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FORFEWORD

The purpose of this report is to summarize and
prescnt all the data that has been collected
from 1976 through 1979. There is essentially
no discussion of the data in this report,
since detailed discussion of much of the data
has already been prescented elsecwhere or

will be presented‘in reports in preparvation.

(1-23).
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i. INTRODUCTTION

Water qualit? and flow hnvé been honitorcd.at the Erie Mining
Company Dunka Site from 1976 to present- as a joint study involving
Erie Mining Company, the Regional Copper-Nickel Study (1976-1977),
and the Minnesota Depactment of Natural Resources (DNR). The
objective of this report is to present a brief summary of the &ata
collected from 1976 thfough 1979. Data continues to be collected
under a joint program with Erie and the DNK. The report focuses
on the release of trace metals from mining stockpiles and their

subsequent transport through Unnamed Creek.

Additional information on this study, and related information
regarding regional background data, gabbro leaching, chemical
transport, stockpile hydrology, and mitigation is availabe in other

references (1-23).

2.. SITE -DESCRIPTION

The Dunka Mine is an open pit taconite operation. The pit
is approximately 4,000 m long, 400 m wide and 110 m deep. The
contact between the Duluth gabbro complex and the iron formation
4occurs in the mine and to remove the underlying taconite, Erie

has stockpiled ~20 X 10°

tons of gabbro material along the eastern
boundary of its pit (Figure 1). Waste rock stockplies contain
less than 0.2% Cu and lean ore stockpiles greater than 0.2% Cu.
The stockpiles contain from 4-10 million tons of gabbhro and

cover from 0.11 to 0.62 kmz (Table 1). The entire watershed

area is 1.14 kmz

Mine dewatering and runoff from the stockpiles flow into
Unnamed Creek and subsequently dinto DPob Bay on Birch Lake. The

mine dewatering discharges are denoted as the 011 and 012 dis~
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Stockpile Mass and Composition, Dunka Pit *

Date . "Tons Composition
Seep Material Started ~  Gabbro © Area (kmz) Cu Ni
EM-8 Waste Rock 12/1965 9,976,107 0.62 0.057 0.014
Seep 1 Waste Rock 4/1967 5,578,465 0.11 0.043 0.014
Seep 3 |

Lean Ore 6/1967 4,190,806 0.11 0.29 0.08 .

* As of January 1977



Charges; waste rock seepages are denoted Fw-8 and Seep 1, and

lean ore seepage, Seep 3 (Figure 1). The lean ore scepage flows
thrbugh a white cedar bog prior to its discharge into Unnamed

Creek (Figure 1). Two statiomns, EM-9 and Em-8, were originally
monitored,‘wiih [M-8 slightly downstream from the point of seepage
discharge, Em-9. It was found that the difference in water quality
and flow between those two stations was negligible, therefore, the
Em-9 station was deletéd. Six stream stations (Em-1 - Em-6) were

established with numbering increasing with distance upstrean.

Eight statioms (3-1 to 3-8) wefé established across the Seep
3 bog where shallow water wells and piezometers were installed.
(Figure 2). The shallow wétcr wells consisted of a perforéted PVC
pipe.(D=10.2 cm, 1=46 cw) sealed at the top with duct tape to pre-
vent surface water leakage. The piezometeré (1.5 m depth) were
constructed of PVC, with a flange and é bentonite seal to prevent
1eakage.‘ Peat samples were collected throughout the bog and

organic bank and clastic sediment samples were collected in

Unnamed Creek.

3. METHODS

Mine dewatering (011, 012) was monitored monthly by Erie
Mining Company and analyzed for Cu, Ni, 50,, and pH. Other para-
meters, such as o0il and suspended solids, were also measured but

are not discussed in this report.

The three seeps (Em-8, Seep 1, Seep 3) and stream stations
were monitored on a biweekly basis. During 1976 and 1977 six
stream stations were monifored. In subsequent YGars, stations Em-2
through Em-6 were deleted as ﬁore emplasis was placed on chemical
output from the watershed rather than tramsport within it. Water

quality samples were analyzed for trace metals (Cu
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Ni, Co, Zn, Fe, Mn), major cations (Ca, Mg, and in 1978, Naj,

Al (in 1979), $0,, C1, pl, alkalinity, dissolved organic carbon
(D0C), dissolved inorganic carbon (DIC), specific conductance,

and temperature. Initially both total and filtered metalé were
measured, but filtered metals analyses were deleted as there was
no significant difference between total and filtered measurements.
Nitrogen and phosphorous weré analyzed in selected samples and

stage readings were taken to quantify flow. More time intensive

studies were conducted and are described in another report (14).

Continuous flow measurements were made during the open water
(unfrozen) period at Em 8, Em 1 (1976 - present); Em 3(1976-
1977)3; Em 5 (1977) and Seep 3 (1979 - present). Periodic flow
measurements were made ai Seep 1 (1976 - present); Seep 3 (1976 -

1979); Em 2 and Em 4 (1976 - 1977), and Em 5 (1976).

The bog was studied from July 1976 to August 1977 (12, 13).
Water levels at the surface and in wells and piezometers were
recorded, and drawdown tests were conducted at the eight piezo-
meters. Trace metals and specific conductance were analyzed
at the surface and in the wells and piezometers. At each site
composite‘peat samples were collected from the top 20 cm and
analyzed for trace metals by EDTA and acid extraction. At four
stations (3-1, 3-2, 3-5, 3-8) and two control sites, trace metal
‘concentrations were determined at approximately 25 cm depth in-

tervals.

4, RESULTS

Several references related to this report are available to
augment the comparatively brief summary which follows. These
references discuss'laboratory leaching studies (3, 4, 5, 6, 7),

field leaching and transport studies (1, 7-15,19~23), stockpile



hydrology (16~18), stockpile rveclamation (19-21), vegional data
(1), and transport through the Seep 3 bog (12, 13) and Unnamed
Creek (14). Reports are presently being prepared on transport in
Bob Bay (15), sediment data from Birch Lake and other regional
takes (22), and trace metal concentrations in aquatic vegetation

(23).

4.1 STOCKPILE RUNOFF

4.1.1 Discharge

The stockpile seepages typicélly flowed from April
to Novemberu‘ The median flows based on.periodic measurements,
at Em 8, Seep 1, and Seep 3 were 5, 1.2 and 2 1/sec, respectively
(Figure 4). ’A&difional information on stockpile hydrology is

available in other reports (16-18)

4.1.2 _p
Ovér the first four years of the study the median pH
at Em 8 (7.16) and Seep 3 (7.10) was comparable, but was signi-
fically lower at Seep 1 (6.70). ‘The pH at the seeps varied
seasonally but was gnerally within about 0.3 units of the yearly
median (Figure 5). There was a tendency for pH to decrease over
the. course of the study (Figure 6).'

4.1.35 Copper, Nickel, Cobalt, and Zinc

Median trace metal (Cu, Ni, Co, Zn) concentrations
obéerved in the Erie stockpile leachate ranged from 1b to 10,060
times natural background levels of streams in the area (Table 2).
Metal concentrations varied with stockpile composition, the
chemistry of the individual metal, and time, but were gencrally

independent of flow. Trace metal concentrations were higher in
seepage from lean ore piles than waste rock leachate (Figure 7,

Table 2). An exception was zinc, which had higher concentrations

at Seep 1 than Seep 3. Cobalt concentrations at Scep 3 were also
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TABLE Z
COMPARISON OF SEEDP WATER QUALITY
WITH NATURAL BACKGROUND:

MEDIAN VALUES! 1976-1979

Waste Rock ~ Lean Ore

lConcentrations in mg/1

ZRegional Copper-Nickel Study

3 . Cas
Numbers in parentheses indicate number of samples

4

Metal concentrations as total metal

- Parameter EM 8 Seep 1 Seep 3 Natural?
pH 7.16 6.70 7.10 6.9
~ (59)3 (51) (48"
Sulfate 1200. 3400. 1364. 6.6
~ (50) (42) (42)
Copper? 0.030 0.0%6 0.270 0.0013
(67) o (48) . (50)
Nickel 2.14 6.13 . 13.3 0.001
(62) (50) . (51)
valt 0.195 0.64 0.790 0.004
‘ (14 . (19) (19)
Zinc 0.10 1.45 0.18 0.002
(33) (35) (37)



significantly higher at Seep 1 than in the waste rock leachate

at Em 8.

