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QUALITY IMPROVEMENT AND CONSERVATION OF COPPER MILL WASTE WATER

By R. 0. Dannenberg' and P. C. Gardner?

ABSTRACT

The Bureau of Mines conducted laboratory and full—-scale tests to
develop a process for improving the flotation characteristics of
lime~treated waste water produced by the Kennecott Copper Corp.,
Magna, UT. Unknown substances 1in the waste water reduced the
flotation efficiency of the metal sulfides. An estimated annual loss
of 795,000 1b Cu, 232,000 1lb Mo, 5,625 tr oz Ag, and 617 tr oz Au
would result from recycling the total flow from the lime treatment
plant to the flotation mill in an effort to conserve water and reduce
associated expense.

The tests indicated that aeration or treatment with activated
carbon significantly improved the water quality. The improvements in
molybdenum recovery averaged 8 pct for aeration, 11 pect for activated
carbon, and 16 pect for combined aeration and activated carbon. The
combination of the two processes produced water quality as good as or
better than normal feed water.

!Chemical engineer (retired}.
2Chemical engineer.
Salt Lake City Research Center, Bureau of Mines, Salt Lake City, UT.




INTRODUCTION

Kennecott Copper Corp., Magna, UT, operated a lime treatment plant
for neutralizing and reducing the metallic contamination 1in
approximately 10,000 gpm of the combined waste water from various
processing facilities.® 1In the past, approximately 20 pct of the

3Since this research was performed, Kennecott ceased operations at
the smelter and at the refinery which produced most of the acid in the
waste water. The waste water treatment plant continued processing
water until the final close—down operation of the concentrator which
did not require neutralization. In July of 1985, Kennecott changed
from lime treatment to biological treatment of waste water. In 1986,
Kennecott announced plans to resume plant operations.

treated waste water was recycled to the flotation mill; the remainder
was discharged to the Great Salt Lake. Total recycle of the treatment
plant effluent would be desirable because (a) it is difficult to
reduce the metallic contamination, particularly arsenic, to an
acceptable level for discharge to the Great Salt Lake, and (b) it
would reduce the fresh mill water requirements and the associated
cost. However, the presence of unidentified contaminants in the
effluent depressed copper, and to a greater extent, molybdenum
flotation. The contaminants were thought to be primarily dextrin, an
organic used in the plant flotation process.

Based on laboratory flotation tests, it was estimated that total
recycle of the treatment plant effluent would reduce copper and
molybdenum recovery by 795,000 and 232,000 1b/yr, respectively.
Research to improve the flotation characteristics of the treatment
plant effluent was performed as part of the Bureau's program to
minimize undesirable environmental impacts associated with mineral
processing operations and to maximize productivity.

This report describes the treatment processes that were successful
in improving the quality of the waste water treatment plant (WWTP)
effluent for recycle. Since the nature or identity of the flotation
depressant was unknown, treatment effectiveness was defined by copper
and molybdenum recoveries achieved using standard laboratory flotation
tests; results using tested water were compared to results using WWTP
effluent. In many instances, variations in metal recovery results
were small and could be masked by small differences in flotation test
results or water supply. Therefore, after early testing phases, the
flotation tests were performed in triplicate to provide an estimate of
error using statistical analyses of the results. Other copper
producers experiencing similar problems could benefit from the studies
of Kennecott waste water. Other industries using flotation processing
may also find the results beneficial.
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DESCRIPTION OF KENNECOTT WATER SYSTEM

The Kennecott operation is comprised of three main sections;
flotation concentrators, smelter, and refinery. The flotation
concentrators consumed 60,000 gpm of water. Lesser amounts of water
were used by the smelter and refinery for cooling and other functions.
The water source was recycled tailings pond overflow and fresh water
makeup from various other areas. Waste water from the three sources
was combined for treatment in the WWTP.

WASTE WATER TREATMENT PLANT

The combined waste water flow to the treatment plant was
approximately 10,000 gpm; it was composed typically of 8,000 gpm from
the concentrators, 1,600 gpm from the smelter, and 400 gpm from the
refinery. A typical analysis of treatment plant influent and effluent
is shown in table 1. A diagram of the WWTP provided by Kennecott
Copper Corp. is shown in figure 1; figure 2 is a photograph of the
plant. Waste water from the various sources was combined in a
Junction box and passed through a metering box where ferric chloride
was added, when necessary, to improve arsenic precipitation. The
resulting mixture then passed into a fast mixer where lime and
recirculated sludge were added. This limed slurry flowed into a
series of four slow mixers where precipitation was completed and a
synthetic organic flocculant was added. The flocculated slurry flowed
to two clarifiers where the sludge settled. Overflow from the
clarifiers was either recycled to the concentrator or mixed with
excess tailings pond overflow for discharge to the Great Salt Lake.
Sludge was pumped to a nearby sludge pond.

