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FACTORS FOR CONVERTING INCH-POUND UNITS

TO INTERNATIONAL SYSTEM OF METRIC UNITS (SI)

Multiply inch-pound units By To obtain SI units
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
square mile (mi?) 2,530 * square kilometer (km?)
acre , 4,047 square meter (m2)
acre-foot (acre-ft) f,233 cubic meter (m3)
million gallons per day (Mgal/é) 0.04381 cubic meter per second (m3/s)
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
micromhos per centimeter L 1.000 microsiemens per centimeter
at 25° Celsius at 25° Celsius
{(umhos/cm at 25°C) (uS/cm at 25°C)

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit

(°F) as follows: ©°F = (1.8)°C + 32
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DEFINITION OF TERMS
Terms related to streamflow, water quality, and other hydrologic data are
defined below. See also table for converting English units to International
System of units (SI).
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.

Bed material is the unconsolidated material of which a stfeambed, lake,

pond, reservoir, or estuary bottom is composed.

Chemical oxygen demand (COD) is a measure of the chemically oxidizable

material in the water, and furnishes an approximation of the amount of organic
and reducing material presgnt. The determined value may correlate with
natural water color or with carbonaceous organic pollution from sewage or
industrial wastes.

Color of water used herein is that due only to substances in solution.
The color of water is compared with that of colored glass discs which have
been calibrated to correspond with colors on the platinum-cobalt scale.

Cubic foot per second (ft3/s, cfs) is the rate of discharge representing

a volume of one cubic foot passing a given point during one second and
is equivalent to approximately 7.48 gallons per second or 448.8 gallons per
minute.

Discharge is the volume of water (or more broadly, total fluids) that
passes a given point within a given period of time.

Instantaneous discharge is the discharge at a particular instant of

time.
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Dissolved is that material in a representative water sample which passes
through a 0.45 um membrane filter. Determinations of "dissolved" constituents
are made on subsamples of the filtrate.

Drainage area of a stream at a specified location is that area, measured

in a horizontal plane, enclosed by a topographic divide from which direct
surface runoff from precipitation normally drains”by gravity into the stream
above the specified point. Figures of drainagé area given herein include all
closed basins, or noncoptr%buting areas, within the area unless otherwise
noted.

"Micrograms per gram (ug/g) is a unit expressing the concentration of a

chemical element as the mass (micrograms) of the element sorbed per unit mass

(gram) of sediment.

Micrograms per liter (UG/L, ug/L) is a unit expressing the concentration

of chemical constituents in solution as the weight (micrograms) of solute per
unit volume (liter) of solution. One thousand micrograms per liter is equiva-
lent to one milligram per liter.

Milligrams per liter (MG/L, mg/L) is a unit expressing the concentration

of chemical constituents in solution. Milligrams per liter represent the mass
of solute per unit volume (liter) of solution. Concentration of suspended
sediment also is expressed in milligrams per liter, and is based on the mass
of sediment per liter of water-sediment mixture.

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, weight, or volume.
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Pesticides are chemical compounds used to control undesirable plants and
animals. Major categories of pesticides include insecticides, miticides,
fungicides, herbicides, and rodenticides. 1Insecticides and herbicides, which
control insects and plants respectively, are the two categories reported.

Recoverable from bottom material is the amount of a given constituent

that is in solution after a representative samplg_pf bottom material has been
digested by a method (usually using an acid or '‘mixture of acids) that results
in dissolution of only Fea@ily soluble substances. Complete dissolution of
all bottom material is ﬁot achieved by the digestion treatment and thus the
deterﬁination represents less éhan the total amount (that is, less than 95
percent) of the constituent in the sample. To achieve comparability of
analytical data, equivalé@t digestion procedures would be required of all
laboratories performing such analyses.

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 occurrence of
sediment in streams are influenced by environmental factors such as degree
of slope, soil characteristics, land usage, and guantity and intensity of pre-
cipitation.

