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INTRODUCTION

A dike surrounding a fly ash settling lagoon collapsed, dumping
highly caustic water into the Clinch River killing over 200,000 fish
in 90 miles of river in Virginia and Temnessee. This caustic water was
produced at Appalachian Power Company's 700 megawatt steam powered
generating plant on the Climch River at Ca:bo, Vifginia. Native coai
is utilized to produce steam which is.subsequently used in the pro-
duction of electric power. The native coal has a high ash content
resulting in the production of approximately.QGO tons of fly ash
daily. To efficiently remove the ash from the furnace hoppers, Clinch.

’ River water is mixed with the ash to form a slurry which is pumped to
large fly ash settling lagoons. A closed system intorporating recir—-
culation of the'aupernatant is used to conéerve water. Recycling
allows free lime {(Cad) in the fly ash to react with water forming
Ca(OH)z. This eventuallyrraisea the pH of the recirculating water
and ;he water in the.fly—ash lagoons to extremely high pH values
ranging from 12.0 to 12.? {(Anonymous, 1967b).

A Dike Failed

e

On June 10, 1967, a 50-75 foot seétiou of a dike surrounding a

fly ash settling lagoon collapsed.‘ Within léss than an hour 400 acre-
feet (approximately 130 million galloms) of highly caustic water (pH 12.0)
poured intec Dump's Creek which joins with the Clinch River one half

mile downstream., This slug of caustic water equalled 407 of the daily
flow of the Clinéh at that time and blocked the normal flow of the

river for several minutes while raising the water level several feet

forcing some waste upstream approximately 0.5 miles. Thus an



essentiaily undiluted slug of highl& caustic water entered the Clinch
River. For the mext four and one half days the highly basic slug
traveled downstream at & rate of approximately 0.85 miles per hour
{Anonymous, 1967b).

The exact cause of the dike failure was never determined. One
pogssible reason given by Appalachian Power Company was that a leak dev-
eloped in a recirculation pipe buried in the dike. Another possible -
cause was that erosion of foundation material due to the flow of Dump's
Creek might have caused part of the dike to settle.and collapse (Anonymous,
1967a).
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As the highly basic mass of water moved down the Clinch River, it
killed essentially all the figh in its path (Anonymous, 1967a}. During
this period, 162,000 sport and rough fish were killed in 66 mileé of
the Clinch River in Virginia. An additional 54,600 sport and rough
Eish were killéd in 24 viver miles in Tennessee where the polluted mass
was gradually diluted, dispersed, and neutralized in the river by natural
physical chemical forces. As the highly caustic mass flowed downstream
the lethal effects were neutralized by dilution and by the following
chemical reactions: |

1) Ca(OH); + Ca(HCO3)y =-=--= 2CaCO3 + 2Hy0
In addition COy from the atmosphere reacted with the water to form:

II) Hp0 + COp Ss=333  H,CO4

III) Ca(OH)y + HyCOq ==m-- 2 CaC03 + 2H,0

The lethal agent was reported to be the high pH level of the
alkaline water which was composed of 90% hydroxide alkalinity and 10%
carbonate alkalinity. A secondary effect of the spill which contributed_
to the fish kill was a depréssion of the dissolved oxygen concentration.

This may have been caused by the decaying organic matter (Anonymous, 1967b).
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Bottom Fauna Are Eliminated

Ten days after the collapse of the dike the Virginia State Water
Control Board conducted & bottom fauna survey at selected stations above
and below the site of the splll to assess damage to the bottom fauna fish
food organisws (Anonymous, 1967a). They observed that:

1} Bottom dwelling fish food organisms appeared to have been
completely eliminated for a distance of approximately 3 or &4 miles
below the site of the spill (Figures 1, 2).

2} A drastic reduction in the number and kinds of bottom dwelling
fish food organisms occurred in the Clinch River for 77 miles below the
spill (Figures 1, 2).

3) Snails and mussels were eliminated for 11.5 miles below Carbo,
Virginia.

4) The State Water Cent;ol Board, based on past experience, predicted

that as far as total weight per square foot of stream bottom, the Clinch
Rivery would recover to its former productive capacity witﬁiﬁ three months
after the spill.
Both the Virginia and Temnessee Game Commissions were of the consensus
that the stream biological organisms would appear in sufficient number
for fish restocking of the Clinch River in the fall of 1967 (Anonymous,
1%67a}. ‘

The major effect of the highiy caustic mase of water was to decrease
drastically the diversity (number of different kinds of organisms) and
the density of the bottom fauna. Station 2, located in the backwash
area affected by the spill, showed & drastic reduction in the number of
taxons of bottom fauna when compared to Station 1, which was upstream of

all damage from the spill (Figures 1, 2). Bottom fauna organisms were



completely eliminsted at Station 3, located 0.3 miles below the power
plant. A recovery paitern was apparent at Stations 4, 5, and 6,
indicatiﬁg that dilution and physical and chemical reactions had
probably decreased the toxicity of the casustlic mass of water as it
passed these polnts on the rivér.

