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1.0 Introduc tion
i

Volume II of the H. B. Robinson Steam Electric Plant 316
.

demonstration contains the results of extensive environmental studies
as well as plant operattag data which support Carolina Power and Light
Company's contention stated in Volume 1 that 'a balanced, indigenous
population of shellfish, fish, and vildlife" As present in the Robinson

j

1mpoundment. |

The studies were based on the enclosed study program agreed
upon by the Environmental Protection Agency. Additions were made to

|

the progran as needs for additional information were identified and

substitutions were made when necessary to insure a sound study program.

|

| Additional raw data which were summarized in this volume are
presented in Volume III.j
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R. B. Robinson Steam Electric Plant4

s
'

316 Demonstration Study Program

(as submitted December 13, 197/+)
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I
PLANT OPERATING DATA

The following plant operating data are planned for inclusion in the

Robinson l=poundment and Black Creek 316 study progran:
. I

1. Cooling water discharge for each unit and total for all units.

2. Time vs. delta te=perature profile for condenser coolir.g water
(at load factors of 1.0 and 0.ST from natural ambient
through the cooling system to the point of discharge into
the receiving water body and return to anbient.

I 3. Daily time vs. delta temperature profile at point of discharge
under normal seasonal leads and e.axi=u= load conditions.

I
4 Schematic or construction drawings adequate to characterize

intakt. configuration from point of intake to and including
the screens.

I 5. Illustratim and description of screening devices including
operation . leaning, nekton return and debris disposal.I

6. Profile (to scale) of 1ntake velocity fron point of intake fron

source of water to intake screens.

7. Schematic drawing and narrative dese 1bing configuration and
velocity of discharge.

I 8. Description of condenser and intake cleaning methods to include
types, quantitier, effluent concentrations and application ofI biocides.

I
I
I

- - - - _
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I,
ENVIROW.ESTAL DATA

I
The following environmental data are planned for inclusion in the

Robinson Impoundment and Black | reek 316 stucy program:

1. Narrative description and scale drawings showing physical

configuration of cooling water source.

I
2. The surface area, voluce, mean depth, retention time

and stratification of Robinson Impoundment.

3. Appropriate pool elevations.

4. Stream hydrolcgy characters,

5. Scale drsvings and tabulations at 2*C intervals of the
,

thermal plume in three dimensicas under full load conditions for

su=n.er and winter conditions. Robinson Impoundment does not exhibit

fall c,r spring tu nover.

E6. Meteorological data used as input to thermal codeling and
E

solar radiation effects on Robinson Impound ent.

I
I
I

- |
I
I
a
.
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I
BIOLOGICAL DATA

I A cap of the Robinson Impoundment showing sampling transects

and points is presented in Figure 1. Transects are identified as A, B,I C, CA, D,E,F,G,H, 1. J, and K. Along transects A, B, C, CA, D, and

E, three sampling stations, 1, 2, and 3, are identified, with sacpling
stations 1 and 3 located approximately one-quarter of the way across the
impoundment from their respective shores, and sampling station 2 located
at the transect middle. (Iransect E-3 is located at the mouth of the
discharge.)

..

I PHYSICAL AND CHEMICAL ANALYSIS OF ROBINSON IMPOUND >C.T

I Water te=perature and dissolved exygen concentrations are recorded
monthly at three-foot intervals at each station identified in Table 1
with a portable dissolved oxygen and te=perature field unit. Winkler

titration (Standard Methods for the Examination of Water and Wastewater, -

'

13th ed., 1971, APHA) may be utilized as a backup to the field unit.
Te=peratures are recorded in 'C (XX.X) and converted to 'F (XI. ) .

. Temperature data are also plotted to provide te=perature isother=s on
the surface and at various depths. Disaolved oxygen is recorded in ppe

(XX. X) and correlated with saepled water temperatures to calculate _

percent saturation of oxygen.

I Additionally, temperature will be taken monthly in the area of
discharge (Figure 2). Transect lines will be run from the mouth of the
discharge outward at angles of approxirately 20, 40, 60, and 80 percent
of the angle formed by the shoreline. Te=peratures (*F) v111 be recorded on

the surface at various points along these transects (dependent upon the

location of the l', 2', and 3* isotherms).

I pH is sampled conthly at each station identified for water
chemistry sampling using a field pH unit. Measurement is recorded toI XX.X pH units.

I

I



_-e. . . . . . . . _ . . _

I
-1-6

I
Secchi disk depth is sampled monthly at water chemistry sampling s

stations by lowering a standard shallow water Secchi disk (20 cm.) over
the side of the boat and noting the depth at which it disappears and the

depth at which it reappears. The average of these two observations is

recorded as the Secchi disk depth (in feet. X.X).

'n'ater chemistry sa=ples are collected monthly in the indicated

area with a water sampler and transf erred to labeled plastic bottles

which are chilled and stored in a dark area prior to their return to the
,

CP&L laboratory for analysis. Analytical methods of chemical parameters

performed by the CPLL laboratory as of November 1, 1974, are indicated.

I,

I
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Preservatlen Routine Laboratory Significance In

Parameter Method of Analysis Technique Reporting Limit Reporting Data

Alkalinity, (as CACO ) AST11 Standards, pt. 23, 1972, D1067 Analysis as soon 0.5 rag / liter X.rg/ liter
3

Total liethod A (Electrometric Titration) - as possible
Standard tiethods for the Examination of
of Water and uastewater 13th Ed. ,1971,
APIIA, Art 102 (PotentJometrit tiethod
for low alkalinity)

Aluminum (A1) Total Atomic Absorption Spectrophotometer Freezing or acidiff- 0.1 mg/ liter .Xmg/ liter

(Digeetion with flNO - IIC1) cation to 0.15% llNO
3 3

, .

Aluminum, (AI) Standard !!cthods for the Examination Filtration followed 0.01 og/ liter .XXmg/Ifter |

Dissolved of Wat er and Wactewater 13th Ed. ,1971, by acidification to
- I

APilA, Art 103B (Eriochrome Cyanine R 0.15% stNO
3

tie thod )

Ammonia, (as N) Standard tiethoda for the Examination of Freezing or add'n of 0.02 mg/ liter .XXmg/ liter
and storage atWater and Wastewater 13th Ed., L971, HgC12

APilA. Art 132-132C (Distillation fol- 4C
loved by phenate method or anunonia 8,

select-lon electrode)

Calcium, (Ca) Total . Atomic Absorption Spectrophotometer Freezing or acidifi- 0.05 mg/ liter .XXmg/ liter

(Digestion with lit!O - IICl) cation to 0.15% Ifn0
3 3

Chemical Oxygen Standard tiethods for the Examination of Freezing or acidtfi- 0.1 ng/ liter X.ng/ liter

Derr ind , (COD) Water and llastewater 13th Ed., 1971, cation with I! SO2 4
APilA, Art 220

Chloride, (C1 ) AS~It! Standards, pt. 23, 1972, D512, Freezing 0.25 mg/ liter .XXng/ liter-

Reference !!cthod A (Mercuric Hitrate
Titration)

Chromium, (Cr ) Standard Methods for the Examination of Freezing 0.005 mg/ liter .XXXmg/ liter

llexavalent Water and Wastewater 13th Ed., 1971, or5.0gg/ liter X.Ypg/ liter
APilA, Art 117A (s- diphenylcarbazide
method)

t .
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Preservation Routine Laboratory Sfgnificance In

Parameter Method of Analysis Technique Reporting Limit Reporting Data

Orthophosphate, (as P) Standard Methods for the Examination of Freezing 0.01 mg/ liter .XXmg/ liter
Total Water and Wastewater 13th Ed., 1971,

APilA, Art 223 (Ascorbic Acid Method)

Phosphate. (as P) Standard Methods for the Examination of Freezing 0.01 mg/ liter .XXmg/ liter

Total Water and Wastewater 13th Ed., 1971,

APIIA, Art 223 (Persulfate Digestion
followed by Ascorbic Acid Method)

*

Silica, (as SiO ) Standard Methods for the Examination of Freezing after col- 0.1 mg/ liter .Xmg/ liter
2

Dissolved ' Wa t e r and Wa s t ewa t e r 13 th Ed . , 1971, lection in a plastic

APIIA, Art 151B-151C (Ileteropoly Blue container

Method)

Sodium, (Na) Total Atomic Absorption Spectrophotometer Freezing or acidifi- 0.05 mg/ liter .AJng/ liter

(Digestion with litt0 -U ) ca n HNO
.

.

3 3
l

Solids, Total Dis- Methods for Chemical Analysis of Water Freezing or analysis 1.0 mg/ liter X.pg/ liter 7
*

solved (Filterable) and Wastes, 1971, EPA, pp. 275-277 as soon as possible
'

(Class Fiber Filtration Method, 180*C) '

- Data reported below 10 mg/ liter for
all solids is not really significant,
but indicates order of magnitude

Solids, Total Sus- Methodo for Chemical Analysis of Water Freezing or analysis 1.0 mg/ liter X.mg/ liter

pended (Non-filter- and Wastes, 1971. EPA, pp. 278-279 as soon as possible

able) (Class Fiber Filtration Method,

103-105'C)

_
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Preservation Itoutine' Laboratory &lgnificance In
Parameter 11ethnd of Analysis Technique Feporting I.linit

_
Reporting Data

Magnesium, (lig) Total Atomic Absorption Spectrophotometer Freezing or acidift- 0.05 mg/ liter .XXmg/ liter
(Digestion with ilNO - 11C1) cation to 0.15% ItNO

3 3

Manganese, (Ha) Total Atomic Absorption Spectrophotometer Freezing or acidifi- 0.05 mg/ liter .XXmg/ liter
(Digestion with IINO -W cation to 0. m NNO

3 3

tie r c u r y . (lig), Tot al Methods for Chemical Analysis of Water Freezing or acidifi- 0.001 mg/ liter .XXXmg/ liter
and Waste, 1971 EPA, pp. 121-130 (Cold- cation to 0.15% ilNO or 1.0j d liter X.XfigM te r3vapor tect;nique)

.

Nickel, (Ni) Total Method for Collection and Analysis of Freezing or acidifi- 0.05 mg/ liter .XXmg/ liter

Water Samples for eissolved Minerals cation to 0.15% !!NO
3

and Cases, liK.5, Ch. A-1, Techniques
of Water-Resources Investigations of the g

United States Geological Survey, pp. /,

115-116 (Atomic absorption methods - O

direct or chelation - extraction)

Nickel (111) Dissolved Method for Collection and Analysis of Filtration followed 0.05 mg/ liter .XXmg/ liter
Water Samples for Dissolved Minerals by acidification to
and Cases, 15K.5, Ch. A-1, Techniques of 0.15% llNO

3
Water-Resources investigations of the
United States Geological Survey, pp.
115-116 (Filtration through 0.45 micron
fliter followed by atomic ubsorption
methods - direct or chelation - ext raction)

li s t s .i t e (as N) Methods for Chemical Analysis of Freezing or add'n of 0.05 mg/l .XX mg/l
Water and Uastes 1971, 1:PA , pp. 1/O- ligCl2 anil storage at

,174 (Isruc ine-Sul t a t e ti t hwi) 4 Ce

Hitrogen, (N) Organic Standard Methods for the Examination of Freezing or add'n of 0.02 mg/ liter .XXmg/ liter
Water and Wastewater 13th Ed., 1971, ligCl2 and storage at
APilA Art 135, 132C - Digestion and 4C
distillation followed by phenate a.ethod

or auunonia select-ion electrode (Amnonia
Hitrogen plus Organic Nitrogen = Total or
Kjeldahl Nitrogen)

SM M M M M M M M. M M M M M M M J M
_ .
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Presersation Routine Labr'atory' Significance In
Parameter !!cthod of Analysis Technique Reporting Limit Reporting Data

Solids, Total Methods for Chemical Analysis of Water Freezing or n'nalysis 1.0 mg/ liter X.mg/ liter
Volatile and Wastes, 1971, EPA, pp. 282-283 as soon as possible

(Cravimetric Method, 550*C)

Solids, Total lie thod s for Chemical Analysis of Water Freezing or analysis 1.0 mg/ liter X.mg/ liter
and Wastes, 1971. EPA, pp. 280-281 as soon as possible

,
(Gravimetric flethod,'103-105*C)

Sulfate ASTri Standards, pt. 23, 1972, D516, Freezing, Filtration 1.0 mg/ liter .Xmg/ liter
Reference Method A (Turbidimetric prior to analysis'

. tiethod)
e

Turbidity Standard Methods for the Examination "reezing 0 ITU X.X FTU
of Water and Wastewater 13th Ed. , 1971,
APilA, Art 163A (nethelometric method)

Zinc, (Zn) Dissolved Atomic Absorption Spectrophotometer Filtration followed 0.05 mg/ liter .XXmg/ liter
U11tration through 0.45 micron filter) by acidification to

0 . 1 5 % 111: 0
3

Zinc, (Zn) Total Atomic Absorption Spectrophotometer Freezing or acidifi- 0.05 mg/ liter .XXmg/ liter [
(Digestion with lino -HM "

3



.. . - _ _ - _ _ -_ _ _ _ _ _ _

I
l-12

PLANKTON POPULATION MONITORING AT ROBINSON IMPOUNDMENT l

I
I

Plankton samples will be taken in accordance with the schedule

presented in Table 1. Pigment concentration, primary productivity, and
standing crop will be determined f rom which species diversity and spacial g
and te= poral abundance can be calculated. 5

Picments - Samples for pig =ent analysis are taken monthly at

each of the plankton stations with a water sampler. The water sampler

is large enough to allow for subsamples to be taken for pigment analysis,
primary productivity, and standing crop whenever scheduling requires
that more than one analysis be performed. Samples are taken at various

depths, depending upon Secchi depth, as follows:

surface
1/2 Secchi depth

Secchi depth /or bottom

2x Secchi depth /or bottom
"4x Secchi depth /or bottom

Samples are transf erred f rom the sampler to labeled plastic bottles,
preserved with magnesium carbonate, chilled, and stored in a dark area
before being returned to the laboratory for immediata filtration and
extraction. Analysis includes spectrophotometric and/or fluorametric ,

determinations from acetone extracts of millipore filter concentrates as

described in Strickland and Parsons (1968) and Golterman (1969) .
Significance in reporting data is X.X ag=/ liter.

.

I
I

i,

.
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Primary productivi g - In situ primary productivity is determined
3

once quarterly by use of the C fixation method at each of the plankton

sa :pling stations. Water samples are taken with the Wildeo Beta bottle

water sampler from depths as described previously. From each depth, initial,

:ero rime control and light bottle samples are taken. The initial samples

are stored on ice in the dark for alkalinity determinations; the zero time

control samples are innoculated with C i==ediately fixed with Lugol's,

iodine and stored in the dark; and the light bottles are innoculated with

C , incubated in situ for three hours and fixed ac the end of the innceulation

time with Lugel's iodine.

I CountinE of C samples is by liquid scintillation. Laboratory
analysis procedures and calculations follow established methods based on

the original work of Nielsen (1952) and revised as described in Vollenweider,
ed. (1969). Use of a :ero time control was suggested by Dr. John E. Hobbie of
North Carolina State University based on the work of Morris, Yentsch andI Yentsch (1971).

- Standing crop - Once quarterly, whole water samples are collected
fro = the depths described previously at each of the plankton sampling stations.
Concentrated net samples are also collected using a #20 mesh Wisconsin type
-plankton net. All sa=ples are fixed in the field with Lugol's iodine, stored

in a 1 ark, cool area, and returned to the laboratory for phytoplankton and
cooplankton identification, enumeration, and biomass estimates; Identification

and enumeration methods include use of a 1 =1. Sedgwick-Rafter cell using a

variable number of cells (at 100x) and a variable nu=ber of randoc fields (at
100x and 200x) and/or Uter =ohl sedimentation with an inverted microscope using

a variable number of cha bers (at 100x) and a variable number of rando fields
(at 100x, 200x, and if necessary, 400x cnd 1000x). All organisms are identified

to_the lowest taxon practicable using standard taxonomic references.

Biocass estimates are made using a Whipple grid micrometer to deter =ine

|.
average volume per cell. Calibration is performed with a stage micrometer at 100x,

200x, 400x, and 1000x. Biomass is reported in XX Lg=/litar.
'

1I
|
,

|
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Î
Analysis of standing crop is performed for both number and

biomass. These data can then be incorporated into a FL-1 computer

pro 3 ram which can be used to calculate the Shannon ***erner index of
general species diversity f or both number and biomass (Copeland and

Bdrkhaad, 1972).
.

MACROBEN"' HIC MO:11TORING AT P4BINSON IF10UNDMENT AND ELAC)* CREEK

Benthos samples will be taken in accordance with the schedule

presented in Table '.. Samples will be analyzed for identification of

c,rgsnisms from which speci. *iversity and spatial and temporal abundance

can be analy:ed.

Samples are collected monthly f rom two stations (deep and
shallev) on each of nine permanent transects (Table 1) using a petite
ponar grab and/or artificial substrate samplers. Three replicate samples 3

are collected from each station. Samples are washed through a U. S.

Standard No. 30 sieve and preserved in formalin.

Samples are sorted in the laboratory and preserved in 70%

alcohol. $1ological stains, rc,e bengal and phyloxine 3, are frequently
used as aids to sorting. All organisms are identified to the lowest a

taxon practicable using binocular and compound microscopes and standard

taxonemic references.

Af ter 24 hours of storage in fresh water, representative

organisms from all samples are weighed to the nearest 0.001 gm.

Data are reported monthly in tabular form, expressing number
of organisns/ unit area and fresh weight biomass (gm/ unit area) for each

station. g
5.

I
I
E.
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I
TISHERIES MON 1TORING AT H. B. ROBINSON IMP 01'NDMENT AND BLACK CPIEK

b| Purpose: Collection and analysis of representative sa=ples of the fish
population of the Impoundment pursuant to the requirement for

i a 316(a) Demonstration.

Objectives:

1. Determine species co= position relative abundance, and standing
crop of fishes in various areas of the Impoundment.

2. Determine f. I habits, age, growth rate, maturity, and fecundity
of repres . i.ve species in the lepoundment.'

I 3. Determine the extent of repreJuctive activity in the imediate
, area of discharge anf. evaluate potential damage to the fishery

by entraintient of ichthyoplankton.

Sample Per.iod:

1. Annually - cove sa=ple with rotenone

I 2. Quarterly - gill nets, wire traps, and seine
,

3. At mipieum bi-weekly * during the spawning season - entrainment and
spawniM octivity.

,

Sample Design:

; 1. Stations i and 3 on transects A, C, E, and G, (Figure 1) vill
be sampled with 100-foot experimental gill nets (equal panels

I of 1/2,1,1 1/2, 2-inch bar c.esh) and wire traps (1-inch
poultry netting) f or approximately 48 hours. One stream
station above and two stream stations below the impoundment

I (H, J, and K) will be sa= pled with 50-f oot experimental gili
ne,:s (1/2, 1, 1 1/2, and 2-inch bar mesh) and vire traps.
Nets and traps will be checked at least every 24 hours and

i catchen vill be reported as number and/or weight per unitg
g time. Shoreline stations on these transects vill be sampled

with a small mesh bag seine over a constant area and catches
reported as number or weight per haul. All fish collected are-

identified, counted, weighed, and measured. Live fish in good'

condition are tagged and released when possible. A reference
collection vill be made and maintained, and representative samples'

_

of largemouth bass, bluegill, anc white catfish will be retained
for age-growth, stomach, and gonad analysis.

I
I

*Bi-weekly is used to indicate monitoring ehich occurs once each two weeks.

I
- --
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Î
2. Selected coves of the i=poundment (upper, mid, and lower area)

ar.d three stream stations (H, J, and K) will be blocked of f
with small cesh nets and rotenone applied by accepted cethods.
All fish recovered will be identified, counted, weighed, and
measured. These data vill be used in estimating the standing g
cros of fishes in the l=poundsent and Black Creek. Largemouth 5
b a ., bluegill, and white catfish collected will be used in
age-growth, stomach, and gecad analysis.

3. Largemouth bass, bluegill, and white catfish will be
exasined for food habits, age, growth rate, saturity, and
fecundity. Stomach contents will be removed, sorted. |
identified, and quantified volumetritally. Scales (pectoral W

'

spines from white catfish) are read in the laboratone to
determine annual growth increments. Age-growth relationships g
will be computed if sufficient numbers of fish are obtained. E4wGonad maturity will be determined by gross inspection to
determine spawning periods and fecundity will be estimated
using gravi =etric subsampling techniques.

4 The i==ediate discharge area vill be examined during the
.

spawning seasons to evaluate spawning and nursery armas. 3
Plankton sa=pling techniques will be employed to determine 3
the relative abundance of fish eggs and larvae. Visual obser-
vations will be combined with seining and other techniques
such as larval fish nets and electrofishing at night in near s

shore areas to determine the pre ence or absence of spawning ,
adults and young-of-the-year. Entrainment of ichthyoplankton
in the plant ecoling water system will be monitored bi-weekly * g
during the =ajor spawning period by sampling the f .ake area g
with accepted ichthyoplankton sampling techniques. Samples
will be collected more frequently if numbers collected indicate g

~

potential da= age to the fishery. Estimates will be made of Ithe total number of fish eggs and larvan entrained.

I
I
I

*Bi-weekly is used to indicate =enitoring which occurs os.ce each two weeks.

|-

I
,

E.
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|
I TERRESTRIAL MONITORING OF ROBINSON imp 0UNDMENT AND BLACK CREEK

I Purpose: Imple:ent a saupling program pursuant to the requirements for
a 316(a) Demor.stration.

Objectives: 1. Identify those vertebrate species (except fish) living
adjacent to, on, or in the Robinson impoundment and Black
Creek shich are dependent upon the aquatic ecosystem for
sore portion of their life cycle.

I
2. Detetrint the nature and extent of dependence upon the
aquatic ecosyste: by those organisms from above.

3. Provide a scale map >hoving major beds of vascular plants
-I and maintain herbariu: t;ecimens of all species collected.

4 Determine the possible effects of ther=al dischat e on those
species dependent on the impoundment ecosystem.

Sa=ple Period: Quarterly.

I
~

Sample Desien - Avifauna

I 1. Establish two 10-cile survey routes, one each on the east and the

wast shores of the Impoundment. Locate observation points at 1-mile

intervals along each survey route. (11 points per route)

2. Spend five minutes at each point listening and observing. Record

sitings by species and number.

I 3. Travel by boat at approximately 12 mph between points. Observations
between stops vill also be recorded.

l. . Four surveys vill be conducted during each quarterly sample. One
morning and me evening survey will be conducted along each route.

I
|

I
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I
5. Morning surveys begin at official sunrise, and eveung surseys end s

at official sunset.

6. Stations H and K on Black Creek below the impoundnent sill be sa= pled g
W

once daily during each sample period.

Sample Desien - Ma=mals

1. Set live traps at selected points along the shoreline for a minimum
of three nights during each sample period.

2. Observe nocturnal activity using boats and spotlights.

3. Observe shoreline areas for tracks and other signs.

4 Observations will alsc be made in conjunction with other aspects
of the sa ple program.

Sample Design - Herptiles

1. Observe and identify teptile and a:phibian species during all phases
of the study. ,

B
,

2. Special emphasis will oe placed on attempting to determine the extent
of amphibian reproductive activity during spring and su:cer near the

~ is vill involve cooperation with the aquatic samplingdischarge site. n

program.

Sample Desien - Vecetation

1. Map major areas of aquatic vascular vegetation in the Impoundment

and Black Creek (at stations H J, and K). -

2. Compile and maintain a species list and herbarium specimens for all
plants collected.

;

E.
_ _ - _ _ _ _ _ _ - - -
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TABLE I

FIELD SAMPLING SCllEDUIE AND SAMPLING LOCATIONS

A B & CA C D E F G II I J K

123 123 123 123 123

Ablotic
Water Tempernture (Monthly)

Sorface XXX XXX XXX XXX XXX X X X *X X X

Every 3 feet bottom XXX XXX XXX XXX XXX X X X X X X

Dissolved oxygen (Monthly)
Surface XXX XXX XXX XXX XXX X X X X X X
Every 3 feet to bottom XXX XXX XXX XXX XXX X X X X X X

Water Chemistry (Monthly)" [Surface -X- --- --- --- --X - X X X X X o

Bottom -X- --- --- -- --X - X - - - -

4

Biotic
Plankton

'
Pigment (Mcathly) -X- --- --- --- --X - X - - - -

Primary Productivity -X- --- --- -- --X - X - - - -

(Quarterly)
Standing Crop (Ouarterly) -X- --- --- --- --I - X - - - -

Lenthos (Monthly) b --- b b b b b b - b b

Fishery (Quarterly) c --- c c - c c - c c---

"A complete list of water chemistry parameters is provided in Table 2.
b
Along designated transect at deep and shallow stations.

C
Along designated transect.

;

i
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I
TABLE 2

CHEMICAL PA? g TE?.S TO FE "0 NIT 0*ED

I
Total solids Sulphate Total einc *
Total volatile solids To al alkalinity (CACO ) Dissolved :incet

3
Total suspended solids Hardness Total sodium +
Total dissolved solids Dissolved silica Total aluminum

EA==enia (As N) Chloride ( C1") Dissolved aluminum + 5
CCD Total chromium (hexavelent) Total mercury
Kjeldahl nitrogen Total copper t Total calciumt
Nitrate (As N) Dissolved copper * * Total magnesium ?
Ortho-phosphate (As P) Total iron Total manganeset
Total phosphate (As P) Total lead t Total nickel t

pH (field analysis) Dissolved nickel * *
Turbidity

.

* Dissolved copper :inc, aluminum, and nickel vill be neasured only when the
total levels of these metals exceed a level of 0.05 ppm.

tParameters to be analyzed twice yearly.

I
I-

:-

*
.

I
il
,

m
_ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ - -



--_ _ _ _ _ _ _ _ _ _ _ _ _

I 1-21
Ti u e 1g

ROBIM101: DTOUCME!C AND BLACE CREEK SAMPLI!10
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2.0 Plant Operating Data

2.1 Circulating Water System

The circulatin'g water system f or the H. B. Robinson plant provides
for the condensation of steam from the main turbines of both units. Circulat-

ing water is withdrawn f rom the impoundment near the dam, passed th%sh the
main condensers for beth units, and returned via the discharge canal to the
impoundment approximately 6.7 km (4.2 miles) north of the plant (Figure 2.*.11I

Table 2.1.1 lists the circulating water system flow rates, tempera-
ture rise across the condenser, and the average heat rejected for both units.

The intake structures for both units are located on the west bank of
the impoundment near the dam. Unit I has two pumps, Unit 2 has three pumps,
each with a separate intake bay. The entire structure is 13.2 meters (43.4 feet)
wide,19.7 meters (64.5 feet) long, and 13.9 meters (45.5 feet) high. Water is
withdrawn f rom the impoundment between 5.5 meters (18 feet) and 11.0 meters

(36 feet). Plan views and vertical sections for Unite 1 and 2 are shown in
Figures 2.1.0 through 2.1.5.

Flow velocity magnitudes were measured across selected cross sections

of the H. B. Robinson Units 1 and 2 intake structures and the common discharge
canal. These measurements were used with other data sources, specifically,
design flow rates, geometrical configurations, and observation, to construct
expected flow velocity profiles within the intake structures from point of
entry to the face of the traveling screens and within the canal from theI origin to the weir. Tha measurements are generally expected to be accurate
to within 10*.

A detailed presentation of the flow measurements and analysis is
included as Exhibit 1.0 (VOL. III). Figures 2.1.11 end 2.1.12 show side

views of the Unit 1 in*ake bays with assumed stream 11nes and measured velocity
magnitudes included. The velocitics given are simple averages of five measure-

ments taken laterally at the elevations shown. Similar results for the three
t

,

I
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bays of the Unit 2 intake structure are presented in Figures 2.1.13, 2.1.14,
and 2.1.15. In Tables 1.1 through 1.6 of the exhibit, all the individual intake m |

velocity measurements are given.

Within the Unit 1 intake structure, t.a flevs were generally below
46 m/sec (1.5 ft/sec). The profile is somewhat rkewed away from the bottom

because of the 4.70 m (15.5-foot) vertical sec:1on of che bay floor. There
appeared to be local high-velocity spots near the edges of the horizontal j

i

support colr.mns and there was a recirculation re gten near the water surf ace. )
l

|
Within the U: tit 2 bays, the vertical profiles were f airly flat and ;

.

velocities generally ranged from .31 m/see to .92 m/sec (1.0 to 3.0 f t/sec) j

except in the recirculation region near the surface where flows were generally
5less :han .31 m/sec (1 ft/sec). The design flow per bay of 6.1 x 10 gj=1,

3 3(160,700 gpm), or 102 m /sec (358 ft /sec), would i= ply an average velocity of
.5 m/sec (1.65 fps) at the smallest physical cross-sectional area within the
bay. The measured velocities co= pare reasonably w1:h this result. Again,
high velocities near the herizontal support colu=ns were apparent, especially
at a depth of 3.89 m (12.75 f:) in Bay A where the only flows above .92 m/sec
(3 ft/sec) were recorded. This high velocity channel appeared to be a local-
1:ed phenomenon since velocities =easured 1.22 m (4.0 f:) above and below this
depth were below .61 m/sec (2 f t/sec) (Figure 2.1.12) . E

E

Screening devices for both units are redundant traveling water
screens with .95 cm (3/S-inch) mesh (Figure 2.1.6) . The screens travel n

vertically at two speeds, 3 meters (10.0 feet) per minute, and .76 meters

(2.5 fer.t) per sinuce. All msterial washed from the screens during the
daily cleaning is flushed via the stor n drains into Black Creek below the

impoundmen:.

Each generating unit has its own separate condenser. Unit 1 has

a two pass condenser wi:h two water boxes. The t' nit 2 condenser is a once-

through type with four water boxes. To cont- ' fouling in the condenser

tubes, a 1M sodium hypochlorite solution a fed to the condenser boxes

for one-hcif hour once each ' day. Maximu= daily effluent concentration
.

frcs the condenser is .5 mg/l free available chlorine not :c exceed a

em
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monthly average of .2 mg/1. Once each month approximately 45 kilograms
(100 lbs.) of ferrous sulfate is added to the condenser to help protect
the tubes.I

The condensers-are periodically cleaned by passing scrapper plugs
through tha tubes. Unit 1 is cleane1 by this method two to three times per
year; Unit 2 is nermally cleaned during the annual outage. Debris from these

operations is washed back to the impoundment via the discharge canal.

After passing through the condensers, the circulating water from

both units is routed into a co= mon discharge canal by a sealvell structure.

The discharge canal runs along the west shore of the impoundment and termi-I nates with a weir located 6.8 km (4.2 miles) north of the plant. Diagrams
of the discharge canal and the weir are shown in Figures 2.1.7 and 2.1.8.

Flow measurements were made at 20% and 80% depths at various post-

tions across the discharge canal at a point approximately .97 km (0.6 miles)
from the canal origin. The results of these measurements are shown in

Figura 2.1.16. This is expected to be typical of the flow pattern all along

the canal since the basic cross section is unchanged. It is seen that the

flow over most of the canal varies between .45 m/see and .76 m/sec (1.5 and
2.5 ft/sec). This range of velocities is generally consistent with discharge
canal design flows at the weir.

Flows over the weir were measured at half-depth .61 m (2 f eet) and
found to be nearly constant laterally at around 2.01 m/sec (6.6 ft/see).

Figure 2.1.17 gives the five measured velocities and the measurement positions.

Table 2.1.2 provides the average monthly circulating vater system
'

parameters from April, 1975 through May, 1976. Comparing Table 2.1.2 with

Table 2.1.1 indic.ates that the plant load is rarely equal to the design
generating capacity on a monthly average, and that the rise across the

condensers seldom approaches the rise with a load factor of 1.0. The average

delta te=perature profiles for the plant circulating water system at load

factors 1.0 and 0.S are shown in Figure 2.1.9. The daily delta te=perature

profile f or the circulating water system is shown in Figure 2.1.10.

I
I

,
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Table 2.1.1 Circulating water avstem, Robinson Plant (Load factor = 1.0)

3
Average CWS Flov, Unit 1 5.52 m /sec (37,500 gpm)

Average CWS Flow, o .a t 2 30.40 m /sec (432,100 gpm) g
Average Service Water Flev, Unit 2 1.51 m /se: (2 t.,000 gpm) 3

3
Average Plant Discharpe 37.45 m /se: (593,600 gpm)

Average Condenser Rise - Across Unit 1 13.33*C (24'F)
Average Condenser Rise - Unit 2 li.11*C (20'F)
k erage Condenser Rise - Both Units 11.28'C (20.3*F)

.

Average Heat Rejected - Unit 1 3.08 x 10'W (1.05 x 10 BTU /hr)
Average Heat Rejected - Unit 2 1.46 x 10 W (5.00 x 10 BTU /hr)
Average iles: Rejected - Loth Units 1.77 x 10'W (6.05 x 10' BTU /hr)

I
I
.
5

.

I

I.

I
I
E
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Table 2.1.2 II . B. Robinnon Steam Electric Plant
average monthly circulating water system parameters
April 1975 - May 1976.

Average liourly

Robinson ** Gross Average *** Average Average

Impoundment Plant CWS Intake Discharr.c Plant

Month Disch_arge Generation Flow Temperatiire Temperature Rise

m /Sec. (tfWe) m /Sec C "C "C

Apr. '75 9.3 364.8 26.7 19.9 24?8 4.4

May '75 7.6 234.3 24.0 23.0 27.3 3.4

June '75 5.2 687.7 34.5 28.6 37.4 8.8

.luly '75 12.7 776.4 36.6 29.0 38.9 9.9
n

Aug. '75 6.2 812.2 37.4 31.2 41.4 10.2 4
Sept. '75 8.1 762.1 36.7 29.0 38.2 9.2

Oct. '75 6.3 735.4 35.5 25.4 34.5 9.1

Nov. '75 6.7 129.6 20.7 18.8 21.6 2.8

Irec . '75 7.4 461.6 31.0 12.6 18.0 5.4

Jan. '76 8.8 669.3 29.2 11.4 21.9 10.5

Feb. '76 8.1 750.5 32.5 15.4 25.7 10.3

Mar. '76 7.4 728.2 33.5 19.6 29.1 9.5

Apr. '76 5.0 685.1 31.9 22.3 31.8 9.5

tray ' 76* 5.8 618.6 32.0 25.2 35.3 10.1

* Preliminary
**Apr-Sept 1975 US.;S water resources data; Oct 75-Apr 76 USGS provisional record

* ** Measured at condensern

__ _
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I 3.0 Environmental Data

3.1 Introduction

i

Physical and chemical characteristics determine both the habitat
and type of biological community which can exist in a defined ecosystem.

Environmental cata relative to these physical and chemical characteristics j

have been defined as hydrology and morphology; temperature; and water
chemistry.

I
,

i

Hydrological and engineering data have been coepiled to describe i

the hydrology and morphology of the Robinson 1=poundment and Black Creek.
1

Both pre-operational (bareline) and operational data have been used.

I
Te=perature studies include the results of intensive sampling of

water temperatures throughout the impoundment and Black Creek during 1973,

1974, 1975, and 1976. In addition, one year of pre-operational data for

Black Creek above and below the impoundment (1959 and 1960) and data forI impeundment water temperatures during the su=mer and vinter of 1963

(prior to the operation of Unit 2) are available. Thermal models have

also been developed which describe predicted sc=mer =aximum, vinter maxi-

mu=, and equilibrium te=peratures in the impoundment. These data have

been used to document thermal conditions, to identify cooling patterns,

and to determine the effects of warmed discharge waters on natural thermal

conditions.

Water chemistry studies include data from 1973, 1974, 1975, andI 1976. Results of water chemistry analyses have been evaluated to determine

the water quality of the Robinson Impoundment and Black Creek and to deter-
eine the effects of plant operation on various chemical variables. Since

pre-operational water chemistry data are essentially nonexistent, the
quality of water entering the impoundment from Black Creek has been con-
sidered an ongoing baseline.

I
I
I
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L Ii
' 3.2 Hydrology and Morphology

3.2.1 Methods

U. S. Geological Survey data for the State of South Carolina and
engineering plans and documents were utilized to describe and deduce
pertinent physical parameters of the Robinson Impoundment and
Black Creek.

I3.2.2 Results and Discussion

The circulating water system for the H. B. Robinson Steam Electric
Plant includes Robinson impoundment (Figure 3.2.1), a cooling impoundment
created in 1959 by the damming of Black Creek. The pertinent physical
parameters of the impoundment and Black Creek are shown in Table 3.2.1;
Figure 3.2.2 contains the area capacity curves for the impoundment. g

5

At the normal water elevation of 67 m (210 ft) msl, Robinson
Impoundment has a surface area of 911 ha (2,250 acres), a volume of

7
3 (41,000 acre-ft) and an average depth of 5.5 m (18 ft).5.06 x 10 m

Theoretical average retention time within the impoundment is 86 days
while circulation of impoundment water occurs approximately every 3
16 days. E

The major inflow of water into the Robinson Impoundment is from
Black Creek, an intrastate stream which rises in the fall :ene near
Pageland, South Carolina, and flows through Chesterfield, Darlington,

and Florence counties to its confluence with the Pee Dee River east of
Darlington, South Carolina (Figure 3.2.3). The creek flows through the
Carolina Sandhills, and its drainage area is generally secondary pine
growth with some open agricultural land. The soils of this region are
generally of lov fertility, and acidic, with a pH value around 5.0.
Additional inflow into the impoundment is provided by various small
creeks, streams, and flowing groundwater wells near the shore of the
impoundment.

I
..

_ _ _ . . _ _ _ _ _ _ _ _
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The drainage area at the Robinson dam is approximately 448 km

(173 mi ). Discharge to Black Creek occurs either over the dam or from

lov level release valves. Average discharge to Black Creek (1960 - 1974)

was 6.8 m /s (240 CFS).I ,

3.3 Thermal

3.3.1 Methods

I
An intensive thermal monitoring program of the Robinson impoundment

and Black Creek was initiated in April, 1973, in conjunction with initial
- environmental studies. Tite transects (A, B, C, D, and E) were established

(Figure 3.3.1). Across each transect three sampling stations (1, 2, and 3)

I_ were utill:ed, in addition, two stations, consisting of a single point

at F and G,were sampled.

In August, 1973, two temperature sampling stations on Black Creek
were added: one below the impoundment (H) and one above the impoundment (I).
An additional impoundment transect (CA) and an additional creek station (K)

were added in August, 1974

In April,1975, a grid covering an area of approximately 74 ha

.I (184 acres) and identifying 33 sampling points was established in the area

of discharge (Figure 3.3.2). Beginning in August, 1975, at the recommenda-

tion of the U. S. Environmental Protection Agency Region IV, the number of

sampling points was reduced by one-half; three sampling stations were added

in the area where Big Beaverdam Creek enters the impoundment (UBBC, MBBC,

and LBBC); and an additional transect, DA, was added.

I Vater temperatures were sampled between April, 1973, and March, 1976,
at least once monthly. Between the period May, 1975, and November, 1975, withI the exception of June, 1975, when equipment failure prevented completion cf

sampling, water temperatures were sampled twa < monthly. At each sampling

station, water temperatures were recorded on the surface and at 3-foot inter-

vals. Equipment used for sampling incJuded: Yellow Spring Instrument (YSI)

I
I

-
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I
54 0xygen and Temperature Meter. International Biophysics Corporation (ISC) -

Temperature and Dissolved Oxygen Monitoring Unit, and Rydrolab TDO-2.

On June 12, 1975, continuous strip chart temperature recorders were

placed at the Spillway, at the West Tower (south of C-3), at Station F, in
the discharge canal i= mediately south of the discharge canal veir, and on

gBlack Creek at Station K (F4 ure 3.3.1). All temperatures were recorded 5
continuously at a depth of pproximately 3 feet. Hourly readings were noted
throughout each day, from which daily averages were caltulated and daily
maximum and mini::nts values determined. The continuous recording units used for
this study were Atkins Technical Inc. Model #22346-09

Temperatura data measured in the field speedfically for environmental
gstudies was supplemented by three additional studies: (1) during the years a

1959, 1960, 1972, 1973, and 1974 on Black Creek above the impoundment (3tation I)

and below the impoundment (Station H), water temperatures were sampled approxi-
mately once per week, thus providing baseline data comparable to operational
data; (2) sampling of impoundment stations along Transects A, 3, C (approxi-
mately), and D nas made in 1963; and (3) temperature prediction modeln were
developed (USNRC,1975; Edinger and Geyer, 1965; Edinger, et al., 1974; Craves
and Geyer, 1973).

B3.3.2 Results and Discussion E

Intensive sampling temperature data for 1973, 1974, 1973, and 1976
are presented as CP&L Exhibit 2.1. Continuous recorder data indicating daily
averages, =axima and minima temperatures are indicated in CF&L Exhibit 2.2.
31ack Creek water te=perature data for 1959, 1960, 1972, 1973, and 1974 are
included in CP&L Exhibit 2.3.

_Circula:1ne Patterns *

.

Data indicated that during all periods of the year discharge waters
were well mixed as they flowed into the impoundment. Warmed waters then dis-
persed, forming a surface layer over cooler bottom waters which entered the

I
E

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _
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|
discharge area from the upper impoundment and Black Creek drainage area. Normal

circulat1on patterns were southward to thn dam and the plant. Warned surface

waters occasionally moved northward above the SR 346 bridge, but such movement
was limited by the SR 346 road bed and the relatively small span of the bridge

( < 61 m (200 f t)) . Indication of heated surface waters moving as far northward

as Station G was not observed.

I Thermal Stratification

I Seasonal variation of surface and vertical temperature patterns in

the impoundment was noted. During early fall, vinter, and late spring waters

were vell mixed at Station G and at stations south of Transect DA; generally

unifor= temperatures were recorded for each water column, especially at the

- deeper southernmost transects (A and B) during winter periods (Figures 3.3.3-

3.3.5). In spring and fall, overturn occurred (Figures 3.3.6-3.3.8). Between

these periods a temperature gradient generally was maintained with variation

of surface and bottom temperatures ranging between 4*C-6*C (7'F-11*F); and during

su=er temporary stratificatica was noted (Figures 3.3.9-3.3.11).I
Throughout the entire year artificial stratification occurred in the

area of discharge as warmed discharFe waters layered over cooler bottom waters.

An artificial thermocline was generally present in the discharge area where

depths were 2.7 m (9 f:) or greater. In this area, during sumer months when

discharge temperatures were at maximum, variation between surface and bottom

temperaturas was generally 6*C-7*C (ll*F-13*F).

Temperature etabilityI
A summary indicating te=perature stability and general thermal trends

between hours, within 24-hour periods, and between days is presented in Table
3.3.1. Temperature fluctuation was not great in the lower impoundment, while

temperatures in the discharge canal varied directly with the intensity of

fluctuation of Unit 2 operation. Areas imediately north of the SR 346 bridge

were inter =ittently affected by plant discharges and are described as being in

~

I l
|

I
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I
a f t'nge area of the extention of the, th rmal ef fluent. Temperature fluctuation

s

in this area occasionly exceeded 7"C (13*F) during a 24-hour period.

Maximum and Minimum Thermal Conditions

Maximum ther=al conditions were observed during July and August, 1975, i

when discharge te=peratures generally remained above 40*C (104*F),
g

temperatures E ,

in the upper impoundment were above 23*C (73*F), and temperatures in the lower
impoundment remained above 26*C (79'F) . Modeling indicated that the summer of

1975 had higher-than-average impoundment temperatures, based on analysis of the
,

meteorological conditions which affect impoundment water temperatures. The
result was that during late August, 1975, the plant produced the highest recorded '

discharge temperatures since operation of Unit I commenced, |

g i
g)

Under normal operating conditions annual minimum thermal conditions
occurred during January and February. In 1976 discharge temperatures fell

!

below 25*C (77'F), water temperatures in the upper impoundment fell to 5'C (41*F), I

and minimum temperatures in the lowcr impoundment were 11*C (52'F) .

Ambient Thermni Conditions

Data collected in 1963, during a period when only Unit I was
g

in operation and varmed discharge waters were returned to the impoundment E
1.2 mi (1.9 km) north of the plant, indicate that temperatures within the

impoundment ranged between 26.6*C and 30*C (80*F- 86*F) during summer
(Figures 3.3.12-3.3.14). During winter periods tecueratures dropped to
5.6*C (42*F) in the lower impoundment.

Data collected on Black Creek abcve the impoundment (Station I) and
below the impoundment (Station H), prior to the commercial operation of the =

H. 3. Robinson Plant and during the period when the initial filling of the
impoundment occurred, indicate naturally occurring temperatures and the wa ming
effects of solar radiation on impoundment waters. From May to November, 1959,
the natural increase in temperature across the impoundment due to solar radia-
tion averaged 4. l*C (7.4*F), and between December, 1959, r.nd April, 1960,
natural rise averaged 1.i'C (2. 6* F) . Comparing these figures with data

n
._

_ _. _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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collected during periods when Robinson Units 1 and 2 vere com=ercially operated 1

(1972, 1973, and 1974) indicates that between May and December the averaFe
incuase in temperature in Black Creek below the da which can be attributed to

plant operation was 1.8'C (3 2*F). For the period December to April the rise
|

attributed to plant op'eration was 3.2'C (5.7'F) (Table 3.3.2).

I Tercerature Prediction Models

Models used to determine impoundsent equilibrium te=peratures withoutI the influence of plant operation indicated that naturally occurring surface

te=peratures within the impoundment under normal meteorological conditions I

would be appreximately 29.4'C (85*F) . Under extreme meteorological conditions
temperrtures would approach 32*C (90*F). During vinter periods unter normal

meteorological conditions, te=peratures vould fall below 10*C (50*F), while
under extreme meteorological conditions temperatures would be slightly above I

;_

10*C (50*F) (USNRC, 1975).

,

he predicted, typical su==er and vinter surface isotherms fcr the

a i=poundment are presented in Figure 3.3.15. Predicted maximum sv=mer conditions

indicated a discharge te=perature of approximately 44.5'C (112.1*F) under
adverse meteorological conditions and 100* plant load for at least five conse-

cutive days (Figure 3.3.16). Predicted caximum vinter conditions indicated a
| discharge te=perature of approximately 28'C (82*F). Meteorological data used

| for modeling are included in Table 3.3.3.
1

3.4 Water Chemistry

! |
5 3.4.1 Methods

1

Water chemistry samples were collected monthly between April, 1973,
I and }ebruary,1976, from the surface and bottom at three stations within the

1mpound=ent: A-2, E-3, and C, and free Black Creek above the i=poundment|

(I, surface) and below the impoundment (H, surface). In September, 1974, two

additional Black Creek chemistry sanpling stations were added: one below the

impoundment (F, surface) and one above the impoundment (J, surface). Sampling

at Station J vas discontinued in November, 1974 (Figure 3.3.1).

I
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Samples were collected with a beta bottle sampler and transferred to I

labeled plastic containers, which were chilled and stored in the dark prior
to analyses. All chemical analyses followed standard procedures accepted by
the U. S. Environmental Protection Agency. Analytical methods used by the W

.

CP&L Analytical Laboratory as of January 1,1.976, are presented in CPSL

Exhibit 2.4

3.4.2 Results and Discussion

Results of all 1973, 1974, 1975 and 1976 vater chemistry analyses for

Robinson I=poundment and Black Creek are presented in C?&L Exhibit 2.4

'Jater Ouality

Selected Robinson Impoundment water chemistry data compared with

data from other coastal rivers and lakes, are presented in Table 3.4.1.

The acidic nature of the waters of Robinson I=pcundment was well within the

range found for other coastal rivers and drainages of this general area.
Am=onia was approximately the sa:e, whereas NO -hogen and QeMaWhogen

3
were considerably less than that found in the Cape Fear River, but comparable
to the selected acid water bodies. Iron and sodium were also comparable to the a
range of values fcund in other waters of this area. |

Effects of Plant Operation

i Although exrensive pre-1973 data is lacking, the contemporary

quality of the inflowing stream, Black Creek, provides the essential informa-
tion as to the nature and magnitude of materials in suspension and solutionI

entering Rcbinson I=poundment. This permits assessment of changes that occur
on passage through the i=poundment. The following analyses and cocparisons
are bast.d ca the concept that the contemporary quality of. Black Creek, as
determined at Station I, is a baseline for assessment of change due to the
operation of Robinson Impoundment as a cooling impoundsent.

The water quality dsta collected in Rchinson Impoundment for the g
three years L973, 197a, and 1975 have been organized in tables which indicate W

h
_
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mean values and describe similar locations: Table 3.4.2 described the water
quality of the inflowing water of Black Creek (Stations I and J) iid the
quality of the water of Black Creek after discharge from Robinson impoundment

(Stations H and K). In Table 3.4.3 the same parameters are used to describe

the quality for three impoundment stations (G, E, and A), in downstream sequence.
This tabulation includes values for surface as well as bottom samples. The

organization of data in this manner per=1ts ready comparison of key locationsI and separates stations of flowing water from those of standing water.

Within certain clusters of parameters, such as solids, clearly
-

defined trends of increasing quantity from 1973 to 1975 were evident. In other

instances, such as f or NH -N, the trend was a consistent decrease over the
3

three-year period. In still other examples consistent changes in quantity of
a specific constituent occurred between the samples taken from the inflowing
water and the impoundment stations. Additionally, on other cases the changes

were not in any particular direction in a consistent fashion nor do they appearI to change to any significant degree.

To define these changes in a more rigorous fashion the statistical
t-test for significance of difference of the annual mean values were carried

"our on year- to-year comparisons as well as station-to-station comparisons

(Tables 3.4.4 and 3.4.5). The ant 1 mean values at three stations: I, inflowing

water; A, impoundment and cooling water intake location; and H, downstream of
Robinson lepoundment, were used to compare the changes between 1973/1974,

1974/1975, and 1973/1975. These yearly comparisons were tested for those para-
meters which appeared to be making shif ts of suf ficient magnitude, either
increasing or decreasing, to be statistically significant. The t-test for

I significant difference of mean values was calculated only for the mean values
of surface samples. Those t values with their probability of being at a

significant difference at both 95* and 99*. level of probability are identified,
as well as the direction of change.

I
The use of Station I as a station for baseline data places in

perspective changes that were occurring in the impoundment as well as down-
stream that might have resulted from interactions within the impoundment.

I
I
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All values for the t-test of the various parameters compared are shown, but
only those with a significant dif ference are of interest and concern. It is

clear that the solids content of the water, particularly total, volatile, and

dissolved, increased in a consistent manner over the three year period. The
magnitude of the change increased to the point where the number ef significant
differences was considerably greater in the 1974-1975 comparison than that of
1973-1974. The 1974-1975 comparison shewed that the difference of the mean

values for total, volatile and dissolved solids were significantly different g
in the surface samples both at Station I, inflowing water, as well as Station H, E
outflowing vater, whereas only the volatile solids were at a significant

difference at Station A. The comparison between the values for 1973 and 1975

showed that over the two-year period total, volatile and dissolved solids all

changed significantly at all three stations and suspended solids only at Station R,

This direction of change in solids content was characteristic of all stations and

would appear to be a change characteristic of the entire drainage rather than

any effect li:nited to Robinson Impcundment.

Changes in quantity of COD that were at significant levels in ene

1973-1974 comparison were four4 only at Station I and H and not at A. These

changes, which were increases in Con did not persist in the comparison of
1974-1975. NO -N had a significant increase in the comparison of 1973 and

3

1974 data at all three stations, a condition which was no icnger evident in EB

Ethe 1974-1975 comparison. However, the difference was of sufficient magnitude

to be statistically significant when 1973 values were compared to 1975 at

Station A and H. Although NO ~ *** " E * "*" 7 *#*"* '
3

1974-1975 comparison, the decrease in NH -N normally associated with increases
3

in NO -N was at a significantly different level, decreasing at both Stations I
3

and A in the 1974-1975 comparison.

Total phosphate-P and total dissolved phosphate-P had significant

increases at Station A between 1974-1975 which were not apparent at Stations I

| and H. The comparison of 1973 to 1975 found only dissolved phosphate-P =

|

significantly different, increasing at Stations ! and H but not at A.

I

I Dissolved silica and chloride, tvc enservative conscituents, were

| tested for significance of difference of the annual mean values to establish
~

1

l

B
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the magnitude of the t-test at their minimum levels of difference. None of

their differences were at aignificant levele.

Alkahnity showed a significant decrease in the 1973-1974 comparisons

- at Stations I, H, and A.- In the two-year comparison, 1973-1975, all three

stations had significant differences, decreasing in quantity. Sulfate increased

significantly in only one instance: at Station I in the comparison of 1974-1975.I
Of the metals tested for significant difference in these year-to-year

comparisons, lead had a consistent pattern of decreasing quantity. These

differences were at significant levels at all stations. This implies that the

inflowing water of Black Creek had a decreasing quantity each year, and this

in turn was reflected in the waters of the impoundment and downstream with

little or no change during impoundment retention. Aluminum levels significantly

decreased at Station A in the comparison of 1973-1974 quantities but at no

other station or in any of the other year-to-year comparisons.I
In Table 3.4.5 significance of difference of annual mean values of

water quality parameters with each year, using Station I as a baseline station,

are compcred. The data in Table 3.4.5 are grouped under nonconservative

substances: those nitrogen and phosphorus components which are biologically
intereactive; a second group of conservative substances: silica, chloride, and

sulfate which are nominally nonbiologically intereactive (althogh silica might

be significantly changed by a diatom bloom); and a third group of metals. The

metals selected appeared from cursory examination of the data to either be of

I.- significant quantity or have indicated moderate to large levels of change. In

each instance the t-test for significance of difference was carried out for all

of the parameters.

Frcm this analysis it is evident that none of the nonconservative

or conservative constituents tested had changes at any statistically signi-

- ficant level whether they were within the impoundment or in downstream location
,

of the impoundment as compared to the baseline Station I. However, of the five

!I

I
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metals so tested, several trends are apparent in the date. ii.e quantity ofcopper at the impoundment
StationsE and A and downstream at H, vent from

nonsignificant differences in 1973 to a significant difference in 1974 (Station A
i

ce= pared to I) and to very significant differences when Station I was compared
ito E, A, and H in 1975. It is noteworthy that the copper content at Station G

did not show a significant difference in 1975. This station is upstream of the
recirculating discharge point in Robinson Impoundment. ,

The difference, at a sig:tificznt level, of the quantity of iron I
between Stations I and H in 1973 was .

.a lauger discernible in 1974 and just !

below the 95% level of probabil1*y in 1975. i

Zine was at no time in either '

of the three years significantly different
in any of tha compcrisons between I

and the other four stations. Aluminum, in contrast, started the series of years I

,

with a significant differnnce between Station I
and Stations G, E, and H, all

increasing in downstraan direction,
nin differenc.e disappeared in the 1974

comparison with Station I and appeared once note only in a comparison of
Station I and H in 1975 where the difference, an increase at Station H

, wasjust significant at the 95% level.

Rob inson_Icooundtent Water Cuality Levels and_ National Water Ouality Criteria
_

In the ultimate assessment of the Robinson Impound =ent E
or any other

body of water used for industrial purposes, changes within the impoundment due to
g

industrial operation are required to = sat water quality criteria whi h dc o notaffect the indigenaus biota.
Contemporary water quality criteria might still

be considered in a state of flux and discussion as new information and data are
asca.mbled to define, describa, and assess impact g

of change on the indigenous "
bieta within the characteristics of local waters. For those water quality
constituents determined in Robinson Impound =ent, CP&L Exhibit 2.4 includes a

description of race == ended 1983 water quality goals for the various water quality
constituents in question,

Specific applicability of thcae criteria to the highly
colored acif.ic waters characteristic of the coastal drainage's of this area =ay

be valid due to the chelating nature of the humic acids in colored waters
not

Mcwever, this comparison will at least .

establish some perspective as tc the
=eaning of concentrations found, the changes detected and their significance with
reference to impact on indigenous aquatic life. I

i G

.
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I. For all of the water quality constituents indicated in the 1983 water

quality goals, the saters of Robinson Impoundment would appear to meet all
~ recor= ended water quality goals as defined at this time with one exception.

(The impact of temperature is not considered due to the pending decision by

EPA on the 316 Demonstration exemption request.) The quantities of copper

may be at the moment in excess of water quality goals not only within the

impoundment but in the inflowing stream. The effects of these higher concen-

trations of copper on the biota are unknown at the present time.

I
3.5 Dissolved Oxygen

~

5.1 Methods3.

I
Monthly dissolved oxygen (DO) sampling was initiated in April, 1973,

at Station 2 of each of 5 transects, A, B C, D, and E, and at Stations F and C

(Figure 3.3.1). Water samples were taken from surface, mid, and bottom depths

and analyzed in the field using the Winkler titratian method.

Beginning in July, 1973, and continuing until March, 1976, portable

dissolved oxgen meters were usec to sample DO on the surface and at 3-foot

invervals at each sw.pling station established for water temperature sampling

(Figure 3.3.1 and Figure 3.3.2). Exceptions co this schedule occurred when

equipment malfunctior. precented sampling. Equipment used for sampline included:

Yellow Spring instrument (YSI) 54 0xygen and Temperature Meter, International

Biophysics Corporation (lBC) Temperature and Dissolved Oxygen Monitoring Unit,
and Hydrolab (TDO-2),I
3.5.2 Results and Discussion

The 1975 Robinson impoutdment dissolved oxygen concentrations from

representative impoundment stations are presented as Table 3.5.3; and 1973,1974,

1975, and 1970 DC profiles are included in CP&L Exhibit 2.5.

I
I~

I
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IlDissolved oxygen concentratioas folicwed seasonal patterns with

generally uniform DO concentrations from surface to bottom between mid-fall

and mid-spring. Dissolved oxygen concentrations below 4 mg/l at or near the
j

bottom of the deeper impoundment stations occurred during late spring, srmer, ,

and early fall, with temporary dissolved oxygen stratification occurring in i

summer at deeper stations. |

3.6 Summary and Conclusions

Fydrolocy and Morphology

The Robinson impoundment is a man-made impoundment of a flowing body

of water which is designed specifically for the retention, withdrawal, and re-

circulation of water for cooling of the H. 3. Robinson Plant. Circulacion of

water in the impoundment is similar to other man-made industrial reservoirs

and impoundments ('a'underlich , 1971) .

Thermal

Seasonal variation of thermal patterns occurs in Robinson It/nouadment.

In the lower impoundment, stratification occurs during the warmer, summer months

although its intensity is most likely limited and influenced by the flows

Easacciated with the plant circulating water system. During all seasons of the g
year, heated discharge waters form a layer over considerably cooler bottom
waters in the mid-impoundment area.

Maximum thermal conditions occur during July and August while minimum

thurnal condition occur during anuary and February (with normal plant operation).

Annual variation in discharge temperatures is in excess of IS*C (27'F). In the

event of an outage of Unit 2 during wintar periods seasonal variation of dis-

charge temperatures could be in excess of 27'C (47'F).

Natural temperatures within the impoundment have been recorded as high

as 30*C (36*F) (Figures 3.3.12-3.3.14). Models indicate that equalibrium tem- g
peratures, under average meteorological conditions, would be apprcximately 29.4'C E

(S5*F), due solely to the affects of solar radiation; under extreme meteorological

conditions, temperatures would approach 32'c (90'F). Modeled temperatures as

a..

_ . _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _
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)
well as observed temperatures during summer indicate that surface temperatures

at the dam are warmed by about 2 'c ( 3 * F-4 * F) .

_|; -

a Water Chettistry

The acid pt! of the water of Robinson Impoundment as well as the

inflowing waters of Black Creek is characteristic of the drainages of the
coastal areas of this region. The considerable quantities of humic caterials

produce both the color as well as the acidic nature of these waters.

- Historically such waters have always been recognized as being of low biological
activity.

I The variations in qusntity of chemical constituents in Robinson

Impoundment, both of conservative at.d nonconservative nature, over the three_g'
B years of observation were statistically significant in only a few isolated

instances. It would appear there was no overall pattern of cl from the

I quality of the waters of Black Creek flowing into Robinson Impoundment, changes
,,.

in the quality on passage through the impotndment and changes downstream of

the impoundment that could be attributed to the operation of the impoundeent
as a source of cooling water for the H. B. Robinson Steam Electric Plant.

The exception to the pattern of differences which were nearly all at non-
significant levels is an increase in quantity of copper at the stations

. affected by plant discharge. Other quantity variations appeared to be

- associated with some overall environmental factor since these changes were

| found up- as well as downstream of Robinson Impoundment.

All water quality consitituents of Robinson Impoundment, with one
exception, appear to meet recommended federal watei quality goals. Data, as

analyzed, indicate that copper, both in the inflowing stream as well as within
the impoundment, is approaching levels that could exceed federal water quality
criteria. Concentrations of copper sulfate (CuSO 5H O) that have been reported4 2

as being algastatic are .024 .075 mg/l (as copper .008 .026 mg/1) (Fitzgerald,
I_ 1971). This is with the concentration range found in 1975 in Robinson Impound-

ment. However, if this reflects primarily an accumulation from natural sources
,

I
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I
in the drainage. area, the existing algal population is one that has the capability
of growth and survival under these circumstances.

The question as to whether the magnitude of increase in temperature
over ambient levels, as recorded in Robinson I=poundment at the cooling water

discharge stations, significantly affects chemical reactions has been extensive-
ly reviewed (Lee and Veith, 1971). Such temperature variations might affect 3

both equilibria conditions, rates of equilibria for acid-base reactions, pre-

cipitations, gas transfer, oxidation-reduction, sorption and biochemical
reactions. It has been concluded that the thermal effects that might be found ;

in the cooling water discharge f om a stream electric generating plant have
only minimi eff ects on such chemical quailibria reaction rates and little or l

no effect on chemical parameters of water quality. It has also been noted I

|
'

that whereas terperature might increase growth rates of algae, it is the

nutrient flux rather than temperature which establishes the total biomass that

might be found during the maximum growth period.

Dissolved Oxveen

In deeper areas during war.ner periods, temporary oxygen depletion

j occurs in most man-made i=poundments which do not receive thermal discharge.

Throughout other parts of the year, generally uniform DO concentra-ions are g
noted within each water column due to the natural tendency of an impoundment 5
to mix during these periods (Frey, 1963). Robinson Impoundment DO concentrations

generally follow these patterns. Dissolved oxygen stratification is temporarily
established during sucecr, but its intensity is most likely limited and influenced

by the flows associated with the plant circulating water system. Isolated

instances of oxygen depletion at deeper stations is most likely associated with
the decomposition of bottom sediments.

.

I
,

| I
a
_
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- Table 3.2.1 Physical parameters of Robinson Impoundment and Black Creek

Normal Water Level (%1) Elevation 67 m (200 ft)
Capacity at El 5.06 x 107 m3 (41,000 acre-ft)
Area at W1 911 ha (2,250 acres).

Average Depth at El 5.5 m (18 ft)
Maximum Depth at El 12 m (40 ft)
Maximum Length at n1 12 km (7.5 mi)
Width at Plant at W1 1,210 m (4,000 ft)

Design Low Water Level Elevation 64 m (210 ft)
High Water Level Elevation 67.5 m (221.67 ft
Design Flood Flow 1,133 m3/s (40,000 ft /s)
Crest of Dam Elevation 70 m (230 f t)
Maximu= Height of Dam 21 m (70 ft)I Low Level Release Intake Elevation 54 m (178 ft)

and Elevation 56.5 m (185.5 ft)

Ratention Time of Impoundment:

For Average Creek Flow 85 Days
For Average Circulating Water Flow 15.C Days

Average Discharge to Black
Creek (1960-1974) 6.8 m3 s (140 ft3 / s',/
Maximum Recore.ed Discharge
to Black Creek $6.9 m3 s (2,010 ft3/s)/
Minimum Recorded Discharge

I to Black Creek 1.4 m3 s (51 ft3 s)/ /
Drainage Area at Dam 448 km2 (173 m1 )2

I
I
I

I
I
I
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- I
Table 3.3.2 Effects of solar radiation vs. plant operation on temperatures

in Black Creek

Baseline Periods

May - Novemb er , 19 59

I SC 23 average water temperature 23.4*C (74.1*F)
US 1 average water temperature 19.3*C (66.7'F)

average at = 4.l*C ( 7.4*F)

December, 1959 - April, 1960

SC 23 average water te=perature 10.4*C (50.8'F)

I. US 1 average water temperature 9.0*C (4 8. 2 * F)
average at = 1.4*C (2.6*F)

At's prior to operation of either Unit.s 1 er 2 4 attributed

to the effects of solar radiation.
.

Operational Periods

May - November , 1972, 1973, and 1974~

SC 23 average water t emod ature 25.4 (77.S*F)
US 1 average water t%pt ature 19.6 (67.2*F)

average AT = 5.9C*(10.6*F)

December - April, 1C 2, 1973, av 1974

SC 23 average water te=perature 15.7*C (60.3*F)
US 1 average ll.1*C (52.0*F)

average LT = 4.6*C (8.3*F)

LT for 1972, 1973, and 1974 is attributed to the effects of
plant operation and solar radiation.

Oterational Periods Compared with Baseline Periods

May to November
average AT 1972, 1973, and 1974 (plant operationI and solar radiation) 5.9'C*(10.6*F)
average at 1959 (solar radiation) 4.l*C (7.4*F)

effect of plant operation 1.8'C (3.2*F)

I- December to April
average AT 1972, 1973, and 1974 (planc operation and
solar radiation 4.6*C (8.3*F)I average at 1959 and 1960 (solar radiation) 1.4*C (2.6*F)
effect of plant operation 3.2*C (5.7*F)

* Actual values were recorded in Fahrenheit. In converting values

to centigrade, accuracy to the tenths decimal place was lost. Comuutation
of average. LT's *C was derived by conversion fro 'T to *C.

I



Table 3.3.3 Meteorological data for thermal modeling

Average Average
Dry Bulb Wet Bulb
Temperature Tetuperature Wind Speed l'e rc en t Solar Radiation flrunt's

2
thmth UC "F OC "F km/hr ml/hr Sunshine W/m2 BTU / Day /ft Coefficient

.lanuary 8.3 46.9 5.3 41.6 11.3 7.0 59 156 1190 0.71

February 9.1 48.4 5.8 42.5 12.4 7.7 60 202 1540 0.71

tia rc h 12.4- $4.4 8.6 47.5 13.5 8.4 65 290 2210 0.72

April 17.6 63.6 13.0 55.4 13.8 8.6 68 340 2590 0.72

May 22.3 72.2 17.3 63.2 11.3 7.0 67 381 2905 0.73 v
i

.Inue 26.5 /9.7 21.3 70.3 10.9 6.8 64 387 2950 0.74

July 27.6 81.6 22.6 72.6 10.8 6.7 64 387 2950 0.74

August 26.9 80.5 22.4 72.4 9.8 6.1 67 363 2765 0.73

September 24.1 75.3 19.9 67.8 10.1 6.3 64 313 2385 0.73

October 13.2 64 7 14.3 57.8 9.8 6.1 68 247 1880 0.72

thiv e:nbe r 12.1 53.7 8.9 48.0 10.5 6.5 64 193 1470 0.72

December 8.0 46.4 5.2 41.4 10.6 6.6 63 152 1155 0.71

4
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Table 3.4.1 Water quality of Robinson impoutuiment. and comparison wit.h
coastal pinin waters

Creeping Par {odRchinson Impotndment . N.E. Cape Sat 111gR. Swa*E, N.C.3 S.C. *
j Data Average _ 1973-1975 ,

Fear, N.C. Ca.

STA. I STA M S n._E STA. A STA. H 197_0 1969 1970 1974-1975 1973
f

pli 5.1 5.2 5.3 5.4 5.3 5.9 4.8 5.4 5.5-6.4 7.7

H.O. Alk. mg/l - - - - - - - - -

Alk. (CaCoj) mg/l 1.9 1.3 1.8 1.3 1.7 8.0 - - - 15

Mt3-N mg/l 0.4 0.3 0.6 0.3 0.6 .25 - - .10 -

NOj-N mg/l .20 .21 .2) .22 .22 1.2 - - .04 .035
'

Klel-N mg/l .28 .34 .39 .32 .36 2.0 - - .48 -

Total Phosphate-P mg/l .09 .07 08 .05 .06 .'2 - - .04 .008

Dissolved Oxygen eg/l - - - - - - - - - 7.1

Secchi Depth (meters) 1 1 1 1 1 - - - - 2.5

C.O.D. mg/l 22 25 26 28 24 - - - - -

Total Solide og/l i41 131 141 135 142 - - - - -

* Total Dis. Solids ag/l 99 97 101 103 100 - - - - -

** Total Susp. Solids ag/l 26 23 23 20 26 - - - - -

Sulfate og/l 2.64 2.61 3.39 3.05 3.63 - .8 1.1 - -

5.8 5.4 - -

Chloride og/l 2.86 2.68 2.45 2.77 2.82 -

Fe ug/l 639 714 842 830 868 - 750 1250 1700 -

Al ug/l 303 287 325 237 332 - 100 420 700 -

Y
Cr 6 ug/l 13.0 12.2 12.6 12.6 12.6 - - - - -

U4

Cu ug/l 27.7 32.8 57.5 47.9 42.4 - - - - -

Na ug/l 1925 1867 2034 1940 2125 - 4760 2800 4700 -

Zn ug/l 60 39 54 128 47 - - - - -

I

Keup et al., 1970 NOTE: For the putpone of statistical evaluation all data reportedI
as "less than" the reporting limit was assigned a finite

2g 3977 number equal to the mid-point between zero and the reporting
Kuenzler, 1976 limit. It is therefore possible for mean values to fall3

below the detection limit and/or contain significant figures4 which are not indicated in the original analysis results.9*

5
Tilly, 19 6b

(*) Total filterable residue and (**) total nonfilterable
residue (4/73 - 7/73: 0.75 - 1.25 y filter; 8/73 - 12/75:
1.20 p filter).

|
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Tal21e 3.4.1 (con t Inued)

Alligator Catfish Jones Fond Singletarg take Salters take Wact ww Crest

1965 1965 1974 1975 1974 1975_
lake, N.C.0 N.C.I N.C.gakelake, N.C.6 La b N.C.I N.C.0 N.C.

1974 1957 1958 1_92 1960 1965

pil 4.b 4.7 4.4 3.3 4.4 3.4 4.5 6.6 6.8 6. 8 4.6 4.6ti.u. Alk. og/l - - - - - - - 15.0 24.3 20.0 - -

Alk. (Caco 3) ag/l - - - - - - 0.1 2.4 5.0 10.0 30.5 16.3NHyN mg/l - - .01 .07 .04 .04 .03 - - - 1.1 -

NO -N mg/l - - * - - - - - - - *3 .39 -Kjel-N m3/1 - - .29 .48 .25 .31 .32 - - - - -

Total P60sphate-P og/l - - <.005 .007 4.005 .006 <.005 - - - 39 -

Dissolved Onygen og/l 7.9 6.1 8.0 8.1 9.2 8.9 9.0 8.1 7.9 8.5 1.9 6.1Seccht Depth (metere) - - 1 .6 1 .6 .7 - 1.3 1.2 - -

,C.O.D. mg/l - - - - - - - - - - - -

{Total Solida ag/l - - - - - - - - - - - -- s-e Total Dis. Solids og/l - - - - -- - - - - - -|

| eaTotal Susp. SoltJe og/l - - - - - - - - - - - -

| Sultate eg/l - - - - - - - - - - - -

Chloride sig/l - - - - - - - - - - - -

Fe ug/l - - 345 - 165 - 320 - - - - -

Al us/l - - - - - - - - - - - -Cre6'ug/l - - - - - - - - - - - -

Cu ug/l - - - - - - - - - - - -

He ug/l - - - - - - - - - - - -

Zn ug/l - - - - - - - - - - - -

| - -

| *

' 6
Crowell 1965 NOTE: For tiee pur pose of statistical evaluation all dat a regerted

7 as "less than" the reporting Ilmit was assigned a finiteBayless, 1965
number equal to the mid-point tietween zero and the reportingd

Weiss and truenzler, 1976 limit. It is theref ore possible f or mean values e fall
9 bela.w tiee detection limit and/or contain signif f e -Davis, 1965 t figures

which are not indicated in the orf giual analysis mults.
; (*) Total filterable reeldue and (.**) total nonfilterallo; residue (4/73 - 7/73: 0.75 - 1.25 y filterl 8/73 - 32/75:

1.20 p filter).
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Table 3.4.2. Black Creek annual mean value water quality parametars

Inflow (Stations I, J) and Discharge (Stations it, K), Surf ace Samples
1973, 1974, 1975
All Values mg/l

T = Total, D - Dissolved

Station 1 J 11
K

Year 73 74 75 74 73 74 75 74 75

_19)_ (11) (12) , (4) (12)((N) (9) (11) (12) (3)

T-Solids P5 118 203 115 92 120 201 112 222

T-Volatile Solids 52 55 121 72 60 68 125 7 *. 132

*T-Suspended Solids 10 28 35 17 10 28 35 21 33

* T-Dissolved Sol ids 60 80 145 54 61 84 145 58 158 Y

Con 14 31 20 8 16 33 20 19 21 0
. 178 .209 .282 .140 .793 .205 .185 .162 .335

T-N2
NO - .117 .296 .140 1.19 .066 . 316 .253 .555 .260

.095 .037 .014 .036 .133 038 .018 .0 10 0693

N113
.184 .063 .041 .020 .169 .018 .028 .067 .029

T-p'asphate-p
.011 .033 .021 .010 .007 .010 070 .010 .022

TD-Pho ;.' ate-p
Y-Ortho "hosphat- n .087 .009 .019 .010 .102 009 .008 414 007

TD-Ort ho Phosphate-p .005 .006 005 .005 .005 .005 006 .010 005

D-Si 4.14 3.82 3.52 4.06 3.48 3.65 3.49 2.91 3.14

Cl- 3.14 3.19 2.43 3.73 2.98 2.85 2.70 3.57 2.54

2.48 3.66 1.83 3.00 4.00 4.26 2.77 1.75 3.27
SO4
T-Alk 4.30 700 1.42 1.33 4.22 MO 69 ! . 17 8, ,

T- Ca .857 .738 1.27 .997 1.11 .914 1.51 1.72 1 . 18

T -Na 2.02 1.88 1.901 2.19 2.12 2.02 2.15 2.61 '.59

7.'> .47 ) 456 .487 443 481 468 .513 .547 .513

For the purpose of statistical evaluation all data reportedN(ITE:
as " fess than" the reporting litit was assigned a finite
number equal to the mid-point between zero and the reporting
limit. It is therefore possible for mean values to fall
helnw the detection limit and/or contain significant figures
which are not Indicated in the original analysis results.

total nn r hto(*) Total . filterable residue and (**) llter; R/u titNs./ />!residue (4/73 - 7/73: 0.75 - 1.25 y I /3 -

1.20 p filter)
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Table 3.4.3 Robinson Impoundment annual inean values water quality parameters

1973. 1974 1975
All valwee og/l

T - Total. D - Dissolved
,

~St at ton C E A
Year 71 74 15 7) 74 7 5-- il 74 75
_IM) U L__ (11) _._._1121 _._ W ,_ (il7 (121 _ _39) fil) _ ____fl2) _

Surface /Botton S/B 5/B __ 5/_B 5/8 _5 / B 5/5 5/B 5/8 5/B

T-Sottds 71/93 125/155 181/197 7R/75 126/134 200/195 69/77 112/125 I PN 200
T-volatile Solida $5/59 65/91 155/122 57/38 74/61 134/122 51/50 67/El 131/142 O

ve T-suspended Solide 6.1/22 29/52 )!/37 9/8 26/31 31/32 1/10 22/27 27/34
e T-ptssolved Solide 51/56 84/96 143/131 51/50 90/R9 148/136 56/5) 97/97 144/157

000 19/23 13/34 21/21 22/20 31/40 24/24 20/20 26/26 15/25
T-N2 .511/.))) .249/.700 .292/.275 .420/.329 .520/.237 .272/.22) 455/.437 .267/.29) .279/.292
NO3-N .068/.05) .353/.)l0 .199/.189 .079/.084 .311/.110 .265/.2)* .089/.075 .))2/.265 228/.249
mf -N .034/.041 .014/.210 .014/.012 .054/.055 .I25/.0a0 .015/.012 .045/.047 .047/.05) .011/.0303

T-rhosphate P .1R3/.174 .019/.071 .019/.026 .221/.237 .015/.065 .028/.028 .IIM/.129 .074/.012 .029/.029

! itb f'hos pha t e-r .005/.006 .031/.011 .022/.017 .004/.009 .01/.009 .017/.019 .025/.008 .010/.009 .022/.018
T-Ortho rhosphate .095/.069 . 0819 /. 0 1 4 .014/.007 .380/.04) .007/.009 .001/.007 .044/.081 .007/.007 .001/.n08
TD-Orthe rhosphate .005/.005 .005/.005 .007/.006 .005/.006 .005/.006 .005/.006 .00 /.00F, .007/.006 . 00 7.* T0 7
n-51 3.60/3.1) 1.21/3.11 3.22/).45 2.62/2.m4 3.38/).36 3.291).40 2.47/2.62 3.77/).45 3.25/3.50
Cl- / 2.4 ) 2.51/2.86 2.52/2.02 3.03/).10 2.89/).01 2 23/2.14 2.77/2.70 1.02/2.95 2.56/2.243.2p/2.983.20 2.94/2.81 1.85/3.68 4.On/2.85 3.$n/).19 2.75/2.37 3.42/3.42 3.01/s.51 2.81/2.275"4
T-Alk 2.35/).31 900/.700 .78)/.592 4.13/5.07 1.25/1.20 681/I.04 2.37/4.26 1.10/1.05 .750/.692
T-Ca .836/.8%) .697/.687 4.21/3.62 1.08/l.04 1.07/.'867 1.78/1.35 1.09/l.s#4 .988/.96) 1.34/1.25
T-Nm 1.95/1.99 I.82/1.91 1.85/1.67 2.03/2.19 2.102/1.97 1.96/1.92 2.056/2.197 1.926/2.216 3.87/1.84
T-Ng 414/.42) .181/.42) 450/.438 457/.591 472/.442 .483/.486 .451/.513 454/.474 482/.482

f60TE: For the purpose of statistical evaluation all data reported
*

as *'less t hen ** the reporting 11stt was assigned a finite -

mmber equal to the ste point between zero and the reporting
ifelt. It to there'ere pesetble for seen volwee to fall
below the detection Ilott and/or contein significant fiswree
which are not indicated in the original analyste results.

(*) Total filterable reeldue end (**) total nonfiltetable
reefdue (4/73 - T/73: 0.75 - 1.25 > filtert 8/7) - 12/75:
1.20 y filter).



_ ._..
.

1

l

.

.

Table 3.4.3 (coutinued)

1973. 1974, 1975
All Values ag/l Encept plE amt Terbiditf (NTU)

T - Total. D = Dissolved

Statfon C E A

Year 73 74 75 i) 14 75 71 74 75

_l!9 l9L_ dllL_ (12). _ (9) (llL_ (12) _R . (II) ( l Q_
surface /sotto. s/s s/n s/a s/s s/n s/s s/n s/s sta

ttc a-C a .016/.017 .007/.007 .014/.014 .017/.017 .001/.007 .014/.016 .017/.017 .001/.007 .014/.014
T-Cu .019/.045 .029/.029 .032/.028 .056/.057 .053/.039 .062/.059 .053/.075 .042/.051 .049/.049
tv-Cu .021/.021 .025/.025 .025/.025 .021/.023 .025/.025 .025/.04) .021/.021 .025/.025 .028/.025
T-fe .775/.65) .587/.968 .780/.669 .934/1.02 .727/.918 .669/.842 .867/l.21 .852/.910 .784/l.04
1 - Ma- .022/.022 .025/.025 .025/.025 022/.022 .025/.025 .C25/.025 .022/.022 .025/ 325 .025/.025 y
T-Fb .044/.045 .012/.012 .025/.025 .045/.045 .012/.012 .025/.025 .G45/.045 .012/.012 .025/.025 8

T-- Zn .038/.011 .034/.072 .047/.042 .046/.064 .057/.054 .057/.057 .168/.056 .132/.045 062/.042 $
D-2n .025/ 025 .025/.025 .025/.025 .025/.025 .025/.025 .C25/.025 .025/.025 .025/.025 .025/.025
T-Al .312/.}43 .336/.794 .210/.297 .337/.43) 404/.391 .251/.254 .276/.527 .301/.375 .236/.359
th a t .045/.042 00s/.012 .097/.010 .025/.025 . 00'e f . 00 5 .084/.082 .025/.025 .055/.005 .078/.085
T -ils .0005/.0005 .0005/.4005 .0006/.0005 .0005/.0005 .0005/.0005 .0005/.0005 .0005/.0005 .00e*J.0005 .0005/.0007
T-t:1 -/- .037/.0)! .025/.025 -/- .031/.011 .025/.025 -/- .050/.011 .025/.025
D- H i .031/.01) .030/.010 .025/.025 .033/.037 .03/.010 .025/.025 .033/.01) .030/.030 .025/.025
Hasdneem -/- 6.7/7.0 3. 7/1. 6 -/- 6/5/6.4 4.18/4.16 -/- 6.9/7.5 4.9/4.4
pH 5.4/5.3 5.1/5.1 5.3/5.2 6.0/5.7 5.0/5.0 5.3/5.3 5.9/5.8 4.9/5.0 5.5/5.3
Tusbidity -/- 1.3/2.6 5.6/3.4 -/- 3.5/3.0 3.7/3.5 -/- 3.0/3.0 2.8/4.9

.

I f*0TE: los el.e purpose of statistical evaluation all date reported
me "less than" the seporting limit was aselgeed a flatte
emeber equal to t he old potut between aero and the reporting

,

limit. It le therefore possible for mean values to is11
teelow the detection limit and/or contain sigaf ficant figures
wesich are not indicated in tl.e originst analyste results.

.
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unus umn sus uma ums a nas smet num mL2 m m num num uma sum

stntions I, A, and II.Table 3.4.4 Comparison of the annual means of selected water quality parameters at

t - Test for Significance of Difference of Mean Values of Surface Samples
Significant at 95% Probability t>2. l*

Significant at 99I Probability t>2.9**
Direction of Change; (+) increase. (-) elecrease

Years Compared 1973/1974 1974/1975 1973/1975

1 Station I A II I A II 1 'A II

|
Parameter

Total - Solids 1.5 2.7*(+) 1.1 2.9**(+) 1.8 2.8*(+) 4.2**(+) 4.l**(*) 3.4**(+)

Total - Volatile Solids 0.3 0.9 0.4 3.2**(+) 2.9*(+) 2.8*(+) 3.4**(+) 3.9**(+) 2.7**(+)

* * Tot al - Suspended Solids 1.4 1.2 1.5 0.4 0.3 0.4 1.9 1.7 2.l*(+)

* Total - Dissolved Solids 1.1 2.2*(+) 1.0 2.4*(+) 1.7 2.2*(+) 3.4**(4) 3.4**(4) 2.7*(*)

2.I*(+) 1.0 2.2*(+) 1.3 0.9 1.8 1.2 1.6 0.9
COD

2.0 1.7 1.5 0.9 0.2 0.4 0.9 1.5 1.6Total-N7
NO -N 2.6*(+) 3.2**(+) 5.3**(+) i.7 1.3 0.9 1.2 4.0**(+) 3.1**(+)

3

NH -N 1.0 0.1 1.1 3.5**(-) 2.7*(-) 2.3 1.3 2.1 1.4
3

Total Phosphate-P 1.0 1.4 1.4 0.5 3.7**(4) 2.0 1.2 !.2 1.3

Total Dissolved Phosphate-IX).8 1.6 1.8 1.8 3.2**(+) 0.2 1.0**(+) 0.) 4.3**(+)

Dissolved silica 0.3 1.5 0.2 0.3 0.6 0.2 0.6 1.1 0.01

Chloride 0.2 0.5 0.2 1.4 0.8 0.2 1.7 0.5 0.5

Total Alkclinity 3.l**(-) 2.0 3.0**(-) 1.1 1.4 1.0 2.2*(-) 2.6*(-) 3.3**(-)

Sulfate 0.9 0.4 0.2 2.2*(+) 0.4 2.2 0.6 0.6 1.2

Total I.ead 2. l * (-) 2.6*(-) 2.6*(-) 2.4*(-) 2.4*(-) 2.4*(-) 4.3**(-) 4.8**(-) 4.9**(-)

Total Aluminum 1.1 3.2**(-) 0.3 0.9 1.1 0.2 0.8 1.7 0.2

NOTE: (*) Total filterable residue and (**) total nonfilterable residue
(4/73 - 7/73: 0.75 - 1.25 u filter; 8/73 - 12/75: 1.20 p filter).
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Table 3.5.1 1975 11. B. Robinson dissolved oxygen concentrations (mg/l) and percent saturatfor from representative
impoundment stations

A-2 B-2 C-2 D-2 E-2 F G

0.0. % Sat. D.O. I Sat- D.O. I Sat. 0.0. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

January 16, 1975 !

,

Surface 10.2 98 9.8 94 9.9 97 7.5 100 8.9 100 10.7 107 13.2 107

Middle 10.0 97 9.7 96 9.7 95 9.7 101 9.0 100 12.8 112 12.8 103 j

aottom 10.2 98 9.8 97 9.7 96 10.0 103 9.4 102 l ~l . 3 112 12.6 102

February 5, 1975
Surface 8.9 86 8.8 83 8.7 85 8.8 86 8.1 79 9.6 83* 11.1 88

Middle 8.7 84 8.7 83 8.8 85 8.6 84 8.4 87 10.8 87 11.0 87

Bottom 8.7 84 8.8 85 8.8 85 8.6 84 8.7 87 10.6 86 14.0 112

tiarch 5, 1975
Surface 8.5 83 8.5 84 8.8 90 7.6 82 7.4 83 6.9 68 10.4 95

Midd!c 8.3 80 8.5 80 8.7 86 7.9 82 7.4 83 9.2 77 10.4 90

Bottom 8.0 76 8.4 81 8.5 83 8.5 84 8.0 87 9.0 75 10.2 88

Y
M'May 12, 1975 *

Surface 8.6 101 8.? 98 8.6 103 8.4 101 8.0 93 8.4 100 8.8 105

Middle 8.2 93 8.2 94 7.8 88 8.5 102 8.1 96 8.5 103 7.2 87 i

Bottom 5.2 58 5.4 60 4.8 53 8.3 97 7.9 93 7.0 75 7.0 73 |

June 10, 1975
Surface 7.8 98 8.1 102 8.1 102 '7 . 7 104 7.5 108 7.8 110 8.0 95

Middle 7.3 91 8.1 102 8.2 104 7.4 94 7.5 109 8.1 105 7.9 93

Bo t t om 7.9 100 2.3 28 6.8 S4 5.5 69 7.3 100 6.8 84 7.5 88

Jely 1, 1975
Surface 7.7 102 7./ 103 7.7 102 7.3 103 7.6 116 7.9 112 7.8 98

Middle 7.5 100 7.3 98 7.4 98 5.0 66 7.9 114 8.0 112 7.8 98

Bottom 0.7 8 1.9 24 5.8 76 3.0 39 3.9 50 6.0 76 6.1 72

August 5, 1975
Su-face 6.7 39 7.2 96 7.2 48 6.5 91 5.5 80 f. 3 87 6.1 78

M itid l e 1.8 22 3.4 45 5.7 75 6.1 86 5.3 78 04 85 5.3 65

Bottom 0.0 0 0.0 0 0.4 4 5.7 8?) 4.0 52 4.6 57 5.0 6:
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<
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i

I
Table 3.5.1 (coutinued) i.,

|
| I
' A-2 11 - 2 C-2 D-- 2 E-2 F G (

J1
-D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. |

?

September 9, 1975 3

Suriace 7.3 98 7.5 100 7.0 94 t, . 4 91 5.8 88 7.3 103 7.7 102 j
,

Hiddle 2.9 37 5.5 12 6.1 80 5.1 67 6.1 89 7.3 101 5.0 63

llottom 0.2 2 0.1 2 4.8 63 2.1 27 5.8 83 4.9 59 4.7 55 i

;iOctober 13, 1975
*

Surface 7.5 94 7.4 93 7.3 93 7.1 93 6.3 85 7.0 91 5.3 61'

i tilddle 4.6 54 5.2 62 5.1 60 5.7 69 6.2 85 7.3 87 4.9 53 [

1hittom 0.9 9 0.8 8 1.5 16 4.1 48 6.4 85 5.7 63 5.0 54

N,vember 12, 1975
Surface 8.4 94 8.4 94 86 97 8.1 92 8.1 92 8.0 89 6.4 68 !

tilddie 8.1 91 8.4 94 8.5 96 8.0 91 7.8 90 7.9 85 6.4 68 ;

Buttom 1.7 18 3.4 37 3.4 37 3.0 91 6.3 68 5.8 62 6.5 68 !
t

4.8 I

necember 9, 1975 1 |
"

}jSurface 8.2 75 9.5 87 8.7 80 9.2 85 9.1 87 9.5 82 10.8 99

Middle 8.0 73 9.4 87 8.6 78 9.2 85 9.0 85 9.4 82 10.8 99

Bottom 9.5 87 9.1 83 8.6 78 9.0 63 8.8 80 9.2 79 10.7 98 !

!

-

i
i
'

t

I
l

,

* NOTE: Average depths for each station are as follo.rs: t

I
r

i
A-2: II.Om (36 ft.) j

i
8-2: 10.lm (33 ft.)
C-2: 8.3m (27 ft.)
D-2: 3.7m (12 ft.)
E-2: 1.8m ( 6 ft.) ,

F : 2.7m ( 9 ft.) f
!G . 2.7m ( 9 ft.)
l

8 h m m m m W m m m m a e e e e e e !
/ I

-.
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4.0 Fisheries

' 4.1 Introduction

heliminary studies of fish populations in Robinson In:poundment wereI ocgun it. 1972 and 1973 and served to identify the methodology necessa,ry to
conduct a cwg :ehensive study of the fishery and 'co begin compilation of a
species list. During 1974 the studies were redesigned to meet the Nuclear
Regulatory Commission regulations requiring fish population data and in view
of the Company's decision to ptoceed with a 316 demonstration for the Envir-
onmental Protection Agency. Fc.udies were further revised (added) during 1975
to strengthen weaknesses in the programs as they were identified.

O

The phyt.ical and che=ical characteristics of Robinson Impoundment
have been described in detail in Section 3 of this report. Other factors

aff ecting fish populations such as vegetari,n and substrate are also den '. h e d

(Sections 6, 7) and should be kept in mind when examining the vario- e . .n -

teristics of the fish population.

4.2 Fish Distributions in Robinson Impoundment

I
4.2.1 Introductien

Distribution of fishes is governed by environmental requirements

that may vary with species or size. Certain species or sizes of fish exhibit

.3 preferences for particular water depths, temperatures, substrates, or cover

types as well as being limited to certain ranges of these and 7ther envd n-

mental parameters.

The ob, tives of the fish distribution study incluced oc .in ga

the species present in the impoundment, examining variations in nu=bers and

: species among locations , and evaluating the numbers end specteu cf fish present
in the vicinity of the discharge with respect to other areas of the impoundment.

I
I
I
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'

4.2.2 Methods and Materials I
Gill netting, wire trapping, seining, and electrofishing were used to

collect fishes from the various areas of the impoundment. The efficiency of
these gear types varies with species and site of fish; t,herefore, results will
be evaluated separately. In the quarterly sampling programs, quarters were g

Wdefined as vinter, January through March; spring, April through June; summer,

July through September; and fall, October through December. An attempt was
made to collect samples near the middle of the quarter.

Standard 30.5 = (100 ft) experimental gill nets, 2.4 m (8 ft) deep,
(equal panels of 25 mm, 51 mm, 76 mm, and 102 mm (1 in, 2 in, 3 in, and 4 in)
stretch mesh) were set at stations 1 and 3 of transects A, C, E, and G (Figure
4.2.1) for two consecutive days each quarter f rom su=mer 1974 through f all 1975.
Nets were set off-bottom perpendicular to the shoreline at depths varying f rom
2 m (6.5 f t) to approximately 12.2 m (40 f t) . The nets were checked and catch 3

examined after approxtmately 24 and 48 hours.

I
Single funnel poultry aire traps appr efnately 1.2 m (4 ft) in length

and .6 m (2 f t) in diameter were also set at sta ions 1 and 3 of transects A, C,
E, and G for two consecutive days each quarter from spring 1974 through f all 1975.
Traps were usually set in watec 1 meter deep and were checked after approximately a

24 and 48 hours.

Seining was conducted quarterly with a 15.2 m (50 f t) dag seine
(6 == (1/4 in) mesh) from summer 1974 through fall 1975. One seine haul was
made at stations 1 and 3 of transects A, C, E, and G. Each haul consisted of

extending the seine along the shoreline and sweeping an arc of 130* and radius
the length of the seine (when possibl9.) . Uater depth or bottom cc ;ditions at
ti=es prevented the full extension of the seine.

Electrofishing was conducted for 0.5 hour at stati5ns 1 and 3 of
transects A, E, and G monthly from April, 1975 through March, 1976. A Smith-
bot type VI control unit and 3500 watt generator were used operating at
600 volts (AC). Current was generally within the range of 1-3 amps. Fishes

I
a.
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that were incapacitated were collected with a dip net and were held in a tub
of water until the end of the collection period. The dark color of the water

' , and low conductivity created some difficulty in collecting electrofishing
sa=ples. These conditions were generally unifor= throughout the impound ent
so comparison of data am,ong stations can be c.ade. Extreme caution should be

Is used, however, in comparing these data with electrofishing samples collected
in ot'aer bedies of water and different environmental conditions.

Numbers, lengths, and weights were recorded for all fish cellected.
Sex and maturity were recorded when possible. Scales, stomachs, and gonads

were removed fro: large=outh bass, bluegill, warcouth, and chain pickerel
when needed for age-growth, food habit, and fecundity studies. Larger fish
which were not sacrificed and were in good physical condition were tagged
with Floy anchor tags and released.I

'

Catch rates have been adjusted to numbers and weights per 24-hour
set for gill nets and wire traps, to number per haul for seine catches, and
to number per hour for electrofishing to facilitate direct comparisons.

I
4.2.3 Results and Discussion

Species Co position

Thirty-one species of fish were collected from Robinson I=poundment
during 1974 and 1975 (Table 4.2.1). Thirteen of these were centrarchids, indi-

cating the importance of sunfish in the impound =ent. The most co==on species
collected were bluegill and warmouth, although speciee abundance varied with
area. Three species, flier, white crappie, and black crappie were collected
only from the H. B. Robinson Plant intake screens during studies of fish
impingement (Section 4.9) or during creel surveys (two black crappie) . Several

additional species were collected from Black Creen anc probably occur in the
impoundment.

All of these are typical of the piedmont-coastal plain region andI many are generally associated with " black water" systems. Table 4.2.2 compares
the fish species collected from Robinson Impoundment and Black Creek with other

I
. . .
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similar bodies of water in North and South Carolina. All of these, with the
exception of Far Pond are charactericed by darkly stained water. Par Pond,

located in southeastern South Cat, lina, receives heated effluent from a nuclear
reactor. The table illustrates that the fish species typically found in this

area are well represented in Robinson Impoundment and that the species compos 1-
tion of Robinson Impoundment is not unlike that of other similar bodies of water g

W
in the area. (See Table 3.4.1)

Gill Netting

Gill ner :atches in Robinson Impoundnent were generall- small and
varied both in number and species. Mean total catch per day (T_._a 4.2.3) was
cocpared between stations on each transect as a possible basis for combination,
using a paired Student's t-Test (Snedecor and Cochran, 1967). Significant

differences (P = .05) were found between stations so overall variance in tota 5
catch (number per set.> was evaluated using a 2-way Analysis of Variance and F W

Test, with sampling station and sampling date the classes of interest. Differ-
ences between sampling dates were not sipificant (P = .05), while differences
between stations wera highly significant (P = .01) (Table 4.2.4). Mean total

catches by sampling station were then subjected to Duncan's five percent level
New Multiple Range Test (Steele and Torrie, 19o0). Three groupings of means
were apparent (Table 4.2.5) indicating values which were not significantly
different from each other. Catches at station G-3 were sipificantly higher

than at the other sampling stations. The catch at the other upper impoundsent
sa pling station (G-1) was next in numerical rank; however, no significant
dif ference was indicate.1 between the catches at stations G-1, I-3, E-1, A-1,

and C-1. The catches at stations 1-3 and C-3 were sipificantly lower than
catches at G-1 but were not sipificantly different fres catches at I-3, I-1,
A-1, or C-1. These station differences indicate there is no difference in
catch rate in the lower and middle reaches of the i= pound:ent (including the
discharge area), but these rates are lower than catches in :he upper impound- g
ment (G). In addition, catches from the discharge area and the east side of W

lower and mid-imprundsent transects were not different from catches from the
east side of the upper impoundment.

I
a..
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. An alternative analysis was suggested by Dr. Charles H. Proctor of

the North Carolina State University, Department of Statistics as being more
appropriate. This analysis is presented in Exhibit 3. Discussion and conclusions
were essentially the same following either procedure.

.

In examining species composition of catches at particular stations

- by season, no differences are readily apparent. There ere, however, notable

differences between stations. Gill nets at transects A and C generally caught

a higher proportion of bluegills and chain pickerel than were taken on tran-

sects E and G. Suckers and golden shiners were generally collected in greater

proportions from transects G and E than from transects C and A. Although war-
- mouth and yellow bullheads were collected from most sampling stations, warmouth

were taken in greater proportions from transects E, C, and A than from transect G, j

while yellow bullheads were taken in greater proportions from transects G and EI than from transects A and C.

Wire Trapping

Wire trapping in Robinson Impoundment was generally inef ficient with

only centrarchids, primarily bluegill and warmouth, collected. Although the

data were not subjected to statistical testing, mean catches by station appear
to be grouped (Table 4.2.6). Largest catches were made at Station A-1 (average

3.2 fish per set), and wer e several times greater than catches at any otharI location. Mean total catches f rom Stations C-3, E-1, and G-1 ranged f rom 0.6
to 0.8 fish per set. A tt ird grouping of Stations A-3, C-1, and E-3 (0.2 -

0.3 fish per set) was disc ernible. No fish were collected with wire traps at

Station G-3.

In evaluating catches by year and season, more fish were taken in wire

traps during 1974 than during 1975, and more fish were taken in the spring and
sumner than in the fall and winter. This seasonal variation is expected as lower

I fall and winter te=peratures generally correspond to reduced activity of fishes
and a decrease in trapping efficiency.

I
I
I
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Seining

I
Much larger catches were made by seining in Robinson Impoundsent during

the spring and su=mer than in the fall and winter. During the cooler water periods,
fish generally cove from the shoreline areas to deeper water and are less suscep-
tible to capture by seining.

Considering mean catches across all sampling periods, largest catches
were taken at stations G-1, C-1, and A-1 (Table 4.2.7), ranginii; f rom 14.2 to 29.5.
The low catches at stations A-3 and C-3 (1.1 and 1.2) are probably due primarily
to the bottom type and topography. Both of these stations are located on washed
sand shorelines which drop off rapidly preventing full extension of the seine and
efficient sample collection. Collections at G were often hampered by bettom
obstructions; the much larger nean catch at station G-1 due pri=arily to one haul
which took 99 bluegills. I

Bluegill was the most numerous species collected by seining at all
stations and was the only species taken at station E-1. Chain pickerel and

large=outh bass were also collected at most stations. The diversity of fishes
collected by set ting was higher at transect G than at other sa:pling locations.
Seine catches at G included golden shiners, spotted suckers, creek chubsuckers,

pirate perch, lined topminnow, black-banded sunfish, bluespotted sunfish, and g

dollar sunfish which were not taken at other sa pling locations. Mosquitofish $
and redbreast sunfish vera collected in the lower impoundment, but were not taken

in the transect G seine hauls.

Much of the observed dif ference can be attributed to habitat and cover
type. Low catches and diversity on transect E are probably due to the combination
of high su==er te=peratures, cover type (algal sat over soft =ud substrate), and
inefficiency in seining due to roots protruding from the bottom. The smaller
fishes which are susceptible to seining often are associated with aquati: vege-
tation, and seining at transect G included vegetated areas more frequently than g

seining at the otner locations (Sectien 7) .

I
I
E

. _ _ _ _ _ _ _ _ _ _ - -
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- Electrofishing

Although there was some difficulty cellecting electrofi-hing samples

from Robinson Impoundment due to the low conductivity and visib1_.:y, electro-
fishing was the most efficient sampling method employed. A variety of fishes

was . collected from each sa=pling location (Table 4.2.8) during most cf the

year and the number of species collected generally increased fro = the lowerI i=poundment to the upper impoundment. This trend is best illustrated in the

plot of the Shannon-Weaver diversity index (Weber,1973) (Figure 4.2.2).
The indices calculated for Stations A-1 and A-3 were generally lower than for

other etations except during April, May, June, and July when the catch of

bluegill declined which raised the proportion'of other species in the catch, j

thus raising the indices.- Indices calculated from catches at Stations E-1

and E-3 were generally higher than Transect A but exhibited a decline through
the early summer reaching a minimum in July (August data not available), then

increasing to levels comparable to early spring. Transect G indicer were high
,

\ \

and relatively stable with the exception of Station G-1 during May when no fish
i

! were collected.
'

I'

|

Electrofishing catches were also examined by performing analysis of
| variance on the log transformacien of bluegill, largemouth bass , warmouth,
[

! chain pickerel, and total catches per hour with sampling month and sampling

.

location the variables of interest. Highly significant differences were

, evident in all of the groups considered with respect to sampling location

while largemouth bass and total catch exhibited highly significant (P=.01) differ-

ences and bluegill and warmouth exhibited significant (P=.05) differences among
sa=pling months (Table 4.2.9) .Ii

When significant differences were indicated, variation was examined

further using Duncan's 5 percent level New Multiple Range Test (log transf or-

mation of catch per hour).

I
.

; In this analysis, ranked means which are not significantly different

from each other are grouped; any two means not included in a single group are

| significantly different from each other. Groups exhibiting significant differ-
1

ences in catches by sampling month are presented in Table 4.2.10. Differences

_____ . _ _ _ _ - - _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _____-_____ _ _ _ _ _ _ _ _ .
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in sampling location for the various groups examined are presented in Table

4.2.11. Total catches at Transect A were significantly larger than from any
other location. No significant dif f erences were f ound between catches from

E-1, E-3, G-1, and G-3. The large catches from Transect A were due primarily

to the large number of bluegills collected during most sampling periods. The
"Duncan's test of bluegill electroshocker catches also supports this with Stations

A-1 and A-3 exhibiting significantly larger catches than other sampling locations, g
No significant dif f erenca was evident between catches f rom Stations E-1, G-1, 5

and G-3 or between catches f rom E-1 and E-3 but catches f rom G-1 and G-3 were
significantly smaller than the E-3 catches. The concentration of bluegills
on Transcc: A probably results f cm their utilization of the rock rip-rap along
the dam for cover. Electroshocker catches of largemouth bass were significantly
larger at Stations E-3, E-1, and A-1 than at Stations G-3, A-3, and G-1 with the
station nearest the discharge (E-3) exhibiting the largest mean catch. Station A-1

largemouth bass catches, however, were not significantly larger than G-3 catches.
Warmouth electrofishing catches from Stations A-1, G-3, and A-3 were not significantly
different and were larger than catches at the other staticas. Warmouth catches
at stations E-1, G-1, A-3, and G-3 were not significantly different. Station E-3
catches were significantly leur than catches at the other stations. Electro-
shocker :atches of chain pickere' were not significantly different between sampling
stations. The pattern of larger bluegill and warmouth catches from the loser
impoundment is probably a reflection of habitat prefererce, with thesa spe.cies
occupying the rock rip-rap areas. g

5
An alternative analysis was suggested by Dr. Charles H. Proctor of the 4

North Carolina State University Department of Statistics as being more appropriate.

This analysis is presented in Exhibit 3. Discussion and conclusions were essentially

the same following either procedure.

These fish distribution data suggest that most species are distributed

primarily as a function of habitat type. The area around Transect G contains
many stu=ps, legs, and rooted aquatic vegetation. These sources of fish cover
were much less abundant in the vicinity of Transect E and sttil less abundant at

Transect A. Distributions may change seasonally as a result of environmental
variable avoidance such as su==er discharge temperatures (Shannon-Weaver index)

but when yearly mean values were considered, the distributions appear to be based
primarily on habitat. A depression in the fish population was not evident in the

"
discharge area when mean values were considered. i

|

E'
- - - _ _ . _ . - - _ -_-



I

4--9

I
|
i
i

|

4.3 Standing Crop Estimates I

g
.

4.3.1 Introduction

|

Fish populations are generally assessed in ter=s of standing crop or j

weight of fish per unit area. The examination of standing crop incorporates
,

the various factors affecting a fish population and allowc for comperison among
areas and bodies of water.

Standing crop estimations of fishes are cocmonly made by introducing
a toxicant in an area of known size and examining fish that are killed. This

method contains the inherent variability of changing physical and environmental
conditions and of varying efficiency of sampling. Cove sa=ples (the poisoning'

of coves isolated with block nets) have, however, been found to provide an esti-
. mate of fish biomass which is of ten better than other assessment methods , although
'

. relative abundance may be misrepresented (Barry, 1967; Hayne et al.,1967; and
Sandow, 1970).

,
_

4.3.2.1 Methods and Materials

Three coves representing the upper, mid, and lower reaches of the

_

impoundment were selected for rotenone sampling at Robinson Impoundment during
1974 and 1975 (Figure 4.2.1). The coves were blocked off using 1/4-inch (delta) mesh;

' , - block nets. The surface area and vcluse of the coves were calculated
and Noxfish (5% emulsifible rotenone) applied at a concentration of 2.0 parts
per million. Potassium permanganate was applied outside of the block nets to

I: nautralize rotenone diffusing out of the coves. Fish were collected inside

. the block net as they appeared after rotenone application and on the following
day; Fish were separated by species; length and weight were recorded. When
numbers warranted, fish were assigned to length groups and group weights were
recorded (1974 - inch groups, 1975 - centimeter groups). Scales .e.d gonads
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I
vere re=oved from f resh wat=cuch, bluegill, chain pickerel, and large=cuch 'i

bass which were collected. Tishes which could not be positively identified

in the field were preserved in 10% for=alin and returna? to the laboratory

for further examination.

4.3.3 Results and Discussi:,n

Standing crop estimates ranged fro 29.3 kg/ha in the upper impound-
ment cove duting 1975 to a high of 139.3 kg/ha in the lower i= pound =ent cove
during 1975 (Table ' 3.1) . The greatest nu=bers of fishes in both 1974 and

1975 were found ac the mid-1=poundnent transect; however, diversity was lower

than at the other sanpling locstions. During both years, diversity was highest

in the upper t= pound =ent cove although no species were conspicuous by their

presence or absence at any particular sampling location.

In the lower impoundment cove, chain pickerel, spotted suckers,

bluespotted sunfish, and bluegills were the major species collected during

both years. The weight of redbreast sunfish collected decreased from 1974 to

1975 while the weight of war =outh and large=outh bass increased considerably.

Swamp darters were second in numerical abundance in the icwer impoundment cove
during 1975. =

The mid-impoundment cove was numeri .11y do=inated by bluegills during
1974 and 1975. The =can length of these fish was 33 == and 71 == during 1974

and 1975, respectively. Due to the length classes used, the 1974 lengths prob-

ably underrepresented the true =ean. Generally, however , =ost bluegill were

in the 2-3 inch size range. This s= ail size indicatr.s the abundance of young

bluegills in the area. Other young centrarchids were also present in substantial

nu=bers as evidenced by the numbers and average sizes of bluespotted sunfish of

26 and 50 n= and large=outh bass of 129 and 94 ==. The major fish species

collacted from the =1d-i= pound =ent cove in ter=s of bic= ass were redfin and

chain pickerel, bluegill, warmouth, and large=outh bass. The swa=pfish collected

from the =1d-impcund=ent cove should be noted since this little known species

was not collected fro any other locations during cur sampling program.

T
~ Data records used in calculating mean lengths were midpoints of length =

classes in cases where length classes wera utilized in :eporting lengths.

E
_
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The upper impoundment cove contained the greatest diversity of "ishes
although the standing crop was the lowest of the three coves sampled each year.
Centrarenids, particularly bluespotted sunfish, warmouth, bluegill, and dollar

. sunfish were the major species collected cumprising 851 and 761 of the total du:ing
1974 and 1975.I Numbers. generally decreased from 1974 to 1975 (particularly
bluegill) although the number of pickerel, pirate perch, and black banded v:n-
fish increased. During both years of sampling, chain pickerel were major
contributors to the total biomass. During 1974 spotted suckers and during 1975
largemouth bass weights also were i=portant.

I
During sampling in 1974, biologists present felt that several factors

contributed to underesti=ation of the fish populations in the mid-impoundment
!

-

and lower impoundment coves. During the sample period, a wind blowing across
the impoundment

I. increased suspended material in the water and decreased visi-
bility, causing a reduction in efficiency of collection. This vind also washed
many small dead fish into the vegetation along the edges where recovery was
impaired. In the lower impoundment cove, some difficulty was encountered in
adequately fixing the block net from bottom to surface. This may have allowed
the escape of some fishes and contributed to an underestimate of the population.

The mean of the six rotenone samples collected f ro: Robinson impoundment
during 1974 and 1975 were calculated and compared to other similar lakes in the

I- southeast (Table 4.3 2). Singletary , Alligator, Great , and Catfish Lakes are
characterized by low pH and black water. Lake b'accamaw has darkly stained water;
however, pH is more nearly neutral and Par Pond, located on the Savannah River
Reservation (ERDA), receives heated effluent.

Major species were considered individually in Table 4.3.2 with other
fishes combined end reported as "all others." b' hen ec= paring Robinson impound-
ment to the other lakes included, the standing crop estimate was somewhat less
than Par Pond but greater than the others. Species composition and general
abundance of fishes was similar in the lakes examined with bluegill, warmouth,
chain pickerel, and large=outh bass frequently occurring as do=inant species.

|I

5 The standing crop data collected from Robinson impoundment illustrated
several points.

-

|

9
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I
1. The standing crop of fishes is similar to other coastal plain

lakes in the Southeast.

