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ABSTRACT

The mcesment of  water through refuse in a sanitary fandfil
produces a  highly toxic Dby-product called leachate,  The water
balance, the  soil cover properties and  thickness . the abiity of
the ref.is to retsin water, and the attenuation properties af the
soil line- sl affect the production and quality ot leachate,

Meteorolcycal  data has been measured and  applied to  varjous

water :ilance  formulae, profiles hsve Leen sampled and  snalysed
through tze landfill and the unsaturated zons and compared to  the
develope:  theory. Finally  two  lined test cells have been

constry on site to compare actual conditions to predi:tions.

Resylts  show  a  jarge  uncertainty in  accurately  estimating
leachate production, but  guidelines are given for  reducing  the
uncertalr:y, They indicate  that there (s not & downward
percoldtics of water at Linbro Park and that molsture movement

within s+ landfinl i seasonal,
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INTRODUCTION
14 The Pproblem under consideration

For centuries man has  disposed of his unwanted waste by  dumping
It somewhere out of the wsy, throwing it in the river or sea, or
burying it.  AS man pecame more civilized and  technologically
advanced, waste streams increased and the problem of  disposing
thet waste grew.  People have sttempted to use the waste
beneficislly by  landscaping,  filling  unsightly  excavations  and
plta, o reclaiming wetlands.  As  little s 30 years ago schools
and  sporis  clups  were requesting the Johannesburg City  Councii  te
fi5  areas  with househotd refuse for use as  sports fields, in
fact  some of the City's finest golf courses and sports fields

have been Jaid out over refuse fill

In the 1960° and 70's environmentsl awareness became & key issue
In first  worid countries,  Problems of waste disposal came under
scrutiny  apd  researchers discovered that even the Jocal househald
retyse "dump® couwld Dbe 8 potent Source of  groundwater anu.tIon:
A highly conteminated fquid known as  rleachate" s  formed by the
passage of water through wastes, extracting pollutants by means
of  physical, chemical and  Dlological  processes, This  jeschate
may eventuslly emerge from the base of

the landflll in  concentrations which <c¢an be up to 200 times mare

potent then raw sewage (1.




This  repart investigates the  varlous jnteractions  that allew
water access to the wastes, the rate Of flow through the wastes
and  percolation ints the unsaturated zone beneath the iandein,
It s considered ‘that at least 954 of South Africa’s wastes are
presently deposited on landfils and  unless the cost of coerating
2 langfiti  rises  exponentislly  this  situation s unlikely  to
change. it is thus important that there be an understancing of
how leachate is generated, In  what quantities snd how to control

it

t.2 Definition of some fundamentsl terms !

Urban  Wastes -  originate  from  domestic  activities,  trading,
industrial  operations  and  littering  (Malan (25} For  the
purposes of this report urban waste doex pot inchide sew:ie and

does  not include any hazsrdous  waste,

Sanitary  Landfill - as  defined by the USA  Envircimental
Protection Agency.  An  engiueered method of Olsposing waiies  on
Iand in a manner that oprotects the enviranment, by spreacng the
waste in  thin layers, compacting it to the smallest practicable
volume and covering It with soil at the end of each Wworkng day
(8

Leachate - is formed when water passes through  dec:mposing

refuse, It s defined 88 @ nighly contaminated, aqueous solution
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which  carries n It gisschred  solids  and  the  final  and

intermediate products of decomposition (Ball (4}, The system s
extremely complex  containing olble  and  insoluble, ardanic  and

inorganic, lanic  and  nonjenic  and  bacteriological  constituents.

Siogas - is the lendfill gar resuiting from the decomposition
reaction of the refuse, Its main constituents are Carbop  dicxide
and  Methane but st various stages in  decomposition  Nitrogen,
Hydrogen and  Oxygen aré given off,  Trace aquantities, (up te
0,8z}, of  halogenated  aromitics  have  also  been  detected

(Rettenberger  S)),

Water balance - In any  <losed system the water entering into the
system will balance with the water going out, plus the water
retained in the system. Taus  the algebraic  sum  of the
climatological factors of  precipitation, evapotranspiration,
surface  runoff,  infiltration  4nd  soll  molsture  storage
balance. The water balance moc: is used to determine the excess

water available for leachate groduction i »  landfill

Unsaturated zope - for the purposes of this  report is  the  soll
layer that lies bpetween the tsse of the refuse and the water

table,

Attepuation site - a4 slte which relles on the praperties of
the soil in the unsatorated one to puUrify or  “cleanse" the

Jeachate as It percolates thriugh,  On reaching the groundwater




the less contaminated leachate will then be further attenuated,

diluted  and - dispersed.

Containment site ~ §s & slte which relies on & synthetic or
natura) clay liner  effectively to seal the leachate from the
groundwater beiow.  For this resson ieachete Hhas to be collected

ana  extracted from  the Jandfi)  and  treated elsewhere.
1.3 Previéw of work undertaken
Initially a review of existing Jiterature was undertaken to find

out the status quo of waste management research in the world and

particulariy

n  South  africa. The investigation i+ ° involved
field  and  laboratory  work. Laboratery  work il the

determination of various properties of soil and

wastes,
so  that they «could be applied to the iandfil in  question,  The
fieid  work  involyed  gathering  meteorological  gats,  obtaining

samples Of refuse and of unsaturated zone Soil for analysis,and

canstructing test lysimeters to obdtaln  field evidence to  support

of alter the theory.
The report begins  with a lterature review.  This  includes s
background of  the theory of water -balance, lanafill  design

philosophies, and the chemistry of leachate production,

Linbro  Park, the main  landfill  investigated in  the report, s







2. LITERAYURE

To obtain

resesreh,  a

wastes,
generation,

status  quo

2.1 Trends

In the UK
on  refuse
has  been

water  to

experimenta)

teachate

REVIEW

s background and a platform on  which to continue

review of existiig lteraturs on the sublect - of sold

generation and factors inflvencing its

was conducted. An  attempt was made to find out the

of resesrch Into the fleld of sofid wastes,

in Solid  waste Management Overseas

as recently as 1970 {8) a report of the %ad hoc growp

disposal® stated that: *03 : Tipplng refuse into water

frowned upon untih  very Trecentiy because It causes the

turn  Black  and  emit 2 foul  odour.., . Enough

work has now been done to show that wet plts c2n be

rectalmed by refuse If  the work Is  carefully planned  and
supervised by a8 chemist ..  While it appears that this group
recognised the fact that wet tipping mey produce contaminated
water they felt that “controfled® wet tipping Wss an  acceptable
practice,

The UR has since recognised the problems of contsminant migration
and  have developed a vBest Practicable Environmental  Option®
(BPEO)  design  philosophy  (knox  {T)), This  philosophy  combines
the best of containment and attenustion approsches depending on

. .
. . '




T iy,

variables. The ULsa (B} wish to restrict water

the

diffesent
ingress ts the tano il a8 much a8 possible and even aim to
pronibit  ‘tachate and  gas  condensate  recirculation.  ltaly (%)
prohivits land?ils  In  so u).faa "humid™  areas  (i.e. marshes  and
flood  pleas),  Austr.s  (19), France (1) and  sweden U2) a0 aim
to  minimiss  water ingress to the landfill.  The Danish Code (3)
on the oiner hand states that water HUST be able to gain access
te the waste to facilitate degradation and  landfill  stability,
AN the leachate must however be collected and  treated thus
restricting the Danish  design  phllosophy  to  containment  sites

only.

in the part a cley or brick quarry of plt was considered an [deal
tocation {3 a2 sanitary landfiin,  Austria U0} .does ot  permit a
langfl}l t: be sited s any depression in  the ground.  ftaly (%)
has 2 smilar  philosophy,  Hesth and Lehr (M) have a more
controversisl outlook as they recommend attenuation 83 the only
design  prilozophy, aﬁd claim  that  “leakproof¥ and  rsecure”

containment sites are never Tleak proofn  and  “sectire”.

Lagekvist 3¢ Sweden (12) nss sn extreme point of view In  wanting
to ban ‘andfilfing altogether, He sees It as a method to buy
dme untl & final solutlen to the problem ’Df waste disposai I8
found, He  claims  that  the  emlsslon of  landafill  g8s s a
contriputor  to the greenhouse effect, depletion of the ozone

lsyer ano  the incresse of hslogensted organles in  the atmosphere.




The sanitary fendfil has long passed the stage of belng Just the

town  oump. it I3 now ronsidered to be a biochemical and
microbiological reactor (15)  which can be controted by  apolying
or  changing different  conditions  (maisture, temperature, oxygen
and  catalysts),  The outputs of jeachate and landfil gas  can  be
influenced and controfied to & certsin extent 8s shown by Stegman

6), cossu  (f7), mecker (13}, Leuschner (%8} ang  Whmmsen (1%

Research ang new deveiopments Into  landfills  are taking  place
véry rapldly,  Overseas research appears to be focused malnly on
land¥in gas, methods of enhancing gas production and
sophisticated methods of  treating leachate,  The differing, and
what sometimes appear to be opposing, codes of practice produced
by different couptries are all the sesult of years of research
end logical  daductlion. The differences Indicate the wide range
of uncertainty In  the tleld of Solld Wastes, and from that
uncertainty a philosophy must be found to ininimise  environmentat

pollution of the land,
2.2 solid Waste Management in  South Africa.

"t has become quite apparent that the future of hazardous waste
control I8 more towards reduction and  avoidance than  tawards
hazardous waste maensgement and , control*  (de Bruln  (20).  To
avoid produclng wastes would be a total, but impossible solution,
The central theme to the statement however, s the reduction of

wastes,
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south  Afrlcas  present  population (8 simost 36,5 milion and
could double within the next 30 years (Halan {2}, it has been
estimsted  (Lawrence (1) that by the vyear 2300 the urbanised
population in  South Africa would have Msen from Its present 62X
to 80% of the total population. Add  to thia the urban population
growth of 9 to 0% per annum (Verrler (22} and one can see the
capidly  expanding problem local authorities have for the disposal
of urban  wastes, The intended premuigation <t Section 12(2)(2)
of the Environmental Conservation Act (Act 10C of {902) Is @&

great atride towards the protection of our retigrces,

Hettingh  {23)  quotes some  statistics of existag South  APrican
tandflila,  4T.6% showed no evidence of surfacs water pollution,
10,4% indicated a possibility and 38,47  displayes ciear  evidence,
He did not quote statlstics for groundwater byt the problem of
surface water poilution Indicates immedistely the sad state of
South  Africs's Jandfils.  De eruln  (B4]  gives o summary of
current waste disposal practices I South Africa which has  been

reproduced  in  tadle 2.
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TABLE 21 NUMBERS OF  LOCAL  AUTHORITIES
cape Netat ofs [ ™ Yolah %
Uncontralied 121 27 45 3t 225 276
Landsint 126 53 40 120 339 4H48
Burning i k4 12 35 70 208
i
composting Poiat H [ 8 El 38
Partial recycling 0 4 T s 9
i
[No service | 7 3 3 ? 25 34
391 96 o8 220 815 100

it is claimed that only 482 of these practices are
eivironmentaily  acseptable, Joubert  (28)  states tnat the  vast
majority  of  municlpelities  glve  waste disposatl  thelr  lowest
griofity  With  very Hitte  finance  being  Channelled la  tis
direction. A major  municipelity In  South Africa  apportions  omly
2% of Its total services expenditure to waste management (28,
The smabler local suthoritles have the ususl probiem of 00  few
funds and thus cleansing becomes a neglected service. Bal (&T)
attributes . some of the blame to the lack of genuine interest on

the part of the management.

A deslgn philosepty has not yet been laid out n  South African

codes, Dbut the National Research Frogramme for  Waste M -agement

ANCENG Y PRI WA W




the CSIR's  Foundation for Research snd  Development  has
sroduced & set of draft guldelipes "for the effective  disposal
and  control of waster (28 tnese are closely linked to the
€avironmental  Conservatlon Act.  Ball and  Bght (29) indicate

that a  South African waste dispossl phitosophy  will draw  from

both t end At on  the
different conditions  Involved. For  example, the water  aurplue
sreas  wouid concentrate more on a containment design While the
water  deficit areas would be better suited to atteavation.
However that i3 not. a hard and fast rule and & thorough
understanding of the factors and meshanisme involved I8  required

for & decision as to the type of design required.

2.3 Properties and behaviour or refuse

2.3  Refcie  Composition

0f the total waste stream in  South Africa, municipal solid  wastes
make up €% or 18 milien tons, the remalader being  primarity
mining wastes, and 2 smalter percentage of chemiea) and

Industriat  wastes  (28),

The  actust composition  of  municipal waste fs  varladle, and
depsnds on  soclo  ecomomic  factors,  geographicsl  altuation,
season, and  cuttural  background, Attempts have been made to

determine  the Dbreakdown into  yarjous component  percentages as
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queted in  Table 2.2 below.
TABLE 2.2 : DOMESTIC WASTE COMPOSITION
CONSTITUENTS | JOHANNESBURG!  PELIZABETHE  CAPE  TOv42  sOWETOS ]
Paper 34 18 29 4 !
Futrescible 30 £ 22 ts
i
Hetal 6 3 5 1
Glass 0 7 ] 2
Plastic 7 3 [ 1 I
Taxtile 3 t § 1 |
i
Ash {fines) 2 5 [ 45 i
tnelassified 8 8 10 3 i
:
Garden - 27 ] - J
1 vénter (30} 2 (awrence (@) 3 yan pRenst.eg (3D
Leuschner (I5)  broadly classifies municipal solid  vastes into
Inorganjcs, 5% molsture and  50%  orgenic matter.  in refuse
dacompesition and tha productlon of leachate ar: hiogas
this  BOx organic matter that we are primarity coqcerned  with.
— . . .
'
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2.3,2  Refuse  decomposition
Decomposition occurs with all but the most inert wastes. T is A -
complex  process  involving  physical,  chemical  and  riolegical
redctions interscting simultaneously to  produce leachate, a8 and
alteced  wastes.  The  physical process results from  pesssures
exerted on the wastes and the physical leaching of materal ; from
the waste to change {ts  physical characteristics (s:ich  as g
strength),  The  chemical process  involves redox  reactions,
Precipitation and  adsorption/desorption reactions and cer  take R
Place throughout the Tlife of the fill. The major mechansm for w0,
decomposition is  however  biological (Ham (32}
The three major phases of  bicjogical decomposition ars;  the [
aerobic  phase, the acid  anaerobic (or fecuttative) Dphase, nd  the .
metnanogenic  anaerobic phase (Ham and Bartaz (33, .
Aerovic decomposition i3  characterlsed by the presence of oxygen. :
it is usustyy vety rapid and produces heat (50°C to 70%C) and oo
carpon  dioxide.
The tfacultative or acld phase can exist with osygen but mmes use :
of other clectron  acceptors in  Its  absence.  Less  fsat s
produced than in the aerobic Dbhase and a large amount bf organic
scius  are produced  (smelly  phase).
¥
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Hethanogenic  anaeroblc  orgsisms  require a  very fos  redox
potentisl and no  oxygen.  Heat s maintained at  acid  phase
tevels, reactions are slow 3nd carbon dioxide and methane are
produced.  The methanogenic bacteria are separated inte 3 broad
ge in  Which  they

classifications sccording to he  temperature
thrive (Moss {(11)) 1e, psuy:hrophites (129C  to  18°C), mesophiles
(2689  to 409C) and. thermophles (559C to 609C).

