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PREFACE

This volume of the annual hydrologic data report of Floridais one of a series of annual reports that document
hydrologic data gathered from the U.S. Geological Survey’s surface- and ground-water data-collection networks in
each State, Puerto Rico, and the Trust Territories. These records of streamflow, ground-water levels, and quality of
water provide the hydrologic information needed by State, local, and Federal agencies, and the private sector for
developing and managing our Nation’s land and water resources. Hydrologic data for Florida are contained in four
volumes:

Volume 1. Northeast Florida
\Volume 2. South Florida

Volume 3. Southwest Florida
Volume 4. Northwest Florida

This report was prepared for publication by Patsy R. Mixson under the supervision of M.A. Franklin, and
P.E. Meadows. The following individuals contributed significantly to the collection, processing, and tabulation of
the data:

A.E. Alvarez P.E. Meadows
G.B. Donley L.D. Sloan
J.D. Goin D.M. Stephens
K.A. Kaan G.M. Tillis

This report was prepared in cooperation with the State of Florida and with other agencies under the general
supervision of John Vecchioli, District Chief, Florida.
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SURFACE-WATER STATIONS, IN DOWNSTREAM ORDER FOR WHICH RECORDS
ARE PUBLISHED IN THIS VOLUME

[Letters after station names designate type of data: (d) discharge, (dm) discharge measurements only,

(c) chemical, (b) biological, (m) microbiological, (s) sediment, (t) temperature, (e) elevation, gage heights,

SUWANNEE RIVER BASIN

Suwannee River near Benton, Fl. (d,e) ...............
Deep Creek near Suwannee Valley, Fl. (d) ..

or contents]

Occidental Pond South Clay Settling Area Outfall near White Springs, Fl. (d)................
Occidental Pond North Clay Settling Area Outfall near White Springs, FI. (d)...............

Suwannee River at White Springs, Fl. (d,e)........
Withlacoochee River near Pinetta, Fl. (d)....
Suwannee River at Ellaville, Fl. (d,€) .................
Suwannee River at Dowling Park, Fl. (d, €)........
Suwannee River at Luraville, FL. (d, €) ..............
Suwannee River at Branford, Fl. (d,e,c,b,st)......
Santa Fe River near Graham, FI. (d) ............
New River near Lake Butler, FI. (d) .....

Santa Fe River at Worthington Springs, Fl. (d) ......ccooveerieceseee e
Santa Fe River at Us Hwy 441 near High Springs, Fl. (d) .....ccooevveiiiincieecneee

Santa Fe River near Fort White, FI. (d)........
Cannon Creek near Lake City, F. (d)...
Suwannee River near Wilcox, Fl. (d,) ...............

STEINHATCHEE RIVER BASIN
Steinhatchee River near Cross City, FI. (d).........

FENHOLLOWAY RIVER BASIN

Fenholloway River near Foley, FI. (d) ................
Fenholloway River near Perry, Fl. (d).......ccc......

ECONFINA RIVER BASIN

Econfina River near Perry, Fl. (d) .cceoveveennee.

ST. MARKSRIVER BASIN
St. Marks River:

St. Marks River near Newport, FI. (d)

OCHLOCKONEE RIVER BASIN
Ochlockonee River:

Sopchoppy River near Sopchoppy, Fl. (d,C,0,5,) ..cccveieieiccieecece e

Ochlockonee River near Havana, Fl. (d,e,c,b,s;t)

Station
Number

02315000
02315200
302556082433800
302623082434200
02315500
02319000
02319500
02319800
02320000
02320500
02320700
02321000
02321500
02321975
02322500
02322616
02323500

02324000

02324400
02325000

02326000

02326900

02327100
02329000

41
43
45
47
49
51
53
55
57
60
63
65
67
70
72
74
76

79

81
83

85

87

89
91

Page
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Station
Number
Lake Jackson near Tallahassee, Fl. (€) ..o 02329200
Little River near Midwaly, Fl. () ....coooeieiiie e 02329600
Lake Talquin near BIOXham, FL.(€) .....cccoveiiiiiiecese ettt s 02329900
Ochlockonee River near Bloxham, Fl. (d) .....oooeiienieiieereece e 02330000
Telogia Creek near Bristol, FI. (d) ..oocoooeieeie e 02330100
Ochlockonee River near Smith Creek, Fl. (d) ....coove e 02330150
CARRABELLE RIVER BASIN
New River:
New River near Sumatra, Fl. (d) 02330400
APALACHICOLA RIVER BASIN
ApalachicolaRiver at Chattahoochee, Fl. (0,6,S) . .vvoverereereiereeeereeeee e 02358000
Apalachicola River near Blountstown, Fl. (d,€) .....ccovveeeeieieieecese e 02358700
ChipolaRiver near Altha, FL. (d) ...coeeeeieeeeece et 02359000
Chipola River at Cocran Landing near Wewahitchka, Fl. (d,€) ....cccovevvvvecviiecr e, 02359051
ApalachicolaRiver near SUMatra, Fl. (0,€,S) «vveovrererereee e 02359170
CHOCTAWHATCHEE RIVER BASIN
Choctawhatchee River near Pittman, FI. (AM) .....ccoeviiececcne e 02365200
Choctawhatchee River at CaryVille, Fl. (€) ...ecveveieeeeeeeeee et 02365500
Choctawhatchee River near Bruce, Fl. (d) ... 02366500
YELLOW CREEK BASIN
Yellow River a Milligan, Fl. (d) ..ooooeiieee e 02368000
Shoal River near Crestview, Fl. (d) ... 02369000
BLACKWATER RIVER BASIN
Blackwater River near Baker, Fl. (d)......cccoeiiiiniirie e 02370000
Big Coldwater Creek near Milton, Fl. (d ) ..o 02370500
ESCAMBIA RIVER BASIN
Escambia River near Century, Fl. (d) ....ooeieie it 02375500
Escambia River near Moling, Fl. (d) ..ot 02376033
ELEVENMILE CREEK BASIN
Elevenmile Creek near Pensacola, Fl. (d) ......ccooniiiiiiiiiiicccns 02376115
PERDIDO RIVER BASIN
Perdido River at Barrineau Park, Fl. (d,C,0,S,) ..eovieviieeei e 02376500

Page

156
93
157
95
97
99

101

103
107

111
113

117

129
130
131

133
135

137
139

141
143

145

147
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GROUND-WATER WELLS, BY COUNTY, FOR WHICH RECORDS ARE PUBLISHED IN THIS VOLUME

HAMILTON COUNTY
0245008244350 .....oocviireieieiteee st e e bbb s 161
0260708244570 .......ooviiieieieiiete st e et bR e e e 162

WAKULLA COUNTY
0074008429300 ......ccveiriieieitite st s e bR e e bbb 164

WASHINGTON COUNTY
0302508535050 .....ocviirerrieiriste st bR e e e e 166

Xi



WATER RESOURCES DATA FOR FLORIDA, 1998

Volume 4: Northwest Florida

DISCONTINUED SURFACE-WATER DISCHARGE STATIONS

Thefollowing continuous-record surface-water discharge stations (gaging stations) in Floridahave been discontinued. Daily streamflow

or stage records were collected and published for the period of record, expressed in water years, shown for each station. Thos stationswith
an asterisk (*) after the station number are currently operated as crest-stage partial-record stations. Discontinued project stations with less
than 3 years of record have not been included. Information regarding these stations may be obtained from the District Office at the address
given on the back side of the title page of this report.

Xii

Station name Station number Drainage area (mi?) Period of record
Waccasassa River near Otter Creek, FL 02313500 300t 1944-53
Waccasassa River near Gulf Hammock, FL 02313700 480t 1963-78
1980-92
Otter Creek at Otter Creek, FL 02314000 1945-53
Tenmile Creek near Lebanon Station. F: 02314200 26 1963-92
Rocky Creek near Belmont, FL 02314986 50 1976-83
Hunter Creek near Belmont, FL 02315005 25.4 1979-88
Robinson Creek near Suwannee Valley, FL 02315392 27.4 1976-81
Swift Creek at Facil, FL 02315520 65.3 1976-88
Suwannee River at Suwannee Springs, FL 02315550 2630 1975-96
Alapaha River near Jennings, FL 02317620 1680 1976-87
Swift Creek near Lake Butler, FL 02321700 46.0 1957-60
Olustee Creek near Providence, FL 02321800 163 1957-60
Pareners Branch near Bland, FL 02321900 4.5 1993-96
Santa Fe River near High Springs, FL 02322000 950 1931-71
Blues Creek near Gainesville, FL 02322016 5.12 1984-94
Suwannee River near Bell, FL 02323000 9390 1932-56
Fenholloway River at Foley, FL 02324500 120 1946-92
1993-95
Aucilla River at Lamont, FL 02326500 747 1950-79;
1981-82;
1983-92
Aucilla River near Scanlon, FL 02326512 805 1977-97
Northeast Drainage Ditch at Weems Road, FL 02326845 17.1 1979-83
Munson Slough at Capital Circle, FL 02327017 52.9 1979-83
Little River near Quincy, FL 02329500 237 1950-91
Quincy Creek at S267 at Quincy, FL 02329534 16.8 1974-92
Quincy Creek at Quincy, FL 02329542 21.9 1974-78
Rocky Comfort Creek near Quincy, FL 02329700 9.46 1964-81
New River near Wilma, FL 02330300 81.7 1964-81
North Mosquito Creek at Chattahoochee, FL 02358500 57.9 1936-42
Apalachicola River near Wewahitchka, FL 02358754 17800 1950-96
Econfina Creek near Compass Lake, FL 02359350 40.5 1962-65
Econfina Creek near Fountain, FL 02359450 70.2 1965-78
Econfina Creek near Bennett, FL 02359500 122 1935-94
Bear Creek near Youngstown, FL 02359550 67.2 1962-65
Choctawhatchee River near Pittman, FL 02365200 3209 1976-81
Seven Runs Bay near Redbay, FL 02365800 25.8 1969-70
Holmes Creek at Vernon, FL 02366000 386 1950-81
Magnolia Creek near Freeport, FL 02366900 11.2 1968-83
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Station name

Station number

Drainage are&)(mi

Period of record

Alaqua Creek near DeFuniak Springs, FL

Alaqua Creek near Portland, FL

Rocky Creek near Portland, FL

Rocky Creek near Niceville, FL

Turkey Creek near Niceville, FL

Turkey Creek at SR123 near Niceville, FL
Juniper Creek at State Hwy. 85 near Niceville, FL

East Bay River near Wynnehaven Beach, FL
Turkey Creek at Government RR near Niceville, FL
Turtle Creek near Ft. Walton Beach, FL

Turtle Creek near Ocean City, FL

Baggett Creek near Milligan, FL

Shoal River near Mossy Head, FL

Pond Creek near Dorcas, FL

Yellow River near Holt, FL

Titi Creek near Crestview, FL

Big Juniper Creek near Munson, FL

West Fork Big Coldwater at Cobbtown, FL

Pond Creek near Milton, FL
Pine Barren Creek near Barth, FL
Bayou Marcus Creek near Pensacola, FL

Eightmile Creek near West Pensacola, FL
Brushy Creek near Walnut Hill, FL
Jacks Branch near Muscogee, FL

02367000
02367006
02367240
02367250
02367305
02367307
02367310

02367320
02367355
02367388
02367390
02368300

02368500
02368800
02369500
02368990
02370200
02370300

02370700
02376000
02376100

02376140
02376300
02376700

65.6
83.7
42.4

67.0
22.7
30.1
27.6

62.0

60.8
14.3
22.3
7.80

123
94.8
1210
62.9
36.0
39.5

58.7
75.3
10.8

11.2
49.0
23.2

1951-78
1977-94
1980-83

1966-68
1966-68
1980-81
1966-75
1978-93

1966-68
1977-81
1977
1977-81
1965-82

1951-78
1966-68
1933-41
1966-68
1958-67
1958-62

1958-79
1952-94
1958-60
1987-91
1988-91
1958-91
1958-62

T Includes drainage area for Otter Creek.
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INTRODUCTION

The Water Resources Division of the U.S. Geological Survey, in cooperation with State, local, and Federa agen-
cies, obtains alarge amount of data pertaining to the water resources of Florida each water year. These data, accumu-
lated during many water years, constitute a val uabl e data base for devel oping an improved understanding of the water
resources of the State. To make these data readily available to interested parties outside the Geologica Survey, the
data are published annually in this report series entitled “Water Resources Data - Florida.”

This report series for the 1998 water year for the state of Florida consists of records for continuous or daily dis-
charge for 307 streams, periodic discharge for 30 streams, continuous or daily stage for 89 streams, periodic stage f
4 streams, peak stage and discharge for 38 streams; continuous or daily elevations for 27 lakes, and periodic elevatio
for 51 lakes; continuous ground-water levels for 439 wells, and periodic ground-water levels for 1,958 wells; quality-
of-water for 118 surface-water sites and 267 wells.

This volume (Volume 4, Northwest Florida) contains records of continuous or daily discharge for 39 streams, peri-
odic discharge for 0 streams, continuous or daily stage for 4 streams, periodic stage for O streams, peak stage and discha
for 30 streams; continuous or daily elevations for 1 lake, periodic elevations for 1 lake; continuous ground-water levels
for 2 wells, periodic ground-water levels for O wells; and quality-of-water for 4 surface-water sites and 0 wells.

