WATER RESCURCES DATA - VIRG@ NI A 1999

VOLUME 1. SURFACE- WATER- DI SCHARGE AND SURFACE- WATER- QUALI TY
RECORDS

| NTRODUCTI ON

The Water Resources Division of the U S. Geol ogical Survey, in cooperation with State agencies, obtains a
| arge ampbunt of data pertaining to the water resources of Virginia each water year. These data, accunul ated during
many water years, constitute a val uabl e data base for devel opi ng an i nproved understandi ng of the water resources
of the State. To make these data readily available to interested parties outside the Geol ogi cal Survey, the data
are published annually in this report series entitled "Water Resources Data - Virginia."

This report series includes records of stage, discharge, and water quality of streams and stage, contents,
and water quality of |akes and reservoirs. This volunme contains records for water di scharge at 157 gagi ng stati ons;
stage only at 1 gaging station; stage and contents at 9 |akes and reservoirs; and water quality at 23 gagi ng
stations. Also included are data for 54 crest-stage partial-record stations. Locations of these sites are shown
on figures 4 and 5. M scellaneous hydrologic data were collected at 197 neasuring sites and 84 water-quality
sanpling sites not involved in the systematic data-collection program The data in this report represent that
part of the National Water Data Systemcol |l ected by the U S. Geol ogical Survey and cooperating State and Federal
agencies in Virginia.

This series of annual reports for Virginia began with the 1961 water year with a report that contained only
data relating to the quantities of surface water. For the 1964 water year, a simlar report was introduced that
contained only data relating to water quality. Beginning with the | 975 water year, the report format was changed
to present, in one volune, data on quantities of surface water, quality of surface and ground water, and ground-
wat er | evels. Beginning with the 1990 water year, the report format was changed to two vol unmes. Vol unme 1 contains
surface-wat er-di scharge and surface-water-quality data and Vol une 2 contains ground-water-|evel and ground-water-
qual ity data.

Prior to the introduction of this series and for several water years concurrent with it, water-resources data
for Virginia were published in U 'S. Geological Survey Water-Supply Papers. Data on streamdi scharge and stage
and on | ake or reservoir contents and stage, through Septenber 1960, were published annually under the title
"Surface-Water Supply of the United States, Parts 6A and 6B." For the 1961 through 1970 water years, the data
were published in two 5-year reports. Data on chemical quality, tenperature, and suspended sedinment for the 1941
through 1970 wat er years were published annually under the title "Quality of Surface Waters of the United States."
The above nentioned Water-Supply Papers nay be consulted in the libraries of the principal cities of the United
States and nay be purchased fromthe U. S. Geol ogi cal Survey, Branch of Infornation Services, Federal Center, Bldg.
41, Box 25286, Denver, Col orado 80225.

Publications simlar to this report are published annually by the Geol ogical Survey for all States. These
official Survey reports have an identification nunber consisting of the two-letter State abbreviation, the |ast
two digits of the water year, and the volune nunber. For exanple, this volume is identified as "U. S. Geol ogi cal
Survey Water-Data Report VA-99-1." For archiving and general distribution, the reports for |1971-74 water years
also are identified as water-data reports. These water-data reports are for sale in paper copy or in mcrofiche
by the National Technical Information Service, U S. Departnent of Commerce, Springfield, Virginia 22161.

Addi tional infornmation, including current prices, for ordering specific reports may be obtained fromthe
District Ofice at the address given on the back of the title page or by tel ephone (804) 261-2600.

Water resources data, including those provided in water data reports, are available through the Wrld Wde
Web on the Internet. The Universal Resource Location (URL) to the Virignia District’s hone page is:

http://va. usgs. gov

COOPERATI ON

The U.S. Ceol ogical Survey and agencies of the State of Virginia have had joint-funding agreenents for the
col l ection of water-resource records since 1930. Organizations that assisted in collectingthe datainthis report
through joi nt-funding agreements with the Survey are:

VI RG NI A DEPARTMENT OF ENVI RONMVENTAL QUALITY, Dennis H Treacy, executive director.
VI RG NI A DEPARTMENT OF TRANSPORTATI ON, Charles D. NOtingham conmi ssioner.

CITY OF ALEXANDRI A, Vol a Lawson, city manager.

CITY OF DANVILLE, Barry Dunkley, director, Water and \WAstewater.

CITY OF NEWPORT NEWS, Brian Ranmley, director, Departnent of Public Utilities.

CITY OF ROANOKE, Kit B. Kiser, director, Uilities and Operations.

NORTHERN VI RG NI A PLANNI NG DI STRICT COMW SSION, G Mark G bb, executive director.
WEST PI EDMONT PLANNI NG DI STRI CT COW SSI ON, Robert W Dowd, executive director.
CITY OF NORFOLK, Regina V. K WIllians, city nanager.

HAMPTON RQADS PLANNI NG DI STRICT COMM SSION, Arthur L. Collins, executive director.

WASHI NGTON COUNTY SERVI CE AUTHORI TY, David S. Dawson, general nanager.
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Assistance with funds or services was given by the U S. Arny Corps of Engineers in collecting records for
gagi ng stations and water-quality stations throughout the State.

Under a cooperative agreenent covering the Tennessee R ver Basin, the Tennessee Valley Authority provided
financial assistance for the operation of gaging stations, the records for which are published herein. Simlar
financial assistance for water-quality studies was provided by the U. S. Marine Corps Base, Quantico, VA for the
Quantico, Cannon, and Aquia Creek Basins. Oher cooperators that provided funds for the collection of records
are the American Electric Power, Virginia Power, City of Danville, City of Radford, City of Bedford, Miltitrade
of Pittsylvania County, LG & E, Synergics |Incorporated, and Georgia Pacific Corporation.

Organi zations that provided data are acknow edged in station descriptions.

RECORDS COLLECTED BY THE STATE OF VIRG NI A

In addition to data collected by the U S. Ceol ogical Survey, there are included herein records for
69 gaging stations operated by the Virginia Departnment of Environnental Quality. These records are published
as provided and are acknow edged in the "COOPERATI ON' paragraph of each individual station. The Virginia
Departnent of Environmental Quality is under the direction of Dennis H Treacy, executive director. Publ i shed
material for the gaging-station records is supplied through the Division of Water Program Coordination, Larry G
Lawson, P.E., director.

SUMVARY OF HYDROLOG C CONDI TI ONS

Surface-Water Di scharge

Annual nean di scharges for the 1999 water year were bel ow the normal range of flow (bel owthe 25'" percentile
of annual nean flows) based on streanflow data at the farthest downstream gaged | ocation in the Shenandoah,
Rappahannock, York, Janes, Roanoke, Kanawha, Bi g Sandy, and Tennessee Ri ver Basins. Annual nean discharge for the
Chowan River Basin was in the normal range of flow (between the 25'" and 75!" percentile of annual mean flows)
based on streanflow data at the Nottoway River near Sebrell, Va., and the Meherrin River at Enporia, Va., stream
gagi ng stations. The only streamgaging station in the State with an annual nean di scharge above normal (above
the 75'" percentile of annual nean flows) was the Bl ackwater River near Franklin, Va., gage in the Chowan River
Basin. Figure 1 shows a conparison of annual nmean discharges with the |long-term nean di scharges at sel ected
stations throughout the State.

Drought conditions that existed during the fall of 1998 continued into the 1999 water year. Streanflows across
the State continued to decrease during October, Novenber, and Decenber, 1998, to |evels bel ow the nornal range
for that tinme of year. Normal precipitation during the winter nonths, January, February, and March, 1999, increased
streanfl ows at sone gages to levels that were in the normal range, but bel owthe nedian nonthly flow During base-
flow conditions (non-stormrunoff), streanflows were about one-third of the levels recorded during the wi nter of
1998. During the spring and sumrer of 1999, streanflows across the State continued to decline to | evel s observed
in past droughts. Figure 2 shows the distribution of nonthly and annual nean di scharges for sel ected stream gagi ng
stations throughout the State.

There have been four major statew de droughts since the early 1900's. The drought of 1930-32 was one of the
nost severe droughts recorded in the State. Recurrence intervals ranged from 30 years to greater than 80 years.
The droughts of 1938-42 and 1962-71 were | ess severe; however, the cumulative streanflow deficit for the 1962-71
drought was the | argest of the four droughts because of the duration of this drought. The drought of 1980-82 was
the | east severe and had the shortest duration. Recurrence intervals in the 1980-82 drought ranged from 15 years
across nost of the State to greater than 80 years in the Janes River Basin.

Statewi de, streanflows during the summer of 1999 were generally less than the m ni numsunmmer flows observed
during the 1980-82 and 1938-42 droughts. Streanflows were at or |ess than mni mum sumer flows observed during
the 1962-71 drought. Statewi de, streanflows did not decline to | evel s observed in the 1930-32 drought. Table 1
lists the new annual ni ni num i nstantaneous di scharges recorded at 21 streamgaging stations in the State.
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Table 1. Mninmum period of record, instantaneous discharges recorded during 1999 water year

M ni mum i nst ant aneous
Gagi ng Station di scharge, in cubic Lengt h of record,
feet per second in years

Linville Creek at Broadway, Va. 1.0 15
Smith Creek near New Market, Va. 4.0 40
Nort h Fork Shenandoah River at M. Jackson, Va. 1.5 56
Catoctin Creek at Tayl orstown, Va. 0. 08 29
Accotink Creek near Annandal e, Va. .00 52
Pi scat away Creek near Tappahannock, Va. .00 48
North Anna River at Hart Corner, near Doswell, Va. 35.0 20
Mat t aponi River near Beul ahville, Va. .70 59
Jackson River near Bacova, Va. 13.0 26
Back Creek near Sunrise, Va. .73 26
Back Creek at Sunrise, Va. 1.7 15
Little Back Creek near Sunrise, Va. .74 15
Back Creek near Muntain Gove, Va. 53 152
Johns Creek at New Castle, Va. 5.6 73
Janes River at Scottsville, Va. 536. 75
North Fork Rivanna River near Earlysville, Va. .54 6
Roanoke River at 4 envar, Va. 27.0 8
Bl ackwat er Ri ver near Rocky Munt, Va. 4.6 23
Big Gtter River near Evington, Va. 5.7 63
South Mayo River near Mettleridge, Va. 18.0 37
Smith River at Smith River Church near Wol wi ne, Va. 4.5 5

2 Regul ated since 1984

Streanfl ows across nuch of the State increased during Septenber, 1999, because of precipitation fromtwo
hurricanes and a cold front. Hurricane Dennis, during the first week of Septenber, and Hurricane Floyd, during
m d- Sept enber, caused extensive flooding in eastern North Carolina and southeastern Virginia. Table 2 |ists new
annual maxi muminstant aneous di scharges that were recorded at five stream gaging stations as a result of flooding
fromHurricane Floyd. The central Piednont and northern Virginia regions experienced some precipitation from
Hurricane Floyd, but the precipitation caused very little flooding. There was m nor fl ooding throughout the State
on Sept enber 28-30, the result of precipitation froma cold front. Drought conditions were severe enough that many
of the annual peaks for the 1999 water year at streamgagi ng stations throughout the State occurred during this
| ate Septenber storm event.

Table 2. Maxi mum period of record, instantaneous peak discharges recorded during 1999 water year
[--, not determ ned; >, greater than]

Maxi mum i nst ant aneous Recurrence
Gagi ng Station di scharge, in cubic interval, Length of record,
feet per second in years in years
Dragon Swanp at Mascot, Va. 6, 600 -- 19
Tot opot onby Creek near Studley, Va. 1, 620 >100 22
Nott oway Ri ver near Sebrell, Va. 26, 000 25 59
Bl ackwat er Ri ver near Dendron, Va. 12, 300 500 58

Bl ackwat er River near Franklin, Va. 23, 000 >500 56
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Figure 1. Annual mean discharge at four selected stream-gaging stations.
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01667500-Rapidan River near Culpeper, Va. Drainage area, 472 square miles
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02039500-Appomattox River at Farmville, Va. Drainage area, 303 square miles
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02045500-Nottoway River near Stony Creek, Va. Drainage area, 579 square miles
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03488000-North Fork Holston River near Saltville, Va. Drainage area, 222 square miles
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EXPLANATION
W MEDIAN OF MONTHLY AND ANNUAL MEAN DISCHARGES FOR WATER YEARS 1961-90

[0 MONTHLY AND ANNUAL MEAN DISCHARGES DURING WATER YEAR 1999

Figure 2. Monthly and annual mean discharges during 1999 water year and median of monthly and
annual mean discharges for 1961-90 water years at four representative stream-gaging stations.
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SPECI AL NETWORKS AND PROGRANMS

Hydr ol ogi ¢ Benchmark Network is a network of 50 sites in small drainage basins around the country whose
purpose is to provide consistent data on the hydrol ogy, including water quality, and related factors in
representative undevel oped wat ersheds nationw de, and to provide anal yses on a continuing basis to conpare and
contrast conditions observed in basins nore obviously affected by human activities.

National Stream Quality Accounting Network (NASQAN) nonitors the water quality of large rivers within four
of the Nation's largest river basins--the M ssissippi, Colunbia, Colorado, and Rio G ande. The network consists
of 39 stations. Sanples are collected with sufficient frequency that the flux of a wide range of constituents can
be estimated. The objective of NASQAN is to characterize the water quality of these large rivers by nmeasuring
concentration and mass transport of a w de range of dissolved and suspended constituents, including nutrients,
mej or ions, dissolved and sedi nent-bound heavy netals, conmon pesticides, and inorganic and organic fornms of
carbon. This information will be used (1) to describe the long-termtrends and changes in concentration and
transport of these constituents; (2) to test findings of the National Water-Quality Assessnent Program ( NAWQA);
(3) to characterize processes unique to large-river systens such as storage and re-npbilization of sedinents and
associ ated contanminants; and (4) to refine existing estimates of off-continent transport of water, sedinent, and
chemical s for assessing human effects on the world s oceans and for determ ning global cycles of carbon,
nutrients, and other chenicals.

The National Atmospheric Deposition Program National Trends Network (NADP/NTN) provides continuous
measur enent and assessnent of the chemical climate of precipitation throughout the United States. As the |ead
federal agency, the USGS works together with over 100 organi zations to acconplish the follow ng objectives; (1)
Provide a long-term spatial and tenporal record of atnmospheric deposition generated froma network of 191
precipitation chenmistry nonitoring sites. (2) Provide the mechanismto evaluate the effectiveness of the
significant reduction in SO2 enmi ssions that began in 1995 as inplenentation of the Clean Air Act Amendnents
(CAAA) occurred. (3) Provide the scientific basis and nati onwi de eval uati on mechani smfor inplenentation of the
Phase |1 CAAA enission reductions for SO2 and NOx schedul ed to begin in 2000.

Data fromthe network, as well as information about individual sites, are available through the world wide web
at:

http://nadp. nrel . col ost at e. edu/ NADP

The National Water-Quality Assessnent (NAWQA) Programof the U S. Geol ogical Survey is a long-termprogram
with goals to describe the status and trends of water-quality conditions for a large, representative part of the
Nation’s ground- and surface-water resources; provide an inproved understandi ng of the primary natural and human
factors affecting these observed conditions and trends; and provide information that supports devel opnent and
eval uati on of nmanagenent, regulatory, and nonitoring decisions by other agencies.

Assessnment activities are being conducted in 53 study units (nmajor watersheds and aquifer systens) that
represent a wide range of environnental settings nationwi de and that account for a |arge percentage of the
Nation’s water use. A wide array of chemical constituents will be nmeasured in ground water, surface water,
streanbed sedi nents, and fish tissues. The coordinated application of conparative hydrologic studies at a w de
range of spatial and tenporal scales will provide information for decision making by water-resources nanagers and
a foundation for aggregation and conparison of findings to address water-quality issues of regional and national
interest.

Conmmuni cation and coordi nati on between USGS personnel and other local, State, and federal interests are
critical conmponents of the NAWQA Program Each study unit has a local |iaison commttee consisting of
representatives fromkey federal, State, and | ocal water resources agencies, Indian nations, and universities in
the study unit. Liaison conmittees typically neet sem annually to discuss their information needs, nonitoring
pl ans and progress, desired information products, and opportunities to collaborate efforts anpng the agencies.

Addi tional information about the NAWQA Programis available through the world wide web at:

http://wwrvares. er. usgs. gov/ nawga/ nawga_hone. ht n

EXPLANATI ON OF THE RECORDS

The surface-water-di scharge and surface-water-quality records published in this report are for the 1999 water
year that began Cctober 1, 1998, and ended Septenber 30, 1999. A calendar of the water year is provided on the
inside of the front cover. The records contain streanflow data, stage and content data for |akes and reservoirs,
and water-quality data for surface water. The locations of the stations where the data were collected are shown
infigures 4 and 5. The followi ng sections of the introductory text are presented to provide users with a nore
det ail ed expl anation of how the hydrol ogi c data published in this report were collected, analyzed, conputed, and
arranged for presentation.

Station Identification Nunbers

Each data station in this report is assigned a unique identification nunber. This nunmber is unique in that
it applies specifically to a given station and to no other. The number usually is assigned when a station is
first established and is retained for that station indefinitely. The systemused by the U S. Geol ogical Survey
to assign identification nunbers for surface-water stations is based on geographic location. The "downstream
order" systemis used for regular surface-water stations and the "l atitude-longitude" systemis occasionally used
for surface-water stations where only niscellaneous neasurenents are made.

Downstream Or der System

Since Cctober 1, 1950, the order of listing hydrol ogic-station records in Survey reports is in a downstream
direction along the main stream Al stations on a tributary entering upstreamfroma mainstreamstation are
I'isted before that station. Astationon atributary that enters between two mai nstreamstations is |isted between
them Asinilar order is followed in listing stations on first rank, second rank, and other ranks of tributaries.
The rank of any trlbutary with respect to the streamto which it is |mred|ate|y tributary is indicated by an
indention in the "List of Stations"” in the front of this report. Each indention represents one rank. Thi s
downstream order and system of indention shows which stations are on tributaries between any two stations and the
rank of the tributary on which each station is situated.
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The station-identification nunber is assigned according to downstreamorder. I'n assigning station nunbers,
no distinction is nade between partial-record stations and other stations; therefore, the station nunmber for a
partial -record station indicates downstreamorder positionin alist made up of both types of stations. Gaps are
left in the series of nunbers to allow for new stations that may be established; hence, the nunbers are not
consecutive. The conpl ete eight-digit nunber for each station, such as 02027500, whi ch appears just to the |eft
of the station name, includes the two-digit Part nunber "02" plus the six-digit downstream order nunber "027500."
The Part nunber designates the major river basin; for exanple, Part "02" is the James River Basin.

Latitude-Longi tude System

The identification nunbers for sone miscel |l aneous surface-water and water-quality sites are assigned accordi ng
tothe grid systemof latitude and | ongitude. The nunber consists of 15 digits. The first six digits denote the
degrees, minutes, and seconds of | atitude, the next seven digits denote degrees, m nutes, and seconds of |ongitude,
and the last two di gits (assigned sequentially) identify the sites withina 1- second grld This site-identfication
nunber, once assigned, i s a pure nunber and has no | ocational significance. Inthe rare instance where the initial
determ nation of latitude and | ongitude are found to be in error, the station will retainits initial
identification nunber; however, its true latitude and | ongitude will be listed in the LOCATI ON par agraph of the
station description.
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Figure 3. System for numbering selected miscellaneous sites.

