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INTRODUCTION

Results of Northern States Power Company's (NSP) ninth consecu-
tive reporting of environmental monitoring studies for the
calendar year 1978 are contained in this publication. The

1978 calendar vear represents the fourth full year of two-

unit operation for the Prairie Island Nuclear Generating

Plant (PINGP).

The 1978 annual report represents the final year of reporting
for the following studies: Terrestrial Vezetation Study
(Section 2.6), Small Mammal Study (Section 2.7), and Birds
Killed Striking Transmission Lines (Section 3.1). The
terrestrial vegetation study indicates that other than con-
struction activities the only power plant effects detectable
are those associated with ice formation on trees adjacent to
the plant cooling towers. Other changes in the vegetation
community structure are associ..ed with natural succession.
The small mammal study has defined the magnitude of natural
changes in the small mammal populations in ths vicinity of
PINGP and indicates no abnormal population or community
structure alterations. The magnitude and species composition
of birds killed by striking transmission lines have been
adequately defined, and the results indicate that those lines
perpendicular to bird migration routes have the highest

proporticn of bird kills.

Although not conducted in 1978, a fish creel survey will be
conducted in 1979 by the Minnesota Department of Natural
Resources (MDNR). Results of this study will be incorporated

into the 1979 annual report.
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1.1 WATER CHEMICAL ANALYSES
1.1.1 INTRODUCTION

Sampling was conducted by Environmental and Regulatory
Activities Department personnel at Prairie Island. Parameters
sampled included: phenolphthalein (p) and total (m) alkalinity,
dissolved orthophosphates, total dissolved phosphorus, filter-
able and nonrilterable residue, ammonia, nitrite and nitrate
nitrogen, pH, conductivity, dissolved oxygen, turbidity, and
temperature. Schmidt (1976) described each of the parameters
and indicated its significance in wat2r chemical analyses.

1.1.2 MATERIALS AND METHODS

Samples were collected monthly at four stations (Figure 1l.1-1).
Station B-1 represents upstream main channel river conditions,
X-1 reflects the quality of intake cooling water, Y-2 indicates
water quality following plant usage prior to mixing, and
Station C-4 represents downstream main channel river conditions,

after mixing with plant effluent.

Samples were collected from top and bottom of the water
column with a 6.2 liter Van Dorn water bottle and placed in
new nlastic gallon jugs. Dissolved oxygen, pH, conductivity,
turbidity, and temperature were analvzed at the Prairie
Island Environmental Lab. The remaining parameters were
determined according to Standard Methods (1975) by the NSP

Chestnut Lab within 24-hours of collection. Instrumentation

was similar to that used in previous years.
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Chemical data were analyzed with a full factorial analysis of
variance (ANOVA) to determine seasonal, depth, and plant
effects by combining data from Stations B-1l and X-1 (upstream)
and comparing with data from Stations Y-2 and C-4 (downstream).
Missing values, caused by ungsafe ice conditions at some

stations during winter, were estimated according to Li (1964).

1.1.3 RESULTS AND DISCUSSION

The 1978 Mississippi River water quality data and ANOVA are
presented in Tables 1.1-1 and 1.1-2, respectively. The
letters "T" and "B" appearing after the site locations refer
to top and bottom samples, respectively. For each sample
collected, annual mean, median, standard deviation, and range

are also listed in Table 1.1-1.

Analysis of variance assumes that variability in chemical
concentration is caused by seasonal variation, depth, and
whether the sample was collected above or below the plant.
Some variation may also be caused by interaction between any
two of these factors:; the factors are not independent and

together are contributing to changes in the parameters sampled.

Highly significant differences (P< .01) between upstream and
downstream stations were cobserved for all properties except
nitrite nitrogen, with regard to time (month of the year).
Nitrite nitrogen showed a significant difference (P< .05).
Temperature showed a highly significant difference with regard

to plant effect. Ammonia showed a significant difference also

attributable to plant effect.
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In 1976 and 1977 there were significant differences (P < .05)
between upstream and downstream conductivity values. The 1977
difference was attributed to the fact that conductivity values
had not been corrected for differences in sample temperature.
The 1976 figures were also not adjusted for the temperature

differences. The 1978 figures were corrected for the sample

temperature differences using the equation:

2 n 1,000,000 C
" R 1 + 0.0200 (t - 25) '

where R = resistance of sample, ohms; C = cell constant:

t = temperature degree C. No significant difference between

upstream and downstream values was seen.

No other property analyzed showed any significant difference.

1.1.4 LITERATURE CITED

Eberley, L W, 1977 water Chemistry. In Environmental Monitoring

and Ecological Studies Program. 1977 Annual Report for
Prairie Island Nuclear Generating Plant near Red Wing,
Minnesota, Volume 1. Northern States Power Company,
Minneapolis, Minnesota.

Standard Method : for the Examination of Water and Waste Water,

l4th edition, 1975, APHA-AWWA-WPCF, American Public
Health Association, Washington, D. C.
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Table 1.1-1

6-1°1

080 9/¢

SITE B-18B 1976 FAGE 1
DISSOLVED
CRTHOPHOSPHATE TOTAL DISSOLVED FILTERAELE NONFILTEKABL E
P-ALKALINITY M-ALKALINITY PHOSPHORUS PHOSPHORUS RESIDUE RESIDUE
MG/L AS CACO2 MGC/L AS CACD? MG/L P MG/L P MG/L MG/L
JAN L.0 176.C0C 0.140 -1.000 300.00C 22.¢00
FEB GeC 192.000 0.100 G140 350.G00 7.800
MAR 0.0 167.00C 0.1C0 ~1.000 260.000 2.260
APR G.0 94 .000 0.040 0.070 2006.000 36.000
MAY 0.0 122.000 0.009 0.026 310.000 28.000
JUNF 0.0 120.000 0.090 0.100 310.000 54.000
JULY 0.0 101.00¢C 0.090C 0.120 2106.000 49.000
AUG 0.0 152.000 0.070 0.120 260.000 60.000
SEP 0.0 115.000 0.100 Oe130 220,000 240.000
oct 0.0 135.000 0.020 0.070 £20.000 30.000
NOV 0.0 130.000 0.080 ~1.€00 210.600 20.000
DEC 0.0 142.000 0.100 C.110 240.000 4.CCO
MEAN 0.0 137.167 0.078 0.C98 257.500 464133
S« De 0.0 29.9€7 c.C28 C.03¢ 45,233 63.52%
MEDIAN GeO 135.000 G.090 0.11¢C 260.600 30.000
LOWEST 0.0 94.000 0.009 C.026 200.000 2.200
HIGHEST 0.0 192.000 0.140 0.140 350,000 40.000
AMMONI A NITRITE NITRATE DISSCLVED
NITROGEN NITROGEN NITROGEN CONDUCTIVITY OXYGEN TURBIGITY TEMPERATURE
MG/L N MG/L N MG/L N PH UMHOS /CM MG/ L JTu DeREES C
JAN 0.74C 0.014 1.010 7.5600 461.000 $.900 5.000 C.400
FEB 0.350 0.120 0.32G 7.600 £00.000 11.1€0 3.0CC 0.0
AR 0700 0.01¢€ 0.920 7.500 482.000 11.400 3.0G00 0+ 50C
ARR 0.260 0.020 0.640 7.900 300.000 12.100 £.C00 7.500
MAY 0.160 0.C22 0.310 8.300 537.00C 10.8G0 10.000 17.000
JUNE 0.330 0.050 1.090 8.100 430,000 7.900 22.000 22.0C0
JuLy 0.19C 0.042 0.550 7.900 325.000 £.000 5,600 20.500
AUG 0.460 0.076 0.780 8.000 489.000 £.600 20.00C 24.500
SEP 0.350 0.043 0.320 7.760 394,000 7.700 40.000 21.000
ocY G.380 0.022 0.310 £.000 421.000 9.000 16.00¢C 11.000
NOV 0.400 0.021 C.320 8.300 422,000 11.300 7.000 4.500
DEC 0« 640 0.010 0.570 8.000 £00.000 11.700 2.500 0.0
0.463 0.038 G600 1.:98 438,417 9.625% 11.92% 10.742
:EA:. Oe245> 0.032 0.28% 026~ 71.529 2.11% 11.00¢ 3.760
MEDIAN Oe4 0L 0.022 0.570 2.000 461.000 1C.BCC 1040GC 11.600
LOWE S) 0.16C 0.010 Ce 310 7.500 300.000 6.000 2.500 0.0
HIGHEST Ce950 0.120 1.090 8.300 $37.0U0C 12.1C0 40,0606 24.500

ooave: ~1.0C0%5 ARF MISSING VALUES
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Table 1.1-] (Contiaued)

JAN
FEB
MAR
APR
MAY
JUNE
JULY
AUG
SEP
ocT
NOV
(¥ 3

ME AN

S5« De
MED1AN
LOWEST
HIGHLE ST

JAN
FEB

APR
MAY
JUME
JuLy
AUG
SeEP
ocy
NOV
DEC

MEAN
MEDIAN

LOWE ST
HIGHEST

P~ALKALINITY
MG/L AS CACO3

D.810
0.950
C.670
0.240
Q.180
0.300
0.160
0.440
U540
Ge.33C
0.460
0.6E0

(I |
U257
040
0. 1louL
Ce¥5C

0.0

cCOoOO0OCOCOOCOC
s 8.
o0ooQoCcoOoOnNnoO

ccooo
..

coccoo

AMMUNT A
NITROGEN
MG/L N

M-A
L4

NI1TR1TE
NITROGEN
MG/L N
0.020
0.013
G019
0.01%
0.022
0,040
0.040
0.070
0.040
0.022
0.021
0.010

0.028
G.017
0.022
0010
0.070

LEKALINITY
L A5 CacCO3
181.000
182,000
166,000
9C.000
123.000
11€.000
100.000
151.00C
112,060
135.000
151.000
143,000

136.000
29.882
135,000
90.000
1862.000

NITRATE
NITRUOGEN
MG/L N

1.080
0.35u
G.280
0.680
1«330C
1.160
0.69C
0.7%0
G.260
0.310
0.320
(.54C

0.657
0.362
C.680
C.280
1.23¢C

CISSCLVED
ORTHOPROSEFHATE
PHROSFHORUS

- TUNIDI¥0 4004~

MG/L P

NOTE S

Oe«1s0
0.110
C.100
0.05%0
0-01 3
v.080
0.0‘0
c.cr0
C.100
0.030
0O.080
C.080

0.C7%
0.035
0.080G
0.013
0.140

P
7.500
T.¢00
T<5C0
7.800
£.300
8.000
7.800
8.300
7700
B.C00
8.300
8.000

T.9C8
0.287
6.000
7.500
2.30C

~1.,C00*S ARE MISSING VALUES

TOVAL CISSOLVED FIL
PHOSPHORLS R
MG/L P
0.20C
0.1%0
0.12C
0. 076G
D.028
0.C90
0.120
0.140
0130
0.080
=1.000
Jel2o
G.112
Calas
0.120
C.028
0.200C
DISSCLVED
CONDUCTIVITY OXYGEN
UMROS/ZCM MG/L
395.000 11.700
468,000 11.100
464,000 11.200
266,000 12.10C
500.CC0 15.800
420.000 £.100
32G.000 &.200C
4p9.C00 L.£00
383,000 7700
419,000 8.9CC
422.000 11.3C0
518.CC0 11.5C0
423,067 S.8C0
70.581 2.164
422 40060 11.1¢60
286,000 6,200
£18.000 12.1CC

TERARLE
€S IDUE
MG/L
*2C.000
350.0C0
270.0CC
190,000
330.000
210.000
210.000
250,000
230.00C
210.000
210.00C0
250.0CC

260.833

54.516
250.000
18C.C0C
350.000

TURBICITY
JTU
3.000
2,000
Z.000
10.000
10.000
20.000
6.400
15.000
25.000
£.000
6.500
2.500

5.3¢67
1.247
a.C00
<« 500
25.000

NONFILTERADLE
RESICUE
MG/L
4.200
L. 000
2.40C
34.000
26.G00
45.000
39.000
42.000
99.000
16.000
1P.000
3.060

28.05%0
27.333
26,500

Z+400
$9.000

TEMPERATURE
GEGREES C
0.0

o.o
1.000
T.C00
17.000
£2.0CC
2C€.700
24.500
21.900
11.000
5.000
0.0

10.767
5.759

11.000
0.0

264.500
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Table 1.1-1 (Continued)

JAN
FEB
MAR
APR
MAY
JUNE
JULY
AUG
SEP
oy
NOV
DEC

ME AN
S« D.
MECTAN
LOWEST
HIGHESY

LOwE ST
HIGHEST

P-ALKALINITY
AS CACL

NMG/L

ANMUNT
NI “RECG
MGz . N
Cet80
C.tB0
J.6E0
0170
U.100
Ue 300
Oal6C
Q.aC0
De.lé0C
0.240
Lol
0.740

Dabc2
0.261
JeOL
G.100
Ge BEC

O.u
Cel
0.0
0.0
0.0
0.0
0.0
0.0
0.0

A
EN

MeALKALINITY
MC/L AS CACO3

NITRITE
NITRUGEN
MG/L N
0.024
C.013
0,022
G.026
D.022
0.060C
C.042
0.C6E
0.C38
C.021
0.021
0.011

C.C21
G.018
Ga.lisn
0.011
O.Ce8

1Ry

1¢€ .00C
173.000
165.00C
108.00C
124.000
122.000
102.000
140,00C
103.000
135.000
130.000
139.000

124,332

24.212
159.0C9
103.000
173.000

N
N

1TRATE
ITROGEN
*G/L N
1.120
Ga390
G.25C
0.620
0.150
1.060
C.480
0. 790
U.280
C.33C
0.30C
C.56C

G.54C
0.214
C.%8C
04150
1120

SITE C-4Y

DISSCLVEU
CRIKCPHOSPHATE
PHOSPHORL S

MG/7L P
C.120
0.100
C.08C
C.050
0.00%
C.C90
J.0s0
0.G70
C.GT0
0.03C
C.070
0.0BQ

0.072
0.C33
L.080
0.005
€.130

Ph
1.706
7.200
T.400
7.90C
h.‘oo
8.1ccC
7.ECO
£.100
7. €0C
8.200C
“ «300
g.coc

1.9086
0.35%
8.0cC
T.200C
8.400

T0T£L CISSOLVFD FIiL
PHOSPHORUS R
MG/L P
~1.000
0.140
~1.000
0.660
0.022
c-o"g
C.140
0.120
0.130
0.070
-1.000
0.12C
0.09%
0.041
0.120
0.022
0.140
DISSOLVED
CONDUCTEVITY CXYGEN
UMHOS/Z7(CM rFE/L
426.000 11.50C
469.000 11.20C
46€.C00 11.300
250.C00 12.500
550.C00 11.600
43C.000 Te400
32c¢.0C0 T.600
SC0.C0C 6.300
372.000 7.E£C0
«08.000 9.500
43%.000 11.300
5C0.000 Y1.800
436.CC0 9.983
tta.BE3 2.141
429,000 11.200
320.000 4300
550. 000 12.500

NCTE: ~1.0C0%S ARE MISSING VALUES

auud

TERABLE
ESIOUE
MG/L

3co.00C
300.000
240,000
230.000
30¢.000
320.0C0
15C.COC
240,000
2zC.C00
220.000
210.G00
240.00C

i5C.833

42.728
240,000
150.00C
3z20.C0CC

TURBLDITY
JIU
3. 000
3.000
3.c00
10.000
5.000
1£.000
82.000
10.C00C
20.000C
10.000
6.500
2.500

14.167
22.C3%
10.000

2.500
62.000

1978 PAGE &

NONFILTERASLE
RESIOUE
ML/L
3.200
£.800
1.600
23.006
24.000
32.000
42.000
26.0C0
65.000
21.000
15.00
4.00C

21,985
16.47¢
23.000

1.E00C
6£.000

TEMPERATUKE
DEGREES C
C.400
0.0
C.560
7.500
17.00C
Z2.000
£0.500
24.000
21.000
11.000
5.000
0.0

10742
9.669
11.000
C.0

24 .000
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Table 1.1-1

JAN
FEE

APR
MAY
JUNE
JULY
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SEP
ocT

DEC
MEAN
MEDIAN

LOWEST
HIGHEST

HIGHEST

{(Continued)

P=ALKALINITY
MG/L AS CACDZ

(=)
.

Coo0o0OQCOOCOQ
' T T
R -R-R-N-R-N-RoNalsNl =]

20000

AMMON LA
NITROGEN
MG/L N
Q. 700G
0.640
G680
0.180
0.120
Ce320
0.16C
0.400
0.310
0.230
0.350
C.0660

G.612
0.245
0.35%0
C«.120
Veb&ls

TUNIDIYO L00d

M-ALKALINITY
MC/L AS CaCO3

NITRITE
NITRGCEN
MG/L N
D.0z%
0.C13
0.018
0.026
0.022
0-050
v.052
C.068
0.036
0.022
L.022
0.011

0.030
C.0L1E
Qo024
0,011
0.0&8

170.000
170.C00
165,000
106.CC0
125.000
120.000
111.CC0
14¢.000
105.000
135.000
133.000
140.000

135.5C0

23.624
125.000
105,000
17C.0G0

NITRATE
NITROGEN

MG/L
1.160
0.410
0.320
C.£20
0.360
1.060
0.520
Ca8C0
0,380
Ue330
0.370
0.560

Ce576
0.2%8
0.520
0.320
1.160

CISSOLVED
CRTHOPHOSPHATE
PRCSPHORUE

S1TE (-48

MG/L P

NOTE:

0.150
0.10C
0.070
0.05%0
0.008
0.0%0
Q.100
c.C7C
0.0%0
C.020
0.060
C.090C

0.075
v.038
0.090
0.006
0.15C

PH
7.70C
7.500
7.500
8.000
8.4C0
8,100
T.900
n.20C
.« 800
2.100
£.300
8.00C

1.958
Ua2%1
g.C00
7.50C
8.400

~1.00CC*S ARF MISSING VALUES

TOTAL DISSOLVED FIL
PHOSPHORUS R
MG/L P
G180
0.14C
-1.000
0.C70
0.024
0.090C
Gel40
C.120
0.120
0.070
~1.000
Cal10
L.l086
0.044
0.120
C.024
C.120
DISSOLVED
CONDUCTRVITY OXYGEN
UMHCS /(M mMG/L
40%.000 10.9C%
4R6.COC 11..0C
468,000 11.4720
343.000 12.8L0
536.C0C 11,800
430.000 T.400
355.00C 6.600
490,000 6e3C0
372.000 T.8C0
419.000 9.100
441.000C 11.5C0
481.00C 11.8C0
435 .067 9.882
59.278 2.302
441.0C0 11.200
343.000 6.300
53&.000 12.800

TERAELE
ESITUE
MG/L

250.000
3¢0.000C
26C.C00
240.000
3CC.C00
330.000
230.000
250.0060
220.000
220.000
22C.C00
240.0CC

258.533

37.618
250.000
220.C0C
330.000

TUREIDITY
JTU
3.000
3.000
3.cco
10.000
10.000C
15.700
$.300
15.000
30.000
10.0C0
+000
z+5CC

9.817
7.760
16.0C0
2.500
30.C00

1972 PAGE 3

NONFILY RABLE
RESIDUE
MG /L
2.600
6.600
2,000
25.000
23.000
45.000
44 .00C
31.000
9C.000
22.000
17.000
3.000

27117
25.454
25.000

2.C00
%0.000

TEMPERA) URE
CEGREES O
C.200
0.0
1.600
£.000
17.000
22.000
20.3C0
24.500
20.000
ii1.000
5.000
Cad

10.600
5.522

11.000
0.0

26.50¢C
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{(Continued)

P-ALKALINITY
MG/L AS CACO3

0.0
0.0
0.C
0.0
$.000
0.0
el
C.0
C.0
Cal
2+000
CeO

AMMONITA
NITROGEN
MG/L N
0.600
0.840
G.72C
0.140
0.040
0.2%0
Ualbal
0“)3(‘
Ue260
C.28C
D.1EC
0.67L

0371
G2 T>
C.220
0.Ca0
O.£40

DISSCLVED
r
M-ELRALINITY fﬁ::;f:&:ir:" TOTAL CISECLVED
MGry o (ACO2 "dlL'i’ PHLSPHORLS
165,000 0126 MG/L P
173.000 5:09, Q.l.c
167.00C Ao bt Dol
117.€00 0. Oa: 0.12C
lz. . "y O.UF; C.08Q
121.000 r.u;( C.019
126.CC0 L'I . C.O080
139.C06C i) i 0.170
95,000 C.070 0.100
119.000 C.010 Ge110
126,600 CoG30 _?-292
142.000 0.080 Q:ICO
134.917 0.07! ) o0&
R iveet 0043 ol
b 4 %-9;0 0100
e <001 0.019
173.600 0.140 0.170
NITRITE NITRATE
NITROGEN NITROGEN CONGUCTIVLT
ME/L N MG/L N PH UMHL S /M
0.011 G.920 7.700 £00.C
0.013 U.47C T.400 $C0.C5)
0.C186 0.390 7.400 478,000
0.032 0.890 £.000 386 . 00C
C.024 C.260 P 54%,00C
0.070 1.070 be20C 45C.C0C
2,059 U.630 7.9CC 37%.00%
0.072 0.820 . 30C 479.00C
0.02% Ge IS0 7.700 333.000
0020 Ue320 2.360 405.000
0.019 0.360 2,709 422.000
0.010 0.5€0 #.000 500.00C
0.031 C.587 8.025 456,417
C.023 De2?5 0437 Thebb64
¢ 124 0.560 ® . C00 478.000
10 0.260 1.400 233.€00
1e 1.070 3.700 ¢CC.000C
NOTE: -1.000%3 ARE WISSING VALUES

SITe x-1)

TUNIDIN0

00d

FILTERABLE

RESTDUE
MG/L
280.000
300.0CC
270,000
25C.000
21€.000
32C.000
Z24C.CLO
240 .CLC
190.C00
220.000
210.G00
220.00C0

2i4.107

41.878
250.000
190.C0C
32c.c0cC

DISSCLVED

CAYCEN
mG/L
10.4C0
G.C00
11.060
12430C
i1.960
£.3C0
1.300
T.20C
6.500
11.300
12.2G0
11.20°

9.967
2.06%
11U
t.5CL
12360

TURSIDITY
JTY
3,000
2,0CC
4,000
5.u0C
5.C00
16.000
L5920
10.000
%.000
1C.00C
6.500
2.5C0

8.075
6.596
6.500
24500
2%.U00

1476 PAGE ¢

NONFILTERAELE
RESICUE
MG/L
2600
GohUC
3.000C
13.00C
24 .000
3%.000
2£.000
324000
S1.000
24 .GG0
16.4L06
4,000

23.%67
26,314
244000

3.60C
$1.000

TEMPcRATURE
DEGREES C
0.C
0.0
1.0C¢0
8.500
17.0C0
21.%00
0. 200
22.50C
16.50C
11.000
35C0
0.0

10.475
§.h40

11.G00
0.0

23.500
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Table 1.1~} (Continued)

