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“ Michigan (Edsall and Yocum, 1972) and at various 1ocations in Lake Ontario ‘

ool  Iv. FISH IMPINGEMENT =~ o

A." . INTRODUCTION

The inclusion of screening devices within the intake structures of steam
y £ . . . - '
electric generating stations (SES) was originally intended to remove larger

s

particulates, including fishes, from the coolinngater flow. Removal of
! esreprem—

%
. . »

these materials is necessary to prevent interruption of electric generating
o |

. processes dependent upon the constant supply of large ‘volumes of cooling

water (Edsall and Yocum, 1972). The volume and velocity characteristics" .

of Water—fiow,at»many intake. structures occasionally result in the accumulation

g
At

of large numbérs of fishes on the intake screens (impingement). Swimming
i — - " . B ! R

capabilities, endurance - and: metabolic requirements'of fishes may influence

5

the number impinged at any given time. ‘ , ‘ . . . .

A i
N -

'Records detailing impingement of fishes at power stations are not readily ob-

.

tainable and for the most part, data prior to 1970 are scattered and incompletc.
Edsall and Yocum (1972), in their study of the effects of once-through cooling

on Lake Michigan, provide probably the most complete summary of industry-related

impingement on the Great Lakes, although it is almost certainly an incomplete list.

Impingement of fishes has-been documented in Lake Huron, Lake Erie and Lake

4 . ’

.o .
Y " M
’ ' -

(QLEM, 1973 a’'and b).

"

The details of impingement,- such as species, sizes,of"fish impinged and condi-

 tion of. fish, are scanty in most reports (see Edsall and Yocum,:1972). How-

ever, increased appreciation of the potential effects of impingement has' re-

'

sulted in more detailed record keeping'by utilities (Benda, 1972; Consumer's

[ »

Power Co., 1972; QL&M, 1973a‘and b). Lo

¥
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Since approximately 1970, sufficient information has been gathered from
power stations on the Great Lakes to determine seasonal periodicity of .
impingement and the relative magnitude of losses to the Lake populations

caused by impingement.

£

.
~
»

Th; quantities of fishes impinged at water intakes on the Great Lakes are
VPR

generally greatest during the spring and early:sumﬁe:. Species composition

of the winter catch is likely to be different than during the spring and-

early summer, and the magnitude of the catch is 1less.

Examination of available impingement records from electric utilities and
water filtration plants 6n the Great Lakes ghowed that the species impinged
most frequently and in the greatest numbers are schooling fishes, such as -

alewives, gizzard shad, smelt and shinexs. The greatest impingement problems

”

are usually associated with spawning migrations of seasonal inshore-offshore .

movements of fish in response to the seasonal thermoperiod of Liake water.

—

' As described by Edsall and Yocum (1972), populations of landlocked alewives

have presented the most serious impingement problems in Lakes Michigan,.

¥ * \
Huron, Erie, and Ontario. : .

LIRS

Those conditions most generally associated with fish impingement problems
are those which are most difficult to control. These are: seasonal migration
of vast numbers of fish; reduced swimming endurancé durin§ colder months;

and rapid habituation of the fish's nervous system to!"decoy" (frightening
——— -

and luring) mechanisms. Because of the geologic, hydrologic and biologic
uniqueness of each site,' ' fish impingement%at:each steam eléctric étation must l

be approached as an individual case. {

’

Impingement studies at Nine Mile Point Unit-l were conducted to .
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determine the effects of impingement on fish populations of Lake Ontario

Gd to recommend procedures to minimize fish impingement at the installa-

on.

.

'In-plant studies were designed to provide:

1l) an accurate estimate of the numbers of fish impinged per year;
e ISE— .

2) an inventory of species and life-history stages of various species

impinged;

3) annual, seasonal, monthly, and diurnal variations on the numbers of

fish and numbers of species impinged;

4) biological characteristics of the fishes‘impinged, including estimates

of age, length, weight, sex and relative condition; ’

0 relationship of impingement to environmental parameters, such as

temperature, cooling water flow, light and currents.

Studies of fish populations on Lake Ontario were performed concurrently in

the vicinity of the intake to determine:

a .

1) abundance and distribution of "Lake" fish populations;

2) types of fish present in the Lake;

3) biological characteristics of "Lake" fish;

4) community charagteristics of "Lake" fish.

This report contains a discussion of:

1) impingement rates;

2) .species composition of impingement samples;
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3) comparisons between impingement samples and*Lake collections, and .

4) relationships between impingement and the physical and chemical environment.

The impact of impingement ‘on populations of alewife and rainbow smelt is dis-

cussed in the final section.

B. RESULTS AND DISCUSSION

1. DAY-NIGHT COMPARISONS OF FISH IMPINGEMENT RATES

Alewives and rainbow smelt impingement rates were tested indiviaually for

day-night differences. Hourly impingemegt rates were deter;ined for each

specieé. Rates from 0800, 1200, and 1600 hours weré used to repré;eﬁt

daytime collections and rates from 2000, 2400 and 0400 hours provided night

data. Since both species exhibited strong seasonal trends in abundancé,

day-night data were sele;ted from those periods when abundance was greatest ‘

for each species. This minimized the influence of collections which pro-

duced no fish., s

<

Weekly alewife impingement rate data from 4 April éﬁ 27 June (Table IV—l)
were compared by rank sum test for large samples (Snedecoxr’ and Cochran,
1967; see Appendix VI-A). Test results (Table IV-2) showed that alewife
iméingement rates wexe éignificantly greater (p<0.05) at night than during
the day. The mean rate of alewife impingement during the day was 751.63

fish/hr; the mean night rate was 3107.59 fish/hr.

Weekly rainbow smelt impingement rate data from 7 November to 26-27 December

were tested by Student's t-test (Snedecor and Cochran, 1967) for day—night

<

differences. The mean déytime impingement rate for rainbow smeit during that

]
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Table IV-1 .

Hourly alewife impingement rates (no./hr) at
Nine Mile Point Nuclear Power Station Unit
for selected dates in 1973 and summary of
rank sum test for large samples for day-night

‘ comparisons. o ’
Day Night f
Date oéoo 1200 i 1600 2000 ° 2400 ‘0400 ﬁ
4 april 231 337.5 82 69.5 172.5 207
11 April 8,220 3,348 11,880 22,200 - 62,040 31,080
18 April 41.5 540.5 491.35 439.25 467.5 300
25 April 40 180.5 95.5 106.5 69.5 54 |
2 May 335 332.9 329.5 220.05" 310 367.5 }
9 May 108.5 '88.5 103.5 76.55 109.15 147.5
16 May 335.3 273.35 193 245.5 344 283 |
23 May 88 71 88 74.5 93.25 89.5
30 May 48.5 37 37.2 30.5 34.7 43
‘ 6 June 60 38 61 a2 41.5 39.5
14 June ° 147.25 145.5 94 173.5 256.1 175.55
20 June 91.1 172 148.7 61 89.5 136.6
27 June 99.45 178.1 121.45 199.8 153.5 153
TOTAL 9,845.6  5,742.85 13,725.2 |- 23,938.65 64,181.2 33,076.15
' MEAN 757.35 441.76 1,055.78 1,841.43 4,937.02 2,544.32
"Rank sum test i:’or large samples:
Test 2 = 2.134 Critical 2 = 1.96
« = 0,05



Table IV-2 . Hourly rainbow smelt impingement rates (no./hr) at
Nine Mile Point Nuclear Power Station Unit for .
selected dates in 1973 and summary of Student's
t-test for day~night comparisons.
Day Night
Date 0800 1200 1600 2000 2400 0400
7 Nov. 9 6.5 14.5 37.5 38.5 30
14 Nov. 12 6.5 3.5 52 36.5 9
21 Nov. 28 1 3 4.5 9.5 8
28 Nov. 19 63.5 5 9 6 5
5 Dec. 216.4 116 187 26.5 41.1 r5§
12 Dec. 5.5 2.5 1 8.25 15.1 37 )
19 bec. 14 7 18.84 39 24.5 195 .
26-7 Dec. 12.15 =ll 13.85 26.95 21.45 és.gn
o
TOTAL 316.05 214 246.69 203.7 192,65 201 =
MEAN 39.51 26.75 30.84 - 25.46 24.08 25.13
Student's t-test:
Test t = -0.392 Critical f = 1.97
d.f£. = 76 ) « = 0.05




Y _ 1,
»

»

eight wegk period was\32.§6 fish/hxr. During the same period, the mean night

) i ingément rate<was 24.89‘fish/hr. There were no significant differences be-
@en daytime and m.ght :meingement rates for smelt. It shonld be noted that,

with the exception of 5 December when daytime rates were much higher, night

impingement rates were generally greater than daytime rates (Table, IV-3).

. I

> »

Offshore sampling of fishes in the Nine Mile Point. area showed that more

fishes were caught by trawl at night than during the day (Chapter III, this

.

report). . Storr's 24-hour fathometric suxveys of the same area (l97la, l97lb,

"

1972a, 1972b, undated) revealed a movement of fishes 1nto shallow, near-shore
areas at night. Storr also noted greater fish concentrations at night than
during the day. QL&M‘(1973b) reported that night trawl and impingement col-

lections in the Nine’ Mile Point area yielded more fishes than corresponding

N v

day collections.

‘bferené:es in daytime and night impingement rates may m;reflec't diurnal
activity cycles of the ‘species involved, or they may réflect changes in
position of fish' in the water column due to day-hight\vertical'migrations.

>
v

”In the case of the alew;fe, survey data showed that daily inshore-offshore
‘migrations result in the fish being moxe abundant in shoal water (10-30 ft ).

at night and, consequently, ‘more vulnerable to impingement. . ' : .

.

2. SPECIES COMPOSITION

N =

a. Specjes Listéd by Collection .

Fish impingement sampling at Nine Mile Point Nuclear Power Station‘during

1953 was dominated by alewife,; Alosa pseudoharengus. A list of ‘all species

. ' g > - -

# “ -,
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. - TABLE-IV-3 -

‘TOTAL FISH IMPINGEMENT CATCH

~
A

NINE MILE POINT

FOR THE YEAR OF 1973

SPECIES ‘ oo TOTAL NUMBER ‘% OF TOTAL®
Alewife (Alosa pseudgharengus) A 644,681* " 97.82%. .
Rainbow Smelt (Osmerus mordax) ° *10,751 ’ 1.63 . . et
Thrée-spine Stickleback _ : i Cot ‘
‘(Gastexosteus aculeatus) 775 0.12
Gizzard Shad (Doxrosoma cepedianum) 659 0.10 "'
White Bass (Morone chrysops) 628 o 0.10 | .
Mottied Sculpin (Cottus bairdi) - 285 o 0.04 ‘
White Perch (Morxone americana) . 249 . . 0,04 ..
Common Shinér (Notropis cornutus) .. 134 0l 2" " v
Troutperch (Percopsis omiscomaycus) 152 . 0,02 s oo e
Emerald Shiner (Notropis atherinoides) 0t 142 Y '0.02 T
Yellow Perch (Pexca flavescens) - 145 ,0.02 .
Johnny Darter (Etheostoma nigrum) 119 ' 0.02
Lamprey Eel (Petromvzon marinus) ST 91 ’ 0.01
Spottail Shiner (Notropis hudsonius) 69 0.01 | . )
Rock Bass (Ambloplites rupestris) 7 . 35 1 0.01 °
White Suckev (Catastomus. commersoni) 24 - <0, 01 N
Lake Chub  (Cotesius plumbeus) : 18 REEATREEPY W 5 R
Sma;lmouth.Bass {Microptexns dolmieui) . 120 " - <0.01, ‘
Bluegill Sunfish (Lepomis macrochirus) 9 - épLel T
Amexican Eel (Anguilla rostrata) 8 <0.01
Mudminnow. (Umbra limi) . | ) <7 - <0.01 ,
Pumpkinsced (Lepomis gibbosus) . 4 <0.01 :
Valleye (Stizostedion vitreum) 4 .<0.0L .. .,
Shinex . (Notropis Sp.) 5 <0.01
Brown Bullhead (Ictalurus nebulosus) 4 N <0.01 - .
Stonecat (Noturus flavus) 3 <0.01
Golden Shiner (Notemigonus chrysoleucas) '3 <0.01
Carp . (Cyprinus carpio) 3° <0,01 .
Noxthern Channel Catfish ot C
(Ictalurus punctatus) 2 . <0.01
Goldfish (Carassius auratus) 5 . <0,01 ... ..
Black Crappie (Pomoxis nigromaculatus) 1 * <0.01L" .
Blunt Nose Minnow (Pimephales notatus) 1 <0.01
Logperch (Percina c¢aprodes) 1 L <0.01.
" Brown Trout (Salmo-trutta) 1 <0.01
Northern Pike (Esox lucius) 1 -€0.01, \
Brook Stickleback (Culaea inconstans) 1l <0.01
Creek Chub (Semotilus atromaculatus) 1 -<0,01

’

| . TOTAL - - 659,041 T S ‘

.

®

*Bstimated - <Lt . : :
**Taken from Watexr Qualxty Certlflcatlon Report
vol. II,‘No 2, February, 1974. . <



~ =

collected in rank order, the number collected and percent of total is
’ (Qesented ,in Table IV—4. “The numbér. of organisms collectedeand percentage
O

mposxtlon -values for each collectlon on a seasonal ba51s is presented in

=

‘Table IV—l and Appendlx VI—A.

LT .
.
I ! A

. The size of the‘collections varied fromﬂtwo‘fish'(ls Aﬁgust) to more than
500,000 fish (estimated) washed from the screens in adsingle 24~hour period
(11 april, 1973). The general trend in impingement was a sprind geak”de—
creaslng'to low rates in summer. Impingement increased gradually during the

fall and winter seasons. ) ' .
b. Seasonal Cycles N : - o

The sample collection data presented in Table IV-5 were reduced to number -of
fish collected per month‘tOIbetter'determine seasonal fluctuations in impinge-

nt. Where broad trends were noted, the months were combined 1nto seasons,

\*x

with each three-month perlod starting with January, and denoted as winter,

[

spring, summer%and fall, respectively.

=Raiznbow"smelt,Kthe"secondnmost abundant species collected in 197;,‘occurredm
in all months of 1973. The smallest numbers were collected during the summex
lmonths and the greatest number during the fall. Wells (1968), working in
Lake Michigan, reported that smelt prefer deeper waters in the summer and
become more abundant 1n‘shallow water areas during the fall due to recruitment
of young-of-the-year”fish‘ This finding is consistent with the smaller num-
bers impinged in the summer and 1ncreased numbers in the fall ’Smelt are

early spring spawners, mlgratlng 1nto small’ shallow streams (Baldwin,~1948)

Il
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- { TABLE I1v-4 g
4 Y FISH IMPINGEMENT COLLECTIONS AT é
_ NINE MILE POINT, 1973 BY
SAMPLING DATE AND BY SPECIES
) 3 ; 21 1 A - 13 Totals for .
1-2-73 1-16-73 1-29-73 ~12-73 2-28-73 3-14-73" 3-21-73 'V 3-28~73 Winter 1973 .
Species , B s # % § s (B .5 |y % i # 5 # % 83 -
Alewife 1l 0.17 2 0.28 4& : 8 4.68 4 4.21 | 15,997 | 96.93 | 26,663 | 99.16 | 42,675 94.21
: Rainbow Smelt 473 |79.10 | 528 | 73.54 1205 | 75.65 354 63.64 | 114 | 66.67 | 83 |87.37 506 3.06 197 0.73 2,141 4.73
Three Spine Stickleback 16 2.68 77 |1 10.72 13| 4.80 : 1l 0.58 2 2.11 . 109 0.24
Gizzard Shad 42 7.02 13 1.81 26 9.59 | 1.1 1.81 1 0.58 1 1.05 16 0.06 100 0.22
White Bass 5 0.70 A 1 0.58 ‘ 6 0.01
Mottled Sculpin 8| 1.34 7 0.97 1| 0.37 | 3| 5.45 30 117.54 1 6 0.02 55 0.12
White Perch ﬂ 10 | 1.67 6| 0.84 4| 1.48 | 3| 5.45 2| 1.17 1| o0.00 26 0.06
Common Shiner 1] 0.37 | - 1 0.00
Troutperch 3| 0.50 2| o.28 2/l 3.64 : . 7 0.02
Emerald Shinex 15 2.51 24 3.34 16 | -5.90 | 5/} 9.10 4 2.34 2 2.11 42 0.00 68 0.20
Yellow Perch 22.] 3.68] 38| 5.29 al 7.27 1] 0.58)] 1} 1.05 66 0.15
Johnny Darter 1l 0.37 ; 1 0.58 2 0.00
Lamprey Eel : 31 1.75 : 4] o0.01 7 0.02
Spottail Shiner 3] 0.50 31 0.42 2/ 3.64 8 0.02
Rock Bass ’ 2 0.28 1 0.58 -1 0.00 ) 4 0.01
White Sucker 1} 0.17 . , 1 0.00
Lake Chub 5 0.70 1l 0.37 ; 6 0.01
Smallmouth Bass 1{ 0.14 2| 1.17 " 3 0.01
Ry Bluegill Sunfish - ;
~ |American Eel . 1| o0.58 1 0.00
- Mudminnow 2} 0.33 1| o.14 ] . 1{ 1.05 4 0.01
0.3 .
; Pumpkinseed {
Walleye ‘
Shiner ¥ .
Brown Bullhead 1 0.17 1 0.14 : { 2 0.00
Stone Cat : ; 1| o0.58 1 0.00
Golden Shiner ) . .
Carp 1} 0.17 il o ) 1 0.00
Northern Channel Catfish 2} 0.28 : 1 2 0.00
Goldfish 2 0.74 o ’ 1 1.05 . 3 0.01
Black Bullhead : iy 3
Black Crappie . 1! 0.14 g ' 1 0.00
Bluntnose Minnow { i
Logperch 3 i
Brown Trout '
Northern Pike |
Brook Stickleback § )
Creek Chub ¥ ;
¢ 4
TOTAL - 598 718 270 55 171 95 16,503 26,8§0 45,300} 100.05
/ v
o
{
1 ‘ -4
< » ; ) -
! :
i ' :
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Y‘g TABLE IV-4 (con't) :
: SPRING 1973 : i e Totals for
W s " n " " . 20 S\ w 3 932 6-20-73 | 6-27-73 *% | spring 1973
4-4-73 4-11-73 4-18-73 4-26-73 5-2-73 5-9-73 u5~16-73 5-23-73 ;-30-73 2-6-73% g-l-’i—?: ; 0- . . . P , g .
Species # % # % # 3 # % 8 % # I ) & % # % 3
Aiewj_fe 4422 | 97.91 | 544,854 [99.79 | 9270 | 98.06| 2116 | 83.57 7512 [ 97.96 | 2585 [ 93.39 ’53321 91.09| 2130{ 84.62] 875 | 76.55 11173 | 81.06] 4150 | 97.21 | 2777 | 93.21 |3675 [93.13 592,232 93.22
Rainbow Smelt 8o | 1.97 608 | "0.11| 166 1.75]| 372]14.69| 130| 1.70| 144| 5.2¢ 282 4.87| 310] 12.32] 191 |16.71 161 |21.13] 20 o.g: 1§$ ) :.;2 2;3 g.zz . ,516 0.48
Threespine Stickleback 32 | 0.00 5] 0.00 8| 0.31 5| o0.06 8| 0.29] 2.69 29| 1.15| 41| 3.59| 65| 4.49] .66 |j 1. . . cio | o os
Gizzard Shad 1| 0.00 240 | 0.04 1| o.00 ! o oo H 21 0.04
White Bass - { .
: . .02
Mottled Sculpin 8| o.081  of 0.35 10| 0.13] 16f 0.5 23| o0.30 18| 0.72] 10| o0.s7| 13| 0.9 71 0.16] 10} 0.34 21 o g BBpes
White Perch . 1| o0.00 120 |. 0.02 1| 0.00 1l o0.04 1 o.oi 3| o0.12 ; g'gg " sl 6.10 14| 0.47 18 | 0.48 52| 0.00
Common Shinexr . . 3] o.04 1| o.04 . . . § . .
Trout Perch 60 | 0.01 6] o0.24 4| o.05 6| o.22} 10| o.13 3| 012 s o.70| 11| 0.7 3 | 0.07 47 0.131 171 0.43 132 g-gg
i 0.00 ; 2] 0.02 | . ; .
i‘iiiﬁdpiﬁiﬁu ' : 3| o.12] 1 o,oJ,g 2 8,8§ 1l 0.04 1] 0.070 1} 0.02 4] 0.13 2| o.05 15| 0.00
Johnny Darter B 7|1 0.27 4| o.05 5 o.1z§li 53| 0.70| 13| o0.52) 11| o.96] 3| 0-20} 4 0.09 4] 0.13 12; g-gi
Lamprey Eel - 64 | 0.01 4! o0.16 1} o.01 ' 1} o.01 1| 0.04 . ! :
i i | ‘ y 0| 0.69 8 |! 0.19 1{ 0.03 1| 0.03 28| 0.00
Spottail Shiner 5] 0.20 3| 0.26] ! :
Rock Bass ) 1} o0.00 : . 3] 0.12 "[) 3] o0.0a 1| o0.04 1|l 0.02 1] o.03 12 g.gg
White Sucker - 1 0.04 ‘ 5 0-00
Lake Chub 1} o0.00 ) 1| o.04 .
.00
Smallmouth Bass { 1 | 0.02 2| o0.07 31 0
Bluegill Sunfish ‘ f 00
American Eel 1| o.o01 1| o0.04 1] 0.09f Y| 007 - ﬁ 3:00
Mudminnow " 1 0.04 ‘ ? i .
Pumpkinseed ” ‘
‘11eye ]
iiner : )
rown Bullhead 1 i
- . L .00
Stone Cat 2| 0.00 (. ; g 8.00
Golden Shiner ' 3 0.26 , 2 0. oo
Carp - 1| o0.04|f 1] o.01 ‘ ! :
N. C. Catfish ; > i
.00
Goldfish 1| 0.04 ’& { 1] 0.0
Black Bullhead : |
Black Crappie | . ;
Bluntnose Minnow : h
. . 0.00
Logperch 1 0.04 I ) 1
Brown Trout ‘ ;
Northern Pike i . ;
‘ ' ' 1] 0.00
Brook Stickleback . i 1] o.01 *
Creek Chub ' ;
B [
TOTALS 4516 545,978 9453 2532 7668 2768 7488 2517 1143 1447 4269 2979 3946 596,704 | 99.97

L et e et
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TABLE IV-4 (con't)

SUMMER 1973
an 2t ~ \ 32 \) . ¢

7-4-73 7-11-73 7-18-73 7-25-13>' | 8-1-73 ; 8-8-73 8-15-73 8-22.73 ''| 8-20-73 37 9573 9-12-73 " 9-19-73 3F 9-26-73 7 Total Surmer 1973

# 3 i 3 # A # 3 # 3 # 3 hd # 3 8 y 4 3 # 3 # 3 $ L # 2
Alewife 1655 91.99 833 90.74 159 84.13 93 33.21 17 94.44 7 43.75 2 100 1 4.76 31 83.78 15 78.95 23 56.09 120 55.55 45 23.68 3001 80.11
Rainbow Smelt 80 4.45 1 0.10 169 60.36 2 12,50 13 | 61.90 3 8.11 3 7.32 91 42.13 | 139 73.16 501 13-37
Three Spine Stickleback 7 0.39 20 2.18 1 0.36 | 1 2.70 1 2.44 A 30 0:80
Gizzard Shad .
White Bass 1 0.10 | 1 0.03
Mottled Sculpin ‘s 0.28 3 0.33 1 0.53 5 1.78 ' 1] 4.76 1 0.53 16 0.43
white Perch 2 | om 1| o.10 1| 4.76 1 0.53 5 0.13 -
Cozmon Shiner 28 1.56 18 1.36 8 4.23 4 1.43 1 6.25 3 | 14.28 1 270 1 5.26 1 0.46 3 1.58 68 1.82
Troutperch 6 0.33 1 0.10 1 0.53 1 4.76 , 9 0'24
Emerald Shiner 1 6.25 1 2.70 : 2 0.05
Yellow Perch 9 0.50 17 1.85 9 4.76 1 0.36 5 | 31.28 1 |.5.26 |11 |26.83 “f 1 0.53 5 1.4
Johnny Darter 1 0.06 2 0.22 2 0.71 1] 4.76 1 0.46 7 0.19
Lamprey Eel 3 0.33 2 1.06 1 0.36 I ! 6 0.16
Spottail Shiner ) 1 0.10 1 0.53 ! ! 2 0.05
Rock Bass 2 0.11 1 0.10 2 1.06 1 0.36 1 0.46 3 019
White Sucker 3 0.33 3 1.59 1 0.36 1 5.55 ! 1 5.26 1 2.44 2 0.93 12 0.32
Lake Chub 3 0.17 6 0.65 ' i 9 0:24
Smallmouth Bass 1 0.10 1 0.53 1 5.26 1 2.44 3 011
Bluegill Sunfish ' °
American Eel 1 0.06 1 0.36 : 2 0.05
Mudminnow .
Puzpkinseed 1 1| 2.44 é 1 0.03
walleye 4 | o.4a ! f 4 0.11
Shiner ! '
Brown Bullhead 1 0.36 . 1 0.03
Stone Cat :
Golden Shiner {
carp ‘ ﬁ
Northern Channel Catfish '
Goldfish 1 0.53 i 1 0.03
Black Bullhead ‘
Black Crappie ' b
Bluntnose Minnow 1 0.53 4 1 0.03
Logperch }
Brown Trout 1l 0.10 t 1 .0.03
Northern Pike 1 0.10 , 1 0.03
Brook Stickleback - !
Creek Ch\mxb
TOTAL 1799 918 189 280 18 16 2 21 37 19 4 216 ; 190 3746
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A TABLE IV-4 (con't) _ i p
FISH IMPINGEMENT COLLECTIONS AT Z
NINE MILE POINT, 1973 BY :
SAMPLING DATE AND BY SPECIES M
Y A1 N v 9y Yy aw Sl vy 19 i A T Total Total
— —10= 1 A a1 _a _14-T: . a
_ 10-3-73 10-10-73| 10-17-73 10-24-73 |10-31-73 | 11-7-73 11-14 7? 11-21-73 11-28-73 12-5-73 12-19-73 12-26-73 Fall 1973 1973
Species B % 1B % 1.4 i B8 1B % # % B3 | # t | # % # % ¥ % | # % # %
Alc_ewge . 11 |45.83| 9 |36.00| 109 | 30.70 | 24 | 27.27 | 49 | 63.63 | 781 | 40.47 | 886 | 53.28 | 102 |27.79 | 952]59.00 | 2834 | 58.67 | 117] 17.20| 54| 9.41 | 6645 ] 50.00 644#681 97%82
Rainbow Smelt 10 |41.66] 9 |36.00| 148 |42.6 . . 40. 2 ) ’ ’
Three Spine Stickleback 19 5.32 ol 1Z 12 (2)2 55232 2;27:(5) 672 0 gi li; 523'27 41; 22?; 1942 483; >3 78.‘30 45_{8 72.29 2171 39.26 10,751 | 1.63
: . . 0. . . . .7 120 | 0.90 775 | 0.12
Gi d Sh - ' | .
thtz::rsassad i 10} 2.32 128 {31.82 ;ig 12.2_6/ ;g ;giss 13| 3.54| 89| 5.52| 10| o0.21! 8| 1.18| 17| 2.96| 317] 2.39 659 | 0.10
Mottled Sculpin 1 | 4.17 16 | 4.51 1| 1.30] 20 | '1i50| 9| 03a| a| 00| 3| oe| 2| o.0s el oen| 12 e | f20f 467 528 1 0.10
White Perch 4 {16.00| 19| 5.35| 5| 5.68} 1| 1.30| 38| 1.97 1| 0.06 al 1.00 6| 0.37 ' 3| 0.44 o 38 9-&¢ 285 | 0.04
common Shiner il I ol B 4]0 6| 037, . X 4| o.70 88| 0.66 249 | 0.04
Troutperch ) 2| 2.60| 1| o.05 », ' 1l o.06 L ooy 134 | 0.02
Emerald Shinex 10 2.82] 31 3.4 . : : . 152 | 0.02,
Yellow Perch el 3.41 42 (2):2(7) 11 0.06 i g.;; i 8.32: oo g g.ii 7| 1.22 68| 0.51 142 | 0.02
Johnny Darter 1] 4.17 1} 124 1] 1.30 1| 0.05 f 1| 0.27 1| 0.06 ) - o] 0.08 145 0.02
Iamprey Eel | : : ; 6 0.05 119 | 0.02
> 1| 0.05 1| 0.06 2| o0.12 1{ o0.02| 1| 0.14 1| 0.17
Spottail Shiner ' i6 | 0.83 "6 {0 36 2 0.04 1| o0.14 ’ ! 0.05 o1 0.01
Rock Bass 1| 400 il onial 1] 1o : o1 o3¢ il 1o ) o010 . .1 5| 0.87 31| 0.23 69| 0.01
White Sucker 1 4.17 3 0.85 2 1.82 ] 2 2.60 2 :2.60 ° 5 0‘12 I 2 0.35 14 0.11 35 0.01
Lake Chub 1 0.05 y s 10 0.08 24 <0.01
Smallmouth Bass 1| 0.28] 1| 1.14 3] o0.16 . . 1t 0,01 18 | <0.01
Bluegill Sunfish 6| 1.69 1| o.0s g a1 0% i g'gg 1l 6071 - [ 101 o0.08 20 {<0.01
American Eel 11 ‘.08 : : 91 0.07 91<0.01
Mudminnow v 5| 0.12 1] o0.01 8 1.0.01
umpXinseed 21 %.12 : ; 21 0.02 71<9.01
alleye 0 ) 3] 0.02 4 (<0.01
hinexr 51 %L.13 ‘ 4 1.0.01
Brown Bullhead 1) 1.14 P 5! 0.04 5{<0.01
Stone Catr i 1t 0.01 4 }<0.01
Golden Shiner ‘ 3|<0.01
rp : | 3 [<0.01
N.C. Catfish ; i - 31.0.01
Goldfish : 2 |c0.01
Black Bullhead 5]0.01
Black Crappie
Bluntnose Minnow * 11.0.01
Logperch i 1l|.0.01
Brown Trout ' l{.0.01
Northern Pike 1(0.01
Brook Stickleback . u . 11.0.01
Creek Chub ' 1|.0.01
1] o. <
05 , 5 1| o.01 1 |c0.01
t
| , 7
]
TOTALS 24 25 355 88 77 1930 1663 | . 367 1661 4830 679 574 13291 659,041

.
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TABLE 1IV-5
SPECIES LIST AND TOTAL NUMBERS OF FISH
- PER MONTH DURING NINE MILE POIRT IMPINGEMENT
. v * STUDY, 1973
. ° January February Harch April * May Juns July August September | October Novenber Decesber
.Specles L] LY L LY L) L ] 1 | ] 4 [ ] LY L) L L LY [ LY 4 A ¢ \ » A
. Alevwife 3] 0.19 8] 3.54 [ 42664 | 98.11] 560662 | 99.68 ] 19923 | 92.30| 11775 | 93.15 | 2740 | 86.00 | 58 | 61.70] 203 | 43.56}202 35.50 | 2721 | 48.84 322 52.05
= Rainbow Szelt 1206 | 76.04 | 149 | 65.93 7861 1.81 1235] 0.22f 1140 5.28 517] 4.09| 250 | 7.85]181129.15] 233 50.00}193 | 33.92 | 1800 § 32.31 | 3224 | 35.C8
. ‘Three Spine Stkb. 106 | 6.68 1] 0.44 2 1>0.01 45] o.01 285 | 1.32 186 ) 1.47 28§ 0.88] 1{ 1.06 1] 0.21] 30 5.27 74 1.33 16 0.22
Glzzard Shad 81} S.11 2] 0.88 17 ] 0.04 242 | 0.04 38 6.68 237 4.25 42 0.5¢
“hite Bass 5| o0.32 11 0.44 1}>0.01 1] 0.03 2 0.35 539 9.68 79 1.10
Mottled Sculpin 16 | 1.01 | 33114.60 6] 0.01 17 {>0.01 77] o0.36 32| 0.25 14| 0.44] 1| 1.06 1]+0.21) 18 3.16 45 0.8 25 0.35
White Perch 20| 1.26 S| 2.21 1]>0.01 1231 0.02 41 0.02 31 0.02 3{ o.09¢ 2] 1,06 1] 0.23] 29 5.10 49 0.88 10 0.13
Coreson Shiner 1| 0.06 41 0.02 48] 0.38 $8] 1.82] 5] 5.32 51 1.07] 10 1.76 3 0.05
* Troutperch * 5] 0.32 2] 0.88 66{ 0.01 1] 0.24 35] o.28 8] 0.25| 1] 206} 13| 2.79] 2 0.35 2 0.04
Enerald Shiner 55 3.47 9] 3.98 4] 0.01 1]>0.01 3] o.00 21 2.3 13 2.28 44 0.79 11 0.15
Yellow Perch . 601 3.78 S| 2.21 1]°>0.01 3§ >0.01 41 o0.02 8] 0.06 36| 1.13f S5} 5.32 4 0.70 4 0.07 2 0.03
Johnny Darter 1] 0.06 1] 0.44 71 >0.01 86 0.40 11| 0.09 S| 0.6} 1f 1.06 1} 0.21] 13 0.53 3 0.05
Lasprey Eel 3] 1.33 41 0.01 68| o.01 3] 0.02 6] 0.19 4 0.07 3 0.03
Spottail Shiner 6]. 0.38 2] o.88 . 8| 0.04 20| 0.16 2] 0.06 22 0.39 9 0.13
Rock Bass 2] 0.13 1] 0.44 1]>0.01 4] 2>0.01 41 0.02 2] 0.02 6] 0.19 1| o0.21] 13 0.53 8 0.14 31 0.03
white Sucker 1] 0.06], 11]>0.01 7| o0.23] 1] 1.06 41 0.86} 8 1.4 2 0.04
Lake Chwd - 6} 0.38 1] >0.01 1| >0.01 91 0.28 b3 0.02
Smallimouth Bass 1] 0.06 2| 0.88 31 0.02 2] 0.06 . 2] 0.43] 2 0.35 5 0.0% 3 0.0%
Bluegill Suntish . 6 1.08 2 0.04 1 0.01
- American Eel 1] 0.44 - * 3] o0.01 1] o0.01 2] 0.06 1 0.02
Mudminnow 3| 0.19 1{>00.1 1]>0.01 2 0.04
Pumpkinseed N 1§ o0.21 2 0.04 1 0.0 ;
Walleye ~ 41 0.13 H
Shiner H 0.88 [}
Brown Bullhead 2] 0.13 11 0.03 1 0.18 H
Stone Cat 1| 0.4 21>0.02 .
Golden Shiner 3] ¢.01 .
R , Carp 11 0.06 « 2] 0.01 5
Nerthern Channel Catfish 2] 0.13
Goldfish 2| 0.13 1} >0.01 1| >0.01 1] 0.03 - -
Black Crappie 1] 0.06
Bluntnose Minnow 1] o.03 -
Jlogperch 1| >0.00
Brown Trout 1] 0.03
. . Northern Pike 1| 0.03
Brook Stickleback ' * 1}>0.00
) Creek Chud - . 1 0.02
. : TOTAL w1586 226 43488 562479 21584 12641 3186 94 466 569 5571 7181
A TOTAL 1973 CATCH 0.24 0.03 6.60 85.35 3.28 1.92 0.48 0.01 0.0?7 0.09 . 0.85 " 1.09
Number hours 25 28 72 96 120 96 96 120 96 120 96 96
sampled
- Average no./hour
» 63 8 604 5859 180 132 33 1 5 5 58 74




from open water areas. The dominance of smelt in winter impingement collections

corresponded with this inshore spawning movement.

