grape
Greeabrier
Rattlesnake weed
Wood Sorrel
Maidenhair fern
Bracken fera
Trillium

Star flower
Ox-eye daisy

Daisy fleabane
Yellowfringed orchis
Lopseed

Wood violet

Vasoinium atrooccum (Gray) Heller
Kalmia latifoelia L.
Rhedodo:dron I;:llﬂl‘k.
Vitis bicolor %onto.
Smilax glauea .
Hieracium venosum L.
Oxalis stricta L.q
Adiantum pedatum L.
Pteris aquilisa L.
Trillium erectum L.
Trientalis borealls L.
Chrysanthemum leucanthemum var.
pinnatifidum Lecoq and Lamotte
Erigeron sp. L. A
Habenaria oilTaris (L.) R. Br.
Phryma leptostacha L.
Viola papilionaceas Pursh.

Moderately Common

Rare
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Pastures. The vegetation of the upper and lower pas-
tures and of the 0ld ocoranfield is quite similar. The vege-
tal cover observed, along with its relative abundance in
both the abandoned corafield and the two pastures is listed
below. There is no apparent relationship to the vegetative
types mapped in 1940. Nearly all species listed occur through-
out the three areas.

Tree seedlings and sprouts observed in 1951 whioch were
not indicated in the 1940 survey include hawthorn, swamp
willow, yellow oak, blackjack oak, green ash, spicébu-h,
yellow birch, black walnut and butternut. The black walnut
and butternut were probably carried into the area by squirrels
or groundhogs. All species observed in 1940, however, were
present on the area in 1951.

A much more marked change took place in the shrubdy
and herbaceous vegetation. Of those species observed in
1940 only nine were found in 1951: switch grass, broad-
leaved plantain, Joe-pye weed, ragweed, wood sorrel, spike
rush, green bulrush, wool grass and yellow foxtail. On the
other hand, a total of thirty-three species were identirfied
which were not listed as preseant in 1940. It is signirfi-
cant, too, that many of these invading species, such as
yarrow, smartweed, mullein, Canada thistle, nettle and
purslane are usually assoceliated with land abuse.

Abandoned Cornfield. As indicated previously, the
species composition of the abandoned cornfield is virtually
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the same as that of the two pastures even though it had

been only two years since the area was cultivated. The
vegetation density of the abandoned cornfield as well as

of the two pasture areas varies from practically zero on
several of the "scald” areas to about thirty to forty percent
grouand cover on the best areas.

The two control plots indicated in Figure 31 were
fenced off in 1949 following the harvest of the last corn
orop. Cattle have been excluded from these two plots and
they have not been sprouted back. The vegetation here is
nearly the same as that of the cornfield in species compo-
sition. In the lower plot (No. 1) blackberry and wila
strawberry are the two most abundant species. The ground
cover in this plot is nearly camplete but in spots consists
80lely of wild strawberry. 1In the upper plot (No. 2) the
same species are represented but the ground cover varies
from 65 to 80 percent. It is apparent that in both pPlots
tree species will soon take over. Numerous stems, particu-

larly in the lower plot, are over 6 feet in height.

Shrubby and Herbaceous Vegetation

Species Abundance®*
Common Name Scientific Name Cornfield Pastures
Blackberry Rubus sp. L. VA VA
Mullein Verbasoum thapsus L. A C
¥lsgend for specles abundance:
VA - Very abundant C - Common
A - Abundant R - Rare

MC - Moderately common Abs - Absent



Yarrow
Strawberry
Wild grape

Horsemint
Crab grass
Switch grass
Red baneberry
Canada thistle

Greenbrier
Broad-leaved
plantain
Ox-eye daisy

Pokeberry
Boneset

leafcup
Gentian
Star grass
Selfheal
Tick trefoil

Joe-pye weed
Smartweed
Ragweed
Horse nettle
White clover

St. Johns wart
Beggars lice

False pennyroyal
Evening primrose

Wood sorrel

Lopseed
Spike rush

Green bulrush
Wool grass
Yellow foxtail

Mountain laurel
Agrimony
Purslane
Yellow-fringed
orchis
Partridge pea

Achilles milliforium L. C
Fragaria virginiana Duchesne. VA
Vitis bicolor Le Conte. c

Monarda punotata L. Cc
Digitaria sp. Beiot. A
Panieum sp. L.

MC
Actaea rubra Ait. Willd. Abs
Circium arvense oOp. Abs
Smilax glauca Walt. A
Plantago major L. C

Chrysanthemum leucanthumum
var. pinnetifidum

Lecoq & Lemotte.
Phytolacoca decandra L.
Eupatorium perfoliatum L.
Polymnia uvedalia L.
Sabaties angularis {L.) Pur
Hypoxias hirsuta (L. ov e.
Prunella vulgaris

Desmodium panlculdfhn (L.)DC.

oo ol

B
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BEupatorium purpureum L.
Persiocaria hydropoper L.
Ambrosia artemisiifolia L.
Solanum carolinense L.
Trifolium repend L.

Pypericum perforatum L.
Lappula virginiana (L.)G
Isanthus brachiatus (L.
Qenothera biennis L.
Oxalis striota L.

3
:
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Phryma leptostachya L.
Eleocharis obtusa

(willd.) Schultes
Scirpus sp.

ommon alo

o)
-

Q b HOaQQ apa

gﬁﬁ aQaQ
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stream

Abundant along stream
Common along stream

Scirpus oyporinua (L.)Kunth. Common along stream
Setaria lutescens Welge MC

Kalmia latifolia L. Abs
Agrimonia sp. L. MC
Portulaca oleracea L. MC

Habenaria ciliaris (L.)R.Br. Abs
Cassia fasciculata lIE%iT_- VA

»5 BwE B
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Forest Tree Seedlings and Sprouts

Species Abundanoce
Common Name Sclentific Name Cornfield Pastures
Black locust Robinia pseudoacacia L. VA A
Staghorn sumac Rhus typhina L. VA VA
Tulip poplar Liriodendron tulipifera L. VA VA
Persimmon Diospyros virginiana L. A C
Sassafras Sassafras albidum (Nutt.) Nees. A A
Dwarf sumac Rhus ocoppalina L. C Cc
Northern red oak Quercus rubra var. borealis
(neh. fo NQ.B. A c
Hawthora Crataegus sp. L. MC MC
Dogwood Cornus florida L. A A
Sweet Hiekory Carya glabra Mill. C MC
Green ash Fraxinus pennsylvanica var, |
subintegerrima (Vahl.) Fern. MC R |
Swamp willow Salix sp. L. Along stream channels
Piteh pine Pinus rigida Mill. MC c
Chestanut or , |
yellow oak Quercus prinus L. MC R
Spleebush Benzoin aestivele (L.) Nees. MC MC
Chestanut Castanea dentata (Marsh.)Borkh. c MC
Yellow birch Betula lutes Michx.F. MC Abs
Red maple Acer rubra tridens Wood. MC MC
Black walnut Juglans nigra L. R R
Butteraut Juglans cinera L. R R
Scarlet oak Quercus cococinea Muench. MC MC ‘
White ocak Quercus alba L. R R |
Black jaek oak Quercus marylandica Muenoch. MC MC
Black oak Quercus velutina Lam. R R

Trout Habitat
As a result of the mountain farming treatment, the
Little Hurricane Branch was changed considerably as a trout
stream. Trout are known to be able to withstand a wide

range of acidity, alkelinity and ocarbon dioxide tension.
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They are, however, quite sensitive to changes in turbidity,
sedimentation and stream temperatures.

Turbidity tests comparing the water of the Little
Hurriecame Branch with that of Bee Branch, from a forested
watershed, were made from 1946 to 1950. The results of
these tests are showa in Table I on the following page which
shows the average monthly turbidity values in parts per
millien for the two streams. The U. S. Public Health Ser-
vice Standard for turbidity for potable water is tea parts
per millioa. From the results of this study it is apparent
that the waters of the Little Hurricane Branch fall below
this staadard from April to October inclusive.

The inereased sediment load earried by the Little
Hurricane Branoch following forest ocutting and treatment is
showa in Table III.

Trout are especially sensitive to thermal fluctuations
in their environmeant, particularly when these changes osocur
near thelr upper limit of tolerance. Needham's (23) "Ideal
and Maximum Temperature Limits for Trout® aro'givon below.

TABIE I1I

IDEAL AND IHI%IUIIIEHEKRLTURES FOR TROUT
AFTER NEEDHAM
o2 em- Maximum Tem-

Species perature ia perature in

degrees F. degrees ¥.
Rainbew (Salmo gairdnerili) 70-80 83
Rastera Brook (Salveliaus fontinalis) 66 75

Brown or Loch Levea (Salmo trutta) 70-80 8l




TABIZ I

COMPARISON OF TURBIDITY VALUES IN PARTS FER MILLION
JROM A FOREST AND A MOUNTAIN FARM STREAM

Coweeta No. 3 - Little Hurricane Branch, Mountaia Fara Stream

Yoar Jan. Peb. March Apr. May June July Aug. Sept. Oot. Nov. Des.

1947 8 9 17 16 20 13 12 10 12 6
1948 5 5 8 18 28 26 23 13 20 1 10 6
1949 14 6 5 11 10 16 22 11 17 1l 6 é
1950 6 h b 1 23

Average 8 5 6 12 19 19 2 12 16 12 9 6

Coweeta No. 34 - Bee Branech, Forest Strean

1946 6 6 2 3

1947 3 5 7 5 8 5 16 2 3 2
1948 2 1 2 1 3 5 8 5 6 b

19,9 3 3 3 3 5 5 7 k 3 b 5 3
1950 & b 3 5 10

Average 3 3 3 b 6 5 7 b 7 3 b 2

18



85

During 1948-1949, a stream temperature study was eondue-
ted by Greene (16) at the Coweeta Hydrologioc Laboratory inm
whioch the Little Hurricane Braneh was ocompared with a stream
from a forested watershed. The results of this study are
summarized in Figure 32.

Prier to the treatment of the watershed, loeal inhabi-
tants had observed the presence of trout in the stream. Ia
1951, however, no trout were seen by the writer, nor were
there any reports of trout haviag been observed by persoanel
of the laboratory within the past few years.

It appears evident then that the changes in sedimenta-
tion, stream turbidity and stream temperature brought about
by the ecutting of the forest and the -ub.oqn.nf mountain
farming treatment, have virtually rendered the Little Hurri-

sane Braneh barren as a habitat for trout.

Edaphie Changes

Many factors, such as climate, vegetation density, type
of vegestation, slepe, geoclogic substrata, land use prastioces
and the physical characteristics of the soil combine to de-
termine the stream flow characteristios for a given water-
shed. The amount of precipitation that goes into stream-
flow is to a large degree determined by the physical preper-
ties of the soil. The characteristios of the plow layer of
the soll is stroagly influenced by the vegetation it supports.
Yor this reason, any practices whieh change the nature of
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Weekly meximum temverctures for the ferm and
forest stream. (ufter Greene)
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the vegetation may in turn bring about changes in the phy-
siecal characteristios of the surface s0il and consequently
in streamflow.

As a result of the treatment applied to the watershed,
the natural equilibrium among the vegetation, the soil and
surface runoff would necessarily have suffered dynamic
changes. Consequently, a study of the changes in surface
runoff eharaceteristies would be incomplete without an in-
vestigation of the changes in the physical characteristics
of the surface sell.

One of the most obvious expressions of solil changes
is in the degree of s80il erosion or in the determination of
801l losses following the treatment of the watershed.
Measurements of the soil losses from the watershed have
been made since the initiation of the project and are
summarized in this seetion.

Another measure used to determine gross changes in
s80il characteristioecs, particularly as they affect water
relations, is that of changes in their infiltration rates.
Exploratory tests on infiltration were made using the oylin-
der ring test method in 1949 and 1950 and are summarized in
the following pages. Duriang the summer of 1951 a large
scale infiltration study of the entire watershed was imitia-
ted. The results of this investigatioa, however, will not

be availadble for several seasons.
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In order to determine more detailed changes in the phy-
sical charaeteristios of the surface soil, soil core and
sack samples were colleoted for analysis. Cylindriocal
oores three inches in diameter by three inches long and
approximately one-pint sack samples were colleocted from the
0-3 and 3-6 ineh layers from six sites. Pive samples were
eollected from each of the following sites from both layers;
undisturbed forest (from eontrol plots in adjscent water-
shed, same soil type), coppice forest, upper pasture, lower
pasture, abandoned coranfield and contrel plets within the
0ld cornfield. The sampling plots were randomly selected
from numbered grid oross-sections execept from the control
Plots in both the undisturbed forest and the abandoned
cornfield. The latter were stratified at right angles to
the coantour.

From the sack samples mechaniocal analyses and organic
matter determinations were made. The core samples were
used to mesasure permeability, capillary, non-capillary,
total porosity, volume weight and aggregate analyses. The
results of these various determinations are preseated in
the following pages.

Solil lLosses. As indicated previously, soll losses
since 1941 have been measured using the spescially designed
debris basin. Prior to the installation of the debris

basian, s0il losses were msasured from deposits ia the

siltiag basia.
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In making these measurements, the water is allowed to
pass over the weir blade before it is diverted into a
trough which by-passes the debris basins, thus providing a
contimuous record of stream discharge. Samples of two hun-
dred cubioc centimeters of sediment are taken from each
baffle within each of the three debris basins after the
sediments have Aaried. Following volume measurements in
each baffle, the debris is removed. The total soil lesses
are then computed from the 4ry weight of the samples and
from the volume measurements applying to each division of
the basin.

The total soil losses measured from the inoception of
the experiment on July 3, 1934 to the measurement made on
April 11, 1951 are summearized in Table III. It is apparent
that s0il losses have increased tremendously following the
treatment of the watershed. The actual increase amounts
to over 1l2 times as much soil loss per acre per year. Be-
fore the installation eof the Adebris basin (watershed in
forest cover until the winter of 1939-1940) the total soil
loss amounted to 1,081 pounds per acre or 154 pounds per
acre per year. A portion of this amount can be attributed
to the treatment since the debris basin was not ianstalled
uatil nearly two years after the clearcutting of the water-
shed was started. Since the installation of the debris
basin, aan average loss of over 1,900 pounds or nearly

1 ton per aore per year has been measured. The maximum soil



Table 3. 1T

Summary of Soil Losses.

