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1. Rehabilitation of waters

1.1. Tyres of waters and water contaminamts

. (Wxrdley Smitir=To
0il floating on water can be restrained by booms and pumped off but

nearly all other pellutants likely to get into water cannot be removed im lote
within the constraints of time and the economy. Water supply systems, which
take an essentially constant flow from a river, can be modified to r:;ove some
pollutants but the normal response is to close the intake pipe until the

"plug" of pollutant has passed. Thus both for air and flowing water the only

rehabilitation possible or necessary is s wait until the pollutant goes awny.

A pollutant in flowing air or water always diluted b;
which in many cases rapidly reduces the concentration below dangerous levels.
However, some pollutants are toxic when present at concentrations of only
-9

10 which means that one ton of macterial must be diluted in more than one

cubic kilometer before it becomes acceptable. Cubic kilometers of air are
aally available but the flow of most rivers is insufficient to provide the
required volume for dilution in a reascnable time., Furthermore, even if
diluted, some chemicals are adsorbed on surfaces at high loczl concentrations

and some may even be concentrated in food chains.



Since it is essentially impossible to remove pollutants from flowing
water, efforts should be made to avoid washing pollutants into surface waters,
no matter how effective such action mizht be in remeving the immediate danger

during the emergency phase.



In some cases a nlug of contaminant has been traced as 1t moves doRA an

adquifer and wells have been closed as the polluted water approaches to be

reopened vears later when it has passed.

Ground-water

Water that flow underground provides more than half of the good water
used for potable purposes. Most underground aquifers are filtered very
efficiently in their natural formations so that they are free from suspended
matter including infectious agents. Bacteria, for example, may be removed by
flow through a few meters good soil. Many dissolved substances are adsorbed
on soil surfaces and precipitated ni neutralized. However, some salts and
some small organic molecules travel essentially as fast as the ground-water
they are dissolved in. Examples of such pollutants are sodium salts of
chloride, sulfate, nitrate and chromate as well as organic liquids such as
gasoline and solvents used for paints and dry-cleaning. Although these
solvents are not very soluble in water, a saturated solution of any one of

them is far from potable and smells just as bad as the solvent itself.

Ground water flows very slowly in contrast to surface waters and
velocities from meters to kilometers per year are common. Rapidly flowing
ground~water in underground channels and caves is seldom purified to any
degreg by such flow, only slowly moving water has time for the natural
purification processes we associate with good ground-water. Because the flow
is usually so slow, a considerable time may elapse before pollution is noticed

in wells that are only a few hundred meters from a source of contamination.



Nota: La pagina 106 del
documento original se
encuentra en mal estado.



CONTROL_AND CONTATNMENT OF WATER RESLUNCSS CONTAMINATED
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The actions necessary to achieve the rehabilitation of a
contaminated water resource divide into two phases. Firstly oaimade-
ke those ewewoms designed to arrest the spread of contaminates

TR | and Secondly ‘iRl

SRR T T RS O romove, el
the contaminationr-'ﬁi—-ﬁ-—m

-

] _ I . .

2,1 SPILLS ON THE LAND SURFACE
2.1,| Physical barriers

m. The first action to be taken must be to stop the
continuaticn.of discharge whenever possible, by closing valves and

stopping pumps ENENSNNEEENNENERPEEP- transferring remaining

materials from damaged containers to intact vessels h
Tn:i plugging obvious leaks _

m Wpilled liquids are likely to flow
towards drainage channels and the next step is therefore to impound

the flow by construction of a barrier (bunding). Ligquids collected

in bundec areas or in excavation should be removed by pumping to

secure, intact containers as soon as possible, SIS, -

ligquid, .4&n some cases the sa effect may be achieva® by rapid

flow path of the spifl. Obvioucl-

the iﬁpounding of liquid beflind a bund wall incre&ses the hydraulic
grad.ent through the unde,_"'
vegtical percolation. ;

excavat¥on of a pit across tf

~ying soils, leading i greater loiz by
the natural soils at#the site of 3ill
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2 ourrace waters
5 ]- Pollutant transoeort gaths
[