At the damaged stations, pollution tolerant midge larvae made up
more than 60% of the total population of bottom fauna. At Station l,
which was unaffeated hv the spill, the midge larvae made up only 8%
of the total number of benthic organisms. Frem Stations 10-12 this

percentage decreased tc less than 30% indicating a reduction in the

severity of the toulc stress.

Biological Recovery Survey — 1969

During the summer and fall of 1969, a bottom fauna and fish
survey of the (linch River was conducted to study the extent of the
biological recovery of the river following the 1927 fly ash_spill.
Particular exphasis «as placed on studying the bottom [auna community
above and below the zpill site because:

1) They are relatively sessile organisms and cannci aveid envir-
cumental stress;

2} They have rather long and complex lifg historisa, and there-
fore, their przsonce or absence refiects the histary of the eavironment;

3) Since they are members of the food web in an.aquatié environment,
their presence or absence reflects directly on fish pesulatilon structure.

4} Sampling technigues for bottom fauna are more reliabie than
techniques for fiéh;

5) More biclogilcal information can be gained from studyinp this

group of organisms per dollar invested than any other group.



A preliminary fish survey was also conducted to determine if forage
fish populations below the site of the 1967 spill were similar to

upstream aveas unaffected by the spill.
UATERIALS AND 1ETHOLS

From July 1, 1969 to December 1, 1969, twenty-one ecolocically
similar stations on the Clinch River and related tributaries vere located
and sampled for bottom fauna organisms:(Figure 3). Four stations were
located above the siﬁe of the spill to serve as control or reference
stations with vhich downstream stations could be compared. Twelve
stations were located below the apill site to aggess the recovery process
and to evalvate any contributing influendes arising from industries, muni-
cipalities or agricultural areas. Five additional stations were estaﬁlished
on tributaries entering the Clinch River. |

Sampling sites vere carefully selected to insure their uniformity
since it is essential that all stations have comparable habitats if a
valid comparison is to be made between stations. Comparable sampling
of the bottom fauna was carried out at each station using a bottom net
and a Surber square foot sampler. Ixtreme care was taken to see that
an equal amount of effort was given to collection at each statiom.

Each station was divided into three substations (left bank, right bank,
and midchannel). Samples were taken from each substation with the bottom
net and processed separately since it was observed thét waste discharses
often were restricted to certéin areas within each station. Immediately
after collection, the bottom material was passed through a series of

sraded sieves (Tyler mesh Nos. 4, 10, and 35) and all organlisms removed

and preserved in 707 ethanol.



Fish samples were collected in November 1969 using a 10' by 4° seine
of % inch mesh, These collections were obtatfned at two stations, above

the 8pill site and at four stations below. Only shallow areas and riffles

vare sampled.

RESULTS AND DISCUSSION

Diveraity of Bottom Fauna

Diversity valuese consisting of the number of taxone or different
species found at each station, were plotted on a histogram, Figure 4,
and the followlng observation was made. A differgnce existed between
upstream control stations and stations immediately below the spill site
for a distance of approximétely 22 miles. At Control Stations 1-4 the
diversity of organisms varied between 48 and 54 taxons while below the
splil site there was a decrease in diversity at Station 7 to 43 taxons
followed by an even more dramatic decrease at Station 8 to 33 tauons,
This low diversity value is followed by a linear increase in the number
of different species at the next three stations until Station 11 had
46 tax§nsg nearly the same number as observed for the control stations.
At Station 12 another decrease in taxons was noted followed by increased

diversity values, equal to control station values, for the remaining

dowmstream stations.

Density of Bottom Fauna

In Figure 5, a density graph that includes all snail and freshe
water mussel specles, the difference between the upstream control stations
and staticns below the spill site was even more pronounced. At the con—
trol stations the densitles ranged between 145.2 and 24.6 orpganisms per

square foot. In contrast, densities at Stations 8-11 varied between



2.4 and 18.8 orgenisms per square foot with the highest density being
found at Station 11, the furthesge - downstream station. Station 13
alsc showed drastic reduction in density, which appeared to be due to

a tributary that joined with the Clinch iust upstream from this station.

Flgure 6, another demsity graph which excludes snail and fresh-
water wmussel species, showed the sgame difference between Control
Eeationg 1-4 and Stations 7-11 previously mentioned. However, this
graph alse showed that:

1) There was a reduction in the densities at Stations l-4 and 13-21
when compared to the same stations in_Figure 4, This decrease was due
to the exclusion of the snails and mussels which made up & large per-
centage of the populations at these stations.

