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effort occurred in the fall of 1981. A true final postreclamation period was not

monitored at this site because the erosion control practice failed after each

reclamation. .
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FOREWORD

This joint report was prepared by the USDA-Agricultural Research Service,
North Appalachian Experimental Watershed, Coshocton, Ohio and The Ohio State
University-Ohio Agricultural Research and Development Center, Wooster, Ohio
under USBM Contracts J0166055 (USDA-ARS) and J0166054 (OSU-OARDC). The con­
tracts were initiated under the Mining Environmental Research Program. They
were administered under the technical direction of the Denver Mining Research
Center with Ms. Deborah P. Sherer acting as the Technical Project Officer.
Ms. Gladys S. Barrera is the contract administrator for the Bureau of Mines.

The site report for Watershed J11 concerns the entire project period, dur­
ing which hydrology and water quality were monitored in the premine condition
and through active mining and reclamation.

The contracts were awarded for conducting research as proposed in a docu­
ment presented jointly by the USDA-ARS, North Appalachian Experimental Watershed
and The Ohio State University-Ohio Agricultural Research and Development Center:
A Research Proposa1--Research on the Hydrology and Water Quality of Watersheds
Subjected to Surface Mining in May 1975. The U. S. Geological Survey, the Soil
Conservation Service, the Muskingum Watershed Conservancy District, the Utah
State University, and three private mining companies are participants in the
studies.
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PREFACE

The organizations and individuals contributing technical information
to this report are as follows:

USDA-Agricultural Research Service

C. R. Amerman
J. V. Bonta
T. J. Har1ukowicz

Project management, surface-water
hydrology, erosion, and sedimenta­
tion and instrumentation

The Ohio State University-Ohio Agricultural
Research and Development Center

G. F. Hall Physical characteristics of soils
N. E. Smeck and geologic cores

W. A. Dick Surface-water quality
J. R. Page

U. S. Geological Survey

A. C. Razem Ground-water hydrology and quality

Soil Conservation Service

Assistance was received from SCS personnel in soil survey and engineering
design work from the Area Office, Coshocton, Ohio and State Office, Columbus,
Ohio.

The coordinating committee for the joint project at the time of this re­
port consisted of the following members:

Gary McIntosh
Technical Project Officer
Bureau of Mines
U. S. Dept. of the Interior

C. Richard Amerman
Project Leader
North Appalachian

Experimental Watershed
U. S. Dept. of Agricu1ture­

ARS

Faz Haghiri
OSU-OARDC Coordinator
The Ohio State University­
Ohio Agricultural Research

and Development Center

Allan C. Razem
USGS Coordinator
Geological Survey
U. S. Dept. of the Interior

Deborah P. Sherer (effective April 4, 1983)
Technical Project Officer
Bureau of Mines
U. S. Dept. of the Interior
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ABSTRACT

Watershed Jll in Jefferson County, Ohio was instrumented in 1977 as one of
three watersheds established for the purpose of investigating surface mining and
reclamation effects upon local hydrology, sediment discharge, and sediment and
water quality. Each watershed was less than 50-acres in size, and was in a
different geologic setting within southeastern Ohio. Surface runoff and ground­
water levels were monitored. Samples were taken for sediment determination
and chemical analysis prior to mining. Monitoring and sampling continued
through the period of watershed disturbance caused by mining and reclamation
activities, which began in May 1980 at Watershed Jll. A psuedo-postreclamation
period followed the initial cessation of man-machine activity on the watershed.
A second reclamation effort occurred in the fall of 1981 and was to be followed
by a third in 1982 after observations ceased. A true final postreclamation
period was not monitored at this site, because the erosion control practice
(terrace diversions) failed after each reclamation.

Watershed Jll was a small pasture and wooded watershed with sandstone and
shale above the mined coal seam prior to mining. A clay layer under the coal
supported a perched saturated zone, termed the top aquifer for convenience. A
lower underclay supported a second saturated zone called the middle aquifer. A
lower perched aquifer had been dewatered by previous deep mining. After about
three years of premine data and about two and one-half years of mining­
reclamation and psuedo-postreclamation data, the following general observations
may be made:

1. The mining-reclamation phase was very short, and the postmining period
was characterized by erosion failures and remedial disturbances that
kept the watershed condition and size in a state of change. It was
impossible to collect sufficient data to confidently characterize the
hydrologic-sediment-chemical aspects of the mining period or of a
postreclamation period and, most importantly, of the future watershed
after its various properties and characteristics have ceased adjusting
to its severe disturbance and reconstitution.

2. A seeding of wheat followed by grasses and legumes was not a
particularly successful reclamation practice in terms of stabilizing
the new soil. Numerous rills and small gullies developed in spite of
installed diversions.

3. Storm runoff rates and yields at the watershed outlet increased
from the premine, (Phase 1) to the mining-reclamation (Phase 2)
periods, and remained at or near the Phase 2 level through the
postreclamation (Phase 3a) period.

4. The top aquifer changed in physical and chemical character as a
result of mining and was becoming reestablished as the project
drew to a close; but it is impossible to predict its final con­
figuration or character.

5. Dewatering of the top aquifer resulted in a complete cessation
of baseflow because the middle aquifer water table lay below the
elevation of the watershed outlet.
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6. The top and middle aquifers were merged in one area of the water­
shed where the upper coal underclay was disturbed.

7. Failure of the diversion terraces and their outlet obscured the
effects of the reclamation practice upon sediment concentration
and yields. There was little difference in sediment concentra­
tions between Phases 2 and 3a.

8. Drinking water standards were met by surface waters throughout the
period of observation except for two samples that exceeded
the nitrate-N allowable level of 10 mg/l.

9. In all Phase 3 surface-water samples, iron concentrations were
within the limits established by OSM, and manganese concentra­
tions exceeded the regulation level only once. pH fell below
the lower regulation level of 6.0 between 10% and 20% of the time.

10. The chemical quality of sediments was generally about the same
after reclamation as before mining, with the exception of organic
carbon, which decreased.
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SUMMARY

In 1976, the United States Department of Agriculture, Agricultural Research
Service (USDA-ARS), The Ohio State University-Ohio Agricultural Research and
Development Center (OSU-OARDC), and the United States Geological Survey (USGS)
jointly undertook a quantitative investigation of the impact of surface mining
for coal upon surface- and ground-water hydrology, upon the chemical con­
stituents of both waters, and upon the quantities and chemical characters of
sediments. This study was financed by the U. S. Bureau of Mines, U. S.
Department of the Interior.

The project design specified the establishment of three research watersheds,
designated C06, M09, and Jll, on lands owned by private individuals, privately­
owned utilities, or privately-owned surface mining companies. The letter in the
watershed designation refers to the Ohio county in which located, Coshocton,
Muskingum, or Jefferson. The non-zero digit refers to the regionally-used num­
ber of the coal bed to be mined. Each of the new watersheds was established,
prior to mining, on a different geologic sequence, all of them being common to
the southeastern Ohio coal mining area. The main gaging station for each water­
shed was constructed on a relatively impervious material immediately downstream
of the anticipated lowest point of disturbance during mining and reclamation
operations. Observation wells, soil water content observation facilities, and
climatic instrumentation were established prior to mining and maintained and
monitored to the extent practicable throughout the study. Observations were
divided into three phases. The premine period was called Phase 1, the period
of active disturbance (mining and reclamation activities) was called Phase 2,
and Phase 3 was used to refer to the postreclamation period.

At Watershed Jll, Phase 1 began May 1, 1977, and Phase 2 started May 20, 1980.
Phase 3 was not fully implemented before data collection ceased June 30, 1982.
Conditions during the period after the end of mining varied from time to time as
described below. Data for the first year of Phase 1 were reported by U. S. Bureau
of Mines (21). This report discusses all data and observations at Watershed Jll
throughout the period of the project.

Physical Description and Changes

Prior to mining, Watershed Jll contained 29.1 Ac of primarily pasture land
with some woodland and exhibited 150 ft relief. Four soil mapping units were
delineated, about 80% of the area being Gilpin. Dry-weather stream flow (base­
flow) was continuously maintained by discharge from a zone of saturation perched
on a shaley clay bed underlying the coal to be mined. This zone was called the
top aquifer. The No. 11 coal of the Monongahela Formation lay within this aqui­
fer. The next lower saturated zone was called the middle aquifer. It was
founded on an underclay beneath the Meigs Creek (Sewickley) No. 9 coal bed of
the Monongahela Formation. An even lower saturated zone had been dewatered
years ago during deep mining of the Pittsburgh No. 8 coal of the Monongahela
Formation. Figure 6 of the main text of this report schematically illustrates
the relation of the saturated zones to each other and to the watershed surface.
Figure 5 shows the premine sequence of strata between coals. Top aquifer pre­
mining ground-water quality was of the calcium bicarbonate and calcium sulfate
types with sodium bicarbonate and calcium bicarbonate types in the middle
aquifer.
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Mining and reclamation operations disturbed 94% of the original watershed
area. As mining progressed and was followed by reclamation activities, the
topography of the watershed drastically changed, and the drainage area was first
reduced, then expanded. The minimum size reached was 11.4 Ac. The area not
disturbed lay primarily along a public road on the eastern boundary. Mining
along this boundary terminated in a high wall; some of the coal under the high
wall was removed by augering.

Reclamation was accomplished in three stages, each about a year apart in
time, with the final stage being accomplished after observations ceased. Final
relief was 126 ft. In the fall of 1980, a portion of the watershed was reclaimed
and seeded to wheat. A haul road remained in place on the watershed. The rest
of the area was regraded and topsoiled, but not seeded. Terrace diversions were
installed as erosion control for the wheat-seeded, reclaimed area. The second
reclamation effort was applied to the entire watershed. The haul road was
removed. A new, expanded set of terraces replaced the first set. Terrace ex­
pansion resulted in increasing the watershed area by about 40% during this second
reclamation, much of the added drainage area being undisturbed by mining. The
terrace systems installed during both reclamation efforts failed, both in the
terraces themselves and in their outlets.

The postreclamation watershed soils were somewhat complex, but were pre­
dominantly of the Fairpoint soil series in reclaimed areas. Chemical and phys­
ical properties of the soil widely varied, with pH of the subsoil ranging from
3.7 to 8.2. All sampled sites had at least one subsoil horizon with 60% or
more coarse aggregates. Enduring vegetative cover may be hard to establish in
parts of the watershed, and rather poor vegetative cover was achieved during
the first two years after mining.

The top aquifer was destroyed in the process of removing coal. The original,
consolidated rock was converted to a mixed-rubble spoil except behind the high
wall, and was dewatered in the process. Observation wells had been destroyed at
the onset of mining and had to be redrilled after regrading during reclamation
operations.

Hydrologic and Water Quality Results

Because of the frequent surficial changes after m~n~ng began at Watershed
Jll and because of the absence of a stable Phase 3 period of any length, op­
portunities to statistically evaluate the impacts of surface mining and recla­
mation were limited. However, a number of comparisons were made.

The reader should consider these results in conjunction with those reported
for Watersheds C06 and M09 in Coshocton and Muskingum Counties, Ohio, respec­
tively. This investigation was much too brief to yield definitive documentation
of the long-term impact of such a profound disturbance as surface mining and
reclamation. Only the early impacts could be detected. The reclaimed systems
were still obviously changing as this study drew to a close.

Climatic Experience: Normalcy of temperature and precipitation experienced
during the study was assessed based on the assumption that the two data sets
fit logarithmic-normal (log-normal) distributions. In the log-normal distri­
bution, the average value is the anti-logarithm of the observation having a
50% probability of being exceeded. In the context of this report, normalcy is a
term expressing the concept that for a given quantity that fluctuates randomly,
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there is a range of fluctuation that is not considered to be unusual, i.e.,
considered to be normal. For this investigation, the normal range was defined
as data magnitudes having at least a 5% and no more than a 95% probability of
being exceeded. For example, an average temperature of 20.6° at Watershed
J11 for the month of January will be exceeded during 95% of all Januaries, but
an average January temperature of 38.9° will be exceeded in only 5% of all
Januaries. Two of the 62 months covered by the study period experienced average
temperatures low enough to be below the normal range of variation (both during
Phase 1). There were also two abnormally warm months, both after mining began.

Precipitation was generally above the log-normal average, with 1980, the
year of active mining, exhibiting the highest annual precipitation of the
study period. The six months of active mining all experienced above average
rainfall. August 1980 and April 1981 had abnormally large amounts of rainfall.
January 1981 was an abnormally dry month.

Surface Runoff: The effect of m1n1ng upon surface runoff was expressed as in­
creased direct storm runoff (total runoff minus basef10w when present), by a
three to four times faster response, and by about an order of magnitude increase
in peak rates. During the period following mining, the runoff parameters ap­
peared to shift somewhat toward their Phase 1 magnitudes, but remained close to
the Phase 2 values.

Prior to mining, basef10w was supported by discharge from a perched water
table as explained in a discussion of the geology of the area below. Mining
dewatered this zone and stopped basef10w altogether. Basef10w had not resumed
before observations ceased.

Ground Water: Observations at the time of drilling indicated that the new top
aquifer had begun to develop only in a very rudimentary and incomplete form.
Later, it was observed to be redeveloping not only in its original position
over the sha1ey clay bed (which was mostly undisturbed during mining), but also
on top the original land surface where the latter was covered by spoil. (Refer
to Figure 19 in the main text.) In some areas, the sha1ey clay was apparently
pierced, and the top and middle aquifers merged.

Sediment: Repeated failures in the postrec1amation diversion terraces and
diversion outlet are presumed to be the reason why postrec1amation sediment
concentrations were no better than those observed during Phase 2. Maximum
sediment concentrations were 6060, 184,000, and 149,000 mg/l, respectively,
for Phases 1, 2, and 3.

Chemical Water Quality (Surface Water): Chemically, surface waters met drinking
water standards most of the time. Two samples exceeded the regulation level for
nitrate-N of 10 mg/l.

Sixty and 85%, respectively, of the Phase 1 and combined Phases 2 and 3
samples exceeded the Office of Surface Mining (OSM) suspended solids regulation
level of 70 mg/l. For these same phase groupings, about 10% and 20% of the
samples, respectively, had pH values below 6. One sample collected during
mining exceeded the OSM manganese level of 4000 ~g/ml. No sample had iron con­
centration above the regulation level of 7000 ~g/ml.

Antimony, copper, cyanide, lead, phenols, phosphorus, and zinc were observed
in 10 or less samples. Arsenic, chromium, cadmium, mercury, silver, and sulfide
were not detected in any surface-water samples.
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Chemical Water Quality (Ground Water): Postreclamation ground water in the new
top aquifer is generally of the calcium sulfate type; one well yielded a sample
classified as calcium bicarbonate type water. Water quality in the middle aqui­
fer did not change during the study period except in an area where the top and
middle aquifers merged as a result of apparent disturbance to the clay bed. In
this area, the top/middle aquifer water was of the calcium sulfate type.

Chemical Quality of Sediments: Organic carbon, manganese, calcium, lead, stron­
tium, and phosphorus concentrations in the sediment material removed from
Watershed Jll surface-water samples were higher during the premine period than
during the active mining and reclamation or the partially reclaimed periods.
Sulfate and nickel concentrations were highest and pH levels and zinc concen­
trations were lowest during the active mining and reclamation period. During
the partially reclaimed period, parameters which were increased in concentration
compared to the premine or the active mining and reclamation periods were alumi­
num, iron, and magnesium. Copper and sodium concentrations generally remained
constant in samples collected during the different phases. Cadmium and mercury
were not detected in any of the sediment samples analyzed.

Interpretation of Results: The conclusions reached on the effect of m1n1ng and
reclamation on water quality are based on observations made over less than a
two-year period after mining had been completed. During this period, the water­
shed underwent two changes in surficial character and area drained. At the end
of observations, a final reclamation effort was yet to be made, changes in
concentrations of several parameters were still slowly changing, and the final
equilibrium concentrations of surface-water parameters could not be estimated
from the results of this study.

The top aquifer was still actively redeveloping at the end of observations.
Whether it will eventually begin again to contribute drainage to baseflow is
still open to question. An open question is whether the sulfate character of
the top aquifer will extend into its components located in spoil over the old
land surface and to what extent contamination of the middle aquifer will con­
tinue. There is potential for baseflow, if it redevelops, eventually also to
take on a sulfate character.
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I. INTRODUCTION

At the time of the inception of this project, surface m1n1ng of coal and
other minerals was regulated by numerous state laws. The national law later
to be adopted as PL 95-87, Surface Mining Control and Reclamation Act of 1977,
was then under consideration. There were few data available upon which to
evaluate old regulations or to base new ones. There was little information on
hydrologic and water quality monitoring techniques under surface mining and
reclamation conditions, and potential costs of these activities were unknown.
Experience was needed in the application of hydrologic models for predictive
purposes in the context of mining and reclamation.

To address some of the above mentioned short-comings and needs, a proposal
entitled "Research on the Hydrology and Water Quality of Watersheds Subjected
to Surface Mining" was prepared in 1975 and submitted to the Bureau of Mines,
U. S. Department of the Interior. The objectives contained therein were modi­
fied slightly and adopted in a 1976 plan of work. The objectives of this
project are reproduced here:

1. Obtain complete hydrologic and water quality data from at least
three watersheds 40-80 acres in size, for four years with one
year of data obtained prior to surface mining, and from erosion
and treatment plots for three years, and analyze the data.

2. Characterize the study watersheds and plots, and obtain physical
and chemical data for the soils and overburden materials prior
to surface mining and for the replaced topsoil and underlying
spoil material following surface mining.

3. Describe the hydrogeology of the watersheds and the water-quality
characteristics of the aquifer systems for pre and post surface
mining conditions, and develop or adapt a ground-water chemical
transport submodel for simulation of the ground-water flow condi­
tions and movement of solutes for the pre and postsurface mining
condition.

4. Develop or modify a computer model for simulation of the hydro­
logic and water quality regimes of the study watersheds for both
pre and postsurface mined conditions by incorporating mathemati­
cal representations of submodels for the water flow components
and sediment and chemical transport with emphasis on selection of
model parameters that can be reasonably acquired for non-study
areas within the physiographic region for application of the model.

5. Determine costs to obtain the necessary physical, chemical, and
hydrologic data, including legal and administrative costs, as
required for surface mining permits as well as costs for obtain­
ing these data at alternate degrees of accuracy and completeness;
and determine costs and benefits of alternative degrees of control
of runoff, sediment, and water quality.
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6. Submit semiannual status reports, study phase reports and a final
project report with documentation of research data and results, and
cooperate with the Bureau of Mines in interpreting such data and re­
sults.

Personnel and funding restraints forced a cut-back in the length of time
that data could be collected from the erosion and treatment plots and reduced
the number of plots. These same factors plus a state-of-the-art factor led to
dropping sediment modeling and chemical considerations from both ground- and
surface-water modeling.

As outlined in the first objective, the project was organized in three
phases: 1) premine, 2) mining-reclamation, and 3) postreclamation. The premine,
Phase 1 condition ended with initial disturbance of a watershed when Phase 2
began. The latter ended and Phase 3 began when reclaimed watershed surfaces
were seeded after the spreading of topsoil.

Five watersheds were initially selected for study. One of them, Watershed
A06, to be left in the unmined state as a control, was on the USDA-ARS, North
Appalachian Experimental Watershed near Coshocton, Ohio. This watershed was
subsequently dropped from the investigation when analyses revealed its weak­
nesses as a control (Appendices, U. S. Bureau of Mines, 23, 24). The others
were selected and instrumented prior to the onset of mining at the sites of
operating surface mines in three Ohio counties. Figure 1 shows the locations
of all watersheds. The numbers contained in the watershed designations are the
numbers commonly used to designate the coal beds in the region. The four water­
sheds to be mined were all associated with different coal beds, thus differed
geologically from each other as well as in other respects.

Economic conditions led to earlier-than-planned mining of two watersheds
and severely delayed the mining of two others. Watershed JOB, in fact, was
never mined and was dropped from the study before data accumulation began.

A Phase 1 report (U. S. Bureau of Mines, 21) extensively describes the
project design and contains prem~n~ng data in detail for three watersheds, but
gives the complete premining data set only for the two watersheds (C06 and M09)
mined at the time of the report. There is also a separate Phase 1 summary
(U. S. Bureau of Mines, 22).

Earlier reports, (U. S. Bureau of Mines, 21, 22, 23, 24; Hamon et al., 9;
Helgesen and Razem, ll) include descriptions of premi~ng-rPhase 1) ground-­
water hydrology and describe the mining-reclamation (Phase 2) ground-water
conditions at Watersheds C06 and M09. Cooper (4) described ground-water
quality conditions at Watershed A06. Helgesen;t al. (12) and Weiss (29)
described ground-water models applied to the study watersheds. --

Separate Phase 2 and 3 reports were submitted for Watersheds C06 and M09
(U. S. Bureau of Mines, 23, 24, 25, 26). This report is the final report for
Watershed Jll and focuses on all three phases of the study. Mining occurred too
late in the study period to warrant separate phase reports.

This and other project reports contain a mixture of English and metric
units. English units predominate because they are widely used in the mining
industry. Metric units were generally used in discussions of chemical water
quality because of their predominance in that context.
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For the convenience of those readers who prefer to use International System
(Metric) units rather than inch-pound units, the conversion factors for terms
used in this report are listed below;

TO CONVERT

inch (in)

foot (ft)

mile (mi)

acre (Ac)

gallon per minute
(gal/min)

cubic foot per second

(ft3/s)

micromhos per centimeter
(limho/cm)

TO

millimeter (mm)

meter (m)

kilometer (km)

hectare (ha)

liter per second
(l/s)

cubic meter per second

(m3/s)

microsiemens
(liS)
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MULTIPLY BY

25.4

0.3048

1.609

0.4047

.06309

.02832

1.0



II. DESCRIPTION OF WATERSHED Jll, ITS PHYSICAL CHARACTERISTICS, MINING
HISTORY, AND DATA COLLECTION

A. Introduction

Watershed Jll is located in the extreme southwest corner of Jefferson
County, Ohio in Section 34 of Mt. Pleasant Township and was underlain by the
Waynesburg (No. 11) coal of the Monongahela Formation. Prior to mining, the
area experienced a long-term management practice limited to cattle grazing. An
examination of soil cores taken within grassy areas showed evidence of a plow
sole, and suggested the likelihood that tillage was part of the area's history.

Data collection at Watershed Jll commenced May 1, 1977 and was terminated
for purposes of this report June 30, 1982. During that time, the watershed
underwent profound disturbance as it was transformed from the undisturbed to
the reclaimed condition.

As explained earlier in this report, the investigation was organized to
analyze and compare data for three phases that may be roughly categorized as
natural, disturbed, and reclaimed or, as generally designated in this report,
premine, mining-reclamation, and postreclamation. Criteria for defining the
beginning and ending of Phase 2 were given in Section I.

Table 1 shows the chronology of events on Watershed Jll and shows con­
siderably more subdividing of data analysis/comparision periods than was
originally visualized. The greater number of subdivisions was necessitated by
interruptions in the reclamation schedule that resulted in there being two
major reclamation efforts about a year apart in time. Unfortunately, final
reclamation (removal of diversions) occurred after data collection for this re­
port ceased, so the hydrology and water quality of the watershed in its final
reclaimed state cannot be discussed herein. Phases 2d and 3a were char­
acterized by a predominantly topsoiled, vegetated watershed surface, but also
by diversions that affected both geometry of the watershed boundaries and
surface-water flow patterns within the watershed. Erosion within the diversion
channels and in the diversion outlets marked the effects of the reclamation
practice during those periods.

The following sections describe the physical characteristics of the
watershed before, during, and after mining; and the instrumentation employed to
monitor the effects of mining on the hydrology and quality of ground water and
surface runoff. An earlier report (U. S. Bureau of Mines, 1!) gives somewhat
more detail on premining conditions.

B. Premining Conditions

A topographic map for the study site as it was prior to m1n1ng is shown in
Figure 2. The legend of symbols used is shown in Table 2. An oblique aerial
photograph of the watershed is shown in Figure 3. The natural/undisturbed
column of Table 3 gives pertinent descriptive characteristics for the premining
watershed.

The area was drained by a stream system which consisted of a well defined
main channel, a less developed but major contributing ephemeral channel, and
two poorly developed side channels that contributed intermittent flows. The
main watercourse was borderline between ephemeral and continuous flow.
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TABLE 1. - Chronology of operations at Watershed Jll

Period
Begin End

Operation Phase
Designation

05/01/77

05/01/77

OS/20/80

08/23/80

10/04/80

11/11/80

08/07/81

09/29/81

06/30/82

05/19/80

08/22/80

10/03/80

11/10/80

08/06/81

09/28/81

06/30/82

Data collection begins.

Premine - pasture and
wooded pasture.

Mine.

Regrade; topsoil replacement,
establish some diversions for
erosion control.

Fertilize and seed; some
regrading and topsoil
replacement continue.

Stable period - partially
reclaimed; haul road still
in place; diversions and
outlet significantly erode.

Remove haul road, finish
regrading, rework and extend
existing diversions, and
install new diversions.
New seeding.

Stable period, diversions in
place; actively eroding diver­
sions and outlets - some
diversion terraces failed.

Data collection ceases for
purposes of this report.
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TABLE 2. - Legend for map symbols

INSTRUMENT PLOT

CORE SITE

OBSERVATION WELL
(Last number represents aquifer
numbered in sequence from top.)

GAGING STATION

WATERSHED BOUNDARY

INTERMITTENT STREAMS

CONTOUR LINE

COAL OUTCROP

SOIL MOISTURE ACCESS TUBE

®

W 8-2

o

---- -----
----..------

+
. '" ..



FIGURE 3. - Premining oblique aerial photograph of
Watershed J11.
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TABLE 3. - Physical characteristics of Watershed 311

Watershed Condition
Physical Natural/

Characteristics Undisturbed Actively~ Mined Reclaimed
1

2a,b,c Phase 2d,e Phase 3aPhase 1 Phase

Area (Ac) 29.1 11.4 - 29.5 22.9 - 33.2 32.1

Aspect W W W W

Max. Elev. (ft)2 1285 1261 1261 1261

Min. Elev. (ft)2 1135 1135 1135 1135

Relief 150 126 126 126

Approx. Elev.
2
of

1190 1190 1190 1190Coal (ft)

Length of Main
Watercourse (ft) 1140 300 - 1500 1500 1800

Max. Disturbance3

(%) 0 91 82 76

I The time spans for each phase are shown in Table 1.

2Elevations are given with respect to sea level datum.

3percent disturbance refers to the condition of land areas contributing
runoff to the watershed outlet at a given time. Land shaping due to recla­
mation and the installation and later revision of diversions resulted in two
separate instances of redirecting flows from undisturbed areas toward the
outlet, with the percentage of included undisturbed land increasing during
the second instance.
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1. Premining Soils.

USDA-Soil Conservation Service personnel, using county and state soil
legends, mapped Watershed Jll prior to mining. Figure 4 shows the distribu­
tion of these soils on the premined watershed. Table 4 identifies the soils,
slope, and erosion and gives acreage.

Five sites were selected, and soils at these sites were sampled to charac­
terize the watershed. Descriptions and data for the soils are given in the
Appendix for the sites designated JF3-JF7. The locations are shown on Figure 4.
Naming of the pedons sampled is based on the field descriptions and laboratory
analysis. Naming of pedons does not in all cases agree with the field delinea­
tion. Remapping and reevaluation of the field delineations were not possible
because the first stages of mining were underway by the time the laboratory
characterization was completed.

2. Premining Geology.

Watershed Jll is in the unglaciated Allegheny Plateau region of south­
eastern Ohio. Stratigraphy (Figure 5) consisted of nearly flat-lying inter­
bedded shale, sandstone, limestone, and coal of the Pennsylvanian and Permain
system. Weathered rock and soil overlaid the bedrock in most places (U. S.
Bureau of Mines, 21). The physical and chemical characteristics of the core
taken at Watershe~Jll are described in U. S. Bureau of Mines (~). The
Waynesburg No. 11 coal bed of the Monongahela Formation cropped out near the
middle of the watershed, whereas the No. 9 Meigs Creek (Sewickley) coal bed of
the Monongahela Formation did not crop out in the watershed. The weir structure
was founded on limestone at about the 130 ft level on Figure 5.

