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1. INTRODUCTION 

The Institute for Land and Water Management Research (ICW) is 

performing research on land and water management of the rural area. 

Originally the research was entirely related to agriculture, but 

gradually it became clear that it was no longer possible to examine 

problems related to agriculture in an isolated way. Many other 

interests compete for water, space and facilities in the rural area. 

Therefore research on environmental aspects of both agricultural 

and non-agricultural land use with special emphasis on soil and 

(ground)water quality is now an important part of the research in the 

Institute. 

For the research on soil and groundwater pollution, as it 

is going on in the Netherlands and especially within the Institute, 

it was considered as highly important to become acquainted with the 

latest developments in the U.S.A. 

Considering research projects going on in the Institute an 

itinerary was composed with help of the Solid and Hazardous Waste 

Research Division, U.S. Environmental Protection Agency in 

Cincinnatti (Ohio), comprising the following subjects of interest: 

- groundwater quality modelling; 

- transport and accumulation of contaminants in soil and groundwater; 

- techniques for prediction of effects with regard to Environmental 

Impact Assesment (EIA); 

- methods of disposal/reuse of municipal and hazardous waste and 

sewage water; 

- leaching of contaminants from sanitary landfills; 

- construction of liners to prevent groundwater pollution from 

landfills; 

- production and recovery of landfill gas. 



The complete itinerary with names of institutes and persons 

visited is given in Appendix 1. 

2. CONFERENCE ON RESOURCE RECOVERY FROM MUNICIPAL, HAZARDOUS AND 

COAL SOLID WASTES (Miami Beach, FL) 

2.1. G e n e r a l 

The conference was meant to give a state-of-the-art of the 

techniques used for resource recovery from municipal, hazardous 

and coal solid wastes, and to provide a forum of interdisciplinary 

exchange between investigators from different backgrounds with 

experience in different kinds of waste. 

The attention for resource recovery from municipal solid waste 

is strongly increasing in the USA, because of environmental problems 

caused by other methods of waste disposal (air pollution, soil 

pollution). 

2.2. E n e r g y r e c o v e r y f r o m m u n i c i p a l 

s o l i d w a s t e 

Municipal solid waste (MSW) is considered as a potentially 

attractive source of energy for replacement of gas, oil or coal 

in steam and electricity generation. The energy may be recovered 

by mass burning of the MSW or by burning refuse derived fuel (RDF) 

in 'dedicated' boilers (waterwall incinerators designed specifically 

for burning RDF). RDF is the combustible fraction of the MSW, 

which is left after separating it from non-combustible fractions like 

iron, non-ferrous metals and glass. 

Compared with mass burning of MSW the ash content of RDF is 

lower and the heat content is higher. Depending on the preparation 

method the ash content of RDF may reduce to 7% (MSW: 25%) and the 

heat content may increase to 7500 BTU/lb (MSW: 4500 BTU/lb). 

The energy from MSW is recovered for 40% by mass incineration, 

for 6% by modular combustion and for 52% by burning RDF. The RDF 

may also be burnt as a supplemental fuel with coal or oil. 



Several papers discussed the environmental consequences arising 

from the combustion of MSW or RDF, like emissions into the atmosphere 

(hydrogen chloride, NO , SO , particulates), the composition of 

residues and the risk of corrosion of boilers. 

Compared with fossil fuels the emission of hydrogen chloride 

is considerably higher for RDF or RDF/coal mixtures. This aspect 

deserves special attention because of corrosive action. However, 

other papers reported no corrosion of boilers when coal and RDF 

were cofired. Another problem may be the emission of dioxins, 

particularly the highly toxic TCDD (2,3,7,8-tetra chlorodibenzo-

-p-dioxin). 

The emissions of sulphur and nitrogen are lower for RDF, because 

the contents of RDF are low compared with coal. When cofiring RDF 

and coal the emission of SO reduces also because the sulphur (from 

coal) reacts with calcium and iron (from RDF), forming CaSO, and 

Fe-sulphates. 

Because most metals are present in high concentrations in 

solid waste, emission of heavy metals may be a problem. This is 

especially true for Pb and Zn. The emissions vary with the technique 

of separating RDF from MSW and with the burning temperature. 

Problems like excessive slagging, abrasion of mechanical parts 

and reduced energy content are highly related with the efficiency 

of separating the non-combustible portion and removing inert fines 

and glass from the RDF. 

2.3. E n e r g y r e c o v e r y f r o m h a z a r d o u s 

w a s t e 

Hazardous waste may be a resource for recovery of energy and 

valuable metals. Incineration leads to detoxification and volume 

reduction and especially in case of wastes with a high heat content 

the energy may be recovered. 

Thermal destruction is appropiate for 70% of the listed wastes 

in the USA. There are several types of incinerators, nearly 90% 

of them have included energy recovery. The furnish temperature may 

vary from 300 to 3500 °F. The Environmental Protection Agency (EPA) 



has published a handbook on 'Hazardous Waste Incineration'. 

An example is the use of liquid organic wastes as a fuel for 

cement kilns. The advantage is that the cement making process involves 

extremely high temperatures (2000 - 2600 °F) and long burning 

temperatures (15 minutes), which insures that all waste is destroyed. 

Moreover the capacity of a cement kiln to dispose of waste is quite 

large. Suitable wastes are: spent solvents, industrial oils, greases 

and paint residues, and residues from solvent reclamation operations. 