Suspended-sediment is the sediment that at any given time is main-

tained in suspension by the upward components of turbulent flow or that
exists in suspension as a colloid.

Suspended-sediment concentration is the velocity-weighted concen-

tration of suspended sediment in the sampled zone (from the water surface to a
point approximately 0.3 ft above the streambed) expressed as milligrams of dry
sediment per liter of water-sediment mixture (mg/L).
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Suspended-sediment discharge (tons/day) is the rate at which dry

weight of sediment passes a section of a stream. It is computed by
multiplying discharge in cubic feet per second times concentration in
milligrams per liter times 0.0027.

Sodium-adsorption-ratio (SAR) is an expression of relative activity of

sodium ions in exchange reactions with soil and i; an index of sodium or
alkali hazard to the soil. High values for SAR indicate a high concentration
of sodium.relative to the goncentration of calcium and magnesium. This may
imply a hazard of sodiuﬁ replacing'adsorbed calcium and magnesium, which may

be damaging to soil structure.

Specific conductance is a measure of the ability of a water to conduct an

electrical current. It is expressed in micromhos per centimeter at 25°C.
Specific conductance is related to the type and concentration of ions in solu-
tion and can be used for estimating the dissolved-solids content of water.
Commonly, the concentration of dissolved solids (in milligrams per liter) is
about 65 percent of the specific conductance (in micromhos). This relation is
not constant from stream to stream, and it even may vary in the same source
with éhanges in the composition of the water.

Suspended, recoverable is the amount of a given constituent that is in

solution after the part of a representative water—suspended sediment sample
that is retained on a 0.45 um membrane filter has been digested by a method
(usually using a dilute acid solution) that results in dissolution of only
readily soluble substances. Complete dissolution of all the 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 constituent present in the sample. To achieve comparability
of analytical data, equivalent digestion procedures would be required of all

laboratories performing such analyses.
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Determinations of "suspended, recoverable" constituents are made either
by analyzing portions of the material collected on the filter or, more com-
monly, by difference, based on determinations of (1) dissolved and (2) total
recoverable concentrations of the constituent.

Tons per day is the quantity of a substance in solution or suspension

that passes a stream section during a 24-hour dayﬂA

Total is the total amount of a given constituent in a representative
water-suspgnded sedimeng sapple, regardless of the constituents's physical or
chemical form. This tefm is use@ 6nly,when the analytical procédure assures
measurement of at least 95 pérc;nt of the constituent present in both the
dissolved and suspended phases of the sample. A knowledge of the expected
form of the constituent iq 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 determines all of the constituent in the sample.)

Total in bottom material is the total amount of a given constituent in a

representative sample of bottom material. This term is used only when the

analytical procedure assures measurement of at least 95 percent of the consti-
tuent determined. 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 in bottom material.™
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Total, recoverable is the amount of a given constituent that is in solu-

tion after a representative water-suspended sediment sample has been digested
by a method (usually using a dilute acid solu;ion) that results in 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“ amounti(that is, less than 95
percent) of the constituent present in the dissolved and suspended phases of
the samplef To achieve:com?arability of analytical data, equivalent digestion

procedures would be required of all laboratories performing such analyses.

Total organic carbon (TOC) is a measure of organic carbon in solution as

well as that in suspended matter in water. It provides a gross measure of
plant detritus, decay proQucts, living cells, &nd organic chemicals.

