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Intrcluction

a 13

Section 4.2.1. of the Environrental Technical Snecifica-
tions (F.T.S.) for Three-"'ile Island (T!I-1l) Nuclear Station
recuires the monthly sampling of surface water frenm
invertebrate monitoring stations 2 and 3 (Figure 1) and
analvsis for heavy metals (Cu, Cr, Fe, “n, MNi and 2Zn).

Station 2 serves as the upstream site, while station 2

serves as the plant discharge site. This report presents

the above-required data for samples collected by Ichthyological
Associates, Inc. (I.A.) from February 24, 197€ to 'ovember 2,
1976. Unfavorable weather conditions prevented sample

collection durinc both January and December.

As reaquired by section 4.2.2 of the E.T.S.,surface
camoles from all five stations were collected semi-ronthly
by I.A. from April 6, 197€ to Octocber 19, 1976. Samples
were analyvzed for heavv metals (see above), calciunm,
magnesium, sodium, potassium, and phenols. The analytical

results are presented below.

All results have been forwarded on a monthly basis
to mersonnel of the Radiation Safety and Environrental

Encineering Section of the Metropolitan Edison Cempany.

Procedures

All procedures used were those frcom the U.S.E.P.A.
“"anual of Methods for the Chemical Analyvsis of Water and
. (1) E : .
Wastes . Metals were analyzed via atomic absorption, and

nhennls were dcne using the 4-amincantipyrine-distillation

1565 011
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e« E.T.S5., Section 4.2.1: ‘‘onthlv Heavv Metals Analvsis

The results cf the monthly neavy metals analysis for
1976 are shown in Table 1. The "above intake" results are
those found for samples collected at invertebrate station 2,
and the "discharge" results are those for samples collected

at station 3.

Table 2 lists the mean concentration, the highest and
lowest wvalues, and the standard deviation from the mean
for each metal at the two stations for 1976. Also shown
are the data from previous reports for 1974(2) and 1975(3),
Data below concentration reportina limits were not used

to calculate the mean values.

In 1976, for all metals except iron, the mean values
at the intake and discharge were within the standard
deviations of the range of values at each statiorn. This
indicates that no major difference in metal concentration
exists hetween the two stations. For iron, the mean
concentration of 1.34 pum at discharge is slightly above
the upper range of the mean standard deviation above intake
value , which is 1.03 + 0.28 ppm = 1.31 ppm. Also, the
mean concentration at intake, 1.03 ppm, is slightly below
the mean standard deviation at discharce, 1.24 - 0.21 =
1.13 ppm. This difference is so small, however, that one
can say that the increase in the iron concentration at

the discharge is virtually insiconificant. As can be seen

1565 013



Date

Jan., '76

2/24/76

3/18/76

4/6/76

5/4/7¢€

£/1/76

7/6/76

8/3/76

a/7/76

10/5/76

11/2/76

NA = data

Monthly

Location

Above Intake
Discharge

Above Intake
Discharae

Above Intake
Discharge

Above Intake
Discharge

Aboi7e Intake
Discharge

Above Intake
Discharge

Above Intake
Discharage

Above Intake
Discharce

Above Intake
Discharge

Above Intake
Discharae

not available.

m T el

Heavy *etals

Cu

NA

0.0044
0.00€4

0.0081
0.012

0.0048
0.0055

0.011
0.013

0.0087
0.0067

0.011
0.025

0.0094
0.023

0.009
0.013

0.0180
0.0210

0.0C52
0.00€8

<0020
<,.0020

0.0030
0.0044

<.0020
<.0020

<.0020
.0020

A

.0012
.0022

OO

.0086
.0088

OO

A

0028
<,0020

A

.0020
.0020

A

NA

™ 'S |
’esults,

Values in gom

bt

- O

O |l ™ O 0

Fab

-

.30
.40

.86
.87

.36
.50

.44
+10

.00
.40

.00
.30

«30
.60

137¢€

0.26
0.32

QOO
[0 I
ey

'29
.29

[ R }

«31
.28

QO

QO
- -
(OS]

<o

OO
. .
L L

0.45 0.083
0.48 0.036
0.017 0.0092
0.016 0.0096

0.030 0.032
0.052 0.057
0.095 0.011
0.11 0.012
NA NA



in Takle 4, pace 10, thie slicht increase ir ircn is eesily

diluted by tne strear, arc nc proklems can ke scen.

