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INTRCDUCTION

Applied Biology, Inc., was contracted by Public Service Company
of Indiana, Inc. (PSI), to conduct a construction phase ecological
monitoring program at the proposed Marble Hill Nuclear Generating
Station - Units 1 and 2, located near Madison, Indiana. This re-
port presents the results of that monitoring program and analyses
of all ecological data collected between 21 March and 16 November

1978.

According to Specification Y-2961, the objectives of this
program were to: (a) "ascertain and document the existing ecologi-
cal conditions in the immediate vicinity of the Marble Hill Nuclear
Generating Station,"” and (b) "provide reference information to be
used in the assessment and minimization of the effect of plant

construction and operation on the local environment."

To meet these objectives, Applied Bioloay, Inc., conducted a
sampling program based on specifications formulated in the Con-
struction Phase Ecological Monitoring Program of Sargent and Lundy
Engineers' Specification Y-2961 dated April 15, 1976. During 1978,
the mammal, plankton, periphyton, macroinvertebrate, fish and larval
fish communities, as well as chemical and physical parameters, were

sampled at seven aquatic or terrestrial sampling stations.



AQUATIC MONITORING PROGRAM

The six aquatic sampling stations (Stations 1, 3, 5, 6, 8, and
14; Figure 1) were sampled in March, May, August, and November 1978.
Originally, sampling was scheduled for February but was delayed
until March by unfavorable weather. Station 1, located in the Ohio
River 200 yards upstream of 8ig Saluda Creek, was selected to re-
present conditions above the intake of the propcsed plant. Station
3 is located in the area of the proposed intake and discharage,
where construction impact would most likely take place. Station 5
is the downstream station selected to represent conditions after
complete mixing of the thermal plume. Stations 6 and 8 are located
in creeks which drain the northern and eastern margins, respectively,
of the plant site. Stations 1, 3, 5, and 6 were established at
locations previously sampled in a baseline study conducted during
1974-75. Station 8 was added in 1977 to stidy erosion from con-
struction activities. Station 14, located tihree miles downstream
from the proposed intake, was added in 1976 as a check on the typi-
cality of Stations 1, 3 and 5. Station numbers of the present study

were consistent with those used in the baseline study.

TERRESTRIAL MONITORING PROGRAM

One terrestrial sampling station (Station 13; Figure 1) was
located in the wooded area on the east-facing slope. This station,

composed of five separate observation posts, was established during

xiy



the baseline stuay and was surveyed for the abundance of squirrels
in March and November 1574. In addition, rabbit counts were con-
ducted in May 1978 on the roads which approximate the site bound-

aries.

1978 ECOLOGICAL MONITORING PROGRAM

Sampling at the aquatic and terrestrial stations was performed
as outlined by Sargent and Lundy's Specification Y-2961. Samples
for each parameter were analyzed and the data reduced. Dates and
purposes of all field trips and personnel involved are presented
in Table 1. The 1978 monitoring program was essentially a repeat
of monitoring conducted during 1977. Although considered as a
construction phase sampling program, sampling in 1977 was more

than three-quarters complete before construction actually began.
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TABLE 1

FIELD WORK AT MARELE HILL PLANT
FEBRUARY - NOVEMBER 1978

ABI
Date Purpose of Field Trip - Personnel
February 28 Placing ¢ periphyton and macroinvertebrate W. Rhodes
samplers W. Courtis
March 21-23 1st quarterly sampling W. Khodes
Ist fish eggs and larvae coliection S. Dupont
W. Howard
J. 0'Hara
H. Kania
April 7 2nd fish eggs and larvae collection W. Rhodes
W. Courtis
April 21 3rd fish eggs and larvae collection W. Courtis
G. Glover
May 5 4th fish eggs and larvae collection W. Courtis
G. Glover
May 17 S5th fish eggs and larvae collection W. Courtis
J. Downing
May 22-25 2nd guarterly sampling W. Rhodes
D. Herrema
R. Comegys
H. Kania
May 30 6th fish eggs and larvae collection W. Courtis
G. Glover
June 6 7th fish eqgs and larvae collection W. Courtis
G. Glover
June 13 8th fish 2gqgs and larvae collection W. Courtis
G. Glover
June 19 8th fish eggs and larvae cellection W. Courtis
G. Glover
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ASLE 1

(continued)

FIELD WORK AT MARBLE HILL PLANT
FEBRUARY - NOVEMBER 1978

ABI
Date Purpose of Field Trip Personnel
June 26 10th fish eggs and larvae collection W. Courtis
G. Glover
July 6 11th fish eggs and larvae collection W. Rhodes
J. Russell
July 13 12th fish eggs and larvae collection J. Russell
M. Soule-Hinds
July 20 13th fish eggs and larvae collection M. Soule-Hinds
D. Webster
July 27 14th fish eggs and larvae collection D. Webster
R. Comegys
August 3 15th fish eggs and larvae collection J. Russell
M. Soule-Hinds
August 10 16th fish eggs and larvae collection J. Russell
R. Comegys
August 16-18 3rd quarterly sampling W. Rhodes
17th fish eggs and larvae collection W. Howard
M. Soule-Hinds
H. Kania
October 23 Placing of periphyton and J. Russell
macroinvertebrate samplers M. Smith
November 14-16 4th quarterly sampling W. Rhodes
J. Russell
M. Smith
H. Kania




A. CHEMICAL AND PHYSICAL PARAMETERS

INTRODUCTION

This study was designed to monitor the physical and chemical
parameters of the aquatic habitat at locations near the Marble
Hill Plant site. Chemical and physical parameters are especially
important to the biological community in aquatic environments

because of possible effects on the entire food chain.

MATERIALS AND METHODS

Duplicate sub-surface water samples were collected at Stations
1, 3, 5 and 6 with a non-metallic Kemmerer sampler. Water samples
were preserved as prescribed by the EPA (1974) and analyzed accord-
ing to Standard Methods (APHA, 1976). A list of the chemical
parameters analyzed, preservation techniques, detection limits, and

methodologies is shown in Appendix Table A-1.

Current velocity, water temperature, Secchi depth, water
depth, and turbidity (Station 8 only) were determined on each
sampling trip. In addition, quarterly seuimentation studies were

conducted at Stations 6 and 8.

Current velocity was determined with a General Oceanics

Model 2030 digital flowmeter and Model 2035 flowmeter readout.



Determinations of pH were made in the field with an Orion Model

407A pH meter. Water depth was determined with a Heathkit Model
1031 depth meter. Oxygen determinations were made using a YSI

Model 54 oxygen meter. Conductivity was determined with a ¥SI

Model 33 salinity-conductivity-temperature (SCT) meter. Tempera-
ture was measured electronically with the oxygen and conductivity
meters. Turbidity was determined in the laboratory with a Hach
Model 2100 A nephelometric turbidimeter. All meters were calibrated

in the laboratory before each field use.

RESULTS OF WATER CHEMISTRY ANALYSIS

The results from the chemical analysis of water samples col-
lected quarterly at Stations 1, 3, 5 and 6 during 1978 are tabula-
ted in Appendix Tables A-2 through A-5. Both replicate values and

their average are shown in these tables.

The results (average of two replicates) obtained from
Ohio River Stations 1, 3, and 5 are graphically compared for
each chemical parameter in Figures A-1 through A-22 with baseline
data from the Environmental Report (PSI, 1976) and, where avail-
able, with Ohio River Valley Water Sanitation Commission (ORSANCO)
data. Average monthly values from the closest ORSANCO sampling
stations upstream (Mile Post 528.1 at Neville, Ohic) and downstream
(Mile Post 600.6 at Louisville, ¥entucky) of the Marble Hill Plant
site (Mile Post 570) were used for these comparisons.

A=



Water chemistry data for the Ohio River stations in 1978
generally varied considerably between seasons, but only slightly
between stations. Chemical parameter values measured in 1978 were

similar to those of the baseline study and 1978 ORSANCO values.

Little Saluda Creek (Station 6) water chemistry data obtained
by Applied Biology, Inc. in 1975 were compared to baseline (PSI,
1976) and 1977 construction phase monitoring results (ABI, 1978)
(Table A-1). Minimum and maximum values of each chemical para-

meter are presented for comparison.

Dissolved Oxygen

Dissolved oxygen values were similar at all the Ohio River
stations within a sampling period but varied seasonally (Figure
A-1). Dissolved oxygen values were highest in the fall and lowest
in the summer. Little Saluda Creek dissolved oxygen values were
similar to those in the Ohio River in March and November, but
during May and August the creek values were appreciably higher.
Regardless of the season, dissolved oxygen values for all stations
remained above 5.0 mg/liter, which is higher than the 4.0 mg/]
averane value per calendar day recommended by the 1977 State of

Indiana Water Quality Standards (5PC 1R-4}.



pH and Alkalinity

The pH values measured at the Marble Hill Plant site during
the 1978 quarterly sampling program ranged from 6.8 to 7.6 in the
Ohio River and from 7.3 to 8.0 in Little Saluda Creek (Figure A-2).
These are well within the 6.0 to 9.0 range recommended by the

Indiana Water Quality Standards.

Alkalinity, the measure of the carbonate and bicarbonate

buffering capacity of water, ranged from 54.5 to 78.8 mg/liter
in the Ohio River (Figure A-3). The EPA (1976) recommended 20

/liter as a minimum total alkalinity necessary to support fresh-
water aquatic life. Levels up to approximately 400 mg/liter are
not considered a problem to human health (National Academy of
Sciences, 1974). Little Saluda Creek, which had alkalinity values
between 193 and 243 mg/liter, was aiso well above this minimum
acceptance value. The higher alkalinity of the creek is probably

a result of water leaching through the surrounding limestone cliffs.

Concductivity, Total Dissolved Solids, and Suspended Solids

Conductivity is a measure of the dissociated ions in water
while total dissolved solids (TDS) is a measure of dissociated ions
plus all other dissolved solids. Conductivity values varied
between 170 and 388 umhos/cm for the Ohio River and between 168
and 478 umhos/cm for Little Saluda Creek (Figure A-4). The TDS

values varied between 159 and 279 ma/liter for the Ohio River and
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between 248 and 351 mg/liter for Little Saluda Creek (Figure A-5).

For Station 8 TDS values ranged froum 207 to 447 mg/liter.

Suspended solids are insoluble particles suspended in the
water column which increase turbidity and reduce light penetration.
Suspended solids values varied between 11 and 242 mg/liter for
the Ohio River, the highest values were recorded in March when
runoff was high (Figure A-6). Suspended solids values for Little
Saluda Creek were between 39 and 132 mg/liter which is higher
than values recorded during the 1977 construction period when the

range was 5 to 39 mg/liter.

Biochemical Oxygen Demand, Chemical Oxygen Demand and Total Organic
Carbon

Biochemical oxygen demand (BOD) is a measure of the biologi-
cally oxidizable material present in water while chemical oxygen
demand (COD) is a measure of the amount of material which can
be oxidized by a chemically defined dichromate solution. Both
these tests, as well as total organic carbon (TOC) values, indicate
the concentration of organic waste material present in water. B80D
values for Ohio River stations ranged from 2.2 to 4.6 mg/liter
(Figure A-7), COD values ranged from 4.0 to 29.0 mg/liter (Figure
A-8), and TOC ranged from 5.41 to 12,24 mg/liter (Figure A-9).