This series of annual reports for Florida 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 similar report was introduced that contained only
data relating to water quality. Beginning with the 1975 water year, the report format was changed to present, in one
volume, data on quantities of surface water, quality of surface and ground water, and ground-water levels.

Prior to introduction of this series and for several water years concurrent with it, water-resources data for Florida
were published in U.S. Geological Survey Water-Supply Papers. Data on stream discharge and stage and on lake «
reservoir contents and stage, through September 1960, were published annually under the title “Surface-Water Suppl
of the United States.” For the 1961 through 1970 water years, the data were published in two 5-year reports. Data o
chemical quality, temperature, and suspended sediment for the 1941 through 1970 water years were published anr
ally under the title “Quality of Surface Waters of the United States,” and water levels for the 1935 through 1974 water
years were published under the title “Ground-Water Levels in the United States.” The above mentioned Water-Supply
Papers may be consulted in the libraries of the principal cities of the United States and may be purchased from Dis:
tribution Branch, Text products Section, U.S. Geological Survey, Branch of Information Services, Open-File Reports
Section, P.O. Box 25286, MS 517, Denver, CO 80225-00286.

Publications similar to this report are published annually by the Geological Survey for all States. These official
Survey reports have an identification number consisting of the two-letter State abbreviation, the last two digits of the
water year, and the volume number. For example, this volume is identified as “U.S. Geological Survey Water-Data
Report FL-98-4.” 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 microfiche by the National Technical
Information Service, U.S. Department of Commerce, Springfield, VA 22161.

Additional information, including current prices, for ordering specific reports may be obtained from the Office
Chief at the address given on the back of the title page or by telephone (850) 942-9500.

COOPERATION

The U.S. Geological Survey and agencies of the State of Florida have had cooperative agreements for the colle
tion of water-resource records since 1930. Organizations that assisted in collecting the data in this report through
cooperative agreement with the Survey are:

Florida Department of Environmental Protection City of Century

Northwest Florida Water Management District City of Perry

Suwannee River Water Management District City of Tallahassee

County of Walton Corps of Engineers, U.S. Army, Mobile District

Assistance with funds or services was given by the U.S. Army Corps of Engineer, Mobile District, in collecting
records for 5 hydrologic gaging stations throughout northwest Florida.
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SUMMARY OF HYDROLOGIC CONDITIONS
Rainfall

Rainfall across northwest Florida varied from about 5 to above 27 in. above normal for the 1998 water year.
Based on rainfall dataat six National Oceanic and Atmospheric Administration stations, (Perry, Lake City, Tallahas-
see, Chipley, De Funiak Springs, and Pensacold), total rainfall for the 12-month period ranged from 69.01 in. at Lake
City t0 91.45 in. at De Funiak Springs. The cumulative monthly departures for the water year ranged from +5.02 in.
at Tallahassee to +27.15 in. at De Funiak Springs. The distribution of rainfall generally did not differ geographically
but did differ seasonally. Thefall quarter (October-December), usually one of the dryer periods, ranged from 3.04 to
11.92 in. above normal across northwest Florida. The winter quarter (January-March), normally the wet period in
northwest Florida, ranged from +2.04 in. at Tallahassee to +10.75 in. at Perry. The spring quarter (April-June) was
below average for the arearanging from -6.48 in. at Chipley to -11.88 in. at Tallahassee. The summer quarter (July-
September) was above normal and ranged from 7.73 in. at Lake City to 19.89 in. at De Funiak Springs. Much of the
excess rainfall, especialy in the panhandle for the summer quarter, was the result of heavy rainfall associated with
Hurricane Georges which passed over the areain late September 1998. The following summary lists the cumulative
rainfall and departure from the 30-year (1961-90) normal for each of the stations.

Cumulative rainfall and departure from the 30-year normal (1961-90)

October - December January - March April - June July - September Water Year
Station -I;g%ﬁl Departure 'I;ztigl Departure 1;3}2' Departure -I;ztiﬁl Departure -I;g%ﬁl Departure
Perry 12.84 +4.13 2403 +10.75 3.65 -10.00 3257 +10.06 73.09 +14.94
Lake City 12.80 +4.55 21.05 +8.00 7.48 -6.76 27.68 +7.73 69.01 +13.52
Tallahassee 14.86 +3.04 18.58 +2.04 3.54 -11.88 3348  +11.82 70.46 +5.02
Chipley 2279 +11.92 2353 4743 6.64 -6.48 2734  +10.77 80.30 +23.64
De Funiak Springs  19.99 +7.38 2598 +9.21 5.33 -9.33 40.15  +19.89 9145  +27.15
Pensacola 17.68 +5.64 2378  +8.07 4.15 -10.22 3221  +12.08 7782  +1557

Surface Water

Annual mean streamflow for the 1998 water year in Northwest Floridaranged from 100 to 215 percent of the long-
term average. The upper Suwannee and Santa Fe River, with about 200 percent of normal, were the highest and the
St. Marks River basin with 100 percent of normal the lowest. Generally, flows were about 140 to 175 percent of nor-
mal over the areafor the water year. The above normal fall and winter rains resulted in maximum or near maximum
monthly flows from January through March. The deficiency in rainfall during the late spring resulted in a steady
declinein flowsfrom March to May and June setting some new record monthly lowsin June and July. Summer rains
resulted in some recovery of flowsin July and August. Record or near record floods the last of September was the
result of excessive rainfall associated with Hurricane Georges.

Discharge hydrographs for some representative streams in northwest Florida are shown in figures 2 through 8.
The upper graph (A) shows the 1998 monthly mean discharge compared to the maximum, minimum, and mean
monthly mean dischargefor all years. Thelower graph (B) shows the monthly mean discharge for the period 1989-98.

Ground Water

A water level hydrograph for the USGS well at Crawfordvilleis shown in figure 9. The upper graph (A) shows
the 1998 monthly maximum water level compared to the maximum, minimum, and mean monthly maximum water
level for the period of record. Thelower graph (B) shows the monthly maximum water levelsfor the period 1989-98.
Water levels were below average for October, near average from November through February, above normal in
March, but declined to a new record low in June and recovered to arecord high in September.

Water Quality

Insufficient water quality datawas collected in north Florida during the water year to provide any analysis of con-
ditions that exist in the area.
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SANTA FE RIVER NEAR WORTHINGTON SPRINGS, FLORIDA
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Figure 2. Santa Fe River near Worthington Springs (A) 1998 monthly mean discharge compared to the maximum,
minimum, and mean monthly mean discharge for the period 1932-1998, and (B) the monthly mean discharge for the
period 1989-98.
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SUWANNEE RIVER AT BRANFORD,FLORIDA
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Figure 3. Suwannee River at Branford (A) 1998 monthly mean discharge compared to the maximum, minimum, and
mean monthly mean discharge for the period 1931-98, and (B) the monthly mean discharge for the period 1989-98.
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STEINHATCHEE RIVER NEAR CROSS CITY, FLORIDA
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Figure 4. Steinhatchee River near Cross City (A) 1998 monthly mean discharge compared to the maximum,
minimum, and mean monthly mean discharge for the period 1950-98, and (B) the monthly mean discharge for the
period 1989-98.
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OCHLOCKONEE RIVER NEAR HAVANA, FLORIDA
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Figure 5. Ochlockonee River near Havana (A) 1998 monthly mean discharge compared to the maximum, minimum, and
mean monthly mean discharge for the period 1926-98, and (B) the monthly mean discharge for the period 1989-98.
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CHIPOLA RIVER NEAR ALTHA,FLORIDA
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SHOAL RIVER NEAR CRESTVIEW, FLORIDA
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Figure 7. Shoal River near Crestview (A) 1998 monthly mean discharge compared to the maximum, minimum, and
mean monthly mean discharge for the period 1938-98, and (B) the monthly mean discharge for the period 1989-98.
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ESCAMBIA RIVER NEAR CENTURY, FLORIDA
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Figure 8. Escambia River near Century (A) 1998 monthly mean discharge compared to the maximum, minimum, and
mean monthly mean discharge for the period 1934-98, and (B) the monthly mean discharge for the period 1989-98.
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USGS WELL NEAR CRAWFORDVILLE, FLORIDA
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SPECIAL NETWORKS AND PROGRAMS

Hydrologic Bench-Mark Network is anetwork of 50 sitesin small drainage basins around the country whose pur-
poseisto provide consistent data on the hydrology, including water quality, and related factorsin representative unde-
veloped watersheds nationwide, and to provide analyses on a continuing basis to compare and contrast conditions
observed in basins more obviously affected by human activities.

National Stream-Quality Accounting Network (NASQAN) monitors the water quality of large rivers within four

of the Nation’s largest river basins--the Mississippi, Columbia, Colorado, and Rio Grande. The network consists of
39 stations. Samples are collected with sufficient frequency that the flux of a wide range of constituents can be esti-
mated. The objective of NASQAN is to characterize the water quality of these large rivers by measuring concentration
and mass transport of a wide range of dissolved and suspended constituents, including nutrients, major ions, dissolve
and sediment-bound heavy metals, common pesticides, and inorganic and organic forms of carbon. This informatior
will be used (1) to describe the long-term trends and changes in concentration and transport of these constituents; (:
to test findings of the National Water-Quality Assessment Program (NAWQA); (3) to characterize processes unique
to large-river systems such as storage and re-mobilization of sediments and associated contaminants; and (4) to refi
existing estimates of off-continent transport of water, sediment, and chemicals for assessing human effects on the
world’s oceans and for determining global cycles of carbon, nutrients, and other chemicals.

The National Atmospheric Deposition Program/National Trends Net(MOP/NTN) provides continuous
measurement and assessment of the chemical climate of precipitation throughout the United States. As the lead fedel
agency, the USGS works together with over 100 organizations to accomplish the following objectives; (1) Provide a
long-term, spatial and temporal record of atmospheric deposition generated from a network of 191 precipitation chem
istry monitoring sites. (2) Provide the mechanism to evaluate the effectiveness of the significant reducton in SO
emissions that began in 1995 as implementation of the Clean Air Act Amendments (CAAA) occurred. (3) Provide the
scientific basis and nationwide evaluation mechanism for implementation of the Phase 1l CAAA emission reductions
for SO, and NQ, scheduled to begin in 2000.

Data from the network, as well as information about individual sites, are available through the world wide web at:
http://nadp.nrel.colostate.edu/NADP

The National Water-Quality Assessment (NAWQA) Progirthe U.S. Geological Survey is a long-term pro-
gram 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 improved understanding of the primary natural and humat
factors affecting these observed conditions and trends; and provide information that supports development and eva
uation of management, regulatory, and monitoring decisions by other agencies.

Assessment activities are being conducted in 53 study units (major watersheds and aquifer systems) that represe
a wide range of environmental settings nationwide and that account for a large percentage of the Nation’s water use
A wide array of chemical constituents will be measured in ground water, surface water, streambed sediments, and fis
tissues. The coordinated application of comparative hydrologic studies at a wide range of spatial and temporal scale
will provide information for decision making by water-resources managers and a foundation for aggregation and com:-
parison of findings to address water-quality issues of regional and national interest.

Communication and coordination between USGS personnel and other local, State, and federal interests are critice
components of the NAWQA Program. Each study unit has a local liaison committee consisting of representatives
from key federal, State, and local water resources agencies, Indian nations, and universities in the study unit. Liaisol
committees typically meet semiannually to discuss their information needs, monitoring plans and progress, desired
information products, and opportunities to collaborate efforts among the agencies.

Additional information about the NAWQA Program is available through the world wide web at:

http://wwwrvares.er.usgs.gov/nawga/nawqga_home.html
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EXPLANATION OF THE RECORDS

The surface-water and ground-water records published in this report are for the 1998 water year that began
October 1, 1997, and ended September 30, 1998. A calendar of the water year is provided on the inside of the front
cover. Therecords contain streamflow data, stage and content data for lakes and reservoirs, water-quality data for
surface and ground water, and ground-water-level data. The following sections of the introductory text are presented
to provide users with a more detail ed explanation of how the hydrologic data published in this report were collected,
analyzed, computed, and arranged for presentation.
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Station Identification Numbers

Each data station, whether streamsite or well, in thisreport is assigned a unique identification number. The num-
ber usually isassigned when astation isfirst established and isretained for that station indefinitely. The systemsused
by the U.S. Geological Survey to assign identification numbers for surface-water stations and for ground-water well
sites differ, but both are based on geographic location. The “downstream order” system is used for regular surface:
water stations and the “latitude-longitude” system is used for wells and for surface-water stations where only miscel
laneous measurements are made.

Downstream Order System

Since October 1, 1950, the order of listing hydrologic-station records in Survey reports is in a downstream direction
along the main stream. All stations on a tributary entering upstream from a mainstream station are listed before that
station. A station on a tributary that enters between two mainstream stations is listed between them. A similar order i
followed in listing stations on first rank, second rank, and other ranks of tributaries. The rank of any tributary with
respect to the stream to which it is immediately tributary is indicated by an indention in the “List of Stations” in the
front of this report. Each indention represents one rank. This downstream order and system of indention shows whicl
stations are on tributaries between any two stations and the rank of the tributary on which each station is situated.

