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SIMULATION OF STREAMFLOW AND SEDIMENT TRANSPORT IN
TWO SURFACE-COAL-MINED BASINS
IN FAYETTE COUNTY,
PENNSYLVANIA

by James I. Sams Il and Emitt C. Witt Il

ABSTRACT

The Hydrological Simulation Program - Fortran (HSPF) was used to simulate streamflow and
sediment transport in two surface-mined basins of Fayette County, Pa. Hydrologic data from the Stony
Fork Basin (0.93 square miles) was used to calibrate HSPF parameters. The calibrated parameters were
applied to an HSPF model of the Poplar Run Basin (8.83 square miles) to evaluate the transfer value of
model parameters. The results of this investigation provide information to the Pennsylvania Department
of Environmental Resources, Bureau of Mining and Reclamation, regarding the value of the simulated
hydrologic data for use in cumulative hydrologic-impact assessments of surface-mined basins.

The calibration period was October 1, 1985, through September 30, 1988 (water years' 1986-88).
The simulated data were representative of the observed data from the Stony Fork Basin. Mean
simulated streamflow was 1.64 cubic feet per second compared to measured streamflow of 1.58 cubic
feet per second for the 3-year period. The difference between the observed and simulated peak
stormflow ranged from 4.0 to 59.7 percent for 12 storms. The simulated sediment load for the 1987
water year was 127.14 tons (0.21 ton per acre), which compares to a measured sediment load of
147.09 tons (0.25 ton per acre). The total simulated suspended-sediment load for the 3-year period was
538.2 tons (0.30 ton per acre per year), which compares to a measured sediment load of 467.61 tons
(0.26 ton per acre per year).

The model was verified by comparing observed and simulated data from October 1, 1988, through
September 30, 1989. The results obtained were comparable to those from the calibration period. The
simulated mean daily discharge was representative of the range of data observed from the basin and of
the frequency with which specific discharges were equalled or exceeded.

The calibrated and verified parameters from the Stony Fork model were applied to an HSPF model
of the Poplar Run Basin. The two basins are in a similar physical setting. Data from October 1, 1987,
through September 30, 1989, were used to evaluate the Poplar Run model. In general, the results from
the Poplar Run model were comparable to those obtained from the Stony Fork model. The difference
between observed and simulated total streamflow was 1.1 percent for the 2-year period. The mean
annual streamflow simulated by the Poplar Run model was 18.3 cubic feet per second. This compares
to an observed streamflow of 18.15 cubic feet per second. For the 2-year period, the simulated
sediment load was 2,754 tons (0.24 ton per acre per year), which compares to a measured sediment
load of 3,051.2 tons (0.27 ton per acre per year) for the Poplar Run Basin. Cumulative frequency-
distribution curves of the observed and simulated streamflow compared well. The comparison between
observed and simulated data improved as the time span increased. Simulated annual means and totals
were more representative of the observed data than hourly data used in comparing storm events.

The structure and organization of the HSPF model facilitated the simulation of a wide range of
hydrologic processes. The simulation results from this investigation indicate that model parameters may
be transferred to ungaged basins to generate representative hydrologic data through modeling
techniques.

T A water year is the 12-month period beginning on October 1 and ending on September 30. it is designated by
the year in which it ends.



INTRODUCTION

The cumulative hydrologic impacts from surface coal mining has affected many streams in
Pennsylvania. The enactment of the Surface Mining Control and Reclamation Act of 1977 (SMCRA)
established a set of rules and regulations to limit the environmental impacts of surface mining (P.L. 95-87).
Sections 507-B-11 and 510-B-3 of the act require that each permit application for surface mining be
reviewed for cumulative hydrologic impacts. State regulations require that a coal-mine operator
demonstrate that mining can occur without pollution of surface and ground water. If this demonstration
cannot be made, the Pennsylvania Department of Environmental Resources, Bureau of Mining and
Reclamation (BMR), can deny a mining permit. The BMR’s decisions are based on hydrologic, geologic,
and other data collected from the watershed. Section 779.13 of the SMCRA specifies that modeling
techniques may be used to generate these data. The concept of computer modeling in hydrologic-impact
studies of areas affected by surface mining has been discussed by Doyle (1981) and Lumb (1982). This
work was done in cooperation with the BMR and the U.S. Department of the Interior, Office of Surface
Mining Reclamation and Enforcement.

Purpose and Scope

This report presents results of the application of a Hydrologic Simulation Program - Fortran (HSPF)
for the modeling of streamflow and suspended-sediment loads in surface-mined basins. The primary
objectives are to discuss the calibration procedures of the HSPF model and the simulation results. The
secondary objective is to evaluate the transfer value of the calibrated parameters.

