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Th i s pap e r des cribe s a methodolo gy us e d to i nves t i g a te an indu st rial open dump
in it s c on t ami na t i on a s pec t s a nd t he po s s i b l e tim e o f gr oundwa ter Quali t y
reco ve ry , a f le r th e i mple menta t ion of several re medial actions . Pfter 11 ye a r s
o f use of lh" s i t " f o r du mp re s idues, by t he co mbined u s e of mod e l li ng and
ge ophy s i s , il W ~ ~ del nrmined th a t the c on t a mi na t i on plu me wa s 65 m wide an d
mor e th a n J OO m I UII 'I . 'he ma in pollutants a re flu orides a nd s a lts . The remedi a l
sc he me p r opo s ed ", ua s i c a l L y r e q r a d i nq , imper mea bi lizing th e t op . Ps t he
i ndu s I' y nee ds.' n t a c e 10 d i spo se o t I i t s residu e, i t wa :; d e t er mi ned t ha t the
be s t op t i on fo r t he ne w land fil l si t e i s t o c on ti nue usin g th e a r ea . The
re s i due must be fire treated to imobili ze the fluorides , and th e lan dfi ll wi ll
be impe rme ab i l i z e d a t the bot tom and a t the top . The modell in g sho wed that, in
mon ito r i ng we l l 120m be llo w th e site , in 3 . 5 years a ft e r t he impl ementa t i on of
th e mea s u r e s the c on t a mi na t i on wil l be on ly 201 of t he i n i tial and a f ter 6. 5
yea r s , th e qual it y of the wat er , a t th at point, will be e q ual t o tha t of the
ba c kgro und .
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I NTRODUCTI ON

fluoride , sa l ts , s i t e

The work has start ed basically be cause the indu stry was asked by the State
Environmental Control Pgency to improve th e ir dump site, which has been used
sin ce 1979 . Ps o ne of t he po s s ibilitie s was t o c o n t i n ue the di spo sal in the
old site an d t he time a vail a b le was s ho r t , a quick ly environment al e va l ua t i on
was made . Fo r . t h i s , the use of geophysi c al te cn iq ue s wa s very i mpor ta n t, but
for better e va l ua t i on o f the hydrogeology , th e geophy si c was c ompl emen t e d with
conventional so und i ng. Pfter the r emed i a l sc he me be def ined, a model was
applied to have an fi r st i d e i a of the effectiveness of the propo sed measures.
Rlt hough 4mon it oring s we lls ha d been built,only one simplified sampling was
done , and , certa in ly mor e data of the lo c al groundwate r hyd rauli cs a nd quality
shou ld be got. The p r opo sed act ion including the new s a n i t a r y l andf il l des i gn ,
is now be ing analyzed by the lo cal autho rit ie s .

METHO DOLOGY
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The methodo logy us e d to s tud y t he prob lem s caus e d b y the s it e, as we l l a s th e
.u itab l e reme d i al action, wa s par tly bas ed on that sugested by USEPR (1967)
for e va l u at ion o f soil and ground water releases from so l i d wast e di s po s a l
f.ci l i ti e s . Rs th e ini ti al ob j e cti v e wa s not to s tu dy t h e con t amin a t i on c au s e d
by t he fa cil ity , but get d a t a to develope a design for a new l andfill for t h e
wastes generated by the in du s t r y , on l y part of the data were c o l l ec t e d . Bellow
the methodo logy fo ll owed i s s ho wn in mo r e deta il .

Problem evaluation

Sour ce characteriza t i on - the indus t r i a l proc ess wa s s tu died 50 t h a t , i t ' s been
possible to defi ne th e ma in pol luta nt s , it s ra te of generation the main
.our ce s , existe ncr o f t r ac e rs ass oc i a t e d, li ke c hlorides and t h e physica l fo r m
of the wastes .

Site s ituation -based on i nd u st r y per s on ne l information, the h i s t o r y of the
waste deposition ( dat e o f s ta r t i ng a n d amount depo s ited ) wa s got. To ev a l u a t e
the p resent extent of the s ite , a new top ogr ap h i c survey we r e done . By
compar ison with an o ld one , i t wer e po s s i bl e t o find the volume deposi ted and
the orig inal soil s ur f ac e .

