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Mass Calculations 
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Mass Calculations 

Seveial different methods were used to calculat~ the total mass release jrom 

each pile. In 1977, there was only a limited amount of water quality and flow data, 

so the mass was estimated by : 

mass release = average concentration X total 19i7 rainfall X collecting 
from date of con- area 
struction to freeze 
up • 

. A runoff coefficient of • 5 was used for piles 1-4 and • 65 .for 5 and 6. The 

X percent 
runoff 

data sets have improved as the program has developed, and better mass estimates can be 

made. 

Two methods were used to estimate the mass released in 1978: 

i; Mass = average concentration X 
(Ave) (mg/l) 

2. Mass 
n 

=~ concentration of 
at time Ti 

(Method I) 

total outflow 
(liters) 

sample x total flow 
interval 

· T. ·+ Ti 1-1 . 
2 

This method can be displayed g~aphically as: 

' I 
· €01tce~~iA-t1q~ I 

~/J. : 
t 
I 
I 

• 

., 
I ,-
1 
I 

TaME 

• 

' ' J 
• 

that occurred in 

to Ti + Ti+l 

2 

-, I 

I • I 

I t 
• 

' ' I 

' I 
' ' 

the time 

·1 

I 
I 

• 

The concentration at point A is multiplied by the total flow that occurs in.this 

time interval. This yields the total mass released in the time interval and by 

·summing each time interval the total ma~s released during the year can be calculated. 

Comparison of these two methods are shown in Table AVII-1. 

In 1978, both methods generally agree within ·10%. Due to the start up nature 

of the project, the first sulfate samples were not collected until June. Using ., 

Method I over weights the first sample (Table AVII-2). This method assigns the 

concentration of one sample to 26.9 to 50.2 percent of the total flow. Given this 

p~oblem, the average method was selected as the most accurate estimate for 1978. 

Three methods were used to estimate the mass released during 1979. The first 

two are identical to those used in 1978~ The third is: 



Table AVI,I-1 Comparisons of Mass Release ~alculations, 1978 

Parameter 1 2 3 4 5 6 

I Ave I Ave I Ave I Ave I Ave I Ave 

Calcium 21.37 22.8 14.3 15.6 13.41 14.79 19.55 20.2 39.66 41.l 64.46 62.65 

Magnesium l.69 l.83 l. 72 1.89 2.48 2.54 1.86 2.03 3.89 4.46 14.52 14.70 

Sodium 18.14 20.78 16.0 16.3 ll. 72 10.80 14.30 14. 76 25.89 25.1 66.75 65.66 

Potassium 2.57 2.66 1.55 1..75 1.95 2.18 3.70 3.69 l.61 l.81 1.69 1.69 ' 

Copper .0027 .0027 .0049 .0058 .0068 .007 .0018 .0021 .23 .31 .020 .024 

Nickel .0231 .0258 .0159 .0192 ·.0184 .023 .0211 .0219 2.56 3.25 ·.146 .165 

Iron .0022 .0022 .0060 .0022 .0035 .0079 .0027 .0026 .42 .55 .0092 .0098 

Manganese .0096 .01 .0116 .0127' .0119 .0134 .0147 .0148 .42 .52 .149 .16 

Cobalt .0017 .0018 .0011 .0015 .0024 .0024 .002 .0021 .27 .40 .0155· .02 

Zinc .0009 .0012 .0032 .0039 .0032 .0038 .0071 .001:i .084 .122 .0053 .0069 

Sulfate 92.02 96.8 74.24 64.0 52.16 54.6 86.10 77.0 178.80 152. 206.4 202.0 

Chloride .24 .266 2.02 1.69 4.10 2.35 1.19 .75 5.92 J.93 40.2 39.5 

• 



Table AVII-2 

First Flow assigned Percent of 
Pile Sulfate sample to ~irst sample (liters) total flow 

1 6-16 22,348 26.9 

2 7-5 35,212 50.2 

3 7-5 42,080 46.5 

4 6-23 32,398 35.1 

5 7-5 48,147 39.9 

6 . 7-5 4'4, 521 38.0 

, I 



Mass :: 

(Method II) 

concentration of flow X total volume ov~r which composite i was 
weighted composite. (mg/l) collected (liters) 

l 

n 

N ~total volume over which composite i was collected 
&>.;1 

total outflow from the pile. 

In 197~, all the samples that were collected were flow weighted composite~, so 

there is a represen·tative concentration that can be assigned .to a specific volume of 

water. This will yield the best estimate of the mass released during the time over 

which the composite is collected. The flow weighted composite sample is comparable 

to collecting all the runoff in one large reservoir, mixing .it, and. then sampling. 

The denominator corrects for the fact that some of the runoff escapes w'ithout being 

sampled. The data in Table AVII-3 shows that 85-99% of the flow was sampled. 

The results of the different calculation ·methods are shown in Table AVII-4. 

The agreement between Methods I and II is generally well within 10%. Usiryg 

the average concentration times the total outflqw generally gives a higher mass 

release than the other two methods. 

Due to. the flow weighted sample and the high per·centage of the flow that was 

sampled, Method II appears to be the most accurate estimate of the total mass released 

in 1979. 

Figure AVII-1 shows the percent of copper, nickel and sulfur that has been released 

from each pile since its consturction. The percent of sulfur that has been removed 

from each pile is comparable, ranging from .56% to .96%. Piles 1 thorugh 4 released 

small percentages of the trace metals; copper .0001% to .0003% and nickel .005% to 

.01%. The release from FL 5 has been much greater, nickel and copper release are 

about two orders of magnitude higher, 1.1% and .08%. FL 6 has released .1% of its 

nickel content and .005% of its copper • 

. I 



Table AVII-3 

Percentage of Flow SamEled 

% of Flow 
File Vol. SamEled Total Outflow SamEled 

1 78,926 86,013 91. 8 

2 64,414 74,320· 86.7 

3 76, 7 3·9 86,358 88.9 

4 71,884 74,695 96 ."2 

5 97,835 114,656 85.3 

6 119,373 119,505 99.9 



Table AVII·4 COMfARlSON OP MASS RELEASE CALCULATIONS, 197~ 
Mau (Kgl 

2 3 . 4. .5 6 

Parameter .1. 

_Ave ___ -- J_ -________ JL _____ A_ve ,.L - It Ave_ J II Av.e .L. IL Ave J. 11 Ave I 11 

Ca],.cium 23 .. 3 19.-70 19.37 lS.2 11.80 ll.11 lS.O 12 .. 80 13.43 11.9 10.l 10.SO 36.4 33.10 33.10 ~7.8 34.~ 34.39 

Magnesium 2.1 1.80 1.75 2.2 1.70 1.72 3.1 1.70 2.79 1.3 1:10 1.14 16.S 14.4 14.78 13.8 12.7 12.95 

Sodium 6.70 6.57 7.10 6.86 5.50 5.74 3.20 3.31 14.9 15.10 22.0 21.64 

Potassium · i.90 1.83 1.4 1.46 1.80 1.89 1.70 1.81 1.8 1.79 •• 30 .677 

Copper .003 .0026 .0025 .009 .009 ·0.009 .009 .008 .0085 .016 .028 .oi S.l 4.4 4.37 .25 .216 .230 

Nickel .031 .0280 .0280 .029 .0200 .0204 .086 .074 .0808 .117 .211 .156 18.3 16.0 16.58 1.1 1.-00 1.03 

