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1 - DESCRIPTION OF WORK

This study examines and rates alternative methods of treating
contaminated bottom sediments, and recomménds ahprogram of

work to evaluate selected processes with high potential.

The full”tefms of reference defining the scope of the study
are given in Appendikx II. ' e
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2 - BACKGROUND AND APPROACH

The potential for treatment of contaminated bottom sediments

by dredging and removal was examined in a prev1ous study

(Acres 1972) This study indicated that the environmental

impact of dredging operations to»improve navigation can be
reduced,; and that there is a possibility of using planned

dredging- for the spec1flc purpose of 1mprov1ng the - env1ron-

‘ment (S.- Bjork 1972) The. cost involved in removal of conta-

minated sediments and their»deposition in a manner-that would
not cause subsequent pollution is, however, high.- Sso would

be the costiof permanentlyvcévering the cdntaminated sediment
with a stable layer of imported‘material. As an alternative
to the-above, the study recommended further investigation -
into the treatment of contaminated sediment in situ.

In the present study, which emphaeized in situ methods of
treatment, it is. reedgnized that contaminated sediments can
cause ‘or accentuate many different environmental problems |
(Ku & Foess 1973) , therefore, partlcular attention is placed
on basic methods that are broadly applicable to a Varlety of
condltlone. The complexity of treatment of a wide range‘of
contaminants and their separate and.synergistic relationShips
to natural water chemistry, however, will require additional
considefatien to .be given to individual cases.

The report is divided into two parts. In the first, basic
treatment.pfocesses areirated‘and a selection made of those
proceSses that merit further evaluation. In the second, a
laboratory test and:field;prograﬁ.is-recommended,for the

technical -evaluation of theee’selected processes.
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The principal recommendations made in the report are:

(a)

‘(b)

(c)

(d)

(e)

sedimentary deposit.

 Where contamlnated sediments are underlaln by clean

‘sedimentary dep051ts, contamination of the water body

can be retarded by progressive turnover by dredglng SO

that the contaminated material is covered by the clean

This method of treatment is applicable in a variety of

. situations. Laboratory tests should be madepin?aﬁuaria
Tto-determine its chemical and biologioal potential, and
-the*results correlated, if possible, with field tests.
‘If the method proves’ effectlve pllot tests could be used

for process development

Treatment of heavy metal-contaminated sediments by
chemical stabilization could prove to be both‘economical
and effective in reducing contamination of the surround-

ing water body.

Chemical stabilization by anion exchange of hydrogen

sulphide adsorbed to an anion exchange support could

reduCe soluble release of many heavy metal ions.  The
process of, hydrogen sulphide adsorptlon should be de-
veloped by laboratory tests, and the treated materials

'tested in aquarla to determine thelr effectlveness.

If the method proves effectlve, and correlates with fleld

,test data, pllOt tests would be in order.

: PrOQress_of.research and development'on other methods of

treatment, such as agglomeration and on—barge oxidation

‘technlques, should be kept under observatlon for use 1n
-spec1al condltlons. '



3 - RATING AND.SELECTION OF

"'":'BASIC TREATMENT PROCESSES

3.1 - Summary"

The procedure used to select basic treatment processes with
potential that could merit further evaluation is based' on:

v

;(a)' Adoption of six nearly independent: con51derat10ns as
criteria to be used 1n judging the merits of bas1c /

treatment processes.

(b). The weighting ef-these_criteria to reflect the relative

importance of each criterion.

(c) Assigning to each process a separate rating (0 - 4)
pertaining.to each of the criteria. Zero being the’ ~
most favorable rating. '

As not all criteria merit equal weight in the selection
‘process, each is given a weight reflecting its relative

1mportance. The 51x criteria and the weights aSSLgned

~to them are given below.

Criteria : - Weight
Shortfterm‘releases to water column 0.1
Long-term releases to water column 0.5
Effect on Benthic Development . 0.5
Flexibility of - OperatiOn . - 0.2
Required Technical Development . 0.5

Cost’ R . o » l.O
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Four basic processes are considered: .

