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The sandy sedlments f a-three mile study sectlon

-

on the Ottawa Rlver are supplled largely by the Gatlneau‘

’Rlver (a nearhy trlbutary of the Ottawa) ag 1ndlcated

by provenance studies made on the heavy mlneral assem-‘

-

blage.’ Unllke the metamorph:c mlneral gralns of the

Gatlneau, sedlmentary rock fragmehts 1ntroduced by

‘another trlbutary, the Rldeau Rlver, do not sUrvxve

D

in the Ottawa. S _ - .
L ; . 3 ,
GeoChemical-studies indicate that' components of the

[

bed material with. high surface area to volume ratios,

concentratlon of iron hydroxzde coatlngs on the bed

-‘materlal ‘The Fe coatlngs in turn provmde sates for

'aé%&rptlon and coprec&pltatlon of Hg and Mn aﬁd “thus con—

A\
trol thelr concentratlons Current speed also: affects

the pre01p1tat10n of Fe hydroxlde, such that hlgher

conbentratyons of Fe, and thus of Hg and Mn, are %ound

'1n areas of qulescent flow condltlons. \\.

; Hg concentratlon 1evels in thé study section beé

gwdlments are decllnlng, w1th a half-llfe .on the order

of 12 months

Chemical desorption aud transporta ion-

L

\

-Sand duues.ranglng fgom_ .5 to 3 me}ers in height

, . : ) . - .
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and 10 to 70 meters 1n 1ength vary in ‘size according to

water depth A rr/Q}e bed prevalls in areés_mhere depth

| 1s less than abo t 5 meters‘“and a plane bed\prevalls‘

ment w1th dlscharge en the order of 4 X 105 kg. bed

in areas -of. cohesive sedlmeLts S T \

B ' 5 @
-

Y
Two methods werc used to determlne the bed load

\.

dlscharge, a dune tracklng method utlllzlng sonlc a

N

'depth -sounding,  and a bed load sampling method emplo ing

oA dlver opehated bed load sampler desrgned for the pro-

ject ‘ Results from the two methods are in good agree—'

sedlment per day.

T

The welght of adsorbed Hg dlscharged with the

bottom sedlments is on the order of 10 grams/day

© o
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x © "PROLOGUE .~ .. - t : , |

- -

- The object of “this reper\'is to'study varidhs -

phy51cal and chemlcal aspects of the Ottawa River bed-. o

P C
- _ _sediments as they, pertaln to the occurrence, dlStrlb-, .

-ution. and transport of per51stant chemlcals in the eco-

system. In partlcular the - mlneral:if, facres and

seurce of the sedlments comprlslng he' bed materlal of
. . ],
. . - a three mlle ‘study section are studled ,along with - . .

\ e~

. some geochemaca%—factors whlch control heavy metadl con- —

v | fqentratlons (especrally Hg concentratlons) in the bed %‘
ff;sedlmehts.. Flhally, the trapsport characterlstlcs of '.__ﬂ'KE%
flr ..the»sedimentsghere investfgated
The three mlle study sectlon is the object of g .
N

multldlsc1p11nary env1rcnmental 1nvestlgat10n, belng - : :
‘. cenducted join ly by 501entlsts of the Natlonal Research

. A , . AR . - |
Council of Canada and the University of Ottawa, under s

.the general ®¢heme of "The Transport and\bistribution of . o

4.,  Persistant Chemlcal Pollutants in a Flowing Water Eco- ¥

CAEN - 1
s . - »

._system“. The author has undertaken to elucrdate the

vk nature of, and the processes operatlng on, the -
.._.n‘ v
erial compartment.of thé ecosystem.
® ' i o T
- N -./-
‘\' L . /'. - N
v L
I ¢
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- PART I~ INTRODUCTION

A. THE GEOLOGY OF THE AREA AROUND THE OTTAWA RIVER <L-

. o "‘*"' «

AT OTTAWA _ - ' L E
————— e . ) . A .

Rocks of three major tlme lelSlonS occur ‘in the

Ottawa area, and are of Precambrlan, Lower Palae0201c,

' and Plelstocene Recent ages.

-

The oldest rockstln the area are those of the.
7Canedianlsﬁield' Precambriéh-lgneous and metamorphlc
rocks outcrop mainly north of the Ottawa River. The

Sh;eld terrain averages 800 feet elevatlon abpve see

‘level. TLower Palaeozoic sedimentary rocks fringe the o-

‘Shield to the.south, lying with genérally low dips on the
Precambrian rocks at an elevation between 150 ﬁeet:and 25b;

' feet above:sea level. The area was‘glaciated'in'Pleiet—-

ocené'times, and Pleistocene glacial deposits and recent

-

sedimenté\derived therefrom are widespread in the area.

a. .Precambrian

Figure 1 shows the extent of Precambrian and Palaeo- -
zoic rocks which oytcrop in the area. . Near Ottawa, the
.Precambr;an rocks are confined mainly to the north of the

Ottawa River, with the exception of a Erecahbrian:oute:op
. between Arnpriof end'Sohth Merch"‘The\Southern margin Qf
the Shleld is. separated from the low-lying Palae0201c\

sedimegsfry rocks by’ 1rregular scarps and clearly defined

changes in' €levation.. |,

—_— . 1 N
A ~ o

LT r : 2
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The metamorphlc Shleldrrocks are part of the Grenv1lle
- Province. MetaSedlmentary rocks and ‘the meta~1gneous .
‘Wakefleld batholith comprlse the large part of the Shield
terrain. Diabase dlkes (dated at approx1mately 450 m.y.)
commonly intrude the Shleld rocks (Baird, '1972).

Calcite and dolomlte marble, blOtlte gnelss,-
. diopside gneiss, and feldspathlc quart21te are character~
istic rock types. Mlneral assemblages such as anti- '
perthlte - garnet ~ sillimanite - blOtlte and plagloclase«~
quartz - hypersthene = garnet - blOtlte are requent -and
' ‘are 1n accord with the hornblende granullte s bfac1es

(Balrd 1972 p.5).

b. Palaeozoic

Lower Palae0201c rocks outcrop largely to the south

= 1

and eastvof Ottawa. Cambro~0rdov1c1an quartz sandstone,
LA -
_and Ordovrcran shale and llmestone lap onto, or are

1n fault contact Wlth the Precambrlan rocks. The'contact,‘

ey ‘e

generally dlpS to the south. The sedlmentary rocks are
present in flat lylng sheetsmand_faulted blochs aiong
the southern margln of the Shleld. '

A basal quartzose sandstone is succeeded by sandy
‘dolostopes, llmestones, shales,_and shaly llmestones .
which extend upward into the Upper-Ordov1c1an The
-.sequence is thick (approxzmately 3000 feet) in . the

. Ottawa area, thins qulckly to the west and thlckens

ggradually to the east (Balrd 1972, p. 16 Wllson, 1946, pll).



. Ca Plelstocene a : M e '/,////’</,.
I . P <

.rnvadlng marlne wat

The Wlscon51n 1ce sheet dep051ted tlll r much

Cof the area and cansed down warplng (e} that the area-

;

was covered flrst by a fres_ ater 1ake, and then by

g (the Champlaln Sea), when the 1ce

‘sheet . retreat’d In the’ Champlaln Sea were dep051ted

exten51ve clay and silt sheets, and deltas of outwash

e,

gravels and sands. Some gla01al depos1ts were reworked
to produce spits and wave-cut platforms.

-, As the land rebounded subsequent to glaciation,
a complex .series of terraces and other dep031ts were:

formed by downcuttlng streams, and the present day

,dralnage pattern was establlshed (Balrd 1972 Johnston,

1917: PP-6“10).




 complete, with over 400,samp1es taken from within the

1290

\sampling arrays of 1972 and . 1973.'fFigure 5, complled

B. -THE*GEéLOGY AND CﬂEMiSTRY-OF THE dTTAWAhRIvERr

PREVIOUS WORK ' : -

- The 1n1t1al fleld work dlrected by Dr. Brlan Rust,

cons1sted of a bed sedlment sampllng survey in. the summer
of 1972, and in the early part of the summer of 1973,

before the author joined the pro;ect The samples were_
o5 -
analyzed with respect to various textural parameters,

’

‘namely mean grain size, sortlng (standard dev1at10n),

skewness, and kurtosis. The sampllng prveys ‘were very

study section. Figures 2, 3,. and 4 show‘the bottom

< A v

.by the author usmng 1nformatlon gathered by the sampllng

-llthofaCLes m

.and Provenance.

j
.+ . programs, and from a few of his otn observatlons, is a

of e bed sedlments of the study sedtlon

and adjacent argass" The occurrence and dlstrlbutlon of

Rl TG SR

the seleent types will be discussed in Part II: Mineralogy
{

-

-A bathymetrlc ap of &he Studyjreach has been

'produced (Mlller, 19 4, p2.33). The main features of
-,the b thymetry correspond closely to the maln elements

of the urface ve10c1ty map (Flgu\e 22, thls report,

modlfled ‘fter Warnock 4974 p3.49 \i: Miller, 1974) as -

The"sedlment graln

\1ze dlstrlbutlon

/"‘.\/).




: - : . ) :
' N i l S ‘) -, ‘ ‘?-.!‘

sedlment 51ze dlstrlbutxon in' the study reach (Flg 23,7 . o o

oL
_thls report) does not correspond exactly to the surface
-veloCLty and bathymetry patterné?mentloned above Dlvers
‘have detérmined that sand occuples:only that part. of the - A
:;maln channel north of the thalwegq; the bottom south of the T
thalweg 1s composed of outcropprng Plelstocene clay In
addition, a coarse gralned anomaly ‘south of Upper Duck:
Island occurs, and is probably the result of a dredglng
operatlon of the 1960 S. Hence,- if the southern portion
of the channel’and the anomaious area south of Upper |
'_ Duck Island are ignored, mean sedlment graln size, flow

speed and bathymetry are closely related Rust (1974

r4. 14, ‘in Mlller, 1974) shows graphlcally that depth

and graln size are dlrectly proportlohal for sediments

out51de the anomalous areas. , . H <

[ .
Tha Ontarlojand Quebec Prov1nc1al Governments

i

surveyed the watér quallty of the Ottawa River, and
1ndlcated the sources of 1ndustr1al and mun1C1pal loadlng
-in thelr report of 1971 (Ontarlo Water Resources Comm1551on

and. Quebec Water Board 1971). . Several sources contrlbute

i

effluent to the study reach or to the. 1mmed1ate upstream
area, namely the mun1c1pa1'dlscharges'of the cities Ottawa - | B
and Hull just west of‘the study area,_thejE.B. Eddy.?ulp
and Paper Mill on the Ottawa, 4 miles upstream from the

study area,cand'the C.I.P. (Gatinean) Paper Mill on the




e
S

north shore of the channel north of Kettle Islandffin-the'

,study reach. Each of these sources dlscha:zednlarge'

amounts of suspended solids, and caused high related -
sludge dep031tlon in the downstream areas. According to .
the report (p 5), mercur1a1 compounds were formerly “used

by the Eddy and C.I.P. operatrons, and dlscharges of

- these compounds has resulted"in significant contamination

~

of fish in the lower river:

S




- -

—

fu. . .

o ; :

s
— _
PUD[S] xon . . .

($1 N3np Jaddn .

PuDys| LR E L, 3

N

AT



j " "t - oo : - N ) . . P L] L ET Y O

-

n ‘ > . -
. '
* 1 e . .o
. . . . . : N & » '
\ - s ~ . .
v - . . r
\ ; . ‘ e

. D
- -

3 ~
. - - . ' N . . . 1 . R . . . ) ) 0
R ) b

L. 7 SNOILVDOT J1dWVS: €61 o~ .
Sg015 zesg . oo TN T P

SBin Tylu T oo
~ (selpnys _eu._mo_c._mc_g S T R SRS

Q

&

- e

[
-
.

LT T -

Cee T . - .000%
: . : o -

ANVISI ;371113

- -
. - LY - N I ~ » -
[N 8 N - ® ~ " o ] _ ) - o
B . " -
? . ‘ . . - : .
. N T . - Iy - . . ' .



\
r)
1
5
"
r
)
W5
k]
-
-
-
é‘-

1

.
[
-
P X
A
r
- Lt e - Sty
——— e ey - - :

Stud

adl7p)
o
24

2ezos

SRR ‘ mrles ..;}
e £ .

SAMPLE Locxmor(

"7 AT, SAMPLE - LOCATION -

(mlneralogy stuqJed’)J
w 1

-
B
. ;
- ' .
o . . ’
’ °, "
:
- e
- .
S o
- ° .
- ;
- T . .
D ,
b :
H R
. Lo :
e HRE Y .
e v C L - ’
S . .
- o 7
N 9 :

"o R!deuu S R AL AR OIS IO
i Ncanatp P X T
.{ . . ] ! ) - Ag R F!G 144 - . ) - . v o - ' . . ‘ L E

SAMPLE LOCACTIONS ADJACENT AREAS



e

. SYIYY INIOVLAY GNY

NOILOAS AQNIS J0-d¥W SITONIOHIIT- .

- -
.r./ -

- b
) T
. .

-
L]
L)
|
9

i

[

. . B m_...:a o T
.o_agfﬁ..i ...:.:.m.m A

) N - | ,
Y - o . - ‘. ua.v . ) ...n
S . ,-Dﬂp.lomw. . . ) . ) .vr«__.. ,. ... -t ) : . -
A S Ct ) C o : . :
ST sdiy>s poom

e

o .4 . .n.a..‘ ° . a \_,?,. : _._n
i rp.. - Lo - . - . bt - I .
] “ o8 V! ' B . , ) . . : - o
‘ ot .,..A..m L ST -
[desusA ||Is. yum Apprl.TTT - . ~ :

 Wn

. - - . . . - - . Y
* s - T s ) .
e L - ) ~a ) . . T
- - a2

~
ER . S -
-~ - S -
- - ¥ .
oo b . " -
4

. . .
- - T . - Q .
e e A e T e S T i & T It L e A S A i A o kB i L Pt m s

) e, . T
Rt P N N ST R




e

: A ) 4. .
g L -
. . - . + _ . ¢ . s . F- - . . . = i
c . . _ L. e, L
. ) © - Mm @] o
//. *. H E * N ' ) ’
: = , S . . .
. : M f .1 . N ) ,
: m R . o \.
) 4 » * (@] \.1 ) \ [
. . & ) - i
Tt o ~ . i
ha "o - B 3,
- m = -
/ X 2 8. ) ‘
b3 ; H -,
. .- M m e . ) .
, SR TR I e S
A . S . . M 8
- ) - _ . 5] Bp.f - -
- - N .
" .,..c...uw. ' < N - ¢ o = : .u.
- : - I I :
o . : . .,
| — ‘ s
. . Hl ;
T - . B m: - '
. - SRR P I S =~
. ).. . oL B, - / . - . ) 7
) N AL O ) / . . .
A 2 : v S .
e Vs i . .n .
< 4 - 3 e ¢

R

[

L5353 § ATk

S o s bt maac o boms Do




-

[ T E

Al LW TN a4 L S AR ﬂwﬁw;‘ﬂ:‘ec;ﬁussjﬁxm‘ﬂVAmMrw- a0

T TR R A T D T B T T I e T T YO PR TR T A T e

.-
LU

- b. Index of Refractlon OllS v

PART ITI - MINEEALOGY AND PROVENANCE OF - OTTAWA RIVER

BED SEDIMENTS e _ =?

,-A3 METHODS OF EXAMINATION AND CONFIBENCE LIMITS L e

o

- N
. Heavy Mineral Separatlons

- ) *

r"
To fa0111tate mlcroscoplc study of heavy mlnfrals,

the heavy mlnerals were separated from the’ 1Lght

fraction by standard heavy mineral separatlon technlques.

Bromoform w1th specrflc gravrty of 2 85 was used to float‘

off the llght fractlonsr Care was taken to ensure that
the separatlons were complete. o

- [

. S

|:,r L
Sedlment gralns were mountd% on/slldes in 1ndex
/a-'

a.

. of refractlon o;ls (1mmer51on‘/}&s) to facilltate study
_w1th the polarlzlng microsc er Fresh Cargllle oils whlch

,hadnot'been used prevmouSly were used for thls work

&

The true ~index ot/pefractlon of all 01ls was checked

.with the Abbe Réfractometer at the outset, and at the

w

“conclu51on of the study In every case the error in

refractlve 1ndex was 1ess than .005, and hence the deter~

S

mlnatlons of mlneral refractlve 1ndex were made w1th

. = L
sufflclent accuracy.

C. Index of Refractionloil'Grain Mounts

r

Grlndlng of th1n sectlons to achleve parallel flat

surfaces on the sedlment gralns was ‘considered unnecessary,

} * h

as ‘all of the anlsotrOplc mlnerals encounteréd were lath-

.

-~

Ly
g~
1

14
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C

shaped, and thus presented natural flat, parallel
: surfaces. An exceptLOnlto this cond;tlon was the mineral-
zircon, but desplte its often highly rounded character,

all optlcal propertles*were ea51ly measured

.-
EIEY

The rounded nature. of ‘the isotropic gralns was
- ' .l
of no concern, 51nce refractlve index is 1ndependent of L
crystal shape, and no other optlcal propertles apply

d. Representatlve Samples in Mlcroscope Study

In an attempt to avoid safipling error and bias,
the heavy mineral fraction of all sieve'groups of.seueral
samples was studied. It was found that the.éreatest ' "
variety of heavy minerals occurred in a sieve fract1on
two or three groups smaller than the modal sieve group,
as expected. Furthermore "that 51eve group with the
Vhighest concentration and.varlety of heavy minerals was *
visibly,recognizable.' Therefore, succeeding. groups were
chosen for study on the basis of the highest visible
~content of heavy (dark coloured) minerals in the sieve
,groups of a particular sample.

Cone and cuartering'techniques were employed to "t
obtain'representatiVe samples for theAslide mounts. In
those cases, where the complete mlneral assemblage expected
was not encountered on a spec1f1c mount, succe551ve mounts
were made until the author was satisfied that the” partlcular

spec1es were either absent or present in very low

~concentrations at the sample 51te.

15
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. In a much broader sense, the 51gn1f1cance of the
5 mlnetaloglc study as a whole was questloned Do the
. bottom samples studled actually represent the whole
sedlmentary compartment or do they merely represent a

©  temporary 51tuatlon that prevailed durlng the sampllng

period? The mlneralogy of‘grab samples (shallow sedimen

N penetratlon) was compared to’ the mlneralogy of core
samples (depth of pPenetration up to 3. feet) it became
obv1ous that areds of sandy sedlment are homogenous at .

least to core depths, and-hence the grab samples are

representatlve of that mass of sediment which is under

study

;_e. Methods ih Mineral Identification

A systematlc examlnatlon ‘of each mlneral speples
encountered was conducted The observatlons were ' ‘i .g‘
tabulated (see Appendix I), and were compared with those
0of Milner (1962) “and Moorhouse (1959) for ldentlflcatlon
The systematlc examination used iSJasrfollows;(modlfied
cafter Milner, 1962): - | |
i) With transmitted plane-polarized white lioht,

aj) tfenspérency, translucency or opacity

A

u

b) colour

c) habit: presence or absence of-crystal'faces
o ‘t' - - 4d) shapeﬁ‘angulaf, subangular, rounded
-"f e)'fracture: uneven, concholdal,'etc.

£) parting:'linear-orpinregular

g) cleavage: principal directions - "' “ 16




h) abxasion‘{Qegree), pitting or otherwsurface
features
i) refractive index

-3 1nc1u51ons (1f any) . - . : !

k) pleochromsm. presence or absence, weak

~

or strong,_colour change.
iiy Wlth transmltted llght, crossed'nlcois T
a)lsotroplsm or anlsotroplsm |
b) birefringence_ | -_'. L . '
c) ext1nct10n~ stralght or obllque (in. latterl . : !

case determlne angle)

‘d§5

relatlve retardation’ and vibratlon dlrectlons
'iii) With, convergent 11ght crossed nlcols,
~Bertrand lens
a) detectlon of 1nterference flgure nniaxial
1or blax1al ;' ' 'é" |
" b) determlnatlon of optlc SLgn
:c)_optlc axlal angle

d) dlsperSLOn of optlc axes

B. HEAVY MINERAL ASSEMBLAGE OF STUDY SECTION BED SEDIMENTS

The followxng mlnerals were ldentlfled. The list

*

is complete 1n that no other species were encountered in
‘ I T oL
the study section bed sedlments The maneralsare MNisted

in- decrea51ng frequency of occurrence, with observed

character;stlcs noted for each.

17
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e ' : ‘ : oo T

P

Magnetlte/Ilmenlte - separated magnetlcally, not

‘ studled further

: 2)} Dlop51de - transparent pale green and colourless

/

' Pleochr01sm, in coloured gralns, colourless to pale

3y

gralns, lath—shaped angular to rounded, uneven,
ffracture, Refractive Index variable, approx. 1.676,

strong birefringence, abundant varied inclusions.

green Blax1a1 p051t1ve, with obllque -extinction .
(Z~.cC), approx. 20°, Intermediate 2V, approx. ‘509,
Hypersthene - transparent green gralns, prlsmatlc,
angular, irregular to sub—conch01da1 £racture,
pyroxene cleavage, str;atlonlparallel to elongation.

Refractive Index'l.676 to 1.700, brown prismatic

inclusions, some oriented perpendicular to elongation;‘

Pleochroism strong, pale grey-green to plnk, maximum
absorptlon perpendlcular to elongatlon Biaxial
negatlve, low 2V, approx. 20°, straight extinction,

strong dispersion. Alteration evident as haloes,

-giving anomalous birefringence, and perhaps accounting

4}

for low ZVJ (eee_plate 1)
Phlogopite - transparent to'translucent amber grains,

occurring as irregular;platés-of subangular shape,

with uneven fracture, good basal cleavage. Refractive

Index slightly.less than 1.600. Pleochroism strong,

dark brown to brownish yellow. Blax1al negatlve,
very small 2V, approx. .5°. | ' !