Iron .0020 .0017 .0040 .0036 .004 .0033 .015 .011 ,96 1.01 .908 .0085 

Manganese .0070 .0075 .0090 .0097 .011 .011 .028 .023 1.37 1.43 .:578 .372 

Cobalt .002 .0020 .0019 .002 .0020 .0015 .006 .004 .0045 .• 004 .006 .0046 . l.4 1.23 l.28 .08 .076 .079 

Zinc .002 .0020 .0023 .062 .004 .0036 .009 .008 .0085 .008 .008 .0075 ,6 .53 .54 .05 .045 .046 

Sulfate 78 est. 64.80 63.26 56.6 41.80 38.25 59.1 47.3 51.5 38.4 34.4 33.79 294.3 246.2 245.9 150.0 138.5 130.66 

Chloride .320 .302 1.24 1.14 .57 .52 .34 .31 1.49 1.39 10.80 10.96 

Dissolved .57 1.0 .53 .29 ,65 .80· 
Organic ' 
Carbon 

,-
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Appendix VIII 

Toxicity Calculations 





•' 1 

Toxicity Calculations 

The toxicity predictions are summarized in Tables AVIII-1 to AVIII-5. The 

acute toxicity predictions are based on the equations developed by Lind: 

Copper 

Fathead minnow: log 96hr LCSO = 1.37 + 1.20 log Toe R2=.957 (1) 
2 Daphnia Pulicaric: log 48 br LC50 = .301 + 1.33 log Tex: R =.925 (2) 

Nickel 

Fathead minnow: log 96 hr LC50 = 1.95 + 1.05 log hardness R2=.707 (3) 

· Daphnia Pulicaric:· log 48 hr LC50 = .207 + .710 log .hardenss R2 
= .705 (4) 

Predictions were made using the minimum, maximum and median concentration of 

the independent variables. (DOC was substituted for TOC and total hardness was 

e~timated from the concentrations of calcium and magnesium). The predicted values 

were then compared with the minimum, maximum and median concentrations of the metals 

in .the runoff. (Tables AVIII-1, AVIII-2) The range.of independent valuables 

for which the predictive equations were developed are: TOC, 3-30 mg/l; hardness,· 

natural waters 28-120, experimental 47 to 200 mg/l (Lake Superior water + added 

hardness). 

The c~ncept of copper equavalent units was developed by the Regional Copper­

Nickel Study and is defined as 

Copper Equvalent Unit (CEU) = [c~ + [co) + .1 [N:Q .1 [zn] (5) 

(All concentrations in ...«g/l 

and where 

CEU = 0-5, no effect 

5-30, low probability of measurable impact 

30-100, probable chronic impacts 

100-600, potential acute impacts 

600, definite acute impacts 

Minimum, maximum and median trace metal concentrations were used to calculate 

a range of CEU values (Table AVIII-3). 

The combined toxicity of copper and nickel was examined using the method in 

Lind et al., 1978. 

relative toxicity 
of the mixture 

concentration of copper 
predicted LC50 for copper + 

concentration of nickel 
predicted LC50 for nickel 

wh.ere the predicted values for the individual metals are calculated from equations 

(1) thorw~h ( 4) •· Median values· were used for all calcual tions ~ The results are 

interpreted as 



if sum c;l, mixture is below the LCSO 
= 1, mixture is the LCSO 
~l, mixture is above the LCSO 

For Daphnia, the runoff from all piles is at or greater than the predicted LCSO 
while only FL 5 and 6 exceed the LCSO for the fathead minnow (Table AVIII-5). 

. I 



Table AVIII-1 

ACUTE TOXICITY OF COPPER,· 1979 (j.(g/l} 

PILE 1 
. ' * . + 

F. Minnows Daph~ cu DOC 

Med. 275.4 30.9 30.0 7.8 

Max. 467.7 55.0 50.0 12.0 

Min. 83.2 8.3 20.0 2.9 

PILE 2 

Med. 501.0 63.l 113 13.8 

Max. 630.0 79.4 195. 16.0 

Min 158.0 15.8 50 4.7 

PILE 3 

Med. 189.3 20.2 82.0 5.7 

Max. 416.6 48.5 220.0 11.0 

-Min. 142.5 14.8 40.0 4.5 

PILE 4 

Med. 123.7 12.6 27.0 4.0 

Max. 189.3 20.2 3000. 5.7 

Min. 50.6 4.7 10.0 1.9 

PILE 5 

Med. 223.6 24.4 37000 6.6 

Max. 416.5 48.5 39200 11..0 

Min. 98.2 9.8 6400 3.3 

PILE 6 

Med. 275.7 30.7 510 7.8 

Max. 635.0 79.9 8535 16.0 

Min. 129.3 13.3 82 4.2 

PILE 7 

Med. 233.9 25.6 30.0 6.8 

Max. 462.4 54.5 70.0 12.0 

Min. 173.4 18.4 20.0 5.3 

*Log 96hr LCSO 1.37 + 1.20 Log TOC 2_ R 2.957 
+Log 48hr LC50 0.301 + 1.33 Log TOC R =.925 

I 



Table AVIII-2 

ACUTE TOXICITY OF NICKEL, 1979 (,.«.g/l} 

PILE 1 

* . + F. Minnows DaEhnia · Ni Hardness 

Med. 83561 12013 321 677 

Max. 218912 203039 820 1694 

Min. 22318 4920 102 192 '» 

PILE 2 

Med. 73824 11047 342 601 

MGtX• 172524 19613 760 1350 

Min. 8824 2628 40 80 

PILE 3 

Med. 66144 10256 752 542 

Max. 183320 20434 2840 1430 

· Miri. 24117 5185 220 207 

PILE 4 

Med. 59738 9574 321 492 

Max. 88429 12482 14600 714 

Min. 21102 4737 89 183 

PILE 5 

Med. 154790 18226 116000 1218 

Max. 393885 34274 4060.00 2963 

Min. 76317 11298 46000 621 

PILE 6 

·Med. 156181- 18336 6110 1228 

Max. 379940 33449 26600 2863 

Min. 31218 6173 27 265 

PILE 7 

Med. 220496 23152 30· 1705 

Max. 447903 37386 60 3349 

Min. 98682 13443 20· 793 

* log hardness R2 Log 96hr LC50 = 1.95 + 1.05 ::;:: 0.707 

+ ... --- AOL.~ TrtCA - ') (\"] 4- (\ 71 T.oa hardness R2 = 0.705 



Table AVIII-3 

CEU Values for Piles, 1979 (µ.g/l) 

CEU = 1 * Cu + .l* Ni + l* Co + .l* Zn 

Piles Med. Max. Min. 

1 84.7 217.0 39.2 

2 173.7 25·3. 0 60.0 

3 211.4 671.0 76.0 

·4 89.6 300.0 29.9 

5 57439.0 203900.0 15426.0 

6 1609.9 i3499.0 137.0 

7 55.2 241.0 32.0 



Table AVIII-4 

Med. 
Pile CEO 

1 84.7 

2 173.7 

·3 211.4 

* 

4 89.6 

5 57439.0 

6 1609.9 

Table AVIII-5 

Pile 

1 

2 

3 

4 

5 

6 

Med. values of mix. 

F. 