2.4. R e u s e a n d m e t a l r e c o v e r y 

Inorganic wastes, especially sludges from galvanic industries, 

containing heavy metal hydroxides, may be used in brick production. 

The clay blending process is especially valid to leave a number of 

sludges innocuous because of the long burning times. Emissions of 

fluorine, chlorine, sulphates and dust particles were not significantly 

higher when sludges were mixed with clay. In some cases there was a 

slight increase of heavy metal content in the dust particles. Sludge 

addition did not cause remarkable variations in mechanical characteristics 

of the product. 

Fly ash may be used as a cementitious additive in concretes and 

grouts together with Portland cement. The pozzolanic reactivity of 

fly ash is largely a consequence of the presence of glassy material 

(silicate particles). At this moment about 50% of the fly ash produced 

is utilized, the other 50% has to be disposed of. The amount of fly ash 

is expected to increase strongly in the near future because of the 

increasing use of coal as a fuel for electric power generation. 

At this moment about 600 x 10 tons of coal are consumed leaving 

75 x 10 tons of fly ash. This amount is expected to be doubled in 

1990. 

Especially the aluminum in fly ash (about 20% A1„0~) is an 

interesting resource for recovery because there are no natural 

aluminum resources within the USA. Other interesting chemicals, 

which may be recovered from fly ash are titanium oxide and many 

trace metals (Mn, Co, Ni, Zn, Cd, Fe). 



Research is going on now on different types of recovery processes, 

like leaching of metals with acids, sintering, carbon chlorination 

(i.e. extraction as volatile aluminum chloride), and bacterial 

extraction. When all fly ash produced would be used for aluminum 

recovery about 10 x 10 tons of aluminum metal could be produced 

in 1990, which exceeds the annual US-demand for primary aluminum. 

Because of the importance of aluminum even the feasibility of 

aluminum recovery from clay soils rich in aluminum is investigated. 

Other possibilities for recovery and reuse of valuable parts 

from solid waste are: 

- production of a feed for animals, e.g. from food wastes. One of 

the major concerns is the spread of diseases. Therefore the waste 

has to be treated. Thus the effect of temperature and exposure 

time was studied, indicating that most bacteria were killed at 

rather low temperatures (up to 30°C) within 72 hours; 

- production of biogas from MSW, RDF and/or sludge, under controlled 

conditions, by pyrolysis, hydrogénation or anaerobic digestion; 

- use of sludge as a soil amendment in forests (forest products are 

not consumed and thus are less likely to pose a health hazard). 

Research indicated an increase in tree growth and an increase in 

waterholding capacity and available nutrient status of the soil. 

2.5. R e c o v e r y o f l a n d f i l l g a s 

A few papers (two from Germany, one from Italy) discussed 

research on recovery of landfill gas. In the German contributions 

research on laboratory scale and field scale was discussed. One of 

the conclusions was, that under optimum conditions in the laboratory 

the main gas production phase in shredded refuse was terminated 

after a period of 4 to 6 months. 

In highly compacted refuse it took more time to reach the 

methane fermentation stage than in less compacted refuse. In practice 

methane fermentation will start within one year, when the refuse 

is only moderately compacted and especially when leachate is 

recirculated. 



The quality of the leachate in a landfill depends on the stage 

of fermentation. To minimize the chemical load of the leachate one 

should try to reach the methane production phase in a landfill as 

soon as possible. An effective degradation of fatty acids by methane 

fermentation may be realized in a 'two-reactor' system, i.e. the 

lower 2 meter of refuse is treated in such a way that methane 

fermentation starts rather soon. In this case the fatty acids 

produced in upper refuse layers will be converted to methane during 

percolation through the lower layer. This new concept of sanitary 

landfilling is now tested at the landfill of Lingen (W-Germany). 

The gas produced in a landfill can be extracted and utilized 

in gas engines producing electricity. At the landfill 'Am Lemberg' 

(W-Germany) the landfill gas is burnt in boilers for heating of a 

nearby greenhouse complex. Extraction from a horizontal withdrawal 

system under natural pressure inside the landfill has given quite 

good results with high methane contents in the gas (55-60%). 

In Italy also research is going on about the feasibility 

of landfill gas recovery. The alternatives studied are: 

- distribution of landfill gas to nearby factories; 

- transport to the nearest gas distribution network; 

- installation of an electric power generator on the site. 

The feasibility study indicated that generation of electricity 

was the most attractive alternative. 

In the USA several gas recovery projects are under operation 

for several years (see Chapter 10). These experiences, however, 

were not presented at the Conference. 

2.6. R e s o u r c e R e c o v e r y P l a n t n e a r M i a m i 

An excursion was made to Resources Recovery (Dade County), Inc. 

near Miami. 

In a resource recovery plant first of all the MSW is separated 

into fractions by shredding (in hammermills), followed by magnetic 

separation of ferrous material. Next the light combustible fraction 

is separated from the heavier noncombustibles and further processed 

to yield RDF. Aluminum and glass are recovered from the heavy fraction. 



In this resource recovery plant 3,000 tons/day of MSW (domestic 

garbage and trash) are processed to recover yearly: 

- 62,000 tons of ferrous material; 

- 3,000 tons of aluminum; 

- 10,000 tons of non-ferrous material; 

- 20 to 85,000 tons of glass, depending on quality desired; 

- 400 to 500,000 Megawatt Hours as net output electricity generation. 