The seasonal variation of seep water quality was greatest
from March to the beginning of June, prior to and during thaw.
(Figures 5, 8, 9, in particular 1977 data). After this period
concentrations of Cu, Ni, Co and Zn were less suhbhject to wide
fluctuation. The variation over the course of the study was not
consistent. At Em & and Seep 1, trace metal concentrations in-

creased, but at Seep 3 concentrations decreased (Figures 10-12).

4.1.4 Sulfate, calcium, and magnesium

.

The median sulfate concentration at Seep 1 was higher
than those at Em 8 and Seep 3 (3400 vs 1200 and 1360 mg/1).
Sulfate concentrations at Em 8 increased steadily during the
1976 season, varied widely in 1977, and were<relative1y stableé
in 1978 (Figure 13)). Seep 1 concentrations varied widely in
1977 but were rvelatively stable in l97é and 1978 (Figure 14).
Sulfate concentrations at Seep 3 varied widely during a2ll three
years. (Figure 15). Despite the wide seasonal fluctuations
median sulfate concentrations at each of the three seeps was

relatively constant over the course of the study (Figures 16-18).

From 1976 - 1978 *, median calcium concentrations were
highest at Seep 3, but magnesium concentrations were highest at
Seep 1 (Table 3). Calcium. concentrations erxceeded magnesium

concentrations at Em.g and Seep 3, but the opposite was true at

*Calcium and magnesium date reported for 1979 was ancmolous

due to a faulty analytical technique. (Appendix)
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TABLE 3

Median calcium and magnesium concentrations
in stockpile runoff, 1976-1978

Em-8 Seep 1 C Seep %

Ca 160 195 250
Mg 80 385 ‘ 160



Seep 1. Despite these variations concentrations of both calcium
and magnesium tended to parallel those of sulfate (Figures 13-16).
This is because calcium and magncsiumbaro released to solution

by reaction with hydrogen ions, which are generated by.iron

sulfide oxidation.

4.1.5 Tron, manganese, and dissolved organic carbon

Median iron concentrations ranged from about 0.3 mg/l

at Em 8 to 2.4 mg/l'at Seep 1 (Figures '19-21). Median manganese
concentrations ranged from 1.6 mg/l at Em 8 to 8.0 mg/1l at Seep 1.

The depressed pH at Seep 1 most likely was a factor contributing

to. the elevated iron and manganese concentrations. Dissolved

organic carbon'(DOC) concentrations were also higher at Seep 1
(approximately 25 mg/1) than at Em 8 or Seep 3 (approximately 16 mg/i).
An increase in the concentration of complexing organics, would

increase the trace metal concentrations.

4,1.6 Specific conductance, TAILL 'T, ci, P, NOZ“NO?

Specific conductance is an indicator of the total ionic
content of the water. In the case of stockpile runoff, it reflects
the concentrations of sulfate, calcium, and mapgnesium, since these
are the najor compénents of the runoff. Consequently, the épe(‘:iaw
ficAconductance is highest at Seép 1 where sulfate, calciumvand

magnesium concentrations are highest (Figures 22-24, 16-18, Table 3).

Alkalinity was relatively constant, approximately 130 mg/1l,
at Em 8 (Figure 26). The alkalinity at Seep 1 decreased over the
four year period, as did the pH at the site (Figures 27, 6). At

Seep 3 the alkalinity was relatively constant at about 100 mg/1.

Temperatures at the seeps were typically less than 5°C

throughout the summer months (Figures 23-25). The temperatures

- 27
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at IIm 8 were somewhat warmer since this station was located
about 100 meters downstream of the point of discharge from the
stockpile. The discharge from the stockpiles was colder than

ambient temperaturcs because the stockpiled rock acted as an

insulator.

The median chloride concentration for the study period was
about 30 mg/l at each of the stockpiles. Chloride concentrations
decreased over the study period, a trend most apparent at Seep 3
(Figure 28). Data on phosphorus were too limited to warrant

discussion. Observed concentrations ranged from 0.04 - 7 mg/1.

Median NO?~N03 concentrations at the stockpiles ranged from
6 to 13 mg/t. (Pigufes 26-28). Residval nitrate from blasting

materials may have contributed to the total NO-NO; release.

4.2 STREAM STATIONS

The stream stations were monitored in 1976 and 1977 except
for Em 1 which has been monitored up to the present. The stations
included two flows from mine dewatering (Em 6, Em 2), one source
of natural yunoff (Em 4), and three stations along the main
‘stream branch (Em 5, Em 3, Em 1, Figure 29). A summary of thé
observed median concentrations and flows for 1976-1977 is pre-
sented in Table 4. The range of concentrations and flows, and
mass fluxes . at the various stations is presented in Figure 30.

4.2.1 Mine dewatering

Mine dewatering discharges, 011 and 012, flow through
stations Em 6 and Em 2, respectively, and proﬁide flow input an
order of magnitude higher than the input from stockpile runoff
(Figure 30). The median pH values at both Fm 6 and Tm 2 was
approximately 7.6, and median sulfate concentrations were 110

and 340 mg/1, respectively (Figures 31, 32). Copper and nickel

- 27 .
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Figure 30.Concentrations and mass flux for Unnamed Creek inputs and siream siations

(not to scale)
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concentrations were quite low in comparison with the stockpile
runoff. Median copper concentrations at both sites were 4-5 wug/1,
but nickel concentrations were significantly higher at Em 2

(40pg/1) than at Em 6 (Sug/l, Figures 21, 32).

4.2.2. Natural runoff

Station Em 4 was intended to répresent a natural runoff
input. This objective was not attained because backwater con-
ditions occurred and affected the water quality at the site.

Few data were collected at this site, thg‘maximum number of data

points being 8.

The pH at Em 4 was lower than in the stockpile runoff and
mine dewatering. The median pH from 1976 to 1977 was about 6.6
(Figure 33). The three sulfate samples analyzed were all above
background levels (Figure 33, Table 2). Median copper and nickel

concentrations were 2 and 3 ug/l, respectively.

4.2.3 Stations along the main stream branch

Three stations were located alqng the main branch of
Unnamed Creek. Em 5 was located at the confluence of waste rock
stockpile runoff (Em 8) and a mine dewatering discharge (Em 6,
Figure 29). Em 3 was located about 1.4 km downstream from Em 5
and received flow from Seep 3 (lean 6re stockpile runoff) in
addition to the flow from Em 5 and natural runoff. Em 1 was
16cated at the mouth of Unnamed Creek, about 1.7 km downstream
from Em 3. In addition to the flow from Em 3, Em 1 also received

waste rock stockpile runoff from Seep 1, natural runoff from Em 4

and other parts of the watershed, and mine dewatering from Ewm 2.

Going downstrean from Fm 5 to Em % and Em 1 the median flow
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Tate increased from 30 to 90 to 110 1/s (Table 4). The P at all
three sites was about the samc, with median pH values ranging

i from 7.5 to 7.65 (Figures 34, 35, 37). _Median sulfate concen-
trations at the three sites were 122, 155, and 160 mg/1. ’Mass
balance calculations indicated that virtually 100% of the suifate
input was transported to the mouth of the creek (14). Copper con-
centrations were low at all three sites (Figures 34, 35, 37).
Median concentrations at Em 5, Em 3, and Em 1 were 5, 3, and 2
ug/1. Median nickel concentrations were 51, 110, and 87 ng/1l.
Mass transport calculations indicatéd that nickel transport
through the system was more efficient than copper transport (14).
The majority of input metal removal occurred as flow from éeep 3

passed through a bog, and was the result of trace metal seques-

tration by peat (12-14).

4.2.4. Transpert from the creek: Data from Em 1

As was previously mentioned, the median flow at Em 1 was
110 1/s during 1976 and 1977. This flow had an elevated ionic
content as is indicated by the specific conductance (Figure 306).
The high specific conductance is the result of high concentrations
‘of sulfate{ calcium, and magnesium (Figure 37). Concentrations
of copperi(3 we/l and‘nickel (160 pyg/l) were elevated above back=
ground levels (Figure 38, Table 2). Cobalt and zinc concentra-
tions were typically in the range of 1-2.5 pg/1. Median iron and
manganese concentrations were 0.2 and 0.05 mg/1, and the median
DOC concentration was 12 mg/l1 (Figure 39). The alkalinity at Em 1
was about 100 mg/1l as CaCoy, and typical chloride concentrations
ranged from 20-30 mg/1. fhe three phosphorus analyses ranged from
values from 6-14 mp/1 (Figure A0).