Pollutant c h a r act e ris t ics- wi t h t he typ e of pol lut an t s th al c ou l d be found i n
the wastes stre ams de f i ne d , their soi l an d wat e r legal li mi t s were c o ll ec t e d
from the l e g i s lation, as wel l a s th e ma i n c he mic a l and t o xi c ol o g i c a l
propert i e s . . P rope rt ie s like s o l ub i li t y, r e a c t i on s i n water , effects on human s,
plant s and animal s , etc . The mai n ob j ec ti ve of thi s s t e p is to determine t h e
mobili t y o f the c ompon en t s a nd its possible eff ect s on the b io t a , s o th a t it
is been po s s ib l e design a good monitoring p rogram .

Env iro nment a l setting

Subsurface geolog y-to def i n e the lo c a l ge o l og y it we r e use d t h e
follow ing methods : sit e insp ect i on, p r e vio us studies o f t he a r ea , 5 r es i s ti v i t y
vertical s o u nd ings we re do ne t o get a in sight about the st ratig raph y , wa te r
level and bedro c k depth an d 5 s o i l bo rin g s to get mor e p re c i s e inf ormatio n
abo ut the st r at i gr a phy a nd wat e r l e vel , than tho se go t by ge ophys ic s.

Cli ma t e - t h e data we r e gath ered f rom t he nea re s t metere olo gi cal
stat i on . The prob lem i s th at n o t a ll stat i ons have the sa me da ta, so in this
case , the p r ecipitation fig ures fro m 19 75 to 19 69 , we r e c o l l ec t e d f ro m th e
E~ -1 29 , si tua t e d in the same city of the s ite , but t he evapo r ati on wa s f r om
the E3-251 HH, s i tu a t ed i n the cit y of S~o Paulo, 40 km s ou t h , and f rom 1975 to
1965 .

Water f low -the di rectio n and g rad ient of t he g rou dwate r wa s det ermine d
by the levels found in the soil borings c oup l e d with t he topography c map o f
the area . The tran smi ssivity was adopted from pump i ng t e s t s in we ll s lo cat e d
In the same aquifer . The surfa ce drainage p,attern wa s d e f ine d by the use o f a
lBGE 1:10000 map that includes the site, r ivers and c r e e ks ne a r by.

Vegetation -Rs part o f th e new top og raphi c evalu ation of the site the
total natural vegetation area was eval uated . For the si tuatio n in t he
neighborhood were used the lBGE map ci t ed ab ove . The extens ion of dam~g ed

plants were dete rmined by vis ua l i ns pection.

Contaminant recepto rs - to find the s oi l us e of the
.bstract ion points were u sed the visual in spe cti on
present in the IBGE 1 :10000 map .

neighborhood and water
o f t he area and t h e data

Contamination extension -to optimi ze the number a nd loca t i on o f the mo n i t oring
~ells network ,and based on the fa ct that the re sid ue depo s ited had a high
.elt content, the groundwater pollution plume e xtension was det ermined , in a
flr.t appro ximation, by the use of electromagnet i c s oun d i ng. Bas e d on the
re.ults of this work , 5 monitoring we l l s we re lo c at ed. Rt thi s time , the wells
~.re already built, but on ly one pa rt i a l s ampling an d a nal ys is were done .

173



Bes ide s , the contam in at i o n of the soi l is due to the ph~ i cal tranportation of
t he re s i du e pa rt i c Cc s , s o co n ta mination e x te nt wa s e asily de t erm i ned by vi sual
i ns pec t i on, as the r es idue h a s a c a r ac t h e r i s t ic g ray color, mak ing a c l e a r
c on tr as t wi th th e natural soi l. The e xtent o f the problem is a s so c iat ed to the
dr ai nag e o f t he a rea an d v eget at i on da mage .

Taking in acc oun t al l t h e situ a ti on p r e s ented i n the problem evaluation, by
putt ing to ge ther t he e nv iron men t al se t t i ngs , the res i due a nd s i t e
c haract e r is t ics , th e c ont a mi n a t i on exte n t and the k ind a nd a moun t of the
po l l uta nt recept o r s , an d co ns id eri n g t he ne ce s s i t y of the ind ust ry t o have a
pla c e t o di spo se its re sidue wi t h l es s envi r on mental i mpac t , it wa s c h o se n a
r emedia l ac t i on s c h eme .