CEC

MEAN
S« Do
MED ] AN
LOWEST
HIGHESY

P=ALKALINITY
MG/L AS CACD3

AMMON]
NITROG
MG/L N
0.1720
0.780
C.68C
Cel80
0.060
0.280C
Uel40
G.29%0
C.270
0.320
0.32580
0.760

0.400
0.252
0.320
C 060
O.760

C.C

.
o

o000 COONOOO
(=]

S & 8 8 0 0 s e

OOOOOOOSOO

o
.
vl~
-~ o
-~

(=R ~N -]
-
oQ

2.000

A
EN

L ]
LY

NI1TRITE
NITROGEN
MG/L N
0.021
0.013
0.01e
0.032
0.024
0.060
0.620
0.740
0.030
0.020
0.021
C.009

0.134
0257
0.024
0.00y
0740

LKALINITY
L AS CACLS
162.00C
170.000
162.000
115.00C
131.000
124,000
122.000
~12.000
99.000
134,000
119,000
142,000

133.000
22.C0¢8
131.000
99,000
170.00C

NITRATE
NITROGEN
MG/L N

1.040
0.380
0.310
0.730
0.3%0
1.020
0.600
C.820
0.380C
G.420
0.32C
0.570

Ce302
Qe204
0,570
0.31C
1.04C

... INISI¥O &

DISSOLVED
CRTHOPHOSPHLATE
PHOSPRLEUS

MG/L ¥

NOTE:

Os 140
C.0R0
0.G70
0.08C
0.009%
G.07C
Celal
0.090
0.070
0.020C
0.06"
Gelol

0.G712
0.03¢
C.009
U140

Ph
T.600
T.40C
T.400
8.500

500
8.000C
1.900
e.z0cC
1.6CC
£.200
8.500
e.Cco0

T.983
0.41%
2.000
T.400
B.50C

~1.C00"S ARE MISSINC VALUES

TO7AL DISSOLVED FIL
PHOSPHORLUS &
MG/L P
0.160
c.l“o
0.120
0.08e0
0.024
0.080C
C.15C
0100
CellC
0.060
~1.000
C.10C
Cells
0.048
C.l00
0.024
0.1%0
DISSCLVED
CONDUCTIVITY CXYGeN
UMHOS /Cm LIV
s5eC.Cco0 10.4C00
420.000 10.200
478,000 11.200
386 .w00 12.50¢C
£45.000 11.9C0
430.000 T.700
385.000 6,600
47%.00C 5.600
4£30.000 6.500
40% .CCO 10.6CC
422 .000 12.200
£0C. 002 11.2C0
460,332 SBU0
62.088 2303
47€.000 10.58C0
385.000 6.500
580.C00C 12.5C0

TERAELE
£ESI0UE
NG/L

<80.000
330.000
250.000
250,000
Z10.000
330.000
240,000
250.000
200.00C
<10.000
230.000
¢40.000

260.000

“3.485
250,000
200.000
330,000

TUREICITY
JTu
3.000
4.000
3.000
10.000
£.000
21.000
6.50C
15,000
3G.000
20.C00
5.500
3.000

.53
8.720
10.000
3,000
30.C00

MONFILVERABLE
RESIDLE
NG/
2.400
12.00C
2.800
124000
5%.000
“v.000
24,000
3s.0CC
34.000
48.C00
16.000
4.000

i4.250
19.78¢
264.000

2.400
59.000

TEMFERATURE
DEGREES C
¢.C

0.0
£.000
8.500
17.000
21.6G0
20.000
22.500
i9.500
1t.0C0
3.000
°.°

10.375%
$.323

10.000
0.C

23.%5C0
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NISIHO &

SITE v-21
Table 1.1-1 (Continued)
DISECLVED
CRIREPHCSPHATE TOTAL DISSOLVED FILVERAELE
FALKALINIVY M-AL*ALINITY PHCSPHORUS PROSPHORLS PESTULE
MLs/L AS CACD2 PL/L AL Calls mG/L P mMGL/L P nG/L

JAN 0.0 166,000 0.150 -1.00C £80.000
FEB 0.0 171.000 0.1C6 0.13C 340.000
MAK C.0 187.000 0.100 0110 2¢0.CCC
APR Ce0 114.0C0 C.0el 0.0EC 250.000
MAY £.00C 134,000 0,005 0.021 320.000
JUNE 0eC 124.00C C.080 Ce11C 320L.00C
JULY G.0 121 .€0C C.le0 0.180 240.C00
MG 0.0 153,000 0.080 C.120 27C.CL0C
SEP .0 5 .00C CO070 C.100 150.000
ocT V.0 131.0CC G.€20 0.080 220,000
NOV 0.0 135.000 0.060 ~-1.,0G00 230.000
CEC 0.0 142,000 C.CC C.110 250.0C0
ME AN Cetl? 137.6L7 0.079 0.1€2 b4 167
$« Do labb3 23.011 0.042 C.027 G4 .611
MEDTAN C.0 136.00C 0.C80 c.110 26C .000
LOWEST 0.0 $5.000 C.005 CsC21 150.00C
HIGHEST 5.000 i71.0C0 Ce.l5C C.160 340.000

AMMONTA NITKRITE NITRATE DISSCLVED

NITROGEN NITROGEN NITRCGEN CONDUCTIVITY CXYGEN TURBIDITY

MG/L N MG/L N MG/L N Py UMKOS /(M LTS JTu
JAN Ueb650 0.021 1.01¢C T.5C0 5¢e.C0C 1C.540 2« LCO
FESB 0.E40 0.013 Q.%10 T.600 L4k, L00 Q.00 2.000
MAR 0.400 0.02¢ 0.300 T.600 471.0C0 11.00L0 3.000
AFR 0.230 0.030 0.7T7C 65.0C0 364,006 $.500 10.000
MAY 0.040 0.022 1.370 B.&6CO 548.000 12.20C 10.6C0
JUNE Ca240 0.060C 1.26C P.300 430.000 7.800 16.0060
JULY Gelou G057 0.620 £.G00 375.000 T.EQC T.200
AUG 0.230 N.0€0 C.9&C B.400 $C0.C00 T.200 15.0C0
SEP 0.160 U.02% 0.400 B.100 123.000 T.1C0 20,000
ocr G.130C 0.u20 C.sC0 8.400 434 .000 %.C00 10.000
NCV Q.220 0.024 0.520 8.500 434,000 10.40C 8.500
CEC 0.590 0.022 Ce 040 2.000 4P &, L00 11.200 3.000
ME AN 0. 342 0.032 C.723 E.l08B L&T7.CE3 9.408 £.892
Se Do Q.2%8 0.017 0357 0.337 TC .62 1.675 5.89¢6
MEDIAN Cs230 U024 Uets0 g.1C0 464, C0C F. 500 1V.000
LOWEST 0.040 0.013 0.200 7.600 32:.000 Ted 4 7000
HIGHEST 0.340 C.060 1.370 f,6CC 552,000 12,200 20,000

NOTE: ~1.0C0%S ARE MISSING VALUES

1978 PAGE 2

NONFILTERMBLE
RESIDUE
/L
1.800
Leil0
P A7)
2Q0.000
29.000
35.000
2%.C00
33,0640
44.000
271.000
12.G00
3.000

20.367
14,482
25.000

1.800
44,000

TEMPERATURE

DEGREES C
0.100
1.000
«.00C
6.%500

2)1.000

25.50C

c2.000

27.500

25.0GC

16.000
13.000
3.000

.
10.410
16.000

0.100
27.500
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Table 1.1-1

JAN
FEB
MAR
APR
A Y
JUNL
JULY
AUG
SEP
ucry
NOV
DEC

MEAN
s. D.
MEOTAN
LOWEST
HIGHEST

JAN
FEB
MAR
APR
MAY
JUNE
JULY
ALG
SEP
ocYy
NOV
OeC

MEAN
S. D.
MED1AN
LOWESY
hIGHEST

TYRIZIN0 Y004

(Conti

P-alLK
MG/L

0.¢10
0650
Ca640
0.c10C
0.040
C.035%
0.180
0.300
0.150
O.160
Q.770
0.560

0362
0.264
C.300
00035
0.770

nued )

ALINITY
AS CRCC3
O.u

.
[+

o000 DOoOO0OWwWCOOO
o
o

CcooCcOoOOOCoO

AMMONT 2
NITROGEN
MG/L N

M-ALKALINEYY
MG/L AS CACO3

NITRiYE
NITROGEN
MG/L N
0.024
C.C20
0.02¢
c.028
0.024
C.C60
0.085%
C.C71
0.028
0.021
0.021
0.022

0.033
C.C1lE
0.024
0.020
0.071

1¢5.000
175.000
169 ,0CC
115.G60C
152.00C
124,000
118,000
144.0C0
96.000
124,000
139.C00

135.000

136.067
23.735
135.00C0
¥6.000
175.000

NIYRATE
NITROGEN
MG/L N

1.08C
0.320
G.32C
O.060
C.380
1.090
0.690
0.870
Ge390
C.340
G350
0.62C

0.59¢
C.288
Out20
0220
1.C9C

S1TE Y-2F
CISSOLVED
CRIHCPHUSPHATE TLYAL DISSCLVED FIt
PROSPHOKL S PrUSPHRORUS R
®G/L P mG/L P
0.110 Cel150
CelCC Lelal
C.0%0 -1.00C
U.CL0 0.060
0.004 c.cLe
Q.0RC €090
L.1l0 Cel5C
C.10C c.110
n.Gr0 C.16C
C.C2C Ce60C
C.0tC ~1.C00
0.0&C 0.100
C.077 C.1%2
0,03¢ C.l63
C.CEC C.110
Ca00u 0.01¢
CellcC O.000
DISSCLVED
CONDUCTIVITY CAYGEN
P UMNOS/7CM mC/7L
1.7C0 553.000 10.30¢C
7.600 4£5.000 S.800
T.600 468,000 11.3C0
8.000 364,000 S.500C
8.50C 561.00C 12,300
8.10C 44C . 0CC 7.600
8.0CC 375.00C t.7CC
8.2CC 490.000 ¢.50C
8.000 330 .CC0 7.00C
2,200 “0%.000 10.000
8.500 435.000C 11.600
2,00C 500.000 10.8C0
8.032 49 0e? $.500
Cel9S T2.13% 1.9F%
6. 00C “65,000 10,000
76010 330.CCC 5. 700
8.5CC sel.C00 12.3C0
NOTE: =1.C00%S ART ™MISSING VALUES

TERABLE
ES10ut
MG/L
28C.C00
300,000
260 .GC0
250,900
340.000
32¢.C00
236,000
200,000
190,000
220,000
c20.000
<5C.0C0

2%5%.000

4T.194
50,000
190.000
350.G00

TUREIDITY
JTu
3.000
3.00n
3.C00
10.000
1L.00C
20.000
T.5C0
15.000
2%.000
15.000
1C.LCC
3.000

10.37%
T.234
1C.C0C
3.000
25.000

1978 FRCE ¥

NONFILTERAESLE
RESILUE
MmGsL
3.e00
t.c00
2.200
21.000
«0.000
“%.000
35.000
39.000
57.000
3£.000
20.000
B.CC0

2¢.383
18.674
35.000

24200
57.000

TERFERATURE
CEGREES (
3.000
3.600
“«.000
5.5C00
17.000
21.500
«C.200
24.0C0
20.0C0
11.000
$.000
4.000

11.517
‘ .366
11.000
3.000
{4000
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FULL FACTICRIAL AN? YS1S CF VARIANCE

Table 1.1-2 (Continued) {0 MISSING VALUES HAVE BEEN ESTIMATeD )

MpLKALINITY MGZL AS CACC3 1976 PaGE 10
PLANT EFFECT
ASGLVE BELCW
STATIONS X-1 ANG -1 STATIONS Y=-2 AND (-4
LEPTH EFFECT DEPTH EFFECT
c0DTTOM TOF BCTTOM e
JAN 162.000 x-1 165.000 x-1 165.006 v=2 164,000 Y~2
176,000 B=1 LEi.00C 2-] 170.0C0 C-4 166.000 C-4
FEB 170.000 x-1 173.000 X-1 175.00¢ y-2 171.006C Y-2
192.0C0 &-1 1£2.C0C &~} c 170.00¢ -4 173.000 (-4
MAR 162.000 x-1 167.000 x-1 169,000 Y=z 162.06C ¥-2
167.G00 B8~1 156.000 B-1 165.C00 C-4 165,009 (-4
APR 115.000 x-1 117.000 x-1 115.00¢ Y-2 114,000 Y=-2
94.G00 8-1 90.000 B-1) 106.00C C~4 i0E.G00 C~&
Ay 131.000 X~} 129,600 x-1 % 132,000 ¥=-2 134.000 7-2
122 .000 €-1 122,000 B-1 - 125.000 C-4 124.0C2 C-4
JUN 124.000 x-1 121,005 x-1 124.00¢ Y-2 124.000 ¥Y-2
120,060 b=1 118,000 8-) 120.000 C-% 122.000 C-4
JLL 122.000 x-1 120.0C0 x~1 c 118.00C v=2 121,000 ¥-2
101.000 B-1 100.000 8-1 111.000 C~4 132.0C0 C-%
AUG 112.000 x~1 139.000 X-1 1644.000 Y-2 153,000 Yv-2
152.000 b-1 151.000 &-1 146.000 C-4 140,060 C-4
SEP 9%.000 X-1 99,00 X-1 96.00C Y-2 95.000 Y-2
115,000 B-1 112.600 &-1 B 105,000 C-4 162.00C C-4
oct 134,000 X-1 11%.000 x-1 124.0C0 Y-2 131,008 ¥-2
135,000 B-1 125,000 &-1 m 135.06C (-4 139.06C C~4
NV 119,000 x-1 128.000 X~1 139.000 Y-2 136.000 v-2
130.000 B-1 131.000 B~1 133.000 C-4 130.C00 C-4
LEC 142,000 X-1 142,000 x-1 z 139.000 v-2 142.00C ¥Y=2
142.000 B~} 143.000 B-1 14C. 000 C-4 139,000 C-4
PLANT TOTAL 6493 ,000 P 4530 .006
AVERAGE 135.271 F 136,042
BOTTOM (o3
DEPTH TCTAL 6502,000 £515.000
AVERAGE 155.583 135.729
ANCVA
SOURCE D F SUM CF SQUARES MEAN SQUARE F-5Ta1
MONTH ite 51116.2813 4646.3347 T1.1321%e
PLANY ) 14.2604 14,2604 0.2183
MONTH X PLANT 1ke 544, 8646 49,5331 C.7582
DEPTH is 0.5104 0.5104 0.0078
MONTH X UEPTH il 136.114¢ 12.3741 0.1694
PLANT X UEPTH S 1.2604 1.2604 0.019%3
ERRUK 59, 3054, 2646 65,3282
TOTAL 94, 55667 .0563

* SIGNIFICANTY ( 95 % CONFIDENCE LEVEL )
*% HIGHLY SIOGNIFICANT { 99 T CONFIUENCE LEVEL )
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1978 vaiGE <
FULL FACTORJTAL ANALYSIS CF VAR TARTE

Table 1.1-2 (O »TSSING VALUES HAVE BEEN ESTIMATE. )
P=RLEALYNITY MG/L &S Caco?

PLANT EFFECT
ABOVE

STATICNS X~1 AND E-1
CEPTH EFFELT
BOTIOM

BELTw
STATIOUNS Y-2 anND C-4
DEFTH EFFCCT

ce 80TTOM™ 10#
JAN C.0 x-1 0.0  x%-1 0.0 Y-2 9.0 ¥-2
C.0 B-1 0.0 B-1 0.0 (-4 0.7 C-4
FEB 0.0 x-1 0.6 x=1 0.0 v¥-2 G.0 Y-Z
0.0 8-1 0.0 B8-1 2.0 (-4 Gl L6
MAR 0.C x=1 0.0  x-1 0t ¥-2 €D V=2
0.0 e-1 0.0  B-1 GO0 (b 0.8 C-% ‘
APR GG X1 0.0  X-1) GG ¥-2 C.0 ¥-2
0.0 B-1 0.0 B-1 0.0 C-4 0.6 C~&
MAY 2.000 Xx~1 9.0C0 Xx-1 0.0 Y-2 £.006 ¥=2
0.0 B-1 0.6 B-1 0.0 (-4 N0 (-4
JUN 0.0 x-1 0.0 X-1 3,000 Y-2 Cok  ¥=2 z
.0 B-1 0.0 B-1 0.0 C-4 0.0 {-%
Jut 0.0 Xx-1 0.0  x-1 0.C ¥-2 0.0 V-2 AT
0.0 B-1 G.0 B-1 0.0 C-4 0.0 C-4
AUG C.0  X-1 0.0 Xx=1 0.0 Y-2 Be0 Y=z c“,
0.0 B-1 0.C 8-1 0.0 (-4 0l T4 o
SEP 0.0  X-1 0.0 X-1 0.0 Y¥-2 0.0 Y-2 [
0.0 8-1 0.0  8-1 0.0 C-o 0.0 (-4 =
oct 0.0 X-1 0.0  X-1 0.0 ¥-2 0.0 Y-2
0.0 8-1 0.0 B-1 0.6 C-4 0.6 - C4
NGV 0.0 X-1 2.00C x-1 0.0 Y-2 0.8  ¥-2 @
0.0 B-1 0.0 €&-} 0.0 C=4 0.0 (-4
DEC 0.0 X-1 0.0 X=1 0.6 v¥-=2 .0 ¥-2
0.0 B-1 0.0 B-1 0.0 C-4 Gl C-4 P
PLANT TOTAL 13.000 £.000 e
AVERAGE G.271 C.167 c
EOTTOM cp
DEPTH TOTAL 5.060 16.000 °
AVERAGE C.104 G.333 i
ANDOVA
SOURCE L F SUM OF SQUARES MEAN SCUARE F~STAl
MONTH 11. 29.0313 2.6392 2.4671%
PLANT 1. 0.2604 0.2604 O 26434
MONTH X PLANT il. 5.0646 0.5331 0.4984
DEPTH 1. 1.2604 1.2606 l.1782
MONTH X DEFTH 1. 18,3646 1.669% 1.5607
PLANT X DEPTH L 045104 G.5104 C.e771
FERCR 59, 63.1144 I .Ce97
TCTAL S5 116.,4067%

* SIGNIFICANT ( 95 § CONFICENCE LEVEL )
% HICHLY SICNIFICANTY [ S ¥ CONFILENCE LEVEL )
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Taovle 1.1-2

JAN

LELY
APR
MAY
JUN
JUL
AUt
SEP

ocy

PLANT

{(Continued)

TOTAL
AVERA

MUNTH
PLANT
MONTH
UFPIH
MONTH
PLANT
ERArR
FTOTAL

GE

STa

L1110
Uel&l
Jel54
0.140
\-.IQO
G.120
Celll
C.28(
<070
0.024
vaD286
U 0RO
0.100
C.l190
0.120
CellO
0.120
0.110
CeldC
0.060
C.070C
0.101
0.100
0.100
C.110

LEPTH

SCURLE

X

x
x

PLANT

DEPTH
DEPTH

ABUVE

FULL FACTICRIAL ANALYSIS
{15 MISSING

VALUES HAVE bE

CF VARIANCE
EN ESTIMATED )

TCTAL OISSOLVFD PHOSPHURUS MG/L F

TIONS X=1 AND g~-1
DEPTH EFFELT

~
X~

U B

B I B

L B L B ) | ! )
B e e B G e e B e e R e e e b e e e g

T 2 U0 X 0P X (D > (0 X O M @ X O M ™MNO N0
! '

5049

0.105
012
AVERAGE

PLANT EFFECY

1op

D.13C X~1
0.200 R~}
0.110 X~}
0.150 8-)
Cel2C X~1
0.120 B8-1
0.080 Xx~1
C.07C B~1
0.U1% X~-1
.C28 B-1
0.CRO x-1}
0.090 B-~1
V170 Xx~1
0.120 B~1
0100 Xx=)
0.140 R~}
OeilC Xx-1
0.130 b~1
0.060 X~1
0.080 B-1
0.083 x~)
0.108 B8-1
0.100 x-1
0.120 B8~1

BOCTIOM

5637

0.117

STATIONS
LEP
BOTIOMm
C.15C
O.120
0s14C
0.140
C.l84
O«118
0.000
G.C70
C.016
V024
0.0%0
0.090
0.150
0.1a0
0.110
0.120
0.100
0.120
0.86C)
0.070
O.l48
0.102
0.100
0.11C

' R
NP NPNENEANININEINNERENENDNPN

|

L I | | L A L )

Ll Aol Sall Eal Sl ol SRl Sl B B 0o I . W g e
]

ANCVA

SUM CF SQUARES

G.1210
0.003%
0.0348
0.0033
C.C302
0.0035
Q.1B88
0.383%

MEAN SQUAKE
0.011¢
0.0035
0.0032
0.0032
0. 0027
0.0035%
0.00&2

* SICNIFICANT { 95 % CONFIDENCE LEVEL
s HIGMLY

SIGNIFICANT |

69 € CUNFIODENCE

FELOW
¥=-2 AND C~
Te EFFRLCT

5.658
C.118

F=-STATY
2.5910C*
Ce9094
0.74%8
O.7854
O.b466
D.E2R]

)
LEVEL )

1978 PALE

y
ENENEN P

]
S

|
sNBPRPINIENEPENEIENS N

a2
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Table 1.1-2

JAN
FEE
MaR
APR
®ay
JUN
JUL
ALG
Sep
ocy
NOV
DEC

PLANT 10TAL

AVERA

MOUNTH

PLANT

MONTH

DEPTH

MUNTH

PLANT

ERRDOR

TOTAL

Continued)

STa

B0OVTU
U. 140
O.140
C.0E0
Uel00
C.07C
0.100
0.060
C.04C
0.008
V. 009
0.G70
C.090
O.140
0,090
C.090
C.070
C.070
0.100
0.020
0.020
C.0060
0.080
0.060
0.100

GE

DEPTH

SOURCE

X PLANT

X UEPTH
X DEPTH

FULL FACTCRIAL ANALYSIS CF VARIANCE
O MISSING VALUES MAVE BEEN ESTIMATED )

