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Application of the Precipitation-Runoff Model
in the Warrior Coal Field, Alabama

By Robert E. Kidd and C.R. Bossong

Abstract

A deterministic precipitation-runoff model, the
Precipitation-Runoff Modeling System, was applied in two small
basins located in the Warrior coal field, Alabama. Each basin
has distinct geologic, hydrologic, and land-use characteristics.
Bear Creek basin (15.03 square miles) is undisturbed, is
underlain almost entirely by consolidated coal-bearing rocks
of Pennsylvanian age (Pottsville Formation), and is drained by
an intermittent stream. Turkey Creek basin (6.08 square miles)
contains a surface coal mine and is underlain by both the Potts-
ville Formation and unconsolidated clay, sand, and gravel
deposits of Cretaceous age (Coker Formation). Aquifers in the
Coker Formation sustain flow through extended rainless periods.

Preliminary daily and storm calibrations were developed
for each basin. Initial parameter and variable values were deter-
mined according to techniques recommended in the user's
manual for the modeling system and through field recon-
naissance. Parameters with meaningful sensitivity were iden-
tified and adjusted to match hydrograph shapes and to compute
realistic water year budgets. When the developed calibrations
were applied to data exclusive of the calibration period as a
verification exercise, results were comparable to those for the
calibration period.

The model calibrations included preliminary parameter
values for the various categories of geology and land use in each
basin. The parameter values for areas underlain by the Potts-
ville Formation in the Bear Creek basin were transferred directly
to similar areas in the Turkey Creek basin, and these parameter
values were held constant throughout the model calibration.
Parameter values for all geologic and land-use categories ad-
dressed in the two calibrations can probably be used in ungaged
basins where similar conditions exist. The parameter transfer
worked well, as a good calibration was obtained for Turkey
Creek basin.

INTRODUCTION

The U.S. Department of the Interior, as a part of
a program to attain national energy goals, is responsible
for the leasing of Federal coal reserves. The chief envi-
ronmental issue addressed by this program is the impact
of coal mining on water resources. The Surface Mining

Control and Reclamation Act of 1977, Public Law 95-187
(U.S. Congress, 1977), requires an understanding of the
hydrology in existing and proposed surface-mined areas
in order to determine this impact. Hydrologic data for
mine sites and adjacent areas are needed to satisfy re-
quirements defined in the act. The act specifies that
modeling techniques may be used to generate these data.
The U.S. Geological Survey (USGS), Water Re-
sources Division, and the U.S. Bureau of Land Manage-
ment began cooperative work in Alabama in 1977 to
acquire a modeling capability that could be used to
estimate impacts of coal mining on water resources.

Objectives

The objectives of this report concern the use of the
U.S. Geological Survey’s Precipitation-Runoff Modeling
System (PRMS), a physically based, distributed parameter
precipitation-runoff model. The primary objective is to
discuss the calibration and verification procedures used
in different geologic-hydrologic areas in the Warrior coal
field of Alabama. It is not the intent of the authors to
quantitatively describe these procedures, but rather to
discuss the general rationale that was used in their ap-
plication. The secondary objectives are (1) to demonstrate
the results of the calibration, and (2) to discuss and
demonstrate the transfer utility of the calibrations.

Previous Investigations

Miller and Causey (1958) described general geology
and hydrology of Tuscaloosa County, Ala., where the
study areas are located.

Paulson and others (1962) discussed geologic for-
mations and their water-bearing characteristics, water-level
fluctuations, and water quality in Tuscaloosa County.

Harkins and others (1980) presented information
about sources of hydrologic information and existing
hydrologic conditions in the southern end of the Eastern
Coal Province, which includes the Warrior coal field.
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Puente and others (1980) presented hydrologic data col-
lected from October 1976 through September 1978 in Bear,
Blue, Yellow, and Turkey Creek basins in Tuscaloosa
County.

Puente and others (1982) assessed the hydrology of
four potential Federal coal-lease tracts in Tuscaloosa and
Fayette Counties. Puente and Newton (1982) described
calibration of the PRMS digital model using one hydro-
logic response unit to simulate streamflow in selected
basins in Tuscaloosa County. The modeling errors asso-
ciated with simulated monthly mean discharges were at-
tributed to model parameters that define soil moisture
accretion and depletion rates, subsurface and ground-
water storage volumes, and routing coefficients.
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AREAS OF STUDY
Physical Setting

Bear Creek and Turkey Creek basins lie within the
Warrior basin of the Cumberland Plateau. The Warrior
basin is a large, shallow, synclinal structure modified by
several smaller synclines and anticlines, Wiley dome, and
numerous north- and northwest-trending normal faults
with limited displacement. The Warrior coal field (fig. 1)
is the largest coal field in terms of area, production, and
reserves in Alabama. The Warrior basin consists chiefly
of a submaturely to maturely dissected upland developed
largely on nearly flat-lying rocks (Johnston, 1933). Max-
imum relief is about 400 ft, with numerous tributaries in-
cised sharply into shale and sandstone that support ridges
and steep slopes. Most basins are separated by sharp
ridges. This is modified somewhat along the southern and
western boundaries of the coal field, where unconsoli-
dated sediments overlie the harder rocks. In these areas,
hilltops and ridges tend to be less sharp and, in places,
relatively flat.