From a hydrologic standpoint, a pertinent aspect of the stratigraphy of the
study area is that the coal beds are generally underlain by slowly permeable
clays. Perched, saturated zones on these clays, resident in the fractures of
the overlying coal and higher rock strata, discharge by leakage to lower zones
and through springs and seeps to maintain dry-weather stream flow in the upland
areas of the region. Figure 6 schematically illustrates the situation. At
Watershed Jll, the bed underlying the mined coal was a shaley clay.

3. Premining Vegetation.

Much of the watershed was pasture or wooded. Tree species were all hard­
woods. One small area was in cultivation. Vegetation was sampled at 11 sites;
a summary of the results is given in Table 5.

C. Mining and Reclamation Operations

Surface mining drastically altered this landscape. The topography and the
upper geologic structure were destroyed as coal was extracted. During the
active mining period, the shape and surficial characteristics of the watershed
changed continuously. A haul-back method of mining was employed at the site
after removing and stockpiling topsoil. In this method, a strip of coal was
daylighted, and the coal was removed before proceeding into a new, adjoining
strip. Spoil from each new pass was used to backfill cuts left in the wake of
completed operations. Figure 7 illustrates the progression of events.

Portions of the unconsolidated material in the watershed were stockpiled
and identified as "topsoil". No attempt was made to stockpile separate soil
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TABLE 4. - Premining soils in Watershed 311

Soil Code Series

Be Berks

Co Coshocton

Cu Culleoka

Gi Gilpin

1
Slope Codes: C = 6-12%

D = 12-18%
E = 18-25%

Slope-Erosionls 2 Hydrologic3
Area

Code Soil Class (Ac)

G C 1.1

C2 C 3.8
D2

F2 C 0.9

C2 C 23.3
D2

F = 25-35%
G = > 35%

2E . C drOS10n 0 es: 2 = plow layer has mixture of A and B horizons.
No code present: Nearly level; no erosion.

3Hydrologic soil classification codes range from A to D where A
pertains to soils of lowest runoff potential and D to soils of highest.
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FIGURE 6. - Schematic cross section illustrating premining
ground-water occurrence and flow at Watershed Jll.
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FIGURE 7. - Schematic sections illustrating stripmining process.
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horizons. The surface materials in the watershed during m1n1ng consisted of
piles of spoil materials made up of a mixture of preexisting soils and shat­
tered bedrock. No attempt was made to determine the physical characteristics
of these materials during Phase 2.

The spoil was later regraded to contours approximating the original water­
shed shape. Topsoil was spread; diversion terraces were built for erosion
control purposes; and seed~ fertilizer~ and mulch were applied. Modifications
were made to the erosion control diversion system during the two years
following mining cessation.

The sequence of events that took place in the watershed during Phase 2 is
shown in Figures 8-14, and is summarized as follows.

a. Timber of economic value was removed from the undisturbed watershed.
Activities associated with this operation were primarily confined to
the heavily wooded areas along the drainage segment which extended
from the central to the eastern fringe of the watershed (Figure 8).

b. Topsoil was placed in two stockpiles~ located to each side of the main
drainage and below and to the west of the coal outcrop (Figure 9).

c. The initial cut through the watershed was in an easterly direction~

and bifurcated the watershed just to the north of the main drainage
(Figure 10). The cut was terminated just west of the road forming
the southeast boundary of the watershed. Mining proceeded in a
northerly direction as the removal and stockpiling of topsoil was
being completed in the southern half of the watershed (Figure 10).

d. Coal removal was completed in the northern half of the watershed
and adjoining areas further to the north (Figure 11). A temporary
base of operations was maintained in the area as mining commenced
in the southern half of the watershed.

e. The mined watershed was partially reclaimed soon after all coal re­
covery operations were finished. An access road was left in place as
a route to connect public roads with on-going surface mining activi­
ties to the south of the study site (Figure 12).

f. Reclamation with an erosion control practice in place was completed
with the removal of the access road and completion of the network
of diversions (Figure 13).

g. Final reclamation was completed with the removal of the system of
diversions (Figure 14) shortly after data collection for this report
ceased.

Five temporal-zonal classifications have been adopted in this study to de­
scribe the watershed status during the progression of mining and reclamation.
The "natural" classification designates areas prior to the time when vegetation
and topsoil removal began. The "disturbed" classification identifies areas
during the times when they were partially or totally stripped of vegetation~

subjected to vehicular or equipment traffic~ and/or were stripped of topsoil.
In these cases~ the impact of mining on the physical features of the watershed
was surficial. The "mined" classification applies to areas while they ex­
perienced complete destruction of the subsurface soil and geologic structures.
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FIGURE 8. - Timber of economic value was removed from wooded
sections in the central and eastern areas of Watershed J11.

FIGURE 9. - Topsoil was removed and stored in two large stock­
piles in the western (and lower) area of the watershed.
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FIGURE 10. ~ Looking northwest into the watershed during the
early stages of mining shows one of the first mining cuts.

FIGURE 11. - A base of operations was maintained in the northern
half of the watershed while mining continued in the southern half.
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FIGURE 12. - An access road from the east central border of
the watershed (starting at the upper left in the picture and
running horizontally across the photograph) was left in place
while mining operations were continued outside the watershed
to the south (off the photograph to the right). The gaging
station and sediment pond appear among the trees in the central
foreground.

FIGURE 13. - The erosion control system was completed with a
compleJ{ network of diversions and removal of the access road.
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FIGURE 14. - Watershed J11 in the fully reclaimed state
(viz. no diversions and final seeding).



Piles of spoil material, high walls, and irregular topography characterized
these periods. The "graded" classificaton pertains to areas after coal removal
had been completed and the spoil or topsoil material had been graded into what
nearly constituted the reclaimed topography. Finally, the "reclaimed" clas­
sification designates areas after topsoil replacement, seeding, mulching, and
fertilizing were completed.

The progressive transformation of the watershed from its natural condition
through the mining and reclamation phases is shown as a series of maps in
Figure 15. The delineations in the sequence were based primarily on field ob­
servations, and upon aerial photographs to a much lesser extent. Extensive
field and aerial surveys were not attempted during the mining phase due to
cost constraints and the rapidity of changes within the watershed. Con­
sequently, the areas of the watershed and the zonal subdivisions in Figure 15
are approximate.

The watershed underwent drastic changes in runoff area during the m1n1ng and
reclamation periods. Table 3 compares the ranges of physical characteristics
observed during this period with those which described the natural state. Due
to the uncertainty in the areal delineations, the term "probable runoff area"
is used forthwith in place of "watershed area" whenever an areal delineation
was not based on actual surveys.

For approximately two years following m1n1ng, the watershed experienced
periods of partial reclamation. During the first year, diversions were in­
stalled to control erosion over the northern half of the watershed and a portion
of the area to the south. An access road was left in place to accomodate
traffic to other areas being mined to the south. Figure 16 is a topographic
map of the study site during this period. Because of the extensive diversion
network, the watershed included additional (natural and disturbed) acreage out­
side the boundary of the original natural watershed.

Removal of the access road and completion of the diversion network a year
after mining ceased again changed the shape of the watershed and its drainage
features. Figure 17 shows the impact on the topography. The drainage area
again increased once the entire erosion control system was in place.

Removal of the terrace system and final reclamation occurred after data
collection ceased.

Neither set of diversions was particularly effective for erosion control.
Vegetative cover was generally poor, and rill erosion was evident in the areas
between diversions. The diversion channels themselves eroded, and the outlet
for the diversions, which discharged into the stream channel near the watershed
outlet, severely eroded. The diversion terraces also overtopped on several
occasions.

D. Postrec1amation Conditions

Although a final postrec1amation state was not actually achieved prior to
the end of data collection, certain aspects of the postrec1amation character of
the watershed had been substantially established by the beginning of Phase 2c.

After the end of data collection for this report, the primary effects of
further reclamation would be a reduction in size of the watershed, a redefini­
tion of the watershed surface drainage pattern as the diversions are removed,
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and elimination of substantial sources of sediment. Thus, there is potential for
considerable modification to surface runoff and water quality after final
reclamation.

1. Postreclamation Soils.

Following reclamation and topsoiling the soils in the watershed were
mapped by personnel of the Ohio Department of Natural Resources (Division of
Lands and Soils) using standard soil survey techniques. Soils in reclaimed
stripmine areas in Ohio are identified as belonging to one of four soil series
that have been established for mined areas and placed in the national series.
These four soil series cover a full range from acid and toxic soils to mildly
alkaline soils having free carbonate present in all horizons. From most
alkaline to most acid, they are Morristown, Fairpoint, Bethesda, and Barkcamp,
respectively.

Mapping of the watershed soils showed that there was a complex mixture of
soil series. The dominant soil was Fairpoint with complex inclusions of
Bethesda. Because the Bethesda soil areas were small and intricately mixed
with the dominant Fairpoint, it was decided to identify the entire watershed as
Fairpoint, but recognize that there were many inclusions of Bethesda. A few
very small areas of Morristown may also be present in the watershed.

Following the mapping, four sites were selected to represent the various
slopes and landscape positions in the reclaimed watershed (Figure 18). Pits
were dug at the four sites, pedons described and samples taken for characteri­
zation. Descriptions and sampling were to a depth of 50-60 in, which exceeds
the depth of rooting of most crops grown in the area. Evaluation of the field
descriptions, plus the laboratory data from the pedons, led to the determination
that two of the pedons could be classified as the Fairpoint series. The
Fairpoint soil is a loamy skeletal, mixed, nonacid, mesic, Typic Udorthent.
The other two pedons were classified in the Bethesda series. The Bethesda soil
is a loamy skeletal, mixed, acid, mesic, Typic Udorthent. Descriptions and
data for these four postmining pedons are given in the Appendix; identified as
sites JF8-JFll.

Overall field mapping and sampling suggest that the soils of Watershed Jll
are more variable than in the other two watersheds studied. In general the
surface has a relatively high plant available moisture capacity. The surface
pH values, though not high, are not low enough to hinder plant growth except
for one site. Liming of the watershed after these samples were taken should
have raised the pH levels to an even more desirable range. Subsoil horizons
having large quantities of coarse skeletal material and lower pH values in
places may limit plant growth.

a. Topsoil.

Topsoil thickness over the watershed appeared to be rather uniform. In the
pedons sampled topsoil thickness ranged from 10 in at JF-lO and JF-ll to 13 in
at JF-9. Surface textures ranged from silt loam to silty clay loam with a
range in clay content from 22% to 28%. A range in clay content this narrow
is considered unusual for mining topsoil. A wider range undoubtedly occurs
over the watershed. Coarse skeletal (diameter greater than 2 rom) material was
relatively high in all the soils sampled. Site JF-lO had 20% to 25% coarse
material in the surface. This could create tillage problems; however, a por­
tion of the material is shale and will disintegrate in a few years. Surface
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pH's were lower than expected, ranging from 4.6 to 6.0 (1:1, H
2
0). This sug­

gests that inadequate lime had been applied to the watershed prior to the time
of sampling. The textures suggest that the plant-available moisture should be
in the range of 0.12 to 0.16 in/in. These values are comparable to many natural
topsoils in the area. Sulfur values were relatively low. The highest value
for sulfur (0.14) was in the surface horizon with the lowest pH (4.6). Organic
carbon contents in the surface were in the 0.5% to 0.8% range which is less
than half that expected in many unmined soils, but is similar to contents found
in reclaimed soils that includes an original topsoil componant.

b. Subsoil.

Subsoil or spoil underlying the topsoil is highly variable in both physical
and chemical properties. The most obvious variable property is the amount of
material larger than 2 mm in diameter. Because of its size, it is difficult
to sample and determine the actual percentage. The field estimates listed in
the descriptions in the appendix are probably more accurate than the values
shown in the laboratory data table. Field estimates for coarse skeletal
material in the subsoil show a range from 20% to 75% by volume. Horizons with
over 50% will limit rooting because of the physical impedance and a lowering of
plant available moisture. At Watershed Jll all subsoil horizons had 45% or
more coarse skeletal material. Texture of the less than 2 mm material was also
highly variable. Textures ranged from silt loam (17% sand) to sandy loam (70%
sand). Clay content in the 19 subsoil horizons sampled was, with one exception,
always less than 28%. Silt content, which is positively correlated with
available moisture holding capacity, ranged from 22% to 60%. As with all the
other properties the subsoil pH had a wide range. The pH values (1:1, H

2
0)

ranged from 3.5 in JF-IO to 8.2 in JF-ll. Site JF-ll, with carbonates in all
but one subsurface horizon, comes very close to the Morristown soil in clas­
sification. Values for organic carbon are highly variable. This variability
is attributed to mixing of the shale (and possibly coal) rather than from
organic matter from the soils on the premining landscape. Sulfur values are
not high; the highest value (0.64) is in JF-9 where it is associated with a
horizon with 2.6% carbonate.

Of the sites studied in Watershed Jll the Fairpoint soil at site JF-9
would be the most desirable for revegetation. It has the lowest amount of
coarse skeletal material, moderate pH values throughout, and a high content
of silt down to 41 in. The poorest soil for revegetation would be the Bethesda
at site JF-IO. Root growth below the topsoil at this site will be very limited
by the extremely acid (pH 3.7) and very coarse (50% CS) horizon immediately
below the Al horizon.

As a result of the complex distribution of soils on Watershed Jll and the
variable physical and chemical properties of the soils, this watershed will
probably present problems in long-term revegetation.

2. Postreclamation Geology.

Mining involved stripping the overburden, removing the coal, and replacing
the overburden to the approximate premining configuration (Figure 7). The
entire top aquifer was not destroyed, however, because nearby dwellings
and roads restricted the mining area. In the vicinity of Wells W6-l and W7-2,
the coal was removed by augering, which did not disturb the overburden material.
After mining, the stratigraphic section consisted of a top aquifer of spoils
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material on top of the shaly underclay and undisturbed bedrock in the un­
mined and augered areas (Figure 19). The middle aquifer below the Waynesburg
No. 11 coal bed of the Monongahela Formation was undisturbed, except that some
areas downhill from the mined coal outcrop were covered with a layer of spoil
material.

E. Collection and Organization of Data

The data collection system that was installed to quantify the impacts of
surface mining on the hydrology, and quality of surface runoff and ground water
before, during, and after mining was designed to provide the following in­
formation (Figure 2 shows the location of premining instrumentation).

a. A continuous record of runoff at the watershed outlet. (Prior to
mining, runoff from a 3.5-Ac area, located on one of the smaller
tributaries to the main waterway was also continuously recorded.)

b. A continuous record of precipitation on the watershed.

c. Continuous records of temperature and relative humidity.

d. Hourly average values of solar and net radiation.

e. Ground-water level observations.

f. Discrete samples of ground-water quality on a seasonal basis.

g. Concentrations of suspended sediment during periods of storm runoff.

h. Suspended sediment concentrations in baseflow.

i. Concentrations of chemical constituents present in storm runoff and
baseflow.

j. Soil moisture profiles at discrete depths and times at various points
within the watershed.

Originally, a 2.5-ft H-flume was used to gage flow at the watershed outlet.
The design was in accordance with standard specifications (U. S. Department of
Agriculture, 12). A water-level recorder recorded depth of flow as a function
of time. Timer resolution was varied during the course of the study and ranged
from 30 min per chart division to 7.5 min per chart division.

The 2.5-ft H-flume was replaced by a 1.2-ft drop-box weir on May 23, 1980.
The design was a geometrically scaled-down version of a prototype described by
Johnson et al., (16). The same water level recording device was used. Its
timer resolution was varied during the remainder of the study and ranged from
7.5 min per chart division to 4.0 min per chart division.

Runoff from the 3.5-Ac premine watershed was gaged with a 0.8-ft drop-box
weir. The same type of recording device as the one employed at the watershed
outlet was used at this installation.

A pair of 8-in weighing bucket rain gages measured and recorded the time
history of accumulated precipitation. One of the devices was equipped with
a wind shield, designed to improve catch efficiency. Two sets of breakpoint
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precipitation intensities and totals of daily, monthly, and annual precipitation
were derived from the measurements. The first set was based only on measure­
ments taken with the unshielded gage. The second set was computed catches
which were based on measurements taken using both gages. Precipitation amounts
were calculated using an empirical formula proposed by Hamon (7). Differences
between the unshielded and computed totals are noted and briefly discussed in
Section III.

Continuous measurements of air temperatures and relative humidity were made
with a hygrothermograph. Records were in the form of continuous ink tracings
on strip charts.

Eppley Laboratory sOlyr radiometers (Model 8-48)1 and Micromet Instrument
miniature net radiometers were used to monitor incoming and outgoing radi­
ation. The sensors were located at the study site's meteorologic station and
were positioned 18 in above the ground surface. Sensor outputs were integrated
by a Lintronic Mark V integrator, adapted to handle net outgoing radiation,
to provide hourly totals.

Soil moisture access tubes were installed to depths of up to 51 in through­
out the watershed. A neutron probe was used to measure soil moisture (% by
volume) profiles at each tube site. Near surface soil moisture (% by volume)
was determined from fixed-length core samples taken with a 1-1/2 in auger sampler.

Table 6 summarizes the hydrologic data collection scheme and shows how
those data were grouped. For a discussion of hydrologic impacts, observations
made during Phases 2a, b, and c were grouped into one set and those made during
Phases 2d and e, in another. In this study, a watershed was not considered to
be in a fully "reclaimed" state until topsoil replacement and reseeding were
complete. At that time, the reconstructed topography was also more or less
permanent, the land surface was stablized, and erosion control systems were
removed. These conditions were not fully realized before the study was con­
cluded.

However, observations made after Phase 2e were considered to be a better
representation of a reclaimed state than a mined state, and in the discussion
that follows have been designated as belonging to Phase 3a.

Nine observation wells were installed before mining (Figure 2) during
April and May 1976. Four wells were completed in the top aquifer, three in
the middle, and two in the deep zone. The wells were drilled by the air­
rotary method and each was cased so as to be open to only one of the three
major zones. A continuous core was obtained in March 1976. Geophysical and
drillers' logs were obtained from each well and the core hole.

Four observation wells were installed in March 1981 (Figure 16) to replace
wells destroyed by mining. Three of the postreclamation wells were completed
in the top aquifer (spoil) and one in the middle aquifer. The wells were
drilled by the cable-tool method and cased so that they were open to only one
of the aquifers. The three top aquifer (spoil) wells were finished with PVC

lMention of the trade name of a proprietary product does not constitute a
guarantee or warranty of the product by USDA, and does not imply its approval
to the exclusion of other products that may also be suitable.
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slotted casing and the middle aquifer well was constructed with steel casing to
seal off the top aquifer and open hole below.

Water levels in the wells were measured monthly, and digital recorders
obtained hourly data in selected wells. Table 7 lists the data obtained from
each well. Aquifer tests (single-well pumping and slug tests) were made at
premining wells to determine hydraulic properties before mining. Aquifer tests
were not made at any of the postreclamation top aquifer (spoil) wells because
the saturated thickness was too thin. Table 8 shows the postreclamation well
information and data collected from each well. Tests of underclay permeability
were done in the laboratory. Pumping tests were analyzed according to the
method of Boulton (2), and slug tests were analyzed by the method described
by Cooper et al. (1).

Forty-nine water samples were collected for prem1n1ng water-quality ana­
lyses; 35 from top-aquifer wells and 14 from middle-aquifer wells. Twenty-five
samples were collected after mining for water-quality analyses; 14 from top­
aquifer (spoil) wells, and 11 from the undisturbed middle aquifer.

Samples were collected using an electrical submersible pump if the well
yield permitted. A PVC bailer was used if the saturated thickness was small
or well yield was low. Samples were collected after the well volume had been
discharged two to three times and the specific conductance and temperature
stabilized.

Temperature, specific conductance, pH, and alkalinity were determined in
the field. Samples were filtered and treated in the field and chilled until
laboratory analyses were made. Dissolved constituents were determined from
samples that were filtered in the field with 0.45 ~m filters before treating.
Samples were analyzed at the U. S. Geological Survey Laboratory in Doraville,
Georgia.

The quality of surface water was monitored at the outlet of Watershed Jll
for approximately 34 months before surface coal mining began, for 3 months
during active mining and reclamation, and for 16 months during which the water­
shed lay in a partially reclaimed state. Runoff was automatically sampled (as
composite samples) at the watershed outlet with an ISCO sampler. Samples
were obtained above a practical threshold of 0.24 cfs at fixed time intervals
through a screened intake placed in an area of high turbulence in the drop-box
weir. Hamon et al. (~) describes the instrumentation in greater detail.
Discrete samples were also manually collected.

The frequency of sampling varied depending on the number of runoff events.
Table 9 gives a description of the 54 surface-water samples collected at the
watershed outlet throughout the study period. The partially reclaimed period
(10/4/80 - 6/30/82) corresponds to Phases 2 and 3, and a description of these
phases was made previously in this report. This was a period during which the
watershed remained in a relatively constant condition. However, there were two
brief periods (approximately three months total) when reclamation processes such

lMention of the trade name of a proprietary product does not constitute a
guarantee or warranty of the product by USDA, and does not imply its approval
to the exclusion of other products that may also be suitable.
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TABLE 9. - Description of surface-water samples collected at the
Watershed Jll outlet

Sampling
1

Watershed Number of Samples Collected of the
Interval Condition Type Indicated

(Month/Day/Year) Discrete Composite

08/15/77-05/17/80 Premine 28 7

05/30/80-09/09/80 Active Mining 3 0
and Reclamation

10/25/80-02/08/82 Partially 16 0
Reclaimed

1
These dates represent the dates on which were collected the first and last

samples of a given period and do not indicate the beginning and ending dates
for the period.
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as grading and topsoiling occurred. Only one surface-water sample was
collected during these periods of reclamation activity and that sample was
eliminated from the statistical analyses of the partially reclaimed data. Con­
centrations of water quality parameters in this sample, however, were not
greatly different from concentrations observed in other water samples collected
during the partially reclaimed period.

Color and pH were measured in the field and all other parameters in the
laboratory. Table 10 lists the analytical methods, with their lower de­
tection limits, used to measure the various parameters in precipitation and
surface-water samples. A complete schematic flow sheet of procedures used for
sample preparation is reported in U. S. Bureau of Mines (21). A total of 59
precipitation samples were collected as monthly composite samples by means of
an automatic precipitation collector and analyzed as described above for the
surface-water samples.

Suspended sediment samples were obtained by continuous flow centrifugation
of 12-15 liter surface-water samples collected at the watershed outlet. When
the quality of sediment from one sample was too small for analysis the sediment
fractions from successive events were combined (Table 11). Sampling was per­
formed primarily during runoff events when most of the sediment transport was
taking place.

The sediment removed from the water sample as a result of centrifugation
was freeze-dried, ground in a stainless steel mill, and stored in polyethylene
bottles. Seventeen parameters were measured in the sediment samples. Metals
(except mercury) and phosphorus concentrations were measured by pretreating the
samples with 30% H

2
02 to destroy organic matter, heating the residue (68-70°C)

in 0.3 N HCl for 30 min, and filtering using a 0.45 ~m membrane. The filtrate
was analyzed using an inductively-coupled argon plasma atomic-absorption
spectrometer (Garbarino and Taylor, i). Mercury was measured by an atomic
absorption cold vapor technique after a separate digestion procedure to remove
interfering organic matter (Hatch and Ott, 10; Lindstedt, 17). Sulfate was
extracted from the sediment with a 0.5 N ammonium acetate-0.25 N acetic acid
mixture (sediment:extractant ratio, 1:2:5) and determined turbidimetrically
(Bardsley and Lancaster, 1). pH was measured using a glass electrode
(sediment:water ratio, 1:2) and organic C by an automatic carbon analyzer.
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TABLE 10. - Summary of analytical methods and detection limits
for surface-water quality analyses

1
Parameter

Analytical
Method

Method
Reference

Lower
Detection

Limit

Acidity (meq/l)

Aluminum2

Ammonium-N

A
0 2ntl.mony

A
0 2rsenl.C

B
0 2arl.um

Bicarbonate
(Alkalinity as cac0

3
)

Cadmium2

Calcium2

Electrometric titration 3 0.01

Inductive coupled argon plasma 4 .010
emission spectrometry (ICP)

Specific ion electrode 5 .01

ICP 4 .025

Atomic absorption/graphite 6 .002
furnace

ICP 4 .002

Electrometric titration 3 .4

ICP 4 .003

ICP 4 .010

1
All parameters reported as mg/l except where noted.

2Filtration by 0.45 ~m membrane.

3U• S. Geological Survey. Methods for Collection and Analysis of Water
Samples for Dissolved Minerals and Gases, 1974.

4Garbarino, J. R. and H. E. Taylor. An Inductive-Coupled Plasma Atomic­
Emission Spectrometric Method for Routine Water Quality Testing. Applied
Spectroscopy, v. 33, 1979, pp. 220-226.

50 0 S Of 0 I El d I 0 M 1 0 i R h Irl.on pecl. l.C on ectro e nstructl.on anua s, r on esearc, nc.,
Cambridge, Mass.

6
Jarrell-Ash Methods Manual for Atomic Absorption Spectroscopy, Jarrell-Ash

Division of Fisher Scientific Co., Waltham, Mass.

7American Public Health Association. Standard Methods for the Examination
of Water and Wastewater, American Water Works Association, Water Pollution
Control Federation, 14th ed., Washington, D. C., 1975.

8
Olson, O. E., I. S. Palmer and E. E. Cary. Modification of the Official

Fluorometric Method for Selenium in Plants. J. Assoc. Official Anal. Chem.,
v. 58, 1975, pp. 117-121.
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TABLE 10. (Cont'd) - Summary of analytical methods and detection limits
for surface-water quality analyses

1 Analytical
Parameter Method

Carbon Dioxide Calculation

Chloride Potentiometric titration
with Ag/S Spa ion electrode

Chromium vr
2

Diphenylcarbazide
spectrophotometric

Color - Field Color comparator
(color units)

2Copper rcp

Cyanide Specific ion electrode

Dissolved Oxygen Membrane electrode

Fluoride Specific ion electrode

Hardness Calculation

2rron rcp

Lead2 rcp

Magnesium
2

rcp

2Manganese rcp

2
Mercury (total) Atomic absorption/cold vapor

Nicke1
2

rcp

Nitrate-N Specific ion electrode

pH Electrometric
Runoff - Field
Precipitation - Lab
(standard units)

Lower
Method Detection

Reference Limit

3 0

5 0.1

3 .010

3 1

4 0.003

5 .01

7 .1

5 .02

7 0

4 0.005

4 .015

4 .003

4 .001

6 .002

4 .010

5 .1

7 Undefined

Phenols Chloroform extraction
following distillation
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TABLE 10. (Cont'd) - Summary of analytical methods and detection limits
for surface-water quality analyses

1Parameter

2Phosphorus

Selenium2

Silver2

Sodium
2

Specific Conductance
(l-\mhos/cm)

S
• 2trontl.um

2
Sulfate

Sulfide

Total
Dissolved Solids2

Total
Suspended Solids

Z
• 2l.nc

Analytical
Method

rcp

Fluorometric

rcp

rcp

Wheatstone bridge

rcp

Turbidimetric

Specific ion electrode

Filtrable residue at
1800 C (0.45 ~m filter)

Nonfiltrable residue

rcp

63

Lower
Method Detection

Reference Limit

4 0.03

8 .0001

4 .003

4 .05

7 0

4 0.002

7 2

5 0.01

7 1

7 5

4 0.007



TABLE 11. - Description of suspended sediment samples collected
at the Watershed J11 outlet

Sampling Watershed Sample Composition
1

Interval Condition Number of Number of
(Month/Day/Year) Samples Events

11/30/77-04/14/80 Premine 5 26

05/30/80-09/09/80 Active Mining 3 3
and Reclamation

10/25/80-01/23/82 Partially 12 13
Reclaimed

1A "sample" means the sediment material analyzed. The "sample" may be a
composite of the sediment fractions from one or more runoff events pooled
to obtain sufficient material for analysis.
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III. SURFACE-WATER HYDROLOGY

A. Introduction

To assess the impacts of surface m1n1ng and reclamation on the hydrology
of a small watershed in the North Appalachian Coal Region, hydrologic and
meteorologic data were collected at the study watershed while in various stages
of mining. Table 6 lists the parameters which were the basis for assessing
these impacts.