BOD values in Little Saluda Creek ranged from <1.0 to 4.2 mg/liter,

COD ranged from 3.2 to 10.4 mg/liter, and TOC ranged from 3.50 to






mg/liter except in November. Total ptosphorous values for the Ohio
River stations ranged from 0,02 to 0.39 mg/liter (Figure A-10), and
orthophosphate values ranged from 0.01 to 0.07 mg/liter (Figure A-11).
In Little Saluda Creek, total phosphorous ranged from <0.01 to 0.24

mg/liter and orthophosphate values ranged from <0,.01 to 0.09 mg/liter.

Nitrate nitrogen values for stations in the Ohio River and Little
Saluda Creek were relatively constant (0.75-1.97 mg/liter) during the
year (f ~.re A-12), and both exceeded the 0.1 mg/liter minimum concen-
trations necessary to limit growth of algae and plants (MacKenthum,
1969). Nitrate values for all stations were, however, much less than

EPA (1976) maximum recommended level of 10.0 mg/liter.

Ammonia nitrogen values ranged from <0.01 to 0.30 mg/liter at the
Ohio River stations and from <0.01 to 0.11 mg/liter in Little Sa:uda
Creek (Figure A-13). These values correspond to less than 0.02 mg/liter
of unionized ammonia which is the maximum recommended value for

freshwater aquatic life (EPA, 1976).

Organic nitrogen values ranged from 0.24 to 0.75 mg/liter at the
Ohio River stations and from 0.13 to 0.69 mg/liter in Little Saluda
Creek (Figure A-14),

Other Chemical Parameters

Quarterly values for silica, chloride, calcium, magnesium and

sodium were similar at the three Ohio River stations (Fiqures A-15
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through A-20), but differed substantially between the Ohio River

and Little Saluda Creek. The Ohio River had a higher concentration

of sodium and chlorides than Little Saluda Creek, while the reverse

was true of silica, calcium and magnesium, The high concentrations

of calcium, magnesium, and silica are probably derived from minerals
dissolving along the flow of Little Saluda Creek. The high levels

of sodium and chloride in the Ohio River are probably due to muni-
cipal wastes. The highest values of sulfate (Figure A-20) and chloride
measured during 1978 (113 and 42 mg/liter) were well below the Indiana
Water Quality Standards recommended maximum of 250 mg/1. There was no
difference in sulfate values between Ohio River stations. Sulfate values

for the Ohio River were only slightly lower than in Little Saluda Creek.

Residual free chlorine and chloramines values in the Ohio River
and in Little Saluda Creek were both less than 0.01 mg/liter during

each quarter of 1978.

Hexane soluble material levels were similar in the Ohio River
and Little Saluda Creek, with ranges of 4.0 to 14.2 for Littie
Saluda Creek and 4.2 to 13.0 for the Ohio River (Figure A-21).
Phenol levels varied between 0,002 and 0.009 mg/liter at both the
Ohio River and Little Saluda Creek stations, but were consistently
lower in Little Saluda Creek (Figure A-22). These phenol values

were below ORSANCO's maximum recommended criteria for the mainstream
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of the Ohio River of 0.010 mq/liter, Indiana Water Quality Stan-

dards list no standard for phenol.

The following physical parameters were measured in conjunction
with the water chemictry sample collections: water temperature,
current velocity, water depth and Secchi depth. These parameters
were measured at Stationa 1, 3, 5 and 6. Turbidity measurements
were made on water samples taken quarterly at Station 8. The re-
sults of these measurements were tabulated in Appendix Tables A-6

through A-G.

Water temperatures ranged from 5.7 to 27.9°C for Ohio River
stations and from 5.8 to 21.3°C for Little Saluda Creek. The maxi-
mum temperature rise at Stations 3 and 5 never exceeded values at
control Station 1 more than 0.3°C. Indiana Water Quality Standards

recommends a maximum increase of 2.8°C in streams.

Current velocity ranged from 20 to 250 cm/sec for Ohio River
stations and from <10 to 115 cm for Little Saluda Creek. Secchi
depth ranged from 10 to 115 cm for Ohio River stations and from 10
to 50 cm for Little Saiuda Creek. Water depth ranged from 4.4 to
7.3 m for Ohio River stations and from 0.5 to 1.5 m for Little

Saluda Creek. Turbidity at Station 8 ranged from 55 to 220 NTU.
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SEDIMENTATION STUDIES

Sedimentation studies were conducted at Stations 6 and 8,
which are located in streams which drain the plant site. This
study was designed to estimate erosion by measuring sediment
accurulations at measured rods placed in the stream bed. Photo-
graph: were taken at two locations on each stream to visually
evaluate changes in stream bed appearance over time (Figures A-23
through A-38). At Station 8, the upstream location was about
midway up the east-facing slope adjacent to the plant site. The
Station & downstream location was just below the road on the
narrow flood plain of the Ohio River. Both upstream and downstream
sedimentation study rods at Station 6 were located upstream of the
small bridge that crosses Little Saluda Creek on the ncrthern
boundary of the plant site (Figure 1). Construction at the plant

site took place continuously throughout the year.

Between August and November 1977, 14.9 cm of sediment accu-
mulated at the upstream study rod at Station 8 (ABI, 1978) A small
settling pond was constructed in late 1977 at the top of the east-
facing slope to combat erosion in the Station 8 stream. This pond
appears to have been effective during 1978 and, combined with erosion
control and grass planting on the site, has reduced new sediment accu-

mulation to a total of 3 cm. At the downstream study rod at Station 8,
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road and pipe construction has contributed an estimated

10 cm of new sediment accumulation on top of the 2.6 c¢cm found in
November 1977 (ABl, 1978). Extensive grass plantings in this
area will probably reduce future sedimentation particularly now
that most of the pipe construction on the east-facing slope has

been completed.

Sedimentation in Little Saluda Creek has not been heavy during
1978 primarily because there is a'vays some flow in the creek to
flush out sediment accumulations. No sediment accumulation was
found at the upstream study rod during 1978. At the downstream
study rod, accumulations up to 4 cm deep were noted through August,
but most of this had been washed away by November. Sedimentation
at Station 6 cannot be compared to the pre-construction condition
of the stream since no sedimentation study was conducted in 1977.
A total accumulation of 3 to 5 em since construction began has been
estimated visually. Combined with other types of construction
irbact, this amount of sedimentation could have impacted the
macroinvertebrate community of the primarily riffle habitats of
Little Saluda Creek (see Section E). nowever, it is possible
that this sedimentation could be flushed out and the creek returned

to normal after several good rains.
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Figure A-2. Comparison of baseline, ORSANCO, and ABI pH data (average values) taken in the Ohio River
near the Marble Hill Plant site.
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Figure A-3. Comparison of baseline and ABI alkalinity data (average values) from samples taken
in the Ohio River near the Marble Hill Plant site.
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Figure A-4. Comparison of baseline, ORSANCO, and ABI specific conductance data (average values)

taken in the Ohio River near the Marble Hill Plant site.
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Figure A-6. Comparison of baseline, ORSANCO, and ABI total suspended solids data (average values)
taken in the Ohio River near the Marble Hill Plant site.
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Comparison of baseline, ORSANCO, and ABI biochemical oxygen demand data (average values)
taken in the Ohio River near the Marble Hill Plant site.
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Figure A-9. Comparison of baseline and ABI total organic carbon (average values) from samples taken
in the Ohio River near the Marble Hill Plant site.
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Figure A-10.

Comparison of baseline, ORSANCO, and ABI total phosphorous data (average values) taken
in the Ohio River near the Marble Hill Plant site.
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Figure A-11. Comparison of baseline and ABI orthophosphate (average values) from samples taken
in the Ohio River near the Marble Hill Plant site.
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Comparison of baseline and ABI silica (average values) from samples taken in

Figure A-15.
Ohio River near the Marble Hill Plant site.
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Figure A-16. Comparison of baseline and ABI chloride (average values) from samples taken in the
Ohio River near the Marble Hill Plant site.
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Figure A-17. Comparison of baseline and ABI calcium (average values) from samples taken
in the Ohio River near the Marble Hill Plant site.
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Figure A-18. Comparison of baseline and ABI magnesium (average values) from samples taken
in the Ohio River near the Marble Hill Plant site.
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Comparison of baseline, ORSANCO, and ABI sodium data (average values) taken in the

Figure A-19.
Ohio River near the Marble Hill Plant site.
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Figure A-20. Comparison of baseline, ORSANCO, and ABI sulfate .data (average values) taken in the
Ohio River near the Marble Hill Plant site.
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Figure A-21. Comparison of baseline and ABI hexane-soluble materials (average values) from
samples taken in the Ohio River near the Marble Hill Plant site.
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Figure A-22.

Comparison of baseline, ORSANCO, and ABI phenol data (average values) taken in the
Ohio River near the Marble Hill Plant site.
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Figure A-27. Downstream sedimentation study rod at Station 8;
?

runoff. Rod underwater.

Figure A-28. Downstream sedimentation study rod site at

Station 8; 23 May 1978. Sediment acc

ccumulations up
to 8 cm deep were noted in areas which were bare

rock in March. Study rod was missing.



Figure A-29. Downstream sedimentation study rod at Station 8:

16 August 1978. New rod in place.
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Figure A-30 Downstream sedimentation study rod at Station 8;

14 November 1978. No new significant sediment

accumulation was noted. Total accumulation for the

year was estimated at 10 cm.




Figure A-31.

Figure A-32.

Upstream sedimentation study rod at Station 6;
21 March 1978. Water 28 cm deep.

Upstream sedimentation study rod at Station 6;

23 May 1978. Water 33 c¢cm deep. No sediment
accumulation noted.



Figure A-33. Upstream sedimentation study rod at Station 6;
16 August 1978. No sediment accumulation noted.

rigure A-34. Upstream sedimentation study rod at Station 6;
14 November 1978. No sediment accumulation noted.
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Figure A-35. Downstream sedimentation study rod at Station 6;
21 March 1978. Water 31 cm deep.

Figure A-36. Downstream sedimentation study rod at Station 6;
23 May 1978. Water 36 cm deep. Approximately

2 ¢m accumulation was ncted.
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Figure A-37. Downstream sedimentation study rod at Station 6;
16 August 1978. Water 35 cm deep. Approximately
2 ¢m accumulation was noted since May.

Figure A-38. Downstream sedimentation study rod at Station 6;
14 November 1978. Water 26 cm deep. Approximately
3 cm less sediment accumulation since August. Total

1 -

accumulation for the vear was 1 c¢n
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TABLE A-1
{continued)
RESULTS OF WATER CHEMISTRY ANALYSIS AT LITTLE SALUDA CREEK STATION 6°
MARBLE HILL PLANT SITE

Results from Environmental PResults from 1977 Results from 1978
Chemical Report (PSI, 1976) Quarterly Sampling, Quarterly Sampling,
parameter March - February 1975 Applied Biology, Inc.” Applied Biology, Inc.
Total dissolved solids 170 - 354 248 - 359 248 - 351
Organic nitrogen Not determined <0.03 - 1.00 0.13 - 0.69

%pesults are in mg/1 except when noted.

bReSults are reported in mg/liter as a minimum to maximum range.



B. BACTERIA

INTRODUCTION
This study was conducted to monitor bacterial populations indi-
cative of the sanitary guality of waters near the Marble Kill Plant
site. Since certain coliforms and streptococcal bacteria are nor-
mally found in the intestinal tract of man and other warm-blooded
animals, these bacteria make good indicators of fecal contamination.
Quantification of these fecal contaminants can be used to evaluate

the disease-producing potential of the water.