Bear Creek basin is located in northern Tuscaloosa
County, Ala. (fig. 1). The basin has a drainage area of
15.03 mi? (fig. 2). Total relief is about 380 ft, and the
steepest slopes occur where streams are incised into the
upland surface as much as 100 ft. The uplands have about

180 ft of relief and are generally hilly, although relatively
flat areas occur on some subbasin divides and on the
northern basin divide. The overland slope varies from 2
to 41 percent and averages 14 percent.

The main channel of Bear Creek has a sinuous
shape and is 8.44 mi long. The average channel slope is
0.5 percent. The slope varies from 0.2 percent along the
lower 70 percent of the reach, where the flood plain is
up to 0.10 mi wide, to 1.5 percent in the headwater reach.
Four major tributary channels, all with flood plains, each
drain areas greater than 0.75 mi2. The channel slope of
a major tributary channel, Dry Branch, is 1.8 percent,
roughly an order of magnitude greater than the main
channel slope. However, profiles for the two channels have
similar shapes, and they are notably steeper in their head-
water reaches (fig. 3). Tributary A has a slope of 3.6 per-
cent and a more uniform channel profile than the other
channels. Riffles are common in all channels, but pools
generally occur only in the main and major tributary
channels.

Turkey Creek basin (fig. 4), located in central Tusca-
loosa County (fig. 1), has an area of 6.08 mi2. Maximum
topographic relief is about 330 ft. The basin has a den-
dritic drainage pattern, with streams incised as much as
80 ft. Upland areas of the basin have about 80 ft of relief,
with relatively flat areas on subbasin divides. The overland
slope varies from 1 to 37 percent and averages 11 percent.

The main channel of Turkey Creek is 3.81 mi long
and has an average slope of 1.2 percent (fig. 5). The main
channel and its minor tributaries drain 3.58 mi2. Major
tributaries A and B and their tributaries (fig. 4) drain 1.02
and 1.48 mi2, respectively. Tributary A has a slope of 1.9
percent and is similar in shape to the main channel (fig. 5).
Tributary B, with a channel slope of 3.1 percent (fig. 5),
is much steeper than the main channel and tributary A.
Riffles occur along most of the stream channels, and
pools occur in the main channel of Turkey Creek.

Climate

The study areas have a moist temperate climate
owing to the frequent penetration of large supplies of
moisture from the Gulf of Mexico. Migratory low- and
high-pressure systems often cause abrupt weather changes,
with airmass changes occurring approximately every 3 to
5 days. During dry airmass periods, clear conditions
generally prevail and cause fairly large diurnal temperature
variations, especially in low-lying areas. Annual precipita-
tion amounts are fairly uniform throughout the general
area, averaging about 54 in (Frentz and Lynott, 1978),
almost all in the form of rain. Snowfall is very light and
infrequent. March is usually the wettest month, and Oc-
tober is the driest. Summer rains produced by convective
storms are more intense but briefer and smaller in area
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Figure 5. Channel profiles for the main stem and selected tributaries in Turkey Creek basin. Channel locations are

shown in figure 4.

temperatures of 0°F or less occur about once in 7 years.
Temperatures of 10°F or lower occur on an average of
once a year. The growing season ranges from approximate-
ly 200 days in the northern part of the Warrior coal field
to 240 days in the southeast.

Land Use

Forest is the predominant land use in the Warrior
coal field, accounting for about 82 percent of the total
land surface. Agriculture is the second most common land
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use. Surface coal mining is the major land-use activity in
basins adjacent to the basins modeled (Puente and others,
1980). Other land uses in the study areas include roads,
utilities, communications, and limited public use. Land
use was determined from aerial photographs taken an-
nually in the early spring from 1977 to 1983 and from field
reconnaissance.

Mixed deciduous and conifer forest in Bear Creek
and Turkey Creek basins occurs in approximately 95 and
90 percent of the areas, respectively. The forest generally
consists of mature trees and saplings, has forest litter for
ground cover, and generally is on hillsides and ridges.
Where forest occurs in or near stream bottoms, under-
growth becomes the prominent ground cover. Parts of the
forest have been selectively logged, and many logging
roads still exist. Most logging areas are dormant, and the
roads are rarely used and generally are covered with forest
litter. Approximately 1 percent of Bear Creek basin ex-
perienced active logging during the PRMS application
period (January 1, 1978, to September 30, 1982). Areas
cleared and now used for pasture or domestic residences
occupy about 5 percent of Bear Creek basin and general-
ly have a vegetal covering consisting almost entirely of
grasses.

