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A comparison of paper sludge to clay as the hydraulic barrier in municipal landfill 

covers

La comparaison entre les dechets de papeteries et les differents types d’argiles utilises comme 

barriere dans la couverture des decharges publiques

H . K . M o o -Y o u  n g  -  D e pa rtm e nt o f C ivil a nd E nvironm enta l Engineering, Lehigh University, USA 

T. F .Z im m ie  -  D e pa rtm e nt o f C ivil Engineering, R e nsse la e r Polytechnic Institute, Troy, N.Y., USA

ABSTRACT: Paper mill sludges are compared to kaolinite clays as the impermeable barrier in landfill covers. Paper 

mill sludges are characterized by high water and organic contents and low specific gravities in comparison to clays. 

The compressibility o f paper sludges is similar to peats and highly organic soils with high strain values and large 

reductions in void ratio. Compressibility, water content and organic content influence the materials permeability.

SYNOPSIS: Les dechets de papeteries sont compares a la kaolinite (argiles) comme barriere impermeable pour la 

couverture de depotoires publics. Par rapport aux argiles, ces dechets de papier se characterised par un niveau eleve 

d’eau et de matiere organique, et une faible gravite specifique. La compressibilite de ces dechets est similaire a celle 

des mousses et des sols riches en matieres organiques dont le coefficient d’extension et le rapport de reduction 

d’espace vide sont eleves. La compressibilite, le niveau hydrique et la quantite de matiere organique presente 

influencent la permeabilite du materiel considere.

1 INTRODUCTION

Waste disposal costs may be reduced by the use of 

unconventional material in the construction of landfills. 

The high price o f disposal has sparked interest in the 

development o f alternative uses for waste sludges 

(paper mill sludges and water treatment plant sludges). 

Paper mill sludges in spite of high water contents and 

low solids contents in comparison to clays, can be 

compacted to low permeabilities and can substitute for 

clays in landfill covers. Since 1975, paper mill sludges 

have been used to cap landfills in Wisconsin, New  

York, New Hampshire, and (Swann 1991; Zimmie and 

Moo-Young 1995). Moreover, since paper mill sludges 

are considered a waste product, landfill owner provide 

it at little or no cost. Construction cost may be reduced 

by $20,000 to $50,000 per acre.

Seven sludges were used in this study. Sludge A is 

a waste water treatment plant sludge from a deinking 

recycling paper mill. Sludge B is from a recycling 

paper mill. Sludge C is a from an integrated paper mill. 

Sludge C was obtained from a sludge monofill at 

different depths which represent sludge ages o f one 

week (C l), 2-4 years (C2), and 10-14 years (C3). 

Sludge D is from a recycling paper mill. Sludge E is 

from a non-integrated paper mill that uses titanium 

oxide as the primary filler. Niagara clay was used as 

the comparison in this study (Moo-Young 1995). This 

study evaluated the geotechnical characteristics o f  

seven paper sludges and compared these results to 

Niagara clays for use as the low permeability barrier in 

landfill covers.

2 GEOTECHNICAL CHARACTERISTICS

The ranges of water contents, w, organic content, Oc, 

specific gravity, Gs, liquid limit, w l , and plastic limit, 

wp, are summarized in Table 1 for paper sludges and 

Niagara clays. Water content was determined 

according to American Society for Testing and 

Materials (ASTM) procedure D2974. The oven 

temperature was reduced from 105° C to 70° C to 

avoid burning off some o f the organics. The organic 

content o f the paper sludge was determined according 

to ASTM procedure D2974, method C for geotechnical 

classification purposes. Specific gravity tests were 

performed on the sludges by modifying ASTM 

procedure D854. Boiling the sample was avoided to 

reduce thermal reactions from occurring. Upon drying,

Table 1 Range of water content, organic content, 

specific gravity, atterberg limits for sludges and clay

Material Water 

content 

(%)

Organic Specific Plastic 

content Gravity Limit 

(%) (%)

Liquid

Limit

(%)

A 150-250 45-50 1.88-1.96 94 191

B 200-250 56 1.83-1.85 147 297

Cl 255-268 54-56 1.80-1.84 — —

C2 180-200 47-49 1.90-1.93 114 218

C3 150-240 30-40 1.96-2.15 143 77

D 150-200 44 1.93-1.95 138 255

E 150-200 35-40 1.96-2.08 — —

Niagara 10-30 

clay

0 2.73 20 39
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paper sludges formed floes, developed a coarse texture, 

and were not easy to pulverize. Thus, sludge samples 

were prepared at their natural water content and soaked 

in water for an hour before pulverization.

