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1 . amsacT

Seasdnal chénge°-fn“Tﬁn bosifion of fh9“hhior_
table. and.ln Thn chemical compo,|+|on of lnforq+|flal water were
“.,,monafored af the snfe of a Trlal dredglngs alsposal area in
’ .~aKe>$f. Clair, Mchhell Bayl Onfarno, from December 1973 to .
| i_"July.j974. The water édnfenr wffhin-fhé fop.I.meiaYer df'fhe .
sed iment proffle chénged sfgnffican?ly as é.fesulf of free
draiﬁaéé Only a small vo!ume of pore wafer could be collec#nd
Hnn January and no wafcr was collerfhd during sprlng and summer. -
On the other hand, water was. pa;nly sanpled below this fop !ayer

at all times. Changes in the chem:cal composi?non of the collecfedf

PR

. pore wafefrwere'very small. Thelcdhcéntrafions of Al, Zn, Cd, éb.
and Cu iﬁ fhe_pore wvater and the MiTchell Boy Iake waferbwérn
almos{ idhnfiéal lore watoer éan lﬂ' vonrnnnod u;pro;lably
hlgher concen?rainons of P, N, orannc C Fe, Hg and Mn compéred

3 to Mitehell Bay water, pore water concen?raflon af these eleman+5':
.are low and cons equaﬂle pose no healfh hazards. IT is concludéd
‘fhaf |mperv10us pile refalnnng walls built af rhe site are needed

as a protection against wave erosion but not for the retention

of the pore water.
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Disposal of pollufed dredged sedlmenfs into

‘Great Lakes open wafer ls presenfly prohlblfed However, the

large quanflfles of annually dredged sedlmenfs from The Greaf
Lakes harbours and channels have caused a slorage problem (U S. Army

Englneer Waferways Experimenf Sfa?lon, l972). The deposlflon _

. of dredge spoul on arflflclal lslands oonsfrucfed in bays or

bnearshore zones hes been considered 3 feaslble a@proach fo dlspose

" of much o of These dredged sedlmenfs (lnfernaflonal Worklng Group

on the Abatement and Control of Pollution from Bredging Activitles;
1974). | | R

Tb sfudy fhe sulfablllfy of fhls fype of
dlsposal, an experlmenfal arflflcial Island was constructed by

the Department of Public Works in Mitchell Bay, Lake st. Clalr, .

. and Termed "Pilot lsland" The locaflon and dinens tons of fhls |
-tstand are ploffed ln Fig. 1. The Pllof Island oonslsfs of |
'lthree test bays, separafed and surrounded by soldier pile |
_ walls, +oge+her with a seffling basin for lhe dlsplaced and
| - excess water from the dredge dlsposal areas. The lsland resls

: ~ directly on the lake bottom. The walls are made of sfeel and '

except for the first bay, all ofher steel walls were |ined inside

with teflon. Defalls on conslrucfion are given by Acres (l973).
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S?ar+lhg ln'Noveﬁber 1973, '%he bOTTOm sedfmenf -
1'was dredged by means of a clam shell dredge at differen? locat lons
~in Mafchell Bay, +ranspor+ed TO'The lsland in a scow and Ioaded |

lnfo The first bay of. The PlloT lsland | |
To Invesf!gafe fhe changes In +he chemisfry
of the pore wafer confalned in The dredged maferial durlng a long
";Term dlsposal on fhe island fhe pore wafer frem vartous depfbs
" was collecfed each monfh and analysed-for fofa! N, Tofal P, org. C,
B Fe , Hg - AI Cd, Pb, Cu Zn, ‘and Mn. $imul+adéed§Ty:-pH, Eh and.f'
‘conducfivify were defermined. This sfudy was nof'direcfed %bwards=—‘;7d

Invesfngaflon of the quality of Immedlafely released wafer, as

vas begdn only after sediment introdudfion_%o the test bay had ceased.

Materials and Methods

A modifled lysimetér was designed and built for

-y . : . R .. . - .
I- ‘ _ - ‘ _ - L‘ _ * : ) .
.- . N . i N . : . 0
. . . B : . | . . .
. .

" collection of the pore water in the Piiot Island sedimenfs.v-lfl
consisted of a porous cup and plasflc tube instalied in 1h= eeddmenf
with a couple to a moveable surface sucflon devnce. )
| . The porous CUp manufacfured by Soil Mousfure |
Equipment Corp.,(Santa Barbara, Callfornla) was_fjghfly connecfed |
1o a-PVC tube. Thisrpart_of_fhe apparafu$~aas,genfly puébed.threugh

occurs ln-fhe earbies+ phase of sediment dewatering. ‘The Invesflgafton e
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. vacuum otl{pump.