About 268 acres, or about 7 percent, of Turkey
Creek basin have been surface mined (fig. 4). The min-
ing began in November 1980, and reclamation was still
in progress in 1984. The remaining area of Turkey Creek
basin was being used for roads and pasture.

Geology

The areas of study are underlain by either the Potts-
ville Formation of Pennsylvanian age or the Coker For-
mation of Late Cretaceous age (figs. 2, 4). The two
formations are sedimentary in origin but contrast great-
ly; the Pottsville is consolidated and the Coker is uncon-
solidated. Regionally, strata in the Pottsville in the Warrior
coal field strike northwestward and dip southwestward
from about 30 to 200 ft/mi (Puente and others, 1980).
The unconformable contact between the Pottsville and
overlying Coker Formation strikes northwestward and dips
southwestward from about 30 to 40 ft/mi (Paulson and
others, 1962). Dip and strike of strata in the Coker For-
mation parallel those of the contact (Puente and others,
1980).

The Pottsville Formation in the areas of study gen-
erally ranges in thickness from 2,700 to 3,300 ft (Metz-
ger, 1965). The lower part consists predominantly of
orthoquartzitic sandstone and conglomerate. Middle and
upper parts consist chiefly of shale, sandstone, and silt-
stone. These strata are generally medium to dark gray and
carbonaceous, micaceous, and fossiliferous to some
degree; some are calcareous. Shale is the dominant rock
type (Puente and others, 1980).

Several intervals in the Pottsville Formation contain
beds of coal and underclay. In the Warrior coal field, the
productive part of the formation contains seven coal
groups that contain 2 to 10 beds each (Culbertson, 1964).
Coal beds cropping out in the areas of study are in the
Utley and Brookwood coal groups.

The Coker Formation in Tuscaloosa County is as
much as 500 ft thick; however, only the lower 120 ft are
present in the areas of study. The basal 25 to 100 ft gen-
erally consists of fine- to coarse-grained sand, gravelly
sand, and sandy gravel separated in places by lenticular
beds of gray, sandy clay. One or more thin beds of fer-
ruginous cemented sandstone or conglomerate is usually
present near the base of the formation. Strata overlying
the basal unit consist largely of thin-bedded to massive
clay and sandy clay with occasional beds of fine- to
medium-grained sand (Puente and others, 1980).

Wiley dome, a structural dome with some associated
high-angle faulting, is near the southeastern part of Bear
Creek basin and influences the strike and dip of Pottsville
strata within the basin (fig. 1).

Geology of the study areas differs in that most of
Bear Creek basin is underlain by the Pottsville Forma-
tion and most of Turkey Creek basin is underlain by the
Coker Formation (figs. 2, 4). Detailed descriptions of the
geology and the occurrences and distributions of the coal
resources in the two study basins are given in Puente and
others (1980).

Soils

A soil survey of Tuscaloosa County conducted by
the U.S. Soil Conservation Service (U.S. Department of
Agriculture, 1981) is the primary source of soil informa-
tion used in this report. A summary of selected soil prop-
erties for soils occurring in Bear Creek and Turkey Creek
basins is presented in table 1.

Bear Creek Basin

Four soil groups are present in Bear Creek basin.
The soils are generally thin and well drained, although
some relatively thick soils are present locally.

The Iuka-Mantachie series occurs in 1 percent of
the basin. These soils are formed on sand and silt alluvium
found along stream bottoms. They may be relatively thick
(as much as 72 in), are poorly to moderately well drained,
and have specific yields that vary from 0.10 to 0.20 in/in.

The Montevallo-Nauvoo and Montevallo-Nauvoo
steep series occur in 69 percent of the basin. The differen-
tiation between these soils is based on slight percentage
differences of Montevallo soils in each series; their phys-
ical properties are similar. These soils are residual prod-
ucts formed on shale and sandstone from the Pottsville
Formation and are found on steep hillsides and narrow
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ridges. They are relatively thin (less than 35 in), are well
drained, and have specific yields that vary from 0.09 to
0.20 in/in.

The Nauvoo series occurs in 19 percent of the basin.
The soil is a residual product formed on sandstone of the
Pottsville Formation and is generally found on relatively
flat upland areas. It is a relatively thick (up to 60 in), well-
drained soil with a specific yield that varies from 0.13 to
0.17 in/in.