Prog nosis of t he p ro po s e!La ct ioll

To h av e an app ro ximat e qu antit at i ve evalua tion of t he eff ectivenes s of the
remedi al action propo s e d, a nd taking i n ac coun t tha t t he re ar e a relat ively
l ow amount of data, i t wa s applied a s i mple ma th ema th i c al model

SOURCE CH~R~CTERIZ~TION

Resi due C h a r ac t e r i~_U...c2

The re si due c omes fro m a seco n da r y a lu mi num sme lte r, wh i c h al s o prod uces
fluoride s s a l ts . Ih e mo n lh l y ingo t pr odu ction was a r ou nd 900 t, and t he s a l t
pr oduct i on wa s 60 l.
The ma in r e si due fro m the s mel li ng i s s l a g , and fro m l he s a l t produ c tion i s a
r e s i due name d si l ic a s ludge . The s l a g i s b a s i c a ll y c omp o s e d by ~l203 an d sa l ts
( NaCl and KC l ). The s ili ca s lu dge i s originated from th e r e a c t i on betw e en
ti t an ium o x ide o r bo ri c o xide and f l uo r s il i s s i c acid . The ta ble be l low s how
th e main c har acte r is tics o f the se resid ue s .

T~ B~E 1 Res idue Cha r ac t e r i s t i c s

Re s idu e Production Composi t io n ( \) LE~(H~TE OU~LITY ( mg /l).

s lag

si li ca
s l udge

96 . 9 li mo

13 .8 tlmo

~l203 - 60 -70
S~LTS - 10 - 20
~l - 0 -0 2
OTH ERS - 2 - 05
MOI STURE .. 3 -28
SP.GR~V . - 0 .9t/m3

S i02 2 1-23
B - 0. 06 - 0 .1 2
~ l 203 - 0.2 1- 0.2 4
Fe2 0 3 - 0 .09 -0.1 2
F - 0 .30- 0 .60
MOI STURe - 75 .9-78.3

Cl-232- 1 1700
F - 19-39
K-9.65- 4860
Na-1 1 . 34 -865 0
pH-9 . 1 -9. 25

F -240 0
pH -1 .5

. .. Le ac h i ng te st e xe cut ed under NBR -1000S .

From the tabl e t he componen ts o f inte re s t und er t he po int of view of water
pollution, that appea r ed i n th e lea chat e of th e residue in signifi cative
level s wer e f luo r ide s, c h Lor i des and sodium . The water quality s t a nd a r d for
fluoride s stabl i shed by CO N~M~ , 86 for wa t er s to be u s e for dri nk i ng whithout
treatment , is 1.4mg/L a n d fo r c hL o r i des is 25 0mg / L, s o the fluo ride in
leachate from si l ic a s lu dge i s 1700 t i mes th e st a ndar d and 28 time s greater
for that from s La g. Thes e r a t i os make the groudwat er poLlution potential of
these residue s h igh . Finally, by ~B N T, 87a , th e s i lic a sludge i s considered
hazardou s waste , cau se its l ea chat e fluor ide c o n t e n t ( ) 150mg/l) .
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The a rea has b ee n utiliz ed f o r waste d i s po s al sinc e 1979 . It is e sti ma t ed that

the tot ~ l a mo un t d ep osit ed s i nc e t he n wa s 2200t. F igure 1 bello w s ho w the

sit e .

Fig .1 . Disp o sa l s ite with so il
boring s locali z a ti on.
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From the figure become clear that the deposit was made in a valley, with the
r e s i du e oc c upying apro ximately an area 6Sm wide, 60m long , and with 20 m high
i n its deep part . The resid ue is simply dumpe d f rom the top by trucks.
Some ti me s a tractor is used to un iformi ze the t op ography . No cover material is
used . Bor i ng s done at the si t e showed th at t h e in - situ density wa s 1 .36 t/m3,
t he hyd ra ul i c conductiv ity was 8 .8.10 - 5 c ml s and lh e natura l moisture was 27\ .