Water year is the 12-month period, October 1 through September 30. The
water year is designated by the calendar year in which it ends. Thus, the
water year beginning October 1, 1982, and ending September 30, 1983, is

called the "1983 water year."
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WATER-QUALITY AND SEDIMENTATION DATA
FROM LAKE TUSCALOOSA AND SELECTED TRIBUTARIES,

NORTH RIVER BASIN, ALABAMA - WATER YEAR 1983
By Elizabeth F. Cole

ABSTRAQT

Lake Tuscaloosa is a municipal water supply and recreation reservoir in
TuscaloosaACounty, Alabgma.: Changes in land use, such as timber clear-
cutting, agriculture, éﬁd coal mining in basins draining into Lake Tuscaloosa,
have caused concern about chanées in the water quality and the rate of sedi-
mentation in the lake. This study was designed to establish a comprehensive
hydrologic data base that can be used to assess the quality of water in the
study area and monitor impacts on the quality of water in the lake caused by
land use changes within its drainage basin.

Streamflow and (or) selected water-quality data were collected during
the 1983 water year at 15 sites in the North River basin. Sample analyses
included major chemical constituents, selected nutrients, trace elements, and
insecticides and herbicides in bottom material. Two sites in the study area
were monitored continuously for stage, temperature, specific conductance, pH,
and dissolved oxygen.

Channel cross sections were established at 17 locations in the lake in
October and November 1982 to measure changes in sedimentation. Sedimentation
occurring since impoundment of North River was determined by comparing the
present channel cross sections recorded by fathometer with pre-impoundment
channel cross sections. The maximum deposition measured was approximately

20 ft at a cross section on Brush Creek.



INTRODUCTION
Lake Tuscaloosa, a municipal water supply and recreation reservoir in
Tuscaloosa County in west-central Alabama (fig. 1), was created in 1969 by
impoundment of North River. Changes in land use, such as timber clear-
cutting, agriculture, and coal mining in basins draining into Lake Tuscaloosa,
have caused concern about the effects of these chapges on the quality of water

and the rate of sedimentation in the lake. *

Purpose and Scope

'The purpose of this study was to'establish a comprehensive hydrologic
"data base that can be used by the city of Tuscaloosa and others to (1) assess
the quality of water in Lake Tuscaloosa, and (2) monitor impacts on the
qﬁ;lity of water in the lake caused by land use changes within its drainage
basin.

The study during the 1983 water year (October 1982-September 1983)
involved collection of streamflow and water-quality data at 15 sites in the
North River basin and measurement of channel cross sections at 17 locations in
Lake Tuscaloosa. The results of an interpretive study, based partially on
this data, are included in a report by Cole (1984). The purpose of this
report is to provide a compilation of the data collected during the first
year of the study. Similar data have also been collected during the 1984

water year.



DESCRIPTION OF THE STUDY AREA

Lake Tuscaloosa is located in north-central Tuscaloosa County, Alabama
(fig. 1). The reservoir was created by the impounding of North River approxi-
mately 1.2 miles upstream from its confluence with the Black Warrior River.
The drainage area from which it receives surface runoff is 417 mi2. The
normal pool elevation is 223.2 ft above sea leveli. The lake, approximately 25
mi long as measured along the old river channel, has a surface area at normal
pool of 5,385 acres. The rgservoir capacity is 123,100 acre-ft, and the
present safg yield has ﬁeen calculéted to be approximately 200 Mgal/d (Keener
and others, 1975). o

The area of study has a subtropical climate characterized by warm, humid
weather. Precipitation ig usually in the form of rain, with snowfall very
light and infrequent. March is usually the wettest month and October the
driest. The average annual precipitation for the study area, based on
National Oceanic and Atmospheric Administration (NOAA) precipitation records,
is about 55 in. (U.S. Department of Commerce, 1950-80, 1982-83). Rainfall for
the study year exceeded the long-term average annual precipitation by 21 in.
at one nearby NOAA precipitation station.

Long-term evaporation data are not available for the general area, but
Farnsworth and others (1982) reported a free water surface evaporation of
approximately 40 in. per year in the North River basin. The free water sur-
face evaporation for this area is computed by multiplying observed pan evapo-
ration by a coefficient of 0.76. Due to changes in heat storage in reservoir
water, however, actual evaporation from a lake may differ significantly from

the free water surface evaporation.



