N. B. The authors regret that many errors escaped correction in
the final proof-reading, and also that earlier editing of the
typescript failed to delete fractured syntax, dangling modifiers,
other objectionable items, or to repair faulty grammar and mis=-
placed punctuation. The reader's attention is called to the
following partial list of errors in the hope of clarifying the
intended meaning of the topics discussed:

ERRATA

P. X In the captions for Figures 52 and 53 and at several
places in the report Horner Ford appears as Hormer
Foard in error.

p. xvi  Second paragraph, line 6, change "acquifers'" to "aquifers'.

Map following p. xx Creek in lower left of map is Horner Ford not
Harper Ford.

p. 2 Line 3, insert a comma after "'channel'.

p. 42 Second paragraph, line 2 from bottom, insert semicolon
after the word "error" in place of comma.

p. 48 Hyphenate "Thirty-year' in title of Table 5 and correct
"last column heading to Ratio of Net Change: Total,
changing acres to %.

p. 85 Caption for Figure 26, first paragraph, last line
substitute "than" for "then'.

p. 104 Line 9 should read "..., mountain hardwoods, Merrick and
Johnson (1952)." Line 10 delete "and" at start of line.

p. 108 Third paragraph, line 3, insert '"comparing'" after "even'.
p. 116 Line 2 of footnote should begin "in clearing land,..."

p. 121  Line 13, change "or" to "of'".

ﬁ. 122 Second paragraph, line 5, insert "stand" after "aspen'.
p. 168 Line 13, change "absorbed'" to "adsorbed".

p. 173 Picture is on its side and reference to Figure 60 in
caption should be to Figure 59.

p. 191 Line 3 from bottom, insert "preceding" at end of line.

p. 222 Line 3 from bottom change "of" to "or".
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ABSTRACT

A study of the Lake Michie Watershed, the source of water
for the municipality of Durham, North Carclina, is reported.
The study was concerned with evaluating the effects of land
use on water quality, quantity and timing of flow during the
43-year period since the establishment of the lake.

The charvacteristic composition of the scils and the
vegetative cover and their influence on the hydrology of
the basin are discussed.

Through the interpretation of aerial photcgraphs,
Agricultural Census Data and other historic documents, the
nature of land use changes within the watershed have been
traced. An interpretation of the influence of these land
use changes is offered.

Current status of the watershed is detailed and
recommendations presented for improving the quality of the
water and the general hydrologic.characteristics of the
watershed.

The study highlights the problems encountered by a
Water Resources Department that must manage water availability

on 5 watershed where it is not the major land cwner.
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SUMMAKY AND CCNCLUSIONS

An investigation was undertaken, beginning in the summer
of 1968, to determine effects of land use on water guality,
quantity and timing of flow from the Lake Michie Watershed
which is the source of water for the municipaiity of Durham,
North Carclina. The watershed comprises 168 square miles,
laced by 296 miles of stream channels of Flat River and its
tributaries, the outflew from which forms the 507-acre |
reservoir behind an 81-foot high dam completed in 1926 near

Bahama, North Carolina.

Chénges in land use were determined chiefly from interpre-
tation of six sets of aerial photographs, beginning with the
first fiight in 1938, and ending in 1970. A study in 1936-37
by the Soil Conservatien Service (Martiﬁ and Bass, 1940) of
erosion and related land use conditions furnished valuable base
point information for this investigation. Information from the
aerial photographé was supplemented by intensive ground
reconnaissance of portions of the drainage basin and by Agricultural
Census Data for Person County, North Carclina. Extent of resgervoir
sedimentation was determined by direct probing and by a seismic
survey. Water quality was assessed from longtime records main-
tained by the Department of Water Resources of Durham, an& trends
in streamflow were evaluated from records of Flat River and Dial

Creek discharge since 1925 gathered by the USGS.




The investigation highlights the problems encountered by a
Water Resources Department that must manage water availability,
on a watershed over which it does not exgzcisa apntrol. Sugges=’
tions are Offefed for alleviating the conditions that now exist.

The principal findinmgs from this investigation can be
tabulated under five headings: land use changes, water quality,
drainage basin discharge, time of outflow, and the sedimentation

issue.

Land use changes:

1. Since the mid-1920's there has been a net increase of
almost 15 percent in the acreage of forest land which now
occupies 62.5 percent of the 107,200 acres of land within the
drainage basin. However, most of this Increase occurred prior
to 1938 when the first set of aerial photos of the watershed
were takemn.

2. Cultivated acreage exhibits decadal/fiuctuationé but
by 1970 it occupied nearly 25 percent of the watershed. Pasture
and idle land have declined slightly to about 10 percent of the
éntire drainage basin.

3. Road mileage has increased 15 percent in 40 years during
which mileage of paved roads tripled. The surface of the existing

road system now preempts over two thousand acres of the watershed.
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4. Farm ponds have increased from essentially none in 1930
to 620 in 1970, or approximately four ponds per square |
mile of watershed. Total areé in farm ponds gxceeds 1;270 acres.

