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ABSTRACT 

Use of Non-woven Geotextiles for 

the sealing of Earthen Manure Storage Facilities 

The mechanisms by which manures seal soils indicate the need for an interface of 
fine porosity between the waste's liquid and the porous medium. The objective of this 
study was to determine if fine porosity geotextiles offer such a possibility as an interface 
media. 

Non-woven geotextiles of 20, 30 and 40 11m equivalent pore sizes were subjected 
to heads of 0.9 , 1.8 and 2.7 m of 5% total solids (TS) swine slurry for 1800 hours. 
Infiltration rates decreased from 5 X 10-5 m/s to less than 1 X 10-7 m/s and 2 X 10-8 
mfs within 150 and 1000 hours, respectively and all demonstrated minimum seepage 
rates of 1.3 to 1.8 X 10-8 m/s after 1000 to 1400 hours ; these rates are slighly greater 
than the 10-8 m/s guideline established by the Quebec government. 

Field sealing of geotextiles liners was confirmed using a 20 11m fabric subjected 
to swine slurries of various total solids (TS) concentrations ranging from 1% to 10%. 
Infiltration rates indicate that satisfactory sealing requires slurries with a minimum TS 
content of 4% . As well, higher TS levels favour a longer lasting manure seal at the 
fabric surface. 

Sterilized manure of 5% total solids (TS) used to simulate cool field conditions or 
poor biological sealing mechanisms showed that the sterilized manure retained a constant 
infiltration rate after 1000 hours. The equivalent natural manure, on the other hand, 
demonstrated an increase in infiltration rates after 1000 hours, indicating that microbial 
degradation of the manure solids mat had occured. 

Seepage for all experiments conducted showed high degrees of contamination, 
with the highest Chemical Oxygen Demand (COD) concentrations observed for the 2.7 m 
heads as well as for the 20 11m fabric which also gave significantly higher infiltration 
rates. 
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NOMENCLATURE 

A - cross sectional area of non-woven geotextiles exposed to swine slurry , m2 

I - infiltration rate average over time T , m/s 

T - time span during which volume V was collected , s 

V- volume of seepage collected over timeT, m3 

W- constant 

x- constant 

t - infiltration time , s 

d95 - fabric equivalent pore size , value equal to or smaller than the diameter of 95% of 
the fabric pores (openings) 

dg5 - particle diameters at which 85% of the total particles are smaller on a weight 
basis 

PVC- polyvinylchloride 

TS - total solids concentration , mg/L 

SS - suspended solids concentration , mg/L 

COD- chemical oxygen demand, mg/L 

FOS - Filtration opening size 

Q ·• total flow, m3ts 

K- hydraulic conductivity, mls 

H - hydraulic head of water column , m 

H
0 

- initial hydraulic head at t = 0 , m 

Ac- cross sectional area of cylinder containing fabric,m2 

L - thickness of fabric (geotextile) , m 
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a- cross sectional area of supply tube, m2 

T -c temperature correction factor 

weight of dried solids, g 

B - weight of wet solids , g 

W A - water added , L 

SA - initial moisture content of swine manure slurry , % 

FM - final moisture content of swine manure slurry , % 

APHA- American Public Health Association 

R2 - Coefficient of determination 

R - Correlation coefficient 

ANOV A - analysis of variance 

AU.- animal unit 
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.L. Introduction 

Within the past twenty years, Quebec and Ontario have experienced rapid growth 

in high intensity, small land base livestock production (animal confinement) operations. 

The most dramatic increase being within the Canadian hog industry, which in 1961 

contained 5.3 million head nation wide and by 1981 this number had risen to 9.9 million 

head. The most significant increase was in Quebec which doubled its percentages of the 

national total from 17% in 1961 to 35% in 1981 (Statistics Canada,1981). 

Accompanied with this growth is the fact that many operations have converted to 

liquid manure handling systems because they are the most cost-effective method for 

handling large quantities of manure generated by such operations. As a result, the 

pollution potential of such a handling system is high. This is due to the increased 

likelihood of such waste reaching ground water and/or surface water sources, and hence 

contributing to their deterioration if not properly contained. 

Sources of water pollution from animal production systems result from direct 

discharge, runoff and seepage or percolation of pollutants to surface or groundwater. 

Pollutants consist of sediment , nutrients, pesticides, organic materials, salinity and 

microorganisms. One of the larger sources of pollutants on most livestock farms is 

manure. Therefore, the management and handling of manure and animals is an important 

part of water quality improvement. Since liquid manure systems are extensively used at 

present, most storage facilities consist of either concrete storage tanks, or earthen manure 

storage tanks (reservoirs). The size of these storage facilities varies with the size of the 

operation. In Ontario, the Agricultural Code of practice requires that 26 weeks of storage 

capacity be provided before an operation can be certified, and in Quebec legislation 

requires a 200-day storage capacity at present but is examining the possibility of 

extending this period. 

These storage requirements are necessary for two reasons. Firstly to eliminate 

land application on frozen soils during winter months in order to avoid pollution hazards 
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through surface runoff, and secondly to avoid disposal upon actively growing crops 

which can result in reduced yields. 

Because of the high construction costs of concrete storage tanks ($201m3), 

producers have constantly looked for alternative storage facilities which are 

environmentally sound and will still satisfy government requirements (Barrington, 1987, 

personal communication). Many producers already use earthen storage reservoirs as a 

viable alternative because they are considered environmentally safe providing they are 

constructed in soils meeting specific requirements, as to particle size distribution, 

porosity and infiltration rate. According to Environment Quebec, an infiltration rate of 

10-8 m/s is considered acceptable (Bernard and Bussieres , 1984). This has also been 

supported by DeTar (1979) who concluded that some soils may be considered acceptable 

(ie."sealed") when the infiltration rate drops below 10-8 m/s. As well, Barrington (1985) 

has concluded that the environmental impact of these earthen reservoirs can be 

minimized if constructed in soils of·5% and 15% minimum clay content for dairy and 

swine manures, respectively. Since coarse sands and gravels do not satisfy these 

conditions they must be lined with some type of artificial seal. Clay liners, 

geomembranes and cement residues all act as impermeable layers but their cost of 

installation approaches that of concrete structure while their life span is relatively shorter. 

Research by Barrington (1985) and Rowsell (1980) have shown that clogging 

mechanisms for manure and wastewater do not require sealing liners to be impermeable, 

but rather to be of fine-porosity. This has led to the belief that fine-porosity geotextiles 

could provide and adequate sealing liner over coarse soils (sands and gravels). Fine

porosity geotextiles (non-woven) offer these characteristics and are a fraction of the cost 

of geomembranes, while being stress resistant and durable. 

This study examines the sealing capability of such geotextiles and the degree to 

which they meet Environment Quebec guidelines; seepage rates of less than 10-8 m/s, 

when exposed to swine manure slurry (swine manure slurry being more difficult to seal 
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than cattle manure). This was examined in relation to several parameters which included 
the porosity and pore size of the material,the concentration of the solids of the stored 
material, as well as the relationship between the sealing mechanisms and hydraulic head. 
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ll. Literature Review 

2.1 Introduction 

Research on the actual use of (non-woven) fme-porosity geotextiles as liners for earthen storage reservoirs used to store liquid swine manure is limited. Most research conducted on manure storage to-date has been focused on the mechanisms involved in sealing unlined earthen reservoirs and the pollution resulting from seepages under such systems. There have been essentially two approaches taken by researchers studying the potential pollution threat of seepages from unlined earthen lagoons. One is direct measurement of inflltration of pond or lagoon contents into soils. The other is the measurement of levels of contaminants from lagoons or ponds in underlying and adjacent groundwater and extrapolation of this information to the rate of seepage which occurs from lagoon and ponds. 

One should note that references made to waste lagoon, waste storage ponds and earthen waste reservoirs in the literature refer to the same structure designed for storage. An earthen lagoon is a structure designed for the treatment of wastes by aerobic, anaerobic or facultative microorganisms. Anaerobic microbial respiration may occur in a storage pond but the primary purpose of the pond or reservoir is to hold waste. 
With regards to geotextile applications the emphasis thus far has been mainly geotechnical in nature, with applications to such items as erosion control, earth reinforcement and dam construction. Research has been performed on geotextile fabrics which are used in the drainage industry as well. These fabrics are used to prevent drainage conduit from clogging. Hence, research on soil/geotextile systems has been examined with regards to its flltering capacity and ability to hold back fine particles to prevent clogging of the drainage conduit itself. Inadvertently, research conducted on hydraulic and flltration characteristics has lead to an understanding of how clogging in such fabrics occurs. Ultimately this is the desired goal of such a fabric when its intended 

4 



use is as a liner for earthen manure reservoirs used to reduce or prevent seepage and 

groundwater contamination. 

The literature review for this study has been divided into three main sections. The 

first of these is a brief history outlining what developments have occurred in the 

agricultural industry in Quebec over the past twenty years, and the problems and policies 

which have resulted over this period. Secondly, sealing mechanisms under earthen 

structures will be reviewed to show how this has lead to examining geotextiles as a 

possible solution in alleviating surface and groundwater deterioration problems. Finally a 

review will be given as to what has been studied with geotextiles in terms of their 

properties, and why they appear to be a promising solution to some of the environmental 

problems faced by some areas in Quebec. 

2.2 mstorical Back2round 

For well over twenty years the Canadian hog industry has been developing and 

expanding. In 1961, the Census of Agriculture estimated that there were 5.3 million hogs 

on Canadian farms. By 1981, after five distinct cycles, farm inventories had climbed to 

9.9 million hogs. Not only did the absolute number of hogs increase, but the distribution 

throughout Canada changed. The most dramatic changes in the provincial number of 

hogs on farms occurred in Quebec which went from a portion of 17% of total Canadian 

inventories with just under one million head in 1961 to one of dominance in 1981 with 

35% of total inventories of 3.4 million hogs. The reasons for such growth are varied 

which in part was influenced by government programs such as income stabilization, farm 

credit, interest rate subsidies and grants. All of this contributed to a shifting of production 

away from areas of comparative advantage to locations defmed by political boundaries. 

(Clements and Carter,1984). 

Geographically, hog production in Quebec occurs mainly south of the St. 

Lawrence River, although it is found all across the province except in the northwest 

region. The three regions which provide the largest number of hogs for slaughter are the 
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areas of L'Assomption, the Beauce, and St. Hyacinthe. The majority of hog production 

occurs within close proximity to major cities. In some of these regions, the concentration 

of these operations geographically has created large volumes of manure that cannot be 

accommodated by the land area immediately at hand, keeping in mind that, traditionally, 

manure has been spread on lands surrounding such operations and is used as a fertilizer 

source. As a result, in some regions the ratio of animal units (A.U.) per hectare of tillable 

land surpasses the permissible rate by as much as 200%. (Gangbazo and Buteau,l985). 

During the period 1971-1981, hog production in these three areas developed 

rapidly. However, the region with the greatest increase in growth was the Nicolet region 

where from 1971 to 1981 the number of hogs has quadrupled according to Statistics 

Canada (1981) figures. Of interest also was that Nicolet was the region with the greatest 

concentration of the dairy industry. This rapid expansion in the hog industry reflects, in 

part, the effect supply management of the dairy industry had on the swine industry. 

Accompanied with the concentration in hog production was the fact that farms 

became larger and more specialized. Statistics Canada (1981) has shown that the average 

farm in Quebec doubled the number of hogs every five years, leading all other provinces. 

In 1961, the average hog farm in Quebec had 19 hogs, which fell below the national 

average of twenty four hogs per farm. In 1981, this average had risen dramatically to 430 

hogs per farm in Quebec which was well above the national average of 17.7 hogs per 

farm. 

If we were to consider farms with twenty hogs or more as commercial farms, then 

the above trend is even more dramatic. In 1971, the average commercial farm size in 

Canada was 114 hogs per farm and by 1981 it had increased to 303. In Quebec, the 

average commercial hog farm increased from 147 hogs per farm in 1971 to 586 hogs per 

farm in 1981, partly reflecting the impact of the new dairy policy in the early seventies as 

well as the relatively strong hog prices during most of that period, with the greatest 

amount of growth occurring between 1971 to 1976. On the other hand the greatest 
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amount of growth in Ontario occurred from 1976-1981 with growth in western Canada 

remaining relatively steady over this ten year period. These regional variations are not 

due to the larger number of hogs on commercial farms in Quebec than in other major 

regions, but rather the actual number of hog farms in Quebec. 

A factor contributing to the fewer and larger commercial hog farms in Quebec 

compared to other producing regions is the fact that hog producers in Quebec operated on 

smal1land bases and tended to be single enterprises. In 1981, the average hog farm in 

Canada operated on 230 acres (93 hec). The Quebec average was 80 acres (32 hec) with 

Ontario and the prairie provinces being 100 (40 hec) and 375 acres (151 hec), 

respectively. 

One of the great contradictions in Quebec hog industry is that hog production 

thrived although there was very little feed grain production (Clements and Carter,1984). 

This emphasizes the role of the commercial feed supply network in the development of 

the hog industry. In 1983, commercial mills produced 293 million tones of feed. This 

compares to on-farm mills producing only 67.5 thousand tonnes. Although on farms 

grain production is increasing it is still far from being a major feed source. Hog 

production in most regions, tends to occur in areas of greatest feed supplies. In Quebec, 

this holds true since the three major hog producing regions also account for 61% of the 

commercial mills and 40% of on-farm milling (Statistics Canada,1981). 

Although there are numerous factors influencing the growth of the hog industry 

in Quebec, the single most important factor has been limited opportunities in other 

agricultural industries. Historically, hog production has been a vital component of the 

total provincial farm economy, second only to the dairy industry. With political 

incentives stemming from both provincial and federal programs, such as income 

stabilization, farm credit, and feed freight assistance, the hog industry became an 

industry which had room for expansion. It is still, in fact, supporting limited growth 

which is maintaining Quebec as the leading hog producer in Canada. Accompanied with 
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such growth is an increased environmental burden and a need to resolve or limit the 

environmental impact of such rapid expansion. 

2.3 Environmental Concerns and Policy Development 

Associated with the factors which contributed to the rapid expansion of the hog 

industry in Quebec, are environmental concerns which have evolved as a result. The 

repercussions of this increase in livestock intensity is highlighted by the fact that Quebec 

produces more hogs per farm than any other province in Canada. As well, Quebec hog 

farmers accomplish this on the smallest average land base 80 ha, (32 acres) per farm in 

Canada, about one third the national average (Statistics Canada,l981). 

Clements and Carter (1984) have indicated that hog producers in Quebec rely 

heavily on commercial feed mills. These three factors in combination with the substantial 

increase in quantity and intensity have lead to major environmental problems within 

several regions in Quebec. Gangbazo and Buteau (1985) suggest that the inability of 

pollution abatement technology to keep pace with such growth along with improper 

management of manure, such as high land application rates, has eventually resulted in 

severe water pollution problems when excess manure enters waterways and the 

groundwater by runoff or percolation. 

The preferred method for handling these wastes is as a liquid in order to decrease 

labour costs (Barrington et al., 1987; Rowsell,1980). Unlined earthen reservoirs have 

gained popularity for storage of large volumes of manures because of their low 

construction costs, about one tenth the cost of concrete (Barrington et al.,l987). However 

since the soils with which these structures are constructed are not totally impermeable, 

there is always an associated risk with the possibility of migration of contaminants from 

these storage lagoons into underlying or adjacent ground or surface waters. This 

migration of contaminants in some instances has been demonstrated to cause a substantial 

decrease in both groundwater and surface water quality (Rowsell,1980; Coote and 

Hore,l979). 
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As a result of this deterioration the Quebec Government in 1972 drafted "The 

Environmental Quality Act" and identified poorly managed animal wastes (manures) as 

being the principle source of agricultural pollution in Quebec (Bernard and 

Bussieres,1984). The Minister of Environment of Quebec (MENVIQ), therefore, 

imposed strict guidelines and conditions on all new or expanding livestock producers 

with regards to how these wastes were to be handled and stored. 

The initial guidelines outlined in 1972 required storage facilities to be capable of 

storing the amount of waste produced by a given size herd for a 200 day period. Under 

the resulting bylaws, storage facilities were to be constructed of an impermeable 

membrane or any other material with a permeability not exceeding 10-7 cm/s (10-9 m/s). 

This bylaw was officially regulated by the MENVIQ on June 3,1972. In practice, the 

only materials meeting this criteria were concrete structures or earthen structures lined 

with a geomembrane. Due to the cost of such facilities and the inability of the 

government to properly monitor such criteria, many of these guidelines were often not 

met (Gangbazo and Buteau,l985). 

When farmers did build such facilities they were often not built to facilitate any 

additional storage if the operation was to expand. This resulted in a high incidence of 

manure spreading on frozen ground and in some instances directly dumping into 

waterways as a way of keeping reservoirs from overflowing (Gangbazo and 

Buteau,1985). 

The Union de Producteur Agricole, protested these requirements on the basis that 

they were too expensive for the majority of farmers and that in other provinces earthen 

storage structures were found to be sufficient. 

The MENVIQ made changes to its bylaws which were officially enacted in 1981. 

The result was a re-definition of the term "impermeable" to include any structures which 

would allow nitrogen seepage rates no greater than those allowed for municipal waste 

water ponds. More precisely, it would allow a maximum seepage rate of 10 to 20 liters 
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per square meter per day with an average nitrogen concentration of 30 mg/1. If a sealing 

factor of 50 is assumed, the MENVIQ accepted any earthen storage structure of hydraulic 

conductivity not exceeding 10-6 cm/s (10-8 m/s), based on a normal average nitrogen 

concentration of 3000 mg/1 for liquid hog manure with a hydraulic head of 3.0 m within 

the storage structure and an effective soil sealing of l.Om of thickness (Barrington, 

1985). 

This amendment allowed earthen storage structures to be constructed in heavy 

clays of low permeability. However under these guidelines most farmers were still 

required legally to construct concrete structures (Barrington, 1985). Still further 

modifications were made to the government guidelines in 1984, which made earthen 

storage structures acceptable with the exception of soils with extremely low clay contents 

of less than 5% and 15% for dairy and hog producers, respectively (Barrington et al., 

1987). 

The result showed that the situation had improved, but only marginally. 

Furthermore, "impermeable" concrete structures have been shown to be susceptible to 

cracking due to Quebec climate conditions. This indicated that alternative solutions were 

needed. 

With regards to unlined earthen reservoirs, the infiltration of the entire substance 

of the manure does not necessarily pose a threat to groundwater quality. Undoubtedly 

considerable filtration and sorption of manure constituents could occur. Thus the material 

penetrating into the soil beneath a storage pond may bear only a slight resemblance to the 

material contained in the pond (Rowsell, 1980). 

In the majority of cases described in the literature, researchers have found that the 

flux of material from unlined earthen storage ponds into underlying soils decreases with 

time after the pond or reservoir is loaded. This decrease is attributed to the formation of a 

partial or total seal at or near the manure soil interface (Rowsell,l980; Coote and 

Hore,l979; DeTar,1979). Quebec hog producers who were unable to meet 
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government legislations for unlined earthen reservoirs began installing impermeable 

geomembranes as a liner for their earthen manure reservoirs. However, gas formation or 

a high water table often caused these liners to lift. As well, their cost and delicate nature 

(ease with which they tore) made them unsuitable. 

Research conducted by Barrington (1985) has shown that the use of geotextiles as 

liners used to simulate fme soils would allow gas to escape and would decrease the rate at 

which contaminants would reach the groundwater. The principle sealing mechanism was 

similar to that found in unlined earthen lagoons. 

2.4 Sealin2 Mechanisms of Earth Structures 

Earthen structures, as previously mentioned, offer an economical alternative for 

farmers who do not wish to construct concrete storage tanks. DeTar (1979) suggest that 

earth structures could be considered "sealed" if the infiltration rate drops below 10-8 rn/s. 

Since these seals are not totally impermeable, there always exists the risk for a certain 

degree of groundwater contamination. The need to identify what factors influence the 

sealing of such structures has been examined closely by DeTar ( 1979), Miller et al. 

(1985), Rowsell (1980), Rowsell et al. (1985) and Barrington (1985). From such 

research, it has been determined that the sealing of soil under manures (dairy and swine) 

can be attributed to three distinct mechanisms: physical, biological and chemical. 

2.4.1 Physical Sealin2 

Physical sealing according to Rowsell (1980) and Barrington (1985) appears to be 

the most dominant factor influencing the sealing of manures over soils. Sealing takes 

place. due to particles in the manure being larger in size than pore openings. As a result 

pores become clogged. Changes in friction coefficients or the reduced size or volume of 

pore spaces therefore causes the hydraulic conductivity of the soil to decrease. 

Barrington (1985) found that this seal formed chiefly through the deposition of 

organic particles (manure solids) at the entry of, or within pores of the medium being 

infiltrated by the liquid waste. Thus, deposition processes were demonstrated for soils 
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infiltrated by wastewaters containing c14 -DDT labeled suspended solids. The largest 

organic particles are screened at the soil surface while the medium size particles are 

strained within the first 10 mm of silty soil (Vinten et al.,l983). ·Very fine particles 

according to Barrington (1985) and Rowsell et al. (1985) are removed by a convection

diffusion processes respecting a first order model. This deposition process has also been 

visualized under microscope with soils infiltrated with manures. 

Barrington (1985) demonstrated that the processes occurred quickly and 

efficiently as long as the soil can hold most of the manure particles at its surface. From 

these studies, it was concluded that the only physical property of interest for the soil was 

its effective inter-particle void diameter. 

When extensive, this deposition process leads to the formation of an impermeable 

manure solids mat over, as well as within the surface of the porous medium. But, 

extensive organic solid deposition requires a medium of pore size selected in 

consideration of the particle size distribution of the waste (Barrington and 

Broughton,1988). 

Rowsell et al. (1985) conducted column studies with sterilized manure, and glass 

beads in place of soils which drew them also to conclude that physical processes are the 

major factor in sealing unlined earthen type structures. The significance of· using 

sterilized manure, and glass beads being that biological and chemical mechanisms of 

sealing were neutralized. In these studies no significant difference was found in sealing 

between columns treated in this manner and those with non-sterilized manures and soils. 

Due to the brevity (31 days) of his experiments, they did not conclude, however, that 

these processes were entirely without effect over an extended period of time. The effect 

of hydraulic head of the slurry was shown to be significant. Greater head resulted in a 

greater initial infiltration rate, but a better seal in the longer term. 

Miller et al. (1985) were also able to conclude that for a coarse textured soil 

material, initial infiltration and the time for a seal to develop will be greater. This would 
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tend to support the theory put forth by Barrington (1985) which states that the effective 

void is the most critical soil parameter in reference to forming a seal under manures. 

In conjunction with the actual sealing process, DeTar (1979) found that there was 

also a relationship between the total solids content of the manure and the sealing of soils. 

For more concentrated total solids, the soil sealed quicker, and for lower concentrations, 

he was able to conclude that liquid manure was more sensitive to hydraulic conductivity 

than at higher concentrations. 

From the literature several conclusions can be made about physical sealing 

mechanisms. The most significant of these being that the equivalent pore size opening in 

the soil is the most critical factor in determining how quickly, and to what extent the soil 

seals. The seal forms basically at the interface between the soil and the organic matter 

and is the result of soil pores becoming clogged with organic particles from the manure 

slurry. The rate of initial inftltration and sealing rate has also been correlated with total 

solids content of the manures. It has also been shown that at lower total solids, the liquid 

manures are more sensitive to hydraulic conductivity of the soil than at higher 

concentrations. 

2.4.2 Biolo~:ical Sealin~: 

Biological sealing like physical sealing has been shown to be a surface as well as 

an interface phenomenon (Barrington et al.,l987; and Rowsell et al.,1985). This sealing 

mechanism results from essentially two processes. The first of these being clogging 

effects presumed to originate from bacterial "slimes" and polysaccharides, rather than 

from the growth of a large number of microorganisms as once thought to be the case 

(Gupta and Swartzwendruber,1965). These biological "gums" or "slimes" which form at 

the interface are composed of hexan uronide carbohydrates, uronides being present in 

manures, and originating from the urine in these wastes. Biological sealing is supported 

by the fact that work done by Thomas et al. (1966) showed that soils which were sealed 
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by septic sewage effluents were characterized by a heavy overgrowth of black "slime" 

consisting of partially degraded organic matter and settled particulate matter. 

Since manures are recognized as offering quite a range of microflora, no 

inoculation is required but some degree of heat is required (Tollner et al.,1983). Below 

temperature of 15 oc very little biological sealing is found to occur. (Barrington et al., 

1987). 

The second process is the destruction of soil structures by the reduction of iron 

oxides during microbial respiration under saturated conditions. This causes macropores 

to be eliminated which, in tum, leads to a reduction in the soils hydraulic conductivity. 

This process is referred to as gliezation (Barrington, 1985). Whereas Barrington (1985) 

found that biological mechanisms were secondary to physical processes but still 

significant, Rowsell (1980) in his research was unable to draw such a conclusion in 

regards to its significance but believed it to be secondary nonetheless. 

Although Rowsell (1980) and Barrington (1985) concluded that biological sealing 

is secondary next to physical sealing, research conducted by Davis et al. (1973) 

concluded that in the sealing of a dairy waste pond, biological sealing mechanisms were 

believed to be the most significant contributing factor. Manure water, according to Davis 

et al. (1973) gives rise to a bottom "slime" and a rapid deterioration of biological sludge. 

The cells of living and dead bacteria adjacent to the soil surface are forced into the soil 

pores by hydrostatic pressure, effectively reducing or blocking further infiltration. One 

should note that the blocking of pores by the cells of living and dead bacterial cells is in 

fact a physical process and as previously mentioned has been demonstrated by Gupta and 

Swartzwendruber (1965) to be an incorrect conclusion when trying to characterize it as a 

biological sealing process. Rather, Gupta and Swartzwendruber (1965) demonstrated that 

it is bacterial "slimes" which are the significant contributor in the biological sealing 

process not the physical nature of the bacterial cells themselves. Davis et al.(1973) 

conclusion may have been based solely on the fmdings at the end of their eight month 
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study and the presence of a large amount of "slime" would surely suggest this. However, 

most literature suggests that initially, physical sealing mechanisms are dominant until 

biological "gums" and "slimes" have time to develop. This may suggest that over an 

extended period of time, initially, the physical mechanisms of sealing are primarily 

responsible for sealing but may assume a less important role as time progresses. 

Biological sealing by "slimes" and "gums" may, in time, take over and assume the 

dominant role in maintaining the seal. 

As well, Barrington (1985) concluded that biological processes intervened within 

the physical seal to further reduce the infiltration rate, but required temperatures of at 

least 5 oc to be effective. From experiments conducted by Barrington (1985) using 

sterilized and non-sterilized manure over fine sands it was also shown that biological 

sealing is responsible for stabilization against fluid movement within the physical seal. 

This leads to the conclusion, that even though biological sealing within the manure 

material may be of secondary importance in itself, it may be of primary importance in 

tenns of the stability of the physical seal over time, and is beneficial in the case of coarse 

soils, where gleization may not be realized. 

2.4.3 Chemical Sealin(: 

The third and final fonn of sealing is that related to chemical mechanisms. This 

results from modifications to the soil pore geometry due to chemical reactions or ionic 

exchanges within the soil that leads to a breakdown in the structure and consequently the 

penneability of the soil (Barrington, 1985). The chief contributor to this being the 

interaction of salts containing ions such as sodium (Na +) and calcium (Ca++) with the 

negative charges on the surfaces of clay particles which creates around themselves a 

diffuse double layer. As a result, this tends to deflocculate and therefore disperse the soil 

particles resulting in a breakdown of the soil structure. This causes a decrease in the 

hydraulic conductive of the soil. 
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Given the fact that the problem for which a solution is being sought is brought 

about by a lack of these fme soil/clay particles it is not necessary to elaborate further on 

this topic. 

One should not however, overlook the chemical complexity of the chemical 

reactions/inter-relations which occur in the manure matter itself. This is complex in 

nature and is not examined in detail in this report. Geotextiles are inert in nature and one 

would not expect pore size to structurally change within the material itself. 

2.5 Geotextiles 

Geotextiles are non-woven or woven synthetic fabrics which have been utilized to 

solve a wide variety of geotechnical problems ranging from soil stability, erosion control, 

earth reinforcement, dam construction and other civil engineering type projects. As well, 

recent applications in the agricultural industry have been focused on the use of such 

fabrics as a way of extending the life span of subsurface drainage systems by preventing 

the clogging of these systems by silty soils. 

In terms of applying geotextiles as liners for earthen manure structures, there is 

no evidence of any research done on such an application. Of primary interest to the 

application are the hydraulic properties of these materials, their interplay with the soils in 

which they are utilized, and their clogging mechanisms when placed under manures (in 

this particular case, swine manure). 

Within the past ten years there has been an ever increasing attention focused on 

the hydraulic and filtration characteristics of these materials. Research conducted by 

Maisonauve et al. (1980), Rollin (1983), Rollin et al. (1985), Rollin and Denis 

(1987),Heertwen and Wittmann (1985) and Wei et al. (1985) are among some of the 

more recent and concise studies and shall be the main focus of this review. 

2.5.1 Soii/Geotextile Systems 

Masounave et al. ( 1980) conducted research into predicting the hydraulic 

properties of geotextiles in various situations. They found that the permeability of a 
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soil/geotextile system was quite different from that of the virgin textile. They also 

showed that the permeability of the system decreased with time.It was also found that 

initially smaller particles were carried through the system by fluid flow, while larger 

particles became trapped in the fiber structure. As time passed, particle migration was 

shown to eventually decrease to virtually nothing, and an equilibrium state then existed. 

Smaller particles may still enter the media but only become trapped themselves, and 

result in an even greater decrease in permeability. The probability of these particles not 

becoming entrapped, and percolating through the membrane decreases as its pore 

diameter increases. Furthermore, confidence was shown in assuming that a slight 

increase in head did not have an effect on particles already trapped since it was assumed 

that once trapped, these particles are difficult to dislodge. These results were verified by 

actually observing the physical seal in the geotextile by use of a Quantimet image 

analysis system. 

Research concluded by Wei et al. (1985) using a specially constructed 

permeameter to evaluate the performance of soil geotextile systems allowed them to 

draw several conclusions from this study. Firstly they found that the permeability of a 

soil geotextile system was less than that of either the geotextile or the soil by itself, and 

was actually controlled by the filter cake (mat) that developed. As soon as this cake 

began to develop, permeability decreased rapidly with the increase in its thickness. Their 

research has interestingly showed that beyond what seemed to be a critical cake 

thickness, the flow rate seemed to be fixed for a given cake thickness for three distinctly 

different fabrics. This would seem to suggest that the permeability of the cake seemed to 

dominate the permeability of the system. 

Heertwen and Wittmann (1985) studied geotextiles and mineral filters, and as a 

result were able to come to several conclusions about geotextiles and their similarity to 

soils. With regards to the filter properties of the geotextiles themselves it was found that 

with increasing filter thickness, measured pore-size distributions became more controlled 
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by the smaller pore sizes. This followed from the fact that larger pores become 

progressively more isolated by smaller pores during the passage of a fine soil particle 

along a pore channel. 

In comparing geotextiles to mineral ftlters, several contrasts and comparisons 

could be made. It was noted that within geotextiles, pore diameters are generally much 

larger than ftbre diameters whereas with mineral or soil ftlters soil particles tend to have 

a larger diameter than pores. As a result the porosity of a geotextile is much greater than 

that of most soils. For example, for a needle punched non-woven geotextile, porosity 

may be as high as 90%, whereas with a loose mineral filter it is only 50%, and with a 

dense soil filter it may only be as high as 25%. 

Their work also goes on to state that needle punched non-woven fabrics 

demonstrated the same deep ft.ltration as with mineral filters. It was concluded that the 

interaction of ftbre and grain particle is responsible for long term filtering efficiency. 

Lastly, they determined that an increase in geotextile thickness caused a considerable 

reduction in particle passage. 

2.5.2 Pore Size and Porosity 

As has previously been shown, most researchers agree that physical sealing of 

earthen structures has proven itself to be the predominant mechanism in soil sealing 

under manures, and that with time biological mechanisms may also contribute to better 

sealing, and greater stability of these seals. Therefore, the most logical approach in 

selecting a suitable geotextile would be to use a fabric which favoured the formation of a 

physical seal. Thus the geotextiles pore size must be selected as a function of the waste 

(Barrington et al.,l987). 

Optimum medium pore size investigated by Yao et al. (1971) for sand filters used 

to treat water and wastewater indicate that sand beds of particle sizes ranging from 400 to 

600 11m have provided satisfactory ft.ltration without immediate clogging. Solid particles 

as small as 8 11m and 1 11m can be removed by sedimentation and interception 
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,respectively. Solid particles smaller than 111m are often removed by diffusion towards 

sand grains where an adhesion process takes place. A similar phenomenon was observed 

by Vinten et al. (1983) using silty soils to treat waste waters. 