87° 45° 00~ 87° 37° 30" 87° 30° 00"
33945 |
g
o« ]
]
: WALKER CO
0 - 5 i
JO Miles —
5
S
<
) FAYETTE COUNTY 33° 37° 30"
TUSCALOOSA COUNTY
EXPLANATION X pLoun
Basin boundary :
- - - - County boundary '.' 2
o
] —
1 =
L}
09 Cfe"»f
°-__3 d\ 33°30° A
Study Area S L ile 1o
D,
<
: )
=~ 09'
A Cee ) ¢
g Q ey G
(
o f A2
| Xz
LAKE
330 22° 307 -
¢ CruscaLoosa( ¥ 230
<
C@ek
Base from U. S. Geological Survey
Birmingham, AL.,
1:250,000, 1969
33° 15" |

Figure 1.--Study area.



The study area is sparsely populated with only a few small communities
located in the central part of the basin. Development of housing on and near
the periphery of the lake has been continuous since the creation of Lake
Tuscaloosa. Most of the land in the North River basin is forested; however,
some areas are cleared and devoted to agricultural uses such as production of
cotton, corn, soybeans, and other crops. A few a;gas in the basin have been
disturbed by surface coal mining.

The 30ttsville Format%on underlies all of the North River drainage basin,
but is exposed mainly iﬁ the northéastern part. The Coker Formation crops out
in the southern and western pa;ts of the basin. The Pottsville Formation is
approximately 2,500 to 4,500 ft thick (Metzger, 1965) and consists mainly of
sandstone, shale, and sil§stone with shale being the dominant rock type. The

Coker Formation is as much as 400 ft thick in the North River basin. The
lower 100 ft consists chiefly of sand and gravel with some beds of cemented
sandstone and conglomerate usually occurring near the base. The upper 300 ft

consists chiefly of clay.



DATA-COLLECTION METHODS

Streamflow and (or) selected water-quality data were collected at 15
sites in the North River basin (fig. 2, table 1). North River (site 1) and
Lake Tuscaloosa (site 15) were monitored continuously for stage, temperature,
specific conductance, pH, and dissolved oxygen.

Field measurements of streamflow, specific conductance, pH, alkalinity,
water temperature, and dissolved oxygen were made at the time of sampling.
Analyses of all samples were performed by the U.S. Geological_sﬁrvey Central
Laboratory in Atlanta, Ceoégia and included major chemical constituents,
selected nutrients, trace elements, éﬁd insecticides and herbicides in bottom
" material.

Samples at the sites in the lake were collected to represent the entire
w;ter column and cross section at the sampling location. Water was collected
from the surface to the lake bottom from multiple verticals along a cross
section and composited for analysis. Field determinations of temperature and
dissolved oxygen were made approximately 2 ft below the water surface.

Channel cross sections were established at 17 locations in October and
November 1982 to measure changes in sedimentation. The cross sections were
located near points of inflow because most settling and deposition of sediment
occur where decreases in streamflow velocity occur. Cross sections were
recorded using a fathometer which produces a pen trace of the lake bottom
through reflection of a sonic signal. T£e fathometer pen trace for each cross
section was replotted using a uniform scale and left to right bank convention
{left and right bank are determined facing downstream). Distance between
banks was determined by stadia and used to determine the horizontal stationing
of each plotting point. It was assumed the boat moved through the traverse at
a uniform rate. The accuracy of the fathometer is reported to be +1.0 ft.
Elevation of the lake surface was 223.1 ft above sea level during the survey.

6
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SURFACE WATER QUALITY

Samples were collected during the 1983 water year at sites in the North
River basin to examine the quality of water in Lake Tuscaloosa and in streams
which drain into the lake. Results of the chemical analyses are compiled in
the supplementary data section (at the end of report).