Records of Stage and Water Di scharge

Records of stage and water discharge nay be conplete or partial. Conpl ete records of discharge are those
obt ai ned using a continuous stage-recording device through which either instantaneous or nean daily discharges
may be conputed for any time, or any period of time, during the period of record. Conplete records of |ake or
reservoir content, sim!l arly, are those for which stage or content nmay be conputed or estimated with reasonable
accuracy for any ti me, or period of tine. They nay be obtained using a continuous stage-recording device, but
need not be. Because daily nean di scharges and end- of -day contents commonly are published for such stations, they
are referred to as "daily stations."

By contrast, partial records are obtained through discrete neasurenments w thout using a continuous stage-
recordi ng device, and pertain only to a few flow characteristics, or perhaps only one. The nature of the partial
record is indicated by table titles such as "Orest-stage partial records,” or "Lowflowpartial records." Records
of mi scel | aneous di scharge neasurenents or of neasurenents fromspecial studies, such as | owfl ow seepage studi es,
may be considered as partial records, but they are presented separately in this report. Location of all conplete-
record and crest-stage partial-record stations for which data are givenin this report are shown in figures 4 and 5.
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Data Col | ection and Conputation

The data obtai ned at a conpl ete-record gaging station on a streamor canal consist of a continuous record of
stage, individual neasurenents of discharge throughout a range of stages, and notations regarding factors that
may affect the rel ationships between stage and di scharge. These data, together with suppl enental infornation,
such as weather records, are used to conpute daily discharges. The data obtained at a conpl ete-record gaging
station on a |l ake or reservoir consist of a record of stage and of notations regarding factors that may affect
the rel ati onship between stage and | ake content. These data are used with stage-area and stage-capacity curves
or tables to conpute water-surface areas and | ake storage.

Conti nuous records of stage are obtained with anal og recorders that trace continuous graphs of stage or with
digital recorders that punch stage values on paper tapes at selected tine intervals. Measurenents of discharge
are made with current neters using nethods adopted by the Geol ogi cal Survey as a result of experience accunul at ed
since 1880. These nethods are described in standard textbooks, in Water-Supply Paper 2175, and in U. S.

Geol ogi cal Survey Techni ques of Water-Resources Investigations (TWR's), Book 3, Chapter Al through A19 and Book
8, Chapters A2 to B2. The nethods are consistent with the Anmerican Soci ety for Testi ng and Materials (ASTM
standards and general ly follow the standards of the International Organization for Standards (1SO).

In conputing discharge records, results of individual nmeasurements are plotted agai nst the correspondi ng
stages, and stage-discharge relation curves are then constructed. Fromthese curves, rating tables indicating
the approximate di scharge for any stage within the range of the neasurenents are prepared. If it is necessary
to define extrenes of discharge outside the range of the current-neter nmeasurenents, the curves are extended using:
(1) logarithmc plotting; (2) velocity-area studies; (3) results of indirect neasurenents of peak discharge,
such as sl ope-area or contracted-openi ng measurenents, and conputati ons of flow over danms or weirs; or (4) step-
backwat er techni ques.

Dai |y mean di scharges are conputed by applying the daily mean stages (gage heights) to the stage-di scharge
curves or tables. |If the stage-discharge relation is subject to change because of frequent or continual change
in the physical features that formthe control, the daily nean discharge is determ ned by the shifting-control
nmet hod, in which correction factors based on the indi vi dual di scharge neasurenents and notes of the personnel
maki ng the neasurenments are applied to the gage heights before the discharges are determ ned fromthe curves or
tables. This shifting-control nmethod also is used if the stage-discharge relation is changed tenporarily because
of aquatic growth or debris on the control. For sone stations, formation of ice in the winter may so obscure the
st age-di scharge rel ations that daily nean di scharges nust be estimated fromother information such as tenperature
and precipitation records, notes of observations, and records for other stations in the sane or nearby basins for
conpar abl e periods.

At some streamgagi ng stations, the stage-discharge relation is affected by the backwater fromreservoirs,
tributary streams, or other sources. This necessitates the use of the slope nmethod in which the slope or fall in
a reach of the streamis a factor in conputing discharge. The slope or fall is obtained by neans of an auxiliary
gage set at sone distance fromthe base gage. At sone stations the stage-discharge relation is affected by
changi ng stage; at these stations the rate of change in stage is used as a factor in conputing discharge.

I'n conputing records of |ake or reservoir contents, it is necessary to have avail able from surveys, curves
or tables defining the relationship of stage and content. The application of stage to the stage-content curves
or tables gives the contents fromwhich daily, nonthly, or yearly changes then are determ ned. If the stage-
content relationship changes because of deposition of sedinment in a | ake or reservoir, periodic resurveys nay be
necessary to redefine the relationship. Even when this is done, the contents conputed nmay becone increasingly in
error as the |l apsed tinme since the | ast survey increases. Discharges over |ake or reservoir spillways are conputed
from stage-di scharge rel ati onshi ps much as other stream di scharges are conputed.

For sone gaging stations, there are periods when no gage-height record is obtained, or the recorded gage
height is so faulty that it cannot be used to conpute daily discharge or contents. This happens when the recorder
stops or otherwise fails to operate properly, intakes are plugged, the float is frozenin the well, or for various
other reasons. For such periods, the daily discharges are estimted fromthe recorded range in stage, previous
or follow ng record, discharge neasurenments, weather records, and conparison with other station records fromthe
sane or nearby basins. Likew se, daily contents may be estimated fromoperator's |ogs, previous or follow ng
record, inflow outflow studies, and other information. I nformation explaining how estimated dail y-di scharge
values are identified in station records is included in the next two sections, "Data Presentation" (REMARKS
paragraph) and "ldentifying Estinmated Daily Discharge."

Dat a Present ati on

Streanflow data in this report are presented in a new format that is considerably different fromthe formt
indatareports prior to the 1991 water year. The major changes are that statistical characteristics of discharge
now appear in tabul ar summaries follow ng the water-year data table and | ess information is provided in the text
or station manuscript above the table. These changes represent the results of a pilot programto reformat the
annual water-data report to nmeet current user needs and data preferences.

The records published for each continuous-record surface-water-di scharge station (gaging station) now consi st
of four parts: the manuscript or station description; the data table of daily mean val ues of discharge for the
current water year with summary data; a tabular statistical summary of nonthly nmean flow data for a designated
period, by water year; and a summary statistics table that includes statistical data of annual, daily, and
i nstantaneous flows as well as data pertaining to annual runoff, 7-day |owflow mninmuns, and flow duration.

Station nmanuscri pt

The manuscript provides, under various headi ngs, descriptive information, such as station location; period
of record; historical extrenes outside the period of record; extremes for the current year; record accuracy; and
ot her remarks pertinent to station operation and regulation. The followi ng infornation, as appropriate, is
provided with each continuous record of discharge or |ake content. Conmments to follow clarify information
presented under the various headings of the station description.
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LOCATI ON . --1Information on locations is obtained fromthe nost accurate maps avail abl e. The location of the
gaging station with respect to the cultural and physical features inthe vicinity and with respect to the reference
pl ace nmenti oned |n the station name is given. River nileages, given for only a few stations, were determ ned by
nmet hods given in "River MI|eage Measurenent," Bulletin 14, Revision of October 1968, prepared by the Water
Resources Council or were provided by the U. S, Army Cor ps of Engi neers. The l'atitudes and I ongi tudes in this book
are currently North American datum of 1927.

DRAI NAGE AREA --Drainage areas are measured usi ng the npst accurate maps available. Because the type of maps
avai l abl e varies fromone drainage basin to another, the accuracy of drainage areas |ikew se varies. Drainage
areas are updated as better maps becone avail abl e.

PERI OD OF RECORD. --This indicates the period for which records have been published for the station or for an
equival ent station. An equivalent station is one that was in operation at a tine that the present station was
not and whose | ocation was such that flow at it can reasonably be considered equivalent to flow at the present
station.

REVI SED RECORDS. - - Because of new i nformation, published records occasionally are found to be incorrect, and
revisions are printed in later reports. Listed under this heading are all the reports in which revisions have
been published for the station and the water years to which the revisions apply. |If a revision did not include
daily, nonthly, or annual figures of discharge, that fact is noted after the year dates as follows: "(M" neans
that only the instantaneous maxi mumdi scharge was revised; "(m" that only the instantaneous m ni rumwas revised;
and "(P)" that only peak di scharges were revised. If the drainage area has been revised, the report in which
the nost recently revised figure was first published is given.

GAGE. --The type of gage in current use, the datumof the current gage referred to sea |l evel (see glossary), and
a condensed history of the types, |locations, and datuns of previous gages are given under this heading.

REMARKS. -- Al| periods of estimated daily discharge will either be identified by date in this paragraph of the
station description for water-discharge stations or flagged in the daily discharge table. (See next section,
"ldentifying Estimated Daily Discharge.") If a REMARKS paragraph is used to identify estimated record, the
paragraph will begin with this information presented as the first entry. The paragraph is also used to present
information relative to the accuracy of the records, to special nethods of conputation, and to conditions that
affect natural flow at the station. |In addition, information may be presented pertaining to average discharge
data for the period of record; to extrenes data for the period of record and the current year; and, possibly, to
other pertinent items. For reservoir stations, information is given on the damform ng the reservoir, the
capacity, outlet works and spillway, and purpose and use of the reservoir.

COOPERATI ON. - - Records provided by a cooperating organi zation or obtained for the U S. Geol ogical Survey by a
cooperating organi zation are identified here.

EXTREMES QUTSI DE PERI OD OF RECORD. --1ncluded here is information concerning major floods or unusually
low flows that occurred outside the stated period of record. The information nay or may not have been obtai ned
by the U.S. GCeol ogical Survey.

EXTREMES FOR CURRENT YEAR --Extrenes given here are sinmilar to those for the period of record, except the
peak discharge listing may include secondary peaks. For stations neeting certain criteria, all peak di schar ges
and stages occurring during the water year and equal to or greater than a selected base di scharge are presented
under this heading. The peaks equal to or greater than the base discharge, excluding the highest one, are referred
to as secondary peaks. Peak discharges are not published for canals, ditches, drains, or streanms for which the
peaks are subject to substantial control by man. The tine of occurrence for peaks is expressed in 24-hour | ocal
standard time. For exanple, 12:30 a.m is 0030, and 1:30 p.m is 1330. The mininumfor the current water year
appears bel ow the table of peak data.

REVI SIONS.--1f a critical error in published records is discovered, arevisionis included in the first report
publ i shed fol |l owi ng di scovery of the error.

Al though rare, occasionally the records of a discontinued gaging station may need revision. Because, for
these stations, there would be no current or, possibly, future station manuscript published to docunent the
revision in a "Revised Records” entry, users of data for these stations who obtained the record from previously
publ i shed data reports may wi sh to contact the District O fice (address given on the back of the title page of
this report) to determine if the published records were ever revised after the station was discontinued. O
course, if the data for a discontinued station were obtained by conputer retrieval, the data would be current and
there woul d be no need to check because any published revision of data is al ways accorrpam ed by revision of the
correspondi ng data in conputer storage.

Manuscript information for |ake or reservoir stations differs fromthat for streamstations in the nature of
the "Remarks" and in the inclusion of a skeleton stage-capacity table when daily contents are given.

Headi ngs for AVERAGE DI SCHARGE and EXTREMES FOR PERI OD OF RECORD have been del eted and the information

contained in these paragraphs is now present ed in the tabular summaries follow ng the discharge table or in the
REMARKS par agr aph, as appropriate. No changes have been nade to the data presentation of |ake contents.

Data table of daily nean val ues

The daily table of discharge records for streamgaging stations gives nean di scharge for each day of the
water year. In the nonthly summary for the table, the Iine headed "TOTAL" gives the sumof the daily figures for
each nonth; the Iine headed "MEAN' gives the average flow in cubic feet per second for the nonth; and the lines
headed "MAX" and "M N' gi ve the maxi rumand m ni rumdai |y mean di scharges, respectively, for each nonth. Discharge
for the nonth al so is usually expressed i n cubic feet per second per square nmle (line headed "CFSM'); or in inches
(l'ine headed "IN."); or in acre-feet (line headed "AC-FT"). Figures for cubic feet per second per square mle
and runof f ininches or in acre-feet may be omtted if there is extensive regulation or diversion or if the drai nage
area includes |arge noncontributing areas. At sone stations, nonthly and (or) yearly observed discharges are
adj usted for reservoir storage or diversion, or diversion data or reservoir contents are gi ven. These figures
are identified by a synmbol and correspondi ng footnote.
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Statistics of nonthly nmean data

A tabular summary of the nmean (line headed "MEAN'), maxinmum (line headed "MAX"'), and mininmum (line
headed "MN') of nonthly mean flows for each month for a designated period is provided below the

nean values table. The water years of the first occurrence of the maxinumand mninmum nonthly flows
are provided immediately bel ow those figures. The desi gnat ed period will be expressed as
"FOR WATER YEARS - , BY WATER YEAR (WY)," and will list the first and |l ast water years of the range of
years selected fromthe PERI OD OF RECORD paragraph in the station manuscript. It wll consist of all of the

station record within the specified water years, inclusive, including conplete nonths of record for partial water
years, if any, and may coincide with the period of record for the station. The water years for which the
statistics are conputed will be consecutive, unless a break in the station record is indicated in the manuscript.

Summary statistics

Atable titled "SUMMARY STATI STICS" follows the statistics of nonthly mean data tabulation. This table
consists of four colums, with the first colum containing the Iine headings of the statistics being reported.
The tabl e provides a statistical sunmary of yearly, daily, and i nstantaneous flows, not only for the current water
year but aI so for the previous cal endar year and for a designated period, as appropriate. The designated period
sel ected, "WATER YEARS - "Wl consist of all of the station record within the specified water years,
i nclusive, including conplete mont hs of record for partial water years, if any, and may coincide with the period
of record for the station. The water years for which the statistics are conputed will be consecutive, unless a
break in the station record is indicated in the manuscript. Al of the calculations for the statistical
characteristics designated ANNUAL (See |ine headings below ), except for the "ANNUAL 7-DAY M NIMUM' statistic,
are calculated for the designated period using conplete water years. The other statistical characteristics may
be cal cul ated using partial water years.

The date or water year, as appropriate, of the first occurrence of each statistic reporting extrene val ues
of discharge is provided adjacent to the statistic. Repeated occurrences nmay be noted in the REMARKS paragraph
of the manuscript or in footnotes. Because the designated period may not be the sanme as the station period of
record published in the manuscript, occasionally the dates of occurrence listed for the daily and instantaneous
extremes in the designated-period colum nay not be within the selected water years listed in the heading. Wen
this occurs, it will be noted in the REMARKS paragraph or in footnotes. Selected streanflow duration curve
statistics and runoff data are al so given. Runoff data may be omitted if thereis extensive regulation or diversion
of flow in the drainage basin.

The foll owi ng summary statistics data, as appropriate, are provided with each continuous record of discharge.
Comments to followclarify information presented under the various |line headings of the summary statistics table.

ANNUAL TOTAL. --The sum of the daily mean val ues of discharge for the year. At sone stations, the annual
total discharge is adjusted for reservoir storage or diversion. The adjusted figures are i dentified
by a synbol and correspondi ng footnotes.

ANNUAL MEAN --The arithnetic mean of the individual daily mean discharges for the year noted or for the
designated period. At sone stations the yearly mean discharge is adjusted for reservoir storage or
diversion. The adjusted figures are identified by a synbol and correspondi ng footnotes.

HI GHEST ANNUAL NEAN -- The maxi num annual nean di scharge occurring for the designated period.

LOAEST ANNUAL NMEAN. --The mi ni mum annual nean di scharge occurring for the designated period.
H GHEST DAILY MEAN.--The maxi numdaily nean discharge for the year or for the designated period.
LOAEST DAILY MEAN --The nininumdaily mean discharge for the year or for the designated period.

ANNUAL 7- DAY M NIl MJM - - The | owest mean di scharge for 7 consecutive days for acal endar year or a wat er
year. Note that nost | owflow frequency anal yses of annual 7-day minimumflows use a climtic year
(April 1-March 31). The date shown in the summary statistics table is the initial date of the 7-day
period. (This value should not be confused with the 7-day 10-year |owflow statistic.)

I NSTANTANEQUS PEAK FLOW - - The maxi mumi nst ant aneous di schar ge occurring for the water year or for the
desi gnated period. Note that secondary instantaneous peak di scharges above a sel ect ed base di scharge are
stored in District conputer files for stations neeting certain criteria. Those discharge values may be
obtained by witing to the District Ofice. (See address on back of title page of this report.)

I NSTANTANEQUS PEAK STAGE. - - The maxi numi nst ant aneous st age occurri ng for the water year or for the
designated period. If the dates of occurrence for the instantaneous peak flow and i nstantaneous peak
stage differ, the REMARKS paragraph in the nanuscript or a footnote nay be used to provide further
i nformation.

| NSTANTANEQUS LOWFLOW - - The ni ni numi nst ant aneous di schar ge occurring for the wat er year or for the
desi gnat ed peri od.

ANNUAL RUNCFF. --Indicates the total quantity of water in runoff for a drainage area for the year. Data
reports may use any of the follow ng units of neasurenment in presenting annual runoff data:

Acre-foot (AC-FT) is the quantity of water required to cover 1 acre to a depth of 1 foot and i s equal
to 43,560 cubic feet or about 326,000 gallons or 1,233 cubic neters.

Cubic feet per second per square mile (CFSM is the average nunber of cubic feet of water
flowi ng per second fromeach square mle area drained, assumng the runoff is distributed uniforny
intime and area.

I nches (| NCHES) indicates the depth to which the drainage area would be covered if all of the runoff
for a given tinme period were uniformy distributed on it.
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) (.'jLO PERCENT EXCEEDS. - - The di scharge that has been exceeded 10 percent of the time for the designated
peri od.

50 PERCENT EXCEEDS. --The discharge that has been exceeded 50 percent of the time for the designated
peri od.

) 30 PERCENT EXCEEDS. - - The di scharge that has been exceeded 90 percent of the time for the designated
peri od.

Data collected at partial-record stations follow the infornmation for continuous-record sites. Data for
partial -record discharge stations are presented in two tables. The first is a table of annual maxi num stage and
di scharge at crest-stage stations, and the second is a table of discharge neasurenents at |owflow partial-record
stations. The tables of partial-record stations are followed by a listing of discharge neasurenents nmade at
sites other than continuous-record or partial-record stations. These neasurenents are generally made in tines
of drought or flood to give better areal coverage to those events. Those neasurenents and others collected for
some special reason are called neasurenents at niscell aneous sites.

I dentifying Estimated Daily Di scharge

Esti mat ed dail y-di scharge val ues published in the water-discharge tables of annual State data reports are
identified either by flagging individual daily values with the letter synbol "e" and printing a table footnote,
"e Estimated," or by listing the dates of the estimated record i n the REMARKS par agr aph of the station description.

Accuracy of the Records

The accuracy of streanflow records depends primarily on: (1) The stability of the stage- discharge relation
or, if the control is unstable, the frequency of discharge neasurenents; and (2) the accuracy of neasurenents of
stage, neasurenents of discharge, and interpretation of records.