Period No. Treatment Total loss Average loss

days dry weight pounds per
in pounds - day

Average loss
pounds per
acre per year

7-3-3L/8-27-11 2557 FPorest cover 2L,637 9.6 153.7
and initial
treatment
8-28-L1/5-L~h3 64 Corn, pasture 13,928 21.6 3L5.7
5=5=1,3/9-8-443 126 Corn, pasture 79,058 627.4 10,0L3.9
Averaye 118.1 1,890.6
9-9-43/L=16=46 1185 Fallow, pasture Lk,085 37.2 595.5
L-17-16/3=-28=U7 345 Corn, pasture 13,507 39.2 627.5
3-29-47/L4~13-L8 381 Corn, pasture 16.186 k2.5 680.0
L=11-48/ 4=3-L9 359 Comm, pasture 32,879 91.6 1,L66.4
L=9-L9/7-11-L9 93 Corn, pasture 185,875 1,998.6 31,99%5.1
Average 210.9 3,377.7
7-12-L9/4=10-50 272 Pasture L2,330 155.6 2,491.9
L-11-50/4-11-51 365 Pasture 21,361 85.5 936.5
Average 100.0 1,600.8

Total soil loss 8-26-Ll to L=11-51 LL$,209 pounds

1,933 pounds per
acre per year

Average loss 8-28-L1 to L-11-51
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loss was measured in 1949 whea precipitation ranged well
above average. For the 93 day period from April 9 to
July 11, a total loss of 185,875 pounds or an average of
1,998.6 pounds, one ton, per day was msasured fer the en-
tire area.

As indicated previcusly, an estimated 76 tons orf seil
and debris came off the watershed imn a period of 30 teo 40
misutes during the sterm of July 10, 1949 when a record
peak of 1,850 c.s.m. was recorded. Figures 24, 25 and 26
indieate the magnitude of soil losses resulting from this
storm.

These data indicate that the greatest solil losses
were sustained while the corafield was under cultivatioa.
From September, 1941 to September, 1943 the average soll
loss amounted to nearly 1 ton per acre per ysar. Follow-
ing this period, the eornfield was permitted to lie idle
until the 1946 season. The pastures, however, were grazed.
A decrease to approximately 600 pounds per acre was noted
for this period. TFrom 1946 to 1949 the cornfield was again
cultivated. Soil losses mounted to over 24 tons per acre
pPer year. After the 19549 season the cornfield was eonver-
ted to pasture. A decrease in soil losses was noted from
August, 1949 to April, 1951 to 1,600 pounds per aere Per year.

If the losses rfrom the cornfield and the lower pasture
could be analyzed separately it undoubtedly would be fouad
that by far the greatest percentage of the total loss was
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contributed by these two areas. Evidence indicating this is
found in the numerous scalds in the cornfield and the lower
pasture in which the topsoil has been completely removed
exposing the red subsoil. The analysis above also offers
furtherxr proof.

Oon several occcasions during the 1951 season, storms
whieh produced peak discharges of less than 5 oc.s.m. were
observed to produce turbid everland flow ian the abandoaed
eornfield and in the lower pasture. In ten years of field
observations during and following storms, overland flow
or evidence of overland flow has never been observed in
the coppice forest area.

Infiltration. A surface infiltration study made on
the watershed ian July, 1949 demonstrated how the small,
heavily treampled area of the lower pasture might be the
source of more than half of the total storm runoff.

To measure the infiltration rate a steel cylinder tea
inches in diameter and approximately six inches in height
was 4driven into the ground for a depth of several ineches.
Two area inches of water were poured inteo the oylinder and
the time required for the water to disappear from the soil
surface was noted. The values thus derived were oconverted
to inehes per hour infiltration. Figure 33 shows the equip-
ment used to determine the infiltration rate in this manner.

The results of this study are indicated as follows:
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Infiltration Rates*

Land use Average rate of infiltra-
tion in inches per hour

Channel area .0

Lower pasture 0.56

Upper pasture 3.00

Corafield 4.00

Ceppice forest 6.00

Before grazing started on the abandoned ocornfield in
1950 a similar infiltration study was made over the entire
area and was repeated after each period of rotational
grazing. Data ian the following table show that it does not
reqQquire many animal use days to deerease the ability of the
801l to take in water.

Changes ia Iafiltration Rates Following Greziag*
Rate in Inches per hour Period of Use
3.02 Before grazing
l.55 After 15 animal use days

per aore
0.62 After 30 animal) use days
per aere

A similar surface infiltration study was initiated in
1951. The entire watershed was gridded and monthly iafil-
tration tests were made during the summer months on more
than one hundred plots. These observations are to be con-
tinued for several seasons and the data are to be used as

the basis for a special investigation on infiltration.

*From unpublished data from the files of the Coweeta Hydrolo-
gie laboratory




Figure 33.
Equipment used in making infiltration measurements.
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Meohanieal Analysis. The objective 6f a meshanical
analysis is to determine the size distributioa of the indi-
vidual particles withia the socil. These results may be ex-
pressed by s0il texture. Soll texture, other things bdeing
equal, influences the amount of surface area of the soil
particles, which ia turn affects the water holdiang ocapacity
of a soil. Reteantion storage, or water held in the capillary
pores of mineral soils against the pull of gravity, i-
greater in silts and clays since the surface area exposed
t0o water is many times greater than in sands. On the other
hand, a high sonteat of sand frequently provides greater
opportunity for the development of large non-capillary peres
and thus inocreases detention storage. The Ameriecan Soelety
of Civil Engineers (l) indiecates that clay can hold 9 times
as much water as fine sand against the force of gravity,
but this varies greatly with the kind of olay. The reten-
tion storage capacity in inches depth of water per foot
depth of soil for fime sand is given as 0.5 as compared with
2.5 rfor silt loam and 4.5 for clay. It is appareat that the
mechanical composition of soils and coansequeantly soil
texture is of hydrologic significanee.

In preparing the samples for the mechanical analysis,
the larger oclods and aggregates were broken down and the
entire sample placed on a 2 mm. sieve. The welghts of the
material which remained on the sieve after shaking, largely

pebbles, roek fragments and coacretions were noted. From
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these weights ann from the total weight of the sample, per-
centages were calculated and are shown in columan 2 of Table IV.

To determine the mechanical composition of the portion
of the samples passing through the 2 mm. sieve, the Bouyoucos
(9) hydrometer method of mechanical analysis was empleyed.
Table IV summarizes the results of these analyses.

From these data 1t appears that the treatmeat applied
to the watqr-hod has not effected any large scale changes
in the mechaniecal ocomposition of the less than 2 mm. fraetion
of the soil. There is little variation indicated in either
801l layer among the average values for each site. The
undisturbed forest and the coppice forest show the highest
contenat of sand and the coppioce forest has the lowest values
for fine clay. The pastured areas are lowest 1in sand con-
tent and highest in fine clay. The greatest variation is
found in the fine clay content in the 3-6 inch layer. The
highest value of 24.5 percent was found in the lower pasture
samples and the lowest of 10.7 percent in the coppice
forest, a difference of 13.8 perceant. In view of the dis-
cussion above the two forested areas should show higher
detention storage and lower retention storege than the
pastured areas and the corafield should be intermediate be-
tweea these extremes.

However, 1f the materials greater than two millimeters
have an ianfluence similar to sand then the undisturbed
forest might be in a less favorable situation since 1t
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TABIE IV
SUMMARY OF RESULTS OF MECHANICAL ANALYSES

—

Percent of Sum of sand Mechaniocal ocompositioa
B8oil layer and sample and coarser of less than 2 mm. fraction
land use greater than  fraetions ~ Deroent Toen roen Toen

2 mm, in perocent sand silt clay fine clay
0-3 inch layer
Undisturbed forest 1505 306 81.7 6602 703 18.0 2.9 307 103 12.1 ‘t03
Cepplce forest 27.2 # 9.3 91.4 6he2 £ 5.5 230 £ 2.4 3.0 41,9 9.8 4 3.6
Uppor pllt\IrO 36.1 707 9906 6305 lns 1503 600 307 308 1705 709
Lower pasture 359 £ 7.3 97.7 61.8 £10.8 16.9 £ Le7 L7 # 5.2 16.6 £ 7.7
Cornfield 3501 806 9901 611-00 5.9 210‘1» 205 107 107 1209 502
Control plots 28,6 4 7.3 91.0 2.k # 502 204 £ 2.3 2.8 4 1.9 Uob £ 3.7
3-6 inoh layer
Undisturbed forest 20.3 # L.5 82.8 62.5 4 9.3 17.5 £ 2.9 3,0 £ 2.3 17.0 £ 7.9
Coppies forest 33.2 £ 9.1 97 ok 6he2 # 301 19.0 £ 5.2 6.1 443 10,7 £ 1.6
Upper pasture 39.8 £ 5.7 95.8 56,0 £ 1.9 17.0 # 3.8 3.6 # 1.2 23.4 £ 5.1
Lower pasture .8 £ 8.6 90.4 556 £ 6. 17.6 £ 3.1 2,3 £ 1.1 24.5 £ 6.
Cornfield 33.7 £ 3.1 9546 6.9 £ 3.9 22,0 # 42 2,2 £1,5 13.9 £ k.5
Control plots 30,8 £12,8 89.9 59.1 £10.5 18.8 £ 3.7 L.l £ L7 18,0 £ 6.9

L6
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contalins much less of this coarser fraction than any of the
other plots as shown in column 3 of Table IV. The undis-
turbed forest samples show the lowest values for the sum
of the sand and material larger than 2 mm. for both soil
layers. In the surface layer the highest values are indi-
cated for the upper pasture and the cornfield, 99.6 anad
99.1 respectively, as compared with 8l1.7 percent for the
undisturbed forest. In the 3-6 inch layer the highest
values were found for the coppice forest, upper pasture

and the abandoned cornfield.

According to the United States Department of Agricul-
ture, textural classification, the samples from the undis-
turbed forest, coppice forest and the cornfield fall into
the sandy loam class. The upper and lower pasture samples
are sandy clay loams while the control plots show sandy loam
in the surface samples and sandy clay loam in the sub-
surface layer.

The small degree of variation noted in the mechanical
analyses would appear to substantiate the classification
of the fine portion of the surface soils of the watershed
into one textural class, loam (according to more recent
standards, this would be classified as sandy loam).

Aggregate Analyses. One of the primary objectives of an

aggregate analysis is the determination of the extent to
which the finer mechanical separates are aggregeted into

coarser fractions. An aggregate analysis thus provides a
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measure of s0il structure. Scil-water relations and aera-
tion eonditions are both strongly influenced by soil struc-
ture. For example, porosity, air capacity, water holding
capacity, volume weight and permeability to water and air
are influenced by 80ll strueture. The total percentage of
aggregates or “state of aggregation™ as suggested by

Baver (7), gives a good indication of the erodibility of
soils. If, for example, the state of aggregation is high,
1. e., the 301l contains a high content of water-stable
aggregates, susceptibility to erosion is considerably
lower than in the case of low aggregate stability. In the
latter case there is little binding together of the parti-
cles into granules, consequently falling raindrops and
surface flow tend to Adisperse the soil. Under such condi-
tions the s0il takes up water more slowly and is obviously
highly erosive. These two conditions are highly unfavorable
from a hydrologic viewpoint, both from the standpoint of
flood control amd watershed management for inecreased water
yields.

In makiag aggregate analyses of the samples used in
this study Yoder's (37) dunker or wet-sieving method was
employed. The five oven-A4ry core samples fram each site
and eaeh layer were mixed and two composite samples extrac-
ted. Aggregate analyses were then made on the composite
samples. A summary of the results is presented in Table V.

Variations within the samples were very small except for the
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surface s0il samples representing the coppice forest and the
cornfielad.

The results given in Table V indicate that the treat-
ment of the watershed has effeoted a marked change in the
stability of soll aggregates and consequently, soil strueo~
ture. In both the surface and sub-surface layers, but par-
ticularly in the surface, the undisturbed forest shows a
considerably higher content of water stable aggregates
greater than 2 mm. ia diameter than all other sites except
the ocoppice forest. Even here in the surface layer a
difference of over 10 percent exists. These differences are
partisularly signifiecant when one considers that the un-
disturbed rforest contained much smaller quantities of par-
ticles greater than 2 mm. in diameter than the other sites
studied. These values are somewhat lower in the 3-6 inch
layer than in the 0-3 inch layers of the forested areas and
the upper pasture, however, they 4o not show so much varia-
tion in the case of the upper pasture as in the forested
areas. The differences between the two layers in the control
pPlots, the cornfield and the lower pasture are not marked,
probably due to the fact that these areas have been culti-
vated.

An analysis of the degree of asggregation in the fine
earth material is presented in columa 5 of Table VI. The
undisturbed forest shows an even higher aggregatioa here
than in the case of total water stable aggregates. In the



TABIE V
SUMMARY OF THE RESULTS OF AGGREGATE ANALYSES

Average Peroent of Aggregates and Particles by Size
Site Classes (in millimeters)
105 Under

Over 4. o=k, le=2, o3=1. 029=09 =25 105
Surface layer, 0-3 iaches

Undisturbed forest 85.52 7.76 3.28 1.40 1.3 1.12 2.56
cﬂypi“ forest 73020 8030 ko96 308‘0 20“ 2 ¢ 5k ’0068
Upper pasture 64 .10 10,50 7.00 5.66 Lok 2.36 5.98
Lower pasture 53.92 12,72 9.92 8.16 7.18 3,86 9978
Corafield 59,00 12,22 7.00 6.26 5462 3420 6.70
Coatrel plots 46.24 13.76 9.36 8.96 8.80 5. 64 7.24
Sub-surface layer, 3-6 ineches

Undisturbed forest 7308‘0 6.68 3 72 3.76 309‘ 206‘ 50‘}0
Copploe forest 6354 11,50 6. 5.68 Le72 2.80 5,00
Upper pasture L8 .58 12,30 10.98 9.0l 754 3.90 7.66
Lower pasture 56472 11.68 7.90 7.76 - 7.92 k.26 3.76
Corafield 62.16 12,48 8.26 6.48 L.56 2,62 3obke
Control plots 40,06 16,24 12.32 11,50 10,08 e T2 5.08

T0T
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O0-3 inch layer the undisturbed forest shows over 25 perceant
highsr aggregation than all other sites except the coppice
forest where the difference is approximately 16 percent.

In the 3-6 inch layer only the undisturbed forest is
markedly better aggregated than all the other areas. The
relative trends for both layers are quite similar to the
values for total water stable aggregates over L mm. in
diameter.

From rfield observations the greatest part of the soil
loss from the watershed is obviocously from the corafielad
and the lower pasture. The changes in aggregation or struc-
ture of the surface soil (0-3 inch layer) have no doubt
contributed to these Adifferences in solil losses. In the
differences between the two pastures this is probably the
major faetor.

The marked changes in soll structure as indicated by
aggregation contribute materially to the changes in permeabdil-
ity and eoasegquently to runoff characteristios which are
noted later in this sectioan.

Soil Organic Matter. The presence of a high conteat of

organie matter in a soil has conasiderable significance from
a hydrologic view. A high content of organioc matter has
a marked influense on the storage capacity that a soil has

for water.

