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ABSTRACT

The rate of decrease in mean sediment size and weight

per square metre along a 54 km reach of the Credit River

was found to depend on variations in the channel geometry.

The distribution of a specific sediment size consist of:

(1) a transport zone; (2) an accumulation zone; and (3) a

depletion zone. These zones shift downstream in response

to downcurrent decreases in stream competence. Along a

.285 km man-made pond, within the Credit River study area,

the sediment is also characterized by downstream shifting

accumulation zones for each finer clast size.

The discharge required to initiate movement of 8 cm

and 6 cm blocks in Cazenovia Creek is closely approximated

by Baker and Ritter's equation. Incipient motion of

blocks in Twenty Mile Creek is best predicted by Yalin's

relation which is more efficient in deeper flows. The

transport distance of blocks in both streams depends on

channel roughness and geometry. Natural abrasion and

distribution of clasts may depend on the size of the

surrounding sediment and variations in flow competence.

The cumulative percent weight loss with distance of

laboratory abraded dolostone is defined by a power

function. The decrease in weight of dolostone follows a

negative exponential. In the abrasion mill, chipping
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causes the high initial weight loss of dolostone; crushing

and grinding produce most of the subsequent weight loss.

Clast size was found to have little effect on the abrasion

of dolostone within the diameter range considered.

Increasing the speed of the mill increased the initial

amount of weight loss but decreased the rate of abrasion.

The abrasion mill was found to produce more weight

loss than stream action. The maximum percent weight loss

determined from laboratory and field abrasion data is

approximately 40 percent of the weight loss observed along

the Credit River. Selective sorting of sediment explains

the remaining percentage, not accounted for by abrasion.
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INTRODUCTION

Present Study

The overall purpose of this study is to determine the

relative importance of selective sorting and abrasion on

the distribution of of sediment sizes along the Credit

River. This investigation consists of three parts: (1) a

downstream size analysis study of fluvial sediment; (2) a

field abrasion and transport study; and (3) a laboratory

abrasion study.

The purpose of the downstream size analysis is to

observe. the downcurrent variations in the mean size and

weight of sediment with respect to the channel geometry.

The size and weight variations are to be compared to the

downstream distribution of specific sediment sizes. This

may provide insight concerning the downcurrent dispersal

of stream sediment.

The objective of the field abrasion and transport

experiment is to determine the discharge required to

initiate the movement of blocks of known diameter and

density. Critical values will be compared to predicted

critical discharges obtained from methods developed in the

literature. The abrasion and final distribution of

artifical blocks after their transport during a spring

snow melt is to be related to the clast size, channel

width and the size of the surrounding sediment.





The purpose of the laboratory abrasion experiment is

to determine the amount and rate of abrasion of artifical

and dolostone blocks with respect to size and speed.

Attrition of the cement blocks will be compared to the

abrasion of blocks in the field to estimate the

effectiveness of the tumbling mill in reproducing natural

abrasion. The cumulative percent weight loss of

dolostone and limestone obtained from laboratory and field

data will be compared to the weight loss of clasts

observed along a river. This comparision will determine

the relative influence of abrasion and selective sorting

on the downcurrent decrease in the average clast size.

Previous Work

Selective Sorting

Russell and Taylor (1937) in Pettijohn (1957) found

that over a 1770 km distance along the Mississippi River,

sand grains lost 87.5 percent of their original weight.

Theil (1940) experimentally abraded sand and found that

over the equivalent of 8000 km, quartz grains lost only 22

to 24 percent of their original weight. The process of

abrasion was therefore deemed insufficient to cause the

observed size decrease along the Mississippi River.

Pettijohn (1957) suggested that the decrease in size of

quartz observed by Russel and Taylor can be explained by

selective sorting.





Krumbein (1942) studied boulder-jam deposits that

resulted from a major flood in the San Gabriel River in

1938. He measured the size of granodiorite boulders along

a 16 km stretch downstream and discovered that the average

clast diameter decreases by over 70 percent. Krumbein

suggested that the sharp decrease in sediment diameter was

caused by breakage and abrasion in narrow vigorous reaches

and selective transport in wide stream reaches

characterized by deposition. He also discussed the

relative effectiveness of particle wear and selective

sorting. Steep stream gradients increase the number and

intensity of impacts resulting in impact breakage of

angular clasts that may explain the rapid initial size

reduction of the boulders. Further downstream, the large

decrease in the size of rounded boulders, located in

stream reaches with lower flow velocities, suggest that

selective sorting is the dominant process in these areas.

Krumbien concluded that selective transport is more

effective than abrasion as the distance downstream

increases.

Plumbly (1947) measured downstream size variations

along three creeks in the Black Hills of South Dakota.

Over a 50 km reach, the average diameter of the streambed

material decreased by 80 percent. He estimated that

abrasion was responsible for a 50 percent volume loss

indicating that 25 percent of the size decrease was caused





by abrasion, while 75 percent resulted from other

processes. Plumby suggested that selective transport can

account for the 75 percent size reduction not attributed

to particle wear.

PettiJohn (1957) summarized previous studies on

downcurrent size reduction of sediment. He suggested that

the decrease in clast diameter downstream may be partially

due to progressive sorting caused by an aggrading river

system. PettiJohn concluded that when rounding increases

downstream, progessive sorting is the dominant process

controlling the downcurrent decline in the size of the

sediment.

Bradley (1970) suggested that aggrading streams with

variable width and depth cause particles to be deposited

and buried in wider portions of the stream. During

subsequent high flows the sediment will be entrained

again, with smaller sizes moving more easily and more

often than larger clasts. The rate at which the particles

move downstream is influenced by the number of times a

particle becomes buried and the length of time the clast

stays in storage before being reintroduced to the flow by

stream scour. The frequency of burial and scour depends

on: (1) the amount of sediment in the river; (2) the rate

of channel migration (3) the amount of time a particle has

spent in the river; and (4) the variability in channel

width and depth. Therefore, a stream reach with a





relatively constant channel width will decrease the

effectiveness of sorting because the frequency of burial

is less. Streams with narrow channel widths will scour and

transport sediment which will become deposited and buried

in wider sections of the stream.

Scott and Gravlee (1968) investigated flood deposits

caused by dam failure on the Rubicon River, California.

Analysis of boulder size sediment revealed that the mean

sediment size decreased along a 8 km downstream reach.

They suggest that the 70 percent reduction in the diameter

of boulder sized clasts is initially caused by abrasion,

and later by the increasing effectiveness of progessive

sorting as the sediment becomes more rounded further

downstream. They concluded that sorting depends on

variations in the stream competence, which influences the

diameter and size range of sediment deposited

downcurrent

.

Stanley (1978) analyzed textural and compositional

sorting of pumice gravels in the River Claire, Montingue.

He maintained that clasts equal in size and shape but with

different densities move at different rates. Stanley

observed that well sorted pumice was found alongside finer

and denser andesites, rhyolites, and basalts, suggesting

that selective sorting is dependant on the densities of

the channel sediment.





Flint and Maddalena (1984) studied the downstream

decline in particle diameter over a 5 km distance along

Twenty Mile Creek, Ontario. The mean sediment size

decreased from -8.75 phi to 3.0 phi along the study reach.

