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ABSTRACT

The surface and subsurface hydrologic impacts of peat mining
were studied at a pocosin site in the lower Coastal Plain of
Northeastern North Carolina. Runoff and water quality data were
collected for discharge from field ditches draining sites being
actively mined and sites with natural vegetation. A water
management model (DRAINMOD) was adapted to simulate surface
hydrology. The finite element method was used to evaluate the
effects of peat mining on vertical seepage to a deep aquifer and
lateral seepage from a nearby lake.

Volume, duration, and peak flow of storm discharge from
field ditches was greater from the mining sites than from those
having natural vegetation. Baseflow between storm events was
greater from vegetated sites than from the mined sites. Reduced
evapotranspiration, reduced infiltration capacity and grading and
sloping of the surface are most likely responsible for those
differences.

Relatively high concentrations of organic sediment in field
ditch outflows resulted from the highly erodible state of the
mined surface and the field ditch channels. However, much of the
sediment load settled in the weir stilling ponds and concentra-
tions decreased downstream in collector and main canels due to
setting and dilution. Concentrations of nitrogen and phosphorus
varied little among sampling sites but were considerably higher
than those reported in outflow from similar sites with natural
vegetation in several other studies. Mining appeared to have no
significant impact on concentrations of K, Ca, Mg, and Cl in
outflows.

The water management model, DRAINMOD, was coupled with a
numerical flood routing model and utilized to predict the long-
term hydrologic effects of mining the peat bogs and reclaiming
them to agriculture. During actual mining, the volume of water
entering the canals will be increased by an annual average of
about 29% over that from a well-vegetated area. Simulated
comparisons of pre- and post-mining hydrology revealed that post-
mining hydrology of land under cultivation will not be much
different from pre-mining hydrology except that improved water
management can be exercised

Data from drill holes to a depth of 17.8m at 22 locations at
the peat mining site were used to describe the underlying sedi-
ments. Utilizing the finite element method, the deep seepage
rate to the Castle Hayne aquifer was estimated to be 06.639 cm/yr
and was not altered by mining. Mining had no effect on total
seepage out of Lake Phelps.
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SUMMARY AND CONCLUSIONS

A review of the literature on the peat resources of North
Carolina and the potential hydrologic impacts of peat mining and
reclamation activities was conducted. About half of the
estimated 260,00¢ ha of peatland in North Carolina occurs in
relatively large deposits (1,500 - 93,00 ha in size) in pocosins.
Most of that area and many of the smaller deposits in floodplains
and Carolina Bays are potentially exploitable as an energy
source. Mining of peat will require intensive surface drainage
and maintenance of the surface in a fallow condition. Adverse
hydrologic changes may result, Reclamation of the site to
agriculture or other uses will result in hydrologic conditions
similar to those currently found for those land uses on pocosin
mineral or shallow organic soils.

Field studies of the effects of peat mining on runoff and
water quality were conducted at the pilot peat mine of First
Colony Farms, Creswell, North Carolina. The 6000 ha site that
has been permitted for mining is located on the Albemarle -
Pamlico Peninsula south of Lake Phelps. Preparation for surface
mining of peat included drainage system installation and chopping
of the vegetation and mixing it into the peat surface. Runoff
and water gquality data were collected at the ends of field
ditches draining fields being actively mined and fields in which
the surface vegetation between the field ditches was left
undisturbed.

Volume, duration, and peak flow of storm discharge from
field ditches was greater from the mining sites than from those
having natural vegetation. Complete, accurate hydrographs could
not be obtained for the largest storms because of flooding of the
weirs. However, peak flows from the smaller storms were
generally 5-10 times higher from the mined sites than from the
vegetated sites. Baseflow between storm events was greater from
vegetated sites than from the mined sites. The hydrologic
changes noted resulted from a combination of factors. Removal of
the vegetation reduced evapotranspiration. Grading and sloping
of the surface associated with reduced infiltration capacity
increased the volume and rapidity of overload flow to the
ditches.

The milling and mixing processes used to prepare the peat
surface for harvest produced a surface of high erodibility.
Concentration of nonfiltrable solids and turbidity of water
flowing over the weirs was considerably higher in the cleared
fields than in those remaining in natural vegetation. The weir
stilling ponds rapidly filled with organic sediment and wood
fragments, much of it the result of erosion from the channels
themselves. Silt fences placed in the ditches were ineffective
in controlling sediment discharge but the stilling ponds
effectively served as sediment basins and prevented much of the
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sediment from leaving the field ditch. Sediment concentrations
were significantly lower downstream in collector and main canals,
the result of both settling and dilution.

Chemical quality of field ditch outflow varied little among
sites. Outflows were characterized by low pH except where
outflow from a recently burned area was part of the total flow.
The concentrations of nitrogen and phosphorus from all sites were
considerably higher than those reported in other studies on
similar sites with natural vegetation.

Concentrations of K, Ca, Mg and Cl were somewhat higher in
the main canals than in the field ditches, particularly where
outflow from the burned area was present. Concentrations in the
field ditches were similar in magnitude to those reported in
other studies.

A water management computer model (DRAINMOD) was adapted for
use on the First Colony Farms permitted peat mining area. Water
loss from the fields predicted by DRAINMOD was taken as lateral
flow input to a numerical flood routing model which routed the
water down the collector canals. The outflows from the collector
canals were, in turn, routed down the main canals to the
watershed outlet.

The models were tested against measured water table depths
and collector canal flow rates and were found to perform very
favorably.

DRAINMOD was used to predict the long-term hydrologic
effects of mining the peat bogs and reclaiming them to
agriculture on a per unit area basis. The DRAINMOD - flood
routing model combination was used to determine actual canal flow
rates at the mining area boundary for storms of varying
magnitudes for a series of different land conditions.

Simulated comparisons of "pre" and "post" mining hydrology
revealed that the post-mining hydrology will not be substantially
different from pre-mining hydrology except that improved
hydrologic control will be available to the farmer. On average,
the water lost from the fields, down the canals, should be less
after mining. This is because increased rooting depths, from
commonly used crop rotations on the reclaimed lands, would
increase evapotranspiration and thus increase average water table
depths and reduce average subsurface drainage. Adding good sub-
surface drainage to the reclaimed areas could increase base flow
rates and slightly increase total annual flow but would decrease
peak flood flows.

During actual mining the volume of water entering the canals
by overland flow will be substantially increased by an annual
average of approximately 140%. Total water lost to the canals by
subsurface as well as surface drainage will be increased by an
annual average of about 29%.
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Data from drill holes to a depth of 17.8 m at 22 locations
on the peat mining site on First Colony Farms were used to
describe the sediments beneath Allen, Boerema, Clayton, DeHoog,
and Evans roads. Five mineral layers were continuous between
most of the drill holes and were considered to have the major
influence on groundwater movement. The sediments found below the
peat deposits were a transition zone consisting of organic and
sandy material, sandy loam, sandy loam with fossils, and two
types of silty clay loam.

The finite element method was used to evaluate the effects
of peat mining on groundwater flow. Deep seepage to the Castle
Hayne aquifer and horizontal seepage from Lake Phelps were
determined by solving the Laplace equation. The deep seepage
rate to the Castle Hayne aquifer for the pre-mining condition was
0.039 cm/year. Three mining situations (mining occurring on a
single block, four adjacent blocks, and on all blocks along a
transect) were simulated to determine the effect of mining on
deep seepage. Due to deep beds of slowly permeable lenses, the
predicted deep seepage rates were found not to be significantly
altered by the mining process.

The horizontal seepage rates from Lake Phelps were used in a
mass balance to calculate a recharge rate over the entire lake
area. The total predicted seepage out of Lake Phelps, under
post-mining, agricultural conditions was 0.193 cm/year. The
lateral seepage rates from the lake were approximately 2% of the
vertical seepage rates through the bottom of the lake. Deepening
the canals by 1 m increased the total predicted seepage out of
Lake Phelps by less than 6.2%, and had no effect on the deep
seepage to the Castle Hayne aquifer.
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RECOMMENDATIONS

Surface Hydrology

Recommendations for the Mining and Reclamation Process:

(a)

(b)

(c)

To minimize total and peak flows from a mining site, the
active mining area should be kept to a minimum. Also
mined areas should be reclaimed as quickly as possible
(i.e. revegetated).

Installing good subsurface drainage in the reclaimed
fields will distribute the water loss more evenly over
the year reducing the high flows and potentially
increasing crop yields.

Planting a cover crop over winter months on the
reclaimed fields will increase the evapotranspiration
over this period and, on average, reduce runoff.

Recommendations for Water Quality Management:

(a)

(b)

(c)

Additional research utilizing flow-proportional
automatic samples should be conducted to compare
nitrogen and phosphorus concentrations with that from
similar undisturbed areas and to determine the influence
of a mining operation on the nitrogen and phosphorus
concentrations downstream.

Utilize sediment basins in field ditches and collector
canals draining a site being actively mined to control
discharge of organic sediment.

Keep active mining area to a minimum and revegetate as
guickly as possible.

Recommendations for improvement of Surface Hydrologic Model:

(a)

(b)

(c)

The computations for water storage in the canal banks
and its subsequent release to the canals needs to be
improved.

The linkage between the field scale model and the flood
routing model should be up-graded to allow for
downstream effects in the canals to influence the field
scale processes.

Field experiments to improve the understanding of the

infiltration characteristics of the peat soils need to
be conducted.
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4.

Recommendations for Future Analyses using the Hydrologic
Models:

(a)

(b)

Modeling of the hydrology of forested areas on reclaimed
land would assist in more accurately describing the
after mining conditions.

The models’ capability should be expanded to model

blocks without any drainage ditches. This is required
in order to model the large areas on the Albemarle-
Pamlico Peninsula, containing harvestable peat,
essentially still in a native condition.

Groundwater Processes

Recommendations for Groundwater Model Improvement:

(a)

(b)

(c)

(4)

(e)

The modeling process should be expanded to three
dimensions to consider lateral seepage out of the mining
area.

Boundary conditions for the model should be altered to
consider the piezometric head of the aquifers at the
boundaries.

Improved estimates of the conductivities, depths, and
thicknesses of the aquifers should be obtained.

Further hydraulic conductivity tests should be conducted
for the surficial layers to more intensively cover the
mining area.

Due to the very low conductivities of the surficial
sediments, the recharge to the deep aquifers and the
seepage from Lake Phelps were found to be very small.
The effects of peat mining on these factors are
essentially negligible indicating little impact of peat
mining itself on the groundwater processes. Note,
however, that this recommendation does not cover
groundwater pumping for process water or site
dewatering.
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I. INTRODUCTION

Though it has occurred for centuries in other parts of the
world, peat mining is new to North Carolina. Peat is only one of
many possible energy supplements receiving greater attention in
recent years with the unprecedented rise in conventional fuel
costs. Peat deposits are located in many different areas of the
eastern Coastal Plain of North Carolina (Otte and Ingram, 1984d).
However, the largest deposits are found in the pocosin wetlands
of the Albemarle-Pamlico peninsula, an area already under
considerable pressure from other development interests such as
recreational home development, agriculture, and forestry. Arti-
ficial drainage and clearing for agriculture and timber produc-
tion have occurred thoughout the region since the 1700 s but
never before at today's intensity. Because the deep peats have
proven to be relatively poor for agriculture and are somewhat
difficult and expensive to prepare for timber production, many
pocosin areas have remained relatively undeveloped. However, in
addition to providing an energy source, peat mining provides an
economically feasible way of exposing the more fertile mineral
soils underlying the peatlands for improved crop and timber
production.

The estuarine system surrounding the Albemarle-Pamlico
Peninsula is the largest in any single state on the Atlantic
Coast (Street and McClees, 1981). These highly productive
ecosystems are thought to be particularly sensitive to the hydro-
logic changes caused by wetland development. Many feel that
water quality degradation in the form of reduced surface water
salinities, nutrient overenrichment and bacterial contamination
has already had a serious impact on the coastal fishing industry
in the region (Pate and Jones, 198l; Street and McClees, 1981;
NCDNRCD, 1982 Db). These problems have stimulated much research
and controversy since the mid-1978s.