5. Changes in the proportion of different uses do not
reflect the actual activity that has‘taken place during the
period of study. As an example, in the 3,384-acre Diai Creek
drainage, the pine acreage dropped‘from 1,115 acres in 1940 to
596 acres in 1970, suggesting a net change of 519 acres.
Actually, 714 acres moved out of the pine type and 195 acres
moved'into it, resulting in alterations involving over 900 acres
of pine forest type. It would appear that gctivity rather than
netvchange in land use should be a major consideration in the
evaluation of the hydrologic condition of watershed lands,

6. Also in the Dial Creek watershed, the hardwood forest
type increased from 535 acres in 1940 to 1,121 acresvin 1970
showing an increase of 603 acres in this type, but only 17
acres4mqved‘out of the type, indicating the basic stability .
‘of this type under the existing mismanagement of forest lands
within the drainage basin. In the absence of meaningful
forestry effort, except on the Hill Forest of the School of
Forest Resources, the forests on the Lake Michie watershed

are gradually being converted from pine type to junk hardwoods.
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- Water Quality:

1. During 40 vears, no trends were detected in the levels
of pH, dissolved oxygen, alkalinity, magnesium, sodium and
potassium.

2. Calcium, sulphates and chlorides did show a slight
increase in level as did hardness, which exhibited an increase
in variability oVer time.

3, Turbidity has tended to decrease, a decrease which
has been accompanied by a considerable reduction in variability
over time. The sﬁggestion is that there has been a stabilization
of conditions on the watershed reflecting improved farming
practices and a larger proportion of the watershed under forest
cover. This trend is evident despite the contiﬁuing sediment
transport into streams from the road system,

4. Road maintenance practices, solid waste disposal,
current level of livestock husbandry, and generél public use

contribute substantially to degrading the quality of water.

Water Quantity:

- 1. Mean discharge by months over a>43—year period has
ranged from 2,000 cfs in the low month of October to 7,700
cfs in the high month of March. These values correspond to

mean daily flow rates of 64 cfs and 248 cfs, respectively.



2, The lowest mean daily discharge of 4 cfs cccurred in
January 1934; and the highest mesn daily discharge of 760 cfs
occurred in January 1936.

3. Of the 131 billion gallons of water that is delivered
as precipitation to the 107,200 acres of watershed in an average
year, nearly 36 billion gallons show as ocutflow in the average
year. Under normal conditions, it is estimsted that about
three-fourths of the annual precipitation is 1ost‘ﬁhrou§h
evapotranspiration; is stored in deep acquifers, or leaks ocut
of the basin.

4, Even during the driest years on record since the‘early
1920's, the discharge from the Flat River drainage basin above.
Lake Michie,coupled with the existing reservoir storage capacity
of over 11,000 acre-feet, has stayed far in excess of Durham's

needs, and should remain adequate for several decades under

present or improved water management.

Timing of Yield:

1. The over—all trend in discharge from the Flat River‘dféiﬁage
in the last four decades had been downward, and the‘ampiifude of
peak high and low flows has been reduced:

2. Augmentation of low flow on an annual basis ié

possible to the extent of nine inches of extra wtaer; however,
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the current level of needs of the municipality relative to the
current level of outflow does not call for such augmentation.
Any vegetative manipulation for low-flow augmentation would
influence the annual yield, much of which would be lost in
overflow.

3. Under a program of organized forest management, an
annual yield of one billion gallons of extra water could be
realized while reaping the benefits of about half a million
dollars of stumpage receilpts for the watershed landowners from
annual harvests of wood from an estimated area of 1600 acres
each vear.

4. For improving percolation, deep seepage and detention

storage, retention of pines on the watershed rather than allowing

conversion to hardwoods is favored because of more effective
amelioration of subsoil by the root systems of the former

species group.

The Sedimentation Issue:

l. Based on measurements of sediment deposits in the
reservoir, the rate of sediment production from the Lake
Michie basin has averaged better than 266 tons per square
mile of watershed per year, or very nearly the same rate as
the "muddy'" Mississippi. This rate is based on direct
sediment measures, hence, is exclusive of material lost in

overflow.
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2. Since completion of the dam in 1926, between 10 and 11
percent .of the original capacity of the reservoir has been lost
to sediments.

3. The rocad system appears to be the principal source
of current pollution from sediments.

4, Sediment pollution could be reduced considerably by
improved road maintenance and soil stabilization practices,

especially with regard to drainage.
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RECOMMENDATIONS .

To improve water production and Wéter quaiity from the
Flat River drainage basin, or from any comparable watershed,
the measures listed below would be required{ It is recognized
that the nature of the measures has been .influenced by the
specific pattern of land ownerships within the Lake Michie
watershed, but the measures would apply equélly to other
municipal water systems where control of land use resides
beyond the authority of the water manager. Sevefal‘recbmmen-
dations are appropriate to any watershed; while othefs apply
directly to watersheds that have ownership patterns similar
to that of the Lake Michie wateréhed.