The accuracy attributed to the records is indicated under " RENARKS " "Excel lent" means that about 95 percent
of the daily discharges are within 5 percent of their true values; "good,” within 10 percent; and "fair," wthi
15 percent. Records that do not neet the criteria nentioned are rated "poor." Different accuracies may be

attributed to different parts of a given record.

Dai |l y mean, di scharges in this report are given to the nearest hundredth of a cubic foot per second for, val ues
less than 1 ft¥s to the nearest tenth between 1,0 and 10 ft%s; to whol e nunbers between 10 and 1,000 ft¥s; and
to 3 significant figures for nore than 1,000 ft3s. The nunber of si gnificant figures used is based sol er on
the nagni tude of the discharge val ue. The same roundi ng rules apply to discharges listed for partial-record
stations and miscel | aneous sites.

Di scharge at many stations, as indicated by the nonthly mean, may not reflect natural runoff due to the
effects of diversion, consunption, regulation by storage, increase or decrease in evaporation due to artificial
causes, or to other factors. For such stati ons, figures of cubic feet per second per square nmile and of runoff,
in |nches are not published unless satisfactory adjustnents can be nmade for diversions, for changes in cont ents
of reservoirs, or for other changes incident to use and control. Evaporation froma reservoir is not included
in the adjustnments for changes in reservoir contents, unless it is so stated. Even at those stations where
adj ustments are nmade, large errors in conputed runoff may occur if adjustnments or |osses are large in conparison
with the observed discharge.

O her Records Avail abl e

Information used in the preparation of the records in this publication, such as di scharge-neasurenent notes,
gage- hei ght records, tenperature neasurenents, and rating tablesis onfileinthe VirginiaDi strict Office. Al so,
nost of the daily nmean discharges are in conput er-readabl e formand have been anal yzed statistically. Information
on the availability of the unpublished information or on the results of statistical analyses of the published
records may be obtained fromthe Virginia District Ofice. (See address on back of title page of this report.)

Records of Surface-Water Quality

Records of surface-water quality ordinarily are obtained at or near streamgagi ng stations because
interpretation of records of surface-water quality nearly always requires correspondi ng di scharge data. Records
of surface-water quality in this report may involve a variety of types of data and measurenent frequencies.

Cl assification of records

Water-quality data for surface-water sites are grouped into one of three classifications. A conti nui ng-
record station is a site where data are collected on a regularly schedul ed basis. Frequency may be once or nore
tines daily, weekly, nonthly, or quarterly. A partial-record stationis a site where linted water-quality data
are collected systematically over a period of years. Frequency of sanpling is usually less than quarterly. A
m scel | aneous sanpling site is a location other than a continuing or partial-record station where random sanpl es
are collected to give better areal coverage to define water-quality conditions in the river basin.

A careful distinction needs to be nade between "continuing records”, as used in this report, and "conti nuous
recordings,” which refers to a continuous graph or a series of discrete values punched at short intervals on a
paper tape. Sone records of water quality, such as tenperature and specific conductance, may be obtai ned through
continuous recordings; however, because of costs, npst data are obtained only nonthly or less frequently.
Locations of stations for which records on the quality of surface water appear in this report are shown in figure 6.



12
WATER RESOURCES DATA - VIRA NI A 1999

Arrangenent of Records

Water-quality records collected at a surface-water daily record station are published i nmediately follow ng
that record, regardless of the frequency of sanple collection. Station nunmber and nane are the sane for both
records. \Were a surface-water daily record station is not available or where the water quality differs
significantly fromthat at the nearby surface-water station, the continuing water-quality record is published with
its own station nunmber and nane in the regul ar downstream order sequence. Water-quality data for partial-record
stations and for miscellaneous sanpling sites appear in separate tables followi ng the table of discharge
neasurements at miscel | aneous sites.

On-site Measurenents and Sanple Collection

In obtaining water-quality data, a major concern needs to be assuring that the data obtained represent the
insituquality of the water. To assure this, certain nmeasurenents, such as water tenperature, pH, and dissol ved
oxygen, need to be nade onsite when the sanples are taken. To assure that measurenents nade in the |aboratory
al so represent the in situ water, carefully prescribed procedures need to be followed in collecting the sanples,
in treating the sanples to prevent changes in quality pending analysis, and in shipping the sanples to the
| aboratory. Procedures for onsite neasurenents and for collecting, treating, and shipping sanples are detailed
in the "Techni ques of Water-Resources Investigations," Book 1, Chapter D2; Book 3, Chapter C2; Book 5, Chapters
Al, A3, and A4. These references are listed in the "PUBLI CATI ONS ON TECHNI QUES OF WATER- RESOURCES | NVESTI GATI ONS"
section of this report which appears at the end of the introductory text. These nethods are consistent with
Arerican Society for Testing and Material s (ASTM standards and general ly fol l owthe standards of the International
Organi zation for Standards (1SO). Detailed information on collecting, treating, and shipping sanples may be
obtained fromthe Virginia District Office. (Address on back of title page.)

One sanpl e can define adequately the water quality at a given tine if the mxture of solutes throughout the
stream cross section is honbgeneous. However, the concentration of solutes at different |ocations in the cross
section may vary widely with different rates of water dischar ge, depending on the source of material and the
turbul ence and m xing of the stream Sone streans nust be sanpl ed through several vertical sections to obtain a
representative sanple needed for an accurate mean concentration and for use in calculating load. Al sanples
obtained for the National Stream Quality Accounting Network (see definitions) are obtained fromat |east several
verticals. Wether sanples are obtained fromthe centroid of flow or fromseveral verticals depends on flow
conditions and other factors which nust be eval uated by the collector.

Chemi cal -qual ity data published in this report are considered to be the npst representative val ues avail abl e
for the stations listed. The values reported represent water-quality conditions at the tine of sanpling as nuch
as possible, consistent with avail able sanpling techniques and net hods of anal ysis. In the rare case where an
apparent inconsistency exists between a reported pH value and the rel ative abundance of carbon di oxi de species
(carbonat e and bi carbonate), the inconsistency is the result of a slight uptake of carbon dioxide fromthe air by
the sanpl e between neasurenment of pHin the field and determ nation of carbonate and bi carbonate in the | aboratory.

For chemical-quality stations equipped with digital nonitors, the records consist of daily maxi num mnini num
and nean val ues for each constituent measured and are based upon hourly punches begi nning at 0100 hours and endi ng
at 2400 hours for the day of record. More detailed records (hourly values) may be obtained fromthe Virginia
District Ofice whose address is given on the back of the title page of this report.

Wat er Tenperature

Water tenperatures are neasured at nost of the water-quality stations. In addition, water tenperatures are
taken at the tinme of discharge neasurenents for water-discharge stations. For stations where water tenperatures
are taken nmanually once or twice daily, the water tenperatures are taken at about the sane tine each day. Large
streanms have a small diurnal tenperature change; shallow streanms nmay have a daily range of several degrees and
may follow closely the changes in air tenperature. Sone streams may be affected by waste-heat discharges.

At stations where recording instruments are used, either mean tenperatures or maxi numand nini numtenperatures
for each day are published. Water tenperatures measured at the tine of water-di scharge nmeasurenents are on file
inthe Virginia District Ofice. (Address on back of title page.)

Sedi nent

Suspended- sedi nent concentrations are determ ned fromsanpl es col | ected by using depth-integrating sanpl ers.
Sanpl es usual ly are obtained at several verticals in the cross section, or a single sanple may be obtained at a
fixed point and a coefficient applied to determ ne the nean concentration in the cross sections.

During periods of rapidly changing flow or rapidly changing concentration, sanples may have been col | ected
more frequently (twice daily or, in sone instances, hourly). The published sedi ment di schar ges for days of rapidly
changi ng fl ow or concentrati on were conputed by the subdi vi ded- day nethod (tine-di scharge wei ghted average).
Therefore, for those days when the published sedi nent discharge value differs fromthe value conputed as the
product of discharge tinmes nean concentration tinmes 0.0027, the reader can assune that the sedi nent discharge for
that day was conputed by the subdivi ded-day nethod. For periods when no sanples were col |l ected, daily discharges
of suspended sedi ment were estimated on the basis of water di scharge, sedi nent concentrations observed i medi ately
before and after the periods, and suspended-sedi ment | oads for other periods of simlar discharge. Methods used
in the conputation of sedinment records are described in the TWRI Book 3, Chapters ClL and C3. These nethods are
consistent with Arerican Society for Testing and Materials (ASTM st andar ds and general ly foll ow the standards of
the International Organization for Standards (ISO).

At other stations, suspended-sediment sanples were collected periodically at many verticals in the stream
cross section. At hough data col | ected periodically my represent conditions only at the tine of observations,
such data are useful in establishing seasonal relations between quality and streanflow and in predicting |ong-
term sedi nent -di scharge characteristics of the stream

In addition to the records of suspended-sedinent discharge, records of the periodic nmeasurenments of the
particle-size distribution of the suspended sedi ment and bed material are included for some stations.
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Laborat ory Measurenents

Sedi ment sanpl es, sanples for biochenical -oxygen demand (BOD), sanples for indicator bacteria, and daily
sanpl es for specific conductance are analyzed locally. Al other sanples are analyzed in the Geol ogi cal Survey
| aboratory in Arvada, Col orado. Met hods used to anal yze sedi nent sanples and to conpute sedinment records are
given in TWRI Book 5, Chapter Cl. Methods used by the Geol ogical Survey |aboratories are given in TWRl Book 1,
Chapter D2; Book 3, Chapter C2; Book 5, Chapters Al, A3, A4, and A5. These nethods are consistent with Anerican
Soci ety for Testing and Materials (ASTM standards and generally follow the standards of the International
Organi zation for Standards (ISO).

Data Presentation

For continuing-record stations, information pertinent to the history of station operation is provided in
descriptive headings preceding the tabular data. These descriptive headings give details regarding |ocation,
drai nage area, period of record, type of data available, instrunentation, general renarks, cooperation, and
extremes for paranmeters currently neasured daily. Tables of chem cal, physical, biological, radiochem cal data,
and so forth, obtained at a frequency |l ess than daily, are presented first. Tables of "daily values" of specific
conductance, pH, water tenperature, dissolved oxygen, and suspended sedinent then follow in sequence.

In the descriptive headings, if the location is identical to that of the discharge gaging station, neither
the LOCATI ON nor the DRAI NAGE AREA statenents are repeated. The followi ng information, as appropriate, is provided
with each continuous-record station. Conments that followclarify information presented under the various
headi ngs of the station description.

LOCATI ON --See Data Presentation under "Records of Stage and Water Discharge;” same comments apply.

DRAI NAGE AREA --See Data Presentation under "Records of Stage and Water Discharge;” same coments apply.
PERI GD OF RECORD. --This indicates the periods for which there are published water-quality records for the
station. The periods are shown separately for records of parameters neasured daily or continuously and those

neasured | ess than daily. For those neasured daily or continuously, periods of record are given for the paraneters
i ndi vi dual ly.

I NSTRUVENTATI ON. --Information on instrunentationis givenonly if a water-quality nonitor tenperature record,
sedi ment punpi ng sanpler, or other sanpling device is in operation at a station.

REMARKS. - - Remar ks provide added i nformation pertinent to the collection, analysis, or conputation of the
records.

COOPERATI ON. - - Records provided by a cooperating organization or obtained for the Geol ogical Survey by a
cooperating organi zation are identified here.

EXTREMES. - - Maxi nuns and ni ni nuns are given only for paraneters neasured daily or nore frequently. None are
given for paraneters nmeasured weekly or |ess frequently, because the true maxi mums or mini nunms may not have been
sanpl ed. Extrenes, when given, are provided for both the period of record and for the current water year.

REVI SI ONS. --1f errors in published water-quality records are di scovered after publication, appropriate updates
are made to the Water-Quality File in the U S. Geol ogical Survey's conputerized data system WATSTORE, and
subsequently by nonthly transfer of update transactions to the U S. Environnental Protection Agency's STORET
system Because the usual volune of updates makes it inpractical to document individual changes in the State
data-report series or el sewhere, potential users of U S. Geological Survey water-quality data are encouraged to
obtain all required data fromthe appropriate conputer file to insure the nbst recent updates.

The surface-water-quality records for partial-record stations and mi scel | aneous sanpling sites are published
inseparate tables followi ng the tabl e of di scharge neasurenents at niscell aneous sites. No descriptive statenments

are given for these records. Each station is published with its own station nunber and nanme in the regular
downst ream or der sequence.

REMARK CODES

The following renark codes may appear with the water-quality data in this report:

PRI NTED OUTPUT REMARK
E Esti mat ed val ue.
> Actual value is known to be greater than the val ue shown.
< Actual value is known to be |less than the val ue shown.
K Resul ts based on col ony count outside the acceptance range

(non-ideal colony count).

L Bi ol ogi cal organi smcount |ess than 0.5 percent (organism may
be observed rather than counted).

D Bi ol ogi cal organi smcount equal to or greater than 15 percent
(domi nant) .
\% Anal yte was detected in both the enviromental sanple and the

associ at ed bl anks.

& Bi ol ogi cal organi smestinated as dom nant.
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WATER QUALI TY- CONTROL DATA

Data generated fromquality-control (QC) sanples are a requisite for evaluating the quality of the sanpling
and processing techni ques as wel | as data fromthe actual sanples thensel ves. Wthout QCdata, environental sanple
data cannot be adequately interpreted because the errors associated with the sanpl e data are unknown. The various
types of QC sanples collected by this district are described in the followi ng section. Procedures have been
established for the storage of water-quality-control data within the USGS. These procedures allow for storage of
all derived QC data and are identified so that they can be related to correspondi ng environmental sanples.

Bl ank Sanpl es

Bl ank sanpl es are coll ected and anal yzed to ensure that environmental sanples have not been contam nated by
the overal |l data-collection process. The blank solution used to devel op specific types of blank sanples is a
solution that is free of the analytes of interest. Any neasured value signal in a blank sanple for an analyte (a
specific conponent neasured in a chem cal analysis) that was absent in the blank solution is believed to be due
to contamination. There are many types of blank sanpl es possible, each designed to segregate a different part of
the overal |l data-collection process. The types of blank sanples collect
inthis district are:

Field blank - a blank solution that is subjected to all aspects of sanple collection, field processing
preservation, transportation, and | aboratory handling as an environnmental sanple.

Trip blank - a blank solution that is put in the same type of bottle used for an environnental sanple and
kept with the set of sanple bottles before and after sanple collection.

Equi pnent bl ank - a bl ank solution that is processed through all equi pment used for collecting and processing
an environnmental sanple (simlar to a field blank but normally done in the nore controlled
conditions of the office).

Sanpl er bl ank - a bl ank solution that is poured or punped through the sane field sanpler used for collecting
an environnmental sanple.

Filter blank - a blank solution that is filtered in the same manner and through the sanme filter apparatus
used for an environnental sanple.

Splitter blank - a blank solution that is mxed and separated using a field splitter in the same manner and
through the sane apparatus used for an environnmental sanple.

Preservation bl ank - a bl ank solution that is treated with the sanpler preservatives used for an environnent al
sanpl e.

Ref erence Sanpl es

Reference material is a solution or material prepared by a | aboratory whose conposition is certified for one
or nore properties so that it can be used to assess a neasurenent nethod. Sanples of reference material
are submitted for analysis to ensure that an anal ytical nmethod is accurate for the known properties of the reference
material. Generally, the selected reference nmaterial properties are simlar to the environnmental sanple
properties.

Replicate Sanpl es

Replicate sanples are a set of environnental sanples collected in a manner such that the sanples are thought
to be essentially identical in conposition. Replicate is the general case for which a
duplicate is the special case consisting of two sanples. Replicate sanples are collected and anal yzed to establish
the amount of variability in the data contributed by some part of the collection and anal ytical process. There
are many types of replicate sanples possible, each of which may yield slightly different results in a dynamc
hydrol ogi c setting, such as a flowing stream The types of replicate sanples collected in this district are:

Sequential sanples - a type of replicate sanple in which the sanples are collected one after the other,
typically over a short tine.

Split sanple - a type of replicate sanple in which a sanple is split into subsanpl es contenporaneous in tine
and space.

Spi ke Sanpl es

Spi ke sanpl es are sanples to which known quantities of a solution with one or nore well-established anal yte
concentrations have been added. These sanples are analyzed to determi ne the extent of matrix
interference or degradation on the analyte concentration during sanple processing and anal ysis.
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ACCESS TO USGS WATER DATA

The USGS provides near real-tine stage and di scharge datas for many of the gaging stations equi pped with the
necessary telemetry and historic daily-mean and peak-flow di scharge data for npst current or discontinued gagi ng
stations through the world wide web (WWYy. These data may be accessed at:

http://va. wat er. usgs. gov

Sonme wat er-qual ity and ground-water data al so are avail abl e through the WW In addition, data can be proveded
i n various nachi ne-readabl e fornats on magnetic tape or 3-1/2 inch floppy disk. |nformation about the availability
of specific types of data or products, and user charges, can be obtained locally fromeach of the Water Resources
Division District Ofices (See address on the back of the title page.).

DEFI NI TI ON OF TERMS

Terms related to water quality and other hydrologic data, as used in this report, are defined bel ow See
al so table for converting English units to International System (SI) Units on the inside of the back cover.

Acid neutralizing capacity (ANC) is the equival ent sumof all bases or base-producing materials, solutes
plus particulates, in an agueous systemthat can be titrated with acid to an equival ence point.

Acre-foot (AC-FT, acre-ft) is the quantity of water required to cover 1 acre to a depth of 1 foot and is
equi val ent to 43,560 cubic feet or about 326,000 gallons or 1,233 cubic neters.

Adenosi ne triphosphate (ATP) is an organi c, phosphate-rich, conpound inportant in the transfer of energy in
organisns. Its central role inliving cells makes it an excellent indicator of the presence of living material in
wat er. A neasurenent of ATP therefore provides a sensitive and rapid estimate of bionass. ATP is reported in
mcrograms per liter of the original water sanple.

Al gae are nostly aquatic single-celled, colonial, or nulti-celled plants, containing chlorophyll and | acki ng
roots, stems, and |eaves.

Al gal growth potential (AGP) is the maxi mumal gal dry wei ght bionass that can be produced in a natural water
sanpl e under standardi zed | aboratory conditions. The growth potential is the al gal biomass present at stationary
phase and is expressed as milligrans dry wei ght of algae produced per liter of sanple.

Al kalinity is the capacity of solutes in an aqueous systemto neutralize acid.

Bacteria are microscopic unicellular organisms, typically spherical, rodlike, or spiral and threadlike in
shape, often clunped into col onies. Some bacteria cause di sease, while others performan essential role in nature
in the recycling of materials; for exanple, by deconposing organic matter into a formavailable for reuse by
pl ants.

Total coliformbacteria are a particular group of bacteria that are used as indicators of possible sewage
pol lution. This group includes coliforns that inhabit the intestine of warm bl ooded ani mals and those that
inhabit soils. They are characterized as aerobic or facultative anaerobic, gram negative, nonspore-fornng,
rod- shaped bacteria which fernent |actose with gas formation within 48 hours at 35-C. In the | aboratory these
bacteria are defined as all the organisns that produce colonies with a golden-green netallic sheen within 24
hours when incubated at 35-C plus or mnus 1.0-C on M Endo nmedium (nutrient nmediumfor bacterial growh).
Their concentrations are expressed as nunber of colonies per 100 nL of sanple.