In 1981, the Governor appointed a Coastal Water Management
Task Force to study this issue and recommend solutions. Among
other things, this group recommended (in December, 1982) that
comprehensive water management plans be developed for the area
and that additional research and monitoring efforts be carried
out. Another group, the Peat Mining Task Force, was organized
within the North Carolina Department of Natural Resources and
Community Development in 1987 to address the peat mining issue.
In its report, released in 1983, this Task Force concluded that
existing permit programs, if properly coordinated, are generally
adequate for managing peat mining operations. However, the need
for continuing monitoring and research, as a basis for permit
decisions, is highlighted in the report.

In 198¢, First Colony Farms, Inc. received a permit to mine
peat on a 6,000 ha tract located in Hyde, Washington, and Tyrrell
Counties, North Carolina. The research presented here was
conducted to evaluate the hydrologic impacts of that mining
operation., Objectives of the project were to:



(1) Measure drainage, water quality, and quantity parameters for
a peat-mining site and compare the results to similar parameters
for drained sites with natural vegetation or other potential land
uses.

(2) Develop a model to predict the effects of peat mining and
subsequent agricultural activities on the hydrology of the area.
Then use the model to evaluate the hydrologic effects of peat
mining on the 6,000 ha First Colony Farms mining site.

(3) Evaluate the effects of peat mining at the First Colony
Farms site on groundwater recharge and water movement from Lake
Phelps.

(4) Design strategies to prevent, reduce, or ameliorate any
adverse hydrologic or water quality impacts.

The research has been conducted in three different phases to
accomplish those objectives: studies of runoff and water quality,
analysis of groundwater movement and development of simulation
models.,

Field measurements of hydrologic parameters included runoff,
rainfall, temperature, and on-site and laboratory analyses of
standard water quality parameters. Hydrologic changes in surface
soils resulting from mining were determined by comparing runoff
(in field ditches) from fields being actively mined to runoff (in
field ditches) from fields with natural vegetation. Runoff was
also measured in a main canal to provide data for model testing.
Water quality sampling was conducted at field ditch outlets and
at several different locations throughout the drainage system.

The objectives of the groundwater study were to classify the
mineral sediment layers beneath the peat deposits and to evaluate
the effects of peat mining on groundwater flow. First, field
borings were made to determine the characteristics of the
sedimentary strata in the mining area. Bulk densities and
hydraulic conductivities of various mineral layers were measured.
Next, the effects of mining and subsequent reclamation on
groundwater processes in the mining site were analyzed by
solving the Laplace equation for steady state flow conditions. A
numerical finite element model was used to characterize
groundwater movement for various mining scenarios and conditions.
The effects on subsurface flow to drainage canals, groundwater
movement from Lake Phelps, and seepage to deep aquifers were
studied.

Mining the peat in an area the size of the First Colony
Farms site would take place over many years and it would be
extremely difficult and time consuming to measure all of the
hydrologic effects directly. Also, by the time a detrimental
effect was observed in the field, preventative measures would be
too late. Computer models were developed to simulate the water
balance in the soil profile and then route the surface and



subsurface runoff through the canal network to an outlet. By
simulating the different soil profiles (before, during, and after
mining), over the same period of climatological record, the
effects of mining on the hydrology were predicted. The effects
of mining on the water yield from individual storms of varying
magnitudes (eg. 50, 100, and 200 day recurrence intervals) can
also be easily compared and differences related to such factors
as water table depth. Various mining strategies and after mining
reclamation practices may also be compared for hydrologic effects
and recommendations made in advance of the actual occurrence.
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II. PEAT RESOURCES AND THE POTENTIAL HYDROLOGIC IMPACTS
OF MINING AND RECLAMATION ACTIVITIES-A LITERATURE REVIEW

J. R. Bailey, J. D. Gregory, and R. H. Culbreath
WHAT PEAT IS AND IS NOT

The terms peat, organic soil, and Histosol often seem to be
used interchangeably in the literature. According to Soil
Conservation Service terminology, organic soils contain a minimum
of 12 percent or 20 percent organic carbon depending on the
annual period of saturation and clay content (Soil Survey Staff,
1981). Histosols contain over 50 percent organic matter in the
surface 80 cm (Soil Survey Staff, 1975). To receive serious
consideration for energy production, peat must be almost 100
percent organic matter and have relatively high bulk density.
Fibrous peats that are very low in bulk density are not suitable.
Increasing mineral fractions decrease heating values and increase
ash production. North Carolina peat is highly decomposed,
usually with less than 10 percent and often with less than 5
percent ash (Ingram and Otte, 198lb). Thus, when discussing peat
for energy production, many organic soils and Histosols are not
included. '

There is also a problem with using some of the standard
definitions for peat. The Soil Conservation Service defines peat
as a "raw undecomposed organic material in which the original
fibers constitute almost all the material" (Soil Survey Staff
1981). Most North Carolina peats are fine-grained and highly
decomposed (Otte and Ingram, 1980) and would be called muck by
the standard Soil Conservation Service terminology for organic
soil materials (Soil Survey Staff, 1981).

Classification methods for Histosols have received less
attention than those of other soil types. The present system
used to classify Histosols in the U.S. is provisional, having
undergone relatively little testing compared to other soil orders
(Soil Survey Staff, 1975). 1In general, Histosol suborders are
defined by moisture regime and the degree to which the organic
matter has decomposed. Under this system, most North Carolina
peats would be included in the Saprist (most decomposed) suborder
and the Medisaprist great group (Lilly, 1981). However, some
peats in the state would qualify as Fibrists (least decomposed)
or Hemists (intermediate decomposition).

Histosols can form in virtually any climate as long as
sufficient water is present (Soil Survey Staff, 1975). Histosols
are saturated or nearly saturated with water part of the year.
Saturation with water results in slow rates of organic matter
decomposition and allows organic materials to accumulate over
time. Because this is much the same way that coal bed evolution
begins, peat is often referred to as "young coal”.



In conclusion, the term peat, as used in this report, refers
to fuel gquality organic deposits and highly decomposed Histosols
composed of at least 80 percent organic matter.

TYPES OF PEAT DEPOSITS

The most commonly recognized peat varieties were described
as follows by Punwani (198¢), based upon the vegetation from
which they were formed and the extent of decompostion. These
varieties are similar to the Histosol suborders described by the
Soil Conservation Service (Soil Survey Staff, 1975). Fibric peats
{peat moss) are composed of sphagnum and other mosses; are the
least decomposed and most fibrous; and though they make good soil
conditioners, are poor fuels. Hemic peats (reed-sedge), derived
from reeds, sedges, swamp plants, and trees, have a lower fiber
content and are more decomposed. Sapric peats (humus) are the
most decomposed, least fibrous type and make the best fuels.
From a hydrologic standpoint, Moore and Bellamy (1974) listed
three main types of peat formations: (1) ombrotrophic peats,
which are recharged exclusively by rainfall, with no influence
from flowing groundwater; (2) rheotrophic peats which are
influenced by flowing groundwater originating from outside the
immediate catchment area; and (3) mesotrophic peats, which
represent a transitional stage between the first two types. Much
of the literature refers to only two types: the ombrotrophic
type or bog and the minerotrophic type or fen, which includes all
peats influenced by groundwater flow. These hydrologic terms may
also be applied to wetlands that do not have significant peat
deposits.

NORTH CAROLINA PEAT DEPOSITS

Otte and Ingram (198¢) identified three main geologic types
of peat deposits in coastal North Carolina: (1) pocosins (an
Indian term for swamp-on-a-hill) which are formed in broad shal-
low depressions or broad flat interstream divides on "uplifted"
sea floors; (2) river floodplain deposits; and (3) Carolina Bay
deposits, which are formed in eliptical depressions of unknown
origin. The major peat deposits in North Carolina are in
pocosins (Otte and Ingram, 1984).

There appears to be some controversy in the literature
concerning the definition of a pocosin. The term pocosin usually
refers to a fairly well-defined type of plant community.
However, pocosin vegetation can occur in a variety of geological
settings in the Coastal Plain on mineral or organic soils. The
dominant peat type associated with pocosins is the ombrotrophic
type formed on blocked drainage systems on interstream divides
(Otte, 1982). However, pocosin vegetation, associated with
mineral or organic soils, may also form in Carolina Bays; in
ridge and swale systems associated with o0ld dune or beach ridge
systems on the lower Coastal Plain terraces; and in seeps,



springs and margins of slow-flowing streams in the Sandhills
region (Christensen, et al., 1981; Otte, 1982). In the latter
two cases, the pocosins may be rheotrophic or minerotrophic in
that they may be influenced by groundwater (Christensen, et al.,
1981). The Carolina Bays appear, in many cases, to be in typical
successional stages somewhere between lakes and bogs
(Christensen, et al., 1981).

Pocosins are characterized by a very dense growth of mostly
broadleaf evergreen shrubs and scattered pond pine (Pinus
serotina) growing on wet, acid, nutrient poor, mineral and
organic soils (Richardson, et al., 1981). Under natural condi-
tions, the soils in these areas are often saturated or flooded
for extended periods, particularly in the winter and early
spring, and are burned on an average of every 15 to 20 years
(Richardson, et al., 1981). The soils of undisturbed pocosins on
the Albemarle-Pamlico peninsula are rarely saturated all the way
to the surface except during periods of high rainfall. Surface
water seeps rapidly through the porous root mat to natural
drainage outlets or to ditches and canals in the area.
Relatively high evapotranspiration rates, even in winter, quickly
remove excess soil water from the zone of dense roots near the
surface. Water table depths on deep organic soils normally vary
from about 10 cm to about 60 cm in winter and may drop to 1 m or
more in late summer (Skaggs et al., 1980). Under the wetland
classification system developed by Cowardin, et al. (1979) and
now in use by the U.S. Fish and Wildlife Service, pocosins are
classified as Palustrine systems of the scrub-shrub class and a
mixed broad-leaved and needle-leaved evergreen subclass. Other
modifiers under this classification scheme would include a
saturated water regime, acid waters, and organic or mineral
soils.

Pocosins occur on wetlands. There is also general disagree-
ment about the types of ecosystems to which the term wetlands
should be applied. Wetlands are extremely diverse and the
boundary between wet and dry environments is diffuse. Regula-
tions on dredge and fill activities in wet environments that are
based on the legal definition and the demarcation of wetlands
have resulted in much controversy among the factions on either
side of the issue.

To minimize confusion, in this report we shall use a broad,
ecologic definition of wetland that is readily available in the
literature (Cowardin, et al., 1979). 1In terms of the concept
outlined by the U.S. Fish and Wildlife Service, "Wetlands are
lands where saturation with water is the dominant factor
determining the nature of soil development and the types of plant
and animal communities living in the soil and on its surface."
The wetland definition refers to hydrophytic plants and hydric
soils and lists of those plants and soils are under development
for the wetlands of North Carolina.



Wetlands are lands transitional between terrestrial and
aquatic systems where the water table is usually at or
near the surface or the land is covered by shallow
water. For purposes of this classification wetlands
must have one or more of the following three
attributes: (1) at least periodically, the land
supports predominantly hydrophytes; (2) the substrate
is predominantly undrained hydric soil; and (3) the
substrate is nonsoil and is saturated with water or
covered by shallow water at some time during the
growing season of each year (Cowardin et al., 1979).

According to Richardson, et al. (198l), pocosins covered
more than 800,008 ha of the lower Coastal Plain of North Carolina
in 1962, representing more than 15 percent of the total land area
of the counties involved. The largest pocosin areas are on the
Albemarle-Pamlico peninsula. Peat deposits in this region reach
almost 5m in depth, with an average depth of about 1.2 m (Ingram

and Otte, 1982).

Ingram and Otte (1982) have found that the peats on the
Albemarle-Pamlico peninsula are dominated by two types of sapric
peat. A black sapric peat, most prevalent in the upper 96 to 120
cm of the deposit, 1is fine grained and highly decomposed.
Dominated by colloidal sized material, the peat resembles axle
grease when wet. In the deeper deposits, a brown, more fibrous
sapric peat is usually found beneath the black sapric peat.
Many logs, roots, and stumps of fallen Atlantic white cedar
(Chamaecyparis thyoides) and cypress (Taxodium distichum) trees,
well preserved under anaerobic conditions, may be found at all
depths in the peat deposit. The advanced decomposition and large
quantity of buried wood distinguish these peats from many other
deposits in this country and elsewhere (Peat Methanol Associates,
1983). A transition 2zone, normally less than 38 cm thick,
separates the peat from the underlying mineral soil (Ingram and
Otte, 1982).

