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FOREWonn 

The purpose of this report is to summarize and 

present 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 presented elsewhere or 

will be ~resented in reports in preparation. 

(1-23). 
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1. INTRODUCTJON 

Water quality and flow h<1ve been monitored.at the Eric Mining 

Company Dunka Site from 1976 to prusen~ as a joint tudy involving 

Erie Minin~ Company, the Regj6nal Copper-Nickel Sturly (1976-1977), 

and the Minnesota D0partment of Natural ResouTces (DNR). The 

objective of this report is to present a brief summary of the data 

collected from 1976 through 1979. Data continues to be collected 

under a joint program with Erie and the DNR. The report focuses 

on the release of trace metals from.mining stockpiles and their 

subsequent transport through Unnamed Creek. 

Additiona 1 info:cmation on this study, and related information 

regaiding regional background data, gabbro leachinp, chemical 

transport, stockpile hydrology, and mitigation is availabe in other 

references (1-23). 

2 . SITE DESCRIPTION 

The Dunka Mine is an open pit taconite eration. The pit 

is approximately 4,000 rn long, 400 m wide and 110 m deep. The 

contact between the Duluth gabbro complex and the iron formation 

occurs in the mine and to remove the underlying taconite, Erie 

6 f has stockpiled ~20 X 10 tons o 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 ~abbro and 

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

area is 1.14 krn 2 . 

Mine dewatering and runof from he s oc iles flow into 

Unnamed C-reek and subsequently into Bob Bay on Bi ch Lake. The 

mine dewatering discharges are denoted as the 011 and 012 dis-
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T/\ BLE l 

. Sto ile Mass ancf Co sition Dunka Pit * 

Date Tons 
krn 2 

Composition 
MateTial Started c;abbro Area Cu N" ), 

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. 2 9 0. 08 

* As of January 1977 

- 3 ·-



Charges· waste rock seepage a e d noted nm-8 and S ep 1 and 

lean ore seepage, Seep 3 (Figure 1). The lean ore seepage flows 

through a white cedar bog p ior to its d'ischarge into Unnamed 

Creek (Figure 1). Two stations, EM-9 and Em-8, were originally 

monitored, with DM-8 slightly downstream from the point of seepage 

discharge, Em-9. It was found that the difference in water quality 

and fl6w between those two stations was negligible, therefore, the 

Em-9 station was deleted. Six stream stations (Em-1 - E~-6) were 

established with numbering increasing with distance upstream. 

Eight stations (3-1 to 3 8) were established across the Seep 

3 bog where shallow water wells and piezometers were installed. 

(Figure 2). The shallow water wells consisted of a p rated PVC 

pipe (D=l0.2 cm, 1=46 cm) sealed at the top with duct tape to pre-

vent surface water leakage The piezorneters (1.5 m depth) were 

constructed of PVC, with a fl.ange and a bentonit seal to prevent 

leakage. Peat samples were collect throughout the bog and 

organic bank elastic sediment samples were collected in 

Unnamed Creek. 

3. METHODS 

Mine dewjtering (011, 012) was monitored monthly by Erie 

Mining Company and analyzed for Cu, Ni, so 4 , and pH. Other para-

meters, such as oil 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 monitored. In subsequent years, stations Em-2 

through Em G were de1 ted as more emphasis was placed on chemical 

output om the watershed rather than tran port within it. Water 

quality san~les were analyzed for trace metals (Cu 

- 4 -
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Ni, Co, Zn, Fe, Mn), major cations (Ca, Mg,, and in 1978, Na)$ 

Al (i.n 1979), so
4

, Cl, p1J, allrnl:l.nity, d~ssolved organic carbon 

(DOC), dissolve<l inorganic carbon (DIC)! specific conductance, 

and tempera.ture. Initially both total and filtered metals were 

measured, but filtered metals analyses were deleted as there was 

no sig~ificant difference between total and filtered measurements. 

Nitrogen and phosphorou~ were 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)·; Em 5 (1977) and Seep 3 (1979 - present). Periodic flow 

measurements were made at 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 we 11 s and pie z om et er s . At each s it e. 

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 cornparati vely brief smnrnary which fol] ows. These 

references discuss laboratory leaching studies (3, 4, 5, 6, 7), 

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

-- h -



h yd o 1 o g y ( 1 6 ~ 1 .cs ) ~ :::; t o c k p i 1 c T e c l a rn a t i o n ( 1 9 c- 2 l ) r c E ion al cl at a 

(1), and transport througl1 the Seep 3 bog (12, J ~'>) and Unnamed 

Creek (14). Reports are presently being preparerl on transport in 

Bob Bay (lS), sediment data from BiTch Lake and other ?'.'egional 

lakes (22), and trace metal concentrations in aquatic vegetation 

( 2 3) . 

4.1 STOCKPILE RUNOFF 

4.1.l Discha e 

The stockpile seepages typically flowed from April 

to November. The median flows based on.periodic measurements, 

at Em 8, Seep 1> and Seep 3 were 5, 1. 2 and 2 I/sec, respectively 

(Figure 4). Additional information on stockpile hydrology is 

available in other reports (16 18) 

H 

Over 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 these ps varied 

seasonally but was gnerally within about 0.3 units of the yearly 

ciedian (Figure 5). There was a tendency or pH to decrease over 

the course of the study (Figure 6). 

4 1. 3 er Nickel Cobalt and Zinc 

Median trace metal (Cu, Ni, Co, Zn) concentrations 

observed in the E-r:ie stockpile leachate :ranged from 10 to 10,000 

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 g nerally 

independent of fJ w T '1 
C< rne a co c t t h r;h 

seepage f orn J.ean ore piles than waste ock 1 achate (Fi gu 

Table 2). An exception was zinc, which had h:i er concent at ions 

at Seep 1 than Seep 3. Cobalt con entrotions at Seep 3 were also 



·' 

tn 
(j) 

H 
::I 
0.0 

•rl 
µ. 

+.i 
0 
Fi 

~ 
A. 

x 
0 
~ 

li-1 
0 

r=: 
0 

•r-l 
.µ 
C\i 
.µ 
(]) 

H 

$-l 
CD 
.µ 
~ 

H 

8 -



FIGU 

8 EM-8 6.,, 
<? ! 
~I 
:~i 

I 
"'I 
·~j 
.,.., i 

I 
g! 
or:~ 
··1 

I 

31 
~1 

'.) :j 
~~ ~ ~~ 

~:)I 
·-::1 =::i 

I 
I 
I 

r;I 
o' 
-i 

"''"I 

J 
c: I 
.,.4 

I 
oj 

ft[:;:':J(f<iCi' 

1Eii<1 

ERIE OATP SUMMARY: 1976 - 1979 
DiSCHARGE 

D 
! I 
L.-l 
J_ 

-,.. 

ES 
..;,_ 

l. 

13 2l 0 " 15 

07/2 1 178 C~·/C2/7S !S7S 
TO 10 TO 

i J/27176 :2127179 197? 

~-~ 

g SEEP-1 

:11· "'' 

0 

:1 
~-I 

:j' 0 

~ 

s !. 

CD 
,..;-i 

u ! 
~81 ::, ::1 
x f 
ZSc:, f 

~i 
i 

,...,1 

81 

;i 
..:-: 

t 

~· i5 I 
·1 
~J 

ERIE ORTA SUMMARY~ 1976 - 1979 
OISO--:P.%E 

D 

! 
0 J J_ 

ff.Cl'~U.iC'I" 

YEP.? 
07101175 

TO 
12/07176 

e en~s 

l, 7 I) I) 

0~103179 
iO 

!2127179 

.;G 

]975 
w 
!979 

ERIE DRTR·SUMMRRY; 1976 - 1979 
~ SEEP-3 OISCHRRGE 
21 

~j 
0 
0 

u5 

g 
... 

~J 

;J 
u -j, 
WO 

;~j 
Oo 

0 

..0, 

I 

:1 
Ni 
ol 

J 
:1 .,. . 
fH£0tJEl~C'f 

YISA.'1 

·~ 
.........., 

l 

0710!/76 
ro 

12107176 

l7 

0311 Sf7'.f 
TO 

08/l8/77 

0 

07121176 
rn 

)1127178 

'u 

eriodic meas 
1~ C 0 T d S e X i S t f E~-8 (1 7 -present) and Seep 3 (1979-present) 

~'.i 



0 
~ ~ "' 

r 
)'.! 

2 
g'f 

ll 

v 

l'l 
il 

~§n 
2 

il 
~!!! 

£ 
~ll 

11 

13 
if!, 

~SI 

J 
9 

1l 
R 

~!? 
1' 

R 
!!; 

9 

:t! 
'1 

. I! 
R 

!'ll 
Si 

_J 
~ 
t-
0 2 
!--

·:r 
I 
--
'1. 
l-!J Ji w R en 

~!! 
!il 

R 
~9 

" 

fi 
s; 

~".! 
2 

~ :c 
Ji 
!": 

§~· 
ll 

2 

Ln Ii: 
i:,!I 
o:'. ~ // :=> I ; 
L9 l ~e H 2 

t.L. .., 

0 ~ "' Hd 

2 

) 

\ 
\ 
\ 
\ 
\ 
i 
\ 
> 

I 
.( 

'-..,. . '-..,. 

---

1' 
I 
\ 
\ ____ 

-----

---
... i 

0 
0 

.J 

t 

r 

;; 

1" 



~ EM.,,8 

:1 
81 
"°l 
gj 
~-1 

c:,' 

~1 
~i 
....:1 

R) 
,_:-i 
ol 
~J 
r--.. \ 

:::::: : 
"-c I 

~i 
..o-

g! 
.;;; I 

cil 
cl 

~~ 
~j 

gi 
.~~ 

§I 
~1 

I 

~i 

FIGURE 6 

ER:E ORTA SUMMARY: 1976 - 1979 
?H 

B 
J_ 

J_ 

n 
I l 
1.......-J 

J_ 

Fl u 
l 

Fl 
I I 
LJ 

j_ 

~,,~~~~,--~~~-,-~~~--,-~~~---.~~~~~~~---.~ 

fF-1£GUENC'f 

ytp;;, 

d 21 

03118/77 
TO 

Ce/18177 

10 

0712~178 
TO 

l l/27/78 

17 

04/03179 
TO 

12/27179 

61 

1976 
TO 
!979 

0 

S' SEEP-1 
c;;1 

I 

;j 
;j 
..._I 

I 
01 

:~ 
I 

01 
~j 
co I 
~~ 
~J 

ol 
;,I 
sl 

:1 
~j 
!j 
81 

ERIE ORTA SUMMRRY: 1976 - 1979 
PH 

-;-

0 
l 

Q 8 T 

~ u 

J._ 

l. 

·1 

n 
d 

l 

~·+-~~~-.-~~~..,...-~~~~~~~...-~~~..--~~--. 

FREQUENCY 9 18 10 \~ SI 

YEAR 
0710 l/76 

TG 
12/07176 

03/18177 
TO 

08/ l fj/77 

07/24/78 
TO 

l l/27178 

04103179 
TO 

12127 /79 

1975 
TO 

1978 

ERIE ORTA SUMMSRY: 1976 - 1979 
~ SEEP-3 PH 

~1 
~] 
0 
a 
<D 

....: -,-

~I ~· 
~~-~J 

g : 

: l 

~J 
co I 

~l 
0 
0 
C•J 

.,; 

a 
a 
0 

u:i 
FF.EOUENCY 

YEAR 
07 /01176 

TO 
12107176 

R 
l 

15 

03118177 
TO 

08118177 

n 
LJ 
l. 

07 /24178 
TO 

11/27175 

J_ 

14 4/ 



r~~ 

(l) 

H 
:::::> 
t· '»J 

•rl 
IJ-1 

u 
c 
t-< 
(/) 

"' 

'l 
{I 

i'l '• 

ti ,-, .I 

;::I q 
2.,1JH 

it 
I' 

1· 
I 
; 

}1 
f1 

!l 
(' 

j' .I 
1·, 

J/f3LU 

h\ t; 

J 
•••.•• ·"\·;:·~ .... ,.y,i. • .,.,._ ...... '.J,. •!< • ,.~., ~.· ~ • .r 

.,,.~ . 
'e~ •r-4 

co .. 
C> 

LO <D .. 
() 

f/Li l 2 



TABLE 2 

COMPARISON OF SEEP WATER Qli/\LITY 
WITH NATURAL BACKGROUND: 

MEDIAN VALUES 1 1976-1979 

Par am 

pH 

Sulfate 

Copper 4 

Nickel 

··~ oalt 

Zinc 

Waste H.'ock 
EM 8 

7.16 
(59) 3 

120 0 < 

( .5 0) 

0~030 

( 6 7) 

2o14 
(62) 

0 e 19 S 
(14) 

0~10 

(33) 

lconcentrations in mg/1 

? 
~Regional Copper-Nickel Study 

6.70 
(51) 

.34 0 0. 
( 4 2) 

Oc036 
( 4 8) 

6.13 
(SO) 

0.64 
(19) 

1 45 
(35) 

Lean Ore 
Se 

7c1Q 
(48)' 

1364. 
(42) 

0.270 
(5 0) 

13.3 
(51) 

0.790 
(19) 

3
Numbers in parentheses indicate number- of samples 

4
Metal concentrations as total metal 

Natural2 

6 .. 6 

0.0013 

0" 001 

0.004 

0~002 



ignificantly high 

at Em 8. 

at Seep l than in the waste rock leachate 

The seasonal variation of seep water quality wa greatest 

from March to th beginning of J'une, 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 subject to wide 

fluctuation. 

consistent. 