Within the study area, they recognized the existence of

accumulation zones for each clast size. The downstream

distribution of a specific size clast was found to consist

of three zones which are: (1) the sediment transport zone,

characterized by low percent frequencies; (2) the sediment

accumulation zone, distinguished by a significant increase

in the percent frequency, followed by a decrease in this

value as fewer and fewer clasts of a specific size are

present in the channel; and (3) the sediment depletion

zone, defined by the near complete or total absence of a

specific clast size (Fig. 1)

.

The three zones were found to shift downstream for

each decrease in clast size. They concluded that the

position of accumulation zones can be explained by the

variations in the flow competence that results from

downstream changes in the hydraulic and channel

environment

.

Stream Abrasion

Very few studies have been performed that deal

directly with the size decrease of channel sediment due to

abrasion. Most experiments consider other morphological
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paramet.^rs; roundness and sphericity, which are easier to

measure in natural environments. Discussions of the

previous work will be limited to investigations dealing

with the decreases in size of clasts by abrasion in

streams

.

Krumbein (1940) studied the decrease in the size of

gravel flood deposites over a 12 km distance along the San

Gabriel Canyon, California. Clasts at 16 sample sites

were measured to obtain the mean clast size. The average

diameter of the granitic gravel decreased from roughly 4 .

5

mm to 2.6 mm. This corresponded to a 42 percent decrease

in the size which did not compare to his 1941 laboratory

abrasion experiment. Because Krumbein was unsure on the

effectiveness of tumbling mills, he did not venture any

conclusions on the size decrease caused by abrasion

alone.

Pittman and Ovenshine (1968) determined the percentage

of clasts that experienced breakage along the Merced

River, California. They discovered that a greater

percentage of broken clasts were found in reaches

characterized by vigorous flow. Pittman and Ovenshine

concluded that breakage suggests high energy transport,

and that the maximum size broken might represent the upper

limit of pebble sizes in saltation.

Bradley (1970) observed the change in size of granite,

chert, and quartz gravels over a 270 km distance along





the Colorado River, Texas. The source of the rocks were

known because local outcrops exposed distinct lithologies.

Bradley measured the size of 50 of the coarsest particles

at a given locality. He found that along the study reach,

the average size of the granitic gravel decreased from 51

mm to 49 mm, a size reduction of 51 percent. The mean

quartz size changed from 103mm to 71 mm, corresponding to

31 percent decline. Chert experienced a 22 percent

reduction in which the average size decreased from 135 mm

to 105 mm. Bradley compared these results with data

obtained from a laboratory abrasion experiment. After

tumbling coarse granitic alluvium an equivalent of 270 km,

Bradley found that the size reduction for fresh and

weathered material was 10 percent and 55 percent

respectively. Experimental results closely matched field

data suggesting abrasion in a circular flume is similar to

river transport. Bradley concluded that lithlogy, along

with the degree of weathering are important factors in

the abrasion of fluvial sediments.
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Experimental Abrasion

Sternberg (1874, in Krumbein, 1941), was one of the

first to observe the size decrease of sediment downstream.

The decline in size was found to be proportional to the

weight of a clast in water and to the distance a clast

travelled. This relation was found to be represented by a

negative exponential function, expressed by the equation:

where "Wo" is the original weight, "W" is the weight at a

given distance "s", "e" is equal to 2.718, and "a" is the

coefficient of size reduction which is constant for given

experimental conditions.

The first tumbling mill to reproduce natural particle

abrasion in streams was constructed by Daubree (1897, in

Krumbein, 1941) . He used jars connected to a steel frame

which was, in turn, attached to 'a rotating horizontal

axis. Daubree 's abrasion mill rotated approximately 42

revolutions per minute for most of his runs. Daubree

observed that: (1) the rate of abrasion is inversely

proportional to hardness; (2) the rate of abrasion

increases as the particle size increases; (3) the rate of

abrasion increases with increasing angularity; (4)

breakage and abrasion are responsible for particle wear;

(5) the end product of abrasion is mud; and (6) selective
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sorting, along with abrasion, is responsible for the

downstream size reduction of sediment.

Wentworth (1919) tumbled limestone cubes in a drum

lined with wood. Clasts were tumbled in enough water to

keep the particles wet. He concluded that: (1) the

controlling factors during abrasion are size, lithology,

intensity of motion, the type of motion, and the number

and size of surrounding particles; and (2) clast size

plotted against distance tumbled is represented by a

negative exponential function.

Wentworth (1931) performed additional experiments on

the abrasion of beach sediment. He measured the rate of

abrasion and the resistance to abrasion. Wentworth

concluded that: (1) the rate of particle wear was

independent of size over a large range of sizes; and (2)

the rate of abrasion increases as the size of the

surrounding sediment increases.

Marshall (1929, in Krumbein, 1941) limited his

experiments to the wear of beach material using a Deval

Mill, inclined 30 degrees relative to the horizontal axis.

This apparatus allowed material to fall slightly, and

slide the length of the drum, simulating beach sand

transport. Marshall was the first to use the terms

"abrasion", "impact", and "grinding", to describe the

processes involved in particle wear. He defined

"abrasion" as the rubbing of two or more particles against





32

one another; "impact" as the result of one particle

hitting another; and "grinding" as the smashing of grains

by contact and pressure of surrounding particles. Marshall

concluded that abrasion of clasts is partly controlled by

the size range of the surrounding sediment.

Schoklitsch (1933) in Krumbein (1941) used an abrasion

mill consisting of a drum that revolved on a horizontal

shaft. His study verified the exponential function law

introduced by Sternberg (1874) . Schoklitsch also found

that Sternberg's law applies to the length and volume as

well as the weight of clasts, and that the rate of wear

associated with chipping and breakage is greater than that

of abrasion.

Krximbein (1941) used an abrasion mill consisting of a

dr\im lined with wood, resting on two horizontal axes, one

of which rotated the barrel a minimum of 21 revolutions

per minute. Angular limestone clasts within a size range

of -5.75 phi and -5.50 phi were tumbled a total of 20

hours. Measurements were taken on the rates of size

reduction, roundness, and sphericity. Krumbein compared

these rates and concluded that: (1) the rate of rounding

is 35 times greater than the rate of clasts size

reduction; (2) the rate of rounding is 10 times greater

than the rate of change in sphericity; and (3) the rate of

change in sphericity proceeds 3 . 5 times faster than the

rate of size reduction.
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Kuenen (1956) observed that the motion of material in

an abrasion mill is a poor prediction of clast movement in

streams. Kuenen 's major objections were: 1) that the

water in a mill tends to slow the motion of the particle

rather than drive them; (2) the material in a tumbling

mill does not roll continuously; (3) the influence of

abrasion can not be related to the flow velocity because

the latter is not exactly known; and (4) the abrasion

over different streambeds is difficult to simulate in an

abrasion mill. Due to these limitations, Kuenen decided to

use a revolving current which he believed more closely

approximates natural stream action.

Kuenen 's revolving current consisted of a large

circular concrete tub with a raised central portion,

creating a circular channel., The water was circulated by

power driven paddles. This arrangment was thought by

Kuenen to be a great improvement over existing abrasion

apparatus, mainly because: (1) his apparatus allows

rolling velocities to be calculated; and (2) bottom

conditions simulating streambed conditions can be

created

.

Kuenen 's initial experiments were to observe the

abrasion of pebbles on a cement floor that was covered

with sand. This was seen as simulating a sandy river bed.