A number of experiments have been conducted to increase rates ot
refuse  decomposition and  3as  generstion, and to  alter  the
composition and  texicity of  leachate. Becker  {18)  snows

canversions during acid  phest degradation in  Fig  2d.

BIOPOLYMER (carbohyarste , protein, fat).

Hygrolysis

L

MONOKER (sugar, amino acids, fatty acids)

Acidification

1l

VOLATILE FATTY ACIDS (ethanal)

Acetogenesis

=
QL
[

ATE, {carbon dixide , hydrogen)

Methanogenesis

il

HETHANE + CARBON DIOXIDE

FIGRE 2,4

Becker states that the asidification phase produces the most
toxic ieachate and so this Dhase must be reduced, This can be

done by:




.
8) including less resciive wastes {compost sludge  etc.)
b) Precomposting waste (quick decaying materials disappear a8

carbon  dioxide into  the  air).
©) Decreasing volatile fatty acid  concentrations by =

recirculation. '
teuschner 5)  found that mesophilic temperatures (370C) were - .
cptimal and thst recycled leachate couid be buffered to increase
the pH of the fill
Stegman and  Spendiin  ('8) and Doedens and tandwenr (34) recommend <
using o precomposted bottom layer of refuse to speed up the acid [
phase . degenerstion dnd reduce the toxicity of the leachate.
Hem (32}  snows  theoretical degradation  curves  which  are : N
reproduced In Fig 2.2,

(i ¢
2.3.3  Leachate .
Leachate is one of the products of the decomposition pracess and
ite properties depend lergely on the properties of the waste
through which it has percolated.  Generally speaking leachate can
identify with the acld phase decomposition (low pH, high COD) o l
|

with  the methanogenic phase (high BH, low  COD). X
The  G3A  Environmental  Protection  Agency  emphasise  that

; . .

.
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FIGURE 2.2 THEORETICAL DEGRADATION CURVES
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Inverpretation of reported teachate data must

extreme caution (98, Leachate composition

literature s  diverse. Among the factors that

variability of data are

a) Time since deposition of tné waste,

b) The moisture regimen - volume, intensity,
direction  of  flow.

<} The waste characteristics

) Temperature

e} Sampling and analytical measurements.

An  snalysls of about €3 Janoflla by Kam (32),

(37), Kknox (38) and cheremisinoff and Glgiiello

"typical" averaged leachate as shown In  Table

be

dor:

reported 1

contribute o

distribution

Barber

(39}

2.3,

(3¢,

procices

and

with

the

the

Ehrig




TABLE 2.3 & "TYPICAL™ LEACHATE
CID PHASE METHANOGENIC PHASE

pH 5.8 8,0

cop 26600 1800

BODg 13000 180

Fe Tis 8

! ca 1720 165

Hg 440 185

Hn 35 0,6

n 25 0.4

£ T 0.9

504 295 270

NHy as N 500%

Nog as N 3,2%

Conductivity TH7sK

Alkalinity as CacOy 4320"

Bardness 2590*

<l 2000%

Ha te40*

R 060"

¥ Applles to both acla and methancgenic phases
Depending on the wastes there could be additional quantities of
teachate constituents present, some of which could be extremely
harmeul.  Some solvents, for example, are not degradable in  the




tandflit  and the teachate in the guantities a3

ey,

appear  in same

originally  disposed. (Ham

Connell  40)  refers to a branch of chemica) analysis known as

ecatoxicology™  Which provides measurea of  the response of

cheinicals and organisms to changes in  the environment. it s too

vast to consider. in the context of this study but we can copaider

the factor of mobits SF pollvtants In the context of leschate

migration, . tensen ct a1 (4  summarises as  foiows:

a) very moblle pollutants - €I, conductlvity, total solids and
cop

b) Moderately mobile - Na, NHg , K Mg, Fe

¢) Party mobile - Fe and Mn

d} Very restricted - In and Cd.

Fatty acids are mobile In the aerobic phase but retarded in the

anaerobic phase. .

Rouier (47)  supports him, Indicating contaminant mobliity as

Cl > Na > cOD > Hg > NHy > K > 8 > Fe and for metals Hg, Cr, Se

> Cd, As, ZIp > Cu Pb.

s {43)  describes potassium (k) as & convenient parameter for
tracing Jeachate, but asccording to Christensen and  Rouller It may
not be ' mebile  enocugh.

The guantity of leachate depends on the Bources of water In the
landfill.  This can lnilede  the inherent moisture In  the refuse




TR TN RSO YA eTR W

st placement, the Water produced as a product of & chemical or
microdiotogicat  reaction  wIthIn  the  wastes, concensate  from
jandflly  gases, groundwater infhitration through the sase due to
a rise in  the ground water table and surface waier Infiltration

through the cap due to rainfall and Fun on (Naylor st a) (44),

2.4 water Batance

Water that [Inflitrates the top leyer of 4 tand'il and then
percolates  through  the  waste  becomes contsminatec and  forms
leachate.  In  addition to becoming & toxle by~prozuct of the
landfill, water will affect the rate of decompos:tion of  the
waste, gas  emissions, and rate of settlement. It s thus
important for the tendfil designer and operator to know  exactly
where all the water that errives at the jandfill, e/entually ends

up.

on & Global scale the different elements . of anaisis  For the
1
Weter Balance are well set out by Dyck %) as stown In  figure

a3




Rl = Lol ik e el

2
g aLosaL oler bolonce
Y g REGIONE Worer bolce
§ B | contieny, of cantivents
§ rappon. o 5
i cHome
Drahage bosh, St watar botan
cafchment, o ifocact fine.
st0%s.
S
] b o e
o, ity '
g % stta, oy Frocass
S8 = o ehomd e,
TME SCALE (ecess
FIGURE 2.3,

in  general precipitation provides the largest component of  the
water balance and evapotranspitation the second lsrgest. for a
site specific purpose such as  sanitary tandfill  the Meso scale of

analysis applles,

o' teary and Tansel (6}, Fenn et at U7) and Ham (92) use 2
simplifiéd  modet where P = R/0 + ET + Perc =~ AST (eqn 2.4}

and

i 4 B precipitatlon

R/G = Run off

ET B evapotranspiration
Perc = percotation

AST = change {n sofl moisture storage.




o T

RU—

PRECIPITATION -

EVAPOTRANSFIRA TION

RUN OFF
.-—

ralecee

evapolrsshotian NEIL TRA TION

' PERCOLATION B

FIGURE 2.4 Simpiified woler balance

Baceint
batance
in  the

P+we
[S—

nput
where

ot

equation

equation

®

" ow

[

al (48}

which

Froduction

inherent

used

relates

below.

{E +

precipitation

water

more

water

output

contents

complicated

changes

form

specific

Retentlon

(due to

blochemlcal

evaporation

water

production

Incoming

output

by

gas

the,

water

vapour),

of

to

the

water

waste

waste)

as




LER v,

/ Vs
S .
Prociptiation
Evapotranspratlon %‘V ‘
o ‘W eichange
Wlitraon
¥ m/u)/ t caduced SANITARY
fio! Iston ayar of radycec
intertig— ’/l } pesmecba LANDFILL
Gossous S«avauv
exchange
mesn.v
Hydrologlesl eycle complateq Forediation,
by :\uwalullon al the ground -
watat dhschorge polnt, i Slow
nfltration Dinfeegronlar  \
fitraion \ UNSATURATED
Filratten \ ZONE
Processes
\
7 \
st I S
, /‘ij i \
’ v
= water
—t B s et B4 A

FIBURE 2.5

e ad—
GROUND WATER FLOW
Dllutlon, dispassion . —swwm
Pt

and diffusion

Verties! dispersion

AQUIFER




t = leschate
V = lesses due to runoff
8 = retention by the waste,

all measured In g water per kg waste per year.

B can be between O and 209/kg/snnum  depending on  the  blofogical
activity at the time, &<¢at,59/kg/8nnum,

Naytor et al (44) nas a simiiar equation for which the water
batance is shown In Fig &5 and shows percolation below the base

of the fjil (he. leachate) a3,

P (mIzennemy = (P-EpiXAqanatiny  * RxAteun Iy 4+
(Lg=(EqxA(lagoon))) +  AS '

where: Ep = actual  evapotransplration

Lg = rete of tlqud dispesal lnto the landell (m3/a)
R = surface run In
Eg = actusl evaporstion from  iquid  dizposal,

A8 = change In molsture storage In  the landfill and [ts

cover,

Weimer (43) relates the water Dbalancé In percentages for an area

where the preclpitation I8 Y20  mm/annum.

Tg
:
I




Pravipitation (1D0%}

Runof (36%)

Evapotranspiration (3%

Surface (21%) Ground (17%) Transpiration Evaporation
134%) (28%)

Weimer carries on  to state that in  Hessen, Germany, two
meteorolcgical  stations  situated 20  km  apart, were snalysed.
Because of the change in  topography the one station received 100
me of rainfsit per annum, of which B5% became lsachate, and the
other sistion recelved S550mm of rainfall per annum, of which 6%
decame  leachate.

keenan (50} shows  figures indicating  that  landfing  recelving
greater thap TSOmm of raipfall per annum Wil eventually produce

leachate Wwhile arid regions recciving less thap 325 mm are lkely
never o, produce leachate,  Saxton (5 supports weimer ang
Keenan i stating thst, for | climetes where annual ranfell s
Jess  that  400mm, viFtealty BW  precipitalion  returas  to  the

stmosphzre by  evapotranspirstion.

south frica ‘has  widely  differing

125mm  anoual  precipitation and 3000 mm  annual

evaparatsn  on  the  anid  west
minlmure  of {150 mm

precipitaisn  and & evaporation

Coast, to over 1 Q0G mm

microclimates, from less  than

free  water
annual

on  the East




coast  (lund (52}, ony 104 of the land mass s lkely to
recelve greater than 750 mm  Of rainfe! per annum.  Figure 2.6,
shows the aress of water surplus anc  water deficit in  South
Africs as described by Brink (53
)
\
sormywmar emes § [~
TR !
H
I
RS
I
5 s
H
|
o
preTa—
CIGURE 2.6 Woler surphis trees of Sounern Africa fex, Brink 92)
It s necessary to understand the shertcomings In  calculating or
measuring  the different elements In  the water Dalance equation so
each wilt be discussed  separately.
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Precipitation

Precipitation is  the basic source of water and can include raln,

hail,  sleet  and  snow, This Is  usvally the result of the
condensation of atmospheric Water vapour Which oceurs st the dew i

point (lLe. temperature st the point of saturation). "

As  an example, & relative humidity of 100% (le. saturation) will

oceur  with 17,3t g water/m® of air at 20 Oc, and only 4,859

water/m3 of alr at 0 9C. (Ref: Gray (34)). ~
-
s
Holsture laden air moving UP s mountain slope cools by expansion L .
and  causes  “orographic®  precipitation,  Similariy  moist i near S
{
the ground surface I heated by the sun, rises by convection, . o
cools &t  the higher level  and causes  “convective®  precipltation. .

inblowing  winds  towards areas of Jow barometric  pressure or

fronts  cause neyclonic® or  "froptal®  precipitation.  The  three

precipitation mechanisms are shown in  Figure 2.7,

HE1HT CONVECTIVE i
tmxlooo) |
OROCRAPH v
30019 e ;
pms Lo o £ae
72
00 208
FIGURE 2.7
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in the consideration of 8 landfil  site Jocation |t may be

Important to note the mechanisms of rainfall.  for example winds

spproaching mountains i & normal direction Wil deposit raln  on

the windward slope leaving the leeward slope comparatively  dry.

Generally the rainfall characteristics of & region depend on

8) distance from source of - moisture  supply
b)  prevalling  wind  movements

ie) aftitude

4} location witn respect to mMountain  ranges

e) location With respect to paths of cyclanic Storms.

The measurement of  rainfal)  (using & standard rain  gauge) s
perhaps the easiest of all the elements in the water balance
although there are always i racies in  the rem . Rins

or  forest clearings affect the quantity of rainfall In  the
specific  area  while splash  (in  and out), wind and  turbulent
eddies  wIH  affect the interception.  The British  Heteorologlcat

Ofrice Specifies that the rim of the gauge should be one foot

above the ground (Penman (55},

1 rainfal)  figures from & nearby metecrologlcal  station  are

used, they must be wused with cautjon, and If possible, correlated

with 2  slte-specific  gauge.




2.4.2  Evaporation,

Evaporation Is
balance to measure

cannot be stresséd

otherwise, cen  ever

prodlem  of

The fundamentaj theory of eisporation s

determining

29,
Transpiraticn  and  Evapotranspiration
perhaps the mest  difficult element of the water
or calewlais. I fact Ofivier (3} writes mt
strongly tnough that no  formuls, complex or
brovide 3 "push button solution® to  the
evaporation.”

usually  accredited to

batton {1802),  He stated that evaporation rates are proportional
to the difference between thé vapour pressure at the water
surface (ey) and the actual vapour pressure in  the air  Just
sbove the surface f{eg). Or in squation form

Evaporation E = ¢ ( ey e )
However there are & number of main  factors  which affect
evaporation:
@) Tempersture -  the vapour pressure oFf & body of water
Increases 23  the  temperatute  increases,  causing  evaparation,
Flotting mean figures &t Llnbrs Park from 1978 to 1988, Figure
(2,8}, shows that evaporation {s greater on a' warming cycle than
a cooling cycle at the same tempersture.
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1o 200
MEAN MONTHLY PAN EVAPORATION { mm )

FIGURE 2.8 LNBRO PARK LANDFILL 1978 to 1988,

b) Wind - Wind is effective in removing water molecules In the

alr  immedlately above the water and bringing In  ajr  capable of

holding mure water vapour,  Advection may alsa occur when a cool

alr  mass passes and ) poration or even abstra heat

from the underlying surface causing  condensatfon.