2) Densities were not affected st Stations 7-11 because of the
inability of the moliuscs to become reestablished after the spill.

This inability to recclonize and increase is probably due to longer
life cycles than found for most other aquatic invertebrates, the lack
of an aerial stage in their life cycles which would increase their
reinvaslon rates at stations below the plant, and the fact that they
are not susceptible to downstream drifc.

The diversities and densities found at stations inmediately
below the epill site iﬁdicate a récovery pattern. This pattern involves
a combination of interrelated factors that include the initial amount
of stream damage at each station after the spill, differing rates of
recolonization by different organisms, and the presence of an environ-
mental stress on the aquatic ecosystem. A contributing factor to the
Tecovery patiern was Appalachian Powey Compaﬁy's discharge of an indus-~
trial waste above Statioﬁ_? which flowed slong the right bank for some

distance before wmixing. Since it was restricted to the right side of
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the viver, the effluent did not affect the overall diversity found at
Station 7 but appears to have an adverse effect on the aquatic organ-
isws st dovmstream stations although the effects.gradually decreaged
due to dilution and naturally occurring chemical reactions in the
water. Combined with the fact that the initial stream damage from the
alkaline spill was most severe at Stations 7 and 8, a linear increase
in the diversity of aquatic organisms the further downstream a station
was located may be expected if recovery was not complete. However,
Statlon 7 which had a higher number of taxons than found for Stations

8 and 9 did not follow the typical recovery pattern of a linear increase
in diversity. A possible explanation for this deviation is that Station
7 would be the first station to be recolonized with organisms coming
dowmstream and since lts overall diversity was not affected by the
effluent from the power plant as were Stations 8-1] where a more com-
plicated recovery pattern existed.

Community Structure Analysis of Bottom Fauna

Community structure analyses of the hottom fauna collected at each
of the sixteen sampling stations located on the.Clinch River indicated
that the bottom fauna community structures at stations below the sgpill
site were similar to the control stations upstream (Table I). Inter-
actlons between the ablotic environment aﬁd biotic components result
. ia a characteristic assemblage of organisms commonly referred to as
commynities. If stress {pollution) 18 placed on a natural biotic
tommunity, detectable changes in structure occur. Using technigues
from information ﬁheory, mixed-gpeciea populations can be analysed
regulting in a diversity index which characterizes the communicy

structure, In this study diversity per imdividual {d) was calculated



for the left bank, right bank and midchannel substations for all
aixteen stations on the Clinch River using the following eguation:
EamzimiiN}Ang(miimp
A complete explanation of this technique was given by Wilhm and Dorris,
1968.
Values for 4 exceeded 3.0 at all stations except left bank Stations
1 and ZL, vight bank Station 7 and midchannel Stations 17 and 20. "Clean
water"areas have been found by Wilhm and Dorris, 1968 to have 4 values
exceeding 3.0. Border line values for d such as were found at the
vight bank Station 7 (2.92) indicate areas of moderate pollution.
Effluents from the power plant entere& the Clinch Rive: directly above |
Station 7 end damaged the right bank substation as indicated by the
depregsed diversity index (d) and by the décreased'diversity and den-
gity of bottom fauna at this substation. However, it appeared that the
Clinch Riveﬁ had substantially recovered from the fly ash pond spill

when the community structure of the bottom fauna was used as a criterion.

Bensity and Diversity of Fish

Taxonomle results for the fish collections.are shown in Figures
7 and 8. Figure 7 shows the number of taxons or different fish species,
made up of mostly winnows and darters, found at each station. Control
Stations L and 2 had 19 and 17 different species respectively, while
Station 7 below the splll site had 11 species. This difference indi-
cated recovery was not complete and may be correlated with the
decreased availability of figh food organisms and/or the power plant's
waste dipcharge. Further downstream at Station 9 the number of taxons
had increased to the same level as observed at the upstream control
stations but a drop at Station 11 te 2 taxons was found. Field obser-
vations made at the time of collection showed a large amount of

slilting st Stavion 11 which may have cauged a reduction in diversity.



Fish densities for each station, Figure 8, show the same variations
a8 were noted for the bottom fauna where there was a reduction in den-
8ity of individuals immediately below the 8plil site --~ the density of
individuals increased the further downstream the samples were taken.
Combined with the results from Figure 7 this indicated there were nearly
the same number of fish species below the spill site as found upstream,
However, the fish did not have comparable densities to those found at
the upstream control statioms. Station il was an exception becausg of

the previously mentioned problem of siltation.
CONCLUSIONS

From this preliminary survey, conducted in the summer and fall of
1969, dovolving sampling for bottom fauna and fish, the following tenta-
tive conclusions seem justified:

i) Aguatic communities of "bottom fauna" that were completely elim-
inated below the power plant at Station 7 had recovered to a point where
the mmber of different kinds of organisms found at this station were
approximately the same.as in upstream control stations unaffected by
the spill. However, the densities of individuals of these specles
were still less than the control stations indicating that full recovery
had not occured, |

2} Populations of benthic fish food organisms at Stations 8-11
showed a linear recovery patterm. Station 8 had the lowest density
and number of taxons, and there was anm increase in both populatrion
paraneters af downétream stations.