Approach

The HSPF models were developed for two basins in Fayette County, Pa. Streamflow and suspended-
sediment data collected from a wuibutary of Stony Fork were used to calibrate the HSPF model. The
calibrated HSPF parameters developed for the Stony Fork Basin were then applied to an HSPF model of
the Poplar Run Basin to determine the transfer value of parameters.

Previous Investigations

Stump and Mastrilli (1985) discussed the effects of surface mining on streamflow, suspended
sediments, and water quality in the Stony Fork Basin from 1977 through 1980.

McElroy (1988) described the hydrogeology of Fayette County and the impact of coal mining on the
ground-water resources.

Sams IIT and Witt IIT (1989) presented hydrologic data collected from the Poplar Run Basin during
an investigation of Indian Creek in Fayette County from 1985 to 1987.

Acknowledgment

Special thanks are extended to Lynn Langer of the Pennsylvania Department of Environmental
Resources, BMR, for providing information on the aerial distribution of surface mining in the study areas.
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DESCRIPTION OF STUDY AREA

Physical Settin

The Stony Fork and Poplar Run Basins are located in Fayette County, Pa., in the Allegheny
Mountain section of the Appalachian Plateaus physiographic province (fig. 1). The Allegheny Mountain
section of Fayette County is bounded by Chestnut Ridge to the west and Laurel Hill to the east. These
are anticlinal mountains which trend north-northeast. The two basins are located near the eastern flank of
the Chestnut Ridge anticline. The drainage basins are developed in dissected uplands from eroded
sedimentary rocks. Drainage divides are defined by sharp ridges with steep-sided slopes. Ridge tops are
supported by resistant sandstone.

The Stony Fork Basin in southern Fayette County has a drainage area of 0.93 mi2. Total relief in the
basin is 300 ft. The Poplar Run Basin in northeast Fayette County has a drainage area of 8.83 mi?. Total
relief in the basin is 900 ft.
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Figure 1. Location of the study area.
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Climate

Fayette County has a humid continental climate, with precipitation well distributed throughout the
year. Average precipitation in Uniontown, west of Chestnut Ridge (fig. 1), is 40.05 in. (U.S. Department
of Commerce, 1931-79). Precipitation in the study areas is generally 2 to 5 in. greater because of lower
temperature and air pressure encountered at the higher altitudes of Chestnut Ridge. The average annual
temperature at Uniontown is 53.3°F. Temperatures range from 85 to 95°F in summer months and 0 to
32°F in winter months.

Geology

The areas of investigation are underlain by sedimentary rocks of Pennsylvanian age, which include
the Allegheny and Conemaugh groups. Major rock types are principally sandstones and shales, and, to a
lesser extent, limestone. Coal beds are present within the Allegheny and Conemaugh groups. The
geologic structure is characterized by simple, open folds (synclines and anticlines) which display a nearly
uniform axial trend of N. 30° E. (McElroy, 1988). The amplitude of folding approaches 3,000 ft with a
bedding dip of 5°. No major faults extend to the surface in Fayette County (Hickok and Moyer, 1940). A
moderate amount of jointing may be found in some limestone and sandstone beds. Sandstone jointing
commonly is confined to thick homogeneous beds (McElroy, 1988).

Soils

Soils are of the Gilpin-Wharton-Ernest and the DeKalb-Hazelton-Cookport associations. Soils of the
Gilpin-Wharton-Ernest association are described as moderately deep and deep, well drained and
moderately well drained, medium textured, nearly level to very steep soils underlain by acid shale and
some sandstone bedrock. Soils of the DeKalb-Hazelton-Cookport association are described as moderately
deep and deep, well drained and moderately well drained, moderately coarse textured and medium
textured, nearly level to very steep soils underlain by bedrock that is predominantly acid sandstone (U.S.
Department of Agriculture, 1973).

Land Use

Land use was determined from aerial photos and field reconnaissance and is predominantly forest.
Trees are mixed hardwoods and represent second- and third-growth timber. Surface mined area accounts
for 6.6 percent of the drainage area in the Stony Fork Basin and 17.3 percent of the drainage area in the
Poplar Run Basin.

Hydrology

Streamflow hydrographs of the Stony Fork and Poplar Run Basins reflect seasonal variations in
surface-water discharge, which is affected by precipitation and evapotranspiration. Although precipitation
is typically well distributed throughout the year, the greatest stream discharges commonly occur from
November through April, partly because of decreases in evapotranspiration. A water budget developed for
the two basins reflects the distribution of precipitation (table 1). Assuming no ground-water transfer across
basin boundaries and no change in ground-water storage, the annual water budget may be expressed as

P=Ry+ Ry +ET, (1

where P is precipitation,
R, is surface runoff,
Ry is base flow, and
ET is evapotranspiration.