The station-identification number is assigned according to downstream order. In assigning station numbers, no
distinction is made between partial-record stations and other stations; therefore, the station number for a partial-recor
station indicates downstream-order position in a list made up of both types of stations. Gaps are left in the series 0
numbers to allow for new stations that may be established; hence, the numbers are not consecutive. The complete
number for each station, such as 02326500, which appears just to the left of the station name, includes the two-dig
Part number “02” plus the 6 to 13 digit downstream-order number “326500.” The part number refers to an area whose
boundaries coincide with natural drainage lines; for example, Part “02” is the South Atlantic Slope and eastern Gulf
of Mexico basins.

Latitude-Longitude System

The identification numbers for wells and miscellaneous surface-water sites are assigned according to the grid sy:
tem of latitude and longitude. The number consists of 15 digits. The first six digits denote the degrees, minutes, ant
seconds of latitude, the next seven digits denote degrees, minutes, and seconds of longitude, and the last two digit:
(assigned sequentially) identify the wells or other sites within a 1-second grid. This site-identification number, once
assigned, is a uniqgue number and has no locational significance. In the rare instance where the initial determinatiol
of latitude and longitude are found to be in error, the station will retain its initial identification number; however, its
true latitude and longitude will be listed in the LOCATION paragraph of the station description. (See figure 11.)

Records of Stage and Water Discharge

Records of stage and water discharge may be complete or partial. Complete records of discharge are those
obtained using a recording device through which either instantaneous or mean daily discharges may be computed fc
any period of time. Complete records of lake or reservoirs, similarly, are those for which stage or content may be
computed for any period of time. They may be obtained using a recording device or daily readings. Because daily
mean discharges or elevations commonly are published for such stations, they are referred to as “daily stations.”

Location of all complete-record stations for which data are given in this report are shown in figures preceding
each sub-basin.

By contrast, partial records are obtained through discrete measurements without using a continuous stage-recor
ing device and pertain only to a few flow characteristics, or perhaps only one. Records of miscellaneous discharge
measurements or of measurements from special studies, such as low-flow seepage studies, may be considered as
partial records. The nature of the partial record is indicated by table titles such as “Crest-stage partial records,” or
“Low-flow partial records.”
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Figure 11. System for numbering wells and miscellaneous sites (latitude and longitude).

Data Collection and Computation

The base data collected at gaging stations consist of records of gage heights and measurements of discharge of
streams or canals, and stage, surface area, and contents of lakes or reservoirs. In addition, observations of factors
affecting the stage-discharge relation or the stage-capacity relation, weather records, and other information are used to
supplement base datain determining the daily flow or volume of water in storage. Records of gage height are obtained
from either direct readings on anonrecording gage or from awater-stage recorder that givesthe fluctuations on a paper
tape punched at selected time intervals. Measurements of discharge are made with a current meter, using the general
methods adopted by the Geological Survey. These methods are described in standard textbooks, in Water-Supply
Paper 2175, and in U.S. Geological Survey Techniques of Water Resources Investigations, book 3, chapter A6.

For stream-gaging stations, rating tables giving the discharge for any gage height are prepared from stage-dis-
chargerelation curves. If extensionsto therating curves are necessary to define the extremes of discharge, they are
made on the basis of indirect measurements of peak discharge; such as dope-area, contracted opening measurements,
computations of flow over dams or weirs, step backwater techniques, vel ocity-area studies, and logarithmic plotting.
The daily mean discharge is computed from gage heights and rating tables, then the monthly and yearly mean dis-
charges are computed from the daily figures. If the stage-discharge relation was subjected to change because of occa-
sional or continual changein the physical features of the control, the daily mean dischargeis computed by the shifting-
control method, in which correction factors based onindividua discharge measurements and notes by the technician
are used in applying the gage-height correctionsto the rating tables. If the stage-discharge relation for astation is
temporarily changed by the presence of aquatic growth or debris on the control, the daily mean discharge is computed
by the same method.

At some stream-gaging stations the stage-discharge relation is affected by backwater from streams, tides, or other
sources. This necessitates the use of the dope method in which the slope or fall in areach of the stream isafactor in
determining discharge. The slope or fall is obtained by means of an auxiliary gage set at some distance from the base
gage. At some stations the stage-discharge relation is affected by arapid changein stage; at these stations the rate of
change in stage is used as afactor in determining discharge.

At some stationsthere is no relation between stage and discharge because of the flat stream gradients and/or tidal
fluctuations. Dischargeisdetermined from ratingswhich are based on arelation between recorded velocity index unit
at afixed point and mean velocity at a fixed measuring section, and a relation between recorded stage and cross-sec-
tional area at the measuring site.

For some 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 compute daily discharge. This happens when the recorder stops or otherwise fails
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to operate properly, intakes are plugged, or for various other reasons. For such periods the daily discharges are esti-
mated on the basis of recorded range in stage, adjoining good record, discharge measurements, weather records, and
comparison with other station records from the same or nearby basins. Likewise, daily contents may be estimated on
the basis of operator’s log, prior and subsequent records, inflow-outflow studies, and other information.

The data in this report generally comprise a description of the station and tabulations of daily and monthly figures.
For gaging stations on streams or canals a table showing the daily discharge and monthly and yearly discharge is
given. For gaging stations on lakes and reservoirs a monthly summary table of stage and contents or a table showir
the daily contents is given. Tables of daily mean gage heights are included for some streamflow stations. Records
are published for the water year, which begins on October | and ends on September 30.

Data Presentation

Streamflow data in this report are presented in a new format that is considerably different from the format in data
reports prior to the 1991 water year. The major changes are that statistical characteristics of discharge now appear
tabular summaries following the water-year data table and less information is provided in the text or station manu-
script above the table. These changes represent the results of a pilot program to reformat the annual water-data rep
to meet current user needs and data preferences.

The records published for each continuous-record surface-water discharge station (gaging station) now consist o
four parts, the manuscript or station description; the data table of daily mean values of discharge for the current wate
year with summary data; a tabular statistical summary of monthly mean flow data for a designated period, by water
year; and a summary statistics table that includes statistical data of annual, daily, and instantaneous flows as well
data pertaining to annual runoff, 7-day low-flow minimums, and flow duration.

Station manuscript

The manuscript provides, under various headings, descriptive information, such as station location; period of
record; historical extremes outside the period of record; record accuracy; and other remarks pertinent to station ope
ation and regulation. The following information, as appropriate, is provided with each continuous record of discharge
or lake content. Comments to follow clarify information presented under the various headings of the station descrip-
tion.

LOCATION.--Information on locations is obtained from the most accurate maps available. The location of the gaging
station with respect to the cultural and physical features in the vicinity and with respect to the reference place
mentioned in the station name is given. River mileages, given for only a few stations, were determined by methods
given in “River Mileage Measurement,” Bulletin 14, Revision of October 1968, prepared by the Water Resources
Council or were provided by the U.S. Army Corps of Engineers.

DRAINAGE AREA.--Drainage areas are measured using the most accurate maps available. Because the type of may
available varies from one drainage basin to another, the accuracy of drainage areas likewise varies. Drainage area
are updated as better maps become available.

PERIOD OF RECORD.--This indicates the period for which records have been published for the station or for an
equivalent station. An equivalent station is one that was in operation at a time that the present station was not and
whose location was such that flow at it can reasonably be considered equivalent to flow at the present station.

REVISED RECORDS.--Published records, because of new information, 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, monthly,
or annual figures of discharge, that fact is noted after the year dates as follows: “(M)” means that only the
instantaneous maximum discharge was revised; “(m)” that only the instantaneous minimum was revised; and “(P)"
that only peak discharges were revised. If the drainage area has been revised, the report in which the most recentl
revised figure was first published is given.
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GAGE.--Thetype of gagein current use, the datum of the current gage referred to National Geodetic Vertical Datum
of 1929 (see glossary), and acondensed history of the types, locations, and datums of previous gages are given under
this heading.

REMARKS.--All 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, “Identifying
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 methods of computation, 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 extreme:
data for the period of record and the current year; and, possibly, to other pertinent items. For reservoir stations,
information is given on the dam forming the reservoir, the capacity, outlet works and spillway, and purpose and use
of the reservoir.

COOPERATION.--Records provided by a cooperating organization or obtained for the Geological Survey by a
cooperating organization are identified here.

EXTREMES OUTSIDE PERIOD OF RECORD.--Included here is information concerning major floods or unusually
low flows that occurred outside the stated period of record. The information may or may not have been obtained by
the U.S. Geological Survey.

REVISIONS.--If a critical error in published records is discovered, a revision is included in the first report published
following discovery of the error.

Although 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 document the revision in a
“Revised Records” entry, users of data for these stations who obtained the record from previously published data
reports may wish to contact the District Office (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. Of course, if the data for a discontinue
station were obtained by computer retrieval, the data would be current and there would be no need to check becaus
any published revision of data is always accompanied by revision of the corresponding data in computer storage.

Manuscript information for lake or reservoir stations differs from that for stream stations in the nature of the
“Remarks” and in the inclusion of a skeleton stage-capacity table when daily contents are given.

Headings for AVERAGE DISCHARGE, EXTREMES FOR PERIOD OF RECORD, AND EXTREMES FOR
CURRENT YEAR have been deleted and the information contained in these paragraphs, except for the listing of sec
ondary instantaneous peak discharges in the EXTREMES FOR CURRENT YEAR paragraph, is now presented in the
tabular summaries following the discharge table or in the REMARKS paragraph, as appropriate. No changes have
been made to the data presentations of lake contents.

Data table of daily mean values

The daily table of discharge records for stream-gaging stations gives mean discharge for each day of the water
year. In the monthly summary for the table, the line headed “TOTAL” gives the sum of the daily figures for each
month; the line headed “MEAN” gives the average flow in cubic feet per second for the month; and the lines headed
“MAX” and “MIN” give the maximum and minimum daily discharges, respectively, for each month. Discharge for
the month also is usually expressed in cubic feet per second per square mile (line headed “CFSM”), or in inches (line
headed “IN."”), or in acre-feet (line headed “AC-FT"). Figures for cubic feet per second per square mile and runoff in
inches or in acre-feet may be omitted if there is extensive regulation or diversion or if the drainage area includes large
noncontributing areas. At some stations monthly and (or) yearly observed discharges are adjusted for reservoir sto
age or diversion, or diversion data or reservoir contents are given. These figures are identified by a symbol and col
responding footnote.
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Statistics of monthly mean data

A tabular summary of the mean (line headed “MEAN”), maximum (line headed “MAX”), and minimum (line
headed “MIN”) of monthly mean flows for each month for a designated period is provided below the mean values
table. The water years of the first occurrence of the maximum and minimum monthly flows are provided immediately
below those figures. The designated period will be expressed as “FOR WATER YEARS - , BY WATER
YEAR (WY),” and will list the first and last water years of the range of years selected from the PERIOD OF RECORD
paragraph in the station manuscript. It will consist of all of the station record within the specified water years, inclu-
sive, including complete months 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 computed will be consecutive, unless a break in the statio
record is indicated in the manuscript.

Summary statistics

Atable titled “SUMMARY STATISTICS” follows the statistics of monthly mean data tabulation. This table con-
sists of four columns, with the first column containing the line headings of the statistics being reported. The table
provides a statistical summary of yearly, daily, and instantaneous flows, not only for the current water year but also
for the previous calendar year and for a designated period, as appropriate. The designated period selected, “WATEI
YEARS __ - "will consist of all of the station record within the specified water years, inclusive, including
complete months 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 computed will be consecutive, unless a break in the station record is ind
cated in the manuscript. All of the calculations for the statistical characteristics designated ANNUAL (See line head-
ings below.), except for the “ANNUAL 7-DAY MINIMUM” statistic, are calculated for the designated period using
complete water years. The other statistical characteristics may be calculated using partial water years.

The date or water year, as appropriate, of the first occurrence of each statistic reporting extreme values of dis-
charge is provided adjacent to the statistic. Repeated occurrences may be noted in the REMARKS paragraph of th
manuscript or in footnotes. Because the designated period may not be the same as the station period of record pul
lished in the manuscript, occasionally the dates of occurrence listed for the daily and instantaneous extremes in the
designated-period column may not be within the selected water years listed in the heading. When this occurs, it will
be noted in the REMARKS paragraph or in footnotes. Selected streamflow duration curve statistics and runoff data
are also given. Runoff data may be omitted if there is extensive regulation or diversion of flow in the drainage basin.

The following summary statistics data, as appropriate, are provided with each continuous record of discharge.
Comments to follow clarify information presented under the various line headings of the summary statistics table.

ANNUAL TOTAL .--The sum of the daily mean values of discharge for the year. At some stations the annual total discharge is adjusted

for reservoir storage or diversion. The adjusted figures are identified by a symbol and corresponding footnotes.

ANNUAL MEAN.--The arithmetic mean of theindividual daily mean dischargesfor the year noted or for the designated period. At some

stations the yearly mean discharge is adjusted for reservoir storage or diversion. The adjusted figures are identified by a symbol and
corresponding footnotes.