The destruction of the subsurface soil and geologic structure, the near
total removal of vegetative cover, and the stockpiling of loose and fragmented
spoil affected the distribution of water mass in the watershed's hydrologic
budget. The impact of these changes was not uniform over the mining period and
was dependent on the series of disturbances caused by the sequence and sched­
uling of mining and reclamation operations as discussed in Section II. The
continuous and nonuniform transformation of the watershed through the mining
and reclamation phases, precluded the possibility of completely establishing
cause and effect relationships for particular disturbances. Consequently,
the hydrologic experience of Watershed J11 has been evaluated in the context
of predominant disturbances at the times data were collected.

B. Weather Data

Climatological data are presented below. When possible, the conditions
which prevailed during the study were first compared with average states, and
the ranges of natural variability. In cases where observations could not be
related to an historical record, the trend in the magnitude and variability of
the parameter during the study has been described. The intent of this effort
was to provide as much information as possible so that the surface and sub­
surface hydrologic observatons presented in this report could be interpreted
in the proper perspective. The extension of conclusions drawn from these ob­
servations is contingent on how representative were the natural driving forces
during the three phases of the study. This was considered particularly
pertinent to Phases 2 and 3 given the brevity of the collection periods and
the frequency of physical alterations to the landscape.

Data for a nearby climatologic station were used to evaluate the normalcy
of some conditions observed over the study period. The nearest reference
station with a suitable long-term record was located at Steubenville, Ohio,
approximately 19 miles northeast of the study site. Based on data that were
collected between 1942 and 1981, log-normal distributions were computed for
monthly mean air temperature, and monthly total precipitation. The normalcy
of each observaton made at the study site was evaluated according to the prob­
ability of occurrence as given by the distribution. In all cases, a normal
condition was defined as having at least a 5% probability of being exceeded
and at most a 95% probability of not being exceeded.

As a test of the representativeness of the long-term record, monthly mean
temperatures and monthly total precipitation at Watershed J11 were linearly
regressed on corresponding observations at Steubenville, Ohio. Figure 20a
illustrates the relationships between the two sites.

65



+
+

+

95% Conf Idence Bonds

+

+

+

+

12""""---+---+----+----+----11---+---+---+---+---+--+----+
<in.)(b) Toiol Monihly Pr.clplioilon

II Y = 0.56 + 0.78X
r 2 - 0.81

2

3

9

•

•n 6
v
I 5
I
1 -4

5
i 8
•
u 7
b

129 10 11832o -456 7
Wat..,......d oJ 1I

FIGURE 20. -Relat~onshiP$ b etwee~ilJ.'OnthJ;Yc1i11l~:t.~~~i~~1. .'p£i~~t'~t§·"~1f).
Steubenville ,Ohio an.d'.Wat:ErrscheiLJi 1 ~

66



The relationship developed for monthly mean air temperature was:

Y = 2.78°F + 0.98X

where X = Watershed Jll observation
Y = Predicted values for Steubenville, Ohio (or, equivalently,

Watershed Jll observations adjusted to conditions at
Steubenville, Ohio)

(1)

As indicated by the slope constant and intercept Equation 1 shows the tempera­
ture differences were small. However, the Steubenville station consistently
reported air temperatures approximately 2.78°F higher than those observed at
Watershed Jll. Whether this was due to site differences or instrument sensi­
tivity is uncertain.

The relationship for total monthly precipitation (Figure 20b, Equation 2)
was considerably less well defined:

Y = 0.58 in + 0.78X

where X and Yare defined as above.

(2)

The distance between the observation points was most likely the principal factor
for the scatter that is evident in the illustration. Summer month totals tended
to fit the relationship least and reflected the highly localized nature of sum­
mertime convective thunderstorm activity. However, statistical analyses that
were based on fall and winter, and spring and summer monthly totals did not
yield better results than Equation 2.

The straight lines on Figure 21 are the log-normal fits of the average
monthly air temperatures recorded at Steubenville, Ohio between 1942 and 1981.
The strengths of these empirical relationships varied and were poorest for
December, January, February, and March, average for October and November, and
best for April through September. Figure 22 illustrates representative "good­
ness-of-fits."

In order to evaluate the normalcy of temperatures observed over the study
period, monthly mean air temperatures at Watershed Jll were adjusted, using
Equation 1, to equivalent values as measured at Steubenville. The relationship
shown in Figure 20a was used to make the conversion. These adjusted values
were superimposed on the straight lines of Figure 21, and the actual readings
are listed in Table 12. On the basis of the empirically derived distributions
and the criteria adopted for defining a normal condition, February 1978 and 1979
were colder and August 1980 and May 1982 were warmer than normal. Over the
entire study period, prevailing monthly air temperatures were less than the
long-term averages. Four of the last eight months of 1977; eight months of
1978, 1979, and 1980; nine months of 1981; and three of the first seven months
of 1982 experienced lower than expected temperatures.

Precipitation was the only other climatic variable for which a long-term
record was available. As noted earlier, measurements of accumulated precipi­
tation were made with two standard recording rain gages; one was equipped with
a wind shield to improve catch efficiency. Differences between the amounts
measured with the unshielded gage and those computed using measurements from
both gages (Hamon, 2) were presumed to be indicative of catch deficiencies
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associated with the unshielded gage under windy conditions. Figure 23 plots
the accumulated precipitation based on the two measurements and the line of
equivalence. Precipitation values obtained by computation are referred to as
"dual" gage measurements. As indicated by the curve slope, the catch of the
unshielded gage system almost consistently decreased relative to the dual gage
during the winter months. However, the relative catches after 1979 and during
the summer months were unstable. Most of the rainfall-runoff events included
in the analyses described in the following section occurred between early
spring and late fall. Figure 24 plots the paired observations and their dis­
tribution about the line of equivalence. Prior to 1979, no significant bias
was observed between the two measurement techniques. During the late summer
months of 1979 and all months in 1980 and 1981, the unshielded gage measured
more rainfall than the dual gage. This tendency was atypical of similar
systems installed at two other sites (U. S. Bureau of Mines, 23, 24, ~' 26).
The relative performance of the two systems changed again in 1982 as the dual
gage measurements exceeded those of the unshielded gage.

A series of instrument replacements and repairs were suspected of signi­
ficantly contributing to the changes in the relative performance of the two
measuring devices. The equatons listed in Table 13 quantify the periods and
magnitudes of the variability detected over the study period. Because it
could not be determined which was the more stable record, no effort was made to
compensate for the variability. Consequently, differences in other hydrologic
relationships that could be attributed to approximately a 10% error in the
rainfall measurements made between Phase 1 and Phase 2; and a 20% error in those
made between Phase 1 and Phase 3a should not be definitely attributed to mining.
In the discussions that follow, individual storm volumes and intensities which
have been cited were extracted from the dual raingage computed record. However,
in checking the normalcy of Watershed Jll measurements with the long-term record
for Steubenville, unshielded raingage data were used. The latter was deemed
neccessary since most, if not all, long-term precipitation records are based
on unshielded rain gage measurements.

The computed log-normal distributions of total monthly precipitation at
Steubenville, Ohio are plotted as solid lines on Figure 25. Generally, the
quality of the fits was fair for monthly totals greater than 1 in and less than
6-7 in, and outside these limits it was poor. Notwithstanding the deficiencies,
the results were used to detect deviations outside a normal range.

Equation 2 was used to estimate amounts at Steubensville based on monthly
Watershed Jll precipitation totals. The probabilities of occurrence of the ad­
justed values are plotted on Figure 25; the actual monthly totals are listed in
Table 14. As shown in Figure 20b, the relationship between total monthly pre­
cipitation at Watershed Jll and Steubenville was not nearly as precise as that
for monthly mean air temperature. The 95% confidence bands for the postulated
linear relationship (Equation 2) show a fairly broad range of uncertainty. Un­
certainties that were associated with these predictions were not considered in
the evaluations of the normalcy of the observations. Instead, an additional
restriction was imposed on the normalcy criterion which required both the ad­
justed Watershed Jll and the corresponding Steubenville observations to fall
outside the limits of normal variation. According to the empirical distribu­
tions, August 1980 and April 1981 were abnormally wet, and January 1981 was
abnormally dry. Precipitation amounts for all other months were within the
normal range of variation. Overall, precipitation in 21 of the 37 months
prior to mining, all months of active mining, and 11 of the 22 months after
mining was above average.
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TABLE 13. - Comparison of relationships between event totals
of precipitation measured by an unshielded rain gage and a
dual rain gage at Watershed J11

Year N 2r

1977 Y 0.05 + 0.95 X 5 0.99

1978 Y = 0.15 + 0.94 X 9 .98

1979 Y = 0.16 + 0.93 X 9 1.00

1980 Y 0.04 + 1.04 X 41 0.99

1981 Y = 0.01 + 1.04 X 70 .99

1982 Y = -0.01 + 0.78 X 23 .97

1
N = Number of observations

2
X Computed (dual) rain gage measurement

3y = Unshielded rain gage measurement

74
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Table 15 compares the amounts of annual precipitation that were measured
at Watershed J11 and Steubenville, and ranks the years in order of decreasing
amounts. Differences in totals for paired years were substantial and ranged
from 0.64 to 8.21 in. The only agreement between the two sets of records was
that precipitation (p) was greatest in 1980, the year of mining. Based on the
unshielded totals at Watershed J11, precipitation in 1980 was approximately
4.4 in to 9.0 in more than in any other year of the study. A linear regression
based on th~se few samples yielded Equation 3 and a coefficient of deter­
mination (r ) of only 0.51.

Annual PSteu • = 1.05 in + 0.75 * (Annual PWS J11) (3)

The limited data base in conjunction with the quality of the relationship was
inadequate for an assessment of the normalcy of the annual observations at
Watershed J11 based on these data and the long-term Steubenville record.

Average monthly relative humidity measurements are plotted in Figure 26.
With the exceptions of the January 1970, and March and April 1981 averages,
observations ranged from 62% to 83%. Some of this variation was due to in­
strument performance. Periodic comparisons of instrument records prior to and
immediately after maintenance at times showed differences by as much as 10%
relative humidity. Inasmuch as these devices are notoriously unreliable and
the range of variation was only 23%, it was assumed that the observations were
normal. The above evaluation of these data was considered sufficient since no
effort has been made in this report to estimate evapotranspiration losses based
on these data. Consequently, the impact of the extreme variations, observed
for the three months previously cited, has not been addressed.

C. Soil Moisture

Premining soil moisture data for Watershed J11 have been reported (U. S.
Bureau of Mines, 21) as average discrete ranges for eight zones in the top 51
in of the soil profile. Each zonal range was computed as an unweighted average
of all soil moisture data without regard to location. To illustrate premining
soil moisture characteristics with respect to soil type, the data have been
recompiled by site and are presented in Figure 27.

Measurements were taken in only two soils, Coshocton Silt Loam and Gilpin
Silt Loam, and with the exception of the uppermost layer, soil moisture gener­
ally ranged from the high 20's (% by volume) to the mid 30's. A much wider
variation was evident in the top 9 in and was indicative of the soil moisture
response to the time sequences of meteorologic conditions. Differences within
and among each series were not discernab1e.

Mining destroyed all the soil moisture access tubes within a brief period
of time. No effort was made to reinstall tubes during Phases 2d and e, and
Phase 3a inasmuch as surface activities (reseeding, harvesting, diversion in­
stallation, and repair) would have necessitated frequent replacements. Con­
sequently, soil moisture data for the postmining periods are not available.

D. Surface-Water Runoff

Surface-water runoff observations at the Watershed J11 outlet include 37
months of premining record, 4 months of intense mining and mining-reclamation
record, and 21 months of postrec1amation record. Data collected during the

77



TABLE 15. - Comparison of annual precipitation at Watershed J11 and
Steubenville, Ohio

Year

1978

1979

1980

1981

Watershed Jl1 Steubenville

Unshielded
Total (in) Rank Total (in) Rank

46.58 3 40.36 4

44.53 4 43.89 2

53.52 1 50.85 1

49.12 2 40.91 3
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three periods were the basis for evaluating the impacts of surface m1n1ng on
surface-water runoff from the study watershed. Each period represented the
watershed in a unique and readily identifiable physical condition. Watershed
topography was the most prominent differentiating attribute. Figures 2, 16, and
17 illustrate differences for the original, intermediate, and final configura­
tions. Vegetal cover was a second distinguishing characteristic. The study
site was transformed from a pastured area with small patches of woods, to an
area almost denuded of vegetation, and finally, to an area vegetated with a
stand of grasses and legumes.

The remaining features which differentiated the data sets were the soils
and underlying rock materials. Prior to mining, several locally common soils
were identified in the watershed. These rested on a bedrock complex. Both
soils and bedrock were destroyed over the upper part of the watershed and were
replaced by ridges of spoil material with the onset of coal removal. Ulti­
mately, soil comprised of previously undisturbed topsoil and some subsurface
materials was substituted as the permanent replacement topsoil just prior to
revegetation.

For comparison purposes, the runoff data were grouped into four sets. The
first set characterized the watershed in the premined (undisturbed - Phase 1)
state for the period May 1, 1977 to May 19, 1980. Observations made during
Phases 2a, b, and c and Phases 2d and e were grouped into two separate sets.
Intense mining and reclamation activities were prevalent during the earlier
period, whereas few additional disturbances were made during Phases 2d and e.
The fourth data set consisted of observations made during Phase 3a. As stated
earlier, the watershed was nearly reclaimed during Phases 2d and e, but the
reclamation included a partially completed erosion control system and an access
road.

The physically distinct features associated with each data set suggested
that the runoff response characteristics for each situation would be meas­
ureably different for similar transient meteorological inputs. Ideally, before
observed differences can be quantified and attributed to a surface mining im­
pact, an accounting should be made for variations arising from seasonal effects,
as well as the normal range of meteorological inputs typically experienced.
Because of the brevity of the observation periods, none of the groups contained
sufficient data to seriously attempt such an effort.

An immediate consequence of this deficiency is that conclusions, derived
from comparing data from the three groups, apply only to the combination of
physical conditions and meteorological conditions that were experienced. The
data sets do not allow latituide for interpretation as to what would have
occurred had the watershed been revegetated with a different crop or been re­
forested; what effect warmer or cooler temperatures would have had on ET,
moisture conditions, and runoff response; or how a different sequence of
meteorological inputs might affect the conclusions derived from the available
data. In addition, the data sets particularly lack information pertaining to
snow and frozen soil hydrology. Consequently, this section excludes any ref­
erence to surface mining impacts over the winter period. Furthermore, runoff
hydrographs suspected of having been influenced by snowmelt have been excluded
from the analyses.

From a hydrologic perspective, the most obvious impacts of surface mining
would be reflected in changes to the volumes and rates of runoff for comparative
storm situations. In the analysis of the rainfall-runoff relationships that
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follows, direct runoff (total runoff minus baseflow) is reported. Furthermore,
only larger runoff events were considered. Generally; these had peak discharges
in excess of 0.01 iph. A few exceptions were allowed when the hydrographs were
single peaked, fairly well defined by a beginning and end time, and short in
duration. By adopting this restriction, it was assumed that much of the varia­
tion induced by such lesser hydrologic components as interception would have
been minimized. In addition, it was assumed that some variation induced by
baseflow contributions would be attenuated. The procedure used to extract the
direct runoff component from the total hydrograph is common to engineering
practice (Linsley et al., 18) and is shown in Figure 28. The procedure re­
quires that the curve segment of the hydrograph prior to the rise in runoff
be linearly extended to a point just below the peak (line AB). From there, a
line is drawn to some point on the recession limb (line BC). In this case,
point C was arbitrarily selected as the tabulated gage height nearest 0.001
ft of the stage at the time of rise. The direct runoff is the volume bounded
by the original hydrograph and curve ABC.

1. Runoff Volume.

The method selected in this report to relate runoff to rainfall is the
Curve Number procedure developed by the Soil Conservation Service (SCS). The
method is often applied in design engineering to estimate the volume of direct
runoff from the total volume of precipitation on a catchment. It has received
widespread acceptance because input parameters are easily derived from commonly
available hydrologic and physical data. Details on the application of the pro­
cedure are well documented (SCS, 19).

Direct runoff is related to precipitation by the equation:

Q =
(p _ I )2
___a__ + S

(p - I )
a

p > I
a

(4)

I ,
a

= potential maximum retention at time when P =
in inches (Hjelmfelt, 14).

Q

p

= actual runoff (accumulated precipitation excess)
in inches;

= potential maximum runoff (accumulated precipitation),
in inches;

I = initial abstraction in inches;
a

S

Where

Equation 5 expresses the relation between S and the SCS's curve number, CN.

S - 1000 - 10- eN""" (5)

CN is an empirical parameter which is a function of soil type, the SCS hydro­
logic classifications of soils, land use in the catchment, and antecedent
moisture content (AMC). A qualitative estimate of the latter parameter is usu­
ally based on the total precipitation falling in the five-day period preceding
an event. This total indicates a dry (AMC I), an intermediate (AMC II), or a
wet (AMC III) antecedent moisture. When either a dry or wet AMC is estimated,
an adjustment is made to the CN based on the watershed's physical character­
istics and land management. Table 16 summarizes the ranges of total 5-day
precipitation which delimit the three AMC's for the dormant and growing seasons.
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AMC
No.

TABLE 16. - Precipitation delimiters for
defining Soil Conservation Service AMC

Total Five Day Precipitation
1 2Growing Season Dormant Season

I

II

III

P < 1.4 in

1.4 < P < 2.1

P > 2.1

P < 0.5 in

0.5 < P < 1.1

P > 1.1

1March 16 - September 15.

2
September 16 - March 15.

85



One objective of the surface m~n~ng study was the determination of CN's
for surface-mined lands. For this purpose, a reliable estimate of I was
required. Unless sufficient data are available to justify otherwise~ the SCS
recommends that Equation 6 be adopted to express the relationship between
initial abstraction and potential maximum retention.

I = 0.2S
a

(6)

The equation was originally derived using analyses of natural rainfall on
and runoff from watersheds less than 10 Ac in size. CN's presented in this
report are based on this relationship although it would not be unreasonable to
expect that Equation 6 might not apply during the active mining period given
the continuous repositioning of spoils material, accidental and intentional
impoundment of runoff, and the unnatural shape of stockpiled topsoils and
spoils. Due to the paucity of data for the watershed in anyone fixed state,
no attempt was made to verify or modify Equation 6. Consequently, CN's pre­
dicted for Phase 2 are subject to an unquantifiable level of uncertainty. In
the mostly reclaimed state, surface conditions were more readily identifiable
with those that would be experienced for some common land management practices
on natural watersheds. During the last months of 1980, for example, the surface
conditions of the study site were predominantly what might be considered a
combination of a poorly vegetated and a freshly tilled surface. An improving
stand of legumes and grasses was experienced through 1981 and into 1982.
Equation 6 is used by the SCS for these three conditions on natural watersheds.

Because the CN procedure relates direct runoff to soil types, vegetation,
and land management through a single, lumped parameter, it cannot be analyzed in
this study to determine the relative contribution of individual hydrologic and
physical components to changes in the direct runoff-relationship. Instead, the
composite effects of all changes are reflected in a single change to CN, pro­
vided the relationship of I to S remained constant. Thus, while most of the
reclaimed study watershed w~s mapped as having a disturbed but uniform soil
complex and a uniform vegetal cover, the effects of either characteristic alone
on direct runoff (and hence CN) could not be differentiated on the basis of the
data that were available. NotWithstanding this limitation Equations 4 and 5
were inverted and solved for CN for each of the rainfall-runoff events. Only
events which occurred between April 15 and November 31 were included in the
compilation. A few of these were combined when it was determined that the
AMC for an event was markedly affected by its immediate predecessor. Storm and
runoff events that occurred outside this period were excluded from consider­
ation due to the likelihood of frozen soil conditions affecting CN.

Figure 29 plots CN vs total precipitation for each of the data sets de­
scribed earlier. Substantial scatter is evident and only a weak association
of points with respect to AMC is shown. These characteristics of the data sets
are not surprising, given the accuracy associated with the procedure. Testi­
mony to this is the discrepancy between computed and observed values for the
watershed in the natural state. CN values of 54, 73, and 87 for AMC's I, II,
and III, respectively, were estimated on the basis of the premining soils
(Figure 4) and vegetation (Table 5) data. The estimate for AMC I is substan­
tially less (54 vs 72) than that derived from the actual rainfall-runoff data
(Table 17 - explained below).

A cursory study of the scatter diagrams of Figure 29 suggests an increase
in the magnitude of CN with the commencement of mining activity and lasting
through all of Phase 2. Thereafter, the persistence of the trend is less
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certain. CN values along the lower range of scatter for Phase 3a nearly
envelope those for the premining period.

The convergence of points as P approaches zero was merely due to the struc­
ture of Equations 4 and 5 and partial area contributions. Given the extent of
the scatter and the lesser significance of smaller events, weighted averages
of CN's were computed for each of the periods in Figure 29. The results are
presented in Table 17 and showed no significant difference among years after
the commencement of mining. The overall representativeness of the average
figure for 1978 Phases 2a, b, and c may be questioned in that it was based on
highly transient physical configurations and topography within the watersheds.
However, the degree of scatter that is depicted for the period is no less than
that observed for the other periods. Consequently, they have been presented as
a measure of change induced by surface mining.

A complete representation of the impacts of surface m1n1ng on the disposal
of excess precipitation and ground water from the watershed is illustrated in
the distribution of watershed outlet flow rates over time, and a double-mass
curve plot of runoff versus rainfall. Figures 30a and b plot the daily-flow
duration curves for the January through December and March through December
periods of 1978, 1979, 1980, and 1981. The 10-month sequences were compiled
to confirm that observed differences were not the result of snowmelt. Distri­
butions for 1977 and 1982 were not computed since the records were incomplete.
However, the partial record for 1977 was similar to records for 1978 and 1979
and the partial record for 1982 reflected watershed behavior that was observed
in 1981.

One obvious difference among the four curves during either sequence of
months is the progressive and marked diminution in the frequency and magnitude
of low flows (viz. runoff less than 0.025 in/day) with the commencement of
mining. As shown by the 1978 and 1979 curves, discharge from the watershed
prior to mining was continuous nearly 100% of the time. During the first stage
of reclamation, the frequency of zero runoff daily occurrences in 1981 had in­
creased to approximately 50% and the overall distribution of daily flows tended
to be sharply divided between storm runoff and brief periods of low (possibly
base) flow. The latter characteristic indicated that the "reconstructed" aqui­
fer was probably recharging slowly and/or not releasing storage. The flow
duration curve for 1980 was a transition between the two extremes and was a
composite representation of natural response and surface mining impacts. Until
mining disturbances were incurred, there were no days of zero runoff. There­
after and until the end of 1980, days of no runoff were observed more than 35%
of the time, with the frequency of no flow observations increasing with the
progression of Phases 2a, b, and c. It should be noted that activities re­
lated to the replacement of the runoff measuring device, as reported in Section
II, affected the runoff duration results for 1980. The frequencies of zero
runoff days as presented in Figures 30a and b are excessive. Replacement of the
H-f1ume by the drop box weir in May 1980 resulted in approximately 30 days of
lost record. In the flow duration compilation, zero runoff was assumed although
basef10w was observed during the operation. Based on the number and magnitude
of storms observed during this period (April 22 - May 22), and earlier runoff
records, the principal impact on the flow duration curve was most likely con­
fined to the 0.0 - 0.25 in/day range. The fractions of time that zero daily
runoff were observed in 1980 probably ranged from 0.26 - 0.34 in Figure 30a,
and 0.31 - 0.41 in Figure 30b.

89



Ca) January - Decemb.. Ob••rvat.lons
\978
\979 --­
\980 - --­
\981 ----

\
\

\ ~--
" ----.... --'--- - ----- -- --- ---

0.250

0.225

0.200
D
a
I 0.175
I

y 0.150

R
u 0.125
n
0

; 0.100

I 0.075
n

0.050

0.025

0.00~.0 0.\ 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Fraction of time great.er than or equal to

D
a
I 0.175
I

y 0.150
R
u 0.125
n
o

; 0.100

I 0.075
n

0.050

0.025

0.001.0 0.1

Cb) March - December Ob.ervatlon.

0.6 0.7 0.8 0.9
Fraction of ~Ime great.er than or equal to

1.0

FIGURE 30. - Watershed J11 - daily flow-duration curves.

90



The frequencies of daily precipitation inputs (Figures 3la and b) were
similar particularly for the smaller sized storms. In conjunction with the
distribution of monthly precipitation inputs, it is unlikely that the differ­
ences among the runoff duration curves were solely the result of climatic
factors. While some sensitivity was exhibited to the exclusion of January and
February daily runoffs in 1979, the distribution shapes were relatively con­
stant with respect to each other. Thus, surface mining decreased the tendency
for Watershed Jll to sustain a continuous low (base) flow and enhanced more fre­
quent and greater daily runoff. As noted below, these impacts were reflected in
the storm hydrographs and included higher peak flow rates and shorter recession
limb periods relative to those observed prior to mining.

A double mass plot of cumulative runoff vs cumulative precipitation is ex­
hibited in Figure 32. The origin and terminal points of the trace correspond to
the first and last days of the study period. The first days of intermediate
months are scored on the time axis directly above the corresponding accumula­
tions on the x-axis for that day. Although this does not provide an absolute
time scale, it is a reference for isolating monthly contributions to the total
record. Thus, for example, the more closely spaced are two adjacent scores on
the time axis, the less is the contribution of daily precipitation to the total
accumulation for that period.

Strong seasonal trends in the relationship were observed during Phase 1.
Average runoff yields during the late spring and summer months (Curve Segments
AB, CD, and EF) were substantially less than those depicted for other months
(Curve Segments BC, DE, and FG). Phases 2a and b were limited to the summer
and early fall of 1980 and were too brief to reflect any seasonal variability.
A comparison of the Phase 2 average runoff yield (Curve Segment G'H) with
Phase 1 observations indicate a significant net increase in runoff during the
mining period. The increase is evident by a comparison of the curve slope of
segment G'H with those of segments AB, CD, EF. The relative difference is an
estimate at best, since catchment delineations of probable runoff areas were
based primarily on field inspections.

Sharp attenuations and amplifications of Phase 3a average runoff yields with
changes from growing to dormant season, and vice versa, were not as apparent as
they were in Phase 1. Despite the reclamation and establishment of a vegetal
cover, Phase 3a summertime runoff yields were greater than those during Phase 1,
while dormant season runoff yields were noticeably less than those observed
prior to mining. Overall, seasonal variability was not reflected as much in
the precipitation-runoff relationship during Phase 3a as it was in Phase 1.

A possible contributing factor may be related to the cause for the enhance­
ment of the ephemeral characteristics of the flow regime. That factor is the
inability of the reclaimed soil to infiltrate water. Reductions in hydrograph
recession times relative to premining observations and lack of ground-water
recharge as discussed later are evidence to that end. Consequently, it may be
speculated that the available water storage in the soil was somehow reduced by
mining, and antecedent moisture levels were not as variable in the reclaimed
watershed. However, there are no data with which to test this hypothesis.

2. Runoff Intensity.

In addition to the volume of excess precipitation discharged from the water­
shed, surface mining and reclamation affected the discharge rates. A common
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characteristic of the spring and summer month hydrographs observed before,
during, and after mining was the apparent coexistence of slow and rapid re­
sponses. The latter were often superimposed on the slow responses and were
typified by rapid rates of rise and fall. These rates were nearly linear
with time, and strongly resembled triangularly-shaped discharge functions.
The slower responses tended to be more frequent and more variable. Figures
33a to d compare representative responses observed during each study period.
While the functional forms of the rapid responses were similar, distinct dif­
ferences were observed among their descriptive parameters (time to peak, rate
of rise, response durations, and peak flow) for the watershed in the natural,
mined and reclaimed states. How surface mining changed the magnitudes of each
of these parameters is discussed below. In the examples shown in Figure 33,
the rate of rapid rise was most dramatic and the peak flows were greatest in
the Phases 2a, b, and c, and Phases 2d and e hydrographs. At the same time,
the maximum average 5-minute rainfall intensity associated with these two re­
sponses were least (viz. 2.04 iph and 4.60 iph, respectively, vs 5.80 iph for
Phase 1 and 5.38 iph for Phase 3a).