MATERIALS AND METHODS

Bacterial analyses were performed on duplicate samples from
Stations 1, 3, 6, anc B (Figure 1). Samples for bacterial examina-
tions were collected in presterilized polyethylene containers, placed
immediately in an iced cooler, and shipped to the laboratory for
analysis. The analyses were begun approximately six to ten hours

after collection of samples.

In the laboratory, the water samples were shaken vigorously to
achieve homogeneity and serially diluted with sterile buffered water.
The membrane filter technique (APHA, 1976) was used to analyze the
appropriate dilutions for the number of total coliforms, fecal coli-

forms, and fecal streptocci. The following media, incubation condi-

tions, and colonial appearance criteria were used for these analyses:




the natural habitet

and veget




presence of other coliform organisms suggests less recent pollution

and contribution from non-fecal origins such as soil runoff water.

Counts for total coliforms did not vary appreciably between
Ohio River Stations 1 and 3 for any sampling period except August
(Figure B-1). Values were of the same order of magnitude as in
ORSANCO, 1977 construction phase, and 1974 baseline data. Counts
at Station 6 in Little Saluda Creek were lower than those for
Ohio River stations in March and May, but were higher in August
and November. Also, they were higher than any baseline values in

1974,

Counts for fecal coliforms varieua appreciably between Ohio
River stations in August anc November (Figure B-2), but the
values at Station 3 were comparable to URSANCO and the baseline
data. In Little Saluda Creek, fecal coliform values were lower or
equal to values of the Ohio River stations except in November.
Even this value was in the wide range found during the baseline

study.

Station 8, which is located in an intermittent stream near the
Marble Hill Plant site, exhibited bacterial counts which were not
consistent with values at either Ohio River or Little Saluda Creek

stations during the entire 1977 and 1978 sampling period. These
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variations in bacterial population were probably due to the inter-
mittent nature of the stream and the extreme effects which heavy

rainfall and subsequent runoff have on its components.

Indiana Stream Pollution Control Board (SPC 1R-4) recommends a
maximum permissible value of 400 counts per 100 ml for fecal coliforms
during the months of April through October. During the months of
November through March fecal coliform bacteria count shall not exceed
2000 per 100 ml. Fecal coliforms exggeded the permissible maximum
limit for all Ohio River stations during May and August of 1978. For
Station 6 in Little Saluda Creek fecal coliform count was higher than

recommended values only in May.

Fecal Streptococcus

In addition to coliforms, fecal streptococci are a natural com-
ponent of human and other warm-blooded animal intestinal tracts. The
feces of man have been estimated to contain four times as many fecal
coliforms as fecal streptococci, while fecal streptococci dominate
in the excrement of animals. A ratio of fecal coliforms to fecal
streptococci (FC/FS) has been used to indicate the source of fecal
pollution in water systems (Geldreich, 1965). Ratins greater than
4:1 indicate contamination from human wastes, whereas ratios less

than 0.6:1 indicate contamination from warm-blooded animals.
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attributable to runoff from the plant site. Little Saluda Creek
bacterial contamination increased during 1978 when compared with

the 1977 and baseline studies. This increase parallels increased

TOC values.
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Figure B-1. Comparison of baseline, ORSANCO, and ABI total coliform counts (average values)

from samples taken in the Ohio River near the Marble Hill Plant site.



Figure B-2. Comparison of baseline, ORSANCO, and ABI
samples taken in the Ohio River near




Figure B-3. Compaiison of baseline and ABI fe«
taken in the Ohio River near the Marble Hil

fecal streptoc:

1




C. PLANKTON

C.1 PHYTOPLANKTON
Introduction

The purpose of the phytoplankton study at the Marble Hill Plant
site was (o determine species composition, abundance, and biovolume
of phytoplankton in the Ohio River and in Little Saluda Creek during
plant construction at the site, Plant construction began after the
August 1977 sampling., Data collected during the 1978 monitoring pro-
gram were compared to 1977 data (ABI, 1978) and to baseiine data (PSI

1976) in an evaluation of plant construction effects on phytoplankton,

Phytoplankton consists of the chlorophyil-bearing algae which
passively drift or have limited means of locomotion and are, there-
fore, largely at the mercy of waves and currents in aquatic environ-
ments. Phytoplankters fix solar energy and inorganic nutrients into
protoplasm through photosynthesis and form the Lasis of aquatic food
relationships along with macrophytes, which are important contri-
butors only in shallow waters (Reid, 1961)., Phytoplankters are
consumed by zooplankters and other filter feeders which, in turn,
provide food for larger carnivores. Thus, phytoplankton abundance
and composition determine, in part, the quantity and quality of all
larger organisms which ultimately depend upon phytoplankiers for

food in any aquatic ecosystem,
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Many studies have shown that the drifting algae in small head-
water streams are benthic algae, typically diatoms, washed off the
stream bottom, However, studies of large rivers have shown that
true plankters often predominate and that diatoms are almost always
the dominant phytoplankton group (Hynes, 1972). Seasonally, diatoms
are joined by true plankters of the green and blue-green algal
classes and also by a variety of flagellates. The changing phyto-
plankton population of large rivers must constantly be replenished
from sources such as eddies and backflow areas, resulting from
turbulent river flow, and from backwater areas and tributaries

joining the river.

Materials and Methods

Duplicate phytoplankton samples were collected quarterly at
Stations 1, 3 and 5 in the Ohio River and at Station 6 in Little
Saluda Creek., One-liter subsurface (0.3 m) water samples were
collected with a non-metallic Kemmerer sampling device and pre-
served in the field with buffered formalin (40 m1 concentrated

formaldehyde/1000-m1 sample).

In the laboratory, each one-liter renlicate sa'ole was allowed
to settle a minimum of 10 days, after which each sample was con-
centrated to less than 200 ml bv siphoning. Duplicate subsamples

(0.15 to 5.0 m1) of each replicate sample concentrate were setcled



in Utermohl chambers (Utermohl, 1958). The degree of sample con-
centration and the volume of subsamples were determined by the
amount of detritus and number of phytoplankters in the sample,
Strip counts of approximately 200 phytoplankters per Utermohl re-
plicate (400 phytoplankters per replicate sample) were made at

560X magnification,

Except for filamentous and colonial greens and blue-greens, all
phytoplankters were counted individually. Filamentous green and
blue-green species were counted as 100u standard lengths (PSI, 1976)
with each standard length representing one counting unit. Colonial
‘ forms, exclusive of diatoms, were counted with each colony repre-
senting one counting unit, Phytoplankton density per ml was cal-

culated as N by:

VC R
Vv
N = £
vs
where: VC = Volume of sample concentrate (ml)
C = Count
" area of strips counted (mm?)
ve Subsample volume (m1) x area of Utermohl chamber (mm<)
vs = Volume of sample (ml).

Total diatoms were counted in Utermohl chambers. Species iden-

tification and proportional counts of diatoms were made from per-
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manent mounts at 1000X magnification. Total diatom counts were
used with diatom species proportional counts to obtain density by
species (APHA, 1976). Representative permanent diatom mounts and

vouchers of all samples analyzed were retained as a reference,

Taxonomic references used in the identification of phytoplankton
species were: Van Heurck (1896), Walton (1915), Hustedt (1930),
Skuja (1948), Smith (1950), Prescott (1962), Patrick and Reimer
(1966 and 1975), Weber (1966 and 1970), Drouet (1968), Whitford
and Schumacher (1969), Taft and Taft (1971), Sreenivasa and Duthie

(1973), Komarek (1974) and Prescott et al. (1975).

Phytoplankton biovolume was estimated from optical measurements.
The average volume for each predominant phytoplankter (comprising
5% or more of the total population at any station) was determined
by measuring five individuals. The average dimensions were then
converted to volume using formulae for scolids approximating the
shape of each species (Kutkuhn, 1958; Hargraves and Wood, 1967;
APHA, 1971; EPA, 1973)., For phytoplankters comprising less than
5% of the total population at any station, at least one biovolume
measurement was made. Biovolume was expressed as u'/ml and cal-
culated by the following equation:

biovolume (u3/m1) = (N) (V)
where: N = Density of each species (no./ml)

V, = Average volume of each species (u?)
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Results and Discussion

A total of 284 phytoplankton species representing eight major
divisions (Table C.1-1) were observed in collections from the Ohio
River (Stations 1, 3 and 5) and Little Saluda Creek (Station 6). The
major divisions were identical to those observed during 1977 and in-
cluded 1) Bacillariophyta (diatoms), 2) Chrysophyta (yellow-brown al-
gae), 3) Cryptophyta (cryptophytes), 4) Xanthophyta (xanthophytes),
5) Chloropnyta (greens), 6) Cyanophyta (blue-greens), 7) Euglenophyta
(euglencids) and 8) Pyrrhophyta (dinoflagellates). One additional
major group, noted as Others, consisted of unidentified phytoflagel-
lates. The phytoplankton community continued to be dominated by dia-
toms as in 1977 and baseline monitoring. The more common diatom
and green algae species and euglenophytes were observed during all

three years of monitoring.

Chio River Stations

The 1978 total phytoplankton densities at Ohio River stations

were slightly lower than 1977, and ranged from a low of 2506
cells/ml at Station 3 in March to a high of 9207 cells/ml at Station
1 in August. The seasonal pattern in density was not as consistent
as that observed during the previous year (Figure C.1-1). Phyto-
plankton density was generally lowest during March, however, the
Increase in density during May and August was not as great as that
observed in 1977 (ABI, 1978). Stations 1 and 3 exhibited similar
seasonal density patterns during both years, while the highest den-
sity at Station 5 occurred in November. Since these perturbations

in phytoplankton density were observed at all river stations, they
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were considered to be indicative of natural variation and not the
result of plant construction. Total biovolume ranged from a low of
11,291x10° ,*/ml at tation 5 in March to a high of 36,879x10% u°/ml
at Station 3 in November (Tables C.1-2 through C.1-5). Biovolume
was generally highest in November and lowest in March (Figure C.1-2).
Density tended to decrease in November, however, larger diatom
species and green algal species and colonies accounted, in part,

for the high biovolume observed in the river during this month.
Although seasonal patterns in phytoplankton density and biovolume
were not as typical as those observed during 1977, they still
reflected a normal seasonal cycle of high populations during warm
water periods with low populations in early spring following a

winter minimum.

Phytoplankton diversity (number of species) was comparable be-
tween years. The number of species per station ranged from 51 to 89
and the variation between river stations was greater than during 1977,
Stations 3 and 5 were more diverse in May, while Station 1 was
most diverse in August (Appendix Tables C.1-1 through C.1-4). The
average number of species observed at Station 5 was slightly less
than at Stations 1 and 3. Diatoms were most diverse in March and
May, while green algae were most diverse in August and November.
Blue-green algae were least diverse in November. This generally
agreed with the seasonal species di tribution observed in 1977 and

reflects the typical ecological response of these groups to optimal
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temperature ranges for growth (Hynes, 1972). Diatoms generally have
relatively low temperature tolerance ranges, while green algae toler-
ances cover a wider temperature range and blue-green algae have more
species tolerant of very high temperatures (Patrick, 1973). Thus
more diatom species may be expected during cold water temperature
periods with increased green and blue-green diversity during and

immediately following warm water periods.

Little Saluda Creek

Little Saluda Creek continued to exhibit different physical and
chemical characteristics from those observed in the river. These hab-
itat differences were reflected in different phytoplankton density,
biovolume and relative abundance. Density and biovolume continued to
be much lower than that in the river, although both of these parameters
were generally higher than in 1977. Density ranged from 338 to 2709
cells/ml and biovolume from 1419x10? to 9173x102 x3/m1 (Tables C.1-2
through C.1-5), Both density and biovolume increased from March to
November, In 1978 the seasonal pattern in Little Saluda Creek was
more similar to that observed in the river than during the previous
year when the higher densit.es and biovolumes in the creek coincided

wi: the lower values observed in the river.