Total runoff for both basins was determined from records at the streamflow-gaging station and the
stage-discharge relation developed according to Rantz and others (1982).. Base flow was determined by
hydrograph separation by means of the fixed-interval method and a 3-day interval (Pettyjohn and
Henning, 1979). Evapotranspiration was the difference between total streamflow (R + Rg) and
precipitation.
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Table 1. Annufal water budgets for the Stony Fork and Poplar Run Basins

Estimated
Water Precipitation Total streamflow Base flow Stormflow evapotranspiration
Inches Percent Inches Percent Inches Percent Inches  Percent
Stony Fork Basin
1986 51.3 25.85 50 16.22 32 9.63 19 25.45 50
1987 44.1 23.60 54 16 36 7.60 17 20.50 46
1988 37.0 19.30 52 11.56 31 7.74 21 17.70 48
1989 47.0 32.73 70 19.25 41 13.48 29 14.27 30
4-ycar mcan 449 25.37 57 15.76 35 9.61 21 19.48 43
9-ycar mean 42.0 26.01 62 1541 37 1061 25 15.98 38
(88 & 89)
Poplar Run Basin
1988 40.9 24.86 61 16.37 40 8.49 21 16.04 39
1989 50.3 30.82 61 19.49 39 11.33 22 19.48 39
Mecan 45.6 27.84 61 17.93 39 9.91 22 17.76 39

DESCRIPTION OF SIMULATION PROGRAM

General Description

The HSPF was developed for the U.S. Environmental Protection Agency (Johanson and others,
1984) as an engineering tool for watershed management. The model consists of a set of modules arranged
in a hierarchical structure for continuous simulation of hydrologic and water-quality processes.

Several climatic time-series data are used by Table 2. Input time-series data required by
the HSPF model (table 2). These data are Hydrologic Simulation Program - Fortran

incorporated into a series of algorithms on the
basis of physical laws or empirical relations for
simulating evapotranspiration, snowmelt,

Precipitation
Potential cvapotranspiration

infiltration, erosion, percolation, and runoff. The Air temperaturc
algorithms continuously update such model Wind velocity
variables as streamflow and sediment discharge Solar radiation
according to a user-specified time interval. Time Dew point
intervals for simulation can range from 1 day to

I minute.

Program Components

The computer code of the HSPF is organized in a block-like structure. Primary modules are main
blocks which contain secondary modules, subroutines, subordinate subroutines, and subsidiary subroutines
(table 3).

The HSPF has three primary modules. The first module simulates the flow of water, sediment, and
chemical constituents from pervious watersheds (PERLND). The second module simulates the same from
impervious watersheds (IMPLND), and the third module simulates the flow of water and sediment in the
stream channel (RCHRES). Primary modules PERLND and RCHRES were used for this study. In the
following discussion, secondary modules within PERLND and RCHRES are explained.
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Table 3. Computer code structure of watershed processes in Hydrologic Simulation Program - Fortran

Primary Secondary . Subordinate Subsidiary
module module Subroutine subroutine subroutine

PERLND SNOW METEOR
EFFPRC
COMPAC
SNOWEV VAPOR
HEXCHR
COOLER
WARMUP
MELTER
LIQUID
ICING
GMELT
NOPACK
PWATER ICEPT
SURFAC DISPOS DIVISN
UZINF
PROUTE

INTFLW

UZONE UZONES

LZONE

GWATER

EVAPT ETBASE
EVICEP
ETUZON ETUZS
ETAGW
ETLZON

SEDMNT DETACH
SOSED
ATTACH

Snow Simulation

The HSPF simulates accumulation and melting of snow and ice by use of the secondary module
SNOW (table 3). The algorithms in this subroutine use meteorologic data to determine whether
precipitation is rain or snow and to simulate sublimation, freezing, and melting of the snowpack.

Five meteorologic time series required for the simulation of snow are listed in table 2. The time series
of air temperature is used to determine if precipitation is rain or snow. As snow accumulates, the HSPF
begins snowpack accumulation and melt calculations. The subroutine METEOR calculates the density
and depth of the snowpack. The subroutine EFFPRC adds falling snow to the pack and determines the
amount of rain interacting with the snowpack. The subroutine COMPAC determines the rate of
compaction and calculates the actual change in the depth caused by compaction. The combined results of
METEOR, EFFPRC, and COMPAC enables the HSPF to determine the liquid-water-holding capacity
of the snowpack. Liquid water above the storage capacity will leave the snowpack as melt water or will
freeze, depending on climatological conditions. The MELTER subroutine determines melt from the
snowpack.

Moisture lost by sublimation of the snowpack is simulated by the subroutine SNOWEV. Wind
velocity, temperature, and dewpoint are three time series involved in the sublimation calculations. The
subroutine NOPACK is used to reset the state variables when the snowpack completely disappears.