0.02 to 0.12 mg/1 and the N03~N0z



Ead

Table 4 Median Values At Erie Sites, 1976-1977%

Site Q N S N G N N N C N zm N pI N DOC N DIC N  TALK
0112 72 14 0.004 14 0.005 14 |

BM-6 26.63 19 106 17 0.004 18 0.005 14 0.0021 0.003 1 7.70 19 9.4 14 17.3 13 94
EM-8 4.82 34 1140 24 0.019 33 1.18 33 0.0158 0.020 10 7.26 34 20.1 22 24,7 22 142
EM-5 3.4 21 122 19 0.005 21 0,051 21 0.005 5 0.009 3 7.63 21 12.2 12 20.1 11 101
Seep 3 2,10 25 1420 17 0,617 24 19.0 24 0.810 8 0.331° 12 7.16 24 19.0 14 28.2 14 109
EM-3 03.4 26 155 25 0,003 28 0.110 27 0.002 3 0.009 2 7.65 27 10.5 17 19.8 15 96
Seep 1 1.15 26 2470 20 0.018 27 1.10 27 0.130 9 0.249 13 6.95 27 28.0 16 25.2. 15  98.8
0122 250 7<0.003 7 0.002 7

BM-4 4.2 8 77.0 3 0.002 8 0.003 4 - 0 - 0 6.46 -8 20.3 7 4.3 7 14.1
BM-2 2.62 14 335 13 0.005 14 0.042 14 0.0021 - 0 7.60 13 11.0 10 16.6 10  96.6
-1 110 37 159 35 0.002 37 0.087 35 0.0025 0.010 2 7,50 38 12,7 19 18.5 19  88.0

1 Q in liters/sec, concentrations in mg/l, DOC and DIC in mg/l as C, TALX in mg/e as Ca COsz

Z Data from Erie Mining Company
3 Calculated from data at EM-8 and EM-5
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186. 2632.
8.5 8.0
1564 1685
018 017
2.3060 2.420
038 -037
10 14
016 .016
2.400 2.400
.06 07
230. 241,
26.5 36.3
19.5 10.3
29.2
1-33 1.34
3.77 3.77
*%=1/SEC

EM8
1976

SITE=
YEAR=

7.65
145,
2736.
3.0

11.5
37.5
38.0

1.35

7.50
142.
2750,
2.1

1420.
L0172
2,110
.018

<10

012
2.090
016

.03

284 .
168.

15.3
3709
42.7

1550,
010
2.180

L1t



Ly

Table AL1.1 (Cecmrtinued)
DATE 03/18 03/29
P 7.64 7.25
ALK 286. 83.

SP COND* 3220C. 750.

T CENT

S04 2130. 329.

CU T .031 .020
NI T 3.730 1.120
co T

IN T

FE T 62 1.64
MN T 7.33 4L.66
cU ¥ .021 .012
NI F 3.510 1.170
FE F .15 1.04
My F 7.16 4.56
ca . 506. 63.

e 320.

DocC

pIC

CcL 53.9 16.3
NOZ-%03 16.00

TCTAL P .10

STAGE 1.09 1.10
DCH#= .28 .57

.E=UMHQOS /CH

#%=l /S EC

04/12 04/13
7.20 7.30
296. 257.
2300. 1950.
4.0
1380.
034 -027
1.830 1.290
.71 .66
4.01 2.99
11.2
54.0
33.9 30.3
1.62 1.48
16.71 8.78

SITE=
YEAR=

026
-870

-87
2.46

EM8

1977

-019
1.180

1.87
2.26

1.14
.85

.020
1.310

.68
.98

019
1330
.55
.94

846 .
041
.820

1.10
3.35

.027
- 380
.38
3.26

-013

L 690

013
. 007
.67
<50

0089
+390
S04

128.
55,

14.8

33.8

21.2
.62
.04

-015
<457

.38

.57

®
OO b
W

CONTINUED
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Table A%;g (Continued)

DATE 05/23 05/31
Pl 7.27 7.45
ALK 123. 95.

SP COND* 950. 750.

T -CENT 9.0

S04 353.

Cu T .021 .021
NI T 566 .386
co T -013
IN Te L014
FE T .65 .60

MN T .66 <43

cu F .017

NI F .528

FE T .35

MN F .69
Ca 110. 90.

MG 56. 47.

DOC 31.6

DIC 7.1

cL 21.9 17.4

NO2-NO3

TOTAL P

STAGE 1.34 1. 44

DCH** £.53 7.65
*=UMHOS /CM *x=1,/SEC

06/06

7.16
233.
1820.
4.0

892.
.039
1.140

.81
2.85

.022
1.240
224

2.77

210.
126.

26.5
22.7
32.4

1.83
32.28

.026
. 630
.023
-020
b4
2.05

179.
107.

1.82
31.43

SITE=

TEAR

07/05

7.28
129.
1500.
6.1

281.
019
641
-015

-32
1.01

160.
82.

1.79
29.73

8

1977
07/11 "07/19
7.41 "
136.
1590. 2020.
5.0 7.7
1070.
L0117
.807
.13
.68
1.54 1.46
13.59 9.63

7.20

1836.

.019

1.070

14
.93

1428.
016
1.190

1.51
5.66

1605.
L0116
1.150

2010 .

L0199
.10
-85

Ll P8
~i o

o 2
a



OEMMI LNOD

"0

Bapes

e s

o

R 0

nlap

oy Te

OEE T

u o
o]

QObE

007

/LG

97

J 0 L0750

ST /a0 SO0

1A =T

==l

[

R S A




DEES T

oy

P ¥

1o

osT

T°T O

w

(®3uod)} "I1'1V 91qeBl

64



_ SITE= EMz
Ak T “ - N
Tzable Al.1 {Cont.) YEQR= 1979

DATE 04/0% 04716 05/0% 0S5/16 QS/24 06/ 06 Q&/22 Q7705 07/27 03/07%
PH &.T0 &, 307 &.70 LLT0 L. T0 7.00 4,70 &G0 LuF0 4.0
ALK - 94, 100, 110, 170, 120. 110, T11e. 124,
SPOCOonND= 1200, 1200. 1350. 1650. 1430, 1700. 2000, 2100,
T CENT 2.0 7.0 &L O 7.0 7.0 11.0 9.0
SOl S00. 700, 200, Q0. 1000, 1100, 13200, 1300.
cu T . 030 . 300 . Q70 Q70 . 050 . 100 100 . 100 . 100 100
NI T 1.200 L 330 S 200 ptnle] 1.:700 2,500 3. 000 5. 000 32.000 S. 200
N T . 040 - 320 . Q60 - D40 . 050 L 070 070 L0800 L 070 . 120
FE T 1.00 .30 .50 .50 .3 . 30 .30 .30 .30 . 30
CA 112, 61, 70. 3. 70. 20. N 105.
G 35, 3S. 35. S0, 55, 53. 71. &6,
AL T .10 .40 .20 .20 . 0QF -0 » O3 . 20 .03 .08
! DCH= % 13.51 15.383 19.65 15.3% 23.47 11.07 S.52
o
U #=UMROS/CM #e=L/35EC

CONTINUED



99

SITE= EMS
Table Al.1 (Cont.) YEAR= 197%

DATE Q3/28 Q9/13 Qw/27 10710 10/179 10/29 11708 11/72% 12704 12/24

H 6.70 7.20 7.20 - 7.20° LLP0 7.00 7.2 7.10 7.00 7.20
3 -

ALK 134. 124, 110, 4. 100. 102, 104, 11z, 124,
SFOCOND 2300, 2000, 2700, 2S00, 2650, 2500, 2500, 2500, 2300,

T CENT 3.0 4.0 7.0 3.0 5.0 4.0 1.0 1.9 1.0 1.0
sS4 1200. 1100. 1200. 1400. 1300. 1600, 1200, 1500, 1500. 30.

cu T . 100 . 100 L 100 . 100 L0500 . 100 L 100 110 . 100 . 040
NI T S. 200 4,200 &L QO0 7. 5200 &S00 7 . 00 4. 000 6. Q00 Lo H00 G000
INT . 100 ~ 070 . 100 110 L1110 . 120 LOTE L1110 <130 L0770
FE T .30 . 30 .30 .20 .30 20 .20 L 20 .3 .20

. 111. 117. 114. 120.