PHYSIC~L MEDI~ CHPRPCTERI ZPTI ON.

In th e s t ud y a r e a , out crop ro ck s belong s to the Ca n t a r e i r a Fa cies (Hasui et
al., 19 78 ; IPT, 1981 ; DPEE , 1982) o f lhe SIN -T ECTONI C GRPNIT E SUITE . This rock-;
compo s e a oc currenc e of great magmati c evenl of Lale Prolerozoic, and are
c harac te riz e d by large distribulion in area of batholits and stocks . The
rock s , of c a t az ona l a nd mesozonal origin, present allochthonous and para ­
auth ochlhonou s c ha r ac t e rs and have diver sified t e xtural and c ompo s i t i on a l
featu re s . The grani ti c -g nei ssic type is more c ommom.

In t he outc ro ps an d boulder s, ne xt
cla ss wa s observed. The presence
porphyrit i c te xture . Hasu i et al
graniti c -gneis s ic ro ck followS-the

of the waste depo sition site , the same rock
of megacr istal s of K-feldspars gives a
( 1978 ) des cr ibe that lhe folialion of this

same regional trend observed .

The ge ophy si c a l ver tical elec tr ica l s oundi ng di sti nguished 3 , 4 , and 5
e le t r i c l a y e r s. The inter pret at i on of this f eat ur e I S , from down to up,
i na l l e r a t e d granite , sa t u rate d zon e of a l t erated soi l, a nd u n s atur a t e d zone of
alterat -ed s o i l. Evenlually , eac h geological layer c a n ge n e r a t e 1 , 2 or 3
diff er en t ele t r ic horizon s .

The 5 geoph ys i cal ele trical so u ndi n g pe rmitt ed to
to p o f lhe i na l t e r a t e d r ock i s at av e r age depth
c e n tral part of t he de pr essio n .

draw a scenario where the
o f 20 m ( 11 .8 to 24 m) at

Thi s fe a t u r e i s si milar to t he r e sult s obta in e d by the percu ssion
(SPT) . The o ver burden ma te r i a l of th e g ra n i te i s t ha n a l t e r a t e d 9€ a ~9rJ

borings
s o i l.

In t h e Sout h of th e st udy area occur s Quaterna r y s e d i me n ts , out of limit of
ind ust rial p l a n t , a s s oc iated with flood plain s. This sediments overlaps the
gran ite and its a lte rat ion .

S t ructur e Fea t ur es

The most important tectoni c featu re of the st udy a rea is the EW TaxaQuara
strik e -slip fault. Plong this fault , an inten sive c a t a c l a s t i c dynamic
met amo rfim s g ene rat e d my l oni te s and ult ra -mylonites rocks as well as various
su bverti cal p l anes o f bloc ks mov imen ta tion. The sa me stren re laled to this
fault products, either, a large zone of mylonite g ranite -gn eisses (Hasui ~
~., 19 78) .

Locally, the ana lysis of the aerial photograph y lineam ents made it possible to
disling u i sh a pre ferenti al orienlation NW -SE and N- S of lhe minor structures .

Groundwater hidrology

The granilic ro cks , a s well as other pre -cambrian lithologies of the State of
S20 Pa ulo, form the hydrogeological unit called Cr i s t a l i ne ~Quifer (D~EE.

1975), i n which the groundwater oc curence i s r e t r i c l e d lo lhe discontLnuities
provoked by tectoni c slrenghs, like faults and f ractures (secundary~porosity).
and lo the saturated altered soil.

~ccording

behaviour
lo DPE E (1975) . the Crislaline PQuifer presents a very helerogen~ous

because of i ts c omp l ic a t e d geology . The mean transmi s sivily is 3.5

176



m2/day and t he most import a n t p rodu ct i on r a tes a re ass oc i a t e d t o f aults an d
fracture s . Wel l s loca t ed at drain ag e linea men ts bound a ries s ho wed s pec i f ic
c a pac i t y 50 \ hi ghe r t han t he one l oc at e d out side such fea tur es . Me a n valu e s,
r e ga d l e ss of struc tural fe a t u r e s , are o f 0.3 m3/h/m. varyi ng from 0 .06 to 0 .69
m3/h/m .

