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SURFACE WATER IN VIRGINIA
By J. M. ALEXANDER
Nature's great system for the distillation and distribution of water is powered
by solar energy and gravity, and, through
its operation, a relatively continuous and
abundant supply of pure water is provided.i It comes in various forms of precipitation - rain, hail, sleet, or snow.
Some of the precipitation enters the earth
to become ground water from which
plant life is nourished and dry weather
stream flows maintained. Some returns to
the atmosphere through evaporation from
both land and water surfaces and still
other finds its way to watercourses and to
the ocean. That which is transpired from
plants, evaporated from land and water
surfaces, and finds its way to the atmosphere, under appropriate conditions,
forms clouds from which additional precipitation is returned to the earth.
In this unending circulation, there are
many variations in the part of the cycle
of immediate interest to man - precipitation. Some of the variations are in time,
others in quantity, and still others in
location. Differences in the average precipitation for portions of Virginia may
be explained in part by atmospheric
movements and topographic features.
While the State-wide average over a long
period of time is about 43 inches a year,
records show that precipitation in Virginia has varied from 25 inches in 1930
to 53 inches in 1937. Realizing that, during a drought year, growing vegetation
and evaporation attempt to use and
vaporize just as much water as in an average year, it is not difficult to understand
why so little may be available for other
uses. Nature's demands are met first, and
man must be content with that which
remains.
The major portion of the precipitation
in Virginia goes back to the atmosphere
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as vapor, as in other parts of the world.
This important part of the ~ater cycle
occurs by transpiration from plant life
and by evaporation. These losses, which
are greater during the growing season,
use about two-thirds of the annual average precipitation in Virginia. The remaining is available to supply stream
flow.

River Basins
A river basin, or watershed, is defined
as a depression in the earth's surface
which is bounded by drainage divides
and is drained by a system of strealllS.
The work that surface water has done in
shaping the earth's surface is greater
than that done by wind, waves, ice, temperature changes, plant or animal life,
or man. The forces of decomposition,
disintegration, transportation, and deposition have formed depressions in the
earth's surface ranging in size from giant
river systems to bays, seas, and oceans. A
brief description of the river basins will
provide some detail concerning the natural subdivision of the surface water
resources in Virgini~.
Potomac River Basin. Formed by the
confluence of its north and south branches in West Virginia, the Potomac River
has a basin composed of parts of Maryland, West \'irginia, Pennsylvania, the
District of Columbia, and Virginia. The
total area of the basin is 14,670 square
miles. The portion in Virginia comprises
about 14 per cent of the area of the
State. The main tributary of the Potomac
River in Virginia is the Shenandoah
which constitutes about one-third of the
Potomac River Basin area. Average flow
of the Potomac River at Washington is
about 11,000 cubic feet per second, but
flow has been as low as 857 cubic feet
per second for extended periods of time.