HIGHEST ANNUAL MEAN.--The maximum annual mean discharge occurring for the designated period.

LOWEST ANNUAL MEAN.--The minimum annual mean discharge occurring for the designated period.

HIGHEST DAILY MEAN.--The maximum daily mean discharge for the year or for the designated period.

LOWEST DAILY MEAN.--The minimum daily mean discharge for the year or for the designated period.

ANNUAL 7-DAY MINIMUM .--The lowest mean discharge for 7 consecutive days for a calendar year or awater year. Note that most

low-flow frequency analyses of annual 7-day minimum flows use aclimatic 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 low-flow statistic.)

INSTANTANEOUS PEAK FLOW.--The maximum instantaneous discharge occurring for the water year or for the designated period. Note

that secondary instantaneous peak discharges above a selected base discharge are stored in District computer files for stations meeting
certain criteria. Those discharge values may be obtained by writing to the District Office. (See address on back of title page of thisreport.)

INSTANTANEOUS PEAK STAGE.--The maximum instantaneous stage occurring for the water year or for the designated period. If the

dates of occurrence for the instantaneous peak flow and instantaneous peak stage differ, the REMARKS paragraph in the manuscript or
afootnote may be used to provide further information.
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INSTANTANEOUS LOW FLOW.--The minimum instantaneous discharge occurring for the water year or for the designated period.

ANNUAL RUNOFF.--Indicates the total quantity of water in runoff for adrainage areafor the year. Datareports may use any of the
following units of measurement in presenting annual runoff data:

Acre-foot (AC-FT) is the quantity of water required to cover 1 acreto a depth of 1 foot and is equivalent to 43,560 cubic feet or about
326,000 gallons or 1,233 cubic meters.

Cubic feet per second per square mile (CFSM) is the average number of cubic feet of water flowing per second from each square mile
of area drained, assuming the runoff is distributed uniformly in time and area.

Inches (INCHES) indicates the depth to which the drainage areawould be covered if al the runoff for a given period were uniformly
distributed on it.

10 PERCENT EXCEEDS.--The discharge that is exceeded 10 percent of the time for the designated period.
50 PERCENT EXCEEDS.--The discharge that is exceeded 50 percent of the time for the designated period.
90 PERCENT EXCEEDS.--The discharge that is exceeded 90 percent of the time for the designated period.

Datacollected at partial -record stationsfollow theinformation for continuous-record sites. Datafor partial-record
discharge stations are presented in two tables. Thefirst is atable of annual maximum stage and discharge at crest-
stage stations, and the second is atable of discharge measurements at low-flow partial-record stations. The tables of
partia-record stations are followed by alisting of discharge measurements made at sites other than continuous-record
or partial-record stations. These measurements are generally made in times of drought or flood to give better areal
coverageto those events. Those measurements and others collected for some special reason are called measurements
at miscellaneous sites.

Accuracy of the Records

The accuracy of streamflow records depends primarily on: (1) The stability of the stage-discharge relation or, if
the control isunstable, the frequency of discharge measurements; and (2) the accuracy of measurements of stage, mea-
surements of discharge, and interpretation of records.

The accuracy attributed to the records is indicated under “REMARKS.” “Excellent” means that about 95 percent
of the daily discharges are within 5 percent of their true values; “good,” within 10 percent; and “fair,” within 15 per-
cent. Records that do not meet the criteria mentioned are rated “poor.” Different accuracies may be attributed to dif
ferent parts of a given record.

Daily mean discharges in this report are given to the nearest hundredth of a cubic foot per §£x)dndv(ﬁlues
less than 1 fis; to the nearest tenth between 1.0 and31§, b whole numbers between 10 and 1,08/8;fand to 3
significant figures for more than 1,008/& The number of significant figures used is based solely on the magnitude
of the discharge value.

Discharge at many stations, as indicated by the monthly mean, may not reflect natural runoff due to the effects of
diversion, consumption, regulation by storage, increase or decrease in evaporation due to artificial causes, or to othe
factors. For such stations, figures of cubic feet per second per square mile and of runoff, in inches, are not publishe
unless satisfactory adjustments can be made for diversions, for changes in contents of reservoirs, or for other chang
incident to use and control. Evaporation from a reservoir is not included in the adjustments for changes in reservoir
contents, unless it is so stated. Even at those stations where adjustments are made, large errors in computed runo
may occur if adjustments or losses are large in comparison with the observed discharge.

Other Records Available

Information used in the preparation of the records in this publication, such as discharge measurement notes, gag
height records, temperature measurements, and rating tables is on file in the Tallahassee office of the Florida District
Also, most of the daily mean discharges are in computer-readable form and have been analyzed statistically. Infor-
mation on the availability of the unpublished information or on the results of statistical analyses of the published
records may be obtained from the offices whose addresses are given on the back of the title page of this report.
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Records of Surface-Water Quality

Records of surface-water quality ordinarily are obtained at or near stream-gaging stations because interpretation
of records of surface-water quality nearly always requires corresponding discharge data. Records of surface-water
quality in this report may involve avariety of types of data and measurement frequencies.

Classification of Records

Water-quality data for surface-water sites are grouped into one of three classifications. A continuing-record sta-
tion isasite where data are collected on aregularly scheduled basis. Frequency may be once or more times daily,
weekly, monthly, or quarterly. A partial-record station isasite where limited water-quality dataare collected system-
atically over aperiod of years. Frequency of sampling is usually less than quarterly. A miscellaneous sampling site
isalocation other than a continuing or partial-record station where random samples are collected to give better areal
coverage to define water-quality conditionsin the river basin.

Arrangement of Records

Water-quality records collected at a surface-water daily record station are published immediately following that
record, regardless of the frequency of sample collection. Station number and name are the same for both records.
Where a surface-water daily record station is not available or where the water quality differs significantly from that
at the nearby surface-water station, the continuing water-quality record is published with its own station number and
namein the regular downstream-order sequence. Water-quality datafor partial-record stations and for miscellaneous
sampling sites appear in separate tables following the table of discharge measurements at miscellaneous sites.

On-site Measurements and Sample Collection

In obtaining water-quality data, a major concern is assuring that the data obtained represents the quality of the
water initsnatural state. To assure this, certain measurements, such aswater temperature, pH, and dissolved oxygen,
need to be made onsite when the samples are taken. To assure that measurements made in the |aboratory also repre-
sent the natural water, carefully prescribed procedures need to be followed in collecting the samples, in treating the
samplesto prevent changesin quality pending analysis, and in shipping the samplesto thelaboratory. Proceduresfor
onsite measurements and for collecting, treating, and shipping samples are given in publications on “Techniques of
Water-Resources Investigations,” Book 1, Chap.D2; Book 3, Chap. C2; Book 5, Chap. Al, A3, and A4. Also, detailed
information on collecting, treating, and shipping samples may be obtained from the Geological Survey.

One sample can define adequately the water quality at a given time if the mixture of solutes throughout the strean
cross section is homogeneous. However, the concentration of solutes at different locations in the cross section ma
vary widely with different rates of water discharge, depending on the source of material and the turbulence and mixing
of the stream. Some streams must be sampled through several vertical sections to obtain a representative sample
needed for an accurate mean concentration and for use in calculating load. All samples obtained for the National
Stream Quality Accounting Network (see definitions) are obtained from at least several verticals. Whether samples
are obtained from the centroid of flow or from several verticals depends on flow conditions and other factors which
must be evaluated by the collector.

Chemical-quality data published in this report are considered to be the most representative values available for
the stations listed. The values reported represent water-quality conditions at the time of sampling as much as possibl
consistent with available sampling techniques and methods of analysis. In the rare case where an apparent incons
tency exists between a reported pH value and the relative abundance of carbon dioxide species (carbonate and bic
bonate), the inconsistency is the result of a slight uptake of carbon dioxide from the air by the sample between
measurement of pH in the field and determination of carbonate and bicarbonate in the laboratory.
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Sediment

Suspended-sediment concentrations are determined from samples collected by using depth-integrating samplers.
Samples usually are obtained at several verticalsin the cross section, or a single sample may be obtained at a fixed
point and a coefficient applied to determine the mean concentration in the cross sections.

In addition to the records of suspended-sediment discharge, records of the periodic measurements of the particle-
size distribution of the suspended sediment and bed material are included for some stations.

Laboratory Measurements

Sediment samples, samples for biochemical-oxygen demand (BOD), samples for indicator bacteria, and daily
samples for specific conductance are analyzed locally. All other samples are analyzed in the Geological Survey lab-
oratory in Arvada, Colorado. M ethods used in analyzing sediment samples and computing sediment records are given
in TWRI, Book 5, Chap. C1. Methods used by the Geological Survey laboratory are given in TWRI, Book1, Chap.
D2; Book 3, Chap. C2; Book 5, Chap. A1, A3, and A4.

Data Presentation

Information pertinent to the history of station operation is provided in descriptive headings preceding the tabular
data. These descriptive headings give details regarding location, drainage area, period of record, type of data avail-
able, instrumentation, general remarks, cooperation, and extremes for parameters currently measured daily. Tables
of chemical, physical, biological, radiochemical data, and so forth, obtained at a frequency less than daily are pre-
sented first. Tables of “daily values” of specific conductance, pH, water temperature, dissolved oxygen, and sus-
pended sediment then follow in sequence.

In the descriptive headings, if the location is identical to that of the discharge gaging station, neither the LOCA-
TION nor the DRAINAGE AREA statements are repeated. The following information, as appropriate, is provided
with each complete-record station. Comments that follow clarify information presented under the various headings
of the station description.

Manuscript

LOCATION.--See Data Presentation under “Records of Stage and Water Discharge;” same comments apply.
DRAINAGE AREA.--See Data Presentation under “Records of Stage and Water Discharge;” same comments apply

PERIOD 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 measured daily or continuously and those measured le
than daily. For those measured daily or continuously, periods of record are given for the parameters individually.

INSTRUMENTATION.--Information on instrumentation is given only if a water-quality monitor, sediment pumping
sampler, or other sampling device is in operation at a station.

REMARKS.--Remarks provide added information pertinent to the collection, analysis, or computation of the records.

COOPERATION.--Records provided by a cooperating organization or obtained for the Geological Survey by a
cooperating organization are identified here.

EXTREMES.--Maximums and minimums are given only for parameters measured daily or more frequently. None
are given for parameters measured weekly or less frequently, because the true maximums or minimums may not hav
been sampled. Extremes, when given, are provided for both the period of record and for the current water year.

REVISIONS.--If errors in published water-quality records are discovered after publication, appropriate updates are
made to the Water-Quality File in the U.S. Geological Survey’s computerized data system, WATSTORE, and
subsequently by monthly transfer of update transactions to the U.S. Environmental Protection Agency’s STORET
system. Potential users of U.S. Geological Survey water-quality data are encouraged to obtain all required data fron
the appropriate computer file to insure the most recent updates.
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Remark Codes

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

PRINTED OUTPUT REMARK
E Estimated value
> Actual vaue is known to be greater than the value show
< Actual vaueis known to be less than the value shown
K Results based on colony count outside the acceptance range (non-ideal colony count)
L Biological organism count less than 0.5 percent (organism may be observed rather

than counted)
Biological organism count equal to or greater than 15 percent (dominant)
Analyte was detected in both the environmental sample and the associated blanks.
Biological organism estimated as dominant

R <O

Dissolved Trace-Element Concentrations

NOTE: Traditionally, dissolved trace-element concentrations have been reported at the microgram per liter (ug/L)
level. Recent evidence, mostly from largerivers, indicates that actual dissolved-phase concentrations for
a number of trace elements are within the range of 10’s to 100’s of nanograms per liter (ng/L). Data above
theug/L level should be viewed with caution. Such data may actually represent elevated environmental
concentrations from natural or human causes; however, these data could reflect contamination introducec
during sampling, processing, or analysis. To confidently produce dissolved trace-element data with insig-
nificant contamination, the U.S. Geological Survey began using new trace-element protocols at some sta-
tions in water year 1994.

Change in National Trends Network Procedures

NOTE: Sample handling procedures at all National Trends Network stations were changed substantially on
January 11, 1994, in order to reduce contamination from the sample shipping container. The data for sam
ples before and after that date are different and not directly comparable. A tabular summary of the differ-
ences based on a special intercomparison study, is available from the NADP/NTN Coordination Office,
Colorado State University, Fort Collins, CO 80523 (Telephone: 303-491-5643).

Water Quality-Control Data

Data generated from quality-control (QC) samples are a requisite for evaluating the quality of the sampling and
processing techniques as well as data from the actual samples themselves. Without QC data, environmental sampl
data cannot be adequately interpreted because the errors associated with the sample data are unknown. The vario
types of QC samples collected by this district are described in the following section. Procedures have been establishe
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 corresponding environmental samples.

Blank Samples

Blank samples are collected and analyzed to ensure that environmental samples have not been contaminated k
the overall data-collection process. The blank solution used to develop specific types of blank samples is a solution
that is free of the analytes of interest. Any measured value signal in a blank sample for an analyte (a specific compc
nent measured in a chemical analysis) that was absent in the blank solution is believed to be due to contamination.
There are many types of blank samples possible, each designed to segregate a different part of the overall data-co
lection process. The types of blank samples collect in this district are:

Field blank - a blank solution that is subjected to all aspects of sample collection, field processing preservation,
transportation, and laboratory handling as an environmental sample.
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Trip blank - a blank solution that is put in the same type of bottle used for an environmental sample and kept with
the set of sample bottles before and after sample collection.