2. Relative abundance of fish species as estimated with rotenone

is similar in Robinson I= pound =ent and other lakes in the South-

east which have similar environmental characteristics.
.

3. Fishes are utilizing upper, mid, and lower reaches of Robinson

I= pound =ent, although abundance and diversity varies among areas.

4. Although surf ace te=peratures in some areas of Robinson Impound =ent g
approach thermal =axima for many of the species collected, fish are "

present in good numbers, possibly indicating the utilization of
I

te=perature stratified or refuge areas. There are many springs, W

seeps, and small creeks in the area which are sources of rela-

tively cool water. This cool water forms a layer close to the

bottom which varies in size with volume of source water, turbu-

lence, and bottom topography. Many of these areas are too small

to be illustrated from te=perature/D.O. profile sa=pling, but are

readily apparent when wading in the area. In addition, much of

the i=poundment has sc=e te=perature variation from top to bottom
(te=perature - profiles, Section 3) providing large volumes of g

water with ce=peratures less than those apparent on the surface. $

5. No paucity of gn=e or sport fish expected in a southeastern lake

or reservoir with s1=ilar environmental characteristics . ras

indicated by the rotenone samples collected from any area of -

,

Robinson Impoundment.

4.4 Food Habits

4.4.1 Introduction -

Fish food habits can provide valuable information on the patterns

of energy flow within a ec==unicf and indicate relationships potent 1 ally subject

to adverse environmental impact. These data can be useful in the interpretation

E
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- of fish growth rates, distributions, and reproductive efforts. Tne objectives

of the study program were: (1) to procure information on the types and relative

abundances of f ood ite=s ; (2) to qualitatively identify the major pathways and
sources of energy available for fish production; and (3) to qualitatively assess

the feeding conditions of the populations in question by comparison of secconal

diets with the availability of resource ite=s in the environment.

'4

'

4.4.2 Methods and Mater 1als

Species of important spert fishes selected for stomach analysis at

Robinson 1=poundment incleded the bluegill, largemouth bass, warmouth, and

chain pickerelf A preliminary study of the bluegill was conducted from April
to December of 1974 from specimens collected fro = the intake screens of the i

H. B. Robinson Staa Electric Plant. In January of 1975 a more intensive
,

sampling program was initiated to provide information on the food habits of

fishes from the upper, discharge and lower portions of the i=poundment. FishesI were collected monthly in the littoral areas of transects A, E, and G by use of

a Smith-Root Type VI boat mountad electrofisher and assorted other sampling

I methods. Electrofishing in the vicinity of each transect f rom January to

Dece=bcr accounted for S2% of the yearly sample. The remaining 1S% of the

' samples were obtained from seine, rotenone, gill net, and i=pingement sacples.

Fishes were injected in the field with 40% formaldehyde solution and preserved
in 10% formalin for future analysis.

Laboratory analysis involved the measurement of total length (TL) to

the nearest millimeter and excision of the stomach from the pyloric sphincter

to the esophagus. Stomachs were emptied of contents and stored in individualI vials of 70% ethyl alcohol with Rose Bengal biological stain. Contents vert

later identified to the lowest taxonomic level practical by use of Pennak (1953),

Brooks and Kelton (1967), Parrish (1968), Johannsen (1969), and Deevey and Deevey

(1971). Only stomachs with identifiable food organisms were utilized in this

study. Food c,rganisms were enumerated by taxa and if more than one item was

present in a stomach, the percentage of these itet's was deter =ined by centrifu-
5ation in a Wintrobe tube, water displace 2ent, or visual inspection. The percent

frequency of occurrence, mean number of organisms per stomach with food, and
;

!

| either the percent average volume or the percent total volume of food items were
1

LTnite catfish were also included at the initiatior of the study but numbers
collected were insufficient for analys.s.

,

_
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calculated for all fish on a quarterly basis. The percent average volume is
-

influenced by the frequency of occurrence of a kind of food but not by the si:e
of either the atomach nor its fullness. This gives the stonach concents of
small fish the same importance as those of a large fish and is applicable in g
describing volumetrically the food of bluegill. The percent total volume 5

emphasi:es the importance of large items and is applicable to the diets of
large predaceous fish (i.e. , warmouth, largemouth bass, chain pickerel) . Blue-

gills from the lower impound =ent and discharge atea were divided into two groups
(< 100 == and 1 100 =m T1.) (< 3.9 in and 1 3.9 in) in order to demonstrate any
size dif f erences in food selectivity. This was not possible in the upper
impoundment due to small sample sizes.

4.4.3 Results and Discussion

Bluegill-L1=netic Zone of Lower Impoundment

I
Food analysis of bluegills from the intake screens of tne H. B.

Robinson Steam Electric Plant during 1974 is based en the e:camination of 168

stomachs (Table 4.4.1). These data (Figures 4.4.1 and 4.4.2) illustrate a

dom 1 nance of =coplankton in the diet and suggest a seasonal progression in
numerical abundance and relative importance of =coplankton as food ite=s. 5

The dominant food item in the diet of small bluegill during the summer was
a

Cvelops while Euboscina was dominant during the fall. A comparison of food habits 5
date with :coplankton dominance suggests that bluegills grazed upon the dominant
forms available. Eubosmina we.s the winter and fall dominant while Cvelops was

| dominant during the spring and sua:mer. During the summer Chaoborus constwited
1

j a large portion of the tocci volume and occurred at greater frequencies in stomachs g
of large bluegill than in cmall bluegill. During the spring Chaoborus was the B

dominant resource for both size groups of bluegill (Figures 4.4.1 and 4.4.2).

-No data were available on the numerical abundances and seasonal distributions
of the pelagic instars of Chaoborus.

I-

31ueg111s for stomach analysis largely consisted of fish impinged from
dusk to dawn of the following day. In stomachs containing Chaoborus, 70*. contained

:coplankton (i.e., Cvelops, Eubosmina, and Diaphanosoma), 21' con ~ined only
Chaoborus, and only seven percent contained Chaoborus and centhic organisms. All

a
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instars of Chaoborus are known to f eed on cladocerans and copepods in the epilim-

nion at night (Juday, 1921; Melaren, 1963). Two main periods of feeding have been |
l

described for bluegills. The major period occurs in the late afternoon and the |

1

other a few hours after dusk (Keast and Welsh, 1965). This would correspond to !'

I the time when Chaoborus,has vertically migrated into the water column to prey upon i

z ooplankt on. Chaoborus generally escapes fish m edatic, during the day by retrea-*

ting te the hypolimnion (Juday, 19"., stahl. 1966; Pope et s1. 1973).

Benthic macroinvertebrates, represented by a total of l' ;;r.cm (Table

4.4.2), contributed little to the total volume of food of limnetic bluegills. The

dominant benthic orgar. isms consumed were dipteran larvae (11 genera) and trichop-

terans (3 genera). The larvae of Procladius were present at frequencies higher

than 10% in both size groups of fish throughout the year. This chironomid repre-

sented between 2.7* and 5.3% of the t.otal stomach volume of large bluegill and

between 2.2% and 7.2% of small bluegill. Trichopterans (i.e., Oecetis and

| Polycentropus) were important benthic resources during the spring (Figures 4.4.1

and 4.4.L).
.

The primary sources of f ood for the bluegill in the area of the plant

intake structures were Chaoborus, Eubosmina, Cyclops, and Oecetis . These data*

depict the food of limnetic bluegill during their feeding period in the evening*

and stress the role of zooplankton in the diet. It has been reported that all
*

sizes of bluegill participate in diel littoral-limnetic cigrations bue. that as

fish length increases a reduction in the frequency of migration occurs. Bauman

and Kitchell (1974) suggested that it is energetically adC ntageous for larger

fish not to migrate but to remain in the littoral zone. Since the littoral ene

habitat available f or bluegill grazing was limited in this area of the impound-

ment due to impoundment topography and bluegill densities were high, the advan-

tages of littoral feeding may be lost due to high comperitive interactions for

a limited food supply. The best feeding strategy under these conditions would

be for increased planktivory. This is what has been observed at Robinson

impoundment for both size classes of bluegills.

Bluegill-Littoral Zone of Lower lepoundment

Data for bluegills in the lower i=poundment during 1975 are based on

the examination of 302 stomachs (Table 4.4.1) and indicate a major dependence

-. - , _ _ - _ _
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upon planktonic cladocerans and copepods during the winter, spring , and f all.
Larger bluegills did not consume As large a portion of zooplankton as did

smaller fish. This is typical of bluegill feeding behavior (Carlander, 1972).

In small bluegills, Eubosmina accounted for 99.4% of the volume and occurred

in 100% of the samples during the winter quarter (Figure 4.4.3). The dominant

taxa of zooplankton throughout the year were Eubosmina Diaphanosoma, and g
Cyclo;s. The dominant organism in the winter was Eubosmina, with Diaphanosoma R ,

dominant during the spring and suctmer, and Cyclogs present in highest densities
during the fall of 1975 (Figures 4.4.3 and 4.4.4). An examination of stomach
content data with respect to :ooplankton seasonal abundances indicates similar

patterns of dominance (Table 5.3.4). Since bluegills are reported to be keenly

responsive tc search and capture time during gra:ing (Werner and Hall, 1974),

it is energetically favorable for these fish to conrume the dominant species

available in the absence of any size selective feeding behavior (Canfer and

Blades, 1975).

In the lower impoundment benthic organisms, represented by 29 taxa

(Taole 4.4.2), were important components of the diets of both size groups of
bluegill. These organisms volumetrically represented 30.8% and 46.3% of the

diets of small and large bluegills during 1975. An increased uti'Lization of

benthic organisms with increasing fish length is a common feeding behavior
of bluegills (Carlander ,1972) . Literature references to the food habits of a

the bluegill from a wide variety of habitats indicate that zooplankton and

aquatic insects are the dominant f ood items (Calhoun, 1966; Carlander,1972) .
Young bluegill f eed on small crustacea and aquatic insects while the- adults
prefer the larger aquatic insects, small crayfish and fish (Carlander, 1972).
In general, an inverse relationship exists between body size and the percentage
of zooplankton in the diet (Turner, 1955). Bluegills generally remain within
the same trophic level throughout 11fc but shift from plankton gra:Ing to benthos
feeding as size increases (Gerking, 1962).

The most ecemonly consumed benthic organisms were -larval chironocids.

Small bluegills utilized 17 genera of chironcaids while 14 genera were present
in the diet of large bluegill. Chironomids were most abundant during the spring

! but were noticeably reduced during the winter. procladius was present in the

1

Y'
=:

-
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food of both size groups of bluegills throughout the year. Larger bluegills
,

also consumed Polvpedilum throughout 1975 in addition to Procladius. Procladius

- is generally found in the sub-littoral and profundal areas of Robinson Impoundment
while Polypedilum is typically found in the littoral zone. Another littoral zone

- chironomid, Ablabesmyia, was an important f ood resource f or both site groups
- (Figures 4.4.3 and 4.4.4'). Chironomid and cu11c1d pupae were important food items

of large bluegills at most times of the year. Utilization of pupae was highestg
E during the spring, occurring in 59.2*. of the stou.achs and representing 19.5% of

the volume (Figure 4.4.4). Decetis, usually a littoral tricnopteran on sandy,

or clay substrates, was a subdominant food item of small bluegills during the
f all. and occurred in 15.2% of the stomachs (Figure 4.4.3). During the sur:mer

large bluegills utilized Chaoborus and terrestrial Myrinicinae as food resources.
These collectively averaged 86.5% of the total volume (Figures 4.4. 3 and 4.4.4) .
The major sources of food for bluegills in the lower impoundment were Eubosmina,'

Diaphanosoma, Cyclops, Chaoborus, Polypedilus, Ablabesmyia, Oecetis, and dipteran

pupae (Figures 4.4.3 and 4.4.4). Analysis of the data with respect to cooplankton

I' (Section 5.0) and benthic data (Section 6.0) suggests that the dominant items in
the diet were also dominant in the impoundment These data indicate an overall.

major reliance on zooplankton as the major food resource in the lower impoundment.
As indicated previously, dependence upon :ooplankton was probably a function of

habitat.

Bluecill-Discharge Area

In the discharge area zooplankton was an important component of the

I,

diet of both size g oups of bluegills during the vinter, spring, and summer as
deterr:ined from analysis of 208 stomachs (Table 4.4.1). Eubosmina was the

,

dominant food f or all bluegills during the vinter and su=mer (Figures 4.4.5 and
4.4.6) while Cyclops was dominant during the spring (Figure 4.4.5) . A comparison

,

ci zooplankton species composition in the discharge area (Table 5.3.4) with food
habits data indicates selection for nondecinant species. During the summer the

dominant taxa in the plankton were Cyclops and Diaphanosoma (Table 5.3.4). Exami-

nation of fish food habits indicate a high utilization of Eubosmina ranging from

27 to 35% of the volume (Figures 4. 4. 5 and 4.4. 6) . Zooplankton were almost

I' eliminated in the area of the discharge during mid-summer (e.g. , August) (Table

5.3.4). Fish utilized nondominant zooplankton species occurring occasionally

I
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at relatively low densities. .

Benthic organisms averaged 53.9% and 57.5% of the yearly food volume

of small and large bluegills, respectively. This utili:ation is higher in

comparison with utilization in the lower impoundment. The lower impoundment
is deeper with limited littoral areas while the discharge area has large
littoral areas available for bluegill grazing. In contrast with the lower

impoundment, Procladius was not utilized to any great extent in the discharge
area. This area is shallow and not a preferred habitat for Procladius.

Procladius (aberrant), which were most abundant in the littoral areas of

Station E-1 (Table 6.3.3), were not utilized by bluegills as a food resource.

The i=portant chironomid in the diet was Polvpedilum which wa present through-
ou: the-year. It was the dominant food item of large bluegill during the spring

quarter in ter=s of both volume and frequency of occurrence (Figures 4.4.6).
Benchic data indicate that the numbers of Polvoedilum were reduced in the area
of the discharge (Figure 6.3.2). Ablabesmyia was an important food of small

bluegills during the summer in the discharge area occurring in 29% of the
stomachs and representing 12* 0: the total volume (Figure 4.4.5). This chiro-

nomid was present in the littoral areas of the discharge area and was not
affected by the thermal effluent (Section 6). Chaoborus larvae were utilizad

throughout the yect by large bluegills and durina che spring , summer, and f all
by small bluegills. This organism wa* a hainant food of s ;11 bluegills
during the f all and one of the pea 1nant resources of the larger bluegills E

Eduring both su=mer and f all (Figures 4.4.5 and 4.4.6). As indicated in the

benthos data, Chaoborus densities were reduced in the discharge area during

the summer (Figure 6. 3.4) . As suggested in Section 6, this reduction in numbers
of Chaoborus resulted from elevated water temperatures and current velocities

acnociated'with plant operations. Cecetis occurred in 36.7% of the large blue-

gills and 50% cf the small bluetills during the f all of 1975. This organism

was collected in relatively high numbers at Transect E throughout 1975 (Figure

6.3.8). The food preferences of bluegills indicate utild ation of several

items affected by the thermal effluent of Robinson Steam Electric Plant.
Diversity (d) estimates of benthic organisms were extremely low in the discharge E

area during the summer (Table 6.3.7). Diversity was low at Station E-1 from

Augu s t to October of 1975 and a zero diversity was calculated for the benthic

coc= unity during September and October. Diversity was also low at Station E-3

I
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from July to October of 1975 (Table 6.3.7). According to Headrich (1975),

changes in community stability due to environmental changes are reflected by
changes in diversity.

The primary sources of f ood for bluegills in the discharge area were
Eubosmina, Chaoborus, Cvelops. Diaphanosoma, Ablabeseyia, polypedilum, Oecetis,

Oligochaetes, and chironomid pupae and emergents. As indicated by the abundance,I species compositior.. and diversity of the benthos, the quality of feeding condi-
tions in the discharge area during the summer was the poorest encountered in the

impoundment. During the summer, benthic organisms totaled 51% and 67% volt.me-

trically of the food of small and large bluegill yet species diversity and
relative abundances of benthos in the habitat were low. This lack of stability

of dominant f ood items in the discharge area suggests that a f ood stress exists
on those bluegills inhabiting this area. It has been suggested that bluegills

are overcrowded in Robinson impoundment. Overcrowding is common in bluegill

populations and is one of the persistent problems of fisheries management. It

I is not unusual for overcrowded populations to occur in marginal habitats, In

terms of available food supply, the discharge araa must be considered a marginal
habitat during the summer months and that bluegills inhabiting this area were
food stressed.

I
Bluec_ill-Littoral Zone Upper Impoundment

I The food habits of bluegills in the upper impoundment during 1975 as
based on the analysis of 114 fish (Table 4.4.1) were essentially dif f erent fronI those of the lower and middle regions. This was indicated by a greater dominance

diversity of f ood items (Figure 4.4.7), a greater number of dif f erent taxa
(Table 4.4.2), and the presence of 19 taxa of benthos not present in the diet
of fish in the lower impoundment and discharge area. In the upper impoundment

rooted aquatic macrophytes were more abundant than in other areas of the impound-
ment (Figures 7.2.1, 7.2.2, 7.2.3, 7.2.4) and provided suitable habitat for many
macroinvertebrates. Of noticeable importance in the diet of bluegills in the

upper impoundment was a high percentage of large-bodied benthic organisms

(Figure 4.4.7). In the lower impoundment Oecetis and Oxyethira were the only

trichopterans utilized by bluegills while in the upper impoundment at least
six different taxa were present in the diet (i.e., Agrypnia, leptocella, Decetis,

I,

I
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Oxvethira, Pharvganea, and Pvenopsyche) . During the winter Pycnopsyche was one

of the major components of the diet (Figure 4.4.7). '"he major macroinvertebrate

utili:ed by bluegills throughout the year was Hexagenia (Figure 4.4.7). These

mayfly nymphs represented more than 20% of the volume during the winter, spring.
and fall. These organisms are noticeably absent in the lower and discharge areas
of the impoundment (Section 6). In the upper i=poundment four dipteran larvae
(i.e., Ablabesmyia, Dicretendipes, Polvvedilum, and Pseudochirenomus) were present 5

in the diet throughout the year. This is in contrast with other areas of the
impoundment where Polvoedilug and/or Procladius were present.

Zooplankton were not a dominant f ood rescurce f or bluegill in the upper
imeoundment except during the f all. Eubosmina was utill:ed to a great extent

during the fall quarter. It occurred in 73.3% of the stomachs and totaled 70.4%
of the volume (Figure 4.4.7). These organisms were extremely abundant in the

uoper impoundment at this time (Table 5.3.4). In the lower and mid portions of

the impoundment when :coplankton were utilized to this extent, the number of
other taxa in the diet was generally reduced indicating primarily planktivorous

feeding behavior. This pattern was not observable in the upper impoundment. This
indicates greater stability in the diet. The food habits described for the blue-

gill in the upper impoundment are typical of those found in the literature
(Carlander, 1972).

E
Lartemouth Bass |

Food habits of 24 fingerling bass (32-94 mm TL) during the spring and

su=mer at Robinson I=poundment indicate the importance of cladocerans and large-

bodied invertebrates in the diet (Table 4.4.3). Kramer and Smith (1960) reported

tLac bass 40-100 =mTL fed on cladocerans, chironomid larvae, and ephemeropteran

nymphs. nais feeding pattern has also been well documented in other studies g
(Carlander , 1972). At Lake George, Minnesota, fish first appeared in the diet E

when bass attained a total length of 20 =m but occurred in no more than 50% of

the stomachs (Kramer and Smith, 1960). Murphy (1949) found,that bass greater
than 71 mmTL fed almost exclucively on Loh while Turner and Kraat: (1920)
stated that insects and fish were the principle foods of bass > 50 mmTL. At

Robinson Impoundment fish occurred in 54.6% of the stomachs during the spring

and 31.3% in the su=mer. Murph'/ (1949) concluded that htgh production of

i

W
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|

young bacs can be attained only if an ample supply of f orage fish is avail-
I- Appel :ste and Mullanable when the fingerlings reach 63-75 mm total length. t

(1967) attributed high bass production to the consumption of midge larvae

I and cladecerans. The dominant forage fish for fingerling bass was larval

and post-larval centrarchids which were most abundant in the uoper impound-

I (Table 4.7.2) and 'should have pt ?vided an ample f ood supply f or thement

eatly stages of bass growth.

I The major food items of adult largemouth bass (1 100 m= 1) at
Robinson Impoundment were fishes , crayfish, and odonate nymphs (Figure 4. 4. 8) .
This was determined from the analysis of 51 stomachs (Table 4.4.1). Crayfish

and odonate nyt.:phs are usually associated with rooted aquatic vegetation.
There are no estimates available from Robinson impoundment on the distributionsW

or abundances of crayfish and odenates. Fishes represented by Lepotis,

Etheostoma, Notropis, and Micropterus were the dominant food items volumetri-

ca ly during the winter (90. 8%) , spring (43. 3%) , summer (83.1%), and fall

(26.2%) of 1975 (Figure 4.4.8). During the fall, crayfish (Procambarus)

contributed 20.1% to the total volume end occurred in 35.7% of the stomachs.
The f ood habits of largemouth bass at Robinson 1=poundment were typical of
literature descriptions of the het in other lakes. The principle foods of

largemouth bass in otner studies were small centrarchids, centrarchids andI crayfish, perch, crayfish and fish, gizzard shad ar.d crayfish, gizzard shad
and crappies, gizzard shad and yellow bass, and fish in general (Goodson,
1965; Carlander, 1972). Odonates and mayfly numphs vete the major groups

of insects consumed by large bass in Ontario (Carlander, 1972).

I
At Robinson Impoundment the major sources of food for fingerling

bass were hemipterans, chironocid pupae, Chaoborus, Palaemonetes, Lepomis,

and Etheostoma. Adult bass foraged to a great extent on fishes, particularly
Etheostona, Lepomis, Micropterus, and Notropis. The dominant forage fish

I throughout the year f or all sizes of largemouth bass was Lepomis. Small

centrarchids, particularly bluegill, were abundant during most times of the
year at Robinson Impoundment and provided ample forage for largemouth bass.

I
I l

I
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I
'Jarmou th

Food habits of warmouth from Robinson Impoundment as determined

from the analysit< of 65 stomachs (Table 4.4.1), illustrated little seasonal

variation in food preference. The maj or food items were trf chopterans,

ephemeropterans, odonates, crayfish, and fish (Figure 4.4.9). '4armouth are
"generally found in areas of danse aquatic vegetation and scft bottoms

(Lari= ore, 1957). Crayfish are also inhabitants of this littoral zone g
habitat and juveniles typically move about on the bottom during the da'/ light 5

in search of food. Tt.wse crayfish are susceptible to fish predation and

were utilized as a food esource throughout the year. Crayfish were the

dominant food items de-inc tM spring, su==er, and f all. Since crayfish

are detrital feeders, t;.e >rimary sources et energy for warmouch growth was

derived from a detrital based food chain. Fish accounted for 21.5T of the
volume in the spring and 20.0* in the fall. Lepomis spp. were the d esd.nant
forage fish consumed during 1975. Small bodied aquatic invertebrates and

tooplankton were consumed throughout the year to some extent but contributed
very little to the overall diet.

Small warmouth generanf consuma crustaceans and small invertebrates
while larger fish prey heavily upon crayfish and fish (Forbes, 1903; Lewis

"and English, 1949; Larimore, 1937; German et al. , 1973) . Larimore (1957)
states based on his studies and a review of the literature that, "it

seems very unlikely that there is any strong diet or highly restrictive food
preferences for this species." As indicated by the data from Robinson E
I=poundment, warmouth principally consume crayfish and fish. This is

typical of what has been reportad in the literature.

Chain Pickerel

Chain pickerel at Robinson impoundment are largelr piscivorous in

feeding behavior. Fish were the dominant items by voluse during the winter

(7 3. 5") , spring (99. 8*:) , summer (93.l*.) and fall (95.3*;) of 1975 (Figure 4.4.10). I
1

Il
.
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This was determined by the analysis of 67 pickerel stomachs (Table 4. 4.1) .,

Forage species included Etheostoma, Lepomis Erimvron, 'iotemigonus , and

Fundulus. Foote and Blake (1945) found that fish represented over 90'. of

the volume and occurred in 62% of the stomachs of pickerel from Babcock

Pond. Raney (1942) found that fishes totaled 47% of the volume and thatI species were not consumed in relation to their abund:ince in the pond.

In stomachs examined from Robinson impoundment 82% had only one food item.

This characteristic of the feeding behavior if pickerel has been reported

by Raney (1942). In general, large pickerel feed mostly on fish. frogs,

crayfish, or almost anything of proper size (Calander, 1969). Food was not a

limiting f ac tor for chain pickerel in Robinson Impoundment.

I
4.4.4 Summary and Conclusions

Planktivorous feeding was a dominant strategy of bluegills in the

lower and discharge areas of the impoundment. This is not an energetical]y

favorable feeding strategy of littoral bluegills especially for larger fish

(Bauman and Kitchell, 1974). Since the efficinney of protein utilization

decreases as fish become larger it is advantageous for larger bluegill to

feed on large-bodied benthic invertebrates in order to maximize the net

- amount of energy available for growth (Gerking, 1962). This feeding strategy

was characteristic of bluegilla in the upper impoundment. In this area of the

I- impounduent food habits of bluegill were typical of those described in the

literature and there was no evidence of food stress from either low produc-

tivity or heat load. In the lower impoundment, which has limited littoral

areas available for bluegill grazing, the advantages of littoral feeding were

probably lost due to competitive interactions. In this area the most

energetically efficient feeding stratet, was planktivory. In the discharge

area the quality of feeding conditions during the summer was the poorest
in the impoundment. Several dominant benthic food items were detrimentally

effected by plant effluents. During the summer benthos abundances and speciesI diversity were very low in the discharge area creating an unstable food

supply. This lack of stability of dominant food items in the discharge area

during the summer of 1975 indicated a food stress on the bluegill population.

This stress occurred on overcrowed bluegills in a marginal habitat with

limited and unstable food resources.

I
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Food habits of largemouth bass, warmouth, and chain pickerel were
similar to literature descriptions and a co=parison of food selectivity with g
availability in the habitat suggest that food was not a limiting factor 5

for growth and reproduction. It should be pointed out, however, that these

studies were only descriptive and that no measurements were made of any
consumption rates or growth efficiencies. The dominant forage fish for

largemouth bass and warmouth was Leposi_s spp. These centrarchids were abun-

dant during most times of tne year in the impoundment and should have provided

ample forage. Chain pickerel were found to be largely piscivorous. g
EImportant f orage species included Etheostotta,1.apomis_, Erimyton , Notemigonus.

and Fur.dulus. These species are widely distribut ed and conmon in Robinson

Impoundment and should have provided an amole food supply f or chain pickerel.
The primary source of energy for the warmouth in the impoundment was detrital
based. This was indicated by the high rate of consumption of detrital
feeding crayfish. No esti=ates were available on the distributions and
abundances of crayfish in the impoundment, therefore, no conclusions can be
reacned on the stability of a diet based on this dominant f ood resource.

4.5 Age and Gr:vth Studies of Robinson Impoundment Fishes

4.5.1 Intrcduction

EGrowth rate, population structure, and condition of fishes pro-
E

vide an indication of the status or " health" of the population present.
Growth rate also is indicative of production and is an important factor g

Ein determining the size of fishes available to fisnermen.

Growth rate of fishes is usually related to food supply which
in a reservoir ecosystem is generally based primarily on plankton production.
When environmental factors such as low pH or dark color reduce the fixation of
energy at the lowest trophic level, secondary production is reduced, thus
fish growth is usually slowed. We have examined the growth rate of bluegill,

'

1 "
warmouth, largemouth bass, and chain pickerel from Robinson Impoundment and

ccmpared these data to the growth rate information available from similar g
Ebodies of water in the area.

Jhite catfish were originally selected f or s:.udy but numbers collected
were too small for analysis.

E_
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. 4.5.2 Methods and Materials

Age and growth of fishes are normally determined by comparison of

length-frequency distributitns, recovery of marked fish of know age or by

interpretation of annual layers laid down in scales or other hard parts. AtI ,

the Robinson impoundment, scale anaysis was chosen as the primary method for
determining age and growth rates.

Scaler sere removed from bluegill, war.nouth, largemouth bass, and

chain pickerel collected from Robinson l= pound nt during 1975.

Scales were removed frou centrarchids posterio. to the tip of the pectoral

fin and fro: chain pickerel between the lateral line and the origin of the

dorsal fin (Lagler, 1956),

impressions of larger scales were made in warmed plastic with a

hydraulic press and examined with an Eberbach scale projector. Smaller

scales which would not make clear impressions were examined vader a binocular

microscope. For each scale examined, the total scale radiur. (focus to

anterior scale margin) and length to each annulus (focus ta anterior annulus

margin) were recorded. All scales were exa=ined by three individuals

independently and were discarded if at least two of the three readings

were not in agreement.,

|

|

| Back-calculated lengths were decerzined frem the regression of

scalo radius en total length. Because of the clumping of data and relatively
,

low nu=bers of smaller fish, the regression was forced through the origin.

This line showed a much closer relationship r.) the empirical data than did

the. regression with an intercept. Thus, the quation,

!

g in-pt
|

| whet tn is the calculated length at annulus n, t is the total length of the

| fish ac ca-ture, Sn is the scale radius at annulus n, and s is the total
|

| scale radius, was used for all back calculations.

For comparative purposes when numbers warrented, monthly length
frequency histograms were computed for bluegill, warmouth, largemouth bass,

: I
|



_ _

I
4-26

and chain pickerel collected with plexiglass larval tra.'s and electrofishing. ,

'

Variations in individual growth rate and general slow growth precluded

'.iscerning year clssses in older fishes. However, the examination of
recruitment into the collectable population and =enth-to-=onth changes in

the histograns illustrate growth in young of the year and second year fish.
There histograms are not intended to show absolute frequencies, but are for
comparison of changes over time corresponding to growth.

4.5.3 ty 'es and Discussion

Bluegill

Back calculated length of bluegills from the three areas of

Robinson I=poundment (Table 4.5.1) generally appear similar, although
small differences may exist. Growth was slow in all areas and fish g,

collected from the upper impoundment exhibited slig,htly slower growth IB

during the first year. Larger inc.remental grow-h during the second year increased
the mean estimated si:e of upper i= pound =ent secund year bluegills above that
from the other i=poundment areas. Bluegill crowth in the discharge area was not

consiste- ly lower or higher than growth in the other areas.

An examination of the length frequency of bluegills tollected W
5frc= Robinson I=poundment does not pre Ide a clear growth progression

through the year, particularly in ff.sh over 125 == total length. It g
is, however, indicative of growth of young of the year and yearling fish 5
if trends in selected months are considered (Figure 4.5.1). The length

frequency histogram of bluegills collected in June illustrates young
fish as they are recruited into the catchable population and another

large peak of 80 - 90 == represents fish in their second year. These

groups progress in size through the su=er and fall to Nove=ber anc
,

!

! Dece=ber when peaks are evident from 50 - 80 == and 100 - 130 ==. These

peaks are generally discernible throughout the winter and art! thought to
represent young of the year and yearling fish. If this is the case, the

bluegill growth rate is f aster than is indicated oy the back calculation|

1

esti=ates, reachin;; approximately 63 == their first year and 113 =m their
second year.

,
I
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A comparison of bluegill growth rates in Robinson it:poundment,

and data collected from similar bodies of water is made in Table 4.5.2.
. Although there is a shortage of data from comparable areas, bluegill

growth in Robinson Impoundment appears similar to other blackwater lakes.

~

The length-we1ght relationship of bluegills (Log weight =g
a+ bug Length, a = intercept b = slope) was cociputed for the three

10
. areas by season to compare relative condition (TLele 4.5.3). Regression

line slopes vexe lowest for fish collected above the discharge area
except during the spring. Regression lines for fish from the discharge

area and from the lower impoundment were generally similar except during
the f all when the slope at the discharge was ruch larger, indicating a

greater weight increase per unit length increase. .

I
Warmouth

,
Back calculated lengths of warmouth from Robinson impoundment

indicated very slow growth, particularly during the first two years

(Table 4.5.4). Within the impoundment there were small differences in

growth rates among areas with the most rapid growth occurring at the

discharge area and slowest growth occurring in the lower impoundment.

Examination of lengths of fish collected generally support this averageI growth rate but they also indicate recruitment of small fish during an extended

period of time. The recruitment of small fish over a relatively long

. period and their presence near the end of the growing season would contribute

to smaller mean growth and an underestimate of growth rate. Growth rate

estimates of warmouth in uke Robinson are within the range of values

reported from several North Carolina blackwater lakt.a (Table 4.5.5).

I Total length / weight equations for warmouth were calculated by
area and season (Table 4.5.6). An examination of regression slopes do notI indicate any consistent differences among areas or seasons.

I
I
I
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Lareemoue.h Bass

Calculated growth rates of largemouth bass in Robinson Impoundment
should be considered as possibly underestimating true rates since some of the,
scales examined were suspected of bearing f alse annuli which could not be

separated trom true annuli. False annuli interpreted as true year narks
would result in greatly reduced calculated growth. As with other species,

only fish for which at least two of three independent observers agreed on

the annulas location were included. I
Back calculated lengths of largemouth bass collected from Robinson

gImpoundment during 1975 and 1976 are presented in Table 4.5.7. Grewth was
Wsimilar in the discharge area and the lower impoundment, but was considerably

Growth in all areasgreater in the impoundment above the discharge area.

was slow relative to other similar lakes (Table 4.5.3).

Observed lengths through the year suggests some apawning over an

extended time period which could contribute to smaller mean lengths and an
underestimate of growth rate. Observed lengths also suggest a growth rate

somewhat greater than that estimated from scale exaninations and back
as

calculatien.
E

Total length / weight regression analysis indicated somewhat poorer
condition (weight for a giv.n length) in the impoundment below the discharge

than f.n the other areas (Table a.5.9). Slopes for regression lines were

greatest f or fi.n f rom the upper impoundment during all seasons with the
discharge area intermediate between the. upper impoundment and lower impoundment.

I
Chain Pickerel

.

Small numbers of chain pickerel were collected from Robinson

lupoundment and the correlation of total length and scale radius was

I
E
=
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somewhet variable, e conclusions must be limited. Back calculated

lengths (Table 4.b.10) indii. ate similar growth rates betweea the discharge

area and the area below the discharge. Growth of fish collected above the

discharge appeared somewhat slover. Examination of lengths of chain pickerel

collected from Robinson, Impoundment generally support the growth rate estimatedI fro = scale examination and back calculation but, as with varmouth, recruitment

of small fish over an extended period vf time is indicated. The presence

of small fish over en extended period could contribute to reduced mean sizes

and urderestimates rf growth rate.

Tht. back calculated lengths of Robinson Ic:poundcent chain pickerel
are less than back calculated leng*;hs of chain pickerel from Salters Lake,
Jones Lake, and Lake Waccamaw (Table 4.5.11). Cmty three, three and *even

chain pickerel vere aged from Salters Lake, Jones Lake, and Lake Waccamav,
respectively. This, in conjunction with the variability observed in the

Robinson I apoundment chain pickerel, could account for the difference.

I
The number of chain pickerel collec',d f rom Robinson impoundment

was insufficient to examine a total lengt' < veight analysis comparing areas.

4.6 Fee:2ndity

4.6.1 Methods and MaterialsI
Fecundity in this study is defined as i N nutber of ripening eggs

in the female prior to the spawning season. Bluegii.. largemouth bass, and

varmouth were collected at Robinson Impoundment for itcundity estimates using

a variety of sampling methods (i.e., gill nets, electiofishing, wire baskets,

impingement, rotenone, and creel surveys) . CTaries were removed in the field

and preserved in modified Gilson's Fluid to prevent hardening of the tissues
and to aid in separation of the eggs from ovarian connective tissues (Ricker,

1968). Paired lengths and weights were recorded in the field.

Laboratory analysis involved the separation of ova from the surround-I ing tissue, subsampling by vet weight, and subsequent enumeration of each

I
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|')i
subsample. In most cases eggs were easily separared f rom the ovariaa tissues

upon agitation in Cilson's Fluid. Eggs were dried to a constant consistency

and wet veights determined to the nearest hundred*h of a gram on a Mettler
P 2210 N balance. The entire gonad and each subsample was weighed in this

Three subsamples were placed in gridded plastic petri plates and allmanner.

eggs in that plate counted under a dissecting microscope at 15 X. No attempt

was made to distinguish relative dif f erences in egg numbers between the

paired ovaries.

Analysis of the data inc'uded a plot of f ecundity and total lengta
for each species, transformation of the data using loEarithmic functions,
and calculation of a best fit regression line. A linear regression equation

was fitted to the data using the Statistical Analysis System developed by
North Carolina State University.

/. 6. 2 Results and Discussion

|Bluegill

Fecundity estimates for the bluegill were based on 46 mature ovaries
collected from June to September of 1975. Ovaries obtained from fish 75 to

261 mm total length were subjected to analysis. The smallest mature individual

encountered during the study program was a 71 =m female at station A-3. The ,

smallest mature individuals reported by Carlander (1972) were 76-90 mm total

length. Fecundity estimates for bluegills is the impoundment ranged from
571 to 27,027 mature eggs per fe= ale. The mean minimum and maximam s$ces

of mature eggs counted ranged from 0.50 mm ; 0.11 to 0.79 mm + 0.11 and were
smaller than the mean egg diameter of 1.09 0.05 reported by Carlander (1972)

f or nature eggs.

I,

The ret,ression equation and coefficient of determination (r'') of
fecundity on total length f or the bluegill at Robinson Impeynd:Lan t were:

log " ~ *33i * 2' 3913 '' (" }
~ *

10 10

where: F = fecundity g
5TL (n -.) = tocal length in millime ters

I
E
.
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A plot of fecundity and total length in Figure 4.2.1 contains the resulting
regression line. Fecundity estimates for bluegills of different size as

determined from the above regression are slightly belov average when com-
pared to the literature (Carlander, 1072). The causative envircnniental and/
or biological determinants f or these findings were not apparent from the data.

I
Varmouth

I
Tecundity estimates f or the varmouth at Robinson impoundment were

based on 29 samples collected from April to September of 1975. Ovaries for

laboratory analysis were obtained from fish ranging f rom 95 to 212 m total
16.n g th . In the I,uvannee River and Okefenoke Svamp in southern Georgia.

Germann (1974) illustrated a bimodal distribution of egg sites in varmouth

ovaries. Mature ove diameter in their study averaged 0.97 m f or varmouth over

I 200 = TL and 0.85 mm f or smaller mature fish. In Illinois, Lariraore (1957) found

seven size classes of ova ranging f rom 0.15 to 1.10 cc. At Robinson

1=poundment varmouth also exhibited a size series of ova. The average per-

cent of egg si:es in the ovaries of Robinson impoundment varmouth are listed

below. In this study all eggs with diameter >0.5 n= vere considered

mature.

I Size Range 7. Total Eng

0.01-0.34 4.67

I-
,

O.35-0.49 11, 55

0.50-0.64 22.48

0.65-0.79 22.39

0.80-0.94 27.77

0.95-1.09 9.67

1.10 and over 1,46

I Fecundity estimates ranged from 798 to 34,257 eggs per mature

female. Larimore (1957) found the total number of eggs to range from 4,500

I to 63,200 for vareouth in Illinois. Ge rmann (1974) found the number of

mature eggs to range f rom 8,721 to 20,064 in fish from 150 to 239 t= total

la7gth. A plot of fecundity on total length for Robinson impoundment var-
mouth appears in Figure 4.2.2 along with the appropriate best fit regression

I
I

.



._

I
4-32

line. The regression equation generated after logarithmic transformation of

the data is:

log F = -4.673 + 3. S39 TL (m) r = 0.67
0

where: F and TL (mm) are as listed above for the bluegill, g j
g!

Largemouth Bass

I,|
Fecundity estimates of the largemouth bass at Pobinson I:.,sundment

were based on the analysis of 16 ovaries collected from February to April of
1975 and between March and April of 1976. Ovaries were obtained from b.tss |

ranging in mi:e from 215 to 490 =:n total length representing a fecundity range of ,

5,281 to 57,140 mature eggs per female. No correlations were evident between I

fecundity and either total length or weight. Data variability and a small sample
Isize precluded any reliable statistical analyses. .9ture ova diameter ranged from

0. 8 m 0.12 t o 1. 6 czm + 0. 20 a t Robinson Impoundment. Kelley (1962) considered
,

largemouth bass eggs with diameters over 0.75 mm to be mature. Carlander

(1972) reported mature egg diameters of 1.4-1.3 mm and 1.74 + 0.06 from other

localities. In general, the range of fecundities and mature egg diameters
for largemouth bass at Robinson Impoundment are within the established ranges
su=marized by Carlander (1972).

4.7 Fish Reproduction in Robinson 1= pound ent a
5

4.7.1 Introduction

Successful reproduction is the first step in the maintenance of any

population of organisms. Without reproduction or when reproduction is insuf-
ficient to maintain the population at the carrying capacity, mortality rates
rather than life requirements such as suitable habitat and adequate food
begin to govern population size. Section 4.6 has addressed the potential for

reproduction (fecundity). This section .f the study addresses the observed

seasonal and spatial distribution of fish during their early life stages in
Robinson Impoundment.

4.7.2 Methods and Materials

Larval and juvenile fishes in Robinson Inpoundment were sampled

primarily with the use of plexiglass fish traps similar to those described by
5
-
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Plcker (1968). Traps were set on each side of the impoundment at Transects A.
!

E, and G for two nights each week f rom March 1975 through Febn.ary 1976. Samples

were collected af ter appronir.ately 24 and 46 hours, preserved, and returned to
the laboratory for identification and measurement.

Ichthyoplankton samples were also collected by toving a 30 cm. 570v
mesh net in upper, mid, and lower impoundment areas monthly during day and
night for five-minute periods from April through October and during December
and February. Only surface tows in open water areas were made due to the

numerous obstructions on the bottom and along the shorelines.

The identification of lanal fish was reported at the lowest taxonomicI level of positive 1dentification. The presence of similar species and genera
. of fishes (during the larval stages), or the presence of species with incom-

pletely described larvae which could result in confusion or misidentification

often resulted in reporting data at the family level.

4.7.3 Results and Discussion
,

I
Plexiglass larval fish traps were effective in capturing fish up to

; approximately 75 mm total length so lengths of individuals were considered in
evaluating catch rates. Most spawning activity apparently occurred from mid-
April through mid-October although lanal fish were collected during all

| months (Table 4.7.1).

'

Catches f rom December through mid-April were dominated by percids
(thought to be primarily swamp darters with some sawcheek darters). From an

examination of percid lengths, reproduction appears to occur throughout the
year and at all stations, percid numbers appeared to be depressed at Transect E
during July and August but more percids were taken at Transect E during January,
February, and March than at Transects A or G. This pactern also is generally

evident with other species.It

i Centrarchid spawning occurred primarily from May through September
with several pulses evident. The majority of these were probably bluegill

and warmouth although during the larval stages centrarchids could not be
identified to the species level. The centrarchid species catch rates reported

I,

- _
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I
refer to early juveniles. Catastomids were found primarily at Transect G

during early June indicating May spawning while Esox were f ound in low numbers

but videly distributed from November through February.

Surface ichthyoplankton tows collected primaril; percids (Table 4.7.2). -

Greatest numbers were taken during May and June although some percids vers taken

from the discharge area and upper impoundment during February and from the lower

and upper impoundment areas during September. Centrarchids were collected from
al1 areas during June and f rom the upper impoundment during May. Spotted

s' .xers were collected f rom the upper impoundment during May.

The greatur relative abundance of percids in the turf ace tow samples

is probably due to centrarchid preference for the littoral zone during most g
of their larval and early juvenile stages. '"he presence of the non-percid 5

species in the tow samples generally corresponds to their presence in the

larval trap samples (seasonally).

The species distribution indicated by the sampling of larval and

early juvenile fishes generally correspond to the pattern seen in the adult

fish sampling. Greatest diversity was found at Transect G while the number

of taxa was reduced at Transect A and Station E-3. The data also indicate

that reproduction may be somewhat restricted in the vicinity of the discharge g

during the summer but additional spawning occurs in this region during the $
spring and f all.

I
4.3 Ichthyoplank:en Entrainment

4.3.1 Introduction

The removal or processing of large volumes af water can af fect fish

reproduction in the body of source water by destroying large numbers of fish

eggs or larvac. Entrainment becomes critical when a large percentage. of a

population of eggs or larvae occur in water subject to passage through an

intake during the period of susceptibility. This situation most often occurs

when species vnich spawn in coticentrations do so in the vicinity of an intake

structure or in a river upstream frcm an intake structure. Of the fish

species inhabiting Robinson Impoundment, none is known to pref er the pelagic

h
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habitat such as surrounds the intake structure for spawning. Some fish larvac
produced on the bottom or in the shallows may move to open water areas and

become subjected to entrainment. This portion of the study was designed to
examine numbers of fish eggs or larvae entrained by the H. B. Robir. son Steam

Electric Plant.I ,

4.8.2 Methods and Materials .

Duplicate samples were collected weekly during the day and at night

from March, 1975 through February, 1976 with a 30 cm, 570u plankton net.

For each sample the net was suspended in the center of the southern intake

bay (Figures 2.2 and 2.3) below the skimmer wall for 0.3 hour. A General

Oceanic model 2030 flowmeter was fi::ed in the mouth of the net to measure the
volume strained. At the end of the collection period, all organisms in the

I- net were washed into the collection cup, transferred to a sample container, and

preserved in buffered formalin for transport to the laboratory. In the

laboratory ichthyoplankton were removed f rom the sample, identified, measured,

and catalogued for future reference.

I
4.8.3 Results and Discussion

I
No fish eggs were collected in entrainment samples during the period

of the study; however, larval fit.' were taken during all months sampled exceptI January. All of these were percios except a very small number of catastomids

collected during May and some centrarchids collected during June, July, and

October (Table 4.8.1). Collection rates were variable between day and night

on the same day and between sampling weeks indicating variability in entrain-

ment rates. No diel patterns were evident.

The percentage of percids collected in entrainment sampling was

higher than percid relative abundance in the larval fir,h traps and surf ace
ichthyoplankton tows (Section 4.7) although these gear types collected percids
(primarily swamp darterc and probably some sawcheek darters) during most
months for all areas of the impoundment. This is a f unction both of

I gear selectivity and, we suspect, behavior. During the sampling program
se noticed that larval traps which either slid'into deeper water or were

tampered w1th and set in deeper water collected a larger percentage
of darters. During the summer of 1975, we also attempted trawling in the
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deeper reaches of the impoundment. The one tow completed in water approximately
10.5 m (35 feet) deep contained 41 swamp darters, 2 bluegills, and I warmouth.
These observations indicate a greater abundance of darters in the deeper water
areas than has been indicated in the fish sampling program, which relied
heavily on sampling the littoral zone. The affinity of most centrarchid

extent in the glarval f orms f or littoral areas has been dr.scumented to some
5The abundance of percids in the ichthyoplankton tows and the

lite ra ture.

number entrained suggests that percid larval f orms move f rcm the deeper water

areas up into the water column. The number of percids entrained apparently

does not effect the population drastically since after four years of plant
operation darters are widely distributed and very abundant.

4.9 Fish lapingement at H. B. Robinson Steam Electric Plant

4.9.1 Introduction

Industries which require large volumes of water usually must screen

their intake areas to prevent the introduction of debris into the water systems.
These screens also prevent the passage of larger aquatic organisms which are

drawn toward the intake with the water. Organisms trapped in this manner are

impinged on the screens at a rate proportional to their abundance in the vicinity
of the intake snd to the velocity of the intake water. Fish impinged on the g

intake screens of H. B. Robinson Steam Electric Plant were examined from 5
December,1973 to December,1975 to evaluate the number and size of fishes

impin ged. ,

4.9.2 Methods and Materials

Monthly impingement sampling (43 hours) was conducted from December,

1973 through July,1975 when the sampling f requency was increased to weekly

(24 hours) at the request of the SRC. Sampling consisted of an initial screen

washing f ollowed by washings at intervals of approximately ,12 hours. Fishes

washed from the intake screens were collected, identified. weighed, and measured.

Lengths were generally recorded in 25 mm groups with the e.:ception of the
smallest group which included fish 0-50 mm in length. Other groupings . occa-

sionally used during the study are noted where appropriate.

R.
_ . _ _ _ _ __ __
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4.9.3 Results and Discussions

,
The numbers and weights of fishes impinged on the H. B. Robinson Unit 1

intake screens were low throughout 1974 and 1975 (Table 4.9.1) with daily averages
of 37.1 fish weighing 4J8 grams and 32.5 fish weighing 394 grams in the two years

'

respectively. Bluegills were the most abundant fish collected ooth numerically

and gravimetrically making up 91* and 89% of the fish collected in 1974 and 1975I and comprising 6 M and 66% of the biomass. Greatest numbers were collected in
November of 1974 and June of 1975. I

I:
I=pingement at the H. B. Robinson Unit 2 intake was higher than at the

Unit 1 intake but numbers and weights were not excessive when the size of the lake
and the measured standing crops are considered. Mean numbers and weights of fish

per day were 866.3 fish weighing 5807 g during 1974 and 291.4 fish weighing 4775 g
during 1975 (Table 4.9.2). Of these, bluegills made up 89* (74f of the biomass)

I and 95* (57% of the biomass) of the catch during 1974 and 1975. Chain pickerel

were also important in terms of biomass comprising 14% and 28'; in the two years
although numbers were sman.

Maximum impingement on Unit 2 occurred during late summer of both
years (Figure 4.9.1) with the lower rates occuring during the vinter months.
Biomass impinged f ollows the same general pattern (Figure 4.9.2); however,
increased differences between the two during the late vinter and spring months
result f rom the impingement of larger individuals.

Figures 4.9.1 and 4.9.2 also illustrate variations in impingement
- rates which occurred when fewer than the three Unit 2 intake pumps were opera-

ting. Samples collected when 1 or 2 pumps were operating indicate reduced

impingement rates, but there is insufficient operating time with 1 or 2 pumps
- to determine the relationship between impingement rate and number of pumps.

The length frequency of bluegills impinged at the Robinson Plant

(Figure 4.9.3) was examined in evaluating the si=e of fishes impinged. The

majority of bluegills collected were fish less than 115 mm in length with
larger percentages of smaller fish collected during certain periods. As

expected, larger fishes comprised a larger percentage of the catch duringI vinter and early spring months although impingement rates were generally
, lower.

|
. . . _ _ _ .
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I
Several points can be su=marized from the above results and

discussion:

1. Impin gement rates at the H. B. Robinson SEP Unit 1 intake
structure averaged 37.1 fish per day weighing 418 grams and
32.5 fish per day weighing 394 grams in 1974 and 1975 respec-

tively.

2. Impingetwnc rates at the H. B. Robinson SEP Unit 2 intake
structure were larger than from Unit 1 but were relatively
low averaging 866.3 fish per day weighing 5807 grams and

291.4 per day weighing 4775 grams during 1974 and 1975

respectively.

3. Bluegills were the largest component of the catches.
4. Most bluegills impinged were less than 115 ::m in length.

4.10 Creel Survey

4.10.1 Introduction

Creel surveys are used extensively in conjunction with other fisheries E
sampling to provide data on distribution and relative abundance. 'for areas having E

restricted access and/or permit requireme sts, a complete creel census can of ten W
be obtained. However, for reservoira with uncontrolled access, and where available g
personnel preclude a complete census, a sampling method must be devised to give
an unbiased estimate of the angler use (Carlander, 1956). At Robinson Impound-

a stratified random design was used where weekdays and weekend days werement,

separated into strata.

4.10.2 Methods I
A survey design similar to that of Hansen (1971) was useo to determine

angler usage. During the survey one weekday and one weekend day were surveyed

each week on half-day basis. The morning survey was conducted from sunrise until

1:00 p.m. and the evening survey from 1:00 p.m. until dark. At least twice during

each survey a total count was made of all anglers and other recreational users on

the lake. Survey dates and morning or evening periods were all chosen using a g
table of random numbers, except that no weekday was sampled again in any month 5

until all other weekdays had been sampled.

E..
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Between each count, as many anglers as possible were interviewed.,

Information recorded included transect and station, date, survey period (weekday
; a.m. or p.m.), interview and starting time, method (boat or shore), and gear (cane

pole, bait casting, artificial casting, or trolling). Each fish caught was

identified to species and length and weight recorded. Each party interviewed

was given a duplicate postpaid card and asked to note the finishing time and
additional fish caught and put the card in one of the creel survey return boxes
located at each landing or in the mail.

Estimates of total angling pressure and yield were calculated by the
f ollowing formulae (Moore et al. 1973):

k F (x)E=
i=1 i

.

I

where

E = estimted pressure (angler hours) in period

N = mean number of anglers observed during randomized counts
on survey dates in period

T = length of fishing day (considred as constant 13 hours)

t = mean number of fishing trip

r. = number of days in period

n = number of surveys in periodI
Y = Ec

where

Y = estimated total catch

E = pressure (hours)

c = catch per hour

I Catch per hour was computed by su ing total nours for completed

trips with hours fished at interview time for incomplete (no survey cardI returned) trips and dividing this into total catch sums computed in a like

manner. Length of fishing trip was determined from completed trip data

- - . _ _ _ _ _ __ _ ____ _- . - . . .
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with two exceptions. If no completed trip data were available, then length
of time fished at interview time of incomplete trips was used. If completed

interview f ortrip data showed average trip lengths less than time fished at
incomplete trips, an average of completed and incomplete trips was used.

A

15
For comparisons the imp 9undment has been separated into three

the dischargesections, the upper impoundnent above SR 346 (Transects F and G),

area (Transect E), and the lower impoundment (Transects A, 3 C, and D). Months

were ccabined into the following seasons: Spring (March, April, May); summer

(June, July. August); f all (September , October, November); and winter (December,

January, February).

I
4.10.3 Results and Discussion

Because the entire years' survey was not completed until June 10, g
1976, complete analysis of the data will be delayed until suf ficient ti;te has B

elap'ed to allow for return of all creel cards. The results reported below,

however, include all data now available and should change vety little.

.

5

During the survey year, an estimated 10967 anglers (Table 4.10.1)
fished 26993 hours and caught 7952 fish for a success rate o' O.29 fish per

angler hour. A complettd trip card return of 34% was obtained.

Pressure and catch rates were highly variable, although trends can

be seen. Angling pressure was greater in the upper impoundment where 54% of

the anglers were counted. This was followed by the lower impoundment with

|-

I
I
e
a1
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24% of the anglers and the discharge area with 22".. Catch per angler hour

rates of 0.33 for the upper impoundment. 0.26 for the discharge, and 0.22 for

i the lower impoundment showed similar success rates for the discharge and lower

!
- impoundnent areas.

~

The angler pref erence f or the upper impoundment appears related to the

easier access to this area f or shore fishermen. A boat landing is adjacent to

SR 346 and parking for shore anglers is available on both sides of the bridge.
,

The greater use of the lower it:poundment for swimming and boating, because of
the developed recreational areas, probably also effects the anglers preference'

f or the upper impoundment (Figures 7.2.la - 7.2.3a).

I Seasonally, pressure is greatest in spring when 35% of anglers were
observed, followed by winter (26%), summer (21%) , and f all (18%) . Seasonal

I catch per angler hour rates varied f rom 0.37 in su=mer to 0.21 in winter with
intermediate values of 0.33 and 0.26 for spring and f all.

Comparison of the actual (not expanded) angler catch by species shows
centrarchids acccunting f or 90% of the total catch, while pickerel comprise 8%.

The remaining 2% includes bowfin, suckers, and bu11 heads. Of the Centrarchidae,

36% are larEemouth bass, 49% are bluegill, and 13% are warmouth, with the remainder
1.u luding redbreast sunfish (2%), pumpkinseed (<1%), black crappie (<1%), and dollar

sunfish (<1%).

Comparison of the predominant species by location shows the following:

Location Bass Bluec111 Warmouth pickerel

Discharge 50% 34% 8% 5%

!

Upper Impoundment 26% 48% 12% 8%

|
;

Lower Impoundment 46% 33% 8% 10%

Seasonal comparisons show the greatest total catch by number occurred
in surmer (37%) , followed by spring (31%), f all (18%) and winter (147.) . These

rates reflect the same ranking as the seasonal catch par hour rates noted above.

1
- -
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4.11 Miscellaneous Observations and Activities

Hybrid Sunfish

A small number of specimens considered to be hybrid sunfish were

collected fro 2 Robinson impoundment. Their occurrence seems to be more f re-

quent in the lower reaches of the impoundment than in other areas. Most of

these fish exhibit bright coloration and are thought to be warmouth-bluegill

crosses. This phenomenon is not uncommon when populations of warmouth and

bluegill utilize the same spawning areas (Carlander ,1972).

Stocking Activities

Many residents of the area around Robinson impoundment have requested

stockings of largemouth bass. In an attempt to gain insight into the effective-
ness of stocking, approximately 1000 largemouth bass fingerlings were marked and
released at each of 2 locations in the impoundment during May 1975. Ongoing 3

sampling programs, which sampled the release areas, were expected to collect
fingerlings which survived and provide some inf ormation as to the number of

stocked fish in the area relative to the number of native fish.

Of approximately 110 largemruth bass collected during subsequent
months which were within the size range of stocked fish (with estimated growth) . 3

S
only 1 marked bass was -ollected. The low number of bass marked and the low

number of bass considered preclude any conclusions. .ver. the low percentage ,

of marked bass recaptured does not indicate a reliance on introduced fish.

Fisheries Managsment

The fish distribution and abundance data suggest that common manage-

ment practices may be beneficial to fish populations in Robinson impoundment.
The lack of cover and scarcity of benthic fish food organisms in many ateas
of the lovet impoundment appear to be limiting abundance. ~hese factors may 3

be modified through the placement of artificial substrate and cover much as
has been employed in several ather southeastern lakes. Other management

possibilities such as the ut .11:ation of artificial spawning substrates by
largemouth bass and the setting of catch length limits f or certain species
should be investigated.

- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ __
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Reported Chances in Crapeie Populations

Scveral peopic have expressed their crinion that crappie populations

I in Robinson impoundment have detlined drastically due to the operations of HSRSEP
(ASLB Hearing, 1975). Tne sampling programs conducted during 1974, 1975, and

1976 indicate that crappie vere present only in very low numbers. No data exist

indicating appreciably greater numbers in the past.

Assuming that population fluctuations have occurred and have been
detected by fisherren, there is no indication of the relationship between popula-
tion fluctuation and plant operation. Many f actors can and do cause fluctuations

in fish population, and the cyclic nature of crappie abundance is well documented

I in the literature (Goodson, Jr., 1966; Swingle and Swingle, 1967). The observa-

tions may have been entirely due to a natural cycle or to a combination of a
phase of the cycle and f avorable or unf avorable conditions (f ood supply , pesti-
cide run of f , competition of other species) .

I
Fish Tacging

I Fish collected from Robinson Impoundment, which were alive and

appeared to be in good condition and were not required for food habit or
fecundity studies, were tagged with numbered Floy Anchor tags. Each tag was
also imprinted with " Reward" and a Raleigh, N. C., post office box number.

Three hundred ninety fish were tagged during 1974, 1975, and 1976 and 25

were recaptured (or returned by anglers). The number of recaptures to date

(Table 4.11.1) has been insufficient to provide indications of movement
between the various areas of the impcundment although some individuals have

moved considerable distances and one warmouth moved out of the lake into
the creek below the dam.

4.12 Discussion of Thermal Ef f ects

Temperature is one of the most important environmental parameters
af f ecting fish populations. Reproduction, growth, and behavior are all
af f ected by temperatures directly, and in some cases indirectly such as in
maturation of gonads and initiation of spawning behaviour with spring Lee-
perature increases. Fish generally exhibit temperature preference and

avoidance within their tolerance limits. In addition, thermal tolerance

I
-
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I
limits are a function of acclimation temperature and time of exp sure.

Laboratory experiments serve to indicate these temperatures under controlled
conditions but field observations of ten deviate from laboratory based

expectations or predictions. In evaluating a field situation, the laboratory

determinations should serve as general guidelines while field observations y

provide th+. basis for evaluation.

I
The fish population of Robinson Impoundment has been shown to be

similar to other conparable bodies of veter with respect to species composi-
tion and standing crop. This indicated that the expected fish species are

living in the impoundment and no abnormal species con: position exists. It

order for the standing crop and species composition of fishes in Robinson
Impoundment to be similar to other similar bodies of wate*, the system must
provide adequate energy (food) to support the population, and successful
reproduction of fishes must be adequate to balance mortality. In the period

since 1971 when H. 3. Robinson Unit 2 introduced significant thermal effluent,
if energy production or fish reproduction had been af fected beyond the natural
limitations, standing crop estimates and composition would appear dissmilar
between Robinson l=poundment and other lakes considered.

At the species level, observations have been recorded indicating
little average (er overall) effect of the H. 3. Robinson discharga on the fish a
population although seasonal, localized adjustments were evident. Examination g
of the fish distribution data (Section 4.2) for the discharge area indicates

a g.1eral decrease of specias, number, and veis during the varmer months:
.

however, even during periods of max 1=um thermal . fluent, a variety of fish

have been documented utilizing the area. Thernal variation in these areas
exists both in the forms of stratification and cool water, spring or creek input, 3

An examination of available thermal informat.on on bluegill, warmouth,d

largemou;h bass, and chain pickerel provided information both in agreement and
in conj 11ct with our observations. A wide variety of thermal tolerance limits

j
have been published (Kramer and Smith, 1960; Stravn, 1961; Kelly, 1968; NTAC,

i
1968, USEPA, 1976; Holland et al., 1973) which apply to various conditions and
life stages. Man) of these have been derived from laboratory studies which may

| I
1

| E
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i

or may not apply to field situations (Stauf f er,1975). Within this literature

there are conflicting ob:ervations. '"here are also published reports of field

observations of fishes living in excess of many of the oublished tolerance
limits (Clugston, 1973; Siler and Clugston, 1975). In Robinson Icpoundrent ,

we have observed fish exceeding many of their published limits. We attributeI this to a combination of natural acclimation and the presence of lower tempera-

ture water which can be utilized for resting or refuge. There are numerous

springs, seeps, and streams in the impoundment providing cool water to Robinson
lepoundment. The volumes of water involved are generally small but a layer of
cool water forms over the bottom which is readily apparent when wading. Moct

of these areas are too small to be illustrated with the resolution available in
~

the temperature profiles. The effect of the high tenperature must be considered
seasonal (distribution data) and appeared to be of ednor importance at the species
level (compositien and population structure data).I
4.13 Fish Population in Llack Creek

I
4.13.' l - Introduction

I
Studies of fish populations in Black Creek were begun in 1974 in

conjunction with sampling in Robinson lepvundment. Soon after sampling was

..elinesinitiated, the program was redesigned in view of regulatory agency "

and the contention that operation of the h. E. Robinson Steam Electric plant had _

destroyed the fish populations present. Studies were further revised (added)
in 1975 to strengthen the study program.

The physical and chemical characteristics of Black Creek have been
described in detail in Section 3 of this report. Other factors effecting

fish populations, such as vegetation and substrate, are also described
(Sections 6 and 7) and must be kept it. mind when examining the various
characteristics of the fish population.

I
I
I

_
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I
4.13.2 Fish Distributions and Standing Crop in Black Creek

I
4.13.3 Introduction

Distribution of fishes is governed by envirot: ental requirements

that may vary with species or si:e. Certain species or sizes of fish exhibit

preferences for particular water depths, temperaturer., suostrates, and/or cover
types as well as being limited to certain ranges of environmental pcrameters.

The objectives of examining the distributions of fishes in Black
Creek include determining the species present, examining variations in numbers

and species between locations, and obtaining an estimate of fish standing crop.

4.13.4 Methods and Materials

Gill netting, wire trapping, seining, elcetrofishing, and rotenone
were used to collect fishes from various areas of the creek. The efficiency

of these collection types varies with species and size of fish; theref ore,
results will be evaluated separately. In the quarterly campling programs,

quarters were defined as vinter - January through March, spring - April through
i

June, summer - July through September, and fall - October through December.
An attempt was made to collect samples near the middle of the quarter. g

5
Standard 15.3 m (50 f t) experimental gill nets,1.2 m (4 f t) deep.

(equal panels of 25 mm, 51 =m, 76 =m, and 102 cm (1 in, 2 in, 3 in , and 4 in)

stretch mesh) were set at Transects J, H, and K (Figure 4.13.1) for two consec-
utive days each quarter from summer 1974 through fall 1975. Nets were set

off-bottom at a 45' angle to the stream. Depth varicd from 1 m (3.3 ft) to

approximately 3 m (10 ft). The nets were checked and catch examined after

approximately 24 and 48 hours. Leaves and debris in the stream of ten caught
in the nets and decreased their catching ef ficiency. High stream velocities

may also have affected catch rates. .

I
I
_
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Single funnel poultry wire traps approximately 1.2 m (4. ft) in length

{I and .6 m (2 ft) in diameter vere also set at Transects J H, and K for two

consecutive days each quarter from spring 1974 through fall 1975. Traps were

I usually set in water 1 meter deep and were checked after approximately 24 and

48 hours.

I -

Electrofishing was conducted for 0.5 hour at Trat. sect s J. H. E, and

L monthly f rom April,1975, through March,1976. A Smith-Root type V1 control

unit and 2500 watt generator were used operating at 600 volts (AC). Current

was generally within the range of 1-3 a=ps. Fishes that were incapacitated

were collected with a dip net and were held in a tub of water until the end of

the collection period. The dark color of the water, high velocity, fluctuationI of water levels, and low conductivity created sote difficulty in collecting

electrofishine sacoles.

Generally, there was more difficulty collecting saeples from

Stations H and L than free Station J and more difficulty in collecting

samples from Station K than from any of the other stations. These limita-

tions should be kept in mind when comparing electrofishi.ig samples.

Rotenone samples were collected during August of 1974 and 1975 from !-I stations J. H, and K. An area of stream was blocked off at each station using |

1/4-inch delta mesh block nets. The surface area and volume was calculated and
Noxfish (5* emulsifiable rotenone) applied to a rate of 2.0 parts per million-. ,

Potassium permanganate was applied outside of the downstream block net to
neutralize rotenone passing thcough the sample area. Fish were collected

inside the block net as they appeared after rotenone application. Mter all

aoparent activity ceased, the devnstream block net was pursed to rc:adn any

trapped fish and retrieved.

I Numbers, lengths, and weights were recorded from all fish collecte.d.

Sex and maturity were recorded when possible. Larger fish which appeared to be

in good physical condition were tagged with Floy Anchor tags and released.

Gill net and wire trap catch rates have been adjusted to number and

weights per 24-hour set, electrof1shing to number per hour, and rotenone tsmples

to number and weighting per hectare to facilitate direct comparisons.

I '
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4.13.5 Results and Discussion
5

Species Composition .

Ihirty species of fish were collected from Black Creek during 1974 j

and 1975 (Table 4.13.1). In addition, one shiner was not identified to the ,
l

specific level and may represent another species and several hybrid sunfish
;

were collected. All of these fishes are typical of the piedmont-coastal plain (

'

hIregion and many are generally associated with blackwater streams. p
m

Firh Distribution and Standing Crops g
n.

Gill netting was inef f ective in sampling Black Creek. The com-

bination of debris catching in the net and :he high stream velocities
apparently allowed :.he fish to avoid the net. Only 3 fish were taken in

gill nets during the study; a golden shiner at Station J during November,
1974, a creek chubsucker at Station H during May,1975, and another creek
chubsucker at Station H during August, 1975.

,

Wire trapping was also inef f ective in sampling Black Creek.
More fish were collected with wire traps than with gill nets but numbers
were too low to provide any distribution information. One American eel i

a
and one chubsucker were collected at Station J during May, 1975 ; and |
12 bluegills and a warmouth during June, 1974, 1 varmouth during June, 1975,
and 2 bluegills during August, 1975 at Station H; and 2 creek chubsutkers
and one warrouth during November ,1974, and 1 warmouth during August, 1975,

at Station K.

Electrofishing ef ficiency in Black Creek varied with water level
and stream morphology in the sample area. The low conduct.1vity of the water

restricted the electrical field so that fish in deep or fast flcwing water
could usually avoid the field or escape. Station H contair:ed more area con-

ducive to electrofishing than the other areas and was followed by Station J.
Station K was the least conducive to electrof1shing.

I
E
e
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The greatest variety of fishes were collected by electrofishing at

Station J (Table 4.13.2) refleccing both collection etficiency and the habitat

,

present. Station J contains many shallow areas away from the main streata

channel with abundant aquatic vegetation which provide cover and feeding areas.
Chain pickerel and creek chubsuckers were the most abundant fishes collectedI at Station J and were taken during all sampling months. Dusky shiners, blue-

spot ted sunfish, warmouth, and largemouth bass were also abundant and f requently
'

collected.

Electrofishing catches at Station K vere generally low, due primarily

to collectinF difficulty. Chain pickerel were the most consistently collected

species but American eel, redfin pickerel, and hhdgill were also abundant.

Station L electrofishing catches frequently wlar'.ed chain pickerel, creek

chubsuckers, American eels, bluegills, and it.*p u th bass. Mats of cypress

roots along the stream channel at Station L and Nup runs of f the main

i channtl yielded the most fireh. Such areas provide cover and feeding areas

for f1shes as well as restricting movement thus increasing electrof 1shing

efficiency.

. Catches in the four stream stations sampled reflect habitat and
l
i gear efficiency as well as species composition and abundance. Catches were

generally similar at all stations and were typical of fishes expected in

most blackwater streams.

I.
Rotenone samples collected f ne Black Creek during 1974 and 1975

| probably produced underestimates of standing crop. The water depth and

rapid velocity prevented maintaining block nets in position. Lead lines

were pulled off the bottom, nets were ripped, and float lines were pulled

| below the water surface during 1974. Samples collected during 1975 were

somewhat better but holes still opened in the downstream net. The water

depth and velocity also created difficulty in mixing and distributing

rotenone within the sample area and some eddy areas or bank undercuts mayI not have received a lethal application.

The greatest variety and standing crop fishes in both 1974 and 1975

were collected at Station J (Table 4.13.3). The absence of pickerel in the

1974 sample is probably due to the problems associated with the block net since

-
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i

several large pickerel were observed in the sample area but were not recovered.

Large portions of the biomass in 1974 censisted of lake chubsuckers, spotted '

suckers, redbre ast sunfish, and warmouth while in 1975 redfin pickerel, chain
pickerel, spotted suckers, and tedbreast sunfish were the major components of
the biomass. The larger number of small fishes (juveniles) in the 1974 sample
probably resulted from using a smaller mesh block net (1/8 in). One-fourth
inch mesh was used during 1975 in an atte=pt to maintain :he net in better

position.

Rotenone sampl.s collected from Station H were smaller and diversity
was lower than at Station J. During both years most of the catch consisted of

bluegill. Warmouth and yellow bu11 heads were also abundant during both years,
while pirate perch, not collected during 1974, were second in numerical abundance
during 1975. Little cover or feeding area was available in the section of

stream sacpled at Station H and is probably the prime reason for relatively g
small collections. W

A greater variety of species was collected with rotenone at Station K

than at Station H. Maintaining a block net in the stream at Station K was

extremely difficult and probably contributed to the small catches. High stream

velocities and obstruction (roots and undercuts) probably prevented some areas
from receiving a lethal dose of rotenone. During both years bluegill and W

5chain pickerel were the largest co=ponent of the biomass.

4.14 Su==ary and Conclusions

Fisheries studies at Robinson I=poundment were initiated in 1972

and 1973. The preliminary work began the compilation of a species list and
evaluation of sampling gear suitability. Studies were refined and intensified

in 1974 and again in 1975.

Thirty-one (31) species have been collected from Robinson Impoundment.

| Thirteen (13) of these were centrarchids, indicating the inportance of that

group. The species list is similar to other lakes in the region wi.h similar

environmental characteristics (low pH, dark color)..

| I
,
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Total gill net catches were evaluated using analysis of variance
with respect to sampling month and location. Significant differences were

further evaluated using Duncan's New Multiple Range Test. No differences were
evident in lower and mid-impoundment catches, but catches in these areas were
significantly (P=.33) lower than catches in the upper impoundmant. Also,

catches f rom the discharge area and the east side of the lower impoundment

I were not significantly different from the east side of the upper impoundment.
More bluegills and chain pickerel were collected with gill nets on Transects A
and C, while more suckers and golden shiners were taken on Transects G and E.

Only centrarchids (primarily bluegill and warmouth) were collected
with wire traps. Catches at Station A-1 were the largest, indicating the
centrarchid abundance in that region. Seine catches were affected by bottom
topography and fish habitat with largest catches at G-1. C-1, and A-1.

Electrofishing catches generally increased in diversity (Shannon-
Weaver index) from the lower impoundment to the upper impoundment. Analysis

of variance of total, bluegill, warmouth, largemouth bass, and chain pickerel
catches with respect to sampling month and location indicated location dif-

ferences for all groups and monthly differences in total, bluegill, largemouth

bass and vamouth catches. Duncan's multiple range test of catches by location
indicated Transect A total and bluegill catches larger than other areas. No

difference was apparent in total catch among Stations E-1, E-3, G-1, and G-3.

Largemouth bass catches at Stations E-3, E-1, and A-1 were not significantly
different (P=.05) and were larger than catches at G-3, A-3, and G-1 which also

were not significantly different. Wamouth catches at A-1, G-3, and A-3 were

larger than at the other stations.I
Standing crop estimates (cove rotenone samples) ranged from 29.3

kg/ha in the upper impoundment during 1975 to a high of 139.8 kg/ha in the
lower impoundment during 1975. During both 1974 and 1975, greatest numbers

of fishes were collected from the mid-impoundment, but diversity was greatest
in the upper impoundment. No species were conspicuous by their presence or

absence. Relative abundance of fishes in the rotenone samples was similar tc

.
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other lakes in the region with similar environmental characteristics. Some g
surface temperatures in Robinson Impoundment appreached thermal maxima for 3

many of the species collected, but standing crop data indicated fish were
present in good numbers, possibly indicating utilization of temperature
stratified or refuge areas.

Food habits analysis for the bluegill have indicated that planktivory
is an important feeding strategy of bluegills in the lower impoundment and that
this feeding strategy probably reflects optimal feeding conditions under the W

habitat conditions present (i.e., limited littoral habitat). In the upper

impoundment, the diet of bluegills was more diverse, had a greater evenness in
distribution of major food items, and included a greater proportion of large-
bodied benthic invertebrates. This feeding behavior is typical to those
described in the literature and no stresses were apparent from either low

productivity or heat load. In the discharge area, the feeding condition" I
Wduring the su=mer of 1975 were the poorest encountered in the impoundment.

Benthic food items were demonstrated to be reduced in abundance in this area
and the coccunity unstable. This lack of stability in the food supply was
reflected in the food habits and indicated food stress during the su=mer months

in the discharge area. Food habits of largemouth bass, warmouth, and chain

pickerel were similar to literature descriptions and a comparison of food
Eselectivity with availability in the habitat suggest that food was not a
E

limiting factor for growth and reproduction.

Bluegill, warmouth, largemouth bass, and chain pickerel growth

rates were est1 mated from scale examination. Growth estimates were generally

similar from all areas of the impoundment, although small differences may exist.
There is some indication that growth was underestimated, but the rates were
similar to the low growth rates observed in other blackwater lakes in the region.

Length-wei gh t relationships were calculated for bluegill, warmouth,
largerouth bass, and chain pickerel for upper, mid, and lower areas of the
impoundment by season. Some variations did exist, but definite trends were

not evident. Poor condition in the vicinity of the discharge was not evident
from the analysis.

|
,
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Fecundity estimates of largemouth bass and warmouth, which are
indicators of potentia 4 reprodue;1ve effort, were similar to those reported
in the literature. The potential reproductive effort of bluegills (fecundity)
was lower than values reported in the literature. Mean nature egg diameters

were also considerably lower than reported. The causative environmental and/or

biological deterr:inants f or these findings were not apparent from the data.

Most spawning activity as evidenced by the presence of fish during
their early life stages occurred from mid-April through mid-October, although
some larval fish were collected during all months. Most larval fish collected
from December thtough mid-April were percids wbich apparently spawn during
all months of the year in Robinson lepoundment, and were the most abundant
larval fish in the open water areas. Most centrarchid spar.ing occurred from
May through September, while most catastomid reproduction .>ccurred during May.
Numbers of larval fish in the discharge area were depressec during the summer

months but were larger during spring and fall.
I

Some larval fish were entrained through the H. B. Robinson Steam

Electric Plant during all months except January. Tne majority of these were

percids which, apparently, occupy the pelagic areas of the impoundment more
frequently than the other species present. The effect of darter entrainment
seems to be negligible, since darters are one of the most abundant and widely
distributed species in the impoundment.

Fish impingement on the H. B. Robinson thit 1 intake screens has
I been negligible, averaging less than 0.5 kilogram of fish per day during 1974

and 1975. impingement rates were higher on the L%it 2 intake screens, averaging
5.8 kilograms per day in 1974 and 4.8 kilograms per day in 1975. Most of these

fish were bluegills less than 115 t:m in length, and their impingement was not
considered to be significant when the size of the lake and the measured standing
crops were considered.

I Fish populations in Black Creek appeared typical of blackwater streams,
although many sampling problems were encountered.

I
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Table 4.2.1 Common and scientific names of fishes collected from
H. B. Robinson impoundment during 1974 and 1975

,

I .

Bowfin A:nia calva
East ern mudminnow thtbra pyemaea

b g Redfin pickerel Esex americanus

g Chain pickerel Esex nicer
Golden shiner Femie, onus chryseleucas

Dusky shiner Notroeis cumminesse

I Creek chubsucker Erimyzon obloncus

lake chubsucker Erimvzon sucetta
Spotted sucker Minvtrema melanops

k'hite catfish Ictalurus catusI Yellow bullhe.ad I,ctalurus natalis
Flat bullhead Ictalurus plceveephalus

Swampfish Cholecaster cornuta
Pirate perch Aphredoderus savang

Lined topminnow Fundulus lineolatus

Mosquitefish Gambusia affinis

I Mud sunfish Acantharchus pomotis

Flier centrarchus macrooterus

Banded Pigmy sunfish Elassoma zonatum
Blackbanded sanfish J.nnaecanthus chaetodonI Bluespotted sunfish Enneacanthus cloriosus
Redbr east sunfish Lepomis auritus

.

Pumpkinseed Lepomis cibbesus

I k'armou th Lecomis gulosus

Bluegill Lepomis macrochirus

Dollar sunfish Lecomis marcinatus
Largemouth bass Micropteriis, salmoidesI k*hi te pie Pomoxis _a_nnularis
Blar 'e Pomoxis nicromaculatus.

Sur cid Lepomis sp.

I Etheostoma fusiformeSwm I: ;r

Savenu J ar ter Etheostoma serrif erum

I
I
I
I
I
I
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Table 4.2.2 Fish apecies composition of H. B. Robinsoa Impoundment and other similar
bodies of water in North and South Carolina

.

Singletary Lake Alligator Creat Catfish
Robinson Lake Waccamaw Par Pond Lake Lake Lake

Impoundment 572 a 8938 a 3000 a 5600 a 2992 a 921 a

2250 a (Louder. (Louder, (Clugs t on , (Crowell, (Bayless, (Ba yle ss , |
Common Name ? resent Studv 1961) 1961) 1973) 1466) 1966) 1966) W

_

Longnose gar x x x

Bowfin x x x 3*

gAmerican eel x* x x x
Blueback herring x

Gizzard shad x x
3Iastern mudminnow x x
gRedfin pickerel x x x x

Chain pickerel x x x x

Carp x
Golden shiner x x x x x x g

gIroncolor shiner x x
Ousky shiner x
Coastal shiner x x

Creek chubsucker x x x
Lake chubsucker x x x x
Spotted sucker x x

White catfish x x x

Yellow bullhead x x x x x x x g
gBrown bullhead x x

Flat bullhead x x x

Channel catfish x

Tadpole madcom x* x x x 3
gMargined =adcom x*

Svampfish x
Pirate perch x x x x
Lined topninnow x
Waccamaw killifish x
Mosquitofish x x x x x ;

Brook silverside x
Waccamaw silversida x a

5White perch x

Mud sunfish x x
Flier x x x x

|Banded pigmy sunfish x x x

Blackbanded sunfish x 5
31uespotted sunfish x x x

Banded sunfish x x

Redbreast sunfish x x x
Pumpkinsecd x x

Warmouth x- x x x x x

Bluegill x x x x x

Dollar sunfish x x
Radear sunfish x

W
Spotted sunfish x x

White crappie x x

Slack csappie x x

Largecouth bass v x x x .

Swa:p darter x x x x

Tassellated darter x*
Waccamaw darter x

Sawcheek darter x
-

Yellow perch x x x x x

i ?iedmont darter x*
* Black Creek only
Total Collected 36 16 35 26 13 7 5

j

s
.

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ . - . _ _ .
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I
Table 4.2.3 Total catch (all species) per day of fishes with standard
experimental gill nets in H. 3. Kobinson lepoundment during quarterly

I. sampling from Su=ner 1974 - Fall 1975

I
Day A-1 A-3 C-1 C-3 E-1 E-3 G-1 G-3

29 4.09 0.00 1.03 6.08 5.04 8.96 1.03 6.32
l Aucust 1974 30 2.59 0.00 0.00 0.00 4.90 11.14 2.07 5.06
I 13 5.94 0.00 0.00 1.20 1.16 0.00 10.69 22.24

November 1974 14 4.29 0.00 2.74 0.89 0.95 2.86 19.00 13.51
4 0.00 2.36 0.00 2 32 3.67 2.49 3.91 9.33'

February 1975 3 1.06 0.00 1.01 1.00 1.03 5.04 1.03 7.06
j 21 2.17 0.00 6.46 0.00 3.13 2.09 5.0S 12.10
3 Mav 1975 22 0.00 3 . .t 4 13.09 0.00 7.38 1.92 4.38 5.45

16 9.15 0.00 3.55 8.09 4.73 2.39 1.01 6.66
- Aueust 1975 19 1.01 0.00 1.10 3.19 6.70 0.00 3.62 1.06

~

12 2.65 0.00 0.00 0.00 0.00 4.09 21.16 29.e5
l November 1975 13 0.77 0.77 0.00 1.61 1.68 0.00 4.49 20.54

i

I
I
|

,I
|

|

8
|

5
i

!
l

,

I

i
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Table 4.2.4 Analysis of variance of gill net catches at H. B. Robinson
Impoundment Su==er 1974 through Fall 1975

I
I

i DF k Mean Scuare I F_Source

Sampling daee 11 17.9719 .832S

Sampling station 7 143.7222** 6.6595

Residual 76 21.5815

I
**

Highly Significant (? = . 01)

I
I
.
5

I
I
I
|-

I
I
a.
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1

I- Table 4.2.5 Duncan's new multiple range test (P=.05) f or dif f erences in
gill net catch per day between sampling stations at H. B. Robinson
impoundment Su=mer 1974 through Fall 1975

I
Sampline Station Mean Number - Set

G3 11 +

I '

G1 6 +

E3 3., .il -

El 3.36652
Al 2.81150I C1 2.43885 -

C3 2.03005
A3 0.54031 r

i .

$



Crcch of fishes per 24-hour set with poultry wire . taps at II.
B. Robfuson Irnpoundnent

Table 4.2.6
Spring 1974 tfirough Fall 1975 (Blank values indicate no catch)

.

SAMPLING PERIOD

Spring '74 Sunene r '74 "?all '74 tJinter '75 Spring ' 75 Surmne r '75 Fall '75

Station S pec fg 6/25 6/26 8/29 8/30 11/13 11/14 2/4 2/5 5/21 $/22 8/19 8/20 11/12 11/13 MeartSainpling

3.1*
.

A-1 Bluegi]l 8.2 5.9 12.2 12.4 3.4 .I.6

.3
'

A-3 Bluegill *

.1
1.6 .1

C-1 Redbreast .i

ilarmouth
. n

.4 4
C-3 Bluegill 4.1 1.0 .2 e

2.6

tiarmouth

.6

E- 1 Bluegill 1.9 1.0 1.2 1.0 1.3 2.2
1

11armouth 1.6

.2
1.5 1.2

E-3 Ill ueg i ll

2.4 3.1 .6.

3.1 .1
G-1 Bluegill

tJarmouth 1.0 1.0 1

Dollar sunfish 1.0

G-3 None Collected

3 M M M M M M W W W W W m m p m m
,
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is .
. .e 4.2.7 Numbers of fishea collected by seining at E. B. Robinson Impoundment f rom Su=ner
374 through Fall 1975

IAplineStation Suz:sner Tall Winter Spring Summer Tall-

See:tes 8/74 11/74 2/75 6/75 B/75 11/75 Mean number /heul

i-1 besquitofish 1 .2

Chain Pickerel 1 1 .3

I-- Redbreast Sunfish 1 .2

Bluegill 14 65 1 ''3
1Largemouth bass

TOTAL 15 1 1 0 67 1 e
'

I :-) Mosquitefish 1 .2

Chain Pickerel 1 .2

Bluegill 1 1 2 7

TOTAL 1 2 0 0 2 1 1.1
tbsquitefish 1 7 1.3

I :-1 Chain Pickerel 2 .3
Warmouth 1 .2

Bluetill 21 14 43 35 1 19.0
Largemouth bass 1 1 1 2 .8

I_ TOTAL 23 16 0 51 39 1 21.6

:-3 Bluegill 5 1 1.0
Largemouth bass 1 .2

TOTAL 5 0 0 2 0 0 1.2

I ;-1 Bicegill 5 5 5 1 2.7
TOTAL 5 5 5 0 0 1 2.7

;- 3 Blaegill 8 2 2 2.0
largemouth bass 2 1 2 .8
TOTAL 10 3 2 2 0 0 28

I W1 Chain Pickerel 1 3 2 1 1.2
Colden Shiner 1 2 .5
Creek Chubsucker 1 .2

Pirate Perch 1I - Blackbanded Sunfish 1 3 1 2 3 1.7
Bluespotted Sunfish 1 3 7 1.8
Warmouth 1 .2

' Bluegill 99 1 13 9 20.3

Dollst Sunfish 5 3 2 1.7
Largemouth Bass 5 4 1 1.7
TOTAL 113 7 4 28 12 12 29.5

-3 Chain Pickerel 2 4 2 2 1 1 2.0
Spotted Sucker 1 .2'I '

Lined Topainnov 1 1 .3
Blackbanded Sunfish 1 4 .8
Bluespotted Sanfish 2 .3
Warmouth 1 2 .5

I Blues 111 4 2 24 16 7.7
Dollar Sunfish 1 7 5 2.2
Largemouth Bass 1 9 6 2.7
T01.s1 10 7 2 46 29 6 16.7

OTAL ALL STATIONS 182 41 14 129 149 22

I
I
I
I

-
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Cable 4.2.8 (o ..t inued)

1976 [5
Jan. Feb. Mar. Apr. Hal Jun. (yg.* Sep. Oct. Nov. Dec.

StatJon E-l
flow f I n 2 2

22Redfin Pickerel
Chain Pickerel 2 14 2 2 2 2 2 2 2 4

Golden Shiner 6
8Creek Chubsucker 10 4 8

Spotled Sucker 2
2

Pirate Perch 2 2
151ackbanded Sunfish

2 .

istuespotted Sunfish
Warmouth 4 8 2 22 2 2 2 8 2

Bluegill 2 4 28 10 4 30 38 38 32 18

2
Dollar Sunfish
1.argemouth Bass 2 16 4 2 8 14 16 6 12

e
Station E-1 M

Bowfin 2 "
8 2 4 2

n dfin Pickerel 4 2e

Chain Pickerel 2 8
2

Creek Chubsucker 2
1ake Chubsucker 2 ei

Spotted Sucker 2 4 2

Pirate Perch 4 2 2
4

nluespotted Sunfish 2

Warmouth 2 12 2 2

Bluegill 8 40 104 18 4 32 32 40 34 16 ;

1.argemouth nass 12 16 16 2 6 20 14 12 2

2Centrarchid flybrid

Sawcheek Darter 2

Tessellated Darter 2

* Data not available due to sampilng complications.

..

_ _ _ _ _ _ _ _ _ _
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.
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Table 4.2.8 (continued)
1975

1976

Feb. Mar. Ath {tay Jun. Jul. Aug.* Sep. Oct._ Nov. Dec.
|

Jan..
4

Station G-1 4 2
150w f i n

Redfin Pickere1 6 12 4' 6 16 8 8

8 2Chain Pickerel 224 6Dusky Shiner 2 10 8 8
24

2 16 14 4 2 2Golden Shiner
2 2 6 16 6

Creek Chubsucker 448 6 4 12 4
I.ake Chubsucker 6

44 26 16 2
Spotted Sucker 2
1.ined Topminnow
Pirate Perch 2 4 2

2 12 6 4 8
tilackban< led Sunf isli 36 2 12 2liluespotted Sunfish

4 8 2 6
I(edh r eas t Sunfish

2 6 8 30 8 56 10 2

2 6 4 4 20 2uarmouth 10 2
4tiluegill

4 2 2 2 2 4

Dollar Sunfish 2
21argemouth Hass 2 T

Swamp Dater $

Station G-3 2
Isou f in 2

4 10 4 6 1 12 4 24 14 12 6
llediin Pickerel 88 58
Chain Pickerel 2 6

4 2 210 16 4Golden Shiner
2 2 6 12 8 2 6

Creek Chubsucker 2 4 6
2 8 4 8 10

1.ake Chubsucker 2 4
14 4

Spotted Socker .

4 6 6
1.ined Topminnow 2
Mosiguitoefish 2 2 2

2Yellow liullhead 2 26 18
4Pirate Perch 2 6 2 2

6 6Blackhanded Sunfish
12 18 8 6 2Bluespotted Sunfish

2 8 16 20 2 14 2 4 38 8 2

Itedb r ea s t Sunfish 4 2

2 2 2 14 1 30 26 18
Marmouth 6 22

2 28 6Bluegill 2 4 4

Dollar Sunfish 2 6 2
4

1.argeinout h hans
2

Swamp Darter
available due to sampling complications.

E E E E E E E M M M M g |* Data not
,

oe i
. .
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Table 4.2.9 Analysis of variante in electrez, hocker (log) catch per hour from
',,

Robinson I=poundment during 1975 and 19;'6 with respect te sampling month-

and sampling location

Analysis Variable Mean Scuare Decree of Treedoe

Total Satipling Month 2.9671** 10
Sampling location 3.8556** 5

I Residual 4897 50

Bluegill Samp1ing Month 3.1389* 10
Sampling Location 18.3336** 5
Residual 1.2192 50

Largemouth Bass Sampling Month 2.6391** 10
Sampling Location 3.4006** 5

Residual .6214 50

| Warmouth Sampling Month 1.8859* 10

I Sampling Location 5.0152** 5
Residual .8043 50 *

_

Chain Pickerel Sampling Month .4923 10

E Sampling Location 6.0183** 5
Residual .5519 50

I
. *Significant P = .95

** Highly significant P = .99

_

. _ _ _ _ _ . _ . _ _ _ _ _ _ _ .-
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Table 4.2.10 Duncan's new multiple range test (P = .05) for differences in
electrofishing catches between sampling months at H. B. Robinson Impoundment, g
April 1975 through March 1976.1 values represent log transformation of mean g
catch per hour

I-

Total Catch Mean Month

4.8336 February 1976 $
4.6732 March 1976 5{J; ' t y
4.5534 December 1975'

4.4752 January 1976 E
4.3474 October 1975 g
4.2876 September 1975
4.1622 November 1975
4.0500 April 1975

- 4.0198 July 1975
3.7762 June 1975+

2.2222 May 1975

3.7520 September 1975Bluegill --

3.5927 March 1976-

3.4869 October 1975
3.4629 July 1975
3.3486 November 1975
3.3040 June 1975 g
3.2624 February 1976 3
2.8033 April 1975
2.7824 January 1976

y 2.2014 December 1975t

1.3073 May 1975+

Largemouth Bass - 2.0891 October 1975 E

1.9876 December 19'75 5
- 1.7381 February 1976

1.7246 September 1975 g
- 1.4714 November 1975 g

* 1.0648 March 1976
-- 1.0567 July 1975 $

-- 0.8788 January 1976
t 0.5074 June 1975

0.3662 April 1975
0.1831 May 1975+

Warmouth a 2.3672 March 1976
2.3578 April 1975
2.1673 . February 1976 |

* 1.8984 Never.her 1975 m

1.8766 September 1975
1.6112 October 1975 g
1.4101 June 1975 3
1.2831 January 1976

+ 1.2831 December 1975
0.3176 May 1975
0.7937 July 1975-

Exc.ept for August when data were not collected due to sampling difficulties

-
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Table 4.2.11 Duncan's new multiple range test (P - .05) for differences inI electrofishing catches between sampling locations at H. B. Robinson l=poundment,
1April 1975 through March 1976 . Values represent log transfomation of mean

catch per hour

Total Catch Mean Sampline Location

I 3 4.9820 A-1,

1 4.7333 A-3
4.0455 G-3.

3.7653 G-1

I 3.6306 E-3
1 3.6073 E-1

I Bluegill t 4.6384 A-1
4 4.5528 A-3
A 2.9285 E-3
1 2.4804 E-1

5 | 1.8312 G-1
+

4 1.7345 G-3

1.8811 T .3Largemouth Bass +

1.7172 E-1
4 1.4326 A-1

I h +- 0.7692 G-3
0.6822 A-3

+ 0.6457 G-1

Wamouth 2.4195 A-1
2.0589 G-3

4 1.9921 A-3
1.4115 G-1
1.3302 E-1

+ .5328 E-3

Chain Pickerel 2.0789 G-3
1.4902 G-1
1.0916 E-1

I 0.5458 E-3
0.2996 A-3

- 0.1998 A-1

I
I
I s ce,t <or Amemst hen esta re not c.11ectee eme to sa=,11ne e1ff1c.1t1es.

I
I



Table 4.3.1 Numbers and weights of fishes per hectare collected from three coves of Robinson Impoundment
i during August 1974 and August 1975

'
1.ower Impoundment flid impoundment Upper l'apoundment

Number Weigti g Number Weight y Number Weight Q)_

Species 1974 1975 1974 1975 1974 1975 1974 1975 1974 1975 1974 1975

15 5 22 22
East er n Mudminnow 12 25

Redfin Pickerel 25 49 544 314 20 49 1090 2486 7 37 487 79

Chain Pickerel 59 175 11574 43504 86 35 7791 4519 77 133 3632 5819

Golden Shiner 69 511 57 79 170 240 388 74 642 376

10 10
Dusky Shiner
Unidentitled Shiner 7 7

Creek Chuhnucker 25 86 20 44 64 35 371 59 642 398
5 138

l.ake Chubsucker 40 2918
Spotted sucker 138 126 19108 33618

White Catfish 7 17

Yellow 13nlihead 37 57 99 89 2051 924 47 81 356 235

44 27
SwampfIsh
Pirate perch 25 62 180 264 17 72 89 257 40 833 69 729

109 106 32 146
1.ined Tonminnow 25 42

47 96 15 69
Mosituitoefish 586 23 225 25

17 924 15 22 457 86 Y
Mudsunfish 5 5 7$
lianded Pigmy Sunfish 12 2

Blackhanded F mfish 173 37 180 49 30 274 124 319 4(,5 546 573 526

Bluespotted Sunfish 2298 1144 1688 1584 640 435 271 1092 2231 4806 2301 3067

Hedbreast fanfish 423 25 6140 855 10 27

Wa rmout h 1438 213 1964 29798 860 611 17875 37621 1510 870 15921 9617

li t ueg i l l 3022 8656 6089 17675 31508 12046 54834 85316 4322 220 11671 3400

32 57 2192 988 2308 2431
Doilar Sunfish
I.a r gemout h hass 25 62 259 11320 252 195 8656 2849 77 22 388 2053

49 22
Unident 11 led Sunf isti
Swamp Garier 25 1483 25 657 12 339 12 161 109 69 47 32

Sawcheck Darter 151 84 17 10 22 7

Total 8369 12269 48241 139831 6677 14364 93189 1368 % 12058 9051 42481 29259

Surface Water
Temperature at Time 31.0
of Sample 1974 32.0 35.0

1975 32.5 38.0 30.5

Area Sampled ha. 1974 .116 .245 .129

1975 .080 .113 .218

i See Figure 4.2. l fur speelfic sample location.
I E E U E E W W W W g g g g g g
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Table 4.3.2 Comparison of numbers and weights of fishes (per hectare) collected with rotenone f rom several North and " south
Ca r oi llia laken. When fishes were grouped by family in the literature, they are inclinfed in the category all others

tase,u a e.
'

,,, ,,,,6 ,,,,,,,,,,,,5
,

2 ,, , , , , , , , ,si.siaiar,t. eke

211 heetese (8919a) 1284 bectare 2266 hectare Creet tabe fatfleh 1abe

til hectare (572e) (Adapted free (1000a) (56cGa) 4*ll hectare 372 hectaveRobinson impoundment

(2250s) (4dosted from imeder 1961 end (Adepted free (Adopted from (2992e) (121e)

paels 1966) ringesyn, J 73) _ Crewell, J 66) _ Saylese'l964 8eylese y &(

I.ouder 1961) Mgo.lgg leienhn 6'elghi(gl hamb 1 yelght. fit E*sebel yojght(1). p,omhet. Ve f ght(qFreseet Study
f

("""*?d*St henbu yelght_(g} R A e1
pote, I

Redfin Ficherel 30 013 IS 373 Not 4eellebte Tree,

22 4561 1)*01 yellow

colden Shiner ill 257 222 647 4080 15 262 perch wee 96 673chain Pickerel 94 12805
collected

(seek Chobsocner 86 205

tane (Suhsuc ker 2 22 17 934 2 480 4510J le 18 octo

1150 ft. et meter

Srotted Socber 52 9274 2 262 des tag 1960 7 149
7 25

I. cite Patfish 2 2

1 11.% B si tt.ead 59 60) 25 410 2 Trace 350 110 1978 and 1965.
109 262

27 17 7Tadcale Mo.ler
Firate reich 175 264 30 74 w

!'csg alr ol I,h 126 57 32 12 W

penJed rigst hnfloh 2 2 3 75

Sluespotted Sanfleh 1925 169) 140 4R4 0 226
2 49 200

pedbeesst %=f t sh 77 1171

h ai smit h 917 18799 57 1346 123 1367 15750

70 1664 25400 1 262
mivegi11 9963 29835 .

2550
pollar twoffsh 536 Sol

largev uth Base 106 4255 30 3427 IA950

5643,, parter 119 118 22 Trece
161 2992 74 1421 3850 2 149 215 74F

All othese 176 62) 52 Ill 521 17401 12120 44 1796tellow Perrh

Total 14974 81629 109 6314 !!OO }4911 141300 285 10933 241 1g68

'?teaa e.f 6 saeples cellected during 1974 and 1975.
#Mean of 6 samplee collected dering 1957. 1959, and 1959.
Meam of 9 samples. 6 cellected during 1957.1958.1959, and 3 cellected derleg 1965.

' Mess of 2 eamples, 1969, 1972.'

.Mesa of 1 esoples.

G

._

-

: : -

-
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Table 4.4.1 List of sampling statistics for selected indicator species utiliEed in fish food
habits analysis at Robinson Impoundment

Species Location Statistic Winter Spring Sunner Fall Year

sample size No Data 15 19 38

Bluegill Intake mean Tima llo Data 92 98 86 1974

range Tlma No Data 81-100 77-100 54-100

sample size tio Da t a 21 37 38

liluegil1 Intake mean TLmm No Data 134 124 125 1974

range Timn No Data 101-190 101-147 101-190

sample size 46 71 28 33

B1negil1 lower Impou nd men t mean Tima 75 78 87 84 1975

range T'ma. 49-99 47-99 42-99 59-98

sample size 21 27 36 GO

filuegill tower Impoundment mean Tlen 131 133 119 137 1975

range Tima 101-187 103-203 100-179 100-216
e

sample size 31 21 48 6 L,

Hluegill Discharge mean TLne 62 82 80 79 1975 e

range Tima 41-99 51-92 57-99 70-90

sample size 32 18 22 30

Bluegill Discharge mean Tima 147 145 110 128 1975

iange Tima 101-206 105-208 100-130 104-210

sample size 17 3 11 14 . 45

Ill uegi l l Upper Impoundment mean Tlanm 156 108 120 112 1975
'

range Timn 106-236 48-219 71-218 55-253
'

sample size 9 16 12 14

Largem-aut h bas:, Entire 1,ake mean Tlza 247 260 156 162 1975

rance TInn 145-490 165-427 103-220 100-204

sample size 6 20 29 10

Warmouth Entire Lake mean Timn 180 153 145 147 1975

range Tian 156-207 56-19R 45 ~401 106-180

sample size 6 22 19 14

Chain pickerel Entire Lake mean Tlsn 270 204 148 192 1975

range Tlanm 133-320 71-455 66-436 108-362

E E E E E E E E W W W W g g g g g g
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Robinson Im> andmeni. Seasonal occurrence in the food is inds .ited for each taxon (1 winter,
2= spring, 3-summer, 4sf.all)

Intake Area Lower Impoundment Discharge Area Upper _ impoundment

ClnloceraCladocera Cladocera

Diaphariosoma (2,3) Acroperus (1,4) Dia phanocana (2,3,4) Acroperus (1,2)Cladocera

Eubosmina (2,3,4) Diaphanosoma (1,2,3,4) Eubosmina (1,2,3,4) Daphnia (1)
Eubosmina (1,2,3,4) Eurycercus (4) Diaphanosoma (2,3,4)

Copepoda Eubosmina (2,3,4)
Cyclups ( 2,' 3,4 ) Eurycercus (3,4) Copepoda

Polyphemus (1) Cyclops (1,2,3,4) Eurycercus (4)
Diptera

Ablabesmyia -(2) Copepoda Diaptomus (1) Copepoda

Bezzia (2,4) Cyclops (1,2,3,4) Ostracoda Cyclops (1,2,3,4)

Chaohorus (2,3,4) Diaptomus (1,2,3) Cypridae (3) Diptera
Ahlabesmyia (1,2,3,4)

Chironomus (2,3,4) Diptera Diptera

Cryptochironomus (3,4) Ablabes,tyla (2,3,4) Ablabesmyla (1,2,3,4) nezzia ( 1, 2 , 3 )*

Bezzia (1,2,3,4) Bezzia (1,2,3) Chaoborus (2)
Ilarnischia '(2,3)

Chaoborus (2,3,4) Chaoborus (1,2,3,4) Chironomus (1,2)
Vicrotendip,es (3)
entaneura (3,43 Chironomus (1,2,3,4) Chironomus (3,4) Conchaplopia (3)

Procladius'(2,3,4) Coryneneura (2) Cryptochironomus (1,4) Cricotopus (2)

Pseudochironomus (2) Cricotopus (2) Dicrotendipes (1,2,3) Crypotchironomus (1,2,3,4)

Psectrocladius (2) Cryptochironomus (4) llarnischia (3) Hie ro t end i pe_s (1)

Dicrotendipes (2,3,4) Nanocladius (3,4) Nanocladius (1,3,4)
Trichoptera Orthocladius (3) Orthocladinae (1,4) p

Oecetis (2,3) .flanociadius (2,4) Orthocladius (2,4) y
Or t hotla<ti nae (2,3) Paralauterbornfella (1) Parachironomus (4)Oxyethira (2)
Orthocladius (2,3) Poly ped iEm-(f,'2 ,'1,~4 )

Polycentropus (2,3,4) Polypedilum (1,2,3,4) Procladius (3,4) Paralauterbornfella (3)
Procladius (1,2,3,4) Psectrocladius (1,2,3) Pentaneura (1)Ilymenoptera

Psectrocladius (1,2,3,4) Thiemanniella (2) Polypedil_um (1,2,3,4)Formicidae (3)
Procladius (1,2)Coleopt e ra

Pseudochironomus (1) emergents (2,3,4)
Elmidae (2,3) Psectrocladjus (1,2,4)

Stenochironomus (1) pupae (1,2,3,4)
llirudinea (2) _Pseudochironomus (1,2,3,4)
Nematoda (4) Tanytarsus (2,3) Ephemeroptera

Thienemanniella (2) Ephemerella (1) Rheotanytarsus (3)'

Osteichthyes Stenochironomus (2)
1.enomis (2,3) emergents (2,3,4) Trichoptera

pupae (2,3,4) Oecetis (2,3,4) Thienemannicila (1)
Tribelos (4)j

- Trichoptera
. Coenagrimidae (3) pupae (2,3,4)

Odonata
,

,

Decetis (1,2,3,4)

Oxyethira (3) Didymops (2) unidentified (3,4)

Odonata Enallagma (2) Trichoptera ,

A rypn_fa (1,4) |
Didymops_ (2) Libellulidae (3) 3

J

Dorocordulia (2) Neurocordulia (1) __ Lept ocel la (4) '

llemiptera Tetrogeneuria (1) Occetis (3,4)

Oxyethira (1,2,3)Formicidae (3) IIemiptera

Hyrinicinae (3,4) Corixidae (4) Pha ryga,ca (4)
' Pycnopsyche (1)Pseudomyrinicinae (3)

4

-_ .

,
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Table 4.4.2 (continued)
1.epidoptera llymenoptera Ephemeroptera

flymphula (4) Formicidae (2) llexagenia 1,2,3,4
Stenonoma 1,3

Coleoptera Hyrinicinae (3,4)
Odonatalie rosus (1) Coleoptera

flydrophilidae (2) lierosus (1) Didyr g (4)

liydroporus (2) Ilyd roplitlidae (2) Enallagma (2,3,4)

Lestes (1)liyd raca rina Lepidoptera Libellulidae (3)llyd rachna (2,3,4) tiymphula (1,2)
Amphipoda ltydracarina ilemi pt era

Corixidae (3)Gammarus (3) Ilydrachna (3)
Palmacorixa (2)Aranea (4) Amphipoda

tiematoda (4) Cammarus (1) *!!g.3ra (2)
Oligochaeta (4) Aranea (2,4) Ilymenoptera

Formicidae (2)egg cases (3) tJematoda (2)
Ost e icht hyes Oligocheata (2,3,4) Myrinictnae (3,4)

Pseudomyrinicinae (3)
Etheostoma (2)

Lepidopteraeg g (2)
" '" I II'3'')

fio . Taxa - 40
-

liyd racar ina

I!ydrachna (1,3,4)
flo . Taxa 47 Decapoda

Procambares (2)
Aranea (4)
Oligochaeta (l 2,3,/.'

flema t od a (1) 4-

Ostrichthyes h
Euieucanthus (3)
Et heostoma (3)
.I.epomi s (2,3)
tiot royl s (2)*
eggs (2)

larvae (2)
_ _ ._ .__ ,. _ _ _ _ _ _ . __ _

tio . Taxa = 61

M M M M M W g g g g g g g g g
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h Table 4.4.3 Summary of the food habits of young-of-the-year largemouth
bass ( < 94 mmTL) f ro a Robinson impoundment from April to September of 1975

-

| -

Spring Summer
No. Per % % No. Per % %

Stomach Freq. Vol. Stomach Free. Vol.

Cladocera
Aeroperus 1.5 18.2 7.2i Diaphanosana 0.3 36.4 0.3 10.8 7.7 4.5
Eubosmina 0.1 7.7 0.0

Copepoda
Cyclops 0.1 9.1 0.1 7.4 7.7 2.1
Diaptomus 0.5 7.7 0.2

Diptera

i chironomid pupae 0.3 18.2 9.9 1.8 7.7 6.8
ceratopogonid pupae 0.1 9.1 0.9
culicid puape 0.1 9.1 0.3
Chaoborus 5.4 30.8 17.1I Ephemeroptera
unidentified 2.0 7./ t.3

Odanata
Enallac=a 0.? 7.7 6.7

Hemiptera
Myrinicinae 0.8 7.7 6.7

I Palmaeorixa 0.6 36.4 27.7
Amphipoda

Hvallela azteca 0.1 9.1 0.2
Gammarus 0.2 7.7 3.8i .

Decapoda
Palaemonetes 0.1 7.7 7.7

Oligochaete

| unidentified 0.1 7.7 0.0
N Osteichthyes

Lecomis 1.6 54.6 53.4 0.2 15.4 12.3

I Cyprinidae 0.1 7.7 3.1
Gambusia 0.2 7.7 7.1
Etheostoma 0.2 15.4 14.6

Sample Size 11 13
Range (TLem) 48-92 32-94
Mean (TLmm) 61 74

._ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ -
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Table 4.5.1 Back calculated length (mm) of bluegill collected from Robinson
Impoundment during 1975 and 1976

DISCRARGE AREA
Calculated Total Length at Age (cm)

Sample
Age Group Size 1 2 3 4 5 6

1 47 65 - - - - -

2 9 51 95 - - - -
,

3 6 50 89 120 - - -

'

4 16 34 74 109 137 - -

5 10 33 65 101 132 158 -

6 5 29 67 92 122 143 170 g <

g ||Weighted Stean - 52 77 106 133 153 170

No. of Fish - 93 46 37 31 15 5

Siean Inerement 52 25 29 27 20 17~

LAKE A30VE DISCHARGE AREA

1 2 3 4 5 6

g1 14 62 - - - - -

2 6 63 126 - - - - W
3 7 45 84 133 - - -

4 5 23 75 113 146 - - 3
5 5 30 60 93 137 158 - g,
6 3 27 63 90 120 147 174

Weighted Mean - 48 85 112 137 154 174
8 '

40 26 20 13 3 3No. of Fish- -

Mean increment 48 37 27 25 17 20

I
LAKE BELOW DISCHARGE APS.A

1 2 3 4 5 6

1 69 66 - - - - -

2 19 53 94 - - - - g

3 10 43 79 115 - - - g
4 31 35 68 106 130 - -

5 11 30 63 99 124 161 -

6 3 27 50 84 117 15 6 180 g.

Weighte" Mean - 52 75 105 130 160 180 m
No. of Fish - 143 74 55 45 14 3

Mean Increment 52 23 30 25 30 20

!

| It

|
1

E'

-
\

l.
_ _
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..

% Table 4.5. 2 Comparison of back calculated lengths of bluegill from Robinson
lepoundsent and free other similar lakes

-

I .

Calculated Total Lencth at A_ce (mm).

