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fab|e.ahd ih the chehical composifidn of infersfifial wafer were" 

b"h_hohfTored af the sifé hfld Trial dréddingé dispcsal drea in -‘ 

’:.Lake Sf; Jlair, Mffchéll Shy, Onfafib, from December 1973 +6.. 
I 

h_4’Ju{y'i974. The Qéfer ddnfehf wf+hih-+hé fop_|.2m{iayer d$.fhe 
”’ 

'.sedimeh+ profile changed signifidanfly as Q Eesulf of free 
draihaéd. Only a small volumg of hora w5+er'cohld be coliecfedv 

hih dahuar§ and nd wa+cr_was colldhfcd~ddrinQ.§prihg and summer.‘ 

On the Ofher hand, wafer was eésily sampjed below fhis Top 

. pore wafef were very small._ The-cohcenfrafions of Al, Zn, Cd, Pb ' 

and cu in fhe_pore wa1er and +he Mifchell Buy lake water wérn; 
a!mos1 identical. Porn wuivf nqmplnsicohfninod appreciably 

higher concenfrafions of P, N, organic C; Fe, Hg and Mn" compéred 

are law and consequénfly hose no healfh hazards. is concludéd 
A+haf imperQious pile refaining wélls-huilf af the sife are needed 
as a profeciion againsf wade erosion bu? no? for.+he refenfion

_ 

of The pofe.wa+et._ 

..Seasdnal changes-in The posifion pf +he“hh1¢r___’ 

Va? all-times. Changes id The chemical composifion of the cdllecfedf 

. A+o'Mi+¢he|l Bay wafer, pore wafer cohcenfrafions qf These eleman+s“
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‘Disposal of oolloted dredged-sedlmenfs info 
f, ‘Grea? Lakes open waler is presenfly prohibl+ed.‘:Howeveh, +heA" 

large quaotlfies of annually dredged sedlmenfs from fhegéreafl
l 

Lakes harbouhs and.ehannels have eaused a sfofage poobleoilugs. Army 
Ehglheer Waferwafs-fixoerimehf Sfaflon; l9l2);"Fhe deposlflonli 

l_.of dredge spoil on'arflfielal Islands consfrpefsd in hays or
I 

hhearshore zones has heeh eonsldefed_a:feaslble approach fo dispose 
E of mueh-3;*;he;;—dfedged sedimenfs (lnferoafionaz Working Group" 

l974)._ 
b 

V 
_ 

o . 

' .Tb1s+udy {he sulfablllfy of Thls fype of 
disposal, an experlmenfal afflficial-[sland was consfrdcfed bye

H 

fhe-Deparfmenf of Public Works in Mifchell Bay; Lake $T. Clair,‘.3M 

f and fermed "Pilot Island"; The locaflon and dimensions of lhis h 

-lslandlafe ploffed ln Fig. 1: The Pllo+‘lsland oooslsfs of
l 

' three fesf bays, separa+ed and surrounded by soldier piled
V 

_ 

walls, fooehher wifh a seffling basln for The dlsplaced and V. 
I 

g excess Wafer from The dredge disposal areas; The islahd resfs' 
: dlrecfly on lhe lake boffom, The walls are made of sieelnahd ' 

excepf for fhe firs? bay, all ofher sfeel walls were lined-inside 
wlfh Teflon. Defalls on consfrucfion are given by Aches (l973)._ 

on The Abalemenf and Confrol of Pollufloh_from‘DredginglAcfivifIesI_‘"‘V
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S+ar+3hg In Novefiber l973,'fhe boffcm sedfmenf ,‘ 

d'has dredged by means of a clam ‘shell dredge a+ diffehenfhlocaflons 

. 1n Mifchelf day, fransporfed To The island Inha scow and lcaded 

Info The firsf bay of-fhe Pilaf Island. 
._' V 

. - V 

.f ‘+6 Ihvesftgafe the changes In fhe
. 

of fhe page wafer con¥ained ih The dredged maferial, duhlhg a long ;- 

-‘c¢erm disposal ph'+he island, fhe pore defer ffomvarieds depfbs' 
‘ 

has collecfed each monfh and analysed-for fofaf N; +§+a} P, cfg. C, 
'_.Fe4 Hg;7iTZ'E3f*fiST‘hE?“§h:7563"Mn.‘ simuI+adé§d§T§7'pH, Eh and.h' 

uconducfivify wefe defermined. This sfudy was no+'dIrec%ed ibwards=—~§*h 

nlhvesfigafion of.+he qualify of fmmedlafefy released wa+er, as
I 

was began only af+er sedimenf infroduc+ion_+o The fesf bay had ceased. 