- Agglomeration

Turnover

Chemical Stabilization in situ

Dredging, Processing and Replacing ,

A compariSOn is made forhtwo‘very dissimilar conditions -that

are‘known to occur 'in the Great Lakes.

(a) A 51lt—sand materlal in oxygenated water w1th release
_ of heavy metals to the food chaln.:‘

(b) A thick industrial harbor deposit with high concentra-
tions of hydrocarbons and industrial,wastes of recent

origin. : i

Comparative ratings, given in Tables 1 and 2, indicate that

for the above cOnditions consideration should be given to

further evaluation of in situ chemical stabilization of sedi-
ments contamlnated by heavy metals, and to perfecting methods
of overturnlng heav1ly contamlnated harbor dep031ts ‘SO that

they -can. be’ effectlvely sealed, u51ng the orlglnal uncontaml-
nated material directly below them. ‘ '
The weights given'to the Various criteria favor proce3ses o

feasible with present technology and capable of: dlrect 1mple+

mentatlon.‘ The welghtlng system selected however,‘must not

~be allowed to stop development of other processes such as

agglomeratlon or sophlstlcated dredglng technlques, that have

more specialized appllcatlons.
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3.2 - Criteria and Rating System

As outlined in the preceding summary, six considerations were
selected as criteria to be examined in choosing basic treat-'

ment processes.

The.followihg'paragraphs_give the basis upon which the‘six g
criteria were selected, and considerations that were taken

into account in establishing a rating under each criterion. "

(a) Short—Term Release
to Water ‘Column

In ﬁost cases, if the sediment is disturbed or ﬁixed

w1th the overlylng water, some of the contamlnant can

be released. from the surface of the sedimént partlcles

or the interstitial water. 1In rating treatment processes,
each process is considered from the point of'view of the
mixing likely to take place before;final'stabilizatioh.-
inrestablishing a process rating for this cr;terion,‘ac—.
count must also'be'given to the roie of the redox potential
in minimizing the release -of soluble phosphorus durlng

the m1x1ng perlod

A rating of zero.(O), under this criterion, would entail
no disturbance of the surface layer, two (2), the’removal
of the surface layer by controlled dredglng, and, four (4),
complete mechanlcal m1x1ng to stlmulate rapld decompOSL-

tion of the contamlnant.‘



(b) Long-Term Release
to Water Column

The.release of contaminants from treated bottom sedimenté
will be modified by the chemical and physical changes:

that occurred during.the’treatment'process,

Generally, long'term Yeleases in undisturbed eediments
.-are controlled by the dlffu51on rate in the 1nterst1t1al
water (Stumm & Chen) Also, as the sedlment consollf
dates, further releases can occur by dlsplacement of’ the
1nterst1t1al water. Wave and ship action in shallow -
water can result in the periodic m1x1ng of’ sedlments-‘

with resultant contaminant release.

The role of micro-organisms as agents of methylation is
an extremely'important one.  Through their activities,

heavy metals such as mercury are released from the sedi-

S

ments in a form which is utlllzable by other organisms.
In addltlon, hlgher organlsms can cause vertical trans-
fer of contamlnants by phy51cal movements. For example,.
tubificid‘un&ulations, diffusion through rooted_plants

and the feeding activities of forage fish.

In rating a treatment process the following factors are

_taken into consideration:

i
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(1) Change in chemlcal stability and concentratlon

of contamlnants in the surface layer.
(id) hChangeain_stability‘against physical disturbance.

(i1ii) 'Consolidation of'sediment aﬁter'initial.settlement.
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(c)

(@

A rating of four (4)'would_entai1 no change in the' rate

- of long-term release, and zero (0), complete removal or

permanent stablllzatlon of the contamlnant- intermediate
numbers belng used to 1ndex rates of release between

these two limits.

- Effect on Benthic Fauna

Treatment.of the contaminated‘sediment can result ‘in
modlflcatlon to the- benthlc fauna, and’ may be undertaken

for this purposeS; For instance, treatment that caused

‘' bias toward pollutant tolerant species, such as tubificids

or some chlronomlds, would be judged unde51rab1e because
it restrlcts the full development of benthlc fauna.