Location 1 2 3 4 5 6

1
Present Study 51 77 106 132 156 174

n=276 n=147 n=112 n=89 n=37 n=ll

Lake Robinson 1968 50 104 124 - - -

(Phillips 1969) n=33 n=23 n=4 - - -

Kitty Hawk Fresh Pond 56 81 112 135 198 -

n=8 n=8 n=8 n=1 n=1 -(Dickson, 1961) -

Lake Waccamaw 36 81 127 152 178 188
(Davis, 1966) n=8 - - - - -

I Lake Waccamaw 43 94 134 165 - -

(Louder, 1961) n=14 - - - - -

I
I

B
-

f

beightedmeanvaluesfromallareas

_ _ ______________-_____________ - _ -_ _ _ _ _ _ _ _ _ _
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I
Table 4.5.3 Total length / weight relationship for bluegills from three areas of
Robinson Impoundment collecced by electrofishing during 1975 and 1976

Correlation

Season Location Number Intercent Slope Coefficient

Winter Lake above discharge 8 - 4.603 2.955 .970

5.077 3.136 .973Discharge area 27 -

5.380 3.237 .963Lake below discharge 351 -

6.270 3.705 .914Spring Lake above discharge 13 -

4.922 3.059 .962Discharge area 74 -

5.179 3.190 .964Laka below discharge 251 -

4.836 2.980 .926Summer Lake above discharge 42 -

5.420 3.301 .937Discharge area 67 -

5.732 3.441 .951Lake below discharge 179 -

I
4.537 2.864 .963Fe.11 Lake above discharge 48 -

Discharge area 87 - 6.451 3.808 .950

4.981 3.086 .923
| Lake below discharge 377 -

5
5

| I
i I
1~

|

,

'

L.Jinter = Dece=ber, January, February B-

.

Spring = March, April, May g
Su==er = June, July, Augut,u

Fall = September, Octooer November

I
a

_ _ _ _ _ _ - . - _ _ - _ _ _ - - - . - - _ _ _ _ _ _
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I
Table 4.5.4 Back calculated lengths (mm) of warmouth collected from
Robinson impouncuent curing 1975 and 1976

'

DISCHARGE AREA -.

- Calculated Total Length at Ageg

Age Group Size 1 2 3 4 5 6

1 6 43 - - - - -

2 3 31 59 - - - -

3 3 42 91 139 - - -

Weighted Mean 40 75 139- - - -

No. of Fish 12 6 3 - - --
,

Mean increment - 40 35 64 - - -

LAKE ABOVE DISCHARGE AREA -
,

1 2 3 4 5 6

1 3 53 - - - - -

2 4 41 82 - - - -

3 11 42 78 120 - - -

I 4 5 45 79 119 155 - -

5 5 38 68 100 137 159 -

Weighted Mean 43 71 115 146 159- -

No. of FishI 28 25 21 10 5- -

Mean increment 43 28 44 31 13-

LAKE BELOW DISCHARGE AREA -

1 2 3 4 5 6

1 - - - - - - -

2 5 32 70 - - - -

3 4 45 90 135 - - -

4 12 37 76 123 164 - -

5 11 27 59 95 134 162 -

I 6 4 25 44 75 107 152 187
Weighted Mean - 33 68 108 143 159 187
No. of Fish - 36 36 31 27 15 4
Mean increment - 33 35 40 35 16 28

I
I
I

..
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Table 4.5.5 Comparison of back calculated lengths of warmouth
f rom Robinson Impoundment and from other similar areas j

Calculated Tetal length at Age (mm)

Location 1 2 3 4 5 6 7 " '

1
Present Study 38 70 112 143 139 187 - g'

n=76 n-67 n=55 n=37 n=20 n=4 - E

Lake Robinson 1968 43 S9 132 165 - - - <g
- - - g'(Phillips, 1969) n=25 n=10 n=6 n=1

Lake Waccamaw 41 86 116 135 !- - -

(Louder, 1961) n=2 - - - - - - <

Salters Lake 33 69- 107 157 193 234 251
(Louder, 1961) n=10 - - - - - -

Jones Lake 36 86 122 180 205 - -

(Louder, 1961) n=8 - - - - - -

I
Singletary Lake 43 66 122 183 213 231 -

(Louder, 1961) n=6 - - - - - -

Black Lake 25 48 99 150 - - -

(Louder, 1961) n=1 - - - - - -

I
.
5

I
I
I

-

1

4eighted mean values from all areas.

I
.

_ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ . - _ . . -
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I
b Table 4.5.6 Length /vcight relationship for varmouth from three areas of
. Robinson impoundment collected by electrofishing during 1975 and 1976

.

Correlation
Season Location Number Intercept Slope Coefficient

Winter Lake above discharge 15 - 5.398 3.315 .991

3.651 2.559 .947Discharge area 11 -

g
E Lake below discharge 47 - 5.300 3.286 .980

4.677 3.003 .997
Spring Lake above discharge 40 -

Discharge area 31 - 5.774 3.484 .984

5.591 3.419 .990Lake below discharge 64 -

4.315 2.859 .926Summer Lake above discharge 9 -

5.636 3.435 .999Discharge area 3 -

3.669 2.565 .836Lake below discharge 14 -

i
5.387 3.299 .843

Fall Lake above discharge 33 -

5.035 3.181 .999Discharge area 6 -

i Lake belov discharge 41 - 4.075 3.079 .954

i

1Wfnter = December, January, February

Spring = March, April, May
Summer - June, July. August

Fall = September, October, November

_ _ _ _ _ _ - - _ _ _ _ _ - _ _
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Table 4.5.7 3ack calculated lengths (mm) of largemouth bass collected from

Robinson Impoundment during 1975 and 1976

I
DISCHa?.J:. 212A -
Calcu> : _ed Total Length at Ake

g, g
Age Group size 1 2 3 4 5 E

- - - - 31 3 105

|2 - - - - - -

3 5 44 83 3 '.0 - -

4 5 43 93 .37 178 -

5 5 33 105 147 209 251
Weighted Mean - .il 94 138 194 251
No. of Fish - 18 15 15 10 5

Mean Increment 51 43 44 56 57

IMPOUNDMENT A30VE DISCHARGE AREA ,,

1 2 3 4 5

1 3 87 - - - -

2 . _ _ _ _ .

3 3 31 141 217 - -

4 5 97 189 237 310 -

90 171 230 310 -Weighted Mean -

11 S S 3 WNo. of Fish -- ,

Mean Increment 90 81 59 80 5

IMPOUNDMENT 3ELOW DISCHARGE AREA

-
2 3 4 51 I

52 99 161 221 257Combined -

No. of Fish - 5 4 4 4 2

Mean Increment 52 47 62 60 36

- I
!

| I
|

I
a
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Table 4.5.8 Cem 4rison of Sack calculated lengths of largemouth bassI from Robinson Ittpoundment and other similar areas

Calculated Total Length at Age (mm)*

Loce *. ion 1 2 3 4 5 6 7 8

lPresent Study 64 118 168 220 252I ~ ~ ~

n=34 n=27 n=27 n=17 n=7

Lake Rebinson 1968 99 210 322 343 - - - -

(Phillips, 1969) n=40 n=29 n=9 - - - - -

Singlotary Lake 53 124 228 343 383 445 464 480,

(Louder, 1961) n=2 - - - - - - -

Lake Waccamaw 116 231 318 385 - - - -

(Louder, 1961) n=17 - - - - - - -

I. Lake Waccanaw 112 226 235 381 437 483 - -

(Davis, 1966) n-13 - - - - - - -

1
; Wrighted mean values from all areas
.

,

I
I

II
,

|

|

I
|

.

I
I
I

- . - _ _ . -. _ _ -
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Table 4.5.) Length /veight relationship for largemouth bass from three areas of

Rooinson Inpoundment eclietted by electrof1shing during 1975 and 1976

Correl: tion g
y

Season Location Number _ Intercept Slope Coefficient 3

'41nte r Lake above discharge 5 - 6.153 3.559 .997

Discharge area 30 - 5.102 3.087 .978

Lake below discharge 26 - 3.073 2.252 .341

I
- - - -

Spring Lake above discharge *

Du charge area 12 - 5.6 15 3.295 .987

Lake below discharge 3 - 5.108 3.1 15 .999

Su:::mer Lake above discharge 6 - 4.935 3.013 .997

Discharge area 7 - 5.292 3.166 .993 g
Lake below discharge 4 - 4.851 3.011 .999 5

Fall Lake above discharge 20 - 5.234 3.148 .994

Discharge area 42 - 4.887 2.994 .961

Lake bel.w discharge 18 - 3.827 2.572 .926

.
5

I
I
I

'

* Insuf ficient data to perform analysis.
l.Jinter = December, January, February
Spring = March, April, May
Su=mer = June, July, August

Fall = September, ractober, November

I
'

E

- - - - - - _ _ _ - - - _._,.
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Table 4.5.10 Back calculated lengths (c::t) ef chain pickerel cellected f ror
Robinson 1=poundment during 1975 and 1976

*

DISCHARGE AREA
calculated I.,tal Lenrth at AreSagle

Ace Group Size 1 2 3 4

1 - - - - -

2 5 130 224 - -

3 $ 136 248 315 -

*icighted Mean 133 236 u5- -

No. of Fish 10 10 5- -

g Mean increment 133 103 79-

*+

LAKE ABOVE DISCHARCE AREA

1 2 3 4

1 9 119 - - -

2 17 127 219 - -

3 6 113 189 232I -

4 4 159 229 284 334
Weighted Mean 126 214 253 334-

No. of Fish 36 27 l') 4-

.Mean Increment 126 85 39 81

1.AKE BELOW DISCHARGE

1 2 3 4

1 - - - - -

2 5 120 223 - -

3 8 120 218 312I -

Weighted Mean 120 220 312-
-

No. of Fish 13 13 8- -

Mean increment 120 100 92

I
I

'I
I

.
_ . ._
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Comparisen of back c31culated lengtns of chain pickere1 fromTable 4.3.11
Robinson 1=poundment and ot5er similar areas

Loestion 1 2 3 1 5

Present Study 126 219 237 334 -

n=59 n=50 n=23 n=4 -

Salters Lake 170 330 447 518 -

(Louder , 1961) n=3 - - - -

Jones Lake 132 ??9 358 493 -

(Louder, 1961) n=3 - - - -

Lake 'a'accamaw 132 2B4 368 - -

(Leuder, 1961) n=7 - - - -

I
t,e1 , tee ne.n 1ue. ,r 11 .re.. 3

I
.
5

I
I
I
g

.

I
I
a.

_ _ - _ _ _ - -
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Table 4.7.2 Numbers (per 100 m ) of fishes collected in ichthycplankton surf ace
tows in various areas of Robinson impoundment >by 1975 through February 1976

I
_ .

SAMPLING APIA g
g

Mon th Period Lower Impoundment Discharte Area I Uccer Impoundment

February D 0 0 0

N O Percidae 5.25 Percidae 3.34

May D Percidae 10.24 Percidae 3..' 0

N Percidae 30.63 Percidae 14.27 Minytrema melanops 20.16
Centrarchivse 10.08 g

3.

June D Percidae 1.80 0 Etheoste.na sp . 1.58
Unidentified 3.60 Percidae 3.16

N Centrarchidae 10.80 Percidae 26.84
Centrarchidae 3.83 Centrarchidae 118.11

I'

July
.

D 0 0 0

N 3 0 0

August D 0 0 0
E

N 0 0 0
E.

-

September D Percidae 3.02 * Percidae 9.41
* * *

N

October D 0 0 0

N 0 0 0

December D 0 0 0

N O 0 0

I-

I
I

e. eata a a11a,1e.

a.
_ _ - _ - _ _ _ - - _ _ -
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nie 4.8.1 Ichthyoplankton entrainment at Rob l e. sn St eam Elect ric d'lant , if-a rch 1975 through Febt .ry 1976

Number Number
per per

3 IMonth Week Period Taxon 100_M Month Week Period Taxon 100 M

January 1 D Febror.ry I D Percidae .87
N N |

2 D 2 D Percidae 5.61
N N Percidae 49.37

3 D * 3 D Percidae 3.91
N * N Percidae .99

4 D 4 D Pereidae 24.02
N N

| Perci.iae
,

March 1 D Percidae 1.14 April 1 D 1.13
N N

2 D * 2 D PereIdae 1.I7
N * N

3 D 3 D *

N Percidae 1.48 N *
a

,
4 D * 4 D Pe r c idae 7.71 4

N * N Percidae 24.59 -
- . _ -

May 1 D Percidae 6.91 June 1 D
N Ns

2 D Percidae .75 2 D Per Idae 1.18
Catostomidar .75 N Percidae 1.03

N Percidae 18.77 3 D Unidentified 4.42
3 D Percidae 10.03 N

N * 4 D Pereldae 3.78
4 D Cen t ra rc h idae 2.52

N N Percidae 5.63
__

July 1 D Percidae .82 August 1 D
N N

2 D 2 D
N N

3 D 3 D Percidae 9.32
N Centrarchidae .85 N

4 D I>cromis 2.36 4 D
N N

'5 D
N

-

_ . - . .

_ __ - __ - _ - _ . _ _ . - . _ _ _ __ ------a - - - -- -------#-
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Table 4.8.1 (continued)

Niunbe r Number
per per

3
tionth Veek Period Taxon 100 M Month Week Period Taxon _100 M

Sep tembe r 1 D october 1 D Percidae 2.12

N Lepomis 1.06

2 D + Unidentified 1.06
N 4 N Percidae 14.67

3 D 2 D Percidae 29.43
N Unidentified 2.35

4 D N Percidae 7.09
N 3 D

N Percidae 5.80
g

Unidentified 1.16
4 D

N Percidae 5.87
5 D

N Percidae 8.08

Decerber 2 D 7
N Percidae j .96 3

3 D
N Percidae 1.84

i

4 D
| N

$ D Percidae .73

N
__ _ _

i
*

* Sample not collected 9t:an t i ta t ivel y.
NOTE: Plant of f 1ine November 1 -- Decernber 10, 1975

| tNo larvae were collected in the ichthyoplankton net; however, 32-minute zooplankton sairpling (300g 30 cm net)
3

i continue! 14.00 per 100m in the day samples and 2700 per 100m in the night samples ,

|

!
i .

1

|

jum
-

uma sus mun muu aus em um amm ums amm aus aus sum aus
. . - - _--__- _ _ - _ - - - - - - - - - _ - - - - - - - - - - - - - -
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Table 4.9.1 Fishes impinged on II. B. Robinson Steam Electric Finnt Unit 1 intake screens (numlmr and weight per

24 hours). December 1973 - December 1975

Jan. l'eb . Mar. Apr. etay June July A ng.
no/ day wt/ day no/ day we/ day no/ day vt/ day no/ Jay vt/ day na/ day we/ day no/ day we/ Jay no/ day u / Jay mo/ day wt/ day

Chain Pickerel
W = reme t.
B laset t !!

g Darter (prfearily sweep)
'

- OtherI
Total 2
T1me Saepted

Chain Parkerel .5 61 1.0 310

Warmouth 3.5 444 1.5 3

g Blueglll .5 1 4.5 165 32.5 827 1.0 15 2.0 39 6.0 21 25.0 516

3 Darter (primarily swamp) .5 1 *
OtherI .5 48 .5 10 3.0 129
Total 2 1.0 49 5.0 175 * * 40.1 1462 1.0 15 2.0 11 9.5 26 26.0 1026 E

"
Time Sempted 48 hrs. 48 hrs. 48 hre. 4R hre. 16 hrs. 48 hre. 48 hre.

Chain Pleberel 1.0 631 4 161

Vainouth 1.0 2 .5 2 1.0 ) 1.5 3 1.6 3 1.0 7 .7 101

RIuegill 3.5 21 35.4 216 5.0 36 10.5 92 116.9 981 56.5 529 18.3 196

E Darter (primari?y evawp) 2.5 i T.1 5 3. r. 2 .5 1 1.0 1 1.0 1

O other .5 4 3.9 18 1.0 9 1.0 24 .6 15 4.0 10I
2 * * 7.5 30 47.4 287 10.n 50 13.0 119 120.0 1618 59.5 712 44.0 508Total

Time Sampled 48 hre. 49.6 hre. 24 hre. 44 hre. 46 hre. 120.7 hre. 97 hre.

*Date not evallable
1

2Totals were calculated independently th te rounding descrepencice may have occurred i

Includre white catffsh. yellow bullhead, pirate perch, bluespotted sunfish, and boufin
|

I

1

|

|
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Table 4.9.1 (continued)

|-
|

Sept. Oct. Nov. Dec. Mean Percent

no/ day wt/ day no/ day vt/ day no/ day ut/ day no/ day wt/ day no/ day wt/ day Number Weight

.5 *
Chain Pickerel

.5 65
| uarmouth

.5 4 .

Bluegill
I.5 1'' Darter (primarily swamp)
f

s

$ OtherI '

2.0 70
| Total' |48 hrs.Tinas ':ampled

|r

.1 52 <1% 12%' *

Chain Pickerel'

| Uaimouth 12./ 22 1.0 2 4.0 262 2.2 67 6% 16% j,

,

; ninegill 29.3 91 51.5 38'3 211.3 690 8.4 75 33.8 257 91% 62%
'

|
rT Darter (primarily swamp) 2.G 1 .6 1 .3 1 1% <1% $ <

$ otherl 1.3 17 1.3 258 .6 42 2% 10% |

| Total 45.3 131 52.5 390 216.7 1210 9.1 76 37.1 418 j2

i Time Sampled 36 hrs. 48 his. 36 hrs. 37 hrs.
.

(

|

| Chain Pickerel .3 104 .2 86 .2 89 <!% 23% I
"

.7 11 2% 3% ,

uaimouth
Bluegill 19.0 113 15.2 110 15.0 310 1.5 31 28.8 260 89% 66% |

2 liarter (primarily swamp) 1.3 1 .6 1 .5 1 1.0 1 1.7 2 5% 1%
,

$ Otherl .5 2 1.0 253 1.1 32 3% SI'

21.0 221 16.8 364 15.7 397 2.5 32 32.5 3942Tota 1 .

Time Sampled 94.8 hrs. 120.2 hrs. 96.1 hrs. 95.2 hrs. ,

!

!

i
'

.

!

+

i

r

! ,

!
,

!,

4

t
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(Number & veight per 24 hre.)
Table 4.9.2 Fishes impinged on the II. B. Robinson Steam Electric Plant Unit 2 intake screens
December 1973 - December 1975

Jan. Feb. Mar. Apr. May June Ju17 Aug.

no/ day wt/ day no/ day vt/ Jay no/ Jay vt/ day no/ day vt/ day no/ day vt/ day no/ day vt/ day solday wt/ day no/ day vt/ day

Chain Pfeberet
1.'b l t e Ca t. f I sh
Wa r sum t h

C Bloegill
IC Other e

Totall
Time Sampled

2.0 1200 4.0 2050

Chain Pickerel 1.0 235 .7 209 1.3 Illi

Wuste Catifah 39.5 1436 2.5 50 .7 SI 1.5 210 2.0 100 2.0 134
2.5 220 5.3 337

Warmouth .5 22 .5 41 .7 SL 9.5 1636

E Blurgill 125.5 3991 40.5 1672 39.1 ''ed i 96.7 2596 86.0 1444 240.5 3R47 3392.6 10359,

Otheel 4.5 169 5.0 409 3.4 43 8.5 95 2.0 2 .5 189 1.3 3

Totall 171.0 5852 AM.5 2171 44.6 1557 119.7 5649 *1 al AS.O 1446 247.5 '.555 1395.3 12RR2""

12 bra.3 48 hre. 36 hre.3 7
Time Saarled 48 hrs. 48 hre. 35 hrs. 47.9 hr .3 w

"
6.3 2734 11.7 5347 5.7 2741

l 1.0 444 1.0 954

white Catff*h .5 7 10.0 165 6.9 328 4.0 700 5.7 177 1.0 21 5.9 42Cheln Pickerel

1.0 57 1.0 259 1.0 368 4.7 538 4.4 131 6.7 275

I 119.5 1076 100.5 1037 245.9 2166 136.0 160R 235.3 2494 414.9 2769 fl55. 6 7037Warmouth

$ otherI 4.0 67 6.5 546 6.8 5.3 4.0 33 .5 8 2.4 34 3.4 370O Mluegill

Total 2 125.0 1593 119.0 2976 26J.5 3265 T45.0 2699 *2 *2 252.5 595) 434.5 8701 879.3 10465

3 48 hre. 48 hre. 49.2 hre. 24 hra. 46 him. 119.1 bra. 97.2 hre.
Time Sampled

*1 Plant offline May 6-30, 1974
*2 riant offitne May 2-27, 1975
*) Flant of fline 18evember I-30, 1975 runfish, pirate perch, filer, largemeth haos,;

includes golden shiner, creen chub =ucher, labe chubesich pr, spot ted nocher, bluenpot ted nunfish, reoste-est |

dollar sunfish, swamp darter, eastern unidelnnow, flat bulliwad, black crapple, white crapple
Totale were esiculated independently thus roundina discrepancies may have occurred

4.9.1 |

.

' Addit ional sampling vse conducted with fewer than 3 peers operating, see rigore

|

6



Taole 4.9.2 (continued)

Sept. Oct. Nov. De . Mean Perc ent

no/ day vt/ day no/ day vt/ day no/ day ut/ day no/ day ut/ day no/ day vt/ day Number Height
7.0 2416

chain Pickerel I.0 26

Warmouth 1.5 152

tiluegill 242.5 5364

R Darter (primarily swamp) 4.0 164

$ 9ther 256.0 81221

2Total
Tiine Sampled

2.7 1893 2.8 1274 1.8 830 <1% 14%

3.0 10 .5 5 22.0 979 1.7 102 6.9 280 1% 5% 73.1 1159
Chain Pickerel

7.0 399 1.0 97 4.0 120 1.1 140 1.9 279 <lI 5% $
warmouth

3586.5 11471 1093.0 6190 496.7 2765 176.6 1549 851.2 4280 98% 74%
Bluegill

l
2.5 17 1.0 19 3.3 235 6.1 342 3.5 138 <1% 2%

i Z Darter (primarily swamp)

Total 2
3602.0 13055 1095.5 6310 528.7 5993 188.1 3407 866.3 5807$ other

48 hrs. 48 hrs. 36 hrs. 43.5 hrs.

Time Sampled
.5 312 3.0 1349 1% 28%

1.4 494 2.0 966 4.0 176 1% 4%
Chalu Pickerel

4.4 43 1.4 77
2.0 240 1% 5%

Warmouth

487.2 4907 lid.8 1867 58.5 1858 278.2 2702 95% 57%1.7 13?a

Bluegill

l 2.0 72 4.6 582 5.5 788 4.2 308 1% 6%
0 parter (primarily swamp)

2 496.7 5648 136.8 3493 *3 *3 64.5 2957 291.4 4775$ other
48 hrs.Total

70.3 brs. 120.2 hru.
Time Sampled

IE E E E E E E E E E E M g g g g

.



m ,-. , m m m r r--r i

Table 4.10.1 Estimated tot al cngler use and catch rate for II. B. Robinson Impoundment, June 1975 - June 1976

%T1YTED
UEFYCA1

Average Es t im.et e.t letal E s t l e.s t eet A ver :=r.e Estta.sted Total f a t I mat ed

Trip Total thr a Catch / Tor:sl Telp Tntil H mes Cat e ts/ Total Seasonal

Sensen Location Anglers i.engt l. Anglers , Fished 11ourI _ Ca t c h _ Anglers l engt h Aneters Fl steed pour Catch Tatal

i

AM 11 3.01 151 455 .47 214 14 2.70 127 M81 45 112 2M5

FM 61 3.21 II15 4096 .21 860 54 2.29 All 1404 84 3179
pring per I A

AM 9 1.00 195 SR5 0 0 8 4.00 52 208 04 8

pH 20 2.66 4R9 1101 .51 664 11 2.21 I41 31R . 32 IOR
**"*

AM 4 2.987 R7 252 Of 0 t 2.00 91 IR2 0 0 279

nt 10 2.23* 291 649 41 266 8 f.50 119 2D9 .06 II
, All tw atines 3414

AM 18 1.0)* 186 1130 . 30* 151 7 2.22 82 182 .29 's )

PM 10 2.36 275 649 33 5 19 44 2.51 4 04 Il41 .53 66)
'"' "PP" I '

AM i 1.4)* 45 64 .063 4 1A 3.20 61 195 .61 12)

FH 13a 5.00 169 845 0)* 25 5 4.11 11 123 .24 il
** ''"'

AM 1 2.R9 67 194 .69 134 8 0.1)* 610 208 of a

191 3 1.72 113 194 06 12 10 2.61* 100 261 04* 10 156 7
All Ineations 1945 e

u

AM 16 3.68 2M3 1041 .40 416 26 4.10 Int 677 .2* 144

til 10 3.24* 201 651 .24 1% 47 1.% 14 ) 122I .11 159
Fall Upper Late

AM 3 2.25 87 196 .65 127 8 1.74 12" 209 .27 56 2sil
i

rM i 1.587 41 65 .217 14 12 2.W 125 111 .29 91
'# "'"*

AM 5 3.GJ 10A 324 0 0 6 1.29f 47 155 .17# 26 2:2

191 4 1. .'O 15) 2f 0 0 0 18 1.87F 257 468 44F 206
' All locaticas 1400

AM 3 0.487 406 195 0F 0 25 2.19 297 650 .08 52

rH 17 2.00 551 1106 .29 321 12 4.71 177 814 .36 111
tilater Upper labe

AM 2 3.40 34 129 .24 31 13 1.74 90 3)F .23 78

PH 10 1.41 461 650 .20 130 21 2.50 218 545 .37 93
M = diar ge

AM 3 2.10 93 195 48 94 3 2.12* 98 208 .36 ))

PM 9 1.83 320 596 .27 160 7 2.90* 6) 18) .21 3M
' * All locatinne 116)

08AND TOTAL 7952
* Average of caerleted and partial trip data.
f rartial tr ip data only.
Icatch/ hour data are means of completect and port f al trire.
ATotal anglere interviewed during period (no englers observed J.oring f netantancave counto).



Table 4.11.1
Fishes t agged and r ecapt ured in it. II . Robinson Impoundment during 1974, 1975, and 1976

Recapture
Tagged _

D L umber Ihit e Iscation I.ength Weight Date lucaeion 1.ength Ue igig Comnent
N

Warmouth 80 6/25/74 G-1 Id4 120 8/28/74 G-1 190 145

400 6/25/74 A-1 145 45 4/2/75 A-1 160 89

667 2/10/76 A-1 163 ft6 2/15/76 11 164 88

839 2/13/75 A-1 185 140 5/20/75 Car;al N. of Angler Return

A-1
Angler Return

870 2/6/75 E-1 178 115 4/5/15

873 2/13/75 A-3 ISO 4/2/75 A-3 182 146

874 2/13/75 A-3 170 110 2/10/76 A-3 180 124

8/4 2/10/76 A-3 180 124 3/24/76 A-3 182 124
Angler Feturn

914 4/30/75 E-1 163 85 5/9/75 pugler Herurn

996 2/13/75 A-1 1 71) 120 //5/75 A-1

1.aine9outh Bass 66) 2/10/16 A-1 241 iS8 2/13/76 N. of B-1
Angler lieturn

697 9/26/75 A-1 240 146 10/14/75 S. of C-1 Angler Return
Angler Return

713 10/16/75 F-3 337 565 11/18/75 F-3
Angler Returu ,

796 2/11/76 E-1 200 95 2/25/76 Angler Return

798 2/11/76 E-1 224 122 2/25/76
Angler Retuin

Chain Pickerel 644 1/12/76 E-1 446 439 2/29/76

649 1/il/76 G-3 460 820 2/29/76 N. of 1- 1 Angler Return
Angler Return

787 2/11/76 E-1 390 290 2/29/76 E-1 cove
!

984 ?/20/75 E 264 100 4/2/75 E-3 280 120

955 5/11/75 3 612 2551) 6/11/75 J 627 2724

986 2/20/75 E 604 2040 6/18/75 E-3 Angler Return
nowtin

Yellow th.Ilhead 87 6/26/74 G-3 292 330 11/2/74 N. of G-3 Angler Return

861 2/i/7$ A-3 283 355 4/9/75 F-1 Angler Return

Flat nullhead 119 2/13/74 G-3 334 638 11/15/74 G-3 Angler Return

641 1/12/76 A-1 213 182 2/10/76 A-3 212 180

k ed t,r ea s t

EM M M M M M M M5 W W W m M m M e M m
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I
Table 4.13.1 Commen and scientific names of fishes collected from 11ack
Creek during 1974 and 1975

Common Scientific-

Bovfin M calva
Accrican eel Anruilla rostrataI Redfin pickerel Esex americanus
Cnain pickerel Isex nicer
Golden shiner Notemirenus chryseleucas

I Dusky shiner Notteris cu=inrsae
Unidentified shiner Notreois sp.
Creek chubsucker Erieveen obieneus

I Lake chubsucker Ericyron sucetta
Spotted sucker Minyttera melanors

,

White catfish Ictalurus catus
Yellev bullhead Ictalurus natalisI Tadpole madtot Neturus rvrinus
Margined madten Noturus insirnis
Pirate perch Aphredederus savanus

I Lined topminnow Fundulus lineolatus
Mosquitoefish , Gambusia affinie,
Mud sunfish Acantharchus pomotis

I Eanded pigmy sunfish Elasseen zenatur
Black banded sunfish Enneseanthus chaetodon
Bluerpotted sur. fish Enneacanthus cleries.us
Redbreast sunfish Lepomis auritusI Pumpkinseed Leporis .cibbosus

Warmouth Lepemis rulosus

Bluegill Lepomis eacted irus

I Dollar sunfish Leperis marcinatus

Largemouth bass Micrepterus salmeides

Sunfish hybrid Lepotis sp.
Sw.sep darter Etheostoma fusiformeI Tessellated darter Etheostoma olr.stedl
Sawcheek darter Etheosto g serriferum
Piedmont darter Percina crassa

I
I
I

I
__
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1975
1976

Jan. Feb. 11a r. Apr. Pial Jun. Jeel . Aug. Sep. Oct. Nov. Dec.

American cel 4 2 4 6 10 10 4 6 8 10 4Stat ion II
2 2 4 2 4

2

Chain pickerel 6 6 2 4 2 4 2 2Hedfin pickerel

10 14 2 2 2

Creek chubsucker 6 4 4 26 4 -2 2 2 2 2 10Colden shiner
2

2 4
Lake cimbsucker 2 4 2

Spotted sucker
fellow i,ullhead 4 2

4 2 2
,'hste perch
Itanded pigmy sunfish 2 ,

2

.tla s banded sunfish 2
4 4

bluesretted sunfish 2 2 4

Warmouth 4 6 2 6 6 4 2 2 R 4 2Redbreast sunfi .e

Bluegill 18 26 32 24 50 126 92 70 92 22 12 42
2

2
Ik>llar sunf Ish

12 6 8 3 14 12 2 6
1.argemcuth bass 2 o

h
2Sunfish hybrid 2

Swimp darter -

2 6 10 3 8 4Station I

24 12 3 2 2American eel

Cha'.n pickeret 2 4 2 4 14 4 3 6 6 2 2Redfin pickerel

2CoJJen shiner
2 2 2

Creek chubsucker
2 t>Spotted sucker 3

Yellow bullhead 2
Pirate perch

2Banded pigmy sunfish 2 2

Black banded sunfish
Illnespotted sunfish 2

2
Redbreast sunfish 2 2

Warmeuth
2 2 2 17 6 10

ninegill

-

- , .
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| Table 4.13.2 (con Inued)
i |,

1
n

i

1976 1975 |

Sep. Oct. 13nv. Dec.Jan. Feb. Mar. Apr. liay Jun. Jul. Aug. e
-

4 Station 1.
I

| Bowlin 2
!

| American eel 4 10 16 12 10 4 8 6 2 10

f itedfin pickerel 2 6 8 :

'

Chain pickerel 8 6 4 4 4 22 12 12 12 2 20 12 !
,

Golden sliiner 2

|Dusky 4:hiner 2 8 4

Creek chubsucker 2 2 8 22 6 2 10 12 2 4 4

1 1.ake chubsucker 2

i Spotted sucker 2 2 [

Yellow bullhead 2 |'

Pirate perch 2 2 2

| 1.ined topminnow 2
'

Islack banded sunfish 4 2 |
Bluespotted sunfish 4 2 2 !

'

liedb r ea s t sunfish 2 2

| Warmouth 4 8 6 2 2 ;

Illuegi ll 2 2 6 4 2 2 6 2 2 ,v

{1.argemouth bass ? 2 2 2 6 y

Swamp darter 2 & [
o L
PJ [

I,

t.-

b

i
,

i
f
i

i

!
t
t

[
t
s

u

i
-. _ _ _ _
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| Table 4.13.3 Numbers and weights (per hectare) of fish collected f ron. Elack Creek
1974, and August 1975

I.duringAugust
1974 1975

Species Station No./Hect".a 1;c . / He c t are No./ Hectare rp./Hectate'

Redfin pickerel J 119.43 4.3792
Chain pickerel 457.82 34.2172.

Golden shine- 59.72 0.676S
ter.ky shiner 2257.3 1. 407 32'.4.56 2.0701

- Craek chubsucker 250.8 0.5016 199.05 0.4777
Lake chubsucker 35.8 12.8986 19.91 0.E559
Spotted sucker 35.8 5.2311 19.91 18.9697
Uhite catfish 107.5 0.0717
Yellow bullhead 537.4 0.2508 159.24 0.3981
Tadpole madtom 059.9 0.8957 696.68 0.5175
Margined madtom 3081.3 0.8957 218.96 0.3981
11 rate perch 788.2 1.4690 418.01 0.9156
Lined topainnov 71.7 0.0358 99.53 0.3185
Mosquitofish 19.91 0.0199
Mud sunfish 139.34 1.9905

I Bandad pygmy sunfish 107.5 0.0717 39.81 0.0199
Blackbanded sunfish 322.5 1.1824 776.31 3.3640
Bluespotted sunfish 179.1 0.6449 199.05 0.6370
Redbreast sunfish 394.1 2.6514 199.05 9.2360I Varmouth 215.0 5.0520 119.43 0.5573
Bluegill 35.8 1.4690 119.43 2.1896
Lollar sunfish 35.8 0.2866g

,j Largemouth bass 71.7 0.3225 99.53 0.9754
Swamp darter $37.4 0.2508 218.96 0.1791

, Tosa.alated darter 286.6 0.4658 59.72 0.0995
Sawchaek darter 71.7 0.1433 79.62 0.0398
piedmont darter 250.6 0.2866

Total 10533.9 36.6177 7782.96 83.5026

Redfin pickerel li 17.91 0,0537

Chain pickerel 17.91 3.4934
Yellow bullnead 35.83 0.2687 53.74 3.8875
pirate perch 89.57 0.5016
Lined topminnow 17.91 0.0358
Mud sunfish 17.91 1.0391

I Varmouth
Blackbanded sunfish 17.91 0.0179

35.83 4.8728 53.74 8.4737
Bluegill 4030.82 22.7338 1791.47 27.3917

17.01 0.0350 35.83 1.4511I Largemouth bass
Total 4138.31 27.9470 2096.03 46.3096

I

I
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1974 1975 E
Sp cies Station No./ Hectare Kz./ Hectare No./ Hectare Kg / Hectare E

Am3rican eel K 35.33 3.6188 ,

Redfin pickerel 17.91 0.0717 95.97 0.6526
Chain pickerel 35.83 10.1039 76.78 7.7737 E
Tellow bullhead 35.83 0.0896 57.58 0.0768 g
Pirate perch 17.91 0.0J58 38.39 0.1727
Lined topminnow K 143.32 0.0717
Mosquitofish (cont'd) 17.91 0.0179 |
Mud sunfish 19.19 1.2092 m
Blackhanded sunfish 35.83 0.0175 115.17 0.3071
31uespotted sunfish 35.83 0.1433 38.39 0.1152 g
R:dbreast sunfish 19.10 0.0192 g
Warsouth 76.73 1.6699
Bluegill 3117.17 11.5013 652.61 3.4934
Dollar sunfish 35.83 0.0537 19.19 0.4223
Largemouth bass 17.91 4.2637
Swamp darter 53.74 0.0537 19.19 0.03S4

Tessalated darter 35.83 0.1075 19.19 0.0384 3
Sawcheek darter 19.19 0.0192 g

Total 3636.69 30.2401 1266.83 16.0081

I
.
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Figuro 4.5.1. L:.ngth frequency histograms of blusgill collected from Robinson
Icpeundment from April,1975 through March,1976 with larval fish traps and
electrofishing
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Figure 4.5.1 (continued)
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5.0 Flankton

!

( 5.1 Introduction

!

| The Robinson Impoundment ecosystem is unique in two respects. First,
~

it is an impoundment, with " black-water" (swamp-like) characteristics, as opposed
,

'

to a natural lacustrine (lake) system. Secondly, it receives physical influences

from the operation of a power plant. In attempting to assess the thermal effects

on the biota of the Robinson impoundment, the effects of " black-water" chemical

parameters cannot be eliminated. It becomes the task of this work to monitor

selected indicator components of the biotic community and to assess the overall

" health" of this ecosystem.I
, The pcytoplankton corcunity is the principal primary producer in

lacustrine (lake) environments. This community responds rapidly to changes

| in the environment and can serve as a " pulse" to the ecosystem. Stress,

ecosystem stability, and initial energy availability are indicated by struc-

tural and functional dynamics of the phytoplankton community. Structure of

the phytoplankton community can best be estimated by standing crop data.
Standing crop describes species composition, abundance, and biomass at the

time of sampling. Function is expressed by primary production rates as carbeng
W fixation for a short period of time under the conditions present at that time.

Chlorophyll can of fer rough estimates of the phytoplankton connunity in the

absence of standing crop and primary productivity measurements. Chlorophyll,

or pigment analysis, estimates the size of the algal community. Moreover, under

specific light conditions the chlorophyll within the euphotic zone adapts to

nutrients and other limiting factors so that total photosynthesis can also be

i derived from :hlorophyll estimates (Odum, 1963).

,
An adequate sampling design must include structural and functional

l .

| determinations which can be separated for initial analysis and later recombined
1

with appropriate data to evaluate the holocoenotic relationships

,IL

I 1
holocoenotic principal - an environment (or ecosystem) acts as a whole unit
because of lack of barriers to the interaction of its cc=ponent factors
(Billings, 1965).I

I
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.

between environmental factors and organisms. The environmental factors of
Robinson impoundmenc which are more important to the phytoplankton include the
" black-water" chemical factors: low pH, alkalinity, available nutrients, and

particulates and water color as they limit light penetration. Also imoortant

are the physical factors which result from plant operations such as temperature
and current patterns. Plankton studies of the environmental monitoring pro-

E
gram concentrated on these environmental factors, as well as the structure and E

function of the phytoplankton community. The basic sampling design consisted

of monthly chlorophyll profiles in addition to quarterly standing crop and
primary productivity studies. The design monitored plankton dynamics in three
dimensions: by depth, by location (the upper, discharge, and lower areas of
the impoundment), and by season.

5.2 Methods

Plankton monitoring began in May, 1973. The initial program was'

intensified in 1975 by increasing the frequency of productiviry measurements

for the spring through fall months. Zooplankton hori:ontal and vertical tows

were added to the monthly program in May, 1975.

I
The sampling program extracted whole water samples from Station A-2

(the lower impoundment), Station E-3 (the discharge), and Point Station G E
E

(Figure 3.3.1).

The " Van Dorn" type beta bottle water sampler was large enough to
allow for subsamples to be taken for pigment analyses, prinary productivity,

and standing crop whenever scheduling required that more than one analysis be
performed. Samples were taken at various depths, decencent upon the Secchi

um
_ depth; surface, 1/2 Secchi depth, Secchi depth, 2 x Secchi depth (or botte=), g

and 4 x Secchi depth if dopth permitted. There is high correlation between

the Secchi disk transparency and transmission of light in a water column

(? cole and Atkins, 1929). It has been generally accepted th$t the Secchi disk
disappears at about the level of penetration of five percent of solar radiation, g
but varies with different environments. Transparency is invernely correlated W

wi:h both water color and seston (floating matter) tentent (Vollenweider, 1969).

Since the mesn Secchi depth for the impoundment was found to be 1 meter (see

a!
-- _ ___ _ _ .__ _ _ _ . _ _ _ . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ___
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Section 5.3, Environmental Factors) in May 1975, the sample depens were changed-

to surface, 1/2 m, 1 m, 2 m, and 4 m to accommodate primary productivity cal-
culations, Secchi depth, water temperature, and water chemistry samples were
taken in conjunction with plankton sampling.

Chlorophyll Analyses

I Monthly pigment samples were : ansferred from the beta bottle to
1

labeled plastic bottles and preserved with magnesium carbonate to prevent
further conversion of chloroplyll to phaeopigments. Samplea were chilled and |
stored in the dark prior to filtration. Filtration within twenty-four hours

did not appreciably influence chlorophyll results.

I Pigme.: analyses generally followed Strickland and Parsons (1068)
and Golterman (1969). Sa=ples were filtered, extracted with acetone, soni-

fled, centrifuged, and extractions were read spectrophotometrically. AcidI was added to obtain phaeopigment corrections. Chlorophyll a_ and phaeopigment
calculations followed 1BP (Interrational Biological Programme) recommended

- equations (Golterman,1969) . Chlorophyll a concentrations were plotted with
depth and an average concentration for the water column was calculated. Pro-

'cedural experiments indicated that variability within samples (as replicates)
was as great as variability between depth samples. Therefore, it was determined

I that an average of the depth samples was the best estimate of chlorophyll con-
centrations for the water column.

I Primary Productivitz

"In situ" primary productivity was determined by use of the C

techt 2e. Three subsa=ples, an initial bottle, a zero time control bottle,
and a light bottle were taken from the water sampler. The initial bottle was

stored on ice in the dark for alkalinity determinations. The zero time control
- sample was innoculated with 1 wCi (microcurie) 14C - labeled bicarbonate

solution and immediately fixed with Lugol's iodine and stored in the dark.

The light bottle was innoculated with 1 pCi of C, suspended at the depthI the sample was taken, and incubated for three hours in the middle of the day.

I
I

-
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Time was recorded to the nearest 15-minute interval. Replicate light bottles

were hung at the Secchi depth (1 meter). Light bottles were recovered at the

end of incubation time, fixed with Lugol's iodine, and stored in the dark to
be returned with the zero time bottles to the laboratory for analyses.

The procedures for Carbon-14 assimilation estimates followed Vollen-.

weider (1969) and Taylor (1971). A :ero time control was used instead of a
dark bottle control (Morris, Yentsch, and ientsch, 1971). Solar radiation

data were obtained from a portable pyrheliograph (Belfort Industries) during
the day (24 hours) of sampling. Alkalinity was measured potentiometrically

(recommended for low pH, humic waters in Standard Methods, 13th Ed . , APRA) .
Total carbon was estimated from pH-alkalinity relationships with Bachman's

tables (Saunders et al. 1962). Oxygen and temperature were measured with

equipment previously described (Section 3.2).

It. the laboratory samples were vigorously shaken and a 10 ml aliquot
filtered on a W en n 25 mm type HA (0.45 u pore) millipore filter. The filters g
were immediately picced in a scintillation vial containing scintillizatien grade B

dioxane mixed with 0=nifluor (New England Nuclear) . These were counted by

liquid scintillization by Dr. Don Stanley at North Carolina State University.

Calculations followed those described by Taylor (1971), estimating

an integrated mg of carbon fixed /m / day for the water column. MgC/m <3 hrs

was also plotted with depth to estimate a production profile and obtain the
depth of maximum productivity (P ).- max

Standing Crop.

Standing crop samples for nannoplankton were also extracted f rom the
beta bottle water sampler, fixed with Lugol's iodine, stored in the dark and
returned to the laboratory for analysis. In addition to whole water samples,

one hundred liters of surface water were dipped with a ten liter bucket and
poured through a standard #20 mesh Uisconsin type plankton net, fixed with
Lugol's iodine, and returned for net plankton determinatiens. A supplemental

vertical ecu was taken for :coplankton and to check on w .ical distribution

I
_

- - _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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of the larger phytoplankton. Both phytoplankton and zooplankton were enumerated
from these net samples. Further, in May 1975 a more intensive :ooplanktet pro-
gram was initiated to better assess :ooplankton composition for comparicon eith

fish stomach contents. Vertical and horizontal tows were taken (30 cm diamet r
truncated zooplankton ne: fl0 mesh) in the daytime and at night at the three

I- plankton stations. Samples were fixed with buffered formalin and returned for
enumeration. .

The Sedgwick-Rafter enumeration procedure was used for 1973 and 1974
samples. Utermohl sedimentation was used to process the 1975 samples. Wild
M20 and M40 (inverted) phase contrast microscopes were used for identification

|
and enumeration. A Whipple eyepiece micrometer calibrated by stage micrometer
was used to escimate cell dimensions incorporated into biomass estimates. Net

1

sample concentrate volumes were adjusted to 50 ml or 100 ml depending upon
I. visible density of the contents. A 10 mi subsample was extracted and settled

*

in a Utermohl sedimentation chamber for at least 24 hours in the dark. Fifty

m1 subsamples of the 500 ml whole water samples were settled in the same manner.

A nested or stratified sampling design was used for phytoplankton enumeration.'

Nested counts were made as follows:,

All organisms were iden*.ified and enumerated in three or five (if
variability of three field courts were too high) random microscope fields.
Means ar.d standard deviations were calculated. Larger organisms and thoseI whose distributions were too variable in the random field counts were enumer-
ated in strip counts. Three random strips were enumerated and the means anc'

standard deviations of counts calculated. The entire Sedgwick-Rafter cell c:

a 1 cm x 1 c= square of the Utermohl chamber whole cell count was made. The

whole cell count was for colonial or filamentous forms, those larger more rare
forms, and zooplankton (especially protozoans and rotifers). A pilot sampling
study indicated that different depth whole water samples were good replicates
for estimating the water colu=n population. Therefore, replicate sampling at
each depth was superceded by depth replicates for the water column to obtain a

,I
water column population estimate. This greatly increased efficiency of sample
enumeration. The whole water depth samples offered reliable estimates of the
nannoplankton within the water column.

|I
,

_ _ - - _ - _ - _ _ _ _ - _ - _ - _ - - _ . - _ - _ - - _ _ _ - - _ . - - - _ . . _ . - _ _ - - - - _ _ . _ . . - _ _ - - - - - _ - . -
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-

The net samples were enumerated in the same manner; however, strip
counts and whole cell counts were emphasized. Since the Utermohl chamber sample

represented 10 to 20 percent of the original sample volume (100 liters), only
one chamber was enumerated for each sample. The number of Sedgwick-Rafter cells

enumerated for net samples depended upon the enumeration time. Vertical tow =

samples were qualitative. I
The water column phytoplankton population wr.s indicated by a com-

.

bination of both of these population estimates. Those organisms whose abundance

best estimated by whole water samples were excluded from esti=ates basedwas

on net sample counts and vice versa. As an example, if an organism was enumerated

in one whole water sample, the estimate of number per liter may be exaggerated

compared to the estimate of number per liter for that organism from the 100
liter net mmple. In this case, the net sample estimate would be used as the

best population estimate for that organism. A value judgment based on knowledge

of the different organisms was required when numerical data did not indicate

an obvious choice. |
Utermohl sample random fields and .1 cm strips were enumerated at

200X magnification. Identifications were made at 400X or 1000X oil

when necessary. The 1 cm x 1 cm (whole cell) count was made at 100X.
Conversen factors based on area / volume were applied to each stratified level 3

.

average count to elicit the estimated number of organisns per liter for each
species. Sedgwick-Rafter counts subsampled 1 m1 and the same magnificatisns3

were used for the counts.

Biomass estimates were calculated from average dimensions of three

to ten individuals of each species if at least three were present. Species

volumes were multiplied by the number per liter to obtain biomass as ugn/ liter
(mg/m ), and from these data a total biomass estimate for the water column was

derived.
.

Organisms were identified to the lowest taxa practical using
standard taxonomic keys (see Literature Cited, 5.6). On se"eral occasions E

live samples were examined to aid identifications. Organisms were illustrated

and photomicrographs taken as time allowed.

n..

u__ _ _ _ _ _ _ __ ___ _ _ _ _ ___ _
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- A combined species list was assembled for the three stations for

each quarterly sampling date. These data were analyzed using a PL-1 computer
program developed by Copeland and Birkhead (1972), to obtain a Shannon-Weaver

index of species diversity by number and by biomass. In addition to the

diversity index, a measy,re of evenness (E), a dimensionless measure indicatingI the relative numbers of individuals in each species, was applied to these
data (Knight, 1973).

5.3 Results and Discussion

Environmental Factors

I Recounting several " black-water" characteristics pointed out in
Section 3.4, Robinson Impoundment waters are acidic (pH 5.3), display very low
alkalinity (<2 as mg/l CACO ), and are nitrogen and phosphorus poor, but not3
deplete. In addition, Secchi depth averaged 1 m throughout this study indicating
limited light pene' ration due in part to the highly colored water (Secchi depth
a t A-2, 1.19 1 0. 28 ; E-3,1. 071 0. 24 ; C, 1. 09 1 0. 31 meters)- Th. , environ-

mental factors and their many faceted interactions ultimately affect the biota
and could limit primary prodi:ctivity. Identifying a cause-effect relationship

of one environmental factor to one biotic component is unlikely.

The interacting effects of temperature influences on chemical,
physical, and biological processes make it especially difficult to determine
cause-effect relationships of temperature alone. A change in water temperature

will affect an ecosystem at all levels directly and indirectly. It is the

overall magnitude of the effectr that must be observed. Realizing complexities

of these interactions in the dynamic system, factors must be evaluated individually.
Table 3.4.1 compares key water chemical parameters for Robinson Impoundment with
other area water bodir.s.

ChlorophyllI
Chlorophyll concentrations when plotted with depth revealed no con-

sistant trends. The casults of chlorophyll procedural experiments indicated

that the best estimate of chlorophyll concentrations for the water colu=n was
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an average of the depth sample measurements. Coefficients of variation were

calculated for each water column by sampling date and revealed high variability

among the depth samples at each station. The highest variabilities were noted
at the times of lowest chlorophyll concentration. This would be e xp ec t ed
since these were approaching the detection limits for chloropnyll. Average

water column concentrations as micrograms of chlorophyll a_ per liter were
calculated for comparison among stations and to observe seasonal trends

(Table 5.3.1). I
The water column mean chlorophyll a_ coefficient of variation data

revealed that the same degree of variability was displayed among location means

throughout the study. This indicated that variation between depth sample

measurements may be due to the problems associated with the chlorophyll pro-
cedure (i.e., high particulate load prohibited filtration of larger volumes
of water, an interference of phaeopigment determinations was occasionally I
encountered, masking the chlorophyll concentrations, etc), if variation about W

the means were consistent between locations at one time, this would indicate
that elements (whether procedural, environmental, or chemical) producing this

variation were constant. Homogeneity of the variances were checked to test
whether the water column means could be compared statistically (Sokal and Rohlf,
1969). This revealed that the variances were homogeneous ('a <.05 comparing A-2

Eto E-3, a .< .01 comparing A-2 to G and E-3 to G) . Frequency distribution of

the monthly means indicated that these were normally distributed. The

assumptions for a --test being met, the monthly chlorophyll means were tested
to see if these measurements were sample means from the same population, m

In comparing locations (Figures 3.3.1 and 5.3.2) it was found that
chlorophyll f ollowed the same seasonal patterns at A-2 and E-3, but both were
different from G. Concentrations were generally higher in the lower impound-

ment than in the upper impoundment. A t-test for comparison of sample means

over the 31 sample dates indicated no significant difference between chlorophyll
concentrations at A-2 and E-3 (a = .05) (Dixon and Massey, 1957; Sokal and

Rohlf, 1969).

I
a

_ _ _ _ _ . . _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ __ _ __ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ ___ _____ _______________ _ _ _ _ _ _ _- ._ _ _ _ _ _ _ _
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A-2 E-3 G,.

Average (31 monthly means) 11.81 12.32 5.87

S.D. 8.34 8.90 5.71
t -0.232

s

'

3.26

3.40I
Levels of significance for 31 degrees of freedom (df = 31).

I (a .05) -1.697 <t, > 1.697=

.01) -2.46 <t > 2.46(o =

s

There were significant differences, however between A-2 and G and

between E-3 and G. !!ean chlorophyll concentrations were 49% higher in the lower
impoundment and discharge area than in the upper impoundment. There were no

significant differences between the annual mean chlorophyll concentrations in
the heated discharge area (E-3) and the icwer impoundment (A-2). A correlation

coefficient of r = .957 was obtained for 1975 data be: Ween A-2 and E-3 indicating
that seasonal distribution of chlorophyll was highly correlated between these
two stations. These data indicate that chlorophyll cvacentrations were noti

af fected by the elevations of temperatures observed between these two stations._g-
E Increased temperatures, dependent upon the t.T and the t1me of exposure, may

|

have an initial inhibitory effect on production followed by an accelerated
-

stimulation so that net results may be negligible (Jensen,1974). Seasonal

fluctuations of chlorophyll as demonstrated in Figures 5.3.1 and 5.3.2 in-
- dicated that chlorophyll concentrations were highest in September-November and

| lowest in March-June in the discharge and lower impoundment. Chlorophyll fluctuations
.

at G in the upper impoundment were more erratic, and seasonal trends were not
apparent. The observed fluctuations and the absence of a seasonal pattern indicate

! that this area may support a more fluviatile (of stream origin) population.
>

Robinson Impoundmet.t chlorophyll concentrations were compared with
! available literature values (Table 5.3.2). Robinson summer chlorophyll con-

centrations were higher than those reported by Tilly (1973a), for the four other

|I
\i.
/
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South Carolina water bodies. Par Fond is a cooling reservoir in the coastal

plain, Clark Hill is a reservoir in the piedmont, Clear Pond is a " black-water"
Carolina Bay Lake, and Big Snooks is an oxbow lake all in the Savannah River

drainage basin. Rooinson Impoundment chlorophyl. concentrations fall within 3

the ranges reported for " black-water" acidic waters in North Carolina by
*

'Jeiss and Kuentler (1976) .

It can be concluded that the same " population" existed in the lower
impoundment and at the discharge by (1) comparison of monthly mean chlorophyll
concentrations for the respective water columns, and (2) by seasonal patterns.
The impoundment concentrations were 49% higher than the upper impoundment

(headwaters) concentrations. The net affects of the increase in temperature

between A-2 and E-3 were negligible as demonstrated by the chlorophyll concen-

trations. I
Standiy Crop

The species lists by sample date were summarized into one list of

important species (Table 5.3.3). An important species was defined as any taxa

which comprised at least 10% of any water colu=n population on any sampling date
by number or biemass. Seasonal distribution and abundance were indicated by 5
importance number. This was calculated as an average of the percent by number 5

and the percent by biomass of the total population represented by each taxa. ,,

As an example, if the small coccoid green alga, Nannochloris sp., represented g
60% of the total population by number, the contribution to the importance number

would be 30. If this species represented less than 10% of the total population
biomass, the contribution to the importance number would be considered zero,
so that the importance number for this organism on this sampling date would be g

*
30.

Population composition data are summarized in yizures 3.3.3 and 5.3.4
The total population number or biomass comparing A-2, E-3, and G are apportioned
into the major groups; Cyanophyta, Chlorophyta, Chrysophyta, and other by per-

cent composition.

I
!
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| Analyses of standing crop data indicated that similar populations of

organisms by ecmposition and abundance were observed at A-2 and E-3 on each sampling

date. The population at G was generally much smaller by nunber and biomass and

contained a different population by composition. However, the same taxa and

major groups were primarily important at all three stations. Chlorophyta (green

algae) were the dominant group all year (> 90% at A-2 and E-3, 87% at G by number,
> 75% at A-2 and E-3, > 50% at G by biomass). The small coccoid green algae and the

desmids were the most abundant organisms throughout the year. k"nitf ord (195S)

found in analyzing net plankton samples from several " brown-water" lakes andI pends, that Chrysophyceae were ecemon but never really abundant; the Chlorophyceae

were the most abundant and were comprised almost entirely of desmids; that

Bacillariophyceae (diatoms) were almost never abundant., and Cyanophyceae were

never dominant. Observations of nannoplankton revealed that the coastal plain

waters were dominated by small celled species of Chlorococcales and desmids.

The Robinson Impoundment phytoplankton would seem to be typical for black-water

type areas in the coastal plain.

Diatoms have an upper thermal tolerance of about 30*C (Patrick, 1974)I and would be excluded from the community at greater temperatures. The only

diatom which contributed significantly to the lower;tetpoundment population was

Asterionella which was abundant in May in 1973 and 1975. There are only a few

acidophilic (thriving in lower pH waters) diatoms, e.g. Tabellaria, Eunctia,

Navicula, Frustulia, and pinnularia (Patrick, 1974). All of these were observed

in low numbers at one time or another in the samples primarily in the upper

impoundment. Blue-green algae (Cyanophyta), which are usually selected for by

temperatures exceeding 37*C (Patrick, 1974), would never be expected to bloom
in low pH water (pH 5-6) where they are uncot: mon (Brock,1973) .I

The associations, seasonal distributions, and abundance of organisms

found in Robinson impoundment agree with those expected in black-water, low pH,

low alkalinity waters (k'hitford, 1958; Whitford and Schu=acher, 1963; Hutchinson.

.

1967).

Seaaonal patterns indicated the greatest number of organisms were

present in February and August with the greatest biomass observed in August,

Novem3er, and February. Lowest numbers and biomass were observed in May andI
I
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l I
June. Station G populations were always much less than the impoundment except

in May and June, when they were the same. Whitford (1958) indicated that a

spring peak was absent from the seasonal totals of his " brown-water" pond
observations, but that a small rise in March and April was due to spring

Edesmids. He noticed a distinct drop in June, with a rise to an annual peak
in August. This agrees with observations at Robinson 7mpoundment. I

Species diversity data indicated that diversity was low for all three
stations. The evenness index which compares the diversity index obtained from
enumeration data to the maximum diversity possible f or the number of species

present is a better comparative index than the actual diversity index. Averaging

this measure for all sample dates to compare locations, the following was

obtained:

Robinson Impoundment
Average (9 observations)

Evenness index

A-2 .50 ; .08
E-3 .52 + .08

G .42 * .13
,

.
Campbell and Weiss (in preparation), in a survey of North Carolina lakes and E

-

impoundments, reported an evenness index (30 observations) of .55 + .13 for
nine lakes which were acidic in quality. A t-test comparing the evenness indices

of A-2, E-3, and G revealed no significant differences (a = .05) among the three

stations. Species diversity was low, but not different from other water bodies I"
of similar water quality.

Zooplankton standing crop data are su=marized in Table 5.3.4. These

data indicated that a very few taxa were present throughout the sampli g period
and were dominatec by the small crustaceans, Cladocerans: Eubosnina 3p . ,

Diaphanosoma sp., and Copepods: Cvelops spp. (several species), Diaptomus sp.,

and Nauplii larvae of copepods (unidentified).

I
n:
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Several of the Cyclops were present throughout the year and were

usually associated with Eubosmina sp. A Euboscina sp. maximum was observed in

the fall with a spring maximum of Diaphanosoma sp. and Diaotomus sp. observed.
Occasionally rotifers were present in low numbers, but theee did not contribute
greatly to zooplankton, standing crop.

The zooplankton population was greatly reduced in August, 1975, at

A-2 and E-3. This could have been a result of temperatures exceeding thermal

tolerance limits, although no literature on the subject was available. During

the July thermal plume monitoring, dead Chaoborus larvae were noted floating
in the shallow area north of the discharge. Many dead Chaoborus were also pre-

sent in the August samples. These were most likely temperature effects.

Primary Productivity

I
The relationship of primary productivity with depth indicated a

decrease in production with depth as would be expected due to the decrease
in light penetration. Maximum production (P ) was observed most consistently

at the surface, but ranged fro: surface to 1 meter. Tilly (1973b) found that
P m was correlated with temperature at the depth of P through the

~

year, and that there was a tendency for the warm station to be more productive
than the cooler station in surface waters. These same trends were observed at

Robinson Imnoundment for most measurements. Primary production appears limited

. i to the top 1 meter at Point Station G. The euphotic zone ranged from 2 meters

to 4 meters a A-2 and included the entire water column at E-3 (2 meters), for

most of the year.

Limiting Factors to Primary Production

The rate of primary production is dependent upon several important
factors including the population of organisms present and their physiological
" health," available solar energy, available carbon and nutrients, and tecnera- 1

ture. The same population of organisms were present at A-2 (the upper impound-
ment) and E-3 (the discharge) as indicated by chlorophyll and standing crop
data. These same data indicated that a smaller population of different composition
existed at G in the upper impoundment. Available solar radiation (24 hours)
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was constant at all stations for r sampling date. The actual Langley per hour

of incubation sas slightly different .fue to the different times of incubation
(Table 5,3.5). Available carbon may or may not be constant all will vary for
each saepling date at each station, and availabic nutrients must be analy:ed on
a case by case basis. Temperature is the princ4nal variable which is always
different among the three stations (Figure 5. 3. 5) . The relationship of availabic g
carbon, available nutrients, and temperature to prtr.?ty ;;oduction will each be E

discussed. I
Available Carbon

I
Available carbon is dependent upon pH. Alkalinity, pH, and teeperature

can be used to estimate carbon availataility as stable inorganic carben from
relationships s e nrized by Saunders et al. (1962). The total available carbon

is the sum of .c carbon as dissolved carbon dioxide, carbonic acid, bicarbonate B
ions, and carbonate ions. The dissociction of carbon in water as pH increases E

and carbonic acid (H,CO ) where COfrom 1 to 12 progresses from dissolved CO2 3 2

can b6 liberated to the atmosphere (depending upon the temperature-partial
presure relationship), to bicarbonate (HCO ) to cadenau M0 D. At pH

3 3

levels below 6, carbon la in the form of carbonic acid or fr'e CO . so that3

alkalinity as agcaCO would be low. The question of carbon as a limiting
3

factor in low alkalinity situations has not yet been resolved. Tilly (1973a) E

questioned whether carbon could be limiring in alkslinity concentrations (0.9
as eg/2. CACO ) observed at Clear Pcnd a Carolina Bay 1.ake in South Carolina.

3
However Schindler et al. (1972) f ound that atmospheric carben dioxide may invade
waters of low alkalinity in sufficient supply to permit outrophication if
encogh phosphorus and nitrogen were available. In Robinson Impoundmer. : this

question remains unanswered. Carbon availability was considered as a possible

limiting factor to primary productivity. Alkalinity measurements were averaged

for the water column. Measurements of alkalinity at very low levels produce

variations which are more pronounced. A study of alkalinity measurements within

samples and among the depth samples for each location reveal'ed high variability

at both levels. It was determined thrt the best estimate of carbon availability
for the water column would be an average of the derth samples. These values

are presented in Table 5.3.6. I
e
.

-- - ,,
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To test whether the alkalinity measurements observed at the three
stations over the sempling period were homogeneous, a t-test comparing overally

ecans was applied to these datc. There were no significant (a = .05) dif: crences
'

in mean alkalinities among the three stations for the sampling period. This

indicated that the low alkalt.tries observed were homogeneous within the impound-
cent. However, if on one sam .ing date alkalinity was significantly reduced
in the water column of one station compared to another station, the primary

productivity could t appreciably reduced as a result. Examination of Tablea

5.3.5 indicated that alkalinity measurements on several sample dates varrant
comparison by location (i.e., March 6, 1975 and September 25, 1975).

A t-test comparison of ocans of individuals depth measurements
indicated that alkalinities at A-2 and E-3 were significantly different

(a = .05) for both of these months. Alkalinity was 39.6% lower at E-3 than

at A-2 on March 6, 1975 and 57.7% lower at E-3 than A-2 on September 25, 1975.
These differences could produce proportional reductions in primary productivity

I independent of any other variables. Primary productivity at E-3 wr.s 55% less
than A-2 on March 6, 1975 and 77% less on September 25, 1975.

Available Nutrients

|
Total nitrate (N) was plotted with total phosphate (p) in Figures

5.3.6 and 5.3.7 to indicate ceasonal availability of relative concentrations of
these nutrients. The nitrate to phosphate ratio indicates which of these

nutrients is most likely limiting to production. This ratio is high (> 30) for

I .bir. son impoundment and is extremely variable f rom month to month. In most

instances the phosphate levels would limit production if other limiting factors
were not influencing production rates. Overall, nutrient levels do not appear

deficient. The highest concentrations of nitrates were observed in July and
August with a secondary peak in the winter. Lowest concentrations were observed

in April and May, phosphates were low and less variable than nitrates. When

nitrates were observed in higher concentrations and the phytoplankton data
indicated an increase in abundance, the phosphates vero depleted. In these

instances phosphates would limit further phytoplankton population increases.
Data also indicated that nitrates decreased drastically following a phytoplankton

pulse which would be expecte?. The availability of these nutrients definitely

i

ii- i- iii--iiiim i,ni .
_,
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influence the potential productivity of the Robinson Impoundment. Polisini
'

et al. (1970) found,in studying a pond with low pH and total alkalinity on
'

the Savannah River Plan site,that a nutrient ecmbination limited productivity .,

i

in this pond and that the concunity was adapted to low concentrations of
,

nutrients. The nutrients which were found to influence primary production I

rates were nitrate, phosphate, sulfate, calcium, and potassium. These nutrients

would also be expected to influence productivity in Robinson Impoundment. ,

Temperature

| Rate at primary production has been shown to vary according to tem-
I perature and light intensity by a predictable relationship. The exact responsei

| of the endemic community present at any time would vary and should be determined
!

|
by incubation experiments for each case. Jensen (1974), working on Lake Norman,

| North Carolina, found the relationship graphed below, to hold for incubation

experiments.
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His equation from which this model was derived for the change in

{ production rate resulting from a temperature elevation from T to T, wasy

tested with four months data f or prirary production at the Robinson Impound-

ment. His regression analysis results for constants and temperature bounds
'

were borrowed in the absgnee of such data for Robinson. Temperatures and

production rates measured at A-2 were used to predict production rates at

E-3 (the discharge area) for the measured increases in temperature. Pro-

duction rates actually measured at E-3 were compared to those predi :ed:

I Solar Radiation,

Temperatures ('C) Production Rates (ecC/r?/ day 1 Langleys/ Min.

I } T, P. (A-2) Predicted E-3 L1 (A-2) L G-3)Date
7

1(A-2) (E-3) (P ) (Actually
T

,

2 Measured)

11-11-75 22 24 449.68 384.19 262.49 .6278 .7667

12-12-74 13 22 320.00 776.02 444.00 .2151 .2212

8-6-75 29.2 39.6 501.46 332.61 212.35 .7864 .9400

B-7-74 29.5 38.5 3110.63 2875.40 2956.26 1.0075 .9399

I
temperature measured at A-2T =

y

T * ***E*#*t"#* ****"#* ** ~3
2

P = pr duction rate actually measured at A-2
T

1

i P " predicted production rate at temperature (T,,)
T '

2

solar radiation for incubation period at A-2L =
y

solar radiation for incubation period at E-3L =
2

g A correlation coefficient of .007 was obtained by comparing predicted

W versus actual measurements. Although sample sites were scall, our data appear

to fit Jensen's model. This equation could be used as a predictive tool or as

a check on temperature effects alone upon primary production. Differences
between actual predicted versus measured rates could be due to slight differences

in water quality, light, the numbers of kinds or organisms present, and " health"

effects of condenser passage upon the phytoplankton organisms, or sample
variance. Jensen (1974) indicates "a temperature optimum of about 32*C (90*F),"
and that these , curves resemble plots of algal photosynthesis reported in the
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t
i literature. From the foregoing discussion, it can be deduced that increases
1

in temperature (with light constant) will produce an increase in production
' rate until temperatures approach approximately 32*C (this temperature may be

higher in a lower latitude lake than Lake Norman, N. C.) where further temperature
increases result in reduction of primary productivity.-

,

1 Primarv Productivity Comparisons by Location

Integrated primary production rates for the water column at each
location as milligrams of carbon fixed per square meter per day (mgC/m'/ day)

can be found in Table 5.3.7.
.

Productivity data for 1973-1974 were compared by location. These

data were then compared with 1975 data. Results indicated that there was no

significant difference between the mean of six measurements for the 1973-1974
,

! data at A-2 and E-3 using a t-test (a = .05). productivity was 970 lower at

C than the rest of the impoundment. In 1975 there was a significant difference

i between A-2 and E-3, E-3 productivity was reduced by 56*:. A and G values were

significantly different but E and G were not in 19'5. Comparing productivity

means for A-2 (1973-74) to A-2 (1975), there was no significant difference

(2 = .05) with the t-test. There was, however, a significant difference between

.01). No significant difference EE-3 (1973-74) and E-3 (1975) production rates (2 =

5was indicated comparing G (1973-74) to G (1975) productivity data (Dixon and
Massey, 1975; sokal and Rohlf, 1969). These changes, a 56*: reduction com-

psring A-2 to E-3 in 1975, and a 1973-74 to 1975 reduction of 77*. in the
primary production rate at E-3 could result from differences in the algal
population, differences in carbon availability, differences in nutrients,

| temperature effects, or some other stress producing agent.

I'

Seasonal Patterns

I
Seasonal patterns at A, .nd E-3 in 1973-74 were the same. The

normal seasonal pattern seemed m ',ndicate a January to February peak, with a ,

i secondary peak in late summer; the lov occurs in June. !n 1974 there was a
!

I significant peak in August. This appeared to be due to an increase in

j . alkalinity in the p.esence of available nutrients. "onthly productivity

studies were conducted f rom spring to f all in 1975 to monitor productivity

5
-
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more closely; however, the 1974 peak was not repeaten. The 1974 August peak-

appears to be an occasional phenomenon and these data were excluded from the
estimation of an annual average for comparison with literature values.

Annual Average Estimated. Primary Production for Robinson impoundment

The annual average was computed by using (1) the two 1973 estimates
i as a six-month average projected to a yearly average, (2) th= 1974 data

excluding August, and (3) the quarterly averages of the 1975 data. These

estimates were incorporated into a yearly average for the impoundment:

A-2 E-3 G

1. 1973 371 342 31

2.a. 1974 1156 1115 27

2.b. 1974 397 473 27

(excluding August)I
- 3. 1975 494 230 139

4. Averaging 1, 2b, and 3 421 348 66

1 64.8 121.6 63.5

5. Averaging A & E from line 4 as the best estimate for the impoundment:

385 mgC/m / day

6. An impoundment estimate inc.luding G data would be 278 mgC/m / day.

I 7. An impoundment estimate including all data (1., 2.a., and 3.) would be
434 mgC/m / day.

I Estimate S. was compared with reported literature values in Table

5.3.8. Robinson primary productivity compares most closely with par Pond,

Aiken, South Carolina (Tilly, 1973a). Uetzel (1969) termed his rates

" moderately low" which are similar to the rates observed at Robinson.

I
It can be concluded that in spite of reductions in productivity at

E-3 observed in 1975, the yearly estimated average production rate is com-

parable with available literature. If increased temperature has a definitive

overall effect, it would seem to be increasing phytoplankton primscy pro-
duction in the lower impoundment compared with the upper impoundment.

I
I,
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I Population Dynamics

|
Robinson Impoundment phytoplankton population dynamics information

| are su==ari:ed in Table 5.3.9 and illustrated in Figures 5.3.1 and 5.3.2. The

interrelationships among the three indicator parameters of structure and

function, 1) phytoplankton standing crop (numbers, biomass, and species

diversity), 2) chlorophyll, and 3) primary productivity, indicate community

stability.

Assessment of these data offer an overview of phytoplankton popu-
lation dynamics. Quarterly estimates of primary productivity and standing
crop were comparable with chlorophyll values. Chlorophyll then offers a good

estimate of phytoplankton standing crop and potential productivity. The
assimilation ratio (Odum. 1963) which is production per unit chlorophyll, and i

production per unit biomass correspond to changes in primary productivity.
When envirorcental parameters effect primary productivity the community
efficiency and the energy flow for that time and place are affected. If

community composition and total abundance are not changed by these effects 1

i
the community would be considered stable.

I
The phytoplankton community in the Robinson impoundment appears to

be adapted to the regime of low alkalinity, fluctuations of available nutrients,

and the range of temperatures observed over the sampling period. At temperatures

exceeding 32*C for long periods of time a stress upon the population was indicated.
Since the population composition and total abundance were not altered as a result

of this stress, it can be concluded that the population is stable and can g
,

recover from periodic stresses rapidly when conditions return to normal, w
|

Seasonal distributions indicated the population fluctuations

correspond to seasonal patterns observed in other coastal plain black-water

areas. Population composition of the phytoplenkton was similar to those '

reported in available literature for low pH, ?ow alkalinity waters. However,

the diatom and perhaps othar Chrysophycean components of the population expected
to be present in low numbers may be excluded from the impoundment populations
at temperatures above 30*C. These organisms were present but not abundant g

| at Station C in the upper impoundment. Overall, the phytoplankton population E

E

_ _ _ _ - - _ _ _ _ _ _ _ _ _ ___-______--_ - _-_.____ _ -__.



-. __

5-21
-

standing crop and primary productivity appears enhanced in the lower impound-s,

ment compared with the upper impoundment. The production of the Robinsona

impoundment was moderately low. Primary production of the phytoplankton was
.

compared with available literature. These rates were comparabic with reported

production rates for other water bodies in the area.

5.4 Problem Arcas

Carbon may be a limiting factor to prinary production in low
g
I alkalinity - low pH s1*.uations. The var 1 ability of alkalinity measureme.sts

at such low levels will ef fect determinations of carbon availability, and

1'C primary production measurements. Since these problems were consistent

at all three sampling stations, data are comparable. Our data compare well

with r eported values f or water bodies in the same area, so that these estimates
would seem reliable. Research into this problsa area is beyond the scope of

this report.

Copper was reported in algastatic concentrations in the Robinson

I impoundment. The toxicity of copper is dependent on several factors (Hutchinson,

1967). Humic substances serve as chelating agents (Patrick and Reimer, 1966).

Chelation is a compicx f ormation with metal ione that keeps the elen.ent in
solution and nontoxic, as compared with the inorganic salts of the metal (Odum,

1971). The dark color associated with " black-waters" comes f rom the presence .

of humic substances. Most of the research which determines the toxicity of

metals is done with the more toxic inorganic salts of the metal. Toxicity of

a metal for a particular alga varies according to the abundance of the alga,
temperature, alkalinity, the amount of organic material in the water, and other

F factors (Palmer, 1962). The safe level of copper for a particular water body

must be determined from a 96-hour LC 50 using receiving water and the most

sensitive important species in the locality as the test organism as recommended
in Water Quality Criteria 1972, Committee on Water Quality Criteria. An algr.1

assay should be conducted to determine levels of copper which would adversely
affect the indigenous algal repulation. This is beyond the scope of this report.

5.5 Summary and Conclusions

Robinson Impoundment phytoplankton population dynamics are indicated

by the interrelationships among the three indicator paranieters of -tructure

.
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E|and function; phytoplankton standing crop (numbers, biomass, and speciesI

diversity), chlorophyll, and primary productivity. Stress, ecosystem j

stability, and initial energy availability can be determined from structural m

and functional dynamics of the phytoplankton co:munity. Assessment of ,

community structure determines whether the populations are " indigenous" and
i

community stability indicates a "bolanced" population. ;

j Analysis of standing crop data indicated that similar populations
of organisms by abundance and population composition were observed at A-2 in

!

the lower i=poundment and E-3 at the discharge. The population at C in the

I upper impoundment was generally tuuch smaller by number and biomass and contained
=a different population by composition. The same taxa and mejor groups were

i

primarily important at all three stations. The Chlorophyta (green algae) was
'

the dominant group all year and within this group the small coccoid green algae

i and the desmids were the most atundant. Species diversity was low at all three
stations but not dif ferent from other water bodies of similar water quality.
The associations of organisms, seasonal distributions and abundance of organisms
found in Robinson Impoundment agree with those expected in black-water, low

ph, low alkalinity waters.

I,
The zooplankton population was dominated by a very fav taxa of the

Cladocera and Copepoda (small crustaceans). Eubosmina sp. and Cyclops spp. g

do=1nate in the fall while Diaphanosoma sp. and Diaptomus sp. were dominant $
in the spring. The zooplankton population was greatly reduced in August 1975

at the discharge and at A-2 but recovered rapidly in succeeding months. Data

I
were not extensive enough to make a judgment as to whether this population is

I

" balanced and indigenous."

Chlorophyll data were comparabic with quarterly estimates of primary

productivity and standing crop. Chlorophyll then offers a good estimate of

| phytoplankton standing crop and potential productivity. The same " population"

existed in the lower impoundt.ent and at the discharge by comparison of monthly
mean chlorophyll concentrations for the respective water columns and by

seasonal patterns. The observed erratic fluctuations in chloroplyll concen-

trations and other parameters at Point Station G in the t.oper impoundment,
and the absence of a seasonal pattern indicate that this area may support a
more fluviatile (of stream origin) population.

N
.
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The phytoplankton cormunity in the Robinson impoundment appears to-

L be adapted to the regime of lov alkalinity, fluctuations of available nutria.nts,

,
and the range of temperatures observed over the sampling period. At tem-

peratures exceeding 32*C for long periods of time a stress upon the population
was indicated by tne redottien of primary productivity at E-3 (the discharge).

These effects were reflected in community production efficiency and the energy

flow for the succaer at the discharge area. Hevever, since the population com-

position and total abundance were not altered as a result of this stress, it

can be concluded that the population is stable and can recover from periodic

stresses when conditions are more favorable.

Overall, the phytoplankton population standing crops and primary
~

productivity appears enhanced in the lover impoundmeno compared with the
upper impoundment. Phytoplankton primary productivity of the Robinson lepound-

ment was moderately low, and mens 2rements were comparable with reported pro-

duction rates for other water bodies in the area.

I

I

I

I

l
,
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Table 5.3.1 Chlorophyll a eetizates (nicrograms/ liter) as a water column
average and the coefficient of variation for this average
at Robinson I=poundment from June 1973 to December 1975

Mesa water column chlorophyll a_ concentrations

Date A-2_ C-2 E-3 G_

June 7, 1973 5 9 6 E
July 26, 1973 4 5 5 W
August 22, 1973 8 12 4

September 26, 1973 13 12 3

October 24, 1973 36 34 5

November 27, 1973 19 19 1

Decseber 19, 1973 5 5 <1
January 22, 1974 14 25 10

Tobruary 13. 1974 19 18 3

March 18, 1974 6 3 3 <1
April 24, 1974 9 11 11 16 g
May 21, 1974 12 14 11 21 3
June 28, 1974 3 3 3

July 11, 1974 8 4 3

August 7, 1974 lb 14 3

September 5, 1974 6 17 10

October 16, 1974 15 5 7

Novot er 13, 1974 13 20 3

December 12, 1974 18 16 14

January 8, 1975 5 6 3

February 5, 1975 4 3 1 g
March 6, 1975 2 3 2 g
April 2, 1975 6 6 4

May 14, 1975 10 7 4

June 11, 1975 18 7 4
,

Juif 2, 1975 8 7 9

Aug:st 6, 1975 6 15 21

September 25, 1975 32 3* 1 E
October 14, 1975 26 28 12 m
November 11, 1975 14 1B <1
December 9,19 75 3 7 2

I.

I
I
a_
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Table 5. 3.1 (continued)

- C lorophyll cencentration coef ficients of variation with depth by sample date

Date A;2 C-2 E-3 G

August 22, 1973 27.42 8.79 42.41
g Septed er 26, 1973
| Octob er 24, 1973 7.57 6.97 5.11

Noveder 27, 1973 11.69 12.09 224.11
Deceser 19, 1973 84.12 57.71 0

January 22, 1974 64.12 3.13 41.57
February 13, 1974 23.74 20.66 18.21
March 18, 1974 108.65 99.26 77.57

[ April 24,1974 9 4 . '/ 7 35.32 70.64 64.38
p May 21, 1974 20.31 22.77 0 45.52

June 28, 1974 91.39 200.00 115.30
July 11,1974 79.33 126.40 115.66

| August 7, 1974 9.22 41.17 115.66
Septed er 5, 1974 146.10 141.42 70.82
October 16, 1974 (0.08 200.00 173.15

i Noveder 13, 1974 48.61 21.77 94.33
Deceder 12, 1974 27.75 58.93 82.43
January 8, 1975 74.26 100.00 108.02
February 5,19 75 69.21 95.25 121.04

i March 6, 1975 146.78 30.24 109.43
April 2, 1975 55.41 62.44 19.73
May 14, 1975

Normal 21.69 40.89 67.61
Sonified 66.60 78.78 34 .4 3

June 11,19 75 26.62 49.64 70.64

[ July 2,1975 30.46 38.16 42.47
5 August 6, 1975 89.64 20.81 6.19

Septeder 25, 1975 20.61 56.22 85.86
g October 14, 1975 12. 34 15.96 68.42

| Noveder 11, 1975 40.87 37.89 200.00
Dece=ber 9, 1975 149.09 93.32 118.83

I

I

I

I

I
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Table 5.3.2 Comparison of Robinson Impoundment averace su==er chlorophfil4

concentrations with available literature values

I
Chlorophyll ,a_

Lake Name ug/l ,ar'

( A-2 &E- 3 ) (G'>

E
7.6 6.2 1973Robins {nImpoundment,

S.C. 5
Robinson Impoundeent, 9.1 2.8 1974 5

S.C.*
Robinson I=poundment , 12.8 6.0 1975 g

S.C.1 g'

,,

Clark Hill, S.C.' 6.3 1967
;

Par Pond, S.C. 2.1 1967,,

BigSnooks,S.C.}
Clear Pond, S.C. 5.3 1967

1.2 1967

" Black-water" acidic water bodies in North Carolina
,

Hodgins, Hoke County 7.0 1974
3

Singleta.y. Bladen Cognty 16.1 1975
Jones , Bladen County 6.1 1975 *
Jones Lake, Scotland 20.1 1974

3 5County
3

Johns, Scotland County 33.4 1974
Scotland 3.7 1974Lytches,3

County

I

Present study

Tilly, 1973

Weiss and Kuen:1er, 1976
.

E

E

E
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Table 5.3.3 Seasonal abundance ot important phytoplankton species in Rohtnson Impoundment

e , 32 An.se 6. | sees.ae,*A. .se 22; mee. 27 Feb . 13. Ja te. A.e.et 7 twee-ber weret 6 e

117) 1973 1974 1974 19?4 12. 1974 1971 197$ 19 t1 'I t . II. '73
& E C A E C A B C A 4 C A E C A E C A E C A B C A F G A E C j

i

.

(T AM*st TA !
Chr ocee c we op . 6

Arhaneceesa deItceeisetem 25
23 6Felycystte er.

01CefvMYT A
Dire!!w.te op. 12 11 5 14 14 7
n ten + eceae op. 6 3 3 $ $

Chet=yderness pet.ellerte 23 18
10Oelev emee pe rt yt

3 9tot ersmae op

toccccomes cr>tewlarte 21 M 3 6
5CIcearysete etgaa

e i 9 14 29 34 2e 31 19 13 26 11 11 21 29 15 to 14 17 10 12 t2 11 11 41ir anochtarte op.

Digrera etectateleideo 10 3 9 3
*

(%3erneocew hval(ele 6 4 5

O lor.11a *lltr*cida 7

Chleret ta virert e 9 7 10 6 S 12 3
6Achtstecdesome coneelutue

Ank la t r ed.sous f a t r at ee 10 9 60 54 6 1$
re r r est ruen het erme entlessa 23
%2pett l e et- 6

Cose$t tw= op. 34 9 I?
27 19 14 16 16Coeur!=n t ievneatue y

<ee-rt . .. r-t ..r. seere.e.t e ,

Ste=rastrwm opp. 39 60 47 41 31 17 u
P*

5t eerser rue c*pitaelnen 47
6 19 12St aurset rus dejecteas

St rast re rarake'm esf- Peremtwe 7 9
17 16 5 14 165;+ eer or eses gs enstat wo

Spondyl*= tire ryg*aew. 19 21 16 la
16Bad ustee beeSisteelt

CMatsorwyTA

9 77'ff.*1te.**
to 20ta ee+ t yon op.

n rywormpsa rele&ee _ 14 24 10 11
titeester oghanaster 5 6

ba<tflertoyh gese
takeIter!a f loc e t ee n 6

*aetes tocelle f ormees 14 14

Eur.et t e er. 13 16
Frustw3fe op. 6
Frw*tetta rheenetdee 7 19
Eawtemte op. 9

' Ffonelsefa sp. 11

OT15f p

h ecve ep. 8 11 7

Ferid1ntwo op. 6 IS
PertJinton westit 3

Cryr'e*oaad (untdest ified) 6 F
g 6Cecyearceue sp.

*a t pisa 6ece om!ye

import ance e.eeer = 2 each+r + 1 blossae1 pere *at ceareettiae of the tetel = ameer of ergenf e*e. et tetel 6teesee
2_

toporteet species = eoy opeetes iAlch ecggrie d 1 101 el eey one6 e date pepaletten by ember et blesees
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| Table 5. 1 4 zooplankton irt ensive data summary imlicating total populat ion numbers as #/m
and percent composit ion by dominant otganisms.

5-12-75 6-10-75 7-1-75 8-5-75
A-2 E-3 C A-2 E-3 C A-2 E-3 C A-2t E-3 C

3Total f/m 5000 6000 10000 16000 3m 11000 60000 35000 26000 1300 900 12000

Eabosmina sp. 12 36 21 31 27 66 =1 2 3 16 18 10
Diaphanosomu ap. 19 18 18 46 45 4 '# 7 82 12 3 3 3
Cyclops spp. 27 13 45 7 14 24 1 8 82 76 66 84
plaptomus sp. 29 20 12 10 11 2 2 7 1 4 10 <1
Nauplit larvae 5 4 4 6 4 4 1 2 3 1 3 1
Gineborus 2 - - - - - <1 * *1 <1 **1 2

9-9-75 10-13-75 11-11-75 12-9-75
A-2 E-3 C A-2 E-3 C A-2 E-3 C A-2 E-3 C U

Avc: age totat #/= 13000 15000 41000 10000 43000 53000 13000 19000 J0000 7000 19000 3000

* Eubossina sp. 2 8 26 56 53 48 67 75 78 El 65 89
Diaph nosoma sp. 92 84 61 8 8 17 1 1 1 <1 <1 0
Cyclece opp. 5 6 12 33 34 34 29 21 21 18 12 5
Diaptomus up. *1 - <1 1 1 1 1 1 <1 <1 23 0
Neup111 larvae I <1 1 33 ') <1 3 3 e1 - 0 2
Chauborus <1 3 s 1 1 2 1 1 <1 <1 - 0 -

<1 observed in sasyle but comprising less than II of the total 3
obs, eaved in samples- not

* Denne floating aggregation of dead disoborus noted above tal tows rounded of f to the nearest 10 .E during thermal plume mapping 7-2-75

** Qiaoborus in the water colussi in daytime samples at E. 2) Importance W. - average of 4 ea vleet

many dead ones present in the sample but not cossit ed I composition of organtoms

t A-2, 8-5-75, night horizontal and vertical samples
cushined

__.-

. . - _ _ _ _ - _ _
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Table 5.3.5 Selar radiation (Langleys) for the 24-nour and 3-hour
incubation periods for primary production saepling dates
for the Rcbinson Impound:nent

Transect A Transect E Point
I

-

Date 24 Ers. Station 2 Station 3 Station G

8-22-73 323 111 146 198

I 11-27-73 171 75 83 85

2-13-74 575 188 232 227
6-28-74 499 131 111 101

-I- 8-7-74 368 181 169 126
12-12-74 93 40 39 39

3-6-75 529 221 226 215
5-14-75 639 236 238 226

5 6-11-75 396 111 126 129
7-2-75 566 228 JJ 206
8-6-75 376 142 169 157
8-19-75 500 208 216 197
9-25-75 170 58 52 44

10-14-75 398 165 188 198
11-11-75 273 113 138 154

I

I

I

I

I

I

I
I

I

I
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Table 5.3.6 Alkalinity and pH from productivity samples as euphotic :ene
water colu=n averages

I
Alkalinitv (as =g/l CsCO ) pH (units)

3

Date A E G A E G
;

8-22-73 4.1 2.6 1.6 5.5 5.7 5.4
11-27-73 3.1 3.3 3.2 6.0 5.9 5.7
Yearly Mean 3.6 3.0 2.4 5.8 5.8 5.6
S.D. + .7 + .5 + 1.1 + .3 + .1 + .2
C.V. 19.6 16.5 47.1 5.2 2.2 3.2 E
2-13-74 1.0 0.9 0.3 5.8 5.8 5.1 3
6-28-74 0.9 1.2 0.8 5.9 5.8 5. 7 >

8-7-74 3.9 4.7 2.1 5.8 5.9 4.9
12-12-74 1.0 1.0 1.0 5.5 5.5 4.7
Yearly Mean 1.7 2.0 1.1 5.8 5.8 5.1
S.D. + 1.5 + 1.8 + .8 + .2 A .2 A .4 I

C.V. 66.3 91.9 69.0 3.0 3.0 8.5
3-6-75 1.0 0.4 0.9 5.1 5.0 4.9 '

5-14-75 0.5 0.4 0.3 5.2 5.1 5.1
6-11-75 0.8 0.9 0.8 6.1 6.0 5.8 g'
7-2-75 0.8 0.9 0.8 6.1 6.0 5.8 g
8-6-75 1.5 1.2 0.9 5.6 5.4 5.4
8-19-75 0.4 0.5 0.5 5.7 5.2 4.9
9-25-75 0.5 0.3 0.7 5.1 5.1 4.8
10-14-75 0.3 0.4 0.9 5.7 5.4 5.6
11-11-75 0.9 1.1 0.5 5.3 5.4 5.2

**Yearly Mean 0.7 0.7 0.7 5.5 5.4 5.3
$S.D. + 4 + .4 + .2 + .4 + .4 * .4

C.V. 53.0 49.4 31.1 7.2 6.9 7.4

I
Overall mean A
standard d2via-
tion 1.38 1.32 .96 5.6 5.6 5.3

1.25 + 1.25 + .30 + .34 * .35 + .385A

C.V. 90.58 94.70 83.33 6.07 6.25 7.26

! I
' |

.

8
.

I
| n

=
|
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.ary indicating integral production for the water column
productivity data suy/hr) and the depth of maximum production by sample dateTable 5.3.7

Primarg/ day) and P (agC/m(mgC/m
fortheRobinsonIEhEundment

A-2 depth E-3 depth C delth
P (meters) P (meters) P (meters)

Date h gCfm / day 1 Q of P fmgC/m / day) P of P (mgC/m / day) P of P

8-22-73 100 22 1.0 77 24 1.5 7 4 1.0

11-27-73 642 395 sfc 529 306 sfc 54 38 0.5

2-13-74 776 139 1.0 865 316 s fc 1 (.3) 0.5

6-28-74 96 16 sfc 110 27 sfc 78 28 src

8-7-74 3111 1036 sfc 2956 1390 sfc 29 9 sfc

12-12-74 320 133 sfc 444 290 sfc 1 (.01) sfc

3-6-75 838 188 sfc 238 125 sfc 6 3 sfc

5-14-75 325 70 sfc 121 27 sfc 59 26 sfc

6-11-75 89 23 sfc 59 18 sfc 46 21 sfc Y'

7-2-75 577 123 0.5 242 60 1.0 284 127 sfc g
8-6-75 502 144 sfc 212 99 sfc 116 74 sfc

8-19-75 205 63 sfc 197 62 0.5 224 145 sfc

9-25-75 272 122 sfc 100 37 sfc 8 2 sfc

10-14-75 609 159 1.0 276 125 sfc 309 602 src

11-11-75 450 222 sfc 263 1 30 src 7 36 0.5
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Table 5. 3. 8 Comparison of Robinson I=poundment annual average primary |
Wproductivity with reported literature values

I
Produgtivity

Water body (:ype) egC/m / day Rank Author (s)

* Sylvan, Ind. 1564 1 Wetzel, 1966
*Fredriksburg, Denmark 1030 2 Nygaard, 1955
*Fureso, Denmark 750 3 Jonassen &

Mathiesen, 1959

Little Crooked Lake, Ind. 608 4 Wetzel, 1969
* Clear Lake, Calif. 438 5 Goldman & Wetzel B

(1963) 3
*Walters, Ind. 437 6 Vetzel, 1966

Crooked Lake, Ind. 414 7 Wetzel, 1969
* Par Pond, S. C. (reactor- 396 8 Tilly , 1973

cooling reservoir)
Robinson Iepoundment 385 9 Miller
(reactor-cooling impound- |
tet W'

* Clear vnd, S. C. 285 10 Tilly, 1973

(Carolina bay) g
* Clark Hill, S. C. 240 11 Tilly, 1973 g

(reservoir)
*Naknek, Alaska 173 12 Golcman, 1960
* Brooks, Alaska 158 13 Coldman, 1960
* Big Snooks, S. C. 102 14 Tilly, 1973

3
5'

*from Tilly (1973a)
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rable 5.3.9 Thytoplankton population dynamics information
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dieu re t t y

2 ,,,c b,it e /celles ar
, ,,,,,, , ,,, ,,,

g,5,,
r/C PIs h ee. flif ==s i ereetesme fe , ,

atet _L8lm Ider_ esLa en/a __
.

j
l-22-73 A 99.9 8.3 4 12.1 1.656 .51 26 *?

i

t 76.5 17.4 95 6.2 1.766 .49 36 **.8 '

C 12.4 4.2 94 1.2 2.996 .77 50 *4.7

11-2F-73 A 641.8 1 F,4 8500 36.9 .076 7.750 .91 * met osectee o.17

E $18.5 23.2 7300 24.9 .072 7.H0 1.05

C 53.7 1.6 1200 33.6 045 874 .73 P f*t C/m,/def t to totestet primary predertion fer the ester cel sen se ellitavees of eer4
esetet teted per equere meter per day. ,

t.33-74 A 776.4 19.3 $843 40.2 .133 1.6 30 46 35 31.759 5.44

E 864.6 18.2 7152 47.5 .121 1.508 40 43 37.076 5.18 c to enteroph,It e meeweged ter the eeter eetwas se etttf areee per este metee (er=/13.

C of 2.9 4800 .1 .001 1.33) .32 67 6.194 1.29
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6-28-74 A 95.5 3.4 9 34 28.1 .302 1.2% .% % 8. M 9.50
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C 77.5 2.8 1375 27.7 056 1 . 30 7 .10 74 8.508 6.19 f edteet tom of prod ct s ef f te tency for that der eder the cet dtt tene present en

that day at peek tecettee,55

8-7-74 A 3110.6 16.0 9310 194.0 .334 2,175 .55 54 24.700 2.65

E 29%.2 I4. 3 7710 206.7 . 3A t 2.286 .59 47 27.200 3.50 F/8 predertice per ==tt bremese, me,elet fl964) feed thee p/8 .e e.,ne t ty ce,, ele e4

C 29.2 2.8 710 10.4 .041 1 es? 44 42 4.0%0 F.ft eith erectee die *** tty med r/9 hee been e ed to tedieete emergy flee e, the t

of eneva, betag stoted by the celle preeemt fog the dey meneeresent e e e6 ylee ,
[

;2-12-74 A 320.0 18.2 7407 I F.6 .043 2.203 .57 47 37.154 5.02 _ se e speesee dieeretty tedes es , meed f,em et.edt : e,e, eetteetoe ta
'

t 444.C 16.3 79 39 27 2 .056 2.3 % .57 42 an.549 5.11 8
'J

C .I 33.5 61 * .I .002 1.884 48 53 81 1.33
E er se eeeeeeee f edee coweges et enop ted eyee g,e dt,,,etty god,, eith the .teme
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C 5.6 1.6 214 3.5 .076 1.864 47 50 927 4.31 8 oueber et erweee eneewateted to counte of etee stes crop e epte.
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6
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E. 6.0 Benthos

6.1 Introduction

I Benthic macroinvertebrates are animals living at least part of their

life cycle upon or within the available substrate (e.g., bottom sediments,

debris, vascular plants, filamentous algae, etc.) in an aquatic environment.

Benthic organisms are less mobile than fish and require relatively longer

.

periods to complete the aquatic portion of their life cycle than planktos

Since benthic organisms exhibit limited mobility and relatively long life

cycles, they are often slow to recolonize areas subjected to severe environ-

I mental perturbations. The specific types and number of benthic org,anisms pre-

sent at a site tend to reflect extreme rather than average environmental con-

ditions which have occurred in the recent past. This reflection of extremes

enables the benthos to act as detectors of even occasional severe environmental
changes. (Garton and Harkins, 1970; Weber, 1973)

The major taxonomic groups comprising a freshwater benthic connunity

may include flatworms, roundworms, annelids, molluscs, crustaceans, and insects.

Such a taxonomically diverse bentt : aommunity would contain organisms partici-

I_ pating in .he aquatic food web at several trophic levels (i.e., some groups of

benthic organisms are considered herbivores, other omnivores, while still others

are carnivores) (Weber, 1973). Assuming organisms in one trophic level may be

more sensitive to a particular adverse environmental condition than organisms

in some other trophic level, an analysis of the physical "well-being" of the

benthic community may yield valuable ir. formation conc.rning the suitability of

an area for organisms occupying various levels of the trophic structure.

The purpose of this investigation sas (1) to establish spatial and
temporal distribution of selected groups of organisms, and (2) to evaluate the
effects of the H. B. Robinson Steam Electric Plant effluent on selected portions

of the benthic community.

The ef f ects of thertu.1 ef fluent on benthic connunities have not been

studied extensively at this time. Many of the studies conducted to date have

dealt with rivers rather than lakes, or with lakes receiving organic enrichment,

or heavy s11tation, etc. in addition to thermal effluent (Weiss et al., 1974).

I
--



I6-2

Since the effects of thermal effluents on systems net complicated by other factors
appear to be largely unknown, a comparison of Robinson Impoundment with similar gblack-water reservoirs is difficult. *

Studies on the effects of thermal effluents include a study by Lenat
and Weiss (1973) on Lake Wylie located in portions of North and South Carolina.
They reported that in the area of thermal discharge the number of littoral
organism groups (i.e. , taxa) exhibiting population density increases was
approximately equal to the number of groups exhibiting population decreases.
Thermal effluents also influenced the standing crop of several groups of
organisms living in the sublittoral portions of the lake.

From a study conducted on Lake Hyco, North Carolina, Weiss et al.
(1974) reported that thermal effects on the littoral benthic community included
depression of organism standing crop and diversity in the discharge pool and
at a nearby lake station receiving the varm vater plume.

As temperature rises above 4*C, water decreases in density. This
decrease enables heated effluents to " float" over the colder water usually
associated with increased depth. The greatest increases over ambient tem-
peratures, therefore, may occur in the shalloser portions of a lake. Eenthic
organisms inhabiting these shallow areaa are ef ten subjected to naturally g
occurring severe daily and seasonal temperature fluctuations. If benthic 5
organisms d.n shallow arecs can survive these natural fluctuations, the effect
o: the rma discharge may not be as great as might be expected (Lenat and
Weiss, 1973).

Without the benefit of pre-operational benthic data, it was not
! possible to determine if the observations made during this study adegaately

reflect the relative numerical abundance, spatial distriburton, or species
compr=1 tion of organisms present prior to plant operations. This s tudy may
indicate the possible effects of plant effluent on the spatial and temporal g
distributions of selected ben thic 'acroinvertebra te groups dur:.ng the recent.

past.

|

|

I
a
-.
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6.2 Methods

Selected portions of Robinson lepoundment benthic community were

sampled monthly from January 1975 through December 1975. Thi. sampling program

I included collection of three replicate samples at each of two station located

on each transect. Six transects were established at intervals along tne
~ length of the lake using preimpoundment topographic maps (Tigure 3.1.1).

Station locations illustrated in Figure 3.1.1 correspond to benthicI sampling stations with the following exceptions: (1) benthic sampling station

A-3 was located approximately 50 to 75 meters west of temperature sampling
Station A-2, (2) benthic sampling Stations E-1, F-S, and G-S were located in

.

littoral areas east of thermal sampling Stations E-1, F, and G respectively.

Benthic samples were collected with a Petite Ponar Grab which sauples

an area 15.2 cm x 5.2 cm (6 in x 6 in) and a volume, under optimal cenditions,

of 2.46 1 (150 in ). Samples were washed on station using a U. S. Standard

.

No. 30 mesh sieve. The sample residue was immediately placed in a plastic
:
'

container and preserved with 10% formalin solution containing biological stain.
|

'

| In the laboratory each sample was hand sorted; benthic organisms were removed,
|
-

preserved in 70% ethyl alcohol, and stored to await enumeration and identifica-

tion. Numbers of organisms were recorded to the lowest practical taxon with

the aid of suitable taxonomic references (Ross, 1944; Edmondson, 1944; Parrish, 1968;
~

Klemm,1972 ; Brown, 1972 ; Mason, 1973). The identification of larval

Chironomidae required the use of a compound scope and the mounting af organisms

j using CMC-9 (Master's Chemical Company, 2504 South Harvey Ave., Bers7n,
|

Illinois 60402).

The substrate contained in each benthic grab was subjectively

characterized according to content as either silt-detritus or sand-detritus.

This subjective description of substrate type as well as the depth of water

overlying the substrate were recorded for each benthic grab.

Additional month]y macroinvertebrate collections were made in portions

of Black Creek above and below Robinson Impoundment (Stations E, K, and I)

and in shallow areas of the impoundment adjacent to Transects E, F, and G using

slightly modified multiplate samplers similar to the sampler described by

Fullme. (1971). Three samplers were placed at each station with the first

. _ _ _ _ _ _ _ _ _ _ _ _
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I
sampler suspended at a depth of 0.3 m (0.98 ft) below the surface of the water, the
second at the 0.6 m (1.97 f t depth and the third at 0.9 m (2.95 f t). Samplers

were set out at each station for approximately one =onth to allow sufficient time

for colonization. Afterwards, the samplers were removed individually with special
care being taken to collect all organisms. Benthic =acroinvertebrates were removed,

preserved, and returned to the laboratory for analysis. Sa=plers were returned to

the water.

Analysis of benthic organisms following identification included computa-
tion of mean diversity (d) using the machine formula presented by Lloyd, Zar, and
Karr (1968).

Although the initial study design for this 316 demonstration included

determination of benthic biomass esti=ates of selected taxa collected in the
Robinson Impoundment, these esti=ates could not be made for the following reasons:

1. Dominant taxa were not collected in sufficient numbers from
each station to allow the determination of monthly biomass
estimates.

I
2. Organisms representing many of the dominant taxa were mounted

prior to identification, thus they were unavailable for biomass E
Eestimates.

|

6.3 Results and Discussion
1

Although =any factors may cause the horizontal variation in the occurrence

of benthic macroinvertebrates in Robinson I=poundment, some of the more obvious
include subst: ate, depth, and temperature. In an attempt to reduce the inter-

station variation in organism abundance due to differences in either substrate or

| depth, stations were grouped according to depth and substrate similarities. The

following four groups of staticu were established and designated as groups I, II,
III, and IV.

I
E_
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I Group Station Depth At Station Substrate

]' I A-1 3m sand-detritus

C-1 3m sar.d-detritus
E-3 2m sand-detritus

I. II A-3 10 m sand-detritus
'

C-3 9m silt-detritus

D-1 6m silt-detritus

111 D-3 2m silt-detritua

F 3m silt-detritus

G 2.5 m silt-detritus

I
7V E-1 1m sand-derritus

F-S 1m sand-detritus

G-S 1m sand-detritus

Since substrates sampled at Station A-3 appeared to contain more
sand than substrates collected at Stations C-3 and D-1, the three stations are

I considered loosely grouped according to deoth.

Species Composition

During the one-year study presented in this report, 135 taxa of

benthic macroinvertebrates were collected in Robinson impoundment and portiens

of Black Creek. The major taxonomic groups, presented in order of decreasingI numbers of taxa, include Diptera (60 taxa), Trichoptera (15 taxa), odonata .

(12 taxa), Ephemeroptera (10 taxa) Plecoptera (10 taxa), Coleoptera (9 taxa),

Annelida (9 taxa), Amphipoda (3 taxa), Lepidoptera (2 taxa), Turbellaria (1 taxon),
Nematoda (1 taxon), Hydracarina (1 taxon), Collembola (1 taxon), and Megaloptera

(1 caxon). A complete list of taxa is presented in Table 6.3.5. This table also

1ndicates taxa collected at Black Creek Stations H, K, and 1.

I Groups of organisms represented in this list were callected using
one or both sa=pling methods described above. The two types of samplers

I
-
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collect qualitatively and quantitatively dif f erent faunal samples (Weber, 1973).
The observed qualitatier differences in faunal samples can be summarized as
follcws: (1) Petite Ponar samples contained organisms representing 26 taxa
which were not collected by substrate samples. (2) substrate samples contained

i
44 taxa which were not present in ponar samples, and (3) the total number of
taxa (91) collected from ponar grabs was less than the total number (109)!

collected from multiple plate samplers. These differences indicate each of
! the two samplers collected organisms from slightly different portions of the

benthic community present in the study area. The data obtained using penar
grabs, therefore, cannot be easily compared with data obtained from substrate
samplers. Since a comparsion will not be attempted, data obtained from grab
sac:plers will be presented in the i=poundment portion of this report while data
collected from multiplate sa=plers located at Stations H, I, and K will be

presented in the Black Creek section.

The number of taxa collected in a lake study is influenced by the
number and type of microhabitats sat: pled, by the frequency and intensity cf
sample collection, and by the type of sampler used. It is difficult, there-

fore, to accurately compare the qualitative and quantitative aspects of total
numbers of taxa collected from the Robinson Impoundment with numbers presented gin other studies. W

W6.3.3. Numerically Dominant Organisms 5

Although a relatively large number of taxa were collected throughout
the study period, only a f ew groups of organisms could be considered numerically
important. Arbitrarily defining a nus:erically important groun as one containing
>5% of the total organisms, the important taxa include Chironomidae ('.17. of the
total), Oligochaeta (33%), and Culicidae (12%). Combined, these three taxa

made up 36% of the total number of organisms collected. Organisms

representing taxa not mentioned above were collected in relatively low numbers
and were considered uncommon. With the exception of a few genera of Trichoptera 3
and Ephemeropters, considered important fish food organisms, the spatial and

te=noral distributions of uncommon taxa were not determined fr:m this study.

I
w
.
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Chironocidae

--- Organisms representing 36 genera of Chironocidae (cidges) were taken

from ponar samples. The numbers of genere collected in each subfamily include
18 genera of Chironominae, nine Orthocladiinae, and eight Tanypodinae.
Chironomus (Chironominae) was the dominant midge representing 7.6 percent of

the total number of Chirunocidae collected.

The numerical dominance of Chironceus has been reported from other

studies. For example, Weiss et al. (1974) reports Chironomus is a common W

dominant in shallow or eucrophic lakes, espec1 ally those with ther=celineI formation. According to Hilsenhoff and harf (1968), Chironomus is the most

_

common benthic organism in 14 Wisconsin lakes which have maximum depths of

g 20-32 feet, relatively large profundal zones, and soft sediments. Although

the total number of organisms repressnting Chironemus indicate it was the
numerically dominant midge collected in Robinson Impoundment, this dominance
was effectively restricted to the three relatively deep StationsA-3, C-3,

and D-1. Figure 6.3.1 illustrates the observed spatial distribution of

Chironomt2s, expressed as monthly mean number of organisms per meter collected

at each station. Numbers of organisms ranged from a high of 579/m atI ,

Station C-3 to a low of 82/m at Station D-1, while at Station A-3 an

intermediate value of 222/m was observed. Numbers of organisms collected -

'

at the remaining nine stations were comparatively low, ranging f rom 61/2
>

at Station A-1 to 2/m' at Station G.

i

The abundance presented above clearly indicate that Chironemus

preferred the deeper stations. Depth preferences have been reported in o

published studies including one conducted on Lake Washington by Thut (1969).
He reported that numbers of fourth inster Chironomus sp. (nr. ferrucenoerittatus)
gradually increased in abundance with increasing depth, finally reaching an
abundance peak at 50 meters (16.5 ft). He also observed a peak in the numericalI ,

abundance of Chironomus plumosus at 10 meters (33 ft), while at greater depths

abundance steadily decreased. A depth preference may explain the relatively higher
numbers of organisms collected at Robinson impoundment Stations A-3, C-3, and D-1 and

I
I
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I
the lower numbers collected at the remaining nine benthic stations.

E
Other environmental factors appear to infinence the depth

distribution of Chironomus. The influence of these factors was apparent

from a comparison of the relative numerical abundance of Chironomus at
stations of similar depth. For example, the depth at Station A-1 was E
comparable to depth at Station C-1, yet monthlymean numbers collected were 5

not similar at these two statico:- (Figure 6. 3.1) . This station to station
variability may be related to a depth pref erence coupled with various
inter-station changes in environmental factors (e.g. availability of suitable

# food, microhabitat, temperature or dissolved oxyge.n concentrations) . It is

unclear from this study which factor or combination of factors influenced
inter-station change in the numerical abundance of Chironomus.

The number of generations per year of Chironomus_was not clearly g
evident from tra data collected. A reasonable estimate, however, is one W

generatien pr.r year with an abundance peak in the fall and winter, and
decreasing numbers in the spring and su=mer.

Since relatively large numbers of Chironomus preferred the deeper

| coolsr stations and reached their peak abundance during the colder seasons,
Eit appears that thermal effluents from the H. B. Robinson Plant did not

adve.sely effect the numerical abundance of Chironomus.
,

!

In the subfamily Chironominae, other organisms considered common or

frequently collected represented the genera Polvnedilum (2.4% of the total
number of larval chironocids), Cladotanvtarsus (2.2%), Crvatochironouus

(0.8%), and Harnischia (0.8%). These midges will be discussed in order of

numerical abundance.

The results of two studies, one conducted on Lake Wylie by Lenat
and Weiss (1973), the other on 3elews Lake by Weiss et al. (1974), indicate
polynedilum is a common littoral organism which may favor areas containing

organic enrichment According to Lenat and Weirs, :his preference for enriched

areas, rather than temperaturcs, may control the occurrence of Polvoedilum.