Otte (1982) concluded that peat formation on the North
Carolina Coastal Plain began between 10,000 and 12,000 years ago
with the blockage of local drainage systems, the cause of which
is not yet known. The altered position of sea level at the time
(due to global climatic variations) is not thought to have been a
majorlfactor in peatland development. This conclusion is based
upon C dating of the deposits, the apparent remoteness of these
deposits from the probable ocean shoreline at the time formation
began, and the fact that peat formation did not occur over the
entire Coastal Plain.

WORLD PEAT RESOURCES AND USE
Though estimates of world peat resources vary considerably,

it appears that peatlands cover between 1 and 2 percent of the
earth’s surface, with approximately 95 percent of the total



occurring in Europe, Asia, and North America (Punwani, 1988).
The Soviet Union contains approximately half of the world’s
potential peat supply, and the United States ranks second or
third with roughly 10 percent of the total. Among the states,
Alaska contains over 50 percent and Minnesota, Michigan, and
Wisconsin combined, account for more than 25 percent of the
nation's peat resources. North Carolina ranks seventh among the
states with about 2 percent of the nation’s resources.

Peat has long been used for energy production in the
U.S.S.R., Finland, and Ireland. Until recently, use by most
other nations has been limited to horticulture and agriculture.

PEAT MINING FOR ENERGY PRODUCTION

Recent o0il price increases have stimulated interest in
mining peats in the United States for energy production. Some of
the proposed mining operations in this country have been quite
large in scope. The Minnesota Gas Company (Minnegasco) once
proposed mining 80,0060 ha of Minnesota peat for conversion to
methanol (Boffey, 1975). A current proposal by Peat Methanol
Associates (PMA) would convert 2,000 metric tons of Ngrth
Carolina peat per day, from a 6,000 ha tract, into 747 m~ of
methanol (NCDNRCD, 1983b).

More than 200,000 ha of North Carolina’'s peat resource
appear to be exploitable as an energy source (NCDNRCD, 1983b).
Peats on the Albemarle-Pamlico Peninsula have an average heating
value of around 24 million J/kg thus comparing favorably with
eastern coal at 27 million to 30 million J/kg (Campbell, 1981;
Ingram and Otte, 1982). Peat produces less sulphur and ash than
coal but requires over four times the volume of coal to produce
the same heat (Campbell, 198l). Due to its greater bulk, peat
becomes most competitive with coal when transport distances are
minimized.

Over the past three years, five mining permits have been
issued for approximately 10,568 ha of peatland in North Carolina,
representing about 4 percent of the total area of exploitable
peat deposits in the state (NCDNRCD, 1983b). First Colony Farms
holds a permit (NCDNRCD, 1988) for the largest of these tracts
(6,800 ha) but has thus far conducted only small scale,
experimental mining operations. The new proposal by PMA would
greatly intensify mining operations on this 6,000 ha tract and
construct a facility for converting the peat into methanol (PMA,
1983).

The unique character of North Carolina peats has dictated
many modifications to previously accepted mining techniques used
elsewhere. First Colony Farms has pioneered much of this work
over the past few years with its experimental mining operation.
PMA (1983) has drawn heavily on this experience in developing the
proposed mining approach outlined in the following paragraphs:



Construction of an adequate artificial drainage system is
the initial phase of peat bog preparation. The bog is first
divided into 130 ha blocks, approximately 1.6 km long and 9.8 km
wide. A series of small field ditches 50 m apart would subdivide
these blocks into 4 ha mining strips and drain into larger
collector canals. These collector canals, in turn, drain perpen-
dicularly into still larger main canals which conduct drainage
waters toward the Pamlico Sound. This is similar to the existing
drainage system in the pilot mining area.

Following drainage system installation, an assortment of
machinery is used to: (1) grind up surface vegetation and
incorporate it into the surface peat layer; (2) grind up wood
imbedded in the peat surface; and (3) shape the mining strips
such that there is approximately a 1 percent slope from the
center of the strip to the field ditch. Careful field shaping
and smoothing is needed to encourage maximum surface water runoff
and eliminate surface ponding.

With favorable weather conditions, the bog should then be
ready for mining. First Colony Farms has experimented with both
sod and milled peat mining methods (Campbell, 1981). The sod
peat method utilizes a tractor attachment which excavates
relatively wet peat material by cutting a series of small furrows
in the surface and extruding the excavated material into
compressed cylinders approximately 8 cm in diameter. After
drying sufficiently in the sun, these cylinders are collected and
stockpiled. Careful monitoring of surface moisture conditions is
essential to determining when the peat has the proper consistency
for sodding.

In contrast, the milling method involves removing a thin
layer of dried granular peat from the peat surface. Drying and
collection are facilitated by first grinding, fluffing, and
turning the thin surface layer. This is the mining method
selected by PMA for future mining operations.

PMA has estimated that weather conditions will be favorable
for mining on an average of 142 days per year (from mid-March
through mid-November). Approximately six contiguous 138 ha
blocks will be mined at a time. Upon completion of mining
activities on a six-block area, that area will be reclaimed and
mining will commence on a new area.

At the anticipated pace of mining activities, mining of the
6,000 ha peat deposit would be completed in approximately 28
years.

HYDROLOGY OF NATURAL AND ALTERED PEATLANDS
Much concern has arisen in recent years relative to the

potential environmental impacts of converting wetlands in the
lower Coastal Plain of North Carolina to other uses. Other uses



are normally not possible without some hydrologic modification
achieved with surface and/or subsurface drainage systems. Re-
search has shown that these modifications and the particular
activities that follow will cause changes in both the quantity
and quality of local water resources.

It must be noted that wetland development is not a new idea.
Lilly (1981) described the extensive development which has
occurred in North Carolina swamp lands beginning as early as
1700, He observed that "essentially all the swamp lands in the
state have been logged at least once and have had some drainage
imposed, either for agricultural development or to aid logging
and reforestation.”

The following discussion of the potential impacts of peat-

land development, based upon the available literature, will be
prefaced by a characterization of natural peatland hydrology.

Water Movement in Natural Peatlands

Before proceeding further, it will be helpful to review the
basic elements of the hydrologic cycle in the form of a water
budget equation:

P = ET + GW + R

where P is precipitation, ET is evapotranspiration (evaporation
plus transpiration), GW is groundwater outflow to deep aquifers
and R is runoff. Runoff includes water entering ditches, canals,
or streams from overland flow, unsaturated flow of soil water,
and saturated flow from the near-surface ground water. Heath
(1975) emphasized the fact that precipitation was the only
element which had been accurately measured in the Albemarle-
Pamlico region (before 1975) and that the other elements must be
estimated from other areas or from basic hydrologic principles.
In view of the yearly variability of all the water balance
elements, Dooge (1975) stressed the need for long-term data when
attempting to characterize the hydrology of any system.

Knowledge of natural peatland hydrology in the southeast is
relatively limited due to the inaccessibility of these areas and
the fact that most were altered long before a significant
interest in their natural processes arose (Heath, 1975). Also,
most of the available literature on peatland hydrology comes from
research in northern latitudes where peat has formed under
considerably different conditions.

Based on data from Heath (1975), the estimated average water
budget for the Albemarle-Pamlico peninsula under natural
conditions indicates that ET is a dominant factor in removal of
water from pocosin ecosystems (Table 1).
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Table 1. Average Water Budget for the Albemarle-Pamlico Peninsula

Element Amount (cm) Percent of Precipitation
Precipitation 130 100
Evapotranspiration 91 70
Groundwater outflow 1 1

Runoff 38 29
(by Subtraction) :

Precipitation

Precipitation is the only source of recharge for the
ombrotrophic peatlands of the Albemarle-Pamlico peninsula. Due
to the high variability of the rainfall component, hydrologic
conditions within the peatlands might be expected to vary
accordingly. The isolation of these systems from the stabilizing
influence of regional groundwater flow is well documented and
will be discussed later. Though annual rainfall averages about
130 cm in the region, the longest precipitation records available
(for New Holland, N.C.) show that annual rainfall may vary up to
50 cm above or below this average in any given year (Heath,
1975).

Evapotranspiration (ET)

The actual ET occurring in natural peatlands of the
Albemarle-Pamlico region may be difficult to predict. Heath
(1975) suggested that, for all practical purposes, actual ET is
the same as potential ET, except during extreme droughts. From
his study of Minnesota bogs, Verry (1982) reported ET losses near
potential values, based on 3 year averages. However, others have
reported that ET may be significantly less than potential values
in a given year, depending upon variations in rainfall and near
surface groundwater levels (Bay, 1967; Dooge, 1975; Daniel,
1981). Daniel (1981) concluded that both the amount of rainfall
and its distribution within the year are important. Higher
annual ET can be expected if most of the annual rainfall occurs
during the summer and fall, when higher potential ET and lower
groundwater levels reduce the amount of runoff. If winter and
spring are the wetter seasons, lower potential ET and higher
groundwater levels will result in more runoff and less annual ET.
Daniel (1981) reported that annual ET was only about one-half of
potential for his study watersheds on the Albemarle-Pamlico
peninsula during 1978. During that year, ET amounted to roughly
40 percent of precipitation while around 6@ percent was lost as
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runoff. Total precipitation for the year was approximately
average.

Based upon his studies in the U.S.S.R., Dooge (1975) con-
cluded that ET from bogs is less than that from non-marsh areas.
However, others have indicated that ET from peat may be higher
than that from mineral soils (Eggelsmann, 1975b; Clark and Clark,
1979). Boelter and Verry (1977) predicted higher ET rates in
peatlands of the Northern Lake States covered by scrub and sedge
vegetation than in forested peats due to higher surface winds and
the generally greater biomass of transpiring plants.

Groundwater

The hydrologic behavior of peatlands is closely related to
the position of the groundwater table beneath the surface (Bay,
1967; Dooge, 1975; Eggelsmann, 1975b; Skaggs, et al., 1980;
Daniel, 1981). The extremely low hydraulic conductivity of peat
and some of the fine textured mineral layers beneath it
essentially isolates the shallow groundwater in the peat horizons
from the deeper groundwater system in underlying mineral layers
(Bay, 1967; Maki, 1974; Heikurainen, 1975; Eggelsmann, 1975b;
Clark and Clark, 1979; skaggs, et al., 1980; Daniel, 1981). 1In a
Minnesota study, Bay (1967) found no correlation between bog
water tables and fluctuations in deeper underground storage.
Clark and Clark (1979) concluded that "recharge is generally less
from wetland areas than from other areas." Eggelsmann (1975b)
stated that peats in general have low water retention capacity
since the pore spaces are almost always filled with water.
Downward water movement is further inhibited by a relatively
impermeable mineral horizon underlying the organic soils of many
pocosins (Maki, 1974; Daniels, et al., 1977).

The extent of decomposition, as measured by bulk density and
fiber content, determines the hydraulic conductivity and storage
capacity of a peat material (Baden and Eggelsmann, 1963; Boelter,
1964, 1969; Dooge, 1975; Verry and Boelter, 1975; skaggs et al.,
198¢9; Danlel 1981). In North Carolina, Badr and Skaggs (1979)
reported hydraulic conductivities of only about 8.02 m/day in the
decomposed subsoil, while Badr (1978) estimated the hydraulic
conductivity of the undecomposed surface root mat to be 2490
m/day. Boelter (1964) found that slightly decomposed surface
peats in Minnesota bogs hold 95 to 100 percent water by volume at
low tensions while more decomposed peats deeper in the soil
profile hold 80 to 90 percent water under much greater tensions,

Daniel (1981) observed the artesian character of wells
driven through the peat into underlying mineral soil aquifers.
Water levels in these wells, representing a potentiometric
surface, rose well above the mineral soil contact with the peat.
This potentiometric surface rose immediately during storm events,
apparently in response to pressure from the additional weight of
the rainwater in the overlying peat layer. Actual recharge of
these mineral soil aquifers did not occur for some time.
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Skaggs, et al. (1980) and Daniel (1981l) observed that water
tables in North Carolina peatlands are normally near the surface
(19 to 60 cm deep) in the winter and early spring when rainfall
tends to exceed ET. As ET increases during the summer months,
water tables decline to lower levels (120 to 150 cm deep), though
short-term fluctuations still occur in response to individual
storm events (Skaggs, et al., 1980; Daniel, 1981).