Alewife dominance in impingement.samples began huring late March and continued
thréugh midsummer. The greatest numbers were recorded during April. Wells
(1968) found inshore movement of alewife in Lake Michigan beginning around

11 March with a maximum movement around 15 April. Graham (1956), working on
‘the western end of Lake Ontario observed shoreward migration in Ap;il with the
greatest numbers found during middle to late June. Graham also noted a post-
spawning movement by adults back to deep water in mid-September. Young-of-
the-year alewife were first collected by Wells (19268) during October, reaching
maximum numbers during November. Length frequency data show that young-of-the-
yvear alewives dominated impingement collections from August through December
(Figure III-37). Deleting the numbers of alewives and rainbow smelt, the re-
maining 1.2% of the 1973 impingement collection was composed of 3,609 fish
representing 35 species. Seasonal trends in abundance for these fish are
plotted by month in texrms of actual fish collected and fish collected per

hour of sampling (Figure IV-1l). The January peak was primarily due to three-
spined sticklebécks and gizzard shad. Gizzard shad are known to frequent
areas of thermal influence, especially during fall and winter (Miller, 1960;

Bodola, 1966).

During April, gizzard shad and white perch comprised the majority of the
sample. Gizzard shad spawn during June and July. However, it is not un-
common to find large numbers prior to and during this spawning time in shal-~

low water (Bodola, 1966). Miller (1960) reports spawning of gizzard shad
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' from late winter (mid-Maxch) through most of the summer. Gizzard shad were

not collected from May through September, which would indicate that spawning

occurs prior to the May sampling date and that the aéult fish move away from

-

the shallow water atfthé end of spawning. White pexch also spawn at the same

time, and the numbers impipgéd probably reflect inshore moﬁepént'for spawning.

Following the summer low, impingement rates increased durng30ctober,-peakedx
during November, and then declined during December. The November peak is':-

primarily due to white bass, but is partially the result of tHe presence of

-

young-of~the-year gizzard shad. The white bass collected in-November were

»”

young-of-the-year fish averaging 9.0-10.0 cm in total length, and their

presence in the intake area and impingement collections may'bé~associated

i

with young gizzard shad, a primary food source. Bonn (1952) working with

feeding habits of young white bass in Texas, observed a definite preference

;
B

for gizzard shad. B A .

3. LAKE AND PLANT COMPARISONS

"

a.  Relative Abundance’

Tﬁe'purpose of comparing -relative abundance in the piant gnajiﬁ the Lake was »
to determine if trenés.in;impingement followed ?rendé of speciesiabuhda;ce

iﬁ Laké Ontario fishhcﬁtches. A certain amouﬁt‘of éfedictabiiity coﬁldzbg
;elied on for future:impingement studiéé if it Qere found.c;nsistently that
igpingement itself was closely associ;ted with known life hiséory parameters
for a species. Data’from Lake surveys have shown that species at Nipe*Milé

Point conform closely to the characteristics described in theﬂliterature,

especially species such as alewife and rainbow smelt.

—269_ ‘I ’



Plant and Dake abundance data for a species were presented in two d?fferenﬂ
ways: "firsg, as a comparison of relative abundance expressed in percenﬁ of
total catch in the plant and in the Lake; second, as theunumber“of fish coi—
l?bted periunitnof fishing éffort (Lakg) compared to the number, of impinged
fish collected ger millio? gallons of cooling water flow (a different, yet

consistent, measure of effort).

It should be emphési;ed th;t these expressions do not intend numerical com-
l”}ar;son of the actual éopulations collected‘iﬁ the plant and Lake. They can
only be used to compare the timing of peaks of relative species abundance
found in the plant and‘the Lake and to analyze tﬂe vulnerability‘td-impinge-

ment of certain life history stages of the various species with season.

Alewife and rainbow smelt, due to their abundance in both Lake and impinge-
ment collections, were the species used for this comparison. Peak impingement
periods for smelt were Qaﬁuary;February and AugustrSeptember. Peak:impinge-

mént for alewives occurred from March-July.

7A1ewives were present in’' Lake cat;hes throughout th; 1973 sampliﬂg season
(Figure IV-2). Peaknrepre;entation for smelt in Lake catéheé occurred during
’Méy (14%) and November (15%). These peaks of representation in the total Lake
catch are noticeably ouéiof phase with peak representation during A;gust and
Se;tember for impingemenp collections (Figure IV-3). Perqent representation
'éf smelt in Lake catchés during August and September was depressed by relatively
h?gh n;mbéfs of white perch and yellow pexch collected during this périod. The
facp that peaks of relative abundance between impingément and L;ke catches do

not coincide closely suggests that the two generalized categories of collection

-270-~
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FIGURE I¥-3

NINE MILE POINT
_ RAINBOW SMELT

1973
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a

(impingement vs. g:.ll nets, trawls, and seines) may ‘be selectlve for different .

segments of the populatlon.

Peaks in abundance for alewife in Lake collections (Fish/UniEzEffort) and im-

pingement collectiqns (Fish/MG) were out of phasem(Figure IV;2). Peak abundance

Bl

for impingement coi}éctions occurred during March and April=én§ for Lake® col-

lections during“JulyuthroughrSeptember. The results of leééth frequency ,analy-

sis (Figqré III-37) showed that the 'spring impingement peak wag composed almost

v

entirely of adult fish (v15.6 cm in length). The timing‘pfﬁppak abundance in
impingemént cqllections coincided well with the pre-spawning,‘shoreward mi-
gration (Wells, 1968).

Y
"

Length frequené& data 'show that peak abundance for alewives‘in Lake catches
during the summer and garly fall‘peak abundance period were:pr%mari}y of ypuAg-
of-;hg-yean.fish (Figh;ekIII—37). A}ewlfe impihgement wés ibw at .this time,
indicating that although young alewiyés were éﬁundant in %hq Lake,”they were
noéivulne;able to impi;gement. Alewife spawning began durihé June in Lake
Ontario and peak spawnlng occurred during July 1973 (see Reproduction section).

These data showed that unspawned, sexually mature alewxves comprlsed the bulk

of the impinged alewife. population at Nine Mlle Point durlng 1273.

The comparison between smelt abundance in the Léké (Fish/Uni£ Effort) and .

. . = N W T :', ot Bl !
in impingement collections (Fish/MG) was not as definitive as’the comparison
for alewives. During®the time of peak abundance in impingement collections

(January and February), fishing effort in the Lake was not. féasible due to

ice and otherx inclement weather conditions.

Al -
. = « »
. I

. - =271~
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b. Relative Condition Factors - .

N

The lehgth-weight relationship for a species is not meant to be used as a

*

preéisé'mathematical or statistical parameter to define a pbpulatioﬁ. In-

stead, it should be used as' a tool to provide generallzed 1nformat10n of a.

.

comparatlve nature. If certaln trends are 1nd1cated by length—welght an-

alysxs, these trends can then be examined more closely by uszng other tech-

niques to assess their biological or ecological consequence.

Relative condition factors (see Materials and Methods section) were calculated

for alewives and rainbow smelt impinged at Nine Mile;boint; ‘Condition factors

A

for fishes collected during a given sampling period were computed from the .

«

1ength—weight‘equations for t@e eame species collected from thebnake during

the same “sampling period. The lenéth—weight equatioﬁs of Lake fish were

used ds a baseline for compariséns between the fatness of impinged fish and

the fatness of "average" Lake £ish (Sw1ng1e and shall, 1971). The relative:

condat;on factor (Kn) of an impinged . flsh was always 1.0 1f 1t was equal to

the’ condltxon factor for a Lake fish' of the same length. Whenever lmplnged;

Y

fish were in poorer condition than the Lake fieh, the relative condition

was less than 1.0, and when the condition of impinged fish was better than

*

that of Lake fish, Kn was greater ‘than 1.0, For example, a Kn value of 1.2

for an 1mp1nged fish would indicate that it welghed 20% more than a lake fish

I3

of the same length and, hence, that it was in better condition.

One date was’ chosen to be analyzed for each specxes. Alewmves were analyzed

for- the collection date of June 13, and smelt for the date of December 28,

The welghted Kn for all 1@p1nged flSh was lower than 1.0, indlcatlng that

N

-
-
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impinged alewives and rainbow smelt were thinner than Lake fish (Tables IV-6

and IV-7). There was a general trend of decreasing condition for alewives .
with increased length intervals, and it was hypothesized that the increased
swimming ability of larger fish enabled them to avoid impingemeﬁt for a longer

period of time. This .trend was not evident for rainbow smelt.

This typevof analysis is subject to bias from several sources. Sampling
bias may result from‘differential ;reatment of Lake and plant fish. For ex-
ample, if impinged fish were analyzed fresh and Lake fish were analyzed after
preservation in formalin, Lake fish would be generally heavier and apparently
in better condition than impinged fish due to the fact that prese;ved £ish
tend to shrink in length and gain weight (Parker, 1963). Lake fish and im-

pinged fish were preserved in formalin during the 1973 Nine Mile Point study,

thus eliminating this type of bias.

The second source of sampling bias may result from gill nets being used
as the main collection method for Lake fish. Tasch- (1971) points out. ;
that a sample from a gill net of a particular size is usually unsuitable

for length-weight analysis because the net tends to be selective, Y

depressing the slope of weight on length and lowering the apparent con-

dition of the fish. Experimental gill nets of the type used for the Nine

Mile Point study reduced this type of bias, and results show that Lake fish

collected in gill nets were in better condition than impinged fish. '

A third source of possible bias may result if the baseline length-weight
equétion for a.species in the Lake was calculated ffom a populafion with

a sex ratio different from the impinged population. For example, assuming

*
»
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TABLE IV-6

Baseline Length-Weight Equation for Lake and Relative Condition Factors (Kn)
for Impinged Alewives at Nine Mile Point on 13 June, 1973 on Lake Ontario

ALL IMPI NGED ALEWIVES

. LAKE ,
; 3
BASELINE LENGTH-WEIGHT CORRELATION SAMPLE
EQUATION COEFFICIENT SIZE
Log w=-5.924‘ + 3.348 Log L ‘ 125
i 7 LN
IMPINGEMENT
LENGTH INTERVAL (cm) MEAN Kn SAMPLE
SIZE-
7.0 = 7.9 . 1.261 1
9.0 - 9.9 1.016 12 -
10.0 - 10.9 0.933 5
11.0 - 11.9 0.927 3
12.0 - 12.9 ‘ 1.068 6
©13.0 - 13.9 0.934 a2 3
14.0 - 14.9 0. 894 239 -
15.0 - 15.9 0.892 192 ’
'16.0 - 16.9 0.846 ’44;
17.0 - 17.9 0. 780 20
18.6 - 18.9 0.737 3 o
19.0 - 19.9 0. 368 1
WEIGHTED MEAN Kn FOR
0.892 568




. TABLE IV-7

Baseline Length-Weight Equation for Lake and Relative Condition Factors {Kn)
for Impinged Rainbow Smelt at Nine Mile Point on 2& December , 1973 on Lake Ontario

, LAKE
' BASELINE LENGTH-WEIGHT chREnATION“ SAMPLE
EQUATION COEFFICIENT SIZE
Log W=-5.316 + 3.045 Log L 0.995 91
IMPINGEMENT
LENGTH INTERVAL (cm) MEAN Kn SAMPLE
SIZE
4.0 - 4.9 0.886 1
5.0 - 5.9 ’ 0.905 39
6.0 - 6.9 | 0.831 151
7.0 - 7.9 o 0.851 90 .
8.0 - 8.9 | 0.861 11 '
9.0 ~ 9.9 - 0.763 3
10.0 - 10.9 ‘ 0.764 1 )
11.0 - 11.9 , | 0.781 3
12,0 - 12.9 o 0.822 ) 6
13.0 - 13.5 ) 0.767 8
14.0 - 14.9 : 0.766 7 “
15.0 - 15.9 o 0.757 1 ;
16.0 — 16.9 ‘ 0.910 4 \
17.0 - 17.9 o 0.979 2 4
18.0 - 18.9 0.943 2
WEIGHTED MEAN Kn for _ {'ll'
 ALL IMPINGED SMELT 0.844 329




[ ARt R S, . -

" that the length-weight relationship for male and female alewives were

entirely different and that the sex ratio was heaVily in favor of females

* .

in the Lake population, the Kn values calculated for impinged alewives’ may T .

»

%
«

. be biased if the impinged‘population were predominently male.f Although 7

'this‘is a somewhat extreme example, the bias can be eliminated’by providing

. 1

large sample Sizes of both Lake and plant fish for which sex is known. The
length-weight analysis and calculation of condition factors could then be

carried out separately for each sex. Sex ratio data for aleines showed

K} 2

that females greatly predominated in both the Lake and impingement collections

at Nine Mile POint during 1973 (Table III-43; Reproduction section).

-, +

¢. Species Diversity

> [

»

Diversity indices are mathematical models which permit summarization of
0 “large amdunts of information about numbers and species and enable comparison

of different data (Whilm and Dorxis, 1966, 1967, Sager and Hasler, 1969). g»

'“\
-

The mathematical method is not an alternative to observation and experimenta-

*

tion but is a~necessary supplement (Nicholson, 1954). Three indices were
. calculated for the fish impingement collections made at . the Nine Mile Point
Unit 1 and a representative collection from the Lake in the Vicinity of the.

intake structure. o o .

L

The Lake collection indices are mean monthly indices based on trawl and gill

net collections. from the Nine Mile Point (NMPP) transect. The trawls selected

were surface and. bottom from 20 and 40 feet and the gilJ.nets were surface
o — T

f

r * and bottom from 20 and 40 feet and mid-depth at 15 feet. The’ plant intake ‘is

located in approximately 25 feet of water and the collections usedﬁin the Lake

‘ | | | |
N .
.
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indices were selected as the best représentir;E_; the community available for .

2

impingement. Impingement diversity values were mean monthly indices for num-

k)

ber of fish impinged per hour.

The indices calculated were: a) diversity (H') based on information theory,

-

b) evenness (J), and@ c¢) species richness (d).

The formulas employed in the indices calculations and their diagnostic capab-
ilities were discussed in the fisheries section. Graphic presentation of the
comparable Lake and plant indices is given in Figure IV-4.

?

= S ——

(i) Information Theory Diversity

’

The Lake diversity index (H') pattern showed a March low, increasing
gradually through the spring and summer months to a September high.
The index value decreased rapid;y from §eptembe; through ‘the fall period.
The incgease ig éivegsity was consistent witﬁ the shoreward spawning ahd
feeding mov;ments ;f f;sh species during ghe spring - summer period.
Indices for the fall period indicated a migration from the shallow to
deep waters and a resultant decrease in diversity.

<
Diversity index values for the plant span a longer ‘time interval than
the Lake. fhe winter months of January and February exhibited a high
diversity which declined rapidly in March to a value comparable to the
Lake:index.d The impingement divexsity was similaf to the Lake diversity
through the spring and summer period. Howéver, unlike'tﬁe‘Lake, impinge-

ment diversity increased through October with a downward trend beginning

in November and continuing in December. Comparable data from the Lake

. , |
¢ ~275- , .
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were not available for January and February, however, the available data
indicated a large number of species in the immediate area of the plant.
This possibly is due to the fish preferring an area of warmer water

around the plant discharge.

The sharp decrease of the March impingement diversity was due to a decline
from February to March in the number of species collected, combined with

an increase in the average number of fish collected. The number of

species declined from 12 to 6, and the average nuﬁber of fish increased
from 113 per collectio; date to 29,500 per collection date. The increase
in fish abundance was due to greater numbers of impinged alewives begin-
ning on 21 Maxch. The spring - summer diversity index'for both‘plant
and Lake collections were similar. The fallincrease of impingement .
diversity comparea to Lake collection diversity wés due to a higher
average number‘of spécies present in the impingement samples. Young-of-
[
the~ year fish, which were not well-represented in gill net collections,

composed a large portion of the impingeable Lake population durlng the

fall and contrlbuted to increased impingement d1versxty._

.
.

(ii) Species Evenness (J)

Species evenness is a ratio of the observed diversity (H') to the maximum
possible diversit§ (H max). Maximum diversity would occur when the num-
ber of 1nd1v1&uals collected were evenly distributed between the specxes
(Pielou, 1966; Dahlberg and Odum, 1970; Hurlbert, 1971). The greater the

evenness value, the more efficient the community structure, since the

~276- o o .




»
L]

enexrgy flow within the fdod web can follow more pathways. ‘ ’

..

v

Lake evenness was greater than the impingement evenness values during

all months. Thiszsuggests a selective aspect of impingement in com-

parison to the.Lake collections. The Lake value'was highest during the
spring, deolined during the early summer and gradually increased through
late summer and gall. The only winter value, March,'wes lower than

any other monéhly average. A distinet seasonal cycle of evenness was
found by Dahlberg and Odum (1970) in an estuary using this index; they
attributed it’ to Juvenlles in the study area. The spring increase in

¢

evenness-ln_LakerOntarlo could be due to adults‘moving"into the shal-

low areauto soewn. The August decline:may regresent postfspawning
movement to deeper water. *?he lete summer—fall increase:would repre- .
sent the.Qoung-of—Ehe;year being collected in the study:area..‘Impinge-
meht collections show a late w1nter decline and gradual increase through i
the spring -- summer - early fall period, then gradually decllnlng.

Impingement evenness was low during all seasons due to the dominance

of alewives in impingement collections.

(iii) Species Richness (d)

Spec;es rmchness empha51zes the number of species present rather than

L
1

total abundance of 1nd1v1duals (Hurlbert, 1971; McErlean et al., 1973).
Thls 1ndex 15 more sensxtlve to seasonal fluctuatlons than ‘the diver-
sity 1ndex whlch equates the 1nd1v1duals more to the: number of species

collected (Dahlberg and Odum, 1970).
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Lake species richness mirrors the diversity index value having an early

spring low, increasing through the spfing and summer then declining
during the fall. The seasonal movement of fish species would account for

*

this pattern. For all months with comparable index values the impingement

L 4
species richness is higher than Lake collection values, suggesting greater

R L 4
species selectivity in the Lake collection technique. A similar pattern

to that seen for species richness was observed for diversity, except for
the sharp increase in species richness during July when 22 species were
collected in impingement samples. This increase was due to the collec-

tion of several species, such as brown trout, represented by only one

individual and absent from other warm water months.

In general, the diversity indices suggest selectivity of the Lake sampling
’
techniques compared to impingement collections. This was specifically

o

evident from the greater diversity index and species richness during fall.

.

impingement collections due to the inability‘of gill nets, the major
sampling gear, to collect representative numbexrs of»youﬁé-of—the—year fish.
A general seasonal trend for both Lake and impingement collections was
characterized by smaller index values in the spring, increasing through
the summer and declining in the fall. This corresponded to the general

shoreward movement of fish during the warmer months and their return to

deeper water during cold water periods.

4, PHYSICAL CONDITIONS

Evaluation of abiotic parameters and their effects on community structure with

time is useful in determining trends in population movements. Temperature is
A ‘
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a primary factor g;veining the movement of organisms, especially in the tempex-
‘ ate zones (Brx;linsliy and Mann, 1973). Seasonal differences in temperature
between the shore and open water areas of a lake and preference of organisms
for different temperatures at different stages of their development deter-

LIRY

mines to a great extent their distribution patterns.
% ‘

h

[3

Th% number of fisﬁ qpliected from the impingement collecéions by daté’is\
shown graphically in Figure IV-5. The numbers are reduced to fish impinged
‘pex 106 gallons of coollng water ssmpled and fish xmplnged per hour of gamv
" pling. The actual numbers were log transformed for ease of display, and
since both graphs reflect the same trends in collection, both methods are
similar for comparis;h of the data. A graph of average daily temperature
from the intake forebay and disch;rge taken duringAthe impingement samélinga

Y is presented in Figure IV-6. The change in temperature (AT) of the cooling

‘ ~ water due to passage through the condensers is shown also. ’

1

Theré .is a seasonal trend between the number of fish iméingedjaqd the
.water temperature. The spring warming ,of the water’corré§§dnds to the in-
shoré migration of many speciés of fish for spawning. The increased number
of fish in the shaliower water areas is reflected in the increased numbérs
of fish impinged. ‘The number of fish impinged déclined substantially durin;
the summer as the water temperature reached its highest yearly valués. The
low impingement rates were due to a post-spawning migrationvfrom the shore

I

-area to deeper waters.

The cooling of 'the water in the shore area during the fall corresponded to
P g ) - : '
Z an ‘increase in impingement rates., The fall impingement collection was com-
” posed mostly of young-of-the-year f£ish. These young fish remained in the

shoxe zone during the summer for feeding and protection, moving to deeper
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water areas as the littoral conditions became less desirable in the fall.
Several of the fish species collected during the fall, such as gizzard 'shad,.
alewife, and white bass, are known to prefer warm water areas (Bodola, 1966;
Bonn, 1952; Graham, 1956). These species may have been located in the area
influenced by the warm water discharge, thereby increasiqg their impingéyent‘
rate at this time of year. Migration of young-of-the-year from the littoral

zone and species preference for the warm water discharge may be two reasons

accounting for the increased fall impingement.

When 42 and 52°F temperatures are recorded in autumn, November and December, .

day length is diminished and temperatures are decreasing toward winter minima.

€

.

These conditions may be associated with increased fish activity as they move
offshore for overwintering. Increased activity during'spring and autumn may

contribute substantially to the high impingement rates recorded during these ‘

periods.

[

Aside from direct temperatures and seasonal activity influences on impinge-

ment rates, a third possible contributing factor is the temperature preference

Yy
[

of fish. The Nine:Mile Point Nuclear Power Station Unit One discharge is
located about 800 feet south southwest of the intake. Heated water diffuses
from the discharge and creates a pluﬁe which disperses laterally and toward
the surface. Fish . in the discharge area encounter temperatures which most
likely do not approa;h maximum tolerable temperatures, but they may expérience
rapid- changes between ambient Lake and heated discharge temperatures (Moss,
1970). Avoidance reactions of fishes to heated waters may be marked by
increased activity.- As fishes move toward»areas of prefeqreé temperatures,

areas uninfluenced by the discharge, individuals passing by the intake may

become susceptible to impingement. _Since rxelative discharge and ambient Lake .

%
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water temperaﬁures generally differ greatly during spring, f£all, and winter
periods, the impingement rates recorded at those times .may be partially attri-

butable to temperature selection movements of fishes.

~
o

. ¢c. IMPLICATIONS OF FISH IMPINGEMENT °

»

3 "

Fish populations are maintained in states of dynamic equilibria through

the influence of intra-and interspecific competition.

Interspecific competition has become more keen as man has developed the
technology to commercially exploit fish stocks. Increased exploitation
‘of fishes may result in drastic reductions of stocks as observed in Lake °

Ontario (Christie, 1973) or, more ideally, in the regulation of commer-

“

cial and sport fisheries as has been done in the Chesapeake Bay region.

»
-

An additional source of competiﬁion for fish stocks has developed through
the use of' large volumes of surface waters for cooling and othexr industrial
'processes. The accumulation of fishes may clog municipal water supply

stations (Breder and Nigrelli, 1936) or interrupt industrial-operations
Dawson, 1967; Smith, 1970; Edsall and Yocum, 1972.) Cropping of fishes

by water intake systems may disrupt the equilibrium maintained within

the ecosystem if this cropping compounds the effects of existing compe-

tition patterns.

"

The dominating fish species in thé Nine Mile Point area of Lake Ontario

are alewives witﬁ rainbow smelt ranked fourth in total overall abundance.

4

(Chapter III, this, report). Collections of fishes impinged at the Nine
r #
Mile Point Nuclear Power Station were dominated by alewives, rainbow smelt
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\ .
were the second most important impinged species. To aid in interpretation

of impingement data for these two species, the population biology and

ecological implications of impingement of each species is discussed below:

1. ALEWIFE (Alosa pseudoharengus)

Alewives contribute an important coﬁmercial species in the Great
Lakes. For a répresentative year, 1971, landings of glewives
totalled 29!654,000 pounds (1lb). All alewives were landed from
trawl, trap and gill net operations in ILake Michigan. These land-
ings composed~ 66.4% of the total commercial catch for Lake Michigan
_that year, and 29.3% of the total 1971 commercial fish landings for .
the Great Lgkes. Only yellow perch and rainbow smelt were landed |
in ?umbers approaching that of alewives (19,196,000 lﬁ.and 17,131,000
1b., respectivel&). Commercial production of alewives has been
sgbstantial in Lake Michigan since 1957 (220,000 lb), reaching a
peak in 1967 (41,895,000 1b); in general, commercial lgndings have
been consistent 'sihce 1966, fluctuating about a mean of 32,212,000

1b.

Because of the relatively small size attained by the Great Lakes'
alewives in comparison to Atlantic populations (157mm versus 248mm

for age class VI, Lake Ontario and Atlantic females, respectively
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[Graham, 1956]), the alewives of the Great ILakes are not considered a

‘prime fish for human consumption (Smith, 1970). Most of the commercial
catch is utilized in the preparation of fish protein.concentrate. Com-
mercial fishing pressure on the Great Lakes'alewife stocks is low, with the

exception of Lake Michigan (Graham, 1956).

The lack of commercial fishing pressure and the rapid onset of matur-
ity among landlocked alewives has resulted in rapid growth qf alewife
populations when introduced to new environments. Generation time in
landlocked populations is short; most age class II and virtually all

agé class III fish spawn. Alewives in the Great Lakes often attain

“ an age of 6 years or more (Graham, 1956; Brown, 1972). In several
recorded instances, notably in Lake Michigan, ébpulation expansion of
the alewife exceeded the carrying capacity of the Lake environment,
resulting inmassive die-offs (Brown, 1972). Overpopulation notwith-
standing, alewives regularly undergq a mass "natural die-off" during
the late spring and early sumAer months. This phenomenon has been
recorded regularly from Lake Ontario g}nce the 1880's and earlier
(Pritchard, 1929) and in other freshwater poPulations (Odell, 1934;
Tothschild, 1966; Brown, 1968; Stanley, 1969%).
Brown (1968) has studied live and dead fish caught at the height of
mass mortalities and described e#éé dead and dying fish as "xobust,"

often with full stoﬁachs. Graham (1956) suggested that the mortalities

e ~+



could be attributed to temperature shock. During mass mortalities,
representatives of all age classes are present. Thus, while annual.

mortalities may be an important factor in limiting alewife populations,

particularly in underfished stocks, the cause of the mortality is likely

to be physico-chemical rather than biologic.

Most data regarding the landlocked alewife are from Lakes Michigan and

Ontario. Commercial landings for Lake Michigan suggest that yield from

fishable stocks is approximately in equilibrium, at a mean of some 32

million pounds annually (1966 to 1972 range 27 M to 42 M 1b.) composed

of fishes greater than 2 years of age (Table IV-8). Approximate num-

bers of fish landed are likewise expressed in Table IV-8, based upon an
annually adjusted average adult weight of 1.3 oz. per fish (derived from ‘
data in Brown, 1972; mean adjusted for increase over the time interval,

[

1965 to 1970).

While a more precise estimate of number caught may have been derived
using mean weight determined for each year's alewife samples (Brown,
1972), placement of the maximum error would have been four orders of

magnitude less than the first significant figure for the maximum year

(1967) .
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Year

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
,1968
1969
1970
1971
1972

1

TABLE IV-8

COMMERCIAL CATCH OF ALEWIVES (Alosa pseudoharengus),
IN LAKE.MICHIGAN, 1957 TO 1972 »

Landings
Weight . Number
(1b. x 103) (Calculated)
220 2,706,000
1,356 16,678,800
1,264 ) 15,547,200
. 2,370 29,151,000
3,199 : - 39,347,700
4,742 58,236,600
5,396 ‘ 66,370,800
11,743 144,438,900
14,007 172,286,100
29,002 356,724,600
41,895 515,308,500 -
27,194 ) 334,486,200
29,248 . . 359,750,400
33,467 411,644,100
29,654 364,744,200
35,034 430,918,200




3

Based upon experimental fishing perxformed in 1964 and 1969, calculated
estimates of the péunds of alewives available to bottom trawls were

made (Brown, 19725. Projected catch in pounds and numbers are presented
in Table IV-9. The stock estimates provided here (Téble IV~-9) must

be taken as conserva%ive, since sampling efficiency of trawls was

assumed to be 100%, rather than the more likely efficiency of 25 to 30s.
Reigle (correspondence to Great Lakes. Fishery Laboratory, 1956), adjusted
the figures presented hexre to compensate for trawl avoidance and alewives

in mid~water. He chose to double the estimated figure (see Brown, 1972).