Detention storage, i. e., water detained temporarily

in the large non-capillary pores, is increased by the




TABIE VI
DEGREE OF AGGREGATION OF FINE EARTH MATERIAL

]

Aggregates over Primary parti- Aggregates of Aggregates of

2 ma, in per- cles over 2 mm, fine earth over fine earth as
Soil layer and cent (whole (whole soil 2 m. (whole pereent of fine
land use soil basis) basis) pereent  s0il basis) earth pereent
pereeat (£ine earth
basis)
0-3 inch layer
Undisturbed forest 93.3 13 .4 799 9243
Copplos forest 81,5 21 o 60,1 7645
Upper pasture U 6 26.5 4L8.1 65.:
Lower plltlu‘t 66.6 26 o 40.2 5‘} .
Cornﬂ..ld 7102 26.0 h5.2 6101
Control plots 60.0 22.2 3.8 48 .6
3-6 inch layer
Undisturbed forest 80.5 16.9 63.6 76.5
Coppice farest 75.0 2l 9 50,1 66,8
Upper pasture 60.9 28 .4 32.5 b5k
Lewer pasture 68,4 25.8 L2.6 57 ok
Cornfield Tho6 25,2 49 66.0
Control plOt. 5603 23.5 3208 L2.9

€0T
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inclusion of organie matter because of its influence on soil
struoture. Decaylng roots and greater bioclogical activity
also result in the fomation of the 1aigo hyaraulioc path-
ways whioch channel water through the soil profile and even-
tually to ground-water.

Similarly, retention storage, that water retained or
held in the soil and made available for plant growth, is
usually increased through the incorporation of additional
organic matter. Organic matter has a high molisture-adsorp-
tive capacity. In the colloidal state it takes up as much
as L.k times its own weight of water. When decomposed anad
mixed with the soil, it coats the soll particles with a
gel-like, porous and highly adsorptive substance. Clinging
to the particles, this material, in effect, increases their
surfaoce areas and thus their storage capacity (22).

Organic matter, as mentioned above, affects the pro-
perties of the soll which in turn exert their influence on
the storage and transmission of water. Organic matter aids
also ia the formation and maintenance of water-stable
aggregates thus reducing solil dispersion and consequent
erosion.

In this study, a determination was made of the organio
matter contained in the samples collected from the watershed.
In making these determinations, the dry combustion method
patterned after the work of Schollenberger (26) was em-

ployed, i. e., measuring the amount of ocarbon dioxide
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evolved in the combustion of the soll and coanverting the
carbon dioxide content into percent organic matter using a
conversion factor of .471. A summary of the results ob-
tained 1is giv;n in Table VII below. The values for all
individual samples are given in the Appendix.

TABIE VII
AVERAGE CONTENT OF ORGANIC MATTER FROM

THE DIFFERENT LAND USE COMPONENTS
OF THE WATERSHED

8ite Percent Organic Matter

Surface Layer, O-3 inches

Undisturbed forest 7.03
Coppice forest 8.97
Upper pasture 7 .62
Lower pasture 4 .00
Cornfield O
Control plots in cornfisla 7.28
Sub-surface r 6 inches

Undisturbed forest 487
Coppice forest . 5.51
Upper pasture helbl
Lower pasture 243
Corafielda hoe58
Control plots in cornfield b .62

In the surface layers, all areas except the lower
pasture and the cornfield show values greater than 7 perceat
organioc matter. This is probably the result of econtribu-
tions to the litter by the slash accumulation and the heavy
herbaceous cover following clearcutting. Similarly, the
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upper pasture and the control plots in the abandoned corn-
field show a higher content of organic matter than the undis-
turbed forest. In the case of the upper pasture, this is
probably due to minimum usage by cattle, heavy herbaceocus
and shrubby ground cover and to the fact that the vegetation
is cut baek or sprouted periodically, thus inereasing the
amouat of litter acocumulated on the soil surface. The high
average value for the control plots in the ocornfrfield is
appareatly the result of two seasons abandonment permitting
the development of a good ground cover and consequent

litter accumulation. For the surface layer, this value is
considerably higher in compearison with the cornfield which
has been grazed since abandonment. In the sub-surface layer
it is noted that the values for the two areas are approx-
imately equal.

In ocomparison, the lower pasture and the cornfield show
values ceasiderabdbly lower thean the undisturbed forest and
less than half the content of the coppice forest. The re-
sults of row eropping and over-grazing are thus apparent in
the differences in s0ll organic matter.

In the sub-surface layer, 3-6 inches, all values are
lower by one and a helf to over three perocent than in the
surface layer, except in the cornfield where the similarity
of organic content in the two layers is the result of
their mixing by the recent plowing and cultivation. The

sub-surface layer of all plots, except the lower pasture,
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have similar organic contents. The organic sontent of the
sub-surface of the lower pasture is only about one-half as
great as in the other plots. This difference together with
the lower content of organic matter in the surface of

this area as compared to the upper pasture indicates differ-
ences in the soils of these areas that are not due to curreat
management difrferences. -

Porosity. 3Soil poresity is undoubtedly one of the most
significant of all physical soil properties in hydrologiec
studies. From a hydrologic standpoint, the primary funoction
of a soil is that of a storage reservoir. This storsge
reservoir acts in the same fashion as a large dam projeect.
In the case of floods on dam-protected streams, the flood
waters acocumulate rfirst in the reservoir. After satisfying
the initial storage in the reservoir, the water continues
to ascumulate in the overflow reservoir and is detained
temporarily until it can be safely released to the stream
below. PFollowing the storm period the temporary storage
is released as rapidly as possible until normal storage
capacity is reached. The water left in the reservoir is
retained and released slowly for use as irrigation water,
for power generation, municipal supply and other uses.

A g004 s0il reservoir should act in the same manner.
The storage capacity of a soil or its pore volume (porosity)
is divided into two classes, i. e., capillary and non-
capillary. The non-capillary or large pores in the soil
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sorrespoad to the overfrflow reservoir in the dam-reservoir
system. The non-capillary pores coasist of those spaces
between the solil particles or soll aggregates that are so
large that absorption and film forces cannot retain all the
water in them against the pull of gravity. Thus, water is
held in them only temporarily, similar to the overflow re-
servolir. Suech storage is termed detention storage by the
hydrologist.

The small capillary pores in the solil provide the
hydrologist's retention storage. Water in the eapillary or
retention storage reservoir is held againat the foree of
gravity but is subjeoct to the pull of evaporation near the
surface of the soil and transpiration at any depth where
1iving roots ocour. The water thus retained in the soil
is that which is utilized by plant growth or is dissipated
from an area by evaporation. This retention storage re-
servoir in the soil then acts as the normal reservoir of a
river system.

To determine the porosity values for the samples used
herein the 3 x 3 inch soil cores were saturated, weighed
and placed on a tension table for approximately 2, hours at
a tension of 4O centimeters. The weights were recorded
and these values were used in determining non-capillary or
detention storage. After weighing, the samples were oven-
dried at 105°C. to determine capillary or retention storage

as well as volume weight. The average values obtalined for
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aon-capillary, capillary and total pore space are presen-

ted in Table VIII.

TABLIE VIII

PERCENT CAPILLARY, NON-CAPILLARY
AND TOTAL PORE SPACE

reen roen roen
Site Capillary Non-capillary Total
Pore Volume Pore Volume Pore Volume

Surface lLayer, 0-3 inches

Undisturbed forest 36.1 20 .7 56 .8
Coppice forest 36.0 24 . 60.5
Upper pasture 39.0 14 .9 53.9
Lower pasture 37.9 1 .6 52.5
Cornfielad : LO.) 16.0 56.1
Coatrol plots

(corarield) 29 .2 2L .6 53.8
Sub-surface Layer,

3-6 inehes
Undisturbed forest 32.6 22.3 54 .9
Coppice forest 37.0 20.1 57 .1
Upper pasture 37.7 18.5 56.2
Lower pasture 35.4 15.1 50.5
Corafielad 40.5 15.6 56.1
Control plots

(eoranrield) 37.9 13.2 51.0

Surface Sell,
- ches average

Undisturbed forest 34.5 21.5 55.8
Coppice forest 36.5 22.3 58 .8
Upper pasture 38.5 16.7 55.1
Lower pasture 36.5 1 .8 51.5
Coranfield 40.3 15.8 56.1

Control plots
(cornrield) 33.5 18.8 52.4
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In terms of total poresity little difference is noted
among the sites for either the surface or the sub-surface
layer. Higher total porosity values are indicated in the
surface layer for the two forested areas, although the
differences are not great, than in the other four areas.

More significant than total porosity, however, are the
pPercentages of capillary and non-capillary porosity which
determine retention and detention storage, respectively.

In the surface s0i1l layers, the lowest values for capillary
pore volume were found in the eontrol plots in the abandoned
cornfield and in the two forested areas. These are the
areas and layers showing the lowest sum of sand and greater
than 2 mm. particles by mechanical analysis. In the sub-
surface layer the undisturbed forest gave the lowest value,
although the differences in no case were greater than

8.2 percent. Apparently the coarser textured sites and
layers have higher capillary pore space, or moisture reten-
tion. The structure seems to be more important than the
texture in these areas. The fast that the ocorafield shows
the highest values might indicate a favorable influense of
cultivation on this property, however, the significance of
differences of these magnitudes is doubtrful.

In relation to surface runoff, the most important values
are for detention storage or non-caplllary pore volumes.

In the sarface layer the highest values are indicated for
the control plots and the two forested areas. In the sub-
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surface layer the two forested areas show the highest non-
capillary pore volume while the coatrol plots show the
lowest. This would appear to indicate that any improvement
in the porosity ceonditions in the coatrol plots as a result
of abandoning the cornfield have been effeeted only in the
surface layer. -

The minimum non-capillary porosity of any layer is the
limiting factor ian determining the rate at which water moves
through the total soil. In this case the two forested areas
show minimum values of 20.7 and 20.1 while the minimum
values for the other four areas range from 1l3.1 to 15.6,
suggesting greater permeablility rates for the two forested
areas.

Although the differences are not marked, the average
non~capillary porosity values for the 0-6 inch layer are
highest for the two forested areas. The treatment of the
watershed has apparently effected a decrease in non-capillary
porosity and an increase in eaplillary porosity. There has
been an inorease ;n the amount and force of preeipitation
reaching the soil as a result of clearsutting the forest.
These changes, as well as changes in other physical charaec-
teristics of the soil, particularly the aggregate stability
and permeability, have resulted in significant modification
of the runoff characteristios of the watershed.

Volume Weight. Volume weight may be defined as the
ratio between the 4ry weight of a given mass of undisturbed
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801l and its volume. The usual method of determining
volume weight, or, as it is frequently termed, the apparent
specifioc gravity or bulk density, is to divide the oven-Aary
welight of the undisturbed soil in grams by the volume of
space which this so0il occupies in cubic centimeters.

The volume weight of a so0il is dependent for the most
part on structure and organic matter content. Ordinarily
very compact s0ils with low pore volume and low aggregation
possess high volume weights. On the other hand porous, well
aggregated solls show low volume weights. Similarly, soils
with a high content of organic matter have a lower specific
gravity as well as a lower volume weight than those with a
low content of organic matter. Forested soils, because
they usually have a higher content of organic matter, show
lower volume weights in their surface layers than grazed
or cultivated solls.

Consequently, soils whioch possess low volume weights
should show good soil-water relations. Conversely, those
with high values for volume weight would tend to show a
low inrfiltration rate, poor aeration and attendant low de-
tention storage capacity.

In determining the volume weights the oven-dry weights
of the s0lil cores in grams were 4divided by the volume of
the ocore in cubic centimeters. Where soll cores were not
full, volume corrections were made by filling the depressions

with sand then measuring the volume of sand utilized.
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Table IX indicates the average values for the six sites for
both the surface and sub-surface layers. Individual values
are included along with porosity determinations in the

Appendix.

Table IX
AVERAGE VOLUME WEIGHT VALUES

Average Volume weiggt
Site urface layer Sub-surface yer

O0-3 inches 3-6 inches
Undisturbed forest .88 1.05
Coppice forest .82 .98
Upper pasture 1.03 1.07
Lower pasture 1.11 1.28
Cornfield .93 . 1.06
Control plots (cornfield) .98 1.06

The average results given in Table IX indlcate that in
the surface layer both the undisturbed forest and the coppice
forest areas have more favorable soil-water relations than
the other areas. The highest values in both the surface
and sub-surface layers were found in the lower pasture. This
is partly dGue to soil compaction resulting rroh heavy grazing
use, and partly due to the lower organic matter content
there. In the sub-surface layer, although the two forest
areas show slightly lower values, the variations are amall
except for the lower pasture, which has a higher volume
weight. All values for the sub-surface layers are somewhat

higher than in the surface layer of the same area. The
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results tend to indicate a poorer physical oondition of the
surface layers 1n the lower pasture which would substantiate
field observations on surface runoff conditions.

Permeablility. The permeability of a soil is ordinarily
considered to be the rate at which water moves through the
801l column. It differs from infiltration in that the
latter is concerned only with the rate at which water enters
the soil and may be concerned with only the immediate sur-
face of the soil. It is evident then that infiltration and
permeability together provide the most important measures of
Physical so0il characteristies from the standpoint of surface
runoff phenomena. A so0ll may have a high infiltration rate
and a low permeability rate or the permeability rate may be
high and a "surface bottleneck™ may be present, giving a
low infriltration rate. In either case, or if both values
are low, comparatively little water can be stored and
transmitted through the so0il and high surface runoff re-
sults.

Since so0il moisture deficits must be satisfied before
water starts permeating or percolating through the soll
column, permeability determinations were made on saturated
801l ocores. As nearly as possible a one-half inch head of
water was maintained on the soil core for a period of one
hour. The permeability rate was determined by msasuring the
smount of water which percolated through the soil core in

that time. In extremely permeable cores one-half hour was
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used and the resulting values were doubled. Table X shows
the average permeability rates for the six sites. 8Sinece

100 millimeters of water are approximately equivaleat to one
inch in the 3 x 3 oorea; permeability rates were converted
to inches per hour by dividing millimeters by 100. TFigure
34 shows graphiocally the permeability rates and the ocorre-~
sponding infiltration rates in inches per hour. The per-
meability values for individual samples are given in the

Appendix.
TABIE X
AVERAGE PERMEABILITY RATES
Permeability in millimeters r hour
Site Surface Jlayer Sub-surface layer
0-3 inches __3-6 inches
Undisturbed forest 17,112 6,417
Coppice forest 16,293 9,268
Upper pasture 2,021 1,685
Lower pasture 660 274
Comfield 1,241 888
Control plots (ocornfield) 8,503 6,405

The permeability tests show much greater difference in
the land-use areas than the other physical soll analyses.
Both forested areas show very high permeability rates in
both the surface and sub-surface layers. The upper pasture,
cornfield and, particularly, the lower pasture show very
low rates in comparison. The rates indicated for the con-

trol plots approach those of the forest areas which sppar- %ﬁ
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Average Permeebility and Infiltrotion Rates in Inches per Hour.
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ently reflects the effects of two years of abandonment. By
far the lowest rates in both layers are those for the lower
Pasture, undoubtedly the result of over-grazing with its
consequent compaction.

According to Baver (7), Lassen, Lull and Frank (22) ana
Fletcher (13) permeability or percolation is dependent upon
the non-scapillary pore volume. As indicated previously,
non-caplillary porosity decreased as a result of the treat-
ment to the watershed although the decrease was only in
the magnitude of approximately 6 percent. Assuming that
non-capillary pore space determines permeability, from
these data it appears that relatively amall changes in this
pore volume may effect very marked changes in the perme-
ability rate.