A ! T

18



5) " Almandite - transparent red gralns, highly Spherlcal

f///euhedra to faceted grains: subangular to rounded”

sub conch01dal fracture»well developed Refractlve

Index approx. 1.765 abundant.lnclusions. Isotropic,

with some exceptlons of weakly blrefrlngent grains.

6) BlOtlte - transparent to translucent yellow, brown
and green flakes, some exhlbltlng tabular hablt
N 1rregular fracture. Gooed basal cleavage,-wlth

N - . -

.perhaps a subordlnate partlng . Refractive

Index 1. 645 'to l 700, varlable. Abundant inclusionsa

;-Pleochr ism ev1dent yellow to dark green, maximum
absorptron, parallel elongatlon.: Moderate to hlgh
,blrefrlngence, blax1al negatlve, with 2V approx. 10O

‘ Ev1denoe of alteration on some gralns, perhapsA

~.chloritic matter, produ01ng bleached gralns. hThe
varlety lepldomelane may be present, .as some gralns
are so strongly coloured as to be.almost opaque,
and the Refractive Index range is too_high for

‘biotite. N - S . e . "_,%%

7) Hornblende'? transparent greenlorains,-prismatio

: angular, uneven fracture, prlsmatlc cleavage.'

Strlatlons occuy parallel to prlsm elongatlon

Refractlve Index less than4l.700, opaque inclusions. |

Pleochroism weak, pale green to dark-green}

Moderate birefringence; oblique extinétion at .approx.

d°

250, biakial'negative, 2V approx. 6

19
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8) Epldote ~_transparent yellow1sh—green grains of

| varlable hablt, angular, uneven fracture, one
moderate-cleavage. Refractive Index greater than-
1.100 allgned prlsmatlc 1nc1u51ons éleocroism ] ‘

g weak, green to greenlsh—yellow Moderate to
strong blrefrlngence, extinction parallel'to crystal
edges, blaxral negative, large 2V greater than 60

-“\

Poor 1nterference flgures .

.

.9) Grossularite - transparent, colourless grains, \\

- - Bome ! show1ng poor hexagonal outline, subangular‘ s\\;

to rounded, conchoidal fracture'well developed.

Rerraotive lnoex‘slightly greater than ll735,

opaque and purplish, prismatic lnclusions present:
Isotropic. (see plate 2) )

AlO). Splnel - transparent, colourless to blue, subangular,
conchordal,fracture, one poor cleavage. Refractlve '

_H__mmIndex approx. 1.735. Allgned purpllsh, prismatic |

RS AU . .. -

1nclu51ons Isotropic.,

. 11) Sphene - transparent, amber - gralns, diamond shaped

. faces, subangular to rounded with uneven fracture,

© one poor cleavage Refractlve Index greater _ |
than 1.710. Opaque 1nc1u51ons present . Pleochr01sn|@§$

. strong, yellow to.darkrreé; Incomplete extlnctlon

of most gralns, blaxaal p031t1ve, 2V approx. 30°

. strong dispersion. (see plate 3) - K Y

;
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PLATE 1 : HYPERSTHENE, PLEOCHROTIC COLOURLESS = o

~ -TO GREEN

‘GROSSULARITE, UNDER,NON~PERPENDiCULAR'

PLATE 2

CROSSED NICOLS, SHOWING ABUNDANT (FLUID?)

INCLUSIONS . -
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12) Zircon\F'transparent colourless to brownlsh i
S well- rounded gralns, crystal faces absent )1’765

Refractlve Index, sllght pleothr01sm, brown to luf*'

[

' reddlsh brown High blrefrlngence, uniaxial, Rosrtlve.

*13) Tremollte = transparent colourless) prlsmatlc ‘
S b2

‘fgralns, angular,,rrregular to uheven fracture,

one good cleavage parallel to prlsm edge

Y

Refractrva Index less than l 700. Opaque inclusions

‘approx. 250, biaxial, hegativ

Note.;lnclplent alteratlon to scaly mlneral (talc°)

present ‘ Strohgibirefrlngeniziishllque extinction,

A greater than 60

observe& on surface of most gralns.

14) SlJllmanlte - transparent, colourless, prlsmatlc
: _ o -
gralns, angular to subangular, uneven fracture,

a

;one good cleavagerparallel to_prlsm edge. Notable

“parallel‘parting striations, regular,'and parallel

to prlsm edge Refractlve Index sllghtly greater than E
- 1.660. Pleochr01sm weak colourless to plnk.'

1

Moderately birefringent,‘straight extinction,-centered
o

“,‘ blaxlal figure, p051tnwe, 2V approx. 300. (see plate 4) -

‘o

'15) Tourmallne - transparent, colourless, green or

1brownash prlsmatlc gralns,-angular conch01dal

fracture, one.poor cleavage. Refractlve Index approx.

E)

l 690, lnclu51ons varled and abundant, hlgh blrefrlngence,

by
. . -

stralght extlnctlon, uniaxial, negative, some grains

show-anomalous blax1al nature, 2V approx. 59
. i ‘. - . - ¥
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‘16)“ Corﬁxerlte - transparent, colourless, prlsmatlc wet g

a . - . ) !

gralns, angular, c ncholdal fracture, Refractnve/ = 3,

Y/} ; N
Index low, less tha 1. 596 Sllght pleocgr01sm,.

S 5yellow toibrownlsp orange. Moderately blrefrlngé%t,w I
t »

1ncomplete stralght extlnctlon, blax1al negatlve,'

£l . . _»“ -I'.-t , n L \'.‘ a. a
. large 2V %ee plate 5) ) LT, Lo Tl T 3 s
S --f,;~. e, . %
-, . 1T -Mona21te - trg%sparent, yellow gralnsJ¢absence of » u~.~*;;*fff—ﬁf
. . ) ) e SR "
".crystal faces, rounded ﬁneven fracture, one poor RN o

4]

cleavage Refractlve Index gréater than l 700.
/‘\\
‘Pleochr01sm evident, llght yellow to dark yellow

Moderate to hlgh blrefrlngence, blaxlal posrtrve,
', ) L

L]

small 2V ,approx 10° I LR ,L-?” .
N ) - . _.~. . r:} ) »-‘..' ‘.' - . . ~“ ) GO
C. LIGHT FRACTION.MINERALOGY I "N,
Yoo The'minerals comprisingfthe‘light fraction‘of

several samples were brlefﬁy examlned The 11ght fractrpn -

1 ,’ A
is composed,entlrely oﬁ quartz and feldspar gralns,"x_,, I
‘Q. ~ ,‘ > o
w1thout any remarkable features » Quartz and fﬁldspar '

] : . ) -

are present in approxrmately equal proportlons The Rm

presence of_ carbonate mlnerals was tested gasometrlcally ‘;: ’ s"'df
_}'ﬁ on* about 50 samples from the study reach _but 1n all - . .
) L G
cases thg amount of carhonate was below the'.2§ limlt: e T
of detection. . L c weo A%
- . . R . - . . 1 ‘ . - 'I# .l . . . J
D. SEDIMENT CORRELATIONS . . VAR -
4 . .
a. Wlthln the Study Sectlon a & . .
[ [ Ao 4 : . f\.-"_ .“, S i
i) oLateral and Longltudlnal Per51stence B o e
Table I records-the relatlye frequency of.ocCuﬁrencel‘ o ;,, z
'D‘- . . - . . i ," ‘..‘ . 0 I i ‘ i
o ' R A e -
o - . 3 o Y . . 25
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¥~Sedtment5"were not studled, however)

v,

IRSC S Q

’ of each of the hemvy mlnerals-encountered in the samples.

9

studled. MagnetltefIlmenlte are ublqultous, angd are

‘not recorded L ' Lo -

A" basic assemblage cons;stlng of diopside, hyper-
thene, phlogoplte, almandlte, blotlte, hornblende,
epldote, grossularlte, splnel sphene, and zircon is.

presept 1n alr'samples, wlthout any trend of decreas;ng .

"concentratlon of any mlneral either laterally or 1oﬁg1t—”

udlnally (the mlneralogy of the areas of- jllt 51zed

. . THe minérals
tremolite, smlllmanlte, toeemal;neT_ rdierite, and
mona21te show varlabll;ty 1n thelr

....

" ,
resence or absence,

On the whole, the mlneral assemblage, including: all
the mlnérals in’ Table I ShOWS‘gOOd lateral.and long-
itudinal per51stence within the study section.

ii)* Verthal Persistence ~ : -

' The mlnerals occurring in shallow penetratlnd’grab
samples might be expected to persist to some depth within

the sedlment due to the effect of sand.dunes observed in (

-

the study sectlon (see part IV Bedforms) The downstream .

mlgratlon af sand du es"repeatedly buries ‘and re-exposes

‘ o \

1nd1v1dua1 gralns, thus homogenelty of the sedlments to

the effectlve depth the'sand dunes should be. achlevedt_,ll‘___.

Two cores, A-4-and.Af~ (Table 1), were obtalned at’

. . . S '
" } - - v




localltles where sand dunes occur and show that the heavy

mlneral assemblage per51sts to at least 3 feet deep 1n_///
#_d__,thedbed_sedlments

The sand 51zed sedlment of the study area may there— .

¥
I

ffore be consxdered as an homogenous unlt, 3n ‘the ba51s
. l

of the vertlcal and horlzontal per51stence of the heavy

P ‘ mlnexgi assemblage. ' - &

. e

" h. .Ad}acent Areas -

i 'f"
-\ Pos
a1

"—'7-

S0urce areas for the sedlments-eomprlslng

: ' the sedlmentologlcal unit descrlbed above were 1nvest1gated

ey

Algeographlcal study was conducted to determlne p0551ble ) s

, areas of 1nteract10n with the study section. 'The confluence

of the Gatlneau and Ottawa Rlvers 1s located one mlle

upstream from the study section'’ s‘western boundary. The
Gatineau River is medium—sized, with'mean annual diScharge:
on the order-of 20,000 cfs. It flows south acroSs the "

Canadlan Shield, Whlch outcrops to the north of the_'

confluence

e o T P T g4 e S T

The Rideau River flows north across the Palaedzoic
sediment andtdfift covered Ottawa Valley and joins the

Ottawa, River two:miles upstream from the western boundary

e Sf the study section.. Thée Rideau Falls (whlch expose

- the Cobourg unlt of the Ottawa Formatlon) form the

. -

.-actual junction, lowerlng the waters. of the Rldeau Rlver B

'some 50 feet to the level of the Ottawa River. The Rideau

28
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h

‘jRiver is shallow, and at some cross- sectlons maxlmum

depth is Only one foot. A dlscharge flgure was not

obtained, but is estlmated to be less‘than 10, 000 . ks
cfs, mean annual dlscharge. | :

-~

| Five mlles south of the Rideau Falls (at Hogsback "y
Road), the Rldeau Rlver is dammed, and sediment pondlng B
would be expected to. occur in Mooney s Bay directly up-

stream. Mooney's Bay is the héad of that part of the I
Rideau Canal.which roughiy parallels the Rideau River,

_as it passes through the city of Ottawa. The canal enters

‘the Ottawa Rlver one mlle upstream from Rldeau Falls.

‘The canal lowers a portion of the Rldeau River, by a
-serles of locks, to the ' level of the Ottawa.RiverL, Since
the canal is avnavigation route, with very low current
velocities ithwould not be expected to contribute signif-
icantly to the‘sediments under study - Any contribution
'to the sedlments of °the Ottawa Rlver is therfore probably
"derlved in the.reach downstream from Hogsback Road,
along the main rlver channe1 o S L
There are therefore three potentlal sources for the -

-tstudy sectlon sedlments, the Gatlneau Rlver, the. Rideau

.,Rlyer, and the Ottawa Riveér 1tself.
o '

r

s Two mlles above the confluence of the Rldeau Rlver,

L4

”[the Chaudlere Falls (formed by a re51stant—outcrop Y S
\

fthe Rockcliffe Formatlon) 1nterrupt the flew of the Ottawa °
) .

't



'materlal belng transported downstream to the study sectlon

-

Riﬁer. Upstream from the Chaudlére Falls, three sets

of shallow rapids occur where Ordov1c1an (Ottawa Formatlon)

I S

——

bedrock outcrops below th[ river waters.

The third set of rapids 1n thlS serles, the Deschénes

Raplds, forms a shallow (approx. 10') sill at the mouth

of Lac Desqhenes. Lac Deschenes, a w1den1ng of the

Ottawa Rlver, has an average depth of 50 feet and depths

‘up to 180 feet occur. Therefore, sedlment pondlng would

probably  occur in Lac Deschenes, with only suspended
The Gatineau River is dammed at Wakefleld, some ten
miles upstream from the Ottawa-River. 'Here again, the

probability of sediment ponding exists, and any contri-

. bution.cf sediments from the Gatineau River to the study

sectlon would most probably be derlved downstream from

LY

‘Wakefleld The river 1n_thls sectlon'flows_over Pre—f

cambrian Canadian Shield rocks, sodth of Wakefield for

six miles,'then‘aoross drift and alluvium for the last

four miles to the Ottawa River.

. (i) Mineralogy of Gatineau River Sediments

éand'samples taken from-the Gatineau River were.

examlned in the same manner as the Ottawa River samples.
.

Table II lists the mlneral assemblage complled from three

mrepresentatlve grab_ samples, BS178, Al7,- and\\XG.v-The

assemblage is very 51mllar to that complled for the study

section as a whole, w1th the notable addltlon of apatlte

30
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aS'a common constituent. As encountered in the Gataneau

' sedlments, the characterlstlcs of apatlte are:

1) 'Apatlte - transparent colOurless grains; rounded,

eggqshaped; Refractlve Index approximately 1. 650
notably weak blrefrlngence, yields a good centered -
BXa interference flgure, un1ax1al, negative,
stralght t;notlon. SJows arrays of minute

opaque-lnclusions.

(ii) - Mlneralogy of Upstream Ottawa Rlver Sedlments

"Upstream Ottawa River" is meant to be that part
of the river above the Rldeau Falls Only two grab

samples (BS187 and BSl90) yielded: sand~smzed gralns,'

the remalnder consisted of,masses of wood Chlps(l)

Samples B8187 and B8190 were .also largely composed of

wood chips, but a small amount of sand was- attached. to

*

and mlxed with the chlps The. abundant wood chlps are

probably effluent from a large Paper products 1ndustry

located on the river near the Chaudlere Falls. The

. wood chips seem to be distributed somewhat randomly .

‘among the sediments of the study section. - Analysis of

the sand resulted in the heavy mlneral assemblages

llsted 1n Table IT. The llSt shows notable absence of

of some spe01es, whlch were basic to the Gatlneau and

-studywsectlonfsedlments:“~ihxﬁnjxs—hprnbtem&e—Hﬁfﬁﬁk—f—__._“

A

tonlyl, grossularite, and sphene'(BSlQO only) are absent,

(1) The wood particles. range in size from lmm fibres to
2cm. chips. -. ,

S I AW | N ... W
NEANTS ALY N

w0

L
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’in the study section sediments.

A\

[

uas .well as some of the' "secondary" mrnerals, namely trem—

I,
olmte, s1111man1te, cordlerlte, and apatlte. The rel-

atlve frequency of occurrence of most specres 1s dig~
51m11ar to the frequency the correspondlng spec1es

1n the Gatineat and study section sediments. One add-

-itional species was encountered'in the"upSEream' samples,

however; the mineral goethite, which occurs as a scarce

constituent, with the following‘properties:

1) Goethlte - translucent, flbrous, yellOW1sh partlcles,
amorphous, Refractlve Index hlgh, >2 000. "

{iii) Mineralogy of Ottawa‘River Sediments between

_Rideau Falls and the Confluence of Gatineau River

i

Sand—51zed sediment was taken at grab sample sites

A7 and A9, sand and wood chips were taken at AlO and

"~ BS194. Analy51s of the sand fractlon of these samples

gave the results llsted in Table II." The assemblages

are 51m11ar to Gatlneau Rlver and study section assem-

rblages, w1th the exceptlons of the species tremolite

and 51111man1te, Whlch are absent from A7;. A9, AlO, and

35194, and of the spec1es apatlte, whlch is not present _

L. -

(iv) Mineralogy of Rideau River Sediments

Five grab samples, denoted Rl to RS, were taken

in the lower Rideau Rlver, ‘with an Eckman type hand

operated grab sampler. The Eckman grab penetrates

33



1bottom_sediments to ‘about five centimeters in'depthf
,The Rideau River sedlment is:markedly different from
"the other sediments examlned ‘with respect to the llght
;fractlon. The llght fractlon is wholly composed of
lltth fragments and mlnor quartz . gralqﬁ The llthlc
-fragments are’ shales and arglllaceous llmestones, whlch
are in accord w1th the Ottawa llmestone beds ;over which

!

the Rldeau flows.' The quartz gralns are well rounded,

and are ev1dently derlved from an older sedlmentary

deposit. - Maloney (1969) has recognlzed rounded quartz

grains 1n thin beds of sandstone w1th1n the OrdoV101an L
‘Pame ia Formatlon, which he con51ders to be derived: from-

an earller sedlmentary cycle, the Nepean sandstone. The’

Pamelia formation outcrops at the Hogs Back} on Rideau
River. , The light fractions of sediments from other
areas,_in contrast to Rideau.sediments, are made up
entirelyrof guartz, and feldspars, with no notable char—l
acteristics.'” -

'Heavy minerals were separated from the Rideau
‘samplas-and studied in the same manner as samples from
other areas. Table II shows the assemblages as complled

for two representatlve Rldeau samples, Rl and R3. The

absolute ‘amount of heavy species . in the Rldeau samples

is small compared to Gatlneau or Ottawa samples, but the

assemblages are remarkably_allke. of the 18 heavy min-

34



erals recognlzed in all samples comblned only.Eﬁo

‘ specres, monaZLte and tremollte, do not océur in Rldeau J
.sedlments. The Rldeau River heavy manerals must be def
rived from Plelstocene drift dep051ts ‘which are present '
along the course of the Rldeau. The ultlmate orlgln of
the Plelstocene materlal, is however, the Precambrlan
_Shleld area to the north |

T -

E. PROVENANCE GF THE STUDY SECTION BED SEDIMéNTS

on the basis of the heavy mlneralogy of bed sedl—
‘ments from the study sectlon and other areas, it 15

ev1dent that the provenance of the study section sedl—

‘ments is the local Precambrlan Shield Terraln.. Mlneral

' assemblages descrlbed by Baird (1972) and Hogarth (1962)

for the metamorphlc rocks of the Precambrlan Shield are

| -

. in accord Wlth the heavy mineral assemblage observed

in the study section, both aSSemblages béing ihdicati&e

of the"hornblendergranu;ite subfacies (Winkler, 1965, ., '-. v o

p.115; Fyfe et al, 1962, p.232).

'The Gatineau River contributes the largest part of

‘tmuthe study section ' sedlments dlrectly from the shleld

4

' terraln to the north. The Upper Ottawa Rlver and the

Rldeau River may contrlbute mlnor amounts of sedlment

. to the study area, the sediments so contrlbuted are
probably,derlved from Pleistocené‘@épositSf which or- L )

iginated ultimately-from the Precambrian.Shield-rocks-

to the north. ‘ ST
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The fact that the notablﬂ Rideau River llght assem-

blage was . not recognlzed 1n the study sectlon may lndl-.

cate that the amount of materlal contrlbuted by the Rid- .

‘ eau is overwhelmlngly dlluted by Gatlneau Rlver contrl—.

butlons. However, another explanation for the non-

} ——

occurrence of the llthlc Rldeau River 11ght fractmon

~___‘

may be that these fragments srmply do not su}v1ve under

the new and dlfferent energy conditions of the Ottawa

RlVegx',The significance of the contribution of sediments

'from upstream Ottawa River fs—difficult'to establish,
¥ (J - .
- ‘but the extensmve cover of wood ChlpS may 1nd1cate that

sand 1s not belng act1Vely transported 1nxth1s reach
therefore little of the study section bed materlal/

comes from the Ottawa. ;

- - -

SUMMARY OF THE MINERALOGY AND PROVENANCE OF OTTAWA |

RIVER STUDY SECTION. BED SEDIMENTS -
Petrographic studies show that the sand sized bed

material in the study section is a homogenous unit,
' )

laterally, longltudlnally and to a depth of at least
LT \ '

Ve

three feet

No maturlng trends are noted of the sedlments with-

1n the study sectlon. However, the absence of apatite,

goethlte, and.llthlc-shale and limestone fragments in.
] v
the study sectlon suggests that ‘sediments bearlng these

“\

—

specles undergo maturatron upon enterlng-the-Ottawa-

'
. { ' : :
& H - 3
. . . - .
' .

