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EXECUTIVE SUMMARY

A study was conducted by an interdisciplihary research group
at Virginia Polytechnic Institute and State University to develop
an energy flow model for the Winfield Pool of the Kanawha River.
The‘ model was used to analyze the possible impacts of an
increased increment of tow traffic that might be brought about by
improvements to the locks at Winfield. Datarnecessary to develop
the model were collected for one year at‘ two 'sites: , Upper
Winfield (UW) located at River Mile 66-67 and Lower Winfield (LW)
located at River Mile 33-34. 1In the Winfield Pool the habitats
and biota approximate a continuum from more riverine types at the
upper end to more lacustrine at the lower end. There is always
percéptible current in the uﬁper reaches, whereas, there is slack
water downstream during low flow conditions. The bottom is
composed of cobble and pebbies at the upper end with sand at the
lower end. The riverine section ("UW-like") was demarcated from
the lacustrine section ("LW-like") at River Mile 57 for the
purposes of the enéfgy flow model. However, the Winfield Dam
does not produce a habitat that is typical of a reservbir. Even
in the lower reaches of the pool, the Kanawha continues to behave
as a large river because there is little accumulation of organic
detritus on the Dbottom and the sediments are primarily-coarse

materials.
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The Kanawha River has suffered from very poor water quality;
however, since the 1960's water quality appears to have improved.
During 1982-1983, the water quality at the ends of the Winfield
Pool did not pres-ent conditiens that would be deleterious to
aquatic biote. As the water quality has improved, the biological
communities have become more normal for a river the size of the
Kanawha. Phytoplankton diversity is reasonably good, but the
density of erganisms is somewhat low in comparison to other
similar rivers. Although water quality ‘has improved in the
Kanawha River, the industries and municipalities throughout the
valley still  have some impact . on the biota. Rotifer
concentrations have increased markedly,eince the 1960's. The
greater current and availability of coarse bottom sediments, lead
to higher diversity and productivify of benthic
macroinVertebrates'at the upper end of the pool. The diversity_
and productivity of benthic macroinvertebrates is within the
lower part of the range reported for similar rivers. The fish
commuﬁity of the Kanawha River appears typical of a large river,
‘both in terms of total biomass per unit area and distribution

among species and trophic groups.

The energy required for the respiration of the organisms in
the Kanawha River exceeds the amount of energy that is ceptured
by the photosynthetic activity of the algae, hence, the river
functions as a heterotrephic system. The amount of energy that

is available from allocthonous sources (leaves, terrestrial
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insecﬁs, seston from upstream) into the Winfield Pool far exceeds
the amount of energy - that is produced autochthonously
(phytoplankton, periphyton) within the pool. TheAassemblage of
consumer organisms in the pool utilizes only a very small
fraction of the energy that is availéble to them from the
detritus passing through the system. Within the primary
consumers (zooplankton, benthic macroinvertebrates), 0.2 - 45 %
of the energy they consume is dependent upon primary producers,
whereas 29-161 9% of their consumption is dependent upon detrital
components ( > 100% possible because of materials cycling).
Within most of the fishes only 2-30 % of their consumptioh is
dependent upon primary producers, but 16-127 % is dependent upon
consumption of detrital coﬁponents. Heterotrophy and dependence
upon. energy from allocthonous detritus are typical of large
fivers. Overall, the levels of productivity and the flow of
supporting energy in the Kanawha River are what would be expected
in the physical environment of a large river that has been
altered by a series of 1low dams to facilitate commercial

navigation.

Several different studies during the project did not
document any direct adverse effects to selected faunal components
from the passage of tows. There were no more damaged rotifers
colle;ted’directly behiﬁd a passsing tow than in areas out _of the
sailing line. : Benthic macroinvertebrates -exhibit a different

community structure in the sailing line in shallow water, but the
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standing stock biomass is actually higher in the sailing line.
Laboratory studies indicated that larval fishes can withstand
very hivgh levels of turbulence, although mortality increases
significantly with'the suspension of inorganic sediments. Field
studies indicated that tow boats probably have little effect on
larval fishes, because the larvae are most abundant in a narrow
zone near shore where tows do not pass. All indications are that
the fauna of the Kanawha River has become adjusted to the present
levels of traffic, and an increased increment of traffic would

have little effect.