The values noted for the infiltration rate in Figure 34
indicate a trend similar to that for the permeability rate.
The changes indicated for both the inrfiltration rate and
the permeability rate indieate a close relationship with
the changes in surface runoff noted in the sections whieh
follow. However the much lower infiltration rates than
pPermeability rates show that the immediate surface of the
s0il is the limiting factor in moisture detention and is
causing surface runoff. It is probable that the shipping

of the soil cores contributed in some degree to the high

permeability values noted.




HYDROLOGIC DATA

The basic data in nearly all hydrologioc investigations
are measures of precipitation or recharge and streamflow or
discharge. The volume and rate of discharge from a given
watershed or hydrologic unit is a reflection of the amount
and intensity of precipitation which it receives and the
characteristios of the watershed. The manner in whioch
these factors are measured on the Little Hurriocane Water-
shed and the methods employed in coanverting the raw data

into usable form has been noted previously.

Precipitation

The total areal precipitation received by the water-
shed, as measured by the three standard rain gages servicing
the area, is summarized by hydrologlc years in Table XI.
Figure 35 indicates the average monthly areal precipitation
as well as the area inches of stream discharge by months
and by hydrologic seasons.

Precipitation, vegetation and soil eonditions are all
reflected in the discharge curve shown in Figure 35. From
January through March precipitation is at its maximum.
Evaporation and transpiration are at a minimum and soil
moisture conditions are at their peak. Much of the precipi-
tation which ocecurs during these months filters rather rapid-

ly through the 80il reservoir into ground water since soil
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TABIE XI
SUMMARY OF AREAL PRECIPITATION BY HYDROLOGIC YEARS

Hydrologic year* Precipitation in inches
1935 61.94
1936 8k .84
1937 72 .85
1938 63.72
1939 Tk «76
1940 56 .79
1941 50.33
1942 67.81
1943 77 .70
1944 66.64
1945 65 .21
1946 79.13
1947 69.00
1948 71.08
1949 107.18
1950 76.22

Average** 71.54

~¥ Hydrologle year from November to October
** Data for 1934 and 1951 incomplete
moisture deficits are very low. Consequently, stream dis-
charge is at its highest level. A large portion of the
water appears as clean, non-turbid water from sub-surface
and grouad water flow. The majority of the storms during
this season produce low intensity precipitation and snow
which ordinarily does not accumulate to great depths to
form flood hazard oconditions.

Throughout April and continuing into May, precipitation
steadily declines. At the same time vegetation commences

growing, temperatures inerease and consequently losses to
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evaporation and transpiration inorease. Starting in May
and continuing throughout June and part of July precipita-
tion increases rather sharply. Likewise evaporation ana
transpiration are inereasing and the discharge curve indi-
cates only a slight rise as a result of the increased
preciplitation. Starting in July and continuing through
October precipitation steadily declines as evaporation and
transpiration continue to make heavy demands. This is
indicated in the discharge curve in that stream discharge
is at its lowest ebb during September.

October marks the end of the growing season and with
it comes a sudden decrease in both evaporation and tran-
spiration. At the same time the precipitation ocurve swings
sharply upward. Stream discharge shows a more gradual
climb until the soil moisture deficits, resulting from the
heavy use by vegetation and evaporation, are satisfled.
The cycle is completed in the winter months when soll
moisture derficits are met and ground water reocharge again
occurs.

In studies of individual storms and thelir effeots on
stream discharge a measure of precipitation intensities as
well as a measure of total amounts are required. Recora-
ing rain gages 67 and 1 were used to obtain precipitation
intensities. The precipitation intensity values as well
as the mass or accumulated precipitation values are taken

from the precipitation intensity records (see Appendix)
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and are shown graphically along with stream discharge for
representative storms used in this study in Figures 36
through 44.

An examination of individual storms shows that prior
to treatment bursts of precipitation usually resulted only
in a continued steady increase in stream flow. Following
the clearcutting of the forest and the initiation of
mountain farming, relatively small bursts of precipitation
resulted in immediate and sharp increases in stream flow.
The treatment of the watershed has thus resulted in pro-

ducing stream flow of extremely "flashy" characteristics.

Stream Flow

Gage height readings recorded for the weirs used in
measuring discharge from the watershed are converted to
cublic feet per second from rating tables calculated for
the respective stream controls. Since precipitation is
expressed in inches and in inches per hour, the cubic feet
per second values were converted to inches per hour to aiad
in graphical presentation and analysis. The discharge
values in inches per hour (see Record of Runoff, Appendix)
were plotted over time to give the storm hydrographs for
individual storms. Hydrographs for representative storms
used herein are given in Figures 36 through 4L4.

The average monthly discharge values for the entire

period of record are presented graphically 1n Figure 35 and




Figure 36.
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Figare 137.
Preoipitation hyetograph, mass precipitation
and stream hydrograph for a multiple storm (8/2/48).
¥atereshed No. 3
Coveeta Hydrologioc Laboratory
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M gure 38.

Precipitation hyetograph, mass precipitation and
strean hydrozraph for an intermediate type storm (8/12/43).
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Coveeta Hydrologic Laboratory
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Figure 39.

Precipltation hyetograph, mass precipitation
and stream hydrograph for a winter stora

Yatershed ¥o. 3
Coweeta Eydrologlo labdoratory

(2/28/48)

9200




i
v
|
4
" .
{
{
{
—
. + + y 130
+ —— * o 1100 {200
o700 0800 #%00 /000




1800

/700




Figure 40

"Precivitation hyetograph, mass precipitation
and stream hydrograph for storm of June 15, 1937 (Summer)

watershed No. 3
Coweeta Hydrologic Leborstory
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Precipitation hyetograph, sass precipitation
and stream hydrograph for storm of August 4, 1943,
(Summer type storm)
Watershed No. 3
Coweeta Rydrologic Ladboratory
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Precipitation hyetograph, mass precipitation
and stream hydrograph for storm of August 22, 1935.
(Unit swmmer storm)
Watershed ¥Wo. 3
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and stream hydregraph for storm of August 20, 1949.
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have just been discussed. The average monthly discharge

values in inches are summarized by years in the Appendix.

Definition of Storms

Frequently precipitation is received in such small
amounts and at such low intensities that it produces no
perceptible change in the stream hydrograph. All or the
greater part of it may be intercepted by vegetation. Surri-
cient precipitation must occur to satisfy initial depression
storage (water required to fill the small depressions on
the soil surface) as well as vegetation interception before
it can run off or otherwise enter the stream. Many small
rises 1n stream hydrographs following a brief low-intensity
period of precipitation are the result of precipitation
falling in the channel or stream itself rather than from
surface runoff or some form of sub-surface flow. Unless an
investigation 1s concerned with total water ylelds, the in-
clusion of all periods of precipitation 1s impractical.
Consequently, for individual storm studies, there must be
some dividing line or definition of what constitutes a storm.

After examining all the precipitation and streamflow
data, the arbitrary standard of a maximum 30-minute intensity
of at least 0.90 inch per hour was selected. An exception
was made in one case in which the maximum 30-minute preci-
pitation intensity was less than 0.90 inch per hour where

the peak stream discharge greatly exceeded "normal"™ for the
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amount and intensity of precipitation received. The cata-
log of storms falling into this category are listed in the
Appendix.

Classification of Storms

Streams, particularly from small watersheds, respond
quite differently to different storms. Conseguently, based
upon the patterns of precipitation and the stream hydro-
graphs resulting therefrom, all storms were classirfied
naturally into three categories: summer, winter and inter-
mediate. Summer storms are characterized by short but in-
tense periods of rainfall. They are usually occasioned by
frontal activity or convection storms. Summer storms are
further subdivided into unit or single storms and multiple
storms. The unit summer storm ylelds nearly all orf its
precipitation in bursts which are bunched closely together
and produces a single peak on the hydrograph. The multiple
summer storm produces intense precipitation bursts which
are separated by a period of time not exceeding six hours,
in which rainfall may stop entirely or be of low intensi-
ties. A hydrograph of two or more peaks results. Figures
36 and 37 show the precipitation patteras and the resultant
hydrographs of the unit and multiple summer storms respec-
tively.

The intermediate storm is characterized by precipita-

tion which comes alternately in short intense bursts followed
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by periods of precipitation of more moderate intensities.

It usually ylelds a greater amount of precipitation than most
summer storms and 1s usually associated with the spring and
fall seasons. The tropical hurricanes which reach this area
fall lnto this classification. The hydrographs produced by
such storms are marked by a series of peaks and troughs.
Figure 38 illustrates a typical intermediate type storm.

The winter storm gives a relatively large volume of
precipitation which usually does not come at the higher
intensities associated with summer storms. However, the
winter storm is usually of much longer duration as it is
most frequently the result of cold froat activity. Figure
39 1llustrates the precipitation pattern and hydrograph

of a characteristic winter storm.

Distribution of Stoms

An analysis of a listing of storms producing peak flows
exceeding 9 cubic feet per second per square mile made by
Johnson6 in 1949 and continued through August, 1951 by the
writer, indicates that from the standpoint of the distri-
bution of flood-producing storms, the summer storm is the
most significant. Figure 45, illustrating the distribution
of flood producing storms shows that over 39 perceant of all

flood-producing storms occur in June, July and August.

STohnson, E. A., Summary of Flood Peaks over § c.s.m.,
Watershed No. 3, 1949. (Unpublished compilation, Coweeta

Hydrologlic Laboratory)
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Similarly, 12 of the recorded 1l rflood peaks which ex-
ceeded 100 c.s.m. resulted from summer storms, indicating

the importance of this type storm.



Figure 45.
DISTRISBUTION OF FLOOD-PRODUCING STORMC 3Y MONTIIS
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CHANGES IN RUNOFF CHARACTERISTICS

Probably the most important single tool of the hydro-
logist or watershed manager is a knowledge of the stream
flow and runoff characterlistics for a given drainage area.
A knowledge of these characteristics guides the engineer
or land manager in planning flood ocontrol measures or
Permits municipalities to select and manage watershed lands
as well as to regulate consumption. Considerable attention
has been given to the study of stream flow characteristics
on large basins, particularly within the past ten years,
by the United States Department of Agriculture and the
United States Corps of Engineers. Numerous investigations
have been made to determine primarily gross rinoff charao-
teristics from small watersheds and plots.

It is the intent of this study to determmine not only
the percent of total runoff, but to evaluate any changes in
surface or storm runoff in temms of flood peaks, the fre-
quency of floods and the manner 1in which storm water
actually runs off a small watershed. No attempt has been
made, however, to study any changes in base or sub-surface

flow or total water ylelds.

Percent of Precipitation Appearing as Surface Runoff
One frequently used method of expressing surface runoff

is runoff percent or the calculation of the percentage of
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total precipitation which comes off the drainage area in

the form of overland flow. To evaluate the gross changes in
surface runoff an analysis of the runoff percent for the
watershed in forest cover and following treatment was made.

For this study all storms as defined previously were
used. Storm runoff volumes for the individual storms were
derived by planimetering the storm runoff hydrographs and
converting to area inches. Table XII gives the derivation
of the percentages of precipitation whioch appeared as sur-
face runoff for the individual storms as well as the
average values for all storms and summer storms oanly.
Interception and stem flow values, derived from data com-
riled by the Coweeta Hydrologic Laboratory, are indicated
for the pre-treatment period.

The total storm runoff for all storms from the water-
shed while in foreat cover (1934-1939) averaged 2.66 percent
of the precipitation. Following forest cutting and mountain
farming, this value increased to L4.50 percent. For summer
storms only, the difference is more marked. For the before
period a runoff percent of 1l.53 was noted compared with
L, .79 percent following the treatment. This represents an
increase of 3.26 percent which at first may appear rather
insignificant, however, in terms of volume for a 2-inch
storm as defined herein, this amounts to over 5,500 ocubloe
feet. Table XIII shows corresponding values for O.5-,

l1-, 3-, 4- and 5-inch storms as well as the 2-inch class.




TABLE XII

SURFACE RUNOFF EXPRESSED AS PERCENT OF PRECIPITATION
(BASED ON FLOOD-PRODUCING STORMS ONLY)

Square In- Cublc Foot Area In- Area In- Precipi- of Pre-

Date of ches under Volume of ches of ches of tation cipita- Storm
Stom Storm Hy- Surface Surface Precipi- Inter- tion Class
drograph Runoff Runoff tation cepted in Appear-
Inches ing as
Runoff
1934-1939
Aug 22, 1935 1.06 3136 .037 1.91 .20 2.04 S
Apr 2, 1936 2.86 8462 .100 2,38 22 L .20 I
Jun 12, 1936 .28 828 .010 .85 .13 1.17 S
Aug 24, 1936 .30 gas 011 <94 .13 1.17 S
Sep 30, 1936 L.26 12604 149 5.30 55 2.81 I
Jun 15, 1937 .27 814 .010 .73 .11 1.37 S
Nov 5, 1938 2.65 7840 .093 3.33 «29 2.79 I
Total, Summer storms .068 LJ43  Average, Summer storms 1,53
Total, All storms 410 15.44  Average, All storms 2.66
1940-1951
Jua 13, 1943 T 2189 .026 1.26 2.06 S
Jul 5, 1943 1.66 4911 .058 1.10 : 5.27 S
Jul 30, 1943 7.50 22190 .263 1.20 21.92 S
Aug 12, 1943 3.86 11420 135 2.3 5.77 I

(cont inued on next page)
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TABIE XII (ocontinued)

ﬁrcant
Square In- Cubic Foot Area In- Area In- Precipi- of Pre-

Date of ches under Volume of ches of ches of tation cipita- Storm
Storm Storm Hy- Surface Surfaoe Precipi- Inter- - tion Class
drograph Runoff Runoff tation cepted in Appear-
Inche s ing as
Runoff

Jul 11, 1946 48 1,20 .017 .76 2.2l S
Jul 15, 1946 57 1686 020 1.68 1.19 S
Aug 25, 1947 1.79 5296 .063 2.51 2.50 S
Apr 8, 1948 072 2130 .025 .71 3.52 S
Aug 2, 1948 5.06 14971 A77 342 5.18 I
Aug 14, 1948 46 1361 .016 1,13 1.42 S
Nov 19, 1948 1.42 4201 .050 1,10 ko 54 I
Nov 28, 1948 326 9645 ALl 2,95 3.86 W
May 22, 1949 .80 2367 .028 52 5.38 S
Jul 10, 1949 9.61 28433 336 2,66 12 .63 S
Aug 4, 1949 ols5 1331 .016 .56 2.86 S
Aug 20, 1949 37 1095 .013 35 3.71 S
Sept 6, 1949 1.10 3255 039 1.18 3.31 I
Oct 6, 1949 2,00 5917 .070 1.84 3.80 I
Oct 16, 1949 6 1361 .016 +90 1.78 S
Jun 3, 1950 o715 2219 .026 1.10 2.45 S
Aug 29, 1950 1.07 3166 .037 1.68 2.20 I
Aug 30, 1950 1.86 5503 065 2.25 2.89 I
Jun 12, 1951 ¢55 1627 .019 1.25 1,52 S
Jul 15, 1951 1.79 5296 063 1.75 3.60 S
Jul 16, 1951 33 976 012 57 2.11 S
Jul 27, 1951 .89 26133 031 1.40 2.21 S

Total, Summer storms 1.101 22,98 Average, Summer storms 4.79

-
Total, All storms 1.788 39.74 Average, All storms 4«50 o




TABLE XIII

INCREASED VOLUME OF PRECIPITATION
AFPEARING AS STORM RUNOFF

Storm Precipitation Increased Volume of Sur-
in face Runoff in Cubic Feet
Inches for Summer Storms
0.5 1398
1l 27 56
2 5512
3 8268
& 11024
5 13780

In Table XIV a comparison of runoff percentages repor-
ted from Adifferent stations 1s noted. It is obviously
difficult to make a direct comparison among these data,
particularly the Little Hurricane values in comparison with
the other values since the Little Hurricane 1s a permanent
stream and the runoff percent is based upon only rléod-
producing storms. The values for the other stations re-
present data from plot studies or extremely ephemeral
streams where all flow registered is surface runoff,

The values obtained from other stations all show a
marked dAifference between runoff percent under forest ocon-
ditions and other land uses. In all cases cited for
forest conditions, the runoff value was consliderably under
1 percent indicating the superiority of forest cover and

forest soils for retarding surface runoff.