2
a
Liquids heavier than water sirnk to the bed of rivers and lakes
and may flow along depressicns. 1In the cazse of streams this 1is
ocften in the downstream direction, but not inevitably so. 1In the
case of immiscible heavy liguids, for example many helcgenated
solvents, the liquid mass continues to move until it enters a
closed basin of sufficient capacity to centain its volume.
!-h-s,~giurrieseyehfuauféettle out but in high energy
streams turbulence may progressively resuspenthe slurry particles
<HNUUEEEENRY 2nd transport them in the downstream iiirection,

Lighter than water substances, typically hydrocarbons and some
non-wetting fine particulate materials, float on the surface and
are convected in the direction of stream flow. In lakes and slow

moving bodies of water movement may be strongly influenced by wind
directions,

Spills composed of miscible or soluble compounds spread through
the body of water which they enter by the normal processes of
hydrodynamic dispersion and molecular diffusion.

2.3
GROUNDWATER

Polliutants entering groundwater systems from accidental Spills
may < el = ' _

be either

miscible and soluble substances that disperse into the groundwater

tlow or partially or wholly immiscible compcunds <N
'

Soluble (miscible) substances move with the groundwater but are retarded
to some extent by adsorpticn on the solid particles in the aquifer (see
Section D 8.1). Very soluble substances such as sodium chloride and nitrate
move nearly as fast as the groundwater whereas ions such as K+, NHZ,

Ca++, HPoz adsorb fairly strongly on soil solids and initially move
very slowly (Young 1981). Many organic substances tend to be strongly
adsorbed and are not seriously contaminants of groundwater. Highly volatile

immiscible substances, such as petrol (gasoline) may move more rapidly as

vapour through gas spaces than in the groundwater itself.

Afsiunet. Fartseetes



The principle contaminants thal

SN differ significantly in density from groundwater are
hydrocarbons (eoils) which are lighter than water and many of the
halogenated organic compounds which are denser. The behaviour of
these types of pollutants in groundwater systems Wttt T
Rpaee ST ST TERIFS R B e Y
fiRensiiing h2S been ewesmig® renewed by Schwille (1981) for

immiscible liquids and by Young (1983) with particular attention to
organc-chlorine compounds,
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2.3.1
Hpd]  Physical barriers

Two types of physical barrier are commonly suggested for the
containment of contaminated groundwaters, slurry walls and sheet
piling. With the exception of lighter then water contamination
incidents, these techniques are really only applicable when a
natural impermeable barriers exists at some reasonable depth within
the aquifer, into which the base of the cut-off can be sealed.

Ry an 1990}
The slurry wall technigque is more versatile (Mlllet and Perez,
1981). 1In essence, a slurry of bentonite clay lS pumped into a

trench whilst excavation of the trench is proceeding, with the
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slurry maintaining the wall stability through hydrostatic pressure.
As excavation of the trench proceeds, it is progressively
backfilled with & cement/bentonite or soil/bentonite mix which
combines with the slurry to form a low permeability membrane. A
permeability of not greater than 10~7 cm/sec is normally specified.
~—- The slurry wall technigques are only really
applicable in unconsolidated sediments, or, in the case of direct

trenching, in very poorly cemented granular materials.

Physical barriers to groundwater movement, unless completely
surrounding a mass of contaminated water, ?hay aﬂbu{__rto escape

contamination around the ‘Tlanks. It is tnerefore necessary
both for the purposes of preventlng further movement and in order
to remove the contaminated water for subsequent treatment to

install a borehole, or boreholes within the contained mass and to
remove the polluted water by pumping.
23
Hydraulic barriers

Hydraulic barriers are created by changing the hydrostatic
pressure heads in the vicinity of a spill in such a way that
movement of the contaminated water is abated. Two basic types of
barrisr exist, pressure troughs and pressure ridges.