The Smithdale and Smithdale hilly series occur in
11 percent of the basin. The differentiation of these soils
is based on slope in the area of occurrence; their physical
properties are similar. The soils are generally formed on
deposits of unconsolidated Cretaceous deposits of sand
(Coker Formation). They occur as residual products on
very thin veneers of Coker deposits found on some ridges
or on Coker material that has moved downslope from
ridges owing to mass wasting. The soils are relatively thick
(up to 72 in), are well drained, and have specific yields
that vary from 0.14 to 0.17 in/in.

Turkey Creek Basin

In Turkey Creek basin, the Smithdale-Luverne,
Smithdale-Luverne hilly, and Palmerdale soil series occur
in addition to the soils described above except the Nauvoo
series. The occurrence of Iuka-Mantachie, Montevallo-
Nauvoo steep, Smithdale, and Smithdale hilly soils in the
basin is similar to their occurrence in Bear Creek basin;
the part of the basin that these soils occupy is listed in
table 1. The remaining soils are described below.

Palmerdale soil occurs in 7 percent of the basin. This
soil is formed on spoil material produced when coal,
overlain by deposits of the Coker Formation, is surface

mined. U.S. Department of Agriculture (1981) soil maps
do not indicate Palmerdale soil in the basin because the
maps were prepared before surface mining occurred; its
presence is inferred by the authors. The soil is thick (up
to 80 in), is excessively drained, and has specific yields
that vary from 0.04 to 0.10 in/in (U.S. Department of
Agriculture, 1981).

The Smithdale-Luverne and Smithdale-Luverne
hilly series occur in 25 percent of the basin. Differentia-
tion between these soils is based on slight differences in
the percentage of Smithdale soils; their physical proper-
ties are similar. The soils are generally formed on fine-
grained sands from the Coker Formation. They are found
on hillsides and in areas where the Coker has moved
downslope from outcrops owing to mass wasting. The
soils may be relatively thick (up to 72 in), are well drained,
and have specific yields that vary from 0.06 to 0.18 in/in.

Hydrology

The Warrior coal field is in the Black Warrior and
Upper Tombigbee River basins, with the latter draining
only the westernmost edge of the area. Land surface in
these major basins is dissected by tributaries, forming
numerous subbasins. The Appalachian Plateau physio-
graphic province has the lowest drainage density, 3.0 to
4.0 mi/mi2, in the United States (Chow, 1964). Low
drainage density is favored in regions of highly permeable
subsoil materials under dense vegetative cover (Chow,
1964). The Pottsville and Coker Formations have diverse
water-bearing characteristics. Most indurated rocks in the
Pottsville are relatively impermeable, whereas unconsol-
idated sand and gravel in the Coker is permeable.

Table 1. Properties of soil series in Bear Creek and Turkey Creek basins

[Modified from U.S. Department of Agriculture, 1981]

Part of basin

Depth to Specific (percent)
Soil series bedrock Slope Physical Permeability yield Parent Bear Turkey
(inches) (percent) description (inches/hour) (inch/inch) material Creek Creek
Iuka-Mantachie <72 0-2 Silt loam 0.6-2.0 0.10-0.20 Alluvium 1 1
Montevallo-Nauvoo and <35 15-45 Clay loam 0.6-6.0 0.09-0.20 Shale and 69 26
Montevallo-Nauvoo steep sandstone
Nauvoo <60 4-10 Sandy loam 0.6-6.0 0.13-0.17 Sandstone 19 0
Palmerdale <80 6-45 Gravelly loam 2.0-6.0 0.04-0.10 Spoil 0 7
Smithdale and <72 6-25 Sandy loam 2.0-6.0 0.14~0.17 Sand 11 41
Smithdale hilly
Smithdale-Luverne <72 10-35 Sandy loam 0.2-6.0 0.06-0.18 Sand 0 25

Smithdale-Luverne hilly
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Surface Water

Streamflow characteristics are determined by
climatic, physiographic, and geologic conditions and the
stream-regulating activities of man. In a broad area where
conditions determining streamflow characteristics are
similar, basins may have similar low-flow, median-flow,
and floodflow characteristics. Many streams in the coal-
mining regions of Alabama do not have well-sustained
flows. This is characteristic of basins underlain by soil or
rocks that have a limited capacity for water storage.

Streamflow recedes rapidly from sharply concentrated
flood peaks to low flows, or even to no flow, between
storms. The median annual 7-day low flows (2- and
10-year recurrence intervals) approach or reach zero in all
but the southern and western edges of the Warrior coal
field.

The average discharge for streams in the area, based
on records for several sites, ranges from 1.31 to 1.62
(ft3/s)/mi2. Most subbasins draining coal mines have
drainage areas ranging in size from 1 to 5 mi2. The peak
discharge for areas of this size during a flood with a 2-year

450 T T T T T

350 [

250

200

150

100

DISCHARGE, IN CUBIC FEET PER SECOND

50

o

SITE1 ——
WELLS ---

35

IN FEET

b o — e — — — - —

45 1 1 1 1

DEPTH TO WATER

—_———

BELOW LAND SURFACE,

120

150

180 210

WATER YEAR, IN DAYS
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recurrence interval generally would range from 280 to
800 (ft3/s)/mi2, and during a flood with a 25-year recur-
rence interval, from 580 to 2,000 (ft3/s)/mi2 (Olin and
Bingham, 1977).