¢) Atmospherle  pressure = this applies oprimarily on the adcro
scale  where & higher altitude has a fower atmospheric preisure
thus causing mare molecules to escape the surface in  the forz of

eveaparation,

d) Soluble Solids ~ evaporation from salt solutions (e.9.  sea
water, landflll feachate) s reduced since the  evaporation rate

is  proportional to the difference In  vapour pressures of water




5,
snd  atmosphere, it was found by Rohwer, Lee 8nd Adams (Chow
{30))  that the evaporation rate decreases as the specific gravity
of the solution (Le. the solute concentration) Increases.

e) Nature and sheps, and colour of surface - Vapaur pressure for
8 body of water with a convex surface is greater than that with a
flat  surface which s greater tnan that with 8 concave surface
dnder the same conditions (cChow (57)),  However, these differences

are only Important Yor  radll of curvature of
found  to

8,

Evaporation from black painted pans  was

25% more than from white painted pans (Houk

difference Jn  heat absorption of the two surfacea,

The measurement of evaporatien and transpiration i3

task and it is recommended that from the {0 or

betwaen

because

not a

miceon  slze.

i and

of the

simple

more standard

evaporation pans avallable (Chow {57) and  Houk (58)) the most
popular one Le., the US Wweather Buresu Class A land pan (4 feet
i dlameter, 10 inches high set on a timber grillage with base &
Inches aboye ground) be used, This s a standard pan used by the
south African  Weather Bu’reau and k¢ makes comparisons of  various
measuraments that  much  simpler. There  are  problems  in
measurement  such as rain  effects, splash (frem  wind, hail or
rain), surging In  floating  pans, absorption of solar  radistion,
and  differlng  materials and  colours, Conversion  coefeiclents

have been devejoped to  equate pan  evaporation

reservolr  evaporation.  Schulz {59} has  equated

ceefficients In  elght  ditferent sreas to  get

to  lake  or

Class A pan

an  average

i




coefticient  of

0,73 (e,  Actual evaporation = 0,73 x pan
evaporation),  Gray (34) stucied {2 different Clasa A pans  to  get

an  everage coefficient of 0,70,

Evapotranspiration  which Includes  the effect of  transpiration by
plants can Dbe measured (n a lysimeter contalning sample crops and
measuring  input  and  output (by weighing) or by measurement of
soll  molsture  changes urng' heutron  probes,  tenslometers  or

Fesistance  blocks.

A number of prediction formulae  have been used to  Calculate
potential evaporation or evapotranspration, iinstey and
Franuni  (80)  satimate  potentisl  evapotranspiration  frem  a

vegetated solt surface to be equivaient to free water

eoration.  This s supp by Rovers and Farquhar ()  who
meintain  that  evapotranspiration ean fesult o losses  eqdal  to

evaporation from 8 free water surface.

Table 2.4 shows & few ssiected evaporation equastions and Fig 2,9

shows  their  correlation with measured evapatranspiration.

Consldering  evaporation frem bare soll Is, or may be, very
different If  the soll s upsaturated. Evaporation at &  sall
surface sets up 2 suction gradient which tends to move weter to
the  surface. As  the 30 drjes the  suction  of  the soll
lncreases,  For coarse graired sojis  the effect of evaporation on

2 relatively dry soll does not penetrate as deep as for fine
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solls  and  clays (Peaman (S5, The california  State Water
Pomution Controt Boara {82} conslders thet evaporation from bare
soll to & deptn of 203 mm (8 Inches) s maximum, which js backed
up by Rovers and Farquher (89, fenp ot @ (T} consirm  this
figure  (200mm) and add that evaporation from bare soll s roughly
equat  to  half  the precipitation for heavy soils  and  UO% ot

precipitation  for  sandy  soil,

Wheater and  Sherrat {63} show that a plot of moisture content
versus time at a glven Jeyer in the soif can indicate the onsat

of  evaporation Fig (2.10)

Results  based on this method show reduced  estimates of
evaporation and increased  estimates of  percolation, as  compared
to  fleld capacity estimates, by between 28 and S0Z  The fleld

capacity  estimate assumes that  percolation Wil cease at  Feld

capacity and  any  further  reduction  In moisture  will  be

evaporation.
MOTURE .
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Sigw percolation
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Table 2.4

NAHE OF EQUATION

EGUATION

Lowry - sotnson
Thor thwaite

Blaney - Criddte '
[venson - Haise

Ture

Blaney - Horin

Hamon

Penman

Christiansen

Linsley & Franzini

E  {acre Teet/acre} = 0,8 + 0,156 ¢

E (em/month) = 1,62 (40T/1)3

£ (inch/month) = KF

£ (mm/dar) = (0, 14T - 0,37)Rg

E{mm/annim) = P/(0,9 + {P/A)R 305

E  {Inch/month) = Ktp (114 ~ h}

E  (Inch/anmum) = paCD

E  (mm/day) = f(A(Ry(1-r)(0,22 +
0,550/0)1-(oTa* (0,56~
0,09eq0153 (0, 140, 9n/N) 3+
(0,175 + 0,003502) (e5n
8y A + ¥ .

£ {mm/day) = 0,473 Rg Gy Cn Cy Cg Co Cp

E = 0,7 % class "A" pan evaporation

where: E = Foteatls) evapotranspiration
lf = Btpex(daiini/jope  for  thay > 32 °F
t = temperature (OF) .
T = mean dally tempepature (°C}
[ By
I (Tmean/sh®
a = 675 xt*% 13 orxiocT 2 4 001792 t o+ 0,4923%
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j
o

Ry

13
L
h
c

]

Az

y=

]
n/N

o

Ts

= & cerop  constant

z Bp/100
= mOnthly percentsge of daytime hiurs in the vear
= solar rediation st the tap of che atmosphere (mm/d)
= pencipitesion  {mm/anaum)
= 300 4 25T 0,057
= mesn  monthly  retative widdity (%)
s 035 &'infg vear ;
= passuth sundiine “hours 12 vour  units

Slope  af  tne  saturated  sapour  pressure Vs,

‘temperature  curve at ¢,

Psychometric  constant @ 0,49  =mbg/0C

= mbedo

= Retlo of bright sunshine to  sunshine
stefen-Boltzman  constant = 201077 mmHg/d
= Absoltte mean daity air  tempersture  (K)

= Hean wind velocity at ametres (miles/hour}

# gatyrated vapoyr pressure at dew  point

= Baturdted vapour pressure ‘a! 1ty (MM Rg)

= 0,393 + 05592(T/20) + Q7221772002

= 0,700 v 0,3276(w/%6,56) ~ 0,36(w/95,56)2

= wind  speed  (km/day}

2 h285 - 0,348(H/40)  +  0,42(H/0)8  -0,0218(H/40)4
= Hean rellatlve numidity measured at  poon  (X)

= 0,542 +  0,64(8/80 - 0,4992(5:80) + 0,3i74(5/80)3
LV Bt

i
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Ce = 097 + 0,03(/1000)
E z Elevation above mean sea ievel (feet)

Cm = Monthly vegetative coefficient

2.4.3 Runot?

surface runoff depends on meny vactors Including Intensity and
duestion o atorm,  sntessdert  aofl  moisture  conditions,
permeability and  infiiteatine  zapacity of  the soll, the surface
slope, amount  and Bl of vegetative  cover and  drainage

charscteristics,

The oldest of ithe runaff sstimation  equatiens s the Rational
Formuta which s recomprendan #or  vory small watersheds of Up  to

100 acres (Schutz (W),

Runoff @ (m¥ssr = 078 €A
where: C = runoff ratio = runetP/rainal
i = rainfal  intensity (mm/h)

A = watershed area (mf)

For  evaluation of the water balance i leachate production  the
acteal  flow is unimportant snd  the wnoff ratio C  wil give an
estimate of total quantity of runoff In mm.  Values of C a8 (wen

by fenn et ar (4T} and Robinen (64) are shown in  Table 2.5.
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Tadble 2.3

sLobe ¢
Grass - sandy soil flat 2% 0,05 - 0,10
i 2% - T4 0,10 - 0,145
greater 7% 0,15 - 0,20
Grass - heavy soll Pt 2x 0,13 - 0,17
2% - 7% 9,18 - 0,22
greater 7% 0,25 - 0,35

Yy a method of estimsting runoff while taking Into

account sofl condition at different times was developed by  the
United states Soil Conservation Service of America (SCS) and s
describec by  Wanielista (65) and  Noble (82),  Tha §CS  analysed
over 3C30 soll types and divided them into four hydrologic groups
depending on  their drainage cheracteristics and runoff potential,
Three  satecedent sofl moisture conditions are described from  dry
to wet amd & number of curve numbers were developed for different

land  usts, Soib  moisture and  excess rainfall  avallable for  runoft

can they be calculated.  The pracess s described In  detsil n

Appendix A,
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244 infitratien and percolation
infiltration is  that part of the hygrologic cycle that  transports
precipitation inte the ground. Percolaticn will only occur if the
receiving solis are  saturated (Wanielista (65)),
The depth of water which can be stored is estimated by

ad-sw v = depin of sall water storage

n = porosity

§ = fraition of average ssturation

D = depih to groundwster.
Yong and  Warkentin (68) perer to the outflow principle where a
difference o textures of 2 different layers s lerge  then soff
suction  will control movement.  Thus water [nfittrating a clay
Which meets a gravel layer will stop untll zera suction occurs
G.e.  saturation) before moving Into the cosrse grained laver,
Goode (87) supports the theory in hs paper on selecting  soil
covers for tne so called "wick effect™.  No literature has been
found by the author to back this up In & soll/waste boundary
condition, but it s sssumed to be valid when considering  the
municipa)  waste grain  tize  distribution shown In  Figure a0,




2.4.4  Infiltration  and  percolation

Infllsration is  that pert of the hydrologic cycle that  transports
precipltation IJnto the ground. FPercolation will only oceur it the

recelving  solls  are saturated (Wanielsta (651,

The depth of water which can be stored I estimated by

LRUEE R v dapir of soll water storage
A= porasity
§ = fraitfon of aversge saturation

D = depth to groundwater,

Yong and Warkentin (88) refer to the outfiow principle where a
difference In  textures of 2 different layers s large then soil
suctlon  will  control  movement. Thus  water Infiltrating & clay
Wwhich meets & gravel layer will stop Until zaro suction aceurs
(he,  saturstion) before moving into the cosrse grained layer,
soode (87T)  supports the theory in s paper on selecting  sofl
covers  for the so  calied “wick  ePfect,  No  Wterature hes  been
found by the auther to back thls w 0 a soll/wsstq boundary
condition, but It s assumed to be valid when considering the

municipal  waste grain  size distribution shown in  Figure 3.0,




Percolation s  the

or refuse reaches

40,

infiltration that tekes place after the sofl

its  fiedd capacity. field capacity s cefined

as the maximum moisture content which a2 sol or refuse can retain

in 8 gravitational
capacity of  refuse

increases  as  the

Rovers and Farquhar

field.  Fungaroll (68) states that the fietd

changes  during Jts  lfe cycle and  also

size  distributlon  decreases,

(6 quote refuse molsture retention figures

of 514  (England 1364), S7% (Englend 4264) end H4¥  (Virginia  USA

1970).  Their own figure . of 2i4kg/m3  equals 704 (Csnada 1373,

Young and Barber (69) quote & flgure of 5% to 32% for domestic

waste  {1979). This

represents retention of additional water, so

ir  the initlal moisture {3 added, the flgures are more ke 357

to 524 Hotmes (84) gives rigures of Dbetween 3% and T74%,

related to refuse densities between 63akg/m3 and 960 ka/m3  for

aged  refuse, (more
{85) quotes a Tigure
et a1 (47} ndicate

LT3

All  the figures are

percentage  of  the

than 4 years old), (England 1980). Campbel}
of 827 (england 1983) for fresh refuse. Fenn

that the field capacity s between 50X and

based on & molsture content calculsted as &

mass  of dry refuse, where it has bean

necedsary  to oonvert from  figures  of  inches/foot or  mm/m, an

appropriate refuse  density has been  assumed.
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2.5

Attenuation apd  tontalnment  design  philosophies

The

Is world wide debate on which design phitosophy s the mast
apprapriate,  Western Europe  appesrs to  fovour  the  contsinment
consedt  while Britain seems to favour the Attenustion approach.
Ball and Bugnt (29 express the view that in  Bouth Afria  the
merss of esch philosophy should be considered in  refation  to

eacs  different site  and  sltuation.

The containment design relles on an impermeable liner and  an
effistive Jeachate collection network,  The draft guidelnes  (66)
clestfy a containment site as a ciass one site for the disposal
of hazardous and "oxm wastes. An  acceptable mhper would be a
syniietic  Jiner or an in situ  of imported clay with coefficient

of permeadility of less than & x 107 cm/s.

Mtteustion  gesign  refies on  the soll  below  the landfil  to
clesasc  the leachate,  The different attentustion  mechanisms '
described by  Bagehl  (TOh  Robinson (71, Funer (72) and others
are  listed below :

. Adsorption - the adhesion of molecules aonto the surface of
ndivdual - clay  particles. Note  that adsorption,  which reduces

toty’ dissolved sofids (TDS), s not an exchange reaction whare




2,
Tbs  would remain unchanged.
2. Blolegical uptake - miero orgatismis may break down, retah or
adsorb  leachate  constituents, '
3, Catlon exchange =~ can ccme  from  isomorphous  substitution,

broken bonds and edges or replacement of an MY lon with another
fon (usuatly Na*t , ca** ,etc), The ease of replacement depends
on size, Vvalence and mass action and for clay minerals, cation
exchange  capacity (CEC) increases  from  Kaolinite  to  ilite  to

chlorite  to  smectite.

4. Anion exchange - Lttle s rnown  about Increases a3

the pH decreases,

5. olution - rhleride,  nitrazt,  sodium, herdness  and  sulphate
are  not attensated by soil bt the concentration s reduced by

dllutlon  In the  groundwater,

6. Fiitration -~ where constizdents are  physically  entrapped In

the random pore  structure of she  soit,

7. Chemlcal precwwatlo.n = otrs  from B phask  change  where
crystals  in excess of  the solubility Nmit are  deposited. It
depends  on  the jons  and  their  concentratian,  temperature, pH,
redox potentlal (EH) and  the concentratlon of  the  dissolved

substances and  thelr  solvent,

. - e et A A ittt
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To

obtaln

adequate  attenustion of the Jeachate the sofl must e
able  to  utitlse most of the above mechaniams,  Thus A el
Fequired with 2 low enough permeablity to allow the resctions ‘o
take place, but not too Jow 'As to cause ponding. A high catsn
exchange capacity, buffering capaclty (he, resistance to changss
in  pH), organic content, clay content and a well graded particle
size  distribution are @)l  deslcsble,  The ground water must el

fairly deep and flowing faster than the Inflitrating Jeachate.

The problem in the design of attentustion sites Is summed wup =y
goulier  (42)  who states that "..it  would be  nearly  Imposnit's
to  extrapolate messurements In  one soll  leachste system o

predict  behaviotr in anather”.