In the discussion that follows, the descriptive parameters (noted above)
which document differences among the premining, mining and postmining runoff
responses are quantified. For these purposes, it was assumed that the
triangular unit hydrograph concept was valid. On that basis, discharge rates
for a given convolution interval (unit hydrograph duration) increase pro­
portionally to the excess precipitation intensity (rainfall intensity less
infiltration rate averaged over the convolution interval).

One significant difference between the premining hydrographs and the m1n1ng
and postmining hydrographs was a decrease in the time to peak for comparative
ranges of rainfall intensities. In comparing the various responses observed
during the study, minor contributions to the overall response were ignored and
the time to peak was approximated as the duration, Tn' of the steepest linear
segment of the rising limb. According to unit-hydrograph theory, Tn varies
with the durations of the average maximum storm intensities. To approximate
representative values of Tn' all major runoff responses were identified and
grouped according to phase. Only those events with clearly identifiable and
relatively rapid linear discharge rates were selected. Furthermore, only those
portions of the responses associated with sustained periods of relatively
elevated rainfall intensity were considered. Table 18 summarizes some pro­
perties of the data base, and shows a 4 - 5 fold decrease in Tn with the
progression of mining reclamation.

The downward trend in Tn from the natural to reclaimed state could not be
traced to differences in precipitation characteristics. Table 19 summarizes
the number of individual storms having average maximum 5-, 10-, and IS-minute
intensities greater than 1.0, 2.0, and 3.0 in per hour (iph). Some storms
having these characteristics were not included in the compilation. In a few
instances, instrument malfunctions were responsible for responses not being
recorded. In other cases, variable rainfall intensities generated runoff re­
sponses that were too complex for consideration.

On the average, and relative to the other phases, the natural watershed was
more effective in absorbing higher rainfall intensities. On a percentage basis,
rapid responses were observed least often during the premining period. Their
frequency of observation increased with average maximum rainfall intensity
and, generally, the duration of the intensity. Elements of the premining
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TABLE 18. - Summary of durations of the rising portions of rapid responses

No. of Responses TD-Duration of Rapid Rise-Minutes

Data Base Period Considered Mean Stand. Dev. Coef. of Var.

Natural &
Disturbed
(Phase 1) 28 36 27 .75

Active Mining
(Phase 2a, b, c) 27 11 8 .73

Mining
(Reclamation)
(Phase 2d,e) 65 7 5 .71

Reclaimed (with
erosion control
practice)
(Phase 3a) 25 8 4 .50
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matrix with the smallest percentages of observation (5% and 19%) were the 5- and
la-minute duration of 1 iph, respectively. After mining, however, virtually
every storm with at least an average maximum rainfall intensity of 1 iph,
lasting no less than 5 minutes produced a rapid response. However, as
indicated by the standard deviation of TD in Table 18, the response char­
acteristics were quite variable. Similar statistics for the active mining and
reclaimed periods were 3 to 5 times less than those for the natural watershed.
The tendency for quick, high intensity and short-lived response persisted after
the first stage of reclamation was completed.

A second measurable difference among the runoff responses prior to, during
and after mining was in the rates of increasing discharge. This was indicated
qualitatively in Figure 33 where the slope of the rising limbs of the mining
and postmining hydrographs were greater than that for the premining hydrograp~.

To quantify these differences, the average slope of the rising limb over TD, Q,
was computed for each rapid response.

.
For a triangular shaped unit hydrograph, Q is proportional to a uniform

burst of e~cess rainfall intensity over some specific period P. The basis for
comparing Q for the.various study periods, therefore, was a linear re­
lationship between Q and I p ' where I p is the average maximum P-minute rainfall
intensity. Because of the limited number of significant runoff producing
storms which occurred during the study and the unavailability of some background
data, the manner in which this relationship was subsequently used is somewhat
liberal. First, the lack of adequate infiltration data for computing storm
losses necessitated the use of actual rather than excess rainfall intensities.
Second, Qwas not corrected for contributions from slow responses or rainfall
preceeding rapid responses. Third, a single rainfall averaging period
(P=lO minutes) was used for all phases of the study despite differences in T
values. Ideally, the averaging period for the input (rainfall) function wou~d
be consistent with the averaging period for the response (runoff) to insure
proper application of the unit-hydrograph concept. Notwithstanding the
differences among the T IS, the la-minute interval was selected for computing
an average maximum rain~all intensity on the basis that it corresponded closely
with the mean values of TD for the actively mined and reclaimed period, and was
within one standard deviation of the average for the natural watershed •

.
A plot of Q vs the maximum average la-minute rainfall intensity, 1

10
is

shown in Figure 34. Considerable scatter is evident, particularly among Phase 2
observations. Several factors contributed to the variability. The responses
for many Phase 2 and 3 events were so rapid that the durations of the rising
stage were less than 1 time division on the recording media. Considerable
judgement was used to interpolate beginning and ending times. Omission of in­
filtration losses and deficiencies associated with the application of unit­
hydrograph theory contributed, too. The estimated delineations of watershed
area during periods of frequent and intense disturbances (Phases 2a, b, c) were
yet another source of variability.

.
Mining and reclamation markedly increased Q with respect to 1

10
, Assuming

a linear relationship of the form:
o

Q = k * 110 (7)

the proportionality constant k increased from 3.6 for Phase 1, to 20.1 for
Phases 2a, b, and c and to 34.7 for Phase 2d and e. During Phase 3a, the
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durations of the rapid responses remained unchanged on the average (Table 18),
but intensities were not sustained, and k decreased to 16.2. The stre~gths of
these relationships as measured by the coefficient of determination, r , were
fair and varied from 0.79 for Phase 1, to 0.56 for Phases 2a, b, and c, to
0.85 for Phases 2d and e, and to 0.73 for Phase 3a.

More than anything else, the near 50% reduction in k from Phases 2d and e to
Phase 3a was most likely related to reestablishment of a vegetal cover. The
general topography of the study site during these two periods differed
primarily in areas adjacent to the access road. Removal of the road and
completion of the erosion control system altered the contributing area but that
change was confined to the southeastern quadrant, and was far away from the
watershed outlet. A more important difference was the quality and density of
vegetation on the remaining 75% of the watershed. The Phases 2d and e re­
clamation efforts yielded a very weak stand of vegetation. Reseeding of large
tracts was required and vegetation on the watershed during Phase 3a was much
improved.

A third impact of surface mining that was reflected in changes to the shapes
of the runoff hydrographs was associated with the total duration of the rapid
response. Total rapid response durations also tended to be shorter in the
mining and reclamation years. As a measure of this condition, time intervals
between the occurrences of the rising and falling limb half-peak discharge
rates were computed for single-peaked, triangularly shaped hydrographs. Only
responses with peak discharges greater than 0.01 iph and occurring between May 1
and October 31 were considered. The latter criterion was adopted inasmuch as
the summer months were most common to all the study groups, and seasonal effects
were strongly exhibited in the Phase 1 observations.

The results could not be correlated with observed peak flows, although the
Phase 2 data sets indicated a very weak inverse relationship between duration
and peak flow. Table 20 summarizes the properties of the data set. As in­
dicated by the 3 - 5 fold reduction in the duration, a more "flashy" runoff
response was characteristic of Phases 2 and 3a, with no substantial difference
between the mining and reclamation periods. The relative variability of the
response duration, as quantified by the coefficient of variation, however, was
more or less constant.

The fourth characteristic of Watershed 311 hydrographs affected by surface
mining was peak discharge rate. Surface mining drastically amplified peak
discharge rates from the watershed. One means to quantify an impact of this
nature is a comparison of peak discharges vs a suitable set of independent
parameters; a second is a comparison of unit-hydrographs for conditions within
and among the various phases of mining. The latter is more desirable because
it provides such useful engineering information as time to unit-peak and unit­
runoff duration for effective-rainfall durations, and reduces the runoff
responses for the various mining phases and random shapes of the rainfall
hyetograph to a standard norm.

A prerequisite for such an analysis is the availability of data bases that
consist of sufficient numbers of samples with direct runoff being a large
fraction of total storm input. The norm that was adopted for this condition
was direct runoff in excess of 1 in. Too few events occurred within the
respective study periods which met this criterion. Consequently, an assessment
of changes to the watershed's runoff response characteristics during the study
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TABLE 20. - Summary of rapid response durations as measured by the time
difference between the occurrences of the half-peak discharge rate

Number of Average Duration Coefficient of
Period Samples (min) Variation

Phase 1 14 47 .6

Phase 2 (a,b,c) 17 12 .7

Phase 2 (d,e) 22 10 .5

Phase 3a 11 15 .7
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was limited to comparisons among sets of peak discharges. The independent
variables used as the second parameter in the relationships were the maximum
average 5- and 10-minute rainfall intensities. Figure 35 plots the results. An
extension of the exercise to include maximum average rainfall intensities
lasting more than 10 minutes did not enhance the relationship. The primary
differences between these results and those presented in the illustration
were increasing reductions in the dispersion of data points, but with little
change in relative positions among the observations. Furthermore, averaging
beyond the 10-minute interval showed some peak discharges approaching maximum
average precipitation intensities.

The presentation of Figures 35 (a to h) is not intended to suggest that
an exact relationship exists among the two variables. Hjelmfelt (11) has
shown for the simple case of rainfall on an impermeable surface that peak dis­
charge varied measureably with time to equilibrium. In the case of the study
watershed, AMC, the complexity of the topography, non-uniform soil properties,
and shape of the rainfall hyetograph radically affected the peak flows, too.

The disturbances associated with preparing the site for coal removal and
actual mining operations effected an immediate increase in peak discharges.
Phases 2a, b, and c maxima (Figures 35c and d) were as much as an order of
magnitude greater than those observed during Phase 1 (Figures 35a and b) over
a comparable range of average precipitation intensities. The same relationship
persisted in Phases 2d and e, but with substantial decrease in variability
(Figures 35e and f). More accurate determination of watershed area, and less
frequent and more uniform smaller scale disturbances probably contributed to
this characteristic. An attenuation of peak discharges was observed with the
improvement of a vegetal cover during Phase 3a (Figures 35g and h). These
maxima were approximately 2 to 3 times less than those observed during all of
Phase 2 but were still substantially greater than those measured during
Phase 1.

E. Summary

Observatons related to the surface hydrology of the study site were grouped
into four periods: Phase 1; Phases 2a, b, and c; Phases 2d and e; and Phase 3a.
May 1, 1977 and June 30, 1982 delimited the overall study period and defined
the first and last days of Phase 1 and Phase 3a, respectively. The
commencement dates of Phases 2a, b, and c and Phases 2d and e were May 20, 1980
and November 11, 1980, respectively. Each period corresponded to a predominant
condition or activity within the watershed. Natural-undisturbed conditions
typified Phase 1; active, severe disturbance typified Phases 2a, b, and c; a
long stable period of few and minor disturbances on a partially but mostly re­
claimed watershed identified Phases 2d and e; and total reclamation with an
erosion control practice in place characterized Phase 3a. No observations were
made for "final" reclaimed condition inasmuch as the study terminated prior to
the realization of that state.

Meteorologic components affecting the surface hydrology were generally
within a subjectively defined normal range of variation. Observations having
at least a 5% probability of being exceeded and a 95% probability of not being
exceeded were deemed normal. Based on logarithmic-normal distributions fit to
monthly observations made at Steubenville, Ohio and adjustments to Watershed
Jll observations for site differences, February 1978 and 1979 were the only
abnormally cold months; and August 1980 and May 1982 were the only abnormally
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warm months. Generally, mean monthly air temperatures were cooler than
expected. Four of the eight months of 1977; eight months each of 1978, 1979,
and 1980; nine months of 1981; and three of the six months of 1982 experienced
mean monthly air temperatures below the long-term averages.

August 1980 and April 1981 were the only abnormally wet months and January
1981 was the only abnormally dry month. Total precipitation in 21 of the 37
months prior to mining; all months of active mining (Phases 2a, b, c); and
11 of the 22 remaining was above average. The annual total for 1980, the year
of mining, was greatest and exceeded other years by 4.4 to 9.0 inches.

Direct runoff increased with the commencement of m1n1ng, and the increase
was sustained through the early stages of reclamation. A subsequent decrease
was observed with the re-establishment of vegetation on reclaimed areas.
Average AMC 1 SCS curve numbers, weighted with respect to storm size, varied
from 72 for Phase 1, to 87 for Phases 2a, b, and c, to 91 for Phases 2d and e,
and to 81 for Phase 3a. Average storm sizes for these averages were 1.63, 0.81,
0.39, and 0.65, respectively. Inasmuch as the SCS curve number has been ob­
served to decrease with storm size, the increase as depicted by the above
averages may not be as significant as indicated. However, over a range of
similar-sized storms, increases to the extent just cited were evident.

Despite quite similar distributions of the frequency of daily precipitation
on the watershed, the annual distribution of storm and base flows changed with
the progress of the mining operations. Discharge from the watershed was nearly
continuous in 1978 and 1979 and remained so until mid-1980 when mining began.
Thereafter, the frequency of zero runoff days increased as mining progressed.
The trend persisted into Phase 3a and 1982. In 1981 days of no runoff were
observed 50% of the time. This indicated that the "reconstructed" upper aquifer
was probably recharging slowly. The same distributions showed more frequent
higher volume daily return flows in the mining and postmining years, and
support the previously cited finding that surface mining increased direct
runoff.

Surface m1n1ng also attenuated response times and amplified the magnitudes
of the rapid responses of runoff to rainfall. The average durations of the
linear segment of the rising limb of a rapid response decreased from 36 minutes
for Phase 1, to 11, 7, and 8 minutes for Phases 2a, b, and c, Phases 2d and e,
and Phase 3a, respectively. The coefficient of variation was approximately
0.7 for all but Phase 3a. The figure for the latter was 0.5. As a measure of

o
changes in the magnitude of the responsiveness, the slope of the rising limb, Q
(iph/min), was related to the maximum avera~e 10-minute rai~fall intensity 110 .
Based on a linear relationship of the form Q = kIlO' k (min ) increased from

3.6 for Phase 1, to 20.1 for Phases 2a, b, and c, and to 34.7 for Phases 2d and e.
The coefficient decreased to 16.2 for Phase 3a. Improvement to the vegetative
cover was suspected to have been a major contributing factor for the reversal.

Differences in the response characteristics between Phase 1 and the other
study periods were not related to differences in storm intensities. With the
commencement of mining, virtually every storm having maximum average rainfall
intensities of 1, 2, and 3 iph lasting more than 5 minutes produced a rapid
response. While more of these storms were sampled during Phase 1, not nearly
as many generated a response. Least effective were the 5- and 10-minute 1 iph
maximum intensities. The only Phase 1 storms which consistently caused a re­
sponse were those having at least a 3 iph average intensity over a 10-minute
period.
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Comparisons of peak discharge rate with maximum 10-minute average rainfall
intensity supported trends in runoff response durations and magnitudes. Over
a comparable range of rainfall intensity, peak discharges during Phases 2a,
b, and c, and Phases 2d and e) were as much as an order of magnitude greater
than those observed during Phase 1. Phase 3a maximum flows were two to three
times smaller than those observed during all of Phase 2, but were still sub­
stantially above Phase 1 maxima.
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IV. SURFACE-WATER QUALITY

A. Introduction

A summary of the surface-water quality data for samples collected from the
watershed outlet is given in Table 21. The samples are divided into the three
major time intervals described in Table 9 and also by flow rate, i.e. baseflow
vs runoff. The results and discussion presented are derived from the analyses
of the data in Table 21, precipitation quality data, and sediment quality data.

B. Precipitation and Surface-Water Quality

Twenty-two parameters in precipitation were measured in samples collected
over a 59-month period from July 1977 to July 1982 (Table 22). The amount of
sampled precipitation received in a month ranged from a high of 11.54 in to a
low of 0.24 in with the average being 3.90 in. Aluminum, calcium, iron,
magnesium, sodium, and zinc were found in all samples, analyzed and copper,
manganese, nitrate-N, and sulfate were detected in the majority of the pre­
cipitation samples. Antimony, barium, bicarbonate, cadmium, lead, nickel,
phosphorus, silver, strontium, and sulfide were not detected or only rarely
detected. Precipitation pH values ranged from 3.6 to 5.8 with an average of
4.2. Specific conductance was also measured in the precipitation samples and
ranged from 1.4 to 70 ~mhos/cm with an average of 25 ~mhos/cm.

Several parameters had concentrations in precipitation samples which
equaled or exceeded the concentrations of corresponding parameters in runoff
water. These parameters included aluminum, copper, and zinc. A significant
amount of the iron and nitrate-N levels in runoff water also seemed to have
been derived from precipitation. Only a small percentage of the calcium,
magnesium, barium, manganese, sodium, and specific conductance in runoff water,
however, seemed to be a result of precipitation influences.

C. Duration Curves

Duration curves for the watershed effluent parameters regulated by the
Office of Surface Mining Reclamation and Enforcement (OSM) were prepared for
the premine, the combined active mining and reclamation, and the partially
reclaimed periods (Figure 36). The parameters that are regulated are pH, iron,
manganese, and total suspended solids. The regulation levels indicated for
each parameter in Figure 36 conform to the levels published on September 18,
1978 by OSM (Federal Register, 1). The results show that 60% of the samples
collected during the premine period and 85% of the samples collected during the
combined mining and reclamation and the partially reclaimed periods exceeded
the OSM regulation level for suspended solids (70 mg/l). Two samples had
suspended solids concentrations greater than 40,000 mg/l and were collected
when removal of the overburden was occurring or when regrading and topsoiling
was being done to accomplish reclamation. Data are not available, however, to
determine suspended solids concentrations after reclamation had been completed.

Figure 36 also shows that approximately 10% and 20% of the surface-water
samples collected during the two period designations were below the pH regu­
lation level of 6. The premine samples which had pH levels below 6 were
collected in January, 1980. The ground had already frozen over when a 0.90 in
precipitation event occurred. Very little interaction of the precipitation
and runoff with the topsoil was possible because of the frozen conditions so
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TABLE 22. - Chemical analysis of precipitation at Watershed JIll

Precipitation Units Range Average

Aluminum l-\g/l 112- 1100 74
(48)3Antimony l-\g/l <25 - 44 <25

Barium l-lg/l <2 - 6 3
Bicarbonate mg/l <0.4 - 6.9 <0.4 (58)
Cadmium l-lg/l <3 - 11 <3

Calcium mg/l 0.04 - 4.20 0.88
Copper ]J,g/l <3 - 39 7.3
Iron l-lg/l 5 - 83 29
Lead l-lg/l <15 - 83 <15
Magnesium mg/l 0.01 - 0.82 0.16

Manganese l-lg/l <1 - 100 17
Nickel l-lg/l <10- 37 <10
Nitrate-N mg/l <0.1 - 3 0.61
pH 3.6 - 5.8 4.2
Phosphorus mg/l <0.03 - 0.05 <0.03

Silver l-lg/l <3 - 5 <3
Sodium mg/1 0.04 - 0.81 0.18
Sp. Conductance l-lmhos/cm 1.4 - 70 25
Strontium 1Jg/l <2 - 16 <2
Sulfate mg/l <2 - 11 5 (58)

Sulfide mg/l <0.01 <0.01 (29)
Zinc l-\g/l 7 - 150 28

Rainfall in 0.24 - 11.54 3.90

1Fof 0 monthly composite samples were collected between July 1977 to1 ty-n1ne
July 1982.

2The less than sign «) signifies that the value of the parameter was
below the detection limit. Lower detection limits are given in Table 10.

3In parentheses are the number of samples analyzed when less than 59.
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that the runoff closely reflected the natural pH of the precipitation which
averaged 4.2 (Table 22). The samples which exhibited a pH of less than 6 in
the combined mining and reclamation and the partially reclaimed periods were
collected during the removal of overburden material and the stripping of the
coal.

Manganese and iron are known to become soluble under acidic conditions.
The sample collected during mining which had the lowest pH (4.1), also ex­
hibited the highest manganese and iron levels. The manganese concentration in
this sample was 17,000 ~g/m1 which greatly exceeded the OSM regulation level of
4000 ~g/m1. All other samples, however, were in compliance with the OSM
regulation level for manganese. Concentrations of dissolved iron were found to
be below OSM regulation levels for iron in all samples collected at the water­
shed outlet during this study.

Duration curves for magnesium, calcium, sulfate, and dissolved solids are
shown in Figure 37. For each of these parameters, higher levels were observed
during the combined active mining and reclamation and the partially reclaimed
periods than during the premine period. This change was observed even though
the average flow rate during the premine period was lower than for the combined
periods. Generally the lower the flow rate the higher the concentration of
parameters in the runoff water.

D. Concentrations of Other Water-Quality Parameters

Several parameters of potential importance in surface waters were either
not detected or only rarely detected. Table 23 lists these parameters with
their lower detection levels, the number of samples which had concentrations
greater than the detection level and the maximum concentration found. Many of
these parameters were only measured in every third or fourth sample as a check
on concentration changes that may have occurred with time. Arsenic, chromium,
cadmium, mercury, silver, and sulfide were not detected in any of the samples
collected during this study. Antimony, copper, cyanide, lead, phenols,
phosphorus, and zinc were detected in 10 or less samples. Selenium, observed
in almost all samples analyzed, exhibited very low concentrations with the
highest concentration found being 2.2 parts per billion.

Water quality from Watershed J11 evaluated in terms of the U.S. EPA
National Interim Drinking Water Regulations (U.S. EPA, 28) met water criteria
for maximum contaminant levels for 9 of the 10 inorganic chemicals regulated
(arsenic, barium, cadmium, chromium, fluoride, lead, mercury, selenium, and
silver). Two samples exceeded the EPA regulation level for nitrate-N of
10 mg/1. One sample (25 mg/1) was collected during active mining, and it is
difficult to determine the cause for the high nitrate-N level. The second
sample was collected during the partially reclaimed period and may be due to
the application of fertilizer to aid in the establishment of vegetation on the
mine site.

E. Flow Rate Relationships

An important parameter controlling the concentrations of many parameters in
surface water is flow rate. Table 24 describes the relationships between the
logarithm (log) of flow rate and the parameters which account for most of the
change in the water samples, and dissolved solids and suspended solids.
Calcium, magnesium, sodium, strontium, bicarbonate, sulfate, chloride, and
dissolved solids were significantly (p <0.01) but negatively correlated
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TABLE 23. - Detection levels and maximum concentrations of parameters in
surface-water samples collected from Watershed Jll

Detection Number of Number of Samples Maximum
Level Samples 1 Which Exceeded Concentration

Parameter (mg/l) Analyzed the Detection Level Found

Antimony 0.025 49 2 0.032

Arsenic .002 152
0 ND3

Cadmium .003 54 0 ND

Chromium .01 252
0 ND

Copper .003 54 9 .010

Cyanide .01 242 1 .02

Lead .015 54 6 .28

Mercury .002 152
0 ND

Phenols .004 182
9 .008

Phosphorus .03 54 6 .11

Selenium .0001 362
35 .0022

Silver .003 54 0 ND

Sulfide .01 25
2

0 ND

Zinc .007 54 10 .037

I
The total number of water samples collected during this study was 54.

2
Analyses were performed on randomly selected samples to check for any

changes in concentration with time. In most cases the concentrations
remained near or below the detection limit.

3ND - Not Detected.
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TABLE 24. - Relationships between flow rate (in log values) and
concentration of water quality parameters at Watershed J11

Simple Correlation Coefficient (r)l

Parameter

Cations:
Calcium

Magnesium

Manganese

Sodium

Ammonium-N

Strontium

Anions:
Bicarbonate

Sulfate

Chloride

Nitrate-N

Dissolved Solids

Suspended Solids

Partially
Premine Reclaimed

-0.90** -0.70**

-0.88** -0.62*

-0.36 -0.00

-0.60** -0.41

0.29 0.09

-0.90** -0.72**

-0.92** -0.83**

-0.82** -0.62*

-0.51** -0.02

0.51** 0.06

-0.85** -0.69**

0.40* 0.59*

1The simple correlation coefficients describe results obtained when
28 samples collected during the premine period and 16 samples collected
during the partially reclaimed period were statistically analyzed.

* - 5% level of significance.

** - 1% level of significance.
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with log flow rate during the premine period. The negative correlation occurred
when precipitation increased the total flow volume and diluted the concen­
tration of the parameters in the resultant runoff.

Nitrate-N and suspended solids concentrations were significantly and
positively correlated with log flow rate values (p <0.01 and <0.05, respec­
tively). A significant positive correlation between suspended solids con­
centrations and flow rate values is commonly observed and is due to the greater
kinetic energy rapidly flowing water imparts to soil sediment particles causing
dislodgement and transport. The positive correlation for nitrate-N occurs
because a large percentage of this parameter in surface waters is derived from
precipitation, and once the nitrate-N comes in contact with the soil it is
readily taken up by the soil biota. When large precipitation events occur, the
amount of interaction between the soil and precipitation is much less relative
to that occurring for baseflow or for small precipitation events. As a result
the nitrate-N concentrations at low flows are less than at high flows.

During the partially reclaimed period the relationships between the various
parameters and log flow rate were not as strong, i.e. there were fewer
parameters significantly correlated at the 5% or 1% level and the correlation
coefficients were lower (Table 24). However, the data indicate that during
the partially reclaimed period, Watershed Jll had returned to an approximation
of an equilibrium condition, and concentrations of parameters as a result of
disturbance of the mine site were no longer changing.

Concentrations of parameters in water samples collected at similar flow
rates during the partially reclaimed period compared to the premine period were
investigated. Figure 38 shows the regression lines for concentrations of
calcium, magnesium, strontium, bicarbonate, dissolved solids, and suspended
solids in water samples collected during these two periods. Calcium, magnesium,
sulfate, dissolved solids, and suspended solids concentrations were all in­
creased in the water samples collected during the partially reclaimed period
compared to the premine period. Sodium and bicarbonate concentrations were
decreased and there was essentially no change in strontium concentrations during
the partially reclaimed period. For most of the parameters, the slope of the
regression line was not greatly changed during the partially reclaimed period
compared to the premine period. This indicates that even though concentrations
may have been altered significantly, the rate of change of parameter concen­
trations as influenced by flow rate was not greatly affected. An exception was
noted for suspended solids concentrations where changes in concentrations with
flow rate were much greater during the partially reclaimed period than during
the premine period.

F. Correlation Study Results

Eight parameters were significantly correlated (p <0.05, <0.01, or <0.001)
with suspended solids concentrations either during the premine period or when
the data for the premine and partially reclaimed periods were combined (Table
25). Only color, however, was very highly significantly correlated (p <0.001)
and only color was significantly correlated with suspended solids concentrations
during the partially reclaimed period. Table 26 shows the relationship between
dissolved solids and water quality parameters. Fourteen parameters were signi­
ficantly (p <0.05, <0.01, or <0.001) correlated with dissolved solids when
measurements made during the premine period or the partially reclaimed period
were analyzed separately or combined. Most of the parameters listed were very
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TABLE 25. - Relationships between suspended solids and water quality parameters

Suspended Partially Combined
Solids Premine Reclaimed Periods

1 2
vs. n r n r n r

Alkalinity 47 -0.35*

Barium 34 -0.38*

Bicarbonate 47 -0.35*

Color 33 0.96*** 13 0.94*** 46 0.89***

Dissolved Solids 34 -0.37*

Fluoride 34 0.53** 47 -0.37*

Manganese 47 0.29*

Sodium 47 -0.35*

1Number of samples.