Barrington ( 1985) postulates that if the pores in a soil with a diameter greater 

than 50 11m were to be eliminated, it would loose a high percentage of initial 

permeability, and that long term infiltration rates may therefore, not be significantly 

different between coarse soils such as sands and fine clays, even though initial infiltration 

rates may be significantly lower for clays. Furthermore with the resultant clogging of 

smaller pores (5 to 50 11m in diameter), flow would probably be reduced to as low as 

0.5% of its original value, and therefore, is comparable to finer soils such as clays. 

Therefore, from the above discussion it would seem that a suitable lining material 

should have an effective pore opening size of 50 11m or smaller in which a physical seal 

could develop through the accumulation of organic matter. 

Research by Barrington (1985) has shown that swine and dairy manures have 

sealed soils of equivalent pore size of 40 11m under temperatures exceeding 15 °C, 

temperatures favorable to the strengthening of physical seals through biological 

processes. Note that equivalent pore size is calculated from the soils' particle size 

distribution and porosity. 

Pore size of fabric/soil filters has been related to the particle size distribution of 

the material to be retained (Faure et al.,l986). When the fabric is more permeable than 
the soil, the fabric equivalent pore size must not exceed 1.2 times the d

85 of the soil. 

Fabric equivalent pore size refers to that value equal to or greater than the diameter of 

85% of the filter pores. 

Porosity, usually defmed as the void fraction of a material or the ratio of the non 

solid volume to total volume, was evaluated by Wei et al. (1985) to examine its effect on 

the flow behavior of water through the geotextile. Testing three different porosity non

woven fabrics they found that the magnitude of water head to maintain a constant flow 
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rate decreased as fabric porosity increased. This was probably due to the free volume of 

he geotextile. Since free volume in a high porosity geotextile is greater than that in a low 

porosity textile, the water head (pressure) would understandably decrease with increasing 

porosity of the fabric at a constant flow rate. 

Of other interest, Wei et al. (1985) and his co-workers found that thin and low 

weight fabrics allowed for the fastest flow. As flow rates increased, the differences 

between fabric type due to fabric weight and thickness became more prominent. 

2.5.3 Clo2~n2 Mechanisms of Geotextiles 

Research into the clogging mechanisms of geotextiles themselves is limited and 

somewhat speculative. The most comprehensive research in this area has been performed 

by Rollin (1983). In his research he was able to examine clogged geotextiles by 

encapsulating samples (taken from drain tube envelopes and fabric used in a dam 

installation) using a transparent resin and then analyzing them using a high powered 

microscope, specifically a Quantimet 720 image analyzer. His results, based on a 

soil/geotextile system indicate that clogging of geotextiles results from several factors. In 

the case of soil/geotextile systems it was shown that particles infiltrating into the 

geotextile itself contribute to the clogging of the pores within the fabric makeup. As well, 

the degree to which those particles penetrate into the fabric is related to the 

characteristics of the fabric itself. In general, the greater the distances between fibres 

making up the geotextiles, the higher the degree of clogging and the larger the particles 

entering into the fabric itself. Also related to this is the fact that a large portion of the 

particles entering into the fabric become trapped within the first 2 mm of the geotextile 

itself. Once the initial blockage has occurred, it allows for the formation of a cake (mat) 

to accumulate on top of the fabric. This leads to the formation of arches at the soil 

geotextile interface and subsequent "funnels" being formed within the cake itself. It is the 

combination of these factors which results in the clogging of the geotextile within a 
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soil/geotextile system, and one may speculate that similar mechanisms will be involved 

in a geotextile/manure type system. 

Based on this information, it would appear that geotextiles may clog in a manner 

similar to soils. Therefore, they are a likely candidate for lining earthen structures in 

coarse soils, which are used for storing animal wastes. This is providing that the 

geotextile has a minimum pore size distribution. This would seem to be about 50J.Im or 

less for the majority of soils as previously indicated. 

2.5.4 Sealin~ of Geotextiles by Manures 

Although equally a filtration process, the sealing of geotextiles by manure 

represents conditions differing from those of sand beds and soil filters. Sand bed grain 

size translated into equivalent pore size corresponds to a value of 100 to 150 Jlm 

according Yao et al. (1971). This by far exceeds the 40J.Im, previously cited. This is due 

to the fact that sand beds in such an application are required to restrain from immediate 

clogging (Yao et al., 1971 ). Sand bed grains also offer absorption characteristics over a 

depth of 60 em more or less, while geotextiles are inert and, in our case, 1.5-2.0 mm 

thick. 

Soil filters, on the other hand, rely on the formation of stable bridges over their 

pores, and as shown by Rollin (1983) , geotextiles may also rely on this fact to aid in 

sealing. As well, the actual penetration of fine particles into the geotextile itself is a 

contributor to the fabric sealing whether in a soil/geotextile system or a 

manure/geotextile system. However, one difference which does exist between soil filters 

and manure mats (formed on top of geotextiles) is the fact that such mats are constantly 

being disturbed by microbial activity (Barrington,1985). Furthermore, their design 

criteria applied to manures of d85 values ranging from 800 to 2000 Jlm suggests 

unrealistic equivalent geotextile pore sizes of 960 to 2400 Jlffi. 
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2.5.5 The Economics of Geotextile Liners 

In analyzing how economical non-woven geotextile liners would be, it is 

necessary to compare their costs to those of concrete storage structures or the use of 

geomembranes as liners. 

According to Barrington (1987, personal communication), current costs for 

construction of a concrete structure are approximately $201m3, as opposed to earthen 

structures which are approximately $5 to $61m3. If a geotextile has to be installed to 

bring the structure within acceptability of MENVIQ norms it would only augment the 

cost of the earthen facility by approximately another $21m3, including installation costs. 

If we examine the cost of geotextiles, we find them to be of the order of $2-$41m2 (for 

20-40Jlm) whereas geomembranes can be as much as 10 times the cost of a similar 

geotextile. Therefore, a farmer faced with the prospect, at present, of having to build a 

concrete manure storage facility on a coarse soil, may economize significantly with a 

geotextile lined earthen structure. 
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ill. Objectives and Scope 

The purpose of this study was to conduct research into an alternative liner 

material for earthen storage reservoirs which would be more economical than 

geomembranes and concrete, as well as being able to overcome some of their inherent 

faults, such as the delicate nature of geomembranes and the suceptability of concrete 

structures to cracking. The proposed alternative being a non-woven, synthetic-fibre liner 

or geotextile. 

In this project, column studies were undertaken to determine the effectiveness of 

fine-porosity geotextiles when used as liners for coarse soils (soils unacceptable for 

constructing earthen reservoirs). The main criterion for suitability is that the liner seal to 

an acceptable inftltration rate to satisfy the Environment Quebec guidelines of 10-8 rnfs 

or less. 

In the study, the sealing of these materials is examined in relation to several 

parameters. These include properties of the material itself such as the equivalent pore 

size, the relationship between sealing and the hydraulic head of the stored material (in 

this case swine slurry) and the concentration of solids in the stored material. 

The specific objectives of this study were as follows : 

1. To determine the inftltration rates of three non-woven fine-porosity 

geotextiles (20,30,40 Jl1Il equivalent pore sizes), each subjected to three 

different hydraulic heads (0.9,1.8, 2.7 m) of 5% total solids (TS) swine 

slurry. 

2. To determine the critical (TS) level, defmed as the minimum swine slurry TS 

level, above which no significant difference in geotextile inftltration rates 

can be measured. 
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3. To detennine the differences in geotextile infiltration rates between 

sterilized and natural manure used to simulate field conditions of low 

temperature, or the absence of biological sealing. 

4. To examine the quality of the exftltrate of all of the above combinations. 

The study was limited in scope to : 

1. Laboratory studies using 150 mm PVC columns. 

2. Geotextiles of a minimum nominal pore size of 20 !J.m due to 

manufacturing limitations. 

3. Manure type; swine manure being more difficult to 

seal than cattle manure. 
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IV. Material and Methods 

4.1 Introduction 

This research was conducted at Macdonald College Farm Mechanical Shop over 

the period of July 1987 to February 1988, and consisted of three separate experiments. 

Each experiment was subdivided into two parts. The first involved investigations into 

inftltration rates under different treatments, and the second being the chemical and 

physical analysis of all exf'tltrates collected for each experimental set up. All experiments 

were conducted in ambient temperature ranging from 15 to 25 °C. 

4.1.1 Experiment No.1 

Experiment No.1 was designed to measure the infiltration rates of three fine

porosity non-woven geotextiles, each exposed to three different heads of nominal 5% 

total solids (TS). The selected geotextiles had a nominal equivalent pore size of 20,30, 

and 40 J.lm. Each fabric was subjected to triplicate swine slurry manure hydraulic heads 

of 0.9, 1.8 and 2.7 m, for 1800 hours using PVC columns. 

4.1.2 Experiment No.2 

Experiment No.2 was designed to determine the critical TS level required for 

sufficient sealing to occur. This level was defmed as the minimum swine slurry TS 

concentration above which no significant difference in inftltration rates could be 

measured. A 20 1.1m non-woven geotextile (the same as that used in Experiment No.1) 

was subjected toTS levels of 1,2,4,6,8 .and 10% in triplicate setups of 1.8m swine slurry 

heads. The duration of the experiment was 1800 hours. 

4.1.3 Experiment No.3 

Experiment No.3 was designed to determine the difference in geotextile 

infiltration rates between sterilized and natural swine manure slurries. This was 

performed in order to simulate conditions of low temperature, or an absence of biological 

sealing. Sterilized and natural swine slurries of 0.9 m heads and 5% nominal TS 
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concentration were tested in quintuplet columns using a 20 11m equivalent porosity non

woven geotextile (same as that used in Experiments No. I and No.2). 

4.2 Ex.perimental Apparatus (Setup) 

A schematic representation of the experimental apparatus is presented in Fig.4.1. 

All experiments were conducted using such columns. Each column was constructed of 

two pieces of 150 mm PVC sewer pipe. Each piece of pipe had a PVC flange attached to 

it by chemical welding. The geotextile was mounted between the two flanges, and 

leaking was prevented by applying a commercially available silicon caulking around the 

edges of the geotextiles. The flanges were attached to each other using eight 6 mm bolts 

and body washers. The geotextile was supported from beneath by sieved and washed 

gravel with a median particle size of approximately 15 mm diameter. The gravel, in turn 

was supported by a wire mesh made from cage wire which contained 10 mm square 

openings. 

The bottom of the columns were mounted with 150 mm to 100 mm PVC reducers 

in which polyethylene funnels were thermally glued on using a Bostich model 3000 glue 

gun. 18 mm tygon plastic tubing was then used to connect the funnel to sealed 1.5 L 

mason jars which were used to collect and measure exftltrates. 

All columns were assembled using silicon caulking which was placed around the 

geotextile between the two flanges, and left to stand for a period of 24 hours to allow the 

silicon caulking to cure properly. All columns were hydraulically tested for leakage prior 

to being filled with the appropriate swine slurry concentration. 

The columns were constructed in three different heights to test the hypothesis that 

greater hydraulic head led to a better seal in the long-term at the expense of a greater 

infiltration rate in the short term. The chosen heads were 0.9 m,l.8 m and 2.7 m. This 

was considered a good range over which to test the hypothesis since most earthen 

structures seldom exceed 3m in depth. As well, the selected hydraulic heads would give 

a good indication as to how these structures would perform throughout the year as they 
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were filled. Ten centimeters were left at the top of each column as freeboard. Therefore, 

the upper section of each column size was 1.0 m, 1.9 m, and 2.8 min height for each of 

the required heads. 

..;. 'I COVER 

EL 

FIGURE 4.1 - THE EXPERIMENTAL SETUP 
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4.3 Geotextile Selection 

Non-woven geotextiles were used in this study as they provide finer porosities 

than woven geotextiles and can be easily manufactured. As well, non woven geotextiles 

are more stress resistant than woven geotextiles which is important as the application of 

such fabrics will be in the field. 

4.3.1 Fabric Composition 

The fabrics used were composed of needled, short-staple fibres of 100% 

polyester, with a density of 1.38 g/cm3. The only variation was the 20 Jlm fabric which 

contained some polypropylene fibers as well. Porosity and pore size are a function of the 

calendering time and temperature. In general, the finer the pore size the higher the 

calendering temperature and the longer the calendering time. 

The fabrics were supplied by Texel Inc. of St. Elzear de Beauce, Quebec, Canada. 

The nominal pore sizes were 20, 30 and 40 Jlm. These pore sizes were chosen in 

conjunction with previous work using 75 Jlm and 50 1.1m fabrics as well as the fact that 

results by Barrington and Jutras (1987) suggested that soils with equivalent pore sizes of 

40 Jlffi were capable of sealing both dairy and swine manures and hence fabrics of 40 Jlm 

or less would seem to be a reasonable choice to examine. As well, such fabrics could be 

manufactured economically using existing technology. 

Samples of these fabrics are included in appendix A. On the following page their 

pertinent characteristics are described. It should be noted that Texel Inc. was not willing 

to release technical information pertaining to the specifics of calendering time and 

temperature values as they did not wish to reveal any trade or manufacturing "secrets". 

Hence, relevant technical information in regards to the manufacturing process cannot be 

discussed in any detail in this report. 

4.3.1.1 20 urn Fabric 

The 20 Jlm (nominal) fabric was constructed of polyester and polypropylene 

fibers in the proportion of 85% polyester and 15% polypropylene. The polypropylene 
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accounts for the fabric having a glossy surface on one side. The mass per unit area was 

344.14 +\- 18.6 glm2 with a fabric thickness of 1.5 mm. Refer to the sample in 

appendix A. 

4.3.1.2 30 urn Fabric 

The 30 Jlll1 (nominal) fabric was composed of 100% polyester fibres only.The 

material mass per unit area was 420.6 +\- 9.6 glm2 with a fabric thickness of 2.0 mm. 

Refer to the sample in appendix A . 

4.3.1.3 40 urn Fabric 

The 40 Jlll1 (nominal) fabric was also composed of 100% polyester fibers. The 

mass per unit area was 341.52 +1- 7.2 glm2 with a fabric thickness of 2.0 mm. Refer 

to the sample in appendix A. 

4.3.2 Pore Size Distribution 

The pore size distribution of each fabric was determined at Ecole Polytechnique 

of the Universite de Montreal, Quebec, Canada. The procedure for determining the pore 

size distribution was II The Hydrodynamic Sieving Method II. This is a method that 

was developed at the University and incorporates some procedures adapted from 

a II Proposed standard test method for determining the apparent opening size of a 

geotextile II. This proposed test at the time of testing was not yet an ASTM Standard. 

4.3.2.1 Hydrodynamic Sievin~ 

The theory of this operation is such that four horizontal bars were attached to a 

steel bar to create an arrangement where baskets could be placed at four separate 

sections.The steel bar was attached to a piston which moved within a cylindrical 

chamber. The basket in which the fabric was supported had two sections. The 

detachable lower section contained a grove in which a wire mesh support was placed and 

its circumference was ringed with twelve equally spaced plastic bolts. The upper section 

included an extension at the bottom with twelve holes through which the bolts in the 

lower section penetrated. A pneumatic system supplied the pressure for the set up and 
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was linked to a timer through a control box which also acted as a cycle counter . An 

illustration of the sieving system is shown in Fig. 4.2. 
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FIGURE 4.2- HYDRODYNAMIC SIEVING APPARATUS 
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4.3.3.2 Procedure for a Typical Run 

A fabric sample with a diameter ( 40 em), equal to the diameter of the lower 

section of the basket was, cut and twelve small holes, correspondent to the positions of 

the twelve bolts were drilled. The fabric was then placed on the lower section and the 

upper section installed on the fabric. The two sections were then screwed tightly together 

and the gap filled by the fabric was tapped to prevent seepage of particles. Another wire 

mesh support was then placed on the fabric and 300 g of a mixture of glass beads of 

known particle size distribution was evenly spread out on top of the fabric. The basket, 

which had two hanging plates at opposite sides, was placed on one of the four sections 

of the horizontal bars and firmly screwed down. a numbered container, with an opening 

diameter of 50 em, was filled with 20 L of water and placed directly below the basket 

with the corresponding number. The procedure was repeated for the three other baskets 

and containers. The number of cycles and the pressure drop for the run were then set at 

2000 and 414 kPa, respectively. After a visual inspection to ensure that nothing was 

amiss, the system was started. The apparatus was designed such that at a pressure drop of 

414 kPa, the duration of one cycle was 28 seconds including a seven second immersion 

in the basket of water. 

After termination of the run, the glass beads which penetrated the fabric were 

allowed to settle. The water in the containers was then removed and the glass ·beads 

collected separately in plastic jars. Fresh water was then added to each jar and small 

samples of the thoroughly mixed suspensions collected for analysis. The suspensions 

were next dried and the mass of glass beads determined. The size distribution of the glass 

beads was determined with a microscopic computerized particle analyzer which was 

composed of a set ·of microscopes (Leitz, Model #210,) a camera (Hitachi, Model HlA), 

an IBM PC with appropriate software and a printer. 

The filtration opening size (FOS) of the fabric was taken to be the particle size 

corresponding to the 95th percentile (d95 ) on a cumulative size distribution plot of the 
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particles which penetrated the fabric. The respective d95 of each fabric is shown in 

figures 5.1 to 5.3 (Results and Discussion section). 

4.3.3 Permeability 

of the fabrics used were determined using the "Falling Head Method". This was 

Performed at Macdonald College Farm Shop, Ste Anne de Bellevue, Quebec, Canada. 

This Method was modified from the Soil Conservation Service (SCS) method to 

suit our purpose. The testing apparatus consisted of a 1m high 150 mm PVC pipe 

identical to our experimental setup (see figure 4.1 ). 

4.3.3.1 Procedure For Fallin2 Head Method 

The fabric to be tested was installed between the two flanges and completely sealed and 

hydraulically tested for water tightness. The column was then filled with water to a set 

head above the fabric. A section of rubber tubing was connected to a funnel portion and a 

clamp was applied to the tubbing to facilitate opening and closing. The tubing was then 

directed into a bucket below, where water passing through the fabric could be collected 

and its volume measured. over a known period of time and Water was then allowed to 

travel through the fabric being tested. By treating the fabric as a soil, equations for the 

falling head permeameter can be developed by considering two expressions for the total 

flow through a porous medium. 

If Q is equal to the total flow then dQ/dt is the rate of flow per unit time and by 

Darcy's Law : 

dQ/dt = K AHIL (1) 

where : K is the hydraulic conductivity (cm/s) 

His the hydraulic head (em) in the water column measured with respect to the 

upper fabric surface 

A is the cross sectional area of the cylinder containing the fabric (cm2) 
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Lis the thickness of fabric (em) 

The water in the supply column, in this case directly above the fabric being tested 

,drops from H
0 

to H in timet, where H
0 

is the initial hydraulic head (em). The outflow 

pressure head on the surface remains constant, hence the total flow Q may also be shown 

as: 

Q = aH - aH or dQ/dH =-a (2) 
0 

where "a" is the cross sectional area of the supply tube or column, in this case it is 

equivalent to A. We now have two expressions for dQ that we can equate.Setting 

equation (1) equal to equation (2) we have : 

-adH = (kA HIL) dt 

or -dHIH = (kA\aL) dt 

in our case "a"= A, therefore: 

-dHIH = (k\L) dt 

(3) 

(4) 

(5) 

The limits of integration are H = H at t = t and H = H at t = t. Therefore on integration 
0 0 

we have: 

and 

ln H IH = (k!L) (t-t ) 
0 0 

(6) 

k = L ln H
0
/H or k = (U t) ln H

0
/H 

(t- t
0

) 

where Lis the thickness of the material (em). 
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A temperature correction factor T c is then used to bring the measured value to a 

standard 60 °F (15.5 °C). For our purposes five replications per fabric were performed. 

4.4 Swine Slurry Characteristics 

The swine manure used for the duration of all experiments was collected fresh 

from the Macdonald College Farm Finishing Unit. Manure was collected in the gutters 

over a two day period and then removed using a chain scraper system. Adequate amounts 

of the manure were then transported to the lab in garbage pails where batch dilution were 

carried out to meet the required total solids (TS) concentration for each experiment 

combination. 

4.4.1 Total Solids fTS) Concentration 

Total solids (TS) concentrations were determined according to standard methods 

(APHA,1981). Triplicate samples were placed on tared aluminum foil plates and were 

then placed in an oven where they were allowed to dry at 103 oc for a period of 24 hours 

or until a constant weight was achieved. Using the following equation the TS 

concentration can be determined. 

Total Solids (TS) = 

Ad = weight of dried solids 

B = weight of wet samples 

The average TS concentration of the fresh manure collected was in the range of 

11% to 16% on a dry matter basis. Once the fresh manure TS concentration was 

determined, water was added to obtain the required TS concentration for each 
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experimental combination. The amount of water required to be added was determined 

using the following equation: 

WA = [(1-SM)/(1-FM)]-1 

W A = wt. of water added 

SM =starting moisture content per unit wt. (decimal) 

FM = final moisture content per unit wt.( decimal) 

Once the dilutions were made samples were taken and tested once more and TS 

concentrations were determined. If the TS concentrations were lower than required, 

manure was added; if further dilution was required, water was added. Before filling the 

columns with the required manure concentration the TS concentration was once more 

determined and recorded as the TS used. Each triplicate or quintuplet column of equal 

head or the same TS concentration was filled from the same batch of manure in order to 

reduce error when comparing the various geotextile combinations. 

In experiment No.1, the required TS concentration was 5% for the three different 

heads of 0.9 m, 1.8 m and 2.7 m. In this case three batches of manure with nominal TS 

concentration of 5% were made. Each batch was then used to fill a specific column head, 

for example, for 0.9 m head for all the geotextiles being tested. We should note that 

batches were required as limitation existed on the size of the mixing tank available. In 

experiment No.2, six batches of manure were prepared for the nominal TS concentration 

of 1 %,2%,4%,6%, 8% and 10% and each triplicate 1.8 m column was filled with the 

required concentration. 

In Experiment No.3 only one batch of nominal 5% TS concentration was used to 

fill the quintuplet columns of 0.9 m heads natural manure and a second batch was 

prepared for the 5% TS sterilized manure. 
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4.4.2 Particle Size Analysis 

Particle size analysis was not performed directly in this study. Instead, data were 

obtained from work conducted by Fernandes et al. (1988) who performed a particle size 

analysis using the same swine manure source as was used in all experiments of this 

study. 

The method employed is known as the "wet sieve analysis" which has been 

adopted from Kemper (1965). Since this was not directly performed as part of this 

experiment, a short summary of the method will be described. 

The method utilizes a representative sample of manure which is placed on the 

uppermost of a set of graduated sieves. The sieves are then stacked on top of one another, 

and immersed in water. The sieves are then oscillated vertically and rhythmically, so that 

water is made to flow up and down through the screens and the manure. At the end of a 

specific period of sieving, usually 30 minutes, the nest of sieves is removed and 

separated. The oven dried weight of the material left on each sieve is determined and is 

subsequently calculated as a percent of the total mass; thus giving a breakdown of the 

manure particle size distribution. 

4.4.3 Preparation of Sterilized Manure 

In preparing the sterilized manure used in Experiment No.3, a 37.5% strength 

commercial grade formaldehyde solution was used. In previous work done by Rowsell 

(1981}, a Warburg Respirometer was utilized to measure the level of microbial activity 

through respiration. Once respiration (C02 levels) rates were undetectable the manure 

was said to be sterilized. In his work this was found to occur when a 40% formaldehyde 

solution was added to manure in a 2% by volume ratio. 

It should be noted that the results of Rowsell (1981) were not strictly transferable, 

as there was some uncertainty as to the similarity of the manure characteristics used for 

each respective study. Hence, a verification was performed. 
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Since a Warburg Respirometer was not available, an alternative microbial 

approach was taken with the assistance of the Macdonald College Microbiology 

Department. 

The required formaldehyde-to-manure ratio to ensure complete sterilization of the 

manure slurry was determined using two methods. The first method involved plating (a 

technique used in microbiology for inoculation purposes) onto general purpose agar and 

the second method involved the use of a tryptone dextrose broth test tubes and inverted 

gas collecting vials. Both methods required two-day old samples (to allow for 

microbial arrest to occur) containing 5% TS manure slurry and formaldehyde mixed at 

ratios of 0.5%,1.0%,2%,3.0% and 4.0%, by volume. 

Duplicate general purpose agar plates were inoculated with the five mixture 

ratios. The plates were incubated at 25 oc for a 48 hour period under both aerobic and 

anaerobic conditions. At the end of two days, all plates were visually examined with the 

aid of a lab technician to determine if any microbial growth had occurred. At the 2% and 

above mixture there was no evidence of microbial growth and activity was assumed to 

have been arrested. 

In the case of the tryptone dextrose broth tubes, the same mixture ratios were 

used. In this method, a change in the color of the solution indicates a change in the pH 

and subsequent microbial respirator as a result of C02 being released. As well, inverted 

gas collecting vials placed in the tubes can indicate anaerobic activity if they are found to 

contain any trapped C02 gas in them as a result of co2 being respired. 

Duplicate test tubes of the tryptone dextrose broth were inoculated with all five 

ratio mixtures. All tubes were incubated at 25 oc for 48 hours in both aerobic and 

anaerobic conditions (identical to the general agar plates). Results from observations 

showed no bacterial activity at the 2% level thus confmning the results of the general 

agar plating method. Based on these findings a 25% contingency was incorporated as an 
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added precaution. A formaldehyde concentration of 2.5% by volume was used to sterilize 

the manure used in Experiment No.3. 

For Experiment No.3 all columns were filled two days after the mixing of 

formaldehyde and manure to allow adequate time for complete arrest of 

biological/microbial activity. 

4.5 Infiltration Rates 

Infiltration rates were measured from the volume of seepage or exfiltrate 

collected as follows: 

I= VI AT 

I= infiltration rate average over time (m/s) 

V = volume of exftltrate collected over time (m3) 

A= cross sectional area of geotextile (m2) 

T = Time (s) 

All experiments were conducted at ambient air temperature ranging from 15 to 

25 °C. Infiltration rates were then corrected for a constant temperature of 15 oc (refer to 

appendix H for correction factors). Collected exfiltrates were sampled such that the 

slurry head did not fluctuate more than 2%. In most cases frequent sampling at the 

beginning decreased to weekly sampling as the infiltration rate had decreased to an 

reasonable limit, (about IQ-6 rnls). 

4.6 Effluent Samplin2 and Analysis 

Individual column exfiltrates were sampled weekly for experiment No.1, and bi

monthly for Experiment No.2 and No.3. Physical and chemical analysis were performed 

on each sample collected. Sampling for experiments No.2 and No.3 was conducted on a 

bi-monthly basis as results from experiment No.1 showed little variation in parameters 

being measured over the duration of the experiment. Therefore, it was felt that bi

monthly sampling would be suitable for analysis purposes. The parameters which were 
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measured includes pH, NH3 (ammonia), K (potassium), Cl (chloride), N03-N (nitrate-

nitrogen), COD (chemical oxygen demand) and SS (suspended solids). 

4.6.1 Samplin~: and Stora~:e 

The volume of exfl1trate sample collected was 60-70 ml. pH and ammonia were 

analyzed immediately on the same day when collected where as samples for potassium, 
chloride, and N0

3
-N were stored in a refrigerator at 4 oc and were analyzed within the 

week after sampling. In the case of COD and SS, the samples were acidified with 
concentrated sulfuric acid , H2so4 (CON) ,until a pH of less than 2 was obtained, and 

frozen until a further date when testing could be perlormed. 

4.6.2 Chemical Analysis 

Six chemical parameters were measured on all exft.ltrates collected. This was 

perlormed to give an indication of the degree of pollution potential to ground water. The 

parameters monitored were : chemical oxygen demand (COD), pH, ammonia (NH3), 

nitrate-nitrogen (N03-N), potassium (K+) and chloride (Cf). 

4.6.2.1 Chemical Oxy~:en Decimal (COD) 

The COD test was perlormed according to Standard Methods (APHA, 1981). It 

measures the oxygen equivalent to the organic matter present in the sample and which is 

susceptible to oxidation by a strong chemical oxidant, in this case potassium dichromate 
(K2 Cr2 o7). The COD was measured using an EPA (Environmental Protection Agency) 

approved Hach model16500 COD reactor (16 tube capacity) employing the closed reflux 

dichromate method. A colorimetric evaluation was used to measure the amount of 
potassium dichromate (~Cr207) reduced by the sample when refluxed for two hours at 

150 +1- 2 oc in a strong acid solution and in the presence of silver sulfate (Ag2SO 4) 

which acts as a catalyst. Halide interlerence was prevented by adding mercuric sulfate 
(HgSO 4). Colorimetric response was measured using a Bausch and Lomb Spectronic 20 

spectrophotometer, set at 620nm. 
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Potassium hydrogen phthalale (KHP) was used as the material to calibrate the 

colorimetric measurement of COD, due to the availability of high purity material, its 

stability and its lack of moisture pickup. Each mg of KHP requires 1.175 mg of oxygen 

for complete oxidation. Thus 0.85105 g of KHP dissolved in deionized water was used to 
prepare a stock solution of 1000 mg/1 02 . A standard calibration curve was prepared for 

1 000,800,500,300,and 100 mg/1 o2 and a best fit standardization curve was generated to 

which tested samples were compared. 

Sample dilutions ranged from 4 times by volume for 1% TS concentration 

exfiltrate, to 100 times by volume for raw swine slurry. Once dilutions were complete, 

one ml samples were then used in the procedure. 

The accuracy and precision for this methodology varies and is of the order of 5-

10% standard deviation. 

4.6.2.2 pH 

The pH value, which measures the hydrogen ion activity of a solution at a given 

temperature, was detennined with a combined (glass and reference) Orion model No. 120 

electrode. A Coming portable digital pH/ion meter, Model 155 from Coming Science 

Products USA, was employed. The pH meter compensated for temperature effects and it 

was calibrated for each measurement with buffer solution of pH 7.0 and pH 4.0. Sodium 

interference was not considered since all samples had a pH below 10, (APHA, 1981). 
4.6.2.3 Ammonia (NH

3
) 

As outlined in Standard Methods (APHA, 1981), the concentration of ammonia 

was detennined in each sample using an Orion model No. 951201 ion-selective electrode 

from Orion Research Inc., USA. The electrode uses a hydrophobic gas penneable 

membrane to separate the sample from the electrode internal solution. Dissolved 

ammonia in the sample is released when a 10M NaOH solution is added to the sample 

which raises the pH and increases the percentage of ammonia to 100%. The dissolved 

ammonia diffuses through the membrane until the partial pressure of the ammonia is the 
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same on both sides of the membranes. In any given sample the partial pressure of 

ammonia will be proportional to its concentration. Ammonia diffusing through the 

membrane dissolves in the internal filling solution, and, to a small extent, reacts 

reversibly with water in the ft.lling solution. The internal filling solution contains 
ammonium chloride (NH

4
Cl) at a sufficiently high level so that the ammonium ion 

concentration can be considered fixed. Thus, essentially, the electrode functions by 

measuring the potential difference in millivolts (m V's) between the ion activity in the 

filler solution and the ion activity in the sample. In this case a Corning Model 155 digital 

pH/ion meter manufactured by Corning Science Products, USA was used to measure the 

potential in millivolts. 

The electrode itself was calibrated by creating a standard curve with a series of 

standard solutions of known concentrations and within the range of values of samples 

being tested (after dilutions). Standards solutions were prepared by dissolving 
ammonium chloride (NH4Cl) in deionized water to create a stock solution of 1000 ppm. 

This, in turn, was diluted to standards of 100,10,1 and 0.1 ppm. A best fit approach was 

then utilized to obtain the calibration curve and the samples were tested. The samples to 

be tested were diluted 20-25% of their original concentration so that their ammonia 

concentration would fall within the measurable range of the electrode and standard 

solutions. A standard curves along with a sample of the measurements, and results for 

each sample can be found in appendix E. 

