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SY N O PSIS: A series of standard soils tests was performed on mixtures of municipal sewage sludge compost and selected soils to determine the feasibility of using 
the composted sludge as landfill cover material. One compost was produced using wood fly ash as a bulking agent while the other was produced using wood chips as 
a bulking agent. At the time of testing, both soils were being used as landfill cover. The results indicate that municipal sludge composts can be effectively used as a 
soil amendment for landfill covers. However, compost using a fly ash bulking agent exhibits greater strength when used alone or in combination with soil compared 
to compost produced using wood chips as a bulking agent. Additionally, the coefficient of permeability of the soils was significantly decreased with the introduction 
of both types of composts.
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IN TR O D U CTIO N

All waste water treatment processes produce a sludge by-product which must 
ultimately be disposed on the land, in the ocean, or in the air (incineration). The 
direct disposal of uncomposted sludge at land disposal sites provides 
opportunities for soil and/or water contamination. Sludge composting with 
concomitant land disposal, and incineration with ash generation and land 
disposal are the only two currently feasible sludge disposal methods given the 
present political and technical climate. Sludge composting offers many 
advantages over incineration including 1) lower capital costs, 2 ) production of a 
potentially useful by-product, and 3) a relatively small carbon dioxide release to 
the atmosphere as compared to incineration. One of the major obstacles to more 
widespread use of composting, however, is developing markets for the final 
product. The objective of this study was to determine ihe suitability of soil - 
compost mixtures for use as a landfill cover material.

BA CK G RO U N D

The purpose of using a cover for a landfill is to minimize the percolation of 
precipitation into the waste being contained, and to prevent the waste from 
escaping into Ihe environment. Generally, a modem landfill can be divided into 
five distinct layers (Dwyer, et al., 1986): 1) the vertical percolation layer, 2) the 
lateral drainage layer, 3) the barrier layer (sometimes with an impermeable liner),
4) a waste layer, and 5) a liner system. The first three layers make up a landfill's 
final cover which is placed once the landfill has reached capacity. However, 
besides the final cover there are two other types of landfill cover: 1) the daily 
covcr which is placed over the compacted waste after each day of operation, and
2 ) the intermediate cover which is placed after a section of the landfill has been 
closed. The intermediate layer is usually two feet thick and may be used as a 
road for trucks and other equipment (Luuon, el al., 1979).

The soil-conditioning effects of municipal sludge compost have been studied by 
a number of investigators (Darmody el al., 1983; Epstein et al., 1976). Chang et 
al. (1983) performed two types of tests on soil-compost mixtures: 1) the 
measurement of soil properties, and 2 ) the determination of soil water release. 
As more compost was added as a percentage of total volume, there was a 
decrease in bulk density and modulus of rupture, and an increase in the water 
holding capacity and hydraulic conductivity. Franklin et al. (1973) determined 
moislure-density relationships and the unconfined compressive strength for 
slightly organic soils (5%-30% organic content). They observed a decrease in 
maximum dry density, an increase in optimum water content and a decrease in 
unconfined compressive strength with an increase in organic content.

The ability of soil-compost mixtures to support surface loadings is critical to both 
the structural stability and integrity of landfill cover materials. Standard strength 
tests can be used to determine design parameters for landfill cover materials as 
applied to slopes and with moderate surface loads. In addition, strength and 
moisture density tests provide guidelines for determining field compaction 
specifications (Lutton el al., 1979).

TESTIN G  PROGRAM

The soil testing was part of larger project that included heavy metals leaching 
lests from soil-compost columns. Tests performed included: 1) grain size 
analyses, 2) moisture-density relationships, 3) hydraulic conductivity, and 4) 
strength tests (direct shear, unconfined compression, splitting tension). 
Laboratory testing was conducted according to ASTM procedures (ASTM, 
1991), where applicable. Methodologies were also developed for each lest to 
ensure uniformity of specimens and testing conditions. The individual materials 
(composts and soils) and soil-compost mixtures were evaluated in each test.