Fecal coliformbacteria are bacteria that are present in the intestine or feces of warm bl ooded ani mal s.
They are often used as indicators of the sanitary quality of the water. In the | aboratory they are defined
as all organisns that produce bl ue col onies within 24 hours when incubated at 44.5-C plus or mnus 0.2-C on
M FC nedi um (nutrient nmediumfor bacterial growth). Their concentrations are expressed as nunber of col o-
nies per 100 nL of sanple.

Fecal streptococcal bacteria are bacteria found also in the intestine of warmblooded animals. Their pres-
ence in water is considered to verify fecal pollution. They are characterized as Gram positive, cocci bacteria
which are capable of growh in brain-heart infusion broth. In the |aboratory they are defined as all the
organi sns whi ch produce red or pink colonies within 48 hours at 35-C plus or minus 1.0-C on KF-streptococcus
nmedi um (nutrient nediumfor bacterial growth). Their concentrations are expressed as nunber of col oni es per
100 nL of sanple.

Ent erococcus bacteria are conmonly found in the feces of humans and ot her warm bl ooded ani mal s. Al t hough
sonme strains are ubiquitous and not related to fecal pollution, the presence of enterococci in water is an
i ndi cation of fecal pollution and the possible presence of enteric pathogens. Enterococcus bacteria are those
bacteria which produce pink to red colonies with black or reddi sh-brown precipitate after incubation at 41-C
on nE agar and subsequent transfer to ElA nedium Enterococci include Streptococcus feacalis, Streptococcus
feacium Streptococcus avium and their variants.

Bedl oad is the sedi ment which npves along in essentially continuous contact with the streanbed by rolling,
sliding, and neking brief excursions into the flow a few di aneters above the bed.

Bed material is the sedinent mixture of which a streanbed, |ake, pond, reservoir, or estuary bottomis com
posed.

Benthic invertebrates are invertebrate aninmals inhabiting the bottoms of |akes, streanms, and other water
bodi es. They are useful as indicators of water quality.
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Bi ochemi cal oxygen demand (BOD) is a neasure of the quantity of dissolved oxygen, in mlligrans per liter,
necessary for the deconposition of organic matter by m cro-organisnms, such as bacteria.

Bi omass is the amount of living natter present at any given tine, expressed as the nass per unit area or vol -
ure of habitat.

Ash mass is the mass or ampunt of residue present after the residue fromthe dry mass deternmination has
been ashed in a nuffle furnace at a tenperature of 500-C for 1 hour. The ash mass val ues of zoopl ankton and

phyt opl ankt on are expressed in grans per cubic neter (g/nB), and periphyton and benthic organisnms in grans per
square nmile (g/nR).

Dry nmass refers to the nass of residue present after drying in an oven at 105-C for zoopl ankton and per-
i phyton, until the nass remains unchanged. This nass represents the total organic matter, ash and sedinent, in
the sanple. Dry-nmass values are expressed in the same units as ash mass.

Organic mass or volatile nmass of the living substance is the difference between the dry nass and ash nass
and represents the actual nass of the living matter. The organic mass is expressed in the sane units as for ash
mass and dry nass.

Wet nass is the mass of living matter plus contained water.

Bottom material: See Bed naterial .

Cel I s/volume refers to the nunber of cells of any organismwhich is counted by using a microscope and grid
or counting cell. Many planktonic organisnms are nmulticelled and are counted according to the nunber of contained
cells per sanple, usually mlliliters (nmL) or liters (L).

Cfs-day is the volume of water represented by a flow of 1 cubic foot per second for 24 hours. It is equiva-
lent to 86,400 cubic feet, approxinately 1.9835 acre-feet, about 646,000 gallons, or 2,447 cubic neters.

Chem cal oxygen demand (COD) is a neasure of the chenically oxidizable material in the water and furnishes
an approxi mation of the anpunt of organic and reducing material present. The determ ned value may correlate with
BOD or with carbonaceous organic pollution fromsewage or industrial wastes.

Chl orophyl | refers to the green pignents of plants. Chlorophyll a and b are the two nbst common green pig-
ments in plants.

Color unit is produced by one milligramper liter of platinumin the formof the chloroplatinate ion. Color
is expressed in units of the platinumcobalt scale.

Contents is the volume of water in a reservoir or |ake. Unless otherw se indicated, volume is conputed on the
basis of a |evel pool and does not include bank storage.

Continuing-record station is a specified site which neets one or all conditions listed:
1. When chenical sanples are collected daily or monthly for 10 or nore nonths during the water year.
2. When water tenperature records include observations taken one or nore tines daily.

3. Wen sedinment di scharge records include periods for which sedinent |oads are conputed and are consi dered
to be representative of the runoff for the water year.

Control designates a feature downstream fromthe gage that determi nes the stage-discharge relation at the
gage. This feature may be a natural constriction of the channel, an artificial structure, or a uniformcross sec-
tion over a long reach of the channel.

Cubi c foot per second (FT3/S, ft3/s) is the rate of discharge representing a volune of 1 cubic foot passing

a given point during 1 second and is equivalent to approxinmately 7.48 gallons per second or 448.8 gallons per
m nute.

Di scharge is the volume of water (or more broadly, volume of fluid plus suspended sedinent), that passes a
given point wthin a given period of tine.

Mean di scharge (MEAN) is the arithnmetic nmean of individual daily nean discharges during a specific period.
I nstant aneous di scharge is the discharge at a particular instant of tine.

Annual 7-day minimumis the | owest nean discharge for 7 consecutive days for a cal endar year or a water
year. Note that nost |owflow frequency anal yses of annual 7-day minimumflows use a climtic year (April 1-
March 31). The date shown in the summary statistics table is the initial date of the 7-day period. (This val ue
shoul d not be confused with the 7-day 10-year lowflow statistic.)

Di ssolved refers to that material in a representative water sanple which passes through a 0.45 um nenbrane
filter. This is a convenient operational definition used by Federal agencies that collect water data.Detern na-
tions of "dissolved" constituents are made on subsanples of the filtrate.

Di ssol ved-sol i ds concentration of water is determned either analytically by the "residue-on-evaporation”
met hod, or mathematically by totaling the concentrations of individual constituents reported in a conprehensive
chemical anal ysis. During the analytical determi nation of dissolved solids, the bicarbonate (generally a mjor
di ssol ved conponent of water) is converted to carbonate. Therefore, in the mathematical cal cul ati on of dissol ved-

solids concentration, the bicarbonate value, in mlligrans per I|ter is multiplied by 0.492 to reflect the
change.

Drai nage area of a streamat a specific location is that area, neasured in a horizontal plane, enclosed by a
t opogr aphi c divide fromwhich direct surface runoff fromprecipitation normally drains by gravity into the stream
above the specified point. Figures of drainage area given herein include all closed basins, or noncontributing
areas, wWithin the area unless otherw se specified.

Drai nage basin is a part of the surface of the earth that is occupied by a drainage system which consists

of a surface streamor a body of inpounded surface water together with all tributary surface streams and bodies
of inmpounded surface water.
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Extractabl e organi c halides (EOX) are organi ¢ conmpounds which contain hal ogen atons such a chlorine. These
organi ¢ conpounds are sem -volatile and extractable by ethyl acetate fromair-dried streambottomsedi nents. The
ethyl acetate extract is conbusted, and the concentration is determ ned by m crocoul onetric deternination of the
hal i des formed. The concentration is reported as mcrograns of chlorine per gramof the dry weight of the stream
bott om sedi nents.

Har dness of water is a physical-chemical characteristic that is commonly recogni zed by the increased quan-
tity of soap required to produce lather. It is conputed as the sum of equivalents of polyvalent cations and is
expressed as the equival ent concentration of cal cium carbonate (CaCO3).

Hi gh tide is the nmaxi num hei ght reached by each rising tide.

Hydr ol ogi ¢ Benchmark Network is a network of 50 sites in small drai nage basins around the country whose pur-
pose is to provide consistent data on the hydrol ogy, including water quality, and related factors in representa-
tive undevel oped wat ersheds nati onwi de, and to provide analyses on a continuing basis to conpare and contrast
condi tions observed in basins nore obviously affected by human activities.

Hydrologic unit is a geographic area representing part or all of a surface drainage basin or distinct hydro-
logic feature as delineated by the Office of Water Data Coordination on the State Hydrologic Unit Maps; each
hydrologic unit is identified by an 8-digit nunber.

Low tide is the m nimum hei ght reached by each falling tide.

Mean high tide is the average of all high tides over a specified period.
Mean low tide is the average of all low tides over a specified period.
Mean water |level is the average of all tides over a specified period.

Menbrane filter is a thin mcroporous material of specific pore size used to filter bacteria, algae, and
other very small particles fromwater.

Met anor phi ¢ stage refers to the stage of devel opment that an organi smexhibits during its transformation
froman inmature formto an adult form This devel opmental process exists for nost insects, and the degree of
difference fromthe immture stage to the adult formvaries fromrelatively slight to pronounced, w th many
i nternedi ates. Exanpl es of netanorphic stages of insects are egg-larva-adult or egg-nynph-adul t.

Met hyl ene bl ue active substances (MBAS) are apparent detergents. The determi nati on depends on the formation
of a blue color when nethyl ene blue dye reacts with synthetic anionic detergent conpounds.

M crograns per gram (ng/g) is a unit expressing the concentration of a chem cal constituent as the nass
(mcrogranms) of the elenent per unit mass (gram) of nmaterial analyzed.

M crograns per liter (UJL, ng/L) is a unit expressing the concentration of chem cal constituents in solu-
tion as mass (mcrograns) of solute per unit volume (liter) of water. One thousand microgranms per liter is equiv-
alent to one milligramper liter.

M crosi enens per centimeter (US/cm US/CM is a unit expressing the amunt of electrical conductivity of a
sol ution as neasured between opposite faces of a centineter cube of solution at a specified tenperature. Sienens
is the International Systemof units nomenclature. It is synonynous with mhos and i s the reciprocal of resistance
in ohns.

MIligrams per liter (MJL, ng/L) is a unit for expressing the concentration of chemical constituents in
solution. MIligrans per liter represents the mass of solute per unit volune (liter) of water. Concentration of
suspended sedinment also is expressed in ng/L and is based on the mass of dry sedinent per liter of water-sedinent
m xture.

Mbst probabl e nunber (MPN) is an index of the nunber of coliformbacteria that, nore probably than any ot her
nunber, woul d give the results shown by the | aboratory exam nation; it is not an actual enuneration. It is deter-
m ned fromthe distribution of gas-positive cultures anmong nultiple inoculated tubes.

Ml tiple-plate sanplers are artificial substrates of known surface area used for obtaining benthic-inverte-
brate sanples. They consist of a series of spaced, hardboard plates on an eyebolt. National GCeodetic Vertical
Dat um of 1929 (NGVD of 1929) is a geodetic datumderived froma general adjustnent of the first order |evel nets
of both the United States and Canada. It was fornerly called "Sea Level Datum of 1929" or "nean sea level" in
this series of reports. Although the datumwas derived fromthe average sea | evel over a period of many years at
26 tide stations along the Atlantic, @Qulf of Mexico, and Pacific Coasts, it does not necessarily represent |ocal
nean sea |l evel at any particular place.

National Stream Quality Accounting Network (NASQAN) nonitors the water quality of large rivers within four
of the Nation's largest river basins--the M ssissippi, Colunbia, Colorado, and Rio Grande. The network consists
of 39 stations. Sanples are collected with sufficient frequency that the flux of a wi de range of constituents can
be estinmated. The objective of NASQAN is to characterize the water quality of these large rivers by neasuring
concentration and mass transport of a w de range of dissolved and suspended constituents, including nutrients,
nmej or ions, dissolved and sedi ment-bound heavy netals, commpn pesticides, and inorganic and organic forns of car-
bon. This infornmation will be used (1) to describe the long-termtrends and changes in concentration and trans-
port of these constituents; (2) to test findings of the National Water-Quality Assessnment Program (NAWQA); (3) to
characterize processes unique to |arge-river systems such as storage and re-nobilization of sedinments and asso-
ciated contam nants; and (4) to refine existing estinmates of off-continent transport of water, sedinment, and
chemicals for assessing human effects on the world's oceans and for determ ning global cycles of carbon, nutri-
ents, and other chenicals.
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The National Atnospheric Deposition Program National Trends Network (NADP/ NTN) provides continuous neasure-
ment and assessnent of the chenmical clinmate of precipitation throughout the United States. As the |ead federal
agency, the USGS works together with over 100 organi zations to acconplish the follow ng objectives; (1) Provide
a long-term spatial and tenporal record of atnpspheric deposition generated froma network of 191 precipitation
chem stry nonitoring sites. (2) Provide the nmechanismto evaluate the effectiveness of the significant reduction
in S em ssions that began in 1995 as inplenentation of the Clean Air Act Amendnents (CAAA) occurred. (3) Pro-
vide the scientific basis and nationw de eval uati on mechani smfor inplenmentation of the Phase || CAAA emi ssion
reductions for SO2 and NOx schedul ed to begin in 2000.

The National Water-Quality Assessment (NAWQA) Program of the U. S. Geol ogical Survey is a |ong-term program
with goals to describe the status and trends of water-quality conditions for a large, representative part of the
Nation's ground- and surface-water resources; provide an inproved understanding of the primry natural and human
factors affecting these observed conditions and trends; and provide information that supports devel opnent and
eval uati on of managenent, regulatory, and nonitoring decisions by other agencies.

Organismis any living entity.

Organi smcount/area refers to the nunber of organisnms collected and enunerated in a sanple and adjusted to
the nunber per area habitat, usually square nmeter (nR), acre, or hectare. Periphyton, benthic organisns, and mac-
rophytes are expressed in these terns.

Organi smcount/volunme refers to the nunber of organisns collected and enunerated in a sanple and adjusted to
the nunber per sanple volunme, usually mlliliter (mL) or liter (L). Nunbers of planktonic organisns can be
expressed in these terns.

Total organismcount is the total number of organisnms collected and enunerated in any particul ar sanple.

Paraneter Code is a 5-digit nunber used in the U S. Ceol ogical Survey conputerized data system National
Water Infornmation System (NWS), to uniquely identify a specific constituent. The codes used in NWS are the sane
as those used in the U S. Environmental Protection Agency data system STORET. The Environnmental Protection
Agency assigns and approves all requests for new codes.

Partial-record station is a particular site where limted streanflow and/or water-quality data are collected
systematically over a period of years for use in hydrol ogi c anal yses.

Particle size is the diameter, in mllinmeters (mm), of a particle determ ned by either sieve or sedinenta-
tion nmethods. Sedinentation nmethods (pipet, bottomw thdrawal tube, visual-accunulation tube) determne fall
di ameter of particles in either distilled water (chemically dispersed) or in native water (the river water at the
time and point of sanpling).

Particle-size classification used in this report agrees with the recomendati on made by the Anerican Geo-
physi cal Union Subcommittee on Sedi ment Terminology. The classification is as follows:

Classification Size (M) Met hod of analysis
d ay 0. 00024 - 0.004 Sedi ment ati on

Silt .004 - .062 Sedi nent ati on

Sand .062 - 2.0 Sedi ment ati on/ si eve
G avel 2.0 - 64.0 Si eve

The partial-size distributions given in this report are not necessarily representative of all particles in
transport in the stream Most of the organic matter is renoved, and the sanple is subjected to nechanical and
chem cal dispersion before analysis in distilled water. Chenical dispersion is not used for native-water analy-
sis.

Percent conposition is a unit for expressing the ratio of a particular part of a sanple or population to the
total sanple or population, in ternms of types, nunbers, nass, or vol une.

Periphyton is the assenbl age of microorganisnms attached to and |iving upon subnerged solid surfaces. Wile
primarily consisting of al gae, they also include bacteria, fungi, protozoa, rotifers, and other snall organisns.

Pesticides are chem cal conpounds used to control undesirable organi sms. Mjor categories of pesticides
include insecticides, mticides, fungicides, herbicides, and rodenticides.

Picocurie (PC, pC) is one trillionth (1 x 10-12) of the ampbunt of radioactivity represented by a curie (G).
Acurie is the amount of radioactivity that yields 3.7 x 1010 radi oacti ve di sintegrations per second. A picocurie
yields 2.22 dpm (disintegrations per mnute).

Pl ankton is the comunity of suspended, floating, or weakly sw nmng organisns that |live in the open water
of | akes and rivers.

Phyt opl ankton is the plant part of the plankton. They are usually mcroscopic and their novenment is subject
to the water currents. Phytopl ankton growh i s dependent upon sol ar radiati on and nutri ent substances. Because
they are able to incorporate as well as release materials to the surrounding water, the phytoplankton have a
prof ound effect upon the quality of the water. They are the primary food producers in the aquatic environnment
and are commonly known as al gae.

Bl ue-green al gae are a group of phytopl ankton organi snms having a blue pignment, in addition to the green pig-
nment called chlorophyll. Blue-green al gae often cause nuisance conditions in water.
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Di atons are the unicellular or colonial algae having a siliceous shell. Their concentrations are expressed
as nunber of cells per mlliliter (cells/nL) of sanple.

Green al gae have chlorophyl| pignments simlar in color to those of higher green plants. Some fornms produce
al gae mats or floating "nobss" in |lakes. Their concentrations are expressed as nunber of cells per milliliter
(cells/nL) of sanple.

Zoopl ankton is the animal part of the plankton. Zoopl ankton are capabl e of extensive novenents within the
wat er columm and are often |arge enough to be seen with the unai ded eye. Zoopl ankton are secondary consumers
feedi ng upon bacteria, phytoplankton, and detritus. Because they are the grazers in the aquatic environnent,
the zoopl ankton are a vital part of the aquatic food web. The zoopl ankton comunity is domi nated by snall
crustaceans and rotifers.

Pol ychl ori nat ed bi phenyls (PCB's) are industrial chemicals that are m xtures of chlorinated bi phenyl com
pounds having various percentages of chlorine. They are simlar in structure to organochlorine insecticides.

Primary productivity is a neasure of the rate at which new organic matter is formed and accunul at ed t hr ough
phot osynthetic and chenpbsynthetic activity of producer organisns (chiefly, green plants). The rate of primary
production is estinmated by neasuring the anmount of oxygen rel eased (oxygen nethod) or the ampbunt of carbon assim
ilated by the plants (carbon nethod).

M I1igrans of carbon per area or volunme per unit time [nmg C/(n2/tinme)] for periphyton and nacrophytes and [ ng
C/(nB/time)] for phytoplankton are units for expressing prinmary productivity. They define the ampunt of carbon
di oxi de consuned as neasured by radi oactive carbon (carbon 14). The carbon 14 nmethod is of greater sensitivity
than the oxygen light and dark bottle nmethod and is preferred for use in unenriched waters. Unit tine nay be
ei ther the hour or day, depending on the incubation period.

M11igrans of oxygen per area or volune per unit time [mg O/(n2/time)] for periphyton and macrophytes and
[my O/(nB/ tine)] for phytoplankton are the units for expressing primary productivity. They define production
and respiration rates as estimated fromchanges in the neasured di ssol ved- oxygen concentrati on. The oxygen |i ght
and dark bottle nethod is preferred if the rate of primary production is sufficient for accurate neasurenents to
be made within 24 hours. Unit tine nay be either the hour or day, depending on the incubation period.