E

a_
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I. The spatial distribution of Polvoedilum in Robinson impoundment is
demonstrated in Figure 6.3.2, which presents the monthly mean numbe r of, g

5 Polvoedilum/m collected at each of the 12 stations. These data indicate

higher nt:abers of organisms were collected at Stations F-S, G-5, C-1, and A-1

I (correspeading no/m v'ere 72, 65, 53, and 44, respectively), lower numbers at
Stations A-3 (1/m ), C-3 (none observed), and D-1 (1/m ) and intermediate

I values at Stations D-3 (16/m ), E-1 (23/m ), E-3 (16/m ), F (ll/m ), and
G (18/m ). These data indicate that Polvved11um were relatively comr.on at

all stations where depth was less than 5 meters (16.5 f t.) and uncomon at the
deeper stations. This depth distribution agrees, in part, with the above men ,
tioned published literature.

I
The spatial distribution of Polvoeidium presented in Figure 6.3.2

clearly indicates that comparable numbers of organisms were collected at

several stations previously grouped as having similar substrate and depth.

The monthly mean number collected at Station D-1 was comparable, for example,

to the nu=bers collected at Station F and G (Group III). A second group of

stations having similar depth and substrate include A-1. C-1, and E-3 (Group I). i

The monthly mean number of Polvnedilum collected at Station A-1 was similar to
|the number collected at Station C-1; however, abundance was reduced by one-halfI at Station E-3. Stations E-1, F-S, and G-S (Group IV) were also grouped

according to depth and substrate similarities. A comparison of the mean

numbers of Polvoedilum collected at these three stations indicated abundance
was similar at Stations F-S and G-S while the number of organisms collected

at Station E-1 were decreased threefeld. With the exception of the relatively

low numbers of organisms collected at Stations E-1 and E-3, comparable numbers

of organisms were collected at all stations grouped as offering similar depths

and substrates. Although naturally occurring environmental factors may be

responsible for the depressed organism abundance observed at Station E-1 and

I. E-3, this crudy did not eliminate the possibility that depressed organism

abundance was due to a low tolerance to the effects of heated effluents.

Other me::icers of the subfamily Chirononimae include Cladotanvtarsus,

Barnischia, and Crvetochironomus. The spatial distribution of organisms repre-

I
.
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I
senting each taxon is presented in Table 6.3.2 as the conthly mean number of
organisms /m collected at each cf the twelve benthic sampling stations.

The observed spatial distribution of Cladotanvtarsus indicated
organisms were either collected in relatively low numbers or were not encountered
at the three relatively deep stations (i.e., A-3, C-3, and D-1). These data

E
appear to indicate that Cladotanvtarsus preferred the shallower areas of the W

impoundment. The spatial distributior of Cladutanvtarsus_ also indicated
organisms were encountered at all benthic sampling stations with the exception
of the deeper stations mentioned above and Station E-1 and E-3 which are
located in the discharge area. The absence of Cladotanvtarsus_ in the discharge

area may be related to elevated water temperatures (Section 3.3.2) or other
environmental factors not apparent from this study.

The data presented in Table 6.3.2 indicate orga: isms representing g
Harnischia were collected in ralatively higher numbers at Stations D-1, F, F-5, W

G, and G-S and in lower numbers at the remaining benthic sampling stations. It

was not clear f/cm this study what environ = ental factors influenced the observed
station to station variation in organism abundance.

I,

Crvetechironomus was collected in relatively low number (1 organism /m')

at Stations A-3, C '1, D-1, and D-3 while at the remaining stations numbers of E
E',

organisms ranged from 3 organisms /m at Station F-S to 26 organisms /m'

at Station A-1. These data (Table 6.3.2) do not clearly indicace if organism

abundance is depressed at the mid-1=poundment stations.

Tanvoodinae

The Tanypodinae collected in Robinson Impoundment included

Procladius, Ablabesuvia, and Clinotanvous.

~

Groups of organisms repreeenting procladius (3.5% of total number of
midges collet.ced) and Ablabesevia (3.0% of midges collected) were considered

-

common in benthi". sampling while C11notanvous (<1*.' of the midges collected)

was frequently encountered.
.

1 I

1
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,

two morphologically different furma of Procladius were collectedj

in Robinson lepoundment. These forms will be represented as ProcladiunI (aberrant) and 1 ocladius. The spatial distribution of organisms iepresenting

each form was detervined to illustrate changes in abundance throughout the

_

impoundment (Table 6.3.3).

The group of organisms representing Srocladius (aberrant) included
22% of .11 Precisdius collected. Procladius (aberrant) was encountered in

I collections from all twelve benthic stations except Station D-3. Numbers

ranged frem a high of 138/m at Station E-1 to 1/n at Station A-3. Highest

numbers were collected at the shallower stations (depth less than 1 meter),I lower numbers at the deeper stations (depth greater than 5 meters), and
intermediate numbers at the remaining stations (Table 6.3.3).

The spatial dAstribution observed for Procladius (aberrant) indicates

an apparent preference for littoral areas. This preference is illustrated by

a peak in the numerical abundance at Stations E-1 and F-S.- The relatively lower

numbers of organisms collected at the third littoral station (G-S) cannot be

adequately explained from the dcta collected. The study appears to indicate,

however, that heated effluent did not adversely influence organism abundance at

I any of the littoral stations.

The spatial distribution of organisms representing the second

morphological form of Procladius is illustrated in Table 6.3.3. These data -

. 1ndicate Procladius were present in collections from all benthic sampling

stations. The monthly mean number of Procladius ranged from a high of 265/m-
2at Station G to a low of 34/m at Station E-1. The data also indicate

relatively higher numbers of Procladius were collected at stations located in

the lower and upper icpoundment stations. In an attempt to limit the number ofI environmental factors other than temperature which might influence the observed

inter-station variation in organism abundance, only stations with similar

depths and substrates were compared for variations in numerical abundance. As

mentioned above substrate and depth were similar at Stations A-1, C-1, and

E-3. The monthly mean number of organisms collected at each of the

two lower impoundment stations was greater than the mean number of

I
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I
organisms collected at Station E-3. Substrates and depth also appeared com-
parable at Statiom G-S, F-S, E-1. The monthly mean number of Procladius

' 2collected at Stations G-S and F-S (ll4/m' and 75/m , respectively) was
two-fold higher than the number collected at Station E-1 (34/m ) . The

numerical abundance of Procladius collected at Stattons D-3, F, and G ranged
from a low of 89/m at Station D-3 to a high of 265/m at Station G. Numerical
abundance at the remaining group of stations (Group II) ranged from 230/m2
at Station c-3 to 134/m at Stat 10n A-3. It is apparent from the above

comparisons that the numerical abundance of Procladius was reduced at
;i Stations E-1 and E-3 when compared to the abundance at other benthic sampling

stations.

A similar reduction in abundance has been observed at Lake Hyco,
North Carolina (Weiss et al., 19743 Weiss reportad all dominant
Chironomidae were depressed by ther=a' :ts with Procladius adumbratus
depressed mainly in the discharge .: hough it appears likely that the
depressed abundance of Procladius at the discharge stations of Robinson

Impoundment reflects adverse effects of thermal effluents, it is possible that
other factors not apparent from this study influenced the abundance of
Procladius at Stations E-1 and E-3.

'E
Organisms representing Ablabesvmfa were collected from all twelve 5

benthic sampling stations. Greater numbers of organisms were collected from

the relatively shallow stations (dwth less than 5 meters) and # ewer organisms
at the deeper Stations A-3, C-3, and D-1 (Figure 6.3. 3) . Abundance ranged from

a hi h of ll4/m at Station G-1 to a low of 2/m at Stations C-3 and D-1. Itb

was not apparent from this study what environ = ental factor or combination of
factors influenced the observed spatial distribution. It was also unclear
what effect plant effluent had on the abundance of organisms collected
throughout the impoundment.

The spatial distribution of organisms representing C11notan mus is
illustrated in Table 6.3.4 It is apparent from these data that Clinotan mus

was collected ir. greater numbers at the relatively shallow Stations F-S and
G-S, with 39 and 26 organisms /m , respectively, thus indicating a pessible

W
_
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preference for littoral areas. Organism abundance decreased at Stations A-1,

C-1, D-1, E-3, E-1, F, and G, and ranged from a high of 6 organisms /m to

I a low of 1/m , while Clinotanvpus was not encountered in collections from

Staticas A-3, C-3, and D-3. Since Clinotanvpus appears to be a littoral

organism, a comparison of'sublittoral inter-station variation in organism
abundance will not be included. A comparison of inter-station variation,

therefore, will be restricted to Stations G-S, F-S, and E-1 which wereI located in littoral areas. The decreased abundance of Clinotanvpus at

Station E-1 (5 orgtnisms/m ) possibly indicates this group of organismsI was adversely effected by thermal effluents, however, other environmental
_

factors not apparent from this study may have influenced the numerical
abundan<.e of Clinotanvpus .

Oligochaetes

Oligochaetes (worms) were collected at all twelve benthic sampling
stations throughout the year (Table 6.3.5). The monthly mean number of worms ,

, 9
collected ranged from a high ef 818/m' at Station A-3 to a low of 133/m' atI ,

Station E-1. For the efficient utilization of time and energy, worms were

identified to class. Since the spatial and temporal distr.butions of

organic =s identified to class frequently 31 elds little infermation, further

discussion of Oligochaetes will not be presented.

Culicidae

I Chaoborus (phantom midge) is considered an important food source for
fish in the Robinson Impoundment. Chaoborus larvae are, according t.o Larov andI Marzolf (1970), unique in the Class Insecta in that they exhibit a regular diel

vertical migration. The first two instars (immature larvae) are planktonic,

thus unavailable for collection b; the benthic samplers used in the Robinson

Impoundment study. The third and fourth instars (mature larvae) are planktonic

at night but burrow in the botto= sediments during the day when they may be

collected as " benthic" organisu. This dif f erence between irmature and mature.
larvae during diel vertical migration has been widely reported (Juday, 1921;

Wood, 1956; Woodmansee and Grantham, 1961) in the published litarature. All

I
I
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four instars migrate to the surface water after sunset and return to the
deeper portions of the lake (i==ature larvae) or to the sediments (mature

glarvae) shortly before sunrise. The daily vertical migration of larval E
Chaoborus may expose both immature and mature organisms to the effects of

thermal ef fluents which " float" over ambient water and to loss due to plant
entrain =ent (Weiss et al., 1974).

Organisms representing larval Chaoborus comprised 12. 7': of the total
number of organisms collected. Figure 6.3.4 illustrates the monthly mean number

n
of larval Chaoborus/ meter' collected at each benthic sampling station. These
data indicated that phantom midges either vere not observed or were not collected

in relatively low numbers at the shallow Stations E-1 (Chaoborus not observed), W, oF-S (2/m'), and G-S (8/m') . At stations of intermediate depth, numbers of
organisms collected ranged from 29/m at Station C-1 to 123/m at Station F.
Relatively higher numbers of Chaoborus were collected at the deeper Stations
A-3, C-3, and D-1 with 224, 554, and 435/m , respectively.

Throughout the year Chaoborus exhibited two abundance peaks: one in

July 1975, and the other in November 1975 (Figure 6.3.8). Seasonally, numbers of
Chaoborus decreased from January through May, increased in June, peaked in

5July, then decreased again in August. Numbers of organisms began increasing 5
in September, reached a second abundance peak in November, then decreased in
December. 5This seasonal pattern indicates two generations per year, a relatively g
long vinter generatien occurring free September through May and a second short
su=mer generation from June through August or September (Figure 6.3.8). The

number of generations per year reported in the published literature apparently
varies between lakes. Usually one generation per year is reported (Sublette,
1957; Hilsenhoff and Narf, 1968); however, Weiss et al., (1974) reported two
generations per year for Chaoborus in Lake Hyco. He also teported that in

both one and tuo generation patterns larval Chaoborus are never entirely
absent at any time.

' I
Information from the published literature indicates that the greater

numbers of organisms collected fr:m the relatively deep stations in Robinson
Impoundment is to be expected. The two generacion pattern ,?r year has been
reported in the literature and is not unique to the Robinson Impoundment.

a_
.
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'

A comparison of numbers of organisms collected at Station A-3 with
'

numbers collected at Stations C-3 and D-1 indicates relatively large inter-

station variation in organism abundance. The mean numbers of Chaobores

collected at Station A-3 was approximately one-half the number collected at

I Stations C-3 and D-1 (Figure 6.3.4) . A limited entrainment study indicated
0 65.2 x 10 and 5.5 x 10 larval Chaoborus were lost to the plant per day during

July and September, respectively. The larval Chaoborus lost during these twoI periods appear to be early instars of the Above mentioned su=mer and winter

generations. Although it appears likely that tha numbers of organisms

lost to the plant through entrainment account for the decreased abundance of

larval Chaoborus at Station A-3, it is possible that other environmental factors

including substrate and food availability may account for the depressed abundance,

observed during this study.

The depressed abundance of Chaoborus due to apparent loss by entrain-

| ment has been reported by Weiss et al. (1974) during his study of Lake Hyco.

! He observed a 52* reduction la the standing crop of larval Chaoborus in the

vicinity of plant intake structures. This reduced abundance at Lake Hyco is

similar te the depressed numbers of organisms observed at Robinson impoundment

Station A-3.

I
Although relatively low numbers of Chaoborus were collected at stations

(Groups, I, III, and IV) where depth was less than 5 metars (16.5 ft), it should
be noted that Chaoborus_ were present in namples nine of twelve months at most

stations with the exception of Station E-3 and littoral Stations E-1, F-S, C-5.I Since Chaoborus are not littoral organisms, the low numbers or absence of

Chaoborus at Stations E-1, F-5, and G-S is to be expected. The absence of

Chaoborus at Station E-3 during portions of the year, however, appears to

indicate the discharge area may not offer suitable habitat. Although many

environn. ental f actors may reduce the suitability of a habitat, it appears

likely that physical scouring and/or increased water temperatures may explain
the periodic absence of Chaobocus at Station E-3 during this stuoy.

Ephemeroptera (Mayflies)I
llexagenia was considered a co:mnon mayfly in benthic samples collected

I
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I
in the upper portion of Robinson Impoundment. This mayfly belongs to a family

(Ephemeridae) of burrowing organisms. Hexagenia is a coscion inhabitant of

the sublittoral and profundal zones of lakes and it is reported (Eriksen, 1968)

to occur in undisturbed sediments where the dissolved oxygen enncentratico of g
the water is greater than 0.8 mg/1. According to Gaufin (1973), the lethal W

teuperature, at which 30% of his test specimens of Hexagenia lumbrata died

after 96 hours exposure (TI.m96), was 26.6*C.

In Robinson Impoundment, Hen genia were present in samples collected

at four stations (i.e. , Stations F, F-S, G, and G-S) and were not observed in

samples collected at the remaining eight stations (Figure 6.3.6). The absence

of Hexagenia froci discharge and lower impoundment stations can not be explained

froc: this study.

Trichoptera (caddisflies)

I
Two genera of caddisflies (Polycentropus and Oecetis), considered

cocnon fish food organ:.sms, were collected in Robinson Impoundment. Organisms

representing each genera were relatively more abundant in samples collected at

comparatively shallov :tations and less numerous or absent from samples collected

at the deeper Stations A-3, C-3, and D-1. The mean monthly number of Polycentropus
9

per meter' collected at each of the twelve benthic stations is illustrated in 3
Figure 6.3.6. Data presented in this figure indicate that the number of organisms

collected at most upper and lower impoundment stations, except deep Stations A-3,

C-3, and D-1, was greater than numbers of organisms collected at either Station

E-3 or E-1. An adequate explanation for the decreased abundance of Polycentropus
at Stations E-1 and E-3 was not apparetit from this study. Temporal distributions

incicate, however, that im=ature Polycentropus were present during the summer at

most stations with the exception of Stations E-1 and E-3. Adverse environmental

f actors including temperature may be reflected in the abse:.ce of Polycentropus
f rom discharge stations during the warmer seasons. This absence may account

for the observed decreased abundance reflected in monthly me;tn numbers.

The second group of caddisflies collected in the Robinson Impoundment

represented Oecetis. Accocding to Sublette (1957), Cece ti.; is considered

I
a
.
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unusual in that it occurs most commonly on sandy substrates, in Robinson'

Impoundment, Decetis was collected in relatively high nunbers at Stations D-3,
E-1, E-3, F-S, and G-S where the substrate contained a comparatively high per-

centage of sand, while lower numbers of organisms were collected at Stations
'

G and F where the substrate contained a relatively larger amount of siltI (Figure 6.3.7). These data seem to indicate that the spatial distribution of
,

Decetis may be influenced, in part, by substrate ditferences and that plant

ef fluents may not adversely ef f ect ors:anism abundance.

_

Species Diversity

A diversity index (2) derived from information theory, is a commonly
used technique for the evaluation of benthic co=munity structure. The greater

the number of species yresent and the more equal their abundance, the greaterI the uncertainty and hence the greater the diversity. Conversely, if large

numbers of individuals and small numbers of taxa typify the community, then a

high probability exists that an individual species observed during sampling

belongs to a taxa previously observed; thus considerable replication of information

would exist and diversity would be low. (Cairns and Dickcon, 1971).

Environmental change which infringes upon the lethal limits for any

species in a co=:aunity vill result in the reallocation of resources and the

alternation of patterns of community stability. According to Headrich (1975)I such alterations and reallocacions will be reflected by changes in diversity.

Environmental stress, for example, will narrow the lethal limits of the less

tolerant species in a system. Organisms representing these species will be

eventually reduced it. abundance or eliminated from the community. This

reduction or elimination will decrease local co=munity diversity. Numerous

published field studies have shown that community diversity decreases in
the face of severe environmental stress (e.g., King and Ball, 1964; Wilhm and

Doris, 1966; and Wilhm, 1967).

The diversity of aquatic insect populations in thermal, post-thermal

and natural streams were compared by Howell and Gentry (1974). They observed

that for insect communities the highest dfversity indices corresponded with

natural streams, intermediate diversity estimates with post-thermal streams

and lowest diversity estimates with themal streams.

I
--
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Monthly diversity estimates (d) for each benthic station are presented
in Table 6.3.6. These data indicate that values for 3 varied from a high of
4.21 at Station G-S to a low of 0.00 at Station E-1 and that diversity estimates
for stations located in the upper impoundment were somewhat higher than the

E
diversity estimates for stations located either in the lower or the mid- 5
impoundment. With some exceptions, diversity estimates for relatively shallow
stations were generally higher than est'utes for the deep stations. For
example, values of 3 ranged from a low of 0.74 to a high of 2.27 for Station
D-1 (a deep station), while for Station D-3 (a shallow station) the range was
1.55 to 2.99. Diversity estimates also varied seasonally with 3 values
generally increasing in the winter and decreasing in the late spring, su=mer,
and early fall. Seasonal variation in diversity estimates were observed for
all benthic sampling stations; however, for most shallow stations values for g
were greater than one throughout the study. Values for 3 <1 may indicate 5
insufficient sample size or adverse environmental conditions which might include
inadequate dissolved oxygen concentrations or unsuitable water temperatures.
It wac unclear from this study if the calculated values of 3 <1
reflected inadequate sample size or environ = ental stress. If the observed low
values of 3 indicate environmental stress, the benthic community at Stations
C-3, E-1, and E-3 may not be balanced or stable during the summer.

Black Creek g
1 E

-

A general summ r/ of number of taxa, number of organisms and major
components of the fauna at Stations H, K, and I is given in Table 6.3.7.
Station H, just below the outfall, had the fewest number of taxa and relatively
highest number of organisms. The web spinning hydropsychids dominated the
fauna comprising 67" of the organisms collected. The chironomids were considered
common at Station H, comprising 27" of the total number of organisms collected.

One possible explanation for the high number of hydropsychids collected
just below the i=poundment was proposed by Spence and Hynes (1971). They stated W
that high numbers of web cpinning trichopterans were found below an impoundment's.
outfall and that the high organic anc letriu; coming out of the lake

supported high numbers of Hydropschidae.

B

a
_
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At Station K, located downstream of Station H, the fewest numbers of

organisms were collected. Of the total number of organisms collected, 557.

were chironomids and 37% were trichopterans.

The number of taxa collected at Station I wat evo-fold higher than

the number collected at Station H and 1.5 times higher than the number collected

at Station K. Midges were the numerically dominant groups of organisms collectedI at Station I where they accounted for 69% of the total number of organisms

collected.

These data indicate that the benthic community is similar at Stations

I and K, while at Station H the benthos is dominated by Hydropsychids.

Summary and Conclusions

The numerically important benthic taxa collected during the studyI were chironomids (41% of the total), Oligochaeta (33%) and Culicidae (12*) .
Combined these three taxa totale'd 86% of the organisms collected. Within
the remaining 14% two additional taxa, Trichoptera and Ephemeroptera vere
examined because of their importance as fish food items. The remaining taxa

were not collected in sufficient numbers to merit further consideration.

Within the numerically important taxa, spatial and temporal distri-

butions were determined for the most frequently collected genera (Tables

6.3.2 - 6.3.6 and Figures 6.3.1 - 6.3.8). 3

Diversity indices were calculated to obtain information on benthic
'

community structure and stability (Table 6.3.6).

Organism abundance and diversity appeared to be relatively consistent
throughout the year at all parts of the impoundment except the discharge area.

The abundance and diversity at the discharge were similar to the other sampling

areas of the impoundment from November through May, but were depressed during
summer morths. Data suggest that this depression of diversity and abundance

at the discharge is the result of the thermal effluent during the summer months.

I
I

-
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Table 6.3.1 Robinson Icpoundment and Black Creek benthic taxa list
'

January - December 1975

Organisms Collected Collection
Taxa from Black Creek Methodl

Platyhelminthes
Turbellaria g

Planarifdae 3
Dugesia + P.S.

Nematoda + P.S.
Annelida

011gochaeta + P.S.
Lumbriculidae P l

Naididae P.S. ,

Tubificidae P.S..

Peloscolex variegatus P g
Peloscolex sp. + P.S. g

Serpulidae |

Manavunkia soeciosa P

Hirundinea
Erpobdellidae

Erpobdella P.S.
Glossiphonidae

Placobdella P.S.
Arthropoda g

Crustacea 3
Amphipoda
Talitridae g'

Hyallela azteca P.S. g'
Ga=naridae

C e arus P

Crangonyx S |
(Arachnoidea-Hydracarina) + P.S. 5
Insecta

Collembola + P.S.
Ephemeroptera

Ephemeridae
Hexaeenia P.S.

Caenidae
Caenis P.S.

Ephemerellidae
Echemerella + P.S. g

Leptophlebildae g
,

Leptochlebia P.S.
Paralectophlebia + P.S.

iHeptageniidae
Stenonema + S

P = found in Ponar sample P..S. = Collected by both types of

S = found on artificial substrate samplers

I
_
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Table 6.3.1 (continued)

Organisms Collected Collection
Taxa free Black Creek Methodl

I '

Siphlonuridae
Ameletus P.S.

Baetidae
Callibaetis P

Baetis + P.S.
Centrontilum + S

odonata
Zygoptera

Agrionidae
Areia + S

I Enallaema P.S.
Anisoptera

,
*

Gomphidae |

I Dromogomohus P -

Gomphus P 1
Aeshnidae ;

Corvoi.aes chna S
1

Macromiidae
Pacrorda P
Didymons P i

I Libe11ulidae !

Tetragoneuria P.S.
Celithemis P.S.

I Sympetrum P

Libellula P

Orthemis 1

PlecopteraI Pteronarcidae
Pteronarevs dorsata S

Nemouridae

I Nemoura + S

UID Nemouridae +
Perlidac

Perlesta + S

. I Acroneuria + 5
Phasganophora cacitata + 5
Paragnetina S

UID Per11dae + S

Periodidae
Isonerls/Diploperla + S

I Taeniopterygidae
Taenioptervx + S

Coleoptera
A=ph1zcidae + P.S.I Dytiscidae

,

Oreodytes/Deronectes P

; Hydrophilidae
Berosus + P.S.

Gyrinidaei

Dineutus P
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- Table 6.3.1 (continued)

I
Organisms Collected Collection

from Black Creek MethodlTaxa

Elmidae
Ancvrenvx variegatus + S

Stenelmis + P.S.
UID Elmidae + S

Chrysornleidae
Desacia + P.S. 5

Helodidae P g
Megaloptera

Sialidae a
gStalis S

Trichoptera
Hydropsychidae

Hydropsyche + S

Hydropsyche sp A + S

Cheumatoosvche + S

Macronemum + S E
Philopotamidae g

Chimarra + S

Psychomy11dae
Phylocentreous P

Cvrnelius + S

+ P.S.Polveentropus
Nvetiochylax t S

Neureclipsis + P.S.

E
Hydroptilidae g

+ SOchrotrichia
0xvethira + S

Brachycentridae
+ SBrachycentrus numerosus

Leptoceridae
+ P.S. |Oececis-

?.S. ELeptocerid pupae
Lepidoptcra

Pyralidae g
Nvmohula P g
'Ca taclys ta P

Diptera
Culicidae

Chaoborus +- P.S.
Tipulidae

Tioula P g
+ S W'Simuliidae-lcrvae pupae

Ceratopogonidae
Be :ia/Prche::ia + P.S.

Tabanidae
+ P.S.Chrysons
+ SEmpididae

"I
i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 6.3.1 (continued)

I
Organisms Collected

Collectign- Taxa from Black Creek-
Method

Rhagionidae
Atherix variegatus + S *

Chironocidae
Tanypoidinae

'Pentaneurini

I Ablabes=via + P.S.
Conchanalopia + P.S.
Pentaneura + P.S.
Labrundinia P.S.
Zavrelievia P1-
Larsia

P
Coelotanypodinae

Tanvpus
P

Anatoovnia P
Psectrotanvous P.S.
Procladius + P.S.
Clinotanvous + P.S.
Coelotanvous P

OrthocladiinaeI Corvnoneura + S
Thienemaniella + S
Cricotopus * P.S.
Cardiocladius + P.S.
Nanocladius + P.S.
Eukiefferiella + P.S.
Brillia par + P.S.
Stenochironomus S
Psectrocladius + P.S.

- Orthocladius + S
- Zalutschia P.S.

-

Trichocladius + P.S.
Microcricotoous + S
UID Orthoclad V + S
UID Orthoclad W + S
UID Orthociad X + Sg :'D Orthoclad Y + S

E I' .nesinae
Potthastia loncimanus + S

Chironominae
Chironomini

Paralauterbornfella P.S.
Paratendipes P.S.I Microtendices P.S.+

Chironomus + P.S.
Crvotochironomus P.S.-

I
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Table 6.3.1 (continued)

I
o.c isms Collected Cc11ection

* ay s. J. Black Creek Method 1
~

I

+ P.S. E
Harnischis

+ P.S.Polypedilum
+ P.S. g,Polypedilum fallax

P.S. g
Pseudochirenomus

+ P.S.Phaenopsectra
+ P.S.

Tribelos P.S. ,Parachironemus
?

Cryptocendipes
PXenochironomus

+ P.S. |Dierotendipes
P.S. E

P ar acladopelma
+ SChironomin.1 sp A (Roback)

S gChironomini sp C (Roback)
+ P.S. 3UID Chironomini A

Tanytarsini
SMicrnpoectra

+ P.S.Cladotanytarsus
+ P.S.

theotanvtarsus
+ P.S.

Tanvtarsus I
I
.
O

I
I
L

I-

I

a.
_ _ . _
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f
$ Table 6.3.2 Mt .. number of Cladotanytarsus. Ha .._ hia, and Cryptochironomus/n.:

'collected at Robinson Impoundment, January - December, 1975
3

i

a

i

Groul Station Cladotanytarsus Harnischia Cryptochironceus, [,

1 A-1 8 5 26 !

C-1 8 1 5 !

IE-3 1 l ',-

II A-3 2 1
1-

C-3 7 1 6-

D-1 1 13 1

111 D-3 2 6 1
T 56 15 6
G 125 14 19

L

ef IV E-1 2 5-
1

() F-S 2 11 5
G-S 98 33 23

o

L

1 I
.

f.

I

og

I-

I
1

I
I

- . - _ -. _ __ ___
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2
Tt.ble 6.3.3 Mean number of Procladius/2 collected at Robinson Impoundment,

January - December, 1975
,

Groug Station Procladius Procladius (aberrant)

I A-1 156 25
C-1 92 27
E-3 51 5

II A-3 134 1

C-3 230 2

D-1 175 2

III D-3 89 -

T 153 13
G 265 15

IV E-1 34 138
F-S 75 95
MS 134 22

I
I
I'

.
1

I

I-

! I
l

n

I
a

. _ __._ ._
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2Table 6.3.4 Mean number of Clinotanvpus/m collected at Robinson

Impoundment, January - December, 1975

Group Station Mean Nureber/ meter.

I A-1 2

C-1 1

I -- E-3 1

II A-3 -

C-3 -

D-1 1

III D-3I -

F 6
G 1

IV E-1 5
F-S 39
G-S 26

I
I

I
I
I
I

'

|

I'

II
,

;
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2
| Table 6.3.5 Mean number of oligochaeta /m collected at Robinson Impoundment

!

Station Mean Number / meter

i

A-1 225
C-1 184
E-3 377

,

A-3 818 E
C-3 279 |,

D-1 740'

D-3 251
F 417
G' 273

E-1 133
F-5 336
G-S 453

i I
I
.
5

I
I
I'

,

' e

: I
I
a.4
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Table 6.3.6 Diversity estimates (d) of benthos collected in Robinso impoundment, January - December, 1975

STATIONS

A-1 A-3 C-1 C-3 D-1 D-3 E-1 E3 F F-S G G-S
.

Jan. 1.99 0.73 1.49 1.98 1.98 2.06 2.33 1.58 2.54 2.19 3.16 2.')

*

Feb. 2.22 0.72 2.13 2.23 1.72 2.13 1.22 1.79 3.07 2.72 2.88 3.78

Mar. 2.19 1.87 2.86 2.01 1.73 1.97 1.78 2.22 2.01 3.22 2.56 3.92

Apr. 2.82 2.10 3.11 2.'61 1.73 2.18 1.20 2.19 2.30 2.8S 3.10 3.91 o~

E
May 2.98 1.49 2.56 1.61 2.27 2.95 2.35 2.62 2.99 3.03 2.62 3.62 "

Jun. 0.83 2.10 3.18 1.51 0.73 2.89 2.69 2.47 2.34 3.10 2.15 2.79

lui , 3.04 1.06 2.10 0.64 1.45 2.40 2.77 1.00 2.91 3.19 3.15 3.56

Aug. 2.17 1.53 2.52 0.87 1.18 2.99 0.35 1.39 2.32 3.30 2.52 2.98

Sep. 2.01 1.49 1.73 0.44 1.78 2.23 0.0 0.~7 2.25 1.90 1.45 2.71

Oct. 2.89 1.48 1.41 1.30 ' O.74 1.55 0.0 0.82 2.56 1.55 2.70 2.73

Nov. 1.70 1.20 1.84 1.74 1.09 1.88 1.70 2.70 2.70 1.91 2.45 3.90

Dac. 1.72 1.44 2.81 2.02 2.21~ 2.62 2.05 2.28 2.91 2.32 1.99 4.21
.

_ _ _ _ _ _
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Table 6.3.7 Dominant lenthic taxa collected on artificial substrates in Black Creek, January - December,1975

Station 11 Station K Station I

No. % of No. I of No.

1975 Org mi sms Collected Total Organisms Collected Total Organisms Collected Total

Jan. liydracarinid 1 100 Ilydropsyche 10 67 Simu111dae larvae 6 38

Neureclipsis 3 20 Taeniopteryx 3 18

Feb. Polypedilum 7 54 Trichocladius 9 S6 Stenonema 4 25

Eukiefferiella 3 23 Eukiefferiella 3 19 011gochaetes 3 19

Brachycentrus 3 19

tia r . Polypedilum 38 64 Enkiefferiella 92 - Stenonema 12 23

Cricotopus 11 19 Trichocladias 33 - Simultidae pupae 10 19

Psectrocladius 4 7 Ilydropsyche 28 - Rheotonytarsus 8 If

Apr. Cricotopus 26 58 Ilydropsyche 47 47 Simul 11dae larvae 54 35

Polypedilum 8 18 Eukiefferiella 29 29 Polypedilum 47 30

011gochaetes 5 11 U1D Orthoclad X 20 20 Perlesta 16 10

Macronemum 7 5T
U

May Polypedilum 240 12 eta ief feriella 35 29 Polypedilum 11 16

Polycentropus 98 25 Polypedilum 26 22 Micrctendipes 8 11

Planariidae 18 4 Ilydropsyche 24 20 Stenonema 7 10

Perlesta 11 9

1

Jun. Ilydropsyche 149 46 Polycentropus 5 22 Hissing

Polypedilum 86 26 Pelypedilum 5 22

Mac roneraum 34 10 Trichocladius_ 3 13

Jul. Ilydropsyche 410 49 Macronemum 41 41 Missing

Polycentropus 227 27 Polypedilum 12 12

Planariidae 79 10 Cryptochironomus 9 9

Polypediium 24 5

.

'

- . - _ - - - - _ _ _ - _ _ _ - _ _ _ _ _ _ - _ _ _
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Table 6.3.7 (cantinued)

Station 11 Station K Station 1'

No. % of No. % of No.
1975 organisms Collected Total Organti,ms Collected Total Organisms Collected Total

Aug. Ilyd ropsyche 23 88 U1D Orthoclads 10 24 Missing
Polypedilum 8 19
Ablabesmyia 8 19 .

011gochaetes 5 12

Sep. Ilydropsyche spp 102 55 PolypeJilum 20 29 Tanytarsus 110 28
Ilydropsyche sp 32 17 Ablabesmyia 9 13 Plicrotendipes 66 17
Polypedilum 20 11 11ydropsyche 9 13 Polypedilum [allax 42 11

Polypedilum 30 8

[Oct. Polypedlium 47 34 011gochaetes 6 19 U10 0-thoclad W 56 24
Ilydropsyche 46 33 Polypedilum 6 '9 011gochaetes 25 11 *
O'igochaetes 20 14 Cryptochironomus 3 9 UID Orthoclad X 25 11
Polycentropus 19 13 Pentaneurini 18 8

i

Nov. Neureclopis 116 42 011gochaetes 6 15 UID Orthoclad X 37 19
liydropsyche spp 127 45 Cryptochironomus 5 13 UID Orthoclad S 16 8
Polypedilum 24 9 Tanytarsus 14 7

Cricotopus 13 7

Dec. Neureclipsis 36 57 11ydropsyche spp 31 35 UID OrthocInd I 101 59
Polypedilum 13 2D U1D Orthoclad Y 9 13 UID Orthoclad S 11 6
Ilydropsyche sp 9 14 Neurec11psis 7 10 Stenonema 10 6
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7.0 Aquatic Veget?. tion jI |
1

7.1 Introduction
.

A study of the aquatic macropbytes found in the Robinson Impoundment
'

and Black Creek was initiated in the fall of 1974 to assess their importance

in the aquatic ecosysten and to identify any influence of the heated effluent

from the H. B. Robinson Steam Electric Plant on the number of species present,
their abundanca and distribution.

Field work proceeded on a quarterly basis until the su=mer of 1975
*

when a more inteniive effort was begun. During this period the a.ntire impound-

cent was investigated and the aquatic vegetation was plotted on a scale map
as prescribed in the EPA Region IV Basic Guide to the Desien of 316 Demon-
ctrations. Black Creek above and below the impoundment at Stations H, J, and K
(Figure 7.1.1) was also studied in order to describe the aquatic vascular

vegetation occurr1 g there.I
T.r the purposes of this report, the definition of " aquatic vascular

vegetation" or " aquatic macrophytes" was taken from Mue ischer (1944). " Aquatic

plants . . are those species which normally start in water and must grow.

for at least part of their life c~/cle, either comp 1.etely submersed or emersed."
It is difficult, however, to adhere strictly to a single definition becaure

many species, although not true " aquatics," must be included in this report
for they receive direct influences from the Robinson impoundment and Black

Creek. Red maple (Acer rubrum), black willow (Salix nigra), tag alder

(Alnus serrulata), Atlnntic white cedar (Chamaeevparis thyoides), and

Viburnum nudum , for example, are of ten found in low marshy areas along the

shores of the impoundment and the seasonally innundated flood-plain along
Black Creek. Sculthorpe (1967) states that it may be unwise to stick entirely

'

to a single definition in the following:

"It is difficult to suggest a definition of vascular hydrophytesI that is universally acceptable yet not utterly artificial. The
difficulty arises mainly because aquatic habitats cannot be shari yl
distinguished from terrestrial ones. In most climates there is a
seasonal fluctuetion of the water table. Habitats with standing

I
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water for most of the year may dry out completely in the sutner |lwhilst normally terrestrial soils may be flooded dur1ng a rainy 5
season. At no time is there an abrupt transition frem dry through

|
waterlogged to submerged soils. The reversion of vascular plants

lto aquatic life has involved coloni:stion of all these transitional
habitats as well as the water itself, and some of the marginal sites j
that are periodically flooded have come to possess their own dis-
tinctive plant associations."

1

The role of aquatic vascular plants en the .m.atic ecosys*:em is cos- g
plex and varied. As primary producers thry add to the supply of food and E '

oxygen for other organists throughout r range of crophic levels. I;pon their
death and decomposition they add carbon dioxide and nutrients to the water
for use in photos /nthesis by lower plants. The aquatic macrophytes provide

shelter for fish, reptiles and amphibians and serve as breeding areas for
certain species (Hotchkiss,19al; and Odum, 1956). Some species of inverte-

brate organisms attach to the macrophytes for shelter, acesss to food and/or
for breeding. A variety of plant parts such as leaves, fruits, roots, and
Mizoces provide a good food source for invertebrates, fish, birds, and mammals,
womerged aquatic plants with finely dissected 1 caves, such as Myriophyllum
pinnatum, which is widely distributed in the Robinson Impoundment, generally
support significant numbers of inverte' rates (Hotchkiss 194.'.) which are of ten

eaten by fish. Table 7.1.1 taken from Sculthorpe (1967) and Table 7.1.2
Eass 1=111tated fron Martin, et al. (1951) illustrate some genera of aquatic
E

plants us1d for food and shel.er by fish, birds, i.nd mammals. Imergent

species also reduce erosion and add stability to the shoreline.

However, there are some negative aspects to vast areas of aquatic
vegetation (Hotchkiss,1941) . While it is true that higher plants furnish
food and cake lakes more " habitable" they " destroy the habitat for both
themselves and their anir.a1 associates. They add oxygen . . but cut down.

on the ability of the water to absorb 1: . They furnish ducks with. . .

essential food, but their contribution of decomposing material may periodically
help to reduce oxygen to the point where botulism can take its toll. They
support an abundance of fish food, but their dense growths may favor an
increase of snails and other intermediate hosts of fish parasites."

.

I'

a
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While furnishing habitat for other members of the ecosys em, plants

c.ay also contribute to its destruction and create additional problems f or
man (Blackburn et al. ,1968; and Hole et al. ,1969) . Dense weed growth can
hinder navigation, destroy recreational areas, present health hazards, andI generally reduce the suitability of the waterways for the purposes for which
they were constructed. Aquatic mzerophytes provide a necessary link in theI ecosystem but their overabundance can be detrimental.

7.2 Vegeta 1onal Distributions

7.2.1 Methods

During the field sa=pling, the entire impoundment was investigatedI by boat and by wading along the shore.

When possible, phnts were identified and hbeled in the field.
Specimens shich could net be readily identified were numbered and plotted on
the nap by mtsber. U}.on returning to the laboratory such specimens were
identified. Plants were pressed, dried, and mounted using standard
herbarium procedures, and stored in the CP4L . -barium collection.

Taxonomic keys used in the identification of the plants encountered

I include Radford et sl. (1968); Fassett (1957); Eyles and Robertson (1944);
Musenscher (1944); and Justice and Bell (1968). Some plants were taken to

.

I the North 2arolina State University herbarium for comparison with specimens

maintaited there. Several vere also sent to Dr. E. O. Beal, Western Kentucky

University l'or annotation. Nomenclature follows that of Radford et al. (1968).
The information depicted on the map ' Figure 7.2.1 - Figure 7.2.4) was assimilated
during the growing season of 1975. Seasonal (winter dieback) and successionalI changes in species composition, distribution, and biomass are therefore not
reflected in the map. Included with the mar , which depicts the entire

I Robinson Impoundment and areas of signif$ cant beds of aquatic plants, e.re
facing page maps (Figures 7.2.la, 7.2.2a, and 7.2.3a) which indicate 7 ysio-h

graphic and man-made features influencing the distribdtion of aquatic
vegetation along tne shoreline of the impoundment. As the map is intended

to sbov " major ben of aquatic vascular vegetation," a minimum size for an
area to be illustrated was necessary. Areas appeariq nn the map are

I
- _
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I
approximately 1B.6 m (200 ft ) as a practical lower limit. Plant

species which occur as individuals or in groups smaller than the lower size
limit do, however, appear in the species list (Table 7.2.1) for the impoundment g
and Black C. reek and are included in discussions and descripticas of the E

aquatic ce== unities. Vegetativ,. cet=nunities along Black Creek above and below
the it:poundment are described in the text but do not appear on the map.

7.2.2 Results and Discussion

Much of the area surrounding the Robinson Impoundment supports g
vegetation which typtfies the Sandhill community. The long leaf pine-turkey oak- 3

wire grass association is predominant on the dry, sandy, upland areas. The

species of primary importance include long leaf pine (Pinus palustris), lobiolly
pine (P_., taeda), turkey oak @uercus laevis), blackjack cak (h marilandica),
and post oak (O stellata). The ground cover is composed mainly of wire grassg

(Aristida stricta). Other herbaceous species identified include dayflower

(Co=melina erecta), pine-barren gentian (Centiana atumnalis), and rose pink

(Sabatia angularis). A species list which incluhs all plants identified and/or
collected in the area is included as Table 7.2.1. This table consists of species g
common to Sandhill communities and lowland areas, although f1eldverk has been 5
directed primarily to aquatic species in the Robinson Impoundment and along

,

|Black Creek.

One hundred and thirty eight species have been identified in and

around the Impoundment. Of this number, seventy eight are aquatic plants or

have been found in lower or periodically flooded areas. Many of the same aquatic
!

! species identified in the Robinson Impoundment were found to inhabit
|

| Prestwood Lake by Coker (1911) . He lists the " aqua:1c plants" occurring
|

|
'.n the lake as 3rasenia schreberi, Nymphoides acuaticum, Potanogeton diversifolius,

Potamoceton heterophyllus, Nvu:phaea advena (Nuphar luteus spp. macrop''v11um),

Utricularia fibrosa, Utricularia biflora, and Mavaca fluviatails. Other aquatic

species were distributsd around the borders of the impoundment.

Aquatic species appearing on the =ap (Figure 7. 2.1 - Fi.;ure 7. 2. 4 ) of
major beds of vascular vegetation include:

I
.
5

__ _ _ _ _ . _ .
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Mvrfochvilue Myrioehyllum pinnatu:

Water lily hivmphaea odcrata

Water shield Brasenia schreber1
Spatter dock Nuphar luteumI,
Bur-reed - Sparranium americanu=

Golden club Orontium ocuaticum
Pipewort Eriocaulon compressum

Pondweed Potamereton diversifelius

Bulrush Scirpus etuberculatus

Dulichium Dulichium arundinaceum
Spike rush Eleocharis baldwinii

Juncus Juncus ry ens-

These species occur in large et t areas to t plotted conveniently on the map.

Other plants important in the ecosystes are er ,erated and discussed in the text.

I:
Figure 7.2.1 covers approximatel:, t'. 'ver quarter of the impoundment.

- Aquatic vegetation is quite sparse except in te, cove in the northeastern portion

which is more protected from wave action. The dam and the southwest corner are
covered with rip-rap (large rocks) which do not provide a suitable substrate forI vegetation (see Figure 7.2.la) . Scattered red maple (Acer rubrum), broom
sedge (Andropogor. virginicus), and Juncus effusus occur to a limited
extent here. The middle portion of the western shore has a predominantly sa'ndy
substrate and supports small populations of Juncus ef fusus , Hvriophy11um

'

pinnatum and the submerged, mat-f orming spike-rush (Eleocharis baldwinii) .
The nenhwestern portion is largely devoid of vegetation except for scattered
areas f June.a repens and Eleocharis baldwinii, as rip-rap has also beenI placed in this section during construction of the discharge canal. Tne

eastern shore supports a larger amount of vegetation especially in the more

protected areas. In addition to species appearing on the map, populations of

alder- (Alnus serrulata), black willow (Salix nigra), red naple. Peltandra

virginica, and Panicum hemitomon are well represented along the shore in

this section. Figures 7.2.5 and 7.2.6 are photographs illustrating the

rip-rap and sandy areas found in this pcrtion of the impoundment.

Figure 7.2.2 represents the next portion of the impoundment northward.I The entire western side of the impoundment along the diecharge canal supports

I

-. . -- - -
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no beds of aquatic vascular plants large enough to be illustrated en the =ar.
This is due to the sandy substrate and rip-rap placed along the shoreline.
Occurring along the shoreline are red maple, troom medge, and Juncus canadensis.
The eastern shore supports limited areas of aquatic vascular macrophytes. Boat

docks, swi ~ ing areas, and other activities of man have removed a portion of
this area for colonization by aquatic vegetation (see Figure 7.2.2a). Alder,

red maple, Panicum hemitomon, Peltandra virginica, cat-tail (Tvpha latifolia),
and Juncus spp. also are found along ehis shoreline in areas which have not
been disturbed for residential purposes.

Figure 7.2.3 depicts the major beds of aquatic vascular vegetation
found in the area where the heated effluent empties into the impound =ent.. ~he

western shore which borders the discharge canal is lined with rip-rap to a great

extent. Major species found here in addition to those on the map include thorough-
vort (Eupatorium sp.), red maple, cat-tail, and Panicum hemitomon . The area to the
north of the south of the canal is generally low and marshy along the shoreline
and except for the cove area directly north of the discharge has considerable
vegetation including red maple: alder, Panicum hemitomon and cat-tail as species

which do not appeat on the map. The cove north of the discharge is shown
in Figure 7.2.7. Spike-rush (Eleocharis baldwinii) was first noted near the
mouth of the discharge canal in February,1976. This species was not found

,

in this area during the sampling which took place in the summer of 1975. The B

1

| reduction of this species during the su=mer months is apparently due to elevated
water temperatures in this area. I

The southeastarn portion of the impoundment in this section is dotted
with houses and boating facilities, yet does support some aquatic vegetation. The
cove which is formed in the old Big Beaverdam Creek bed ano surrounding edges
is covered with extensive beds of plants. Peltandra virginica, Panicum hemitomon,

i
cat-tails, bladderworts (Utricularia spp.),and several species of Sagittaria are found
here, along with an abundance of Soarganium americanum. The northeastern areas

are predominantly shallow and marshy. '"he plants mentioned above in addition

to floating heart (Nvsphoides acuaticum) and Eleocharis baldwinii are prevalent.

j On slightly higher ground alder, willow, and red maple make up the dominac.t

| woody vegetation.

I
a.
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I' Tigure 7.2.4 illustrates the upper portion of the impoundment above the
S. R. 346 bridge. It is in this section that aquatic vascular vegetation attains
its greatest development. Myriephyllum and more of the broader leaved floating
species such as the water lilies (Nvaphaea odorata and Nuohar luteum), along with

emergent varieties like golden club (Orontium acusticum), Peltandra virginica,
pipevert (Ericcaulon compressum),and several species of Sagittaria also occur more.

frequently in this area. A significant factor in the increased development of theI emergent and floating species in this portion of the 1=poundment is protection
from wave action. The protected, shallow coves and marshy sections in this
area of the impoundment contain silt a.'d organic caterial which is suitable
for the colonization of aquatic macrophytes. Although aquatic plants vary

considerably in resistance to wave action, it is the submerged forms with
strong rhizomes- er those occurring in rosettes (Sculthorpe, 1967),such as
Eleocharis baldwin11, Juncus repens, and Sagittaria graminea,which best survive
vind and waves. In more exposed areas of the lover impoundment turbulence has

,

removed finer silt and organic matter which provide the necessary substrate fori

| many species. Figure 7.1.8 pictorally depicts shoreline vegetation which is
|

| typical of this section of the i=poundment.

I
predominant emergent species occurring alonE the shoreline include

cat-talls, Panicum he=1temon , bulrush (Scirpus cyperinus), sedge (Carex lurida), red
maple, black villes, Juncus canadensis, and J. effusus. On the cove on the

vestern shore bur-reed (Scarganium americanum) and golden club (Orontium
'I _aquaticum) are common in the marsh where a small creek enters the area. Vast

beds composed primarily of Myriophyllum and Nymphaea are found in the shallow

northeastern section. Bog moss (Mayaca fluvlatalis) and Proserpinaca

pectinata are scattered in marshy areas in this section of the impoundment.
Scircus etuberculatus, which is f ound in the upper portion of the impoundment

| 1s pictured in Figure 7.2.9.

l
;

| Station J (Figure 7.1.1) is located in a transitional area between

the upper impoundment and Black Creek itself. The stream channel and adjacent
W flooded areas support growths of Scirpus etuberculatus, bur-reed (Qarganium

americanum), Myrinohyllum, and ponder td (Potamogeten diversif olius) as major
specieF. Along the channel are tussocks of Sedges, rushes, and grasses such as
Carex lurida, Scirpus cyperinus, several species of Juncus and Panicum hemitomon

_

.

Also present are cat-tails, and small lovland tree species such as red maple,

I
_.
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i I
no beds of aquatic vascular plants large enough to be illustrated on the map.
This is due to the sandy substrate and rip-rap placed along the shoreline.
Occurring along the shoreline are red maple, broom sedge, and Juncus canadensis.
The eastern shore supports limited areas of aquatic vascular macrophytes. Boat g
docks, svi:. ing areas, and other activities of man have removed a portion of 3

this area f or colonization by aquatic vegetation (see Figure 7.2.2a) . Alder,
red maple, Panicum hemitemon, Peltandra virginica, cat-tail (Typha latif olia),
and Juncus spp. also are found along this shoreline in steas which have not
been disturbed for residential purposes.

Figure 7.2.3 depicts the major beds of aquatic vascular vegetation
found in the area where the heated effluent empties into the impoundment. The
western shore which borders the discharge canal is lined with rip-rap to a great
extent. Major species found here in addition to those on the map include thorough-
wort (Eupatorium sp.), red maple, cat-tail, and Panicum hemitomon . The area to the
north of the south of the canal is generally low and marshy along the shoreline
and except for the cove area directly north of the discharge has considerable
vegetation including red maple, alder, Panicum hemitomon and cat-tail as species

which do not appear en the map. The cove north of the discharge is shown

in Figure 7.2.7. Spike-rush (Eleocharis baldwin11) was first noted near the g
south of the discharge canal in February, 1976. This species was not found E
in this aren during the sampling which took place in the summer of 1975. The a
reduction of this species during the summer months is apparently due to elevated g
water te=;sratures in this area.

The southeastern portion of the impoundmet in this section is dotted
with houses and boating f acilities, yet does support some aquatic vegetation. The g
cove which is formed in the old Big Beaverdam Creek bed and surrounding edges E

is covered with extensive beds of plants. Peltandra virginica, Panicum hemitomon,

cat-tails, bladderworts (Utricularia spp.),and several species of Satittaria are found
here, along with an abundance of Soar 2anium americanum. The northeastern areas

are predominantly shallow and marsh /. ~he plants mentioned above in addition

to floating heart (Nvmohoides acuaticum) and Eleocharis baldwinii are prevalent.
On slightly higher ground alder, willow, end red maple make up the dominant
woody vegetation.

I
B.
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i I-
', Moyle (1945) in discussing water chetistry states that, "Although

vater chemistry appears to be the most important single factor influencing

the general distribution of aquatic plants in Minnesota, field observations
show that the type of bottom soil and the physical nature of the body of waterI greatly influence the local distribution of a species within its range of
chemical tolerances." Sculthorpe (1967) notes that hardness or, alkalinity
expressed as ppm CACO is often used as a measure of nutrient status of water.

3

He considers levels below 15 ppm to be an indication of a nutrient poor

s t s '.us . The Robinson impoundment generally possesses levels of hardness

(as CACO ) of less than 2 m CaMe 3.4.D. Moore (M) states dat a
3

"high carbonate" lake usually supports abundant aquatic vegetation. (See

Water Chemistry, Section 3.4.) Nitrogen, phosphate, iron, sulfate are oths.r

important nutrients (S:"1 thorpe, 1967) which are not in abundance in the

I Loinson impoundment (E.xhibit 2.4).

The influence of substrate on the distribution is primarily through

the texture and particle size rather than through the nutrients contained in

it (Sculthorpe, 1967). The loose sands of the Sandhill coucnunity now f orm
much of the substrate along the shores of the Robinson impoundment. Coarse

sand and gravel sometimes shifting with wave action provide a poor substrateI for rooted aquatic plants (Hotchkiss, 1941). Bare rocks, such as the rip-rap found

on portions of the shore in the impoundment also do not facilitate colonization.
FFigures 7.2.la, 7.2.2a, and 7.2.3a illustrate some areas which have unsui*able-

substrates for vegetative growth.

I
Turbulence is another key factor in determining the distribution of

aquatic vegetation in the Robinson impoundment. Sculthorpe (1967) states

that, "On large lakes, reed-swamp" (emergent hydrophytes) "may be completely
lacking or limited to shallow bays . The smaller and less exposed the. . .

I lake, the greater is the extent of reed-swamp, and the more likely that

floating-leaved vegetation which is generally still less tolerant of vind

and waves, vill also be present." The shallow areas in the upper part of
the impoundment and the cover occurring further down are more protected
from vind and waves and as a rule, support larger areas of aquatic plants

than the more exposed, open water shoreline. During windy periods, up-rooted

vegetation, especially Myriophyllum, has been noted piled up along the shore.

I
_ -
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black willow, tag alder, sweet bay ("..agnolia virginiana), viburnum ;

nudum, leatherwood (Cyrilla racemiflora), Atlantic white cedar (Chamaecycaris
thyoides), and bald cypress (Taxedium distichum). Among the tussocks are g
shallow rivulets or sloughs which may dry up during low flow periods. Along 5

with the species mentioned earlier for the stream channel, spike rush (Eleocharis
cuadraneulata and E. equisitoides) and pipeworts are found here. As the distance
from the main channel increases and elevation of the terrain rices, more large

trees are encountered, including Atlantic white cedar, red maple, and bald
cypress.

The bottomland along Black Creek at Statiens H and K (Figure 7.1.1)
is a seasonally flooded diverse nunity composed prir.arily of iculand hard-
woods, bald cypress and a few pines. Figure 7.2.10 is a picture of the cem= unity

typical of Black Creek below the dam. The predominant tree species are gum
(Nyssa spp.), bald cypress, Atlantic white cedar, water oak (Quercus nigra),
and lobiolly pine (Pinus ,taeda). Other trees along the Black Creek flood plain

and adjacent areas include sweet bay, red maple, red bay (Persea borbonia) and

black willow. Included in the understory are tag alder, sweet pepperbush

(Clethra alnifolia), leatherwood (Cyrilla racemiflora), sparkleberry (Vaccinium
arboreum), and FNrica spp. Herbaceous species include giant cane (Arundinaria
gigantea), netted chain-fern (k'oodwardia areolata), knotweed (Polygenum E
hydropiperoides),and Iris spp. g

Aquatic macrophytes icentified in the creek at Station H include
Eleocharis b idvinii. Sarittaria engelmanniana, Juncus effusus, and Scirpus so.
Station K is q.'ite similar to H except that it is more undisturbed and supports
a few additiona'. species of aquatic plants. Eleocharis baldwin11, Juncus recens,

Nuphar, lute':m, S ripus etuberculatus, and Eriocaulen compressu3 are present here. I
7.2.3 Factors Influencing Distribution

|-

/. cumplex set of interacting factors act separately and together to
determine the distribution of aquatic vegetation. Among these parameters are
water chemistry (including dissolved nutrients), substrate, turbulence, light
and te=perature.

_

. _ . _ _ _ - - - - - - _ _ _ _ _ - - -
- -
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I
Pond C of the Par Pond systen at the Savannah River Plant, noted in

a study by Parker et al. (1973), reaches a maximum temperature of 50*C (122'F)
and remains above 45'C (113*F) for c:uch of the year. Vegetation does exist
in Pond C but is significantly less than that of adjacent areas in whichI ambient temperatures range fron 10*C (50*F) to 30*C (86'F). These autnors
censider te=perature to be the primary criterion in evaluating the distribution

of vegetation in the Par Pond system. Crace and Tilly (1975) have studied

temperature rs'ated competition. Najas guadalupensis overtakes Myriophyllum

spicatum at the " hot" station. Their " hot" station has an average maximum
tempern of 33.4*C (93.9'F). Stanley (1970),also studying Myriophyllum
spicatum, reveals that photosynthesis increases with temperature up to 35'C

(95'F). At that point the depth to which colonies will become established is

restricted. Stanley also found the optimum pH for growth cf L spicatum toI be 8.5 - 9.0. The average pH value for the Robinson Impounduent is near 5.1.

In studies of other aquatic species Wilkinson (1963) indicates that

the optimal temperature range for growth of waterstargrass (Heteranthara dubia)
and coontail (Ceratoehy11am demersum) to be 25'C (77'F) and 30*C (86*F),

respectively, and that Vallisneria piralis grows best at 33*C (91*F) to 36*C
(97'F). Anderson (1969) reports a high temperature tolerance for coontailI of 50'C (122'F). Anderson's study, which dealt primarily with the respiration

rates of pondweed (Potamoceton perfoliatus), revealed that the plants are

capable of some physiological adjustment to elevated temperatures up to 45'C
(ll3*F). The respiration rate of Potamoreton perfoliatus was found to increase

in the ranges studies 25'C (77'F) to 45'C (ll3*F). Yarwood (1961) has also

investigated acquired heat tolerance in plant leaves. He has demonsticted

adaptations to temperatures as high as 55*C (131*F).

7.3 Su==ary and Conclusions

It can be generalized from the literature reviewed that detrimental

temperature ef f ects may become apparent near 35'c (95'F) . However, damaging

temperatures and their effects vary among species. Monthly thermal samplirg at the

Robinson Impoundment has shown that surface temperatures have not exceeded 35'c (95'F)
below Transect CA or above Station F during 1975 and below Transect D or above

I
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1

1.ight penetration af f ects the depth to which photosynthesis can
occur. Aquatic macrophytes may colonize depths having light intensities 1%
to 2% of the intensity of the stirf ace (Sculthorpe,1967). The mean secchi depth,
which can be related to light transmission, has been found to be 1 meter (3.3 feet)

for the Robinson Impoundraent (see Section 5.3.1 for further discussion). In the

Robinson I=poundment rooted aquatics have been found in areas having a suitable
r Ustrate. at depths of spproximately 2 meters (6.6 feet). The " dark colored"
nature of the water reduces light penetration in the impoundment so that
only the sha*. lower areas are available to rooted plants. Shading provided

by the floating le.sved species, such as Nvmehaea ojorsta, Nuohar luteum
and Brasenia schreb e i, also reduces light so that suherged forms are E

restricted.

For the assessment of the impact of the effluent from the

Robinson Plant on the aquatic cacrophytes in the impoundment, temperature
must be a prirary consideration in evr.luating the distribution of aquatic
vegetttion. Sculthorpe (1967) sugges s that natural solar heatint of a g
bocy of water nay be greatest in slow moving svo.ps and pands. The a

surface temperatures will gererally be close to th af r t emperature if
wind cause ' turbulence is nct great. Haating of this tyne is thus

more of a factor in t'.: isolated coves and shallow, marshy sreas of the
a
giRobinson Impoundmerit. However, Sculthorpe further states t. hat in

natural situations, temperature at a given site dues tot appteciably

affect the distributien of a species withic that site. Owing to the fact

that 'nneased temperatu.:n from the plant discharge are not a natural
phenureoa, temperr. cura must be considered.

t.

2mperature effects on vascular vegetation have received increased
attention in recent years (Grace and Tilly,1975; Sharit: et al., 1974a;
Sharit: et al., 1974b, Parker at al., 1973; and Anderson, 1969). The

ef fects have been varied. Increased growtn has been noted with elevated
temperature. Changes in species composition and the 211mination of some
species in heated t r eas have Saen obscved. Seasonal biomass peaks have

aoccurred earlier in the growing season and flowering of sone species has
been enhancsd or eliminated. At temperatures above 45*C (113*F), death of

vegetatio4 has been reported.

.

1 - - -. _ _ . _ _ ._ _ . __ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ __ ____..___ _ _ _ ____ ___
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.

the impoundment is an important limiting factor. As previously men-

tioned, turbulence, substrate, and the physiographic and man-made features

(illustrated on Figures 7.2.la - 7.2. 3a) are primary recsons for the reduction

of tne amount of aquatic vascular veg2tation in unprc,tected areas of the

impoundment. .

Above the SR 346 bridge (F'gure 7. 2. 4), an abrupt change in vegetation

I. is appaient. Substrate and reduced wave action increase the suitability of

this area for colonication by macrophytes. Except when s :rong southerJ y winds

- force heated water under the bridge, very little, if any, thermal additio- is

mace to this area by the plant discharge. There are no identifiable ef fects of

the t.hermal effluent from the Robinson Plant in this area.

On Black Crcak below the impoundment, shading of the channel by the

tree canopy, steepness of the banks, and low nutrient content are important

factors governing submerged, floating, and emet;ent aquatic macrophytes. Maxi-
,

.

mum temperatures at Stations H and K alc...a Black Creek, 32.9'c (90*F) and
31.8'C (88'F) are not adverse to the vegetative communities found here.

,

In considering the entue impoundt.ent, the li:0 ?vd n et.s which are
t

thermally influenced from the standpoint of agaatic macrophytes do not pose a
the proter. tion of a balanced and indigenous community of shellfish,threat to

- .ish, and wildlife in and around the impoundment.

I
I
I

'

!

; I
|
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I
the bridge during 1974 At the 3' depth, 35'c (95'F) has been exceeded at

"

,

Transect D in 1975 but not in 1974, similarly for the 6' depth. Table 7.3.1

presents maximum temperatures found at the various transects (*1gure 7.1.1)
at the Robinson Impoundment during 1974 and 1975. Other pertinent temperature

data is available f rom Section 3.3 and Exhibit 2.1.

Referring to the map (Figure 7.2.1 through Figure 7.2.4), no
significant dif ference in the overall species distribution could be discerned
from the dam to the SR 346 bridge, except those caused by substrate and
turbulence. Nevertheless, the area near the immediate discharge would be

expected to support somewha uote extensive populations of aquatic u cro-
phytes without the thermal effluent from the Robinson Plent. Small mats of j

Eleocharis baldwinii have been found in this ares during the winter months, but

apparently 1:s vegetative shoots die back due to elevated temperatures during
the summer. However, the rootstock reoains alive and reestablishes active

growth during cooler periods.

Areas in which the thermal effluent restricts the growth of aluatic

plants occur in the protected coves on the eastern shore opposite the discharge
canal anu in the coves directly north of the canal. These areas provids neces-

saty habitat for colonization of aquatic plants. Wind caused turbulence is
muderate; the substrate contains some silt and organic material, and the bottom a i

slopes gradually away from the shores, providing an expanse of shallow water. 5
Figures 7.3.1 and 7.3.2 illustrate areas of possible reduced aquatic macrophyte
growth due tc. the therma.' Tffluent from the Robinson Plant. Surf ace temperatures

'in this region reached 40.4*C (105'F) in July of 1975 and 37.8'C (100*F) in July
of 1974 on the discharge side of the impoundment and 38.9'C (102*F) in July of
1975 and 36.5*C (98*F) in July of 1974 on the side opposite to the discharge

canal. From a fisheries standpoint, areas of aquatic macrophytes are important
in previding a spawning medium, shelter, and food sou"ces, and any additi ual
areas of macrophytic growth would be of va?2e.

.

It is felt that the vegetation in the lower part of the impoundment
represented in Figures 7.2.1 and 7.2.2 is not limited by the thermal effluent
from the Robinson Plant. Increased growth due to elevsted temperatures up to

35*C (95'F) would probably not be apparent because the low nutrient content of

ni
-
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7*1'Table Robinson Ic:poundment aquatic vegetation important* as a vildlife food
sources **
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Tauna
I.

Muskrat X|X | | | | | |
1

Wood Duck ! I I I I I F Xl X ;

= I
Mallard | | X! X!X iX |X iX | I

,

jBlack Duck ! Xi t iX iX i
Redhead I X i i i i I | k |
Ruddy Duck i X | i i i X t j | l

1__ histline Swan I : I Xi i I iX i iW '

Gadwall I X | Xi | IX i
Canada goose i I t i !X l

-- Ring-necked Duck I XlL t i X X X X
American Coot i Xl | I X |
Lesser Scaup | X! I I I 1 | X

I --
~

Blue-vinced Teal I i | 1X i I X t X
Green-vinced Teal i i i iX i X ! I

King Rail j 1
I

* Comprise.' greater than 2% of food in the Southeast.
** Source: Martin et al., 1?51.
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g Icble 7.2.1 continusd

r Family Species Con: mon Name

Eriocaulaceae Eriocaulon compressum* Pipewort

Coc:melinaceae Conraelina erecta Dayflower

Juncaceae Juncus, canadensp* Juncus
J effusus* Juncus2
J. polycephalus* Juncu s

~

[ repens * JuncusI' Liliaceae Allium sp. Wild Onion
Hemerocallis fulva Day lily
Smilax bona-nox* Greenbrier
Yucca filamentosa Bear-grass

Haemodoraceae Lachnantht.s caroliniana* Redroot

Iridaccas Iris virginica* Blue Flag Iris
1. tridentata* Iris

Orchidaceae k l. ophioglossoides* Rose Pogonia

Salicaceae Salix nigra* Black Willow--

'

Populus heterophylla* Swamp Cottonwood

. Myricaceae Myrica cerifera_* Wax Myrtle
M heterophylla* Bayberry2

Juglandaceae Carva tomentosa Mockernut Hickory

Betulaceae Alnus serrulata* Tag Alder

Fagaceae Quercus incana Upland Willow Oak

I 0 coccinea Scarlet Oak2
0 falcata. Southern Red Oak2

h laurifolia* Laurel Oak
02 phellos* Willow Oak

| I 0 nigra* Water Oak2
Q. marilandica Blackjack Oak

| Q. my garetta Scrubby Post Oak
| 0. laevis Turkey Oak
| .

0 stellata Post Oak2

Aioraceae Morus rubra Red Mulberry
|

Loranthaceae Phoradendron serotinum Mistletoe
|

Polygonaceae Rumer acetosella Sheep-sorrel
Pnlygonum hydropiperoides Polygonum

Phytolacaceae Phytoleacca americana Poke Weed

Nymphaeaccae Nuphar luteum * Spatter-dock
Nymphaea odoreta* Wa te r -lily

I Cabombaceae By senia schreberi* Water Shield
Cabomba caroliniana* Fanwort
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Table 7.2.1 Plant species collected and/or obseved in and near the Robinson Impoundment
during 1974 and 1975.

Fam11y Species Common Name

Lycopodiaceae Lycopodiu.n appressum* Southern Bog Clubmoss

Osmundaceae Osmunda regalis var. S ectabilis* . Royal Fern

Blechnaceae Woodwardia virginica* Virginia Chain-Fern

3 areolata* Netted Chain-Fern

Pinaceae Pinus elliott11 Slash Pine
P. palus tris Longleaf Pine

P. taeda Loblolly Pine

Tar.odiaceae Taxodium distichum* Bald Cypress

Cupressaceae Chamaecyparis thyoides* Atlantic 'Thite Cedar g
Juniperus virginiana Eastern Red Cedar |

Typhaceae Typha latifolia* Cat-tail

Sparganiaceae Sparganium americanum * Bur-reed

Potamogetonaceae Potamogeton diversifolius* Pondweed

Alismataceae Sagittaria engelmanniana* Arrowhead
S. gramines* Arrowhead

{ latifolia* Wapato

Poaceae Arundinaria gigant 21* Cane
Arundo donax*

~

Giant 3eed M
Aristida stricta Wire Crass |
Andropogon virginicus Broomsedge
Panicuu hemitomon Panicum

Cyperaceae Carex lurida* Sedge
Cvoerus sp." Sedge
Scirpus svaTrinus,* Culrush
S. etuberculatus* Bulrush
Dulichium arundinaceum* Dulichium
Eleocharis_ equisitodes* Spike-rush E
E. baldwin11* Spike-rush -g
L quadrangulata* Spike-rush
E obtusa* Spike-rush

Go[denClub =Araceae Orontium acuaticum*
Peltandra virginica* Peltandra

Mayacaceae Mayaca fl_uviatalis* Bog Moss

Xyridaceae Xyris sp.* Yellow-eyed Grass

-
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Tebis 7. 2.1 continusd
-I 7-21

/ Family Species Cot: mon Natie

Coagrateae Oenothera sp. Evening Pri= rose

Haloragaceae Myriophyllum pinnt tum* Nyriophyllu=
Proserpinaca pectinata * Proserpinaca

I Apiaceae Hydrocotyla umbellata* Marsh Pennywort

Nyssaces' Nyasa sylvatica* Black Gum
~

L sylvatica var. biflora* 31ack Gu=

Cornaceae Cornus florida Dogwood

Clethraceae Clethra alnifolia* Sweet Pepperbush

I- E c_o_rvmbt fum Highbush Blueberry
Ericacesa. Vacciniun arboreum* Sparkleberry

L atrococcum Black Highbush Blueberry
Leucothee recen.asa* Fetter-bush

-

Gaylussacia sp. Huckleberry
Lym3 lucida* Fetter-bush
Dis 7vrcs virginiana Peroimmon

Styracaceae Stvrax americana * Storax

Gentianaceae Gentia'.a atumnalis Pine-Barren Gentian'I Nymphoides cordata* Finating Heart
Sabatia angularis Rose Pink

= Solanaceae Solanum sp. Horse Nettle

Bignoniaceae Anisostichus carpreolata* Cross Vine

Ieutibulariaceae Utricularia biflora* Bladderwort
U. inflata* Bladderwort

Fabiaceae cephalanthus occidentalis * Button Bush

Caprifoliaceae Viburnum nudun* Vtburnum

I Lonicera sempervirene Coral Honeysuckle
L. j aponica* Japanese Honeysuckle
Sambucus canadensis Elderberry

Campaaulace ae Lobelia glandulosa Iobelic.

Asteraceae Aster Aster
Chrysanthemus sp. Chrysanthemu=
Helenium sp. Sneeze-wetd
Eupatorium aromaticu= Tnoroughsort

- Liatris earlei Blazing Star

* Denotes true aquatic species and species found to occur in intermittent!.y
or seasonally flooded areas

I
. - --- - -
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Tcble 7.2.1 continusd 7-20
-

g,
Fe.mily Species Common Nane,

'

Magnoliaceae Magnolia grandiflora Southern Magnolia"

r ,M virginiana * Sv et Bay g !2

[ Liriodendron tulipifera Tulip Tree g,
Lauraceae Persia borbonia ded Bay 1bassafras albidum Sassafras |l

;

Lindera bearoin* Spice Bush * '
I

!
| Sarracenlaceae Sarracenia flava * Yellow Pitcher-platt E!S. rubra * Sweet Pitcher-plant 3 |

)Droseraceae Drosera intermedia * Sundew !

I'|, Saxifragaceae Itea virginica* Virginia Willow
|

<

|

Hamamelidaceae Liquidambar styraciflua* Sweet Cum
{

Rosaceae Rubus sp.*
i

Blackberry
Crataegus so.

!
Hr:wthorn gPrunus serotina Black Cherry gSorbus arbutifoliai,

| Red Chokeberry

| Fabaceae Baptisit cinerea Baptisia |Albizia julibrissin Mimosa E
!. Desmodium sp. Beggar Lice

Geraniaceae Geranium sp. Cranesbill
|

.

..

Meliacese Melia azedarach China-berrf ,
i Polygalaceae Polygala lutea Polygala

Anacardiaceae Rhus copallina Winged Sumac gR. glabra Common Sumac g
R. radicans Poison Ivy

Cyrillaceae C ri'.la racemiflora* Leatherwoodl

Aquifoliaceae Ilex opaca Holly

Acersceae Acer gbruma Red Maple

Vitaceae Vitis sp.* Grape

i Ther..ceae Gordonia lasianthus* IIblolly3ay ""

Hypericaceae Hypericum reductum S t. John's-wort
H. stans St. Peter's-sort

Melastomataceae Rhexia virginica Meadcw 3eauty

,
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Table 7.3.1. Maximum average 1 temperatures recordedS ir. 19.74 and 1975.

I
1974 1975

'C *F *C 'F,

Transact A Surface 31.1 88 33.4 92
-

3' 31.1 88 33.4 92-
6' 31.1 88 33.4 92

Transect B Surface 31.1 88 33.4 92 g3' 31.1 0? 33.4 92 56' 31.1 88 32.8 91

Transect C Surface 32.2 90 34.5 94
3' 32.2 90 33.9 93
6' 32.2 90 32.8 91

Transect CA Surface 35.0 95-- --

3' 33.9 93-- --

6' 32.8 91- --.

Transect D Surface 33.9 93 35.6 96
3' 34.5 94 35.6 96
6' 33.3 93 35.0 95,

b
'

Transect E Surface 37.8 100 40.4 105
3' 37.8 100 39.5 103 36' 37.8 100 36.1 97 g

Station F5 Surface 32.8 91 34.5 94 "3' 32.2 90 33.4 92
56' 31.1 88 30.0 86

.

g tion G Surface 31.7 89 31.7 89 g
3' 28.9 84 28.9 84 56' 25.0 77 27.2 11 -

I
Notes

1. Transect values are the average of three stations at each "

Transect.

2. Maximum f or the year, taken at monthly sampling intervals.

3. Not recorded in 1974

4 Temperatures at Station 3 of Transect E which is 200' from the
point of dischar;;e reached 39.0*C (102*7) in 1974 and 41.5'C
(107'F) in 1975.

5. One reading takea for each depth at Staticas.

E
=

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - --
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- 5.0 Terrestrial vertebrate Zoology

8.1 Introduction

When considering the effects of heat on the capacity of Robinson*

Impoundment to support a balanced indigenous community of fish, shellfish, and

wildlife, account must be taken of the intercations which exist between the

terrestrial and amphibious fauna and the aquatic ecosystem. These interactions

have been evaluated by Jeans of a terrestri d vertebrate sampling nrogram at

Robinset. Impoundment. The objectiveaof the program were to identify the species

which are dependent on the aquatic ecocystem, define the nature and extent of
depend 2nce, and determine the effects, if any, of thermally incuced changes in

the aquatic system on the identified species. Sampling, to achieve those

objectives, was initiated in August, 1974, and continued on a quarterly st.hedule
through February, 1976. Beginning July, 3475, through May, 1976, a special

month 1; study was conducted to determine what effects, if any, the heatedI' effJue: LM on amphibian reproduction.

8.2 Amphibians

6.2.1 Methods

Because amphibians exh1 hit a high degree of dependence on an aquatic

ec.osys t em, special emphasis was placed on identifying the amphibian species
distributions, and reproductive activities at Robinsen impoundment and Black

Creek. Data on amphibians were obtained using three methods.

First, a monthly systematic effort was directed at the collection

and identification of larval amphibians f rom selected locations within the

study area. Thirteen stations (Figure 8.2.1) were located in suitable habitat

in both the heated (MHS-3 to 9) and unheated (MHS-10 to 13) portions of the

impoundment, in an outpocket of the discharge canal (MHS-4), and in Black
.I Creek below the 1 poundment (MHS-1 to 3). The stations in the heated portion

of the impoundment were restricted to the area between Transects DA and F
where the greatest thermal stress was expc.cted and where appropriate habitat



,_
_ _ -_ . . _ _ _ _ __ _ _ . . _ _ . _ _ _ _ _ _ _ _ .. _ . . _ _ . - _ _ _ _ _ _

4

; I
I 8-3

|
'

Observed Distribution

\

|- |

The observed distribution of each species was summartred geographically'

and thermally. Table S.2.2 shows the distribution of observations anJ collections
; of eacn species f rom f otrr regions of the study area. Those regicas vere black

Creek south of the impoundment, the impoundment north of Transect T, the impound-

tie.n t south of Transect F and the discharge canal (Figure 6.2.1). Since sampling

effort was not < qual among the f our regions , no cor.clu ions were possible con-
cerning the re'ative abundance of the species ir. those regions. Table 8.2.3 j

e
'

: reports water : emperature means and ranges as sociated vtth both larval and |

I

|: adult specimeti of the species collected o; observed. Comparisons b2 tween the '

| observed tempt,swre data and the thermal tolerances reported in the literature

are discussed in the sections entitled : Tnermal Effects on Distribution and

| Thermal Ef f ects on Reproduction, Development, and Growth.
,

i

Of the twenty-two identified a=phibian species, only the southern

two-lined salamander (Eurycea bislineata), the southern toad (Bufo terrestris),,

t

| the southern cricket frog (Acris 3., gryllus), the bullfrog (Rana atesbetana),
,

E and the southern leopard frog (Rana utricularia) were found in all f our regions

, of the study area. However, seven other species, including the lesser siren

(Siren 1,. intermedia), the dwarf veterdog (Neccurus punctatus), the mud salamander

| (Lseudotriton montanus), the spring peeper (Hvla cru.ifer), the green treefrog
; (Hela cinerea), the carper,ter f rog (Rana virgatives), and the bron:e frog (Rana
; clamitans), occurred in all regions except the discharge canal. Tne li t tle grass
,

frog (Limnaoedus ocularis) was observed at the impoundment both north and south
,

' = cf Transect F. Of particular significance was the fact that five species; the

dusky salamander (Desmoenathus fu uus), the red salamander (Pseudct ri ton ruher),
t he American *.oad ( 5_p f o ame ric anu s ) , the Fowler's toad (Buf e woodhousei fowleri),

,

and the squi rre l tree f rog (Syla squirrella); were observed at the thermally
affected portion of the impoundeent south of Transect F but not at the thermally4

unaffected portion of the impoundment north of Transect F. Only one species

was found in the cooler upper impoundment that did not occur in at least one of

the other regions of the study area. That species was the northern c ri cke t froc
,

(Acris g crepitans) which at Robinso . Impoundmen t is near the periphery of its.

I W reported range (C on a., t , 1975). Three additional species; the two-toed amphiuma

!
,

_ . _ . . .. .
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was available. Very little shoreliae habitat suitable for amphibian repro-

duction existed south of Transect DA (Figures 7. 2.1 t o 7. 2. 4 and 7. 2. la t o

7.2.3a). Hand held dip nets were used to collect spec 1= ens. One man-hour

of effort was expended monthly at each station. Water temperatures were 3

measured and recorded at the stations during each sampling period.

I
Second, an evening frog and toad call survey was conducted in

conjunction with the monthly larval amphibian sa=pling. A minimum of five

minutes was spe.nt at each of eight stations (Figure 9.2.1) during which time
any calling frogs and toads were identified. Four stations were located in I
heated areas of the impoundment between Transects DA and F (MHC-4 to 7), one E

in an unheated area north of Transect F (MHC-8), and three in Black Creek

south of the impoundment (MHC-1 to 3). As with the larval sampling stations,

no call survey stations were located south of Transect DA due to the limited
amount of appropriate habitat available there.

Third, general observations and collect *ons of specimens were made

during all phases of terrestrial, aquatic, ed fishecy sampling throughout the

impoundment area and at 31ack Creek. Collee ed specimens were preserved in 10 g
f ormalin, returned to the laboratory for positive indentification, cataloged. E
and retained in a reference collection. O sential details of all observations

e
and collections were coded on computer data cards to facilitate data sortin I
and analysis.

3.2.1 Results and Discussion

Species Obsc.rved

Twenty +two amphibian species rep resenting twelve genera were identi-

fied within the study area. Seven of those species were found only at Robinson

Impoundment while three others were observed only at Black Creek. A total at

nineteen and fifteen species were reported from the impoundment and Black Creek,

respectively. A specfes list is presented in Table 5. 2.1.

I
l

El
-
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Anuran f ood habits range f ro: entirely herbivorous tadpoles to
strictly carnivorous adults. Both adult and larval salamanders are completely
carnivorous (Goin and Gein, 1952). Thus, aquatic vegetation provides a direct

source of food for the herbivorous tadpoles and an indirect source for the
' carnivorous larvae and adults which prey upon invertebrate and small vertebrate

species associated with the vegetation.
|

I Thermal Effects on Distribution

Thermal requirements and tolerances differ among the amphibian rpecies
as well as between the larval and adult stages of each species. D:perimentally

determined salues for adult and larval critical thermal =axima (CTM), adult
maximum voluntary te=peratures (MVT), taximum te=peratures f or larval devel-

,

'
- op=ent, and maxi =u: e=bryonic temperature tolerances have been reported in the

literature. Values available for the species found .tithin the study area are
presented in Table 8.2.4.

I.
Comparison of observed water te=perature data included in CP6L*

Evhibit 2.1 with available adult CTM and MVT values in Table 5. 2. 4 indica te.d
a

that ther=al exclusion areas existed within the impound =ent during the summer
months, However, those thermal exclusion areas were believed to have had

little direct effect on the actual distribution of most of the amphibian
species. The crpected (Bishop, 1943; Wright and Wright, 1949 ; Conant , 19 75),

= and observed habitar preferences and requirements were responsible for the
restriction cf most of the amphibian species to the shallow, more heavilyI vegetated margins of the impoundment. Only specimens of Jesser siren and

dwarf waterdog were collected or observed away from the shallow waters
(>0,5 =) a*.cag the i==ediate shoreline of the impotmdment. Observed

water temperature means and ranges for collected or observed a=phibians
(Table S.2.3) and water te=peratures recorded during the larval

amphibian =tudy (Table 8.2.5) indicated that, in addition to providing

appropriate shoreline habitat, the many tributary springs, seeps, andI streams created cool water plumes, marshy areas, and swamps which acted
3

as ther=al buffer zones. "' hose buf f er zones protected amphibians occurring

there from the encroachment of botter water during the critical su==cr =cnths.

I
-
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.

(Amphiuma means), the many-lined salamander (Stereochilus marginatus), and the g
Bdwarf salamander (Eurvcea cuadridigitata); were collerced only along Black Creek

south of the i=poundment. I
Dependence on the Acuatic Ecosystem

I
The specific nature and extent of dependence on the scuatic ecosyster

are quite different for each of the identified species. Some remain in or

closely associated with water throughout thGr life cycles. Others return to

water only during their respective breeding seasons. Severtheless, appropriate g
and adequate breeding sites, cover, f ood, and water temperatures within tolerable E

ranges are needs co= men to all species encountered at the impoundment or Black

Creek. Each of those needs was considered subject to possible thermal influence.

A=phibians are largely dependent on the heat in the environment to
maintain body temperatures at levels which enable the continuance of normal

metabolic f unctions and behavioral activities. Since a=phibian have little I
Eor no physiological and only limited behavio*al means of thermoregulation,

environ = ental temperatures above or below th: tolerable range of each species
threaten the survival of individuals, and thus the continued existence of the
species at the study area. E

E
3e reproductive phase of the lif e cycles of all amphibians

found in the study area occurs in or near water, and aquatic plants provide
the necessary breeding sites for :bly of those species (Bishop, 1943 ; ' Aright
and '4right, 1949). Eggs are often laid attached to or a=cng aquatic vegeta- g
tion such as found in the shallow areas of the impoundment and 31ack Creek E

(71gures 7.2.1 to 7.2.4). 1.arval stages depend on the vegetation for pro-
tective cover during :he subsequent period of growth and development.
Following metamorphosis, the adults of those species which ramain at the
impoundment or 31ack Creek continue to utili e the vegetatiSn f or cover.
Adults of the more terrestrial species of salamanders, fregs, and toads
may no longer depend en the aquatic ecosystems of the study area until

-
the fellowing breeding sea,on.

I
a
_
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more likely subjected to the ef fects of increased heat than the o 5er species,

but the low number of observations and the lack of life history inf orcation

made conclusions regarding those species impossible. Fev observations of

adults and no observations of larvae (Table 6. 2. 2) made conclusions concerning

the Americar toad, Fowl'er's toad, northern cricket frog, squirrel treefrog,
and little grass frog difficult. However, the location of the study area at

or near the periphery of the reported geographical ranges of those five anuran

species (Conant, 1975) was more likely responsible for the lov number of

I observations than the effects of heat. The remainder of this discussicn

centers on the other anuran species (southern toad, southern cricket frog,

spring peeper, green treef rog , bullf rog , carpenter f rog , bronte f rog , and
southern leopard frog) listed in Table S.2.1. The observed distribution of

the larvae and breeding calls of those eight anuran species was included in

Table S.2.2.

As was previously discussed for the distribution of the adults of the
eight species, the observed distribution of both larvae and calls seemed to

be more dependent upon the availability of suitable habitat than on the direct

I. effect of heat. Wright and Wright (1949) indicated that these species lay eggs
attached to or among aquatic vegetation found in shallow water areas. Therefore,

the ther=al l1=itation of aquatic vegetation near the point of discharge,

reported in Section 7.0, probably had some small incirect affect on reproduction,

by reducing available . reeding sites, and on larval aevelopment and growth, by
reducing cover and food supply.

I Because the larvae of the anuran species found at the impoundment

are primarily herbivoroute, any effects of heat on the distribution or produc-

I tivity of benthic invertebrates did not likely produce any measurable effect

on the larval development or growth. As previously stated, the carnivorous

larvae of the salamander species were restricted by habitat requirements from

areas where the benthic productivity was found to be low.

|'

The breeding seasons of frogs and toads are dependent on two ther-

mally influenced factors (Goin and Go in , 1962 ) . Fitst, the animals must beI physiologically ready with supplies of ripe ova or sperm. That reproductive

|
|

|

|

I
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The thermal limitation of the distribution and productivity of
!

aquatic plants and associated nenthic fauna discussed in Sections 6.0 and
7.0 probably had some indirect influence on the distribution of some of the
amphibian species near the point of disc.harge by reducing the available cover
and food supply. The distribution of the two species which inhabited the
impoundment waters away frott the immediate shoreline (lesser siren and dwarf
waterdot) were nore likely af fecthd in this way. Because most of the amphibian

. species occurred exclusively aloag the shoreline where ther .al impact on vegeta-
tion and benthos wau minimized by the influx of cooler water f rn Tributaries , g
little i= pact on the distribution of thue specios was believed s > aave resulted. E

Thermal Effects on Reproduction, Deve!opment and Crowth

Thermal impact on amphibian reprodue:1on, development, and growth

may occur in a number of ways. The availability of aquatic vegetation which

provides breeding sites and food to some species may be limited. The occur-

rence of suitable prey species requirad oy es.rnivorous larvae may

be reduced. Reproductive behavior may be acimulated outside the normal

breeding seasons. The viability of eggs and the sunrival of larvae may be
threatened by temperatures approaching or reaching respective critical thermal

tolerances. The rates of embryonic and larval development may be altered.

"
Breeding habits and requirements of some of the amphibian species

I
found at the study area excluded them from the possible effects of increased

heat. 1"he six identified salamander species (Table 3.2.1) required cool
springs, or swamps for egg laying sites and larval nursu s e

water streams,

areas (Bishcp, 1943). Because all collections and observations of both adults
and larvae of those six species were made at tne courhs of tributaries or in
associated marshes and swamps, any expectation of thermal impact on their

reproduction, development, or growth was considered unrealistic.

The actual nature and extent of thermal impact on the reproduction, g
"

develop ent, or Trowth of the cemaining species was not determined, but some
species were more exposed to the elevated water temperatures of the impound-

ment than others. 3e entirely aquatic lesser siren and dwarf waterdog were

I!
,

I

I

=

.
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Goin and Goin (1962) reported that higher temperatures accelerate

both the embryonic and larval development of amphibians. For the leopard

frog (Rana pipiens), hatching occurs in 6 days and metamorphosis in 3 months

at IS'C (61.*F). At 25'C (77'F) the rate of development is increased such

that hatching takes place in 5 days f ollowed by metamorphosis in 2 1/2 months.

Larval development of the leopard frog was round to be accelerated by an in-

crease in temperature up to the CTM by Atlas (1935). Volpe (1953) found that

the rate of the embryonic development of toads (Buf e sp.) was increased up to

a limiting te=perature of 35'C (95'F).I
No specific study was conducted to determine if the developcent cf

anuran eggs and larvae was more rapid south of Transect F than north of
Transect F, but some evidence of this was indicated for at least one species.

*'ith approximately equal sa=pling ef f ort, the ratio of adult to larval southern*

cricket f rogs collected or observed through the 1975 breeding season was much
higher south of Transect F (86/11) than north of Transect F (25/88). Assuming

breeding took place at the same time, which cay not be true since calls
"

continued a month later at the upper impoundment, those ratios indicated
. I accelerated development with metamorphosis occurring earlier at the lower

i=p oundmen t.e

I-

The combined thermal impact on tne reproduction, development, and
>

7 growth of the amphibian species exposed to the increased heat was not considered
~

a significant threat to the continued existence of those species or population

balances within the study area. Given that Unit 2 had been in operation f or

approximately four years prior to the current study, the presence of the ampha-

bian species was considered evidence of successf ul reproduction, development,

and growth throughout the study area during that period of time.

S.3 Reptiles

8.3.1 Methods '

Data pertaining to the reptiles of Robinson impoundment and BlackI Creek were gathered by observation and collection of spec?. mens throughout all
phases of the biological sampling programs conducted within the study area.

I
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readiness is probably controlled by seasonal changes in the activity of the
anterior pituitary gland which is known to be influenced by changes in envir-

'

onmental temperature. Second, after breeding cendition has been achieved,

breeding activity must be induced by appropriate cli=stic f actors which,
depending on species, may or may not include a rise in temperature.

A comparison of observed breeding seasons in three regions of the
study area for the eight anuran species most likely exposed to the ef fects
of increased heat was made in Table 8.2.6. Breeding calls were considered

evidence of breeding season. Data included in the table for the observed
breeding months was collected beginning in June, 19 75 thr ou gh M.ay . 19 76. !

|

During that period some differences were noted between the observed
breeding months at the three designated regions. To what degree any of '

l

the observed differences were caused by increased water temperatures |

resulting froct the heated discharge was not possible to determine. However,

1ected to be a factor only where differencesthe thermal disch. c it wa <

were observed betve T tha essentially unheated portion of the impound ent
north of Transect F and the heated portion of the impoundment south of

Transect F. Such differences occurred for four of the eight species (sou-
thern crickat frog, bullfrog, bronze frog, and southern leopard frog).
The dif ferences in the observed breeding seasons north and south of Tran-
sect F wera not considered great enough to have had a negative impact on

the populations of the respective species. ,

I
Available literature values for the thermal tolerances of the

eggs and larvae of the amphibians f ound at the study area are presented in

Table 8.2.4. Although water temperatures throughout much of the study area
(CP&L Exhibit 2.1) exceeded the reported embryonic and lar/al toleranw_

"
val ue s , the water temperatures recorded durin;; the larval amphibian sampling

program (Table S.2.5) in appropriate breeding habitat indicated availability
of water coci enough for successful reproduction throughout the study area.
*he larvae of only one anuran species, the green treefrog, was found north

of Transect F but not south of Transect F. Since only two s'pecimens were .

collected, that difference was more likely a result of sampling error than a
function of thermal stress.

I
i
a
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only single specimens of river cooter (Chrysemys c. concinna) and red-bellied
turtle (Chrysemys rubriventris) were observed. Both of these observations

occurred in the impoundment south of Transect F. Four observations of snapping

turtles (Chelydra serpentina) were recorded at the same location on Black Creek

several hundred meters telow the impoundment. Because snapping turtles rarely

bask (Conant, 1975), other specimens tay have gone undetected during the study.

I A greater number of observations made possible a better understanding

of the distributions of spotted turtles (Cleemys curtata) and chicken turtles

I (Deirochelvs E reticularia). Epotted turtles were found to occur along the

shoreline of the impoundment north of Transect F. as well as in the swamps

adjacent to Black Creek south of the impoundment. Chicken turtles were

sighted on several occasions at the impoundment north cf Transect F but only

once at the impoundment south of Transect F.

A relatively large number of observations of stinkpots (SternotherusI odoratus) and yellcrw-bellied turtles (Chrvseeys s. scripta) enabled a better

determination of their respective distributions. Stinkpots were seen through-

.

the impoundment and in Black Creek north of the impoundment with most ofout'

the observa ti.ns reported f rom the i. poundment south of Transect F. Yellow--

| bellied turtles were found in both regions of the impoundment as well as at

| Black Creek south of the impoundment. The majority of those observations
|

| were made in the impoundment north of Transect F. Many of the unidentified

turtles observed and reported in Table 8.3.2 were believed to have been

yellow-bellied turtles. Special note should be made of the fact that duringj g
5 the course of the study twelve yellow-bellied turtles and one stinkpot were

| observed in a shallow outpocket of the discharge canal.

I|

Specimens of all three species of aquatic snakes known to occur

in the study area were observed throughout the impoundment and at Black Creek

north and south of tne impoundment. Both the banded water snake (Natrix h
fasiata) and the brown water svake (Natrix taxispil ota ) were encountered

most f requently along the shoreline of the impoundment south cf Transect F.

The majority of eastern cottonmouth (Ackistrodon c. pisciverus) observations

were made in the swampy areas adjacent to Elack Creek north and south of the

impoundment and in the marshy areas along the shores of the impoundment north

of Transect F.

--- - - - _ -
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Most of the observations and collections were made in conjunction with the
other terrestrial zoology studies, with supplemental information provided
by observations and co' lections made during aquatic and fishery sampling.

In most instances, captured specimens were identified in the t'. eld
and released unhar=ed. Collected specimens were preserved in 10 formalin, g
returned to the laboratory for positive identification, cataloged, and "

retained in a reference collection. Essential details of all observations
and collections were coded on computer data cards to f acilitate interpre-
tation and analysis.

I3.3.2 Results and Discussion

Species observed

Twenty reptilian species were identified during the field studies
conducted at Robinson Impoundment and Black Creek (Table 3. 3.1). Of those,

seven species of turtles and three species of snakes were considered to be
dependent upon the aquatic ecosystens of the impoundment or Black Creek for
some portion of their life cycle. The remaining ten species were considered
to be terrestrial and not likely to be exposed to any ef fects of the thermal
discharge. The following results and discussion centers on the ten aquatic or **

semi-aquatic species f ound to be present within the study area.

Observed Distributions

The observed distribution of each species is summarized in Table
S.3.2 by the number of observations or collections of each species from five
generalized regions of the study area. Those regions were 31ack Creek north
of the impoundment. Black Creek south of the impoundmeat, the impoundment

north of Transect 7, the impoundment south of Transect F, and the dischars;e
canal (Figure 3. 2.1) .

,

E

Little can be said concerning the actual distribution of several of
the observed species within the study area. During the course of the study,

I
E
R
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must be able to behaviorally or physiologically therlaoregulate in order to

survive (Brattstrom, 1965).

Thermal Effects on Distribution

I -

Experiments which established values f or critical therma'. n.aximum

(CTM) and maximum voluntary temperatures (>NT) for many reptilian species have
been reported in the literature. The values available for species found within

the study area are presented in Table 8.3.3. Caution must be exercised in inter-

preting and drawing conclusions f rom the inf ormation in Table S.3.3 because the

values for the CTM and FNT vere experimentally determined for specimens which,
in many cases, were collected from regions with colder climates than the Robinson

study area. Those specimens very likely exhibited considerably lower CTM and }NT
values than expected for specimens acclimated to a more southern locality.

Eased on the C':M and MVT values in Table S. 3. 3, the water temperature
I- data presented in CF&L Exhibit 2.1, and the conclusions expressed in Se :1ons 6.0

and 7.0, the distributions of some of the aquatic and semi-aquatic reptilian
species within the study area were limited both directly and indirectly by the

thermal discharge. The direct effeet of the increased heat on the distribution

of reptiles resulted f rom the existence of exclusion areas centered at the mouth
,

| of the discharge canal during the summer months. The actual size and duration

of the exclusion areas varied for each species based on specific thermal toler-
! ances. The reptilian collections and observations reported in Table S.3.2

.

f- generally supported the occurrence of the exclusion areas.

t

l

; Regardless of the size and duratior of the exclusion areas, the actual

f impact was probably reduced by several considerations. Due to habitat preference,
'

not all of the reptilian species identified at Robinson lepound nent were likely
to occur in the thermally affected areas. Species including the spotted turtle ,

river cooter, and eastern cottonmouth were among that group. The red-bellied'

turtle which was observed a single time at Robinson lepoundment was considerablyI removed from the reported range of that species, and may have been artificially

introduced by escape or release from captivity. Although the CTM of several of

the remaining six species was exceeded near the point of thermal discharge, no

I
I
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Dependence on the Aquatic Ecosystem

The life histories of each of the ten aquatic or semi-aquatic
reptilian species identified within the study area are closely associated
with the waters of Robinson Impoundment and Black Creek. For those species

to be present and continue to exist in the study area, the impoundment and
Black Creek must meet the specific habitat and physiological requirements of
each. Although the nature and extent of dependence on the aquatic ecosystem
varies for each species, the i=poundment and Black Creek must provide such
thermally dependent conditions as appropriate escape cover, adequate food
supply, and a suitable medium in which thermoregulation can be achieved.

Escape cover for any species cust provide an appropriate rafuge or
escape route f or disturbed or threatened individuals. Although the open
water of the i=po mdment and Black Creek performed this function to some
degree, the aquatle vegetation was of more i=portance. Essentially all

observations of the chelonian and serpentine species found within the study
area were made in or near significant beds of vegetation (Figures 7.2.1 to

7.2.4).

Beds of vegetation not only provide escape cover, but also, serve

"as a source of food for the aquatic and semi-aquatic reptiles. Some species
Ifeed directly on the vegetation while other species feed on the fauna

associated with the vegetation. Carr (1952) reported t% rod habits of

snapping turtles, yellow-bellied turtles, red-bellied turtles, and chicken

turtles to be essentially omnivorous. A study of yellow-bellied turtles of

South Carolina by Clark and Gibbons (1969) found evidence which showed that

juveniles tended to be primarily carnivorous with adults becoming generally
herbivorous. Carnivorous food habits were reported for the spotted turtle
and_ stinkpot (Carr, 1952), as well as, for the eastern cetternouth and the

banded and brown water snakes ('Jright and 'a'right , 1957). No food habit
studies were performed on the reptiles collected from Robinson i=poundment "

and Black Creek.

Tne existence and survival of the reptiles directly depends on

the ability to successfully ther=oregulate within the surrounding environ-

ment. If te=ceratures of the environment rise above or fall celow the range

wnere nor=al activities and functions can be perf or:ed, each animal

M |
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Gibbons ' studies indicated that specimens from an experimental
population at Par Fond exhibited exceptionally large individual body sizes
and entraordinary juvenile growth rates when compared to specieens from a
control population, increased water temperature was ruled out as being a
direct cause of those c.bservations, but was offered as a possible indirect
cause by increasing the productivity at lower trophic levels. As a result

of the increased productivity, a diet of higher protein content was madeI available to and utilized by the turtles. Further observations by Gibbons
indicated an increased reproductive potential for the Par Pond population.
That conclusion was based on findings that the females of the experimental
population tended to lay more eggs per clutch and possibly more clutches
per year than the control populations.

I.
S.4 Avifauna

S.4.1 Me thod s

Quarterly quantitative sampling began in August, 1974 and ended in
Feb ruary , 1976. Quantitative observations were recorded at the stations shown
in Figure 8.4.1. During each quarter, one morning and one evening survey were

. conducted along the east and west shorelines. Qualitative observations were
recorded during monthly visits to the i=poundment.

I 8.4.2 Results and Discussion

To facilitate da:a analyses and discussion, the aquatic avifauna
(44 species) were grouped '.nto creegories based upon taxonomic and ecological
similarities. Each categr.ry will be cascussed indivicually. Similarly, the

i=poundmen t was divided fato three sections (Figure 8.4.1) based on relative
heat load. Section- I and II received heat from the discharge, Section I!!
did not. Black Creek observations are discussed separately.

'

During the sampling, a large number of nonaquatic avifauna (91 species)
were identified around tne impoundment and along Black Creek. These c5servations

I
I
I
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deaths were likely to have resulted since the individuals of those species were
!expected to have moved away from the exclusion areas as the water temperature

reathed and exceeded the respective MVT requirements.

Another consideration was that cooler refuge areas existed within

or adjacent to the reported exclusion areas. Those refuge areas included

springs and streams and the associated swamps or =arshy areas at the edge
of the impoundment and along Black Creek. Each of these refuge areas pro-

vided a suitable habitat where the displaced reptiles were able to survive

during the periods when the exclusion areas existed. A negative impact of

movements into the refuge areas may have resulted due to increased competition

for available food supplies.

Because the aquatic vegetattun of the impoundment provided both cover
and f ood, any thermal ef fects on the distribution and productivity of that vege-
tation and the associated fauna were assumed to cause corresponding indirect

eff ects on the distributions of the aquatic and semi-aquatic reptiles. Because

the distribution and productivity of aquatic vegetation snd benthos were reduced
near the point of thermal discharge by the increased temperatures during the 5
summer mon ths (Section 6. 0 and 7. 0) , the dependent reptilian species were probably E

forced to move to adequate food and cover if not previous 1v forced to move due to' as

direct ef fects of the increased temperatures. It was not possible to separate g
the impact of direct and indirect thermal ef f ects on the obse rved distributions
of reptiles.

Thermal Effects on Crowth and Reproduc* ion

Other effects that may result frun the increased heat load on

Robinson Impoundment relate to the growth and reproduction of the reptilian
species. Although no special studies were conducted at the study area to
detarmine the nature or extent of :nis possible impact, som4 previous work

was reported by GiE,ons (1970) on :ne yellow-bellied turtles (Chrysemv s
seriota) of Par 2cnd, a thermally influenced reservoir at the ERDA Savannah

| River Plant. Aiken, South Carolina.
t

l

I
,
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All seven species were highly prized and actively sought during the South
Carolina waterfowl hunting season. In addition, the wood duck (Aix sponsa),

which is the only species known to nest in the Robinson impoundment area,
was included in this group. As a group, surface-feeding ducks utill:ed the

aquatic ecosystem in two ways--as a resting site, and as a feeding area.

Surface-feeding ducks are almost entirely vegetarian with the bulk

I. of their diet composed of aquatic species such as wild millet (Echinochlow

spo.), smartweed (Polveonum sp.), bulrush (Scirpus sn .), *>ondweed (Potamoceton

sr .), w1geongrass (Ruppia maritima), and a variety of other species (Martin et a.1.

1951). An exception to this is the wood duck whose primar) f oods are acorns,

hickory nuts, and the aquatic vegetation associated with the wooded swamps
where it spends much of its time (& rtin et al. 1951). Smart weed, bulrush,

and pondweed were observed at the impoundment (Section 7.0). The small amountI of animal matter consumed by thir group consists primarily of the immature
aquatic insects.

At Robinson lepoundment, members of this group were observed
during all seasons of the year. Their numbers peaked during fall migrations

and during the return flight in the .gring.

I' The 516 observations recorded for this group during the study com-
prised 14% of the total (Table 8.4.2). Wood ducks were the most c c::conlyI observed species.

Brisbin (1973) identified this group as the most thermally intoler-

ant of those he studied. He further stated that no individuals frum this

group were ever observed in the heated portion of his study area, and a

superficial examination of the distribution data recorded for this group at

| the i=poundsent supports his conclusions. There are, however, three factors

| = other than heat present at Robinson Impoundment which could have had a

significant impact on the distribution of this group in the impoundment.

I
I
I
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will not be discussed, but are included in Table S.4.4 to provide additional

information on the species diversity and seasonal changes of the bird populations
in the Robinson impoundment area.

A species list of the avifauna (135 species) observed at Robinson
impoundment and Black Creek during the study is presented in Table S.4.3.

Grebes, Three Species (Table 3.4.1)

Grtbes are small, recreationally unimportant waterbirds found through-
out the United Str tes on inland lakes and along coasts. Grebes are weak flyers i

but strong swi=mers, and are entirely dependent on the aquatic ecosystem for
food. Martin et al. (1951) states that grebes are en.irely carnivorus feeding

primarily on fish, crustaceans, aquatic insects, and mollusks.

I,At the Robinson !=poundment, grebes were present primarily during
fall and winter. Of the total number of waterf owl observations made (3,704),
grebes accounted for only 2'; (92) of the total (Table S.4.2). Grebes were-not

restricted to any specific area of the impoundment and were noted in approxi-
mately equal ' umbers in heated and unheated portions of the impoundment

(Table 8.4.2). Brishin (1973) also reported no significant differences in

andistribution of grebes between heated and unheated portions of his study
area on the SRDA Savannah River Plant.

Grabes are entirely dependent upon the aquatic c-osystem f or f ood

and apparently show no aversion to heated water. The availability of suitable

habitat for their major food species was the overriding factor which determined
their distribution in Robinson != pound:ent. During the sonths when grebes
were most co:=on on the impoundsent, the water temperatures were well within
the tolerances limits f or their major food items and did not restrict their dis-
tribution. During the study no adverse effects upon the grebes from the heated g

5effluent were noted.

Surface-Feeding Ducks. Seven (oecies (Table S.4.1)

The surface-feeding or dabbling ducks were the most i=pertant group

of water birds (f rec a recreational standpoint) at Robinson := pound ent.

E
E
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I- Divine Ducks, Nine Specie- (Table S.4.1)

In terms of recreational imper:ance, the diving dacks rank second
behind the surf ace-f eeding ducks. Sb s t hunters consider them to be inferior
in quality as table fare, and while they ruy be taken occasionally, are

usually not actively hunted as a group. Diving ducks are generally thought to

be primarily animal f eeders giving rise to the cocnonly used tem " fish duck." *

I biartin et al. (1951), however, cites numercas studies which show that, except for the

mergansers and the bufflehead, plant matter constitutes the major portion of

I their diet. Plant species known to comprise a significant f ood source for this
group include pondweed (Potamoceton so.), muskgrass (Chara E.), coontail
(Ceratophyllum demersum), watershield (Brasenia schreberi), and vigeongrass

(Ruopia maritima). Most of the animal f ood consists of immature aquatic f orms
of insects, crustaceans, fish, and mollusks. Mergansers and buf fleheads are

primarily fisn eaters, with the remainder of the diet consisting of crayfish,

shrimp, frogs, and insects (Martin et al. 1951).I
Diving ducks usually f requent the open water areas of lakes where they

may flock together in large " rafts" to rest and feed. As a group, diving ducks

tend to cigrate later than other waterf owl, usually moving south just ahead
of temperatures which free:e their resting and feeding grounds. At

Robinson impoundment, observations of this group confirmed these behaviorr'.

I characteristics.

_

The greatest concentrations f or this group were noted in November

I^
.

and February quarterly sa=ples, when rafts of up to 150 birds of a given
species were often recorded. Of the 544 observations recorded for this
group, 71*. were from the lower third of the impoundment, and 21% from the

m e third near the heated discharge. In sucmary, 92*. of the observations

for this group came from the areas of the impoundment subj ec t to thermal
influence. Erisbin (1973) reported similar results regarding seasonal abun-

dance and species observed, from this group, and stated that while there wasI a significant difference in abundance between heated and unheated portiens of

his study area, the diving ducks appeared less thermally sensitive than the'

surf ace-f eeding ducks.

I
I
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.

First, preferred habitat for surface-feeding ducks was not equally g
distributed between the heated and unheated portions of the impoundment. W

Eighty-eight percent of the cbservations for this group were recorded from
the upper impoundment wbich is not subjected to thermal stress, but which
does contain the major areas of prefetred habitat for this group. Several

small areas of shallow marsh do exist in the heated portion of the impound-
ment and on several occasions surf ace-feeding ducks were observed in these

Of the twelve percent of the observations for this group recordedareas.

below the bridge, eleven percent were in the area subjected to the greatest
thermal stress.

I
Second, the shallow marsh areas below the bridge which form the

preferred habitat for surface-feeders are eith<r situated near residential

areas along the impoundment or are visited f requently by boaters and fishermen.
Utilization of these areas by surface-feeding ducks was reduced as a result of
frequent dis turbrnce.

The third factor contributing to the distributien of this group in

Robinson I=poundment is the temperature dif f erence between the heated
and unheated areas of the impoundment. Brisbin (1973) reports temperatures
of 30-35"C in his heated study area at the Savannah River plant during the

um
winter scnths when this group is most abundant. Robinson Impoundment tem- g
peratures in the heated area averaged approximately 10-15* cooler during
the winter months. It appears likely that the surf ace-f eeding ducks may be
adversely affected by temperatures above the 30*C mark, but when cooler

temperatures prevail, the presence and suitability of pref erred habitat has

the stror. gest influence on distribution. 5

In general, the seasonal abundance of this group at Robinson
Impoundment and the preference for habitat areas away from the heated effluent

make it unlikely that there is a significant impact attributable solely to
heat.

I
I
E
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i

Rails, Tuc Species (Table S.4.1)

Of the two species of this group at Robinson Impoundment , the

coot was the most noteworthy. Coot are one of the most abundant waterbirds

in the U. S. and may be exceeded in numbers only by the mallard and pintail

(M rtin et al. 1951). Coot are often erroneously referred to as "cucks,"

but are in fact more closely related to rails or " marsh hens." Tne y a r eI not recreationally important and are of ten considered a nuisance in areas

where they congregate.

Coot f eed almost entitely on aquatic vegetation with duckweed (Lenna

s2.), wigeongrass (Ruppia maritit-2), various algae and muskgrass (Chara s2.)
being of primary importance (M rtin et al. 1951). The small amount of animal

food consists mainly of aquatic insects.I
At Robinson Impoundment, coat were the most frequently observed

I.

species, co=prising 60% of the aquatic birds observed. Such high numbers

of coot are not unco = mon based on evidence from other southeastern study

areas. Coot accounted f or 66*; of the total number of waterf owl observed by

Brisbin (1973), and he cites other studies (Pratt, 1969; Dopson,19o4) where

I. similar results were obtained.

Highest nu=bers were. observed during November and February quarterlyI sa=ples, again similar to results observed elsewhere in South C-trolina. Within

the reservoir, 94% of the coot observations were recorded from the heated

portions of the reservoir (Table 5.4.2). Large flocks of coot were observed

in coves and in the open water from the discharge point to the dam. Bav,ed

on these observations, the heated effluent obviously had no advar;,. effect

upon coot.

