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SYN0P5I 5 The t est  met hods and r esul t s of  a geot echni cal  i nvest i gat i on on a l i gni t e deposi t
ar e pr esent ed and di scussed.  The mai n pr oper t y wher e l i gni t e and t he i nt er l ayer ed cl ay di f f er ,  i s 
pl ast i ci t y,  pur e l i gni t e bei ng non pl ast i c;  i nt er medi at e mi xt ur es bel ong t o t he OH gr oup of  t he uni ­
f i ed soi l  c l ass i f i cat i on syst em.  St r engt h and compr essi bi l i t y  t est s gave t he eame t ype of  r esul t s 
f or  l i gni t e as f or  cl ay.

I NTRODUCTI ON

Pr oj ect  si t e i s l ocat ed al ongsi de r i ver  Al f i os,  
near  t he t own of  Megal opol i s i n sout her n Gr eece.  
The i nvest i gat i on was commi ssi oned by t he Publ i c 
Power  Cor por at i on ( PPC) ,  i n or der  t o pr ovi de 
i nf or mat i on f or  t he desi gn of  a l evee whi ch must  
be bui l t  bet ween t he r i ver bed and a pl anned open 
pi t  l i gni t e mi ne.

The l evee has a maxi mum hei ght  of  15 met er s,  a 
l engt h of  4 kms and a t ot al  vol ume of  about
1, 500, 000 m3.  The open pi t  wi l l  have a dept h of  
60 m,  A gener al i zed t ent at i ve sect i on t hr ough 
t he l evee and t he mi ne i a shown i n Fi gur e 1.  The 
mai n pur pose of  t he i nvest i gat i on was t o check 
t he st abi l i t y  of  t he sl ope f or med by t he l evee 
and t he open cut  of  t he mi ne and t o est i mat e t he 
set t l ement  of  t he l ev ee.

L im e s to n e

Fi g. l  5ect i on of  Levee and Mi ne

by bl ows of  t he same ener gy as i n t he st andar d 
penet r at i on t est .  The l i ner  was 1. 5mm t hi ck 
and had an i nsi de di amet er  of  72 mm.  Sampl es 
t aken i n t hi s t ype of  l i ner  wer e used f or  oedo­
met er  and t r i axi al  compr essi on t est s.

DI FFERENTI ATI ON BETWEEN LI GNI TE AND ORGANI C CLAY

I n addi t i on t o pur e l i gni t e and pur e cl ay,  t he 
subsur f ace i ncl uded al so mi xt ur es of  t hese t wo 
mst er i al s i n var yi ng pr opor t i ons.  The quest i on,  
t her ef or e,  ar ose of  how t o di st i ngui sh bet ween 
" l i gni t e"  and " cl ay" .  The di f f er ent i at i on whi ch 
was bei ng used pr i or  t o t he geot echni cal  i nvest ­
i gat i on depended on t he val ue of  t he deposi t  as 
f uel  f or  t he near by t her mal  pl ant  of  t he PPC.
I n t hi s i nvest i gst i on t he di st i nct i on bet ween 
" l i gni t e"  and " cl ay"  was based par t l y on macr o­
scopi c exami nat i on and per t l y on t he r esul t s of  
cl assi f i cat i on t est s.  Lumpy mat er i el  t hat  t end­
ed t o become mor e f i ne gr ai ned as i t  was bei ng 
si eved,  and wi t h such l i qui d and pl ast i c l i mi t s 
t hat  i t  pl ot t ed wel l  bel ow t he A- l i ne i n t he pl a­
st i c i t y char t  ( Fi g. 2) ,  was cal l ed " l i gni t e" ;  
ot her wi se i t  was cal l ed " cl ay" .