CA 103. vz $7. 108, 20, 200,
MG 74. S3E. &0, &7, 5. 77. ST 76, 190, a0,
AL T . 05 .08 .03 . 03 .20 .02 .02 B . 08 .03 .05
DCH»# Y. 03 22,11 12,46 . . Va6 JRCH

*=UMHOS/CM  =#»*=L/SEC



[

*=UM10S/CM

#*%=1] /SEC

. ~ " . SITE= SP1L
Teble A1.2 Seep 1 raw data, 1976-1979 . YTAR= 1076
DATE 07/15 C7/27 08/12 08/26 09/08 09/21 10/05 10/25 12/07
Pl 7.50 7.00 7.02 7.34 7-50 7.30 7.35 7.42 7.20
ALK 161. 184, 190. 188. 227, 220. 213. 229. 205
SP COND* 2027. 33238, 2324, 3818. 3709. 3809, 3800. 3490. 4600
T CEUT .5 3.5 3.0 2.0 2.4 1.8 . 1
S04 2487. 2555. 1839. 2190. 2305, 2004 2460. 2800-. 3000.
cUu 7T .050 .019 «025 ~023 022 ’ ol .005 004 017
N T 1.920 1.240 1.400 1.100 » 980 884 -790 . <670 1.300
co T ‘ - 132 . 129 . 123 <110
ZN T .258 .250 . 250 « 245 .125 .100 . 100 . 690
JONY 5.79 71 3.153 3.80 3.65 7.07 5.44 5.78 7.20
M T ‘ 16.00
CU F .019 009 .0Q2
NI F -900 . 945 .710
FE F 1;0? 5.70 2.84
CA 194, 2373, 225. 226, 246, 249, 3946,
IEC 5}649 4510 528@
DocC 34.5 28.0 33.9 42.8 54.1 23.5 14.9 7:2
DIC 20.7 35.5 27.6 25.2 23.4 56.0 51.3 61.2
CL 48.6 49.8 84.3 26.3 40.7 36.3 39.3 39.8 50.0
STAGE 3.21 3.21 3.15 3.13 3.17 3.15
DCi#* 1.70 1.98 1.70 1.42 1.42 1.42 1.42 1.13 e 14
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Table A1.2 (Cont.)

DATE 03/18 03/29
! 7.02 7.38
ALK 441 83.
SP-COND® 3100. 660 .

T CENT 0

S04 1638 265.

Cu T .329 022

NI T 2.580 13

co T

N T

TE T 1.98 .84

MuoT 7.05 1.94

CU F .181 2007

NI F 2.320 . 150

FE F A 40

My F 7.11 1.64

CA 346, LG,

MG L77.

DoC

DicC

CL 121.4 18.0

NO2-N023 17.00 1.00

TOTAL P .29 .15

STAGE

DCH** .14
*=TMIIOS /CM %%*=L/SEC

-003
-053

»92
- 31

[

24.3
13.0
10.2

114

SITE= SP1
YEAR= 1977
04/15 04/20
6.95 6.60

100. 72.
850 940.
..,.5
004 007
.088 136
2.73 3.00
4231 7.28
.002
.082
2.19
31'8}.‘
26.5 55.9
28.2 8.8
0 19.0
.57 L4

- 005
- 100

N W
°
LS I g
i

-.005

128
2.95
6.33

37.1
20.5
15.3

2.92
.28

.005
»320
. 130
. 037
8.70
19.00

.002
.290
.84

36.8
28.56
23.4
.65
14

.96

004
o 1‘58

11.65

11t

156,

21.5"

3.22
.08

v e
[ NS R]
o
~

ot
Ly -

[¢3]
N
(9]
Ly

[N
- =
® @
D P

a
[ee]
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DATE
P
ALK
SP COND*®
T CEWT
sS04
cu T
N1 T
co T
AN
FC T
T
CU F
Nl F
FE F
N T
CA
e
LNT
plele
DIC
CL
N02-H03

TOTAL P

STAGE
DCiE

*=Uri10S /CH

£.65

74 .
1150,

677,
005
<370
.110
.110

3.60

004
.358
.83
55

oA
.

94 .
122,

18.
17.
13.

O N

6.45
&5,
1420.

.007
1.610
1.48
7.11

122.
142,

15,1

},-4‘2

27213.
041
2.000
<870
1.500
1.45
13:.90

290.
4586 .

[N
°
A ) .

u
[R5 et

SITE=
YEAR=

0ha/2R

6.69"
79.
4253,
6.0

038
7.800

1.28
11.10

)
w O

[ox
A
a @

™ W
s
B

s
B b

SPt
1077

07/05

6.69
62.
4410-
5.0

[#%]
>
0 O

~
a
et s

3.18
1@59

<87
12.10

3.22
45

[ w
- # @
O g b e
OO OmDm

OV >~ N WO O

H
i)
N
O‘\
D o

3.15
e 45



Table A1.2 (Cont.)

-
VLAl

[Muht

Loy 70 fonw B0 Lo 8O
124, 124,
EO00 . S0,

4.4 a7

i,

LG

EF NIV A0

SO, EOO0, ETRTa 400, 4450,
! Ll } LR L0440 L0485 LG4 .
i TN B L * 7.

[ 1.000

-~
AN

~
=
—

L 700 L 700 RrATain] . 2300
Z.500 I viv L4400 1.450 1. 2s0 1,170 1,020 1RO
§
~J ' S ~ . - R
ci oA 20, e S0, IS, =
i ISTER Tio, 4.
1 (A .

L0

L OO 2,40 S, 40




P Fa

SR
1579

SITE=

Table Al.Z YEAR=

05/24 O&/ 04 QL/22 07703 07727 Q3/0%

1.

FH

ALK

5P COND®
T CENT

=04

cu T
NI T
AN
FE T

oA
Miz

#=UMHDE

&10

T

e )

1500

1100,
LOZ0
1.500

e [‘)

=¥
- b

j. ey
e e

o 20,

X)
o
P

FamL|

&40
4-

4700,
L 1OG
21.000
b P00

-

S. 20

=201,
O

S.00

4.4%

000,
4.0

11000,
. 00
G SIRIN:
17.000
200

e

b 4 -
et e

5400

4.0

L}

F
=000,
5,0

ZE00,
- 200
17.000
Eog LG

2. 20

1]

P
R
a

+
1t

14,00

D40

T

P e
S000,
7.0

D400,
. 200
&, SO0
SO0
2. 10

10.00

[y
Lo
o

1

200

M0

£, QO

14.
SO0

4.0

LS00,

- 100

Z1.000

4, 100
T &0

3900,
070
15, 000
i

T, GO0

UE



SITE= 5SPRI1
Table A1.2 (Cont.) YEAR= 1279

OATE O¥/1x 09 /27 106/710 10/1% 10/2% 11708 11729

FH & S0 LL.T70 LGP0 b &0 &S00 - L. 00 L300
ALK 44, 70, T, 54, L0, 0. L4,
SR COND® 4400, 4700, D000, SOQG, S000, S0, S000.

T CENT 4,0 4.0 L, Q 2.0 2.0 s C 0O

=04 ZE00, SAEOOD, 2500, EE00. ZE00, SE00, ZH00.,
. 020 . OF0 L DP0 070 B S E=1 L OAD
10, 000 2, Q00 SLS00 SLT700 75800 Ly QOO
1,200 1.5200 1,00 1.100 L HEO 1,000

.20 i.50 . PO .0 1,30 2a 20 . 70

poe

2

-
‘u’
o~

= ]
=
o)
It
S D

™~
=

Q. 0. 141. 140G,

-
[}
L
]
&
-
D
]
Lo
a

. —_ S e —— - - - I
MG CYst bt 2E0, 2l ST JEEE P

L
=
n
I
[

J

s»l

o L " 70 o S0 . D0

C:

1M

as/CM

x5
I



Teble 21.5 Seep 2 raw data

SITE= SP2
YEAR= 1976

AT 07/15 07/27
PH 6.99

ALK 69.

SP COND* 383.

v CENT 16.0

S04 2661 .