L
i
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3, RESEARCH STRATEGY AND METHODOLOBY

3.t Background to Linbro  Park  sanitary  landfilt

Linbro  Park is  sltuated In  the Sandton municlpal area to  the
North  East  of  Johannesburg. it 18 a regional site serving
Johaanesburg,  Sandton  and  Alexandia  municipalities, The  slite
started in o borrow pit for the construction of the N3 motorway
in 1969, It has twa phases of construction, the North phase
which  occuples  about 3,5 mitlon m3 of airspace s  almost
compiete and the South phase |s due to commence early in 1989,

Refuse Inptt at Linbro {3 presently st & rete of 220 90G  tonnes
per  annum.,  input consists  primarlly of  urban  wastes with a
composition a8 showa in  Table 3. Toxle, hazardous apd  liguid

wastes are Dot accepted at  the site,

TABLE 3.1 Waste Input at Linbro Park

Gardens, streets and stands 6,9%
Domestic waste 158,07
‘BD|K contalpers (includes large office and 82,64
shapping complexes, factorles and businesses)

Bullders rubble and soll 15,07
industrial * (non hazardous waste) Q,8%

- gt s e
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National of the leachate and gas problems associated

awarsness
with  sanitary 1andfils  in  South Africs only becsme prominent in
the 1ate 1970's and as s.ch  the North phase of the site began
without & preliminary  hydrogeoiosical  investigation. The
Johennesburg ity Councl owever operated the site according to
strlct  sanitary lanafill  steadsrds and  Kept  well dbove the ground
water table, thus minimislng the risk  of  pollution.
i

The operation involves plazing refuse betwaen two parallel sand
or rubble berms spaced abeit 30m apart, and compacting the refuse
Within  this  céll in  thin lyers to a helght of about em.  The

refuse s then covered with & {50 to 300mm layer of soll at the

end of each working day, Gees figure 3.,

Intormedioty cover

FIGURE 34 Coll construction at Lrdro Pork




SOREHOLE T [N} 6L 2 6L 3 6L 4 6L 5 6L 6 | rveioae umuw‘muﬂn
Hi g [
P | Wpatraarl Oonetsoany e Dowsateamd for 63 Jarda -+ |Wter Act
1983 wes | 1906 | wes | fows | 67 | foes [ 1sev | 1see | tsen Jasd | lunmew (oo
H IS5 1o 951 62 64 69 63 84 e 6,4 e 69 kel 58 6,0 {55 ta 9,5
©op © to o0 { 20 | w0 | % [ 0 20 2078 | 1608 | 76
TDS 150 sl 0 &2 89 ire 210 80 180 iso 10800
SULPMATE 600 3 5 [ s s 3 wo | 1 44 | . 206 268
MYRATE o 4 2 i K o7 | o 28 | 44| o 4 32
NTRITE 0 o © o ] o o ¢ 9 o o o5
ANMONA o ° o | o7 ° 86 | W 2) [ ° 500 10
CONUCTVITY | 200 23 3 ER ) " 3 | 2 52 3 30 e 250
ALKALINITY 40 22 140 84 41 ™ 28 a0 59 96 4T
HARDNESS 660 o 2 20| w3 96 | o | 8 i so | o1 2890
CHLORIDE 600 ] 4 ° 2 o 2| B 20 s s 2000
POTASSIUM 4 s wl oz 2 25| & 230 & 1 860
HOIUM 00 ) o © 0] M Y s I s, 12l ey iDointoke
TABLE 3.2  Ground water monfloring results at Linbro Pork os compared to ‘standards’,

AR unka s oA axoept B anet conductivity { madm )
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3.2 shows the groundwater contours in the Linbro Park

calcwteted ¥

residential

shown

place

drainage

along

the

cuivert.

area

rom  boreholes drifled on  the site and  within  some

properties in  the  suburp, The cross sections

as

In  figure 3.3 indicate the depth to whish filing has  taken

on  the  site The  slte  originally  traversed 8 natural

chennel,  For  this  Teasen 3  culvert  Was  comstrucved

the

theough  the

in 1978

Linbro

Park

Favourable r

length  of thils channe! and the 1l was plsced
Surface water flow directions to the site

culvert ere shown In Figures 3.4 (o) and (b},

surface water sampling and  analysis was undertaken

and  then extended to ground water sampllig  in

over

and

at

1283,

esufts were found as shown In Table 3.2,  Positions

of monltoring holes and surface monitoring points are  shown

Flgure

3.2,

Gaolugleaiy

Pretorla

granite

in different

THo

other

camparative

Johannesburg

in a

water

la thus in

slte

councit

the
which

Linbra  Park Is  located an the  Johannesburg
stages of decompoesition,  See Figure 3.5

sltés  have been used to a very limited extent
purposes,  The first Is  the Waterval landflil In
western areas, This I8 of Interest as Jt s a

deficit  ares but  started  with wet tipping In 1928

In

dome, consisting  primarlly of  weathered  granites

hydrautie  continulty with the groundwatar,  The second

Coastal Park Site operated by the Cape Town

represents & slté In &  water surplus  erea,

city
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LINBRO PARK
SCALE
FIGURE |

Positlons of monitoring hoies and other boreholes
with the corraspending determination of ground

water contours.




FIGURE 3.3 PLAN OF THE LINBRO PARK AREA SCALE t:20 000
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Contours hetora londfing oparations commenced ,
showing waterahads ond surface water flow In

the arec.

LINBRO PARK
SCALE k15 000

FIGURE : 3.4 (o)




Contours affer comcletion of the northern phase,
showing watersheds and surface water flow in

the arec.

LINSRO PARK
SCALE 115 000

FIGURE : 3.4 (b)
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3.2 Flan of the study

The generation of leachate depends 1 a number of - factors,
Meluding  the hydrologic cycle, the natire snd properties of the
refuse, of the soil cap and of the sall in the unsaturted Zome.
This  research aims st  correlating the  varlous  parameters,
measured ond ealculated, so that a prediction of the generotion
and  movement of leachate through the #i  and Into  the
unsaturated zone can be made. This prediction win then be
correlsted with sctus) site observations,  The procedure can be

seen in the flow diagram shown In Figlse 3.6,

Rainfall and evaporation flgures have :een measured on site and
from these a water Dbslance model c¢i3 be developed to predict

Infiltration  through the soii  cap.

soil cap parameters such as  permeabillty, field capacity, deptn
and  vegetstlon have beep measired to eyaluate how much of the
Infiiteating  water  will  actually reach the waste Jayer and

percoiate  downwarde.

The refuse [tself has certsin parameters such as  permeability and
fleld capacity, = which influence the mgration of water through
it. These  parameters have been measured In  the Jaboratory,
Conflrmation of the predictions of waier movement through the

refuse have been produced by sampling of large diameter auger
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through the refuse.

Leachate teaching the base of the ¥t wit be able to percolate
Into the underlying unsaturated zone, SD}I parameters for
attentuation in  the unsaturated zone have been measured in  the
laboratory,  Field correfation has been done by excavaling a grid
of flve holes from the toe of the Pl moving away perpendicular

to the toe, and sampling soll the holes at different depths,

The avaltable data has been wused to develop a prediction model
tor leachate migration,  The final test of this model s two test
colls  of Iysimeters constructed on site and Instrumented to cateh

any leachate  produced,

23,3 Meteorologice! data ¢

A mini-meteorological statlon was set up at Linbra  Park In  early

1387, Instruments are a maximum/minknum  thermometer, rain  gauge,

class A eveporation  pan, «  hygl and meter,

The meximem/minimum  thermometer i3 read once a day and the mean
of the two temperatures gives mean daily temperatures in degrees

Celsius,

The rain gauge s & simple conical gauge with & meximum  capacity

of ¢0Oomm and ls read once a8 day when precipitation occurs,

i
i
b




The evaporation pan s & United GStates Westher Bures: class A"
land  pan  and  evaporstion is  measured, wusing a ook  gaupe
evaporimeter in & otilling  well, once & day. bue to shipping
delays In  Importing t}oa evaporimeter, measurements of evaporation

have only bsen taken from July 1987 onwards.

A hend held asnemometer has been Used for 3 daily wind speed
measurements  above  the  evaporatien  pan, Unfortunate’sy 3  spot
measurements  werz  not  really adequate becausé of the  gusty
veristion In  wind  throughout the day and  with ‘indsight a

continual readout of wind speed would have been prefecable,

The hygrometer measuring relative humidity wss read thri:  times &
day at  08hoo, {2h0C and  16n0G, As  with the antmometer a
continuel readout  would have been preferable but 1 readings
were adeguate to apply to some of the potential

evapotranspiration formulae,

The rometer ! 9 atmospheric pressure (In  mbar) was read
thres times a day with all readings appearing In  %he range 1034
te 1037 mbar.

similar  meteorological deta was obtained from the Uxth  African
Westher Bureau In  Pretorls for the meteorologicat staten at Jan
Smuts alrport (14 &m East of Linbro Park), Evaporatio data was

only avellable from {ST& onwards but ali other data vis obtained
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on 2

daity basis from 1969 (the otart of the site), A comparison

of rainfall, pan evaporation and mean daly temperatures for one

vear

and

betwesn Liabeo Park and  Jan  Smuts js  shown in  Figure 8.7,

tanle 8.3,
Table 3.3,
Jan Smuty Linbra Park pirference
(23]

Annual Rainfa (nm} 948 944 ' 0,4
Annual pan
evaporation (mem) 1858 1307 3,3
Hean dally
temperature over the
year (°¢) 16,5 16,2 1.8

It Was thus considered safe to use the statistics glven at  the

Jan

Linbro

smuts station for jong term predictions of water batance at

Fark, The means and  standard  deviatfons o{' monthty

calntall, evaporation and  mesn  dally  temperatures are shown in

Figure 3.8,

The

and

Using

trend Indicates six refatively wet' months, Qctober to  March,

iy relatlvely dry months, May ‘to September.

the aobove averages and other relevapt figures and  applying
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the  various

prediction  formulae for  potentia)  evapotranspiration
from Table &4, Tadle 3.4 shows the wide range in predictions

from the different formulae

FORNULA POTENTIAL ET.
Thornthwaite 807 mm/annum
Christiansen t 1541 mn/soum
Blaney Criddie 937 mm/annutn
Lowry Jofrison 1509 mm/annum
penman 724 mm/annom
Ture 596 mm/annum
Linsley and Franzini (pan 1387 mm/amum

evaporation x 9,7)

Taple 3.4.

With an average rainfall of 747Tmm Turc and Penman predict A water

surplys, while the other formulae predict a = water deficit.

The asbove anslysis is done ©on an anhual  basls, however there

could be seasonal periods of water surplus  during  the  year,

potentially causing leachate production, even though there s &
water deficit en an anaum basis.  In this  cese a oally water
balance would be & more accurate orediction tool than & weekly ar

even monthly water balance calc-lation,




baity,

Weekly and monthly water Dbslances have baen calculated at

Linbre Park for | year using the mathod of Thorthwaite ana Matner
(T3) 23 adepted by Fenn et al (47, The metnod is described in ‘
Appendx €, from the start‘ of wet season in 1987 to - the start of
the wet !eaQon in {988, Mean figures taken over 20 Years at  the
Jan  Smuts Meteorologica) station are  alse  inciuded. Results of

varying the different parameters are shown in  table 3.5 below.
t




Heasureq J o, 9128

c2.
TABRE 3.5
bepth ot | Evaporin Rainte? Runot+ Catourn Anatiad
koi sub~ | dats data forma pariod percalatin
éct to
ke
1.USING FIGURES FOR ONE YEAR 1987 TO 1vt8
19aomm o,7xpan | Hessrea | s.C.5 Daiy 68 mm
. 1000mm o,TxPan | Hessired 0,1425¢ | Daly 133 mm
1000mm 0.7xPan | Heasureq s.¢.5 Weekly @
1000mm o.7xpan | easures 0,1125¢ | Weeky 92 mm
1000mm o, Txpen | Measured | §.C.8 Honthly "t
1900mm o, TP | Hessures o,1125% | Honthly 4 mm
200mm 0,7xpan | Heasureq s.c.s Daily 184 nm
200mm o, Txpan | Heasurea o, 11250 | Day 264 mm
200mm o 7xPen | Heaswed | §.C.6 Weeky 44
200mm o, TxPan | Measured 0,4125 Weekly 179 mm
200mm o,Tpen | Hesswrer | $.C.8 Nonthly | 29 mm
2o0mm 0, 7xpan Honthly 101 mm

I
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table 3.5 (cont.)

63,

walte

50il Evaporm Ranrait Runofs Perioc percalat'n
|deptn datg data formula
2,USING 20 YEAR MEAN FIGURES (1368 TO 1988)
1900mm O, 7xmesn | mean 0, 1128 | Monthy il
1000Mmm Thosnth- mesn 0,1125% | Honthy i
waity
1oo0mm @, Txmean | mean + sa | 0,1125¢ | Nonthy Hil
1aoomm Q,7(mean | mean + sd¢ | 0, 1125xP | Honthy 35 mm
- 8d)
1000mm Thornth- mean ¢+ sd | 0,1125¢ | Honthy 272 mm
waite
200mm 0, rxmean | mean 0, $4254P | Manthy Nit
zoamm Thornth~ mean G, 1125% | Monthy 25 mm
waite
200mm ©, Txmean ;nun + 8d 0, 1925xP Honthy 25 mm
200mm 0,7(mean | mean + sd | 0,1425xF | Hontny 104 mm
- 8d)
200mm Thornth~ mean + sd | 0,1125% | Monthn 30t mm




3.3.4  Remarks

A number of simplifications and  sssumptions had to be made In

producing the figures In  Tadle 35 as indicated

L Fenn et 3l state that evaporation from bare soll does not
extend below Z00mM. Ja' this case the intermediate soil cover and
flnal  soli cover befare vegetation have been considered as  layers
with  2smm _water holding  capacity (field capacity to  wilting

polnt),

B, After vegetation of the final cover with shallow racted crops
(he, grass) on soll, between a sand joam an¢ a sitt loam, soll
moisture retention  would  be  10OmMm  {Table {0 from  Thornthwaite

9 ftor a im layer of final cover.

3. Twa sets of daiz are used : 2a) Dally measurements Detween
September 1967 and 3t August ‘0955 and b} Monthly means and
stendard deviations from figures measured between 1368 and 1988
by the $A,  Weather Bureay for the Jan Smuts meteorologleat

statiof.

4. Potential  evapotranspiration .was  calculated  using  pan
evaporation multiplied by 8 factor 0,7, or aiternatively using
flgures based on mean dally temperatures, hours of  sunshine and

angle of latitude a: expressed by Thornthwaite (79,

PO A




5. Aunoff was caloulsted using the  Amerlcan Sl Conservation
service method  explained by WanieWsta (41, which was  only
actarate  far  delly  calcuwlstions because It used  antecedant  solt
moisture conditions, ar alternatively by using the runcff
coefficlent,  The coefficient can be found from Table 25 and s
considered to be between a sandy and A heavy soit an a relativaly

fiat slope 2% Thus a factor of 0125 was used.