%CU· 

35 

65 

39 

30 

64 

32 

Percentage of Cu, Ni, Co, Zn for CEO values 

%Ni %Co %Zn 

38 24 3 

20 12 3 

36 21 4 

36 26 8 

20 15 1 

38 28 2 

* Toxicity of Cu and Ni mixtures 

Minnows DaEhnia 

0.1 1.0 

0.03 1.8 

·o. 4 . 4.1 

0.2 . 2. 2 

166.2 1522.7 

1.9 -16. 9 

measured med. cone. Cu 
+ predicted LC50 for Cu 

measured med. cone. Ni 
predicted LCSO for Ni 
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Appendix IX 

Sampling Scheme 1978; 1979: 

Hydrographs with sample overlays 





Composite samples are collected over fixed periods of time and integrate over flow 

conditions. Grab samples are collected at a fixed point in time and represent the 

water quality only at that specific time and flow condition. In 1978, both composite 

and grab samples were collected. These samples are plotted on Figures AIX-1 to AIX-6. 

In 1979 only composite.samples were collected (Figures AIX-7 to 12). In 1979 the 

samples cover more of the hydrograph than in 1978. 
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Appendix X 

Julian Date Conversions 





1978 Julian Dates 

1 

2 

J 

·4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

. 15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

. 27 

28 

29 

30 

31 

March 

s~p 

4 

885 

6 

7 

8 

9 

890 

1 

2 

3 

4 

895 

6 

7 

8 

9 

900 

1 

2 

3 

4 

805 

6 

7 

8 

9 

910 

1 

2 

3 

April 

914 

915 

6 

7 

8 

9 

920 

1 

2 

3 

4 

925 

6 

7 

8 

9 

930 

1 

2 

3 

4 

935 

6· 

7 

8 

9 

940 

1 

2 

3 

May 

.944 

945 

6 

7 

8 

9 

950 

1 

2 

3 

:4 

95'5 

6 

7 

·a 

9 

960 

1 

2 

3 

4 

965. 

6 

7 

8 

9 

970 

1 

2 

3 

4 

June 

975 

6 

7 

8 

9 

980 

1 

2 

3 

. 4 

985 

6 

7 

8 

9 

990 

1 

2 

3 

4 

995 

6 

7 

8 

9 

1000 

1 

2 

3 

4 

July 

1005 

6 

7 

8 

9 

1010 

1 

2 

3 

4 

1015 

6 

7 

8 

9 

1020 

1 

2 

3 

4 

1025 

6 

7 

8 

9 

1030 

1 

2 

3 

4 

1035 

Aug. 

1036 

7 

8 

9 

1040 

l' 

2 

3 

4 

1045 

'6 

7 

8 

9 

1050 

1 

2 

3 

.4 

1055 

6 

7' 

8 

9 

1060 

1 

2 

3 

4. 

'1065 

6 

Sept. Oct. 

1067 

8 

9 

1070 

1 

2 

3 

4 

1075 

6 

7 • 

8 

9 

1080 

1 

2. 

3 

4 

1085 

6 

7 

8 

9 

1090 

1 

2 

3 

4 

1095 

6 

1097 

8 

9 

2000 

1 

2 

3 

·4 

5 

6 

7 

8 

9 

2010 

1 

2 

3 

4 

5 

6 

7 

8 

9 

2020 

1 

2 

3 

4 

s. 
6 

7 

Nov. 

2028 

.9 

. 2030 

1 

2 

3 

4 

5 

6 

7 

8 

/\R1 



1 

2 

3 

4 

5 

6 

7 
·0· 

9 

10· 

11 

12 

13 

14 

15 

16 

17 

18 

·19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
31 

1979 Julian Dates 

March 

1261 

1262 

1263 

1264 

1265 

1266 

1267 

1268 

1269 

2170 

1271 

1272 

1273 

1274 

1275 

1276 

1277 

1278 

April 

1279 

1280 

1281 

1282 

1283 

1294 

1285 

1286 

1287 

1288 

1289 

1290 

1291 

1292 

1293 

1294 

1295 

1296 

1297 

1298 

1299 

1300 

1301 

1302 

1303 

1304 

1305 

1306 

13-0-7 

1308 

May June 

1309 ·1340 

1310 1341 

1311 1342 

1312 1343 

1313 1344 

1314 1345 

1315 1346 

1316 1347 

1317 1348 

1318 1349 

1319 

1320 

1321 

1322 

1323 

1324 

1325 

1326 

1327 

1328 

. 1329 

°1330 

1331 

1332 

1333 

1334 

1335 

1336 

1337 

1338 

1339 

1350 

1351 

1352 

1353 

1354 

1355 

1356 

1357 

1358 

1359 

1360 

1361 

1362 

1363 

1364 

1365 

6 

7 

8-

1369 

July 

1370 

1 

2· 

3 

4 

1375 

6 

7 

8 

9 

1380 

1 

2 

3 

4 

. 1385 

6 

7 

.8 

9 

1390 

1 

2 

3 

4 

1395 

6 

7 

8 -

9 

.1400 

Aug. 

1401 

2 

3 

4 

1405 

6 

7 

8 

9 

1410 

·1 

·2 

3 

4 

1415 

6 

7 

8 

9 

1420 

1 

2 

3 

4 

1425 

6 

7 

8 

.9 

1430 

1431 

Sept. 

1432 

3 

4 

1435 

6 

7 

8 

9 

1440 

1 

·2 

3 

4 

1445 

6 

.7· 

8. 

9 

1450 

1 

2 

3 

4 

1455 

6 

7 

8 

9 

.1460 

1 

Oct. 

1462 

3 

4 

1465 

6 

7 

8 

9 

1470 

1 

2 

3 

4 

1475 

6 

7· 

8 

9 

1480 

1 

2 

3 

4 

1485 

6' 

7 

8 

9 

1490 

1 

1492 

Nov. 

1493 

4 

1495 

6 

7 

8 

9 

1500 



Appendix XI 

1979 Rainfall Data 





RAINFALL EVENTS: April through October, 1979· 

Total 4f # of Events rrotal Rain Provided by Events 
Month of Events 2:0. 3 inches Rain LO .3 inches 

in. % 

April 9 1 .97 .38 39.2 

May 12 4 3.38 2.66 69.5 

June 13 6 3.98 2.98 74.9 

July 11 3 2.77 1.91 70.0 

August 10 3 2.32 1. 76 75.9 

September 15 3 2.00 1.35 67.5 

October 16 4 . 2. 98 .· 2 .26 75.8 

Total 86 24 18.85 13.30 70.6 

Note: Rainfall > 0.01 inches is an Event •. 



1979 Rainfall pa ta 

AMAX 

Date 
of Days Since Total Duration 

Rainfall Last Rainfall Amount Hours Intensity Comments 

. 4-8 ? .13 Not on strip chart 
recorded by AMAX. 

4-11 3 .16 Not on strip chart 
recorded by AMAX. 

4-12 i· .09 5 Storm from East. 

4-19 7 .01 --- Recorder not operatins 
properly when checked • 

4..:.21 2 .38 • 38 Recorder out of order. 
??? 

4;....22 1 .02 --- Recorder out of order. 

4-23 1 .01 :r 
4-24 1 .01 Recorder ReCalibrated. 

4-28 4 20/24 .14 2 

5-2 4 .01 ? Duration Not recorded 
Time??? 

5-5 3 .10 2~5 

5-6 1 0.5/24 .15 8 

5-7 14/24 .19 14 

5-9 1 6/24 1.15 18 \;
5

=.077 Rainfall steady. 

5-10 0 • 16 14 Ra inf all steady • 

5-13 3 .02 ? Time ?? 

5-17 4 .42 1 
.42 0.84 Downpour. --= 

0.5 
5-18 ? ? ? Only clock 
5-19 ? ? ? a Drizzle stopped 

5-20 ? ~54 ? 
During during 
this this time 

5-21 ? .23 ? span of time. interval. 