Several physical and chemical charaqteristic; of water were selected from
the analyses for North River (site 1) and Lake Tuscaloosa (site 15) and the
range and median were dgterpined as shown in table 2. Comparison of these
data shows that the watér at site 15 in the reservoir is less mineralized than
the iﬁflow from North River (sife 1), which drains more than half the study
area.

Chemical characteristics of water collected at sites in November 1982
during low-flow conditions are illustrated by vertical bar graphs in figure 3.
The bar graphs are constructed by plotting concentrations, expressed in
milliequivalents per liter, of the major ions from a single sample which are
identified by distinctive patterns. Unit concentrations of all ions, when
expressed in milliequivalents per liter, are chemically equivalent. The bar
graph is divided by a vertical line with the left half representing cations
and the right half anions. The total height of the bar graph is proportional
to the total concentration of anions or cations and indicates the degree of
mineralization. Specific conductance, often used as an indicator of the
degree of mineralization of water, is also shown in figure 3. Instantaneous
discharge measurements show that the majority of water supplied to the
reservoir at the time of sampling was from Binion and Carroll Creek basins
(sites 9 and 13). Low specific conductance values for samples at both sites

indicate low concentrations of dissolved constituents.



*glL 923TS Je {¥deJans xajem MOTaq

3993 z ATejewrxoxdde apew juswaInsedw /|

ZL 06v-59 o€l ZL 0LL-8V 96 seeccecee(1/6N) paaToSSTP ‘(UW) osauebuey
4 065-001 091 ] 0€Z-0L 0ZlL *(71/6n) etqexasnodax Te303 ‘(un) asauebuey
4 0s2-v2 oviL (4} 019-0L 0Lz secceccsecsecs(/bN) PIATOSSTP ‘/(@1) uoal
4 0vL-001 (1347 Ly 00€L-02S oL8 **e e+ (1/6n) a1qeras0D81 Te303 ‘(94) UOIAT
zL SE-8Z (43 4} ovi-L2 0s ***(S3USN3TISUOD JO ums) SPITOS PIATOSSIA
4} vi-o01 (4" (48 16-0°9 0z tecscccecceccccccpaprossTp ‘(Yos) @3e3Ins
48 8-t S 4" 91-§ 6 tecececececenenneeee(Egned sR) AITUTTRNTY
[4° T°'1-6°0 8°0 (4" v°2-8'0 6°0 tecectecercert e DIATOSSTP ‘(M) wMTSSeIOg
(4} 6°2-L"L T°C (4* 9¢€-0°C 0°S teteecrsceccec st sDIATOSSTP ‘(BN) umIpPOS
4 €°2-G°L '8°1L (43 9°'v-8"L 8°C tecsescecccedeepaATOSSTP ‘ (BW) wnTsaubey
4! 6°27-2°'C §°C (4} €°9-0'C 0°'V tecesesecccce e eDIATOSSTP /(D) WNTOTED
4" Li-v 8 (43 vz-9 zi tesecccec(EoDeD SB) SSAUPIRY SIRUOGIRDUON
41 91-2Z1 vL zL ve-2Z1 ze teseesesrcreccccnceens(EggeD SB) SSOUDPIARH
i €°0L-€°L vg 4! €°2L-2°9 0°6 teesssrscscccrcsscs s rudpDAXO pPeATOSSTA \ﬂ
A 0°LE-GS*8 0°61l rA 0°GZ-G°9 O0°Ll tecesectssstsessntaces(n) aanqexadwa], \A—W
Z1 G*9=-y°G 1°9 N Zi 6°9-V°G v°9 ces e ...-o-.-.....-.-........oﬁmu..ﬂﬂﬁ; mnm.
4" 65-6€ 0G 4% _ v 89Z-G¥ LL **(DoGZ 3I° wWO/SOyum) SOULIONPUOD OTITORdS
—-— —— -— rA) 06£Z-8°¢€ she ****(S/¢33) burrdues jo awrl e 26IEPUYDSTA
suoTleAISSO abuey urTIPSR SUOT3PAIDSO abuey ueIpeRn juenirasucd 10 Xjxadoag
3o Iaqumy Jo IsqumN