The number of species in Little Saluda Creek ranged from
35 to 48 and diversity was corsiderably less than in the river.
Diatoms continued to be the most important phytoplankton component
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during all quarters, Blue-greens and greens were relatively more

important in the creek than in the river (Figure C.1-3).

Community Composition

The phytoplankton community in the river (Stations 1 through 5)
continued to be dominated throughout the 1978 study by diatoms
(Bacillariophyta). Diatoms contributed more than 70% to the total
phytoplankton on all sampling dates (Figure C.1-3). This dominance was
more pronounced than during the 1977 monitoring when diatoms contri-
buted more than 50% to the total phytoplankton on all sampling dates
(ABI, 1978). Diatom relative abundance was lowest during August and
November, ranging from 73,3 to 82.3%, and highest during March and May,
ranging from 84 to 93.7% (Tables C.1-2 through C.1-5). The pattern of
high diatom relative abundance in March was also observed during the
1977 study, however, during that monitoring period, lowest relative
abundance was observed in May. This difference in diatom importance
may be due to differences in river conditions between May 1977 and May
1978 collections. Seasonal warming appeared to be later during 1978
when May water temperatures were approximately 6°C cooler than the
previous year, Cooler water temperatures would be less favorable for
the early spring and summer increase in warmer water phytoplankters
such as chlorophytes, which seasonally become more abundant as water
temperatures increase. Also, current velocity was lowest and Secchi
depth hichest during May 1977 when diatoms were least important and
similar river conditions were observed during August and November

1978 when diatoms were least important.
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Diatoms continued to be the dominant phytoplankton group in Little
Saluda Creek, ra.ging from 64.27 of the *otal phytoplankton in March to
91.9% in May. Diatom relative abundance in Little Saluda Creek was

again generally lower than in the river,

The dominant diatom species (contributing 5% or more to the total

phytoplankton) were:

*Cyclotella Meneghiniana Melosira islandica

C. pseudostelligera subsp. helvetica

C. stelligera Stephanodiscus astraea

*Cyclotella Sp. 1 *Achnanthes minutissima

*Melosira distans *Gomphonema prarvulum

*M,. granulata *Nitzschia d.ssipata
*N. palea

Those species with an asterisk were also dominant during 1977 and three
of the above species, C. Meneghiniana, M. distans and M. granulata, were
considered dominant in the baseline study (PSI, 1976). The diatom

genera Cyclotella, Melosira and Stephanodiscus are typically dominant in
the Ohio River and its tributaries (Williams and Scott, 1962; Weber and

Moore, 1967.

C. Meneghiniana, Cyclotella Sp. 1 and S. astraea were the
most important dominant diatoms in terms of density and occurrence.
C. Meneghiniana was »lways dominant and Cyclotella sp. 1 and s.
astraea were dominant during most quarters. C. Meneghiniana i§
both periphytic and planktonic in habit (Lowe, 1974) and typically
exhibits a fall maximum in density (Palmer, 1974). This species
exhibited highest densities in August during both years of
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monitoring and accounted for more than 261 of the total phyto-

plankton during August 1978.

C. pseudostelligera, M. distans, M. granulata, A. minutissima
and N. palea were also numerically important. A. minutissima, G.
parvulum, N. dissipata and N. palea were most important during
spring and early summer (March and May), while c. stelligera,
M. distans, M. granulata and M. granulata Subsp. helvetica
were most important during late summer and fall (August and
November). M. granulata is a summer form (balmer. 1974) and was
most important during May and August 1977. Melosira as well as
many of the other dominant diatom species are considered to be
characteristic for waters with high nutrient levels and many of
these species have generally been reported as periphytic in habit

(Holland, 1968; Palmer, 1969; Lowe, 1974).

The dominant diatom species exhibited various distributional
patterns. Cyclotella Sp. 1, M. distans, A. minutissima and N.
palea were dominant in both the river and Little Saluda Creek.

C. stelligera, G. parvulum and N. dissipata were dominant only
in Little Saluda Creek. The remaining dominant diatom species
exhibited dominance only in the river (Appendix Tables C.1-5

through C.1-8).



The Chlorophyta (greens), Cyanophyta (blue-greens) and Crypto-
phyta (cryptophytes) were the remaining important phytoplankton groups.
Green algae were second to diatoms in importance during May, August
and November. Density and biovolume in the river generally in-
creased from May to a high in August when green algae accounted
for 12 to 182 of the total phytoplankton. In Little Saluda Creek,
density and biovolume increased from March to a maximum in Novem-
ber. Numerically dominant greens were Characium ? Sp., Chlamydo-
monas Sp. 1, Chlamydomonas Sp. 3 and Chlorella ? sp. The three
former species were dominant in Little Saluda Creek in November,
while the latter species was dominant in the river at Station 1
in August. Chlamydomonas Sp. 3 was dominant in the creek and

Chlorella ? sp. was dominant in the river during May 1977.

Blue green algae were second to diatoms in importance during
March when this group represented 5 to 10% of the total phyto-
plankton in the river and more than 20% in Little Saluda Creek.
oscillatoria sp. (1,2) was dominant at Station 1 and in the creek
on this date and exhibited dominance in the creek in May and
Noevember 1977. Biovolume was generally highest in March, although
max imum dénsities were observed in August. Blue-greens generally
exhib ted greater relative abundance in Little Saluda Creek than

in the river.
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Cryptophyte sp. 2 was dominant at Station 5 in November. This
same pattern was evident in November 1977. Cryptophytes were generally

less abundant than in the previous year.

Interstation Variation and Ecological Relationsnips

There was a significant difference in phytoplankton density
between river stations.? Density at Station 5 was significantly less
than at Stations 1 and 3 in August and density at Station 1 was sig-
nificantly less than at Stations 3 and 5 in November (Table C.1-6).
These differences were clearly evident (Figure C.1-1), but were not
indicative of impact due to plant construction since Station 5 is

. downstream from the plant and Station 1 is upstream. There was no
single pattern of seasonal variation common to all stations. Den-
sity at Station 1 during March, May and November was significantly
less than in August; at Station 3 density was significantly lower in
March than in all other quarters; and at Station 5 density was sig-
nificantly lower in March than in November (Table C.1-7). High den-

sities in August and low densities in March were observed in 1977.

There were no significant differences in biovolume between
stations during the current monitoring program, ailthough Station 3

exhibited significantly higher biovolume during 1977 (Table C.1-8).

~

%hese interstation differerces were not significant when logn-
. transformed data were analyzed.
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Biovolume was significantly greater in November than in March, This
was partially attributabie to the presence of larger diatom species

and green algal species and colonies during November,

Phytoplanktun density and biovolume were compared for both
years of the current monitoring program. Construction began after
August 1977, so the first year's data were essentially pre-construc-
tion. There were no significant differences in density or bio-

volume between stations or between years (Tables (.1-9 and C.1-10).

Density and biovolume exhibited a positive correlation with
temperature at Station 1 (Tables C.1-11 and C.1-12). There was a
positive correlation between density and temperature at Station 3.
Thus density and biovolume increased with seasonally increasing
water temperatures. These correlations by stations, utilizing
both years of data, did not indicate dissimilar relationships
which might be expected as a result of adverse impact due to

plant construction.

Conclusions

Trends in phytoplankton density and composition were generally
similar to those reported in the baseline study and to the 1977
monitoring prior to plant construction:

1) diatoms were dominant,
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numerically dominant diatoms were similar as were
seasonal patterns of some diatom species,

3) many of the more common species of green algae
were similar,

4) green and blue-green algae increased seasonally,
during the warmer months,

5) Little Saluda Creek exhibited reduced phytoplankton
density and different community composition from
that observed at river stations.
Although interstation variability was greater in 1978 than in 1977
and baseline data and seasonal trends in density and biovolume

were less uniform between stations, differences indicative of

adverse impact due to plant construction were not apparent.
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TABLE C.1-2

SUMMARY OF PHYTOPLANKTON DENSITY (no /m!)), RELATIVE ABUNDANCE (%), AND BIOVOLUME [, % (x107)/m))

MARBLE w10\

PLANTY SITE

43 MARCH 1978

Stetion !

Relative
Density abundance

_Station 3

Relative

Biovolume Density abundance

(2)  [p'(x10%)/mi] (no./ml) (3}  [p’(x10%)/m)] (Mo /mi)

{no.;m!)

a1 larrophyte 21202 84.0 11982 .92 22n.2 90.9
(nrysophyta 170 06 18.87 74 0.3
Cryptophyta 85 0.3 6. 88 0.0 0.0
fanthophyts - 8 - -
Cnlarophyta 105.6 i} 269 ¢ 66 6 g7
Cyanophyta 3281 19.2 699.25 1333 5.2
f.jlenophyta 58 0 1.8 1270 .60 148 0.6
Pyrenophyta 0.0 0.0 0.0 7.4 0.3
Otners 0.0 00 00 0.0 0.0
- O uwma 247.97  2506.7 n

std. dev. +420.6 +312.)

Station 5

Relative
Siovoiume Density abunde ce Blovolume

{3)  [(e'x10%)/m'] (no./ml) (%) _ [u’{si0)se]

12726 1% 2398 8 8.5

418 4.9
0.00 147
99 373
97 4 242 )
11.54 2.5
1495 00
0.0 149

13353.94 2745 .4

1284 .4

0.5
0%

8.7
0.8
00
0.6

9783 6¢
- N 4
1.03
957 .26
159 .55
17.5%

.00
187.57

11291 .04

__Station &

Relative
Density abundance Biovolume

2.0 o2 1265.65
1.0 03 463
128 3.8 1036
155 47 o4 82
88 3 2.1 70.83
12 0.9 1
0.0 0.0 0.00
0.0 0.0 000
a2 - I‘léﬁ;;

t26.4
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Station 1

Relative
Density abundence

TABLE C.1-3

Biovolume Density abundance

PLANT SITE

Station 3
Relative
Biovolume Density abundance

[y'(x10?)/mi] (no /m1)

=) fno.smt) (3} [p'x10%)/w] (no./mi) (3}
3.1V 1arr0pnyts 5664 8 917 223132 5411 ¢ 581 23519 .08
LArysapnyta - - - x
Cryptophyta 0.0 0.0 0.00 93 0.2 5 A1
LInthophyts - - -
Inlarophyta 443 19 543.21 88 0 81 817 .94
(ysnophyta 101 6 1.6 147.62 141.5 2.3 270.28
£.9)enophyta 4% 2 0.8 3604 738 1.3 178.79
Pyrenophyts . » » - * .
Jtners - a N i -
Totsl 60569 20059.31 61240 24791 90
sta. dev. 14816 £1782.7

41155

28).7
67 4

LR

4753.9

1919.0

. Station S

Relatrve
Brovolume
{8) ___[u {n10%)/m]
9.1 76183 .16
0.9 3.6
6.5 450 .79
1.% 87 .50
1.0 .
21051. 8

SUMMARY OF PNYTOPLANKTON DENSITY (no /el), RECATIVE ABUNDANCE (3), AND BIOVOLUME [, 2(x107)
MARBLE 11
2% MAy 1978

/ml)
Station 6 R
Relative
Censtty abvundance Riovgiume
fno/ml) (%) [e'{a20%)/ml]
361.1 ¥l 9 135w
00 00 0.00
59 1.5 1
19.2 50 15.01
6.4 1.6 506 .01
e 1845 30
1le. &
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SUMMAR'Y OF PiYTOPLANTON CENSITY [we
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16 NOVEMBER (978