The variation over the course of the study was not 

At Em 8 and Seep 1, trace metal concentrations in-

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

4.1.4 Sulfate calcium and ma esium 

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 relatively ~tab1·6 

in 1978 (Figure 13)). Seep 1 concentrations varied widely in 

1977 but were relatively stable in 1976 and 1978 (Figure 14). 

Sulfate concentrations at Seep 3 varied widely du g al 1 three 

yea:rs .. (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 exceeded magnesium 

concentrations at Em_3 and Seep 3, but the opposite was true at 

*Calcium and maBnesium date reported fo 1979 wa an molous 

due to a faulty analytical technique. (Appendix) 

14 -
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Median calcium and marr,nesiurn concentrations 
in stock ile runoff 1976-1978 

Em-8 _?eep 1 

160 195 250 

80 385 160 

- 26 -



S ep l. Dcspit these vari tion:.:1 concent tion r both calcium 

an cl rn a g n c s i um t e 11 d e d t o p a r a l I c 1 t I1 o s e o f u 1 fa t ( F i g u r s 1 3 ·- l Ci ) ., 

This is because calcium and magnesium arc released to solution 

by reaction with hycirogcn ion:::; which are generatDd by iron 

sulfide oxidation. 

4. 1. 5 Iron man anese and dissolved or caTbon 

Median iron concentrations ranged from about 0.3 rng/1 

at Em 8 to 2.4 mg/lat Seep 1 (Figures '19-21). Median manganese 

concentrations ranged from 1.6 mg/1 at Em 8 to 8.0 mg/1 at Seep 1. 

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

to the el vated iron and manganese concentrations. Dissolved 

organic carbon (D6C) concentrations were also hi her at Seep 1 

(approximately 25 mg/1) than at Em 8 or Seep 3 (approximately 16. mg/ ) 

An increase in the concentration of complexing organics, would 

increase the trace metal concentrations. 

4.1.6 Specific conductance, TA 

Specific conductance is an indicator of the total ionic 

content of the water. In the case of stockpile runoff, it reflects 

the concentTation of sulfate.s ca.lciurn, and agnes um since he 

are the major components of the runbff. Consequently, the speci-

fie conductance is highest at Seep 1 where sulfate, calcium and 

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

Alkalinity was relatively constant, approximately 130 mg/1, 

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 con ant at about 100 mg/l. 

Te rnp er at u <.~ a the seer) w c e t yp i a :t y l s s th n 5 ° C 

throughout the summer months (Figures 23 25). The temperatures 
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at Em 8 were somcwJ1at warm r since: thi tation wa locnt d 

about 100 meters downstream of t.he point of discha r,e from the 

stockpile The discharge om the stockpiles was older than 

ambient temperatures because the s ockpilcd rock Rcted as an 

insulator. 

The median chloride concentration for the study pe~iod was 

about 30 mg/1 at each of the stockpiles. Chloride concentrations 

decreased over the study period, a trend most apparent at Seep 3 

(Figure 28). Data on phosphorus wer~ too limited to warrant 

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

Median N0 2-No 3 concentrations at the stockpiles rangea from 

6 to 13 mg/1. (Figures 26~28). Residual nitrate from blasting 

materials may have contributed to the total N02-N0 3 release. 

4.2 STREAM STATIONS 

The stream s ations were monitored i 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 runoff (Em 4), and three stations along the main 

stream branch (Em 5, ~m 3, Em 1, Figure 29). A summary of the 

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.l Mine dewaterin 

Mine dewatering discharges, 011 and 012, flow through 

stations Ern 6 and Em 2, r~spectively, and p ovide flow i11put an 

order of magnitude higher than the input om stockpile runoff 

( F i [~ u re 3 0 ) . The rn e d i an p I I v a l 11 b th Em 6 and Em !. w<i. 

appToximately 7. 6,· and mf:d:ian sulf[lte concentrations lvCTG 110 

and 3tl0 mg/1, respectively (Pigures 31, 32). Copper and nickel 
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concentrations were quite low in comparison w th the stockpile.~ 

runoff. Median copper concentrations at hoth sites were 4 S g I 1, 

but nickel concentrations were s:ignifi antly higher at Em 2 

(40i1g/1) than at Em 6 (Spg/l, Figures 31, 32). 

4 . 2 . 2 0 Na-tural runoff 

Station Em 4 was intended to represent 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, the· 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 analy~ed were all above 

background levels (Figure 33 Table 2). Median copper and nick~l 

concentrations wore 2 and 3 µg/l, resp c ively. 

4.2.3 Stations alon the main stream branch 

Three stations were located along the main branch of 

Unnamed Creek. Em 5 was locat d at the con uence of waste 1oc 

stockpile runoff (Em 8) and a mine dewaterlng discharge (Em 6, 

Fi gu TE~ 2 9) . E m 3 w a s l o c a t e cl ab out 1 . 4 k rn cl o iv n s t r e a rn fr om E m 5 

and received flow from Seep 3 (le~n ore stockpile runoff) in 

addition to the flow from Em 5 and natural runoff. Em 1 was 

located 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 p rt rt s of the w ate Ts h c rJ and min de \·J ate r j n fl. fr om E rn 2 " 

Going downstream from Em S to Em 3 and Em 1 the rncdirrn flow 
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Tate increased from :rn to 90 to ] 10 1/s ('J'ahlc 4). The at all 

th r c e s i t c s w a s a 1) o u t t h e s a m e , vii t h m ed. i a n p H v a l u c s r n r»i n g 

7 7 cc (y1• '14 '7['." 7F7) om . 5 t o . u .) r' 1 g u r e s ~) · , .1 .> , .) • Medi<ln sulfate con(·.cn-

t r a t i on s a t t h e t hr e e s i t e s w e.r e 1 2 2 l S S , a n d 1 6 0 rn g I 1 . Mass 

balance calculations indicated t11at virtually 100% of the sulfate 

i n p u t ''.J a s t ran s p o T t e cl t o t h e m o u t h o f t h e c r e e k (1 4 ) . Copper con-

c:entrations were low at all three sites (Figures .'54, 35, 37). 

Median concentrations at Em 5, Em 3, and Em 1.were S, 3, and 2 

µ g / 1 . M e d i an n i c k e 1 c on c e n t r a t i on s w e r e 5 1 , l 1 0 , an cl 8 7 l1 g / l . 

Mass transport calculations indicated that nickel transport 

through the system was more efficient than copper transport (14). 

The majority of input metal removal occurred as flow from Seep 3 

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

tration .by peat (12-14). 

4 0 2. 4. Trans ort from the creek: DZLt fTom Em 1 

As was previously mentioned, the median flow at Em 1 was 

110 l/s during 1976 and 1977. This flow had an 1evatec1 ionic 

content as is indicated by the specifi conductance (Figure 36). 

The high specific conductance is the result of hir,h concentrations 

'of sulfate, calcium, and magnesium (Figure 37). C on c en tr at i on· s 

of copper (3 µg/1 and nickel (160 µg/1) were elevated above batk~ 

ground levels (Figure 38, Table 2). Cobalt and zinc concentra-

tions were typically in the range of 1-2. 5 llg/l. Median iron a::1d 

manganese concentrations were 0,2 and 0.05 mg/I, and the median 

DOC concentration was 12 mg/l (Figure 39). The alkalinity at Em 1 

was about 100 mg/l as Caco~, and typical chloride concentrations 

ranged from 20-30 mg/IQ Th e t h r e e p h o s p h o r u s an a 1 y s e s r a 11 f; e cl fr o m 

0 . 0 2 t o 0 . 1 2 rn f~ I l a n d t h c N n -- N O v 1 u e s f o rn (, - 1 4 m g I 1 ( F i wu e 11. 0 ) . 



Table 4 · Metlia11 Values At Erie Sites, 1976-19771 

Site Q N S04 N Cu N Ni N Co N· Zn N pII N DOC N DIC N 

0112 72 14 0.004 14 0.005 14 

EM-6 
,., 

26. fr' 19 106 17 0.004 19 0.005 Oo002 1 0.003 1 7c70 19 9.,4 17.9 13 94 

HI-8 4.82 34 1140 24 0.019 33 1.18 33 0.015 8 .0.020 10 7.26 34 20.1 22 24.7 27 , .. 142 33 

B-1-5 31.4 21 122 19 0.005 21 0.051 21 0.,005 5 0. 3 7"63 21 12.2 12 20.1 

Seep 3 2.10 25 1420 17 0.617 24 19.0 24 0 .. 910 8 0.,331 12 7.16 24 19 .. 0 14 28.2 14 109 

EM-3 93.4 26 155 25 0~003 28 0.110 27 0 .. 002 3 0. 2 7.65 27 10.5 17 19fi8 16 96 ,.., 
L 

Seep 1 ~ Ll5 26 2470 20 0.018 27 LIO 27 0.130 9 0.249 13 6095 27 28.,0 16 25.2. 15 98.8 27 
:. .... 
:."'· 

0122 250 7 <0.003 7 0.002 7 

EM-4 14.2 8 77 .o 3 Oo002 8 0.003 4 - 0 - 0 6.46 8 20.3 7 4.3 7 
., 

• ..!.. 8 

EM-2 2.62 14 335 13 0.005 14 0.042 Oo002 1 - 0 7.60 13 11..0 10 16.6 96 6 

fl\1-1 110 37 159 35 0.002 37 Os087 35 0.002 5 0.010 2 7.50 38 12.7 19 18.5 19 88.0 

1 Q in liters/sec, concentrations in mg/l, DIC as C, in as Ca C03 

2 Data from Erie :Mining Company 

3 Calculated from data at EM-8 and EM-5 
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Table Al.1 Em-8 raw data, 1976-1979 
SITE= EM8' 

YEAR= 1976 

DATE 07/02 07/06 0 7 /15 07/19 07/26 07/27 08/12 

---------------------------------------------------------------------------------
.l:'H 7. 2 0 7. 1 0 7. 2 0 7. 15 7 .. 0 9 7.01 7. l 0 
ALK 103. 136. 128 0 l 3 3. l 30" 133 .. l 24" 
::;p CO ND* 629. 1695. 1846. 1980. 2 0 7 9 .. 2253. 
T CE !\T 4. 0 11. 0 1 3. 5 l 0. 0 10.0 6.0 11. 5 

S04 708~ 714. 9 so·. 1 1 3 f1 • l 2 0 J. 123 7" 1346. 
CU T . 017 • 0 18 .020 . 0 1 6 • 0 1 6 • 0 5 3 .021 
1~ I T 0963 1.580 L GOO .SBO 1 • 8 9 0 1 • 9 7 0 :-'; 2" 4 00 
CO T i 
ZN T • 0 2 0 "0 18 .. 0 35 
FE T • 1 9 • l 6 .. 1 7 . l 1 • 1 l .09 • 1 3 

~ 
CU F • 01 6 .015 • 0 18 • 0 15 • 0 1 5 .. 0 18 .020 

'...D NI F .950 .498 1.560 .570 L 940 2. 100 2.400 
.b' E F • 1 0 . 0 l 06 • 0 9 .07 .. 0 4 • 0 4 

CA 94. 143 0 6 5. 15 4 0 16 J. l 7 8" 214. 
MG 

DOC 1 4. 5 24.s 2 6. 0 2 6 ~ 3 1 9" 0 20.0 21. 4 
u IC 3 2. 9 21. 5 1 5 ~ 7 1 9 • 0 24.5 26.5 l 7c 4 
CL 3 4. 1 41. 2 J<). 1 !+ 0., 7 4 3 .. 9 45-3 56.5 

STAGE L 39 L 37 1. 3 7 
DCH** 8 e l Q 6 .. 6 5 s" 6 9 s " 3 8 5. 10 5 s l 0 4. 81 

*=U~·rnos /CH **=L/SEC CONTINUED 



Table Al.l (Continued) SITE= EM8 
YEAR= 1976 

!J . .:\ TE 08/26 0-9 / 0 8 09/21 10/05 1 0 /2 5 l 1I1 1 

--------·---------------------------------------------------------------
.P H 7. 4 0 7.40 7. 6 5 7.50 7. 3 5 6-50 
ALK 130. 150. 145. 142. l SL 178" 
'.::i P C 0 ND'" 186. 2632. 2736. 2750e 2600. 2 8 00., 
T CENT 8. 5 8. 0 J.Q 2 • l . l .. 3 

'.::i04 1564 • 168 5 • 152 3. 14 2 0. 138 0" 1550. 
cU T • 0 l 8 • 0 1 7 .020 • 0 l 2 • 0 1 2 • 01 0 
NI T 2. 3 GO 2-420 2 ft 4 2 0 2 . l l 0 2.090 2. 18 0 
CD T • 0 2 9 • 0 18 "0 16 
:OJ T .038 .. 0 3 7 • 0 ~\ 0 
FE T • 1 0 • 14 • 2 l . l 0 .08 • l 1 

I 

0\ 
0 cu }"' • 0 1 6 • 0 16 • 0 16 • 0 1 1 

.:;I F 2.400 2. 4 00 2. 5 GO 2. 2 l 0 
FE F • 0 6 • 0 7 . l ] .04 

CA 2 30. 241. 2 48 .. 2 9 l •· 284. 301.. 
:'lG 1 7 7. 16 8 ft 19 0. 