36



‘Rlver, where they become subject to dlfferent energy and

’transport condltlons ‘

The Gatlneau River is the source of the, large part
of the study sectmon sedlments; and the Rldeau and up— ;' K,l‘
stream’ Ottawa Rlvers may contrlbuteqnanor amounts of
sand 51zed bed mater1a1 The upper Ottawa River prob;
ably contrlbutes all the wood Chlps found in the Kettle
Tsland South reach of the study sectlon o h . ' -
All mlneral specres encountered 1n the study:sec- - |
tion sedlments have been observed in the loiPl Pre-*’
cambrlan rocks and are in’ accord w1th the horneblende—
wgranullte subfac1es (Wlnkler, 1965, p. 115 Fyfe et al,
l%ﬁ??’p.232). The study sedtion alluvial dep051t is

therefore a good representatlve of the metamorphic *

source area. On the other hand the dep051t is not\_-

1nd1cat1ve of the- Ordov1c1an sedlmentary rock area
‘_whlch comprlses a large portlon of thé Ottawa Rlver

dralnage basrn. ThlS ls‘probably due to the contrast

b

1n the detrltal stablllty of the constltuents of the 5 - S
- - :
two rock tgpes. Hypothetlcally, 1f the study section " T

alluv1al dep051t was encountered in the geologlc record

the examlner mlght well be led to the efroneous cqnclu—

. sion that the entlre drainage basrn upstream of the

1

- deposit was . composed of metamorphlc.rockctypes.. Paleof
geographlcal analyses, therefore, must be conducted

with great care.f B < | L e

37

N
Lo - . '



. .
g .
¢ ]
\ o
f Cooe
. . - . . -
" o [}
v . . -
- =
.
7
- we
n £ -
‘ “ '
P
- ]
0 -
v “ T ’
. ] y e -
-t ]
.
-
.
f e :
0 = L
. »
\(-.
-
N .
1
-
T 1
1 i *
[l
=~ 4 -
L] ‘ 4
.
b
[ -
oy
3
S ) A L= - b
K .
Kl

IVER

PART IIT - HEAVY METALS IN THE OTTAWA R

L © BED SEDIMENTS C

4
I »
. ' -
e ¢
/ i A
- .
. - B
o Kl
3 "
4 - -~
Q
.
"y K
.
'
[N
i
.
'
'
- '
. o -
. . .
.
) . .
W
) .
. 5 .
.o *
- : e
,
< 5 ,
) 1
i
4 r i -
!
o .
'
-~
]
. ! .
]
.

Lyt

38



. " ‘ ‘ ‘ -\ ‘o
. , ' , 5] P .
- ,
PART III - HEAVY METALS IN THE OTTAWA RIVER BED. f ’
X L1 K N
SEDIMENTS oo T D -
a A . . ) ® . RS * : ::u : . -..F
A. INTRODUGTION S SO B LS .',; S
. o - T N L | . ) | j oy g .}
"a.  Statement of the Problem . | o Lot P A

i Mercury (Hg) is a potentlally dangerous element*

whlch due to metabollc bulld—up in plants and anlmals,
v

can reach tb*;: concentratlons 1t 1s therefore deemed . !

that the study\ of’ Hg in ‘the ecooystem should be ‘an ‘._o o ;

lmportant area for 1nvest1gatlon ‘_ - "” v

. - : oA

The dlstrlbutlon of mercury throughout t!‘/r'rbed

sedlments of the study sectloqfls of obVioa; 1nterest o.'_ =
and is presented here. Equally 1mportant perhaps, is’ -mf‘“%'

s -

~the eluoldatlon Of the varlous mechanlsms Whlch tontrel

[ Y -

It .

or affect the concentratlon of Hg 1n the bed %edlments,

~and which: may: 1ndeed‘also controlhor affect tﬁe_eonoentt ‘\.”

.

'W'iration% of a host of other‘trace metals. One process - "['_ f
that résults ln the ooncentratlon of heavy metals in . . s

sedlments, (and one'that has recently recelved much ¢ - ‘q*
Lo, )

~jattention) is the adsorptlon of heavy metals by.hydrous"; - 1

oxides of iron iFe) fnd marganese (Mn).. ?he;object of . f T
* this paper, then, is to test the hypothesis-that TFe and“ . .

RS

" Mn coatings on sediment grains‘provide‘éites for the . T 5
ladsorption.of other heavy metaTsJ especialiy'Hg;

. . Ty
3 : s

A rev1ew of the llterature lS preSented 1n order L =

V-

to establash the sf@nlflcance of heavy metals occﬂrrlhg S \
o ) . _ . T

a

Db - e




o

. aLer willy lncroase 110nrsolub111ty 51gn1f1cantly,_

.# | _ |
in hydrous oxide eo tlngs on bed sedlmcnts, wyth réspéct
o W

;Lo the.%thcr p0551 e modes of occurrcnce in’ ﬁhe aquatlc

r

env1ronment R

Cw e
' ‘... ‘;_ . . ' A ' b l
'3""\13 . LITI‘RATURD‘R[‘VII?N L |

W . - - . “

5:. Stable POlmS of. B, Mn, and Hq in NJLural;Sv~¢cmg

, ’ K
Hydrous oamdes ongn and Fe are ublqultous in sed~ « ~°
. r, " . .

iments {Jenne, 1968¢ p 342) Tron is readlly available

| . \

" to rluer waters as 2 result Of\;lfc processes (Hcm, 1972h_wm}e

1
\ p. 443) Sr by the oxldatlon of iron bcarlng mlnerals such

"

Y

as pyrlte (Hem, 1960, p 58). Ma?ganeso ts a common

constltuent of 1gneous rock formlng mlnerals, and “wad"

o -
L . N .

mlhtures of Mn.minerals are commo: 1n npar surface 5

'env1r0nments Weathnr:ng oF Lh05ﬁ'§wo hosts prov*dﬂs_“

-~ a ready supply;of Mh to solutlon Mercury 15 % ratherl
TN

o rare constatuent of 311vcr and Lcllurlde mlnerala/dnd

¢ » '

of some 1gneou¢ rocLs (Falrbrldge, 1973 P- 704)

Important locallzed sources ha\c been offluent dlschdrges

of the—pulp and papcr 1ndustry (Ollver and Klnradé

1972)..- ;
The'cchcentratiqn of dissoiveﬁ Hg in.river waters is low

—
L]

(parts per- trllllon lcVels) pLobably because Hg csppounds [

} o Ly’ .

‘ 'aLe ea51ly aduorbcd by partlculate matter (Brownsteln, pers
comm 1974). Dlssolved iron concentratlons are low malnly

g .

[S7)
¢
p. B232) Depletlon of O}ygen from orlglnally oxvyde ated
. =
ad .

LN |

.

Lo . ) ; . :
SR coer CA I

3 - L

bocause 110n compounds have. low solubllltles (Wei;i; 1974,-°

40
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-

F} 1
. )

however, as wlll complex formation w1th organlc matter .

- ' RS

a i
' -

(Hem, 1972, p. 449)..

| - ) .‘
B S .
Eh - pH dlagrams (Hem, 1972, p.444) indicate that

"~ . . ..
ferrio hydroxide (solid) is .the stable compound of iron

o

in aefated'waters,~ferrous hydroxide-fsolié)and perhaps

some julfide are the‘stable=forms in reducing énvironments'

.(Hem, 1960, p.58). Uncomplexed ferrous 1ron, upon

enterlng aerobic natural waters is qulckly ox1dlzed (in

}
a few hours or less) and is precipitated from solutions
* ) i i 1

(Hem and Cropper, 1959, P.23; Hem, 1960, p.87). Precip-

. . - N . a . '
itating irom ‘takes the form of x-ray amorphous ferric ~

 hydroxidd, Fe(OH)3(i) (Jenne, ‘1968, p. 342-"Langmuir-& o

Whlttemore, 1971 p- 210), and may undergo changes to ;

'. poorly. crystalllne goethlte and poorly crystalllne
lepldocroc1te with time (Langmulr & Whittemore, 1971;
_pale)

The stable form of Mn should be Mnoz( ) at normal

PH of. 5 to 7, and ox1dlzlng condltlons normal to rlvers
¢ . i

'.(Glbbs, l973 ' Tanaka, 1964, p.118}). The solublllty of '

manganese 1s sllghtly greater than that of 'Fe, and
0x1dat10n of MnII to Mnlv is extremely slow, unless
bleﬂhemlcal processes are active (Hem, 1964, P- B40).

. |
The oxldatLOn of MnII to MnIv requires a higher pH
than the ‘oxidation of Fell to FeITII, in the Eh - pH . '

|

range of natural waters.

\ ‘ o i ‘;-4.].‘
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: cbatings),-;(iv) incorporaticn in solidgbiologﬁca

hydroxide 4 X 10

b. Mechanlsms of Heavy Metal Transport in the Aquatic -

Env1ronment

Gibbs (1973) outlined five possible mechanisms of .

transport of trace metals in the aquatic environment.

e ° » o . \“‘ vl - 0
The mechanlsms that heé considers are (1) in ionic

solution or in solution as organio comﬁiexes, (ii) | adsorbed
on suspended sollds (collqlds ‘and- fine partlculate matter),

(111) Precipitation and coprec1p1tat10n-on solid

materials, and (v). 1ncorporatlon in crystalllne structures

Each of these mechanlsms are dlscussed below, in the
o

ligiht of other authors' works in the field.

i)§ In Solution

- The solubilities of .the okides of the ferrous and

ferric. ions in natural waters are so low that the quantities

off, these species transported in-.solution are insignificant

. (flem, 1960, p.84; Hem, Y972, p.443). The solubility

pFdéduct for ferrous hydroxide is 1;64_X,10_14 at 18°%,

for ferric hydroxide 1.1 X 10736 at 18°c, for MnII |
% &t 18°%C (weast, 1974, p.B232); the

L —t

'solubility of'Mn(IV)o is not published. The solublllty

of manganese is greater than that of 1ron at all pH - Eh

levels (Hem, 1972) so metal concentration in solutiOn

may -be greater for Mn than for Fe. However, Fe readily
forms complexes with natural water organic substances

i L - : '
" P
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(Lee, 1973, and many others) and thlS feature. permlts

i much more Fe to exist ‘in solutlon than would otherwise

be pos51ble.1 Complex1ng of Fe with tannlc’acld (a_

common constituent 1n organlc debrls of soils and forests,

4

and thus common - in rlvers) retards oxrdatlon of ferrous . ,,

‘ “1ron,‘and hence retalns the Fe. .in solutlon. «Transport T

by

tlmes on the‘order of one month are possrble before

| ox1dafion flnally occurs. Uncomplexed ferrous 1ron,:on
the other hand, is oxidized and precrpltated fromf: |
sclution in a few hours or less at pPH greater than 5

(Hem, 1960, p-84}. Other Fe complexes form with- organlc

llgands (negatlvely charged organlc unlts), chelatlon

(a. chelate compound 1s a rlng structure with a central
bonded metal atom) readlly occurs, and all complexes have ' :
the property of malntalnlng iron in solutlon In'the' " N

' llght of organic complexlng,,then, Gibbs' first mechanism
of trace- metal transport may be 51gn1f1cant for Fe.':In_
.contrast Mn-organlc complexes may exlst and may be
respon51ble for malntalnlng Mn in solutlon (Hem 1963, p.ASl),
but Morgan and Stumm (1964, P. 105) p01nt out that
organlc llgands cannot compete with hydroxyl for coordlnatlon
to MnIV 1n the pH range of natural waters, thus organo—

. chemical 1nteract10n w1th MnIv should not be prevalent

.1n natural waters

ii) Adsorbed,on Suspended'Soiids

.The second'mechanism proposed by Gibbs, transport

Of.tracé metals adsorbed on suspended'solids, is o 43
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responsible for only a small fraction: of total Fe and
) ,

Mn transport in the aquatrc envrronment (Glbbs, 1973)
'The suspended particles, or collords, comprise a solid-
llquld system. - A soll(solld~11qu1d colloid) consists
of.a central particle of fihely dlvided material>(such,
as-silica, clay—mlneral organics. or metal hydroxlde) "“'-
"whlch is larger than’ molecular (greater than 103) and
smaller than detrital (less than 10, OOOR) srze. The
partlcle ‘has s‘Te pH’ dependent surface charge (srllca N

—— et

and manganese oxide partlcles are negatively charged,

ferrlb hydrox%e part:.cles are either 9051t1ve or neg- ! )

“htlve) resu]tlng from unsatrsfled bonds along surfaces

or from atomic substltutlons sﬁg&ﬁas Al+3 for sit4. in -~
silicate lattlces. The solrd‘partlcle thus attracts"

Ia closely held 1iquid layer of ions of opposite charge,
and thlS layer adsorbs yet another layer of counter—
ions, in a more.loosely bound manner. dThe electrlc
double layer": whlch results is. the samelfor all: sols

lln any one system, and - thus two such colloids Wlll

-repel each other, so that flocculation of.the particles ‘ :

.-is not permitted. Heavy metal ions so adsorbed, then,
may be transported untll flocculation_occurs.» Eloccul4h.
ation willroccur when the effective radius of the'sols

is.reduced, as upon enterlng a strongly electrolytlc

envrronment (such as sea-Water) where multlvalent 1ons,
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H' and OH ‘ions are held very closely to the partlcle.'

C01101dal particles have large surface area to. welght

f ratlos, "and hence thelr adsorptlon capac1ty is very

high. If the surface charge of the 's0lid partlcle is

negative, then 51gn1f1cant amounts of heavy metals

could be adsorbed in the mahner_aescrlbed and could

therefore be transported to the oceans.
i

Adsorptlon as a process grades into “‘the: phenomenon

,known as ion exchange. A c01101d,‘an 1ntra-lattlce'

[

position, or any surface whatever w1th one kind of ion .,

-adsorbed, when added to an electrolytlc solutlon con—'

talnlng dlfferent 1ons, w1ll liberate some of the
orlglnal ions and adsorb Some of the new specmes in

thelr place, by the process known as 'ion: exchange

Y

In nature, catlons are most commonly exchanged, ‘and-

—— __‘...ﬂ

‘the process lS then called catlon exchange The ion.

s
_,'_

exchange reactlon is Smely AX+B BXtA where At

and B* are exchangeable cations and X~ 1s the. negatlvely

4

charged framework. The framework 1s usually an alumino-
7.

o

51lrcate or silie EE’EEEWOrk held together by predom-

lnantly dovalent bonds w1th excess negatlve charges at

well deflned srtes, occupled by catlons held by elect—
“ Fa

rostatlc attractlon. Exchangeablllty depends on how the -

-

catlons are attached to the. host, the thermodynamlc

act1v1ty of -each cation specles, the catlon—exchange

45



capacxty, and the. adsorbablllty of the’ speCLes (Colloidv
chem,, ion exchange refs Adamson, 1960, p.l79f196 &
P.457-520; Bear, 1964, Chapts. 3 'and tf;'Garre.is‘,:l965; .
P-267-280; Krauskopf 1967, p.150; Truesdell 1972, “
p.591).

S1ii) Precipitation and Coprecipitation " ‘ .}

Gibbs' third" mechanlsm of trace metal transport

o
- is dlosely related to the preceedlng dlSCUSSlOH, but

applles togrec1p1tatlon and coprec1p1tat10n of heavy

‘
metals at the sedlment—water interface. The occurrence

of metal oxide or hydroxlde coatlngs on sedlment

\
gralns accounts for the great ‘part of the total Fe and

Mn in an‘aquatlc system (de Grodt, 1973; Gibbe,.1973).

Since hydrous oxides of Fe and Mn are ubiquitous in

-

v

sedimente (Jenne, 1968, p.342), the importance of thls .

mode of heavy metal occurrence is profound.

The amount oflheayy metal hydrox1de:found-coatin§ o “A ; E
sediments ieérelated to the surface'area of_the sediizg | L 3
.ment rather than to the catlon exchange capac1ty, F o ' =
“‘Whlch 1mplles that the method of attachment is physical
iadsorptlon, rather than iocnic bonding; (de Grdoti 1973;
Jenne, 1968, P. 3435 Jenne (1968, p-341) proposed that
where concentratlons of a heavy metal in an aquatic
system -are hlgh (macro—concentratlons), prec1pltatlon
willloccur as Ehe metai's hydroxide. (ie. Cu(OH)z,

S
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.Fe(OH)3, Zn(OH)Z, etc. ) but where the heavy metal has‘-

only a small concentratlon (mlcro—concentratlon)

sorptlon reactlons may predomlnate He does not, however,-

" put llmlts to the micro and macro ranges Elements such

as Co, Hg, Zn, Cr, Cd Ni, Pb and Cu occur in “mlcro-
concentratlons" (approx 1/100 of Fe concentratlon in

natural waters), and hence these spec1es w1ll be found e
,adsorbed to flne surfaces or coprec1p1tated w1th other
.metals' hydrqx1des-(Gibbs, 1973; Goldberg, 1954r  P.249;

Hem and Skougstad, 1960, p.108; Posselt et al 1968,

c.1087; Shimomura et al, 1969) Lee (1973) points:out | -
_that these mlnor elements would necessarlly be bound by

adsorptlon rather thah . by catlon exchange, 51nce ex—

change sites would be preferentlally fllled by the bulk n

. metals such as ca101um and magne51um

The surface charge or zeta potentlal (Adamson, 1960,.

or not a surfacerwal adsorb catlons. As mentloned be~

1

P. 190), is of prlme 1mportance in determlnlng whether _{ ) .ﬂ
fore in the dlSCUSSlOD of adsorptlon of heavy m tal 1

ions on c01101ds, some surfaces have positive and others

- have negatlve charges. The slgn of the charge on the

surface of a glVen material iS'often pH—Eh'dependent

: and there is a SpElelC pH that is the null p01nt, or

. boundary condltlon for the sign of the charge. Thls o ) ~
pH value has been varlously termed "1soelectr1c pomnt"

and "zero p01nt cf charge - (ZPC)" (Krauskopf 1967, p-1586).
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;' - The charge on a|sué%ace exists for the same reasons as

described in the discussion pf colloids. In natural
watersT(ie. pH{range‘from_sijghtiy acidic to slightly :

‘b alkaline) the observed zeta potential of ferric hydro~- .

xide can be elther posrtlve or negatlve, but 1s negatlve i
; f 'r . ' ."‘
j - in non—ac1d1c aerated waters’ (Hem and’ Skougstad 1960,

. p.98), the 2PC belng between pH 6 and 7. Ferric hydro--

; _ xrde in a river system can therefore be expected to
adsorb catlons.. Hydrated manganese ledee (MnO2 'xH‘O)
also has ? net negatlve zeta potentlal w1th1n the pH ] a
range’ (5 to 11) of natural waters (Posselt, et al, 1968,‘
P. 1088): However, Parks (1967, P 122) finds that its
ZPC is near pH 7. In fresh Waters, where natural pH Lot

may be more ac1d than- 7,.the cation adsorptlon capacity

ef'precipitated Mno2 wi;l.be small, reducing the importance

of.M.no2 "%H,0 iﬁ determining_tbebeoncentfation of trace

metals in fresh waters‘(Parks; iQGj, p.122), | , B _ -
| The sorptionheapacity Sf almaterial or a surface

3
is a‘'geasure of the amount of dissolved ionic species

-Lf—_“——that*eanﬁbexassi;:ated with that materiai or surface-
E' through adsorptivn. Sorption capacity is dependent

upon the zeta potential of the solid.material, the
surface area of the solid maﬁerial, and the *adsorb-

ability of the ions in solutien. Jenne(1968, p.344) notes

that the amount of 1ron adsorbed on clay material

T -
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‘-13 dlrectly’proport;bnal to the surface area of that \ :

! : Looe -
materlal. =De Groot (1973) observed th t.the amount‘
of heavy.metal adsorbed is dlrectly related to flneness - v
{(and hence surface area) of clay sized material. °The
high catlon sorptlon capacities observed-for-hydrousi
_manganese ledee are in accord with the high spec1f1c
surface areas exhlblted by hydrous Mno2 preparatlons ‘
(Morgan and Sthmm,'1964 P.357). The measured surface

_ area of c01101dal (hydrous) ‘manganese dlox1de varles'
by author, but is on the order of 300 m /gram (Posselt,
1968 p.1088) . It is ev1dent then, that the hydroxides
of Fe and Mn are hlgh surface area states, allowrng them

to exert chemical act1v1ty far out of proportlon to thelr .

concentratlons (Jenne, 1968, p.343), Quantltatlvely,

rthe sorptlon capac1ty of Fe(OH)3 and MnO2 fermMn ions _- o

{(a) Determination.of specific surface Aarea can be done

- I'.

1n a varlety of ways, but the most popular methods

Anvolve gas adsorptlon. Ba51cally the,methods‘;‘ , : ‘ ;:
‘consist of exposing . a weiéhed.quantity‘of materigl .
tofa‘ggé-(nltrogen, krypton, or othersl whichlcoats
the.exposed surraces‘with a mono-iayertof molecules.
The amount of ges adsorbed is determined by heat or
pPressure change, or some.otherﬂparameter,_and know— .
: 1ng the area'occupied by eaoh 5;5 molecule,‘thetotald
‘surface area may be calculated (Adam%on, 1960,.l

wT——

. Brunauer et al, 1938 - Medema, 1969;-Tay10r, 1951).