N1SSOLVED ORTHOPHCSPHATE PHORPHORUS MG/L P

AECVE
TICNS X—~1 ANDL E-1
CEPTH EFFECT

PLANY EFFECT

BELOwW
STATIONS ¥-2

AND C~

CEPTH EFFECY

S

L Top BCTTCH TO¥P
LE | 0.120 x-1 0110 Y-2 0.1%0
8-1 0.1640 B~1 0.150 C-4 0.13C
Lo | 0.090 x-~1 C.lC0 Y-2 0.100
e-1 D.110 B-1 0.100 C~-4 C.100
x-1 0110 X~} 0.09C v-2 0.1C0
e~} 0.100 B-] 0.070 C-4 C.08C
X-1 0.040 x-1} 0.050 v-2 0.060
gE-1 C.C50 &-~1 0.050 (-4 G050
xX=1 0.001 x-1 0.00& Y¥-2 0.00%
8-1 0.012 g~} 0.0086 C~4 0.00%
X-1 0.07C x~1 0.08BC Y-2 C.090
E-1 0.GP0 B-1) 0.080 (-4 G.050
x=1 0140 x-1 0.110 Y¥-2 G.l40
B-1 0.09C E~1 C.100 C-4 0.090
x-1 0.090 x-1 0.100 v-2 0.080
B-1 0.C70 B8-1 C.07C C-4 0.07C
x=1 0.070 x-1 0.0%6 v-2 C.070
B-1 0.100 6~1 0.C8%0 C-4 c.070C
X-1 0.010 x-) 0.02C v-2 0.020
B-1 0.030 -1 0.020 C~4 ¢.030
X-1 0.03C x~-1 0.06C Y-2 0.060
B8-1 0.080 B8-1 C.060 C-4 0.07%
x=1 0.080 x~1 0.08C Y-2 0.070
8-1 0.080 B~ 0.090 C-4 0.080

2 .602 ARY-1-14
C.078% 0,075
BEOTTOM
ToTAL 3.578
AVERAGE C.075
ANC VA
b F SUM UF SQUARES PEAN SCQUARE F=57A0
11. O«.115¢ 0.0103 L5.2125%
ls C.C000 0.00C0C 0.0240
11. G.0008 0.0001 0.33%2
ie c.c000 0.0000 C.0335
il. 0.0008 C.0C01 0.3274
ls t.000C 0.0000 D.1444
59, 0.0124 0.0002
9c, 0.12718

* SIGNIFYrANT | 95

=% HIHMLY

SIGNIFICANT

T CONFIDENCE LEVEL )

{

S T CONFIDENCE LEVEL

)

POOR ORIGINAL
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Table 1.1-2

JAN
FES
MAR
APKR
MAY
JUN

JuL

DEC

PLANT

TCTAL
AVERA

MONTH
PLANT
MONTH
DEPTH
MONTH
PLANT
ErRO%
TOTAL

STATIONS X~1 2ND B~1]
CERPTY FEFECY

*rOTTO
2400
22.¢00
12.000
7.200
¢»EB00U
2200
12 000
36.00C
59.000
26.C00
4v.000
54.000
24.000
45 .00C
315.000
60.000
34.000
240.000
48 .0LC0
30.000
10.000
20.00¢C
4.000
4,000

GE

DEPTH

SCURCE

X PLANT

X CebPlh
X DEPTH

(Cont inued)

AFOVE

~

I i 1
-

XXM N ® N T X
R i

LI |

Y3 &t 43

|
Bl e e S e

XXMM DMW XD DN
)

147G.000
30.625

T01AL
AVERRAGE

FULL FACTORIAL ANALYSES OF VARIANCE
t O MISSING VALUES HAVE SEEN ESTIMATED )

NONFILTERABLE RESIDUE MG/L

PLANRT EFFECT
BELCH

STATIONS Y=2 AND C-4
CEPTH EFFECT

Tow EOTICM e
3,600 x=1 3.800 Y-2 1.800 y¥=2
4.200 8-1 2.600 C~4 3,200 C~&
6400 X-) 6,600 v=2 $.200 v-2
6,000 8-1 6.80L C-4 S<800 C~4
3.600 Xx~1 2.20U0 Y=2 2.600 Y=2
2.40C E~) 2.000 C-4 1.800 C~4

13.000 x-1 21.000 ¥-2 20,6060 v=2
34.C00 8-} 25.000 C-4 23.000 C-4
24,000 X-) 40.00C v=2 29.000 Y=2
<5.000 B-1 33.000 (-4 24.000 C-4
39,000 x-1 49.000 Y~2 36.000 Y-2
4%,00C B-1 49,000 C-4 32.60C (-4
25.000 x-1 35,000 v-2 2%5.000 v-2
39,000 B-) 44,000 C-4 42,000 C-4
32.000 x~-1 39.000 Y-2 53,000 v-2
42.000 B-1 31.000 C-4 26,000 C~4
21.C00 X-1 57.006 Y-7 44,000 Y-2
$4.000 b-1 90.000 C-4& 65,000 C~4
264.000 -1 35.000 Y-2 27.000 v=2
18.000 #-1 22.000 C-4 21.0C0 C-4
16.000 x-1 20.00C v-Z 18,00C Y-2
18.0C0 8~1 17.000 C-4 16.000 C-4
4,000 X-~1 8.,00C v=2 3,700 Y-2
3.000 E~1 2.000 C-4 4,0M0 (-4
1150.200C
23,963
ECTTOM T0P
1492,800 11264400
2r.121 23,687
ANOVA
CF SUM OF SQUARES MEAN SQUARE F-tTAY
1l. 526491.8612 4T71.98L 14 11,2649
le 1065.3338 1065.3228 245152
s 4722.6112 429.3283 1.0126
| 1406.0704 1406.0704 3.319%
11. 1660 . .546 150.9595 0.356%
e 103.7504 103.7504 CaZ449
“9, 24990 .0%546 423.5602
95, B&440.2362

JAGNIFICANY ( 95 % CONFIDENCE LEVEL )
&% HIGHLY SIGNIFICANT ( ©9 T CONFIDENCE LEVEL

)
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FULL FACTORTAL ANALYSIS OF VAR JANCE
Table 1.1-2 (Continued) { C MISSING VALUES MAVE EEEN SSTIMATED )

FILTERAELE RESICUE MG/L 1978 PAGE 13

PLANT EFFELCY

ABOVE BELOw
STATIONS X=1 AND B-1 STATIUNS Y-2 AND C~&
DEPTH FFFECY DEPTH EFFECT

BOTTOM 1cP BOTTOM 100
JAN 290.000 x-1 280.00C X-1 280.000 Y-2 280,000 Y-2
306.000 8-1 320.000 8-1 290.000 C—4 300,006 C~%
FES 330.000 X-1 100.000 X-1 300,000 Y-2 340,000 Y-2
350.060 B-1 350,000 8-1 3Cu.000 C—4 300.060 C-o
mAR 256,000 X-1 270.000 x-1 260.000 ¥-2 260,000 ¥-2
260.000 B-1 270.000 8-1 260,000 C-4 240,006 C-4
APR 250,000 X-1 250.00C X-1 250,000 Y-2 250.000 Y-2
200,000 &-1 190.006 -1 240,000 C—4 230.000 C-4
may 316.000 X-1 310,000 X-1 340,000 Y-2 320.000 Y-2
310.000 B-1 330,000 B-1 300.00C C~% 300.000 C~4
JUN 330.000 X-i 320,000 X-1 320.000 Y-2 320,000 Y-2
310.000 B-1 310.00C B-1 330.000 C-% 326.000 C-4
JuL 240,060 x~-1 240,000 X-1 230.000 Y-2 240,000 v-2
210.000 8-1 210.000 B-1 230.000 C~% 190.000 C-&
AUG 250.000 x-1 240.000 X-1 200.06C Y-2 270.000 Y-2 d
260.000 8-1 250,000 8-1 250.000 C~4 260,000 C-4
SEP 200,000 X-1 190.000 X-1 150,000 ¥-2 190,060 ¥-2 <
226,000 B-1 230.006 B-1 220,000 C-4 220.00u C-4
octT 210.000 X-1 220.000 Xx-1 220.000 ¥-°? 220.000 Y-2
220,000 B-1 210,000 B-1 220,000 C-4 220.C00 C-4
NOV 2306.000 x-1 210,000 X-1 220,000 Y-2 230.000 V-2 Py
210.000 8-1 210.000 B-1 220.000 C-& 210.000 C~4
DEC 240.000 X-1 220.000 X~1 250,000 Y~2 250.000 Y~2 G
240.000 B-1 250.000 £-1 249,000 C-4 246.000 C-4
AREE
PLANT YOTAL 12390.000 12340.000
AVERAGE 258.125 257.083 =
BOTTOM 100
DEPTH T0TAL 12370.000 12360.000
AVERAGE 257.708 257.500
ANCVA m
SOURCE D F SUM DF SQUARES MEAN SQUARE F-STAY c
MONTH 1. 162411.4583 14764 .6 780 49 .6T46%%
PLANT 1. 26,0417 26 0411 0.087¢ c
MONTH X PLAND 1. 253544583 230.5871 C.7758
DEPTH 1. 1.0617 1.0417 0.0035
MONTH X DEPTH 18e 611.4583 55.5E71 C.1270 m
PLANT X DEPTH 1. 26.0417 26,0617 0.0876
ERACR 56 17536.4583 297.2281
TCTAL 9% . 163148, 9563
* SIGNIFICANT | §5 T CONFIDENCE LEVEL )

*% HICHLY SIGNIFICANTY ( 99 T CONFIDENCE LEVEL )
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FULL FACTORIAL ANALYSIS UF VARIANCE
{ O MISSING VALUES MAVE BEEN ESTIMATED )

Table 1.1-2 (Continued) NITRITE NITRUGEN MC/L N
1978 PAGE 16
PLANT EFFECT
Aplvi BELOW
STATIONS X-1 AND &-1 STAVICNS Y-2 AND C-4
DEPTH EFFELY UEPTH EFFECY
BOTTOM™ TOP BUOTTIOM 106
JAN 0.021 X~] 0.011 x-1 Ce026 Y=2 G.021 Y=2
GeUls E-1 0.020 E~1 0.624 (-4 0024 (=4
FEB 0.013 Xx-i 0.013 x-1 0.020 ¥=2 CeC13 ¥=2
tel2C B-1 0.013 -1 0.01% C~4 0.012 C~4
MAR 0.016 Xx-1 0.018 Xx-1 0.024 v=-2 0.024 ¥-2
0.018 E-1 0.019 8-1 G.C18 (-4 G023 C-4&
APK 0.033 x=-1 0.032 X~ 0.0256 Y=2 0.03C Y-2
0.020 B-1 0.01% B-1 0.026 C~4 0.026 C-%
MAY C.024 x~1 0.026 Xx-1 0,024 Y~-2 £.022 ¥-2
0.022 B-1 0.022 b-1 0.022 C-4 C.022 C-6 d
JUN 0.060 x-1 0.070 X-1 0.060 Y-2 0060 Y-2
0.0%0 B-1 0.040 B-1 0.0%0 C-4 C.08C C-a <
JuL 0.62C X~-1 0.059 x-1 0.0%5 v-2 CeCET ¥=2
0.042 8-1 0,040 B-1 0.C52 (-4 C.C42 C-%
AUG Co740 X-1 0.C72 x-1 0.071 Y-2 0,060 Y-2
L0786 B-1 0.C70 B=1 0.068 (-4 0.068 C-4
SEP 0.020 x-1 0.02% X-1 0.028 Y-2 0.02% Y-2 e
G063 E~) 0.040 B-1 0.038 C-% 0.038 C-4 ‘;
ocy 0.020 x-1 0.020 X=-1 0.C21 Y=2 0.u20 Y-2
0.022 8-1 0.022 B-1 0.022 C-4 0.021 C~4 VY
ANOV 0.021 X~1 0.019 X-1 0.021 Y-2 0.02% ¥-2
C.021 B-1 0.021 B~} C.0c2 C-4 0.021 (-4 =
DEC 0.009 X-1 0.010 x-1 0.022 Y-2 0.023 Y-2
0,010 B-1 0.010 8-1 0.011 C-4 0.011 C—% e
PLANT TOTAL 2.T7¢6 1.512
AVERAGE UelSE 0.031
ECTICM 10P r,_
LEPTH TOTAL 2.829 1.456 o
AVERAGE C.05% 0.030 @
X3
’,
SCUKRCE D F SUM CF SQUARES MEAN SQUARE F=STAT :‘L
MONTH 1) P 0.17¢1 0.0162 2.0281%
PLANT le C.Clb6 C.01606 2.08%2
MONTH X PLANT 2. 0.0831 0.0076 0.9463
DEPTH s 0.0156 0.0196 24696
MONTH X CEPTH 1l. 0.0E1S 0.0074 (.9284
PLANT X DEPTH l. 0.015%¢ 0.018¢ 2.3365
ERROR 59. 0.4709 0.0080
TCYAL % «EH84

* SIGANIFICANT ( 95 T CONFIGENCE LEVEL )
*¢ HIGHLY SICNIFICANT ( S T CONFIDENCE LEVEL )
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Table 1 1-2

JAN
FEB
MAR
APKR
MaY
JUN
JuL
AUG
SEP
oy
ANOV

DeC

PLANT

TOTAL
AVERA

MONTH
PLANT
MONTH
DEPTH
MONTH
PLANT
ERRCR
TCYAL

(Continued)

GE

ABOVE

FULL FACTCORIAL ANALYSIS OF VARIANCE
( O MISSING VALUES WAVE EEEN ESTIMATEC )

AMMONTIA NITROGEN MG/L A

STATIONS X~-1 ~AND B~}
DEPTH EFF 7T

EQTTD
O0.720
U740
0.780
0.950
C.680
0.700
C.180
C.260
C.060
0.160
0.280
0.330
Cel40
0.190
0.290
C.450
0.270
C.350
0.320
Ce.380
0.380
0.400
0.700
0.640

DEPTH

SOUKRCE

X

Al
ks

PLANT

DEPTH
DEPTH

~

|

UL S D A A A A
B e G ot ot et g Bt et e B e et B et et e e

X O MM x 0 X XX ®XDE XEMDMXIIE D>
1

«0.370
C.424

"TAL
AVERAGE

1ce
0.60G0
0.810
0.840
0.950
0.780
0.676
0.140
0.240
0,040
0.1860
Q0.490
0.200
0.140
0.160
0.230
C.b40
0.2¢0
0.34C
0.28C
0.33C
0.180
0.460
0.670
0.680

PLANT EFFECT

F 1% 2403 400 3

XM DMO®ME>WNMW~XDENmweems®x®x
{
B B et et e e B e gl et et et e et et B e e e

BCTICM

* SI

% HIGHLY SIGNIFICANY

15.655
0406

SuUM CF SQUARES

5.271¢
0.0378
0.0625%
0.0024
0.0643
0.000%
04361
£.5811

STATIONS
DEP
BOTTICM
0.61C
0.7C0
0.650
0.240
0.640
0.680
0.210
O.180
0.040

PSS ELE D
rdNvbNENMN

(O LO SO <O <€
i

(=]
.
—
-
1
L I

U LU

o

.

w

-

©
N AL AN LOLCON LSOO =

i
ENEPENEPNINSINONEPENEPT T

ANOVA

MEAN SQUARE
0.4882
0.0278
0.C06¢
0.0024
0.0058
0.0005
0.0C74

GNIFICANT ( 95 % CONFIDENCE LEVEL

( 99 ¥ CUNFIDENCE

BELOW
Y-2 AND (-4
Th EFFELT
T0p
C.660
G.£80
0.940
0.880
0.600
0.680
O.230
0.170
C.040
0100
0.240
0.200
0.160
Calbl
0.230
0.400
0.24C
0.280
0.130
0,240
0.220
0.440
0.5%0
0.740
18.465
0.385
1
F-STal
66.06249%s
S.11410
O.3180
Cs7912
C.0713
)
LEVEL )

RERE R R

[ Sl FalR o Sall Sal Sl Fal Sal Jak ol ol
|
ENENEIENEINENPNEIENINETENENEIENEN

PGOR ORIGINAL

0P
9.1860
CaeCO
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Table 1,1-2

JAN
FE®
MAR
APR
MAY
JUN

JuL

PLANT

TOTAL
AVERA £

(Continued)

STA

BOTIO
T.600
75600
1.40C
T.¢00
1.400
T.500
8.500
1.500
2.500
t.200
E.C00
8.100
T.900
7900
£.200
6.C0C
1.600
7.700
8.200
2.000
8.500
8.300
2.000
8.00C

D' PTH

SCuURCE

MONTH
PLANT
MONTH X
OEPTH
MENTH X
PLENT X
e R
TOTAL

PLANT

CEPIH
DEFTH

rULL FACTCRIAL ANALYSIS CF VARIANCE
( O MISSING VALUES MAVE BEEN ESTIMATEL )

Fh

PLANT EFFECT

ABCVF
TIONS X~-1 ANC B~} STAVTICNS
DEPYR EFFLLY 91 34
g ToP BOTTOM™
X-1 T.700 x-1 T.700 Y=2
t-1 1.600 E~) T.700 C~4
x=1 T.400 x~1 T7.6C0 ¥=-2
e=3 T«6C0 E~1 T.50C C~4
X~ Te4UU X~} T€00 7~2
g-1 T.500 8~-1 T500 C-4
x~1 8.000 x~1} 8.000¢ v-2
8-1 T.8CC B~1 8 .C00 C—-4
xX~1 8.700 x-1 B.500 Y-2
8-1 £.300 b~1 E.400 C-4
x=1 ealO X~} B.,100 Y-2
E~-1 8.000 &~} €.100 C~4
-1 TSC0 ¥=] 8.0C0C Y-2
B~1 71.800 A-1 7.590C C~4
xX=-1 #.3C0 x~-1 8.20C Y-2
8~-1 9.30C B-1 8.200 C-&
-1 T. 700 x~1 E.OCC Y-2
g-1 T.700 8~1 7.800 (-4
x=1 8.300 X-1 8.200 v-2
E-1 8,000 b-1 2,100 C-4&
X-1 3.700C x-1 R.50C ¥-¢
8-1 8.300 b-1 8.300 C~&
X-1 8.000 X-1 8.0C0 Y-2
8-1 e.00C 6~1 8.000 (-4
28] .SC0
T.95¢
ECTICM
TCTAL 3R2.600
AVERAGE T.971
Ar VA
D F UM CF SQUARES MEAN SQUARE
il 92708 UB428
| 0.CE04 C.05C4
1. O.1621 0.0147
1. 0.0067 C.CCe7
11. 0.160P C.0l4e
le 0.0L04 C.0004
% 1.0C71 0.0171
$%. 1C.0583
* TIGNIFICANT {t 95 2 CONFIDENCE LEVEL
% pIGHMLY SIGAIFICANY ( 99 ® CONFICENCE

EELDw
Y-2 AND C~-
Th ErFECT

364,100
8.002

F=ST1aT
L5.275€En
249537
0.6632
C.2808
D.85¢E6
O.Ccéb

LEVEL )

.

ioe
7.6CC
7.7C0
T.600
1.200
1.600
T.40CC
5.000
7.920
2.6CC
2.400C
8.200
8.10C
8.000
T.80C
f.400
ELil0
€.100
7.800
8.400
8.200
P.500
8.3C0
£.0CC
E.000

363,400

'-

LN AN B DR N D A |

i

P t
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i
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|

0¥
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Table 1..:-2 (Continued) FULL FACTURIAL ANALYSIS COF VARTANCE
0 ®ISSING YALUES HAVE EEEN =STIMATED )
NITRATE NITRCGEN MC/L N 1978 PAGE )V
PLANT EFFECY

A50VE BELOW
STATIONS X~i AND 8-1 STATIONS Y-2 AND C-4
D PIF EFFELT CEPTH EFFECT
BOTTOM ToP FCTTOM we
JAN 1.040 Xx-1 0.$20 X-1 1,040 Y=2 1.C10 ¥=2
1.010 &-1 1.U80 B-1 1.160 C-4 1.120 C~4
FEB 0.320 X-1 6,670 X-1 0.38C Y-2 C.410 V-2
0.3:0 B-1 039G B-1 0.41C C-4 0.350 C~&
vag Ce310 X=1 0.39G x-1 0.320 Y-2 €300 Y-2
0.920 -1 0.280 B-1 0.320 C~4 6.290 C~4
APR Go730 X-1 0.890 x-1 0660 Y¥-2 0.770 Y¥-2
0.640 8-1 0.68C B-1 04620 C-& 0.L26 C—4
MAY 0.390 X-1 0.260 X-1 0.380 ¥-2 1.370 v-2
0.310 B-1 1.330 6-1 360 C-4 Ce150 C-4
JUN 1,020 X-1 1.070 X-1 14296 ¥-2 1,260 Y=-2
1.090 -1 1.180 8-1 1.0et C~4 1.050 (-4
JuL Cab00 X~1 0.630 X-1 0.690 Y-2 0.62C Y-2
C.55C B-1 Ue6S0 B-1 04520 C-% 0.480 C-4
ALG 0.820 X-1 0.820 X-1 C.870 Y-2 Ce980 Y-2
0. 76C E-1 0.750 B-) 0.200 C-4 0.790 C-4 d
SEP U.380 X-1 0.350 x-1 0.3%0 ¥-2 0,406 Y-2
C.38C B-1 0.360 B-1 0.28C C-4 0.260 C-%
(R | 0.420 X-1 0.320 x-1 0,360 Y-2 CeeGO0 Y-2
0.310 B-1 0.310 B-1 0.320 C-4 £.330 C-4
AOV 0.320 X-1 0.36C X-1 04350 Y-2 0.520 v-2 z
0.320 B-1 0.32¢ B-1 0.37C C-4 0.30C C-
DEC G.570 X-1 0.560 X-1 0.620 y-> 0.640 Y-2 S ]
0.570 B~1 0.540 B-1 U.560 C-4 0560 (-4 g
PLANT TOVAL 2%.110 29.236
AVERAGE Cab606 0.5609 —
BOTTO™ 0 g
DEPTH 107TAL 78,250 20,090
AVERAGE o C.627
o & —
SOURCE b F OF SQUARES MEAN SCUARE F-STAT
MONTH 1. 6.2696 0.5700 19.278Ce @
PLANT i. 0.0001 0.06C1 0.0051
MONTH X BLANT 1. 0.1038 0.0094 0.318%
CEPTH 1. 0.0353 0.0352 1.1928
MONTH X DEPTH 1. 0.3961 0.0360 1.2180
PLANT X DEPTH l. 0.0012 0.0012 0.0407 ﬁ-
ERROK 55, 17644 0.0296 =

TOVAL S5, 8.5503

® SIGNIFICANTY { S5 % CONFIDENCE LEVEL )
** HIGHLY SIGNIFICANT ( 96 % CUNFIOENCE LEVEL )
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Tab » FULL FACTORIAL ANALYSIS OF VARIANCE
able 1.1-2 (Continued) (O MISSING VALUES HAVE BEEN ESTIMATED )