Surface Water Runoff

The Albemarle-Pamlico peninsula lacks an extensive system of
natural stream channels. Under natural conditions it appears
that much overland flow occurs as sheet-like or diffuse flow
through the root mat of surface vegetation, eventually entering
streams or other water bodies at many points along banks and
shorelines (Heath, 1975; Daniel, 1981). These characteristics,
together with those previously mentioned, make natural runoff
conditions difficult to quantify. '

Runoff delivery from peatlands can be quite high when water
tables are in the undecomposed surface horizons with high
hydraulic conductivities. However, when water tables are in the
lower, more decomposed horizons, water yield is greatly reduced
(Boelter, 1964; Chapman, 1965; Bay, 1969; Heinselman, 1970; Clark
and Clark, 1979; Skaggs, et al., 198¢; Daniel, 1981). The
effectiveness of peatlands in storing storm waters is thus
largely determined by the water table depth at the time of a
particular storm. Boelter (1966) concluded that bogs are not the
effective long-term storage reservoirs they are often thought to
be because undecomposed surface peats release water very quickly
and deeper, more decomposed peats release very little water at
all., Others agree that peatlands may provide some short-term
storage and runoff delay particularly when water tables are low
but do not appear to function effectively as long-term storage
areas and stream flow regulators (Boelter, 1966; Bay, 1969; Verry
and Boelter, 1975; Ayre, 1977; Clark and Clark, 1979; Daniel,
1981). Natural peatlands, like most wetlands, do act as storm
buffers in spreading storm waters over large, flat land areas,
thereby delaying delivery to receiving streams and estuaries
(Verry and Boelter, 1975; Clark and Clark, 1979; Daniel, 1981).

Water Quality in Natural Peatlands

Being isolated from regional groundwater, ombrotrophic
peatlands are almost totally dependent upon rainfall for nutrient
and mineral inputs (Heinselman, 1970; Moore and Bellamy, 1974;
Boelter and Verry, 1977; Daniel, 1981). Natural drainage waters
from these areas in North Carolina are typically low in
nutrients, conductivity, and pH, and high in humic acids and
color (Kuenzler, et al., 1977; Kirby-Smith and Barber, 1979;
Daniel, 1981; Richardson, et al., 1981)
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Heinselman (1970) stated that ombrotrophic peat waters may
be distinguished from others by measuring pH alone. Peats are
typically low in calcium, which normally reacts with carbonic
acid in rainwater to create bicarbonate, the only strong base
found in abundance in natural waters. This, combined with the
prevalence of hydrogen cations, produces acid soils and drainage
waters with pH’s generally less than 4 (Moore and Bellamy, 1974;
Daniel, 1981; Richardson, et al., 1981). Sparling (1966)
reported that acid conditions are favored by the slow water
movement in these systems.

Anaerobic, acid conditions slow the rate of organic matter
decay and the subsequent release of organically bound nutrients.
Nutrient inputs from precipitation are, for the most part,
utilized by living plants or adsorbed by the peat, which has a
high cation exchange capacity. Thus, few nutrients are normally
available for transport by drainage waters (Moore and Bellamy,
1974; Richardson, et al., 1981). Klrby Smith and Barber (1979)
observed that waters draining from pine forests and poc051ns in
coastal North Carolina are almost devoid of dissolved inorganic
nutrients (nitrogen and phosphorus) when compared to rainwater
inputs. Kuenzler, et al. (1977) and Skaggs, et al. (1980) also
observed that nitrogen (N) and phosphorus (P) concentrations in
streams draining these peatlands are considerably lower than
concentrations found in local precipitation. These areas are
obviously accumulating P, but Skaggs, et al. (1980) noted that
the possibility of N volatlllzatlon “and fixation makes an
accurate N balance impossible. Verry (1982) concluded that
Minnesota bogs are nutrient traps, retaining 30-60 percent of all
nutrient inputs. However, work by Burke (198¢) and Skaggs, et
al. (1980) indicates that the capacity of acid peatlands to store
P on a long-term basis may be limited (Richardson, et al., 1978).

Mineral concentrations in natural drainage waters are
limited to the relatively small amounts delivered by precipita-
tion. There appears to be a net efflux of elements such as
calcium, magnesium, sodium, and chlorine from natural systems
(Kuenzler, et al., 1977; Skaggs, et al., 1989).

Dissolved oxygen (D.0O.) levels in natural streams are
sometimes low, particularly during summer low flows when sedi-
ment and root metabolism rates are hlgh (Kuenzler, et gl;, 1977).
Biological oxygen demand (B.0.D.) is relatively Tow in these
waters due to the tendency of the soils to have a higher C/N
ratio than upland soils, a condition which restricts microbial
decomposition (Skaggs, et al., 1980).
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Changes in Water Movement with Artificial Drainage

Typical drainage systems installed in the Albemarle-Pamlico
region provide mostly surface drainage. The low hydraulic
conductivity of these soils limits lateral water movement such
that the influence on the peat water table extends little beyond
the ditch banks (Skaggs, et al., 198¢; Daniel, 1981).
Heikurainen (1975) reported that drainage of a forested peatland
in Finland lowered the water table by only 200 to 300 mm, an
amount which he stated is probably negligible. In Minnesota,
Boelter (1972) found that drainage hastened the drainage of the
surface root mat but that drainage effects did not extend more
than 5 m from the ditch when water tables were in the lower,
more decomposed horizons. Evapotranspiration (ET), rather than
artificial drainage, is the primary mechanism for water table
drawdown in these organic soils (Baden, 1976; Skaggs, et al.,
19849).

From studies of North Carolina streams draining predominantly
mineral soils, Heath (1975) and Daniel (1981) concluded that the
most immediate effects of artificial drainage in wetlands areas
were changes in stream flow characteristics. They observed that
natural systems have little or no flow for significantly greater
periods than drained systems, Because artificial drainage canals
are deeper than natural channels, flow can continue at lower
water table levels (Heath, 1975; Daniel, 1981). Skaggs, et al.
(1980) reported that the deeper collector canals had a greater
effect on water table depth than the shallow field ditches and
continued to flow after ditch flow had stopped. As discussed
previously, the rate of water movement into canals will be
greatly reduced as the water table falls from the relatively
undecomposed peats at the surface into the deeper, more
decomposed peats.

Heath (1975) and Daniel (1981) stated that artificial
drainage in the Albemarle-Pamlico region has also increased the
hydraulic efficiency of stormwater removal, as evidenced by
increased maximum discharges in local streams. This effect has
also been reported in northern peatlands (Heikurainen, 1975;
Brooks and Predmore, 1978; Clark and Clark, 1979; Mundale, 1981).
The capacity of the artificial drainage system is often not
sufficient to accommodate these higher storm flows, thus reducing
the potential discharge from a drained area (Skaggs, et al”
1980). It appears that increases in base and maximum fiows in
drained areas are balanced by a decrease in mid-range flow,
1nd1cat1ng that artificial drainage alone does not significantly
increase total annual runoff (Heath, 1975; Daniel, 1981).

Drainage may also cause subsidence of the peat surface and
changes in its hydrologic properties. Subsidence is caused by the
cumulative effects of erosion, shrinkage, oxidation, compression,
and compaction (Stephens, 1969; Brooks and Predmore, 1978; Skaggs
et al., 1980). Peat shrinks with moisture loss and compresses as
the bu buoyant force of water is removed (Stephens, 1969). Oxida-
tion occurs either by the acceleration of aerobic decomposition
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or by fire losses, fires being more likely in drained areas
(Stephens, 1969). Compaction occurs with the use of heavy
machinery.

Researchers have found much smaller subsidence rates in
North Carolina peats than those reported elsewhere in the
literature (Maki, 1974; Skaggs, et al., 1980). Stephens (1969)
reported subsidence rates in Florida of from 1.5 cm to 5.8 cm per
year, increasing as water table depth increased. Schothorst
(1976), from studies of peat drainage in the Netherlands, found
subsidence rates of @.1 to @.6 cm per year with shallow drainage
and 9.5 to 0.6 cm per year with deeper drainage. Skaggs, et al.
(1980) reported subsidence rates of only 0.07 cm per year, due
most likely to the ability of the more decomposed peats found in
North Carolina to hold water against drainage forces.

In some fibrous peats, peat permeability decreases (bulk
density increases) rapidly immediately after drying due to
shrinkage but later levels off at some minimum value (Eggelsmann,
1975a). This generally has the effect of decreasing ET and
increasing runoff (Brooks and Predmore, 1978; Mundale, 1981). 1In
North Carolina peats, drying results in shrinkage but hydraulic
conductivity and macroporosity increases upon drying due to
irreversible aggregation. Such changes appear to be limited to
the thin surface layer disturbed by tillage in agricultural
fields and the narrow corridors along canal and ditch banks where
vegetation has been destroyed and water table levels are
consistently depressed by drainage.

Changes in Water Movement with Land Clearing

Previous discussions have emphasized the importance of ET in
regulating groundwater levels and surface runoff, particularly
during the summer, Clearing land of vegetation reduces
transpiration and increases surface evaporation as wind speeds
accelerate and solar radiation strikes the dark soil surface more
directly. Because transpiration reductions exceed evaporation
increases, ET would be reduced overall (Brooks and Predmore,
1978). Evapotranspiration is further reduced with the elimina-
tion of interception losses, the evaporation of rainfall clinging
to plants. Boelter and Verry (1977) reported interception losses
of 15-20 cm per year in closed canopies of black spruce growing
in bogs. This reduction in the ET component will tend to raise
groundwater tables and total annual runoff (Bulavko and Drozd,
1975; Brooks and Predmore, 1978; Skaggs, et al., 1980; Daniel,
1981). If clearing includes removal of the surface vegetation by
scraping, which removes the surface root mat, runoff will be
further facilitated (Brooks and Predmore, 1978; sSkaggs et al.,
1980)
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Changes in Water Movement with Artificial Drainage and Land Clearing

The combination of peatland clearing and drainage has
increased maximum flows and total annual runoff in some studies
(Mustonen and Suena, 1975; Brooks and Predmore, 1978; Daniel,
1981; Carpenter and Farmer, 1981). This was due mainly to reduc-
tions in the ET but was also influenced by improved drainage
efficiency of artificial drainage systems, reductions in soil
water storage caused by subsidence of the surface layer, or rises
in the water table and changes in the hydraulic properties of the
peat itself. Annual runoff from a bog in Finland increased by an
average of 43 percent in the 9 years following installation of
artificial drainage. This was attibuted to the mortality of
wetland vegetation caused by a reduction of about 30 cm in
average water table depth (Mustonen and Suena, 1975).

Changes in Water Movement with Peat Mining

Peat harvesting exposes more decomposed, less permeable peats
which retain water under high suction. This has the effect of
increasing surface runoff and maximum discharge while reducing
ET, available storage, and groundwater recharge (Brooks and
Predmore, 1978). Repeated movement of heavy mining equipment
across the surface increases the compaction and bulk density of
the peat material, further increasing surface runoff potential.
Skaggs, et al. (1980) found that developed sites (agriculture)
with deep organic soils had higher bulk densities than
undeveloped sites to a depth of 0.4 meters. Mined fields are
also shaped for improved surface drainage toward the field
ditches.

Peat removal lowers the elevation of the land surface and
exposes underlying mineral soils. The hydrologic consequences of
this are examined in detail later in this report. 1In general, it
appears that flooding hazards will not be significantly increased
as long as the depth of the drainage system is lowered
concurrently to maintain adequate drainage gradients and volume
capacities. Exposure of the underlying mineral soil and subse-
quent reclamation activities may actually increase ground water
recharge over natural conditions. Due to the relatively small
changes in hydraulic head caused by the peat mining in relation
to the depth to major aquifers, the rate of saltwater intrusion
should not be significantly increased.