The materials in the MSW are seperated by sieving and differences 

in specific weight in a slurry according to the Black Clawson 

principle. The combustible fraction (paper, organic garbage, plastic) 

is processed to yield RDF. Next the RDF is fired in boilers to 

produce steam for electricity generation. Per ton of RDF (i.e. about 

70% of the MSW) about 120 kWh is produced. Ash and glass are used 

as granulates in road construction. The total investment in the 

plant amounted to $ 120 x 10 (1979). 

The financial output of the recovery process was very good, 

particularly thanks to the generation of electricity. The yearly 

revenue of this plant is about $ 20 x 10 from the sale of electricity 

and recycable materials. 

2 . 7 . L i t e r a t u r e 

ABSTRACTS OF THE PAPERS PRESENTED AT THE CONFERENCE ON RESOURCE 

RECOVERY FROM MUNICIPAL, HAZARDOUS AND COAL SOLID WASTES 

in Miami Beach, Florida (May, 10-12, 1982) 

BROCHURE ON THE RESOURCE RECOVERY PLANT NEAR MIAMI (Address: 

Resources Recovery (Dade County), Inc., P.O.Box 524056, 

Miami, Florida 33152 



3. COURSE ON GROUNDWATER MODELING (Holcomb Institute, Butler University, 

Indianapolis, IND.) 

3.1. I n t e r n a t i o n a l G r o u n d W a t e r M o d e l i n g 

C e n t r e (IGWMC) 

In 1978 the Holcomb Research Institute established the International 

Ground Water Modeling Centre (IGWMC) whose principal objective is to 

provide information on groundwater modeling. To this purpose, IGWMC 

operates a clearinghouse for groundwater models, organizes and 

conducts workshops, seminars and short-courses on groundwater modeling 

and carries out a services-oriented research program. 

The clearinghouse function is performed by collecting information 

on groundwater models, both from the USA and abroad. After screening 

and testing this information is stored on a computerised data base 

now containing up to date information on hundreds of groundwater models. 

First priority is given to making existing models more accessible 

to potential users. Apart from an adequate documentation this also 

includes training of the model users. 

To facilitate the different activities the Center opted for a 

four-department structure: Clearinghouse, Training and Education, 

Research and Communication (see fig. 1). 

The need for communication with different groups within the 

groundwater community was met by developing an extensive publication 

program including brochures, newsletters and reports. Especially 

the Groundwater Modeling Newsletter covers all aspects of ground­

water modeling. Furthermore complete lists are available on 

documented groundwater models, mass transport models and programs 

for hand-held calculators. 



International Ground Water Modeling Center 
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-individual 
assistance 

Research 

-model needs 

-model use 

-model develop­
ment 

Commun cations 

-newsletter 

-reports 

-papers 

-handling infor­
mation requests 

-general mailing 

-documentation 
center 

Fig. 1. Organization of IGWMC 

3 . 2 . T h e P r i c k e t t - L o n n q u i s t M o d e l s P L A S M 

a n d T R A N S 

This course in May, 1982 was organized to instruct users about 

the Prickett-Lonnquist Aquifer Simulation Model (PLASM) and the 

expanded version of this model, which simulates the transport of 

solutes in groundwater systems (TRANS). 

The PLASM model has been widely used to study groundwater flow 

problems and has been proven by numerous field applications to 

solving complex problems in water supply, mining and reclamation 

projects including stream-aquifer systems. 

The mass transport model, i.e. the expanded version of PLASM, 

incorporates processes like dispersion and diffusion, 

retardation due to linear adsorption and first-order decay. The main 

advantages of this model are its simplicity and ease of application 

to groundwater flow processes pertinent to contamination and other 

water quality problems. Dispersion is treated as a random process 



and it is described by a statistical method. The model is therefore 

called the 'Random-Walk' Solute Transport Model, shortly indicated 

as model TRANS. 

PLASM is a 2-Dimensional model and so is the mass transport model 

TRANS. There is a 3-D version of PLASM but only for the waterflow, 

not for transport of solutes. 

The differential equation of continuity for the transport of 

solutes in soil may be numerically solved in three ways: 

- normal finite difference approximation (FD) this method is very 

tricky and sensitive and may lead to instability problems; 

- Method of Characteristics (MOC): two grid systems are needed, one 

for calculation of flow velocities and another one for the 

displacement of particles and calculation of new concentrations. 

Particles must be present in all elements of the grid system. 

This method is therefore time consuming. 

- Random-Walk Model: needs only one grid system, because the 

particles are running in a continuous space. Particles are 

present only at the places of interest. This means that elements 

can be empty. Disadvantages may be that, because the results have 

a lumpy character, lots of particles are needed to get a more 

'smooth' result. On the other hand the advantage is that solutions 

are additive, i.e. when a first run is done with a number of 

particles too low, a new run can be done and the two solutions can 

be added. 

The Random-Walk Model is in first instance meant for the horizontal 

plane. Nevertheless it can be used for the vertical plane, but in 

that case one should remember the features for the plane, e.g. 

recharge in the horizontal plane is coming from above, so in the 

vertical plane it is coming from aside. 

The model is not appropiate for unsaturated conditions and does 

not account for density flow. 

