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Situation 

As part of the In-Pit Taconite Tailings Disposal Project, taconite tailings and prociess waters 
for the experiments were collected from National Steel, Ispat Inland, and LTV Steel. 
Column experiments were initiated to study tailings-water interactions. Six columns (2 in. 
id x 15 ft), two for tailings-process water from each mine, were installed in the mezzanine 
at the DNR facility in Hibbing, MN. Approximately one pore volume of process water was 
passed through the columns over a fifty seven week period of time. Samples were taken 
periodically, for a total of nine samples per column. 

Upon completion of the tailings-process water interaction experiments, interaction between 
tailings and rain water and tailings and ground water were studied. Process water was 
replaced by "rain" (i.e. deionized) water in one column of tailings from each mine (Oct. 10, 
1997). Samples were taken periodically for 560 days (May, 1999). Ground water collected 
from a well in Keewatin, MN was used for the duplicate column (Sept. 26, 1997). Samples 
from the ground water columns were taken periodically for thirty weeks (April, 1998). 

Justification 

Due to a renovation project, the columns will be dismantled in March 2001. The rain water 
and ground water columns will have sat dormant for approximately 22 and 34 months, 
respectively. Thus, tailings-water interactions that may have been kinetically controlled 
should have had adequate time to equilibrate. One to three samples ( depending on time 
constraints) will be taken to determine whether or not further reaction has occurred. 

Expectations 

Ground water interactions 

Based on the concentration trends observed for relatively conservative parameters, 
Berndt et al. (1999) concluded that little to no reaction occurred between the tailings 
and ground water. Similar trends were observed for fluoride, arsenic, molybdenum, 
and boron. Manganese, however, may have been controlled by a carbonate mineral 
phase, and therefore, the Pc02 of the ground water. The low level of reactivity was 
believed to be due to the lack of dissolved oxygen in the system. 

Assuming that there are no kinetically limited reactions controlling Mn, F, As, Mo, 
and B in the tailings-ground water environment. The concentrations of these 
elements in subsequent samples should be similar to those already observed. Any 
differences in concentrations would suggest that controlling reactions are slow. 
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Rain water interactions 

Approximately six pore volumes of "rain" water was passed through the columns. 
Elevated Mg, Ca, and HCO3 concentrations as well as high conductivity values 
indicated that carbonate minerals were the most reactive in taconite tailings. 
Manganese, again, was likely controlled by dissolution of a carbonate mineral phase. 
Fluoride levels were believed to be controlled by an adsorbed phase. However, the 
possibility of a mineral (i.e. CaF2) phase control could not be entirely ruled out. 
Molybdenum and possibly boron were desorbed by rinsing with the dilute water. 
Little mobilization of arsenic was observed. 

It was concluded at the end of this experiment that the columns had reached 
equilibrium (Berndt et al., 1999). Since the previous sample ( 560 days, sampled after 
approximately one year of dormancy) also indicated equilibrium conditions, no 
change in water chemistry is anticipated. 

Sampling Procedure 

Sampling of the columns started on 7/11/96. Mike Berndt attached tubing that was 
resistant to gas flow to the bottom of the columns. The end of the tubing was fitted 
with a Leur-loc fitting. Samples were collected by connecting a 30ml syringe with 
a Leur-loc end to the fitting on the tubing. Samples were collected for both the 
"slow" and the "fast" columns with this method. 

The "slow" columns were sampled with the syringes until 7 /31/97. At this time the 
column water was replaced with ground water from the Keewatin well. This process 
was approximately 6 weeks. Sampling was started on 9/27 /97 using the same syringe 
method until 12/18/97. At this time the sampling method changed by allowing the 
effluent to flow freely into a sample bottle with a hole cut into the cap that was large 
enough for the tubing to fit thru the hole with a snug fit. Samples for the ground 
(slow) columns were collected into the open bottle until 8/19/98, at which time the 
experiment ended. Additional samples were collected on 2/6/01 and 2/20/01 using 
the syringe method as described above. 

The "fast" columns were sampled with syringes until 10/10/97. At this time water 
was removed from above the column bed and replaced with rainwater (DDI water 
from the lab). The water was spiked with sodium bromide to determine when the 
water in the bed had been replaced with "rainwater".Sampling started on 11/6/97 
using the same open bottle method as the ground water columns until 8/20/98. An 
additional isotope sample was collected on 2/10/99 using the open bottle method. On 
2/6/01 and 2/20/01, samples were collected using the same syringe method as above. 
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Results 
Ground water interactions - Fluoride 
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Ground water interactions - Boron 

In-Pit Ground Water Colum 
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Ground water interactions - Manganese 
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Ground water interactions - Arsenic 

In-Pit Ground Water Columns 
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Ground water interactions - Molybdenum 
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Rain water interactions - Fluoride 

In-Pit Rain Water Columns 
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Rain water interactions - Boron 
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Rain water inter~ctions - Manganese 
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Rain water interactions - Arsenic 
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Rain water interactions - Molybdenum 
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Conclusions 
Ground water interactions 

Concentrations of all five parameters are approaching those of the initial pore 
water. This supports Berndt et al (1999) conclusion that the injected ground 
water merely mixed with existing pore water and no significant reactions 
took place (pg 20). It appears as though sampling has removed a large 
portion of the injected ground water. Subsequent samples are likely to be 
dominated by pore water chemistry. 

Rain water interactions 

References 

These data generally support the above conclusion. Boron concentrations 
appear to have increased slightly, approaching those of the initial pore water. 
Manganese concentrations, particularly in the National columns, may have 
decreased somewhat. 
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Appendix 1 

Laboratory Notes 
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