Changes in Water Movement with Reclamation

After the removal of surface peat deposits, former peatlands
are likely to be used for agriculture or timber production.
Newly exposed soils containing significant mineral fractions
offer considerably more capacity for crop, livestock, and timber
production than deep organic soils.
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A study by Skaggs, et al. (1980) indicated that many
of the previously described hydrologic patterns associated with
drainage, land clearing, and peat mining would continue with
agricultural reclamation. The presence of crops would be
expected to increase ET over peat mining conditions, but the
combination of drainage and a shallow rooting zone would still
keep ET below that of natural areas. Skaggs, et al. (1989)
reported that this difference in ET would be greater when several
short-duration droughts occur during the growing season than when
a single drought of longer duration occurs. In the longer
droughts, water tables may decline such that ET from both natural
and developed sites are reduced. This difference in ET may be
great enough in some years to produce somewhat greater total
runoff from cultivated areas.

Artificial drainage will continue to be important in
any silvicultural operations which may follow peat extraction.
The benefits of drainage control in improving growth and
maintaining equipment operability are well documented (Klawitter
and Young, 1965; Maki, 1974; Campbell and Hughes, 1981). In
Coastal Plain forest management, drainage requirements vary with
the stage of stand development (Unpublished report of the
Forestry Work Group, Governor’s Coastal Water Management Task
Force, 1982). Lowering of the water table facilitates equipment
operability and reduces soil damage during the harvest and
regeneration phases. Drainage also prevents flooding during site
preparation and regeneration when ET is very low. However,
relatively high water tables can be maintained once the new
stand has developed in order to maximize growth and minimize the
fire hazard. Though ET reduction tends to increase annual runoff
and runoff peaks during harvest, site preparation, and regenera-
tion, only about 20 percent of the managed forest areas are in
these management phases at any given time. The remainder of the
area 1is occupied by developing or maturing stands with higher ET
and thus lower maximum and annual runoff than unmanaged stands.
The Governor’s Coastal Water Management Task Force (1982)
mentions the possibility of using forested areas with drainage
controls for the temporary storage and slow release of excess
waters from adjacent agricultural areas. Similar hydrologic
effects have also been observed in European and Russian forests
(Heikurainen, 1975; Vompersky 1975; Pelkonen, 198@; Starr and
Paivanen, 1981). Starr and Paivanen (1981) concluded that any
hydrologic impact caused by drainage in forest management is
reduced in the long-term to the extent that runoff may even be
less than that from undrained areas. From studies in the
U.S.S.R., Vompersky (1975) reported that forested bog runoff was
only one-third to one-half of that from an unforested bog.

Changes in Water Quality with Artificial Drainage

Kuenzler, et al. (1977) concluded that many of the water
quality changes associated with drainage are due to the reduction
of intimate contact of water with the wetland biota and soils.
Drainage reduces rainfall residence time in the peatlands,
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offering less opportunity for runoff water quality to be changed
before discharge. Brooks and Predmore (1978) concluded that most
of the water quality impacts of peat mining are due to the
influence of artificial drainage.

It appears that drainage increases the potential for
transporting more organic matter and nutrients from the peatland
(Crisp 1966; Heikurainen, 1975; O’Rear, 1975; Brooks and
Predmore, 1978; Carpenter and Farmer, 1981). Heikurainen (1975)
stated that P concentrations increase with the increase in humus
in runoff waters. Crisp (1966) reported that eroded peat particu-
lates are responsible for most N and P losses but that the
availability of these nutrients to plants is probably limited.
Increased aeration accelerates peat decomposition and may release
organically bound nutrients for transport in drainage waters
(Brooks and Predmore, 1978). A study in North Carolina by
Skaggs, et al. (198¢) indicated that inorganic N levels in
receiving streams will not be significantly affected by peatland
drainage. This study also suggested that any increases in
organic N would be small and that much of this, being in particu-
late form, would settle out in the ditches where it would
probably be removed during normal ditch cleaning operations. It
appears from this study, that the drainage of organic soils will
not produce significant P loadings unless such drainage is
accompanied by the addition of P fertilizer to the soil.

According to Skaggs, et al. (1980) the quantity of sediment
produced from draining the deep organic soils in the, Albemarle-
Pamlico region is not likely to be a problem. It appears that
initial drainage canal installation is the primary source of
sediment and that once this installation is complete, erosion
and turbidity decline to much lower levels.

Increased velocities and turbulence in artificial drainage
systems increase dissolved oxygen (D.0.) concentrations in
drainage waters (Kuenzler, et al., 1977; Skaggs, et al., 19840).
Some increase in pH may occur as a result of drainage,
particularly where ditches are deep enough to intersect mineral
soil. Bicarbonate in the mineral substrate may neutralize the
acidity in these waters (Brooks and Predmore, 1978).

In a survey of peat mining impacts in Minnesota, Mundale
(1981) reported evidence that peats tend to absorb such heavy
metals as copper, nickel, and mercury, which may be released with
peatland disturbance. Detectable concentrations of mercury that
exceeded the current North Carolina water quality standard were
found in one-time grab samples collected in November 1981 and
April 1982 at several locations both within and downstream from
the proposed peat mining area on First Colony Farms
(Environmental Science and Engineering, Inc., 1982a,b). The
State of North Carolina, Division of Environmental Management
(NCDNRCD, 1983a) has also measured mercury levels in excess of
the standards in both the Albemarle and Pamlico Sounds though the
source of these mercury inputs is uncertain at the present time.
It should be noted, however, that several other regions in North
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Carolina had a higher incidence of elevated mercury levels than
the Albemarle-Pamlico region.

Because the conventional surface drainage systems used in
this area convert slow and diffuse stormflow discharges into more
rapid, concentrated flows, with higher peak volumes the surface
water salinity in receiving estuary waters may be decreased.
This salinity reduction is detrimental to marine organisms using
the estuaries as reproduction and growth habitat. (Kuenzler, et
al., 1979; Daniel, 1981; Pate and Jones, 1981; NCDNRCD, 1982).

Changes in Water Quality with Artificial Drainage and Land Clearing

The major additional effect of vegetation removal would be to
increase the potentials for sediment and nutrient inputs to
drainage waters. Bare soil surfaces obviously have a greater
potential for both wind and water erosion. Brooks and Predmore
(1978) suggested that additional peat sediment may increase
B.0.D. and thereby decrease D.O. levels, Increased speed and
quantity of runoff resulting from vegetation removal increases
erosion losses and reduces the opportunity for changes in
rainfall quality. Since local precipitation contains 3 to 4
times as much N and P as drainage waters from natural areas
(Skaggs, et al., 1980) some increase in nutrient efflux might be
expected., Shade removal would increase surface temperatures and
promote drying, thereby, accelerating nutrient release through
organic matter decomposition (Brooks and Predmore, 1978).
However, increased rates and quantities of runoff resulting from
vegetation removal would tend to further reduce surface water
salinities in receiving estuaries.

Changes in Water Quality with Peat Mining

As previously stated, much of the water quality impact of
peat mining is due to the artificial drainage. Mining activities
do, however, further enhance the potential for sedimentation and
nutrient delivery. Mining activities increase the potential for
peat erosion by keeping the surface loose and bare of vegetation;
by increasing surface runoff; and by increasing wind transport
into the ditches (Brooks and Predmore, 1978). Higher concentra-
tions of peat sediments in surface waters may cause increased
B.0.D. and reduced D.0. concentrations. Increased disturbance
and drying of the peat surface would also encourage further
decomposition and release of nutrients and possibly heavy metals
(Brooks and Predmore, 1978).

Because mining increases surface runoff, the potential for
impacts on estuary salinity would be increased.

Changes in Water Quality with Agricultural Reclamation

Water quality impacts from agricultural activities in the
coastal region are primarily associated with the addition of
sediment, farm chemicals, and animal wastes to the system
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(NCDNRCD, 1979a). A number of investigations in recent years
have examined changes in water quality associated with
agricultural development in the North Carolina Coastal Plain.

Agricultural development increases the suspended sediment
load and turbidity of drainage waters (Gambrell, et al., 1974;
Kuenzler, et al., 1977; Kirby-Smith and Barber, 1979; NCDNRCD,
1979a; Skaggs, et al., 1980). The most significant sediment and
turbidity increases occur during drainage system construction and
land clearing operations.

The fact that agricultural development increases nutrient
loadings in drainage waters is well documented by numerous
studies across the country. Agricultural development in the
North Carolina Coastal Plain has been found to increase inorganic
nitrogen (primarily nitrate N) concentrations in local drainage
waters (Kuenzler, et al., 1977; Kirby-Smith and Barber 1979;
Skaggs, et al; 1980; Daniel, 1981). This form of N is of
greatest concern due to its high availability to stream biota.
Skaggs, et al. (1980) noted, however, that because inorganic N
levels in the natural drainage waters of the region are very low,
the actual amount represented by the increase is small compared
to better drained soils. However, since coastal streams are
naturally very low in nitrate, changes in N availability that are
quantitatively quite small may contribute to adverse increases in
algal growth. Gambrell, et al. (1974) reported that these poorly
drained areas lose much of the nitrogen from the soil as gaseous
nitrogen through denitrification. Losses of nutrients and sedi-
ment from agricultural fields may be significantly reduced by
proper fertilization and water management (Gambrell, et al.,
1974; skaggs, et al., 198¢). Organic N increases have also been
measured (Kirby-smith and Barber, 1979; Skaggs, et al., 1989¢) but
much of it is in particulate form which would tend to settle out
in drainage canals to be removed during ditch maintenance opera-
tions (Skaggs, et al., 1980).

Higher phosphorus concentrations also appear to be a
consequence of agricultural development (Kuenzler, et al., 1977;
Kirby-Smith and Barber, 1979; Skaggs, et al., 1980¢; Daniel, 1981;
Richardson, 198l). This increase appears to be small except
where P is applied to organic soils low in mineral content.
Skaggs, et al. (1980) stated that P fertilization of these
organic soils may be the greatest potential eutrophication hazard
posed by development, Lilly (1981l) confirmed the inability of
these organic soils to absorb and fix applied P. However, much
of the agricultural development in the region occurs on mineral
soils where P losses are small (Skaggs, et al., 1980). Soils
reclaimed for agriculture after peat mining will likely be
predominantly mineral soils.
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Agricultural development may also cause increases in pH,
D.0., B.0.D., temperature, and concentrations of elements such as
Ca, Mg, Cl, Na, and K in drainage waters (Kuenzler, et al., 1977;
Skaggs, et al., 198¢; Daniel, 198l1). The magnitude of these
changes does not appear to present a water quality problem at
present. Slight increases in some heavy metal concentrations
(Cu, Mg, Fe, and Mn) have been measured (Skaggs, et al.).
Skaggs, et al. (1980) found fecal and total coliform bacteria
counts in drainage waters from pastured areas to be considerably
greater than those from natural areas. It was noted in this study
that similar increases in coliform bacteria from grazed lands are
common throughout the U.S. and appear to pose few water quality
problems unless located immediately adjacent to shellfish waters.

Skaggs, et at. (1989) found fecal and total coliform
bacteria counts in drainage waters from pastured areas to be
considerably greater than those from natural areas. It was noted
in this study that similar increases in coliform bacteria from
grazed lands are common throughout the U.S. and appear to pose

few water quality problems unless located immediately adjacent to
shellfish waters.

The water quality threat of pesticide use on high organic
soils in North Carolina is uncertain. Skaggs, et al. (1980)
found that spray applications of alachlor to corn and soybeans
over a three-year period resulted in highly variable concentra-
tions of the pesticide in discharge from the field ditches with
the highest concentration approaching toxic levels for fish. The
few high concentrations were thought to result from spray drift
into the ditches. Since alachlor is a pesticide of relatively
low toxicity to aquatic organisms, there is likely a definite
water quality hazard associated with use of pesticides of higher
toxicity. Proper application to preclude direct drift to water
surfaces is critical.