2Correlation coefficient. * = 5% level of significance, ** = 1% level of
significance, and *** = 0.1% level of significance.
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TABLE 26. - Relationships between dissolved solids and water quality parameters

Suspended Partially Combined
Solids Premine Reclaimed Periods

1 2vs. n r n r n r

Acidity 47 0.34*

Alkalinity 34 0.79*** 13 0.64* 47 .33*

Barium 13 .68* 47 .60***

Bicarbonate 34 .79*** 13 .64* 47 .33*

Calcium 34 .80*** 13 •99"1~** 47 .94***

Chloride 34 .62*** 47 .41**

Color 33 -0.39*

Hardness 34 0.80*** 13 .99*** 47 .94***

Magnesium 34 .78*** 13 .97*** 47 .94***

Manganese 47 .59***

Sodium 34 .59***

Strontium 34 .80*** 13 .98*** 47 .76***

Sulfate 34 .66*** 13 .96*** 47 .60***

Suspended Solids 34 -0.37*

1Number of samples.

2Correlation coefficient. * = 5% level of significance, ** = 1% level of
significance, and *** = 0.1% level of significance.
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highly (p <0.001) positively correlated indicating they are important contri­
butors to the dissolved solids levels in surface waters coming from Watershed
Jll. Calcium, magnesium, sodium, and strontium are all basic cations and their
removal from the watershed in the dissolved form could forecast problems with
increased acidity in the future unless the weathering processes and other
sources of input can replace these cations at a sufficient rate to compensate
their loss.

Concentrations of certain parameters in mine drainage water, particularly
metals, are often dependent upon pH. There were no significant (p <0.05)
correlations observed, however, between pH and parameter concentrations during
the premine period, the partially reclaimed period, or when the periods were
combined. This is probably because the pH in most of the water samples was
6.5 or greater and the range in pH was small, generally being 1 to 1.5 units.
Only four samples had pH values below 6, and the solubility of most metals is
not greatly affected until the sample pH descends below this value.

G. Sediment Quality

The chemical quality of the suspended sediment was monitored at the outlet
of Watershed Jll because it affects several surface-water parameters and in­
fluences the environment where it is redeposited downstream from the mine site.
As mining occurred on the watershed, the amount of suspended sediment in surface
runoff greatly increased and the source material for the suspended sediment
material also changed from that previously available during the premining
period. A description of the sampling procedures and analyses for the sediment
samples was given earlier in this report.

Concentration ranges and means for the 17 parameters measured in suspended
sediment samples during the three study periods are given in Table 27. The
parameter which exhibited the greatest change in concentration from the premine
period was organic carbon. This is due to the changing source material con­
tributing to the suspended sediment fraction. The premine material was
primarily surface soil material which had a higher organic carbon level than
the fragmented geologic bed materials eroded during the other periods.
Manganese, calcium, lead, strontium, and phosphorus concentrations were also
elevated in the premine period compared to the active mining and reclamation
period or the partially reclaimed period. During the active mining and re­
clamation period, sulfate concentrations were double those found during the
other two periods. Mining exposed pyritic material which began to oxidize and
to produce soluble sulfate. This in turn produced a more acidic sediment
material, as shown by the lower pH during the active mining and reclamation
period. An analysis of the relationships between sediment pH and concen­
trations of parameters in the sediment material for samples collected during
the partially reclaimed period showed a significant (p <0.001) negative
correlation between sediment pH and sulfate concentrations. This indicates
that as the sulfate concentrations in the sediment increased, the pH of the
sediment decreased. However, for calcium and strontium a positive correlation
(p <0.01) was observed so that concentrations of these parameters were found to
decrease with a decrease in sediment pH. The parameters which had the highest
concentrations during the partially reclaimed period compared to the other
periods were aluminum, iron, and lead. Cadmium and mercury were not found in
any of the sediment samples analyzed.
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H. Conclusions

1. Concentrations of aluminum, copper, and zinc were higher in precipitation
samples than in surface runoff from Watershed Jll. A significant amount of
iron and nitrate-N also seemed to have been derived from precipitation.

2. Duration curves for the 4 parameters regulated by OSM (pH, suspended
solids, iron, and manganese) showed that 60% of the premine period samples and
85% of the combined mining and reclamation and partially reclaimed period
samples exceeded the suspended solids regulation level of 70 mg/l. Approx­
imately 10% and 20% of the water samples collected for the same periods had pH
values below 6, the lower OSM regulation level. Only one sample, collected
during mining, exceeded the regulation level for manganese (4000 ~g/ml) and
all samples were below the regulation level for iron (7000 ~g/ml).

3. Arsenic, chromium, cadmium, mercury, silver, and sulfide were not detected
in any surface-water samples collected from Watershed Jll. Antimony,
copper, cyanide, lead, phenols, phosphorus, and zinc were detected in 10 or
less samples.

4. Water quality evaluated in terms of the EPA National Interim Drinking Water
Regulations met water criteria for maximum contaminant levels for 9 of the 10
inorganic chemicals regulated (arsenic, barium, cadmium, chromium, fluoride,
lead, mercury, selenium, and silver). Two samples exceeded the EPA regulation
level for nitrate-N of 10 ~g/l.

5. Concentrations of suspended solids, dissolved solids, and the cations and
anions that account for most of the change in the surface-water samples were
significantly correlated with log flow rate. Comparisons of parameter con­
centrations in samples collected at similar flow rates during the premining
period and the partially reclaimed period showed calcium, magnesium, sulfate,
dissolved solids, and suspended solids concentrations were increased during the
partially reclaimed period. Sodium and bicarbonate concentrations were de­
creased and strontium concentrations remained unchanged.

6. Organic carbon, manganese, calcium, lead, strontium, and phosphorus con­
centrations in the sediment material removed from Watershed Jl1 surface-water
samples were higher during the premine period than during the active mining and
reclamation or the partially reclaimed periods. Sulfate and nickel con­
centrations were highest and pH levels and zinc concentrations were lowest
during the active mining and reclamation period. During the partially re­
claimed period, parameters which were increased in concentration compared to the
premine or the active mining and reclamation periods were aluminum, iron, and
magnesium. Copper and sodium concentrations generally remained constant in
samples collected during the different phases. Cadmium and mercury were not
detected in any of the sediment samples analyzed.
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V. GROUND-WATER HYDROLOGY

A. Premining Data

Relatively impermeable, shaley clay beds that underlaid the major coal seams
formed bases for two local perched saturated zones. The saturated zones are
referred to as "aquifers" for convenience, even though the wells typically yield
less than 1 gal/min.

The top aquifer was above the shaly clay that underlaid the Waynesburg
No. 11 coal bed of the Monongahela Formation. Recharge was from direct pre­
cipitation within the watershed. Figure 39 shows the close relationship between
precipitation and water-level rises. Recharge to the middle aquifer is in­
directly related to precipitation.

Movement of water in the top aquifer (Figure 40) was from the watershed
divide toward the coal outcrop where it discharged as spring flow, seepage, and
evapotranspiration. Spring flow was the major contributor to stream baseflow.
The remainder of the discharge was downward leakage through the underclay.

The middle aquifer is above the shaly clay that underlies the Meigs Creek
(Sewickley) No. 9 coal bed of the Monongahela Formation. Recharge to the
middle aquifer is by leakage through the overlying underclay and by pre­
cipitation where the underclay is absent. Movement of water in the middle
aquifer (Figure 41) is from the watershed divide toward the mouth of the water­
shed where it discharges as underflow. Additional discharge is downward
leakage through the underclay.

The two deepest wells (W5-3 and W9-3), which are dry, penetrated mined-out
openings in the Pittsburg No. 8 coal bed of the Monongahela Formation. Much of
the No. 8 coal bed had been previously removed by underground mining and is
apparently drained down gradient from the watershed. Aquifers below the No. 8
coal bed were not monitored.

Ground water is stored and transmitted within open spaces in the rock. The
permeability is primary (intergranular pore space) and secondary (fractures and
bedding-plane openings). Most of the ground-water movement in undisturbed rock
is probably controlled by fracture-flow hydraulics. Values for the aquifer
horizontal hydraulic conductivity were obtained by slug tests and single-well
aquifer tests. Underclay vertical hydraulic conductivity was measured by ob­
taining a sample from the field and experimentally determining the value in a
laboratory. The laboratory-determinations were obtained by The Ohio State
University, Department of Agronomy. Table 28 shows that the hydraulic con­
ductivities of the aquifers were extremely low. The underclay value was about
200 times lower in hydraulic conductivity than the aquifer.

B. Postreclamation Data

Topographic and water-table elevations within the watershed suggest that the
ground-water divides for the top and middle aquifers reflect the new drainage
divide. The postreclamation top aquifer consists of spoil in the strip-mined
area and bedrock in the augered and undisturbed area. The top aquifer is above
the shaley clay that underlaid the Waynesburg No. 11 coal bed of the Monongahela
Formation and above the premining land surface where the clay does not exist
(Figure 19).
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TABLE 28. - Results of aquifer and underclay tests at Watershed Jll

Hydraulic Conductivity (ft/d)

Single-well Laboratory Saturated
Well Slug Test Pumping Test Test Thickness (it)

Wl-l 0.12 13

W3-l .096 8

W4-l .302 10

W6-l .058 9

Average for
top aquifer .144 10

W2-2 0.48 0.017 123

W8-2 .04 .33 65

Average
for middle
aquifer .26 .174 94

Underclay .00038

Underclay .00035

Underclay .00207

Average for
Underclay .00093

127



As in the prem1n1ng condition, the postreclamation top aquifer receives
recharge from precipitation that infiltrates to the saturated zone. However,
preliminary artificial infiltration tests suggest that the recharge rates in
the area covered by spoil have decreased. This decrease has been caused by
the destruction of soil structure and compaction of the soil. With time, the
recharge rate should increase as soil structure develops.

The middle aquifer receives recharge from precipitation where it is ex­
posed, leakage through the overlying shaley clay bed and percolation through
the overlying spoils material where the clay is absent.

Discharge from the top aquifer includes downward leakage to the middle
aquifer in the areas where sufficient head has developed. Discharge from the
top aquifer has decreased substantially in the postreclamation condition. No
springs or seeps have been observed, and stream flow is solely the result of
direct runoff following precipitation. Discharge from the middle aquifer occurs
as downward leakage and underflow out of the western part of the watershed, as
in the premining condition.

Water is stored and transmitted in the intergranular pore spaces of the
spoil material and in openings, fractures, and bedding planes in the middle
aquifer and that part of the top aquifer that was not disturbed. After mining
and reclamation, all of the wells reinstalled in March 1981 in the spoils
material were initially dry. In March 1982, Well P3-l was still dry and Wells
Pl-l and PlO-l contained only 4 ft and 3 ft of water, respectively (Figure 42).
The slow development of a saturated zone in the spoil is a result of increased
storage capacity and increased hydraulic conductivity. The development of
the saturated zone is also slowed because the spoil material was partially
dried. In the part of the top aquifer not disturbed by mining near Wells W4-l
and W6-l, the amount of water in storage has been less than during premining.
This can be best seen by comparing premining and postreclamation water levels
(Figure 39).

Water levels responded almost immediately to the m1n1ng operation. Water­
level declines were seen in all wells soon after mining began, except in
W8-2, which is in the middle aquifer in an area not subjected to mining and
reclamation activity (Figure 39). The water-level decline resulted directly
from mining, as evidenced by the magnitude of the declines, because no other
stresses were occurring, and because precipitation during July and August
1980 was significantly higher than in the same periods in 1978-82 (Figure 39).

As under premining conditions, two major perched saturated zones exist in
the area not disturbed by mining (near Wells W6-l and W4-l). However, in the
spoils material (near Wells Pl-l and PlO-l), there is no longer an un­
saturated zone between the top aquifer (spoil) and the middle aquifer. Water
levels in Well P2-2 in the second aquifer are up to 40 ft higher than during
premining, and are equal to those in Well PI-I. This, along with the discovery
that the shaley underclay was not observed during drilling after mining, in­
dicates that either the aquifers are directly connected or that only one
aquifer now exists in this area.

Water in the postreclamation top aquifer moves along a nearly flat gradient
from the watershed divide toward the buried highwall that separates the bedrock
from the spoils (Figure 19). Discharge from the top 'aquifer to the middle
aquifer probably occurs at the point of the buried highwall because the under­
clay is absent. Water in the middle aquifer moves from the watershed divide
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toward the mouth of the watershed, the same as during the prem1n1ng condition
(Figure 43). However, the gradient has increased slightly as a result of the
water level rise in Well P2-2 (Figure 39). The deep zone remains dry, as it
was during the premining condition.

Aquifer testing in the spoil material has not been possible because the
saturated zone has been too thin. Indications from bailing during water­
quality sampling are that the spoils material yield is higher than during pre­
mining, but still on the order of I to 2 gal/min. This presents a situation
where the hydraulic conductivity of the down-gradient top aquifer material
(spoil) is probably one to two orders of magnitude higher than the hydraulic
conductivity of the up-gradient bedrock. This will retard or prevent the top
aquifer water levels from rebounding to the premining levels because the
material of higher hydraulic conductivity will drain faster than the water
level rises in the lower hydraulic-conductivity material. That is, a new
steady-state situation will be attained that results in lower water levels
in the bedrock part of the top aquifer. Aquifer tests were not feasible
in the bedrock part of the top aquifer because of the low yields and the thin
saturated zone, but aquifer characteristics should be the same as before
mining. Postreclamation aquifer tests were not conducted in the middle aquifer
because the material was undisturbed by mining. However, because of the
increased saturated thickness (30-ft), the transmissivity has increased about
20%. Observations during postreclamation drilling and water-quality sampling
suggested primary permeability is the major factor controlling water movement
in the spoils part of the top aquifer. As in the premining condition, secondary
permeability controls water movement in the bedrock part of the top aquifer
and in the middle aquifer after mining.

Storage capacity has increased in the spoils because the handling and
breaking of the overburden material has created many more openings, pores, and
voids than were present in the premining consolidated rocks. The quantity of
water in storage in the bedrock part of the top aquifer has decreased because
the extent of the bedrock aquifer has decreased, and the saturated thickness of
the remaining bedrock is thinner than under premining conditions. This de­
crease in storage is a result of the partial removal of coal by augering. The
augering has created large drains that have lowered the water table.

The mining operation did not visually disturb the material below the under­
clay beneath the Waynesburg No. 11 Coal bed of the Monongahela Formation.
Thus, the hydrologic properties of the middle aquifer are not expected to
have changed. However, blasting and heavy equipment traffic could have
fractured or stressed the aquifer.
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VI. GROUND-WATER QUALITY

A. Premining

The top aquifer at Watershed Jll contained water of the calcium bicarbonate
and calcium sulfate types (Figure 44). Water from the middle aquifer was
sodium bicarbonate and calcium bicarbonate. Results of chemical analyses are
shown in Table 29.

The premine variations in chemical constituents were the result of the
local geology, paths of flow~ and seasonal variations. Local geology was
responsible for the high percentage of sulfate in water from the top aquifer
wells, W3-1 and W6-l (Figure 44). The local geology and the paths of ground
water movement cause water from Well W7-2 to have sodium as the dominant cation
and water from Well W8-2 to have calcium as the dominant cation (Figure 44).
This was because water recharging the vicinity of Well W7-2 had to pass through
the coal and an underclay whi.ch resulted in cation exchange between sodium
and calcium and a net increase of sodium in the water. In the vicinity of
Well W8-2, water recharged directly from precipitation, and calcium was the
dominant cation.

Chloride changes occur seasonally in Wells W4-l, W6-l, and W8-2 (Figures 45
and 46). Well W4-l, which is close to a county road that is salted during the
winter, shows increases in chloride content every spring. Wells W6-l and W8-2,
which are farther from the county road, show lesser increases. However, the
increases take place during late summer because the chloride moves with the
ground water and travels farther before arriving at Wells W6-l and W8-Z.

The water-quality diagram (Figure 47) shows that the baseflow water quality
and top aquifer water quality closely resemble each other. This indicates that
premining baseflow was entirely supplied by spring discharge from the top
aquifer. The water level in the middle aquifer was 18 ft below the stream
bottom and could not have been supplying water to the stream.

B. Postreclamation

Water in the postreclamation top aquifer is a calcium sulfate type, except
at Well W4-l which yielded calcium bicarbonate-type water (Figures 48 and 49).
Although water types have not changed much between premining and post­
reclamation (Figure 49), the median concentrations of most of the individual
constituents have increased (compare Table 30 with Table 29). These increases
are the result of the mining operation that shattered the bedrock, exposing
spoil of material susceptible to solution. Top aquifer constituents whose
median concentrations increased significantly from premining to postmining
conditions are dissolved iron (0.03 mg/l to 0.15 mg/l), dissolved manganese
(0.03 mg/l to 0.4 mg/l), dissolved sulfate (84 mg/l to 200 mg/l), dissolved
chloride (13 mg/l to 41 mg/l), and noncarbonate hardness (96 mg/l to 225 mg/l).
Only the median concentration of dissolved manganese exceeds the recommended
limit for drinking water of 0.05 mg/l (U. S. Environmental Protection Agency,
28). However, concentrations of some constituents at specific well sites did
exceed recommended limits, as can be seen in the range from Table 30.
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TABLE 29. - Premining chemical analyses of ground water collected
from Watershed Jll, August 1976 - July 1980

Constituents
or

Properties Unit
Number of

Samples

Concentration or
Other Measurement,

Top Aquifer
Range Median

v.mhos/cmSpecific Conductance
pH
Alkalinity, (as CaCO)
Bicarbonate, (as RCO)
Nitrogen, (Dissolved)
Nitrogen, NH (Dissolved)
Nitrogen, NR (Total)
Nitrogen, Organic (Dissolved)
Nitrogen, NO + NO (Dissolved)
Phosphorus (Dissolved)
Carbon, Organic (Total)
Hardness, (as CaCO)
Hardness, Noncarbonate
Calcium (Dissolved)
Magnesium (Dissolved)
Sodium (Dissolved)
Sodium Adsorption Ratio
Percent Sodium
Potassium (Dissolved)
Chloride (Dissolved)
Sulfate (Dissolved)
Fluoride (Dissolved)
Silica (Dissolved)
Iron (Dissolved)
Manganese (Dissolved)
Strontium (Dissolved)
Zinc (Dissolved)
Phenols
Solids, Sum of Constituents,

(Dissolved)

mg/l
mg/1
mg/l
mg/l
mg/l
mg/l
mg/1
mg/l
mg/l
mg/1
mg/l
mg/l
mg/l
mg/1

mg/l
mg/1
mg/1
mg/1
mg/1
v.g/ 1
·flg/1
flg/ 1
J1 g/l
']1 gil

mg/l

35
35
35
35
11
18
13
18
18
18
17
35
35
35
35
35
35
35
35
35
35
35
31
35
35
14
14
34

31

134

320 - 830
5.8 - 7.7

16 - 346
20 - 422

0.8 - 11
0-8

0.01 - 0.21
o - 1.9

0.01 - 11
0-0.71

2.1 - 9.2
140 - 430

12 - 210
39 - 120

9.1 - 3.1
5.4 - 13
0.1 - 0.4

3 - 13
1 - 3.2

7.5 - 55
24 - 190

0.1 - 0.2
10 - 19
10 - 17,000

3 - 1400
150 - 470

20 - 60
o - 44

222 - 471

550
7.0

148
180

2.8
0.02

.01

.14
1.35
0.01
5.4

270
96
80
16
7.9
0.2
8
1.6

13
84
0.1

15
30
30

300
30
0.5

335



TABLE 29. (Cont'd) - Premining chemical analyses of ground water collected
from Watershed Jll, August 1976 - July 1980

Constituents
or

Properties Unit
Number of

Samples

Concentration or
Other Measurement,

Middle Aquifer
Range Median

'j:Imhos/cmSpecific Conductance
pH
Alkalinity, (as CaCO)
Bicarbonate, (as HCO)
Nitrogen, (Dissolved)
Nitrogen, NH (Dissolved)
Nitrogen, NH (Total)
Nitrogen, Organic (Dissolved)
Nitrogen, NO + NO (Dissolved)
Phosphorus (Dissolved)
Carbon, Organic (Total)
Hardness, (as CaCO)
Hardness, Noncarbonate
Calcium (Dissolved)
Magnesium (Dissolved)
Sodium (Dissolved)
Sodium Adsorption Ratio
Percent Sodium
Potassium (Dissolved)
Chloride (Dissolved)
Sulfate (Dissolved)
Fluoride (Dissolved)
Silica (Dissolved)
Iron (Dissolved)
Manganese (Dissolved)
Strontium (Dissolved)
Zinc (Dissolved)
Phenols
Solids, Sum of Constituents,

(Dissolved)

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/1
mg/1

mg/1
mg/l
mg/1
mg/l
mg/l
'j.lg/1
'jJ,g/l
J-lg/l
iJ gil
l-lg/l

mg/l

30
30
30
30

9
15
11
15
15
15
17
30
30
30
30
30
30
30
30
30
30
30
27
30
30
10
10
30

27

135

475 - 910
6.8 - 8.2
254 - 417
310 - 508
0.1 - 1.1

0.01 - 0.21
0.01 - 0.27

o - 0.75
0.03 - 0.45

o - 0.02
1.7 - 8.5
56 - 390
o - 55

13 - 100
5.5 - 34

11 - 230
0.3 - 13

8 - 90
1.2 - 2.7
8.8 - 49

22 - 87
0.1 - 2.6
9.4 - 18

o - 290
1 - 40

720 - 1900
o - 80
o - 68

338 - 588

680
7.5

324
395

0.3
.01
.03
.12
.2

0.01
5.4

250
o

61
23
48.5
1.35

28.5
2

14
47
0.25

11
10
10

1140
20
o
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TABLE 30. - Postreclamation chemical analyses of ground water collected
from Watershed Jll, October 1980 - August 1982

Constituents
or

Properties Unit
Number of

Samples

Concentration or
Other Measurement,

Top Aquifer
Range Median

J;lmhos/cmSpecific Conductance
pH
Alkalinity, (as CaCO)
Bicarbonate, (as HCO)
Nitrogen, (Dissolved)
Nitrogen, NH (Dissolved)
Nitrogen, Organic (Dissolved)
Nitrogen, NO + NO (Dissolved)
Phosphorus, (Dissolved)
Carbon, Organic, (as C)
Hardness (as CaCO)
Hardness, Noncarbonate
Calcium, (Dissolved)
Magnesium, (Dissolved)
Sodium, (Dissolved)
Sodium Adsorption Ratio
Percent Sodium
Potassium (Dissolved)
Chloride (Dissolved)
Sulfate, (Dissolved)
Fluoride, (Dissolved)
Silica, (Dissolved)
Iron, (Dissolved)
Manganese, (Dissolved)
Strontium, (Dissolved)
Zinc, (Dissolved)
Phenols
Solids, Sum of Constituents,

(Dissolved)

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

mg/l
mg/l
mg/l
mg/l
mg/l
1-lg/ l
1-lg/ l
j..tg/l
j..tg/l
j..tg/l

mg/l

14
14
14
14
10
11
11
11
11
14
14
14
14
14
14
14
13
13
14
13
14
13
13
14
14

2
14

13

374 - 1500
6.6 - 7.1

72 - 394
88 - 480

0.17 - 10
.03 - 10

o - 0.57
.01 - 1.5
.01 - 0.68
1.2 - 26
170 - 770

63 - 440
53 - 210

8.9 - 61
8 - 32

0.2 - 0.6
6 - 11

1.4 - 3.6
12 - 92
71 - 460
o - 0.2

11 - 20
11 - 4300
39 - 910

250 - 1000
30 - 80
o - 20

236 - 1070

716.5
6.85

196
239

0.63
.19
.14
.1
.01

3.3
335
225
103.5

18.5
14
0.3
8
1.8

41
200

0.1
14

150
400
490

55
1

405



TABLE 30. (Cont'd) - Postreclamation chemical analyses of ground water
collected from Watershed Jl1, October 1980 - August 1982

Constituents
or

Properties Unit
Number of

Samples

Concentration or
Other Measurement,

Middle Aquifer
Range Median

)4mhos/cmSpecific Conductance
pH
Alkalinity, (as CaCO)
Bicarbonate, (as HCO)
Nitrogen, (Dissolved)
Nitrogen, NH (Dissolved)
Nitrogen, Organic (Dissolved)
Nitrogen, NO + NO (Dissolved)
Phosphorus, (Dissolved)
Carbon, Organic, (as C)
Hardness (as CaCO)
Hardness, Noncarbonate
Calcium, (Dissolved)
Magnesium, (Dissolved)
Sodium, (Dissolved)
Sodium Adsorption Ratio
Percent Sodium
Potassium (Dissolved)
Chloride (Dissolved)
Sulfate, (Dissolved)
Fluoride, (Dissolved)
Silica, (Dissolved)
Iron, (Dissolved)
Manganese, (Dissolved)
Strontium, (Dissolved)
Zinc, (Dissolved)
Phenols
Solids, Sum of Constituents,

(Dissolved)

mg/l
mg/l
mg/l
mg/l
mg/1
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/1

mg/l
mg/l
mg/l
mg/l
mg/l
}!g/l
}!g/l
flg/l
tlg/l
}l g/l

mg/l

10
10
10
10

7
9
9
9
9
9

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

1
10

10

702 - 1600
6.8 - 7.8
333 - 591
406 - 720
0.2 - 2.2

0.03 - 0.46
o - 0.38

0.01 - 1.5
0.01 - 0.06

1 - 5.2
37 - 810
o - 470

9.3 - 216
3.2 - 66

11 - 250
0.2 - 17

3 - 93
1.2 - 3.5
2.4 - 86

21 - 500
0.1 - 3
8.3 - 15

3 - 1500
5 - 1500

430 - 2000
0-0
0-1

404 - 1120

1185
7.05

402
490

0.5
.11
.21
.05
.01

1.8
640
94.5

166
53.5
32
0.6
9.5
2.2

45
190

0.2
12.5
18

220
1600

o
1

770



Water in the second aquifer is a sodium bicarbonate type (W7-2), calcium
bicarbonate type (W8-2), and a calcium sulfate type (P2-2) (Figures 48 and 49).
The types of water from Wells W8-2 and W7-2 are the same as during premining,
though the median of the total dissolved solids content of water at Well W8-2
has increased from 358 mg/l to 765 mg/l. The water-quality changes at Well W7­
2 are small in comparison to Wells W8-2 and P2-2 because this area was not
disturbed by mining and the well location is up-gradient (Figure 17) from the
mining activity. Water-quality changes in the middle aquifer were most
dramatic at P2-2, which has changed from calcium bicarbonate type to calcium
sulfate type. This site was in the middle of the mining activity and the
shaley underclay was disturbed. The similarities in water quality (Figure 48)
and water levels in Wells Pl-l and P2-2 show that the top aquifer and middle
aquifers react as one in the area of the spoils material.

Concentrations of some constituents at specific well sites exceeded re­
commended limits for drinking water, as can be seen in the ranges in Table 30.
Dissolved manganese and dissolved solids are the only constituents whose median
concentrations exceed recommended limits of 0.05 mg/l and 500 mg/l (U. S.
Environmental Protection Agency, ~). Although few constituents in the
middle aquifer exceed recommended limits, many increased significantly from
premining to postreclamation conditions. Some of the median concentrations of
constituents in the middle aquifer that increased are hardness (250 mg/l to
640 mg/l, noncarbonate hardness (0 mg/l to 94.5 mg/l), calcium (61 mg/l to
166 mg/l), magnesium (23 mg/l to 53.5 mg!l), sulfate (47 mg/l to 190 mg!l),
manganese (lO~g/l to 220 ~g/l), dissolved solids (405 mg/l to 770 mg/l), and
chloride (14 mg/l to 4S mg!l). Oddly, even though chloride increased, the
median concentration of sodium decreased from 48.5 mg/l to 32 mg/l.