CU T 020 1.900
NT T - 104 20.000
co T

Zn T . 383
FE T .67 .26
Ca ’ 226.
DCC 36.5

DiIc 3.6

CL 1e.0

DATE 03/18
PH 7.00C
ALK 20,
5P COND* 620,
NQZ-NO3 3.20
TOTAL P .07

*=UMHOS/CM



VL

Table Al.4 8

D

ep 3 raw data, 1976-1979

. —— - — - ——— " — — - - = 0 = ae W el D e S G D W e WD M s A ) e S e N M B s S e o S O P W G M WD O D R N Sa A T D e WP T W D N G D S ww

—
P

AN
o
= !

o O
S )
ST

pod
vicC
CL

STAGE
DCH#%

*=U]

07/15 07/27
6.91 6.80
68 7
D* 2399, 2732,
1.0
1036 2001 .
1.140
24.700
- 4073
46
1.380
20.000
.24
226,
15.2 17.5
9.0 10.0
62.0 58.9
4.53
4425 3.40
HOS/CM  #*=L /SEC

7.-10

2614,
2.5

2603.
- 753
19.000

.350
- 61

624
12.000
14

260.

23.2
27.0
70-4

SITE=
YEAR=

SP3
1976

017

- 200

- 330
<73

<588

19.

300

.57

239

13,

38.

Ul 1 O

12.1
57.5

447
1.70

.736
19.500

. 857
~.318
1.20

5047

20.000
- 35

o
w
L)

.518%
16.710
.972
.320

.77

« 345
15.420
12

320.
247,

481
5.770
- 896
- 310
i.14

329.
233,

oY O
s s e
OOy oD

baobd
.82



S

SITE= SP3

Table Al1.4 (Cont.) YEAR= 1077
DATE . 03/18 03/29 : 04/04 04/12 04/21 04/27 05/05 05/23 03/31
PH 7.79 7-25 7.10 7.10 7:45 7.18 732 7.29 7.38
ALK 97 144. 141 206. 156 201. 162. 11i1. 109
SP COND=* 3390. 1000 1100 1550 1375 1630 2650 2470 2500
T CENT 2.0 12.0 7.0 11.0
SO 4 297, L56. 746 357. 372.- 564 .
cu T .037 . 084 . 270 . 105 . 125 . 146 . 104 .198 . 237
NI T 420 1.570 3.200 3.380 1.190 1.390 3.000 13.80¢0 17.450
co T YA . 790
N T .073 . 250
Fe T 43 1.29 545 H£.56 1.69 3.43 1.91 1.12 1.15
MN T .80 1.08 2.74 3.60 1.77 4.51 L.60 5.62
cU F .025 .081 .052 - 080 . 101 .068 -069 .178
NI T .380 1.340 .930 1.180 i.150 10.000 13.800 18.200
JASDENN 04 .92 .22 .30 <17 .55 s 11
MNOF A 1.54 . 34 _ ) : 1.47 . &.50 ; 5.78
93. 105. 368, 249, 323
G 52 123. 00. 234,
DOC 26.3 28.0 58.3 20.9 10.8
DIC 13.4 £0.9 33.5 36.4 29.5
CL 12.38 19.4 22.3 24,7 23.4 33.9 L4.7 38.9 33.53
NOZ-N0O3 9.90 8.80 9.70
TOTAL P .07 .04 .04
STACE 4.30 4.32 4.31 bo272 Laol4 4.07 .02 4.82 L B1
DCH*E . 23 28 28 4 1.02 <79

.28 o L& 14

¥=UNHOS/C  *%=L/SEC : ' CONTINUED
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SITE=" 5P3

Table A1.4 {(Ceont.) YEAR= 1977
BATE 06/06 06/13 C06/20° 07/05 07/19 08/01 08/16 08/17
Py 7.15 7.10 6.99 6.68 6.98 6.95 6.9%
ALY 114, 90. 28. 70. 47, 66. 81.

SP COUDE 2910. 3100. 3080. 3110. 3370. 3550. - 3500. 3400

T CENT .5 2.5 1.5 2.6 1.5 2.2

S04 1864 . 1677. 1622 2048. ,

Cu T .826 .803 854 L. 480 1.710 1.220 . 952 .889
NI T 35.900 39.800 36.200 28.900 28.500 26.700 24.600 24 . 400
co T 1.900 2.400 1.000
7y T . 650 . - 580 - 580
FE T .10 1.08 1.10 .74 45 48 .55 66
MN T 11.10 11.20 10.40 9.07 8.41 8.99 9.35 9.36
Cu T 612 L7272 . 5685

NI T 33,500 38.400 35.000

FE T .22 .23 S 17

N OF 9.82 10.90 10.10

cA 342. 353, 336. 284 . , 388. 376.

MG 274, 236. 271. 215. - 288. 276.
D0C 18.9

DIC 28.1 .

cL 56.2 46.0 39.0

NOZ-NQ03 .

TOTAL P

STAGE 5.01 5.16 5.02 5.03 5.02 5.02
DClH** 3.11 3.40 .63 16.14 4.81 L.53 4,53 4.53

*=UMHOS /CM **=L/SEC
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DATE Qo079 RE/ 14 0o/24 QL D4 Ob/ 22 07 /05 0777 020

FH : b 20 7.00 L] &L B0 : FASCI £, T70 7. 20
ALK 103, 11é. 1246, 270, =3, 1&. 20, ZE.
SFOCOND® 1700, 700, &B0. 730, &00., 1000, 1600, 1300,
T CENT 4.0 4,0 Ry 4,0 S.0 10,0 12.0

S04 =00, 400, 400, =70, 270, 420, D00, 1200,
o . 100 070 L 04D - 60 L 0RO LOT70 020

T

i I T o 4:5(:) . - 27’(:) " .::7(:) . 4(:3(:) 1 . 4&:)‘{:) -(i‘,-,, ?l:}{:}
N T - 020 L 020 LOE0 oL L O30 L O30 L O30
e g - A0 - &4 2O .50 L3O = ts

A 40,

MG i,

il
o
s
'-'-.
a
[
£x]
]
=, ‘\‘!
Bh
L

.
[,

!
3
a
oo,
a
~J
£
s

s
a

24, 20,

e
L]

—
X
N

[x}
®

P

-
iy}

&L T <10 10 L I0 = L0 e o

#=UrHDE/CM
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g

o

i

SITE= %
Teble Al.4 (Cont.) YEAR= 19

~

TATE s /28 Q@/13 OR/nT C10/10 10/19 10/ 11/0% 11799

e
W’
A1

7.30 7.00 6,20 7.20 7.10 7,20 7 .40 70 30
4. 74, 73 . 104, 11é, 112,

OND 2100, 1200, 23200,
NT

Ay
e

mir L

3
i
1200, 1400, Z00, i1&aH

RN =300, 2.

B T I ]

2.0 5.0 .0 =y =

O ‘ 7.0 7.0 4.0 o0

[l
[
Ja

1Z00, 1000, 1200, 1Z00, 1000, 1300, . 1300, 200,
- G770 . 200 . 200 2110 LOB0 - 100

< DED

7,500 10,000 20,000 12,000 5. 000 &, F0O0 5. 400 1.

b

]
—~
ot

™ \J
-
P

-
e
-

Hm

T g

o

ZH L Q0 L 1E0 120 LOTF0 . OAD L QIO
FE .30 o &l o A te) 1,20 &0 T
CA 72 &S, 114, el 77, =7 =1, =a.

MG . 7i. 107. 21, L1, vl 70, a4

AL T ek BT . s LO8 L0 L 05 09 0=
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Table 41.5 - Em-1 raw data, 1976-1970
YAT? 07/01 07715 07/27
Pl 7.50 7.50 o 7.59
ALK 76, 92 113
SF COND*x 393, 905. 787
1T CENT 18.0 20.0
S0% 249, 3213. 455.
co T - 004 -006 007
Nl T .1906 .161 2171
co T
A .
FE T .26 156 .25
N7
cuU r 004 . 005 .006
NI F .108 .158 «170
rE F <24 - 12 s 11
CA L’rln 480 70a
nuG
DOC 12.7 17.0 18.5
SRRY 19.2 13.4 18.0
CL 31.9 52.3 43.2
STAGE 6.29 6.02
DCH** 49.27 31.71

*=UH0S /CH

*%k=1 /SEC

SITE=

EMl

YEAR= 1976

130.
004
087

<17

-003
.0582
- 13

4l.