Comparina data from the three vears, it can he seen
that the copper and zinc results for 1976 fall in the same
rance as those for the two nrevious vears. Manganese and
iron data shew a slight decrease in 1976, but the standard

deviations of the mean for mancanese indicate that the

L /]

difference in values is only sliaht. Note also, that for
iron, the larce "high" values of 1974 andé 1975 are nct
present in 1976, but the "low" values of all three vears
generally fall into similar ranges. The data for chromium
and nickel show an increase in concentration in 1976 from
both 1974 and 1975, mainly hecause of the larcer "hich"
values in 1976, Once again, however, the standard deviaticn
of the rance of 197F data indicates that the increase in
1976 may only be slicht at most. It alsc should be rnoted
that the chromium concentration was below reporting lirig*
(0.002 ppm) for five (5) samplings, so the "true" mean

values should be lower than those shown in Table 2, in

which values below .002 prm were omitted from computation.
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Mo ¢
TABLI - d @’\L_J/“ﬁ () i ;
- ddbil - hardit = IR 6 ¥ F RS "‘J"\—“-ru
1274, 1975 ané 1976 “'ean (averace) Values, prm
“'onthl Heavy “etals
Cu cr Fe Mo mi Zn
1074 Ahove Intake
Mean 0.010 0.0029 2.40 N.40 0.012 G.031
Eigh N.029 0.0057 11l.0 1.70 0.051 0,13
Low n.onzn n.0011 D42 0.1 N.NC29 0.0098
Discharae
Mean .012 n.nn39 2.4 0.4 0.011 0.041
Hich 0.029 0.00890 5.00 1.30 0.041 0.12
Low Nn.NN20 N.0ON1E D.€66 n.21 n.00N26 0.017
1975 2bove Intake
Mean N.N058 0.n02% 1,66 n.43 n,02 N.020
Hich 0.011 0.N0ESB 3.10 0.82 0.032 n,042
Low 0.0C27 0.0N0N4 N.60 0.24 n.N0N51 N.00€0
Discharce
Mean 0,1348 0.003%8 2+ 00 N .40 33 N.033
Eigh 0.021 0.0071 3.20 0.77 0.11 0,10
Low n.NN39 0.00NE .80 n,.18 n,on73 0.0092
197€ Alhcve Intake
“'ean 0.0085 0.0072 1.03 1,30 ¢.0N75 0.032
ctd.dev. N.0N26 N.NNEE 0.28 N.09 0.13 n.029
Eigh 0n.%12 * 0.018 3.32 0,44 0.45 0.08%
Low 0.1044 0.0012 n.44 N.1€F N, 0075 0.0086
Discharge
*tean 0.013 0.0086 1.34 0.32 n,N8S5 N.030
Std.dev. 0.70070 0.0973 Dudl 0.09 v.140 0.915
Figh % N2% 0.021 1.60 0:51 n.48 0.057
Low N.12055 0.0022 0.87 N0.20 n.0n12 0.009¢
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The individual resulte nf each =semi-renthlv sarmpline at

the five stations are c~iven in 2rrendix ? at the end of this

]

discussion. 2Anmendix B shows +he minimurm remortinc concentra-
tion for each parameter for 1976, Ticures 2 throuch 12 display

the plots of vearly averace concentratior vs. station rumker €or

each parameter. Statiens 1 and 2 are upstrear of the discharce
(station 2), and stations 4 ané 5 are downstrear of the
discharce. Table 3 shows a surmarv of the 197¢€ mean
concentrations of the raramcters at each station. The
number of values used to calculate the mean, the mean
value itself, and the standard deviation of the values
from the mean are civen. Also shown is the mean and
standard deviation values, which were calculated after
omittinc the high and low values. This data should help
eliminate any effects due to unusually hich or low values
in the set. It can be seen that the mean values change
only slichtly when the hich and low values are discarded,
indicating that all the values in the rance may be

considered to fall within the normal rance.