6. pifferent oxtreme were using  the 20

yesr ‘mean  figures

1) Precipitation  was  Increased by adding the standard  deviatien
#)  Evaporation  was  decreased by subtracting  the  standsrd

devietion  while using the Increased  precipitation  figures,

Yho results of Table 3.5 show that percolation figures are
difficolt to predict with any confidence.  For the 200m  cover,
percolation varied between il and 30Wmm  per anmum, Wth a mean
and standerd deviation of tmm  *.  9smm per annum.  Percelation
below the vegetated {m cover was calculsted as between nll and

a7emm per aanum With & mean &nd standard deviation of 55mm ¥,

&mm per anpum, Far the extreme conditions, the upper limits .

were assumed to be the annual percolation.

he. percelation  below im  vegetated cover =  {3&mm/annum  and

percolation  below R200mm bare soll cover = 21amm/snrum

[P S




6.
1t should be steesse: at  this point that there are & number of
other fastors which affect this percolation flgure
a) Ponding - there could well be ponding of surface water n
sreas  where tandfill settisment has  occurred or  where  final
gfades are too flat to encourage runoff. This could be 2 problem
when the end use T a landfll is a sportafield which requires
level  surface. '

b)  Gurface cracking -~ often caused Dby differential settlement
of the landflll or the drying out of & high plasticity cfay
lNner, cracks form i the sdrface of the landflt and afow s
direct  passage for wiier to flow Into the waste.

¢) Surface erosion - is often the result of steep siopes, laok
of vegetation or tr: use of dispersive sols as a cover, This
leads to & redustict In  the thickness of the cover end often
Fesults In  direct chianels  inte  the  waste,

d) Open waste durig operation - if raln  ocolrs during  dally
operations the rain il quickly Dbe Soaked up by the waste and

very littie runoff Wit oceur,  An  Intermediate  layer of  s0j)
will be placed on tor of the waste at the end of the day, thus
restricting evaporatior.  The raipfall on  that day %Il then ah

contribute to  percoiation.

@) Direct <&hapnels >f coarss material  through the fIll  te  the

base are & sotrgé ¢ percolation which may cause Jeachaté to be

praduced even hbefore the 1andfill has reached its  fleld capacity,
. . . A

porny

— .
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A Water DBalance was also ealculated for Goastal Park and s
campated to  that of Linbre Park  In appendix H, The curves
showlng  Actual  evapotranspication and  Infiitration are  showa in
flgures 3.9, The figures for Coastal Park were obtained from the
meteorological  statlon at D F  Malan  Alrport  (16km  NE  of  the

site).  Assumptions for both sites are the same (he, M  top

cover with 1oomm available solt storage, potentiat
evapotransplration equals 0,7 ¥ (mean Pan evaparation - standard
deviation) and rainfall  equals  mean  plus standard  dqeviatian}.

Rupoft  foi  Linbpo Park = O,M125P  white that at Coastal Park =z

B/OTSP, due to the sahdy nature of ts  cover soii

©oastal  Park receives e3s aanuai precipitation  thap  Linbro  Park
but shews & water Burplus in  figire 3.9 This Js due to its
winter ralns  and the reduced effect of summer evaporation due to

the dessication  of the soil

3,4 Properties  of  solt  cover

The final so0)) cover or cap could be & srucial factor in leachate
eroguction  from &  landfill, The permeablity of  the soll cap
witl  Influgnce  the rate of

Infutratlon  of any  rainfall, its

field  capaclty wi  determine  the quantity of infiltration  that
can oe retained before it percolates Into the waste, [ts  grading,
erosivity, capaclties and  void ratlo are

shrinkage ,  swalling

also  important.

e s,




69,

soll

samples  takan 8t  Linbro  Park  shoew a  particle  size
distribution as In  Figure 340, determined by sieve amalysis  for
the coarser grains  and  hydrometer analysis  fi- the finer grains.

¥ shews A well graded ssndy loam with about 4 clay #ractjon.

Field capacity , was measured by placing the ot at ts in  situ
density, (1730 Kkg/m), into a cylinder with fhiter paper and
dralnage  holes in its  base. It was then ssaked i water and
alfowed  to draln  for 24 hours without evaparsuom, and the water
content  measured,  The  field  capacity varied bétwesn 13,72 and
1587  (on & dry weight Dbasis) with an  averige of (5% From
tables 1o chow (37), the witing ooint was preficted to e about
34

Permesbliity was measured wusing a copstant head  permesmeter  at
varjous pressures and  averaged ix10"Scmss, e specific  gravity
Is 2,695 , void ratio 0,66 and poresity 04

The attenustion propertles of sall from the tase of the landfil
Were apalyted hy 2 commercial laboratory which analysed the main
catlons, catlon ‘exchange capacity, gH, percantage of  orgapic
materia) and the buffering capacity. The rewits are shown in
Table 3.6 and Flgure 340,
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T2
TABLE 3.6

.................. RS

WATERVAL COASTAL PARK LNERO PARK
POTASSIUH  (mg/kd ) 35 8 LX)
CALGIM (ma/kg) 1208 3230 1%
HAGNESIIM (mg/Kg ) 569 56 51
SODIUH (ma/kg) 806 29 a5
oH 6,6 8,3 6.4
ORGANIC MATERIAL (%) 0,15 0,13 o6
C.E.C (me %) 10,70 0,47 3,05
3.5 Refuse  praperties

€ssentislly the waste
with  widely
refuse  was not

by Ramke (T4 mis

The field capacity
and  for different
D, The general

the  density
reguce  witn  the

decomposition) and  then

differing

can  be seent

properties.

conducted but s

grading  curve

of refdse was
sges - using
trend is  for

increases. The  field

first

stabilizes

ageing of the

as part of the sl profite but
A grein  size  disiribution  of
probably  similer o ihat measured

s shown in  Figure 3.10.

measured at different densities
the method explained In  Appendix
the fiedd capacity o reduce as

capacity  also  appeafs  to

refuse tinitial

as  shown in  Flgure 3.42.  The




curves are compared with those

73,

of Roper and Fongoga (75) who used

2  similar  method of nalysis.  Table 3.7 shows other Figures
btained from literature. 4 figure of 60X for refuse in place for
over 6 months would jeobadly be sultable for most calcutations.
Table 3.7
SOURCE FIELD CAPACITY
Rovers and 57 % (Fngland 4961)
Ferquhar (61 s4x (virginia 1970)

Fenn et a1 (47)
Hoble (82}

Young & Barber (631
Holmes (84)
Campben (85)

Hartz & Ham (76)

70 % (canada 1973}
50 % to 88 % (1975)
109 % (Minois 1976}
S % (1979}
63 % to 74 7 (England 1980)
82 % (England 1983)
67 % (1983}

Refuse permeadbility s

the type of refuse,
conducted,  (detalls |
permeabiirty
lterature,  The presen
and 2 x 1073 em/s,
Figure  3.43.

3.8,

dexsity, age and

figure  and

Figures fexnd in  the

atso  difficuit  to measure and  dspends on

permeant. A test has been

o 'Appendlx E), to determine a  rough

compare It with those found in  the

t test produced values between 4 x fp~3

The results of these tests are shown in

lterature are shown in  table
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TABLE 3.8 Permeability of refuse

Robinson ¢ 64~ baled municipal 1,5 x 10°2 cmys at  573kg/m3

waste . to 7,1 x t0m4 cmss st 113TRa/m3
Zimmerman et al(T7)- milled 1072 cm/s at  {60Ks/m3
refuse to 5 x 1078 em/s at T2okym3

oweis xd Kera(78) 4,8 x 1073 10 6,3 x 107 4em/s

!
Hojer 4x 5030 2x 10"%m/e
COBFFICENT
o
PERVEASLITY
tom/s #1073

4

x
»
3
24105 258 355 E 565 3 3 o

DENSITY  tka/m™

FIGURE 343 Hausahold refuse permeabliity test

The fleidd density of the refuse {syer was, calcwlated st placement
In the twa test ceWs by surveylng the arca befare and after
placement and compaction of the refuse, The mase was taken off
the printout at the site weighbridge. The in  situ  density of

cefuse came ‘to an average of 989ka/m3 . The density of the fin




including  solt  cover was caiculated during drilling of  the auger

hole, where all the waste was collected and  weighed Dbefore

disposing  of It.  This depsity was 1375 Kkg/m3.

The specific gravity of refuse was measured n the laboratory by
sing the vactum method and was found to be between 1,76 and 2,38 p
with an average of 205 So an estimated vold ratic of refuse %,
(25% moisture at 98gkg/m%)' Is between 3,9 and T.2 with sn average
of 6 and corresponding porosities between 0,8 and 0,83, The
stress  strain curve for refuse and the e ~ leg p curve to give an
estimate of the coefficient of consolidation have Dbeen calculated ™

from the fleld capacity tests aad are shown in  figure 3.4,

other engincering properties for municipsl Solid wastes are shown

In  Table 3.9,

Table 3.9

Void ratio Cancets (79) + { (well compacted), to 15
Toose
Angle Of internal friction (79} ; 250
fobinson €64 1 490

Coheslon (79) 1 30kPa
84; : 63kPa
Bearing Capacity (73) ’ 1 2% ta §00 KPa (use 40 or
less)
. . f
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3.6 Sampling and Analysis of Refuse

Two {2m diameter auger holes were drilled through the refuse at
Linbro  Park.  The positions of the holed - are shown In  clagram
3.45. A steel cage was inserted Into each hole, and & coflar
With a lockable steel Ud was placed an top, Waste samples were
required at ¢ T metre down the depths of the auger holes. The
holes  were filled with landfill gas  which made the task of
sampling  difficuit and dangerous,  Mr WM. Ball a qualifled diver
with experience of sampling aimilar  holes at Waterval and  Cape
Town obtained the samples, using breathing spasratus and  heing

lowered cown by means of a bosuns chair.

A similar  hole has been installed at the Coastal Park site In
cape Town and sampled in & simllar  fashion, An  suger hole s In
existance at the Waterval lsndlli and  has been sampled a number

of times by Balf4l,

fach sample was analysed for moisture content, pH, TDS, OO,
Canductlvlty, AlRalnity, ®H; C) K and WNa (Bee¢ Table 310 for
explanation of these parameters), Hejsture contents were
determined on & dry welgnt basis as shown in Appendix F,

To analyse the remaining parameters, solutes had to bs extracted
from the refuse.  The only similar  extraction process described

in the Wterature was that of MHowle et al (80} who used 20g of
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waste with 200mi of water Ip & Eulenmever flask., It was  fert

tnat 209 at each depth would not be o representative sample and a
different extraction process was Oevelopsd usihg 2 K9  samples  (as

explained  in  Appendix 6},

Table 3.8, PARAMETERS  Ust N ANALYS)S,

o PH 18 used to express she i {atensity of the acld or
aikatine  conditlen  of a  solution. pH Is a
measure of the hydrogen o coacentration i 2

sofution,

0S8 Total dissoived solids in 2 liquld consists of
inofganlc  salts, other c‘genic matiér ang
dissolved  pases,  AS a general rule  hordness  of
the water increases with  disgolved  solids, Total
soltds  content of potable water ranges should not

exceed  000ma/l.

'cob Chemical bxygen demand 15 the tols) gquaniity of
- axygen required for oxicatlan of a  substance
%o  carbon dloxide and  water. it s essentially
the oxygen required for the stablisation of
4 blolegically active maierial, Thus 2  high ‘CDD
indicates & Jarge quantily of potential micra
blolagical  poliution, The Hmitatlon of COD  meas-

srement 13 that It carvot  differentlate  between




CONDUCTIVITY

ALKALINITY (3

AHMONA

is

materlal.

a measra of a solution’s ability to  carry
an  electrical current which depends on  the
number a3d  typt of ons In  solution and hence

is related to the TDS,

the capacity of a liquid to neutrallee  acids,
It is based usually on the carbanate,

Blearbonate  and  hydroxide  concentration,

Salts  of weak aclds, such as borates, sllicates
shd  phosphates, some organle acids (&g. humic
dcid} and  salts of  scetle, proplonlc and hydro-
sulphuric  acics  contribute te  total  alkalinity.
Ammonla may also  contrlibute to  alKallnity. s
thus not qurely & PH dependent parameier, )t s
3 measure of the buffering "Dm"v of » solttien

1o acid, '

Ammonis 19 & measuwra of the nitrogen content
and i3 releated due to bacterial actions on
urea and proteins, The ammonla concentration
In aerobic conditions wilt decreade  With  time
thus  providing an indication of how recently
peflution  started. Mast  organic  compounds

containing  nitrogen are  derivatives of  ammonis

{
!
|
|




and  oxldation will free the nitrogen as ammonia.

CHLORDE Chloride occurs in  natural  waters incressing
in  concentratlon 4z the mineral gontent
increases.  Human excreta and many  industrial
wastes contain chlorides which accounts for  their

use as A& tracer,

SODIUN  AND Sodium and Potsssium are cations which give

POTASSIUN an Indication of the 2]t content of a ‘'iquid,

(Sawyer and  HeCarty (81,

The enalysis was doné by a commerctal laboratory and resuits,
including  the profiie of the holes, are shown in  Figire 3.6 &b

and ¢

3.6.4 Linbro Park Nerth Auger  Hole
'

3.6.4¢ End of wet geason =~ At the end of the wet season
jeachate was beginning to show through the base of the soll layer
st the 4,8 m level The solf  Jayer s well asbove jts fleld
cepacity and  cofitaminants  (conductivity, TDS, ¢OD,  alkafinity and
ammonia) are most concentrated at  this  Jevel. There appears to
be & Dbulid up of concentrations At the 42 m level a3 wel with

high  condyetivity, YDS,  aikalinlty, sodlum and  potassium, Note
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that the pH at the 5 m level (7,4) is the lowest pH in the

profile and the fH a2t the 12 m  level (8,4) I8 approaching the
highest pH, which s 86 at 3 m, and thst the contamination at
the S5 m level is malply orgenic whereas that at the 12 m level

consists  of  high  saits,

The lanufiil  was compreted i two phases, the bottem eight metres
between 1970 and 1375 and the top eight metres n 1983 and 1986,
The two pesks at 5 m and 12 m would then correspond to  two

ditferent sets of meteorological conditions.  The two different

types of could  be ble 1o the age, state of

decomposition and refyse  type.

Finally there appears to he a bulld up of molsture and leschste
conceatration st the 1§ m lavel, ie. the base of the fill, where

the refuse s at its fisld  capacity.

3442 End of dry season - The oprofile &t the end or the dry
season remains similar  to  that st the end of the wet season
although there is 2 tota) reduction f molstore in  the profile of
18,4%, it s Interesting to nate that &) concentrations in  the
top layer have Increased  slightly, indicating that  evaporation
effects are csusing an upward movemenz of soiutes n  the top

feyer,

The 5 m level shows a lower concentration of contaminante  than

the iajers Just above and below It The 4 m level which has the




e s

84,
lowest RH  (6,7) has pesk  concentrations  for  conductivity, CODc
aikalinity and ammonis (ie.  orgsnic contamination) and the & ,
level has simitar peaks as well a3 a pesk .In DS concentration
The 52 m level emulates that 8t the end of the wet saeason,
showing  the  highest pH in  the  profile  (8,4) and  peak .
concentrations i conductivity, alkalinity, chioride and  ammonia,
even though the molsture content has  reduced  considerably.
simitarly the 15 m Jevel emustes that st the end of the Wet
season, but With a redection ln water coptent N
@enerally there sppears o be very little vertjeal movement of
molsture  through the prefile and the large reduction In  moisture .
content would indicate that there s  possible lateral movement of
moisture inte  the £

; .