Alewife population estimates for lLake Ontario derived in precisely the
same manner as those derived for Lake Michigan (i.e., experimental trawl
captures (lbs/acre or numbex/acre) .averaged ;ver time, depth and location)
provide a picture of relééive abundance of the fish stock throughout the’
year. Distribution characteristics of the population‘différs markedly
with season (Pritcharxd, 1929; Graham, 1956; Wells, 1968; QL&M, 1972;

'GLFL Cruise Reports, 1972 a, b, ¢, d, e). Seasonally averaged abundance
to trawls is in fact the more desirable statistic, since the’;chooling
characteristics of the alewife in the spring may tend to increase catch

per effort and bias the stock estimate upward.

»

During May of 1972 the Great Lakes Fishery Laboratory (Bureau of Sport

Fisheries and Wildlife) undertook a program to assess fish stocks in Lake

. -
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TABLE IV-9

ALEWIVES (Alosa pséudoharengus)
. AVAILABLE TO BOTTOM TRAWLS
IN LAKE MICHIGAN, 1963 TO 1970 (After Brown, 1972)

Availaﬁle * : Available 1

lbs. Available * Billions of Ibs. Available * - Billions of
Year Millions of 1bs. Fish Millions- of 1bs. Fish
1963 - 605 7.26 284 1 3.40
1964 490 , 5.88 | 231 , 2,77
1965 1,131 | 13,57 | 530 6.36
2,093 " 25.12 983 © 11.80
”, 2,450 i 29.40 1,150 13.80
1968 - 1,059 L m g7 . 5.96
1969 333 , 3.99 156 b 1.87
$ * " .

1970 500 . 7.19 281 | - 3.37

*Projected from 1964 data

1Projected from 1969 data




Ontario. The results of five cruises (R/V Kaho cruise II, IV, VI,

VIIX, and X) from May to October, 1972, were utilized in the develop~

ment of the following stock estimates for alewives in Lake Ontario.

Mean numbers of alewives trawled, by cruise, are presented as numbers

per acre and pounds per acre in Table IV-10. A mean weight per alewife
of 1.5 oz. was derived from cruise report summary sheets. This estimate
was considered ﬁigh in relation to samples collected contemporaneously
with the R/V Kaho by Quirk, Lawler and Matusky Engineers (i973). Thus,
the average of 1.3 oz. per fish (derived from Brown, 1972), was used in

. constxuction of Table IV-10.

"

Stock estimates (Table IV-11l) made herein are highly conservative: .
1. The estimated crop is based upon bottom trawl catch-per unit

effort. However, depth sounding studies carried out by R/V

Kaho indicated that a substantial propértion of alewives are

distributed at mid-depth and were not caught by the experi-

mental bottom trawls.
2. The stock estimate is based upon a 100% efficiency fof the

bottom trawl gear. Trawl gear is substantially less than 100%

efficient and may fish at less than 50% efficiency. )

Reigle of the Great Lakes Fishery Laboratory (memo, 1966) pre-

sumes stock to be at least double that based upon cat?h record; \

due to avoidance of nets. ' \

[
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TABLE IV-10

RELATIVE ABUNDANCE OF ALEWIVES (Alosa pseudoharengusY
IN LAKE ONTARIO AT ALL STATIONS, BY MONTH, 1972 . .
Data From The Great Lakes Fishery Laboratory, Ann Arbor, Michigan

Month of Numbers Per Pounds Per

Cruise _ . Acre , Acre

May, II ' 1,179 95.8

June, IV © 225 ’ 18.2

July - Aug., VI “ 146 11.9
Bug. - Sept., VIII 121 9.8

Oct., X 106 ‘ 8.6

MEAN 335, . 28.9

N

Population stock estimate for 62% of the Lake surface area:

1,036,032,000 84,341,760

-




TABLE IV-11

ALEWIFE (Alosa pseudoharengus)
STOCK ESTIMATES FOR MEAN, MINIMUM, AND MAXIMUM ABUNDANCE VALUES
FOR ALL STATIONS, 1972
Data From The Great. Lakes Fishery Laboratory, Ann’ Arbor, Mighigan

Abundance . ., . Stock Estimate

Level - . No. Acre—l Pounds Acre™* No. Pounds
Maximum 1,179 95.8 3,440,793,600 279,582,720
Minimum 106 8.6 309,350,400 '25,098,240
Mean 355 28.9 1,036,032,000 84, 341,76'




3. The stock estimate is based upon size-selective fishing gear:
age groups I and iI arée not represented in proportion to their
small size. ‘ .

4: The stock estimate is made using 62% of the surface area of the
Lake in converting catch per acre ﬁo stock. This conforms to the
surface area bounded by the shoreline and the 60 fathom contour.
The R/V Kaho captured a;ewives in bottom trawls beyond the 60

fathom mark.

Impingement rates at the Nine Mile Point Nuclear Power Station for 1973

suggest that a total of more than 5,000,000 alewives were or would be

killed by impingement on the intake screens. ’

®

The effects of this impingement on the alewife population in Lake Ontario
may be assessed byﬂfirst placing the impingement rate in the perspective

il

of the alewife stock estimate for Lake Ontario.

«

*

When Nine ﬁile P;int Unit One impingement rates for alewives are compared
with the stock estimates from the totai Lake, the numbers of fish impinged
constitute 0.4% of the alewife stocﬁ estimated frommmean rates of catch
per. acre (Table IV-12). At the minimum level of abundanqe, 106 alewives
per acre, the plan; impingement is 1.6% of the Lake population (Table

IV-12). At the maximum abundance level, alewife impingement at Nine Mile

Point is about 0.1% of the alewife stock in Lake Ontario.
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TABLE IV-12

RATIOS OF ANNUAL IMPINGEMENT OF ALEWIVES (Alosa pseudohare ngus)
AT NINE MILE POINT UNIT ONE
TO LAKE ONTARIO ALEWIFE STOCK ESTIMATES

Abundance ’ - Ratio x 100

Ievel No. Acre Stock Imgingement (%)
Maximum 1,179 3,440,793,600 5,000,000 0.1
Minimum 106 . 309,350,400 5,000,000 - 1.6

Mean . : 355 1,036,032,000 - 5,000,000 o . 0.4




These figures may be placed in the perspective of the rates of capture
for the only Lake in which the alewife is fished cpmmercially, Lake
Michigan (Table IV-8). In Lake Michigan, commercial landings have

run at the rate of approximately 30 million pounds, pex year, or 350 mil-
lion alewives per year, since 1968. These landings compose a minimﬁm
of 8% of the estimated stock (Brown, 1972). Thus, the cropping rate of
Niﬂe Mile Point %E = 0.4%) in an unfished alewife population is but 5%
of the commgrciél cropping rate in Lake Michiga; waters:

»

Studies of the‘éffecté of alewife cropping in Lake Michigan indicate.
that the rates of commercial harvest, estimated at 7 to 18% have
improved the condition of tHe alewife population (Brown, 1972):

1. Average weights of mature fish have increased since
1965-66 when the population was overcrowded. . .y

¥
.o

2.  Percent yield to the fishery per recruitment has increased.

In the underéxploited population of Laée Ontario, it is very likely that
thé population is overcrowded, approaching the carrying capacity of the
system. Mean weight per adult individual in Lake Ontario ‘is much less
than in Lake Michigan, indicating overcrowded conditions. Under these
circumstanceé, it may be concluded that cropping of the alewives at the
Nine Mile Point_Nucieér Power Station; i) will have no: deleterious

‘ éffect on the'alewife abundance in Lake Ontario, and 2) may,.bylremoval

of some portion of the'population, have some effect on improving, the
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overall condition of the total stock. Ho&éver, the beneficial effect
is unlikely to be felt by the Lake'pdpulation as a whole. The local-
ized effect of impingement of alewives in the vicinity of Nine Miler
Point, Mexico Bay, and Oswego is difficult to assess due to the errant

nature of the alewife.

From a comparison‘bf Tables IV~-1ll and IV-13, it may be seen that alewives

are more abundant in the vicinity of Nine Mile Point than the Lake aver-

age. Stock estimates for the Lake from the mean number at Nine Mile

Point exceed the mean lLake estimate by 980 million. Thus, removal of

large numbers of fish from the Nine Mile Point area are likely to have

less effect on the population than removal of similar numbers from another‘

location.

If we estimate the "wvicinity" of Nine Mile Poinﬁ to be a %one 6 miles by
3 miles (18 square miles; 11,520 acres) an estimate of aleines available
in this area may be made using the conservative abundance estimates :
employed before, and data from the Nine*Milg Point transect (R/V Xaho

cruise reports). Abundance estimates for the vicinity are available with

time and reflect the inshore-offshore seasonal migration’patterns of
the alewife. Greatest concentrations occurred during May, when the
region had an estimated 3,100,032 fish. Maximum removal rate for

this period reached 400,000 fish per day. At this maximum rate, 12%
of the fish wer; removed per day. Estimates of emigra%ion and immi-w
gration for this "vicinity" cannot be made. It is reasonable to assume

m '
R
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'TABLE IV-13

RELATIVE ABUNDANCE OF ALEWIVES (Alosa pseudoharengus) |

+ IN LAKE ONTARIO AT OSWEGO (NINE MILE POINT), BY MONTH, 1972
Data From The Great ILakes Fishexy Laboratory, Ann Arbor, Michigan

Month Cruise No. Per Acre
May . II 2,691
June v 84
July - Aug. VI 372
‘g. - Sept. VIII 145
October X 110
MEAN u © ' 680.4

Stock estimate for 62% of the Lake surface area:

I3

1,985,407,200

-

Pounds Per Acre

218.8

6.8

55.3

161,365,000



«

a rather contin\{ous movement of alewives inshore from deeper waters .
during the early spring. Thus, in our best approximatiOn during thé

period of heavigst removal, the migration movements of tﬂe species

would result in a continual replacement of fishes cfopped by the plant.

The 12% removal rate for the maximum 1973 impingement wouid not repre-

sent a depletion of an isolated population, but would draw:from a

stable population of approximately 3 million fish.

The sum total of possible effects due to impingement of alewives must

consider a variety of factors in dddition to potential stock depletion.

In all the Great Lakes, save Lake Michigan, the alewife is not exploited
commercially. The alewife in Lakes Ontario, Erie, and Huron may be con-
sidered to be overcrowded, and therefore constitute a nqisance due to

its overabundance. As mentioned previously the nuisance value of the ‘
alewife resés in’the clogging of industrial and utility watexr intakes

and fouling of beaches and the Lakes bottom. However, the alewife has

been shown to be a biological as well as an aesthetic nuisance.

I3

The overabundance of alewives may have serious effects on the zooplank-
ton populations of the Great Lakes. Brooks and Dodson (1965) demon-
strated a change in size composition of planktonic crustacea over time
which was due to the heavy feeding of alewives. The changes in the zoo-
plankton were considered deleterious to other, more desirable species
first, due to reduction of zooplankton populations} and second, due‘to
removal of zooplankton size classes suitable to commercially exploited

species, such as cisco, chub, whitefish, and juveniles of many game
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species. For these réasons, one important ramification of alewife
cropping is that zooplankton may be improved in direct proportion to

the rate of removal of the alewife.
3

¢
b

If alewife cropping were to graduélly deplete the populations, it is

doubtful that serious ecological imbalance would follow. The presence

" of alewives in the Great Lakes has displaced and depleted several forage

fisﬁ species;i In the absence of the alewife it is likely these species
would increase in.abundance. It is important to .note that the species
displaced are, generally, more suitable as food“for important game
fishes (lgke trout, yellow perch, smallmouth bass) than is the alewife.
It is theoretically possible to envision an increase in the populations

of game species with time.

2. RAINBOW SMELT (Osmerus:mo¥dax)
. e et

[

A commercial fishery for smelt hag existed in Lake Michigan since 1931;
in Lake Ontario singe 1952, and intermittently in Lakes Huxron and Super- °

ior since 1935 and {938, respectively (GLFC, 1962). The importance of

£}

these fisheries became evident in 1942-43,when disease virtually’g}imij
nated tpe species from L;ke Michigan (Van Oostén, 1947). The econoq?c‘
impact of the di;rupted fishery was felt nationally. Current commexr-
cial production of smelt from the Great Lakes is substantial, totalling
17,131,000 pounds in 1971; 76% of this production originated in Lake

-
Erie.
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Commercial "production of smelt in three of the five Great Lakes suggest .
that the species is very abundant. Low commercial yields from Huron

and Ontario are considered to be a reflection of fishing intensity

rather than an indication of low stocks. Yield of smelt for 19711is

presented in Table Iv-14.

" The numbers of fish presented in Table IV-14 are pfojéctions based upon
an average of 2.4 ounces per individual fish (Van Oosten, 1947). Exam-
ination of catch data for several years in Lakes Michigan and Ontario
(Tables 1IV-15 and IV-16) indicate that smelt stock; in these systems

are abundant and stable, if not increasing.

Abundance of smelt in Lake Ontario may be made from the catch recoxrds
of the' R/V Kaho cruises, May to October, 1972. Table IV-17 presents .
the catch data for Lake Ontario based upon the mean for all stations,
in numbers and pounds. Table IV-18 is a summary of R/V Kaho smelt .

catch for the Oswego (Nine Mile Point) Transect.

In this estimate smelt stocks were calculated using the mean catch per
acre for the total Lake (Table IV-18), and estimates were made for the .
Lake population based upon collections from the Oswego Transect (Table
IV-20). 1t is apparent from comparison of Tables IV-19 and IV-20 that
the smelt population at the Oswego Transect is substantially less than
the Lake mean. Monthly estimates of abundance of smelt in the 3 mile

by 6 mile "vicinity" of Nine Mile Point were made based upon the season-

al abundance at the Oswego Transect (Table IV-2l).
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TABLE IV-14

COMMERCIAL LANDINGS OF SMELT (Osmerus mordax)
IN THE GREAT LAKES, 1971

4

Weight
Lake : (1b. x 103) . Numbex
Ontario 205. 1,353,000
E;cie ; ”‘.13‘,312 86,671,200
0 Huron oot 3 ‘ : .~ 19,800
Michigan : 1,343 8,863,800
Supe rior , » 2,448 ﬁ 16,156;800



TABLE IV-15

COMMERCIAL LANDINGS OF SMELT (Osmerus mordax) '
LAKE MICHIGAN, 1945-1971

Weight ' Weight
Year (Zb. x 103) Number Year (1b. x 103) Numbex
1945 101 666,600 1949 6,004 39,626,400
1946 267 - ’1,762,200 1960 3,267 21,562,200
1947 786 5,187,600 1961 2,152 14,203,600
1948 1,131 7,464,600 1962 1,546 . 10,203,600
1949 1,540 10,164,000 1963 1,203 7,939,800
1950 2,417 . 15,952,200 1964 | 969 6,395,40
1951 3,399 22,433,400 1965 927 6,118,2(,
1952 5,111 33,732,600 1966 1,111 7,332,600
1953 5,181 34,194,600 1965 ‘ ‘1,224?t 8,078,400
1954 5,811 38,352,600 1968 1,789 ‘ 11,807,400
1955 5,416 35,745,600 1969 '
1956 7,368 48,628,800 1970
1957 7,024 46,358,400 1971 1,343 8,863,800
1958 9,102 60,073,200




Year

1952
1953
1954
1955

1956

1957 -

1958
1959

. 1960

1961

1962
1963
1964

11965
Y066
1967
1968
1969
1970

1971

TABLE IV-16

'COMMERCIAL LANDINGS OF SMELT (Osmerus mordax)

1952-1971

LAKE ONTARIO,

Weight
(lb. x 103)
253
589
270
243
‘272
177
296
208
188
223
202
170
129
202
141
155

le8

-

205

Number

1,669,800

11907I400

1,782,000

1,603,800

1,795,200

1,168,200
1,953,600
1,372,800
1,240,800
1,471,800

1,333,200

.1,122,000

854,400

1,333,200

930,600
1,023,000
1;108,800

[

1,353,000




TABLE IV-17

SMELT (Osmerus mordax) ABUNDANCE IN LAKE ONTARIO.
ESTIMATES OF TOTAL LAKE ABUNDANCE BASED ON
DATA FROM THE GREAT LAKES FISHERY LABORATORY, ANNE ARBOR, MICHIGAN

: ' Smelt~-All
Month Stations No./Acre ‘Pounds /Acre

May 1,690 422.5 : 64.2

June . 4,540 ) 504.4 76.7

July - Aug. 3,648 364.8

Aug. - Sept. 2,588 258.8

October 1,107 110.7 , 16.8

MEAN ) 332.24 50.5 .




TABLE IV-18

SMELT (Osmerus mordax) ABUNDANCE, OSWEGO TRANSECT

Month
May
June
July*— Aug.

Aug « = Sept .

0 October

Total

361

480

482

225

749

No./Acre

920.3

68.6

96.4

37.5

107

79.96

DATA FROM THE GREAT LAKES FISHERY LABORATORY, ANN ARBOR, MICHIGAN

Pbunds/Acre

13.8

10.5

14.7

5.7

l16.4"°



TABLE IV-19

SMELT (Osmerus mordax) STOCK ESTIMATE FOR LAKE ONTARIO
BASED ON MEAN, MINIMUM, AND MAXIMUM ABUNDANCE VALUES
Data From The Great Lakes Fishery Laboratory, Ann Arbor, Michigan

Abundance

. _Level : catch Acre~l Stock Estimate
Maximum 504.4 1,47?,04Q,900
Minimum 110.7 ’ 323,066,880
Mean 332.24 969,609,200




. : TABLE IV-20 : w * .
SMELT (Osmerus mordax) STOCK ESTIMATE FOR LAKE ONTARIO

FROM MEAN CATCH RATES OSWEGO (NINE MILE POINT) TRANSECT ONLY
Data From The Great Lakes Fishery Laboratory, Ann Arbor, Michigan ,

Abundance ( :
Level : No./Acre . Stock Estimate

Maximum - 107 312,268,800

Minimum 37.5 ' 109,440,000

“ Mean } 79.96 . 233,355,260




TABLE IV-21 .

STOCK ESTIMATES OF SMELT (Osmerus mordax)
IN THE VICINITY OF OSWEGO (NINE MILE POINT), BY MONTH, 1972.
Data From The Great Lakes Fishery Laboratory, Ann Arbor, Michigan

Month ) No./Acre Stock Estimate
May ' . 90.3 1,040,.'556
JuneA | 68.6 ’ 790,272
July - Aug. . 96.4 ‘ 1,110,528
Aug. - Sept. 37.5 " 432,000 ‘
Octoberx’ 107 1,232,640
MEAN - 79.96 929,139.2

w




[N

The overall effect of impingement at Nine Mile Point Unit One on the
Lake Ontario smelt population may be assessed by compa&ing the known
impingement rates of smelt to the Lake population (Table IV-22). The
yearly impingement ;at;s of smelt are extremel&’émali in relation to the
total estimatedfsmelﬁ stock in the Lake. The minimum stock estimate is

323,066,880 smelt. Removal of 88,851 fish from this stock represents a

depletion of 0.02%.

Considering that smelt stocks in the Nine Mile Point area are estimated
to be less than the mean of the entire Lake, comparisons of the removal
of smelt by impingement to the Lake stock estimate based‘ﬁpon catch per
effort at Oswego (Table IV-23), and to the estimated stocks in the

"vicinity" of Nine Mile Point (Table 1IV-24) were made.

Smelt stock depletion based upon Lake estimates derived from Nine Mile

Point smelt catch per unit effort is greater due to the‘reduced abundance

of smelt at the Oswego Trans?ct. The annual impingement‘figures in
relation to the minimum stock estimate from Oswego catch data represent
0.0é% of the pppulatiyn. The impingement rate is 0.03% 6f the mean
estimate of 233,355,260 and 0.02% ;f the maximum stock estimate from

Nine Mile Point data (Table IV-23).

When Annual imﬁiﬁgement rates arevplaced’in the perspective of smelt
sgocks in the "vicinity" of Nine Mile Point Unit One (6 x ‘3 miles), the
removal by impingement represents 9.6% of the smelt available (range
7.2% to 20.5%). However, these figures are based upon-a total yearly

impingement figure, in comparison with a population estimate from dif-

» -
"

'
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TABLE IV~22

RATIOS OF ANNUAL IMPINGEMENT OF SMELT (Osrnerué mordax)
_ AT NINE MILE POINT UNIT ONE
TO LAKE ONTARIO:- SMELT STOCK ESTIMATES FOR THE ENTIRE LAKE

Abundance . Yearly - .

Ievel No.éAcrel . U Stock Impingement Percent
Masximum 504.4 1,472,040, 900 88,851 E 0.006
Minimum | 110.7 323,066,580 ' 88,851 ’ E 0.02
Mean | ‘332. 2 | ' " 969,609,200 . 88,851 . ) -~ 0.009 ‘




- -t [ LT

———————t 8 g n.; i B

TABLE IV-23

RATIOS OF ANNUAL IMPINGEMENT OF SMELT (Osmerus mordax)
’ AT NINE MILE POINT UNIT ONE
- TO SMELT STOCK ESTIMATES FOR LAKE ONTARIO NEAR OSWEGO

~

Abundance ' Yearly

_Level No./Acxe’ Stock Impingement Percent '
Maximum 107 \ 312,268,800 88,851 0.02
Miniimum 37.5 109,440, 000 88,851 0.08

‘Dan _ 79.96 233, 355,260 88,851 | - 0.03 -




Abundance

Level

Minimum

Mean

TABLE IV-24

RATIOSKO? ANNUAL IMPINGEMENT OF SMELT (Osmerus mordax)
AT NINE MILE POINT UNIT ONE

TO OSWEGO "VICINITY" SMELT STOCK ESTIMATES

) .Stock in ‘ Yearly
No./Acre - Vicinity Impingement Percent

£

1,232,640
37.5 432,000 88,851 20.5

79.96 > 929,139 . ' 88,851 - 9.6




- bt T ——

ferent months of the year. In point of fact, during the period of mini-
mum abundance of smelt (June through September),very few smelt are

impinged. During periods of maximum abundanée, more are impinged.

Annual impingeme;t of smelt based on 1973 figures were compared with
commexcial catcﬁ data over 10 years, 1961-1971 (Tasle IV-25). This eom-
parison showed that the cropping rate of smelt by the, plant represepts
appébximately 7.9% of the smelt landed by commercial fishermen in the
Lake. It should also be noted that most of the commercial smelt produc-
tion in Lake Ontgrio was from Canadian waters. Thus, the cropping effect

of the plant is not additive to any intensive commercial fishing effort

in the vicinity of Nine Mile Point Unit One.

Cropping of the rainbow smelt by impingement poses no threat to the
local or Lake populations. Furthermore, the cropping rate by the
Utility is minor in comparison to the cropping of the population by

commercial fishermen.

Potentialvramifications of smelt population reductions includé economic
and biological aspects. Economically, reduction of the smelt popul#—
tion by a significant proportion may affect the livelihood of commer-
ciai fishermen o; the Canadian side of the Lake. However, since the
commércial landings reﬁresent approximately 1% of the conservative esti-
mate of the smelt stock, it is likely that commercial yield per unit

effort would not be affected unless stocks were depleted in excess of

several hundred_million f£ish.

-294-



TABLE IV-25

RATIOS OF ANNUAL IMPINGEMENT OF SMELT (Osmerus mordax)
AT NINE MILE POINT UNIT ONE
TO COMMERCIAL SMELT CATCHES IN LAKE ONTARIO

Estimated 1973 Yearly.
. Numbex Impingemeht
Catch (lbs x 103) %103 x10° "

»

Percent




Bioloéically the smelt, an introduced species, is in direct competition
for food with many species endemic to the Great Lakes. Further, the adult
smelt is known to prey upon the eggs-and larvae of valuable forage fish,
such as the emerald shiner and the common shiner. It is suspected that

3

the smelt preys upon the juvenile forms of the lake trout and Atlantic

3

salmon.

The rainbow smelt occupies a position of intermediate importance in the
complex food chains of the Great Lakes. Its principal food sources sup-

port substantial populations of other species simultaneously. A decrease

in smelt would primarily assist in the expansion of populations of com-
petitors, such as chubs, whitefish, yellow perch, rockbass, and young

smallmouth bass.,

Smelt are preyed upon by.several game species: yellow pexch, bass,
sauger, ;alleye. Decreased population would result in these species
ﬁtilizing other food resources. Givep that situation, it is likely that
the alternative forage fish populations, such as shiners, would expand
directly in proportion to the decrease in‘smelt because of reduced

competition and predation upon juveniles.

.
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V. WATER QUALITY

INTRODUCTION

1. GENERAL

The water quality of Lake Ontario is dependent upon the interaction
of numerous factors, including geomorphology and hydrology, hydré-

dynamics, meteorology and man~made inputs.

The smallest of the Great Lakes in surface area (7340 square miles),
Lake Ontario, has an average depth of approximately 280 feet. The
Lake basin is generally an elongated, east-west trough witﬁ steeper
banks on the southern side than on the norxthern. The déepest waéef
(802 feet) is found in the southeast region of the Lake. Approxi-
mately 200,060 cubic feet per second of water flow into Lake Ontari;‘
from Lake Erie via the Niagara River. This represents the largest
source of inflow. ., An average outflow of some 230,000 to 240,000
cubic feet per second is carried to the Atlantic Ocean by the

St. Lawrence River. Other major inputs include Twelve Mile Creek,

the Trent River, the Black River, the Genesee River and the Oswego

River (see Figure V-1).

Lake Ontario was formed about 10,000 years ago during periods of
severe glaciatioh.‘ Marine sedimentary rock-strata largély composed

of shale and limestone underlie the Lake. The shoreline is eroding

TS A

at a relatively rapid rate, providing a source of unconsolidated

[

sands, clays and gravels to the Lake. This source and other sources

have provided a sediment layer up to 35 feet deep, but such 1aye£s are

generally much shallo&er‘except in the deep region of éhe Lake.
' - 2
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The currents in Lake Ontario have been studied via hydrodynamic

theory, field observations and hydraulic models. The state of know-

ledge regarding currents indicates that wind driven currents pre-

- dominate in the DLake with densitg induced circulation and associated

geostrophic currents being secondary in their influence. The general
current pattern is'co@gtgrclockwise, with surface currents travelling
eastward along the southern shore at a mean ‘speed in the oxder of
Sqm/sec. This general pattern can reverse under the influence of

winds from the north, northeast, east, or southeast.

Lake Ontario is located near the"mqinstream of many cyclonic wind
systems which cross North America. Therefbre, substantial tropos- '
pheric mixing occurs during most of the year gnd stagnant conditions
occur inféequently. There is a decided preférence for wind directions
?anging from west, through south, to southeast. On the south shore,
tﬁe predominant wind is WSW at a mean speed of 10 to 1l mph from Novembexr
to Apr:;l and is SW at 8 mph from May to Octcber. Relati.irely short, cool
summe}s wi£h average temperatures near 70°f and rather severe:winters
with averagé_temperatures near 25°F are prevalent. Precipitation is
moderate and rather uniformly distributed throughout the year. Mean
annual precipitation is about 32 inches, while mean annual evaporation
is about 27 inches. Relative humidity varies from about 65”to 75% and
is quite uniform on a monthly average basis.' Lake temperatures have
been reported to range from 29°F in the winter to about 78°F in the

summer. Some areas of the Lake are characterized by a nearly isothermal

condition with frequent occurrences of a transient unstable thermocline.
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The lgrgé éfea of Lake Ontario and its heaticapac;ty provide

L

' periodic-onshore and offshore breezes due to the differential heating

of land and water surfaces. The exposure of the surrounding area to
Lake”Ontario and the flatness of the terrain cause wind speeds to be
higher neaé the Lake than those expefienced in most inland areas,

(International . Joint Commission, 1969).

Major cities on Lake Ontario include Toronto and Hamilton in the

western region and Rochester and Oswego ihﬂfhe southeastern region. °
The majof source of most pollutants is the Niagara Rivér. Excluding

the Niagara, the Oswego River is the major point source of several
pollutants. The Oswego River drains some 5,100 square miles and
receives municipal wastes equivalent to some 506,000 people (Inter-

national Joint Commission, 1969).

»
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2. REVIOUS WATER QUALITY ST S

As for most bodies of water, intensive interest in water quality has
been a fairly recent phenomenon. Reasonably comprehensive studies of
Lake Ontario were completed around 1915 and 1947. However, truly
comprehensive studies were not undertaken until the early 1960's. A
number of studies were executed throughout the 1960's, and studies
continue into the‘present decade. Table V-1 presents a summary of
water quality surveys for Lake Ontario performed under the auspices

of several state, national and international agencies.

The above referenced studies have shown that Lake Ontario generally
¢
has tﬁe highest concentration of inorganic pollutants of all of the
Great Lakes. This is because it drains the chain of Great Lakes, re-
ceiving its major source of water and pollutants from Lake Erie via
thelNiagara River. As for the other Great Lakes, inorganic pollutant
concentrations have been increasing steadily since about 19101 The
rates of increase of several inorganic constituents, such as Mg and

Ca, are decreasing since the concentrations have reached values repre-

sentative of equilibrium conditions for the precipitated solid phases.

The changes in nutrient concentrations are less well known, but evidence

exists that ammonia levels have followed a similar course.

Because of its great depth and dilution capacity, adverse eutrophi-
cation effects have been minimal relative to those for Lake Erie.

Oxygen saturation is usually above 80% in the hypolimnion and averages

i

over 90%. Epilimnion values may exceed 120%, indicating excessive

primary productivity. During thermal stratification, significant
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TABLE V-1

WATER QUALITY SURVEYS ON LAKE ONTARIO UNDERTAKEN BY VARIOUS AGENCIES

SURVEY TITLE SOURCE & DATE OF AUTHOR SURVEY AGENCY EXTENT OF}NO.OF STA- ANALYSIS COMMENTS
REPORT DATE(S) SURVEY TIONS DATA
AREA EXTRACTED
FROM
1) Chenmistry of Western Lake Pub.#9, GLRD, Kramer 8,11/59 Univ.of |Westend 17 T,Eh,pH,Ca,Mg,Na, | Individual Sta. Data
Ontario IST, 1962 ' Westexrn {to Long. K, Alk. Listed
v Ontario |[79°08.4
2) A Pollution Study of Western |Sth Conf. G.L Matheson 1960-61 city of [Hamilton 8 NH.,-N,Synthetic Cozbined Stations®
Lake Ontario Research, Univ. Hamilton [to Bronte Degergent, TCol Mean Given for coli-
Mich. GLRD. Publ. & to Pifty form.
#9, 1962 b Mile Pt.
3) Chenical Characteristics of Allen 9/64 USBCP Lakewide 106 Na,K,Ca,S8i,pH,. Alk{ Individual Sta. bata
Lake Ontario GLFC, Tech. Report Do, SpC Listed, Sta. no.'s
#14, 1964 68, 69 & 73, 74 are near
Oswego & Nine Mile Point
4) Long Term Changes in Watex 8th Conf. G.L. Schenk & OWRC & Toronto 1 PH, Alk,TH,NH;-N, Past Data was ana-
Chemistry at a Single Sampling|Research,Univ. Thozpson* 1923-1954 City of |Is. Fil- Cl,Tur 1lysed.
Station in Lake Ontario Mich.GLRD.Pub. Toronto |tration
#13, 1965 Plant
5) Principal Ions & Dissolved 10th Conf. G.L Dobson 6/66 = 9/66 [Canadian [Lakewide 47 Ca,Mg,Na,K,504,Ck, | Only Combined sta-
Oxygen in Lake Ontario Reseaxch, 1967 Gov't. Alk, SpC. tions' mean + 2
individual stations
1listed
6) Investigations of Daily 12th conf. G.L. |Brydges 7/68 = 10/68 |OWRC Toronto 2 TKN,NH,-N,NO,~-N, Only Icomb.ined sta=
Variations in (W.Q.) Para- Research, 1969: Harbor & N03-N,%P,Fe, 1,pHL{ tions mean, graphs.
meters at two Lake Ontario IAGLR. Near Shord PH; Tur,Chl-a
Locations near Toronto Lake On-
4 tario
7) Dissolved Mineral Quality " Weiler & 10,11/68 CCIW Lakewide Approx.12 | ca,Mg,Na,K,S04,Cl, | Only cozbined sta-
of Great Lakes Waters Chawla HCO4(F,2n,Cu,Pb,Fe tions' mean, max &
Ni,Cr,Mn,Sr min listed
8) Nutrients in Lake Ontario 13th Conf.G.L. shiomi & 5/69 = 3/70 [CCIW Lakewide 60 TP,SP,Si,N03-N,NH3 Only cozbined sta-
. Rescarch, 1970: Chawla N tions' mean listed

IAGLR.