.5-22 1 .28 8 ·~ 8 =.04 Steady. 

5-29 6 23/24 .55 9 .55=0.ll 
5 

6-1 1 16/24 .40 1 .40= 27 Heavy rainfall, clock 1 I,.'" • 
• :J slow. 

6-2 22/24 .11 1 Clock slow. 

6-5 3 • 05 No time record • 

6.-6 1 .58 2 .5s=.29 
2 

Steady hard rainfali. 

6-9 2 22/24 .35 9 ..:1.?.=. 039 
9 





1979 Rainfall Data (at AMAX) can't. 

• 4 .. Date 
of Days since Total Duration 

Rainfall Last Rainfall Amount Hours Intensity Conunents 

8-28 1 4/24 .39 4 
.39 .195 = 2 

8-31 2 19.75/24 .90 0.5 
.90 .90 
1 

9..:.1 . 18/24 .57 3 .47 
.143 

0300-0600 
a5~75 = 11. 5/24 4 1730-1815 

9-2 22.5/24 .02 Very gentle 
Intermittent Rain. 

9-3 12/24 .03 11 

9-5 1 10/24 .22 0.5 

9.9 4 16.5/24 .48 2 ... 48 .320 Downpour 
1.5 

9-11 2 1/24 .18 11.5 .OS fell from 
2400-1100 

.13 fell from 
1100-1130 • 

9-12 1 8.5/24 • 30 1 .. • 30 .200 
1.5 

9-19 6 22/24 .06 2 Slight, gradual 
rainfall 1900-2100. 

9·.;..22 3 • 02 Sprinkles • 

9-23 1 • O.l Sprinkles • 

9-24 1 .03 ·sprinkles. 

9-25 1 .01 Sprinkles. 

9-27 2 .01 Very light 

9-28 1 .02 sprinkles 

9-30 2 .04 1 hardly noticeable. 

10-2 1 ·22. 5/24 .06 2 

10-3 17 .• 5/24 .09 5.5 

10-7 3 23.5/24 .04 4 Very gradual rain. 

10-8 . 13~?4 .13 ~~~ 7~ 24 

10-10· 1 17/24 .OS 7.0 

10-11 an ~/-24 
.12 3 and 

10/24 0.5 

10-12 1 .02 Snow flurries. 

10-13 1 .02 Snow flurries. 

10-18 5 .75 2 .75 = .075 1400-1.600 
and and ·10 

Hard stea< 
4/24 4 2000-2400 rainf, 

10-19 0 ~36 3 ~ = .072 2400-0300 
5 

10-21 2 .02 Trace. 



1979 Rainfall Data (at AMAX) cbn't. 

of Days since Total Duration 
Rainfall Last Rainfall Amount Hours Intensity Comments 

io .... 22 1 .01 Trace. 

10-27 5 .10 Fell as snow at 
0600, Melted by 1200 • 

10-29 2 • 02 Trace 

10-31 2 .64 .64 .128 = 5 
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Table 

Date Rainfall 
Julian Calender Amt. Overall Peak 1 Peak Peak· . Days Since Amt. Days since 2 

Intensity Intensity Amt. Duration Last Rain Rain Preceeding. Last runoff peak 
(in) (in/hr) (in/hr) (in) (hrs) (in) 

1317 5-9 1.15 .077 .12 . 7 6 1 1/4 ·: 19 20 

1345 6-6 .58 .29 - same - 2 1 .OS 5 

1348 6-9 .35 
}. 039 .04 .59 14 .3. .58 4 

1349 6-10 .23 

1359 . 6-20 .49 
. }. 29 • 38 .75 2 1/2 .OS 6 

1360 6-21 .57 

1364 6- 25 .59 .30 .30 .59 2 4 2/3 . 5 7 4 

1399 7- 30 1. 55 .52 .85 .85 1 3 2/3 . 05 7 

1422 8-~2 .47 .039 .-06 .25 4 8 2/3 ~OS 23 

1431 8 ·- 31 .90 .90 . 9'0 .90 1 2 4/5 ;39 'V3 

1432 9-1 .57 .143 .17 .so 3.0 3/4 .90 'Vl 

1440 9-9' .48 .32 .so .25 ~ 4 2/3 .22 4 . 
1479 10-18 .75 

}. 074 .16 .65 4 5 .02 36 
1480 10-19 .36 

1492 10-31 .64 .128 .18 .45 2.5 2 .02 12 

lpeak inteI).sity; amount must be >~ total rainfall 

2 . 3i' or over 





Appendix XII 

Tailings Plot 





In November 19~8, a· small tailings pond· (~20' x 30' x 1~-2'), 

denoted FL 7, was constructed at AMAX as part of the leaching study. 

It was built similar to the other leach piles; tailings on top of 

impervious hypalon and a perforated 6 inch PVC pipe built on the 

downslope end. Leachate collects· in this pipe and moves out through 

a flow weighted composite sampler before reaching the main sump. All 

leach piles froze in November, 1978 and no longer discharged water 

until spring, 1979. 

The fine texture of tailings material (>62% passing 200 mesh) 

enables ·it to absorb large quantities of water and hold it .under ten-

·sion. During April and May when FL 1-6 were "flowing readily, only 

small, intermittent flows were recorded for FL 7. In June, several FL 7 

composite samples were collected, but July and August were dry months 

and virtually no flow occurred from the tailings. 

The possibility of fine ~aterial was~ing i~to and clogging the 

piping and/or compositing system prompted .the DNR and AMAX to dig up 

the outflow pipe for inspection ~ug. 14). It was decided to turn 

the pipe around to a more suitable position with the perforations 

facing downward .. This was done on Aug. 31 a~ter flushing the pipe of 

water and wrapping a nylon mesh screen over the holes to discourage 

finei in the pipe.* The flow meter wa~ also cleaned and the system 

appeared in good working order by Sept. 1. 

Two composite samples were collected after rains in early September. 

(The pile usually quit flowing within 2 days after a rain event). 

Relatively low specific conductance, pH, and alkalinity readings on 

these samples r~ised the suspicion that rain water was collecting around 

the standpipe and moving out of the pile almost immediately or filtering 

*A soaking test was done on this material to define any contamination. 
-J. Sturgess. 



through ~ relatively shallow layer of tai~s before ent~ri~g the perfor­

ated outflow pipe. The somewhat mounded profile of the pond migh~ 

also encqurage such flow routes,. rather than the desired slow seepage 

of precipitation through a large area of the basin before discharge .. 

In an attempt to change this pattern, on Sept. 10, tailings were mounded 

around the standpipe to discourage water from running off rapidly. Water 

quality sa~ples taken after that date sho~ slightly elevated pH, specific 

conductance and alkalinity but are still lower than'the first few samples 

obtained early in the field season. For a·more realistic picture of 

a tailings basin, further excavation of the entire .pile should be done 

.to.alter the mound shape to that more like a pond. 

FL-7 exhibits another _deviation fro~ the hydrology of an actual 

tailings pond--depth. The mini-pond is no greater than 2-3 ft. de~p .. 

Over long dry spells, evaporat~on thrriughthe surfac~ together with 

dr~in~ge from the bottom can draw moisture oui of its entire depth. An 

actual tailings pond is generally much deeper than this. Radiation and 

evaporation affect only the upper foot or so and water has more of a 

tendency to move laterally than infiltrate down below the basin. In 

such a situation, the moisture profile increases with depth to a point 

at or near ~aturation, depending on texture and permeability of tails. 