Changes in Water Quality with Forest Reclamation

Nitrogen and phosphorus deficiencies are major factors
limiting tree growth in pocosins (Woodwell, 1958). Lime and
fertilizer applications are important to satisfactory timber
production in the region (Maki, 1974; Campbell and Hughes,
1981). However, fertilizer applications are considerably less,
both in amount and frequency of application, than in agricultural
operations, with a proportionately lower water pollution
potential. Lower runoff from forested areas would also lessen
the potential for nutrient delivery. A statewide study concluded
that silviculture is generally a minor source of water pollution
in North Carolina (NCDNRCD, 1979b).
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III. EFFECTS OF PEAT MINING ON RUNOFF
AND WATER QUALITY

J. D. Gregory, R. H. Culbreath, and J. R. Bailey

INTRODUCTION

Field studies of the effects of peat mining on runoff and
water quality were conducted as a combined operation. The
objectives were to:

(1) Determine the effects of vegetation removal and peat mining
on the characteristics of runoff from field ditches.

(2) Obtain data on runoff from field ditches and collector
canals for model development.

(3) Determine the effects of vegetation removal and peat mining
on quality of water flowing from field ditches.

(4) Determine if the water quality measured at the end of the
field ditch is altered as the water flows through collector
and main canals.

Runoff was measured and water gquality samples were taken at
the ends of field ditches draining both fields partially mined
and fields with natural pocosin vegetation and at several
locations downstream in the drainage system.

PROCEDURES

Site Description

Hydrologic field studies were conducted at the pilot peat
mine of First Colony Farms, Creswell, North Carolina. First
Colony Farms is located on the Lower Coastal Plain on a peninsula
between Albemarle and Pamlico Sounds and encompasses parts of
Dare, Hyde, Tyrrell, and Washington Counties. The 6,000 ha site
that has been permitted for peat mining is located astride the
Hyde-Washington County line east of Pungo Lake and south of
Phelps Lake (Figures 1 and 2).

The peninsula lies east of the Suffolk Scarp on the Pamlico
surface. The permitted peat mine area is located on a broad flat
plateau that has the highest elevation on the peninsula. Eleva-
tion across most of the mine area varies from around 5.2 to 5.5 m
and slowly decreases in all directions outside the perimeter of
the mine area. The 4.6 m (15 £t) contour is well outside the
mine area around most of the perimeter and the land slopes away
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Figure 1. General location of permitted peat mining area.
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on all sides of the area at about .02 percent (1 ft/mi). The
area is an ombrotrophic bog formed on a broad, flat interstream
divide. Before construction of the drainage system, natural
drainage flowed outward from the plateau in all directions to the
Albemarle Sound, Alligator River and Pungo River. All drainage
water from the mine area now flows southward to the Pungo River.
Average water surface elevation of Pungo Lake and Phelps Lake is
about 3.0 m,

The peat mine area is a low pocosin (Otte, 1982) and in the
U.S. Fish and Wildlife Service classification is a Palustrine
Wetland, scrub-shrub class (Cowardin, et al., 1979). Past
efforts to develop the area for agriculture have resulted in a
mixure of vegetation types. The most recently disturbed areas
have early successional grass and forb vegetation that is
dominated by broom sedge (Andropogon spp.). Areas that have been
undisturbed for longer periods have dense stands of typical
pocosin shrub vegetation with a few pond pines (Pinus serotina)
widely scattered among the shrubs (Otte, 1982; Sharitz and
Gibbons, 1982). Vegetation on the study area is of the latter
type (Figure 3A) and the soils and vegetation are quite similar
to other low pocosins that have never been disturbed by man's
activities. Some of the land in the study area was probably
cleared in the late 1960 s but was quickly abandoned when it
became clear that cultivating the deep peat was impracticable.

Soils in the permit area are very poorly drained Histosols
and are predominantly Pungo muck (Typic Medisaprist, dysic,
thermic). The sapric surface layer of the Pungo series ranges
from 1.3 m to more than 2.5 m in depth. The organic material is
extremely acid, has up to 35% by volume of stumps and logs
(Figure 3B) and commonly has charcoal in the surface meter. The
wood is mainly Atlantic white cedar (Chamaecyparis thyoides) and
cypress (Taxodium distichum). The underlying mineral horizon is
sandy clay, silty clay, or clay and is strongly gleyed.

The depth of peat in the permit area corresponds to the
depth of the sapric organic surface layer. The surface of the
mineral soil is undulating and forms broad shallow basins with
little evidence of the peat-filled relic stream channels that are
found in other pocosins in the area. Heating value of the peat
(zero moisture) averages about 24 million J/kg (10,304 btu/lb)
and ash content averages 3 percent (Ingram and Otte, 1982).

Average annual rainfall in the area is 130 cm and average
annual temperature is 15.7°C.

The drainage system in the permit area had been installed
for agriculture some years prior to development of the mining
project. Some of the field and collector ditches were probably
installed when a major portion of the area was cleared in the
late 1960 's. The major canals and some collector ditches were
installed at earlier times; some date to the mid-18¢8°s. No
exact records exist on dates that specific areas were drained
and/or cleared. Main canals that are about 2-3 m deep are spaced
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Figure 3. (A) Natural vegetation on the mine site.
B) White cedar logs removed from the peat during
canal construction.
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1.6 km (1 mi) apart and are oriented north-south. Collector
ditches that are about 2 m deep and are spaced at 0.8 km (0.5
mi) intervals discharge to the main canals. Field ditches
originally had been installed in some parts of the area at 100 m
intervals. To increase the efficiency of drainage for peat
mining, additional field ditches are installed to reduce the
spacing to 50 M (Figures 4 and 5).

Installation of the drainage system alters the hydrology of
the pocosin but preparation of a mining strip (4 ha area defined
by field and collector ditches) for peat removal further alters
its surface hydrologic condition (Figure 6). The vegetation is
pushed over, ground, and incorporated into the surface 10 cm by
use of a modified Bros Rotor Mixer. A second pass with the
grinding machine further grinds the vegetative debris, mixes it
with the upper layer, and grinds any wood down to a depth of
about 25 cm. The mining strip is then graded to produce a smooth
surface with an outslope of about 1 percent from the center. For
our purposes, a drainage field is defined as the area (4 ha)
bounded by mining strip centers and collector ditches, with a
field ditch dividing the field in halves. Preparation of the
surface for mining involves milling and grinding with a darf
miller designed to grind heavy wood to about 10 cm of depth. The
top 3-4 cm of the organic material is then milled and fluffed
with a shallow milling unit and is turned several times with a
spoon harrow during the drying cycle (PMA, 1983). Infiltration
rates are very high in the dry, shallow surface layer, but once
saturated, surface runoff rates are high and the organic material
at the surface is highly susceptible to erosion. The loose dry
material at the surface is also highly susceptible to wind ero-
sion.

Milling, drying, and removing a 3-4 cm layer of peat will
require 1-2 weeks depending on drying conditions. The production
mining season typically will extend from mid-March to mid-
November and should have an average of about 142 drying days when
equipment can operate in the fields. It is estimated that a
maximum of about 41 cm of peat may be depleted annually, yielding
about 990 metric tons/ha of 48% moisture peat (PMA, 1983).

Surface conditions varied among the mining strips during the
study because of differences in duration of mining. Mining was
conducted on the strips draining through Site 201 during August-
November 1981, and on the strips draining through Site 282
during August-September 1981 (Figures 7 and 8). The surface
remained bare but undisturbed on the other sites with the excep-
tion of some brief experimental activity with the sod peat
machine. No mining was done in 1982, but the surface of the
strips was milled a couple of times to prevent growth of natural
vegetation.
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Figure 6. (A) Field ditch on site with natural vegetation.

(B) Field ditch on site prepared for peat harvesting
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Sampling Site Selection

First Colony Farms (FCF) initiated preparation for mining on
the 130 ha block in the northwest corner of the permitted area
in October, 1984. A major portion of the block (75 percent) was
prepared for mining by incorporating the natural vegetation into
the peat and shaping the surface of the mining strips to achieve
a one percent slope from the center of the strip to the field
ditch. The remainder of the block was left in natural vegeta-
tion. Six sites for measuring runoff and water quality in the
field ditches were randomly selected representing two replica-
tions each of three treatments: (1) Standard mining practice,
including a silt screen installed in the field ditch (Sites 201
and 2802); (2) standard mining practice but without a silt screen
(Sites 263 and 204); and (3) drained, naturally vegetated,
without a silt screen (Sites 205 and 206) (Figures 7 and 8).

Initial preparation of the peat mining site with the Bros
Rotor mixer was accomplished during the period October, 1980 to
June, 1981, Cleaning of field ditches already present and con-
struction of new ditches was accomplished in the area
encompassing sites 201-206 during the same period. Mining was
conducted on the strips draining through Site 201 during April-
November 1981 and on the strips draining through Site 282 during
August-September 1981l. Sites 203 and 204 remained undisturbed
after completion of the sloping operation in late spring 1981.
No mining was accomplished on these strips during 1982, Mining
strips draining through Sites 201 - 204 were milled a couple of
times during 1982 to prevent regrowth of vegetation and destroy
the surface crust, but the surface was much more stable than it
would have been under conditions of active mining.

To determine the quality of water in the drainage system down
stream from the mine area, two sampling sites were selected on
Allen Canal (Figure 7). Sites 301 and 302 received drainage
water from approximately 80¢¢ ha and 1709 ha respectively,
including the pilot mining block.

Sites 601 and 682 on DeHoog Canal were selected as a
control. These sites received drainage water from approximately
809 ha and 1388 ha (respectively) of undeveloped land with soils
and vegetation similar to that at the pilot mine site.

On April 29, 1981, an intense wildfire moved onto FCF
property from the Pungo Wildfire Refuge (Figure 9) ang,
subsequently, all field data collection was halted. In the
effort to extinguish the fire, all main canals from the permitted
area were blocked and the entire area was flooded with water
pumped from Lake Phelps. The fire was not completely controlled
until early June, 1981, Drainage canals were then reopened and
dredged where necessary during the following weeks. The original
flow pattern of the drainage system was restored by early August,
1981. The pilot peat mining area and the control area along
DeHoog Canal were not burned and were only indirectly and
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temporarily affected by the fire due to drainage system blockage.
Deposition of ash from the fire occurred throughout the study
area and may have had a significant influence on water quality.
Water quality and quantity were significantly affected at Sites
391 and 302, as discussed later in this paper. A total of 6,000
ha was burned by the fire, approximately half of which was within
the permitted mining area. The vegetation was destroyed and the
peat was consumed to an average depth of about 12 cm, leaving
large quantities of ash on the surface (Figure 10).

Hydrologic Measurements

Discharge from field ditches was continually measured by
recording the stage on the upstream side of 68° v-notch weirs.
The weirs were mounted in flashboard risers attached to the ends
of 38 cm diameter, 37 m long culverts that connected the
downstream ends of the field ditches to the collector canal
(Figure 11). Bottoms of the notches were set at about the same
elevation as the ditch bottoms (approximately 6.6 m above bottom
of stilling pond) so that the ditches would drain completely
after each rainfall event. Trash screens were mounted in front
of the weirs and, on two of the mined fields, silt screens were
installed at the entrance to the stilling pond about 19 m up-
stream from the weir (Figure 12B). Stevens Type F water level
recorders were utilized to record stage (Figure 12A). Recorders
were serviced weekly on the same day that water quality sampling
was conducted.

Accurate calibration of the weirs proved to be impossible
because the volume and shape of the stilling ponds varied over
time. Therefore, the standard equation for a 6@ -notch weir was
used to convert stage to discharge. Large quantities of organic
sediment were moved to the ditches by overland flow and were
deposited in the stilling ponds by each storm. Sediment was also
contributed by wind erosion (especially during a short period in
early spring, 1982) and by sloughing of ditch and stilling pond
banks. Large quantities of wood collected against silt screens,
weir trash screens and in the stilling ponds. The ponds had to
be cleaned out with a backhoe on a regular basis (Figure 13).