COMNDUCTIVITY UMKOS/(M™ 19786 FACE 1§

PLANT EFFECT
ABOVE

STATIONS x~1 AND B-1
DEPTH EFFECT
BOTTOM 108

FELCW
STATICNS Y-2 AND (-4
DEPTH EFFECT

660 91

BOTTOM ToP
JAN 580,000 Xx-1 600,000 X-1 553,000 Y-2 55£.00C Y-2
461,000 B-1 395,000 B-1 409.00G C-4 426,000 C-4
FEB 480,000 X-1 £00.000 X~1 465,000 Y-2 444,000 Y-2
500,000 ®-1 469,000 B-1 484.000 C-4 465,000 C-&
MAR 478.0C0 X-1 478,000 X-1 468,000 Y-2 471,000 Y-2
482,600 B-1 464.00C B-1 45,000 C-4 462.000 C~4
APR 366.000 X-1 386.000 X-1 366.. 0 Y-2 364.000 7-2
300.000 8-1 286.0C0 8-1 3+ 3,000 C-4 350,000 C-4
mAY 545,000 X-1 549,000 X~-1 5¢1.000 Y-2 £48.000 y-2
537,000 6-1 500.000 B-1 536.C00 C—4 55C.000 C-é
JUN 430.0060 X-1 450,000 X-1 440.000 Y-2 430,000 Y-2
430.000 &-1 420,000 B-1 430.000 C-4 430.00C C-4
JuL 385.000 X-1 375.000 Xx-1 375.000 v-2 375.000 v-2
325.000 8-1 320.000 8-1 355.000 C-4 320.00C C-4
AUG 479.000 Xx-1 479.000 X-1 490.00C Y-2 500,060 ¥-2
489,000 £-] 489.C00 8-1 490.000 C-4 5G0.000 C-4
SEP 430.000 x-1 333,000 X-1 330.00C Y-2 323.0C0 ¥-2
394.000 B-1 383,000 B-1 372.000 C-4 372.000 C-4
ocT 405,000 X-1 405,00C X~-1 405.00C Y-2 14,000 Y-2
421.000 E~1 419.000 B-1 419.000 C-4 403,000 C~4
NOV 422,000 X~-1 422.000 X-1 439.00C Y-2 434,000 ¥-2 %
422,006 B-1 422.060 B-1 441.000 C~4 439.000 C-4 o
DEC 500.000 x-1 500.000 X-1 500.00C Y-2 484.000 Y=-2 ]
50C.00C &-1 $18.000 B-1 481.000 C-4 500,000 C-4 ﬂc‘:
FLANT TOTAL 21346.000 21215.000 st
AVERAGE 44,700 441.979 ey
:‘,._'.o.
EQTTOM 100 R ]
DEPTH TOTAL 21403.000 21158.000 ¥
AVEQAGE 445,866 440,792 -:
ANCVA B}
SOURCE D F SUM OF SCUARES  MEAN SQUARE F-STal -
MONT . 349852.2813 31804.7528 26.1111%% : :
PLANT s 17€.7604 178 . 7604 0.1462 &
MONTH X PLANT 11. 2554, 8645 595,8968 0.4892 4
DEPTH 2> 625.2604 625.2604 9.5133 :
MONTH X GePTH 1. 2039.£646 185.4422 0.1522 . :
PLANT X DEPTH 1. ©29.2606 429.2604 0.3524 ‘.L
ERROR ‘5. 718653646 1218.0570 <
TOTAL 5. 431565.6562

* SICNIFICANT |
** HIGHLY SIGNIFICANT (

95 & (TONFIDENCE LEVEL !
99 T CONFIDENCE

EVEL )
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FULL FACTCRIAL ANALYSIS OF VARIANCE
{ O MISSING VALUES HAVE BEEN ESTIMATED )

Table 1.1-2 (Continued)

WATER TEMPERATURE DEGREES CELSIUS 197¢ PAGE 22
PLANT EFFECT
AECVE HELDOW
STAVIONS X-1 AND E-1 STAVIONS Y-2 AND (-4
LEPTH EEFECT DEPTH EFFECT
BOTTOM e BCTTOM we
JAN Go@  X=} 0.0  X=) 3.000 ¥-2 0.10C ¥-2
Co®Cl B-1 0.l B-1 0.B00 (-4 0400 C=4
FE8 0.0  X-1 0.0  x-i 3.000 Y-2 1.600 Y-2
0.0 B-1 0.6 B-1 0.C C-¢ 0.0 C~4
maR 2,000 X~-1 1.000 X-1 ©.000 Y-2 6.CCO Y-i
C.500 E~-1 1.00C e-1 1.000 C~4 0.5CC C-4
APK £.500 X~1 £.500 X-1 5.500 Y-2 WE00 Y-
7.500 &-1 7,000 8-1 8.000 C-4 7.500 C~4
MAY 17.060 X-1 17.060 %=1 17.000 y-2 21,600 v-2
17.000 B-1 17.306 E-1 17.000 C-4 17.C06 C-4
JUN 21.C00 x-1 214500 x-1 21.500 v-2 25.500 Y-2
22.000 B-1 22.000 5-1 22.000 ¢~ 22,006 C-o
JuL 204000 X-) 20,200 x-1 20,290 Y-2 22,000 Y-2
20.500 B-1 20.760 B-1 20,200 C-4 20,500 C-6
AUC 23.500 x-1 23.500 x-1 264000 Y=2 27.500 y-2 d
24.500 B-1 24.50C B-1 24.5C0 C-4 24,006 C-4
SEP 19.400 X-1 19,500 Xx-1 20.00C ¥-2 25.000 ¥-2 ‘
21.000 £-1 21.C0C 8-1 20.000 C-4 21.000 C-4
ocT 10,006 X-1 11,600 X-1 11.000 ¥-2 16,060 Y-2
11.000 £-1 11.000 B-1 11.000 C-& 11.000 C-4 z
NOV 3.000 X-) 3.500 X~1 5,000 Y-z 13,000 ¥-2
4.500 E-1 5.000 E-1 5.000 C-é 5,000 C—4 RN
DEC 0.0 x-1 0.0 x-1 4.000 Y~2 3,000 Y-2
G.0  B-1 GG B-1 08 % 0.0 C-6
PLANT TOTAL 508 .300 £61.300
AVER AGE 10,590 11.694
BOTTOM 106 c
DEPTH TCTAL 521,200 548,400
AVERAGH 10.7258 11.425%
SOURCE rE SUM DF SGUARES FEAN SOURKE F-STAT :
MONTH 4. 790€.2108 718.9282 122.92428
PLANT 1. 252604 26 .20C4 13.14350e : -
MONTH X PLANT 11. 18.3671 1.6667 0.7500 Qg;;,
DEPTH 1. 7.7067 7.7067 3.4616 —
MONTH X GEPTH 11. 20.25%8 1.8414 0.8271 &
PLALT X DEPTH 1. 61604 € 41604 2.7402 =
ERROR L 131.2521 2.22632
TCTAL ¥5. B121.2533

* SICANIFICANY { 95 3 CONFIDENCE LEVEL )
% MIGHLY SIGNIFICANT ( 99 T CONFIPENCE LEVEL )
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1.2 WATER TEMPERATURE AND FLOW

1.2.1 INTRODUCTICN AND METHODS

This report presents daily maximum, minimum, and average
water temperatures recorded by Resistance Temperature
Devices (RTD's) in the vicinity of the Prairie Island
Nuclear Generating Plant (PINGP). River inlet temperature
is recorded at RTDl and site discharge temperature at RTD2
(Figure 1.2-1). The RTD temperature sensors are spaced
vertically at two-foot (0.6 m) intervals, with readings
averaged by the PINGP computer and recorded hourly.

In addition, daily average site discharge flow (blowdown),
measured by PINGP perscnnel, and daily Mississippi River
flow, measured at U. S. Lock and Dam 3 are presented. Daily
average blowdown includes additional water appropriated to
compensate for cooling tower evaporation loss (approximately
38 cfs when all cooling towers and fans are operating).

1.2.2 RESULTS AND DISCUSSION

Daily maximum, minimum, and average river inlet and site
discharge temperature data are presented in Table 1.2-1 by
month., Daily average river inlet temperatures ranged from
32.3°F (0.2°C) to 81.4°F (27.5°C) during January and August,
respectively. Daily average site discharge temperatures
ranged from 34.6°F (1.4°C) during January to 85.5°F (29.7°C)
in August. Generally, daily average site discharge tempera-
ture exceeded daily average river inlet temperature by three
to five degrees Fahrenheit. Eberley (1977), however,
indicated that under certain conditions, daily average river
inlet temperature may equal or exceed daily average site
discharge temperature due to recirculation of some of the
heated water discharge.

1.3%3 276 103
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Table 1.2-2 indicates mean daily and monthly site discharge
flow (blowdown) recorded at PINGP during 1978. Daily mean
blowdown ranged from 156 to 1,023 cfs. Mean monthly blow-
down ranged from 185 to 634 cfs. Daily Mississippi River
discharge flow rates (Table 1.2-3) were somewhat atypical in
1978 due to heavy rains in late June and early July. One
result of these heavy rains and the resultant cooler river
temperatures was reduced plant intake flows. PINGP withdrew
an annual average of approximately two percent of the
Mississippi River flow (Table 1.2-4). Monthly withdrawal

flows ranged from 0.5 to 3.7 percent in April and August,
respectively.

1.2.3 LITERATURE CITED

Eberley, L. W. 1977. Water Temperature and Flow In:
Northern States Power Company Prairie Island
Environmental Monitoring and Ecological Studies
Program, 1977 Annual Report, Volume I, Minnea-
polis, MN.

276 104

102"4



3JGNcH uuon

AIMQ| HNIOOY)
(s,a18 G)"bay *duey
1e3eM abieyosiqg 92318 -
(a1 auo) *bay *dws]
&NACM 93 M IOATY - 1

Ad

i

~

G, AINE

§I18939K UT aTens hHHHHHHHHH”HHHUHu
I R s B T N
%mw )
/ .\\J
~ Wy qg &

‘3uelqd burjersusH IRSTONN PURTSI 9TITRIg 3©
SUOT3EDOT (8d1AeQ 2anjersdwe] ¢ouelsisay) qLy *1-2°1 @2anb1g

276 105

1.2-5



S A

901 972

Table 1 02-10

Maximum, Minimum, and Mean Daily River Inlet and Site Discharge
Temperatures at the Prairie Island Plant during January 1978.

OPERATING River JATERINLET TEMP Site DISCHARGE TEMP.
DATE HOURS MIN MA X AVG FOR OP MRS MmN MAX AVG FOR OP MRS
: 24 32.3 32.6 325 33.3 36.0 34.6
3 24 32.3 32.5% 32.4 33.9 36,8 35.0
e % 32.3 32.4 32.3 34.0 36.8 35.1
= 2% 32.3 37.% T 32.4 35.0 36.4 35.5
" —2% 32.5 32,6 32.% 34.0 36.5 35.9
" hia 32,5 | 32.7 32.6 35.5 38.2 3.1
o 7% 37,7 32.7 32.7 35.2 37.2 36.0
. 7% k% § 32.7 32.4 34,9 36.6 36.0
- 2% 31.9 33.0 32.3 34.7 36.5 35.5
10 I 32.9 33.0 32.9 33.2 36.5 34.9
n pIA 32.8 33.0 |  32.9 34.4 37.7 36.0
2 7% 378 7.9 32.9 35.6 37.5 36.3
" 2% 32.3 33.0 32.9 35.8 37.1 36.5
= 75 378 | 33,0 | 325 36.1 36.9 36.5
" 7% 37.9 T 330 32.9 36.0 37.5 36.5
,6 2% 7.8 i 33.0 32.9 35.7 37.6 36.6
- bIA 32.8 33,0 32.9 35.4 36.7 36.1
o 75 37.9 TTT3300 32,9 36.0 37.9 36.6
. 2% 3279 i~ 33.0 32.9 3509 37.2 36.3
e 7% 329 | 33,0 32.9 35.6 36. & 36.2
" 53 2% 32.9 33.0 32.9 35.8 38.1 36.5
pes 7% I/ | 129 329 36.1 37.8 36.8
2 24 32,8 32.9 32.9 35.5 38.0 36.6 |
2 24 32.8 32,9 32.9 35.1 42.4 37.6
25 2% 32.9 3.9 - 32.9 34,9 37.4 36.3
» | 24 32.8 33.0 32,9 34.6 36.6 35.8
27 2% 33.8 32.9 32.9 35.4 37.6 36.5
24 32.9 33 0 32.9 36.4 39.5
:: 24 32.8 33.0 32.9 36.3 38.3 373
2 24 32.9 T 33.0 w9 36.8 3911__ 38.0
g —37.8 |
3 24 32.8 | 33.0 | 329 36,2 38.9
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Table 1.2-1 (Continued). Maximuwnm, Minimum, and Mean Daily River Inlet and Site Discharge

Temperatures at the Prairie Island Plant during April 1978.

o

OPERATING RIVER “ATER INLET TEMP 1 SITE WATER DISCHARGE TEMP
DATE HOURS MIN MA X lavcronopnns MIN MAX AVG FOR OP MRS
|2 41.6 45.7 | 43.2 41.1 44.7 43.1
2 24 38,7 43.5 40.4 . 38.4 42.7 39.9
3 24 38.7 41.4 39.6 38.6 42,3 40.1
4 24 40.7 43.3 41.8 40.2 43.8 41.8
5 24 40.8 43.1 41.7 40.6 42.8 41.7
. 24 40.8 45.7 43.2 41.4 46.0 43.5
7 24 44.6 45.9 45.2 42.9 | 45.6 44.1
- 24 43.5 45.1 44.1 41.8 43.9 42.9
9 24 43.2 44,1 43.5 41.3 43,2 42.3
10 24 43.3 44,9 44,0 41.2 44.5 42.5
n 24 44,1 44.5 42.3 42.0 44.3 42.8
12 24 44,1 45.3 44 .8 42.4 46.6 43.9
13 24 43.2 44.6 43.9 41.6 43.5 42.5
14 24 44.1 45.9 45.0 42,4 4. 43.5
15 24 45.9 47.5 46.6 | 442 46.6 45.3
16 24 __ 46.7 48.5 |  47.6 44.9 47.8 46.3
17 24 47.9 48.8 48,2 46.0 67.7 47.0
18 24 46.4 48.0 47.1 44.5 47.3 45.6
19 24 45.4 46.4 45.9 44.3 45.9 44.9
20 24 44.9 45.4 45.1 43.7 45.6 44.7
21 24 44.6 48.1 46.1 43.4 48.2 45.9
22 24 46.8 49.7 48.2 45.5 50.5 47.7
23 24 48.1 49.1 48.5 . 46.7 48.4 47.5
24 24 47.9 48.6 48.1 46.7 49.6 48.1
25 24 47.2 52.2 49.1 46.5 53.9 50.0
26 24 50.1 55.0 52.2 49.9 55.8 52.1
27 24 52.0 56.2 54.0 3.2 57.7 52.7
28 24 ~33.5 57.0 35.3 53.1 58.3 55.77
23 24 55.2 57.0 56.1 54.5 57.3 55.8
30 23 54.0 57,6 | 558 52.6 58.0 55.0
k) I
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Table 1.2-1 (Continued). Maximum, Mirimum, an@ Mean Daily River Inlet and Site Discharge
Temperatures at the Prairie Island Plant during May 1978.

OPERATING

SITE DISCHARGE TEMP.

RIVERWATER INLET TEMP.

DATE HOURS MIN MA X AVG FOR OP HRS MIN MAX AVG FOR OP HRS
L 24 52.9 57.2 55 4 bt T S8.1 54.7 _
2 | 549 59.3 56,9 | 59.1 se2 |
3 24 56.6 61.5 58.8 54,7 _62.3 58.4
4 24 58.0 __6l.0 50.13 571.4 _60.7 _59.2
L] 24 56,6 60.4 58.6 55.8 623 56.7
6 24 1.4 6.4 59.1 5&£.0 61.1 SB.8 ) |
7 24 _56.4 60.4 28.3 56,9 - 60.3 57.9
8 24 55.0 56.7 56.0 55.2 58.8 56.7
9 24 54,8 56,7 55.6 54,1 57.6 5.5 |
10 24 54.8 0.1 56.5 S4.3 62.5 S5/.8
" 24 59,1 __63.4 60.8 59.9 6.1 62.2 -
12 24 60.7 63.1 62,0 61,0 6,0 62.5

_13 24 57.8 62.0 - 59.4 52.2 61.3 59.3
4 24 59,5 61.0 59.8 57.4 62,9 _60.2

15 24 59,7 62.2 _60.8 | 60.6 63.9 62,3 |
16 24 60,7 65.1 60.3 Rl S 66.4 63..&___..1.
17 24 62.8 _67.8 64.9 63.1 69.2 64.1
'8 24 65,7 _68.9 62.5 65.0 72,2 69.4
19 24 [ 69,4 67.9 68,2 73.3 70.7

20 24 65.8 69.4 67.0 67.5 73.9 69.7

2 | 24 64,3 67.8 65,9 64,8 70,8 68.1

22 24 66.3 68.4 67.5 65.3 70.8 68.7

23 24 67.4 _69.6 68,3 67.8 73.4 70.6 |

24 24 68.5 70.7 69.6 70.5 73.8 712:3

25 24 69.4 72.3 70.7 73.2 76.7 74.7

“ 24 i e s 1 S S 5 T 15.5 17.4 16.6

27 24 73.1 74.9 73.8 76,3 78.6 77.4

28 24 71.9 _24.5 73.3 16.1 18.3 11.2

29 4 73.1 5.3 | 74.3 76.9 78.8 78.0

30 24 71.1 15.2 22.8 4.3 18.8 715.8

3 24 70.1 1.4 70.8 12.5 24.5 13.1

— eSS —— =
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Table 1.2-1 (Continued). Maximum, Minimum, and Mean Daily River Inlet and Site Discharge
Temperatures at the Prairie Island Plant during June 1978.

OPERATING River WwATERINLET TEMP Site DISCHARGE . £EMP
DATE HOURS MIN MAX AVG FOR OP HRS MIN MAX AVG FOR OP HRS
Ao b 2% | 6B.9 71.1 70.1 . _&9.8 - 71.8
2 24 6h.7 £9.0 67.9 6.2 0.3 BB .3
3 24 al.1 71.1 69.3 66.4 2.2 £9.1 ‘
4 24 68.3 L7107 1 9.5 67.2 72.0 69,5
5 24 _68.6 4 22,2 70.2 67.0 73.2 70.2 |
6 24 69,0 72.7 70.8 8.6 74.9 71.7 |
7 24 68.2 72.7 70,3 67.4 80.6 70.8 |
L S— 66.3 70.12 £8.3 66.0 214 68.7 ,
? 24 68.3 71.7 70.0 6R.8 1.8 71.1
10 24 69.6 71.6 70.7 70.5 75.2 73.0
| 1 24 70.2 71.4 70.7 2.7 74.5 73.7
| 12 24 69,2 1.3 70.3 69,4 713.4 71.3
" 13 24 70.1 72,6 | 11,2 1 70,9 5.7 73.4
- 14 24 70,2 72.5 71.1 10,7 75.3 72.6
s s 24 __69.9 1 71,0 70.5 | 69,7 74.4 72.7
o w6 | 24 70.2 = B 71.0 0.9 75.9 74.0
Lol 26 0 4 70,7 71.8 71.3 L P 76.1 5.2 1|
8 24 wh 5 ety I S 71.3 69.7 ] 76.6 13.4
19 24 70.8 73.4% 72.0 70.8 78.1 74.9
20 24 70.3 13.4 71.8 71.7 71.6 73.9
- 24 69,2 72.7 70,7 68,2 75.0 71.2
- 2 24 _70.9 72.9 71.9 70.6 17.1 73.8
b 23 24 70.4 72.9 71.4 11.7 75.9 13.4 1
24 24 70.2 12.4 71.0 _70.2 76,2 73.1
~o 25 24 71.7 73.1 72.3 75.0 78.0 26.2
;:‘ 2% 24 _22.8 6.7 _74.3 6.1 80.8 8.2 |
27 24 73.8 76.6 15.2 76.0 80.0 _78.3
A 2% | 24 _74.0 16.8 15.2 _16.9 1 _B1.7 79.3
— 9 24 15.17 79.2 12.0 19,6 83,9 8l.4
o 30 2% 72.2 29.1 8.1 B0 831.9 82.2
n
. = - L - o e - o L L




Table 1.2-1 (Continued).

S

Maximum, Minimum, and Mean Daily River Inlet and Site Discharge

Temperatures at the Prairie Island Plant during July 1978,

~geg

£1

R——— -

il 922

OPERATING RIVER WATERINLET TEMP STTF DISCHARGE TEMP.
HOURS MAX AVG “OR OP MRS MA X AVG FOR OP MRS
1 246 | 7.5 76,2 - 8l.7 79.4
2 24 _76.5 25.1 1 77.1. 29.1 78.3 |
3 24 255 14.6 18.4 16.5
: L o s 14.5 8.8 16.9
H 24 77.3 75.9 81.2 78.3
6 24 78.2 76.4 82.7 79.4
? 24 77.6 76.5 81.7 78.9
8 24 716.8 15.9 TR _19.9 171.4
9 24 76.3 I 33 | J8.0 76.0 il
10 24 74.8 73.8 77.9 75.0
1 24 14,5 73.5 17.0 74,6 -
2 24 b 225 1 74,1 23.1 715.3 73.5
3 24 4,9 | 72.8 16,7 74,1
14 24 76.0 74.2 78.3 75.3
s 1 24 6.6 11.9 16.0 135 712.3 16.6
15 24 715.6 19.2 212 80.9 | 77.7 |
17 24 - 79.5 78.0 81.0 78.7
8 24 79.6 18,8 80.9 9.3 |
19 24 79,9 16.2 817 | 19.8 |
_20 24 79.¢% 17.17 BO.S 17.6_
21 24 78.7 76.4 ] 78.7 77.1
22 24 716.4 74.0 1 74.3 1 17.0 15.2
24 | 712, — 4252 1 7131.4 71.3 . 14.3 |
24 76.3 15.0 12.0 76.3
24 12,1 135.4 82,4 8.5 |
24 A 76,6 80.8 79,17
24 17.0 16,0 80,1 78,1
24 76.5 75.3 §0.9 78.3
24 | 75,5 | 74,7 80.4 12,6
24 12.4 14.2 73.3 1 _78.0 15.0L
24 9 75.1 z 718 86.0 28.7




B e T e

=27

¢y 9L

Table 1.2-1 (Continued).
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Maximum, Minimum, and Mean Daily River Inlet and Site Discharge
Temperatures at the Prairie Island Plant during August 1978.