Clasts were rolled a total of 32 km. The percent weight
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loss per km and the rolling velocities were calculated and

Kuenen concluded that: (1) the weight of a clasts has a

minor effect on the percent weight loss; (2) the rolling

velocity is a minor factor in the abrasion rate; (2) the

abrasion of clasts on a sandy bottom is small; (4) the

abrasion is greatest over the first 3 km due to chipping;

and (5) the amount of weight lost initially increases with

speed.

In another experiment, Kuenen cemented pebbles to the

bottom of his circular flume in order to simulate a pebbly

river bed. Cubes of different size and weight were rolled

a total of 142 km. Measurements on the rolling velocity,

percent weight loss, and the distance travelled were

taken. Kuenen concluded that: (1) smaller material rolled

faster than larger material; (2) rounder sediment rolled

slower than angular material because of reduced drag in

the former; (3) abrasion was proportional to the square of

the velocity; and (4) there is no clear relation between

weight loss per km and rolling velocity.

Based on his laboratory observations, Kuenen (1956)

separated the abrasion process into 5 separate "actions":

crushing, chipping, cracking, grinding, and splitting.

Crushing is the smashing of small particles caught between

larger particles. Chipping results from the rolling of a

clasts during early stages of abrasion, when small

fragments are broken off from angular portions of the
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clast. Cracking resulted from the repeated concussions

clasts receive as they roll, creating fissures that cause

pieces in between the cracks to fall out. Grinding is the

rubbing of one particle against another. Splitting was

not considered by Kuenen as a true process of abrasion

because it is rarely the result of impact, but of

weathering.

Kuenen found that for pebbles moving over a pebbly

bottom, chipping is the most important process during the

first 2-10 km, after which cracking took over as the

dominant process. On a sandy bottom, cracks were not

created and grinding and crushing become the most

influential factors in particle wear. Splitting or

breaking of clasts by collision is scarce in nature as

well as in circular flumes.

Bradley (1970) studied the effect of weathering on the

abrasion rate of gravel composed of granite, chert, and

quartz taken from the Colorado River, Texas. Influenced

by Kuenen (1956) , Bradley chose a revolving circular flume

nearly identical to Kuenen 's abrasion apparatus. Samples

consisted of fresh and weathered material, of nearly equal

size, shape, and roundness. Most of Bradley's 12

experiments were run with sand and extra gravel. The

rolling velocity for fresh and weathered samples were

equal to facilitate comparisons. Size measurements were

taken at increasing abrasion distances until each sample





]6

travelled a total of 267 km.

After studying granitic gravels, Bradley observed that

important processes involved in the wear of granitic

gravel were: chipping, splitting, cracking and granular

disintegration, which is the "grain by grain

disaggregation, occurring along grain boundries,

cleavages, and minute fractures" (Bradley, 1970)

.

Granular disintegration was found to be the most

influential process in the wear of gravel. In accordance

with observations by others, Bradley stated that the

initial wear is rapid, decreasing as the abrasion distance

increases. He attributed this fact to: (1) the rapid

erosion of weathered parts followed by slower wear of the

remaining fresh surfaces; (2) the decrease in the kinetic

energy of a particle as it became smaller; and (3) the

reduced number of impacts with the tank as the particles

became smaller. Bradley concluded that the degree of

weathering and the lithologic control were the dominant

parameters in the abrasion of granitic gravels, chert, and

quartz gravels. Granite and gneiss that contain an

abundance of biotite wear faster because biotite is easily

weathered. Pegmatites and gravels abrade slower because

they were more resistant.

Schumm and Stevens (1973) proposed that abrasion in

place by the grinding, crushing, and chipping of vibrated

particles could account for the rapid downstream size
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reduction of channel sediment. Observations made during

experiments conducted in a large flume reveal that some

rocks are too large to be moved by peak discharges. The

large material traps smaller moving sediment causing the

smaller clasts to be subjected to lift and drag forces

essentially in place. After a period of time, the size

reduction resulting from abrasion in place caused the

clasts to become "incipiently unstable" (Schumm and

Stevens, 1973) . Any significant increase in the discharge

will result in the rolling or saltation of one or all the

streambed clasts downstream until the sediment again

becomes trapped behind larger clasts.

Yeend (1975) observed the physical breakdown and

abrasion rates of gold in an abrasion mill. His tumbling

apparatus consisted of a large polyethylene bottle 28 cm

in diameter and 89 cm in circumference, which rested on

two rollers. A small electric motor powered the rollers

causing the bottle to rotate up to 3.22 km /hr. Two

indentations in the bottle reduced the sliding of the

samples and produced a more constant tumbling action. The

plastic jug does not abrade the samples unlike metal drums

or ceramic jars, and is significantly quieter to operate.

Yeend abraded gold fragments, of known weight, with

sand, pebbles, and small cobbles, all of which were taken

from the same location. Each gold fragment was abraded a

total of 120 hours. After each run, the gold was
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separated and weighed. Yeend found that the abrasion of

gold was slower than that of sand and cobbles. He

reasoned that malleble gold absorbs the impacts of

surrounding clasts and does not fracture or break like

common clasts. Also, the first 20 hours of abrasion

produced higher rates of weight loss of gold than the last

100 hours. Yeend suggested that the removal of the oxide

coating increases the rate of weight loss, followed by

decreased rates as the oxide coating was removed. Yeend

concluded that the velocity was a more influential

parameter in the abrasion of gold than the distance

travelled, and that a high energy stream, with a large

amount of cobbles and a small amount of sand, will produce

the highest abrasion rates of gold.

Study Areas

The Credit River, Twenty Mile Creek, and Cazenovia

Creek were chosen as study areas for this investigation.

Figs. 2 and 3 show the location of these streams as well

as the study areas. The Credit River field area starts at

the Highway 9 bridge, 2 km south of the

Forks-of-the-Credit, and ends near the Queen Elizabeth Way

bridge west of Port Credit. On Twenty Mile Creek, a

bedrock reach beginning at the High Street bridge and

ending at Balls Falls (upper falls) was studied. Along

Cazenovia Creek, a bedrock stretch starting at the Highway

20A bridge, 5 km west of East Aurora, and ending

approximately 1200 m downstream was also selected (Fig.
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study areas

Figure 2. Location map of study reaches along the Credit
River, Twenty Mile Creek and Cazenovia Creek.





Figure The Credit River study area and sampling
stations between Cheltenham and Norval.





21

Huttonville

Port Credit

Figure 3b. The Credit River study area and sampling
stations between Huttonville and Port
Credit.
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Physiography and Bedrock Geology

The Credit River

The Credit River has a drainage area of approximately

850 sq km and a total length of 94 3cm. The East and West

branches of the river have headwaters north of

Orangeville, eroding dolostone of the Middle Silurian

Amabel Group and Fossil Hill Formation. Downstream, the

two branches flow over shale, sandstone, and dolostone of

the Cataract Group which makes up part of the Niagara

Escarpment. The East and West branches merge at the

Forks-of-the-Credit, eroding into shales of the Upper

Ordovician Queenston Formation. From Caledon to the

Georgetown area, the river flow parallel to the escarpment

through a gorge formed in the Cataract Group and Queenston

Formation, both of which are overlain by till. The river

flows southeast at Glen Williams, where the banks of the

gorge are formed by Alluvial terraces are present between

Churchville and Meadowville. At Streetsville and

Erindale, shales interbedded with limestones of the

Meaford and Dundas formations, are exposed and overlain by

alluvial sediments. Past Erindale, the stream flows

north, around an ancient barrier beach associated with the

late glacial Lake Iroquois. Along the remaining reach to

Port Credit, the river flows through shales of the Dundas
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formation.