Accumulations of sediment and woody debris on weir trash
screens during periods of high discharge sometimes blocked water
flow. Submergence of the weirs due to inadequate downstream
discharge capacity during periods of very high rainfall also
invalidated some flow measurements. Because of these problems,
the flow data presented in the results section were limited to
events in which free flow over the weirs occurred during the
entire period of the hydrograph.

Constant, accurate flow measurements in the main canals were
impossible without some type of control structure installed.
Water velocities were often below measureable speeds during low
flow conditions. During high flows, unstable channel configura-
tion and backwash when drainage capacities were exceeded
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Figure 10. Aftermath of 1981 wildfire.
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Figure 11. (A) Installation of weir in flashboard riser.
(B) Completed weir installation with trash screen.
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Figure 12. (A) Complete runoff measurement installation.
(B) Silt screen installed in field ditch.
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Figure 13. Organic sediment and wood accumulated in field ditch and
stilling pond, (A) without silt screen (B) with silt screen.
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prevented the establishment of a consistent stage-discharge
relationship. The installation of flashboard risers was
considered feasible only on DeHoog Canal at Coulbourn Road (Site
602) (Figure 14). A pair of 9¢° v-notch weirs were installed in
the risers in April, 1982. Irregular pumping activity related to
field testing upstream at the site of the methanol gasification
plant and a ruptured earthen plug invalidated much of the flow
data recorded at Site 602. Calibration tests indicated that
standard equations for the combination of V-notch and retangular
weirs were suitable for converting stage to discharge. One weir
was mounted 5 cm lower than the other to ensure accurate measure-
ment of low flows,

Recording tipping-bucket raingages were installed at Sites
295 and 602, A meteorograph was installed in a weather shelter
at Site 205 to record temperature, relative humidity, and
barometric pressure. Weather data collected at Sites 205 and 602
were supplemented with data from FCF and from the National
Oceanic and Atmospheric Administration.

Water Quality Measurements

Weekly grab samples for laboratory analysis were collected
in 500 ml polyet(ylene bottles, immediately placed on ice, then
refrigerated at 4°C until analyzed. No preservative was used as
analyses were initiated within 24 hours. At all flow-measurement
stations, samples were taken from the nappe flowing over the
weir. Depth-integrated samples were taken from the open channel
sampling sites using a USGS model U.S. DH-75P sampler.

Water temperature and conductivity were measured in the
field with a Fisher Model 152 conductivity meter. Dissolved
oxygen was measured in the field with a Model 51B dissolved
oxygen meter manufactured by Yellow Springs Instrument Company.
Skaggs, et al. (1980) found no differences between in situ pH
measurement and laboratory pH measurement on water from this
area. Therefore, all pH measurements were made in the lab, with
a Fisher Model 701A pH/mV meter.

Total nonfiltrable residue, or total suspended matter, and
concentrations of dissolved constituents were also determined in
the lab. Total nonfiltrable residue analysis was done using
Whatman 934-AH glass fiber filters (.45 m pore) (American Public
Health Association, et al., 1981, pg. 94). Turb1dlty, in
nephelometric turbidity units (NTU) was determined using a model
DRT 100 H/F Instrumentation Turbidimeter (American Public Health
Association, et al., 1981, pg. 132).

Chloride ion concentrations were determined with a Model 4-
2038 Buchler-Cotlove chloridometer.

Analyses for ammonia and nitrate were initially conducted

using specific ion electrodes. Beginning on August 17, 1982, all
ammonia and nitrate analyses were done with automated colori-
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meteric methods (Technicon Autoanalyzer II) at the laboratory of
the U.S. Forest Service Southeastern ExXperiment Station 1in
Research Triangle Park, N. C.

Total Kjeldahl nitrogen and total phosphorus were
simultaneously determined by an automated colorimetric method
(Technicon Industrial Method No. 329-74 W/B, revised 11/78)
after digestion (Technician Industrial Method No. 376-74 W/B,
revised 11/78). Orthophosphate (in the filtrate) was determined
as reactive phosphate by an automated colorimetric procedure,
beginning August 17, 1982 (Murphy and Riley, 1962; Lennox, 1979;
modified in 1982 by Dr. Carol G. Wells, Soil Scientist, U.S.
Forest Service).

Samples were analyzed for total calcium, magnesium, and
potassium on an atomic absortion spectrophometer (U.S. Forest
Service Laboratory) after being ashed at 455°C and brought back
to the original volume with a @.3N HNO4 and ¢.2% Lanthanum
solution., Cation analysis was conducted on a limited number of
samples during the final months of the project.

All concentrations are expressed on an elemental basis.

RESULTS AND DISCUSSION
Runoff

The relative volume, duration, and peak flow rate of
discharge from the field ditches were greatly influenced by the
differences in conditions brought about by site preparation
and/or peat mining. For all storm events, volume, duration, and
peak flow were greater from the mining sites (201-204) than from
those having natural vegetation (205-206) (Figures 15-18). Peak
flows were generally 5-10 times higher from the mining sites than
from the vegetated sites. The events shown for illustration are
relatively small ones because flooding of the weirs prevented
accurate measurement of the higher flows of larger storm events.
However, the general relationships among the various hydrographs
were similar for storms of all sizes. The models developed by
Broadhead and Skaggs (Chapter 1IV) were used to analyze long term
cumulative outflow volumes as well as individual storms of
varying magnitudes.

Removal of the vegetation and maintaining the surface in a
fallow condition greatly reduced ET. That factor alone probably
accounted for a significant part of the increase in storm runoff
and peak flow that resulted when the site was prepared for peat
mining. Transpiration plus upward flux removed water from the
so0il more rapidly and to a much greater depth in the vegetated
fields than upward flux and surface evaporation alone could
remove water from the fallow fields. Thus, less soil water
storage was available in the cleared mining fields than in the
vegetated fields. A greater proportion of the water from each
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Figure 15. Runoff from field ditcnes draininag cleared and vegetated
sites (4 ha in size) for a storm in December, 1981/
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storm left the site as stormflow and baseflow was generally
greater in the cleared fields than in the vegetated fields. No
discharge occurred from Sites 205 and 206 for the storm in late
December 1981 (Figure 15), and no discharge occurred from Site
206 for two of the other three storms (Figures 16-18). The
consistent difference in runoff between Sites 205 and 206 was
probably due in part to a difference in vegetation adjacent to
the drainage ditch., The Bros Rotor Mixer was used to clear a
strip of vegetation for installation of the field ditches. That
cleared strip was much wider at Site 205 than at Site 246.

The changes in surface conditions also contributed to the
increased runoff from the cleared sites. Surface detention
storage was virtually eliminated and a surface gradient to the
ditches was created by the grading operation that followed
grinding of the vegetation. During sequential mining operations,
the grading was repeated as needed to maintain a smooth surface
that maximized the rate of surface drainage. Infiltration condi-
tions probably were not significantly altered until at least 15-
20 cm of the peat (with residue from grinding of surface
vegetation and buried wood) at the surface was removed. Only the
fields draining through Site 201 were mined to that depth in
1981. Under natural conditions, the surface layer (9#-15 cm) of
the Pungo series has high infiltration capacity and high
hydraulic conductivity. The peat in the surface layer has
granular structure due to irreversible aggregation during drying
cycles. The surface also has a high density of roots. Bog
preparation with the Bros Roter Mixer grinds the vegetation above
the surface and the roots and wood below the surface and mixes
the chips with the granular peat. The resulting surface layer
also has high infiltration capacity and hydraulic conductivity.
After the granular layer is removed by mining, infiltration
conditions probably deteriorate somewhat. The deep milled layer
is moist, has massive structure and is highly susceptible to
puddling and compaction. Impact of raindrops on the unprotected
surface can cause puddling that significantly reduces infiltra-
tion capacity.

Other factors that may contribute to increased runoff from a
site are the turning, drying, and the frequent removal of the 4-6
cm layer at the surface. The thin fluffy layer at the surface
that is being turned and dried serves to insulate the peat
beneath and inhibit evaporation and the water content there
probably remains relatively high. The only layer with
significant water storage capacity is removed as the moisture
content decreases to 40 percent. These factors may account for
the drastic difference in runoff volume and peak flow among the
cleared sites for the storm of December 18, 1981 (Figure 15).
Peat was mined from the fields of Site 201 during August-November
and from Site 202 during August-September. No mining was done on
the other two sites. About 6 cm of rain had fallen during the
first two weeks of December following an extremely dry autumn
(Figure 19). The soil in the fields of Sites 203 and 204
probably had more water storage capacity and greater infiltration
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capacity than Site 201, with Site 202 being intermediate. The
runoff differences among the four cleared sites decreased with
time after mining ceased and the normal rains of winter recharged
soil moisture.

These data indicate that storm runoff and peak flow at the
field edge will increase substantially when the field is first
prepared for mining and a further increase may result as mining
progresses and the surface layer is removed. There probably will
be a slight decrease in storm discharge and peak flow when mining
causes the surface to approach the peat-mineral soil interface
and the field ditches have been deepened into the mineral soil.
The higher conductivity of the mineral soil will result in
greater rates and duration of base flow. Thus, more soil
moisture storage will be available when rainfall occurs.

The hydrology at the field edge after reclamation will
depend on how the land is used. The hydrology of agricultural
fields will be similar to that of agricultural fields on mineral
soils (Skaggs, et al., 1980; Chapter IV). Storm runoff and peak
flow from forest plantations will depend on the stage of growth.
Preparing the sites for planting will include bedding, a process
that produces a tremendous amount of surface detention storage.
Storm runoff and peak flow from young plantations (1-5 years of
age) will be less than what occurred during peat mining but more
than from the site prior to site preparation for peat mining.
Typically, as intensively managed forest plantations on pocosin
sites develop, the field ditches are not maintained and leaf area
index and average rooting depth surpass that of the natural
pocosin vegetation. Thus, when canopy closure occurs (5-10 years
of age), drainage efficiency is decreased and ET will probably
exceed that in natural vegetation. Storm runoff and peak flow
will then be less than with natural vegetation.

How the changes in hydrology at the field edge that occur
with si? : preparation and peat mining will influence downstream
hydrology depends on a number of factors. The flooding of the
drainage system that occurs with larger storms indicates that the
discharge capacity of the collector canals and main canals is not
adequte to maintain free flow from the field ditches. Thus, the
size of the flow increase at the field edge that results from
mining will be diminished downstream. Changes in downstream
flows will also depend on the size and distribution of areas
being mined at any one time, reclamation procedures, water
management practices, etc. The characteristics of flow in the
main canals are analyzed in detail in Chapter 1IV. :

Water Quality

The quality of water in rivers of the Lower Coastal Plain of
North Carolina has been the subject of intense debate over the
last two decades as periodic massive algal blooms, indicative of
eutrophication, have occurred. Unpolluted water in lower Coastal
Plain streams is moderately to highly acidic, low in nutrients,
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and dark colored with dissolved organic matter (Kuenzler, et al.,
1977; Kirby-Smith and Barber, 1979). Rivers showing symptoms of
eutrophication have higher concentrations of nitrogen and
phosphorus than unpolluted waters (Copeland and Hobbie, 1972;
Hobbie, et al., 1972; Stanley and Hobbie, 1977). For these
reasons, water quality analyses for this project concentrated on
nitrogen, phosphorus, organic sediment and other factors related
to biological productivity.

Concentrations of nutrient cations and heavy metals are
relatively low in waters of lower Coastal Plain streams and
canals draining undisturbed areas (Skaggs, et al., 1980;
Kuenzler, et al., 1977). The long term land alteration caused by
agricultural development can cause some increases in concentra-
tions of nutrient cations and heavy metals in drainage waters,
however, those concentrations are relatively low in terms of
water quality standards, particularly in water draining from
organic soils (Skaggs, et al., 1984).