+1.  Improve road maintenance practices, stabilize
cuts and shoulders and direct road dréinage,thréugh filter
strips rather than directly into a stream.

2, Obtain.control over livestock access to streams,
particularly to prohibit the establishment of hég wallows
astride live streams.

3. Develop controlled waste disposal sites at safe
distances from drainage channels of the stream system.,

4. Encourage land‘use conversion practices that
take maximum advantage of soill improvement provided by
decaying tree stumps which aid in deeper percolation of.

water into soil.
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5. . Acquire, or obtain control of, well-vegetated filter
strips adjacent to all live streams and the lake.

6. Establlsh stands of loblolly and shortleaf plne
along the lake shore to create a mote trafflcable margln around
the lake. |

7. Encourage better forestry practices on the part of
the land owners as a means of obtalning favorable hydrologlc
conditions as well as creating an economlc resource‘for the
land~oﬁher.‘ h | | | L b

8. Hire a professional’forester tovpromote’better.
forestry act1v1t1es on the watershed and to act 1h anv |
exten31oh capac1ty to the 1and owners.v h o

9. Construct a stilllng pond at the head of the lake

to control further movement of sedlment dep051ts 1nto the

- lake.
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Chapter I
INTRODUCTION

"Search for TRUTH is in one way hard, and in another easy, for it
is evident that no one can master it fully, nor miss it wholly, but each
adds a little to our knowledge of Nature, and .from all the facts assem-
bled, there arises a certain grandeur."

~--Aristotle (Circa 330 B.C.)

Municipalities in the Piedmont province of North Carolina, in
general, are heavily dependent on reservoir storage for their water,
the supply of which is maintained by streamflow from specific drain-
age basins or watersheds. The qualiﬁy, timing and amount of streamflow
issuing from given watersheds, thus, should be a focal point of concern,
for these elements of streamflow are influenced by the use, treatment
and types of management of all lands within the watersheds.

Streamflow, of course, is maintained by precipitation. It is
fecognized that of the total precipitation falling on a watershed, a
certain amount returns to the atmosphere directly through evaporation
or is used by the vegetation; a portion is stored within the basin, at
least temporarily; depending on geologic formations, a portion may be
transferred via deep seepage to another basin; and the remainder reaches
the channel of the stream mainly either by overland flow (i.e., surface
runoff), by subsurface flow (i.e.,‘flow through the soil mantle) or both.
Stormflow, or the observed increase in volume of flow associated with a
given storm, is always a residual, something less than gross precipita-
tion. What happens to the total precipitation received on a watershed,

how much of it reaches the stream channel, hcw soon, and in what condi-

tion actually depends on many things; on the amount and intensity of



the storm, on season of year, on antecedent weather and soil conditions,

on the shape and size of the watershed, on kind and depth of soil, on
kind and position of aquifers intersected by the stream channel c¢n types
and condition of vegetative cover, and on intensity and types of land
use, which determine the condition of the land within the watershed.

Man exercises direct control only on the character and condition

of the vegetation and the character and condition of the land surface

Yo

resulting from his allocation of uses, yet this limited control can
influence streamflow, especially its quality, in a major way. He can,
and does, alter the character, amount, and condition of vegetation by
cutting timber, clearing forests, burning, and planting different crops;
he can, andwdoes, modify the surface of the land by plowing, cultivating,
grazing of livestock, constructing roads and buildings, erecting im-~
poundments, and through related activities. So from a hydrologic and
water production standpoint, it is relevant to examine the extent to
which man's activities and use of the land within a watershed can be
directed and modified to improve quality of streamflow, control timing,
and increase the quantity, and in these contexts to determine what
effects the uses of land have had on the water supply of a municipal-
ity. The present study of effects of land use involves the watershed
of Lake Michie which is the principal source of water for the City of
Durham, North Carolina.

What makes this watershed of interest and concern? First, in

history, physiography, land use, and in past planning, it is rather

typical of watersheds for many Piedmont municipalities. It is also




large enough to be significant, cemprising over 107 thousand acres, or
nearly 168 square miles.

Prior to incursion of white settlers, about 1740, the land within
the watershed had been subjected to a variable but unknown amount and
extent of disturbance by Indian occupancy and use. Today in many fields
within the basin it is still not uncommon to find arrowheads and other
artifacts attesting to use of the land under s different culture, and
quite likely under a less violent treatment of the resources of forest,
soil and water.

Since 1740, the early prevailing practice of field rotation has
resulted in most of the Lake Michie watershed lands being cleared for
field or pasture use, or both, at least once. Crop rotation and ferti~
lizer use have reduced the intensity and extent of field rotation, but
have not eliminated the practice completely, as will become abundantly
clear later from an examination of changes in this drainage basin
within the last half century.