Treatment that encouraged‘an increase in the number of
species, 1nc1ud1ng those less tolerant to low: oxygen
condition, would be rated beneflclal to the benthic

fauna.

The rating of zero (0), under this crlterlon, indicates

-a wide dlver51ty of spec1es, and four (4) 1nd1cates con-'

ditions that would not support any form of benthic fauna.

Flexibility‘to Operate under a

The methods examined in this report for treatlng contami-

'nated bottom sedlments pertaln to open water condltlons.

A



(e) .

Additional site factors that could influence the choice
of method, or restrict its use to specific conditions

only, are:

(i) . Depth of water

(ii) Exposure to waves and currents
(1ii) Obstruction to navigation

(ivf' Prox1m1ty of structures

- (v) . Mechanical strength,of the sediment

The method of treatment'selected for_furthervinvestiga;
tions should be applicable to a variety of site conditions.

A -rating of zero (0) under this cr1terlon implies that the
same equ1pment,,w1th minor modlflcatlons could be applled
in all situations. Four (4) implies that a number of ‘

separate types of equipment are requlred to utilize the

' method under- a variety of .conditions found in Canadlan

lakes_and slow_flow1ng rlvers.

Required Technlcal
Development

'There are obvious merits in any approach that uses only

- existing equipment. The development, manufacture and

use_of‘new‘equipment_entails costs and uncertainties in
design,‘training and contractural procedures. Treatment -

processes that in part employ standard components are to

dbe preferred .over those that requlre special equlpment

’that is normally not. in contlnued demand.

In rating processes uhder'this'criterion, zero (0) implies
no equlpment development, ‘and four (4), the complete ’
de31gn and development of new equlpment
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(£)

“‘Cost

Experience has shown that the range of cost of treatment

~varies widely. OXygenationJof’a thin layer of contamina-

ted‘sediments in a small bay or lake can be effected for
a cost of about $lO 000 per square kilometre. - Over
$1 0oo, 000 per square kllometre has been spent on 1nplant

treatment of a heav1ly contamlnated sedlment Some

typical costs for unit operatlons relatlng to dredglng

:‘and 1nplant operatlon have already been publlshed (Acres

1972) S : - S , _‘ﬁ‘ tii

v_inerating the cost”criterion of treatment, zero- (0)

implies negligible direct costs, reliance being placed
on the“natural'proceSS of oxygenation once the source of

pollutlon is stopped. Ratlngs one (l) to four (4), for

- the four treatment processes considered, being in the

order of thelr incremental cost. The cost of treatment

- for any glven ratlng will naturally depcnd on the degree
. of contamlnatlon, the comp051tlon ‘and. depth ‘of the

'deposlt.

3.3 - Weighting of Criteria

The criteria_selected;for rating basic treatment processes
were chosen as—beingvindependent of each other so that a
-choice'CQuld be made,'either on the-basis of one criterion or
a comblnatlon of several.” In most 1nstances the equal welght
would not be glven to 1nd1v1dual ratlngs ‘under each of the

six cr1ter1a..



For example, in most Cases-the major disbenefit to any method

~of treatment is its cost, The major potential benefits of

treatment of contaminated sediments relate to reducing the
long-term COntamination of the water body and improving the
dlver51ty of bottom fauna (benthlc development) In this”
study, therefore, cost has been glven the welght of 1.0, and

-each ‘of ‘the above two major,beneflts-a weight of 0.5. - Reduc-

- tion of the short-term release of contaminants‘to the water

body has beenigiven the lesser weight of 0.1.

The need for further teehnical development can have a major .-
impactqon scheduling and the reliability of cost estimates.
Rating under this criterion was also given'a'weight of 0‘5
Flex1b111ty of operatlon, belng of lesser importance, was for

this study rated at 0.2.

All the above welghtlngs are subjectlve only, but are deemed
to be representatlve of weights that would be allocated 1n

many situations when an immediate solution is desirable.