The Credit River is a sinuous stream whose channel

width fluctuates between 20 m and 40 m until the river

reaches the Port Credit area. At Port Credit, the river

forms a drowned lagoon with a width of over 80 m. Most of

the sediment was observed to accumulate on small bars

commonly associated with bends in the channel.

Within the channel reach between the

Forks-of-the-Credit and Huttonville, the armoured coat on

bars consists primarily of limestone and dolostone, with

minor amounts of sandstone. The sediment is mostly

subangular and cobble to boulder sized. Downstream from

Huttonville, the river bars consist of increasing amounts

of shale, as well as limestone and sandstone. The stream

sediment from Huttonville to the Port Credit area is

mainly cobble to pebble sized and subangular to rounded.

Twenty Mile Creek

The headwaters of Twenty Mile Creek are southeast of

Hamilton. The stream flows parallel to the Niagara

Escarpment on the Middle Silurian Guelph and Eramosa

formations. Between the Highstreet bridge and the upper

falls, the stream flows over bedrock of the Gasport

Formation consisting of dolostone and limestone. Cobble

to boulder sized limestone and dolostone clasts dominate
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the streaitibed with the exception of a 160 m stretch

starting at the high street bridge, and a 40 m reach

starting at the Regional highway 24 bridge. These

portions of Twenty Mile Creek represent narrower sections

of the stream with channel widths ranging between 3 and

40 m. The channel width increases to over 50 m in sections

that follow both narrow reaches.

Cazenovia Creek

The West and East branches of Cazenovia Creek begin in

Erie County, New York, approximately 3 km southwest of

East Aurora. The stream flows northward through the shale,

sandstone, and siltstone beds of the Canadaway Group.

The West branch reaches the shale and sandstone of the

Upper Devonian Java Group roughly 3 km south of Westfalls,

whereas the East branch erodes through the Java Group near

Holland , New York. Approximately 4 km north of Holland

and at Westfalls, both branches erode the Upper Devonian

Westfalls Group which consist of massive shale, limestone,

and siltstone. The two branches merge 4 km south of

Springbrook and flow over the shale and limestone of the

Sonyea Group. From Springbrook to the Buffalo River,

shales and limestones of the Upper Devonian Genesse Group

and the Middle Devonian Hamilton Formation are eroded.

Within the study area, the stream flows over shale of

the Genessee Group. The channel banks consist of shales
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and limestones that confine the channel to a width of

approximately 45 m. The width of the channel increases to

over 60 m along the farthest downstream reaches of the

study area. Widening of the channel has resulted in the

formation of a large bar that contains cobble and pebble

size clasts, as well as large amounts of sand. The

streambed along the study area consists almost entirely of

sand to pebble size material.
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METHODS

The methods used in this investigation were suggested

by Dr. Jean-Jacques Flint of Brock University.

Construction of Artifical Clasts

Nine hundred cement blocks were made from cubic molds

in batches of 100. The molds were of two sizes; a large

size with 8 cm sides, and a small size with 6 cm sides.

The cement used in the blocks consisted of 2 parts rock

fragments, 3 parts sand, and 1.5 parts cement. The molds

were first greased in order to simplify removal of the

blocks. The cement was poured into the molds and vibrated

using a modified massage appliance to remove air bubbles.

The cement was then allowed to set for 3 to 4 hours before

individual blocks were numbered. A binomial numbering

system was used to label each block by arranging 1.25 cm

steel pegs in three different orientations that represent

the numbers to 9 (See Appendix VI) . Combinations of

these numbers were used to form the numbers 1 to 450.

After placing the pegs into the semi-hardened cement, the

blocks were allowed to set over-night. The hardened

blocks were then soaked in water for 4 days, in order to

trap water in the blocks before they were placed in

Twenty Mile Creek and Cazanovia Creek. The blocks were

then dried at 375 degrees Fahrenheit. Four samples from

each oven were weighed daily until they showed no further
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weight loss. The blocks were then weighed to one tenth of

a gram.
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Field Abrasion Techniques

Cement blocks were used in the field abrasion study.

This is because if natural sediment were placed in a

stream, the subsequent weight loss during a single season

of transport may have been too small to be easily

detected. Cement blocks, which are much softer, allowed

the weight loss during a single transport season to be

easily measured. A total of 400 small and 400 large blocks

were placed in Cazenovia Creek and Twenty Mile Creek

during March of 1984. Cement blocks were not placed in

Cazenovia Creek because the high water levels would have

made it impossible to locate the blocks after their

transport. Following the spring snow melt, the samples

were located, and the distance travelled measured.

Approximately 75 percent of the blocks placed in Twenty

Mile Creek were recovered and 20 percent of the blocks in

Cazenovia Creek were found. The recovered blocks were

brought back to the laboratory, cleaned, and dried at 375

degrees Fahrenheit. Four blocks from each oven were

weighed daily until no further weight loss occurred. The

samples were then reweighed. The final weight was

subtracted from the initial weight to obtain the weight

loss.

Hydraulic Measurements

Fifteen discharge measurements from Twenty Mile Creek
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and ten discharge measurements from Cazenovia Creek were

taken between late December, 1983, and early May, 1984, at

the location where the cement blocks were initially

placed. A Gurley current meter was used. The meter was

placed at 0.4 of the total depth from the bottom to obtain

the average flow velocity. Measurements were taken at 2m
intervals across the creeks.

Water surface slope measurements were taken

concurrently with discharge measurements on each stream.

Markers were placed on the bedrock banks directly upstream

and downstream from where the discharge measurements were

taken. The water surface slope was calculated using the

formula:

Water-Surface Slope = ((A+B)-C)/D

where "A" is the relative height of the

upstream marker compared to the downstream marker, "B" is

the vertical distance from the downstream marker to the

water flow, "C" is the vertical distance from the upstream

marker to the water flow, and "D" is the distance along

the streambed between the two markers.

Sediment Sampling Techniques

Square sieves were constructed accurate to 1 mm for

quarter phi intervals between -9.00 phi and -5.75 phi.

Pan sieves were used to measure clasts ranging in size
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from -5.50 phi to -4.00 phi. A limited area on each of 33

bars along the Credit River was sieved. The area sampled

was outlined by four metal stakes attached by string

forming a rectangular outline, with one side being left

open. The rectangle was positioned as close to the

observed flow as possible to more closely represent the

clast sizes found in the central portion of the stream.

Sampling of the coarsest sediment provides an indication

of the maximum flow competence near each sampling

station. Within the rectangular area, clasts at least one

half inside the perimeter were sieved. Also, only clasts

that were at least one half exposed were considered.

After a minimum of 150 clasts were sieved, the rectangular

perimeter was closed and the area calculated. The

frequency of sediment sizes were recorded along with the

channel width. From the field data, the weight per square

metre, the mean sediment size, and the weight percent of

each size clast were calcuated for each sampling station.