Advanced planning for augmenting Durham's Watér supply started
even before the turn of the century, but the decision to construct a
dam on the Flat River creating Lake Michie was not reached until shortly
after 1920. The planning was typical of the process engaged in by
many other municipalities. Careful consideration was given to inputs
of time and of large amounts of capital for engineering works, but the
land that was to provide for water production appears to have remained
out of focus. Water is a free good, at least according to the riparian

doctrine, and the concern during planning has been merely to make sure



that the streamflow is satisfactory in quality and adequate in quantity.
So, starting with known and anticipated needs of consumers, Durham built
a system to satisfy those needs, a system that went all the way back

to the land, but without incorporating the basin lands as a part of the
system. The possible effects of activities on the watershed and changes
in land use appear not to have been specifically evaluated; to be sure,
an earlyv concern gbout the extent of sedimentation was expressed, but
after the initial ten vears of operation, the siltation was adjudged
not serious. Up to now the system has worked in an eminently success~
ful manner.

Since 1926 when Lake Michie began supplying water for the City of
Durham, several events and forces have influenced the nature and mag-
nitude of changes occurring on the watershed. There was a major dis-—
ruption in economic activity induced by the Great Depression, assumed
to have been accompanied by relatively extensive colonization of fields
- by Virginia pine, particularly the badly worn-out ones. There was a
major war from 1941 to 1945 accompanied by accelerated timber cutting
under the stimulus of the Timber Production War Project which unqueé—
tionably had some impact on the forested acres of the watershed. The
Soil Conservation Service came into being in the early years of the
New Deal; since 1935 it has had an increasingly larger impact on land
use, principally in the improvements it has effected in field and
pasture practices. From 1933 to 1941 the Civilian Conservation Corps
and the Works Project Administration were also active throughout the
nation, but because of the dominantly private ownership of lands

within the Lake Michie watershed, these agencies saw only limited




use within it, and their impact is assumed to have been very small.
The Agricultural Conservation Program (ACP) and the Soil Bank Program
have influenced land use within the watershed, but with very minor
exceptions, their effect on forestry and forest land use has been
negligible.

As the prinecipal source of water for the City of Durham, the
Lake Michie watershed, perhaps, has been more a topic of general
interest than of genulne concern either for immediate water needs
or for perpetuation of an ample future supply. The large storage
capacity of the reservoir and the abundant basin outflow have
doubtless contributed to any complacency which may have existed in
the past., Over a 40-year period, the diurnal stream discharge of
Flat River and its tributaries as recorded immediately below the
Lake Michie dam has averaged nearly 160 c¢fs {cubic feet per second),
equivalent to more than one hundred million gallons per day.

In the meantime (since 1926), the population of Durham has tri-
pled, probably exceeding 1060 thousand by now (95,400 in 1970), but
it is still consuming not much more than ten percent of the average
stream discharge.

Prior to 1926, Durham supplemented its water supply by pumping
from the natural flow of Flat River. Without a storage facility,
it became clear that the natural flow would not suffice during drought
periods when the daily discharge could fall far below ten cfs. To pro-
vide adequate storage of water and to generate power for municipal use,
construction of the 8l-foot dam was begun in June 1924 and completed

in May 1926 (Anon. 1966). The 507-acre lake with an initial storage



capacity of 12,671 acre-feet (equivalent to about 4.13 billion gallons)
attained spillway level in December of the same year. Since that time,
Durham has not suffered from water shortage; in fact, during droughts,
as in late summer of 1968, she has supplied water out of her "largesse'
to neighboring communities that were in distress.

With this general historic background as a frame of reference,
land use within the Lake Michie watershed will be related in a more
specific way to water quality, water quantity, and timing of flow.

In planning this study, it was postulated that detectable changes in
water quality, as well as in timing and quantity of outflow from the
upper Flat River basin could be related to changes in land use of the
terrain above Lake Michie. It was also postulated that there had
occurred rather a clearcut trend from predominantly agricultural use
to forest and that the trend would be reflected in the existing
character of the vegetative cover on the watershed. As the results

will show, neither hypothesis turned out to be completely tenable.




Chapter Il

PHYSICAL AND NATURAL CHARACTERISTICS.CF THE.WATERSHED

Among the major physical features of any watershed that are rele=-
vant in an evaluation of its water production potentialities are its
size and shape, stream pattern, length and order, topography, geology
and soils, the character, amount and distribution of precipitation
that falls on it, the conditdion, extent and flordstic composition of
the native wvegetative cover, and extent of land use for farming and
other pursuits. ALl of these features and activities have some bearing
on the amount, timing, and quality of streamflow ultimately reaching
the reservoir, which in this case is Lake Michie,

Size and shape, The Lake Michie watershed, located in the north~-

central part of North Cavolina, is approximately 168 square miles in
extent, comprising roughly 107,200 acres. The headwaters of Flat
River and its tributaries which generate the streamflow for the re-~
sexrvoir form a breoad, fan-like area, some twenty-five miles at its
widest point and about twelve miles in depth, narrowing abruptly to
a "corridor" less than four miles wide along the lower three miles
of the Flat River channel above the impoundment (Figure 1). Less
than fifteen percent of the watershed area is in the '"corridor",
leaving over ninety thousand scres in the broad, fan-like portion

of the watershed. The hydrologic significance of this shape resides
in the fact that a very large proportion of the precipitation ulti-
mately reaching the channels of the system falls on land at a sub-

stantial distance from its desired storage peint, and is forced to
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Lake Michie Watershed




traverse over and through a variety of conditions before flowing into

the reservoir.