DOC 2 6. 5 36.J 11 . 5 14. 1 15. 3 15 9 9 
DIC 1 9 • 5 10. 3 37.5 33.4 37.9 37~5 
CL 29.2 38.0 4 0. 7 4 2. 7 4 4. 7 

STAG t: 1. 3 3 1. 3 l~ 1. 3 5 L 34 1. 21 L 20 
DC H ,',; * 3. 7 7 3. 7 7 3. 7 7 3. 9 6 L 42 i.. 4 2 

* ::: u M H 0 s I c :.,1 **=L /SEC 



Table Al.1 (CoRtinued) SITE= Ei'-18 

YEAR= 1977 

DATE 0 J /18 03/29 04 fl 2 0 4 fl 3 04/14 0 4 /15 04/20 04/21 04/25 0 5 / 0 5 0 5 /13 

-------------------------------------------------------------------------------------------------------------------------
p ll 7. 6 4 7. 2 5 7.20 7. 3 0 7.50 7. 2 9 7.20 7. 2 0 7. 3 0 7. 7 0 7-40 
_t. .. LK 286. 8 3. 2 9 6. 2 5 7. l 5 0. 197. 9 9. 5 3. 335. 1 5 7. 123. 
s P co trn 3220~ 750. 2300. 1950. 1550. 1420. 1 21 0. 62 5. l 9 0 0. 118 0. 950. 
T CENT 4. 0 8. 5 3. 5 5. 0 15. 0 3. 0 1 2. 8 

so 4 2130. 3 2 9. l 3 8 0. 846. 
CU T • 0 31 .020 .034 • 027 • 0 26 .024 .019 .020 • 0 4 1 • 0 1 3 . 0 l 5 
NI T 3. 7 3 0 l. 120 1. 83 0 l. 2 9 0 .870 .840 1. 18 0 L 310 • 82 0 • 4 90 .457 
CO T • 0 1 3 
ZN T .007 
FE T - 6 2 1. 6 4 . 71 . 6 6 . 8 7 1. 09 1. 8 7 .68 1. 10 . 6 7 "33 
'.1~;, T 7. 3 3 4. 6 6 4. 01 2. 9 9 2.46 2.30 2. 2 6 • 9 8 3. 3 5 • 6 0 • 5 7 

CU F • 0 21 • 0 l 2 • 0 21 .019 • 027 .009 
NI F 3. s 1 0 1. l 7 0 .820 1 .• 33 0 .380 .390 
FE F • 1 5 1 • 04 . 7 6 • 5 5 . 3 8 .04 

F 7. 1 6 4. 5 6 2. 0 1 • 94 3.26 

CA 506. 63. 128. l 14. 

XG 320. 55. 5 6. 

C.,"\ 
...... 

DOC i 1. 2 l2. 5 18. 6 2 2. 7 21. 7 1 4. s 4 0. 4 
DIC 5 4. 0 41. 7 20.s 1 3. 9 94. 3 33.8 2 7. 7 

CL 5 3. 9 16. 3 3 3. 9 30.3 2 4. 1 18. 0 28.8 21. 2 21.9 
~\ 0 2-:~ 0 3 o.oo 6 ., . ,_ 

TGTAL p • 1 (} .04 

STAGE 1. 0 9 1. 10 1. 6 2 l. 4 8 1. 32 l. 2 2 1. 14 1. 2 5 1. 2 6 1. 2 4 1. 14 
DCH** • 28 • 5 7 16. 71 8. 7 8 }.68 l. 7 0 • 8 5 2.27 2. 5 5 2. 2 7 • 85 

• •'< = 'G I 1 I l 0 S / CM **=L/SEC CONTB!UED 

1 3 



SITE= E:-18 

1 (Continued) YEAR= 19 77 

8,\ TE 05/23 0 5 /31 06/06 0 6/ 2 0 o 7 Io s 0 7 /11 '07/19 . 07/25 08/01 0 8/16 0 8 /1 7 

--------------------~----------------------------------------------------------------------------------------------------

PH 7. 2 7 ]. 4 5 7. 16 7. 2 2 ]. 2 8 7. 41 7. 2 0 7. 2 5 7. 1 0 7. 3 0 
ALK 12 3. 9 5. 233. l 6 7. 1 2 9 • 136. 154. 16 2 •. 161. 
SP co:·n;"' 9 5 0. 750. 1820. 1 7 l 0. 15 0 0. 1590. 2020. 1836. 2425. 2600. 2ld3. 
T CENT 9. 0 4. 0 6. 1 5. 0 7. 7 6. 0 7. 7 6. 3 

so 4 JSJ. 892. 6 74. 2 81 . 1070. 1428. 16 OS . 
CU T . 021 • 0 21 .039 • 0 26 . () l 9 • CJ 1 7 • 0 19 • 0 1 6 • 0 16 
NI T • 5 6 6 .386 1. 14 0 • 6 J 0 • 6 41 .807 1. 0 7 0 1. 19 0 l • 1 5 () 
CO T • 0 l 3 . 0 2 '.l • 0 1 5 • 0 10 
ZN T• • 0 14 • 0 2 0 . 0 9 
FE T • 6 5 . 6 0 • 8 1 • 4 4 . 3 2 • 1 3 • 1 4 .os • 1 () 
~·rn T • 6 6 • 4 3 2. 8 5 2. 0 5 1. 01 • 6 8 • 9 3 • 7 6 .ss 

CU F • 0 1 7 • 0 2 2 
NI F • 5 2 s 1. 2 40 
FE F • 3 5 . 2 4 
MN F • 6 9 2. 77 

! 

Cl'. 
t-~ CA 1l0. 90. 2 l 0. 179. 16 0. 328. 

HG 5 6. 47. 126. 107. 82. 17 8. 

DOC 31. 6 2 6. 5 
DIC 7. 1 2 2. 7 
CL 2 1. 9 1 7. 4 32. 4 
!W 2-NO 3 
TOTAL P 

STAGE l. 3 4 1. 44 1. 8 J 1 • 8 2 1. 7 9 1. 5 4 1 • 4 6 1. 5 9 ].. 51 1. 5 0 
DCH** 4. 5 3 7. 6 5 3 2. 2 8 31. 4 3 2 9. 73 1 3. 5 9 9.6J 8.49 5.66 5. 3 

*==UMllOS /CM **=L/SEC 

1 4 
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C\ 
v~ 

,..,.., b 1 A"" "" ('C .... ) 1 a e l • . .L i.. on l.. 

DATE 

PH 
ALK 
~;p 

T CENT 

s;o 4~ 

CU T 
NI T 
ZN -;--
FE T 

CA 
MG 

AL T 

DCH>::·-i::· 

04/03 

6.70 

• 0:30 
.200 
.040 

1. 00 

.10 

*=UMHOS/CM **=L/SEC 

SITE= EM8 
YEAR= 1979 

04/16 05/09 05/16 05/24 06/06 06/22 07/05 07/27 08/09 
-------------------------------------------------------------------------------------

6.80" 6.70 6.70 6.70 7.00 6.70 6.60 6.90 6.90 
94. 100. 110. 120. 120. 110. 116. 126. 

1200. 1200. 1350. 1650. 1450. 1700" 2000. 2100. 
2.0 7.0 6.0 7.0 9.0 11.0 9.0 

800. 700. 800. 900. 1000. 1100. 1300. 1300. 
.300 .070 .070 .050 .100 .100 .100 .100 .100 
.330 3.200 ~.800 1.900 2.800 3.000 3.000 3.000 5.900 
.320 .060 .ObO .050 .070 .070 .080 .070 .1.20 
.30 .50 .50 .30 .30 .30 .30 .30 .30 

112. 6L 70. --~ ~-. o...:.:.., 70. 80. 99. 105. 
-JC-..., ...... ..::;.. . ..; ... :38. 50. <== c:::-c 71. 66 • .._)._aD ._1._1 • 

• L.rO • 20 • 20 .08 • o:::: .08 .20 • 08 • 08 

13.51 15.83 19.65 15.35 23.47 11.07 8.52 

CONTINUED 



0\ 
0\ 

Table A1.1 (_Cont.) 
DATE 08/28 09/13 

PH 6.90 7.20 
ALI< 134. 126. 
SP cci:m-~ 2300. 2000. 
T CENT 3.0 4. (l 

S04 1200. 1100. 
CU T • 100 o 1 (H) 

NI T 5. 300 4. :20<) 
Z;\I T • 100 .070 
FE T • 30 .30 

CA 103. 92. 
MG 7 4-. c:- -·~, 

._;-.:;; -

AL T • 08 o·=· • v 

DCH** 9.03 22.11 

*=U~1HOS/CM **=L/SEC 

091::.7 10/10 

7.20 7.20 
11 o. 94. 

2700. 2500. 
9. (l ::=::. 0 

1200. 1400. 
• 1 (l(> . 100 

6.000 7.500 
• 100 10 
.30 .20 

111. 11 7. 
60. 69. 

.08 .08 

12. t..6 

SITE= EM8 
YEAR= 1979 

10/19 

c. .• 90 
9=~. 

2300. 
5.0 

1:::00. 
• (>~;(i 

6. ::::oo 
.1hJ 
.30 

114. 
59. 

.20 

10/29 11/08 

7.00 7.20 
100. 102. 

2650. 2500. 
4.0 1. 0 

1600. 1200. 
.100 • 100 

7.C.00 4. (l(J(l 

• 1 :20 .070 
• 30 .20 

120. 97. 
77. 56. 

.08 • Of: 

9.68 

11129 12/04 12/26 

7.10 7.00 7.20 
104. 112. 124. 

2500. 2500. 25000 
LO 1. (l LO 

1500. 1500. 530. 
.110 • 1 (H) • 040 

6.000 6.600 3.000 
• 1 0 • 1.30 • (l7(i 

.-20 .:::o • 50 

108. 5:~:0. 200 .. 
76. 190. :30. 

• 08 • 08 .08 

6. ~:1 



Table Al.2 Seep 1 raw data, 1976-1979. 
SITE= SPl 
YSAR= 1976 

DATE. 0 7 /15 07/27 08/12 08/26 09/08 09/21 10/05 10/25 12/07 

-----------------------------------------------------------------------------------------------------
PH 7. 5 0 1.00 .7. 0 2 7-34 7. 5 0 7. 3 0 ]'. 35 7. 4 2 7. 2 0 
ALK 16 l. 184. 190" 18 8" 227. 220. 213" 2 2 9 .. 2050 
SP CO~JD'" 3027. 3 32 8 .. 2 3 2 4 .. 3 818. 3709. 3809, 3 80 0. 3 49 0. 4600 
T CE tJ.T • 5 3 0 5 J.O 2. 0 2. 4 l. 8 • 1 

so 4 • 2 4 8 7 • 2 5 5 5 • 1839. 2 l 9 0. 2305. 2 00 L;. 2 4 60" 2800 • 3000 
cu ~ .oso . 0 l 9 .029 • ()23 .022 ~ 0 91 .oos .004 '"', ~ 

~ V 1. I 

:n ~ 1. 9 2 0 1.240 r.4oo 1.100 -980 .834 .. 7 90 .670 L 3 OQ .... 

CO T • 132 • 129 • 123 • 1 10 
ZN T .258 • 2 50 0 2 50 .245 .. 125 .. l 00 .100 • 6 9 0 
FE T 5 • 7 9 • 71 3. 1 5 3. 8 0 3 .. 6 5 7. 0 7 5" 44 5 " 7 8 7 ~ 2 0 
?·l'.'1 T 16. 0 0 

~" CU F • 0 l 9 .009 .OQ2 
~I F .900 .845 • 7 1 0 
F~ i."' L .... 1 .• 0 7 5 Q 7 0 2 .. 84 

CA 19 4" 233~ 2 2 5. 226. 2 46. 249. 3 9 l~) 
~.r~ .... v 464e 4 51. 528 

DOC 34.5 28.0 J 3 e 9 4 2 .. 8 5 4. 1 23.5 1 4. 9 27.2 
DIC 2 0. 7 3 5. 5 2 7 " 6 2 s. 2 2 3. Lj. 56.0 5L3 ,. 1 ,... 