Rappahannock River Basin. This basin
lies in northeastern Virginia, rising in the
Blue Ridge Mountains and emptying into
Chesapeake Bay. The Rappahannock
Basin embraces 2,718 square miles, or
about 7 per cent of the area of the State.
Topography, geology, stream patterns,
and shape of the basin are conducive to
severe floods. During periods of drough t,
flows become very low. The average rate
of runoff from the watershed has been
estimated to be about 1.06 cubic feet per
second per square mile, or about 2,880
cubic feet per second discharge into
Chesapeake Bay.
York River Basin. The York River
Basin drains east-central Virginia, flowing into Chesapeake Bay east of Yorktown. About 2,663 square miles are in
this watershed, equaling about 6.5 per
cent of the area of the State. The Matta··
poni and Pamunkey Rivers are the main
tributaries of the York River which is
formed at their confluence at West Point.
The average rate of runoff from this
basin has been estimated to be 2,400
cubic feet per second, or 0.90 cubic feet
per second from each square mile in the
basin.
James River Basin. The largest watershed in Virginia is that of the James
River, which encompasses 10,002 square
miles in Virginia and a small area in
West Virginia. The James River with
one of its main tributaries, Jackson River,
is more than 400 miles long from its
mouth at Hampton Roads to its most
remote headwaters in Highland County.
About 24 per cent of the area of the State
lies in the James River Basin. Average
runoff at Richmond is about 1.11 cubic
feet per second per square mile, or about
4,845 million gallons per day. Maximum
and minimum flows have been estimated
to be 325,000 cubic feet per second and
350 cubic feet per second, respectively.
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Chowan River Basin. Headwater areas
of the Chowan River lie in southeastern
Virginia including about 9 per cent of
the State or 3,682 square miles. The main
tributaries are the Meherrin, Nottoway,
and Blackwater Rivers. The Blackwater
River forms the interstate boundary for
about one mile in Southampton County.
Downstream from the confluence of the
Blackwater and Nottoway Rivers near
the interstate boundary, the name "Chowan" is used. Runoff across the State
boundary has been estimated to be about
3,238 cubic feet per second.
Roanoke River Basin. The watershed
of Roanoke River drains portions of Virginia and North Carolina, encompassing
about 9,580 square miles, of which 6,295
are in Virginia. Average runoff at Buggs
Island approximates 7,500 cubic feet per
second from a drainage area of 7,780
square miles. Principal tributaries in Virginia are the Otter, Pigg, Blackwater,
Falling, Smith, Dan, and Bannister
Rivers. The water resources in the Roanoke River Basin are the most completely
developed in the State.
N-ew River-Basin. The--NewRiver -flows
into Grayson County, Virginia from
North Carolina with an average flow of
about 950 cubic feet per second. It leaves
Virginia near Glen Lyn, and joins the
Kanawha River, and eventually the Ohio,
in West Virginia. As it enters West Virginia, the average runoff is about 4,929
cubic feet per second, equivalent to 1.13
cubic feet per second from each square
mile upstream from that point. The
watershed of New River in Virginia totals 3,044 square miles, or about 7 ~ per
cent of the area of the State. Larger tributaries are Little River, Big Reed Island Creek, Wolf Creek, Reed Creek,
and Walker Creek.

Tennessee River Basin. The Tennessee
River has its headwaters in all or portions
of 10 southwest Virginia counties. The
area of this portion of the wa tershed is
3,167 square miles of a total of approximately 40,000 in the entire basin which
drains parts of 7 states. Head,,,,aters of
the Tennessee River flow from Virginia
into Tennessee in four main tributaries
- the South and North Forks of the
Holston River, and the Clinch and
Powell Rivers. This basin exceeds others
in average annual precipitation which
ranges up to 50 inches in the western
portion. Average runoff is high and is
estimated to be 4,640 cubic feet per second, or about 1.45 cubic feet per second
from each square mile in the watershed.
Big Sandy River Basin. The Big Sandy
has two major tributaries, Tug and
Levisa Forks. The basin has a total drainage area of 4,283 square miles in Virginia,
Kentucky, and West Virginia, 992 square
miles of which are in Virginia, comprising 2~ per cent of the State. Runoff
averages 1,040 cubic feet per second, or
about 1.15 cubic feet per second from
each square mile. Due to steep slopes and
the impervious nature of the terrain,
floods are often high and relatively frequent. The main tributaries rising wholly
in Virginia are the Pound River, Russell
Fork, and Levisa Fork.
Pee Dee River Basin. The Pee Dee
River drains into the Atlantic Ocean
through North Carolina and South Carolina, with its headwaters in Virginia. The
area in Virginia lies in Carroll and Patrick Counties and encompasses 115
square miles.
Coastal Stream Basins. Many small
streams, which are not in major river
basins, drain portions of the eastern
Coastal Plain, eastward into the Chesapeake Bay, Hampton Roads, Back Bay,
the Atlantic Ocean, and North Carolina.
On Virginia's Eastern Shore, many small
streams drain eastward or westward from
the central ridge into the Atlantic Ocean
or Chesapeake Bay. These streams are
tidal estuaries, and drain areas of low
relief. Their combined drainage areas
total approximately 2,354 square miles,
754 of which are on the Eastern Shore.
The Wicomico River on the Northern
Neck flows into Ingram Bay, an arm of
Chesapeake Bay, draining about 126
square miles. The Piankatank River on
the Middle Peninsula is the longest of
these tidewater streams draining about
253 square miles and flowing into Fishing
Bay, an arm of Chesapeake Bay. Also on