Mater {ax s and Me.f_h.od"s 
A mod1ffed lysimeféh was designediand butt? for d?IIII 

III” 

-HIII 

I'll" 

IIIHH 

’flIII' 

“IIII‘ 

‘IIIH 

I'll 

HIII 

'IIII 

IIII

” 

d'- collecfion of +h¢ pore yé+er in The Plfofalsland seddfienfsav-If‘ 

consisfed o%,a porous cup and piasfic fube insfalied Eh the seddmenf, 

wifh a couple To a mofeable sur¥ace-sucfioh device. 
I

‘ 

_ 

I . 

The porous cup manufacaured hy $oil_MoisTure 

Equihmenf-Cbrp,,(San+a Barbara, California) Qas_fighflf‘connec+edhA 

'.+o a-PVC Tube. This part of_fhe appara+u$.has.gen+Iy pushed fhrcugh 

occurs In-fhevearbiesf phase 0% sedimenf dewaferlng. Invesfigafton
: °
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‘ Hvaeuum oil pump.‘ 

. 

A 

_49C and analysed for above. n1en'l'l_oned elements. fql l_o'w*ing mefhods des- ’ 

H: the deposlfed sed.lmen1' ‘lo la.'predefl'ermln'ed depfh. Nlne .such_- ' 

. Iys»lmlefers'werel used for sampllng ‘lhellpore wafer b.e*l'ween a depth 
ln 

range of 0.3 ml (l’f'l'.) and 3;!!! (l0 ff.) at 0.3 In ‘(I 
f'|*’.). lnfervalls. 

The upper-l e'n'd:of_ eaeh of ‘the plasflc +ul$_es_ exfen§led_ abouf l2 cm 

5 In-.)above fheisedlxnuenf szV1rfa'ce.l. A 'l‘h-lelcwall capll lary glassfubeln 

"xvlefh a snherlcal_ ground join? en *l'he ‘top waseareful Iy placed.- 
‘ __lnslde ‘the plas'|:le'!'ube. Te prevenflafnaosphelric -wa1.'er from 

~'en?lerlng|,' ‘the ‘fopl of The +u_be, above.«‘l‘he_l s‘edVImlen‘l'_s.u‘rf"ace,'\~tas‘ V: 

' 

. ¢:over'ed’wV'l1'l‘:_ a plas‘l'l'c seep.‘ __The dlmensiens of ‘the apparafps 

f l»-vglvenln .Flg.'_ 2'.‘ To sample, ‘the pore wafer-Vlcollecfed inside The .-
- 

_cup‘, was gen‘l‘ly' pumped ouf Infe a glass flask (Fig. '3) using a 

V 

The samples were sferelclvln PVC boffles a1‘
~ 

ct-{bed by Traversy (l“97l The pH,_ Eh anrlnconducfivify were measured L 

shorflfil af'l'er col l _ec'l'lon. 

1.. -To ebfaln -lnform_a'l'lon on ‘l‘h_e chemical and 
_ 

- ~ 
H‘ 

mineralogical eompeslflon of The original-and’ dispose?!» s-edimenf profile .

A 

a a+ dlfferenf depfhs, a confinuous core was obfained 'fr‘_om a 

locaflen in ‘the m_l.ddl_,e.ofV‘|%he first bay eflfhe Islennd +0 a dep‘l'h_. 

of abouf 2lv m (70 ff.) ."Subsample.s frozn ‘l'hls (tore were Taken each 

0.3 m(l ff.) s1'ar1'ingl_.a‘l' O._6m (2. ff.) de'p'l'h. Each subsample t:'as_

A



in during {he sfudy period is shown in Figure 4 +0 9. Changes in‘ 

. 

" _',,‘.l"
. 

‘ 

.5 1. . 

25"‘ 
"

' 

.8 ~ 

described, ifs Eh and pH measured following The procedure 
‘ 

described by Kemp and Lewis (i968) and wafer confenf deferminedd iv; 

‘For chemical analyses the subsamples uere freeze dried and“ 

f.planalysed for can Si, Mg; Al, Fe; Mn, Tl! é hy x—ray fluorescence- 

‘and for Zn, Pbg Gu, Co, Cd, er by atomic absorbfion spec+rophofomefry:;eV' 

l»ai+er hydrochloric acid exTracfion.e_
_ 

"i-" ;: Total nitrogen was analysed by LEco'Ub-l4'a 
’; 

Hlfrogen Deferminaior and organic carbon was analysed by LEGO » 

f" 

_ IR-I2 Analyser; Mercury in sedimenf samples was analysed by 

mafhod developed by Agemian (1974). 