One hypothesis is that litt~e or no oxidation and leaching should occur 

in this near saturated zone due to lack of oxygen. 

A timeline (Figure AXII-1) shows the sequence of major events con­

cerning the AMAX tailings pond. Water quali~y results on leachate 

samples from FL 7 are listed in Appendix IV. 

*Metal Extraction by DPTA chelate. ** Soaking test - nylon mesh result 

) 

. ' 



1979 Field Season FL-7 Tailings Pile-General Events 

April 

17 Tailings pile unfrozen 

May 27,Relay recorder hooked up to FL-1 

June 

July 

August 

Sept. 

Oct. 

Nov. 

, I 

8 Composite Sample 

13 C* 

25 c 

7 Unclogged flow meter 

14 Dug ou~ pipe-mainten~nce 

31 Pile reassembled after cleaning'nylon mesh overhole 

4 c. 

10 C-Banked Standpipe 
i 3 c 
19 c 

22 c 

2 c 

14 c 
20 Freeze up 

*C. = composite sample 
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Appendix XIII 

Spring Runoff 

Concentration vs. Percent Runoff 
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Appendix XIV 

Chloride and Nitrate. as a 

Function of Total Rainfall 

on the Pile 





Chloride and nitrate concentrations were.plotted for each pile 

as a fu~ction of the cumulative rainfall that had fallen on the pile .. 

By plotting against cumulative rainfall, .the data is normalized for 

the different dates of construction of the piles. (Figure AXIV-1 

and 2). 

In general, the concentrations decrease as the amount of rainfall 

increases. This tr~nd s~pports the hypothesis thit the chloride and 

nitrate are reiid~al elements left on th~ rock during stockpiling 

and are being continually rinsed. 
\ 

Chloride and nitrate concentrations in FL 6 have generally declined, 

but at a much slower rate than the other piles. Chloride concen-

tration for FL-5 has declined to level~ comparable to FL-4 but nltr~te 

concentrations remain at levels much higher. The anomalous behavior 

~f FL 5 and 6 is not understood at this time.· 

An estimate of the retained water has been made for each pile. 

(Tab 1 e AX IV ... 1 ) • The average v a 1 u e for p i 1 es 1 - 4 i s . 4 2 % by we i g ht . 

A weighted chloride concentration was determined by weighting the 

monthly main settling basin concentration by the amount of rock stock-

piled during that month. The concentration was determined ·for piles 

1~4 and assumed t~ represent 5 and 6. 

ifons stockpiled 12/76 
Cl = 730 (93D01~. + 

(6 BOB) Cfil~ride ~one. 
TotalJ main basin. 
Tons 

1713 (9100) + 631 (9100) 
6808 6808 

(1/77) (2/77) 

+ 2075(1900). 
6808 
(3/ 77) 

+ 1659 (1750) 
6808 
(4/77) 

- 5136 mg/l 

t_.1.; 



CHLORIDE (ing/I) IN L~ACHATE vs. CUMULATIVE RAINFALL (Inches) 
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Table AXIV-1 RETAINED WATER 

Pil~ Total mass Total mass 1 Net= Mass of2 

of chlcnide of chloride wash retained 
out of pi le into pile(kg) off water 

(kg) (kg) 

1 35.4 • 8 34.6 6737 

2 31. 8 1. 0 ~0.8 5997 

.3 23.5 • 9 2 2 ."6 4400 

4 44.8 • 9 43.9 8548 

5 12.3 . 7 11. 6 2259 

.6 51. 6 .6 51. 0 9930 

wash off 
Mass of retained water = mass (kg) 10 6mg/kg x 10 3 mg/l 

estimated concentra-
. tion in residual 10 3 gm/kg 
water (mg/ 1) 

% retained water = mass of water 
mass of stockpile 

x 100 % 

% Retained 
water 

.42 

•. 3 7 

.27 

.53 

• 10 

.63 

x =.39 
s =.19 

lTotal mass of chloride 
into pile 

= rainfall concentration x total rainfall x 
~ollecting area of stockpile. 

.. 
(rainfall concentration ~1.5 mg/l; estimated from 
bulk precipitation sampl~s, RCNS ( ) ). 

2
Estimated concentration ·Of chloride in residual water. 
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Appendix XV 

Quality Assurance 





•' I 

Quality Assurance Progr~m 

.I. Marked ·Duplicates--Precision 

15% qf all water quality sa~ples were masked duplicates. Data 

on the duplicates are listed in Table AXV-1. The results are summar-

ized in Table AXV-2. Percent differencies between duplicates has been 

calculated for each parameter. Medians range from 0 to 8.7%. In 

general, results are satisfactory. 

II. Standards/Spiked Samples--Accuracy 

Metal standards and natural water samples spiked with known 

concentrations of metals are used for developing acGuracy control 

~harts. These aid in monitoring accura~y of analyses by recovery 

efficiencies. Such a prog~am has been s~arted for this project but 

more data must be generated before construction of accuracy control. 

charts is possible. What information there is so far has been listed 

in Table AXV-3. 

III. Interlaboratory Analyses 

Results for the two interlaboratory sample collections taken this 

field season are shown in Table AXV-4. Discrepancy appears greatest 

in·the first set with Fe and Co. The second set is satisfactory. 

IV. Blanks 

2% of all water samples were distilled deionized water blanks. 

The blanks were analyzed to determine the quality of laboratory water 

and show evidence of possible contamination from sample containers 

and filter units. Table AXV-5 summarizes the results. Only one 

sample showed evidence of contamination. 

• I 



Table AXV-1 Quality Assurance·- Range of% Error ;· r 

. 

so 4 

Spec. 
C.a Mg Na K Cu Ni Fe Mn Co . Zn Gl 'DOG , pH Cond. Alk 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 2.2 0 0 0 0 0 
0 0 ~1 0 0 0 0 0 0 0 3.0 0 1.1 0 0 3.0 

.26 0 .24 0 0 0 0 0 0 0 3.8 0 1. 5 0 ~ 3 3.3 

. 3 0 . 3 0 0 0 0 0 0 0 3.9 0 5.6 0 . 34 3.7 
• 3 0 . 4 .56 0 1. 7 0 0 0 0 4.2 0 7.0 0 .56 . 3. 8 
. 38 0 . 5 • 56 0 2.4 0 0 0 0 4.2 0 8. 2 0 . 8 6.1 
.48 • 3 . 7 . 8 . 1 2.6 0 0 0 0 4.8 0 9.2 0 .81 6.1 
.so .4 . 8 1.1 . 5 7 2.7 0 0 0 0 6.3 0 9.5 0 . 9 9.1 
.61 .41 1. 4 1. 1 . 6 2.7 0 0 0 0 6.7 11. 7 12.7 0 1. 8 ·15. 4 
.65 .52 1. 9 1.1 1. 9 3.9 . 4 0 0 0 <11. 4 ·18 24.0 . 7 2.4 
. 7 . 6 2.1 1. 2 2.3 4. 1 2.4 0 .14 0 16.3 40 26.5 1. 4 . 3. 9 
. 8 . 7 3. 3 1. 2 2. 7 4.1 8.0 . 4 .95 0 22.6 126 41. 9 1. 5 4.1 
.82 1. 2 .3.5 1. 3 4.3 4.2 10. . 6 3.2 0 41.3 >133 72.3 2.8 4.2 