Along the Credit River near Streetsville, a

hydroelectric dam has led to the formation of a small pond

proceeding the dam. Eleven bag samples were taken over a

distance of 285 metres starting at the upstream end of the

pond and ending at the dam. The samples were later sieved

in the lab (Fig. 3c)

.

In order to determine the weight of various sediment

sizes, 30 clasts for each quarter phi interval between
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-8.75 phi and -4.00 phi were weighed. The best fit line

is represented by an negative exponential function. The

equation obtained from Fig. 4 was used to calculate the

weight per square metre and weight percent of sediment

along the Credit River.

Laboratory Abrasion Techniques

A laboratory study was needed because weight loss of

natural sediment during a single transport season may have

been insignificant. Therefore, natural sediment was

tumbled in an abrasion mill. The abrasion mill used

consisted of an iron drum 75.5 cm in length with a

circumference and • radius of 195 cm and 61.4 cm

respectively. The drum rested on four wheels, two of

which were powered by a variable speed electric motor.

Three metal bars were bolted lengthwise, equidistant,

along the inside of the drum. The bars reduced the

sliding of the clasts and insured a constant tumbling

action (Fig. 5)

.

Lockport dolostone clasts and concrete blocks were

tumbled together in the abrasion mill. Natural samples

were taken from the Twenty Mile Creek streambed on the

assumption that this sediment is more resistant to

abrasion than fresh and fractured channel bank material.

The dolostone samples were cut into blocks of two sizes

roughly equal to the two cement block sizes. Cutting of
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the blocks removed any remaining weathered portions.

Initial numbering of the large size dolostone samples was

accomplished by chiseling a number directly into the

block, and by using a marker to insure identification.

The small size dolostone samples were labeled only with a

water proof marker because chiseling was found to produce

fractures in some blocks. The cement blocks were labeled

using the binomial numbering system outlined earlier.

Dolostone samples usually had to be relabeled before each

run.

The laboratory abrasion study consisted of two

experiments. The first compared the abrasion rates and the

amount of material lost by large and small size samples

abraded at the same speed. The second compared the

abrasion rates and the amount of material lost at speeds

of 5, 10, and 20 revolutions per minute. Each experiment

consisted of 10 timed runs, where the tumbling time was

increased for each subsequent run. The total operating

time for each experiment was 42 hours.

Dolostone blocks and concrete blocks of known weight

were used in each experiment. Extra clasts, roughly equal

in size to the samples, were added as fill. Approximately

10 to 20 cm of fresh water was added to the drum initially

and before each subsequent run. The speeds were

recalibrated daily because the weight of the water added,

as well as the weight of the clasts differed, resulting in
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a slight change in the revolutions per minute. Accurate

speeds were needed to calculate the distance clasts

travelled during each run. After each run, the samples

were cleaned and dried at 375 degrees fahrenheit for 24

hours

.

Because of the design of the abrasion mill used in

this study, the distance a clast travelled was observed to

be:

(1) Distance (cm) = LD(cm) + FD(cm) + RD(cm)

where "LD" is the distance a clast is lifted on one of

the bars within the steel drum before falling, "FD" is the

distance a clast falls from the bar, and "RD" is the

distance a clast rolls along the bottom before being

lifted (Fig. 5) . In order to determine the distance a

clast travels per unit time in the abrasion mill, 3

trials were taken for each block size, at each speed.

Parameters measured were: (1) the number of lifts a clast

experiences per unit time; (2) the distance of each lift;

(3) the number of falls per unit time; (4) the distance a

clast falls; and (5) the rolling time of a clast per unit

time. Values per unit time were recalulated to 1 minute.

The fall distance per minute was determined by the

equation:

(2) FD(cm)/min = FD(cm) x nF/min
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where "nF" is the number of falls. The lift distance per

unit time was calculated from the equation:

(3) LD(cm)/min = LD(cm) X nL/min

where "nL" is the number of lifts. The rolling distance

per unit time was determined from the formula:

(4) RD(cm)/min = RD(cm)/min x RT(sec)/min

where "RT" is the rolling time of a clast before being

lifted. By solving equations (2) thru (4) , equation (1)

can be modified incorporating the distance a clast travels

for each parameter per minute, and the operating time per

run. The resulting equation is:

(5) Distance (cm) =t (FD (cm) /min+LD (cm) /min+RD (cm) /min)

where "t" is the operating time per run. Values used in

computing distances and collisions per minute are listed

in Appendix IV.

The average abrasion distance calculated from the

formula closely matches the distance determined by

multiplying the number of revolutions by the circumference

of the barrel. This suggests that the latter method is a

good approximation of the distance a clast travels in the

abrasion mill used.

The calculated average abrasion distances were similar

for each block size abraded at equal speeds. The lift

distance, rolling distance, and fall distance increased

with speed, but did not differ substantially for each
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sample size. The frequency of impacts was greater for 6

cm blocks because more camples of this size were able to

fit on the metal r inside the drum. As the speed was

increased, -^ number of impacts per second increased, but

the imp:*^'- per metre decreased. This is attributed to

the " ^ngth of time a clasts spends in the air, which was

"Vserved to increase with speed.

DOWNSTREAM SIZE AND WEIGHT ANALYSIS

OF SEDIMENT ALONG THE CREDIT RIVER

Downstream Size and Weight Variation of Sediment

Fig. 6 represents t- variations in the channel width

within the Credit ^ ..c study area. Fig. 7 represents the

longitudinal -iile of the field reach obtained from

'' maps. Fig. 8 and 9 show the downstream

variations in the mean sediment size and weight per square

metre respectively.

The 54 km study reach along the Credit River can be

divided into four sections based on the channel geometry.

They are: 1) The initial to 18 km reach; 2) the middle

2 km reach, 18 to 38 km downstream from the starting

point; 3) the next 4 km reach, 38 to 42 km downstream from

the starting point; and 4) the last 12 km reach, 42 to 54

km downstream from the starting point.
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Along the initial 18 km reach, the channel width

increases from 18 m to 25 m (Fig. 6) . The channel

gradient is an average of 3 m/km (Fig. 7) . The relatively

constant channel gradient and generally narrower channel

widths create favorable conditions for rapid high scour

flow capable of transporting a wide range of sediment

sizes. As a result, the mean clast size decreases only

24 percent from -7.83 phi to -7.37 phi (Fig. 8) while the

weight per square metre decreases from 215 kg/sq m to 203

kg/sq m (Fig. 9)

.

Along the middle 20 km stretch, the channel width

becomes more variable, increasing nonuniformly from 25 m

to 33 m (Fig. 6) . The channel gradient also becomes more

variable, decreasing to an average of 1.9 m/km (Fig. 7).

The mean clast size decreases from -7.37 phi to -5.42 phi,

a 75 percent reduction (Fig. 8) . The weight per square

metre decreases from 203 kg/sq m to 61 kg/sq m (Fig. 9)

.

Along the next 4 km reach, the channel width varies

from 34m to 42 m (Fig. 6) . The average channel gradient

is appromimately 3 m/km (Fig. 7) . The mean sediment size

increases nonuniformly from -5.42 phi to -5.6 phi (Fig.