Streamflow hydrographs reflect seasonal variations
in precipitation and evapotranspiration in Bear Creek and
Turkey Creek basins. Greatest discharges usually occur
from November through April, when precipitation in-
creases and evapotranspiration decreases. Observed dis-
charges for Bear Creek and Turkey Creek are shown in
figures 6 and 7, respectively. Differences in streamflow

characteristics of the two streams result from variations
in the geology of the basins. Bear Creek basin is underlain
primarily by thin soils and the relatively impermeable
Pottsville Formation; in contrast, in Turkey Creek basin,
thicker soils and the more permeable Coker Formation
cover 47 percent of the basin. The greater storage capacity
of the rocks and soil in Turkey Creek basin is indicated
by sustained flow throughout the year compared with Bear
Creek. Bear Creek has periods of no flow each year even
though its drainage area is about three times that of Turkey
Creek.
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Water in streams unaffected by man’s activities in
the Warrior coal field is generally of good chemical qual-
ity. Adverse effects on the quality of water resulting from
coal mining have been significant only in tributaries drain-
ing mined areas. The most severe and longest lasting
degradation of water quality is in the immediate vicinity
of mining. Dissolved-solids concentration decreases pro-
gressively as water moves away from mined areas; in the
Black Warrior and Sipsey Rivers, the dissolved solids are
dissipated to a large degree by large volumes of streamflow
from unmined areas.

Ground Water

Quantitative data are not available to evaluate the
hydraulic characteristics of the Pottsville or Coker For-
mations in the basins studied. The descriptions of the oc-
currence, storage, and movement of ground water in the
respective basins are based on geology, well inventories,
test wells drilled in 1978, and field examinations.

The primary source of water in the Pottsville For-
mation is recharge from the overlying soil. Soils formed
on the Pottsville Formation are thin but have very high

porosity and permeability relative to the indurated
bedrock they overlie. Consequently, most water in the soil
zone, which is not held by capillary forces, percolates to
the soil-bedrock interface and then moves along its gra-
dient. The water that moves through the soil zone is re-
ferred to in this report as “subsurface flow”; it is
conceptually similar to interflow.

Perched, confined, and unconfined conditions oc-
cur in aquifers in the Pottsville Formation (fig. 8). Water
that percolates to the bedrock and does not run down the
soil-bedrock interface has little opportunity to enter
primary porosity available in the tightly cemented strata
but will enter secondary porosity features such as frac-
tures. The number, size, and interconnection of most frac-
tures decreases with depth, and the fractures often end
abruptly when they encounter competent strata such as
sandstone. Perched water tables occur at these levels.
Perched water moves along the gradient of the compe-
tent layer to discharge points. Water that does not en-
counter perched zones percolates to deeper confined or
unconfined aquifers.

Ground-water level and specific conductance records
from Pottsville basins suggest that there are two distinct
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Figure 8. Occurrence and movement of water in the Pottsville Formation (modified from Puente and others, 1980).
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types of discharge from Pottsville aquifers. The lack of
sustaining flow in the Bear Creek basin could be inter-
preted to indicate that the Pottsville aquifers discharge
small volumes of water to the stream. A cursory inspec-
tion of ground-water levels at site 5 (observation well 5,
fig. 6) indicates a considerable water-level fluctuation and
suggests that a commensurate volume of water is moving
through some of the Pottsville aquifers. Observation well
5 is cased from surface to 32 ft below and has a total depth
of 60 ft. It is also important to note that the average
specific conductance for the Pottsville Formation is on
the order of 200 to 500 microsiemens per centimeter at
25°C (uS/cm); Puente and others (1980) cited 220 uS/cm
for six wells in the vicinity of the Bear Creek basin dur-
ing 1977, and Harkins and others (1980) cited 504 uS/cm
for the Warrior coal field. These values are much higher
than daily values for the stream at site 1 (Bear Creek),
where the specific conductance rarely exceeds 50 uS/cm
even at very low flows. The authors have interpreted this
to indicate that discharge from the deeper confined or un-
confined aquifers occurs but represents a small fraction
of the total discharge from Pottsville aquifers, with the
larger fraction coming primarily from perched aquifers
and the soil-bedrock interface.

Aquifers in the Pottsville Formation are the only
source of water supplies in Bear Creek basin (Puente and
others, 1980). Wells in and near the basin range in depth
from 26 to 286 ft. Two springs are used for water sup-
plies in the basin. The depth of three wells in Turkey Creck
basin producing from the Pottsville ranges from 131 to
318 ft below land surface. The yield to wells tapping these
aquifers in the Pottsville in Bear Creek and Turkey Creek
basins averages less than 5 gallons per minute (gal/min)
(Puente and others, 1982).