TABLE V-1 Cont'd

WATER OUALITY SURVEYS ON LAKE ONTARIO UNDERTAKEN BY VARIOUS AGERCIES

SURVEY T1ITLE SOURCE & DATE OF AUTHOR SURVEY AGENCY EXTCNT OF}NO.OF STA=- ANALYSIS COMMENTS
i REPORT DATE(s) SUKVEY ' {TIONS DATA
- AREA  |EXTRACTED
- FROM
9) Distridbution of Trace Elements - Chau, et.al. $,7,9/69 CCIW Lakcewide 45 ¢4a,Cr,Co,Cu,Pe,Pb, | Only Regional mean
and Clorophylla in lake Ontarie Mn,Mo,n4,Sr,V.2n 1isted (west,central,
east)
10) CCIW Water Quality Monitoring |Accounts Dept. 4,5,6,7,9,10, [ccIw Lakewide 32 T,D0.0.,pH, Tur, SpC{ QLEM has data for 6
Progran CCIW, Burlington 11/72 NH4-N,NO ~N,Si,TP, | individual stations
ONT., 1974 Com= . ALK, C1,F3,Mn,70C. | algng approx. long.
puter printout 7 00., Sta. nos. 25-
- 30.
11) CCIW Water Quality Monitoring 9/72 CCIW |Lakewide 95 Above + Mg,Cd,Cr, | QLM has data for 1L
Progran - - Co,Cu,Pb,Mo,Ni,5r, | individual sta.bet~
Zn, ween long 76930.0 &
77°00.0) sta. nos, 73-
78,83-87. Sta. 86 is near
Oswego, Sta, 87 is near
Nine Mile Point.
12) water Quality Data (No Computer Printout 1964=272 NYSDEC Eastman 1 Col,Tur,pi,NH,~N, [ Sose Analyses incom=
Formal Title) Kodak Wa- NO3-N,NO_ =N, » plete; W.Q. Percen=
ter Intakg PO4,SO .ﬁa,x,?e,v.n. tile summary avail-
at Rigney P,ABS,81,5pC,TH, _| able for 10/67-9/70
Blutf, OH Alk, HCO3 Alk, | data.
4000 out ©03 Alk, TDS, TSS,
& 21' be- VS, VSS, Ca, Mg
low sur-
face.
13) water Quality Data (No Computer Printout]| 1964-72 NYSDEC Monroe Cod 1 As,Cu,Hg,Pb,Col,Tux], -
Formal Title) Wwater Autl). pPH,DO, BOD, TCol,FO0Y,
water In={ , NH4=N, ORG-N,NO3~-N,
. take, 4200 NO2-N,C0D,P0,,504, | -
out & 21° Na,K,Pe,Mn,P,ABS,CH,
below surd SpC,TH,OH Alk HCO3
face at & C0, AlX,TDS,TSS, -
Rochester VSsS, .Ca,Mg.
city Pil-
tration
Plant.
13) water Qualfity Data (No Cosputer Printout 1964 - 72 NYSDEC Oswego 1 - -
Formal Title) City Watex
{ntake,
6500'out
& 40’ be-
low sur-
face.




TABLE. V-1 Cont'd

N " WA R DERTAKEN X 1ES
sUrvLY T!TLE: SOURCE & DATE OF AUTHOR SURVEY AGERCY EXTENT OF}NO.OF STA= ANALYSIS COMMENTS
: . RCPORT DATE (&) SURVEY TIONS DATA
- AREA EXTRACTED
PROM
15) Water Quality Percentile (no |Computer printout 10/67 = 9/70 fYspec 00'frem | 2 " Only W.Q. Pexcentile
e Suzmary available
Pormal Title) .5. Shorq . 167170
t Coast -
ard Sta.
t Fort
iagra
16) Rochester Program Office ~ EPA Storet System {8/68 ~ 12/70 t:qion 11 PH,SpC, Alk,Tur 00, | Sta. No.'s 188 & -189
Surveillance Data. Tabulations ob~- A BOD,COD,NH4-N,N03- | axe near Nine Mile
tained '72-'73. N,ORG=N,TP,SP TDS, |Point.
5s,1s,¢01,50 ,Si,
- Ca,Mg,Fe.
17) Rochester Program Office " 6/66 = 9/66 E;gion pod Same as above .+Na | Individual Sta. data
Chenical & Physical Parameter g A & K. Listed | sta. No's
180-187 are near
0Oswego.
18) Rochester Progran Office,U.S. - 6/69 tglon II [Lakewide 30 pH,SpC ALk, Tur, DO, {Individual Sta. data
Coast Guard Cruise 109 A TVS,C0D,NH3=~N,NO3~ [1isted. Sta. No.
N,ORG-N,TP,SP,TDS, {20 i3 near. Nine Mile
mICIlso4lsxlcal Pointe .
Mg,FPe,K.
19) Rochester Fleld 0ffice,Oswego - 1967 - 72 Region IX [Osweqo 6 - TVS,00D,TXN,0 & G, |Individual Sta. data
Harbor Sediments EPA [Harbor Hg,Pb,2Zn,Cu,Cd,Ni, {1isted
Cr.
20) Table 2A,Sampling Stations- Unknown 4/57 = 10/57 |unX Prom Out-| 20 Col Odox, Tux, pH, Individual data list-
Lake Ontario let at €0,,D0,BOD,TH,C1l, |ed for various pts.
Iribbets PY. Alk, TCol at each-station.
to Oswego
21) - - | - - Proa Os= 4 " -
wego to -
Pairbanks .
Pt.
22) - - - - Proa Smoky 16 - "
Pt. tO
_|Braddock

t.

a)

PO




Lake Ontario

Canadian Oceanog-

rapher Data Centr

1966 9 cruises
67 11
68 9
69 9
70 13

“ad T~ . e e
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TARLE V-1 Cont'd
WATER OUALXTY SURVEYS ON LAKE CNTARIO UNDERTAKEN BY VARICUS AGENCIES
SURVEY TITLE SOURCE & DATE OF AUTHOR SURVEY AGENCY EXTENT OF{NO.OF STA= ANALYSIS COMXENTS
- REPORT DATE(s) SURVEY TIONS DATA
AREA EXTRACTED
FROM
23) - - - " From Hil-] 10 - " R
ton Beach
to Olcott

23) - - = - From Hop-| 8 - -

kins Cr.
" to Fort
" Niagra .

25) Report to the IJC on the IJC: Vol 3-Lake ] ILEWPB 1?,P04~P,NH3-N,TKN] P. 61-122 ,compuatlon,
pollution of Lake Erie, Ontarfo & the & IO~ NO,-N,NO,-N,S1,D0, | graphs,Tables & com-
Lake Ontarfo, and the Int. Int. Section of * SLR BOD,Alk.%H,SOUNa, parisons of FWPCA
Section of the St. Lawxrence the St. Lawrence wPB X,Pe,5pC,Ca,Mg,TDS] 1965 survey & NHW
River. R. 1970 PpH,Tur Col, TSS, 1967 survey

26) General Water Quality Data EPA Storet System 6/72 = Into |IFYGL Some Bioldgical & Chenical Data Inputed tg EPA -

'74 STORET System Beginnijg Some Time in 1974

27) Eutrophication of the Limnol. Oceanogry Beeton 1965

St. lawrence Great lakes 10: 240-254,
1965

28) Lake Ontario Environmental U.S. EPA RegionIX

Summary. 1965 902/9-73-002 Rochester
Field . -
office - R S n o

29) Great lakeg Water Quality Great lLakes Water

annual Report to the IJC Quality Board - =
April, 1973.

30) Annotated Bibliography of Great Lakes lab, )
Lirmnological and Related State University |Baldwin }
Studies on lake Ontario and |College at Buffald¢ &
its tributaries I. Chenistry|5 Porter Ave. Sweacney
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“ che;r\ical stratification may occur, but at relatively low mean values of
nutrients. This vertical stratification.is a result of seasonai variation
in productivity and chemical composition. Nﬁtrients such as orthophosphafe,
”nitr;te and silica generally increase from surface to bottom, reflécting
uptake by phytoéiankton in the photosynthetic zone. During spring and
féllroverturns, the Lake becomes hom?genous. "Based on estimates of gross
‘nit:ogen and phdépﬁorus inputs, Lake Ontario is on the borderline between
‘"safe" and "dangerous" according to Vollenweider's (1968) criteria for

‘ eutrophication. Finally, based on an assessment of oxygen saturation,
transparency, nutrient concentrations, nutrient loadings, morphometry,

and biological populations, Lake Ontario has been estimated to be between

oligotrophic and mesotrophic (IJC, 1969).

‘ Data from many of the studies listed in Table V-1 have been analyzed and
are presented in Table V-2 as semi-quantitative values representative of
offshore waters of Lake Ontario under mixed conditions. As discussed

.

above, some of tﬁe‘nutrient vaiues vary temporally and vértically. The‘
majér ionic species vary little, but the trace elements and compo;nds
may ‘'vary greatly. For example, copper was found to vary between 5 and
177ug/1 during 1968 studies (Weiler and Chawla, 1969) and betwee; O‘and
2,200pg/1 during 1967 studies (IJC, 1969). Such variation is due in

part to analytical technique variations at very low concentrations.

However, some of the variations correlate with one another. For ex-
ample, Cu, Fe, Mn, Zn, and Pb were found to reach peak concentrations
in 1968 at approximately the same time, namely in late June or early

‘. July (Weiler and Chawla, 1968). Additionally, for three survey dates

" R N
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TABLE V-2

Values Characteristic of

.Lake Ontario, Off Shore, Mixed . R ’ LI
‘ Concentration
' ‘Parameter . (mg/1 unless. shown otherwise)
Calcium . (ca) , e 4o
Magnesium oy Mg) - L - 8. )
Sodium . (Na) . 12 '
Potassium “(K) L5 .

' Chlorxide (c1) . - 28 s .
Sulfate '(SO4) .30 " .
Bicarbonate’ (HCO3) 115

' pPH (units) 8.0
Total Dissolved Solids (TDs) , * 200
Specific Conductance (SpC) (ymhos/cm)’ . 300 .
orthophosphate Phosphorus .(OP) : . 015
Total Phosphate Phosphorus (TP) \ .025 |
Ammonia Nitrogen =~ ~ .  (NH3-N) , L0330
Nitrate Nitrogen ot (NO53-N) o : .20 L
Nitrite Nitrogen , - (NO2-N) ‘ .002 - - '
Total Kjeldahl Nitrogen  (TKN) 0L, .2 ) ' ‘
Silicon Dioxide =, - (siop) : ‘ Too- .5 ‘ ’
Turbidity . (Tur) (TU) St 2
Total Suspended Solids (Tss) ‘ ‘ , ' .3
Phenol A (Ph1) - “ -7 L002 ‘
Total Colifoxms (TCol) (counts per 100 ml) <1
Cadmium ] () - . 0001
Chromium, (Cx) .00l
Cobalt (Co) . .. 0001 “

‘Copper (Cu)’ R , .01
Iron - - - (Fe) v Co . .0l
Lead . . . () .‘ . A .003 {

Lithium Ca (Li) : .0 .002 .
Manganese T (Mn) ‘ . . 001,

Nickel ' ~ (Ni) .o .002 .
Strontium - " (sx) o .18

Zinc . . (Zn) .01




in 1969, Co, Cu, Fe, Mn and 2n were found to vary similarly from high
'h values in western Lake Ontario to relatively low values in eastern
Lake Ontario. No such patterns were found for Cd, Cr, Pb, Mo, Ni, Sx,
or V (Chau et.al., 1970). In any case, values for several trace
metals might be expected to vary from expected mean values by up to two
orders of magnitude. No explanations for such behavior have been

advanced in the literature.

Water quality for near-shore stations has been found to vary from that
of offshore stations in an ixregular manner, affected by local sources
of pollution, increased productivity of shallow waters and the vagaries
of currents. Nevertheless, it is expected that the water quality o£
stations several hundred té several thousand feet from shore and

‘D several thousand feet from pollutant sources would be similar to that

for offshore stations.

Since 1970, QL&M has been surveying the general ecology of the near-
shore waters and sediments in the general area of Oswego and Nine Mile
Point. These studies are summarized in Table V-3. To effect a com-
parison of QL&M survey work and to help analyze the local water quality
conditions in the study area, other data collected from survey stations

in the same general area have been tabulated together with their water

quality parameters in Tables V-4 and V-5. Table V-4 presents a com-

5 parison of values in the Oswego area, and Table V-5 covers the Nine Mile
_ Point area. The values presented in these tables are mean values

¥ -

4 measured over various time periods unique to each survey. The station

numbers in Figure V-2 refer to the station location numbers in Tables V-4
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WATER QUALITY SURVEYS ON LAKE ONTARIO UNDERTAKEN BY OL&M

TABLE V-3

Project . Station Sampling Mile Sample +~Sampling |.. . ] [N
Source & Date of Report No. Survey Date(s) Degsignation Site Point Depth Freq. Analysis Comments
Oswego .
(]ii h‘;‘.Pc 20 O:iélkppinzl 191-2 6/70-11/70 l1-8 . Harbor +0. S Weekly T,DO,BOD,pH, SpC,| MEAN VALUES LISTED
X B, P.20, es 1=2l4 No Fi TS, TSS, TDS, 1TVS} FOR INDIV. STATIONS
- available At mouth -~ Cl, NO3-NOp, NH,,
* Dswego TP, Tur
rmver.
2) NMPC 0SS, p.vI- .
4, Table 17, 4/71 191-2, 7/70-11/70 8a,8b,8c, See Maps, =-1.0 S Weekly BOD,pH, PO4,NO3- |Combined Sta. Mean
8d Figure for 17 NOy, NH,, TS, TSS,|Listed & compared '
weeks ™v$s,7TD5,CL,SpcC, to NYSDEC Value
(Table X, Ref.l4)
3) NMPC 0SS Unit 6,
Vol. I Table 15, 11/72 191-7 4,6-9, 11/72 8a,8b,8c, See Map -1.0 s Monthly - "
8d for 6 Mo.
4) NMPC 0SS Unit 6, N
Vol. IV App.D, Table 43, [191-7 4,6-9, 11/72 In 30" & OSWP -1.0 S&B Monthly |-Alk, ‘Col, ‘spc, {Max. & Mins. Listed
or Vol. I, Table 14,11/72 40° of for 6 Mo. | (phl),BOD,COD, TKN,
Water . ¢ » NH3-N,NO -N,TP,Cl,
SO4,TS,T§S,H9:C“:
Cr,Ca,Be,Pb,V,2n,
oP,pH,DO.
5) " " " Unli.t: 1-4 OSWPI =-1.0 " " - "
Intake & OSWED .
Discharge
6) NMPC NMP NUC.P.S.|191-9 4,6-9, 11/72 In 30' & . 46.6 S&B Monthly Alk,Col,SpC,.Tur, [Max. & Mins. Listed
Unit 2, Vol I, Table 18, 40*' of NMPC for 6 Mo.| (phl),BOD,COD,TKN,
or Vol.IlI, App.C, Table Water NH3~N,NO_=-N,TP,OP,
€-24,2/73 ws,c1,584,-rs,'rss,
Be,Cd4,Cr,Cu,Pb,Hyg,
v,Zn,pH,T,
7) " " " Unit 1 +6.6 " " e -
NMP.
Intake & HMPII>
“ Dischaxrge




WATER QUALITY SURVEYS ON LAKE ONTARIO UNDERTAKEN BY OL&M

TABLE V-3 Cont'd

Project » Station Sampling Mile Sample +Sampling
Source & Date of Report No. Survey Date(s) Designation Site Point Depth Freq. Analysis Corments R
8) NMPC NMP NUC.P.S. |191-15 1973 . In 20' of NMPW +4.8 S& B Twice T,SpC.pH.COz,DO,
Unit 2, General Ecological Watexr per Mo. BOD ,COD, Tur,TS,
Surveys, 1973. TSS,0P,TP,NOy=N,
TKN, Si, Chl=a
‘9) " " " In 60' of NP +4.8 |ssB - "
Water .
10) " " " In 20' of MpC +6.6 |ssB - T
Water
- ”
11) " - " In 60' of NMPC +6.6 S&B "
Water
13 " . d In 20' of NMPE +8.8 S&B " v
Water
13) " " " In 60' of NMPE 8.8 S&B " "
Water .
13) " " " In 20’ of PG 6.6 S&B Mo. T,pH,AYk,Col, SpC,
Water Tur,poO,B0D ,COD,TS,

- amam 2

TDS,TSS,TVS,SettR,

NH3~N,ORG=N,TKN,NO 3

N,OP,TP,TOC, SO4/ -
F, Cl1, phl, SUR,
Al, As, Ba, Be, C4,

Ca, Cr, Cu, Fe, pB,_

Mg, Mn, Hg, Ni, K,
Se, Ag, Na, si, v,
Zn, & Radiocactivity
= Alpha, Beta &

Garma & Tritium, TH
Tcol,Fcol, Cn. \

. S
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. TABLE V-3 Cont'a
WATER QUALITY SURVEYS ON LAKE ONTARIO UNDERTAKEN BY OLEM

. | Project Station Sazmpling Mile Sample . Sampling
fource & Dato of Report No. Survey Date(s) Designation Site Point Depth Freq. Analysis Co=ments
. v .
15) NMPC Nuc.. Power Sta..| 191-15 1973 - : In 45' of RYPC 46.6 S&B Mo. -
Unit 2, General Water
Ecological Surveys,
1973.
16) " . . Unit 1 Intakd oI +6.6 | s ¥o. -
17) " - - Unit 1 NMPD 46.6 s Mo. -
Discharge
18) " - " Unit 1 Intakel NMPICO 46.6 _ Mo. .-
R Conposite
19) " " . " Unit 1 RMPIXO 46.6 _ Mo. » v
“ o, Discharge ,
N Conposite :

20) In approx. MPC +6.6 Every Weekly pH, DO, spc, T,

20%, 40', s0! TPW +4.8 meter M
R 60, 200" of NMPR 8.8
» Watens v )

21) NMpC 0ss 191-16 1973 In 20' of OSWP -1.0 sSs&B Mo. Alk, T, pH, COp,
General Ecological Watexr spC, Col, DO, BOD,
Surveys 1973 cop, TS, T0S, 1SS,

Tvs, OP, TP, NH4=N
NO3-N, ORGN, 'nog.
Cl, 504, phl,SettR{
FCol,Cr,Mq,N4,2n,V
Na, Tcol, TH,Tur,
. Be, €4, Cu, Fe, X,
Pb
22) - - " In 45° of OSWP -1.0 S&B Mo. -
Water
23) " - . Unit 1-4 OSWPI -1.0 S Mo. "
. Intake
24) - - " Unit 1-4 OSWPD -1.0 s Mo. -
Discharge
25) " - " In approx. oSwWH -3.0 Every Weekly pH, DO, SpC, T
20', 40' of moter .
Water
26) - - - In approx. OSWP - d -
20%, 404, =-1.0
50*, 100',
of Water
’ - - Cow .




NMPC
oss

ApPP.

MM Nuc.P.S.
NMPY

NMPC

NMPE

NMPP

NMPT et

NMPD

oswp
' OSWI .

OSWD

NYSDEC

(RS

KEY. FOR TABLE V-3

Riagara;Mohawk:Power Corporation -
Oswego Steam Station

Appendix

'Nine Mile Point Nuclear Power Séaéion
Nine Mile Point West Transect.

Nine Mile Point Center Transect '
Nine Mile Point East Transect
Nine,qile Point Power, Plant :,- ‘o

Poﬁer Plant Intake

-

Power Plant Discharge

Power Plant Intake Composite h
Power Plant Discharge Composite
Surface )
Bottom

Bimonthly

‘Monthly

In Front of Oswego Steam Station

»

Plant Intake .

» )

Plant Discharge

New York State Dept. of Environmental Conservation

»







COMPARISON OF WATER QUALITY PARAMETERS! AT STATIONS IN THE OSWEGO REGION OF taye onrarto

TABLE V-4 y
INCLUDING THE OSWEGO RIVER e i
LOCATION I.D. NO. 1 2.1 A 4\ 5 6 7 7a 8 —~— QLSM SURVEYS _
Name of W.Q. SAMPLioswegoCity STA.'s 181 & 181A |STA.'s 68 & 69 in |[STA. 86 ifSTA. at [STA. 187, [STA. 184 Near Mouth TRANSECT OUT FROM OSWEGO POWER PLANT . r
ING STATION (s) Water In-|Near the Oswego approx 100' of 72' of R/R Bridgd2.5 Mi.NE Jof Oswego River e — OSPP i )
(STA NO.: S REFER {take in | power Plant Site |Water water at [on Oswego [of Mouth \ ’
TO RESPECTIVE SUR- Ap{)tox.sd . 68: 43°29'x76°36' |43°28.5' |River of Oswego in 30' of in 40' of water Intake & Discharge in 20" of water in 45' of water Intake & Discharge
VEY) of Water .} 69: 43°29'x76°32' |x 76°32' River water |
, i .
- i
AGENCY NYSDEC EPA - Rochester USBCFE: CCIW EPA = Rochester EPA - Rochester
Ref. No. in TableI{ .14 17 3 11 16 17 » 17 0SSl 0552 0SS3 ] 0554 -
SURVEY DATE (s) |'64-'72 6/66-9/66 9/64 9/72 8/68-12/70_'66 '66 ‘72 72 72 73 53 33
SAMPLING DEPTH - 40" 0’ 0' 0* o' 3' |66* - o' 0’ 23’ S : B 3 B I D s B S B I D -
No. PARAMETER 181 181a 68 69 !
1 » -
1 pH 8.0 8.7 8.6 - 8.6 8.6 | 8.5 - 8.7 8.1 8.4 8.2 7.9 8.0 8.0 7.9 7.9 .
2 Coloxr CcuU 5.0 5.0 5.0 5.0 5.0 5.0
3 Sp.Conductance i .
. urhos/cm 299 268 268 324 {326 | 1002.2 320 826.7 362.0 387 1) S90 321 522 324 324 311 ! 370 321 319 370 360
4 Turbidity TU 8.8 .9 1.0 9l .9 5.7 1.3 2.2 1.0 6.5 1| 8.2 3.1 5.5 5.5 5.0 4.4 4.1 4.1 5.5 5.6 6.2 -
5 Carbon Dioxide !
mg/l 4 . .
€ Alkalinity CaCoj ! : :
ng/1 105 90 94 - 102 88.4 88.8 110.2] 92.66 90.3 93.0 g5.2 ¢ | 87.5 81.5 94.5 91.3 89.3 87 91.6 86.7 93.8 87.7 87.8 .
7 Total Hardness R .
ng/1 149 152 . 150 148 147 150 -
8 D.O. g/ 1] 10.6 10.8 - 9.1 9,118,919.76 10,23 7.7 10,0 : 9.3 1 9.2 9.8 9.5 10.2 9.7 .
9 BOD 1 1.3 5,08 3.4 2,25 ! 1.65 1.65 1.38 1.79 1.78 1.57 2.14 1.57 1.43 2.4 2.0 .
16 CoD 1 8.2 20.7 - 6,33 /| 12.9 6.05 9.68 12.3 12.1 7.33 ", 13.40 8.5 8.33 9.8 9.7 :
11 _ToC ! ! i -
12 TIC S ] ; .
13 T.S. 1 242 827.3 - 239 | 398 252 379 250 239 281 . 313 263 274 284 276 N
14 T.D.S. 1232 204 205 795.4 253.66 354.5 274.5 | 273 . 276 259 267 277 * 270 .
15 T.V.S. ‘1_99 73.4 1 129.1 93 134 94 98 91 ! 100 84 84 92.9 89 — -
16 T.S.S- ‘10 14.5 6.0 13.7 2.0 6.9 3.4 10.1 9 37.1 6.1 6.9 7.3 6.8
17 V.s.S. I
,l" 18 NH3-N .22 .06 .08 .018 1.021; 0.25 .053 .22 .10 .095 .486 -836 .63 .17 . 226 .10 .167 .083 .10 .10 .067 —
. 19 ORGANIC-N 4 .30 .27 .41 1.66 .333 .57 .31 -21 -1 .15 .55 .31 .35«
T 20 TKN I .213 |.152 .94 .51 .72 (V]| 1.16 - 1.73 2.06 .613 .963 36 .78 .26 .61 .49 .55
% 21 NO3- -N i .15 .05 .10 .001 |.00S| 0.47 .07 .16 .10 .245 1 .30 .203 .35 225 ~20 IS .22 .15 .159 .23 .22
22 NOo- =N o .004 L P
23 ortho POz-P * 028 .053 -~ .030 .063 .035 ~035 T0I5 . .016 L013 .026 .017 o1y J ¢
24 Total Phos- ° « - »
phorus-pP .05 .02 .02 .022 l.018] 0.194 .053 .047 .033 .057 .126 .067 .077 .294 .074 .034 .066 .031 .037 .03 .025
25 0ilsGrease N !
26 Phenol C 018 011 .02) .01 . 024 027 012 .02 .015 .013 .010 -020
27 Chloride 1 29.0 25.0 25.0 28.9 128.8] 222.5 32.33 106.7 34.0 36.6 47.1 38.9 ©3.6 47.4 43.4 49.1 a7.4 42.1 43.7 48,2 46.6
28 Sulfate i 29.7 34.0 37.0 75.7 35.5 6.17 37.0 25.4 27.2 . 17.9 26.2 29.0 38.7 36.3 39.5 34.2 32.3 36.3 33.1
29 Berylliun Be" 0 T T -003 .00L 0 -OL7 - 005 L0190 005 L005 S003
30 Cadmiwm _ Ca” 005 1 J__-003 .007 004 L005 T002 U U 0 0 0 0
31 Calciun  Ca"| 44.0 39.0 44.0 35.4 35.8 103.2 38,75 73.0 38.2 T
32 Chromiwm or" 001 7 | _+002 -00% .001 ~002 ~003 .128 -I13 .036 .092 ~028 ~042
33 Copper Cu” [)) gl 0 012 .030 012 « <80 .33 .36 .36 .42 33
34 Iron Fe" .09 .427 i 1.0 1.25 ¥ 223 .20 .40
35 Lead Pb* T i .079 0 .025 T U .085 212 0 .04 0
36 Magnesium Mg"| 9.6 9.2 9.1 28.2 9.55 13.7 9.5 ; 5.3 1 8.4 8.2 8.0 7.6 51
37 Manganese Mn"| .0l * = T . —
38 Mercury Hg" ~001 —~1 .001 - 009 . 005 002 1
39 Nickel Ni* T L ‘ .02 .03 ~08 13 T02 T
40 Potassium X" 1.5 1.4 1.4 1.3 1.2 1.4 2.3 1.7 gl 162 1.62 T1.62 1.58 I.5¢ 1,52
41 silicon__ Si" .11 .20 .33 .33 L117 |.063 .898 .67 .37 .20 11 )
42 Sodium Na*|  16.1 12.0 13.0 12.1 11.4 12. 54 20 e IS507 15.3 15.4 13.3 15.4 16.4
43 Vanadiwm V" o T~ 0 Trace Txace 'Tace 07T .03 13 167 [ 0
" 44 Zinc Zn" X —.009 .002 .0L3 - 006 -0U6 Y11y .017 .014 .006 -0UB 008
.45 T. Coliform < ] T
No./100ml. 59 ! 952 1729 183 338 426 357
46 F. Coliform 1
No./100=1. 27 19.7 26.3 5.0 32.3 37.7
47 Chlorophyll-a T ——t
\’/f

1. Numbers are mean values over time period respective to cach survey.

Location X.D. No.

1
2
3

Data collected on;

5/13/64 = 8/16/72 Monthly
6/2, 7/30, 9/24 '66
6/2, 7/30, 9/23 '66

Location I.D. No.

4
5
6

Data Collected op,
9/14/64 )
9/14/64
9/19/72

location I.D. No.
7
7a
8

Data collected on;

3

8/21/68 ~ 12/15/70 Twice/M0.