*



held than unlvalent ions
predominates over ionic

‘several common exceptions, which indicate- that Some /

" ugeful in understanding thelp

'qtion/co—precipitatiOn units. -Several authors.have

in the .fixation of heavy metals. Often, Fe and Mn

isfhigh, .3 mole/mole for Fe(OH) and 1 mole/mole for .
Mhoz (ie.’ .3 and 1 mole of Mn is adsorbed per mole o

of solid Fe(OH)3 and Mhoz,.respectlvely).' The sorption

‘capacity of these two materials for Ni, Zn, and Co is

slightly 1ess (Jenn : l9ﬁ8: p-344). The relative . L

adsorptlon on MnO 'xH20 is Mg(II) and Ca(II) <Zn(II) (Mn(II)

(Morgan and»Stumm, 1964, p. 112) P L

The adsorbab'llty of the ions in solutlon necessarlly

affects. the soﬁpt'on capacity of any surface exposed

to the solutlon. Krauskopf (1967 P. 162) proposes three

3

general ;u&e to xplaln the adsorbablllty of ions:

.(1) the sma] er off two 'ions will be more flrmly held to /

S a surface, (11) mult valent~1ons will be more flrmly e ,

"and (111) covalent character Vi

haracter. These rules have. /

unknown factors are involped, but s5till they are

S | /
aviour of many iomns.
LT ’ /
Sorption Capacity,.adsorbability, and specific /

/

i

‘surface area combine to help explain observed‘precigitr

o

demonstrated the importance of the .hydrous metal o&ides

7 .
- . . i /
hydroxides are found to be the main control on the concenr

: ‘trétions of ‘other heavy metals-' Glbbs (1973) has observed

!Q,

_’ . N
e i,

Co, Nl, and Mn to coprecmpltate w1th ferrlc hydrox1de ags

50
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adsorbed spec1es, and Hem (and Skougstad 1960, & 19 3)
has studled the coprecapltatlon of Cu and Mn with

ferric hydroxlde. Interestingly, Mn and cu w1ll adsorb

.-(

to and coprec1p1tate w1th ferrlc hydrox1de even at pH

levels where Mn and Cu are stable 1n solutlon (for Mn,

at pH:=6.l, for Cu, at pH: 5.5). According to Krauskopf,
the reason’ that Cu is'adsorbed at a-lower PH than Mn is
thatﬂlt is the smaller of the two 1ons, ‘and hence is more
adsorbable. The explanatlon for the coprec1p1tatlon of
Mn anad Cu -at such low pPH levels is g&ven by Jenne (1968, p 355)
one observed property ‘of Pe(OH) is to\catalyze ox1datlon
reactlons such as Mn{II) to Mn(IV) at the solld/water

1nterface, thus renderlng the catlons 1nsoluhle

Krauskopf.(1956, p.24J determlned that Fe and Mn-

“hydroxides‘were'a major controlliné'factor in thejl

concentratlon of Zn, Cu, Pb Bi, Cd, Ni, Co, Hg, Ag, Cr,
Mo, W, and V in sea water. Shimomura EE al (1969) demon-

strated that Hg will adsorb to and coprecipitate with

ferric hydroxide at some obtimum conditions of alkalinity

and low halideé ion concentrationsj' Finally, the tendency

for Mn oxmdes to adsorb catlons is demonstrated by the

-

‘high trace 'metal concentratlons in manganezg nodules

of the PalelC océan (Goldberg; 1954 & 1963).¢ The high

Na/K ratlo in sea water may be explalned by the greater

ease of adsorptlon of R* 1ons,than-Na ions on hydrons

-
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‘ aquatac system w1ll take up varylngfamounts of heavy’

‘ iv) Incorporatlon in SOlld Blologlcal Materlals

o

precipitates (Garrels & CRrist; 1965). Gibbs' thir

4] £y " - . . . N 4

mechanism'of heavxlmetal'occurrence in the aquatib .\ o
env1ronment the pre01p1tatlon and coprec1p1tat10n o
trace metals on SOlldS as coatlngs, is well supported
by the llterature, and would appear to be of major

: p .

1mportance

-

Glbbs fourth proposal is the transport of trace
metals by lncor ation in solld blologlcal materxals.

Certalnly-ln the COurse,of metabolism the biota in the

1. .0

’
L

,metals These metals may beoome concentrated.in the cellsw
of livihg Mmatter by complexing mlth'organic‘subst nces, d
and if 26, will be effectlvely removed from the 1norganlc
compart?gnts of the system untll the death and decomp051tlon

of the organlsm.‘ The 51gn1facance of this mode therefore

depends upon the metal uptake of organlsms and the concen-
%

.

tration of the metals in solutlii. ‘However, Relmers (l973)

has noted a correlation between rganlc content of

sedlments and Hg concentratlon, and Glbbs (1973) has'

shown that up to 10% of the total Fe, Mn, Co, and Cu 1n
.0

«a.river system-occur in organlc solids.

s
1

Organlsms have a secondary effect on the chemlstry
of.heavy metals that may ‘alsd be 51gn1f1cant.. Hem (1963,
'p.A57;.& 1964 < 16) has ﬁgund that oxrdatlon of- MnII
to the relatlvely 1nsoluble MnIV state is rapld only in

the presence of organlsms,,ALee (1964, p.124) states

52 .
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that photosynthetlc orgﬁnlsm$ cause- local Mno precmpltatlon -

because thelr life processes 1ncrease the pH of the

’) -f‘.

-surroundlng water and encourage 0x1dat10n of dlssolved

' MnII, such that 1nsoluble MhIV prec1pltates . Hence in . e
‘ v

~blologlcally actrve waters, organlsms can cause the

ox1datlon and subsexﬁcnt prec1p1tatlon of Mn. - ©
; ;
-y Incorporatlon in Crystalllne Structures . . . w —

- ' i R . " b ..
Gibb%ﬁattaches much rmportance to his fifth-modefw

of trace metal, transport He roéords that up. to 75% -
of total Ou and Cr, up'tb 50% of tota1~Co,_Fe, and Ni, L

F ~ t - 1
.and up td 35% of cotal M in rlvers is ﬂransported '\“ ' e

1ncorporated in crystalllne structures

ThlS may be Lhe

.case, but thls method cannot be- con51de ed as ong llkely

tor fix' pollutants, since the process of~solld state

o dlffu51on i1s very slow, and the amount £ tr%ce=metals

]

1ncorporated by lattlgc»penetratlon is #mall comparedl

to the total ameount . sorbed (Jennepz1968, p #$39).

'system, howeyer.

c. _Summdry of i{iterature Review

\ [ . . B o
) .\ . . [ . . . L
\;‘, - The}literature reviewed above indjcates that. .

/ R ' - . 7‘4__ “

tation amd co—precrpltatlon as ﬁrarn coatings .

"

N . 1s an 1mportant flxatlon mechanism fothcavy metals 1n

a . . -

the aquatlc env1ronment{ More spec1f10allyﬂ hydrous -e_\ K .
\wl' - : . L. .

il - . ) °
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oxide coatlngs of Fé& and Mn possrbly control ‘the con-
centratlons of several other heavy metals, 1nclud1ng
Hg, by provrdlng adsorptlon 51tes for ‘those specres.

f1 eness (or more correctly, sedlme\t surface

heavy m'tal graln coatlngs._ ) f“' v

o A.study of the relatlonshlps between graln size
“and ythe concentratlons of Fe, Mn, and Hg in coatlngs,

and between the metal concentratlons themselves is

. .-

therefore 1mportant to the understandlng of the

N -

mechahlsms of trace metal transport in the Ottawa

"

¥
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o C. EXPERIMENTAL WORK | o

I a. Laboratory Methods, Results&gind Levels of Confidence

i) Sampling and Subsampling

. , : T | e . b
Bobtom sediments were taken at varjdus locations.in -
the study area (Fig. 6) with a Shipek grab. The shipek
grab penetrates unconsolidated sediments 60WH;EQMQQPFHS

df.aboutflsjcm., and so the samples can be considered to . .

be representative of the. large scale sedimentation'in 0

progfésé{ Each sample.that was to be chemically examined
. . . i Ce . £
wds subsampled as follows: (1) approximately 50 grams

for Hg determination, and,(ii) &#pproximately 50 grams
for Fe and Mn determinations.. Care was taken to avoid -
i subsampling error and bias, and new containers were used

Co . Voo )
everywhere to avoid contamination. : -

-

77 . ii) Hg Determination

The subsamples for Hg determination were .sent to

b

the laboratories of_ﬁRC for professional énalysié._
Flémelesé'étomic aasorption_ﬁéthoaé-wére ﬁsod‘tb'meas4
ure thé émount of'Hg‘invthe samples. The samples were
. partially dried at 1ow'tempera£gre to avoid vaporisat}bn )

',of.Hg.) Dupiicqte samples were fully dried. then ashed

A}

at 450°C -to.determine moisture content and organic™ . . -
matter conéentration. Sugface»ﬂg in hannqgfams/gramf
_ {ppb) dry weight ugé;ﬁeasqred at least twice for, each

. 1Y

‘sample to test reprodgéibihity,-dnd;thé mean-and range

o ¢

e r.f(\
vé
.
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Mn, both in 12% HCl. The analyses of Fe and Mn' by

lof the-values,obtained were reported; | : o '/“

'iiij Fe and Mn Determinations

Slnce only the Fe and Mn. present as coatlngs on

)

the sediment gralns were to be measured various leachlng

experlments were conducted to determine the best method

_‘of dissolving the metalllc coatlngs Only Once brought in- '

+

to solutlon, the concentrations of Fe and Mn were measured

by conventional atomic absorptlon spectrophotometry
methods, wrth a Techtron ‘instrument. The absorbance of

the unknown concentratlons of Feand Mn in solutlon were

compared w1th working curves prepared after runnlng the - -

standard solutions of the metals both before and after

-

the unknowns were rested. Appendix i contains two

_representatlve worklng curves,oone for Fe, the other for

»

A.A.S5. techniques are not subject'to'interference effects,
according_to_the Techtron instrugtion'manual.(a)

| Therfirst leaching method tested used 10% acetic
acid. Flve equrvalent Sg subsamples were each exposed .
to 150 ml of ac1d The_leachate of’one sample was filtered
off after 1 hour, and others after.Z_honrs; 4 hours;

6 hours,fand 10 hours. Thezconcentrations of iron and
o .

' " S

(a) Interim Instruction Manual'for Techtron Model

w' - -

AA—4, Atomic Absorptlon Spectrophotometer, Techtron

Pty' Ltd.., Melbourne, Vlctorla, Australla, p.27.

L
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!nmnganese in the leachate were then determined - There
)
was no- detectable manganese in any of the solutlons,-

. .
and iron was barely detectable 1n only the 10 hour sample.

4

" The same samples (BS8, BS56, and BSBS) were then . -'ﬂ' g l?’-
exposed to 150 ml of 12% HCl for the same exposurestlmes |
as before, and the concenﬁratlons of Fe and Mn were

- tested agarn._ The results of leach;ng the three samples :
_with 123 HCl are, diven ln graphical form‘(Figs 7 and 8) 37 E

'w1th 1eached iron and manganese concentratlons plotted .

10

against leachlng tlme . . - i.‘ '

LS

L
K

Bach of the six plots'COnsiste'of.two-basic parts.
A linear section, which begins at or before one hour and

continues on past 10 hours, follows a steeperrportion !

fpof the‘curre which begins at the origin The steep

- slope of the flrst portlon of the curves represents the‘
relatively fast drssolution‘of highly. susceptible forms
iofiiron and manganese, probably‘the_dissulntion of .- "-'J ‘ f: .
hydrous oxide COatinds of those two elements. Eor _i'ro'r_nl

 the 'less steep slope of the‘linear*poﬁtion of'chMZurve'

] A . ‘“. } ‘
that follows must represent the slower dissolution of

‘more flrmly bonded 1ron, such as that Wthh is 1ncorpor—
ated in the crystalllne structure ‘of iron bearlng miner-
als_snch as magnetlte.'?he parallellsm of the llnear
portions of'the BSS and.BSBs"curves for iron lmplies : 'fe

_that_the previous statement is valid; one would expect
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B the amount of metal coatlng to~vary foom one sample ' | o é
to another, but ‘since mlneraloglcal work shows that the
: mlneralogy of samples BSS and BSBS are the same (see
" _PART II! MINERALOGY), the slopes of the" linear portlons
of the two curves should be parallel, which they are
The separation of the 11near portlons of the two curves.
is explamned simply by the fact that the two samples
had dlfferent concentratlons of iron in the coatlngs
In order to determlne the effect of magnetlte on ..
the leached Fe concentratmons, 3 subsamples were made -
from BS26, one'"bulk" subsample was left as 1t was, the'
‘3$~ second subsample had all (magnetlc) magnetlte gralns
'removed and the third con81stcd'of magnetite gralns

hl

only Magnetlte gralns comprlsed only about \5% of the

bulk sample, therefore - oon51derable concentrathn:was x\\\\
'necessary to obtaln enough magnetlte for analy51s -The

' subsamples were subjected to the acid leach, and leached .
- Fe concentratlons were measured after 1*1 2}, and 3.

-

~.hours. The results of thlS test are. dlsplayed graph- .

‘1cally in Flg 97 -
7 It is apparent that~ the dlssolutlon of magnetlte
alone does not account for the slope of the linear por~‘
.tlon of the’ leéehlng curves. The magnetite-excLuded"

. ourue has only a lrghtly lower slope than the "bulk“

., curve.. It is 11ke1y, ‘then, “that’ other phases of iron o S '//84'

6l -
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- are\alsd being déssbited -probabiy'ﬂrom a constituent
more common than the 15% concentratlon of magnetlte.* ’
Mlneraloglc work (see Part II) showed that ‘quartz andn S
feldspars were the only constltuents w1th hlghér con-
centratlons than magnetlte, so it.-is llkely that Fe
assoc1ated with those mlnerals contrlbute the large.
part of the Fe after. one hour.. ;

e - Magnetlte itself was dlssolved qu1ckly by the leach
A

\ but not as qmlckly as the hlghly susceptlble Fe coatlngs,,

. aé was postulat@i abovéu For ﬁanganese, the two basmc -

portlons of the ohrves represent the same sort of dls—
solution sequence. However, for manganese samples BS8

and BS85, the.hOrizoﬂallty of the 11near;portlons of -

i

- the cﬁrves indicates that_perhaps\only one (highly

' _susceptlble) phase of Mn is belng attaéhed ‘that within

v 1

the- flrst hour. , - - - : o
. ' ' i

The finer grained sample'BS§6 is different from ‘the s
.ﬁcoarser érained sanples BéB.and.ESés in that the amount

" of Fe and Mn occurrlng as coatlngs is 51gn1f1cantly

hlgher. Also, Fe and Mm from- other more’ stable phasesl

are attacked more v1gorously in the flne gralned sample ‘ﬁ-
than in the coarse gralned samples ,Thls is indicated -

by the steeper slope ‘of the second (llnear) portlon of | \
the Fe and Mn leachlng cqrves. The hlgher Fe and Mn . ) \

ﬁﬁoncentratlons present in the finer grained sample”are. "\
a2 ) R T ‘ Vo .

\ \

63



o :partlcles of a coarse graln d sample..

.in accord‘With several authors' flndlngs that the con- ': T

y o " O,

centration of heavy metals is dlrectly proportlonal to
sedlment flneness (de Groot, Jenne, etc )‘ That the
Fe and Mn from other more stable sources are more
treadlly dlssolved in a flne grained sample than in a
coarse gralned sample is perhaps explalned by the high T '_ _.hﬁ

surfabe areas of flne gralned sedlments and whlch are

therefore-more susceptible o acid attadk than the

A
e
v

The' - leachlng experlmen was repeated once-more;
'uslng the same three sample (BS8 ZBSSS, and BSBS) with
" 5% HCl as ‘the solvent. The results of . thls test are

“1llustrated by flgures 10 and 11. Theﬁe graphs ‘are very
l31mllar to those\plotted for 12% HCI, the only differ-

]

~ences belng that for 5% HCl the breaks 1n—slope are less

E

‘:[
g
3
5
Kl

w1ll defined and. occur later (1e Shlfted to- the rlght),

and that the dlssolutlon rates of Fe and Mn from lattlce v ; v
v 3 '
posrtlons are slower than for 12% HCl . _
{ B
The amount of Fe and Mn in solutlon after one hour '

Ix o .
. . _ ] s \ O

_of" exposure of the sedlment sample to LZ% HCl is consid- .

ered to - be the most correct value of - the absolute con-~
\

centratlon of Fe and Mn occurrlng in coatlngs, on the

-

ba51s of the experlments descrlbed above. The fact that

N

the break in-slope, Wthh represents the totaﬁhamount

.of leachable Fe and Mn, 15 better defined on: the plots

of the 12% HCl test, and the fact that 'in general the
\\ N

A

o | | .° l‘ | . . ‘ \ : 64
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break 1n~slope occurs at or before one hour for flve

" of the 51x curves in flgures 7 and 8 - 1nd1cate tgat the'ﬁ*r
. 4 .
e one hour/lZ%‘HCl value is valig. = The. obquus error 1n k

-

u51ng this value is ‘that -the exact time W1th1n the
“_t. ' - ]

flrst hour at whlch the breakhln slope occurs 1s not

knOWn If one assumes txat the coatlngs went ‘into .-t S -

. ) . hd . ¥
soluﬂion Wlthln the fl st few mlnutes, then by extra- . g .
polatlng the llnear portlQn§ of the curves in. flgures '

F ¢

“; - 7_and 8 back towards the ordlmate, ‘one obtalns new values

P, 4 f-. ; & n
it for Fe and-"Mn- concentratlons. These values are in

[\klijghborhood of 10% less than the one hour val s for

N _,e tn samples BSB BSSG and BSBS, and appr0y1mately

p—

5= 10% less for Mn An thc same{samples Maxlmum errors N

'
}of these magnltudes ‘'should not have an adverse affect

-

. « - on the results obtalned, s1nce trends and geneﬂ*ﬂ " l
s N i ,:l o
i ‘.;“d’/zélatlonsh(pé are of greateéiimportance than absorute L _"
N Kl - . " . '
e \Jalues 1n he study of natural systems.n _ o !

1 other samples analysed fon{ﬁgﬁand Mn were ¥} S
'th 12% fict, for one hou,‘\, Gnd the conc'ent'i'ations o

e of FF and’ Mn_ealculategyare reported]mn Table IV along' . ﬁf
' 'lﬂ‘..' ’

C N
:.w1th Hg concentratlons for each sample Most samples

\ , - -

9 .
"were analysed 1 dupllcate, and- mean values are reported
.o ..r‘ ' P .

,\\ iwlth n 10% - Where L Ao} results were more than 10% apart,'«lﬁ

a 5

,subsequent anabyses wege condugted to establlsh repro—-“ ? S
f ' .

duc1blllty "ln addltlon, sampl es B82 BSB, B585, BSllO,

- ‘ s . . '. . . . ' - ' . -t - ' '
o / S e e . C- 6%
.. -ty . -~ T - : oL . 4
v - f - Lok P R— T T :
o . L R I IR . . . )
. 0 . / .}_ ! oo . . \ . ' -
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F—-j:) TABLE 111
"-:' l‘ 7. ar '

’ Samp‘le o

' SEPARATION OF SAMFmLs INTO GOARSE AND FINE -

L S P

<

TRACTLON '

@ é\lln ‘Size Boundarv

. Fagies

BS2a

v 2b,
S

+w» 8a

. 110a - .

o
110b ‘
2073 o

13 \ \

3 2.5 .* " ‘Medidm &, coarse sand -

.f“ ' ’ v .

2.5 ~(;~ " medi ﬁat fire éanﬁ—‘
o \ . Ve

o P

220 o _ medium & coarse sand.

medlum-& fine sand

23,0 ; “sand & wood chips
. _~sand !

<30 B fine sand & siTt" & fibres .

Cpe
. A v r :
4 A . . - .

. R " wood: chips & ﬁinor'éaqd :
‘<‘3.o‘ | . | fine é;é;f;??i 3 : |
.23.0f9 ~  sand & yofd4égi:;' S
<30’ . ‘fine sand & sile ! | :
',22.5r-“, | wood éhipgl SR ‘
> 3§5'<2;5 _- "l“v sand & wPod fiﬁresj _ ' -‘. 5:
— 3.5 ‘){ . gi%£fé yodd‘fiﬁ;es'.




) : o ‘
. \\ "
©» TABLE IV: HEAVY METAL CONGENTRATIONS .
_u' ‘ : ' v
SAMPLE MEAN _SIZE (@) .Hg - Fe ‘Mo
\ BS 2. 2,057 " 15ppb 175ppm  l4ppm
A 1.664 56 . 568 32
- 6 1.043 -~ 9 i1 . 10
8" 0.749 ‘33 254 17
Y10 1.378 76 525 41
. 24 8 Jl;;§3 . 14 178 13
. 26 1.731 50 179 23
. 28 1.605 ~ 19 218 9
30 - 1.325 1 183 . - 17
- £ 32 0.764 - .12 193 7 22
45 1.955 3 196 13
“ 46 1.832 10 'zogf'_ 6/
W 47 +71.808 C320 147 00 12
.- 4 se - A0613 43 1421 17
57 . .2.068 768 222 10
58 - lhs1 T15 0 2400 15
_ PR L ‘ \§£ﬁ73% 102 425 26
i ! 1,648 - 138 6.
\ _ L 0.580 - 4 207, 6 -
. Y A 0.644 ol? 229 31
. 89 3.968 47 1296 27
91 .. 1.798 " 66 437 . 8
» 92, 1.335 19 . 204 10
93 - ~1.288 .9 255 0 21
’ 9% 1.29 L6 241 8"
-~ 95 JO.S3R. , 1 199 ' 5
‘ 9% 3.000 262 ', 1390 57
107>~ . 1.450. .28 228 14
108, 1.403 33 259 - 8
L <0109, 1.634 .56 372 26
SR 11 2,544 . . 174 . 1550 7L
R 199 . 2,000 36 . 499 23
] : _ 1200 v 2.0565 18 309 .41 _(
- 201 2,083 .6 309, 17. 3
_ L 1202+ 2,012 37 . *393 28 ¢
: 203 2.017 24 425 52 -
5/,5*) _ 2204 . 2,157 22 350 59 -
. 1205 1.533 478  .1428 588 .
- .~ . 206 . 2.088 16 L 245 25 ¢
' St 207 -8.656 Caf21 2040 104 .
SO 208t 32700 $00° 1199 280
- Co-o. w209 4,337 62 779, .56* ,
R 210" ° 8.631 821" . "1906™ SFT— .
e ‘ \ - ,
L .