The increases of median concentrations of constituents in the top aqUifer
(spoil) result from more surface area along mineral-water contacts, which
allows for more mineral dissolution. Dissolution of limestones
cements caused the rise in calcium, magnesium, bicarbonate, and
Manganese is derived from oxides and hydroxides in the soil and
and iron are derived from reduced minerals, particulary pyrite.
disintegration of the marine shales has released chlorides that
in the fine-grained sediments when they were deposited.

and carbonate
hardness.
rock; sulfates
Breaking and

were entrapped

The introduction of oxygen, in contact with reduced minerals (pyrite),
will cause dissolution of these minerals to yield iron and sulfates. The
increase in concentrations of constituents in the middle aquifer is the re­
sult of leakage from the overlying spoils and introduction of oxygen from the
oxygenated spoils. When springs and seeps eventually return, the baseflow of
the stream will probably be considerably reduced in quality compared to that
before mining.

In the premining condition, median concentrations of dissolved iron and
dissolved manganese were equal for both the top and middle aquifers. In the
postreclamation condition, the median values of dissolved manganese are many
times higher than dissolved iron, which is unusual for most ground waters
(Hem, 13). This imbalance is caused by the dissolution of reduced minerals
in the presence of oxygen; iron will tend to go into solution. However, the
iron-bearing water will go into solution from the pyrite dissolution, but then
precipitate out in the presence of oxygen. On the other hand, manganese goes
into solution and stays in solution even in the presence of oxygen (Hem, 13).
The net result is that both dissolved iron and manganese increase, with -­
manganese increasing much mOre.



VII. EROSION AND SEDIMENTATION

A. Introduction

Sediment and related flow data collected at the Watershed J1l outlet are
summarized in this section. While recognizing the importance of precipitation
characteristics in the erosion process, only the variation of sediment concen­
tration with channel flow measured at the outlet will be considered herein.
The variable flow rate has features of a climatological index variable since
it responds to, among other factors, precipitation patterns.

The final reclaimed landscape, consisting of a dense stand of grass
without diversions, was not realized until after the end of the monitoring cut­
off date (June 30, 1982) for this report. Therefore, comparisons with Phase 3
data reported herein are actually with the initial Phase 3 period (Phase 3a)
as mentioned in Section II, and not those of the final reclaimed landscape.
A "period" is defined as a time interval within a phase.

The term "water quality" in this section is used in the context of sediment
concentration only.

B. Watershed Conditions and Sources of Sediment

Watershed conditions during the periods of data collection are discussed
in Section II. Watershed disturbance maps are presented in Figure 15. The
periods of disturbance are summarized in Table 1. Briefly, the periods during
which the overland flow areas were protected with vegetation were Phase 1, the
latter part of Phase 2e, and part of Phase 3a. Some of these areas supported
only a sparse vegetative cover, contributing sediment sampled at the water­
shed outlet. Additionally, field observations during Phase 2 and Phase 3a,
indicated that the diversions, and main stream channels were being scoured.
This process contributed much of the sediment sampled at the watershed outlet.
The relative magnitude of the contribution of the channel and overland sources
is not known.

C. Summary and Discussion of Sediment Data

1. Summary of Data Collected.

The data base used in this section consisted of 44 Phase 1, 641 Phase 2,
and 559 Phase 3 samples, totalling 1244 samples. Most samples were collected
automatically, and some were collected manually.

The distributions of samples collected according to hydrograph position
at the time of sampling, and the sources of runoff are shown in Table 31. Two
catagories of the latter were considered, runoff derived from rainfall only and
runoff derived from snowmelt. The table shows that falling limbs were
sampled most frequently, and that valleys and baseflows were sampled least
during Phases 2 and 3a. However, falling limbs and baseflows were sampled most
frequently, and rising limbs were sampled least during Phase 1. Snowmelt
affected about 23% of Phases 1 and 2 samples, while it affected 51% of those of
Phase 3.



TABLE 31. - Distribution of sediment samples obtained at Watershed J11

Phase 1 Phase 2 Phase 3a
Category Total % of Total Total % of Total Total % of Total

l. Hydrograph Position

a. Rising Limb 6 14 209 33 175 31
b. Peak 12 27 94 15 59 10
c. Falling Limb 13 30 296 46 295 53
d. Valley 0 0 32 5 28 5
e. Baseflow 13 30 10 2 2 <1

2. Source of Runoff

a. Rainfall Only 34 77 497 78 272 49
b. Snowmelt Affected 10 23 144 22 287 51

3. Totals 44 100 641 100 559 100
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2. Regressions.

Regressions of sediment concentration upon flow rate were performed on
their logarithmic transformations, using subsets of data listed in Table 31.
These subsets were formed in order to attempt to reduce unexplained variabil­
ity found in a plot of these data. The subsets were created by grouping the
data by phase and period, runoff source (snowmelt only, combined snowmelt and
rainfall, and rainfall only), and by position on the hydrograph at the time of
sampling (Table 31). The results showed marginal, but insignificant improve­
ments in unexplained variability in sediment data by grouping by runoff source
in about 50% of the regressions, and improvement in about 30% of the regres­
sions by grouping by hydrograph position. However, about 60% of the regressions
by falling limb positions experienced a decrease in unexplained variability.
Two of the more noticable imP20vements were made by such a grouping. The co­
efficient of determination (r ) was increased from 0.40 (sample size = 44) to
0.71 (sample size = 13) for Phase I samples, and from 0.71 (sample s~ze = 70)
to 0.83 (sample size = 41) for Phase 2e samples. The next highest r values
in the falling limb group were two values of 0.56.

3. Temporal Variations of the Flow, Sediment Concentration,
and Sediment Load and Data.

In order to trace the variation of sediment concentrations and loads with
time, the monthly average concentrations and flows, and associated average load
rates were computed. The results are in Table 32. Flow rate is expressed in
terms of in per hour (iph) to account for the effects of known and probable
changes in the runoff area. The ratios of the monthly average flows, sediment
concentrations, and load rates to the respective monthly maximum averages
plotted in Figure 50 show the magnitude of change occurring during the entire
period of record with respect to the maximum of each parameter (the month in
which the ratio equals 1.0). Because flow rate is being used as a climato­
logical index variable, the trends of the concentration and load rate ratio
curves with respect to that of the flow ratio curve are indicators of the
effects upon concentrations and load rates due to surface activities and dis­
turbances.

Figure 50 shows the phase and period designations listed in Table I em­
bedded in the plots of the ratio of flow, concentration, and load rate. The
presence of a monthly value (or plot symbol for flow ratio) on this plot
indicates a sample size of 5 or more (Table 32). Where the sample size is too
small, the average of all the data in the period is presented as a horizontal
line. The figure shows that the maximum average concentrations and load
rates occurred toward the end of Phase 3a with one of the higher monthly flows.
The maximum average flow occurred during Phase 2e with a relatively small con­
centration (August, 1981).

There are two periods evident in this graph that show deteriorating sur­
face conditions. The first is in Phase 2d (March - June 1981). Field notes
indicate that the haul road crossing the watershed was a major sediment source,
and that the vegetative stand was poor on some of the seeded areas during this
time. Small gullies had begun to carve the surface. As early as December
1980, field notes also indicated that the grass stand was poor, and that
small, normally dry detention dams installed in one of the main waterways
were deteriorating. The overland flow areas and channels contributed greatly
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TABLE 32. - Average monthly sediment concentration, flow rate, and
load rate for Watershed J11

No. of Average Sed. Average Flow Average Load
Month Year Samples Concentration Rate Rate

(mg/l) (iph) (tons/day)

1 1980 5 144 0.0035 0.065
2 6 51 .0033 .025
3 14 248 .0093 .29
9 5 33,600 .074 430

10 32 12,700 .026 23
11 49 6800 .028 23
12 36 12,600 .023 21

1 1981 30 4060 0.041 11
2 134 8970 .028 24
3 13 8930 .0084 6.7
4 58 20,700 .031 70
5 51 17,500 .028 43
6 95 18,300 .074 110
7 56 23,600 .077 150
8 6 30,800 .11 290
9 70 14,500 .091 150

12 123 7510 .032 29

1 1982 176 7740 0.032 48
2 122 9270 .019 22
3 105 24,600 .034 140
4 11 28,100 .014 51
5 21 78,100 .058 470
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to the sediment yield of the watershed. Also, sediment was observed to be
rapidly depositing in the approach area of the weir (from March - June 1981).

The second time deteriorating conditions were apparent is during Phase 3a
(March - May 1982). After September 1981, a month of active reclamation, the
concentrations and load rates were depressed for flows nearly equal to or
greater than those observed in the prior period. This showed a positive impact
of the reclamation activities in September. However, in March 1982, the
concentration and load rate increased relative to those in Phase 2d, eventually
reaching the maximum of the record close to the reporting cutoff date. Field
notes did not indicate any new man-made surface disturbance on the watershed
during this time; however, there were active gullies and diversion terrace
failures, and some areas supported a sparse vegetative cover.

The data from the,other periods do not show any reportable trends except
during Phase 2b. Here the average flow and load rates were high, but the
average concentration was low. The averages are the result of a sample size of
only 5, consisting of two high flow rates, three low flow rates, and associated
high and low sediment concentrations. A larger sample size would be more rep­
resentative.

4. Comparison of Phases 2 and 3a.

With the exception of Phase 1, averages were computed for the sediment
concentration and for flow and load rate data for each period identified in
Table 1; the results are presented in Table 33. Flow rates are expressed in
terms of in per hour to account for the effects of the changing watershed
areas. The statistical sample sizes for Phases 2a and b were too small to use
in comparisons with the other periods. The ratios with respect to Phase 3a
show that the average sediment concentrations for Phases 2d, e, and 3a did not
change with the type of disturbance. However, the concentration data combined
with the average flow rates do show an effect due to the type of disturbance.
The average Phase 2e sampled flow rate was 3 times that of Phase 3a, but the
average concentration was practically the same for the two periods. The
average flow for Phase 2d was 1.4 times that of Phase 3a, but the average con­
centration remained unchanged. It appears that the Phase 3a surface conditions
caused a decrease in water quality compared to those of Phase 2e. However,
Phase 2e activities resulted in better water quality than those of Phase 2d.

The Phase 2c flows and concentrations were both lower than those of Phase
3a. The effect of the type of disturbance cannot be separated from the effect
upon concentrations due to lower flow rates that were sampled during Phase 2c.

The average load rates of Phases 2e and 3c reveal that in spite of the
apparent improvement in the quality of the water during Phase 2e, the load rate
then was the greatest of all periods, due mainly to the higher sampled flows.
Load rates were less for Phases 2c and d.

When the pooled Phase 2 data are compared with Phase 3c, sediment concen­
tration and load rate remained unchanged, but the sampled flow rate was 60%
higher during Phase 2 compared to that of Phase 3a. This suggests that the
watershed reclamation practice deteriorated during Phase 3a, a period during
which there was minimal surface activity by man, and when the watershed was in
a partially reclaimed condition with diversions, poor cover in some areas, and
active gullies.

149



TABLE 33. - Watershed J11 Phases 2 and 3a period averages
of sediment-related parameters

Sediment Concentration Flow Rate Load Rate

Phase/ Number of Average Ratio1 Average Ratio1
Average Ratio1

Period Samples (mg/l) (iph) (tons/day)

Phase 2
NC

2
a 5 4300 .029 NC 25 NC
b 6 28,000 NC .062 NC 362 NC
c 32 12,700 .89 .026 .87 23.2 .33
d 528 14,300 1.0 .043 1.4 61.3 .86
e 70 14,500 1.0 .091 3.0 150 2.1

Entire
Phase 2 641 14,300 1.0 .047 1.6 71.7 1.0

Phase 3a 559 14,200 1.0 .030 1.0 71.3 1.0

1R · . h respect to Phase 3a.at10 W1t

2 sample size.NC - Not calculated due to small
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5. Comparison of Phases 1, 2, and 3a.

The number of samples collected during Phase 1 did not span the range of
flow rates experienced during Phases 2 and 3a. In order to eliminate the
influence of higher flow rates causing higher sediment concentrations in com­
parisons between the 3 Phases, modified data sets composed of samples collected
at flows less than or equal to the maximum sampled Phase 1 flow of 3.3 cfs
were created. Period averages were computed using these data sets. The results
are presented in Table 34.

The data in Table 34 show that the sediment concentrations and load rates
of Phase 3 did not recover to the Phase 1 levels, however, the average sampled
flow rates were also higher. The effect of type of disturbance is noticeable
in Table 34. Except for Phase 2e, the concentrations were about 27 times those
of Phase 1. The flows experienced an increase, and then decreased after
Phase 2e, while the sediment concentration dipped during Phase 2e. This
indicates the reclamation efforts of Phase 2e were effective in attenuating
the sediment concentration.

Figure 51 is a plot of all the flow-sediment data collected in each phase.
The Phases 2 and 3a data were initially plotted with different symbols. However,
the two sets of data were practically indistinguishable, so only one symbol was
used in the figure. The envelope in th~ figure shows the lower limit of
sediment concentration for Phase 2, except for an isolated outlier. All point
symbols plotted below this envelope are Phase 3a data. This small region of
Phase 3a data of lower sediment concentration was obtained early during the
phase. They show the improvement of the water quality experienced early in
Phase 3a. Later in Phase 3a, the water quality became poorer, eventually
becoming worse than in Phase 2e, as previously shown. The plus symbols in the
figures show the premining data. These samples lie noticeably below those of
Phases 2 and 3a. The noticeable degradation of the water quality during Phases
2 and 3a is evident from this illustration. The concentration of points at
about 0.24 cfs reflects the automatic sample threshold.

D. Maximum Concentrations

Table 35 lists the maximum concentrations sampled and the associated flow
and load rates for each phase. The table shows that the maximum concentrations
occurred at lower flows than those measured at the maximum flow rate samples
for Phases 2 and 3a. The highest concentration of 184,000 mg/l was measured
during Phase 2. The highest Phase 3a concentration was measured in a relatively
small flow on a rapidly rising hydrograph. The variability of the flow­
concentration data that is evident here was exhibited also in the earlier
discussion of regression results.

E. Summary

The 1244 sediment samples collected from the outlet of Watershed Jll were
grouped according to predominant surface activities. A total of six periods
were identified, Phase 1, Phases 2a, b, c, d, e, and Phase 3a. The watershed
erosion control practice consisted of diversions that were occasionally removed
and reinstalled and that eroded and failed.

Regressions of sediment concentration upon flow rate were performed, using
the logarithmic transformation of these variables. Data were grouped according
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TABLE 34. - Period averages for Watershed J11 Phases 1, 2, and 3a using
constrained sediment data sets

Sediment Concentration Flow Rate Load Rate

Phase/ Number of Average Ratio
1

Average Ratio
1

Average Ratio1

Period Samples (mg/1) (iph) (tons/day)

Phase 1 44 485 1.0 0.018 1.0 3.13 1.0

Phase 2
NC2

a 5 4320 .029 NC 24.5 NC
b 4 2820 NC .0022 NC 0.738 NC
c 32 12,700 26 .026 1.4 23.2 7.4
d 511 13,700 28 .033 1.8 39.9 13
e 51 8500 18 .045 2.5 34.7 11

Entire
Phase 2 603 13,100 27 .033 1.8 38.2 12

Phase 3a 540 12,700 26 .025 1.4 37.2 12

1R . are with respect to Phase 1.at~os

2 small sample size.NC - Not calculated due to
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TABLE 35. - Maximum sampled sediment concentrations and
flows at Watershed J11

Item Phase 1 Phase 2 Phase 3a

Maximum Sediment
Concentrations, mg/1 6060 184,000 149,000

Associated Flow, cfs 3.29 2.97 .237

Load Rate,
tons/day 53.8 1470 95.2

Date 4/14/80 6/25/81 5/28/82

Maximum Flow, cfs 3.29 25.0 17.2

Associated Sediment
Concentrations, mg/1 6060 . 29,800 98,000

Load Rate,
tons/day 53.8 2010 4550

Date 4/14/80 7/28/81 3/16/82
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to position on the hydrograph at the time of sampling, source of runoff, and
type of disturbance. The results showed that no practical improvements in the
explainable variation of the sediment data were made by such groupings. The
four highest coefficients of determination (0.83, 0.71, 0.56, 0.56) were found
in falling limb groups.

A plot of the temporal variation of the ratios of the average monthly
sediment concentrations, and flow and load rate to the respective maximum of
each variable was constructed (Figure 50). The plot shows two short periods of
deteriorating water quality (with respect to sediment concentration) when the
vegetative cover over part of the watershed was sparse and gullies were active.
Reclamation efforts during a short time between these two periods appeared to
have improved water quality for a while. However, by grouping the data into
periods by type of disturbance, and by computing for each period average
sediment concentration, and flow and load rate, the apparent improvement in
water quality at the beginning of Phase 3a was masked by the higher concen­
trations experienced at the end of Phase 3a, apparently as the diversion­
channel system again deteriorated.

A comparison of Phases 2 and 3a showed that during Phase 2e, a period of
reclamation efforts, the average period flow was greatest, but the average
period concentration did not change much. Overall, Phase 3a concentrations
were about the same as those of the entire Phase 2 period, but the flow was
about 38% less than that of Phase 2, indicating that in fact a decrease in
water quality occurred during the temporary Phase 3a reclamation period.

A comparison of Phases 1, 2, and 3a was made with data sets in which
sampled flows greater than 3.3 cfs, the maximum premine sampled flow, were
deleted. The results show that the average Phase 2 and Phase 3a concentrations
were about 26 times and load rates 12 times those of Phase 1. However, the
flow rates were 1.8 and 1.4 times that of Phase 1 for Phases 2 and 3a,
respectively. The data suggest that the Phase 2 water quality was better than
the Phase 3a water quality, but both were much worse than that of Phase 1.

The maximum measured Phases 1, 2, and 3a concentrations were 6060,
184,000, and 149,000 mg/l, respectively. The maximum Phases 2 and 3a concen­
trations were sampled in flows less than the maximum sampled flows for each
period.
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<:.~' ): f- 7 ~L.:" '::c Ttl 1_C,~ CD),., J Y~...:~ ~'~'--::'-:'I 't' ::;;. I IE r .J;:-3
PEDON C:,<;",l,c'I, <.10"<' FIN, M!t.ED.t~ESIC.n"'IC.,",',;M!':.c,;c.

l<.\::_'·ATrO~: 20CFT. [;l, ,,:',-JD~ ;_,0/A"T~t-J.. CENTER .. O;::~ SEC. 34 T ... 7.f~ ??w
PHYSIOGRAPHY' 3L'11t1IT ELEV,;nCcd 123:5'
TOPOGR;',?HY: GENTLY SLCPINCl Z SLOPEt a ?:;PECT' N~

DRAIN~JE: ~ELL VEGETATION: PASTUR~

COLL£CTO~SI AMPA/SMECK/HALL DATE: 7/31/78
PARENT MATERIALSs COLLUVIBM. SILTSTONE

HOR I ZON DEPTH
IN

APt 0 -3
10YR4/3-SILT LOAMJ STRONO MEDI~ GR~

STRUCTUREJ VERY FRIABLE; MANY FINE ROOTS;
OZ COARSE FRAGMENTSJ CLEAR SMOOTH BOUNDARY.

An 3 -S
10YR4/3-SILT LOAM' MODERATE COARSE GRANULAR

STRUCTURE; FRIAl3LE; CONMON FINE ROOrSJ
COMnoN 10YR5/4 I-IORrt CASTS IN ~LSJ
57. COARSE FRAGMENTSJ ABRUPT SMOOTH BOUNDARY.

Bt 8 -10
10YR5/:5-SILT LOAl1, MODERATE FINE SUBAt+Gl.l\..AR BLOO<Y

PARTING TO WEAl( MEDIUM PLATY STRUCTURE:
FRIABLEJ COMMON FINE ROOTSJ
20~ COARSE FRAGMENTS' CLEAR SMOOTH BOUNDAAY.

B21T 10-17 .
10'tR:5/~SILT LOAM; MODERATE MEDIUM SUi3AHGULAR BLOCKY

STRUCTURE; FRIABLEJ COMMON FINE ROOTS;
THIN VERY PATCHY 10YR4/6 ARGILLANS ON FA-QOSI
2O:t COARSE FRAGMENTS; GRADUAL SMOOTH BOUNDARY.

B2ZT 17-22
10YRS/5-SILT LOAM' l-!EAK MEDIU1'l SUBANGI.Jl..AA BLOCKY

STRUCTURE; FIRMJ COMI1ON FINE ROOiS;
THIN VERY PATCHY 10'tR4/6 ARGILLANS ON FACZSJ
FBi lOYR2/1 FERRO-tlANGANS ON FACES;
2(Y.4 COARSE FRAGMENTS; CLEAR SI'1QOTH BOUNDARY.

IIB23T 22-26
10YR6/4-GRAVELLY SILT LOAMJ ~~ FINE FAINT 10YRS/6 AND

FEW FINE FAINT lOYR6I3 MOTTLES; ~EA!( nEDIL:l1 SU3ANG1Jl-AA BLOCKY
STRUCTURE; FIRM; F~ FINE ROOTS;
THIN VERY PATO-IY 10YRS/6 ARGILLANS ON FOC-=S;
I"'.sDIUl1 CONTINUOUS 10YR61:3 ARGILLANS SUBCUTANEOUSLY;
F9< 10YRVl FERRO-MANGANS ON FACES;
40~ COARSE FRAGMENTS; GRADUAL SMOOTH BOUNDARY.

1lB24T 26-32
10YRS/4-GRAVELLY LOAMI COMMON ~EDIUM FAI~T 10YR5/6 MOTTLES;

~AK MEDIUM SUBANGULAR BLOCKY STRUCDJRE; FIRM; F~ FINE Roors;
MEDIUM PATCHY lOYRS/4 ARGILLANS ON FACES;
MEDIL~ CONTINtJQUS 10YR6/3 ARGILLANS SU3CUT~OlJSLY'

FEJ.l 10YR2/1 FERRO-MANGANS ON FACES;
607. COARSE FRAGrjEJ'HS; GRADUAL SMOOTH BOUNDARY.

IIB2:5T 32-36
10YR:5/4-GRPNELLY CLAY LOAI'IJ COMMDN I'lEDIU1'I FAINT 10YRS/6 AND

CO~N MEDIUM DISTINCT 10YR512 MOTTLES; I-JEAl( MEDIUM SlJEANGUU1R BLOCKY
STRUCTURE; FIRM'
I'lEDIUM PATCHY 10YRS/4 ARGILLANS ON FACES;
I1EDIUI1 CONTINUOUS 10'fR6/3 ARGILLANS SUBCUTANEOUSLY'
FEW 10YR:2/1 FERRO-tIANGANS ON FACES;
7:57. COARSE FRAC-l'1~NTSJ ABRUPT SMOOTH BQUND,;;:r(.

iIIBZ6T 36-44
10YR:5/2-SILTY CLAY LOAM; MANY COARSE PROMINANi IOYR6/1 AND

F8I FINE: mSTINCT 10YR~/6 MOTTLES; STRONG HallUl1 ANGl..JU<R BLOCKY­
STRUCTURE; FIRl"I1
THIN CONTINUOUS 10YR6/4 ARGILLANS ON FACES'
THIN CONTINUOUS 10YR6/1 ARGILLANS ON FACES;
::n COARSE FRAGl"IENTSr ABRUPT SMOOTH BOUNDARY.

IZIB27T 44-49
10YR5/2-SILTY CLAYJ COMMON MEOIUM FAINT' 10YR6/1 AND

CG~~N H£DIUI1 PROMINANT 10YRS/6 MOTTLES; STRONG COARSE ANGULAR BLOCKY
STRUCTURE; FIRMJ
THIN CONTINUOUS 10YR6/4 ARGILLANS ON FACES;
THIN CONTINUOUS 10YRb/l ARGILLANS ON FACES;
107; COARSE FRAGM£NTSJ ABRUPT SMOOTH BOUNDARY.

IZIB31T 49-5S
10YRS/4-$ILTY CLAY LOAI'l; COMMON COARSE DISTINCT IOYR6/1 AND

COMMON COARSE FAINT 10YR~/6 MOTTLES; WEAK r.EDIUI1 PLATY
STRUCTURE; FIRM1
THIN VERY PATCHY 10YR6/4 ARGILLANS ON HORIZONTAL FACES;
:5'.t COARSE FRAGMENTSJ ABRUPT SMOOTH BOUNDARY.

II I B32 ::;a-77
10YR~/4-$ILTY CLAY LOAMI FEW FINE FAINT 10YR~/2 AND

COMMON M:DIUM FAINT 10YR~/6 MOTTLES; ~EAK ~IUM PLATY
STRUCTUREr FRIABLEr
10% COARSE FRAGMENTS' GRADUAL SMOOTH BOUNDARY.

n 77-
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SOIL SERIESI \JOODSFIELD
5ITEI ,,)F-3

COUNTY: JEFFERSON
OATEI 7/31/78

DEPTH HORIZON CO ----,PARTICLE SIZE DISTRIBUTION eX<2rnIlO) TEXT
IN FRAG -----SAND --5IL1--- -CLJW- CLASS

%>~ YC.C N FI VFI TOT FI VF TOT FI TOT

0- 3 API 12.0 6.2 1.2 4.0 7.4 18.8 47.0 12.3 61.~ 4.5 19.7 SIt.
3- 8 An 6.5 6.2 1.1 4.0 8.7 20.0 44.6 12.4 59.9 3.8 20.1 SIt.
a- 10 81 17.2 7.9 1.3 5.3 10.3 24.8 33.8 11.8 55.3 5.3 19.9 SIL

10- 17 821T 17.8 7.1 1.5 5.4 9.4 23.4 36.8 10.5 54.1 6.1 22.S SIt.
17- 22- 322T 5.7 8.0 1.5 6.6 12.9 29.0 29.5 7.5 49.0 7.1 22.0 t.
22- 26 II823T 32.2 8.9 1.5 6.9 16.0 33.3 27.0 7.7 47.8 4.8 18.9 L
26- 32 I'I824T 46.9 10.4 1.5 5.6 14.0 31.5 20.9 4.9 47.1 5.3 21.4 t.
32- 36 II825T 20.1 12.7 2.0 8.4 17.3 40.4 18.8 6.5 32.5 .10.5 27.1 CL
36- 44 IIIB2bT 10.4 6.5 0.9 1.·~ 3.0 12.1 31.2 17.8 37.7 15.0 50.2 C
+4- 45' IIIB27T 9.9 7.3 0.9 1.1 1.5 10.8 .37.5 14.3 48.8 13.8 40.4 SIC
49- 58 IIIB31T 9.0 9.4 1.4 1.7 4.3 16.8 39.8 12.1 60.1 6.4 23.1 SIt.
ss- 67 IIIB32 18.0 9.6 1.2 2.4 9.6 22.8 35.0 12.5 56.1 5.6 21.1 SIL
67- 77 111332 :50.9 8.3 1.3 4.3 13.4 27.3 33.5 12.9 ~.l 5.3 19.6 SIL

DEPTH --,.H-- ORO ---EGI.7.-- --EXCH CATIONS MEQ/IO<r.1-- BASE
IN l-lAT CaCl C CALC DOLO CARB H Cao H~ K SUI'! SAT,X

0- 3 5.9 5.6 2.76 . 8.1 6.7 1.5 0.8"9 17.2 53
3- 8 6.3 5.9 1.98 6.0 6.3 1.3 0.58 14.2 58
a- 10 5.3 4.8 0.42 4.6 3.2 0.8 0.34 8.9 49

10- 17 4.7 4.2 0.23 7.0 2.3 o.a 0.24- 10.3 32
17- 22 4.6 4.1 0.21 7.2 2.6 0.9 0.19 10.9 34
22- 26 - 4.7 4.2 0.20 6.6 2.9 1.0 0.17 10.7 38
26- 32 4.7 4.1 0.10 7.4 3.3 1.7 0.16 12.6 41
32- 36 4.7 4.2 0.13 7.3 4.9 2.9 0.20 15.3 52
3b- 44 4.7 4.3 0.15 6.7 8.7 5.3 0.31 21.0 68
44- 49 5.8 5.6 0.24 2.3 8.2 4.6 0.31 15.4 8S
49- 59 6.7 6.3 0.11 2.2 6.4 3.2 0.20 12.0 82
~a- 67 6.9 6.5 0.04 2.3 8.3 3.5" 0.20 14.3 84
67- 77 7.0 6.7 0.09 2.0 7.2 2.7 0.18 12.1 83
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SOIL TYPE: ~ESTKORELANO SILT LOAM COUNTY: ~EFFERSON SITE: JF-4
PEDON CLASSIFICATION: COARSE-LOAMY.MIXED.HESIC.ULTIC.HA?LUDALF.
LOCATION: 270FT.N.ANO.810FT.~.OF.CENTER.OF. SEC. 34 T.7N R.3W
PHYSIOGRAPHY: SIOESLOPE. BACKSLOPE ELEVATION: 1217'
TOPOGRAPHY: STRONGLY SLOPING X SLOPE: 24 ASPECT: NW
DRAINAGE: ~ELL YEGETATION: PASTURE
COLLECTORS: AMSA/SMECK/HALL DATE: 7/31/78
PARENT MATERIALS: COLLUVIUM. SILTSTONE

HORIZON DEPTH
IN

AP1 0 -3
10YR4/3.,.SILT LOA/'l' STRON() FINE GRANt.JL.ClR

STRUCTURE: VERY FRIABLE; MANY"FINE ROOTS;
5% COARSE FRAGl'lENTS; GRADUAL SMOOTH BOUNDARY.