8) . The weight per square metre increases from 61 kg/sq m

to 75 kg/sq m (Fig. 9) . The large variations in the clast

size and weight per square metre are probably the result

of 4 hydroelectric dams present along this section of the

channel. Sediment that should have been distributed
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downstream was concentrated in the upstream side of each

dam. During the 1970 's, three of the the dams were

removed. The effect of the dam on the sediment

distribution are discussed in a separate section.

Along the last 12 km of the study area, which starts

on the downstream side of the dam, the channel width

increases nonuniformly from 42m to 45 m (Fig. 6) . The

average stream gradient increases to approximately 5 m/km

(Fig. 7). The mean clast size decreases from -6.80 phi to

-6.20 phi, a 34 percent reduction (Fig. 8) while the

weight per square metre decreases from 160 kg/sq m to 100

kg/sq m (Fig. 9) . The small decline in the average

sediment size suggests that a steep channel gradient is

more influential than the increase in the channel width in

controlling the downstream distribution of sediment. The

increase in the size and weight of sediment at the start

of this reach is caused by the dam. The controlled flow

from the dam allows only finer material to be winnowed,

leaving a coarse pavement on the bed. Dredging of

accumulated sediment on the upstream side of the dam may

also be a source of coarse clasts found downcurrent.

Limestone interbedded with shale may have entered the

stream from an outcrop located 200 m upstream from the

dam. Upon completion of the dam, the reduction in stream

competence would have caused the clasts on the downstream

side of the dam to become stable.
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Downstream Distribution of Sediment Sizes

If selective sorting represents the most influential

process responsible for the downstream decrease in the

mean sediment size, then the percent weight of a specific

clast size should change with the variations in stream

hydraulics downcurrent. The accumulations of coarse

sediment fractions should be located upstream, whereas

finer size sediment should be most abundant downstream.

The armored top-sublayer on bars along the Credit

River ranges in size from -8.50 phi to -4.00 phi (Figs.

10a to 10c) . Weight percents were derived from the weight

versus phi size relation (Fig. 4) . For boulder sized

sediment (-8. 50 phi to -8.00 phi), only the end of the

accumulation zone and depletion zone are present. The

remaining portion of the accumulation zone and transport

zone are located upstream from the study area. For cobble

size sediment ( -7.75 phi to -7.25 phi), the accumulation

zones shift downstream, and thus are more visible in Fig.

10a. The continued decrease in average sediment size to

cobbles and pebbles (-7.00 phi to -4.00 phi), results in a

downstream shift in the position of the accumulation zones

for each finer clast size (Figs. 10b and IOC) . The

transport zone for these sizes also becomes apparent and

extends farther downstream for each finer clast size.

Accumulation zones that shift downstream for each
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successive decrease in sediment size probably occur in

response to variations in the channel geometry and

hydraulic competence. The position of the accumulation

zones for each clasts size roughly matches the decrease in

the mean sediment size.

The Effects of Dams on the Downstream

Distribution of Sediment Sizes

Figs. 11a to llh show the weight percent of samples

taken over a 285 m distance upstream from the last

remaining dam in the Streetsville area (Fig. 2c) . The

first four samples consisted of 50 clasts taken at random

from a point in the middle of the stream. The remaining 7

samples were collected using a sampling scoop. Figs. 11a

to llh indicate that the largest sediment size present at

each sampling site decreases from -7.5 phi to -4.25 phi,

over the 285 m. This corresponds to a 90 percent reduction

in size, a decrease that was matched over the initial 40

km of the study reach.

Over the first 100 m of the 285 m reach to the dam,

large cobble and pebble size sediment (-7.5phi to -5.75

phi) dominate the streambed. Along the next 100 m, large

to medium size pebbles (-5.50 phi to -4.00 phi) make up

the largest fraction of sediment. The sediment size

decreases to small pebbles and granules (-3.75 phi to

-1.00 phi) along the remaining 85 m to the dam. The

accumulation of pebbles and granules is asL-ociated with a
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steady increase in the weight percent of sand silt, and

clay size sediment. Along the 285 m reach, each

successive decrease in clasts size is associated with the

presence of accumulation zones for each finer sediment

diameter. The accumulation zones shift downstream as the

sediment fines in response to channel widening (Fig. 12)

and increased water depths.

Other Processes Influencing the Downstream

Distribution of Sediment Sizes

Although hydraulic sorting seems to explain the

behavior of sediment along the Credit River, the influence

of other processes such as: (1) dilution; (2) clast

breakage; (3) the introduction of sediment from weathered

stream banks; and (4) ice rafting, may also have an affect

on the downstream change in sediment size. The affect of

these processes on the downstream sediment distribution is

poorly understood. Observations allow only speculation on

the influence of these processes because of the difficulty

in obtaining direct measurements.

The introduction of sediment from tributaries might

cause a coarsening or fining of sediment depending on the

location relative to the main channel. The absence of

sudden, unexplainable increases in the average sediment

size throughout the study area suggests that dilution is

not influential over the entire course of the river. The
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lack of a great number of tributaries, and the fact that

the sampling stations were located away from these streams

explains why the effects of this process do not show up in

the size and weight data.

The breakage of river transported sediment will cause

a large decrease in the size and weight of these clasts.

Over 5000 clasts were sieved along the study reach and

evidence of fresh breakage was almost non-existent. Clasts

within the study area appear solid, subangular to round,

with only impact marks and small chips present on a

limited number of clasts sampled. Therefore, the

effectiveness of breakage, other than chipping, is most

likely negligible within the study area.

Sediment added to the stream from channel banks

represents material that may not have been transported

from the Escarpment. Limestone, which dominates the

streambed sediment, makes up a small fraction of the

alluvial deposits and outcrops exposed along the channel

banks. Weathered limestone precariously perched within

local outcrops suggests that sediment does enter the

stream bed from bedrock banks. The limestone is only

thinly interbedded in shale and probably does not make a

significant contribution to the sediment load. Shale

entering the stream will either be quickly buried or

transported downstream.
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Ice rafting will cause large and small clasts

entering the flow from channel outcrops to be carried and

deposited downstream, independent of the channel

hydraulics or geometry. If this process was significant, a

wide range of sediment sizes should be present at sampling

stations located in front of the dam at Streetsville and

along the farthest downstream reaches of the study area,

where the ice comes to rest before melting. This was not

observed, suggesting that ice rafting introduces a

relatively small amount of sediment to the flow.

Statistical Data on Sediment Sorting

Downstream

Fig. 13 shows the weight percent coarser versus

sediment size for every fifth sampling station downstream.

(See Credit River location map for station locations.) At

station 2, the largest size present is -8.50 phi,

decreasing to -6.25 phi at station 27. A coarser sediment

at station 28 is caused by the dam. Downstream, the

sediment continues to fine as shown by the cumulative

curve for station 32. The straightness of the lines for

each sampling station is taken to represent a single

sediment population, corresponding to the amoured top

layer of each bar studied. Standard deviations and

kurtosis were calculated from the cumulative curves of all

the sampling stations (Fig. 14) . These statistics were

compared to the stream widths (Fig. 6) to determine if
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channel width affects sediment sorting.

Standard deviations range between 0.48 phi and 0.80

phi indicate moderately well to moderately sorted

sediment throughout the entire study reach. The standard

deviation was found to be inversely proportional to the

channel width 2 out of a possible 3 2 times. This

indicates that wider portions of the channel usually

contain sediment that is better sorted.