I The other member of this family, the king rail, inhabits the tall

T.arsh grasses where it feeds primarily on insects. At the impoundment, king

rails were most common in late su==er and autumn in the marshy areas above

I the SR 346 bridge.

I
~

I
I
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Robinson l= pound =ent provides suitable habitat for several species

of diving ducks, and during the time when they are present they do not seem to

be adversely aff ected by the heated ef fluent.

Herons, Egrets, Bitterns, Eight Soecies (Table 8. 4.1)

Members of this group of waterbirds are restricted to the water

raargin habitat along lakes and rivers. They are co==only observed in =arshy

or swampy areas vading slowly in the shallows in search of food. Birds of

this f amily have little economic or recreational i=portance. They are,

however, directly dependent on the aquatic ecosyste= as a f ood source.

These birds are pri=arily carnivorus, with fish, crustaceans, amp hibians .

:ollusks, and insects forming the major portion of their diet (Martin et al.

1951).

Members of this group were observed year-round at the impoundment

with slightly greater nu=bers and diversity during spring and summer months.

Thirty observations of this group accounted for one percent of the total.

Distribution in the i= pound =ent area was as expected considering the habitat

requirements for this group. Half (50*.) were noted in the marshy areas above

the bridge with the remainder observed in the scattered suitable areas in the

heated portion of the reservoir. en

E,
Since these birds are not truly aquatic, the heated water does

not affect them directly. They do, howe'rer, rely on the marshy areas around

the i=poundment f or food, and changes in the distribution of these areas or

their suitablility as habitat for the aquatic species which for= the prey

f or this group would adversely af f ect these birds. Data presented in Section

7.0 (Aquatic Vegetation) indicate that heat has reduced the potential for

growth of aquatic plants in some areas of the impoundment. However, the

small number of birds of this group observed and the limited , areas of
vegetation affected by the heat do not constitute a significant impact on 3

the population present.

I
I
a
E

__ __
.



- - - - - - - _ _ - _ _ - _ _ _ _ . . _ _ _ _ _

r
.

S-23 .

I. this f amily accounted for five percent of the total. Ninety-f our percent

(94':) of the observations f or this group came f rom the heated portion of
the impoundment, indicating possible attraction to, or at least no adverse
affects from, the heated effluent.

I -

Miscellaneous. Fiye Specie _s_ (Table S.4.1)

The five species discussed here do not conveniently fit into the
larger groups discussed previously and, except for the kingfisher, were
recorded inf requently or in such small numbers tha t separate discussion is
unnecessary. They do depend upon the aquatic ecosystem when present, how-

ever, and thus merit at least brief mention.

Kingfishers which feed primarily on fish (Martin et al. 1951) were

year-round residents cf Robinson 1=poundment. Since they were restricted

to specific habitats around the lake and were not present in large numbers,II

impact f rom thermal ef fluent was considered minimal.

"'he Canada goose and whistling swan occasionally rested on the

i=poundment for short periods during migrations. Their habitat preferences

and f ood requirements were similar to the surf ace-f eeding ducks and if pre-
sent in larger numbers would be subjected to the same type of thermal impact.

I _

The coreon loon and the double-crested cormorant were also inf re-

quent visitors to Robinson l=poundment. Feeding primarily upon fish,

E both species closely resemble the diving ducks in their relationship with
the aquatic ecosystem and the potential f or i= pact from the heated ef fluent.

I
Black Creek Below the Impoundment

I . Below Robinson l=poundser.t, Elack Creek flows through a cutover
gum-cypress swamp until at reaches Prestwood Lake in the city of Hartsville.I Swa ps of this type are poor habitat for the majority of waterfowl observed
in the Rooinson area, but are occasionally used by surface-feeding ducks as

resting and feeding areas. Three locations (Transects H. K, L) (Tigure 8.4.1)

I
I
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Shorebirds. Five Speciy (Tabla 3.4.1)

Like the heroos, members of this group are lake margin inhabitants

of ten seen near the water's edge along stndy shoreline areas. Shorebirds

feed almost exclusively on animal matter, with insects, especially immature

agatic f oms, s=all crustaceans, =ollusks, and worms the most important
groups (Martin et al. 1951).

At Robinsen Impouniaent, members of this group were observed

year-round but were most abundant during spring and sum =er. Two percent of

the total observations recorded were of this group (Table 8.4.2). Their g
preference for relatively barren beach areas was reflected by their distri- E
bution at the impoundment. Observations for this group were recorded from

the lower sections of the impoundment where such habitat exists.

If the thermal effluent restricts the distribution of food items
for this group within the impoundment, corresponding shifts in the distri-

bution of shorebirds would occur. Benthic data (Section 6.0) indicate that g
the heated discharge has little or no impact upon aquatic invertebrates in E

the lower sections of the impoundment where shorebirds were most co= mon.

Therefore, there was probably no adverse i= pact upon this group attributable
either directly or indirectly to heat,

as

E
Gulls and Terns. Five Species (Table 3.4.1)

The gulls and terns observed at the impoundment are common visitors

to inland waters. This group spends much of its time on land, but feeds
almost exclusively on the water. Terns feed primarily upon fish but also

l

|- take insects and other aquatic fauna. Gulls are scavengers, subsisting to

a large degree on fish, crustacea, insects, and aquatic garbage.

This group has been observed during all seasons at-Robir. son

[- Impoundment, but are most common during vinter and spring. Observations of

I
I
E
E
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muskrat, raccoon, mink, and otter) were determined tc depend on or interact
with the aquatic ecosyste::. to the extent that changes in the aquatic eco- !

system could affect their habits.

~he remaining species may interact uith the aquatic ecosysten onI an occasional basis but were probably not influenced to any great degree by

changes withiu the impoundment.
*

.

Since each species interfaced with the aquatic ecosystem in a

manner different in both type and degree f rom the others, a separate dis-

cussion of each is presented.

I Beaver (Caster canadensis)

Beaver were once extinct in South Carolina but restocking efforts

on the Sandhills National k'ildlifc Ref uge reintroduced this species to the

Robinson area. During the study, observations indicated that beaver were

the most numerous aquatic sa=al in Robinson impou.4dment. Figure 8.5.3

shows the location of actual sightings and indications (scats, girdled trees,

scent mounds) of beaver activity along the shoreline. Tnirteen lodges

(Figure 6.5.2) in various states of repair were located along the impound-I ment shore and in Black Creek.

Beavers interact with the aquatic ecosysten in a number of ways.

The lodges and felled trees along the shoreline provide shelter for fish and

sunt.ing areas for turtles and snakes. In some areas bee. vers impound tributary

streams creating additiot:al habitat for all aquatic species. A large part of

the diet of beavers is aquatic in origin. Jackson (1961) states that in suc:merI beavers feed primarily on sedges, rushes, water grasses, lily pads, roots and

tubers of water plants, and twigs of shoreline woody vegetation. Such vegetation

is present in several areas along the impoundment shoreline.

Beavers, as is the case with all mamals, thermoregulate to avoid

the effects of extreme heat or cold, thus the direct effect of the heated

effluent on beavers was minimal. However, since beaver depend primarily on

aquatic plants for food, especially during the sunrer months, any changes in

I
I
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were used as sa=pling stations. Observations were recorded for two ten-minute
'

periods during each quarterly sa=ple. Table 3.4." su=mari:es the Black Creek
observations. Wood ducks were the most co==ooly observed waterbird along Black

Creek, and were observed nesting in sui:ab.e locations along the stream.

The only other aquatically dependent birds observed along Black
Creek were the spotted sandpiper, A=erican bittern, and belted kingfisher.
Both :he sandpiper and the bittern were observed on only one occasion at

transect H just below the i=poundment outfall. Kingfishers were observed 3

a: all loca:1ons along the creek.

I
The wood duck was the only waterfowl species which frequented the

swa=p along the creek on a regular basis. Even though wood ducka nest in
the Black Creek swa=p, it is unlikely tha: the temperatures recorded in the

creek affec:ed breeding success or brook survival. Based on our observations, g
the heated effluent has no effect on aquatic avifauna in the Black Creek swa=;. 5

S.5 Ma==als

S.5.1 Y.c chods

Three =ethods were used to gather infor=ation on ma==al populations 85

Eand distributions at Robinson !=poundment and alcag Black Creek. First,

live trap, ag was conducted during quarterly sa=ples at ten statd m around

the impoundment and at two stations along Black Creek (Figure 3.5.1) . Traps
were set along the impound =ent shore using fish as bait. Second, suitable

shoreline areas around the i= pound =ent were examined for tracks , scats , and
other signs of ma==al activity. Third , obsertations were recorded during

all phases of biological sampling and during early evening trips along

shoreline areas.

.

3.5.2 Results and Discussion

Fifteen species of =an=als were identified as residen in

Robinson !=poundment area (Table 3.5.1). Of these species, ftve (beaver,

R

E
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Mink (Mustela vison)
.

The tink, while not truly aquatic, is seldom encountered far from

water. This active carnivore inhabits pond, lake, and stream edges particu-
larly in brushy or forested areas. Although mink spend little time actually

in the water, aquatic or amphibious vertebt tes and invertebrates f orn a major
portion of their diet. Jackson (1961) reports that crayfish f ormed a significantI percentage (651) of the su=mer diet of tink. with frogs and fish also prevalent.
Golley (1966) reports that mink in South Carolina are known to feed on fish,
frogs, snakes, birds, aquatic insects, and muskrats.

One specimen pas captured in a live trap set along the shoreline of

the ic:poundment approximately 3/4 mile north of the plant. Other sign of mink
activity in the study area is irdicLted in Figure 8.5.4.

Mink were probably at or near the top of the food web at RobinsonI l=poundment and as such were not subj ect to direct effects of thermal loac
in the impoundment. Since uink are not dependent upon any single group of

-I
'

aquatic aniaels, but feed upon a variety of aquatic and terrestrial organisms
no impact from the heated effluent was identified.

I
Raccoon (Procson lotor)

I Like the cink, the raccoon is a terrestrial mammal which spends much
of its time and obtains much of its food from aquatic habitats. Raccoons are

'

usually classed as omnivores with the ratio of plant to animal matter in their

diet subject to considerable variation. Jackson (1961) reports that as much

as 70% of a raccoons diet may consist of ani=al matter with the chief foods

being crayfish, snails, clams, insects, frogs and tadpoles, shalloa water

| fish, immatur e turtles, and other animal =atter. The remainder of their diet

consists primarily of nuts, seeds, and fruit of a variety of plants (Golley,

j 1966; Jcekso., 1961; Burt and Grossenheider, 1964).
;
|

l

Raccoon signs were observed along most of the suitable shoreline areas,

around the impoundcent and in the swa=ps along Elack Creek. (Figure 8.5.5).

Several road kills were noted on roads near the impoundment.

I
,
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the extent of present beds or vascular vegetation could result in a concomitant
shif in numbers and/or distribution of the beavers in the impoundment. Data

reported in Section 7.0 (Aquatic Vegetation) ind! ted that no significant

changes in the distribution of aquatic vegetation are apparent. It is, there-

f ore, probable that beavers are unaf f ected by the thermal discharge.
.

Muskrat (Ondatra_ zibethica)

1.ike the beaver, the muskrat spends much of its life and derives much

of its food from the aquatic ecosystem. Muskrats are usually found in swampy

or veedy portions of lakes and streams where they f eed chiefly on aquatic plants,
the most important of which are esttails (lvpha sp.), arrowhead (Sagittaria
sp.), spike rush (Eleocharts sp ), bullrushes (Scirpus_ sp.), pickerel weed
(Pontederia sp.), and pond weed (Potamoceton sp.) (Jackson, 1961). Although 3

fish,
primarily herbivorus, muskrats have been reported to feed upon clams,
snails, and crayfish (Golley, 1966, Jackson, 1961). Muskrats are known to fall
prey to a number of species including mink, fox, large turtles, aquatic snakes,

.

and larger predatory fish.

Robinson impoundment and Black Creek support a small population g
5

of muskrats. Signs were observed in several localities in the study area
(Figure 8.3.4) and were usually f ound in areas where aquatic vascular vegetation ,

is present, it is possible, however, that comrecition with beavers for avail- |

able food may be a f actar limiting potential expansion of the muskrat population.

!
In addition, Blair, et al. (1968) and Hall and Kelson (1959) list the South
Carolina coastal plain as the southeastern edge of the muskrat's range in

North America.

Since thermal load in the impoundment has essentially the same ef f ect g
Won =uskrats as on beavers, and because of the smaller number of animals involved,

the potential for damage to the muskrat population is proportionally greater.
interspe-Since the major beds of vascular vegetation are unaf f ected by heat,

cific competition with beavers and the fact that the impoundment is on the
|

edge of the muskrat's range are two factors limiting the nuskrat population
in the impoundmer;..

I
E
.
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effluent. *his combined with the variety of fish available as prey and the

large home range of otters clininates 'e ,ossibility of impact upon etters

by he heated effluent.
t

8.6 Summary and Conclusions

Amphibians

I.
Twenty-two species of amphibians were identified within the study

area. Needs common to all individuals of those species at Robinscn impound-

ment or Black Creek included water temperatures within tolerable r. Tges, cover,

food, and breeding sites. Each of those needs was considered subject to possible
3

thermal influence.

I Cbmparison of observed water temperature data with available tempera-

ture tolerance values indits.ted that thermal exclusion areas existed within the

impoundment during the summer months. However, the expected and observed habita.t

preferences and requirements were considered primarily responsible for the restric-
'

tion of most of thr amphibian species to shallow, more heavily vegetated margins

of the impountment. As a result, the exclusion areas were believed to have had

little eff ect on the overall dis tribution of the amphibians within the study area.

The thermal limitation of the distribution and productivity of aquatic
,,

plants and benthic f auna probably indirectly influenced the distributiocs of at

least two of the amphibian species by reducing the availtble cover and food

supply. But again, habitat preferences and requirements were believed to

exclude most species from any serious distributional impact resulting in

I that way.
.

- Thermal limitation of the distribution of aquatic vegetation probably

had some indirect effect on reproduction and larval development of some anuran

species in the area of the impoundment adjacent to the point of the rmal dis-

I charge by limiting the availability of suitable habitat. Breeding seasons of'

four anuran species were found to differ slightly between heated and unheated

.

I
I

-



-- - - - - - - - - - _ _ _ - - _ _ _ _ _ _ -

I
$-28

The variety of habitats utilired by raccoons and the varied diet which
does not depend on one specifi.: group of erganisms preclude si.;nif icant in: pac t g

W
from tha heated ef fluent.

Otter (Lutra canadeng s)

Of all the nr.=mals observed in Robinson Impound:ent area, the

river otter was the w at dependen* upon the aquatic ecosystem.

Otters spen most of their time in the water, f eed almost entirely
inupon aquatic prey, and may travel up to 15 miles along a strean or lake

search of food (Burt and Grossenheider.1964) . Exclusively caraivorur *he 3

otter is at or near the top of the aquatic food web. Numerous studier

inJ1cate a pref erence for crayfish during summer months when they are easily
but fish probably constitute the major pcrtion of the otter's diet.caught,

Jackson (1961) sites a study in which forage fish comprised 40% of the diet
of otcers f ollowed by amphibians (25%), game and pan fishes (23%), crayfish
7%) . and miscellaneous vertebrates (5%) . Colley (1966) states that otters
in South Carolina cat fish, crustacea, insects, birds, muskrats, and clams,
with the major fish consu=ed being carp, suckers, and sunfish. I

Otters were cbserved on eeveral occasions f eeding in the upper r .d

of the impound:.ent and signs were noted both in the heated portion of the
impoundment and in Black Creek below the dan. (Tigura 3.5.5). Examination

of otter feces in the impoundsent revealed the presence of fish scales
identified as belonging to suckers of the genera Eri=vron and Minytrema.

of the close relationship to the aquatic ecosystem displayedIn v1.?

by the otter, eted effluent in the impoundment could have an effect on the
'

otter populatir .v limiting the fishery resvarces available to it for prey.
newever, data -resented in Section 4.0 (Tisheries) indicate that no reduction
in fish pcpulations of a magnitude great enough to affect the otter population
in the impounicent has oce.urred. He otter cbservations at the 1 poundment

were for the ecst part confined to the upper impoundment away from the heated

I
_
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of thurnal discharp. It was not possible to separate the impact of that

indirect effect from the direct etfect of heat on the observed distributions
of reptiles.I

Increased body size and juvenile growth rate were reported in the

I '

literature as e possible indirect effect cf increased water temperatures on

one species of turtle. Whether that was true at Robinson impoundment for that

species or any other species was not determined.

,
Avifauna

Robinson Impoundment provides an attractive habitat for a vide variety

I of aquatic avifauna. Three thousand sevic hundred four observations f rom seven
groups of aquatic birds (44 specier) vere recorded (Table B.4.2). Coot accounted

for 601 of the total observations, and the recreationally important surface-

feeding and diving ducks totaled 14% and 15%, respectively. Comparisons of the

species composition and relative abundance of avifauna present at Robinson
Impoundment with those recorded at the Sandhills National Wildlif e Refuge, the
ERDA Savannah River Plant, and other study areas in the Southeast, indicateI little or no difference. It is apparent tP.t Robinson impoundaeat does not
dif fer f rom other such bodies of water in tL a numbers and tygs of aquatic avi-

.

fauna which are attracted to it, and that a balanced indigincous population of

avifauna is being maintained.

Within the impoundment, the availability of suitable habitat deter-

mined the distribution of the species. Habitat for a given group did not differ

in its attractiveness between heated and unheated portions of the impo'indment in

any vay that could be attributed ' o heat load.

Within habitat types, the effects of the thermal effluent on aquatic

avifauna are indirect. Each group of waterbirds utilizes one or more components

of the aquatic ecosystem as a food source. Impact upon these cortponents by the

heated effluent would result in changes in nu'bers and distribution in the highe.-

trophic levels occupied by aquatic birds. Data presented in Sections 4.0, 6.0,

and 7.0 indicate that these lover troehic levels were not impacted to the extent

that the avifauna utilizing them as a f ood source were cf fected.

E

I
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portions of the impoundmen . At least for one species, there was evidente
which indicated the possibility of accelerated davelopment as a result of |

| increased heat. Although water temperatures throughout much of the study area
exceeded the reported literature values f or erbryonic and larval tolerances, 1

; |

|
the water temperatures recorded in appropriate breeding habitat indicated the |

il

availability of cool enough water f or successf ul repra tuctivn and larval'

development throughout the impoundment and Black Creek. The ccebined thermal ,

',

impact on the reproduction, development, and growth of the amphibian species
s exposed to the increased heat was not considered a significant threat to the

continued existence of those species or population balances within the study

| area. 1

!
Reptiles

!
,

Ten species of aquatically dependent reptiles were found to occur
,

vithin the study area. Another ten species were identified but were considered
j

terrestrial and not subject to any thermal stress resulting from the operation
i

of Unit 2. The aquatic and semi-aquatic species d2 pended on the ecosystems of

Robinson I:rpoundment and Black Creek f or such thermally influenced f actors as
water temperature within the tolerable ranges, appropriate cover, and adequate

.

food sup,1y.

A direct effect of increased heat on the distribution of reptiles as

h
.

resulted f rom the existence of seasonal thermal exclusion areas. The si:e and

duration of those exclusion areas varied by species based on respective thermal

tolerances. Regardless of the size and duration, the actual impact of each
exclusion area was believed to be minimized by several considerations. Specific

habitat preferences or requirements other than temperature tolerances restricted!

some of the species from inhabiting the thermally af f ected areas of the impound-
I

ment. For those species which did occur in the thermally afft.cted area, cooler
refuge areas existed within or adjacent to the exclusion areas and provided a
suitable habitat where displaced repciles could survive critical periods.

,

'

The thermal ef f ects on the distribution and productivity of the
|

aquatic vegetation and benthos during the su::mer conths probably caused some
corresponding indirect ef f ects on the reptilian distributions near the point

I
E.

|
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I
Mammals

Fifteen species of mammals were observed at Robinson impoundment

and Black Creek during the study period. Five species were determined to

interact with the aquatic ecosystem to a significant extent.

The presence of the i=poundment created a series of habitats which
encouraged establishment of populations of such species as beaver and nuskrat
which would not be present in such numbers in a nonimpoundment situation. The

ma::nalian populationu we have exemined appear to be in a f avorable balance on
both an intra- and interspecific level.

The ability of mammals to thermoregult te precludes any direct ef f ect
of the heated effluent upon species residing in the water. Availability of

suitable habitat was the f actor determined to have exercised the greatest
influence on maanal distributions at Robinson Lnpoundment and along
Black Creek. Where suitable habitat was available for a gi'ren species in
both heated and unheated sections of the impoundment, nc difference in the

"
distribution of mammals associated with the habitats could be discerned.

Conclusion

a
Given that the combined ther'nal effluent f rom inits 1 and 2 operation g

has been discharged into Robinnen Impoundment since September, 1970, the terres-
trial vertebrate species and populations observed during the current study were
considered to have adapted to ary thermal stress imposed during that neriod.
After five yeacs, those species and populations have approached an equilibrium E
with the existing conditions at the impoundment including any changes which E

resulted from the increased heat load. The therr.al impact on the terrescrial

vertebrates was not considered great enough to threaten the existence or maia-
tenance of the balanced indigineous populations f ound to occur at the impoundment

and Black Creek during the study. -

I
|

.
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hk .cis P . ,1 A::phibian species collected and/or observed at Robinson l=poundment
- fk- ano nack Creek August 1974 through May 1976. (|;onenclature follows Conant, 1975)

P

I
Black

Scientific Naee, Coernen Mace impoundment Creek-

Siren intermedia intenedia Eastern lesser siren X X

Neeturus punctatus Dwarf waterdog X X

Amphiur.2 means Two-toed amphium.a X

I- Desecenathus fuscus Dusky salamander X

Stereochilus r.arrinatus Many-lined salamander X

Pseudotriton contanus Mud salarander X X

Pseudotriton ruber Red salamander X

Eurveea bislineata Southern two-lined salamander X X

Eurverta cuadridfeirata Dwarf salarander X

Bufe americanus American toad X

Buf o t erre st_r_i_s Southern toad X X

Bufo woodhousei fowleri Fovier's toad X

Aeris erv11us erv11_us_ Southern cricket frog X X

Aeris erepitans erepitans Northern cricket frog X

Hvla crucifer Spring peeper X X

Hvla cinerea Green treefrog X X

Hvla scuirrella Squirrel treefrog X

L1:nacedus ceularis Little grass frog X

Rana catesbeiana Bullfrog X X

Rana virrattees Carpenter frog X X

Rana clamitans Bronze frog X X

Rana utricularia Southern leopard frog X X

. _
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Table 8.2.3 Observed water temperature means and ranges for larval and adult amphibians collected or observe <I at !
Robinson impoundment and Black Creek, August 1974 through May 1976 [

I
!

f
I,arvae Adults

Mean Range Mean Range |

n *C *F *C *F n *C *F *C *F [EPecies
!

Siren intermedia 7 22.4 72 14.0-28.5 57-83 15 28.0 82 15.0-35.0 59-95 i
i

Necturus punctatus 9 18.1 64 12.5-28.0 54-87 10 24.3 76 18.2-32.0 65-90 l
l

Amp _hiuma means 0 - - - - 1 20.7 69 20.5-21.0 69-70 [

f
'

Desmognathus fiascus 0 - - - - 1 17.0 63 '17.0 63

Stertochilus marginatus 2 6.0 43 6.0 43 G - - - -

f
Pseudotriton twntanus 7 18.4 65 10.0-25.5 50-78 1 20.0 68 20.0 68 [,

t

Pseudotriton ruber 10 18.0 64 17.0-22.0 63-72 0 - - - - i

Eurycea bislineata 258 18.4 65 5.5-29.0 42-84 4 19.8 68 17.0-25.5 63-78 |

! Eury _cca quadridigitata 3 12.0 54 12.0 54 0 - - - -

i Bufo 0 - - - - 0 - - - ----.ancricanus-- ,

! _Enfo t e r r e s_t_r_i s 3 28.0 82 23.0 82 7 26.5 E0 20.5-31.0 69-88 0
y

i Bufo voedhousel fowleri 0 - - - - 0 - - - -

î

Acris gry_1ly 3.ryllus 117 29.5 85 25.0-35.0 77-95 693 29.4 85 10.0-33.0 50-91
:

| Acris creyitans crepitans 0 - - - - 1 31.0 8R 31.0 88

livia cruci f er 0 - - - - 4 8.0 46 8.0 46

Ilyla cinerea 2 32.0 90 31.0-33.0 88-91 1 31.0 88 31.0 88

flyla squirrella 0 - - - - 0 - - - - ,

Limnaoedus ocularis 0 - - - - 0 - - - -

Rana catesbeiana 2 16.5 62 6.0-27.0 43-81 2 22.0 72 20.5-23.5 69-74

Rana vi_ryattyes 177 23.2 74 5.5-32.5 42-90 8 23.7 75 19.0-11.0 66-88 ,

Rana clnnitans 105 17.1 63 8.5-31.0 47-88 4 23.9 75 18.5-31.0 65-8R [

Papa utricularia 37 19.4 67 9.5-31.0 49-88 14 25.7 78 20.0- 34.5 68-94

Unidentified Pana sp. 12 17.7 64 12.0-26.0 54-79 0 - - - -

t .
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Table 8.2.5 Water temperatut es recordel at . larval amphiblati nampling statJons at Robinsott Impoundment and !!Inck
Creek, July 1975 through May 1976

19761975
July Auj . Seg net. Blov . Dec. Jan. Fe b. March Aptt! May

Station (Figure 8.2.1) *C *F *C * F_ * C, *F * C, 'F *C *F *C *F 'C *F * C, *F *C *F *C *F *C *F
.

Mits-1 Creek 28 82 28 82 26.5 79 22.5 72 20 68 11.5 52 9 48 to 50 15.5 60 19.5 67 19 66

sv=.p 22 72 26 79 21 73 19 66 73 68 9.5 49 5.5 42 6 41 11 52 15 59 17 61

MHS-2 Creep. 28 82 29 34 29.5 85 21.5 74 21 70 12 54 10.5 51 12.5 54 16.5 64 20 6A 23 73

Swamp 22 12 - - 24 75 - - - - - - - - - - - - 17 6) - -

Streme - - - - - - - - 20.5 69 11.5 52 - - - - - - - - - -

M'is-1 Creek 31 Ba 31 88 10.5 87 24.5 76 21 70 12.5 54 11 52 13 55 17.5 2| 70 23.5 14

Streem - - - - - - 17 63 21 70 11 52 - - - - - - 17 61 - -

rmtJ t e - - - - - - - - - - - - 9.5 49 1) 54 12 54 17 61 19 (f

MRS-4 Discherge " anal 19 102 41 1D6 39 102 14 9) 21 70 11 55 24 75 25 77 28 N2 30.5 87 14 91

Cove Surfere 27 81 31 91 10 86 29 84 20 68 in 57 20 64 21.5 70 22 72 21 71 27 81

Cove Ectton 24 75 23 73 25 17 21.5 70 - - - - 18 64 20.5 69 19 66 19 66 26 79 c2
6

MAS-5 Cove 37 99 38 100 37 Td 34 91 21 70 11 55 21 70 21 71 26 19 31 84 32 99 (*

S t r e== Mout h 19 66 19 66 19 66 19 $a 17 61 '6 57 11 52 15 39 14.5 58 14.5 F5 17 61

Nts-6 Lower Lagoen 29 84 33 91 14.5 94 76 79 18.5 65 11.5 52 to in 30 59 1* 57 76 19 22 72

Upper temoon - - 21.5 74 24 75 19 66 19 64 11 52 to 50 to 50 13 55 20 64 22 12

~0 R 46 Il 55 19.5 67 14 64
Stress Mouth - - - - 22 72 IM 64 18 64 11 57 in +

MHS-7 Cove 36 97 36.5 99 39 102 31 91 21.5 70 12.5 54 20 63 20.5 69 24.5 76 30 R6 30 86

Stream Hawth - - - - - - - - IF 61 - - - - 8.5 47 17 61 17 61 18 64

Mns-8 Cave 14 91 37 99 35 95 31 88 19.5 67 10 50 16 61 19.5 67 22 72 29 84 50 86

pesver root 16.5 61 17 63 17.5 64 17 63 17.5 64 17 6) 17.5 64 17 4) 17 61 I? 61 17 61

M219-9 Cove 33.5 92 3R 100 1 r. 97 29.5 67 21.5 70 1: 52 1R 64 19 64 21.5 74 30 84 11 #9

Strc+= 25 77 27 81 - - - - - - - - - - - - - - - - -

Nsrsh - - - - 30.5 87 25 17 21.5 10 9 49 5 41 16 61 12.5 54 29 84 10 P6

MNS-10 Impeandment 30.5 67 30 86 12 73 28 82 19 66 y 49 8 46 8 46 10 50 26.5 19 22 72

fagnon 28 82 26 19 29 na 27 Ni 21 JJ II 52 10.5 51 6 43 10 50 it 89 ?? 12

Mus-11 Lagoon 26 79 28 32 77 81 23.5 74 20 64 to SO 13 55 15.5 60 12.5 54 23 73 26 79

Stre== Movth 19.5 67 20.5 69 22 72 19.5 67 20 68 11 52 11.5 52 to 57 12.5 54 20 6n 19 66

Mits-12 Shoreline 32.5 90 3) 94 31 88 24 25 19 66 8.5 47 8.5 47 10.5 51 12.5 54 23.5 74 21 70

M215-13 Cove 13 91 30.5 87 }1 88 25 77 18 64 8 46 12.5 54 14 57 12 54 23 73 22 72

|

|

C . . _ _ _ _ _

. . . . .

- - -
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Table 8.2.4 Maximma therwal tolerance values for amphibian species collected or observed at Robinson Impoundment
and lilack Creek

a

AJult Critical Adult Naimum Larvel Critical Natana Temperature Natsum Embryeelc
Thermal Mamimum Voluntary Temperature Thermal Naimum for 1.arvel Development Temperature Tolerante

b'n k s ] j j } h j [ ] h j
Simen lutesmedia

W cturug punctatus

37.1* 99Ampt.tum incans

2 b
tp gn.sthu. f uw we 33,3 -36.2* 92-97

.

S t e t eot h t 1,us, ogs g t na t as

f% uJot 1e oei sent anus

PacuJotaltoen s e.L.e s 35.0 95

Furycea bislineate 34.5 - 34.6* 94 16.0 61 54.5" 94

fujysca guad 1Jigtgr e_
I 8 Itufo neceitanue 40.2 104 37. 3 90 35.0 95 31.0 Et
I 1auto ternestess 24.2 76 35.0 93

4b p uoodha sel fowler!

Acete gryllus

A(sts (repitans 34.8 95

I:y l a tem 1ter 26.5 80

til'a 6 Ine n em 33.4 92 39.0 102

,Hy I a_ e draeiIa 25.0 17

8_t an.soeJo e out i a r i e
I 3W ei.e c a n e s t.e t na 38.2* 101 30.0 -34.J' 86-95 35.0 95 32.0" 90

**"" 2.I' La t i g$s,
IPana claestan. 29.0 84 32.0" 35.0" 90-95
I IRana ut r icular ia 34.7 95 31.0-33.0 88-91 33.0 -33.8 91-93 25.0" 32

I
value reporte.J for Amphiusa means tt!Jactyltue Zweifel (1957) Brattstrom (1963) Lucas an.t Reynolds (1967)

Desmo rathus L fuscue 'trueba anJ Saeeman (1965) volpe (1953) Zuelfel (1965)8Values reported for c

Values reported for Rana pipiens Frost and Netle (1971) Atlee (1935) "Hoore (1942)
*alutchtm.oo (1961) *Lillywhite (1970) Ralliaser & McKinney "Hoore (1939)

(1966)

GER M M M M M M M M M M M M M
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Table 5.3.1 Keptiles collected and/cr observed at Rebinson lepoundment
I, and Black Creek, August 1974 through May 1976 (Nomenclature follows

Conant, 1975)

I Scientific Name Corcon Naine

. M atic and Sem?-aquatic Species

Chelydra serpentins Snapping turtle

Sternotherus odoratus Stinkpot

_Cice=ys ruttata Spotted turtle

Chrycecys scripta scripta Yellow-bellied turtle

Chrysemys concinna concinna River cooter

Chrvsemys rubriventris Red-bellied turtle

Detrochelvs Leticularia reticularia Eastern chicken turtle

Matrix fasciata fasciata Banded water snake

Natrix taxispilo_ta_ Brown water snake

Agkistrodon pisci_vorus piscivorus Eastern cottonmouthI
Terrestrial Species

Terrapene enrolina carolina Eastern box turtle
.

Anolis carolinensil carolinensis Green anole

C_necidophorus sexlineatus sexlineatus Six-lit'ed racerunner

Eumeces fasciatus Five-lined skink

Leterodon platyrhinos Eastern hognose snake

Coluber constrictor Black racer

Opheodrvs aestivus Rough green snake

Elaphe obsoleta obsoleg Black rat snake

Lampropeltis getulus cetulus Eastern kingsnake

Leiolopissa laterale Ground skinkI
I
I
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|

I"TabiaS.3.3 Critical therr.s1 maxima (CTM) and maxieue voluntary temperature (MVT)
for aquatic reptilian species found at Robinson Impoundment and Black Creek

Adult Critical Therr.a1 Maximum ( ' C)_ Adult Maximut
Mean Range Voluntary Tercerature ('C)

Species 'C1 'F 'Cl 'F 'CA *T

I.Chelydraserpentina 39.46 103 37.4-40.6 99-105 24.5 76

Sternotherus odoratus 41.03 106 40.3-41.7 105-107 2S.8 84

Cicmmys guttata 41.95 107 41.2-42.5 106-109 - -

Cle=mvs sp.3 27.0 81- - - -

Chrvse=ys scritta 41.00 106 40.2-42.0 104-108 - -

Chryseeys concinna 41.80 107 40.4-42.8 105-109 - -

Chrysemys rubriventria 39.36 103 38.4-39.9 101-104 - -

Chrysenys sp.' 32.0 90. - - - -

I Deirochelys reticularia

- - - -

41.30 106 40.8-42.2 105-108 25.6 78

Natrix f. fasciata - -

Natrix taxispilota - - - - - -

Natrix sp.5 29.5 85- - - -

Ackistrodon piscivorus 27.7 62- - - -

I bata from F.utchinson, et al. (1966)
Data frem Erattstrom (1965)

3
Value reported for Clemmys marmorata

4
Value reported for Chryservs picta

5
Value reported for Natrix s1pedon

I

I
I
I

- - _ -
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Table 6.4.1 (continued) Page 2-

i

Caterory Species
,

Gulls and Terns Herring gull
Ring-billed gull

.

-

'
tonal artes gull
Cormon t ern i

Black tern *

Miscellaneous Com:non loon
Canada goose ;I Vhistling swan '

Double crested cermorant
Belted kingfisher

F

|

|I
1
,

i

I

,

|I

I

I
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Taole S.4.1 Aquatic avifauna species by category observed at
Robinson impoundment, August 1974 through February 1976

Soecies Species

Grebes Red-necked grebe
Horned grebe
Pied-billed grebe

Surface-Tecding Ducks Mallard 3
Black duck |
Gadwall
American vigeon
Blue-winged teal
Green-winged teal
'Jood duck

Diving Ducks Redhead
Ring-necked duck
Lesser scaup

'

Old squaw
Bufflehead !

Ruddy duck

Hooded merganser
Red breasted merganser
Common merganser ;

Herons and Bitterns Great blue heron
; Green heron |,

Little blue heros E
Great egret
Scovy egret am

| Yellow-crowned ight heran |
,

Least bittern
A '~1*.an birte n

f Rails King rail
American coct

Shorebirds Spotted sancpiper
Killdeer -

Silitary saidpiper
Northern phnlarope
Common snip

l
.

I
I
e

|
=

\.
- - _ . - _ - . _ _ _ _ _ _ -______ __
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I
Table S.4.3 Bird species observed at the Robinson impoundment and Black CreekI August 1974 through February 1976

Comon Name Scientific Name*

Cornon loen Gavia it:=er
Red-necked grebe Podiceps grisegena

Horned grebe Podiceps auritus

Pied-billed grebe Podilymbus podiceps

Double-crested cormorant Phalacrocorax auritus

I Great blue heron Ardea herodias
Green heron Butorides virescens

Little blue heron {lorida caerula
Great egret Casy rodius albus
Snosy egret Leucopheyx thula

Black-crowned night heron Nveticorax nycticorax

Tellou-crowned night heron Eyctanassa violacea

Least bittern Botarus lentiginosus

Whistling swan Olor columbianus
Canada goose Branta,cuadensis
Mallard Anas platyrhynchos

Black duck Anas rubripes

Gadwall Anas strepera

Green-winged teal I_s a_s carolinensis_

Blue-winged teal Anas discors

American wigeon Mareca americana,

Wood duck Aix sponsa
'

Redhead Aythya rmericana

Lesser scaup A tnya affinis 'j g J
' E Pdng-necked duck Avth a colla:-is

"

Bufflehead Bucephala albecla

Oldsquaw Clangula hyemalis

Ruddy duck Oxvura jamaicensis

Hooded merganser Lophodytes cucullatus

| Red-breasted n u ganser Mertus serrator
! Con: mon merganaer Mergus merianser

Turkey vulture Cathartes aura=

1
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E
'\

Table o. ' . 2 Su=ary of aquatic avif auna cuantitative observations in
Robinson Irpunde.ent, August 1974 through February 1976

Ii
'Iunber " of * observed * Abserved * Observed |'

. ,

Croue Ob se rved Total Area I Ares IT Area III i

i

:
'

Grebes 92 2 35 25 40

I|
Furf ace-Feeding Ducks $16 14 1 11 S8

Diving Ducks 544 15 71 21 8

Herens 30 1 17 33 50

Ratis 2214 60 71 23 6-

Shorebirds 59 7, 2 49 42 9

%

Gulls 1*8
'

68 26 6

'l
.

Mis c ellas.e ous * 71 2 34 23 43 m

E

TOTAL 3704 100 59 22 19

,
,

* Combined figures for Cercon loon E,

gCanada geesa -

Whistling sr 4n

Double-cragfed cormorant
belted kingcisher

I
E'

=
- - . ._ _ . . . _ _ _ - - . _
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Table B.4.3 (continued) Page 3

Co :non Name Scientific Naee

Pileated woodpecker Dryocopus pilestus,

Red-bellied woodpecker Centurus e=rolinus
Red-headed woodpecker Melanerpes ervthrocephalusI Hairy woodpecker * Dendrocopos villosus

Dovny woodpecker Dendrocopes pubescens
Eastern kingbird ITyran g tyrannus
Least flycatcher Impidonax minimus

Eastern wood powee Contopus virens

Tree swallott Iridoprocne bicolor

I Rough-winged swallev Stelgidoptervx ruficollis

Barn swallow Hirundo rustica
Clif f swallow Petrochelidon pyrrhonota

Purple martin Progne subis

Bank swallow Riparia riparia

Blue jay Cyanocitta cristata

Cor:: son crow Corvus brachyrhynchos

Fish crow Corvus ossifracus
Carolina chickadee Parus carolinensis
Tufted titmouse Parus bicolorI White-breasted nuthatch * Sitta carolinensis
Ernun-headed nuthatch Sitta pusilla

Brown creeper * Certhia familiaris

Winter vren Troglodytes troglodytes

Carolina wren Thryothorus ludovicianus

Mockingbird Picus polyglottes

I Grey catbird Eumetella carolinensis
Brown thrasher Toxostoma rufum

-

Robin Tv.dus migratorius

Hermit thrush Hylocichla guttata

Veery Hylocichla fuscescens

Eastern bluebird Sialia sialis

Blue-gray gnatcatcher Polioptila caerulea

Golden-crowned kinglet * Regulus satrapa

I '

_ J
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Page 2
Table 8.4.3 (continued)

Scientific Name
Cc= mon Name

Black vulture Corazy n atratus
Accipiter striatusSharp-shinned hawk
Accipiter cooperii

Cooper's hawk
Buteo iamaicensisRed-tailed hawk

Red-shouldered hawk Buteo_ lineatus_
Buteo platvrterusBroad-winged hawk

Marsh hawk Circus _cyaneus
_

Pandion haliaetusOsprey
Falco columbariusPigeon hawk
Falco sparverius

Kestrel
Colinus virginianus

Bobwhite
pailus eleg g

King rail

Fulica aeericana.American coot
Charadrivs_ vocif etus.Killdeer
Philchela minor _,

American woodcock
Capellagallina,f

Cconon snipe

Actitis macular 7aSpotted sandpiper
Northern phalarepe Lobipes_lobatus.

Tringa solitaria
Solitary sandpiper

Larus argentatus emHerring gull

Larus_delawarensis g
Ring-billed gull

Larus_ philadelphiaBonaparte's gull
Sterna hirundoCommon tern
Childonias n3 pg

Black tern

Columba_ livia gRock dove E
Zenaidura macroura_Mourning dove

Yellow-billed cuckoo Cec:y:us americanus

Bubo virginianus
Great horned owl

Caprimulgus vociferus'4 hip-poor-vill
Caprimulgus_ ca'rolinensisChuck-will's-widee

Cotnen nighthawk Chordeiles_ ninor
Chaetura pelagicaChimney swift
Archilochus_ colubrisRuby-throated hu==ingbird

Belted kingfisher Megaceryle aleyon
m

Yellow-shafted flicker Colaptes auratus__

E
a

-- - - - - - - - _ _ _ _ _ _
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I Table 6.4.3 (continued) Page 5

I
Cc==en Name Scientific Name

Fox sparrow Passerella iliaca.

Swamp sparrow Melospiza georgians

Song sparrow Melnspiza melodia*

Sharp-tailed sparrow Ammospiza caudacuta

*0bserved along Black Creek only.

I

.

!

.

| g ,,
t

I
I
. I

,

I
'

I
| I

.
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Table 8.4.3 (continued) Page 4
.

Common Na=e S cient_i f _ic N ame

Ruby-crowned kinglet Regulus calendula

Cedar waxving Bombycilla cedrorum

Loggerhead shrike Lanius ludovicianus

Starling Sturnus vulgaris

khite-eyed vireo Vireo griseus

Solitary vireo Vireo solitarius

Black and white varbler* Mniotilta varia

Prothonatary warbler Protonotaria citrea

Nashville warbler Vernivora ruficapilla

Parula warbler Parula americana

Myrtle warbler Dendroica co,ronata

Pine warbler Dendroica pinus

Yellowthroat Geochlypis trichas

American redstart Setophaga ruticilla

House sparrow Passer do=esticus

Eastern meadowlark Sturnella magna

Red-winged blackbird Agelaius phoeniceus

Orchard oriole Ieterus spurius

Rusty blackbird Euphagus care 11nus
a

Cor: mon grackle Quiscalus quiscula g
Brown-headed cowbird tolothrus ater

Su=mer canager Piranga rubra

Cardir.a1 Richmondena cardinalis

Indigo bunting Passer evanaa E
American goldfinch Spinus tristis 5

Rufous-sided towhee Pipilo ervthrophthalmus

Savannah sparrow Passerculus sandwichensis

Vesper sparrow Prearatea gramineus

Slate-colored junco Junco hyema1.is .

Field sparrow Spizella pusilla

% tite-throated sparrow Zoncerichia albicollis

I
E
.

4 _ ___ _
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I
Table 8.5.1 Ma:nal species observed at Robinson l=poundment and Black Creek,I August 197/- threugh February 1976

Opossum (Didelphis mar 9upialis)

Starnose mole (Condvlura cristata)

Eastern cottontail (Sylvilagus floridanus)

Gray squirrel (Sciurus carolinensis)

Beaver (Caster canadensis)

Cetton rat (Siemodon hispidus),

Muskrat (Ondatra zibethica)I Norway rat Gattus norvegicus)

Red fox (Vulpes fulva)

Grey fox (Urocyon cinereoargentus)

Aaccoon (Procyon lotor)

Mink (Mustela vison)

Striped Skunk (Mephitis mephitis)

Otter (Lutra canadensis)I .

k'hitetail deer (Odocoileus virginianus)

I
I
I
I
I
I
I

__ - -
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Views of a typical bay of the Unit 1 intake structure are shown in
Figures 2.1.3 and 2.1.4 The mouth of each bay is defined by a concrete base

with a .15m (6-inch lip) (see Figure 2.1.3), a ski =mer wall extending down to
an elevation of 57.9n (190 feet), and vertical walls which forn sn opening 3.4m
(11 f eet 2 inches) . wide and 2.9m (9 f eet 6 inches high) . Use of the skimmer
wall results in cooler water from depths of 9.2m to 12.2m (30 to 40 feet)

(typical) being drawn into the intake structure.

The frame was lowered along the outside of the skimmer vall to measure

I. flow rates through the structure mouth. Fo- this maneuver the hoist rig was

rotated on to its side and placed against the security f ence located along the f

edge of the structure. Measurements were taken at approximately .61m (two-
f oot) intervals from the lowest positions that the f rame would reach in nach'

bg.

To measure flow rates near the traveling screens of both bays, the
-g-
W frame was lowered into the vertical stop-log guides on the lake side of the

Again, measurements were made at measured intervals from the bottomscreens.

position of the frame. Depth of the meters into the water was determined from
markers on a rope tied to the frame. The mea.surement locations are noted in

Figure 2.1.4

A side view of a typical bay of the Unit 2 intake structure is shown .

in Figure 2.1.5, and an inside f ront view is given in Figure 2.1.6. The

design is similar to the bay design of Unit 1, with a few significant differ-
I4 The ski =mer wall does noa extend down as far, resulting in a largerences.

mouth opening; and there is no overlap of the skimmer wall with the bay floor
as in Unit 1 (cf. Figure 2.1.3). This results in less directional variation
in velocity and a flatter velocity profile inside the bay.

I Flow rates were measured in front of the traveling screen guides

by positioning the frame along the vertical stop-log guides, as was done in
the Unit 1 testing. F.owever, mouth flow rates could not be measured by this

technique because objects along the outside wall interfered with the lowering

-I of the frame. Average velocity estimates are made based on design values of
- volumetric flow rate and cross-sectional area.

I
I
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1.0 Introduction

As part of the H. 3. Robinson Steam Electric Plant 316 Demonstration
Program, flow velocity nrofiles were measured within the plant intake structures
and the discharge canal on March 24-26, 1976. The circulating water pumps for
Unit 1 were running although the unit was off-line, and the Unit 2 circulating
and service vatt ,- pumps wate running and drawing t.ypical flow rates f or normal

full-load ple.it conditiets. Rotating digital flow meters were used for all mea-
surements occause of their availability and their suitability for local velocity

4

meas.rements. The flow meters indicate velocity magnitudes only; directional
characteristics must be inferred from geometrical considerations and visua E
observation. This is censidered sufficient since general directional patterns E

are known and magnitudes will have the major effect on entrapment and artrainnent.

I

The intake structure tests are described separately fr:n the discharge

gcanal tests in Sections 2.0 and 3.0, respectively. Certain discussions and
=conclusions coc: mon to both sets of tests are presented in Section 4.0.

2.0 Intake Structure Testing

_

The intake structure of Unit 1 has two bays and is physically separate g
from the Unit 2 intake structure, wnich has three bays. Velocity measurements
were made on the impoundment side of the mouth of the Unit 1 intake structure
and in front of the traveling screens within the intake structures of both
Units 1 and 2.

2.1 System Description I
Five General Oceanics , I:c. Model 2030 dq1tal flow mer .ts were post-

tiened approximately .75m (2.5 feet; apart sithin a f rame as -shown in Figure
2.1.1. The f rame was raised and lcwered by a hand crank mounted on a hoist rig

as shown in Figure 2.1.2. Aerodynamic foils were placed around the horizontal

pipe sections of the frame to reduce the drag force acting on the frame when
in the water . Each seter was free to rotate in its vertical plane but was

constrained in the horicontal plane. ',7 heels were included in the frame design Q

to provide rolling friction instead of sliding friction.
E
E
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this bay. Bay C flow velocity test results are given in Table 2.2.6. Bays A

and B were tested at of f set 1.2m (4-f oot) interr .ls , as india.ated in Tables

2.2.4 and 2.2.5. In some cases during Unit 2 testing, a meter indicator

apparently did not properly increment to the next hundreds or thousands (or
other) digit. In these cases the assumed proper meter reading has been used

to calculate net ceunts and hence flow velocity. Flow velocities calculated

using assumed neter readings are ldentified in the tables. Correction runs

were generally carried out at eve ~ other depth; 1.e. , every 1.2'n (4 f eet)
for Bay C and every 2.4m (6 feet) for Bays A and B. The results were plotted

I and correction values were read f rom the resulting graphs. __

3. Discharge Canal Testing

Flow velocities were measured at various points across the discharge

canal a; a site approximately .9km (0.6 miles) from the seal well at the canal
origin near the plant and across the weir at the end of the canal.

3.1 System Description

I-
A velocity probe support structure (see Figure 3.1.1) was designed

,

to attach to a boat and hold a velocity probe approximately 1.8m (6 f eet) in
front of the boat anc at various depths. The probe holder could be rotated
toward the boat deck for reading the meter, adjusting the depth, and controlling -

the sample time.

I A cross sectj.-n of the canal at the test site is shown in Figure

3.1.2. A cable was stretched across the canal and markers were placed every

3.7m (12 feet) from the right shoreline, looking upstrea=. The last markar

(Nu=ber 1 in Figure 3.1.2) was 1.5m (5 feet) from the left shoreline. The

cable was threaded through some piping on ;he boat deck so that the boat was
held in place by the cable. Thus, the measurements were made abeut 2.1=
(7 feet) upstream from the cable. At each marker the probe was lowered into
the water for a measured time at bc .h 20% and 80% of the local canal depth,

except at the first and last markers where the measurements were made atI mid-depth only.
-

I
I
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In order to account for meter rotation during transit of the meters .

to and from the desired depth, correction runs were made. This consisted of
lowering the frame to the desired depth and raising it i=sediately and recording
the total counts accumulated in transit (1/10 of a meter rotation = 1 count).
For Unit 2 measurements, the correction counts were determined by graphical

interpolation or extrapolation of correction count data taken at various depths, p

This is expected to reduce the error associated with variations in lowering and
raising rates.

2.2 Results

The measurement f rame was lowered over the outside ed;;e of l' nit 1

intake structure, Bays A and B, until the hoist line became s' -k. The bottom

position reached outside Bay 3 was 1.Sm (6 feet) lower than outs. .e Bay A and
was about .15m (1/2 foot) above the concrete floor at elevation 55m (180.5 feet)
(indicating slight buildup of material on the Bay B floor and some impedinent g
1.9m (6-1/2 feet) above the Bay A floor). From the bottom positions outside E

both bays, tne flow was measured at .61m (2-foot) intervals to a depth well
above the botrom of the skimmer wall. The flow velocity results are reported
in Table 2.2.1, and profiles are plotted in Figure 2.2.1 up to the bottom of
the skimmer wall.

Next, the measurement frame was lowered down the stop-log guides ami

which ate abcut 2.Sm (9.25 feet) upstream of the centerline of the traveling
screen guides. The frame stopped about .15m (1/2 foot) above the concrete
floor at elevation 59.Sm (196.0 feet) in Bay A and dropped all the way to the
floor in Bay B. The f cw velocity resul.ts of Bay A testing are given in
Table 2.2.2 wnile Table 2.2.3 lists the Bay 3 results.

As previously indicated, the measurement trace could not be lowered
"

down the outside wall of the Unit 2 intake structure because of interferences.
Thus, =easurements were made only along the stop-log guides, which are about
3.1= (10 feet 1.5 inches) upstream of the trtveling screen headshaft, center- m

line to centerline. Measurements were =ade at .61m (2-foot) intervals in
Bay C from a depth of 9.4c (30.75 feet). This cepth corresponded to the fra=e
bottom being about .38m (1.25 f eet) above the cencrete floor at elevation
56.7m (136.0 feet', and is the lowest point the f rame could be lowered to in

E
a'

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - _ _ - _ _ - _ _ _ _



___

,

'

. g

than 10 whereac the velocities below .3m/sec (1.0 foot per second) may not

always be within 10%. The depth measurements are expected to be accurate

to within .15m (1/2 f oot) .

I The results of Table 2.2.1 indicate that the Unit 1 mouth velocities
at a depth of 9.5m (31 feet) are about 10% higher for Bay B than for Bay A.
However, these measurements were made very near the bottom of the ski:=ner wall

(see Figure 2.1.4) where the profile is changing rapidly and a slight difference
in depth measurement could result in the noted difference in velocity results.
Hence, it is likely that the velocities at the same depth within the two bays
are about the same; i.e., less than 10% different. Only Bay B could be measuredI below this depth, and these resp.ts show a general decrease in velocity with
increasing depth below the ski =mer wall (see Figure 2.2.4 ) . The measurements
indicate the maximum velocity through the mouth is on the order cf .34m/sec
(1.1 feet per second). The circulating water pump design flow is 1.3m /sec
(47.42 cfs). At the mouth this represents an average velocity of 0.92 feet

per second. The measured flows would appear to have a lower average, indicating
possibly that the pumps were drawing less than design flow.

The effective flow area within each bay cf the Unit 1 intake structureI is never smaller than at the mouth. Hence, the maximum average flow velocity

should occur at the mouth. After entering the structure, the water flows gen-

erally upward between the skiz=ner wall and the vertical portion of the structure
floor (see Figure 2.1.3) through an area only slightly larger,10.4m2 (111.67
feet ), than the mouth area, 9.9m (106.08 feet ). Thus, the flow profile here

is similar in magnitude to that at the mouth but directed vertically instead

of horizontally.

The flows inside the Unit 1 intake structure appear nowhere to exceed

I .5m/sec (1.5 feet per second) . It is noted that the velocities at the cross

section defined by the stop-log guides are quite low, generally below .00lm/sec
(0.25 feet per second), within 2.2n (7.25 feet) of the bottom of the structure.

This ic reasonable since the. water must turn the tc>rner af ter its vertical ascent
(see Figure 2.1.3). The flow near the water surface is generally in a reverse

direction (i.e., away from the pumps) and is on the crder of .15m/sec (0.5
feet per second). The maximum velocities at this cross section occur justI <

-
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An upstreas view of the weir is given in Figure 3.1.3. Flow velocity

was measured at =id-depth (.51n) (2 feet) at each of five test sites across the
-weir, labeled one through five in Figure 3.1.3. These measurements were accom-

plished by tying the boat to tha fence above the weir and lowering the probe
into the water for two minates.

3.2 Results

The flov velocity results at the discharge canal test locations are

presented in Table 3.2.1. Correction counts were obtained only at test loca- r

tions 3b, Ab, and 6b. The correction count for test location 5b was assumed g
the same as for 4b since they were at the same deptn and only 3.7s (12 f eet) E

apart. The transit ti=e for all other test locations was considered small
enough to neglect correction counts.

Table 3.2.2 lists the flow velocities obtained at the weir test
sites. Yrom visual observation, it appeared there was not appreciable linear
flow rate change across the weir except within about .3m (one foot) of the
weir walls. This observation is verified by the results of Table 3.2.2. The

flow velocities, V, were obtained from tae count rates, C, using the linear
relationship

V (mps) = 0.026 C g~

where C is in counts per second. This was obtained by linear extrapolatten of
-

the calibration curve f or the =eter used (#00900) .

4.0 Discussion and Conclusiens

la general, the flow velocity results are e.gected to be accurate
to within 10%. "his is a subjective estimate based upon the following sources

of error: dif f erences in transit time between correction runs and measurement
(due to unintentional differences in lowering and raising rates), inac-runs

curate sample time ceasurement (perhaps five seconds out of two ninutes), and
possible reverse rotation of the seters for a brief tire during and after entry
into the water. Actually, the larger velocities are procably accurate to less

a
.
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I velocity in each bay of .5m/sec (1.73 feet per second) results. Because the
directional variation of velocity at the stop-log guide cross section is notI known exactly, it is not possible to meaningfully integrate the measured

velocity profile to obtain net volumetric flow (or, alternatively, average

velocity) toward-the pumps. However, reference to Tables 2.2.4, 2.2.5, and

2.2.6 indicates velocities generally in the range .2 to .8m/sec (0.5 to 2.9
'

feet per second), which appear to be reasonable f or the design flow indicated

above.

I The discharge canal was constructed tith a 6.le (20-foot) base and
sides with 1:3 slopes, as indicated in Figure 3.1.2. The measurements within

the canal indicate a gradually changing flow profile with velocity generally

between .3m (one foot) and just over .6n (two feet) per second. This is

expected to be very characteristic of the flow pattern all along the canal

since the cross section is unifor=, except for minor variations resulting

from local buildup and erosion, and there are no major sot.rcer or sinks

between tne origin and the weir. Minor streams which feed into the canal,

such as f rom the ash pond, introduce only a fraction of the total canal

I. flow.

At the veir the measured flow velocities indicate a very flat lateral

profile around approxicately 2.0 m/sec (6.65 feet per second) all the way across
'

the weir (except very near the edges). Theoretically, a vertical profile which

varies roughly as the square root of the depth, measured from the water level

beh1nd the weir, is expected for a sharp-crested weir whose nappe is exposedI to the air on the underside. However, the lake level was high enough that the

underside of the nappe was not open to the atmosphere and this weir is not
truly sharp-crested so the exact nature of the vertical profile is not known.

I
I
I

.

I
I
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below the horitontal support colu=ns; 1.e., at a depth of about 4.3m (14 feet). ,

The profile in Bay 3 is more uniformly distributed between the depths of 1.7
and 4.7m (5.5 and 15.5 feet) than the profile in Bay A. The velocity profiles

are not expected to change significantly between the stop-log guide and the
*

f ace of the traveling screen, except that the screen should have a tendency

to damp out directional variations and make the profile more uniform.

The geometry of the Unit 2 intake structure is such that the mouth

itself is not the smallest cross-sectional flow area within the structure (hence
the average velocity at the mouth is not the maximum). The cross section from

the skimmer wall to the corner ci che structure floor at elevation 56.7m (136 B, 3

feet) (see Figure 2.1.5) is the smallest at 20. 2m' (217.28 feet"). The mouth g
, ,

crosssectional area'is 22= .(236.5 feet ~). Also, there is no r.egio'n of predom-

inantly vertical flow as there was in the Unit 1 intake structure and the verti-
cal profiles at the stop-log guides are thus much . flatter.

With few exceptions, the flows at the cross section defined by the
fine-screen stop-log guides within the Unit 2 bays agree fairly well at the
same depths (compare Tables 2.2.4, 2.2.5, and 2.2.6). Within 1.8m (6 feet)
of the concrete floor, the velocities are generally between .6 and .9m/sec
(2 and 3 feet per second) .9m/sec (2.89 feet per second) is the maximum ueasured
in all three bays. Near the' water surface, the Ba'f C results are generally high-

"
er (around .3m/sec) (one foot per second) than the Bay A results (arot.nd .2m/sec)

E
depths arecun .9 to 2.lm (3 to 7 feet). The mose ;om-(0.5 feet per second) at

plete set of results, for Bay C, show a basically flat profile from the Lectom up g
5to a depth of. 5.7m (13.75 f eet), a general decrease from nere up to a mininum at

about 1.5m (4-3/4 f eet) and an increase (in the reverse direction) up to the
water surface. The usually high flow rates at 3.9m (12.75 f 2et) :.eep in Bay A
(above .9m/sec) (3 feet per second) are not typical of the other =easurements
but may indicate a reglen where flew is channeled by the hor 1: ental support

colu=n.
.

The Unit 2 circulating water pumps are rated at 6.1 x 10 1/ min (160,700
3

I gpc's each. The service water pumps are designed to supply about 30.3m / min

.

(8,000 gpm) each. Thus , total flow through eacn bay should be on the order
1

I- 3 Dividing by tae minimum cross-sectional area of
| of 633.6m /sec (375.36 cfs).

I
'

, ,

20.2m' (217.28 feet-) (discussed previously), a maximum design average flow

$
, W j

1

!
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Table 2.2.2 Intake flow velocity test results, Unit 1, Bay A, inside.

I
Horizontal distance .305 .99 1.68 2.36 3.05
from left side, d meters (1) (3 1/4) (5 1/2) (7 3/4) (10)I (f G

Meters Verticle distance m/sec
Depth (ft) from bottom, h meters Flow Velocities (f t/sec)

(ft)
.

I' .08 7.5 .15 .16 .11 .16 .14
'

(1/4) (24 1/2) (0.49) (0.53) (0.36) (0.54) (0.47)

.76 6.8 .23 .21 .13 .20 .25I (2 1/2) (22 1/4) (0.75) (0.68) (0.44) (0.65) (0.83)
,

1.7 5.9 .16 .24 .21 .21 .20
,

= (5 1/2) (19 1/4) (0.52) (0.79) (0.69) (0.68) (0.66)

! 2.3 5.3 .10 .15 .11 .12 .10
i (7 1/2) (17 1/4) (0.32) (0.50) (0.35) (0.39) (0.32)
| .-

| 2, 9 4.7 .09 .13 .12 .17 .13
| (9 1/ 2) (15 1/4) (0.30) (0.42) (0.40) (0.56) (0.44)
!
'

3.5 4.0 .09 .10 .09 .11 .11
(11 1/2) (13 1/4) (0.29) (0.33) (0.28) (0.36) (0.37)

| 4.1 3.4 .41 43 .31 .36 .37
' (13 1/2) (11 1/4) (1.35) (1.41) (1.02) (1.25) (1.22)

4.7 2.8 .21 .25 .16 .22 .27
(15 1/2) (9 1/4) (0.70) (0.81) (0.52) (0.73) (0.89)

I 5.3 2.2 * * * .09 *

(17 1/2) (7 1/4) * * * (0.28) *

5.9 1.6 * * * * *

I (19 1/2) (5 1/4) * * * * *

6.6 1.0 * * * * *

(21 1/2) (3 1/4) * * * * *

I
.

|I
j * Measured flow velocity was less than .08m/see (0.25 ft/sec).

|

--
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Table 2.2.1 Intake flow velocity test results, Unit 1, outside.

I
Horizontal distance .31 .99 1.7 2.36 3.05

from left side, d meters (1) (3 1/4) (5 1/2' (7 3/4) (10)
(ft)

heters Verticle distance m/sec

Depth (ft) from bottom, h meters Flow Velocities (ft/sec)
(ft)

Bay A
* .11 .08 .13 *

S.3 3.4
(0. 35) (0.27) (0.41) **

(29) (11 1/4)

9.5 2.8 .25 .28 .27 .29 .26

(31) (9 1/ 4) (0.83) (0.92) (0.87) (0.95) (0.85)

3ay 3
3.9 3.4 * .14 * * .09 m

(0.30)* ** (0.47)(29) (11 1/4)

9.5 2.8 .24 .33 .26 .32 .32

(31) (9 1/4) (0.79) (1.09) (0.92) (1.05) (1.04)

10.1 2.2 .20 .32 .02 .29 .30

(33) (7 1/4) (0.65) (1.05) (0.70) (0,95) (0.98)

10.7 1.6 .16 .20 .20 .28 .23 g
(35) (5 1/4) (0.54) (0.66) (0.66) (0.92) (0.77) W

11.3 .99 .12 .20 .18 .18 .15 g

(37) (3 1/4) (0.39) (0. 65) (0.56) (0.60) (0.50) g

I
I

e

I
.

* Measured flow velocity was less than .076c/sec (0.25 ft/sec).

I
I
I
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Table 2.2.4 Intake flow velocity test results, Unit 2, Bay A, inside.

I
Horizontal distance .305 .99 1.68 2.36 3.05

I from left side, d met,ers (1) (3 1/4) (5 1/2) (7 3/4) (10)
(ft)

.

Meters Verticle distance m/see
Depth (ft) from botto=, h meters Flov Velocities (ft/sec)

(ft)

I .23 10.37 .20 .20 .26 .13 .18
(3/4) (34) (0.64) (0.67) (0.86) (0.43)a (0.00)

1.45 9.15 .23 .19 .11 .13 .28
(4 3/4) (30) (0.74) (0.39) (0.35) (0.43) (0.92)
2.67 7.93 .37 .31 .21 .26 .35

(8 3/4) u6) (1.21) (1.02) (0.68) (0.85)* (1.15)
3.89 6.71 1.07 1.02 .94 1.00 .94

(12 3/4) (22) (3.52) (3.36) (3.07) (3.28) (3.07)
5.11 5.49 .61 .50 .45 .38 .51

. (16 3/4) (18) (1. 99 ) (1.64) (1.49) (1.23) (1.67)
6.33 4.27 .79 .84 .86 .73 .68

i

(20 3/4) (14) (2.58)a (2.76) (2.82) (2.40) (2.23)
7.55 3.05 .66 .68 .66 .58 .55

,

(24 3/4) (10) (2.16)* (2.21) (2.16) (1.90)* (1.79)!
'

8.77 1.83 .56 .64 .70 .69 .61
(28 3/4) (6) (1.85) (2.10) (2.30) (2.27)a (2.00),

Ig 9.76 .84 .73 .74 .78 .88 .75W. (32) (2 3/4) (2.40) (2.43) (2.57) (2.89)a (2.45)

;
I

.o a5Sced not to have inCIC***ented properly.

.

|

|I

|I
i

. ..
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Table 2.2.3 Intake flow velocity te n results, Unit 1, Say B, inside.

I
'dorizontal distance .305 .99 1.68 2.36 3.05
from left side, d meters (1) (3 1/4) (5 1/2) (7 3/4) (10) |

*
( f t ',

Meters Verticle distance m/see B*

Depth (ft) from bottom, h meters Flow Velocities (ft/sec) 5
(ft)

.08 7.47 .16 .13 .12 .13 .16
(1/4) (24 1/2) (0.51) (0.58) (0.39) (0. 59) (0.53)

.76 6.79 .25 .26 .17 .20 .25

(2 1/2) (22 1/4) (0. 82 ) (0.84) (0.55) (0.65) (0.82)
.

1.68 5.87 .20 .26 .23 .27 .27

(5 1/2) (19 1/4) (0.64) (0.85) (0.75) (0.88) (0.89)

2.29 5.26 .09 .13 .12 .21 .16
(7 1 (17 1/4) (0.31) (0.44) (0.40) (0.69) (0.52)

2.90 4.65 .12 .14 .10 .12 .13
(9 1/2) (15 1/4) (0.39) (0.45) (0.32) (0.39) (0.43)

3.51 4.04 .12 .16 .11 .12 .13
(11 1/2) (13 1/4) (0.38) (0. 51) (0.35) (0. 39 ) (0.42)

4.12 3.43 .23 .29 .22 .29 .25
(13 1/2) (11 1/4) (0.76) (0.94) (0.72) (0.96) (0.82) ,

_

4.73 2.82 .09 .12 .07 .12 .09
(15 1/2) (9 1/4) (0.29) (0.39) (0.23) (0.39) (0.28)

5.34 2.21 .09 * * * *

* * * *(17 1/2) (7 1/4) (0. 25 )

5.95 1.60 * * * * *

* * * * *(19 1/2) (5 1/4)

6.71 .34 .08 .08 .10 .12 *

(22) (2 3/4) (0.26) (0.26) (0.32) (0.39) *

* Measured flow velocity was less than .076 m/ sec (0.25 f t/sec) .
.

I
B
=

- _ _ _ _ _ _ _ _ _ _
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Table 2.2.6 Intake flow velocity test results, Unit 2, Bay C, 1aside.

I ,
Horizontal distance .305 .99 1.68 2.36 3.05

I' from left side, e meters (1) (3 1/4) (5 1/2) (7 3/4) (10)
(ft)

Meters Veiticle distance m/sec
Depth (ft) f rom bottom, h meters Flow Velocities (ft/sec)

(ft)

I; .23 10.37 .31 .34 .31 .25 .19
(3/4) (34) (1.02)a (1.11) (1.00) (0.83)a (0.62)-

.84 9.76 .20 .24 .17 .20 .31I (2 3/4) (32) (0.66) (0.79) (0.55) (0.66) (1.01)

1.45 9.15 .09 .13 .0L .11 ,11

(4 3/4) (30) (0.28) (0.41) (0.27) (0.35) (0.35)-

2.06 8.54 .16 .19 .17 .16 .11
(6 3/4) (28) (0.51) (0.62) (0.55) (0.54) (0.36)

2.67 7.93 .24 .26 .16 .22 .22
(8 3/4) (26) (0.78) (0.84) (0.54) (0.72) (0.71)

|

|
'

3.28 7.-. .38 .35 .28 .35 40
'

(10 3/4) (24) (1.24) (1.14) (0.90) (1.16) (1.32)

3.89 6.71 .41 .45 .39 42 46
(12 3/4) (22) (1.48) (1.47) (1.29) (1.40) (1.50)

4.50 6.1 .63 .60 .53 .54 .54
(14 3/4) (20) (2.08) (1.98) (1.74) (1.76) (1.77).

5.11 5.49 .66 .62 .54 .53 .57
(16 3/4) (18) (2.16) (2.02) (1.77) (1.74)a (1.86)-

5 . '' 4.88 .77 .80 .82 .81 .77I (18 3/4) (16) (2.54) (2.62) (2.70) (2.66) (2.54).

6.33 4.27 .82 .88 .88 .84 .82
( (20 3/4) (14) e2.68) (2.87) (2.87) (2.77)a (2.68)

6.94 3.66 .82 .84 .83 .79 .66
(22 3/4) (12) (2.69) (2.77) (2.73) (2.58) (2.16

7.55 3.05 .63 .67 .64 .68 44
| - (24 3/4) (10) (2.08) (2.20) (2.10) (2.22) (1.45).
!

| 8.16 2.44 .64 .68 .6A .67 .63
i (26 3/4) (8) (2.10) (2.23) (2.22) (2.21) (2.07)

' I
.
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results, Unit 2, Bay B, inside.
Table 2.2.5 Intake flow velocity test

I
.305 .99 1.68 2.36 3.05 g

(1) (3 1/4) (5 1/2) (7 3/4) (10) gHoritental distance
from left side, d : meters

(ft)

|We/sec
Meters Verticle distance Flow Velocities (f t/sec)

Depth (ft) from bottom, h meters
(ft)

9.76 .21 .18 .18 .16 .20

(2 3/4) (32) (0.70) (0.59) (0.58) (0.54)* (0.66).84

8.54 .15 .18 .16 .31 46

(6 3/4) (28) (0.48) (0.58) (0.54) (1.00)a (1.52)2.06

7.32 49 .41 .38 .53 .61

(10 3/4) (24) (1.60) (1. 34) (1.26) (1.74) (2.00)3.28

6.1 .73 .61 .58 .60 .67 m

(14 3/4) (20) (2.39) (2.01) (1.90) (1.97)* (2.20) g4.50

4.88 .70 .59 .58 .50 .51

(18 3/4) (16) (2.30) (1.92) (1.89) (1.647a (1.66)5.72

3.66 .89 .90 .84 .84 .81

(22 3/4) (12) (2.92) (2.94) (2.74) (2.77)a (2.66)6.94

2.44 .41 .50 .52 .52 48

(26 3/4) (8) (1.34) (1.64) (1.72) (1.71) (1.57)8.16 E
5

.84 .73 .80 .80 .78 .75

(2 3/4) (2.40) (2.62) (2.63) (2.56)* (2.47)9.76 I(32)

I
I
m

to have incremented properly. . IaMeter indicatar assumed not

I
!

---- _______

-
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Table 3.2.1 Discharge canal flow velocities.

.

.

Lateral Distance Measurement Corrected VelocityI Test frotaieft Edge Depth Percent of Meter Counts m/sec
Location Meters (Feet) ca (Inches) Total Deeth in 2 Min. (feet /sec)~

I- 1.53 20.32 .18
1 (5) (8) 50% 820 (0.58)

5.19 35.56 .25
2a (17) (14) 20% 1166 (0.83)

147.32 .56

I 2b (58) 80% 2566 (1.827

8.85 55.88 .63
3a (29) (22) 20% 2905 (2.06)

213.36 .59
3b (84) 80% 2732 (1.94)

12.51 73.66 .66
4a (41) (29) 20% 3050 (2.17)

292.10 .51
4b (115) 80% 2359 (1.68)

16.17 73.66 .66
Sa (53) (29) 20% 3052 (2.17)

I 292.10 .56
Sb (115) 80% 21 '6 (1.83)

19.83 45.72 .65
6a (65) (18) 20% 3140 (2.23)

182.88 .55I 6b (72) 80% 2548 (1.81)

23.49 55.88 .31
7 (77) (22) 50% 1401 (1.00)

: I

: I
|. " Meter indicator assumed not to have incremented properly.
|
|

|

!

- -
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Table 3.2.1 Discharge canal flow velocities.

.

.

Lateral Distance Measurement Corrected Velocity
Test fron: Left Edge Depth Percent of Meter Counts m/see

Location Meters (Feet) em (Inches) Total Deoth in 2 Min. - (f eet/sec)

I- 1.53 20.32 .18
1 (5) (8) 50: 820 (0.58)

5.19 35.56 .25
2a (17) (14) 20% 1166 (0.83)

147.32 .56I 2b (58) 80% 2566 (1.827

8.85 55.88 .63
3a (29) (22) 20% 2905 (2.06)

213.36 .59
3b (84) 80% 2732 (1.94)II

12.51 73.66 .66
4a (41) (29) 20% 3050 (2.17)

292.10 .51
4b (115) 80% 2359 (1.68)

16.17 73.66 .66
Sa (53) (29) 20% 3052 (2.17)

292.10 .56
$b (115) 80% 2576 (1.83)

19.83 45.72 .68
6a (65) (18) 20% 3140 (2.23)

102.88 .55I 6b (72) 80% 2548 (1.81)'

23.49 55.88 .31
7 (77) (22) 50% 1401 (1.00)

I
g

" Meter indicator assumed no: to have incremented properly.
|

; ,

1I
.- _ - _ .. . .-
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I
Table 2.2.6 con' t

,

Horizontal distance .305 .99 1.68 2.36 3.05 -

from left side, d meters (1) (3 1/4) (5 1/2) (7 3/4) (10) "

(f t)

Meters Verticle distance m/see
Depth (ft) from bottom, h meters Flow Velocities (ft/see)

(ft)

''

8.77 1.83 .70 .S1 .87 .68 .57
1(28 3/4) (6) (2.28) (2.64) (2.85) (2.23) (1. 37 )

-

9.38 1.22 .82 .85 .83 .79 .73 ,[(30 3/4) (4) (2.70) (2.79) (2.71) (2.53) (2.38) -

I
I
I

" Meter indicator assumed not to have incremented properly.

- _

I
-

I'i
- I

I
I
a
m

- _ - _ _ _ - _ _ _ - _ _
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Figure 2.1.1 Flow velocity measurement frame.|
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Table 3,2.2 Flow velocities at the weir." -

Lateral Distance Velocity

Test from Left Edge Meter Counts m/see
Location (Aeproximate) in 2 Minutes (feet /sec)

,

3.89 2.09
1 12'9" 9602 (6.32) m

|,

7.55 2.12
2 24'9" 9761 (6.94)

11.21 1.96
3 36'9" 9040 (6.42)

13.95 1.92
4 45'9" 8881 (6.31)

13.22 1.06
5 59'9" 9505 (d.75)

I
,

|
,

*a
A.ll measurements made at depth at .6Lm (2 feet), g

I
I
I-

I

a
-

_ -. - _ - .-
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0220'9"I
- -

/
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1. 2 m 1. 0 m

3 ' 10" | 3 ' 2 1/2 " / Robinson
I; :' : impoundment

'/]g ,,
~

g 4.1 m 13 1/2' T - 2'

^
Measurement /

'' / /frace6. 7 m Skiecer
22' T- * ./- - ~

I l <
wall .

- ,> 'js" ' " '''. -

' ', . 5 m /////// ,
, /

57.9m 190' - - - - ~ -- - - '

/ st ure
'

mouth

I
13.3m:

v/11.
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3 m| l/
'

= 40 1/ = = = = = 7 j / 7-55. 0 m 180'6"
54. 9 m 160 40 3/4 i

12.4m II. DEPTd
(feet)
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I'

|
.

Figure 2.1.3 Side view of typical bay of Unit 1 intake structure.
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: 1

i I -

.

Traveling
St -108screen head gElevation

se-D 'l 1/ 2 '4 Deck
-l-68.9m 226' - - -

/ f water
67.3m 220'9" _ _ - - - /-

/ ourface

I. / Skimmer
v"11

.30m

4.04m -

- 13 1/4' ,7t:63. 2 m 207'6" - -

3' Q'
61. 6 m' 202' .91mI' h binson

6.93m impoundment
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''I 2 1/2'
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Measure =ent
9.75m */I frame

- 32'
|56.7tt 166'

,/ | I

55.0m 180 ' 6" - - - - - - -
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DEPTH
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I
I

Figure 2.1.5 Side view of typical bay of Unit 2 intake structure.
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I
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<6 1.83m
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I, .30m 1.0 0. 5 .15m

d = 5 1/'8m
'

1. 6

I
skimer

^

(' vall
8 2.44m ( 8 2 44mh

\- 6 ( ***}' 61. 83m
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,
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Figure 2.2.1 Measured velocities at the mouth of Bay B of the Unit 1

intake structure.

|
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CP&L D311 BIT 2.1

I Intensive Sampling Period Thertual

Data: k'ater Temperature Profiles

April 1973 to March 1976

I

I
I
I
I
I
I_

%

I
-- -- -



_ _ - - . . . - - - . . - - . - - - . . - . .. .-- . -. .-.- ---. .--....

I
30 ,

t

I .
r

I
I,

I'

68.6m'
,

225'
I'

< 1 2 4 5- _ '- water level
,

.

221,4,' ' '67.5s -

over veir'

/ j+. j, ,
, , , , .

/
I

,

h6.3D ' *
/ j

.' ./ // -'
/

i ;,
,

!12_34' 12' 12' 9' 14' 13-3/4' g,,3.8 m 3.66m 3.66m 2.74m 4.27m 4.19m

| ,

73' 6" *,*

i ,

23.32m

E

Figure 3.1.3 View of weir (looking upstream).

I
|-

!
I
_

- - - - - - . - - , , - - - - . - . . . --.-,-c , , - . - , . - - - - - , - - - - - - - - - - . - - - .



33

I.
H. B. ROBINSON WATER TD0'ERATLTI PROFILE

April 15, 1973

Transect A 3 2 1 Transect B 3 2 1

I .

O' 64' 63' 62' 0' 64' 64' 64'
3' 63' 63' 62* 3' 64' 64* 63'

.

6' 63' 62' 61' 6' 63* 62' 63* I

I 9' 62' 62' 62' 9' 62* 62* 62*

12' 63' 62' 62' 12' 62* 62' 62' |
'

15' 62' 61' 61'15' 63' 62' -

I 18' 61' 61' 61'18' 62* 62' -

21' 61' 61' 60'21' 61' 62'
24' 61' 60' 60' f

-

24' 60' - -

27' 61' 60' 60'I 30' 60' 60' 60'

Transect C 3 2 1 Transect D 3 2 1I
0' 64' 64* 64' 0' 66* 66' 66'
3' 64' 64' 64' 3' 66* 66' 66' !

6' 64' 64* 64* 6' 66* 66* 66' |
66' 66' |9' 64' 64* 64' 9' -

!66* 66'12' 64* 62* 12' --

63* |15'
I~

15' 61' 61 ' - --

62' |16'' 18' 61' 61' - --

21' 61' 60* -

24' 60' 60' -

I 27' 60' 60' -

Transect E 3 2 1 Station F

O' 67* 68' 66* O' 66'
3' 67' 68* 66* 3' 65*

66* 6' 64*6' 67*I -

66* 9' 62*9' - -

66'12' - -

- - 63'15'
62'18' -- -

Station G

O' 65* '

3' 63'
6' 62*
9' 61*

12' 58'

E..

I
I

_ - - _ _ _ _ _ __
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,

Water Temperature Profile Data '

~t

Water temperatures were recorded in the field to the nearest 0.1*C
and converted at a later date to che nearest l'F for reporting purposes.
Therefore, the 2*C surface, north to south vertical and east to west vertical
180 thems were defined by using original field data sheets rather than
Fahrenheit temperatures. Conversion of Fahrenheli temperatures contained in

these data back to centigrade may result in tne loss of a siknificant centi-
grade degree. For example:

21.l.'c = 70.5'F = 71*F = 21.7'C = 22'C

'

Such cases are the exception and are not co:.sidered to significantly occur within

these data.

I:
f

Accuracy of the instrumentation used to record. the.se data is considered '

to be + 0.5'C (+ 0.9'F).

I|
,

I
1

I'

| |'
i

|

|-

| I
|

,

E
a

|. . _ . - _ - _ _ _ _ _ _ _ . , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ , _ _ _ _ _ _ _ _ _ _ _ _
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I - H. B. ROBINSON VATER TDTEKATURh PROF 1;X
June 7,1973

|I
Transect A 3 2 1 Transect B 3 2 1

0' 888 88' 88' 0' 89* 89' 58'
! 3' 87' 87' 88* 3' 87* 87' 88*

6' 86' 85' 84* 6' B5' 26' 85*

!II 9' 86' 84' 83* 9' 84* 8)* 83*
12' B4' S3' B2*12' 84* 83' -

15' B2* 60' 33'1 15' 83* 83' -

| 18' 83' 82* 18' S2* 02' B2'-

80' Ol'21'82'
|

21' ---

79' 79'24'80'24' ---'

678' 7827'78'27' ---
j

77* 77*30'77'30' -' --

76' 76'33' -

Transect C 3 2 1 Transact D 3 2 1

I.
O' 89' 88* 8B' 0' 90' 92* 92'
3' 89' 87* 86* 3' 90' 92* 92*
6' 87' 84* 84' 6' 90' 88' 89*

85' 85*9' 85' 84' 84' 9' -

84' 84*12'12' 83* 83* --

82*15'I' 15' 82* 82' - --

80*18' 80' 81* 1E' - --

80*21'80*21' - ---

78'24' -

I
-

77'27' --

Transect E 3 2 1 Station T

O' 101' 99' 97* O' 93'
,

| 3' 100* 99* 97' s' 86'
91* 6' 80'g 6' 89' -

,

82* 9' 79'! g 9' - -

82*12' - -

'
Station G

! 0' 79*
! 3' 79*
{ 6' 75'
i 9' 72'

:

I
: I

_ _ --___ __ _ _ __ _ _ --- _ _ . ___ _ _ .
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H. B. ROBINSON WATER TDiPERATURE PROFILE
May 22, 1973

.

I4
Transect A 3 2 1 Transect 3 3 2 1

0' 74* 74* 74' 0' 74* 74' 74* |
3' 74' 74' 74* 3' 75' 74' 74* 3
6' 74' 74' 74* 6' 74 * 74' 74'
9' 74' 74' 74* 9' 73' 74* 73' g

.

12' 74* 74* 74* 12' 73' 73* 73* g
15' 74' 74* 73* 13' 72' 72* 72*

IS' 71* 71' 71'18' 72* 72' -

21' 71' 71' 71'21' 71* 72* -

24' 71' 71* 71*71'24' ---

27' 70* 71* 70'71'27' --

30' 70* 70* 70*71*30' --

71*33' --

Transect C 3 2 1 Transect D 3 2 1

0' 77* 75' 75* O' 79* P9' S0'
3' 75' ?$* 74* 3' 75' 76' 77' E'

6' 75' 75' 74* 6' 73* 72' 71' 3
71* 71*9'9' 73* 73' --

71'12'12' 71* 7* - --

71*15'15' 71* 71* - --

70'IS'13' 71' 71* - --

21' 71* 71* -

24' 71* 71* -

71*27' --

Transect E 3 2 1 Station F em

B
,.

O' 89* 87* 87* O' 78'
b 3' 89' 84' 81* 3' 71'

6' 89* 78* 75' 6' 67*
69' 9' 67*9' 39' -

69'12' 89* -

- - 69*15'
63*18' - -

Station G

O' 70*
3' 65*
6' 62'

. .

I~

I
.

.

- - - . - - _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ , _ _ _
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I
H. B. ROBINSON WATER TEMPERATURE PROFILEI August 22, 1973

Transect A 3. 2 1 Transect B 3 2 1

0' 88* 88' 90' 0' 90' 89' 89'
g 3' 89' 88' 90' 3' 90' 90* $9'

W 6' 90' 88' 89* 6' 90' 90' 89*
,

9' 89' 89' 89' 9' 89* 90' 89*

12' 90' 89' 89' 12' 89' 90' 89'
89' 88*89' - 15'15' --

89' 89'18'89'18' ---

89' 88'21'89'21' ---

89'
- I

24' --

89'27' --

89'30' --

Transect C 3 2 1 Transact D 3 2 1

0' 91* 90* 90' 0' 97* 93* 95*

I 3' 91' 90' 90' 3' 97* 95* 95*
95' 94*6'6' 92' 90* --

91' 92*9'9' 91* 90* --

92'12'12' ol' 90'
I-

- --

92*15'15' 90' 90' - --

92*38'90'18' - ---

89'21' --

89'24' --

Transect E 3 2 1 Station T

O' 200* 97* 92' 0' 84*
3' 100* 99* 02* 3' 84*
6' 100* 99* 90' 6' 82'g

84*g 9' 101' -

84'12' 102' -

Station G Station H Station I

0' 73* O' 89' 0' 77'
3' 73* 3' 89' 3' 76'I 6' 73' 6' 76*

9' 76*

-

.

I
I
I

- _ - - - - - - - - - - . - -
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,

H. 3. ROBINSON 'a'ATER TEMPERATURE PROFILE
July 31, 1973

Transect A 3 2 1 Transect 3 3 2 1

0' 89' 89' 88' 0' 90' 90' 89'
3' 88* 88* 88* 3' 88' 89' 88* g
6' 88' 88' 88' 6' 88' 88' 88' E
9' 88* 88' 88' 9' 88' 38' 88'

12' 87' 87' 87' 12' 88* 87' 87*
15' 86* 87' S6' 15' 86* 87' 86*

18' 86* 86" 86*18' 86* 87' -

21' 86* 86' 86'21' 36' B6' -

24' 85' 86* 24' 86* 85' 85* E,' -

8t ' 84' E27'85'27' ---

54' 84'30' -

33' 84'- -

Transect C 3 2 1 Transect D 3 2 1

0' 90' 90* 90' 0' 93* 95* 95*
3' 90' 90* 89* 3' 93* 93' 93'

91* 91*6' 89* 89* 89' 6' -

90' 91* g9' 89' 89* 9' --

89' 91* p'12'12' 88* 89' --

86*13'15' 88* 88* - --

84'18'18' 86' 86' - --

21' 84* 86' -

24' 84' 84' -

84*D' --

m

5Transect E 3 2 1 Station F

| O' 99* 99* 99* O' 91'
3' 97* 99' 98* 3' 90'
6' 96* 97* 97* 6' 83*

,

I 9' 94' 88* 86' 9' 81'

| 55' 85*12' -

.itation G

O' 81'
3' SO'
6' 73*

.

I.

I1

E.
| . . _ . . . . _ _ . _ _ _ _ _ _ _ _ _ _ . _ ____ _. . . _ . . . _ _ _ , -_ - . _ _ , - - - _ , - . . . - . . . . - . , , _ - .. ~ . . . ~ . . . - . . . _ . ._
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I
H. B. ROBINSON WATEL TDFERnTJRE PROFILEI October 24, 1973

Transvet A 3 2 1 Transect B 3 2 1

0' 73* 73* 72* O' 73' 72' 72*

3' 74' 73* 73' 3' 73' 73' 73*I 6' 74* 73' 73' 6' 73* 73' 73*

9' 74' 73' 73' 9 73' 73' 73'
12' 73' 73* 73'12' 74* 73' -

I 73' 73'15'15' 74' 73' --

73' 73'18'1E' 74' 73' --

73' 73'21'21' 74* 73* --

73* 73'24' 74' 73' 24'I --

73* 73*27'73''i7 ' ---

73*30' --

Transect C 3 2 1 Transect D 3 2 1

0' ??' 73* 73' 0' 77* 77* 77'
3' 73* 73* 74'' 3' 79' 79' 77*I 78* 77' i6' 73* 73' 75* 6' -

9' 76* 77*9' 73' 73* --

75'12'12' 73' 73' - --

I.' 18' 73' 73'
73'15'15' 73* 73' - --

72'IS' - --

72*21'21' 73* 73' - --

Transec; E 3 2 1 Station F

0' 88* 84* 79' 0' 72*I 3' 88' 83* 80' 3' 73*
80' 73' 6' 73'6' -

70'
.

9' - -

Station G Station H Station I

0' 63* O' 75" O' 64'I 3' 62* 3' 63'
6' 62* 6' 63*

k
I

,

I

I
.

I
I

- - _ - - - .. . .
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H. B. ROBINSON WATER TEMPERaTCRE PROFILE
September 26, 1973

Ttansect A 3 1 Transact B 3 2 1'

0' 82* 82* 82* O' S2' 81* B2*

.T ' S3' 32' 82* 3' B3' 32' 32' 3
6' S3' S2* S2* 6' 34' 82* 82* 3
9' 83* 82* B2* 9' 34* 84* 32'

12' 83' 32* S2* 12' 83* S4' 32*
3?' 32*15' 33' 82* 15' -

-

S3' 82*18'18' 83* S2' --

82* 82*21'S2* -

21' -

83* 82* E
-

24'24' 32* -
---

82* B2* 527'27' 82* -
- -

82* 82*30'82* -

30' --

82'33' --

Transect C 3 2 1 Transect D 3 2 1

0' 82* 82* 82* O' 88* 86* 81*

3' C:" 82* 82* 3' S8* 86* 82*
86* 82*6'6' 84* 82* -

-

82* g
9' 84* 82* 9' - -

-

82* g12'12' S4* 82* - -
-

81*15'15' 84*
- -

- -

18' 84* - -

Trt.nsect E 3 2 1 Station F

In

O '- 95* 93* 86* O' S2*
|3' 93' 95* 86* 3' 82*

6' 93' 90* 84* 6' 79*
82* 9' 79* I9' - -

Station G Station H Station 1

0' 72* O' 82* O' 75*

3' 72' 3' 82* 3' 73*

6' 72* 6' 73*

I '

I-

I
I
e
a1

---- _-_-_ _ - - _ ___--_______ _ _ _ _ _ _ _ _ _ _ ___ ____ __ __ _
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I H. B. ROBINSON WATER TEFJERATURE PROTILE
December 19, 1973

I Transect A 3 2 1 Trannect B 3 2 1

0' 54' 52' 52' 0' 55' 54' 53'
3' 54' 54' 54' 3' 56' 56' 54'
6' 54' 54' 54' 6' 56' 56' 54'
9' 54' 54' 54' 9' 56' $6' $4'I 12' 56' 56' 54*12' 54' 54' -

15' 56' 56' 54' |15' 54' 56' -

18' 54' 54' 18' 56' 54'- -

I $$* $4' |21' 34' 54' 21'- -

24' i* $4' 24' 55' 54'- -

27'27' 56' 54' 55' 54'- -

30' 54' 54' 30' 55' 54' ;I - -

33' 54' 54' 33' 55' 54'--

36' 54' 54' -

39' 54' - -

Transect C 3 2 1 Transect D 3 2 1,

I 0' 56* 54' 52' 0' 61* 60' 56'
3' 56' 55' 52' 3' 61' 61' $7*

'

6' 57' $5' 52' 6' 61' 59' 57',

. 9' 57' 55' 52' 9' 59' 55'-

12' 56' 55' 12' 54'- --

'
,

15' 56' 15' 54'- - - -

18' 51'- -
,

I 21' 51'- -

24' !C'- -
,

i

Transect E 3 2 1 Station F Station G

O' 68' 66' 63* O' 48' 0' 41'
3' 68* 66* 64' 3' 47' 3' 43*

I 6' 66' 64* 59' 6' 41' 6' 43'
48* 9' 41*9' - -

12' 47' '- -

i Station H Station I
i O' 52' 0' 38'
l 3' 53' 3' 38'

6' 53' 6' 38'

I
I
I

-

- - _ - - .. - _ _ - - - - .
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| H. B. ROBINSON '4ATER TEMPERATURE PROFILE
=November 27, 1973

Transect A 3 2 1 Transect B 3 2 .1

! 0' 68* 68* 68* O' 68* 68* 68*
3' 68* 68* 67* 3' 67* 68* 68*
6' 68* 68* 67* 6' 67* 68* 68*

9' * 67* 67* 68*
! 9' 67* 68* -

12' 67* 67* 68*12' 67* 67* -

15' 67* 67* 68*15' 67* 67* -

18' 67* 67* 67* 367*18' --

567* 21' 66* 67*21' ---
4

24' 67* --

66'1 27' --

66*30' --

33' 66*- -

Transect C 3 2 1 Transect D 3 2 1

0' 68* 68* 68* O' 68* 68* 68*
3' 68* 68* 68* 3' 68* 68* 68*

,

68* 68*
| 6' 68* 68* 68* 6' -

68* 68*! 9' 68* 68* 9'- -

I 12' 68* 68* 68'12' - --

15' 67* g'| 15' 68* - ---

W6d*| 13' --

68*21' --

24' 68*- -

'

Transect E 3 2 1 Station T Staticn G

*
0' 70* 69* 70* O' 69* O' 66*
3' 70* 70* 72* 3' 69* 3' 66*
6' 70* 70* 72* 6' 64* 6' 64*
9' 70* 68* 68*

65*12' 70* -

Station H Station I

0' 68* O' 64*
3' 68* 3' 64*

6' 64*

I
I-

I
I
a
=

1
_._.y , . . . _ _ _ _ . . - _ . - , ~ . . , _ . . , _ . . . . . . . . . . . . . - ,- . _ , , _ , _ _ , , ,,. -. ,-.. ,_.,.._ _ _.. __ _ __ _ _ _ __
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|

H. B. ROBINSON k'ATER Try.PERATURE PROFILE

February 12, 1974

Transect A 3 2 1 Transect B 3 2 1.

0' $9' 61* 60' 0' 61' 61' 61*
3' 60' 61* 61' 3' 62' 62' 62'I 6' 61' 61* 61' 6' 62' 62' 02'
9' 61" 61' 61' 9' 62* 62' 62'

12' 61' 61' 61' 12' 62* 62* 62*

I 15' 61* 61' 60' 15' 62* 62* 62* |

18' 61* 61' 60' 18' 62* 62* 61*
21' 61' 61' 60' 21' 60' 62' 61*
24' 61* 60' 24' 60' 60' 61'I --

27' 61' 60' 27' 60' 60' 61'--

30' 61' 60* 30' 60* 60' 61*--

33' 61* 60' 33' 60' 60' 61*--

- 36' 60' 60* 36 60' 60'- --

I Transect C 3 2 1 Transect D 3 2 1

I '' 0' 64* 63' 63' 0' 65* 64* 66*
3' 64' 63* 63* 3' 65* 65' 67'
6' 63* 63' 63* 6' 64* 65* 65*
9' 63* 63* 63' 9' 64* 64'--

12' 63* 63* 12' 61' 62'-- --

15' 63' 62' 15' $9'-- - --

18' 63* 62' 18' 59'-- -- --

I''

21' 63* 61* --

24' 63* 62* -

27' 61*-- -

Transect E 3 2 1 Point ' Point G
O' 64' 48'

0' 74' 72' 72* 3' 50' 47' ,

I 3' 74' 73' 72* 6' 49' 47' |
'

6' 74' 72* 72' 9' 49''

!-

! 9' 75' 54' I--

33' |j 12' 75* -

: 15' 75* -- --

|

Point H Point I

_ O' 61' 0' 45'
'3' 61' 3' 44' II 6' 44'

9' 44*
12' 44

- . __ _ _ _ - . __ --_ _.
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LAKE ROBINSON WATER TEMPERATURES

January 22, 1974

I
Trans(ct A 3 2 1 Transect 3 3 2 1

0' 69' 65' 67' 0' 66* 66' 68*
3' 69' 65' 67* 3' 66' 66' 67*-

6' 67* 64' 64* 6' 65* 66* 65'
9' 67* 64* 64* 9' 65' 64* 65*

12' 66* 64' 64' 12' 65' 64* 64'
15' 66* 64' 64* 15' 65* 64* 64*
18' 66* 64* 64* 18' 65* 64' 64' E
21' 66' 64* 64' 21' 64* 64* 64* E
24' 65' 63* 63' 24' 63' 64* 64'
27' 65* 62' 62* 27' 63' 63' 63*
30' 65' 62* 62' 30' 62' 63* 63*

- - 62*33' 64* 62* 62* 33'
'

36' 64' 62* 62*

Tranee:t C 3 2 1 Transect D 3 2 1

0' 68' 69* 68' 0' 71* 72* 73*
3' 67' 68* 67* 3' 70* 71* 72*
6' 67* 67' 66* 6' 69* 70' 68*

66* 66'9' 66* 66* 9' --

64* 65* 312' 65* 65* 12' --

64' 64' 315' 64* 64' 15' --

61* 62*18'18' 64* 63* --

21' 63* 62' -

24' 62* 61' -

27' 61' 61* -

""
Transect E 3 2 1 Point F Point C

O' 77" 77' 75' o' 66* O' 59'
3' 79' 77* 76' 3' 64' 3' 58',

6' 78* 74' 72* 6' 63* 6' 57' E
9' 64* 9' 61* 5- -

Poir" n Point I g
(* 63* O' 61* W

- 65* 3' 59"'

6' C 6' 58'
9' 58*

I-

I
I
a
E

.



. . __. _ _ _ _ _ .
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H. B. ROLINSON k'ATER TDFrJJJT'RE PROFILE

April 24. 1C74

Transect A 3 2 1 Transect B 3 2 1

0' 72'' 71* 72* O' 73* 73* 72*

3' 72' 71' 7* 3' 73* 73* 73'.

6' 72' 71* 72' 6' 73' 73' 73*

I 9' 72' 72* 72' o' 73' 73' 73'
12' 72* 72* 72' 12' 73' 73' 73'

72' 72* 15' 73' 73* 73'15' ---

72' 72' 18' 72* 73' 73*18'I ---

72* 72* 21' 72* 72' 73*21' ---

72' 72* 24' 72' 72' 77' ~ - - -

24' ---

27' 72' 72* 72'72'27' -----

30' 72* 72* 72*30' 72*--- --

72*33' 72*72'33' -------
,

72'36' ------

Transect C 3 2 1 Transect D 3 2 1

0' 73* 73' 73* O' 77' 77* 77*

Ii 3' 74* 73' 73* 3' 78' 78' 77*
'

6' 74' 73' 73* 6' 77' 77* 77*
9' 74* 74' 76'9' 74' 74' --

74'12'12' 74* 74'I
--- -----

74'15'15' 74* 74' - ----

73*18'18' 74* 74' --- -----

21' 73* 74' ---

24' 72* 73' ---

27' 73* 73* --

Transect E 3 2 1 Station F -,I O' R7' S2' 80' n' 70*
3' 87* 82' Bl* 3' 69'
6' 87' 82' RO' A' 70*I 74* 9' 69*9' --- ---

75*12' -- ---

Station G Station R Station 1

0' 66' 0' 70' 0' 67'

I 3' 66* 3' 70* 3' 66*
6' 66* 6' 71' 6' 66*

I
I
I I

I
__ _ _



._ _ _ _
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H. B. ROBINSON WATER TEMPERATURE PROFILES
.

March 18, 1974 I
Trcnsect A 3 2 1 Transect B 3 2 1 g

O' 65' 65' 65" 0' 68' 68* 68* u
3' 65' 65' 65* 3' 66' 65* 66'
6' 64' 64' 64* 6' 66* 64* 65*

9' 64' 64' 64' 9' 64* 64' 64*

12' 64* 64' 64' 12' 64* 64' 64'
15' 64' 64' 64* 15' 64* 64' 64'

id' 64' 64' 64*18' 64' 64* ---

21' 64* 64' 64'21' 63* 63' ---

24' _64* 6 4.'. 64'24' 63' 63' --

27' NA NA NA27' NA NA --

+30' + NA30' + NA ---

33' NA33' NA --

36' NA --

Tran:,ect C 3 2 1 Transect D 3 2 1

0' 68' 68' 68* O' 72* 71' 72*
3' 66' 66* 66' 3' 70' 70' 72'
6' 65' 65' 64* 6' 68* 68* 68'

67* 66'9'9' 64* 65* ------

66' 66'12'12' 64* 65' ----

64'15'15' 64* 64' -- ------

6 t. '18'18' 64' 64* -- -----

66* g21'21' 64* 64* -- ----

24' NA 324' 64* 64' --- ---

+27' NA NA ---

+ se

Transect E 3 2 1 Station F Station G

s' 79' 77* 75' 0' 67* O' 56'
3' 79* 75' 75' 3' 63* 3' 54' E
6' 79* 71* 71' 6' 57' 6' 54' E

61* 9' 56'9' 80' ---

60* E12' 81* --

g15' 81* --- ---

Station H Station I

0' 66* O' 58'
3' 65* 3' 57'

6' 56*
""

9' 55' g.

NA - Not available: portable thermister - D0 probe cord length = 24'.
Temperatures - DC's below this depth were not sampled and water
cepth not recorded except at transect A - station 2 and transect
3 - station 2 where Winkler OO's sampled.

E
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|I H. B. ROBINSON k'ATER TEMPERATURE PROFILE |
l

May 23, 1974

Transect A 3 2 1 Transect B 3 2 1

I 0' 77* 77* 76' 0' 78' 78* 78'
3' 77* 77* 76* 3' 7B' 78' 78'
6' 77' 77' 76' 6' 78' 78' 78'
9' 77* 77' 77' 9' 77' 78* 78'

12' 77' 77* 77' 12' 77' 7R' 78' ,

15' 77* 77* 77* 15' 77' 77' 77'
18' 77' 77* 77' 18' 77* 77* 77'

21' 77' 77' 77*21' 77* 77* -

24' 75' 77' 76*77'24' --

I 27' 76' 76' 76'27' 76' --

30' 75' 75' 75'75'30' --

75' 75'33'75'33' ---

Transect C 3 2 1 Transect D 3 2 1

0' 79* 78' 77' 0' 78' 78' 79'

I* 3' 79* 78' 77* 3' 78' 78* 78*
6' 79' 78' 77* 6' 77* 78' 78'

78' 78'9'9' 78' 78* --

78' 78*E 12' 78' 78* - 12''
-

78' 78*5- 15' 78* 78* 15' --

77* 78*18'18' 78' 78' --

21' 78* 78* -

I 24' 77' 77* ,-

27' 77'- -

Transect E 3 2 1 Station F

O' 84* 82* 82' 0' 79'
3' 64' 82* 81* 3' 77'I 6' 84' 82' 81* 6' 76*

77' 9' 75'9' - -

76'12' - -

Station G Station H Station I

i g O' 76* O' 76' 0' 72*

3 3' 73* 3' 76* 3' 72*
,

6' 73* 6' 72'
l 9' 72*

|

I
I
I

. . _ _ .- __



_ _. - .. _. .- ._ . - - .- . _ _ - - - _ _ _ _ - -
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.

H. 3. ROBIMSON WATER TEMPERATURE PROFILE

May 21, 1974

||lTransect A 3 2 1 Transect B 3 2 1

O' SO' 76' 79' 0' 75* 77* 75'
3' 76* 76' 78* 3' 75' 77' 75'
6' 75' 75' 78* 6' 75' 77* 75'
9' 75* 75' 78' 9' 75' 76' 75' 3

12' 74' 75" 75' 12' 75' 76* 75' 3
15' 74' 75' 75' 15' 75* 76' 75' i

18' 74' 75' 74* 18' 75* 76' 75' |

21' 73' 74* 74* 21' 73' 75' 75' )
24' 73* 73' 73* 24' 73' 74' 74*

27' 73' 73* 73*27' 73* '- -

30' 73' 73' 73'72*30' --

33' 72' --

36' 71' --

71*39' a--

g.
Transect C 3 2 1 Transect D 3 2 1

0' 75' 78* 77* O' 76* 76' 77*
3' 76' 76' 77* 3' 76* 76' 77*
6' 76* 76* 77* 6' 76* 76* 76'
9' 76' 75' 9' 76* 76* 76'-

12'12' 75* 75' 74' 75'- -

73* 75'15' 75' 75' 15'- -

IS'18' 75* 75' 74*- - -
, , ,

21' 75' 75' - g
24' 73' 73* -

27' 7?* --

i

Transect E 3 2 1 Station F

O' 79* 79* 79* O' 77*
| 3' 79' 77* 77' 3' 77*

77* 6' 75*6' 79' -

75' 9' 75'9' 79' -

|12' 79* -

15' 79' - - 5

Station G Station H Station I
,

t O' 73' 0' 77* O' 70*
3' 73' 3' 77' 3' 70*

i
'

6' 70* 6' 77* 6' 70*

| 11
,
,

E
_

- - - - - - - _ - _ _ - - _ - - - - _ . . _ - _ - - _ . . - . - -,- _- - , , _ , - - , , , - ~ . , - . , . , , - . . .- & -- , -
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H. B. ROBINSON WTER TDTERATURE PROFILE

I July 11, 1974
|

lI Transect A 3 2 1 Transect B 3 2 1 i
|

#
0' 89 88 85 0' 88 88 88

I 3' 89 88 SF 3' 88 88 88

6' 89 85 88 6' 88 88 88

9' 88" SS 88 9' 88 88 88 |

#
12' 88 88 88 12' 88 88 88

15' 86 86 8615' 88 88 -

18' 85 B5 8618' 88 88 -

21' 84 85 8421' 88 86I -

24' 83 84 838424' - -

27' 82 61' 828327' --

30' 81 80 8130' - 82 -

33' 80 7933' 82 ---

.

Transect C 3 2 1 Transect D 3 2 1

D0' 90 90 90 0' 93 94 93

5 3' 90 90 90 3' 94 94 93
#

6' 90 90 90 6' D 94 93

86 879'9' 90 88 --

#
12' 89' 88 85 8512' --

80 8215'15' 85 84 --

80 8118'18' 84 85 --

21' 84 85I -

24' 83 - -

#
27' 82 - -

!

!I
! Transect E 3 2 1 Station F
|

0' 102 99 98 0' 90'

3' 102 100 98 3' 90
C

6' 102 99 98 6' 88

82 9' 809' .. -

7912' - -

I Station G Sta: ion H Station I

9
0' 84 0' 85 0' 75I 3' B4 3' 86 3' *

6' 77 6' 86 6' *

*Not Available

. .
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I
_

H. B. ROBINSON WATER TEMPERATURE PROFILE

June 27, 1974

Il!
Transect A 3 2 1 Transect B 3 2 1 |

|
*

O' 79' 79' 79' 0' 78' 78* 79*
3' 79' 79' 79* 3' 79' 78' 79' '

6' 79' 79' 79' 6' 79' 73' 79'
9' 79' 79' 79' 9' 79* 73' 79' .

12' 79' 79* 79* 12' 79' 78* 79'
15' 79' 79' 15' 79' 78' 79'-

18' 79' 79' 18' 79' 78' 79'-

21' 79' 79* 21' 79' 7S' '9'-

24' 79* 79' 24' 79* 7P' '9'-
,

27' 27'79' 7, 79'- - - .

30' 79* 30' 79* 79' 3- - -

33' 79' 33' 79' Ei-- - -

Transect C 3 2 1 Transect D 3 2 1

0' 78* 79' 79* O' 79' 80' 77'
3 '~ 78' 79' 79' 3' 81* 80' 30'
6' 78' 79' 6' 81* 80' 80*-

9' 78* 79' 9' 79' 79*- -

12' 78* 79' 12' 80' 79'- -

15' 78* 79' 15' 78' 79'- -

18' 79' 79' 18' 78' 79'- -

21' 79* 79* -

24' 79* 79* -

,,

E,
; Transect E 3 2 1 Station F
i

O' 85' S4' 82* O' 76'
3' 86* 84* S2* 3' 76*,

6' 85* 82* 6' 76*-

9' go*, . .

| 12'
1

_ go*-

i
Station G Station H Station I

'

i

O' 72' 0' 78* O' 68'
3' 73' 3' 3' -i

-

6' 73' 6' , 6'- -

|

; ||

I
E

,

I

_ . _ . . - . _. _ __ . _ . . . _ _ _ _ _ . _ _ _ . . , _ .
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! H. B. ROBINSON WATER TEMPERATURE PROFILES
September 4,1974

,

'

Transect A 3 2 1 Transect B 3 2 1

' |' O' 85* 84' 83* O' 84* 84' 84*-

5 3' 8'4 ' 84* 83' 3' 85' R4' 84*
6' 84* 84* 83* 6' 85' 84' 84''

-

9' B4' 84' 83' 0' 85' 84* 84*
12' 65* 84' 84'12' 84* BL' --

15' 85* 84* 84'15' 84' 84* --

18' 85* 84' 84'
' 18' 84' 84* --

21' 85* 84' 84'21' 84* 84' --

24' 85' 84* 84*24' 84' ----
:

27' 85* Ba* 84'27' 84*-- --

: 30' 54' 84'g 30' 84' ---- --

'
84* 84*84* 33'g 33' ---- --

.

Transect C 3 2 1 Transect CA 3 2 1

: 0' nP 85* 83* O' 89' 88' 86'
; 3' 86' 85' 84' 3' 89' 88* 86*

~ 6' G6' 85' 84* 6' 89* 88' 8E'
- 9' 86* 85' 83* 9' 88* 87* 86*..

5 12' 86* 85' 12' 87* 86*----

15' 86* 85*18' 86* 85* -- --

I' 86' 85"21' 05' 18' ---- --

21' 86*24' 85* -- --- -

24' 86*-- --

Transect D 3 2 1 Transect E 3 2 1*

0' 91* 90' 90' 0' 97* 97' 06'
3' 91' 91' 90' 3' 96' 97' 96'I 6' 91* 91* 00* 6' 91* 92* 93'

P' 88' 9' 88* 86*9' ---

85*86* 12'12' '' -- ----

36" R6'15' -

86*18' -- --

t Station F O' S8' Station G O' 78' Station H O' 32'
3' 86* 3' 78* 3' 82*s

*

6' 85* 6' 78* 6' 82*
9' 82'

Station I 0' 73* Station J O' 73' Station K O' 81*
3' 73* 3' 73' 3' Bl*

I 6' 73' 6' 73* 6' 81*
9' 73*

I
.