The model includes retardation due to linear adsorption. The 

retardation of a concentration front in groundwater relative to the 

bulk mass of water is described by the relation 

10 



V n d d 

where : 

V = interstitial velocity of the groundwater 

V = velocity of the relative concentration Ç/C = 0.5 in the 
c o 

concentration front 

p, = bulk mass density 
b 

n = effective porosity 

K, = distribution coefficient 
d 

R, = retardation factor 
d 

First-order decay is not incorporated in the model but can be 

added to the model if desired. This can be done very easily as is 

illustrated in the description of the model (PRICKETT et al., 1981, 

p.14). The particle mass (PM) is then decreasing according to 

PM = PM (0.5) T I M E / H L 

o 

where: 

PM = particle mass at TIME=0 
o 

HL = half-life of the solute 

The effect of dispersion can be illustrated with the progress 

of a unit slug of tracer-marked fluid, placed initially at x=0, 

in an infinite column of porous medium with steady flow in the 

x-direction (no adsorption, no decay). BEAR (1972) describes the 

solution as: 

c ( x '° = (w1 vO* exp 

Li 

(x-Vt)2 

4d Vt 
Li 

(1) 

where : 

C = concentration 

d = longitudinal dispersivity 
JLi 

V = interstitial velocity 

t = time 

x = distance along the x-axis 

11 



The shapes of the curves C (x',t) are shown in fig. 2 where 

x' = x-Vt. 

M/n= 1.0 

0.8 

4 0.6 

c 

0.4 

02 

0 ^ / 

\ " t o 

W* 

t 2 > t 1 

I I 
After Bear, 1972 

, t 3 > t 2 

-5 -3 -2 -1 0 1 
x' = x-Vt 

Fig. 2. Progress of a slug around the mean flow 

Based upon statistical concepts a random variable x is said 

to be normally distributed if its density function, n(x) is given 

by 

n ( x ) • moexp 
(x-u) 

- 2a2 

2-
(2) 

where: 

a = standard deviation of the distribution 

u = mean of the distribution 

Comparing both equations (1) and (2) it can be seen that these 

equations are equal if: 

a = /2dT Vt' 
Li 

u = Vt 

n(x) = C(x,t) 

12 



This means that dispersion in a porous system can be considered 

as a random process with a normal distribution. This concept is not 

new. Only the method by which this statistical approach is treated 

in the computer code and is applied to transport problems is new. 

In the computer a particle is moved in the flow direction x- and 

y-direction during a time increment, DELP, by convection according 

to its velocity (V ,V ). Then a random movement both in the flow J x' y 

direction and in a direction transverse to the mean flow is added 

to represent the effects of longitudinal and transverge dispersion. 

This random movement is given the magnitude (see fig. 3): 
- in the x-direction: /2d DX * ANORM(O) 

- in the y-direction: /2d DY * ANORM(O) 
J-j 

- in the direction transverse to the flow: /2d„ DD * ANORM(O) 

= v ^ T ™2 T 
where DD = VDX + DY , DX = V * DELP, DY = V * DELP 

' x ' y 

The function ANORM(O) is generated in the computer code as 

a simple function involving a summation of random numbers. ANORM(O) 

is a number between +6 and -6, drawn from a normal distribution of 

numbers having a standard deviation of 1 and a mean of 0. 

If the above process is repeated for numerous particles, all 

having the same initial position (xx, yy) and convective term, the 

new positions are normally distributed around the new position 

(xx + DX, yy + DY). 

The program can simulate one- or two-dimensional nonsteady/ 

steady flow problems in heterogeneous aquifers under watertable 

and/or artesian or leaky artesian conditions. Furthermore this 

program covers time-varying pumpage or injection from or into wells, 

natural or artificial recharge rates, the relations of water 

exchange between surface waters and the groundwater reservoir, 

the process of groundwater évapotranspiration, the mechanism of 

possible conversion of storage coefficients from artesian to water 

table conditions and the mechanism of flow from springs. 

It is possible to replace the hydrological part of the program 

(i.e. PLASM) by another hydrological model if necessary. 

13 



(A) LONGITUDINAL DISPERSION 

d L > 0 

dT = 0 

Old particle 
)ositior 
xx.yy 

position \ 

*- x 

DY = Vy»DELP 

DD = y/0X2 + DY 

DX = V 

V^L=V5d[DD 

V 
^ v Jt> DISPERSE { RL»DD <*DELPX^£ 

RL*DY y > »-»- New particle 
position 

y 
RL*DX 

Where: 
xx.yy 

RL*DD = v/2dLDD ANORM (0) 

New position = Old position + Convection + Dispersion 
xx xx + DX + RL*DX 
yy = yy + DY + RL*DY 

(B) TRANSVERSE DISPERSION 

:erc 
DISPL = 10 - 3 0 ) 

Old particle _ DX = VX*DELP 

position 

d L = 0 (to avoid a zero divide in code 

d T > 0 

DD = , / D X 2 + DY2 

Where: 

RT*DD= x /2dTDD ANORM (0) 

New position = Old position + Convection + Dispersion 
xx xx + DX + RT»DY 
yy yy + DY — RT*DX 

Fig. 3. General scheme for convection and longitudinal (A) and 

transverse (B) dispersion 
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4. SOLID AND HAZARDOUS WASTE RESEARCH DIVISION, EPA (Cincinnatti, OH) 

4 . 1 . G e n e r a l 

This division of the Municipal Environmental Research Laboratory 

is responsible for developing new and improved technology and methods 

for: 

- collection, transportation, processing and disposal of both solid 

and hazardous wastes; 

- prevention, control and abatement of accidental discharges of oil 

and hazardous materials. 