Pattern of the stream system. The geologic structure and origi~

nal land form have influenced the development of a dendritic pattern
for the stream system above the reservoir. The dominant features of
the system above the lake are the 9.7 miles of the main channel of
Flat River, which is a result of the convergence of the North Fork

and the South Fork of Flat River, each fork extending over 18 miles
toward the upper reaches of the water divide of the basin (Table 1).
Thus, there are some forty-five miles of main channel and about 83
miles of channel in named creeks and branches. 1In addition, there

are over 168 miles of mapped channel in first and second order streams
which do not show names on any available map. In brief, channel mile-
age in perennial streams of the headwaters of Flat River and its trib=-
utaries adds up to more than 296 miles, i.e., in streams above the dam.

Obviously, with this mileage in perennial streams, the basin is
laced and thoroughly dissected so that the maximum distance that water
needs to flow before reaching a "live" channel in any season of the
year probably does not exceed one-half mile. The total mileage indi-
cates that for every square mile of watershed lands, there is an
average of 1.76 miles of perennial stream channel.

The entire stream system in this drainage basin has reached a
fairly ''steady state.” Headward erosion of channels is negligible.
Mass wastage is likewise not pronounced as can be clearly observed
by the infrequent occurrence of toppled trees along the banks of

the main streams, even after high stormflows. Hence, any major



Table 1. Stream mileage of named channels in the Flat River drainage
above the Lake Michie dam.

Name of Stream Length in Miles

Flat River (main channel) 9.70
South Fork of Flat River 18.43
North Fork of Flat River 18.08
Deep Creek 18.10
Richland Creek 7.95
Bushy Fork Creek 6.30
Aldridge Creek 5.98
Little Creek 5,08
Rocky Fork Branch 4.83
Lick Creek 4.55
Byrds Creek 4,38
Dial Creek 4,18
Ellis Creek 4.13
Chappels Creek 3.95
Quarry Creek 2.95
Burton Branch 2.68
Mud Branch 2.30
Rocky Creek 1.85
Dry Creek 1.50
Dry Creek (No. 2) _0.68

Total mileage - named streams 127.60

Minor perennial streams 168.50

Total stream mileage 296.10

sedimentation, or sediment pollution affecting water quality of the
reservoir must be attributed to sources other than the natural
fofces which might be expected to continue enlarging the channels
of the system.

Geology and soils. All of the watershed lies within the Pied-

mont province. The predominant soils have been derived from light-
colored Carolina slate, with soil types bearing the familiar series
names of Georgeville, Herndon, Orange, and Alamance. This soil group

comprises over fifty percent of the watershed. WNext in prominence
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are the Appling, Cecil, Colfax, and Durham sdils which are derived froﬁ
coarse-~grained granite and other crystalline rocks, and occupy over 18
percent of the area. These soils are confined to the northeastern part
of the watershed. Davidson, Iredell, and Mecklenburg soils comprise
another 18 percent of the area, and are found in the northwestern part
of the watershed. These scils are derived from diorite, gabbro, and
other basic crystalline rocks. Over 12 percent of the watershed soils
fall in the Helena and Wilkes series and are derived from mixed acid
and basic crystalline rocks, including aplites, diorites, gabbros, and
granites., The Helens soils are the more abundant in this group and

are regarded as excellent for tobacco where they occur on rolling, well=-
drained topography. On steep terrain, under tcbacco culture they have
undergone moderate to severe erosion. Alluvial soils, predominently

in the Congaree series, occupy only 2.9 percent of the watershed
(Perkins, et al., 1924; Jurney, et al., 1928). This low percentage of
alluvial soils reflects the narrow stream bottoms and flocd plain lands
in this part of the Flat River drainage basin.

A mere listing of scils din éeries groupings does not provide a
useful basis for evaluating the hydrologic response of the watershed.
What is needed is a detailed classification of the drainage basin into
land capability classes which take into account not only the spatial
distribution, topsoil thickness, slcpe position and range, but also
the storage capacity for water. In brief, a hydrclogic grouping of
soils reflecting the surface moisture capacities and position on the

landscape is required. Musgrave (1955) devised four soil groups on
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the basis of runoff potential, using the final constant or minimum rate
of infiltration of the soil as the criterion. He defined this potential
as the rate of moisture intake after prolonged wetting. Subsequently,
the Soil Conservation Service has adopted the Musgrave groupings as a
basis for watershed planning (England, 1970).