TABLE XIV

COMPARISON OF RUNOFF PERCENTAGES
FROM VARIOUS STATIONS

Station cents for cents rof

Forest Con-~ Other Land
ditions Uses

Little Hurricane Water-

shed, Coweeta Hydrologic

Laboratory* 2,66 L.50 (forest,
pasture
corn)

La Crosse, Wisconsin 0.15 9.00 (grazed
woodlot)

Statesville, N. C. 0.70 13.24 (contin-
uous
cotton)

Temple, Texas - 12.86 (ocontin-
uous
corn)

Tyler, Texas 0.122 10,21 (contin-

uous
cotton)

Coshocton, Ohlo 0.2 15.00 (culti-
vated)

Zanesville, Ohio 0.34 -

*pased on flood-produocing storms only

Area of watershed contributing to overland flow. As

dicated previously, overland flow or evidence of overland

flow in the form of small silt deposits and minute dams
formed by debris accumulation have never been observed on
the coppice forest portion of the watershed. Similar ob-

servations have been made on another watershed of the

in-



1,2

Coweeta area which is entirely ocovered with coppice forest
of the same age class. Coweeta watershed No. 17 was clear-
cut approximately 12 years ago and has been cut back or
sprouted annually. Even though the slopes of the latter
are considerably steeper than on the Little Hurricane Water-
shed and it is cut back annually, there has been no indica-
tion of overland flow. Consequently, it was assumed that
during the "before treatment™ period, all the stream flow
in addition to the base flow consisted of channel intercep-
tion and some form of sub-surface flow.

For the period following treatment it was assumed that
the area in coppice forest cover was not contributing to
overland flow, thus, the increase in surface runoff was
assigned to the remainder of the watershed, approximately
12 acres. Similarly, as indicated by flield observations
made in 1951 and substantiated by the 2011l analyses reported
herein, the lower pasture and the abandoned cornfield are
probably contributing the ma jor portion of storm runoff or
overland flow. These areas, along with the lower portion of
the upper pasture, actually constitute less than half the
area of the entire watershed. This would suggest that from
6 to approximately 12 acres were actually contributing over-
land flow to the stream.

On the basis of these observations and assumptions a
calculation was made to show the increases in the volumes

and percentages for 6, 8, 10 and 12 acres, assuming that
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they were contributing all of the surface runoff. The total
surface runoff for the "before™ period for all storms and
summer storms only, i. e., 2.66 and 1.53 percent respectively
was assumed to be channel interception and possibly some
form of sub-surface flow. In order to determine the in-
crease in overland flow for the "after" period storms,

2.66 and 1.53 percent of the all storm and summer storm
precipitation respectively was deducted from total storm
runoff. Table XV shows the increased runoff in volume and
percent thus derived assuming that 6, 8, 10, 12 and 22.79
acres were contributing all the overland flow for all storms

and summer storms only.

TABLE XV
EFFECT OF WATERSHED TREATMENT ON THE VOLUME AND PERCENT

OF STORM RUNOFF ASSUMING THAT VARIOUS ACREAGES
ARE CONTRIBUTING ALL THE RUNOFP

ﬁoroaao -I-D. EOTMO ﬁoroaaa Tn ﬁroenf

of Storm Runoff of Storm Runoff
Acreage in Area Inches

Contributing ALY Summer AIT Summer
Storms Storms Storms Storms

22,79 (total
ar.l) 0731 o749 108‘} 3.26
12 1.389 l.423 3.50 6.19
10 1.667 1.708 L4.20 743
8 2.083 2.135 5.24 9.29
6 2.778 2.84L6 6.99 12.39

From observations made by the writer and as indicatead

by the results of this analysis, it 1s highly probable
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that the small overtrampled and mis-used portions of the
watershed are the significant flood source areas and con-
sequently have an effect on total watershed conditions far

out of proportion to their actual area.

Changes in Flood Peaks

Storm runoff or flood peak magnitudes and frequencies
are both valuable tools used to express and evaluate the
effects of various land use practices. These factors are both
used frequently to aid in the determination of the economic
design of engineering structures and in flood control
programs.

Flood Peak Magnitudes. One of the most pronounced
changes in surface runoff occurring as a result of forest
cutting and subsequent mountain farming is the increase in
the magnitude of flood peaks. To obtain a measure of this
change, a flood peak magnitude study was made. Similar
studies were made on this watershed in 1949 and 1950 (33, 34).
After an examination of the previous analyses however, it
was believed that the results therefrom were not entirely
satisfactory.

The rirst step in the initiation of such a study is
the collection and cataloging of storms on some rational
basis. In the earlier studies a specified minimum peak was
used as a basis for storm comparison. The writer believed

that a more satisfaotory basis for comparison was the storms
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themselves, 1. e., a certaln amount and intensity of preci-
pitation. Consequently, for this study, storms with a max-
imum 30-minute rainfall intensity of over 0.90 inch per hour
were arbitrarily selected. The list of storms in this cate-
gory occurring on the watershed, showing date of storm, peak
discharge, total precipitation, meximum precipitation inten-
sitlies and storm class, as well as corresponding flood peaks
recorded on the ocontrol watershed, is given in the Appendix.

An orientation analysis was made in which the peak Adis-
charges in cubic feet per second per square mile were plotted
against the maximum 30-minute precipitation intensities by
periocds. Three periods were selected: 1934-1939, 1940-1945
and 1946-1951. The 1934-1939 period represents the pre-
treatment period in which the watershed was in forest cover;
1940=1945, the intermediate period, in which the mountain
farming treatment was applied and in which the soll gradually
lost its original structure, organic content and fertility;
and 1946-1951, the after period, in which the maximum effects
of land use were in evidences.

From these graphs 1t was apparent, particularly in the
pre-treatment period, that intermediate and winter storms
gave considerable spread to the points. A further examina-

tion of the storm data indicated that some of the summer storms

were multiple storms, 1. e., producing multiple peaks on the

storm hydrograph. These, too, were responsible for considerable

dispersion of the points. An attempt was made to evaluate
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further the data on the basis of antecedent moisture condi-
tions. Due to time limitations, additional analyses of ante-
cedent moisture conditions will be made a subject of a future
speclal study by the Coweeta Hydrologic Laboratory.

Using only the selected storms, i. e., single or uniform
summer storms, a new listing of storm peaks and corresponding
precipitation intensities was made by periocds and for maximum
precipitation intensities of 15-, 20-, 30- and 60-minute in-
tervals. For ease in handling, the data was grouped into
25 c.s.m. groups or classes (0-25, 26-50, etc.) and averages
computed. The average c.s.m.'s for the group or class were
then plotted agalnst the class average precipitation inten-
sities for each of the four precipitation intensity intervals
for each of the three periods.

Least square linear regressions were calculated for all
Plottings and straight line curves fitted to the data. A
sample linear regression is given in the Appendix.

The standard error of the estimate for the regressions
was calculated for all four rainfall intensity intervals in
the 1946-1951 period and the l5-minute interval gave the
lowest standard. The time of concentration for the water-
shed following treatment was approximately 15 minutes, con-
sequently, this interval was selected as the best for pur-
poses of comparison.

To show that the changes were not the result of changes

in storm characteristics and precipitation patterns, the



147

corresponding storm peaks from a control watershed were
plotted against the rainfall intensities applied to Water-
shed No. 3 for the l5-minute precipitation interval for the
three periods. The resulting maximum discharge rate-precipi-
tation intensity relation curves for both watersheds for the
three periods are given in Figure hé.

It is obvious, from the curves for the treated water-
shed, that a marked increase in the magnitude of flood peaks
has been effected. Similarly, the curves for the control
watershed indicate that there has been no decided change in
climatio conditions which might effect this increase., Con-
sequently, the changes in flood peaks are attributed to
forest cutting and subsequent land use.

It is apparent that the change between the pre-treat-
ment and both post-treatment periods is significant. To
test the difference between the 1940-1945 and the 1946-1951
periods, an analysis of co-variance was calculated. This
analysis indicated a significance to about the 4.5 percent
level according to Snedecor's "F" test. These computations
are given in the Appendix.

The increase in flood peaks brought about by the treat-
ment of the watershed for the maximum l5-minute period of
rainfall at 2, 3, 4 and 5 inches per hour are summarized in
Table XVI by actual flood peaks in c.s.m. as well as in per-

centage inoreases.
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TABIE XVI

CHANGES IN FLOOD PEAKS FOLLOWING FOREST CUTTING
AND MOUNTAIN FARMING

Inches Per
Hour Pre- Peak Peak Percent Peak Percent
cipitation c¢.s.m. ¢.s.m. Increase c.s.m. Increase
for 15 1934~ 1940~ Over 194 6~ Over
Minutes 1939 1945 1934-1939 1951 1934-1939
2 11 L2 382 27 245
3 27 70 260 8l 311
b 43 97 226 141 328
5 59 126 213 197 334

An additional study was made to show the changes in the
magnitudes of rflood peaks using all storms with maximum
30-minute precipitation intensities exceedling 0.90 inch per
hour. In this study the maximum flood peaks in cubic feet
per second per square mile from Watershed No. 3 were plotted
against the maximum peaks recorded for the control watershed
(No. 2) for the same storms for the 1934-1939 and 1940-1951
periods. Least square linear regressions were calculated
and straight line curves fitted to the data. The results
of this analysis are pressented in Figure ,7.

The increased magnitude of flood peaks 1s even more
marked than in the case when only unit summer storms were
used. Prior to the treatment of watershed No. 3, a storm
producing a flood peak of 30 c.s.m. on watershed No. 2
showed a peak of 41 c.s.m, on watershed No. 3. Similarly,

a storm producing a peak of 70 c¢.s.m. on watershed No. 2
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produced a peak of about 85 c.s.m. for watershed No. 3.
Followling forest cutting and mountain farming, the peaks
from watershed No. 3 corresponding to 41 and 85 values for
the 1934-1939 period hsd increased to over 360 and 670 c.s.m.
respeotively.

In examining the individual storms and the resultant
flood peaks, the highest flood peak recorded for the period
that the waterashed was in forest cover neked was 109 c.s.m.
In the eleven-year perliod following forest cutting and mountain
farming 12 floods occurred which exceeded this former maximum
peak. The highest peak recorded was that of July 10, 1949
which exceeded 1850 cubic feet per second per square mile.
The two highest 5-minute precipitaetion intensities recorded
during the 17 years of record, however, both occurred prior
to 1940 while the watershed was forest covered.

From these analyses it is apparent that the treatmesnt
of the Little Hurricane watershed has effected striking in-
creases in the magnitude of flood peaks.

Flood peak frequencies. Even a cursory examination of
the data reveals a marked change in the frequency of floods
following forest cutting and treatment of the watershed. To
get a quantitative measure of this change, a flood peak
frequency study was made. The same standard used in the
flood peak magnitude study, 1. e., floods resulting from
storms having a maximum 30-minute precipitation intensity of

over 0.90 inch per hour, was used as the basis for this
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study, except that all storms, winter, intermediate and
multiple as well as summer, were included.

The flood peaks for the watershed for the period in
which the watershed was in forest cover, 1934-1939, and the
treatment period, 1940-1951, were classified separately into
10 c.s.m. groups and arranged in order of magnitude. These
values are given in column 2, Table XVII and are presented
graphically in histograms of the flood peaks, Figure 48,
Mass totals were then calculated in order of descending
magnitude. From these values occurrence percentages wers
computed. The mid-points of the c.s.m. classes were then
pPlotted against thelir corresponding percentages on a logar-
ithmic scale and smooth curves fitted to the data to give
the frequency curves in Figure 49. A logarithmic scale was
selected for the ordinate in order to emphasize the maximum
flood peaks since these are the values which are of greatest
importance in watershed management and flood control work
as well as in engineering structures for water and erosion
control.

It is apparent from Figure 49 that a decided increase
in flood frequencies has been effected. Assuming an average
of 50 storms of flood magnitude in 10 years, 12 flood peaks
over 50 c.s.m. could be expected with the watershed in for-
est cover. Compared with this, 25 flood peaks in excess of
50 c.s.m. should ocecur following forest cutting and subse-

quent mountain farming. On the same basis, at the 100 oc.s.m.



TABLE XVII
FLOOD FRAK FREQUENCY DATA, WATERSHED NO. 3

— — |
Number of Mass Percentage of
Flood Peak Ocourrences Totals Total Oocurrences
Classes in
C.B8.M, 1934~ 1940~ 1934~ 1940~ 1934~ 1940~
1939 1951 1939 1951 1939 1951
10-19 6 9 22 63 100 100
20-29 6 15 16 54 72.7 85.7
30-39 1 6 10 39 L5 61.9
40-49 6 6 9 33 4L0.9 5244
50-59 1 b 3 27 13.9 h2.9
60-69 6 23 3.5
70-79 1 1 2 17 9.1 27 .0
80-89 1 16 25 oky
90-99 2 15 23.8
100-109 1 1 Leb
110-119 2 13 20,6
120-129 5 11 17.5
1,0-149 2 6 9¢5
170-179 1 4 6.3
190-199 1 3 L8
390-399 1 2 3.2
1850-1859 1 1 1.6

€ST
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level, only 2 to 3 flood peaks from the forested watershed
could be anticipated as compared with at least 10 flood
peaks in excess of 100 c.s.m. from the treated watershed.

To show that the changes are a result of the treatment
rather than of climatic fluctuations during the treatment
period, the same procedure was followed for the control
watershed which was in forest cover for the entire period,
except that 5 c.s8.m. classes were used to better define a
curve in graphic presentation. These results are given 1in
Table XVIII and Figures 50 and 51.