EFFECT OF RECYCLING TREATMENT PLANT EFFLUENT

Average flotation results for samples taken in each of 47
consecutive weeks from four individual water sources are shown in
table 2. Samples were taken from July 1978 to February 1980. The
water tested was from (1) pump station No. 1, which supplied
two-thirds of the normal process feed water; (2) pump station No. 4,




TABLE 1.

- Typical analysis of waste water
treatment plant influent and effluent

Analysis, ppm

Parameter Influent Effluent
Soluble Total Soluble Total
Ag..... ND 0.01 ND 0.01
Al.. ND 4.1 ND .23
As... 2.2 2.32 0.57 .63
Bi..... ND .01 ND .02
Ca..... 213 ND 5214 ND
Cd... .025 .033 .010 .018
Cl..... 1,500 ND 1,825 ND
Cu.seon. 2.02 T7.77 .052 245
CN..... ND ND .026 ND
0) ND .10 ND .07
Fe..... 13.5 23.3 102 .76
Kiveuso 62 ND 59 ND
Mg..... 95 ND 79 ND
Mn..... .51 .55 .31 .36
MO...u 2.10 2.53 1.97 2.03
Na..... 1,350 ND 1,313 ND
Ni. ND .20 ND A2
Pb..... 71 1.14 .07 .15
Sb..... ND L1 ND 1
Se. ... .22 27 .22 .24
SO, . 1,000 ND 1,009 ND
VA s A " .79 .92 .06 .20
BOD.... ND ND ND 6.4
Phenol. ND ND 077 ND
TDS.... ND ND 5,640 ND
TOC.... ND ND ND 1.75
TSS. ... ND 162.9 ND 7.8
pH..... 2.9 ND 8.3 ND

ND Not determined.
BOD Biochemical oxygen demand.
TDS Total dissolved solids.
TOC Total organic carbon

TSS Total suspended solids.
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FIGURE 1. - Kennecott waste water
treatment plant process flow diagram.
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EVALUATION AND PRESENTATION OF RESULTS

The effect of the treatment process variations was analyzed
statistically using either the Analysis of Variance or the Student's
"t" test. Generally, metal recoveries from tests using water treated
with aeration and/or activated carbon processes were compared to
recoveries using normal process feed water. Replicate samples were
also tested, and day-to—day condition variations were recorded to
determine factors which might have had a high probability of
influence. The test of significance was employed to provide a measure
of the probability that any variation in the results could be
attributed to changes in the treatment method. Statistical
calculations, showing a variance ratio corresponding to a probability
level of 5 pect, indicated a probability of only 5 in 100 that a
variation in results was due to chance errors, rather than any
treatment change. For the work described in this report, a level of 5
pet (0.05) was selected. Any response that did not reach this level
of probability was not considered free enough from chance error to
exist and was not tabulated.

Average molybdenum recoveries are either tabulated or presented as
bar graphs. Copper recoveries generally followed the same trends as
molybdenum recoveries, but variations for copper were of less
magnitude. Consequently, only molybdenum recoveries have been shown
on the bar graphs. Data shown in the "laboratory screening" test
section are averaged results. Other data were derived from tests
which were run in triplicate to provide an error term so that the data
could be analyzed using statistical methods.

LABORATORY SCREENING TESTS

A variety of possible treatment processes were investigated on a
bench scale using WWTP effluent to determine which processes
effectively removed the contaminant and should be investigated
further, and which could be eliminated from further consideration.
Most testing involved either oxidation—- or adsorption-type processes
and were conducted with water transported to the Bureau laboratory.
Evaluation of the preliminary test results considered both water
quality improvement and process costs.

Treatment processes adopted for field tests were aeration and
activated carbon. In laboratory tests, both processes produced
measurable improvements in the WWTP effluent quality and would involve
relatively low added costs.

During batch aeration tests, air was sparged into WWITP effluent
for 1/2-, 1-, 3~, and 24-h periods. Water quality improved with
increased time; however, most of the improvement occurred during the
first 1/2 h. Agitation increased the effectiveness of aeration.

15







During batch activated carbon tests, both powdered and granular
lignite-~based carbons were tested. Lignite~based carbon was selected
because it is readily available and has average characteristics for
carbon. Also, in an initial batch comparison test, a lignite-based
carbon produced significantly more improvement in WWTP effluent
quality than did a coconut shell-based carbon. For the laboratory
batch tests, various amounts of carbon were added to WWIP effluent and
stirred for 30 min. Samples were filtered before flotation testing.
As results show in table 3, filtering the carbon~treated samples
improved subsequent flotation of molybdenum in each instance and
copper in over one-half the instances. Unused carbon suspended in
unfiltered water very likely adsorbed organic flotation reagents,
thereby adversely affecting flotation results. Results in table &4
show that both powdered and granular carbon treatments significantly
improved molybdenum flotation.