ATINE ANUNDANCE (3},

Statien | = _ Stattoe 3 =
Relative Relative
Density abundance 810vo ume Density adundance Aipvo lume Density
Teaon fnofw) (1)  [o'x10°)/m)] (mojwi) () _ [p%x107)/el] (no /o))
Saci 1 larivphyte 23681 %5 15672 M 416 6 80.7 726 88 LT
Cnrysophyte 12.1 0.4 44 64 29.5 a4 108 &2 A8
Cryptophyte 1173 e 226 .62 25 .8 18 496 14 193 8
Ranthophyta 6.0 0.2 120.76 g4 0.1 169.07 LR
Cnlorophyts 7318 90 £277 86 555.9 8.5 1047 38 435 4
Cyanophyta 108.3 ja 79.1% 114.6 1.6 181 .87 nes
fuglencphyte 501 1.8 1041.%0 4% ¢ 07 105 08 25.2
Pyrrhoohyta - - -
Others 183.5 59 480 75 217.8 42 544 4) 184 3
Totsl na2 22843 62 6706.0 6879 67 5836 0
std. dev +336.6 +438.8 110992

At OV [0 (ad0)
Statigns

Gioi—n'-u—v o TR,
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<) (a1 i/w
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TABLE C.1-7

TUKEY'S HSD COMPARISON OF PHYTOPLANKTON DENSITY BY QUARTERS

AT OHIO RIVER STATIONS 1, 3 AND 5
MARBLE HILL PLANT SITE
MARCH-NOVEMBER 1978

Quarterly Comparison For Station 1

Month May August November

(mean) (6056.9) (9207.7) (3123.2)

March

(3237.4) 2819.5 5970.3* 114.2

May

(6056.9) 3150, 8* 2933.7

August

(9207.7) 6084, 5*
Quarterly Comparison For Station 3

Month May August November

(mean) (6124,0) (8077.8) (6706.0)

March

(2506.7) 3617,3* 5571.1* 4199,3*

May

(6124,0) 1953.8 582.0

fugust

(8077.8) 1371.8
Quarterly Comparison For Station 5

Month May August November

(mean) (4753,9) (4156.9) (5836.0)

March

(2745.4) 2008.5 1411.5 3090.6*

May

(4753.9) 597.0 1082.1

August

(4156.9) 1679.1

*Significant at a=,05, critical HSD = 3018.9
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TABLE C.1-8

ANALYSIS OF VARIANCE AND TUKEY'S TEST FOR PHYTOPLANKTON BIOVOLUME

AT OHIO RIVER STATIONS 1, 3 AND 5
MARBLE HILL PLANT SITE
MARCH-NOVEMBER 1978

ANALYSIS OF VARIANCE

Degrees of Sum of Mean F
Source freedom squares square value
Stations (S) 2 68243120.69 34121560.35 1.00
Moriths (M) 3 522110287.30 174036762.43 5.12*
Error 6 203825114.,61 33970852.43
Total ‘]7— 794178522.60

*Significant at a=,05, N = 12; critical F.os[z.e] = 5,14; critical
F.05[3.6] = 4,76

TUKEY'S TEST

Quarterly Comparison
Month May August November
(mean) (22967.57) (72043,15) (31595.39)
March
(12964.30) 10003.27 9078.85 18631.09*
May
(22967.57) 924.29 8627.82

*Significant at «=.05, critical HSD = 16488.8
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TABLE C.1-9

ANALYSIS OF VARIANCE FOR PHYTOPLANKTON DENSITY
AT OMIO RIVER STATIONS 1, 3 AND 5
MARBLE HILL PLANT SITE
MARCH 1977-NOVEMBER 1978

Degrees of Sum of Mean F &

Source freedom squares square value
Stations (S) 2 6210105.24 3105052.62 0.37
Years (Y) ] 23229682,37 23229682.37 2.78
Station x year

Interaction (1) 4 394209.03 197104,52 0,02
Error 18 150590971, 80 8366165.10
Total 23 180424968,40

aF ."["!;.] = 3.57; Fo{)(’[]’l’:] 34.43
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TABLE C.1-10

ANALYSIS OF VARIANCE FOR PHYTOPLANKTON BIOVOLUME
AT OHIO RIVER STATIONS 1, 3 AND 5

MARBLL HILL PLANT SITE
MARCH 1977-NOVEMBER 1978

Degrees of Sum of Mean F

Source freedom squares square value
Stations (S) 2 200694675, 60 100347337.80 0.77
Years (Y) 1 187281156.70 187281156.70 1.44
Station x year

Interaction (1) 2 10516225, 35 5258112.68
Error 18 2349025105.00 130501394.70 0.04
Tntal 23 2747517162.00
*FLos[z,18] = 3.573 FLos1,16] = 4.43
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SIMPLE CORRELATION COEFFIC
AND SELECTED PHYSIC

TABLE C.1-11

1ENTS (r) FOR PHYTOPLANKTON DENSITY
AL AND CHEMICAL PARAMETERS

MARBLE HILL PLANT SITE

MARCH 1977-NOVEMBER 1978

Dhio River Stations

Little Saluda Creek

(N=8) (N=8)
Parameter 1 3 5 6
Temperature 0,923* 0.819* 0.694 -0.135
Current -0,351 -0.425 -0.527 -
Secchi depth 0.07M 0,27 0.536 -
Nitrate nitrogen -0,230 -0.450 -0.268 0.237
Ammonia nitrogen  -0.566 -0.343 -0.165 0.411
Orthophosphate 0.127 0.199 -0.356 0.639
Dissolved silica =0.163 -0.403 -0.521 -0.,700

*Significant at a=.

05; critical

r=0.707,
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TABLE C.1-12

SIMPLE CORRELATION COEFFICIENTS (r) FOR PHYTOPLANKTON BIOVOLUME
AND SELECTED PHYSICAL AND CHEMICAL PARAMETERS

MARBLE HILL PLANT SITE

MARCH 1977-NOVEMBER 1978

Ohio River Stations

Little Saluda Creek

(N=8) (N=8)
Parameter ] 3 5 6
Temperature 0.843* 0.694 0.453 -0.115
Current -0.452 -0.540 -0.499 -
Secchi depth 0.333 0.534 0.649 -
Nitrate nitronen -0.269 -0.344 -0.290 0.245
Ammonia nitrogen -0.437 -0.158 0.058 0.379
Orthophosphate 0.137 0.069 -0.391 0.681
Dissolved silica -0.466 -0.609 -0.673 -0,709*

*Significant at a=

05; critical r=0.707.
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C.2 ZOOPLANKTON
Introduction

The purpose of this study was to examine species composition
and relative abundance of zooplankton at three stations in the
Ohio River and at one station in Little Saluda Creek. These find-
ings were then compared to the baseline and 1977 data to evaluate
the potential impacts of construction at the Marble Hill Plant

site.

Zooplankton collectively refers to microscopic and macroscopic
aquatic animals that are free-floating or capable of limited self-
locomotion. Zooplankton are an important link in the food web of
aquatic environments; they are the major consumers of phytoplankton
and in turn provide an important food source for larger macroinver-

tebrates and fishes.

One of the most important agents affecting the distribution of
zooplankton in a river is the movement of water. Zooplankton popu-
lations of a large river system, such as the Ohio River, are some-
times subjected to rapid changes in river morphometry, from turbulent
waters and eddies to slow-moving pools. Zooplankton populations of
a river community are therefore likely to vary considerably along

the river's length in both space a=d time (Hynes, 1972).
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Materials and Methods

Duplicate zooplankton samples were collected quarterly at Sta-
tions 1, 5 and 5 in the Ohio River and at Station 6 in Little Saluda
Creek. Samples were collected by pumping from subsurface, middle,
and bottom depths to accommodate potential variations in the spatial
distribution of zooplankton. A plastic funnel was attached to the
end of the weighted intake hose to minimize the effect of selective
catches due to avoidance by stronger swimming zooplankters (Welch,
1948). Thirty-two liters of water from each depth at river Stations
1, 3 and 5 was filtered through an 80u-mesh Wisconsin net suspended
over a volumetric container. Concentrated samples from all three
depths at each river station were consolidated into a 250-m1 polyethy-
lene bottle. Because water levels were low in Little Saluda Creek,
96 liters of water was filtered from mid-depth only. Zooplankton
samples were preserved immediately after collection in a five per-

cent formalin solution buffered to pH 7-8 with sodium borate.

In the laboratory, the samples were allowed to settle for a
minimum of 48 hours. The settled samples were concentrated to a
volume of approximately 20 ml by siphoning and placed in vials for
analysis. The final concentrate volume of the sample was based

on the amount of detritus and density of zooplankters in the sample.
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Zooplankton identifications and counts were made by placing a
well-mixed aliquot of concentrate into a 1-m1 Sedgwick-Rafter count-
ing chamber. Entire Sedgwick-Rafter chambers were enumerated at
100X magnification. When possible, a minimum of 100 organisms were
examined from each of four identically prepared chambers per repli-
cate. Organisms to be dissected for species identification were
removed from the counting chamber and dissected under a stereoscopic
microscope. All zooplankters were identified to the lowest practi-
cable taxon. Taxonomic references used for zooplankton identifica-
tions include: Ahlstrom (1940 and 1943), Rylov (1948), Pennak (1953
and 1963), Brooks (1957), Corliss (1959), Ward and Whipple (1959),
Harding and Smith (1960), Borror and Delong (1964), Honiberg, et
al. (1964), Mackinnon and Hawes (1966), Barnes (1969), Deevey und
Deevey (1971), Jahn and Jahn (1971), Kudo (1971), Usinger (1971),
Meglitsch (1972), Mordukhai-Boltovskoi and Chirkova (1973), Fryer
(1974), Ruttner-Kolisko (1974), Mchair (1976), Chengalath, et al.
(1978), and Smith and Fernando (1978).

Zooplankters per liter were calculated as N by:
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where: C = Count
VS = Volume of sample concentrate (ml)
v = Volume of concentrate enumerated (ml)

-l
n

Initial volume of sample (liters)

Whole zooplankton samples were retained as vouchers.

Fragmented cladoceran carapaces were frequently observed in the
zooplankton samples collected during the 1977 monitoring program,
These fragments were enumerated and reported as “damaged cladocera";
however, their densities were not included in the data discussion be-

cause of their uncertain origin.

To determine the number of cladocera carapaces present in bottom
sediments due to natural molting processes, a Ponar dredge sample was
taken near Station 1 during the August 1978 quarterly sampling period.
Results of analyses suggested that fragmented carapaces observed in the
zooplankton samples most likely result from the resuspension of cara-
pace molts in the water column during periods of high water flow.
Damaged categories that appear in Appendix Tables C.2-1 through
C.2-4 reflect the enumeration of only those individuals which have
undergone recent physical damage from natural or mechanical causes and

do not include carapace molts as reported in the 1977 study.
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Results and Discussion

The zooplankton species collected during the second year of
construction phase ecological monitoring near the Marble Hill Plant
site represented four major groups: Protozoa, Rotifera, Cladocera
and Copepoda. Incidentally planktonic forms, such as insect larvae
and miscellaneous oraanisms were grouped together and reported

under the "Others" category.

A total of 85 taxa were recorded during this study with
rotifers accountina for nearly 507 of the species found (Table
C.2-1). Zooplankton composition, density and relative abundance
by station and date are presented in Appeniix Tables C.2-1 through
C.2-8.