The verti cal e lec tr ical sou nding and the mon it oring we l l s de f i ne d th e de p t h t o
the water ta ble i n th e alte r ed soil. The me an obtained in the de p r e s sion a xi s
studied was 3. 0m. Me a n g roundw ater hydr auli c gradient wa s 0.0 7 m/m a t th e
c e n tr e of dep r e s sion s ho wi ng a moder at e va l ue. pr obably resu l t o f th e high
s p e c i f ic c a p a c i t y soi l va l u e . F ig u r e 2 s hows a pro f ile a l ong th e dep ress i on
axi s , where g r ad ient s valu e s are i ndicate d as we l l a s the de p th s t o th e wate r
table an d be d r oc k top .
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~SAND SILTY

E:Z:2J RESIDUES

Fi g. 2 . - Hi dr oge o logy of t h e s ite .

I'~rcussin dri lling ( SPTJ did not agr ee to ele ct ri c sou nd i g s when of the
nnaly sis of h il ls of the depre ss ion . Gra d i e n ts betw en po i n t s SP-S and SP -3
w~re 0 .003. s i gn i f ic a t i v e l y s ma l l e r th a n tho se be tween SP- 4 and SP-5 . o f 0 .03
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m/m . The water levels showed a water flow from sP-4 to sP-5 and from 5P-5 to
sP-3, the oppos ite from the expected from the topography.
Such type of altered soil allows to estimate hydraulic conductivilis between
0 .1 to 1 m/day having saturated thickness around 15 m in the central part of
depression and 0.5 m, at the hills.

Cont~mination si~uation

The resull s of lhe eletromagnetic sounding are shown in figure bellow .

+
P 2

150 .. 100 SO o

Fig.3. - I s o c ondu t i v i t y map-EH -34/10mH
investigation depth-7.5m ,and sampllng
poinls.

The residue deposit is ending just at the profile B, from 50 to 110 m at the
figure, and the groundwater flow is from B to F, aproximately transversal ~o

the profile sounded. From the figure is clear that there is an increase 1n
the condutivity along the axis indicating that the pollution plume
(considering the area with condutivities greater than 6 mllimho/m) Is at
least 60 m wide and more than 100 m long. Others measures, not shown here,
indicated that the area of high conductivity diminishes at the 15m 's o und i ng
depth, meaning that the contamination is greater . at the high p.. rh of the

,a qu i f e r . Other interesting point is the appearance of spots of high values at
profile D and F.samples collected at points 1 and 2 confirmed th .. t the ground
w.. ter is contaminated at these points, at least by dissolved solids. Rt point
1 TDs was 110mg/l and at point 2, 350 mg/l, measurements done nearby found
values around 70mg/l. The TDs(total dissolved solids) was me..sured in field
using electrodes. The ph was 5.9 at point 1 and 6 :0 at point 2. The run-off
has carried out the waste material along the base of the -valley for more th ..n
200m. The existing vegetation along the drainage pattern was dead, certainly
because the high fluoride content of the waste. Brown,' 1983 points out th .. t
100ppm of fluorides in irrigation water is toxic to some vegetables, 8S seen
before, the leachate of this residue can h..ve higher values of fluorides.
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REMEDI~L ~CTION PROPOSED.

There is a swamp area just 30 m from the point 2, figure 3, which is the
discharge for the groundwater lhat comes from the site . The water from this
goes lo the Ribeir~o do Col~gio. There is only few phrealic wells nearby and
the industries use surface water for their suply.These small use of the
groudwater at the region. associated to the rel~tively low toxicity of the
components of the waste, made reasonable to consider that an acceptable
remedial action would be regrading the surface and interrupting the
infiltration by impermeabilization . The regrading will enhance the run -off
lhus diminishing the infillration. There is, by other side, necessity to
control the erosion of the residue by the rain action, for lhis it was
proposed to cover the residue with soil and lo plant grass on it, allied wilh
the diversion of the rainwater coming from the drainage area outside the site .
For the waste particles already leached out, ils been proposed that it will be
excavated and reburied at the new landfill.The remaining infiltration will be
cut off by imprmeabilizing the top with clay . Finally, considering that :
a) the industry needs a place to dispose its residue,
b) the topography is adequate,
c) there is no surface mater source at the sile.
d) the geology is within lhe minimun standards required by the state
authorities for induslrial landfills (~8NT 1987b) and e) the area is already
degraded, it was sugested that the landfill activities could remain, but with
several environmental protection measures. Those are: impermeabilizing wilh
clay lhe bottom and the top, leachate collection and treatment and
pretreatment of the residue, silica sludge, with lime to imobilize the
fluoride. Qlso will be operated a monitoring well net, to follow the expected
changes in the groundwaler quality.