4.6.2.4 Nitrate Nitroeen (N03-N) 

The concentration of nitrate-nitrogen was determined with the assistance of The 

Department of Microbiology at Macdonald College. This was done using a Chemlab 

Autoanalyzer II and a Clemlab multi-channel Colorimeter Mark III both manufactured 

by Chemlab Instruments Ltd, England. The method employed is based on the formation 

of an azo-dye which is estimated colorimetrically as a result of nitrate-nitrite reduction 

(Anonymous, 1978). A filtered sample is used in the determination of nitrite and nitrate, 
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both of which may be present in solution. The principle of operation involves 

determining nitrite concentration alone with deionized water passing through a hydrogen

copper line. When no reduction of nitrate occurs it is unable to take part in the formation 

of the diazo compound. The determination is then repeated with a hydrazine-copper 

reagent present to reduce nitrate to nitrite enabling it to form a diazo compound and so 

be estimated. This second determination estimates total oxidized nitrogen (nitrate plus 

nitrite-nitrogen). The nitrite-nitrogen value from the first determination is then subtracted 

to give the nitrate-nitrogen concentration in solution. In simplified form : 

TOTAL OXIDIZED NITROGEN- NITRITE NITROGEN= NITRATE NITROGEN 

The azo-dye is measured calorimetrically by setting the colorimeter to a 

wavelength of 520mm. The qualitative analysis of concentration is then recorded on a 
chart recorder and (N03-N) nitrate concentrations are obtained by comparing sample 

peaks to a series of standard or reference peaks. It should be noted that these references 

or standard peaks were generated from stock solutions prepared from potassium nitrate 

and sodium nitrite. Through a series of serial dilutions reference concentrations were 

diluted to the approximate range of nitrate concentrations found in the samples (initially 

a trial and error process), in this case< 10 PPM. 

4.6.2.5 Potassium (K+) 

As with ammonia, an ion-selective electrode was used to determine the 

concentration of potassium as outlined in Standard Methods (APHA, 1981). In this case, 

an Orion model 93-13 potassium electrode was employed from Orion Research Inc., 

USA. This electrode consists of an electrode body and a replaceable pre-tested sensing 

module. The sensing module contains a liquid internal filling solution in contact with a 

gelled organophyllic membrane containing a potassium selective ion exchanger. When 

the membrane is in contact with a potassium solution an electrode potential develops 

across the membrane. This potential, which depends on the level of free potassium ion in 

solution is measured against a constant reference potential which in this case is an Orion 
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model 90-02 double junction reference electrode. This reference electrode contains an 

inner chamber solution which matches the characteristics of a standard KCl calomel 

electrode and an outer chamber which for potassium concentration determination 

contained a 2% by volume 5M NaCl solution. 

The potential was measured in millivolts (m V's) using the Corning model 155 

digital pH/ion meter, manufactured by Corning Science Products, USA. The m V 

potential of the sample was then compared to a series of standard solutions of known 

concentrations of 100,10,1,0.1 ppm which were prepared from a stock solution (1000 

ppm) of KCl dissolved in deionized water. A best fit approach was used for determining 

the calibration curve. Hence, the standard curve and sample reading can be related and 

the concentration of potassium in the sample can be obtained. A sample of results can be 

found in appendix E . 

It should be noted that in the case of potassium concentration determinations, an 

Ionic Strength Adjustor (ISA) was added to all potassium standards and samples so that 

the background ionic strength is high and maintained constant relative to the variable 

concentrations of potassium ion. In this case, a 5M electrode NaCl solution is the 

recommended ISA. This concentration of 5M NaCl was added at the rate of 2 ml ISA 

for every 100ml of sample. 

4.6.2.6 Chloride (CI·) 

As with potassium an ion-selective electrode was used to determine the 

concentration of chloride as outline in Standards Methods (APHA, 1981). In this case an 

Orion model 93-17 chloride electrode was employed from Orion Research Inc.,USA. 

This electrode consists of an electrode body and a replaceable pre-tested sensing module. 

This sensing module contains a liquid internal filling solution in contact with a gelled 

organophyllic membrane containing a chloride selective ion exchanger. When the 

membrane is in contact with a chloride solution an electrode potential develops across the 

membrane. This potential, which depends on the level of free chloride ion in solution, is 
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measured against a constant reference potential, which in this case is an Orion model 90-

02 double junction electrode. This reference electrode contains an inner chamber solution 

which matches the characteristic of a saturated KCl (potassium chloride) calomel 

electrode and an outer chamber which for chloride concentration detenninations contains 

a 1OM KCl solution. 

The potential was measured in millivolts (m V's) using the Corning Model 155 

digital pH/ion meter manufactured by Corning Science Products, USA. The m V potential 

of the samples is then compared to a series of standard solutions of known concentrations 

of 100,10,0.1 ppm. which were prepared from stock solution (1000 ppm) of dissolved 

NaCl (sodium chloride) in deionized water. A best fit approach was then used for 

detennining the calibration curve. Hence the standard curve and sample readings can be 

correlated and the concentration of chlorides in the samples can be obtained. A sample of 

results and calibration curve can be found in appendix E. 

4.6.3 Physical Parameters 

Only one physical parameter was monitored for pollution potential, that being 

suspended solids (SS). 

4.6.3.1 Suspended Solids (SS) 

As outlined in Standard Methods (APHA, 1981), suspended solids refers to the 

nonfilterable residue which is retained on a standard glass fiber filter after filtration of a 

well mixed sample and dried at 103 to 105 oc for at least 24 hours or until a constant 

weight is obtained. For the tests, a Millipore membrane filter apparatus from Millipore 

Filter Corporation, USA, and 0.45 Jlm glass fibre filter supported in aluminum dishes 

were used. Prior to weighing, all samples were collected and stored in a glass desiccator. 

A Sartorious Analytical balance capable of weighing down to 0.1 mg was used. 
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4. 7 Experimental Desi2n 

4.7.1 Experiment No.1 

The experiment design for Experiment No.1 was that of a 3 X 3 factorial with 

three replications. Three geotextiles (20,30, and 40 Jlm) and three hydraulic heads 

(0.9,1.8 and 2.7 m) formed nine treatments (27 columns in total). 

4.7.2 Experiment No.2 

The design for Experiment No.2 was that of a 1 X 6 factorial with three 

replications. One geotextile fabric (20 Jlm) was subjected to six (6) different swine 

slurry concentrations (1,2,4,6,8, and 10% TS) under a constant head to form six 

treatments (18 columns in total). 

4.7.3 Experiment No.3 

Experiment No.3 was that of a 1 X 2 factorial experiment with five replications. 

One geotextile (20 Jlm) was subjected to two manure slurries sterilized and natural, of 

equal TS concentration and constant head. This gave us two treatments and ten columns 

in total. 

4.8 Statistical Analysis 

Infiltration rates and effluent concentrations were compared for significant 

differences using the analysis of variance method. Each sampling period was grouped as 

a block to limit experimental error among treatments. The least-square method was used 

to identify significant treatment differences. 

Regression models were developed for all experimental conditions to establish a 

relationship between infiltration rate and time. The best fit was obtained using the 

logarithmic form of the exponential equation: 

I=Wtx 

where: I = inflltration rate average over time (m/s) 

W ,x = constants 

t = infiltration time(s) 

45 



This exponential equation was found to give the best fit as it gave the highest 

correlation coefficients. Because inftltration rates evidently increased after 1000 to 1400 

hours of experimentation (for natural manures), two such models were obtained for each 

combination. The most probable point in time constituting the initial increase in 

infiltration represented the time separating the two models giving the best fit. The best 

fitting pair of models were selected from that giving the highest correlation coefficient. 
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V. Results and Discussion 

5.1 General Material Characteristics 

In each of the experiments conducted the characteristics of the geotextiles and 

manure utilized were consistent, and are shown below. 

5.1.1 Pore Size 

Using the Hydrodynamic Sieving method,the respective ct
95 

of each fabric used 

in the study is shown in figures 5.1 to 5.3 for the 20, 30 and 40 JliD. fabrics, respectively. 
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5.1.2 Permeability 

Through the use of the Falling Head method, the respective hydraulic 

conductivity values based on five (5) replications per fabric sample are summarized in 

table 5.1 below. 

TABLE 5.1 

GEOTEXTll..E CHARACTERISTIC SUMMARY 

Hydraulk conductivity 
Geotextile Pore Size (saturated), 

x1o-5m/l 
Geotulile tlaidcnea,. IIDminlll, met~~wal, ,. ,. tnetlll stlllldard dev. mm 

20 21·8 4·56 0·406 1·5 
30 29·6 6·30 1·100 2·0 
40 40·9 5·47 0·526 2.0 

5.1.3 Manure Particle Size Analysis 

The results for the manure used in this study are shown in table 5.2 below. It 

should be noted that these results were taken from Fernandes et al. (1988). 

TABLE 5.2 

PARTICLE SIZE DISTRIBUTION AS A PERCENTAGE OF TOTAL SOLIDS 

PARTiaL SIZE FRESH RAW MANURE 
(Urn) {% OFMASS) 

< 53 52.8 
53-75 2.7 
75-105 2.5 

105- 150 1.8 
150-250 1.3 
250-500 3.1 

500-1180 8.4 
> 1180 27.4 

TOTAL 100 
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5.2 Experiment No. 1 

Experiment No.1 was used to compare three different geotextiles, each of which 

was subjected to three different heads and a constant TS concentration of swine manure 

slurry. The characteristics of the manure with regards to their original chemical and 

physical parameters is represented in Table 5.3 below. 

TABLE5.3 

EXPERIMENT N0.1 - SWINE SLURRY CHARACTERISTICS 

Slurry 
Slunylllllllylil 

Mtul, TS, COD, .NHJ N03-N a. "· m ~ pH· 111 ppm ppm Ill ppm 

2·7 4·64 7·1 53·5 4871 1·7 2.46 1180 
1·8 4·59 7.0 53·6 4260 1·S 2.36 1241 
0·9 4·71 7·1 52·9 4311 1-6 2.26 1191 

SS -= suspcadcd soUds 

5.2.1 Infiltration Rates 

Infiltration rates for all experimental combinations are shown in Figs. 5.4 to 5. 7. 

In general, seepage rates dropped below 1 x 10-7 rn/s and 2 x 10-8 rnls within 150 and 

1000 hours, respectively. When dismantling the various columns a typical manure mat 

was found to have accumulated at the geotextile surface. This mat was composed of the 

solids which had been originally present in the manure slurry. The mat formation 

consisted of large-sized particles directly in contact with the geotextile material itself 

with a gradient of smaller sized particles progressively as the height of the manure mat 

increased and extended away from the geotextile. On top of the "mat" a black sludge like 

"scum" had also formed. The odor and color were characteristic of partially decomposed 

organic matter formed by predominantly anaerobic microbial decomposition. 
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In perfonning the analysis of variance it was shown that there exist some 

significant differences among experimental combinations (see appendix D). When 

considering individual fabrics only the 40 Jlm fabric showed significant differences 

among heads. The 2. 7 m slurry head pressure produced higher infiltration rates at the 

95% confidence level. This pressure head influence is associated as well with a higher 

infiltration rate. This may be related to the fact that high pressure head can influence the 

degree to which particles are held within the geotextile fabric itself. The fabric's ability to 

hold and trap smaller sized particles may be reduced due to the porosity of the fabric. 

Thus the ability to trap these smaller particles may not be fully realized. 

When considering individual manure heads, the 30 Jlm fabric gave significantly 

higher infiltration rates for the 2.7 m slurry (95% confidence level). As well, for 

individual manure heads there were significantly higher seepage rates for the 0.9 m and 

1.8 m slurry pressures for the 20 Jlm fabric (95% confidence level) When the three 

geotextiles were compared, respective of manure pressure, (fig. 5.7 ) the 20 Jlm fabric 

gave significantly higher seepage rates (95% confidence level). The higher infiltration 

rates, associated with the smallest equivalent pore size fabric may be the result of the 

lowest geotextile penneability as described by Faure et al. (1986). Fabrics of higher 

hydraulic conductivity are known to develop a more compact, and therefore, more 

impermeable manure mat at their surface. This is related to the ability of smaller size 

particle in the manure slurry to become trapped in the fabric layer itself and may partially 

be related to results suggested by Faure et al. ( 1986) that the lack of ability to form stable 

arches above pore openings in the geotextile leads to a reduction in its ability to seal or 

become blocked. Another factor which may contribute to the higher infiltration rates for 

the 20 Jlm fabric may be due to its smaller thickness, 1.5 mm, compared to 2.0 mm for 

the other fabrics. These factors are useful in filter fabrics used in preventing drainage 

piping from being" blocked off" but is less useful in the application as a sealing medium 

as is intended in this particular use. 
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Regression models were determined for all nine experimental combinations, 

Table 5.4 , as well as for all three geotextiles irrespective of slurry head (Fig. 5.7 ). 

Infiltration rates decreased from 5 X 10 -2 rn/s to less than 1 X 10-
7 

and 2 X 10-
8 

rn/s 

within 150 and 1000 hr, respectively. Minimum inftltration rates ranged from 1.3 to 1.8 x 

10
-8 . rn/s and occurred between 1000 and 1400 hr.of experimentauon. These rates are 

slightly above the 10-8 rn/s set by most environmental authorities. Among all nine 

TABLE5.4 

INFILTRATION RATE REGRESSION MODELS FOR ALL 

EXPERIMENT NO. 1 COMBINATIONS 

Experiment 
Coefficient of 

Pore Size Regression model Period, 
Determination,R2 JIM bead (m) I, to-• m/1 Ia 

20 0·9 t31·8rC).63 0-1150 0·63 6·46 x 10_,,, .... 1150-1800 0·53 
20 1·8 409·9,-o-a 0-1150 0·70 

1·22 x 1o-'r·29 1150-1800 0·90 
20 2·7 317·1,-o-19. 0-1250 0·82 

3·2 x 10-106'"107 1250-1825 O·SO 

30 0·9 1101-0-64 0-815 0·77 
4·81-0·13 815-1800 0.01 

30 1·8 629,-o-.. 0-985 0·88 
0·2610.25 985-1800 0·04 

30 2·7 13· 28t -· 17 0-1330 ().04 
28061 -o-19 1330-1800 0·20 

40 0.9 70·431-o-57 0-1150 0-62 
1·2 x to-•, .. ., 1150-1800 0.59 

40 1·8 3241-~11 0-1150 0·83 
4•2 X 10_.11"13 1150-1800 0.55 

40 2·7 206·71-Ht 0-1350 0.79 
1·82 x 1o-'r·» 1350-1830 0.34 
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combinations, minimum inftltration rates varied by only 2.0 x 10-9 rn/s despite significant differences indicated by the analysis of variance. All columns exhibited an increase in inftltration rates after 1000 to 1400 hr. A probable cause for this is leaching or microbial degradation or disintegration of the impermeable manure solids mat accumulated over the geotextile. This leaching phenomenon was previously observed by Barrington (1985) with fine sand columns. In actual field conditions an increase in infiltration rates after 1000 hr. to 1400 hr. may be offset by the fact that fresh manure solid will be added on a continual basis which would replace the mat with new organic material. One should note that in the field this accumulation of manure solids is usually removed from its storage area and spread on the land to make way for the following season's accumulation. During this experimentation, fresh manure was not added to the columns once experimentation· began so that total solids concentrations would remain constant in all columns. 

When examining the regressions model established (Table 5.4) none of the R2 
values exceeded 0.90. This suggests that a poor correlation exists between infiltration rates and time. Closer examination of some of the data reinforces these statistical results as it is obvious that inftltration rates decrease rapidly for the first 400 hr but thereafter can fluctuate by as much as 100% of their value. Thus, the general trends of most infiltration rates after 400 hr becomes less related to time but more related to other mechanisms such as microbial degradation and the movement of manure solids through/from the mat above the geotextile. Hence, the infiltration rate may, in fact, be initially related to time as affected by physical sealing mechanisms but over the longer duration the inftltration rate may become more closely related to factors other than physical sealing. 
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5.2.2. Filtrate Analysis 

Filtrate seepage analysis have been summarized in Tables 5.5 to 5.9 . pH levels 

remained constant within the range of 6.5 to 7.5 for all experimental combinations while 

nitrate (N03-N) concentrations increased from 1.5 to 2.5 ppm. 

Ammonia (NH3) concentrations were the highest among all 2. 7 m head 

combinations and among geotextiles for the 20 J.1ID. fabric at both the 1.8 and 2. 7 m heads 

(99% confidence level). 

Chloride (Cl) concentrations were not significantly different among treatments 

while potassium (K) levels were significantly higher only for the 0.9 m 30 J..Lm 

experimental combination (95% confidence level). 

Poor correlation (R2 = 0.2- 0.3) was found to exist between SS and infiltration 

rates, although SS levels were the lowest after 1000 to 1200 h of experimentation. A 

possible explanation for the poor correlation may be due to the fact that particle sizes 

which cannot be trapped on the standard fllter material may be a result of advanced 

microbial degradation and hence may not be captured after the 1000 to 1200 h duration at 

which point infiltration rates begin to increase. 

TABLE5.5 

Chloride Concentration of Seepages, mg/L 

Nominal Pore Size Slurry head, m 
of Geotextile 

Jim 0·9 1·8 2·7 AU 

20 18500 17700 21300 19200 
(9520) (6050) (7730) (7760) 

30 16500 18400 21000 18600 
(4710) (7290) (6610) (6200) 

40 21200 21400 21900 21500 
(11 540) (11200) (8740) (13 830) 

The values in parentheses are the standard deviations based on ten 
samples, taken at regular intervals throughout the experiment. 

No significant difference was observed among aU combinations 
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TABLE5.6 

Potassium Concentration of Seepages, mg/L 

Nominal Pore Size Slurry head, m 
of Geotextile 

!liD 0·9 1·8 2·7 All 

20 669 681 m 709 
(321) (265) (361) (311) 

30 836* 711 840 796 
(254) (295) (293), (278) 

40 732 701 815 749 
(335) (320) (349) (327) 

The values in parentheses are the standard deviations 
based on ten samples, taken at regular intervals throughout 
the experiment. 

• significantly higher value among geotextiles (95% con
fidence level) 

TABLE 5.7 

Ammonia Concentration of Seepages, mg/L 

Nominal Pore Size Slurry head, m 
of Geotextile 

!liD 0·9 1·8 2·7 AU 

20 3360 340()•• *4060* 3610 
(353) (382) (458) (504) 

30 3200 3090. *3800 3360 
(341) (266) (360) (447) 

40 3170 3270 ~0 3420 
(359) (390) (340) (457) 

The values in parentheses are the standard deviations 
based on nine samples, taken at regular intervals through
out the experiment. 

• • significantly higher value among geotextiles (99% con
fidence level) 

• significantly higher value among geotextiles (95% con
fidence level) * significantly higher value among heads (99% confidence 
level) 
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TABLE5.8 

COD Concentration of Seepages, mg/L 

Nominal Pore Size Slurry head, m 
of Geotextlle 

pm 0·9 1·8 2·7 All 

20 328to•• 3369()•• *41 02Q•• 35840•• 
(4600) (4450) (5930) (6020) 

30 29010 28780 *34320· 30700 
(4320) (3580) (4470) (4660) 

40 28490 t31010 t31770 30420 
(2920) (3600) (4860) (3870) 

The values in parentheses are the standard deviations based on five 
samples, taken at regular intervals throughout the experiment. 

• • significantly higher value among geotextiles (99% confidence level) 
• significantly higher value among geotextiles (95% confidence level) 
t significantly higher value among beads (99% confidence level) 
t significantly higher value among beads (95% confidence level) 

TABLE5.9 

SS Concentration of Seepages, mg/L 

Nominal Pore Size Slurry head, m 
of GeotextUe 

pm 0·9 1·8 2·7 AU 

20 3897 3358 3827 3694 
(1183) (1217) (1238) (1199) 

30 3630 3550 3653 3611 
(1025) (1133) (1144) (1068) 

40 t4253 2985 3632 3623 
(1769) (1056) (1317) (1465) 

The values in parentheses are the standard deviations based on five 
samples, taken at regular intervals throughout the experiment. 

t significantly higher value among beads (95% confidence level) 
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All exftltrates were shown to be highly contaminated,indicating that geotextiles 

act solely as a screening media. 

COD levels were found to be the highest among all heads of 2. 7 m (99% 

confidence level) and among the 20 JJ.m geotextile fabric (99% confidence level). 

However, the 2.7 m heads for both the 30 Jlffi and 40 Jlm fabrics combinations did not 

show significantly higher inftltration rates. These results suggest that despite higher COD 

levels as a result of manure solids leaching, the 2. 7 m heads produce higher pressures on 

the manure mat thus reducing its porosity as well as permeability. 

In regards to suspended solids (SS), they were shown to be significantly higher 

among heads and geotextiles for the 0.9 m and 40 Jlffi. 

All seepages were contaminated, suggesting that the installation of such materials 

would require seepage collection systems to ensure protection of groundwater from 

possible contamination. 

5.3 Experiment No.2 

Experiment No.2 was designed to determine the critical TS level or the minimum 

swine slurry TS level above which no significant difference in geotextile infiltration rate 

can be measured. Tables 5.10 and 5.11 below show experimental data. Note that swine 

slurry characteristic for experiment No.3 are included in Table 5.10 as well. 

5.3.1 Infiltration rates 

Infiltration rates for this experiment were monitored for 1800h for all TS levels 

(1 %,2%,4%,6%,8%,10%) with the exception of the 1% TS concentration which was 

terminated after 1000 hours because of its excessively high seepage rates. 

Results from this experiment are illustrated in Fig. 5.8 using their respective 

regression models. The analysis of variance indicates significantly higher infiltration 

rates .for the 1% and 2% TS swine slurries (99% confidence level). Minimum seepage 

f 9 0-8 -8 rates o 5 X 1 rn/s and 15 X 10 rn/s were reached with these two slurries, 
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TABLE5.10 

CHEN.UCALANALYSESOFEXPERTIWENTALS~SLURRffiS 

COD, ss, NB3 N03-N 
TS pH mg/1 ,,, ppm ppm 

1 7-os 8734 9·8 810 0.3 
2 7.01 38440 4-6 1125 o-s 
4 6·96 S0220 23·7 2710 0·9 
6 6-88 51400 41·1 3050 1-6 
8 6-93 65050 S8·2 .uoo 2·1 

10 6·79 104060 77·9 4800 2-6 
S (natural) 6·86 S0190 39-4 2940 1·5 

S (+formaldehyde) 6-21 S9SOG- 39-4 640 1·5 

• Value not c:oaccted for the formaldehyde content 

TABLE5.11 

EXPERil\1ENTAL DATA FOR EXPT. No. 2 

GttiiUIW 
SwiM slurry 

a, 
ppm 

4210 
7150 

19430 
23490 
31640 
348 
21640 
21640 

tquitHJlent Pore Size Totlll solid.r Hydrt~ulic hetul 
nomilllll, mtiiSIIntl, J.:•. nominlll, metur.uetl, Gbow geotulile, ,. ,. 10-5 m/s " " 

,. 
20 21·8 4·56 1 1o02 1·8 
20 21·8 4·56 2 2·10 1·8 
20 21·8 4·56 4 4·26 1·8 
20 21·8 4·56 6 6-14 1·8 
20 21~8 4·56 8 8·17 1-8 
20 21·8 4·56 10 10.30 1·8 

• refen to the A: saturated hydraulic conductivity using water 
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K, 
ppm 

210 
470 ( 

1080 
1320 
1860. 
22AO 
1095 
1095 



respectively, while the 4,6,8 and 10% TS manures all reached minimum rates of 1.2 to 

1.0 X 10-8 rn/s. Although the regression lines showed a decreasing trend in infiltration 

rates with TS levels of 4% and more, the analysis of variance performed on the data 

show no significant difference in infiltration rates for all slurries with more than 4% TS. 

This may be explained by the fact that initial infiltration rates for the 4,6,8 and 10% 

slurries differ. However, after 400 hours infiltration rates are similar. This would tend to 

indicate that the critical swine slurry TS level can therefor be considered at 4% at the 

very least. Since experiment No. I has shown that the 20 Jlm fabric produced the highest 

infiltration rates then it would be safe to assume that this 4% critical TS level would be 

acceptable for the 30 Jlffi and 40 Jlffi fabric as well. 

Regression analysis was performed on all experimental data to relate the 

infiltration rates as a function of time. The 1,2, and 4% TS swine slurries demonstrated 

increasing seepage rates after 250,400, and 1000 hours of monitoring, (Table 5.12), 

while the 6,8 and 10% TS showed no increasing infiltration rates. This would seem to 

indicate that although the critical TS level was found to be 4% it would appear that 

higher manure solids levels would help in maintaining a longer lasting seal (consistent 

with literature findings) most likely as a result of the larger portion of material which 

would need to be degraded hence producing a more stable mat over extended periods. 
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TABLE5.12 

INFIT.. TRA TION RATE REGRESSION MODELS FOR ALL 

EXPERIMENT No.2 COMBINATIONS 

M1111ure, Monitoring inlmNII, Regression IIIDIUI coEFFICIENT OF 

" h /, 10-l m/s DETERMINATION, Rl 

1 0-400 6634?'77 0.90 
400-1000 ()o03 11•%7 0.49 

2 0-400 2591 1-G-14 0.74 
400-1500 0·661-o-61 0.49 

4 0-1000 43651_ .... 0.96 
1000-1500 0·021'"54 0.99 

6 0-1000 (l)ff1 1-1-13 0.95 
1000-1500 45431-14 0.78 

8 0-400 1 X let 1-2-23 0.99 
400-1500 12·17 1-o-34 0.91 

10 0-1SO 6131-o-96 
0.98 

7S0-1500 8·561-o-21 
0.58 
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5.3.2 Filtrate Analysis 

Chemical analysis of all filtrates, (Table 5.13), indicates highly contaminated 

seepages resulting from the mere screening action of the geotextile. All soluble 

contaminants such as NH3, N03-N and Cl were of nearly the same concentrations to that 

of the original swine slurries. COD concentrations as well as SS concentration appears to 

decrease with increasing TS swine slurry concentration. This appears to reflect the ability . 

of the deeper manure mat to retain its solids above the geotextile. Swine slurry COD 

concentrations vary in relation to TS concentrations up to the 4% TS , probably as a 

result of dilution effects on manure solids concentration. Thus, no conclusions can be 

drawn with respect to significant differences in COD concentrations among various TS 

seepages. 

TABLE5.13 

FILTRATE ANALYSIS FOR THE TOTAL SOLIDS (TS) EXPERIMENT 

Manure TS, ss, COD, NH3 N03-N K, Cl, 
% mg/1 mg/1 ppm ppm ppm ppm 

1 1156 5166 n2 0·3 192 424·9 
(302·1) (862·7) (35·3) (0·072) (11·4) (116·6) 
(12) (59) (95) (100) (91) (101) 

2 1241 10040 1418 0·4 453 6536 
(226·4) (1337) (179·3) (0·033) (12·2) (415·4) 

(8·5) (26) (78) (80) (96) (91) 
4 171 6 25080 2914 0·8 969 21760 

(571·1) (7311) (211·6) (0·043) (39·8) (1798) 
(7·2) (50) (93) (89) (90) (112) 

6 2097 21040 2934 1·6 1297 25450 
(1244) (8039) (106·3) (0·038) (49·3) (2020) 

(5·1) (41) (96) (100) (98) (108) 
8 1n9 26190 3830 2·1 1734 35180 

(1053) (4581) (276·3) (0·098) (75·1) (2285) 
(3·1) (40) (89) (100) (93) (111) 

10 1493 22950 4043 2·6 1974 36930 
(896·6) (5185) (369·6) (0·061) (96·1) (2715) 

(1·9) (22) (84) (100) (88) (106) 

The first value in parenthesis is the standard deviation from 11 values. 
The second value in parenthesis represents the percentage value over that of the original swine . 

slurry 
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5.4 Experiment No.3 

Experiment No.3 was designed to determine the difference in geotextile 

infiltration rates between sterilized manure and natural manure slurries. This was 

performed to simulate conditions of low temperature and/or conditions of poor biological 

sealing mechanisms. Experimental data are shown in Table 5.14. (note: manure 

characteristics are included in Table 5.10) 

TABLE5.14 

EXPERIMENTAL DATA FOR STERILIZED AND NATURAL MANURE 

Geotutile 
equiwlelll Pore size 
nominal, met~.~ured, k•, TS, Swine slurry h··. ,.,. ,. 10-5 m/s CJ& tre~lll m 

20 21·8 4·56 5·21 sterilized 0·9 

20 21·8 4·56 5·24 natural 0·9 

• k refers to the saturated hydraulic conductivity using water. 

• • h refers to the pressure head of swine slurry above the geotextile 

5.4.1 Infiltration Rates 

Infiltration rates between sterilized and natural 5% TS swine slurries in contact 

with a geotextile of 20 Jlm in equivalent pore size were found to have no significant 

difference in infiltration rates between the two types of manure up to 1000 hours, refer to 

Fig. 5.9. The regression analysis relating their infiltration rates to time indicates an 

increasing infiltration rate for the natural manure after 1000 hours. This suggests that 

biological sealing mechanisms did not reduce infiltration rates in this case. Rather, it 

appears as if microbial activity demonstrated a tendency to deteriorate the impermeable 

mat lodged at the geotextile surface, thus producing increasing infiltration rates after a 

given period. 
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Based on these results it would appear as if geotextile sealing liners should 

therefore perform better under winter conditions where manure temperatures may reach 5 

to 10 oc typical of many large manure reservoirs in Canada during a major part of the 

year. Although it appears as if biological action, particularly degradation, may increase 

infiltration rates, the opposite may in fact occur if systems (reservoirs) are replenished 

with fresh manure on a regular basis. One may speculate that new swine slurry will 

subsequently be degraded through microbial action. This action over time could result in 

a mix of various sized particles which may eventually form a more secure seal. 

Therefore, on a continuous usage basis biological activity may in fact lead to a 

strengthening of the seal over the long run. However, lagoons used as "one time" storage 

or "batch storage" reservoirs will most likely show signs of increased infiltration rates 

over time and perhaps any design criteria should take into consideration the "manure 

renewal rate" to ensure optimal sealing is obtained. 

5.4.2. Filtrate Analysis 

As in experiment No.2 chemical analysis of all filtrates , (Table 5.15) indicated 

highly contaminated effluents. pH for the sterilized manure was found to be significantly 

higher (99% confidence level) as were NH3, N0
3

-N, and COD concentrations. Of 

particular interest was the fact that COD levels were found to be significantly higher in 

the natural manure slurry whereas SS concentration were found to be not significantly 

different. This may indicate an increase in dissolved solids for the natural slurry, (capable 

of passing the 0.45 11m filter of the SS test), probably as a result of microbial degradation 

of the impermeable mat lodged over the geotextile. It is the degradation which is most 

likely responsible for the gain in manure mat permeability after 1000 hours of 

experimentation. 
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TABLE5.15 

FILTRATE ANALYSIS FOR NATURAL AND STERILIZED SLURRY 

EXPERil\1ENT 

COD, SS, NH3 N03·N a, 
SwiM slurry pH ,,, g/1 ppm ppm ppm 

SCJ, (natural) 6-9•• 20.6•• 1·81 2580•• 1·2· 24516• 
(0·12) (S·S) (1.Q08) (27l·S) (CHJ087) (3171) 

SCJ& (sterilized) 6-4 9·8 1·79 S26 1·3 23202 
(0.19) (2·88) (0·933) (39-6) (0.110) (16S9) 

First value in parenthesis is the standard deviation. 
•• significantly higher at a 99CJ, confidence level 
• significantly higher at a 9SC5 confidence level 
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VI. Conclusions and Su22estions for Future Work 

6.1 Conclusion 

Of the three (3) non-woven geotextiles subjected to 5% TS concentration, the 

smallest equivalent pore size fabric, 20 11m, gave the highest infiltration rates. This may 

be attributed to the fact that it also had the lowest hydraulic conductivity and physically 

had the smallest thickness, 1.5 mm, compared to 2.0 mm for the other fabrics. Despite 

significant differences minimum infiltration rates for all experimental combinations 

ranged from 1.3 to 1.8 x 10-8 rn/s, sightly higher than the acceptable government limit 

set at 10-8 rn/s. 

Hydraulic head did not have a significant effect upon the rate of decrease of 

infiltration rates suggesting that a self equalizing process governed by the manure mat 

controlled the rate of decrease. 

All combinations of slurry pressure head and geotextiles demonstrated an initially 

decreasing infiltration rate followed, after 1000 h to 1400 h, by an increasing infiltration 

rate. Poor correlation existed between infiltration rates and time suggesting that 

infiltration rates may be less related to time and more related to other mechanisms such 

as microbial degradation. It is this microbial degradation or leaching of the impermeable 

mat accumulated over the geotextile which is suspected as the factor giving rise to 

increasing infiltration rates over time. In actual field conditions this increase may not be 

realized as the manure mat is expected to be constantly replenished by fresh manure. 

In regards to minimum TS concentrations required for sealing, results 

demonstrated that for proper (or adequate) geotextile sealing, swine manure slurry should 

have a TS concentration level of at least 4%. Furthermore, slurries of 6% TS and above 

demonstrated no trend increasing of infiltration rates over the duration of the 

experiment ,as was observed with the 4% TS concentration and the 5% TS concentration 

used in experiment No.1. This suggests that field conditions may produce lower 
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infiltration rates compared to the present laboratory conditions where columns were 

refilled with exflltrate collected rather than with fresh manure. 