)Y

69
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‘

"~ iment are plotted“in“figures'ié to 18 A dlscu551on of

s )

"BS207,‘35209' ‘and BSZlO were lelded into the coarse. and fine

‘fractlons listed 1n Table III ' Theqe and allqother 5;ze sep~'
arations were conducted by standard sieve and plpette procedures
Lach 31zc fraction of each samplﬂ was expoacc to 12Q HC1® for

1, 2, @nd 6 hour perlods, ané the concentratlon of

] [ | S

jron and: mapgdnos ‘WAS dctcrm med.. Aﬁ'with the lL“'hingd
' P R Y )

,experlmonts conductcd plCVlOuSly, the plot of mctal

[

L

concentration vs- lcachlng lee consnsts of a curve w1Lh

{wo basic parts. N steep 1n1t1al porthn oﬁ,thg,curve

~is followed by a linear poftibd. ‘The resulté‘ofithis e;per—‘

'

~

0

Lhe results obtalned in all emperlments 15 proscnted

in the 1oLlow1ng SCCthH ‘ ‘ o s

.

b, lecues{pn and COnclu51ons

' N : .
i)  on the separation of depleq Jnto coarse and fine

grain size fractlous

i

Q ..The leachable Fe and Mn concpntraﬁiods of the sample

. ‘ o . . - ' . “. - o~
ing time in figures 12 to 13. Three characteristics
- . . A
can be scen 'in the behavior of leachable Fe and Mn with - °
. o S 34 | ' o
respect to the size fractions in which they occur.

: . ' . . . e
Samples BS2 and BSBE are well sorted, non=porganic

sands with minor. silt. The fine xrnctlons (B°7b dand.

n . )

SBEb on flgules 12 and lﬂ c'pec:'t".waly) clear1y have ?‘

-

hlghcr concentratlons of lowchablc Jrom*and mdnganosc
A , K . )

-

grouPS'tabulatéd‘in'TablduIII are plotted against leach- _}. T

-



(x/10, ppm)” 
{ppm} ‘

Mn conc.
Fe conc.-

1000 §. . .. 'ﬁ :;g'.4$;,;ji?ﬂ_V“
900 | | 'rf- ’M‘ FcBS2a (medlum sand)
800 e ‘ X BS?b (flne sand) o .
| L -"'? / L e ~ _BS2b-Fe
700 | T N R

300 L

200 1 BS2b-Mn

'Bgéa—Mn

100 r

o ————

. PIME (hrs.)
m\\/ : _'h' .

~"  FIG: 1@. LEACHED Fe ‘& Mn CONC. vs.’ LEACHIQG/TIHEF— e
/ o (12% HC1) . e
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Fe. conc,

(ppm. ).

(X/lo ppm)’

Mn conc.

RS o f R e P

e +rp$110a}(;and'and’minor wood) ;
' 0'55110? U-(E'ine sand qnd ‘szl‘lt)." :—} |

v =

L)
-
L.
da

T . BS1l0a-Mn
—~ BS110bh-Mn'

FIG. 15:: LEACHED Fe & Mn CONC. vs LEACHING TIME
- ' (12¢ mC1) =  ~% -
Lo \-_‘_;‘

1 2 3. 4 5. .. 6 | TIME (hrs.)
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& . f
g - e
20000 X

M)? +B8207a (wood and mlnor sand)

¢ ‘©BS207b (f;ne sand a

. Fe conc.

D

. E; x —BS207a-Mn

Q-! g ! ' ’ '

o - -

N | :

X - 1000f: - | o T

. ‘ L BS207b=Mn

0. i - v - .

g ; : : :

0 | ,

o

&

- . . N i
_ . )
L ESEINEES ‘ '

TIME~(hrs) - Y. o

- . FIG. 16: LEACHED Fe & Mn. CONC. vs.~ LEACHING 'I‘IME
o . r : (12% HCl) '
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N

than do the coarse fractions (B52a and BS85a). The o ;l,%: :
'1eachable iron content of the coarse fractlons is only

40 to 50% of the ‘iron content of ‘the flne fractions.

. The leachable Mn content of the coarse fractlons is

50 'to 70% of the .Mn concehtratlons in thle flne fractlons:;

Samples BS8, BS110, and BS200 are similar in that '

-the\various size fractions of"ea“h sample contaln

f
practmcally equal coricentrations of leachable Fe and Mn -

»

.(Flgs 13, 15, & 18). ' The presence of wood debrls in

the coarser fractlons appears to be the key to the hlgh

Fe and Mn c0ncentrat10ns found tHere. The effect of

wood debris is clearly seen in thk plot of sample BS2lOa

he cdﬁ[sest fraction ~
8

K3
Y

:(Flg. 18) .. Thls sample group is
of BS210, but it consists entirely of wdbd chips. The
‘ FeAand_Mn:concéntrations in this ale as high as in the. '

two finer fractions of BS210.  Sample BS209 (figure 17)

. and'BSZlO, and'so‘ o : f}

l ke the non- organlc samples (BSZ an@ BSSS) dlscussed

‘pr v1ously...., | o ; \_‘ . ' | T

Sample B5207_$h0w5'thé thira chatacteristic.dg'Fe.
and Dn“concentration with respect to thergrain size
fract ons'eXamihed._ Flgure 16 shows a hlgh Fe and Mn- ‘7-' A~'

' concen;ratlon in the coarse group (BS207a) and a much L -

' :1ower Fe and Mn concentratlon in the ‘fine group (BS207b).' '3.f" oo

-ThlS reversal(if behaulor as cgppa;ed to the non-organlc e

1
v



Lol

'samples (Bsz and BSBS) is - due to the” fact that the coarsef
» _
nfractlon ls almost wholly composed OfF wood Chlps, whereas-

the flner group has no- organlc debrls whatever ThlS

‘\

s also in contrast with samples BSB BS110, and B5210 f _ | *
_Whlch have wood debrls present in all 51ze fractlons
o The concluslon to be drawn from thls experlment‘"
- is that wood debris in the Ottawa Rlver bed sedlments
is an, 1mportant factor ln the concentratlon of Fe and.

L4

" Mn in the sedlments That wood chlps and’wood flbres

\ L]

should be such good sorbers of heavy metals such as Fe
and Mn seems loglcal conSLderlng the hlgh surface areas'

that they must present to the aqueous env1ronment

Evrdently thlS wood materlal 1s nbt actrvoly decomp051ng

o

-(ox1dlzlng) in the river. system, as the orldatlon Of & B

-

organlc materlal would cause a redu01ng condltlon i;ﬂé

.surroundlng water, thch would encourage SOluthﬂ of

‘

Fe’ and Mn rathEr than adsorptlon of Fe and Mn to - the

'wood. In fact,ion 1nspectron the wood ChlpS do appear ‘ .

.fresh and umaffected by their env1ronment o - e .
The expected trehd of higher heavy metal concentratlonh‘ T R
in .lne, rather than coarse sedrments 1s borne out by S .ff
thls exéerlment. ThlS trend oécurs, in, the absence o% | - '3 _}T.‘ .
h:woqﬁ dehrls, aj a result of the hlgh sur{ace areas ofmfi; o i; : w}
-flne érarﬁoﬁ sedlment as compared to coarse grain sed- . 'f}f“"_ y
- . . C
?ment." - - IR e._,ji, S S




. . . . . . - R K ‘ ‘ . . . ‘. . 4 v -
f . : s : . s
ii) On the distribution of Fe, Mh, and Hg 'in the botiém - -

L * '. o . . . - N e

"Sediments of'the‘study area' o s .ﬂ - EEEE >

¢

_'\
L

o The results of the analyses of leachable Ee, Mn dnd S

_Hg are presented in Tahles 1V and V.. The c0ncentrations ,_;“{

| ; AT e &
1, of Fe'vary w1dely from llepm to g,40ppm, Mn concentratlgns -

;'1 vaqy from Sppm fo 588ppm,‘and Hg _ncentratlons v ry . L ; C

Vfrom-lppbuto 821ppb._ FlgureS‘lQ; 0, and'2l sh .the A

- " -areal dlstrlbutlon of the three heavy metals In the study * - -

o area:“ The three contour maps show severalsstrlklng o
;; ‘similarltles- - In. the channel south. of Kettle land - //,

. . “}_. . . . A
R there 1s a general 1n¢rease in heavy mctal concentratf%p C ’
4 > BT

- e towards the shores from EY mlnlmum Whlch follows a llne

*a : - .
LN :

-bf‘f'ﬂ . _spmsyMat south of cehter channel In the western half

:u o 'of thlS channel the hlghest heavy metal concentratlons
L

occur. agalnst-ghe sou&hern shorc, and 1n a’ node Whlch - g.-

parallels the southern shore of Kettle Island -about one-—:~ T
. A\ %, _ e .
“\_thlrd of the channel south of Kettle Island This node o i

{contlmues into the eastern half of the channel”*hut ;f" - GRS

. - - e
. - . , ' e s ,7 ! 'k : '- ' - . - 7 -. " ':J » .
e . i . 5,‘:_1_,].an i . o K . . o . . . . . '\ o . : .

o : ‘ . o

AP SWLQ%§§n0rth to llewagalnst thé SOuthern shore of Kettle ﬁ 5‘\1,. :"

L -

P o In the eastern half of the’ channel south of Kettle!?.“ . :; .

. f{. ;7.:Island the dj strlbutlon patterns become more complex .The ‘i}'t
L ; hlghest vald&s of heavy metal concéntration occur along.-“-f-LQH:O"
f :'the southern shore of Kettle Issiig:apd along°the 'south '.}'g o5 AW
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i L% « - \‘.\ , s'- . . _ )
= . . ‘\\‘ L . .
. «. ‘trations seems to termlnate agalnst the south shorer o R -

A

just south of the upstream tlp\of Upper Duck Island o '
-w.ﬁ-;” High concentratlons are found ar@und the shoreylne

3 . ‘of Upper Duck Island -and althougﬁxthe record is R .
. o . - -

1ncomplete in the channel to the south the concentratlons

;appear to deerease towards the southern shore (especially

- Hg concentratlon)

" In the channel between Kettle Island‘and Upper -

\

Duck Island there is agaln % tendency for heavy metal

-concentratlons to 1ncrease from mld—channel towards

b:nz/shores, but here there lS an anomalous area of hlgh

entrations. betweeﬁ the two 1slands, w1th1n\the central

c
Y Band of mlnlmum heavy metal concentratlons ‘ .

B v
N \ / -fﬁqaohannelsmotthseﬁpmettleeEsland was sparsely

-sampled due to the presence of large boomlng grounds,
i

s0 it is not p0551ble to present Pacomplete dlstrlbutaon | o
pattern. Howeger the upstream part of this channel. \ -
TR \

> _ -
shows that "the western point of~Kettle21sland splits \
. i . . \ .

an area of high heavy metal concentrations;which must \\

begin upstream of .the study area, intd two areas, ene \
Y B C L .
sdirected into the n¢grth and one into the south channel. \\.
. . . . . . \ )

§ ) ' : \

’

center channel towards either shore. . L A !

Wy



The ‘eastern half of the channel -which lies north of'

Kettle Island Has rather 51mple dlstrlbutlon patterns 1n

-]

regard to the Fe, Mn and Hg con&entratlons.- A ceﬁter

channel minimum. is flanked on both sides by qulckly \

lncrea51ng values. Although thete is a lack of samples
‘. N 3
ln the western part of the channel, it is ev1dent that

i'Ee, Mn, and Hg concentratlons are: lower at the head of the

channel than at the mouth.- ‘In the area where the north

channel agamn joins the.maln channel, sedlments wmth

high heavy metal cbncentratione'aﬁe“evidently diluted

by sediments with lower metal concentrations from the-

$

main ‘channel. ‘ - B : )

Each of the dlstrlbutlon patterns.of heavy metal

‘-n

concentratlons 1n the bed sedlments ‘show notable 51m11—

arities’ to thehothers “The factors in control of the

) eECurrence’and distributlon of heavy metals in the study

area, then, are likely to be the same for all three
metals, Fe, Mn, and Hg. '. : N '.‘ "

Figure 22, a map of the relative flow velocities

-'encountered in'part of-tﬂe study area, shows'a very

-

\

r"j

" strong correlatlon thh the maps of heavy metal dlstrlbutlons

| !
The line of max1mum flow yeloc1ty from base llne A to

base line D on flgu e.22 follows very closely the central

v

m--.u-a-—-—u-.‘.-.....aﬁ} - ) ,m_.\
band of minimum heavy(metal concentratlons seen on flgures

18, 20, and 21. The veloc1ty profile censtructed'on

/ , : ’ . -

Y

86
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i

: base llne D shows a. drvergence of flow,‘just upstream of ) T
Upper Duck Island. The' dlvergence is. probably due tp |
the presence of'ﬁpper.Duck Island." The veloc1ty proflle

. in the channpeél north of Kettle Island also ‘shows an

'-1nverse relatlonshlp with respect to the heavy metal dis- SR

trlbutlon in that channel, as does the velocmty profile o .

¢

;repreSEntlng flow in the channel south of Upper Duck -

1Island

The obv1ous conclusion to be drawn at this point
.1s thatgflow velocmty and the occurrence and distribution '
of Fe, Mn,_and Hg concengrations in the study area are
' somehow related. The relatlonshlp is an inverse one as-
far.as the magnltudes of flow velecrty and heavy met@l
'COneentratldns are concerned. (1e heavy metal .concen-

LS

tratmon u.l/flow speed),_ The direction of the flow

velocdity coincides with the orientation of the distrib-

- ution pattern of heayy metal concentrat

L

The relationship between flow veldcity nd ﬁeavy

.metal concentratlon may be only secondary, since a prev1ously
dlscussed experlment (p 70) showed that sedlment gra;n

size is a majqr factor controlllng heavy metal concen-: :
"tration;, Flow velocity of course primarily determines
‘thelsiZe distribution of the sediments. .Figure é3fsheWS.

the pattern of_distributionref mean grain size for the’

" study area sediments, as détermined‘from textural

LW
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“.. Logarithmic values ar

"y

P

analyses of samples taken one year before the samples.

".J

currently under examlnatlon (the 1972 textural data is
. more complete at this tlme than the 1973 data, llmlted
=gra1n 51ze data from 1973 samples show the same trends)
It is apparent that flow veloc1ty and mean graln
51ze are closely related:'as one would expect Coarse'
gralned*sedlments occur where veloc1t1es are hlghest,
‘and flner grained sedlments occur where Ehe velocrtles
are.lower Also, the relatlonshlp between graln 51ze

and heavy metal concentratlon, becomes apparent agaln,_

by comparlng the heavy mineral dlstrlbutlon patterns

(Fig. 14, 15, & 16) with the mean grain size distrihdtion:

pattern (Fig. 18). Heavy metal concentratien appears
to be directly proportional to-fineness of sediment

This relatlonshlp is in accord w1th the llterature,

_espec1ally DeGroot (1973)

So asdto quantlfy the relationship betweeh mean'Q
'\ ' /

grain 51ze and heaty metal concentratlen, graphs of the

: i
two varlables were plotted (Fig r_24- 25, ang, 26).

sed due to the wide’ range of

° . 3

values.

WO linearfregressions and their correlation . Lo
coefflclents were calculated by the Pearson method, for
each heavy métal. One regre551on represents all sample"

. pQints, the other represents all points except those

90
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f‘w1th hlg? %2@6 debf;s conteht ( J:{}SL by welght\ see Table VI).. ég :f,°
";The 1atter negressron was calculated because wood debrls : g

'.probably has very dlfferent surface aree to gra;h 51z£ : '\h o
:r&thS comp redAto sand and151lt gralns.' Slnce me&h & ff _;‘?.'¢f5
".grain sidb is used only as‘a rough.apprOxrmatlon of k' '} ' ﬁfﬁyﬂ;
:surface:area, then the latter regresslon*ls probably .';;.';?

the more useful The‘correlatlon coefflclents for eaoh "jﬁ‘, -

re?re551on appears on the plots For Fe ahleg; both o | - ‘

regreisions have better‘than 9é perceﬂq confldence nfhe .
.posit}ve correlatrohs}bétyeén heavy metalﬁobncentrat;on A i

- . £ R D o . - R . . N
? ~ - Pr . ) B . PR S .. -, .

antt fineness of sediﬁentuare:the re“stétiﬁtically',
.slgnlflcent } -“ . “
| The-saméfes:W1;h hlgh wood qurls content ment&oned .‘?."_;' 1
ab$§§ ao;ear anemalously in all three graphs -ﬂAssumlng ~- {f -

that the,velues ‘of "y welght loss aftgg ashlﬁg"‘repopted 1

o ' S . Wi
- ‘ . -\’q - T e '
.y .

by NRC for eachisample (Table VI) represent the relatlve j.fﬂ

e

amounts of organlc materlal %resent before ashlng, all a L f%
those samples wrth greater than 10 welght % organlc

materlal were hlghllghted +in tE: plots of Flgures 24, . _

- 25, and 26" (marked by * in Table vz), SN T S

. The samples‘highlighted were further divided into . ¥
groups on the bagis of.'the type of -organic. material that

.

they contarned Three groups wereffoqn&,:the:types being '
(i) coarse wood (Chlps), (ii) fine wOod'(frgkgs)b,aha. ' L;
v - T ‘
(111) ptherhorganlcs'(not wood) . Groups (1) and (ii) . SV

94




'; TABLE VI: ORGANIC CONTENT: OF SAMPLBS (BY %, WEIGHT

LOSS AFTER ASHING |

4 ‘-

,

i‘

o ‘-‘ ' SAMPLE' '-"_%'WEI.GH;I‘ LOSS smPL:E u""z."iﬂiI‘GI‘{T'Lloss B
e .;lBS -q | .00 ‘-? BS 91 | .Elzﬁ -
s 76793, ) .00
o e o -
6, .53 93 .52
8 "2.34 Con 1.04
‘10 1.71 . - 95 Lioa
o 24 107 96 8.27
o 26ﬁ .56 107 (5t
. ~ 13.66 . 108 - - 1.06 ’
L e e
. | ’ .
32 .00 - 110 4.29
45 58 189, 1.04
46 .00 200 . g,
G s 201 29
s6 - 119 -zoi‘; 307
. - 57 S8 L 203 .66
58 o .59 204 - ‘s
79 1 57 205% 17.56 -
PR P 206 ;05
B % 53 207% 11.57 |
85 .53 208% 11,14 $::?-
; 87< ,;:' o 7 208 i%?9 :
‘ 82;_\J " oo '21Q;e 13.46
. * indicates sgmplgs of greater thap 10% organicg.
%i. | . ’34 -
UL T {

%1

95



-.;'and hlgh surface area.

P

©

~ debris Was.deriyed from the paper.mmll then one would

' "as the reasons for. hlgh adsorbed Hg concenﬁhgtlons 3‘ -

had anomalously hlgh beavy metal concentratlons. ThL ”

non—wood organlc group of sample§,4BS4 and BSZB) do not

have anomalous heavy ﬁetal concentratlpns Therefore, as
. J -

. :a prev1ously discusséd experlment also showed the presence

of wood debrlsrls-an 1mportant factor in the fixatloﬁJ

.

of heavy metals in the bed sed;ments The hlgh adsorptmon

~

capacity ‘of wood debrls }s probably due to its por081ty_
<

-

1

. One con51derat10n may be that the wood debris has .

high Hg concentrations due to,its origin in a paper.”.

. . - s

products mill, where Hg  -concentration levels:were'possihlv

quite hlghi Hg‘eas used as. a slimicide agent in such
indestries until 1971. However, 1f the Hg on the wood/
not EXPECt a good correlatlon ‘between adsorbed Hg and
adsorbed Fe and ' 51nce'adsorbed Fe‘and Mn are derlved
larqely from naturAl sources. As shoeh latef in this
sectlon, Hg, Mn, and’Fe concentratloqf of)all thenstudy

reach samples are strongly correlated therefore the

high porosmty and surface area of wood debrls ‘are lndlcated

R

comprlslng two cross—sectlons in the study area was" 7'
analysed for the concentrataon of Fe coatlngs. The effeét
of grain size on - the heavy ‘metal concentrations {s thus

- k' . . : .

nullified. ,The:normalized.samples comprising the main
) o, . _ ; .

.-/'

A 51ngle g;aln size fractlon of each of the.samples 7'

-

" 96
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{-

p;isenetmtheidnly primarymvariable controlling'iron conoen—

~of iron colloi S would be more favoured than under high '

; current condltlons, thus higher concentratlons of Fe

channel cross sectlon, BS79 \Eﬁl, BSB3, BS85, and‘s58§'.
(see Fig. 6) Stlll show the trend of decreasang metal

concentratlon from ‘the shore zones to a\mmnlmmm 1n mid-"

oA

.channel {see Table VIZ). The normalized north channel_. .

- -

samplesﬂ,BSZOS,;BS206,‘and BS207 shoz;: simiiar tfend.f_- o !

It is_theﬁefore‘appanent that;ggain S e‘(of surface area)

tratlon TItTis 11kely that the flow speed of the - water

3

maés does have an 1ndependent affect (1e apart from

that of controlllng bottom sSediment grain size)*on the
S g L ' '

soncehtratlon of Fe coatlngs. One might expect-that

under qulescent conditions f;occulatlon and prec1pltatlon

coatings should be found in the shore zones, with lower .
. ' :

concentrat'

mid-channel bottom sed&nents An inverse

relat ship probably ex1sts between the veloc1ty of £

water ss just above the bed anad the Fe concentration 1
pf~fhe bed sedlments._' . -_ N o
The relatlonshlps between the concentratlons of Fe L
and Mrr, Fe and Hg, and Mn and Hg were examlned Flgures
27, 2&, and 29 are graphs of the respectlve relatlons ’#; ' ; -
' The heavy metals have the follow1ng approxrﬁate relatlons )
@d-OXOEQ
(ii) [Hg] = x.00 X710 4[Fe]
- (-ijﬁ.d) [ng) = x. 90 X 10 3_[Mn] _ ' a ' ) ' o
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- _ TABLE VII: GRAIN SIZE NORMALIZED fe ”
v ' CONCERTRATIONS = 9 - .