Equipment blank - a blank solution that is processed through all equipment used for collecting and processing an
environmental sample similar to afield blank but normally done in the more controlled conditions of the
office).

Sampler blank - ablank solution that is poured or pumped through the same field sampler used for collecting an
environmental sample.

Filter blank - ablank solution that isfiltered in the same manner and through the same filter apparatus used for an
environmenta sample.

Splitter blank - ablank solution that is mixed and separated using afield splitter in the same manner and through
the same apparatus used foran environmental sample.

Preservation blank - a blank solution that is treated with the sampler preservatives used for an environmental
sample.

Reference Samples

Reference materia is asolution or material prepared by alaboratory whose composition is certified for one or
more properties so that it can be used to assess a measurement method. Samples of reference material are submitted
for analysisto ensure that an analytical method is accurate for the known properties of the reference material. Gener-
aly, the selected reference materia properties are similar to the environmental sample properties.

Replicate Samples

Replicate samples are a set of environmental samples collected in a manner such that the samples are thought to
be essentially identical in composition. Replicateisthe general casefor which aduplicate isthe special case consisting
of two samples. Replicate samples are collected and analyzed to establish the amount of variability in the data con-
tributed by some part of the collection and analytical process. There are many types of replicate samples possible,
each of which may yield dightly different resultsin adynamic hydrologic setting, such asaflowing stream. Thetypes
of replicate samples collected in this district are: Sequential samples - atype of replicate samplein which the samples
are collected one after the other, typically over a short time.

Split sample - atype of replicate sample in which a sampleis split into subsamples contemporaneous in time and
space.

Spike Samples

Spike samples are samplesto which known quantities of a solution with one or more well-established analyte con-
centrations have been added. These samplesare analyzed to determine the extent of matrix interference or degradation
on the analyte concentration during sample processing and analysis.

Records of Ground-Water Levels

Ground-water level datafrom a statewide network of wells are published herein. The records include data from
wells equipped with water-level recorders and data from wells where water levels are measured periodically.

Data Collection and Computation

M easurements of water levels are made in many types of wells under varying conditions, but the methods of mea-
surement are standardized to the extent possible. The equipment and measuring techniques used at each observation
well ensure that measurements at each well are of consistent accuracy and reliability.
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Tablesof water-level dataare presented by counties arranged in a phabetical order. The primeidentification num-
ber for agiven well isthe 15-digit number that appears in the upper left corner of the table.

Water-level records are obtained from direct measurements with a steel tape, pressure gage, manometer, or from
the graph or punched tape of awater-level recorder. The measurementsin thisreport are given in feet above or below
National Geodetic Vertical Datum of 1929 or in some tables as feet below land-surface datum. Land-surface datum
isadatum plane that is approximately at land surface at each well. The elevation of the land-surface datum is given
in the well description. The height of the measuring point (MP) above or below land-surface datum is given in each
well description.

Water levels are reported to as many significant figures as can be justified by the local conditions. For example,
in a measurement of a depth to water of several hundred feet, the error of determining the absolute value of the total
depth to water may be afew tenths of afoot, whereas the error in determining the net change of water level between
successive measurements may be only afew hundredths of afoot. For lesser depthsto water, the accuracy isgreater.
Accordingly, most measurements are reported to a hundredth of afoot, but some are given to atenth of afoot or a
larger unit.

Data Presentation

Each well record consists of three parts, the station description and the data table of water levels observed during
thewater year. The description of thewell is presented first through use of descriptive headings preceding the tabular
data. The commentsto follow clarify information presented under the various headings of the well description.

LOCATION.--This paragraph follows the well-identification number and reports the latitude and longitude (givenin
degrees, minutes, and seconds); alandline location designation; the hydrol ogic-unit number; and the distance and
direction from a geographic point of reference; and the owner’'s name.

AQUIFER.--This entry designates by name (if a hame exists) and geologic age the aquifer(s) open to the well.

WELL CHARACTERISTICS.--This entry describes the well in terms of depth, diameter, casing depth and/or
screened interval, method of construction, use, and additional information such as casing breaks, collapsed screen
and other changes since construction.

INSTRUMENTATION.--This paragraph provides information on both the frequency of measurement and the
collection method used, allowing the user to better evaluate the reported water-level extremes by knowing whether
they are based on weekly, monthly, or some other frequency of measurement.

DATUM.--This entry describes both the measuring point and the land-surface elevation at the well. The measuring
point is described physically (such as top of collar, notch in top of casing, plug in pump base and son on), and in
relation to land surface (such as 1.3 ft above land-surface datum). The elevation of the land-surface datum is describe
in feet above (or below) National Geodetic Vertical Datum of 1929 (NGVD of 1929); it is reported with a precision
depending on the method of determination.

REMARKS.--This entry describes factors that may influence the water level in a well or the measurement of the water
level. It should identify wells that also are water-quality observation wells, and may be used to acknowledge the
assistance of local (non-Survey) observers.

PERIOD OF RECORD.--This entry indicates the period for which there are published records for the well. It reports
the month and year of the start of publication of water-level records by the U.S. Geological Survey and the words “to
current year” if the records are to be continued into the following year. Periods for which water-level records are
available, but are not published by the Geological Survey, may be noted.

EXTREMES FOR PERIOD OF RECORD.--This entry contains the highest and lowest water levels of the period of
published record, with respect to land-surface datum, and the dates of their occurrence.

A table of water levels follows the station description for each well. Water levels are reported in feet below land-
surface datum and all taped measurements of water level are listed. For wells equipped with recorders, only abbrev
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ated tables are published; generally, only water-level lows are listed for every fifth day and at the end of the month
(EOM). The highest and lowest water levels of the water year and their dates of occurrence are shown on aline below
the abbreviated table. Because all values are not published for wells with recorders, the extremes may be values that
are not listed in the table. Missing records are indicated by dashes in place of the water level.

Records of Ground-Water Quality

Records of ground-water quality in this report differ from other types of recordsin that, for most sampling sites,
they consist of only one set of measurementsfor the water year. The quality of ground water ordinarily changes only
dowly; therefore, for most general purposes, one annual sampling, or only afew samplestaken at infrequent intervals
during theyear, issufficient. Frequent measurement of the same constituentsis not necessary unless oneis concerned
with aparticular problem. In the specia cases where the quality of ground water may change more rapidly, more
frequent measurements are made to identify the nature of the changes.

Data Collection and Computation

Methods for collecting and analyzing water samples are described in the “U.S. Geological Survey Technigues of
Water-Resources Investigations” manuals listed at the end of the introductory text. The values reported in this repor
represent water-quality conditions at the time of sampling as much as possible, consistent with available sampling
techniques and methods of analysis. All samples were obtained by trained personnel. The wells sampled were
pumped long enough to assure that the water collected came directly from the aquifer and had not stood for a long
time in the well casing where it would have been exposed to the atmosphere and to the material, possibly metal, con
prising the casing.

Data Presentation

The records of ground-water quality are published with the ground-water-level records for each county. Data for
quality of ground water are identified by well number. The prime identification number for wells sampled is the 15-
digit number derived from the latitude-longitude locations. The Remark Codes listed for surface-water-quality
records are also applicable to ground-water-quality records.

ACCESS TO USGS WATER DATA

The USGS provides near real-time stage and discharge data for many of the gaging stations equipped with the
necessary telemetry and historic daily-mean and peak-flow discharge data for most current or discontinued gaging
stations through the world wide web (WWW). These data may be accessed at

http://www.water.usgs.gov

Some water-quality and ground-water data also are available through the WWW. In addition, data can be pro-
vided in various machine-readable formats on magnetic tape or 3%2-inch floppy disk. Information about the availabil-
ity of specific types of data or products, and user charges, can be obtained locally from each of the Water Resource
Division DistrictOffices (See address on the back of the title page.)

DEFINITION OF TERMS

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

Acid neutralizing capacity (ANC) is the equivalent sum of all bases or base-producing materials, solutes plus par-
ticulates, in an aqueous system that can be titrated with acid to an equivalence 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 equivalent
to 43,560 cubic feet or about 326,000 gallons or 1,233 cubic meters.

Adenosine triphosphate (ATP) is an organic, phosphate-rich, compound important in the transfer of energy in
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organisms. Its central rolein living cells makesit an excellent indicator of the presence of living material in water. A
measurement of ATP therefore provides a sensitive and rapid estimate of biomass. ATPisreported in micrograms per
liter of the origina water sample.

Algae are mostly aquatic single-celled, colonial, or multi-celled plants, containing chlorophyll and lacking roots,
stems, and leaves.

Algal growth potential (AGP) isthe maximum algal dry weight biomass that can be produced in a natural water
sample under standardized |aboratory conditions. The growth potentia isthe algal biomass present at stationary phase
and is expressed as milligrams dry weight of algae produced per liter of sample.

Alkalinity is the capacity of solutesin an aqueous system to neutralize acid.

Bacteria are microscopic unicellular organisms, typically spherical, rodlike, or spiral and threadlike in shape,
often clumped into colonies. Some bacteria cause disease, while others perform an essential rolein nature in the recy-
cling of materials; for example, by decomposing organic matter into aform available for reuse by plants.

Total coliform bacteria are a particular group of bacteriathat are used as indicators of possible sewage
pollution. Thisgroup includes coliformsthat inhabit the i ntestine of warm-blooded animals and those that inhabit
soils. They are characterized as aerobic or facultative anaerobic, gram-negative, nonspore-forming, rod-shaped
bacteria which ferment lactose with gas formation within 48 hours at 35 °C. In the laboratory these bacteria are
defined as all the organisms that produce colonies with a golden-green metallic sheen within 24 hours when
incubated at 35 °C plus or minus 1.0 °C on M-Endo medium (nutrient medium for bacterial growth). Their
concentrations are expressed as number of colonies per 100 mL of sample.

Fecal coliform bacteria are bacteriathat are present in the intestine or feces of warm-blooded animals. They
are often used asindicators of the sanitary quality of the water. In the laboratory they are defined as all organisms
that produce blue colonies within 24 hours when incubated at 44.5 °C plus or minus 0.2 °C on M-FC medium
(nutrient medium for bacterial growth). Their concentrations are expressed as number of colonies per 100 mL of
sample.

Fecal streptococcal bacteria are bacteriafound also in the intestine of warm-blooded animals. Their presence
inwater isconsidered to verify fecal pollution. They are characterized as Gram-positive, cocci bacteriawhich are
capable of growth in brain-heart infusion broth. In the laboratory they are defined as all the organisms which
producered or pink colonieswithin 48 hoursat 35 °C plus or minus 1.0 °C on KF-streptococcus medium (nutrient
medium for bacterial growth). Their concentrations are expressed as number of colonies per 100 mL of sample.

Enterococcus bacteria are commonly found in the feces of humans and other warm-blooded animals.
Although some strains are ubiquitous and not related to fecal pollution, the presence of enterococci in water isan
indication of fecal pollution and the possible presence of enteric pathogens. Enterococcus bacteria are those
bacteria which produce pink to red colonies with black or reddish-brown precipitate after incubation at 41-C on
mE agar and subsequent transfer to EIA medium. Enterococci include Streptococcus feacalis, Streptococcus
feacium, Streptococcus avium, and their variants.

Bedload is the sediment which moves along in essentially continuous contact with the streambed by rolling, slid-
ing, and making brief excursions into the flow a few diameters above the bed.

Bed material is the sediment mixture of which a streambed, lake, pond, reservoir, or estuary bottom is composed.

Benthic invertebrates are invertebrate animals inhabiting the bottoms of lakes, streams, and other water bodies.
They are useful as indicators of water quality.

Biochemical oxygen demand (BOD) is a measure of the quantity of dissolved oxygen, in milligrams per liter, nec-
essary for the decomposition of organic matter by micro-organisms, such as bacteria.

Biomassis the amount of living matter present at any given time, expressed as the mass per unit area or volume
of habitat.
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Ash massisthe mass or amount of residue present after the residue from the dry mass determination has been
ashed in amuffle furnace at a temperature of 500 °C for 1 hour. The ash mass values of zooplankton and
phytoplankton are expressed in grams per cubic meter (g/m?), and periphyton and benthic organismsin grams per
square mile (g/m?).

Dry mass refers to the mass of residue present after drying in an oven at 105 °C for zooplankton and
periphyton, until the mass remains unchanged. This mass represents the total organic matter, ash and sediment, in
the sample. Dry-mass values are expressed in the same units as ash mass.

Organic mass or volatile mass of the living substance is the difference between the dry mass and ash mass
and representsthe actual mass of theliving matter. The organic massisexpressed in the same unitsasfor ash mass
and dry mass.

Wet mass is the mass of living matter plus contained water.
Bottom material: See Bed material.

Cedlsivolume refers to the number of cells of any organism which is counted by using a microscope and grid or
counting cell. Many planktonic organisms are multicelled and are counted according to the number of contained cells
per sample, usually milliliters (mL) or liters (L).