Sterilized manure demonstrated no loss in manure mat impermeability as 

observed with natural swine slurry trials. These sterilized conditions were used to 

simulate cool reservoir conditions (5-10 °C) and to examine the role of biological sealing 

mechanisms in the overall sealing process. 

Results allow us to conclude that the lack, or loss, of biological activity will not 

lead to an increase in infiltration rates. On the contrary, biological activity in natural 

swine slurries leads to microbial degradation and subsequent leaching. This appears to be 

the primary reason for gains in permeability of the manure mat and subsequent higher 

infiltration rates and seepage SS and COD concentrations of experiment No.3. This 

suggests that design criteria of such reservoirs should include manure renewal rates to 

compensate for rates of biological degradation. 

Chemical analysis of all effluents from the experiments were highly 

contaminated. This appears to indicate that the geotextetile merely acts as a screen, and 

provides a physical structure to which a manure mat (composed of particulates contained 

within the slurry) can accumulate to form a seal. 

If geotextiles are to be used as earthen reservoir liners over coarse soils and or 

gravel, a seepage collection system would have to be included as part of its design 

criterion. 

6.2 Su~::~::estions for Future Work 

Three main areas deserve attention for future work.The first is in regards to life 

expectancy of geotextile materials. Accelerated aging tests, that is, cold/warm or 

freeze/thaw cycles could lend itself to help defme the expected lifespan of such products, 

and hence give an indication of its economic advantage over that of concrete structures or 

the same basis. 
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The second area is in regards to the examination of other types of manure and the 

relationships between manure particle size and geotextile composition and geotextile 

porosity and equivalent pore size. This would lead to more specific fabric 

recommendations for other wastes as well. 

The third area which deserves attention deals with how seepage rates may be 

affected by manure renewal rates (not accounted for in this experimental set). This may 

be reflected by the fact that correlation factors between time and infiltration rates were 

poor, suggesting that further work may be required to examine other factors such as 

microbial degradation rates and their relationship to infiltration rates. 

74 



REFERENCES 

1) American Pulic Health Association. 1981. Standard methods for the examination 
of water and wastewater. 15th edition.American Public Health Association 
Incorporated. New Y ark, USA. 

2) Anonymous.1978, Determination of nitrate and nitrite in water.ChemLab 
Instruments Ltd., Hornchurch, Essex Report No. CW2-066-01. 

3) Barrington,S.F.,1987. Personnal Communication. 

4) Barrington, S.F.,1985. The Sealing of Soils by Manures. Ph.D Thesis.Department 
of Agricultural Engineering, Macdonald College of McGill University, 
Montreal, Canada. 

5) Barrington, S.F.,Jutras, P. J., Broughton, R.S., 1987. The sealing of soils by 
manure. Part II. Sealing Mechanisms. Canadian Journal of Agricultural 
Engineering, 16 : 69 - 71 . 

6) Barrington, S.F. and Broughton, R.S. 1988. Designing earthen manure storage 
facilities. Canadian Agricultural Engineering, 30 (2) : 289-292. 

7) Bernard, C. et Bussieres, A., 1984. Determination de la contribution des activite 
agricoles a la degradation des eaux. Gouverment du Quebec . Ministere de 
l'Environment,Direction de l'assainissement agricole, 33p. 

8) Clements, J. and Carter, R. 1984. The Quebec Hog Industry. Statistics Canada, 
130 p. 

9) Coote, D.R. and Hare, F.R. 1979. Contamination of shallow groundwater by an 
unpaved feedlot. Can, J. Soil Sci.59 :401 - 412. 

10) Davis, S., Fairbank, W.,Weisheit, H. 1973. Dairy waste ponds effectively self-
sealing. Transactions of the American Society of Agricultural Engineers, 16 :69-
71. 

11) DeTar, W.R., 1979. Infiltration of liquid dairy manure into soil. Transactions of 
the American Society of Agricultural Engineering,22(3) : 5~0-528,531. 

12) Faure, Y., Gourc, J.P., Brochier, P. , Rollin, A. 1986. Soil geotextile interaction 
in filter systems. Third International Conference on Geotextiles. Vienna,Austria 
: 1207 - 1212. 

75 



REFERENCES 

13) Fernandes, L. , McKyes, E., and Obidniak , L. 1988. Performance of a 
continuous belt microscreening unit for solid liquid separation of swine waste. 
Can. Agric. Eng. 30: 151:155. 

14) Gangbazo, G. et Buteau, J., 1985. Analyse de la gestion des fumier dans le bassin 
versant de la riviere Y amaska etat de la situation et elements de solution, 
105 p. 

15) Gupta, R.P., and Swartzwendruber, D. 1965. Flow associated reductions in the 
hydraulic conductivity of quartz sand. Soil Science Society of America 
Proceedings, 99(5): 301-309 

16) Heertwem, G., and Wittmann, L. 1985. Filtration properties of geotextile and 
mineral fllters related to river and canal bank protection, Geotextiles and 
Geomembranes. 2 : 47 - 63. 

17) Kemper, W.D.,1965. Aggregate Stability. C.A. Black ,ed.Method of soil 
analysis.Part 1 Agronomy No.9. Am. Soc.Agron.,Madison, Wis. :511-519. 

18) Luthin, J. N. 1966. Drainage Engineering. John Wiley and Sons Ind. New York. 
344 p. :122 - 130. 

19) Masounave, J., Denis, R. and Rollin, A. L. 1980. Prediction of hydraulic 
properties of synthetic non-woven fabrics used in geotechnical work. Can. 
Geotech. 17 (4): 517-525. 

20) Miller, M.H., Robinson, J.B. Gillham,R.W. 1985, Self sealing of earthen liquid 
manure storage ponds: I. A case study. J. Envir. Qual. 14: 533- 538. 

21) Rollin, A. L. 1983. Les mecanisnes de colmatage des geotextile non-tisses: 
Analyse de structures colmatees . Revue AssociationSuisse des Professionnels 
de geotextile , Zurih. 

22) Rollin, A.L., Broughton, R.S. and Bolduc, G. 1985. Synthetic enevelope 
materials for subsurface drainage tubes . CPT A annual meeting , Fort 
Lauderdale. 

23) Rollin, A.L. and Denis, R. 1987. Geosynthetic flltration in landflll design, 
Geosynthetics Conf. New Orleans. 



REFERENCES 

24) Rowsell, J. G., Miller, M.H., Groenevelt, P.H. 1985. Self-Sealing of earthen 
liquid manure storage ponds. II. Rate and mechanisms of sealing. J. En vir. Qual. 
14: 539-533 

25) Rowsell, J.G., 1980. Infiltration of Liquid Cattle Manure into Soil Materials. 
M.Sc. Thesis, Agricultural Engineering Department University of Guelph , 
Guelph, Ontario, Canada. 

26) Statistique Canada, 1981. Recensement du Canada, 1981, Agriculture Quebec. 
Minitere des Approvisionments et Service, Canada. 

27) Steel, R. G. D., Torrie, J. H. 1980. Priniciples and procedures of statistics. N.Y., 
USA: McGraw-Hill Inc. pp. 188-189, 196-205 

28) Thomas, R.E., Schwartz, J. and Bendixen, T. W. 1966. Soil chemical changes and 
infiltration rate reduction under sewage spreading. Soil Sci. Soc. Amer. Proc. 
31)(5) : 641 - 646. 

29) Tollner, E.W., Hill, D.T., Busch, C.D. 1983. Manure effects on model lagoons 
treated with residue from bottom sealing. Transactions of the American Society 
of Agricultural Engineering, 26 : 430-435 

30) Vinten, A.J., Mingel, V., Yaron, B. 1983. The effects of suspended solids in 
wastewater on soil hydraulic conductivity : II. Vertical distribution of suspended 
solids. Soil Sci. Soc. Am. J. 47: 408-412 

31) Wei, K.Y.,Vigo,T.L.,Goswami,B.C.,Duckett,K.E. 1985. Permeability of soil-
geotextile systems. Textile Reaserch Journal. 55 (10): 620- 626. 

32) Yao, K.M., Habibian, M.T., O'Melia, R. 1971. Water and wastewater filtration. 
Concepts and applications. Env. Science and Techn. 5 (11): 1105- 1112. 

77 



APPENDIX 

78 



APPENDIX B 

INFILTRATION DATA 

EXPERIMENT No. 1 - TABLES Bl TO B9 
EXPERIMENT No. 2 - TABLES BlO TO BlS 
EXPERIMENT No. 3 - TABLES Bl6 TO B17 

so 



TABLE B.l KXP. No. 1 0.9m HKAD 20~ FABRIC 

heid 0.91 20 1icron fibric Exp. No. 1 

·---------:---------1-------------------:------------:------------:------------:------------:-----------------------------:--------------------------------------:·-----------r 
I Tile Change I : ACCUnUL. I TEnP I VISC. : VOLunE of Effluent :Infiltration Rate (1/5 : Avenge 
I I I 

DATE : TinE :---------:---------: ELAPSED I unE I DEG-C : CORREC1ED :------------------------------:--------------------------------------1 Jnfil I I 

: Hours : ninutes : SECONDS I HOURS I I : REP1 : REP2 I REP3 I REP1 I REP2 : REP3 I u/s 
I I I I I I I 

---------·---------·---------·-------- ·------------·------------·------------:------------~--------· ·---------!----------!------------!------------!------------~------------· 
JUne 19 10.30 0.00 0.00 0.00 u.oo 24.~0 : c.oo 
june 23 11.00 96.00 30.00 347400.00 96.~0 24.00 : 0.820 750.00 460.(•0 640.00 9.9BE-(16 6.1~E-06 B.~2E-06 8.21£-06 
june 30 1~.30 172.00 30.00 621000.00 269.00 22.00 : 0.855 740.00 320.00 485.00 5.74£-06 4.26E-06 6.45E-06 5.48£-06 
july 5 16.4~ 121.00 1~.00 436500.00 390.2~ 22.~0 : 0.845 315.00 14~.(10 200.00 3.44E-06 1.93E-06 2.66E-06 2.68E-06 
july 9 10.30 89.00 4~.00 323100.00 480.0() 24.0•i : 0.821) 17~.00 70.00 130.00 2. 50E -06 9.31E-07 1. 73E-06 1. 72E-06 
july 14 9.2~ 130.00 5~.00 47ll00.00 610.92 29.00 : 0.730 350.00 190.00 320.00 .1.06E -06 2.53£-06 4.26£-06 3.28E-06 

CD ; july 16 11.00 37.00 35.00 115300.00 648.50 23.00 : 0.835 80.00 40.00 80.00 2.78E-06 5.32E-07 1.06£-06 1.46£-06 
f-' 1 july 20 9.35 94.00 35.00 340~00.00 743.08 24.50 : 0.810 220.00 9~.00 14~.00 2.95[-06 1. 26£-06 1. 9JE-06 2.05£-06 

july 23 8.~0 71.00 25.00 257100.00 814.50 25.00 : 0.800 13~.00 20.00 110.00 2.37E-06 2.66£-07 1.46E-06 l.llE-06 
july 27 10.~0 98.00 0.00 352800.00 912.50 24.00 : 0.820 260.00 110.00 21~.00 3.41£-06 1.46E-06 2.86£-06 2.58£-06 
july 30 10.55 72.00 5.00 2~9~00.00 984.58 23.00 : 0.835 170.00 ~~.00 19~.00 3.08E-06 7.32E-07 2.59E-06 2.14£-06 

Aug 3 10.50 9~.00 ~~.00 34~300.00 1080.50 23.00 : 0.83~ 20~.00 75.00 180.00 2.79E-06 9.98E-07 2.39E-06 2.06£-06 
Aug 6 10.5~ 72.00 5.00 259500.00 11~2.~8 22.00 : 0.855 135,00 I 55.00 130.00 2.51E-06 7.32£-07 1.73£-06 1.66E-06 

Aug 10 10.25 95.00 30.00 343800.00 1248.08 22.00 : 0.855 210.00 80.00 23~.00 2.94E-06 1.06E-06 3.UE-06 2.38E-06 
Aug 1J 10.20 71.00 5~.00 2~8900.00 1320.00 22.00 : 0.8~5 200.00 70.00 20~.00 3.72E-06 9.J1E-07 2.73E-06 2.46E-06 
Aug 17 9.30 9~.00 10.00 342600.00 1415.17 24.00 : 0.820 225.00 115.00 160.00 3.04E-06 1.5lE-06 2.1JE-06 ~.23E-06 

Aug 20 10,20 I 72.00 50.00 262200.00 1488.00 22.00 : 0.855 165.00 215.00 160.00 3.03E-06 2.86E-06 2.13E-06 2.67E-Ota 
Aug 27 10.20 : 168.00 0.00 604800.00 16~6.00 18.00 : 0.915 290.00 390.00 320.00 2.47E-06 5.19E-06 4.26E-06 3.97E-06 
Sept 2 10.20 : 144.00 0.00 518400.00 1800.00 20.00 : 0.885 290.00 250.00 230.00 2.79E-06 3.l3E-06 3.06E-06 ],1)6[-06 

I I ' I I I 

I I I 

I I I I 

,---------.---------:---------,---------,------------.------------ ------------:------------.--------- ---------.-· ------- ------------:------------1------------.------------l 



TABLE B.2 KXP. No. 1 1. Bm HEAD 20um FABRIC 

~ead 1.81 20 1icron Fabric Exp. No. 1 

---------:---------:--------------------:------------:-------------:------------:------------:------------------------------:--------------------------------------:------------: 
I Tiae Change : I ACCU"UL. I TE"P I VISC. : VOLUIIE of Effluent llnfiltration Rite CI/S : Avenge I I I I 

DATE I Tl"E :---------:---------; ELAPSED I TI"E I DE6-C : CORRECTED :-----------------------------:--------------------------------------; lnhl I I I 

: Hours : ftinutes I SECONDS I HOURS I I I REPl : REP2 I REP3 I REP I I REP2 I REPl I u/5 I I I I I I I 

---------·---------·---------·-------- ·------------·------------:------------:------------:---------:---------:---------:------------:------------:------------;------------: 
june 19 10.00 0.00 0.00 0.00 0.00 : 24.50 : 0.00 : 
june 23 10.45 96.00 45.00 349300.00 96.n : 24.00 : 0.920 : 590.00 : 1440.00 : 700.00 7.93E-06 1.91£-05 I 9.29E-06 1.21E-05 
june 30 15.30 173.00 45.00 625500.00 270.50 : 22.00 : 0.955 : 310.00 : 630.00 : 520.00 2.39E-06 8.36E-06 I 6.90E-06 5.88E-06 
july 5 l6.U 121.00 15.00 436500.00 391.75 : 22.50 : 0.945 : 185.00 : 155.00 : 190.00 2.02E-06 2.06E-06 I 2.39E-06 2.15E-06 
july 9 10.30 89.00 45.00 323100.00 491.50 : 24.00 : 0.820 : 135.00 : 145.00 : 130.00 1.93E-06 1. 92E-06 : 1.73E-06 1.86E-06 
july 14 9.20 130.00 50.00 471000.00 612.33 : 29.00 : o.no : 290.00 : 190.00 200.00 2.45E-06 2.52E-06 : 2.65£-06 2.54E-06 

co 
: july Ill 11.00 37.00 40.00 135600.00 650.00 : 23.00 : 0.935 : bO.OO : 50.00 60.00 2.08E-06 6.64E-07 : 7.96E-07 1.19E-06 t0 

july 20 9.30 94.00 30.00 340200.00 744. so : 24.50 : 0.910 : 150.00 : 100.00 130.00 2.01E-06 1.3JE-06 : 1. 73E-06 1.69E-06 
july 23 9.40 71.00 50.00 259600.00 816.33 : 25.00 : 0.800 : 70.00 : 70.00 100.00 1.22E-06 9.29E-07 I l.llE-06 1.16E-Oia 
july 27 10.45 98.00 5.00 353100.00 914.42 : 24.00 : 0.920 : 22~.00 : 310.00 190.00 2.95E-CI6 4.1lE-06 I 2.52E-06 3.19E-06 
july 30 10.45 12.00 0.00 259200.00 986.42 : 23.00 : 0.835 : 105.00 : 140.00 100.00 1.91E-06 1.86E-06 : 1. llE -06 l.JOE-06 

Aug 3 10.45 96.00 0.00 345600.00 1082.42 : 23.00 : 0.835 : 170.00 : 120.00 125.00 2.32£-06 1.59E-06 : 1.66E-06 1.86[-06 
Aug 6 10.45 72.00 35.00 261300.00 1155.00 : 22.00 : 0.855 : 105.00 : 90.00 85.00 1.94E-06 1.06E-06 : l.llE-06 1.39E-06 

Aug 10 10.20 95.00 35.00 344100.00 1250.59 : 22.00 : 0.955 : n5.oo : 90.00 125.00 l. 89E -06 l.l9E-06 : 1.66E-06 1.59E-06 
Aug 1l 10.10 71.00 50.00 259600.00 1322.42 : 22.00 : 0.855 : 155.01) : 60.00 10~.00 2.89E-06 7.96E-07 : l.l9E-06 1.69E-06 
Aug 11 9.25 : 95.00 15.00 342900.00 1417.67 : 24.00 : 0.820 : 200.00 : 90.(10 115. DO 2.70E-06 l.l9E -06 I 1.5lE-06 1.81£-06 
Aug 20 10.10 : . 72.00 45.00 261900.(10 1490.42 : 2~.00 : 0.855 : 195.0() : 95.00 21)~. 00 l.59E-06 I. 26E-06 : 2.72£-06 2.52E 06 
Aug 27 10.10 : 168.00 0.00 604800.00 1658.42 : 19.01) : 0.915 : 365.00 : 270.00 250.00 J.IIE -06 l.5BE-06 : l.l2E-06 l.l4E -06 
Sept 2 15.00 : 148.00 50.00 535800.00 t9o7.n : 20.00 : 0.995 : 300.00 : 280.00 240.00 2.79E-06 3.72E-06 I J.l9E-06 3.23£-06 

I I I I I I 
I I I I I I 

---------:---------:---------;---------:------------:------------:------------:------------:---------:---------:---------1------------:------------l------------:------------



TABLE 8.3 KXP. No. 1 2.7m HEAD 20~ FABRIC 

htid 2.71 20 1icron f•bric Exp. No. 1 

:---------:---------1-------------------:------------:------------:------------:------------;-----------------------------:--------------------------------------J------------: 
: Tilt Ch•nge : : ACCUnUL. I TEnP I YISC. : YDLUnE of Effluent llnfiltritian Rate u/s : Avenge 

I I 

: DATE : TinE :---------:---------: ELAPSED I TinE I DES-C : CORRECTED :-----------------------------:--------------------------------------: lnfil 
I I 

: Hours : ninutes : SECONDS I HOURS I I : REP1 : REP2 I REP3 : REP1 I REP2 I REP3 I uls 
I I I I I I I 

·---------·---------·---------'-------- ·------------·------------·------------·------------:---------:---------:---------:------------~------------!------------1------------· 

june 18 14.00 o.oo o.oo 0.00 0.00 24.50 0.00 
june 22 10.30 92.00 30.00 33JOOO.OO 92.50 23.00 0.835 ~40.00 1015.00 915.00 : 7.63[-06 1.43E-05 1.29E-05 1.16£-05 

june 29 14.00 l1l.OO 30.00 611400.00 264.00 21.00 0.870 300.00 335.00 310.00 : 2.38£-06 4.74E-06 4.38[-06 3.83E-Oia 

july 5 16.30 146.00 30.00 527400.00 410.50 22.50 0.84~ 1'10.00 190.00 200.00 I 1.12E -06 2.69E-06 2.8lE-06 2.UE-06 

JUly 9 10.30 90.00 0.00 324000.00 500.50 24.00 0.820 110.00 120.00 110.00 I. 57E-06 1.70E-Ob 1.55E-06 1.61E-06 

july l4 9.15 130.00 45.00 470700.00 631.25 29.00 0.130 190.00 250.00 200.00 1.66E -06 3.53E-06 2.83E-06 2.67(-06 

july 16 11.00 31.00 45100 B5900.00 669.00 23.00 0.835 40.00 70.00 65.00 1.39£-06 9.89£-07 9.19E-07 l.lOE-06 

july 20 9.25 94.00 25.00 339900.00 763.42 24.50 0,810 I 110,00 120.00 120.00 1.4BE-06 1. 70E-06 1.70[-06 1.62E-06 

july 23 8.30 71.00 5.00 255900.00 834.50 25.00 0.800 80.00 90.00 90.00 1.41£-06 1.27E-06 1.27E-06 1.32E-06 

july 27 10.35 98.00 5.00 353100.00 932.58 24.00 0.820 140.00 160.00 140.00 1.83E-06 2.26E-06 1.9BE·06 2.02(-06 

july 30 10.35 12.00 o.oo 259200.00 1004.58 23.00 0.835 90.00 85.00 80.00 1.63E-06 1.20E-06 1.13E-06 l.UE-06 

Aug 3 10.40 96.00 5.00 345900.00 1100.67 23.00 0.835 105.00 115.00 115.00 1.43E-06 1.63E-06 1.63E-06 l~S6E-06 

Aug 6 10.35 11.00 55.00 258900.00 1172.58 22.00 0.855 80.00 80.00 80.00 1.49£-06 l.llE-06 1.13E-06 l.25E-06 
Aug 10 10.15 95.00 40.00 344400.00 1268.25 22.00 0.855 100.00 100.00 110.00 1.40£-06 1.41E-06 1.55£-06 l.UE-06 
Aug 13 10.00 71.00 45.00 258300.00 1340.00 22.00 0.855 120.00 85.00 80.00 2.24£-06 1.20E-06 l.llE-06 l.52E-06 
Aug 11 9.20 95.00 20.00 343200.00 1435.33 24.00 0.820 100.00 110.00 105.00 1.35E-06 1.55E-06 1.48E-06 l.UE-06 
Aug 20 10.00 12.00 40.00 261600.00 1508.00 22.00 0.855 450.00 90.00 100.00 8.29£-06 1.27£-06 I. 41E-06 3.66E-06 
Aug 27 10.00 168.00 0.00 604800.00 1676.00 18.00 0.915 1140.00 170.00 185.00 9.72E-06 2.40£-06 2.61E-06 4.91£-06 

Sept 2 15.10 149.00 10.00 537000.00 1825.11 20.00 0.885 540.00 150.00 140.00 5.02E-06 2.12E-06 I. 98E-06 l.OU-06 
I 
I 

I 
I 

.---------.---------.---------,---------.------------ ------------.------------ ------------.---------.---------:---------,------------,------------.------------i------------



TABLK 8.4 KXP. No. 1 0.9m HEAD 30~ FABRIC 

nead 0.91 30 •icron Fabric hp. No. 1 

:---------:---------:-------------------:------------:------------:------------:------------:-----------------------------:--------------------------------------:------------; 
I Ti•e Change : : ACCU"Ul. I TE"P I YISC. I YOLU"E of Effluent !Infiltration Rate Cl/5 I Average I I 

: DATE I TI"E l---------:---------1 ELAPSED I TI"E I DE&-C l LORRECTED 1-----------------------------:--------------------------------------: lnfil I I 

: Hours I "inutes I SECONDS I HOURS I . I REP1 : REP2 I REP3 l REP1 I REP2 I REP3 I eels I I I I I I I 

:---------1---------·---------·-------- ·------------ 1 ------------~-----------·------------:---------:---------:---------:------------:------------t------------!------------· 
I june 19 I 10.10 0.00 0.00 0.00 0.00 24.~0 0.00 
: june 23 l 10.30 96.00 20.00 346800.00 96.33 24.00 0.820 4~0.00 440.00 430.00 II.OOE-06 I ~.811£-011 ~.73E-OII ~.86E-OII 
l june JO ~ 14.40 172.00 10.00 1119800.00 268.50 22.00 0.855 JOO.OO JJO.OO 310.00 2.33E-OII l 4.40£-06 4.UE-06 3.62£-06 
I july ~ 16.45 122.00 ~.00 439500.00 390.58 22.50 0.845 160.00 26~.00 140.00 l. 73E-06 I 3.53E-06 1.87£-06 2.3B£-06 

july 9 9.30 88.00 4~.00 319500.00 479.ll 24.00 0.820 110.00 150.00 100.00 l.59E-06 2.00£-06 1.33£-06 1.64£-06 
july 14 20.4~ 131.00 15.00 472500.00 610.58 29.00 0.730 220.00 240.00 180.00 1.92E-06 J.20E-06 2.40£-06 2.50£-06 
july U 10.00 37.00 15.00 134100.00 647.83 23.00 0.835 60.00 80.00 60.00 2.11£-06 1.07£-011 8.00£-07 1.32£-06 

.) ; july 20 9.20 95.00 20.00 343200.00 743.17 24.50 0.810 100.00 300.00 100.00 1.l3E-OII 4.00E-06 l.l3E-06 2.22E-06 
july 2J 9.30 72.00 10.00 2598(10.00 815.13 25.00 0.801) 70.00 no.oo 80.00 l.22E-011 1.7JE-06 1.07E-06 1.l4E-06 
july 27 10.20 911.00 50.00 348600.00 912.17 26.00 (1.780 120.00 290.00 115.00 1. 51E-06 3.87£-011 1.~3E-06 2.JOE-06 
july 30 9.45 71.00 25.00 257100.00 983.~8 23.00 0.835 115 .oo 1115.00 65.00 2.llE-011 2.20E-OII 8.lalaE-07 1.72£-06 
Aug J 10.15 96.00 30.00 347400.00 1080.08 23.00 0.835 155.00 340.00 85.00 2.10E-06 4.53E-06 1.13£-06 2.59E-06 
Aug 6 9.50 71.00 35.00 257700.00 1151.67 22.00 0.855 70.00 240.00 65.00 l.JlE-0~ 3.20E-06 8.66£-07 1.79E-06 

Aug 10 10.45 96.00 55.00 348900.00 1248.58 22.00 0.855 85.00 300,(10 80.1)0 l.l7E-06 4.00E-06 l.OJE-06 2.08E-06 
Aug 13 9.21) 70.00 35.00 254100.00 1Jl9.17 22.00 0.855 65.1)0 130.00 60.00 1.21E-06 1. 73E-•)6 8.00E-07 l.26E-06 
Aug 17 9.00 95.00 40.00 344400.00 1414.83 24.00 0.820 100.00 190.00 70.00 1. 34E-06 2. 53E-.06 9.3JE-07 1.6oE-06 
Aug 20 9.20 72.00 20.00 260400.00 1487.17 22 .(10 1),855 65.00 180.00 30.00 1.20£-06 2.40£-06 4.00£-07 1.33£-06 
Aug 27 9.20 168.00 0.00 604800.00 1655.17 18.(10 0.915 130.00 345.00 80.00 l.llE-06 4.60E-06 1.07£-06 2.26E-06 
Sept 2 10.00 144.00 40.00 520800.00 1799.83 20.00 0.885 110.00 310.0(; 150.00 1.05£-06 4.1JE-06 2.00£-06 2.J9E-06 

.---------.---------.---------.---------.------------.------------.------------:------------.---------.---------.---------:----~-------:------------:------------1------------



TABLK 8.5 KXP. No. 1 l.Bm HKAD 30~ FABRIC 

heid 1.8• JO ticron f•bric Exp. No. 1 

:---------:---------:-------------------1------------:------------:------------:------------:-----------------------------:--------------------------------------l------------; 
: Tile Ch•nge : : ACCUI1Ul. I TEI1P I VISC~ : VOLUI1E of Effluent llnfiltr•t1on Rite u/s : Avente I I 

: DATE : TII1E :---------:---------: ELAPSED I TJ11E I DE6-C : CORRECTED :-----------------------------:---------------------------·----------: lnfil I I 

: Hours : 11inutes : SECONDS I HOURS I I : REP1 I REP2 I REPl : AEP1 I AEP2 I REPl I [1/1 I I I I I I I 

·---------·---------·---------·-------- ·------------·------------·------------·--· ---------!---------!---------~---------·------------~------------!------------!------------' 
june 19 9.45 0.00 0.00 0.00 0.00 24.50 0.00 
june 23 10.00 96.00 15.00 346500.00 96.25 24.00 0.820 670.00 1130.00 570.00 8.94E-06 1.51E-05 7.60E-06 1.05E-05 
june 30 14.30 172.00 30.00 621000.00 268.75 22.00 0.855 340.00 195.00 330.00 2.64E-06 2.60E-06 4.40E-06 3.21E·06 
july 5 16.30 122.00 0.00 439200.00 390.75 22.50 0.845 160.00 110.00 180. 1)0 1. 74£-011 1.47E-06 2.40E-06 1.87~·06 

july 9 9.30 89.00 0.00 320400.00 479.75 24.00 0.820 120.00 70.00 130.00 1.13E-OII 9.34E-07 1.1'SE-06 1.47£-06 
july 14 8.45 lll.OO 15.00 472500.00 61 t.OO 29.00 I 0.130 190.00 150.00 190.00 1.115£-06 2.00E·06 2.5lE-06 2.06E-06 
julr 16 10.00 37.00 15.00 134100.00 648.25 23.00 0.835 50.00 40.00 50.00 1.75E-011 5.34E-07 6.67E-07 9.85E-07 

0) i july 20 9.15 95.00 45.00 344700.00 744.00 24.50 0.810 100.00 100.00 120.00 1.32E-06 1.33E-06 1.60E-06 1.42£-06 
lJl • julr 23 9.40 12.00 25.00 260700.00 816.42 25.00 0.800 90.00 65.00 85.00 1.56E-06 8.67E-07 l.UE-06 1.19E-06 

julr 27 10.10 96.00 30.00 347400.00 912.92 26.00 0.780 120.00 85.00 115.00 1.52E-06 1.13E-06 1.80£-06 1.48£-06 
julr 30 9.35 71.00 25.00 257100.00 984133 23.00 0.835 70.00 55.00 75.00 1.28E-06 7.34E-07 l.OOE-06 1.01£-06 

Aug 3 10.10 96.00 35.00 347700.00 1080.92 23.00 0.835 175.00 95.00 115.00 2~37E-06 1.27£-06 1.53E-06 1.72£-06 
Aug 6 9.40 71.00 30.00 257400.00 1152.42 22.00 0.855 165.00 55.00 75.00 3.09£-06 7.34£-07 l.OOE-06 1.61E-06 

Aug 10 10.50 97.00 10.00 349800.00 1249.58 22.00 0.855 220.00 85.00 100.00 3.03E-06 l.UE-06 1.33£-06 a.t3E-06 
Aug 13 9.10 70.00 20.00 253200.00 1319.92 22.00 1),855 90.00 45.00 80.00 1.71E-06 6.00E-07 1.07E-06 l.llE-06 
Aug 17 8.55 95.00 45.00 344700.00 1415.67 24.00 0.820 210.00 90.00 100.00 2.82E-06 1.20E-06 1.33£-06 1.78£-06 
Aug 20 9.10 12.00 15.00 2110100.00 1487.92 22.00 0.855 405.00 75.00 70.00 7.SOE-06 1.00E-06 9.34E-07 l.UE-06 
Aug 27 9.10 168.00 0.00 1104800.00 1655.92 18.00 0.915 675.00 140.00 165.00 5.76E-06 1.87E-06 2.20E-06 3.28E-06 
Sept 2 13.30 148.00 20.00 534000.00 1804.25 20.00 0.885 875.00 120.00 140.00 8.17E-06 1.60£-06 1.87E-06 3.88(-06 

I I 

.---------.---------.---------.---------.------------ ------------,------------ ------------.--------- ---------.---------.------------1------------:------------.------------. 



co 
(}'I 

TABLE 8.6 KXP. No. 1 2.7m HEAD 30~ FABRIC 

head 2.71 30 1icron Fabric EMp. No. 1 

:---------:---------1-------------------:------------:------------:------------:------------:-----------------------------:--------------------------------------;------------: 
: : : Tile Chinge : : ACCUHUL. : TEnP : VISC. : VOLUHE of Effluent IInfiltr1tion R1te c1/s : Aver1ge :. 
: DATE : TinE :---------:---------: ELAPSED I TinE : DEG-C : CORRECTED :-----------------------------:--------------------------------------; lnfll 
: : : Hours : ninutes : SECONDS : HOURS : : : REP1 : REP2 : REPl : REP1 : REP2 I REP3 I c1/1 
---------~---------~---------~-------- ~------------~------------~------------·------------~---------~---------~---------!------------•------------!------------!------------· 
june 18 
june 22 
june 29 
july 5 
july 9 
july 14 
july 16 
july 20 
july 23 
july 27 
july 30 