3.6.2 Linbro Park  Sauth Auger Hole. e .
8624 End of wet sesson - The moisture content profile at the . .
end of the wet seaton extends above 60X (L&,  the field capacity f‘\
for household wastes) at the 3 m, 5 m and 13 m levels, [ndicating :
the presence of excess water avellable for leachate generation.
Peak concentrations of al the solutes appear at the & " Tevel,
the polnt of lowest pH (67). 1t wowd thus sppesr that leachate
s backing up in the refuse between 3 m and & m Wth the layer of
soll st &3 m slowng ‘urther percolation down the orofile, :

e NSRSV
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886, :
The landfill at this polnt was also constructed n  two stages,
the bottom stage up to the top of the soll layer at 84 m from :
197¢ to 1976, and the top stage In 1985 and 1986, At the &8 m ;
leve! pH s . highest (8,5) and corresponds to a latge drop in  €OD X
cancentration, b
The lower level shows contaminstion at 43 metres, with high a
concentrations cof COD, chloride and ammonia. The water content +
st this polnt s above the field capscity for domestic waste end ;
indicates @ small bulldup of leachate at the base of the TIil. -

ps ,
3622 End of dry season ~ Apart from sodium and potsssium  the o
profile at the end of the dry season s very simllar to that at
the end of the wet season,  However the total molsture in the i
profite  has reduced by 33,5%  Observation of the moisture B
content proflle  shows that it has dried falrty consistently over ' N
the depth thus Indicating  that the' molsture Is  not  moviag "
vertically but poasibly seeping fateratly into the tandrill, . ﬁ
]

The pH  has generalNy reduced to below neutral for the whote * i
proflle  with very low pHs of 57 end 55 at 3m and 5 m i
resp ¥ This resp: to high values of conductivity
and  alkalinity and  very high coDta  at  these peolnts.  The ;
Indication l; that the tap seven metres of the Janefil are only
in the acld phase of decomposition. . .
concentrations of all the parameters are lower at the 13 m level !




and  the mesture the  fleid

content has  reduced to  well  below
capacity thus tending to show that there s not a bulld up of

leachate at tie base of the fHl as shown up at the wet season

2.6.3 Compariion of the two holes

The two heles; are situated approximately 250m  apart, but display

widely  varying  characteristics.  From  observations an  site  the

narth  hele's stee! casing  displayed no  evidence of  corroslon

whereas the south hole’s casing Is  covered In rfust,  The south
hole also hes a white fungus growsh on the surface of the refuse
which s abssal In  the north Hhole, On opening the holes there s
evidence of @ grest deal of condensation on the steelwork and the
sldewalls, postlbly attributable to water vapour In  the gases,

surface water appears to have ponded in  the dres of the north
hote but not In the south. This fact could account for the lower
reduction in mojsture In the north hole at the end cof the dry
sesfon compared to the south hols,  The hales could be the paths

of lesst resistance  (permeadliity),  which  attract a  flaw  of

molsture tovards themsetves, and could explain any lateral

movement of moisture In the profile

in general t-e solite (or leachate) frent appesrs to have reached
a level abot 5 to &m below the surface in  three years, The

change of s:3%on affects the molsture in the profile, Hovement of
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the colute front s  falrly statie, less concentrated after the
dry perfods  with no direct evidence of where the pmoisture s

going to.
3.6.4 Coastal FRark Auger Hole

3,641 End of dry season -~ The prolllle clearty shows a large
peak concentration in  pearly every perameter within  the top metre
and theresfter the profiie does not appear to be chemically o

bialogically astive,

The natural pH of the Coastsl Park soit 18 83 so the initiat
valye of 6,7 together with a high COD s indicatlve of the onset
of acid phase degradation, At no  point in  the proflle s the
molsture  content near that st  fleld capadity, Being the end of
the dry sesson it s possible that solutes have moved upwards in

the profile  due tb an  eysporation  gradient.

3642 End of wet season -~ The malsture content I the proflte
over the wet season has Increased by 1554 At 4 m the malsture
content s well above fleld capacity and the molsturs contents at

2 m and 385 m are am ¢ at  field capacity.

In general the p'. has reduced over thé entire profile, the low of
6,2 at 3% m end high COD at the ssme level indicating a (eachate
front 2t  this  point Chloride,  ammonla, copductivity and  TDS

concent-ations peak at the four metre level




20,

The very neatly shows Jp the movement of a sokite (or

profile
leachite) front from ¢ m.down t0 4 M over the wet ssason but does
not enable one to see whether . the solutes move upwards doring &
dry sesson. it Would Dbe worthwhile analysing one more set of
samples at the end of the dry sesson in 1969

i
3.7 sampie extraction a&nd  Anelysis  (Unsaturated zons  soll)

A grd of holes at Lisbre Parx, were excavated to a depth of 3m,
stariag  at  the Jandflll  toe ahd moving away from the landflll,
as  saown In figurs 345, A similar  orid of noles were excavated
at she Waterval landfili  for compearisons. Samples  of the sell
were taken at 0,5m  depth intervals and sealed In  plastic  bags.
The grid was designed to obtain a picture of any contaminant
migrazion v the horlzontal and  vertiesl directions in  the npear

surfese  unaaturated  zone,

Extraction of a llquor for analysis was done In the same Way as
that for refuse (described in  Appendix §). It was then analysed
for pH, ©€OD, TDS, Alkalinity, ammonia, chloride, sulphate,  sodium
#nd  potassium by a Commerclal Laboratery: The moisture ocontent
of ihe 80l was  also cnlcuutog by oven drying. It should bde
stressed here that units used (f.e, mo/dry  Xg) are comparative
thus enabilng a comparison of  the  various solls  trested in
exacts the same way, The values are not absolite and cen  thus

not e compared to a 'typical leachats for  exampie.
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Valyes from the analysis were then plotted in lines of requal

concentration as  showa in  figures 347 (a) to (§) and are

discussed  below.

3.7.5 Llnbro Park  unsaturated zone  prafile N

There appear to be four sources of cantamination n  the proflle

of holes

~
P
8) Percolatien Is  accurcing below the toe of the landflli  and
moving  away from tne tos,  The cantaminsnts are  rapldy
stientusted (within 45 m yerticaly and 3 m horizontally), snd i
the percotion s very small as evidenced By the low  water !
cantents of the 3soil. Contamination could be due to surface ; N .
washoff by rainfall and seepage at the toe of the fil or due to Hv
Flesures iy the waste which aliowa ‘the passage of a contaminated : T
liguld  to the base soil before the fil  has reached Its field i ?
capacity, I ‘
2
The samples were tesken in July, hait way Into the dry sesson, ang & H
the horlzontal movement I:DU\? be partly due to the suction caused
by evaporstion of moisture in the top fayers of goll, ;
by Between flve and seven metres from the tee of the lancfiit N

thare s a source of high sait contsmination (hish comductivity,

S e A e . N -
e e e nalinte——



TOS, chiorides 223 sodium).

The causes for this contamination could either be surface washoft
from the landfill slope or spillage of refuse by vehicles (the

ro2d 13 about 2 @ away),

©) Seventeen metres from the landfill toe, at the sdge of the
foad, there s o source of biclogical contamination tlower  saits,
but higher COD and low pH).  TYhis source of contemination s
remote from  the landfilt  &nd  could have been caused by
contsminated soll being graded onto the road or refuse  spillage

by  vehlcles.

d) Three metres from the landfill toe and at & depth of 2% m
there {s a swg of high salt concentration (Na, & and K. AL
2,5 m deep it s ualkely that this was caused by surface
contamination as it doet not ieave & trallh . bUt  can  possidly be

attributed to a pocket of soil with 2 high natural salt content.

'
To  summsrize  the  different  parameters  have been  anslysed

seperatety.

s} pH - The nawral ol pH Is neutral to sllahtly acdle.  The
profile shows & slightlh ralsed PH (7,20 Just beiow the toe of
the fi)} and a depressed pH  (5,3) seventeen metres from the toe,

at the edge of ¢ road,

R




by -~ The moisture conten: throughsut  the

Hositure  content
profite is  generally Jow spart from o vaslle of 1424 in the soil
bejow  the stormwater  chahnel, which (s  appriaching  the  #ield
capacity of 184 ° At the toe of the Tl the coisture content s
its fowest at 3,8%, (Just above the wlitng point), which
indicates  that molsture in  the profile comes from  surface
infiitration and not from the fill  Elevated moisture contents

(sbove 10%) arc noted at S5 m ang at {7 m

6) Chemical Oxygen Demshd ~ The <Cob values at the toe of the
sepdfill  are high (505 m@/kg) but reduce rapicly to below 50
mg/xg  within 45 m vertically snd 3 @ norizzatally. A second
set  of elevates GQOD  values appears at 17 m  supporting @
contamination trend picked up by PH and melsture content.

d) * Total Olssolvad Solids - Bejow the landfil} toe the pattern
for TOS s very simllar to that for COD with a hgn of 1080 mg/kg
regucing  te Jess than K0 ma/kh  within 48 m  aertically and 3 m
herizontally.  TDS at the 17Tm mark however does not support the
contaminstion trends @s shown up by pH and  ©O), possibly due te
the fact that the conteminatien s mainly  bisicsical and  woutd
not preduce the large amount of saits normally assoclated with &

bigh Tbs.

Bl Atkslinity - Alkalipity  figures  age~  suypport  the

contsmination trend from the toe of the landfi" as shown up by




However the contaminant source at 7 m shows an

pH, COD and TOS.
alkallpity of zerc  which could be linked to the depressed pH's

(58 and 5,3) at these points, thus scppoiting  the  trend

) Copductlvity - The conductivity conteurs are  almost  parailet
to  the ground surface, reducing In  concentration  with depth.  The
peak  conductivity (51 mS/m) i1 at S m.  One wotid expect the
conductivity cantours tp be simllar  to those for TDS (le. 2
measure of the salt gontent of thé solution), thowever In  this
case it may be possible that the nigh Tp . at the toe of

the Il are due mainy to organls m. .. © dissolved  gases,

that  fot affecting the conductivity very

9) Ammonla -~ The ammonla contours are approximately parallel to
the greund  eurface, rapidly recucing 0 concentration in  the top
metre of  soil, This {8 to ba expected in  natural soll as  NHy
soncentration  decrsases  rapldly, converting to  Nog, In  aeroblc
conditions,  The eammonta valles are pleasing In  r4at  they show

that the sofl Prnfﬂ: {8 almost free of contamination.

B Choride - Chloride  concentration s  highest fetween 5 end 7
m  from the landfil toe indlcating a contaminant source at  this
pelnt, The chioride value below the Jandfll toe (9,3 mgske) (¢
.kow. but #f It (8 disregarded a8 an  errop, & trend of
contaminatlon  supporting  that of  COD,  TDS and  cenductivity

becomes  evident.
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f} sodium ~ Sodium concentration s highest (20 mo/ky) at 5 m
from the landfil 2¢  and ip  general reduces with depth  through
the profhe. Howeigr  there (8 a . high concentration  slg  of
sodlum st a depth of 2% m up to 3 m from’ the landfll toe
There 38 a  similar  slug  of  higher concentration chicMide at  thia

point  indicating  pissible  salt  contaminstion,

L] Potassjum ~  Potsssium  shows a  general reduction In
concentration With dépth  apart from a4 slig 3 m  from the landfiit
toe at a depth of 25 to 3 m This correspands te the sodum and

chiorlde  slugs  found In  the same ares.

fn o general the .contamination belew the fil s most (fkely due to
washott by  rainfel and/or direct drafnage paths  (rissures)
through the waste o the bese of the Ilandfiil.  The low molsture
directly below the fili as compared to the higher molsture
elsewhere  would  Indcate  that the fI ls pot st Jts  field
cepacity and I8 tfus ot  ellowing  jeachats  to  percofeie  through

Its base,
8,7.2 Waterval unsiturated  zone  profile,

it should Dpe notes st the outset that evidence of T using
aitgerent solls  and rubble was found In the {2 m and 2 m
profiles, 14 way  tempted  to  sample  only  the  natural elay  for
the srea but this factor showld be considerad  when examining  the

results  of the atilysls  and  drawing  conclusions,

I
|
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one expect Yairly high salt contents 0 the oprofile due to

wow's
the nauial saits present in  the clay (see ‘table 3.7)  The area
sampled was also in & vlel, where salts would be concentrated by
natural :rocesses,  Without background valies it would thur  maKke
It difficait  to  draw  conclusions from the salt snd TOS  profifes.
An  Indieator  of  Diologicel  contamination is COD  where all  tne

valies fow. At & glance it would appear thet there s very

lNttle c:atsmination of  this  unsaturated zone  profile.

However under close  scruting there are indicators of  potentiat
coptaminz't movement.  Chloride and  potassivm  and, to 2  lesser
extent, :ondustivity and COD show signs of a plume emerging at
the toe of the fill  More noticeable though Is the sign of plume
moving leteraly, & to 3 @ below the toe, as shoyn up markedly by
ammonia and, to a lesser  extent, by botassium,  chloride,
conductiyity,  alkslinity and  coD, ¥ the source of  contamination

is  sttritsted to the landfiyl, the mechanism could be due to. a

,less permeable layer of  soil ricting  the »
OF leactate which then migrates  horizontally.

The different parameters have been analysed seperatly below ¢

8) oH - the PR Js generally above neutral with & high of B8,

four met'ss from the toe of the il and & minimum of 67 at the

toe,
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8) MHolsture content - the noll moisturz is lowest at the toe of
the Il (10,34] and resches a maximum Sf 23,14 about four metres

to surface Inflitration,

trom the toe, This ean be atiridute

values are all refatively

o) Chemical Oxygen ODemand - the

Tow (below 68 mg,/kg).

i
4) Totsl Dissolved Solids - TbS is itnerallly quite high through
the profile with the lowest values c:curring directly below the
landfil toe (160 mg/Kgh  The  highe:: vales occur  near  the

surface B m  from the landfii toe (467: mg/Ka).

&) Alalmity -  Alkalinity shows ap  ateresting  trend  with  a

high vaive (137 mg/kg) directly delow

landrit toe st 8 depth
of 3 m The concentrations feduce upwe'is and away from the toe,

apart from a single peak of 158 mg/kg four metres from the toe,

This corresponds to the high PH At tr:t point.
t}  Conductivity -~ Conductivity shows 3  similar  pattern to  the
TOS  contours, as can be expected due to  the high  salt

cencantrations in  the soll which increae  TDS and  conductivity.

g} Ammonia - Ammonia picks P the t-and shown in  alkalinity with
4 nigh of 24 mg/ke at a depth of 1 m below the landfill toe,
decreasing in  concentration upwards and away from the toe.  This
is & clear indicstion of the appearar:: of contamination at the

3 m tevel

i
|
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hy  Chioride -  Chioride  concentrations  are  fairly  hign (438

mgska) directly befow the toe of the fli, but reduce rapidly and

then show themselves i a plume 8 m from the toe, with a peax

concentration of &20 mg/xa.

