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ABSTRACT

The pulp and paper industry in Sweden generates large amounts of waste e.g.
green liquor dregs (GLD) from sulphate pulping process. GLD is an alkaline
residual product with a low hydraulic conductivity. At the same time, residues
from former mining activities e.g. tailings and waste rocks may still be found
in the surrounding of abandoned mines. GLD’s chemical and hydraulic prop-
erties make it suitable to cover mining waste deposits to hinder water infiltra-
tion and/or to chemically neutralise oxidising tailings aiming at stabilizing the
wastes and preventing metal leaching. The aim of the study was to investigate
prerequisite of green liquor dregs (GLD) in the treatment of sulphidic copper
mining waste.

GLD have a potential to be used to cover tailings deposits since e.g. mixtures
of GLD and fly ash reached a hydraulic conductivity of 1-2E-09 m/s. The
GLD characterisation enlightened that even though the majority of the falling
GLD may fulfil hydraulic conductivity requirements, batches with higher
lime content occur and may jeopardize the integrity of the cover. The alkaline
capacity of the pulping wastes raised pH in the remediated tailings reducing
leaching of e.g. Cu, Co, Cd, and Ni. Addition of 10% pulping waste to tail-
ings on dry weight basis was efficient to reduce copper leaching by a factor 4
to 10. Mixtures including tailings reached hydraulic conductivity between 1
E-8 and 1 E-9 m/s which opens opportunity for tailings stabilisation including
both chemical and hydraulic aspects i.e. capping solutions.
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Tailings (Tail) were collected at Nautanen former copper mine (region of
Gillivare, Northern Sweden) that closed more than a century ago.

Figure 2 Experimental set up: a) Constant Head Permeability column
tests and b) batch leaching tests.

To evaluate the efficiency of green liquor dregs in stabilising mine wastes,
two types of experiments were conducted (Fig. 2):

* Permeability tests: both Constant Rate of Strain and Constant Head Per-
meability column tests were used to assess the hydraulic conductivity of
the GLD and GLD/tailings mixtures.

* Batch leaching tests were used to study the chemical stabilisation i.e. the
effect of GLD on the metal leaching of the tailings.

RESULT AND DISCUSSION

GLD characterisation is presented in table 1. GLD are alkaline, with a pH
varying between 12 and 13. However its quality varies. The hydraulic con-
ductivity and electric conductivity varied with up to 2 orders of magnitude
between the samples. Previous tests performed in 2000 and 2007 by Karls-
borg plant indicated hydraulic conductivity between 10°® and 10”° m/s. The
wetter samples had a lower hydraulic conductivity compared to the dryer.
GLD dry content increases with the presence of calcium oxide residues which
are porous. Insuring low calcium oxide concentration during the GLD re-
moval process could be option to improve GLD quality with regard to hy-
draulic conductivity.
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Table 2.  Hydraulic conductivity in different GLD and GLD-Tailing mix-

tures.

Composition CHP test® CRS test®

Sample name Tail GLD FA BS/SS  Hydraulic Conductivity
(m's) (m/s)
GLD-A +FAl 70 30 1.6 E-06 4.0 E-08
GLD-A +FA1 +BS 60 30 10 2.0 E-09
GLD-A +FA1 +BS* 60 30 10 1.4 E-08 2.5 E-09
GLD-A +FALl +SS 60 30 10 5.0 E-09
GLD-A +FA2 70 30 2.0 E-09
GLD-A +FA2 +BS 60 30 10 1-2 E-08
GLD-A +FA2 +SS 60 30 10 1-4 E-08
GLD-A +FA2 +S5§° 60 30 10 1.4 E-07 2.5 E-08
9.8 E-9

GLD-D + FA2 + FS! 60 30 10 (£14.6)
GLD-D + FA2 + F§* 70 20 10 4.6 E-9 (+4.7)
TAILINGS 100 5.8 E-07
90 TAIL +10 GLD-C 90 10 2.8 E-07
70 TAIL + 30(GLD-A+FAL) 70 21 9 2-4 E-08
70 TAIL + 30(GLD-A+FAL)® 70 21 9 6.4 E-08 3.5E-08
7J0TAIL + 30(GLD-A+FAI+BS) 70 18 9 3 7.7E-10
40TAIL + 60(GLD-A+FAI1+BS) 40 36 18 6 9.7 E-09

® Constant Head Permeabulity
® Constant Rate of Strain
§ hydraulic conductivity test performed on the same sample
n=8. Lowest hydraulic conductivity measured 2 E-09. (Hargelius 2008)
® n=7. Lowest hydraulic conductivity measured 1.5 E-09 (Hargelius 2008)

The mixture of GLD and FA is hypothesised to cause the flocculation of
Ca in the presence of organic matter and increase the porosity in GLD when
FA is added to GLD alone. On the other hand, the S-rich tailing addition to
GLD+FA leads to the CaSO; formation hindering the flocculation mentioned
above.

The results of the leaching tests showed that GLD amendment was found
to be efficient in reducing the release of Cu and Ni (also Co and Cd, results
not shown) from the tailings (table 3). On the opposite the concentration of
Mo and V (also Cr, results not shown) increased in the leachate after amend-
ment.

Table 3.  Metal concentrations after batch leaching test (L/S 10). n=3.

10%{GLD-A 10%(GLD-A

Tailings GLD-A 10% GLD-A 10% GLD-C +FAl) +FAl +BS)
mg/ke  Std mg/kg  Std mg/kg Sud mg/ke  Sid me/ke Sud mg/kg Sid
Cu 456 55 <0.01 04 00 70 13 51 11 40 13
Mo <005 01 00 03 00 05 00 14 02 10 00
Ni 017 006 0.01 <0.005 005 005 0.0l 000 00z 001
vV <0.005 0.02 001 000 0.00 002 00 0.03 ool 002 001
Zn 121 12 01 00 10 15 228 358 09 13 10 12
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