Although species diversity varied little between collection
dates, zooplankton densities were highly variable between seasons
(Figure C.2-1). Annual variations of zooplankton densities in
temperate climatic regions are highly variable, but generally follow
a low winter/early spring production period followed by a sharp in-
crease in densities towards the warmer summer months and a decrease
in abundance through winter. Zooplankton densities for the river
stations ranged from 6.1 organisms per liter at Stations 1 and 3 in
August to 121.3 zooplankters per liter at Station 3 in November (Tables

€.2-2 through C.2-5). Zooplankton numbers in Little Saluda Creek
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(Station 6) did not exceed 2.7 organisms per liter for the first
three collection periods, but averaced over 33 zooplankters per

liter in the November samples.

Ohio River Stations

Interstation differences in zooplankton abundance between Ohio
River Stations 1, 3 and 5 were not statistically significant during
1978 collections (Table C.2-6). This is typical for flowing-water
environments where turbulence results in a more homogeneous distribu-
tion of organisms. Zooplankton densities over short distances (4.83
km) on the I1linois River were found to vary from the mean by no more
than 10% (Kofoid, 1903, Temporal chances in zooplankton composi-
tion and abundance near the Marble Hill Plant site were characteristic
of those found in large rivers that are influenced by physical and
climatic changes in light, temperature, water levels, turbulence,
silt, and the availability of food (PSI, 1976; ABI, 1975, 1977 and
1978).

Mean zooplankton densities in March ranged from 32.6 zo0o0-
plankters per liter at Station 3 to 44.2 organisms per liter at
Station 1 (Table €.2-2). The numerically dominant taxonomic group
was protozoa (Figure C.2-2), which comprised 83.9 to 88.5% of the
total zooplankton collected at the river stations for this date

(Figure C.2-3). centropyxis spp. was the dominant taxc. found with
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Total cladoceran densities on this date were less than one individual
per liter, and thus showed little increase in abundance from the

March collections.

Zooplankton densities in August were significantly reduced from
the March and May densities (Table C.2-6). Total zocplankton densities
ranged from 6.1 zooplankters per liter at Stations 1 and 3 to 7.6 organ-
isms per liter at Station 5 (Table C.2-4). Protozoan, cladoceran and
copepod groups each exhibited total densities of less than one or-
ganism per liter for this date. Rotifers, although present in low
densities, represented a comparatively large percentage of the total
zooplankton populations. Brachionus calyciflorus and B. havanaensis

were the two dominant rotifer species.

Reduced densities in August were most likely the result of
high water temperatures. Increasing temperatures affect the
composition of the zooplankton community through the progressive
exclusion of less temperature tolerant species. Hodgkinson (1970)
suggested that temperatures may be the primary factor in determin-
ing seasonal succession in rotifers. Most rotifer species are
considered as being eurythermal, having a wide range of temperature
tolerances. This serves to adapt these species to the seasonal
fluctuations that occur in temperate climates such as in the vicin-

ity of the Marble Hill Plant site.
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Water temperatures in August at the river stations averaged over

27°C, exceeding the optimal temperature ranges of most zooplankton
species, First year construction phase monitoring program at the
Marble Hill Plant site also demonstrated low zooplankton densities

in the month of August.

Zooplankton densities on 14 November were significantly higher
than on any previous sampling date (Table C.2-6). Zooplankton
densities were 94,2 zooplankters per liter at Station 1, 121.3 at
Station 3 and 74.3 at Station 5. Rotifers were the numerically
dominant group and accounted for 43.3 to 51.9% of the total zoo-

plankton population.

0f the 19 rotifer species collected in November, Brachionus
calyciflorus and Keratella cochlearis were the dominant forms.
Although more than one rotifer genus often dominates in a single
sample, each genus tends to have only one major species represented
(Williams, 1966). This may be a simple trophic effect where inter-
specific competition 1imits the co-dominance of two similar species
or it may be that conditions favor both types of organisms. Other
major contributors to zooplankton composition and abundance on
this date were the cladoceran, Bosmina longirostris and the

colonial protozoan, Epistylis sp. Crustaceans, which are important
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in the lenitic plankton of lakes, are rarely numerous in the
open waters of rivers. However, the small size and round shape
of B. longirostris favors its survival in flowing environments.
B. longirostris densities ranged from 24.3 per liter at Station |

to 48.4 per liter at Station 5.

Hynes (1972) suggested that zooplankton of large river systems
originate in still or gently flowing areas. Beach (1960) and
Williams (1966) supported this concept and concluded that rotifer
populations of flowing envircnments are not qualitatively different
from those of lakes and impoundments. Numerous small streams and
pools empty intc the Ohio River. These areas of slow water replace-
ment allow concentration of nutrients and may provide suitable
cites for zooplankton recruitment. These areas may thus provide
the river with its initial source of zooplankton during periods
of high productivity. The November increase in total zooplankton
densities, and rotifer abundance in particular, is attributed to
a wide variety of physical and chemical parameters that are highly

variable along the course of the river.

ittle Saluda Creek

——

2u. lankton densities in Little Saluda Creek reflected the

unstable habitat of small streams of intermittent flow and varying

size. Zooplankton abundance averaged 1.3 organisms per liter in
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Little Saluda Creek and at the river stations was qualitatively
similar: however, zooplankton densities at the river stations
were consistently higher than those in Little saluda Creek on all

sampling dates.

Although not statistically significant reduced zooplankton
densities as compared to baseline and early construction phase moni=
toring were evident in 1978. However, these differences probably
reflect natural annual variability rather than variations due to
plant effect. Zooplankton abundance and species diversity in the
Ohio River in the vicinity of the Marble Hill Plant site were

consistent with those reported during previous studies.

A sianificant negative correlation between current velocity
and total cladocera and rotifer densities may be attributable to
increased silt loads during periods of high stream flow. Tempera-
ture has e direct ecological effect on the composition and abundance
of zooplankters found in the Ohio River, and is particularly impor-
tant in the seasonal succession of rotifers. No apparent pertur-
bations to the zooplankton community were attributable to impact

from construction activities near the Marble Hill Plant site.
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3 and 5 in

in Little Saluda Creek,
March - 14 November 1978.

Total zooplankton densities at Stations 1,

the Ohio River and Station !
Marble Hill Plant site, 2]

Figure C.2-1.
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TABLE C.2-1

COMPOSITE SPECIES LIST OF ZOOPLANKTON COLLECTED IN THE
OHIO RIVER AND IN LITTLE SALUDA CREEK
MARBLE HILL PLANT SITE
MARCH-NOVEMBER 1978

PROTOZOA

Acineta SPp.
Arcella Spp.
Carchesium SP.
Centropyxis Spp.
Difflugia SPP.
Epistylis SP.
Sgualorophrya SD.
Vorticella SP.
Zoothamnium SP.

ROTIFERA

Asplanchna SP.
Brachionus SPp.
. angularis
bidentata
budapestinensis
calyciflorus
caudatus

. havanaensis

. Quadridentata
Colurella SPp.
Conochilus Sp.
Epiphanes SPp.
Filinia SPp.
Gastropus Sp.
Kellicottia bostoniensis
K. longispina
Keratella Spp.
K. cochlearis
K.quadrata

K. valga

Lecane SP.

L. luna
Monosty.ia bulla
M. lunaris
Nothelca SP.
Platylas patalus
P. quadricornis

o o toto

ROTIFERA (cont.)

Polyarthra Sp.

Rotaria SP.

Trichocerca SP.
Trichotria SP.
unidentified Bdelloidea

CLADOCERA

Alona SP.

Bosmina longirostris
Chydorus sphaericus
Daphnia SP.

p. ambigua
Diaphanosoma hrachyurum
D. leuchtenbergianum
Eubosmina SP.

E. coregoni
Pleuroxus SPp.

P. denticulatus
Scapholeberis kingi
immature Cladocera

COPEPODA

Calanoida

Diaptomus Sp.

D. pallidus

D. sicilis

Cyclopoida

Cyclops SP.

C. bicuspidatus thomasi
C. vernalis
Eucyclops speratus
Macrocyclops albidus
Tropocyclops prasinus
Harpacticoida
Attheyella SPp.

A. illinoisensis
Copepodites

Naupii
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TABLE C.2-]
(continued)
COMPOSITE SPECIES LIST OF 700PLANKTON COLLECTED IN THE
OH10 RIVER AND IN LITTLE SALUDA CREEK
MARBLE HILL PLANT SITE
MARCH-NOVEMBER 1978

OTHERS

Nematoda

Criconema SP.
Ectoprocta statoblasts
Tardigrada
0ligochaeta
Ostracoda
Araneae
Hydracarina adults
Hydracarina immatures
Oribatoidae adults
Diptera larvae
Chironomidae larvae
Chaoborus Sp. larvae
Hemiptera immatures
Hydropsychidae larvae
Psocoptera adults
Thysanoptera adults
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TABLE C.2-2

SUMMARY OF ZOOPLANKTON DENSITY (no./liter) A
MARBLE HILL PLANT SIT
21 MARCH 1978

Station 1 Station 3

ND RELATIVE ABUNDANCE(")
E

Station 5 Station 6

Density Relative Density Relative Dens

Taxon (no./1) abundance(%) (no./1) abundance(?) (no.
Protozoa 38.6 87.3 27.4 83.9 30.
Rotifera 1.9 4.3 1.9 5.8 1.
Cladocera 0.0 0.0 0.1 0.2 <0.
Copenoda 0.4 1. 0.4 1.2 0.
Others 3.3 7.3 2.8 8.9 2.
Total 44.2 32.6 35,

ity Relative Density Relative
/1) abundance(?) (no./1) abundance(®)

9 88.5 0.5 30.6
8 4.6 0.1 8.1
1 0.2 0.5 37.9
3 0.9 0.2 15.0
0 5.8 <0.1 8.4
0 ¥.3
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TABLE C.2-3

SUMMARY OF ZOOPLANKTON DENSITY (no./liter) AND RELATIVE ABUNDANCE( %)
MARBLE HILL PLANT SITE
24 MAY 1978

Station 1 Station 3 Station 5 Station 6

Density Relative Density Relative  Density Relative  Density “Relative
Taxon (no./1) abundance(%) (no./1) abundance(%) (no./1) abundance(%) (no./1) abundance(%)
Protozoa 11.3 28.5 10.4 25.1 13.2 33.4 0.2 19.3
Rotifera 17.0 43.6 18.8 45.5 15.4 39.4 0.5 27 . @
Cladocera 0.9 - W 0.9 4 0.8 2.0 0.5 23.8
Copepoda 8.6 21.6 9.5 22.9 8.4 21.3 0.3 10.9
Others 1.6 4.0 1.8 4.3 1.5 3.9 0.6 27.8

Total 39.4 a1.4 9.3 A
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TABLE C. 2-4

SUMMARY OF ZOOPLANKTON DENSITY (no./liter) AND RELATIVE ABUNDANCE( %)
MARBLE HILL PLANT SITE
17 AUGUST 1978

Station ! Station 3 Station 5 Station 6

Density Relative Density Relative  Density Relative Density Relative
Taxon (no./1) abundance(%) (no./1) abundance(%) (no./1) abundance(%) (no./1) abundance(%)
Protozoa 0.2 3.2 0.1 1.6 0.2 2.6 0.6 22.2
Rotifera 5.0 82.1 5.3 87.0 6.7 88.2 1.5 56.6
Cladocera <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1
Copepoda 0.7 11.5 0.6 9.8 0.7 9.2 0.3 1.1
Others 0.2 3.2 0.1 1.6 <0.1 <0.1 0.3 1.1

Total 6.1 6.1 7.6 S
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TABLE C.2-6

ANALYSIS OF VARIANCE AND TUKEY'S TEST FOR DIFFERENCES
BETWEEN MEANS FOR ZOOPLANKTON DENSITY @
MARBLE HILL PLANT SITE
MARCH - NOVEMBER 1978

Analysis of Variance
Ohio River Stations 1, 3 and 5

Degrees of Sum of Mean

Source o freedom squares squares F value
Stations 2 0.0274 0.0137 0.0711
Months 3 25.0103 8.3367  43.1780*
Station x month

interaction 6 0.3838 0.0639 0.3313
Error 12 2.3169 0.1930
Total 23 27.7384

3pata log transfcrmed
*Significant at a=.05; critical Fos(3,12) = 3.49.