Cfs-day isthe volume of water represented by aflow of 1 cubic foot per second for 24 hours. It is equivalent to
86,400 cubic feet, approximately 1.9835 acre-feet, about 646,000 gallons, or 2,447 cubic meters.

Chemical oxygen demand (COD) isameasure of the chemically oxidizable material in the water and furnishesan
approximation of the amount of organic and reducing material present. The determined value may correlate with BOD
or with carbonaceous organic pollution from sewage or industrial wastes.

Chlorophyll refersto the green pigments of plants. Chlorophyll aand b are the two most common green pigments
in plants.

Color unit is produced by one milligram per liter of platinum in the form of the chloroplatinate ion. Color is
expressed in units of the platinum-cobalt scale.

Contentsisthe volume of water in areservoir or lake. Unless otherwise indicated, volume is computed on the
basis of alevel pool and does not include bank storage.

Continuing-record station is a specified site which meets one or all conditions listed:
1. When chemical samples are collected daily or monthly for 10 or more months during the water year.
2. When water temperature records include observations taken one or more times daily.

3. When sediment discharge records include periods for which sediment loads are computed and are
considered to be representative of the runoff for the water year.

Control designates afeature downstream from the gage that determines the stage-discharge relation at the gage.
Thisfeature may be anatural constriction of the channel, an artificial structure, or auniform cross section over along
reach of the channel.

Cubic foot per second (FT3/S, ft3/s) isthe rate of discharge representing avolume of 1 cubic foot passing agiven
point during 1 second and is equivalent to approximately 7.48 gallons per second or 448.8 gallons per minute.

Dischargeisthe volume of water (or more broadly, volume of fluid plus suspended sediment), that passesagiven
point within a given period of time.

Mean discharge (MEAN) isthe arithmetic mean of individual daily mean discharges during a specific period.
Instantaneous discharge is the discharge at a particular instant of time.

Annual 7-day minimum is the lowest mean discharge for 7 consecutive days for a calendar year or a water
year. Note that most |ow-flow frequency analyses of annual 7-day minimum flows use a climatic year (April 1-
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March 31). The date shown inthe summary statisticstableistheinitial date of the 7-day period. (Thisvalue should
not be confused with the 7-day 10-year low-flow statistic.)

Dissolved refersto that material in arepresentative water samplewhich passesthrough a0.45 um membranefilter.
Thisisaconvenient operational definition used by Federal agencies that collect water data.Determinations of "dis-
solved" constituents are made on subsamples of the filtrate.

Dissolved-solids concentration of water is determined either analytically by the "residue-on-evaporation”
method, or mathematically by totaling the concentrations of individual constituents reported in a comprehensive
chemical analysis. During the analytical determination of dissolved solids, the bicarbonate (generally amajor dis-
solved component of water) is converted to carbonate. Therefore, in the mathematical calculation of dissolved-solids
concentration, the bicarbonate value, in milligrams per liter, is multiplied by 0.492 to reflect the change.

Drainage area of astream at a specific location is that area, measured in a horizontal plane, enclosed by atopo-
graphic divide from which direct surface runoff from precipitation normally drains by gravity into the stream above
the specified point. Figures of drainage area given herein include all closed basins, or noncontributing areas, within
the area unless otherwise specified.

Drainage basin is a part of the surface of the earth that is occupied by a drainage system, which consists of a sur-
face stream or abody of impounded surface water together with al tributary surface streams and bodies of impounded
surface water.

Extractable organic halides (EOX) are organic compounds which contain halogen atoms such achlorine. These
organic compounds are semi-volatile and extractable by ethyl acetate from air-dried stream bottom sediments. The
ethyl acetate extract is combusted, and the concentration is determined by microcoulometric determination of the
halidesformed. The concentration isreported as micrograms of chlorine per gram of the dry weight of the stream bot-
tom sediments.

Hardness of water is a physical-chemical characteristic that is commonly recognized by the increased quantity of
soap required to produce lather. It is computed as the sum of equivalents of polyvalent cations and is expressed asthe
eguivalent concentration of calcium carbonate (CaCOs).

High tide is the maximum height reached by each rising tide.

Hydrologic Benchmark Network is a network of 50 sitesin small drainage basins around the country whose pur-
poseisto provide consistent data on the hydrology, including water quality, and related factorsin representative unde-
vel oped watersheds nationwide, and to provide analyses on a continuing basis to compare and contrast conditions
observed in basins more obviously affected by human activities.

Hydrologic unit isageographic area representing part or all of asurface drainage basin or distinct hydrologic fea-
ture as delineated by the Office of Water Data Coordination on the State Hydrologic Unit M aps; each hydrologic unit
isidentified by an 8-digit number.

Low tide is the minimum height 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 isthe average of all tides over a specified period.

Membrane filter is athin microporous material of specific pore size used to filter bacteria, algae, and other very
small particles from water.

Metamorphic stage refers to the stage of development that an organism exhibits during its transformation from
an immature form to an adult form. This developmental process exists for most insects, and the degree of difference
from the immature stage to the adult form varies from relatively slight to pronounced, with many intermediates.
Examples of metamorphic stages of insects are egg-larva-adult or egg-nymph-adult.



28 WATER RESOURCES DATA FOR FLORIDA, 1998
Volume 4: Northwest Florida
Methylene blue active substances (MBAYS) are apparent detergents. The determination depends on the formation
of ablue color when methylene blue dye reacts with synthetic anionic detergent compounds.

Micrograms per gram (1g/g) isaunit expressing the concentration of a chemical constituent as the mass (micro-
grams) of the element per unit mass (gram) of material analyzed.

Micrograms per liter (WG/L, pg/L) isaunit expressing the concentration of chemical constituentsin solution as
mass (micrograms) of solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to one
milligram per liter.

Microsiemens per centimeter (uS/cm, uS/CM) isaunit expressing the amount of electrical conductivity of asolu-
tion as measured between opposite faces of a centimeter cube of solution at a specified temperature. Siemensisthe
International System of units nomenclature. It is synonymous with mhos and is the reciprocal of resistance in ohms.

Milligrams per liter (UG/L, pg/L) isaunit for expressing the concentration of chemical constituentsin solution.
Milligrams per liter represents the mass of solute per unit volume (liter) of water. Concentration of suspended sedi-
ment also is expressed in mg/L and is based on the mass of dry sediment per liter of water-sediment mixture.

Most probable number (MPN) is an index of the number of coliform bacteria that, more probably than any other
number, would give the results shown by the laboratory examination; it isnot an actual enumeration. It is determined
from the distribution of gas-positive cultures among multiple inoculated tubes.

Multiple-plate samplers are artificial substrates of known surface area used for obtaining benthic-invertebrate
samples. They consist of a series of spaced, hardboard plates on an eyebolt.

National Geodetic Vertical Datum of 1929 (NGVD of 1929) is a geodetic datum derived from agenera adjust-
ment of the first order level nets of both the United States and Canada. It was formerly called "Sea Level Datum of
1929" or "mean sealevel" in this series of reports. Although the datum was derived from the average sealevel over a
period of many years at 26 tide stations a ong the Atlantic, Gulf of Mexico, and Pacific Coasts, it does not necessarily
represent local mean sealevel at any particular place.

National Stream-Quality Accounting Network (NASQAN) monitors the water quality of large rivers within four
of the Nation's largest river basins--the Mississippi, Columbia, Colorado, and Rio Grande. The network consists of
39 stations. Samples are collected with sufficient frequency that the flux of awide range of constituents can be esti-
mated. The objective of NASQAN isto characterize the water quality of these large rivers by measuring concentration
and masstransport of awide range of dissolved and suspended constituents, including nutrients, major ions, dissolved
and sediment-bound heavy metals, common pesticides, and inorganic and organic forms of carbon. Thisinformation
will be used (1) to describe the long-term trends and changes in concentration and transport of these constituents; (2)
to test findings of the National Water-Quality Assessment Program (NAWQA); (3) to characterize processes unique
tolarge-river systems such as storage and re-mobilization of sediments and associated contaminants; and (4) to refine
existing estimates of off-continent transport of water, sediment, and chemicals for assessing human effects on the
world's oceans and for determining global cycles of carbon, nutrients, and other chemicals.

The National Atmospheric Deposition Program/ National Trends Network (NADP/NTN) provides continuous
measurement and assessment of the chemical climate of precipitation throughout the United States. Asthelead federal
agency, the USGS works together with over 100 organizations to accomplish the following objectives; (1) Provide a
long-term, spatial and temporal record of atmospheric deposition generated from anetwork of 191 precipitation chem-
istry monitoring sites. (2) Provide the mechanism to eval uate the effectiveness of the significant reduction in SO,
emissionsthat began in 1995 asimplementation of the Clean Air Act Amendments (CAAA) occurred. (3) Providethe
scientific basis and nationwide evaluation mechanism for implementation of the Phase Il CAAA emission reductions
for SO, and NO, scheduled to begin in 2000.

The National Water-Quality Assessment (NAWQA) Program of the U.S. Geological Survey is along-term pro-
gram with goals to describe the status and trends of water-quality conditions for alarge, representative part of the
Nation’s ground- and surface-water resources; provide an improved understanding of the primary natural and human
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factors affecting these observed conditions and trends; and provide information that supports development and eval-
uation of management, regulatory, and monitoring decisions by other agencies.

Organismis any living entity.
Organism count/area refers to the number of organisms collected and enumerated in asample and adjusted to the

number per area habitat, usually square meter (mz), acre, or hectare. Periphyton, benthic organisms, and macrophytes
are expressed in these terms.

Organism count/volume refers to the number of organisms collected and enumerated in a sample and adjusted to
the number per sample volume, usually milliliter (mL) or liter (L). Numbersof planktonic organisms can be expressed
in these terms.

Total organism count is the total number of organisms collected and enumerated in any particular sample.

Parameter Codeisa5-digit number used in the U.S. Geological Survey computerized data system, National
Water Information System (NWIS), to uniquely identify a specific constituent. The codes used in NWIS are the same
as those used in the U.S. Environmental Protection Agency data system, STORET. The Environmental Protection
Agency assigns and approves all requests for new codes.

Partial-record station is a particular site where limited streamflow and/or water-quality data are collected sys-
tematically over a period of years for use in hydrologic analyses.

Particle sizeisthe diameter, in millimeters (mm), of a particle determined by either sieve or sedimentation meth-
ods. Sedimentation methods (pipet, bottom-withdrawal tube, visual-accumulation tube) determine fall diameter of
particlesin either distilled water (chemically dispersed) or in native water (the river water at the time and point of
sampling).

Particle-size classification used in this report agrees with the recommendation made by the American Geophys-
ical Union Subcommittee on Sediment Terminology. The classification is asfollows:

Classification Size (mm) Method of analysis
Clay 0.00024 - 0.004 Sedimentation
Silt .004 - .062 Sedimentation
Sand .062 - 2.0 Sedimentation/sieve
Gravel 2.0 - 64.0 Sieve

The partial-size distributions given in this report are not necessarily representative of al particlesin transport in
the stream. Most of the organic matter isremoved, and the sampleis subjected to mechanical and chemical dispersion
before analysisin distilled water. Chemical dispersion is not used for native-water analysis.

Percent composition is a unit for expressing the ratio of a particular part of a sample or population to the total
sample or population, in terms of types, numbers, mass, or volume.

Periphyton is the assemblage of microorganisms attached to and living upon submerged solid surfaces. While pri-
marily consisting of algae, they also include bacteria, fungi, protozoa, rotifers, and other small organisms.

Pesticides are chemical compounds used to control undesirable organisms. Major categories of pesticidesinclude
insecticides, miticides, fungicides, herbicides, and rodenticides.

Picocurie (PC, pCi) isonetrillionth (1 x 10-12) of the amount of radioactivity represented by acurie (Ci). A curie
is the amount of radioactivity that yields 3.7 x 1010 radioactive disintegrations per second. A picocurie yields
2.22 dpm (disintegrations per minute).

Plankton is the community of suspended, floating, or weakly swimming organismsthat livein the open water of
lakes and rivers.

Phytoplankton is the plant part of the plankton. They are usually microscopic and their movement is subject to the
water currents. Phytoplankton growth is dependent upon solar radiation and nutrient substances. Because they are able
toincorporate aswell as release material s to the surrounding water, the phytoplankton have a profound effect upon the
quality of thewater. They arethe primary food producersin the aquatic environment and are commonly known as algae.
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Blue-green algae are agroup of phytoplankton organisms having a blue pigment, in addition to the green
pigment called chlorophyll. Blue-green algae often cause nuisance conditions in water.

Diatoms are the unicellular or colonia algae having a siliceous shell. Their concentrations are expressed as
number of cells per milliliter (cells/mL) of sample.

Green algae have chlorophyll pigments similar in color to those of higher green plants. Some forms produce
agae mats or floating "moss” in lakes. Their concentrations are expressed as number of cells per milliliter
(cellsyfmL) of sample.

Zooplankton is the animal part of the plankton. Zooplankton are capable of extensive movements within the
water column and are often large enough to be seen with the unaided eye. Zooplankton are secondary consumers
feeding upon bacteria, phytoplankton, and detritus. Because they are the grazers in the aquatic environment, the
zooplankton are avital part of the aquatic food web. The zooplankton community is dominated by small
crustaceans and rotifers.