‘ 

Resulfs and Discussions 

The chemical composifion of The pore wafer 

lpfizyalue are shown in Fig. l0 and conductivity chances in Fig. II; b_ 

Thg dredged sedimenf is described in Table l, and l+s chemical
I 

.' composiflon is shown in Figures l2 To lS.I 

Rainwafer and snowfall did no? appear for
‘ 

effeci The lnsifu wafer-level wifhln ?he_dredged sedimenf af 

_ 

The Pilaf Island. ?ln_January The dredged material froze +5 ad 

.Vdep+h of abouf 1.2 m (4'f+.).' In The spring and summer The surface 

dried cu? and fissured,.and There was evidence of surface subsidence...



ln-a l.2 m (4 ff.) top layer_+he wafer in The porous cups froze 
V.‘ 

g ddrlng_+he winter and dried ou+ after sprlng ahlaflon. 
‘A hard. 

4- ole! slie fracllon; ‘ 

g _ g 

V I 

‘ 

sThe changes ln fhe chemical oonposlflon of 

{he pore wafer from Decenberal973 To July L974 were very smalls 
"The sampled pore fiafer had a high oonfenf of P, N, Fe, org{_C, 
‘hg and Mn relaflyelfo The surrounding Mifchellneay-lake wa+er.: 

Fe and P confenf values appear_fo depend on fhe pH of The pore . 

wafer (Figs, 4, 5 and §).. The Fe and P confenf values 

lncreased markedly as pH values dropped.’ A similar observallon 

IIIIl 

IIII 

lIII' 

IIII 

III!

‘ 

III 

III! 

_IIII 

IIIIo:‘IIIl*e-IIII 

IIII

, 

IIIIQ 

IIII 

IIII 

IIII1 

ls reported by.Chemexlll973) In a "before", "during" and fiaffer" 

dredglngsfudy af Porf Slanley, Lake Erle. .The,au+hors 

‘concluded The high P confenf found'ln The wafer column afferg 

dredging acflvlfles To be relafed To higher Mn and Fe oonfenfl v~ 

,' ‘of lhese elemenfs as.no+ed by Dean (l970) can preleren+hally’_ 

'copreclpl+afe;P and ofher elemenfs fhaf exlsf in The wafer column 
5 affer dredglng_ac+lvl+y and also In fhe sedlmemf pore.wafer. 

oonsfanf To fhe depfh of 2.7 m.(9 fl.) and fham increased To 
+235 mVl The-Fe and Mn confenf in fhe pore wafler decreased with 

‘ crusf formed on fhe sdrfaoe as 5 resulf of The lnfluenoe of fhenv
_ 

' 

In The wafer column; ~Soavenglng effecfs of oxides and hydroxides _. 

The redox pofenflal Values of The sedlmenT_remained approxlmafely '



. §f',A 

depfh (Fig. 5, March). _Fe decreased from-abeufnloo ppm a+ 

"2.4 m (8 f+.) +o_|8 ppm a+ 3.m—<to:++.).? Mn dfbpped from:"' 
‘ 

p 4.5 ppm fo"abou+ |.5 ppm. 
“

. 

'__ fhe raflo of Md-sedimen+.Mn+pore wafer and 

Fe—sedihenT,Fe-pore wafer af 3 m (10 ff.) dep+h ipcreesed abou+p°:-e.." 

three +imeslndige+ing;+pa+ +he decrease_of_Fe_ahd Mp in +hé ppre e_ 

~; wafer hae been in pesponse 10 fhe increase id redex~po+enfiat»!
‘ 

pang pH In +ne sedifienf pfofile.‘ The sedifiehT‘a+ 2.7 4 3.0 m 

.e(9 -"IO ff.) horizon is probably fhe origipal lake boffom: 
‘ sedimenf on which The Pilaf lslend was builf. 

s Organic carbon con+en+.in fhe pore wafer , 

shbwed a conspicioue decrease af 3 m (10 ff,) depfh. There was 

also a decrease of This peremefer 15'+ne.sedi&en+ profile a+ +he_' 

same eepfh reflecfing The Inveree reta+i6n§hIp hefween organic 

V. 

was +he form of organic N (Kemp and Mudrochova,pl972).. In The Filo? 