1. 2 1. 4 3.8 1. 3 5.1 4.4 18.2 . 8 4.5 0 4.2 5.2 
1. 2 1. 6 4.0 1. 5 7.6 7.2 28.5 .88 '5. 4 0 8.1 5.3 
1. 5 1. 8 4.4 2.0 9.1 8.0 30.5 2.1 13.5 . 5 9.0 5.5 
1. 6 2.7 6.1 2.1 12.6 10.1 40 2.4 14.3 . 51 
3.1 .2. 8 6.1 2. 4 16.4 13.3 40 15.4 36.4 . 9 
3.6 3.1 8. 0 3.2 27.5 13.8 66.7 20 43.7 ·i. 5 
4.0 4.2 9.5 6. 1 28.6 43. 66.7 186 61. 5 5. 1 
8.2 5.4 47 10.5 47.3 46.6 133 194 80.7 9.5 

Median 
.675 .56 2.0 1.15 2.1 4.0 . 2 0 .07 0 4.8 0 8.7 0 • 9 3.75 

Mean 
1. 37 1. 23 4.73 1.72 7.58 8.13 20.2 19.2 12.0 .82 9.62 23.S 15.7 1. 63 2.12 s .. 05 



Table AXV-2 

% error Xi - X2 

(X 1 + X2 
2 

Parameter 

Ca 

Mg 

Na 

K 

Cu 

Ni 

Fe 

Mn 

Co 

. Zn 

DOC 

pH 

Spec. 
Cond. 

Alk 

QUALITY ASSURANCE SUMMARY 

x 100 

No. of 
Samples 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

14 

14 

14 

17 

17 

10 

-Duplicate Samples 

Median Max. Min. 

.675 8.2 0 

.56 5.4 0 

2.0 47 0 

~.15 10.5 0 

2.1 47.3 0 

4.0 46.6 0 

~2 133 0 

0 194 0 

.07 80.7 0 

0 9.5 0 

4.5 . 41.3 0 

0 >133 0 

8.7 72.3 0 

0 9~0 0 

.9 5.5 0 

3.75 15.4 0 



. :··" 

Table AXV-3 

Spiked Samp)es - Quality Assurance A~curacy 
Mg/1 

Cu Ni 
FL6 #465 without spike: 4:"2 14.'°3 

standard spike: 5.0 5.0 

expected 4.6 9.7 

#466. found 4.6 9.4 

Mg/ 1 
Cu Ni 

FL #498 without spike: 4:°4 .15.""5 

standard spike: 2.0 10.0 

expected 3.2 12.8 

#502 found 3.2 12.9 

Mg/1 

#49.4 
Cu Ni 

FL - without spike: -.2 -.36 #500 -x 

standard spike: 1. 0 5.0 

expected . 6 2. 7 

#501 found . 5 3 - 2. 75 

(the o ·rec t i ca 1 ) 

Co Zn 
1:-09 -.63 

2.0 1. 0 (theoretical) 

1. 5 . 8 

1. 6 . 8 

Co Zn 
:-02 -.04 

1. 0 . 5 (theoretical) 

. 5 . 3 

.38 . 15 



Table AXV-4 

Interlaboratory Quality Assurance 

June 8 September 4 
FL 7 FL 4 

DNR SER CO DNR SERCO 

SamEle # 363 365 % Difference 443 447 % Difference 

Cu • 0 3 7 . .028 27.7 .03 'I 0 31 3.2 

Ni .13 .100 26.l . 4 7 .44 6.6 

Fe. .02 <.05 

Mn. .07 .12 55 

Co .009 .002 127 .03 .026 14.3 

Zn .01 .007 10.5 .lb .100 0 

. ' 



Table AXV-5 

Blanks - Quality Assurance 

(mg/1) (mg/1) 
Parameter High Low Median Mean (J 

Co <. 01 ~.01 . <. 01 <.01 0 

Cu <.01 .002 <.01 .01 .002 

Ni .044 <.01 <.01 . 014 .009 

Zn <.01 <.01 < ~ 0.1 <.01 0 

Ca <.02 <.01 <.01 " .01 . 00 5 

Fe <.02 <.01 <.01 . 01 .005 

K <.01 <.01 <.01 <.01 0 

Mg <.01 <.01 '<. 01 <.01 0 

Mn <.02 <.01 <.01 <.01 .005 

Na . 0 3 <.01 <.01 . 01 .006 

14 Samples 



IV. Quality Assura~ce - Contamination Tests 

A. Pump contamination Test 

Purpose: To determine whether any contamination resulted from leachate 

contact with aluminum plated impeller housing on FL S's 

replacement pump be.fore it was coated with a silicon 

rubber compound. 

Procedure: 1. Collected a leachate sample directly from PVC pipe 

coming onto 5 gallon sump from FL 5 and processed it 

for an{llysis. (# 388) 

2. Immediately collected another sample of leachate 

after allowing it to go through the sump and pump 

with uncoated metal plate: Processed it for analysis. 

(# 38 9) 

Results: No contamination occurred. Lab results for this test 

are listed in T~bleAXV-~ 

Comments: The fuetal plate on all pumps have been sealed with a 

silicon rubber compo~nd even though this test shows no 

contamination results ·from·contact. 

B. Filter Unit Washing Test 

Purpose: To observe any contamination from filter unit after washing 

the unit according to a ~edified rinse procedure. 

Procedure: Contaminated a clean unit with FLS water, washed the 

unit according to new procedure and than ran some dis­

~tilled, deionized water through it for analysis. 

Result: No contamination. New rinse procedure is adequate. See 

Table AXV ~6 . 

.,-v. Quality Assurance - Stability Test. 

Purpose: To observe composite sample stability over a period 

comparable to that of low flow collect~on. Composites 



Table AXV-6 · 

Sample #. 
pH 
Alkalinity 
Spec. Cond. 

Calcium 
Magnesium 
Sodium 
P.ot ass i um 

Copper 
Nickel 
Iron 
Manganese 
Cobalt 
Zinc 

Sulfate 
Chloride 
DOC 

Comments 

Date 

Blank 

521 
5.8 
1. 6 
4.1 

<.02 
<.01 
<.01 
<.01 

<.01 
< .• 0 2 
<.02 
<.02 
<.01 
<.01 

Distilled 
deionized 
water put 
through 
clean. 
filter 
unit .. 
11/14 

New 
filter 
unit 
wash 
test 

413 

<.02 
<.01 
<.01 
<.01 

<.01 
<.02 
< •. 0 2 
<.02 
<.01 
<.01 

Te$t on 
modified 
filter 
washing 
proce­
dure. 

7/26 

QUALITY ASSURANCE. - LAB RESULTS FROM 
VARIOUS TESTS 

Contamination 
Test 

Stability Test Samples 

388 

309.8 
103.6 
13. 6 
.77. 6 

36.0 
100 

5.26 
9.20 
6.64 
3.89 

FL 5 

389 

309.6 
103.6 
13.4 
77.4 

34.0 
101 

5.23 
9.00 
6.62 
3.89 

300 
6.9 

39 
981 

193 
17.2~--

52 
24.6 

.032 

.246 
<.02 

. 18 

.024· 

.07 

FL 4 

302 
7.1 

21 
1071 

193 
17.2 

.. 49 
25.0· 

.033 

.246 
<.02 

.18 

.024 
·• 0 7 

314 
7 .. 3 

18 
1075 

176.0 
16.2 
44.4 
26.0 

.022 
• 2 8 

<.02 
.16 
• 0·2 0 
.07 

Pump contamina- Filtered 24 hrs. 13 days 
tion test. See and\acid- after after _ 
notes in Q.A. ified sample initial 
section.. immediate- was collec-

ly upon collected tion 
collection 

6/20/79 4/24 1430 4/25 5/7 

301 
3.3 

2332 

286 
8 9 •. 2 

130 
11. 2 

37 
111 

7.07 
9.49 
7.55 
3.76 

FL 5 

303 
3.4 

2453 

283 
90 

131 
11. 6 

37 
109 

3.90 
9.45 
7.40 
3.71 

313 
3.3 

249'8 

262.8 
88 •· 8 

143.8 
11. 2 

35.0 
94.4 

2:12 
9.82 
7.2 
3.39 

F.ilte:red 24 hrs. .13 days. 
& acidi- after after 
fied sample initial 
immediate- was co~lection 
ly upon collected 
collection 

4/24 1430 4/25 5/7 

*See Quality Assurance· Section 

<=below detection limits 



. :. 

are ~tored up to 2 weeks without being preserved. 