3,4 - Processes Considered

Four processes were selected for consideration as being
suited to Canadian conditions, and not yet developed through
use in other countries. The processes,are'described-in the

follOWing,paragraphs.



c(a)

(b)

Turnover

Agglomeration

In this proceSS fine contaminated sedimentsﬁor loose floc

are treated to form larger particles or pellets that are
essentially inert. As presently envisaged, the contami-
nated material would be carefully dredged, and treated

by one of the following methods:

(1) _Approprlate addltlon would be mixed w1th the
material to form, on settllng, 1nsoluble solid

’partlcles of approprlate size.

(ii) - The sediments would be pelletized into larger
. partlcles which ‘could later -be stablllzed by a

_surface coatlng of inert material.

In either caSe,‘theragglomerate would be returned to the

lake or river bed and spread in an even layer.

- In this process contaminated material is burled under
‘clean. sediments brought up from below. The approach is.
to trench, partlally ‘backfill with contaminated sediments,.

and cover agaln with clean materlal. Equlpment 1s avail-
able- to perform these operatlons (Acres - Faldl) but
its rate of performance is limited. The development of
a contlnuous process along the lines shown in Flgure 3
to 1ncrease the eff1c1ency and economy of turnover,,would

-be warranted 1f the 1n1t1al 1nvest1gat10n 1ndlcated that

the process 1s effectlve.

The_methodlis“mostlclearly'applicable where there is a

‘readily dredged clean substratum, under a contaminated\
~layer, and the’ contamlnated sedlments are dense ‘and not

in the form of a loose floc.
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(c)

(d)

Chemlcal Stablllzatlon

“In Situ

Chemical or biochemical treatment of the contaminated

sediments can be done in situ by:

(i). Spreading or ﬁixing an additive with the conta-
~. minated material. An example would be the use
“ of a treated anion exchange support to- adsorb

metal’ 1ons.

(ii) Oxygenation of the lower layer of water to raise
its redox'potential; This could result in ab-
sorption of'organic materials, and‘a reduction

in the solubility of phosphorous’compounds.

(iii) Biological seeding- when the water‘chemistry is
favorable, mlcro-organlsms can be 1ntroduced to
promote the breakdown of certaln contamlnants.

Dredging, Processing
and Replacing

ThlS process is similar to the agglomeratlon 1nsofar as
the contamlnated materlal is dredged, treated and re-=

“turned to the lake or rlver bottom. Proce551ng is done,

however, through a treatment plant to remove the con-
taminant. The contaminant could be removed by rapid
ox1datlon or solvent extractlon. An approprlate treat-
ment would have to be designed for each type of problem
sedlment The capltal cost of a treatment. plant w1th |
the required flex1b111ty and throughput would be con-
51derable (Everett 1973) ‘
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The following processes were spec1f1cally excluded from con-
51deratlon in this study for the reasons outllned below:
(i)  Dredging and removal of Sediments ~ this had been con-
sidered prev1ously (Acres 1972) and a controlled field

test completed (s. Bjork l972)

(i) - Coverlng the sediment with imported clean materlal -
experlments have been made in Sweden (Acres l972) , and
work is continuing on a larger scale in Germany under

the d1rectlon of Professor Ohle6.

‘(iii) ’Sealing the sediment surface - this method could be -
expected to have a long term adverse effect on benthlc

- growth.

(iv) Reducing the impact of contaminants - this would nor-
mally be a'preliminary to any consideration of sediment
treatmcnt, or removal of contaminants by plant harvest-—

1ng.j The latter approach has been field tested and -
. equipment developed (s Bjork)

3.5 - Selection of Processes
for Further Evaluation

Processes with potential warranting further evaluation were
chosen for rating under each of the criteria outlined in

'Section‘3.2. EValuation was made for extreme conditions that

_occur in the Great Lakes and other conditions that are common

in small lakes and reservoirs and also in some'major rivers(

Contlnued review 1s suggested of all treatment processes

‘w1th.potent1al as their use could ‘be approprlate in speclal

conditions.
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3.5.1 - Extreme Conditions

Ratings and overall comparisons were made for two ‘ex-

treme conditions that are known to occur in the Great

Lakes:

A - A contaminated silt-sand material in oxygenated
water with release of heavy metals to the food

chain.