Table 4 shows the comparison of the 1976 mean values

with the mean values from 1974(2) and 197s5(3),

reportinag limit = lowest concentration of standard used.

1565 017
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Niscussion

Comparisons of upstream and downstream values in
Table 3 show little difference (also see Figures 2-11).
This indicates that even relatively large increases in
concentration at the discharce, such as those shown by
Fe, Cu, Ni, 2n, Ca, Na and K, are easily accomodated by
the stream, and that there is no overall effect on the
elemental levels in the stream. 1In fact, all the mean
values downstreazm are well within the standard deviations
from the mean values upstream. This also is an indication
that the downtream concentrations are the same as those

upstream.

The large range in values can be seen to originate from
the variation of stream conditions with time and weather.
This is best cobserved by referring to the data in Appendix A.
Even in most of the individual results, the downstream and

upstream concentrations are very close.

Table 4 indicates no appreciable differences between
mean values for the three years for all but irca, which
has a generally lower concentration in 1976 than the previous
yvears. In general, however, the water parameters have

remained relatively constant on a year-to-year basis.

In summary, the data indicate no unusual discharges or

influences on the water quality at TMI.

1565 018
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Station

Station

Station

Station

Station

020 69461

1974
1975
1976

1974
1975
1976

1974
1975
1976

1974
1975
1976

1974
1975
1976

Cu
0.0079
0.0095
0.0082

0.0062
0.0044
0.0087

0.0083
0.0081
N.0140

0.0060
0.0052
0.0100

0.0061
n.0037
0.0100

Comparison of 1976 Semi-monthly averages with
1974 and 1975 averages,

cr
0.0067
0.0050
0.0038

N.0051
0.0046
0.0038

0.0065
n.0052
0.0042

0.0064
0.0046
0.0040

0.0070
0.0042
0.0042

Fe
1.70
2.10
0.88

1.20
2.00
0.94

1.40
2.50
1.22

1.30
2.10
0.90

0.99
1,80
0.86

TABLE 4

Ni

0.0110
0.0230
0.0280

0.0066
0.0240
0.0310

0.0080
0.0300
0.0400

0.0074
0.0260
0.0390

0.0082
0.0260
0.0360

ppm.

Zn

0.031
0.021
0.023

0.021
0.019
0.024

0.027
0.031
0.033

0.025
0.022
0.018

0.023
0.016
0.018

[- NV Eg
O VWV
INENENIE
. .
ownuwm

ION
.

L al=a =2}

Wi
.
OH D

oD X
.

N W
. .
g n

RN

(oo lioclos]
i
NON
NN
. .
-

phenol,

0.0060
0.0062
0.0047

n.nn3l
0.0065
n.nn42

n.on41
n.0062
0.0034

0.0043
0.0059
0n.0042

0.0034
n.0051
0.0n39
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Yearly Averace Chromium Concentrations for Water
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Yearly Average Nickel Concentration for Water
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PIAURE 8

Yearly Averace Calcium Concentration for Water

Quality Sampling Stations. 1-5.
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FIGURE 12

Yearly Average Phenols Concentration for Water
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Statistical Analysis

A. Section 4.2.1 Samples above intake and at discharge

The data collected above the intake (station 2) was
statistically compared to the data co'lected at discharge
(station 3) by both the paired comparison Student t Test
and the non-parametric Wilcoxon signed rank test.