The corresponding curves for the control watersheq,
Figure 51, show that no great change has taken place in the
precipitation pattern. Actually, the 1934-1949 period shows
higher flood frequencies than the post-treatment period,
indicating that possibly, had climatic conditions been even
more alike for the two periods, the changes brought about
on the treated watershed would probably have been even more
marked.

Table XIX summarizes the changes in flood peaks at the
1, 2, 5, 10, 20, 50 and 80 percent levels for the Little
Hurricane Watershed.

This increase in flood frequency, along with the in-
creased magnitude, aids in explaining why channel bank
vegetation is being removed and why the vegetation which
starts growing on this site is washed away before 1t has an

opportunity to become firmly established. It shows, too,



TABIE XVIII
FLOOD PEAK FREQUENCY DATA, CONTROL WATERSHED NO. 2

Number of Percentage of
Flood Peak Ocourrences Mass Totals Total Qceurrences
Classes in
1939 1951 1939 1951 1939 1951
0-5 9 58 100
6-10 6 20 21 L9 100 84.5
11-15 3 14 15 29 71.4 50,0
16-20 3 8 12 15 57.1 25.8
21-25 2 9 42.8
26=30 1 2 7 7 33.3 12,1
31-35 1 1 6 5 28 .6 8.6
36-40 1 1 5 L 23.8 6.9
Ll=k5 2 1 L 3 19,0 5.2
51=55 1 2 34
56-60 1 2 9.5
66=70 1 1 1.7
81-85 1 1 L.8

LST
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why farmers of this area, in increasing numbers, are con-

verting their first bottom-lands from truck and corn cultiva-

tion to permanent pastures.

TABIE XIX

FREQUENCY OF FLOOD PEAKS BEFORE AND ATTER FOREST CUTTING
AND SUBSEQUENT MOUNTAIN FARMING

Percent of Observations

Period b 2 5 10 20 _50 80
Maximum flood peak in c.s.m. exceeds ....
1934-1939 175 135 100 75 25 30 20

1940-1951 20004 1000 230 130 100 60 30

Distribution of Stoarm Runoff

To show the effects of forest cutting and subsequent
mountain farming on the manner in which storm runoff comes
off the experimental watershed, distribution graphs were
made for the two perioda: 1934-1939, in which the water-
shed was in forest cover, and 1940-1951, the mountain farming
treatment periocd. The method outlined by Wisler and Brater
(36) was used to prepare the storm runoff distribution graphs.

Five storms, two for the “before™ period and three for
the "after™ period were selected for this study on the basis
of similarity in storm type and precipitation amount and in-
tensity. The bases of the hydrographs were divided into
three-minute intervals and the total flow and the base flow
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were calculated for these intervals. Three-minute intervals
were selected to give a total of spproximately 20 equal in-
tervals or points for subsequent graphical analysis. Storm
runoff was obtained by subtracting base flow from total rlow
(unit hydrographs). Storm runoff percentages were then com-
Puted for each three-minute interval. Tables XX through XXIV
show the ocalculations for the individual storms.

The values for the "before™ and "after™ periods were
then averaged to give the composite distribution graph data
which is shown in Tables XXV and XXVI. These data were then
Plotted to give the final distribution graphs for the two
periods which appear in Figure 52.

To show the differences in the volume of storm runoff
coming off the watershed at maximum flood stage, a time period
equal to one-tenth the base of the hydrograph (three-minute
interval on each side of the actual peak) was marked off on
the distribution graphs and the percentages for these inter-
vals were determined by planimeter. These results are indi-
cated on Figure 52.

It is obvious rfrom these graphs that a definite ochange
has taken place in the distribution of the storm runoff. One
notable effect is the change in the time of concentration
(time that runoff began to the maximum peak) for the water-
shed. While the watershed was in forest cover, the peak
occurred approximately 35 minutes from the time storm runoff
first began. Following forest cutting and mountain farming



TABLE XX
DERIVATION OF DATA FOR DISTRIBUTION GRAPH FOR STORM OF JUNE 12, 1936

3-Minute Total Head Volume in Base Flow Head Volume in Storm Runoff Perceat of

Interval in In./Hr. Cubic Feet in In,/Hr. Cubic Feet Volume in  Total Storm
Number Inst, Ave., (Interval) Inst. Ave, (Interval] Cubic Feet Runoff

.0070 .0070

0

1 .0082  .0076  3l.43 .0073  .00715  29.57 1.86 .29
2 .0096  .0089  36.81 .0076  .00745  30.81 6.00 '95
3 0110  .0103  £2.60 .0079  .00775  32.05 10.55 1.67
i 0124  .0117  48.39 .0081  .00805  33.29 15,10 2.39
5 0136  ,0130  53.77 .008,  .00825  3i.12 19.65 3.12
6 0162  .01i9 61.63 .0087  .00855  35.36 26.27 .16
7 019,  .0178  73.62 .0090  .00885 36,60 37.02 5.87
8 0210  ,0202  83.55 .0093  .00915  37.8 15,71 7.25
9 0240 L0225 93,06 .0096 00945 39,09 53,97 8,56
10 027,  .0257 106,30 .0099  .00975  i0.33 65.97 10.46
11 .0302  .0288 119,12 .0102  .01005  41.57 77455 12,29
12 .0298  .0300 12,.08 .0104  ,01030  42.60 81.48 12.91
13 0210  ,025, 105.05 .0103  ,01035  42.81 62424, 9.87
1, .0182  ,015  81.07 .0102  .01025  42.39 38.68 6.13
15 0160  ,0171 70,73 .0100  ,01010  41.77 28.96 b 59
16 OLL4 0152  62.87 .0098  .00990  40.95 21,92 3.4,8
17 0130  ,0137  56.66 .0096  .00970  40.12 16,54 2.62
18 0120  ,0125 51,70 .009,  .00950  39.29 12,41 1.98
19 0100 0110  45.50 .0092  .00930  3B.46 7,04 1.12
20 .0090  ,0095  39.29 .0090  .00910  37.64 1.83 .29
Totals 1387.23 756.48  630.75 100,00

Coanversion Factor: Inches per hour to cubic feet for 3 minutes equals 180/.04352
equals 4136.

29T



TABLE XXI
DERIVATION OF DATA FOR DISTRIBUTION GRAPH FOR STORM OF JUNE 15, 1937

1 2 3 kL 5 6 7 8 9
3-Minute Total Head Volume in Base Flow Head Volume in Storm Runoff Percent of
Interval in In./Er. Cubic Feet in In,/Br. Cubio Feet Volume in  Total Storm

Number Inst. Ave. (Interval) Inst, Ave, (Interval) Cubic Feet Runof?f

0 .0022 .0022

1 0045 .00335 13.86 0024 .0023 9.51 4e35 49

2 .0065 00550 22,75 .0026 0025 10,34 12.41 1.40

3 .0080 00725 29.99 .0028 <0027 11.17 18.82 2.13

A »0100 00900 37.22 0030 +0029 11.99 25.23 2.86

5 .0120 001100 45,50 .0032 .0031 12,82 32,68 3,70

6 ,0135 01275 52,73 .0035 .00335 13,86 38,87 440

7 20155 01450 59,97 0039 0037 15.30 L4 .67 5,06

8 +0190 01725 71.35 0042 +00405 16.75 54,60 6.18

9 00220 02050 84.79 0046 0044 18.20 66.59 7.5k

10 .0260 02,00 99,26 . 0049 00475 19,65 79.61 9,01
11 «0290 02750 113,74 .0052 .00505 20.89 92,85 10.51
12 «0290 «02900 119.94 «0052 0052 21.51 98.43 11,14
13 «0240 .02650 109.60 .0052 .0052 21.51 88.09 9.97
14 .0200 02200 90.99 0051 00515 21.30 69.69 7.89
15 .0150 01750 72,38 .0051 0051 21,09 51,29 5.81
16 0127 01385 57.28 .0051 0051 21.09 36.19 4.10
17 0115 01210 50,05 .0051 .0051 21.09 28 ,96 3.28
18 «0090 01025 42.39 .0050 00505 20.89 21,50 2.43
19 0075 00825  34.12 .0050 .0050 20,68 13.44 1.52
20 0050 .00625 25.85 «0050 0050 20,68 5017 59
Totals 1233,76 350.32 883 .4k 100.00

Conversion Factor: Inches per hour to cubic feet for 3 minutes equals 180/,04352
equals 4136.

€91



TABLE XXII

DERIVATION OF DATA FOR DISTRIBUTION GRAPH FOR STORM OF JULY 11, 1946

—————

————

——
=

—
—

~—

SE—————

1 2 3 b 5 6 7 8 9
3-Mipute Total Head Volume in Base Flow Head Volume in Storm Runoff Percent of
Interval in In./EHr. Cubic Feet in In./Hr. Cubic Feet Volume in  Total Storm
Number Inst, Ave, (Interval) Inst,. Ave. (Interval) Cubic Feet Runof?t

0 +0045 0045
1 .0085 +0065 26,88 .0055 .0050 20,68 6,20 b5
2 .0300 .0198 81.89 0065 .0060 24,82 57.07 4,10
3 .0950 «0625 258,50 .0075 +0070 28.95 229,55 16.49
I .0900 «0925 382,58 .0073 .0074 30,61 351,97 25.29
5 .0675 .0788 325.92 .0072 .0072 29,78 296,14 21.28
6 0400 .0538 222,52 .0071 0072 29,37 193.15 13.88
7 .0260 .0330 136.49 .0070 +0070 28 .95 107.54 7.73
8 ,0150 +0205 84,79 .0068 +0069 28 ¢ 54 56 .25 L.0L
9 <0125 .0138 57.08 «0067 .0068 28.12 28,96 2.08
10 0115 ,0120 49,63 .0066 +0066 27 .30 22.33 1.60
11 .0100 .0108 L .67 0064 .0065 26.88 17.79 1.28
12 .0085 .0092 38,05 .0063 0064 26.47 11,58 .83
13 .0075 .0080 33.09 «0062 0062 25,64 7.45 o 54
1 .0068 «0072 29,78 .0061 «0062 25,64 IS «30
15 0060 0064 2647 .0060 .0060 2L .82 1.65 12
Totals 1798.34 406,57 1391.77 100.01

Conversion Factor:

Inches per hour to cubic feet for 3 minutes equals 180/,04352

equals 4136,

1
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DERIVATION OF DATA FOR DISTRIBUTION GRAPH FOR STORM OF MAY 22, 1949
j-Minute Total Head Volume in Base Flow Head Volume in Storm Runoff Pereent of
Interval in In./Hr. Cubic Feet in In./Hr. Cubic Feet Volume in Total Storm
Number Inst. Ave, (Interval) Inst. Ave, (Interval) Cubic Feet Runoff
0 .0060 .0060
1 .0080 .0070 28.95 0065 .0062 25.64 3.31 13
2 0110 .0095 39.29 .0070 .0068 28,12 11.17 b5
3 0190 0150 62 .04 .0075 .0072 29,78 32.26 1.30
L .0800 +0L95 204 .73 .0078 .0076 31.43 173.30 6.97
5 .1890 1345 556429 .0080 0079 32.67 523.62 21,06
6 «1050 .1970 814.79 .0080 .0080 33.09 781.70 31 odede
7 .0530 .0790 326,74 .0079 .0080 33.09 293 .65 11,81
8 0420 0475 196 .46 .0079 .0079 32.67 163.79 6.59
9 .0330 0375 155.10 .0078 .0078 32.26 122.84 L.9L
10 .0280 0305 126,15 .0078 .0078 32,26 93.89 3.78
11 0230 0255 105.47 0077 .0078 32,26 73.21 2.94
12 «0200 0215 88,92 +0076 .0076 31.43 57 49 2.31
13 .0170 .0185 76.52 0075 «0076 31.43 45.09 1.81
1l .0150 +0160 66,18 0075 0075 31,02 35.16 1.41
15 .0125 .0138 57.08 0074 0074 30,61 26 .45 1.06
16 0110 .,0118 48,80 0074 0074 30,61 18.19 73
17 .0090 .0100 L1.36 .0073 0074 30,61 10.75 43
18 .0085 .0088 36,40 ,0073 .0073 30.19 6.21 25
19 .0080 .0082 33.92 .0072 .0072 29,78 Lol 17
20 .0078 .0079 32,67 .0071 .0072 29,78 2.89 012
21 .0076 0077 31.85 .0071 .0071 29.37 2.48 .10
22 0074 .0075 31,02 .0070 .0070 28.95 2,07 .08
23 .0072 .0073 30.19 .0070 .0070 28.95 1l.24 .05
2 .0070 .0071 29.37 .0069 +0069 28 .54 .83 .03
25 .0068 .0069 28.54 .0068 .0068 28.12 o2 .02
Totals 324,8.81 762 .66 24,86.15 99,98
Conversion Factor: Inches per hour to cubic feet for 3 minutes equals 180/.04352

equals 4136,

9T



TABLE XXIV
DERIVATION OF DATA FOR DISTRIBUTION GRAPH FOR STORM OF AUGUST 4, 1949

9
J-Minute Total Head Volume in Base Flow Head Volume in Storm Runoff Peroceant of
Interval 1in In./Br. Cubic Feet in In,/Hr, Cubioc Feet  Volume in  Total Stom
Number Inst. Ave., (Interval) Iast. Ave, (Interval) Cubic Feet Runof?f
0 .0040 .0040
1l .0080 .0060 2l 482 .0048 0044 18.20 6.62 49
2 .0180 .0130 53.77 «0054 0051 21,09 32,68 2.40
3 1150 +0665 275.04 0064 «0059 2 40 250 .64 18.44
I «1500 «1325 54,8.02 .0068 .0066 27 «30 520,72 38,31
5 .0260 .0880 363,97 0064 .0066 27.30 336,67 24.77
6 .0180 «0220 90.99 +0063 .00635 26,26 64.73 L.76
7 0145 01625 67.21 ,0062 .00625 25,85 L1.36 3.0l
8 «0124 01345 55,63 .0061 .00615 2544 30.19 2.22
9 .0105 01145 L7436 +0060 .00605 25,02 22.34 1,64
10 .0100 «01025 4L,2.39 .0060 .0060 2l .82 17.57 1.29
11 .0085 00925 38,26 «0059 .00595 24 .61 13,65 1.00
12 .0075 .0080 33.09 .0058 .00585 24,20 8.89 65
13 +0065 0070 28.95 0057 00575 23,78 5,17 .38
14 .0062 «00635 26,26 0057 0057 23,58 2.68 «20
15 .0060 .0061 25.23 «0056 .00565 23.37 1,86 oLl
16 .0058 .0059 24 440 0056 .0056 23,16 1.24 .09
17 .0057 00575 23.78 0055 00555 22.95 .83 .06
18 +0056 +00565 23.37 <0055 0055 22.75 .62 «Oly
19 +0055 .00555 22,95 0054 «00545 22, 54 ol 03
20 0054 00545 22.54 0054 «0054 22.33 21 .02
Totals 1838.03 478495 1359,.08 99.97

Conversion Factor: Inches per hour to cubic feet for 3 minutes equals 180/.04352
equals 4136,

991
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TABLE XXV

COMPOSITE DISTRIBUTION GRAPH DATA
FOR "BEFORE"” PERIOD - 1934-1939

w—
v——

Percent of Total Storm Runoff

Il

Interval Date of Storm Average
Number 5
1 29 49 «39
2 «95 l.40 l.18
3 1.67 2.13 1.90
L 2.39 2.86 2.62
5 3.12 3.70 3.4l
6 4.16 L 40 L .28
7 5.87 5.06 5 L6
8 7.25 6.18 6.72
9 8.56 7«54 8.05
10 10.46 9.01 9.74
11 12.29 10.51 11.40
12 12.91 11.14 12.02*
13 9.87 9.97 9.92
14 6.13 7 .89 7.01
15 he59 5.80 520
16 3.48 4 .10 3.79
17 2.62 3.28 2.95
18 l1.98 2.43 2.20
19 l.12 l1.52 l.32
20 029 058 .M

*Flood peaks matched
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TABLE XXVI

COMPOSITE DISTRIBUTION GRAPH DATA
FOR "AFTER" PERIOD - 1940-1951

Peroent of Total Storm Runoff

Interval Date of Storm Average
Number 9

«13 <OL*
1 45 15
2 kb 1.30 L9 .75
3 L .10 6.97 240 &L 449
4 16.49 21.06 1844 18.66

5 25.29 31.44 38.31 31 .68*%*

6 21 .28 11.81 24.77 19.29
7 13.88 6.59 L .76 8.41
8 7.73 4 .94 304 5429
9 &L Ol 3.78 2.22 3.35
10 2.08 2.94 1.64 2.22
11 1.60 2.31 1.29 1.73
12 1.28 1.81 1.00 1.36
13 83 lekl «65 «96
14 o 54 1.06 «38 .66
15 «30 73 +20 4l
16 .12 N % A 23
17 «25 .09 .11
18 «17 .06 .08
19 «12 -0l .05
20 .10 .03 Ol

.08 .03*

«05 L02%

.03 .O1*

.02 .01¥

*Values dropped to give 20 intervals
**F] ood peaks matched
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the peak occurred on the average of 15 minutes after runorf
began. In a few cases with short, intense summer storms,
the time from the start of runoff to the peak was observed
to be as little as 10 minutes.