27%4
13.7
32.3

7-67
233.61

17

0063
.095

21.0
14.2
20.9

6.81
79.00

004

105"

008

510

(3]
[o2]

[Se]

NoJaNe]
e a o
o~ o=

6.75
68.24

001
110
.10

7.50
98,
675.
7.3

.002
082

B
bt

4

.005
.069
. 14

[SCENY

[

. e e
~

£~

6.79
76.45

O WO

= UL OO
s s a

@

o

Le»]

[
f—
L

s s e
OO
D O
D e

o1,
40

(RS SRR e
O w O

o e
O ON G0

5.98
24.92

CONTINUED
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Table A1.5 (Cont.)
DATE 10/23
vH 7.74
ALX 99.

P COND*® 600,

T CENT » 8
SC4 161.

Cu T L.002
NI T .062
Co T

ZN T

FE T .07
MW T

CU ¥

NI F 0756
TE F 04
CA 52.

1G 35,
NocC 12.8
nIC 22.4
CL 19.0
STAGE 6.79
DCH* % 61.52

*=11:4308 /Ci4

10/29

7.85
93.

482.

» 7

131.

001

.067

.05

L5,
27.

[l SRS
o e
s
(W) I S ]

7.72
144.98

7':>‘C=L/SEC

SITE= EM
YEAR=

S11/10 0

176~
-.002
-.098

-09

1976

720.

174,
001
078

.07

2
1o D

7.18
255,
700.

140.
.005
.220
.008
L0008

1.60
.36

£~ n
~t CO
2

20.

[

5.60
11.33

159.

62&
48.

25.1



Table 41.5 (Cont.) : SITE= EMIL

"YRAR= 1977

DATE 01/31 02/22 02/23 02/24 03/15 03/1 03/29
Py 7.30 7.33 . 7.29 7.50 7.42 ©7.13
ALK 95 99. 96. 95. 7 9.

SP COND* 339 369. 290. 315. 314 . 530. 580.

T CENT -5 1.5

S04 53. 19. 25. 273. 25

cU T .007 .003 .002 .002

NI T .056 .056 ' .081 .0 54

CO T .000 .002 .003

ZN T .012 :

FE T A .38 .68 .33

N7 .05 .36 -63 .19

CU F .003 .002 .003

N1 T .060 .033 . .048

FE F .11 RS Y

MN T .01 .17

CA 27. 28. 31, 27.

MG 0 14. 18. 15.

DOC

DIC

cL 13.0 14.8 15.6 13.5 16.9 ,

NQ2-NO03 5.00 o - .55
TOTAL P .08 . .12

 STAGE 7.62 7.79 7.79 7.10
DCH** 82.12 50.12 " 94.58

*=UMHQS /Cl{ **=L/SEC V o CONTINUED



NATT 04/08 D4/11 04/19 04/22 04725 04727 04/29
Pl 7.57 7.48 7.45 7.112 7.41 7.47 7.30
ALK 86. 88 68 54 70. 65. 68.

SP COND® 480. 380. 510. L16. 475. 520. 625,

T' CEN’T 300 éfoO L?r'O 6-0

S04 39 75. 114. 150 85. 145.

Cv T .001 .002 .001 003 002 002 . 002

NI T 033 L0463 LO047 L0067 059

Co T

za T i

TE T .11 .18 .08 .24 .13 .11

YMNOT .11 .21 .00 .17 - 10

CU F . 004 .002

NI F L0685 L0462

TS OT .14 .09

IN F v"« }\5 00/-'}

CA

G

DOC 132.¢ 18.7 16.4 7.9

DIC 8.8 9.7 13.3 18.5

CL 30.3 204 35.2 23.6 43.7 52.5

NO2Z2-N03 :

TOTAL P

STAGE 5.20 7.63 7-60 7.48 7.72 7.21 7.158

DCH®* 24,07 184.90 178.39 163.383 222.85 129.69 126.57 .
*=UI110S5/CM *=L /SEC CONTINUED



SITE= ENMN1

Table A1.5 (Cont.) YEAR= 1977

DATE 05/02 05/05 05/12 05/31 06/01 06/02 06/123
PH 7.62 7.61 7.45 7.41 7.40
ALK 86. 82. 85. 31. 71.
SP COND* 580. 510 462 L00. 392, 672.
T CENT 6.0 14.1 12.4 15.0
S04 137. 125. 114. 145. 175.
CU 71 .002 - .002 003 . 003 .005
NT T L0138 .038 063 2072 .087
FLOT .06 .09 10 .13 .07

T .05 .01 .04 .03
cu ¥ .002 .003 . 004
NI T .031 .068 086
FE F 04 - .07 .09
MNOF .18 04 .04 .04
CA 328 38e 499'
.XG 260 31& 36¢
noC .6 9.4 12.3
DIC 18.3 18.8 19.4
CL 52.5 43.7 26.9 25.7
TOTAL P .02
STAGE 01 7.48 6.70 7.18 '8.20 7.36
DCH&* 109.87 203.59 90.04 144.98 360.75 174.99
*=UMH0S/CH *%#=L/SEC CONTINUED



S1TE= EML
i £51.5 = )

Table 41.5 {(Cont.) YEAR= 1577

DATE 06720 07/05 07/19 07/25 08/10 058/15 08/17
PH 7.70 7.22 7.56 7.55 7.62 7.62 " 7.65
ALK 4. 56. 79. 83. 106. 9¢8.
SP COND* 620, 640, 950, 960. 807, 725.
T CENT 18.0 15.0 15.5 14.5
SQ4 255. 360. 245, 307. 208.
cu T L0035 004 002 L0002 - L002 .002
R . 103 .163 L1809 166 169 .126
FE 7T 19 .20 .09 .07 .08 0L
T .04 .04 , 204 .04 14
Cu ¥
NI T
FE ¥
R .01 04
CA
G
DOC
D1IC
CL
TOTAL P
STAGE 8.33 7.34 7:.30 6.24 6.88 7.10
DCH** 381.13 171.231 180.94 57.20 127.99 167.35

*=UMH0S/CH  *%=L/SEC




(V]

Table A1.6 {Cont.)
DATE 04/12
ri 7.40
ALK 96,
SP COND* 800.
t CENT 4.5
S04 229,
CuU 7T .004
71 T 027
TL T .05
MNOT . -39
cu r
I F
rE F
CA
HG
DOC
DIC
CL 58.6
STAGE 65.00
pCH* % 9.34

*=UMHCS/CM

SITE= EM2
YEAR= 1977

05/05 05/13
7.30 7.49
70. 81.

900. 10060.
10.8 :

273. 311.
005 -006
022 . 064
.09 .08

.01
004
018
07
85,
53.
10.9
16.3
43.7 50.1
5.95 5.85
6.09 1.70

*#%=L/5EC

492.
005
033
.02
<00

wn
»
(W RN

w
?
Y

- - - T — - — " - —— - A — i B aP " O e T D SR G W e O e W T W e o e

-005
031
05
.02
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Table A1.7 Em~3 raw data, 1876-1977
DATE 07/01 07/15 07/27
rd 7.50 7.50 7.-70
ALK 84, 93. S97.
SP COND® 410. 910. 847.

T CENT 16.5 16.0

SQ4 331. 473. 317

cu T LGOS 006 .0G6
NI T . 194 . 360 2422
co T

N T

FE T 12 .12 27
i T

cU r .004 .007

NI T .081 352

FE F .08 .06

CA 47 . 63 55.
G

pocC 10.5 20.3 16.5
DI 21.1 11.0 15.5
C1 56.9 35~L
STACE N
DCH#A* 33.70 46.72

k=UMI0S/CM *%=L/SEC

SITE=
YRAR=

08/12

- 003
-G95
.03

35,

EM3
1976

08/26

. 003
<104

.10

46 .

21.0
14.4
22.5

. 005
-098
- 04

31.

N [a*]
W
s o s
~1 = N

73.862

.003
154
603

39.

-001
310

. 003
- 241
-16

6.88
27.75

—— s ——— - — . - o7 - —- e - - - - - —— —— o Y v W e e AR M e D VE o o oo ) s - oy o o W bp - > v T OMP M M e e M A e TS K S W oy e e W A W D e T an e e w

()
I
(SIS

»
(@]
[e2]

()
ot
O QN

Lo
i O

CONTINUED
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Table A1.7 (Cont.) YEAR= 1

DATE 10/26 10/27 11/10 11/11 12/07 12/10
Py 8.13 7.87 7.10 7.51 7.45
ALK 58 97. t12. 183. 144

SP COND* 647. 493. 550. 620. 600. 600.