OPERATING River wWATER INLET TEMP Site WATER DISCHARGE TEMP.
DATE HOURS MIN MA X AVG FOR OP HRS MIN MAX AVG FOR OP HRS
) 24 73.4 _76.1 74.5 73.5 80.4 77.6
2 24 74.5 76.0 i 75.2 74.7 80.2 N % T
3 4 73.4 74.9 73.9 72.3 76.8 74.8
4 24 72.7 4.2 ~73.4 71.0 77.0 74.5
5 24 73.6 75.0 74.2 72.5 77.2 74.8
6 24 74.8 76.4 b b 7445 79.9 77.0
7 24 _75.6 77.6 | 76.5 77.6 82.4 79.8
8 24 16.7 78.1 73 80.5 82.9 81.8
9 24 76.0 77.4 76.8 76.9 81.8 79.9
10 24 75.9 77.1 76.5 76.5 80.9 79.3
n 24 76.4 78.0 17.2 76.6 82,2 80.0
12 24 6.8 78.9 17.17 77.3 83.6 80.8
13 24 77.9 81.4 79.2 81.8 86.0 83.3
14 24 80.7 82.2 81.4 84.3 87.8 85.5
15 24 78.3 82.2 | 80.4 82.0 87.2 84.9
16 24 75.5 ZS»._;___J 76.4 F 7 81.8 79.6
17 26 | 75.8 79.8 Tab 77.4 84.0 81.0
18 24 76.9 9.5 78.7 80.6 83.3 82,3
19 24 9.3 16.9 15.9 77.6 80.8 79.1
20 24 74,4 75.8 B 75.0 74.7 79.7 77.4
21 24 74.5 78.0 75.8 75:1 80.9 78.2
22 24 W P 12a:1 76.1 76.5 81.0 79.3
23 24 76.3 17,8 771.2 79.9 81.6 80.6
24 24 76,6 B & - 71,0 80.6 83.7 81.8 4
3 | 24 25.6 76.9 76.1 80.0 81.2 80.5  }
26 : 24 F 76.4 75.9 79.3 80.8 80.8 -]
27 24 74.4 75.6 74.9 77 .4 79.3 78.4 |
28 | 24 73.4 75.6 73.9 23:5 83.6 76.4 N
29 24 71.9 73.7 73.0 72.4 F7st 15.1
30 24 72. % 74.0 73.3 p i B 733 75.4 .
31 24 72.9 T4.7 73.:8 71.9 76.3 14.6 pu.
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Table 1.2-1 (Continued). Maximum, Minimum, and Mean Daily River Inlet and Site Discharge

P LIRSS 1 T TREERRNRNTRRERNTWN

Temperatures at the Prairie Island Plant during November 1978,

OPERATING River WATER INLET TEMP. Site DISCHARGE TEMP
DATE HOURS MIN MA X AVG FOR OP HRS MIN MAX AVG FOR OP MRS
! ﬁ___2!1, 48,7 S0.6 __49.6 51.9 53.9 52.8
2 24 48,6 S50.1 _49.3 52.6 S4.1 53.%
3 24 49.7 52.6 __50.6 53.6 56.1 S54.5
4 24 50.6 % 1y S e 54,3 56.6 55.4
5 24 50.6 56.1 52,0 33.6 57.4 55.3
6 24 47.9 : S0.6 - 49.1 51.8 53.7 52.9
7 24 46,7 50.2 48.3 50.1 52.5 51.4
8 _24 46,7 r__119_.11 47.5 50.5 58.& 51.6
9 24 46,7 48.4 __41.5 _50.8 53.9 52.1
» 24 42.8 48.3 | 481 51.4 53.2 52.6
n 24 44.5 41.9 . 46.0 48.9 51.6
12 24 42.3 44,5 43.3 1 46,4 49.2 47,8
13 24 40.9 44.2 42.4 | 45,4 50.8 48,1
14 24 39.0 41.4 40,0 43,4 _46.4 45.0 b
15 24 372.9 1 3@.g | 38.4 A2 2 45.5 43.7
16 24 36.7 38.0 37.3 42.4 46,1 44.0
7 24 36.3 37.2 36,8 41.6 43,9 42.9
8 24 35.6 37.0 3.8 41.1 43.3 41.7
19 24 34.7 ~36.9 5.8 _38.5 41.2 39.7
20 24 33.6 —134.8 34.3 37.2 40.7 9.4
21 24 33.5 34.5 34.0 39,0 43,7 41.5
2 24 34,3 | 34,5 34.4 41.6 _46.7 43.6 |
22 24 34,5 34.9 34.7 43.9 46.7 45.0
24 24 34.3 34,8 34,6 42.4 44.5 43.8
25 24 34.3 34.6 34.5 42.6 44,2 43.3
6 24 4.3 1 3.6 | 34,5 40,6 44,6 42.6
Lz 24 34.2 ~34.4 34.3 39.7 42.0 40,8
-2 | 24 ! 337 34.3_ 34.2 _35.8 40 7 3.2
29 24 1. 33.4 33.8 33.6 36 .3 39.2 37.5
30 24 313.1 33.4 33.3 36.1. 39,6 36.6
i
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Table 1.2-1 (Continued). Maximum, Minimum, and Mean Daily River Inlet and Site Discharge

Temperatures at the Prairie Island Plant during December 1978.

OPERATING RIVER WNATER INLET TEMP SITE DISCHARGE TEMP.

DATE HOURS MIN MAX AVG FOR OP HRS MIN MAX AVG FOR OP HRS
B N SR 7 33.0 33.2 33.1 372.5. 1 _39.8 38.9
2 24 33.1 33.2 . 33.1 37.1 42,2 39.1
3 24 32.9 33.1 33.0 39,1 40,9 39.9
4 24 32.9 33.0 | 32.9 37.6 41.8 40.0
I 2.9 | 33,2 ! 330 | 384 40,7 35,8
6 24 33.2 33 a3 33.3 36.9 39.9 38.4
7 24 33.0 - S . T 36,5 38.5 37.8
8 24 32.9 33.1 33.0 36,0 39,7 37.8
9 13 32,9 35,2 33.9 33.5 39.3 35.1
10 25 32.7 32.9 o 32.8 374 40.0 38.9
n 24 32.6 32.7 S2L7 37.9 40.0 39,3
12 24 2.7 = 32.7 32.7 37.8 40,2 39.3
3 24 32, 32,9 ! 32.8 36.7 39.8 38.4
14 24 32.8 32.8 328 372.1 =1 40.3 39.0
] 24 32.8 32.8 )} 32.8 39,2 41.8 40.3
14 24 32.8 32.9 32.8 36.9 42,4 40.4
17 25 - 32.8 32.9 32.8 37.2 39.6 38.7
8 24 32,7 2.8 32.8 37.5 40.7 36,0
19 24 32.2 33.2 32.8 37.4 41,8 39.0
_20 24 32.6 32.8 32.7 38.3 40.6 39.3
221 24 32.6 32.7 32.7 . 37.5 40,1 38.7
22 24 32.6 32.7 326 37,9 39.8 39.0
23 24 32.6 327 32,6 38,4 41.9 39.8
24 24 32,6 G ) 32,6 36.9 39.2 38.4
B3 | 24 32.6 32l 32,6 3.7 39.3 38.1
2% 24 L 32.6 32.6 32,6 37.0 39.3 38.2
27 24 % ] G- |7 A | 32,6 36.6 39.1 38.9
28 24 30" 34.3 3.2 37.2 40.4 38.9
29 2 3z 34,2 32.9 37.9 43.5 39.8
20 24 32,4 32,5 32.4 37.5 39.8 38,7
3 24 32.4 32.5 32.5 37.5 _40.7 38.9
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Table 1.2-2
Day Jan
1 185
2 185
3 185
4 185
5 185
6 185
7 185
8 185
9 185
10 156
11 178
12 185
13 185
14 185
15 185
16 185
17 185
18 185
19 185
20 185
21 185
22 185
23 185
24 272
25 185
26 185
27 185
28 185
29 185
30 185
k % 4 185

Average 188

Mean Daily Site Discharge Flow (blowdown)* at the

Prairie Island Plant During 1978 (cfs)

Feb

185
185
186
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185

185

Mar

185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185

185

Apr

185
185
185
185
185
185
185
185
185
185
185
217
188
185
185
185
213
188
185
221
209
183
185
279
368
353
411
410
304
208

224

*Including 38 cfs for cooling tower evaporation

1-2-19

May

212
211
256
277
252
191
195
212
149
216
282
268
214
227
378
307
317
364
490
737
722
244
387
412
595
692
678
689
665
692
577

391

276 118

Jun

482
264
273
297
306
456
770
490
478
554
611
438
487
386
478
544
554
350
460
578
396
437
463
497
712
813
923
884
865
899

538



Takle 1.2-2 (Continued)

E

CONOU S WK

10
11
12
13
14
15
16
7
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Average

Jul

881
923
596
614
746
777
B80S
699
556
430
506
550
579
703
913
474
680
159
733
564
611
482
253
506
794
901
467
642
558
389
429

631

Mean Daily Site Discharge Flow (blowdown)*

at the Prairie Island Plaat During 1978 (cfs)

Aug

558
491
403
395
257
413
703
828
525
608
617
712
743
688
620
619
868
1,023
628
488
677
654
121
722
713
742
739
687
611
618
533

634

Sep

552
66N
540
600
399
680
817
828
850
868
889
821
848
722
531
417
461
369
484
279
188
244
295
323
283
348
274
229
291
259

518

l - 2‘2"

oct

229
327
231
340
279
237
196
185
268
305
333
261
227
185
185
202
236
192
185
185
185
185
185
185
185
185
185
185
185
185
185

220

Nov

185
185
185
313
327
185
185
181
178
203
185
185
184
185
185
185
185
185
185
185
185
185
185
185
185
185
185
144
144
147

190

276 119

Dec

185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185



Table 1.2-3 Daily 1978 Mississippi River Discharge Flow Rate
(cfs) at Lock and Dam 3

Day Jan  FEeb Mar Apr May Jun
3 13,898 7,800 7,251 34,350 37,800 21,300
2 13,699 7,800 6,940 33,345 33,495 24,875
3 13,183 7.750 6,740 38,000 33,000 28,288
4 11,002 7.750 6,940 40,000 33,864 30,492
5 11,340 7350 6,769 41,500 32,592 30,615
6 10,740 7,700 7,061 43,000 31,548 29,830
7 10,700 7,700 7,022 43,200 29,250 29,637
8 10,830 7,700 7,001 44,200 28,182 28,840
9 10,350 7,700 7,000 50,200 28,710 27:.951

10 10,605 7,700 7,250 52,000 26,506 25,368

3 10,610 7,700 7,426 56,500 25,920 25,488

12 9,320 7,550 7,282 59,400 27,272 25,506

13 9,130 7,562 7,196 60,000 27,664 23,217

14 8,560 7,700 7,310 64,000 27,8712 21,233

15 8,560 7,489 7,130 64,000 27,076 19,710

16 8,680 7,400 6,680 59,000 26,432 19,329

17 8,980 7,340 6,960 57,800 26,109 23,966

18 9,390 6,791 6,960 56,200 24,700 205,173

19 9,400 6,703 7,620 53,000 24,034 24,154

20 9,370 5,750 8,250 52,000 23,625 26,535

21 9,080 ,,800 9,690 49,000 21,684 27,328

22 8,760 6,730 11,549 45,500 20,106 27,100

23 8,605 6,800 15,626 45,000 20,340 26,300

24 8,550 7,214 19,115 44,000 19,329 26,250

25 8,580 7,401 21,200 42,800 17,654 25,955

26 8,580 7,290 233217 42,000 16,965 28,560

27 8,560 7,290 26,9226 41,000 16,011 28,084

28 8,560 T3 28,396 40,000 18,925 26,656

29 8,280 - 29,172 39,200 18,727 24,165

30 8,125 - 30,742 38,700 20,664 22,310

31 7,676 - 32,252 - 30,360 -

Average 9,732 7,398 12,609 47,630 25,349 25,791

276 120

l -2-21



Table 1.2-3 (Continued) Daily 1978 Mississippi River Discharge Flow
Rate (cfs) at Lock and Dam 3

Day Jul Aug Sep oct ov Dec
1 29,664 21,701 27,755 16,385 9,926 8,720
2 30,050 20,874 28,008 13,992 10,010 6,985
3 30,300 20,220 25,170 14,412 9,975 6,500
4 30,850 18,900 24,556 13,695 9,961 6,520
5 33,217 18,612 22,488 12,790 10,19¢° 6,700
6 31,528 18,054 20,520 13,000 9,989 7,380
7 36,800 15,218 19,798 12,850 10,031 8,123
8 37,000 13,288 16,618 12,790 10,045 8,600
9 40,000 14,212 17,400 12,720 10,115 8,170

10 44,000 13,320 18,615 12,295 9,975 7,800

11 44,500 13,520 16,618 12,340 10,010 7,500

12 44,300 12,429 13,948 12,740 9,800 7,872

13 45,000 12,411 21,185 13,200 9,695 8,410

14 44,750 11,136 21,620 12,426 10,785 8,170

35 44,300 11,456 21,736 9,513 11,280 8,375

16 41,000 13,720 21,428 9,347 10,896 8,620

17 42,000 [ i b T 23,790 9,379 11,096 8,670

18 39,700 11,120 24,566 10,875 115747 8,753

19 37,400 12,708 24,556 14,122 11,577 8,502

20 33,208 14,685 24,192 10,968 11,407 8,710

21 30,720 12,348 23,608 10,440 10,630 8,620

22 31,200 12,663 23,100 23,152 7,940 8,620

23 30,800 13,700 22172 11,144 6,340 8,360

24 28,800 16,032 22,540 10,944 5,880 8,360

25 37,454 16,288 21,450 10,052 6,820 8,360

26 26,622 16,458 20,083 10,241 7.390 8,060

27 26,235 26,616 19,296 11,344 9,520 7,560

28 2%;575 28,112 17,392 11,240 9,860 7,260

29 25,085 28,148 16,425 10,928 9,930 6,660

30 23,760 27,522 17,055 2,695 9,800 6,620

31 22,850 28,315 - 10,024 - G,620

Average 34,086 16,972 21,256 11,841 9.749 7.877

1.2-22
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Table 1.2-4 Percentage of Mean Monthly Mississippi River Flow
Entering the Prairie Island Plant Intake Canal

During 1978
Percentage of Mean
Mean Intake Mean Monthly Monthly River Flow
Month Flow (cfs) River Flow (cfs) Fntering Intake Canal
Jan 188 9,732 1.9
Feb 185 7,398 2v5
Mar 185 12,609 A5
Apr 224 47,630 0.5
May 391 25,349 15
Jun 538 25,791 2.1
Jul 631 34,086 1.9
Aug 634 14.972
Sep 518 21,250
Oct 220 11,841 1.9
Nov 190 9,749 2.0
Dec 185 7,877
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2.1 1978 ATTACHED ALGAE STUDIES IN THE MISSISSIPPI RIVER
NEAR THE PRAIRIE ISLAND NUCLEAR GENERATING PLANT

2.1.1 INTRODUCTION

Periphvtic algae of freshwater streams and rivers attach to
a variety of substrata usually located on or near the shore.
Factors influencing species composition and diversity
include substrate, temperature, light, current, and water

chemistry.

Bacillariophyta (diatoms), Chlorophyta (green algae),
Cyanophyta (blue-green algae), and Chrysophyta (yellow-green
algae) make up the major groups of freshwater algae, with
each group containing many species. Attached algae studies
at the Prairie Island Nuclear Generating Plant concentrate
on diatoms, since they constitute the largest portion of
the periphyton community within the study area.

Under natural conditions, one of the main factors in season-
al succession of species is the different temperature
optimums of species; and, as a result, as the temperature
increases or decreases, replacement takes place (Patrick
1969). When natural conditions are altered and temperatures
incvrease above ambient, there may be a shift in normal
seasona. succession. Severe thermal increases may cause the
exclusion ot certain species and other temp-rature tolerant

forms may dominate.

Past studies of attached algae in the study area have
indicated that temperature is the major factor affecting
algal succession and community trends (Baker 1976). Data
gathered during the 1978, the seventh year of the program,
were analyzed, as in previous years, determining if any

significant adverse impact occurred.

276 124

201"3



2.1.2 FIELD MFTHODS

Field methods were the same as in previous years. Four
glass microscope slides installed in an acrylic plastic
sampler wevre allowed to colonize for 14 days. Three sam-
plers were placed at each of seven stations throughout the
study area (Figure 2.1-1). Following each colonization
period, all slides from each sampler were graded according
to algal density; the densest slide, to be used in pigment
analyses, being placed in a bottle containing 90 percent
aqueous acetone solution saturated with magnesium carbonate.
The three remaining slides were placed in a slide box and
returned to the laboratory for quantitative analyses. Thus,
three slides were used for pigment analvses and three for
quantitative analyses at each station. Extra slides from
each sampler were discarded after analyses. New slides were
placed in the samplers and colonized for the next sampl ing
period.

Winter sampling allows only heated scations to be collected,
siice ice conditions negates maintaining samplers in the

main channel, intake area, and Sturg~on Lake.

‘ ' LABORATORY PROCEDUR®

2.1.3.1 Pigment Analysis

Pigment analysis procedures . mained consistent with pre-
vious years; samples were scraped, macerated, diluted to a
known volume (25-200 ml), and centrifuged for ten minutes.
The pigment extract was decanted into a four-centimeter
cuvette and analyzed at 665 nm and 750 nm before and after
acidification using a Beckmun DB-GT spectrophotometer.
Chlorophyll a concentrations and phaeophytin a, the primary
degradation product of chlorophyll a, were determined Ly
computer program utilizing tte Lorenzen (1967) eguation:
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Chlorophyl a ug/cm® = 26.7 [(€65-750)" - (665-750)a] V
(32.5 cm®) (4 cm light path)

Phaeophytin a ug/cm® = 26.7 [1.7(665-750)° - (665-750)") v
(32.5 cmz) (4 cm light patn)

where: u = unacidified
a = acidified
665 = chlorophyll a absorbance
750 turbidity check absorbance
V = acetone and chlorophyll a extraction vclume (ml).

Results of the above computer analysis were expressed as
micrograms chlorophyll a and phaeophytin a per square
centimeter per 14 days. Percent chlorophyll a values were
tabulated as follows:

Percent chlorophyll a = (chlorophyll a/chlorophyll a +
phaeophytin a)l00

2.1.3.2 Taxonomic Identification and Enumeration

Miscroscopic analyses remained the same as 1977 methods;
slides were scraped and the biofil™ removed of all organic
material by using nitric acid-potassium dichromate. Cleaned
frustules were placed in a vial and diluted to 10 ml with
distilled water. A thoroughly mixed sample provided a known
aliguot to be pipetted onto a 22 mm2 No. 1 coverglass.
The coverglass was mounted on a microscope slide using

Hyrax, labelled, and cataloged for microscopic analysis.

Slide mounts were observed at 1000 x oil immersion using an
American Optical Phase Star phase contrast microscope.
Selected taxonomic keys were used to identify and enumerate
species observed in 30 to 60 fields or until 100 of the most
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dominant species were tallied. Raw data were then extra-
polated to express cell density as the number of cells per
square ca2ntimeter.

2.1.4 RESULTS

2.1.4.1 Phytopigment Analyses

2.1.4.1.1 Chlorophyll a

Chlorophyll a concentrations at ambient stations during 1978
ranged from 0.00 ug/cm2 at Station 6 on July 26 to 13.37
ug/cm2 at Station 5 on May 17 (Table 2.1-1). Main channel
stations exhibited chlorophyll a ranges from 1.12 ug/cm2
at Station 1 on November 15 to 11.60 ug/cm2 at Station 1
on September 6. Mean chlorophyll a concentration for main
channel stations was 4.84 ug/cmz,while ambient Stations 5
and 6 exhibited a mean of 3.35 ug/Chloropnyll g/cmz.

Heated Stations 3, 4, and 7 showed chlorophyll a concentra-
tion ranges from 0.04 ug/cm2 at Station 4 on December 28
to 9.21 wg/cm® at Station 4 on October 4 (Table 2.1-1).
Mean chlorophyll a concentrations were 2.85, 2.18, and 1.62

ag/cmz at Stations 3, 4, and 7, respectively.

As in previous years, ambient stations had higher mean
chlorophyll a concentrations than heated stations, 4.09
ug/cm2 at ambient stations versus 2.22 uq/cm2 at heated
stations. Seasonal chlorophyll a biomass maxima occurred
during early March at heated Station 3, while main channel
peak chlorophyll a accumulation occurred in early September
(Figure 2.1-2). This six-month separation in peak chloro-
phyll a concentration represents the point at which river
water temperature reached optimum conditions for periphyton
growth. Jptimal temperature regimes at both locationrs
ranged frcm 20 - 23°C, occurring in early March at Sta-
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Low chlorophyll a concentrations at Stations 5 and 6 during
late July and early August are not indicative of normal
periphyton growth. Extremely high river flow in 1978
(Figure 2.1-3) apparently uprooted a large portion of the
aquatic macrophytes found in Sturgeon Lake. The uprooted
planis became entangled on periphyton samplers, forming a
mat allowing insufficient illumination for periphyton

colonization.

2.1.4.1.2 Phaeophytin a

Phaeophytin a concentrations ranged from 0.02 ug/cm2 to
6.85 ug/cm2 during 1978 (Table 2.1-2). Ambient stations
(1, 2, 5, and 6) had peak phaeophytin a concentrations
during August, depicting the linear relationship between
increased temperature and chlorophyll a degradation.
Heated Station 3 showed peak phaeophytin a concentration
during the May 17 sampling period, but high phaeophytin a to
chlorophyll a ratios during August indicate this to be the
peak period of chlorophyll a degradation.

2.1.4.1.3 Percent Chlorophyll a

Percent chlorophyll a values during 1978 ranged from 0 to 99
percent (Table 2.1-3). Main channel stations averaged 90
percent chlorophyll a, ambient Stations 5 and 6 (Sturgeon
Lake and Intake) averaged 73.5 percent, while heated sta-
tions averaged 67 percent. The 16.5 percent difference
between main channel Station and 2 and the other ambient
stations can be attributed to increased flow and physio-
logical richness of the main channel. The 23 percent
reaquction in percent chlorophyll a between main channel
stations and heated stations indicates thermal stress
within the immediate plant area. Heated Stations 4 and 7
had mean percent chlorophyll a values of 70 and 63 percent,
respectively. This seven percent increase from Station 7
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(immediate discharge) to Station 4 (Barney's Point) indi-
cates partial recovery of community health within even a
short distance.

Extremely low percent chlorophyll a values at Stations 5 and
6 during July are probably related to the shading effect
caused Dy aquatic macrophytes entangled in the samplers.
Visual observation of the samplers showed little or no algal
growth due to shading and abrasion by aquatic macrophytes.

2.1.4.2 Microscope Analyses

Attacred diatom cell density during 1978 varied from less
than 8,000 cells per square centimeter to more than two
million. Cell density at all stations for all sampling
periods is shown in Table 2.1-4, Minimal cell densities
occurred during winter months at Station 4 (Barney's Point),
while maximum densities occurred at differing times,
depending on station. Main channel station maxima occurred
during September, with a secondary peak during May. Heatea
stations peaked during March with a secondary peak in May.
Ambient Stations 5 and 6 had a !May peak with a smaller peak
during September. Maximum cell denzities are regulatea by
temperature; optimal temperatures giving rise to peak cell
densities of each seasonal community.