Radi ochemi cal programis a network of regularly sanpled water-quality stations where sanples are collected
to be anal yzed for radioi sotopes. The streans that are sanpl ed represent mmjor drainage basins in the conterm -
nous United States.

Recoverable frombottomnaterial is the amount of a given constituent that is in solution after a represen-
tative sanple of bottomnaterial has been digested by a nmethod (usually using an acid or mxture of acids) that
results in dissolution of readily soluble substances. Conplete dissolution of all bottommaterial is not achi eved
by the digestion treatment and thus the determination represents |less than the total amount (that is, |ess than
95 percent) of the constituent in the sanple. To achieve conparability of analytical data, equivalent digestion
procedures woul d be required of all |aboratories perform ng such anal yses because different digestion procedures
are likely to produce different analytical results.

Return period is the average tine interval between occurrences of a hydrol ogi cal event of a given or greater
magni tude, usually expressed in years. May al so be called recurrence interval.

River mle as used herein, is the distance above the nmouth of Del aware Bay, neasured along the center line
of the navigation channel or the main stemof the Del aware River. River nmile data were furnished by the Del anare
Ri ver Basin Commi ssion.

Runoff in inches (IN., in.) shows the depth to which the drai nage area woul d be covered if all the runoff for
a given time period were uniformy distributed on it.

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)-
--a geodetic datumderived froma general adjustnent of the first-order |evel nets of both the United States and
Canada, fornmerly called Sea Level Datum of 1929.

Sedinment is solid material that originates npstly fromdisintegrated rocks and is transported by, suspended
in, or deposited fromwater; it includes chem cal and biochenical precipitates and deconposed organic naterial,
such as hunus. The quantity, characteristics, and cause of the occurrence of sedinent in streams are influenced
by environnental factors. Sone mmjor factors are degree of slope, length of slope, soil characteristics, |and
usage, and quantity and intensity of precipitation.

Bed load is the sedinment that is transported in a streamby rolling, sliding, or skipping along the bed and
very close to it. In this report, bed load is considered to consist of particles in transit within 0.25 ft of
the streanbed.

Bed | oad discharge (tons per day) is the quantity of bed |oad neasured by dry weight that noves past a sec-
tion as bed load in a given tine.

Suspended sedinent is the sedinent that at any given tine is naintained in suspension by the upward conpo-
nents of turbulent currents or that exists in suspension as a colloid.

Suspended- sedi nent concentration is the vel ocity-wei ghted concentrati on of suspended sedi nent in the sanpl ed
zone (fromthe water surface to a point approxinmately 0.3 ft above the bed) expressed as milligrams of dry
sediment per liter of water-sedinment mixture (ng/L). The entire sanple is used for the analysis.

Mean concentration is the tine-weighted concentrati on of suspended sedi ment passing a stream section dur-
ing a 24-hour day.
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Suspended- sedi nent di scharge (tons/day) is the rate at which dry nass of sedinment passes a section of a
streamor is the quantity of sedinment, as neasured by dry nass or volune, that passes a section in a given
time. It is calculated in units of tons per day as follows: concentration (nmg/L) x discharge (ft3/s) x 0.0027.

Suspended-sediment load is a general termthat refers to material in suspension. It is not synonymous wth
ei ther discharge or concentration.

Suspended total residue at 105 Deg. C concentration is the concentration of suspended sedinent in the sam
pl ed zone expressed as milligrams of dry sedinment per liter of water-sedinment mxture (mg/L). A snall aliquot
of the sanple is used for the analysis.

Total sedinent discharge (tons/day) is the sum of the suspended-sedi nent discharge and the bed-Ioad dis-
charge. It is the total quantity of sedinment, as neasured by dry mass or volune, that passes a section during
a given tine.

Total sedinment |load or total load is a termwhich refers to the total sedinment (bed |oad plus suspended- sed-
iment load) that is in transport. It is not synonynmous with total sedinment discharge.

Sodi um adsorption-ratio (SAR) is the expression of relative activity of sodiumions in exchange reactions
within soil and is an index of sodiumor alkali hazard to the soil. Waters range in respect to sodi umhazard from
those which can be used for irrigation on alnost all soils to those which are generally unsatisfactory for irri-
gation.

Solute is any substance that is dissolved in water.

Speci fic conductance is a neasure of the ability of a water to conduct an electrical current. It is expressed
in mcrosienmens per centinmeter at 25-C. Specific conductance is related to the type and concentration of ions in
sol ution and can be used for approximating the dissol ved-solids content of the water. Commonly, the concentration
of dissolved solids (in mlligrams per liter) is from55 to 75 percent of the specific conductance (in mcrosie-
nens). This relation is not constant fromstreamto stream and it may vary in the sane source with changes in
the conposition of the water.

St age-di scharge relation is the relation between gage height (stage) and vol ume of water, per unit of tinmne,
flowing in a channel.

Streanflow is the discharge that occurs in a natural channel. Although the term "discharge" can be applied
to the flow of a canal, the word "streanflow' uniquely describes the discharge in a surface stream course. The
term"streanflow' is nore general than "runoff" as streanflow may be applied to discharge whether or not it is
affected by diversion or regul ation.

Substrate is the physical surface upon which an organismlives.

Nat ural substrate refers to any naturally occurring i mersed or subrmersed solid surface, such as a rock or
tree, upon which an organismlives.

Artificial substrate is a device which is purposely placed in a streamor |ake for col oni zati on or organi sms.
The artificial substrate sinplifies the community structure by standardi zing the substrate from which each
sanple is taken. Exanples of artificial substrates are basket sanplers (made of wire cages filled with clean
streansi de rocks) and nmultiplate sanplers (nade of hardboard) for benthic organi smcollection, and plexigl ass
strips for periphyton collection.

Surface area of a lake is that area outlined on the | atest USGS topographic map as the boundary of the | ake
and neasured by a planimeter in acres. In localities not covered by topographic naps, the areas are conputed from
the best nmaps available at the time planinetered. all areas shown are those for the stage when the plani netered
map was nade.

Surficial bed nmaterial is the part (0.1to 0.2 ft) of the bed naterial that is sanpled using U.S. Series Bed-
Mat eri al Sanpl ers.

Suspended (as used in tables of chem cal analyses) refers to the anpunt (concentration) of undissolved mate-
rial in a water-sedinent mxture. It is associated with the material retained on a 0.45-mcroneter filter.

Suspended, recoverable is the anpunt of a given constituent that is in solution after the part of a repre-
sentative water-suspended sedi nent sanple that is retained on a 0.45 um nenbrane filter has been digested by a
met hod (usually using a dilute acid solution) that results in dissolution of only readily soluble substances.
Conpl ete dissolution of all the particulate matter is not achieved by the digestion treatment and thus the deter-
m nation represents sonething less than the "total" amount (that is, |less than 95 percent) of the constituent
present in the sanple. To achieve conparability of analytical data, equival ent digestion procedures are required
of all laboratories perform ng such anal yses because different digestion procedures are |ikely to produce differ-
ent analytical results.

Det erm nations of "suspended, recoverable" constituents are made either by analyzing portions of the mate-
rial collected on the filter or, nore commonly, by difference, based on determinations of (1) dissolved and (2)
total recoverable concentrations of the constituent.

Suspended, total is the total ampunt of a given constituent in the part of a representative water-suspended
sedi ment sanple that is retained on a 0.45 umnenbrane filter. This termis used only when the anal ytical proce-
dure assures neasurenent of at |east 95 percent of the constituent determ ned. A know edge of the expected form
of the constituent in the sanple, as well as the analytical methodol ogy used, is required to determ ne when the
results should be reported as "suspended, total."

Det erm nations of "suspended, total" constituents are nade either by anal yzi ng portions of the material col-
lected on the filter or, nore commonly, by difference, based on determ nations of (1) dissolved and (2) total
concentrations of the constituent.
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Synoptic Studies Short-terminvestigations of specific water-quality conditions during sel ected seasonal or
hydrol ogi c periods to provide i nproved spatial resolution for critical water-quality conditions. For the period
and condi tions sanpl ed, they assess the spatial distribution of selected water-quality conditions in relation to
causative factors, such as |and use and contami nant sources.

Taxonomny is the division of biology concerned with the classification and nami ng of organisnms. The classifi-
cation of organisms is based upon a hierarchial scheme beginning with Kingdomand ending with Species at the
base. The higher the classification level, the fewer features the organi sms have in coomon. For exanple, the tax-
onony of a particular mayfly, Hexagenia linbata, is the follow ng:

Ki ngdom Ani nal

Phyl um Art hr opoda

d ass: I nsecta

O der: Epheneroptera

Fam ly: Epheneri dae
Genus: Hexageni a

Speci es: Hexageni a Li nbat a

Ti me- wei ghted average is conputed by multiplying the nunber of days in the sanpling period by the concentra-
tions of individual constituents for the corresponding period and dividing the sumof the products by the total
nunber of days. A tine-weighted average represents the conposition of water that would be contained in a vessel
or reservoir that had received equal quantities of water fromthe streameach day for the year.

Tons per acre-foot indicates the dry nass of dissolved solids in 1 acre-foot of water. It is conputed by mul -
tiplying the concentration of the constituent, in mlligramsper liter, by 0.00136.

Tons per day (T/DAY) is the quantity of a substance in solution or suspension that passes a stream section
during a 24-hour period.

Total is the total ampunt of a given constituent in a representative water-suspended sedi nent sanpl e,
regardl ess of the constituent's physical or chemical form This termis used only when the analytical procedure
assures neasurenent of at |east 95 percent of the constituent present in both the dissolved and suspended phases
of the sanple. A know edge of the expected formof the constituent in the sanple, as well as the anal ytical neth-
odol ogy used, is required to judge when the results should be reported as "total." (Note that the word "total"
does doubl e duty here, indicating both that the sanple consists of a water-suspended sedi ment m xture and that
the analytical nethod determined all of the constituent in the sanple.)

Total discharge is the total quantity of any individual constituent, as neasured by dry mass or vol une, that
passes through a streamcross-section per unit of time. This termneeds to be qualified, such as "total sedinment
di scharge," "total chloride discharge,"” and so on.

Total, recoverable is the ambunt of a given constituent that is in solution after a representative water-
suspended sedi nent sanpl e has been digested by a nethod (usually using a dilute acid solution) that results in
di ssolution of only readily sol ubl e substances. Conplete dissolution of all particulate matter is not achi eved by
the digestion treatnent, and thus the determ nation represents sonething | ess than the "total" anount (that is,
| ess than 95 percent) of the constituent present in the dissolved and suspended phases of the sanple. To achieve
conparability of analytical data, equivalent digestion procedures are required of all |aboratories performng
such anal yses because different digestion procedures are likely to produce different analytical results.

TritiumNetwork is a network of stations which has been established to provide baseline infornmation on the
occurrence of tritiumin the Nation's surface waters. In addition to the surface-water stations in the network,
tritiumdata are al so obtained at a nunber of precipitation stations. The purpose of the precipitation stations
is to provide an estimate sufficient for hydrologic studies of the tritiuminput to the United States.

Vol atil e Organi c Conpounds (VOCs) are organi c conpounds that can be isolated fromthe water phase of a sanple
by purging the water sanple with inert gas, such as helium and subsequently anal yzed by gas chromat ography. Many
VOCs are nan-nmade chenicals that are used and produced in the manufacture of paints, adhesives, petroleum prod-
ucts, pharnaceuticals, and refrigerants. They are often conponents of fuels, solvents, hydraulic fluids, paint
thinners, and dry cleaning agents commonly used in urban settings. VOC contami nation of drinking-water supplies
is a human heal th concern because many are toxic and are known or suspected human carci nogens (U.S. Environnental
Protection Agency, 1996).

Water year in U 'S. Geological Survey reports dealing with surface-water supply is the 12-nonth period Ccto-
ber 1 through Septenber 30. The water year is designated by the cal endar year in which it ends and which includes
9 of the 12 nonths. Thus, the year ending Septenber 30, 1985, is called the "1985 water year."

WDR is used as an abbreviation for "Water-Data Report" in the REVI SED RECORDS paragraph to refer to State
annual hydrol ogi c-data reports (WRD was used as an abbreviation for "Water-Resources Data" in reports published
prior to 1976).

Wei ghted average is used in this report to indicate discharge-weighted average. It is conputed by nultiply-
ing the discharge for a sanpling period by the concentrations of individual constituents for the corresponding
period and dividing the sumof the products by the sum of the discharges. A discharge-weighted average approxi -
mates the conposition of water that would be found in a reservoir containing all the water passing a given |oca-
tion during the water year after thorough mxing in the reservoir.

WBP is used as an abbreviation for "Water-Supply Paper"” in reference to previously published reports.
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PUBLI CATI ONS ON TECHNI QUES OF WATER- RESCURCES | NVESTI GATI ONS

The U.S. Geol ogical Survey publishes a series of nmanuals describing procedures for planning and conducting spe-
cialized work in water-resources investigations. The nmaterial is grouped under major subject headings called
books and is further divided into sections and chapters. For exanple, Section A of Book 3 (Applications of
Hydraulics) pertains to surface water. The chapter, the unit of publication, is limted to a narrowfield of sub-
ject matter. This format pernmits flexibility in revision and publication as the need arises.

The reports listed below are for sale by the U 'S. Geol ogical Survey, Branch of Information Services, Box 25286,
Federal Center, Denver, Col orado 80225 (authorized agent of the Superintendent of Docunents, Governnent Printing
O fice). Prepaynent is required. Remittance should be sent by check or noney order payable to the U. S. Geol ogi cal
Survey. Prices are not included because they are subject to change. Current prices can be obtained by witing to
the above address. When ordering or inquiring about prices for any of these publications, please give the title,
book nunber, chapter nunber, and “U.S. Geol ogi cal Survey Techni ques of Water-Resources |nvestigations.”

Book 1. Collection of Water Data by Direct Measurenent

Section D. Water Quality

1-D1. Water tenperature—nfluential factors, field neasurenent, and data presentation, by
H H Stevens, Jr., J.F. Ficke, and G F. Snpot: USGS-TWRI Book 1, Chapter D1. 1975.
65 pages.

1-D2. Cuidelines for collection and field anal ysis of ground-water sanples for sel ected unstable
constituents, by WW Wod: USGS-TWRI Book 1, Chapter D2. 1976. 24 pages.

Book 2. Collection of Environnental Data

Section D. Surface Geophysical Methods

2-D1. Application of surface geophysics to ground-water investigations, by AA R Zohdy, GP.
Eaton, and D. R Mabey: USGS-TWRI Book 2, Chapter D1. 1974. 116 pages.

2- D2. Application of seismc-refraction techniques to hydrologic studies, by F.P. Haeni: USGS-
TWRI Book 2, Chapter D2. 1988. 86 pages.

Section E. Subsurface Geophysical Methods

2- El. Application of borehol e geophysics to water-resources investigations, by WS. Keys and
L.M MacCary: USGS-TWRI Book 2, Chapter El. 1971. 126 pages.

2- E2. Bor ehol e geophysi cs applied to ground-water investigations, by WS. Keys: USGS-TWRl Book 2,
Chapter E2. 1990. 150 pages.

Section F. Drilling and Sanpling Methods

2- F1. Application of drilling, coring, and sanpling techniques to test holes and wells, by Eugene
Shuter and WE. Teasdal e: USGS-TWRI Book 2, Chapter F1. 1989. 97 pages.

Book 3. Applications of Hydraulics

Section A Surface-Water Techni ques

3- Al. Ceneral field and office procedures for indirect discharge neasurenents, by M A Benson and
Tate Dal rynpl e: USGS-TWRI Book 3, Chapter Al. 1967. 30 pages.

3- A2. Measur enent of peak di scharge by the sl ope-area nmethod, by Tate Dalrynple and M A Benson:
USGS-TWRI Book 3, Chapter A2. 1967. 12 pages.

3- A3. Measur enent of peak discharge at culverts by indirect nethods, by G L. Bodhaine: USGS-TWRI
Book 3, Chapter A3. 1968. 60 pages.

3- Ad. Measur enent of peak discharge at width contractions by indirect nethods, by H F. Matthai:
USGS- TWRI Book 3, Chapter A4. 1967. 44 pages.

3- Ab. Measur enent of peak di scharge at dans by indirect methods, by Harry Hul sing: USGS-TWRI Book
3. Chapter A5. 1967. 29 pages.

3- A6. General procedure for gaging streans, by RW Carter and Jacob Davi di an: USGS-TWRI Book 3,
Chapter A6. 1968. 13 pages.

3- A7. St age nmeasurenment at gaging stations, by T.J. Buchanan and WP. Soners: USGS-TWRl Book 3,
Chapter A7. 1968. 28 pages.

3- A8. Di scharge measurenments at gagi ng stations, by T.J. Buchanan and WP. Soners: USGS-TWRI Book
3, Chapter A8. 1969. 65 pages.

3- A9. Measurenent of time of travel in streams by dye tracing, by F.A Kilpatrick and J.F.
W lson, Jr.: USGS-TWRI Book 3, Chapter A9. 1989. 27 pages.
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3-Al0. Discharge ratings at gaging stations, by E.J. Kennedy: USGS-TWRl Book 3, Chapter A10. 1984.
59 pages.

3-All. Measurenent of di scharge by the novi ng-boat nethod, by G F. Snpot and C. E. Novak: USGS-TWRI
Book 3, Chapter All. 1969. 22 pages.

3-Al2. Fluorometric procedures for dye tracing, Revised, by J.F. Wlson, Jr., E.D. Cobb, and F. A
Ki |l patrick: USGS-TWRI Book 3, Chapter Al12. 1986. 41 pages.

3-Al3. Conputation of continuous records of streanflow, by E. J. Kennedy: USGS-TWRI Book 3, Chapter
Al13. 1983. 53 pages.

3-Al4. Use of flunmes in neasuring discharge, by F.A Kilpatrick and V. R Schnei der: USGS-TWRl Book
3, Chapter Al4. 1983. 46 pages.

3-Al5. Conputation of water-surface profiles in open channels, by Jacob Davidian: USGS-TWRI Book
3, Chapter Al5. 1984. 48 pages.

3-Al6. Measurenent of discharge using tracers, by F.A Kilpatrick and E.D. Cobb: USGS-TWRl Book 3,
Chapter Al16. 1985. 52 pages.

3-Al7. Acoustic velocity nmeter systens, by Antonius Laenen: USGS-TWRI Book 3, Chapter Al17. 1985.
38 pages.

3-Al18. Determination of streamreaeration coefficients by use of tracers, by F. A Kilpatrick,
R E. Rat hbun, Nobuhiro Yotsukura, G W Parker, and L.L. DeLong: USGS-TWRI Book 3, Chapter
Al18. 1989. 52 pages.

3-A19. Levels at streanfl ow gaging stations, by E.J. Kennedy: USGS-TWRl Book 3, Chapter A19. 1990.
31 pages.

3-A20. Sinulation of soluable waste transport and buildup in surface waters using tracers, by F. A
Ki |l patrick: USGS-TWRI Book 3, Chapter A20. 1993. 38 pages.