T OCENT .5 1 . 1

304 166, 120, 173. 155. 160. 104, :
cu T .003 .002 . 002 .002 007 .003
NI T L2044 .103 . 130 .092 L220 . 126
ce T .005

7N T L0115

CFE T .17 .09 .09 16 .20 .05
MN T .23

Cy F

NI F

FE ¥

CA 65. 4£3. 52. 50, 55, bt

?’IC BQ- 28. 33- 3@« 39- 3(}9
BocC 9.8 11.9 12.0 11.0

DIC 21.9 22.2 23.6

CL 19.0 . 18.1 29.5 16.5 25.2
STAGE 7.26 8.68 7.36 8.21

DCi*% 46.06 134,03 . 52,38 17754 5.66 5.66

*=UMHOS /CM

**=L/SEC



Table £1.7 (Cont.)

DATE 0D2/22 02/213 02/24 03/14 03/18 c4/22 04/25
PH 7.57 7.61 7.72 7.45 7.54 7.22 7.63
ALX 102. 99. 96. 52. -~ 98. 7L, 81l.

SP CONI* 345. 345. 325. 235 500. 452 . 475,

T CENT 1.0 1.0 1.1 1.0 1.5

SO 4 37 . 33. 23. 0. 134,

CU T .002 .003 .04 L0004 D02 005 .003
NI T .060 .038 .038 034 035 055 .05¢9
co T

LN T

FE T .07 .25 .27 .26 - 20 - 40 .25
MM T .05 .07 .19 .07 - 11 <25 .20
Cu T .002 .003 .002 .003
NI T h 011 L0041 .022 .054
FE F - 12 .10 .07 .03
MN F .01 .. .07 .08 .25
CA 32. 30. 30. 23. 44,

MG 18. 17. 16. 12. 26.

DOC 7.4
DIC , 19.7
CL 19.7 19.2 18.0 12.4 34.8 39.0
NO2-103 10.00 :

TOTAL P .

STAGE 6.38 7.49 7.58 7.40 732 7.064

DCH * % 6.213 98.54 111.85 93.16 33.82 135.63

*=UMI0S/CM *%=L/SEC ‘ ' CONTINUED




STTE= EM3

Table A1.7 (Cont.) YEAR= 1977
L =

DATE 04/29 05/02 05/05 05/12 08/16 08/17
PH 7.60 7.69 7.58 7.690 7.75 7.65
ALK 79. 96. 87. 94, i00. 86.

SP COuD* 650, 530. 455, 380. 650. 596

T CEXT 12.7
S04 122. 127. 143 . 205. 173.
(GRUINY 002 .002 003 L0002 003 002
NI T 044 .056 059 .188 . 174
¢co T . 001
AV : ,003
¥E T .18 .14 .27 .23 .10 .07
MNOT .13 13 08 .03 .01
Cu F -002 . ,002

NI F -Oé'ro . 1043

¥E F .05 .10

}’IN F t13 n}‘.O

CA | 27,

MG 22,

DoC 7.9 £.8 8.2

pIC 20.1 19.9 19.4

CL 66.1 L6.8 37.2 26.0

NO2-NO3 7.20

TOTAL P .03

STAGE 7.56 7.61 7.76 7.35 7.69 7.76

DCH**® 123.46 131.10 155.45 94.5383 129.69 140.16

*=UMHQOS /CHM *%=L/8EC



Lo o

SITE= - LM4 Table A1.8 EM<4 raw data, 1976-1977
YERAR= 1976 , :

NDATE 07/01 07/15 07/27
YH 6.90 6.40 6.80
AL ¥ 27 32. 35.
SP COND® 5 85. 83.

v CENT 16.0 17.0

S . . %
CU T .005 .001 .001
FE T 1.12 1.26 2.36
LU F 003 .001 001
FE F 75 1.13 1.99
CA 3. 4 5.
27.7 33.1 30.0
5 5.5 4.3 4.5
c 1.3 3.5 1ok
STAGE 4,62

DO % 18.41 10.19 7.36



26

- > - e - - = - o —_> M N A S WD MAA e S e S D S e D W N R G AR S P e am e we e O

S JESCINSE QS

R

D
5
C
NO2-20
TOTAL

o QO
(O e

3
P

STITE=
(Cont.) YEAR=
04/12 04/15
6.70 6.41
17. 14.
85, 110.

4.0 2.0
002 .002
.002 002
.29 .1
<20 .02

.003

.17

.02
15.3 20.3

3.1 4,2

4.3 9.7
5.40 5.12
.14 28.32

/CM  *%=1 /SEC

EM4
1977

04/27

002

19

003
~003
- 13
<03

5.09
14.16

05/06

2002
-003
<19
<03

L L ~d
a a8
(WS Ve ]

5

002
004 -
s 24
.06

,4 6W
6.

SQOO
14,16
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Table A1.9 EM-4 raw data,
1876-1977

- = o r - T - . . - e M e . - - - s W R D e e S > W - - ——_—— = - - A A" - = - e o o -

NATE 07/01
H 7.35
ALK 103,

SP COND* 496,

T CENT 14.0
504 339

CU T 011
NI T 425
Co T

N T

TE T .19
cu v .C10
I ¥ .420
TE T .10
CA 59.

HG

DOC 9.7
DIC 25.8
Cl 38.2
STAGE

DCH#** 19.25

*=UlIHOS /CH

STTE= EMS
YEAR= 1976
07/15 07/27 08/12
7.41 7.50 7.89
101. 97. 972.
1023. 492, 396.
14.0 16.0 17.0
401 . 132. 86.
012 .010 006
.789 L0736 053
010
.08 20 .29
010 .005 . 004
. 663 .023 046
,03 .09 .03
78. 10. 30.
18.3 15.5
144 15.5
34.1 49.9 32.13
6.92
14,16 191.70 224.83

**=1 /S EC

.008
.6066
.02

92!

17.3
Ta. 4
20.6

5.80
11.04

09/08

8.10
105,
529.

15.2

006
051

-16

- 004
048
.03

28.

-005
356
003

60,

29.45

CONTINUED



SITE= - EM5

Table A1.9 (Cont.) YEA(Z= 1976

00T

DATE 10/05 10/25 11/08 11/11 S12/07 12/10
PH 7.70 7.85 C7.40 7.21 7.45 7.40
ALK 113. 106 99, 124 108. 92.
SP COND* 1300. 1130. 525. 675. 240. 195.

T CENT 3.1 .1 .6 1.2

S04 616. 422. 167. 161 17. 5.

Cu T .005 .004 .002 003 L004 002

NI T .890 .770 .115 .05 011 .005

Lo T .008 .007 .001

N T .009

FE T .06 .07 .06 .24 .12 18

cu 005

Y1 F L722

TE F

CA 125. 114. 52. 56. 18. 19.

MG 77. 64. 28 . 33. 19. 13.

DOC 703 12'1 9‘1 15'6 502

DIC 26.7 24 .4 20.1 18.1

CL 22.9 18.6 10.2 40.7 1.5 2.6

STAGE 5.70 5.66 5.62 6.30

PDCH** 6.23 3.96 1.70 87.21 1.70 1.70
*=U110S/CH **=L/SEC



Table AL.

VU g T T P

M= O ol

o N Y M

N

Iz

AN )]
=]
L e |

LA

O

\
@) e

[l )
4 0O
a0

OO

3% O

1 o
v
| qalibeA

O
[A e OV}

STACE

/Y S
DCI**

{(Cont.)

02/22 02/23
7.56 7.75

93 104,

245 380
7.5 1.5
2. 31.
.001 .003
.024 .015
.08 .28

23. 32.

12 18.
8.3 18.0
5.50 6.42
3.26 L6, 44

/Ci  =%=L/SEC

. 7-79
99.

345,
2.0

30.
-003
-013

«29

320
18.

18.2

~d e
CO =t

SITE=
YEAR=

EM5
1977

006
2010

B
<

°
(A
oy O

002
010

04

13.9

20.38

22.5
7.90
-03

6oL4
111.28

96.
006
023

<35
.05

31.

231

26.9

6-42
106.75

06/28

7.60
89,
205
11.0

010
. 220

.31
.38

87,
50.