0 l" L 
CL 48.6 4 9. 8 8 4. 3 2 9. 3 40.7 3 6 Q 3 39" 3 3 9. 8 so. o· 

STAGE 3. 21 3 e 2 1 3 0 15 3. 13 3. 1 7 3 a 15 
DCB** 1. 7 0 1. 9 8 1-70 L 42 1 .. L~ 2 L 42 1. 4 2 1 • l 3 • 1 4 

*=U;rLIOS /CH **=L/SEC 



Table Al.2 (_Cont.) SITE= SPl 
YEAR= 1 9 77 

DATE 03/18 03/29 04 /12 04/15 OL1/20 04/21 0 5 /0 5 o s I 1 3 05/23 

-------------------------------------------------------------------~----------------------------------

p "CJ .... ... :.. 7. 0 2 7. 3 8 6. 7 9 6.95 6. 6 0 6 .. 7 1 7.07 1.00 6. 7 5 
ALK 441.. 8 3. so. 100. 7L 6L 124. 164. 9 8. 
s? cc;.~D;~ 310 0. 660~ 5 00" 850. 94 0. 850. 1450. 1500. 1 2 l 0 ~ 

T CH~T 0 
,, -.s -LO LO 4. s -·L 

S·J4 1638. 265. 149. 
cu '2:' • 3 2 9 .022 ~ 0 03 • 0 Dl! . ()() 7 .oos .oos .. 004 9 0 0 l+ 

NI T 2. 5 3 0 • l 3 5 e 0 5 3 .()88 . 1 36 .100 8320 • 16 8 • 2 l 3 
CO T e 1 30 
ZN 'I' .037 
FE T 1. 98 • 8 4 • 9 2 2. 7 3 3.00 3.45 8. 7 0 
'f ,, 1 .,.., 
J'lb l. 7. 0 5 l • 9 !~ 2. 31 4 ~ 3 l 7. 2 8 6. 3 8 19.00 l i. 6 5 8 05 

CU F . l 8 l 0 0 07 .002 .oos .002 
co !n F 2.320 • 150 .082 • 128 .290 

FE F • 4 4 • 4 0 2. 19 2. 9 5 6. 8 4 
11N F 7. 11 1. 6 4 3" ~ 81 · 6 " 3 3 

CA 346. 46. 11 l. 95 
~· ! r' 
'. \J 4 7 7 • 156. 119 

DOC 2 4. 3 26.5 55.9 3Ll 36.8 2 5. 2 
DIC 13.0 2 8. 2 8 .. 8 20 .. 5 2 8. 6 ·2 1. 2 
CL 1 21 • 4 18. 0 10. 2 16.0 19.Q 1 5. 3 2 3 .. 4 21.s· 1 7. 8 
N02-N03 17.00 1. 00 • 6 5 
TOTAL p • 2 9 "15 • 14 

STAGE 2.92 3.22 
DCH'"'" • 1 4 • 1 4 • 5 7 • 1 4 .28 • 9 6 .. 08 "4 2 

*=mmo·s /CH **=L/SEC CONTINUED 



(J\ 

. ~.o 

Table Al.2 

D:\ TE 

PH 
ALK 
SP C 0 ND,._ 
T CENT 

sot, 
l""'iT ~ \., u 

l T 
CO T 
Z~-J T 
FE T 
'('i-.1 ri-' 
J J,.\i .1.. 

CU F 
~,:I ~ 

}'E F 
}1: ~~ ~ 

CA 

:1G 

DOC 
DIC 
CL 
N02-N03 
TOTAL P 

S AGE 
DC ** 

on t.) 

05/31 

6 . 6 5 
74. 

11 50. 

6 77. 
.oos 
• 3 7 0 

1 1 0 
.• 1 1 0 

7. 5 4 
8. 6 0 

.004 

. 3 58 
4. 8 3 
8. 5 5 

9 4 • 
1 2 2. 

1 8 • 7 
17 2 
1 3. 8 

3. 2 7 
~ 8 5 

06/06 

6.45 
4, 6. 

1420. 

801. 
.007 

1 • 5 7 0 

2.66 
7. 14 

.007 
1. 610 
L48 
7. l l 

122.. 
142. 

1 5 • 1 

1. L.l 2 

* = lJ?::. ! I 0 S / C :·1 ~ic * = L / S EC 

06/20 

.6 .. 6 L\. 

52. 
4450~ 

2723. 
• 0 I~ 1 

12.000 
.870 

1. 5 0 0 
1. lf 5 

13 90 

2 9 0 .. 
486. 

34.0 

") 
...) a 

2. 2 7 

SITE= SPl 
YE/\f~= 1CJ77 

06/28 

6" 6'9 
7 9. 

4 25 3. 
6. 0 

3 8 5 7. 
'0 3 8 

1.goo 

L 28 
11. 1 D 

301 . 
6 52 .. 

3. 1 2 
2 " 4 1 

o 7 Io .s 

6. 6 9 
62e 

4 410 .. 
5. 0 

2 (> 7 7 • 
.029 

7 G 3 7 0 

• 7 2 
8 e 6 5 

3. 1 0 
4. 1 9 

07/19 

6 " 6 0 
6 2" 

6900. 
5~0 

4439. 
0025 

8. 19 0 
• 6 q. 0 

2.4-00 
• 9 1 

1 3, 10 

3 .. 18 
L 59 

08/01 

6 ·., 7 9 
9 9 ~ 

7 700" 
5 .. 0 

.023 
6. 3 4 0 

• 8 7 
l 2. 10 

3. 18 
1 • 2 7 

08/16 

6 ~ 7 0 
9 2 c 

6 80 0. 
6 $ 1 

5210. 
• 0 1 6 

5 .. 7 7 0 

g 6 3 
12.80 

3.22 
"4 5 

0 g /1 7 

6 75 

82" 
5 50 8 

s ~ 5 

5 6 3 6 g 

• 0 1 8 
5 , 9 1 

640 
2. 4 JO 

• 6 2 
13.60 

3 " l 5 
• 4 5 



-.....1 
0 

Table Al 2 

DATE 

r·1, 
Ad 

ont.) 

07/.24 

• ::::u 
. . 

;,. ~~;(I(! 

0 7 I ~: 1 

.. ~.u 
... 

~=;u 

. \) 

0:::::1 o7 

.., . ,;.u 
1 .. :1). J .i 

~:~1 (H _d J " ~::;(1(j 

I(>. t~i 

u::::;:;;:: 1 

• r.::;o 

• 1 

'.:::.Irr··== '.:=;p 1 
'{Lf~f\.·'" 1 ·~17:3 
CON1. == MC• IL_ 

0) / 0':'· 

{ .. ·~~.() 

l //:._ 
::;(i(!\.J. 

a.::: I 
._l .... l:.:._1 

4 

o·:.1 .11c: 0/0~ 1(1/16 101:::0 11 /17 

l~.t" 70 { .• 4(i .:. .. t.o . /:_,(} .~ .• :.::o 
124. L::A. 11 (,. 1 ::: 1 ::-: 

~;ouo. :'.1(J()(J. ':;00(>. ':il)(J 50u 
4. LI /.:.. 7 7. :::: .4 1. 1 

=:.:=-T:.. 4t;.2~~;. 'k .. uu. 4.=.uu. 5(101). :;:u~o. 37'.:;u. L~2(H). 44'50. sooo. 
Cl.I .</::::: .<•'/~: IJ .<_J.:'...::; .{111~· .04':) . 4=: .(1_:3 • =:4 
f\)} ) J.:·.':.i)(i 1 .:;:ll(l /.l1IH_! !;;:.•:;l(:i1i ::::.;·(/\) !;: •. ~'l)lJ '?.(H)(l' J. 1)1) (: .• :::t)(_) ..:~. (i(1 

1: 1:1 1. (!(11_) • ( Ji)(i • ;•,,) • :::Ju • ';/~:.u • (.': .. CJ • 70U • (!•) • (_.(H) • 00 

ZN l 2. :;:1:it) • ~:(i(i 1. 4UU 1. 4~_:.11 l. ,c.::~U 1. ~~·J(i 1. :=:t.O 1. 170 1. o::o . ::::O 

1_;.; 
l"/!=1 

DC1C 
CL 
NIJ.2· ::: 

~·::<). 

·:.1(1U. 

1 :~:-=~. 

~:2. 1) 

1 2. 00 

:::.!J;";l·IU'...:;/CM 

7~'.i .. 

... >'· 
1 ':'::. 

~:(_). t_i 

1 :_.: . ..q 0 

i_I., 

. l l (»:1. 
1 ~:)U" 

.~: .:: . () 
i:-. 70 

'~. (J • 

:.::u. 
-:i.u. 

l I J • 

1 u. 40 

27: .. 
·:1 ~.:I J • 

1 ':;2. 

.Lj. :: .. (I 

• (l(1 

,(_J, 28 ~ 

(,Jl). ~0 6 
10 

c .-:-·, L:' 
/.0 

0 26.0 
00 6.90 

11 
28. 
1 Cl. U( l 

·):; .. 
.._!J. 

o:: .. 

.u 
·-· / • I) 

.40 

~::.:: .. 
4''",() • 

145. 

:::•:;. 0 
8 .. ~.(l 



---..3 _, 

Table Al.2 (Cont~} 
SITE= SP1 · 
YEAR= 197~ 

DATE 05/09 05/24 06/0t. 06/22 07/05 07127 0:3/09 08/2f: 

F'H /:.. ... 10 6 .. 40 4 .. 49 4 .. 50 5 .. 40 5~30 1.; • .,00 .;S .. 30 
AU< ·-:11'.:1 4. 2. .-. 18 .. .-. 14 .. . 50 .&_i_!J. .,;;. .. o .. 

SP COND* 1500 .. 5000 .. 5000 .. 5000 .. 5000,, 5000.; 5000. 
T CENT 

~;04 

CU T 
NI T

0 

Z!'J T 
FE T 

CA 
MG 

AL T 

0 4 .. 0 5 .. 0 7 .. 0 5 .. 0 4.,0 ~ ... 0 

1100. 4 700. 11000. :::;:::;:(H)" 5400" 5100.. 6500.. :::;:900., 
.020 .100 .300 .200 .200 .100 .100 .070 

1.500 21.0QQ 32.000 17.000 6n80Q 5.200 21.0QQ 13.QQO 
.250 6.900 17.000 6.600 3.900 3.000 4.100 5.000 
.80 8.50 3· OQ 2.20 2.10 4.60 3~60 e60 

1 .-,.-, 
L·..::im 

. 2() 8 

• :3(> 

201. 
0. 

18.00 

Om o. 
243. 43w 

54.00 14.00 

17. 0. Os o. 
~L~ 
~v~. 151~ 450B 364~ 

10.00 5e50 10.00 .70 

*=UMHO:::;/CM CCa~~~T :\tl!E[f 



Table ."2 (Cont.) 

DriTE 09/13 09/27 

F'H t::. ... 50 6 .. 70 
AU<· 44 .. 70 .. 
'.::;p COND-::t 4400 .. 4900 .. 
T CENT 4.0 4 .. 0 

S04 3500. 3600. 
T .080 .090 

NI T 10.000 9.000 
ZN T 1 .. 800 1.500 
FE T .80 1.50 

CA 0 .. 0. 
MG . -,.-~~-1 

.. ~~ .. _:.. 355e 

~...J 

f'.J 

AL T .. 50 .40 

*=UMHOS/CM 

SITE= SPl 
YEAR= 1979 

10/10 10/19 

(:.,, 90 (:," .::.o 
71:. ... :54., 

5000 .. 5000 
.~ ... 0 3m0 

3500. 3200e 
a09Q .070 

8~800 8 700 
luOOO 1 m 00 
.90 .90 

o_ Om 
360m 321 

.20 .50 

10/29 1110:::: 11/29 

(:. .. 50 (:." 00 t: ... :;::o 
~:.o .. 50. t-4,, 

5000 .. 5000 .. 5000 .. 
:.:::a 0 2o0 0 

3300. 3500. 3600. 
u08Q .060 .060 

7.500 6§000 5~900 

.920 1.000 1~000 

1-30 2.80 ~70 

0. 141~ 140~ 

331. 262B 262 • 

A70 m80 ,,30 



-.....! 
\......} 

Table Al.3 Seep 2 raw data 
SITE= SP2 
YCAR= 1976 

D/\Ti~ 07/15 07/27 

PH 6.99 
ALK 69. 
SP COND* 383. 
'f CENT 16.0 

s (\ •' .._ \) i..+ 2 6 G 1 • 
CU T .020 1.900 
:-11 T . 1 04 20.000 
co ~ 

z ~~ T .383 
FE T • 6 7 • 2 6 

CA 226. 

DOC 3 G. 5 
"J IC 3 . 6 
CL 16 ~ 0 

*=;-~ 'OS/CH 

SI'fE= SP2 
IfEAR= 1977 

DATE 

PE 

L 
SP COND~~ 

N02-N03 
TOTA P 

=UMHOS 

03/18 

LOO 

29" 

620. 

3.20 
.07 



Table 1. Seep 3 raw data, 197 6-T97 9 
---··-·- SITE== SP3 

YEAR= 1976 

DATE: 0 7 /1 5 07/27 08/12 08/26 09/08 09/21 10/05 10/25 

-------------------------------------------------------------------------------------------
.FH 6 • 9 1 6. 2 0 7. l 0 7. 5 0 7. 5 5 7. 2 5 . 7. 3 0 7.60 
ALK 6 8. 7 7. 8 7. 100. 1 2 7 0 1 l 9 • l 2 6 • 129 
S? CO!rn~1: 2 39 9. 2732. 2614. 3234. 28 0 7" 2899. 3000. 2700. 
T CE l~T 1. 0 2 " 5 l " 5 1.2 3. 5 1. 5 1. 0 

~o ~. 103 6. 2 00 1. 2603. 1539. 1 3 7 B • 16 2 8. 1420 
CU T l . 1 4 0 • 7 5 3 • CJ l 7 . 617 .736 "51 6 • 4 81 
!~I 'I' 24.700 19.000 1 9. 2 00 20.600 19.500 16.710 15.770 
cO T • 8 5 7 • 9 7 2 896 
z t~ T • ~· 0 3 "3 50 . 3] 0 .338 . 3 l 8 .320 .310 
'FE T • 4 6 • 6 l 0 7 3 l. 0 7 1 • 2 0 • 7 1' L 14 

-..J 
.;:::,. 