Results shown in tables 3 and 4 were produced from tests conducted
on different dates. Differences in results for apparently 1like
waters, 1i.e., culinary, WWTP effluent, and carbon treated waters,

reflect variations in water quality and flotation operator performance
from day to day.

TABLE 3. - Effect of filtration of activated powdered
carbon treated water on water quality

Metal floated, pct

Type of water or Effluent

treatment Not filtered | Filtered

Cu Mo Cu Mo

Culinary.eeieeeeeeneneeens 95.1 75.1 88.7 8L4.6
WWTP untreated effluent..| 92.5 | 59.6 | 87.7 | 66.9
0.5 1b C/1,000 gal.......| 90.3 55.4 90.9 80.5
1 1b C/1,000 gal......... 92.1 63.3 88.14 76.2
2 1b C/1,000 gal.v.eu.... . 81 48.6 89.5 79.4
51b C/1,000 gal......... 63.4 60 87.4 T4.6
10 1b C/1,000 gal.v.e..... 49 1 54,4 88.2.1-79.1

TABLE 4. - Effect of activated carbon on water quality

Metal floated, pct
Type of water or Carbon
treatment Powdered Granular
Cu Mo Cu Mo
Culinary....... ceeonaesss| 94.L 1 86,14 | o4 84 | 83.%
WWTP untreated effluent..| 94.6 59.9 94.6 59.9
0.2 1b C/1,000 gal....... 9L .1 81.35 94,88 81.26
0.5 1b C/1,000 gal....... 93.8 77.8 94,52 76.25
2 1b C/1,000 gal......... 94.6 84.6 93.92 80.89
5 1b C/1,000 gal..v.vun.. 95.4 85.57 94,69 83.92
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Other treatment processes tested on WWTP effluent, but eliminated
from further consideration included:

@ Hydrogen peroxide - Treating WWTP effluent with 0.13 and 1.3 1b
hydrogen peroxide (H,0,) per 1,000 gal followed by a 30-min
agitation produced little improvement in molybdenum recovery. A
significant decrease in copper recovery could result if
accidental overtreatment occurred.

@ Calcium -hypochlorite - Treating WWTP effluent with dry calcium
hypochlorite [Ca(Cl0),] at 0.0003 1b per 1,000 gal (equivalent
to 37 ppm available chlorine) improved molybdenum and copper
flotation, but less so than did aeration or activated carbon.
Close control with sodium sulfite (Na,S0,) was necessary to
avold excess hypochlorite from entering the flotation circuit;
this could be detrimental to flotation reagents.

) Chlorine gas — Chlorinating to 800 emf had an effect similar to
that produced by adding calcium hypochlorite; again, excess
chlorine must be avoided.

) Ozone - Treating WWTP effluent with 0.025, 0.1, 0.25, and 1.0 1b
ozone (0,) per 1,000 gal improved molybdenum and copper
recoveries; however, such a process would entail significantly
higher costs.

) Ion exchange —~ Treating WWTP effluent with the sodium form of
the strong cationic resin Duolite C-25D,* or the hydroxyl form
of the strong anionic resin Amberlite IRA 410 improved
molybdenum and copper recoveries, but again, the process would
be costly.

) Synthetic organic adsorbents -~ Treating WWTP effluent with
non-polar resins, Amberlite XAD-2 and XAD-U4, improved molybdenum
and copper recoveries, but not sufficiently to warrant the
higher cost of such a process.

ON-SITE TESTS

After completing the preliminary screening tests in the laboratory,
testing was conducted at the plant site; this eliminated the delay
caused by delivering samples from the plant site to the laboratory,
and thereby removed a source of possible errors. In most on-site
tests, triplicate samples were submitted for flotation tests to
provide a basis for estimating the testing error. The flotation
responses after various combinations of water treatments were examined
by statistical methods to determine which factors had a high
probability of affecting the response. Water samples were also
submitted for analysis by gas and liquid chromatography as discussed
in Appendix B.