The most 1likely impacts -from an increased impact of tow
traffic would bel indirect trophic effects brought about by an
increase in  turbidity | and an. accompanying reductibn in
photosynthesis. The energy flow model was used to simulate
several scenarios of projected levels of tow traffic in
combination with the physical changes that were described for
passing tows. 1In the worst case scenario (year 2050, 45 million
tons, improvements at both Winfield ancll Marmet), assuming that
all primary production is eliminated for 20 minutes after each
passing tow, the annual average standing stock of primary
producers (phytoplankton, periphyton) could be reduced by as much
as 15%. However, because of the heterotrophic nature of the
system and the dependence on allocthonous detritus for energy,
the reduction in primary production would have little impact on

consumer componerits of the ecosystenm. Zooplankton‘ and scraper -
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grazer invertebrates that feed heavily on algae Qould only be
reduced by < 6%, and other benthic macroinvertebrates would
exﬁibit practically no reduction in annual average standing stock
( < 1.9%) The reductionb in primary production would cause
negligible reductions in the annual average'standing of the fish
components (0.02 - 1.43 %). The energy flow model indicates that
with any pfojected increase in tow traffic the Winfield Pool
ecosysteﬁ would continQe to function as it does with the present

levels of traffic.
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I. INTRODUCTION

The Huntington District of: the U.S.'Army Corps of Engineers
is considering making improvements to the Winfield Lééks and Dam
in order to make trahsportation on the Kanawha River .more
efficient. As part of the planning process, it is necessary to
consider the environmental impacts that might result from an
increased increment of tow traffic on the river.

Large rivers, such as the Kanawha, are perplexing to aquatic
scientists because so little is known about them. The 1lack of
knowledge about large rivers is due to the difficulty of sampling
a diverse biota in a challenging physical environment as well as
the difficulty in interpreting bthé data from such complex
systems. Environmental impact studieg, in general, have suffered
from an inability to integrate biological information in a manner.
suitable for making decisions. The traditional }method for
environmental impact evaluations of construction projecfs on
rivers involves developing lists of the biota énd making spofadic
measurements of physical-chemical properties, = population
densities, and community structufe. VImpacts are then predicted
by determining how each individual component will be affected by
the proposed action. Many impact statements of this type are
inadequate because they. focus én thé species levelvor physiéal-
chemical level. By themselves these measurements provide very

little information; because decisions should be based on overall
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ecosystem function. Therefore, environmental impacts- cah kbe
better assessed 'by a holistic approach that quantifies, the
simultaneous effects on all componenté according to ‘their
interrelationships-in the ecosystem. Energy fiow modéling was
chosen as the best method for accomplishing such a holistic

analysis.

The overall objective of the project was to dévelop an
energy flow model that describes the function of the Winfield
Pool ecosystem under the pfesentvconditions-and then to apply the
mﬁdel to predict the’changes that would occur from an increased
increment of traffic. The ecosystem boundarieé were considered
to be theishoreline of the Winfield pool and Winfield and Marmet
dams. Energy flows ‘were tracked from the allocthonous and
autochthonous inputs to the pool, through 19 major components
within the pool, and then accounted for as exports from the pool.
The energy - flow modél was developed on- the basis of extensive
data collectéd during 1982-83, including: terrestrial /inpufs
(leaves and insects), benthic detritus,.organicvseston, bacteria,
primafy productionv(phytoplankton and periphyton), zooplankton,
benthic macroinvertebrates, and fish. For the secondary
producers (zooplankton, benthié macroinvertebrates, fish) it was
necessary to .describe the functional composition of the
biblogical communities, then measure the produétion of each
cqmponent and the sources of energy‘accoﬁpting for the observed

levels of production. An important advantage of the energetics
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approach is that the traditional ecological data are obtained in

the course of developing an energy flow model.

- In order to 'apply the model to predict ecosystem 1level
impacts, it was necessary to have information on the physical
effects of tow paséage and a description of the future fleet.
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