Sam ple collection p repara tio n  o f soil-compost m ixtures

Compost specimens for this project were obtained from the West Warwick, 
Rhode Island Pollution Control Plant and the Bridgewater, Massachusetts 
Pollution Control Plant. The composting operation al the WWPCP uses the 
United Slates Department of Agriculture (USDA) aerated pile system (USEPA, 
1980) with fly ash as a bulking agent. The BPCP composting operation also 
uses the USDA aerated pile system, but with wood chips as a bulking agent. 
Two types of soils, classified as SM (SI) and SW-SM (S2) according to the 
Unified Soil Classification System, were obtained from the Central Landfill in 
Johnston, Rhode Island. Fig. 1 shows the grain size distributions of the soil and 
compost materials. Both soils were being used as final cover material at the time 
of testing. Representative bulk specimens of all four materials were collected at 
different locations on the respective sites.

The soils and composts were air dried prior to mixing and testing. Eight 
different soil-composl mixtures were prepared and tested along with each 
individual compost and soil type (Table 1). All materials (compost and soil) 
were passed through a 4.75 mm sieve. Mixtures were proportioned in Ihe 
laboratory on a dry weight basis which was directly related to equi-volume 
estimates for field proportioning. For example, equal volumes of air-dried 
mixtures of both soils and West Warwick Compost (W W Q contained 75% (by 
weight) soil and 25% (by weight) compost. For Bridgewater Compost (B Q  the 
percentages were 67% and 33%, respectively. The other mixtures of soil and 
compost were chosen somewhat arbitrarily to give data for anticipated field 
proportioning and to bound the range of possible soil-compost mixtures.

M oisture density relationships (ASTM D698)

Moisture-density relationships were developed using the Standard Proctor 

compaction test. The optimum moisture content (wopl) and maximum dry 

density ( ydmax) data obtained from the compaction tests were used to prepare Ihe 

soil-compost mixtures for subsequent tests. For both soils, (he addition of each 

type of compost decreased Ydmax (Fig. 2a) increased wopt (Fig. 2b) and tended 

to flatten out the Proctor curves with increasing percentages of compost. The 

decrease in ydmax was due to the lower specific gravity of the composts
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Table 1. Summary of Soil-Compost Mixtures (% by dry weight).

Sample ID Soil Component Compost Component
BC None 100% BC
WWC Naie 100% WWC
SI 100% SI None
S2 100% S2 None
Sl-BC 67/33 67% SI 33% BC
Sl-BC 83/17 83% SI 17% BC
SI-WWC 50/50 50% SI 50% WWC
Sl-WWC 75/25 75% SI 25% WWC
S2-BC 67/33 67% S2 33% BC
S2-BC 83/17 83% S2 17% BC
S2-WWC 50/50 50% S2 50% WWC
S2-WWC 75/25 75% S2 25% WWC

D iam eter (m m )

Fig. 1. Grain size distributions for soils and compost materials.

(WWC = 2.20; BC = 2.00) relative to the soils (SI = 2.50; S2 = 2.65). t h e  

increase in wopi can be attributed to the ability of the composts to absorb more 

water compared to (he soils alone. The water-holding capacities of WWC and 
BC were 0.63 and 0.61, respectively, which are similar to those for clayey soils'.

Coefficient o f  perm eability  (ASTM  D2434)

Specimens were compacted at wopt in rigid-wall permeameters to three different 

dry unit weights near ydmaz- Vacuum saturation was used to fullly saturate 

specimens. Constant head tests were conducted on high k specimens at a 

gradient of 8 .8 . Falling head tests were conducted on low k specimens at 
gradients between 10.0 and 3.3. Permeability results are summarized in Table 2 
which indicates that the addition of both types of compost generally produced a 

decrease in k. The effect was most pronounced for S2, where k dropped from 2 

x 10 -7  for o% compost to 1 x lO-^  m/s for 100% BC and 3 x 10'® m/s for 
100% WWC. The permeability for 100% SI was about one order of magnitude 
greater than that for 100% WWC, and about two orders of magnitude greater 

than that for 100% BC. The decrease in k with increasing percentages of 
compost can be attributed to swelling of the compost when saturated, which 
reduces (he pore space available for flow. The addition of BC to SI reduced k 
by at least an order of magnitude.