3-A21 Streamgagi ng cabl eways, by C. Russell Wagner: USGS-TWRI Book 3, Chapter A21. 1995.
56 pages.

Section B. Gound-Water Techni ques

3- B1. Aqui fer-test design, observation, and data analysis, by RW Stallman: USGS-TWRI Book 3,
Chapter Bl. 1971. 26 pages.

3- B2. Introduction to ground-water hydraulics, a programed text for self-instruction, by GD.
Bennett: USGS-TWRI Book 3, Chapter B2. 1976. 172 pages.

3- B3. Type curves for selected problens of flowto wells in confined aquifers, by J.E Reed:
USGS-TWRI Book 3, Chapter B3. 1980. 106 pages.

3- B4. Regr essi on nodel i ng of ground-water flow, by R L. Cooley and R L. Naff: USGS-TWR Book 3,
Chapter B4. 1990. 232 pages.

3- B4. Suppl enent 1. Regressi on nodeling of ground-water flow--Mdifications to the conputer code
for nonlinear regression solution of steady-state ground-water flow problens, by R L.
Cool ey: USGS-TWRI Book 3, Chapter B4. 1993. 8 pages.

3- B5. Definition of boundary and initial conditions in the analysis of saturated ground-water
flow systems—An i ntroduction, by O L. Franke, T.E. Reilly, and G D. Bennett: USGS-TWR Book
3, Chapter B5. 1987. 15 pages.

3- B6. The principle of superposition and its application in ground-water hydraulics, by T.E
Reilly, O L. Franke, and G D. Bennett: USGS-TWRI Book 3, Chapter B6. 1987. 28 pages.

3- B7. Anal ytical solutions for one-, two-, and three-di mensi onal solute transport in ground-water
systems with uniformflow, by E. J. Wexler: USGS-TWRI Book 3, Chapter B7. 1992. 190 pages.

Section C. Sedinentation and Erosi on Techni ques
3- ClL. Fl uvi al sedinment concepts, by H P. Guy: USGS-TWRI Book 3, Chapter Cl. 1970. 55 pages.

3-C2. Field nethods for measurement of fluvial sedinment, by Thomas K Edwards and G Dougl as
d ysson: USGS-TWRI Book 3, Chapter C2. 1988. 80 pages.

3- C3. Conput ati on of fluvial-sedi ment discharge, by George Porterfield: USGS-TWRI Book 3,
Chapter C3. 1972. 66 pages.

Book 4. Hydrol ogic Analysis and Interpretation

Section A Statistical Analysis

4- Al Sonme statistical tools in hydrology, by H C Riggs: USGS-TWR Book 4, Chapter Al. 1968.
39 pages.

4- A2. Frequency curves, by H C. Riggs: USGS-TWRI Book 4, Chapter A2. 1968. 15 pages.
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Section B. Surface Water
4- B1. Lowfl ow i nvestigations, by H C. Riggs: USGS-TWRI Book 4, Chapter Bl. 1972. 18 pages.

4- B2. St orage anal yses for water supply, by HC Riggs and C. H Hardison: USGS-TWRI Book 4,
Chapter B2. 1973. 20 pages.

4- B3. Regi onal anal yses of streanflow characteristics, by H C. R ggs: USGS-TWRI Book 4,
Chapter B3. 1973. 15 pages.

Section D. Interrel ated Phases of the Hydrol ogic Cycle

4- D1. Conput ati on of rate and vol ume of stream depletion by wells, by C. T. Jenkins: USGS-TWRI
Book 4, Chapter D1. 1970. 17 pages.

Book 5. Laboratory Analysis

Section A Water Analysis

5- Al. Met hods for determ nation of inorganic substances in water and fluvial sedinments, by
M J. Fishman and L.C. Friedman, editors: USGS-TWRI Book 5, Chapter Al. 1989. 545 pages.

5- A2. Determ nation of minor elenents in water by emission spectroscopy, by P.R Barnett and
E.C. Mallory, Jr.: USGS-TWR Book 5, Chapter A2. 1971. 31 pages.

5- A3. Met hods for the determi nati on of organic substances in water and fluvial sedinments, edited
by R L. Wershaw, MJ. Fishman, R R Gabbe, and L.E. Lowe: USGS-TWRl Book 5, Chapter A3.
1987. 80 pages.

5- Ad. Met hods for collection and anal ysis of aquatic biol ogical and m crobiol ogi cal sanples, by
L.J. Britton and P.E. Greeson, editors: USGS-TWRI Book 5, Chapter A4. 1989. 363 pages.

5- A5. Met hods for determ nation of radioactive substances in water and fluvial sedinments, by
L.L. Thatcher, V.J. Janzer, and K. W Edwards: USGS-TWRI Book 5, Chapter A5. 1977. 95 pages.

5- A6. Quality assurance practices for the chem cal and biol ogi cal analyses of water and fluvial
sedi nents, by L.C. Friedman and D.E. Erdmann: USGS-TWRI Book 5, Chapter A6. 1982.
181 pages.

Section C. Sedi ment Analysis

5- Cl1. Laboratory theory and nethods for sedinment analysis, by H P. Guy: USGS-TWR Book 5,
Chapter Cl. 1969. 58 pages.

Book 6. Mbdel i ng Techni ques

Section A G ound Water

6- Al. A nodul ar t hree-di nensional finite-difference ground-water flow nodel, by M G MDonal d and
A. W Harbaugh: USGS-TWRI Book 6, Chapter Al. 1988. 586 pages.

6- A2. Docunent ati on of a conputer programto sinul ate aquifer-systemconpaction using the nodul ar
finite-difference ground-water flow nodel, by S. A Leake and D.E. Prudic: USGS-TWR Book 6,
Chapter A2. 1991. 68 pages.

6- A3. A nodul ar finite-el ement nodel (MODFE) for areal and axisymmetric ground-water-flow
problens, Part 1: Mdel Description and User’s Manual, by L.J. Torak: USGS-TWRI Book 6,
Chapter A3. 1993. 136 pages.

6- Ad. A nodul ar finite-el ement nodel (MODFE) for areal and axisynmetric ground-water-flow
problens, Part 2: Derivation of finite-elenment equations and conparisons wi th anal ytical
solutions, by RL. Cooley: USGS-TWRI Book 6, Chapter A4. 1992. 108 pages.

6- A5. A nodul ar finite-el ement nodel (MODFE) for areal and axisynmmetric ground-water-flow
probl ems, Part 3: Design phil osophy and programm ng details, by L.J. Torak: USGS-TWRI Book
6, Chapter A5, 1993. 243 pages.

6- A6. A coupl ed surface-water and ground-water flow nodel (MODBRANCH) for sinulation of stream
aqui fer interaction, by Eric D. Swain and Eliezer J. Wexler. 1996. 125 pages.

Book 7. Automated Data Processing and Conputations
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on C. Conputer Prograns

25

Finite difference nodel for aquifer simulation in two dinensions with results of nunerical
experinments, by P.C. Trescott, G F. Pinder, and S.P. Larson: USGS-TWRl Book 7, Chapter CI.

1976. 116 pages.

Conput er nmodel of two-dimensional solute transport and di spersion in ground water, by
L. F. Koni kow and J.D. Bredehoeft: USGS-TWRI Book 7, Chapter C2. 1978. 90 pages.

A nodel for sinmulation of flowin singular and interconnected channels, by RW
Schaf franek, R A. Baltzer, and D.E Col dberg: USGS-TWRI Book 7, Chapter C3. 1981. 110
pages.

8. Instrunentation

on A. Instruments for Measurenent of Water Level

Met hods of neasuring water levels in deep wells, by MS. Garber and F. C. Koopman: USGS-TVRI

Book 8, Chapter Al. 1968. 23 pages.

Instal | ati on and service manual for U S. Geol ogical Survey manoneters, by J.D. Craig: USGS-

TWRI Book 8, Chapter A2. 1983. 57 pages.
on B. Instrunments for Measurenent of Discharge
Calibration and nmi ntenance of vertical-axis type current neters, by GF. Snoot and C E.

Novak: USGS-TWRI Book 8, Chapter B2. 1968. 15 pages.

9. Handbooks for WAter-Resources |nvestigations

on A National Field Manual for the Collection of Water-Quality Data

Nati onal Field Manual for the Collection of Water-Quality Data: Field Measurenents, edited

by F.D. Wlde and D.B. Radtke: USGS-TWRI Book 9, Chapter A6. 1998. Variously pagi nated.

National Field Manual for the Collection of Water-Quality Data: Biological Indicators, by

D.N. Myers and F.D. WIlde: USGS-TWRI Book 9, Chapter A7. 1997. 49 pages.

National Field Manual for the Collection of Water-Quality Data: Bottom material sanples, by

D. B. Radtke: USGS-TWRI Book 9, Chapter A8. 1998. 48 pages.

National Field Manual for the Collection of Water-Quality Data: Safety in Field Activities,

by S.L. Lane and R G Fay: USGS-TWRI Book 9, Chapter A9. 1998. 60 pages.
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SELECTED U. S. GEOLOG CAL SURVEY REPORTS ON WATER RESCURCES IN VI RG NI A

Listed below is a selection of reports on water resources in Virginia which are available through the
Virginia District at the U S. Geological Survey, WRD, 3600 West Broad Street, Room 606, Ri chnond, Virginia
23230.

An i ndex of geophysical logging in Virginia by the U S. Geological Survey, by M P. Mil heren, J. D. Larson,
and H T. Hopkins: US GCeological Survey Open-File Report 82-432. 1982. 34 pages.

Annual maxi mum st ages and di scharges of selected streans in Virginia through 1990 by B. J. Prugh, Jr.,
E. H Nuckels, and C. G Hunphrey: U.S. GCeological Survey Open-File Report 90-587. 1991. 442 pages.

Assessnment of ground-water contamination froma |eaking underground storage tank at a Defense Supply
Center near Richnond, Virginia, by W G Wight and J. D. Powell: U S. Geological Survey \Water-Resources
I nvestigations Report 90-4091. 1990. 38 pages.

Availability and quality of ground water in the Piednont province of Virginia, by J. D. Powell and

J. M Abe: U S. Ceological Survey Water-Resources |nvestigations Report 85-4235. 1985. 33 pages.

Base-fl ow characteristics of streanms in the Valley and Ridge, the Blue Ridge, and the Pi ednont Physi ographic
Provinces of Virginia, by D.L. Nelns, GE Harlow, Jr., and D.C. Hayes: U S. Geol ogical Survey Water Supply
Paper 2457. 1997. 48 pages.

Conpilation of surface-water and water-quality data-collection sites on selected streams in Virginia
by B. J. Prugh, Jr. and C. G Hunphrey: U.S. GCeological Survey Open-File Report 93-462. 1994.
645 pages.

Conceptual i zati on and analysis of ground-water flow systemin the Coastal Plain of Virginia and adjacent
parts of Maryland and North Carolina, by J. F. Harsh and R J. Laczniak: U S Geol ogical Survey
Prof essi onal Paper 1404-F. 1990. 100 pages.

Design, revisions, and considerations for continued use of a ground-water-flow nodel of the Coastal Plain
aquifer systemin Virginia, by R MFarland: U S. Geological Survey Water-resources |nvestigations Report
98-4085. 1998. 49 pages.

Docunent ation of a multiple-technique conputer programfor plotting nmajor-ion conposition of natural
waters, by L. |I. Briel: U S, Geological Survey Open-File Report 93-74. 1994.

Docunent ati on of geographic-infornmation-system coverages and data-input files used for analysis of the
geohydrol ogy of the Virginia Coastal Plain, by M J. Focazio and T. B. Samsel, IlIl: U S. GCeol ogical
Survey Water-Resources |nvestigations Report 93-4015. 1994. 53 pages.

Effects of fracturing on well yields in the coalfield areas of Wse and Di ckenson Counties, southwestern
Virginia, by W G Wight: U S. Geological Survey Water-Resources |nvestigations Report 85-4061. 1985.
21 pages.

Estimating net drawdown resulting fromepisodic withdrawals at six well fields in the Coastal Plain
physi ographic province of Virginia, by M J. Focazio and G K. Speiran: U.S. GCeol ogical Survey
Wat er - Resources I nvestigations Report 93-4159. 1994. 21 pages.

Eval uation of nunicipal withdrawals fromthe confined aquifers of southeastern Virginia, by D. L.
Ri chardson, R J. Laczniak, and P. A Hanmilton: U S. Geological Survey Open-File Report 88-723.
1988. 50 pages

Fl ood of Novermber 1985 in West Virginia, Pennsylvania, Maryland, and Virginia, by J. B. Lescinsky:
U. S. Geol ogical Survey Open-File Report 86-486. 1987. 33 pages.

Floods in West Virginia, Virginia, Pennsylvania, and Maryland, Novenber 1985, by D. H. Carpenter:
U. S. Geol ogical Survey Water-Resources |nvestigations Report 88-4213. 1990. 86 pages.

Geohydrol ogy and Geochenistry near coastal ground-water-discharge areas of the Eastern Shore, Virginia, by
G K. Speiran: U S. Geological Survey Water Supply Paper. 1996. 73 pages.

Geohydrol ogy and the occurrence of volatile organic conpounds in ground water, Cul peper basin of
Prince Wlliam County, Virginia, by D. L. Nelns and D. L. Richardson: U S. GCeol ogical Survey
Wat er - Resources I nvestigations Report 90-4032. 1991. 94 pages.

Geohydrol ogy of the shallow aquifer system Naval Wapons Station Yorktown, Yorktown, Virginia, by AR
Brockman, D.L. Nelnms, GE. Harlow, Jr., and J.J. Gldea: U S GCeological Survey Water-Resources
I nvestigations Report 97-4188. 61 pages.

G ound-water availability along the Blue Ridge Parkway, Virginia, by H T. Hopkins: U S. Ceol ogical
Survey Water-Resources |nvestigations Report 84-4168. 1985. 154 pages.
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G ound-wat er contani nati on and novenent at the Defense General Supply Center, Richnond, Virginia
by J. D. Powell, W G Wight, D. L. Nelns, and R J. Ahlin: U S. Geol ogical Survey Water-Resources
I nvestigations Report 90-4113. 1991. 36 pages.

G ound-water concerns for the Eastern Shore, Virginia, by D. L. Richardson: U S. Geol ogical Survey
Open-File Report 93-93. 1994. 4 pages (Water-Resources Notes).

G ound-water discharge fromthe Coastal Plain of Virginia, by D. L. Richardson: U S Geol ogical
Survey Water-Resources |nvestigations Report 93-4191. 1995.

G ound-wat er hydrology and quality in the Valley and Ridge and Bl ue Ri dge physi ographic provinces of
Clarke County, Virginia, by W G Wight: U S. GCeological Survey Water-Resources |nvestigations
Report 90-4134. 1991. 61 pages.

Gound-water in Virginia: Use during 1990, availability, and resource infornmation needs, by
McFarland, E. R and Focazio, M J.: US. Ceological Survey Open-File Report 94-114. 1 page.

G ound-water use and levels in the southern Coastal Plain of Virginia, by J. D. Larson and R J. Laczni ak:
U.S. Geol ogical Survey Open-File Report 91-187. 1991. 165 pages.

G ound-water withdrawals fromthe confined aquifers in the Coastal Plain of Virginia, 1891-1983
by T. K Kull and R J. Laczniak: U S. Geological Survey Wter-Resources |nvestigations Report 87-4049.
1987. 37 pages.

Quide to obtaining U S. Geological Survey information, by K Dodd, H K. Fuller, and P. F. d arke:
U S. Geol ogical Survey Circular 900. 1985. 35 pages.

Hydraulic characteristics of, and ground-water flow in, coal-bearing rocks of southwestern Virginia
by G E. Harlow, Jr. and G D. LeCain: US. Ceological Survey Water Supply Paper 2388. 1994.
36 pages.

Hydr ogeol ogi c and water-quality data for the Explosive Experinental Area, Naval Surface Warfare Center
Dahl gren Site, Dahlgren, Virginia, by E. C. Hammond and C. F. Bell: U.S. Geol ogical Survey Qpen-File Report
95-386. 1995. 67 pages.

Hydr ogeol ogi ¢ and water-quality data for the Main Site, Naval Surface Warfare Center, Dahlgren Laboratory
Dahl gren, Virginia, by C. F. Bell, T. P. Bolles, and G E. Harlow, Jr.: U S. Geol ogical Survey Open-File
Report 94-301. 1995. 81 pages.

Hydr ogeol ogi c framework, analysis of ground-water flow, and relations to regional flowin the Fall Zone near

Richnond, Virginia, by E.R MFarland: U S. Geol ogical Survey Water-Resources | nvestigations Report 97-4021.
1997. 56 pages.

Hydrogeol ogic framework of the shallow aquifer systemof York County, Virginia, by A R Brockman
and D. L. Richardson: U.S. Geological Survey Water-Resources |nvestigations Report 92-4111. 1992.
36 pages.

Hydr ogeol ogy and analysis of the ground-water-flow systemin the Coastal Plain of southeastern
Virginia, by P. AL Hamlton and J. D. Larson: U S. Geological Survey Witer-Resources |nvestigations
Report 87-4240. 1988. 175 pages.

Hydr ogeol ogy and analysis of the ground-water-flow systemof the Eastern Shore, Virginia, by D L.
Ri chardson: U.S. Ceol ogi cal Survey Water-Supply Paper 2401. 1994. 108 pages.

Hydrogeol ogy and water quality of the shallow aquifer systemat the Explosive Experinental Area, Naval
Surface Warfare Center, Dahlgren Site, Dahlgren, Virginia, by CF. Bell: US. Ceological Survey Water
Resources I nvestigations Report 96-4209. 1996. 37 pages.

Hydr ogeol ogy and water quality of the shallow ground-water systemin Eastern York County, Virginia
by D. L. Richardson and A. R Brockman: U S. GCeol ogical Survey Water-Resources |nvestigations
Report 92-4090. 1992. 41 pages.

Hydr ogeol ogy of, and quality and recharge ages of ground water in, Prince Wlliam County, Virginia 1990-91
by D.L. Nelns and AL R Brockman: U S. Geol ogical Survey Wter-Resources |nvestigations Report 97-4009.
1997. 58 pages.

Hydrol ogi c characteristics and water budget for Swift Creek Reservoir, by S.C. Skrobial owski and M J.
Focazio: U. S. Ceol ogical Survey Water-Resources |Investigations Report 97-229. 41 pages.

Hydrologic conditions and trends in Shenandoah National Park, Virginia, 1983-84, by D. D. Lynch: US.
Ceol ogi cal Survey Water-Resources |nvestigations Report 87-4131. 1987. 115 pages.
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Hydrol ogy and effects of mining in the upper Russell Fork basin, Buchanan and Di ckenson Counties, Virginia
by J. D. Larson and J. D. Powell: U'S. Ceological Survey Water-Resources |nvestigations Report 85-4238.
1986. 63 pages.

Hydrology of Area 16, Eastern Coal Province, Virginia and Tennessee, by P. W Hufschnmidt and others:
U.S. Geol ogi cal Survey Water-Resources |Investigations Report 81-204. 1981. 67 pages.

Land use in, and water quality of, the Pea Hill Armof Lake Gaston, Virginia and North Carolina, 1988-90
by M D. Wodside: U S. Geological Survey Water-Resources |nvestigations Report 94-4140. 54 pages.