The division's research provides the scientific base for regulations 

and standards required by the Resource Conservation and Recovery 

Act. To perform its task the division uses research contracts, 

grants and interagency agreements. Major programs include: 

- improving landfill site selection and operation; 

- investigating alternatives to landfills; 

- recovery and reuse of waste materials; 

- development of hazardous and oil spill technology. 

In the past research was mainly focussed on municipal solid 

waste. A large number of reports have been published on subjects 

like production and quality of landfill leachate and landfill gas, 

stabilization of landfill processes, recirculation of leachate 

attenuation and migration of pollutants in soils near landfill sites. 

15 



This means that much information is available now, especially 

on environmental effects of handling and disposal of municipal solid 

waste at landfill sites. Recently the research in this field has 

been gradually reduced and attention is now focussed on hazardous 

waste materials. 

Important areas of research are now: 

- identification of pollutants in waste materials; 

- generation and migration of pollutants; 

- control and treatment of pollutants; 

- closure of landfill sites; 

- cost studies ; 

- publication of technical handbooks. 

4.2. G r o u n d w a t e r p o l l u t i o n n e a r l a n d f i l l s 

A special problem is the characterization of hazardous waste 

materials and the determination of leaching characteristics. For this 

purpose leaching tests have to be done in the laboratory. 

Standard leaching tests are available that prescribe leaching 

of the waste material with acidified water. However, EPA is convinced 

that these tests don't simulate the leaching process under field 

conditions in a correct way. Therefore leaching tests with tap water 

are preferred. 

The same problem is met when studying the transport of pollutants 

in soil with help of soil column experiments. In the USA many column 

experiments have been done with pure solutions to determine adsorption 

isotherms. The application of these isotherms in field situations 

is far from realistic because the ionic strength and the presence 

and concentration of competing ions may be completely different. 

Therefore column experiments for a certain field situation should 

be done with the waste water and soil type for that particular case. 

An important research project is also the chemical stabilization 

of hazardous waste and sludges. Several processes can be used to 

encapsulate the hazardous waste, but only a few can stand the 

durability tests (freezing/thawing, wetting/drying). The stabilized 

material was also tested by leaching it with water during two years. 
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The best, but most expensive stabilization process approved to be 

encapsulation with plastic. 

Models are available to predict the leachate volume as a function 

of climatical data, nature of vegetative cover and soil cover. Other 

models predict the migration of pollutants in groundwater (both simple 

analytical solutions and more complex computer models). Recently 

EPA published a comprehensive report on methods which are available for 

the prediction of leachate plume migration and mixing. 

Density flow, which may occur under field conditions because of 

the high density of the leachate, is not included in these models. 

In only one case there was a slight indication that density flow 

might have influenced the migration of pollutants. However, this 

aspect does not get much attention in the USA. 

4.3. L i n i n g a n d c a p p i n g o f l a n d f i l l s 

Another aspect, which gets a lot of attention, is the lining and 

capping of landfills to prevent infiltration of rain water and ground 

water pollution. Research is going on about the durability of liners 

in contact with leachate or organic liquids. Before application in 

a certain field situation synthetic materials must be tested on 

resistance against the leachate of that particular site. The tests 

should run for 120 days at a temperature of 20°C. The changes in 

physical features of the material are measured and should be less 

than a prescribed percentage depending on the requirements for that 

particular application. There is also research going on on the 

longterm effects of leachate and organic liquids on the permeability 

of clay liners (see Chapter 9). 

Liners of clay should have a saturated conductivity less than 
-9 -1 . . 

10 m.s , which is an order of magnitude lower than the limit used 

in Germany. Compared with research data in the Netherlands the limit 
- 9 - 1 . . . 

of 10 m.s is, however, still too high, since hydrological calculations 
and measurements have shown that the annual leakage through such clay 

-1 
layers may be in the order of 100 mm.year 

A slightly different approach is the research which has been done on 

liners of natural porous soils with the intention to minimize the 
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pollutant migration. In this case soils are selected on the base of 

their attenuation capacity. Especially a high adsorptive capacity 

for heavy metals is considered to be important. The permeability 

of these liners is of less importance. 

4.4. P r o d u c t i o n a n d r e c o v e r y o f l a n d f i l l 

g a s 

Another research project that has got much attention in the past 

years is the production and recovery of landfill gas. Compared with 

the situation in the Netherlands the composition of the municipal 

refuse in the USA is quite different. There is much more paper (42%) 

in the refuse, while the amount of food waste is minimal (12%) 

because most kitchen waste is dumped in the garbage grainder and 

goes into the sewage system. 

Several reports have been published dealing with the following 

aspects (see also Chapter 10): 

- rate of decomposition and gas production (accelleration of processes 

in a landfill) ; 

- recovery of landfill gas (piping system, pumps, etc.); 

- prevention of problems caused by horizontal spreading of the gas. 

4.5. T h e CECOS l a n d f i l l f o r d i s p o s a l o f 

h a z a r d o u s w a s t e 

A field trip was made to the CECOS (Chemical and Environmental 

Conservation Systems) landfill (211 acres), where hazardous waste 

(a.o. PCB's) is deposited in a controlled way. The amount of hazardous 

waste in the USA amounted to 50 x 10 tons in 1980, this figure will 

rise to 85 x 10 tons in 2000. 

The landfill was lined with a 60 mil (= 1.5 mm) high density 

Polythylene liner. Both below (1.50 in) and above (0.60 m) the liner 

a clay layer was brought in to protect the liner and to present 

additional resistance against leakage. The clay layers were compacted 
-9 -1 to lower the saturated conductivity to a value as low as 10 cm.s 

The waste is placed in the fill both as bulk material and in containers. 