-

I
.

-
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H B. ROBINSON WATER TEMPERATURE PROFILE |
WAugust 29, 1974

Transect A 3 2 1 Transect 3 3 2 1

0' 87* B6* 86* O' 38' 88* 88*

3' B7* 86* 86* 3' 98* 88* 88* g
6' 87* 86* B6* 6' 88* 88* 88* 3
9' 87* 86* 86* 9' 87* 87* 88*

12' 37' B7* 88* g12' 37' 86* --

15' S5* 86* B7* g15' 86* 86* --

18' 86* S6* 86*18' 86* 86* --

21' 86* 36' B6*21' 86* 85* --

24' B5* BS' 86* |24' 86* S4* --

27' 34' 85* 84* W84*27' ----

30' 84* 77* 84*83*30' --

82*33' ----

82*
~

36' ----

Transect C 3 2 1 Transect CA 3 2 1

0' 88* 88* 38* O' 88* B8* 38*

3' 88* 38' 88* 3' 88* 89* 88*
6' 88* 88* 88* 6' 38' 90* 88*

,

89* 88*9'9' 88* 88* ----

88*12'.2' 38' 88* ------

88* --5' B6* 83* 15' ----

S7* -- g.8 ' 86* S7* 18' ----

86* -- 3'l' 85* 84* 21' ----

4' 84* 84* -

Transect D 3 2 1 Transect E 3 2 1 -

O' 91* 91* 93* O' 100* 100* 97*<

J' 91* 91* 93* 3' 101* 97* 97*
"

6' 91* 91* 93* 6' 102* 96* 97* Ic91* 91* 9' 102* 88* 91*9' -,

91* 90* 12' 103* 87* --12' --

88*15' -- --

86*- 18' _ _.

Stat' 2F O' 91* Station G O' 84* Station R O' 36*

l' 91* 3' 82* 3' 86*
6' 81*
9' 80*

12' 80*

station I 0' 79* Station J O' 78* Station K O' 85*
3' 78* 3' 77* 3' 36*
6' 78* 6' 77* 6' 35'*

I
I
a
=
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I H. B. ROBINSON WATER TDtPERATURE PROFILE'

November 13, 1974

Transe t A 3 2 1 Transect B 3 2 1

. O' 65' ' 67 ' 66* O' 67' 67' 67*
3' 65* 67' 66* 3' 67* 68' 67*
6' 66* 67' 66* 5' 67* 68' 68'
9' 66' 67* 66 * l' ' 67 * 67' 68'

12' 66' 67' 66* 12' 67* 67' 68*
15' 67* 67' 67*15' 66* 68' --

18' 67* 67' 67*I 18' 66* 6B' --

21' 67* 67' 67*21' 66' 68* --

24' 67' 67' 67 '68*24' ----

67* 67'77'67'27' --

I
----

30' -- 67* 67'67*30' ---

67'33'67'33' -- ------

Transect C 3 2 1 Transect CA 3 2 1

0' 67* 68* 68* O' 70* 70* 70'
3' 68* 68* 68* 3' 70* 71* 71'

I' 6' 68* 68* 6P' 6' 70' 71* 70'
9' 69' 70* 71'9' 68* 68* -

12' 69* $9' 70'12' 68* 6B' --
,

68* 70'15'18' 68' 68* ----

18' 6B',

21' 67* 68' -- ----

21' -- 68'24' 67 ' 68' ----

Transect D 3 2 1 Transect E 3 2 1

0' 72* 73* 73* O' 82* 81' 78*
'

3' 71* 73* 73* 3' 83* 78' 77*
6' 70* 72* 73* 6' B3' 74' 75*

-- -- 63*72" 70' 9'9' --

I 12' -- 70* 70'
68'15' -- --

67*18' -- -

Station F O' 65* Station G O' 56' Station H* O' 64*
3' 63* 3' 55' 3' 64'
6' 59' 6' 54'

Station I* O' 52* Station J O' 50' Station K O' 64*
3' 52' 3' 50' 3' 64*
6' 52' 6' 50' 6' 64'

* On November 14, 1974I
.

I
- . ._ __
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H. B. ROBINSON WATER TEMPERTURE PROFILE E
October 16, 1974 5 ,|

i
Transect A 3 2 1 Transect B 3 2 1

~

O' 71* 72* 72* O' 73* 72* 72* l
I

3' 72* 72* 72* 3' 73* 73* 73*
6' 72* 72* 72* 6' 73* 73* 73* |
9' 72* 72* 72* 9' 73* 73* 73* i

12' 73* 73* 73*12' 72* 72* --

15' 73* 73* 73*15' 72* 72* --

18' 72* 72* -- 18' 73* 73* 73*
21' 72* 72* -- 21' 73* 72* 72*

24' 72* 72* 72* i71*24' ----

27' 71* 70* 71*71*27' ----

30' 71* 70* 70* j70*30' ----

70*
'

33' -- --

Transect C 3 2 1 Transect CA 3 2 1

0' 73* 73* 73* O' 75* 76* 74* i

3' 73* 73* 73" 3' 75* 76* 75*
6' 73* 73* 73* 6' 75* 76* 75*

9' 74* 76* 75*9' 73* 73* --

76* 75*12' 73* 73* -- 12' --

73* 73*15' 73* 73* -- 15' --

72* 73* g18'18' 73* 73* ----

72* 71* g21' 72* 73* 21'-- -

24' 72* 71* --

Transect D 3 2 1 Transect E 3 2 1

0' 77* 79* 80* O' 86* 85* 85*
'"

3' 77* 79* SO' 3' 87* 86* 86*
6' 77* 79* 80* 6' 87* 85* 85*

22*79* 79* 9' 37*9' ----

77* 12' 87*12' g-- ---- --

73* |15' -- --

-- -- 72*18'

Station F O' 81* S tation G O' 73* Station H O' 72*
3' Sl* 3' 73* 3' 72*
6' 76* 6' 69*

Station I* O' 63* Station J O' 64* Station K* O' 68*
3' 63* 3' 64 * 3' 68*
6' 63* 6' 68*

,

*0ctober 17, 1974

E
=

l
_
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H. B. ROBINSON k'ATER TEMPERATURE PROFILE
| January 16, 1975

Transect A 3 2 1 Transect B 3 2 1

0' 57' 57' 55' 0' 59' 57' 57'
3' 57' 57' 55' 3' 59' 59' 58*
6' 57' 57' 57' 6' 59' 59' 58'

I 9' 58' - 57' 55* 9' 59' 59' 58"
12' 58' 57' - 12' 59' $9' 58'
15' 58' 57' - 15' 59' 59' 58'

I 18' 59' 59' 58*18' 58' 57* -

21' 57' 57' - 21' 59' 59' 58*
24' 58' 59' 58'24' 58' 57' -

27' 58' 59 58'57'27' --

57' - 30' 58' 59' 58'30' -

33' 58' 59' 58' -

57'33' --

ransect G 3 2 1
Transect C 3 2 1

I--
O' 59' 59' 59' 0' 61* 61* 61*
3' 60' 59' 59' 3' 61* 61* 61*
6' 60' 59' 59' 6' 61* 61" 61*
9' 60' 59' 59' 9' 61* 61* 61'

I- 12' 59' 59' - 12' 61* 61* 61*
- - 15' 60* 60' 60'15' 59'
- - 18' 60* 60' 60*18' 59'

,- 21' - 59' 59'21' 59' - -

24' -- 59' So*24' 59* - -

27' 59' - -

I
Transect D 3 2 1 Transect E 3 2 1

' 0' 64' 65* 64* O' 68* 70' 72'
"

3' 64* 65* 65* 3' 68* 70* 73*
6' 64* 64* 64* 6' 68' 68' 71*

I- 9' 64* 64* 63* 9' 55' 59'-

54'12' - 63* 62' 12' - -

52'- - 56* 15' - -15'
56'18' - -

'

21' - - 56*

- Point F Point G Point H

O' 60* O' 45' 0' 58'
3' 50' 3' 45' 3' 58*I 6' 48' 6' 44' 6' 59'
9' 46' 9' 44* 9 59'

12' 44*

I Point I Point K

I 0' 48' 0' 57'
3' 47' 3' 57*
6' 47' 6' 57'
9' 47'I

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ . --_ _. __
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H. B. ROBINSON WATER TEMPERATUFI PROFILE
December 11, 1974

I
Transect A 3 2 1 Transect S 3 2 1

0' 55' 54' 55' 0' 57' 56' 56'
3' 55' 55' 55' 3' 57* 57' 56'
6' 56* 55' 55' 6' 57' 57' 56'
9' 56' 55' 55* 9' 57* 57' 56*

12' 56' 55' 59' 12' 57' 57' 56*
15' 56' 55' 55" 15' 57* 57' 56*
18' 56' 55* 18' 57' 56' 56'--

21' 56' 55' -- 21' 56' 56' 56*
24' 56' 55* 24' 56* 56' 56*--

27' -- 55* 27' 56' 56' 56'--

55*30' 30' 56' 56' 56*-- --

33' 56'-- --

Transect C 3 2 1 Transect CA 3 2 1

0' 57' 56' 56* O' 62* 61* 61*
I 3' 57' 57' 55' 3' 61* 61* 59'

6' 57' 57* 55' 6' 59' 59' 58'
9' 57' 57' 9' 58' 58* 57*--

12' 57' 57' 12' 57* 57' 57*--

15' 57' 57* 15' 56' 57' 57*--

18' 56' 57* 18' 56* --
,

-- --

| 21' 56' 57' -- 21' 55* I-- --

! 24' 56' 56* --
'

27' 56'-- --

1

i

Transect D 3 2 1 Transect E 3 2 1 l
au 4

0' 65* 64* 65' 0' 71* 70* 69* || I3' 64* 64* 65* 3' 72* 68* 70* |

6' 64* 60* 60* 6' 73* 64* 67* i

9' -- 58' 59' 9' -- -- 53*
'

12' -- 57* 58* 12' 52*-- --

15' -- -- 55*
18' -- -- 54*

Station F Station G Station H
0' 59' 0' 44' 0' 57'
3' 48* 3' 44* 3' 57'
6' 47* 6' 44' 6' 57'

g.

Station I Station K E
0' 55' 0' 57*
3' 55' 3' 57*
6' 55* 6' 57'
9' 46'

I
E
-



.
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I- H. E. ROBINSON WATER TEMPERATURE PROFII.E
March 5, 1975'

I
Transect A 3 2 1 Transect S 3 2 1

- 1
0' 61' , 59' 58' 0' 61* 60' 58'
3' 60* 53' 58' 3' 60' 59' 59'
6' 59' 58' 57' 6' 59' 58' 5 7 ''

9' SS* 57' 57' 9' 58' 58' 57'I 12' 58' 57' 57' 12' 57' 57' 57*
15' 57' 57' 57' 15' 57' 57' 57'
18' 57' 57' 57' 18' 57' 57' 56'

I 21' 57' 57* 57* 21' 57' 57' 56'
24' 57' 57' 56'24' 57'-- --

27' 57' 57' 56'56*27' ----

30' 57' 57' 56'56'30'I --

33' 57' 57' 56'56'33' ----

56*36' -- --

Transect C 3 2 1 Transect CA 3 2 1

0' 64* 62' 62' 0' 66' 65' 63*
' 3' 63' 60* 61* 3' 64' 64' 63*

6' 61* 59' 59' 6' 61* 61* 61*
9' 'i 9 * 59' - 9' 59' 60' 60'

12' -- 59' 59'12' 49' 58' ---

59'15'15' 59' 53* ----

s 58'18'16' 58' - -- ---

21' 57' --21' 57' - -- --

57'- -- 24'24' 57' ---

Transect D 3 2 1 Transect E 3 2 1

I 0' 67* 67* 68' 0' 73' 71c 70*

3' 64' 64* 65' 3' 73* 71' 70*
6' 61' 63' 62' 6' 73' 67* 66*g 53'9' -- 60' 61* 9' __ --

g 52*60' 12'12' - ---- -

-- -- 58'15'
55'18' - --

Station F Station G Station E*

O' 59' 0' 54* O' 55*

3' 55' 3' 48' 3' 56'
6' 47' 6' 47' 6' 57'

I 9' 46*
12' 46'

Statinn I* Station K*

I 0' 53' 0' 60*
3' 51' 3' 59'

~ 6' 50' 6' 59*
9' 50' 9' 59'

* March 6, 1975

I
-



.

56

H. B. ROBINSCN WATER TEMPERATURE PROFILE
February 5, 1975 _

, casect A 3 2 1 Transect B 3 2 1

I0' 57' 57* 57' 0' 57' 56' 56'
3' 57' 57' 57' 3' 57' 57' 56*
6' 57' 57' 57' 6' 57* 57 * 55'
9' 57' 57' 57' 9' 57' 57' 56*

12' 57' 57* 57' 12' 57' 57' 56*

15' 57' 57' 57* 15' 57' 57' 56*

18' 57' 57* -- 18' 57' 57' 56*
21' 57' 57' 56'21' 57' 57* --

24' 57* 57' 56*57*24' ----

27' -- 57' -- 27 57* 57' 56'
30' 57' 57' 56'30' -- 57* --

Transect C 3 2 1 Transect CA 3 2 1

0' 58* 58' 58' 0' 59' 59' 57' E
3' 58' 58' 58* 3' 59' 59' 57' E
6' 58' 58' 57' 6' 59' 58' 57'

9' 59' 57' 56*9' 58' 58* --

12' 58' 57* E5*12' 58' 57* --

57' 55'15'15' 58' 57* ----

57' 5 5 '~18' 58' 57* -- 13' --

57' 55*21'21' 57' 57' ----

24' -- 57' 55'24' 57' 57* --

Transect D 3 2 1 Transect E 3 2 1

0' 57' 58' 59' 0' 68* 59' 64*
3' 60* 59* 59' 3' 68* 64* 65* ,

6' 60* 59' 59' 6' 64* 61* 65*

9' 58* 59' 58* 9' -- -- 50*
50*12' -- 59' 57* 12' -- --

-- -- 57*15'
55'13' -- --

i Station F Station G Station H

O' 49' 0' 43' 0' 55'
3' 45' 3' 43* 3' 56'
6' 45' 6' '3'

9' 43*

Station I* Station K

O' 46' 0' 55' g
3' 46' 3' 55' E

'

6' 46' 6' 55*

| 9' 56*

I
* Sampled February 6, 1975

I
i

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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R. E. ROBINSON k'ATER TEMPERATURE PROFILEI April 10, 1975

I
Transect A 3 2 1 Transect B 3 2 1

0' 61* 62* 62* O' 61' 62* 62*

I 3' 61' . 62* 62* 3' 62* 62' 62*
6' 61* 62' 62* 6' 62* 62* 62*
9' 61' 61* 62* 9' 62' 62* 62'

12' 61* 61* 62' 12' 62* 62* 62'

I* 15' 61* 61* 61' 15' 61* 62' 62'
18' 61' 61* 61*18' 61' 61* -

21' 61* 61* 61'21' 61* 61* -

24' 61' 61* 61'24' 61' 61' -

27' 61* 61* 61'61*27' --

30' 61' 61* 61*61*30' --

33' - 60* - 33' 61' 60* 60*

Transect C 3 2 1 Transect CA 3 2 1

0' 63* 63* 63* O' 64* 64' 64*

I 3' 63* 63* 63' 3' 64' 64* 64*
6' 63* 63' 63* 6' 64* 64* 64'
9' 63' 63* 63* 9' 64* 64* 64'

I 64* 64'12'12' 63* 63* --

64' 64'15' 63* 62' - 15' -

60' -18' 62* 63 * - 18' -

59' -21' 61* 61* - 21'

IT
-

24' - 59' -24' 61* 60' --

Transect J 3 2 1 Transect E 3 2 1

I 0' 68' 69* 69' 0' 74' 73' 73*
3' 68* 59' 69' 3' 74* 74* 73'
6' 68* 67* 69* 6' 72' 74* 73*

61*9' - 66* 66* 9'I - -

- - 61*64' 12'12' - -

15' - - 59'
59'18' - -

Station F Station G Station H

O' 68' 0' 62* O' 62'

I 3' 68* 3' 59' 3' 62*
6' 60' 6' 57' 6' 62*
9' SS*

Station i Station K
O' 61* O' 63*
3' 60* 3' 63*
6' 60* 6' 63'
9' 60' 9' 63*

I
_

I
I

- -
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H. B. ROBINSON WATER TD4.PERATURE PROFILE |
mMarch 20,1975

Transect A 3 2 1 Iransec t B 3 2 1

0' 63* 63* 63* O' 63* 64 * 62*

3' 63* 63* 63* 3' 63* 62* 62*

6' 63* 63' 63* 6: 63* 62* 62*
'

9' 62* 62* 62*9' 62' 62* -

12' 62* 62* 62* g
12' 62* 62* --

15' 62* 62* 62* 315' 62* 62* --

IS' 62* 62* 62*IS' 62* 62* --

21' 62* 62* 61*62*21' ---

24' 62* 62* 61*62*24 ' ---

27' 62* 62* 61*62*27' ----

30' 62* 61* 61'61*30' --

33' 62* 61* 61* |
--

61*33' ---

61' --
R

36' --

Transect C 3 2 1 Tranneet CA 3 2 1

0' 64 * 64 * 64 * O' 66* 66* 66*

3' 64 * 64 * A4* 3' 65* 66* 66*

6' 64* 64 * 63" 6' 64* 66* 66*
9' 63* 63* 63*9' 63* 64 * --

12' -- 63* 62*12' 63* 64 * --

62* 62* 315'15' 62* 62* -
--

E62*18' 61* 62* - IS' ----

21' 61* 61* -- 21' -- 62* --

62*24' --

24' 61*
--

-- --

27' 61* -- -

Transect D 3 2 1 Transect E 3 2 1 m
5

O' 65* 68* 68* O' 73* 73* 73*

3' 58' 68* 68* 3' 73* 72* 73*

6' 68* 68* 63* 6' 74* 73* 68*

67 * F/ * 9' -- 60* 58'9' --

~ - 57*D 12' -- 65' 53* 12'
15' - 64 * 64*

63* 63*18' --

Station F Station G Station H

O' 58' 0' 57* O' 64 *

3' 57* 3' 58' 3' 64'

6' 57* 6' 57* 6' 64*

9' 57'

Station I

0' 60*
3' 60*
6' 60*
9' 60*

,
.

_ _ _ . _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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E. B. ROEINSON WATER TEK0ERATURI PROFILE
May 12, 1975

,

; Transect A 3 2 1 Transect B 3 2 1

I. O' 75' ,75' 77* O' 76* 77* 77'
3' 73' 73* 75' 3' 76* 76* 77'

' 7' 73* 73' 73' 7' 73* 74* 73'
10' 73' 72' 73* 10' 73' 73* 73*I 13' 72' 72* 72' 13' 73* 73* 73*
16' 72' 72* 72' 16' 72* 72* 72*
20' 72' 72* 72' 20' 72* 72' 72'

I.
'

23' 72' 72* - 23' 72* 72' 72*
26' 71* 71* 26' 72* 72* 72'-

30' - 71* 30' 71' 71' 71*-
,

33' - 71* 33' 71' 71' 71*

I-
-

36' 71* - 36' 71* 70'- -

39' 39' - - 70'
,

Transect C 3 2 1 Transect CA 3 2 1;

0' 78* 77* 77* O' 77* 77' 77*
* 3' 77* 77' 76' 3' 77* 77* 77*

I. 7' 74* 75* 76* 7' 77* 77* 76*
10' 74* 73* - 10' 75* 73* 73*:

! 13' 73' 72' - 13' 73*- -

4 . 16' -72* 72' - 16' - - 72' <

~

20' 70' 71' - 20' - - 70*.

23' 70* 70' - 23' - - 70*
26' 70' 70* -

!

Transect D 3 2 1 Transect E 3 2 1

0' 78' 77* 77* O' 77* 79* 77*
4 3' 78' 77* 77' 3' 77' 77* 77*

7' 77* 77* 77* 7' 77* 78' 77*
10' - 75* 73* 10' 77* - 68*
13' 72* 13' 77' 67*- - -;

| 16' - - 69' 16' 77* - -

20' 69'- -

.

J E' Station F Station G Station H
E 0' 77* O' 77' 0' 72'

3' 77* 3' 66* 3' 72'
7' 67* 7' 64* 7' 72*;

' 10' 67*

Station I Station K

I 0' 68* O' 73*
3' 73*

'

7' 73'
9' 73*

.

* Temperatures were recorded at meter intervals.

I
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.

THERMAL PLUME MONITORING April 10, 1975
|

H. 3. ROBINSON STEAM ELECTRIC PLANT -

Surface 3' 6' 9' 12' 13'
Sampling
Station *C 'F 'C *F 'C 'F 'C 'F 'C 'F 'C 'F

, I
1 22.0 72 22.0 72 22.0 72 19.0 66

2 22.5 72 22.0 72 21.0 70 19.5 67 16.0 61

3 23.0 75 22.0 72 20.5 69 20.0 68 16.0 61 E
4 22.5 72 21.0 70 20.0 68 3
5 22.5 72 22.5 72 22.5 72 19.0 66

6 22.5 72 22.5 73 21.5 71 18.5 65 15.5 60 g
7 23.0 73 23.5 74 22.0 72 13.5 65 15.5 60 g -
9 22.0 72 23.0 72 20.5 69

10 22.0 72 22.0 72 21.0 70 18.0 64 15.5 60

11 22.0 72 22.0 72 22.0 72 17.0 63 15.5 60

12 23.0 73 23.0 73 23.0 73 18.0 64 15.0 59

13 22.5 72 23.0 73 23.0 73 16.0 61 15.5 60

14 24.0 75 22.5 72 20.0 69 3
15 22.5 72 22.5 73 21.5 71 20.0 68 g
16 23.0 73 23.5 74 23.5 74 18.0 64 1o.0 61

17 23.0 73 23.0 73 23.0 73 17.0 63 15.5 60

18 23.0 73 23.0 73 23.0 73 17.0 63 15.0 59

19 23.0 73 23.5 74
20 23.0 73 23.5 74
21 23.0 73 23.0 73 23.0 73 16.5 62 15.5 60 15.0 59

22 23.0 73 23.0 73 23.0 73 L6.0 61 16.0 61

23 23.0 73 23.0 73 23.0 73 16.0 63 16.0 61

24 22.5 72 E
25 23.0 73 23.5 74 g
26 23.0 73 23.5 74 23.0 73 16.0 61 16.0 61

27 22.5 72 23.0 73 23.0 73 16.5 62 16.0 61
"" -

28 23.0 73 23.0 73 !!29 22.0 72 22.5 72

30 22.0 72 22.5 72 22.5 72 16.0 61 15.5 60

31 22.0 72 22.5 72 16.0 61 15.5 60 g
32 20.5 69 g
33 22.0 72 22.0 72 15.5 60 15.0 59

34 22.0 72 22.0 72 16.0 72

I
I
I

~

I
I
i
=

- - - - - - - - _ _ _ _ - - _ _ _ _ _ _ -____-____- ___
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g THEFJtAL PLUME MONITORING May 22, 1975 i

,

g 11. B. ROBINSON STEAM ELECTRIC PLANT
i

i Surface 3' 6' "' 12' 15'

Statien 'C *F *C *F ,' C 'F *C 'F *C 'T 'C *F
]

1.
'

1 28.5 83 27.5 82 27.0 81 26.0 79 25.5 78
3

2 29.0 84 29.0 84 27.8 82 26.5 80 24.0 75 23.0 73 i

3 30.5 87 30.5 87 28.0 82 27.5 82 23.0 73 1

I 30.5 87 30.5 87 29.5 85 27.0 81 25.5 78

5 28.5 83 27.8 62 26.5 80 26.0 794

6 29.0 64 29.0 84 28.0 82 26.2 79 23.2 74
,

-

7 30.5 87 29.5 85 27.5 82 26.2 79 23.5 74 ,

;
- 9 29.5 85 29.0 84 26.5 80 |

; 10 29.5 85 28.0 82 28.0 82 25.5 78

g 11 29.5 85 29.0 84 27.2 81 26.0 79 23.0 73>

Lg 12 29.8 86 29.5 85 27.8 82 26.2 79 22.5 72
13 30.0 86- 30.0 86 30.0 86 26.2 79 22.5 72

14 28.2 83 28.0 82 27.5 82>

15 30.0 86 29.2 85 28.0 82 28.0 82'
'

- 16 29.2 85 29.2 85 28.0 82

17 29.5 85 29.5 85 27.5 82 24.5 76 22.5 72<

I| 18 30.0 86 30.2 86 27.5 82 25.0 77 22.5 72

19 29.5 85 28.0 82 |
'

i 20 30.5 87 28.8 84 )
: 21 30.0 86 29.8 84 28.0 82 24.0 75 23.0 73 |

'

22 29.8 86 30.0 86 27.8 82 23.2 74 22.8 73| -

23 30.5 87 31.0 88 27.0 81 24.P 77 23.2 74
24 31.0 88.

I 'S' 30.0 86 30.2 86
26 30.0 66 29.8 85 27.5 62 24.0 75 22.5 72
27 30.2 86 30.0 86 22.2 72 23.2 74 22.5 72
28 30.8 87 30.8 87 28.5 834

= 29 30.0 66 29.0 84
'

- 30 30.0 86 30.0 86 27.8 82 22.8 73 22.5 72

31 30.5 87 30.5 87 27.5 82 24.2 76 23.0 73

I 32 30.2 86
33 30.0 86 30.0 86 27 2 81 23.0 73 22.8 73
34 31.5 89 31.5 39 2" 5 82 25.0 77 24.0 75

' I
I

; I
,.

I
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*H. B. ROBI'; SON WATER tdt?ERATURE PROFILE
May 22, 1975 _

|.
Transect A 3 2 1 Transect B 3 2 1

0' 30' 31' 30' 0' 82* 81' 82'
3' 7B* 79* S0* 3' 79* 80* S1'
6' 77* 78* 79* 6' 77* 77* 77* g'
9' 77* 78* 77* 9' 77' 77* 77* g

12' 76* 77' 77* 12' 76* 77* 77*

15' 76* 76* 77* 15' 76' 76' 77*
IS' 75* 75* 75'18' 75' 76* -

21' 74* 74' - 21' 74* 75* 75'
24' 74* 73* 74*74'24' --

27' - 73* - 27' 73' 73* 73* |i

30' 71* 71' 71* m73'30' ~-

33' 71* 71* 71*33' - 73* -

71'36' --
'

71' -39' -

Transect C 3 2 1 Transect CA 3 2 1

0' 82* S2' 82* O' 83' S4' 34'
3' 82' B2' S1* 3' 82' B2' B2*

6' 79* S0* 80* 6' Bi' S1* 81' g
9' 79* 79* 79* E9' 7B' 78* - '

12' 77* 77' - 12' 77* 77* 77*
15' 76* 76* - 15' 7v' 76* 77*
18' 75* 75' - 18' 74* 74* 75*

21' 73* 74' -21' 74' 74* -

24' 73* 73; -24' 73* 74* -

27' 72* - -

Transect D 3 2 1 Transect E 3 2 1

0' 85* S4' 34* O' B2' 85* 86*
3' 82* S2' 82* 3' 32' 85* B6'
6' S1* Bl* 82* 6' S2' 82* S1*
9' s1* 30' 80* 9' W2' - 74*

1.! ' - 77' 76* 12' 32' - 73*
15' - - 73*
18' - - 73*

Point F O' 35' Point G O' 85* Point H O' 79*
3' 79* 3' 84' 3' 78*
6' 79* 6' 73* 6' 78*.

Point 1 0' 78* Point K O' 73*
3' 79* 3' 73* E
6' 79* 6' 73* g

9' 72*

I
.
m

- -- - _ _ _ _ _ _ _ _ .
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I
THEPM L PLUME MONITORING June 10, 1975

I H. E. ROBINSON STEAM ELECTRIC PIRIT

3' 6' 9' 12' oSurface -

Station 'C 'T 'C 'T 'C 'T 'C 'T 'C 'T 'C ' F_

1 33.8 93 33.8 93 33.5 92 28.0 82

2 34.5 94 34.5 94 30.2 86 27.8 82 27.0 81

3 33.2 92 33.0 91 28.8 84 28.0 82 27.0 81

I 4 32.0 90 31.8 89 28.5 83 28.0 82

5 33.2 92 33.2 92 31.0 88 28.5 83

6 34.8 95 34.8 95 34.0 93 28.0 82 27.0 81

I 7 35.0 95 34.0 93 30.0 86 28.0 82 26.8 B0

9 33.0 91 33.0 91 32.8 91

10 34.2 94 33.0 91 31.0 88 28.0 82

11 35.5 96 33.8 93 32.0 90 27.5 81 27.0 81I 12 34.8 95 34.5 94 32.0 90 27.0 81 26.2 79

13 33.2 92 33.2 92 32.0 90 28.0 82 26.5 80

14 36.5 98 36.5 98 36.8 98

1 15 36.0 97 35.2 95 34.0 93 28.J 82

16 35.5 96 35.8 96 32.8 91

17 34.0 93 34.0 93 32.5 90 28.0 82 26.0 79

18 34.5 94 33.5 92 32.0 90 28.0 82 26.0 79I'' 19 35.5 96 35.5 36
20 36.0 97 36.2 97

21 35.5 96 35.8 96 32.2 90 28.2 83 26.2 79

I 22 34.0 93 34.0 93 32.8 S1 27.5 81 26.0 79

23 34.0 93 33.8 93 32.2 90 28.5 83

24 31.2 88

I. 25 35.0 90 35.0 95
26 35.5 96 35.2 95 32.0 90 28.0 82 27.0 81

27 35.0 90 35.0 95 33.0 92 27.5 81 27.0 81

28 34.5 94 34.5 94 34.2 94

I- 29 34.0 93 34.0 93
30 34.2 94 34.2 94 32.5 90 27.5 81 27.2 81

31 34.5 94 34.5 94 33.0 92 28.2 83 27.5 81

32 32.0 90 ,

33 34.0 93 34.0 93 32.5 90 28.0 82 27.0 81

34 33.5 92 33.2 92 32.8 91 27.0 81

Discharge 37.0 99 37.0 99 37.0 99 37.0 99 37.0 99 37.0 99

I
I

.

I
I

-
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THERMAL PLLHE MONITORING June 10, 1975
H. B. ROBINSON STEAM ELECTRIC PLANT

3' 6' 9' 12' 15'Surface -

Sampling
'

Station 'C 'T 'C 'F 'C *F 'C 'F 'C 'T *C *F

I-
<

1 33.8 93 33.8 93 33.5 92 28.0 82

2 34.5 94 34.5 94 30.2 86 27.8 82 27.0 81

3 33.2 92 33.0 91 28.8 84 23.0 82 27.0 81I 4 32.0 90 31.8 89 28.5 83 28.0 82

5 33.2 92 33.2 92 31.0 88 28.5 83
6 34.8 95 34.8 95 34.0 93 28.0 82 27.0 81

I. 7 35.0 95 34.0 93 30.0 86 28.0 82 26.8 80

9 33.0 91 33.0 91 32.8 91
10 34.2 94 33.0 91 31.0 88 28.0 82

11 35.5 96 33.8 93 32.0 90 27.5 81 27.0 81I ,

12 34.8 95 34.5 94 32.0 90 27.0 81 26.2 79 l

13 33.2 92 33.2 92 32.0 90 28.0 82 26.5 80
14 36.5 98 36.5 98 36.8 98 -

15 36.0 97 35.2 95 34.0 93 28.0 82 j
1

16 35.5 96 35.8 96 32.8 91
17 34.0 93 34.0 93 32.5 90 28.0 82 26.0 79

I'' 18 34.5 94 33.5 92 32.0 90 28.0 82 26.0 79

19 35.5 96 35.5 96
20 36.0 97 36.2 97
21 35.5 96 35.8 96 32.2 90 28.2 83 26.2 79I 22 34.0 93 34.0 93 32.8 91 27.5 81 26.0 79
23 34.0 93 33.8 93 32.2 90 28.5 83
24 31.2 88
25 35.0 90 35.0 95
26 35.5 96 35.2 95 32.0 90 28.0 82 27.0 81
27 35.0 90 35.0 95 33.0 92 27.5 81 27.0 81
28 34.5 94 34.5 94 34.2 94

IL 29 34.0 93 34.0 93
30 34.2 94 34.2 94 32.5 90 27.5 81 27.2 81

31 34.5 94 34.5 94 33.0 92 28.2 83 27 5 81

32 32.0 90
33 34.0 93 34.0 93 32.5 90 28.0 82 27.0 81
34 33.5 92 33.2 92 32.8 91 27.0 81

Discharge 37.0 99 37.0 99 37.0 99 37.0 99 37.0 99 37.0 99

I
I

_

' I
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H. 3. ROBINSON WATER TEMPERATURE PROFILE g
June 10, 1975 g_

.

A9b

. sect A 3 2 1 Transect 3 3 2 1

0' Sl* 81* S1* O' S?' B2* Sl* g
-

3' S2* 21* S1* 3' S2' S2' B2' E m

6' S2' 31' 81' 6' 82* 82* B2*
9' 82' 31- 31' 9' S2' 82* 32' g4

.. 12' 52' 81* 31* 12' 82* S2* S2' g
'[ 15' S2* 31' 51' 15' 82* S2* 82*

IS' 32* B2' S2'1S' 82* S1* -

21' 82* S2* - 21' S2* B2' S'' -

24' S2* S2' Sl*24' S2' 82* -

27' - S2' - 27' 82* S2' 81*
S0* 81*30' -

33' - 79* 79*

Transect C 3 2 1 Iransect CA 3 2 1

I _

O' 36* 32' 81* O' S3' 82* 82*
3' 36' S2* 31* 3' 83* 82* S2*
6' 85* 32* Sl* 6' S3' S2' 32* g
9' 85* S2' - 9' S3' 82* B2' E -

S2' 32*12'12' 33* 32* --

82* BO'15' S2* 32' - 15' - E
16' - 82* - gIS' 80* 82* -

21' - S2' -21' 82* S2* -

24' - 82*24' S1* S1* --

27' 81* Bl* 27' S1* ---

Transect D 3 2 1 Transect E 3 2 1
_.

'

O' 36* 85* 35' 0' 99* ?o* 95*
3' 86* S5* S5* 3' 99* 96* 95*
6' 32* S2* S2' 6' 99* 91* 91* s
9' 30' 82* 82* 9' 99* - S2*

12' 31* S2' 82* 12' 99* - S1* -

S2' 31* 15' 99*15' - --

81* 81*18' --

21' - 82* Bl*

Station F O' 36* Station G O' 75* Station E 0' 31"
3' 85* 3' 75* 3' Bl* '

6' 32* 6' 74*
9' 80*

. g
Station 1 0' 70* Station K O' 81* E

3' 31*
-

i' 6' S1*

I
E

__ _ ___ _ _-- -____- _-_
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THEFJ1A1. PLlDiE MONITORING July 1, 1975

I H. E. ROLINSON STDJ! ELECTRIC PLANT

I Surface 3' 6' 9' 12' 15'
Sampling
Station 'C 'T 'C 'F 'C *F 'C 'T 'C *F 'C 'T

1 36.A 98 '37.0 99 31.5 89 30.2 86

2 38.2 101 33.2 92 30.6 87 30.0 86 28.F 84

3 38.0 100 33.4 92 30.6 87 30.0 86 28.5 84 28.0 82

I 4 35.8 96 32.0 90 30.5 87 30.1 86 29.5 85

3 31.0 99 36.0 97 30.7 87 30.0 86

6 37.2 99 35.5 96 32.0 90 29.8 86 29.0 84

I 7 38.0 100 37.0 99 32.0 90 30.0 86 28.6 83

9 38.0 100 36.6 98 30.2 66
'9.6 8510 37.5 99 35.5 96 30.5 8'e c

11 38.5 101 36.5 98 31.5 89 30.0 B6 28.5 83

I 12 38.0 100 38.0 100 31.0 88 30.0 86 28.5 83

13 38.5 96 38.5 101 31.6 89 29.2 84 28.5 83'

14 40.4 105 40.5 105 40.5 105
15 40.0 104 38.5 101 31.6 89 31.0 88

16 39.0 102 38.2 101 35.5 96 29.5 85 29.0 84

17 39.2 103 39.0 102 34.5 94 30.0 86 28.7 84

18 38.5 101 38.8 102 31.8 89 29.0 84 26.0 82

I' 19 40.0 104 40.0 104
20 39.5 103 39.5 103
21 39.0 102 39.5 103 34.5 94 29.5 85 28.0 82 s

,
22 39.0 102 31.5 89 33.0 92 30.0 86 28.2 82

23 38.5 101 38.6 101 33.2 92 29.5 85 28.0 82

24 37.6 100

I 25 39.0 102
26 39,0 102 39.0 102 33.5 92 29.5 85
27 38.5 101 37.0 99 33.5 92 29.5 85 28.5 83

28 37.8 100 38.0 100 31.5 89
~I 29 38.0 100 37.8 100

30 39.0 102 38.0 100 33.5 92 29.3 85 29.0 84

31 38.5 101- 37.5 99 31.8 89 29.5 85 28.6 83

I 32 38.5 101
33 39.0 102 38.8 102 34.0 93 29.5 85

34 38.2 101 36.5 98 34.5 94 29.5 85 '

Discharge 40.4 105 41.0 106 41.0 106

I
I
I

-

I '

I
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H. B. ROBINSON WATED. TFMPERATURE DROFILF
July 1, 1975 -

Transect A 3 2 1 Transect B 3 2 1

0' 88' 88* 88* O' 89' 89' 38'
3' 88' 38' 38' 3' 89* 89* 89'
6' 88' 88* BS' 6' 88' 88* 88*

9' 88' 88' 37' 4' BS' 88* 88* ,

12' 88' 88* 87' 12' S8' 88* 88*
15' 88* 88* S8'15' 88' 88* -

18' 37' 98* 88*18' 88' 88* -

21' 87* 88' - 21' 87' 87* 88*
24' 87* 88* - 24' 87' 87* 87*

27' - 87* - 27' 87* 87* 87*

30' 87* - 30' 86* S6' 86* 3-

33' - 87* - 33' 85* 85* 5-

85*36' --

39' 84*- -

Transect C 3 2 1 Transect CA 3 2 1

0' 89* 88* 87* O' 91* 91* 90' |
3' 89* 88* 87* 3' 91* 91* 90* 5
6' 89* 88* 87* 6' 91* 90' 87*

9' 89* 88* 87*9' 88' 88* -

12' - 87* 87*12' 88* 88* -

86* B6*15' 88* 88* - 15' -

18' 87* 87* - 18' - 85* -

! 21' 87* 87* - 21' - 84* -

! 24' 84' - - 27' - 83* -

l 27' 84* - -

um
i

Transect D 3 2 1 Transect E 3 2 1 |
|

l O' 93* 93* 92' 0' 105* 102* 102*
| 3' 04' 93* 92* 3' 106' 101' 89'
L 6' 90* 88' 89* 6' 106* 96* 90*

86* 87* 9' - 85' 86*! 9' -

12' 86* 86* 12' - 84* 83* 3-

18' - 85* 35' B
83*21' - -

Station - O' 94* Station G O' B2' Station H O' 39'
3' 91* 3' B2' 3' B9'
6' 35' 6' 75*
9' 82* ,

Station I 0' 74' Station K O' SO'

3' 73' 3' 30' g
6' 73* 6' BO* g

I
E
E
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THERMAL PLUME MONITORING July 29, 1975 |
H. B. ROBINSON STEAM ELECTRIC PLANT

~

S amp.' f.ng Surface 3' 6' 9' 12' 15'

Station 'C 'T 'C 'F 'C *F *C 'F 'C 'F 'C 'T

5 36.0 97 35.5 96 33.5 92 31.5 39

6 36.0 97 35.5 96 34.5 94 31.5 89 27.0 81 27.0 81

7 36.0 97 36.0 97 34.0 93 31.5 89 27.5 82 27.0 81

i
14 37.5 100 36.5 98 35.5 96 35.0 95

15 36.5 98 36.5 98 34.0 93 33.8 93

16 37.0 99 36.5 98 36.5 98 34.5 94

.g, 17 37.0 99 37.0 99 36.5 98 29.0 84 27.5 82 26.5 80

3 18 37.0 99 37.0 99 36.5 98 29.5 85 26.5 80

24 37.5 100
25 37.5 100 37.5 200
26 37.5 100 36.5 98 35.5 96 29.5 85 27.5 82 27.5 82 ,

27 37.5 100 36.5 98 36.0 97 30.5 87 27.5 82

28 37.5 100 37.5 100 36.5 98 35.5 96

I 32 37.0 99

33 36.5 98 36.0 97 35.0 95 27.5 82 27.5 82

34 37.0 99 36.5 98 35.5 96 29.0 84 28.0 82

-

,

|I
:I

-

.

1I
I

|

i I
i ~

|I,

|

'

__- . .
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H. B. ROBINSON TEMPERATURE PROFILE EWJuly 29, 1975

Transect A 3 2 1 Transect B 3 2 1

0' 91* 92* 92* O' 92* 91* 89*

3' 89* 89* 89* 3' 89* 89* 88*

6' 88* 87* 87* 6' 87* 87* 88*

9' 87* 87* 87* 9' 87* 87* 87*

12' 87* 87* 87* 12' 87* 86* 86*
.

15' 86' 86* 86* g.
15' 86* 86* --

18' 86* 86* -- 18' 86* 84* 86* g
21' 83* 83* 84*

21' 82* 83* --

24' 82* 82* 82*
24' 82* 82* --

82* -- 27' S1* 82* 81*27' --

30' 80* 79* 80*81*30' ----

53' 79* 77* 78*79*33' --

Transect C 3 2 1 Transect CA 3 2 1

0' 95* 95* 91* O' 95* 95' 96* g

3' 92* 91* 90* 3' 93* 92* 94* g
6' 90* 89* 89* 6' 89* 89* 89*

9' 89* 89* 88*9' 88* 89* --

12' 87* 87* 87*12' 87* 87* --

85* 87*15'15' 85* 87* -
-

18' - 82*18' 82* 82*
--

--

81* 321' 82* 82* 21' ----
--

g61*24'21 81* 82*
----

--

27' 81* Bl* -

Transect D 3 2 1 Transect E 3 2 1

0' 95* 96* 97* O' 100* 99* 100*

|""3' 94* 96* 97* 3' 98* 98* 100*

6' 93* 91* 90* 6' 96* 98* 98*
94* 96*90* 90* 9' --

9' --

87* 89*12' --

83* 83*15' -

81* 82*18' -

81*21' ---

81* -24' --

Station F Station G Station H

O' 91* O' 81* O' 89*

3' 90* 3' 75* 3' 89*

6' Bl* 6' 73* 6' 89*

9' 79* 9' 73* .

Station I* Station K

O' 75* O' 86*

3' 75* 3' 86*

6' 75* 6' 86*
t

| 9' 74* 9' 86*

12' 74*

$* July 30, 1975 5
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THERMAL,PLUMI MONITORING August 5, 1975'

H. B. ROBINSON STEAM ELECTP.1C PIANTI
Surface 3' 6' 9' 12'

I Sampling .

Station *C * F_ *C *F 'C 'F 'C *F *C 'F

5 36.0 97 36.0 97 34.5 94 33.5 92I
- -

6 36.5 98 36.5 96 34.5 94 34.0 93 30.0 86

7 37.0 99 37.0 99 35.0 95 33.6 93 30.0 86

I-'
14 38.8 102 38.5 101 38.5 101 - - - -

15 38.0 100 37.6 100 35.5 96 34.2 94 - -

16 37.0 99 37.0 99 37.0 99 33.5 92 30.0 8t
17 37.5 100 37.5 100 37.5 100 32.5 91 29.5 85

18 37.0 99 37.0 99 37.0 99 33.0 91 30.0 86

8 24 38.5 101 - - - - - - - -

- - - - - '
25 39.0 102 - -

26 38.5 101 38.0 100 36.0 97 32.0 40 29.8 So

I 27 37.5 100 37.5 100 37.0 99 31.0 BB 30.0 86

28 37.5 100 37.5 100 37.5 100 - - - -
'

32 36.0 97 - - - - - - - -

I L3 36.5 98 36.5 98 35.8 96 29.5 85 29.5 85

34 36.0 97 36.5 98 36.5 98 30.5 87 - -

- Discharge 39.5 103 39.6 103 39.8 104 39.6 103 39.6 103

Lower Big Beaverdam 34.5 94 34.5 94 34.5 94

CreekI Middle Big Beaverdem 32.6 91 26.5 80
Creek

I
I-

I
I
I
I-

9

I
I

_
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H. 3. ROBINSON TEMPERATURE PROFILE
August 5, 1975

Transect A 3 2 1 Transect B 3 2 1
''

0' 87* 88* 89* O' 89* 88* 89*

3' 87* 88* 89* 3' 89* 89* 89*

6' 87* 88* 89* 6' 89* 89* 89* g
9' 87* 87* 89* 9' 89* 89* 89* g

12' 87* 87* 89* 12' 89' 89* 89*
15' 88* 87* 88*15' 86* 85*

18' 86* 84* 1P' 86* 86* 87* |
--

--

21' 86* 85* 84* W
21' 84* 83* --

24' 33* 83* 82*24' 83* 82* -

82* 27' 82* 82* 82* g27' ----

30' S2' 82* 81* g
30' -- 82* --

Bl* 81*33'80* --

33' ---

Transect C 3 2 1 Transect CA 3 2 1

0' 91* 90* 91* O' 91* 91* 92*

3' 91* 91* 91* 3' 91* 91* 92* E-

6' 91* 91* 91* 6' 91* 91* 92* 5
9' 91* 92* 92*9' 90* 90* --

12' 91* 91* 92* g12' 89* 90* --

g90*15'15' 88* 89* ------

18' -- 89*18' 86* 87* --
--

84*21'21' 84* 85* ------

84* --

14' 83* 83* -- 24' --

82*27' ----

Transect D 3 2 1 Transect E 3 2 1

0' 94* 94* 95* O' 103* 99* 100*

3' 94* 95* 95* 3' 103* 99* 100* ,,

6' 94* 95* 95* 6' 104* 99* 99* g
94* 94* 9' 103* 92* 89*9' --

93* 12' 103* 86* 85*12' -- --

-- -- 91*15'
-- -- 86*18'

Station F Station G Station H E
gs

O' 93* O' 35' 0' 87*

3' 89* 3' 31' 3' 87*

6' 84* 6' S0*

9' 82*

Station 1* Station K g
*

.

O' 78* O' 86*

3' 78* 3' 36*

6' 77* 6' 36'
9' 77*

* August 6, 1975

11 '
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
_
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THER RL PLL'ME MONITOP.ING
H. B. ROBINSON STEA'i ELECTRIC PLANT August 18, 1975'

'

I
Sampling Surfac,e 3' 6' 9' 12'

' *

Station *C *F *C *F *C 'F C *F 'C T

I 5 37.5 99 37.5 99 33.5 92 32.0 90

6 37.5 99 36.8 98 33.3 92 31.5 89 30.5 B7'

7 37.5 99 37.5 99 33.5 92 31.5 89 29.5 05

14 40.5 105 3S.5 101 33.0 95

I:' 15 40.0 104 38.5 101 33.5 92

16 38.8 102 38.0 100 34.6 95 31.6 89 30.0 86'

t 17 39.0 102 39.0 102 33.8 96 30.6 S7 29.2 85

I 18 39.2 103 39.2 103 36.0 97 32.5 91 28.5 83

24 39,2 103
25 39.8 104 -

26 40.0 104 39.0 102 35.5 96 31.8 89 30.2 86I '7 39.5 103 39.0 102 36.0 97 31.0 88 30.2 86

28 39.0 102 39.0 102 36.5 98

. 32 38.2 101
33 33.5 101 37.5 99 36.2 97 30.2 86

34 38.2 101 37.0 99 36.0 97 30.8 87

Lower Big Beaverdam 34.0 93 34.5 94 32.5 91 30.2 86

I. Creek
33.0 91 26.0 79

I_
Middle Big Beaverda:
Creek

,

Ii
I
I
I
I

~

I .

- , - -e--- a n . - . . ,
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H. B. ROBINSON TEMPERATUPI PROFILE .

August 18. 1975

Transect A 3 2 1 Transect 3 3 2 1

0' 92* 91* 91* O' 92* 92* 92*

3' 92* 92* 92* 3' 92* 92* 92*

6' 91* 92* 92* 6' 91* 91* 91*

9' 90* 91* 91* 9' 91* 93* 89*

12' 90* 90* 90* 12' 90* 89* So*

15' 89* 89* S9' 15' 39' 89* 88*

18' B9* S9' 88* 18' 89* 88* 88* g
21' 88* 88* - 21' 88* 88* 88* g
24' - 87* - 24' 36' 37' 87*

84* - 27' 85* S4* 84*27' -

30' - S3' 83*83*30' --

33' - 82* - 33' - 82* B2'
82* -36' -

Transect C 3 2 1 Transect CA 3 2 1

0' 94* 93* 91* O' 94* 93* 93*

; 3' 95* 93* 92* 3' 95* 94* 91*

6' 92* 91* 91* 6' 91* 91* 90*
9' - 90* 90*9' 89* 90* --

12' 89* 89* - 12' - 89* 89* g
|15' 88* 88* - 15' - 88* -

87* -18'18' 87* 87* --

85*
i 21' 85* 84* - 21' --

24' - 84*
| 24' B4' 84* -

-

! 27' 83* 83* -

? 2 1 E
| Transect D 3 2 1 Transect DA

E
0' 94* 95* 96* O' 9 /* 95* 95*

3' 93* 96* 95* 3' 58* 95* 94*

|
6' 92* 91* 96* 6' 13' 92* 91* g

| 9' - 88* 89* 9' 89* 89* 89* m

| 12' - S8' 88* 12' - B6* 87*
- - 83*15' - 85* 87* 15'

84* 84*18' -

|

Transect E 3 2 1 Point ?

0' 106* 102* 103* O' c4*

| 3' 107* 100* 102* 3' SJ'
6' 107* 95* 97* 6' B6*

9' 107* 89* $8' 9' S4' -

12' 107* 36* 36*
15' 107* - -

Point G Point H Point 1 Point K

O' 89* O' 89 0' 73* O' 88*

3' 84* 3' 90* 3' 7B* 3' 38*

6' Bl* 6' 78*

5
.

- - - . . - .____-_ __ _ _ _ _ _ _ _
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TliEFJtc. FLLY.E MONITORING-

H. B. ROBINSOS STEAM ELECTRIC PLANT September 9, 1975
?

Sampling Surface 3' e' 9' 12'
Sy tion 'C 'F 'C 'T 'C 'F 'C 'F 'C 'T

'

5 36.0 97 33.5 96 31.5 89 29.0 64

6 36.0 97 36.0 97 31.2 68 25.0 64 28.0 S2

7 36.5 95 37.0 99 31.0 SS 29.2 85 28.0 S2I 14 36.5 101 37.0 99 35.5 96
15 39.2 101 37.8 100 32.0 90
16 39.0 102 37.0 99 35.0 of

I 17 37.6 100 37.5 100 32.0 90 28.! 83 28.0 S2

1S 3S.0 100 37.2 99 30.6 87 26.2 83 28.0 82

24 37.5 100
i

I' h 38.0 100
26 37.5 100 37.0 99 35.0 95 25.0 82 27.2 81

27 37.! 100 37 0 99 32.0 90 27.6 82 27.2 81

.

28 37.7 100 36.5 98 32.0 90
= 32 36.5 95

33 36.5 98 36.2 97 35.0 95 27.5 82

34 36.2 P7 36.0 97 33.0 91 27.5 S2

Lower Big Beaverdam
Creek 32.5 91 32.6 91 31.0 88 30.0 86

Middle Big Beaverdam
Creek 29.5 85 23.0 73

I Upper Big Besverdam 23.0 73'

Creek

I'

I

,

i
-

,

.

i

%

,

I
,

- - - - . - - - - - . . - . - - - . - . - - . - . - . .,
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H. B. ROBINSON TDiPERATURE PROFIIE
September 9, 1975

.

Transect A 3 2 1 Transect 3 3 2 1

0' 88* 88* 88* O' 87* 88* 87*
3' 88* 88* 88* 3 37 33 33,

6' 88* 88* 88* 6' 87* 88* 88* '
'

9' 83* 88* 38' 9' 87* 88* 88*
12' 8 9 '' 87* 87* 12' 67* 87* 37*
15' 87* 87* 87* 15' S6' 57' 87* ,

18' 86* 87* 87*18' 87* 86* -

21' 36' 36' 86* g21' 86* 86* -

24' 86* 84* - 24' 85* 86* 86* g
27' 84* 85* 85*27' 86* 86* -

30' 85* 85* - 30' - 84* 84* a
33' 85* 85* - 33' - 84* 84* |
36' - 84* -

39' - 84* -

84*42' - -

Transect C 3 2 1 Transect CA 3 2 1

0' 89* 88* 89* O' 91* 90* 90*
3' 89* 88* 88* 3' 91* 90* 89*
6' 88* 88* 88* 6' 91* 89* S8'
9' 88* 88* - 9' 89* 88* 88*

12' 87* 87* - 12' 88* 87* 87* "

15' 87* 87* - 15' 87* 87* -

E18' 86* 86*18' 87* - - -

E21' 84*21' 85* --- -

- - 24' - 84* -24' 84*
27' S3' - - ,

|Transect D 3 2 1 Transect DA 3 2 1

O' 95* 95* 94* O' 96* 95* 92*
3' 93* 94* 94* 3' 95* 94* 92* ,

6' 91* 89* 90* 6' 91* 91* 89*
9' - 88* 88* 9' 87* 87* 88*

12' - 87* 88* 12' 35' 85* 84* g
15' 86* B7* g-

18' - - 85*

Transect E 3 2 1 Station F Station G

O' 104* 102* 100* O' 93* O' 89*
3' 1 04 " 99* 99* 3' 92* 3' 81* g
6' 104* 95* 90* 6' S1* 6' 77* 3
9' - - 82* 9' 79* 9' 76*

12' - - 81*

Station H Station I Station K

O' 87* O' 76* O' 36'
3' 87* 3' 75* 3' 86* -

6' 75* 6' 36*
9' 74* g

.

. . -



l
|

I. |

77 |
1

TliERMAL PLUME MONITORING
,^ H. B. Robinsen Steam Electric Plant September 25, 1975

'

Sampling Surface '3 6' 9' 12'
Station 'C 'F 'C 'F 'C *T 'C ] 'C *F

I 5 30.5 87 30.6 87 26.5 80 25.0 77 24.5 76
6 30.5 87 27.5 82 26.5 80 24.5 76 24.5 76

I:
7 32.0 90 30.0 86

14 32.0 90 30.5 87 26.0 79
15 31.0 SS 31.0 88 27.5 S2 25.1 77
16 32.0 90 32.0 90 26.5 80 24.5 76
17 32.4 90 32.5 91 25.5 78 25.0 77 24.3 76
18 32.5 91 32.5 91 25.0 77 24.5 76
24 33.0 91

. I 25 32.8 93 33.0 91
26 32.5 91 32.5 91 25.5 78 24.0 75 24.0 75'

|- 27 31.5 89 31.5 89 25.0 77 24.0 75 24.0 75
28 31.5 E9 31.6 89 27.2 81 25.0 77
32 30.0 8

33 30.5 87 30.5 87 24.0 75 23.5 74 23.5 74
34 31.0 88 31.5 89 25.5 78 24.0 75

W Lower Big Beaverda: 27.0 81 27.0 81 26.5 80 25.5 78 25.0 77
Creek

|

'

tiddle Big Beaverda: 26.2 79 26.5 80
' Creek

|I |
,

,

|I
1

:I

I
I
I
g:

I
_ . . . __ _ _ _
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!

S. B. ROBINSON WATER TC{PERATURI PROFILE
September 25, 1975 ,

I|
: Transact A 3 2 1 I ansect B 3 2 1

0' 79' 79' 78' 0' BO' 30' 79* g'
3 79' 79' 79' 3' S0' 30' S0' W ,

6- 79' 79' 79' 6' SO' 30* SO''

9' 79* 79' 79' 9' SO' 80' 80' g
12' 79' 79' 79* 12' 79' 79' BO' gi-

15' 79' 79' - 15' 79' 79' BO'
18' 79* 79' 79'18' 79' 79* -

Ol' 79' 79' 80*21' 79' 79' -
,

24' 79' 79' 50'79*24' r--

27' 79' 79' 79'79'27' ,--
'

30' 79' 79' 79'
79' 78'33' -

,

| Transect C 3 2 1 Transect CA 3 2 1

0' S2' 83* B2' 0' 84* 84' 82*
3' 33' 82* 82* 3' 84* 84' 82' ,

6' S2' 82* 81* 6' S1' S1' 33 ' |;

9' 80* S0' 80' K49' BO' S2' -

12' 80' BO' 30'12' 79' SO' -

15' 80' 80' g| 1. 79' S0* --

IS' St*13' 79' 80' g,- --

21' PO'21' 19' 79* - --

24' 80'| 24' 79' 79' - --

27' 79' 79* -

Transact D 3 2 1 Transect DA 3 2 1

| EB

| O' 05' 95* BS' 0' 87* 35' B2' ||
3' 34' 35' BS' 3' 36' 82* $2'

| 6' B2* 83' 81* 6' dO' S1* BO'

| 9' 80' BO' 9' 79' 79* 78'-

i 12' SO' SO' 12' 77* 77'--

'
SO' 79' 15'15' 77' 77'--

18' 78' 79' 13' 77*- - -

21' 78' 7B' 21' 76*- - -

Transect E 3 2 1 Station F Station G

|
| O' 92* 90' 89* O' 73* O' 72*

3' 93* 90' 89' 3' 73* 3' 71'
6' 93* SO' 77' 6' 73*. 6' 71*
9' 93* 76* 75' 9' 72" 9' 71'

12' 93* 75' 12' 71*-

15' 94* - -

Station H Station I Station K

O' 73' 0' 71' 0' 77*
3' 79* 3' 71' 3' 77'
6' 79* 6' 71* 6' 7B'

9' 71' 9' 73' || ,

. . _ . _ . . . . . . . _ . . _. . _ _ - . _ , . , - . . . . , _ _ , _ , . . .. . . . . _ _ . . _ - . _ - . _ . .
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THEFJiAL TLUME MONITORINO
H. B. ROBINSON STLAM ELECTRIC PLANT october 13, 1975

I -

Sampling Surface 3' 6' 9' 12'
Station 'C 'T *C 'T 'C *T 'C 'T 'C 'T.

5 31.2 88 30.2 86 26.0 79 25.0 77
6 31.2 88 30.0 86 27.0 81 23.5 74 23.0 73

7 31.e 89 30.5 87 26.6 80 24.0 75 23.0 73
= 14 33.5 92 32.6 91 32.0 90'

35 32.5 91 32.0 90 27.5 81-

16 32.) 91 32.0 90 30.0 86
17 32.5 91 32.5 91 27.4 81 23.0 73 23.0 73

18 32 5 91 32.5 91 28.2 83 23.5 74 23.0 73

24 33.9 93
25 33.5 92 33.8 93
26 33.6 93 31.2 88 27.8 82 24.0 75

27 32.8 91 33.0 91 30.0 86 24.2 75 22.6 73

28 32.6 91 32 8 91 31.0I 32 31.5 89

32 33.0 91 31.8 89 30.5 88 23.5 74 22.5 73
34 33.0 91 33.0 91 27.0 81 24.0 75

Lower Big

I. Beaverdam
Creek 30.5 87 30.0 86 27.0 81 24.0 75 23.5 74

Middle Big
Beaverdam
Creek 28.5 83 21.0 70

Upper Big
Beaverdam
Creek 22.0 72

I
I
I

|I
|
|

~

!

I
L-.- . _ _ _ _ _ . . _ ._ .. ... - . - _ - . _ _ - - . . . , . . . .,_

_
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; 1

H. B. ROBINSON WATER TEMPERAWRE PROF 11.E -j
October 13, 1975 )

Transe t A Intake 3 2 1 Tr.inseet B 3 2 1'

0' S0' S1' 82* S2' 0' 32' S2' 82'
3' 80' 31' S2' 31' 3' S2' 31' 81'
6' 80' S1' 30' 79' 6' S0' BO' BO'

,

9' SO' 79* 79' 79' 9' 79' 79' 79';

12' 79' 79' 79' 79' 12' 79' 7A* 79*
15' 78* 7B* 78'15' 78' 79' 76' -

18' 77* 77* 77' Ila' 77* 77* 75' -

21' 75' 76' 76' g I75'21' 75' --i

24' 73* 74' 75' g!74*24' 75' --

I27' 73' 73' 73'73*27' 73'' --

73* 73'30'30' 73* 73* ---

73' 73'33'73*33' 73* ---

36' 73' - - -

|

Transect C 3 2 1 Transect CA 3 2 1

i

0' 83' S3' B4' 0' 35' 86* 85' !

I 3' B3' 83* 83* 3' 33' 33' 82* g
6' 82' S1' 82* 6' 31' 31' 80' g

9' 79* 79' 79*9' 80' SO' -

12' 78' 78' 78*12' 78' 79* -

|15' 76* 77'15' 77' 77' --

18' 75' 76* - 18' 75' u--

21'21' 75' 75' 73* -- -

24' 73' 74' -

27' 73' 73' -

Transect D 3 2 1 Transect DA 3 2 1 .,

O' 36' 86* 86' 0' 90' SS' B7'
3' 84' 84* 86' 3' S3' B3' S3'
6' B2' S1* 80' 6' 82* S1* 81' g

79' 79' 9' 81* 74' 79* g9' -

77* 77* 12' 73* 73' 73*12' -

75* 75' 15' 75'15' 73*--

Transect E 3 2 1 Station F Station G

O' 93* 91* 91* O' 35' 0' 75*
3' 93' 90* 91' 3' 73* 3' 68'
6' 93* 36' 36' 6' 71* 6' 68*
9' 93* 76' g- .

'. 2 ' 93* 73* g-

15' 93* - -

Station H Station I Station K

O' 77* O' 65* O' 76*
3' 73' 3' 65' 3' 76* |
6' 73* 6' 55' 6' 76' E

9' 65* 9' 76*
Unit 2 outlet: 93* g,
Discharge canal outlet: 93*

'

,

|
L_____._________ _ _ __ _ _ .__.. _ . . _ _ _ _ _ . . _ . _ _ . _ , , , , . - _ _ . . , . _ . . _ _ _ . . . _ _ _ . _ _ _ _ _ . _ . . _ . _ _ _ _ _ _ _ .
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october 25. 1975

THEDiAL FLDiE MONITORING
H. B. ROBINSON STEAM ELECTRIC FLANT

I Saepling Surface 3' 6' 9' 12' 15'

Station *C 'T 'C 'T 'C 'T 'C *F 'C 'T 'C *F

$ 29.0 64 28.8 84 24.0 75 23.5 74

6 29.2 85 29.0 84 2!.0 77 23.5 74

7 30.0 86 28.0 82 25.0 77 22.8 73 21.2 70

I 14 33 0 91 31.8 89
15 31.5 89 31.2 88 25.5 78
16 31.5 89 31.0 58 26.2 79 22.0 72 21.2 70 21.0 70

I 17 30.8 87 30.5 37 24.8 77 21 5 71 21.0 70

18 30.5 87 30.2 87 ;5.5 80 21.5 71
24 32.5 91
25 32.5 91I 26 32.0 90 29.2 85 26.5 80 21.5 71 21.2 70

27 32.0 90 30.8 87 26.0 79 21.5 71 21.2 70

28 31.5 89 31.5 89 24.2 76

32 30.5 17

33 31.0 68 31.0 88 28.0 82 21.5 71
34 30.8 87 30.5 87 28.0 82 21.5 71

Lower BigI Beaverdam
Creek 24.S 77 24.5 76 24.2 76 23.5 74

I Middle Big
Beaverdam
Creek 19.8 68 17.2 63

Upper Big
Beaverdam
Creek 18.0 64

I
I

I .
I

I _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ - _ _ _ _ _ _ _
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H. S. ROBINSON '4ATER TIMPEPaTURE PROFILE
October 28. 1975

-

Transect A Intake 3 2 1 Transect B 3 2 1'

0' 76* 75' 75' 75* O' 77' 77' 76'
3' 76' 76* 76' 75' 3' 76* 76' 76' g
6' 76' 76* 76* 75' 6' 76' 76' 76' g
9' 76* 76* 76* 75* 9' 76' 76' 75'

12' 76* 76' 76* 75' 12' 76' 76* '/ 5 '

15' 76' 76* 76' 75' 15' 76* 76* 75*
18' 76' 76' 76' 75' 18' 76' 76* 75' i

21' 76' 76' 75' |" ' ' 76* 76* 76'.

-

24' 75* 75' 75*76'24' 76* --

27' 75' 75' 75'76*27' 76' --
'

30' 75' 75* 75'76'30' 76' -- -

33' 74'76'33' 76' - -- -

36' 74'76'36' 76' - ---

39' 76* - - -

Transect C 3 2 1 Transect CA 3 2 1

0' 77* 76* 75* O' 79* '8' 77* |i

| 3' 77* 77* 75' 3' 79* 77* 76* g
6' 77* 77' 75' 6' 79' 77* 75' g

9' 77* 75* 75*9' 76' 76* -

75' 7$*12' 76' 76' - 12' -

74* 75'15' 75' 76* - 15' '
-

'

IS' 71*18' 7 5 '' 75" - --

21' 70'21' 73* 72* - --

24' 72* 72* g;-

27' 72* 72* 3-

| Transect D 3 2 1 Transect DA 3 2 1 mm ,

| O' S2* 82* 82* O' S2' 79' 78*
3' S0* S0' Bl* 3' BO' 79' 78'r

| 6' 76' 76* 76* 6' 77* 75* 75' |i
75' 75* 9' 74* 73* 74* m9' '-

i

71* 71*I 12' - 74' 73* 12' -

70* 71* 15' 69* 69*15' - -

13' - - 70'

Transect E 3 2 1 Station F Satation G

O' 91* 39' 90' 0' Bl* O' 68'
3' 92* SS* 87* 3' 77* 3' 67*
6' 92* 79* 79* 6' 6S' 6' . 66' 3
9' 91* 72' 71* 9' 68' N'

12' 92* 70' 70'
15' - 70* -

IStation H Statica I* Station K

O' 75* O' 66* O' 74*
3' 75* 3' 65* 3' 74*

6' 65' 6' 74*
a' ssa~ ~ ||Unit 2 discharge 93.2* gg

|
End of discharge canal 90.5'
*0ctober. 27,1975_

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ . , _ . _ _ _._. -i
_
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H. B. ROBINSON *a'ATER TDiPERATURE PROFil.E
November 12, 1975

.

Transect A intake 3 2 1 Transect B 3 2 1

0' 71' 71* 71' 71* O' 71' 71' 71*

3' 71' 71* 71* 71* 3' 71* 71' 71'
<

6' 71' 71* 71' 71' 6' 71' 71' 71'
9' 70' 71' 71* 71' 9' 71* 71' 71'

12' 70' 71' 71* 71* 12' 71* 71' 71*

15' 70' 70' 71' 71* 15' 70* 71' 71*

18' 70' 70* 71' 70* 18' 70' 71' 71*
70' 70' 21' 70' 70' 71*21' 70' -

70' 7C' 24' 70' 70' 71'24' 70' -

27' 70* 70' 70'70'27' 70* --

68' 69' 68''^'69'30' 69* --

" ' ' 68' 68* 68'68*33' 69' --

68*36' 69' --

39' 68* - - -

42' 68* - - -

Transect C 3 2 1 Transect CA 3 2 1
;

0' 72' 72* 72* O' 72* 72' 72*

3' 71' 72" 71* 3' 72' 71* 72* g
6' 71' 72' 71* 6' 72* 71' 72' g

9' 72* 71' 72*9' 71' 72* -

12' 70' 71* 72'12' 71* 72* -

15' 70' 71' 71*15' 71' 71' -

69' 70*18'13' 70* 70* --

69' 68'21'21' 69' 69' --

69'24'24' 69' 68' ---

68*27' --

Transect D 3 2 1 Transect DA 3 2 1 ,,

|1
O' 72* 72* 72' 0' 73' 73* 72*

3' 72* 72* 72* 3' 73' 73* 72'
i 6' 72* 72* 72' 6' 72* 72* 72* g
| 12' 71' 72* 72* 9' 70' 72* ~2* g

69' 12' 69* 69' /2*
| 15 ' - -

68* 15 ' 69' 68' 67* I| 13' - -

Transect E 3 2 1 Station F Station G
,

|
O' 75' 74* 73* O' 70' 0' 56'

' 3' 75' 73' 73' 3' 70' 3' 66*

6' 76* 72* 73* 6' 67* 6' 65*

9' 76' 69' 70' ~

69'12' 76' -

15' 76* - -

Station H Station 1 Station K

O' 70* O' 66' 0' 70*

3' 70* 3' 65* 3' 70'
6' 70' 6' 65* 6' 70"

9' 65*
[
\

IB'

__- _ -__ - _ _ _ _ _ . _ _ . _ - _ . - - _ -- _ - - - .- -.- .. - - - . . - - . - - . - -,



_ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ . . - _ -_ _ _ _ . _ _ ____ __

83

'

I
THERMAL. PLUME MONITORING '

H. B. ROBINSON STEAM ELECTRIC PLANT November 12, 1975

i

S mp1ing Surface 3' 6' 9' 12' 15'I Station *C *T 'C 'T 'C 'T 'C *T *C *T 'C 'T|

5 22.8 73 22.7 73 22.5 73 21.5 71
6 22.6 73 22.8 73 22.7 73 21.0 70 20.5 69
i 23.0 73 23.0 73 23.0 73 21.2 70 20.5 69 20.5 69 '

,
'

14 24.0 75 24.0 75 23.5 74
15 23.4 74 23.5 74 23.5 74 23.4 74

,

i 16 23.5 74 23.0 73 22.0 72 20.5 69

i 17 23.0 73 23.2 74 23.0 73 21.0 70 20.0 68
;3 16 23.0 73 23.0 73 23.0 73 23.0 73 20.5 69

5 ' '' 5 24.0 75
26 23.4 74 23.5 74 23.2 74 21.0 70 20.6 69

'

27 23.0 73 23.0 73 23.0 73 21.0 70 20.5 69
28 23.0 73 23.0 73 23.0 73
32 23.0 73
33 22.6 73 22.7 73 22.7 73 20.1 68-

34 22.6 73 22.9 73 22.9 73 20.4 69

|

| g' Lower Big 22.5 73 22.5 73 22.2 72 22.0 72 20.5 69

g Beaverdar.
Creek

,

i

Middle Big 19.5 67 19.5 67
Beaverdam
Creek

Upper Big 19.5 67 19.4 67
Beaverdan
Creek

\

* Station 24 not taken, too shallow

L| '

|

|

I
.

I
%

I
_ _ . _ ___ _ _ - - -
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IH. B. ROSIMSON '4ATER TEMPERATt'RE PROFILE
November 25, 1975

.

i

|

Transect A Intake 3 2 1 Transect B 3 2 1

0' 56' 56' 56' 56' 0' 56' 56' 55'

'.
3' 56' 57' 56' 56' 3' 56' 56' 56'
E' 56' 57' 56' 56' 6' 56' 56' 56'
9' 56' 56* 56' 56' 9' 56' 56' 56'

12' 56' 56' 56' 56' 12' 56' 56' 56'
15' 56' 56' s' 15' 56' 56' 'A'-

IS' 56' 56' 56* 18' 56' 56' 56'-
'4

21' 56' 56' 56' 21' 56' 56' 56'-
'

24' 56' 56' 56' 24' 56' 56' 56*-

27' 56* 56' 27' 56' 56' 56*- -

30' 56' 56* 30' 56' 56' 56' |I- -

56" 56' u33' 56* 56' 33'- - -

36' 56' 56'- -

Transect C 3 2 1 Transect CA 3 2 3

i O' 55' 55' 56* O' 56' 56' 55* i
'

3' 56' 56' 56' 3' 56' So* 56'
6' 56' 56' 56' 6' 56' 56' 56'
9' 56' 56' 9' 35' 56' 56'-

56' 56' 312' 56' 56' 12' 1- -

315' 56' 56* 15' 56*- - -

IS' 56' 56' IS' 56' ---

| 21' 56* 56' -

24' 56* 56''
-

27' 56' 56' -

!

Transect D 3 2 1 Transect DA 3 2 1 EE

i

I

| O' 56' 56' 56' 0' 56' 55* 55'
| 3' 56' 56' ft" 3' 56' 56' 55'
l 6' 56' 56' 56' 6' 56' 56' 55' ,

9' 56' 56' 56' 9' 55' 56' 55'
35* 55'56' 56' 12'12' --

56' 56* 15' 55' 55'15' --

Transect E 3 2 1 Station F Station G

O' 59' 53* 57' 0' 49' 0' 48' ,

3' 60* 53' 57' 3' 49' 3' 48'
6' 60* 54' 57' 6' 49' 6' 45* ;

52' 9' 49'
~

9' - - .

52'12' - -

Station H Station I Station K

O' 57' 0' 48* O' 56'
3' 57' 3' 48* 3' 56'

6' 43' 6' 56'
9' 48'

E
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . __ _ _ __ . . . . - . . . - _ . . . , _ _ . = . _ . . . _ _ , ~ . _ ,
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I
I THEry.AL ?LLME MONITORING

H. B. ROBINSON STEAM ELECTRIC PLANT November 25, 1975

I
~

Sa pling Surface 3' 6' 9' 12'
Station 'C 'T 'C *F 'C *F 'C 'T 'C 'T

I 5 13.4 56 13.5 56 11.6 53 11.6 53

6 13.5 56 13.7 57 13.5 56 11.0 52

7 13.5 56 13.8 57 13.6 57 12.8 55 11.0 52I 14 14.8 59 14.8 59 14.0 57

15 14.3 58 14.5 58 14.3 58

16 14.5 58 14.3 58 12.3 54

I 17 14.4 58 14.5 58 14.0 57 11.0 52 11.0 52

18 14.0 57 14.3 58 14.2 58 11.2 52 11.0 52

24 14.8 59
25 14.6 58
26 14.5 58 14.5 58 13.0 55 11.0 52

27 14.0 57 14.0 57 14.0 57 11.0 52 11.0 52

28 13.7 57 14.0 57I 32 13.0 55
33 13.4 56 13.6 57 12.0 54 10.3 51

34 13.0 55 13.5 56 13.5 56 10.6 51=

I Love: Big 14.0 57 13.0 55 13.0 55 13.5 56 12.0 54

Beaverda
Creek

Middle Big 11.0 52 11.0 52
BeaverdamI Creek

Upper Big 12.0 54 12.0 54

I Beaverdam
Creek

I
I.

I
_

I
I'

. -
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H. B. ROBINSON 'JATER TEMPERATURE PROFILE
December 9, 1975 -

I
Transect A 3 2 1 Transect 3 3 2 1

0' 54' 54' 53* O' 54' 54' 54'

3' 54" 54" 54' 3' 54* 54' 54'

6' 54' 54' 54' 6' 54* 54' 54'.

9' 54' 54* 54' 9' 54' 54' 54*

12' 54' 54' 53* 12' 54' 54' 54'
15' 54' 54* $4'15' 54' 54' -

IS' 54' 54' 54'18' 54' 54* -

21' 54' 54' 54*21' 54' 54' -

24' 54' 54' 24' 54' 54' 54*-

27' 54' 54* 54*27' 54' 54' -

30' 54* 54' 54'30' 54' 54' -

54'33'33' 54' 54' - --

36' 54' 54* -

39' 54* - -

Transect C 3 2 1 Transect CA 3 2 1

0' 54' 54' 53* O' 54* 54' 54*

3' 54' 54' 54' 3' 54' 54' 54'
6' 54' 54* 54'6' 54' 54' -

9' 54' 54* - 9' 54' 54' 54*
12' 54' 54*12' 54' 54' --

54' 54*15' 54' 54' - 15' -

IS' - 54' 54' |18' 54' 54' -

21' 54' 54* - 21' - 54* - W
54'24' 54' 54' - 24' --

E
Transect D 3 2 1 Transect DA 3 2 1 g

O' 54' 54' 55' 0' 54* 54' 54'
3' 55' 55' 55' 3' 55' 54' 54'
6' 55' 55' 55' 6' 55' 54* 54'

55' 55* 9' 54' 54' 54*9' -

- - 55* 12' - 54' 54'12'
15' - - 54* 15' - - 54*

- - 54'IS'

Transect E 3 2 1 Station F Station G

O' 57' 56' 54' 0' 49' 0' 43'
3' 57* 56' 54' 3' 49' 3' 48' g.

6' 56' 53' 52' 6' 49' 6' 48' 3
50' 9' 49' 9' 48*9' - -

- - 50'12' I
Station R Station I* Station K

O' 54* O' 47' 0' 53' |
3' 54' 3' 47' 3' 53' W
6' 54' 6' 47* 6' 53*

9' 47' g
* December 10, 1975

- - - _ _ - _ _ _ _ _ _ _ _ _ - _ - - _ - _ - _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ - _ __ _ ___
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I
THEPJtAL PLDE MONITORING

H. B. ROBINSON STFJJi ELECTRIC PLANT December 9, 1975

Sampling Surfuce 3' 6' 9' 12'
Station 'C 'T 'C 'F *C 'F 'C *T 'C 'T |

5 12.4 54 12.6 55 12.5 55 12.5 55
6 12.6 55 12.7 55 12.5 55 11.2 52

' 7 13.0 55 12.7 55 12.5 55 11.0 52 11.0 $2
14 13.8 57 14.0 57 12.8 55
15 13.7 57 13.5 56 12.0 54 |I 16 13.6 56 13.6 56 11.5 53
17 13.0 SS 12.6 55 11.5 53 10.5 51 10.5 51
18 12.5 55 12.5 55 11.6 53 11.0 52I 24 12.0 54
25 12.0 54 I

26 12.5 55 12.5 55 11.0 52 10.1 50 10.1 50

I 27 12.2 54 12.2 54 11.0 52 10.1 50 10.1 50
28 12.1 54 12.2 54 11.5 53 10.4 51
32 12.4 54

| 3 33 12,0 54 12.0 54 10.1 50 10.1 50

5 34 12.0 54 12.1 54 10.5 51 10.1 50

I
.

Lower Big 11.8 53 12.0 54 12.0 54 11.4 53

I Beaverdam,

Creek
I

!
Middle Big 11.5 53 11.1 52

,
' Beaverdam

Creek

Upper Big 12.0 54 12.1 54
, ,

| Beaverdam
| Creek

|I

I
1
| ~.

|I
I

.. .. . -_ _ _. . - - _ _ - _ - _ - - _ _ _ _ _ _ - _ _ _-_ _ _- . -
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H. 3. ROBINSON '='ATER TEMPERATt'RE PROFILE
January 6, 1976 ,

Transect A Intake 3 2 1 Transect 3 3 2 1

0' 52' 52' 52' 51' 0' 53' 54' 53' 3
3' 52' 53' 52' 51' 3' 54' 54' 54' 5
6' 52' 53' 52' 51' 6' 54' 54' 54'
9' 53' 53' 52' 52' 9' 54' 55' 55'

12' 53' 53' 52' 51' 12' 54' 54' 55'
15' 53' 53' $2* $1' 15' 54' 55' 55'

18' 54' 55' 55'18' 53' 53' 52' -

21' 54' 55' 54' E$3'21' 53' --

24' 54' 54' 54' E53'24' 53' --

$3' - 27' 54' 54' 55'27' 53* -

10' 54' 54' 54*53'30' 53' --

54* 55'33'33' 53' -- - -

36' 54' - - -

39' 54' - - -

42' 54' - - -

,

Transect C 3 2 1 Transect CA 3 2 1

0' 56* 55' 54' 0' 57' 56' 55'
3' 57' 55' 55' 3' 59' 57' 56'
6' 56* $5* 55' 6' 59' 57' 56'

9' 59' 57' 56'9' 57' 55' -

56' $6'12'12' 57' 55' --

56' 56'15'15' 57' 55' --

E18' 57* 55' - IS' 56*- -

56' - 321'21' 57' 56' --

24' 56' 56' -

56'27' g--

Transect D 3 2 1 Transect DA 3 2 1

0' 60* 60* 54' 0' 62* 60' 55' E'
3' 61* 60* 56* 3' 63* 58' 57' E
6' 59' 57' 56' 6' 58' 58' 57'

56' 56* 9' 55' 57* 57'9' -

56' 56' 12' 54* 53*12' --

- - 55' 15' - 54' $3'15'
55*18' - -

- - 55'21'

Transect E 3 2 1 Station F Station G

*

O' 63* 67* 67' 0' 44* O' 41'
3' 70' 66* 65* 3' 45' 3' 41'
6' 69* 63* 64* 6' 44' 6' 41'
9' - 54' 52' 9' 44' 9' 41*

- - 51'12'

Station H* Station I* Station K*

O' 52' 0' 39' 0' 50'
3' 52' 3' 39' 3' 50' 3
5' 52' 6' 38 6' 50' E

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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THERMAL TLLME MONITORING
F. , B. ROBINSON STE/J! ELECTRIC P1AN'*. January 6, 1976

| Saepling Surface 3' 6' 9' 32'
Station 'C 'T *C 'T 'C 'T 'C 'T C 'T'

,

!
'

5 17.0 ~ 63 17.5 63 12.5 55 11.2 52
i 6 16.5 62 16.7 62 14.0 57 11.3 52 30.5 51

7 17.2 63 17.0 63 10.5 51 10.0 50 10.0 * $0

I 14 19.5 67 20.5 69 20.5 69
15 19.5 67 19.4 67 14.5 58
16 19.5 67 18.8 66 17.0 63 12.0 54
17 19.8 68 20.4 69 17.5 63 11.0 52 11.0 52
18 19.0 66 18.5 65 17.0 63 11.2 52 11.0 52
24 19.5 67 l

25 19.5 67 20.2 66
'

26 19.0 66 20.0 6E 16.0 61 10.5 53 10.5 51
27 19.5 67 16.5 65 17.5 63 11.0 52 30.5 51
28 19.5 67 19.7 67 16.4 65 11.2 52
32 19.0 66 19.0 66 16.0 61 11.0 52 >

1 33 18.5 65 IS.5 65 16.0 61 10.0 50
34 19.5 67'

I,

Lower Big 12.5 55 13.0 55 12.8 35 11.5 53 10.5 51i '

Beaverdam
Creek

Middle Big 8.0 46 8.0 46
Beaverdam
Creek

Upper Big 9.0 48
Beaverdam
Creek

I
J

k

* ,

w

. - - - _ _ . _ _ _ _ _ _ - - _ _ _ _ - - _ - - - _ _ _ - - - - . _ . _ _ _ - - , _ . . - - - ,. - - , - ~ , - - , , _ _ . , ~ , _ . _ , . v.n. -----,.n-. ,~r,, ,.
. _-
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H. B. ROBINSON WATER TEMPERATURE PROFILE
I February 17, 1976
I

-

,

Transect A Intake 3 2 1 Transect B 3 2 1

0' 61' 61* 62* 62* O' 63' 62* 63* __

3' 50' 60' 61* 62' 3' 63' 62* 62*

6' 60' 60' 61* 61' 6' 62' 62* 62'

9' 60' 60' 61' 61* 9' 62' 62* 62*

12' 59' 60' 60' 61' 12' 62* 62' 62*

15' 59' 60' 61' 61' 15' 61' 62* 62* {
18' 61* $1* 62'

16' 59' 58' 61' -

21' 60* 60* 60*58'21' 59' --

24' 60' 59' 60'58'24' 59' - =-

27' 59' 57' 58'58'27' 58' --

57' 58' E _30'58' -

30' 58' --

57' 57' E _33'57' -

33' 58' --

{36' 58' - - -

E39' 57' - - -

3 -

Transect C 3 2 1 Transee: cA 3 2 1
-

0' 64* 64* 64' 0' 67* 68* 67'

3' 64' 64* 64* 3' 67* 67* 67*

6' 63* 64* 64* 6' 67* 67* 67'

9' 64* 64' 9' 67' 65' 67*
-

12' 67* 64* 67*
12' 63' 63* -

15' 63' 62* 63*
15' 62* 63' -

18' - 62* -

13' 61* 63* -

21' - $9' -

21' 61* 58' -

24' 59' -

24' 58' $8' -
-

57' -

E, - _ _27' -

Transect D 3 2 1 Transect DA 3 2 1

0' 69* 69' 69* O' 70* 70* 70'

3' 69* 71* 69* 3' 70* 71' 70* --

6' 69' 69' 69' 6' 70* 71* 70'

9' 68* 69* 9' $7' 70' 70* g
--

61* 63' E
- - 69* 12' -

12' 60' 59'67* 15' -

15' - -

61*13' - -

Transect E 3 2 1 Station F Station G
~

O' 75' 73* 73' 0' 66* O' 58*

3' 76* 73* 74' 3' 65* 3' 58*

6' 76* 73* 74' 6' 59' 6' 58'

9' 66* 61* Q' 58*-

62* -12' -

Station H Station I Station K

0' 62* O' 59* O' 63*4

3' 60* 3' 59' 3' 62*

6' 60* 6' 59' 6' 62*
,. 58

_

. _ _ _

- - - - . . . . . _ _
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THERMAL PLUME MONITORING
H. B. ROBINSON STEAM ELECTRIC PLANT February 17, 1976

Sampling Surface 3' 6' 9' 12' '

O O *T OStation C OF C Or OC F C C F

I 5 21.5 71 21.1 70 20.5 69 18.8 66

6 22.0 72 21.5 71 21.5 71 16.4 62

7 22.5 72 22.5 72 22.3 72 19.8 66 16.0 61

I 14 24.0 75 24.0 75 23.5 74

15 22.5 72 22.S 73 22.8 73 !

16 23.0 73 23.0 73 22.8 73 19.0 66 16.5 62

17 22.5 72 22.8 73 23.0 73 17.5 64

18 22.4 72 22.5 72 22.5 72 22.5 72

24 23.0 73
25 23.5 74.

I 26 23.4 74 23.2. 74 21.5 71 16.5 62

27 23.0 73 23.3 74 23.1 74 16.3 61

28 22.5 72 23.0 73
32 20.0 68

'

33 22.0 72 22.5 72 21.0 70 16.0 61

34 22.5 72 22.5 72 22.5 72 16.5 62 ,

Lower Big 21.2 70 21.2 70 21.0 70 20.8 69

l Beaverdam
( Creek' '

| ~

j Middle Big 17.0 63 16.3 61
j Beaverdam

Creek

Upper BiE 17.0 63
g Beaverdam

5 Creek'

I
I

.

%*

I
- __ _ _. - __ __- - - - -
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H. B. ROBINSON WATER TEMPERATURE PROFILE
March 30, 1976

-

|

Transect A Intake 3 2 1 Transect 3 3 2 1

1

0' 70* 70' 70' 69' 0' 71* 71 7ne

3' 70' 70* 69' 69' 3' 71* 71* 79*
o 69* 70' 69' 69' 6' 70* 70' 70* ,

9' 69' 69* 69' 69' 9' 70* 70 70*
12' 69' 69' 69' 68' 12' 69' 69* 69'
15' 69* 69' 68' 68' 15' 68' 69' 68' |I
18' 69* 69' 68* 18' 68' 68' 68* E-

21' sg* 68' 68*21' 68* 68* 68* -
,

24' 68* 67' 24' 68* 67' 67'- -

27' 67' 66* 67'27' 68* - 67* -

30' 67* 66* 67*66*30' 68* - -

66' 66*.' 33' 66' 66* 33' -- -

'
36' 68' - - -

j 40' 68* - - - "

,

Transect 0 3 2 1 Transect CA 3 2 1

O' 72* 73* 72' 0' 75* 76* 76*-

3' 73' 72' 72* 3' 73' 76' 75'
6' 72* 72' 72* 6' 73' 73* 73*
9' 71* 7]* 9' 72* 72' 72*-

12' 72' 72* 72*12' 71' 71' -

15' 71* 71'15' 70* 70* i--

18' 70* 70* - 18' 71'- -

21' 70' 69* 21' 69'- - -

24' 70' 68* -

27' 67* - -

Transect D 3 2 1 Transect DA 3 2 1 ,
.

O' 79' 79* 79* O' 78* 78* 78't

3' 79' 79' 79' 3' 78* 78* 78*
6' 74' 76' 75' 6' 75' 78* 79' g

! 9' 73* 73* 74' ?' 73* 73* 73' 3
. 12' 73' 73* 12' 73' 73*- -

| 15' - 73' 72* 15' 69' 6S'-

I 13' 69* 1S' 66'- - - - <

21' - - 64' '

'
Transect E 3 2 1 Station F Station G Station H

' 0' 34' 83* S2* O' 76* O' 69* O' 68*
3' S4' 33* S2' 3' 76' 3' 65*. 3' 68'
6' 34* 32* 32* 6' 67' 6' 65* 6' 68*
9' 86' 73* 72* 9' 66*

12' - 72* 71*

Station I Station K

O' 64 0' 66'
3' 64* 3' 66*
6' 64* 6' 06*
9' 64*

5
.

.- - - - . . - - , , . - . . . - . ....-.. . - . _ -
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THEFJ1AL PLUME MONITORING

I. H. B. ROBINSON STEAM ELt:CTRIC PLAh'T March 30, 19764

1

1

Sampling Surface 3' 6' 9' 12' 15'
Station 'C 'T 'C 'T 'C *F 'C 'T 'C 'T 'C 'T,

3 5 26.0 79 26.3 79 24.0 75 22.5 73
,

6 27.0 81 27.0 81 25.0 77 23.0 73 21.5 71 21.0 70
7 27.5 81 27.5 81 24.8 77 23.0 73 22.0 72 20.5 69

14 29.0 84 28.0 82 25.0 77
,

15 29.0 64 29.0 84 27.5 61 23.5 74
16 28.5 63 28.5 83 28.0 82 23.0 73 22.0 72
17 26.5 83 28.5 83 28.0 82 23.0 73 21.8 71
18 28.8 84 28.5 63 28.0 82 22.5 73 21.5 71
24 29.0 84

g 25 29.0 84 27.5 81 26.0 79'

g 26 26.5 83 26.5 83 26.0 79 23.0 73 21.5 71> i

28 27.5 81 28.5 83 |
,

I'

32 26.5 B0 26.5 80
33 26.5 80 26.5 80 26.5 80 21.0 70 21.0 70 |

<

34 27.0 81 27.0 81 27.0 81 22.0 72 ;
'

Lower Big 24.8 77 24.8 77 24.8 77 23.0 73
tBeaverdam

Crerk

Middle Big 21.0 70 18.0 64
'

Beaverdam
Creek

| Upper Big 20.0 68
Beaverdam
Creek

| .

|

I
I

I I
.

I
|

: I
|
1

- - - - . . - . . _ . - , . - - - - - . . , . _ - . - . , ,..-.....-,,-,,,-,n. . . . . , . . ,
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.

I
,

.

I-
.

1

|

I
.

CP&L EXIIIBIT 2.2

Continuous Recorder Data:

Daily Average, Maxima and Minima

I
June 12, 1975 to May 10, 1976

'
<

.
>

d

I
ea

I'

.

h I

s
.

_ , ,. - _ _ _ . . . . . . _ _ . . . . . . . . . _ _ _ _ __ , _ _ _ _ _ _ _ _ . _ _
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Continuous Recorder Data

I
On June 12, 1975, the five continuous temperature nonitoring units .

I |

vere installed as recommended and specified by the Atkins Technical, Inc. i
|

I initial retrieval of data strip charts indicated various probJens associated
"

.

vith the electronic operation of the units. Discussions with Atkins began

in an attempc to correct these problems and in an attempt to assure the

accuracy of the data. It was not until mid-July that C?&L was informed that
l
1

information relating to the proper positioning and installation of the sub-
I

merged units had been incorrectly indicated. Work was in:nediately begun to

have custom canister cases Eanufactured which would securely house and pro-

perly position each unit. On August 26, 1975, all units had been re-installed

in a proper manner.I
Because of various problems arising from and resulting from incorrect

information supplied by the manufacturer to CP&L, a check of the calibration

of the units was performed during the period September 22-26, 1975. Electronic

circuiting for each unit was inspected and calibration checked against a

laboratory thermometer, traceable to the National Bureau of Standards. Cor-

rections to the calibration of each unit were made whenever necessary.

As a followup to the calibration of the units, discussions continued

with Atkins and the following changes should be noted:

1. By November 14, 1975, units at the Spillway, the West Tower,

the discharge, and Station K had been removed from their sub-

merged positions, re-calibrated and re-installed on " land"

wl.th leads running to the water. Only Station F remained

subeerged.

_
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?. Original specifications on the units indicated an electronic

accuracy of + 0.6*C (+ 1.1'F). However, the manufacturer

did not take into consideration the accuracy of the recording

mechanism. Considaring both the electronics and recording

mechanisms, actual accuracy of each unit is 3 1.2'C (2.3'F).

I
Realizing the problems associated with the initial operation of the

units, their inproper installation and various other misunderstandings between

Atkins and CP&L, it is difficult to assign a specitic degree of accuracy to

the data collected prior to September 22, 1975. However. /.f ter this date, all

data are accurate to i 1.2'C (2.3*F).,

Present plans call for collectira. C: data through September, 1976, at

which time a supplemental report v .11 be avai.luole f or EPA review. Since the

original purpose (as indicated by EPA) for the installtion of continuous recorders

"at three or four key locrtic.ts" was "to allow evaluation of the thermal regime

between intensive measuremer.t periods," it is believed that data which are pre-

sently available are relative to this question , especially in the light that E
E

che " intensive met.suring periods" (water temperature profile monitoring) ware

increcscd fcom once per month to twice monthly during the period when accuracy

of the coatinuous monitors was questionable.

I
All data which wers considered transcribable are presented in tabular

form as daily means, maxima and minima. Generally, previous to September 5, 1975,

calculations of daily means and determination of dai]y maxima'and minima were

done manually. Subsequent to September 5, 1975, a computer program was used.

I
I
_
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I CPLL D311 BIT 2.3

I Black Creek k'ater Temperature Data:

Above the Impoundment (US 1) and

Below the Impoundment (SC-23)
,

I
1959, 1960, 1972, 1973, 1974
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CP&L E9113IT 2.4

I
CP&L Analytical Methods as of January 1, 1976

Results of Water Chemistry Analyses, and

Reco= mended Water Quality Goals for Various Water Quality Constituents I
March 1973 to February 1976
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ANAI.YTICAI. METil0DS llSED BY Tile ANALYTICAL I.AHORATORY

Preservation iloid i ng Routfue Laboratory

Parameter Method of Analysis Containen Technique Time Reporting Limit

Alkalinity, (as CACO ) ASTM Standards, pt. 23, 1972, P,C Cool. 4"C 24 Ilrs. 0 . 5 m g/I.
3

D1067 Method A (Electrometric
Titration)-Stantlard Methods for
the Examination of Water and
Wastewater lith Eil., 19 71, APilA,
Art 102 (potentiometric method
for low alkalinity)

Alumlunm (A1) Total Atomic Absorption Spectrophoto- P,C Cool 4"C 6 Mos. 0.1 mg/L

meter (Digest ion with IINO - 11C1) IINO to
3

pli < 2

Aluminum, (Al) Standard Methods for the Examina- P,G FIT 'lon 6 Mos. 0.1 m g/I.
Dissolved tion of Water and Wastewater r by

13th Ed. , 1971, APilA, Art 103B ''2
(Erinclirome Cyanine R Method) or
filt rat ion through 0.45 micron
memb rane fiIter followed by
Atomic Absorption methods [

v

Ammonia, (as N) Standard Metliods for the Examina- P,G ml, 4"C 24 Ilrs. 0.02 mg/I,
t ion of Water and Wastewater
13th Eit., 19 71, APil A , A r t 132-
132C (Distillation followed by
phenate taethod or ammonia select-

lon electrode)

Calcium, (Ca) Total Atomic Ab>;or; t f on Spect rophoto- P,C Cool, 4"C 6 Mos. 0.05 mg/L

meter (u t gst Ion with IINO -IICl) IINO to pil <2
3 3

Chemical Oxygen Stan<tard M.sthods for the Examina- P,C Il SO to 7 Days 1.0 mg/L
y 4

Demand, (COD) tlon of Water and Wastewater pil <2
11th Ed., 19 71, APIIA, Art 220
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Preservation llolding Itoutine Laboratory

Method of Analysis Container Technique Time Reporting Limit

farameter __

Cool, 4"C 7 Days 0.25 mg/L1

[hloride, (Cl ) ASTM Standards, pt. 23, 1972, P,Gi

D512 Reference Method A
|

(mercuric Nitrate Titration)
| Cool, 4"C 72 lirs. 0.05 mg/L
f:h romium, (Cr ) Standard Methods f or the P,C

Examination of Water andlle xava len t
Wa s t et.a t e r 13t h Ed . , 19 71,
A1'llA, Art il7A (s-diphenyl-
carbazide method)

I Cool, 4"C 6 Mos. 0.05 mg/L
:oppe r , tCo) Total Method for Collection and Analysis P,C

of Water Samples for Dissolved IINO), pli <2

Minerals and Cases, BK.5, Ch. A-1,
Techniques of Water-Resources
Investigations of the United
States Geological Survey, pp. 83-
85 (Atomic absorption methods-
direct or chelation - extraction) ~

*

Filtration 6 Mos. 0.05 mg/L

Copper, (Cu) Methods for Collection and Analysis P,G
followed by

Dissolved of Water Samples for Dissolved
11NO toMinerals and Gases,!!K.5, Ch. A-1, 3
pli <2Techniques of Water-Resources

Investigations of the United States
Geological Survey, pp. 83-85
(Fi1t rat ion t brough 0.45 micron
filter followed by atomic absorption

, methods - direct or chelation-
extraction)

Ilardness. Standard Methods for the Examina- P,C Cool, 4 C 7 Days 2.0 mg/Lf
a

t ion of Water and Wastewater
(as caco 3) 13t h Ed . , 19 71, APilA 122 B (EDTA

Tit rimet ric Method)
Cool, 4"C 6 Mos. 0.05 mg/L

fron, (Fe) Total I.tomic Absorption Spectrophoto- P,C
IINO to pil < 2meter (Digestion with IlNO -ilCl) 3

3

m - M M - m .

- E m m m m m m e e
,

. . .

. .

__ .
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Preservatian iloiding 9autine Laboratory

Method of Analysis Container Technique Tirse Report ing Limit

'arameter

Cool, 4"C 6 Mos. 0.05 mg/1,

, cad, (Pb) Tot al Methods for Collection and P,C
llNO to pil <2

Analysis of Water Samples for 3

Dissolved Minerals and Gases,
11K.5, Ch. A-1, Techniques of
Water-Resources Investigations
of the thiited St at es Geological
Strvey, pp. 105-106 (Atomic *

absorption niethods - direct or

chelation - extraction)
Cool. 4"C 6 Mos. G.05 mg/l.

lagnesium, (Mg) Total Atomic Absorption Spectrophoto- P,C
lif'0 to pli <2

meter (Digest Ion with IINO -CCl) 3
3

Cool, 4"C 6 Mos. 0.05 mr/L
fanganese, (Hn) Total Atomic Absorpt ion Spect rophot o- P.G

IINO to pil <2
meter (Digestion with IINO -IICl) 3

3
Cool, 4"C 1 Mo. J.001 mg/I.

iercury, (lig) Tot a l Methods for Chemical Analysis of P,G
IINO to pli <2

Water and Waste, 1971, EPA, 3 C
w121-130 (Coldvapor technique)pp.

Cool, 4"C 6 Mos. 0.05 mg/I.

ilckel, (N1) Total Method for Collection and P,C
IINO to pil < 2

Analysis rf Water Samples for 3

Dissolved flinerals and Gases,
IIK . S . Ch . A-1. Techniques of
Water-Resources Investigations
of the United States Geological

| Survey, pp. 115-116 (Atomic
absorption methods - direct or
chelation - ext ract lon)

|

.

____
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Preservation IIc1d ing Routine I.aboratory

Method of Analysis Container Technique Time Reporting Limit
|

*arameter

Cool to 4 C 24 lirs. 0.01 mg/I,
,

irthophosphate, Standard Methods for the P,C '

Examination of Water and Waste-(as P)
Total water, 13th Ed., 1971, APiln,

Art 223 (Ascorbic Acid
Method)

11ethods for Chemical Analysis PG Cool to 4"C 6 lirs. 0.1 p!I
*

| di of Water and Wastes, 1971, EPA
pp. 230-231 (Electrometric)

'h os ph a t e , (as P) Standard Methods for the Examina- P,C F11t rat ion 24 Ifrs. 0.01 mg/L

Cool to 4"C'

tion of Water and Wastewater, 13th
Ed., 1971, ArilA, Art 223 (Filtration
and Persulfate Digestion followed
by Ascorbic Acid Method)

! Cool to 4"C 24 lirs. 0.01 mg/L
'hospha t e , (as P) Standard Plethods for the Examina- P,C

tion of Water and WastewaterTotal ~

13th Ed., 1971 APHA, Art 223 5
(Persulfate Digestion followed
by Ascorbic Acid Method)

Cool to 4"C 7 Days 1.0 mg/L
Silica, (as S10 ) Standard Methods for the P only

2 Examination of Water and Waste-Dissolved
water, 13th Ed. , 19 71, APIIA,
Art 1518-151C (lleteropoly Blue
Method)

Cool to 4 C 6 Mos. 0.05 mg/L

Sodium, (Na) Total Atomic Absorption Spectrophoto- P,C
IINO t o pil < 2

(Digest ion wi th IINO -IIC1) 3meter 3

Cool to 4"C 7 Days 1.0 mg/L

Solids, Total Dissolved Methods for Chemical Analysis of P,C

(F il te rab le) Water and Wastes, 19 71. EPA,
pp. 2 75-2 77 (Class Fiber Fil t ra-
tion Method, 180"C) - Data
reported below 10 mg/ liter for
all solids is not really signifi-
cant, but Indicates order of
m,enftndo

,
__
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Ca*0Lika PLk(A ( L]Gm1 (QuS&hy
5P L C1 &L Stkv10E5 DEpaa7ptN1

R0$1N5:n mATEL Catm157RY

516.0 Pw-

min 7M/511110% 45 At E5 ft G5 58 h5 15 J5 K5

73

04

0%

06

07I 06

09 5.9 5.5 5.9 5.5 5.2 4.6 5.6 5.6

to 6.1 6.1 6.3 5.8 5.5 5.* 5.7 5.6

11 6.0 5.7 a.C 5.7 5.7 5.8 6.0
-_

12 5.4 5.8 5.8 5.t 5.2 5.1 5.8 5.0
76

01 6.6 6.6 e.5 6.5 *.6 6.6 6.6 6.6

02

C5 5.0 5.* 5.G 5.0 5.0 5.0 5.0

04 5.6 5.6 5.5 5.3 5.3
-

I6.2 6605 5.7 5.6 6.7 6.7 5.5 5.7

04

07 5.1 5.6 5.1 5.6 5.6 5.1 5.5 5.2

11
-

09 6.5 *.2 *.1 *.6 *.9 5.1 6.7 6.6 5.6 5.6

10 5.6 5.2 5.8 5.3 55 5.. 4.8 ..e 5.5 5.0
-

11 4.6 6.9 5.6 9.5 5.5 5.6 55 5.4 5.5 5.3

.

12 *.5 4.5 6.o *.7 4.1 3.9 *.2 *.2 6.0

C1 5.7 5.* 5.5 5.3 .9 50 5.6 5.5

01 5.1 5.1 5.1 5.1 6.6 6.2 5.0 4.7 6.9

I C3 5.' 5.1 5.1 5.0 5.0 *.5 5.0 6.7 50

04 4.4 6.9 *.t .9 6.6 *.4 6.4 *.* 6.6

05

06 5.7 5.6 5.6 5.6 55 5.6 4.9 4.4 59

07 6.1 5.9 5.9 6.1 6.0 5.5 5.8 6.6 5.8

>

os 5.7 5.6 5- 5.6 5.* 5.* 54 5.2 5.3

I 09 5.5 5.* .* 5.5 5.5 5.5 5.6 5.2 .9

1 s' 6.C 5.1 5.5 5.2 6.3 5.6 5.2 5.0 5.2

11 5.5 5.1 5.5 5.. 5.1 53 5.0 5.2 5.6

0
12 5.6 *.9 .8 5.0 6.6 *.9 *.8 6.9 4.8

76*

I 01 5.3 5.4 5.3 5.2 6.6 6.6 5.0 4.s 5.0

>

02 5.6 5.0 5.2 5.2 5.1 5.2 6.9 51 4.9

I
_ _ -
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'

(AROL14A FCe7R . L1GMT Co#P44Y
Settiat htRv!:ts ' t'atTuthT s

kO8tN5LN .4 TEA Cm 6 4117 t v

EJtLCAHL NITh00EN-ah M tN1Gatist 11GA SeQULD SE kE10 45 *t15$ TNAN*)

=0NTN/$7a71cm 45 at t$ te G5 Gt MS 15 J3 R$

73

>= 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22

1
05 0.26 0.o2 0.17 0.22 0.50 0.17 G.36 0.3*

06 0.20 0.90 0.10 0.20 0.56 0.31 0.43 0.31
i

i
~ 07 0.56 0.56 0.*5 0.65 0.36 0.22 0.65 0.36

1 + 08 1.36 0.18 0.56 0.15 1 60 0.65 4.33 1.02-\

09 0.30 0.42 0.60 0.50 0.60 0.2 f 0.30 0.66

10 0.*e 0.29 0. 66 0..a 0.23 0.37 0.19 0.17

- 11 0.26 0.29 0.16 0.19 0.60 0.21 0.38 0.25

- ' 12 0.50 0.45 0.68 0.69 0.31 0.36 0.50 0.31 m

76

_' 01 0 39 0.=9 0.61 0.3e 0.36 0.71 0.17 0.34

02 0.35 0.33 0.36 0 17 0.3e 0.-6 0.61 0.10

03 0.35 0.61 0 . 60 0.30 0.27 3.29 0.31 0.30

06 2.26 0.06 4.22 0.22 0.22 a.=0 0.04 0 3^m

05 0.07 0.13 0.13 0.07 0.07 0.02 0.09 0.16

06 0.*Q 0.25 0.13 0.25 0.11 0.17 0.23 0.34

07m
06 0.11 0 67 3.13 0.1 0.56 4.70 0.36 0.36

09 0.69 0.22 0.23 0.66 0.16 -0.1 -0.1 -0.1 0.16 0.12

to 0.39 0.38 0.3. 0.66 0.*1 0.26 0.20 0.30

11 0.09 0 15 0.10 S.13 0.08 0.11 0.10 0.06 0.06 0.04

12 0.15 0.16 0.16 0.16 0.13 0.15 0.13 0.11 0.1 ||

75-

01 0.16 0.12 0.11 0.12 0.15 0 15 0.11 0.93 0.13

1

02 0.09 0.06 0.08 0.09 0.11 0.12 0.11 . 10 0 11

03 0.2* 0.22 0.26 0.2= 0.72 1.10 0.15 0.12 0.18

D6 0.07 0.05 0.05 0 05 0.10 0.ta 0.06 0.05 c.05

" 05 0.36 0.35 0.62 0.21 0.31 0.17 0.19 0.26 0 39
.

06 0 19 0.22 0.20 L.21 0.22 0.26 c.27 0.35 1.78

07 0. 5 0.e5 0.63 0.60 0 64 0.27 0.29 0.53 0.27

08 0.30 0.56 0.27 0 29 0 35 0.29 0.29 0.37 0.27

C9 0 32 0.42 0.30 0.33 0 32 0.29 0.14 0.15 0.20

10 0 35 0. =0 0.62 0.26 0.2* 0.22 0.2* 0.23 0.25

^

.1 0.09 0.10 0.10 0.09 0.09 G.10 0.10 0.10 0.10

12 0.26 0.31 0.25 0.25 0.22 0.17 0.27 0.29 0.29

T r>

01 0.69 0.*0 0.26 0.28 0.29 C ?2 0.57 0.26 0.*7 .

02 0.25 0.18 0.16 0.27 0.15 0.1* 0.15 0 11 0.11

,

.

E
g

_ _ _ _ _ _ . - .
~ . . . . - - . . . . . .

. _ _ - _ _ _ - _ _ _ - _
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CARLLika P0wt6 i LIGn1 CCrPakt

SptttaL hthvitts 01PARTMIN1

8Ltth5CA us115 CMtPISTRY

h1Taatt at A (NIC&11wt $1L6 $> W LO 6,L Ata0 AS 4t$5 THAN'l

m0NTM/11&T10% A5 'at 15 ft &$ 02 M5 11 45 K1

I 73

06 0.06 0.01 ' 0.05 0.C! C.03 C.03 0 03 0.05

05 0.05 0.06 0.02 C.C2 L.03 0.02 0.05

I 06 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 C.01

07 0.07 C.07 0.05 0.07 0.06 c.09 0.06 C.05

06 0.19 0.16 0.16 0.18 0 16 G.16 0.11 0.50

09 0.15 0.12 0.13 C.16 0.12 C.09 C.16 0.22

10 0.06 0.De 0.05 0.0* 0.0 0.0e C.0* 0.01

11 0.12 0.05 0.05 0.11 0.19 0 05 0.07 0.10

12 0.10 0.05 0.15 0.12 -C.01 -0.01 0.10 -0.01

76

01 0.21 0.18 0.15 0.13 0.10 0 10 c.13 c.11

02 0.38 C.28 0.13 0.36 0 26 0.63 0.43 0.26

. 03 0.38 0.60 0.60 0.36 0.56 0.63 0.33 C.57

0* 0.95 0.3 0.75 0.66 0.8C D.62 0.59 0.61

05 0.60 0.52 0.56 0.61 0 69 0.41 0.60 0.66

06'

07

08 0.15 0.10 0.07 0.07 0.11 c.10 c.09 0 15

09 0. 05 0.06 0.07 0.13 0.03 G.10 0.15 0.16 2.76 1 20

10 0.29 0.35 0 . 66 0.61 0.61 C.35 0.38 0.23 0.39 0.39

11 C.e1 c.31 0.62 0.35 C.37 0.32 0. 60 0.50 0.60 0.37

12 C.10 0.13 0.20 0.22 0.66 0.26 0.26 0 15 0.26

75

01 0.30 0.21 0.21 0 18 0.21 0.19 0.27 0.32 0.2%

02 0 2C 0.29 C.69 C.23 C.a6 0.1= 0.19 0 35 0.le

03 0 26 Q.33 0.33 0.28 0.19 0.12 0.28 0.15 0.32

0 0.18 0.26 0.23 0.31 0 17 0.26 0.29 0.20 0.33

05 0.21 0.18 0. 25 0.22 0.16 0.33 0.29 0 19 0.26

06 0.17 0.19 0.22 0.13 0.15 0.09 0.18 0.07 C.26

07 0.12 0.12 0.11 0.09 0.13 c.06 0.09 0 11 0.11

04 0.36 0.3* 0.27 0.29 C.16 0.1 0.19 0 20 0.5C

09 0.07 -0.05 -0.0? -0.05 -C.05 -C.C? -0.05 0.05 0.06

10 0.-6 0.62 0.56 0.71 0.56 0.51 0.70 0 10 0.60

11 0.13 C.10 0.09 0.0* 0.01 0.01 0.06 0.09 0.0;

12 0.32 0.32 0.*2 0.37 0.37 0.60 0.67 0.*5 0.3t

76
s

01 0.52 0.6+ 0.52 0.52 0.36 0.69 C.54 0.55 0.54

02 0.34 C.26 C.29 0.29 0.26 C.20 0.32 0 29 0.16

I



. ..