L}

+. . SAMPLE GRAIN SIZE FRACTION Feé CONGENTRATION
' . ] o . Gl 4
BS79 L2090 ' 1114.66 ppm
. " S v ' :
*  Bs8l - - ow . 109.98
-BS83  -u ., 99.86
. 0 - ',J . . +
BS8S . - .inC . 239.95 ' A
- PR . L . ¢ e - 7
, BS87 .m - 249.55
BS205 ©3.08  1636.73 ppm
BS206 . v 350,00
5 BS207 I 2460.00
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' regressions and correlation cg

k.the concentratlon of those other heavy metals, the correl—

size and between the heavy metals Fe, ‘Mn and Hg them-

R A it

are spread,pVer three ordets'bf magnit"e: fhe linear L -+
—fiéients were calculated’
in the same mannet as beéfore. | For each of the relatlons o
log Mn/ts log/Fe, log Hg vs log Fe, and log Mn vs log Hg, |
the correlatlon is very good, w1th over’ 99 percent
cqnfldence in. each case. Therefore, the-three19051tite; s
correlations &re statisticallflsignifidant. : ?

_'In order to test the hypotheéis that hydrous Fe
and Mn oxide coatings provide adsorption sites fer'ether

trace heavy metals,-and that the coatings thus control

ations between‘heavy metal concentratlons vs mean @ graln

seives (Figs. #4 to 29) were compared in matrrx form
(Fig. 30). It is evmdent‘from Flg 30 that the concentra— '

tion of Fe in the bed sedlments is very strongly related

A%
to ‘the graln size, and thus to the surface area cf the

sedlments. -The correlatlons between Mn concentratlon and

S )

grain smzeb and-between Hg COncentratlon and grain size
are also good,,but less so than Fe concentration vs. grain -
size.’ There are strong correlatlons between Mn concen-
tratlon and Fe concentratlon, and between Hg concentratlon

and Fe concentration, however. The 1nterpretat10n 15

s
/

that Fe cdhééhtration_is controlled mainly by sediment

102
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FIG. 30 |

CORRELATION COEFFICIENT OF THE LINEAR
. REGRESSIONS, r. e |

A(Volues.i'n parentheses refer to regressions omiting samples

contain}ng large amounts of wood debris ie. BS-20s,  BS 207, o

BS 208, .BS 210)

99% confidence ' at rz .389

95% conftidence at r > 301

! ]

9 % confidence at r2 .428 ' i ‘

: 7 + :for values in parentheses
ps.% confidence at r2x .333
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grain 51ze (or more correctly, by sedmment surface area),

and that Mn and Hg concentratlons are controlled mainly ’“‘~\~ '

by Fe concentratlon. The correlatron between Mn concen-

-

tratlon and Hg concentratlon might be expected to be hlgh,
merely because the concentratmons of both metals are

s0 strongly correlated w1th §\common,variable; Fe concen-
tration.7 Like&ise, the'correlations of Mn concentration.

and Hg concentratlon w1th graln srze might be expected to : L
be good, but not .as. good as Fe concentratron Vs graln

‘size, because Fe concentratlon, to which Mn~end Hg are

both strongly correlated is also strongly correlated to

o

grain sige. The hypothesms is therefore partly borne-
- N ) .
out, the. only dlscrepency belng that, Fe concentratlon L

alone controls other heavy metal concentratlons,.Mn o IE
lncluded ‘Jenne 11968, p. 341) comments‘that_whereia

heavy metal 1s present in onlg mlnute concentratlons,
'pre01p1tatlon as the metal hydrox1de is not as llkely as -'Vﬁy_:
;adsorptlon reactions. It would appearlthat in the Ottawa

River, Mn is‘not present in.sufﬁlcient quantity-to precip-

1tate directly as a hydrous oxide. Another explanatlon

would be simply that the pH is too low for the dlrect
precipitation of Mn_as an hydroxlde, but that the cata-

lysing aftect of Fe'coatings oauses Mn to-be brought

down with precipitating Fe. |

s 3

‘That the leachable iron is actually Fe(OH)

e

1nd1cated by thermodynamlc con51derat10ns of the stabllltles

&£
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of irBn compounds occurring in natural waters (see *

: Liferet%%} Review), and is;further supported\b?-the'rapid

diésolutibn-of one phesc of irdn under acid attack.
Gibbs (1973) Goldberg (1954), andxmany'othe:s (see
Literét@re Review) have demonstrated that sevefal-heavy_ﬁetals

behave. similarily ih the aquatic environment. Since- thig

retudy has rhown that Fe, HMn, and Hg occur in hydroxide gfain

coatings, it is llkely that many other 51m11ar heavy metals

[~}

are present in corresponding forms. 'Lﬁ
The high’Hg concentrations observed in wood debris
[ I

and in hlgh Fe concentlatlonvsamples indicates that the

adqorbablllty of Hg can bhe 51gn1£1cant, at Th - pH lcvels

common-fo r1ver -as Dropoqed by Shlmomura ct al (1969).

Finalfy levels of Hg in the bed sedlments of the

iy l

*fstudy sectlon were reported by.Ollver and Klnrade-(1972

‘for samples taken in-197l.. Compafiéon of their values

to the values obtalned from 1973 aL :the same. locatlons

v .

& . ‘
al]ows an cstimation of the"half llfe'of mercury in the /11 .
bed sediments, asaumlng that Hg lnput was easentlally o /' éf\f\““%a

terminated in 1970 with thc governmenE‘*mE\sed contzols
on Lhe industrial use of ng . The half 1ifd of Hg ster—'
mined £or three saﬁple locations in the channel north of
Kettle Island is on the oxder of. Lwelve months

" Hg concentratlons in bottom sediments were, also
determined. by NRC forzscvcral samples paken duylng the

B
[
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L eérly sﬁages.of ﬁhe-progﬁamme iﬂ'the—;hmner of i972-} For .the )

maln channel sands, a SO% annual decredse 1n Hg is also 1ndlc—' ~
- ~—. ated bY‘comparlson to 1?73 data for. the reoccupled ‘sample sltes.‘. V/f
| :u; Vnwith.saﬁples~re§reseﬁtiqg qﬁly‘so.short a time span it i;'uncle;r .._

as to wﬁéther ox ﬁot £he decling iﬁ Hyg poncentra£iln levels | 7

2 ‘is exponential, thus the .term "half-life! ib merely-tcﬂtativé. ' /3

c. SUMMARY

The stud&_of leachableQFe; Mn, and Hg concenf}atiohs
N . f » .

‘ip the Ottaﬁa River’bed sedi@ehts‘leads to ‘the following
. conclusions: v;'.j - B s
1) Hiﬁhl;fborous, Chemically;ihaéfivé wégﬁ debris has.
a hlgh sorptlon capac1{y for Fe, Mn,'éﬁd Hyg, and plays: "

v

an 1mportant role in determining the concentratlons of.

these‘metals in the bed sedlments.ch‘ ) '
:,‘-" '
2} The 511Ly frrctlon of- any sample contalns 30 to 60%

¢

-

nore hcavy metals than the- sanay flactlon. - _ D
' 3} Sediment graln size’in the studv section is closc1y'

rclatea to flow speeds ofgthe waLor mass.  Resides

< . i 2
controlﬁlng thc craln sgzefdlstrlbhtlon of bottomﬁ, o )
Tﬁﬁfhhhtﬁhggaimcnub,_flgghipeed also .has somc. control over the | 7_ , o ‘ﬁ
M : “QQav; metal concenfzgzlons coating. the sedlments. ﬁlgh )
‘?low-spoads correspond Lo lower conccﬁtlutlona of hcavyr ; é'
- metals, and vice versa. | '__'” | | )
4) Mn and Hg concentratlons ar%,pontrolled by the concen—: ’
‘tration of Fe present‘as hydrox&de qréln cqahlngs{
! . ‘106
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.coﬁ%rols

6-)' |
) w1
is on the order of twelve months,-

’

- t. ® d 4 \‘
/q."_ ‘ - . f\_d\ . - ‘ -
'1.'"4 : . . *
Boaf ' B Sl .
' . ) ca ‘- . -I )
the a%3 or adsorbtion af
the }Tlcoa 1ngs prov1d1ng sites * or, adsorption of -
. : S o S R
Mn %nd Hg. - o A . .

e -

Sedlment flneness (or more correctly, surface area)

the concentnatlon of Fe coatings in” the bed

L - =
sedlments, log Fe coﬁcentr ilon Vs mean @ graln size,

: - - t .M-f -
belng a. p051tlve llnear relatlon. = SRR

The half llfe of Hg in the Study area bed sealménts
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_aspects (ue. transport) of the bed materlals of the study

the- concentrat&pns of heavy metals in the bed materlals

PART IV -'BED FORMS BEDLOAD TRANSPORT ‘RND @HE DIVING
PROGRAM

. : ';.'-i ' '“—f:L. - .:'I . :
. l . ) - .. '] r
A. INTRODUCTION . N -'flw s L //j:€>
- b ' e Coe L ®

?hls sectlon of the report deals w1th the- phy51cal
3 p i N

‘area, w1th respect to thelr concentratlons of heavy . .
40T LV N
metals..‘To obtalnxorder-of—magnltude velues for the -~

@

transport‘pf persistent chemicals  through -the various Co
. ‘.‘. . , . F . - . . Y v
;compartments of the study area is-.one of the major ob-
Y . ' .o . ' o / .

jectives of the Ottawa River Programme} the other major ._ v

. TS o - UL
objective being'thedeégéﬁination of the distributiOn-

L @
and occurnénce of persrstent chemlcals in the area,

whlch 15 dealt‘w1th in. the precedlng seotlon of ghms

e . -3

'l"..l

report. : o e e d e .

1
< AT “

Part III showed that varlous Meavy metals are ad-‘

‘sorbed and/or deposrted qgtorsedlment gralns. TranSport
_‘*?,, . a- ‘.

2 .
of the sedament gralns, Eherefore, must ’ resultAln the -
’

transport Bf the heavy metals:attached thereto .Since .

l

8
are known, the heavy metal transport rates can be deter-

' mlned by consrderlng the transport of bed materlal " The

£

“B. | LITERATURE REVIEW

Y ' ’
Problem, then lS to obtaln order of magnltude values . ¢+ - °

far bed load dlscharge in the study area, and generally
-

Y

‘fanestlgate the sedlment trapsport reglme. ' -

Bed load 1s deflned as that materlal In an alluv1al “a

L : o ‘




¥
. .
'

channel whlch moves within a few particle dlameters of °

.Zthe stream bed (Colby, 1963, P l) Bed load pggtlcles - ; (

T
are transported by Slldlng, rolllng, or Sklpplng along
;

the bed, and' are- supported malnly by the bed rather than

by - the turbulence of the flow(Colby, 1964 p v, and many .
V . o
others}). : The conflguratlon of the bed of an alluvmal

/f
channel ig dependent upon ffbw condltlons 'Bed forms

A

can be non- exlstent under some c0nd1t10ns (a plane -bed
prevalllng), oy may occur as assymetrlc or symmetrlc St

wave forms. Slnce bed load transport is dependemf upon

"“bed roughness (the type of bed form prevalllng},(Harms

.ahd.Fahnestock 1965, pléte 1), 1t_1s necessary to in-

vestigétecbed load d1scharge in the light of the'con~- ° : , |
. @ . . - i ’ B
.flguratlon of - the bed BRI TR L | )

" The termlnology applledjjb bed forms has been con- -
$ fu51ng in- the pagt (Mlddleton, 1965), but authors are.

now tendlng to use only aqfew dlfferent cla551f1catlon

schemes. One of the most popular schemes, proposed by Poeos

o

“Simons and Rlchardson (1961) w1ll be used in thls ré- ‘i_
‘_:port, and is as~follows: B ' . . ‘
. . . _ .
1)’ Lower Flow‘Regime . o . . o : -
-':Ripples _i d o B .jv. B _ _-l'jl R
{ .Rlpples’on Dunes | , | bi
‘_ 2y Transltion . fd : ¢ S e N -

< S R So- 110
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3) Upper Flow Regime . R

e Plane Bed =

',Standing Waves

. , L4 !
Antidunes = Increasing Stream Power

Therconcept of "flow reglme" is'used to group together

A

51m11ar bed fOrms. Flow regime 1s a range of flow

c0nd1tlons havmng somewhat 51m11ar re51stance ‘and, sed-

P

iment transport characterlstlcs that produce-51mllarf

‘.bed forms (Srmons et . al 1961 p.vi). Rlpples and

/

.dunes are asymmetrlcal wave forh) wrth a gentle slope

_,“.

- on the upstream (stoss) slde, ind a steeper downstream'

,(lee)face .Dunes-and rippl , although smmllar in shape,'

"‘

are not gradational‘(Midﬁleton,‘lQGS‘ p‘250) Ripples'

- and dunes are dlst;nguished malnly by thelr 51zes,'

- rlpples are smail (wave lengthll .25 - 1.5 feet,

~—

helght"“ 1 foot), dunes are approx1mately cne order of-
. / u., -

magnltude greater in length and helght . A rlpple bed

1s usually unlform both longltudlnally and laterally,

but a dune bed is 1ess SO. Rlpple helght does not ‘de-

pend on water depth, although.it‘appears that dune;

height'does depend on depth. Ripples do not form when

mean grain 51ze s greater than .7 mm. Dunes may form
. tre _'ict
and move 1m any grain’ 51ze, as long as tractlve forces

. are. sufficient at Froude number £ 1 (tranqull flow) °

vt

e

~.{(8imons’ and Rlchardson, 1965, p.l94). Froude number is

111
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a quantlty Wthh is based.on the ratlo of the mean vel—
ocity of the flow to the velocity of propagation’ of a
surface wave. Fhereathe effect of'depth on wave_length
B can safely be ignored, it.can'oe approximated.by G/QEB.

However, for eome.applications, it must be based on the
wavelength of the surface wave, L, and cannot b; approx- . //-
1mated by v/d’ﬁ as is often done Some authors con- /.

W

sider that at Froude Values less than 1, lower tranqu11
s

flow reglme prevalls, and at values approx1mately equal
to 1, uppen rapmd flow reglme prevalls (Simons et al
l965a, p 41), however other authors believe that reglme

of flow determlnatlon by Froude number is not valid

(Culbertson and Dawdy, 1964, p.19).

Transition.bed.forms.are.washed-out or truncated

dunes of highly frrcgurarﬁanﬁ*varied shape. Standing
‘waves and antldunes are symmetrlcal wave forms whlch

are in phase with water-surface waves. These forms
together with a plane bed stage, comprlse the upper‘

flow reglme and have helghts and spacings of 51m11ar‘ a
tmaqnitude todunesT Standing waves.are‘stationary

zforms, whereas antidunes may migrate'either upstream | > ;
or downstréam kSimons and Richardson, 1961). |

. The bed  roughness inlan alluvial channel is gov-

erned by many ﬁariablee.whioh are largeiy interdepend—
“ent. Harms and Fahnestook (1965), Simons et al (1965,

A = P

- 112
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| a, b), and many others propose that the form of bed

[ T

. roughness is a functlon of the followxng variables:

form oﬁ bed roughness::f{D: S,‘d,d,/a, W),
" where y :f'(d.,_p_‘-_ DR |
and in which D=depth S:slope; d_mean grain size of the
bed materlal G_measure of the 51ze dlstrlbutlon (sort—

ing) of the bed"material?p9=den‘ity of the water-suspend-

- ed sediment mixture, w=fall veloc ty of the bed material,

/9-density of the sediment, and/a_apparent dynamlc visc-

osity of the water sediment mixture, Other parameters

. may be added but they are interdeperident with the

above varlables- ie. velocity of flow, dlscharge, shear

stress, temperature, and concentratlon of suspended-
sediment. ¥

Depth and slope are factors in the bed roughness

functlon mainly because of . their effect on shear stress

T, (f%XDS, where X:speC1f1c Welght of the'fliudT, which

is the force responsible for particle motion at the. bed

(Pettijohn et al, 1972, p.348). With increasing shear

stress Oor stream power, TV (where V=velocity of flow),

‘the bed roughness changes from ripples to dunes,-through'

upper regime‘wave forms. The effect of depth on rlpple
and dune dimensions has been 1nvestlgated by various
authors. - Ripple length and helght are‘independent_of

depth, but dune length and height are dependent on

depth (Yalin, 1964, p.1ll13; PéEEIthn et/;lffigggj/;.BSB).

113
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: Yaiin (1564, p. 113) naslempisicallyddefivedtne-equation
' A=5D for dunes, and.Nordin (1964, p.12) found xeaio
for standing waves;'; i | |
The factor d &phjsicel sifte of sediment particles)
_is primarily important for its influence on the fall -
velocity of the sediment, but the effect of grain-sise
on fesistance to flow'can be importane for plane bedsp_
antidunes,- and to a?lesser'extent, for,ddnes. fhe |
factor U,fwhich‘repéesenfs'the unifornity.of bed mater-
ial, also affects bed roughness due to its influence |
on the resistance to flow. forotwo sands wifh the same . ) . %
'median fall nelocity nht‘with differen£ degrees;of o
sorting, the resistance to flow of uniform‘sand is
gfeater'than graded sand for fipples,'dunes, and anti-
,dunesp but the opposite is true for npper regime. plane ¢
1bed; The affect of incfeased'resistance to flow causes
_the rlpples and antldunes of unlform sand to be larger
. than those of graded sand. The dunes of uniform sand
develop superposed rlpples, and are smaller than dunes
__ﬁof graded sand (Slmons and Rlchardson; 1965, fig. 5). -
/ — The 1nteract10n between the"bed material and’ the

{
ot
t

AN

‘&flg;d is determlned prlmarlly by the fall velocmty of

the bed materlal, W. For_any givén depth and slope, -

W governs the form of bed:roughness that prevails,

‘ the dimensiogs‘Of the bed form, and the resistance to
- " ‘ .

'

N 6 '



?
P

flow (hegle0£iﬁg the egfect of grain roughness) (Simdnsl
et al, 1965e; p.48). Dune 1epgth increases and angular-
‘it¥’debreases with ley fall velocity;‘.The critical

: sﬁear stress where incipien£ particle motion occurs,

or the magnitude of the shear stress at the upper- |
lower flow regime.bodndary; incfeesee with high fall

A "

velocity. -Chandés in bed form peccur regardless of
. whether the fall veldcity is varied esra result of
‘v1sc051ty or bed materlal denSLty changes.' V150051ty

is dependent upon the concentratlon of suspended sed- -

.1ments and temperature‘of the fluid-sediment mixture.

Rlpple lerigth and helght depend on the "fall vel~,
oc1ty or fall dlameter of bed material; both rlpple 0
d1men$1on3'lncrea81ng with higher fall velocities
(cearseness of partieles) (Pettijohe et al, 1972, p.353;
Simons e? al, .1965a, p.38). Yalin‘(l964,.p.113) hae
determined that ripple lengfh A%1000 mean érain size.
Dune height and length, on the otqer-hand, are iﬁdep-
endent of phﬁiical grain size (Yalin; 1964, p.115), but
dune lengtb‘idcreasee as the faii,velqcity decreéses,;
hedde'parameters such as fluid.dedsity, ﬁemperature,

viscosity, and concentration of suspended sediment also

affect dune morﬁﬁblogy Ssimoﬁs“and Richardson, 1965,
p.195). °

High concentrations of suspended sediment occur: in



ey et .
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most natural channels, usually during periods of peak

discharge, thus the role oflsuspended material is imporh-.

ant 1n con51deratlons of bed roughness Fail velocities

in a sedlment-water mlxture are con51derably less, due

_to hlgher v;sc051ty and denslty of the fluid, as com-—

pared to a cleaner water mediun‘(Nordin, 1963, p.l2)f

The increased specific weight, § , of a water-sediment

-

mixture affects the shear stress and stream power, which
have direct control on the form of bed roughness (Simons

et al, 1965a, p.50).
A:few'genefal observations have been made on the

’

" dependence of shape on some of the above variables. - Al-

though ripple size'is independent of depth, Allen (1968,"

fig. 4-61) has noted that as depth increases relatlveLy
ENY

stralght and contlnuous rlpple patterns change to curved
and»dlscontlnuous patterns. lAlthouoh craln size is a
determ}nant of ripple size, fipple‘shape is independent
cf grain size (Simons et al, 1965a, p.38). r

.,. For dunes, shape is governed prlmarlly b? falli
veloc1ty and. shear stress. Flne sediments {which usually
‘have small fall veloc;tles) produce a 1ess angular dune
than coarse sedlments, since much Of the fine bed load

is carrled beyond the front. of the lower slopes (Slmons

' et al, 1965, a,;p.39). Pettl]ohn-et al (1972, p.351)

describe- the effect of tractive force (shear stress)

lie




]
on the'angularitYJof a dune;: flow separatlon occurs at
the' crest of a'dune, regress1ve rlpples on. the foreset

may. form ‘as a:result of turbulent eddles . If tractlve o

'force is small, most gralns roll or sllde down the fore-

set, the largest ones commonly - travelllng farthest and
angular crossbeddlng results. As tractlve force in-
creases, more and more bed load isg catapulted 1nto the
turbulent eddy, and is dep051ted in front of the lower
slopes, such that angular foresets become tangentlal

d

or concavée upward. - - -

:Everg factor that is a variable in the nedrouén— 
ness fungtion ls also a factor in the bed—material.
transport function,:sinoe bed—material_dlscharge derends'
’on ced-form. Harms' and FahneStock (1965, plate l) sum

. up partlcle motlon for dlfferent bed cohflguratlons in

*‘the 1ight of c0nt1nu1ty and shear velocrty ‘ Lowerwflow

Y

_ﬂ,/’/"-fEQIME bed forms are characterlzed by 1nterm1ttant

.".