SRR,  Pressure trough barriers involve
the construction of several wells sited so that thely

i . ; . : . : . —
ikttt Givert and intercept

water moving along a broad front. Successful operation of such

systems have been described (SnmntSlNNg® by Burt (1972
De Walle and Chian, 1981

Afsluttet. Fortszettes



Groundwater pressure ridges, are locafec in such a way
as to divert or restrict the flow of polluted water"
either by injecting fresh water through a series of specially
drilled wells, or by recharge of water through lagoons and

trenches. The former technigue wuenmsiseammEERin—————
. - PR i | ———— —
e T iR inlisiiti e e g
SRR sttt S
control the movement of groundwater pollut#d by solvents and acid
sludges has been reported by Neely, et al. (198l). The technigue
1s basically that of artificial recharge of groundwater resources
and simiiar guality constraints apply to the injected water, if
rapid blockage or corrosion of the injection wells is to be
§voided. By contrast, the use of recharge lagoons or ditches to
create pressure ridges 1is restricted to -unconfined
aquifer systems and is much less controllable than the injection
well method because the water must move vertically through an
unsaturated zone before reaching the water table, and may be

subject to lateral dispersion. The technique does, however, offer
certain advantages,

Costs and time of construction of trenches are far less
than those for an equivalent array of boreholes

Maintenance of recharge performance is relatively. simple,
consisting of periodic dredging of the ditches toc remov®
settled fine materials,

Unlike pressure trough systems, in which the wells directly
remove the contaminated water, pressure ridge systems regquire ginsg
SElmMmeis’ 2bstraction boreholes for the removal and disposal of the
diverted or restricted polluted groundwater.




The actions described in the previous section are designed to
prevent or restrict the spread of pollution in the aguatic
environment. In all cases this involved the containment of the
polluted water in such a way that it could no longer mix with and
contaminate clean flows, and often implied the removal of the
polluted liquid by pumping to a prepared storage area. AS such,
certain of the actions could be considered as a first stage in the
treatment of the polluted resource.

This section, therefore, deals with those actions which may be
taken after the initial isolation of the polluted water in order to
improve its quality to the point where it meets quality standards
appropriate to direct use, discharge to surface waters, reinjection
to an aguifer or some other specified use. The techniques

may be applied to contaminated water that has been isolated

or removed from its original location, The level to which treatment
is carried dependS on the final use of the water after treatment,

The ability of physico-chemical treatment methods to remove pollutants
from water have been extensively studied in various Water Reuse and Advanced

Waste Treatment programmes. Culp et al.(1978) Dean and Lund(i98fJ

Gravity separation of suspended or floating solids is often
necessary in the case of polluted surface waters,
In the case of heavier than water solids the process

Miy be carried out as a batch process, with a series of tanks
in parallel empleyed to ensure continuous flow to later stages of

the treatment system. very finely divided

colloids settle only slowly, if at all under gravity. —
In such cases flocculants such as ferric chloride, alum or

polyelectrolytes may be added to cause coagulation and more rapid
settlement of particles.

Portable clarifiers are available as parts of prefahricated water or
sewage treatment plants. The use of a properly designed clarifier can greatly

improve the removal of suspended matter.

Alsluttet Forsaettes



3. 2 Fi/ﬁ“&hﬂh .

WaTer Filders consisT of Celumns J‘Fj‘r:«m!awz_a#erfa/'
(;%[+ET 7h€&i@) _
A ﬂ\ro»yk LU/\M:[\ fﬁt Pu”u{{'ed} uja%Q'v“ ‘]ﬁ/(_)g,u_sc )-/ci-cu(i'l'ﬁt{

Faﬂtuc',[e;s wdleve. To The Surfaces of fhe medin and arve

311&(75&7’&1~€)1f-// removed 57 back wasAz}xi.

Portable filters used for swimming pools are available and may be modified for
treatment of limited quantities of contaminated water, They are rapidly
exhausted 1if fed with very turbid water, but are useful for polishing after

clarification by sedimentation.

- . oy . — A

3.3 Achua?"é’cz LB'H‘{?N« Anda }o)\ /:—;(c/xahye
adsorption om gctivated carbon is an effective treatment for the
reduction in concentration of many organic compounds in solution.