124

I
-

CAROLINA PCata L L]Gh7 (Ca#aNY
$Pittat siev:;ts OgsaavutNT

G41%5CN u tt a Cet m1178tY

aa*0N14-a5 N INICafivt blGA $muulo et sta0 at ' L t 11 TH Aae ' l

st0N TM /Sl a t10m 45 as 65 16 G3 ;3 =5 15 J5 a5
_

73

06 -0.05 -0.05 -0.0S -0.05 -0.05 ~~.CS =0.05 -0.0S

OS -0.05 -0.05 -0.05 -G.0S -0.05 -G.01 -0.0S -0.0S

46 -0.05 -0.0S -0.CS -0.0S -0.05 *C.05 -0.05 -0.0S

07 -0.05 -0.0S -0.05 -0.05 -C.05 -0.25 -0.05 -0.05

04 0.18 0.16 0.26 u.15 0.04 C.11 0.88 0.44

09 -0.05 -0.0S -0.05 0.09 0.05 0.10 0.10 0.06

to 0.06 0.03 0.02 0.06 0.02 0.01 0.02 0.01

11 -0.01 0 03 0.04 0.03 0.03 -0.01 0.02 0.02

12 0.06 0.05 0.07 0 07 0.03 0.04 0.0s 0.03

76

01 0.02 0.07 0.03 0.05 0.03 ..GS -0.01 0.06

02 0.C3 0.02 0. 06 0.0a 0.05 0.02 0.06 0.06

03 0.03 0.06 1.09 -0.01 -0.01 0.04 0.02 0.05

06 0.02 0.02 0.02 0.03 0.02 C.02 0.06 0.03

05 0.07 0.13 0 13 0.07 0.07 0.02 0.09 0.06

06 0.08 0.05 0.09 0.05 0.03 C.02 0.06 0.02

07

CB -0.1 0.11 G.75 -01 -0 1 2 26 -0.1 -0.1
e

09 0 15 -0.1 -0 1 -0.1 -0.1 -0.1 -0 1 -0.1 -0.1 -0.1

E
10 -0.1 -0.1 -0 1 -0.1 -0.1 -0.1 -0.1 -0.1

11 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02

12 -0.02 -0.02 -0 02 -0.02 ~4.02 -0.02 -0.02 -?.02 -0.02

75

01 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 W

02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02

03 -0.02 -0.02 -0.02 -0.02 -0.02 4.C2 -C.02 -0.02 -0.02

0* -0.02 -0.02 0.02 -0.02 0.02 -c.02 -0.02 -0.02 -0.02

OS -0.02 0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.42 -0 02

06 0.02 0.02 0.02 -0.02 0.03 c.06 0.07 -0.02 0.70

07 -0.02 0.09 C.03 -0.02 -0.02 -0.02 -0.02 0.06 -0.02

08 -0.02 0.11 -0.02 -0.02 0.03 -0.02 0.03 -4 02 -0.02

09 -0.02 0.03 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 M

10 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02

11 -0.02 -0.02 -0.02 -0.02 -0.02 -J . 0 2 -0.02 -0.02 -0.02

12 -0.02 0.03 3.03 0.03 -0.02 -0.02 0.03 -0.02 0.03

. 76>

01 -0.02 0.03 -0.02 0.02 -0.02 -0.02 0.02 -0.02 -0.02

02 -0.02 0.02 -0.02 -0.02 -0.02 -0.02 d).02 -0.02 -0.02

-
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Camogtma DC tk 1 Lismi C0mbawv
SPfClat Cti t K15 C16481rtNT

pot 1Ns0A matta. CH1mistav

_

TCtaC PH05paait-as > (Nf;aT1vt 11LA LHoubo et stat a1 *Ct15 thah*

=0NTM/ stat 10= as at t$ El C5 G6 h5 15 J5 A5

73

04 0.19 6.22 0.90 0.23 0.30 0 20 C.31 0.25

05 0.95 C.!! C.00 1.71 1.20 1.26 1.10 1.21

06 0.04 0.0* G.08 0.07 C . D. C.C3 C.03 C.10

07 -c.C1 -0.01 -0.01 0 01 -0 01 -0.01 -0.01 -0.01

1 08 0.01 C.C2 C.03 0.04 C . 0= 0.01 C.01 0.04

09 C.C1 0.02 ;.C2 C.02 0.02 C.03 C.C2 0.C2

10 C.02 0.C1 u.C3 0.02 0.01 i. 02 0.02 0.01
.

11 0.01 0.C2 0.01 0.01 0.03 C.01 0.01 0.01

12 0.01 0.02 0.01 0.02 -0.01 -c.01 C.02 0.01

I 76

01 0.01 0.02 0.02 0.01 0.01 C.Go 0.C1 0.01

02 0.01 0.01 0.01 C.01 0.01 G.01 0.01 0.01

03 0.03 0.C1 0.03 C.02 0.C. C.C2 0.02 0.02

0= 0.02 0.01 0.01 0.02 0.C2 C.05 0.01 C.C3

05 0.01 C.01 0.01 0.0% 0.02 c.04 C.03 0.03

06 0.02 0.02 0.02 0.01 0.C2 L.L2 0.02 0.02
'

C7

04 -0.01 -0.01 -0 01 -0.01 0.03 4.01 -0.01 -0.01

09 0.01 0.01 0.02 0.59 0.0 0.56 0.06 0.5* C.02 C.23

10 0.02 0.02 0.02 0.02 0.01 C.C2 C.C1 C.01 C.01 0.01

I 11 0.01 0.01 0.01 0.01 C.01 0.01 0.01 C.01 0.03 0.02

12 0.01 0.01 0.01 0.01 -0.01 0.01 0.01 0.01 0.01

01 0.04 0 03 0.02 0.02 0.03 C.02 0.01 0.02 0.01

02 0.01 0.01 0.01 0.01 0 13 0.01 0.02 C.18 0.01

I 03 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 0.01 -0.01

0* 0.03 0.03 0.03 0.03 0.0+ 0.03 0.04 0.03 C.03

05 0.C3 0.02 C.0 C.02 C.03 0.03 0.03 0.03 0.03

06 0.04 0.08 0.C3 0.06 0.0 C.03 0.04 0.04 0.08

07 0.03 0.02 0.0* C .2 C.C) 0.03 0.03 0.03 0.03

08 0.02 0.03 0.02 0.02 0.C2 0.03 0.02 0.04 C.C2

I 09 0.04 0.03 0.0b C.07 0.07 0.06 0.04 0.05 0.05'

10 G.03 0.02 0.02 0.02 0.03 0.02 0.02 0.01 0.02

11 0.03 C.02 0.M 0.02 0.C2 0.02 0.0* C.02 C.03

12 0.0* 0.06 0.t. 0.0* 0.C3 C.05 0.04 c.03 0.04

76

I 01 0.04 0.02 0.02 0.02 -0.01 0.02 0.04 -0.01 C.02

C2 -0.01 C.01 -0.01 -0.C1 0.01 0.01 -0.01 -0.01 -0.01

w

I
g -

.
-.

.

--. _ -- _. -
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CARCLINA PC=Es t LIGHT CO*PANY g
$PtC1&L SInvlCE5 DEsanf atNT

sC81N504 marna cm1=1sTRY

TOT AL 0155LC.10 PMCSPMait-as P IN1Gativt ! ! G.N SMOULC tt #1A0 a5 *L15$ ThaN81

40NTM/$ TAT 104 A1 A$ ! 2. 1$ G$ GS MS IS J$ A4

T3

|
Os

05

04
'

07

04 0.01 0.0? 0.01 0.01 0.01 0.01 0.01 0.03 3

09 0.09 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
I

10 0.01 0.01 0.01 0.01 -0.01 -0.01 0.01 0.01 |
l

11 0.01 0.01 -0.01 0.01 -0.01 -0.01 -0.01 -0.01
'

12 -0.01 -0.01 0.01 0.01 -0.01 -0.01 -0.01 -0.01

76

01 0 01 0.01 -0.01 0.01 -0.01 0.01 0.01 -0.01 B

02 0.01 -0.01 -0.01 -0.01 0.01 0.01 -0.01 0.01 j

03 0.01 0.01 0.02 0.01 0.02 0.02 0.02 0.02

06 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.03 )
I

05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0 01 |

04 0.01 0 01 0.01 0.01 -0.01 0.01 0.01 0 01

07

08

W09

10 0.01 0.01 0.01 0.01 -0.01 -0.01 -0.01 0.01 0.01 0.01
5

11

12
75

01

02

03

0* 0.02 0.02 0.01 0.01 0.02 0.01 0.02 0.03 0.03

01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02
f

06 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.04

07 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

08 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02

09 0.05 0.04 0.03 0.05 0.04 0.04 0.05 LO4 0.03

10 0 01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01
,

11 -0.01 -0.01 -0.01 0.01 -0.01 -0.01 0.01 0.01 0.01

12 0.03 0.02 0 . 0.' O.02 0.02 0.02 0.02 0.02 0.04
W74

01

G2 -0.01 -0.01 -1.01 4 .01 -0.61 -0.01 -0.01 -0. 0 ', -0.01

.

__ _. ._. _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _
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CAPOLINA Pome' t LibMT Com8&NY
hPEClat $6s v1;t s DE PA61mtNT

R061N10% =&TIP ChtM11TRY

. 70Tal 04TM0PMCSPH&TE-65 P thECAT!vt $1cN $ntu 0 it kla0 as sLt$51=au s

WONTM/$TATION A$ && t$ 16 GS G8 ms 11 JS K$
13

;I
.

04 0.19 0.15 9.90 0.23 0.30 L.16 0.31 C.26

05 0.51 0.52 0.67 0.45 0.51 0.56 0.55 0.69

- 04 -0.01 -0.C1 -C.01 -0.cl -C.01 -C.01 -C.01 0.01

07 -0,01 -G.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

04 -0.C1 0.01 0.01 -0.01 -0.01 0.01 -0.01 0.01

; 09 0.01 0.C2 0.01 0.02 0.C1 0.02 0.02 0.01

!= 10 0.01 0.01 0.01 0.02 0.01 C.01 0.01 -0.01

11 0.01 0.01 0.01 0.01 0.01 0.C1 0.01 -0 01

12 -0.01 -0.01 -C.01 4 .01 -0.C1 -0 . D -0.01 -0.01
.W 76

01 0.01 0.01 -0.01 0.01 0.01 0.c6 G.01 0.01

02 0.01 0.01 0.01 -0.01 -0.01 -0.01 -0.01 -0.01

CJ -0.C1 -0.C1 -0.01 -0 . 0 ) -0.01 -0.01 -0.01 -0.01

04 -0.01 -0.01 -0.01 -0.01 -0.91 -0.01 -C.01 -0.C1'

- 05 -0.01 -0.01 -0.01 -0.01 0.01 0.01 -0.01 0 01

06 -0.01 -0.01 -0.01 -0.01 0.01 C.01 -0.01 -0.01

I_
07

QS -0.01 -0.01 -0.01 -0.01 -0.01 0.G3 -0.01 -0.01

09 0.01 0.01 0.02 0.04 0.03 0.06 0.04 0.0= 0.02 0.03

10 0.01 J.01 0.01 0.01 0.C1 L.01 0.C1 -0.01 -0.01 0.01

4 11 C.01 0.01 0.C1 0.01 -0.01 -0.01 0.01 -0.01 -0.C1 0.01

| 12 -0.0 -0.01 -0.01 -1.01 -0.01 -0.01 -0.01 -0.01 -0.01

-

75
f

01 0.01 0.01 0.01 C.01 0.01 0.01 C.01 0.01 0.01

- 02 0.01 0.01 0.01 0.01 0.10 0.01 0.02 C.15 L.01

j 03 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 -0.01

06 -0.01 -0.01 -0.01 -0.01 -0.01 -C.01 -0.01 -0.01 -0.01
.

05 0.C2 -0.01 -0.01 -0.01 -G.C1 -G.01 -C.01 -C.C1 -0.01

~06 -0.01 -0.01 -G.01 9.a t -0.01 -0.01 -0.01 0.01 0.01

07 C.02 -G.01 0.01 -C .01 -0.01 -C.01 -0.01 0.01 0.02

'

04 0.C1 -0.01 -0.01 0.01 -0.01 0.01 -0.01 0.01 -0.C1

09 0.01 0.02 0.01 0.02 0.01 0.01 C.01 -0.01 -0.01

I 10 0.01 -0.01 -0.01 -0.01 -C.01 -0.01 C.01 -0.01 -0.01

11 -0.01 0.01 0.01 -0.01 -C.01 -0.01 0.01 -C.01 -0.01

a2 -0.01 0.01 -0.01 -0.01 -0.01 -C.01 0.01 -C.C1 -0 01

I n

01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

% C2

I
---

- - _. _.
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caacLima ecsta t LIG%f CD-DANY
SPEClat $f tv;1t h *teamintht .s

RC81410N maint Cnt a 1 & TR Y

TOTAL 01S SL0vt0 OttacPwes P=a f t-a s * IN10A T1vt $10N SHMO St At a0 4 5' LE15 Twa% e l

=CNTM/11 AT I0h 4$ at 61 El G1 GB m% 11 J5 LS

13

E
Os

OS
*

06

07

0e -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

0) .01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

10 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

11 0.01 0.01 -0.01 0.01 -0.01 -0.01 -c.01 -0.01

12 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 4 .01 -0.01 3

74

01 0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

02 0 01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

03 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

04 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

=
OS 4.01 0.01 -0.01 0.01 0.01 4.01 0.01 0.On

06 -0.01 -0.01 -0.01 -0.01 -0.01 -G.01 -0.01 -0.01

07
,.

04 s

09

to -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01

Il

B
i 12

75

01

02
M

03

0* -0.01 -0.01 -0.01 -0.01 -0.01 -3.01 -0.01 -0.01 -0.01

OS -0.01 -0.01 -0.01 0.01 4 .01 -0.01 -0.01 -0.01 -0.01

04 0.01 -0.01 -0.01 -0.01 -0.Q1 -0.01 -0.01 -0.01 -0.01
.

I
07 -0.01 -0.01 -0.01 =0.01 -0.01 'J . 01 -0.01 -0.01 -0.01

08 0.Ct -0.01 -0.01 -0.01 -C.01 -0.01 -0.01 -0,01 -0 01

09 0.01 0.01 0.01 0.01 0.02 0.01 0.02 -0.01 -0.01

10 0.01 -C.01 -0.01 -0.01 -0.01 -0.01 --0.01 -0.01 -0.0%
i *

f

11 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

i

12 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
'

! h

301

02

I
; 1

5
.

-
, _ _ . . .. . . . _ _ .. ,
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t CAECL1hA Postk ( L]Gm1 (Oppahy
~

SPEC:AL 5tVst;f5 DEPARTMENT

I RT11NLON m a 1 g ft OMEmisTRt

total ALKAL1h1Tv-A1 CA003 th(OAT 1vi 510h SHOULD BE A1AD A5 ' Ll 11 Twa%' l

I =0hTM/ST AT 10% A1 AB El Ee GS GE M1 11 J5 K5

T3

M

C5 6.0 6.0 6.0 6.0 *.0 s.0 4.0 6.0

06 4.0 4.0 30 3.0 3.0 3.0 3.0 3*O

07 1.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0

08 0.0 3.6 3.6 36 14 9.0 1.8 0.9

09 1.0 10.0 10.0 10.0 1.0 2.0 2.0 2.0

10 *.0 3.0 3.0 13.0 5.0 1.0 10.0 10.0

I 11 1.0 1.5 1.4 20 1.5 1.C 10.0 10.0

12 1.0 2.0 3.0 10 -1.0 -1.0 1.0 -10

I 76

01 1 -1 1 1 1 -1 -1 -1

02 -1 -1 1 -1 -1 -1 -1 -1

03 -1 -1 2 1 1 -1 -1 1

1

c. 1 2 -1 -1 -1 -1 -1 -1

05 2 1 2 1 -1 -1 -1 -1

I -

.. 07

.

Ot 2 2 2 = 1 1 2 -1I 09 2 2 2 2 3 2 2 2 2 3

10 -1 -1 -1 -1 -1 -1 1 -1 1 -1

11 -1 -1 -1 -1 -1 -1 -1 -1 1 1

12 1 1 1 1 -1 -1 1 -1 1

75

01 1 1 1 1 1 1 1 2 1
_

02 -1 -1 1 1 -1 -1 1 1 -1

C3 -1 -1 -1 -1 -1 -1 -1 -1 -1

i 04 -1 -1 -1 -1 -1 -1 -1 -1 -1

05 -1 -1 -1 -1 2 -1 -1 1 -1

De 1.2 0.7 0.5 1.2 1.2 0.6 10 1.0 *.6

07 0.4 1.3 3.7 0.9 0.9 0.* 1.0 6.4 0.5

08 20 1.2 13 1.1 0.3 0.7 0.8 0.4 1.3

09 0.5 0.6 0.3 0.5 0.5 0.4 0.6 0.2 -C.1

10 0.3 0.1 0.7 0.3 1.6 0.9 0.4 0.8 0.1

11 0.1 0.1 11 5.3 0.3 0.4 1.0 0.8 0.9

I 12 1.5 0.7 0.1 0.2 0.1 0.5 -0 1 0.1 -0.1

76

01 -0.5 -0.5 0.7 0.7 -0.5 -0.5 -0 5 -0.5 0.7

.I 02 -1. -1. -1. -1. -1. -1. -1. -1. -1.

M

g ._

- -
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CaaCLINa #0 met . L I '.. . ? OCa p a h y
;Pl?lat SEnvl215 s(84R7*taf

A 001*:$0N e.TER CM141174Y

I PAAONESS.a5 cat 03 (%tGailvt $1"N smoutD BE R!a0 A5 'LESS ?>6=*),

mCNYM/57a710m 43 at E5 (8 GL 08 %$ 15 J5 41 g
| 73
i

I O*
.

OS

06

! 0?

i
, OS
,

09

10

11

12
76 .

01 6 7. S. 6. 8 7 e. 7.

02 6 6 6 4 5 6 4. 6.

03 7.0 6. 6. 6. 6 6 7. 6.

06 5.0 9.0 7.0 7.0 S.0 5.0 5.0 9.0

05 6.0 6.0 6.0 5.2 3.2 52 6.0 6.0

06

07

08 S. 5. 4 5. S 3 6 6 i

09 3. S. 5. 3. 3 3 5. S. 6 6

10 11. 11. 11. 7. 9 5 7. 9 S 7

11 -1. -1. -1. -1. -1 -1 1. -1 -1 -1

12 23 22 16 20 22 29 37 61 52 mm .
74 5

01 6. 6 *. 5. 6 6 5. 4. 6.

02 6 2. 2. 3. a. 2. 2. 2. 2.

03 6. 6. 6. 6. 5. 5. 6. 6. 6.

06 e. 3 2. 3. 2. 2. 7. 5. S.

OS 3. *. 5. 6. *. 6. 6 S. *.

06 2. 5. *. 3. 2. 2. S. 3. 7.
,

07 39 39 32 1.9 1.9 1. 6 2.8 19 2.*

08 4 6 .. *. *. 6 *. 4 S. 5

ss. 3. 6.09 8. 1. 6. 6 *. 4

6.10 6. 6. 4 4 6 5. 6. , 6.

11 6. 6. 6. 6. 6. 4 6. S. 5.
+

12 6 6 6 6 6 *. 6 6 5.
74

01 6. 6 6. 6. .. 6. 6 *. 6

J2 6. 6. 6 6. 6. 4 6. 6. 6.

I
1
,

-_

-+ e enuus _
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-

CARCstha 90 ft t L 1 GM1 00*PaNY
3pt:1aL $18v1111 0166R7 MENT

Rot 1NSON 41ER C"1M157mv

. W 107as CALClum

mDN7M/57 A710N A3 .A t ES 5B O! 04 MS 15 di *'

I 73

0+ 1 38 1.36 1.51 1.26 1.12 1 25 1 48 1 61

05 1.43 1.10 1.23 1.17 0.46 1 23

qi 1.19 1.16 1.3* 1.22 1.10 1.01 1 49

J7 1.04- C.6 1 03 1.09 1.13 1 03 1 11 1.15

08 1.06 1.15 1 00 0.46 0.v3 0.** 0.** 0.42

I 09 0.76 1.21 0.97 0.95 0 69 G.*$ 1 02 0.72

to 1.03 0.98 0.98 1.00 0. 0 0 41 0 41 0.60

I 11 1.19 1.10 1.01 1 03 0.93 0 86 1 09 0.' 6c

12 0.75 0.69 0. 64 0.60 0.59 0.73 0 8) D.44

76

01 0.75 0.37 0.73 0.71 0.57 c.3e 0 73 0.61I 02 0.4v 0.30 0.58 0.67 0.51 0.67 0.66 0.65

03 0.92 0.94 0.96 1.03 0.81 0.76 1.01 0.35

06 1.15 1.16 1.45 1.34 0.59 0.66 0.92 0.83

05 0.90 0.85 0.86 0.75 0. 60 0.$5 0.83 0.*7
-

06

I- 07

08 0.53 0.*3 0.52 0.ee 0.64 0.*2 0.42 0.39

09 1.1 1.4 0.95 0.95 0.66 0.56 0.95 0.90 0.90 1.1

= 10 1.75 1 39 2.73 1.65 1.53 1.23 1.56 1.11 1.06 1.67

11 1 60 1.73 0.98 1.30 0.70 0.92 1.30 0.92 1.43 1.20

I 12 0.89 1.03 0.97 1.01 0.51 0.92 0.94 0.85 0.93

'l l

01 1.89 1.02 1.11 1 66 1.32 *.*C 2.27 2.11 1.61

02 1.6 1.6 1.6 15 1.7 1.6 1.6 1.5 1.6

03 1.10 1 10 1.10 1.20 0.90 0.90 1.20 0.9v 1.10

04 1.34 1.39 1.'1 1.33 1.31 1.00 1.56 1.23 1 63

1
~

05 1.10 1 06 1.22 1.21 0.92 0.85 1 13 0.93 1.ca

04

07 1.26 1.27 1.26 1 22 3.14 0.75 1.30 0.95 1.25

08 4.9

09

19

,,

I 12
76

- 01 .

I 02

I
_
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Canot!Na oc=Es & LIGMT CDepaMy
5PEclat SERVICES LEP44TmENT

E08tN50M sa1ER ;> E 4157 A v

7074L maGNf 511?M 3

m0M7M/576710M A5 46 45 68 GS G5 MS !$ J5 K5 p

0 0.43 0.64 0.45 0.*3 0.35 0.38 0.64 0.41

05 0.43 0.51 0.40 0.61 0.30 0.45

06 0 60 0.45 0.61 0.61 0 61 0.38 0.6*

QT 3.45 0.67 0.64 0.67 0..* 0 62 0 69 0.60

08 0.49 0.53 0 56 1.51 0.*9 0.55 0.*8 0.=3
'

09 0.63 0.81 0 49 0 57 0 33 0.37 0.69 0.37

10 0.58 0.60 0 56 0.63 0.66 0.*5 0 65 0.39

13 0.44 0.41 0.63 0.66 0.37 0 39 0.46 0.39

12 0,3% 0.60 0.60 0 40 0.56 0.57 0.43 0.63

76

01 0.34 0.39 0.60 0.39 0.36 0 37 0.41 0.37

02 0.39 0.63 0.67 0,63 0.67 0.56 0.66 0.57

03 0.=4 0.67 0.44 0.37 0.61 0.*1 0.50 0.**

04 0.62 0.69 0.64 0 62 0.35 0.35 0.66 0.39

05 0.45 0.67 0.69 0.64 3.36 0.28 0.67 0.J9

-

06

07

08 0.6* 0.61 0.41 0.43 0 66 0.60 0.65 0.64

09 0.64 0.64 0.64 0.62 0.38 0.37 0.66 0 66 0.*1 0.57

10 0.45 0.41 0.6* 0.=9 0.*3 0.37 0.*? 0.36 0.33 0.50 g

11 0.66 0.57 0.=2 0.56 0.32 0.69 0.55 0.67 0.59 0.65

12 0.61 0.=6 0.50 0.=5 0.29 0.65 0.67 0.62 0.47

7'

01 0.54 0.56 0.53 0.56 0.51 0.64 0.58 0.56 0.**

02 0.50 0.52 0.51 0.52 0.51 0.52 0 56 0.53 C.55

03 0.63 0.65 0.67 0. 64 0.61 0 62 0 68 0.77 0.66

C+ 0.47 0.=4 0.46 0.*4 0 63 0.36 0.54 0.47 0.56 W

+5 0.46 C.45 0.*4 b= 0.62 0.3+ 0.=4 0.== 0.*8

06 0.41 0.67 0.69 0.67 0 36 0 31 0.50 0.37 0.5*

07 0.49 0.=4 0.49 0 46 0.65 0.31 0.53 0. 40 0.50

0.52 0.5
04 0.52 0.69 0.56 0 52 0.64 0 65 0.52 ,

09 0.64 0.46 0.66 0.=7 0.63 0.65 0.66 0.38 0.50

10 0.54 0.56 0.54 0.50 0.56 0.5* 0.56 0.56 0.57

11 n.63 0.6 3.=3 0.65 0.50 0.48 0 49 0.51 0.51

12 0.62 0.=5 0.60 0.43 0.3% 0.38 06 e.33 0.6

76

01 0.51 0.65 0.69 0. 57 0.53 0.56 0.52 0.54 0.62

02 0.54 0.52 0.56 0.5% 0.52 0.52 0.55 0. 54 0.56 g
,

$

I'
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1'1416k Sittiltu D1 *a t t al h7

ttelh10h setta twlm137kt

70746 1001U"

= 0= T h /114 710h at 61 ts in ci st MS 15 J5 61 j

06 2.61 2.lt ..*) 2.52 2.33 2.36 2.39 2.5%

09 2.26 2.63 2 25 2 07 1.92 2.25 I

% 06 2 67 2.17 2.27 3.21 2 79 2 68 3.23

07 1 87 1.97 1 95 1.93 2.12 2.1$ 2.07 1.70

08 1 90 1.91 1 25 1 99 1.76 1.76 1 99 1 79

09 1.48 2.66 2.02 2.06 1.$6 1.71 1 17 1 87

10 2.07 2.13 2 01 2.36 1.70 1.82 2.11 1 66

11 1.96 1.44 1 67 1.96 1.80 1. r49 17$ 1 56

12 1 99 1.70 1 62 1.6$ 1.60 1.42 1.95 2.C3
,6

ft 1 69 1 78 1.82 1.76 1.85 1.89 1.43 1.92

02 1 71 1 41 1 78 1.76 1 78 1 88 1.7$ 1.92

03 2 . 38 2 23 2 07 2.16 2.05 1 96 2.02 2 25

> . 2 32 2.06 1 83 1 71 1 83 1 90I p. 1.93

09 1.2# 1.92 1.06 1.71 1.$1 1 51 1 78 1 68

, 0

~ 01

08 1.S 1.6 1.8 1.6 1.9 16 1.6 13

09 1.0 1.7 2.1 1.5 1.6 1.3 16 13 1.3 2.4

I 10 2.6 2.6 20 2.t 2.6 2.6 2.T 2.6 2.3 2.7

11 3.00 3.68 2.65 26 1.77 3. r 2.98 2.11 2.96 3.26

12 21 2.S 2.6 2.0 157 2.1 2.1 2.1 2.1I 75i

01 26 2.5 26 2.9 2.7 27 2.6 2.6 3.6

02 E.5 2.9 26 27 2.9 2.2 26 26 2.7I 01 1.00 2.00 2.20 2.20 2 00 1.90 2 10 1.80 2.00

On 2.1C 1.90 2.00 2.20 2.10 1.%0 2.20 2.00 2.10

09 1. 66 1 62 1 62 1.66 1.51 1 66 1 67 1.73 1.72
,

06 1 62 1.6* 1. 64 > t a.m 1.69 1.30 6.64 1.99 33.

07 1.59 1.56 1.97 1.59 1 69 1 19 1.58 2.75 1 55

I 04 1 72 1.52 1.73 1 66 1.92 1.57 1.71 2.09 1.72

09 1,60 1 59 1.66 1 67 1 60 1 61 1.77 1.19 1.55

10 1.31 1 6. 1.61 1.65 1.62 1.36 1.52 1 43 1 5*

11 1 6= 1.71 1.83 1 79 1 53 1.65 1.10 1 60 1.66

12 1 65 1 67 1.66 1.66 1 63 1 68 1 70 1 43 1.73

I 74

01 1.71 1 66 1.40 1.69 1 12 1.59 1.T1 1.62 1 62

~

02 1.S* 1 67 1.66 1 6e 1.63 1.39 1 53 1.62 1.57

I
I

.
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106 th10N M Vtt opf =157 tv

70746 180%

=0=74/$7af!Ch A$ al 53 is 05 Ob >$ 15 J1 El
73

04 0.10 0.29 0.34 0.61 0.33 0.61 0.67 0 42

CS 0.51 0.86 0.67 0.66 0.33 0.52

06 0.56 0.91 0.76 0.71 0.76 0.90 0.65

07 1.55 3.19 1.83 1.75 1 64 1.33 1.51 1 31

01 1 69 1.71 6.56 1 73 1.86 0.72 1.11 0 61

09 1.06 1.52 1.09 1.05 0.56 1 16 1.25 0.59

to 0.92 1.01 1.00 1.72 0.39 0.=5 1 17 0.65 i

11 0.81 0.64 0.65 0.66 0.61 0.60 0.69 1.66

12 0.62 0.67 0.7) 0.66 0.25 0.20 0.$7 0.2J
76

01 0.35 1.21 0.67 0.66 0 35 0.63 3. '* 8 0.31

02 0.66 0.96 9.$4 0.$2 0 32 0.*2 0 . 50 0.61 WI

03 0.S. 0 62 0.68 0.65 0 61 0.64 0.63 0.66

06 0.36 0.36 0.38 0.56 0.36 0 38 0.33 0.38

US 0.62 1.01 0.41 0.69 0.76 0.93 0. 6 0.19

06

07

06 2.20 0 92 0.87 1.11 0.46 3.45 1.05 1 00

09 12 11 1.1 23 1.2 1.1 1.6 1.3 1.0 16

10 0.97 1.2% 0.90 1.10 0.77 0.63 1 06 0 55 1.c6 1 06

11 1 15 1.01 0.70 1.13 0.64 0.64 0.97 0.86 0.64 1.02
R

12 0.59 0.67 0.70 0. 6% 0.14 0.34 0.70 0.34 0.67
TS

01 0.39 0.79 0. *6 0.61 0.36 0.66 0.67 0.36 0.61

02 0.$5 0.53 0.6e 0.u 0 39 0.70 0.53 0 37 0 69
,

03 0.23 0.30 0.26 0.26 0.17 0.13 0.34 0.1s 0.32

i 06 0.S* 0.59 J.54 0.61 1.13 0.62 1.16 0.90 1 23

! 05 0.70 1 15 0.96 0.41 1.02 0.72 0.67 0.48 0.76
g

|06 1.00 1.10 1 05 1.07 0 45 0.60 1 00 0.77 1.11

( 07 1.03 1 36 1.09 1.03 0.92 0.53 1.16 0.76 1 06 !
,

| 08 1 11 2.27 1 31 1 37 1 16 1.26 1.26 1.21 1.26

09 1.17 1.32 1 28 1 26 1 12 1 06 1 27 0.72 1 33

to 0.92 1.25 1.27 1.13 0.(6 0.60 1.17 0.66 1.11

11 0.95 1.05 1.02 a.** 0 66 0.74 1 26 0.85 1 13

12 0.77 0.86 0 69 0.73 0.32 0.36 0.48 0.37 0.43
76

01 0.55 0.67 0.53 0.37 0.29 0 25 0.65 0.33 0.60 -

02 0.31 0.31 0.33 0.30 0 25 0.30 0.34 0.39 0.39-

|

!

|

l

|
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t a s o,i t.h a. 6 c1e l.f. , . . m .1,4*1.O.t.w.e s.en,
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6011NSON e4146 Omtal$1av

I 915$iOvt0 $1 Lit &* AS 1106 thicat:64 $ 1 G'4 5H0Vic tt #iaD at *L111 inam'I

mChtw/statich as at 15 15 L1 .4 N1 15 Jb A$
*

73I 06 1.0 20 20 10 1.0 t.C ).0 20

05 30 3.0 3.0 5.0 10 30 6.0

06 1.0 10 1.0 10 2.0 20 1.0 1.0

01 3.G 60 3.0 30 3.0 6.0 3.0 6.0

of 0.9 0.* 049 09 0.6 3.2 06 0.9

09 0.2 ~0.1 0.2 6.4 9.3 0.t 9.4 06

10 3.4 3.6 3.5 0.1 3 .T *.0 *.6 7.7

11 3.5 3.9 6.2 6. 6.1 6.0 6.2 6.2

I 12 5.4 5.3 5.4 54 5.v 7.0 6.6 6.9

16

01 60 5.1 5.7 5.3 3.6 3.. 5.6 6.6

02 S.2 6.6 6.6 6.3 6.3 5.1 6.2 6.2

03 6.0 5.0 6.6 *.6 7.1 21 6.0 3.0

0* 20 2.0 2.1 21 20 20 2.0 3.>

05 3.0 3.0 ;.0 2.0 30 1.0 30 3.0

06 6.0 60 6.0 60 6.0 6.0 6.0 5.0

07

04 6 3. 3. 3. 5. 5. 4 6

09 6 3. 5. 6 5. 5. 5. 6. 6. 5.

I 10 5.6 5 ., 6 6.6 5.7 52 5.2 5.4 5.7 5.7 5.6

11 0.6 0.6 0.1 -0.1 0.8 1.6 0.6 0.1 0.5 11

I 12 0.13 0.1 C 06 0.04 0.3* 6.06 0.36 0.?? 0.13

15

01 1.5 13 0.5 1.2 0.5 L.9 0.3 0.6 0.6

02 1.2 0.5 0.7 1.0 0.2 0.3 1.1 0.5 1.0

C3 3.3 6.0 *.C 3.1 L.0 1.1 36 0.6 3.6

06 2.6 26 2.0 21 0.9 20 2.2 12 19

I 05 18 3.0 1.5 15 3.3 6.1 1.2 3.1 1.2

06 22 2.0 2.2 2.3 3.3 6.1 2.0 6.2 2.2

07 2.7 2.1 2.6 2.6 2.6 10 3.2 6.0 3.0I '

04 3.1 5.2 5.0 5.6 6.1 5.0 6.4 5.2 5.2

09 6.1 6.* 5.2 5.2 5.1 *.5 6.9 5.2 6.2

10 60 5.3 5.0 5.* 5.5 5.8 63 5.4 5.0

11 5.6 56 5.f 5.6 56 5.7 5.1 5.9 6.1

12 5.1 5.6 5.3 5.6 5.0 6.9 5.2 5.2 5.5
16

L1 26 20 2.2 2.3 2.6 26 30 2.9 31

02 3.5 3.1 31 31 1.0 1.0 31 16 3.6

|
!

I
- ..
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73

04 .

OS

*

06 6.0 3.0 40 6.0 S.0 3.0 =.0 60

07 10 60 4.0 4.0 60 2.0 3.0 4.0

CS 34 3.8 4.2 3.8 4.3 3.3 5.8 S.!

09 2.5 30 3.3 3.5 1.6 24 30 3.2
4

10 2.3 2.0 2.0 1.8 1.5 1.3 1.5 1.3

11 19 1.S 1.5 2.0 18 2.5 1.8 1.4

12 2.3 1.4 2.1 2.6 2.6 2.1 1.8 2.6
to

01 2.3 2.3 1.S 15 2.0 2.3 2.0 2.0

02 1.8 1.4 1.5 2.0 1.8 23 1.9 2.9

05 2.3 2.1 26 2.2 2.2 2.0 2.0 22

0* 2.7 2.3 2.2 2.3 19 2.0 2.2 2.7

OS 2.0 2.6 2.3 2.3 1.5 1.7 2.2 2.1

04

07
|

08 4 4 4 4 3. 4 6 6

09 7. 7 7 f. 6. 7. 4. 8. 7. 7.

10 2.6 3.1 2.9 2.6 2.s 2.2 2.S 2.2 2.1 2.6

11 2.4 20 2.4 2.9 2.0 1.9 14 25 2.1 2.3 ha

12 2.7 2.3 2.5 2.6 2.0 3.2 2.3 3.3 26
75

i 01 2.4 2.7 2.9 2.5 3.J 26 2.7 2.5 2.7

02 S.6 29 3.0 29 2.3 2.4 3.0 2.9 2.s

03 2.3 2.3 2.3 2.3 2.3 1.9 2.3 2.6 26

0+ 2.5 20 2.0 16 2.S 1.* 2.5 24 21

CS 2.* 2.2 1.7 2.0 6.S 1.* 2.4 2.2 1.9

t 06 2.6 2.5 2.6 2.1 23 20 7.2 2.4 S.2
l

07 2.S 2.3 2.* 2.1 2.1 1.9 2.1 2.2 2.1

08 1.7 2.0 1.8 20 2.2 2.0 1.5 3.0 2.4

09 3.3 2.0 2.1 2.0 2.3 2.5 2.1 14 2.2

to 18 1.9 2.3 1.8 2.2 2.0 23 2.4 2.1

11 0.9 1.9 1.7 17 2.5 2.* 1.1 24 20

12 2.2 2.2 2.0 2.* 2.0 14 2.4 2.4 2.6

16

On 1.8 1.= 2.0 1.6 2.0 2.0 1.8 1.4 20

02 2.2 2.1 2.0 1.8 2.1 2.0 2.1 1.2 2.2

,

W
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73

06 2.0 3.C 0.0 10 3.0 1.0 3.0 J.0

05 1.0 3.0 10 3.0 ).0 2.0 20

06 2.0 2.0 7.0 S.0 3.0 20 2.0 10

09 12.0 11.0 11.0 1.0 12.0 12.0 12.0 11 0

08 2.6 2.6 2.3 26 10 10 3.2 10

I 09 3.7 26 '.$ .5 1.0 -0 1 3.5 -0 1*
.

10 2.6 2.* 2.2 25 0.3 0.3 3.2 0.3

11 3.5 2.7 2.6 2.2 2.1 -1.C 6.6 -1 0

12 16 13 S.6 19 3.6 3.0 2.5 3.5
16

01 S.! S.6 6.9 5.6 3.2 3.2 6.6 1.2

02 S.O S.O 3.0 6.0 5.0 S.C 4.0 S.0

03 3.0 3.2 1.5 3.7 2.2 1.7 3.3 2.2

06 9.0 3.0 3.0 3.0 2.0 2.0 6.0 1.9

I 05 3.0 6.0 6.0 6.0 2.0 20 6.0 1.0

06 2.0 3.0 2.0 2.0 1.0 10 6.0 20

I 07

06 6 5. S. S. S. 3. 6. 6

09 2. 2. 2. 2. 6. 7. 3. 6. 7. 7.
.

10 1.0 1.0 1.0 1.0 10 1.0 2.0 1.0 1.0 3.0

11 2.0 1.0 3.0 1.0 10 1.0 2.0 1.0 1.0 2.0

12 3.0 6.0 6.0 2.0 6.0 6.0 3.0 6.0 3.0

I 75

01 2.0 16 2.0 t.1 1.6 1.0 2.0 1.6 2.1

02 11 1.1 1.6 1.1 16 1.9 1.6 16 1.9

I 03 2.5 2.0 2.0 23 1.6 1.6 2.5 1.6 2.0

0+ 2.5 2.7 2.2 2.5 2.0 -1.0 3.6 1.8 3.3

05 3.3 2.2 2.9 29 2.1 11 0.6 6.5 6.6

4

06 3.6 2.5 3.3 22 10 1.0 3.3 -1.0 6.8

07 3.6 2.7 3.6 3.0 3.* 1.6 39 1.6 3.8

09 5.3 3.3 S.6 6.0 3.6 5.2 6.4 2.9 6.5

09 2.5 3.8 6.0 2.9 E. 0 16 2.9 -1.0 6.1

10 *.0 2.0 3.0 3.0 2.0 30 5.0 6.0 640I 11 2.5 2.5 2.0 2.5 -1.0 -1.0 2.0 -1.0 2.0

it 0.4 08 1.2 1.0 1.0 0.6 11 0.7 12
76

01 1.0 1.2 1.3 1.7 3.9 1.0 1.3 1.0 1.3

02 1.0 10 10 1.0 -1.0 -1.0 1.1 -1,0 1.0'

I
I

- _
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* 73

04 13 4 7 8 9 8 12 9

CS 1 18 15 11 6 7 7 7

06 6 12 12 6 16 28 16 20

01 2s 26 26 28 26 26 28 28

08 12 8 20 60 6 28 4 6

09 36 36 63 66 32 ** e6 29

4

to 62 39 37 8 39 12 8 6

11 69 15 8 23 1$ 23 19 19

12 26 22 29 15 29 29 7 7

76

01 43 S2 SS SS S2 33 88 S2

02 22 37 22 S2 1S il 11 22

03 27 23 11 27 27 *? 12 16

0* 27 19 81 97 97 89 36 49
"

CS 26 26 to 29 26 33 33 20

06 16 24 to 29 to 16 61 20

07

08 31 20 31 66 51 $7 31 S7

09 38 36 31 38 23 15 38 31 15 23

10 26 In 11 15 19 16 11 6 6 11

11 1 26 18 18 11 7 18 6 4 22

E
12 22 22 22 18 16 61 29 25 18 g

75

01 23 19 15 45 le 19 12 12 8,

'

(
02 3S 38 35 35 38 62 19 23 38

03 19 IS 26 19 15 19 23 8 4 W

04 43 63 39 39 $1 67 35 39 27

05 39 8 31 6 12 12 20 31 12

l 06 39 12 12 K2 16 16 le 20 35l

t

1 07 19 in 15 11 11 11 7 15 7

t
'

08 35 63 27 27 27 27 23 !? 23

I
09 15 20 12 16 20 12 39 39 39

27 23
to 12 39 31 62 27 23 16 +

11 25 17 21 21 17 17 17 -1 17 m

14 120 31 27 23 19 6 23 -1 19

76

01 6 8 8 12 8 12 12 8 4

02 30 +0 60 32 30 11 11 11 11

i
.

|
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I meestm/' fat 10% 41 at t1 il G5 et h1 11 J$ 5.1

13

e6 .

I 05

06

I 01

08

09

10

11

12I 76

01

02I 03

06

I 05

06

07p' C.

09

10

11

12 3.0 3.0 3.5 3.0 1.3 2.6 31 1.6 2.8

15I 01 1.5 9.5 2.0 2.0 2.3 3.3 2.5 2.2 1.1

02 6.3 3.7 6.0 3.5 2.5 18 3.6 1.8 3.5

03 2.8 6.0 3.T 3.0 19 2.5 35 1.4 3.1

04 2.6 3.0 2.6 3.2 5.5 1.2 68 2.5 6.0

05 2.0 3.7 36 3.8 6.2 *.1 3.0 42 2.5

06 2.6 6.9 3.4 3.3 S.4 38 3.1 6.4 b.0

07 3.0 3.5 56 3 .- 3.5 6.6 6.3 3.6 3.5

08 3.3 6.0 $.5 5.5 6.3 6.7 6.8 S.1 *.1I 09 2.5 6.5 35 3.5 3.8 3.3 3.5 6.0 3.9

to 2.6 5.5 3.5 *.3 3.5 3.7 4.0 3.0 3.$

11 2.P =.9 .e 3.= 3.3 33 5.5 2.* 3.7

12 3.6 5.+ 3.0 3.0 2.5 2.T 4.0 2.5 12
76 ,

01 3.3 3.6 3.5 3.5 2.5 2.5 3.S 2.0 3.3

02 2.0 2.6 2.1 2.' 3.i 3.5 .5 2.1 2.0

w

,
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73

'

06 66 ;1 22 +1 29 27 is 37

of 66 116 166 Il 16 81 216 96

ns 10 26 26 36 69 72 60 il

37 33 29 26 31 16 170 60 55

De 37 37 66 35 16 +7 36 62

09 !!3 116 130 118 11 SS 136 130 W

10 151 186 150 166 166 178 176 170 i

11 64 60 36 39 76 67 59 55

12 121 119 Ill 136 113 97 47 96
16

On 19e til 19) 190 149 231 137 160

=
02 12 31 +6 55 $3 e3 3. 24

03 186 126 126 til 159 138 102 128

D6 201 !!6 106 123 136 164 133 130

09 201 192 199 207 222 271 .03 206

06 154 ISS 112 151 163 177 138 135

07 ;g ,

08 60 47 SS 65 63 1C) 116 64 i

01 $1 60 66 90 60 54 44 53 54 39 I

10 170 11 7 163 223 171 206 161 179 Its 178 -

11 106 tot 132 125 117 139 91 66 99 130
E

32 77 166 135 103 to 160 13G 130 140 E
E19

01 267 293 264 273 254 276 3*O 263 252

02 91 57 100 706 114 160 *o 110 115 f

03 133 157 132 167 107 125 136 220 187

04 203 265 316 296 289 267 291 3C3 ?t=

09 109 100 85 ^ s0 76 91 67 71 92 ~ |
C4 153 191 206 176 16* 206 237 222 372

'
07 206 235 25 220 213 239 231 257 236

08 197 182 173 241 123 139 201 163 206

09 209 210 20e 192 193 2 46 188 182 19 1

10 161 !=1 160 117 129 116 195 193 171
.

11 372 388 394 398 606 396 304 364 *10
)

It ** 164 1 66 125 119 126 127 133 139

| 76

01 199 217 223 t$8 1 60 1=1 152 1$3 166
(
I 02 167 164 150 139 132 133 135 L33 122

.
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aCpth10% sattk Cwim15TRY

TClat v0Lat!L1 $0L10$

*0h7m/11st10= 65 AS ?! E6 45 Gl M5 11 J1 6.

73 .

06 32 !! 11 39 15 26 9 2?

0, ,, ,, 1., ,9 ,, 6, 1.. ..

06 6 to tv 16 62 46 26 11

I 07 26 16 16 25 30 71 27 39

08 21 24 25 17 21 29 12 25

09 107 85 46 110 $3 69 85 79

10 86 90 43 109 til 111 90 101

11 2T 26 31 33 68 38 23 12

I 12 109 106 106 122 103 83 76 81

16

01 42 35 121 26 130 til 12$ $1

C2 20 21 21 10 66 16 16 11

C3 50 66 63 50 62 66 St **

04 116 68 101 106 112 133 115 ilI 05 TS $6 76 60 16 86 63 66

06 127 97 91 103 51 1C1 54 ' 96

- QT

04 29 36 20 26 16 76 bC 18

09 26 Il 67 32 37 *5 19 29 26 25

I 10 158 113 102 112 117 121 tot 119 13C 129

11 77 81 75 16 62 79 51 $2 $8 15

I 12 29 110 96 69 13 117 46 87 66

15

01 167 152 168 128 118 142 196 114 til

02 79 TT 89 17 65 112 86 82 61I C3 123 1*$ 126 127 97 101 104 157 137

04 136 120 123 102 50 && 89 96 91

01 79 76 67 67 43 61 35 37 66

06 167 188 2 00 168 159 172 197 176 276

07 156 16S 179 169 152 168 171 190 162

I C4 156 167 137 IS$ 102 110 1** 11s 16J

09 136 137 139 126 129 91 12* 96 111

10 6* 67 61 17 47 67 33 41 66

11 275 310 250 228 172 256 210 26 262

12 91 137 131 106 102 11$ 111 103 83

I 76
'

01 169 175 175 133 119 118 116 125 til

02 ,9 ., ,,2 99 - 9. ,,6 ,,6 11,%

,
I

-
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73

04 e 9 7 2 6 $ 11 7

05 4 a 10 6 7 7 20 4

06 2 4 2 6 5 12 11 11

07 2 4 5 6 2 126 5 5

08 16 it 12 le 12 12 12 16

De 11 to as la 16 21 9 l'

10 13 9 16 11 5 11 12 16

11 3 10 1 2 6 * 1 12 W

12 6 9 8 4 6 6 6 3

76

01 17 16 7 7 $ $2 4 5

02 11 11 21 15 10 27 to 13

03 23 26 27 29 31 28 29 30

0 , 6 9 ,. ,2 .. . 1,

05 166 1** 165 1*1 ISO 22S 166 156

06 6 3 3 $ = 5 2 6

07 !

08 1 1 2 19 9 6e 10 11

09 11 16 22 66 24 22 24 to 18 30

10 13 32 le 22 26 26 22 16 16 6

E
11 6 to 16 26 22 2s 36 20 22 is

12 = 18 28 22 14 17 26 18 20
TS

01 151 162 148 146 la7 164 150 171 150

02 5 5 7 5 $ 66 13 7 5 -

03 0 10 * 13 12 11 16 9 13 L

De 5 = 6 9 5 3 6 6 6

CS 15 21 L3 25 28 23 21 29 26

06 26 iS 30 29 35 e+ 32 33 36

07 21 30 24 22 +8 64 58 66 56

00 2+ 36 26 le 12 18 18 14 20

39 24 30 36 36 36 36 32 36 26.

to 10 16 16 22 10 t 6 8 to =

11 1k 22 18 26 20 24 22 22 20

12 22 62 32 36 18 21 46 22 36
,.

01 11 11 12 11 0 12 13 12 11

02 1 12 9 13 12 12 12 11 12

4/73 - 7/73: 0.75 - 1.25 a filter; 3/73 - 12/75: 1.20 a filter
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I
CAA0i1Na P0616 1 L10nt t.0meahy

$Pto!8L $1E41015 DIPAR7mth7

ACEth10h rafl6 OM1*157RY

TOTAL O!110tyt? 1061D1

48 11 18 G1 05 =$ 15 J1 r,a
mChtm/11 a71m as -

I 13

06 64 22 15 39 2$ 32 7 30

0$ 62 108 156 77 69 7* 196 42

I 06 8 22 26 30 66 60 69 71

07 31 25 19 29 32 64 35 50

08 23 26 27 2P 63 36 8 17I 09 82 103 67 83 64 42 112 87

to 130 92 60 79 57 126 95 113

11 67 27 30 25 62 6 3 22

12 17 il 62 63 76 67 u $6

76

01 158 16* 122 112 88 167 77 tb

01 31 23 9 26 22 $1 23 23

03 119 119 96 82 72 87 86 73

I >6 110 123 103 121 117 107 93 123*

05 193 176 !!9 197 203 215 181 101

'

06 139 115 95 136 118 86 100 70

07

04 59 66 !) 26 36 37 106 56

09 60 66 66 66 36 36 26 29 60 9

to 52 56 6e $1 59 62 49 $3 62 60

11 98 96 126 102 90 116 40 5* 60 79

1 12 67 126 112 86 61 117 108 169 86

7$

01 206 181 176 209 203 202 275 206 20%

C2 60 59 60 55 $7 57 36 71 67

03 113 169 109 115 96 106 tot 100 107

06 228 232 2=6 231 238 99 113 106 103

C5 35 33 31 33 37 *2 31 !? 27

06 12$ 108 42 122 99 116 120 '38 238

07 17* 182 139 189 162 168 218 260 210

08 128 1$0 170 202 16 106 134 132 200

09 150 198 160 132 150 150 158 150 180

|

W to 106 121 120 98 106 100 170 170 158

l

t 11 322 362 372 3 16 3ie 338 290 322 316

12 85 108 136 112 115 102 92 92 100

. E 76

01 1 77 176 180 160 152 las 117 118 127'

02 125 112 117 115 102 96 81 96 98

4/73 - 7/73: 0.75 - 1.25 u filter; S/73 - 12/75: 1.20 v filter

i
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caAOL144 *0.f4 t L10nt 00sessy

S*f01&L Stav!Ct3 winaat=Shf ,

409th10N * aft 4 Ontagstav

aftav&Lthf twR0ulum 4410471vt $10h 1m0VLC 66 # E *D &$ ' Lt15 t hah' t

a04TM/ Stat 104 as al fl El 0$ OB *S 15 JS ES

D .

04 -0.050 -0.0$0 -0.0$0 -0.050 -0.0$J -0.0$0 -0.050 -0.0 50

CS -0.0$0 -0 0$0 -0.0$0 -0. 0$ 0 -0.0$0 -0.0$0

04 -4.0S0 -0 0$0 -0.090 -0.0$0 -0.0$0 0.050 -0.0$0 -0.050

07 -0.050 -0.050 -0.0$0 -^.0S0 -0.0$0 -0.010 -0.090 -0.0$0

05 -0.CSC -0.0$0 -0.0$0 -0.050 -0.050 -0.050 -0.050 -0.050

69 -0.0$0 -0 0$0 -0.050 -0.0$0 -0 050 -0. 0 $ 0 -0.0$0 -0.050

10 -0.005 -0.005 -0 005 -0 005 -0.00$ -0.005 -0.00$ -0.009 ,

11 -0.00S -0.005 -0.009 0.00S -0.60S -0.00S -0.00S - 0 0 SO

12 -0.005 -0.009 -0 00S -0.00S -0.005 -0 05 -0.005 -0.005

74

On -0.00$ -0.005 -0 005 -0.005 -0.005 .00$ . 00 9 *.005

02 -0.001 -C.009 -0.005 -0.005 -0.005 .005 .005 .001

05 -0.005 -0.005 -0.009 -0 005 -0.005 .00$ .COS .005

0 -0.00S -0.00$ - 0.00 5 -0.00$ -0 .005 .00S .00S .0wl

05 -0.005 -0.00S -0.00 5 -0. 00 $ -0.005 .00S .00S .005

06

07

04 -0.05 -0 05 -0.05 -0 05 .05 .05 .0S -0. 0 S i
#

09 -0.05 w .4 % -0.0S -0.01 .05 .05 .15 -0.05 -0.05 -0.05

10 -0.005 -0 005 -0.00$ -0.005 .00S ,005 .00S -0.00$ -0.00S -0.005 5

11 -0.00 5 4.009 -0.00 S -0.0JS .005 .005 .005 -0.005 -0.005 -0.005

12 -0.00$ -0.b05 -0.909 -0.009 -0.005 -0.009 -0.00$ -0.005 -0.005

75 g

01 -0.00S -0.005 -0.00S -0.009 -0.005 -0.00S -0. 009 -0.00S -0.005

02 -0.00 5 -0.00S -0.005 -0.005 -0.005 +0.005 -0.005 -0.00$ -0.001

05 -0.005 -0.005 -0.005 -0.00S -0. W S -0.005 -0.005 -0.00S -0.005 - '

06 -0.005 -0 005 -0.00 5 -0.00$ =0.005 -0.005 -0.005 -0.00$ -0.005

05 -0.005 -0.005 -0.00 5 -0 00S -0. 005 -0.005 -0.005 -0 005 -0.00>

06 -0. 00 $ -0.005 -0.005 -0.00S -0.005 -0.0C -0.009 -0.009 -0.00S
1

07 -0 05 -0.05 -0.01 -0.05 -0.05 -0.05 -0.0S -3.0S -0.0S

OS - 0.0$ 0 -0.050 -0.050 -0.050 -0.050 -0.0$0 -0.050 -0.050 -0.050

09 -0.05 0 -0.0$0 -0.090 -0.0$0 -0.0$0 -0.050 -0.090 -0.0 $0 -0.050
,

-0.05010 -0.0$0 -0.0$0 -0.050 -0.050 -0.050 -0.050 -0.0$0 -0,.050

11 -0.05 -0.05 -0.05 -0.CS -0.05 -0.05 -0.05 -0.05 -0.05 -

12 -0.05 -0.05 -0.QS -0.05 -0.05 -0.05 -0.05 -0.05 -0.09

76

01 -0.05 -0.05 -0.0S -0.05 -0.05 -0.05 -0.05 -0.0S -0.05

02 -0.05 -0.CS -0.05 -0.05 -0. 0 S -0.05 -0 0$ -0.0S -0 05

|
1

.
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73

04

05

06 -0.001 -0.001 -0.001 -0.C01 -0 001 -0.001 -0.001

07 -0.001 -0 001 -C.001 -0.001 -0.001 -0.001 -0.D01 -0 001

04 -0. 001 -0.0C1 **.001 -0 001 -0.00s -0.001 -0.001 -0 011

I 09 -0.001 -0.001 -0 001 -0.0C1 -0.C01 -0.0C1 -0.001 =0.001

10 *0.001 -0.001 -0 00; -0.001 -0.001 *0.001 *0. 00 1 -0.0C1

11 -0.001 -0.001 -0 001 -0.001 -0.001 -0.001 -0.001 -0.001

12 -0.001 -0.001 -0.00' 0.001 -0.001 -C.0C1 -0 . 00 1 *0.001
16

01 -0.001 -0.001 .C.001 -0.001 -9.001 -0.001 -0.001 -0.001

02 =0.001 -0.001 -0 001 -0.001 -0.001 -0.001 -0.001 -0.001

03 -0.001 -C.001 -0 001 -0.001 -0.001 -0.001 -0.001 -0.001

06 -0.001 -0.001 -0.001 -0.001 -0.001 -0 001 -0.001 -0.001

05 -0.001 -0.001 =0.001 -0.001 -0.0C1 -0.001 -0.001 -0.001

Do -0.0C1 -0.001 -0.0C 1 -0 001 -0.001 -0.001 -0.001 -0.001

I 07

08 -0.001 -0.001 -0. 001 -0.001 0.001 -0.0C1 -0.001 -0.001

09 -0.001 -0.001 -U.001 -0.001 -0.001 -0.0C1 -0.001 -0.001 -0. 001 -0 001

10 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.0L1 -0.001 -0.001

11 -0.001 -0.001 -0 001 -0.001 -0.001 -0.001 -0.001 -0.0C1 - 0.001 -0.001

I 11 -0.001 -0.001 -0.001 -0.001 -0.001 -C.001 -0.001 -0 001 -0.001

Ts

01 -0 001 -0.001 -0.001 -0.001 -0.0C1 -C.001 -0 001 -0.0C1 -0.^01

02 -0 0C1 -0.001 -0. 001 -0.001 -0.001 -0.001 -0.001 -0.001 -0 001

03 -C.001 -0.001 -0.001 -0.001 -0.001 4.001 4.001 -0.001 -0.001

F 04 -0.001 - 0. 0 C 1 -0.001 -0.001 -0.001 -0.001 =0.C01 -0.001 -0.0C1

W 05 -0 001 -0.001 -0.001 -0.001 4 .001 -0.v01 -0.001 -0.001 -0.0C1

06 0 001 0.00) -0 . 001 0.0C1 0.002 0.DC2 0.001 0.001 0+001

07 -0.001 -0.001 -0. 00 1 -0.001 -0.DCI -0.0C1 -0.001 -0.001 -0.001

09 -0.001 -0.001 -0.001 -0.001 -0 001 -0.001 -0.001 -0.001 -0.001

09 -0.00\ -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001

I 10 -C.001 -0.001 -0.001 -C.001 -0.001 -C.001 -0.001 -0.001 -0.001

11 -0.001 -0.001 -0.001 -0 001 -0.001 -0.C01 'O.001 0.001 0.001

I 12 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001

16

- 01 -0.001 -0.001 -0.001 -0 001 -0.001 -0.001 -C.001 -0.001 -C.001

C2 -0.001 -0.001 -0.001 -0 001 -0.001 -0.001 -0.001 -0.001 -0.0C1 i

I
__
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04 -0. 0 $ 0 -0.0$0 -t.0$0 -0.0$0 -0.050 +0.cSC -0.0$0 -0.090

05 -0 050 -0.0$0 0 050 0.050 -0.050 -0.050

06 0.050 0.070 0.0$0 0.090 0 060 0.050 0.010

07 0.090 0.090 0.100 0 100 0 100 0.000 0.070 0 100

08 0.100 0.110 0 070 0 070 -0 010 -0.050 -0.0$0 -0.050

09 *0.050 0.190 0.050 0.0 >o -0.0$0 0.130 0.060 -0.0>0

10 0 0$0 0.060 0 070 0.060 -0.050 -0.050 W.050 -0.050

11 0.09 0.0a 0.37 0.04 -0.05 -0.05 0.06 -0.05

12 -0.0$0 -0.050 -0.050 -0.050 -0.09 -0.05 -0.050 -0.09
74

01 0.08 0.09 0.09 0 09 0 07 0.04 0.10 0.0*

02 -0.09 0 05 -0.0$ -0.05 -0.05 -0. 0 $ -0.05 -0.05

0) =0.05 -0.05 -0.05 -0.05 -0.0S -0.05 -0.05 -0.05

0* 0.05 0 10 0 18 -0.05 -0.01 -0.05 -0.05 -0.05

05 -0.01 -0.05 -0.05 -0.0$ -0.05 -0.0$ -0.05 -0.05

I-

07

04 -0 06 -0.06 -0, 06 -0.0* -0.06 M.06 -0.06 -0.04

09 -0.06 4. 0. -0.06 -0 06 -0.06 -0. 06 -0.0 -0.06 -0.0 -0.0*

10 0.07 0.01 -0.0S -0.05 -0.05 -0.05 0 07 -0.05 -0 05 0 07

11 0.00 0 0% 0.07 0.09 -0.05 -0.05 0.07 -0.05 -0.0$ 0.06 E
,

12 -0.05 -0.0S 0.05 0.0$ -0 05 -0.05 -0 05 -0.05 -0.05
71

01 -0.05 0.05 0.05 0 06 -0.05 -0.05 -0.05 -0.05 -0.05

02 -0.05 -0.0S -0.05 -0.09 -0.0S -0.05 -0.05 -0.05 -0.0S

03 -0.05 -0,0$ 0.05 -0.05 -0.05 -0.05 0.0$ -0.05 -0.05

06 0.05 -0.05 0.0$ 0.05 -0.65 -0.0$ -0.05 -0.05 -0.0$

05 -0.05 -0.05 0.05 0.0S -0.05 -0.0$ -0.05 -0.05 *0.05

06 -0.05 0.05 0,0. !.04 -0.05 -0.05 0.06 -0.05 0 10

07 0.07 0.01 0.05 0.00 0.00 -0.05 0.06 -0.05 0.06

38 0.01 -0. 05 0.09 0.06 -0.05 -0.0S 0.05 -0.05 -0.0%

09 0.11 0.0* 0.08 0.04 0.06 0.06 0.06 -0.0$ 0.06

10 0.06 0.06 0.06 0.06 -0.05 -0.05 -0.05 -0.05 0.05 su

11 0.07 0.09 0.09 0.09 -0.05 +0.05 0.00 -0.05 0.11

12 0.05 0.05 0.0$ 0.07 -0.0S -0.05 0.06 -0.05 0.05
76

01 0.C6 0.07 0.07 0.07 -0.0S -0.0$ 0.05 -0.05 0.0$

02 -0.05 -0.05 -0.05 -0.05 -0 05 -0.05 -0.05 -0.05 -0.05

i

I
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73 *

4
CS

C6

W C7 -0.0$0 -0.C5C -0.050 -0.050 -0.CSC -C.CSC -C.050 -0.CSC

06 -0.0$0 +0.050 -0.050 -0.050 -0.050 *J.0$C -0.0$0 -0 050

09 -0.0$0 -C.050 -0.050 -0.050 -L.050 -0.050 -0.0$0 -0.050

10 -0.CSC -C.ClO -0.0$0 -0.050 -0.0$0 -0.CSC -0.0S0 -0. C SC

11 -0.05 -0 05 -0 05 -C.01 *C.Cl -C.CS -0.05 -C.0$

i 12 -0.005 -0.005 -0.001 -0.00$ -0 009 -0.00$ -0. 007 -0.00$
14

01 *C.05 -0.C5 -0.05 -0.C$ -0.0$ -G.DS -0.0$0 -0.05

02 -0.05 -0.Cl -0.C5 -C.C5 -0.C5 -C.05 -0.050 -0.C5

03 -G.0$ -0 01 -0 05 -0.05 -0.03 -0.05 -0.0$0 -0.05

1
04 -C.06 -0.05 -0.05 -0.05 -0.09 -0.05 -0.050 -0.05

0$ -0.05 -0.05 -0.05 -0.0$ -C.C5 -0.C$ -0.C5 -0.C$

06

07

08

1
09

10

11

1
12

75

01
'

'

|
02 .

C3

06

JS -0.05 -0. 0's -0.05 -0.05 -0. 0! -u.05 -0.05 -0.05 -0.05

06 -C.05 -C.05 -0.0% 0.13 -0.C5 -0.05 -0.05 -0.05 0.09

C1 -0.05 -0.05 -0 05 -0.C5 -0.05 -0.05 -0.05 -0.05 -0.05 e

08

01 0.0$ -0.05 0.05 0.05 -0.05 -0.05 -0.05 -0.05 -0 05

10 -0.05 -0 05 -0.05 -0.01 -0.C5 -C.05 -G 0$ -0.05 -0.05

11 -C.05 -0.CS -0.0$ -0.C5 -0.C$ -0.c5 *C.05 -0.CS -0.05

12 *C.05 -0 09 -C.CS -0.05 -0 .09 -0 05 -0.05 -0.0$ -0.05 ,

C1 0.06 -0.CS 0.CT C.06 -0.05 -0.05 0.06 -c.05 0.06
w

02 -0.05 -0.CS -0.03 -C.C5 -0.C5 -0.CS -0.05 -0.0$ -0.05

.

L
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75

04 0.060 0.080 -0.050 -0.050 -0.050 d '. 5 9 -0.05 0 0.150

05 1.0$0 0.070 0.060 0.!!0 0.050 0.0$0

04 0.180 0.100 0.0eo 0.080 0.080 0.000 O.090'

07 - 0. 01 0 0.0$0 0.060 0 060 0.050 -0. 0 $0 0.0S0 0.070 )
.

06 -0.060 0.060 0.0$0 0.040 -0.050 -0.050 -0.050 -0.050

09 -0.050 0.050 0.060 0.060 -0.090 -0.050 0 050 -0.050

10 0.050 0.050 0.050 0.060 -0.090 -0.0$0 0.050 -0 050 1

1

11 0.07 -0.05 -0.09 0.09 0.05 -0.05 -0.09 0.0S
'

12 -0.05 -0.0S -0.05 0.07 -0.05 -0.05 -0.0S 0 11
Tb

01 -0.0$ S.05 -0.05 -0.05 0 06 -0.05 -0.05 -0.01

32 -0.05 -0.09 -0 05 -0 05 -0.05 -0.05 -0.05 -0. 01

05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05

04 -0.05 -0.05 -0.05 -0.05 -0.C$ -0.05 -0.05 -0.05

OS -0.05 -0.05 -0 0$ -0.09 -0.05 -0.05 -0.05 -0.0$ W

06

07

|08 1.01 0.07 0.13 0.00 -0.05 0.*7 0.09 0 11

09 -0.05 *C.0$ -0.05 -0.05 -0.05 -0 0$ -0.05 -0.05 -0.05 -0 05 e

6

10 0.06 1 05 0.13 0.07 0.06 -0.0$ 0.0$ -0.05 -0.05 0.0S

11 0.00 0.10 0.05 0 18 0.05 0 05 0.07 0.22 0.06 0.07

75
~

-0 0S E
12 -0.05 0.06 0.04 0.09 -0.05 -0 05 -0.05 -0.05

01 0 13 0.01 0.05 0.11 0.J7 0.04 0.18 0.16 0 11

02 0.07 0.04 0.04 0.07 0 09 0.11 0.01 0.05 0.07

03 -0.01 -0.05 -0.05 -0.05 -0.05 -0.05 -0. 0 $ -4.0S -4.05

04 -0.05 -0.05 -0.05 -0.05 -0. 0 $ -0.05 -0.05 -0.05 -0.0S

OS 3.00 -0.05 0.05 0.01 -0.05 -0. 6 -0.05 -0.05 -0.0$

06 ;

I
01 0.04 0.05 0.01 0.06 0.05 -0 0$ 0.00 0.11 0.07

04 0 10

0.

10 0.05
.

11 0.07

12 0.45
76

01

02 -0.05 -0.0$ -0.05 -0.0S 4.05 -0.05 -0.0S -0. DS -0.0$

I
a
_
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73
.

0

_
05

06

07 -0.0$0 -0.CSC -0.050 -0.0$0 -C.0$C -C.CSC -C.050 -0.0S0

05 -0.050 -0.0$0 -0.050 -0.050 -C.CSD -0.0$0 -0.050 -0 040

0* -0.0$0 -0.0be -0.050 -C.0SO -0.0S0 -C.USC -0.050 -0 050

10 -0.050 -C.0$C -0 0$0 -0 0$0 -0.0$0 -;.0$0 *D.050 -0.050

11 -0.05 -0.05 -0.05 -0.05 -0 05 -0 0$ -0.05 4 .05

12 -0 05 -0 05 -0.05 -0.05 -0.05 -0 05 -0.05 -0.05

I 46

01 -0 05 -0 05 -0.05 - 0.05 -0.05 -0.05 -0.0$0 -0 0S

02 -0.05 -0.0% -0.0! -0.05 -0.05 -0.05 -0 0$0 -0.05

I 05 -0.05 -0.05 -0.05 -0.0$ -0.05 -0.05 -0.0$0 -0.05

04 -0.05 -C . 0 5 -0.05 -0.05 -0.0$ -C . 0 5 -C.0$0 -0.05

05 -0.05 -0.05 -0.0$ -0.05 -0.05 -0 0$ 0.0$0 -0.05

06

07
'

08

09

10

11

12
15

01

Ot

05

04

05

06

CT -0.05 -0.C9 -0.0% -0.05 -0.05 -0.05 -0.05 -C.05 -0.05

08

09

10

11

12
16

01

C2 -0.05 -C.05 -0.05 -C.05 -C.05 -0.05 -0.05 -0.05 -0,ns
,

.

-
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acn?H/3fa?!0M as at !! f6 GS G6 m$ 15 JS 64

73 3

06 0.300 0.320 0.430 0.290 0 230 0.300 0.400 0.260

CS 0.35 3.310 0.270 0 310 0.410 0.600

06 0 300 0.260 0.250 0.280 0.310 0 360 0 310

of 0.26 1.70 0.61 0.63 0.29 0.29 0.60 0.33

08 0.32 0.62 0.61 0.70 0.31 0.56 0.25 0.12

39 0.26 0.78 0.36 0.61 0.*1 0.73 0.37 0.26

to 0.26 0.44 0.38 0.99 0 32 0.26 0.34 0.32

11 0.23 0.19 3 23 0.25 0.43 0 20 0 24 0.16

'12 0.25 0.29 0.29 0.24 0.20 0 20 a.2s 0.22
16

01 0 12 0.66 0 20 2.21 0.le 0. 51 0.23 0.20

02 0.16 0.77 0 14 0 1% 0.23 0.21 0.11 0.19

03 0.30 0.22 0.25 0 23 0.30 0.27 0.22 0.25

04 0 20 0.20 0.25 C.65 0.26 0.27 0.23 0.25

CS 0.22 0.17 0.18 0.25 0 25 0.93 0.25 0.65

06

07

08 0 34 0 52 2 62 1 60 1.30 6.95 1.60 1. >=

09 -0 25 -0.25 -0.25 0.50 -0 25 -0.25 -0.23 0.39 -0.25 +0.25

10 0.19 0 19 4.18 0.13 0.12 0.18 0 17 0.12 0.12 0.30

011 0.2 0.2 0.1 0.2 0.1 0.2 0.2 0.2 0.1 0.2

12 0.20 0.*0 0.20 0.20 0.20 0.30 0.20 0 20 0.20
7,

01 0.1 0.6 0.2 0.2 0.2 0.6 03 02 0.2

02 0 17 1.26 0 14 J.17 0.18 0.57 0 28 0 17 0.14

03 0.20 0 30 0.30 0.20 0.10 c.20 c.30 c.10 0.30

06 0.17 0 25 0.22 0 18 0.23 0.16 0.30 0 21 0.3S

05 0.29 0 30 0.32 0.30 0.25 0.23 0.29 0.33 0.30
.

06 0.3 0.3 0.3 0.3 0.3 0.* 0.6 0.6 0.*.

07 0.3 0.3 0.2 02 0.3 0.3 0.6 0.* 0.3

08 0.2 0.6 0.3 0.6 0.3 03 0.3 J.6 0.3

09 0.3 0.3 0.2 0.2 0.2 0.2 0.3 ".2 0.3

to 0.3 0.6 0.3 03 0.2 0.3 03 0.3 0.3 5

11 0.2 0.5 0.3 0.3 0.3 0.3 0.5 0.3 0.3

12 03 0.6 0.2 0.3 0.2 02 0.6 0.2 0.3

76

01 03 0.3 0.3 0.2 0.2 0.2 c.3 01 0.3

02 0.2 0.2 0.2 0.2 0.2 0.2 03 0.2 -0 1

5
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I 7)

04

OS

06

07

04

09

10 -0.400 -0.100 -0 100 -0.100 -0.100 -0.100 -0.100 -0 100
^

11 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01I *
12 0.02 0.02 0.02 0.02 0 04 0.07 0.02 0.01

,

14

01 -0.01 -0.01 -0.01 -0.01 -0 01 -0.01 -0.01 -0.01I 02 -0.01 -0. 0 '. ~0.01 -0.01 0.01 0.C2 -0.01 0.02

03 -0.01 -0.01 -0.01 -0.01 0.01 0.01 0.01 0 01

I -

OS

06I' 07

08

I 09

1C

11

I ~

12
75

01

s 02

03

MI ~~

05 0.07 0.D6 0.07 0.06 0.05 0.Ce 0.08 0.05 0.06

06 0.1 0.1 0.1 0.1 0.1 -0.1 0.1 0.1 0.1

07 -0.1 -0.1 -01 -0.1 -0 1 -0.1 -0 1 -0 1 -0.1

08 -0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

09 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 01 -0.1 0.1

10 0.1 01 0.1 0.1 01 0.1 -0 1 0.1 -0.1

11 0.1 0.1 0.1 0.1 0.2 01 -0.1 0.1 0.1

12 0.1 0.1 0.1 0.1 0.1 -0.1 -0.1 -0.1 0.1

-I 16

01 0.1 0.1 0.1 0.1 0.2 t.2 0.1 01 0.1
%

02 0.1 -0.1 -0.1 -01 -0 1 -0.1 -01 -0.1 -0.1

I
I
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=0Nia/S t a f ! On as a8 t$ il G1 LE as is JS a;
*75

06 E

05

06

07

08

g0,

10

11

12 5
76

01

02

03 -0 05 -0.05 -0.05 -0. 0 $ <-0.05 -0.05 -0.05 -0.05

04 -0 05 -0.05 -0.05 -0.01 -0.05 -0.CS -6.05 -0.GS

QS -0.05 -0.oS -0.01 -0.05 -0.05 -0.09 -0 0$ -0.05

De

07

08 0 20 -0 1 -0 1 -0.1 -0.1 -01 -0.1 -0.1

09 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0 1

10 -0.05 -0.CS -0.05 -0 0$ -0 1 -C . G S -0.05 -0.05 -0.05 -0.05

.1 -0.05 -J . C S -0.05 -0 05 -0 1 -0.05 -0.05 -0.0S -J.05 -0.05

75
-

-0.05 E12 -0.0$ -0.05 -0.05 -0.0$ -0.01 -0.0S -0.0S -0.05 g
31 -0.05 -3.05 -0.05 -0.0$ -0.05 -0.05 -0.CS -0.CS -0.05

02 -C.09 -0.05 -0.05 -0.05 -0.05 -0.05 -0.0S -0.05 -0.05

05 -0.01 -0.05 -0.05 -0.05 -0.05 -0.05 -0 0$ -0.05 -0.05 5

06 -0.05 -0.0S -G.05 -0.05 -0.0S -0.05 -0.05 -0.05 -0.05

05 -0.05 -3.05 -0.05 -0.05 -0.05 -0.0$ -0.05 -0.05 -0.05
;

06

07 -0.05 -0.05 -0.05 J,M *0.0S -0.05 -0.05 -0.0$ -0.0$

04 -0.05

09

10 -0.0$
,

11 -0.05

12 -0.05
16

01

02 -0.05 -0.05 -0.05 -0.G5 -0.05 -0.05 -0.05 -0.05 -0.05

I
.
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~ 75 .

M C4

05

06

07 0.0$0 -0 050 -0.0$0 -0.050 -0.0$0 -0. 0 $ 0 -0.050 -0.050

08 -0.0S0 -0.090 -0.060 -0.0$0 -0.0$0 =c.CSC -0.0S0 -0.050

09 -0.050 -0.050 *0.050 * 0.L'! J 4.0$0 -0.050 -0 050 -0.050

10 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100

11 -0.1 -01 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1

I 12 -0 05 -0.CS -C.05 0 0S -0.05 -0.05 -0.0S -4 0S

76

01 =0.1 -0.1 -0.1 -0.1 -0.1 % .1 -0 1 -0.1

I 02 -0 05 -0.05 -0.0S -0.05 -0.05 -0.05 -0.05 -0 05

05 -0 05 -0.0S -0.05 -0.0$ -0.05 -0.05 -0.05 -0.05

04 -0.05 -0.05 -0.0S =0.05 -0.05 -0.05 -0.05 -0.0S

CS -0.05 -0.05 -0.05 -0.0S -0.05 -0.05 -0.05 -0.05

06

I, 07

08

I 09

10

11

I 12
75

01

02

03

04

5 05

06

07 -0.05 -0.05 -0.0$ -0.0$ -0.05 -0.05 -0.05 -0.05 -0.0S

= 08

09

10

11

12
76

01

02 -0.05 -0.05 -0.05 -0.05 -0 05 -0.0$ -0.0$ -0.0S -0-05

tv
.
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TS

04 -0.100 -0.100 9.100 -0.100 -0.100 -0.100 -4 100 -0 100

09 0.100 -0.100 -0.100 -0 100 -0.400 -0 100

06 -0 1 C 0 -0 1C0 -0.100 -0.100 -0.100 -0 100 -0 100 5

01 -0.100 -0.1CO -0 1GQ -0 100 -0.100 -0.100 -0.1U0 -0.100

08 -0 100 -0 100 -0.100 -0 100 -0 100 4.100 -0 100 -0 100

09 4 100 -0.100 -0 100 -0.100 -0.100 -0.100 4.100 -0 110

'10 -0 10C -0 100 -0 100 -0 100 -0.100 -C .100 -0.100 -0 100

11 -0 1 -0.1 4.1 -0 1 -0.1 -0.1 -0.1 -0 1

12 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
74

01 -0.1 -0 1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1

02 -0.1 -0.1 -0.1 -0 1 -0 1 =0.1 -0.1 -0.1

03 -0.05 =0.05 -0.05 -0.05 -0.05 -0.05 -0.0S -0 05

04 -0 05 -0.05 -0.05 -0.0S -0.CS 4.0S -0.0$ -0.05 3

05 -0.65 -0.JS -0.CS -0.05 -0.05 -0.0S =0.CS -0.05

06

01 s

.
04 =0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 I

09 -0.05 -0.05 -0.0% 0.05 -C.05 -0.05 -0.05 -0.05 -0.05 -0.05

10 -0.05 -0.0S -0.0S -0.0S -0.05 -0.05 -0.05 -0.05 -f .4 5 -0.05

11 -0.0S -0.05 -0.0S -0.05 -0.GS -G.JS -0.05 -0.05 -0.05 -0.05

12 -0.05 -0.05 -0 05 -0.0$ -0.05 -0.0$ -0.05 -0.05 -0.05 m
75

01 -0.05 -4.0S 4 .05 -0.05 -C.05 -0.05 -0 05 -0.05 -0.05

02 -0.GS -0.05 -4.05 -0.05 -3.sl -0.05 -0.05 -0.05 -0.05

03 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05

0* -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0. 0 S -0.0$ -0.GS

OS -0.0$ =0.0$ =0.05 -0.05 -0.0S -0.05 -0.05 -0.05
~

-0.05 nr

04

07 -0.05 =0.0$ -0.05 -0.05 4 .05 -0.05 -0.0$ -0.0S -0.05

OS 4. 0 S

09

10 -0.05 -

11

12
h

01

02 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05

e

I
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TS
-

> -0.050 -0.010 -CMSO -0.050 -0.0SC -C.0SD -0.0$0 -0.050
,

05 -0.05C -0.C SO -C.050 -0.050 -0.C50 05. -C.050

06 -0.CSC -0.050 -0.050 -0.CSC -C.050 -C.CSC = 0.C SQ

OT -9.050 -0.CSC -0.050 -0.0SC -0.C50 -0.CSO -C.LSD =0.050

OS -0.050 -0.050 -C.050 -0.050 -0.C$ 0 -0.0$0 -0.050 -0.CSD

04 -C.0$0 -0.0$C -0.0$0 -0.050 -0.CSC -0.050 -0.0$0 -0.050

10 -C.CSC -0.C5? -0 050 -0.050 -0.05C -0.05C -0.050 -0. 0 $0

I 11 -0.01 -0 05 -0 05 *C.05 -0 05 -0 01 -0.05 -0.06

12 -0.00$ -0.005 -0.005 -0.005 -0.005 -C.005 -0 005 -0.005
16

| C1 -0 05 -?.C5 -0.C$ -0.05 -0.05 -0.05 -0.05 -0.05

02 -0.05 -0.01 -0.05 -0.05 -c.05 -0.05 -0.05 -0.05

I C) -0.05 -0.05 -0.05 -0.05 =0.0S -0.05 -0.05 -0.05

06 -0.01 -0 05 -0.05 -0.05 -0.05 -4.05 -0.0$ -0.0S

05 -0.05 -0.05 -<i . 0 5 -0.05 -0.05 -0.05 -C.05 -0.05

06

C7

C4 -0.CS -0.05 -C.05 -0.05 -0 05 -0.0S -0.05 -0.05

I 09 -0.05 -0.05 -0.0$ -0.05 -0 05 -0.C5 -0 05 -0.05 -0.05 -0.05

10 -0.0S -0.05 -0.0S -0.05 -0.05 -0.05 -0.05 -0.05 -0.CS -c.05

11 -0.05 -0.0$ -0.05 -0.05 -C.CS -0.C5 -0.05 -0.05 -0.05 -0.CS

12 -0.05 ~C.05 -0.05 -0.05 -0.05 -0.05 -C.C5 -0.05 -C.CS
75

01 -0.05 -0.05 -0.05 -C.05 -0.05 -0.05 -0.05 -0.05 -0.05

C2 -0.05 -0.05 -0.05 -0.05 -C.05 -0 05 -0.05 M.C5 -C.05

03 -0.05 -0.05 -0.05 -0.05 -4.05 -0.05 -0.05 -0.05 -C.05

De -0.05 -0.05 -0.05 -0 05 -0 05 -0.05 -0.05 -0.C5 -0.05

C5 -0.05 -C.C5 -0.CS -0 05 -0.05 -0 05 -0.05 -0.0S -0.05

06

CT -0.05 -C.01 -0.01 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05

C8 -0.0S

09

10

11

12
16

01

02 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0 05 -0.05 -0.05

%
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Recommended Water Quality Coalq for Various Water Quality Constituents, All Values mg/l

EPA

Recommended .

Wat er Quality Freshwater
__

Public Water Supply_1983 Coal Freshwater Aquatic I.ife

Cons _tituent A<1uatic Life EPA NAS NTAC EPA NAS NTAC

Tempe rat u re Iimiting complex complex complex not to no fixed -

temp. related EPA & NAS avoid datract from cultera
to sensitive essentially same d is rupt ir*a palatability
species and naturni or interfere
season patterns w/ treatment

Dissolved I.evel depenti- - Four Icvels complex NI, NI. 4.0

| Oxygen ent on of montbly G
! seasonal protectton 3.0 '"

| conditions and 4.0 indiv.
l

| use of water minimum samP c

|
i I 2 3 For excellent fisheries,A < 0.5 units, A< l.5 units, Warm water, '' Cold water, S
j 6 7For good t o moderate fisheries; For fair to poor fisheries, NI. - th, limit specified.
|
,

! FPA: U.C. Environmental Protection Agency, Quality Criteria for Water, Washington, D. C. (1975).
1

i NAS: Water Qua li ty Cri ter ia, 1972. National Academy of Sciences and National Academy of Engineering.
U.S. government Printing Office, Washington, D. C. (1974).

NTAC: Water Quality Criteria, a Iteport of the National Technical Advisory Committee to the Secretary of the
Interior. U.S. Government Printing Office, Washington, D. C. (1968).
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DISSOIMED OXYCrJ AtII) PERCEtiTAGE SATIIRATIori

'

A 11 L D E F G

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat . D 0. I Sat.

Sur f ac.* 8.8 91 8.2 86 10.4 106 8.9 95 8.5 92 7.7 82 7.9 83Aprii 18, 1973

ti l<lill e 8.4 8(> 8.1 82 8.4 85 -- -- --- -- -- - --- --

Hotrom 8.6 88 8.6 86 7.6 76 8.5 91 7.7 84 1.6 78 6.9 67

Surface 7.6 88 7.5 87 7.4 87 6.6 81 7.3 97 7.5 91 7.9 83flaf 22, 1973

tilil:ll e --- -- --- - -- -- - - 8.2 105 --- -- --- --

Ilottom 1.2 81 6.4 71 6.7 75 6.9 78 7.6 91 7.5 81 6.0 61

Surface 6.9 92 6.6 88 6 . '' 8'1 6.5 89 6.3 91 6.9 96 6.1 74June 7, 1973

flicidle 6.4 81 --- -- --- -- --- - -- -- -- -- -- -- 5
"

nottom 5.4 64 6.6 78 6.6 79 6.1 78 5.7 83 5.4 66 5.8 66

I

|

_. .

. .
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DISSOINED OXYGEN AND PEh6ENTAGE SATURATION

JULY 31, 1973

B
Transett A 3
St at ion 1 2 3 1 2 ~

D.O. I Sat.
D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.

Depth o 6.6 88 6.6 88 6.6 89 6.4 85 6.4 86 6.4 86

3 6.4 65 6.4 85 6.4 85 6.2 84 6.2 83 6.4 85

6 6.2 83 6.2 83 6.1 81 6.0 60 6.0 80 6.0 80

9 6.2 83 6.0 EO 6.1 81 5.8 77' 6.0 80 6.0 80

12 5.4 71 5.8 77 5.2 69 5.7 75 5.0 66 5.3 71

15 5.4 71 5.4 71 4.7 62 4.6 60 4.5 59 4.7 62

18 --- -- 4.6 60 4.l 56 4.5 59 4.9 64 4.5 59

21 --- -- 3.9 51 4.1 54 4.1 54 4.4 58 4.0 52
I

24 --- -- 3.4 45 3.0 39 2.8 36 3.0 40 3.2 42

27 --- -- 2.8 36 --- -- 1.7 22 1.6 21 -- --

30 --- -- --- -- --- -- 0.02 0.3 0.7 9 --- --

T1 -- -- -- -- --- -- --- - 0.7 9

D
C

Station 1 2 3 1 2 3Transect
|

D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. I Sa t. . m
ta

Dept h 0 6.2 84 6.4 86 6.1 62 5.4 76 5.4 76 5.4 75

3 6.0 80 6.2 84 6.0 81 5.4 75 5.6 78 5.4 75

6 6.0 80 6.0 81 6.0 80 5.9 81 4.7 64 --- -

9 -- -- 5.9 79 5.8 77 5.4 73 5.5 74 --- --

12 --- -- 5.4 72 5.7 76 4.5 60 4.9 66 -- -

15 -- -- 4.7 63 4.7 63 3.5 46 --- -- --- -

18 --- - - - 3.8 50 3.6 47 2.8 36 -- -- --- -

21 --- -- 2.2 19 2.4 31 --- -- --- -- -- --

24 _-- -- 1.3 17 1.7 22 --- -- --- -- --- -

'

27 --- -- 0.8 10 --- -- --- -- -- -- --- --

30 --- -- --- -- -- -- --- -- -- -- --- --

33 ___ __ ___ __ ___ __ ___ __ ___ __ -- --

ETransett G
2 3 F

.

Stat ion I
_ . .

% Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat.
D.O. % Sat. D.O.

Depth 0 4.4 64 4.4 64 4.5 65 5.5 75 6.1 76

3 4.3 62 4.5 65 5.0 71 6.0 81 5.8 71

6 4.5 71 4.9 70 5.5 79 4.7 60 5.8 67

9 4.6 60 4.7 63 5.2 73 4.4 55 --- --

12 3.9 51 4.0 52 --- -- -- -- --- --

EE W M M M M M ME W M M m m a e m ,e m
._ _

, ,
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ROBINSON DISSOLVED OKYCEN AND PER CENT SATURATIO*i
AUGUST 22, 1973

8
ATransect

Station 1 2 ) 1 2 3

D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. 2 Sat. D.n. I Set. D 0. I Sat.

Depth 0 6.3 85 6.3 84 6.4 85 6.2 84 6.3 85 6.3 85

3 6.4 86 6.3 84 6.4 86 6.25 84 6.4 86 6.4 86

6 6.4 86 6.3 84 6.4 86 6.2 84 6.5 88 6.4 86

9 6.1 85 6.3 85 6.4 86 6.2 84 6.5 88 6.3 f5

12 6.3 85 6.2 84 6.2 84 6.2 84 6.4 86 6.2 84

15 --- -- 6.2 84 --- -- 6.2 83 6.3 85 --- --

18 --- -- 6.2 8 *- --- -- 6.2 84 6.25 84 --- --

21 --- -- 6.2 84 --- -- 6.2 83 6.1 82 - --

*

24 --- - -- -- --- -- --- -- 6.1 62 --- --

27 --- -- ~~- -- --- -- --- -- 6.1 82 --- --

30 -- -- --- -- --- -- --- -- 6.1 82 --- --

D
C

~ Station 1 2 3 1 2 3Transect

D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. M
V

!

Depth o 6.5 88 6.4 86 6.3 86 7.0 99 6.6 92 6.5 93

3 6.5 BB 6.4 86 6.25 86 7.0 99 6.7 94 6.5 93

6 --- -- 6.4 86 6.25 86 7.0 99 6.7 94 -- -

9 --- -- 6.3 85 6.25 86 7.0 97 6.3 86 --- --

--- -- -- --

12 --- -- 6.3 85 6.2 35 6.7 92

15 --- -- 6.2 84 6.2 84 6.7 92 --- -- --- --

18 --- -- 6.2 84 --- -- 6.4 88 --- -- -- --

|
21 --- -- 6.2 84 -- -- --- -- - - - -- --- --

24 --- -- 6.2 84 --- - --- -- --- -- --- --

E

Station 1 2 _
3 F G liTraasect

D.O. I Sat. D.O. I Sat. D.O. I Set. D.O. % Sat. D.O. % Sat. D.O. I Sat.

Depth 0 6.2 85 6.0 86 6.0 88 7.2 93 7.3 84 6.6 89

3 6.4 89 6.1 88 5.9 87 6.8 88 7.2 83 6.6 89

6 6.6 89 6.1 88 6.0 88 7.0 88 7.0 81 --- --

9 6.3 82 --- -- 6.0 90 --- -- -- -- --- -

12 6.3 81 --- -- 6.0 90 -- -- --- -- --- --

Transect 1 J

D.O. I Sat. D.O. I Sat.

Depth 0 6.9 82 6.4 71

3 6.2 73 6.4 71

6 6.1 72 --- --

9 5.9 70 --- --

_ _ _ _

.

. .
. . ,
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ROBINSON DISSOLVED OXYGEN AND PER CENT SATURATION
SEPTEMBER 26, 1973 .

BaTracaect
Station 1 2 3 1 2 3

D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

Depth O' 6.7 85 6.5 82 6.5 82 6.1 80 6.6 82 6.8 26

3 6.6 83 6.4 81 6.5 82 6.3 80 6.4 81 6.7 85

6 6.6 83 6.4 81 6.6 84 6.4 81 6.3 80 6.6 - 85

9 6.6 83 6.4 81 6.6 84 6.3 80 0.3 81 6.5 84

12 6.6 83 6.4 81 6.6 84 6.3 89 6.3 81 6.2 79

15 -- -- 6.4 61 6.5 82 6.1 77 6.2 79 -- --

18 -- -- 6.4 81 6.6 84 6.0 76 6.2 79 --- --

21 -- - 6.4 81 -- -- 5.9 74 6.2 78 --- --

24 -- -- 6.4 81 --- -- 5.4 68 5.8 74 --- --

27 -- -- 5.6 71 --- -- 5.2 66 1.1 14 -- --

-- -- 4.4 56 --- -- 0.2 3 0.2 3 --- --

30
-- -- 3.3 42 --- -- --- -- --- -- --- -

33

D
Transect C

Station 1 2 3 1 2 3 ,, ;

l

D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. j[

Depth 0 6.7 85 6.4 81 6.6 83 6.0 74 6.2 81 6.4 85

3 6.7 85 6.4 81 6.5 84 5.9 74 6.2 81 6.4 85

6 -- - 6.6 83 6.4 82 5.8 73 6.0 79 --- --

9 -- -- 6.6 83 6.3 81 5.6 71 --- -- --- --

12 --- - 6.6 83 6.3 81 4.8 61 -- -- --- --

15 --- -- --- -- 6.2 80 3.0 37 --- -- --- --

18 --- -- --- -- 6.2 80 --- -- -- -- --- --

21 --- -- --- -- --- -- --- -- --- -- --- --

24 -- -- --- -- -- -- --- -- --- -- --- --

27 --- -- --- -- --- -- --- -- -- -- --- --

Eh tsect
S t_a t i on 1 2 3 F G 11

D.O. I Sat. D.O. I sat. D.O. I sat. D.O. I sat. D.3. I Sat. D.O. I Sat.

Depth 0 6.3 83 6.0 83 5.8 82 6.6 83 6.8 77 7.5 95

3 6.2 81 5.8 82 6.0 83 6.6 83 6.7 76 7.4 94

6 5.8 75 5.1 69 6.0 81 6.2 75 6.6 75 --- --

9 5.3 67 --- -- --- -- 6.2 75 -- - --- --

Station I
p.0 1 Sa'.

Depth 0 7,9 83
3 6.8 83
6 6.8 83

EM M M e m m M ME m m m m m m m m m m
,

_ _ _ _

. . . . .

. . .. .. ..
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ROBINSOtt DISSOLVFD OXYCEN AND PERCENT SA1URATION
OCTOBER 24, 1973

Transect A 8

Station 3 2 1 3 2 1

D.O. % Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. I Sat. D.O. 2 Sat. D.O. I Sat.

Depth 0 10.8 125 10.8 125 11.2 127 10.9 125 10.8 123 11.0 124

3 10.8 126 10.6 123 11.2 129 10.9 126 10.8 125 11.0 127

6 10.5 123 10.6 123 11.2 129 10.8 125 10.7 124 10.8 125

9 10,6 124 10.6 123 11.2 129 10.7 123 10.7 124 10.8 125

12 10.6 124 10.7 124 --- 10.6 123 10.6 123 10.8 125
~ ~ ~ - -- -- 10.6 123 10.8 12515 10.6 124 10.7 124

18 10.7 125 10.8 125 -- - 10.6 123 10.8 125

21 10.6 124 10.7 124 --- -- 10.6 123 10.8 125
-- - -- - 10.6 123 10.7 12324 10.6 124 10.8 125

10.6 123 10.6 12127 --- -- 10.8 125 - -

30 - - - --- 10.8 125 - -- - - - --- -- -

Transect C D

Station 3 2 1 3 2 1
__ E

D.O. I Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. 1 Sat. *

Depth 0 10.8 125 10.4 120 10.8 125 10.4 125 9.8 117 10.4 125

3 10.8 125 10.4 120 10.8 126 10.3 125 9.8 120 10.4 125

6 10.7 123 10.4 120 10.8 127 --- 9.8 115 10.0 120

9 10.7 123 10.4 120 --- --- 9.8 109 9.8 117

12 10.6 123 10.4 120 ---- --- - - - - -- -- 8.8 104

15 10.6 123 10.4 120 --- - - ---- -- 6.7 77

18 10.6 123 10.4 120 -- -- - --- -- 6.3 70

21 10.4 120 ---- -- -- --- -- ---- --- - - - ---

Transect E

Station 3 2 1 F G H

D.O. % Sat. D.O. 2 Zat. D.O. I Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. I Sat.

I?epth 0 10.2 136 10.0 121 9.9 120 10.8 122 10.6 108 11.4 114

3 10.2 136 9.8 127 10.0 126 10.8 123 10.7 108 ----

6 ---- --- 9.9 122 9.2 106 10.8 123 10.7 108 --

9 ---- -- ---- -- 9.4 104 -- -- - - - -- ---

Transect 1

D.O. I Sat.

Depth 0 10.6 111

3 10.8 110
6- 10.4 106

_.



ROBINSON DISSOLVED OKYCFN AND PERCENT SATURATION
Novestlier 27, 1971 |

B

Tranacct 1 3 2 1A

D.O. I Sat. D.O. 1 Sat. D.O. I Sat. D.O. I Sat. D.O. 1 Sat. D.O. 1 Sat.
Station 3 2

Depth 0 7.5 82 7.5 82 7.9 85 7.9 86 7.6 83 7.9 86

3 7.5 82 7.5 82 7.8 84 7.6 82 7.6 83 7.8 85

6 7.5 82 7.4 80 7.5 80 7.4 80 7.5 82 7.8 85

- - 7.4 80 7.4 79 7.6 83

12 6.6 71 6.9 74 -- - 7.2 77 7.2 77 7.6 83
9 7.5 80 7.2 77

7.0 75 7.0 75 7.4 80

--- -- 5.8 63 6.6 70 6.9 74
15 6.0 65 6.6 71 - -

38 -- -- 7.2 66
- - 5.5 58 5.5 58 ----

- - 6.2 55

-- -- -- -- - - -- - 5.3 56 ---
21

27 -- - -- - - - - - 4.7 50 ---
24

- -- -- 3.2 34 -- -

--

30 ~~- - -
- 3.0 37 -- ---

- -- --- -- -- - --

33
ts ~

C 2 I *
2 1 3 &Transect

D.O 1 Sat. D.O. 1 Sat. D.O. I Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. 2 Sat.

Depth 0 7.9 87 7.7 84 7.8 85 8.0 87 8.0 87 7.9 87

3 7.9 87 7.8 85 7.8 85 8.0 87 8.0 87 7.9 87

6 7.9 87 7.7 84 7.8 85 -- - 7.9 86 7.8 85

-- - --- - 7.7 84 7.7 84
7.7 84

9 7.5 81 7.6 83 -

- - -- -- -

--- -- -- -- - -- 5.9 84
12 7.5 81 7.6 83

15 6.2 67 7.5 82
- - -- -- -- -- -- -

18 --- - 7.5 82

21 --- -- 7.5 82 --- - --- -- --- -- -- --

Transect 1 F G HE

D.O. I Sat. D.O. 2 Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. 1 Sat D.O. 1 Sat.
Station 3 7

bepth 0 7.1 77 7.2 79 7.1 70 7.5 83 7.4 79 9.0 78,

3 7.1 77 7.1 78 7.1 72 7.4 80 7.4 79 8.9 97

6 7.0 76 7.1 78 7.0 72 7.0 74 7.0 73 -- --

- -- - -- -- -

9 7.0 76 7.0 77 6.8 68
-- -- 6. '4 65 -- - -- - -- --

12 7.0 76

Transect I
D.O. 1 Sat ._

Depth 0 8.0 84

3 7.8 02

6 7.6 79

M M M M M M M M M M M M M M M M,M M

.
. .. .

. . . . . .

_



. _ _ _ . _ _ _ _ _ . _ _ _ - - _ _ _ _ . .

M M M M M- - M M M M M M M M M
i .

ROB 171 SON DISS0!NED OXYGEN AND PERCENT SATURATION

DECTNnER 11 1973

Transect A B

Station 3 2 1 3 2 1

D.O. I Sat. D.O. 1 Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O I Sat.

Depth 0 9.3 85 8.8 78 9.2 83 9.0 84 9.0 83 8.8 80

3 9.0 83 8.7 80 9.0 83 8.9 85 8.9 87 4.6 78

6 8.9 82 8.6 Th 9.1 84 8.8 84 8.8 83 8.5 78

9 8.8 81 8.6 78 --- --- 8.8 84 8.8 83 8.6 78

12 8.8 81 8.6 78 - - - --- 8.8 84 8.8 83 8.6 78

15 8.8 81 8.6 78 --- --- 9.0 84 8.8 33 8.8 81

18 8.8 81 8.6 78 --- --- --- --- 8.9 84 8.8 El
21 8.8 81 8.6 78 --- --- --- --- 8.9 83 8.8 81

24 8.8 81 8.8 81 --- --- --- --- 9.0 84 8.8 81

27 8.9 82 8.8 81 --- --- --- --- 9.0 84 8.8 81

30 8.9 82 8.8 81 --- --- --- --- 9.0 83 8.8 81

33 8.9 82 8.8 81 --- --- --- --- 9.0 83 9.0 83

36 9.0 83 8.9 82 --- --- -- --- 9.0 83 -- --

Transect C D

Station 3 2 1 0 2 1

D.O. I Sat. D.0 1 Sat. D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat.

Depth 0 8.8 84 8.8 81 8.6 78 8.0 88 8.5 84 7.6 72 -

3 8.6 83 8.7 81 8.4 76 8.6 87 8.4 85 7.5 71 $
6 8.6 83 8.7 81 8.6 78 8.8 88 8.5- 83 7.6 73

9 8.6 83 8.7 81 8.7 78 -- -- 8.6 84 7.8 73

12 8.6 82 8.7 81 -- -- --- --- --- -- 8.0 74

15 8.6 81 -- -- -- -- -- -- --- -- 8.0 74

18 --- --- -- --- -- -- --- -- --- -- 8.3 73

21 -- - - -- -- -- - -- -- -- 8.4 74

24 --- -- - --- --- -- -- -- --- -- 8.4 74

Transect E

Station 3 2 i F G 11

D.O. I Sat. D.O. 1 Sat. D.O. I Sat. D.O. 1 Sat. D.O. % Sat. D.O. I Sat.

Depth 0 7.2 P8 7.6 81 7.3 75 8.4 12 10.2 80 10.1 91

3 7.0 86 7.8 83 7.3 75 8.7 75 10.3 82 10.1 92

6 7.2 88 8.0 83 7.8 76 9.8 86 10.2 61 10.3 94

9 -- -- --- -- 9.8 84 9.8 85 -- --- --- ---

12 --- -- -- -- 9.3 83 --- --- - - -- ---

Transect I

D.O. 1 Sat. D.O. I Sat. D.U. I Sat. D.O. I Sat. D.O. I Sat. D.O. 1 Sat.

Depth 0 11.3 84
3 11.0 82
6 10.9 81



ROBINSON DISSOLVED OXYGEN AND PER CDrr SA71DtATION
January 22, 1974

B
Transect _A_ 1

Station 3 2 1 3 2 - ,

I

D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.
l

* -* l.4 77 -- * -* 6.6 70 7.4 79 8.3 90 |

-* -* --* -* -- * -* 7.0 75 7.5 80 8.4 89 |Depth 0 I

6 a -* -* * -* -* 7.0 74 7.6 81 8.2 873

-* -* -* ~~* - a -* 7.0 73 7.7 80 8.0 85

12 -- * -* -* -* -- * -* 7.0 73 7.5 78 7.7 809

15 -* -* -* -* ~* -* 6.9 71 7.6 79 7.6 78

18 -* -* ~* -* * * 6.9 71 7.2 75 7.7 80

21 * -* -* * ~* * 6.8 70 6.7 68 7.6 77

24 -* -* -- * -* -- * -* 6.6 67 6.7 ('J 7.0 73

27 -* ~* -* ~* -- * -* 6.4 65 6.6 67 6.6 69

30 * -* -* -* -* * 6.1 02 f? 69 6.3 64

33 * -* -* -* * -* --- -- - - 6.2 63

-* -* 6.2 63 -- -- -- -- -- - -- --

36 D y

Station 3 2 1 3 2 1 gC
Transect

D.O. % Sat. D.O. I Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. I Sat. D.O. I Sat.

Depth 0 6.8 74 6.9 75 6.9 75 6.7 75 6.6 74 6.3 73

3 7.2 77 7.0 76 1.0 75 6.8 75 6.8 76 6.6 75

6 6.9 74 7.0 75 7.0 74 6.7 73 7.0 77 7.0 77

9 6.9 73 7.0 74 --- - -- -- 7.0 75 5.9 73

12 6.9 73 7.0 73 --- - -- -- 7.0 73 6.8 71

-- - -- -- 6.8 70 6.7 69

15 6.9 72 6.9 71

18 6.5 67 6.6 67 --- -- -- - 6.8 65 6.5 66

21 6.4 65 , 6.4 64 --- -- -- -- --- -- --- --

24 6.0 61 6.4 64 --- ~~ - -- --- -- --- --

27 6.0 60 6.0 60 -- -- -- -- --- -- ~~ ~

F G 11

E
Transect
Station 3 2 1

D.O. I Sat. _D.O. I Sat. D.O. I Sat. b.9. I Sat. D.O. 1 Sat. D.O. I Sat.

reptti 0 7.0 84 7.3 87 7.4 86 8.3 88 10.2 100 -- * *
.

3 6.8 82 7.4 88 7.6 90 8.4 BC 10.0 97 -- * -*

6 6.7 79 7.4 86 7.7 89 8.9 91 9.8 94 -- * -*

-- -- --- --

9 --- -- -- -- 8.4 88 8.9 89

12 --- - -- -- 8.3 85 -- -- - -- --- -

Transect 1

_M) . I Sat..-

Depth 0 6.9 68
3 7.3 72 *tialfunction of DO meter prevented sarpling.
6 7.2 70

M M S
|M M M M M M $$ M M M M M M
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ROB 1tMON DISSOLVED OXYCEN AffD l'ER CENT SATURATION
February 12, 1974

8
A

Station 3 2 1 3 2 1Transect

D.O. I Sat. D.O. 1 Sat. D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat.

Depth o 9.4 93 9.2 92 9.1 90 9.2 93 9.8 88 8.8 88

3 9.0 90 9.0 90 9.0 90 8.9 90 8d 89 8.7 88

6 8.8 88 9.0 90 8.8 88 8.9 90 f.7 90 8.8 89

9 8.8 88 9.0 90 8.9 89 8.8 88 1.9 90 8.8 89

12 8.8 88 9.0 90 P.9 89 8.9 90 9.1 93 8.9 90

15 8.8 88 8.8 88 8.8 d7 8.9 90 9.0 92 8.8 89

18 8.7 87 8.9 89 9.0 89 9.0 92 8.8 89 9.0 90

21 8.7 87 8.8 88 9.0 90 9.0 90 8.9 90 8.9 89

24 8.7 87 8.8 87 --- -- 9.0 9G 9.0 90 8.9 89

27 8.7 87 8.7 87 --- -- 9.0 90 9.0 90 8.8 88

30 8.7 87 8.8 87 --- -- 9.0 90 8.9 89 8. 8 . BS

33 8.7 87 8.8 87 --- -- 8.8 88 8.8 88 8.6 87

36 8.7 88 8.8 87 --- -- 8.8 88 8.8 88 -- --

D
C

Station 3 2 1 3 2 1Transect

D.O. 1 Sat. D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. I sat.

Depth 0 8.8 91 9.0 93 8.8 90 8.8 93 8.6 90 8.8 94

3 8.9 92 9.0 93 9.0 93 8.8 94 8.6 92 8.8 95

6 9.0 93 9.0 93 9.0 93 8.6 90 8.6 92 9.0 95

9 9.0 93 9.0 93 8.9 91 -- -- 8.6 89 8.8 91

12 8.8 89 8.9 91 --- -- --- -- 8.6 89 9.0 92

15 8.6 89 8.8 88 -- -- --- -- --- -- 8.9 87

18 8.8 89 8.8 89 --- - -- -- -- -- 8.9 87

21 8.7 89 8.8 88 -- - -- -- -- -- -- -

i
- -- --- -- -- --

'

24 8.7 89 8.8 89 --- -

,

27 --- -- 8,8 88 -- - -- - --- -- --- --

F G H
ETransect

Station 3 2 1

D.O. 2 Sat. D.O. % Sat. D.O. 1 Sat. D.O. I Sat. D.O. 1 Sat. D.O. I Sat.

Depth 0 8.1 94 8.3 94 8.1 92 8.9 93 11.8 102 10.6 107

3 8.0 93 8.2 94 8.1 92 11.5 101 12.0 102 10.5 10;

6 8.2 96 8.4 95 8.6 97 11.4 99 12.0 101 ---

--

-- - 11.1 103 11.2 97 --

9 8.2 97
- - --- -- --- --

12 8.6 102 -- -- 11.1 102
- --

-
- --

14 8.8 104 --- -
-

Transect 1

i .0. I Sat.

napth 0 12.0 98
3 11.8 93
6 11.5 93
9 11.4 92

12 11.2 90
L
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P081NSON DISSOLVED OXYCDI AND PERCDIT SATURATION
March 18, 1974

B
A

Station 3 2 1 3 2 1Transect

D.O. 1 Sat. D.O. 2 Sat. D.O. 2 Sat. D.O. I Sat. D.O. 1 Sat. D.O. I Sat.