- 4°C and analysed for above menfioned elemenfs following mefhods des- '

e the deposlfed sedlmenf to a predeferm!ned depTh. Nlne such

-_Iyslme?ers were used for sampllng fhe pore water befween a depfh

renge of O 3 m (I £+.) and 3,m (lo ft.) at 0.3 m (1 ft, ) lnfervals.

~ The upper end of each of the plasflc fubes exfended about l2 cm
B - In-)above the sedlmen+ surface.. A thick'wall capillary glass fube
" with a spherical ground Joint on the fop was carefully placed

' _lnslde the plasflc tube. To prevenf afmospheric wafer from
']~en+er|ng, the fop of the tube, above +he sedimenf surface, was
' 'covered’wifh a plastic cup.. The dImensnons of the apparatus is
fi-glven ln'Flg; 2; To sample, The pore wafer collecfed inside fhe -

~eup, was gently pumped out Info a glass flask (Fig. 3) using a

The samples were sfored in PVC boffles at
crlbed by Traversy (1971). The pH,. Eh and conducf|v1+y were measured .
shor+|y af+er collecf!on. | | | |

To ob%aln informafion on the chemical and S ”

e mlneraloglcal composafion of the original and disposed sediment profiie -

- at differenf depfhs, a continuous core was obfaxned from a

tocatlion in “the mlddle of The first bay of fhe Is(and +o a depfh
of about 2[ m (70 f'l') Subsamples from this core were faken each

0.3m( f+. )sfarﬂng at 0.6m @2 1 ] dep'l'h. Eac‘u subsanp!e was




- durlng +he sfudy period Is shown In Figure 4 +o 9. Changes in

T S
Y .

described, its Eh and pH measured following the procedure

| described by Kemp and Lewls (1968) and wafer confenf defermfned.
| For chem!cal analyses The subsamples were freeze drned and
f.erana!ysed for Ca, St, Mg, Al, Fe, Mn, TI, P by x—ray fluorescence

-and for Zn, Pb, Cu, Co Cd, €r by atomic absorbflon specfrOphofomefry _:"

}»affer hydrochlorlc acud exTracflon

~ Total ni?rogen was analysed by LECO UO-!4

lerogen Defermlnafor and. organnc carbon was analysed by LECO

IR-12 Analyser. Mercury in sedlmenf samples was analysed by |

method developed by Agemian (1974).

| Resu!fs and Discussions

The chemical composifion of fhe pore wafer

pH- value are shown In Fig. IO and conducTIV|Ty changes in Fig. ll. '_
The dredged sedlmenf s descrlbed in Table l, and ifs chemical

' composiflon ls shown in Figures 12 to IS..

Rainwater and snoufall did nof appear to

effec+ fhe insiTu wafer level within the dredged sedumen? at

| the Pilot Island. ln January fhe dredged maferxal froze fo a'
: depfh of about l 2m (4 ft.).  In the spring and summer Tho surface d

drned out and flssured and there was ev:dence of surface subsudence...
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- clay s!ze fracfion.

Inal.2mt4 ff.);top'layer_fhevwafer in'fhe_porpus cupe froze

o g derlng the winter and dried out affer spring ablation. A hard

- crust formed on fhe surface as a result of the. lnfluence of ?he'v _

The changes ln the chemlcal composlfion of

'_ the pore wafer frem December 1973 fo July 1974 were very smalle
 The sampled pore wafer had a high content of P, N, Fe, org..C
‘Hg‘and Mn relafiye to The surrounding Mitchell Bay-lake wafer..

Fe»ane P confenf'velues appear_to depend on the pH of the pore .
wafer'(Figs,fl, 5 and 9). The Fe and P confenf‘veluee |
lncreaeed markealy as pH Qalues dropped. A similar observafloﬁ
Is reported by Cheinex (I973) in a "before"”, ‘"4uring" and "affer"

dredglingstudy af Port Sfanley, Lake Erle. The authors

‘concluded the high P content found in the Wafer‘column'effer,

dredging activitles to be related to higher Mn and Fe eonfenfi_

In the water celumn.:'Seavengihg'effecfs of oxides and hydrOXIdesb_.

- of fhese elemenfs as. nofed by Dean (1970) can preferenfhally
'copreclpifafe P and other elements fhaf exist Jn the wafer column

: af+er dredging. ac#ivlfy and also in the sed:memf pore wafer.