It is apparent, too, that the peak percentage itself
was more than doubled as a result of the treatment. While
in forest cover, the maximum value was approximately 1l2 per-
cent; following cutting and treatment, this value Jjumped to
approximately 32 percent. Apparent, too, is the change
in shape of the hydrograph to an almost needle-shaped storm
hydrograph.

Signiricant, too, is the change in the peak percentage
based on the maximum discharge for a time period equal to
one-tenth the base of the storm hydrograph. For the "be-
fore" period, indicated as "A" in Figure 52, this amounted
to 24 percent of the total storm runoff. As a result of
the treatment, the peak percentage "B" in Figure 52 increased

to L9 percent.



SUMMARY

For many years it hes been a common practice in the
Southern Appalachians to clear off the native forest cover
on steep slopes and then to attempt to farm the area. In
this study a determination of the effects of this use of
land on some of the blologlioc, edaphic and surface runoff
characteristics of a 23-acre watershed was made with the

following results.

Bioclogic Changes

By oclearcutting the forest cover and applyling aiffer-
ent land use practices to the watershed a marked change in
the vegetation was produced. Nearly half of the water-
shed, approximately 10 acres, was permitted to grow back
into natural forest cover. Eleven years after cutting anad
negligible use by cattle, the dominant sprouts and seedling
trees are approximately 3 to 3% inches in diameter at
breast height and 12 to 15 feet in height. By examining
ad jacent unout areas and timber ocruise data it was found
that there is little change in species composition except
for the presence of wild plum, hawthorne and staghorn
sumac on the ocutover area. These invading speclies will

probably disappear within a few years following complete

canopy closure.
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Shrubby and herbaceous cover in the coppice forest area
is very sparse except along the ridges and in a few openings.
Many speclies assoclated with forest openings were observed
although most of these will probably disappear within a few
years. In the more dense portions of the coppice area black-
berry, for example, has virtually disappeared sl though there
is ample evidence of 1ts former occupation. In most of the
adjoining forest area there is a moderate understory of
mountain laurel and rhododendron. It is apparently much
slower in becoming re-established than many other species
since it is fairly common only near the ridges in the coppice
forest area.

In the two pasture areas as well as in the abandoned
cornfield, the most marked changes are those in vegetation
density and in speclies composition of the shrubby and her-
baceous cover. On all three areas vegetation density is
low, particularly in the lower pasture. Changes in specles
composition were marked by the appearance of such more or
less noxious or unpalatable species as mullein, yarrow,
Canada thistle, smartweed, nettle and purslane -- all fre-
quently associated with land abuse. The forest tree seed-
lings and sprouts observed in 1951 consisted of about the
same species which were represented on the area prior to
clearcutting. Invading species included green ash, haw-

thorne, black walnut and butternut.
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In the control plots, established in the cornfield at
the time it was abandoned in 1949, the ground cover is nearly
complete after only two yearas. The most abundant species in
these two plots are blackberry and wild strawberry. It is
obvious in both plots that tree species will soon take over.
Numerous stems in both plots exceed 5 feet in height.

In the absence of forest vegetation, stream tempera-
tures lncreased to the point where they were higher than the
maximum limits for trout. Similarly, stream turbidities
were increased by approximately three times. Consequently,
due to changes, the stream is no longer suitable for trout

habitation.

Edaphic Changes

The physical characteristics of the so0ill influence the
rate at which precipitation enters and is transmitted
through the soll and these factors in turn affect stream
flow. A summary of the physical properties of the solls on
different parts of the watershed are presented in Table XXVII.
In addition, infiltration studies were made in 1949 and 1950
by the Coweeta Hydrologic Laboratory.

The results of the surface infiltration study made 1in
1949 showed marked differences in the infiltration rates of
the portions of the watershed used in different ways. In

all the forested plots sampled on the Coweeta area, in-

cluding the coppice forest portion of the Little Hurricane

4



TABLE XXVII
SUMMARY OF PHYSICAL CHARACTERISTICS OF THE SOIL

——

S ———

Volume Total Capillary Noa- Perme~ Organic Sand and Aggregates
Site Weight Porosity Porosity Capillary ability Matter Coarser over 4 ma.
Porosity Content Material

~ Percent Percent  rercent  1n,./Br., Percem, rercent rercent

0=3 inech layer

Undisturbed forest .88 56.8 36.1 20,7 171.1 7.03 81.7 85.5
Coppice forest .82 6045 36,0 2h¢5 163.0 8.97 91.4 732
Upper pasture 1.03 53.9 39.0 1.9 20.2 7.62 99.6 64.1
Lower pasture 1.11 5245 37.9 14 .6 6.6 l.00 97.7 53.9
Corafield .93 56,1 40.1 16.0 12.4 440 99.1 59.0
Control plots

(cornfield) .98 53.8 29,2 2l .6 85.0 7 .28 91.0 46,2

3-6 inoh layer

Undisturbed forest 1,05 5449 32.6 22.3 6l o2 .87 82.8 73.8
Copploce forest .98 57.1 37.0 20,1 o7 5451 97 o4 63.5
Upper pasture 1.07 56,2 37.7 18.5 16.9 Lol 95.8 48 .6
Lower pasture 1,28 50.5 354 15.1 2,7 243 90.4 56.7
Cornfield 1,06 56.1 40.5 15.6 8.9 4458 95.6 62.2
Control plots

(cornfi'ld) 1006 5100 3709 1301 6‘4-00 l+o62 8909 wtl

N

k[N
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Watershed, the average infiltration rate invariably exceeded
six inches per hour. The values noted for the cornfield,
upper pasture and lower pasture respectively in 1949 were
4.00, 3.00 and 0.56 inches per hour. Since the majority of
storms on the Coweseta area show precipitation intensities

in excess of 0.56 inches per hour, high surface runoff rates
would be antiocipated from the lower pasture. Similar infil-
tration tests made on the abandoned cornfield immediately
before and following grazing in 1950 indicated that even
short periods of grazing caused sharp decreases in the in-
filtration rate.

As indicated by samples collected from adjacent undis-
turbed forest plots, the permeability of the soil averaged
approximately 171 inches per hour in the O0-3 ineh layer and
over 64 inches per hour in the 3-6 inch zone. Tests after
treatment indicate a marked decrease in these rates, ranging
as low as those in the lower pasture, where the average rates
were 6.6 and 2.7 inches per hour for the 0-3 and 3-6 inch
layers respectively.

The percent of water-stable aggregates likewise showed
a marked decrease, from 85.5 and 73.8 percent of aggregates
over L mm. in size in the surface and sub-surface layers for
the undisturbed forest respectively, to a low of 46.2 and
40.1 in the control plots in the abandoned cornfield. The
soil Aispersion resulting from the decrease in aggregation

is undoubtedly responsible for lncreases in so0il losses from
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the watershed and ilndirectly for the increases in surface
runoff. An analysis of the aggregation of the fine earth
material indicated similar results.

Differences in organic matter content, volume weight
and porosity are also evident. The effect of former cultiva-
tion in the abandoned cornfield is evidenced in that the
organic matter content of both surface and sub-surface layers
are nearly the same. In the control plots in the abandoned
cornfield the organic content of the sub-surface layer is
approximately the same as in the cornfield. However, the two
years protection offered the control plots appears to have
been sufrficlient to increase the organic matter content ma-
terially in the surface layer. The lowest organic matter
content in both layers is noted for the lower pasture.
Apparently grazing has effeocted soll compaction and thus in-
hibited the incorporation of litter and humus. It is pro-
bable, too, that earlier cultivation of this arda may have
brought about soil changes in the lower pasture. The coppioce
forest area shows the highest content of organic matter in
both layers. This is Dprobably the result of an accumulation
of litter from slash and from a heavy herbaceous cover
following clearcutting and the decaying of root systems from
the trees formerly occupying the area.

The greatest differences in volume welght in both layers
were found between coppice forest and lower pasture, indica~

ting a close relationship between organic matter content and
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volume weight. In the surface layer, volume weight values
range from 0.82 to l.l1. In the sub-surface layer all
values are very nearly the same except in the lower pasture
where volume weight was 1.28, again showing the effects of
heavy trampling. These values, as well as those noted for
organic matter content, suggest that the most marked changes
in the physical characteristics of the soil occur in the 0-3
inch layer.

In porosity values, a slight decrease in total and non-
capillary porosity and an increase in capillary porosity, in
comparison with undisturbed forest conditions, 1s indicatead.
In non-capillary porosity a decrease of approximately 6 per-
cent by volume is shown. According to many writers, non-
capillary porosity determines permeability. From the results
of these determinations, small changes in the large pore
volume, then, may effect merked changes in permeabllity rates.

One of the greatest changes in the soil as a consequence
of the treatment is in soil losses from the watershed.

During the calibration period, 1934-1939, and until August,
1941 the average soil losses amounted to about 154 pounds per
acre per year. Following the cutting of the forest and the
application of mountain famming practices, the average s0il
losses increased to well over a ton per acre per year. A
small portion of this inorease might perhaps be attributed

to a change in the method of collecting soll losses. However,

virtually all the increase should be assigned to the treatment

of the watershed.
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Cultivation alone appears to be responsible for marked
increases in soll losses. These losses increased sharply for
a two-year period following the cutting of the forest cover
in which the cornfield was cultivated and the pasture areas
were grazed. During 1944 and 1945 the cornfield was protec-
ted and permitted to lie idle whille the pastures were being
grazed. During this period, soll losses dropped noticeably.
Following this period, the cornfield was again cultivated
for four years and the s0il losses mounted to a high in 1949
or over 2% tons per acre per year. In 1950 and 1951 the
cornfield was abandoned for cultivation and grazed along with

the two pasture areas and again soil losses declined,

Runoff Changes

A study made on the Little Hurricane Watershed indicated
an average runoff perceant of 2.66 for all storms with a max-
imum 30-minute precipitation intensity over 0.90 inches per
hour for the period in which the area was in forest cover.
Following forest cutting and mountain farming this was in-
creased to L .50 percent. Summer storms alone gave percen-
tages of 1.53 and 4.79 for the before and after periods,
respectively.

From field observations and from the results of infil-
tration and permeability tests it was felt that the coppice
forest area and possibly portions of the upper pasture as

well, were not contributing materially to the total volume
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of surface runoff. Based on this assumption the runoff per-
centages were calculated on the basis that 6, 8, 10 and 12
acres were contributing all the surface runoff. It is highly
probable that the small heavily-grazed and cultivated areas
are the significant flood source areas and consequently have
an effeot on total watershed conditions far out of proportion
to their actual area.

A very significant change in the magnitude of flood peaks
occurred as a result of the land use treatment applied. Unit
summer storms ylelding precipitation at the rate of three
inches per hour for 15 minutes, for example, showed an in-
crease in the resulting maximum flood peak from 27 to 84
cubic feet per second per square mile. At the rate of five
inches per hour for 15 minutes the lincrease theoretically
would be from 59 c.s8.m. to approximately 335 c.s.m.

A study of flood peak frequencies for the watershed in-
dicated similar marked changes. Histograms of the flood
peaks show that during the period of standardization (land
in forest cover), 1934-1939, only three floods occurred with
maximum peaks over 50 c.s.m. (three per five years). From
1940 to 1951, after clearing and cultivation, 25 floods with
maximum peaks in excess of 50 c.s.m. were noted (more than
ten per five years). A similar analysis of data from a con-

trol watershed actually indicated lower frequency values for

the later period.
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One of the most significant changes in surface runoff
brought about by forest cutting and subsequent mountain farm-
ing is the manner in which the runoff water comes off the
watershed. Runoff distribution graphs for the before and
after periods show that the peak runoff occurs about 15 min-
utes after the beginning of a storm, since the area has been
cleared and farmed. Before clearing, the peak runoff dia
not ocour until about 35 minutes after the beginning of a
storm. For both periods the duration of runoff was approx-
imately 60 minutes. Prior to treatment approximately 1l2.5
percent of the storm flow came off the watershed during the
peak 3-minute interval. Followling treatment, this value

jumped to nearly 32 percent.
PRACTICAL IMPLICATIONS FOR LAND USE

As a result of increasing population and economic pres-
sures, thousands of acres of steep forest land within the
Southern Appalachian region have been cleared for use as
pasture or cropland. The advisability of this practice has
been extremely questionable from an agronomic and, parti-
cularly, from a hydrologic standpoint. The results of this
study show that forest cutting and the application of average
to poor farming practlices have a very deleterious effect
upon the physical properties of the surface soil and increase
surface runoff during storms.

The common practice in this region is to cut off the

forest cover, plow the selected area and plant it to row
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crops. Within a short period of time after cultivation is
begun, the organic constituents and natural structure of the
former forest soil begins to break down, leading to soil
dispersion and resultant accelerated erosion. In cultivating
Trow crops on steep land the exposed topsoil washes away in-~
creasingly with each year and fertility declines until,

after a period of approximately 10 to 15 years, yields have
decreased to the point where the venture is no longer pro-
Tfitable.