Depth 0 10.2 107 10.0 105 10.1 106 9.7 104 9.7 105 10.0 109

3 10.2 107 10.1 106 10.2 108 10.0 107 10.2 110 10.3 110

6 10.3 107 10.2 106 10.3 107 10.1 110 10.3 107 10.4 109

9 10.3 107 10.2 106 10.4 107 10.2 107 10.1 105 10.2 107

11 10.2 105 10.0 103 10.2 105 10.1 105 10.1 105 10.0 105

15 10.2 105 9.8 100 10.2 105 10.0 106 10.0 104 10.0 105

--- --- 10.0 106 10.0 104 9.8 103

18 10.2 105 9.9 100

21 10.0 103 9.8 100 --- --- 10.0 106 9.9 103 10.0 105

10.0 106 9.8 101 9.8 103

24 10.0 103 9.8 100 --- ---

27 NA NA NA NA --- -- NA NA NA NA NA NA

4 4 NA NA 6 4

30 4 4 NA NA --- ---

NA NA -- --- HA NA
9.3 NA33

8.2 NA --- --

J6 D
C *-

Station 3 7 1 3 2 1Transect

D.O. 1 Sat. D.J. I Sat. D.O. 1 Sat. D.O. I Sat. D.O. I Sat. D.G. I Sat. 2$

Depth 0 10.0 105 9.8 108 9.6 105 9.7 110 9.8 110 9.8 110

3 10.3 110 10.2 110 10.1 108 10.0 110 10.0 105 9.8 110

6 10.4 110 10.1 107 10.2 106 10.4 113 9.8 106 9.7 105

9 10.2 107 10.1 107 --- --- --- --- 9.6 103 10.0 107

12 10.0 104 9.9 104 --- -- -- --- 9.4 100 10.1 108

15 10.0 104 9.9 103 --- --- -- --- --- --- 10.1 108
10.0 107

18 9.8 10? 9.9 103 --- -- -- --- -- ---

21 10.0 104 9.9 103 --- --- -- -- --- --- 9.8 105
9.8 105

f
---

24 9.8 '02 9.0 95 --- --- --- --- ---

27 -- -- 8." NA --- --- -- --- -- -- NA NA
!

F G 11

'

ETranaect
3 2 1

b.0. 2 Sat. D.O. I Sat. D.O. I Sat. 3.0. I Sat. D.O. I Sat. D.O. 1 Sat.*
Station

Depth 0 9.0 110 9.4 113 8.7 104 9.6 104 10.5 99 11.4 122

3 9.1 111 9.6 115 9.0 107 10.2 165 10.4 97 11.4 120

6 9.3 113 10.0 116 9.3 105 10.2 98 10.4 96 --- --

9 9.4 113 --- -- 10.8 108 10.9 105 -- -- -- ---

12 9.3 117 --- -- 10.8 107 --- --- --- --- -- ---

15 8.8 115 --- -- --- -- -- -- -- --- -- ---

I
Transect D.O. I Sat.

D.O. % Sat.
Depth 0 12.7 122 Depth 9 12.4 117 NA - not evallable

12 12.4 117
3 12.7 122

6 12.5 119

I M M M M M M M M M M M

_
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ROBit! SON DISSOLVED OKYGEN AND PERCENT SArHRATION
April 24, 1974

B
A

Station 3 2 1 3 2 1Transect

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.0. % Sat.

Dept h 0 7.2 82 7.8 87 8.0 41 7.8 89 7.8 89 8.0 92

3 7.7 86 7.8 57 7.8 89 7.8 89 7.8 89 7.8 89

6 8.0 90 7.8 87 8.0 91 7.8 89 7.8 89 7.8 89

9 7.9 89 7.8 88 7.9 90 7,7 87 7.9 91 7.8 89
|

12 8.0 90 7.9 89 7.9 90 7.8 89 7.8 89 7.8 89

--- -- 7.8 89 7.8 89 7.8 89
15 8.0 90 7.9 89

18 8.0 00 8.0 90 -- -- 7.8 88 7.8 89 7.8 89 ;

22 8.0 90 7.9 89 --- -- 7.7 87 7.7 88 7.8 89

Pi b0 90 8.0 90 -- -- 7.2 81 7.8 89 7.8 89

27 --- -- 8.0 40 --- -- 7.1 81 7.6 86 7.6 87

-- -- 8.0 90 --- -- 7.0 79 1.0 80 7.3 83

31 --- -- 3.1 91 --- -- 6.9 78 --- -- 7.2 8130

-- -- --- -- -- -- -- -

36 --- -- 8.0 90

D
hC

Statton 3 2 1 3 2 1Transect

D.O. %, Sat. 0.0. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.

Depth 0 7.6 87 7.5 87 7.8 90 7.2 87 7.2 87 7.4 39

3 7.5 87 7.0 87 7.8 90 7.1 87 7.2 89 7.4 89

7.8 90 7.9 92 7.2 87 7.2 87 7.4 89
6 7.6 89
9 7.6 89 7.8 90 --- -- 7.2 64 7.2 35 7.4 88

12 7.6 89 7.7 91 --- __ _-- -- -_ _- 7.5 87

15 7.6 89 7.6 88 -_ -- --- -- --- -- 7.4 87

]8 7.8 91 7.7 90 --- -- --- -- -- -- 7.4 85

--- - - - --- -- --- -- --- --

21 7.6 86 7.8 91

24 7.5 86 7.8 90 -- --
-- -- --- -- --- --

27 7.4 86 7.8 90 -- -- --- -- --- -- --- --

H
F C

E .__

Transect

Station 3 2 1

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. * Sat. D.O. % Sat. D.O. % Sat.

Depth 0 7.0 93 8.2 85 7.0 86 8.0 90 8.0 86 8.6 96

3 7.1 93 8.2 87 7.0 87 8.0 88 8.0 86 8.6 96

6 7.1 93 6.2 86 7.0 86 8.4 93 8.0 86 9.1 102

9 -- -- --- -- 7.5 87 8.2 40 --- -- --- --

12 --- -- --- -- 7.2 85 -- -- --- - --- --

Transect I
Depth 0 8.1 8/

3 8.2 88
8.1 87 .

_ _ _ _ _ _

q .

,
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HOIIINSON DISSOLVED OXYGEN AtlD PERCEllT SA111 RATION

May 23, 1974
B

A

Station 3 2 1 3 2 1Transect

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. 't Sat.

Depth O' 6.6 78 6.9 83 6.8 80 6.6 78 6.4 76 6.5 77

3' 6.6 78 6.9 83 6.8 80 6.5 77 6.4 76 6.5 77

6' 6.6 78 6.9 83 6.8 80 6.5 77 6.4 76 6.4 76

9'' 6.6 78 6.9 83 6.7 81 6.5 76 6.4 76 6.3 76

12' 6.6 78 6.9 83 .
6.8 82 6.5 76 6.5 77 6.0 72

15'. 6.6 78 6.8 81 6.7 81 f. 6 78 6.4 76 6.2 74

18' 6.4 76 6.8 81 6.8 82 5 78 6.0 71 6.2 74

21'. 5.6 67 6.6 78 -- -- 2 61 5.8 68 5.2 61

24'' --- -- 5.0 60 -- -- .6 54 4.9 58 4.7 56

--- -- 4.4 52 4.4 51 4.4 52
27' --- -- 5.0 59

30' --- -- 4.2 48 --- -- 4.2 49 3.8 54 4.2 49

33' --- -- 4.0 47 -- -- --- -- 2.6 30 3.2 38

D
C

Station 3 2 1 3 2 1Transect

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.

Depth O' 6.8 83 6.8 82 6.8 81 6.8 81 6.7 80 6.5 78

3' 6.8 83 6.8 82 6.7 80 6.7 78 6.6 78 6.4 76

6' 6.8 83 6.8 82 6.7 80 6.6 79 6.6 78 6.5 77 C
"

9' 6.7 81 6.8 82 --- -- -- -- (. 6 78 6.5 77

--- -- -- - 6.6 78 6.5 77

12' 6.8 82 6.8 82

1 15' 6.7 81 6.8 82 --- -- --- -- 6.6 78 6.3 75
|

18' 6.5 77 6.8 82 --- -- -- -- 5.8 68 6.7 80

21' 5.8 69 6.8 82 --- -- --- -- --- -- --- --

24' 4.1 48 4.4 53 --- -- --- -- -- --
--- --

27' -- ,
-- 4.0 49 --- -- --- - --- -- --- --

F G H
E

Transect
3 2 1

Station _

I Sat. D.O. %' Sat. D.O. % Sat. D.O. 2 Sat. D.O. I Sat. D.O. 2 Sat.

Depth O' 5.3 67 6.0 75 6.4 79 6.2 75 6.8 81 6.7 78D.O.

3' 5.3 67 6.1 76 6.4 78 6.2 75 6.6 76 6.7 78

6' 5.3 67 6.2 77 6.4 78 6.4 76 6.0 68 --- --

9' --- - --- -- 5.7 67 5.4 63 -- --
-- -

12' --- -- --- - 5.3 63 - - - - -- -- -- --- --

Transect T

D.O. 2 Sat.

Depth O' 7.0 78

3' 6.8 77

6' 6.8 77

I E E E E E E E M M M M M M M
i
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RDBINSON DISSOLVED OITCEN AMD PERCENT SATUFATION

June 27. 1974

8
A_ Transect

Station 3 2 1 3 2 1

D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.C. I Sat. D.O. I Sat.

Depth O' 6.5 80 6.5 81 6.4 77 7.5 91 7.4 90 6.4 77

3' 6.4 77 6.5 80 6.3 76 7.4 90 7.4 90 6.4 77

6' 6.4 77 6.4 77 6.3 76 7.1 87 7.5 91 6.5 80

9' 6.3 76 6.4 17 6.3 76 t 9 84 7.5 91 6.5 60

12' 6.3 76 6.4 77 6.2 75 6.8 83 7.5 91 b.5 80.

15' 6.3 76 6.4 77 --- -- 6.7 82 7.5 91 6.4 77

18' 6.3 76 6.4 77 -- - 6.6 80 7.6 93 6.4 77

6.4 77 7.6 93 6.0 80
21' 6.3 76 6.4 77 --- --

-- -- 6.4 77 7.6 93 6.4 77
24' 6.2 '5 6.4 77

27' -- -- 6.3 76 -- -- 6.3 77 7.6 93 6.6 80

30' -- - 6.3 76 -- - --- -- 7.5 92 6.6 80

33' - - - -- 6.3 76 --- - - - 7.4 90 -- --

36' --- -- 6.3 76 -- - - -- - - -- --

w
-a
u

D
CTransect ~

2 1 3 2 1

Station 3

U.0 I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

Depth O' 6.4 77 6.7 81 6.8 82 6.0 73 7.0 86 6.4 76 ,

i

3' 6.4 77 6.6 80 6.6 80 6.0 75 6.9 85 6.2 75

6' 6.4 77 6.0 73 --- -- -- -- 6.9 ES 6.2 75

9' 6.4 77 6.5 79 --- -- -- - 6.9 P4 6.2 75

6.9 C4 6.2 75
12' 6.5 78 6.6 80 --- - --- --

6.6 80 6.1 74
15' 6.5 78 6.6 80 -- -- - .-

6.5 78 6.0 73
18' 6.5 79 6.6 80 --- -- --- -

21' 6.4 77 6,6 80 -- - --- - -- -- -- --

24' 6.4 77 6.6 80 - -~ -- -- -- -- -- --

F C H

Tranraect E

Statton 3 2 1 3 2 1

D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

|
Depth O' 6.6 86 7.0 90 7.1 89 7.1 84 7.0 79 -- * -*

| 3' 6.6 36 6.8 88 7.1 89 7.0 83 6.9 79 -- * -*

6' 7.0 91 --- -- 7.0 90 6.9 82 6.9 80 -- * -*

9' --- -- --- - 6.9 84 4.8 80 --- -- - - * -*

-- -- -- -- 6.8 83 --- - --- -- -* *

12'
1Transect

U.0 I Sat.

Depth O' -- * -*

3' -* -*
* Malfunction of D.O. uneter prevented sampilng.6' -* -*

. _ _ _ _ _
,
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ROBINSON DISSOLVED 01TCDI AND PERCENT SAntRATION .

July 11, 1974

B
Tranaect A

Station 3 2 1 3 2 1

D.O. I Sat. D.O. 1 Sat. D.O. 1 Sat. D.O. I Sat. D.O. 2 Sat. D.O. I Sat.

| Depth O' 7.3 97 7.2 96 7.0 94 6.7 90 6.9 93 7.2 96

1 3' 7.0 94 7.1 95 6.7 89 6.7 90 7.0 94 7.1 95

6' 6.9 92 6.8 90 6.8 90 6.7 90 6.9 93 6.9 93

9' 6.9 97 6.9 92 6.9 93 6.s 90 6.7 89 6.9 93

12' 6.9 92 6.6 88 6.8 90 6.7 90 6.7 89 6.8 90

15' 6.9 92 6.7 89 --- -- 6.6 86 6.7 87 6.7 87

18' 6.8 90 6.7 89 --- -- 6.2 80 6.4 83 6.5 85

21' 6.8 90 6.7 87 --- -- 6.1 78 6.0 77 6.4 82

24' --- -- 5.4 72 --- -- 3.9 49 5.0 64 5.3 67

27' --- -- 5.0 64 --- -- 3.8 48 3.9 48 3.6 45

30' --- -- 4.2 52 --- -- 2.4 30 2.4 29 2.3 27

33' --- -- 3.3 40 --- -- 1.5 5 1.1 13 0.7 1

D r.
Transect C

Station 3 2 1 3 2 1 34

D.O. I Set. D.O. I Sat. D.O . I Sat. D.O. I Set. D.O. I Sat. D.O. I Sat.

Depth O' 7.2 99 7.2 97 7.4 100 6.3 90 6.1 86 6.4 90

3' 6.9 9 's 7.0 95 7.1 97 6.3 89 6.1 86 6.4 90

6' 6.7 91 6.9 94 6.9 91 5.9 83 5.9 83 6.3 88

9' 6.7 91 6.8 90 --- --- --- -- 5.1 67 6.1 80

12' 6.5 87 6.6 83 --- --- --- -- 4.3 55 4.4 56

15' $.9 71 6.5 84 --- --- --- -- 2.8 34 3.6 45

18' 5.9 76 5.8 75 --- --- --- -- 2.6 32 2.9 36

31' 5.5 70 5.4 69 --- --- --- -- --- -- -- --

24' 4.7 60 --- -- --- --- --- -- --- -- -- --

27' 2.6 32 --- -- --- --- --- -- --- -- --- -

Transect E F G 11

Station 3 2 1

D.0. % Sat. D.O. I Sat. D.O. I Sat. D.O. 1 Sat. D.O. J Sat. D.O. % Sat.

Depth O' 6.3 97 6.0 89 5.9 86 6.7 90 6.6 85 7.7 100

3' 6.0 92 5.6 83 5.7 84 6.5 88 6.5 84 7.7 101

6' 5.9 90 5.5 81 5.1 74 6.0 80 '; . 8 69 7.6 100

9* --- -- --- -- 5.0 63 5.4 66 - - - -- -- ---

12' --- -- --- -- 4.1 53 --- -- --- -- --- ---

Transret I
Depth O' --- --

3a --- --

6' --- --

Em M M M M MB M M M M M M M M
,
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11 . 11 . POBINSON DISSOINED OXYGEN AND FER';ENT SATURATIOff -

August 29, 1974

Transect A 11

itation 3 2 1 3 2 1

D.O. I Sat. D.O. % Sat. D.O. I Sat. D.0 % Sat. D.O. % Sat. D.O. % Sat.
Depth O' 5.5 72 6.0 77 5.8 75 5.8 75 5.8 77 5.9 77

3' 6.2 82 6.0 77 6.0 78 5.8 75 5.7 76 5.8 77

6' 6.2 82 5.9 77 6.7 82 5.5 73 5.7 76 5.8 77

9' 6.1 82 3.8 76 6.3 83 5.4 71 5.7 75 5.8 77

12' 6.1 82 6.0 77 --- -- 5.4 71 5.6 74 5.7 76
5.6 7515' 5.7 75 6.0 77 --- - 5.4 70 5.6 74 *

18' 5.0 65 5.8 76 --- -- 4.8 63 4.4 57 5.1 67

21' 3.8 50 41 53 --- -- 1.7 50 3.7 50 4.5 60

24' 3.3 43 2.8 37 --- -- 2.8 37 3.1 41 3.4 47

27' --- -- 2.3 29 --- -- 2.3 29 2.1 2 P, 2.9 38

30' --- -- 1.8 23 --- -- 1.2 14 1.1 14 3.1 41

ll' --- -- 1.5 19 --- -- --- -- --- -- --- --

36' --- -- 1.4 17 --- -- --- -- --- -- -- --

Transect C CA

Station 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.9. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat.
.

Depth O' 5.9 78 5.8 77 5.9 77 5.8 77 5.9 78 5.9 78 g
3' 5.9 78 5.8 77 6.0 80 6.0 80 6.0 81 6.0 80

6' 5.9 78 5.8 77 6.1 81 6.0 80 5.9 78 6.0 80

9' 5.9 78 5.7 76 --- -- --- -- 5.9 78 6.3 84

12' 5.9 78 5.8 77 -- -- --- -- 5.9 77 ---- --

15' 5.8 77 5.6 75 --- -- --- -- 5.4 71 --- --

18' 4.4 57 5.0 67 --- -- --- -- 5.4 72 --- --

21' 2.6 34 3.6 47 --- -- --- -- 3.6 48 --- --

24' 1.6 21 2.0 26 --- -- --- -- --- -- --- --

Transect D E

Stath551 3 2 1 3 2 1

D.O. % Sat. D.C. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat.
'

Depth O' 5.4 74 5.2 71 5.6 78 4.5 68 4.6 68 4.7 60

3' 5.4 74 5.4 74 5.4 75 4.5 68 4.6 67 4.2 60

6' 5.4 74 5.4 74 5.4 75 4.7 72 5.0 73 4.4 65

9' --- -- 5.4 74 5.4 73 4.8 71 5.5 73 4.8 67

12' --- -- 5.0 68 5.0 67 4.8 74 --- 55 --

15' --- -- --- -- 4.2 57 -- -- --- -- --- --

._ _. _ - . - . -_ - - - - _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ - - _ - _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - - - - _ _ _ - -



.

Station F G 11 I J K

D.O. % Sat.
_

D.O. 2 Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat.

Depth O' 5.2 70 6.3 80 6.6 87 7.3 88 6.8 82 5.6 72

l' 5.2 72 6.4 81 6.6 87 7.0 86 6.8 80 6.0 79

6' 4.H 60 5.8 73 --- -- 6.8 81 6.8 79 5.6 73

9' --- -- 5.6 67 --- -- --- -- --- -- --- --
1

12' --- -- 5.6 67 --- -- --- -- -- -- --- --

.

e

:

1

4

_ ___
.

-

-

.. . _



- umsm, r, o nu

(

II . 11 . Monit3 SON DISSOINEO OXYGEN AND PERCENT SATURATION
'

September 4. 1974

B j

Transect A

S ta t f ort 3 2 1 3 2 1

Depth O' 5.7 74 5.3 68 5.3 68 5.7 74 5.4 69 5.5
~I "at.

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O.
70

3' 5.6 72 5.2 67 5.1 68 5.7 74 5.4 69 5.5 70

6' 5.6 72 5.3 68 5.4 69 5.7 74 5.4 69 5.4 69

9' 5.6 72 5e3 68 5.4 69 5.6 72 5.4 60 5.4 69

12' 5.6 72 5.3 68 5.8 75 5.6 72 5.4 69 5.4 69.

15' 5.6 72 5.2 67 --- - 5.6 72 5.4 69 5.4 69

18' 5.6 72 5.2 67 --- -- 5.7 74 5 . '. 69 5.4 69

21' 5.5 70 5.2 67 --- -- 5.7 74 5.4 69 5.3 67

24' --- -- 4.9 63 --- -- 5.6 72 5.4 69 5.4 69

| 27' --- -- 4.4 56 --- -- 5.6 72 5.3 67 5.4 69

30' --- -- 4.2 54 --- - 2.5 34 2.2 29 4.4 57

33' -- -- 4.2 54 --- -- -- -- 0.3 3 0.2 2

|
1

';A

Transect C

Station 3 2 1 3 2 1

D.O. % Sat. D.O. 7. Sat. D.O. 2 Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat._

Depth O' 5.8 77 5.8 75 6.1 77 5.8 77 5.5 71 5.7 75 0
''

3' 5.8 77 5.8 75 6.0 76 5.8 77 5.4 71 5.6 73

6' 5.8 77 5.8 75 6.1 78 5.7 77 5.4 71 5.6 73

9' 5.7 75 5. !! 75 6.2 78 5.8 77 5.4 71 5.6 73

12' 5.7 75 5.8 75 --- - --- -- 5.8 77 5.7 75

15' 5.8 77 5.8 75 -- -- --- -- 5.8 77 5.6 73

18' 5.7 75 5.8 75 --- -- -- - 5.5 72 5.5 71

21' 5.2 67 --- -- -- -- --- -- 5.5 72 --- --

24' 5.2 67 --- -- --- -- --- -- 5.4 70 --- --

E
Transect D

S t a t 1_on 3 2 1 3 2 l_
D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. 7. Sat. D.O. % Sat. D.O. % Sat.

Depth O' 3.5 76 5.4 73 0.5 74 4.5 65 4.9 71 5.2 74

3' 5.5 76 5.2 71 5.5 74 4.8 70 4.9 71 5.2 74

6' 5.5 75 5.0 68 5.6 76 5.0 68 5.5 77 5.1 72

9' -- -- 5.2 68 5.5 73 --- -- 4.9 65 5.3 70

12' -- -- 5.6 73 5.4 70 --- -- --- - 4.9 63

15' --- -- 5.2 68 4.4 57 --- - -- -- --- --

..
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ROBl!!S0!1 DISSOINED OXYGE!J A!JD PERCEf1T SATURATIOli!!. B.
October 16, 1974

B
.A

Station 3 2 1 3 2 1Transect

D.O. % Sat. D.O. I Sat. D.0 % Sat. D.O. % Sat. D.O. % Sat. D.O. I 9at.

Depth O' 7.4 83 7.6 85 7.7 86 7.6 86 7.5 83 7.8 87

3' 7.3 81 7.6 85 7.7 86 7.6 86 7.4 83 7.7 88

6' 7.3 81 7.5 83 7.7 86 7.5 84 7.4 83 7.7 88

9' 7.3 81 7.5 83 7.6 85 7.5 84 7.4 83 7.6 87

12' 7.2 80 7.4 82 7.5 84 7.6 86 7.3 82 7.6 87*

7.5 84 7.2 80 7.6 87

15' 6.9 77 7.4 82 --- --

18' 5.2 57 6.8 76 --- - 7.4 84 7.1 79 6.7 75

-- -- 7.3 82 6.7 73 6.0 66

21' 4.6 50 5.2 57
--- - 5.0 55 6.0 67 5.7 63

24' -- -- 3.4 40
3.8 41 3.6 39 2.3 25

27' -- -- 2.8 30
--- -- 3.7 40 3.5 38 2.8 30-----

--- -- 2.7 28
--- -- -- -- --- -- --- - --- -- 2.8 3030'

33'

CA
C 1

S_tation 3 2 1 3 2Transect

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat.

Depth O' 8.1 93 7.9 89 7. 7 87 7.7 89 7.8 90 7.7 89
C

3' 8.0 91 7.9 89 7.8 88 7.7 89 7.6 88 7.6 88 *

6' 7.9 90 7.9 89 7.7 87 7.7 89 7.7 89 7.7 89

7.7 88 7.6 88 7.7 89

-- -- 7.8 89 7.4 86 7.7 899' 7.9 90 7.8 88 -----

7.4 84 7.7 8712' 7.9 90 7.8 88
-- --- --

- - -- - 6.6 73 7.2 8215' 7.8 89 7.8 88 ---

--- -- 6.0 67 5.6 6218' 7.3 83 7.8 88

21' 6.4 70 6.9 76 -----
---

--

- --

--- - -- -

24' 4.0 44 5.1 56

E

Station 3 2 1 3 2 1D
| Transect

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

Depth O' 7.0 83 7.0 83 7.0 85 5.2 67 5.3 67 5.7 72

3' 7.0 83 6.9 82 7.0 85 5.2 68 5.3 68 5.7 73

6' 7.0 83 7.0 83 7.0 85 5.2 68 5.5 69 5.7 72

9' --- -- 7.0 83 7.0 84 5.2 68 -- -- 6.4 79
j

-- -
-

12' -- - --- - 7.1 84 5.2 681

-- -- -- --

ic' __. _ _ . --- -- 7.1 80 --

. _ _



I
'

Station F G !! I* J K*

D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat.

Depth O' 6.6 80 7.8 88 d.3 92 7.3 73 7.9 81 7.3 78

3' 6.7 82 7.8 87 8.3 92 7.3 73 7.9 81 7.1 76

7.1 71 --- - 7.1 76
.

6' 7.4 86 7.8 34 -- -

|

1

l
1

E
O

1

.
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* October 17, 1974
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H. B. ROBINSON DISSOLVED OXYCEN AND PERCENT SATURATION
November 13, 1974

i

Transect A B

Station 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. 4.0. % Sat.

Depth O' 7.5 79 8.0 87 7.6 81 7.5 78 8.2 88 8.2 88

3' 7.5 80 8.0 87 7.7 82 7.5 79 8.1 88 8.2 88

6' 7.5 80 8.1 87 7.7 82 7.5 80 8.0 87 8.2 90

9' 7.6 81 8.0 87 7.8 83 7.6 81 8.1 87 8.1 88

12' 7.6 81 8.1 88 8.0 87 7.6 81 8.0 86 8.0 87

15' 7.6 81 8.1 88 --- -- 7.6 81 7.9 85 8.0 85

18' 7.5 80 8.2 89 --- -- 7.6 81 7.9 85 8.0 86

21' --- -- 8.1 88 --- -- 7.5 80 7.9 85 8.0 86

24' --- -- 8.1 88 --- ~~ --- -- ?.9 85 7.9 85

27' --- - 8.0 87 -- - -- -- 7.3 84 7.9 85

30' --- -- 8.0 87 -- -- --- -- 7.8 84 7.8 84

33' --- -- 7.9 84 --- -- --- -- --- -- 7.2 77

Transect C CA

Statton 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. I S1t. D.O. I Sat. D.O. % Sat. D.O. % Sat. g
"

Depth O' 8.3 90 8.1 88 8.5 94 8.5 95 8.2 91 8.0 89

3' 8.1 88 8.1 88 8.5 94 8.2 92 8.2 93 8.0 90

6' 8.1 88 8.1 88 8.5 94 7.9 88 8.2 93 7.9 88

9' 8.0 87 8.2 90 --- -- 7.4 81 7.8 87 7.8 86

12' 7.9 86 7.9 86 --- -- 6.9 75 7.6 83 7.8 86

IS' 7.9 86 7.9 86 --- -- 6.9 75 7.2 78 --- --

18' 7.9 86 7.9 86 --- -- --- -- . 7.4 80 --- --

21' 7.7 83 U.0 07 --- -- --- -- 6.5 71 --- --

24' 7.7 83 8.0 87 --- -- --- -- --- -- --- --

Transect D E

Station 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sut. D.O. % Sat. D.O. % Sat.

Depth O' 8.1 93 7.9 90 7.9 92 7.6 97 7.5 93 7.2 88

3' 8.0 90 7.9 92 7.9 92 7.6 98 7.6 94 7.5 90

6' 7.9 88 7.7 87 7.9 92 7.6 98 8.2 97 7.9 93

'i ' -- -- 7.7 37 7.6 85 --- - --- -- 8.9 91

12' --- - 7.5 83 7.6 84 --- -- --- -

IS' -- -- --- -- 7.0 77 --- -- --- --

.. ,
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Station F G 11 I K

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.

Depth O' 10.8 106 13.8 112 10.1 97 12.7 120 10.I 98

3' 12.8 110 13.5 108 10.0 95 12.4 114 10.0 96

6' 12.5 107 13.4 107 10.0 95 12.2 113 9.8 93

9' __ __ __ __ __ __ 11,7 97 __ __

|

13 0
The Dissolved oxygen Meter was checked and recalibrated upon its return to the Apex 1.aboratory.
significant variation was noted. Therefore, it is assumed that field readings were correct, and super-
saturation existed in both the impoundment and Black Creek.
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HOBINSON DISSOINED OXYCEtt AND PERCENT CATURATION

January 16, 1975

Transect. A B

Station 3 2 1 3 2 1
~

D.O. I Sa!. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. |
'

Depth O' 9.7 93 10.2 98 9.4 88 9.9 97 9.8 94 10.2 98

3' 9.4 91 10.0 97 9.6 91 9.8 96 9.7 96 9.8 96

6' 9,4 91 10.0 97 9.8 95 9.7 95 9.6 95 9.d 96

9' 9.4 92 10.0 97 10.0 94 9.6 94 9.6 95 9.8 96

12' 9.6 94 10.0 97 -- -- 9.6 94 9.6 95 9.8 96

15' 9.6 94 10.0 97 -- -- 9.6 94 9.7 96 9.8 96,

18' 4.6 94 10.1 98 -- -- 9.6 94 9.7 96 9.8 96

21' 9.6 93 10.1 98 -- -- 9.6 94 9.7 96 9.8 96

24' 9.6 94 10.2 98 -- -- 9.8 95 9.7 96 9.9 97

27' -- -- 10.2 98 -- -- 9.8 95 9.8 97 9.9 97

30' -- -- 10.2 98 -- -- 9.7 94 9.8 97 9.8 96

33' -- - 10.2 98 -- -- 9.6 93 9.8 97 9.8 96

CA
Transect C

Station 3 2 1 3 2 1,

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.0 I S'E.
Depth O' 9.9 98 9.9 97 9.7 96 97 99 9.9 99 9.8 100-

l' 9.8 98 9.8 97 9.7 99 9.8 98 9.9 99 9.8 98 %
"

6' 9.7 96 9.7 95 9.6 94 9.8 98 9.8 98 9.8 98

| 9' 9.7 96 9.6 94 9.6 94 9.8 98 9.8 98 9.7 97;

| 12' 9.7 96 9.7 96 -- - 9.6 97 9.8 98 9.7 97

| 15' 9.7 96 -- -- -- - 9.6 95 9.8 97 9.7 97

18' 9.7 96 - -- -- - 9.4 93 9.6 95 9.5 94

21' 9.7 96 -- -- -- -- - -- 9.5 94 9.3 91

24' 9.7 96 -- -- -- - - -- 9.5 94 9.2 90

27' 9.7 96 -- -- -- -- -- -- -- -- -- --

E .-

Transect D

~~~ Station 3 2 1 3 2_ 1

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.0 % Sat. D.O. % Sat. D.O. % Sat.

Deptit O' 9.9 103 7.5 100 9.6 100 9.8 107 8.9 100 9.0 101

3' 9.9 103 9.5 100 9.6 10I 9.6 105 9.0 100 9.0 103

6' 9.9 103 9.7 101 9.6 100 9.8 107 9.4 102 9.2 103
-~ -- 11.4 112

9' 9.8 102 9.8 101 9.6 98 11.4 118

12' -- -- 10.0 103 10.0 101 -- -- - -- 11.5 107

15' -- - -- -- 10.5 100 -- -- .

12.0 107

18' -- -- -- -- 10.2 97 -- -- -- -- -- --

71* __ -_ __ . . . in.0 os -- -- - -- -- --

. .

.
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F G 11 I K
Stationi _

D.O. % Sat. D.O. 7 Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.

Deptli O' ~~10.7 107 13.2 107 11.4 111 13.5 114 10.8 104

3' 12.8 112 13.2 107 11.5 112 13.5 112 10.8 104

6' L3.3 114 12.8 103 11.5 113 13.5 112 10.7 103

9' 13.3 112 12.8' 103 11.6 114 13.0 110. --- ---

12' --- --- 12.6 102 --- --- --- --- --- --- |
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RonINSON DISSOINED OXYCEN AND PERCENT SATURATION

February 5, 1975
B

A

_ Station 3 2 1 3 2 1_ Transect

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat.

Depth O' 8.8 85 F.9 86 8.8 85 8.9 86 8.8 83 8.6 82

3' 8.7 84 8.8 a5 8.8 85 8.8 85 8.8 85 8.6 82

6' 8.6 83 8.8 85 8.7 84 8.8 85 8.7 83 0.6 fi2

9' 8.6 83 8.7 84 8.7 84 8.8 85 8.8 85 8.6 82

12' 8.6 83 8.7 84 8.8 85 8.8 85 8.7 83 8.6 82

15' 8.6 83 8.7 84 8.7 84 8.8 85 8.7 83 8.6 82

18' 8.6 83 8.7 84 -- -- 8.8 85 8.8 85 8.6 82
|

21' 8.7 84 8.7 84 --- __ 8.8 85 8.8 85 8.6 82

8.7 84 --- - 8.6 85 8.8 85 8.6 82

27' --- -- 8.7 84 -- -- 8.8 85 8.8 85 8.6 8224' --- --

8.8 85 8.8 85 8.6 82
- -- 8.' 84 --- -

30' CA
C

Station 3 2 1 3 2 1Transect

~.0. I Sat. D.O. % Sat. D.O. % Sat. ~~ D.O. % Sat. D.O. I Sat. D.O. % Sat.

Depth O' 8.6 84 8.7 85 8.9 86 8.6 85 8.4 83 7.9 76

3' 8.6 84 8.7 85 9. fi 85 8.5 85 8.4 83 7.9 76

6' 8.5 83 8.7 85 8.9 86 8.6 85 8.6 f!8 7.9 76 ~

--- - 8.6 85 8.8 85 8.3 78 $
9' 8.5 82 8.7 85

--- -- 8.7 83 8.9 86 8.5 78

12' 8.6 83 8.8 85

15' 8.6 83 8.8 85 --- - -- -- 8.9 86 8.5 78

--- -- --- -- 8.9 86 8.5 78

18' 8.6 83 8.8 85

21' 8.6 83 8.8 85 -- -- -- 8.9 86 8.5 78

24' 8.6 83 8.8 85 -- -- -- -- 8.9 86 8.5 78

E
D

Statton 3 2 1 3 2 1Tran se:c t

D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat.

Depth O' 9.0 86 8.8 86 8.5 84 7.6 83 8.1 79 8.0 84

3' 8.8 87 8.6 84 8.3 81 7.7 84 8.4 87 7.6 80

6' 8.7 86 8.6 84 8.3 81 7.4 76 8.7 87 7.3 82

--- -- --- -- 10.7 94

9' 8.7 85 8.6 84 8.5 83
- -- -- -- 10.6 93

12' --- -- 8.6 84 8.5 82
8.5 82 -- -- --- -- ---

--

15' --- -- --- -

IE' -- -- --- -- 8.5 80 -- -- -- -- ----
--

. _ _ _ _ _ _ -
. .

.. .

.

.
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11. B. ROBillSON DISSOINED OXTOEN AND l'ERCENT SATURATIOff
March 5, 1975

B

Station 3 2 1 3 2 1A
Transect

D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D .O . % Sat. D.O. % Sat.

Depth O' 8.4 84 8.5 83 8.4 82 8.4 84 8.5 84 8.2 19

3' 8.3 82 8.4 82 8.2 79 8.6 86 8.3 82 8.2 80

6' 8.2 81 8.3 81 8.0 77 8.6 84 8.3 81 8.2 78

9' 8.1 78 8.4 81 1.9 76 8.6 82 8.4 82 8.1 77

12' 8.1 77 8.1 80 7.9 76 8.5 82 8.* 81 8.1 77

15' 8.1 77 M.3 60 7.9 76 8.5 81 8.5 80 8.2 77

8.0 76

18' 8.2 78 8.2 78 7.9 76 8.4 81 8.5 82 .

21' 8.2 7b 8.2 78 7.9 76 8.4 81 8.5 82 8.0 76

--- -- 8.2 78 --- -- 8.4 81 8.4 81 8.i 77

-- -- 8.0 76 --- -- 8.4 81 8.4 81 8.2 7824'
8.2 76 8.4 81 8.2 77 |27'

- -- 8.4 81 8.2 77 |
--- -- 8.0 76 --- -

10'

36' -- - --- -- - --
- -- -- -- 7.8 73 |8.0 76 --- --

33' -- -

CA
C 1

Station 3 2 1 3 2Transect

'D.O. A Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

h
Depth O' 8.4 87 8.8 90 U.8 89 8.3 89 8.6 92 8.4 87

3' 8.6 88 8.7 87 8.9 89 8.3 87 8.6 89 8.4 87

6' 8.7 87 8.7 86 9.0 88 8.4 84 9.0 90 8.8 88

8.4 83 B.7 87 8.8 87

12' 8.7 85 8.6 84 -- -- --- - 8.6 83 8.8 879' 8.8 86 8.7 86 --- -

15' 8.6 84 8.5 83 --- - - - 8.6 85 - -

-- - -- - - --- 8.8 86 --

18' 8.6 84
--- -- 8.9 86 -- -

-
--- --

-

21' 8.5 82
-- -- 8.8 85 --

-

24' 8.4 80 --- -- --- -

E
D 1

-Station 3 2 1 3 2Transect

D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

"' 6.7 73

Depth O' 8.4 92 7.6 82 7.8 85 8.4 97 7.4

3' 8.6 89 7.9 82 8.1 86 8.6 99 7.4 83 7.2 80

6' 8.6 87 8.2 84 8.3 84 8.7 Im) 8.0 87 7.0 75

--- -
--- -- 9.8 87

9' -- __ 8.5 84 8.1 83
- -

--- - 9.5 86

12' -- - -- -- 8.1 82
- -

-- - --
-

15' --- --
--- - 8.3 81

-_ __ --_ _- n.2 77 -- -
-- -- --- --

ig' .

~
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Stattons F G ll* I* K* I

D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. i
!

Depth O' 6.9 68 10.4 95 11.2 105 9.6 87 11.1 112 !

j 3' 8.3 77 10.4 90 11.2 107 8.9 79 10.8 106 f
~

6' 9.2 77 10.2 88 11.6 111 8.4 73 10.4 102 1
,

9' 9.2 76 --- - - 8.6 76 10.4 10'z

12' 9.0 75 ---- -- --- - -- -- ---- --

,

i
r

,

* Sample,1 March 6, 1975
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F I I

St at ion F G 11 i
'

1) . 0. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

Deptit O' 10.9 106 10.5 101 11.8 124 11.6 115

3' 10.8 104 10.1 98 11.6 122 11.6 115

6' 10.8 104 10.1 91 11.5 120 11.4 114

9' 10.7 103 --- -- -- --- 11.3 112

U
tJ

e

CS M M M M M M Ms W m m m m m a e omE a h
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ROBINSON DISSOINED OXYGEN AND PERCGNT SATURATIONII . B.
tiay 12, 1975

8 _

Transect A

Station 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

Depth * O' 8.4 99 8.6 101 8.4 100 8.2 98 8.2 98 8.4 101

3' 8.3 96 8.8 101 8.6 102 8.4 100 8.4 100 8.6 103

7' 6.7 99 8.7 100 8.7 99 8.4 97 8.4 98 8.7 101

10' 8.7 99 8.6 98 8.5 97 8.2 94 8.3 95 8.4 96 ;

13' 8.1 92 8.4 95 8.2 93 8.2 94 8.2 94 8.4 95 i

16' 8.1 92 8.2 93 d.1 92 8.1 93 8.2 94 8.3 . 94

20' 7.2 82 8.0 91 7.8 88 6.9 78 8.0 91 7.9 88

23' 6.9 78 7.1 80 -- -- 6.9 78 7.5 85 7.3 83

26' 6.3 70 7.1 79 --- - 6.7 76 6.6 74 6.8 77

30' --- -- 5.9 66 --- --- 6.0 67 6.0 67 5.8 65

33' --- -- 6.1 68 -- --- 5.2 58 6.0 66 5.6 62

36' --- -- 5.2 58 -- --- -- - 5.4 60 3.5 39

39' --- -- -- -- --- --- --- --- --- --- 0.5 5

CA
C

Station 3 2 1 3 2 1Transect _

D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. 3

Depth O' 8.4 102 8.6 103 8.4 100 8.4 102 8.5 103 8.3 100

3' 8.6 103 8.7 104 8.6 104 8.6 103 8.6 104 8.7 107

7' 8.6 100 8.6 100 8.7 103 8.6 103 8.6 103 8.6 102

8.5 100 7.8 89 8.3 96
10' 8.6 99 8.6 98 --- ---

-- --- --- --- --- -- 8.0 92
13' 8.0 92 7.8 88

16' 7.9 89 7.4 84 --- --- --- --- --- --- 7.6 86

20' 5.9 65 6.5 73 --- --- --- -- --- --- 6.5 72

23' 5.6 62 5.0 56 --- -- --- --- --- -- 6.3 69

26' 5.3 58 4.8 53 -- --- --- --- --- -- -- --

E
D

Stat ion 3 2 1 3 2 1Transect

D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat.

Depth O' 8.4 102 8.4 101 8.6 104 7.9 95 8.0 98 7.9 95

3' 8.6 104 8.5 102 8.6 104 8.0 96 8.1 96 8.1 97

7' 8.6 103 8.4 100 8.5 103 8.1 97 7.9 91 8.3 100

10' -- --- 8.3 97 8.0 91 8.1 97 --- - 7.3 79

13' --- --- --- --- 7.7 87 8.1 97 --- -- 6.8 73

16' --- --- --- --- 6.2 68 7.9 94 --- - -- ---

20' --- -- --- --- 5.8 63 -- - --- -- -- ---

.__
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Ss.ation F G 11 I J (
u.d. % Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat.

'

Depth O' 8.4 100 8.8 105 9.4 107 8.4 96
3' 8.5 103 7.2 87 9.6 109 8 '. 4 97
7' 7.5 81 7.1 73 9.5 107 8.5 97

10' 7.0 15 7.0 73 --- --- 8.4 97

i
;

.

?'

Dissolved oxygen was reco.'".1 at meter intervals. !
!
,

I

f

.

!

k

|
1

$
.

r

i

i
1

R$ M M M M M M M M M W W W W W W W Mi

,

. _. , . .
_ . . - _ - . . ._ _ - - _ .



E dU
. I s

'

I
~

|
i

ROBINS 0't DISS01.V7D OKYGEN AND I"f3 CENT SATtJRATIO*4
May 27, 1975

B
A

Station 3 2 1 3 2 1Transect

D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. 0.0. I Sat.

Depth O' 8.0 99 7.6 96 7.8 97 8.1 102 8.1 102 8.1 102

3' 8.1 98 7.7 94 7.6 94 8.1 100 8.2 101 8.1 100

6' 8.0 96 7.9 96 7.8 95 7.9 96 7.8 95 8.0 97 .

7' 7.6 91 8.1 97 7.5 90 7.5 90 7.5 90 7.3 87
,

12' 7.4 88 7.8 93 7.4 88 7.4 87 7.2 85 7.3 87'

15' 7.2 86 7.2 85 6.5 77 7.1 84 1.0 83 1.0 84

18' 6.9 81 6.6 78 - - 6.7 78 6.7 7R 6.7 77

| 21' 6.0 69 6.1 70 - - 5.7 66 6.4 75 6.6 17

24' - - 5.6 64 - - 5.7 66 5.7 66 6.1 70

27' - - 5.2 59 - - 5.1 59 4.9 56 5.1 58

30' - - 4.6 52 - - 3.0 34 2.9 32 2.9 '1

33' ~ - 3.4 39 - - 2.4 26 2.4 26 2.6 29

36' - - 1.8 20 - - - - - -
- -

39' - - n.9 21 - - - - - -
- -

r
e

CA
C

l St at ion 3 2 1 3 2 1Transect

f D.O. I Sat. D.O. I Sat. D.O. I sat. D.O. I Sat. D .O . I sat. D.O. I Set.

I Depth O' 8.0 102 8.0 101 8.1 102 8.1 103 8.1 104 8.1 104

3' B.0 101 8.0 100 8.0 98 8.0 100 7.9 98 8.0 103

6' 7.9 97 7.9 93 8.0 98 7.9 98 7.9 98 7.9 98

9' 7.4 90 7.5 91 - - 7.0 86 7.0 85 7.4 90

12' 7.3 88 7.2 86 - - 6.8 81 7.0 84 7.1 85

15' 6.8 81 6.8 80 - - 5.9 82 6.7 80 6.3 74

18' 5.8 68 6.1 11 - - 5.5 64 4.8 54 6.2 73

21' 5.1 59 4.8 56 - - 4.6 52 4.5 53 - -

24' 4.7 54 4.7 54 - - 4.5 51 2.3 51 - -

27 3,g 33 _ _ - - _ - - - - -

E
D

Statfon 3 2 1 3 2 ITransect

p.0. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D .O . I Sat. D.O. I Sat.

Dept h O' 7.8 102 7.9 102 8.0 84 6.9 88 7.9 103 7.9 101

'' 7.9 100 7.1 97 7.3 82 6.9 88 7.9 102 7.9 104

6' 7.3 94 7.5 94 7.4 82 6.9 88 7.5 95 7.5 94

9' 72 89 6.5 79 6.4 80 7.0 89 - - 6.2 11

12' - - 6.1 72 6.2 16 6.9 88 - - 5.8 66

15' - - - - 6.0 73 - - - - - -

18' - - - - 4.9 73 - - - - - -

yg* - - - - . - , - - - - -

__
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St it ton F G II I K !
_ _

D.O. I Sat. D.O. 7 Sat. D.O. I Rat. D .O . % Sat. D .O . I Sa t. .
Depth O' 7.9 104 8.1 105 8.8 107 7.5 93 6.5 75 .

l' 7.9 97 8.0 103 3.8 106 7.5 93 6.7 73 !
6' 7.3 88 6.0 68 8.9 107 6.3 77 6.5 74 i

9' - - - - - - - - 6.9 78 |
,

I

i
'

t

I

i
;

;

|

| 1
<,

|
| g '

*
.

,

I
'

|
'

i

.

|

|
>

>

!

1
.

_ . _



- -- _ __-_ _ __ _ _ _ _ _ _

197

ROBIN 50!; DISSOLVED OXYGEN May 22, 197
u

AND PERCENT SATURATIO!;

-

Surfcce 3' 6' 9' 12' 15'

I Sampling
Station D.O. i D.O. % D.O. % D.O. % D.O. % D.O. %

I
'

1 8.0 105 7.7 98 7.3 91 7.2 89 6.5 82

2 7.9 101 7.9 102 7.4 95 7.2 89 6.1 70 5.9 67

3 8.0 105 8.0 106 7.8 100 7.6 90 5.9 69

4 8.0 101 8.0 106 7.7 100 7.7 97 6.9 78

5 5 7.7 9E 7.3 93 7.2 90 7.2 89

6 8.0 103 8.0 103 7.2 90 7.1 89 5.9 67

7 8.1 108 7.9 105 7.3 91 7.2 89 6.0 70I 9 B.O 104 7.8 100 6.9 85

10 7.9 101 7.3 94 7.2 91 6.9 84

11 7.9 101 7.8 100 7.3 91 7.1 88 5.8 62

12 8.0 104 7.9 104 7.3 93 7.2 89 5.5 67

13 8.0 105 7.9 104 7.9 104 7.0 85 3.4 38

14 7.8 100 7.1 90 6.9 87

15 8.0 105 7.4 96 7.1 90 7.0 90I 16 7.9 101 7.9 101 7.5 95

17 7.9 101 7.9 101 7.4 94 7.0 83 5.5 62

18 7.9 104 7.9 104 7.4 94 7.0 84 4.8 54

5 19 7.7 100 7.2 91
20 7.9 104 7.5 97

21 7.9 104 7.8 103 7.2 90 6.2 72 5.9 68-

I,.s- 22 7.9 104 7.9 104 7.5 95 6.2 71 5.8 66

23 7.9 104 7.9 105 7.1 90 7.0 84 5.8 66

24 8.8 116
25 8.3 109 8.2 109I 7. 6 8.0 105 7.9 105 6.9 86 6.6 78 5.9 67

27 7.8 102 7.8 102 7.1 80 6.2 71 6.0 68

28 8.C 105 7.9 105 7.6 95

5 29 8.0 105 7.8 100
30 8.0 105 7.9 105 7.3 94 6.1 70 6.1 69

31 7.9 105 7.9 105 7.8 96 6.5 76 5.4- 62

32 8.4 115
.

33 7.8 102 7.7 101 7.3 90 6.1 70 6.0 70

34 7.5 100 7.6 101 7.2 90 6.6 80 5.6 65

.

---- - - - - - . _ _ _ _ _ _ , _ _ _ __ __
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ROBINSON DISSOLVED OITCEN June 10, 1975

AND PERCENT SATL' RATION . . ,

Surface 3' 6' 9' 12' 15'
lampling
itation 3.0. % D.O. D.O. D.O. : D.O. D.O. 2*

1 7.7 108 7.7 108 7.6 105 5.8 '3

2 7.5 105 7.7 106 6.9 90 5.6 70 4.4 55

3 7.6 105 *5 102 7.6 99 6.0 75 4.3 54
.

4 7.8 106 7.6 102 7.4 95 6.6 83

5 7.3 106 7.7 110 7.5 100 6.8 35

6 7.6 104 7.7 105 7.7 109 7.2 90 4.2 52

7 7.6 110 7.5 110 7.3 97 6.0 76 3.3 47

9 7.8 107 7.7 106 7.7 105
10 7.7 108 7.7 135 7.1 95 4.6 58

11 7.4 106 7.7 105 7.4 100 5.5 69 3.9 49 ,

12 7.5 106 7.5 105 7.6 103 6.8 84 2.5 30

13 ' 7.6 105 7.6 105 7.6 103 6.3 60 0.9 10

14 7.6 110 7.6 110 7.5 110
15 7.6 110 7.6 110 7.5 105 5.2 65

16 7.5 108 7.5 110 7.3 100
17 7.5 105 7.5 105 ~.) 103 6.6 83 2.0 24 E
18 7.6 106 7.6 105 7.2 98 6.5 31 2.4 23 5
19 7.7 110 7.7 111
20 7.7 110 7.7 112

21 7.6 109 7.5 108 7.6 102 6.S 86 2.9 35

22 7.5 105 7.6 107 7.6 :12 6.8 86 2.5 30

23 7.6 l's 6 7.6 107 7.6 102 6.3 80

24 S.6 115
25 7.3 110 7.6 109
2 '. 7.4 106 7.4 106 7.7 104 6.8 86 5.5 69

27 7.6 108 7.6 109 7.6 104 6.6 84 4.9 60 gg

23 7.5 106 7.5 109 7.5 105 gg '
29 7.5 106 7.3 103
30 7.4 105 7.5 105 7.4 100 6.8 86 6.6 SO

31 7.6 107 7.5 105 7.5 104 6.3 80 5.5 70

: 32 7.2 99
..e 4 6.9 36 6.6 S133 7.5 105 7.5 105 7.6 '

34 7.5 105 7.5 105 7.6 104 7.1 90

I

E
~

I
I

e_
. , . _ - - . . - - . - . , . _ . . . _ - . - _ - _ __ _ _ _ _ _ _ -
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ROBINSO I DISSOINED OKYCEN AND PERCENT SATURATION
July 1, 1975

B
A_ Transect

Station 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat.

Depth O' 7.7 102 7.7 102 7.7 101 7.7 103 7.7 103 7. 7 * 102 |

3' 7.6 101 7.7 102 7.7 101 7.6 102 7.7 103 7.7 102

6' 7.6 101 7.7 102 7.6 100 7.5 100 7.6 101 7.7 102

9' 7.6 101 7.6 101 7.5 99 7.4 99 7.4 100 7.5 100

12' 7.6 100 7.6 101 7.5 99 7.3 97 7.4 98 7.5 100

15' 7.5 100 7.6 tel - - 7.3 97 7.4 98 7.4 98 ,

18' 7.5 99 7.5 100 - - 7.2 95 7.3 98 7.4 98

21' 7.4 97 7.5 100 - - 6.9 91 7.3 97 7.4 98

24' 7.1 94 7.5 100 - - 6.7 89 7.1 94 7.I 98

27' - - 7.5 100 - - 6.5 87 6.3 83 6.6 87

30' - - 7.2 95 - - 5.4 71 5.2 67 4.0 53

33' - - 7.2 95 - - - - 1.9 24 2.0 25

36' - - 2.0 26 - - - - - - - -

! 39' - - 0.7 8 - - - - - - - -
,,

3
CA

Transect C

| Station 3 2 1 3 2 1

D.0 % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat.

Depth O' 7.4 98 7.7 102 7.8 104 7.3 98 7.3 98 7.6 106'

3' 7.5 100 7.6 100 7.7 103 7.2 97 7.4 100 7.5 100

6' 7.5 100 7.6 100 7.7 103 5.3 79 7.3 98 7.2 97

9' 7.3 97 7.4 98 - - - - 6.8 90 6.6 89

12' 7.3 97 7.4 98 - - - - 6.4 85 7.0 93

15' 6.8 90 7.3 96 - - - - 5.6 74 7.0 93

18' 6.2 83 7.2 95 - - - - 3.3 43 - -

21' 3.9 37 5.8 76 - - - - 2.4 30 - -

1.8 22 - -

34' 2.3 29 - - - - - -

27' 2.1 27 - - - - - - - - - -

.

- - _ _ -
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Transect D E

Statfor- j 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O I Sat.

liept h O' 7.3 103 1.3 103 7.4 103 7.9 123 7.6 116 7.5 104
3' 7.2 102 7.2 101 7.3 101 7.6 120 7.4 112 7.9 105
6' 5.3 74 6.3 84 7.0 95 7.6 120 7.9 114 6.8 95
9' - - 5.0 6r 5.9 79 - - 5.0 71 6.2 81

12' - - 4.0 53 5.0 66 - - 3.9 50 3.6 45
15' - - 3.0 39 4.1 53 - - - - - -

18' - - - - 2.7 47 - - - - - -

i

Station F G 11 I K

, D.O. % Sat. D.O. I Sat, D.O. % Sat. D.O. % Sat. D.O. I Sat.
| Depth O' 7.9 112 7.8 98 8.1 107 L.7 100 7.3 96
. 3' 8.0 112 7.8 98 8.1 107 8.8 101 7.3 96
! 6' 6.5 84 6.1 72 - - 9.2 106 7.4 97

9' 6.0 76 - - - - - - - -

,
,

!
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ROB 1NSON DISSOLVED OXYGEN July 1, 1975 i

B AND PERCENT SATULATION
|

Sucface 3' 6' 9 ,' 12' 15'

Station D.O. I b.0. % D.O. % D.O. % D.O. % D.O. %

.

1 7.7 115 7.6 113 5.2 69 4.8 63
t

2 7.6 115 7.4 104 5.9 78 5.5 71 4.3 55

3 7.7 115 7.5 104 5.6 74 4.8 64 3.5 44 1.6 16

4 7.6 115 7.3 100 5.6 74 5.3 69 3.4 44

5 7.6 115 7.7 115 5.0 67 6.4 83

6 7.6 115 7.2 105 6.8 93 6.2 80 3.7 47

7 7.7 118 7.6 117 6.7 91 5.8 76 4.3 54

9 7.8 118 7.5 115 4.5 63

10 7.7 117 7.6 114 6.2 81 4.4 57

11 7.6 115 7.2 105 6.1 80 5.2 67 3.6 45

1' 12 7.6 115 7.5 117 6.6 89 5.3 68 3.0 38

13 7.6 115 7.5 117 6.6 89 5.6 71 2.5 32

14 7.6 120 7.6 119 7.6 119

15 7.5 116 7.5 117 6.7 91 2.5 33

16 '6 116 7.4 114 7.9 11S 5.0 65 3.9 50
.

17 7.5 115 7.4 115 7.7 113 6.5 85 3.1 40
< '

18 7.6 115 7.6 116 6.5 89 5.0 65 1.5 24

19 7.5 115 7.4 115
20 7.5 115 7.5 115

j. 21 7.7 119 7.5 115 7.4 104 6.3 80 0.4 03

e 22 7.5 116 7.9 105 6.8 95 6.2 80 3.6 45

! 23 7.5 115 7.4 110 7.5 104 5.9 77 1.6 1S

| 24 8.1 120
! 25 7.7 119
; 26 7.7 119 7.5 115 7.1 98 6.3 60

27 7.6 117 8.0 119 6.8 95 6.0 79 4.3 54

28 7.7 117 7.8 116 6.0 80

29 7.8 118 7.6 115
; 30 7.5 115 7.7 116 7.0 97 6.1 79 4.7 59

31 7.6 115 7.8 116 7.0 104 5.8 79 3.0 39

32 7.7 115
33 7.5 116 7.6 115 7.4 96 6.0 75

34 7.5 115 7.9 117 7.5 105 6.0 79

i
.

8
1

-

E
i
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ROSitiSOtt DISSOLVED OXYGEtt AND PENCEtIT SAIUKATion
August 5, 1975

B
A

2_ 1 3 2 1Transect

Station 3 _
D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat.

D.O. I Sat.

Depth O' 7.1 95 6.7 89 7.1 95 7.0 94 7.2 96 7.3 98

3' 7.2 95 7.0 93 7.0 94 7.1 95 6.9 93 7.3 98

6' 6.9 91 6.6 88 7.0 94 7.1 95 7.1 95 7.2 97

9' 6.9 91 6.9 83 6.9 93 6.9 93 7.2 96 6.9 93

12' O.6 88 4.8 63 6.9 93 6.6 88 6.6 89 6.6 89

15' 4.4 57 2.9 37 - - 5.3 68 4.7 62 5.9 77

18' 3.8 50 1.8 22 - - 3.1 40 3.4 45 4.6 60

21' l.7 21 0.8 9 - - 1.9 24 0.8 29 2.4 30

24' O.4 4 0.1 3 - - 1.2 15 0.1 2 0.6 7

27' - - 0.1 2 - - 0.7 8 0.1 1 0.1 1

30' - - 0.1 2 - - 0.4 5 0.1 1 0.0 0

33' - - 0.0 0 - - - - 0.0 0 0.0 0

CAc
2 1 3 2 1Transect

Station 3
_

D.O. I Sat. D.O. * 3at. D.O. I Sat. D.O. I Sat. D.O. I Sat. c)

D.O. I Sat.

Depth O' 7.2 99 7.2 98 7.2 98 6.9 95 7.1 97 6.9 96

3' 7.2 99 7.2 98 7.3 100 6.8 94 7.0 97 7.0 98

6' 7.2 99 7.3 99 7.1 97 6.8 94 6.8 94 6.9 96

9' 7.] 97 7.2 98 - - 6.5 90 6.8 94 6.9 96

12' 6.3 84 6.3 84 - - 6.1 84 6.4 68 6.8 94

15' 4.] 54 5.7 75 - - - - 6.3 84 - -

18' 3. 7 48 4.1 54 - - - - 5.8 77 - -

21' l.8 22 4.6 58 - - - - 1.5 18 - -

24' O.5 6 1.5 18 - - - - 0.6 7 - -

27' - - 0.4 4 - - - - - - - -

,

E
D

Station 3 2 1 3 2 1Transect

D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.G. I Sat.

Depth O' 6.6 85 6.5 91 6.3 90 4.7 70 5.5 80 5.3 78

3' 6.3 80 6.1 86 6.2 88 4.6 69 5.4 80 5.2 77

L' 6.2 79 6.3 88 6.2 88 4.3 65 5.3 78 5.0 74

9' - - 5.7 80 5.8 80 4.2 64 4.9 67 5.0 67

42' - - - - 5.3 73 4.2 64 4.0 52 4.5 59

15' - - - - 4.1 55 - - - - -
-

18' - - - - 2.3 29 - - - - -
-
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Station F G H I* K

D.O. % Sat. D.O. I Sat. D.O. I Sat. 9.O. I Sat. D.O. % Sat.
)

Depth O' 6.3 87 6.1 78- 7.4 97 6.4 77 6.8 89
|

J' 6.4 85 5.3 65 7.5 98 6.4 77 7.0 93

6' 5.8 73 5.0 61 - - 6.2 73 6.3 82

9' 4.6 57 - - - - 6.4 76 - -

.

%: gust 6, 1975
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I'.|ROBINSON DISSOLVED OXYGEN -|3

AND PERCENT SATURATION August 5, 1975 '

Sampling Surface 3' 6' 9' 12'
Station D.O. 1 D.O. % D.O. % D.O. D.O. :*

5 6.0 E) 5.9 86 5.9 85 5.3 73
6 5.7 34 5.7 84 5.5 7B 5.3 74 3.7 49
7 5.6 % 5.3 78 5.2 75 5.0 69 4.1 53 ,

'
14 5.3 !1 5.4 81 4.8 73
15 5.1 '7 5.1 77 5.3 77 4.2 59 |
16 5.5 81 5.4 80 5.3 79 4.9 68 4.0 53 '

17 5.5 81 5.3 60 5.3 80 5.1 70 1.3 17 g'

18 5.6 84 5.5 31 5.6 83 4.6 64 3.4 44 3
24 5.4 81
25 5.3 81
26 5.2 79 5.1 78 4.9 71 4.9 66 4.0 53
27 5.3 78 5.2 78 5.0 7S 5.0 67 4.5 59
28 5.3 80 5.3 80 5.1 76
32 5.8 85 3
33 5.4 30 5.2 76 5.3 77 4.9 64 4.6 64 5
34 5.5 80 5.5 80 5.6 81 4.7 63

Lever Big Beaverdam 6.3 90 6.2 89 6.4 91
Creek

i

Middle Big Beaverdam 6.1 84 5.3 65
Creek

E

i

| E
|

! I
E.

E
'

I
|
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ROBINSON DISSOLVED OXYGEN AND PERCENT SATURATIOri
August 18, 1975 ,

.

'

I;
Transect A

Station 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. 2 Sat. .

Depth O' 7.2 99 7.1 98 6.9 95 6.9 97 7.2 100 7.1 99

3' 7.2 99 7.1 98 7.2 99 6.7 93 7.2 100 7.3 102 j
l

6' 7.0 97 7.1 98 7.1 98 6.8 94 7.1 98 6.6 90

9' 7.0 95 7.0 96 7.1 97 6.8 93 6.8 91 6.5 87

12' 6.9 94 6.7 90 6.7 90 6.9 94 6.4 85 6.3 84

.5' 6.4 86 6.4 84 6.4 85 6.4 86 6.4 85 6.3 84

18' 6.3 83 6.2 83 6.4 85 6.5 87 6.2 82 6 .'2 82

| 21' 6.2 82 6.2 83 - - 6.0 80 6.3 84 6.2 82

24' - - 3.5 47 - - 2.1 27 2.0 27 4.3 56

27' - - 0.5 5 - - 0.7 7 1.1 13 1.3 15

30' - - 0.0 0 - - - - 0.1 1 0.0 0

33' - - 0.0 0 - - - - - - 0.0 0

36' - - 0.0 0 - - - - - - - -

CA
Transect C

| Station 3 2 1 3 2 I w

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. O,

Depth O' 6.7 95 6.9 97 7.0 97 6.7 93 6.8 94 7.1 100

3' 7.0 100 6.9 97 7.1 93 6.7 93 6.8 96 6.9 95

6' 6.9 96 6.8 94 6.6 90 5.5 75 6.4 87 6.2 85

9' 6.6 87 6.8 91 - - - - 6.3 85 6.3 84

| 12' 6.0 80 5.4 72 - - - - 5.7 76 5.3 70|

15' 5.2 68 4.4 57 - - - - 4.7 62 - -

18' 2.6 34 3.3 43 - - - - 2.7 36 - -

21' 2.0 26 1.4 17 - - - - 1.4 17 - -

24' 1.2 14 0.8 9 - - - - 1.1 13 - -

27' O.1 1 0.2 2 - - - -
- - - -

DADT_ransect
Station 3 2 1 3 2 1

D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. % Sa t . D.O. I Sat. D.O. I Sat.

Depth O' 6.3 82 6.4 92 6.3 63 6.5 95 6.9 98 7.0 100

3' 6.3 82 6.4 92 6.4 84 6.5 96 6.8 97 6.9 97

6' 4.3 60 5.4 73 6.3 87 5.0 70 5.7 78 5.3 73

9' - - 4.8 63 5.6 74 3.6 47 4.6 61 5.3 70

12' - - 4.0 53 4.1 54 - - 2.9 38 3.8 50

15' - - 2.4 30 3.7 49 - - - - 1.8 22

IO l*0 # ~ ~ ~ ~ ~ ~

E"' ~ ~ . ?*I .. .
. .. .
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Trnusect E
Station 3 2 1 F G

_
11

D.O. I S.s t . D 3. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. D.O. I Sat. ?

Depth O' 5.5 84 5.9 89 6.1 93 6.8 95 7.0 9_ 7.1 95,

3' 5.5 85 5.9 89 6.0 91 7.0 96 6.9 88 6.9 93 i
6' 5.5 85 5.6 80 6.0 87 7.L 93 6.6 82 - -

;

9' 5.5 85 4.8 64 5.0 66 5.9 74 - - - ;
12' 5.5 85 3.4 45 4.0 52 !

l
t

;

.

1
Station I K

,

D.O. I Sat. D.O. I Sat.
Depth O' 5.9 71 6.2 83

3' 6.3 76 6.1 80
6' 6.4 77 - -

9' _ _ _ _

.E$.

i
!
!
t

|

t
'

|

l
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ROBIN 50S DISSOLVED OXYGES

f
AND PERCENT SATURATION August 16, 1975

Sampling Surface 3' 6' 9' 12'

Station D.O. % D.O. % D.O. % D.O. % D.O.

5 6.5 96 6.5 96 5.4 75 4.4 60

6 6.4 94 6.0 90 5.3 73 4.5 60 4.1 5

7 6.2 92 6.0 90 5.4 74 5.1 67 4.3 5

14 5.6 87 5.5 83 4.7 67

15 5.7 89 5.7 85 5.3 72

16 5.9 89 5.9 89 5.6 80 4.8 64 3.4 4

17 5.8 89 5.8 90 5.9 85 4.7 63 3.3 4
'

18 5.8 89 5.8 90 5.6 80 4.6 62 2.0
24 6.2 95

25 5.9 91
26 6.0 93 6.0 9 '. 5.5 80 5.2 70 4.5 5

27 6.1 93 6.0 91 6.0 87 5.0 66 4.0 !
28 6.1 92 6.1 94 5.6 85

32 6.2 94
33 6.2 94 6.3 94 6.4 94 5.8 75

34 6.4 97 6.4 95 6.2 90 5.3 73

Lower Big Berverda: 7.3 103 7.3 104 6.2 85 5.3 70-

Creeks.

Middle Big Beaverdam 6.9 95 6.5 80

Creek

-

--- - - - - - - _ _ _ - . _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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l RufINSON DISS0!NED OXYGEN AND PERCENT SATURATION
'

September 9, 1975

Transect A B

t Station 3 2 1 3 2 1

! D.J. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sa .
( Dept h O' 7.3 97 7.3 98 7.3 97 7.3 97 7.5 100 7.0 93
! 3* 7.3 97 7.3 97 7.3 97 7.2 95 7.3 97 7.0 93 ;

6' 7.2 96 7.2 96 7.2 96 6.7 88 7.0 94 7.0 93
'

*

| 9' 6.4 83 6.4 83 6.8 90 6.4 84 6.7 89 6.8 90
'

12' 6.2 82 6.2 82 6.6 87 5.8 75 6.4 84 S.9 77
15' 5.3 69 6.1 80 6.3 83 5.3 69 6.2 81 5.3 69
18' 5.1 67 4.9 64 - - 4.3 55 3.5 72 5.2 68

; 21' 4.3 55 4.3 55 - - 3.8 50 4.3 57 4.6 59
24' 3.8 50 3.7 47 - - 1.7 21 2.6 33 3.8 49

i27' 3.1 43 2.9 37 - - 0.5 6 0.5 6 0.9 11'

30' l.6 20 1.6 19 - - - - 0.2 3 0.1 1

33' O.') 11 1.0 13 - - - - 0.1 2 0.1 1

36' - - 0.3 3 - - - - - - - -

39' _. - 0,3 3 - - - - - _ - -

42' - - 0.2 2 - - - - - - - -

1

Transect C CA

Station 3 2 1 3 2 1 km

D.O. % Sat. D.O. I Sat. D.O. I Sat. D.O. % Sat. D.O. % it. D 0. % Sat. o
Depth O' 6.9 92 7.0 94 7.0 93 6.9 95 1.0 7; i.0 95

i
| 3' 6.9 92 7.0 94 7.0 93 6.9 95 6.9 93 6.9 93

6' 6.8 90 6.9 91 6.8 91 6.9 93 6.8 90 6.9 93
9' 6.0 79 6.1 80 - - 6.2 83 6.3 83 6.8 90
12' 5.0 67 5.0 67 - - 5.5 73 6.1 80 6.1 80
15' 4.9 64 4.8 63 - - 4 63 4.1 53 - -

18' 4.4 58 - - - - 1.9 24 2.1 27 - -

21' 3.3 43 - - - - - - 0.7 8 - -
*

24' O.4 4 - - - - - - 0.5 5 - - !

27' O.1 1 - - - - - - - - - -

Transect D DA
, _

13 2 1 3 2St_ation __
'

D,0 I Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.
Depth O' 6.4 90 6.4 91 6.6 93 6.7 97 6.9 97 7.2 100

'
3' 6.4 89 6.5 92 6.6 93 6.7 96 6.8 96 6.9 96
6' 5.3 72 6.0 80 6.3 85 5.1 70 6.0 82 5.4 71,

| 9' - - 5.1 67 5.6 75 3.3 44 3.8 50 3.7 49
12' - - 4.2 54 4.3 57 3.1 40 3.8 49 2.9 37
15' - - 2.1 - 3.7 49 -- - - - - -

18' - - - - 2.6 33 - - - - - -

EE E E W W E E EE E E E E E E E E E jE E
________



'g y .
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Transect E

Station 3 2 1

D.O. I Sat. D.O. % Sat D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.

Depth O' 5.6 86 5.8 88 6.3 94 7.3 103 7.7 102 ?.4 97

3' 5.6 87 6.1 89 6.7 98 7.3 101 5.0 63 7.0 93

6' 5.6 87 5.8 83 6.1 83 5.2 64 5.2 62 - -

9' - - - - 4.8 59 4.9 59 4.7 55 - -

12' - - - - 4.6 57 - - - - 2 * -

Station I K -

D.O. I Sat. D.O. % Sat.
Depth O' 8.7 102 6.6 85

3' 6.6 77 6.5 85

6* 6.8 79 6.2 80

9' 6.9 80 - -

r
W
W

s

l
1

__
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ROBINSON DISSOLVED 0.UGEN
AND PERCENT SATURATION September 9, 1975

E
Sampling Surface 3' 6' 9' 12'

;

gation D.O. % D.O. P. D.O. % 0.0. f. D.O. %

5 6.3 98 6.4 93 4.9 63 3.8 50
6 6.5 95 6.2 90 5.7 76 3.9 50 3.9 49 |

7 6.4 94 6.4 95 5.3 70 3.1 39 3.9 49
''

14 5.7 Ba 5.8 86 5.3 33
15 5.8 38 5.9 90 5.5 74

16 5.d 88 6.1 90 5.S 83 3
17 6.5 97 6.4 95 5.5 74 4.8 60 4.7 59 3;

13 6.5 97 6.5 96 5.0 66 4.4 36 4.4 55
24 6.5 97
25 6.1 92

i 26 6.3 94 6.4 95 6.3 90 4.7 55 4.5 56
'

27 6.3 94 6.7 99 6.1 82 4.3 60 4.6 57
28 6.5 97 6.5 .3 4.1 55 g

|

| 32 6.9 101 5
i 33 6.9 101 6.6 96 6.7 95 5.2 64

34 7.0 102 6.4 9 .' 6.6 90 4.4 54

Lovet B'.g Beaverdam 7.5 103 7.1 97 5.8 77 5.2 68
Creek IMiddle Big Beaverdam 6.5 85 6.2 71
Creek

Upper Big Beaverdam B.8 101
Creek

B
5

I
i I

:

| I
|

.

I
I

1

5
, _ _ _ _ _ _ _ _ - - _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - . - . - . . - _ _ . . -
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ROBINSON DISSOISED OXYGEN AfID PERCENT SATURATIOti
September 25, 1975

8
Transect A

Statton 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. j

Depth O' 6.1 74 5.7 68 5.4 64 6.2 75 6.3 77 6.5 30 |

l' 5.8 70 5.7 68 5.4 65 6.0 73 6.2 75 6.4 78

6' 5.7 68 5.9 72 5.4 65 5.9 72 6.0 73 6.3 77

9' 5.8 70 5.8 70 5.5 67 5.3 65 5.3 65 6.2 76

12' 5.7 68 5.8 70 5.5 67 5.1 63 5.1 63 6.1 74

IS' 5.7 68 5.8 70 - -- 5.1 63 5.1 63 5.5 67

; IH' 5.7 68 5.8 70 -- - 5.2 63 5.2 64 5 *2 63

21' 5.6 67 5.8 70 -- -- 5.4 65 5.3- 65 5.1 67

5.8 70 -- -- 5.4 65 5.2 64 5.2 68
24' -- -

27' - - 5.8 70 -- -- 1.8 21 5.1 62 4.8 63

30' -- - - -- -- - 0 0 2.7 32 1.7 19

1.2 14 1.1 12

| 33' -- - -- -- -- -- - -

CA ._

CTransect
Station 3 2 1 3 2 1

{
D.O. I Sat. U.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.

Depth O' 6.4 80 6.5 82 6.6 82 6.6 84 6.3 81 6.6 83

3' 6.3 80 6.3 79 6.5 UI 6.7 86 6.6 84 6.3 79

6' 6.2 77 5.9 75 6.5 81 5.5 68 6.1 75 5.8 71

9' 5.2 63 5.5 67 -- - 5.3 65 5.6 67 5.6 58

.
12' 4.8 58 5.6 69 - -- 5.2 63 5.5 67 5.5 67 ;

15' 4.6 55 5.7 70 -- -- - - 5.5 67 5.5 67

18' 4.5 54 5.7 70 -- - -- -- 5.5 67 -- --

21* 4.5 54 5.4 65 - -- -- -- 5.4 66 - --

24' 4.3 52 5.3 63 -- -- - - 5.5 67 - --

21' 4.1 50 5.4 65 - - -- - - -- -
-

DA
DTransect

Station 3 2 1 3 2 1
_

D.O. I Sat. 0.0. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sa t . D.O. I Sat.

Depth O' 5.7 73 6.4 83 6.4 83 6.5 86 6.4 83 7.0 87

3' 5.8 74 6.4 8' 6.3 82 6.0 78 6.2 78 6.9 87

6' 4.5 56 5.7 7s 5.6 68 5.3 65 5.4 66 5.8 70

9' -- -- 4.8 58 5.4 66 3.0 35 4.0 49 4.1 49

12' -- -- 4.5 54 5.3 64 -- -- 3.8 45 4.1 49

15' -- - 3.1 37 3.8 46 -- -- 3.6 42 4.0 48

18' -- -- 3.1 37 3.3 40 -- - -- -- 3.8 45
2.1 25-

71' -- - 2.7 12 1.I 37 -- -- -

-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __._
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Transect E F G 11 [,

'
Station 3 2 1

D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat. !

|| Depth O' 6.0 84 5.7 77 6.3 83 4.6 53 5.0 56 7.1 86
3' 6.0 84 5.4 72 5.5 74 4.6 53 4.9 55 7.0 85
6' 5.9 83 4.4 53 4.3 52 4.4 50 4.8 54 6.9 84 ;

9' 6.0 84 3.9 46 4.2 49 4.4 50 4.6 52 - -
;

12' 6.0 84 - - 4.2 49 - - 4.6 52 - -

IS' 5.9 83 - -
,

e

i

i Station I K !
,

D.O. % Sat. D.O. % Sat.
I Deptl. O' 5.3 59 6.5 77 |

| 3' 5.3 59 6.5 77 f
I 6' 5.3 59 6.4 76 [
| 9' 5.3 59 6.4 76 i

i
'

|
I i

!
" i"

\

$

i
!
,

!
.
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>
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ROBINFON DISSOLVED OXYGEN
AND PERCENT SATURATION September 25, 15

Sampling Surface 3' 6' 9' 12'
Station D.O. % D.O. % D.O. % D.O. ': D.O. ;

I
.

5 6.3 84 6.3 85 4.5 54 4.3 52 3.7 43
6 6.5 86 5,4 66 4.4 54 4.2 49 4.1 49
7 6.1 83 49 64

8 14 5.8 78 5.4 71 2.9 35
15 5.4 72 5.0 66 3.4 42 3.1 37
16 5.7 77 5.4 72 4.4 54 3.9 46

- I 17 5.6 75 5.5 75 4.1 50 3.9 47 3.8 45
16 5.9 80 5.9 80 4.2 50 3.8 46
24 6.2 86

- 5
25 5.8 80 5.8 80
26 6.2 85 5.9 60 4.6 55 4.3 50 4.3 50
17 6.3 85 5.5 74 4.3 51 4.2 50 4.2 50
28 6.2 P '4 6.1 81 4.2 52 4.1 50

5 32 5.2 67
33 6.5 87 6.0 79 4.6 54 4.5 53 4.4 52
34 6.8 91 6.5 P9 5.0 60 4.4 52

,

Lower Big Beaver- 6.4 79 5.4 67 5.7 70 3.3 40 4.3 52
dam Creek

( '

s Middle Big Beaver- 7.0 86 5.9 72
dam Creek

I

B

I

I

I

I
I
I'

I
- - -



R081HSO:4 DISSoiMED O UGEN M D PERCENT S.1TURATION
October 13, 19/5

BTransect A _

3 2 1

~~~~St at ion 3 2 1

D.O. 2 Sat. D.O. Y Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat.

Dept'a O' 774 90 7.5 94 7.0 87 7.4 93 7.4 93 7.4 93

3' 7.4 90 7.4 93 7.1 88 7.4 93 7.4 93 7.3 90

6' 7.3 90 7e 90 6.9 84 7.2 88 7.2 88 7.2 87

9' 7.3 68 7.1 87 6.9 84 7.1 86 7.1 86 7.1 86

12' 7.2 87 7.1 86 7.1 86 7.C 85 6.9 83 6.9 84

15' 7.0 85 4.6 54 -- -- 7.0 84 6.9 83 6.8 83

18' 4.8 57 3.2 37 -- -- 4.9 57 5.2 62 5.4 64

21' -- -- 3.2 37 -- -- 4.1 47 4.2 49 4.1 48

24' -- - 1.? 35 -- -- .' . 2 25 2.8 32 2.6 29

27' -- -- 1.7 18 -- -- 2.0 22 2.1 23 1.3 14
1030' -- -- 1.0 -- -- -- -- 1.2 13 0.8 8

933' -- -- 0.9 -- -- -- -- 0.8 8 9.3 2

Transect C CA

Station 3 2 ? 3 2 1 g

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. g
Depth O' 7.5 95 7.3 93 7.5 96 7.6 98 7.5 98 7.3 95

j' 7.6 96 7.5 93 7.5 96 7.2 92 7.4 94 7.3 92

6' 7.1 88 7.1 88 7.4 93 7.0 87 7.3 90 6.8 83

9' 6.8 83 6.4 78 -- -- 6.5 79 6.7 81 6.6 80

12' 5.9 70 5.4 65 -- -- 6.2 78 6.1 73 6.4 77
;

15' 4,9 58 5.1 60 -- -- 4.6 54 5.4 64 -- --'

18' 4.3 50 4.. 50 -- -- -- -- 3.7 43 -- --

21' 4.0 46 3.9 45 -- -- -- -- 3.3 37 -- --

24' 2.8 32 2.1 18 -- -- -- -- -- -- -- --

| 27' 2.6 29 1.5 16 -- -- -- ~~ -- -- -- --

T ra.e sec t D DA

Station 3 2 1 3 2 1

D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat.
Deptn O' 7.1 93 7.1 93 7.3 96 6.7 89 6.9 90 7.3 96

| 3' 7.3 94 7.3 94 7.2 94 6.8 86 7.5 94 7.4 94

6' 6.9 86 6.8 84 6.8 83 6.8 85 6.8 84 7.0 87

9' -- -- 5.7 69 5.9 72 6.5 80 4.8 55 5.6 67

12' -- -- 4.8 57 5.4 6!. 5.1 60 4.4 51 5.0 57

15' -- -- 4.1 48 4.9 57 4.8 56 -- -- 3.5 39

18' -- -- -- -- -- -- -- -- - -- -- --

21' -- -- -- -- -- -- -- -- - -- -- --

|

5
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Transect E F G 11

Station 3 2 1

D.O. I Sat D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. % Sat. D.O. % Sat.

Deptli O' 5.9 83 6.3 85 6.1 85 7.0 91 5.3 61 S.1 73

3' 5.9 83 6.2 85 6.1 85 7.3 87 4.9 53 6,. 0 72

6' 5.9 8' 6.4 85 6.5 85 5.7 63 5.0 54 5.9 71

9' 5.8 83 -- -- 4.9 56 -- - -- - -- --

12' 5.8 83 -- -- 4.7 54 -- - -- -- -- --

15' 5.8 83 -- - -- - -- -- -- -- -- --

Station 1 K ,

D.O. % Sat. D.O. % Sat.
Depth O' 6.8 71 6.0 70

3' 6.8 71 5.8 68
1

6' 6.9 72 5.9 70 i

9' 7.0 73 5.8 68
!

M
~

.

.

. .
..

.. -
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ROBINSON DISSOLVED OXYGEN
AND PERCENT SATURATION october 13, 1975

I
Sa=pling Surface 3' 6' 9' 12'
Station D.O. % D.O. % D.O. % D.O. % D.O. %

5 6.9 93 6.7 88 6.5 79 4.6 54
6 6.6 89 6.5 86 6.3 78 4.6 53 4.6 53

6.7 90 6.4 85 6.0 75 5.5 6S 4.6 53 |7 *

14 6.2 86 6.8 94 5.9 80 W
15 6.5 89 6.2 85 6.0 75

16 6.3 85 6.2 85 6.4 85

17 6.3 85 6.2 85 6.0 74 5.2 60 5.0 57

18 6.5 90 6.3 87 5.7 71 4.9 56 4.6 53
i 24 6.1 85

25 6.3 89 6.2 87 |
26 6.2 87 6.8 90 6.1 77 5.0 60 5
27 6.1 85 6.1 SS 6.5 85 4.9 56 4.7 54

| 28 5.9 81 5.9 81 5.3 71

| 32 6.8 91

j 33 6.5 90 6.4 86 6.5 87 5.3 61 5.4 61

|
34 6.4 89 6.4 89 5.9 74 5.1 60 I

|

Lower Big
Beaverdam g
Creek 7.4 98 7.6 100 6.9 85 6.7 78 6.8 80 g

|
'

Middle Big g
| * Beaverdam g

Creek 7.3 94 5.7 64

Upper 31g |
Beaverdam 5
Creek 7.6 86

I
3

|

- I
I

|

I
a
-
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Iton!!iSOli DISSOINED OXYGEli A!)D PERCLilr SATURATIori
october '8, 1975

B
fA

Station 3 2 1 3 2 1Transect

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat.

Depth O' 'f~9 93 El 91 7.9 93 8.0 95 8.0 95 8.1 96~~

3' 7.8 92 7.0 83 7.9 93 7.9 94 7.9 94 7.9 88

6' 7.7 91 7.5 88 7.7 91 7.7 92 7.5 88 7.7 92

9' 7.7 91 7.6 89 7.7 91 7.6 91 7.5 88 7.6 89

12' 7.7 91 7.4 87 7.7 91 7.5 88 7.5 88 7.6 89

15' 7.7 91 7.7 91 7.7 91 7.4 87 7.5 88 7.6 89

18' 7.6 89 7.7 91 7.6 90 7.5 88 7.4 87 7,. 4 87

21' 7.6 89 7.7 91 - - 7.4 87 7.4 87 7.1 83

24' - - 7.4 87 - - 6.7 78 6.4 75 6.6 77

27' - - 7.7 91 - - 6.3 74 6.1 70 6.1 70

30' - - 7.2 85 - - 5.3 62 4.2 49 4.7 54

33' - - 7.2 85 - - - - - - 3.4 39

36' - - 6.7 78 - - - - - - 1.0 11

CA
C

Station 3 2 1 3 2 1Transect

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. w

Depth O' 7.9 93 7.1 84 8.0 95 7.9 '97 s.3 87 7.4 88 5

3' 7.9 93 7.9 94 7.9 93 7.8 95 7.3 87 7.6 90

6' 7.6 90 7.7 92 7.6 88 7.5 92 6.9 82 7.3 86

9' 7.6 90 7.6 90 - - 7.7 92 6.9 81 6.9 80

12' 7.5 89 7.4 87 - - - - 6.3 73 6.9 80

15' 6.9 81 7.4 87 - - - - 5.0 58 7.0 82

18' 6.2 73 6.4 75 - - - - 3.9 45 - -

21' 4.2 46 3.2 36 - - - - 3.9 43 - -

24' 3.5 39 3.1 35 - - - - - - -
-

27' 3.5 39 3.1 35 - - - - - - - -

DA
D

Station 3 2 1 3 2 1Transect

D.O. % Sat. D.O. 2 Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D .O . I Sat.

Depth O' 7.9 99 7.9 99 7.9 99 7.6 97 8.0 98 8.1 98

3' 7.7 95 7.7 95 7.8 97 7.3 89 7.9 96 8.0 97

6' 6.8 80 7.3 87 7.3 87 5.3 63 6.5 77 6.7 78

6.6 77 6.1 71 5.8 67 5.4 62 6.5 76

4.9 56 5.4 63 - - 5.8 64 5.8 649' - -

3.9 43 5.1 57 -
- 5.4 59 4.9 5312' - -

15* - -

33' _ - _ - 4. 54 - - - - - -

1 s ,



F G
E

Transect 1
Starion 3 2

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat. D.O. I Sat.

Depth O' 7.9 109 7.7- 105 8.0 110 8.1 100 7.4 81

I' 7.9 110 7.7 103- 8.1 109 8.1 97 7.3 78

6' 7.8 108 6.9 84 7.1 86 6.6 72 7.0 75

9' 7.8 108 6.8 77 6.8 76 6.5 70 - -

12' 7.7 107 6.1 68 6.6 73 - - - -

IS' -
- 5.4 oO - - - - - -

Transect 11 K

Station
__ % Sat. D.O. % Sat.D.O.

Depth O' 7.9 93 7.5 88

3' 7.7 90 7.5 88

6' -
- 7.7 90

e$
O

.

O

\.. - - - - - - - - - - - - - - - -,- -
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ROBINSON DISSOLVED OXYGEN
AND PERCENT SATURATION October 28, 1975

Sampling Surface 3' 6' 9' 12' 15'
Station D.C. % D.O. % D.0. % D.O. % D.O. % D.O. %

5 7.1 92 7.3 94 5.6 66 5.0 57

6 7.5 96 7.4 95 7.7 93 7.5 85
7 7.1 94 7.1 90 6.4 76 6.3 73 5.7 65

14 7.8 105 7.7 104
15 7.3 99 7.1 95 6.7 80
16 7.7 105 7.7 103 6.9 84 6.8 77 6.1 68 5.4 60

17 8.1 107 7.9 105 6.8 81 6.6 74 3.9 43
18 8.1 108 8.0 105 7.0 86 6.2 69
24 8.1 110
25 8.1 110
26 8.1 110 7.9 101 7.0 85 6.4 70 6.2 68
27 8.0 110 8.1 109 7.1 86 6.8 76 6.6 73
25 8.2 111 8.1 109 5.8 67
32 8.2 108
33 8.2 110 8.1 108 7.9 100 6.7 75
34 8.2 110 8.1 107 7.7 97 6.4 71

,.

\.

Lower Big
Beaverdam
Creek 8.1 97 8.0 95 7.5 89 6.7 79

liiddle Big

3eaverdam
Creek 7.6 83 7.3 75

Upper Big
Beaverdam
Creek 8.7 90

s

- _ _ _ __ _ _ _ _ _ _ _ _ . ___ _ _ _ _ _ _ _ _ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ ___



ROBINSON DISSOLVED OXYGEN AND PERCEllT SATUATION
November 12, 1975

Transect A ,
3

Station 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat.
Depth O' 8.4 94 8.4 94 8.4 94 8.5 96 8.4 94 8.5 96

3' 8.4 94 8.3 93 8.5 96 8.5 96 8.6 97 8.5 96
6' 8.3 93 8.3 93 6.5 96 8.4 94 8.7 97 8.5 96

9' 8.2 92 8.2 92 8.4 94 8.6 96 8.5 96 8.5 96
12' 8.1 91 8.2 92 8.4 94 8.5 95 8.4 94 8.5 96
15' 7.8 87 8.2 92 -- -- 8,0 89 8.4 94 8.5 96
18' 7.6 84 8.1 91 -- -- 7.2 80 8.3 93 8.5 96
21' -- -- 7.9 88 -- -- 7.4 82 7.9 81 8.2 92

24' -- -- 7.3 81 -- -- 7.2 79 7.3 81 7.7 87
27' -- -- 5.9 65 -- -- 4.8 53 6.6 73 6.1 67

30' -- -- 4.7 52 -- -- 3.0 32 3.7 40 3.6 39
33' -- -- 1.7 18 -- -- 2.7 28 3.4 37 2.7 29

36' -- -- 1.7 18 -- -- -- -- -- -- -- --

Transect C CA

1 3 2 1Station 3 2

~~ % Sat. __ D.0- % Sat. D.G. % Sat. D.O. % Sat. I$
o

D.O. % Sat. D.O. % Sat. D.O.

Depth O' 8.5 97 8.6 97 8.6 97 8.3 94 8.4 95 8.4 95
3' 8.7 97 8.6 97 8.6 97 8.3 94 8.5 96 8.4 95
6' 8.5 96 8.6 97 8.7 98 8.3 94 8.4 94 8.4 95
9' 8.4 94 8.7 98 -- -- 7.6 86 8.4 94 8.4 95

12' 8.4 94 8.6 97 -- -- 6.5 72 8.3 93 8.4 95
IS' 8.4 94 8.5 96 -- -- 5.8 64 8.3 93 8.5 96
18' 6.3 70 5.5 60 -- -- -- -- 5.6 62 4.9 54
21' 5.8 63 4.4 48 -- -- -- -- 5.3 58 4.4 48
24' 5.0 55 4.0 43 -- -- -- -- 5.1 56 -- --

27' -, -- 3.4 37 -- -- -- -- -- -- -- --

,

Transect D DA

Station 3 2 1 3 2 1

D.O. I Sat. D.O. % Sat. D.O. % Sat. D.O. %" Sat. D.O. % Sat. D.O. % Sat.
Depth O' 8.4 96 8.1 92 8.1 92 8.0 92 8.4 96 8.3 94

3' 8.4 96 8.0 91 8.3 94 8.1 93 8.3 95 8.3 94
6' 8.5 97 8.0 91 8.1 92 7.8 88 8.0 92 8.1 92
9' 7.7 86 8.0 91 8.1 92 6.5 72 8.0 91 8.3 94

12' -- -- -- -- 8.0 90 6.4 69 6.3 68 7.9 89
15' -- -- -- -- 5.4 63 1.5 16 4.4 48 3.6 36
16' -- -- -- -- 4.8 53 -- -- -- -- -- --

|W EER m asum a m m e e e e e m e m m m m W
.
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F G 11

ETransect
Station 3 2 1

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. 2 Sat. D.O. I Sat.

Depth O' 8.1 95 8.1 92 8.3 96 8.0 89 6.4 68 6.1 67

3' 8.0 94 7.8 90 8.2 95 7.9 85 6.4 68 6.3 69

6' /.9 93 7.5 85 8.2 95 5.8 62 6.5 68 5.7 63

9' 7.9 93 6.3 68 6.7 73 -- -- -- -- -- --

'

12' 7.9 93 -- -- 6.4 70 -- -- -- -- -- --

15' 7.9 93 -- -- -- -- -- - -- -- -- -

Station I K

D.O. % Sat. D.O. % Sat.

Depth O' 7.6 81 5.8 64

3' 7.9 83 6.1 67

6' 7.9 83 6.1 67

i 9' 7.9 83 -- --

ea

u

1

_ _ _
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.
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ROBINSON DISSOLVED GXYCEN

AND PERCCNT SATURATION November 12, i' 70

Sampling Surface 3' 6' 9' 12' 15 '
Station Do % DO % Do DO DO % DO :

* *

I
5 8.1 94 8.1 93 7.7 87 5.8 65
6 8.1 94 8.1 94 8.0 93 6.1 67 5.9 65
7 7.9 91 7.9 91 7.9 91 6.6 73 6.2 68 5.6 61

14 8. 0 95 7. 9 93 7.8 90
15 8.1 94 8.0 93 8. 0 93 7.8 90
16 8.1 95 7.8 90 7.5 85 6.3 70
17 8. 3 96 8.2 95 8.1 94 6.6 73 4.7 51
18 8.3 96 8.2 95 8.2 95 8.1 94 5.9 65

*25 8.3 98
26 8.3 96 C.2 95 8.1 94 6.9 76 6.6 73
27 8.3 96 8.2 95 8. 2 95 6. 7 74 6.4 70
28 8.3 96 8.3 96 8.2 95
32 8.6 100
33 8. 4 96 8.4 96 8. 3 95 6.4 69
34 8.4 96 8.3 9e 8.3 96 6.3 70

Lower Big
Beaverdam
Creek 8.3 95 8.3 95 8. 3 94 8.2 94 7.7 85

Middle Big
Beaverdam
Creek 8.5 92 b.5 86 E

E
Upper Big
Beaverdam g
Creek 8.7 94 8.6 93 g

* S tation 24 not taken, too shallow.

I
- I

I
I
a.
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. ROBINSoft DISSOLVED OXYGEN A!!D PERCENT SATURATIOII
December 9, 1975

Transect A B

Station 3 2 1 3_ 2 1

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat.

Depth O' H.6 78 8.2 75 8.3 76 8.8 80 9.5 87 [5 7 7~ '

3' 8.5 77 8.2 75 8.6 78 8.8 80 9.4 87 8.4 77

6' 8.4 77 8.1 74 8.6 78 8.8 80 9.4 87 8.2 75

9' 8.3 77 8.0 73 8.3 77 8.6 78 9.4 87 8.2 75

12' 8.3 77 8.0 73 8.5 78 8.5 77 9.4 87 8.0 73

15' 8.4 77 8.0 73 - - 8.5 77 9.4 87 8.0 73

8.8 80 9.4 87 8.0 73
18' 8.3 77 8.0 73 - -

21' 8.3 77 7.9 73 - - 8.3 77 9.2 84 8t0 73

24' 8.3 77 7.9 73 - - 8.6 78 9.5 88 8.1 74

27' 8.3 77 7.9 73 - - 8.7 79 9.0 82 8.1 74

30' 8.3 77 9.7 88 - - 8.7 79 9.1 83 8.0 73

33' 8.2 76 9.5 87 - - - - - - 8.0 73

36' 8.2 76 9.5 87 - - - - - - - -

39' 8.2 76 - - - - - - - - - -

Transect C CA

Station 3 2 1 3 2 1 |j
"

D.O. % Sat. D.O. % Sat. D.O. % Sat. U.3. % Sat. D.O. % Sat. D.O. % Sat.

Depth O' 9.6 88 8.7 80 8.4 77 9.0 83 93 E4 9.1 tS4-~--

3' 9.6 88 8.8 80 8.6 78 9.0 81 9.0 83 9.1 84

6' 9.3 85 8.7 80 - - 9.1 84 8.8 81 8.9 82

9' 93 85 8.7 80 - - 8.8 81 8.8 81 8.9 82

12' 9.1 83 8.6 78 - - - - 8.8 81 8.8 81

IS' 9.1 83 8.6 78 - - - - 9.8 81 8.8 81

18' 9.2 84 8.6 78 - - - - 8.7 80 8.8 81

21' 9.2 84 8.5 77 - - - - 8.7 80 - -

24' 9.2 84 8.6 78 - - - - 8.7 80 - -

== - 8.6 78 - - - - - - - -

27'

Transect D DA

Station 3 2 1 3 2 1

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat.

Depth O' 9.0 84 9.2 85 9.1 BC 9.5 88 9.3 85 8.8 81

3' 8.9 82 9.2 85 9.0 83 9.3 86 9.2 84 8.8 81

6' 8.6 79 9.0 83 8.8 81 9.2 85 9.0 83 8.5 77

9' - - 9.0 83 8.9 82 9.1 84 8.9 32 8.5 77

12' - - - - 8.7 80 - - 8.8 81 8.5 77

, 15' - - - - 8.7 80 - - - - 8.4 76

| 18' - - - - 8.7 80 - - - - - -
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- ROBINSON DISSOLVED OIYGE:1
AND FERCENT SATURATION

g .

E December 9, 1975

i
Sampling Surface 3' 6' 9' 12'
Station DO % Sat DO % Sat DO % Sat DO % Sat DO % Sat

5 9.3 86 9.4 88 9.3 86 9.5 89
6 9.5 89 9.4 88 9.3 86 9.1 82

1
7 9.4 88 9.2 86 9.0 84 8.7 85 8.9 79

14 9.4 90 9.5 92 9.0 84
15 9.3 88 9.2 87 8.8 80
16 9.1 87 9.0 85 8.8 78

1 17 9.3 88 9.3 87 8.9 80 8.7 78 8.9 78
18 9.4 87 9.4 87 9.0 82 8.8 79
24 9.7 88 o

1
25 9.6- 87
26 9.6 89 9.5 88 9.3 83 9.2 83 9.2 81
27 9.6 89 9.5 88 9.3 83 9.1 82 9.2 81

|(L
28 9.7 90 9.4 87 8.8 80 8.4 74
32 9.5 88
33 9.5 87 9.3 85 9.1 82 9.0 80
34 9.5 87 o.4 86 9.2 83 9.1 80

I

i Lower Big 9.6 83 9.6 88 9.5 87 8.8 80
-

Beaverdam
Creek

Middle Big 8.4 77 8.2 74
Beaverdam
Creek

i Upper Big 9.3 85 9.1 83
Beaverdam
Creek

m

,,
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E GTransect
2' 3 F

_

Station 3

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. I Sat.

Depth 'O' 10.5 115 10.0 108 10.5 114 12.0 97 12.3 97
.

3' 10.4 115 10.0 106 10.3 107 12.0 98 12.3 96

6' 10.1 112 9.9 102 10.1 104 12.0 97 12.2 95

9' - - 10.2 95 10.5 94 12.0 97 12.2 .95

12' - -
- - 10.5 93 - -

-

9-

|

__-_
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ROBINSON DISSOLVED OXYGEN
AND PERCENT SATURATION January 6, 1976

Sampling Surface 3' 6' 9' 12'
'Station D.O. D.O. 2 D.O. *: D.O. ': D.O. 7..

5 10.'+ 107 10.4 108 9.7 90 10.0 90
o 10.5 107 10.4 106 10.0 97 9.3 38 9.9 88
7 10.2 105 9.9 101 9.7 87 9.8 86 10.1 88

14 10.6 115 10.6 116 10.4 115
15 10.6 114 9.3 105 9.9 97
16 10.0 108 10.0 105 9.9 101 10.2 93 g
17 10.4 114 10.4 115 104 10.2 91 10.2 91 g
18 10.1 103 10.1 107 100 10.1 92 10.4 94
24 10.4 112
25 10.4 112 10.4 114
26 10.2 105 10.2 106 10.2 101 10.4 93 10.4 93
27 10.5 114 10.0 109 10.1 105 10.5 95 10.5 93
28 10.4 112 10.4 112 10.2 107 10.4 95 E
32 11.0 118 10.9 116 10.4 105 10.4 95 5
33 10.3 108 10.2 107 10.0 38 10.4 92
34 10.6 114 er .

.

9

Lower Big 10.6 98 10.6 100 10.4 97 10.4 95 10.2 90
Beaverdam
Creek

Middle Big 11.4 96 11.4 96
Beaverdam
Creek

<

"
Upper Big 10.4 90
Beaverdam
Creek

| I
I

~ I
I
I

i 5

. - . -- ._
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ROBINSON DISSOLVID OKYGEN
AND PERCEST SATURATION February 17, 1976,

[

f Sampling Surface 3' 6' 9' 12'

l Station D.O. % D.O. % D.O. % D.O. % D.O. %

.

- 5 8.8 98 8.7 97 8.7 96 8.7 93

6 8.8 99 8.8 98 8.5 96 8.8 89

7 8.6 98 8.8 101 8.9 101 8.8 95 8.9 90

14 8.9 105 8.9 105 8.7 103

15 9.4 107 9.4 107 9.3 107
16 9.3 107 9.3 107 9.3 107 9.2 9b 9.4 96

4

|
17 9.4 107 9.4 107 9.3 107 9.3 97

18 9.3 107 9.3 107 9.2 106 9.2 106

1. 9.6 110
25 ?.5 110
26 9.2 107 9.3 10,3 9.1 101 9.4 105

27 9.3 107 9.3 103 9.3 107 9.2 94

|
28 9.4 108 9.3 103

J 32 9.2 100
33 9.3 105 9.2 105 9.0 100 9.4 95

34 9.3 106 9.3 1C5 9.2 105 9.5 97

Lower Big 8.9 99 8.9 99 8.9 99 8.8 97

Beaverdam
Creek

Middle Big 8.9 90 9.0 91

Beaverdam
_

Creek

Upper Big 9.2 94

I Beaverdam
-

Creek
|

1

s.

I

- - - - - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ __ _ _ _ _ _ _ _ _ . _ ___ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _ _ _ __ ____ _ _ _ _ ____



R0li1NSON DISSOLVED gEYGEH AND PERCENT SATURATION
March 30, 1976

Transect- A B

Station 3 2 i 3 2 1

D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. 11 . 0 . I Sat. D.O. I Sat.

Depth O' II.O 100 8.8 97 8.9 97 9.0 100 9.0 101 9.0 100
3' 9.0 100 8.9 98 8.9 97 9.0 100 9.0 101 9.0 100
6' 8.8 97 8.8 97 8.8 96 8.9 100 9.0 100 9.0 100
9' 8.8 97 8.8 96 8.8 96 8.8 98 8.9 99 8.9 99

12' 8.8 96 8.7 96 8.8 96 8.6 96 8.7 96 8.7 96
15' 8.8 96 8.7 95 -- -- 8.6 95 8.8 97 8.7 96
18' 8.7 96 8.6 94 -- -- 8.5 94 8.7 95 8.7 96
21' 8.4 91 8.6 93 -- -- 8.5 93 8.7 95 8.7 96
24' -- -- 8.6 93 -- -- 8.5 93 8.4 90 8.5 92
27' -- -- 8.4 90 -- -- 8.2 88 8.2 87 8.3 90
30' -- -- .1 86 -- -- 7.8 84 7.8 83 8.0 87
33' -- -- 7.9 84 -- -- -- -- 7.7 82 7.8 83

Transect C CA

[*.!d!ML_ _ -_... _ . - . . . _ . - - - . - - -- - . - - - - - --

-----------7- ----.,g-
Depth O' 9.0 102 8.9 102 8.9 99 8.8 103 8.8 104 8.8 103 0

"3' 9.0 103 8.9 102 8.8 97 8.7 100 8.8 104 8.7 101
6' 8.9 100 8.9 102 8.9 99 8.8 160 8.8 104 8.8 100
9' 8.8 98 8.8 98 -- -- 8.7 98 8.7 98 8.7 98

12' 8.3 98 8.7 97 -- -- 8.6 97 8.5 97 8.6 98
15' 8.7 97 8.) 97 -- -- 8.4 94 8.4 94 8.4 95
18' 8.3 92 8.8 88 -- -- -- -- 8.0 88 --

21' 7.8 85 7.8 86 -- -- -- -- 7.9 87 --

24' 7.7 83 7.7 83 -- -- -- -- -- -- --

27' 7.3 78 -- -- -- -- -- -- -- -- --

! 3"C L _ __ ___ - _._ll- -. ^---

- D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. % Sat. D.O. 2 Sat. D.O. % Sat.
_

Depta u' 8.6 10$' 8.3 104 8.6 105 8.6 103 8.8 106 8.7 105
3' 8.6 105 8.5 104 8.6 105 8.6 103 8.7 105 8.7 105
6' 8,5 98 8.6 102 8.6 102 8.6 102 8.7 105 8.6 103
9' 8.4 97 8.6 99 8.7 101 8.3 96 8.6 99 8.4 97

12' -- -- 8.6 97 8.7 99 -- -- 8.1 93 8.1 93
15' -- -- 8.4 96 8.2 93 -- -- 7.2 78 6.9 75

18' -- -- -- -- 7.2 78 -- -- -- -- 5.8 62

IM M' M M M M M M M M M M M M M iM M



m- ' nummer ummme nummme e r, r- - x ,

-.

Il
Transect E F G _
Station 3 2 1

D.O. 1 Sat. D.O. I Sat. D.O. I Sat. D.O. % Sat. D.U. I Sat. D.O. % Sat.

Depth O' 8.8 113 8.7 TIl B.7 99 8.8 104 8.9 98 S.1 98

3' 8.8 It3 8.6 111 8.7 99 8.8 104 8.6 91 9.1 98

6' 8.7 112 8.5 108 8.6 98 7.8 84 8.1 84 9.0 98

9' 8.7 114 8.1 94 7.8 89 7.8 83 -- --

12' -- -- 7.8 89 7.8 88 -- -- -- --

.

|

Transect I K
|

S ta t f o_n
D.O. % Sat. D.O. % Sat.

Depth O' 8.7 91 8.4 90 i

3' 8.7 91 8.3 88
6' 8.7 90 8.4 90
9' 3.8 91 -- ~ es

,

i

.

.

%
y
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ROBINSON DISSOLVED OXYGEN
AND PERCENT SATURATION March 30, 1976

.

I
Sampling Surface 3' 6' 9' 12' 15'

* * *Station D.O. D.O. '|| D.O. ': D.O. D.O. '.' D.O.

5 8.6 105 S.6 105 S.6 102 8.0 92
6 8.6 107 0.6 107 S.3 100 8.3 96 7.5 84 6.6 73 g
7 8.7 110 8.6 110 8.4 100 8.1 94 7.7 37 6.8 75 g

, 14 8.7 112 8.6 109 8.6 104
' ,

15 8.3 115 8.6 111 8.5 106 7.8 90
16 8.7 111 8.6 111 S.5 108 8.1 94 7.3 39
17 8.6 110 8.6 110 8.5 108 8.0 92 7.7 87
18 8.5 110 S.5 109 S.4 106 S.O 92 7.2 80
24 8.9 115 g
25 8.8 114 8.4 105 8.1 100 gi

26 8.7 116 B7 116 8.1 100 7.9 91 7.9 38
27 S7 99 8.7 99 8.6 98 7.8 89 7.3 88
28 8.7 110 8.6 110
32 8.7 107 8.7 107
33 8.6 106 0.6 106 8.6 106 8.1 100 8.1 100
34 8.6 107 8.6 107 8.6 107 7.S 39

Lover Big 8.8 105 S.8 105 8.8 105 8.5 98
Beaverdam
Creek

Middle Big 7.6 85 8.7 91
3eaverdam
Creek

Upper Big 3.6 95 "g
3eaverdam g
Creek

I
I
I

- I
B

I
a

. _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . - _ - _ _ . _ . _ - _ - _ - _ _ _ _ - - _ _ _ _ . - _ _ _ _ _ _ - _ - _ _ _ _ _ _ .
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Exhibit 3.0 Fisheries

f
Alternate Analysis of Gill Net and Electrofishing Catch Data

in reviewing the gill net and electrofishing data,
Dr. Charles H. Proctor, Professor of Statistics, North Carolina State
University suggested alternative e.nalyses may be more appropriate for

structured data.

i

For the gill net data, mean squares from the following analysis of
variance in the log transformation of catch per day (te better satisfy the
variance heterogeneity assumption) were used in performing appropriate tests

of significance.

1

ANALYS7S OF VARIANCE FOR VARIABLE LOGY MEAN 1.1855

(Gill Net Catches)

SOURCE DF SUM OF SQUARES MEAN SQUARE

TRAN 3 24.9732 8.3244

STA 1 0.1307 0.1307

}(eI 3 6.5644 2.1881
TPJW* STA'-

SEA 5 0.9382 0.1876

I TRAN* SEA 15 18.4442 1.2296

STA* SEA 5 4.5034 0.9007
g
.1 TRAN*STA* SEA 15 9.6470 0.6431

1 DAY 1 0.6029 0.6029a

TRAN* DAY 3 0.3899 0.1300

STA* DAY l 0.1530 0.1530

TPJJi* STA* DAY 3 1.5532 0.5177

SEA * DAY 5 1.8654 0.3731

TPJJi* S EA* DAY 15 3.2149 0.2143

1 STA* SEA *D AY 5 0.3683 0.0737

TRAN*STA* SEA *D AY 15 8.7658 0.5844r

4

-- CORRECTED iOTAL 95 82.1147 0.8644

-

<

CLASSES VALUES

TEJd; ACEG
(

STA 13-

SEA FAL74 FAL75 SPR75 SUf/4 SUM 75 UIN75

DAY l2

_ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _
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B

The log transformation of electrofishing catches (per hour)
were similarly exacined. Mean squares from the following table were utili::ed

in performing appropriate tests of significance.

ANALYSIS OF VARIANCE FOR VARIABLE LOGY
MEAN 4.1273

(Electrofishing)

DF SUM CF SQUARES MEAN SQUARE
SOURCE

10 29.6708 2.9670
MONTH

2 18.5030 9.2514
7m;

20 14.6772 0.7338
T El* MONTH

1 0.0055 0.0055 gprg
10 3.9085 0.3908 m

STA" MONTH

2 0.7695 0.3846
IRAN * STA

T EI*STA* MONTH 20 5.8999 0.2950

CORRECTED TOTAL 65 73.4342 1.1298

I
CLASSES VALUES

TRAN AEG

STA 13

MONTH APR DEC FEB JAN JUL JUN MAR MAY NOV OCT SEP

B

I
I
I

.

I
I
i<
~\

.