) Sodium -  Sodium  concentrations are falrly evenly spresd

throughout  the the

proflle and show only one high pesk & m from

Tangfin - toe.

-~ Potassium conéentrations are {tign at the landfiy

Potassium

tae but reduce vapidly.  They then show support for the trend

pleked up by ammonia and aikatinity of a2 sidewsys movement of

contemination about 2 @ below the landfyl toe.

(n general it - would appear that there I8 8 surface contamination

&t &m, not attributeble to the landfil, and Indications of A

sjeways moving plume of contamination between £ and 3 metres

below the base of the fill. It s suggested that this pume be

abserved for evidence of attentyation peliution,

closely or

Test  Lysimeters

Twa  lined test cells or Iysimeters were Dullt opn site in March

1988 to centirm  any prediction of leachate generstion (see  figure

3.06).  Each cell measures 9m  wide at its  base, 1am wide at tne

Ty
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deep, The cels are fined with & 500 micron PVC

top and Js  am
Tning  to contaln and drain  any leschate oproduced. cel ([ has &
am unsaturated zone above the finer to simulate tt\e usual
unsaturated wcne, whife celi (3} has  enly L) soomm D;‘Otectl\'!
tayer of soif  between the waste and  the  llning. Each  celt
contains  a  colfectian  pige  contained in a drainage  trench  with
tSmm  gravet, which drains into  two separate 210 litre sumps  for
cotiection ot the Jgachate, cen 4] ‘(n addition has three
Walves wiek Assisted Lysimeters with Yacuum Extraction),
developed by Ball ana  Blight (86}, |nstalled in  the  unsatureted
one  at  O5m, 4,0m end {,5m below the refuse, The wealves are
intended to extract lquid from the unsaturated zone by exerting

a negative pressure In 2 cone which leads into a collection tube.

€ach cell was filled with refuse on consecutlve days, compacted
using & 27t landfil compactor, spd then covered with soomm  of

soll,

To date there has been no percalstion In  elther of the twe test
cells, Ho samples have been extracted from the waives and It Js
st uncertoln i they are going to function or not,  However
aere  outflow from cel (2) inta the sump confirms the point  that

no  percolution has  taken -place tirough the base,

To acceferate conditions, -as from J June 1988, the tatal pan
evaporation minua  raipfeyl  for the previous month war placed on

ceit (1} wstag & garden sprinkler, It was attempted to do this

T

1
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over the perlod of one day without allowing any runoff to occur.
i this  way, conditions in the cel! would approximate those n &

zero  water geficlt  srea.

A water baisnce hss baen calcwlsted on 8 dajly basis for the two
cells, Initial  conditfons are a refuse cdensity of 96Tkg/md  In
cell () and 10toka/m®  (n  cell  (2), calc lated by surveying the
areas  before and after refuse placement and  taking masses . from
the site welghbridge.  The imitls) molsture comtent of the refuse
can be assumed to be 20% The top surface hes a slope of f 24
and the face of 4 : 6 The soit Is bare of any vegetation and
meteorological data i3 measured daily on site.  Yhe {0omm  soil

molsture retention tables in  eppendix B have been. used.

At the end of November 1988 cel (I} had a totsl of 216,3mm
percoiation (accaterated conditions), and cell (&) had 2ero
percolation.  The cover for cell (2) was however close to {ts
fleld  capacity, indicating  that  percolation  would  take place i

the naormal- summer ralns  continue,
i

The total moisture Rolding capacity for the two test cels was
slso  calculsted.  Ceff (f} would be able to hold iSedmm  of
percalation  before  producing iedchate, and  cel  {2) cap  held
1238mm, At an  average accelerated rate of percolatlon into cell
Uy of 27mm  per month, b s estimated that (eactate would begin

to i the sump In 58 montns (ke Jeauary {992,
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DISCUSEION OF RESULTS

Lt Predictes  leachtate  generation st Linbro  Park.

At‘ the two proflles thruwgh Linbro Park  under consideration, the
vaste was deposited In  two atages. The top eight metres were
“ifed  during  the  yesrs of 1985 end .!956, while the fower stage
was  flled batween {270 and 1976, For this reason the water

sslance  for  the two sections needs to be considersed  seperately.

~ae  flgure Yor predicted percolation s tsken from section 3,34
id 8 2 mesn plus  stendard  deviation of all  the weter balances
tne  for the ares, thus Including @ certaln factor of sstety.

4slcutations are  shown in  Appendix .

iscording to  thls theory malsture n DOth the north and the south
rales  should be entering the second refuse fayer (about 2,7m
s¢low  the surfacel with a total amount of soditiona)l water In
we  profile of 3240mm.  From the 4BB2mm water holding capacity In
e porth hole and the SiSemm  water holding cepacity In the south
*sle, )t i predicted that the lendfHl will reach field  capanity

LX

12 years for the north hole (he. R200f a.d) and

14 years for the south hole (le. 2003 ad),
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4 DISCUSSION OF RESULTS

4§ predicted leachate generallon st Linbro  Park.

N‘ the two profiles through Linbro Park under conslderation, the

vaste was deposited in two stages, Thae tep elght metres were -

“iffed  during  the yesrs of 9983 and 1986, While the lower stage
+s8  Tifled between 1970 end 4976, For thls resson the water

silance  for the two sections needs 1o be considered seperately,

"ne figure  for predicted percolation i taken from section 3,34
¢ 18 8 meen pWs standard devistion of olf the water Galances
tne  for the ares, thus inciuding a certain factor of satety

talculations  ere shown in  Appendix |

iscording to this theory molsture (n both the north and the south
foles should Dbe enterlng the second rofuse layer (sbout 2,7m
below the surface); with a totsl amount of asdditional water In
the proflle of 3240mm. From the 4882mm water holding caiinier in
the north hole and the S156mm water holding capacity in the south

rafe, it ' 18 predicted that the lapdfill  will reach field capacity

r

{2 yesrs for the nporth pole (Le. 2001 a,d) ang

14 years for the south hele (he. 2003 ad)

—




After such time thé rate of ‘eachate generation

per year.

42 Measurements of jeachate geperation &t

¢

Molsture contents have Dbeen taken  throughout
north and south auger holes.  Using these
assyming  initjal  cenditions  for  soil  aad

moisture i the holes can be calcwiated as

matsture

refuse,  any

weuld be at {36mm

Linbre  Park

the profiles in  the
contents  and

additional

shown In ¢ ondix  J.

From these cafoulations it apgrars  that  the  extrs Jture  (which
leads  to leachate production) jai
i} 2603mm In the north hole it the end of the wet season, but

only 1734mm 3t the end of the dry season, and

) 3584mm In  the south hale at the end of

only {7T6Tmm at the end of the dry sasson.

This can be compared with th: predicted extra

44 of 324OmMM.

43 comparison  of  results
it one takes the actual extr:
season (i, the warst case) 1 would appear

the wet seasonbut

moisture i sectlon

molsture et the end of the wel

thst  actual Jeacnate

T T T e e e e e
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generation s at least 20% less than predicted In  the north  ole
and  40% greater than predicted In  the south hole The :redicted
Tleachate generation was based on the mean plus standard deviation
of an arbitrasy numbes ‘of percolation calcylations and  cirrelstes

quite closely to that measured at the end of the wet seaun,

From tabte 35 the figures for cakulating percolation on 3 dally
basts (e,  133mm  for im cover and 264mm for 200mm co«¢r) Are
18ily close to the mean Used In the prediction. However & dally
caloulation of water balance becomes very cumbersome.  The weekly
period of caleulation does however glve figures 68 and 594  of
those calculated en »  dally basis (e vamm  ang  t7gam),
Calculation of percolation on & weekly basis using a2 failer of
safety of 45 would thus appesr to produce » reasonable tstimate

of leschate production

The end of the dry sesson flgures of actusl exira moisiire are
about 46X less  than  the predicted  percolation In Both  holes,
This  fact tends to emphasize that an accurate = oreciciion of
leachate  generation s lmpossible, but that 4  reasonablr  safe
wpalipark®  flgure can be Used based on the worst csse at the end
of the Wel season, 4&s shown above,  An  understanding of the
varjous  factors affesting this  figure Wi give »  better valued

Judgement  of )ts  valdity:

1y tnitial  congitions  sssume 8 dry S0l (3X%), and  ar Inltial

refuse moisture of 204 The soll molsture W\ be higher  during

YT T T e Ty




the wet season and  initlal refuse  mofsture can  be  extremely

varlable {(*rom paper, at close to Ox to slidge, which may' be
greater  than  100X), depending on  cefuse type, storage and

weather  conditions.

#i} In mescuring percolstion, there were a aumber of leyers of
mixed  soll  and  refuse  for  whieh initlal  conditions have been

assuited for a ratio of f sall to 4 refuss,

) The proféle as  shown mey not De {004 accurete due  to the
mxing of soll and refuse snd the “blurring" of the two contact
layers.  The nature of the refuse cell construction (shown in
figure  3.4) mesns that the bhole may have been augervee through 2
dtagonal  closec  face Jp  places, which would accaunt for  thoss
parts of the proffle  Where refuse appaars 8 & narrow layer less

than one metre thick,

¥} The hela Jtselr may be a diract line for drainsge of  water,
thus  making the profile wetter than {s normaMy the cese.  The
large. reduction In  molsture at the end of the dry season gouwld be
due %o excess molsture from the hole walls seeping lateratly into
the f0l under a suction gradlent caused by the drier materiais
within - the lsndfil.  Samples ore oniy teken from the side  Walls
of the holes and thus  small lateral movemsnts of molsture  would

affect the onalysls  of  the sample,

¥} operstional  problems, discussed In section 334,  such  as

-

e
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18Rafill  settiement, suriace  ponding, Surface cracks ang  surface
erosion wili grestly effect the percolation of water fnte  tne

wastes.

vi)  Weather  conditions  during  deposition, Rain  faling  onto
open  waste will soak in with very little runoff taking place.
This moisture s likely to be sealed inte- the  waste after

covering  with the dajly soil cover.

vil) Facters in’ the witer Dbalance such a8  evapotranspiration and
runoff are very Oifficuit  toc messure or  calculate  accurately and

yet these are orucial to  the calculation of leachate generation.

vii)  Water  palance  for  future  sanitary  tandfilis Wil be
calculated from past recsrds end yet from year to vyear ond even
from day to dsy the variables are quite different.  Linbro  Park
received 442mm  of rainfall in 1584  and 'H0iImm  of  rainfal in
$987.  tn one day in October 1985 It received {jomm rainfall (1%
of the total rain for tne year). The Coastal Park area received
321 mm of rainfall in 1973 and TSmm  of rainfall in 1977, Quite
clearty thete are times when thers Wit he 2erc percolation in &
yesr and times when peccolstion wiil  excees predictions by a

targe  quantity.

ix) A water bslance s usually calcuiated for a compieted
section of the tandf..  However, & water balance  celeulation

should be performed at sach level during filling and  added to  the




jandfill  settlement, surfice ponding, surface  cracks  and  surface

erosion Wil greatly affect the percolation of  water into the

wastes.

¥i)  westher  conditions  during  deposition. Rain  faling  ento
open waste will 2aak in  with very little runoff taking pjace.
This  moisture s tikety to be sealed Iato the waste  after

covering with the dafly soif caver,

vii) Factors in’ the wateér balance such as  evapotrapspiration and
FUNOFF  are very diffiewit o measure or calialate accurately  and

yet these are cruclel to the calculation of (eschate  generstion.

Vi)  Water  balance  far  future  sanitary  landfills Wil pe
caleulated from past records end yet from year to year and even
from day to day the variables are quite different.  Linbro  Park
recelyed  442mm  of  rainfail in 1984 and “1019mm  of  rainfad in
1987, tn one day In  October 1985 it received YOmm rainfall (14%
of the totdl ran for the year). The Coastal Park area recelved
321 mm af reinfall in 1973 and  TSIMm  of ranfall in 1977.  Quite
clearfy there are times wnen there will be zero percolation I &
year and times when gercolation wil) exceed predictions by 2

large  quantity,
Ix) A water balence i3 usually caleufated for & compieted

section of the landfill.  However, @ water Dajance  calculstion

should be performed al sach level during Tiling snd  added to the

e A
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water  Dbalance.

completed

X) Due to fissures and oti' direct paths through the waste and
soil s .certain amoupt of water Wil not be held m the waste
"sponge” put will proguce leachate a4t the base of the T This
will account for the build up of moisture in the betiom aver of

the auger holes at the end of the wet sesson,

44 comparisons At Coastay  Park

The profile  of Lhe awger hole  at Cogslal Purk s B omixture of
refuse and sand te 2 aepth of A metras.  ASSUMG;  the mix s
200mm of sot for iwo metres of refuse, this vl produice &
combined dry  umt  welght of 870 kgsmd. A flere  of  field
capacity for the sand has not been measured, but is :isumed to be
simtar  to tinbro Park at (5% (as supported by Fenn et all4?) 4

thelr table 2 of soll moistures),

Total water in the Dprofile s wys  1825mm  after t'= dry season
and  2108mm after the wet season (he. from May 1333 to October
1988).  inittal  congitions  assume 3 total of  i180mm  of moisture
in the grofile.  Therefore additionat moisture s 645ra  and  928mm
after the dry and wet seasons respectively.  Ths ves 4 totat
percolation of  28amm.  Predicted  percolation  from th:  monthiy
water baisnce (see sppendix H) is 208mm per year taks1 ss A mean

over 20 years.
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fecords Kept on  site snow  that precipitation during  this peried

was  465mm  and leachate fiowing through the base was famemr.  Pan
evaporation over the period was 333,7mm  as measured at D.F.Malan
Alrport,  Working of  differences, the actual evaporation and
runoff durlng  this period =  465-18-283

= 153mm,
Assuming  2ero  runoff, due o the nature of the cover soil, and
negtigible  transpiration,  the  measured  figure  for  actual

evaporation s about half that of pan evaporation,

45 Leachate coptro! messures

Notwithstanding all the theory of how leachate s produced, and
in what  quantities, it s uitimately the Jandfilt operator  who
can  actuatly controf. the jevels of leachate production. A poorly
run Jandfll  In a  water deficit ares can produce more leachate
than & well run  site 0 a water surplus area,  The  various
operational factors thet affect the oproduction of leachate are

fisted below:

) The landfill should never be sited with its base below the

level of the ground water table.

