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In 2004 a level separated intersection was planned on road 97 in Sunderbyn, which included excavation of 
22 000 m3 of sulfide soil (silty sulfide clay). At that time no regulations or guidelines existed in Sweden on 
how to manage sulfide soil masses in order to minimise environmental problems related to acidification 
effects. The solution accepted by the Environmental Authorities was to depose the sulfide soil along the main 
road, cover it with soil, and set up an extensive control program to follow up the effects on the environment. 
The control program and evaluation of the results was executed by Luleå University of Technology (LTU). 
The need of guidelines resulted in a project to write a handbook as an aid for developers and consultants to: 
(1) perform appropriate investigations and analyses to assess and classify acidifying properties of sulfide soil 
and (2) show possible management solutions for this type of soil. The project was financed by the Swedish 
Transport Administration and the handbook was published in 2007 (Pousette, 2007 and Pousette et al. 
2008). When compiling guidelines for the handbook, results and experiences from the sulfide soil deposit at 
Sunderbyn were considered.  

Excavation for the intersection in Sunderbyn was mainly carried out during the winter 2005. The 
maximum depth of the excavation was 7 m. The soil profile in the area consists of about 2 m dry crust, and 
below that a 4 m thick layer of sulfide soil overlaying a silty soil. The original groundwater level was about 3 
m below the ground surface. The groundwater level had to be lowered, and therefore a pump station was 
installed, to keep the groundwater level under the new road embankment. The sulfide soil was disposed 
along the road in two heaps (460x20x2.5 m3 and 200x20x2.5 m3), Fig. 1. The aim was that the heaps should 
blend into the landscape. Table 1 shows properties of the excavated sulfide soil in different parts of the 
larger heap. To assess acidification properties of the soil, the classification system proposed in the handbook 
was used. It comprises cyclic aerobic leaching tests according to a methodology developed by MRM Konsult 
AB (Pousette  2007 and Pousette et al. 2008) and analyses of total sulfur content. From the cyclic leaching 
tests, the number of aerobic leaching steps until pH is below 4, and the pH minimum value reached in the 
tests, are used to classify the soil. The excavated soil was classified as highly to very highly acidifying. 
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Fig. 1. Map over area where the sulfide soil was disposed, including sampling points. 
 
 

Table 1. Properties and classification of disposed sulfide soil. 
 Part A Part B Part C 
Soil cover 0.3 - 0.6 m 0.3 - 0.6 m 0 - 0.3 m 
 Mean value, 

span 
No. of 

samples 
Mean value, 

span 
No. of 

samples 
Mean value, 

span 
No. of 

samples 
ρ, t/m3 1.50 (1.40 -1.60) 9 1.55 (1.48 -1.73) 9 1.62 (1.61 -1.65) 3 
w = mw/ms, % 78 (62 - 87) 9 74 (62 - 93) 9 62 (60 - 65) 3 
τfu, kPa 17 (11 - 20) 9 20 (8 - 28) 9 14 (11 - 20) 3 
Fe, % 3.4 (2.9 - 3.8) 6 3.9 (3.4 - 4.7) 6 2.8 (2.0 - 3.9) 6 
S, % 1.1 (0.6 -1.5) 6 1.7 (0.7 - 3.3) 6 0.6 (0.09 - 1.7) 6 
pH min 3.05 (2.8 - 3.2) 4 2.95 (2.9 - 3.0) 4 3.5 (3.2 - 3.95) 4 
No. of  leaching step 
until pH < 4 4 (1 - 5) 4 3 (3 - 4) 4 6 (4 - 9) 4 
Classification highly/very highly acidifying very highly acidifying highly acidifying 



The control program included: (1) analyses of surface water from four points (1-4 in Fig. 1), (2) 
measurement of pore pressure in four points at different levels (A-D in Fig. 1), (3) analyses of groundwater 
samples from four points at different levels (A-D), (4) analyses of leaching water collected in lysimeters 
installed under the soil cover and at the bottom of the disposed sulfide soil, and (5) auger drilling at 24 points 
to study how the oxidation front went downwards in the disposed soil. The water samples were analysed for 
pH, conductivity, redoxpotential and metals. The control program was carried out during five years (2005-
2009), with more frequent sampling during the first two years. Results from the measurements are compiled 
and evaluated in yearly published reports (Pousette, 2006-2010). To follow up long term effects, it is planned 
for more sampling in the future. 

Excavation and filling up the heaps was mainly conducted during wintertime to take benefit of the 
strengthening effect of frost action. The sulfide soil had rather low shear strength and there were problems 
with low bearing capacity when piling up and covering the soil. This was especially the case for the last 
excavated soil (piled up in section C), where the excavation was carried out in the summer. Problems with 
bearing capacity made it difficult to get the desired thickness of the top soil cover. The aim was to have 
different thickness in section A, B and C of the heap (Fig.1). Auger drilling, after the covering was finished, 
showed that the thickness of the top cover varied from 0-0.6 m, with the thinnest cover for section C. After 
two year the vegetation on the heaps was very sparse. In autumn 2007 a thin layer (10 cm) of manmade 
topsoil was laid out over the heaps and grass was seeded. 

Auger drilling was conducted once a year to study how the oxidation front went downwards in the 
disposed soil. After five years (autumn 2009) the oxidation front laid about 1 m (0.7-1.2 m) under the surface. 
During five years the descent of the oxidation front was highest in section C, with the thinnest top cover, and 
here the descent was higher the two first years. The tendency is that the descent of the oxidation front has 
slowed down.    

The surface water in the area is affected by natural seasonal variation of drainage water from 
oxidation of sulfide soil into streams. The area is surrounded by farming land and overgrown meadow. In 
sampling point 2, located in a ditch upstream from the deposit, the lowest pH value (3.1) was measured. 
During spring and summer pH was low and in winter, when the water was covered with ice, pH was around 
7. In sampling point 1, where the ditch upstream from the deposit and the ditch along the deposit goes 
together, lowest pH measured was slightly higher, 3.8. The analyses show a clear correlation between pH 
and the content of Al, Co, Ni, Zn and Mn, where low pH generates a higher content of these compounds. As 
an example, at low pH (around 3) the content of Al was about 50 mg/l and at pH around 7 it was about 1 
mg/l. The same correlation could be seen for the groundwater and the leachate samples. 

The soil in the area has low permeability (about 10-9 m/s) and to be able to measure pore pressure 
and collect groundwater samples a closed piezometer system (BAT) was used. The variation of the 
groundwater level in the area during a year was about 1 m. The sampling levels nearest the lowest 
groundwater level showed effects from oxidation of sulfide soil. At the upper sampling level in point D, 
located at the end of the heap near the excavated area (Fig. 1), pH between 3.5 and 4.2 was measured, the 
content of Al was 50-200 mg/l, and of total sulfur 400-1000 mg/l. One meter and more under the lowest 
groundwater level pH was between 7 and 8, Al content 0.01-1 mg/l, and sulfur content 1-200 mg/l. 

One conclusion from the study is: If sulfide soil is disposed above ground the location of the disposal 
is important. The ground in Sunderbyn consists of sulfide soil and the environment is already affected by and 
adopted to the seasonal variation of drainage water from oxidation of sulfide soil into streams. Therefore 
additional acidification effects on the environment from the disposed sulfide soil were not detected in the 
control program performed during five years.  
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