Since the farmer invested a great deal of labor in the
original clearing he frequently decides to convert the worn-
out area to pasture instead of allowing it to return to
forest cover.

All too frequently the land now becomes over-grazed,
resulting in rapid compaction of the already eroded soil due
to trempling by the cattle. Infiltration and permeability
rates quiokly decline and the soil loses its capacity for
water storage. The cumulative effect of these abuses is to
increase the volume of surface runoff and to multiply the
frequency and magnitude of floods many times over that which
would have occurred under natural forest conditions.

At first glance, it might appear that the injury is
confined to an already worn-out area and thus is of minor
consequence. However, once these floods begin to occur in
inocreasing number and magnitude, it becomes clear that the

damage 1s much more extensive and much more sexrious.
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The increased erosion produces sediment which silts in
reservoir systems. When such lands are part of a waterahed
contributing to a municipal water supply, increased turbidity
of the streams may result in a necessity for purification.

Such flood source areas produce erosion on lower lands
which normally would not be subject to serious soil washing.
Within the past ten years many farmers in this region, who
depended on the cultivation of row and truck crops in the
first bottom lands along the streams for their greatest source
of income, have been forced to convert their first bottom
lands to permanent pasture which can withstand increased
flooding.

Results such as these could probably be expected from
average to poor farming practices in other areas with similar
topography and soils. It might be suggested that better
farming methods could alleviate the situation. Corn might
be rotated with clover and amall grains and the amount of
fertilizer used could be increased to advantage. Less
damage from trampling would occur if fences were erected and
a more restricted number of cattle permitted to graze. How-
ever, all these improved practices are difficult and expen-
sive on such steep land.

When stream conditions in undisturbed forests are ob-
served, one 1s coanvinced that good forests, good soils and
good water go hand in hand. Soil conditions under undisturbed

forest encourage storage of water and make possible the
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control of erosion. It is reasonable to bellieve that through
the ages there has developed an harmonious adjustment of
vegetation, soil and water. This natural adjustment, how-
ever, appears to be in delicate balance. It is impossible
to disturb the forest without disturbing this equilibrium.

It is obviously impractical, however, to leave all
land in forest no matter how excellent the supply of water
thus assured would be. Land must be used, but must also
be carefully managed in order to husband its potentialities
for human satisfaction. As we come to understand all of
the physical forces which must be kept in balance, we will be
better able to develop land management practices which will
permit us to utilize all resources without exploiting any

one at the expense of another.
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Watershed No. 3

Catalog of Storms Having Maximum 30-minute Precipitation Intensity over
0.90 Inches Per Hour

Peak Runoff

Total
Peak Precipita-

crs CSM __ "/Hr, Time Type tion inches

Before Period 1934-1939

1 Aug. 22, 1935 L8 JO7LU6 2035 ] 1.91
2 Apr. 2, 1936 L6 .,07129 0210 M 4.10
3 Jun. 12, 1936 o T4 S 21 .03261 1450 8 0.91
L Jul. 12, 1936 1.5160 L3 .06598 1600 S 1.83
5 Aug. 24, 1936 .8305 23 .,03614 2010 S 0.94
6 Sep. 20, 1936 1.9060 54, .08295 1510 M 1.85
7 Sep. 30, 1936 2.4770 70 .10780 0105 M 5.85
8 Nov. 5, 1938 3.9050 110 .16995 0255 M L.67
Intermediate Period 1940-1944

9 June 13, 1943 45720 128 .19898 1605 S 1.35
10 July 5, 1943 6.8000 191 .29594 1805 D 1.29
11 July 30, 1943 1 ,1600 398 .61626 1730 S 1.83
12 Aug. 12, 1943 4.3300 122 .18845 1715 M 246
13 Feb. 17, 1944 L6 ,07181 2200 D 2624
14 July 11, 1946 2.4480 69 .10654 1710 S 0.76
15 July 15, 1946 2.4260 68 .10558 1630 S 1.73
16 Aug. 25, 1947 4.0200 113 .17496 1330 D 2.33
17 Apr. 8, 1948 1.7220 L8 .07494 0325 D 0.88
18 Aug. 2, 1948 5.0200 141 .21848 0600 D 3.81
19 Aug. 14, 1948 1.7220 L8 07494 1230 S 1.23
20 Nov. 19, 1948 1.883%0 53 ,08195 1330 M 352
21 Nov. 28, 1948 1.4260 L0  ,06206 0820 M 3.85
22 May 22, 1949 4.3300 122 .,18844 2300 M l.17
23 July 10, 1949 66.0390 1849 2.86609 1705 M 2.88
24 Aug. 4, 1949 4.4830 126 .19511 1810 S 0.57
25 Aug. 20, 1949 1.8150 51 .07898 0050 S 0.35
26 Sep. 6, 1949 1.7970 50 .,07821 0505 M 3.03
27 Sep. 18, 1949 3.4010 96 .13253 1245 M 1.63
28 Oct. 6, 1949 2.4260 68 .10529 1725 M 3.33
29 Oot. 16, 1949 1.4005 4L0 .06095 0205 S 1.81
30 June 3, 1950 2.1800 61 .09.4,87 0035 M 1.12
31 Aug. 29, 1950 2.8100 79 12229 2305 M 1.73
32 Aug. 30, 1950 3.2710 92 .14235 1605 M 2.18
33 June 12, 1951 1.8780 53 ,08176 1905 M 2.31
34 July 15, 1951 5.1150 UL .22260 1301 S 1.75
35 July 16, 1951 1.5160 43 .06598 1617 S 0.57
36 July 27, 1951 4500 126 .1958%4 1615 S -~



Storm Descr on

189

inten-

ration of Precip.--Brs.-No. Min.,
Total _ _RB - MNP  Storm 10 Precip. sities "/Hr.

om To Min, From To Min, Class Min. 15 min. 20 min., 30 min. 60 min.
925 2005 L0 1930 2035 65 S 5.70 524 L.23 3.90 2,01
925 0525 1260 0925 0240 w 3.90 2.60 1.95 1.50 0.84
200 1513 193 1200 1450 170 S 3.00 2.80 2.4 0 1.60 0.89
1435 1600 85 S  5.58 Le52 Lol 3.32 1.96

9010 2025 75 1915 2010 55 S 2.64 2.36 2.25 1.58 0.90
325 1630 185 1325 1510 105 s L .92 L.32 3.72 2.54 1.47
10 0600 770 1710 0105 475 I 2.94 2.68 2. 58 2,00 1.47
530 0240 670 1530 0255 685 w 2.70 2.12 1.86 140 1.09
550 1850 180 1545 1605 20 S 642 L4464 3.66 2.48 1,26
20 1830 250 1350 1805 255 8 2.64 2.56 1.98 1.42 1,00
800 1900 660 0820 1730 550 S L.98 3.92 3.06 2.16 1.13
L25 2000 335 1655 1715 20 8 2.4,0 2.2, 2.16 1.78 1.50
1700 2200 1140 I 1.63 1.59 1.38 0.75

650 1705 15 1650 1710 20 S  3.72 3,04 2.28 1.52 0.76
520 1900 220 1520 1630 70 8 3.00 3,00 3.00 2.40 1.47
305 1530 145 1305 1330 25 S 5,10 5.00 4.50 3,70 2.25
0905 490 0255 0325 30 I 1.98 1.72 1.68 1.36 0.70

1000 580 0030 0550 320 S 3.06 2.68 2.52 2.48 2.13

1545 220 1205 1230 25 S 3,72 328  2.49 2.10 1.15

2015 1395 2125 1330 965 I 1,26 1.16 1,08 0.94 0.83

1930 1110 0000 0820 500 w 0.96 0.80 0.72 0.58 0.48

2322 135 2110 2300 110 S 2.28 1.80 l.43 l1.18 0.57

1915 220 1642 1705 23 S Lol 4,20 Lol 346 2.47

1805 20 1800 1810 10 8 3.06 2.20 1.65 1.10 0.55

0205 90 0025 0050 25 8 2.04 1.36 1.02 0.68 0.34

1603 1353 1300 0505 965 S l.44 1.08 1,02 0.78 0.69

1635 300 1120 1245 85 S 3,06 2.28 2.16 1,62 1.27

0515 1770 1430 1725 175 S 2.82 2.20 1.95 l1.32 0.68

2100 1290 0155 0210 15 8 2.04 1.96 1.65 1.3 0.80

0400 220 0020 0035 15 S 3,60 2.48 1.92 1.32 0.53

0420 L40 2100 2310 130 S 3.12 2,20 1.68 1.20 0.74

2300 650 1225 1605 210 S 2.60 2.08 2.0 1.70 1.17

0010 4,80 1610 1905 175 S  3.24 2,60 2.20 1.64 1.10

1500 141 1230 1301 31 S LeT7k L 40 3,78 2.60 1,66

1617 34 1545 1617 32 8 2.28 1.88 1.62 1.12 0.56

1700 55 1605 1615 10 8 5.0, 4.2 3.36 2.54 1.37

2
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SOIL OKRGANIC MATTER VALUES
Watershed No. 3
Soweeta Hydrologic Laboratory

202

Site Semple Percent orgenic mutter
number 0-3 inch leayer 3-6 inch leyer
Undisturbed forest 1l 7677 4+99
2 4L.48 2.94
3 L.71 2.12
4 10.24 10.24
5 7.96 4.08
Average 7.03 4L.87
Conpice forest 1 6.67 2.9
2 3.41 1.67
3 9.12 * 6.85
4 16.68 10.69
5 9.00 5.40
Average 8,97 5.51
Unver pasture 1 6.29 3.34
2 10.12 6.90
3 9.30 4L.59
4 5.30 2.7
5 7,06 Le52
Averuge 7.62 4.4
Lower pesture 1 7.06 4.9
2 2.65 1.30
3 2.48 2.00
A 2.9 2.23
5 2.82 1.65
Average 4 .00 2.2
Cornfield 1 4L.48 2.12
2 L.83 5.06
3 o 24 5.30
4 5.88 3.65
5 6.60 11.54
Average L.40 L.58
Control olots 1l 7. 77 6.12
2 6.7 2.48
3 2.66 6.36
4 6.36 4eT71
5 5.65 3.42
Average 7.23 L.h2




VOLUVE WEIGIHT VALURS
Vetershisa No. 3
Coweetu hycrologic LeborntHrry

Sit Samnle Voluite weiiht
e .
number 0-3 inch leyer 3-6 inch layer
Undisturbed forest 1l « 77 1.00
2 .8 «97
3 .91 1.10
4 .96 1.04
5 .28 1.14
Avernye .22 1.05
Copnplice forect 1 - 20 1.12
2 .71 1.11
3 .82 .73
A .53 .79
5 73 «G5
Averuie .82 .98
Tnomner nasture 1l 1.18 1.31
< .35 <293
3 .90 7
A 1.22 1.24
5 . 88 1.74
Aversge 1.03 1.07
Lover nzsture 1 e 75 1.25
2 1.29 1.24
3 1l1.14 .43
4 1.22 1.16
5 1.03 1.33
Averw.e 1.11 1.28
Cornfield 1 A 1.21
2 1.153 1.12
3 1.01 1.1%2
4 A 1.03
5 .71 « 7T
Lverzce .93 1.75
Cont21 pnloze 1 1.90 1.0,
2 1.23 1.16
3 .79 .21
A .32 1.30
5 .82 1.09
AVeT: e .98 1.06




Watershed No.
Coweeta Hydrologic Leboretory

POROSITY VALUES {(in vercent)

3

20}

Non- To

Capillary Non- Totel Capillary
Site Sample Gapillery Capillery
number -
0-3 inch layer 3-6 inch layer

Undisturbed forest 1 41.8 19.9 61.7 39.4 18,2 "
2 Ll.2 15.9 57.1 39.2 16.4 £

3 39.8 18.1 57.9 33.4 20,2 5

4 28.2 2.8 53.0 26,0 30.8 5¢€

5 20,/ 25.0 5444 25.1 25.9 51

Averege 36.1 20.7 51.8 32.6 22.3 5.

Copoice forest 1l 30.7 29.3 60.0 3.3 17.3 51
2 38.6 19.1 57.7 37.4 15.3 54

3 29.4 19.1 52,4 36.1 25.6 61

4 32.6 35,0 67.6 34.0 2,.5  5¢€

5 35.1 19.9 53.0 43.3 17.6 6C

Average 36.0 24.5 60.5 37.0 20.1 5

Upper peasture 1 38.1 6.9 45.0 34.9 15.3 4C
2 43.2 17.9 61l.1 43.2 21.9 6

3 36.1 21.3 57.4 36.6 20.5 5"

4 37.2 8.3 L5.5 34.9 19.0 52

5 40.3 20.2 60.5 39.2 15.6 54

Average 39.0 14.9 53.9 37.7 18.5 5¢

Lower vasture 1l 49. 4 190.9 60.3 39.2 12.7 5]
2 L2.6 12.1 547 47.3 7e5 52

3 39.0 14.0 53.0 22.8 22.8 4t

FA 30.2 16.5 L6.7 39.2 13.6 52

5 2R, 2 19.6 L7.8 29.8 18.7 4’

Averege 37.9 14.6 52.5 35.4 15.1 5¢

Cormnfield 1 34.3 19-'7 53'0 39'0 1700 55
2 L3.8 10.1 53.9 L4 .0 11.5 5¢

3 44,1 13.0 57,0 39.7 13.0 5.

4 33,72 19.8 53.6 33.3 19.7 5

5 Li oL 18.7 63.1 L7.5 17.0 64

Average 40.1 16.0 56.1 40.5 15.6 5¢

Control vlots 1 35.0 18.8 53,8 31.6 15.1 4
2 17.3 10.2 27.5 51.4 9.5 6(¢

3 26.5 32.0 52,5 29,8 27.2 5

4 35.1 20.6 55,7 40.8 1.0 4]

5 31.9 L1.5 73.4 36.1 12.5 LF

Aversge 29.2 24.6 53.8 37.9 13.1 5]
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PrFMEABILITY LKATE VALUFES
Vatorshed Nn. 3
Coweeta Hydrologic Laboratory

. Semple Permeability rate in milliliters ver hour
Site number 0-3 inch layer 3-6 inch layer

Undisturbed forest 1 9572 3102
2 16600 3060

3 28600 16200

4 24000 3932

5 6800 5792

Average 17112 6417

Coppice forest l 20203 1100
2 17712 1275

3 20974 1300

4 28426 40200

5 8856 1467

Aversage 19232 94,68

Uppoer pasture l 4,20 : 145
2 3500 1400

3 3000 5100

A 284 598

5 2900 1200

Average 2021 1685

lower nasture l 600 44,0
2 26 28

3 300 134

A 1900 538

5 473 231

Aversage 660 274

Cornfield l 1590 429
2 4,30 618

3 385 400

4 1900 1800

5 1900 1100

Average 1241 /88

Control plots 1 10368 10496
2 518, 5400

3 11940 5760

4 9072 5551

5 13608 1047

Average 10035 7537