“*Reference to specific products does not imply endorsement by the
Bureau of Mines.
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COMPARISON OF EFFLUENTS FROM CONCENTRATORS AND WWTP

The WWTP treats the combined streams of waste water from all parts
of the operation. To find out whether the major source of
contamination causing the depression in flotation was in the waste
water from the flotation concentrator, as suspected, or in one of the
other streams, tests were conducted to compare concentrator effluent
with WWTP effluent. The WWTP feed comprised 80 pect concentrator
water; if both waters depressed flotation, it would indicate that the
contamination was in the concentrator water, not in the other feed
streams. Two series of tests were performed: one in the late autumn
and the other in the winter. These tests showed the effect of the
ambient temperature on water quality. Results (fig. 4) indicate that
during the winter, the quality of the concentrator effluent 1s better
than that of the WWTP effluent. However, results from autumn tests
show the comparative quality reversed. Combining the winter and
autumn results, there was no significant difference in the overall
quality of the concentrator and WWTP effluents; this lends credence to
the belief that the troublesome contaminant was present in the waste
water from the concentrator and not necessarily in other WWTP feed
streams. This indicated that either the concentrator effluent or the
WWTP effluent could be treated in processes for improved water
quality.

EFFECT OF FILTRATION, AERATION, AND ACTIVATED POWDERED
CARBON TREATMENT ON QUALITY OF CONCENTRATOR EFFLUENT

Since the quality of the concentrator effluent was nearly the same
as the quality of the WWTP effluent, initial tests were conducted to
determine whether treatment of the concentrator effluent would be a
suitable alternative to treatment of the WWTP effluent. The effect of
filtration, aeration, or treatment with 0.5 1b of activated powdered
carbon per 1,000 gal was determined. Comparative results of flotation
tests, using the treated water (fig. 5), indicates that the following
results were statistically significant: (1) Filtering the water
reduced molybdenum recovery slightly, indicating that the troublesome
contaminant was soluble. (2) Aeration improved the quality of the
water. (3) Carbon treatment produced an even greater improvement in
water quality; this treatment produced a water quality nearly as good
as that of normal process water. Therefore, treatment of the
concentrator effluent was shown to be effective; results were
comparable to those achieved earlier during treatment of WWTP effluent
on a bench scale. '

18
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FICURE 4. - Comparison of concentrator
and WWIP effluents and season of year
effect on water quality.
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FIGURE 5. - Effect of filtration,
aeration, and carbon treatment on
quality of concentrator effluent.



EFFECT OF POWDERED CARBON TREATMENT ON QUALITY
"~ OF WWTP EFFLUENT

Batch tests showed that treating the WWTP effluent with powdered
carbon followed by disposal of the carbon in the treatment plant
sludge, was as effective as column treatment with granular carbon.
Powdered carbon was advantageous because equipment requirements would
be less, and carbon regeneration would be eliminated. Investigations
determined the effect of carbon dosages ranging from 0.1 to 0.5 1lb per
1,000 gal. 1In all tests, the appropriate amount of powdered lignite-
based carbon was added to the water, and the mixture was stirred for
30 min. The carbon was filtered off before submitting the water
samples for flotation tests. Figure 6 shows the flotation test
results using the treated water. Increasing the amount of carbon from
0.1 to 0.5 1b per 1,000 gal of WWTP effluent significantly increased
the water quality so that it was nearly as good as that of normal
process feed water.

EFFECT OF AERATION TREATMENT ON QUALITY OF WWTP EFFLUENT

Past experience indicated that molybdenum flotation was depressed
more by recycling WWTP effluent in the winter months than in the
summer months. There was also a possibility that aeration
effectiveness might be affected by the ambient temperature.
Comparative test series were conducted for winter and spring
operations. Aeration was accomplished in a series of three tanks.
Figure 7 shows the flotation test results when using treated and
untreated water. Molybdenum recovery using WWTP effluent in the
spring was not statistically different from that obtained with WWTP
effluent in the winter. Aeration significantly improved the water
quality for molybdenum flotation, but there was no indication that it
was more effective in either season.

Tests described in the previous paragraph showed that the three-
step aeration of WWTP effluent significantly improved water quality,
but did not restore it to a level equivalent to that of normal feed
water. Another test series investigated whether doubling the aeration
time by using six stages (fig. 8) would result in a greater increase
in water quality. Increasing the number of aeration stages from three
to six may have increased water quality slightly (fig. 9), but the
increase was not statistically significant.

EFFECT OF COMBINED AERATION PLUS POWDERED CARBON TREATMENT
ON QUALITY OF WWTP EFFLUENT

Both the aeration and powdered carbon treatments were shown to
significantly improve the quality of the WWTP effluent. Additional
test results (fig. 10) indicate the effect of a combined aeration plus

21
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FIGURE 6. - Effect of powdered carbon
treatment on quality of WWTP effluent.
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FIGURE 7. - Effect of aeration and
season of year on quality of WWTP
effluent.
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