Island eedipepf fofal N decreased by The same peffern ae organie 

G. VThe Hg copfenf in fhe pore wafer shbwed random scaffer and no 

obvious felafidnehippfo The Hg confenf In fhe sedifienf profile. 

The Hg eonfenf of_ins}ers+i+ial wafer in Jhly sample pas less 

A 

fhan 0.05 ppb. This may demon§+ra+e suifable condifions for 

:Carbon_con+en+ and parficlelslze dis+ribu+iqp (Thomas, I969). _’HA_-T 

More fhan 95% of Tofaf N In +he.recenf sediment.



C-oniposH»'ion, of pore ytaferz‘ 5.. 
V 

0 
‘ The ‘iofal amodrif in‘ sfored

_ 

f-1xi:n'g {Of soluble Hg ‘fhe ise"d'1'rnen1*-.. 
I

A 

The quantifies of nufrlenis which .cop'Id ‘be 

_ 

released from ‘the pore wafer confained in The sedimenfseof ‘the 
I 

Pi"-lof Island. were calcul.a+ed and forfhe whole island, ‘fined ‘A
' 

._ 
wifh sedimenr, ‘the calculations. areas. folloyis: 

H‘ 

0: (hlghesf vaIues'ob'l'ain'ed v 
- 

in 

A. .5-ed-‘~me..m 9°?“ waiter: 
~ r ‘, 

_-'_~du‘r_lng sampling period) V‘ -- 
' ' 

__
A 

1' 
Phosphor.o4_us......2rnp- | 

g’ 
1_.._. 

7 
4 

o.,94;:5g_
° 

'0rg.4Carbon: 22mg. I 

‘ 
' 

‘ i0.0-0 
l_<g 7:

0 

-~ _‘.NH'rogen:V 74 mg! 
0 

0- 
7 35.9 kg 

- W'-W 

|ron:' _~"I.00mg| 
U 

A‘ 0 48.0 kg 

Mercury: 
I 

0.5 up ‘I 

' 

' 

H" 0.3- g 

The island is long, as m wide‘ and 

has a'3’ mp1"-hickness of sedimeni; fill. The amount!‘ "of dredged 

material stored on fhe island is aPPf‘ox_im'a1'ely 2,000 m3.:\‘ui'rh 5 

. 
is -wafer confenf about 500,000 Iv."

' 

b 

The q0an1'i‘l'ies of reieasabiie nufrienfs as 
I 

defined by bfhese experimienfs are negl l"gible.' ‘Gm ‘this basis,
I 

H’ appears ‘that ‘me waferproof walls around ‘Hue dredge spoil _ 

are required only as a pro‘|'ecHon' againsf wave'erosion _sir:ce - 

~ ' 

H‘ 

. no chemical 'i'rea+men1' of ‘the pore wafer from 1fihi:s_V1*y_pe of
A 

sedimenf would be necessary ‘to gna~in1'ain "wafer qualify sfandards.
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— DEPTH 
- 

_ 

m(feet). 
eh 
:mV 

_ 
Table 1 

‘pH Sediment Description 

0.6 ( 2) “ 

:.*1.2 ( 4) 

(as) 

41;3 (.5) 

s2.1 

2.7 (-9). 

(1o)“ 1 
L. 

g 

3.3 (11;~ 

'-+ 85V_g« 

.'.g+ 
65 -g 

_. +.5oaM. 

55 5 

’- 

A 

+100 

+ 75 

‘+145 
’

; 

+235

2 

+310 ? 

'.a.s 

'”6.5- 

_6.6: 

;g 

6.85 

s 
5.7 

.' Stiff dark gray si1t.with_some@o1ay,'_~ 
-’. many leaves, roots, grass. 

_ 

'-
. 

‘e.Same.as'above._'_' 

. lstiff dark grey silty clays trace 
: organic _- _. 

Same as above. 79 

fstjff dark grey silty 
I 

Soft dark grey silt with some very ‘. fine grayish brown c1ay. 

6.75 

J 7.1.

” 

‘7.6
. 

Soft very fine gregish brown silt ‘ 

. with some clay, organic debris. 

Soft to very soft dark grey fine 
.sandy si1t, black patches of 

' decomposing organic material. — 

"Medium dark grey siit with some 
' sand ¢nd'c1ay. 

Same as above.
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