Tukey's Test

Month March May August November
(mean) (3.6179) (3.6896) (1.8870) (4.5700)
March 0 0.0717 1.7309* 0.9521*
(3.1679)

May 0 1.8026* 0.8804*
(3.6896)

August

(1.8870) 0 2.6830*

*Significant at a=.05; HSD = 0.1545,
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JENTS (r) FOR SELECTED ZOOPLANKT

ENSITIES® AND PHYSICAL - CHEMICAL PARAMLTER FOP

STATIONS 1, 3 AND o
HILL PLANT SITE

MARCH - NOVEMBER 197t

Current

Densities Temperature Dissolved secch
(no./1) (°C) oxygen (ppm)  Velocity (em/sec
Total zooplankton -0.712* 0.454 -0.004 0.595*
Total protozoa -0.942* 0.798* 0.501 0.098
Total rotifera 0.165 -0.444 -0.664* 0.821*
Total cladocera -0.179 -0.035 -0.659* 0.981*
Total copepoda 0.170 -0.434 0.111 0.061
3pata log transformed
*Significant at a=.05; critical r value = 0.576.



TABLE C.2-8

ANALYSIS OF VARIANCE BETWEEN TOTAL ZOOPLANKTON DENSITIESa AT
OHIO RIVER STATIONS 1, 3 AND 5
MARBLE HILL PLANT SITE
MARCH 1977 - NOVEMBER 1978

Degrees of Sum of Mean b

Source freedom squares squares F value
Year 1 1.7636 1.7636 1.1924
Station 2 0.0053 0.0026 0.0017
Year x station

interaction 2 0.0437 0.0218 0.0147
Error 18 26.6233 1.4790
Total 23 28.4359

3pata log transformed.
bCritica1 F,OS(I,]B) = 4,41, critical F.o5(2’13) = 3.55



TABLE C.2-9

SIMPLE CORRELATION COEFFICIENTS (r) FOR TOTAL ZCOPLANKTON
DEMSITIES® AND SELECTED PHYSICAL - CHEMICAL PARAMETERS FOR

OHIO RIVER STATIONS 1, 3 AND 5
MARBLE HILL PLANT SITE

1977 AND 1978

Station

Physical/chemical
parameter

Calculated”
r(a=.05)

1

Temperature (°C)

Dissolved oxygen (ppm)

Current velocity (cm/sec)

Secchi (cm)

0.264
0.337
0.265

0.136
0.129
0.095

-0.149
-0.314
-0.400

0.199
0.231
0.179

4Data log transformed

b

Critical r value at a=,05 = 0.707.
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PERIPHYTON

ne purpose of the periphyton study at the Marble Hill Plant

periphyton species composition, density, diversity, equitability
and community biomass during power plant construction. Comparison
current data with baseline data (PSI, 1976) and the 1977 con-
struction phase monitoring data (AB 1978), as well as, inter-
station comparisons of 1978 data allowed assessment of possible

construction-related effects on periphyton.

The term periphyton is used to describe all those organisms
that attach to submerged substrates but do not penetrate into
them (APHA, 1976). In current usage, periphyton includes all
organisms which, in the past, have been called aufwuchs by various
authors. Examples of periphyton organisms include bacteria, yeasts,
molds, algae, protozoa, and larger colonial forms such as bryozoa.
“lants and certain parasitic organisms which have roots or other-
wise penetrate the substrate are not included in the periphyton

community.

In addition, periphyton includes free-living organisms

1

\1.e., rotifers, worms, larvae) inhabiting the mat of attached




forms. Because of the wide variety of plants and animals included
in the periphyton community, and a similarly varied range of
specialized adaptations, virtually all submerged substrates
(1iving and non-1iving) may be colonized. Such colonization 1is
common in temperate and near-temperate aquatic habitats such as

those in the vicinity of the Marble Hill Plant site.

The periphyton community is widely accepted as a valuable
indicator of water quality and related environmental conditions.
Periphytor organisms have comparatively brief life cycles anc
competition for available substrate space is intense. Any natural
or man-induced change in habitat parameters may therefore result
in rapid qualitative and quantitative alterations in the periphyton

community.

MATERIALS AND METHODS

Periphyton samples were collected quarterly from Ohio River
Stations 1, 3, and 5 (Figure 1). Collections at these stations
were made with floating diatometers, each of which contained
eioht standard (2.5 x 7.6 cm) microscope slides. Six slides were
harvested from each station after a 3-week exposure period. For
biomass determinations, three slides per station were preserved
individually in jars containing approximately 100 m! of five per-

cent buffered formalin solution. Two slides per station were




similarly preserved for species identifications and counts. An
additional slide was preserved to replace any sample slide broken
during transit to the laboratory. Diatometers and slides were
lost at Stations 1, 3, and 5 prior to the 22 March and 24 May
sampling dates due to high river flow conditions. Samples were

collected on 26 June to replace those not collected on 24 May,

At Station 6 (Little Saluda Creek), measured areas of natural
substrate (approximately 100 cm?) were scraped clean of periphyton.
Unglazed quarry tiles were scraped, as available, to improve
sampling precision. For species identification, counts, and biomass
determinations, two replicate scrapings were washed separately
into bottles of five percent buffered formalin solution. Natural
substrate composition and habitat types were noted and included
in the data. The November samples were exceptionally high in
detrital content and could not be analyzed due to insufficient

addition of preservative.

In the laboratory, natural substrate and tile substrate
samples were concentrated by siphoning to approximately 30 ml
after at least 24 hours settling. Sampling suspensions used
for species identification and counts were transferred to
graduated test tubes, allowed to resettle for at least 24 hours,

and concentrated to a known volume by further siphoning.
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The inverted microscope technique (Utermohl, 1958) was used
for species identifications and couiits. Periphyton species other
than diatoms were identified to the lowest possible taxon in 25-
ml settling chambers. Total diatom and non-diatom species were
enumerated by random strip counts at 400X magnification in two
identically prepared chambers per sample replicate. A minimum of
400 individuals per replicate were routinely counted. Total live
diatom counts were used with diatom species proportional counts
(obtained from permanent slides examined at 1000X magnification)
to obtain diatom density by species (APHA, 1976). Taxonomic
references used in species identification included: Van Heurck
(1696), Walton (1915), Hustedt (1927-1966, 1930), Skuja (1948),
Smith (1950), Edmondson (1959), Prescott (1962), Patrick and
Reimer (1966, 1975), Weber (1966), Tiffany and Britton (1971),
Taft and Taft (1971), Bick (1972), Sreenivasa and Duthie (1973),
and Prescott, et. al. (1975).

A1l algal species, excluding certain greens and blue-greens,
were counted as individual cells. Filamentous green and blue-
green species were measured in 100y lengths with each length
representing one counting unit. Colonial forms exclusive of dia-
toms were counted as naturally occurring colonies, unless otherwise
noced. Non-algal species were counted as individual organisms.

Periphyton density per 10 cm‘ was calculated as N by:
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N = e

As

where:

VC = Volume of sample concentrate (ml)
C = Count
N, ® Volume of sample concentrate examined (ml)
A = Area of substrate sampled (10 cm? units).

Permanent diatom mounts and vouchers of all samples analyzed

were retained after microscopic analysis.

Ash-free dry weights (biomass) were determined for three
replicate artificial substrate samples per station at Stations 1,
3 and 5 and for quarry tile or rock substrate scrapings at Sta-
tion 6 (APHA, 1976). Ash-free dry weight values were calculated

as mg/10 cm?.

Species diversity was calculated as the Shannon-Weaver mean
diversity index (d), which is recommended by EPA (1973). The
equitability component of diversity (Lloyd and Ghelardi, 1964)
was also applied to the data. A discussion of these calculations

is contained in Section E.



RESULTS AND DISCUSSION

As in the baseline and 1577 construction phase monitoring
studies (ABI, 1978), periphyton at the Marble Hill Plant site in
1978 (Appendix Tables D-1 through D-8) consisted predominantly of
diatoms. Of a total of 129 taxa observed, 82 (64%) were
Bacillariophyta (diatoms) (Table D-1). Other major taxa included
Chlorphyta (green algae) and Cyanophyta (blue-green algae) which

included 22% and 9%, respectively, of all species observed.

Bacillariophyta (diatoms)

Diatoms were dominant in all samples collected in 1978
(Figure D-1). Diatom percentage composition (Table D-2) ranged
from 77% to 99% which represented a higher, and less variable

range than that observed in 1977 (21% to 99%).

Diatom representation was similar at all Ohio River stations
on each sampling date. A seasonal reduction in diatom percentages

at the Ohio River stations in August was similar to reductions
observed in both the 1977 and 1974-1975 studies. The compara-
bility of annual and seasonal changes in diatom representaticn

at all Ohio River stations indicated an absence of plant construc-
tion related effects. Diatom representation at Little Saluda
Creek (Station 6) appeared to be greater in 1978 than in 1977.

However, only the second and third quarterly samples were
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and were often 1in

/¢ luded:

Ohio River Stations

.1e Saluda Creek Station

natural environmental conditions at the Marble

site area were compatible with the known environmental

requirements of the predominant diatoms (Table D-3). Wide-range

temperature tolerance, preference for somewhat alkaline conditions

s




ability to grow in either standing or flowing water, and tolerance
of nutrient enrichment are factors which churacterize most of

these species and should prcmoie their growth in the Ohio River.

The growth of certain diatom species at Stations 1, 3, and 5
was seasonally influenced. Cocconeis placentula V. euglypta
was a summer (August) dominant, whereas the highest densities of
most other major diatom species were observed in May or November.
The similarity of seasonal variations at all of the Ohio River
stations indicated that there were no effects of plant construction.
Differences in major diatom species composition between the Ohio
River stations and Little Saluda Creek were attributable to natural

differences between these two habitats. :

Chlorophyta (green algae)

Although present in most samples, green algae never became
a dominant periphyton taxon in 1978. Percentage composition
ranged from 0% to 9% which reflected a general decrease relative
to 1977 data. Decreases occurred at all Ohio River stations and
were probably attributable to natural, annual variation. Al-
though green algal species were diverse, Characium ambiguum Was
the only species with a relative percentage of 2% or greater.
This occurrred only in August at Station 5. The relative percent-

ages (and densities) of green algae were somewhat lower at Station
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3 than at Stations 1 and 5 on all 1978 sampling dates. These
~eductions were not associated with any consistent differences in
physical or chemical parameters at station 3, however, and there-
fore could not be attributed to possible plant construction effects.
The low relative percentages of green algae observed at all Ohio
River stations indicated that any localized modification of green
algal growth or diversity at Station 3 would have, at most, a

limited effect on total periphyton production.