Sand and gravel beds at the base of the Coker For-
mation are the principal sources of domestic water sup-
ply in and immediately adjacent to Turkey Creek basin.
Sixteen of 20 wells inventoried were screened in the Coker.
The wells ranged in depth from 9 to 100 ft. The maximum
yield to wells in the Coker Formation is about 100 gal/min
where the permeable beds are thickest (Puente and others,
1980). Springs are the source of domestic supplies. Eleven
individual springs generally discharge 1 to S gal/min. The
spring line occurs where the saturated base of the Coker
is perched on clay at the top of the Pottsville Formation.

Sands in the Coker Formation, because of their
thinness and limited area of outcrop on hilltops and
ridges, probably will not yield supplies adequate for
domestic use in Bear Creek basin.

DESCRIPTION OF
PRECIPITATION-RUNOFF MODEL

The Precipitation-Runoff Modeling System (PRMS)
discussed in this report was developed by the U.S. Geo-

logical Survey (Leavesley and others, 1983). PRMS is a
modular, physically based, distributed parameter system
designed to simulate runoff, sediment yields, and general
hydrologic conditions within a drainage basin. The model
can simulate basin hydrology on a daily- and storm-mode
scale. The daily mode simulates hydrologic components
as daily average or total values. Streamflow is computed
as mean daily flow. The storm mode simulates selected
hydrologic components at time intervals shorter than a
day to a minimum of 1 min. The storm mode is used to
compute infiltration and surface-water runoff for selected
storms. The model is driven by climatic data which
describe precipitation and potential evapotranspiration.
The driving data are used with input parameters (defined
in table 2), which describe the climatic, physical, and
hydrologic characteristics of the basin, to simulate basin
runoff and other output variables described in the sec-
tion on “Output.” Simulated runoff values can be com-
pared with observed runoff values to determine the
accuracy of the simulated values. This comparison, along
with consideration of other output variables, is the basis
for adjustments to input parameters that will produce
more accurate and more realistic simulations.

The model contains a library of modules that per-
form data management operations, output formatting,
parameter optimization, sensitivity analysis, and simula-
tion of physical processes involved in the hydrologic cycle.
This report addresses modules that concern physical proc-
esses active in the study areas. The reader is referred to
Leavesley and others (1983) for a complete and com-
prehensive description.

Physical processes simulated by PRMS modules in-
clude evapotranspiration, snowmelt, infiltration, erosion,
percolation, and runoff phenomena. Each module con-
tains one or more algorithms that are based on known
physical laws or empirical relations and include param-
eters that can be related to measurable basin characteris-
tics. The algorithms continuously update such model
variables as runoff. The algorithms related to evapotran-
spiration, infiltration, percolation, runoff, and erosion are
briefly discussed below.

Hydrologic System

PRMS, as used for this study, simulates the hydro-
logic system as a series of reservoirs that experience
accretion of water owing to either precipitation or perco-
lation from one reservoir to another and depletion owing
to losses by evapotranspiration, percolation, or runoff.
Precipitation enters the PRMS system as it reaches the
vegetal canopy. At this point a user-specified amount of
interception occurs and the remainder falls to the ground
surface as net precipitation. Depending on soil moisture
conditions, all, some, or none of the net precipitation runs
off as surface runoff. Any net precipitation that does not
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run off infiltrates to the soil moisture zone. Evapotran-
spiration accounting, which occurs each day, is done for
soil moisture and intercepted water. Water in the soil
moisture zone may percolate farther, to the ground-water
and (or) the subsurface reservoirs, when a user-specified
threshold volume has been achieved. Water percolating
from the soil-moisture zone first goes to the ground-water
reservoir, until a user-specified daily maximum has been
satisfied; any water exceeding this daily value percolates
to the subsurface reservoir. Water in the subsurface reser-

Table 2. Selected parameters with definitions

voir also may percolate to the ground-water reservoir if
the user specifies a seepage or percolation rate. Water in
these reservoirs is routed to channels to become part of
the total daily runoff. Water may also percolate below the
ground-water reservoir, which is, conceptually, no longer
available to runoff accounting in the basin if the user
specifies a rate. The algorithms involved in these processes
are described below, and the relations of individual reser-
voirs to each other and to runoff are schematically dia-
gramed in figure 9.