Ultimately the fill will be closed with a 20 mil (=0.5 mm) PVC-liner 
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between two layers of each 0.60 m of compacted clay. On top 6 inches 

of top soil with grass will be placed. 

Each firm, that wants to deliver waste at the site, has to fill 

in a form reporting the characteristics of the waste. Furthermore 

the quality of the waste is checked when it is delivered at the 

site. For this purpose their is a laboratory at the site. The 

containers are covered with soil, while the locations are indicated 

on a map. The latter is important with respect to possible reclamation 

of the waste in the future, 
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5. SYMPOSIUM ON AQUIFER RESTORATION AND GROUNDWATER MONITORING 

(Columbus, OH) 

5.1. G e n e r a l 

This Conference was meant to give a overview of the measures 

which can be taken in case of serious groundwater contamination. 

A lot of accidental spills and serious pollution problems were 

reported. In most cases measures had to be taken within a couple 

of days to weeks. A general impression of the Conference is that 

there is already a lot of experience with various restoration 

measures in the USA, but research concerning the effectiveness of 

such measures is still in its infancy. 

Measures to contain or remove contaminated groundwater include: 

- construction of withdrawal wells, interceptor wells or trenches; 

- surface capping to prevent infiltration of rainwater; 

- construction of impermeable vertical walls with bentonite, grout 

columns or sheet piles; 

- immobilization of contaminants in the soil. 

Special attention was also given to the sampling and analysis 

of groundwater and the application of models to calculate the migration 

of contaminants in groundwater. 

5.2. W i t h d r a w a l a n d i n t e r c e p t o r w e l l s 

In case of serious aquifer contamination one of the first 

solutions considered is withdrawal of the contaminated groundwater. 

The position of extraction wells, the monitor well spacing with 

respect to the extraction wells and the duration and rate of 

extraction (and perhaps injection of the treated groundwater) 

should be designed with help of hydraulic computer models that 

consider also anisotropic properties of the aquifer system. 

A few papers discussed the effect of adsorption processes 

on the flow of a contamination front. This effect should be realized 

in designing monitoring networks, including distribution of wells 

and well depths. Due to adsorption processes the amount of water, 

which has to be removed from a contaminated aquifer, is much greater 
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for an adsorbing species than would be required for a non-adsorbing 

species. Furthermore the adsorption process may not be reversible, 

which means that the desorption process may take much more time 

than would be predicted on the base of adsorption curves only. 

Hydrocarbons which are lighter than water, float on the 

groundwater. Techniques for recovery of lost product and the 

abatement of residual, dissolved hydrocarbons may include the 

recovery of free product by a special two-pump system or with 

intercepting trenches. The groundwater extracted should be treated. 

The removal of dissolved hydrocarbons can be done by air stripping 

(especially effective for low molecular compounds if the distribution 

ratio C . /C is higher than 10), by activated carbon filters air water & ' J 

(for removal of high molecular compounds) or by biochemical processes. 

5.3. S u r f a c e c a p p i n g 

In the USA the permeability limit for clay caps on top of a 
- 9 - 1 . 

landfill is set at 10 m.s . The clay cap is meant to reduce 

infiltration of rainwater. The ICW has done research in the Netherlands 

indicating that this permeability limit is too high for the Dutch 

climatic conditions. The annual leakage through such clay barriers 

is about 100 mm per year (i.e. one third of the annual precipitation 

surplus). 

Since there are large differences in climate between the states 

in the USA such clay caps may give sufficient protection in states 

with relatively low amounts of rainfall but they will definitely 

give insufficient protection in states with a more wet climate. 

5.4. I m p e r m e a b l e v e r t i c a l w a l l s a n d 

i m m o b i l i z a t i o n o f c o n t a m i n a n t s 

Vertical walls or dams are especially suitable when the 

aquifer is rather shallow. Such barriers may be constructed with 

bentonite, grout or sheet piles. One case was reported where 

suitable clay was present at the landfill site. The clay was remolded 
. . -10 -1 

to a permeability of 3 x 10 m.s and placed in an excavated 
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trench to the bottom of the aquifer (about 5 to 7 meter). 

Vertical barriers were found to be effective only when the 

depth of the barrier was equal to the depth of the aquifer. Several 

case studies were reported illustrating measures which were taken 

to prevent further migration of contaminants in the groundwater, 

e.g. serious pollution near a hazardous waste landfill was abated 

with clay barriers, subsurface grout curtains and interceptor wells. 

One paper reported a unique method of containment, viz. the 

polymerizing of a contaminant in the soil. In this case the pollutant 

was acrylate monomer, being lighter than water. The hydrogeologic 

conditions did not favor recovery by conventional techniques. 

Therefore catalysts were injected to immobilize the contaminant 

by polymerization. The effectiveness of such immobilization methods 

should be investigated more thoroughly. 

5.5. T h e u s e o f c o m p u t e r m o d e l s 

Excercises with computer models should be incorporated in a 

groundwater restoration project right from the start, because it can 

give valuable information about data collection and the design of 

monitoring networks, extraction and injection wells, etc. 

Two numerical models were discussed during the Symposium. 

One model (TRANS, finite differences) was used for the horizontal 

spreading of contaminants in an aquifer, while the other model 

(finite elements) was used for the calculation of contaminant 

transport in the vertical plane. The effect of density flow was found 

to be small, but this was mainly due to the effect of a rather high 

transverse dispersion coefficient. 