B - A tthk (>.l metre) industrial harbor dep051t with high
concentratlons of hydrocarbons and other 1ndustr1al
wastes (> 10 per cent organics, )-10 per cent metals),

all of recent origin. .

Results of the two comparisons are’giVen in Tables 1 and
2. Four processes outlined in Section 3.4 were rated,
and the ratingvunder'each criterion was weighted as out-
lined in Section 3.2 to give a composit overall rating.
The 1nd1v1dual and composite ratlngs were used as fol-
lows for comparlson of processes, and evaluation of

their potentlal for treatment of spec1f1c condltlons.

Condition A

Heavy Metal Contamination
. of Upper Layer in Well~
- Consolidated Silty Sand

The overall rating on Table l .shows that for Con-
dition A, in situ treatment is considered most
'llkely to be successful and economically feasible.
A second alternatlve would be turnover, whlch could
be more, suitable 1n locatlons where the sedlment

t was not llkely to be dlsturbed by currents or wave

actlon.‘



Other reasons for this choice are:

(i)_ In situ chemical stablllzatlon and turnover
' prov1de potentlally the lowest cost alterna—

tlves.

(ii) . Both will restrict long-term contaminant -~

releases to acceptable values.

(iii) Chemical stabilization will minimize ehort—-
» term releases of contaminants, but could -

have deleterlous effects on benthlc develop—
‘ment.

(iv) Turnover, while causing more immediate
release of contaminants to the water body
would allow acceptable benthlc development

on clean sedlments.

(v) The technical development required to vali-
date either process is within practical
limits. '

(vi) The overall cost of in situ chemical stabi-
lization is estimated to be less than that

of turnover.

Condition B

Thick Contaminated Deposit in
Harbor with High Concentration of:
Hydrocarbon and other Industrial Wastes

The overall rating on Table 2 indicates that for

the deep dep051t of mixed industrial ~waste, Con-
dltlon B, turnover is most llkely to be successful
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and economically feasible. Very considerable
technical development is_requiredvif any other
process is considered.'.Succees of the method,
however, depends on the availability of suitable
uncontaminated sediment under or adjacent to the
contaminated deposit. Should there be no such
‘material available, nor a suitable disposal site
.-for the oontaminated material, con51deratlon would
“wHave to be given to dredglng and on-site treatment,
probably using two. or more.unlt_processes. Agglo—
- meration or in situ chemical,stabilization would
not likely be successful for a heterogeneous'mix—

ture of contaminants.

It is, therefore, recommended that a laboratory and
fleld test program ‘be developed to further examine the
fea31b111ty, and determine design parameters for treat-
ment by:

(a) Turnover for heterogeneous deposits.

(b) Chemical stabilization for heavy metal-contaminated

deposits. "

N

3.5.2 - Other Conditions

Less extreme condltlons of sediment contamlnatlon that
should also be con51dered are:

(a) Deposits withiorganic contaminants only.

(b) Hydrocarbon-saturated sediments. |
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For the first of these, oxygenation is the treatment
most commonly employed. Normally, the Whole water
body is aerated , .but, where this could encouragewalgae
blooms, or other unde51rable condltlons, aeratlon can

be focused on the hypolimnion (Bjork 1972)

The second hydrocarbon -saturated sediments, represents.'
a more stable condition (U.s. Corps of Englneers)10 but
nptﬁnecessarlly.a more de51rable one. Oil- saturated

deposits Support'little colonization by any organisms;la

-However, it‘has'been reported that tubificids can sur-

vive in oil-contaminated sediments, and strains of

\ bacterla have been found to partlally degrade crude oil-

contamlnated dep051tslz.

As dredged'oil—contaminated materials cannot generally
bevused as fill material, treatment of such depos1ts,
if requlred might warrant in-plant treatment elther

by solvent extraction or oxidation at elevated tempera-
tures. This could be done at the dredgiﬂg site, but
would require extensive equipment"development.