(G1L 23TS) BSOOTEOSN], oYerl

(1L @3Ts) I8ATY Y3IION

(*{ °Tqea pue gz 2anHTJ ur asoyl o3 puodsaiiod sIaqumu 93IS

*pajeoTputr se adeoxe 12317 xod SweaBTTTTW UT SasiTeue TedTWRYD)

€861 Ioqueidas 03 zgel I2qO3dD0 ‘(GI ©3TS) BSOOTROSN], 93eTT pue
(1 ©3TS) IBATY Y3IION e Ia3eMm JO SOTISTIAI3ORIRUYD TeoTwayd pue TeorsiAyd pojosaTss JOo ATeuums--+7 a1qel

10



=\ \ =
N n
\ \
NN §
\
A\
A\
s ;;\
AR N
= al
30 +
S - .0

~

LAKE TUSCALOOSA
EXPLANATION

N
°

HRUNEER RBOVE DIAGEAY S
SPECIFIC CONDUCTANCE N

umhos /Cm at 25
50

—

: JQI+F
NotK * WDy
E§h

Hs SO+
Ca {7 wess

1.8

NUNBER ALELOW DIAGCAMN S
INSTANTAUEOVS CiSCHALEE 1
CuliC FEET (ER SECOND

°
1

NIMIEQUIVALENTS PER LITER.

)

21 - 04N ":%

2318’ '
+ ';' 378 A Streenflo data
/__/'_~/\\ H collection side and
glack yarcior number
vb. Wate - gualily dota
Collectun 53¢ ead nusmber

Figure 3. Chemical character of water during low-flow conditions at sites in
North River basin. (site numbers correspond to those in figure 2
and table 1.) ’

1



Daily and seasonal variations of temperature, specific conductance,
dissolved oxygen, and pH at North River (site 1) and at Lake Tuscaloosa (site
15) during the 1983 water year are illustrated in figures 4 and 5, respec-
tively. The daily discharge at North River and the daily water-surface
elevation at the lake are included for comparison of flow conditions with

water properties.
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© SEDIMENTATION

Sedimentation occurring since impoundment of North River was determined
by comparing the channel cross sections recorded by fathometer with pre-
impoundment channel cross sections. Pre—impoundment cross sections were taken
from topographic maps (5-ft contour interval) of the area, furnished by the
city of Tuscaloosa. Keener and others (1975) recq;ded 39 cross sections in
Lake Tuscaloosa in 1975. Data for these were rnot available for .additional
comparison because their lopations could not be verified.

The cross sections.established for this study (fig. 6) were recorded
again in July 1983 to determiné if changes had resulted from high flow con-
ditions during the study year. Comparison of these cross sections with those
recorded in October and November 1982, considering the accuracy of the
measuring equipment, showed very little change.

Plots of cross sections showing the present and the pre-impoundment chan-
nels are illustrated in figures 7-23. They generally show some variation in
width and bank configuration between the two channels at each cross section.
The ;ariations are probably due to the different methods used to determine
elevations and distances.

Comparison of the present channel cross sections with pre-impoundment
channel cross sections indicates considerable change has occurred at most
measured points. Cross section 15 on Brush Creek (fig. 21) shows the most
change with approximately 20 ft of deposition. Most of the other cross
sections show varying amounts of sediment deposition in the channel. However,
cross section 9 on Tierce Creek (fig. 15) shows that the channel has been
scoured approximately 2 ft. This may indicate inaccuracy in the measuring
equipment and comparison methods, or it may accurately represent scour which
occurred between March 1960 and 1969 when the lake was created.
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SUPPLEMENTARY DATA

The following remark codes may appear with data in this section:
< Actual value is known to be less than the value shown
ND Material specifically analyzed for but not detected

L/ Constituent determined by laboratory.
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