Both granulated (GAC) and powdered activated carbon (PAC)
are produced., GAC 1s most cemmonly used in continuoud treatment Lo remove
organic pollutants {e.g. odours, phenol, pesticides) etc. from water because
it can be thermallyv regenerated. PAC is less expcnsive but regeneration is
zenerally not possible. PAC is usuallv added to water before coazulation and
1s removed and disposed of as a sludge along with other suspendsd matter in
the water. PAC can also be removed in disposable filter filled with straw or
peat moss. For clean-up of a limited quantity of water PAC will usually prove

to be more economical than CAC.

Ion exchange systems rely on the exchange of ions held by
electrostatic forces to functional groups on the surface of
porous solids (resirs) by ions of a different type in soluticn.
.[a.hd silicafe minera /5)
Ion exchange is useful to remove metal salts from dilute solutions in water,

bul concentrated solutions e.g. more than 1 molar, and solutions of simple salts,

ecj /“'I,':'LC/ and NHa ﬂjﬁ_‘: [%, are not economically treated by ion exchange.
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Bowever, a certain number of compounds
are so seriously antagonistic to the operation of biological waste

water treatment plants that they are unacceptable (Tabley :i).

generay |l y

A few halogenated compounds related to chloroform, especially 1,1,1,
trichloroethane, a dry-cleaning compound, are specifically toxic to the
anaercobic process and concentrations as low as 10 to 20 mg/l can seriously

reduce the production of methane from sewage plant digesters. {(Swanwick and

Foulkes 1971).



Tablel/ 1~ Compounds antagonistic to aerobic biological tTeatment

(after Huibregtse, 1977)

Water soluble salts of: Otganic compounds:
Autimouy Benzonitrile
Arsenic Brucine
Beryllium Carbon disulfide
Cadmium Dinitro benzene
Chromates and bichromates Chlorophencls
Cobalt Nitrophenols
Copper Resorcinol

Lead Strychnine
Mercury Tetraethyl lead
Nickel

Uranium Most pesticides
Vanadium

Zine

Xitcenium
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Lf- 2. Rehabilitation of soil

Relatively little has been published on rehabilitation of soil following
chernical accidents but there is a substantial body of information developed by
the US Eavironmental Protection Agency (EPA) ir} their Hazardous Waste
programme. The behaviour of chemicals in the soil is esseatially the same

vhether they are leaking from improper dumps or spilled in an accident)

- S

T
- Seciments from contaminated lakes and streams share many
characteristics in commen with contaminated soils and may reguire

similar treatments,

A presentation of THMNP-remedial action unit operations has been
. . #and e
published (Ehrenfeld and Bass 1984) based on the YNNG Fpa'g h

Evaluating Remedial Action Tehcnology Plans” by the same authors. A 5‘2@:,‘14’

el itre B-\) Wagner et a1 (198£) offers sdditonal data, The EF

work is limited to North-American seummppuesglegal frameworks but it provide

useful guidance particularly in areas where other work is lacking.
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TABLE 3. RESPONSE TECHNOLOGIES EMPLOYED ATSHRE#—gITES

*Note:

Percentages do not total 100 since more than one remedial action
technique has been used at many sites.

Number Percent of
Remedial Action of Sites | Total 395 Sites
Capping/Grading/Revegetation 69 17.5
Surface Water Diversion/Runcff Controls

{including spill containment controls,

e.g., dikes) 34 8.6
Leachate Collection (e.g., underdrains) 19 4.8
Lining {clay or synthetic) 13 3.3
Drum Removal/Recontainerization 55 13.9
Waste/Contaminated Materials Removal 107 27.1
Waste Recovery/Recycling (solvents, metals) 8 2.0
Contaminant Treatment/On-site Treatment 66 16.7
Encapsulation/Solidification 10 2.5
Ground Water Pumping 29 7.3
Ground Water Containment (e.g., slurry walls) 17 4.3
Ground Water Monitoring 73 18.5
Gas Control 5 1.3
Dr:dging 5 1.3
Incineration 5 1.3
Other Methods (e.g., new water supply) 28 7.1
Combined Techniques 126 31.8
Unknown (remedial actions planned,