The results are shown in Table A. The superscripts
above the elements indicate the appropriate test and level
of significance at which the data above intake differs
significantly from that at discharge. It would be expected
to see some increase in concentration at discharge, and this
is shown by Cu, Cr, Fe and Ni. Neither Mn nor Zn show
significant difference at any significant level. Agreement
is shown between both tests.

Iable A
Mean concentration values (ppm) of monthly samples for 1976

Sample Cua'z crdr X Fe€'2 Mn 1 g

Above Intake 0.0085 0.0072
At Discharge 0.0131 0.0086

30 0.0750

o OV

-~

.32 0.0846

o

(S

'J ..‘
w O

1. Paired Comparison Student t Test - Intake differs
significantly from discharge at:

a-p <0,05
b=-p <0.02
e - p < 0,01

2. Non-Parametric Wilcoxon Signed Rank Test - Intake differs
significantly from discharge at:

X -p < 0,05

-

- ow o8

-~ -
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B. Secticn 4.2.2

The chemical assavs of semi-monthly samples from
stations 1, 2, 3, 4 and 5 were analyzed statistically using
a randomized block analysis of variance. Sample data
served as blocks. The Student-Newman-Kuels multirange test
was employed to identify station means which differed
significantly.

The results are shown in Tahle B. Means with the same
subscript dc nc* differ dignificantly (p < 0.05). Data for

Cr and nhenol were not analyzed since determinations were

freaquently below the limit of detection. There are essentially

no sicnificant differences between the metal concentrations

of the water above the discharge and that below the discharge.

Takt.e ©

Mearn concentrations (npm) of semi-monthly metals for April-October, 197€

Station* Cu Fe Yin Ni Zn Ca Mg

1
2

w

Na
0.0082,** 0.88, 0.26, 0.0284 0.0229, 27.6, 8.%23 8.5,
n.0nRe, N.94, 0.295 0.035;,£0.0240, 26.7, 7.83 8.1,
0.0137y 1.22p 0.31; 0.040,,50.0318, 32.6p 9.7p 11.9p
0.0103, 0.90, 0.275 0.032,,50.0196, 24.7y 8.2, 8.2,

0.7104, 0.86; 0.25, 0.036p 0.0182, 25.7, 8.2, 8.2,

*Station 1 and 2 are above discharge and stations 4 and 5 below

discharce.

**For a given metal, means with the same subscript do not differ

sionificantly.
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APPENDIX A

Semi-Monthly Heavy Metals & Phenol Results
April 6, 1976 - October 19, 1976
Values in ppm