6/2, 7/30, 9/23 '66
6/2, 8/2, 9/23 '66




-

g

«

—or
-
L]
.
'
«
.
N
L4
.
.
«
s
L d
N -




: . 8
: TABLE V-4  COMPARISON OF WATER QUALITY PARAMETERS! AT STATIONS IN THE NINE-MILE REGION OF LAXE ONTARIO

. e G T - ‘
TOCATION 1.D. NO. 5 o T O (12 [ 5 13 o SURVEYS
Nare of W.Q. SAMPLING|STA.20 on U.S.|STA's 188 & [STA's 73 & 74|STA. 87 in NINE MILE POINT CENTER TRANSECT = Npc k . NMPE PR
i STATION(s) (STA.NO.: |[C.G.Cruise 109|189 near NMP |in approx. 50]186' of IN FEET OUA_'@-E-”—\ -
S REFER TO RESPEC- 43°30'-00 x of water 73: [water at 30° 40° Intake np-3 5 RMp-4 NMP-7 NMP-8 Intake NMP-5 | MP-6 p-1 NMP-2
TIVE SURVEY) * 76°30'-00 43°32'x76°26" [43°34'x76° Dischargq  20° 1] 60* 20" 45° Discharge 200 . 60° 20" 60"
74: 43°32' x |24° f . f
76°20" - . S S I
AGENCY EPA-ROCHESTER |EPA-ROCHESTER| USBCF CcCIW 4__._‘-.‘ RMP-D RMP=10 .
Ref.No.in Tablel 18 16 3 11 Y
SURVEY DATE (S) '6/69 66 9764~ 9/72 '72 V72 172 73 L '73 73 *73 73 73 '73 173
SAMPLING DEPTH o' | 59° o' o' - 3"_J163'| S B S B 1 D S B_ S B S B S B I D S « B S B s B s B
t T - ~ : : -
No. PARAMETER 20 188 189 73 74 87 ~ p
’y i
1 pH 8.55 g.65 18.67 1 8.77 |~ 8.3 8.55 18.02 - 8,382 »_8-3 8.2 7.8 7.8 8.0 2.9 7.8 8.0 8.3 . {8.2 8.3 8.2 8.3 8.3 8.4 8.3
2_Color cu - - 5.0 l11.4 |5 5.6 16.4 7.1
3 Sp.Conductance M s “
umhos/cn 284 240 325 319.3 1277 270 331 {346 |328 342 311 {357 329 334 293 281 f263 242 340 342 331 332 274 309 278 278 276 | »eq 102 283 278 224
4 Turbidity TU 13.30 1,75 1.3 1.4 0.7_10.6 |3 6 4 5 3 4 2,461 3.0 4.4 3.2 4.7 3.2 2.9 4.2 3.4 3,1 7.3 3.2 4.8 4.4 4.8 2.9 10.4
5 Carbon Dioxide 3
rng/1 - ‘
6 Alkalinity CaCO3 Le
/1 116 110 92 94.3 |- 97 90.6 198.5 |91.0 ! 90.0 186.0 186.0 89.0 184.0 L 88.8 |91.8 87.4 90.7 |87.4 89.3
7 Total Hardness l i
nq/1 145 146 140 135 158 148
8 D.O. mg/1 | 10.5 12.3 110.6 | 10.7 |- 9.0 - o2has . 79 9.9 21.7 10.2 10.3 {9.9 9.9 9,8 ' 19,7 9,97 9.8 9.2 a.8 a.g 9.7
9 BOD " 1.5 1.7 3 2 2 1 2 2 1.90.6 2ed 1.6 1.63 [1.85 1.25 1.75 1.3 1.5 2.4 11,9 2.1 1.7 1.8 1.7 2 1.5
10 cop "19.07 6.19 |- - 17 17 12 11 12 8 14.013,8 t 1.5 13.1 1 12.8 111.7 13.2 11.0 111.7 9.9 14,9 15.4 13.9 10.4 12.8 11 14.5 13.7
11 700 = . 6.2 3.8 4.4 4.6 4.7 5.8
12 TIC " ;
13 T.S. " | 276 336 - - 279 266 270 253 273 274 235 bgy ¢« 3¢ 223 237 238 265 239 248 241 233 244 221 234 241 2312 221 219
14 T.D.S. ™ | 260 287 239 222 ! 234 236 262 234 239 238
15 T.V.S. " 113 90 1101102 113 119 i 73 67 71 81 75.7 73
16 T.S.S. "6 49 - - 4,1 09,4 1 <7 7.4 3.1 3.1 4.5 . 6.2 8 3.3 4.2 22,6 139 15.6 3.8 2.8 2.3 26.3
17 V.S.S. "
18 NH3-N “10.04 0.05 10.076! 0.07 0.023pb.007 11.18 | .31 .48 .24 .50 ;48 : .02 .03 .02 .013 | .017 .043
19 ORGANIC-N "10.35 0.28 10.26 | 0.32 ! .15 .23 .27 .613 | .563 .31 !
20 TKN - 0.204p.339 {1.94 | .99 1.29 {.99 .89 1,38 |_,391.54 2246 .47 .31 .52 .43 .63 .58 .361 .52 .50 53 ) 44 39 41 48 49
' g: x;- :: : 0.13 0.12 ]0.097] 0.11 ’ .00230.066_ .22 .23 .21 .25 227 27 1 115 :31 .15 .15 .15 .116 .13 .17 .137 .12 2136 .08 23 19 117 09 17
* 23 Ortho PO4-P O _0011p.016 | .018 | .025 |.02 |.025 015 1.015 | ,01d.016 { .-YVUO .005 1 ,007 | .007 .013 .005 | .006 .009 .009 * 1.013 .004 .011 005 201 006 o013
{ 24 Total Phosphorus-|0.036| 0.099|0.01)f 0.017 0.021p.025 | .07 .083 .06 |.06 .06 .09 .04 .07 :
P " . 1+046 .02 .049 | .036 .039 .027 | .036 .041 .086 . | .08 .038 .101 .06 .06 .04 055 .
25 0il & Grease " [ . i
26 Phenol " .31 .24 .35 |.217 226 |.32 iy -022 |.032 .038 .034 | .019 .041
27 Chloxide "1 44 26 27.71 27.3 28.5 p8.0_[51.5) 46 53 49 s3 41 : 36.6 138.3 36.6 37.3 |36.8 40.1
28 Sulfate "1 25,5 21.5 | 34.0f 33.5 29.2 | 28,7 ]130.8 |28.9 27.7 128.2 B 27.3 |28.6 28.4 29.2 }29.1 28.6
29 Beryllium Be " - .002 | .005 |} -013 | .002 .004 | .00} - .008 {.001 .00 .012 }.001 .004
30 Cadmium Cd " .015) .008 ).005 {.001 .| .o10 }.011 B .003 {.009 .003 .003 | .001 0002
31 Calcium _Ca "1 43.9 40.9 139.81 41.4 | 36.4f 35.1 3 * - -
32 Chromium Cr " .00p 1.003 1 .012 ] O .008 10 0 0 71 .016 1.013 .013 .008 | O 0
33 Copper __ Cu " 008 |.008).001 ] .070 |0 050 Ty .052 | .053 .083 .075 | .069 .05
34 Iron Fe | .130 . 060 004 | .002 N .194 | .31 31 137 (.16 .05
35 Lead Pb " L1101 013 |o .038 .019 }.038 1 .019 | .007 . 021 ~052 | .035 .009
36 Magnesium Mg "] 12.0 12.0 | 9.3 9.35 n 8.0 8.2 (B) 7.3 8.5 8.4
37 Manganese Mn " 0.2 0.2 3 .078 ).08 .07 .056 ].074 .04
38 Mercury Hg i . 001 .00 |IT .001 .005 .002 i w
39 Nickel Ni " ,00b (+20b 7 L0326 | .04 .04 .019 |.019 .018 . -
40 Potassium K " 1.4 1.4 1, -1.3 q .96 ]11.806 1.8 1.84 1.77 1.9 <
41 Silicox  Si "1 0.33 0.33 | 0.22] 0.12 | 0.33} 0.37 |0.049%0.234 . .7501.0 3 1-0 «2 <.3 1.3 .29 1.5 2.25 0 .88 1.0 .13 1.0 .88 .88 5 75
42 Sodium Na " 13 13 11.5) 11.9 T 16.9 ]160.8 i7.4 17.0 [14.8 16.4
43 Vanadium V " L021 | .14 .059 | .067 .058 | .027 g 0 0 [0) L043 | .06 0 X
44 Zinc Zn n 2oL t.onzg | 0071 .090 | .019|.115 .163 1.085 7 ~036 | .02 ~05 .082 [ .045 S011
¥; 45 T. Coliform No. o
3 /100nml. ! 53.4 |49 70.6 93.4 |78.3 43.8 '
46 F. Coliform No./ - i
100 ml. } ' 2.3 .42 3.0 2.8 17.1
a7 Chlorophyll-a . 5.9[7.5 765 [0-3 6.5 - |6.0 4.9 6.2 4.1 5.4 4.7 4.4
" 1. Numbers are mean values over time period respective to each survey. ;
»”. Location I.D. No. Data collected on *
9 6/3, 8/2, 9/22-'66 p
10 6/3, 8/2, 9/22-'66 j
11 9/16/64 !
12 9/16/64

13 9/16/64
14 9/19/72
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and V-5. The transect numbers represent miles from the Oswego River

mouth. Location 7 on Table V-5 presents data for the Oswego River as
mean values over a two and one-half year period. Compared to other
locations and £o the values in Table V-2, it'is evident that the Oswego
River is relatively high in most pollutants, including nutrients, organic
material and major inorganic ions. Total dissolved solids and chlorides
are conservative parameters which may be used to estimate dispersion of
the Oswego River in Lake Ontario. It ;ay be assumed that coliform counts
are also quite high relative to normal Lake conditions and may be used

to estimate qualitatively the presence of trace amounts of Oswego River

constituents.

1973 WATER QUALITY INVESTIGATIONS

1. SAMPLING STATIONS AND FREQUENCY

Water quality and related samples collected near the Nine 'Mile Point
promontory and near the Oswego Steam Station (0SS) included weekly field
measurements, bi-monthly (twice per month) collections in conjunction

with biological sampling, monthly collections for extensive water quality

- analyses and special collections for dissolved oxygen loss at the plant,

bottom sediment ‘characterization and storm drain and sanitary effluent
characterization programs. The specific locations of Lake sampling

stations are shown in Figure V~2 and are described below.
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2. COLLECTION PROCEDURES

a. Weekly Field Measurements

Weekly surveys were conducted from April to December 1973 at ‘various
depths at Nine Mile Point Plant Unit 1 transect (NMPP or NMPC), east
transect (NMPE) and west transect (NMPW) and at Oswego Plant transect
(OswWwP) and Oswego west transect (OSWW). Measu;ements of temperature
at one meter intervals were made to define thermal stratification.
Most measurements were made with a Martek Marxk II multiprobe analyzer,

in which case pH, DO and specific conductivity were also measured. ~On

6ccasion, measurements wexe made with a Montedoro Whitney Model TF-20

thermistor or a GM Model 0C-1/S bathythermograph.
b. Bi-Monthly Collections

Bi—monthlj water collections were made from June through December at
NMPP-1 tr;nsect‘and at the east and west transects. Samples were taken
at 20 and 60‘fg. depths along each transect using a four liter PVC Van
Dorn sampler. The water was dispensed into one gallon polyethylene
bottles for immediate transport to the laboratory. Temperatuge, DO, pH,
and specific conduétivity measurements were made with the Maréek Mark II.

Free COy was determined in the field by titration.

c. Monthly Collections

Monthly water collections were made from March to December at the NMPP-1
intake. and discharge and at the NMPP-1 transect. The Lake samples were

taken at 20 and 45 ft.depths using a four liter PVC Van Dorn sampler.
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The water was dispensed into one gallon polyeéhylene bottles and sterile

300ml pyre:é BOD bottles for chemical and bacteriological analyses, re- .
spectively. Temperatu;e, DO, pH and specific condﬁctivity measurements

were made Qi;h Fhe Martek Mark II. Intake and dischaxge grab samples

were collected using similar ;echniques. Seven da§ intake and discharge
composiﬁg samples collected by the plant compositor were also transferred

to appropriate sample containers and taken to the laboratory for analysis.

-
.

d. Dissolved Oxygen Loss

Surface samples for DO and temperature were taken at NMpPpP-1 intake and
dischafée forebays on a weekly basis. Samples were collected at six
'hour intervals from noon one day to noon the following day at 1500,
2100,}0300, and 0900 hours. On 21 June, 15 Augus% and 17 October more
extensive sﬁrveys wer;'Eonducted during which DO and temperature were
determined hourly for éZ hours. Samples were collected by a four liter
PVC Van Dorn sampler and dispensed into 300ml BOD bo;tles. All samples
were oveFflowed aéproximately three volumes and fixed according to the

azide modification of the Winkler method. Water temperature was deter-

mined by mercury thermometer.
e. Bottom Sediments

Bottom éediments were collected on 22 October at the FitzPa?rick transect
(FIT2), . the NMPP-1l transect and at the east and Qggt transects at 20 and ‘ \
40 ft.depthé. Collections were performed by scuba divers. fhenéamples

were placed in ice chests and transported to the laboratory for analysis. N

d
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£. Efflﬁeﬁt Analysis

The NMPP-1 sanitary sewage treatment plant effluent was monitored
monthly from Augﬁst to December. The wastes are treated by a packaged

activated sludge plant with secondary clarification and chlorination.

The chlorinated effluent is discharged into an oxidation pond. Pond

overflow trickles through a swampy area where it is either lost by

evaporation or eventually reaches the lake via a "discharge channel."
Surface gra5 samples were taken every six hours for 24 hours from the
discharge channel and placed in ice chests. Twenty four hour composite
samples were taken of the oxidation pond influent and effluent by

FMI Model RRP metering pumps which pumped at a constant rate into éwo

gallon polyethylene containers placed in an ice chest.

L]

A separate 48 inch storm drain located at the edge of the Lake on the
west side of the Nine M%le Point Unit 1 plané was also sampled monthly
from August to December. Grab samples were taken every 6 hours for

24 hours, placed in ice.chests and transported to the laboratory for

analysis. : K

3. LABORATORY ANALYSES

a.- Bi-Monthly Collections

BOD, COD, TSS, TKN, NO,;~xN, TP, Turbidity, orthophosphate, Si; -

Chlorophyll a, pH, TS.

b. Monthly Collections

- Alkalinity; BOD, COD, TS, TDS, Settleable Solids, TVS, TKN, NH4-N,

N%m,m,mmnwum&w,mmldnmm,Mmlmnmm,m¢Mcm
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CN, F, ToC, ferro or ferri cyanide, orthophosphate, so4, Cl, Al, As,
Ba, Be, Cd4, Ca, Cr, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Zn, .
V, Si, phenols, surfactants, radioactivity (inplant sampies only;

gross o, gross B, 3y, spectroscopic), pH, total hardness.
c. Bottom Sediments

CcoD, TP, TKN, moisture content, TS, TVS, Cr, Cu, Hg, 2n (COD and TP
were determined for the water present in the sampling containers after

collection).

]
d. Effluent Analyses

Alkalinity, BOD, COD, TS, TDS, TSS, TVS, TKN, NH3-N, NO3-N, TP, Total °

édoliform, fecal coliform, Zn, phenols, so§, chlorine residual.

4. LABORATORY ANALYTICAL PROCEDURES .

The U.S. Environmental Protection Agency has promulgated mandatoxry
guidelines establishing test procedures for the analysis of pollutants.

These methods of analysis arxe outlined in the Federal Register (38 [199]

28758) dated October 16, 1973. They are also included under Title 40,

Code of Federal Regulations, Part 136, with few exceptions. All analyses

conducted by QLM Laboratories, Inc., either conform to these guidelines
or permission has been requested through the EPA ﬁegion IX laboratory to
use .our current standard methods (for fluoride and-selenium only).

Field measurement for total chlorine residual at Nine Mile Point used
the orthotolidine technique. Analyses for parameéershnot covered in

the EPA documents follow the accepted procedures published in one of

the * following documents:
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Standard Methods for the Examination of Water and Wastewater

13th Edition, 1971. This publication is available from the American

Public Health Association.

Annual Book of Standards, Part 23, "Water, Atmospheric Analysis,"

1972. This publication is available from the American Society for

Testing and Materials. (A new edition is in press).

Methods for Chemical Analysis of Water and Wastes, 1971. Environmental

Protection Agency. (A new edition is in its final draft stage).

A tabular compilation of QL&M analytical methods can be found in

Appendix ViI-4.

RESULTS AND DISCUSSION

l. WEEKLY WATER QUALITY RESULTS

The results from the weekly water quality studies are presented in
summarized form in Table V-6. Sections 2 and 3 below include analyses
of T, pH, DO and specific conductivity values for monthly and bi-monthly

water quality studies.

2. ANALYSIS OF THERMAL DATA

a. General

Vertical temperature profile data in the Nine Mile Point arxea were
obtained to establish the existing thermal conditions and the extent

of vertical temperature gradients shoreward of a depth of 100 ft. The
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TABLE V-6

SMMURY. OF. BATHYTHERMOGRAPH. &. MARTEX READINGS. DURING 1973
= EGO_AND NINE MILE POINT

DATE 4/30 8/7 5/14 5/24 5/29 5/30 6/4 6/5 6/8 6/11 6/13 6/14 6/18
LOCATION Nuzber of Readings Taken
FAMPLING IN FT. | Depth Range Meters . |
sItE or | Texperature Rarge 'C -
(TRANSECT) WATER D.0. Range ®g/1 i
pH_Range
cond ivity Range Micro-MHOS *
9
. 0-8
ward 20 17.0-14.0
11.8-12,0
8.8~ 9.0
260-270
11 15
0~-10 0=-14
40 . 8.1= 7.7 15.0 - 17.8
11.8-12.0 . 13.2 - 12.0
7.8= 7.9 8.8 = 9.3
220 = 220 260 - 280
14 10
0-13 0=- 9
DSWP 20 7.0~ 9.0 15.2 = 17.0
12.4-12.0 13.6 ~ 12.8 .
7.6= 7.9 9.0 - 9.1
210 = 240 260 = 270
B 13
0 =12
40 9.0 = 7.0
312.0 -12.4 .
- 7.5 =79
! 210 = 240
50 -
10 17 18 25 27 32 36
0-26 0 =30 0-28.5 0-33 0~ 30 0- 2 0 =235
100 4.5~4.4 | 6.4-5.0 | 5.6-5.2 9.5-5.8 13-5.4 15 - 6.8 10 =3.8
8
0=7
pPW 20 18.0-17.0
13.2-12.9 -
8.8
370 - 440
14
0 ~13
40 16.2« 9:0 -
13.6-12.4;
N 8.4 =8,6!
240 =470
2 15 9 .17 3
- = : 0 =14 1~16 0 =16
, 13.0-8,0 1/.0-13.0 * 6.0 - 4,18
5,0 - - 3 =
20
60 0 =19
‘ 16.0- 8.2
13.8-11.6
8.4 -8.8
20 = 320
17 20 32 16 18 34
0 =~29.5]| 0 =32 1 =33 1 -28 0=-233 0 =-33
100 6.5-5.0| 10.5-6.8 11= 3.8 | 12.5-5.8 13.5-7.0 9.1 = 3,7
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SQMVARY OF BA' & MARTEX READINGS DURING 1973
AT OSWEGO AND NINE MILE POINT
DATE 4/30 s/7 5/14 5/24 5/29 $/30 6/4 6/5 €/8 6/13 6/13 6/14 6/18
ILOCATION Number of Readings Taken
gL IN Fr. | Depth Rande Meters |
SITE or Temperature “Range “C
{TRANSECT) WATER D.0. Rarge 5/1
ﬂ !ﬂe
Conductivity Range MIcro-MHOS
7 -
- l1-6
pMPC 20 16.8-15.7
12.5-12.7
8.6~ 8.7
310-390
14 14
1-13 0=-123
40 10.5- 8.3 114.4- 8.2
- 11.5~-14.9 12.0-12.8
"8.4= 9.1 8.2- 8.4
225 = 240 210 =370
19 21
0=-18 0-20
€0 14.1= 8.0 ] 16.2- 7.1
» 13.2-11.6 { 11.3-13.7 ,
8.2- 8.4 | 8.69-7.7
220 =370 _§ 360= 212
10 12 -9, 18 31 28 22 36
0-29 0 =30 0=-231 0=235 0~-35 0= 30 0=-233 0=35
,1o0 4.2-3.9 7.5-4.9 § 5.4-5.0 10.9-7.0 10 - 3.7 13-5.4 3.8-8.2 11.1=38
7
0-6
INPE 20 16.4-14.8
12.6-13.2
8.4- 8.6
340 = 305
- 14 .
0=-13
40 16.5-15.0,
11.8-12.8,
- 8,6= 8.9
270 = 310,
1l 16 . 18
0= 16 0+~16 0 =17
50 11-7.9 15.5-11.5 14.4-51
21
- N 0~20
60 ) 15.8- 8.1
11.8-24.1
. 7.8- 8.6
290 = 23S
11 23 33 27 21 34
0-28.5 0 - 32 0 =235 0 =30 0= 34 0=-34
100 $.9-5.1 9.0-6.8] - 11.6-3.8 11 - 5.0 . 14.9-7.8 14.5-4.9
=~ 13
0= 13 s
13.5- 9.
PITZ 30 11.8-13.1
) 8.2~ 8.3
260~- 380




TABLE V-6 Cont'd

SUMARY OF BATHYTHERMOGRAPH & MARTEK READINGS DURING 1973

AT EGO AND NINE MILE POINT - .
DATE 6/20 6/25 6/26 6/28 6/29 /2 /9 7/10 7/16 7/23 /30 8/6 8/13
LOCATION |_Number of Readings Taken |
SAMPLING IN IT. Depth Range Meters
SITE or | rature Range °C
(TRANSECT)| WATER D.EO.EP«nng_' e mg/1
E we
Conductivity Range Mic
8 9 8 8 8
0-7 0-8 0=7 0=7 0-17
oswa 20 18.2-14.9 18.1-12.9 2.9-21.5 22,2-22.0 24.0-23.8
13.4-13.9 10.3-11.1 [j.v- 8.8 8.4- 9.0 9.6~ 9.9
9.1= 9.3 8.8 8.9 8.8~ 8.8 8.8~ 8.0 -
260 = 280 260 = 280 0 _= 300 300=_300 300 ~ 300
14 16 15 14 14 13
0=-13 0=15 | 0-24 0=~13 0=-13 0 =12
40 17.5 = 7.3 17.0= 9.0[18.9- 7.5 3.0-21.8 22.1-22.0 [24.0-23.9
11.2 =13.9 11.0-11.8][10.4-11.6 . R4.2-15.2 9.2-12,0 8.8-10.6
8.3 = 9.3 8.5~ 9.0} 8.8~ 8.9 8.8= 8.8 8.8- 8.8 -
218 - 278 230~ 270 1220 - 290 95 = 300 300 = 300 300 = 300
8 8 . 8 8 8 8 8
0=7 0=7 0=17 0~ 7 0=-7 |0=7 0~ 7
pSWP 20 17.8-12.9 15.3-13.1 18.2-11.2 22.5-21.9 22.1-22.0 |23.1-22.9 [24.0-24.0
12.4-13.7 11.6-12.0 9.9-10.4 - 8.4- 9.4 | 8.3-10.2] 8.8-10.0
8.9- 9.3 8.7~ 8.8 8.8= 8.9 8.8= 8.8 8.8- 8.8 | 8.8- 8.8 =~
260 = 300 250 = 262 255~ 320 oo - 300 300 = 300 {305~ 320 |300 ~ 300
15 16 » 15 14 14 13
0 -14 0 -15 0~ 14 0-13 jo=-13 Jo=-13
40 17.5~ 8.0 16.0= 9.0 19.2- 8.1 22.1-22.0 [23.0-22.4 [23.9-23.4
11.4-13.8 10.6=22.0 10.1-11.7 10,0-10.8 | 8.8-10.3} 9.2- 9.7
8.4= 9.3 8.1= 8.9 8.8- 8.9 8.8~ 8.8 | 8.8~ 8.8 -
220- 280 228 = 265 230 = 305 300~ 300_ {300 = 315{300 = 300
17 17 15 17 18 17 18 17
0 =16 0~ 16 0-=14 0=-16 |0~17 0«16 |0=-17 Jo-16
50 17.2= 6.9 19.8 8.0 [2.5-21.4 22.5-21.9 |22.2- 5.5 [22.1-21.5 |23.0-22.3[23.6-23.1
11,2-14.0 10,2-11.8 - 8.0-10.7] 9.0-31.9 | 9.8~ 9.6 | 8.0-10.3] 9.2-10.0
8.3~ 9.3 8.8~ 8.9 - 8.8- 8.8] 8.6- 8,9 | 8.86- 8.8 | 8.8- 8.8] =~
215-278 230- 305 - 300- 420 [215- 355 1300 = 300 [300 « 310300 - 300
34 34 29 38 34 34 3¢ 34
0-33 0=33 0-28 0=33]0=33 0=-33 Jo=-33 |o=-33
100 20.0- 4.8 20,0- 6.0 |20.9-11.4 22,1-17.1{21.4- 4,5 |22,1- 7.0 |22.8-12.5]23.2-16.0
11.4-13.7 10.5-11.5 - 8.2- 8.8] 9.8-12.4 | 9.6-10.8 | 8.3-20.2] 7.6-10.8
8.2- 9.3 8.8- 8.9 - 8.8~ 8.9] 8.7- 8,8/ 8.7- 8.8 | 8.8- 8.9 -
195~ 420 200 = 290 = 280 = 3851200 = 500 {210 = 300 {245 = 305§280 - 300
3 (1 [ 8 8 7 8
0=7 0~S5 0 ~5 0= 7 0=~ 7] 0= 6 0=~ 7
oW 20 |31.2- 9.5 | 17.9-14.7 | 16.2-14.0 21.8-16.0 24.0-22.5 | 24.8-24.6|24.9-24.2
R 12.0-21.6 | 13.6-11.8 | 11.4-12.7 10.8-12.0 8.2-11.2 | 10.2-11.4] 8.3-11.2
8.8 9.16-8.841 8.76-9.4 8.8= 8.9 8.8- 8.8 | 8.9- 8.9| =
220 = 275 1 300 - 260 | 320 - 410 308 - 340 440 = 540 | 220~ 555 {480 = S80
- 14 14 14 14
0 =13 0-1310=-213 Jo-13
© 21.5 -8.0 23.2-22.0 | 24,1-22.9}24.1-23.2
) . 10.0-12.0 7.8-10.0 | 8.3-11.0] 8,0-10.3
PP wloames 8.8- 8.9 8.8 -8.0| 8.8~ 8.9 -
1 = 210 - 320 300 = 400 | 330 - 380]300 =~ 570
F o 1.716 . 17 17 17 17 17 10 27
. 9.5 - 0 =16 0-16 0 =16 0 =16 0=16 | 1-17 Jo~26
5= 6.4 29.5- 6.4 21.8= 7.4 |22,R=20.9 22.,0-20.4] 23.2- 5.7] 23.2-21.4{24.2-22.9]24.1-23.0
$0 1:.::1;.; 1.1-15.6 10,0-12.1 - 7.9~ 3.8] $.%-11.0] 0.0-12.4] 6.1-10.6] 9.2-10.3
D29 ztlz;z- z;g ) 8.8 -8.9 - 8.8~ 8.9] 8.8- 8.95] 8.8~ 8.8] 8.8~ 8.9 -
e 2 1; 210-330 = 280 ~ 320} 220- 320 | 300 = 360]325 - 350}200 = 360
0=-19 0 =19 0 =18 ozi 20 ozf 20
6 |11.2- 7.2 19.2~ 6.0} 17,0~ 6.0 23,0-21.0 24.1-23.0
11.9-11.4 15.6-11.0| 10.8-13.6 8.7 -9.6 8.4-10.8
8.3- 8.6 9.3- 8.2| 8.16-9.14 8.8 -8.8 e
220 = 280 470 - 210 210 ~ 360 300 = 320 300 = 350
33 34 30 34 33 . 33 34 33
100 0 = 32 0 =33 0 =29 0 =33 0 =32 0-33 J0-33 Jo-32
18.9- 5.0 21.5- 5.2 [22.0-14.0 22,0-20.0] 23.0~- 4.5{ 23.0- 8.9]23.6-11,5 [24.0-21.0
11.0-16.1 10.1-12.9 - 7.2= 8.8] 9.0-12.4] 9.5-10.0] 8.1-10.6 | 7.8-10.4
8.2~ 9.3 8.8 -8.9 - 8.8- 8.8| 8.8- 8.9] 8.8 -8.8] 8.8- 8.9 -
200 = 465 201 = 280 = 320{ 200 = 320| 220 = 320{250 ~ 315 {290 = 320
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SUMMARY OF BATHYTHERMOGKY FARTEX READINGS DURING 1973
< AT OSWEGO AND NINE MILE POINT
DATE 6/20 6/25 6/26 6/28 6/29 7/2 7/9 7/10 7/16 7/23 7/30 8/6 8/13
LOCATION | Number of Readings Taken
SAMPLING IR FT. Depth Range Meters
SITE oF » Temperature Range °¢
(TRARSECT) | WATER D.0. Range mg/l
N pH_Range i
Conductivity Ranqe Micro-MHOS
7 8 7 8 6 8 8 8
0-6 0=-7 0-6 * 0=-7 o-5 0=-7 0-7 0-17
NMPC 20 9.0 = 6.5 20 = 14.3 [18.5-24.2 22.8-18.2|26.1-21.6 25.0-22.00 27.0-23,2 2925-23.4
12.0-11.6 | 14.3-12.1 {11.8-14.0 9.6-11.3} 8.3- 9.5 8.8~ 9.4 8.9-10.9 8.5-10.0
8.8 9.1- 8.9 | 8.74-9.16 8.9- 8.9| 8.9- 8.9 8.8- 8.4 8.9- 8. -
210 = 220 | 400 = 370 {360 = 370 - 310 - 340{295 ~ 395 300 = 3200 370-450 | 300 = 460
12 - 15 14 14 14
0 =11 0 -14 0 =13 0-13 0-13
40 22 = 8.9 . 22.9- 9.2 24.0-21.5 27.5-23.0{ 28.9-23.3
15,2-10.4 9.9-11.3 7.7- 9.6] 8.9-11.1] 8.9-10.4
9.3- 8.3 . 8.8~ 8.9 8.8 ~8.8] 8.8- 8. -
435 - 240 245 = 340 300 - 3201 370 = 430{ 300 = 360
.
$0 .
21 19 22 21 20
0 =20 0=18 0=-21 * 0=20 0-19
60 10-5.2 20.5- 7.1 [17.8- 6.2 24.0-21.0 28.0-23.1
12-11.6 15.9-10.4 [10.6-13.0 9.2-10.0 8.8-10.5
8,3-8.4 9.3- 8.1 | 8.16-9.14 8.8~ 8.8 -
200 = 240 1422 = 210 |200 - 360 300 = 420 oo - 340
8 8 8 8 7 8 8 8
0-7 0-7 0=7 0=7 0-6 0-7 0-7 Jo=-7
14.5-12.1 |18.5-17 [16.0- 8.9 20.0-16.0] 22.5-22.1 23.1-22.2 [24.0-23.0 {25.3-24.4
NPE 20 11.8-11.2 {15.0-13.9 {10.3-13.0 8.8-11.4] 8.5- 9.1 8.4-10.0 | 8.9-10.9 | 8.4-11.2
8.9 9.2~ 8.1 | 8.1~ 9.1 8.9- 8.9} 8.8- 8.9 8.8- 8.8 8.8~ 8.9 -
250 = 260 }340-320 ]238 = 275 300 = 3401335 = 340 250 = 320 {330 = 335 [340 - 380
13 14 14 14 14
0~ 12 0 =13 o -13 0-13 0-13
40 18.6-12.9 20.0- 9.0 23.0-22,0 [23.5-22.9 [24.5-23.8
14.2-11.2 9.6-11.6 9.2-10.2{ 8.0-12.0 | 9.6-11.3
. 9.2~ 8.7 8.8- 8.9 8.8- 8,8] 8.8~ 8.9 - .
295 = 270 240-_320 300-320  [320- 340 [300 = 340
26 .. o¥ 16 S oY16 |0217 Jo-he | 0716 | 0715
50 18.5% 9.0 20.7-7.9 | 27.1-21.1 22.1-22.027.6~ 5.9]23.0-27.0[23.9-22.5 | 24.0-23.4
10.1-13.9 10.1-11.7} 8.9- 9.4 7.0- 8.8} 8.6-11.1] 8.6-10.0] 7.8-11.1] 9.0-10.8
8.2- 9.3 g.8- 8.9] s.8-8.8 g.8~- 8.9 6.8~ 8.8] 8.8- 8.8] 8.8- 8.9 -
240 = 285 235 = 320| 295 - 310 310 = 3151210= 300 {300 - 320315 - 340 3031- 320
21 19 22 17 21 .
. 0 - 20 o -18 0o=-21 0-16 0 =20 0 - 20
60 14.9- 5.2| 18 = 6.5] 16.0- 5.0 27.5-20.5 23.0-17,0 24.0-23.3
- 14.2-10.3| 10.4-14.3 8.8- 9.4 g.;—xg.g 9.0-10.8
8.8- 9.0 9.3-8.1] 8.18-9.21 8.8- 8.9 -8- 8, -
200 = 260} 273 = 210] 200 = 270 295 = 330 280 = 320 300 = 320
- 33 33 28 35 34 34 34 33
0= 32 0-32| 0=27 0 =34 0=-33 Jo=233 0-33 | 0-32
100 18.9- 5.0 21.1- 5.0{ 27.5-1S5.2 23.5.21.0]22.0- 3.0[22.9-16.0| 24,0-15.9 24.0-21.0
- 20.4-17.3 10.0-12.4] 9.0- 9.5 8.6-1¢.5| 2.0-22.3] 9.2-10,0| 7.9-10.9 8.0-10.6
8.2- 9.2 8.8~ 8.9| 3.3~ 8.9 3.2- 8.8] 8.0~ 8.9] 8.3 -3.3} 8.2- 3.4 -
) 190 = 275 200= 310 | 270 ~ 300 300 ~ 300}200 = 300260 = 320} 270 = 37( 260 — 300
?1T2 30