Atterberg limits were determined by modifying 

ASTM procedure D4318. Specimens were prepared 

from the wet side, since the sludge did not regain its 

initial plasticity upon rewetting. Paper fibers and 

tissues in the sludge caused problems when cutting the 

groove for the liquid limit. The brass groove tool cuts a 

smoother groove and leads to more satisfactory test 

results in comparison to the plastic groove tool.

Paper sludges are characterized by high water 

contents and organic contents as well as low specific 

gravity’s in comparison to Niagara clay. High 

Atterberg limits in comparison to clays are common for 

water and wastewater treatment sludges (Wang et al. 

1991).

3 COMPACTION

3.1 Laboratory compaction

Proctor tests were performed on paper sludges by 

modifying ASTM procedure D698-78. Because o f  the 

high water content, tests were conducted from the wet 

side. Furthermore, when water was added to dry 

sludge, large clods formed, the clods were difficult to 

break apart, and the sludge lost its initial plasticity. 

The sludge was passed through the number 4 sieve and 

placed in a pan to air dry. Many trials (30-40 trials) 

were conducted to reach the optimum moisture content 

and density.

Figure 1 shows the Proctor curve (dry density versus 

water content) for sludges A  B, D, and E and Niagara 

clay. The Proctor curves for paper sludges are skewed 

with only a small range of water contents on the dry of 

optimum side of the curves and with a wide range of 

moisture contents on the wet o f optimum portion o f the 

curve. In comparison, Niagara clay has a typical bell 

shaped curve as shown if Figure 1. At higher water 

contents, the dry density obtained from the Proctor 

curve for the various sludges is similar. At the optimum 

density and moisture content, the sludge is dry, stiff, 

and unworkable. These test results on paper sludges 

compare favorably to research conducted on water 

treatment plant sludges (Wang et al. 1991).

3.2 Field compaction

Sludge A was utilized as the impermeable barrier in 

the cover for the Hubbardston landfill in Hubbardston, 

Massachusetts. During construction, four different 

types o f equipment were used to place the sludge: a 

small ground pressure vibratory drum roller, a vibrating 

plate compactor, a sheepsfoot roller, and a low ground

pressure track dozer. Due to the cohesive nature o f the 

sludge and the high water content, the sheepsfoot roller 

which is generally used to compact clay liners and 

covers clogged immediately. The vibratory methods 

did not provide homogeneous mixing and did not 

compact the sludge effectively. The small ground 

pressure dozer provided the best method o f placement 

and compaction. This equipment successfully 

eliminated large voids from the sludge and kneaded the 

material homogeneously.

4 CONSOLIDATION

4.1 Consolidation characteristics

One dimensional consolidation tests were conducted on 

all sludge samples following-ASTM procedure D2435. 

In comparison to clays, paper sludges are highly 

compressible. Paper sludges are characterized by high 

strain values and large reductions in void ratio when 

consolidated. The consolidation characteristics of 

paper sludges are similar to organic soils and peats. 

The consolidation characteristics o f paper sludges are 

well documented (Zimmie et al. 1995; Wang et al. 

1991). The compressibility o f paper sludge is 

influenced by the water content and organic content.

WATER CONTENT (•/.)