The low values of k for the soil-compost mixtures may not be truly 
representative of actual field conditions since laboratory specimens were 
completely confined and specimen volume changes were not allowed. Under 
actual conditions, cover material used as a vertical percolation layer would be 
allowed to swell one-dimensionally. This would not lead to as much of a 
decrease in pore space as in the laboratory tests, and the permeabilities might not 
be as low as was observed. An exception to this would be (he use of the soil- 
compost mixtures as a barrier layer component of a cover system, where the 
mixtures would be completely confined.

D irect shear streng th  (ASTM  D3080)

Specimens were compacted to 90% of fdmax at wopi in a 2.5 cm high, 6.4 cm 

diameter shear box. Table 2 summarizes the direct shear test results. Fig. 3a 

shows the angle of internal friction ( 0 ) as a function of percent compost in (he 

mixtures and indicates that mixtures of WWC with both soils had the highest 0

0  ------- «------- 1------- 1------- 1--------1------- 1____ I_____I_____I____

0 20 40 60 80 100

P ercen t C om post

P e rcen t C om post 

Fig. 2. Standard Proctor test results: (a) wopi vs. percent compost; (b) fdmax 

vs. percent compost

T able 2. Permeability, Strength and Suitability Value Results.

Sample ID k

nVs

Direct Shear 

c * 

kPa deg.

fu

kPa
at

kPa

W

BC
1.0x l0"lu 13.0 27.8 - R 2 0 148

WWC 2 .0x10 '® 2 1.1 50.2 189.2 6.5 268
SI 3.0x10-« 10.3 56.8 115.0 2.9 213
S2

2 .0x l0 ' 7 11.8 37.4 38.3 0 128
Sl-BC 67/33 2 .0x 10 -® 20 .8 40.5 38.3 0 157
Sl-BC 83/17 5.0x10-® 14.2 52.3 76.7 3.1 203
Sl-W WC 50/50 4.0x10-® 32.5 60.0 148.5 16.8 325
Sl-W WC 75/25 1 .0x 10 -® 6.7 68.9 62.3 1.9 2 11

S2-BC 67/33 2 .0x 10 -» 17.9 47.4 38.3 0 155
S2-BC 83/17 1.5xl0 ' 7 15.1 52.9 124.6 2 .2 198
S2-WWC 50/50 2 .2x l0 -7 8.3 58.3 258.7 9.1 297
S2-WWC 75/25 4.0xl0 -7 8.8 55.2 186.9 8 .1 256

values while the mixtures of BC with both soils had the lowest. Fig. 3b shows 

the cohesion (c) of the soil-compost mixtures as a function of the percentage of 
compost. In three of the four soil-compost groups (Sl-BC, SI-WWC, S2-BC) 
the maximum cohesion was obtained for a soil-compost mixture rather than for 

soil or compost exclusively. The maximum value of c for the S2-WWC group 
was obtained for 100% compost. The WWC and mixtures with both soils 
exhibited typical soil shear stress-shear strain behavior, reaching a maximum 
shear stress followed a decrease in residual strength with continued deformation. 
The BC exhibited a continuously increasing shear stress with horizontal 
deformation which tended to dominate the behavior of the BC-soil mixtures.

U nconfined com pressive streng th  (ASTM D2166)

Specimens were compacted to 90% of fdmax density in a 5.1 cm high, 10.2 cm 

diameter compaction mold i t  three different moisturi contents bracketing wopi.

1580



51-WWC
52-BC 
S2-WWC
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Unconfined compression strength vs. percent compost.

(b)
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F ig. 3. Direct shear test results: (a) peak friction angle; (b) cohesion.