Aug 3 
Aug 6 

Aug 10 
Aug U 
Aug 17 
Aug 20 
Aug 27 
Sept 2 

11.15 
14.30 
14.~0 

16.30 
9.30 
8.45 

10.00 
9.00 
9.50 

10.00 
9.25 

10.00 
9.30 

10.55 
9.00 
8.50 
9.00 

11.00 
14.20 

0.00 
99.00 

168.00 
146.00 
89.00 

119.00 
37.00 
95.00 
71.00 
96.00 
71.00 
96.00 
71.00 
97.00 
10.00 
95.00 
72.00 

170.00 
147.00 : 

0.00 
15.00 
0.00 
0.00 
0.00 

45.00 
15.00 
0.00 

50.00 
10.00 
25.00 
35.00 
30.00 
25.00 
5.00 

50.00 
10.00 
0.00 

20.00 

0.00 
357300.00 
604800.00 
525600.00 
320400.()0 
4lll00.00 
134100.00 
342000.00 
258600.00 
346200.00 
257100.00 
347700.00 
257400.00 
350700.00 
252300.00 
345000.00 
259800.00 
612000.00 
530400.00 

0.00 
99.25 

267.25 
4ll. 25 
502.25 
622.00 
659.25 
754.25 
826.08 
922.25 
993.67 

1090.25 
1161.75 
1259.17 
1329.2~ 
1425.08 
1497.25 
1667.2~ 

1814.58 

24.50 
23.00 
21.00 
22.50 
24.00 
29.00 
23.00 
24.50 
25.00 
26.00 
23.00 
23.00 
22.00 
22.00 
22.00 
24.00 
22.00 
18.00 
20.00 

0.00 
0.835 
0.870 
0.845 
o.8zo 
o.no 
0.835 
0.810 
0.800 
0.780 
0.835 
0.835 
0.855 
0.855 
0.855 
0.810 
0.855 
0.91~ 

0.885 

930.00 
615.00 
220.00 
130.00 
440.00 
160.00 
400.00 
150.00 

1000.01) 
780.00 
685.00 
340.00 
890.00 
520.00 

1050.00 
945.00 

1950.00 
1130.00 

1010.00 
520.00 
220.00 
120.00 
200.00 
50.00 

120.00 
95.00 

160.00 
90.00 

110.00 
85.00 

105.00 
80.00 

100.00 
85.00 

170.00 
150.00 

0.00 
1070.00 
490.00 
200.00 
650.00 
170.00 
275.00 
130.00 
165.00 
155.00 
175.00 
110.00 
150.00 
50.00 

150.00 
55.00 

435.00 
3.25.00 

1.23E-05 
4.99E-06 
l. 99E -06 
l.8BE-06 
4.20E-06 
5.62E-06 
5.34£-06 
2.62E-06 
1.27E -05 
1. UE-05 
9.27E-06 
6.37[-06 
1.22E-05 
9.93E-06 
1.39E-05 
I. 75E-05 
1.64£-05 
1.06E-O~ 

l.llE-05 
6.85E-06 
2.90[-06 
l.58E-06 
2.63E-06 
6.59£-07 
1.58E-06 
1.2~-06 

2 .llE-06 
1.19£-06 
1.45£-06 
l.12E-06 
1.38E-06 
l.05E-06 
1.32£-06 
1.12£-06 
2.24£-06 
1.98E-06 

O.OOEtOO 
l.l4E-05 
6.4~E-06 

2.63E-06 
8.56E-06 
2.24£-06 
3.62E-06 
1.71£-06 
2.17E-06 
2.04[-06 
2.31£-06 
l.UE-06 
1.98E-06 
6.59E-07 
1.taE-o6 
7.25£-07 
5.73£-06 
4.28E-06 

1.28£-05 
5. 92£-06 
2.UE-06 
l.73E-06 
3.42E-06 
3.14E-06 
3.46£-06 
1.93£-06 
7.40£-06 
7.13£-06 
5.UE-06 
3.74£-06 
6.81£-06 
5.49E-06 
7.61£-06 
9.33E-06 
9.34£-06 
6.30E·06 

---------i---------i---------:---------:------------:------------:------------:-----~------:---------:---------!---------:------------:------------:------------l------------1 



TABLE B. 7 KXP. No. 1 0.9m HEAD 40IJID FABRIC 

nedd 0.91 40 •icron fibrlc Exp. No.1 

·---------:---------:-------------------:------------:------------:------------:------------:-----------------------------1--------------------------------------:------------: 
I Tile Chinge : : ACCU"Ul. I TE"P I VJSC. : VOLU"E of Effluent :Jnfiltrition Rite CIIS : Avenge I I I 

DATE I TinE :---------:---------: ELAPSED I TI"E I DEG-C : CORRECTED :-----------------------------:--------------------------------------: lnhl I I I 

: Hours : "lnutes : SECONDS I HOURS I I : REP1 : REP2 I REPl I REP I I REP2 I REPl I [1/1 I I I I I I I 

---------
1
---------

1
---------'-------- ------------'------------··----------- 1 ------------!---------~---------!---------!------------l------------l------------!------------· 

june 19 10.20 0.00 0.00 o.oo 0.00 24.50 0.00 
june 2l 10.10 96.00 10.00 346200.00 96.11 24.00 0.820 415.00 440.00 465.00 5.54E-06 5.87E-06 6.21E-06 5.B7E·06 
june lO 14.40 172.00 10.00 619800.00 268.ll 22.00 0.855 240.00 240.00 460.00 1.87E-06 3.20E-06 6.14E-06 3.74E-06 
july 5 16.45 122.00 5.00 439500.00 390.42 22.50 0.845 130.00 140.00 195.00 t. 41E-06 1.87E-06 2.60E-06 J.96E-06 
july 9 10.00 89.00 15.00 l21JOO,OO 479.67 24.00 0.820 101).00 100.00 120.00 I. 44E-06 1.34E-06 1.60E-06 1.46E-06 

CJ 
_ july 14 21.10 131.00 10.00 472200.00 610.83 29.00 0.730 150.00 150.00 390.00 I. liE -06 2.00E-06 5.21E-06 2.B4E-06 

---.] ! july 16 10.30 37.00 20.00 134400.00 648.17 n.oo 0.83~ 40.00 40.00 90.00 1.40E-06 5.l4E-07 1.20E-06 1.05E -06 
july 20 9.30 95.00 0.00 342000.00 74l.l7 24.50 0.810 95.00 100.00 175.00 1.27E -06 1.34E-06 2.l4E-06 t.65E-Ot 
july 23 9.20 71.00 50.00 258600.00 815.00 25.0() 0.800 75.01) 70.00 135.00 l.l1E-06 9.35E-07 1.80E-06 l.l5E-06 
july 27 10.25 91.00 5.00 349500.00 912.08 26.00 0.780 100.0() 100.00 165.00 1.26E-06 1. l4E -06 4.87E-06 2.49E-06 
july 30 10.00 71.00 35.00 257700.00 983.67 23.00 0.835 60.00 70.00 165.00 1.10[ -06 9.35E-07 2.20E-06 1.41E-06 

Aug 3 10.30 96.00 30.00 147400.00 1080.17 23.00 0.835 85.00 75.00 200.00 1.15E-06 l.OOE-06 2.67[-06 l.UE-06 
Aug 6 10.1)5 71.00 35.00 257700.00 1151.75 22.00 0.855 60.00 65.1)0 uo.oo 1.12E-06 8.68E-07 1.74E-06 1.24E-06 

Aug 10 10.40 96.00 35.00 347700.00 1248.ll 22.00 0.855 70.00 85.00 195.00 9.70E-07 1.13E-06 2.60E-06 1.57E-06 
Aug 13 9.30 70.00 50.00 255000.00 ll19.17 22.00 0.855 70.00 55.00 105.00 1.32E-06 7.34E-07 1. 40(-06 1.15E-06 
Aug 17 9.05 95.00 35.00 344100.00 1414.75 24.00 0.820 80.00 85.00 170.00 1.07[-06 1.13E-06 2.27E-06 l.49E-06 
Aug 20 9.30 73.00 25.00 264300.00 1488.17 22.00 0.855 60.00 65.00 260.00 1.09[-06 B.6BE-07 J.47E-06 l.BlE-06 
Aug 27 9.30 168.00 o.oo 604800.00 1656.17 18.00 0.915 200.00 110.00 450.00 I. 71E-06 1. 74E-06 6.0IE-06 3.15£-06 
Sept 2 10.10 144.00 40.00 520800.00 1800.83 20.00 0.885 145.00 llO.OO 280.()0 1.39E-06 1.47E-06 3.74E-06 2.20E-06 

---------.---------:---------.---------.------------ ------------ ------------.------------ ---------.--------- ---------.------------.-------------i------------i------------1 



TABLE B.B EXP. No. 1 l.Bm HEAD 40um FABRIC 

heid 1.81 40 1icron Fabric EMp. No. 1 

:---------:---------:-------------------;------------:------------:------------:-------·-----;-----------------------------:-------·-------------------------------:------------. 
: Ti•e Change I : ACCUnUL. I TEHP I VISC. : VOLUHE of Effluent :Infiltration Rate tl/5 : Avenge 

I I I 

: DATE I TIHE :---------:---------: ELAPSED I TJHE I DE&-C : CORRECTED :-----------------------------:--------------------------------------: lnfil 
I I I 

: Hours : Hinutn : SECONDS I HOURS I I : REPI : REP2 I REPJ I REP1 I REP2 I REPJ I u/s 
I I I I I I I I 

·---------'---------·---------·-------- ·------------·------------:------------·-------------·---------~---------~--------- !------------!------------!------------!------------· 
june 19 11.45 0.00 0.00 0.00 0.00 : 24.50 o.oo 
june 2l 10.30 94.00 45.00 341100.00 94.75 : 24.00 0.820 770.(10 640.00 bOO.OO 1.04E-05 B.67E-06 8.1JE-06 9,08E-06 

june JO 15.00 173.00 JO.OO 624600.00 268.25 : 22.01) 0.855 410.00 l80.00 l15.00 J.16E-06 5.15£-06 4.27E-06 4.19E-06 

july 5 16.45 121.00 45.00 4l8l00.00 l90.00 : 22.50 0.845 170.00 175.00 140.00 1.85E-06 2.37£-06 1. 90E-06 2.04E-06 

july 9 10.00 89.00 15.00 l21300.00 479.25 : 24.00 0.820 130.00 145.00 120.00 1.87E-06 1.96E-06 l.UE-06 1.82E-06 

july 14 21.05 m.oo 5.00 471900.00 610.ll : 29.00 o.no 200.00 200.00 175.00 1. 74E-06 2.71E-06 2.l7E-G6 2.28E-06 
') : july 16 10.30 37.00 25.00 134700.00 647.75 : 23.00 0.8l5 50.00 70.00 45.00 1.75E-06 9.49E-07 6.10E-07 1.10E-06 
.) 

july 20 9.20 94.00 50.00 l41400.00 742.58 : 24.50 0.810 115.00 120.00 110.00 1.54E-06 1.6JE-06 1.49E-06 1.55E-06 

july 23 9.10 71.00 50.00 258600.00 814.42 : 25.00 0.800 90.00 80.00 75.00 1.57E-06 1.08E-06 1.02E-06 1.22E-06 

july 27 10.30 97.00 20.00 350400.00 911.75 : 24.50 0.810 150.00 llO.OO 190.00 1.95E-06 1.76E-06 2.57E-06 2.10£-06 

july 30 10.10 11.00 40.00 258000.00 983.42 : 23.00 0.835 65.00 80.00 70.00 1.19[-06 1.08E -06 9.49E-07 1.07E-06 
Aug 3 10.35 96.00 25.00 l47100.00 1079.83 : 23.00 0.835 110.00 105.00 95.00 1.49E-06 L42E-06 1.29E-06 1.40E-06 

Aug 6 10.15 71.00 30.00 257400.00 1151.33 : 22.00 0.855 75.00 75.00 75.00 1.40E-06 1.02E-06 1.02E-06 t.m-o' 
AUQ 10 10.35 96.00 20.00 346800.00 1247.67 : 22.00 0.855 100.00 105.00 80.00 1.39E-06 1.42E-06 1.08E-06 1.30E-06 
Aug 13 9.40 71.00 5.00 255900.00 1318.75: 22.00 0.855 75.00 135.00 70.00 l.UE-06 1.8JE-06 9.49E-07 l.40E-06 
Aug 17 9.10 95.00 JO,OO l4l800.00 1414.25 : 24.00 0.820 95.00 100.00 90.00 1.28[ -06 1.3bE-06 1.22E-06 1.28E-06 
Aug 20 9.40 12.00 30.00 261000.00 1486.75 : 22.00 0.855 105.00 150.00 70.00 1.94£-06 2.0JE-06 9.49E-07 1.64E-06 
Aug 27 9.40 168.00 0.00 604800.00 1654.75 : 18.00 0.915 : 260.00 190.00 140.00 2.22E-06 2.57E-06 1.90[-06 2.2JE-06 

Sept 2 15.10 149.00 30.00 538200.00 1804.25 : 20.00 0.885 : 180.00 130.00 120.00 1.67E -06 L 76E-06 l.63E-06 1.69E·06 
I 
I 

I 
I 

---------:---------.---------,---------.------------.------------:------------:------------:---------:---------:---------:------------:------------:------------:------------: 



TABLE 8.9 KXP. No. 1 2.7m HEAD 40um FABRIC 

1ead 2.11 40 11cron Fabr1c Exp. No. 1 

:---------:---------;-------------------:------------:------------:------------i------------1-----------------------------:---------------------------------------:------------: 
I Ti•e Change : : ACCUIIUl. I TEIIP I VJSC. : VOli.JIIE of Effluent llnfiltrat1on Rate u/s : Avenge I I I 

I DATE I TillE :---------:---------: ElAPSED I TillE I DE6-C : CORRECTED :-----------------------------:--------------------------------------: lnfil I I I I 

: Hours : llinutes : SECONDS I HOURS I I : REP1 : REP2 I RHl I REPl I REP2 I REP3 I u/s I I I I I I I I 

:---------·---------·---------·-------- ·------------·------------:------------~------------~---------~---------:---------:------------!------------!------------!------------· 
: june 18 11.40 0.00 0.00 0.00 0.00 : 24.50 : o.oo 
: j~:ne 22 14.30 98.00 50.00 355800.00 98.83 : 23.00 : 0.935 870.00 : b50.00 uo.oo 1.15E-05 8.bOE-Ob 8.33E-Ob 9.48E-06 
: june 29 14.20 1117.00 50.00 1104200.00 266.117 : 21.00 : 0.870 590.00 : 340.00 320.00 4.79E-Ob 4.50£-06 4.23E-Ob 4.51£-06 
: july 5 111.30 14b.OO 10.00 526200.00 412.83 : 22.50 : 0.845 330.00 : 205.00 200.00 2.99E-Ob 2. 71E-Ob 2.b5E-Ob 2.78E-06 
: july 9 10.00 90.00 30.00 325800.00 503.33 : 24.00 : 0.820 140.00 : 125.00 110.00 1. 99E-06 1.b5E-06 1.46E-06 1.70£-0b 
: july 14 9.00 131.00 0.00 4711100.00 bl4.Jl : 29.00 : o.no 570.00 : 190.(10 270.00 4.97£-0b 2.51E-Ob 3.57£-0b 3.b9E·06 

()) : july 1b 10.30 37.00 30.00 135000.00 671.83 : 21.00 : 0.835 1~5.01) : 51J. 00 70.00 5.40£-06 b.b1E-07 9.2bE-07 2.33£-06 
-\.0 ; july 20 9.30 95.00 0.00 342000.00 7bb.83 : 24.50 : 0.810 205.00 : 115.(10 115.00 2. 74E-Ob 1. 52E -Ob 1.52E-Ob l. 93E-Ob 

: july 23 9.00 71.00 30.00 257400.00 838.33 : 25.00 : 0.800 145.00 : 80.00 85.00 2.54E-Ob LObE -06 1.12£-06 1.57£-0b 
: july 27 lO.lS 97.00 35.00 351300.00 935.92 : 24.50 : 0.810 340.00 : 130.00 130.00 4.42£-0b 1.72E-06 1.72£-06 2.b2E-06 
: ju1 y 30 10.25 71.00 50.00 2581100.01) 1001.n : 23.00 : 0.835 170.00 : 80.01! 195.00 3.09£-06 l.ObE-Ob 2.58E-Ob 2.24E-06 
I Aug 3 10.40 9b.OO 10.00 34b200.00 1103.92 : 23.00 : 0.835 no. oo : 110.00 110.00 l.77E -Ob l.UE-Ob l. UE-06 1.56[ -06 I 

I Aug b 10.25 71.00 45.00 258100.00 1175.b7 : 22.00 : 0.855 80.00 : 80.00 80.00 1.49E-Ob 1.06£-06 l.ObE-06 1.20£-06 I 

: Aug 10 10.10 96.00 5.00 345900.00 1271.75 : 22.00 : 0.855 140.00 : 100.00 110.00 1.95E-Ob 1.32E-06 I. 46E-06 l.58E-Ob 
: Aug 1l 9.50 11.00 20.00 25b800.00 1343.08 : 22.00 : 0.85~ 120.00 : 75.00 70.00 2.25E-Ob 9.92E-07 9.2bE-07 1.39£-06 
1 Auq 17 9.15 95.00 25.00 343500.00 1438.50 : 24.00 : 0.820 150.00 : 105.00 100.0(1 2.02E-Ob 1.l9E-Ob 1.32E-Ob 1.58£-06 

Aug 20 9.50 72.00 35.00 261300.00 1511.08 : 22.00 : 0.855 260.00 : 80.00 80.00 4.80E-Ob 1.0bE-06 l.ObE-06 2.30£-0b 
Aug 27 9.50 1118.00 0.00 1104800.00 1b79.08 : 18.00 : 0.915 800.00 : 170.00 2030.00 6.82E-06 2.25E-Ob 2.69E-05 l. 20E-05 
Sept 2 3.10 149.00 20.00 537600.00 1828.42 : 20.00 : 0.885 240.00 : 140.00 560.00 2.2lE-06 1.85E-Ob 7.41E-06 3.83E-Ob 

--------- ---------.---------.---------.------------:------------:------------:------------:---------:---------:---------;------------:------------:------------:------------



TABLE B.lO KXP. No. 2 l.Bm HEAD - 20Jllll FABRIC - 1% TS 

~ead 1.81 20 1icron Fabric 11 Total So1Lds hp. No. 2 

:---------:---------:-------------------;------------:------------:------------:------------:-----------------------------:--------------------------------------:-----------~: 

: Tilt Chanqe : l ACCUnUL. I nnr- I VISC. l YOLU"E of Effluent llnfiltration Rate Cl/1 l Average I I 

I DATE I TinE :---------:---------: ELAPSED I TinE I DE&·C : CORRECTED :-----------------------------:--------------------------------------: In til 
I I I I 

l Hours l ninutes : SECONDS I HOURS I ' : REP1 l REP2 I REP3 : REP I I REP2 I REP3 I CIIS I I I I I I I 

·---------·---------·---------·-------- ·------------·------------·------------·------------:----------:-----·----:---------:------------:------------:------------:------------· 
Oct 30 12.00 0.00 o.oo 0.00 O.OQ 24.00 0.00 
Oct 30 23.30 11.00 30.00 414(10.00 11.SO 24.00 0.820 8860.00 7610.i10 6050.00 9.89[-04 : 8.50E-04 6.75[-04 : 8.38[·04 

Oct 31 11.15 11.00 45.00 42300.00 23.25 24.00 0.820 5620.00 5650.00 5570.00 6.l4E·04 I 6.17E·04 6.09E·04 I 6.13[·04 
Nttv 1 12.00 24.00 15.00 87300.00 47.50 24.00 0.820 7500.00 6750.00 6980.00 3.97E-04 3.57E·04 3.70E·04 I 3.75E·04 

Nov 1 19.30 19.00 30.00 70200.00 67.00 24.00 0.820 3050.00 3400.00 noo.oo 2.01E-04 2.24E-04 2.44E-04 I 2.23E·04 
Nov 2 11.00 27.00 30.00 99000.00 94.50 24.00 0.820 3400.00 3750.00 noo.oo 1. 59E ·04 1.75E·04 1.73E-04 I 1.~9E·04 

\.D I Nov 2 21.15 10.00 15.00 36900.00 104.75 24.00 0.820 1150.00 1880.00 1590.00 1.44E·04 2.36£-04 1.99E·04 I t.UE-04 
0 

Nov 3 8.00 10.00 45.00 38700.00 115.50 21.00 0.870 1440.00 2100.00 2420.00 1.82E-04 2.66[-04 3.07[·04 I 2.52E-04 

Nov l 23.00 15.00 0.00 54000.00 130.50 21.00 0.870 1470.00 2200.00 2430.00 1.34E -04 2.00E-04 2.21E-04 I 1.85£·04 
Nov 4 15.50 16.00 50.00 60600.00 147.33 22.00 0.855 1490.00 2570.00 2870.00 1.19E·04 2.04E-04 2.28E·04 I 1.84E·04 
Nov 5 12.30 20.00 40.00 74400.00 168.00 22.00 0.855 1450.00 2010.00 2740.00 9.39E-05 1.30E·04 1.77E-04 I 1.34E-04 
Nov 7 10.00 45.00 30.00 163800.00 213.50 24.00 0.820 2170.00 2015.00 4930.00 6.12E-05 5.69E·05 1.39E-04 I 8.57E·05 
Nov 8 18.15 32.00 15.00 116100.00 245.7S 23.00 0.83S 670.00 680.00 3160.00 2.72E-05 2.76E·05 1.28E·04 I 6.09E·05 

Nov 14 17.45 143.00 30.00 516600.00 389.25 21.00 0.870 840.00 1810.00 4700.00 7.97E-06 l.72E-05 4.46E·05 I 2.llE·05 
Nov 18 12.00 89.00 45.00 32l100.00 479.00 21.00 0.870 400.00 3280.00 6330.00 6.07[·06 4.98E·05 9.UE·05 5.06E-05 
Nov 20 15.30 51.00 30.00 1854(10.00 530.50 19.00 0.920 240.00 2920.00 58SO.OO 6.71E-06 8.l7E·05 1.64E·04 8.40E-05 
Nov 22 13.45 46.00 15.00 166500.00 S76.75 10.00 1.160 210.00 5080.00 3750.00 8.25E·06 2.00E·04 1.47E-04 1.l8E-04 
Nov 24 11.30 45.00 45.00 164700.00 622.50 20.00 0.890 32(1.00 7100.00 3940.00 9.75E-06 2.16E-04 1.20E·04 1.15(·04 
Nov 25 11.15 24.00 15.00 81300.00 646.75 22.00 0.855 450.00 6380.00 3100.00 2.48E-05 l.52E·04 1. 71E-04 1.83E·04 
Nov 27 13.45 50.00 30.00 181800.00 697.25 22.00 0.855 490.00 8600.00 10120.00 1.30E-05 2.28E·04 2.68[·04 1.70[·04 

Nov 29 18.00 52.00 15.00 188100.00 749.50 22.00 0.855 2470.00 15850.00 15000.00 6.33E·05 4.06E·04 3.84E·04 2.85E·04 
Det 4 10.15 112.00 15.00 404100.00 861.75 23.(10 0.835 5330.00 24000.00 124000.00 6.21E -05 2.BOE-04 2.80E·04 I 2.07[·04 

Dec 6 14.00 51.00 45.00 186300.00 913.50 22.00 0.855 4000.00 : I I.OlE-04 I ERR I 

Dec 8 16.30 50.00 30.00 181800.00 964.00 23.00 0.835 4230.00 : I 1.10E·04 I ERR I I 

Dec 9 10.00 17.00 30.00 63000.00 981.50 23.00 0.835 4000.00 I I I 2.99[·04 I ERR 

~------·--~---------~---------~---···-· l·--·-··-····l··-·-·-··---1··------····l-··-···-----,-----·-·-l---------:---------l------------:----------··l------------:------------l 



TABLE B.ll KXP. No. 2 l.Bm HEAD - 20~ FABRIC - 2% TS 

Heid 1.81 20 1icron F1bric 21 Totil Solids Exp. No. 2 

:---------:---------:-------------------:------------:------------:------------:------------:-----------------------------:--------------------------------------~------a-----1 

: Tile ChiRQI : : ACCUHUL. . TEHP I VISC. I VOlUHE of Effluent :Infiltration Rite Cl/5 : Avenge . I 

: DATE : TIHE :---------:---------: ElAPSED I TIHE I DE6-C : CORRECTED :-----------------------------:--------------------------------------: lnfil I I 

: Hours : Hinutes : SECONDS I HOURS I I : REP1 : REP2 I REPl : REP1 I REP2 I REP3 I u/s I I I I I I I 

·---------·---------·---------·-------- ·------------·-------------· ·-----------·-------------~---------~---------·---------·------------!------------!------------!------------· 
Oct 30 12.00 0.00 0.00 0.00 0.00 24.00 0.00 
Oct ll 11.20 23.00 20.00 84000.00 23.33 24.00 0.820 4580.00 4510.00 H10.00 2.52£-04 2.48£-04 2.43£-04 2.48£-04 

Nov 4 111.00 100.00 40.00 3112400.00 124.00 22.00 0.855 1740.00 1190.00 1220.00 2.31£-05 1.58E-05 1.62£-05 1.au-o~ 

Nov 8 18.00 98.00 0.00 352800.00 222.00 23.0(1 0.835 31160.00 1050.00 2940.00 4.88E-05 1.40£-05 3.92E-n 3.40£-05 
Nov 14 18.00 144.00 0.00 518400.00 31111.00 21.00 0.870 2100.00 4380.00 11130.00 1.99E-05 4.14E-05 1.54£-05 2.56E-05 
Nov 20 15.45 141.00 45.00 510300.00 507.75 19.00 0.920 1910.00 5890.00 850.00 1.94E-05 5.99E-05 8.64£-06 2.9JE-05 

\!) I Nov 22 13.45 411.00 o.oo 11151100.00 553.75 10.00 1.111•> 790.00 3850.00 700.00 3.12E-05 l.52E-04 2. 76£-05 7 .03E-05 
t-' - Nov 25 11.45 70.00 o.oo 252000.00 623.75 22.1)0 0.855 1210.00 4450.00 1070.00 2.l1E-05 8. 51E-05 2.05E-05 4.29£-05 

Nov 27 14.00 50.00 15.00 180900.00 1174.00 22.00 0.855 1800.0(1 4560.00 200.00 4.80E-05 1.21E-04 5.33[-06 5.8JE-05 
Det 4 10.50 164.00 ' 50.00 593400.00 838.83 23.00 0.8J5 10200.00 11900.00 580.00 8.09£-05 9.44E-05 4.60£-06 6.00£-05 
Dec II 14.30 51.00 40.00 186000.00 890.50 :!2.00 0.855 4120.00 1540.00 200.00 1.07E-04 3.99£-05 5.18E-06 5.06E-05 
Dec 8 11.30 45.00 0.00 162000.00 935.50 23.00 0.835 5020.00 1340.00 180.00 1.411E-04 3.89E-05 5.23£-06 6.JlE-05 

Dec 19 111.50 2119.00 20.00 969600.00 1204.83 21.00 0.870 20000.00 15800.00 1070.00 l.OlE-04 7.99£-05 5.41E-06 6.22E·05 
Det 23 9.20 88.00 30.00 318600.00 1293.33 22.00 0.855 13730.00 5520.00 390.00 2.08E-04 8.15E-05 5.90E-06 9.tOE·05 
DeclO 10.00 168.00 40.00 607200.00 14112.00 22.00 0.855 22000.00 6620.00 740.00 1.75£-04 5.25£-05 5.87E-06 7.77£-05 
J1n 4 10.30 120.00 30.00 433800.00 1582.50 22.00 0.855 125000.00 3330.00 530.00 2.78£-04 3.70E-OS 5.89£-06 1.071-04 

.---------:---------.---------.-------- .------------:------------,------------.------------:---------.---------:---------.------------.------------.------------.------------. 



TABLK 8.12 KXP. No. 2 l.Bm HKAD - 20~ FABRIC - 4% TS 

~ead 1.8• 20 1icron Fabric 41 Total Solids Exp. No. 2 

·---------;---------;-------------------:------------:------------:------------:------------:------·-------------·--------·--------------------------------------1------------: 
I Till Change I I ACCUnUL. I TE"P I VISC. I VOLU"E of Effluent :Infiltration Rite Cl/1 I Avtntt I I 

DATE I TI"E :---------:---------: ELAPSED I TitlE I DEG-C : CORRECTED 1-------------------------·----:--------------------------------------: Inti' I I I 

I Hours : "inute5 : SECONDS I HOURS I I : REP1 : REP2 I REP3 I REP1 I REP2 I REPl I CI/S I I I I I I I I 

---------·---------·---------·-------- ·------------·------------·------------·------------:---------:---------:---------!------------!------------1------------1------------· 
Oct lO 12.00 0.00 o.oo 0.00 o.oo 24.00 0.00 
Oct 30 23.30 11.00 30.00 41400.00 11.50 24.00 0.820 2300.00 1920.00 : 2040.00 2.57E-04 2.14E-04 2.28E-04 2.33£-04 
Oct 31 12.45 25.00 15.00 90900.00 36.75 24.00 0.820 580.00 2600.00 : 140.00 2.95E-05 1.32E-04 3.76E-05 6.64E-05 

Nov 4 16.15 99.00 30.00 358200.00 136.25 22.00 0.855 1100.00 2680.00 I 1060.00 1.48E-05 3.61E-05 l.UE-05 2.11E-05 
\J) I Nov 14 18.15 242.00 0.01) 871200.00 378.25 21.00 0.070 1180.00 1600.00 : 1300.00 6.64E-06 9.01E-06 7.l2E-06 7.66E-06 
[\.) 

llov 20 16.00 141.00 45.00 510300.00 520.00 19.00 0.920 300.00 280.00 : 340.00 3.05E-06 2.85£-06 3.46E-06 3.12E·06 
Nov 27 14.30 166.00 30.00 599400.00 686.50 22.00 0.855 520.00 580.00 I 600.00 4.18E-06 4.66E-06 4.82£-06 4.56E-06 

Dec 4 11.00 164.00 10.00 592200.00 851.00 23.00 0.835 220.00 220.00 I 180.00 1.75E-06 1.75E-06 1.43£-06 1.64E·06 
Dec 11 11.15 168.00 15.00 605700.00 1019.25 22.00 0.855 140.00 110.00 : 100.00 1.11£-06 8.75£-07 7.96E-07 9.28E-07 
Dec 18 11.30 168.00 15.00 605700.00 1187.50 22.il0 0.855 150.00 110.00 : 120.00 1.19E-06 8.75E-07 9.55E-07 l.OIE-06 
Dec 23 9.30 118.00 0.00 424800.00 1305.50 22.00 0.855 110.00 80.00 : 90.00 1.25E-06 9.08£-07 l.02E-o6 1.06£-06 
Jan 4 10.00 288.00 30.00 1038600.00 1594.00 22.00 0.855 300.00 220.00 I 240.00 1.39E-06 1.02E-06 t.HE ·06 l.lBE-06 

.---·-----:---------.---------.-------- ,------------,------------,------------ ------------.---------.---------:---------:-·----------:------------:------------1------------. 