5.91
31,43

6-.69
187.17

08/17

7.80
96.
461.
12.72

.003
2025
.001
001
.16
.04

65.70
161.13



Z0T

Table A1.10 EM-6 raw data,
_1876-1977

—— o ——— —— — —— — — — o — - D e o . N A AR D e S ek W S N R et - e A S . S " P how - e R e A WD M NS wn A o e DTR O e W e D wm WD M i e

SAaTE . 07/01 07/15
D1 7.50 7.50
ALK 57. 86.

SP COND* 276. 521.

T CENT 12.0 15.0
504 146 .. 119.

CU T .006 L0056
NT T L0246
o T

N T

FE T .08 .03
T

CU T .006 .006
NI F .021
FE F .07 .03
CA 25. 31.

G

D0C 7.0 14.9
DIC 21.9 12.0
CL 43.9 32.0
DCH** 27.18 9.06

*=UMIIOS /CM

**%=1 /SEC

SITE=
YEAR=

i1.

17.0
15.5
49.9

172.44

LMo
1876

009
. 009

-006
016
.03

25,

15.8

31.4

201.04

08/26

8.01
B8,
329,
17.0

78.
007
006

.12

-.005
.008
L.06

22.

1607
12.4
15.5

-006
011
003

25,

-003
-004.

.14

001
-003
.03

23,

)
~ W o
o ® o
e o

19.25

CONTINUED



Table A1.10 (Comt.) SITE= EM6

UL

YEAR= 1976

DATE 10/05 10725 11/08 11/11 12707
PH 7.90 8.29 . 7.690 7.21 7.63
ALK 92. 80. 1. 123.

SP CcoNp* 350, 218, 243, 600. 330

T CEHT 4.8 .1 -9 1-1

S04 25. 6. 101. 107.

cu T 002 .001 -003 004 004
NI T -005 .005 002
0T .002
2% T : -003
¥E T -04 .10 .16 .19 -13
N T .02
cu r .002

ST T

FE ¥ 05

ca 28. 24, 23. 49

i€ L5, 13. 15- 28,

DocC 5.5 8.4 8.2 12.6 9.3
DIC 21.2 18.2 17.9 9.2

CL 11.2 5.6 7.2 1.7

DCix* 2.27 2-55 .28 85.80 1.42

#=UNHOS /CM  *%=L/SEC



vOT

Table AL,

10

e " e e - - —— - —— " — P — - S T A e A R SR D MR S on W3 W een e WO S Mo G S S ed e D e R N N KM S e e e WD M W0 T D e W OW W D

Pl
ALK

SP COND*

T CENT

2o O U

i oo O
o

el Bar B |

cT
NI
FE

MN

vey v

trf

CA
MG

noc
DIC
CL
NO2-N0O3
TOTAL P

STAGE
DCH**

*=UMH0S /CM

{(Coent.)
04/04 04/12
7.70 7.79
98. 115.
700. 430,
3.1 7.0
106. 82.
.003 .009
.004 004
.21 L4535
.10 .08
.003
.003
04
.09
6.9
22.3
63.7 29.0
90.04 59.46

**%=1 /SEC

SITE=
YEAR=

05/05

. 002
002
104

02

W N

D O~
e o s e s
S 0O
wm o

10¢.02

EM6
1977

96,
004
017
- 27
.02

259.
23.

26.9

105.90

004
021
17
.03

43,
29.

18.97

L N

177.54

185.75
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Tabie A1.11 Em-8% raw data 10761077 SITE=  EM9
YEAR= 1976

DATE 07/06 07/15 07/19 07/2n ) 07/27 08/12 - (8/26 69/08 0%9/21 10/1s
PH 65.95 6.89 7.10 6.83 7.00 7.00 7.32 7.40 7-35 7.50
ALK 132, 132. 138. 131. 130. 133. 136. 154. 152. 157.
SP COND= 1718. 1930. 1980. 2048. 2305. 2900. 2655. 3018. 2450.

T CENT 1.0 1.0 -5 .5 -5 ) .9 1.0 1.8 1.1
SQ4 796. 973. Ilda4d. 1119. 1695. 1381. 1619. 1529. 1386. 1500.

cu T .029 .023 022 022 -022 .026 .018 .OZQ .019

NI T 1.270 1.610 1.670 2.060 1.890 2.330 2.360’ 2.360 2.520

co T -

Zn- T : .029 .035 .035 043 .

Fe£ 7T .30 .17 .13 .25 .11 .15 «13 .14 .21

cCU F L0117 .019. .020 .020 .021 ,'023 .016 .018 L0138 .035
"I F 467 1.630 S 1.600- 1.970 1.890 2.360 2.320 2: 360 2.490 2.040
FE F .01 .06 .07 .07 -09 .06 .06 .08 .11 .46
MN F 1.30
CA 152. 62. 163. 168. 24, 228. 241 . 2483. 244 . 34 .

G : 158.
5OC 13.2 25.4 26.2 20.0 17.0 28.2 24.9 32.6 12.0 11.0
DIC 34.9 13.5 19.8 28.5 28.0 . 13.4 19.8 17.3 39.5

CL 42.0 40.1 42.0 41l.4 42.0 55.6 28.8 38.0 31.0
NC2-303 ’ 12.00



90T

PH
ALK
SP COND*

S04
NI T
MN T

5
3
v g

7 e

-
prant

CA
MG

NO2=-203
TOTAL P

—— ww on ar . e - D e - —— -

2317.
3.950
6.10

-3.860
.11
6.15

578.
365.

12.00
.11

*=UMHOS/CH

- Table A1.11 {(Cont.)



APPENDIX TIT

Additional Figures

Figure

No . Contents

A2.1 Em-8 Chloride, dissolved organic carbon,
nitrite-nitrate, phosphorus vs time

A2.2 Seep 3, Chloride, dissolved organic carbon
nitrite-nitrate, phospherus vs time

A2.3 Em-1 Chloride, dissolved organic carbon,
nitrite-nitrate, phosphorus vs time

A2 .4 Em-1 Total copper, total nickel, total iron,
pH vs time: 1675-1976

A2.5 Em-1 Total copper, total nickel, total iron,
pH vs time: 1977-1978

A2.6 Em-1 Calcium, magnesium, sulfate vs time:
1975-1976

AZ.7 Em-1 Calcium, magnesium, sulfate vs time:
1977-1978 :

AZ.8 Em-1 Specific conductance, alkalinity,

temperature vs time: 1876-1678
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109

110

111
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Figure A2.8

EM-1 SPECIFIC CONDUGCTANCE, ALKALINITY, TEMPERATURE
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Tyt Saker, NMinnasotto 55750

Dzcenmber 21, 1979

G e EIN-EE5-270F
Telow 29-1456

Mr. Kim Lapakko

Division of Minerals
Department of Natural Resources
Centennial Building

St. Paul, Minnesota 55155

Re: Erie Mining Campany
NPDES Permit MN0042579

Dear Mr. Lapakko:

This letter is a confirmation of your phone conversation today with J. J.
Garmaker and W. H. Boutwell of our stafli, and is in reference to your letter
dated December 17, 1979. We will analyze the November Seep 1 samples for
sodium and include the results in the Decerber report. For Novenber, the
calcium and magresivmhardness results in parts per million GICO 3 were calou-
lated from the atomic abs OthlOﬂ analysis for calcium and magnéesium. AlLL
future calciun and magnesium duL@TT{\.’LTkithDFB will be done by the atomic
absorpltion spec wupz hoturneter and reported in ppm Ca and ppm Mg. Our laboratory
staff discontinued the titration ma th\c'i for total hardress, calcr\m hardness,
and the derived fmﬂec;h"m hardness a_*t*'*‘ discovering an interference with the
calciun hardness during esnalyses of the November samples. I you have guestions
regarding this matter, please let me kncw,

Very truly yours,

ERTE MINING COMPANY

% /\_j/'/;}"f./d

J. B, Bowen
Ass't. Manager-Staff Services

JBRB:cl1-RC

OC: Director, Minnesota Pollution Control Agency .
P. D. Brick

Any liability or obligation of Erie Mining Company, a limited partnership, shall be liniited solely (o its assets and no personal fiability
wh atever shall attach ta, ar be incurred by, d/l)f partner, as such, by reason of the obligations or agreements of the limited parinerstiup
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