Middle Peninsula, the Ea~t, North, Ware,
and Severn Rivers, as well as smaller
streams, have basins which when combined equal about 195 square miles and
flow into Mobjack Bay. On the YorkJames Peninsula, Poquoson and Back
Rivers drain about I 10 square miles into
2 small bays, and other streams drain into
Hampton Roads. In the southeastern
corner of the State an area of about 916
square miles, comprising all of Virginia
Beach, most of Chesapeake and Norfolk,
and part of Nansemond County, is
drained northward by the Elizabeth
River into Hampton Roads, by the
branches of Lynnhaven Bay northward
into Chesapeake Bay, southeastward into
North Carolina by Northwest and North
Landing Rivers, and into Back Bay by
many-short streams.
Dismal Swamp Basin. The most unusual coastal drainage basin is that containing Dismal Swamp which lies in the
Coastal Plain and includes the cities of
Chesapeake and Norfolk, Nansemond
County, and adjacent North Carolina.
Lake Drummond is a principal feature
of Dismal Swamp, occupying a south-central position in the Virginia portion.
Water from Lake Drummond is used to
maintain the level in the Dismal Swamp
Canal, a federal navigation project. Runoff, through canals and the Northwest
River, is very slow and water in the basin
contributes toward maintaining the water
table in surrounding areas east of the
basin.
Chesapeake Bay. That portion of the
Chesapeake Bay which is within the confines of Virginia is the largest body of
water in the State and its effective area
is added to by areas of its arms, or tributary estuaries. These are drowned river
valleys of portions of the Rappahannock,
York, and James Rivers up which tidal
effects extend to the Fall Zone;-ailcf --of
numerous small streams on both the
mainland and the Eastern Shore Peninsula.

Runoff
It might be stated that generally there
is little variation in the average annual
runoff per square mile in Virginia. Records from selected stations indicate nearly the same average runoff for all portions
of the State. There is a decided difference
in the distribution of runoff.
There are appreciable differences in
total runoff for wet and dry years. During
one drought year runoff from Virginia
streams varied from a little more than 3
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inches to about 10 inches. Comparable
figures for a very wet year indicate that
runoff varied from about 16 inches to
approximately 27 inches.
About one-third of the annual precipitation nonnally occurs from De"cember
through March during which period the
runoff is about two-thirds the yearly total.
The remaining two-thirds of the precipitation occurs from April through November as does the remaining one-third of
the annual runoff. This great difference
in ratio between rainfall and runoff is
due to the higher natural demands made
by evaporation and plant growth during
the wanner portion of the year. These
average relations may be disturbed by
major stonns. Except for recharge of
ground water reservoirs, Nature uses little water during the winter months.
There are both seasonal and annual
variations in runoff and accurate predictions of flows to be expected in the future should be based on continuous records collected over long periods of time.
Any sound development of surface water
resources such as for hydroelectric power,
water supply, flood control, pollution
abatement, or supplemental irrigation requires good basic data on stream flow.
The investigation of the surface water
resources of Virginia is accomplished by
the establishment and operation of a network of gaging stations. Records collected
at these stations supply the basic data
and provide an historical record of stream
flow and the variations in runoff. From
such records, it is possible to estimate the
probable magnitude and distribution of
flows to be expected in the future. The
degree of reliability of such estimates depends upon the accuracy with which the
basic data is measured and upon the
length of the record from which the
estimates are made. A short-tenn record
of flow is of value if there can be made a
reliable correlation between that record
and one from a nearby stream for which
a long-term record is available.
Whenever a continued deficiency in
precipitation occurs, a drought results.
Usually several months of continued subnormal rainfall occurs before there is a
drastic reduction in stream flow. A short
period of severe drought may affect plant
life without diminishing the ground
water level appreciably. Under such conditions the normal seasonal fall in ground
water level is not affected and water
continues to be released to maintain the
flow of streams. However, if as much as
three months pass without appreciable