6 DESCRIPTION OF SIMULATION PROGRAM



Pervious Watershed Processes

The flux and storage of moisture associated with pervious land areas are simulated by the secondary
module PWATER (fig. 2). Rainfall, as well as water from a melting snowpack, are distributed over the
pervious watershed. The subroutine ICEPT 1is used for the simulation of rainfall interception by ground
cover. Moisture that exceeds the interception capacity is available for surface detention, infiltration, or
runoff.

Surface detention storage, infiltration, and direct runoff are simulated by the subroutine SURFAC.
The algorithms that simulate infiltration represent both the continuous variation of infiltration with time
as a function of soil moisture and the areal variation of infiltration over the land surface (Johanson and
others, 1984). The HSPF uses a linear probability density function to account for areal variation.

Moisture that has infiltrated to the subsurface accumulates in four subsurface reservoirs: upper zone
storage, lower zone storage, active ground-water storage, and inactive ground-water storage.

Water that enters the upper zone is simulated in the UZONE subroutine. The upper zone is
characteristic of the shallow root zone and is substantially affected by evapotranspiration and percolation.

The lower zone receives water by percolation from the upper zone storage and is characteristic of the
deep rooting zone. This is simulated in the LZONE subroutine. Loss of water from lower zone storage is
a result of evapotranspiration and percolation to ground-water storages.

Simulation of interflow (INTFLW) effects the storage of moisture between the upper and lower zones
and ultimately influences the amount of water available for active ground-water storage.

Ground-water flow is simulated by subroutine GWATER. GWATER determines the amount of
inflow to ground water and determines the amount of active ground-water outfiow. The outflow from
active ground-water storage is based on the assumption that the discharge of an aquifer is proportional to
the product of the cross-sectional area and the energy gradient of the flow (Johanson and others, 1984).

[ PRECIPITATION } :‘1 EVAPORATION |
y A

CANOPY
INTERCEPTION

l SNOWPACK |

—[ SURFACE STORAGE }—-

lEVAPOTRANSPIRATION
—l UPPER SOIL ZONE

LOWER SOIL ZONE |—

| STREAM CHANNEL

A J

ACTIVE GROUND
WATER

INACTIVE GROUND
WATER

Figure 2. Flow diagram of the flux and storage of moisture
associated with pervious land areas in the Hydrologic Simulation
Program - Fortran.

DESCRIPTION OF SIMULATION PROGRAM 7



Evapotranspiration

Evapotranspiration is the combined process of evaporation and vegetation transpiration. Simulation
requires that potential evapotranspiration be an input time series. The time series of potential
evapotranspiration is typically U.S. Weather Bureau Class A pan evaporation multiplied by an adjustment
factor (Farnsworth and others, 1982).

The HSPF simulates evapotranspiration by use of the subroutine EVAPT and its five subordinate
subroutines ETBASE, EVICEP, ETUZON, ETAGW, and ETLZON. The five subordinate subroutines
simulate evapotranspiration from five sources in the hydrologic system. The sum of evapotranspiration
from these five sources is the total actual evapotranspiration from the pervious land units.

ETBASE simulates evapotranspiration from riparian vegetation. This is the fraction of
evapotranspiration that can be generated from water at the seepage face boundary.

EVICEP simulates evaporation from water in interception storage on the basis of the demand created
by air temperature and humidity.

ETUZON simulates evapotranspiration from the upper zone on the basis of the moisture in storage
in relation to its nominal capacity.

Evapotranspiration from the lower zone is simulated by the subordinate subroutine ETLZON.
Evapotranspiration from this zone is dependent upon vegetative transpiration and will vary with the
vegetation type, depth of rooting, density of vegetation, and the stage of plant growth.

The ETAGW subordinate subroutine simulates transpiration from active ground water.

Channel Flow

The HSPF simulates channel flow by several algorithms contained in the primary module RCHRES
(table 4). The secondary module HYDR contains four subroutines and three subordinate subroutines for
simulating channelized or reach flow. Subroutine ROUTE contains algorithms that calculate the rates
and volumes of outflow from a reach. Subroutine AUXIL contains algorithms used to compute depth,
stage, surface area, average depth, top width, and hydraulic radius. The SHEAR subroutine computes
bed shear velocity and shear stress on the basis of the mean particle size of bed sediment.

Table 4. Computer code structure for stream reach routing of water and sediment in
Hydrologic Simulation Program - Fortran

Prim nd . bordinate Subsidia
modﬁg S?:gdulz:ery Subroutine SsL:Jbroutine subroutir?f/:
RCHRES HYDR ROUTE DEMAND
SOLVE
NOROUT FNDROW
AUXIL
SHEAR
SEDTRN COHESV ADVECT
DBEXCH
SANDLD TOFFAL
COLBY

8 DESCRIPTION OF SIMULATION PROGRAM







































































































