ClJ f 1. 8 80 .624 .588 .504 .345 
~·~I F 20.000 19.000 19.300 20 .. 000 15.420 
FE F . 2 4 • 1 4 • 5 7 • 3 5 • l 2 

CA 226. 260~ 2 4 2 " 2 5 3@ 3 20" 329. 
:1G 24 7. 233. 

DOC 1 5 • 2 1 7. 5 23.2 2 3 ~ 8 2 7. 1 15.0 11. 6 l 6. 8 
lJ IC 9. 0 10. 0 2 7. 0 1 3 e 7 1 2 • l 31. 0 2 8. 7 3 2. 6 
CL 6 2. 0 58.9 70-4 3 8. 5 5 7 0 5 5 0 9 1 5 7. 5 58.9 

~TAGE 4.53 4" 50 4.47 . 4. 4 8 4.44 
DCl:l '': * 4. 2 5 3.40 2. 5 5 2. 2 7 L 70 L 70 2. 1 0 • 8 2 

*==U:rnos /CM **=L/SEC 



SITE= SP3 
Table AL 4 (Cont.) YEAR= 19 77 

'J 1\ TE 03/18 03/29 o 4 Io t} 04/12 04 I 2 1 04/27 0 5/0 5 05/23 05/31 

----------------------------------------------------------------------~------------------------------

PH 7. 7 9 7. 2 5 7. 10 7 ,, 10 7. 4 5 7. 18 7 G 3 2 7 .. 29 L 38 
ALK 9 7. 144. 141. 206 1 5 6. 201. 16 2.. 111 .. l 0 9 • 
SP C0~'7D* 890. 1000. 1100. 1550. 1J7 5 • 16 5 0. 2650. 2470. 2500 
T CErn 2. 0 1 2 .. 0 7. 0 11..0 

so 4 2 C) 7 . 4 5 6. 746. 857. 372~ 5 64. 
r I' '1' '-' u ' • 0 3 7 .084 • 2 7 0. • 1 () 5 . l 2 5 • 1 Li-(, .104 • l 9 8 • 2 3 7 
NI T .420 1.570 3.200 J. 3 s 0 1.190 l. J 9 0 8. 0 00 13.800 17.450 
CC) T , 4 I+ 0 ~ 7 9 
;~ ~,J :._~ • 0 73 • 2 5 0 
FE T • 4 3 L 29 5.45 !+. 5 6 1. 9 9 3;43 L 91 1. l 2 L 15 
!~1:\J T • 8 0 1. 9 8 2.74 3.60 l $ 7 7 4. 5 1 4-60 5.62 

......:: 
~ (.;TT r, • 0 2 5 • 0 81 • 0 5 2 .oao . 10 l • 0 6 8 • 0 6 9 . 1 7 s v J 

:n F • 3 s·o 1 • 3 4 0 • 9 J 0 L 180 i . 15 0 10.000 13.800 18.2.00 
FE F .04 • 9 2 • 2 2 • 3 ') e 1 7 . 5 s '1 1 
:·lN F ~ 4. 6. 1. 5 ft • 81.} 1. 4 7 4 50 5 0 7 8 

CA 93. 105. 368. 249. 323. 
lrr 5 2 • l 2 3 .. 2 00" 2 3 ~: 0 v 

DOC 2 6. 3 28 ft 0 5 9 .. 3 20o9 10. 8 
DIC 13 4 4 0. 9 53.6 36.4 2 9. 5 
CL l 2 • 3 19.6 2 2. 3 2 4. 7 23.4 3 3. 9 4 4" 7 3 8. 9 33~5 
~W 2-N 0 3 9. 9 0 8.80 9 e J 0 
TOTAL P e Q 7 • 0 4 .04 

STAGE 4.30 4. 3 2 4. 3]. 4. 2 2 4. 14 4-07 4.02 4.s2 4 9 8 1 
DC H * i" • 2 8 • 2 8 a 2 8 • 1 4 • 2 8 • 14 • 14 l. 0 2 ., 7 9 

*=UMHrJS/CH *>:=L/SEC CONT LET ED 



~ITE= SP3 
Tab A • 4 ant· l YEAR== l 9 7 7 

1~·.:\ !· E U(i/06 06/13 06/20 07/05 07/19 08/01 08/16 08/17 

-------------------------------------------------------------------------------------------
PH 7 • 1 5 7. 10 6 0 9 9 6. 6 8 6. 9 8 6. 9 5 6. 9 9 
ALiZ 1 1 4 • 9 0. 8 8. 7 0. 4 7 ft 6 6 .. 81. 
SP CO :J* 2 9 10 • 3100. 3030. 3 11 0 ~ 3370 3550. 3500 3400. 
T CE:H . 5 2 . 5 1. 5 2 . 6 1. 5 2. 2 

S04 186!}. 16 7 T. 162 2. 20tdL 
CU T • 8 2 6 • 8 0 3 • 8 5 4 l & l1 8 0 l. 7t 0 1 • 2 20 • 9 5 2 .339 
~I T JS.900 39.800 36.200 2B.900 2 8. 5 00 26.700 24.600 2 4 .. 4 00 
CO T L 00 2. 4 00 1-000 
Z ~'~ T • 6 5 0 .sso "5 80 

~ FE 1 2. 10 1 • 0 B 1 • () • 7 4 • 4 5 • 4 8 • 5 5 • 6 6 
(J\ ~-fN T 11. 10 1 1. 2 0 10b40 9.07 8. 4 1 8. 9 9 9. 3 5 9. 3 6 

CU F . 61 2 .722 • 6 85 
:q F 33.500 38.400 3·5 0 00 
FE F • 2 2 • 2 3 • 1 7 
~l n F 9. 8 2 10.90 1 0. l 0 

r ·' v.>. 342. 3 5 3. 3 3 6. 284. 388. 3 7 6. 
',,.., 
J..';.V 274. 236. 2 71. 2 1 5 • 2 8 8. 276. 

DOC 1 8 • 9 
DIC 2 8 • 1 
CL 56.2 46.0 39 .. 0 
NO 2- 0 3 
TOTAL P 

STAGE 5 .. 0 l 5 .. l 6 s.02 5.03 s.02 s.02 
DC H ~1:; 3. 1 1 3.40 9.63 1 6. 14 4 " 8 1 4.53 4 .. 5 3 4. 5 3 

*=U !HOS/CM **=L/SEC 
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Table 

f I 
(..:_) 

l ;_ 

::.1:>~~ 

C !_' T 

I'~ I 
cci 
z T, 

-, ~ f\.11=1-=~ 

ont.) 

07/24 

6. (:.() 

100 .. 
3::.·.uu .. 

:+. 4 

:27 :5(1. 
j • :~;L/ !~) 

i: 1 .. ::.uo 
1 • {.(H) 

" ~~:i::~ 0 

:2::;(J .. 

40:;. 
11 :;, . 

:::: 1 • (I 
9. 4(l 

iC!::;; I Cl'1 

07131 

.~ .. ,~ .. u 
:::_:(\ 

~:.~:0(1. 

4. Lj 

-,c.-.1..:.
~--1..:._. __ 1 .. 

• . !) 

17. u 
1. u 

.. . __ :~:1() 

( t.0: 
-··-.i .. 
-,i.: .. 
.:.•._I,,. 

(J7. 

.:::_•t)., (_) 

11 • ;· u 

0::::101 

7. ')(l 
• J,' •• 

-~:~:::1() .. 

4 .. 4 

.::.::Ou. 
/t J(1 

1.~:. .:!_!(} 

.... :=.:uo 

.. ::uu 

"';(}: .. ) .. 

j :_:l.J. 

..:..-.:•. t .. 1 

7. ::::0 

O::: I:::: 1 

. 40 

::~(.U 

~1. 4 

1 ::.: ~~ '.:;. 
.540 

15.~00 

.790 

.230 

l (i. 
4t). 

uu. 

! .. 2 
1 7. 0 

40 

c:: 
·-' 

SITE= SP3 
YLAR= 1~/8 
CUNC= MG/L 

0'.~-'/0::; 

[ .. :::o 
1 uc .. 

2::~:~~:1(J ., 

:~:. ') 

1?00. 

1 ~_:;. (1(1 

,=:u 
• ..::1) 

--, c:;· r:. 
...,: .. ·~.I , __ I " 

:·1 u. 
;~~: ::::i .. 

:·~: .... ) 
- (_/ 

• ~:: (~J 

(!')/1:3 

L: 
2:~:u 

1 ~~.!)(l. 
• 1.:..4(! 

.:: .. ~:1(it) 

~:~· ~~:; ~~· 

• ...:.40 

:;>!1l. 
J-'. . ...::. 

·~ .(: .. 

r....:, .. 
J • (! 

• -.::u 

10/02 10/ll· 

/ .. bO !;_,. ::::o • 
1:) 9(.,. 

~~·sc~ 2500. 
• 4 1. 1 

1 :::::oo. 1 5~·0. 
• ::::::.o • .::·::::u 

12. 21)!) , 1 o. ~";1)() 
• 1St_1t) • 4()() 

• 1 {:.(l .140 

~~:7 2. • c:-
..;_ ._J 

1::::0. 1 u 
7(: .• t:.• 

·-· 

::~:. 4 '-/. ·.) 

14'4 0 15" () 
:::;. co (_,,. ·~10 

10/30 

I_ ... :~:(> 

1 OCi. 
25(i0~ 

:·fn (> 

1 :3(H). 

70 
l(i. ::.uci 

(li / 

3() 

--.1~.c..

~ '-'·-·' • 
1 ·~1 0. 

71. 

0 

11/17 

t .. 50 
11 (,. 

225(:~ 

1. 

1350. 
.. ..:..:;=~o 

2,. '/(JU 

• 1.=..·o 
. 070 

::·:.::::5 .. 
145. 

.:10 ~ 

21. (l 
7. (H) 

11/~7 

7. /'(J 

15'.)(>., 

116 

1 (!(10. 

.. (1:::·, :; 

1 • '5~~~(.l 

• (J 

1 7(,1:> 

1 (_.;(l. 

,:•r;i 

.=_· L • t~! 

-i ~ 



-J 
JO 

Table 

DATE 

PH 
ALK 
SP 
T CENT 

S04 
CU T 

I T 
ZN T 
FE T 

CA 
MG 

AL T 

L1 rcont.) . ' l 

05/09 

6$90 
108. 

D* 1700~ 
4.0 

300. 
.100 
.460 
.020 
.40 

40 .. 
1 :3. 

"10 

*=UlyiHC3/CM 

05/16 05/24 

7u00 
116. 126. 
700c 650e 

4m0 

400~ 400. 
.070 .060 
.290 .270 
.020 .020 
.40 .60 

36. 34. 
18. 18~ 

.10 .10 

SITE= SP3 
YEAR= 1979 

06/0,S 

t:1 m S:1 1 
370~ 

750. 
9 0 

370. 
.060 
.330 
eOlO 
.30 

::::C>~ 

36. 

.08 

o.~.122 07/05 07/27 0:3/09 

6.80 7e30 6.70 7.20 
128. 11n io. 90. 00 

VVs 

600 1000 160000 1500~ 
4~0 8~0 10~0 1~ ~ 

-~~v 

270. 490. 800~ 1300. 
.060 .080 .070 ~080 

.270 .400 1~400 6.700 

.010 .030 .030 080 
a30 .50 a30 .50 

36. 43s 69m 71. 
17n 29u n 74~ Om 

.08 .08 u08 .08 

CONT NUED 



!3ITE= SP:::: 

Table Al. 4 (Cont.) YEAR= 979 

DPtTE cx::12:::: 09/1:3 09/27 0/10 10/19 10/29 11/0S li/29 

PH 7.30 7.00 6.80 7.20 7.10 7e20 7.40 7.30 
ALK 84a 94~ 78~ 84~ 104. 11 C:•s 112e 1~~ 

0~, 

SP COND* 2100~ 1900. 2300~ 2300re 1800. 1600s 15004 600. 
T CENT 12.0 5.0 9~0 8~0 7.0 7~0 4.0 2.0 

S04 1200. 1000. 1800. 1500. 1000. 1300. 1 00. 900. 
CU T .070 .200 .200 ~110 =080 .100 .080 .070 

T T 
.• i 7.800 10.000 20~000 13.000 8.000 6.900 5c400 1s80Q 

ZN T .080 .180 .320 . 30 080 070 .060 ~030 

FE T .30 ~60 ~60 n50 .60 1m20 m60 ~80 

72 .. 65 .. 116 .. 9~:. 77 .. 87 .. :=:1. 5t:. 
-"!'-I 107,, 91,,. 6l co 7L 70,, 41::1· 
j .ll. .. ,_q e r~1 C3 ;:;; 1. 