Polychlorinated biphenyls (PCB’s) areindustrial chemicalsthat are mixtures of chlorinated biphenyl compounds
having various percentages of chlorine. They are similar in structure to organochlorine insecticides.

Primary productivity is a measure of the rate at which new organic matter is formed and accumulated through
photosynthetic and chemaosynthetic activity of producer organisms (chiefly, green plants). The rate of primary pro-
duction is estimated by measuring the amount of oxygen released (oxygen method) or the amount of carbon assimi-
lated by the plants (carbon method).

Milligrams of carbon per area or volume per unit time[mg C/(r'r12/ti me)] for periphyton and macrophytesand [ mg
C/(m3/ti me)] for phytoplankton are unitsfor expressing primary productivity. They define the amount of carbon diox-
ide consumed as measured by radioactive carbon (carbon 14). The carbon 14 method is of greater sensitivity than the
oxygen light and dark bottle method and is preferred for use in unenriched waters. Unit time may be either the hour
or day, depending on the incubation period.

Milligrams of oxygen per area or volume per unit time[mg O /(mz/time)] for periphyton and macrophytes and
[mg O /(m3/ time)] for phytoplankton are the units for expressing primary productivity. They define production and
respiration rates as estimated from changes in the measured dissolved-oxygen concentration. The oxygen light and
dark bottle method is preferred if the rate of primary production is sufficient for accurate measurements to be made
within 24 hours. Unit time may be either the hour or day, depending on the incubation period.

Radiochemical programis anetwork of regularly sasmpled water-quality stations where samples are collected to
be analyzed for radioisotopes. The streams that are sampled represent major drainage basins in the conterminous
United States.

Recoverable from bottom material isthe amount of a given constituent that isin solution after a representative
sample of bottom material has been digested by a method (usually using an acid or mixture of acids) that resultsin
dissolution of readily soluble substances. Complete dissolution of all bottom material isnot achieved by the digestion
treatment and thus the determination represents less than the total amount (that is, less than 95 percent) of the constit-
uent in the sample. To achieve comparability of analytical data, equivalent digestion procedureswould be required of
all laboratories performing such analyses because different digestion procedures are likely to produce different ana-
lytical results.

Return period isthe average time interval between occurrences of a hydrological event of agiven or greater mag-
nitude, usually expressed in years. May aso be called recurrence interval.

River mile as used herein, isthe distance above the mouth of Delaware Bay, measured along the center line of the
navigation channel or the main stem of the Delaware River. River mile data were furnished by the Delaware River
Basin Commission.

Runoffininches (IN., in.) showsthe depth to which the drainage areawoul d be covered if al the runoff for agiven
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time period were uniformly distributed on it.

Sealevel: Inthisreport "sealevel” refersto the National Geodetic Vertical Datum of 1929 (NGVD of 1929)---a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.

Sediment is solid material that originates mostly from disintegrated rocks and is transported by, suspended in, or
deposited from water; it includes chemical and biochemical precipitates and decomposed organic material, such as
humus. The quantity, characteristics, and cause of the occurrence of sediment in streams are influenced by environ-
mental factors. Some major factors are degree of slope, length of dlope, soil characteristics, land usage, and quantity
and intensity of precipitation.

Bed load isthe sediment that is transported in a stream by rolling, sliding, or skipping along the bed and very
closetoit. In thisreport, bed load is considered to consist of particlesin transit within 0.25 ft of the streambed.

Bed load discharge (tons per day) isthe quantity of bed load measured by dry weight that moves past a section
as bed load in agiven time.

Suspended sediment is the sediment that at any given time is maintained in suspension by the upward
components of turbulent currents or that existsin suspension as a colloid.

Suspended-sediment concentration is the velocity-weighted concentration of suspended sediment in the
sampled zone (from the water surface to a point approximately 0.3 ft above the bed) expressed as milligrams of
dry sediment per liter of water-sediment mixture (mg/L). The entire sample is used for the analysis.

Mean concentration isthe time-wei ghted concentration of suspended sediment passing a stream section during
a 24-hour day.

Suspended-sediment discharge (tons/day) istherate at which dry mass of sediment passes asection of astream
or isthe quantity of sediment, as measured by dry mass or volume, that passes a section in agiventime. Itis
calculated in units of tons per day as follows. concentration (mg/L) x discharge (ft¥/s) x 0.0027.

Suspended-sediment load is a general term that refers to material in suspension. It is not synonymous with
either discharge or concentration.

Suspended total residueat 105 Deg. C concentration isthe concentration of suspended sediment in the sampled
zone expressed as milligrams of dry sediment per liter of water-sediment mixture (mg/L). A small aliquot of the
sampleis used for the analysis.

Total sediment discharge (tons/day) is the sum of the suspended-sediment discharge and the bed-load
discharge. It isthe total quantity of sediment, as measured by dry mass or volume, that passes a section during a
given time.

Total sediment load or total load isaterm which refersto the total sediment (bed load plus suspended-sediment
load) that isin transport. It is not synonymous with total sediment discharge.

Sodium-adsorption-ratio (SAR) isthe expression of relative activity of sodium ionsin exchange reactionswithin
soil and isan index of sodium or alkali hazard to the soil. Waters range in respect to sodium hazard from those which
can be used for irrigation on amost al soilsto those which are generally unsatisfactory for irrigation.

Solute is any substance that is dissolved in water.

Soecific conductanceisameasure of the ability of awater to conduct an electrical current. It isexpressed in micro-
siemens per centimeter at 25 °C. Specific conductanceis related to the type and concentration of ionsin solution and
can be used for approximating the dissolved-solids content of the water. Commonly, the concentration of dissolved
solids (in milligrams per liter) isfrom 55 to 75 percent of the specific conductance (in microsiemens). This relation
isnot constant from stream to stream, and it may vary in the same source with changesin the composition of the water.
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Sage-dischargerelationistherelation between gage height (stage) and volume of water, per unit of time, flowing
in achannel.

Streamflow isthe discharge that occursin anatural channel. Although the term "discharge” can be applied to the
flow of acanal, theword "streamflow" uniquely describesthe dischargein a surface stream course. Theterm "stream-
flow" ismore general than "runoff" as streamflow may be applied to discharge whether or not it is affected by diver-
sion or regulation.

Substrate is the physical surface upon which an organism lives.

Natural substraterefersto any naturally occurring immersed or submersed solid surface, such asarock or tree,
upon which an organism lives.

Artificial substrateisadevicewhichispurposely placed in astream or lake for colonization or organisms. The
artificial substrate simplifies the community structure by standardizing the substrate from which each sampleis
taken. Examples of artificial substrates are basket samplers (made of wire cages filled with clean streamside
rocks) and multiplate samplers (made of hardboard) for benthic organism collection, and plexiglass strips for
periphyton collection.

Surface area of alakeisthat area outlined on the latest USGS topographic map as the boundary of the lake and
measured by a planimeter in acres. In localities not covered by topographic maps, the areas are computed from the
best maps available at the time planimetered. all areas shown are those for the stage when the planimetered map was
made.

Surficial bed material isthe part (0.1 to 0.2 ft) of the bed material that is sampled using U.S. Series Bed-Materia
Samplers.

Suspended (as used in tables of chemical analyses) refers to the amount (concentration) of undissolved material
in awater-sediment mixture. It is associated with the material retained on a 0.45-micrometer filter.

Suspended, recoverableis the amount of agiven constituent that is in solution after the part of a representative
water-suspended sediment sample that isretained on a 0.45 um membrane filter has been digested by amethod (usu-
aly using adilute acid solution) that results in dissolution of only readily soluble substances. Complete dissol ution of
all the particulate matter is not achieved by the digestion treatment and thus the determination represents something
lessthan the "total" amount (that is, less than 95 percent) of the constituent present in the sample. To achieve compa-
rability of anaytical data, equivalent digestion procedures are required of al laboratories performing such analyses
because different digestion procedures are likely to produce different analytical results.

Determinations of "suspended, recoverable" constituents are made either by analyzing portions of the material
collected on thefilter or, more commonly, by difference, based on determinations of (1) dissolved and (2) total recov-
erable concentrations of the constituent.

Suspended, total is the total amount of a given constituent in the part of arepresentative water-suspended sedi-
ment sample that is retained on a 0.45 um membrane filter. This term is used only when the analytical procedure
assures measurement of at least 95 percent of the constituent determined. A knowledge of the expected form of the
constituent in the sample, aswell asthe analytical methodology used, isrequired to determine when the results should
be reported as "suspended, total ."

Determinations of "suspended, total” constituents are made either by analyzing portions of the materia collected
on the filter or, more commonly, by difference, based on determinations of (1) dissolved and (2) total concentrations
of the constituent.

Synoptic Sudies Short-term investigations of specific water-quality conditions during selected seasonal or hydro-
logic periodsto provideimproved spatial resolution for critical water-quality conditions. For the period and conditions
sampled, they assess the spatial distribution of selected water-quality conditionsin relation to causative factors, such
as land use and contaminant sour ces.
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Taxonomy isthedivision of biology concerned with the classification and naming of organisms. Theclassification
of organismsis based upon a hierarchial scheme beginning with Kingdom and ending with Species at the base. The
higher the classification level, the fewer features the organisms have in common. For example, the taxonomy of a par-
ticular mayfly, Hexagenia limbata, is the following:

Kingdom: .......cccoevvmeeiinnereesee Animal

Phylum: ..o, Arthropoda

ClBSS. .ot Insecta

Order: ..o Ephemeroptera
Family: oo Ephemeridae
GENUS. ..veeeeeieteseeeee e Hexagenia

SPECIES: vt Hexagenia Limbata

Time-weighted average is computed by multiplying the number of daysin the sampling period by the concentra-
tions of individual constituentsfor the corresponding period and dividing the sum of the products by the total number
of days. A time-weighted average represents the composition of water that would be contained in avessel or reservoir
that had received equal quantities of water from the stream each day for the year.

Tonsper acre-foot indicatesthe dry mass of dissolved solidsin 1 acre-foot of water. It is computed by multiplying
the concentration of the constituent, in milligramsper liter, by 0.00136.

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

Total isthe total amount of a given constituent in a representative water-suspended sediment sample, regardless
of the constituent’s physical or chemical form. Thisterm is used only when the analytical procedure assures measure-
ment of at least 95 percent of the constituent present in both the dissolved and suspended phases of the sample. A
knowledge of the expected form of the constituent in the sample, as well as the analytical methodology used, is
required to judge when the results should be reported as "total." (Note that the word "total" does double duty here,
indicating both that the sample consists of a water-suspended sediment mixture and that the analytical method deter-
mined al of the constituent in the sample.)

Total dischargeisthetota quantity of any individual constituent, as measured by dry mass or volume, that passes
through a stream cross-section per unit of time. This term needs to be qualified, such as "total sediment discharge,”
"total chloride discharge,” and so on.

Total, recoverable isthe amount of agiven constituent that isin solution after a representative water-suspended
sediment sampl e has been digested by amethod (usually using adilute acid solution) that resultsin dissolution of only
readily soluble substances. Complete dissolution of all particulate matter is not achieved by the digestion treatment,
and thus the determination represents something less than the "total” amount (that is, less than 95 percent) of the con-
stituent present in the dissolved and suspended phases of the sample. To achieve comparability of analytical data,
equivalent digestion procedures are required of all 1aboratories performing such analyses because different digestion
procedures are likely to produce different analytical results.

Tritium Network isanetwork of stations which has been established to provide baseline information on the occur-
rence of tritium in the Nation’s surface waters. In addition to the surface-water stationsin the network, tritium dataare
also obtained at a number of precipitation stations. The purpose of the precipitation stationsisto provide an estimate
sufficient for hydrologic studies of the tritium input to the United States.

Volatile Organic Compounds (V OCs) are organic compounds that can be isolated from the water phase of asam-
ple by purging the water sample with inert gas, such as helium, and subsequently analyzed by gas chromatography.
Many V OCs are man-made chemicals that are used and produced in the manufacture of paints, adhesives, petroleum
products, pharmaceuticals, and refrigerants. They are often components of fuels, solvents, hydraulic fluids, paint thin-
ners, and dry cleaning agents commonly used in urban settings. VOC contamination of drinking-water suppliesisa
human health concern because many are toxic and are known or suspected human carcinogens (U.S. Environmental
Protection Agency, 1996).
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Water year in U.S. Geological Survey reports dealing with surface-water supply isthe 12-month period October
1 through September 30. The water year is designated by the calendar year in which it ends and which includes 9 of
the 12 months. Thus, the year ending September 30, 1985, is called the "1985 water year."

WDRisused as an abbreviation for "Water-Data Report" in the REVISED RECORDS paragraph to refer to State

annua hydrologic-data reports (WRD was used as an abbreviation for "Water-Resources Data" in reports published
prior to 1976).

Weighted averageis used in thisreport to indicate discharge-weighted average. It is computed by multiplying the
discharge for a sampling period by the concentrations of individual constituents for the corresponding period and
dividing the sum of the products by the sum of the discharges. A discharge-weighted average approximates the com-
position of water that would befound in areservoir containing all the water passing agiven location during the water
year after thorough mixing in the reservoir.