Table 2.1-5 lists all diatom species identified since
the initiation of the PINGP attached algae program. The
list now includes 220 species from 34 genera. Diatom
analysis for 1978 presents species representing two orders,
Centrales ana Pennales. Each order has certain generz that
are present at all stations. These include Cyclotella,
Melosira, and Stephanodiscus from the Order Centrales; :nd

Diatoma, Fragilaria, Gomphonema, Navicula, Nitzschia, and
Synedra from the Order Pennales.
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Seasonal succession of the attached algal community is
divided into four groups; winter, spring, summer, and late
summer (Baker 1976). Each of these groups has certain
dominant species indicative of the thermal conditions of the
season. The winter community was dominated by Fragilaria
intermedia, Diatoma vulgare var. producta, and Nitzschia
acicularis at heated stations. Ambient stations are not
accessible during winter months, givina no taxonomic profile
of these stations.

The spring diatom community was dominated by Synedra (S.
acus) and Gomphone :a (G. parvalum and G. olivaceum) genera.
Peak concentrations occurred during March in the recircula-
tion canal and May at ambient stations. Certain species of
Gomphonema occurred at various times throughout the year,

but no significant peaks were reached.

Summer diatoms were characterized by Navicula (N. cincta)
and the centric genus Cyclotella. These species tolerated
high temperatures in the main channel, but the even higher
temperature within the recirculation canal caused a dip in

cell density.

Late summer forms included Navicula cincta, Nitzschia acuta,
ana Nitzschia tryblionella. These species were encountered

during September in the main channel, but densities within

tle recirculation canal at the same time were much lower.

All diatoms comprising the seascnal community of attached
algae operate within a temperature regime indicative of that
species. A shift in temperature from optimum to a point
outsicdes the regime will cause one species to subside,
whereas another form will dominate if t e temperature 1is

conducive to its grcwth and reproduction.
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2.1.5 DISCUSSION

Community structure and seasonal trends exhibited by the
attached diatom community during 1978 reflect the response
of algal species to optimum temperature conditions. Other
factors that may influence algal growth include light,
nutrients, and substrate. As in previous years, heated
stations had peak chlorophyll a and cell density during
Januaty througyh March. Ambient main channel stations had
peak chlorophyll a and cell density during September.
Optimum temperature range for both areas was 20 - 23°C.

Chlorophyll & and cell density were low during June and
July, especially evident at Sturgeon Lake and intake sta-
tions (5 and 6). River flow during 1978 was much higher
than 1977, causing an over abundance of aquatic macrophytes
t> be uprooted and carried downstream. This vegetation
became eatangled in the periphyton samplers, causing abra-
sion of the substrate and shading of the entire sampler.
Comparison of field notes and laboratory results indicates
the vegetation was probably responsible for low periphyton
growth.

Periphyton growth generally followed normal seasonal pro-
files indicative of the Mississippi River near PINGP. Data
gathered over the last years have given a detailed account
of species composition and chlorophyll pigments as they
react to ambient river conditions and heated effluent from
PINGP. Thermal effects have always been most evident in the
recirculation canal, close-in discharge, and to a lesser
extent at Barney's Point. The most evident effect seems to
be a shift in peak cell density, community ctructure, and
phytopigment concentrations. Rapid mixing of the effluent
below Barney's Point, especially that of U. S. Lock and
Dam 3, indicates a return of the community to normal ambic..t
structure immediately downstream of the plant.
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Figure 2.1-1. Periphyton sampling locations.
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Comparison of 1978 and 1977 River Flow Data.
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Table 2.1-1 1978 Chlorophyll a concentrations at each station expressed as ug/bmz/sampling period.

9¢1 9/¢

Collection

Date Station

1 2 3 4 5 6 7
1/11 . ; 0.73 : : i 0.07
1/25 ! ' 0.83 ! ' | 0.21
2/8 : : 3.41 : ; : 0.57
2/22 ' ! 7.21 : ! : 2.82
3/8 i 1 8.17 ! ! I 7.01
3/22 3 3 6.50 3 3 3 6.74
4/5 I I 6.93 3.82
4/19 | | 2.96 i 3 ! 4.67
5/4 ' ' 6.54 | | i 3.98
5/17 9.29 10.75 6.73 4.70 13.37 9.05 2.06
6/1 2.95 1.44 1.24 1.21 3.57 2.33 0.81
6/15 * 1.68 0.58 0.17 2.40 0.59 0.25
6/28 * * 1.10 1.07 1.10 0.57 0.21
7/12 * . 1.05 0.97 1.49 0.83 0.62
7/26 * * 0.16 0.21 0.10 0.00 0.12
8/9 2.77 * 1.69 0.95 0.31 2.07 0.35
8/24 8.15 * 2.58 3.24 9.57 4.19 1.04
9/6 11.60 * 2.61 2.43 9.69 4.32 1.27
9/20 * 7.07 1.97 2.14 7.05 3.93 1.09
10/4 7:37 3.71 1.70 9.21 5.13 5.29 0.49
10/18 4.48 2.59 3.01 %.11 0.79 1.12 0.34
11/1 * 1.22 2.21 4.94 0.38 2.84 1.38
11/15 1.12 1.25 0.94 2.19 0.19 1.33 0.58
11/29 , . 1.43 0.33 . " 0.57
12/12 & e 1.20 0.11 3 3 0.87
12/28 o = 0.69 0.04 H H 0.21
Mean 5.97 3.71 2.85 2.18 3.94 2.75 1.62

*Sampler missing - vandalism or destroyed by barge traffic.
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Table 2.1-2 1978 Phaeophytin a concentrations at each station expressed as g/cmzlsampling
period.
Collection

Date Station

1 2 3 4 5 6 7
1/11 1 | 0.06 | | 1 0.05
1/25 | | 0.12 i i i 0.14
g | ; 0.12 : ! : 0.15

] i
/6. | i 1.4 | i | oo

&) &) F [ &) [ »
3/22 o o 1.52 o o por 0.64
4/5 ' : 3.48 ! | ! 0.68
4/19 I i 2.27 ! | ! 0.67
5/4 ' ' 3.92 : ' ' 1.45
5/17 0.13 0.66 6.85 0.42 0.51 0.41 0.55
6/1 0.28 0.26 0.72 0.82 0.75 0.41 0.70
6/15 - 0.53 0.76 0.08 0.94 0.28 0.28
6/28 - - 0.51 0.56 0.27 0.33 W -
7/12 - - 1.38 0.70 0.99 0.59 0.60
7/26 - - 0.58 0.10 0.35 0.38 0.42
8/9 1.65 - 133 1.08 0.36 2.11 0.42
8/24 1.24 - 0.95 2.12 0.81 2.12 0.88
9/6 1.30 - 0.80 0.39 .22 0.79 0.34
9/20 - 0.71 1.26 0.29 1.01 0.60 0.95
10/4 0.50 0.20 1.02 1.71 0.19 0.70 0.46
10/18 0.19 0.24 1.04 0.50 0.21 0.30 0.38
11/1 - 0.02 0.75 0.61 0.06 0.16 0.38
11/15 0.07 0.05 0.44 0.35 0.10 0.14 0.39
11/29 ' ) 0.42 0.08 . i 0.28
12/12 3 8 0.42 0.17 3] 3 1.13
12/28 s - 0.13 0.04 - - 0.17
Mean 0.67 0.33 1.28 0.59 0.56 0.67 0.53




Table 2.1-3 1978 Percent chlorophyll a values for each station.
Percent chlorophyll a = (Chla + Phaco a) x 100.

8T1-1°2

gel 9.8

Mean

Collection

Date Station
2 3 4 5 6 7
1/11 1 1 92 1 : : 58
1/25 | | 87 i i i 60
2/8 ! i 97 | | i 79
2/22 : : 94 : | i 98
3/8 e 3 81 3] 3 3! 96
3/22 i A 81 . N N 91
/5 | | 67 | : | 8
4/19 1 i 57 [ 1 I 87
5/4 63 73
5/17 50 92 79
6/1 63 €0 54
6/15 43 68 47
6/28 63 66 15
7/12 43 58 51
7/26 22 68 22
8/9 56 47 45
8/24 73 60 54
9/6 77 86 79
9/20 61 88 53
10/4 63 84 51
10/18 74 86 47
11/1 75 89 78
11/15 68 86 60
11/29 77 80 67
12/12 74 30 67
12/28 74 39 43
68 70 63
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Table 2.1-5. Attached Diatoms of the Mississippi River near Prairie Island

Numbers Expressed as Cells per Square Centimeter
January 11, 1978

y Station
Species - ) (i N 7
----- CENTFALES———~~ ;
Cyclotella kutzingiana“ 2844 2844
Cyclotella Meneghiniana 2844 5689
melosira granulata . 2844 e i 5689
Stephanoediscus astraea 11379 8534
----- PENNALES ==~~~
Amphora ovalis 11379 5689
Cymbella ventricosa 2844 8534
Diatoma vulgare 8534 2844
gsggilaria brevistriata 5689 2844
Gomphonema olivaceum 14224 19915
Gomphonema parvulum 19915 I 17068
GyTosigma acuminatum 2844 — 5689
Navicula bacillum v. capitata 11379 i 44172
Navicula cincta 51205 < 34769
Navicula hungarica 17068 -] 14224
Nitzschia acicularis 8534 - 54050
Nitzschia acuta 45516 2 39826
Nitzschia dissipata 2844 48360
Nitzschia palea 5689 0
Surirella ovata 2844 2844
Surirella ovata v. pinnata 2844 5689
Synedra acus 0 2844
Synedra ulna v. oxyrhynchus fo. 0 21335
constricta
Unidentified (girdle view, etc.) 5689 8534
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Table 2.1-4 Attached Diatom Species Ide~tified Since Initiation Of Prairie Irfland
Nuclear Generating Plant Attached Algae Program

COSCINODISCUS LACUSTRIS DIATONA VULGAKE BAVICULA PLACENTYLA SUFI&ELLA GRACILIS
COSCINODISCUS CF. BOTHII V. SUBSALSA | DIATORA VULGARE V. GPANDIS MAVICULA PLACENTULR FO. LANCEGLATA |SUGIPELLA LINEARIS V. HELVETICA
COSCINODISCUS SP. DIATONA VULGAPE V. PRODUCTA NAVICULA PROTHACTA SURIRELLA OVALIS

CYCLOTELLA CORTA DIATONA VULGARE ¥. UNKNOWN NAVICULA #OPOLA SURIFELLA OVATA

CYCLOTELLA KOTZINGIANA EPITHENIA TURGIDA NAVICULA CP. pPUSILLA SURLAELLA OVATA ¥, CRUBMENR
CYCLOTELLA RENEGHINIANA EUNCGTIA VALIDA NAVI ULA REINKARDTII SOEIRELLA OVATA V. PINWATR
NELOSIEN ANBIGUA FEAGILARIA BREVISTRIATA NAVICULA BMYNCOCEPHALA SURIRELLA OVATA V. SALIWA
MELOSIRA DISTANS V. PFAFFIANA FEAGILARIA BEREVISTEIATA V. INFLATA | AVICULA 7. SALINARUSN SYNEDEA ACTINASTROIDES
BELOSIRA GRANULATA FAAGILABLIA CAPUCIWA SAVICULA SCHONPELDII SYNEDRR ACUS

WELOSIRA GRANULATA V. ANGUSTISSINA PRAGILARIA CONSTRUENS SAVICULA SCOLIOPLEUROIDES SYNEDEA ACUS V. BADIANS
NELOSIRL ISLANDICA FRAGILABIA CONSTRUENS V. SUBSAIINA | MAVICULA SCOTELOIDES SYNEDEA AFFINIS

BELOSKRA ITALICA PEAGILARIA CONSTRUENS V., VENTER MAVICOLA TUSCULA SYNEDEA RUMPENS

NELOSIFA VARIANS FRAGILARIA CROTONENSIS SAVICULA 5P./GIRDLE vrew SYNEDRA RUNPENS V. FARMILIARIS
MELOSIEA SP. FREAGLILARIA GHACILLINA SEIDIUN AFPINE SYNEDEA ULNA

STEPHANODISCUS ASTRAEA FRAGILAGIA HARRLSSONIL SEIDIUN Dimlon SYNEDEA ULNA V. DARICA
STEPHANODISCUS ASTRAEA VAP. MINUTULA [ PRAGILARIA HARKISSONII V. FHORBOIDEY NEIDTUM DOBIUE FO. CONSTHICTA SYNEDRA OULNA V. INPHESSA
STEPHANODISCUS DUBLIUS FEAGILARIA INFLATA NITZSCHIA ACICULARIS SYNEDRA OLNA V. OXYEHYNCHUS
STEPHANODISCUS NIAGAKAE FRAGILABIA INTEGMEDIA SITZSCHIA ACOTA SYNEDEM ULNA V. OXYHHYNCHUS FO.CONTRACTR
STEPHANCDISCUS SP, FEAGILARIA PINNATA NITZSCHIN AMPHISIA SYNEDRA VAOCHEGIAE

ACHNANTHES CONSPICUA FEAGILARIA VIRESCENS NITISCHIA CAPITELLATA UNIUENTIFIZD (GIRDLE WIEW, BTC.)
ACHWANISES EXIGUA FRAGILMRIA VIKESCENS V. NESOLERPTA NITZSCHIA CLOSTERIUN

ACHNANTHES PXIGUA Y. HETEROVALVATA FHAGILARIA SP. (GIEOLE, PILAMENT, SITZSCHIA CONMUTATA

ACHNAN THES HUNGARICA GOMPHONENA ACOURINATUM WITZSCHIA DISSIPATA

ACHNANTHES KOLBII GOMPHONENA GEACILE NITZSCHIA DOBIA

ACHNANTHES LANCEOLAT. GOMPHONEMA LANCEOLATUN NITISCHIN PILIPORMIS

ACHNANTHES LANCEOLATA ¥. PFLLIPTICA GONPHONEMA LONGICEPS V. GEACILIS BITZSCHIA FONTICOLA

ACHNANTHES LANCEOLATA V. KOSTRATA GOMPHONESA LONGICEPS V. SUBCLAVATA |NITZSCHIA FRUSTULOW

ACHNANTHES MINUTISSINA GONPHONERA OLIVACEDN MITZSCHIA PRUSTOLUM V. SUBSALINA

ACHNANTHES SP.(BENT, GIRDLE VIEW) GOBPHONENA OLIVACEUN V. NINUTISSINA | NITZSCHIA GRACILIS =2
ACTINELLA PUNCTATA GUAPHONENA PARVOLUN SITZSCHIA HANTZSCHIANA oo i
ANPHORA OVALIS GOMPHONENA PABYULUM V. NICROPUS NITISCHIA REUPLERIANZ o o .
ANPHORA OVALIS V. PEDICULUS GOMPHONENA S PHALEOPHORUM BITZSCHIA HCOLSATICA Sy
ASPHORA FERPUSILLA GOMPHONENA VENTEICOSUM NITISCHIA KUTZINGIANA s
ANPHORA SP, GOMPHONENA S@. Y NITZSCHIA AICROCEPHALA

ANOMORONEIS SUHAEROPHORA GYROSIGNA ACUNINATUN SITZSCHIA OBTUSA

ASTERIONELLA FORMOSA BANTZSCHIA 5P, BITZSCHIA OVALIS

BACILLABIA PARADOXA MERIDION CIBRCULAKE NITZICHIA PALEA

CALOMELS BACILLUW BEEIDION CIRCULARE V. CONSTRICTA BITISCHIM PALACEA

CALOWEIS CLEVEI SAVICULA BACILLIPORMIS BITZSCHIA RECTA

CALONEIS LENISII BAVICUL: BACILLUAN BITISCHIA DONANA INTERMEDIA
CALONELS SILICULA NAVICULA BACILLUM V. CAPITATA BITISCHIA STAGRORUS/THERNAL

COCCONETS DININGTA NAVICULA CAPLITATUR NITZSCHIN SUBLINEARIS

COCCOMNEIS DISCULUS NAVICULA JINCIA BITISCHIA SUBTILIS

COCUONELI: PEDICULUS WAV . ULA CITHROS BITZSCHIA TEYBLIONELLA

TOCCONELS PLACENTULA NAV _OLA COLLOPLEDROIDES NITZSHIA TRYEIONELLA V. VICTORIAE

COCCONEIS PLACENTULA V. EUGLYETA NAVICULA COSTULATA SITZSCHIA SP. (NO STH.,LGE KL PUNCTAE)

COCCOMEIS PLACENTUI X V. LINEATA NAVICULA CRYPTOCEPHALA OPEPHORA NARTYL

COCCONEIS SCUTELLUN N VICULA CHYPTOCE: HALA V. VENETA PINSULAKIA ACRCSPHAPRIA

CYNATOPLEURA SOLEA N, TCULA CUSPLDATA PINNULAGIA BRIUNIT V. ANPHICEPKiLa

CYBATOFLPURA SOLEA V. EPGULA WACICULA CUSPIDATA ¥. ANBIGUA PISNULAGIA GIBER

CYBBEI LA ASPHICEPHALA SAVICULA DICEPHALA PISNULAGIA MICROSTAURON V. BREBISSONIG

CYRBELLA HUSTEDTII NAVICOLA DICFRHALA V. NEGLECTANS FINNULABIA “OLAKIS

CYMBELLA PUSILLA SAVICULA ELEGANS PINNULARIA POLYUNCA

CYEBELIS TUMIDA SAVICULA EXIGUA PINNULAKID Sp.

CYNBELLA TU2:YQA NAVICULA GASTRUN PLEUROSIGNA ANGULATUR

CYRAELLA VENT I J)SA NAVICULA HINGAKICA FLEUROSIGAA ELONGATUM

CINSELLY P, NAVICULA HUNGARICA ¥, CAPITATA RHOICOSPHENIA CURVATA

CYNBEL A SP. BAVICULA HUSTEDTII STAURONELIS aNCEPS

CYABELLA * 2 NARICULA INTEGSA STAURONELS SP.1

DPNTICULA 4LEGANS SAVICOULA MININA SURIFELLA ANGUSTATA

L JTONA ELONGATUN NAVICULA 3UTICA SUEISZLLA BISERATA V. CONSTRICTA n
DIATONA MNIEMALE NAVICULA PEREGHINA SUEIRELLA DIDYMA ’ ’

.

~
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Table 2.1-5. Attached Diatoms of the Miss.ssippi River near Prairie Island

Numbers Expressed as Cells per Sguare Centimeter

February 8, 1978

Station
Species 3 a 3
~~-~-CENTRALES-==~- | 5216 3574
Cyclotella kutzingiana | ! 5216 3674
Stephanodiscus niagarae 15647 0
\Soo_PENNALES-— - ¥ : rE:
_Achnanthes exigua 5216 _ 3674
_Amphora ovalis 0 0
Diatoma wvulgare 0 3674
‘Diatoma vulgare v. producta 5216 0
‘Fragilaria brevistriata 20863 3674
"Fragilaria capucina 5216 22047
Fragilaria construens v. subsalina 31296 8 7349
" Gomphonema olivaceum 41726 — 18372
"Gomphonema parvulum 406829 51442
“Navicula bacillum v. capitata 15647 < 0
“Navicula cincta 62589 T 7349
“Wavicula dicephala o435 - 134698
Nitzschia acicularis 31294 1 11023
Nitzschia acuta 198199 7349
Nitzschia disgigita 307730 L 44093
Nitzschia palea 2216 3674
Surirella ovata v. pinnata 20863 7349
Synedra ulna 62589 3674
Synedra ulna v. oxyrhynchus fo. 146041 7349
constricta -
Unidentified 67805 7349
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Table 2.1-5. Attached Diatoms of the Mississippi River near Prairie Island
Numbers Expressed as Cells per Sqguare Centimeter

February 22, 1978

) Station
Species 3 a B

~===~CENTRALES -~~~ ) i
Cyclotella kutzinghiana 17335 S
Melosira granulata Q i i 9693
Melosira varians B 5798 4847
Stephanodiscus niagarae 11597 4 9693
----- PENNALES---—--

Cymatopleura solea 11597 4847
Cymbella ventricosa 23193 9693
Cymbella sp. 5798 14539
Diatoma vulgare Qo = 29079
Fragilaria capucina 11597 o 9693
Fragilaria intermedia 40588 - 2847
_Gomphonema olivaceum 34790 oy 63005
Gomphonema parvulum 75378 &= 43619
Navicula cincta 23193 A 87238
Navicula cryptocephala 34790 Q. 14539
"Navicula dicephala 17395 9693
Wavicula dicephala v. neglecta 278320 | 33925
Nitzschia acicularis 23193 ] 24732
Nitzschia acuta 432278 111370
‘Nitzschia amphibia 17395 - 13380
Nitzschia dissipata 11596 58158
Synedra ulna 231193 9693
Synedra ulna v. oxyrhynchus 214538 19386
Synedra ulna v. oxyrhynchus fo. 185547 b L

constricta
Unidentified 34790 9693

.
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Table 2.1-5. Attached Diatoms of the Mississippi River near Prairie Island

Numbers Expressed as Cells per Square Centimeter

March 8, 1978

Station
Species 3 a 7
----- CENTRALES -—-~~ L
Cyclotella Meneghiniana 8133 7428
_Stephanociscus niagarae - 4066 o 2783
----- PENNALES -~- -~
Diatoms elongatum - o 12199 11221
Diatoma vulgare 5 1 26205
Diatoma vulgare v. producta 22462
“Fragilaria intermedia - 32473 29949
Gomphonema olivaceum 12199 11231
“Gomphonema parvulum 48798 - 44924
TNavicula cincta 56931 O 52411
WNavicula dicephala 20332 - 18718
Navicula hungarica v. capitata 16266 14974
NAVITUTA pygmaea 4066 3 3743
Navicula rbzgcoceghala - 8133 5 7487
Nitzschia acicularis 8133 9 14974
Nitzschia acuta 622§§* 73233
Nitzschia amphibia
_Nitzschia dissipita - 24399 lgzgg
Pinnularia gibba 16626 3745
Surirella ovata 8133
_Surirella ovata v. pinnata 24399 11231
Synedra ulna 12199 26205
Synedra ulna v. oxyrhynchus - 36598 | 3748
_Unidentified (girdle view, 2tc.) 12199 | 7487
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Table 2.1-5.

Attached Diatoms of the Mississippi River near Prairie Island
Numbers Expressed as Cells per Square Centimeter

March 22, 1978
: Station

Species 3 a B
----- CENTRALES----~
Melosira granulata - 15804 il 0
Melosira varians 23706 - £ 0
----- PENNALES-----
Fragilaria intermedia 3951 ’““" N 3
Gomphonema olivaceum 7902 _g;gg%
Gomphonema parvulum 7902 1 23706
Navicula cincta 27657 ’ 11853
Navicula cryptocephala 1902 1 7902
Navicula dicephala 0 = 3951
Wavicula hungarica v. capitata 7902 = Q
Wavicula rhyncocephala 7902 3951
Wavicula schonfeldii 11853 : 19755
Navicula sp. 7902 Eifﬁ 11853
Nitzschia acicularis 15804 o 2951
Nitzschia acuta 51363 = 0
Nitzschia dissipata 3951 0
Nitzschia dubia 3951 3951
Pinnularia gibba 3951 | 0
Surirella ovata 3951 7902
Synedra rumpens 23706 11853
Synedra ulna - 3951 11853
Synedra ulna v. oxyrhynchus 11853 19755
Unidentified (girdle view, etc.) 1902 0
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Table 2.1-5.