Non-Filtrable Solids and Turbidity

The milling and mixing processes used to prepare the peat
surface for harvest of a thin layer (3-4 cm) produces a surface
of high erodibility. The surface layer of the Pungo series to a
depth of about 18 cm commonly has weak medium granular structure
that is very friable due to aggregation of the colloidal sized
organic particles during drying cycles. The milling process
tends to break down those aggregates somewhat and produces a
surface layer of low bulk density with a high content of very
fine textured material. Relatively high erosion rates occur when
the peat becomes saturated and overland flow to the field ditches
occurs. The quantity of organic sediment moved out of the field
ditches and the distance of movement through the drainage system
is a function of volume and velocity of flow. Relatively high
gradients at the downstream ends of the field ditches result in
movement of substantial quantities of sediment. Rapid filling of
the weir stilling ponds with organic sediment and wood fragments
was indicative of high rates of sediment movement from the
ditches and the surface adjacent to the ponds.

Concentration of nonfiltrable solids (suspended sediment)
and turbidity of water flowing over the weirs was considerably
higher in the cleared fields than in those remaining in natural
vegetation (Tables 2 and 3). The difference in mean concentra-
tions of nonfiltrable solids and mean turbidity values between
Site 201 and the other three cleared fields illustrates the
effects of degree and duration of surface disturbance. Mining
was conducted on the mining strips draining through Site 201
during April-November 1981 and on the mining strips draining
through Site 202 during August-September 1981. The surface
remained bare but undisturbed on the other sites. No mining was
done in 1982 so the sediment delivery from the fields during 1982
was considerably lower than would be expected under normal mining
conditions. The weir stilling ponds acted as effective sediment
basins., Therefore, the sediment delivery from fields without
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Table 2. Average concantration of nonfiltravle solids in drainage

waters.
Sampling Sites
Field Ditches i
Allen DeHoog
Cleared Vegetated Canal Canal

Year Mo. 201" 202" 203 204 205 206 301 3082 681 602

------------------------- MG/l c e e

1981 8 401.¢ 151.3 125.3 168.4 1202.4¢ 7.9 - - - -

9 147.7 156.8 28.0 65.5 63.0 71.9 91.5 14.90 - -
19 878.0 18.0 - - - - 63.6 20.0 8.¢ 17.4
11 242.5 - - - - - 27.3 13.8 34.3 15.5
12 165.8 83.0 29.0 25.0 14.9 - 79.9 11.6¢ 11.@ 4.0
1982 1 36.7 11.¢ 10.5 14.0 11.5 15.5 32.%6 9.5 7.5 5.9
2 9.4 16.5 18.2 16.2 12,5 6.9 22,6 19.¢ 11.7 19.3
3 17.7 16.9 7.3 6.9 7.7 4.5 5.5 2.0 1.0 1.0
4 31.9 - 25.0 - 13.0 - 29.0 24.2 6.9 4.3
3 137.5 - - - 7.9 - 20.5 23.3 3.2 4.7
6 73.6 2088.0 72.5 95.8@ 32.3 9.0 63.6 24.2 14.2 5.5
7 8.5 15.3 33.7 56.5 - - 8.8 126.8 7.2 3.7
8 9.3 17.0 17.0 18.49 19.90 - 15.4 7.9 9.8 3.4
9 67.93 69.0 8.9 6.0 8.9 6.9 11.7 15.2 6.5 4.5
10 22.5 7.3 3.3 6.2 6.0 - 9.0 9.2 3.8 2.5
11 73.0 5.8 5.8 5.4 3.8 3.9 6.8 5.4 5.4 2.4
12 16.0 1.0 1.5 8.5 g.5 1.5 6.9 2.7 3.0 2.0
1983 1 12.3 1.0 2.0 1.7 1.8 2.0 2.5 3.8 1.4 1.5
Mean 127.39 50.9 25.3 34.6 28.5 12.6 29.6 13.5 8.4 5.4

* Had silt screen in field ditch
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Table 3. Average turbidity of drainage waters.
Sampling Sites
Field Ditches
Allen DeHoog
Cleared Vegetated Canal
Year Mo. 201 202" 293 204 205 206 301 302 601 602
------------------------- NTU-- ————
1981 9 155 31 17 38 - - 20 25 - -
10 1100 29 - - - - 42 28 29 18
11 449 - - - - - 33 28 25 21
12 178 187 31 31 24 - 54 24 24 9
1982 1 61 23 20 22 18 17 18 12 9 8
2 24 20 15 18 13 14 15 12 8 8
3 23 18 14 16 13 14 12 1@ 7 7
4 58 - 29 - 23 - 24 19 7 7
S 263 - - - 15 - 22 29 6 6
6 73 149 103 112 26 14 25 26 6 5
7 28 41 46 65 - - 29 24 9 5
8 29 20 16 26 12 - 20 20 4 5
9 116 35 6 7 9 4 15 16 6 3
19 78 15 8 9 12 - 12 16 2 2
11 186 7 5 4 7 6 6 7 1 2
12 50 6 2 3 6 6 8 9 1 1
1983 1 36 8 3 8 8 9 8 8 4 4
Mean 166 42 22 28 14 11 21 18 9 7
»

59

Had silt screen in field ditch



these basins at the ends of the field ditches is likely to be
higher than measured here in runoff over the weir.

A significant portion of sediment in the field ditches
appeared to have originated from erosion of the channels. The
rate of erosion from the channel banks should decrease with time
as the banks stabilize, particularly if natural vegetation is
allowed to regenerate on the sides of the channel banks.

Comparing the monthly means of nonfiltrable solids concen-
trations and turbidity from Site 201 to the other three cleared
sites indicated some possible hydrologic impacts of peat removal.
Discharge from Site 201 was greater than from Sites 202-264 for
most storm events recorded from August 1981-January 1983. The
missing values in Tables 2 and 3 indicate months in which there
was no flow on any of the sampling days. There was some
"catchup" of sediment yield from Sites 202-204 when three
relatively dry months (March-May, 1982) were followed by four
months (June-September, 1982) of normal rainfall., However the
surface of the mining strips at Sites 202-204 stabilized (some
regrowth of forbs and grasses had started) and relative suspended
sediment concentrations were about the same as for the uncleared
sites during September, 1982 to January, 1983. During that
period, the concentration of nonfiltrable solids and turbidity
values were much higher in discharge from Site 201 than from the
other field ditches., These data indicate that peat removal,
probably associated with some compaction from machinery opera-
tion, tends to reduce storage capacity of the soil and increase
the erodibility of the surface. The milled layer at the surface
prior to initiation of mining has a high content of woodchips
from the surface vegetation. The peat at the surface 1is a
mixture of weak granules and fine, powdery material. Removal of
the surface 18-24 cm exposes a surface that probably has less
wood chips and a much higher proportion of very fine-textured,
powdery material after drying than does the surface layer,.

Suspended sediment concentrations and turbidities decrease
as drainage water flows from the field ditches and through the
collector and main canals. This effect results both from
settling of suspended sediment and dilution as water from
downstream collector canals draining undisturbed areas enters the
main canal. Site 301 on Allen Canal was about 2.8 km downstream
and Site 302 was about 5.6 km downstream from the entry point of
the collector canal draining the field ditches in the cleared
area. Allen Canal was cleaned with a dragline after the wildfire
so the difference in channel stability may be a contributing
factor to the differences in suspended sediment concentrations
between the two canals, in addition to the input of sediment to
Allen Canal from the cleared area.
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The silt screens installed in the ditches at Sites 201 and
202 had no effect on movement of suspended sediment to the weir
location. The screens quickly clogged with fine organic material
and wood fragments collected behind them. Water then flowed
around and over the screens and eroded the ditch banks. Much
sediment also entered the stilling ponds from the adjacent
surface and from sloughing of the banks around the ponds.

The variation in nonfiltrable solids concentration and
turbidity among sampling sites and over time was influenced by
sampling factors. Collection of grab samples each week extended
over a period of several hours because of the time required for
in situ analyses and for travel time among sampling sites. That
factor would result in sampling the field ditches at different
segments of the hydrograph, even when those hydrographs were
similar in shape.

Collection of weekly grab samples very seldom coincided with
stormflow from the mining strips that was near peak flow rates.
Therefore some stormflow samples were collected to compare the
relative magnitudes of suspended sediment concentration in
outflow near the stormflow peak with suspended sediment concen-
tration at lower flow rates (Table 4). These data indicate that
weekly grab sampling did not adequately sample the periods of
highest suspended sediment concentrations. Therefore the mean
suspended sediment values are conservative compared to actual
mean sediment concentrations.

Notwithstanding the conservative nature of the sampling
procedure, several conclusions can be drawn from the suspended
sediment data. Surface mining of milled peat results in substan-
tial increases in suspended sediment concentration in field ditch
outflow. Surface erosion from the mining strips and erosion of
the ditch banks contribute to the sediment yield. Suspended
sediment concentrations decrease rapidly as ditch outflow moves
through the collector and main canals. This is due to settling
of the suspended material as well as dilution with outflow from
undisturbed areas. Silt screens in the field ditches are not
effective in controlling suspended sediment movement. However,
sediment basins with flashboard risers to manage flow appear to
be very effective in collecting sediment discharge from field
ditches. Such sediment basins would require regular cleaning to
maintain effectiveness.

Nitrogen

Concentrations of nitrogen in drainage waters were extremely
low and highly variable among sampling locations and over time
(Tables 5-7). Flow from the field ditches was not continuous.
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Table 4. Comparison of nonfiltrable solids concentration in a
weekly grab samples vs. a stormflow sample collected
the same week.

Site Nonfiltrable Solids Peak Time of

Stage Peak (1/4/82)

Stormflow Weekly
mg/1 cm

201 78 32 118.2 11: 060 AM
202 118 19 119.6 12:90 Noon
203 83 20 88.5 12:30 PM
204 57 25 198.2 12:00 Noon
205 62 15 44.4 11:00 aMm
206 42 9 73.4 11:00 aM

Storm Description: 3.9 cm rain fell between 6 and 7 pm on
1/3/82, 1.2 cm rain fell between midnight and 4 am on 1/4/82
and 1.7 cm rain fell between 9 and 14 am on 1/4/82.

Sampling Times: Stormflow samples were taken between 5 and 6 pm
on 1/4/82; weekly samples were taken between 1¢ and 11 am on
1/6/82.
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Table 5. Average concentration of NH,-N in drainage waters.

Sampling Sites

Field Ditches

Allen DeHoog
Cleared Vegetated Canal Canal
Year Mo, 201" 202" 203 204 205 2086 301 3g2 631 602
———- - - Mg/ lececcccncccnaa ———— -

1981 8 g.11 g.22 9.33 @.32 @.25 3.20 - - - -

9 @.18 2.35 g.26 @.42 0.24 0.19 1.95 1.80 - -
19 - - - - - - 9.95 @.96 3.80 §.32
11 g.11 - - - - - 2.71 ©0.84 1.40 1.38
12 9.39 g.62 d.53 @.52 0.25 - g.86 1.06 1,11 6,19
1982 1 3.16 g.57 .53 0.67 @.20 0.14 ©6.58 @9.65 @0.12 @.1¢
2 g.14 2.31 g.41 @.29 9.12 g.1¢ 9.34 .38 0.1 @6.1¢
3 g.11 g.25 g.19 4J3.26 93.14 é.1¢ ¢.23 d.36 g.1¢ @.19
4 g.37 - 1.20 - 3.10 - 0.21 .28 @.10 G.10
5 g.12 - - - .12 - .39 @9.72 9.1 0.10
6 .16 g9.19 g.11 @.24 2.13 0.10 0.44 0.61 @¢.19 @.1l0
7 8.16 g.18 g.10¢ @.19 - - g.13 ¢.22 9.10 @.12
8 3.11 2.19 g.14 @.20 2.10 - g.14 @0.20 gJ.11 @.15
9 g.44 g.91 .85 ©.89 3.54 .54 9.56 0.5¢ 0.52 9.69
10 3.37 g.28 #.32 @.3¢ 0.37 - 2.43 @0.28 @.16 Q.22
11 d.40 @.35 9.31 0.34 0.34 0.34 0.40 ©0.43 0@.13 6.19
12 6.46 3.59 d.45 @.62 0.56 g.4¢ 0.51 @9.42 Q.13 2.15
1983 1 g.35 g.39 g.46 d.36 @.50 g.45 0.42 43.55 @.12 @.19
Mean .24 2.36 0.41 0.49 0.26 .25 @.55 9.60 0.32 0.26

* Had silt screen in field ditch
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