Parameter* Definition**

Associated Process

Parameters associated with each hydrologic response unit

Net rainfall

Unit infiltration

Erosion

Erosion

Daily surface runoff

Actual evapotranspi-
ration

Erosion

Erosion

Erosion

Unit infiltration

Unit infiltration

Actual evapotranspi-
ration

Daily surface runoff

Unit infiltration

Net rainfall

Net rainfall

Percolation

Daily surface runoff
Daily surface runoff
Daily surface runoff
Percolation

Subsurface flow
Subsurface flow
Percolation
Percolation
Percolation

Percolation
Ground-water flow

DRCOR Rainfall amount correction factor (elevation)
DRN Soil moisture redistribution factor
EN Sediment transport coefficient
HC Sediment detachment coefficient
IMPERV Percent impervious area
ISOIL General soil type
KF Sediment detachment coefficient
KM Sediment transport coefficient
KR Sediment detachment coefficient
KSAT Saturated hydraulic conductivity soil
PSP Combined effect of soil moisture deficit and
capillary potential
REMX Maximum capacity of upper soil zone
RETIP Maximum retention storage on impervious area
RGF Soil moisture deficit/capillary potential
RNSTS Rainfall storage of summer vegetation
RNSTW Rainfall storage of winter vegetation
SEP Maximum daily recharge (soil moisture zone
to ground-water reservoir)
sci1 Contributing area computation coefficient
SCN Contributing area computation coefficient
SCX Maximum value for contributing area
SMAX Maximum capacity of soil moisture zone
Parameters associated with each subsurface reservoir
RCF Linear flow routing coefficient
RCP Flow routing coefficient
RESMX RSEP coefficient
REXP RSEP coefficient
RSEP Recharge rate (subsurface reservoir to
ground-water flow reservoir)
Parameters associated with each ground-water reservoir
GSNK Seepage rate to ground-water sink reservoir
RCB Flow routing coefficient

Parameters associated with overland flow planes and channel segments

ALPHA Kinematic wave routing coefficient
EXPM Kinematic wave routing coefficient
FRN Roughness

Climatic parameters
EVC Monthly evaporation coefficients

Unit flow routing
Unit flow routing
Unit flow routing

Potential evapotrans-
piration

* Includes major parameters used in study area.
** Condensed definitions.
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Evapotranspiration

PRMS has the capability to compute daily poten-
tial evapotranspiration (PET) in several different ways. A
relatively simple method of computing PET involving
daily pan evaporation data was selected for use in the
study areas. Daily PET is calculated as the product of
daily pan evaporation and user-defined monthly pan coef-
ficients. PET is used with relations developed by Zahner
(1967) to determine actual evapotranspiration (AET).
Zahner’s relations compute the percentage of PET that
occurs as AET as a function of the ratio of available soil-
moisture values to field capacity for three general soil
types: sand, loam, or clay. AET losses deplete soil
moisture.

Infiltration and Percolation

Daily infiltration volumes are calculated as the re-
mainder between net precipitation and surface runoff
(SRO). SRO is computed according to a contributing area
concept. Infiltration in the storm mode is calculated ac-
cording to a modified version of the Green-Ampt equa-
tion (Leavesley and others, 1983), which calculates
infiltration as a function of hydraulic conductivity,
capillary suction, and current soil moisture.

After infiltration, water may percolate into and out
of the soil moisture zone. The soil moisture zone has a
user-defined maximum water-holding capacity (SMAX)
which controls movement of water out of this zone. This
capacity is equal to the difference between field capacity
and wilting point and may also be considered the amount
of water available for percolation and evapotranspiration.
When the current volume of available soil moisture
(SMAV) is less than SMAX, water may not percolate far-
ther and depletion occurs only as a result of actual
evapotranspiration. When SMAV is equal to SMAX, any
additional infiltrating water percolates into the ground-
water reservoir (GW) or the subsurface reservoir (SSR).
Water enters the ground-water reservoir according to a
user-defined daily volume (SEP) which is satisfied
whenever possible. Once this volume has been routed to
the ground-water reservoir, any additional water available
from the soil moisture zone enters the subsurface reservoir.

A considerable amount of flexibility is afforded the
user to control movement of water out of the subsurface
reservoir. Subsurface flow (SSF), which is conceptually
similar to interflow, may be routed to channels according
to user-selected linear or nonlinear relations. Water from
the subsurface reservoir may also percolate or seep to the
ground-water reservoir according to a user-defined seepage
rate (RSEP). If the user desires, the RSEP algorithm may
be modified by two coefficients (RESMX, REXP) which
control the volume of water available for seepage.

Depletion of ground-water storage occurs in two
ways. Depletion may occur as base flow or as percola-
tion to a ground-water sink (SNK) according to a user-
defined rate (GSNK).