It is possible to make some preliminary estimates of the basic
infiltration rates for the soils in the series identified above. Eight
of the 14 major soil series above are classed in hydrologic soil group
"E" which includes soils having moderate infiltration rates when thor-
dughly wetted, being moderately deep to deep, generally well-drained,
with fine to moderately coarse textures, and having a moderate rate of
water transmission. For these soils the final constant infiltration
rate ranges from 0.15 to 0.30 inches per hour. Soils in 5 of the above
listed series (Helena, Iredell, Mecklenburg, Orange, and Wilkes) fall
in hydrologic group "'C", with infiltration rates ranging from 0.05 to
0.15 inches per hour, and with a high runoff potential. One series,
the Congaree, falls in group '"D" which include chiefly clay soils with
a high swelling potential, a very slow rate of water transmission, and
with the final constant infiltration rates of wetted soil being in the
range of 0 to 0.05 inches per hour,

Tt should be emphasized that the cited infiltration rates for these
hydrologic soil groups serve only as a rough approximation of the rates
expected on lands under full forest cover; nearly two-thirds of the Lake
Michie watershed is under some form of forest cover having an organic
layer (forest floor) that absorbs the energy of raindreops and signifi-

cantly modifies the character of the surface soil beneath it, making
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it more porous. -Seventy—two percent of the entire watershed area has
soils that fall in hydrologic group "B'", with only three percent in class
"D", the remainder being in class "C". In brief, from the basic stand-
point of soil resources and their inherent original depth and infilra-
tion capacity, the Lake Michie watershed has as good a potential for
water production as is possible in the Piedmont province.

Character, amount and distribution of precipitation. Essentially

all precipitation falling on the Lake Michile watershed comes in the
form of rain. Total snowfall may average as much as seven inches per
year, but a snow blanket usually melts within a few days. In the last
twenty years the longest continuous period of a complete snow cover on
the watérshed lasted approximately three weeks; obviously, snowpack is
not of hydrologic significance here.

Precipitation records for the watershed, particularly of the type
that provide data on intensity and duration of storms are inadequate,
Records are available on a daily total basis from only three stations,
two actually on the watershed. If one observes the longtime annual
precipitation averages for a number of stations that "blanket" the

watershed, one gains some idea of the magnitude of differences among

them.
Station Total precipitation
' per vear
Inches
Lake Michie Dam . . . . . . . . + « v v o « & & 43.44
Rougemont (on the watershed) . . . . . . . . .  £43.92
Durham, N. C. o e o s 6 & s s s e 4 s e o 6 s 42,65
Oxford . Tobacco Research Station . . . . . . . . 45,36
Henderson, N. C.o., . ¢« & v v v v v v o v 6 v o o 45.58
Raleigh, N. C. . . . . . « ¢ ¢« v ¢« v v v o« . 45.96
.Chapel Hill, N. C. . . . .. . . v v o v .. . 4579
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The annual average differences among these stations are not large,
but in summer months when a considefable portion of total rainfall comes
in the form of convectional storms, large variations among stations do
occur. Thus, it is not unusual to observe very heavy showers recorded
at the Rougemont stationm at the headwaters of Flat River while little

or no rainfall is recorded for the station at the Lake Michie Dam.

On the basis of the seven stations it is assumed that apprbximate—
1y 45 inches of water falls on the 107,200 acres of drainage basin each
year; annual precipitation is equivalent to 4,824,000 acre—incheé, or
roughly 131 billion gallons per year. This amount is well distributed
whether the years are wet or dry (Table 2).

In a study of the hydrologic résponse of a watershed, it may not
be particularly useful to look at average values alone. Yet it méy be
informative to compare the l0-vear averages for the wettest and driest
years shown in Table 2 with the 45-year average values computed from.
records kept at the Oxfprd Tobacco Research Station. (Hardy et al.,
1967) The station is located only 15 miles from the Lake Michie water~
shed and has approximately the same elevation above mean sea level as

the average elevation of the drainage basin, roughly 500 feet. Even

Precipitation Departures by Quarters for the Water Year

Period Longtime 10 wettest 10 driest
" Average Years Departure Years Departure

Inches Inches Inches Inches Inches
Oct.~Dec. 8.98 11.68 +2.70 7.39 -1.59
Jan.~Mar. 10.46 12.43 +1.97 8.04 =2.42
Apr.-June 12.15 13.14 +0.99 10.21 ~1.94
July=-Sept. 13.77 18.61 +4.84 9.05 -4.72
Annual 45.36 55.85 +10.49 34.70 -10.66
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Table 2. Precipitation in the 10 wettest and the 10 driest years since
1926, by quarters per water year, at Rougemont, North Carolina.