Test results are summarized in Table 2 and Fig. 4 shows the unconfined 

compressive strength (qu) as a function of the percentage of compost. Both BC 

and S2 had extremely low values of qu which was expected since the compost 

contained a significant amount of wood and humus and the soil contained nearly 

90% sand with a trace of silt. Both WWC and SI had moderate values of qu 

which was also expected since a significant portion of the compost was very 

fine fly ash and the soil had about 30% fines. The WWC had the highest qu  of 

all specimens tested. The qu for SI decreased significantly with the addition of 

BC while it decreased slightly and then increased with the addition of WWC. 

For both the S2-BC and S2-WWC groups, the maximum qu was obtained for a 

mixture of soil and compost rather than for soil or compost exclusively.

S p litting  tensile streng th  (ASTM  C1635)

To effectively contain gases and exclude surface water, a cover material should 
resist cracking and therefore must possess some amount of tensile strength. 
Since landfill covers are usually sloped, there will exist tensile forces that will 
tend to split the cover material. Additionally, cover material will also crack if 
there is uneven settlement of the landfill. Detrimental effects of cracking in cover 
material involve uncontrolled leakage of gas upward and/or percolation of 
rainwater into the waste, and easy access for burrowing animals and vectors 
(Lutton et al„ 1979).

The splitting tensile strength (a t)  o f the soil-compost specimens was determined 

sing the standard splitting test method for concrete cylinders. While this is not a 
traditional soil mechanics laboratory test, it has been used in the analysis of 
sludge-amended soils (Barstar, 1985). In this test, specimens are loaded along 
the longitudinal axis as opposed to axially as in the unconfined compression test 
A standard unconfined compression testing machine for soils was used to apply 
a vertical load along the longitudinal axis of S.l cm diameter, 10 .2  cm long 

compacted specimens. For specimens containing 0% to 25% compost, at 

decreased with increasing moisture content. For specimens containing 50% to 

100% compost, o’; increased with increasing moisture content. The test could 

not be performed on S2 or BC alone due to the nature of the materials.

D ISC U SSIO N

Differences in observed behavior between the various mixtures of the two 
different composts with the two different soils studied and their influences on 
engineering properties is primarily due to the nature and composition of the 
compost materials themselves. The WWC process uses fly ash as a bulking 
agent and the general behavior of the compost is very similar to that of a silty 
soil. The BC process uses wood chips as a bulking agent and the general 
behavior is very similar to that of peaty soil.

Some general observations can be made regarding optimum soil-compost 
mixtures based on (he results of this study. Overall, the strength of the WV/C 
mixtures was higher than either one of the soils or the BC mixtures. The WWC- 
S2 mixtures had the highest permeabilities of all specimens tested, but were still 
relatively low and acceptable for landfill cover design. Since all of the S 1 - 
compost mixtures (including the soil and composts alone) had permeabilities less 

than 10~7 m/s and as low as 10 ~10  m/s at ydmai< these materials could be used 

in a landfill cover to effectively retard percolation into a landfill. Permeabilities 
of the soil-compost mixtures were controlled by the compost fraction, and 
depended on the amount of moisture retained by the compost. Both composts 
have large water holding capacities, and when this capacity was reached the 
swelling of the compost inhibited the flow of water. This would clearly be a 
desirable characteristic of a landfill cover or some other hydraulic barrier. 

However, soil-compost mixtures would have to be compacted near Ydmax to 

achieve reduced permeabilities. The percolation layer of a landfill cover may or 
may not be compacted depending on if plant growth is desired. For the 
compacted barrier layer of a landfill cover the weight of subsequent layers, along 
with the movement of heavy machinery, would probably guarantee that the soil - 
compost mixtures remain compacted and confined.