TABLE V-6 COnt-'d

- SUMMARY OF BATHYTHERMOGRAPH & MARTEX READINGS DURING 1973

AT OSWEGO AND RINE MILE POINT

Al

DATE 8/20 8/27 9/13 a7 9/28 10/1 10/10 10/19 10/22 10/23 10/28 11/ 11/13
LOCATION Number of Readings Taken
SAMPLING IN FT) Depth Range = Meters
SITE or Temperature Range VC .
(TRANSECT) WA D.0. Range ng/l N
. __pH Range N
Conductivity Range Micro-MiOS
8 10 8 [3 8 8 8 8 8 8 8
0=-7 0=-9 0=-7 0=-5 0 =7 o-7 0o=7 0=-7 0=-7 0=~7 0=-7
OSWE 20 22.2- 9.4 | 22.9-18.0]22.0~21.7 {20.7-20.2{17.9-16.0 | 16.0-15.9 | 14.0-13.7 | 21.8~11.4 | 11.4-11.2 6.4-5.8 | 7.8-7.0
9.6-11.3 - ,8.0- 8.0 7.2- 7.6| 7.8- 8.9} 8.6~ 8.8 - - - - 10.2-10.8
245 = 375 - 280 «290 290 = 300|275 = 280 {270~ 200 | 260 — 260 - - - 185 = 185
15 13 14 14 14 15 24 14 14 “14 15
0 =14 0 ~12 0 =13 0 -13 0 =13 0 =14 0 -13 0 ~-13 0 =13 0 -13 0 =14
40 22.4= 6.2 | 22.8-17.2|22.0-21.7 | 20.7-20.2[18.2~ 7.8 }15.8-13.8 | 24.0-13.2 { 21.8-11.4 |11.7-11.6 6.7~ 6.3} 7.9- 7.1
9.1-11.4 - 7.6~ 8.1 | 7.4- 7.8] 7.5~ 8.4 { 8.0~ 8.9 - - - - 10.2-10:.6
220 = 385 = 285 «290 |295 = 3001210 = 280 | 260 = 270 | 210 = 260 - - b - 185 = 190
8 8 8 - 8 8 8 8 7 8 8
0=-7 0~7 [ 0 -7 0=7 0 =7 0 =7 =6 0=-7 0=-7
OSWP 20 22,5- 9.9 22.0v21.2 | 20.2-20.1{18.0-13.0 |16.0-15.4 | 24.1-13.8 | 11.4-10.8 | 11.7-11.5 5.7-5.1] 6.8-6.4
7.6 =9.8 8.3 -8.7 | 8.0 -8.3] 7.7~ 8.2 ] 8.5~ 8.7 - - - - 10.6-11.0
250 = 490 285 = 300 1295 = 300265 ~ 280 § 260 = 280 | 285 = 310 - - - 180 = 18C
14 11 14 14 14 14 4 15 14 12 15
40 0-13 0-10 0 =13 0~-13 0 - 13 0=-13 0=-13 0~-24 0 =13 0 =1 0 -4
22,9- 6.3 | 23.3-17.8|22.0-21.0 | 20.9-20.2[18.0-10.8 | 16.0-15.4 | 14.2-13.7 | 11.7-11.3 | 11.7-11.7 6.2-6.0] 7.2-6.2
7.8-11.1 - 8.0- 9.4 | 7.0- 7.4] 7.3- 8.4 | 8.4~ 8.7 - - - - 10.)10.8
215 - 540 - 285 = 290 1295 = 300]240 = 470 }230 - 265} 265 ~ 300 - - - 175 =180
18 13 17 18 18 18 17 17 17
0 =17 0=-12 0 =16 0 =17 0 =17 0 =17 0 -16 0 -16 0 =16
50 23.0~ 5.5 |23.0-17.5 [22.0-21.1 { 20.0-16.5 17.2- 8.1]16.0-14.9 }14.1-13.0 11.8-11.7 6.4-6.2
8.6-11.2 - 7.5- 8.5 6.8= 7.6 8.0- 8.7{ 8.3- 8.9 - - -
215 = 405 - 240-290 280~ 300 } 220 = 300 (260 = 270 1260 - 260 - -
34 30 34 29 39 33 34 3s 33 34 35
0~33 0-29 0=-233 0=-28 0~ 33 0 =32 0=-23 0= 0 =-32 0 =33 0= 34
100 23.5~ 4.6 |23.0-14.0 }22.0-21.2 | 20.7- 6.917.1~ 6.0[16.2~ 8.1 {15.5-11.2 [12.4-11.9 [ 11.9-11.8 8.3-6.8(8.0 -7.8
8.0-12.7 - 7.5~ 8.5 7.1 -8.5 8.4- 8.7] 8.2~ 8.9 - - - - 10.0-10.€
200 ~ 315 - 265 = 290 | 210 = 295§ 200 = 3201215~ 270 1240 = 260 - - - 180 =180
8 7 8 8 8 8 8 8 8
0=-7 0«6 0=-7 0=7 0=7 0=-7 0-7 0=-7 |O=17
NMPH 20 23.2-20.3 [23.5-23.4 122.9-22.0 | 21.5~-20.9]20.8~10.0 N 11.7-11.31 11.9-11.2 8.3-8(1{ 6.5-6.0
8.7~ 9.8 - 7.1- 8.0 7.6~ 8.2] 7.6~ 8.7 - - - 10.5%11.¢
220 - 330 - 260 = 300 { 295 ~ 295[260 = 290 - - - 200~ 220
15 12 13 14 14 16 14 15
0 =14 0 =11 0 =12 0 =13 0 -12 0 =15 0-13 0-14
40 23.2- 6.2 }23.1~19.0 |22.8-22.0 | 22.0-17.9]|18.9- 7.9 11.4-11.4 | 12.0-11.6 8.6-7.7
8.6-10.2 - 7.0- 7.8 7.5= 0.3] 7.5~ 8.8 - - -
220 =315 - 300 = 300 § 293-295 1210~ 280 - - -
18 +16 18 17 17 17 13 17 18
0 =17 0=-15 0=-17_|0=-16, |0-126 0 ~16 0 =-17 0 ~-16 0 =17
50 23.2= 5.9 | 23.0-17.5 {22.9-21.9 | 21.9-12.0]18.9- 7.9 17.9-13.0{11.9-11.4 12.0-11.7 8.6~ 7.8
8.3-10.5 - 6.9= 7.7 7.2=- 8,1 7.4- 8.8 - - - - *
215- 320 - 295 « 305 | 250 = 295]210- 280 250 =270 - - -
21 20 21 21 21 21 21 21 2% 21
0- 20 0-129 0=-20 0-20 0=-20 0-20 0=-20 0 =20 0-20 0 - 20
60 R3.5- 5.8 23,1-16.5]22.6-21.2 | 21.0= 9.0418.2- 7.1 18.0-12.9{11.9-11.4 | 12.0-11.8 8.627.3 [7.8- 6.8
7.5-10.7 - 6.9- 7.7 7.2= 7.9] 7.4~ 8.8 - - - - R0.0-11.0
- - - - - - - - - -
p1s-315 - 200-335 230-295 _} 205~ 280 245-270 - - - 9o~ 205
34 30 33 31 34 33 35 33 35 35
0=-133 0=-2 0 =-32 0 =30 0=-233 0«13 0~3 0=-32 0- 34 0=-34
100 [23.7- 5.0 23.0-12.8]22.2-21.7 | 20.9- 6.5|18.5~ 6.0 16.5-11.0}12,2-11.4 | 12.0-11.8 8,7-6.5 [3.0-6.9
8.4-12.2 - 6.9= 7.0 6.6~ 8.2] 7.6~ 9.2 - - - - 10.0-11.0
203=315 - 295-305 205-295 (205 =280 235-265 - - - 180 =200

'




DATE 8/20 8/27 9/13 9/17 9/28 10/ 10/10 10/19 10/22 10/23 | 0/28 11/5 11/13
LOCATICN | Nuzber of Readings Taken ]
SAMPLING IN FY. Depth Range Meters
SITE or Tenperaturs Range SC
(TRANSECT)| WATER D.O. Range g/l
pH Range
Corductivity Range Micro = MHC
8 4 . T 8 - 8 8 < 8 - 8 8 M
0=-7 0=-3 0=-6 0-7 0=7 0=-7 0=-17 0=-7 0=-7
NPC 20 | 23.5- 8.5| 26.5-23.4] 24.8-22.0 | 25.5-20.9 } 20.0-10.0 19.5-13.9] 11.9-11.1 14.2-8.2] 9.1~ 7.0
9.2- 9.9 - 6.9- 7.7 | 7.6~ 8.0 7.2r 8.8 - - - 10.2-11.0
240 - 315 - 250 = 300 | 295~ 295 240 ~ 280 260 = 250 - - 190= 200
24 6 14 14 14 14 16 14 15 15
0=-13 0=5 0 ~13 0=13 0-13 0 =-13 0=-15 0=13 0=14 0 ~14
40 | 23.5- 5.9] 25.0-23.0) 24.0-22.0 | 21.0-14.5 | 18.8~- 8.0 16.5-13.1] 12.1-11.4 |11.7-11.5 8.4-8.4) 8.2= 6.9
7.8-10.6 - 6.8- 8.0 | 7.5 -8.1 8.8=- 7.2 - - - - 10.2-12.0
215 = 315 - 295~ 310 1270 = 295 } 220 = 260 250 = 260 - - - 180 = 190
R 17 18 17 18 -
0=-16 0 =17 0=-16 0 =17
S0 16.2-13.01 11.9-11.4 111.8-11.5 8.2 -6.9
- - - 10.1-10.6
240=_260 - = 175 - 185
21 17 21 21 21 22 21 21
0 - 20 0~ 16 0=20 0 =20 0 =20 0 - 20 0 =20 0~ 20
60 | 23.5~ 5.8] 24.0-16.8{23.8-22.0 |]20.9- 7.6 | 18.1~ 6.9 16.1-12.8 { 12.1-11.4 }11.8-11.6
7.8-10.7 - 6.8~ 7.7 | 7.2~ 7.9 7.2- 8.8 - - - -
220 - 315 - 295 « 310 1215 - 295 { 210 = 280 245 = 270 - -
34 34 33 34
0~ 33 0 =33 0 - 32 0 =33
100 16.8-10.0 | 12.1-11.1 {11.9-11.8 7.9- 7.1
- - - 9.9-10.6
270 = 230 - - 175 - 185
8 8- 7 8", c 8" ~ 8" 8 8- . 8 8
0=7 0=-7 0=-6 0=7 0=-7 0=-7 0= 7 0=-7 0=-7 0=7
pvez 20 | 23.6-23.0123.1-22.6 |22.0-22.0%]20.2-19.9 | 19.0-17.9 16.2-15.9 | 12.2-11.4 [11.3-11.2 10.6-10.3 7.5-7.3
6.4-11.0 - 7.3- 8.9 ] 8.1 -8.3| 8.4 -8.6 - - - - 9.7-20.1
315- 315 - 245 = 310 1260 = 285 | 280 = 280 240=- 260 - - - 160 = 160
14 12 14 13 14 14 15 15 15 15
0=-13 0=-11 0 =-13 0 =12 0 =13 0-13 0=-14 0=-14 0-14 0= 14
40 | 23.6~ 6.3 [23.0-22.0 {22.0-22,0*|20.9-19.9 | 18.8~ 9.8 16,1-15.8 | 12.8-11.7 |11.6-11.4 10.8-10.8 7.5~ 7.4
. 6.9-10.0 - 7.3- 8.1 | 7.5~ 7.8 7.1- 8.7 - - - - Eo.o«xo.z
220 = 315 = 280 = 305 1280 = 295 1240 = 275 255= 270 - = - 75 - 175
18 15 17 . 17 17 18 18 17 18 18
0 =17 0=-14 0= 16 0=16 0 ~16 0 =17 0 -17 0=-16 0 - 17 0 -17 . .
50 | 23.6- 6,2]23.0-16.0 |22.0-22.02,;20.8-20.0 |18.8- 8.5 1G.1=13,1 [12.0=12.2 |11.6-11.4 10.6-10.6 7.3- 7.2
6.7-10.2 - 7.1= 7.9 | 7.6~ 8.1 7.3- 8.7 - - - - 9.9-20.1
220- 320 = 295 = 295 |240- 285 {240 — 230 285 = 270 = = - 170- 175
26 4 o> 19 18 19 21 21 F38 22 2% 21 -
0-19 0-18 0 -17 0 =18 0~-20 0 =-20 0= 20 o =-20 0 =-20 0=-20
€0 |23.8- 5.9 {3.0-15.4 |22.0-22.0%]21.0-20.0 | 18.5- 7.8 16.2-13.0 | 12.8-12.2{11.6-12.6 11.1-10.8 7.7=- 7.2
7.6-10.7 - 7.2- 7.8 | 7.3- 8.4 7.3- 8.8 - - - - 9.9-10.6 .
215-315 - 295 = 295 1270 = 295 { 200 = 280 255 = 270 - - - 170 = 175
3 32 31 33 k21 34 35 33 35
0 =33 0 =30 0 =30 0 =32 0 =33 0o~ 33 0 =34 0 - 32 0=34
ROO ]23.9-5.0 [R3.0-13.0 |22.1-22.1*]20.9- 6.2 ]19.0- 5.9 16.2-10.0 | 11.8-11.1]11.7-11.0 8.0~ 7.2
8.9-12.3 - 6.8- 8.6 | 6.5~ 8.0 7.0 =8.7 - - - 9.9 -10.4
205-315 - 295 = 295 1205 ~ 295 | 200 - 280 230 = 265 - - 170 = 180
etz 30
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TABLE V-6

Cont'd
SUMMARY OF BATHYTHEMOGRAPH & MARTEX READINGS DURING 1973
B AT OSWEGO AND NINE MILY POINT
»
DATE 11722 11/26 12/4 12/10
LOCATION | Nuzber of Readings Taken ]
S0GLING | IN FT | Depth Range Waters —_ |
SITE or Texperature Range “C
(TRANSECT WATER D.0._Range mq/1
pH Range
conductivity Rarqe Micro-Mios
8 8 8 8
0=7 0=-7 0=-7 0= 7
6.8= 6.7 6.5 - 6.4 5.9 - 5.8 $.6 = 5.5
OSWW 20 10.5-11.2 10.4 -10.6 - -
285 ~ 260 280 — 295 - 245 = 250
15 15 15
0~ 14 0=-14 0=-14
40 6.9 = 6.2 6.8 = 6.7 5.8 - 5.7
10.5- 11.1 10.4-11.4 -
255 = 260 255 = 260 250 - 250
8 8 8 8
0=-7 0=7 0 =7 o= 7
oswp 20 6.6 = 6.2 6.8 = 6.2 T 6.8 = 5.7 5.2 - 5.1
10.5-10.8 10.4-10.7 - -
295 = 430 260 = 320 - 260 = 275
15 15 15
0=-14 0-14 0=-14
40 6.6 = 5.9 7.1= 6.1 5.5 - 5.3
- 10.2-10.8 -
- - - A
260 = 600 230 = 320 275 = 285
17 18 18 18
0 =16 0 - 17 0 =17 0 =17
50 7.0 - 5.8 7.2 = 6.2 6.3 = 5.8 6.1- 5.5
10.8~- 22.0 10.0- 10.9 - -
250 = 600 225 = 330 = 225 = 260
34 34 as
0=-233 0 =233 0~-234
100 6.5 = 6.1 6.4 =~ 6.1 6.2 = 6.0
10.2 =10.5 Incompleted] -
- Data -
225 - 230 225 = 265
8 11 8
0=7 ‘0~ 20 0=7
NMPW 20 7.0 =~ 7.0 6.2 = 5.7 6.2 ~ 6.1
10.4 =-10.5 - -
230 - 230 - 240 = 240
15 15
0o =-24 0=14
40 7.1 = 7.0 6.1 -6.1
= 10.3-10.6 - -
230 = 230 240 ~ 240
18 26 18
. 0=-17 0 - 50 0=-17
7.1- 7.0 6.8~ 5.7 6.2= 6.1
50 10.3-20.7 - -
230 -23% - 240 - 240
21 21 20 21
0~-20 0=~20 0=-20 0 =20
€0 7.1- 7.0 7.1 - 7.0 2.4 -~ 6.6 6.1 ~ 6.0
10.5-10.7 10.2+10.5 - -
240-245 230 = 235 = 240 = 240
35 25 35
0= 0~-25 0=-34
100 7.2= 7.0 7.8 - 7.0 6.3 ~ 6.2
10.1-10.5 -
225 ~ 230 = 230 = 230




TABLE V-6

SUMMARY OF BATHYTHERMOGRAPH &
AT OSWEGO AND NINE

INGS DURING 1973

DATE 11/22 11/26 12/4 12/10
LOCATION Nuzber of Readings Taken
SAMPLING IN FT. Depth Rarge Meters

SITE or Temperature Rarge C
(TRANSECT)} WATER - D.0, Range 0y/1
L ande
Conductivity Range Micro-MHOS
8 8 11 8
0~-7 0~=7 0=~ 20 B 0=-7
7.6~ 6.8 6.9- 6.8 10.2=- 6.3 7.1 = 5.9
e 20 10.6-10.8 10.6-14.9 - 9.8 ~11.2
245 - 255 230 = 230 - 240 - 245
15 15 6 , 15
0=-14 0 -4 0=-6 0=-124
40 7.1~ 6.8 7.0 - 6.9 6.7= 6.5 6.8 = 6.0
10.4-10.5 10.4-10.6 - 9.7 =10.8
240 - 230 230 = 235 - 240 = 245
18 18 18
0 ~17 0 - 17 0 -17
50 7.4 = 6.9 7.0 - 6.9 6.8 = 6.0
10.3 -10.8 10.3-10.54 9.8 -10.8
- 230 - 235 240 = 240
21 21 11 21
0=-20 0 =20 0 =-10 0=-20
60 7.2- 7.0 7.0 = 6.9 6.9- 6.5 6.8 = 6.0
10.3-10.5 10.3-10.5 9.8 =10.8
210 = 220 235 ~ 235 240 = 240
35 22 35
0-3 0~21 0=-34
100 - 7.2~ 7.1 7.0= 6.2 6.4- 6.1
10.2 -10.5 9.9-11.2
230 - 230 230 = 235
8 8 8 8
0~-7 0=-7 0=-7 0=7
MPE 20 6.0 = 6.0 6.4 = 6.2 6.8 = 6.5 5.6 = 5.6
11.1-11.5 10.5 =20.9 9.8 - 9.8
220 = 220 230 - 230 225 ~ 225
15 15 21 15
0=-14 0=-14 0 = 40 0=-14
40 6.5 = 6.2 6.9 = 6.9 6.0 - 6.5 5.9 = 5.9
10.2-11.0 10.4 ~10.5 - 2.7 = 9.7
210 = 220 235 -~ 240 - 230 - 230
18 18 25 . 18
0 -17 0 =17 0 -5 - 0=17
50 6.8 - 6.6 6.9 = 6.9 6.7 = 6.3 5.9 = 5.9
10.5-10.6 10.3 -10.5 Y 9.8 =10.9
210 -~ 210 235 « 240 - 230 = 230
21 21 11 22
0~2 0~-20 0 =10 0=-20
€0 7.0 «6.9 7.0 = 6.9 6.0 - 6.4 5.9 = 5.9
10.3-10.8 10.3 -10.5 - 10.6 -11.4
210 = 220 235 - 235 - 240 = 240
35 22 35
0 =33 0 - 20 0=-34
100 7.1- 7.0 6.5 = 6.3 el o v 6.0 = 6.0
10.3-10.4 .5, et 9.8 =10.4
- i -
230 = 230 220 - 230
rITZ 30




measurements were taken along five transects covering a water surface
area of approximately 17 square miles (see Figure V-2). Vertical tem-
perature profiles were analyzed in relation to the provisions of New
York State thermal criteria and to the locations of the existing and
proposed thermal discharges of the electric generating stations. The
New York State thermal criteria for lakes specify in part:

"In lakes subject to stratification, the thermal dischérge

shall be confined to the epilimnetic area." (6 NYCRR,
Part 704.1).

b. Discussion of Thermal Data

The temperature measured during the survey ranged between 4°C (39°F)
and 29°C (84°F). There was no prevailing thermal structure during the
May through December period. Vertical temperature cross-sections for
the OSWP and NMPP transects' (see Appendix VII-5) show the transient

nature of the thermal structure.

Figure V-3 shows the average surface temperatures for the stations in
water depthé of 20 and 100 ft, respectively. As shown in this figure,
temperatures at both stations were approximately 12°C (54°F) on 4 June,
rose to a maximum temperature of approximately 24°C (75°F) on 13 August
and then declinéd to approximately 6°C (43°F) on 10 December. A drop
in the average surface tempera;ures of between 3°C (5.4°F) and 5°C
(9°F) seems to have occurred during the week between June 1l and 18.
This drop in temperature can probably be attributed to "upwelling"

generated by wind from the south.

-308-~




AVERAGE SURFACE TEMPERATURE (°C)

. I !
v
.
.

AVER URFACE T RATURE
24 K 20 vs TIME
’ '..-".’. :.)\ £t ft
- — 1 ~. 20 & 100~ STATIONS
. 'l ] teeenp
20 2\ ‘ —_— zoﬁﬁ
) N ] e 100
|
‘ ]
10
. » r.'.°
8" “ , L \/ 2
’ ‘:' ' ~'\.’:-.n .
6 : B\
4 .J 7 : ‘ : 7 .
‘28 Il 25 9 23 6 20 3 17 I 15 29 |12 26 10 24
JUNE JuLy AUG SEPT. OCT. NOV. DEC. .

TIME_( WEEKS)

-

€ -A 34NONS.




Surface éemperétures are plotted for the 50 ft.dépth”statiqp on the
NMPW transect (see Figure V-4). This tran§ect'was selected Secause

it is considered to be out of the influence of the existin§ Nine Mile’
Point Unit 1 discharge. The plot follows the same pattern as the ;
previous plot; however, the temperature d;op during the week between

June 11l and 18 appears to be more pronounced.

Figure V=5 shéws the monthlf mean surface temperatures for the entire °
ﬁake as preparéd by Yu and Brutsaert (1968) and Fiéure VfG sh;ws the
monthly mean surface temperature measured at the 100 £t stations during
the 1973 survey (June through December). Combariédnwof these data indi-
cates that the average surface temperatures in the southeastern section
of the Lake (Figure V-7) are higher than those for tﬁé overall Lake by
approximately 1.8°C (3.2°F) during the seven montﬁs of the year surveyed.
This phenomenon is associated with the mass adjustment to the steady
current along the south shore of the Lake. Since tﬁe stations used in
this study are shaliower than the mean Lake depth, higher temperature
may also result from theAshallower portion of the Lake, heating more

than the deeper central portion of the Lake.

*

c. Principles of Lake Stratification

Hutchinson (1957) discusses lake hybrodynamics and thermodynamics and
outlines classifications based on mixing properties of lakes. Using
his criteérion, Lake Ontario would be classified‘aé a dimictic lake.
That is, the overturns, which occur in both spring and fall, result

from summer surface temperatures being above 4°C.(39°F), while the
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TENMFERATURE,(*F)
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winter temperatures throughout the water column are coldexr than 4°C.

Thus, the surface waters of Lake Ontario are hydrostatically unstable
during two transient periods, the spring and the fall.

The location éf Lake Ontario at a temperate latitude results in summer
heatiég of the surface layer of the'Lake. The heating process, which

is most intense in early summer, results from the net balance of several
heat flux texms across the atmosphere-water interface. These terms in-
clude solar radiation absorption at the water surface, infrared heét

-

fluxes from the atmosphere to the water and from the water to the atmos-

phere; sensible heat exchange and latent heat of evaporation transferred

from the water to the atmosphere. In the absence of othexr non-thermal

*

. processes, such heat transfers at the interface would result in tempera-

tures within a lake which decay approximately exponentially with depth.

In addition to the Ehermodynamic processes at the air-water interface,
the hydrodynamics of the near-surface lake waters modify the thermal
structure within a lake. Thé most important feature in development of
stratification in a lake is surface mixing induced by wind-driven
currents and waves. This turbulence mixes the warmer surface layer into

deeper layers, resulting in more intense temperature gradients at deeper
depths. Superimposed on these thermél, dynamic'énd turbulent heat
transfers' are wind-driven curxents which can advect cooler or warmer

waters into a local area.
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As early summer progresses and the temperature structure is established in .
the uppef layers of a lake, the circulation becomes affected in turn by

the temperature structure. Temperature gradients' tend to reduce the

vertical transport of turbulent energy due to the stability of the
stratification. This phenomenon acts to limit the transfer of surface

heateh water into deeper depths, thereby creating maximum temperature

gradients at some intermediate depth.

ul

The above phenomena are primarily dependent on meteorology and, thus, are
influenced Sy day-to-day changes in weather conditions. Weak or intense
L)
temperature gradients can be generated in the upper layers of a lake and
)

superimposed on each other. The result of such superposition is frequently

a compiéx thermal structure in the upper layers of lakes.

Based on méxtensive studies of the upper layers of waterbodies, Kraus (1972) .
concluded, "The most interesting deduction, perhaps, from the preceding
arquments is the impossibility of establishing a stationary state, except

in very special circumstances." Lake Ontario is no exception to the above-

described. complicated thermo-hydrodynamics of the upper layer of a lake.

Although each lake responds characteristically to the local meteorology
and its basin parameters, Hutchinson (1957) has deduced several trends in
development of temperature gradients within various types of lakes. Since
surface heating is mixed downward by turbulent motions, a larger lake will
tend to develop more surface' turbulence by wave action and, hence, to mix
heat into‘deeper'layefé. In shallow lakes, of sufficient expanse, the
heat is frequently mixedythroughout the water body by the turbulence. In

deeper lakes, heating tends to mix down to depths of 10 to 20 méters

(33 to 66 ft). In the limiting case of oceanic stratification, surface
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heating is-eventually mixed down to the main oceanic thermocline at depths

near 100 metexrs (330 ft). Due to Lake Ontario's depth and size, this limi-

ting depth is approximately 30 meters (98 ft)

d. New York State Thermal Criteria

The New York State criteriqp*prohibits the discharge into the hypolimnion
of lakes subject to stratification. The definitions used in implementing

this criterion are outlined below (1ONYCRR, Part 73.10):

"K. Stratified Lake - A stratified lake is a lake where an epil-
imnion, thermocline and hypolimnion are present naturally
during summer periods due to differences in densities of
water found at various depths of the lake.

L. ihermocline - A thermocline is that first s;ésonally stable
1a§;r of a stratified lake found between tﬂe epilimnion ‘

and the hypolimnion where the temperature drop equals or

exceeds 1°C (1.8°F) per meter (39.37 incﬁes).

M. Epilimnion - Epilimnion is that layer of a stratified lake
lying above the thermocline which is warm, more or less
freely circulating, affected by wind action and of approxi-

‘mately uniform temperatures.

N. Hypolimnion - Hypolimnion is that layer of a stratified

lake below the thermocline."

*It should be noted that changes to the New York State criteria have been
proposed by the U.S. Environmental Protection Agency (1973); hbwever, the
proposed changes do not affect the criterion for lakes.
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e. Determination of Stratification

E

Using the above definitions in cénjunction wiéh‘thé 19?3 temperature
data, the stratification in the viqinit§ of Nine Mile Point, primarily
at the proposed discharge depths, was determinea.' It should be noted
that ch;nges to the New York State criteria have been proposed by the
U.S. Environmental Piotection Agency (1973); howeQer, the proposed

changes do not affect the criterion for lakes.

The température~data were analyzed to determine whetﬂer the temperature
gradients«equalled or exceeded 1°C per meter (1.8°F per 3.3 ft), whether

the g;ad%enés defined a seasonally stable or persistent layer and, if .

a layer did exist, its relative location with résPect to the éroposed
dischargks. Throughout the discussion below; stratification refers to

the exis;ten'c:e of a stratified layer, within which the temperature .

gradient is 1°C per meter or greater.

+

During the survey period; 472 vertical temperature profiles wexe obtainea
in the study areal Thirty-one profiles exhibited gradients in excess

of 1°C/meter attributed to the existing NMP Unit 1 dischaxge. These
occasions define transient stratification sometimes throughout a
stratified layer up to 5 meters thick. Table V-7 lists the depihs at
which stratifica@ion was recorded at the various stations during 1973.
The numbers in the table refer to the depths at which the” water tempera- ‘

ture dropped more than 1°C/meter (1.9°F/3.3 ft). Figure V-8 is a

pictorial representation of this tabularized data for the 50 ft stations
since this is the station nearest the deepest proposed discharge -
location or Nine Mile Point Units 1 and 2 and the James A. FitzPatrick .

plant.
=313~
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Between 27 May and 18 June the 50 ft;stations aiongmeach transect did
not indicate the existence of stratification, as’defined above. The
stratified layers which did exist during this early period of the
survey were located at various depths‘with no consistent paﬁﬁern so

that a seasonally stable thexmocline did not exist.

Oon 18 June two stations along the OSWP aﬂa NMPE transects showed a
stratified layer at a mid-depth of 6 to 9 metexrs (20 to 30 £t) while
the stations along the two middle transects showed‘no stratification.
This difference may be due to the bottom topography at the ;arious
stations. Starting from shore the NMPW and NMPP transects havg re~
latively steep bottom slopes, feaching the 100 ft. degth i; approxi- .
mately 6000 ft. offshore. In comparison, the two Oswego transects
and NMPE transects reach a 100 ft. depth at about 11,000 ft. offshore.
Thus, for 18 June, the stratified layer may have been located farther
offshore than could be reported for the 50 ft. stations at NMP& and
NMPP while being reported at the othexr stations. The 100 ft. station's

results wexre similar to the 50 ft. station.

»

All stations reported a stratified layer on 25 June. There were two
layers of stratified water, the.ﬁajor one occurring at a 10 meter

(33 ft.) depth with the other being nearer the surface: The following
week (2 July) all stations again reported a stratified layer but it had
moved deeper in the water column to the 15 meter (49 ét.) depth. The
layer was also thicker, now being from 6 to 12 meters (20 to 39 ft.)

in thickness. The 60 ft. and 100 ft. stations on éhese dates had a
similar temperature structure, rarely reporting the stratified layer any

deeper than for the 50 ft. stations.
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These data show that the thermocline was a definite layer that extended
from the shallow areas to the deeper waters remaining at the same depth.
Figure V-9 illustrates all 21 stations as recorded on 25 June. Thg

well-defined multiple stratified layers are seen in this figure.

éor the next two week period (sampling dates 9 July and 16 July), none
of the stations reported significant stratification. A slight stratifi-
cation was recorded§on 9 July at NMPP; however, this occurged‘only be-
tween the 5 and.é meter deptﬁs where the teﬁperature dropped 1.4°C
(2.5°F). On both of these dates some of the 106 ft. stations reported

a deep stratified layer at some 25 meters (82 ft.). This indicates

that the thermocline had moved offshore and deeper for these dates.

On 23 July stratification had reappéared at all stations. It was at

the 6 to 9 meter (20 to 30 ft.) depth for the east transect, whgle it

had risen to the surface for the farther western transects. This
difference from one transect to the next was probably due to the transient
nature of the Lake response to meteorological conditions. A slightly

deeper layer was at the 100 ft. stations.

The stratification had disappeared for all 50 ft. stations on 30 July
and was not seen through the next two weeks (sampling dates 6 August
and 13 August). Simiiar to the previous periods of no stratification,
a deep stratified layer at 25 meters (82 ft.) was reported at the

100 ft. stations.

Oon 20 August, the stratification reappeared at all stations near mid-

depth, and was 1-2 meters (3.3 to 6.6 ft.) deeper at the eastern stations
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than at those towards the west. The layer also tended to be thicker at
the west transects. The stratification continued on 27 August, and the
layer had become more uniform and was now between the 12 to 15 meter

(39 to 49 ft.) depth for all stations. A secondary thermal gradient was

seen at about 24 meters (79 ft.) at the 100 ft. stations.

Stratification disappeared by 13 Septembexr at all the stations. Four
days later, on 17 September, a deep thermal gradient was recorded at

NMPW and NMPP with the depth between 12 and 16 meters (39 and 52 ft.).
The topography along these transects was probably the reason the gradient
existed at these stations.. The 100 ft. stations exhibited a similar
situation for that day, indicating that a thermal gradient was present,

but located deeper. By the following week, this stratified layer had

moved into shallower water and was recorded at all five transects.

The layer was about 5 meters thick, being deeper in the eastern end of
the survey area. Figure V-10 shows the depths of stratification for
28 September as it was measured offshore at all 21 recording stations.
The figure illustrates that a definite layer of stratif;ed water was at

approximately the same depth for each location.