~e Station Cu Cr Fe Mn Ni Zn Ca Mg Na K phenol
4/6/76 1 0.0057 <.0020 0.8 0.34 0.016 0.0180 18.6 2.5 4.7 1.7 0.0016
2 0.0048 <.0020 0.95 0.29 0.017 ©.0092 20.4 2.2 6.9 1.5 <.00i0
3 0.0055 <.0020 1.30 0.29 0.016 0.0096 17.8 2.0 6.7 1.3 <.0010
4 0.n034 <.0020 1.00 0H.30 0.018 0.0130 18.0 3.1 6.5 1.2 <.0010
5 0.0040 <.0020 0.98 0.32 0.018 0.0068 18.4 3.0 6.2 1.0 <.0010 .
1/20/76 1 0.0092 0.0020 0.64 0.26 0.020 0.0180 40.8 11.2 14.0 1.1 <.0010
2 0.0100 0.0020 0.70 0.26 0.022 0.0082 36.0 8.2 14.0 1.3 <.0010
3 0.0120 0.0024 0.86 0.25 0.022 0.0650 32.8 7.0 11.0 1.4 <.0010
4 0.0120 0.0025 0.84 0.26 0.024 0.0100 32.8 7.2 11.0 1.5 <.0010 '
5 0.6120 0.0028 0.74 0.25 0.022 0.0140 36.0 7.2 10.0 1.4 <.0010 5
wn
5/4/76 1 0.0120  0.0028 1.30 0.35 0.024 0.0960 25.0 7.2 6.1 1.6 0.0024
2 0.0110 0.0030 1.32 0.34 0.022 0.0850 24.0 6.8 5.4 1.3 0.0012
3 0.0130 0.0044 1.28 0.34 0.024 0.0380 26.0 7.6 12.1 1.7 0.0024
q 0.0120 0.0032 1.14 0.32 0.022 0.0260 24.0 7.2 5.5 1.5 0.0060
5 0.0110 0.0032 1.22 0.34 0.022 0.0340 25.0 7.6 6.0 1.4 0.0062
5/18/76 1 N.NOE3  <.0N20 0.46 0.16 0.028 0.0068 37.0 9.6 7.7 2.0 0.0092
2 0.0067 0.0037 0.74 0.15 0.028 0.04806 33.0 7.2 7.8 2.5 0.0015
3 0.0090 0.0057 1.10 0.15 0.036 0.0200 33.6 6.4 7.8 2.6 <.0010
4 0.0088 0.0059 0.65 0.15 0.043 0.0420 32.0 6.8 7.5 2.2  0.0042 .
5 0.0120 0.0074 0.72 0.17 0.051 0.0180 34.0 6.8 8.1 2.8 0.0022
6/1/76 — 1 0.0052 <.0020 0.75 0.28 0.023 0.0100 37.5 7.0 7.2 1.3  0.0010
S L) 0.0087 <.0020 0.86 ©0.31 0.031 ©.0180 32.5 8.0 7.3 1.3 0.0064
SN 3 0.0067 <.0020 0.87 0.28 0.027 0.0270 37.5 7.0 7.1 1.3 0.0032
oy, 0.0065 <.0020 0.73 0,25 0.028 0.0260 26.0 8.0 7.4 1.3 0.0034
_— 0.0075 <.0020 0.74 0.24 0.030 0.0410 36.0 7.5 7.2 1.4 0.0024
Crd



APPENDIX A

(cont'd)
Date  Station Cu cr Fe  Mn  Ni Zn ca Mg Na K  phenol
6/15/76 1 0.0040 «,0020 ©.18 0.18 0.023 0.0140 22.0 9.0 8.5 1.6 0.0070
2 0.0055 <.0020 0.61 0.47 0.035 0.0080 25.5 9.0 10.0 2:3 0.c040
3 n.n140 <.0020 0.67 0.47 0.055 0.0160 39.0 13.0 14.6 3.4 0.0030
4 0.0075 0.0920 0.50 0.43 0.048 0.0070 26.5 9.0 9.6 2.4 0.0030
5 0.0065 0.0035 0.43 0.43 0.054 0.0100 27.5 9.% 10.3 - 0.00630
1/6/76 1 0.012G <.0020 1.10 0.18 0.020 0.0130 22:8 11.:0 e 3:7 <.0010
2 0.0110 <.0020 0.86 0.1 0.022 0.0092 24.0 12.0 T4 1.8 <,0010
3 0.0250 0.0020 1.50 0.25 0.027 0.0260 40.0 16.0 12.0 3.6 0.0018
4 0.0250 <,0020 0.88 0.14 0.024 0.0090 11.0 11.0 7.4 I <.0010
5 3.0150 <.0020 0.76 0.13 0.022 L.0057 1e.0 11,0 7.4 2i7 <,0010
7/20/76 1 0.0063 0.0025 0.62 0.15 0.044 <,0020 23:9 110 2:7 1.8 0.0018
2 0.0066 0.0031 0.57 0.19 0.042 <.0020 22.0 10.0 F - <.N010
3 n.n0140 0.0041 N0.53 0.46 0.056 0.0430 9.5 12.0 9.5 3.5 0.0019
4 0.0098 0.0053 0.24 0.28 0.052 0.0024 8.0 9.5 8.5 2e7 0.0049
5 reject <.0020 0.22 0.21 0.048 <.0020 7.0 9.0 8.0 253 n.0030
8/3/76 1 0.0062 0.0020 0.48 0.15 0.032 0.015 35.0 12.0 10.0 2.0 0.0026
2 0.0094 <,0020 0.44 0.16 0.040 N.037 33.0 8.0 6.C 2.6 «<.0010
3 0.0230 0.0022 1.10 0.20 0.053 0.046 42,0 11.0 16.0 3.9 <.0010
4 0.0120 <.0020 0.55 0.18 0.044 0.018 34.0 9.0 g.1 2.8 «<.0010
5 0.0170 <,.0020 0.81 0.16 0.037 G.02€ 34.0 9.0 8.2 v J «<,0010
8/17/76 1 0.0067 0.0043 1.80 0.24 J.012 0.022 18.0 5.0 5.8 3.2 0.0067
2 0.0110 0.0033 1.50 0.22 0.019 0.024 18.0 5.0 . P | 2.8 n.004¢
3 n.n180 n.onaz 2.00 0.26 0.027 0.055 32.0 9.0 11.0 4.8 0.0042
4 0.0096 G.0022 1.50 0.24 0.021 0.024 17.0 5.0 5.8 2.9 0.0035
5 0.0150 0.0020 1.89 0.15 0,021 0.023 18.0 95 6.3 3.0 0.0037
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APPENDIX A