A quantitative evaluation of the eight soil-compost mixtures and the four 
individual component materials was performed by determining a total score, or 
desirability, for each mixture or material type based on the entire data set. The 
score was obtained by calculating a subscore based on each soil parameter 

evaluated, i.e., <l>, c, qu , 0 / and k. The total score or Suitability Value 0V) was 

obtained by summing the unweighted subscores for each mixture or component 
material as follows:

S V  = + 4  + 4  + 4  + ( - lpg o
c <7. o , ( - l o g * » , )

z l  0 0 % (1)

where the superscript i denotes the value for an individual specimen, the 

superscript * denotes the maximum value for all specimens, the subscript max 

denotes the value fdmax’ and other symbols are as previously defined.

Suitability Value results are given in Table 2 and Fig. 5 which shows that the 
total score was greatest for a 50/50 mixture of S 1 and WWC. In general, the 
mixtures containing WWC had high total scores while those containing BC had 
low total scores. The results indicate that a 50/50 mixture of WWC and SI 
would be the most desirable proportioning for incorporation into a landfill cover. 

The addition of WWC significantly increased the SV of both soils, and any 
combination of WWC with either soil can be recommended as landfill cover 
material. The addition of BC to both soils did not significantly affect the overall 
suitability of either soil.

40 60
P ercen t C om post

O Sl-BC
•  Sl-WWC
□ S2-BC
■ S2-WWC

Fig. 4.
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F ig. 5. Suitability values for soil-compost groups as landfill cover.

The slope of landfill covers and the movement of heavy machinery over the 
covers is the primary consideration in evaluating the strength parameters of 
potential cover materials. Mixtures of the WWC with both soils showed higher 

values o f ip, c ,q u and oj than either of the soils by themselves. Additionally, the 

mixtures of WWC with both soils had the greatest angles of internal friction, 
implying that the shear force required to induce slope failure would be greatest 
for these mixtures. The maximum allowable slope for cover consisting of 
mixtures of WWC and both soils would be greater than for mixtures containing 
BC. Since both soils were being used effectively as landfill cover material at the 
time of testing, it is evideht that mixtures of WWC with either of the soils could 
be used as landfill cover material.

C O N C LU SIO N S

Certain composts are acceptable as cover material by themselvesjhowever, their 
suitability is dependent upon the composting method employed. Composts 
having fly ash as a bullring agent (W W Q exhibit greater strength in combination 
with soil or by themselves than do composts produced using wood chips as a 
bulking agent (BC). The primary reason is that fly ash consists of particles 
smaller than those of wood chips, producing a behavior similar to that of a silty 
soil. When wood chips are used as a bulking agent, the behavior is similar to 
that of a peaty so l. This difference between the two bulking materials indicate 
that composts with fly ash would be more desirable than those with wood chips. 
Based on the results of this study, some general conclusions regarding the soil- 
cooditioning effects of the composts can be made:

1) The coefficient of permeability decreased as the proportion of compost 
increased due to the swelling of the compost fraction as it adsorbed water. 
The compost had a high water holding capacity which would be a desirable 
characteristic of a landfill cover material since water would be inhibited from 
percolating through the cover and into the landfill. The flow-retarding nature 
of the compost, however, is heavily dependent upon its density. Landfill 
covers with composts incorporated into them would have to be compacted 
near maximum to be effective.

2) The two types of composts had different effects on the strength parameters 
as each was added to the soils. Mixtures of WWC with both soils had 
higher values for direct shear, unconfined compressive, and splitting tensile 
strength than did either of the soils alone. Mixtures of BC with SI (silty 
sand) had lower values for the three strength parameters than did the soil 
alone, while mixtures of this compost with S2 (sand) had higher values for' 
direct shear and unconfined compressive strengths with no increase in the 
splitting tensile strength.

3) A quantitative evaluation with respect to flow retardation and strength of all 
mixtures and components showed that a 50/50 combination of WWC and SI 
would be the most desirable mixture for incorporation into a landfill cover. 
The addition of WWC significantly increased the suitability (SV) of both 
soils, and any combination o f WWC with soils SI or S2 can be 
recommended as potential landfill cover material. The addition of BC to 
both soils did not significantly affect the overall suitability r f  either soil.
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