3) Large portions of the populations at control stations and at
stations 30 miles or further downstream consisted of moliuscs, However,

these aquatic invertebrates had not recovered at Stations 7-11 below
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the site of the spill. This failure to recover was probably due to their
inability to reinvade and recolonize areas below the spill site as fast
as aquatic insects,

4) Community structure analyses indicated that the bottom fauna
below the site of the spill were similar in structure to that of
stations above the spill site and were characteristic of “clean water"
sirtuations. | |

53 Different species of minnows and darters apparently had recol-
onized stations below the plant but did not have the degsity lavels
found at the upstream control stations.

6} Two vears after the spill, the Clinch River had not fully
recovered. However, fish food organisms such as mayflies, stoneflies,
hellgramites, and midge larvae were present at all the "spill" areas

and should support a productive sport fishery.
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FIGURE CAPTIO.'S

dumber of taxons found at each station for June, 1967 bottom
fauna survey. -

bensity of orpanisms found at each station for June, 1967
bottor fauna survey.

Diagram of sampling locations on Clinch Ziver and related
tributaries.

-lumber of taxons found at each station for 1969 botton fauna
SUIVEY.

Density of organisms, includine molluses, at each station
for 1963 survey.

sensity of orpganisms, excludinog molluses, at each station
for 1969 survey.

Jumber of fish taxens found at sampling stations for November,
1269 survey.

~ensity of £ish at each samplinz station for Jovember, 1269
SUEVEeY. '
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Fig. 1 Number of taxons found at each
station for June, 1967 bottom
fauna survey.
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Fig. 2 Density of organisms found at
each station for June, 1967
bottom fauna survey.



Station 5 -~ Dump's Creek #1 - Carbo X
Virginia -~ R. MILE 267.9

i

Station & ~ Dump's Creek #2 - Carbo
Virginia - R. MILE 267.9

Station 12 - Bull Run Creek - Coeburn,N ¥
Virginia - R. MILE 246.2

Station 14 - Guest River - Dungannon,
Virginia - R. MILE 244.2

AL

Station 18 - Stock Creek -~ Clinchport) X
Virginia - R. MILE 213.2

Station

tStation

Station

Station

Station

\Station

Station

Station

Station

Btation

Station

Station

Station

Station

Station

Pig., 3 Diagram of sampling locations on
Clinch River and related
tributaries

Station

10

11

13

15

16

17

19

20

21

Bridge on Highway 80 - Blackford,
Virginia - R. MILE 296.0

Rte. 652 Bridge - Below Honaker,
Virginia - R. MILE 288.5

Above Cleveland, Virginia - R. MILE
273.6

Hackney Farm - Carbo, Virginia

R. MILE 269.2

A.P.C.'s Plant - Carbo, Virginia
R. MILE - 267.7

Below Carbo, Virginia - R. MILE 266.5

Below Carterton, Virginia - R. MILE
263.8

River Road -~ Below Castlewocod,
Virginia - K. MILE - 256.5

End of Rte. 611 —~ Below St. Paul,
Virginia - R. MILE - 249.6

End of Rte. 657 - Coeburn, Virginias
R. MILE =~ 246.1

Bridge at Dungannon, Virginia -
R. MILE - 237.0

Bridge at Ft. Blackmore, Virginia
R. MILE - 227.3

Darnell Farm - Above Clinchport,
Virginia - R. MILE - 216.5

End of Rte. 644 - Clinchport,
Virginia - R. MILE - 213.1

Lily Horton Farm - Kylesford,
Tennessee ~ R. MILE - 190.2

Seal Farm - Sneedville, Tennesses~
R. MILE -~ 178.2
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NUMBER OF TAXONS

FISH TAXONS PER STATION - NOVEMBER 1969

s R TPy SIS PN W SUNIPN JHPU BN
UPSTREAM FROM SPILL DOWNSTREAM FROM SPILL
] 2 7 9 i i9 —e 5TA No.
{28.5)} {t8.8) (0.2} {3.8) {18.8) {51.0}—= R MILES

STATIONS SAMPLED - CLINCH RIVER

Fig. 7 Number of fish taxons found at
sampling stations for November,
1969 survey.
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Fig. 8 Density of fish at each sampling
station for November, 1569
survey.
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