Lowflow characteristics of streams in Virginia, by D. C Hayes: U S. Geological Survey Water-Supply
Paper 2374. 1990. 69 pages.

Low flow of streams in Fairfax County, Virginia, by E. H Mbhler, Jr., and G F. Hagan: U.S. Geol ogical
Survey Open-File Report 81-63. 1981. 30 pages.

Measuring streans in Virginia, by R M Mberg, E. D. Powell, and K. C. Rice: U S. GCeological Survey
Open-File Report 95-713. 1995. Panphl et.

Methods for estimating the magnitude and frequency of peak discharges of rural, unrequlated streans in
Virginia, by J. A Bisese: U S Geological Survey Water-Resources I nvestigations Report 94-4148. 70 pages.

National water summary, 1988-89, floods and droughts in Virginia, by E. H Nuckels and B. J. Prugh, Jr.:
U.S. Geol ogical Survey Water-Supply Paper 2375. 1991. p. 543-550.

Natural processes for managing nitrate in ground water discharge to Chesapeake Bay and other surface waters-
nore than forested buffers, by G K Speiran, MD. Wodside, and P. A. Hamlton: U S. Ceol ogical Survey Fact
Sheet 178-97.

Nutrient and suspended solids |oads, yields, and trends in the non-tidal part of five major river basins in

Virginia, 1985-96, by H M Johnson and D. L. Belval: U.S. Geol ogical Survey Water-Resources |nvestigations
Report 98-4025. 1998. 36 pages.

Plan of study for the regional aquifer-system analyses of the Appalachian Valley and Ri dge, Piednpnt
and Blue Ri dge physiographic provinces of the eastern and southeastern United States with a description
of study-area geol ogy and hydrogeology, by L. A Swain, E. F. Hollyday, C. C Daniel, Ill, and

O S. Zapecza. 1991. 44 pages.

Potentionetric surface of the Brightseat-upper Potomac aquifer in Virginia, 1994, by E. C. Hammond,
E. R MFarland, and M J. Focazio: U S. Geological Survey Open-File Report 94-370. 1995. 1 page.

Potentionetric surface of the |ower Potonmac aquifer in Virginia, 1994, by E. C. Hammond, E. R MFarl and,
and M J. Focazio: U S. Geological Survey Open-File Report 94-373. 1995. 1 page.

Potentionetric surface of the middle Potonac aquifer in Virginia, 1994, by E. C. Hamond, E. R MFarl and,
and M J. Focazio: U S GCeological Survey Open-File Report 94-372. 1995. 1 page.

Prelimnary estimates of residence tinmes and apparent ages of ground water in the Chesapeake Bay watershed
and water-quality data froma survey of springs, by MJ. Focazio, L. N. Plunmer, J. K Bohl ke, E. Busenberg,
L. J. Bachman, and D. S. Powars: U. S. Ceol ogical Survey Wter-Resources |nvestigations Report 97-4225.
1998. 75 pages.

Prelimnnary investigation of soil and ground-water contamination at the U S. Arny Petrol eum Traini ng
Facility, Fort lLee, Virginia, Septenber-Qctober 1989, by W G Wight and J. D. Powell: U S Geol ogical
Survey Open-File Report 90-387. 1990. 28 pages.

Quality of ground water in southern Buchanan County, Virginia, by S. M Rogers and J. D. Powell:
U S. Geol ogical Survey Water-Resources |nvestigations 82-4022. 1983. 36 pages.

Quality of ground water in the Coastal Plain physiographic province of Virginia, by M J. Focazio,
G K Speiran, and M E. Rowan: U.S. Geol ogical Survey Water-Resources |Investigations Report 92-4175.
1994. 20 pages.

Rel ation between ground-water quality and mineralogy in the coal -producing Norton Fornmation of Buchanan
County, Virginia, by J. D. Powell and J. D. Larson: U S. Geol ogical Survey Water-Supply Paper 2274.
1985. 30 pages.

Rel ation of streamquality to streanflow, and estimted | oads of selected water-quality constituents in
the James and Rappahannock Rivers near the Fall Line of Virginia, July 1988 through 1990, by D. L. Belval,
M D. Wodside, and J. P. Canpbell: U'S. Ceol ogical Survey Water-Resources Investigations Report 94-4042.
1995. 85 pages.
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Scour at bridge sites in Delaware, Maryland, and Virginia, by D.C. Hayes: U 'S. Geol ogical Survey \Water
Resources I nvestigations Report 96-4089. 1996. 35 pages. 20

Sel ected characteristics of stornflow and base flow affected by | and use and cover in the Chickahonm ny
River Basin, Virginia, 1989-91, by M J. Focazio and R E. Cooper: U S. Geological Survey Water-Resources
I nvestigations Report 94-4225. 1995. 37 pages.

Sel ected heavy netals and other constituents in soil and stormvater runoff at the Interstate 95 | nterchange
near Atlee, Virginia, April 1993-May 1997, by G K. Speiran: USGS WRI 98-4115. 1998. 39 pages.

Sel ected hydrologic data for the Powell River basin in Wse County, Virginia, by J. D. Larson:
U.S. Geol ogical Survey Open-File Report 85-186. 1985. 22 pages.

Sel ected U.S. Geol ogical Survey publications on the water resources of Virginia, 1910-94
by J. A MFarland: supersedes U S. Ceol ogical Survey Open-File Report 92-69. 1995. 15 pages.

Sensitivity of stream basins in Shenandoah National Park to acid deposition, by D. D. Lynch and
N. B. Dise: U S GCeological Survey Water-Resources Investigations Report 85-4115. 1985. 61 pages.

Site selection and collection of bridge-scour data in Delaware, Maryland, and Virginia, by D. C. Hayes:
U. S. Geol ogical Survey Water-Resources |nvestigations Report 93-4017. 1994. 23 pages.

Technique for estimating the magnitude and frequency of Virginia floods, by E M Mller: US
Ceol ogi cal Survey Water-Resources |nvestigations Report 78-5. 1978. 83 pages.

Trends in nutrients and suspended solids at the Fall Line of five tributaries to the Chesapeake Bay, July
1988 through June 1995, by C.F. Bell, D. L. Belval, J.P. Canpbell: U S. Geol ogical Survey Water Resources
I nvestigations Report 96-4191. 1996. 37 pages.

Use during 1990, availability, and resource-information needs, by E. R MFarland and M J. Focazi o:
U S. Geol ogical Survey Open-File Report 94-114. 1995. 2 pages.

Use of fathoneters and electrical-conductivity probes to nonitor riverbed scour at bridge piers
by D. C. Hayes and F. E. Drummond: U.S. Ceol ogical Survey Water-Resources |nvestigations Report
94-4164. 1995. 17 pages.

Virginia ground-water quality, by J. D. Powell and P. A Hamlton: U. S Ceological Survey Open-File
Report 87-759. 1987. 7 pages.

Water-| evel hydrographs for observation wells in Virginia, by S. T. Farrington, N. R Carrington, and
W V. Daniels: US. GCeological Survey Open-File Report 83-134. 1984. 167 pages.

Water-quality and evaluation of raw water-routing scenarios, Chickahom ny, Diascund Creek, and
Little Creek Reservoirs, southeastern Virginia, 1983-86, by D. D. Lynch: U S Geol ogical Survey
Wat er - Resources I nvestigations Report 92-4034. 1992. 104 pages.

Water-quality assessment of the Al bemarle-Panmico Basin, North Carolina and Virginia-Chem cal anal yses of
organi ¢ conpounds and inorganic constituents in streanbed sedinent, 1992-93, by M D. Wodside and B.R
Sinerl: U S Geological Survey Open-File Report 96-103. 1996. 25 pages.

Water-quality assessnment of the Del marva Peninsula, Del aware, Maryland, and Virginia--Effects of
agricultural activities on, and distribution of, nitrate and other inorganic constituents in the
surficial aquifer, by P. AL Hamilton, J. M Denver, P. J. Phillips, and R J. Shedlock: U.S.
Geol ogi cal Survey Open-File Report 93-40. 1994. 87 pages.

Water-quality characteristics of five tributaries to the Chesapeake Bay at the Fall Line, Virginia, July
1988 through June 1993, by D. L. Belval, J.P. Canpbell, S W Phillips, and C.F. Bell: U S. Geol ogical
Survey Water Resources |nvestigations Report 95-4258. 1995. 71 pages.

Water-quality data and estimated | oads of selected constituents in five tributaries to the Chesapeake Bay
at the Fall Line, Virginia, July 1993 through June 1995, by D.L. Belval and J.P. Canpbell: U S. Geol ogi cal
Survey Open-File Report 96-220. 1996. 79 pages.

Water-Quality in the Appal achian Valley and Ridge, the Blue Ridge, and the Pi ednont Physi ographic Provinces

Eastern United States, by L.I. Briel: US. Geological Survey Professional Paper 1422-D. [in press].

Water-resources activities of the U S GCeological Survey Md-Atlantic Programs 1987-91, by
J. A McFarland, L. S. Wiss, A J. Chen, DD R Lowy, K A Bouder, W R Caughron, and G J. Hyatt:
U S. Geol ogical Survey Open-File Report 91-505. 1991. 154 pages.

Water use in Virginia: Surface-water and ground-water withdrawals during 1992, by E. C. Hanmond and
M J. Focazio: U S. Geological Survey Fact Sheet 94-057. 1995. 2 pages.

Wel | -construction, water-level, and ground-water-quality data for Prince WIlliam County, Virginia, 1992
by D. L. Nelnms and A. R Brockman: U. S GCeological Survey Open-File Report 93-443. 1994. 73 pages.
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Figure 4. Location of surface-water-discharge and surface-water-quality data-collection stations.
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Figure 5. Location of surface-water partial-record stations.
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SURFACE- WATER- DI SCHARGE AND SURFACE- WATER- QUALI TY RECORDS

Remar ks Codes

The foll owing remark codes nay appear with the water-quality data in this section:

NOTE. - -

PRI NT OQUTPUT REMARK
E Esti mat ed val ue.
> Actual value is known to be greater than

the val ue shown.

< Actual value is known to be | ess than the
val ue shown.

K Resul ts based on col ony count outside the
acceptance range (non-ideal colony count).

L Bi ol ogi cal organi smcount |ess than 0.5 percent
(organi sm nay be observed rather than counted).

D Bi ol ogi cal organi smcount equal to or greater
than 15 percent (dom nant).

\% Anal yte was detected in both the environental sanple
and the associ ated bl anks.

& Bi ol ogi cal organi smestimted as dom nant.

Di ssol ved Trace- El enent Concentrations

Traditionally, dissolved trace-elenment concentrations have been reported at the

m crogramper liter (ug/L) level. Recent evidence, nostly fromlarge rivers,
indicates that actual dissol ved-phase concentrations for a nunber of trace el enents
are wthin the range of 10’s to 100's of nanograns per liter (ng/L). Data above the
ug/L level should be viewed with caution. Such data may actually represent el evated
environnental concentrations fromnatural or human causes; however, these data
could reflect contam nation introduced during sanpling, processing, or analysis.
To confidently produce dissolved trace-el ement data with insignificant

contami nation, the U S. Geol ogical Survey began using new trace-el ement protocols
at sonme stations in water year 1994.

Change in National Trends Network Procedures

Sanpl e handling procedures at all National Trends Network stations were changed
substantially on January 11, 1994, in order to reduce contamination fromthe sanple
shi pping container. The data for sanples before and after that date are different
and not directly conparable. A tabular summary of the differences based on a
speci al interconparison study, is available fromthe NADP/ NTN Coordi nation O fice,
Col orado State University, Fort Collins, CO 80523 (Tel ephone: 303-491-5643).
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	Body001 - The U.S.�Geological�Survey and agencies of the State of Virginia have had joint-funding...
	Body001 - 
	Body001 - VIRGINIA�DEPARTMENT OF ENVIRONMENTAL QUALITY, Dennis H. Treacy,�executive�director.
	Body001 - 
	Body001 - VIRGINIA�DEPARTMENT�OF�TRANSPORTATION, Charles D. NOttingham,�commissioner.
	Body001 - 
	Body001 - CITY�OF ALEXANDRIA, Vola�Lawson,�city�manager.
	Body001 - 
	Body001 - CITY OF DANVILLE, Barry Dunkley, director, Water and Wastewater.
	Body001 - 
	Body001 - CITY�OF�NEWPORT�NEWS, Brian Ramaley, director,�Department�of Public�Utilities.
	Body001 - 
	Body001 - CITY�OF ROANOKE, Kit�B.�Kiser,�director,�Utilities�and Operations.
	Body001 - 
	Body001 - NORTHERN�VIRGINIA�PLANNING�DISTRICT COMMISSION, G.�Mark�Gibb,�executive�director.
	Body001 - 
	Body001 - WEST PIEDMONT PLANNING DISTRICT COMMISSION, Robert W. Dowd, executive director.
	Body001 - 
	Body001 - CITY OF NORFOLK, Regina V. K. Williams, city manager.
	Body001 - 
	Body001 - HAMPTON ROADS PLANNING DISTRICT COMMISSION, Arthur L. Collins, executive director.
	Body001 - 
	Body001 - WASHINGTON COUNTY SERVICE AUTHORITY, David S. Dawson, general manager.
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	Body001 - 
	Body001 - 
	Body001 - Assistance with funds or services was given by the U.S.�Army Corps of Engineers in coll...
	Body001 - 
	Body001 - Under a cooperative agreement covering the Tennessee River Basin, the Tennessee Valley ...
	Body001 - 
	Body001 - Organizations that provided data are acknowledged in station descriptions.
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - In addition to data collected by the U.S.�Geological�Survey, there are included herein ...
	Body001 - 69 gaging stations operated by the Virginia Department of Environmental Quality. These ...
	Body001 - as provided and are acknowledged in the "COOPERATION" paragraph of each individual stat...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body - 
	Body001 - Annual mean discharges for the 1999 water year were below the normal range of flow (bel...
	Body001 - 
	Body001 - Drought conditions that existed during the fall of 1998 continued into the 1999 water y...
	Body001 - 
	Body001 - There have been four major statewide droughts since the early 1900's. The drought of 19...
	Body001 - 
	Body001 - Statewide, streamflows during the summer of 1999 were generally less than the minimum s...
	Body001 - 
	Body001 - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	top.title - WATER RESOURCES DATA - VIRGINIA, 1999
	top.title - 
	Body - 
	Body - 
	TableTitle - Table 1. Minimum, period of record, instantaneous discharges recorded during 1999 wa...

	Body - ______________________________________________________________________________
	Body - Minimum instantaneous
	Body - Gaging Station discharge, in cubic Length of record,
	Body - feet per second in years
	Body - ______________________________________________________________________________
	CellBody - 
	CellBody - Linville Creek at Broadway, Va. 1.0 15
	CellBody - Smith Creek near New Market, Va. 4.0 40
	CellBody - North Fork Shenandoah River at Mt. Jackson, Va. 1.5 56
	CellBody - Catoctin Creek at Taylorstown, Va. 0.08 29
	CellBody - Accotink Creek near Annandale, Va. .00 52
	CellBody - Piscataway Creek near Tappahannock, Va. .00 48
	CellBody - North Anna River at Hart Corner, near Doswell, Va. 35.0 20
	CellBody - Mattaponi River near Beulahville, Va. .70 59
	CellBody - Jackson River near Bacova, Va. 13.0 26
	CellBody - Back Creek near Sunrise, Va. .73 26
	CellBody - Back Creek at Sunrise, Va. 1.7 15
	CellBody - Little Back Creek near Sunrise, Va. .74 15
	CellBody - Back Creek near Mountain Grove, Va. 5.3 15a
	CellBody - Johns Creek at New Castle, Va. 5.6 73
	CellBody - James River at Scottsville, Va. 536. 75
	CellBody - North Fork Rivanna River near Earlysville, Va. .54 6
	CellBody - Roanoke River at Glenvar, Va. 27.0 8
	CellBody - Blackwater River near Rocky Mount, Va. 4.6 23
	CellBody - Big Otter River near Evington, Va. 5.7 63
	CellBody - South Mayo River near Mettleridge, Va. 18.0 37
	CellBody - Smith River at Smith River Church near Woolwine, Va. 4.5 5
	CellBody - 
	Body - ______________________________________________________________________________
	Footnote - a Regulated since 1984
	Body - 
	Body - 
	Body001 - Streamflows across much of the State increased during September, 1999, because of preci...
	Body - 
	Body - 
	TableTitle - Table 2. Maximum, period of record, instantaneous peak discharges recorded during 19...