The last survey'date that a stratified layer was recorded was 10 October.
Starting with tﬁe easternmost transect, NMPE, the layer was at 14-15
metexs (46-49 ft.) and approached the surface for the western transects.
The layer was at the surface by NMPW and absent at the Oswego stations.

Beyond this date, no stratification was recorded at any of the 50 ft.

stations. The only station that had any stratification beyond 10 Octobex

was the 20 ft. NMPP station which was considered to be affected by the
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Nine Mile Point Unit 1 thermal discharge. This stratification is caused

by the plant discharge.

£f. Comparison Between Nine Mile Point and Oswego Thermal

Profile Stations
Comparisons have been made between the vertical temperature profiles
measured at the 50 ft. stations at Nine Mile Point plane of discharge
transect and the Oswego Station transect at the same water depth. Tge
mid-depth water temperatures at these two stations are c&mpared in
Figure V-11 and show a high correlation. The nineteen pairs of data
points plotted in Figure V-1l and the cgrfelationAcoefficient of 0.95
indicate thap practically all temperature fluctuations at tﬁegOswego
50 ft. station could be predicted from déta obtained at the Ninéémg}e
Point 50 ft.station. The temperature differences of up to 4.4°C (8°§)
result from slight differences in ve{tical temperature profiles on oo

occasions when the vertical temperature gradient was large at each of

- the stations.

Comparisons have also been made for the‘occasional dates on thch
stratification existed in the area. Figure V-12 illustrates the depth
ranges over which vertical temperature gradient exceeded 1°C/meter'at
the Oswego Station, as compared to.the Nine Mile Point Station. Al-
though depth differentials do exist between the stations, the scatter
about the regression line illustrated is approximatei& 2-3 meters.% The
Oswego Station is geperally characterized by slightly deeper stratifi-
cation than the Nine Mile Point Station, with the diéferences possibly

being attributable to effects of local topography on the baroclinic mode

of alongshore circulation. It is also possible that the mean difference
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is not statlstlcally sxgnlfxcant, but the lack of data poxnts makes
“
analysis difficult. It should be noted that one point on the illus- .

tration was deleted from the regression analysis since it indicated

very shallow stratlflcation near Oswego on a date when stratlfrcatlon

at N1ne Mlle Poznt was near the"12 meter depth. The very small depth
range in“which"the stratification existed at both‘stations confirms

that the layer was thin and probably not contrnuous between the two

/- “
locations. =~ - .

=

The reiative freduencies of 'stratification at each -of .these two
stations have been discussed above. That analysis“indicated that
'vertlcal temperature dradrents in excess of 1°C/meter wexe more fre-~
quently observed at the Nine Mile Point 50 ft. station ‘than at the

Oswego Statron at a comparable depth. The above analyses confirm the

consxstency ‘of thermal profile data between the two stations. In fact,

temperatures at n;d—depth can usually be predicted vlthln"2.3°d”
(4.1°F) at one station fron data taken at the other. Tne depth of
stratificat{ondcan be predicted to an accuracy of several meters at
one statron from data taken at the other, and stratification frequency
measured at tne Nine Mile Point Station represents a:conservative esti-
mate of the‘freqhency expected at the Oswego Station«at a conparable

7 dept}) L] . ' ‘ " ' "d “ ' 3
. .

3. BI-MONTHLY AND MONTHLY SURVEYS

The analytical results of the monthly and bi-monthly water quality
surveys are presented in full in Appendix VII-9. Following analysis

in the laboratory, the chemical data for each sample were entered into
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a computer storage system along with all the pertinent identifying

information. The computer storage system allows data to be retrieved
from the file in different groupings, according to some combination

of sampling date, station designation and sample depths. 1In addition

to retrieval of the selected data, the data can be analyzed statistically
by selected programs within the computer system and can be plotted in

the form of raw data or means over selected stations.
a. Selected Data Presentation »

Figures V-13 through V-23 present data for representative water quality
parameters as a function of time during 1973. For each parameter the

figures are presented in pairs. Each fighre has surface and bottom

plots for the mean values of the several stations at the indicated. total -

station depth. The pairs of figures then compare results for shallow

stations to those for deeper stations.

Data for plant intake and discharge stations have been omitted, since

they represent water composited with depth and location to a degree.

Based on data shown in the figures, the following statements may be

made:

1. Expected seasonal véri;tioﬁ was found for DO. Only limited
vertical variation in DO was apparent, and this variat%on was not
necessarily related to periods of strong thermal stratification.
Percent saturation values were generally in the 70 to 90% range,
with extreme values of approximately 60% and 120%. Saturation
values were not obviously seasonal. Stations at depths of 20 ft.

differed only slightly from those at depths of 60 ft.
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2. Unstable vertical temperature variation was evident, and this
variation was much more pronounced at 60 ft. depth stations than at

20 ft. depth stations (see Section 2 above).

3. Chlorophyll é_values peaked from late June to early July and
remained relatively high until mid—éeptember. This period of time
parallels that of generally high total whole watexr phytoplankton
counts. No significant differences were found for 20 ft. depth

stations versus 60 ft. depth stations or for surface versus bottom

samples.

‘4. Except for March and April, no significant differences between

surface and bottom samples were found for TKN values." Twenty ft.

depth statipns"were similar to 60 ft. depth stations. There was an
apparent seasonal variaéion, with summer values being relatively low.
Exclﬁdihg surface samples at 20 ft..depth stations, TKN values generally
paralleled total whole water phytoplankton counts; the peaks more
closely correspond to chlorophyll a peaks than to phytoplankton

abundance (see Chapter I).

5. §03-N"values exhibited a seasonal pattern with low values occurring
in the summer, and they exhibited a relation to the transie;t vertical
temperature variation. It is reasonable to expect conversion of

§03—N to phytoplankton cell material, but such conversion is not ob-
vipus from chlorophyll a oxr TKN patterns. lThe periods of lowest NO4-N

values do correspond to periods of green and blue-green algae dominance.

w ' X
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6. Totallphosphorus variations indicate that the late June peak in

chlorophyll a may have been related to a concomitant drop in total
phosphorus concentration, although bottom samples-at 20 ft. depth
stations did not exhibit this pattern. The source of the total

phosphorus peak in 'early June is not clear, but total phosphorus and

TKN appear to vary in a somewhat similar manner.

7. .Orthéphosphate exhibits a peakkin late June at the 20 ft. depth
stations, but not at the 60 ft. depth stations.. The peaks are not

immediately explainable.

8. ' Silicon values are similar for 20 and 60 ft. depth stations and
for surface and bottom samples. The September peak just precedes
the second diatom peak, and the early July peak just follows the first

diatom peak.

9. 002 values indicate relatively high values innpottom samples
during Ehe summexr, particularly at 60 ft. depth stations. There is
also a séasonal trend, with summer values being relatively low,
particularly at 20 ft. depth:stations. The former observation pre-
sumébly-reflects oxidative processes in the hypolimnion during
stratfficqtion, while the latter observation probably reflects algal
uptake of dissolved C0,. The late October increase in CO, parallels,

»

the decline in total whole water phytoplankton abundance.

€ ‘
10. pH values are probably related to the Co, values discussed above.

Summer values are relatively high at 20 ft. depth stations because
of CO, depletion and bottom values are relatively low at 60 ft. depth

stations because of the slightly higher COo, content.
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11. Total dissolved solids values exhibit a May through July péak.
No explanation is immediately available for this phenomenon, but the

values are supported by those for specific conductivity, Na and Cl.

Table‘V-B presents means, maxima, minima‘and standard deviations for
all s;mples for all stations for the entire Nine Mile‘Point 1973
monthly and bi-monthly water quality surveys:' As a poinﬁtof reference,
values presented in Table V~2 are repeated here (i.e., values repre-
sentative of Lake Ontario offshore waters under mixed. conditions from
previous studies). Major parameters, such as total dissolved solids,
conductivity, pH, alkalinity, and major ions (Ca, Mg, Na, Cl, SO4),

are very similar for the 1973 Nine Mile Point results and expected
Lake Ontario results. Dissolved nutrients, such as orthophosphate,
NH31N, and N03-N, a}; also quite similar. However, severaiuparameters
representing paréiculgte matter to a large degree are distinctly higher

.

for the 1973 Nine Mile Point results. These include: ‘TKN, TSS, TP

and turbidity. These relatively high values may reflect particulate
inputs. to the Lake from point sources, land runoff, or sediment re-
suspension. Many of the trace and/or heavy metals are also higher for
the 1973 Nine Mile Poigt samples than for expected offshore Lake Ontario
conditions. In the case of Fe, Mn, and Si, these resﬁlts are prbba%ly
significant and may reflect differences between near-shore and off-shore
stations due to suspended particulates or non- equilibrium conditions.
Suspended matter is expected to be higher in metal éoncentrations than
the dissolved fraction of the water, and susPendedﬂmatter is higher

for these near-shore stations than for off—sh;re conditions. In the

case of the other trace metals, the values may be higher at these
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. TABLE V-8 .

_ WATER QUALITY PARAMETERS OVER ALL STATIONS# :
. . " »

. AT .
) , NMP, ALL TIME, OVER ALL DEPTHS .(S&B)** VALUES FROM TABLE V-2
w A ; —. . LAKE ONTARIO
' PARAMETER SAMPLES  © MAX. . MIN. MEAN STD. DEV. OFFSHORE, MIXTD
pH (units) 230 9.0, 6.60, 8.15 " L402- 8.0
T (°F) ,217 *- 103.0 40.0°r 58.6°F = . 13.4°P :
Alk . 75° . +120.0 " . 73.0 89.0 , 8.30 94
Do 210 .13.8 . 5.80 9.83 - 2.59 .
BOD 223 + 76,00 ] 1.79 .892,
©oD 230 " 65.0 0 13.0 9.90 )
T0C 38 18.0 0 5.18 3.86
D8 75 »  525.0 135.0 240.0 58.3 - - 200
7SS 240 - 260.0 ] : 8.57 23.0 - 3
NO3N 240 T L. W41 ] .227, -116 : .20
TN 200 T 1.40 o © . .464 307 2
op 240 080 ] “ 40092 .0130 : o1s
TP 240 910 o .0528 .0943 025
c1L . 15 - 70.0 26.0 37.5 12.23 28
Cu ) 74 " +410 0. <0642 - +0927, o1
Fe _ 75 . e. 1092 o 176 ".288 N o1
Mn 58 ... . 360 "0 .0578 .0849 -o01
2n 67 N 638 ] . .0453 1005 . a
TCol (cts/100ml) 61 .. 430, - ] " 63.8 : 78.0 -
"FCo (cts/100m1) 59 ., '550,0 . 0, 13.4 . 72,2
Aag ;. 49 ©a #0120 Y < . 40013 .0030.
al : 47 ©, .2730 0 .0158 . 20452 .
. As 14 =7, .0060. ] . 20008 - - . ,0016"
Ba k) "+5000 0 “T . .0706 ‘ <1328
Be . 74 - > +0510 L0 .0049 . -0094:
cd . 74 ' L0670 0 . © 40040 .0093 ° ’ 0001
cr 73 “ +1600 (] 0123 - .0260 . T 001
Hg 24 0 o .0 o -
X 74 2.46 1.32 ' 1.88 s <368 1.5
Mg 52 10.1 .320 7.55 1.80 ‘8
Na . 74 3.6 8.75 16.4 S.91 © 12
N 66 +200 0 ,0313 <0424 o0z
Pb ° 55 . .240 ¢ o .0232 +0460° 003
Se 21 ] ] () ] L. .
si a 7.00 0 1.00 2.00 .2
v R 3 ¢ ot J300 ) . 40235 .0815 -
SpC (umhos/em) 190 490.0 80.0 279.0 * 51.5 300
™ 30 . 115.0 115.0 144.0 13.8
col (Cu) 59 45.0 ., ] 6.53 - 5.82
Tur {Tu)- 240 . 52.0 0, 4.35 6.10" 2
TS . 240 530.0 145.0 237.0. 49.1°
Vs ‘67 155.0 10.0 75.9° 27.5" . :
NHaN 62 " .200 ] .0258 .051 ,03
orgn 38 1,00 o . ".328 . we282
Phl 67 S .169 0 0277 .040 .002
S04 ) 75 " 39.0 22.0 28.7 4.56 30
F 38 .200 .100 L .118 .0393
cn - 46 Y T 0 ) 0
i * . . - \
\

'Includcs data taken at intake and discharge locations. e
**All units in mg/l unless indicated: -

i
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neax-shore stations for similar reasons. However, the réported values
for this latter group of metals are affected by analytical sensitivity
limits which are much higher than the average, offshore concentrations
from previous studies (many of these values were determined aftexr tedious
extraction techniques). This problem is discussed further in Section b
below. Finally, several parameters which are higher for the 1973 Nine
Mile Poinﬁ‘stations than foé expected off-shore Lake Ontario, or are high

in general, indicate definite pollution from point sources. (e.g., the

‘Oswegowkiyer) or from diffuse sources (i.e., runoff). These parameters

include total and fecal coliforms, phenols and possibly Na and Cl, all of

which are indicative of municipal pollution.

Despite the indications of slight pollution, none of the parameters
indicate harmful oxr unusually polluted conditions based on mean values

and expected ranges (refer to Table V-7, Section B2).

b. Metals Results ‘

[ ¥

The results for the trace and/or heavy metals are difficul£ to analyze
for the 1973 Nine Mile Point samples because on the basis of previous
studies many of the actual values are expected to b; less than the
detection limits for the norxmally accepted procedures (atomic absorption
spectrophotometry for all éxcept As and Se). For any analytical pro-
cedure, there is always a chance of having a positive £esul; n;ar‘the
limit of detection even when the actual value is zero. In fact, by
common definition, one expects such an occurrence at least five percent

of the time. If interfering substances are present at very low lé@els,

the problem will be compounded. Moreover, such occurrences will
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strongly bias reported mean values. Table V-9 piesents information for
thé trac; and/or heavy metals with respect to detection limits. Based
on the”foregbing discussion and on a sﬁbjeéti&e evalution of numbers

of posiFiveiresults reéorted and maximum values reported, it can be
argued that the existence of Cd, Cr, Hg, Se, Pb,lAl, Ni, V, Ag and As
at concentrations above the stated detection limits at any time in

1973 was unceftain. On the other hand, Cu, Fe, Mn and Zn were con-
sistently f§und at concentrations above the stated detection limits.'
All of these four metals have been indicated as significant in previous
studies; 'Be and Ba appear to be borderline cases. Of coursé, positive
evidence d;es exist for the existence of detectable concentrations of

all of the above metals except Se and Hg which were never detected.
c., Simple Statistics and Correlations

Appendix VII presents the 1973 watex quélity data for monthly and
bi-monthly programs in statistical form for different combina;ions of
location, depth and date. Each table contains a listing of the chem-
_ical para;eters analyzed; the number of samples‘fitting the group
description at the head of the table and the maximum, minimum, mean,
variance and standard deviation for each parameter. Following the
first fable is a matrix of correlation coefficients for each possible
pair of parameters. Several sets of the above tables are presented
for each sample group (i.e., each combination of‘location, dépth and
dat€), each set having a different list of parameters. For convenience
of rYeferencing, the analyses are divided into major categories according

to several ﬁypical groupings of the samples. Table V-10 lists these

»
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@ $ .
G ' TABLE V-9
, , TRACE AND/OR HEAVY METALS
1973 NI MI POTI WA ALITY INVESTIGATIONS
Number of
" Number Of Values Reported
-, Values :Reported Out Of Total, Number
' _ 'Out Of Total Number Greater Than
Detection . °~° ' ‘Greater Than : Ten Times The
Metal - Limit . _Detection Limit ‘Detection Limit
mg/1 . ’
Be 002 7 - 29/74 - e/14
ca - - .002 . 26/74 4/74
S L 2173 173
Cu .005. - . . 64/75 . “ 12/75:
Fe .01 .  -56/75 37/75
0“ .03 S0 1455 . . .o/55 [
“ 0L ¢ ... 38/59 . . 14759
Hg .001 S Lo/ . o/24 :
Ni .02 . 37/66 1/66
v ’ .2 o 48 - o/51
Zn .003 "’ s0/68 | 28/68 -
al .02 S 9/47 1/47
Ag .002 - - . . 10/48 0/48
Ba .03 D 9/31 ' " 3/31
as .005’ L 114 0/14
Se .01 - 0/21 o 0/21

Maximum
Reported

. Value

mg/1l
.051
.067
.16
.41

1.92
.24

.36

.20
.30
.64
.27

.012

. 006



TABLE V-10

' COMPUTER RETRIEVAL CATEGORIES

. CATEGORY STATIONS N - DEPTHS (ft.) MONTHS PARAMETERS*
1 All, individually All, individually All, combined 1,2
OSWEGO
(19116) 2 All, individually All, combined All, combined * 1,2
3 All, combined All, combined All, combined 1,2
1 All, individually All, individually All, combined 3
B 2 All, individually All, combined All, combined 3
NMP, BIMO T -
(19115) 3 All, combined All, combined All, combined 3
4 All, combined All, combined All, individually 3
. S All, combined Surface All, combined 3
6 All, combined All between 10-30 All, combined 3
7a All, combined All between 55-65 All, combined 3
1 All, individually All, individually All, combined 4,5,6
2 All, individually All, combined All, combined 4,5,6
P, MO
(29115) . 3 All, combined . All, combined All, combined 4,5,6
. 4 All, combined All, combined All, individuall 4,5,6.
5 All, combined Surface All, combined 4,5,6
7 All, combined All between 40-50 All, cocbined 4,5,6 .
3 All, combined All, combined All, combined 7,8,9
< 4 all, combined All, combined All, ‘individually 7,8,9
OSWEGO , ‘
+ NMp BIMO 5 All, combined Surface All, combined 7,8,9
+ NMP MO
5 All, combined All between 10-30 All, combined 7,8,9
7 All, combined All between 40-50 All, combined 7,8,9
R t
7a All, combined All between 55-65 All, combined 7,8,9

*PARAMETERS

1-

2~

3-

S

7=

PH, T, ALX, FDO, TBOD, TS, TSS, N03N TKN
op, TP, Cl, SO4, Wa, Mg, 2n, TCOL, FCOL

SpC, TH, TUR, COL, NH;N, ORGN, TDS, VS,
PHL, SETR, Be, &1, Cxr, Cu, Fe, K, Ni, Fb, V

PH, SpC, T, TUR, CO,, FDO, TBOD, TCOD, TS,
TSS, NON, TKN, OP, TP, CHLA, Si

PH, T, ALX, FDO, TBOD, TCOD, TTOC, TDS, TS
ROsN, TKN, OP, TP, Cl, Cu, Fe, Mn, Zn,
TCOL, FCOL

SpC, TH, COL, TUR, TS, TVS, NH,N, ORGN, PIL
S04, F, CN, SETR, SUR

Ag, Al, As, Ba, Be, ad, Cr, Hg, K, Mg, Na,
Ni, Pb, Se, Si, V

pH, T, SpC, COL, TUR, ALX, TH, FDO, TBOD,
7C0D, TTOC, TS, TDS, IVS, TSS, NH3N, ORGN,
TKN, NOsN

op, TP, PHL, C1l, SO4, CHLA, CN, SETR, P,
TCOL, FCOL -

Ag, Al, As, Ba, Be, (i, Cr, Cu, Pe, Hg, K,
Mg, Mn, Na, Ni, Pb, Se, Si, Vv, Zn




.

categories and the sample groupingé‘in each.

"

The tables in Appendix VII-2

are not discussed in detail here, but they can be used to "investigate

water quality conditions in a number of ways under many possible circum-

stances of interest.

sample) in category 2 indicate no sxgnlflcant differences at the 95%

confidence level for all parameters measured, based on the Student's

t-test.

Table V-8 presented provides an indication'of variabilities of the

various parameters for the entire Nine Mile Point data recoxd.

",

(7 day comp051te intake sample) and NMP-12 (7 day compos1te dlscharge

)

¥

In particular, statistical retrieval data for NMP-1l

Using

the value bf 1.0 for the coefficient of variance (standard deviation

divided by mean) as a critefion of degree of variability, the following

parameters are indicated as highly variable:

orthophosphate
total phosphate
Fe

Mn

Zn

T Coliforms
"NH3-N

Phenols

F Coliforms

Ag
Al
As
Ba
Be

TSS

cd
Cr
Pb
Ni
Si

L

@

Judging from the position of the mean with respect to the minimum and

maximum for these parameters, each is characterized by a highly skewed

probabilify distribution with relatively many values between or including

zero and the mean and relatively few values greater than the mean.

is particularly true for the trace compounds and is related to the '

sensitivity problem discussed above.

X

This

It is true for TSS and turbidity

because of the chance for relatively few high values caused by sampling
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difficulties for bottom samples or by physical resuspension of sediments

by wind and wave action.

The tables in‘Appendix VIIi-2 éan also be used to investigate correlation
between variables. Rather than dwell on. each major category and group,
the correlation matrices were searched for consistency of cor?elation
coefficienté between the several categories and groups. Pairs of
parameters“whicﬁ'were found to be correlated consistently are listed in
Table V-1l1. Séecific conguctivity and temperature were also found to
"be significantly corgelated, but the pair was not included in this dis-
cussion because of the sensitivity of the anaiytical determination of

conductivity to temperature.

Since all these pairs except TSS-Tur invglve temperature directly or
%ndirectly, the correlations may be estimated”initially to be associated
with either seasonal lemperature changes or vertical temperature
‘variations. 1In order to illustrate the above correlations, time series
’Plots were prepared for each of the monthly lake and bi-monthly stations
for T, NO3-N, and CO,. These plots are presented in Figures V-24
through V-29., Monthly and bi-monthly stations at the NMPP transect in
20 ft. of water are grouped together because they represent the same

approximate location. At least two mechanisms seem to be interfacing:

vertical temperature variations and algal growth.
M p

Algal growth at the expense of NO4-N and CO, is indicated as a seasonal
phenomenon  controlled by temperature. Thus, as temperature increases,

NO3-N and CO5 are depleted. The patterns are smoothest for the surface

locations and least smooth for the 45 and 60 ft. bottom locations, with

the 20 ft. bottom stations intermediate.
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TABLE V-11

SIMILARITIES IN 'CORRELATION COEFFICIENTS WITHIN

NMP BIMONTHLY COMPUTER 'RETRIEVAL CATEGORIES
FOR SELECTED PARAMETER PAIRS

CATEGORY 1 (Coeff. Based on 14 Values)

Parameter STATION DESIGNATION
Pair/Sign of NMP-1 NMP-2 NMP-3 NMP-4 NMP-5 NMP-6
Correl. Coeff. s B S B .5 B s B s B s .B
DO - T - .62 .77 .51 .57 .54 .61 .50 .58 .48 .61 .34 .64
COp - T - .7% .79 .83 .75 .73 .79 .80 .40 .69 .62 .84 .75
NOsN - T - ¢ .83 .79 .85 .88 .87 .70 .81 .88 .78 .82 .84 .80
NO3N=-CO2 + .87 .69 .93 .58 .82 .64 .90 .30 .75 .53 .94 .55 '
TSS - Tur + .87 .70 .96 .79 .84 .67
pH - T o .74 .62 .61 .58 .57 .56 .60 .52 .75 .76 .70 .§8

CATEGORY 2 (28 Values)

NMP-1 NMP-2 NMP-3 NMP-4 NMP-5 NMP-6

DO - T - .47 .54 .48 .57 .49 .70
CO2 -7 - .75 .78 .75 .61 .67 .77
NOgN - T - .80 .87 .79 .83 .80 .83
NOgN - COp + .72 .72 .71 .58 .59 .68
TSS - Tur + .50 .70 .93 .71 .83 .59

CATEGORY 4 (24 values)

- JUNE JULY AUG. SEPT. OCT. NOV. DEC.
COp = T - .72 .92 .72 .46 .18 .76 .23
TSS - Tur + .56 .78 .91 .50 .98 .76

CAT 3 (168) CAT 5 (84) CAT 6 (84) CAT 7A (84)
CO, - T - .70 .77 .80 .62
NOsN - T - .81 .81 .77 .84
NO3N - CO2 + .64 .84 .58 .43
TSS - Tur + .74 .88 .70
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FIGURE V=-2b
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FIGURE V=48
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FIGURE v-29
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The rougher patterns are due to the unstable vertical temperature vari-
ation in the relatively shallow stations used for this study. This
vertical temperature variation moves in and out from June to October,
influenced to varying degrees by the variation existing in the deeper
portions of the Lake. The 45 and 607ft. bottom locations naturally are
affected to a greatér extent than the 20 ft. bottom locations. The
negative correlations for NO3~N/T and CO,/T and positive correlations
for NO5-N/CO, are quite obvious, as the unstable pattern for temperature
of the bottom waters is followed by an a?alogous unstable pattern for
COp and h03-N in bottom waters. It is apparent that the colder, deeper
waters of the Lake are relatively higher in NO3-N and CO; than the
shallow waters. This is due to oxidative processes in the confined,
poorly illuminated deeper waters compared to the photosynthetic processes
in the shallower waters. These deeper watexrs move in and out from near-
shore areas under external influences, causing the vertical, thermal

and: chemical variation to be manifested.
d. Analysis of Variance

In order to test possible differences between sampling locations, depths
and dates, several analysis of variance (ANOVA) routines were utilized
within the computer system. The ANOVA methods were applied as described
by Sokal and Rohlf (1969). Table V-12 summarizes the sample groupings
and ANOVA techniques used. The parameter sets used were restricted to
those for which nearly complete recoxds were available and to those

which were not below detection limit most of the time. The ANOVA routine

results were converted into F ratios and tested for significance at the .
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‘ ‘ TABLE V-12

» ANALYSIS OF VARIANCE
’ 1973 NINE MILE.POINT . . ¢

WATER QUALITY INVESTIGATIONS

ANOVA ANOVA STATIONS DEPTHS DATES PARAMETERS USED

SET USED* USED USED ** USED
1 " 3-way NMP-1 S 6/12/73 pH, TP, Chla, TSS, OP, Tur,
’ through and through DO, COD, CO2, TKN, TS, NO3,
. NMP-6 B 12/12/73 T
2 2-way NMP-1 s 6/12/73  pH, TS, TKN, CO,, OP, Chla, NO3,
through and to 12/12/ 7T ‘
NMP~-6 B - 73, indivi-
: dually
3 © 3-way NMP~7 S 3/29/73 Alk, FDO, TCOD, TTOC, TDS, TSS,
and and through NO3N, TKN, OP, TP, Cl, Cu, Fe,
NMP-8 "B 11/27/73 Mn, 2n, TCol, FCol, Phl, SO4, F, Sur
4 " 2-way  NMP-7 - 3/29/73 TS, TCOD, pH, TSS, NO3N, TKN, OP,
” © « through thxrough TP, Alk, TDS, Cl, Cu, Fe, 2n, SO4,
NMP-12 11/27/73 Tur -

&
B
L]

* 3-way ANOVA perxformed according to Simpson

2-way ANOVA performed according to Simpson

[
(2

** all bottom samples treated as the same depth despite actual vales of approximately
20, 45,‘or 60 feet for sample depths




L}

.05 and .10 significance levels by reference to F-distribution tables

according to procedures outlined by Simpson et. al., (1960). Tables .

V-l3 through V-16 summarize the treatments and interactions found to
be significant. When significant differences were found between sta-
tions, a Student-Newman-Keuls (SNK) test (Sokal and Rohlf [1969]) or
a Least Significant Difference (LSD) test (Snedecor and Cochran [1967]
was performed to establish homogenous subsets. These results are
summarizea in Tables V-17 and V-18 along with compilations of depth

comparisons when significant depth differences were found.

For interpreting these ANOVA results, the first step was to analyze
which parameters had main effects or interactions involving each of the "
two or three factors (depth, station, date). According to Simpson et. al.,

(1960) when an interaction between two factors in a 3-way ANOVA is

significant, there is generally as much variation from level to level ‘

of the first factor at a fixed second factor level as therxe is from
level to level of the second facfor at a fixed first factor level.
Thus, for example, station differences may be important if a main

effect is indicated or if an interaction involving stations is indicated.

Using‘this.reasoning for ANOVA set 1 (bi-monthly samples, 3-way ANOVA)
station‘differences were important for pH, DO, CO2, NO3 and T. It is
significant that these same parameters had consistently high correlation
coefficients for statistical retrieval category 1 (individual-depths

ané stations, combined dates). It may be surmised that the ;tation

differences are due to transient vertical temperature variation.
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0 ‘ TABLE V-13

ANOVA SET 1
3-WAY ANOVA, NMP-1l through NMP-6

TREATMENT ' INTERACTION
Depth x Depth x Station x
Parameter Depth Station Date Station . Date . Date
7pH, as [H+] XX : XX xxr
TP xx
Chla . X% . X% .
TSS XX ‘
oP o x XX
Turbidity . X . XX ! 1
‘IIID ' o . Xx ‘ xx” X%
cop , xx ‘
co, . X . X XX
TKN XX
TS XX XX
N03-N b+ b o4 bod XX XX
T b4 b 414 XX xx XX

.

; xx Significant at less than .05 significance level

X - Significant at iess than .10 significancé level

“ .
‘
+




TABLE V-14

ANOVA SET 2

2-WAY ANOVA NMP-1 through NMP-6

Station

Date Depth
6/12/73 T(xx), DO (xx) T(x), DO(xx)
6/27/73 O, (x) , NO4(xx), T(xx), DO(xx) NO, (x)
pﬂ%x), OP(i), Chla(x) 3

7/9/73 ‘ PH(xx) , TS (xx)
7/24/73 NO5 (xx) , T(xx), DO(xx), pH(xx) T(xx)

* OP(xx), C02(xx) ,
8/7/73 Chla(xx) , T(xx), DO(xx) OP(x) , DO (xx)
8/22/73 T(xx), TS(x), OP(x) wOP(#), DO (xx)
9/4/73 . TKN(xx), pH(xx), T(xx), DO(xx) . TKN (xx) .
9/19/73 TS (x) TS(x), OP(x) |
10/9/73 T(xx) , pH(X), CO5(x), NO3(xx) - NO3(x)
10/23/73 Chla(xx), pH(x), T(x)
11/8/73 DO(xx) DATA INSUFFICIENT FOR ANALYSES EXCEPT FOR T AND DO
11/18/73 T(xx) , TS(x), CO5(xx), OP(xx) Chla(xx) , T(xx), DO(x)
12/4/73 COy (xx) , T(xx), DO(xx) DO (x)
12/12/73 CO5(x) , NO3(x)

PH(x)

XX Significant at less than .05 significance level

x Significant at less than .10 significance level




o —y

TABLE V-15

ANOVA SET 3
3-WAY ANOVA NMP-7 and NMP-8

!’ Significant at less than .05 significance level
X Significant at less than .10 significance level

* Not significant at .10 level due to interaction.