Figure 1 Proctor curves for Niagara clay and various 

sludges
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4.2 Effects o f water content on compressibility

Consolidation tests were performed on the various 

sludges at different water contents to show the highly 

compressible nature o f the paper sludge and to establish 

a relationship between consolidation behavior and 

initial water content. Consolidation tests revealed that 

higher initial water contents resulted in higher void 

ratios. Figure 2 plots the compression index and initial 

water content relationship for paper sludges and for 

water treatment sludges (Wang et al. 1991) and shows 

the 95% prediction interval. The relationship between 

the compression index and water content is as follows:

Cc= 0.009wo (1)

Landva and LaRochelle (1983) established a 

relationship between compression index and water 

content for peats which is similar to the one obtained 

for paper mill sludges. In the absence o f laboratory 

consolidation data, the compression index for remolded 

clays can be calculated from the liquid limit where Cc =

0.007(w l - 10). For Niagara clays, the compression 

index is about 0.2, where the compression index for the 

paper sludges in this study are greater than 0.5.

5 PERMEABILITY

There are three major factors that contribute to the 

permeability characteristics o f paper sludges: water 

content, organic content, and consolidation. 

Permeability tests were performed on the sludges 

following ASTM procedure D5084.

5.1 Effects o f water content on permeability

Results o f permeability tests performed on paper 

sludges are highly dependent upon the initial water

Water Content (%)

Figure 2 Compression index and water content 

relationship

content which is similar to results obtained for clay. 

Figure 3 plots the permeability and water content 

relationship for sludge A, D, and E. In general, the 

water content and permeability relationship for paper 

sludges reveals that the permeability increases near the 

optimum moisture content (wopt = 40% to 60%). For 

clay, the minimum permeability typically occurs near 

the optimum water content (Mitchell 1965). The 

minimnm permeability for paper sludges, however, 

occurs at a water content which is at least 50 to 100 

percent wet o f the optimum water content. When 

constructing a paper sludge landfill cover, a high initial 

water content is desirable unlike a clay landfill cover or 

liner which is molded near the optimum water content 

(Zimmie et al 1995; Moo-Young 1995).

5.2 Effects o f organic content on permeability

Figure 4 shows a relationship between the organic 

content and permeability for various paper sludges. 

Samples were compacted at the initial water content, 

and triaxial permeameter tests were conducted at 34.5 

kPa. The organic content ranged from 25% to 73%. 

The solid line represents the first order linear regression 

model which passes through the origin. Figure 4 also 

shows the ±95% prediction interval which illustrates 

upper and lower range values with respect to the first 

order linear regression. As the organic content 

decreases, there is a decrease in permeability.

WATER CONTENT (%)

Figure 3 Initial water content and permeability 

relationship

SLUDGE A

SLUDGE

SLUDGE
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Figure 4 Organic content and permeability relationship

5.3 Effects of consolidation on permeability

In laboratory triaxial permeability testing the 

consolidation process is three dimensional (isotropic), 

which yields slightly different results than one 

dimensional consolidation (Craig 1992). Sludges with 

higher initial water contents have steeper decreases in 

void ratio under equivalent changes in effective stress. 

Paper sludge is a highly compressible material. A 

typical clay has a compression index of 0.2 to 0.3, 

whereas a paper sludge has a compression index of 1.1 

to 1.5 (Zimmie and Moo-Young, 1995). Under small 

loads, a paper sludge shows a large reduction in 

water content and void ratio, where as Niagara clay 

showed very little.

The amount of reduction in void ratio under a given 

change in effective stress directly effects the magnitude 

of change of permeability. Figure 5 plots the chamber 

pressure and permeability relationship for paper sludges 

and Niagara clay. A typical paper sludge shows 

approximately one order of magnitude decrease in 

permeability while Niagara clay shows a reduction o f a

CHAMBER PRESSURE (kPa)

Figure 5 Chamber pressure and permeability 

relationship for sludge and clay

factor o f two over the same range o f pressures as 

shown in Figure 5. These results are comparable to the 

results obtained from studies conducted on organic 

clays and peats (Mitchell 1993).

6 CONCLUSIONS

1 Paper sludges have a high water content and 

organic content in comparison to clays.

2. Paper sludge landfill covers should be compacted 

far wet o f  the optimum water content (50-100% wet of 

optimum). During the construction o f the landfill cover, 

the paper sludge layer should be protected from the 

effects o f desiccation and shrinkage cracks which 

would cause an increase in the permeability.

3. Consolidation characteristics o f paper sludges are 

influenced by the water content and organic content.

4. Permeability o f paper sludges is influenced by 

compressibility, water content, and organic content.
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