but unspecified) 60 15.2




.1 So0il properties

Soil is mnot only oune of the most diverse natural substances in terms of
the range of properties of natural soils but also one of the most
complicated. Soil is tbe natural product of weathering, vegetation and other
forms of life em the rocks that form the bulk of the earth's free surface.
One of the most important properties of soil is its surface area, which is
related to its fineness. JYand of about 1 mm in diameter bas a surface area of
about 60 cm2/cm3 or about 20-25 cmzlgram. Clay bas surface areas up to
100 mzfgram S}O ha/kg). Organic matter in soil, bumus, may have comparably
high surface areas. The importance of surfaces is tbat almost any contaminant

molecule may be adsorbed on surfaces and the quantity adsorbed depends upon

the area and not on the weight or volume of the adsorbant.

When a substance is adsorbed from solution, for example a pesticide in
water adsorbed om soil, the conceuntration adsorbed on the solid is always
greater thaun iun the solution at low coucentrations. The same phenomenou can
be observed with low quality dyes oun cotton fabrics. When washed enocugh dye
will come off, to stain white fabrics iu the same wash, but the original
fabric looses very little of its colour and it is essentially impossible to
wash all the dye out,

¥ - -
solutiou of pesticide i3 spilled on soil.



concentrations of many substances, including pesticides, are as low as omne
part per millien or even less, it is ohvious that attempts to wash soil clean
are doomed from the start. Ouly in the case of a few very soluble salts
including NaCI,nitrates, sulfates aund chromates is it possible to wash out all

of a pollutant with reasonable quantities of water.

2 Removal of soil versus teatment in sitn

When dealing with contaminated soils, remedial action may be
either to remove and dispose of it or to treat it in situ.

Physical removal and disposal of contaminated soil constitute the
best known and most widely practised method for rehabilitation after
chemical spills on land. Standard excavation technicues such as man~
ual and mechanical shovelling and scrapers may be usad.

Such a procedure is straight forward and
relatively simple if a suyitable landfill is available vithin a reasonable
distance. The major ccs: can well be for transport of the excavated material.
For smsll apxlls that have not hac & chance to penetrate very far prou:
removal of #!1 of the contaminated soil may be the most economical
tehabilitation method. Sgsh removal should not be allowed to wait until
pollution shows up ar distant wells for by then the volure of pelluted soil
may be too great to handle within the available budget. In some cases, suc’
as Sevesu(;\f'ée 1?53) the initial dispersions has taken place thtough the ai:
over a large area. .n sucqp a case if it is possible to remove the top laye:
of soil rapidly before rain washes pollutants deep into the soil,
Tehabilitation gould be much less expensive. Ideally the surface removal

should be carried out as part of the emergency action and the polluted soil

could even be stored in a pile on the site pending final treatment and

disposal.

Removal of contaminated soil requires the use of containers or
covered trucks, protection of operators Jepending on the nature of the
chemical spill, equipment for decontamination of tools and plant after
use, and precaurions against fires and explosionsy

Transportation of the contaminated soil must comply with environ
mental regulacions of the province, state or country {(if such existc),



prevention of spillage enroute to the treatment or disposal site
by total enclosure

avoidance of contamination of roads by material that adheres to
any part of the vehicle or container, and drops off. A "wash"
area may be necessary to avoid this hazard.

. Possible disposal methods are secure landfill, landspreading,
treatment (physical, physico-chemical, chemical and biolegical),
incineracion,, dumping at sea FninunpBeralPNRssUNy The most envir-
onmentally acceptable method is treatment and landspreading as a part
of rescoracion.

Atsluttet. Forsattes
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iS easier if the surface is elevated and shaped so

that rainfall runs off and does not accumulate in puddles and sink in.