Procedure: A composite sample was collected from FL 4 and from 

FL ~ on April 24th and a portion of each was processed 

immediately (filtered and pre~erved with HN03). The 

unprocessed sampl·e was allowed to sit at room temp­

erature in the lab for 24 hours. At that time (April 

25th) another portion was processed for analysis. The 

remaining composite was refrigerated for 12 more days. 

On May. 7th a sample was again processed for analysis. 

Results: Most parameters appear quite stable over a two week 

period. Some changes were noticed however, and they are 

as follows: 

a. pH rise in FL 4 leachate - 6.9 to 7.3 

b. Rise in specific conductance reading for both FL 4 

and FL 5 ~ 100-150 µmho itlcrease over entire storage 

period .. 

c.. Decreased alkalinity in FL 4 - 39 to 18 mg/l as 

Ca~ 0 3 . 

d. -Decrease in copper concentration in 13 day sample. 

-2% decrease in FL 5 (37 mg/l to 35 mg/l) 

-49% decrease in FL 4 (.032 mg/l to .022 rng/l) 

f. Large decrease in iron concentration in FL 5. 

~smg/l or 71% de~rease 

(no change in FL 4 sample) 

Parameters not mentioned above either did not significantly change 

over the test period or showed a conflicting trend between piles. 

See TableAXV~6for water quality analysis. 

Con~lusions: There are no major problems associated with storage 

of composite samples and measureme'nts of water quality. 



However, it should be kept in mind when viewing lab 

results from low flow compo~it~s, of the ten~encies 

toward change listed above. It is possible that 

dilution from ongoing, more current collection of 

low flow leachate will negate these ch~nges,to some 

degree. Further tests should be run in attempt to 

firm up these findings and answer other questions 

about composite stability .. 

I \ 



Appendix XVI 

Column Design: 

Simulation of Field Conditions 





,·· 

The ~nitial column ·experiments were d~signed to simulate certain 

field conditions. One possible use of an adsorbent would be to in~orporate 

it within the stockpile. The material must have a permeability that 

will allow the runoff to flow through it rather than across the surface 

(Table AXVI-1) 

The test material must also have sufficient removal capacity to 

treat .stoc~pile runoff for the entire life of the 'operation (Table.· AXVI-2) . 

• 1 



Table AXVI-1 PERMEABILITY ESTIMATES 

It is difficult to calculate travel ti~e for unsaturated flow conditions. 

The ~ssumption is made that permeability will control the rate of move-

ment. (This is strictly true only for saturated flow conditions). The 

second assumption is that the infiltration rate will be greater than or 

equal to the permeability. 

rate of water movement = Permeabilit~· (cm/sec) x 3600 sec/hr . 
. 2.'54 cm/in. 

permeability (cm/sec) Infiltration (in/hr) 

10- 3 1.4 

10- 4 .14 

1977 data from Erie's Dunka pit indicated that stockpile runoff peaks 

were observed for rainfall intensities in· the range .10-.97 in/hr. If 

rainfall intensity is greater than the infiltration rate of the adsorbent 

material water will runoff across the surface of the adsorbent and very 

little metal removal will occur.· Therefore, the infiltration rate should 

be 1 in/hr. or greater, which.gives a permeability estimate of 10-3 cm/sec, 



Table AXVI-2 CALCULATION OF THE TOTAL AMOUNT OF LEACHATE SOLUTION 

REQUIRING TREATMENT· 

For natural watersheds 

Average precipitation (in) 28.57 

Average evaporation 

Net 

for stockpiles 

(in) 16. 3 

12.27 

Estimated evaporative loss (based on 1976-77 field data collected at 

Erie Mining Company's Dunka pit) is 70% 

net runoff= .3 (28.57) = 8.57 in/yr. 

for 25 yr life for a mine 

total runoff= 25 (8.57 in) = 214 in 

, total volume 

column diameter - 2 in 

volume = 214 in x TT ·X o· in) 2x (2. 54 cm/in) 3 

1000 cm3/liter 

= 11 liters 





Appendix XVII 

Water Quality Data: 

Removal Experiments 





Table. Rav column data, peat and FLl. 

pH Cu (ppb) 

Col.I 5 1 8 Moan 5 M.ean 

Time 
Hrs. 

C.7 6.2 6.3 6.S 6.S 6.4 

22 5.1 S.J 5,3 5.J 5.2 

29 c.0 4.9 c.0 c.0 4.8 

47 4.7 4.8 4.8 4.8 C.8 

53 4.7 4.7 c.1 c.1 4.r 

72.5 4.6 4.7 4.7 4.6 4.7 

78 4.6 4.6 4.6 4.5 4.6 

9ij 4.4 (.5 4.5 4.4 4.5 

103.5 4.4 

llll.5 4.4 

124 4.4 

142 4.3 

He 4.J 

166.5 4.4 

172.5 4.4 

4.5 4.4 ,_, '·' 

'·' 4.4 '·' "' 
4.5 4.4 4.4 4.4 

4.4 C.3 4.l 4.J 

4.4 4.3 4.t 4.4 

4.5 4.4 4.4 4.4 

4.4 4.3 4.4 4.4 

190 4.3 4.4 4.4 4.4 4.4 

216 4.4 4.5 4.4 4.5 4.5 

237.5 4.4 4.4 

60 60 60 60 60 

200 200 200 190 197.S 

170 160 170 150 162.5 

150 150 150 140 147.5 

150 140 150 140 145 

140 140 150 140 H2.5 

130 130 lJO 120 127.5 

110 130 ljo 120 127.5 

120 120 120 120 120 

58 

49 

91 57 89 

56 38 57 

73.8 

so 

Ni {ppb) CO (lJ{JI)) 

5 Mean 

~IJ \pJ:>bj 

7 Mean 5 . 6 

470 470 470 470 470 40 40 40 40 40 

260 310 320 270 290 70 70 80 80 75 

200 230 260 220 '227.S 50 SO 60 60 55 

31 42 ... 41 

30 36 35 3l 

210' 220 220 220 217.5 20 70 43 74 51,8 22 24 22 24 

200 240 220 210 217.5 

240 240 210 240 232.5 

190 220 200 220 207 .5 

210 230 . 210 230 220 

200 . 230 l90 210 207. 5 

200 230 180 220 207.5 

190 180 170 180 180 

11 10 10 13 11 

12 12 13 21 14.5 

4 

3. 

2 

9 9 · 1 0.s 

. 7 3 

2 

l 

6. 4.3. 