Attached Diatoms of the Mississippi River near Prairie Is. ~d
Numbers Expressed as Cells per Square Centimeter

2pril 5, 1978
; Station
Species 3 2 3

= ====CENTRALES~=~~~ B o

Melosira granulata 55314 sl 67167
Melosira varians 19755 o L7412
Stephanodiscus astraea 15804 L - 35559
=== ~PENNALES ==~~~ =

Amphora ovalis 7902 2 11853
Diatoma elongatum 3951 < 7902
_Diatoma vulgare 3951 - BN 112
Fragilaria crotonensis 15804 3 11853
“Fragilaria intermedia 7902 =) 19735
“Gyrosigma acuminatum 71118 - 3951
“Navicula cincta 15804 51363
o et ——

Navicula hungarica 11853 ; 7902
“Navicula Reinhardti. 15804 o 3951
Navicula schonfeldii 11853 I} 11833
Navicula sp. 15804 TI0&
Nitzschia acicularis 7902 Y
Nitzschia amphibia 11853 i | % 27657
‘Nitzschia stagnorum/thermalis 35559 23706
sSuriral)l 27657 19755
Surirella ovata v. pinnat 25657 7902
_Svnedra ulna ;5804 0
Synedra ulna v. oxyrhynchus ___7%2___0 — w i
Synedra vaucheriae - L
Unidentified (girdle view, etc.) 7902 7502




Table 2.1-5. Attached Diatoms &f the Mississippi River near Prairie Island

Numbers Expressed is Cells per Square Centimeter

April 19, 1978
Station
Species 3 ‘1 a B
=====CENTR: JES === 11853
Cyclotella Men inian - 7902 11853
Melosira varians S 11853 15804
----- PENNALES == =w=w R | 1
Cocconeis pediculus - 11853 -
—Cocconeis placentula v, euglypta 7902 e
n —Symbella prostrata v. auerswaldii | 7902 11853
.. —LDlatama elongatum S " 3951 _ 31608
)~ _Gomphonema olivaceum - 11853 &3 3951
< _Gomphonema parvulum 23706 = 86922
Gyrosigma acuminatum 7902 7902
Navicula cincta 15804 < 3951
Navicula hungarica 3951 % 1853
Navicula peregrina - 0 23706
Navicula schonfeldii 7902 ] 11853
“Wavicula sp. 3951 . 7902
O Nitzschia acicularis 3951 102726
~< _Nitzschia acuta 31608 11853 o
C Nitzschia amphibia 7902 7902
—. _Nitzschia dissipata 7902 19755
+~ _Synedra rumpens 3951 23706
= _Synedra ulna 1185 0
Synedra ulna v. oxyrhynchus 0 - 15804
_Unidentified (girdle view, etc,) et
|
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Table 2.1-5 Attached Diators of the Mississippi .iver near Prairie Island
Numbers pxpressed as Cells per Sqguare Centimeter

June 15, 1978 :

gyl 9L¢

Speci Station '
ies ‘
A 1 | 2 3 4 5 6 7

am====CENTRALES ===~ =
W 5 s 3951 f 7202 | 1s804 ¥ - 3954 —— 4t —33F06——
~Melosira granulata i R (A . . 2 e T S S S s - S
Melosira islandica :4 i ke |k s o
Melosira varians i 7902 7902 TTE53 7902 3951
st ENNALES -~~~ 1 s 0
—Achnanthes lanceolata 1302 0 9 7902 L ldie
' 3951 0 0. 0 0 T
~Cymbella turqida . 3951 3251 0 2202 . 15804
~Cymbella ventricosa L 15804 ] 3951 7902 0 0 3951
[ 23706 0 15804 27657 7902 0
1 7902 7902 11853 11853 0 0
Fragilaria capucina :
Fragilaria f-’!ogggc ensis T T1853 1 3951 11853 0 0 0
Fragil <o _ T 37657 0 27657 0 0 63216
"a%o::: intermedia =l 71118 3557 15604 ) 15804 33706
ema parvulum .5 ‘__I!R"ﬁ!:_:q 0 11853 0 7302 551 '.
Navicula cincta - 2 19755 1 T 39510 T 0 853 :
Waviculs cryptocepbais = 3881 [~ TIg5T ) 15604 73706 7902
“Navicula rhyncocephala o 0 21383 47412 3551 82971
“Navicula schonfeldii & 1ies3s | 7902 | 47412 3951 0 0
“Witzschia acicularis 15804 | 452 3981 |0 — 0 3951
“Witzschia acuta 347688 | 7902 106677 15804 17384 23706
Nitzschia dissipata i 3951 11853 0 0 3951 7902
Nitzechia stagnorum/thermalis 1o [ 7%02 7902 0 0 0
Synedra ulna . S . [ 0 0 0
—Synedra ulna var, oxyrhynchus R ST W = DL SR ... 2 )
Unidentified (girdle view, etc,) | 4+ .._?.2.3.-_. 7_?__02 7502 95T L= 7902 3951
‘—.JL‘. ........ _‘1r-
B e -




POCT ORIGINAL

ST 1 i
gy NN, Y-y ]
|
—— . (939 ‘me1a 9Tpath) perjiaueprun
w m M mpmmmbm |~Mmh + — 0 L = snyoulyaixo -1ea eun eapeuls
R BUIN RIPBUAS
ﬁwan M \ﬁw \\w, ,'llHWhh|||LT e . wared BTYDSZITN
1 » N PR TTeIedTISsIp e1UOSZIIN
1S6€ £S811 ESBIT 156¢€ 156¢€ ! s ey . -
90LET 0 166¢ 0 vty | e aumum “anmmUMz
Z06L £5811 01S6€ |  912¢9 Z06L o bt Ll it e B & et}
TEaT1 0 0 o) Z06L 1S6¢ s T1PIP3UOYDS BINOTARN
€] 166¢ 0 0 TIFPIBYUT=Y ETNOTARN |
- R - SOVEBAT TRSTARR—
MMMMH _W HMbn m\ Mmmu T . E . 3 Tutabeicd eInolAeN
o 1697 9 1865 Q B A o , eoTiebuny e[noilAeyN
156€ Q ) £S811 2 o . PTeGdeSTp eInoTAEN
- il
156¢€ 90LEZ O 0 | TN S = W . CERTE) RINOTARN
1S6E 0 0 1S6E 0 = f_s " unjeutunoe 150145
o 0 0 166¢€ | Z06L e o
0 0 Z06L L59LT Z06L & -
0 0 £SBT1 90LEZ 0 T
0 0 0 0 166%
0 0 0 156¢E 1S6¢€
0 0 c06L i 0 0 - (R
CO6L Z06L 0 0 Z206L
0 0 0 Q 1S6E 2 -
166¢ R A 1G6T 156¢ dﬂdw!lldﬂdddﬂﬂﬂ“ﬂl
e o = llﬂ“-mu —gau‘l‘-'
Zo6L | zoer r? 20861 SUNTIRA WXTSOTSW
£S811 0 1s6€ | gemII a g e3einuerdb earsoreyn
LITLY 0 0 Q 1S6E ..
1S6€E 2 0 ZivLy £SBIT L eURTUTybauUay B1{93010A0
156k S TG >
L 9 S v £ ' 4 1
satoads
uyotT3els

8L6T ‘8z sunp

a93aswrjua) axenbg 1od s7[ed se pessaxdyxd siaquny
PURTSI STITeId JUau 129aTH TAAISSISSIN @yl 30 SWOIRTQ payse3lIy

‘6-1°7 21qel

276 149

2.1-29



/ RS- - ey O
e et i — - —
o ————— - S S pa— S
Sy =—— — - A PN WIS
RS + - - g p— o
-t S Rk I & e - - T TTOYE TRSTA OTPITB) peijiadeprun.
0 Z06L £SB11T Z06L YB)_PeTITIusptn
) R S5 i 706L euTn RIPAUAS
o 1. o 1 zoeL zo6L | o1 e3eA0 awdouﬂhsw
8- 0 1S6E 0 5 B o) 23eAIND RTUSYASOOTOUY
A g —— 0 o Z06L o .N 1 e3e2dIssTp RTYDSZ3TIN
= - — i e3noe BIUoSZ3IN
~—goreT | LZ¥T¥ | 698l 0 19129 T I ICLLIL
0 0 £SBTT 0 it ol STIeTNOTOe RTYORZITN -
‘ - -
0 Lt 0 186 1 QT . 4 ﬁ pE Ry untiqop umipIenN
M M oL w o Im‘ ] &thvllii F | pjeusa *iea e[eydeso3diio elnolAeN
= R . 3 ©1eydeo03dAio BINOTABN
¢ 0 186E 1s6¢ - =
0 0 PORST ZO6L BIDUID RINOTABRN
50 A o B uminaled eumuoydwon
Z90LE 8091¢ 0 01568 i
0 156¢ 0 0 ENOOPAT [0 eWeUuoyawos
T ] ejonpoid -Iea aiebina ewojeid
O Q 166¢E Z06L B et
0 0 0 Z06L - iy —__wsooTa3ueA e 110quAD
) ) 156¢ 0 I TTp{EmMEIonEe - 10A ejei3soad efeauiy
B ) 7061 ST T suweraea RITEOTON
0 $08S1 1S6EL ! ' !
88TtE 690SL 6LSPTT [ - [
S () (I R 4 (Y473 75Pe02 YEOELT ITUSUBEUOR €T T80 ToAD
S-S TVMING D === "
3 ¢ € % el . " % ‘
satoads
uotaels

86T ‘z1 A1np
Ie30utTivsed arenbs 19d sTT8D se passoidxd sraqunN
puels] a21ITRld JEaU I3aTH TddISSISSIN SY3 3O SWOI2TC payoe3zav °‘5-1°7 II1qed

U

.

276 1

2.1-30



Ay I i 1
YO ' zoeL | 0911 | 1G6E T Z06L
e Sl e Z06L
I8S 0 156€
0 156¢€ 0 e
0 1S6¢€ 0 L"I-.ﬂ TTISETITN
08%E zZ698 6905L = - BINTR RIYOS231
5 - feaTl B B BTie(noloe eTUoSZIIN
0 Z06L 0 T ° @ ernotAeN
0971 0 0 8 ® TIP19JUOUDS BINOTARN
(o]:1- o] o . o e1eydecooudys enoraey
- I B Te6¢ — e audumcuz mwmwﬁ>-z
B —z=gs 5 —a— - € 1eUde003dAI0 BINOTARYN
) B09T¢ 0 i e aarali M 1 T @30UTo e[noTABN
" IERE TS ARG SRR . | I SRRt T Sopioideos evwbisoilo
o X474 Z06L i S TUm(nATed ewsuoUdwon
001 o P . UM8oeAl [0 eweuOUdWoD
D 156¢ 0 ‘BIET[O@DURY SeyIURUYDY
5 Te6t 0 e JUBUHOV
''''' STTUNNEd— - -~
0 034111 166¢E SURTIRA RITSO[®K
1 oeT 42 04:] GLGYIT = UITTNURID €IT80T1en
- o8% TS6T [{3 2414 . eUETUTUbOUSW ©1]030]dAy
— 809ttt | onsg 1 0 l..n]ﬂ,:,. TNy ﬁaﬁﬂucﬂ#
wrw! ) ST TVELNG D====~
s 4 3 Z 1
uoje 3 Sejae

- POCR ORIG!

8L6T ‘9z Aqmr
Ioj32wtaus) arenbs 1ad sTT9D sv passaadxl sisqunN

PURTSI SIITRPId IBSU I9ATH TAdISSISSIWN 943 3O SWOILTU poayoelzy

6-1Z |Tqea

2.1-31



| 918

ik

L4 Vil G S

$s

Table 2.1-5.

Attached Diatoms of the Mississippi River near Prairie Island

Numbers Expressed as Calls per Square Centimeter
August 9, 1978

i Station
SPQC es o
5 2 3 4 5 6 ?
—====-CENTRALES~-=-=
—Cyclotella kutzinghiana 11853 7902 23706 0 Q 2302
_Cyclotella Meneghiniana 154089 67167 47412 3951 8 47412 .
Melosira granulata 19755 114579 39510 0 3951 67167 _ .
_ Melosira italica 7902 7902 3951 7902 9 9
~==~PENNALES ~====
~Achnanthes exigua v. heterovalvata 3951 0 0 0 0 0
~Amphora ovalis 0 ¢ 3951 0 B -
—Gophonema parvuluw 126432 47412 | 39510 11853 15804 15804
—Gyrosigma acuminat.: 0 3951 11853 0 0 3951
_Gyzosigma scalproides 3951 3951 | 7902 0 0 0
Navicula cincta 63216 i iy 0 98715 11853 11853 0
Navicula cryptocephiala o) .- 4 Q o__ 0 0 0
Navicula dicephala 7902 > [ 3951 0 0 0
Navicula hungarica 0 = 3951 3951 0 3951 7902
Navicula mutica 118513 ~ 0 el 7902 0 0 0
Navicula sp. igirdle view, etc.) 3951 2 11853 0 0 0 3951
—Nitzschia acicularis 7592 N 0 11853 L 9 *351
—Nitgschia acuta 27261 5 9 3951 - 9 9
_Nitzschia dissipata 47412 67167 154089 11853 15804 59215
itzsch 0 3951 0 3551 0 11853
Nitzschia recta _0 3951 0 0 0 Q
laria gi 3951 7902 3951 0 0 Q
a 1 3951 3951 3951 7902 3951 0
Y-y - 3951 0 3951 0 7902 3951
~Unidentified (girdle view. etc.) .
I —— i

e —l
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Table 2.1-5. Attached Diatoms of the Mississippi River near Prairie Island
Numbers Expressed as Cells per Square Centimeter

November 15, 1978

A Station
—— -~ e e
pantae 1 . 2 3 4 5 6 LA
TIITICENTRALES oo i Mt Sl 7902 |  © 0 0 3951
Coscinodiscus Rothii | 3951 3951 7902 35559 7902 11853
Cyc otella kutzingiana D R L 3951 3951 3951 3951 3951
Cyclotella Meneghiniana | t_ 7502 | 11853 19751 3951 | 3951 0
Melosira granulata - | 15804 | 3951 11853 0 7902 3951
Melosira varians N | 55314 | 7902 19755 | 71118 94824 [ 11853
__F_."._!ph.nodigcu‘ niagarae ) 4 23706 1 395 1 F—"'216'37 i 7902 11853 19755
- ===~PENNALES ~~-~~ | 1 bt "
Amphora ovalis - .o I 3951 | 3951 ) S L. B b e A e
_Cocconeis placentula var. euglypta | i 7902 | 3951 4 O 3951 Q 4 2381 . ..
Cymbella turgida - L. 3951 | 7902 3951 | 7902 _,,‘_Hil___I-__._Q ==
Cymbella ventricosa - 39510 | 11853 3951} O 0 i 42804
Diatoma vulgare var. producta ] 205452 ] 3951 7902 | 63216 51363 I
Fragilaria intermedia 63216 15804 | 3951 39510 31608 118583
Gomphonema olivaceum , 0 ___ 7902 0 23206 ) _XIRSE ot B
Gomphonema parvulum TR 79020 | 63216 71118 75069 | 63216 45559
“Wavicula cincta . _A__E‘_* 18 82971 | 114579 201501 158040 63246 -
“Wavicula cryptocephala | 47412 3951 | QO 51361 19510 2003—
“Navicula rhyncocephala — 23706 11853 19755 22657 1 15804 {1580 -
“Wavicula sp. 3951 ) 3951 0 7902 395i
“Nitzschia acicularis 19755 | 3951 | 3951 19755 11853 3951
Nitzschia acuta 1 o 2951 0 15804 | 3951 | o
Nitzschia dissipata - | 7ine | 27657 | 35559 | 82971 | 632'6 11823
Nitzschia recta o0 | wen2 | 23706 0 3951 .39t}
Nitzschia tryblionella - 3951 3951 11853 3951 0 U
“Rhocosphenia curvata . N o 1 o v 6 __ 1 792 i 3951 + 0 )
“Synedra ulna - _j 59265 0 B i 31608 23706 0
Synedra ulna var. oxyrhynchus 1 0__ 3951 | 0 0 0 o ___
Synedra ulna var. oxyrhynchus fo. | | 3951 | O I O 3951 0 ___C
constricta - [ S . BT o = e — g
~Onidentified (girdle view, ete.) | 1 7902 | = 395} 7902 3851 _ 3951 7902
S i S ']’L 821808 | 316080 406953 782298 640062 252664
e i .r_ - e e e . et e . e e et e —_———
R e et e L e m—p— H
A e N MCR i
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2.2 BRENTHIC MACROINVERTEBRATES

2.2.1 INTRODUCTION

This report of the benthic macroinvertebrates of the Missis-
sippi River at Prairie Island is the ninth in & continuing
monitoring program for Northern States Power Company's (NSP)
Prairie Island Nuclear Generating Plant (PINGP) near Red
Wing, Minnesota. This annual report presents analysis and
interpretation of 402 benthic samples collected during the
fitth year of plant operation, spanning the period January
through December 197&.

The primary objective of the study is characterization of
the benthic community in the vicinity of PINGP, with
respect to any effects which may be attributable to ogpera-
tion of the generating facility. To meet this objective, a
study program was designed in which any major alterations
in community integrity directly attributable to plant
operations could be segregated from natural cozmunity
fluctuations.

2.2.2 MATERIALS AND METHODS

2.2.2.1 Field Sampling

Regularly scheduled benthic macroinvertebrate samples were
collected by Northern States Power personnel during 1978.
Two types of samples were collected:

e Petersen dredge samples (every 6 weeks from
February through November)

2, Artificial substrate (Hester-Dendy) samples
(every 6 weeks from January through December)
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The Petersen dredge was used to collect sedentary substrate
dwelling organisms, Petersen dredge samples were collected
at Stations B-1, SL, X-1, X-3, Y-1, Y-2, C-1, and C-4
(Figure 2.2-1). The Hester-Dendy multiplate sampler
(artificial substrate) was used to sample benthic organisms
which prefer a rigid substrate. Artificial substrate
samples were collected at Stations B-1, SL, X-1, X-2, X-3,
Y-1l, and Y-2 (Figure 2.2-1).

Petersen dredge sampling consisted of three rep! icate grabs
at each station using a dredge sampling 1.0 ftz. Samples
were washed in the field using a No. 60 mesh sieve and
preserved in 37 percent formalin.

Artificial ¢ '~ _ate samples were collected using a Hester-
Dendy multiplate sampler consisting of eight tempered
hardboard plates with a surface area of 1.0 ftz (Hester
and Dendy 1962). The samplers were anchored with concrete
blocks suspended from surface floats and incubated for
approximately six weeks, At each station, four samplers
were installed in two sets at two aid four feet below the
surface, respectively. After the six-week incubation
period, samplers were removed and organisms sieved and
preserved in the same manner as Petersen sampies,

All samples were then shipped to the Dallas sample pro-
cessing facility of Texas Instruments. Data were analyzed
by Texas Instruments personnel and subsequently couputer
processed to final form.

2.2.2.2 Laboratory Analysis

Before analysis, samples were washed through a No. 60 mesh
screen, which removed most of the remaining sediment and
preservative. The conteuts of each sample were then sorted
according to general wourrhological characteristics to
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fac.litate efficient process.ng of bulk samples. Samples
were placed in a sorting tray or petri dish, depending on
sample size, and systematically scanned under 10X magnifice-
tion. Organisms displaying similar morphological features
were placed in vials containing 70 percent ethanol for later
identification and enumeration.

For extremecly denf.: artificial substrate samples, a TI-
modified Folsom plankton splitter (Scarola and Novotny 1968;
Lewis _.n. Garriott 1970) was utilized to obtain statisti-
cally representative subsamples. During 1978, 86 multiplate
samples were split. This procedure was designed to yield
a subsample «f workable density while maintaining a high
“evel uf precision. Appendix A2.2.1 presents the rationale
and justification for this subsamyp. g procedure. In
additio: to those samples listed in Appendix A2.2.1, 14
additio .1 samples were checked to verify splitting preci-
sion. forring procedures are the same for subsamples as
vhose listed a ~ve for entire samples.

Sorted samples were placed in divided petri dishes, where
all taxa were ¢enumerated and identified using a stereozoom
dissecting microscope equipped with an ocular micrumeter.
When necessary, a compound microscope supplemented the
dissecting microscope. Only those organisms whose dimen-
sions exceeded the mesh size of the screens were quantified.
Orgarnisms were identified to the lowest practical identi-
fication level (LPIL), usually genus, but higher levels
of identification were made for certain minor taxa that
required extremely difficult taxonomic delineation. 0Oligo-
chactes and chironomids were mounted on slides with Hoyers
mounting media (Roback 1957; Knudsen 1966) for identifica-
tion purposes.

Enumeration involved only individuals 'iving at the time of
collection (indicated by the presence of fleshy tissue). 1In
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instances when organisms (such as oligochaetes) fragmented
due to preservation and handling, only anterior portions
were enumerated.

Principal taxonomic keys used in the identification of
benthic macroinvertebrate taxa were: Ward and Whipple
(1959), Pennak (1963), and Usinger (1971). These were
supplemented by monographs specific to the systematics
of locally occurring organisms and/or specific Jroups
of taxa (see asterisked references in Literature Cited,
subsection 2.2.6).

2.2.2.3 Data Analysis

Data obtained from the benthic portion of this study were
used to generate a presence/absence list of benthic macro-
vertebrates for each month studied.

Numerical abundance data were calculated as total number of
organisms per collection (No./ftz), extrapolated, and
expressed as a mean number (by species and total) per square
meter. Standard errors for each set of replicate samples
were also computed for each station. Relative abundance
(percent) data were expressed as the percent that a par-
ticular taxon comprised of a total sample. Evaluation of
these data provided information ©n species and number per
unit area, relative composition during each sampling period,
and normal seasonal population fluctuations.

Using the Shanron-¥ - : gormational measure of diversity
(H') (Shannon & T +1937), a diversity value was
calculated for e.. Sdip.= collected. This value was

compared (as a ratio) tc¢ the mavimum theoretical diversity
of the sample to obtain a measure of "evenness" (J') of
distribution of inc¢ividuals among the varicus taxa (Pielou
1969).
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2.2.2.4 Statistical Analysis

In order to accurately characterize phenomena observed in
the data, a series of statistical analyses was performed.
These analyses were designed to determine significant trenas
and patterns that existed in the data, primarily significant
variances in the data that may be attributable to plant
operation.