'! 
'...:;:) AL T .. o:::: .. 08 .. o:::: e (J!::: ~20 at():::: .. 08 .. 08 

~~= fj f "'1 ?-1\ ci :3 / c: tv·i 



SITE= EM 1 
Table 1.S - Em-1 raw data, 197 6 -19'7 YE/\R= 1976 

DA~ 1-: 07/01 07/15 07/27 08/12 0 (~ / 2 6 09/08 09/21 10/05 10 /2 5 

-------~---------------------------------------------------~-----------------------------------------

Pll 7.50 7. 5 0 7 ~ 5 9 7. 5 5 7. 9 5 7. 9 0 . 8. 0 0 7 0 9 0 8 l 7 
' T ,r 

1"\u t''- 7 6. 9 2 • 1 13. 9 7 0 10 5. 11 le 109. 98 9 5 
SP C 0 tD -,'\ 3 9 3 • 9 0 5. 7 87n 6 90" 81 8 ·~ 606. 6 7 5. 695. 
T c;:: r< 1 8. 0 2 0. 0 l 7 • 0 l 9 . l l 2. 2 8. 0 7 • 3 L II 

so·~ 2 (_, 9 • 323. 4 5 5. l 3 0 ~ 2 Li 3 o 242. 2 7 7. 2 1 5 
CU T . () 04 • 0 0 G • 0 () 7 • 0 () !+ .OOJ . 0 01~ ~ 0 02 • 0 02 .001 
NI T • l D 6 • 1 6 1 . 7 1 .on7 • 1 () 5 . 130 • l 00 ~082 • 0 9 9 
CO T .001 
Z =·: T 
FE T • 2 6 • 1 6 • 2 5 • 1 7 .17 ., 16 • l 5 . 1 i} • 1 3 
:-1 :-.J T 

o:J C lJ F . 0 04 .oos .006 • 0 0 3 .OOJ • 0 04 . 001 .oos 
0 NI F • 10 8 • 158 . 70 . 082 .095 • l 0 5 . . i 1 a .069 

r'E F • 2 4 • 1 2 • l 1 " 1 3 .08 e 1 Q . ~ 

' 

CA 41. 4 8. 7 0. 4L 4 2 0 51. 4 6 9 58n 6 . 
:-~c 3 7 • 40 

DOC J. 2 • 7 1 7. 0 18. 5 2 7. 4 21. 0 2 8 ~ 1 10.0 L7 1 0 • 
:; IC 19 • 2 1 3. 4 18. 0 l 3. 7 l l1,o 2 9 e 4 21.0 21.7 2 3. 6 
CL 31. 9 5 2. 3 4 3. 2 32. 3 20.9 29.5 2 7. 5 22.4 2 0 .• 9 

::;TAG E 6. 2 9 6.02 7. 6 7 6.81 6 0 7 5 6.23 6. 7 9 5 ~ 9 8 
!JC E * :'< 49-27 31 • 7 1 233 .. 61 79.00 68024 3 0 .. 5 8 7 6 .. 4 5 24.92 

*=Urmos/en ~~*=L/SEC CONTI~~UED 



Table Al.5 (Cont.) 

~) :\ r~ E 10/23 10/29 

t'H 7. 7 4 7. 85 
ALK 9 9. 9 3. 
s? co t-rn '" 600. 482. 
T CENT • 8 • 7 

S04 l s 1 . l 31 . 
CU T .002 • 0 0 l 
NI T .092 .067 
co T 
·1 \T ,_,., T 
FE T • 0 7 • 0 5 
'., \,T T k l l \ 

)0 

-t 

CU F 
~H F • () 7 5 
FE F .04 

CA 5 2. 4 5. 
>1G 3 5. 2 7. 

;)Q c 1 2. 8 1 l 1 
l J. .. 1 

JIC 22.4 21. 2 
CL 1 9. 0 1 7. 5 

STAGE 6. 7 9 7. 7 2 
Dcn~i:* 61"52 144 .. 98 

*=!J HOS/CM ">"*=L/SEC 

SITE= EMl 
YEAR= 1976 

11/10 

1 7 6 ·• 
. () 02 
• 0 93 

.09 

51. 
3 8. 

23.4 

6. 6 4 
50069 

11 /l l 

720. 
• 0 

l H. 
. () 01 
• 0 7 8 

. 0 7 

5 4. 
3 6. 

lLO 
2 4 0 l 
4 5 .. 7 

6. 9 2 
6 9" 3 7 

12/07 12 /10 

7. 18 7~04 

255~ 2 5 5" 
7 00. 8 50 .. 

1 !{ 0 • 1 5 9 • 
.oos .004 
• 2 2. 0 • 2 2 5 
~008 

.oos 
1 • 6 0 • 8 8 

• 3 6 

5 8. 6 2" 
4 7. 48-

20.2 2 5 .. 1 

5.60 5 .. 9 8 
11. 3 3 11 .. 3 3 



Table LS (Cont.) SITE= EMl 
YEAR= 197 7 

0A T =~ 01/31 02/22 02/23 02/24 0 3 /15 03/18 03/29 

--------~-------------------------------------------------------------------------

PH 7. 3 0 7. 3 3 7.29 7 .. 5 0 7 • '~ 2 7-. 13 
ALK 9 5. 9 9. 9 6. 9 5. 7 9 
~ p c 0 ~JD* i 0 0 ~ 0 .I. 369. 290. 3 15. 314~ 530n 5 80. 
T CC T . 5 1 .. 5 

. 
so 4 5 3. 1 9 • 2 5. 2]. ') r: 

i... ) • 

CU T • 0 0 7 .OOJ .002 . 002 
l~I T .056 .056 • 0 8 1 • 0 )/{ 
CO T .ooo .002 .003 
ZN T . 01 2 
FE T • 1 4 • 3 8 • 6 8 . 3 3 
:r~ -"' • 0 5 • 3 6 • 6 3 " 1 9 

00 CU F .()03 • 0 02 • 0 0 3 
t-..l ?H f • 0 60 .033 • 0 4 g 

FE F • l 1 • 1 0 
:·lN F • 0 1 • 1 7 

CA '2 7 • 2 8. 3L 2 7" 
''r 20. 1 4. UL 1 5 • llV 

DOC 
DIC 
CL 1 3. 0 14.8 1 5 .. 6 l 3. 5 16. 9 
~'102-N03 s.oo e55 
TOTAL p .os • 1 2 

STACE 7.62 7. 7 9 7. 7 9 7. 10 
UCH'~* 82. 12 5 0. 1 2 

. 
94 .. 5 8 

* = u >1H 0 s I c H **=L/SEC CONTINUED 



Table . ;;) (Cont.) 
SITE= EMl 
YEAR= 1')77 

'.l.\TE QL,/03 04/11 OLr/19 04/22 OL1/25 04/27 04/29 

Pll 7. 5 7 7.48 7. 4 5 L 12 7. 4 l 7" 4 7 7.30 
ALK SG. 8 8. 6 8., 5 4. 7 0. 6 5" 6 8 .. 
SP C 0 ~D '" 4 8 0. 380. 510. l; 16" 475. 520. 6 2 5 " 
T CE;:J 3. 0 4. 0 4. 0 6. 0 

SOL; ~) 9. 7 5 .. 1 14 • l 5 0 • 8 5. l 4 5. 
C'J T ., () 1 • u \J .l .002 . 0 0 1 . 0 () 3 • 0 0 2 .002 .002 
?·i I T .OJ3 . 0 le J .. 0 4 7 a()(J] . 0 59 
CO T 
z~,: T 
FE T • 1 1 l " • .;. 0 . 08 " 2 4 • l 3 • 1 l 
'1Pi rr 
.!.1 l'I. - . 11 • 21 • 0 0 0 1 7 • 1 0 

JO 
:...~ 

CU F • 0 () 4 .002 
:·JI i.' • 0 6 5 .042 
F~ F . 4 • 0 9 
~·rn F . l 5 .04 

CA 

=re 

f;oc 13. 9 18. 7 16 4. 7 $ 9 
JIC 8. 8 {) ""' '2 • I 1 3. 3 1 8 .. 5 
CL 3 0. 3 20~4 J 5. 2 2 3. 6 43o7 52.5 
2~ iJ 2- ~; 0 3 
TOTAL p 

STAG: 6. 2 0 7. 6 3 7.60 L 48 7. 7 2 7. 21 7. 16 
DC l:-1 1t · .. ~ 24.07 184.90 178.39 163~ 38 222.85 129.69 126.57 

*=U'~• OS /Ctl 1h'>=L/S EC CONTINUED 



c:: 
~ 

Table Al. 5 (Cont. J 

DATE 

so 4 
cu T 

·1· 
I. 

E: ;_~ T 
•1 T ... ·, 

c Li T' 

~~ I r 
FE ,, 

f 

:!N F 

CA 
:·iG 

DOC 
D r.c 
CL 

TAL P 

STAGE 

DCH** 

05/02 

7. 6 2 
8 6 e 

5 8 0. 

l 3 7 . 
. 002 
.038 

.• 0 (; 

. 0 5 

7 • 6 
1 8 . J 
5 2. 5 

7. 01 
109 87 

05'/05 

]. 61 
8L 

5 l () • 

1 2 5 • 

.002 

.038 

.09 

. 0 l 

.002 
• 0 3 1 
• 0 Lt · 

• 1 8 

9. 4 
1 8 • 8 
4 3. 7 

. 0 2 

7. 4 8 
203 .. 59 

*=UHHOS/CM **=L/SEC 

SITE= EHl 
YEAR= 1977 

05/13 

4 c 

1 1 4 • 
• 0 OJ 

063 
. 10 

,, QI~~ 

32. 
2 6 ". 

26.9 

6. 7 0 
90.04 

05/31 

1 

lLf 5. 
~OOJ 

• 0 72 
• 1 J 
.04 

• 0 0 J 
.068 
• 0 7 
.04 

3 8 •. 
31 

1 2 8 3 
l 9 . 4 
2 5. 7 

7. 1 8 
144.98 

06/01 

1 2. 4 

8.32 
376.32 

06/02 

., 0 04 
0 086 
"0 9 
"04 

. 8 .. 2 0 

360 .. 75 

06/13 

l 7 5 • 
s005 
• 0 8 7 
.07 
.03 

49. 
36. 

7-36 
174.99 

CONTINUED 



0 

'"'I 

CT rTir.., EM.1 
Tabi'2 1 ... (Cont.) 

0 j_ l t:i::::: 
_,_ e ~ 

YEAR= 1977 

D:\ T F 06/20 07/05 07/19 07/25 08/10 03/15 08/17 
--- - -- - - -- - - - -- -- - -- - -- --- - - -- -- --- -- ----- -- - -- - ------ -- - ___ .;.. _______ --- -- --~~-- -- - --

PH 7.70 
ALK 54. 
SP CO~D* 620. 
T CE~ 

so lf" 

c :j T . 0 () J 
SI T • l 0 3 
F~ T . 1 '.) 
!~· l :\~ T 

c-r l..J F 
:n F 
FE F 
'.~ v 
l .. l.,. F • () 1 

CA 
t1G 

DOC 
'JIC 
CL 
TOTAL ? 

STAGE 
;JCE•', .. k 

7. 2 2 
5 6. 

640. 

2 5 5. 
• 0 0 !+ 

• 1 6 3 
• 2 0 
.04 

8.33 
381.13 

* = u H () s I Cl-1 * * = L I s E c 

L 56 
7 9. 

9 50. 

360. 
A002 
• lg 9 
• 0 9 
• 0 4 

.04 

7. 3 4 
17 L 3 

7. 5 5 
8 8" 

960. 
1 8 ~ 0 

7.30 
180 94 

7. 6 2 
106~ 

15. 0 

2 l1 5 ~ 
.002 
• 1 G () 
• 0 7. 
• 0 L+ 

6. 2 4 
57.20 

7. G 2 
98. 

80/o 
15 5 

30]. 
.002 
• 1 6 () 

~ 0 8 
• 0 Li · 

6.88 
127099 

7" 6 5 

725. 
l lf. 5 

208 • 
.002 
• 126 
.04 
• l 4 

7. 10 
167.35 



SITE= EH2 
Table Al. 6 (Cont.) YEAR= 1977 

lJ ,\TE 04/12 05/05 05/13 08/16 0 8 /l 7 

-------------------------------------------------------------
.r:H 7. 4 0 7.30 7. 49 7. 6 0 7 • 5 0 
ALK 96~ 7 0. 8 l • 7 9. lOL 
SP CON~i* 300. 900. l 00 0 .. 14509 1374~ 
T cr.::n 4 . 5 1 0. 8 l 3. J 

s () 4. 2 2 9. 2 7 3 • 31 L 492. 5 5 5 0 

CU T .004 .oos "0 06 .oos .oos 
~n T .027 .022 • 0 64 • 0 J 3 . 0 3 l 
FE T . 0 5 • 0 9 • 0 8 • ()2 . 0 5. 
;1 ~: T • J 9 "0 l • 0 () • 0 2 

0 cu r • 0 0 L~ 
--.J r; I F • 0 18 

FE F • 0 7 

CA 85. 
?1 G 5 3. 