Runoff

Surface runoff in the study areas occurs on rainfall
days and is not influenced by snowmelt. Daily-mode sur-
face runoff is calculated using a contributing area per-
centage (CAP) concept (Dickinson and Whitely, 1970).
Contributing area percentage is the PRMS-computed area
of the basin that will contribute to SRO on each rainfall
day. The upper limit is user definable, and the actual value
is a function of soil moisture and rainfall amount. Once
the contributing area percentage has been determined, sur-
face runoff is calculated as the product of the contributing
area percentage and net daily precipitation minus any user-
definable surface retention storage (RETIP).

The storm mode computes surface runoff with a
more comprehensive technique at a short time step (5 min
or less depending on the recording interval for rainfall
data). The volume of surface runoff or rainfall excess (RE)
is computed as net precipitation less infiltration. Rain-
fall excess is routed to channels as overland flow, and
channel flow is then routed to the basin outlet. PRMS
uses the kinematic-wave method to route both overland
and channel flow. The reader is referred to Leavesley and
others (1983) or to Dawdy and others (1978) for a descrip-
tion of this method.

Two additional components of runoff are evaluated
by PRMS: flow from the subsurface reservoir (RAS) and
flow from the ground-water reservoir (BAS). Subsurface
flow is conceptually similar to interflow and represents
the relatively rapid discharge of water to streams from
temporary perched water storage above the water table.
Subsurface flow and surface runoff are sometimes col-
lectively referred to as “direct runoff?” Subsurface flow
is routed out of the subsurface reservoir according to a
linear or nonlinear function of storage in the subsurface
reservoir. Ground-water flow is conceptually similar to
base flow and is routed out of the ground-water reservoir
as a linear function of storage in that reservoir. User in-
put consists of estimates of two parameters for subsur-
face reservoir (RCF, RCP) and one for ground-water flow
(RCB).

Partitioning

The distributed nature of PRMS allows the user to
account for spatial and temporal variation of climatic,
hydrologic, and physical characteristics by partitioning or
subdividing the basin into hydrologic response units
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(HRU’s). HRU delineation may be based on elevation,
geology, land use, slope, soil type, vegetation, or any other
factor the user feels will significantly affect hydrologic
response and is addressed by input parameters. The max-
imum number of HRU’s allowed is 50; a subsurface reser-
voir, a ground-water reservoir, and a ground-water sink
may be defined for each one. Total basin response is deter-
mined by summing individual HRU responses on a unit-
area basis.

When the storm mode is used, the basin must be
further subdivided or segmented into overland flow planes
and channel segments to route surface runoff. Upland ero-
sion calculations are done at the overland flow plane level.
A HRU may be equal to an overland flow plane or may
be subdivided into several overland flow planes. Each
overland flow plane has a user-specified width and must
be adjacent to a channel segment of user-specified length.
The overland flow plane channel and segment configura-
tion is constructed to approximate the distribution of con-
tributing drainage area and the drainage network in the
basin. The maximum number of combined overland flow
planes and channel segments is 100.

QOutput

Output from the PRMS includes a summary of
parameter values and basin characteristics input by the
user. In addition, several different levels of tabular out-
put can be specified. In the daily mode these may be (1)
simple reports of observed and simulated daily runoff or
(2) detailed reports of daily status for climatic and
hydrologic variables, including daily, monthly, and (or)
annual summaries of climatic processes, reservoir
dynamics, and runoff components for the entire basin or
per HRU. The user may also specify plots of observed
and simulated runoff.

In the storm mode, standard output is a tabular
listing of observed, routed, and simulated runoff volumes,
observed and simulated peak runoff rates, and sediment
yield for each storm. Listed and plotted output at a
specified time step of inflow, outflow, and suspended-
sediment concentrations for specified overland flow planes
and channel segments may also be requested.

DATA COLLECTION

Data on hydrologic, climatic, and basin character-
istics are used by the PRMS model to simulate the basin
hydrologic system. Daily and storm-period streamflow
records were used in modeling Bear Creek and Turkey
Creek basins. A summary of data-collection activities in
the study basins is presented in table 3.

Bear Creek Basin

A gaging station, site 1 in figure 2, was located on
Bear Creek near Samantha, Ala. (station 02463900). In-
strumentation included a stilling well with a water-stage
recorder, a water temperature and specific conductance
automatic monitor, and an automatic pumping sediment
sampler. Surface-water samples for laboratory analysis
were collected at various times each year from 1976
through 1983.

Climatic data used to drive the model consist of
precipitation and pan evaporation data. Precipitation
data, recorded at 5-min intervals, were collected at Grif-
fin and Bagwell rain gages (sites 2 and 7, respectively, in
fig. 2) in or near Bear Creek basin. Precipitation data from
Griffin rain gage was used as the primary source, and
Bagwell rain gage was used for missing record.

Daily pan evaporation data were collected by the
National Weather Service (NWS) (U.S. Department of
Commerce, 1976-83) at Winfield, Ala., which is located
about 32 mi northwest of the Bear Creek basin (fig. 1).
Pan evaporation data from Winfield <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>