It is‘therefore recommended that; outside of the labora-
tory test program, the behaviour of the reservoirs
treated by oxygenation should be kept under constant
review. Other studies currently in'progress on the

underwater degradation of hydrocarbons]fl’12 should be

kept under observation.

: 3;5}3 - Other Treatment

" Processes =

Although‘fﬁrther laboratory and f1eld tests have not

been suggested for treatment of contamlnated sedlments
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by agglomeration, or processing on a barge by rapid
oxidation or solvent extraction, their use in special

conditions must not be ignored.

Developmentvwork.now_undér wayl3 on solidification

of phosphate—contaminated_sludge'from municipal‘Sewage‘.

treatment indicaﬁes the possibility of economical
agglomeration if the,cérbonaceoué éohtené does not
exceed'lé per cent. 1In stdh céses the-lafger particles
formed through the agglomeration process could provide
a more acceptable substrate for aquatic fauna than

pfior to' treatment.

Rapid.oxidétion of hydrocarbons and other organic con-

taminants by incineration is becoming more feasible.

14

Increased development of the fluidized bed”™" as a com-

bustion system gives stability to the incineration

process, and allows it to operate more economically.

Also, as meﬁtioned in Section 3.,4(b), much;development“
work remains to be. done on dredging equipment to make

it more suitable for handling of contaminated materials.

Selection of
Test Procedures

As the processés,fecommended,for.further‘studies.have not

been extensively used, small-scale testing is required to

determihe'théir feaSibility; ”Appfoximate deSigh‘pafameters

are also required prior to initiating_laﬁge#scalelfield

studies.



B Coy . -

'Questions that can be answered in part by small-scale tests.
are:

(a)- The release of material to the water column follow1ng
treatment. ’

(b) The re51stance of the sedlments to dlsturbance by cur—

rents or wave- 1nduced shear.

(c) VSultablllty of the treated sediments ‘as a habltat for
various selected 1nvertebrate spec1es.

A

‘ Several approaches are p0551ble . in 51tu testlng, bench

testing and varlous comblnatlons of the two An example of
15

in 51tu testlng has been described by Hallberg « This

method - 1nvolved regular d1v1ng for samples. The major advan-

~ tage of thlS approach is that samples of undisturbed material
can be taken.

A more common first approach is to bench test, using aquaria
contalnlng reconstituted samples of the sedlment for the

‘determlnatlon of sediment water reactlon This method 1is

suggested for the initial studies that are proposed for exa-
mination of the two selected processes. Also, if required,
in.the laboratory separate tests on the physical stability
of the‘treated surface can be run in a small flume that
Simulates hydrodynamic shear on the bed, but this is not
recommended in the initial test program.

The‘use of aquaria'is advantageous in that it facilitates
sampllng and gives the operator maximum control over the

experlmental env1ronment It has weaknesses, however, in
that it is p0581ble to only partlally 51mulate the natural
system and, therefore, extrapolatlon from the aquarlum to

3

the lake is potentlally mlsleadlng.



In aquaria the effect of treatment on biota can be examined
by determinations of survival and proliferation of selected

spec1es.s The'same organisms could be used to determine a

‘potentlal path of contaminant release by measurement of its

concentratlpn within the species' bodies.

‘In addition to periodic measurements in aguaria pertaining
dlrectly to- the process under examination, data would be

: obtalned to characterlze the sediment type. Partlcular

parameters that could affect the treatability of sediments'

are:
(1) ‘Minerology_
(ii) Particle size distribntion
(iii) Ion‘éxehange'capacity
-(iv) Watercontent
(V)"Organic content
(Vi) Elemental analysis
It is also pessible to combine a series of laboratory tests

w1th field measurements, thereby 1ncrea81ng the reliability

of the 1nformatlon obtalned



4 - RECOMMENDED
TEST PROGRAMS

4,1 - Summary -

The objective of the test programs is to determine the feasi-

"bility of in 51tu treatment of contamlnated sediments to

reduce.the adverse env1ronmental impact. The descrlbed pro—
grams.include purely laboratory testing as well as a combi-

nation of ‘laboratory.and field experiments.