Another paper presented an analytical solution for the two-

dimensional horizontal plane, taking into account dispersion. 

With respect to model calculations a warning was given, that 

the results of models can never be more exact than the input data. 

Especially with complex numerical models a lot of parameters are 

needed. Often these parameters are insufficiently known. In such 

cases the use of more simple models and analytical solutions may be 

considered to give rough estimates. 
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5.6. S a m p l i n g o f g r o u n d w a t e r 

Another session at the Conference was the sampling and analysis 

of groundwater. 

The importance of sampling at different depths and placing seals 

between screens of different height was stressed because of the 

vertical concentration variation in aquifers. 

For several parameters groundwater samples should be collected 

in vessels which retain in situ pressure conditions until laboratory 

analysis are performed. Sampling techniques and sampling materials 

used should be selected considering the specific purpose for which 

they are intended. This is important to avoid: 

- loss of volatiles due to evaporation; 

- loss or gain sample constituents from adsorption or leaching 

from sample equipment; 

- introduction of contaminants carried by sampling equipment. 

For the analysis of volatile organics suction lifting with a 

pump has to be avoided. In this case a sampling syringe should be 

used. Because of possible alterations in the sample the possibility 

for measurements in the bore hole should be considered. 

The materials used for sampling wells, pumps, sample vessels 

etc. may affect the waterquality. When choosing a material, the 

parameters to be analyzed should be taken into account. Materials 

like teflon and stainless steel are the most inert materials. 

The volume of water, which has to be removed from the borehole 

before sampling, should be determined by measuring the electrical 

conductivity and the temperature of the water. Sampling can be 

performed as soon as these values have become constant. 

A lot of papers discussed the design and installation of 

monitoring wells. Important factors are: drilling and installation 

method, construction materials, single or multiple screens, 

decontamination of equipment and materials, and prevention of 

cross - contamination by perforation of impermeable barriers. 
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6. GEORGIA INSTITUTE OF TECHNOLOGY (Atlanta, GA) 

6.1. G e n e r a l 

The Georgia Technology Institute (or briefly Georgia Tech.) is 

a technical highschool, where students from all over the country 

and from abroad are pursuing undergraduate and graduate degrees in 

engineering, architectural, scientific and management schools and 

colleges. The study in Environmental Engineering provides education 

and research in the fields of water quality and pollution control, air 

quality and pollution control,solid and hazardous waste management, 

and environmental sciences. 

Within the School of Civil Engineering research is done on 

environmental aspects of disposal of solid and hazardous waste in 

sanitary landfills, sludge treatment and disposal, biological, 

physical and chemical treatment and water quality modeling. 

6.2. S t a b i l i z a t i o n p r o c e s s e s i n a l a n d ­

f i l l 

A lot of research has been done on stabilization processes in 

a landfill and the enhancement of this process by leachate 

recirculation. Because of smell problems the leachate is not recirculated 

by sprinkler irrigation but via an underground drainsystem. 

Several papers have been published on this subject (e.g. POHLAND, 

1975, 1980) demonstrating that collecting and recirculating leachate 

through a landfill dramatically decreases time required for stabilization 

of the anaerobic bacterial population. Rapid stabilization is wanted 

because the potential of environmental pollution is minimized in that 

case. The organic load of the leachate strongly reduces by methane 

fermentation within the landfill. Moreover the leaching of heavy 

metals reduces because the pH rises and the metals are precipitated 

as poorly soluble sulfides. As soon as stabilization is reached the 

landfill should be covered with an impermeable liner. 

The research on stabilization showed that the cumulative gas 
3 

production was very low, about 7 m per ton of refuse. Probably the 
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gasproduction proceeds very fast. The rapid reduction in gas production 

after stabilization was ascribed to limitation of the bacterial process 

by phosphate shortage. 

For the experimental setup columns of various dimensions are used. 

In the laboratory containers of about 200 liter are used. Outside 

the laboratory in the open air pilot-scale landfill cells of about 

3 meter height and 1 meter diameter are used. Furthermore lysimeters 
2 . 

of about 4 meter depth and 9 m in cross section are present here. 

6.3. C o d i s p o s a l o f l o w - l e v e l r a d i o a c t i v e 

w a s t e a n d m u n i c i p a l r e f u s e 

Based on the results of the stabilization research a study is 

now going on on codisposal of low-level radioactive wastes with 

municipal solid waste in landfills. In the laboratory experiments 

were done with shredded refuse in polyethylene containers (contents 

208 liters). The radio-active isotopes used in this study were 

Co-58, Cs-134 and Sr-85. In addition tritium (H-3) was added as a 

tracer of water for the determination of water migration and its 

role in biological conversion. 

Both the leachate and gas generated in the containers were 

collected and analyzed for its quantity and composition. The effect 

of leachate recirculation was tested. In approximately six months 

stabilization was reached. Especially Co-58 was effectively contained 

in the waste, presumbably in the form of metal sulfides. The 

containment of Cs-134 and Sr-85 was considerably smaller. 

Tritium was present in the gas produced, probably as a result 
3 . 3 

of conversion of H„0 into C H, . Therefore biogas produced in 

landfills containing tritium would require treatment to eliminate 

radiation hazards. 