(cont'q)
Date  station cu cr £ m 0w Zn 2 M B X phepad
9/7/76 H 0.0082 0.0065 0.52 0.25 0.030 0.0120 38.0 12.0 14.0 &7 0.0063
2 N.0n09p 0.0086 1.00 0.34 0.013¢ 0.0086 36.0 13.0n 12.0 20 0.004]
3 0.0130 0.0088 1.40 0.32 0.056 0.0170 53.0 15.0 16.0 4.4 0.004¢
4 0.0110 0.0088 0.92 0.29 0.049 0.0110 42.0 13.0 13.0 ;3 | 0.005)
5 0.0100 0.0065 0.63 0,22 0.043 0.0098 40.0 14.0 13.0 2.8 0.0056
9/21/76 1 0.0083 0.002>2 0.52 0.25 0.024 0.0160 33.0 11.n 12.0 2.5 0.0110
2 0.0074 0.0026 0.75 0.27 C.020 0.C13¢ 28.0 7.0 8.2 2.8 0.0057
3 0.0130 0.0031 0.97 0.28 0.025 0.0240 38.0 10.0 12.0 L “<.0010
4 0.0098 N.00620 0.78 0.22 0.022 0.017 31.0 8.0 8.8 2.7 <.0010 .
S N.0130 <.0020 0.73 0.23 0.022 0.014 30.0 8.0 9.3 2.7 0.0046
1
10/5/76 1 0.0110 0.0080 1.40 0.32 0.036 0.04¢ 18.0 7.5 7.4 2.2 «<.0010 W
2 N.N120 <.0020 1.00 0.29 0.030 0.032 21.0 5.5 7.5 2.4 0.0060 ™
3 0.0140 <.0020 1.50 0.26 0.052 0.057 30.0 9.0 130.0 3.2 n.nn73 '
4 0.0080 <.0020 1.30 0.23 0.040 0.039 22.0 6.5 9.7 2.4 <.0010
5 N.0042 <.0029 0,94 0.16 0.031 0.024 22.0 6.5 9.1 2.3 0.0040
10/19/76 1 0.0130 «<.0020 1.70 0.57 0.066 0.012 20.0 8.0 6.0 2.1 0.0020n
2 0.0082 <.0020 1.80 0.55 0.063 0.012 21.0 8.0 6.0 2:1 <.0010
3 0.0120 <.0020 2.06 0.50 0.081 0.013 26.0 12.0 7.4 257 0.0020
4 0.0090 <.0020 1.60 0.48 0.011 0.012 22.0 11.0 6.3 a2a) 0.003)
5 0.0077 <.0020 1.30 0.46 0.078 0.011 23.0 10.0 6.2 2.1 <.001n0
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