Kurtosis values range from 2.11 to 4.07 along the

study reach, indicating that the sediment is very

leptokurtic, and thus well sorted. Kurtosis values were

found to increase with increases in the channel width 2

out of a possible 32 times. This also suggests that

sediment is usually better sorted in wider portions of the

channel

.

STREAM ABRASION AND TRANSPORT OF ARTIFICAL

CLASTS IN TWENTY MILE AND CAZENOVIA CREEKS

Incipient Motion of Artifical Clasts

The hydraulic data for Cazenovia and Twenty Mile

Creeks are summarized in Table 1. The water slope (S)

,

the hydraulic radius (R) and the density of water (Y) at

C were used to calculate the average bottom shear stress

(T) for a given discharge by using Duboy's Equation:
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A DISCHARGE S. STRESS WATER AVE VEL WIDTH AVE H.RADIUS DATE A

A (CU M/SECXKG/SQ M) SLOPE (M/SEC) (M) DEPTH(M) (M) 1984 A

A
A 4.776
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T = YRS

Fig. 15 to 19 show the

power function relation between discharge and average

shear stress, average velocity, water slope, average depth

and stream width.

Two methods were chosen to predict the average shear

stress required to move a specific size clast. The first

method is Baker and Ritter's (1975) relation defined by

the equation:

D90 « 65T
°'^^

where "D 90" is the average clast diameter (mm) of the

top 10 percent of the coarsest particles present and "T"

is the average bottom shear stress. The second method

used is Yalin's (1972) modification of Shield's (1936)

that relates the Yalin parameter to the Shield Threshold

Criterion (Fig. 20)

.

Table 2 summarizes the predicted critical shear stress

required to begin the movement of 8 cm and 6 cm cement

blocks using both methods. The average density for blocks

of both sizes were obtained using a water displacement

method, and are given in Table 2.

The average critical shear stress predicted using

Yalins method (Table. 2) is approximately 4 times the

average critical shear stress calculated using Baker and
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Ritter's equation. Table 3 shows the average critical

discharges and velocities required to initiate movement of

6 cm and 8 cm cement blocks in both streams.

Predicted critical discharges were compared to hourly

discharges in Cazenovia Creek recorded by the U.S.

Geological Survey. Hourly hydraulic data for Twenty Mile

Creek were unavailable so daily discharges were used.

Large size blocks were placed in Cazenovia Creek at

2:00 PM on March 17, 1984, during a discharge of 10.69 cu

m/s. By 1:00 PM on March 19, some of the blocks had

moved up to 5m before becoming stationary in niches

present in the streambed. The peak hourly discharge

between 1:00 PM March 17, and 1:00 PM March 19 was 15.82

cu m/s. Therefore, the 8 cm blocks must have moved in a

discharge between 10.66 cu m/s and 15.82 cu m/s. By 1:30

PM on March 21, all of the blocks had moved from their

starting points probably as a result of early morning

discharge of 75.8 cu m/s recorded on March 20.

Small blocks were placed in Cazenovia Creek at 2:00 PM

on March 27, 1984, during a discharge of 8.01 cu m/s. By

3:00 PM on April 4, all the blocks moved with some samples

found 50 m downstream from the starting point. The peak

hourly discharge between March 2 and April 4, was 19.27 cu

m/s. No movement was observed on March 2 indicating that

the blocks must have moved in discharge beween 6.15 cu m/s
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and 19.27 cu m/s. Because some of the large blocks were

observed to move in a discharge between 10.66 cu m/s and

15.82 cu m/s, the smaller blocks must have moved during a

lower discharge. The actual value may be between 6.15 cu

m/s and 15.82 cu m/s based on the data available.

Comparisions were made between the range of

discharges required to move both size blocks in Cazenovia

Creek and the critical discharges predicted from Yalin's

and Baker and Ritter's equations. Critical dicharges

obtained from shear stress using Yalins' relation appear

to be excessively high. Values derived from Baker and

Ritters equation are below but closer to the actual range

of disharges determined from field observations and hourly

discharge data.

Large blocks were placed in Twenty Mile Creek on March

18, 1984, during a discharge of 4.45 cu m/s with no

movement observed. Subsequent discharges between 7.6 cu

m/s and 43.8 cu m/s did not allow observation of the

blocks, although by April 4, all the blocks had moved.

Small blocks were placed in Twenty Mile Creek on March 26,

approximately 1 km upstream from the larger blocks. By

April 10, all the blocks had been transported from their

starting point. High water levels and turbulent flow made

it impossible to note the positions of both block sizes

relative to the starting point. Therefore, the actual

discharge necessary to begin the movement of both sample
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sizes placed in Twenty Mile Creek is unknown.

Critical discharges predicted to move 8 cm and 6 cm

blocks in Twenty Mile Creek, using Baker and Ritter's

relation, are 1.08 cu m/s and 0.38 cu m/s respectively.

Discharges of this magnitude were observed to be

insufficient to move the sample sizes considered.

Predicted values using Yalin's equation are 10.6 cu m/s

and 6.03 cu m/s for 8 cm and 6 cm blocks respectively.

Yalin's predicted discharges may be a closer approximation

to the actual values required to transport 8 cm and 6 cm

blocks in Twenty Mile Creek.

The lower shear stresses required to move blocks in

shallow streams (Cazenovia Creek) compared to deeper

streams (Twenty Mile Creek) agrees with findings by Lane

(1955) in Baker and Ritter (1975), Fahnstock (1963),

Kellerhals (1967) in Baker and Ritter (1975) , Scott and

Gravlee (1968), and Baker and Ritter (1975). In deep

streams, the tangential forces are more influential than

lift forces because of low flow velocities near the bed.

Yalin's method, which is based entirely on tangential

forces, works better than Baker and Ritter's method, which

is based on lift forces. In shallower streams with rapid

flow, the Bernoulli lift forces dominate over tangential

forces because of higher flow velocities near the bed.

Therefore, Baker and Ritter's equation, which is based on

data from shallow streams, more closely approximates
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critical shear stresses than Yalin's method, which does

not consider lift forces at all.

Transport and Distribution of

Artifical Clasts Downstream

Fig. 21 shows the distribution of both size blocks in

Twenty Mile Creek. Most of the 8 cm blocks accumulated 40

to 80 m downstream from their starting point, and were

either trapped behind, or buried by, larger clasts. The

channel width increases from 38 m at the starting point to

55 m at a distance 40 m downstream.

Most of the 6 cm blocks, placed approximately 1 km

upstream from the 8 cm blocks, were found along a bar

consisting mainly of cobble to boulder sized material.

The bank width at the starting point is approximately 40 m

and stays relatively constant for the next 160 m. The high

frequency of clasts found between 10 to 20 m from the

starting point were trapped at the base of a small

waterfall, less than 0.3 m high, caused by the

differential erosion of the bedrock streambed. At 160 m

downstream from the starting point, a large bar is

present. The channel width at this location increases to

approximately 50 m. Most of the blocks placed in the

stream were deposited on this bar and at least partly

buried. No blocks where found at distances greater than

220 m where the channel width increases to approximately
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55 m. The small number of blocks deposited along the

initial 160 m stretch can be explained by the constant

channel width and smooth bedrock streambed that enabled

the movement of most blocks.