Quarters of Water Year

Oct .-Dec, Jan.-Mar. Apr.~-Jun. Jul.-Sept., Total
Year Inches Inches Inches Inches Inches
1952 11.44 14,94 10.11 24,74 61.23
1936 12.06 18.81 13.29 16.49 60.65
1934 8.94 10.56 15.51 21.66 56,67
1937 9.11 13.33 16.45 16.93 55.82
1929 13.10 12.14 15,49 14.70 55.43
1945 10.20 8.52 10.57 25,86 55.15
1971 13,77 10.52 14.49 15.62 54 .40
1942 14.09 10.01 11.82 17.61 53,53
1938 8.07 13.94 11.59 19.53 53.13
1948 15.99 11.50 12.08 12.95 52.5:
Mean of
wettest
years 11.68 12.43 13.14 18.61 55.85
1941 3.68 5.66 9.69 9,07 28.10
1943 4,30 8.34 10.75 8.45 31.84
1933 3.50 8.51 9.73 10.14 31.88
1930 8.15 6,38 10.60 9.09 34.22
1967 6.71 7.69 10.44 11.21 36.05
1968 13.17 8,15 9,88 4,85 36.05
1926 10.32 10.95 6.65 8.18 36.10
1969 6.43 11.96 7.69 11.17 37.25
*1950 6.35 5.99 13.48 11.65 37.47
1951 11.27 6,82 13.22 _6.70 38.01
Mean of
driest
years 7.39 8.04 10.21 9.05 34,70
Driest
in % of
wettest 63.27 64.68 77.70 48.63 62.13

*Durham station record; all other data from Rougemont station.
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the departures from longtime averages do not reveal new informa-
tion, but they serve to emphasize that the critical period in
water production from such a drainage basin is the 4th quarter
of the water year, i.e., the high water consumption months of
July, August and September. In wet years, the excess water is
not likely to create serious problems, unless for example, such
large amounts (254 inches) in July-September, 1945, happened to
fall in 2 or 3 intense storms creating violent stormflows that
have the energy to deliver accumulated debris and move substan-
tial quantities of bedload from the channel into the reservoir.
The surplus water is simply "water over the dam." The dry years
are the ones of greater concern and the July through September
period on this watershed appears to be the critical time when
high evapotranspiration losses coincide with heavy municipal
drafts on stored supplies. As an example, the annual precip-
itation in 1968 and 1967 was identical, 36.05 inches, but in
1967 the July through September rains amounted to 11.21 inches
in contrast to only 4.85 inches in 1968 when the water level

in Lake Michie fell to a level of 9 feet below the dam crest.
To be sure, the low rainfall in 1967 may have accentuated the
severity of the drought in the following year, but it was the
late summer-early autumn rainfall deficits that resulted in
desperate shortages of water at Chapel Hill and other neigh-
boring Piedmont communities. Durham, on the other hand, contin-

uved to enjoy ample supplies. 1In brief, the rainfall amount and
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distribution on the Lake Michie watershed over the past 4 1/2 decades
suggests that water production is likely to continue to be ample
for Durham's needs for some time into the future.

The temperature factor. From a watershed management stand-

point, interest in temperatures centers largely on the timing and
occurrence of minima, inasmuch as freeze-free length of the growing
gseason is dependent on how low the temperatures may drop, and when.
The occurrence and frequency of temperatures low enough to freeze
soil surfaces also determine the importance of this factor in dis-
lodging soil through alternate freezing and thawing, or preventing
infiltration through actual freezing of the soil surface. Tempera-
tures low enough to cause substantial freezing of soil surfaces at
this latitude and altitude (36°+N lat. & + 500' above m.s.l.) need
to remain at or below 20°F for a day or longer.

Longtime temperature records for the Lake Michie watershed
are not available, but extrapolating again from the Oxford Tobacco
Research Station data, we note that the average freeze-free growing
season may be assumed to be about 200 days. So far as natural
vegetation is concerned, it is perhaps more significant to consider
the dates when temperatures as low as 24°F occur in the spring and
in the fall. The average date of the last occurrence at 24°F in
the spring at the Oxford Station is shown as March 12, and the
first occurrence in the fall, as November 20. Large variations
from these average dates may be expected, and indeed, do occur.

Temperatures low enough to kill tender shoots on yellow-poplar
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No records for the number of days of prclonged freezing are
avallable for the watershed; records at the Oxford Station show
that annually there are 69 days, on the average, when minimum
temperatures fall to 32° or lower. Casual reconnaissance over
field and forest soils within the watershed during the past
twenty years suggests that bare soil surfaces may stay frozen
intermittently for as long as 20 to 30 days in an "average'
winter, and soils under forest floors do not freeze at all.

Evaporation. In considering evaporation, whether from

water surfaces, soil, trees, or other vegetation, direct solar
radiation is the only significant source of energy. 0On a free
water surface, evaporation accounts for about forty percent of
the total radiation received thereon. Practically all of the
high energy radiation received by water is absorbed, hence
evaporation losses from a water surface represent the maximum
possible under natural conditions.