DOC 1 0. 9 
Ll 1 c 16 • 3 
CL 5 8. 6 4 J 0 7 5 0. 1 

SL.'.\GE 6. 0 0 5. 9 5 5. 8 5 5.94 5" 8 4· 
DCH'~"; 9. 3 4 6.09 L 70 5. 5 2 !. 4 2 

* == u >rn cs I c '<-f **=L/SEC 



SITE= EM3 
Table A~.7 Em-3 raw data, 1976-1977 YEAR= 1976 

D.6>.TE 07/01 o. 7 I 1 5 07/27 08/12 OB/26 09/08 09/21 10/05 10/25 

Pl{ 7. 5 0 1.so 7" 70 7. 71 7. 8 2 8.30 8. 10 8.00 8. 3 0 
ALK 8 4 • 9 3 • 9 7" 8 8 9 104. l 02 .. 106. 9 6. 9 0. 
::) P C 0 ND~" 4 1 0. 9 1 0. 84 7 .. l~ 9 9 • 7 2 5 .. 383. 6 l 7. 850. 800. 
T CE:NT l 6 5 1 6. 0 l 9 • 5 1 7. 5 1 6. 0 9. 8 6. 0 . 1 

S04 3 31. 14] 3. 3 1 7 • l 22. 2 l 5. l 5 7. 6 3. 293. 225. 
CU T .GOS .006 • 0 0 6 .003 .ooJ .003 .002 eOOl .002 
Nl T • 19 4 . 3 6 0 ~ 4 2 2 • 0 i) 9 . l !) /4 . 1 l 0 .127 • 3 10 'l.., rv 

..;Lv 

CO T .002 
ZN T 
FE T • 1 2 • 1 2 " 2 7 . 0 8 • l 0 .. 0 7 • 1 0 • 0 8 
'.·1 >1 T 

:..c 

'"'"" 
CU F .004 .007 "0 03 ~003 .oos .003 .003 
t< I F . 0 8 l e 3 5 2 .G95 .098 .154 • 2 4 2 
FE F • 0 8 • 0 6 • 0 3 • 0 8 • 0 4 0 0 3 • l 6 

C' n 47. 6 5. c; c; _, _, .. 35. 4 6. 31. 3 9. 84~ 

lIG 4 9, 

DOC 1 0 • 5 20.3 l 6. 5 1 7. 4 21. 0 24.6 7. 5 7. 3 1 0 ~ 5-
ul.C 2Ll 11. 0 1 5 • 5 l 3 > 0 1 h,. L, 9 Q 18~0 22.3 2LC 
CL 5 6" 9 3 s ~ i J 3 Q 9 2 2" 5 2 5. 7 24.0 2 l. 8 20.0 

STACE 7 85 6 " 8 8 7.78 6 .. 8 8 6. 5 0 
DCH*.,:r 3 3. 7 0 4 6" 7 2 178 96 3 8 n 2 3 7 3 .. 62 126.57 2 7. 7 5 9. 3 4 

*=U?I OS /CM **=L/SEC CONTINUED 





Table 1 ~ 7 (Cont.) ::->ITE= ECI3 
YEAR= 1 9 7 7 

DATE 02/22 02/23 02/24 03 /14 03/18 04/22 04 /2 5 

---------------------------------------------------------------------------------
PH 7. 5 7 7. 61 7. 7 2 LI+ 5 7.54 7" 2 2 7.63 
ALK 11) 2 • 9 9. 9 6. 5 2. - 9 8 .. 7 4,. 81. 
s p c 0 :;;) -:~ 3 4 5. 345. 325. 235. 500. 4 52 .. 4 7 5. 
T CE l·JT 1. 0 l. 0 1. 1 l. 0 1. 5 

::;O Li J 7. 3 3. 2 3 ~ JO. l 3 4. 
CU T • 0 02 .003 • 0 04 • 0 0 /4 .002 ~oos .. 0 0 3 
NI T .060 .0)8 .038 • 0 'J, It • 0 3 5 .oss a 0 59 
CO T 
ZN T 
FE T • 0 7 • 2 5 • 2 7 • 2 6 .. 2 0 "4 0 .. 2 5 
1~N T • 0 5 • 0 7 • 1 9 • 0 7 . l • 2 5 .20 

t-.Q 

(fl 

cu r .002 • 0 0 3 .002 • 00 3 
NI F ~ Q 11 • 0 L} l • 0 3 2 .054 
FE F ~ l 2 A • 0 7 • 0 3 
~rn F • 0 l · 0 0 7 • 0 9 • 2 5 

C' 1-. 3 2. 3 0. 30. 23. 440 
HG 1 8 • 1 7 • l 6 • 1 2 ~ 2 6. 

DOC 7. 4 
:JI C l 9 • 7 
CL 1 9 • 7 1 9. 2 l 8. 0 1 2 .. L} 3 l1. 8 39.Q 
:w 2- 0 3 10~00 
·1·01' T 

k v .;._ J,._J 
p 

STAG 6. 3 8 7 49 7.58 7. 4 0 7. 3 2 7. 6 4 
lJCH*k 6 • 2 3 98.54 111.85 9 3. 16 33.82 135.63. 

*=U ilOS /CM b~=L/SEC CONTINUED 



t 

'D 
G\ 

Table 1.7 (Cont.) 

• .., ' 'T' i.· iJ :\. .l. , , 

PH 
A.LK 
s P co rm 
T C E1<T 

so 4 
CU T 
tn T 
co T 
Z l'i T 
FE T 
'·' \1 . ) ,, T 

c·u F 

NI F 
.t E F 
~-1~ F 

CA 
MG 

u·o c 
DIC 
CL 
N02-N03 

TAL P 

ST.!iJ.GE 
DCH;~* 

04/29 

7.60 
7 9. 

6 50. 

• () 0 2 

• 1 8 

.002 

.040 
• 0 5 
• 1 3 

7 • 9 
2 0. 1 
6 6 .. 1 

7. 5 6 
123.46 

05/02 

7. 6 9 
9 6. 

530. 

122. 
0002 
.044 

.. lLt 
• 1 3 

6. 8 
19. 9 
4 6 .. 8 

7. 61 
131.10 

*=U HOS/CM **=L/SEC 

SITE= EMJ 
YEAR= 1977 

05/05 

7 .. 5 8 
87. 

4 5 5 .. 

l 2 7. 
G 0 03 
• 0 5 6 

• 2 7 
• 1 3 

.002 
• 0 lf J 
• 1 0 
• l 0 

8. 2 
1 9 .. 4 
3 7. 2 

7. 2 0 
~ 0 

7. 7 6 
155.45 

0 5 /1 J 

7. 6 9 
9 4. 

380. 

l 4 3 • 
.002 
• 0 59 

• 2 3 
.os 

27 
2 2. 

26.0 

7 e 3 5 
94.58 

08/16 08/17 

7. 7 5 7. 6 5 
100. 86. 
650. 5 96" 

lL 7 

205. 1 7 3 .. 
.003 .002 
. 8H • l 7 4 

• 0 0 l 
.003 

• 1 0 • 0 7 
.. 0 3 .. 01 

7. 6 9 7. 7 6 
129.69 140. 16 



'-0 
'-.i 

DATE 

PH 

-~L:Z 

::; p c 0 ~-; ;) ~" 
CE r~ T 

S04 
CU T 
FE T 

cli F 
YE F 

CA 

ti r-. .-

ST.\ GE 
DCH·i1-r: 1< 

SIT!> · Et-14 
YEAR= 1976 

07/01 0 7 /15 

6 • 9 0 6.40 
0 I 32. .;..: I • 

5 6 • 8 5. 
16. 0 1 7. 0 

1 1 • 7 7. 
. () 0 .5 . 001 

1 . 1 2 1. 2 6 

. 0 0 3 G 001 
• 7 5 1 . 1 3 

3 • 4 • 

2 7 • 7 3 3. 1 
6 . 5 4 " 3 

• 3 3 5 

4. 6 2 
1 8. Ld 1 0 ~ 19 

* = 1..J>\ n s I C'.·1 id = L I s E c 

07/2 

6.80 
3 6. 
8 3 $ 

7 0 . 
I \._~ ~ 

• 0 0 l 
') 'l 
._ 0 -~ 

• 0 0 l 
1 " 9 9 

5 A 

30.0 
4. 5 
L4 

7..36 

T e A1.8 EM~4 raw data, 1976-1977 
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co 

' 

Table . 8 (Cont.) 

u.\TE 

PH 
ALK 
::; P C 0 rJD * 
T CE 

c Li -"-

.,_ ~ .,... 
T ~"( ..L 

FE T 

~·iS 7 
.!. 

c q " !..J 1 .. t 

NI F 
.t•E F 
l f \.T ,·1n F 

CA 
::re 

DOC 
DIC 
er Li 

NO 2-'.rn 3 
TOTAL 

STAGE 
uCH 

p 

0!+/12 

6. 7 0 
17. 
8 5. 

LJi. 0 

.002 

.002 
• 2 9 
• 2 0 

1'.) • 3 
3 • 1 
!+ • 3 

5 • Li 0 
• l 4 

SITE= EM4 
YEAR= 19 77· 

04/15 

6. 41 
l l1. 

l 1 0. 
2. 0 

.002 

.002 
• l 6 
• 0 2 

.003 

• 1 7 
• 0 2 

20., 3 
4. 2 
9 • 7 

5. 1 2 
28.32 

04/27 

6. 4 5 
7 • 

9 5 e 

r Q 02 

. 1 9 

~003 

~003 

. 1 3 
• 0 3 

l 8 1 
2 ~ t} 

J. 7 

5.1)9 
14 16 

* = u :.rn o s I c ;1 * * = L I s E c 

0 5 /0 6 

6 83 
7 e 

l 2 2. 
2e0 

.002 

.OOJ 

. l 9 
0 0 3 

.002 

n l 4 

0 5 / l J 

6. 2 2 
lL 

1 7 0. 

0 02 
0 OL~ · 

' 2 ft 
• ().6 



SITE= EMS 
Table 1.9 EM-4 raw data, YEAR= 1976 

1976-1977 
~ ,\ T·l~ 07/01 .0 7 / 1 5 07/27 0 8 /12 08/26 09/08 09/21 

PH 7. 3 5 7. 41 7.50 ]. 8 9 7. 8 0 8 4 1 0 7.55 
ALK 103. lOL 9 7 ~ 9 2. 1080 105. l 0 7" 
s P co ~rn ;'~ 496. 10 2 3 .. 4 9 2" 396. 128 0. 529. 7 5 6" 
T CENT 1 4. 0 1 4. 0 16 0 0 1?. 0 1 4 • l l 5. 2 s.o 

S04 J ]<). 401 • 132' 8 6. 3fL 236. 
CU I • 0 1 1 • 0 1 2 • 0 1 0 .006 .ooa .006 .oos 
'.\I T • 4 2 5 .789 • 0 3 6 • () 5 J • 7 9 l 0 051 • 3 46 
CO T .oos 
Z i·I T • 0 10 
FE T • 1 9 • 0 8 .. 2 0 "29 .. 0 7 ~ 1 6 • 1 0 

cu r • 01 0 • 0 1 0 ft 0 05 . 0 04 • 0 0 8 • 0 04 .oos 
~-~I F .420 • 6.6 3 • 0 2 3 • () l,. 6 • 6 6 6 .049 • 3 5 6 

~=- FE F . i t) • 0 3 .O<J • 0 3 • 0 2 • 0 3 .. 0 3 ~ 

CA 5 9. 7 8. l 0. 3 0 .. 9 2. 2 8. 6 0. 
llG 

JOC 9 . 7 l 8 • 3 1 5' 5 1 7 • 3 2 4. l 8 e 5 
lJ IC 2 5. G 1 4. 4 1 5. s 1 4. 6, 8 .. 2 25.0 
(' ~ 
vL 3 8. 2 3 4. l 4 9. 9 J2oJ 2 0 .. 6 2 4 .. 0 20.9 

STAGE 6. 9 2 5" 80 6" 84 
UCHi-c-ir: 19. 2 5 14. 16 19 L 70 224.83 11.04 200.76 29.45 

* = U ~ H o s I C:-1 *'bL/SEC CONTINUED 



Table Al.9 (Cont.) 
SITE= - EMS 
Y E J\ [t = 1 9 7 6 

r; :\ 1' E 10/05 10/25 11/08 1 1 I l l 12/07 12/10 

-----------------------------------------------------------------------
PH 7. 7 0 7 e 8 5 7.40 7. 21 7 .. 4 5 7.40 
ALK 1 1 3 • 106. 9 9 $ 1 24 .. 10 8 .. 92.. 
s P co~m* 1300. 113 0. 525. 6 7 5. 240. l 9 5. 
T CE !'\T 3. 1 • 1 • 6 L2 

S04 6 1 6 . 422. 16 7. l 6 1 ~ t 7. 5. 
CU T .oos .004 .002 • 0 OJ • () 0 !+ .002 
HI T .890 .770 • 1 15 • () 5 t. • ()1 l .oos 
CO T .008 .001 . 001 
ZN T .009 
FE T • 0 6 • 0 7 • 0 6 • 2 4 • 1 2 • 1 8 

!-' 

'=> 
0 

CU F .oos 
1'; I F .722 
FE "F 

CA 125. 114. 52. 5 6 .. 18. 19. 
HG 7 7" 64. 2 8. 3 J. 19. 1 3. 

DOC 7 . 3 1 2. 1 9. 1 l 5 • 6 5 e 2 
DIC 26.7 24.4 2 0. 1 1 8 .. 1 
CL 22.9 18. 6 l 0. 2 4 0. 7 1.5 2.6 

STAGE 5.70 5.66 5 .. 6 2 6.30 
UCB** 6.23 3.96 L 70 8 7. 21 L 70 L70 

* =U!iHO S /CM **=L/SEC 



Table :..9 (Cont.) 