'partlcle motlon, while upper flow reglme is character-

Ly

*ized by continuous particle motlon- Accordingly, .

shear velocity and’sediment transport_gradually increase'
-from a minimum for a ripple bed to a maximum for antl— @%E
dunes. ' | : . N
o P . N
Colby (1964, p.jlﬁ;;etes that bedfload'dlscharge
(13) is,necessarily a function, w%(shear velocity, fall

o 'velocityﬂ . and therefore many other dependent variables_' : o

" (discussed arevioule)'will affect’ bed load discharge.

o : ¥
N r
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He finds that the most satisfactory correlation bftween-

.

- bed load dlscharge and any of the contxplllng variables

is with shear velocmty (the veloc1ty of "the flow1ng
water adjacent to and in contact with the bed) or
alternatlvely, mean ve1001ty. Fall veloc1ty, (Qf

alternatlvely grain size), may have a large effect on .

,.a
1

the dlschargelof sands athlow velqgltles.ln any depth

of flow, or at!high velecitiee in'deep’fldws."Colﬁy
has produced a set of graphs, based“eafempirical data,-

which. show the discha;ge of sands knowing mean velocity

and depth. .About three-fourths of the data used'te

produce the graphs fali_within limits that are 100 pér_-

cent larger and 50 per cent amaller than the computed

. values, and data not-used to'pfdduce the graphs also

fail'within 51m11ar llmltS In his discussion of the.f

. t
-

appllcablllty of the graphs in predlctlng dlscharges

for otﬁér streams, Colby proposes that much 'inaccuracy

could be avoided if shear Gelocity could.be measured e

satisfactorily. In fact, if an accurate measufement
of shear veibcity waa made, the only other important
parameter would be the size (or fall diameter) fall

veidcity) of the bed material. Howevetr, Reynolds

(1964, p.ll4) points out that without resorting to -~

Empiricism we cannot do more than.merely'predict the

order of magnltude of the sedlment moved downstream

since bed forms depend on local changes,rn fqu para—

- ',d 1
r i - -
+
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suspended materlal . L - '*x.;;r‘ﬁ

1

. therefore a Stream dan adjust its flow characteristics

‘ ‘ ' - o :
' ' . . F .
- . < . - E " JJPV
, .
»

meters. . Nordin {1964, p.29,.33)'on the other hand[

malntalns that unless a channel is actlvely aggrading

-

or degradlng, the bed load dlscharges at any two cross
sectlons must be equal. Nordln-flnds that field data

do not confirm that bed load is an imposed Variable,“

!
4

-

*Iﬁfﬁrderato:transport all bed material available, in

' —_—

the same manner . as a'stream carries all the .available
. ) ‘—_\ . 1.
There ‘are two ba51c methods of obtalnlng values

of bed load dlscharge in natural channels theoretlcal

mathematical computatlons,rand dlrect measurement by

[l
+

Varlous apparatus. Colby (1964 p 4) reviews the gen- ool

L3

erally known procedures for computlng bedload dlscharge,

the Meyer Peter and Muller equatlon H ), the Einstein
(2)

equations i'and‘the_Bagnold equation‘(3). For alfm

,

ll) Meyer-Peter,; R., &‘Mﬁller}iR. (l§48); Formnlas for. Bed'
Load Transport; International'Assoc Hydraul. Structures
Researchl 2d mtg., Stockholm, $wed§n, p:39-64:—

(2)‘ Einstein, H.A. (l9507;d‘The Bed Load Function for

Sediment Transportation in Open Channel Flows; 618. pept; \

-~
B “-’ L

_of Agrlculture Tech Bukl.,’ 1026, 70p _f

k' :
(3) Bagnold,'R A. (1956); The Flow of Cohesmonless

Grains insFluids; Royal Soo,-(London) Phllos..TranS-f .

v. 249, p.235 - 297.
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thelr comprehen51veness, -each of theSe .procedures - suffers
cons1derably from ‘the number of Slmpllfylng assumptlons

. "that” arelnecess_ "to reduce the extremely domplex ' IS

T
' . - : -
r . -

problem of sediment transporthto manageable:proportions.

‘The procedures re all subject to gross errors.for every |

"~ application ‘except a’ Very simple” srtuatlon. ustﬁéal‘“““‘““”"“”
systems as a whole are. far from simple.

Colby elects to express the’ relatlonshlps between

B
LN

mdlscharge of sapds and characterlstlcs of flow and . -

¢ . “

sedimentﬂln-graphs,,based on labOratory and field infor-
P ) b
matlon, and on the general- concepts of sedlment trans- N

portation Culbertson and Dawdy (1964, P. 50-54), Beckman‘.

and Furness (1962, p.31), and Nordln (1964 p 38) have |

-

applled transport equatlons to natural systems, and 1n' P .

each case found them to be unsatlsfaotory The theorles
are not without some srgnlflcance; however, as they dp

provide some 1n51ght into some qualltatlve aspept of
(N

sediment’ transport and deposrtlon (Colby, 1963 p 18)'-‘ Q

Drrect measurement of bed load dlscharge w1th some

tiype of apparatus is the other common procedure 1n the

a

study of sedlment transport. Hubbell (1964) has conducted ﬂﬁ,ffft*f

[

a thorough 1nvest1gat10n of avallable and proposed
7 measurlng apparatus and*procedures, The srmplest and.

most practical method’' for measuring the weight of bedload
. . K - . . . . Q . s PR
.passing a section in a given timeyis to collect the Lo

—

3

LR
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b sedlment in. some type of sampler. - However, several -
. . ) /

s-problems are encountered w1th this method Slnce the
sampler must rest on the bed, the flow pattern and bég

load dlscharge 1n the v1c1n1ty of the sampler are altered--

r .
. to some extent. If the sampllng is to be accurate,.

.theQSamplertmust_be de51gned so that the_beg.load h
discharge is not affected by.the instrument, soﬁthat it", B . . -
"retalns the bed 10ad partlcles, and so that it can be
-orlented in such a’ way that a&l partlcles have an equal
.opportuhlty for entrance.; Accordlng to Hubbell; these r;cﬂu
;fcrlterla cannot be - completely satlsfled, and therefore ;//
the eff1c1ency of a sampler must be determlned ﬁe.
}*30- ‘also notes thdt.since the factors governlng)the eff1c1ency

of a samplef, for ‘example veiocaty, depth, graln Slze, and

'bed conflguratlon, are hlghl\WVgrlable 1n a natural -
{'

stream, eff1c1enc1es are themselves hlghly varlable and '
' uncertain._~, ﬁl." Lo
Another problem ‘that must be bvercome in the

sampllng of bed load dlscharge is the osc1llatory

‘a=<f” S
— varlatlon. Ehrenberger and Muhlhofer(l), studyrngfthe_

Danfibe and Inn rlvers,'respectlvely, found'periods of
- . 1 _" . ‘ . . . ~.. H .

.‘

(1) Ehrenberger, R. (193l), Direot Bed Load Measurements”'

. on the-Danube at Vlenna and thelr Results to Date; )
" _‘__,/—' .
Vlenna, D1e Wasserw1rtschaft, Issur 34, pﬂlfgﬂig;ansﬂwngfﬂ

.39~ 20, U. S Waterways Expts Sta ' quksbqrg, Miss.) - _ L p
R e . v - '— N

N . . " . : -

.
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- sampler outsized, and hence variations of flow occur B

the bea_ﬁaterial,-and their efficiencies vary widely. _ .

- - o » 1\ g o . .u. ".\‘J
.- ' . o o ) ¢ .
" . : . - A t‘ . -
_ » ’ . e “ . . - » o " '
' 7‘\ ) $ v 1 N ¢
i e o o * ' ' ' L .
oscillation‘to'be nearly constan‘ at 20”and 15 mlnutes, -/‘\\g

also respectlvely (values taken from Hubbell p.5). K Stlll" :,

another problem whlch besets sampllng 15 1nadvertent )
Jr ' )
scooplng up: of bed materlal as . the sampler sw1ngs to the

A

- U

4'"‘.

bed Slnce samplers are lowered from thé surface, s .

- " o N -

guldlng the sampler in a current is- very dlfflcult ﬁm&ﬁ ‘ L f"

the operators have o - control over the flnal resting L e

/-\ . A P . . ‘ .

{ L

place of the sampler. . R N = PN . {

LI
c

To overcome the 1nherent dlfflcultles in bed load
- 7 . *

sampllng, varlous elaborate apparatus have been de51gned N -;{

In order to ‘provide better control 1n~str0hg currents,

Samplers have been dell erately welghted commonly to * R
a1

B

several hundreds of pounﬁs, and - stablllglng flns have f '.ﬁ
' ot

s B

been"attachedm Thls procedure, however, makesrthe

. = Tos

o »

near.the sampler. Box oxr screen“samplers collectrbed- _ ‘ ~_.]/
- l ’

materlal that is dep051ted due to a reduotlon in flow or - .

'Ehat 1s_screened“from'the flow, However, these: tYpes of

. L F . _ . . 7,
apparatus areuwhollf dependéﬁﬁ_on the grain 51zes_of J j-» e .

L . - . . <

Pan or tray samplers direct bed material up a ramp,}nu'

where the particles drop int® a'series of sléts or

. \ . ‘ . N

bafflesQ The drawback of- these samplers ls that theyt S L
Ly X

cause changes ln_the”ﬁlow,hand ln-local sediment dlscharge,

. . . . \
2 a” 11 . -

'thns they do not méaSure-a;repféspntative alscharge.



Tk

e Aln natural streams,(acoustlc 1nstruments thatgmeasure

P ..— - - | c.‘

CA P Nt : s : _ BT f(

Pressure—dlfference samplers axe an. attempt to remedy
I WO

2% AL
the problems of the pan or tray sampfgrs.. Stream

-~ -

velogity and entrance veloc1ty are, equallzed by means of

. a pressure drop at the sampler exit, created by dlverglng

‘-——-_.___,____‘__ .l’

wsampler walls.' Samplers of this type provide nsarly

a

100% hydraullc eff1c1enc1es, but\sampllng eff1c1enc1es
) are much. lower.‘ Slot or - plgfsamplers are placed into,

the stream bed, -and therfore are/not subject to the‘

] . ~,
I *

o problems of the prevmously demcrlbed apparatus. Sediment .

1s deposlted in- the plt as the gralns move along the

;bed, smmply because flow . separatlon occurs at the lgading

"edge of the plt; Sampler’éff1c1ency of these types is

'-gessentlally 100%, where openlngs of 100 to 200 graln

Ryl .~

dlameters are used \The dlsadvantage of slot or plt
¢ - .

_samplers is that they must be placed 1ntodthe bed by

an operator. - f

]

. Several new 1nd1rect methods for measurlng bed ‘loa
. i ‘

e have been developed. Among these are photographlc tech—r

-nlques, generally unsatlsfactory due to ‘poox v151b111ty

relatlve sedlment movement only, a tiltmeter which
measures. the*fhanglng‘conflguratlon ‘of: the bed with
1 * \/‘Q

 time), (a questlonable method), and most promlslng,

tracklng of.dune or rlpp movement by ultrasonlc ~sound-—

sy

1
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Richardson et .al (1961) describe a method of measurlng

‘the velocity of bed waves"using an accurate sonic'depth

sounder. Once veloc1ty and shape . of the bed waves are
knowm, lt 15 .a Smele matter to calculate bed load . ;«
dispharge (with some correctlon for porosmty of thé bed).
'Hubbell (1964 p.4§:49) and Rlchardsonlet-al (1961)

propose 51mllar equations to derive bed, load discharge from.

velocity and shapelofxsand waves, a slightly modifiéd\

form of which is as follows: . .. L - B

| = [Ix- A)/z] vhaw %
where' ' Yo
- dp.= | bedload dlscharge by volume or welght'.

R =.a constant, the ratlo of partlcles dep051ted

ot

. on the stoss slope of the saggwave downstream .
«. to the particles de9051ted on the lee slope of

the safte wave from which‘they were eroded, ie.
. a correction for_thoselparticlee which are nearly.
'alwaYS in suspenéion. Fop~a'dune bed this {

constant would be close to’unlty

Ag;?porosrty of the sané bed
v o= 'yeloc1ty of.the wavescrest '
h. = averaée.heignt of the wave:

dw & incremental width over which the particular .

& . -

" : | ) S [ ! ) X :
measurements are valid——— _ L ey




.Simons, et al-(lBGSh) applied the above method to

, 101 observatlons of bedload transport in a flume,-and

,__calculated and observea bedload dlscharge were in excellent o

0

agreement. They found, however, that for natural systems
the equatlon is more suited for a dune-bed conflguratlon
than for rlppléb Also,; coarse bed material‘gives better

.values than fines, due to the angularity'of'coarse sand

bed forms. o ' ' -1 - h ' ._ . f

ax Summary cf the therature Rev1ew o S }

The form of bed roughness, and hence the magnitude

'

of bed load dlscharge, are governed by several flow and

'sediment parameters, the effects of whlch in natural

syétems} can -only be,desorlbed qualitatively.
v ‘ » ‘ - T
"Empirically based graphs have been developed that

will predict order—of—magnitnde malues of bed loaoﬁdis—
charge‘for a narrow ranée of natural systems, however | I |
more accurate methods.of'measuring'shea; velooity are re-;o

. quired to make the methodfsatisfactory.

Natural systems are too oomplex to‘aliow_precise
mathematlcal relatlonshlps ‘to be developed for the
predlctlon of bed load dlscharge

Dlrect'measurlng technlques_fot bed load discharge'
have been generally unsatisfactory beoanse the Gperator
at the surfaoe haa little or 'mo control over the sampler.‘

on the bed. Pit or slot type bed load samplers are

L - . : 125




nearly 100% eff1c1ent but must be manually placed, 1n:

‘the stream bed

Indlrect methods of measurlng transport e%xbed load.
are becomlng hlghly sophlstlcated, but have not;xas yet, .‘“.

been proven éffective. 9 relatlvely simple method based

on tracklng wave crest movement by sonlc depth ‘sounding,’

\

however, has been shown tq\have great merlt

-

As noted by Stlchllng\and Smlth (1968, p.15), bed

. . = ‘e

load measurement has been, and still is a most challenging . -i

problem. . e -

Py
v

il
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C. BEbeRMS IN THE OTTAWA RIVER STUDY SECTION

of all the factors on which the form of bed roughness

depends, the depth of water over the bed is the most

: ea51ly measured. thle bed'lead_measurements were -

helng made, dune sizes and cerresponding,water depths -
‘were recorded arong.several cross-traverses (Fig. 31). -
The types of bedforms.prevailing in various areas of

the study reach were esteblished by inspectien of sonar
proflles‘(which-indicate the-presence of dune fcrms),.and

by diver observations. The particular inStruments‘used

echo sounder, and a Raytheon echo sounder. Dunes otcur

* -ﬁr
at depthsagreater than about 4 meters in all areas of

for sonld§:epth soundlng were a Kelvin- Hughes recordlng,.l

cohesloniess sandy sediments in the main channel of the
study aree. .The dune,trein is bounded on-the ndrth f .
side of the main channel.by 5 meters depth, and beunded'
to the south by outcropplng Plelstocene clay (Fig. 32).-
Graphs of dune length vs. water depth and dune |
-height vs. water depth were plotted, 1n‘order to determine.
the relationship between size parameters and depth (Figs. 33
and 34). Linear regre551ons were calculated for the. dlStrl-
butions; along w1th their correlatlon coefflctents and
levels of slgnificance. For dune length vs. depth ‘the

regre551on ylelds an equatlon

. .dune length = 4.3782 Depth - .9857

and fb: dune height, the équation ii: o S
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s i

e | . . |
'( 3 ‘. ‘ . . . N .I
e ‘dune helght = .1168 Depth + 1344
- . .
Both relatlons show good correlations, with-r = .7960 for

f . h

‘the length/depth relatlon, and r —-.8499 for the helght/

1

© depth relatlon, and both regre551ons are.- over 99%

 —significant. The dune length ws. depth relatlonship was

_stud%ed by Yalin. (1964, p.1ll13) as discussed-in a preﬁious
section of this repoxt. He proposed an’ emplrlcally derlved
equatlon relatlng dune - 1ength and depth, namely (Dune length

=3 X Depth). Yalints equatlon-ls;;n qultelgood agreementrw

with the‘prevailing conditions in the Ottawa River study

section.

. The form of beduroughness -prevailing in the north
€

channel is a’ rlppled bed. Depth is generally less than -
5 meters, and current speeds are low. - The rlpples are
straight crested, and are continuous perpendicular to

 flow. This'is in contrest to the shape of the ripples:

which are found superposed on the main channel dunes.

The deeper water rlpples have dlscontlnuous, cuspate

shapese The ﬂlfferent nature dlsplayed .by the relatlvely

shallow- and deep—water rlpples ig in accord with Allen's " | o
‘(1968, Flg.4-61) observatlons on rlpplelspapes_(see

therature Review) . A

An addltlonal observation made concernlng the rlpples

---asseeeated—wethmthe_dune hed mayrhaye srgnlflcance for e

those studylng rlpple orlentarlons in anc1ent rocks -

'3
o

- LI L
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A current was observed‘in the .trough of dunes, moving in

-

a direetion normal to the flow of the major ‘stream current.
. This current seems to be conflned to that part of the
dune trough WthhulS below the. plane of flow. separatlon,

and everywhere its. dlrectlon 15 towards deeper water ‘ The

presence.of(the cnrrent ;s revealed by the occurrence of
L ¥ : » : ~ .
the assymetrical, straight-crested ripples which it pro--

- duces The trough—rlpples are orlented w1th thelr crests
N

parallel to the major rlver flow, and w1th lee slopes

towards deeper water. Thedcurrent is eV1dent1y a result

of back-eddy turbulence in the lee of dunes.. The .
direction of the current may. be due to the differente
‘flow speeds‘of;the water mass just aboVe.thevbed in

shallow water and just above .the bed in deeper water

(3

"The hlgher deep water flow speeds mlght create.a low
pressure zone 1n the trough area, with the current from

shallower depths supplying the water mass to equalize. '

the dlfferentlal ?

-

That part of the bed Wthh lies between the eastern

. \
tip of Kettle Island and the western‘tlp bf Upper Duck

Island has an anomalous nature with respect to bed rough—
ness, as well as hav1ng anomalously high heavy metal

concentratlons ‘and anomalously flne gralned sedlments‘

(sep Part TII,_Docurrenge and Dlstrlbutlon of Heavy L

. Metals..,). The anomalous area is a plane bed, consisting
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ey

-took o] de81§h a bedload sampler that would be nearly

aalOO% eff1c1ent. ,'j i '1'_ R ; : ‘

.,over the operatlon of the bedload sampler

SO that the sampler is stable, and so that it accepts -
S

: . SN . . - ' - L]
' ) . . . . .

of cohe51ve, bed@ed flne sedlments. The area 1s ev1dently

e
a relict of some past sedlmentatlon condltlons, as the \
o .

hard floor is now belng slowly eroded. . The area is -one

of eddylng currents, however, and flow speeds are low even k;

. \ . \
—_— ]
now. ‘ : o

1 : ~

D. A DIVER OPERATED BEDLOAD SAMPLER o "

-

Reallzlng the llmltatlons of the varlous apparatus
and procedures avallable to measure oY otherw1se deter- . | }

mine the rate of bedload transport the author under-

'

It-Seems?that all of-the instruments°designed to

capture sedlment grains as they are transported along )

the bed suffer because they must necessarlly be dperated

4

remotely, from the surface. Unfortunately,‘the operators

3 1

-

; actually have very little control ovelr the 9051t10n1ng v

and Qperatron of the devices. The: requlrement which

must be met befonatruly accurate bedload measurements_

‘ . L q

can be made, therefore, is that of complete control . . )
x> # . :

" An effectrve method by whlch dlrect control over
. \. ‘}
bedload sampllng can be obtalned 1nvolves ‘the use of

' . A

T SCUBA—equlpped dlvers. . dlver can posrtron and monlter ' .

_ the flow condltlons in-the nelghborhood of the sampler,



. . o . . ] l. . ] ] B L

o) all the materlal being transported along the, bed

According to Hubbell- (1964), a plt type bedload

!
e sampler is ‘the only type that can nearly achleVe 100%

e

.sampllng.efflclency, but he comments that the use of ‘

such a sampler is 1mpract1cal, 51nce it must be placed

w1th1n the bed, and cannot ‘be’ emptled except by pumplng.

" However, if a dlver is used then nelthez)pla01ng a pit-

‘type: sampler wlthln the hed nor remoglng it and the

L

,: captured sedlment are problems. ' : T

./

P

The: rdeal openlng in a pit- type Sémplergls 100 to |

* 200 graln dlameters (Hubbell 1964) . versatllé'sampler

N

: should therefore have an opennng whlch can be adjusted

to SUlt the sedlment Slze This feature, amOng others,

- was incorporated into the desjign of the‘au%hor's bedload
sampler. ) '
Plate 6 shows the sampleraand 1ts components. The
'; ﬂ sampler con51sts of a pan, slze 6" X 12" x 2" deep, w1th

¢

"~ the two. long smdes extendlng up an addltlonal 2" ‘A

awhlch is covered by a sieve scree with a’ qonvenlent

© mesh 51ze. Mesh #180 was used in t}ls study.
o* r

- The sampler is ea51ly placed i the bed w1thout

oW

';_hl;_,mdlsturblng the"bed,upstream of the s mpler. The top )

' . [
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thln ralsed 51des. The lld i's opened w1dej$noughbto allow y
the collectlon of all: mate ial belng transported along
.the bed, and the sampling period -is t{med. Th@ lid

is then“closed the samplel fs'removedffrcm the bed'and

takén to’ the surface,‘where the’ trapped sedlm%nt 15' A

-

emptled drled, and welghed
7 The pr1nc1ple by which the sampler operates is as
fdfﬁst “The flow of water just aboye the bed- ‘ | N 1; }
seperates from the bed and drops rhto the pan- after fql:: .,hit %}
. § |

.pa551ng oVer'the leadlng edge of Ehe sampler. Back

eddies occur beneath *%the flow separatlon,awhere bedload E 7?\\”d

materlal 1s dep051ted as a delta whlch progrades lnto the

2

pan—(Flg 35y, . L o T T

The ralsed SLdes ensure that no bed materlal enters .