I} Waste should be deposited on a dry area With the deposition

surfsce sloping away from the face.  Any precipitation will  then




run off

Wil be

nuliding
surface
retain
A wel
gaod  as
ariving

erssion

Wi The

)

»

€)

#l)  Dally  soll corer of  the

permesbllity
inflitration  and
out, and

conditions, In thls case & thin layer of

molstyre in  the clay, thus

graded san¢r loam such as the soif at

surface ard does not

[

and Wil ot dam up in the area of deposition.

waste: Is  essential, so that runo?f

increased and infittration reduced. A  soil cover of low

heavy clay i3 theoretically best  for  reducing

Increasing  runcff, but  will crack  when it  dries

will cayse problems for vehicles in  wet and slippery

gravel, old tarmac or

rubble can be placed on top of the clay as a driving

for  venicies, which Wil not affect InFiitration and wilt

(reveating it from drying out.

Linbre Park i3 also

it has a2 relatively Tow permesbility but retains a good

crack. It i however prene to

and  so requires constant maintenance.

tinal cover may be placed In a variety of ways:

Top soll placed directly over the wastes. This will give

any precipitation easy access to the wastes and feachate
V

production will inerease, Landfill gas Wil  be well

vented naiurally through the cover  soil.

A layer ¢f soll cover compacted slightly wet of optimum

{for  lowet: permeabliity at the highest density), before

covering Wb top soll Care showld e taken ta ensure

that the grades will effectively draln away any excess

water, Gss shoUld be able to vent 1tsely  naturslly,

A synthet: [lner (eg, PYC or HOPE) placed below the
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layer of top seil. This will effectively seal the Wastes
from any percolation from the time of >acement. Care
must Dbe taken to control drainage on t2 of the liner,
and  to monltor any settlement of (andfl which may cause
tears and reduce the integrity OF the ‘lner. Gas vents
Wil be necessary to prevent o dangerous build up of
gases  below the liner, .

A clay ssaling layer can be placed below “the  tinan tayer
of top soll. This would be simlar to 3 synthetic liner
i that dralnage and gas venting W tr required, but
differential settlement would not be , as grest a prodlem
due to the natural self-healing cepabiitles of  clay.
However the clay must be well covered 3 that cracking

does not occur due to  drying out.

v} Aftercare of the final cover s very Impcitant.  Planting  of
vegetation fs gesirable n that it Wi increase
evepotranspiration and reduce erosion, but has e adverse effect
of reducing runeff, Differentlat settlement of the landfll  wiit
oseur causing arees of depression where ponding will take place.
Those should be  filled regulerly, and the coverng and repalr of
surface cracks and erosion channels should be done as soon  as

they  occur,

Vi) A essential  component of  leachate ma-agement

s site
dralnage,  Excess FUR  on from the surrounding aress should be

eliminated, and any precipitation that falls  on

the site  that
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available for runoft must in fact run  off.

V) The area of operation snoUld be contained to the smaliest

the

bracticeble, so that there s only a SmAll catchmant ares

precipitation  to  fall  on.

Ix} irrigation is  often carried out after closure due to a site
end use as a sports ground of & park. I st an possible an epd
use should be chosen such that MHttle or no irrigation s

required  for  Its  maintenance.

4.6 Recommendations to Improve accuracy of leachate prediction

and  detection

More accurate predictions of leachate  peneration are  possible
With more accurate dats, Records should be Kept at landfil sites
of detalls such as refuse cell helghts, dates of deposition, In
sty densitles, moisture and amount of cover Used, MNeteorologleal
data such a8 rainfan and )BVQDDF-!UDH should be recorged, A
lysimeter  filled  with sofl, using either soll molsture detection
devices or mounted on a mass measuring scale (for a mass balance)
would be & more Dreferable and accurate (nstrument 1o  measure
aztual soll  evaporation.  Runoff could alsa  be meastred If  the
dralnage system for the site allows it,  WIth these records
prediction of leachate production using the water Dalence method

could Dbe done with more confidence, There Js 4 methud to measure
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the accuracy of such a prediction, by Installing early warning

deylces so that first appesrance of excess molsture (s known.

Instrumentstion s available for instaling  Dbelow & site  before
operations commense.  This is  (deally for attenuation sites but
contalnment sites can be Instrumented Whers early detection of 4
leak s required. The sensors Installed Wil most usually be able
to detect pore Water, Water content, sol) suction or ol

temperature,

The first  two detection Instruments are related.  The pressure
vacuum  Iysimeter, consisting ©of a porous cup with A  yacuum
apptied  to  the aslde, wli suck water from the pores of the
soll, and Dbring ne sample to the ground Supface  through  tubing
by using air prestare or @ vacuum. The lysimeter however does not
work (n  relativel dry solls  (83),  The wick assisted Iysimeter
With  vacuum  extraction, or Walve, deveioped by Ball and  Blight,
Works  on  a aimilar  basis, A cone of fine grained fliter material
catches the [lquid  Which drips  down 4 wick Inte the catching

receptatie. The Walve has not howsver Deen proven at this stage.

Théere are a nuwber of soli molsture gensors,  The simplest and
least expensive uould be the resistance block made from  gypsum,
nylon or  fibreglast.  The block s porous and absords’ water from
the  surrounding soll  thus producing a  change in  its  electrical
resistence, Hundreis of blocks could be buried oelow the fandfill

to  provide a »#ll spread grid  for  excess mofsture  detection,
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Neutron  molsture  probes are more  expenuive  and  more

sophisticated. A grid  of horizontal access tuber <can be placed

below  the randfit  snd  the probe passed thriugh to  give
continucus fog of malsttre In  the sofl adjacent o the toube. An i
advantage of the neutron probe s that it cen be serviced and

calisrated above ground, resulting in  more reliable resuits,

Heat  dissipation sensors measure the rate of heat  disslpation

sround a probe, which normally varies with solt molsture content.

The sensors are inexpensive and durable and can t¢ used In a grid

g

o

simitar  to the reslstance blocks, Capacitance sersors  moniter  the

soils  diejectric  constant  which  varles according to  its  water

contents Finally earth resistivity can be measi-ed Wwith metallic

plates or rods burled n  the ground.  The resitsance  varies  with
moisture in  the soil and the electrolyte concentration of  the i

soll  water,

Other  detection  devices  measure  the  actus)  solt  suctlon,

Tenslometers measdre  suctlon of  relatively molst sells  but are
\

expensive and  must be  filled with a  lquid, thus requiring
regular  servicing,  Thermocoupls  psychrometers can  monitor  changes
In the suetion of a relatively dry sell and would be better

suitéd  to  jandflll leachate detection. . i

A pelatively Inexpensive system of sensors of more than one type :
can be developed which would give an early warn-g nf the  start

of a leachate plume. If this Is tied Into 2 syftem with accurate
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records, and a confident water balance caloulabion, It could i
provide  invajuable infurmation  fof  other landflll  operstors {n !
the  country, |

a . e e e e e e e ————
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5. CONCLUSIONS AND RECONMENDATIONS

S  summary and copclusions !

The aim of the |Investigation was to find a reasonably accurate
method Tor prédicting the flow of leachate In & landfil,  This
initially fnvolred a  study of the different parametérs o the
water batance, Rainfall proved to be the simplest to measure,
while evapotransplration, runoff and infiltration are & lot more
complex.  The method Involves & number of broad assumptions with

little confideice n  the final aceuracy of the  results,

As a basis for design It is recommended that a weekly water
bslance shoul: be calculated inclualng a factor of safety of 15
In the finat percolation figure,  This s based on a Dotentlal
evapotranspiraton of G x pan evaporation and uslng & runoff

ceefficient a:zcording to slope and  soil  type,

A double chesk on predicted percolation was available In the form
of large dizmeter holes augersd through the landfill These were
sampled st regular  Intervals . and  analysed for a number of
parameters t: glve an aperoximate measurement of the flow of
teachate threigh  the il Asain  the method can  be sublect to
errars  depencig  on  the composition of the sample  taken, tut |t

provides a  fisarer Indication of the extent of migrstion, and
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relates  fairly closely to  the water balance predictlon as

recommended above, [t a8lso shows very clearly the changes [

molsture i the landflil from season to seasop.

Testing for the geotechnical properties of refuse and soll in  the
taboratory again showed up the widely .3rying behaviours one  can
expect from  waste materlals, A figire  for  fleld  capacity,
permeabllity or specific gravity can var tor composition, state
of decomposition and density,  The Imporsant point belng  brought
to light s that these properties ars cuantifiable, and the more
tests done to quantify them, the more confident a4 designer  will

become i1 using the figures,

sampling of soll in the near surface uUriaturated zone proved to
be  very Interesting, it prodices a tell tale history of
oceuprences of  surface  contamination  ftim  various  sources, it
shows an  indication of the attenvation meihanisme &t work In the
soil snd it can highlight the emergence OF & possible Jeachate
front, It also shows that contaminent migration I8 not only

vertical but can be in the horizontal crection as  well,

In  concluslon this (nvestigation has point:d out the necessity to
do a cetalled (at lesst weekly) weter balance calculation, with
an  understanding of the shortcomings of the method, it showed
that geotechnical properties of refuse, even |f  widely varying,
can be quantifled within certaln li=ts, Futther, leachate

production is a functien of  Inflitriten beyong the Tield
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relates  fairly closely to the water balance prediction a8
recommended abeve. It also shows very clearly the changes in

maoisture in  the andfill from sesson to season.

Testing for  the geotechnical properties of refuse and soil in  the

laboratory 8gain showed up the widely .arying behaviours one can
expect from  waste materials, A  fig.te  for  field  cepacity,
permesbiity or specitic gravity can var; for composition, state
of decomposition and demsity.  The (mportant point being Dbrought
to ught s that these properties are :antifiadle, and the more
tests  done to quantify them, the more: confident 8  designer  will

become In using the figures.

sampling of soll in the near surface uriaturated zone proved to
be  very interesting. 1t produces a teit  tale history of
occurrences  of  surface  contamination  frim  varlous  sources, [t
shows an indication of the sttenvation mihamisms  at  work i1 the
soit aad it ecan highlight the emergence of a possible leachate
front. It  also  shows  that con}zam(nanx migration s not  only

vertical but can Dbe in  the horizontal crection as  well,

In conclusion  this Investigation has pointsd out the necessity to
de & detafled (at least weekly) water Dbalance calculation, with
an  understanding of the shortcomings of the method. It  showed
that geotechpical properties of refuse, even I  widely varying,
can  be  quantified  within  certain  lim.ts. Further, leachate

productien {s & function of Infiltrauon  beyond  the  field




127

the Thus  the iandfill designer and  operator

capacity  of fill,
should  promote surface runoff ang evapotranspiration wherever and

whenever  possibte.
5.2 Recommendations for future research

The auger holes at Linbro Park and Coastal Park have produced
Interesting and useful results,  There is however Ao  conclusive
evidence 8t to where the water is going, and It I8 suggested that
these holes be resampled =2t Jeast at the end of the next wet and

dry sessons to establish a  trend.

More extensive tests are required to establish the geotechnical
properties of the different types of refuse, and to corfirm

figures measured Ip  this  report.

Research is required Inta the suitability of the different types

of monitoring instrumentation to South African  conditions.
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i AMERICAN SOIL CONSERVATION SERVICE RUNOFF E£STIHATION

APPENDIX A
Wanielists  {(41)  describes @ method  for estimating  starmwater
runoff s  developed by the American Soil Conservation  Service
865). 0 this system the slope of the surface is nOt consideres
but  tre  excess rainfall (l.e.  that amount  that wil not
inflitrate) can be estimated and It is this excess rain that
Jeags 15 ' runort.
The S5 divided soils into hydrolegic groups as shown In  Table
A
TABLE AL, HYDROLOGIC SOIL  OROUPS
A towest runoff Potential : Includes deep  sands
with very little silt and clay; also, deep,
rapidly  permeable  gravel
3 Hoderately low runoff potentisl  Hostly sandy
solls less deep and less aggregated than A,
byt the group as a whole nas above average
infiitration after  thorough  wetting,
¢ Hoderately  high runoff  potentlal.  Comprises
shaltow  sofls  and  scils  contsining  considerable

clay and colloids, though less than those of
group D, Below  average infiltration after
saturation.

‘ §
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Highest  runoff patential.  Inciudes  mostly  <lays
of high swelling percentsge, but the group also
inciudes  some  shallow  tolls  with  nearly
impermeable  subhopizons near  the  surface.
NOTE ! A mixed designation [Le. B/D refers to drained/undrained
natural situation.
i
The antecedent soll moisture  conditics affects infiltration into
the soll and §t is thus taken into account by assuming one of
three antecedent moisture conditions as in  Table A 2.
Teble A 2
CaNDITION ¢ Salis are dry but not te the wiitig polnt
[CONDITION 2 The average case
ICONDITION 3 Heavy rainfaly, or light rainfall with low
temperatures, hes occurred  producing  high
tunaft  potentish
Runoff cUrve numbers (CH) can then be ‘oUnd from Tables A3, A4 of
A5, depending on Land use, and 22justed in  Table A&  for
sntecedent  mejsture  conditlons,




The maximom storage of moisture at
& Where
5 = 25400/CN - 284 (mm)

and  the rainfaii excess available for

@ = (P - 0282 / P o+ 088 i P

where P = precipltation (mm).

any  time

runof?

0,28

then

o,

caleulsted by

by @ whers

Table A 3 : CN (moisture condition 2)
LAND USE HYDROLOGIC  SOIL  GROUP
A B < b
Cultivated land ! without conser-
vation 72 8t 68 9§
1 with conservation 62 il T8 81
Pasture 1 Poor condition 68 73 85 B9
+ Good condition ' 39 L2 T4 1
Meadow 3 88 11 78
Wood or Forest : Thin stand, poor
cover, no muich 48 65 77 83
t Good cover 25 85 70 77




The maximum storage
s where
§ = 25400/CN - 254 (mm)

and the ralnfall excess availsble for runoff by Q where

@ = (P - 0282 / (P + 088} if P< 028

andazo It Pz 028

where P = pracipitation (mm).

Teble A 3 i CN (molature condition 2)

of moisture at any time Is then calculated by

LAND USE HYDROLOBIC ~ 8OIL  GROUP

Cultivated lend | without conser-

vatien 12 a1 8a L2
3 with conservation 62 Tt T8 B

Pasture ¢ Poor condition 68 79 86 B9
3 Good condition : 39 61 T4 8o

Headow 30 58 kAl 78

Wood or Forest : Thin stand, poor
cover, no mulch 45 66 77 &3

+ Good caver 25 85 70 77




Open spaces : Good - grass on 7S%
or more
Fair - grass on 50%
of area

Commercial and business areas

(857 Impervious )

industrial district:  '72%
i

impervious )
Residentis) Average %
Average ot size Imperviots
178 85
174 38
173 30
e 28
1 20

Paved parking lots, roofs, drive-
ways etc.

Roads ! Paved, with curbs and
stormwater drains

eravel

ort

TT
81
57

51

69

as
75
T2
70

90
85
82

74

94

91

90
a3
81
a0

19

98

98

a9
a7

95

93

98

13








































































































