Two methods ofitreatment are examined, namely:

(a) - Turnover of heterogeneous deposits.

(b) Chemical stabilization of heavy metal contaminants.

4.1.1 - Laboratory
Test Program

A flow dlagram for the proposed laboratory test program

1s given in Figure 1.

‘Phase I, which examines treatment by turnover, includes
tests for contaminant release, physical stability and
support of benthic fauna. Using a. s1ngle sample, the

Phase I test program could be completed in 10 weeks.

. Phase II, which examines chemlcal stablllzatlon, re-
qulres a larger test period, as the metal contamlnant

is traced through the blochemlcal process.

The time required to complete both phases is 30 weeks.

~The aquaria that would be used for the test program is



ehown-diagramatically in Figure 2. The estimated

cost of the proposed test program is $34,500.

4.1.2 -~ Combined Laboratory

The alternative approach, that of combining- the results
obtained from3complementary laboratory and field studies,
is likely to yield the greatest amount. of information)
and be the most reliable,‘but involves a‘cthiderable
expenditure of time and. effort to set up and malntaln.

Such an approach is generally described in Appendlx 1Iv.

4,2 - Program of Chemlcal
Testing in Laboratory

The following program of sampling, simulation and chemical
tests 'is proposed.

4.2.1 - Turnover

(a) Sampling - gufficient undisturbed cover will be

k taken'from the site to charge the aquaria (0.6
metres square) The cores will extend to at least
0.2 metres beyond the zone of contamination. The
sample w1ll be sealed and regrlgerated to prevent
deterloratlon. Sufficient water will be taken

from the lake to cbarge the experimental system.

(b) 'Simulation’of-Turnover - The upper 0.15 metres of

the contaminated.core will be removed, homogenized



(c)

and screened to remove the invertebrate fauna.

The contaminated sediment will be placed to a
thickness of 0.05 metres on the bottom of the

experlmental vessels in the aquaria (Figure 2),

and the vessels filled with lake water.

The lower 0. 15 metres of uncontamlnated core will N

then be removed and reworked to break down any

structure. The reworked material will be ejected

into the water at low velocity and allowed to

settle on separate sets of samples of_the contami-p,
nated sediment to a depth of 0, 0.05 and 0.15 metres

respectively.

Analzsis

(i)

Before treatment--consolidation, compaction
and other physical tests will be done on

sediment samples.

Samples from the top 10 millimetres, 10 - 30
mllllmetres and 30 - 100 millimetres w1ll be
taken, homogenized and analyzedvfor C.0.D.,
benZene ektractables, PO4, N, carbon, sulphur,:
pH Eh, heavy metals, water content and any
other contaminants considered likely in the
particular locatien. Samples of 1nterst1t1al
water will be extracted at depths at 5, 10, .
20 and 65 mllllmetres, and analyzed for the

same parameters plus‘B.O.D. 1Add1tlonal con-

trol samples will be_obtained for biological

~ testing.
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(ii)

(iii)

(iv)

During the treatment a sample of the
material to be used for covering the sedi-
ments will be taken and subjected to the

same analyses as the underlying sediments.

Seven days after turnover the physical

‘parameters will be examined, and sediment

and interstitial water samples will'be taken
from the to? and bottom of the cdvervlayer
and the top 10 millimetres of the original
laYer.' These will be subjected_to’the same

analyses as the original samples. The tests

‘will be repeated after a-furthér'peridd of

28 days.-

In addition_tb the above tests the overlying
water will be sampled before turnover, im-
mediately aftér the top iayer has settled,
and at 7 days and 35 déys after turnover.
Analysis will be for B.0.D., PO,, N and
heavy metals. During the period of testing,
the pH, D.O. and temperéture of the over-
lying water will be maihtained constant at
the values found in the water column at the
sampling area. Additidnal water used above
the sediment saﬁples'will be obtained at.
thé time of sampling from the sampling site
at a height of 1 metre above the bed.

During the experimental_incubation period
the aquaria will be aerated, and the water
wiﬁhin'them.circulatedito5preventistagnation

and to maintain water quality,