2.8 

19 18 18 2~ 

13 14 14 15 

9111111 

. 15 16 16 17 

13 15 15 16 

12 15 10 u . 
lJ 10 8 10 

Hean 

41 

33.5 

23 

19 

14 

10,5 

16 

14.8 

13.3 

10.3 

Cur11ulual:ive Volu:ne (ml) 

5 6 7 Hean 

2447 2180 2100 2045 2193 

2765 2455 2350 2310 2470 

4905 4495 4430 4495 4581 

5195 

5935 

6225 

7125 

7460 

4855 4695 

5505 . 5355 

5755 5625 

6535 6615 

6800 6995 

4770 4879 

5470 . 5566 

5755 5840 

6715 6H6 

7035 7073 

9650 8H5 9090 9255 9123 

10860 9665 10150 9965 10160 



• 

T•ble 

eel# 

ffm.­
Hr••) 

... 7 

22 

29 

47 

53 

72.5 

78 

98 

103.5 

llB.5 

124 

142 

HB 

\66. 5 

112.5 

190 

;rl6 

237.5 

• 
3.8 

4.8 

4.7 

4.5 

4.4 

4.3 

4.l 

4.4 

4,2 

4.2 

4.0 

! 

Raw col~•n data, FL 5 and peat 

pH 

t 0 f R 

J.8 

'· 7 
4. 7 

4.4 

4.3 

4.3 

4.2 

4.1 

4.1 

4.0 

J.9 

l.8 

4.7 

4.5 

4.4 

4.4 

4.4 

3.B 

4.3 

4.2 

4.1 

ll••n 

J.8 

4.7 

4.6 

4.4 

4.4 

4. l 

4.1 

4.3 

4.2 

4.l 

4.0 

, 
11.5 

.21. 

.22 

.25 

.26 

.23 

.26 

.21 

.21 

.27 

.27 

Copper (mg/I) Nlolfel(moll} 

f 0 f 2 M'••Wi • f 0 12 

ll.5 

.22 

.21 

.26 

.24 

.24 

.24 

.26 

.27 

11.5 

.17 

.18 

.24 

.24 

.22 

.2l 

.20 

.25. 

.37 

ll.5 

0.2 

0.2 

.25 

.25 

.23 

.24 

.23 

.24 

.32 

.21 

64 

.... 
l.65 

43.0 

55.0 

65,0. 

63.0 

63.0 

58,0 

·si.o 
51.0 

64 

18 

30 

60.0· 

66,0 

72 

75 

66 

62 

64 

.47 

l.90 

48 

55 

58 

58 

54. 

51 

46 

M••n 

64 

6.3 

11.2 

50.3. 

58.7 

65.0 

65,3 

61 

57 

48 .5 

51.0 

ll,,o (m'1111 Oob•lt<mo/I} 

' 1 0 ti M•an t f 0 f 2 

2.30 

.22 

.31 

l.82° 

2.20 

2.54 

2,39 

2.51 

2.33 

2.08 

2.11 

2.JO 

l.07 

l.40 

2.45 

2.66 

2.93 

2.98 

2.67 

2.49 

2.30 

.21 

.33 

1.92 

2.ll 

2,35 

2.25 

2',19 

2,09 

1;86 

2.10 4.36 

0.5 .24 

.u .84 

2.a 
2.3 

2., 
2.5 

2.5 

2.l 

2.0 

2.10 

4.30 

4, 70 

4.67 

4.10 

4.42 

4.09 

3.64 

3.68 

4.36 

2.62 

3.21 

4.74 

4.88 

4.94 

4.93 

4.64. 

... 30 

4.36 

.27 

.93 

4.35 

4.28 

4.20 

3.82 

3.84 

3.62 

3,34 

ll••n 

4.36 

1.0 

l.7 

4.5 

4,6 

4,6 

4,3 

4,4 

4,0 

3.5 

3.7 

C11m11lallre Vo/um• (ml) 

SI 

2065 

2280 

3920 

4250 

5480 

5650 

6070 

6985 

8145 

10,245 

1 n 

3300 

3350 

4895 

5H5 

5915 

6230 

7HC 

7465 

9285 

10,285 

n 

2040 

2365 

4325 

4640 

5690 

5960 

6990 

.8540 

10,HO 

Jri •• It 

2460 

2665 

USO 

457S 

5695 

5947 

6733 

7663 

9390 

l0,26S 



Table 

Col.f 

Ti111'tHrs) 
0 

Rav colomn data, tailings and FL l· 

pH 

1 2 .3 4 Hean l 

7.6 

Cu(ppb) 

2 J 4' Hean 

60.0 

... 7 5 • 8 5 • 5 5 .:5 s. 6 !) • 6 

22 6.1 6.4 6.6 6.6 6.4 

29 

47 

53 

6.6 1.0· 7;0 7.0 6.9 

6.8 7.0 7.i 7.1 7.0 

7.0 7.1 7.•2 7.2 7;.l 

32 22 25 22 25.3 

25 19 19 19 20.S 

72.5 7.1 7.2 7.p. 7_.J 7.2 

16 

98 

103.S 

118.S 

124 

14~ 

Hk 
166.5 

172.S 

190 

216 

7.2 7.3 7.3 7.4 7.3 

7.1 7.3 7,3 7.3 7.J . 25. 22 21 19 'f-8 

1.2 7.3 1.4 7.3 7.3 22 20 21 19 20.5 

7.3 7.3 7 .• 3 7.3 7.J 22 19 21 19 20.3 

7.2 7,2 7~3 7.3 7.3 19 57· 18 17 27.8 

7.J 7.3 7.3 7.3 7.3 23 20 20 19 20.5 

7.1 7.3 7.3 7.3 7.3 20 18. 20 19 19.3 

7. 3 7. s 7. 4 7. 4 7. 4. 

6.9 7.2 7.2 7.4 7.2 

7.J 7.3 7.3 7.4 7.3 

7.0 7.J 7.3 7.2 7.2 

19 16 B 13 14 
17 14 13 14 14.S 

+. value of .B assigned to <l 

l 

100 

100 

Nl(ppb) 

90 

BO 

,4 

80 110 

80 90 

Hean 1 

470 

95 2 

87.S 

110 130 150 140 13:2.5 l 

150 160 190 lSO 170 l 

190 200 240 220 212.5 1 

200 290 260 230 245 l 

220 250 240 210 230 l 

250 ~ 230 270 260 252.5 l 

280 280 290 280 282.5 l 
770 270 270 280 397.5 16 

Z"(ppb) 

.. Heim 

4 

1 

1 

l 

1 

1 

l 

l 

l 
1 

3 

1 

5 

l 

l 

l 

l 

l 

6 
8 

l 

l 

40 

2.s 
3.5 

2 2.e 

c o.e• 
l· o.e+ 
l o.e• 
l . 0.9+ 

1 0.9 

1 
l 

2.2 
6.4 

Cq(ppb) 
l 2 3 4 Mean 

260 

9 1 7 9 

9 8 7 

8 9 9 8 

6 6 9 6 

6 5 5 

'5 7 4 4 

6. ·7 

40 

8 

e.s 
6.8 

5.3 

5 

6.5 

6.5 

Cum u I at t., e v o I um·• ( m I) 
l 2 3 4 · Hean 

2170 

2445 

4235 

4580 

5320 

5610 

6370 

6950 

2360 

2660 

4665 

5125 

6175 

6565 

7565 

7705 

2600 

3970 

5390 

5HO 

6550 

6885 

7960 

8240 

2415 

2735 

4295 

5240 

6000 

6295 

7280 

7570 

2386 

2953 

4804 

5171 

6011 

6339 

7294 

7616 

9 B 9 8 B.3 9120 9415 9915 8935 9346 
38 9 8 1 15.5 10600 10635 11135 10735 10626 