rainfall, the nonnal summer fall in the
ground water level will be accelerated
by lack of recharge and the inflow to
streams may diminish to the vanishing
point in some streams.
Frequently, drought conditions are relieved suddenly by an overabundance of
rain which, in addition to recharging
ground water supplies, provides additional runoff to flush the streams.
Droughts will recur and there is always
the possibility that a future one will be
worse than any which may have occurred.
rfhese are the periods during which normal uses are curtailed unless provision
has been made to store sufficient water
for consumption during dry periods.
When a stream overflows the land outside the channel in which it nonnally
flows, there is a flood. Flood conditions
may also arise on lands adjacent to tidal
waters. Although in many instances floods
are destructive, they are spectacular and
impressive and not easily forgotten. A
flood stage is defined as that at which a
stream overflows its banks and starts to
cause damage. Infonnation concerning
flood flows in Virginia is available even
though actual measurements have been
made for a relatively short period.

Uses
Water is essential to all fonns of life
and is used by man in most of his activities. It is used to cleanse, heat, cool, and
convey, and in chemical reactions. Uses
are generally classified as agricultural,
munici pal, power generating, navigational, and recreational. Water for domestic,
public, and commercial purposes constitutes an important part of municipal
water use and one or more of these are
often included under some of the other
classifications. Other municipal requirements frequently include large quantities
of water for power generation or industry. In addition to the direct supply by
precipitation, agricultural uses include
water for livestock, and at times, supplemental irrigation of crops. Domestic uses
include water for human consumption
and other home requirements. Industrial
uses include water for cooling and other
manufacturing purposes.
Normally surface water may be used
more than once as most of it is returned
to streams by non-consumptive users. Obviously, water which is consumed by virtue of its use cannot be returned directly
to streams. Most water used by industry
is returned to streams even though its
quality may be impaired to some degree,