WSP is used as an abbreviation for "Water-Supply Paper" in reference to previously published reports.
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PUBLICATIONS ON TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

The U.S. Geological Survey publishesaseriesof manuals describing proceduresfor planning and conducting spe-
cialized work in water-resources investigations. The materia is grouped under major subject headings called books
and isfurther divided into sections and chapters. For example, Section A of Book 3 (Applications of Hydraulics) per-
tainsto surface water. The chapter, the unit of publication, islimited to anarrow field of subject matter. This format
permits flexibility in revision and publication as the need arises.

Thereportslisted below are for sale by the U.S. Geological Survey, Branch of Information Services, Box 25286,
Federal Center, Denver, Colorado 80225 (authorized agent of the Superintendent of Documents, Government Printing
Office). Prepayment is required. Remittance should be sent by check or money order payable to the U.S. Geological
Survey. Prices are not included because they are subject to change. Current prices can be obtained by writing to the
above address. When ordering or inquiring about prices for any of these publications, please give thetitle, book num-
ber, chapter number, and “U.S. Geological Survey Techniques of Water-Resources Investigations.”

Book 1. Collection of Water Data by Direct M easurement
Section D. Water Quality

1-D1. Water temperature—influential factors, field measurement, and data presentation, by H. H. Stevens, Jr., J.F. Ficke, and
G. F. Smoot: USGS-TWRI Book 1, Chapter D1. 1975. 65 pages.

1-D2. Guidelinesfor collection and field analysis of ground-water samples for selected unstable constituents, by W.W. Wood:
USGS-TWRI Book 1, Chapter D2. 1976. 24 pages.

Book 2. Collection of Environmental Data
Section D. Surface Geophysical Methods

2-D1. Application of surface geophysicsto ground-water investigations, by A.A. R. Zohdy, G.P. Eaton, and D.R. Mabey:
USGS-TWRI Book 2, Chapter D1. 1974. 116 pages.

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

Section E. Subsurface Geophysical Methods

2-E1. Application of borehole geophysics to water-resources investigations, by W.S. Keys and L.M. MacCary: USGS-TWRI
Book 2, Chapter E1. 1971. 126 pages.

2-E2. Borehole geophysics applied to ground-water investigations, by W.S. Keys: USGS-TWRI Book 2, Chapter E2. 1990.
150 pages.

Section F. Drilling and Sampling Methods

2-FL  Application of drilling, coring, and sampling techniques to test holes and wells, by Eugene Shuter and W.E. Teasdale:
USGS-TWRI Book 2, Chapter F1. 1989. 97 pages.

Book 3. Applications of Hydraulics
Section A. Surface-Water Techniques

3-Al. General field and office procedures for indirect discharge measurements, by M.A. Benson and Tate Dalrymple: USGS—
TWRI Book 3, Chapter Al. 1967. 30 pages.

3-A2. Measurement of peak discharge by the dope-area method, by Tate Dalrymple and M.A. Benson: USGS-TWRI Book 3,
Chapter A2. 1967. 12 pages.

3-A3. Measurement of peak discharge at culverts by indirect methods, by G.L. Bodhaine: USGS—TWRI Book 3, Chapter A3.
1968. 60 pages.

3-A4. Measurement of peak discharge at width contractions by indirect methods, by H.F. Matthai: USGS-TWRI Book 3, Chap-
ter A4. 1967. 44 pages.

3-A5. Measurement of peak discharge at dams by indirect methods, by Harry Hulsing: USGS—-TWRI Book 3. Chapter A5.
1967. 29 pages.
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3-A6. General procedure for gaging streams, by R.W. Carter and Jacob Davidian: USGS-TWRI Book 3, Chapter A6. 1968.
13 pages.

3-A7. Sage measurement at gaging stations, by T.J. Buchanan and W.P. Somers: USGS—-TWRI Book 3, Chapter A7. 1968. 28
pages.

3-A8. Discharge measurements at gaging stations, by T.J. Buchanan and W.P. Somers: USGS-TWRI Book 3, Chapter A8.
1969. 65 pages.

3-A9. Measurement of time of travel in streams by dyetracing, by F.A. Kilpatrick and J.F. Wilson, Jr.. USGS-TWRI Book 3,
Chapter A9. 1989. 27 pages.

3-Al0. Dischargeratings at gaging stations, by E.J. Kennedy: USGS-TWRI Book 3, Chapter A10. 1984. 59 pages.

3-A11l. Measurement of discharge by the moving-boat method, by G.F. Smoot and C.E. Novak: USGS-TWRI Book 3, Chapter
All. 1969. 22 pages.

3-Al12. Fluorometric procedures for dyetracing, Revised, by J.F. Wilson, Jr., E.D. Cobb, and F.A. Kilpatrick: USGS-TWRI
Book 3, Chapter A12. 1986. 34 pages.

3-A13. Computation of continuous records of streamflow, by E.J. Kennedy: USGS—TWRI Book 3, Chapter A13. 1983. 53
pages.

3-Al4. Useof flumesin measuring discharge, by F.A. Kilpatrick and V.R. Schneider: USGS-TWRI Book 3, Chapter A14. 1983.
46 pages.

3-A15. Computation of water-surface profilesin open channels, by Jacob Davidian: USGS—-TWRI Book 3, Chapter A15. 1984.
48 pages.

3-A16. Measurement of discharge using tracers, by F.A. Kilpatrick and E.D. Cobb: USGS-TWRI Book 3, Chapter A16. 1985.
52 pages.

3-Al7. Acoustic velocity meter systems, by Antonius Laenen: USGS-TWRI Book 3, Chapter A17. 1985. 38 pages.

3-A18. Determination of stream reaeration coefficients by use of tracers, by F.A. Kilpatrick, R.E. Rathbun, Nobuhiro Yot-
sukura, G.W. Parker, and L.L. DeLong: USGS-TWRI Book 3, Chapter A18. 1989. 52 pages.

3-A19. Levelsat streamflow gaging stations, by E.J. Kennedy: USGS-TWRI Book 3, Chapter A19. 1990. 31 pages.

3-A20. Smulation of soluable waste transport and buildup in surface waters using tracers, by F.A. Kilpatrick: USGS-TWRI
Book 3, Chapter A20. 1993. 38 pages.

3-A21 Sream-gaging cableways, by C. Russell Wagner: USGS-TWRI Book 3, Chapter A21. 1995.
56 pages.

Section B. Ground-Water Techniques

3-B1. Aquifer-test design, observation, and data analysis, by R.W. Stallman: USGS-TWRI Book 3, Chapter B1. 1971. 26
pages.

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

3-B3. Typecurvesfor selected problems of flow to wellsin confined aquifers, by J.E. Reed: USGS-TWRI Book 3, Chapter B3.
1980. 106 pages.

3-B4. Regression modeling of ground-water flow, by R.L. Cooley and R.L. Naff: USGS-TWRI Book 3, Chapter B4. 1990. 232
pages.

3-B4. Supplement 1. Regression modeling of ground-water flow --Modificationsto the computer code for nonlinear regression
solution of steady-state ground-water flow problems, by R.L. Cooley: USGS—TWRI Book 3, Chapter B4. 1993. 8 pages.

3-B5. Definition of boundary and initial conditionsin the analysis of saturated ground-water flow systems—An introduction
by O.L. Franke, T.E. Reilly, and G.D. Bennett: USGS-TWRI 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. Analytical solutions for one-, two-, and three-dimensional solute transport in ground-water systems with uniform flow,
by E.J. Wexler: USGS-TWRI Book 3, Chapter B7. 1992. 190 pages.
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Section C. Sedimentation and Erosion Techniques
3-C1. Fluvial sediment concepts, by H.P. Guy: USGS-TWRI Book 3, Chapter C1. 1970. 55 pages.

3-C2. Field methodsfor measurement of fluvial sediment, by H.P. Guy and V.W. Norman: USGS-TWRI Book 3, Chapter C2.
1970. 59 pages.

3-C3. Computation of fluvial-sediment discharge, by George Porterfield: USGS-TWRI Book 3, Chapter C3. 1972. 66 pages.
Book 4. Hydrologic Analysisand I nterpretation

Section A. Statistical Analysis

4-Al. Some atistical toolsin hydrology, by H.C. Riggs: USGS-TWRI Book 4, Chapter Al. 1968. 39 pages.

4-A2. Freguency curves, by H.C. Riggs: USGS-TWRI Book 4, Chapter A2. 1968. 15 pages.

Section B. Surface Water

4-B1. Low-flowinvestigations, by H.C. Riggs: USGS-TWRI Book 4, Chapter B1. 1972. 18 pages.

4-B2. Sorage analyses for water supply, by H.C. Riggs and C.H. Hardison: USGS-TWRI Book 4, Chapter B2. 1973. 20
pages.

4-B3. Regional analyses of streamflow characteristics, by H.C. Riggs: USGS—-TWRI Book 4, Chapter B3. 1973. 15 pages.
Section D. Interrelated Phases of the Hydrologic Cycle

4-D1. Computation of rate and volume of streamdepletion 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. Methodsfor determination of inorganic substancesin water and fluvial sediments, by M.J. Fishman and L.C. Friedman,
editors: USGS-TWRI Book 5, Chapter Al. 1989. 545 pages.

5-A2. Determination of minor elementsinwater by emission spectroscopy, by P.R. Barnett and E.C. Mallory, Jr.: USGS-TWRI
Book 5, Chapter A2. 1971. 31 pages.

5-A3. Methods for the determination of organic substancesin water and fluvial sediments, edited by R.L. Wershaw,
M.J. Fishman, R.R. Grabbe, and L.E. Lowe: USGS-TWRI Book 5, Chapter A3. 1987. 80 pages.

5-A4. Methodsfor collection and analysis of aquatic biological and microbiological samples, by L.J. Britton and P.E. Greeson,
editors: USGS-TWRI Book 5, Chapter A4. 1989. 363 pages.

5-A5. Methods for determination of radioactive substancesin water and fluvial sediments, 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 chemical and biological analyses of water and fluvial sediments, by L.C. Friedman
and D.E. Erdmann: USGS-TWRI Book 5, Chapter A6. 1982. 181 pages.

Section C. Sediment Analysis

5-C1. Laboratorytheory and methods for sediment analysis, by H.P. Guy: USGS-TWRI Book 5, Chapter C1. 1969. 58 pages.
Book 6. M odeling Techniques

Section A. Ground Water

6-Al. A modular three-dimensional finite-difference ground-water flow model, by M.G. McDonald and A.W. Harbaugh:
USGS-TWRI Book 6, Chapter Al. 1988. 586 pages.

6-A2. Documentation of a computer program to simulate aquifer-system compaction using the modular finite-difference
ground-water flow model, by S.A. Leake and D.E. Prudic: USGS-TWRI Book 6, Chapter A2. 1991. 68 pages.

6-A3. A modular finite-element model (MODFE) for areal and axisymmetric ground-water-flow problems, Part 1. Model
Description and User’s Manuahy L.J. Torak: USGS-TWRI Book 6, Chapter A3. 1993. 136 pages.

6-A4. A modular finite-element model (MODFE) for areal and axisymmetric ground-water-flow problems, Part 2: Derivation
of finite-element equations and comparisons with analytical solutions, by R.L. Cooley: USGS—TWRI Book 6, Chapter
A4.1992. 108 pages.
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A modular finite-element model (MODFE) for areal and axisymmetric ground-water-flow problems, Part 3; Design phi-
losophy and programming details, by L.J. Torak: USGS-TWRI Book 6, Chapter A5, 1993. 243 pages.

A coupled surface-water and ground-water flow model (MODBRANCH) for simulation of stream-aquifer interaction,
by Eric D. Swain and Eliezer J. Wexler. 1996. 125 pages.

Book 7. Automated Data Processing and Computations

Section C. Computer Programs

7-C1.

7-C2.

7-C3.

Finite difference model for aquifer simulation in two dimensionswith results of numerical experiments, by P.C. Trescott,
G.F. Pinder, and S.P. Larson: USGS-TWRI Book 7, Chapter C1. 1976. 116 pages.

Computer model of two-dimensional solute transport and dispersion in ground water, by L.F. Konikow and
J.D. Bredehoeft: USGS-TWRI Book 7, Chapter C2. 1978. 90 pages.

A model for simulation of flow in singular and interconnected channels, by R.W. Schaffranek, R.A. Baltzer, and
D.E. Goldberg: USGS-TWRI Book 7, Chapter C3. 1981. 110 pages.

Book 8. Instrumentation

Section A. I nstruments for Measurement of Water Level

8-Al.

8-A2.

Methods of measuring water levelsin deep wells, by M.S. Garber and F.C. Koopman: USGS-TWRI Book 8, Chapter
Al. 1968. 23 pages.

Installation and service manual for U.S Geological Survey manometers, by J.D. Craig: USGS—-TWRI Book 8, Chapter
A2. 1983. 57 pages.

Section B. I nstruments for Measurement of Discharge

8-B2.

Calibration and maintenance of vertical-axis type current meters, by G.F. Smoot and C.E. Novak: USGS-TWRI Book
8, Chapter B2. 1968. 15 pages.

Boo