TREATMENT INTERACTION
Depth x Depth x Station x
Parameter Depth Station Date Station Date Date
Alk XX XX
FDO . xg XX >
TCOD
TTOC XX
TDS b4
TSS
NO3-N
“Il!V XX
TP
Cl ' Xx* XX x xX
Cu Xxx !
Fe: X
Mn XX
Zn
Tcsl XX
FCol
Phl XX
SO4 XX
F
X XX XX XX



¥

" . S
TABLE V-16
ANOVA SET 4 )
2-WAY ANOVA Nt:lP—? through NMP-12
Parameter Stations Dates °
5 ¢ XK
TCOD X%
pH prod
TSS © XX ,
N03—N ‘ ‘ xx
oP
TP x
ALk s
TDS x|
Cl XX
Cu xx
Fe xx
Zn -~ | . XX
S04 - VXX
‘ Tur xx
-

o




-

1. pH, as [H+]-b§,SNK,a =

x

| TABLE V-17

- ANOVA SET 1
HOMOGENEOUS SUBSETS

.os , N .
Rank RIS 1 2 3 4 5, 6
Mean x 108 . 1.141 1.223 1.237 1.277. 1.311 1.548
pH . 77.94 7.91 7.91 7.89 7.88 .81
Station i NMP=2 NMP-1 NMP-6, .  NMP-4. NMP-3 NMP-5
2. €O, by LSD, & =..10
‘Rank L | 2 '3 4 5
Mean © 03959 . .4292 5167 .6125 .6415
Station ‘. NMP-3 - NMP-1 NMP-2 NMP-5 NMP-6
SNMP-4 ' . :
e |__.¢".-_....__........_'.......“_....2.....‘.. ,
- K |
3. NOg-N, Turbidity; TSS
‘P;rameter " Surface Mean Bottom Mean
w D NOg-N o .09667 .14192 B>S
‘ ., Turbidity ' _ . 3.3462 5.7308 B>S -
- TSS . "3.4615 17.1153 'B>S |
Temperature "61.2 55.3 ’ S>B
op - - 20067 .0122 " B>S
co, .. .330 .701 B>S
L3
¢ 2
'i




TABLE V-18

ANOVA SET 2

b , . HOMOGENEOUS SUBSETS
1. chla 8/7/73 SNK a's .05 .
| . Rank =~ 1 . 2. 3 4 5
| Mean <  5.85 8.5 9.1 10.5 12.5
| . Station  NMP-4 3 6 2 1 -
2. Chla 10/23/73 SNK ¢ = .05
Rank - 1 .« 2 3 4 5
Mean 1.1 3.25 3.3 3.85 4.65
6 2. 1

Station NMP-5 . 3 -

o

{ 3. Chla 11/18/73 SNK « = .05

.35

Rank 1 2 3 4
Mean 0.6 . 0.85 1.1 1.9
_Station  NMP-1&2 - - 4&6 5 - 3
4. NO;-N 6/27/73 LSD a = .10
Rank . 1 - 2 3 4 5
Mean ) -12 - K3 17 ' 0185 0195 025
'Station  NMP-6, 2 3 i 4
5. Nog-N 8/7/73 SNK d = .05
Rank 1 2 3 . 4
Mean- .025 - 4,03 .45 .9
Station  NMP-1 286 384 5 '
6. NO;-N 10/9/73 ISD a = .10
Rank =~ 1 ' 2 3 4 5
Mean, ~ .005 .05 - .06 .065 .085

Station NMP~5 - -3&6 | 2 4 1

-




~

9.

10.

1l.

12,

13.

TABLE V-18 Cont'd

HOMOGENEQUS. SUBSETS

NOg-N 12/12/73 LSD a = .10

Rank 1 2 5 6
Mean .17 .175 .275 .31 .33 .34
Station ‘NMP-2 1 6 4 3 s
PO 6/12/73 SNK o = .05
Rank 1 2 3 4 5 6
Mean 11.85 12.6 12,75 13,05 13.1 13.4
Station NMP-1 3 2 5 4 6
po 8/7/73 SNK o = .05
Rank 1 2 3 4 5 6
Mean 8.2 8.55 8.7 - 8.85 9,1 9.35 ,
Station NMP-l 3 4 2 5 6
DO - 8/22/73 SNK o = ,05
Rank 1 2 3 4 5 6
Mean 8.2 8,55 8.7 8.75 8.95 10,05 .
Station NMP-1 2 3.° 4 5 6
DO 11/18/73 1SD o = .10
Rank 1 2 3 4 5
Mean - 9.6 10.4 10.45 10.9 11.05
Station NMP-3 485 6 2 1
DO 12/4/73 LSD o = .10
Rank - 1 2 3, 4 5 6
Mean 10.45 = 10.65 11.2 11.25 11.3 11.45
Station NMP-~-5 2 3 6 4 1
pH 17/9/73 SNK & = .05
N Y
Rank 1 2 3 4 5
Mean, as ‘

(HY) %102 2.25 2.5 2.84 3.57 3.98
Mean, as )
. PH .8.64 8.60 8.55 8.45 8.40

185 3 4

Station NMP=-2 6




14.

15.

16.

17.

18.

19.

20.

TABLE V-18 Cont'd

HOMOGENEQUS SUBSETS

PH 10/23/73 LSD a = .10
Rank 1 2 3
Meani as ‘
(H7)x109 5.01 5.66 6.31
Mean, as .
pH 8.30 8.25 8.20
Station . NMP-1&2 6 4
&3&5
TS 7/9/73 SNK & = .05
Rank 1l 2 3 4 5
Mean 215 230 240 270 330
Station NMP-6&2 5 4 3 1
™ 9/19/73 LILSD a = .10
Rank N - 2 3
Mean . 210 220 225
Station  NMP-6 15 28384
OP 8/22/73 1SD a = .10
" Rank 1 2 3 4
Mean 0 .005 .01 .015
Station NMP~-5 6&3 l&4 2
oP 9/19/73 1LSD o = .10
Rank 1 2 3
Mean 0 .005 .01
Station NMP-1 4 T 28&3&586
Co, 12/12/73 LSD o = .10
Rank 1 2 3 4
Mean 1.00 1.25 1.45 2.15
Station NMP-2&4 3 1 5
&6
4
TKN 9/4/73 LSD a = .05
" Rank .1 2 3 4 5
Mean .25 .3 .35 .425 .475
Station NMP-2&4 5 -1 3 6

-




. T 6/12/73 LSD «

TABLE V-18 Cont'd

HOMOGENEOUS SUBSETS

4 .10 1

Rank 1l 2 3 4 5 6

Mean 56,95 58.35 59 60.15 62,15 62,5

Station NMP-2 4 6 5 1 3
22, T 7/24/73 SNK ‘a'='.05

Rank 1 2 3 4 5 6

Mean 54.5 55.05 ° 55.4 57.1 57.4 60.15

Station NMP-2 1 3 4 6 5
23. T 10/23/73 LSD o = .10

Rank 1 2 3 4 5 6

Mean 52.55 52.6 52.65 52.7 52,75 52,9

Station NMP~-6 5 1, 3 4 2
24. T 11/18/73 SNK a = ,05

Rank 1 2 3 4 5 6

Mean 42,35 43,55 43,7 44,7 45,4 45,6

Station NMP-1 2 6 4 3




TABLE V-18 Cont'd

SUBSETS BY DEPTH

Reading
(mg/1 where appropriate)
Parametexr Date Surface Bottom
NO,-N 6/27/73 '.128 .295 B>S
NO,-N 7/24/73 .028 .188 B>S
. NO,-N 10/9/73 .03 .075 B>S
oP 6/27/73 0.0 ©.033 B>S
oP . 7/24/73 .0017 .013 B>S
oP 8/22/73 .005 .01 B>S
oP 11/18/73 .0067 .028 B>S
Chla 6/27/73 .016 .030 B>S
Chla 8/7/73 .012 .008 S>B
FDO 6/12/73 12.4 13.2 B>S
‘FDO 6/27/73 12.2 11.2 S>B
FDO 7/24/73 8.58 10.6 B>S
FDO 8/7/73 9.78 7.8 'S>B
FDO 9/4{73 8.07 6.53 S>B
FDO 11/8/73 10.2 10.75 B>S
FDO 12/4/73 10.6 11.5 B>S
pH 6/27/73 7.96 7.74 S>B
pH 7/24/73 8.84 6.75 S>B
pH 9/4/73 7.76 7.31 S>B
pH 10/9/73 7.56" 7.30 S>B
pH 12/12/73 7.71 »7.92 B>S
TKN 9/4/73 0.4 0.28 S>B
TS 5/22/73 204 211 B>S
TS 9/19/73 - 218 223 B>S

g




TABLE V-18 Cont'd

‘SUBSETS BY DEPTH

PP
< ,
- s [

A oeve
LR

Reading
Parameter Date ‘Sﬁ?%agge”e approgégggg%
TS 11/18/73 222 288 B>S
CO2 6/27/73 b - 0.93 B>S
CO2 7/24/73 .083
Co, 10/9/73 .17
Co, 11/18/73 1.08
co, 12/4/73 .92
T (°F) 6/12/73 61.4
T | 6/27/73 =61.9
T X 7/24/73 70.0
T I8/7/73 75.5
“ T 8/22/73 74.2
T 9/4/73 8l1.8
"T “ 10/9/73 60.8
T 11/18/73 45.0
T 12/4/73 45.0




#

Similarly, depth differences were important for pH, Ch a, TSS, OP,
Tur, DO, CO,, TS, NO3 and T; that is, for all parameters tested ex-
cept TPl TéQD, and TKN. It is particularly igteresting“to note that
these th;eg parameters measuré, respectively, all forﬁé of phosphorus,

all oxganics, and all forms of nitrogen except NO and NO . It is

possible that by measuring such total nutrient parameters, depth dif-

ferences for soluble or particulate forms were missed.

Date differences were important for all parameters tested except TSS.
It is expected that the dynamics of seasonal temperature variation and
the induced biochemical seasonal variations would lead to date differences

.

for many water quality parameters. ° : ‘

ANOVA set 1 analyses established depth and date as almost uniformly
importagtnfgctors for all parameters. The objective of ANOVA set 2
analyqes_was to in;estigage station differences more closely on an
individua; date basis. Thus, T, NO3, pH, DO, Cbz, TS, Ch a, OP and
TKN were found to exhibit significant differences between stations for

at least one survey date.

"

ANOVA set 3>(month1y stations at NMPC transecé) indicated significant.
station effects for TTOC, Fe, Mn gnd Surfactants, Only surfactants
exhibited’a main effect. The only depth effects were‘indicated for
Do, C1, Fefand Surfactants. Hdwever, only two, relatiyely closely
sPacea éﬁd shallow stations were available foryghis analysis, and the
locations may have been mixed more than normaily because of the in-

fluence of the condenser cooling water discharge.
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ANOVA set 4 exhibited only date effects, and only TKN and OP had no
datedeffecgs. Of course, NMP-9 through 12 (intake and discharge sam;
ples) w&uld be exéected to be similar, and NMP-7 and NMP-é hay have
been subje&t to more than normal lake mixing, as indicated in the pre-

vious paragraph.

The second step in interpretation of the ANOVA and homogenous subsets

analyses results was to determine patterns exhibited in the homogenous
subsets determined by SNK or LSD procedures. Taken as a whole, no
consistent patterns were exhibited in the homogenous subsets, either for

a given parameter or for a given date.

Based on ANOVA set 2 homogenous subsets (Table V-18), Stations NMP-1
and NMP-2 (NMPW transect) could be found in the same subset fér most
of the cases in which significant station diffexences were found.
However, for half.of these cases one of the stations could bé placed
in a subset disfinct from the other station. Similar statements can
be made for the pair of stations NMP-3 and NMP~4. However, stations
NMP-5 and NMP-6 could be placed in the same subset only fér half of
the cases of significant station diffexence, and éne of these stations

could be placed in a distinct subset two-thirds of the cases. ~

The 20 ft. depth stations werxe even more dissimilar; one station could

be placed in a distinct subset 90% of the cases of station differences.

It was interesting to note that stations NMP-2 and NMP-6 could be placed
in homogenous subsets almost as often as NMP-1 and NMP-2, and similarly,

for NMP~1 and NMP-6. Thus, stations NMP-1l, NMP-2 and NMP~6 appear to

have been unusually similar.
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4. DISSOLVED. OXYGEN LOSS °

Table V-19 presents a summary of the data on intake and discharge dissolved

oxygen values. Percent saturation values were calculated from the observed

temperatures assuming exactly one atmosphere of pressure and 20.9% oxygen.

Taken as a whole, the data indicate a very low level of oxygen loss, in

the order of 0.1 to 0.2mg/l, even though dischargé:percent saturation values
'

indicate a potential loss on the order of 3mg/1.’ Data for the dates with

more detailed sampling indicate a loss of 0.0 to 0.6mg/l, averaging 0.3mg/1

for the six dates.

5. EFFLUENT SURVEY

Table V-20 presents a summary of the storm drain and discharge channel
results by averaging the grab sample results over each 24 hour period and
over all surveys. Table V-2l presents the oxidation bond results for

each survey and as an average over all surveys.

The oxidation pond apparently has a significant effect on percent volatility
of solids, suspended solids, fecal coliforms, chlorine residual, and pH.

The influent to the pond is significant for its low BOD content and its low
PH. Examination of activated sludge plant data verified the éonsistency of
the’low pH readings (which were present throughout the system), the consis-
tency of the flow rate of approximately lgpm, and the consistency of the
chlorination. No immediate explanation is available for thehlow PH.

[

v

Oxidation pond effluent is apparently diluted significantly in the discharge

channel, by the surface runoff from the swampy area.
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SUMMARY OF INTAKE AND DISCHARGE AT NINE MILE POINT

POWER PLANT

*

DATE A DO INTAKE DISCHARGE
1973 Intake-Dischaxge. Te! sSaturation | Temp.°Cls Saturation
1/3 * 0.2 4.7 104.7 10.2 118.8
1/4 0.1 4.4 103.8 9.2 115.6
1/16 =1.6 4.3 89.2 20.3 145.1
1/17 0.5 4.9 106.0 21.2 145.8
1/29 -0.1 5.1 100.0 21.2 143.6
1/30 0.8 4.4 109.2 20.6 147.3
2/28 0.5 4.9 107.2 20.9 146.3
2/29 0.8 5.6 107.9 21.2 142.2
3/14 0.4 6.8 113.5 22.8 155.1
3/15 0.5 6.8 112.5 22.4 153.7
3/21 1.2 8.6 123.5 24.4 156.4
3/22 1.0 8.0 116.7 23.7 150.6
3/28 1.2 9.4 115.2 25.3 144.2
3/29 0.7 9.5 113.3 25.6 148,.2
4/4 0.4 9.4 118.7 25.4 159.4
4/5 0.8 10.0 121.7 25.9 157.4
4/12 =-1.5 4.9 101.5 5.6 115.4
4/19 =0.4 5.7 112.0 5.6 115.4
4/25 0.0 - 9.5 120.5 12.9 130.6
4/26 0.1 8.4 119.4 12.9 132.0
5/2 =0.1 .6 108.2 6.8 109.6
S5/3 0.3 .2 110.4 7.3 108.7
5/9 0.3 .4
5/10 0.4 .5
5/16 0.0 5 110.0 9.4 112.0
5/23 -1.5 7 112.5 10.9 114.7
5/30 0.1 2 107.8 12.3 108.0
6/6 0.1 119.2 14.7 121.9
6/13 0.2 125.8 18.0 124.7
6/21 0.3 102.6 20.4 120.0
6/22 0.0 107.9 22.7 129.1
6/27 0.6 124.9 33.0 151.0
7/4 0.6 119.1 38.2 145.1
7/13 0.0 92.4 40.9 117.3
7/19 -0.1 83.6 37.7 109 .4
7/25 0.2 108.1 35.7 133.5
8/2 0,2 86.8 38.1 114.6
8/8 0.0 99.7 40.5 125.5
8/15 0.0 91.0 40.9 115.3
8/16 0.0 87.0 40.8 109.7
8/22 0.0 94.6 38.3 120.5
8/29 0.0 95.4 37.7 118.9
9/5 0.0 98.2 41.5 124.1
9/12 0.1 94.1 38.4 118.4
9/19 =0.1 92.4 36.8 121.4
9/26 0.0 107.1 33.4 139.2
10/3 0.5 100.5 29.5 124.8
10/11 0.3 93.1 27.2 115.9
10/17 0.6 96.9 28.0 122.6
10/18 0.2 93.2 16.0 94.5
10/25 0.2 90.2 20.8 104.5
10/31 0.2 01.4 27.0 123.1
11/8 0.1 9 92.5 20.2 120.0
11/14 -0.5 6 87.5 21.9 < 121.1
11/21 0.2 5 95.8 20.6 121.4
11/28 -0.2 4 35.7 7.0 95.5
12/3 0.2 0 94.3 19.8 122.1
12/19 o 5 6 101.4 19.4 129.0
12/26 =0.1 8 106.5 19.5 128.6
Iota: averages are generally based on four intake and discharge measure-

nents, but dates marked with an * involved 12 to 24 intake and
discharge measurements.




NINE MILE POINT EFFLUENT ANALYSIS

TABLE V=20

DAILY AVERAGE AT DISCHARGE CHANNEL AND STORM DRAIN

-

STORM DRAIN

DISCHARGE CHANNEL
Avg. Over i Avg. Over
Parameter 9/5-6 9/26-27 | 10/31-11/1{11/28-29112/27-28| Time Period 19/5-6 | 9/26-27 | 10/31-11/1111/28~29 12/27-281Tine Period
Total Solids mg/l 200 73 370 243 104 466 203 248 205 290 273, | 244,
DS mg/1 520 535 345 238 98 327 194 243 196 280 263 235
TSS mg/l 380 278 26 7 5 139 9 7 10 10 10 9.2
TVS mg/1 174 180 111 86 38 70 103 60 70 63 73
NH3-N mg/1 3.89 0.165 0.80 0.336 0.028 ; 0.792| 0:.006 0.30 0.253 0.075 .
NO3-N ng/1 0.90 0.203 2.06 0.221 0.155 .71 0.235{ 0.053 0.159 0.386 0.809 .328
T. Phos. ng/1 2.35 0.832 0.808 0.103 0.064 .83 0.040{ 0.032 0.078 0.047 0.056| .051
Ortho PO4-P ng/l 1.44 0.622 0.453 0.045 0.008 .51 0.021] 0.02 0.036 0.026 0.012| .023
Sulfate ng/1 85..7 52.5 56.9 58.2 14.3 53.5 26.4 27.1 31.6 43.4 41.1 33.9
. Sulfite ng/1 0 1.13 0 [} 0 23 0 1.0 0 0 0 2
Chloride ng/d 54.2 49 23 14 7 29 33.2 34 29 63 50 41.8
Chlorine Residuals ng/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Phenols mg/1 0 [} 0.003 0 0 .001 0.013 (1] 0 0 0 .003
Surfactants mg/l 0.014 0.055 0.053 0.05 0.062 .047 0.004] 0.035 0.02 0.025 0.037| .024
Total Coliform #/100ml 3600 8233 2067 160 . 45 2821 795 2260 260 308 315 788
Fecal Coliform #/100ml 8203 98 323 27 7 1732 133 4 9 19 18 36.6
Alkalinity as CaCOsmg/l 173 217 167 111 35 141 73 84 88 110 100 91
BOD ng/1 9 6 4 2 3 4.8 1 1 2 1 1 1.2
CoD =g/1 110 31 47 46 35 53.8 38 20 9 19 18 36.6
pH mg/2 7.5 7.53 7.45 7.38 6.95 . 7.4 8.51 8.3 8.16 8.04 7.91 8.2
TXN ng/1 - 6.31 4.25 1.14 112.8 31 0.438] 0.265 0.75 136.3 i
Organic - N mg/1 - <0.008 0.738 0.065 .27 - 0.024 0.516 0.025 *
Fe mg/1 - 5.54 - 0.306 - 0.60 - 0.342 .47
Zn mg/1 - 0.126 - 0.018 -068 - 0.066 - 0.036 .051
Si mg/1 9.45 - - - 2.367] = - .




ANALYSIS OF INFLUENT/EFFLUENT AT PCWER PLANT OXIDATION

TABLE V=21

POND ~ 24 HOUR COMPOSITES

rea

INFLUENT EFFLUENT

PARAMETERS 9/5-6 9/26-27 10/31-11/)} 11/28-29 12/27-28] Avg. 9/5-6 | 9/26-27 | 10/31-11/1 11/28-29.[12/27-28 Av

w Al

Total Solids ng/1 600 650 590 600 700 628 410 510 510 470 500 480
Total Dis. Solids mg/l 570 620 560 580 610 588 400 500 500 460 490 470
TotalSus. Solids mg/1 30 35 26 18 | 95 41 . 8 6 7 7 14 8.4
Total volatile solids mg/l 280 230 200 190 270 234 120 245 175 125 165 146
WH3-N  ng/1 6.52 8.42 0 15.18 3.74 6.77 5.02 .023 0 8.92 10.9
NO3-N g/l 1.46 1.87 779 23.40 69.12 2.98 2.99 1.22 12.6 34.5
T. Phosphorus mg/} 5.90 5.83 7.72 6.53 12.87 3.04 4.84 3.10 7.28
ortho PO4-P mg/l 4.59 3.18 5.77 4.52 4.67 4.55 5.71 2.11 3.70 3.06 4.12 3.7
Sulfate mg/1 88.9 123.7 106.0 130.6 126.4 115 66.5 73.3 108. 91.6 80.3 83.9
Sulfite mg/1 . 6.0 0 0 0 1.0 0 0 0
Chloride ng/1 41.3 85 92 64 94 75 31.5 | 69 61 48 35 51
Chlorine Residual mg/1 6.0 4.0 <0.1 0.1 < .1 KO.1 <0.1 <0.1 <0.1 <.l k.1
Phenols mng/l 0 .013 0 0 0 0 .007 0 0" 0
Surfactants mg/l .026 .09 .06 .08 .085 .07 .054 .08 - .07 .060 .06
Total Coliform No. /100ml 0 0 3180 1120 85 0 2190 1655 260 5
Fecal Coliform b ] V] 1775 60 5 o] 19 70 23 1 -
Alkalinity as CaCO3 ng/l 0 0 0 [\ [V} 0 100 90 43 36 36 61
BOD mg/l 1 10 3 6 8 6 9 10 7 8
oD ng/l 145 95 60 29 385 200 110 50 25 195 * {116
PH ) 5.45 4.35 4.25 4.85 4.42 7.80 7.00 6.88 6.75 6.78
TKN mg/1 ", 6.31 4.25 1.14 - .44 .27 .56 -
Cr ng/1 < .008 <.008 <.008 <.008.

NOTE: Averages for parameters wlth_hlgh nultiple ranges were not ccmputed.

-




6. BOTTOM SEDIMENT CHARACTERISTICS

Chemical characteristics for the seven sediment samples collected are
presented in Table V-22 along with values of total phosphate-P and COD
in the water present in the collection containers due to sampling pro-
cedures. All of the sediments were sandy and had the low oxganic con-
tent and low moisture content expected for near-shore sediments. How-
ever, two samples had much higher organic content than the other five

samples, as evidenced by both COD and TKN results.

-

When detected, metals concentrations were reasonably uniform except for
the relatively high value of chromium (as compared to chromium values
at other stations) at the FitzPatrick plant transect in 20 ft. of water.
Total phosphorus values were also reasonably uniform, varying from

.013% to .036%. ;

The significance of the results can be estimated by comparison to
cri;eria for sediment constituents. The criteria for determining the
acceéfability of dredged spoil disposal to the nation's waters as of
Ma§ 1971 are given below. Although the use of these criteria has been

supplanted by other types of gquidelines, they are still useful for

comparison purposes.

Sediments in Fresh Concentration % mg/100g

and Marine Waters (dry wt. basis) dry wt.
Volatile Solids 6.0 6,000
COD 5.0 5,000
"TKN 0.10 100
Oil-Grease 0.15 150
Mercury 0.0001 0.1
Lead 0.005 5 -
Zinc 0.005
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TABLE V--22

NINE MILE POINT SEDIMENT CHARACTERISTICS

SAMPLE IDENTIFICATION FITZ 20! NMPE 20! NMPW 20' NMPP 20' FITZ 40' NMPE 40' NMPW 40°'
GRAB 1205 | GRAB1310 | GRAB 1000| GRAB 1100 GRAB 1140 GRAB 1300 GRAB 0950

NO PARAMETERS
1 COD mg/100g dry wt. 276 2837 265 293 344 389 2426
2 TP ___mg/1l00g dry wt. 16.70 18.74 13.31 15.63 19.21 36.20 22.77
3 TKN mg/100g dry wt. 10.39 49.82 4.84 10.25 10.24 10.82 45.15
4 Moisture content % 19.70 24.32 17.15 18.77 21.06 23.01 24.48
5 TS %" 80.30 75.68 82.85 81.23 78.94 76.99 75.52
6 ™VS $ 0.52 0.43 0.36 0.26 0.20 0.40 c.70
7 Cr mg/100g 21.13 2.16 0.75 1.54 1.79 2.57 1.24
8 Cu_ mg/100g 0.70 0.34 0.16 0.17 <D.L. <D.L. 0.89
9 Hg mg/100g 1.30 0.71 <D.L. 0.79 3.38 2.49 2.91
10 Zn_mg/100g 4.70 <D.L. <D.L. <D.L. <D,L. 5.04 <D.L.
11 Superngtent COD mg/1 25 26 20 47 157 17 40
12  supernatent TP ma/l 0.i4 - 0.30 0.16 0.15 0.18 0.27 0.20




All values were within the above limits except those for mercury. It

is suspected that the relatively high values for mercury were due to
interferences in the relatively non-sensitive flame atomic absorption

method used for analyses.

The COD and TP values for the supernatant waters within the sample
containers were, with one exception, similar to values found for
Lake Ontario in that area. Therefore, little material measured by

these two tests leached into the supernatant during handling of samples.

D. SUMMARY AND CONCLUSIONS

An inte;sivéﬂwater quality investigation was conducted on Lake Ogtario near
Nine Mile goint from late March to December 1973. The objectives of this
investigation were to-défine chemical quality in this area, includiné spatial
and temporal variations,. and to support ecological studies. Samples or field
measurement; were taken along three main transects - NMPW (1.8 miles west of
the Niné Mile Point Nuclear Station Unit 1), NMPP or NMPC (at the plant), and
NMPE (2.2 miles east of the plant) - in depths of watexr varying from 20 to
100 f£t. S;hple frequency varied from twice per week to once per - month, and
analyses varied from simple field measurements to comprehensive ch;mical

. ana1§ses. Sbecial programs included sediment analyses, dissolved oxygen loss
in condenser cooling water and storm drain and sanitary waste treatment plant
effluen; sampling.

The results of these extensive analyses are presented and discussed in the
following section in texms of previous Lake Ontario studies, general water

quality and biochemical patterns on the basis of qualitative and quantitative
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data analyses, including statistical data analyses. Key conclusions are

G presented below.

1. WATER QUALITY

a. Two major mechanisms affect water quality in the study arear
transient 'vertical temperature variation and algal growth. Both
mechanisms are affected by regular seasonal temperature variations

and by irregular hydrodynamic phenomena.

.

b. The regular seasonal temperature variations cause a fairly
regular dissolved oxygen variation with decreased dissolved oxygen
paralleling increased temperature such that oxygen saturation remains

in the 70 to 90% range.

w c. The regular seasonal temperature variations cause algal growth
variations with peak growth irregularly spread over the June to
October period. This algal growth causes assoqiated changes‘in
parameters which reflect the presence and growth of algae themselves
(e.g., Chl a and TKN) and which refl;act algal metabolism (e.g., NO3-N,

C0,, and Si).

d. Variations in other nutrients normally related to algae and
algae growth cannot be directly explained on the basis of algal

variations (e.g., total and orthophosphate phosphorus).

e. The irregular and unstable vertical temperature variation intex-
acts with suspected oxidative processes in hypolimnion waters to
cause high CO,, low pH, high NO3, and s?;.ightly low DO values in

“ bottom waters when significant variation is present. -
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f. Taken as a whole, the water quality near Nine Mile Point is very

%

similar to that expected for offshore Lake Ontario waters from pf:e— . ‘
vious stbdies over the last decade. Concentration of major ions and
dissolved nﬁtrients are, in particular, similar ﬁp these expected

values.

g. Water quality parameters reflecting particulate matter are
distinctly higher than expected for offshore waters. This is probab1§
due fo proximity to point and diffuse souxces of pollution and to re-
suspension o£ bottom sediments.

f | . } .
h. The concentration of Fe, Mn and Si are also higher than expected

i -
values for offshore waters for similar rxeasons.

i. Cu and Zn are consistently present at detectable levels, along

wx.th Fe and Mn; however, the other trace metals (Cd, Cr, Hg, Se, Pb, .
al, Nl, Vv, Ag and As) are rarely if ever present at detectable levels.

Ba and Be are somewhat more likely to be present at detectable levels,

but as‘é whole, trace metals do not appear to be present at levels

which would cause toxicity problems.

j. There is no significant difference at the 95% confidence level

between condenser cooling intake and discharge water for all 48

.

parameters measured.’

k. » A number of parameters are quite variable and have a skewed
probabllity  distribution with relatively few high values and re-
latively many low values. These include orthophosphate, total

phosphorus, total colifoxms, fecal coliforms, NH3-N, Fe, Mn, 2n,
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7SS, turbidity, Si and a number of trace metals. This variability at a

low level is characteristic of relatively non-polluted water.

1. “Analysis‘of variance (ANOVA) tests were more useful for bi-monthly
samples (twice per month) than for monthly samples because of increased
spatial and temporal coverage. The following conclusions reflect the

results of ANOVA and related analyses.

-

(1) significént variation effects were attributed to depth and date

for most parameters tested.

(ii) significant variation effects were attributed to station for

pH, DO, C02, NQ3, and T using 3-way ANOVA (testing depth, date,
station effects). These same parameters were found to be signifi-
cantly correlated using linear régression analysis for pairs of values
for retrievaldcategory 1 (individual stations and depths, cbmbined

dates) . .

(iii) significant variation effects were also attributed to station

for TS, Ch a, OP, and TKN on selected dates using 2-way ANOVA.

(iv) stations on transect NMPW were similax, even when station
effects were significant, but one station could be placed in a
distinct, homogenous subset half the time. Stations on transect

NMPP (NMPC) showed similar behavior.

(v) stations NMP-1 and NMP-6 wexe relatively similar, as were
NMP-2 and NMP-6. Thus, NMP-1 and NMP-2 on transect NMPW and NMP-6

on transect NMPE 'may form a reasonable boundary for local variations.
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(vi) stations on transect NMPE were relativelf dissimilar, as were
three 60 foot depth stations and the three 20 foot depth stations.
Thus, more along-shore (east-west) variation was evident than off-

shore variation.
'’ :

2. TEMPERATURE

-

The 1973 temperature data provide more detail and continuity of ob-
sexvations than had previously been reported in the viciniﬁy of

Oswego-Nine Mile Point. These data indicate ﬁqny of the dynamic

features of lake stratification which have been reported in published

literature. v

Alternating periods of heating and cooling at the water surfaée com-
bined with yind mixing produce the sharp temperature gradients which
then propagate deeper iﬁ the Lake with time duringvthe summer. In

the uppermost iayers,;surface heating'generatesdthe stable stratifi-

cation most frequently observed in summer. However, suxface cooling

produces” cool unstable surface water which enhances vertical convective

mixing producing an uppermost layer of moxre uniform temperature.

Verticai temperature profiles revealed the existence of transient
thermal gradients equal to or greater than 1°C per meter (1:8°F per
3.2 ft.) throughout the study area. The gradients appeared to be
seasonal in thaé they exist primarily in the 'summextime. They wexe
not "seasonally stable," since they were generated and destroyed by

surface heating and cooling and mixing within the water column over

o

periods, dependent upon meteorological conditions. Although gradients
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were observed on sequential weeks for up to a three week period, the

gradients observed were at different temperatures and at different

depths from week to week and, therefore, were not persistent. 1In

»

addition, when the gradients were observed, they appeared to be, uniform

from station to station.

3. DISSOLVED OXYGEN LOSS

The passage of water through the condenser cooling system can be ex-
pected to cause, on the average, no more than 0.3 mg/l loss of

dissolved oxygen.

4. EFFLUENT SURVEY.

L}

The secondary treatment system for sanitary wastes provides reasonably
good treatment. The main effect of the oxidation pond is to decrease
colifoxrm and to increase pH, probably through algal conversion ofrcoz,

to 02.

5. SEDIMENT CHARACTERISTICS

All sediment samples were sandy and had low organic and low moisture
content expected for near-shore sediments. Two samples had much higher
oxganic content than the others; and one other sample had relatively

high chromium content. Otherwise, the samples were relatively uniform

in content for COD, TP, KN, TS, TVS, Cr, Cu, Hg, and Zn.

Relatively high values reported for Hg (up to 3.4 mg/100g) may have

-

been due to analytical interferences.
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