-

The redox _potential values of The sedlmenf rema:ned approximafely i
constant To ‘the depfh of 2.7 m (9 ft.) and Thaﬂ lncreased to

+235 mV. The Fe and Mn content in the pore waﬂer decreaSed with
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depth (Fig 5, March). Fe decreased from about 100 ppm at

2.4m (8 f1.) o 18 ppm at 3 m (10 1. ).’ Mn dropped from

4 ppm fo about 1.5 ppm. , ;

o The ratio of Mn-sedimenT Mn-pore wafer and
Fe—sedlmenf Fe-pore wafer at 3 m (10 ff ). depth increased abouf
three Timeslndlcaftng Thaf the derrease of Fe and Mn in ?he pore :

:; water has been in response to the increase !n redoxrpofenfiat
and pH'in’fhe’sedimenf profile. The sediment at 2.7 - 3.0m
(9 -10 ff ) horizon is probably the origlnal lake boffom |

~ sediment on Wthh the Pllof lsland was builf.

. Organic carbon confenf in the pore water
showed a conspxcious decrease at 3 m (lO £t.) depfh. There was
also a decrease.of this paramefer In the. sedlmenf profile at the.
same depfh reflecting The Inverse reta+ionsh|p between organic
‘carbon content and parficle slze d|s+r|bufion (Thomas, 1969). o
_', | | More than 95% of total N In the. recenf sediment
was the form of organic N (Kemp and Mudrochova, l972). 1n the Pilot
Island sedlmenf +o+al N decreased by The same paffern as organic
C. The Hg con?enf In The pore hafer showed random scaffer and no

obvious relaflonshlp to the Hg confenf In the sedlmenf proflle.

The Hg confenf of_insfersflflal wafer in July sample was legs

| than  0.05 ppb. Thisbmay demonstrate suitable conditions for




ﬂxlng of soluble Hg. compounds to the sedImenf..

The quantities of nutrients whlch could be

_ released from the pore water contained in the sediments. of 'l'he
| Pl lo1' Is!and were calcula‘l’ed and for the whole island, fiHed
: wl‘th sedlmenf, 'I'he calculaﬂons are as follows. - | |

Composlﬂon ef pore wa-ter' o The 'rofal amoun‘l' in stored -

sedIment pore water:

~ (highest values obtained - A= A LI
;_vdurlng sampllng period) R Lo _ o

 Phosphorousi——2ng L .. 094ka
- Org. Carbon:  22mg | | T 10.0 kg o
* Nitrogen: 74 mg 1 . | .‘ - . 35.0 kg T
Iren:. o E l.OO mg 1 . e | 48.0 kg
Mercury: . 0.5 ug ! | o 0.25 g

The tsland Is 45 m long, 15 m wide and

has a 3 m thickness of sediment f1I1. The eamount of dredged

materfal stored on the Island Is approximately 2,000 mo, with

. water content abou‘t' 500 000 I.

» The quanﬂﬂes of releasable nutrients as
deﬂned by These experlmenfs are negl lgible. T this basls, |
it appears that the waferpro.of walls around the dredge spoil

are required only as a protection against wave erosi.en sl;'nce -

. no chemical +rea+m=n1' of the pore water from this Type of

sediment would be necessary to maintain wafer qualH'y sfandards.
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" Description.of the Disposed Sediments. -



_ . DEPTH
- m(feet) .

Eh

my

~ Table 1

pH

Sediment Description

:’-;ﬁ_ 0.6 (2)
»_;0.9'(13)"
12(8)
1.5 (5)
1.8 ( 6)
2.1 (7)
2.4 (8)

2.7 (9)

e_'s.o (10)

33

+85
o+ 65
O +50
455
4100

+ 75

+145

+235

4300

+310

6.6

6.5
6.5
6.6
6.85

6.7
' . fine grayish brown clay.

6.75

C7.1

7.6

7.6

- Stiff dark gray silt with some clay,'_'
. many leaves, roots, grass .

"~ Same as above

- Stiff dark grey s11ty c]ay, trace
:'organ1c debris. o

Same as above. L

'_StJff dark grey si]ty ¢1ay;“

Soft dark grey silt with some very

Soft very fine grey1sh brown silt -

~with some clay, organic debris.

Soft to very soft dark grey fine

sandy silt, black patches of

decomposing organic material.

Medium dark grey silt with some
- sand and clay.

Same as above.
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