Cl assi f i cat i on t est s wer e per f or med accor di ng t o 
t he st andar d A5TM met hods,  despi t e t he r eal i zat ­
i on t hat  i n many cases a consi der abl e f r act i on of  
t he or gani c phase of  t he speci mens bei ng t est ed 
was l ost  by bur ni ng.  For  exempl e,  i n t he det er m­
i nat i on of  t he speci f i c gr avi t y and t he nat ur al  
wat er  cont ent ,  par t  of  t he mass wss l ost  dur i ng 
exposur e t o t he speci f i ed t emper at ur e of  110° C,

SAMPLES

The l i gni t e i s f ound i nt er l ayer ed wi t h cl ay.
Bot h mat er i al s wer e sampl ed wi t h t he spl i t  t ube 
sampl er  used f or  st andar d penet r at i on t est s ( ASTM 
D 1586) ,  wi t h si ngl s t ube cor e bar r el  end al so by 
dr i vi ng i nt o t he soi l  a sampl er  wi t h PVC l i ner .

RESULTS OF CLASSI FI CATI ON TESTS

Li gni t e was not  amenabl e t o si eve anal ysi s 
because t he r esul t i ng gr ai nsi ze di st r i but i on 
depended mor e on t he met hod of  speci men pr epar — 
et i on and t he dur at i on of  si evi ng,  t hsn on t he
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LIGNITE O F  N E G LIG IB LE  

PLASTICITY, 4 3  SAM PLES 
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nat ur e of  t he mat er i al  i t ael f .  Al so,  pur e l i gni t e 
coul d not  be t est ed f or  l i qui d and pl ast i c l i mi t s,  
bei ng non pl ast i c and l umpy.  Mi xt ur es of  l i gni t e 
and cl ay became mor e and mor e pl ast i c wi t h i n­
cr easi ng cl ay cont ent  and had At t er ber g l i mi t s 
cor r espondi ng t o t he OH r egi on of  t he pl ast i ci t y 
char t  ( Fi g. 2)  .

Wat er  cont ent  var i ed over  a wi de r ange of  val ues,  
bei ng about  30$ f or  a t ypi cal  cl ay and about  180$ 
f or  a t ypi cal  l i gni t e,  t he bor der l i ne cases r ang­
i ng bet ween about  100$ and 130$ ( Fi g. 3) .  The 
speci f i c  gr avi t y of  t he t ypi cel  l i gni t e was 1. 7 
and of  t he t ypi cal  cl ay 2. 7 and i t  i s not ewor t hy 
t hat  t he speci f i c gr avi t y cor r el at es st r ongl y 
wi t h t ha nat ur al  wat er  cont ent  ( Fi g. 4) .

Fi g. 4 The Speci f i c Gr avi t y Cor r el at es St r ongl y 
wi t h t he Nat ur al  Wat er  Cont ent .  The 
Coef f i c i ent  of  Cor r el at i on Equal s 0. 92
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Fi g. 3 Hi st ogr am of  Nat ur al  Wat er  Cont ent

COMPRESSI BI LI TY AND STRENGTH

The compr essi bi l i t y  of  eampl ea of  l i gni t e and 
cl ay was measur ed by car r yi ng out  oedomet er  t est s.  
The pl ot s of  t he voi d r at i o a agai nst  t he l oga­
r i t hm of  t ha consol i dat i on pr essur e p and of  t he 
const r ai ned modul us D ( D = 4 p/ A a wher e s -  uni t  
st r ai n)  agai nst  p have about  t he same ahape f or  
t ypi cal  l i gni t e as f or  t ypi cal  cl ay ( Fi g. 5) .
Fr om each pl ot  of  D agai nst  p t he val ue of  D cor ­
r espondi ng t o p « nat ur al  over bur den pr essur e