TABLK 8.13 KXP. No. 2 l.Bm HKAD - 20~ FABRIC - 6% TS 

~ead 1.81 20 Hicron Fabric 61 Total Solids Ex~. No. 2 

:---------:---------:-------------------:------------:------------:------------:------------;-----------------------------:··-------------------------------------l------------1 
: h1e Change I : ACCUHUL. I TEHP I YISC. I YOLUHE of Effluent llnfiltration hte Cl/1 l Avenge I I 

I DATE l TIHE :---------:---------: ELAPSED I TIHE . DE6-C : CORRECTED 1-----------------------------:--------------------------------------l In til I I 

: Hours l Hinutes l SECONDS I HOURS I : : REPl : REP2 I REP3 I REP1 I REP2 I REP3 I Cl/1 I I I I 

·---------·---------·---------·-------- ·------------·------------·------------'------------:---------:---------:---------:------------:------------1------------!------------· 
Oct 30 12.00 0.00 o.oo 0.00 0.00 24.00 0.00 
Oct 30 23.40 11.00 40.00 42000.00 11.67 24.00 0.820 2050.00 2110.00 3150.00 2.26E-04 2.J2E-04 J.47E-04 2.68E-04 

Nov l 12.30 25.00 0.00 90000.00 36.67 24.00 0.820 3490.00 4220.00 2520.00 1.79E-04 2.17E-04 1.29E-04 I. 75£-04 
Nov 4 16.30 100.00 0.00 360000.00 136.67 22.00 0.855 1220.00 1910.00 1730.00 1.63E-05 2.5BE-05 2.32E-05 2.18E-05 

Nov 14 18.15 241.00 45.00 870300.00 378.42 21.00 0.870 2110.00 1340.00 1960.00 l.19E-05 7.55E-06 l.IOE-05 1.02E·05 
Nov 20 16.15 142.00 0.00 511200.00 520.42 19.00 0.920 330.00 380.00 360.00 3.35E-06 3.86E-06 3.65E-06 3.62E-06 
Nov 27 14.45 166.00 30.00 599400.00 686.92 22.00 1).855 450.00 500.00 640.00 3.62E-06 4.02E-06 5.15E-06 4.26E-06 

~ l Dec 4 11.15 164.00 45.00 593100.00 851.67 23.00 0.835 200,0(1 210.00 300.00 1. 59E -06 1.67E-06 2.38E-06 1.88E-06 w 

Dec 11 11.30 168.00 15.00 605700.00 1019.92 22.00 0.855 140.00 120.00 140.00 l.IIE-06 9.55E-07 l.llE-06 1.06E-06 
Dec 18 11.45 168.00 15.00 605700.00 1188.17 22.00 0.855 150.00 130.00 160.00 1.19E-06 1.03E-06 1.27[-06 l.UE-06 
Dec 23 9.45 118.00 0.00 424800.00 1306.17 22.00 0.855 80.00 70.00 90.00 9.08E-07 7.94E-07 1.02E-06 9.08E-07 
Jan 4 lO.JO 288.00 45.00 1039500.00 n¥4.92 22.00 0.855 230.00 230.00 240.00 1.07E-06 l.07E-06 l.llE-06 l.08E-06 

,---------i---------i---------1-------- :------------:------------:------------:------------:---------:---------i---------i------------i------------i------------i------------1 



TABLE 8.14 KXP. No. 2 l.Bm HEAD - 20um FABRIC - BX TS 

~ead 1.81 2Q IICron fabric ax Total Solids Ekp. No. 2 

:---------:---------:-------------------:------------:-------------:------------:-------------;------------------------------:--------------------------------------:------------: 
I Tiae Change : : ACCUI'IUL. I TEI'IP I YISC. : VOLUiiE of Effluent :Jnf1ltration Rate u/s : Average I I I 

: DATE I TII'IE :---------:---------: ELAPSED . TII'IE . DEG-L : CORRECTED :-----·----------- ------------:-----------------·--------------------: lnfi l I I . 
: Hours : l'linutes : SECONDS I HOURS . I : REP1 : FIE~2 . REP3 I REP1 I REP2 I REF"l I u/s I . I I I I I I 

·---------·---------·---------·-------- ·------------·-----· -------·---------------·------------:---------:---------;---------!------------!------------!------------!------------· 
Nov 1 11.00 0.00 0.00 0.00 o.oo 24.00 O.liO 
Nov 4 16.30 41.00 30.00 149400.00 41.50 22.00 0.855 1130.00 780.00 . 500.00 3.65E-05 2.52E-05 1.61[-05 2.59E-05 

Nov 14 18.45 242.00 15.00 872100.60 283.75 21.00 0.870 560.00 680.00 320.00 3.15E-06 3.82E-06 1.80E-06 2.92£-06 
Nov 20 16.15 141.00 30.00 509400.00 425.25 19.00 0.920 170.00 150.00 160.00 1.73E-06 1.53E-06 l.UE-06 1.63£-06 
Nov 27 15.00 166.00 45.00 600300.00 592.00 22.00 0.855 lbO.OO 170.00 150.00 1.28E-06 1.36E-06 1.20E-06 1.28E-06 

Dec 4 11.20 164.00 20.00 591600.00 756.33 23.00 0.835 150.00 160.00 160.00 1.19E-06 1.27£-06 1.27£-06 1.25£-06 
\.0 Dec 11 11.45 168.00 25.00 606300.00 924.7S 22.00 0.855 110.00 160.00 150.00 8.74E-07 1.27E-06 1.19E-06 l.UE-06 
,r;,. 

Dec 18 12.00 168.00 15.00 605700.00 1093.00 22.110 0.855 llO.OO 140.00 150.00 l.OJE-06 l.liE-06 1.19E-06 l.llE-06 
Dec 23 9.50 117 .oo 50.00 424200.00 1210.83 22.00 0.855 90.00 1()0.00 90.00 1.02E-06 1.14E-06 l.02E-06 1.06E-06 
Jin 4 10.30 288.00 40.00 1039200.00 1499.50 22.00 0.855 220.00 2~0.00 200.00 1.02E-06 1.16£-06 9.28£-07 1.04E-06 

:---------:---------:---------:-------- :------------:------------:------------:------------:---------:---------:---------1------------:------------:------------:------------l 



TABLE B.l5 KXP- No. 2 l.Bm HKAD - 20~ FABRIC - lOX TS 

l!id 1.81 20 11cron Fibric 101 Toil Solids Eu. No. 2 

:---------:---------:-------------------:-----··------:~-----------l------------:------------:-----------------------------:--------------------------------------:------------1 
I liae Chinge I I ACCU"UL. I TE"P I YISC. I VOLU"E of Effluent !lnfiltr•tion Rite u/s I A~enge I I I 

: DATE I TinE 1---------1---------1 ELAPSED I TI"E I DE6-C I CORRECTED l-----------------------------1------------------~-------------------: In til I I 

: Hours I "inutes : SECONDS I HOURS I I ! REP1 ! REP2 I REP3 : REP1 I REP2 I REP3 I r::a/s I I I I I I I 

·--------- ---------·---------·-------- ·------------·------------·-------·----·------------:---------:---------:---------:------------!------------!------------'------------· 
Nov 1 ll.OO 0.00 o.oo 0.00 o.oo 24.00 o.oo 
Nov 4 16.40 41.00 40.00 uoooo.oo 41.67 22.00 0.855 58<•. 00 730.00 uo.oo : 1.86[-05 2.35E-05 1.38E-05 1.86[-05 

Nov 14 19.00 242.00 30.00 873000.00 284.11 21.00 0.970 320.00 610,1)0 300.00 ! l.SOE-06 3.43E-06 1.6'fE-06 2.30[-06 
Nov 20 16.30 141.00 45.00 510300.00 42~.92 19.00 0.920 140.00 220.00 131}.00 i t.m -o6 2.24£-06 1.32E-06 l.UE-06 
Nov 27 15.10 166.00 55.00 600900.00 ~92.83 22.00 0.855 140.00 200.01) 140.00 : 1.12E -06 1.60E-06 1.12E-06 1.2BE -06 

Dec 4 11.30 164.00 30.00 592200.00 757.~3 2~.00 0.835 160.01.1 200.00 150.01) : 1.27E-06 1.59E-06 1.19£-06 1.35[ -06 
Dec 11 12.00 168.00 30.00 606600.1)0 925.83 22.00 0.855 150.0fJ 160.00 160.M : 1.19E-06 1.27E-06 1.27E-06 1.24E-06 

\.0 : Dec 18 12.15 168.00 15.00 6057CO.OO 1094.08 22.00 0.855 130.(10 140.00 130.00 I 1.03E-06 l.llE-06 1.03E -06 1.06E-06 
lJl 

Dec 23 10.00 117.00 45.00 423900.00 1211.83 22.01) 0.855 IOO.OfJ 110.01) llfJ.OO : 1.14E-06 1.25E-06 1.25E-06 1.21(-06 
J•n 4 10.30 288.00 30.00 1038600.00 1500.33 22.00 (1.855 230.00 230.00 250.00 : 1.07E-06 1.07E-06 1.16E-06 1.10[-06 

---------i---------~---------i-------- i ____________ i ____________ i ____________ i ____________ i _________ i---------i--·------1------------:-·-----------:------------;------------. 



TABLE B.16 EXP. No. 3 0.9m HKAD- 20~ FABRIC 
NON-STBRILIZKD MANURB 5X r, 

htld 0.91 f20 lon-Steriliztd 51 T.S. 

:--------.1--:-- 1---1----1 --:-----1-
Till Ch1ngt ACCUIRI.. TERP I VISC. I vtl.IIIE of Efflat I 

I DATE I TillE I -I ELAPSED I TillE DE&-c I CORRECTED 1-I I I I 

Hours I llinutts I SECONDS I HOURS I REPJ. I REP2 I lEI I I .-·---·- ·--· ·------·----·-- ·---·---· 1-
lov 17 11.30 0.00 o.oo o.oo 0.00 21.00 0.00 
lov 18 12.45 25.00 15.00 90900.00 25.25 21.00 0.870 3150.00 1460.00 15601 
loY 20 16.45 52.00 0.00 187200.00 77.25 19.00 0.905 1330.00 2450.00 21801 
loY 24 ll.SO 91.00 s.oo 327900.00 168.33 20.00 0.885 700.00 1360.00 usol 
lov 27 15.10 75.00 20.00 271200.00 243.67 22.00 0.855 960.00 1840.00 17501 

Dec 9 8.15 211.00 5.00 1011900.00 524.75 23.00 0.135 1480.00 1450.00 1!401 
Dec 23 9.10 336.00 55.00 1212900.00 861.67 22.00 0.855 470.00 430.00 m 
J1n 5 12.15 315.00 5.00 1134300.00 1176.75 22.00 0.855 540.00 350.00 -1 J1n 11 8.30 140.00 15.00 504900.00 1317.00 24.00 0.820 1950.00 1130.00 11801 

.---------.---------.-------------------t------------.------------:------------.------------.-----------
-------------------:-----------------------------------------------------------------------------: 

IInfiltntion Rltt Cl/5 I Aveugt I 
I I 

-------------------:----------------------------------------------------------------: Infil I 
I 

REP4 I REPS I REP1 I REP2 I REP3 I REP4 I REPS I Cl/5 I I I I I I I I I 

---------·---------·------------·------------·------------·------------·------------·------------· 
2660.00 2050.00 1.70£-o4 7.88E-o5 8.42E-05 1.44E-G4 1.11E-o4 1.17E-04 
1SBO.OO 1980.00 3.62E-o5 6.68E-o5 5.94E-o5 4.31E-o5 5.40E-o5 5.41E-G5 
790.00 990.00 1.06E-o5 2.07E-o5 1.75E-o5 1.20£-os 1.51E-o5 1.&3E-o5 

1210.00 1650.00 1.71E-G5 3.27E-G5 3.ue-os 2.15£-GS 2.93£-05 2.70£-GS 
1730.00 1780.00 6.88E-o& 6.74E-o6 9.02E-G6 8.0SE-o6 8.28E-o6 7.55E-G6 
480.00 3700.00 1.87£-o& 1.71£-o& 2.11E-o6 1.91£-o& 1.47E-o5 1.89£-o& 

2780.00 3100.00 2.29£-o& 1.49£-o& 4.16E-o6 1.18E-G5 1.32E-o5 2.65E-o6 
880.00 2080.00 1.79£-oS 1.03E-G5 1.63£-os 8.06E-o6 1. 90£-os 1.48E-o5 

-------------------.-----------------------------------------------------------------------------. 
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TABLE B.17 KXP. No. 3 0.9m HEAD - 201JJD FABRIC 
STERILIZED MANURE 5X TS 

held 0.91 f20 Sterilized 51 T.S. 

:---------:---------l-------------------:------------l------------1------------:------------:----
I I Till Olugt I I ACCUIM.. I TEJtP I VJSC. : VOlllltE of Ef' . I I I I I I 

I DATE I TIRE :-----1 ELAPSED I TIRE I DE&-t : CORRECTED :-I I I I 

I I Koun : llinutes : SECONDS I HOURS : REP1 : REP2 I I I 

·---------·---------·---------·-------- ·------------·------------·------------·-- --·----· 1-

Nov 17 11.30 o.oo o.oo o.oo o.oo 21.00 o.oo 
Nov 18 12.30 25.00 o.oo 90000.00 25.00 21.00 0.870 1640.00 1880.00 2: 
Nov 20 16.30 52.00 o.oo 187200.00 77.00 19.00 0.905 630.00 1050.00 11 
Nov 24 16.45 96.00 15.00 346500.00 173.25 20.00 0.885 770.00 540.00 1' 
Nov 27 15.15 70.00 30.00 253800.00 243.75 22.00 0.855 670.00 920.00 1 

Dec 4 11.35 164.00 20.00 591600.00 408.08 23.00 0.835 1790.00 1370.00 1' 
Dec 23 9.00 453.00 ~.00 1632300.00 861.50 22.00 0.855 1470.00 890.00 1 
Jin 5 12.30 315.00 30.00 1135800.00 1177.00 22.00 0.855 350.00 350.00 

J1n 11 8.30 140.00 0.00 504000.00 1317.00 24,00 I 0.820 135.00 140.00 
.:::.=-::.=::..:::::~-=; .:=:::.::::==:=:..=::==::.::::=:::::::.:::::::::=:..:=:-..:.-==::.:::::------

:Jnfiltnhon Rite ca/s I Avenge I 
I I 

-------------------:----------------------------------------------------------------1 lnfil I 
I 

\ REP4 I REPS I REP1 I REP2 REP3 REP4 REPS CIIS I I I I I ·--

---------·---------·------------·------------·------------·------------·------------·------------· 
1770.00 2880.00 8.94E-o5 1.02E-G4 1.25£-04 9.64E-G5 1.57E-G4 t.14E-G4 
1230.00 450.00 1.72E-os 2.86£-os 2.81E-05 3.35E-o5 1.23E-o5 2.46E-G5 
1890.00 1720.00 1.11E-G5 7.77E-o6 2.17E-o5 2.72£-05 2.48E-G5 1.35E-o5 
790.00 1030.00 1.27E-05 1.75E-o5 1.m-os 1.50£-05 t.96E-os 1.65E-05 

2180.00 1680.00 1.42E-G5 1.09£-os 1.22E-G5 1.73E-G5 1.34E-G5 1.24E-G5 
1850.00 1370.00 4.34E-Gi 2.63E-o6 3.99E-o6 5.46E-G6 4.05£-o& 3.65E-G6 
~.00 400.00 1.49E-o6 1.49£-o& 1.61E-G6 1.6SE-06 1.70E-o& 1.53E-G6 
140.00 140.00 1.24E-o6 1.28£-o& 1.42E-06 1.28E-G6 1.28E-o6 1.31E-06 

-------------------,-----------------------------------------------------------------------------. 
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APPENDIX C 

EFFLUENT ANALYSIS DATA SUMMARY 

EXPE~MENT No.1 - TABLES Cl TO C7 
EXPERIMENT No.2 - TABLES CS TO Cl3 

EXPERIMENT No.3 - TABLES Cl4 TO ClS 
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'l'ABLB C.l EXP. No. 1 pH DA'l'A SOMMARY 

PH RESULTS FOR EIP. NO, 1- JUNE- SEPT. 
-------------------------------------------------------------------------------------------------------------------------_____. 
:SAIIPLE JUNE 18-~3: JUNE 30: JL'L Y 9 : JULY 16: JULY 23: JUL.Y lC: AU&. o ; AU&. ll: AUE. ~0: AUE. 27 I SEPT. 2 I 

I I 

:------------------------------------------------------------------------------------------------------------------------------1 
20.1 6.41 ' 6.41 6.43 6.39 6.57 7,20 I 7.53 7.08 6.34 6.23/6.25: 6.67 
20.2 6.42 7.47 7.08 7.43 7,36 I 7.49 7.52 7.72 7.48 7.70 1.n 
20.3 6.35 7.31 6.87 7.60 7,42 I 7.52 7.56 7.72 7.22 7.80 7.84 
20.9 6.92 7146 7.40 6.44 7.61 7.61 7.~4 7.80 7.~3 7.71 7.46 
20.5 I 6,55 I 6.27 6.29 7.62 6.48 I 6.21 6.61 6.8. 6.55 6.30 7.89 
20.6 6.61 7.67 6.97 7.58 7.72 7~oo 7,87 7.60 7.00 7.74 8.00 
20.7 o.5e b.97 6.90 7.62 7.22 . 6.78 ' 7.38 6.63 7,43 I 7.49 7.52 
20.8 6.9& 7147 7.18 7.80 I 7,54 I 7,77 7.89 7. 74 . 7.22 6.77 7.31 : 
20.9 6.80 7.48 6.92 6.80 I 7.40 7.35 7.51 7.&5 7.54 7,51 7.46 : 
30.1 6.14 6.18 6.88 6.31 ' 6,52 I 6.27 6,33 I 7.16 b.62 6.201!1.311 6.20 : 
3C.2 6.14 ' 6.33 &.85 6.95 7.16 7.18 7.48 J o44 I 7.36 ' 7,58 7.35: 
30.3 6.15 6.53 7.02 7.5. 7.61 . 7.69 7.76 7.84 6.2:! 7.02 7.00 
~0.& I 6.E' I 7~~3 7.07 6.98 I 7. 72 7,86 I 7.4: 7.79 6.95 I 6.::4 6.81 
30.5 6.78 a.3o 6.14 6.28 ' 6.42 6.54 6.79 6.77 7.76 7,9& I 7,81 I 

30,6 6.4~ I 6.99 7 ,,)9 7.64 7,68 7.43 7,59 I M1 1 7.51 7.57 7.86 : 
~0.7 6.84 ' ~.43 7.12 6.51 ;,o7 7.811 7.90 9.00 I 8.07 7.97 a.oo 
30.8 6.51 6.81) 6.95 7,05 I 7.54 7 o41 I 7.22 7,~ I 7.:9 I 7,39 I 7,79 I 

30.9 6.7! 6.38 11.86 7.36 7.69 7.81 ' 7.66 8,01) I 8.04 I 8.05 7.58 
•o.1 I 6.24 6,46 I 7.11 6.36 I 7.18 6.~4 I us 7.25 6.83 I t.37 7 .!l : 
40.2 6.28 7. ~c; 7,35 I 6.91 7.55 ; ,68 I 7,84 I 7.62 7.3~ I 7,85 I 7.66 : 
41;,3 b.Ji 7.37 7.H 6.!0 8.07 7,80 7.95 7.76 &.6bi6.18: 6.79 ~ 

&0,4 o.i3 6.2: 6.37 7.82 6.66 6.o7 6.87 6.87 ' •t;, I 
~.Da~ ),41 6.72 

&1),5 &.48 7,51 I 7.30 6.30 6,88 I 7,29 I 7.l4 6. 72 6.07 ' 6.82 7,9'1. I 

40.& 6.~2 7.31 6.37 7.64 ' 7,79 I 7,91 I 9.1~ 8.15 I 7.99 8.03 7.aa 
4(!,7 . 6.71 7.37 i.3S 7.70 I 7.65 I 7.88 7.'7 8.08 I 7.81 6.118 7.i5 
•o.s I o.sa 7.70 7.34 7. 50 7 o09 I 7.77 8.09 8.16 7.9! I i.i1 ' a.~! I 

40.9 6.51 ;' .23 7.26 i.51 7,37 I 6,9q I 7.26 i.47 7,32 I i.2S 7.41 

------------------------------------------------------------------------------------------------------------------------------
CODHoiS EIAIIPLE 20.1 INDICATES 20 III:RON FASRIC 

.1,.2, .3 INDICATES fnE 0,91 HEAD 

. 4,.5, .6 INDICATES THE 1.91 HEAD 
• 7 ,.8, .9 INDICATES T~E 2.71 HEAD 
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TABLE C. 2 EXP . No . 1 NITRATE DATA SOMMAR.Y 

;SA,.Pt.E JUNE 18-23: 
?P!I 

EIP. NO. 1 NITRATE 51 T.S. 

JUNE 9 I 

?PI! 
AU&. 6 I 

PP!! 
SE?T. 2: 

PP"! 

:------------------------------------------------------------------------
20,1 I 

Z0.2 I 

20.3 
20,4 I 

20.5 I 

20.6 
20.7 I 

:o,s I 

2!),9 I 

30.1 
30.2 
30.3 
30.4 I 

:o.s I 

3i),6 
30,7 I 

30.8 I 

30.9 
4011 I 

4(1.2 
lQ,3 I 

·~.4 I 

4(),5 
4<!.6 I 

40,7 I 

4(1.8 
40,9 I 

1.8 I 

1.6 
l.B I 

i,l I 

l.B I 

1.9 I 

1.6 
!,8 I 

l.B I 

l.B I 

1. 7 I 

2,0 I 

1.9 I 

2.0 
') I ..... 
2,!) 

1.7 
1.8 I 

1.6 I 

1. 7 I 

2.0 
2.1 I 

1.8 I 

1.9 I 

2.0 j 

l.B 

1,7 I 

1. 7 I 

1.6 I 

2.~ I 

~.B I 

2.0 , .., 
~.. .... 
1 ~ ' 

o! 

1.8 
1,8 I 

1.8 I 

1.9 
., " 
~···· 
2.0 ' , . 
;;.,J, 

2 o1 I 

2.2 I 

1.3 
1.9 
~.8 
1. Q I 

2,0 I 

., , ' ...... 
1.9 
1. 9 I 

2 • ' .. 
2.0 

100 

2,0 I 

1.8 I 

f ~ I 
,i,,,J 

2 ol I 

1.9 ' 
2.0 
~ ~ I 
., I .• : 

1.8 I 

1.9 
1.8 
~.9 I 

2.0 I 

") " I ....... ., . ..... 
Z.2 I 

., ~ I 
~.. ... , 
2.3 I 

1. 9 I 

2,0 I 

' "' I ··' la 9 I 

2.2 I 

") ') I ..... 
2.0 
2.0 I ., . ... ~ 
2.1 I 

2 1 I .. 
1.8 
lo i I 

.._ "'' I 
••• I 

2.0 ' 
2.0 I 

"' ~ I 
f.a..j I 

1,9 I 

la9 I 

1.9 I 

2.1 
2.1 
2,: I 

.. ·~ I 

''" ., 'T I 
~,._. I 

2.4 I 

2,3 I 

': , ...... 
~ , ..... 
2 ') I ... 
2 ') I 

'" 2.2 I 

') ~ I 
'-'~ I 

2.1 I 

2,1 I 

2,3 I 

.., "" I 
l..o4. 

2,2 I 

2,0 I 

1.8 I 

2.2 I 

2,0 I 

2.1 I 

"" '7 I .. ... 
2.0 
1.9 I 

:.o I 

2,1 I 

" ') I ..... 
. , , I 

-•• I 

2.3 
2.3 
1.8 I 

Z.4 
2,3 I 

2.1 I 

"! 'f I 
••·.J I 

2,3 I 

2,3 I 

:,3 I 

2.4 I 

2,4 I 

2.4 
2.3 

., ~ I 

'-•··· .. ., 
"'"' 
2.1 
2.4 I 

2.i 
2,2 I 

2.3 
:.1 I 

2.1 I 

2,1 I 

2.3 
2,3 I 

2.4 
2.~ I 

2,8 I 

"! ~ I 
4a:J 

2.~ 
2.3 I 

2.4 I 

2.5 I 

2,5 I 

2.4 
2,4 I 

2,5 I 

2.6 
2.~ I 



t-' 
0 
t-' 

SAMPLE 

20MICRON 
0.8 m HEAD 

20MICRON 
1.8 m HEAD 

20 MICRON 
2.7 m HEAD 

30MICROM 
0.8mHEAD 

30MICRON 
1.8 m HEAD 

30 MICRON 
2.7 m HEAD 

40MICRON 
0.8mHEAD 

40MICRON 
1.8 m HEAD 

40MICRON 
2.7m HEAD 

-Jun-"18 

30873 

28208 

211172 

28884 

2411110 

21848 

211172 

211783 

241180 

TABLE C.3 EXP. No. 1 EFFLUENT DATA SUMMARY (COD mg/1) 

EXPERIMENT No. 1 COD (m Ill) DATA SUMMARY (AVERAGES) 
DATE 

-Jun-28 -Jul-08 -Jul-18 -Jul-23 -Jul-30 Aug-08 Aug-"13 Aug-20 Aug-27 Sep-02 

38882 43522 40021 44288 44552 40580 45587 45788 40838 42587 

348M 33018 34872 38388 32883 35844 38088 38874 33553 38431 

311818 34048 31888 322411 384110 38702 38413 311873 38108 38481 

42828 342811 38108 37828 41183 312117 42422 38398 33838 38278 

33088 2828"1 28888 278114 33081 33401 388811 3"1247 31412 30578 

320112 30484 238118 241183 32888 30743 38782 28284 3"1888 32573 

3811711 28281 27888 28310 38018 34887 438411 387114 38403 371188 

31848 30423 28311 28HS 38848 330118 39778 387114 33430 34878 

211180 281117 28221 278114 311880 321143 3811211 28383 301311 281143 
--- -



t-' 
0 
N 

SAMPLE 

20 MICRON 
0.8 rn HEAD 

20MICRON 
1.8 rn HEAD 

20MICRON 
2.7 rn HEAD 

30MICROM 
0.8rn HEAD 

30MICRON 
1.8 rn HEAD 

30MICRON 
2.7 rn HEAD 

40 MICRON 
0.8 rn HEAD 

40MICRON 
1.8 rn HEAD 

40 MICRON 
2.7 rn HEAD 

Jun-18 

2282.3 

1827.2 

11188.8 

2314.7 

1800.7 

1837.3 

2170.7 

1832.3 

1828.8 

TABLE C.4 EXP. No. 1 EFFLUENT DATA SUMMARY (AMMONIA PPM) 

EXPERIMENT No. 1 AMMONIA PPM) DATA SUMMARY (AVERAGES) 

DATE 

Jun-28 Jul-08 Jui-UI Jul-23 Jul-30 Aug-08 Aug-13 Aug-20 Aug-27 Sep-02 

21103.3 4042.8 3884.4 42117.11 4881.4 3243.11 4387.2 3881.4 31142.3 4488.8 

2043.8 3218.8 2838 3388.3 31182.3 2787.11 3440.2 4081.7 38118.4 31133.1 

20311.3 3188 3131.8 3282.2 3447 2880.8 3418.1 3852 3484 3778.4 

2718.11 3784.4 3888.8 31104.8 4287 3178 4008.7 37811 3488.8 4182.8' 

1831.8 2828.1 3178.2 3003.2 3084.8 2880.9 3288.8 3478.4 2788.8 3384.7 

1798.1 3173.2 3138.8 2958.1 3178.2 25110.8 33411.3 3809.4 3134.1 3899.9 

2044.8 32114.2 3727.8 3818.2 4278.7 3871.7 3832.4 4180.8 3503.8 4147.8 

1880 2730.11 2874.4 3048 31188.2 3030.8 3474.5 3821.8 3041.8 3808.8 

178.3 21188.8 3088.2 2888.8 3441.11 2848.3 3240 38211.2 2828.1 3877.8 



1-' 
0 
w 

SAMPLE 

20 MICRON 
0.8 m HEAD 

20MICRON 
1.8 m HI!AD 

20 MICRON 
2.7 m HEAD 

30 MICROM 
0.8m HEAD 

30 MICRON 
1.8 m HEAD 

30 MICRON 
2.7 m HEAD 

40MICftON 
0.8 m HI!AD 

40 MICRON 
1.8 m HEAD 

40MICRON 
2.7 m HEAD 

.Jun-18 

801.11 

7117.3 

7211.1 

835.8 

785.1 

7211.4 

872.11 

728.1 

7114.8 

j_ 

TABLE C.5 EXP. No.1 EFFLUENT DATA SUMMARY (POTASSIUM PPM) 

I!XPI!RIMI!NT No. 1 POTASSIUM(PPM) DATA SUMMARY (AVERAGES) 
DATE 

.Jun-28 .Jul-08 .Jul-18 .Jul-23 .Jul-30 Aua-08 Aug-13 Aug-20 Aug-27 

1030.8 788.4 3811.8 1138.8 11111.4 11118.2 738.3 388.7 478.8 

848.3 1174.4 11411.4 410.3 841.8 1218.8 488.3 880.3 3118 

858.1 817.8 884.7 287.11 888 1278.4 1135.8 337.3 280.4 

838.2 1081.8 883.1 581.1 1144.5 1381 853.2 844.5 458.7 

820.5 784.8 382.3 454.3 1084.1 1238.5 788.2 373.8 440.8 

788.4 880.3 527.4 800.4 1154.5 1287.8 888.2 847.7 518.8 

8117.8 835.3 821.8 4411.8 1284 1387.8 840.2 288.8 1120.7 

1034.2 1128.8 804.4 308.8 1088.4 1152.7 807.3 224.8 448 

844.8 11811.4 1172.8 408.8 888.7 1342.7 872 178.8 1183.2 



f--' 
0 
,r::. 

SAMPLE 

20MICRON 
0.8 ITI HI!AD 

20MICRON 
1.8 1T1 HI!AD 

20MICRON 
2.7 1T1 HI!AD 

30 MICROM 
0.8m HI!AD 

30MICRON 
1.8 ITI HEAD 

30 MICRON 
2.7 m HEAD 

40MICRON 
0.8m HEAD 

40MICRON 
1.8 1T1 HEAD 

40MICRON 
2.7 rn HEAD 

TABLE C.6 EXP No.1 EFFLUENT DATA SUMMARY (CHLORIDES PPM) 

EXPERIMENT No. 1 CHLORIDES (PPM) DATA SUMMARY (AVERAGES) 

DATE 

-.lun-18 -.lun-29 -Jul-09 -Jul-18 -Jul-23 -Jul-30 Aug-08 Aug-13 Aug-20 Aug-27 

18188 27833 17308 30e17 23288 12438 10848 18888 31811 27410 

12482 13083 13803 20818 24284 11838 10728 20242 22838 27477 

11888 10888 14484 18888 18474 12882 10812 17888 38312 38101 

18188 28832 18728 21882 21180 13888 10003 20818 28314 34188 

12873 10333 17242 27388 21718 11718 12138 14948 29284 27012 
I 

14281 11080 18708 20778 17828 12248 12388 18833 17214 28888 

14341 22821 17378 17843 28748 13371 14143 21408 41228 28803 

14711 8870 20017 18807 34887 13384 14738 18188 48488 28898 

14813 12089 21183 21172 28289 12328 14171 13280 49840 28788 

~-- -------



1-' 
0 
lJl 

SAMPLE 

20MICRON 
0.811n HEAD 

20MICRON 
1.8 m HEAD 

20MICRON 
2.7m HI!AD 

30 MICROM 
0.811n HEAD 

30MICRON 
1.8 1m HI!AD 

30 MICRON 
2.711n HEAD 

40 MICRON 
0.8 m HI!AD 

40MICRON 
1.8 1m HEAD 

40MICRON 
2.7 m HEAD 

TABLE C.7 EXP. No.1 EFFLUENT DATA SUMMARY (SS mg/1) 

I!XPI!RIMI!NT No. 1 SUSPI!NDI!D SOLIDS (llna/1) DATA SUMMARY (AVERAOI!S) 
DATI! 

..Jun-18 ..Jun-28 ..Jul-09 ..Jul-18 ..Jul-23 ..Jul-30 Aug-08 Aug-13 Aug-20 Aug-27 Se~t-02 

4847 35157 15473 4423 15083 2847 11547 15000 4077 2877 3240 

4883 30110 4700 5130 3730 21527 1388 3833 3180 2143 2347 

4718 44157 3880 15883 3883 2873 1200 41507 4187 3077 3820 

4800 4387 2773 15130 4173 2833 1780 3827 4110 3203 2707 

5187 3287 3847 4003 4857 1893 1880 4827 3883 2830 2387 

5080 4303 3020 4887 5140 2307 1447 4227 3290 3030 3187 

5183 151583 3840 8223 4847 3080 1887 4880 3303 2483 3280 

21573 3270 3280 15730 21587 2483 1480 3020 3317 2370 2780 
I 

4873 22110 4133 5870 5140 2813 1373 3883 3077 3017 3713 

··-- L__ I 



.-

I-' 
0 
()'\ 

PARAMETER 

pH 

AMMONIA 
(PPM) 

NITRATE 
(PPM) 

CHLORIDES 
(PPM) 

POTASSIUM 
.{PPM1 

SUSPENDED 
SOUDS(SS) 

COD 
(maiD 

REP No. 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

TABLE C.B EXP. No.2 EFFLUENT DATA SUMMARY (1% TS) 

EXPERIMENT No. 2 1%TS (DATA SUMMARY SHEET} 

DATE 
OCT 31/87 NOV 14/87 NOV 18/87 NOV 20/87 NOV24/87 

7.02 6.94 6.99 - 6.89 

7.12 7.01 7.03 - 6.96 

7.22 7.02 6.97 7.01 6.84 

151 745 710 - 726 

685 840 725 - 729 

918 874 885 821 720 

0.3 0.3 0.4 - 0.4 

0.2 0.2 0.3 - 0.3 

0.3 0.3 0.4 0.4 0.4 

4110 4860 4750 - 4950 

3980 3880 4020 - 4160 

4315 4050 4216 4325 4060 

163 172 180 - 165 

185 190 240 - 220 

190 210 200 178 165 

1620 1320 1480 - 680 

1560 980 1060 - 840 

1200 720 880 620 700 

5458 4730 4605 - 7399 

5945 5847 3674 - 4667 

5823 6468 2743 4508 4605 

* ON DEC 4 REPS 2&3 WERE TERMINATED 

ON DEC 8 REP 1 WAS TERMINATED 
-

DEC487 DEC8/87j 
6.85 6.96 I 

6.88 - I 

I 

6.76 -
693 650 
760 -
810 -
0.5 0.5 
0.4 -
0.4 -

4320 4210 
4080 -
3980 -
190 183 
200 -
210 -
1160 1060 
1540 -
1600 -
7399 10327 
4667 -
4484 -



f-' 
0 
'-.) 