AP2 3 -7
10YR4/3-SILT LOAl'l' COM~N MEDIUM DISTINCT 10YR4/4 MOTTLES;

MODERATE MEDIUM GRANULAR STRUCTURE: FRIABLE; COM~N FIN@ ROOTS;­
lOX COARSE FRAGMENTS; ABRUPT SMOOTH BOUNDARY.

B1 7 -10
10YP,4/4-SIL,.T LOAMJ MODERATE MEDIlJ/'f SUBANGULAR BLOCKY

SiRUCTUREl FRIABLE; COM/'lON FINE ROOTS'
COM~N 10YR4/3 WORM CASTS IN PORES;
20X COARSE FRAGMENTS' CLEAR S/'lOOTH BOUNDARY.

821T 10-1~

10YR4/4-LOAl'l, MODERATE MEDIU/'! SUBANGlJt...AFt BLOCKY
STRUCTURE' FIR!'t' CO/'lMON FINE ROOTS;
THIN VERY PATCHY 10YR4/4 ARGILLANS ON FACES:
25% COARSE FRAGMENTS' CLEAR S~OTH BOUNDARY.

IIB22T 15-20
10YR4/4-LOA/lt; MODERATE MEDIUM SUBANGllLAA BLOCkY

STRUCTURE: FIRM' COMMON FINE ROOTS;
THIN VERY PATCHY 10YR4/4 ARGILLANS ON FACES;
COMMON 10YR2/1 FERRo-HANGANS ON FACES;
40% COARSE FRAGMENTS; CLEAR SMOOTH BOUNDARY.

IIB23T 20-27
10YR4/4-l...0AI1; WEAK MEDIUM SUBANGULAR BLOCl<Y

STRUCTURE; FIR!'t; FEW FINE ROOTS;
THIN PATCHY 10YR4/4 ARGILLANS ON FACES:
FEW 10YR2/1 FERRO-MANGANS ON FACES;
75X COARSE FRAGMENTS; ABRUPT SMOOTH BOUNDARY.

IIB24T 27-32
" 10YR5/4-S!~TY CLAY LOAM' FEW FINE FAINT 10YR~/6 AND

FEW FINE FAINT 10YR:5/1 l'lOTTLES; MODERATE COARSE SUBANGULAR BLOCKY
STRUCTUREl FIR/'" FEW FINE ROOTS;
THIN VERY PATCHY 10YR4/4 ARGILLANS ON FACES'
COMMON 10YR2/1 FERRo-MANGANS ON FACES;
2~7. COA~E FP.AGI'lENTS, GRADUAL SMOOTH BOlINDARY.

IIIB2~ 32-42
10YR:5/4-SILTY CLAY LOAl'l' FEW /'lEDIUI'1 FAINT 10YR:5/6 AND

FEW FINE FAINT 10YR~/l MOTTLES; MODERATE COARSE SUBANGULAR BLOCKY
STRUCTURE' FIR!'t'
I'lEOIUM CONTINUOUS 10YR:5/4 ARGILLANS ON FACES;
FEU 10YR2/1 FERRO-MANGANS ON FACES;
107. COARSE FRAG/'!E:NTS; GRADUAL SMOOTH BOUNDARY.

IIIB2bT 42-5:5
10YR:5/4-SILTY CLAY LOAM; FEW MEDIUM FAINT 10YR5/6 AND

COMMON MEDIUl1 FAINT 10YR:5/4 MOT1'LES; MODERATE COARSE SUBANGULAR BLOCKY
STRUCTURE; FIRM;
~IUM CONTINUOUS 10YR~/4 ARGILLANS ON FACES;
CO!'ll"1ON 10YR2/1 FERRO-I'lANGANS ON FACES;

" . 25% COARSE I=1'lAGl'1ENTS; GRADUAL" S/'lOOTH BOUNDARY.-·
IlIBST ~-70

2.5Y~/4-eLAY LOAH;
!dEAl( MEDIUM PLATY STRUCTURE; FIRM;
MEDIUI'1 PATCHY 10YR4/4 COATINGS ON HORIZONTAL FACES'
CO/'lt'lON 10YR2/1 FERRO-MANGANS ON FACES:
607. COARSE FRAGMENTS' CLEAR SMOOTH BOUNDARY.

R 70-eO
5Y:5/3-cL.AY LOA""

REDIUl't PATCHY 10YR5/4 COATINGS ON ROCK FRAG!'f£NTS'

HOTE: UPPER PART IS LOESS/COU.UYIUM•• C.FRAQS ARE U-5ANDST. III-SILTSTONE. TAXAD.JllNCT. ~
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SOIL SEiU£S1 ~STMOR€LAND·

SITE: .JF-4
COUNTY: .JEFFERSON

. DATE: 7/31/78

DEPTH HORIZON CO PARTICLE SIZE DISTRIBUTION O:<2nI..)----· TEXT
IN FRAG SAND ---SILT-- -CLAY- CLASS

:i02JNll VC.C M FI VFI TOT FI VF TOT FI TOT---
0- 3 APt 12.5 8.0 1.5 :5.7 8.0 23.2 42.8 10.9 :57.9 4.1 18.9 SIl..
3- 7 An 5.2 7.9 1.4 5.0 5.9 20.2 4:5.0 13.0 68.2 1.6 11.6- SIlo
7- 10 81 9.4 8.1 1.6 6.3 8.6 24.6 41.:5 11.8 60.9 1.9 14.5 SIt.

10- 15 B21T 15.3 8.8 1.6 6.9 10.2 27.5 36.8 10.6 54.6 3.8 17.9 SU.
1:5- 20 IIB22T 22.4 12.1 2.5 10.8 13.0 38.4 28.7 8.2 44.3 3.9 17.1 L
20- 27 IIB23T 59.9 13.4 3.:5 16.8 13.7 47.4 24.4 7.3 3:5.4 4.4 17.2 L
27- 32 IIB24T 25.4 :5.9 1.3 5.5 11.1 23.8 32.6 10.1 55.5 4.2 20.7 SIt.
32- 42 III~ 31.1 3.1 0.8 2.2 6.1 12.2 37.8 12.3 63.7 5.4 24.1 SIt.
42- ~ IIIB26T 3:5.8 . :5.1 0.9 3.:5 .10.1 19.6 33.4 10.8 :57.1 6.4 23.3 SIt.
~62 III33T 49.9 10.8 4.4 18.1 16.5 49.8 18.8 6.3 33.5 5.3 16.7 L
62- 70 IIIB3T 62.6 5.7 0.5 1.1 7.3 14.6 39.4 12.6 65.0 4.5 20.4 SIt.
70-80 R 83.9 0.4 0.0 0.3 1.8 2.5 54.0 18.2 76.3 4.0 21.0 SII.

~

IN
--·--PH--- ORG -----EQ.~---- ----EXCH CATIONS MEG/I00,--- BASE
UAT Cael C CALC DOLO CARB ~ Ca H, K SU~ SAT.~

0- 3 6.4 6.0 1.83 5.8 7.4 1.6 0.41 15.2 62
3- 7 7.1 6.4 1.42 3.6 6.8 1.3 0.30 12.0 70
7- 10 7.3 6.8 0.92 3.1 6.3 1.2 0.27 10.9 71

10- 15 7.1 6.6 0.34 2.7 4.4 1.1 0.15 8.3 68
15- 20 7.0 6.5 0.26 3.0 4.4 1.2 0.14 8.7 66-
zo- 27 6.3 5.9 0.17 3.1 4.1 1.1 0.12 8.4 63
27- 32 5.2 4.7 0.13 6.2 5.2 1.6 0.17 13.2 53
32- 42 4.8 4.4 0.11 8.1 5.4 3.2 0.21 16.9 52
42- 55 4.9 4.5 0.16 8.3 5.3 4.1 0.20 17.9 54
55- 62 S.O 4.5 0.12 6.4 4.6 3.5 0.17 14.7 56
62- 70 5.1 4.6 0.13 6.2 5.8 4.8 0.21 17.0 64
70- eo 5.1 4.7 0.15 4.5 7.0 4.8 0.29 16.60 13
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::.u!L I Yl"'e.; (,;w\RKSBURG SILT LOAM . CCVNTYJ JEFFERSON SITE: .JF-S
PEOCN CLASSIFICATION: FrNE-LOAMY.NrXED.~ESrC.AQUIC.FRAGrUDALF.

LOCATION: 470.FT.N.AND.$25.FT.~.OF.CEMTER. SEC. 34 T.7N R.3W
PHYSIOGRAPHY; SIDESLOPE. FOOTSLOPE ELEVATION' 1180
TOPOGRAPHY: STRONGLY SLOPING % SLOPE: 18 ASPECT: ~
DRAINAGE: MODERATELY WELL VEGETATION: PASTURE
COLLECTORS: AMBA/SMECKIHALL DATE: 8/1173
PARENT MATERIAl.S: cou.UVIUM. SHALE

HORI ZOH DEPTH
IN

API 0 -3
10YR4/3-SILT LOAM;

STRONG MEDIUM GRAr~LAR STRUCTURE; VERY FRIABLE;
5Y. COARSE FRAGMENTS; CLEAA SMOOTH BOUNDARY•

. An 3 -8
10YR4/3-5ILT LOAH; FE~ MEDI~ DISTINCT 10YR5/4 MOTTLES;

I'IODERATE FINE SUBANGULAR BLOCKY STRUCTURE; FRIABLE; MANY FINE ROOTS;
10% COARSE FRAoGI1ENTS' ABRUPT SMOOTH BOUNDARY.

al 8 -10
10Y~/4-$ILT LOAnl MODERATE FINE SU~ BLOCKY

STRlJCTUREr FRIAeU:;' COMMOH FINE ROOTS;
C01'f'iON 10YR4/3 1olO1111 CASTS ON FACES;
20% COARSE FRAGMENTS; CLEAR Sl'lOOTH BOUNDARY.

821T 10-14
10Y~/4-HEAVY SILT LOAn; MODERATE /"lEDIlJl'j SUBAAIGULAR BLOCKY

STRUCTUREl FRIABLE; COI'!MON FINE .ROOTS;
THIN PATCHY 10YR4/4 ARGILU\NS ON FACES;
307; COARSE FR~TS; CLEAA SI'lOOTH BOUNDARY.

BZZT 14-20
. 10YRS/6-CLAY LOAM; FEW FINE FAINT 7.5YR5/b AND •

FEW FINE DISTINCT 10YR:5/2 MOTTLES; I'IODE!~ATE COARSE SU8ANGllLAA BLOCKY
STRlJC"nJREJ FIRM; FEW FINE ROOTS;
I'IEDIlln PATCHY 10YR4/4 ARGILI..AHS ON FACES;
FEW 10YR2/l FERRCH'lANGANS ON FACES;
45% COARSE FRAoGMENTSJ CLEAR SI'1OOTH BOUNDARY.

BZ3T 20-27
10~/5-O..AY LOAl'tJ MANY FINE FAINT 7.5YR5/6 AND

FEW FINE DISTINCT 10YR:5/2 MOTTLES; l.OEAl( I"IEOIUM SU8ANGULAA BLOC.:Y
STRUCTURE; FRIABLE; FEW FINE ROOTS;
I'lEDIUft PATCHY 10YR4/4 ARGILLANS ON FACES;
/'lAHY 10YR2/1 FERRCH'lANGANS ON FACES;
Z57. COARSE FRAGl'!€NTSJ CLEAR WAVY BOUNDARY.

IIaXl 20-27
10YR4/4-C1.AY LOAM' MANY FINE DISTINCT 5YR:5/6 AND

CO/'ll'lOH FINE. DISTINCT 10YR5/2 MOTTLES; WEAK VERY COARSE PRISNATIC
PARTINO TO MODERATE MEDIU" PLATY ST~; BRITTLE;
THICl< CONTINUOUS 2.5Y6/3 SILTANS ON VERTICAL FACES;
I'lANY 10YR2/1 FERRO-l'lANGANS ON FACES;
2O:t COARSE FRAQ'tENTS; CLEAR WAllY BOUNDARY.

IIBX2 27-34
2.5YS/4-SILTY CLAY LOAH; FEW FINE P~INANT 5YRS/b AND

l'lANy MEDIUM DISTINCT 10YR~/I MOTTLES; WEAK VERY COARSE PRISMATIC
PARTING TO WEAK COARSE SU8~ BLOCKY STRUCTURE; BRITTLE;
"EDI~ PATCHY 5YR4/4 ARGIl.l..ANS ON FACES;
MNY 10YR2/l FERRO-MANGANS ON FACES;
THICl< CONTINUOUS 2.5Y6/3 SILTANS ON VERTICAl. FACES;
-40% COARSE FRAGI'lENTS; GRADUAl.. SMOOTH BOUNDARY.

JIBX3 34-43
10YR:5/4-SILTY CLAV LOAM; CO/'ll"!ON FINe: PROI"IINANT 5YR4/6 AND

FEW FINE PRO/'IINANT 10YRSll MOTTLES; WEAK VERY COARSE PRISMATIC
- 'PARTINO TO WEAl< MEDIlJ" SUBANGlJLAR BLOCKY STRUCTURE; BRITTLEJ

I'JANY 10YR2/1 FERRo-I'lANGANS ON FAC"o::.Sl
tlEDIU" CONTINUOUS 10YRS/2 SILTANS ON VERTICAL FACES;
THICK CONTINUOUS IOYRS/l ARGILL.ANS ON VERTICAL FACES;
40% COARSE FRAGt'lENTSJ GRADUAL Sl"lOOTH BOUNDARY.

IIe1 43-:51
lOYR4/4-SILTY CLAV LOAMJ MANY I'IEDIU" PRO"INANT 5YR4/b AND

FEW FINE DISTINCT 10YRS/1 MOTTLES; MASSIVE;
FJR1'IJ
COI'II'lON 10YR2/1 FERRO-I'1ANGANS ON FACES;
35X COARSE FRAGt'lENTS; GRADUAl.. SMOOTH BQUNOAAv.

JIIC2 51-5S
N2/o-<t.AY LOAMI

tfASSIVEJ FIRt'U
0% COARSE FRAoGI'lENTS; ABRUPT S/'lOOTH BOUNDARy.

1VC3 58-64
10YR:l14-CLAVI FEW MEDIUM DISTINCT 10~/l AND

FEU FINE FAINT 10VR:l/6 MOTTLES; MASSIVE;
FJR1'II
PlAHY 10YR2/1 FERRo-MANGANS ON FACESJ
0% COARSE FRAGl'lENTSJ A8RUPT Sl'IOOTH BOUNDARY.

\IC4 64-72 .
-2.5Y~/4-CLAVJ FEW COARSE DISTINCT 10~/b AND

FEU COARSE DISTINCT 10YR:5/2 MOTTLES; MASSIVE,
FJRl17
cortl'ION 10YR2/1 FERRO-HANGANS ON FACES;
0% COARSE FRAGI"IEl'HS; STRONO EFFERVESCENCE; ABRUPT SI100TH BOUNDARY.

~ 72-
10YR:l/4-CLAY; CO/'ll"lON MEDIUM FAINT 2.5'(5/4 AND

FEU COARSE DISTINCT 10YR:5/6 MOTTLESr MASSI VE I
FIRl'tJ

-cn;COARSE FRAGl'lE."fTS; -Sl.:TCHT EFFC:RVE5CE!<E1 C.RADUAL SMconl EOUNDARY.

NOTE. TAJlAD. lO •• SEE.'" 0;; COPoL 51-58 I1-"'::~;. STo~aINE AT 27 INCH~5.
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SOIL SERIES. C1..ARI<SauRG
SITE: .JF-5

COUNTY: JEFFERSON
DATE: 811/78

DEPTH HORIZON CO ----iPARTICt_E SIZE DISTRIBUTION ("<2m,.) TEXT
IN FRAG -----:SAND -->$ILT-- --CUW- CLASS

%>:a.. ve.C " FI VFI TOT FI IIF TOT FI TOT

0- 3 APl O.Q 4.1 1.3 4.2 3.7 13.3 48.3 11.6 62.9 6.5 23.8 SIl..
3- 8 A?2 2.8 4.3 1.4 4.6 4.2 14.~ 51.9 15.6 69.8 3.0 13.7 SIL
a- 10 81 3.2 5.2 1.3 4.1 3.5 14.1 42.7 12.5 62.8 6.6 23.1 SIL.

10- 14 821T 8.3 5.9 1.6 5.4 ·4.5 17.3 38.7 10.2 59.1 7.8 23.6 SIL.
1"- 20 B22T 6.0 5.4 1.8 6.3 5.1 18.6 32.1 6.9 55.2 11.3 26.2 SIL.
:zo- Z7 B23T 3.0 4.6 1.9 7.3 6.4 20.2 30.9 6.8 54.5 10.2 25.3 SII,.
20- Z7 IIBXl 3.9 6.1 2.2 8.3 7.7 24.3 29.0 6.5 50.9 10.5 24.8 SIL.
27- 34 . IIBX2 9.5 5.4 1.5 '5.9 9.4 22.2 30.9 9.9 49.9 9.4 27.9 CL.
34- 43 IIBX3 .8.2 6.2 1.7 6.9 10.2 25.0 26.7 9.8 48.1 8.2 26.9 L
43- 51 IIe! 11.8 10.5 1.3 3 ..5 7.3 22.6 28.3 8.9 51.4 6.9 26.0 SIL.
51- 58 IIIC2 0.0 4.4 4.0 16.5 9.4 34.3 28.0 9~7 34.5 11.1 31.2 CL.
58- 64 IVC3 0.0 0.1 0.2 3.3 4.6 8.2 27.7 9.6 37.0 27.6 54.8 C
b4- 72 IiC4 0.0 1.1 0.1 0.6 1.0 2.8 45.9 18.4 55.5 12.6 41.7 SIC
72- 82 'JC5 2.6 2.5 0.3 1.3 2.2 6.~ 56.0 23.4 61.3 6.5 32.2 SICt...

DEPTH -PH-- ORO ---EQ.X--- ----EXCH CATIONS MEQ/l00,--- BASE
IN WAT Cael C CALC DOL.O CARS H Ca 1'1, K SUM SAT."

0- 3 ~.9· 5.4 2.18 7.2 7.0 1.4 0.a6 16.5 56
3- 8 6.3 5.9 1.20 5.4 5.7 1.2 0.42 12.7 58
8- 10 6.3 5.8 0.38 4.3 5.3 1.4 0.22 11.2 62

10- 14 5.9 5.4 0.31 4.5 5.7 1.5 0.18 11.9 62
14- 20 4.9 4.4 0.29 7.2 4.8 1.3 0.19 13.5 47
20- 27 4.5 4.0 0.19 9.6 3.3 1.2 0.18 14.3 33
:zo- Z7 4.4 3.9 0.17 10.7 3.0 1.4 0.20 15.3 30
27- 34 4.4 3.9 0.12 12.0 3.3 1.3 0.19 16.8 29
34- 43 4.4 3.9 0.12 10.5 4.0 1.5 0.18 16.2 35
43- 51 4.7 4.3 0.35 7.6 6.0 1.6 0.16 15.4 51
:51- 58 5.9 3.4 22.99 32.5 50.1 8.4 0.27 91.3 64
~64 6.9 6.8 0.39 2.1 19.2 4.0 0.54 25.8 92
64- 72 8.0 7.6 13.0 1.5 14.6
72- 82 7.8 7.5 2.7 2.1 4.9

Ttl. control ~.ction W~5 consid*r*d to b. b.tlll+otn 10 and 27 inches
~i,ht.d .vera,. SANDI 14.6 SIL.T: 60.4 CLAV' 2:5
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SOIL TYPE: CULLEOKA SILT LOAM COUNTY' .JEFFERSON SITEt ..)F-6
PEDON CLASSIFICATION' FINE-LOAHY. MIXED. MESIC. TYPIC. HAPLUDALF.
LOCATION: 1050'N.AND.900'W.OF.CENTER.OF SEC. 34 T.7N R.3W
PHYSIOGRAPHY: SIDESLOPE. SHOULDER ELEVATIONI 1160'
TOPOGRAPHY: MODERATELY SLOPING X SLOPE: 9 ASPECT: SOUTHWEST
DRAINAGE: WELL VEGETATION: PASTURE
COLLECTORS: SHECK/HALL./AHBA DATEI 8/1178
PARENT MATERIALS' Cou.UVIUI1

HORIZOM DEPTH
IN

AP1 0 -2
10YR4/3-5ILT LOAM' STRONG MEDIUM GRANULAR

STRUCTURE; VERY FRIABLE; MANY FINE ROOTS;
lOX COARSE FRAGMENTS; CLEAR SMOOTH BOUNDARY.

An 2-6
10YR4/3-5IL.T LOAl'lI COMMON I'lE.DIUI'l DISTINCT 10YR5/4 HOTTL.ES'

~OERATE FINE SUBANGULAR BLOCKY PARTING TO MODERATE COARSE
GRANULAR STRUCTURE' FRIABLE; COI'1MON FINE ROOTS'
1:>% COARSE FRAGMENTS' ABRUPT SMOOTH BOUNDARY.

B1 6 -9
10YR5/4-SIL.T LOAM; FEW FINE FAINT lOYR5/6 MOTTLES;

"''EAK MEOW" SUBANGULAR BL.OCKY STRUCTURE; FRIABLE; COMMON FINE ROOTS'
COMMON 10YR4/3 WORM CASTS IN PORES;
lOX COARSE FRAGMENTS' CLEAR SMOOTH BOUNDARY.

B21T 9 -18
10Y~/o-SILT LOAl'l' FEW F'INE FAINT 7.5YR5Ib MOTTLES'

/'lODEAATE I'lEDIUI'f SUBANGULAR BLOCl<V STRUCTURE; FIRM; COMMON FINE ROOTS;
THIN PATCHY lOYR:5/4 ARGILLANS ON FACES;
FEW 10YR2/1 FE.ClRO-MANGANS ON FACES;
~ COARSE FRAGMENTS; CLEAR SMOOTH BOUNDARY.

E22T 18-2:5
10YR5Ib-L0AM; COMMON MEDIUM FAINT 7.5YR5/6 MOTTLES;

~-AK MEDIUM SUBANGULAR BLOCKY STRUCTURE; FIRM; FEW FINE ROOTS;
THIN PATCHY 7.5YR:5/4 ARGILLANS ON FACES;
MEDIUM CONTINUOUS 10YRbl3 SILANS ON VERTICAL FACES;
CO/'lI'lON 10YR2ll FERRQ-MANGANS ON FACES;
37% COARSE FRAGMENTS; CL.EAR SMOOTH BOUNDARY.

IIa23T' 25-32
7.5YR5/6SIL.iY CLAY LOAM; MANY COARSE PROl'tINANT 5'1'6/1 MOTTLES;

MASSIVE: FIRM' FEW FINE ROOTS;
MEDIUM PATCHY 10YRbl3 SILANS ON VERTICAL FACES;
CO/'IMON 10YR2/1 FERRO-!'lANGANS ON FACES;
:55X COA,~SE FRAGMENTS: CLEAR SMOOTH BOUNDARY.

118247 32-39
7.5YR5/6-5II.TY CLAY L.OAM' MANY COARSE PRO/'IINANT 5Y6/1 MOTTLES;

I'tASSIVE; FIRM; .
THIN PATCHY 10YR6/3 SILANS ON VERTICAL FACES;
COf"lrIOH 10YR2/1 FERRO-!'IANGANS ON FACES; .
6QX COARSE FRAGMENTS; CLEAR SMOOTH BOUNDARY.

IIB3T 39-48 .
2.5Y5/4-GRAVELL.Y SIL.TY CLAY LOAM! MANY MEDIUl'9 PROMINANT 7.5YR5/b MOTi'LES;

~IVE' FIRM' .
THICK CONTINUOUS 10YR6/1 COATINGS ON FACES;
nAHY 10YR2/1 FERRO-I1ANG~ ON FACES;
SOX COARSE FRAGI'lENTS; GRADUAl.. SHOOTH BOUNDARY.

HOTE' SOLID ROCK AT 30 INCHES THE MATERIAl- DESCRIBED FIL.LED ..JOINTS.
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SOIL SERIES: CULLEOKA . COUNTY: ..JEFFERSON
SITE: ..JF-6 DATE: 8/1/78

DEPTH HORIZON CO PARTICLE SIZE DISTRIBUTION (7.<~~) TEXT
IN FRAG SAND --5II.T-- -CUW- CLASS

:O~ \./C.C '" FI VFI TOT FI VF TOT FI TOT

0- 2 PlP1 7.2 ~.1 0.9 3.2 3.8 13.0 40.7 10.2 69.2 ~.S 17.8 SII.

2- 6 AP2 12.0 :5.2 1.2 3.6 3.3 13.3 40.1.11.4 74.1 2.4 12.6 SII.

6- '9 81 1.3 3.0 0.7 2.2 3.0 8.9 42.7 9.7 71.4 6.2 19.7 511.

9- 18 B21T 6.0 :5.S 1.1 3;3 4.7 14.6 33.1 7.0 61.~ 9.923.9 511..

18- 2:5 B2ZT 47.4 8.6 1.3 5.4 8.0 23.3 30.7 6.7 :52.3 9.5 24.4 SII.

2:5- 32 IIB23T 33.6 6.4 1.4 5.S 10.5 24.1 29.0 S.O 49.0 10.7 26.9 I.

32- 39 IIB24T 34.0 7.9 1.1 4.1 10.S 23.9 29.2 8.7 :50.6 8.3 2:5.5 511.

39- 48 IIB3T 37.1 9.3 0.8 1.5 5.5 17.1 38.7 10.5 :5&.9 6.5 24.0 511.

DEPTH -!"H- ORG ---EQ,%- ----EXCH CATIONS MEQ/lOO~--- BASE
IN WAT e.Cl C CALC DOLO CARB H Ca- N' K SUM SAT, %

0- 2 4.a 4.4 1.97 2.8 9.2 1.6 0.16 13.8 SO

2- 6 7.0 6.6 1.04 2.6 6.8 1.0 0.12 10.5 7~

6- 9 6.a 6.4 0.36 2.7 6.2 0.9 0.14 9.9 73

9- 18 6.4 5.9 0.28 3.9 7.4 1.2 0.21 12.7 69

18- 25 4.9 4.4 0.18 8.i 5.0 1.4 0.22 1.4.7 45

25- 32 4.7 4.3 0.12 8.6 6.6 2.8 0.27 18.3 53

32-39 4.9 4.5 0.13 4.8 8.2 3.4 0.24 18.6 64-

39- 48 6.2 5.9 0.13 3.7 11.3 4.1 0.21 19.3 81
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SOIL TYPE: HESTMORELAND SILT LOAN COlHTY: ..JEFFERSON SITE: ..JF-7
PEDON CLASSIFICATION: FINE-LOAMY.NIX:n.~SIC.ULTIC.HA?LUDALF.
LOCATION: 1100~T.N.AND.500FT.W.OF.CTR.OF SEC. 34 T.7N R.3W
PHYSIOGRAPHY: H:AOSLOPE. B~;KSLOPE ~~ATIO~ 1210'
TOPOGRAPHY: MODERATELY SLOPING % SLOPE: 19 ASPECT: SOUTHWEST
DRAINAGE: WELL veGETATION: PASTURE
COLLECTORS: HALL/NORTON/LAMB DATE: 8/1/79
PARENT MATERIALS: COLLUVIUI1

HORIZON DEPTIi
I ill

API 0 -2
10YR4/3-SILT LOAMI MODERATE NEDII~ GRANULAR

STRUCTURE: FRIABLE: MANY FINE ROOTS;
5% COARSe: FRAGl'lEHTS; CLEAR SMOOTIi_ BOUNDARY.