while most of the water for supplemental
irrigation is used consumptively by being
evaporated or transpired by plants to the
atmosphere.
Navigational uses of water are very important in Virginia. Chesapeake Bay, the
great natural port of Hampton Roads,
many miles of navigable rivers, and easy
access to the Atlantic Ocean attract coastwide and foreign shipping. These waters,
along with impounded reservoirs and
non-navigable streams, have been used for
recreational activity. Even greater participation in fishing, swimming, boating, and
related sports may be expected as water
resources are more fully developed. Commercial fishing has become an important
Virginia industry, with large catches of
finfish and shellfish possible.
Dredging and other channel improvements in harbors, shipping lanes, and the
smaller creeks and inlets have been of
great value to navigational, commercial
fishery, and recreational uses in Virginia.
Virginia is also fortunate in having
plentiful supplies of fresh water. It receives high rainfall and the total amount
of water running off in the streams of the
State is many times the present need. The
runoff is not constant, however, and the
recurring periods of high and low flow
result in respective periods of abundant
and lower water availability. Large impoundments often are needed to store
water for use during periods of low flow.
In some instances, long pipelines carry
water from the point of storage to the
place of use.
Generally, surface water is contaminated to some degree by Nature and the
works of man. Before it can be used for
some purposes, it has to be treated to
effect the required properties. Public
water supplies should meet certain established standards of purity, the most important of which usually is bacterial quality.
In considering the question of stream
uses, sight should not be lost of the fact
that streams are the logical ultimate recipients of a large percentage of wastes
from man and nature. This being the
case, nature has given streams the capacity to dissipate wastes by self-purification
through physical, chemical, and biological
processes. Most stream pollution control
laws incorporate the idea that part or all
of this self-purification capacity may be
used to dissipate wastes from man and
industry, provided that this does not unduly interfere with other stream uses.
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Development
When used with reference to natural
resources, the word "conservation" should
not mean "non-use" or "saving," but its
meaning should include both "nonabuse" and "non-waste." There is some
question as to the propriety of the tendency to use "conservation and development" as though the two are related but
exclusive. Insofar as water resources are
concerned, the use of the single word
"conservation" should suffice since development is part of conservation. It appears that, when speaking of natural resources, a reasonable definition of "conservation" might be "wise use and intelligent development." Such a definition is
sufficiently flexible not only to permit
but also to encourage uses and developments which, after studying all pertinent
information, the affected citizens consider
to be "wise" or "intelligent."
Long before there was legislation concerning the development of water resources and long after the existing laws
are amended to expand, contract, or
leave unchanged the participation of governments in such undertakings, individuals, and their neighbors, have done and
will continue to do those things which
are within their capabilities to protect
a'gainst floods or to insure a supply of
water. The developments executed by individuals and small groups without governmental assistance receive little publicity but many of them are beneficial to
the overall water conservation program.
In size, water developments in Virginia
range from minor improvements of
springs for domestic supply to the large
flood control and navigation projects
costing millions of dollars. They have
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been distributed in time from the early
days to the present and, geographically,
they are located in every part of the State.
Many small water developments have
been paid for by the individuals to be
benefited. Having greater public benefits, the larger ones have been financed
by groups, organizations, or governnlents.
In some instances the developer requires
no prior legal authority in order to make
the desired improvement. In others, permissive legislation makes it possible for
him to secure legal sanction before undertaking the project. Many others may not
be undertaken unless and until there has
been compliance with pertinent State
and Federal laws.
Frequently, in fact in practically every
instance, the development Qf pne natur~J
resource affects one or more of the other
natural resources. For example, the management of forests and the conduct of
mining operations affect water and the
hydrologic cycle. Most water developments have disadvantages as well as advantages. All impoundments flood the
storage area and impair its usefulness
for other purposes. Drainage improvements increase the rate of runoff and decrease local ground water supply. The
operation of SOlne hydroelectric installations cause surges in the flow below the
dam. The erection of flood control devices may lead to dangerous overconfidence in the use of downstream areas
which will be inundated in case of the
overflow or failure of a dam. Other examples add to the importance of giving
realistic value during plannin~ to both
the advantages and disadvantages of a
project.

Although the emphasis has varied to
meet the needs and ideas of the time,
there has been governmental recognition
of the importance of water resource developments for almost three centuries.
During the past 25 years not only has
there been a decided increase in legislation for both small and large water developments, but also there has been established the practice of using public agencies and funds to provide technical and
financial assistance. Through such legislation as the Water Power Act, the Soil
Conservation Districts Law, the Water
(Pollution) Control Law, the Water and
Sewer Authorities Act, the Virginia State
Ports Authority Law, the Impoundment
of Surface Waters Law, and water supply
provisions of municipal charters, the General Assembly has demonstrated -in-inter;;
est in water resource developments.
Water problems in Virginia vary in
urgency from one area to another. Although there is a total amount of water
available to meet needs far in excess of
those visualized for the foreseeable future, it is unevenly distributed in space
and in time. Flood problems may be
experienced during certain periods of a
given year in certain locations, while
drought conditions may occur during the
same year. Present difficulties arising from
deficiencies in stream flow are almost certain to be accentuated with the progression of time, with continued urbanization
and economic and industrial expansion.
A most important and productive effort
in the conservation of surface waters to
meet our needs is that of providing systems of storage reservoirs on principal
rivers and their tributaries. Such developments will not be forthcoming until there
is public acceptance of their need.
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