PARAMETER 

pH 

AMMONIA 
(PPMl 

NITRATE 
(PPM) 

CHLORIDES 
(PPM) 

POTASSIUM 
(PPM) 

SUSPENDED 
SOUDS(SS) 

COD 
(mg/1) 

REP No. 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

'1-

TABLE C.9 EXP. No.2 EFFLUENT DATA SUMMARY (2% TS) 

EXPERIMENT No. 2 2%TS (DATA SUMMARY SHEET) 
DATE 

OCT31/87 NOV 14/87 NOV25/87 DEC8/87 DEC 23/87 JAN 41881 
7.06 7.01 6.96 6.84 6.93 6.97 
7.01 7.01 6.9 6.99 6.84 6.79 

7 6.89 6.98 7.01 6.72 6.79 

1776 1414 1328 1365 1280 1240 

1929 1358 1462 1390 1360 1380 

1463 1472 1285 1310 1265 1225 
0.4 0.4 0.5 0.5 0.5 0.6 
0.03 0.3 0.3 0.4 0.4 0.4 

0.03 0.3 0.3 0.3 0.3 0.4 

6340 5420 6880 7210 7560 6840 
6110 5320 6210 6850 6725 6950 
7101 6890 6560 6940 5920 6260 
440 395 415 450 430 405 
560 510 520 490 480 510 
400 460 420 430 390 395 
1060 1760 1720 1020 1120 1340 
860 860 1220 1280 1160 1220 
760 1080 1640 1520 1560 1780 
8299 10247 8040 8940 10900 7020 
8786 10052 9750 10200 10560 7020 
7081 9516_ 11620 13100 13480 11260 



TABLE C.10 EXP.No. 2 EFFLUENT DATA SUMMARY (4% TS) 

! EXPERIMENT No. 2 4%TS (DATA SUMMARY SHEEn 

I I I DATE 

PARAMETER i REP No. I OCT 31/87 I NOV 14/87 NOV 27187 I DEC 23187 I JAN 4188 · 
i 1 I 6.96 I 6.84 6.79 6.83 6.74 
I 

DH i 2 7.06 I 6.95 6.85 ' 6.78 6.75 
i 3 ! 7.01 i 6.89 6.76 I 6.73 I 6.91 

i 1 ! 2662 I 2849 2670 _; 2540 2410 

AMMONIA I 2 I 2662 I 3213 3310 2980 3100 
(PPM) I 3 I 2561 I 3425 3250 I 3120 2960 

I 1 i 0.8 I 0.8 0.8 I 0.9 0.9 I 

NITRATE 
I 

2 ! 0.7 I 0.7 0.8 I 0.8 0.8 I 
{PPM) i 3 i 0.9 0.7 0.9 ! 0.9 1 

! 1 ! 16310 ' 18360 22460 I 23410 i 20590 
CHLORIDES i 2 i 19560 I 22330 24630 34960 21490 ! 

(PPM) I 3 I 20490 I 24480 I 23740 I 21360 24760 
i 1 i 990 i 1010 ! 1060 ! 980 i 1100 

POTASSIUM i 2 I 1040 I 940 960 I 890 1005 j 

(PPM) I 3 I 870 I 910 930 I 880 I 970 

I 1 I 2200 i 1920 I 1060 I 1760 I 1600 

SUSPENDED I 2 I 3500 i 1380 840 1680 1820 I 

SOLIDS (SS) I 3 I 2160 I 1480 1200 1480 1660 

I 1 I 21575 I 27431 26455 17671 I 15719 

COD I 2 I 22063 I 31823 30846 22551 I 'JZ147 

(mg/1) I 3 i 21575 I 36995 44022 18940 15719 
! I I I 

lOB 



TABLE C.11 EXP. No.2 EFFLUENT DATA SUMMARY (6% TS) 

l EXPERIMENT No. 2 6%TS (DATA SUMMARY SHEEn 

I ! I DATE I 
PARAMETER i REP No. 1 OCT 31/87 I NOV 24/87 I NOV 27/87 DEC 23/87 I JAN 4188 

! 1 i 6.95 I 6.84 6.92 6.83 i 6.77 

pH i 2 i 6.76 I 6.72 6.66 I 6.72 6.75 

I 3 I 6.88 I 6.93 6.87 6.83 6.72 

! 1 2876 i 2919 2870 I 2640 2720 

AMMONIA ! 2 ! 3157 I 2884 2910 2960 2640 

CPPM) I 3 ! 3037 
; 3252 3160 ! 3005 2980 I 

i 1 i 1.4 I 1.4 i 1.4 I 1.4 I 1.5 

NITRATE I 2 ' 1.5 I 1.5 i 1.6 ! 1.6 1.6 

(PPM) I 3 j 1.8 1.7 i 1.7 I 1.8 1.8 

: 1 i 22410 i 23100 ! 26410 I 26840 I 30400 

CHLORIDES ! 2 ! 20460 23400 26010 I 27800 24310 

(PPM} ! 3 I 24560 i 27980 I 25410 ! 29400 23210 

I 1 1260 ' 1110 i 1180 1205 1240 

POTASSIUM ! 2 I 1420 ! 1360 I 1340 1400 1380 

(PPM} I 3 I 1310 I 1260 1210 1420 1360 

I 1 I 3800 ! 2840 1550 I 990 I 1110 

SUSPENDED I 2 I 3740 I 1800 1810 1650 930 

SOLIDS (55) I 3 I 4770 I 2840 930 1570 1130 

I 1 I 24311 I 33095 I 12014 I 11136 I 16230 

COD I 2 
I 

25044 i 33827 17724 ! 12600 16230 I 

(mall) ! 3 I 26508 I 29728 29435 10260 17400 

1 nn 



TABLE C.12 EXP. No.2 EFFLUENT DATA SUMMARY (8% TS) 

I EXPERIMENT No. 2 8%TS {DATA SUMMARY SHEEn I 
I i ! DATE I 

PARAMETER ' REP No.1 NOV 4181 I NOV 14187 I NOV 27187 I DEC 23/87 I JAN 4188 
I 1 6.99 i 6.88 

I 

6.67 I 6.74 6.82 I 

pH I 2 I 6.92 ! 6.86 6.72 I 6.78 6.74 I 

I 3 ! 6.94 i 6.95 6.87 
I 6.71 6.7 I 

I 1 I 5143 ; 3894 3650 3740 I 
3610 I I ! ! 

AMMONIA 2 3921 4168 i 4210 
; 

3940 
I 

3800 ' ! I 

(PPM) 3 3772 3425 ~ 3570 ! 3390 ; 3210 
i 1 ; 1.8 I 1.9 1.9 ! 2.1 I 2.1 

NITRATE I 2 ! 2 i 2.1 2.2 I 2.2 2.2 ! 

(PPM) ! 3 i 2.1 [ 2.2 2.2 I 2.3 2.3 
i 1 i 29310 I 31640 33740 ! 38200 I 36500 

CHLORIDES ! 2 I 33720 ! 36700 ! 39260 I 36430 35410 
(PPM) I 3 I 32410 I 36900 32690 i 40120 34620 

i 1 I 1610 I 1810 ! 1740 I 1790 1730 
POTASSIUM I 2 I 1580 I 1710 ! 1670 I 1810 1705 I 

(PPM) i 3 I 1640 I 1740 1860 I 1840 1780 

I 1 I 4820 I 2630 I 750 I 2850 I 830 
SUSPENDED i 2 I 2620 I 1590 490 j 1470 1330 
SOUDSCSSl ! 3 I 2580 I 1410 ! 570 I 1770 970 

! 1 I 32181 ! 25458 I 18257 ; 28049 I 36691 ; 

COD i 2 I 23058 i 20658 i 16526 26128 I 29777 
email) I 3 ! 35061 ! 25459 28049 : 18447 i 29009 
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TABLE C.13 EFFLUENT DATA SUMMARY (1 OOk TS) 

EXPERIMENT No. 2 10%TS CDATA SUMMARY SHEEn 

I I I DATE l 
PARAMETER 1 REP No. 1 NOV 4/87 I NOV 14/87 I NOV 27/87 I DEC 23187 I JAN 4188 

i 1 ' 6.8 i 6.75 6.72 i 6.81 6.69 
DH I 2 ! 6.77 I 6.83 6.76 I 6.81 6.59 

3 I 6.76 i 6.81 6.77 j 6.71 6.61 
1 I 4405 I 3973 I 3820 i 3760 3680 I 

AMMONIA 2 3972 I 4321 I 4120 i 3840 ! 3710 
(PPM) 3 5557 4020 I 3980 ' 3650 3840 ; 

1 2.4 I 2.4 i 2.5 i 2.6 2.6 
NITRATE 2 2.7 

I 
2.7 2.7 2.8 2.7 I ! 

(PPM) 3 2.6 ! 2.6 i 2.6 ; 2.6 2.8 
1 30210 36470 I 36280 42640 39480 

CHLORIDES 2 
I 

35420 ! 39420 I 33480 38420 39000 I 

(PPM) I 3 I 36780 I 43410 j 32460 36570 33910 I 

I 1 1910 ! 2010 2140 2100 2120 
POTASSIUM I 2 1740 ! 1830 1860 : 1910 1980 

(PPM) I 3 1810 I 1980 I 2140 ' 2060 2020 ! 

I 1 3030 1810 ! 870 1270 970 
SUSPENDED i 2 ! 1870 I 1050 1010 

: 
1930 850 

SOLIDS CSSl i 3 3130 ! 1010 510 t 1290 790 
I 1 25403 I 12410 ! 14816 16019 I 26606 I 

COD i 2 32862 I 17944 i 25643 I 30696 31658 
(mgll) ! 3 19869 I 12410 ! 31418 22034 I 24440 
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TABLE C.14 EXP.No.3 EFFLUENT DATA SUMMARY (NATURAL) 

EXPERIMENT No.3 5%TS NATURAL (DATA SUMMARY SHEETI 
I DATE I 

PARAMETER ! REP No. 1 NOV18/87 I NOV 24/87 I DEC 4/87 I JAN 5/88 I JAN 11188 
i 1 6.91 6.89 ' 6.88 ! 6.79 I 6.8 i 

oH j 2 7.01 7.03 6.96 i 6.84 6.87 
I 3 6.95 6.85 6.76 i 6.79 i 6.75 I 

: 4 7.23 i 7.06 7.01 l 6.89 ! 6.79 
I 5 7.05 I 7 I 7.05 ! 6.91 I 6.91 I I 

I AVG 7.03 i 6.966 i 6.932 i 6.844 6.824 
I 1 2740 2610 2730 i 2640 2550 

AMMONIA I 2 I 2840 I 2640 2710 I 2540 2510 
(PPM) ! 3 i 2930 ' 3010 3110 I 2870 2760 

4 2540 I 2480 2560 I 2390 2410 I I 

I 5 2310 i 2290 2250 I 1940 I 2160 
! AVG ' 2672 i 2606 2672 i 2476 2478 
I 1 1.2 I 1.2 i 1.2 1.2 1.3 

NITRATE I 2 i 1.3 I 1.3 ! 1.4 i 1.4 1.4 
(PPM) ! 3 1.3 i 1.3 I 1 i 1.4 1.4 

4 I 1.1 i 1.1 1.2 : 1.4 1.4 
I 5 1 ! 1.2 1.2 1.3 1.3 
I AVG : 1.18 ' 1.22 i 1.2 ! 1.34 I 1.36 
I 1 ! 18640 22740 i 23410 ' 28410 i 25610 

2 20610 I 26470 
I 

22320 24560 22100 : I 

CHLORIDES ' 3 ! 23410 21100 26310 ; 23670 28400 ! 

(PPM) I 4 I 26490 25420 31620 I 
28400 26310 

I 5 I 19470 ! 22460 21410 ! 27600 25970 
I AVG, i 21724 I 23638 I 25014 ! 26528 I 25678 
i 1 ' 960 I 1020 i 1200 1120 1180 

2 i 1100 ! 1120 ! 1080 j 1160 1070 
POTASSIUM 3 I 880 910 960 I 980 1060 

(PPM) 4 i 740 690 740 500 790 
5 I 680 I 720 800 640 I 820 

AVG i 872 I 892 I 956 880 I 984 I 

1 ! 4240 I 1920 I 1040 2440 780 
2 I 2860 2560 1340 I 1980 880 

SUSPENDED 3 I 4560 2100 2240 1880 840 
SOLIDS (SS) 4 I 2400 1860 1020 1200 940 

(mall) I 5 I 1980 1620 580 980 1120 
AVG ! 3208 i 2012 1244 ! 1696 I 912 I 

1 I 21m 26935 16431 I 20240 24626 

coo 2 i 20939 21161 15224 I 

24626 37484 I 

(mall) 3 i 16108 i 18273 21604 I 17032 25454 
4 I 14664 I 17552 18236 I 28101 ' 25829 I 

i 5 I 13942 ! 14626 14626 I 18236 i 22446 
I AVG 17486 ! 19709.4 l 17224.2 I 21647 I 27167.8 
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TABLE C.15 EXP. No.3 EFFLUENT DATA SUMMARY (STERILIZED) 

EXPERIMENT No.3 5%TS STERILIZED (DATA SUMMARY SHEET) 

I I I DATE I I 
PARAMETER i REP No. 1 NOV18/87 I NOV 24/87 I DEC 4/87 JAN 5/88 I JAN 11188 

! 1 : 6.51 : 6.52 j 6.51 6.41 i 6.36 

pH I 2 6.42 6.36 I 6.29 6.28 i 6.28 I 

I 

3 
I 

6.6 6.51 
I 6.42 6.36 i 6.28 ' 

; 4 6.7 I 6.81 ! 6.26 6.15 : 6.12 I 

I 5 6.68 6.76 ! 6.45 I 6.2 I 6.22 

AVG 6.582 6.592 I 6.386 : 6.28 6.252 
I 1 i 530 I 480 I 505 I 510 ; 485 

AMMONIA 2 540 500 i 510 i 525 ! 490 
(PPM) 3 580 ' 550 ! 540 i 500 ; 505 I 

i 4 610 ! 580 ! 500 I 550 I 460 
i 5 : 480 i 490 I 565 I 585 I 570 

AVG 548 520 i 524 ! 534 i 502 
I 1 

I 

1.3 
i 1.3 1.3 I 1.3 i 1.3 I 

NITRATE : 2 ' 1.2 1.1 ' 1.1 ! 1.1 I 1.1 

(PPM) i 3 1.2 1.2 ! 1.2 i 1.2 1.2 

i 4 
; 

1.1 1.1 i 1.1 i 1.1 : 1.1 

5 ' 1 ' 1.1 1.1 ! 1.1 i 1.1 ; 

I AVG 1.16 ' 1.16 : 1.16 i 1.16 ! 1.16 
i 1 22410 23640 ! 21888 ; 24360 i 24690 

CHLORIDES 2 I 21460 I 24690 ; 25430 ' 26430 ' 22480 
(PPM) I 3 i 22100 I 20680 ! 23410 ' 21460 ! 23480 ' I 

! 4 i 23640 i 21690 i 26430 i 24470 i 24310 
I 5 20680 I 22430 24300 I 21670 ' 21840 I ! 

I AVG I 22058 ! 22626 I 24291.6 : 23678 : 23360 
I 1 i 840 ' 910 ! 950 i 940 I 960 

POTASSIUM 2 ; 1100 I 1140 1090 
I 

1020 i 980 ' ' 
; 

(PPM) ! 3 : 910 i 910 i 960 i 940 ! 960 
! 4 900 

; 

860 790 810 
I 

840 I i I 

I 5 I 740 I 790 ! 840 I 800 I 760 

AVG 898 
I 922 I ' i I 926 : 902 I 900 

' 1 ! 3840 ! 1560 I 1110 i 1020 I 1200 

SUSPENDED 2 I 3260 I 2320 f 1360 I 1280 i 1400 

SOLIDS (55) 3 ! 3940 ! 2480 I 1200 I 1360 
I 

1640 ! 

(mgtl) 4 i 2860 ! 2160 
; 840 I 940 I 1060 ' 

5 ! 2940 I 1840 I 960 I 1070 I 1040 

AVG ! 3368 2072 I 1094 I 1134 I 1268 

1 I 14563 I 18420 I 14472 i 13115 i 13460 I 

COD 2 ' 15270 I 18340 ' I 14690 ! 15240 ! 14125 

(mgtl) ! 3 : 16425 I 17275 13525 13535 i 13470 

I 4 ' 12735 
I 

13395 11430 12670 I 12755 ' 
I 5 13630 ' 15864 i 11825 12830 i 12805 ' I 

I AVG 14524.6 I 16658.8 I 13188.4 I 13478 13323 

113 



APPENDIX D 

STATISTICAL ANALYSES OF INFILTRATION RATES 
AND EFFLUENT DATA 

EXPERIMENT No.1 - TABLES Dl TO 012 
EXPE~MENT No.2 - TABLES 013 TO 016 
EXPERIMENT No.3 - TABLES 017 TO 018 
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TABLE D.1 EXP. No.1- 20 MICRON FABRIC COMPARISONS AMONG HEADS 

EXPERIMENT No.1 ( 20 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

(0.9 m vs 1.8 m HEAD) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

159.02 
0.01 

149.55 
9.46 

0.01 
8.8 

0.556 

0.018 
15.81 -

EXPERIMENT No.1 ( 20 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

(0.9 m vs 2.7 m HEAD) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

150.42 
0.27 

140.13 
10.02 

0.27 
8.24 
0.59 

0.45 
13.98-

EXPERIMENT No.1 ( 20 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

TOTAL 
TREAT 
BLOCKS 
ERROR 

(1.8 m vs 2.7 m HEAD) 
df ss 

35 216.12 
1 0.17 

17 211.01 
17 4.94 

** Significant at 1% level 

ll5 

MS 

0.17 
12.41 
0.29 

F cal 

0.6 
42.73-



TABLE D.2 EXP. No.1 - 30 MICRON FABRIC COMPARISONS AMONG HEADS 

EXPERIMENT No. 1 ( 30 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

(0.9 m vs 1.8 m HEAD) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

101.95 
0.32 

86.14 
15.49 

0.315 
5.067 
0.911 

0.346 
5.561 ** 

EXPERIMENT No. 1 ( 30 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

(0.9 m vs 2.7 m HEAD) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

283.22 
112.93 
113.n 

56.53 

112.93 
6.69 
3.32 

33.95 ** 

2.01 

EXPERIMENT No. 1 ( 30 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

TOTAL 
TREAT 
BLOCKS 
ERROR 

(1.8 m vs 2.7 m HEAD) 
df ss 

35 333.32 

17 
17 

101.3 
192.91 
39.11 

** Significant at 1% level 

116 

MS 

101.3 
11.35 

2.3 

F cal 

44.04 ** 
4.93 ** 



TABLE D.3 EXP. No. 1 - 40 MICRON FABRIC COMPARISONS AMONG HEADS 

EXPERIMENT No.1 ( 40 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

(0.9 m vs 1 .8 m HEAD) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

84.01 
0.007 
n.7 

6.3 

0.006 
4.57 

0.037 

0.019 
12.32 ... 

EXPERIMENT No. 1 ( 40 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

(0.9 m vs 2.7 m HEAD) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

91.43 
2.48 

79.27 
9.67 

2.48 
4.66 
0.57 

4.36 
8.19 ... 

EXPERIMENT No.1 ( 40 MICRON FABRIC) TREATMENT COMPARISON AMONG HEADS 

(1.8 m vs 2.7 m HEAD) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

lJ7 

126.97 
2.22 

120.72 
4.03 

2.22 
7.1 

0.24 

9.39 ... 
29.98 ... 



TABLE D.4 EXP. No. 1 - 0.9 m HEAD FABRIC COMPARISONS 

EXPERIMENT No.1 ( 0.9 m HEAD) TREATMENT COMPARISON AMONG FABRICS 

TOTAL 
TREAT 
BLOCKS 
ERROR 

(20 vs 30 micron fabric) 
df ss 

35 70.08 
1 3.52 

17 61.39 
17 5.17 

"" Significant at 1% level 

MS 

3.52 
3.61 

0.304 

F cal 

11.58 .... 
11.87 .... 

EXPERIMENT No. 1 ( 0.9 m HEAD ) TREATMENT COMPARISON AMONG FABRICS 

(20 vs 40 micron fabric) 
df SS MS F cal 

TOTAL 35 75.71 
TREAT 1 5 5 30.39 *"' 

BLOCKS 17 67.91 3.99 24.26 .... 

ERROR 17 2.8 0.165 

"* Significant at 1% level 

EXPERIMENT No.1 ( 0.9 m HEAD) TREATMENT COMPARISON AMONG FABRICS 

(30 vs 40 micron fabric) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 

17 
17 

"* Significant at 1% level 

118 

44.19 
0.13 

42.45 
1.61 

0.13 
2.5 

0.094 

1.37 
26.4 "* 



TABLE D.5 EXP. No.1 - 1.8m HEAD FABRIC COMPARISONS 

EXPERIMENT No.1 ( 1.8 m HEAD) TREATMENT COMPARISON AMONG FABRICS 

TOTAL 
TREAT 
BLOCKS 
ERROR 

(20 vs 30 micron fabric) 
df ss 

35 195.55 
1 1.47 

17 188.08 
17 5.99 

** Significant at 1% level 

MS 

1.47 
11.06 
0.352 

F cal 

4.19 
31.39-

EXPERIMENT No.1 ( 1.8 m HEAD) TREATMENT COMPARISON AMONG FABRICS 

(20 vs 40 micron fabric) 
df SS MS F cal 

TOTAL 35 176.52 
TREAT 1 4.22 4.22 13.88-

BLOCKS 17 167.14 9.83 32.37 *'* 

ERROR 17 5.16 0.304 

** Significant at 1% level 

EXPERIMENT No.1 ( 1.8 m HEAD) TREATMENT COMPARISON AMONG FABRICS 

(30 vs 40 micron fabric) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

119 

142.28 
0.703 

135.93 
5.64 

0.703 
8 

0.332 

2.11 
24.08 *'* 



TABLE D.6 EXP. No.1- 2.7m HEAD FABRIC COMPARISONS 

EXPERIMENT No.1 ( 2.7 m HEAD) TREATMENT COMPARISON AMONG FABRICS 

TOTAL 
TREAT 
BLOCKS 
ERROR 

(20 vs 30 micron fabric) 
df ss 

35 339.76 
1 85.87 

17 214.96 
17 38.92 

** Significant at 1% level 

MS 

85.87 
12.64 
2.29 

F cal 

37.51 ... 
5.52 ... 

EXPERIMENT No.1 ( 2.7 m HEAD) TREATMENT COMPARISON AMONG FABRICS 

(20 vs 40 micron fabric) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 
1 

17 
17 

** Significant at 1% level 

168.41 
0.021 

155.76 
12.63 

0.021 
9.16 
0.74 

0.028 
12.33 ... 

EXPERIMENT No.1 ( 2.7 m HEAD) TREATMENT COMPARISON AMONG FABRICS 

TOTAL 
TREAT 
BLOCKS 
ERROR 

(30 vs 40 micron fabric) 
df ss 

35 303.77 
1 88.58 

17 157.52 
17 57.67 

** Significant at 1% level 

120 

MS 

88.58 
9.27 
3.39 

F cal 

26.11 ... 
2.73 



TABLE 0.7 EXP. No.1- OVERALL FABRIC COMPARISONS 

EXPERIMENT No. 1 OVERALL FABRIC TREATMENT COMPARISON 

(20 vs 30 MICRON FABRIC) 

TOTAL 
TREAT 
BLOCKS 
ERROR 

df SS MS F cal 
35 

17 
17 

145.62 
4.24 

135.01 
6.38 

4.24 
7.94 
0.37 

11.3 ** 

21.17 ** 

** Significant at 1% level 

EXPERIMENT No.1 

TOTAL 
TREAT 
BLOCKS 
ERROR 

OVERALL FABRIC TREATMENT COMPARISON 

(20 vs 40 MICRON FABRIC) 
df SS MS F cal 

35 129.45 
1 2.18 2.18 8.76 ** 

17 123.02 7.24 29.01 ** 

17 4.24 0.25 

** Significant at 1% level 

EXPERIMENT No. 1 OVERALL FABRIC TREATMENT COMPARISON 

(30 vs 40 MICRON FABRIC) 
df SS MS F cal 

TOTAL 
TREAT 
BLOCKS 
ERROR 

35 

17 
17 

** Significant at 1% level 

121 

116.97 
12.51 
96.32 
8.14 

12.51 
5.67 
0.48 

26.11 ** 

11.83 ** 



TABLE 0.8 STATISTICAL ANALYSIS FOR EXP. No.1 (CHEMICAL ANALYSIS- COD mg/1) 

AMONG TREATMENT COMBINATIONS 

df ss MS Feat 
TOTAL 89 3.11E+09 
TREAT. 8 1.14E+09 1.43E+08 13.82245 *" 

BLOCK 9 1.22E+09 1.36E+08 13.15363 .. 
ERROR 72 7.44E+08 10327474 

** Significant at 1% level 
Least significant Difference (lsd) @72 df and 0.005 =2169 

TOTAL 
TREAT. 
BLOCK 
ERROR 

OVERALL (RESPECTIVE OF MANURE PRESSURES) 

df ss MS F cat 
29 5.99E+08 
2 1.4E+08 70065230 18.23385 .. 
9 3.89E+08 43256310 11.25707 ** 

18 69166634 3842591 

.. Significant at 1% level 
Least significant Difference (lsd) @18 df and 0.005 =4136 

,...,..., 



TABLE 0.9 STATISTICAL ANALYSIS FOR EXP. No. 1 (CHEMICAL ANALYSIS- AMMONIA mg/1) 

AMONG TREATMENT COMBINATIONS 

df ss MS Feat 
TOTAL 80 18078967 
TREAT 8 8529875 1066234 21.4932,... 
BLOCK 8 6374180 796n2.5 16.06137 ** 
ERROR 64 3174912 49608 

** Significant at 1% Level 
Least Significant Difference (lsd) @ 64 df and 0.005 = 278 

OVERALL (RESPECTIVE OF MANURE PRESSURES) 

df ss 
TOTAL 26 2916458 
TREAT 2 291698.6 
BLOCK 8 2124727 
ERROR 16 500032.4 

** Significant a it 1% Level 
* Significant at 5% Level 

MS F cal 

145849.3 4.666876 .. 
265590.8 8.498356 .... 
31252.02 

Least Significant Difference (lsd) @ 16 df and 0.025 = 1 n 
Least Significant Difference (lsd) @ 16 df and 0.005 = 243 
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TABLE D.10 STATISTICAL ANALYSIS FOR EXP. No. 1 (CHEMICAL ANALYSIS- POTASSIUM mg/1) 

TOTAL 
TREAT. 
BLOCK 
ERROR 

AMONG TREATMENT COMBINATIONS 

df ss MS F cal 
89 8253107 

8 359060.5 44882.56 2.510341 • 
9 6606753 734083.7 41.05827 ** 

72 1287293 17879.07 

** Significant at 1 % level 
*Significant at 5% level 
Least Significant Difference @ 72 df and 0.005 = 158 
Least Significant Difference @ 72 df and 0.025 = 119 

TOTAL 
TREAT. 
BLOCK 
ERROR 

OVERALL (RESPECTIVE OF MANURE PRESSURES) 

df ss MS F cal 
29 2427152 
2 37812.69 18906.34 1.819007 ** 

9 2202251 244694.6 23.54242 
18 187087.9 10393.77 

** Significant at 1 % level 
Least Significant Difference @ 18 df and 0.005 = 133 
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TABLE 0.11 STATISTICAL ANALYSIS FOR EXP. No.1 (CHEMICAL ANALYSIS- CL mg/1) 

AMONG TREATMENT COMBINATIONS 

TOTAL 
TREAT. 
BLOCK 
ERROR 

df ss 
89 3.83E+10 
8 3.8E+09 
9 6.31E+09 

72 2.82E+10 

No significant difference 

MS F cal 

4.75E+08 1.215018 
7.01 E+08 1.792141 
3.91E+08 

OVERALL (RESPECTIVE OF MANURE PRESSURES) 

df ss MS F cal 
TOTAL 26 3.6E+09 
TREAT. 2 5.52E+08 2.76E+08 1.771715 
BLOCK 8 5.53E+08 69182207 0.444494 
ERROR 16 2.49E+09 1.56E+08 

No significant difference 
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TABLE 0.12 STATISTICAL ANALYSIS FOR EXP. No.1 (CHEMICAL ANALYSIS- SS mgt) 

TOTAL 
TREAT. 
BLOCK 
ERROR 

AMONG TREATMENT COMBINATIONS 

df ss MS F cal 
89 1.45E+08 

8 1 05727 40 1321593 2.867119 ... 
9 1.02E+08 11303751 24.52284 ""' 

72 33188247 460947.9 

**Significant at 1% Level 
Least Significant Difference (lsd)@ 72 df and 0.005 = 805 

TOTAL 
TREAT. 
BLOCK 
ERROR 

OVERALL (RESECTIVE OF MANURE PRESSURES) 

df ss MS F cal 
29 37899023 

2 46971.92 23485.96 0.107275 
9 33911253 3767917 17.21035 ... 

18 3940798 218933.2 

**Significant at 1% Level 
Least Significant difference (lsd) @ 18 df and 0.005 = 602 
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TABLE 0.13 EXP. No.2 -4% AND 2% TS COMBINATIONS 

EXPERIMENT No.2 TREATMENT COMPARISON (4%TS vs 1% TS) 

df ss MS F cal 
TOTAL 17 480616.2 
TREAT 1 250374.8 250374.8 30.63-
BLOCKS 8 164861.8 20607.72 2.52 
ERROR 8 65379.6 8172.45 

** Significant at 1% level 

EXPERIMENT No.2 TREATMENT COMPARISON (4%TS vs 2% TS) 

df ss MS F cal 
TOTAL 17 72453.23 
TREAT 1 17215.02 17215.02 33.93-

BLOCKS 8 51179.68 6397.46 12.61 ** 

ERROR 8 4058.52 507.32 

** Significant at 1% level 

EXPERIMENT No.2 TREATMENT COMPARISON (2%TS vs 1% TS) 

df ss MS F cal 
TOTAL 17 383703.9 
TREAT 1 136285.5 136285.5 25.23-
BLOCKS 8 204205.7 25525.72 4.73 
ERROR 8 43212.69 5401.59 

** Significant at 1% level 
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TABLE 0.14 EXP. No.2- 6% TS COMBINATIONS 

EXPERIMENT No.2 TREATMENT COMPARISON (6%TS vs 1% TS) 

df ss MS F cal 

TOTAL 17 483239.2 
TREAT 1 237514.4 237514.4 34.98-

BLOCKS 8 191403.1 23925.38 3.52 

ERROR 8 54321.75 6790.22 

** Significant at 1% level 

EXPERIMENT No.2 TREATMENT COMPARISON (6%TS vs 2% TS) 

df ss MS F cal 

TOTAL 17 85829.34 
TREAT 1 13801.25 13801.25 31.41 -

BLOCKS 8 68513.27 8564.16 19.49 ** 

ERROR 8 3514.81 439.35 

** Significant at 1% level 

EXPERIMENT No.2 TREATMENT COMPARISON (6%TS vs 4% TS) 

df ss MS F cal 

TOTAL 17 55039.49 
TREAT 1 188.43 188.44 1.14 

BLOCKS 8 53530.38 6691.29 40.5 ** 

ERROR 8 1320.67 165.08 

** Significant at 1% level 
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TABLE D.15 EXP. No.2- 8% TS COMBINATIONS 

EXPERIMENT No.2 TREATMENT COMPARISON (8%TS vs 1% TS) 

df ss MS F cal 

TOTAL 17 496699.2 
TREAT 1 286259.6 286259.6 23.66-

BLOyKS 8 113639 14204.97 1.17 

ERROR 8 96799.8 12099.98 

** Significant at 1% level 

EXPERIMENT No.2 TREATMENT COMPARISON (8%TS vs 2% TS) 

df ss MS F cal 

TOTAL 17 64019.59 
TREAT 1 27276.69 27276.69 15.16-

BLOCKS 8 22347.69 2793.46 1.55 
---- ERROR 8 14395.21 1799.4 

** Significant at 1% level 

EXPERIMENT No.2 TREATMENT COMPARISON (8%TS vs 4% TS) 

df ss MS F cal 

TOTAL 17 20718.5 
TREAT 1 1152.64 1152.64 1.4 

BLOCKS 8 12974.05 1621.76 1.96 

ERROR 8 6591.81 823.97 

No Significant Difference 

EXPERIMENT No.2 TREATMENT COMPARISON (8%TS vs 6% TS) 

df ss MS F cal 

TOTAL 17 38628.92 
TREAT 1 2273.18 2273.18 1.32 

BLOCKS 8 22556.49 2819.56 1.63 . 