A

the pan from the 51des The partlally opened lld allows .
. i i ﬁ‘, a T,

bed materlal teo enter the pan,:whhle the sieve mesh f; '_¥;1;
3 . @
reﬁalns any- smal; gralns tha;/wére\nqt dep051ted at the . .

,fqont of the pan, as the £lo ex1ts from the sampler
A lelng procedure was develope&*whlch allows dlvers
@ o o,

to descend and work in evenapowerful flows . The}surtace ] .

vessel isg anchored by the bow, and two welghts (approa N
:80 lbs beach),ﬁcojdnected w1th a 2' length of rope, are«ﬁ .:a
lowered gy two long ropes off the stern The ilnes from ',;u
1the welghts to the surface are made fast at the surface N
e

. . - .
N . PR s . . . ;
. R % . . 4

e L . - o S
T o .. w . -
i - ) . .

oo 136

e g
o

*. ' . + t,
b . a . *. -



' PLATE  6: .
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. Red sediment sampler ' ;
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after theﬁwelghts have come to rest on the bed.
7

-
can descend ‘along the llnes, and can therefore malntaln

The di%ers

oTose proximity to each other, an important requlslte

. "of scuba diving. Two other ropes, one attached to each’
; g .

of the weights, lie aaongfthe bed-doﬁﬁstreamgfrom the
' ' S e s * e
*weights. These provide! support for the divers working
!

o

ey

"on' the bottom. . 3

‘@, :Bedload Sampling ﬂ S e
B ; :

The transport of bedload in the study section was

3

meastred with the gampler described in the nreceeding

- section. Four.stations were established alono one cross

section in the main channel south of Kettle Island, and d ' :3\

one statlon was establlshed in the channel north of - ‘ ?%&
| Kettle Island (Fig. 36). | | ‘
- : The south channel at the partlcular cross section

studled has . the proflle shown in Flg 37; The entlre
" width of the channel is not covered by sedlments being

_actixely transported. The sand*and silt 1ntroduced to

the Ottawa Rlver by the Gatineau RLMer occur as a belt

whlch meanders on a stiff glacial clay floor through the .,

south channel (for provenance of the study sectlon

. o

"sedlment, see Part II of this report). The boundary
between the actlvely transported sand bed and the clay floor
'of. the channel is marked on both Figs. 36 and 37 It

is evidgnt, then, that bedload is not an: 1mposed varlable ’
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"FIG. 35: BED LOAD.SAMPLER .
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-in-this river, but ‘rather as Nordin (1964 P 29) pOints

out,.a river w1ll adjust its flow characteristics to
transport all the material available. Measuring sediment
IdiSCHarge at one'cross—section oniyiisatherefore'sufficient,
for unless the channel.is aggrading or degrading, sediment
discharge must be the same at all cross sections. Aerial
photos covering the study section were consulted and in

' the last 50 years the chann?l configuration has rehaine§::
constant. ”The;aischarge,méasured at the cross_section |
An Fié. 36 is therefore valid for the'study‘seCtionias a
whole. ' L | |

The clay floor which outcrops south of the boundary -

shown in Figs. 36 and‘37-is covered in places by a thin . L.

veneer of silt, held to the clay by cohesive forces. Tt
was this silty material that was collected by grab sampling,

‘and ‘that was subjected'to the textural and chemical analyses
‘discussed in Part III. ~“The author considers transport

‘ C o .
of this material to be negligible, and so total discharge &

'figures reﬁorted_represent the sand bed north of the
boundary. o .

The north-channei has the profile shown in'Fig.‘38
at the cross section 1nd1cated on Fig. 36. The extreme: _
flatness. of the channel p(i%ably results in nearly constant
sediment transport over the width of the channel, thus
only: one station was monitored. '  ' - - ,i:

LU
The measurements conaucted at station l were consmdered
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" Station 2 is con51dered yalld over the channel width

;shown in'Fig.i36 and 37. % The bed is in dune regime

.Durﬁng the 6 day perlod gauge helght of the river was

M

lvalld over the width %ndlcggzd onFFlgs. 36 and 37, on T

the ba51s of bed form %ypeaa A rlpple bed prevalls ‘in
ﬁ A

that w1dth the point of 1nclp1ent dune formatlon

providing the Southern bounﬂary Water depth varles'

between O and. 6. ™ M., averaglng SHL En thlS compartment

7 S
b

jdunes approx._Z' in helght), and wate¥ depth 1ncreases

along a neary constant drop—off from 6.5m .to 12 Sm.

"y

Station 2 ltSelf is at 9m depth - Stations 3 and 4 are
looated on the relatlvely‘flat floor of the channel,
station 3 is wvalid over depths from 12.5m to 13. Sm ‘and

station 4 is valld over the channel width from the 13. 5m'

NabA e

;.,‘"‘u
boundary w1th statlon 3 to. the clay ﬁioor outctop ~ The

contact between ‘the sand bed and the clay floor is abrupt

ATable VIII records the welght of sedlment collected at

each statlon at varlous tlmes over a 6 day perlod.

bl

practically constant, although the river was in falling

. stage when the measurements were taken,.after an abnor-

1mally high peak_flow, A

Theasample weights were avefaged for each station,
and a_discharge calculated over the width for which the

measurements were considered valid. It is obvious that

transport rates vary widely, probably due to theloeoiilatOry

nature of bedload transport.- In addition, current gusts

<
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TABLE VIII BEDLOAD/;IEASUREMENTS - JUNE 7

, ] Jﬁﬁh 13, 1974

. STATION - VALID WIDTH COLLEGTING TIME SEDIMENT WEIGHT
1 185" 300 secs. 353.3 grams
. {57.4m) '
N 200 ; 370.6
R . “ 1 v".f‘-:-_“.‘ .
200 v 51.8
2 148 200 - - 354.1
(45.9m) '
‘ 200 667.4
i 200 . 121.7
200 . 35.5
3 482 + 200 212.8
(149.4m) \ '
‘ 100 412.1
200 . 145.2
200 596.5
4 296 - 200 479.3
L8m) Lo
; _(91 8m) 100 378.0
3 200 - 643.6
1200 438.3
200; - 1216.0
5 750 5 mins. 18.7
(232.5m)
\f"\d ‘



~ ‘ ) o c ‘. ’ hﬁ . . : -.u‘
- were noted by ‘the divers to occur as often as three ‘ h

times per minute. The gusts caused notable increases
1 - - ' ’

in‘sediment transport .rates. The'accurac& of thie.

. method would therfore increaee Qith tﬂe‘collecting time
and with the number of measurements taKen at a glven statlon: -
Further, the narrower the widths over which the measure-

ments are applied, the greiger the accuracy. S !

TFor the south channel sedlment d;scharge is
_calculated to. be 3. 87 X 10 kg/day The total dlscharge,
: 1nclu§1ng the north channel figure of .08 X 10 kg/day;

is o} the. order of 3.95 X 10?kg/déy (see Agpeﬁdix II1).

E. -BEDLOAD DISCHARGE BY DUNE TRACKING

An indirect method of measuring bédload discharge;

tracking of dune creet.moqement by sonic depth sbunding,///?\w~
-ﬁae-been proven effective in flume studies, 5;d may have ST
'eefit'inenatufél s&stemé'as<well (dee Part IV, Literature
Reviewr.'lThie method was epplied to the same.cross— _ .
section of the study secti6n7thet'waslsubjected-to bedload

meaSutementsr 50 ﬁhat discharge figufes obtained by two

- Y

entirely different approaches could be comgared\‘ The stations
preéiously discribed were used for the dune trecking

method as well, and thewﬁischarge was measured ober the
- “'_ ’ .' o }
. same 6 day perlod Pune Frest“poéltlons in relatlon to

. P
 station buoys were mOnltored by depth soundlng, and

1 .

the downstream mlgratlon was measured at the end. of the
- . . | T

L]

3
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Lo

_ at station 2.were therefore- con51dered to be valld

5.2 feet, an§ at station 4, 6.5 feet. Bedload diecharge

6 day perlod Station 1 could not be used since there is

only a rlppled bed at that compartment. Measureﬁents ' ' f”

over the w1dth of statlons 1 and 2. The total dlscharge : /.
value, then should be: erroneously hlgh . - , - +f

n

Dune veloC1ty at statlon 2 was. appfoxmmately 3 4 ft/day, f;
at statlon 3, 3.2 ft/day, and at statlon 4, 3. 6 ft/day. '//

Average dupe helght at station 2 was 2 feet,  at statlon 3, ‘/

* .

was calculated using the equations developed by Richardson’

et al (1961) and Hubbell (1964, p.43-49), °

b gg= ke vhaw,
Ghere qB‘is‘uolume'discharge, K is unity (see Literatuge
Review), Als porosity {(taken as 30%),lv is the velodit&n
of rthe dune crests, and h 1is the average dune helght /'

‘The volume dlscharge obtalned was 6.0 X lO . cu. ft. /day .

/
.which is equlvalent to 4.5 X 105 kg/day u51ng a spec1flc
/
gravity conversfon factor of 2.65 grams/cc j
.. - The dlscharge values obtalned by the two Methods,

!

/.
sampllng “and dune tracking, are in close agreementﬂ

5

3.87 x.105 kg/day by the sampling method, anq}4.5 X 10

. Y / .
'kg/day by the dune tracking method The dune tracking

.'

' result is probably erroneously high, due to the rlpple ' | R

bed 1gnored at, station 1, so the two method do- support C
v . Ve A

each othér quite well.

The“accuracy of-the total sediment discharge figure

R 146
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A

" much better than order- of-magnltude, smnce the results

-
o

obtalned by an entlrely dlfferent method are W1th1n 16“.

T ol

F. Hg DISCHARGE IN BOTTOM SEDIMENTS

/.

3

The approx1mate welght of Hg adsorbed to bottom

e

e N

sedlment partlcles that passes a given cross sectlonal

line of the study- reach‘can be calculated since average'

l b « f

Hg concentrations and average bedload dlscharges are .-

known. . Lo ‘ o )

Figure 39 is a representation, from bottom to top,
of bedload discharge per unit width, bedload discharge per

compartment;naverage Hg concentration within‘a compartment,

3

&

and finally the Hq dlscharge per compartment The

compartment number and its w1dth appear along the bottom

of the hlstogram, and_for the main channel cross-section,

North and South are indicated at the‘top of the figure.

4 1

The values for average bedload discharge per foot are those

- determined by the diverloperatedlsampler method. The

total bedload discharge'per compartment Yalﬁe%_take in. to
account thewcoﬁpartment width (see figures 36 aqa 37 for
looatioh of.compartments) and the dtscharge/foot'values
in the bottom hlstogram Average Hg concentratlons of
the bottom sedlments lylng along the cross- sectlonal

’
traverse line shown on figure- 36 were estimated using

‘the Hg distribution ,pattern of Figure 21.  Thése values
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appear in the thlrd hlstogram of flgure 39 The value.

- for Hg dlscharged by each compartment is the product N .
' u
.of the average Hg concentratlon and the avenage bedload

<

.dlscharge per compartment. The values calcUlated arc

n

shown in the top hlstogram of figure 39

o~ L
Compartment S,Lthe north channel compartment dlscharges

i

‘only l@? g Hg/day, desplte the very high average Hg

ﬂconcentratlons, due to the low bedload dlscharge rates
"1" fY

Of the main channel compartments, umber threé dlscharues

the greatest“total'amount of JHg: 'although it 15 1nter-

'medlate in’ bedload dlscharge and Hg conqeﬁtratlon thls_
hlgh dlscharqe is due to the: (ar

tra/)gy largc w1dth

of the compartment Hg dlscharge of)statLOn 1,i5:°0.97 g/day,'

2 . .
of statlon 2 1.74 g/day, of statﬁon 3; 6.29 g/day, and

k-

of station. 4 1.17 g/day ' Tbe to'al dally Hg dlscharge

i

;/’he Ottawa River at the study ‘fach is therfore 10“59-

g/day Thls flgure I's valld o&ly for the 6 dayngerlod

;! I
XY™

commenc1ng June 7, 1974, .durlng vhich time ‘the rlver

stage wasﬁat about 3/4 normal pedk. flow Hg dlscharge

_would be lefs for mang months after, and greater £or a.

short while (one- month) b “ore thls perlod ' However-

‘the figure is usefu1 since it-indlcates the order—of“ . ‘V//ia
. -2

magnitude of Hg dlscharge in the study reach bed sediments,
It was determlned in. Part I [T (p 105—106) th}i

the f

concentratlon of Hg 1n0bed sedlments of the study reach




C

-is'duerqasing'with:a half—lifé oh Ehe order df 12 months.
\
Thls eﬂte 2f décrease was valld for boLh LhL noxrth and
\\maJn channcls It is cloar that bedload dlscharge/foot

n. .

in phe north.channel is less than 1/10 that of”the main
channel (Fig. 39),_and yct Hg decrease is the same fOL
b ffpchanncls\ It is apparent ‘Lhﬁn, that flius hlnq of '
| the bed.sedlmenps'out“of he/study reach is not the sole ractor
'cdu51ng the Iig: dccredsc Chemacal desorpt:on-ls probably

, ) '

Lho 1mportﬁpt £actor ih tho north charnel and in marglnal arcaq,
» & '

vhorea% the effects of\BQLh chemlcal desorptlon and transport

e

/Aput of . the sectlon ;Amblde to rcduce main channel Hg levels

e . : . . -
G. CSUM.’V\RY ' : e Con

';) -Sand'@uneé, .5 to 3.0m in heightland 30 to ééd
£edt in lbngth‘uﬁderlie much of tb@_SEﬁdy'reach. ;Tﬁé.‘
accﬁrrthp of dgnég.ij/{imitéd to Gatég &ppthslgreater
tham 16, ft. (approx. 5m) End'to beds‘of noﬁ+coﬁési§é

e L ’ )hh

sandylégdiment Inaareas shallowor Lhan ]6 feet a rjppjc

v
o o ‘

bed prevails, and in arcas of COhCJIVC sedlmcnt a planc
o o 7 i :
bed prevails.  The relatlon‘shlp betweeanpnc length and

;water depth ('A_Q 4 Dcpth) 15 staLJstlcally siqnificant

and is in a;COJd w1Lh thh llteratuto . Dunc hCLUhL Jv also .
: .

'hol] COvalatcd uth water’ dcpth (hLlQhL- 12 Depih).
"4 . T ) _ .
2y The channel floor is only partlally occupled by , |

a'sand‘tract which meanders through the stud®. reach an

b}

‘a bod of outc:opp1ng P}QJ tocenc clay. =

e : ‘ S : oL
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3) Lateral m1x1ng ofjparglnal and mid- channel sands

-

‘may be partlally achieved by currents occupylng the troughs

of" dunes._ The currents flow perpendlcular to the main
.floycﬁrom the channel marglns to deeper water, and have
rsufflc1ent competency to transpork the bottom mater1al
present. Assymetrlc rlpples, produced by thelflow—normal'
eurrents, are oriented.ﬁith iee slbpes facing decper
.ﬁater. | -

'hf;. 4) A diver‘opereted'bedload‘sempler.yielde a bedload

discharge fiéure-thae egrees closely with the bédload

‘ o : :
discharge figure determined by tracking dune crest move-

.ment. For, the main channel; where dunes prevaii the two

methods 1nd1cate bedload discharge on the order of

4 X ;05 kg/day for the 6 day sample perlod._ The~r1ppled

: ¥ . :
bed of the north channel. did not allow dune tracking;

-therefore'the'sampler,alone“was USed; indicating.a low '
2-kg/day.

discherge rate of 8 X 10
5) The discharge of-Hg associaked with the bdttom

sediments is on the order of 10,5 g/day, the highest
dischargeiraﬂes occurring'ih mid-channel dune areas of
'ﬁptermedlate Hg- concentration. o

6) Chemlcal desorptlon as well as sediment fLushinq_
\ . . E
appear to be‘respon51ble for decllnlng.Hg levels in the

' bed sediments.

15]
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PART V - THESIS SUMMARY

 The sandy sedlments of the Ottawa Rﬁver study~reach

-are derived from the metamorphlc Precambrlan Shield roéks

‘to ‘the north.; The tributary Gatlneau River suppl1es

the largest part of the bed sediments. The tributary‘
Rideau River 1ntroduces detrltally unstable sedimentary .
rock fragments to the Qttawa but these do not persmst
'tnto the.study reach. ‘The_upper Ottawa Rlver sedlments
are ponded in severaliplaées; and hence.oohtrihute

little to the study redch. The sand tract introduced

'byhthe_Gatineau meanders»through the study reach '

covefing 0hly‘75% to 85% of a.channel-ﬁloor consistihg
of outcropplng Plelstocene clayll |

The high surface area components of the bed sedxmehts
'(flne gralns and wood debrls) adsorb greater amounts of ’ .ﬂ

heavy metals than the coarser, sand gralns. Sediment

' i

fineness ({(ar more correctly, sediment surface area) -
" x - . . .

controls in part the concentration of Fe hydroxide ¢oatings on .-

bed material-partioles, such'that high Fe values are found

a o

in hlgh surface area sedlments Mn and Hyg, which occur
1n concentratlons l/lO and l/lO 000 (respectlvely) that

of Fe, are controlled by the concentatlon of Fe coatlngs

Quiescent conditions apparently favour higher concentratigws
. 'l . ' LY . - rl .

o, /
\‘ .

‘Hg concentratlon levels havexdecreased with an.

of Fe coatings.

3

/

15:
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approximate half;life.of 12 months sincelgovernment

1mposed controls on the ‘industrial use of Hg were

°
!

' brought rnto effect in 1971. “The. half llfe appears to be 1ndep—'

N

endént of sediment dlscharge, suggestlng that both'chemrcal

:desorptlon and sedlment flushlng are operatlng to reduce Hg 1evel=

i \

Two.methods used to determlne.bedload dlscharge,'
a diyerfoperated bedload'eampler and dune c-est‘track_
ing. by sonic depth—sounding, yielded simil r'resulb
‘Bedload dlscharge for the sampllng period.was an the
order of 4 X 103 kg/day - The dlscharge of Hg assoc1ated
with the bottom sedlments is on the order of 10. Sg/day,_,

the hlghest dlscharge rates occurrlng in mld-channel

-

‘dune sediments with 1ntermed;ate.Hg concentratlons. - “g<.
Transport is acheiﬁed‘by'dune migrationkin water'

depths greater.than 5 meters (n-lG 5 feet) and by rlpples

.in shallower water. Dune helght and- length are strong—

ly correlated w1th water depth 7
-
A current was observed that flows perpendlcular

to the-maln flow dlrectlon It occupies the troughs ‘ o .
{ - . :

of the dune tramn, and flows from shallomearginal

. b ‘
areas towards deeper mid- channel water The power of

’

the current is Syfficient to transport bed mater1al~1n o
the ripple regime; \and thus causes latéral‘mixing‘of bed e

o .

‘sediments.

TV —
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APPENDIX III - BEDLOAD DISCHARGE CALCULATIONS

vf
e
'
-~
B |
- '
.
f
- “ '
4
4 ',—'
LA
. .
- A N
A . .
[
;s -
. .
’ L
. L]
A -
: -
i 0
H °
.h‘
-
<
‘.
.
4 €
1.
- -
L 3 - .

i

182;



T——

BEDLOAD bISCH@R&E;BY DUNE TRACKING METHOD JEERE
o : CJIB = (-.(:K. m 7").72)- W h‘ aw '(see'bag-e ..146)
:_compartment 1 (assumlng same condlth‘nS as, compartment 2).
. = ((1-. 3)/2) (3.4 ft/ddy) (2. £6) (185 £t)
] =_44o £t3/day - '
compartment 2 ;.
1+ . gg= ((1-.3)/2) (3.4 ft/déy) (2 fty (i48 ft)-
= 352 ft?déy - C
'.compar_tr:neni‘: 3 S E . _
— . gg= ((1-.3)/2) (3.3 £t/day) (5.2 £r) (4@2 ft)j

= 2805 ft/day = -

compartment 4

= 2424 £e3/day | R
THEREFORE.. . Maln Channel dlscharge = X (qB )_ 6 0 X 10 ft /dag %
e z _
i3 | ! g
l ft /day'—' 2.83 X 10 cm™/day .
6.0 x 103 £t /day:: 1.7 x 108 om’/day :

and using a den51ty,conver$1.on for study area sands
I @ 2.65.9/em ..
1qy = (1.7) (10°) (2.65) (107°) xg/day

. LR o
= 4.5 X 10 kg/day : T ,

qp ='((1-.3)/2) (3.6';t/a§§5‘(6. ft)i(29§'ft5'

183




Lt

BEDLOAD DISCHARCE BY SAMPLER METHOD

-

(see page l;Biforxaveraqe bédldadldischargeh'}

¢

by unitfwidth-and‘bf;poﬁbartmenti

. R .o . ’ . -
Values of discharge/ft obtained by the following :

q"B_/ft = (Avefaée_sarqple w‘eight {page 144)) /
(Sample time) /- (sampler width)

'Valpés of diécharga/bomﬁattment obtained Sy :

qé/comp. = qB/ft_X compartment width (page 148)
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