Sampling with the Hester-Dendy multiplate sampler was not
consistent throughout the year due to icing conditions in
the winter months and very high flow conditions during
spring months. However, there were subsets of months and
stations that formed consistent Ciocks of data. Three
such "blocks" were used to compare stations as shown in the
following table:

Station-Month Combination

Stations* Station Station Station
Month Sampled 1-7 2-7 3-7

2=
2=7

N = O 0N s N e
[
|
~

H X X X X =

X X X X X X

b
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Petersen dredge sampling was consistent throughout the year
with three subsets of months necessary to compare stations.

These data "blocks" are shown in the following table:

Station-Month Combinations

Stations* Station Station Station
Month Sampled 1-8 3-6 1,3-8

2 2-6 X

3 1-8 X X X

5 1-8 X X X

6 1-8 X X X

7 1,3-8 X X

9 1-8 X X X
10 1-8 X X X
11 1-8 X X X

*1 - B-1l; 2 - SL; 3 - X-1; 4 = X-3; 5 = Y-1; 6 - Y=2; 7 =
C-1; 8 - C-4

The Newman-Keuls multiple range test (Winer 1971) compared
mean densities against background sampling variation to
determine which station(s) were statistically distinguish-
able. Since there were no occurrences of zero densities in
Petersen dyedge samples, the loglO(X) data transformation
could be used without further modification for this gear.
The occurrences of zero densities at Stations X-1 and Y-2
for artificial substrate samples in January nccessitated use
cf a loglo(xﬂ) data transformation to obtain meaningful
comparison data for this gear type. Logarithmically-
transformed data yielded a comparison of relative orders of
magnitude rather than absolute densities, and tended to
stabilize variance. Newman-Keuls multiple range tests were
performed for the monthly means for each ANOVA.
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2.2.3 RESULTS

2.2.3.1 Petersen Dredge Sampling

Taxa Inventory/Seasonal Occurrence

Benthic macroinvertebrate ccllections (Petersen dredge)
yielded 78 taxa, with chironomid (midge) larvae comprising
the major portion (Table 2.2-1). Organisms appearing most
ubiquitously throughout the study period were Nematoda,
Tubificidae (Oligochaeta), and the chironomids Chironomus,
Cryptochironomous, and Procladius. The prevalence of these

organisms in 1978 collections is consistent with the last
two years' findings (Texas Instruments 1977 and 1978) in
which these organisms were well distributed both spatially
and temporally throughout the study area.

As in previous years of study in this area, a broad assem-
blage of pollution-tolerant (i.e., Chironomus, Cryptochiro-

nomus, and Tubificidae [Oligochaeta]), facultative (i.e.,
Caenis, Plumatella repens, and Polypedilum), and intolerant

(i.e., Ablabesmyia, Psectrocladius, and Hexagenia) macro-

invertebrate taxa (Weber 1973) were collected. Taxa occur-
ring in the area are generally characteristic of benthic
assemblages 1in moderate current, soft-substrate riverine
environments (Hynes 1970).

Numerical Abundance

The temporal density pattern was not consistent for all
stations during 19378 (Figure 2.2-2). The upriver control
station (B-1) and downriver control stations (C-1 and C-4)
exhibited similar scasonal density patterns in which peak
densities occurred in the March sampling period. Due to
high river flows (Figure 2.2-6), which scoured the main
channel botctom substrates, Stations B-1l, C-1, and C-4
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exhibited markedly reduced organism densities for the
May through November sampling periods. Densities at the
recirculation canal station (X-3) were consistently low
throughout the year. Stations located at Sturgeon Lake (SL)
and the p’ant intake (X-1) displayed similar trends in
density with numbers increasing from February through June,
declining in July (no samples were analyzed for SI in July)
and September, increasing significantly in October and-
finally, declining again ian November. Peak values for
Station SL were reached in June and October, whereas Station
X-1 reached its maximum values in May and June. Station
¥-1, discharge canal, registered an annual peak in February,
then remained fairly constant at a lower level from March
through June before declining to an annual low in July.
Densities remained low at Y-1 in September before reaching
a secondary peak in October, then declined in November.
Station Y-2, also in the discharge canal, exhibited an
annual low in February with densities thereafter increasing
each sampling period to a maximum in July. Density values
for Station Y-2 then declined through October before in-
creasing in the November sampling period.

As in 1976 and 1977, the intake station (X-1) compared
favorably with the upriver control station (SL). Also, as
in the two previous years, the recirculation canal station
(X-3) displayed sustained low values oser the course of the
year. The discharge canal stations, Y-1 and Y-2, reflected
generally increasing densities relative to the recirculation
canal, with Station Y-2 exhibiting the highest density
values of all stations sampled during the year (12,759.2/m2
in June and 12.960-1/!!12 in July). Stations B-1, C-1, and
C-4 displayed similar trends in density during the year.
Densities for these stations were the highest of all sampled
stations in March (Table 2.2-2), but thereafter, were
generally lower than all stations except the recirculation
canal (X-3). Total density values ranged from 10.8/m2 at
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Station C-1 in September to a maximum of 12,960.1/m2 at
Station Y-2 in July (Tables 2.2-2). These values can be
compared with ranges of 0-10,079/m2 and 75.3-17,947.6/m2
observed during 1976 and 1977, respectively (Texas Instru-
ments 1977, 1978).

Percent Composition

As in the previous two years of study (Texas Instruments
1977, 1978), tubificid oligochaetes and dipterans, primarily
Chironomidae (midge larvae), dominated the Petersen dredge
collections in the study area during 1978 (Table 2.2-3;
Figure 2.2-2). Tubificids represented 69.0 percent of all
organisms collected, while dipterans constituted 24.8 per-
cent of the total. Collectively, these two taxa contributed
93.8 percent to the total number of organisms in 1978.

Tubificid worms were abundant at all sampled stations except
the recirculation canal (X-3) during the February and March
sampling periods. Tubificid abundance at X-3 remained low
throughout the year, reflecting the unstable substrate and
turbulent water flow conditions that characterize this
station. Beginning in May and extending throughout Novem-
ber, the upstream control (SL), intake (X-1), and discharge
(Y-1, Y-2) stations exhibited similar tubificid abundance
patterns. The upriver control (B-1l) and downriver control
(C~1, C-4) stations also exhibited similar patterns of
tubificid abundance, in that numbers were generally reduced
from 1976 and 1977 levels in response to unusually high
river discharge (Figure 2.2-6). The scoured conditions at
these stations and in the recirculation canal indicate that
substrate stability and river discharge are two major
factors controlling tubificid abundernce and distribution in
this area. The fact that the upstream control station (SL)
is comparable with the intake (X-1) and discharge (Y-1, Y-2)
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stations would suggest, as in past years, that plant opera-
tion is not a major factor influencing tubificid ~' undance
and distribution,

Procladius, Cryptochironomus, Chironomus, and Polypedilum
were the dominant chironomid (midge) larvae co . acted dur ing
1978. This compares favorably with 1976 and 1977 data
(Texas Instruments 1977, 197B). As with tubificid worms,
densities of chironomid larvae were markedly reduced at the
recirculation canal station (X-3) further emphasizing the
lack of suitable habitat at this location for the most
abundant organism groups in the study area. The compara-
bility in terms of abundance and density of chironomids of
upstream control station (SL) with intake (X-1) and dis-
charge (Y-1, Y-2) scations suggests that plant impact is
localized in the recirculation canal, and that normal
population structure is maintained at other stations in the
study area.

Community Diversity

Seasonal variations in community diversity (H') and eveness
(J'), are affected by density, the number of taxa collecteq,
and the distribution of densities within the various taxo-
nomic groups. The H' index has a range of 3.31 1092N (N =
number of taxa), with an effective range of 0 to 4 in most
freshwater situations. The J' index has a range of 0 to 1,
with a value of 1 being a completely evenly distributed
(i.e., equal numbers of individuals in all taxa sampled)
population.

Community diversity values (H') (Figure 2.2-3) generally
exhibited the lowest v:lues of the year during months of
extremely high tubific.d percentage composition (i.e.,
February, March, and May), and had the highest values where
chironomid percentage composition was high (i.e., September,
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October, November). Values of H' ranged from C at Station
X-3 in May, when only one taxon was encountered, to 3.08 at

Station C-1 in November, when 19 taxa were collected. This
range in diversity values is greater than that observed in
1977 and 1976, when maxima of 1.17 and 2.53, respectively,
were recorded (Texas Instruments 1977, 1978). Evenness (J')
values ranged from 0 to 0.90 (on a scale of 0 to 1) corres-
ponding to H' minima and maxima, respectively. Relative to
1977, the increase in benthic community diversity measured
in 1978 can largely be attributed to decreased densities of
tubificid worms from the very numerous levels during 1977
and to the occurrence of midge larvae in the samples over a

longer time than in the previous year.

Statistical Analysis

The data were analyzed in three subsets, because in certain
months, all stations were not sampled. The Newman-Keuls
multiple range test was applied to station means. Logarith-
mically transformed data were used to stabilize variances
and provide for order-of-magnitude comparisons among sta-
tions. Results of statistical analyses for 1978 data are

presented in Table 2.2-4.

Comparisons among intake (X-1), recirculation (X-3), and
discharge (Y-1 and Y-2) stations for all sampling periods
reveal that X-3 differs significantly (ea= 0.05) from the
other three stations, with mu~h lower densities. Stations
X-1, ¥Y-1, and Y-2 were not distinguishable from each other
for the data set including these stations and all sampled
months for both transformed and untransformed data.

Using the transformed data set for all stations and the
months March, May, June, September, October, and November, a
comparison across all stations indicates that upstream
control stations (B-l1 and SL) were indistinguishable, in
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terms of total density, between each other and from the
intake (X-1) and discharge stations (Y-2 and Y-2). Differ-
ences in total density among the upstream control (B-1),
discharge (Y-1), and downstream control (C-4) stations were
not distinguishable. The corresponding untransformed data
show no significant differences in total density among
upstream control station (B-1l), recirculation canal station
(X-3), and downstream control stations (C-1 and C-4).
Untransformed data for all months except February and July
and all stations except SL (Table 2.2-4), depict only
discharge Station Y-2 as significantly different from other
stations in the study area. Transformed data for the same
months and stations show no differences between the recir-
culation canal station (X-3) and downstream control station
(C-1), but significant differences exist between these two
stations and all other stations in this subset.

In summary, the statistical analyses indicate that varia-
tions in infaunal density patterns may be introduced bv
plant-related activities in the immediate vicinity of the
plant, particularly at recirculation canal Station X-3,
where consistently low densities were observed. The data
also indicate, however, that these variations are within
the natural variation intrcduced by river discharge and
substrate characteristic fluctuations in the upstream and
downstream control areas of the river during 1978.

2.2.3.2 Artificial Substrate Sampling - Taxa Inventory/

Seasonal Occurrence

Artificial substrate sampling yielded 108 invertebrate taxa,
of which chironomid larvae comprised the greatest portion
(Table 2.2-5). The most ubiquitous organisms were nema-
todes, Naididae (Oligochaeta), and the midge larvae, Glypto-
tendipes sp., Cricotopus sp., and Tanytarsus sp.. Beginning
with the May sampling period and extending to the end
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May samples were generally dominated by aquatic oligochaetes
(Naididae). Nemerteans ( roboscis worms) and nematodes were

also present in appreciable numbers during this time period
at X-2, X-3, and Y-1. Chironomid larvae began to appear
in large numbers in the May sampling period, and was a
prevalent group in the July through November collections.
Glyptotendipes sp. was the dominant chironomid encountered
with densities reaching maximums of 49,462/m2 at X-3 in
August and 52.379/m2 at Y-1 in September. These values
represented 73.4 percent and 83.6 percent, respectively, of
the organisms collected at the station during the specified
sampling periods. Cricotopus sp., Parachironomus sp.,
Psectrocladius sp., Polypedilum sp., Dicrotendipes sp., and
Tanytarsus sp. were other chironomids that were commonly

encountered and sometimes numerous in the study area from
May throuah November. Trichoptera larvae and/or pupae of
the families Hydropsychidae and Polycentropodidae were
also commonly encountered, and were periocdically numerous
in the July to November collections. Hydropsyche orris,
Hydropsyche sp., Cheumatopsyche sp., Potamyia sp., Hydro-
psychidae (LPIL), Cyrnellus sp., Neureclipsis sp., and
Polycentropodidae (LPIL), collectively, constituted 10.2
percent, 35.0 percent, 36.6 percent, and 27.8 percent of the
total organisms collected in the study area during the July,
Avgust, September, and November sampling periods, respec-
tively. Naididae (Oligochaeta) were again the most dominant

organisms in the area in the November and December collec-
tion periods, with densities representing 46.8 percent and
84.8 percent of the organisms collected during these months,
resp ctively. Naidids were especially numerous at ¥-3 in
November, where they comprised 87.. percent of the total, a
figure equivalent to approximately 52,800 organisms/mz,

As ir prior years, Naididae, Chironomidae (particularly
Glyptotendipes sp. and Tanytarsus sp.), and Hydropsychidae
were the predominant organisms collected during 1978,
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Naididae dominated the Jariary, February, April, and May
-ollections. Chironomids began to increase as a proportion
of the total in May and, along with net-spinnirg caddisflies
(Hydropsychidae and Polycentropodidae), constituted the
majority of organisms collected during th: warm summer and
fall months. While a greater number of taxa were collected
during 1978 than in the three previous years, the taxa
comprising the dominants for multiplate samplers were very
similar for all four years, indicating li“tle or no altera-
tion in the compositional characteristics of the community

dur.ng 1978.

Community Diversity

Table 2.2-6 summarizes density, H', J', and number of taxa
collected . Figure 2.2-5 shows the changes in diversity
(H') occurring through the year for artificial substrate
samples. Seasonal variations in diversity (H') were char-
acterized by generally higher values during the warmer
moriths of May through November, consistent with the greater
numbers of taxa collected during this period. Diversity
(H') values ranged from 0 (Staticn SL, January and February;
Station X-1, February) to 3.46 Station X-1, November) .
These values can be compared against the ranges observed in
1277 (0 to 2.78), 1976 (0 to 2.83), and 1975 (0 to 2.78),
Generally higher community diverzity measures were recorded
during 1978 due to the influx of a number of taxa of drift-
type organisms in the artificial substrate collections, a
condition brought about by high stream and river discharge
rates in the study area. Stetions X-2, X-3, and Y-1 gener-
ally displayed the lowest diversity (H') measurc. in 1978.

Evenness (J') ranged from 0 to 0.91 with a mean J' of
0.45 and a standard deviation of 0.25. The lov ' values
observed during 1978 reflect tne dominance of certain taxa
(i.e., Naididae, Glyptotendipes sp., and Hydropsyche orris)

in the study area.
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Statistical Analysis

Sampling with the Hester-Dendy Multiplate Sampler was not
consistent across the year. There were, however, subsets of
months and stations that formed consistent blocks of data.

Three such blocks “ere used to compare stations (Table
2.2-8).

The Newman-Keuls multiple range test compared the mean
densities against the background sampling variation to
determine which station(s) was statistically distinguish-
able. Logarithmically transformed data yielded a test which
compared relative orders of magnitude rather than absolute
density differences. This transformation also tended to
stabilize variance in the analysis.

Data from January, February, April, May, July, August,
September, November, and December, and Stations X-1, X-=2,
X-3, ¥Y-1, and Y-2 show that X-1, Y-2, ¥-1, and X-2 had
statistically similar densities. This was also true with
samples from intake forebay (X-2), recirculation canal
(X-3), and discharge (Y-1). Transformed data showed that
X-1 and ¥Y-2 had similar densities, and that these two
stations were significantly different from X-2, X-3, and
¥-1.

Adding Sturgeon Lake (SL) to the analyses showed that SL
sample density was mcst similar to Station X-1, the nearest
other test station, and to Y-2. Transformed data showed
that SL density was itistically identical to X-1 and Y-2
density measurements

Data for all stations for May, July, August, and November
showed the recirculation canal (X-3) to have significantly
higher densities than all other tested stations. The
remaining stations were not distinguishable from each other
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on the basis of total density. Logarithmically transformed
data indicated that X-3 and X-2 were similar and that these

stations were significantly different from 3L, B-1, and X-1l.
Stations Y-1 and Y-2 were statistically similar to one
another and both were similar to X-2, X-3, and B-1l. Station
Y-2 was signficantly different from X-3.

In summary, in 1978 as in 1977, stations near the plant were
readily distinguishable from the more distant stations. The
upstream and downstream control stations, Sturgeon Lake, and
intake station (X-1) were also similar to one another,
particularly SL, B-l, and X-1l. Data indicate that effects
of power plant operation on benthic organism densities (as
reflected on Hester-Dendy multiplate samplers) is limited
to the immediate vicinity of the Prairie 1Island Nuclear
Generating Plant, particularly with respect to the recir-
culation and/or discharge of heated water.

2.2.4 DISCUSSION

In order to assess the influence of operations of the
Prairie Island generating facility on the benthic macro-
invertebrate community, it 1s first necessary to describe
natural community dynamics and their pertinent control
factors in the study area. During 1978, high river dis-
charge with its attendant effects of biota/substrate scour
and rapid -- sometimes turbulent -- current, played a major
role in influencing community dvnamics. These eifects were
noticeable both in the infaunal and artificial substrate
sample results., Infaunal effects were most readily observed
in the upstream control (B-.1) and downstream control (C-1
and C-4) stations, where densities of benthic organisms
were markedly reduced from March through Ncocvember when
compared with 'evels reacrhed at these stations during 1976
and 1977 (Texas Instruments 1977, 1978). The scouring
effects of unusually high discharge rates on infaunal
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community dynamics, as experienced in the study area during
the first three quarters of 1978, are well cocumented (Hynes
1970; Hoopes 1974; Anderson and Lehmkuhl 1967). The resi-
liency of the infaunal community at the control stations was
observed in the gradual upward trend in densities during
October and November after flow rates had subsided. High
flow rates had several pcsitive effects on epifaunal (drift)
organisms colonizing the Hester-Dendy multiplate samplers.
First, swift currents provided favorable conditions for the
establ ishment of large populations of case-building, net-
spinning midge (i.e., Tanytarsus sp.) and caddisfly larvae
(i.e., Hydropsyche orris) that rely on water flow to satisfy
their filter-feeding requirements. Second, the heavy
rainfall that led to high discharge rates in the June to
September period undoubtedly caused dislodging and drift of
organisms from the tributary streams and littoral areas of
the river. The enrichment of the taxa list for artificial
substrate samplers, 31 additional taxa, when compared with
1977, is indicative of the magnitude of this effect. It can

also be noted that community diversity levels, as measured
by H', are generally observed to be higher in 1978 than in
1977 due largely to the influx of new taxa in the drift.

Just as Station B-1 was impacted unfavorably by the scouring
effects on the infauna, it generally reflected the largest
increases in epifaunal densities, relative to 1977, with
increased flow ratec. These natural variaticys in benthic
community dynamics observed during 1978 can be consolidated
with community stiucture information that has remained
similar from 1976 through 1978 to serve as background
against which plant operation effects can be evaluated.

As in 1976 and 1977, tubificids and chironomids dominated
the infaunal collections, and naidids, chironomids, hydro-
psychids, and polycentropodids dominated the epifaunal
(drift) collections. Also, as in prior years, seasonal
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temperature variations were important determinants on com-
munityv structure in that immature insect forms, especially
midge and caddisily larvae, displayed greatest abundance in
the epifaunal drift community during the warmer months of
the year. Generally, the gross community structure charac-
teristics described in the 1976 and 1977 studies are sup-
ported, by, and similar to, 1978 data. The high flow rates
observed in the river during 1978 significantly altered
substrate stability at the upstream control (B-1) and down-
stream control (C-1 and C-4) stations and prevented benthic
organisms from becoming established. This natural situation
is similar to the man-induced conditions at X-3 in the
recirculation canal. Moderate to swift discharge currents
leading to substrate instability and thermal enrichment at
X-3 combine to create an unfavorable enviromment for benthic
invertebrates. Statistical analysis of the infaunal results
confirms that X-3, B~1, C-1, and C-4 were similar (e = 0.05)
in 1978. The fact that Y-2 at the 2nd1 of the discharge
canal, and SL, the upstream control are similar may suggest
that plant effects are confined to the immediate vicinity of
the plant for infaunal populations, and that recovery is
evident by the outlet of the discha:ge canal at Station Y-2,.
The data also suggest that the variation introduced bty a
significant natural event, such as unusually high discharge
rates in the main river channel, produces effects that are
similar to the conditions observed i1in the stations most
heavily influenced by plant operation (X-2, X-5, ¥Y-1) for
both infaunal and epifaunal community components.

As in past years, it appears that the current study design
is adequi te to segregate and characterize natural population
fluctuaticns and plant effects, both temporally and spa-
tially, wirnin the study area. The large impact of high
stream flows on the upstream and downstream control) stations
during 1978 makes it difficult to determine if plant-induced
effects are sustained in the downstream infaunal benthir
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community. Percentage composition data similar to 1977 for
C~-1 and C-4 and the similarity of the discharge station
(¥Y-2) to upstream ccatrol station (SL) seem to indicate that
plant-induced effects are not sustained downstream. Epi-
faunal results indicate that similar effects on community
dynamics are introduced by high discharge rates in the river

| by plant operational effects, although epifaunal densi-
. .@s were generally significantly (a= 0.05) higher in the
immediate vicinity (i.e., Stations X-2, X-3, Y¥Y-1) of the
plant.

2.2.5 SUMMARY

l. Dominant taxa observed during 1978 in the vicini.y
of the Prairie Island Nuclear Generating Plant were
Tubificidae (Oligochaeta) and Chironomidae (Diptera) in
the infaunal collections and Naididae (Oligochaeta),
Chironomidae, Hydropsychidae, and Polycentropodidae
(Trichoptera) in the epifaunal collections.

2. Unusually high spring and summer discharge rates in the
main river channel had major impacts on the abundance of
infaunal organisms and the abundance 2nd composition of
epifaunal organisms. These effects were most noticeable
at B-1, C-1, and C-4, where high flow rates scoured the
infaunal populations but contributed to increased
colonization of the rigid Hester-Dendy substrates by
filter-feeding taxa and drift organisms.

3. As in the time period 1975-1977, data suggest that
stations closest to the plant, and particularly in the
intake forebays (X-2) and recirculation canal (X-3),
were different from other stations. The outstanding
exception to this generalization is observed in the
infaunal comparisons where X-3 is statisticully similar
to the main river stations (B-2, C-1, C-4) that had been
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subjected to the natural scouring effects of high river
discharge.

Although the denuding «f downstream contrcl stations
(C~1 and C-4) makes it difficult to assess the impact of
plant operational effects on downstream community
characteristics, it appears that the relative stability
of infaunal collections at Y-2 from year to year for
infaunal and epifaunal community components and their
similarity to upstream control (SL) during 1978 are
indicative of localization of plant effects to the

immediate vicinity of the facility.

Gross community characteristics (i.e., total densities
and relative abundance of dominant taxa) described in
this report are generally similar to those presented in
the 1975-1977 annual reports, indicating little overall
change in the main constituents of the benthic macro-
invertebrate community from year tc year.
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