AP2 2 -0
10YR4/3-SILT LOAI1! WEAK FINE SU3ANC~ BLOCKY

PARTING TO WEAK FINE GRANULAR STRUCTURE;
FRIABLEI COMMON FINE ROOTS;
FEW lOYR5/5 NODULES IN THE MATRIX;
57. COARSE FRAGMENTS: ABRUPT SMQOTH BOUNDARY.

BIT 6 -11
10YR5/5-SILT LOAMI WEAK MEDIUl't SlJ3~Jl..AR BLOCKY

PARTING TO WEAK FINE SUBANGULAR BLOCKY STrtUCTURE;
FIRM: COMr1ON FINE ROOTS;
COMMON 10YR4/3 WORM CASTS IN THE ~ATrtIX;

107. COARSE FRAGMeiTS: CLEAR SMQOTH ~JNDARY.

921T 11-16
10YRS/5-cHANNERY LOAM: MODERATE /'!:DIU''! SUBANGlJLAR BLOCKY

STRUCTURE; FIRM; COMMON FINE ROOTS:
THIN PATCHY 10YR5/4 COATINGS ON F~:ES;

FEW 10YR2/1 FERRO-HAHGANS ON FACES;
207. COARSE FRAGMENTS; CLEAR SMOOTH ~JNDARY.

B2ZT 16-24
10YR~/~-CHANNERY LOAM; MODERATE ~I~ SUBANGULAR BLOCKY

STRUCnJRE! FIRM! FEW FINE ROOTS;
THIN PATCHY 10YR~/4 COATINGS ON FAC=-S;
HANY 10YR2/1 FERRO-HA~3ANS ON FACES;
40X COARSE FRAGr1ENTS; CLEAR Sl'lOOTri EOUNDAAY.

83T - 24-~

10YR~/4-r-HANNERY LOAM; FEW FINE DISTINCT 7.5YR~/6 AND
FEW FINE DISTINCT 10YR5/2 rIDTTLES; ~~ COARSE SUBA~JLAR BLOCKY
STRUCnJRE; FIRM; F~ FIHE ROOTS;
THIN PATCHY 7.5YR~/4 ARGILLANS ON FACES;
COMMON 10YR2/1 FERRo-MAHGANS ON F~-ES;

607. COARSE FRAGRENTS; GRADUAL ~TH SOUNnAftY.
Cl 33-51

lOYR5/6-cHANNERY SANDY LOAM; ~ MEDIUM DISTINCT 7.5YR~/o MOTTLES;
~~SSIVE; FRIABLE;
SOX COARSE FRAGI'lENTS: GRAOlJAL S1'l'OOTH BOtINDAAY.

C2 ~1-68

10YR5/6-cHANNERY SANDY LOAM' ~ MEDI~ DISTINCT 7.5YR5/b MOTTLES;
M~SSIVEI FRIABLE;
SOX COARSE FRAGMENTS; GRADUAL SMOOTH ~Y.

NOTE: THE COARSE FRAGMENTS ARE WEAI(LY ~TE.i) SANDSTONE.
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SOIL SERIES: WESTl'IORELAND COUNTY: .JEFFERSON
SITE: ,JF-7 DATE: 8/1/78

DEPTH HlJRIZOH CO PARTICLE SIZE DISTRIBUTION (7.<2111l!'t)- TEXT
IN FRAG SAND --SILT-- -cLAY- CLASS

D2zn.. VC.C M Ft VFI TOT F1 VF TOT FI TOT

0- 2 API 1.4 2.3 2.7 1.4 2.3 8.7 :53.6 13.0 68.3 3.3 22.8 51L.

2- 6 AP2 2.3 2.9 0.8 2.1 2.5 8.3 59.7 16.4 77.S 1.9 13.9 51!..

6- 11 BIT 38.1 4.8 0.8 2.4 6.3 14.3 47.8 15.1 67.5 2.2 18.2 SIL

11- 16 921T 52.1 11.9 1.5 4.7 10.1 28.2 34.3 11.2 51.3 4.4 20.5 5IL

16- 24 922T 44.8 10.9 2.3 9.1 13.5 36.2 25.7 8.4 43.6 5.6 20.2 t.

24- 33 ~""T 51.0 20.0 9.0 25.3 9.1 63.4 16.7 5.2 23.2 4.3 13.4 St.

33- 41 C1 %.3 20.7 9.7 27.2 9.3 66.9 14.7 5.6 20.2 4.0 12.9 SL

41- 51 C1 56.2 23.5 11.0 27.4 7.2 69.1 14.5 b.5 19.5 3.0 11.4 51..

51- OS C2 Z?7 27.5 14.1 28.1 4.8 74.5 11.0 4.5 14.6 3.0 10.9 CSt.

DEPTH -PH- ORG ---EO.7.--- "--EXCH CATIONS MEQ/I00,- BASE
IN WAT CaCl C CALC DOLO CARS H Ca M, K SUM SIH.7.

0- 2 6.4 6.2 2.61 5.5 9.8 1.9 0.47 16.7 67

2- 6 7.1 6.6 1.13 3.0 7.4 1.0 0.45 11.9 75

6- U 6.7 6.0 0.53 4.0 5.8 1.0 0.33 H.l 64

11- 16 5.6 5.0 0.33 5.6 5.7 1.2 0.26 12.9 56

16- 24 4.8 4.3 0.15 8.4 3.7 1.1 0.23 13.4 37

24- 33 4.9 4.3 0.09 4.9 2.9 1.4 O.lS 9.4 4S

'33- 41 5.0 4.4 0.07 4.0 2.6 1.5 O.lS 8.3 52

41- 51 5.1 4.6 0.09 2.9 2.4 1.4 0.15 6.9 S8

51- OS 5.2 4.7 0.10 2.5 2.1 1.2 0.14 5.9 S8
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DATE: 9/28182
ASPECT: SW

pasture

SOIL TYPE: Be't.hesda clay 10aIll COUNTY: Jeffersoo SIn:: .JF-8,
PEDO~ ClASSIFICATION: loamy-skeletal mixed acid mesic Typic :Odorthl!!ot
LOCATION: Sectioo'34, Mt. Pleasant Twp. .. ,;--
PHYSIOGRAPHY: headslope, backlope ELEVAnON: 1180
TOPOGRAPHY: strongly sloping % SLOPE: 16
DRAINAGE: well VEGETATION:
COLLECTORS: Smeck/Rall/Jaynes
P~R:;::}'L MAn::RIAJ..S: sandstone and shale

EOJUZON

A1

A2

Cl

C2

C3

C4

C5

DEPTH IN

0-6

lOYR 5/4-clay loam; fe~ medium faint lOYR 5/6 mottles; moderate
medium angular blocky parting to moderate fine angular blocky structure;
friable; common fine roots; 15% coarse fragments; pH 5.6; clear wavy
boundary. '

6-11

IDYR 5/4-clay loam; few mediUlll faint 10TIl. 5/6 mottles; massive
parting to platy structure; firm; common fine roots; 15% coarse
fragments; pH 5.6; abrupt wavy boundary.

11-17

30% 10YR 5/4; 25% 10YR 4/2; 20% 10YR 6/6; 15% IOYR 5/6; 10%
10YR 4/1-1oam; massive; firm; few fine roots; 60% coarse fragments;
pH 5.4; clear wavy boundary.

17-29

70% lOYR 6/6; 30% 10YR 4/2-loam; fev fine faint lOYR 5/6 mottles;
massive; firm; 40% coarse fragments; pH 5.1; abrupt wavy boundary.

29-35

60% 10YR 5/4; 30% 5Y 4/1; 10% NI2-loam; few medium distinct
lOYR 5/6 and few medium faint 5Y 4/2 mottles; massive; finn; 20%
coarse fragments; pH 6.4; abrupt wavy boundary.

35-48

50% lOYR 5/4; 50% N/2-loam; few medium faint lOYR 516 and
fev medium distinct 5Y 5/2 mottles; massive; finn; 25% coarse
fragments; pH 5.2; clear vavy boundary.

48-60

60% lOYR 5/4; 25% 5Y 5/2; 5% N/2; 5% 10YR 5/5; 5% lOYR 6/4-loam;
~ssive; firm; 50% coarse fragments; pH 5.2;

NOTE: In the sixth horizon (35-48), the material occurs as bands. In
the surface horizon, the platy structure is the result of compaction.
Some true !:lottling is present in this profile, but most of the colors
are due to the various colors of the materials that were mixed together
.hen the land was reclaimed. This soil was described on watershed Jl1
as part of the stripmine reclamation study Research on the Hydrology and
~ater Quality of ~atersheds Subjected to Surface Mining sponsored by the
U.S. Bureau of Mines.
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SOIL SERIES: Bethesda
SITE: .;F-8

COUNTY I J~ffe~son

DATE: 9/29/81 OSU LAB. NUMBERS: 24732 - 24737

DEPTH HORIZON

----------------
CO. ----------PARTICLE SIZE DISTRIBUTION 0:<2"'111)

FRAG. -------------SAND---------- -----SILT(uml-~-- --cLAY(u~l--- TEXT.
>2rnm VC C M F VF TOTAL 50-20 20-~ 5-2 TOTAL 2-.2 <.2 TOTAL CLASS

--------------------------------------------
in

0- 11 Al

11- 17 Cl

17- 29 C2

29- 35 C3

35- ~ C4

48- 60 C5

----------- --%-----
19.5 1.2 2.4 2.4 9.0 7.5 22.5 16.0 27.2 9.9 53.1 18.7 5.724." SlL

37.9 2.9 5.6 9.8 23.9 6.9 49.1 11.0 1~.9 8.1 34.0 9.8 7.1 11•• 9 L·..
39.8 4.1 4.6 4.3 14.0 9.0 36.0 13.722.S 9.0 45.2 12.6 - 6.2 18.8 L

26.1 3.5 4.9 6.2 15.0 6.9 36.5 11.822.7 9.5 '14.0_ 11.2 8.3 19.5 L

25.7 2.2 5.2 6.7 20.0 10.0 44.1 B.2 19.4 9.5 37.1 11.3 7.5 18.8 L

42.4 2.0 5.3 8.3 21.6 8.6 46.0 10.3 17.6 8.9 36.8 10.6 6.b 17.2 L

-------------------------------------
111 .011'1 ORG. CAL- DOLQ-.CARB- ---~-EXTRACTABLE CATIONS--- BASE -E.C.- TOTAL

DEPTH WATER CaCl2 C CITE MITE OI;JATE H Ca M, K Na SUM SAT. ....host SIJl..FUR
---------------------------------------------

in ---pH-- % ------Eq.%~---- me~/l009---------- % -ca-- --X-

0- 11 5.1 4.8 0.70 6.6 7.1 2.0 0.24 15.9 59 1.50 0.06

11- 17 4.1 4.0 1.28 5.9 5.5 2.0 0.19 13.6 3.20 0.17

17- 29 4.9 4.4 1.09 6.4 5.1 3.0 0.24 14.7 57 0.57

29- 35 4.6 4.2 2.56 9.7 5.6 3.1 0.25 18.7 4B 1.35 0.33

35- 48 5.0 4.5 11.97 35.7 19.5 7.1 0.22 62.S 43 0.39

48- 60 5.2 4.5 5.93 18.5 10.4 3.9 0.22 33.0 44 0.37 0.11

-----------------------------------------------------------------------------
THE PARTIC~ S12~ FAMILY CONTROL SECTION ~AS CONSIDERED TO BE BET~EEN 10 AND 40 INCHES.
WEIGHTED AVERAGE_ 7S-.1MM ~HOLE SOIL 1.= 54.4 <2 MICRON FINE EARTH %=. 18.7
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DATE: 9/28/81
ASPECT: SSW

pasture.

SOIL TYPE: Fairpoint 51CL COUN1Y: Jefferson SITE: JF-9
l'EDON CLASSIFICATION: loamy-skeletal mixed nonacid mesic Typic Udorthent
LOCATION: section 34. Mt. Pleasant Twp. .
PHYSIOGRAPHY: heads1ope. backslope ELEVATION: 1220
TIll'OGRAPHY: moderately sloping % SLOPE: 7
DRAINAGE: well VEGETATION: .
COLLECTORS: Smeck/HalllJaynes
PARZhT ¥.AT£RIALS: sandstone and shale

Bonzos DEl'TH IN

AI 0-6

IOYR SIb silty clay loam; weak medium subangular blocky parting to
weak fine subangular blocky structure; friable; common fine roots;
10% coarse fragments; pH S.4; clear smooth boundary.

A2 6-13

IOYR SIb-silty ~lay loam; massiv~ parting to weak medium subangular
blocky structure; firm; few fine roots; 10% coarse fragments; pH 5.2;
clear smooth boundary.

C1 13-22

lOYR 5/4-clay loam; few fine distinct lOYR 5/8 mottles; massive;
firm; few fine roots; 35% coarse fragments; pH 7.2; gradual wavy boundary.

C2 22-31

10YR 5/4-10am; few fine distinct 10YR 5/B and few fine distinct SY
S/2 mottles; massive; firm; 20% coarse fragments; pH 7.2; gradual
smooth boundary.

C3 31-41

. 80% IOn 5/4; 10% 10YR 4/1; 10% 51 512-loam; massive; firm; 20% coarse
fragments; pH 7.3; abrupt wavy boundary.

C4 41-55

lOYR S/I-1oam. massive; firm; 60% coarse fragments; pH 7.3;

~OTE: Some true mottling is present in this profile, but the various
colors 1n the C3 horizon are due to the many colors of the materials that
vere mixed tog~ther when the land vas reclaimed. This soil was described
as part of the stripmine reclamation study "Research on the Hydrology
and \later Quality of \latersheds Subjected to Surface Mining" sponsored
by the U.S. Bu=eau of Mines. This soil was described on the Jll
"'atershed.
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SOIL SERIES: FAIRPOINT COUNTY: JEFFERSON

SITE: JF-9 DATE: 9/28/81 OSU LAB. NUMbERS: 24733 - 24743

-------------------------------------------------------
CO. ----------------PARTICLE SIZE DISTRIbUTION (7.<2~m)----------------

DEPTH HORIZON FRAG. -----------SAND----------- ------SILT(uml----~ --CLAY (Uft,)- TEXT.
:>2lt1l1'l VC C M F VF TOTAL 50-20 20-5 5-2 TOTAL 2-.2 <.2 TOTAL CLASS

------------------------
in ---------------7- --------------------
0- 6 AU 15.4 2.4 2.4 1.5 5.7 6.7 18.7 15.6 27.3 10.5 53.4 18.6 9.3 27.9 SIa:.

6- 13 A12 17.7 2.3 2.5 1.6 5.4 6.5 18.3 17.4 26.1 11.1 :54.6 16.9 10.2 27.1 SIC.

2.6 2.4 10.7 22.0 24.7 9.6 53.4
..

13- 22 Cl 44.4 1.4 4.9 19.1 17.1 7.5 24.6 SIL

22- 31 C2 43.2 3.9 2.9 1.7 5.9 13.8 28.2 22.4 20.2 9.9 52.5 11.0 8.3 19.3 SIL

31- 41 C3 32.9 3.5 2.5 1.1 3.9 11.5 22.5 20.0 24.7 10.6 55.3 13.2 9'.0 22.2 SlL

41- 55 C4 58.1 4.7 4.7 3.1 16.6 13.5 47.6 15.S 17.0 6.3 38.8 S.7 4.9 13.6 L

---------
1:1 .OIM ORG. CAL- DOLO- CARB- ----EXTRACTABLE CATIONS----- BASE -E.C.- TOTAL

DEPTH WATER CaCl2 C CITE MITE ONATE H Cil M.9 K Na SUM SAT. mlllhos/ StU"UR.
------------------------------------------------------------------------

in --,.H-- X ------Eq,7.--.---"- meq/l00~--------- " -c;m-- -X-

0- 6 5.4 4.9 0.70 6.7 7.9 2.6 0.35 17.5 62 0.71 0.04

6- 13 5.2 4.6 0.55 7.4 7.4 2.8 0.31 17.9 59 0.40

13- 22 6.4 6.0 0.18 3.6 11..2 3.1 0.26 18.2 80 0.47 0.03

22- 31 6.2 5.9 0.17 3.2 9.0 3.0 0.23 15.4 79 0.53

31- 41 6.5 6.2 0.32 3.7 9.9 3.1 0.25 17.0 73 0.3&

41- ~S 7.4 7.2 1.24 2.6 0.6 5.7 1.7 0.20 8.2 2.20 0.64

--------------------------------------------------------------------------
THE P~TICLE SIZE FAMILY CONTROL SECTION ~AS CONSIDERED TO BE BET~EEN 10
WEIGHTED AVERAGE: 75-.1MM WHOLE SOIL 1.= 45.5 <2 MICRON FINE EARTH 1.=
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JF-IO

DATE: 9/28/"81
ASPECT: SW

pasture

Jefferson SITE:
mesic Typic Udorthent

ELEVATION: 12.10
% SLOPE: 7
VEGETATION:

SOIL TYPE: Bethesda silt loam COmITY:
PEnON CLASSIFICATION: loamy-skeletal mixed acid
LOCATION: section 34. Mt. Pleasant !Yp.
PHYSIOGRAPHY: headslope. backslope
TOPOGRAPHY: moderately sloping
DRAINAGE: well
COllECTORS: Hall/SmecklJaynes
P.AR:D;""T tiATERIALS: sandstone and shale

HORIZON DEPTH IN

A 0-10

lOYR 5/4-silt loam; co=on medium faint IOn 5/8 mottles; moderate
medium subangular blocky parting to ~oderate fine subangul~r blocky
structure; friable; common fine roots; 20~ coarse fragments; pH 5.2;
abrupt SIilooth boundary.

Cl 10-19

10YR 4/3-clay loam many co10=s of small extent, lOYR 4/1. 10YR 5/8.
IOn 6/1. 10YR 3/3; massive; f1=; few fine roots; 50% coarse fragment.s;
pH 4.7; clear ~avy boundary.

C2 19-26

75% lOYR 4/4; 15% lOYR 5/6; 10: H2/-clay loam; massive; firm; 25% coarse
fragments; pH 5.2; clear ~avy bouDeary.

C3 26-39

IOYR 4/3-clay loam; Dassive; friable; 20% coarse fragments; pH 4.9;
clear wavy boundary.

C4 34-49

lOYR 5/6-clay loam; few medi= distinct 10YR 4/2 and a few "medium
distinct 10YR 6/8 mottles; 22ssive; friable; 60% coarse fragments;
pH 5.2; clear ~avy boundary.

C5 49-65

10YR 4/4-sandy loam; co=mon lGYR 6/8 and lOYR 7/1 soft coarse
fxagments; massive; very friable; 75% coarse fragments; pH 4.3.

NOTE: Clay loams in the Cl. C2. C3. and C4 horizons have a slippery
(micaceous) feel. Clay percentages may be much less. This soil ~as

described as part of the stripmine reclamation study "Research on the
Hydrology and Water Quality of Watersheds Subjected to Surface Mining"
sponsored by the U.S. Bureau of Mines. This soil vas described on the
Jll watershed.
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SOIL SERIES: BETHESDA COUNTY I .JEFFEF<SON

SITEI ,JF-I0 DATE: 9128/81 OSU LAB. NUMBERS: 24744 - 24749

--------------------------------------
CO. -PARTICLE SI2E DISTRIBUTION C?:<2nllb) ------------

DEPTH HORIZON FRAG. SAND----------- -----SILTCum)---- -CLAYCun,l- TEXT.
:>2m1ll VC C 1'1 F VF TOTAL 50-20 20-5 5-2 TOTAL 2-.2 <.2 TOTAL CLASS

------------------------------------------------------------
in -------:;c ------------
0- 10 Al 25.0 2.0 2.6 2.0 8.6 8.2 23.4 17.3 26.5 10.4 54.2 17.4 5.0 22.4 SIL

10- 19 Cl 54.6 6.4 b.6 2.4 5.1 7.1 27.6 18.0 26.0 10.1 54.1 14.6 3.1 18.3 SIL

19- 26 C2 35.2 5.6 6.1 3.9 11.6 8.5 35.7 14.4 20.6 9.5 44.5 14.3 5.5 19.8 L

26- 39 C3 -43.0 7.4 7.0 2.4 5.2 7.5 29.5 19.5 22.6 10.7 52.8 14.4 3.3 17.7 SIL

39- 49 C4 30.2 3.8 5.4 6.9 19.8 9.5 45.4 11.4 18.9 8.1 38.4 12.6 3.6 16.2 L

49- 65 C5 51.2 2.7 5.9 10.9 37.8 11.568.8 8.1 8.8 5.5 22.4 S.6 3.2 8.8 SL

------------- --------------
1=J .011'1 ORG. CAL- DOLO- CARB- -----EXTRACTABLE CATIONS---- BASE -E.C.- TOTAL

DEPTH ~ATER C~C12 C CITE MITE ONATE H C~ 119 K N~ SUI'! SAT. mmhosl SULFUR
-----------------------------------------------------

in --PH-- 4 ---E"I •. ;,:---- -------n.e"l/100!l----- i. --cm- --7.-

0- 10 4.6 4.5 0.81 9.0 6.8 3.1 0.24 19.1 3.75 0.14

10- 19 3.7 3.7 1.72 10.9 10.2 3.9 0.23 25.2 4.15 0.26

19-"26 4.7 4.2 3.30 13.6 7.1 3.5 0.22 24.4 44 0.95

26- 39 4.9 4.3 0.91 9.1 5.9 3.1 0.24 18.3 SO 0.41 0.07

39- 49 4.3 4.0 0.96 8.1 4.1 2.4 O.la 14.8 45 1.85

49- 65 3.5 3.:5 2.17 7.1 4.6 1.6 0.12 13.4 3.70 0.18

------- ----------------------------------------------------------------
THE PARTICLE SIZE FAMILY CONTROL SECTION \.lAS CONSIDERED TO BE BETl-IEEN 10 AND 40 INCHES.
WEIGHTED AVERAGE: 7S-.1M1'l WHOLE SOIL 7.= 57.5 <2 MICRON FINE EARTH %= 18.3
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DATE: 9/30/82
ASPECT: N .

ELEVATION: 1190
%5101'£:10

SOIL TYPE: Fairpoint silty clay loam COlJN'IY: Jefferson SITE: J'F-ll
FEDON CLASSIFICATION: loamy-skeletal. mixed. nonacid. mesic Typic Udorthent
LOCATION: section 34. Mt. Pleasant Twp.
l'HYSIOGRAPHY: headslope. backslope
TOPOGRAPHY: moderately sloping
DRAINAGE: ~ell

COLLECTORS: Hall/Smeck/Jaynes
l'ARDIT ~1AT""..RIAI.S: sandstone and shale

EORIZO~ DEPTH IN

A 0-10

75% lOYR 5/6; 25% lOYR 4/3-siltyclay loam; common fine distinct
lOYR 6/2 mottles; massive; firm; 15% coarse fragments; pH 5.4; abrupt
smooth boundary.

Cl 10-18

2.51 4/2-clay loam; common medium distinct lOYR 4/1 and ~o~~'
medium distinct 10YR 5/8 mottles; nassive; firm; 45% coarse fragments;
pH 7.3; clear ·'Wavy boundary.

C2 18-25

65% 2.51 6/4; 35% 5Y 5/1-clay loam; ccmmon medi~ prominant lOYR
5/8 mottles; massive; firm; 65% coarse fra~ents; pH 7.2; clear 'Wavy
boundary.

C3 25-36

2.51 6/4-clay loam; common medium distinct 10YR 5/8 mottles;
massive; firm; 70% coarse fragments; pH 7.3; strong effervescence;
clear 'Wavy boundary.

C4 36-47

2.51 5/4-clay loam; co=on medium distinct lOYR 5/8 and co=on
medium distinct N2/ mottles; massive; firm; 60% coarse fragments;
pH 7.3; slight effervescence; clear 'Wavy' boundary.

C5 47-56

51 5/3-clay loam; few fine distinct lOYR 5/4 and fe'W fine
distinct lOYR 4/2 mottles; massive; fir=; 60% coarse fragments;
pH 7.3; slight effervescence;

NOTE: This soU 'Was reclaimed just prior to sampling and hence had no
vegetative cover. This soil ~as described on the Jl1 'Watershed as part
of the stripmine recla::l8.tion project ''Research on the Hydrology Bnd Water
Quality of Watersheds Subjected to Surface Mining" sponsored by the U.S.
nureau of Mines.
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SOIL SERIES: FAIRPOINT COUNTY: JEFFERSON

SITE: .JF-ll DATE: 9/29/B1 OSU LAB. NUMBERS: 24750 - 24755

------------------------------------------------------------------
CO. ----------------PARTICLE SIZE DISTRIBUTION O:<2n'm)------------

DEPTH HORIZON FRAG. -------------SAND------------- ------SILTlum)------ --CLAY(um)--- TEXT.
:>2ml1l VC C /'l F VF TOTAL 50-20 20-5 5-2 TOTAL 2-.2 (.2 TOTAL CLASS

-----------------------------------------------------------
in ------------%----------- --
0- 10 Al 18.8 2.4 2.8 1.5 5.9 9.6 22.2 IB.1 24.2 11.4 53.7 17.0 7.1 24.1 SIL'

la- 18 Cl 45.4 2.7 2.6 1.0 2.8 3.3 12.4 9.7 29.4 17.2 56.3 27.0 4.3 31.3 SICl.

18- 25 C2 49.6 5.3 3.8 1.4 3.0 4.4 17.9 12.6 26.0 16.1 54. fI, 23.0 4.4 27.4 SICl.

25- 30 C3 59.7 4.1 3.4 1.2 2.7 5.5 16.9 ·18.2 26.1 15.5 59.8, 19.0 4.3 23.3 SIL

30- 4,7 C4 46.2 3.1 2.9 1.:2 3.2 5.3 15.7 15.5 26.5 14.8 56.8 21.4 6.1 27.5 SICL

-47- 56 C5 49.5 3.9 2.9 1.3 3.6 5.6 17.3 15.1 23.3 13.5 56.9 20.0 5.8 :25.8 51L

--------------------------------------------------------------------------
1=1 .01/'1 ORG. CAL- DOLO-'CARB- ------EXTRACTABLE CATIONS----- BASE -E.C.- TOTAL

DEPTH WATER C;l.C.12 C CITE MITE ONATE H C;I. M9 K Na SUM SAT. mmhosl SULFUR
----------------------------------------------------------------

in --O'H- X ------E~.~------ -----------meQ/l00,,---------- ~ -cm- ---%-

a- 10 6.0 5.7 0.51 5.8 6.4 2.1 0.30 14.6 60 0.95 0.04

10- 18 6.8 6.7 0.79 2.9 14.6 4.2 0.45 22" 2.65 0.22....
18- 25 7.4 7.2 0.08 3.1 1.9 14.1 4.6 0.33 20.9 91 1.95

~- 36 8.2 7.8 0.04 5.3 0.1 19.9 6.0 0.25 20.3 100 0.68

36- 47 7.9 7.6 0.40 3.9 1.5 16.2 4.9 0.31 22.9 93 1.10

47- 56 7.8 7.5 0.54 3.7 1.3 13.8 4.5 0.29 19.9 93 1.20 0.24

---------------------------------------------------------------------------
THE: PARTICLE SIZE FAMILY CONTROL SECTION WAS. CONSIDERED TO BE BETWEEN 10 AND 40 INCHES.
WEIGHTED AVERAGE: 75-.11"1/'1 ~H(jLE SOIL %= 57.1 <2 HICRON FINE EARTH %= 27
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