The design of surface seals and other cover systems has been rhVE5TﬁjafEc('rh

considerable detail ~

L Ehrenfeld and Bass (1984) |
and VV39KET‘€+3|(“?36) include extensive tables of chemicals and
proprietary substances that can be added toe cover goil to improve the seal.
The EPA (1984) found that capping, grading and revegetation were used as
response technologies at oaly 17% of the aites surveyed but eight of the 23

sites studied in detail used some form of capping procedure. Both clay

(bentonite) and asphalt were used with no significant cost differences. Clay

caps were sometimes covered with soil and plant to vegetation.-5€E.GPi(b13h eTa
bG8y )

?ﬁ;}fﬁ Complete containment, which 1is also known as encapsulacion, in-
volves surface, laceral and bottom sealing and, in essence, the chemi-
cal spill area becomes a permanent disposal sire and its reuse is un-
likely. Several different types of sealants may be used such es clay,
asphalt and organic based compounds. Botrom sealing is che most dif-
ficult process and therefore the sealing is usually pumped. A hpoTtoim
seal woilded 7ot be 71€c655‘1tr7 rF fhe walls can be

sealed +o schd bedvock

MThere 2re a number of barvrier techniques that have been developed to isolate

the sides of hazsrdous landfills. The type of barrier that can be

installed depends very much on the nature of the soil. If the soil is loose

sand and gravel and an impermeable clay barrvier or bedrock is not too far
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down, it is possible to completely surround an area of polluted soil sc that

there will be no leskage to groundwater. The cheapest and besc understood

wmethod is to use interlocking sheet piles. These are constructed by driving

web sections of sheeat piling permanently ioto the ground. Each section
interlocks with its neighbours and infiltrations of clay and fine soil

particles into the joints soon complete the seal. Sheet steel piling is

commonly used but has an expected life of leas than half a century. Sheer

?hlvf'(—'ff@‘l'\ ‘:'F Wﬂlfe 7‘) WA/C‘/\' N cahi[an\ ?thfv‘:r/féf}a;

C/\em'ua(gi Tnay Some Times be used Fo remove ;po//a%a ,,7‘5}
From a Confined block of el 45 holed eavrlievw 1F I3

Zaf;/aracfl{af t, wash outF SubsTances Fhst are 97‘,»,,.,7/_/
adf‘a‘réet/. In Some Cases f }4\(,17 by /'74’77?5/? o, v aSA ’051_:

o 56’-./'7" or hELt'fTa[fie a 5‘7':}"0)1‘ C‘{C:{[,{. Uxtd{'th? t’huf)*c;h?h&hf&'
Con be 50%/.’//@4( with Adissetved sxygen er A)l&(%@f?h POVexie

/Jh‘em/of*s 4o /’mcf/&{fdff 3 /1641/)/ metal will ujwa//y' /ead te
b/ou:/(lif cﬁf’ /%e /B\/écﬁoi We/fB or f'r‘é’lf\w(t“ﬁ'.

introducing a cement or geling agent that makes théVacil impermeable.

In some cases it is possible to fix the pollutant in the soil by

whole bodv of
Such

trestment is usually combined with surface sealing and frequently with side

barriers as extra safety feature.

The 7narn ad’.van'fmje of treatment tn siTu 1's that
fhe conTanminant -2 hs ‘T%IfaC.fJ)

. special tranmsportation equipment
reduced.

e
—

is not required.c’f‘,hﬂﬂosts &Ee Jhay 55
'(

CT_}%bile treatment equipment may be brought im with appropriate
personnel to undertake the rehabilitacion. The equipment may be rel-
atively simple svelh—as—sprayiag wunirs, pumps,—plastic—sheetingy—asd

fo pump air Jnte the seil or ot oy refuirf c(:'j_c)'fhf
fhe seil 1o ik in %eu'fm/i‘z}-h? c/iem/cﬁ/;a‘]k
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in¢ineration does not rehabilitate coutaminated scil although it should

prevent further pollution from the initial site.
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Absorption Solvent washing

Demolition Steam cieaning ‘
Dismantling _ Vapor-phase solvent extraction
Dusting/vacuuming/wiping Acid etching
Encapsulaticn/enclosure Bleaching

Gritblasting Flaming o
Hydroblasting/waterwashing Drilling and spalling
Painting/ccating ~ K-20 Seaiant ‘
Scarification Microbial degradation

RadKleen ( Freon E;('h*a.cﬁc;h) Photochemical degradation
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