+50 kPa was si ngl ed out  and t aken es t he com­
pr essi bi l i t y  of  t he sampl e (a mor e compl et e ex ­
pl anat i on of  t hi s pr ocedur e appear s i n r ef er ­
ences ( 1)  and ( 2) ) .  The compr essi bi l i t y,  t hus 
det er mi ned,  cor r el et es wi t h wet er  cont ent  over  
a r ange of  val ues bet ween 20$ and 230$ and shows 
cont i nui t y bet ween l i gni t e and cl ay ( Fi g. 6) .  The
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val ue of  t he coef f i c i ent  of  cor r el at i on of  0. 70 
i e i ndi cat i ve of  a r el at i vel y st r ong cor r el at i on.  
Thi s cor r el at i on i a i n agr eement  wi t h t he f i r st  
par t  of  t he cor r el at i on publ i ehed pr evi ousl y 
( Ref . 1) ,  but  beyond a val ue of  wat er  cont ent  of  
about  35$,  i t  gi ves hi gher  val ues of  compr essi bi ­
l i t y.

When t est ed f or  unconsol i dat ed undr ai ned t r i exi al  
compr essi ve st r engt h,  t he r esul t s obt ai ned wi t h 
t he l i gni t e wer e f ound t o be compar abl e t o t hose 
obt ai ned wi t h t he cl ay ( Fi g. 7) .  The same i s t r ue 
f or  consol i dat ed dr ai ned t est s ( Fi g. 0) .

The r esul t s of  st andar d penet r at i on t est s pr esent ­
ed i n Fi gur e 9,  show consi der abl e s i mi l ar i t y 
( st at i st i cal l y)  bet ween r esul t s obt ai ned i n cl ay 
l ayer s and r esul t s obt ai ned i n l i gni t e l eyer s.
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Fi g . 7

N O R M A L  S T R E S S  , ( k P a x lO O )

Resul t s of  Unconsol i dat ed Undr ai ned 
Tr i axi al  Test s

A 9 m hi gh embank 
about  100 m f r om 
Bet ween t he t i me 
t he PPC r ecor ded 
et  var i ous poi nt s 
By assumi ng t hat  
er e as i ndi cat ed 
est i mat ed t hat  t h 
l i gni t e i s about

CONCLUSI ONS

ment  was bui l t  i n 1969 wi t hi n 
t he ar ea of  i nvest i gat i ons,  
of  compl et i on and Mar ch 1979,  
set t l ement s of  0. 22 m t o 0. 40 m 

of  t he cr est  of  t he embankment ,  
soi l  l ayer s under  t he embankment  
i n t he near est  bor i ng,  i t  was 
e over age compr essi bi l i t y  of  t he
18, 000 kPa.

The l i gni t e i nvest i gat ed near  Megal opol i s was 
sampl ed and t est ed by t he same met hoda as nor mal ­
l y appl i ed t o soi l s.  The mai n di f f er ence i n geo­
t echni cal  pr oper t i es bet ween l i gni t e and t he 
i nt er l ayer ed cl ey i s t hat  pur e l i gni t e i s non 
pl ast i c.  Ther e i s,  however ,  a gr adual  t r ansi t ­
i on of  pl ast i c i t y bet ween l i gni t e and cl ay,  t he 
i nt er medi at e mi xt ur es bel ongi ng t o t he OH gr oup 
of  t he uni f i ed soi l  c l assi f i cat i on syst em.  
Measur emant B of  compr eaai bi l i t y  by t he oedomet er  
t eat  and of  st r engt h by t he t r i exi al  t eat  gave 
t he same t ype of  r esul t s f or  t he l i gni t e as f or  
t he i nt er l ayer ed cl ay.  The cor r el at i on bet ween 
compr essi bi l i t y  end wat er  cont ent  i s cont i nuous 
f or  l i gni t e and cl ay.  Al so,  t he r esul t s of  
s t andar d penst r et i on t est s wer e about  t he aame 
f or  l i gni t e and cl ay.
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( X o mean val ue,  v = coef f i c i ent  of  var i at i on,  N a t ot al  number  of  sampl es)

The modul us of  compr essi bi l i t y  of  l i gni t e der i v ­
ed f r om set t l ement  r ecor ds i s about  A t i mes hi gh­
er  t han t he cor r espondi ng val ue der i ved f r om 
oedomet er  t est s.
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