MODELLING.

To evaluate the effe ct of interrupting the pollutant infiltration on lhe
groundwater quality, it was used a relatively simple model(Cleary,1990). It is
a two dimension one . The effect of the unsaturated zone was negleted. The data
used is described bellow :

T~8LE 2 - Model Inputs

PQRQMETER

Source width(L)

Initial
contaminated deplh(b)

Transmissivity(T)

Hydraulic gradient(grad)

Effective porosity(ne)

Longitudinal
dispersivity(al)

V~LUE

65 m

20m

0.3m3/h .m

0.07

0.20

10 m

8QSIS

System geometry

Syslem geometry

Qverage in region

Measured

Sand silty(USEPQ,87)

0 .1 of distance of
interest(100m)

Coefficient of transversal
dispersion.(Dy) 1/3 Dx

x direction is groundwater flow

Hydraulic conductivity(k)= T/b=0.36 m/day

Velocity(V)= -(k/ne)Mgrad=O.126 m/day

Coef.long.dispersion(Dx)= alMV=1.26 m2/day

roef .transv.dispersion(Dy) =O.33MDx=O.4 m?lday
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It was c on s i de r e d that th e problem s t a r t e d i n 1979 and that the remedial
act io n occurred in 199 0 . so at t hi s date th e source is i nt e rr up t e d. Figure 5
sh ows th e r e la tiv e c onc e n t r a ti on to day in a p l a n v ie w .

TWO-DIMENS·IONAL CONCENTRATION 11 YEARS
0 .00

200.00
100 ,00 20 0 .00 300.00 400. 00 500.00 600.00 700.00 800.

100.00

0.00

-100.00

- 200 .00
0 .00 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.

Fig.4 .- Relative concentrations distribu tion
i n 19 90 .

The width of the plume i s s i mi l ar to t ha t fo und wi th th e ge oph ys i cs, by other
side s hou l d be noted th at the groundwater d i s charge s at a swamp area ab ou t
2S0~ from the si t e, so ac t u a ll y the r e i s no p lume beyond thi s po in t .
The figure 5 s ho ws the variation wit h t i me of the c onc e n t r ati on at 120 m from
lhe sile . Th is i s lh e lo calion of one monitoring well .
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Fig. 5 . Simulated relative concentration va riation with time at point 120 m

The simulation i nd i c a t e that 3 .5 years after the infiltration be i n t e r r up t e d
the concentration is only 20\ of the initial one , and that after 6 .5 years the
values practically will be that the ba ckground . ~t this point s hou l d be
po inted out that the groundwater velocity was not determined at th e site, so
if the re a l velocity be greater, the recovery time will be smaller, and by
other side if the velocities are greater , the re covery will be slower.

CONCLUSIONS ~ND RECOMEND~TIONS .

F r om the above it is possible to c onc l ude that :

- the methodo logy used was adequate and c o nduc t e d to good results .

- the quality of the groudwater can be naturally re covered with the remed ial
action s cheme proposed.

- there are need to get mor~ mon itoring data to have better idea about the
actual groundwater contamination .

there are need to get real groudwater velocity figures to improve moda l
output quality.
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- geophysi cal techniques p re sented here a good too l to Qui c k ly ev aluate the
plume extensio n, but p rese nted some p roblem s to determine the g roundwat e r
level .

- fo r the s ituation mode l led, the use of si mple model s sho wed a de q uate.

Based on this conclusions, it is recomended th at :

- Be carried out slug te sts to get real gr oudwater velocitie s,
- Be carr ied out an s amp l i ng program
- With the data above run again the model .
- Be implemented a ll the remed ial act i on s cheme propo sed .
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