D ,\. r :~ 

pu 
• H 

A ~ 'T L l', 

SP C 0 ~; D * 
T CE tJT 

~'""' ,• 
-· ~~ 4 

CU T 
:JI T 
CO T 
ZN T 
FE T 

Ye::\! T 

CU F 

?·JI F 
FE ? 
>1:\' F 

(" \ 
'v .. "-1.. 

"'..,{,,, 
• ! >J 

DOC 
q T (' u ,,_ v 

CL 
[~02- 03 
TO':AL P 

STAGE 
DC II--.'-< .. k 

o 2 I 2 -2 

7. 5 6 
9 3. 

245. 
7 e 5 

2 . 
. 0 0 l 
. 0 2 4 

0 0 8 

2 3. 
1 2. 

8. 3 

s. 5 0 
3 ~ 2 6 

02/2J 

7. 7 5 
104. 
380. 

1. 5 

J 1 • 
.003 
. 0 ls 

• 2 8 

32 .. 
1 8 ~ 

18.0 

6. 4 2 
46.44 

=Tl:ros/C:I :bl;=L/SEC 

02/24 

7 .. 7 9 
9 9. 

3 L~ 5., 
2 0 0 

J 0 .. 
.003 
"0 l 3 

• 2 9 

32 .. 
l 8 • 

18. 2 

6. 2 1 
5 5. 7 8 

SITE= EMS 
YEAR= 1977 

05/05 

L 72 
9 8. 

4 50. 
9. 0 

l l 1 . 
. () () 6 
. 0 l 0 

• 2 0 
• 0 6 

• 0 02 
010 

• 0 5 
.04 

l 3. 9 
2 0. s 
22 5 

7. 9 0 
$03 

6 e Lt 4 
111 .. 23 

0 5 / l J 

7. 8 0 
l 0 3. 
400. 

9 6. 
.006 
.()23 

• 3 5 
OS 

3L 
2 3 .. 

26.9 

6e42 
106.75 

On/28 

L 60 
8 9" 

905. 
lLO 

. 0 10 

.220 

• 3 l 
• 3 8 

8 7. 
so . 

5 ~ 91 
3L 43 

0 8/16 

7.60 
95 .. 

480. 
l L 0 

122 • 
.003 
.029 

"16 
• 0 3 

6 .. 6 9 
187.17 

08/17 

7.80 
9 6. 

46L 
1 2 2 

l 2 9 • 
.003 
.025 
.001 
• 001 
• 6 
.04 

6.70 
191.13 



SITE= Ei·I 6 
Table 1.10 EN-6 raw data, YEAR= 1976 

1976-1977 
----··-···--·- --~-!... 

D :\I'.~ 07/01 O--=;/T.5 07/27 08 /1 2 08/2f; 09/08 09/21 

----------·-----------------------------------------------------------------------
PH 7. 5 0 7. 5 0 . 7. 5 5 L 81 8. 0 l 8. 2 0 8. l 0 
ALK 8 7. 8 6 .. 9 5. 9L 8 8 0 104. 9 9. 
s p co '.'JD* 276. 521. 5 0 0 " 3 4 7 • 3 2 9 .. 367. 3 46 .. 
T CEWC 1 2. 0 1 5 • 0 l]. 0 1 8. 0 1 7. 0 15. 5 8 .. 8 

. 
S04 146. ll 9. 123. 7 4. 7 B. 32 . 
CU T . 006 .006 "016 .009 .007 .006 .. 00 3 
::~I T .024 • 0 16 . 009 4006 • 0 l 1 • 0 04 . 
CO T 
Z~ T 
FE T .os • 0 3 " 5 9 • 2 9 • l 2 ') ~ 

• '- 1 .. 14 
'_-1~ T 

I 

1-L 
0 CU F .006 .006 .006 .oos "006 .001 N 

~..,.. T t.., 
.\ ..I.. ~ • 0 21 • 0 1 6 .008 ~ 0 1 1 .003 
FE F • 0 7 .03 .. 0 3 .• 0 6 • 0 3 • 0 3 

CA 2 5 • 31.. 11.. 25. 22. 25. 2 3. 
II G 

DQC 7.0 14. 9 l 7. 0 1 5. 8 16. 7 2 4 .. 4 8. 0 
DIC 21. 9 1 2. 0 1 5 ~ 5 12. 9 1 2. 4 7 .. 2 2 3" 5 
CL 43.9 32.0 4 9. 9 31. 4 l 5. 5 23.4 17-4 

DCH*';>~ 2 7. 18 9.06 172.44 201.04 5 .. 1 0 174.99 19" 2 5 

*=mrno s /CM >'-*=L/SEC CO NT IN UED 



:--:. 
~' 

Table 1.10 (Cont.) 

lJ AT r-: 1 0 /0 5 

PH 7. 9 0 
ALK 9 2 • 
SP COND* 350. 
T CE T 4. 8 

S 0 I+ 2 5 ~ 

CU T .002 
NI T 
,.., " I._, 'J T 
z ~,I T 
FE T .04 
I-IN T 

CU F .002 
q T 
i..\ L r 
FE F ~05 

CA 2 8. 
HG l 5 e 

DOC 5. 5 
j) 1 c 2 . 2 
(' T 
uJ...J 11. 2 

D CH x >c 2.21 

SITE= EM6 
YEAR= 1976 

10 i2 5 l liO 8 

8. 2 9 7a 60 
80$ 9L 

218. 243 
. l • g 

6 . 101. 
• 001 0 0 03 

~005 

• 1 0 • 1 6 

2 4. 2 3 ~ 
l 3. 1 5, 

g .. L: 8 2 
18. 2 1 7 ft 9 

5 9 7 ~ 2 

2 .. 5 5 • 2 8 

*='.J:IHOS /CH ,r~*=L/SEC 

11 /11 12/07 

7. 21 7 63 
123 0 

600~ 330. 
1 0 l 

107. 
() 0 !1 .OO!+· 

• 0 0 5 ~ 0 0 2 
0 02 

.003 
.. l 9 • 1 3 

• 0 2 

49 
28 

1 2 ~ 6 9 0 3 
9 • 2 

4 0 7 

85.80 L 42 



Table A .10 (Cont.)· SITE= E;-16· 

YEAR= 1977 

DATE 04/04 04/12 05/05 05/13 06/28 08/16 08/17 

---------------------------------------------------------------------------------
PH 7. 7 0 7. 7 9 7 • 7 1 7. 7 0 ],, 5 5 7. 6 0 7. 9 0 
ALK 9 8. l 15 • 9 4 0 lOL 7 4. 9 7. 94. 
s p c 0 t~J * 700. 430. 4 50. 400. 550. 395. 3890 
T CE ~n 3. 1 7. 0 l 0. 2 1 5 0 0 1 3. 3 l 2 e 2 

S04 1 0 6 • 82. 110 <> 9 6. l 6 2. 106. 1 10 .. 
rq 'T' \... u ... . 003 .009 008 • () 0 l~ . 0 04 .003 .002 
~I T • 0 0 Li .004 ~003 $ 0 1 7 • 0 2 l 
FE 'l • 2 1 • 4 5 • 3 8 e 2 7 • 1 7 " 1 6 • 1 5 
U~i T . 1 0 • 0 8 s04 • ()2 • 0 J • 0 3 • 0 l 

cu f .003 .002 
._,, ?H :'..:' .003 ~002 
0 FE F .04 • 04 
~ 

l'iN F • 0 9 • 0 2 

CA 2 9 " 43. 
HG 2 3. 2 9 " 

DOC 6. 9 7. 0 
DIC 22.J 20.8 
CL 6 3. 7 29.0 39.8 2 6. 9 
:rn 2-NO 3 8. 7 0 
TOTAL P e 0 5 

STAGE 
DCH** 90.04 5 9 .. 4 6 109.02 105.90 18 e 9 7 177.54 185.75 

* = u >FI 0 s I c M **=L/SEC 



Table 1.11 Em-9 raw dat , 1076- 077 

;JATE 07/06 0 7 /15 0 7 /19 o 7 I 2 n 

PH 6. 9 5 6. 3 9 7. 1 0 6. 8 3 
L'' !>. l 3 8 • 1J2. 1 38. 1 11 . 
P CO.'lD* l 718. 19 J 0. 1980. 

CH;T 1. 0 l. 0 . 5 • 5 

so 4 7 9 6. 9 7 3. 114 4. 1119. 
c [j • 02 () .023 • 0 22 • 0 2 2 

'.\I l. 2 7 0 1. 61 0 1.670 2. 0 6G 
co 
'7-,,. 
L.C. 

Ft: . 30 . 1 7 • 1 3 • 2 5 

CU F • 0 l 7 • (j l 9' .020 . o :rn 
:"~I • Li 6 7 1. 6 3 0 l.600 1. 9 70 

FE F • 0 1 • 0 6 • 0 7 . 0 7 
'.iN F 

CA 52. 62. 1 6 3. 168. 
:·IC 

..; 

,# 

n 
~oc l 3. 2 2 5. 4 2 6. 2 2fL 0 
DIC ] 4. 9 1 9. 5 1 C). 8 23. s 
CL 42.0 4 0. l 4 2. 0 41. 4 

2-;;o 3 

=U OS I ~:·i 

SITE= EM9 
YEAR= 1976 

07/27 

7.00 
I J 0. 

2 04 8. 
• 5 

1095. 
. 022 

l . 8 9 0 

• 1 1 

. 0 21 
l. 8 90 

. 0 9 

2L 

1 7. 0 
2 8. 0 
42.0 

08/12 

7. 00 
133. 

2 30 5. 
. 5 

1381. 
.026 

2.380 

.029 
• 1 5 

• 023 
2. 3 fi 0 

.06 

2 2 8. 

2 8. 2 
l]. 4 
55.6 

! 

08/26 

7. 3 2 
l 36. 

2900. 
• 9 

161 9. 
. 0 18 

2. 360 

• 0 3 5 
• 1 3 

• 0 16 
2. 3 2 0 

• 0 6 

2 41. 

2 4. 9 
l.9. 3 
2 8. 8 

09/08 09/21 10 fl 

7.40 7.35 7.50 
154. 152. 1 5 7. 

2655. 3018. 2450. 
1. 0 l • 8 1. 1 

1529. 1386. 1500. 
• 0 20 . 0 l 9 

2. 3 6 d 2. 5 2 0 

• 0 3 5 .043 
. 1 4 • 2 1 

• 0 1 8 • 0 l 8 .035 
2 t 3 60 2. 4 90 2.040 

.os . l l • 4 6 
1. 3 0 

243. 244. 284. 
1s8. 

32.6 1 2. 0 l L 0 
1 7. 3 39. 5 

38~0 3 l. 0 
12.00 



1-11 

0 
0\ 

SITE= E;-19 

Y L\ i\ = 1977 

LL\ TS 03/18 

PH 7.39 
ALK 306. 
SP COND* 3490. 

so~ 2 31 7. 
NI T 3. 9 5 0 
~1N T 6. l 0 

~n F ·3.860 
FE f . 1 l 
>1 ~-J r 6. 1 5 

CA 573. 
~-1 c 3 6 5 • 

N02-N03 12.00 
TOTAL P .11 

*=U:-rnos/cH 

Table AL 11 (Cont.)_ 



Figure 
No. 

A2 .. 1 

A2.2 

AZ. 3 

A2. 4 

A2.5 

A2.6 

A2.7 

A2 .. 8 

APPENDJX II 

Additional Fi es 

Con.tents 

Em-8 Chloride, dissolved o ganic carbon 
nitrite-nitrate, phosphorus vs time 

Seep 3, Chloride, dissolved organic carbon 
nitrite-nitrate, phosphorus v.s time 

Chloride, djssolved o ganic 
nitrite ~itrate, phosphorus 

arbon~ 

vs time 

Em-1 Total co er, total ickAl, total i on, 
pH vs time: 1975-1976 

Em-1 Total c per, total nick 1 total iron, 
pH vs time: 1977-1978 

Em-1 Cale magnesium, sul te vs time: 
1975 l 76 

Ern~1 Calcium, magn sium, sulfate s time: 
1977-1978 

Em--1 ctance a kalinity, 
erature vs time: 1976 1978 

l n 7 ·-

Pa e 

l.08 

109 

110 

111 

112 

113 

114 

115 
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December 21, 1979 

Mr o Kirn Iapakko 
Division of M5-nerals 
Deparbn2nt Natural Resources 
C-entennial Building 
St,, Paul, Minnesota 55155 

Dear Mro Lapakko~ 

He: 

This letter is a confirmation of your phone conversation 
Garmaker c:md W 6 H., Boutwell our staff, 
dated December 17, We will analyze 

JBB~cl-RC 

ex::: Pollution 

Ver.y truly yours, 

EI=<.IE MINHJG ca'1P.ANY 

o B Ba,ven 
Ass't 

. ~~~1U'.'· :!/<f-.f2S-J!/7/ 

s:;;:~l'J J? 9-.{l .v.f (J 

Services 

Any liabitirv or obliq.Jtion of Er/(' Mini!llJ Cony1any.. limirf'd ""'·tn.Prc1.,n shall be limited solefv to its assl!t.\ ;md no per.ronal fiah!licy 
wh,JtCVt..'t shall ;Ht.ich to, or be i11c11rrl:!d by, any partner, ,,s bv rt'cJHJn vf the obligJtions or Jgrecrnt>rl/x of clw li1nited paitnerJllip 
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