	Body - ______________________________________________________________________________
	Body - Maximum instantaneous Recurrence
	Body - Gaging Station discharge, in cubic interval, Length of record,
	Body - feet per second in years in years
	Body - ______________________________________________________________________________
	CellBody - 
	CellBody - Dragon Swamp at Mascot, Va. 6,600 -- 19
	CellBody - Totopotomoy Creek near Studley, Va. 1,620 >100 22
	CellBody - Nottoway River near Sebrell, Va. 26,000 25 59
	CellBody - Blackwater River near Dendron, Va. 12,300 500 58
	CellBody - Blackwater River near Franklin, Va. 23,000 >500 56
	CellBody - 
	Body - ______________________________________________________________________________
	Footnote - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
	Body - 
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	top.title - 
	Body - 
	Body - 
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	top.title - 
	Body - 
	Body - 
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	top.title - 
	Body001 - 
	Body001 - 
	Body - Hydrologic Benchmark Network is a network of 50 sites in small drainage basins around the ...
	Body - National Stream-Quality Accounting Network (NASQAN) monitors the water quality of large ri...
	Body - The National Atmospheric Deposition Program/National Trends Network (NADP/NTN) provides co...
	Body - Data from the network, as well as information about individual sites, are available throug...
	Body - http://nadp.nrel.colostate.edu/NADP
	Body - The National Water-Quality Assessment (NAWQA) Program of the U.S. Geological Survey is a l...
	Body - Assessment activities are being conducted in 53 study units (major watersheds and aquifer ...
	Body - Communication and coordination between USGS personnel and other local, State, and federal ...
	Body - Additional information about the NAWQA Program is available through the world wide web at:
	Body - http://wwwrvares.er.usgs.gov/nawqa/nawqa_home.html
	Body001 - 
	Body001 - 
	Heading2 - EXPLANATION OF THE RECORDS

	Body001 - 
	Body001 - 
	Body001 - The surface-water-discharge and surface-water-quality records published in this report ...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Each data station in this report is assigned a unique identification number. This numbe...
	Body001 - 
	Body001 - 
	Heading2 - Downstream Order System

	Body001 - 
	Body001 - 
	Body001 - Since October 1, 1950, the order of listing hydrologic-station records in Survey report...
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	Body001 - 
	Body001 - 
	Body001 - The station-identification number is assigned according to downstream order. In assigni...
	Body001 - 
	Body001 - 
	Heading2 - Latitude-Longitude System

	Body001 - 
	Body001 - The identification numbers for some miscellaneous surface-water and water-quality sites...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Records of stage and water discharge may be complete or partial. Complete records of di...
	Body001 - 
	Body001 - By contrast, partial records are obtained through discrete measurements without using a...
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	top.title - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - The data obtained at a complete-record gaging station on a stream or canal consist of a...
	Body001 - 
	Body001 - Continuous records of stage are obtained with analog recorders that trace continuous gr...
	Body001 - 
	Body001 - In computing discharge records, results of individual measurements are plotted against ...
	Body001 - 
	Body001 - Daily mean discharges are computed by applying the daily mean stages (gage heights) to ...
	Body001 - 
	Body001 - At some stream-gaging stations, the stage-discharge relation is affected by the backwat...
	Body001 - 
	Body001 - In computing records of lake or reservoir contents, it is necessary to have available f...
	Body001 - 
	Body001 - For some gaging stations, there are periods when no gage-height record is obtained, or ...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Streamflow data in this report are presented in a new format that is considerably diffe...
	Body001 - 
	Body001 - The records published for each continuous-record surface-water-discharge station (gagin...
	Body001 - 
	Body001 - Station manuscript
	Body001 - 
	Body001 - The manuscript provides, under various headings, descriptive information, such as stati...
	Body001 - 
	Body001 - 
	Body001 - 
	top.title - WATER RESOURCES DATA - VIRGINIA, 1999
	Body001 - 
	Body001 - 
	Body001 - LOCATION.--Information on locations is obtained from the most accurate maps available. ...
	Body001 - 
	Body001 - DRAINAGE AREA.--Drainage areas are measured using the most accurate maps available. Bec...
	Body001 - 
	Body001 - PERIOD OF RECORD.--This indicates the period for which records have been published for ...
	Body001 - 
	Body001 - REVISED RECORDS.--Because of new information, published records occasionally are found ...
	Body001 - 
	Body001 - GAGE.--The type of gage in current use, the datum of the current gage referred to sea l...
	Body001 - 
	Body001 - REMARKS.--All periods of estimated daily discharge will either be identified by date in...
	Body001 - 
	Body001 - COOPERATION.--Records provided by a cooperating organization or obtained for the U.S. G...
	Body001 - 
	Body001 - EXTREMES OUTSIDE PERIOD OF RECORD.--Included here is information concerning major flood...
	Body001 - 
	Body001 - EXTREMES FOR CURRENT YEAR.--Extremes given here are similar to those for the period of ...
	Body001 - 
	Body001 - REVISIONS.--If a critical error in published records is discovered, a revision is inclu...
	Body001 - 
	Body001 - 
	Body001 - Although rare, occasionally the records of a discontinued gaging station may need revis...
	Body001 - 
	Body001 - Manuscript information for lake or reservoir stations differs from that for stream stat...
	Body001 - 
	Body001 - Headings for AVERAGE DISCHARGE and EXTREMES FOR PERIOD OF RECORD have been deleted and ...
	Body001 - 
	Body001 - 
	Body001 - Data table of daily mean values
	Body001 - 
	Body001 - The daily table of discharge records for stream-gaging stations gives mean discharge fo...
	Body001 - 
	Body001 - 
	top.title - WATER RESOURCES DATA - VIRGINIA, 1999
	top.title - 
	Body001 - 
	Body001 - Statistics of monthly mean data
	Body001 - 
	Body001 - A tabular summary of the mean (line headed "MEAN"), maximum (line headed "MAX"), and mi...
	Body001 - headed "MIN") of monthly mean flows for each month for a designated period is provided ...
	Body001 - mean values table. The water years of the first occurrence of the maximum and minimum m...
	Body001 - are provided immediately below those figures. The designated period will be expressed as
	Body001 - "FOR WATER YEARS -� ,BY WATER YEAR (WY)," and will list the first and last water years ...
	Body001 - 
	Body001 - 
	Body001 - Summary statistics
	Body001 - 
	Body001 - A table titled "SUMMARY STATISTICS" follows the statistics of monthly mean data tabulat...
	Body001 - 
	Body001 - The date or water year, as appropriate, of the first occurrence of each statistic repor...
	Body001 - 
	Body001 - The following summary statistics data, as appropriate, are provided with each continuou...
	Body001 - 
	Body001 - 
	Body001 - ANNUAL TOTAL.--The sum of the daily mean values of discharge for the year. At some stat...
	Body001 - total discharge is adjusted for reservoir storage or diversion. The adjusted figures ar...
	Body001 - by a symbol and corresponding footnotes.
	Body001 - 
	Body001 - ANNUAL MEAN.--The arithmetic mean of the individual daily mean discharges for the year ...
	Body001 - 
	Body001 - HIGHEST ANNUAL MEAN.--The maximum annual mean discharge occurring for the designated pe...
	Body001 - 
	Body001 - LOWEST ANNUAL MEAN.--The minimum annual mean discharge occurring for the designated per...
	Body001 - 
	Body001 - HIGHEST DAILY MEAN.--The maximum daily mean discharge for the year or for the designate...
	Body001 - 
	Body001 - LOWEST DAILY MEAN.--The minimum daily mean discharge for the year or for the designated...
	Body001 - 
	Body001 - ANNUAL 7-DAY MINIMUM.--The lowest mean discharge for 7 consecutive days for a calendar ...
	Body001 - 
	Body001 - INSTANTANEOUS PEAK FLOW.--The maximum instantaneous discharge occurring for the water y...
	Body001 - 
	Body001 - INSTANTANEOUS PEAK STAGE.--The maximum instantaneous stage occurring for the water year...
	Body001 - 
	Body001 - INSTANTANEOUS LOW FLOW.--The minimum instantaneous discharge occurring for the water ye...
	Body001 - 
	Body001 - ANNUAL RUNOFF.--Indicates the total quantity of water in runoff for a drainage area for...
	Body001 - 
	Body001 - Acre-foot (AC-FT) is the quantity of water required to cover 1 acre to a depth of 1 foo...
	Body001 - 
	Body001 - Cubic feet per second per square mile (CFSM) is the average number of cubic feet of wat...
	Body001 - 
	Body001 - Inches (INCHES) indicates the depth to which the drainage area would be covered if all ...
	Body001 - 
	top.title - WATER RESOURCES DATA - VIRGINIA, 1999
	Body001 - 
	Body001 - 
	Body001 - 10 PERCENT EXCEEDS.--The discharge that has been exceeded 10 percent of the time for th...
	Body001 - 
	Body001 - 50 PERCENT EXCEEDS.--The discharge that has been exceeded 50 percent of the time for th...
	Body001 - 
	Body001 - 90 PERCENT EXCEEDS.--The discharge that has been exceeded 90 percent of the time for th...
	Body001 - 
	Body001 - 
	Body001 - Data collected at partial-record stations follow the information for continuous-record ...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Estimated daily-discharge values published in the water-discharge tables of annual Stat...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - The accuracy of streamflow records depends primarily on: (1) The stability of the stage...
	Body001 - 
	Body001 - The accuracy attributed to the records is indicated under "REMARKS." "Excellent" means ...
	Body001 - 
	Body001 - Daily mean discharges in this report are given to the nearest hundredth of a cubic foot...
	Body001 - 
	Body001 - Discharge at many stations, as indicated by the monthly mean, may not reflect natural r...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Information used in the preparation of the records in this publication, such as dischar...
	Body001 - 
	Body001 - 
	Body001 - Records of surface-water quality ordinarily are obtained at or near stream-gaging stati...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Water-quality data for surface-water sites are grouped into one of three classification...
	Body001 - 
	Body001 - A careful distinction needs to be made between "continuing records", as used in this re...
	Body001 - 
	Body001 - 
	top.title - WATER RESOURCES DATA - VIRGINIA, 1999
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - � Water-quality records collected at a surface-water daily record station are published...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - In obtaining water-quality data, a major concern needs to be assuring that the data obt...
	Body001 - 
	Body001 - One sample can define adequately the water quality at a given time if the mixture of so...
	Body001 - 
	Body001 - Chemical-quality data published in this report are considered to be the most representa...
	Body001 - 
	Body001 - For chemical-quality stations equipped with digital monitors, the records consist of da...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Water temperatures are measured at most of the water-quality stations. In addition, wat...
	Body001 - 
	Body001 - At stations where recording instruments are used, either mean temperatures or maximum a...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Suspended�sediment concentrations are determined from samples collected by using depth�...
	Body001 - 
	Body001 - During periods of rapidly changing flow or rapidly changing concentration, samples may ...
	Body001 - 
	Body001 - At other stations, suspended-sediment samples were collected periodically at many verti...
	Body001 - 
	Body001 - In addition to the records of suspended-sediment discharge, records of the periodic mea...
	Body001 - 
	Body001 - 
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	top.title - 
	Body001 - 
	Body001 - 
	Body001 - Sediment samples, samples for biochemical-oxygen demand (BOD), samples for indicator ba...
	Body001 - 
	Body001 - 
	Body001 - For continuing-record stations, information pertinent to the history of station operati...
	Body001 - 
	Body001 - In the descriptive headings, if the location is identical to that of the discharge gagi...
	Body001 - 
	Body001 - LOCATION.--See Data Presentation under "Records of Stage and Water Discharge;" same com...
	Body001 - 
	Body001 - DRAINAGE AREA.--See Data Presentation under "Records of Stage and Water Discharge;" sam...
	Body001 - 
	Body001 - PERIOD OF RECORD.--This indicates the periods for which there are published water-quali...
	Body001 - 
	Body001 - INSTRUMENTATION.--Information on instrumentation is given only if a water-quality monit...
	Body001 - 
	Body001 - REMARKS.--Remarks provide added information pertinent to the collection, analysis, or c...
	Body001 - 
	Body001 - COOPERATION.--Records provided by a cooperating organization or obtained for the Geolog...
	Body001 - 
	Body001 - EXTREMES.--Maximums and minimums are given only for parameters measured daily or more f...
	Body001 - 
	Body001 - REVISIONS.--If errors in published water-quality records are discovered after publicati...
	Body001 - 
	Body001 - The surface-water-quality records for partial-record stations and miscellaneous samplin...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - The following remark codes may appear with the water-quality data in this report:
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - PRINTED OUTPUT REMARK
	Body001 - 
	Body001 - E Estimated value.
	Body001 - 
	Body001 - > Actual value is known to be greater than the value shown.
	Body001 - 
	Body001 - < Actual value is known to be less than the value shown.
	Body001 - 
	Body001 - K Results based on colony count outside the acceptance range
	Body001 - (non-ideal colony count).
	Body001 - 
	Body001 - L Biological organism count less than 0.5 percent (organism may
	Body001 - be observed rather than counted).
	Body001 - 
	Body001 - D Biological organism count equal to or greater than 15 percent
	Body001 - (dominant).
	Body001 - 
	Body001 - V Analyte was detected in both the enviromental sample and the associated blanks.
	Body001 - 
	Body001 - & Biological organism estimated as dominant.
	Body001 - 
	Body001 - 
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	top.title - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Data generated from quality-control (QC) samples are a requisite for evaluating the qua...
	Body001 - 
	Body001 - 
	Heading2 - Blank Samples

	Body001 - 
	Body001 - 
	Body001 - Blank samples are collected and analyzed to ensure that environmental samples have not ...
	Body001 - in this district are:
	Body001 - 
	Body001 - 
	Body001 - Field blank - a blank solution that is subjected to all aspects of sample collection, f...
	Body001 - 
	Body001 - Trip blank - a blank solution that is put in the same type of bottle used for an enviro...
	Body001 - 
	Body001 - Equipment blank - a blank solution that is processed through all equipment used for col...
	Body001 - conditions of the office).
	Body001 - 
	Body001 - Sampler blank - a blank solution that is poured or pumped through the same field sample...
	Body001 - 
	Body001 - Filter blank - a blank solution that is filtered in the same manner and through the sam...
	Body001 - 
	Body001 - Splitter blank - a blank solution that is mixed and separated using a field splitter in...
	Body001 - 
	Body001 - Preservation blank - a blank solution that is treated with the sampler preservatives us...
	Body001 - 
	Body001 - 
	Heading2 - Reference Samples

	Body001 - 
	Body001 - 
	Body001 - Reference material is a solution or material prepared by a laboratory whose composition...
	Body001 - are submitted for analysis to ensure that an analytical method is accurate for the know...
	Body001 - 
	Body001 - 
	Heading2 - Replicate Samples

	Body001 - 
	Body001 - 
	Body001 - Replicate samples are a set of environmental samples collected in a manner such that th...
	Body001 - duplicate is the special case consisting of two samples. Replicate samples are collecte...
	Body001 - hydrologic setting, such as a flowing stream. The types of replicate samples collected ...
	Body001 - 
	Body001 - 
	Body001 - Sequential samples - a type of replicate sample in which the samples are collected one ...
	Body001 - typically over a short time.
	Body001 - 
	Body001 - 
	Body001 - Split sample - a type of replicate sample in which a sample is split into subsamples co...
	Body001 - 
	Body001 - 
	Heading2 - Spike Samples

	Body001 - 
	Body001 - 
	Body001 - Spike samples are samples to which known quantities of a solution with one or more well...
	Body001 - interference or degradation on the analyte concentration during sample processing and a...
	Body001 - 
	top.title - WATER RESOURCES DATA - VIRGINIA, 1999
	top.title - 
	Body001 - 
	Heading1 - ACCESS TO USGS WATER DATA

	Body001 - 
	Body001 - 
	Body001 - The USGS provides near real-time stage and discharge datas for many of the gaging stati...
	Body001 - 
	Body001 - 
	Body001 - http://va.water.usgs.gov
	Body001 - 
	Body001 - 
	Body001 - Some water-quality and ground-water data also are available through the WWW. In additio...
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - 
	Body001 - Terms related to water quality and other hydrologic data, as used in this report, are d...
	Body - Acid neutralizing capacity (ANC) is the equivalent sum of all bases or base-producing mate...
	Body - Acre-foot (AC-FT, acre-ft) is the quantity of water required to cover 1 acre to a depth of...
	Body - Adenosine triphosphate (ATP) is an organic, phosphate-rich, compound important in the tran...
	Body - Algae are mostly aquatic single-celled, colonial, or multi-celled plants, containing chlor...
	Body - Algal growth potential (AGP) is the maximum algal dry weight biomass that can be produced ...
	Body - Alkalinity is the capacity of solutes in an aqueous system to neutralize acid.
	Body - Bacteria are microscopic unicellular organisms, typically spherical, rodlike, or spiral an...
	Indented - Total coliform bacteria are a particular group of bacteria that are used as indicators...
	Indented - Fecal streptococcal bacteria are bacteria found also in the intestine of warm-blooded ...
	Indented - Enterococcus bacteria are commonly found in the feces of humans and other warm-blooded...
	Body - Bedload is the sediment which moves along in essentially continuous contact with the strea...
	Body - Bed material is the sediment mixture of which a streambed, lake, pond, reservoir, or estua...
	Body - Benthic invertebrates are invertebrate animals inhabiting the bottoms of lakes, streams, a...
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	top.title - 
	Body - Biochemical oxygen demand (BOD) is a measure of the quantity of dissolved oxygen, in milli...
	Body - Biomass is the amount of living matter present at any given time, expressed as the mass pe...
	Indented - Ash mass is the mass or amount of residue present after the residue from the dry mass ...
	Indented - Dry mass refers to the mass of residue present after drying in an oven at 105�C for zo...
	Indented - Organic mass or volatile mass of the living substance is the difference between the dr...
	Indented - Wet mass is the mass of living matter plus contained water.
	Indented - Bottom material: See Bed material.
	Body - Cells/volume refers to the number of cells of any organism which is counted by using a mic...
	Body - Cfs-day is the volume of water represented by a flow of 1 cubic foot per second for 24 hou...
	Body - Chemical oxygen demand (COD) is a measure of the chemically oxidizable material in the wat...
	Body - Chlorophyll refers to the green pigments of plants. Chlorophyll a and b are the two most c...
	Body - Color unit is produced by one milligram per liter of platinum in the form of the chloropla...
	Body - Contents is the volume of water in a reservoir or lake. Unless otherwise indicated, volume...
	Body - Continuing-record station is a specified site which meets one or all conditions listed:
	Body - 1. When chemical samples are collected daily or monthly for 10 or more months during the w...
	Body - 2. When water temperature records include observations taken one or more times daily.
	Body - 3. When sediment discharge records include periods for which sediment loads are computed a...
	Body - Control designates a feature downstream from the gage that determines the stage-discharge ...
	Body - Cubic foot per second (FT3/S, ft3/s) is the rate of discharge representing a volume of 1 c...
	Body - Discharge is the volume of water (or more broadly, volume of fluid plus suspended sediment...
	Indented - Mean discharge (MEAN) is the arithmetic mean of individual daily mean discharges durin...
	Indented - Instantaneous discharge is the discharge at a particular instant of time.
	Indented - Annual 7-day minimum is the lowest mean discharge for 7 consecutive days for a calenda...
	Body - Dissolved refers to that material in a representative water sample which passes through a ...
	Body - Dissolved-solids concentration of water is determined either analytically by the "residue-...
	Body - Drainage area of a stream at a specific location is that area, measured in a horizontal pl...
	Body - Drainage basin is a part of the surface of the earth that is occupied by a drainage system...
	Body - 
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	top.title - 
	Body - Extractable organic halides (EOX) are organic compounds which contain halogen atoms such a...
	Body - Hardness of water is a physical-chemical characteristic that is commonly recognized by the...
	Body - High tide is the maximum height reached by each rising tide.
	Body - Hydrologic Benchmark Network is a network of 50 sites in small drainage basins around the ...
	Body - Hydrologic unit is a geographic area representing part or all of a surface drainage basin ...
	Body - Low tide is the minimum height reached by each falling tide.
	Body - Mean high tide is the average of all high tides over a specified period.
	Body - Mean low tide is the average of all low tides over a specified period.
	Body - Mean water level is the average of all tides over a specified period.
	Body - Membrane filter is a thin microporous material of specific pore size used to filter bacter...
	Body - Metamorphic stage refers to the stage of development that an organism exhibits during its ...
	Body - Methylene blue active substances (MBAS) are apparent detergents. The determination depends...
	Body - Micrograms per gram (mg/g) is a unit expressing the concentration of a chemical constituen...
	Body - Micrograms per liter (UG/L, mg/L) is a unit expressing the concentration of chemical const...
	Body - Microsiemens per centimeter (mS/cm, US/CM) is a unit expressing the amount of electrical c...
	Body - Milligrams per liter (MG/L, mg/L) is a unit for expressing the concentration of chemical c...
	Body - Most probable number (MPN) is an index of the number of coliform bacteria that, more proba...
	Body - Multiple-plate samplers are artificial substrates of known surface area used for obtaining...
	Body - National Stream-Quality Accounting Network (NASQAN) monitors the water quality of large ri...
	Body - 
	top.title - WATER RESOURCES DATA - VIRGINIA, 1999
	top.title - 
	Body001 - 
	Body - The National Atmospheric Deposition Program/ National Trends Network (NADP/NTN) provides c...
	Body - The National Water-Quality Assessment (NAWQA) Program of the U.S. Geological Survey is a l...
	Body - Organism is any living entity.
	Body - Organism count/area refers to the number of organisms collected and enumerated in a sample...
	Body - Organism count/volume refers to the number of organisms collected and enumerated in a samp...
	Indented - Total organism count is the total number of organisms collected and enumerated in any ...
	Body - Parameter Code is a 5-digit number used in the U.S. Geological Survey computerized data sy...
	Body - Partial-record station is a particular site where limited streamflow and/or water-quality ...
	Body - Particle size is the diameter, in millimeters (mm), of a particle determined by either sie...
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