ERROR 8 13799.25 1724.91 

No Significant Difference 
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TABLE D.16 EXP. No.2 - 10% TS COMBINATIONS 

EXPERIMENT No.2 TREATMENT COMPARISON (10%TS vs 1% TS) 

df ss MS F cal 

TOTAL 17 498870.6 
TREAT 1 287395.7 287395.7 23.031 -
BLOCKS 8 111645.6 13955.7 1.118 

ERROR 8 99829.4 12478.7 

•• Significant at 1% level 

EXPERIMENT No.2 TREATMENT COMPARISON (10%TS vs 2% TS) 

df ss MS F cal 

TOTAL 17 19706.66 
TREAT 1 13144.95 13144.95 27.13-

BLOCKS 8 2686.24 335.78 0.69 
ERROR 8 3875.47 484.43 

•• Significant at 1% level 

EXPERIMENT No.2 TREATMENT COMPARISON (10%TS vs 4% TS) 

df ss MS F cal 
TOTAL 17 20570.5 
TREAT 1 1275.8 1275.8 1.38 

BLOCKS 8 11888.51 1486.06 1.61 

ERROR 8 7406.21 925.78 

No Significant Difference 

EXPERIMENT No.2 TREATMENT COMPARISON (10%TS vs 6% TS) 

df ss MS F cal 

TOTAL 17 38529.47 
TREAT 1 2444.87 2444.87 1.31 

BLOCKS 8 21117.96 2639.74 1.41 

ERROR 8 14966.64 1870.83 

No Significant Difference 
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TABLE 0.16 ( CONT) EXP. No.2 - 10% TS COMBINATIONS 

EXPERIMENT No.2 TREATMENT COMPARISON (10%TS vs 8% TS) 

df ss MS F cal 
TOTAL 17 802.53 
TREAT 1 3.125 3.125 1.05 
BLOCKS 8 n5.67 96.95 32.67 ... 

ERROR 8 23.74 2.97 

•• Significant at 1% level 
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TABLE D.17 EXP. No.3- STATISTICAL ANALYSIS 

EXPERIMENT No.3- NATURAL vs STERILIZED MANURE INFILTRATION RATES 
(20 MICRON FABRIC - 0.9m HEAD 5 % TS) 

df SS MS F cal 
TOTAL 
TREAT 
BLOCKS 
ERROR 

15 21119.15 
1 102.41 
7 20606.53 
7 410.21 

** Significant at 1% level 

102.41 
2943.79 

58.6 

1.75 
50.23 ** 

EXPERIMENT No.3- NATURAL vs STERILIZED SEEPAGE CONCENTRATIONS (AMMONIA) 
(20 MICRON FABRIC- 0.9m HEAD 5 %TS) 

df SS MS F cal 
TOTAL 
TREAT 
BLOCKS 
ERROR 

9 10599602 
1 10559618 10559618 
4 23293.6 5823.4 
4 16690.4 4172.6 

** Significant at 1% level 

1813 ** 

1.39 

EXPERIMENT No.3- NATURAL vs STERILIZED SEEPAGE CONCENTRATIONS (CHLORIDES) 
(20 MICRON FABRIC- 0.9m HEAD 5 %TS) 

df SS MS F cal 
TOTAL 
TREAT 
BLOCKS 
ERROR 

9 21606550 
1 4313862 
4 14030246 
4 3262442 

No Significant Difference 

4313862 
3507562 

815610.4 

1.23 
4.3 

EXPERIMENT No.3- NATURAL vs STERILIZED SEEPAGE CONCENTRATIONS (POTASSIUM) 
(20 MICRON FABRIC- 0.9m HEAD 5 %TS) 

df SS MS F cal 
TOTAL 
TREAT 
BLOCKS 
ERROR 

9 10865.6 
129.6 

4 5857.6 
4 4878.4 

No Significant Difference 
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TABLE D.18 EXP. No.3- STATISTICAL ANALYSIS (CONT) 

EXPERIMENT No.3- NATURAL vs STERILIZED SEEPAGE CONCENTRATIONS (pH) 
(20 MICRON FABRIC- 0.9m HEAD 5% TS) 

df SS MS F cal 
TOTAL 
TREAT 
BLOCKS 
ERROR 

9 0.75996 
1 0.625 
4 0.1215 
4 0.0135 

,.. Significant at 1% level 

0.625 
0.03 

0.003 

20.58 .. 
9 

EXPERIMENT No.3- NATURAL vs STERILIZED SEEPAGE CONCENTRATIONS (NITRATES 
(20 MICRON FABRIC- 0.9m HEAD 5 %TS) 

df SS MS F cal 
TOTAL 
TREAT 
BLOCKS 
ERROR 

9 
1 
4 
4 

" Significant at 5% level 

0.053 
0.025 
0.014 
0.014 

0.025 
0.0035 
0.0035 

7.14" 
1 

EXPERIMENT No.3- NATURAL vs STERILIZED SEEPAGE CONCENTRATIONS (55) 
(20 MICRON FABRIC - 0.9m HEAD 5% TS) 

df SS MS F cal 
TOTAL 
TREAT 
BLOCKS 
ERROR 

9 6893522 
1 1849.6 
4 6646382 
4 245290.4 

"" Significant at 1% level 

1849.6 
1661595 

245290.4 

0.001 
27.09 "" 

EXPERIMENT No.3- NATURAL vs STERILIZED SEEPAGE CONCENTRATIONS (COD) 
(20 MICRON FABRIC- 0.9m HEAD 5 %TS) 

df SS MS F cal 
TOTAL 
TREAT 
BLOCKS 
ERROR 

9 1.77E+08 
1 1.03E+08 1.03E+08 
4 3097 4412 77 43603 
4 43593873 1 0898468 

" Significant at 5% level 
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APPENDIX E 

CHEMICAL ANALYSES OF EFFLUENT 
(SAMPLE SETS) 

COD SAMPLE SET - TABLE E.l 
AMMONIA SAMPLE SET - TABLE E.2 

POTASSIUM SAMPLE SET - TABLE E.3 
CHLORIDE SAMPLE SET - TABLE E.4 

SUSPENDED SOLIDS (SS) SAMPLE SET - TABLE E.S 
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TABLE E.l CHEMICAL OXYGEN DE!G.ND (COD) SAMPLE SET 

C D D ANALYSIS fOR EIPERI"ENT I I JUNE TO SEPTE"BER 
. ~-----------------------------------------------------------------------------------------------

:st.ndud : Stock 2: I 3.33: I : 10:1 
----------------------------------------------------------------------------------------------

:1 Abs hl! 0.425 : 0.355 : 0.225 : 0.15 : 0.057 : 
----------------------------------------------------------------------------------------------

:Cone. (yl : 1000 : 800 : 500 : 300 : 100 : 
----------------------------------------------------------------------------------------------

The first five dilutions vert used to give • striight line 

The equition used is iS follows: 

Su1 y •<Sui sJA2 - sua 1 tfsu1 styl n t (SUI sty)- (SUI I t SUI yl 
b = I : 

Suple Size (nl = 5.0 
Sua 1 : 1.2120 
Su1 y : 2700.00 
Sul(sA2J : 0.3830 y = 2439.8 s-51.41 
<Sui sJ .. 2 = 1.4689 
<Sui styl = 872.20 
b = -51.4182 
I : 2439.84 

:c 0 D 

:-----------------------------------------------: 
: Ditl :SA"PLE !DILUTION : I Abs : pp1 pp1 
:---------:-------:---------:-------------------:---------: 
: Junf 29 20.1 50.0 : 0.340 44048.3 

Junf 29 20.2 50.0 : 0.310 40388.5 
June 29 20.3 50.0 : 0.270 35508.8 39981.9 
Junt 30 20.4 so.o : 0.250 33069.0 
June 30 20.5 50.0 : 0.330 : 42828.3 
June 30 20.6 50.0 : 0. 210 : 28189.3 34695.5 

: June 30 : 20.7 : 50.0 : 0.410 : 52587.7 : 
June 30 : 20.8 : so.o 0.230 30629.1 
June 30 : 20.9 50.0 0.180 24529.5 35915.5 
Junt 29 : 30.1 so.o 0.355 45878.2 
Junf 29 : 30.2 50.0 0.345 44658.2 
June 29 : 30.3 so.o 0.290 37948.7 42828.3 
June 30 : 30.4 so.o 0.170 23309.6 
June 30 : 30.5 : 50.0 : 0.310 40388.5 
June 30 : 30.6 : so.o : 0.270 : 35508.8 33069.0 
June 30 : 30.7 : 50.0 : 0.170 23309.6 
June 30 : 30.8 : 50.0 : 0. 275 : 36118.8 
June 30 : 30.9 : 50.0 : 0.280 : 36728.7 32052.4 
June 29 : 40.1 : 50.0 : 0.410 52587.7 
Junt 29 : 40.2 : 50.0 : 0.240 31849.0 
June 29 : 40.3 : 50.0 : 0.260 34288.9 39575.2 
June 30 : 40.4 : 50.0 : 0.320 41608.4 
June 30 : 40.5 : 50.0 0.200 26969.4 
June 30 : 40.6 : 50.0 0.200 26969.4 31849.0 
June 30 : 40.7 : 50.0 0.168 23065.6 
June 30 : 40.8 : 50.0 0.150 20869.7 
June 30 : 40.9 : 50.0 : 0.238 31605.1 25180.1 

-----------------------------
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TABLE E. 2 AMMONIA SAMPLE SET 

AIALYSIS FOR EIPERIREIT I I JUIE TO SEPTERBEI 
----------------------------------------------------------------------------------------------:shndud : Stock IOzl 100:1 : 1000:1 : 10000:1 
:--------------------------------------------------------------------------------------------: : Ruding : -237 : -180 : -120 : -61 : -21 : 
:--------------------------------------------------------------------------------------------: : Cone. : 1000 : 100 : 10 : 1 : 0.1 : 
:--------------------------------------------------------------------------------------------: : log (y) : 3 : 2 : 1 : 0 : -1 : 
---------------------------------------------------------------------------------------------Tht first four dilutions wtrt ustd to giwt • straight lint 
on seai-logarithaic p•ptr. 
Tht tquation ustd is as follows: 

Sua 1 log y - 1/n Sua logy Sua 1 
b = --------------------------------Sua (1•2) - 1/n (Sui 1>•2 

S•aplt Sizt (nl = 4.0 
Sua 1 log y = -1191.0 
Sua log y Sua r = -3588.0 
Su1(1•2) = 106690.0 logy= 0.0170r-1.0423 

Sua log y Sua 1 
• = ---------- -b ------

n n 

CSua 1>•2 = 357604.0 y (ppa-N> = 1o•c-o.o170r - 1.0423) 
b = - 0.0170 
• = - 1.0423 

-----------------------------------------------------------: Aaaonia Ttst D•t• = July 8 : Anr•gt : 
:-----------------------------------------------: I D.tt :SARPLE :DILUTION : I IY PPI PPI 
:---------·-------·---------·-------------------·---------: : Junt 18 20.1 10.0 -197 : 2031.1 
: Junt 18 20.2 10.0 -201 : 2375.5 
: Jun• 18 20.3 10.0 -202 : 2470.4 2~2.3 : 
: Junt 23 20.4 10.0 -191 : 1605.9 
: Junt 23 20.5 10.0 -192 : 1670.0 
: Junt 23 20.6 10.0 -191 : 1605.9 1627.2 : 
: Junt 23 20.7 10.0 -193 : 1736.7 
: June 23 20.8 10.0 -190 : 1544.2 
: Jun• 23 20.9 10.0 -189 : 1484.9 1588.6 : 
: Junt 18 30.1 10.0 -200 : 2284.3 
: June 18 30.2 10.0 -201 : 2375.5 
: June 18 30.3 10.0 -200 : 2284.3 2314.7 : 
: Junt 23 30.4 10.0 -192 : 1670.0 
: Junt 23 30.5 10.0 -191 : 1605.9 
: Junt 23 30.6 10.0 -190 : 1544.2 1606.7 : 
: Junt 23 30.7 10.0 -188 : 1427.9 
: June 23 30.8 10.0 -195 : 1878.1 
: Junt 23 30.9 10.0 -191 : 1605.9 1637.3 : 
: Junt 18 40.1 10.0 -200 : 2284.3 
: Junt 18 40.2 10.0 -199 : 2196.6 
: June 18 40.3 10.0 -197 : 2031.1 2170.7 : 
: Junt 23 40.4 10.0 -194 : 1806.0 
: Junt 23 40.5 10.0 -191 : 1605.9 
: Junt 23 40.6 10.0 -189 : 1484.9 1632.3 : 
: Junt 23 40.7 10.0 -191 : 1605.9 
: Junt 23 40.8 10.0 -193 : 1736.7 
: Junt 23 40.9 10.0 -190 : 1544.2 1628.9 : 
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TABLE E • 3 POTASSIUM SAMPLE SE'l' 

~,-,qJrStL/1)1 ANALYSIS rOR EIPERIRENT I I JUNE TO SEPTERBER 

!Shndud : Stoci 10:1 100:1 1000: I 10000:1 
:------------------------------------------------------------------------------- --------------: : Ruding : -44.5 : -101.2 : -157.4 : -209.2 : -21 : 
:------------------------------------------------------------------------------- --------------: : Cone. : 1000 : 100 : 10 : I : 0.1 : 
------------------------------------------------------------------------------- --------------: : log <yl : 3 : 2 : 

The first four dilutions were ustd to give • striight line 
on seai-logirithaic piper. 
The equition used is is follows: 

Sua 1 log y - 1/n Sua log y Sua 1 

I : 0 : -1 : 

Sua log y Sua 1 

b : -------------------------------- i : ---------- -b ------

Sitple Size <nl = 
Sua 1 log y = 

Sui (1•21 - 1/n !Sua 11•2 

4.0 
-493.3 

-3073.8 Sua log y Sua 1 = 
Su1(1•2) = 
!Sua 11•2 = 

80761.1 
262451.3 
-0.0182 

log y = 
y !ppa-Nl 

-0.01816 J-3.826 
t0•(-0.018161·3.8263) 

b : . : -3.8263 

-----------------------------------------------------------Test D•te = July 22 : Aveuge : 
:-----------------------------------------------: I Dite :SARPLE :DILUTION : 1Y PPI PPI I 

:---------~-------·---------·--------- ---------:---------: July 9 20.1 2.0 -76.30 551.4 
July 9 20.2 2.0 -58.50 1160.8 
Jyly 9 20.3 2.0 -74.80 587.1 766.4 : 
July 9 20.4 2.0 -78.00 513.5 
July 9 20.5 2.0 -81.40 445.5 
July 9 20.6 2.0 -68.50 764.1 574.4 : 
July 9 20.7 2.0 -74.70 589.6 : 
July 9 20.8 2.0 -66.20 841.2 : 
July 9 20.9 2.0 -82.70 421.9 I 617.6 I 
July 9 30.1 2.0 -60.00 1090.3 
July 9 30.2 2.0 -63.70 934.0 
July 9 30.3 2.0 -56.70 1251.6 1091.9 : 

: July CJ 30.4 2.0 -61.40 1028.3 
: July 9 30.5 2.0 -78.80 496.7 
: July 9 30.6 2.0 -65.70 859.0 794.6 : 

July 9 30.7 2.0 -57.60 1205.4 
July 9 30.8 2.0 -66.00 848.3 
July CJ 30.9 2.0 -66.60 827.3 960.3 : 
July 9 40.1 2.0 -70.90 691.1 
July 9 40.2 2.0 -57.80 1195.3 
July 9 40.3 2.0 -64.10 918.5 935.0 : 
July 9 40.4 2.0 -74.00 607.1 

: July 9 40.5 2.0 -74.20 602.0 : 
: July 9 40.6 2.0 -71.30 679.6 I 629.6 I •· July 9 40.7 2.0 -72.80 638.3 

July 9 40.8 2.0 -72.60 643.7 
July 9 40.9 2.0 -78.50 502.9 595.0 : 

----------------------------------------------------------- ll7 
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TABLE E. 4 CHLOR.I:DE SAMPLE SET 

----------------------------·--------------------------------------------------- ---------------:Shndnd : Stoct 10:1 100: I 1000: I 10000:1 

: Ruding : 67 .a : 122.0 : 175.3 : 22,. 4 : -21 : 
:------------------------------------------------------------------------------- --------------: : Cone. : 1000 : 100 : 10 : I : 0.1 : 
:------------------------------------------------------------------------------- --------------: : log (y) : 3 : 2 : I : 0 : -1 : 
------------------------------------------------------------------------------- ---------------The first four dilutions were used to give i striight line 
on se1i·logirith1ic piper. 
The equition used is iS follows: 

Sui 1 log y - 1/n Su1 log y Su1 1 Su1 log y Su1 x 
b : -------------------------------- i : ---------- -b ------

Sui lxA2) - 1/n ISu1 1lA2 

Silple Size lnl = 4.0 
Su1 1 1 og y = 622. 7 
Su1 log y Su1 1 = 3567.0 
Su111A2) = 102835.3 log y = 
ISu1 1lA2 = 353430.3 y lppi·IO 
b : 0.0186 
i : -4.2620 

0.018583 1-4.262 
104 (·0.018581-4.262) 

n n 

-----------------------------------------------------------:Chlorides Test Dite = July 6 : Avenge : 
:-----------------------------------------------: I Dih :SA"PLE :DILUTION : I IY PPI PPI 
:---------'-------·---------:-------------------:---------: June 18 20.1 20.0 : 75.90 14207., 

June 18 20.2 20.0 75.50 14453.2 
June 18 20.3 20.0 71.80 16932.6 15197.9 : 
June 23 20.4 20.0 81.20 11325.0 
June 23 20.5 20.0 77.60 13211.1 
June 23 20.6 20.0 78.30 12821.2 12452.4 
June 23 20.7 20.0 77.40 13324.6 
June 23 20.8 20.0 82.60 10666.5 
June 23 20., 20.0 82.50 10712.2 11567.8 : 
June 18 30.1 20.0 72.90 16154.1 
June 18 30.2 20.0 67.50 20353.3 
June 18 30.3 20.0 70.30 18055.1 18187.5 : 
June 23 30.4 20.0 78.10 12931.4 
June 23 30.5 20.0 76.40 13907.2 
June 23 30.6 20.0 81.50 11180.5 12673.0 : 
June 23 30.7 20.0 77.30 13381.8 
June 23 30.8 20.0 72.80 16223.3 
June 23 30.9 20.0 77.50 13267.7 14~1.0 : 
June 18 40.1 20.0 74.60 15020.7 
June 18 40.2 20.0 75.70 14330.0 
June 18 40.3 20.0 76.80 13671.2 14340.6 : 
June 23 40.4 20.0 73.40 15812.1 
June 23 40.5 20.0 75.00 14765.8 
June 23 40.6 20.0 77.00 13554.7 14710.9 : 
June 23 40.7 20.0 73.60 15677.4 
June 23 40.8 20.0 76.90 13612.8 
June 23 40.9 20.0 74.40 15149.8 : 14813.3 : 
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TABLE E.S SUSPENDED SOLIDS SAMPLE SET 

Suspended Solids 

---------------------------------------------------------------------
:Suspended Solids Test D1te = ft1rchl6 :suspended: Aver1ge : 

:-----------------------------------------------: Solids 
I ss I 

I Ddt ISAftPLE IDJLUTJON : 2 I lg/1 I lg/1 
I 

I I 

:---------:-------:---------·-------------------·---------·---------: 
: July 8 20.1 : 1.0 1.6089 1.&38& 5720 

: July 8 20.2 : 1.0 1.&048 1.&370 &220 

: July 8 20.3 : 1. 0 1.6155 1.6390 4480 5473 : 

: July 9 20.4 : 1.0 1.&306 1.&508 3820 
: July 9 20.5 : 1. 0 1.6235 1.&(01 3100 
: July 9 20.& : 1.0 1.4554 1. 4924 7180 4700 : 

: July 9 20.7 : 1.0 1.4631 1.4882 4800 
: July 9 20.8 : 1.0 1.4614 1.4795 3400 
: July 9 20.9 : 1.0 1.4604 1.4757 2840 3680 : 

: July 8 30.1 : 1.0 1.4775 1.4920 2680 
: July 8 30.2 : 1. 0 1.6366 1.6537 3200 
: July 8 30.3 : 1.0 1.6136 1.6269 2440 2773 : 

: July 9 30.4 : 1.0 1.6274 1.6508 4460 
: July 9 30.5 : 1.0 1,6077 I 1.6211 2460 
: July 9 30.6 : 1.0 1.6275 1. &517 4620 3847 : 

: July 9 30.7 : 1.0 1.4642 1.4712 1180 
: July 9 30.8 : 1. 0 1.4635 1.4844 3960 
: July 9 30.9 : 2.0 1. 4727 1.4934 3920 3020 : 

: July 8 40.1 : 1.0 1.6301 1. &512 4000 
: July 8 40.2 : 1.0 1.6277 1.&430 2840 
: July 8 40.3 : 1. 0 1.4683 1.4943 4980 3940 : 

July 9 40.4 : 1.0 1.6372 1.6517 2680 
July 9 40.5 : 1. 0 1.6345 1.6594 4760 
July 9 40.& : 1. 0 1.&348 1.&479 2400 3280 : 

July 9 40.7 : 1.0 1.6061 1.&264 3840 
July 9 40.8 : 1.0 1.6297 1,&526 I 4360 
July 9 40.9 : 1. 0 1.6474 1. 6695 : 4200 4133 : 

July 8 : blink : 1.0 1.4731 1.4741 : 160 
July 8 : bhnt : 1.0 1.4645 1.4661 : 280 220 : 

---------:-------:---------.---------.---------:---------.---------: 

1 = ft1ss of filter 1nd cup 
2 = ft1ss of filter 1nd cup 1nd residue 
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APPENDIX F 

PERMEABILITY OF ~RGIN GEOTEXTILES 

20 MICRON FABRIC - TABLE F.l 
30 MICRON FABRIC - TABLE F. 2 
40 MICRON FABRIC - TABLE F.3 
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TABLE F.l PERMEABILITY OF 20 MICRON FABRXC 

Ptrltibility of Virgin 6eotestile By filling Held "•thod 

20 u1 6eotnti h Thickness (d) = 0.15 ca 

:---------------:---------------l---------------l---------------1---------------~ OriginAl Tilt , t : Voluae 1 V rinil I Peneibility : 
Height (SIC) (11) Height 

Ho, (CI) Hi I (CI) : K , (CI/S) 

·---------------·---------------·---------------·---------------:---------------· 75.000 18.000 5845.000 42.048 I 4.82E-03 
70.000 24.000 5945.000 3&.484 : 4.07E-03 
81.000 19.000 6230.000 45.878 : 4.49£-03 
80.000 15.000 4980.000 51.925 : 4.32E-03 
70.000 20.000 6125.000 35.470 : 5.10E-03 

.---------------.---------------.---------------.---------------:---------------. 
Avtrigt Perltibility = 4.5&E-03 

Crossection1l Are• of the 6eotestile <A> = 177.38 sq. ca. 

Thickness of the 6eotextile d = 0.15 ca 

Hi = Ho-(V/A) 

K = ln <Ho/Hi)t d/t 
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TABLE F.2 PERMEABILITY OF 30 MICRON FABRZC 

Peraeability of Virgin 6eotextile By falling Head "ethod 

30 ua 6eotextile Thickness (d) = 0.20 c1 

:---------------~---------------:---------------!---------------:---------------: Original Tilt , t Volute , V F'i nal : Peraeabi 1 i ty 
Height (sec> (aJ) Height 

Ho1 (CI) Hi , (ca> I K 1 (CI/s) I 

·---------------:---------------~---------------·---------------:---------------· 80.000 : 22.000 : &395.000 43.947 : 5.45E-03 
7&.000 : 28.000 : &390.000 39.97& : 4.59E-03 
81.000 : 23.000 : &840.000 42.439 : 5.&2E-o3 
75.000 : 15.000 : 4&80.000 48.61& : 5.7BE-03 
70.000 : 19.000 : 5350.000 39.839 : 5.93E-03 

.---------------:---------------~---------------.---------------:---------------. Average Perteability = 5.47E-03 

Crossectional Area of the 6eotextile (A) = 177.38 sq. ca. 

Thickness of the 6eotextile d = 0 •• 20 c• 

Hi = Ho-(V/A) 

K = In (Ho/Hilt d/t 
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TABLE F.3 PERMEABILITY OF 40 MICRON FABRXC 

Per1eability of Virgin 6eote1tilt By falling Head "ethod 

40 u1 6eote1tile Thickness (d) = 0.20 c1 

·---------------:---------------:---------------~---------------:---------------: Original Till ' t Voluae , V nnal l Peraubi 1 i ty 
Height <sed (II) Height 

Ho, <c•> Hi ' (CI) 
I K ' (CI/5) I 

---------------·---------------:---------------·---------------·---------------· 71.000 15.000 l 5575.000 39.570 7.79E-t3 
80.000 19.000 I 5515.000 48.909 5.18E-t3 
75.000 15.000 : 5480.000 44.106 7.08E-o3 
80.000 20.000 I 6340.000 44.258 5.92E-t3 
75.000 23.000 : 6250.000 39.765 5.52E-t3 

---------------.---------------:---------------.---------------.---------------. 
Average Per1eability = 6.30E-t3 

Crossectional Area of the 6eote1tile (A) = 177.38 sq. c1. 

Thickness of the 6eote1tile d = 0 •• 20 c1 

Hi : Ho-<VIAl 

K : In <Ho/Hilt d/t 
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APPENDIX G 

TOTAL SOLIDS (TS) DATA FOR ALL EXPERZMENTS 

EXPERZMENT No.1 - TABLE G.l 
EXPERZMENT No.2 - TABLE G. 2 
EXPERZMENT No.3 - TABLE G.3 
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TABLI: G. 1 EXP • No. 1 'ro'l'AL SOLIDS DATA StJMIGUa 

EIPERI~NT Na. 1 TS CDATA SUftftARYI 
·----·----' I I i ---:--------:------:------:-----:-----: 
: S11plt I ftass :ftass af Tin and:ftass af Tin and: ftass a~ ~ISS Of % Total : Average : I 

: of Tin I Wet Slurry I Dry Slurry I lltt Slurry I Dry Slurry Sa lies I T.s. I I I I I 

:·---I----: ___ _._ ____ :------: • --:-----·-----·------· 
1.00 3.61 91,5! I 7.57 I 87.90 3.96 4.51 • 
2.00 3.58 85.34 7.40 81.76 3.82 4.67 4.59 
3.00 3.64 96.09 7.88 92.45 4.24 4.59 
4.00 3,64 94.91 7.83 91.27 4.19 4.59 4.59 
5.00 3.b7 84.33 7.41 80.66 3.74 4.64 
6.00 3.67 73.60 7.01 69.93 3.34 4.78 4.71 
7.00 3.68 77.29 I 6.90 73.61 3.22 4.37 
s.oo 3.67 86,35 I 7.60 82,68 I 3.93 4.75 4.56 
9.00 3.61 74.82 6.96 71.21 3.35 4.70 

10.00 3.64 76.35 6.96 72.71 3.32 4.57 4.64 
:----,----- ~ ----------:------- ~ -------------:-----------,--------,----

'rABLB G. 2 EXP • No. 2 TO'l'AL SOLIDS DATA SOMMallY 

EXPERiftEHT Na. 2 TS !DATA SUftftARYl 
: ------:-------:--------: ------------: ------------! --------------! ---------: -----· 
: SiiDie : ftass 

: of Tin 
:ftass of Tin and:~ass of Tin and: "ass ~f 
; Wet Slurry , Dry Slurry : lltt Slurry 

"ass of 
: Dry Slurry 

% Total 
Solids : T.S. 

t ------•: -------: ------•: ••••·-------I----------: ••--------: -------! ----
1.00 
2.01) : 
~.oo 

4.00 
5,00 I 

6.00 
7.00 
8.oo 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 

1.35 
1.35 
1.34 
1.34 
1.35 
1.35 
1.36 
1.36 
1.37 
1.35 
1.35 
1.37 
1.35 
1.35 
1.37 
1.37 
1.34 
1,35 I 

22.79 
;u.s7 
41.20 
27.43 
36.04 
2'.28 
28.28 
ll.c;s 
26.90 
21.87 
29.66 
l2.1: 
33.16 
29.67 
38.4! 
34.98 • 
33.21 
36.18 

1.55 
1.69 
1.74 
1.88 
2.05 
1.97 
2.50 
2.70 
2.50 
2.62 
3.10 
3.23 
3.97 
3.69 
4.34 
4.80 
4.73 
4.85 

21.44 
30.22 I 

39.86 
Z6o09 I 

34.69 • 
27.9~ 

26.92 
32.59 
25.53 
20.52 I 

28.31 
30.75 
31.81 
28.32 
37.04 
33.61 
31.87 I 

34.83 

0.20 
0.34 
0,40 I 

G.54 
0.70 
0.62 
1.14 
1.34 
1.!~ 

1.27 
1.75 
1.E6 
2.62 
2.l4 
2.97 
3.43 
3.39 
3,50 I 

0.93 
1.13 : 
1.00 1.02 
2.07 
2.02 
2.22 2.10 
4.23 
4.11 
4.43 4.26 
6.19 
6.18 
6.05 6.14 
8.24 
8.26 
8.02 8.17 

10.21 
!0.64 
10.05 10.30 

.------ ~ -----: ____ , ___ : ----------.-- ----:--------:------------~----; 

ftass of ••t slurry = 1ass at tin and •et slurry -••ss af tin 
ftass of dry slurry = 1ass of tin and dry slurry ·tass of tin 

Total Solids (T.S.l =("ass af dry slurry I "ass of ••t slurry!,100 
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'1'ABLI: G. 3 BXP • Ho. 3 TOTAL SOLIDS DATA StJMifARY 

EIPERiftENT No. 3 TS (DATA SUIIMRYI 
:---- ---- ------ ------1 --·----
: Saaple : ftass 

: of Tin 
:nass ~f Tin and~ftass of Tin and. ftass of 

Vtt Slurry I Dry Slurry : Vet Slurry 
!lass of 

: Dry Slarry 
% Tatal 
Sa lid; ·---·--· -I 

, ______ , _____ !_ 

I I ; I 

1.00 1.37 : 32.23 : 2.96 ::0.86 I 1.59 : 5.15 
2.00 1.:6 35.45 : 3.17 I 34.0' : 1.81 : 5.31 
3.00 1.:6 : 34.56 : :.o8 : ::3.20 : 1.72 ! 5.19 
4.CO 1.34 : 29.16 : 2.18 .27.82 : 1.44 : 5.18 
5.00 1.35 : 28.45 : 2.n 27.10 . 1.42 : 5.24 
6.00 1.35 : 33.67 : 3.05 32.32 : 1.70 : 5.26 
7.00 1.35 : 37.81 : 3.28 I 36.46 i 1.93 : 5.29 
s.oo 1.36 : i:6.57 : 2.68 25.21 : 1.32 : 5.24 
,.oo 1.36 : 36.24 : 3.22 34.88 : 1.86 : 5.33 

10.00 1.37 : 35.32 : 3.10 33.9~ : 1.73 : S.iO 
-I 

,ass of wet slurry = 11ss of tin anc .. t slurry -eass of tin 
!lass of dry slurry = 1111 of tin and dry slurry ·tass of tin 

Total Solids (T.S.I = (!lass of dry slurry I ftass of wet slurryltlOO 
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Avtr191 
r.s. 

STE!U:..E 
5.21 

NATURAL 
5.24 



TABLE TEMPERATURE VISCOSITY CORRECTION FACTORS 

VISCOSITY CORRECTION FACTOR 
ADJUSTED TO BASE OF 15 oc 
I(FOR PURE WATER) 

TEMPERATURE CORRECTION 
FACTOR 

30 0.720 
29 0.730 
28 0.755 
27 o.no 
26 0.785 
25 0.800 
24 0.820 
23 0.835 
22 0.855 
21 0.870 
20 0.885 
19 0.905 
18 0.915 
17 0.935 
16 0.960 
15 1.000 
14 1.020 
13 1.035 
10 1.055 
9 1.075 
8 1.090 
7 1.105 
6 1.125 
5 1.145 

Luthin (1966) 
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