Based on these early results it was stated that codisposal of low-

level radioactive wastes and municipal solid waste may be a promising 

means of disposal because the radionuclides are transformed to poorly 

soluble sulfides and probably also carbonates. However, the degree 

of containment was not equally effective for all radionuclides used in 

this study. Especially the radioactivity of Sr-85 remained relatively 

high in the leachate. Nevertheless this method of codisposal is 

recommended as a promising one. 
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6.4. I d e n t i f i c a t i o n a n d c h e l a t i n g e f f e c f 

o f o r g a n i c p o l l u t a n t s 

Another interesting research project at Georgia Tech is a study 

on identification of organic pollutants in landfill leachate, 

especially the identification of humic compounds. Techniques used for 

isolation and concentration of organics are: centrifugation, millipore 

filtration, membrane ultrafiltration, reversed osmosis, XAD-resins, 

and gel permeation. For the detection of organic compounds techniques 

like gas chromatography, infrared spectroscopy (IR) and mass spectro­

photometry (NMR) are used. 

For the analysis of organic micropollutants it is very important 

to use inert materials for sampling equipment, sample bottles, tubes, 

valves, etc. Teflon and glass have proven to be the most inert 

materials. Other materials may adsorb or release organic compounds. 

The glass materials are pretreated at 450°C to destroy all organics. 

The nature of the organic compounds in landfill leachate reflects 

the degree of stabilization. After stabilization there are no volatile 

fatty acids left in the leachate. The organics present in stabilized 

leachate are mainly humic compounds. 

The aspect of complex formation of heavy metals and organic 

compounds is also studied at Georgia Tech. A standard test for the 

chelating effect of humic compounds is to establish whether or not 

the concentration of heavy metals in a solution with humic compounds 

is higher than in a solution without these compounds. Stability 

constants for these metal complexes are both calculated and 

experimentally determined. 

The identification techniques are also applied to research on 

removal of organics from water by various purification techniques and 

control of the efficiency of these techniques. 
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7. DEPARTMENT OF SOIL AND CROP SCIENCES (A & M University, 

College Station, TX) 

7.1. G e n e r a l 

The research program of the Department of Soil and Crop Sciences 

is mainly agriculture-oriented. This means that physical and chemical 

features of soils are studied in relation with crop production. 

Especially water supply of crops is an important research subject 

because of shortness of water during the growing season. 

Part of the research program, however, deals with subjects 

that are related with non-agricultural activities, either because 

these activities may have consequenses for agriculture like land 

application of sewage effluent, sewage sludge and oily sludges, 

or because special knowledge present here can be applied to solve 

certain non-agricultural problems. 

7.2. E f f e c t o f l i q u i d w a s t e o n c l a y l i n e r s 

One of the non-agricultural problems studied here is the effect 

of liquid waste on the permeability of clay liners. In the USA clay 

liners are used in landfills for containment of both municipal refuse 

and hazardous waste. The permeability of such clay liners has to be 
-9 -1 

less than 10 m.s 

Although EPA has banned the disposal of containerized liquids 

in landfills, there is evidence that several containerized organic 

liquids are still placed in landfills, either as a liquid or adsorbed 

on a solid matrix. The latter is still permitted but the concentrations 

may exceed the retention capacity of the solid matrix. When such 

containers with hazardous liquid waste are present in a landfill it 

is possible that on the long run containers may loose their contents. 

The liquid waste may then contact the clay liner. 

Laboratory investigations were performed to test the permeability 

of clay liners with four classes of pure organic liquids, i.e. acidic 

(acetic acid), basic (aniline), neutral polar (methanol, acetone, 

ethylene glycol) and neutral non-polar (heptane, xylene) organic 

fluids. The results were compared with a standard aqueous solution 
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(0.01 N CaSO,). The clay soils tested were non-calcareous smectite, 

calcareous smectite, mixed cation kaolinite, and mixed cation illite. 

It was found that the low permeability of compacted clay liners, 

as tested with an aqueous solution of 0.01 N CaSO,, may substantially 

increase when tested with organic fluids. Only a minor part of the 

increase could be explained by the different density to viscosity 

ratio of the organic fluids. Other explanations for the increase 

in permeability are: dissolution of soil particles followed by 

soil piping (with acetic acid), extensive structural changes or 

excessive shrinkage and cracking (aniline, acetone, methanol, xylene, 

heptane). Often the change in permeability was found to be more than 

two orders of magnitude. 

The results of these laboratory investigations indicate that 

clay liners should be tested with the leachate to which they will 

be exposed. The research is going on now both with laboratory 

experiments and field experiments in lysimeters. 

Twenty-eight lysimeters have been constructed in the field, 

each consisting of an under-drain system and a compacted clay liner 

(montmorillonite, illite and kaolinite). Leaking barrels of dye 

labelled industrial wastes, containing primarily either acetone or 

xylene, have been placed on the clay liners and were covered with 

soil. Leachate from the under-drain system has been collected and 

analyzed to establish the leakage rate and the presence of organic 

fluids. 

Later on the clay liner has been investigated for any physical 

or chemical changes. This was done with the technique of thin 

sections. In this way much information has been obtained about the 

structural changes in the clay liners. In general the results of 

the laboratory experiments were confirmed by the field experiments. 

7.3. M o d e l i n g o f g r o u n d w a t e r p o l l u t i o n 

Another interesting subject of research in this Department 

is the study of groundwater pollution from fertilizers or other 

chemicals when applied to cropland, from manure produced by livestock 

feedlots, and from disposal of domestic or industrial wastes on land. 
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