Cyanophyta (blue-green algae)

Blue-green algae were second to diatoms with respect to
percentage representation during 1978. Relative percentages of
blue-green algae ranged from less than 1% to 13%, which reflected
a substantial reduction in comparison with 1977 data. Reductions
were similar at all the Ohio River stations, and therefore were

probably attributable to natural, annual variation.

A total of 11 blue-green taxa were observed. Lyagbya SP. 2
was the only major blue-green species (2% or more of the total
periphyton) and it occurred in maximum density at Stations 1, 3
and 5 in Qugust. The greatest number of blue-green species
occurred in May, but relative percentages (as well as densities)
of blue-green algae were highest in August. The similarity of

blue-green algal increases at all Ohio River Stations in August
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indicated that these increases were seasonally influenced, as in
the 1977 monitoring and 1974-75 baseline studies, and were not

associated with any plant construction related effect.

Reductions in blue-green algal percentage composition at
station 6 throughout March, May, and August, 1978 were also within
a range of variation that is attributable to natural causes. Un-
like the Ohio River stations, however, no seasonal blue-green algal
increase was observed at Station 6 in August. As indicated in
the 1977 monitoring study, periphyton composition in Little Saluda
Creek may be expected to vary from that observed in the Ohio River

since very different environmental conditions exist in the creek.

Community Similarity

Morisita's community similarity index was applied to Ohio
River Station datz "0 compare the degree of species overlap be-
tween stations per quarter. A1l index values of 0.50 or greater
indicate that the compared communities were similar. Results
of this test (Table D-4) indicated that river stations were more
similar in species composition in 1978 than during 1974-75 and
1977 and this similarity was more consistent between quarters
during 1978. Similarity of species composition at Stations 1, 3
and 5 showed that the predominantly diatomaceous periphyton com-
munities upstream and downstream of the Marble Hill Plant site

were not qualitatively affected by construction activies. Index
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comparisons were not mace between Little Saluda Creek and Ohio

River communities due to the difference in habitats.

Total Periphyton Density

In 1978 total periphyton densities ranged from 14,210.3 x
10%/10 em? to 2295.7 x 10%/10 cm? at Ohio River stations and from
9302.1 x 103/10 em? to 1021.3 x 10%/10 cm? in Little Saluda Creek.
fytensive seasonal and interstation variability was similar to

that observed in the 1974-75 anu 1977 studies (Figure D-2).

. There were significant interstation and seasonal differences
in periphyton densities between river stations in 1978 (Table
0-5)%. As in 1977, significant interaction of station and season
effects precluded any generalizations concerning overall inter-
station or seasonal differences. Interstation differences varied
between quarters, and seasonal differences varied between stations.
Differences in density were therefore examined comparing inter-
station differences by months, and seasonal differences by

stations (Table D-6).

Significant interstation differences occurred only in Novem-

ber when Station 3 densities were significantly higher than those

3nifferences between log transformed data, as well as between
. untransformed data, were significant.
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at Stations 1 and 5, Regarding seasonal difference, total

periphyton densities at Station 3 were significantly higher in
November than in June or August, and densities at Station 5 were
significantly higher in June than in Aygust. The limited occur-
rence of significant interstation differences did not pro.ide
evidence of plant construction related effects in the Ohio River.
Although significant seasonal differences were also limited,
examination of both Ohio River and Little Saluda Creek data
(Figure D-2) shows that a pattern of reduced summer (August)
densities and high late spring or fall densities, prevailed during
both years of study. This continuation of a common seasonal trend

at all stations further indicated no plant impact.

Ohio River periphyton densities from both 1977 and 1978 were
compared. There were no significant differences between stations
over the two-year period, or between years (Table D-7). Whereas
substantial variation occurred at all stations during the two-
year period, there were no chronic reductions which could be
attributed to Marble Hill Plant construction effects. Station 6
densities were also comparable with densities observed in 1977,

and did not provide evidence of plant related effects.

Species Diversity

Species diversity (d) and species evenness values (e) were

similar at Ohio River stations in June and November (Table D-8).
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lues were somewnart

other diator
stations | and
-

and evenness were otherwise small and did not

1t construction related effects.

ranaes of Ohio River species diversity and evenness
values were observed in the 1974-1975 baseline, and 1977 and 197¢

monitoring programs.

Diversity Index Range Equitability Range

present study 1.8021 3.4999 0.22 0.52
ABI, 1978 1.6500 - 4.5482 ).17 - 0.97
PS1, 197€ 0.5036 3.4149 0.18 - 0.59

The period of seasonally high diversity values varied from year to
vear. however decreased values were always observed during warmer
months Generally consistent ranaes of seasonal variation 1in
species diversity and evenness at all Ohio River stations in 1977
and 1978 further indicated that plant construction has not affected
these parameters. Higher species diversity and evenness values

at Little Saluda Creek (Station 6) in 1978 were within the over-
all range of variation observed in the preceding studies and

therefore were attributable to natural effects.




Periphyton Biomass

Comparison of Figures D-2 and D-3 shows similar variations
in biomass and total periphyton densities. Biomass values ranged
from 4.2 mg/10 cm” to 1.3 mg/10 cm? at the Ohio River stations.
seasonal differences in biomass during 1978 and interaction of
ctation and seasonal effects were significant (Table D-9). At
Station 3, biomass was significantly higher in November than in
June or August and at Station 5, biomass was significantly higher
in June and November than in August (Table D-10). The absence of
significant differences between stations indicated no plant
construction effect on periphyton biomass at Ohio River stations.
The degree of variation in biomass in Little Saluda Creek (Station

6) was comparable to that observed in 1977.

Periphyton biomass data from both 1977 and 1978 showed no
significant differences between river stations or between years
over the two-year period (Table D-11). Therefore, neither long-
term interstation differences nor significant annual differences,
which might be related to over-all plant construction effects, were

indicated.
CONCLUSIONS

The 1978 periphyton composition was similar to that observed

in the 1974-75 baseline and 1977 monitoring programs. Diatoms
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were dominant in all studies. Green algae and blue-green algae
were never dominant, but were present in all Ohio River samples,

and in all but the May sample from Little Saluda Creek.

The relative percentages of diatoms and blue-green algae were
similar at Ohio River stations. Consistent, although moderate,
reductions in relative percentages and densities of green algae
were observed at Station 3. However, these reductions were not
associated with differences in physical or chemical parameters and
did not indicate plant effect. Moristia's community similarity
index values demonstrated a high degree of periphyton species
over-lap between Ohio River stations. Differences in periphyton
composition between Ohio River stations and the Little Saluda

Creek station reflected natural environmental differences.

No significant interstation differences in total periphyton
densities or biomass which reflected plant construction related
effects were observed during 1978. Consistent reductions in
species diversity or species evenness at any of the Ohio River

stations were also lacking.
variations in all periphyton community parameters observed
during 1978 were within the range of variation observed in pre-

ceding studies. With the possible exception of reduced green
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algal percentage composition and diversity ct Station 2, all of
the interstation and seasonal differences described in this report
were attributable to natural variation rather than to impact from

plant construction.
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TABLE ©-2

PLRIPHYTON DENSITY AND RELATIVE ABUNDANCE DATA SIMMARY

FOF OWIC RIVER STATIONS 1, 3, AND S AND LITTLE SALUDA CREEX STATION 6
MARBLE WILL PLANT SITE
27 MARCK - 14 NOVEMBER 1978
g 22 Warch i L R . e ey =
Stations 1, 3 and g Station & Station lb Station 3 Station & Station ¢
Dmvl, Relative Msﬂ.’ Relative ‘M}?!'v Pelative [»ensn( Relative bvﬂ&\}, felative
(no.x10 abuncdance (no =107/ abundance (ro.al0 shundance  (no.x]0 abundance (no «10 stundance
Taxon _ B 1 W0emd) (%) 10 emd)  (3) Wer) (%) 10 em ) i) 10 em- ) )
Baciilariophyta 539 A2 92.03 5696 08 9. 5159 3% 98.01 R387 23 a3 a8 9240 1 % N
Chloruphyta 19.53 1.9 110.06 1.87 63 %0 1.19 408,23 460 0.06 0.00
Cyanophyta 61.3% &.00 16.38 062 37 9% 073 10242 116 61 %8 0.67
Euglenophyta 0.50 0.06 8.68 014 372 0.07 23.08 0,26 0 00 0 0
Protozoa 0.00 0.00 0.00 0.00 0o 0.00 0.00 0.00 0 o0 0.0
Others 0 00 0.00 0.00 n.00 000 0.00 _ﬁO.OOU 90 0_00 (‘(\_’)
Total 1021.2% 5851.70 5264 .53 888] .93 9302 08
T A > SR S T 1 Novesber
__ Stattend _ ___ Statiend ___ Stetfon S ____Station 6 __Station §__ Station 3 __Station §
Dnﬂt( Relative num(, Relative n‘mn; Relative MsuI Relative M“‘f Relative Densﬂ( Relative Densn, Relative
(no.x10%/ abundance (no . x10°%/ abundance (no.x10°/ abundance (no.x10°/ abundancs(no.x107/ abundance (no.x10%/ abundance (no.x10%/ sbundance
Tesn _____Wor) (2) Wwen?) (%) N0 em?) (3)  10emi) _(3) wem') (1) wen) (210 w’)  (3)
Bacillariophyts 2526 .46 B4 92 2259.93 B4 B8 1772.05 77.19 5405.77 98 .20 1596 .64 9¢ 1R 18021.76 98.67 32874 98.%0
Chlorophyta 78.26 2.65 38.02 1.4 210 94 919 428 2.08 78.88 0.77 19 54 0.14 n.w 0.%8
Cyanophyta 365 .98 12.29 364.20 13.68 12 66 13 62 74.17 1.4 17 .49 0 & 169 .00 1.19 36.49 0 68
fuglenophyta 2.08 0.07 0.00 0.00 0.00 0.00 18.16 0.3 4.5 012 0.00 0.00 4.5¢ 0.08
Protozoa 2.08 0.07 0.00 000 0.00 0.00 2.n 0.0% 1.52 0 04 0.00 0.00 9.2 016
Others 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 15.20 0.4 0.00 0.00 n.00 0.00
Tota) 2974 86 " 2662.15 2295.65 550506 66829 14210. 30 5410 83

mer——————

%camples were lost from Stations 1. 3
.mln collected on June 26 after resetting
Cotation 6 samples could not be analyzed due to

and 5 due to high water conditions.
diatometers to replace samples scheduled for 724 May
insufficient addition of preservative.

collection

station €
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Melosira varians

Achnanthes minut issima
Cocconeis placentula V. euqlypta
Gomphonema angustatum

G. olivaceum

G. parvelum

Navicula graciloides

Nitzschia amphibia

N. palea

Surirella ovata

Synedra fasciculata V. truncata

*Adapted from Lowe (1974).

TABLE D-3

ENVIRONMENTAL REQUIREMENTS OF MAJOR DIATOM SPECILS
TDENTIFIED IN PERIPHYTON SAMPYES?
MARBLE WILL PLANT SITE
23 MARCH - 14 NOVEMBER 1978

Occurrence

Little
Ohio Saluda

River  Lreek Temperature o
“ eyrythermal and oligothermal 6.4 t0 9.0
to mesothermal 8.5 opt imum
. eurythermal indifferent
7.5 - 7.8 optimum
v eutherms | 6.2 -90
. eurythermal to metathermal 6.0 -90
and oligothermal to mesothermal 1.% 7.7 opt imum
v eurythermal to oligothermal 64 -90

to mesothermal

v mesothermal to stenothermal i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>