From weather records maintained at Rothamsted, England,
Penman (1948, 1949) and Penman and Schofield (1951) demonstrated
that the correlation between mean daily temperatures and daily
evaporation was very poor. Monthly means, however, did exhibit
significant correlation, emphasizing the fact that annual varia-
tion in evaporation closely follows the solar radiation cycle.
Thus, one might expect evaporation losses to vary with latitude,
and indeed, they do. 1In the Province of Ontarioc, Canada, approx-

imately 15 inches annually escapes into the atmosphere from a
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free water surface; in the tropics, similarly, about 60 inches
(Stone, 1952). 1In Lake Michie, the annual loss is approximately
39 inches (Turner, 1966).

On the basis of this 39-inch estimate of evaporation it may
be of interest to observe the order of water loss annually from
Lake Michie and from the farm ponds on the watershed. The lake
surface when at spillway level occupies about 507 acres. Annual
water loss of 39 inches amounts to 1648 acre~feet, or about
536,920,000 gallons. The 620 farm ponds within the watershed
have a surface area of 1272 acres; assuming the same rate of
loss from them as from the lake, about 1,347,068,000 gallons
represents the annual evaporation ioss from ponds. Ignoring
evaporation from streams, the total loss from water surfaces
within the Lake Michie system annually amounts to about 1.88
billion gallons, or enough water to supply the needs of Durham
for over three months, assumihg a daily requirement of 20 million
gallons. Annual loss from Lake Michie alone equals 13 percent of
the original storage capacity of the reservoir.

Viewed against a reference frame of the total precipitation
falling on thé 107,200~acre watershed annually, the 1.88 billion
gallons lost from water surfaces is only about 1.4 percent of the
131 billion gallons received in an "average' year. However, it
is estimated that of the annual total received, North Carclina
loses about 75 percent to all forms of evaporation, the main

source being to transpiration by vegetation (Hardy and Hardy, 1971).

Y




On the Lake Michie watershed, evaporation losses would thus amount
to some 98 billion gallons each year, leaving a residual of about
33 billion gallons for other disposition. The 1.88 billion gallons
lost from open water surfaces represents 5.7 percent of the amount
available for streamflow and storage.

From records available for a single location in Lake Michie
{(Turner, 1966), it appears that during a 3-year period (1962-1964)
the average monthly evaporation exceeded the recorded precipitation
in 211 the months from April through October (Figure 2).

Native vegetation types. In general terms, the upland forests

of the Lake Michie watershed can be classed as either (a) pine,
(b) pine-hardwood, and {(c) hardwood forest types. These type names
do not coincide with the terminology used in Forest Surveys (Knight
and McClure, 1966), but they should suffice for later discussion
of any hydrological significance of forest types and silvicultural
treatment of them. In fact, for this purpose it will suffice to
consider only two major forest types, namely, areas occupied pre-
dominantly by pines, and those occupied predominantly by hardwoods.
The extreme variability of mix in the pine-hardwood type makes this
simplification desirable.

The dominant pine species on the watershed is Virginia pine

(Pinus virginia Miller), a species occupying nearly eight hundred

thousand acres of woodland in North Carolina (Slocum and Miller,
1953). An aggressive pioneer species, it has quickly colonized
fields and pastures whenever previous use of them has ceased and

wherever a seed source has been available (Figure 3). Usually
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Figure 2. Evaporation vs. precipitation on a monthly basis,

Lake Michie, Bahama, North Carolina (From Turner, 1966).
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1/

farmers should take advantage of it in preparing newvgroundu"

What Price Hardwoods? It is not easy to attempt putting a-

price tag on the existing forest resources or their potential pro-
ductivity for the Lake Michie watershed because so much of the
forest is in such a decimated condition. Application of growth
and yield predictions to stands in their present condition does
not appear worthwhile. The comparisons presented here are essen-
tially hypothetical, but based on enocugh cobservations and measure-
ments of bits of "the real world" to provide a frame of reference.
There is no‘dependable data over a variety of sites to tell us
what the old growth oak-hickory forests on the uplands actually
produced either in volume or in grade, but both must have been
considerably better than the present stands contain. The latest
available data (Knight and McClure, 1966) indicate that the aver-
age net growing stock of all species in Person County is only 13
cords per acre, and that similarly for Durham County it is only
14 cords per acre. For managed forests on the average gite qgal—
ity of available land for commercial forest production these
counties, the existing level of net growing stock is not more

than a third of the level that the land is capable of supporting.
Miller (1954) showed that on the best upland hardwood sites

in stands that had emerged to dominance after an initial period

1/

" Before the age of bull-dozers and root rakes, it was customary
in clearing and at least in some parts of the nation to cut
trees with low stumps that would not interfere severely with
disking and mowing. The cleared area was kept in meadow, past-
ure, or both until the deteriocrated root systems would not inter-

fere excessively with subsequent plowing in prepavation of new
ground for field use.
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