In Cazenovia Creek, a smooth bedrock channel and

constant channel width for the first 900 m caused most of

the 6 cm and 8 cm blocks to be deposited on a large bar

located between 900 and 1100 m from the starting point

(Fig. 3d) . The width of the stream banks increases from 48

m at the starting point to over 60 m in width at a

distance 900 m downstream. Most of the blocks recovered

on the bar were either partly or totally buried in sand to

pebble sized material. Although most blocks of both sizes

were found in a wide section of the stream, only 20

percent of the total number of blocks originally placed in

the stream were recovered. A large number of blocks may

have passed through this wide section of the study area

and were deposited downstream. Therefore, distribution of

the cement blocks in Cazenovia Creek probably extends

beyond a distance of 1100 m from the starting point, as

shown in Fig. 22.

The distance the cement blocks were transported in

both streams was found to depend on the smoothness of the

streambed and the downstream location of large increases

in channel width. Wider portions of the channel are

associated with bars in both streams. In Twenty Mile
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Creek, the bars are composed of coarse sediment that

trapped the 8 cm and 6 cm cement blocks. Subsequent

discharges resulted in the burial of many samples. In

Cazenovia Creek, the bar in which most of the blocks were

found was made up of sediment that was significantly finer

than the cement samples. Therefore, the hydraulic

conditions from the time of deposition to the time of

recovery must have been inadaquate to move the cement

samples further.

Abrasion of Artifical Clasts

A regression analysis was performed to determine the

relation that best describes the abrasion of blocks with

distance in Cazenovia Creek and Twenty Mile Creek. Table

4 summarizes the correlation coefficients for distance

versus percent weight loss using arithmetic, exponential,

and power functions. A power function relates the percent

weight loss with distance, except for 8cm blocks in Twenty

Mile Creek. Table 5 gives the slopes and y-intercepts

taken from the power function equations used to relate

the abrasion of blocks with distance. The equal tails test

(See Appendix VII) indicates that the correlation

coefficients relating the percent weight loss with

distance are significant in all cases. In Cazenovia Creek,

the slopes are nearly equal. In Twenty Mile Creek,

abrasion rate for 8 cm blocks is higher than that of 6 cm

blocks. The larger slopes for 8cm blocks compared to 6 cm
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blocks on Twenty Mile Creek may be explained by the

larger number of 8cm blocks exposed to the flow.

Approximately 29 percent of the 8 cm blocks, and 53

percent of the 6 cm blocks were more than one-half buried.

It follows that most of the 8 cm blocks were exposed to

impacts from incoming sediment for a longer period of time

than most of the 6cm samples. Therefore, the abrasion

rate of the cement blocks may be influenced more by the

size of the surrounding sediment than the size of the

block.

The y-intercepts, corresponding to the percent weight

loss over 1 km, may be dependent on the sediment size.

Y-intercept values for 8 cm blocks are higher than smaller

blocks in both streams. The large difference in

y-intercepts between 8 cm and 6 cm blocks on Twenty Mile

Creek may be caused in part by increased exposure time of

8 cm blocks to the flow. The 8 cm blocks also have a

greater angular surface area than the 6 cm blocks which

may cause slightly higher initial percent weight loss in

the former.

EXPERIMENTAL ABRASION STUDY

Abrasion .of Dolostone and Artifical Clasts

Dolostone and cement blocks of two sizes were tumbled

at 5, 10, and 20 revolutions per minute. The abrasion
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mill and the procedures used to determine distance,

tumbling speed, and weight loss of the sample clasts have

been described in the laboratory methods. The weight of

dolostone with distance was found to best fit a negative

exponential function (Fig. 23a to 23c) which agrees with

findings by Wentworth (1919) and Sternberg (1874) . The

cumulative percent weight loss of dolostone versus

distance is best expressed as a power function (Fig. 24a

to 24c)

.

Table 6 shows the correlation coefficients, slopes,

and y-intercepts for the cumulative percent weight loss

with distance. Correlation coefficients that are higher

than critical values obtained from equal tails tests

indicate a valid relation (See Appendix VII) . In this

study, the dolostone samples did not lose more than 50

percent of their original weight. Therefore, the power

function describing clast abrasion may not hold true at

distances greater than those considered in this

experiment. Most of the cement blocks lost 100 percent of

their original weight over a tumbling distance ranging

between 4 and 20 km.

Kuenen (1956) defines abrasion as the chipping,

cracking, crushing, and grinding, resulting from impacts a

clast gives and receives. Breakage was not considered an

influential process in particle abrasion because it is

mainly controlled by the amount of weathering along planes
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of weakness. Kuenen's definition will be used to describe

particle wear of dolostone and cement blocks in this

study

.

The number and size of chips on each sample suggests

that chipping is the dominant process during the initial

stages of abrasion. During subsequent runs, most of the

protruding edges were rounded off reducing the influence

of this process. Chipping explains the high percent

weight loss during the initial stages of abrasion.

Chipping of cement blocks did not occur because the nature

of the material results in the grain by grain removal of

sand and granules that make up the cement samples.

Minute cracks in the dolostone sample caused by

concussions with the drum and surrounding sediment were

observed throughout the duration of the experiment. Loose

wedges between closely spaced cracks were noticed. These

wedges became detached during subsequent tumbling runs.

Although the effects of cracking and chipping are similar,

the smallness of the wedges suggests that a clast loses

weight slower by cracking. The influence of this process

greatly decreases as the angular portions of each

dolostone sample became rounded. If cracks occurred in

the cement, they were too small to be observed. The

physical properties of the cement may not produce a

suitable environment for this process.

Crushing and grinding, although difficult to observe.
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almost certainly took place throughout the entire

experiment. These processes are probably overshadowed by

chipping during the initial stages of abrasion. As the

angular edges of the clast were removed, crushing and

grinding became the dominant processes causing further

weight loss. This sequence of events agrees with

observation made by Wentworth (1919) , Krumbein (1941)

,

Kuenen (1956) , and Bradley (1970) . Crushing and grinding

are probably responsible for most of the weight loss

experienced by the cement blocks, enhanced by weak cement

bonds between the individual grains.

The Effect of Clast Size on Abrasion

Values shown in Table 6 reveal that the average rate

of abrasion of small dolostone blocks is less than that of

large size dolostone blocks tumbled at the same speed.

This is in accordance with observations made by Daubree

(1897) . This relation usually applies to the abrasion of

large and small cement blocks with the exception of blocks

tumbled at 5 revolutions per minute. However, the small

difference in the average abrasion rates of large and

small blocks suggests that clast size has only a minor

influence on the abrasion rate of the sample sizes

considered. Wentworth (1931) and Kuenen (1956) also

suggests that size has little or no effect in the abrasion

rates over a considerable range of sediment sizes.
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The average y-intercept for large size dolostone

samples are higher than the smaller size dolostone blocks

abraded at equal speed. Dolostone tumbled at 20

revolutions per minute is the exception. This indicates

that smaller dolostone samples usually lose less weight

during the initial stages of abrasion. The closeness of

y-intercepts for both sample sizes suggests that clast

size may be a minor factor in controlling the amount of

weight loss . This confirms findings by Kuenen (1956)

.

The average y-intercepts for smaller cement blocks are

greater than those of larger cement blocks. The weakness

of the cement bonds dominates the effect of size producing

high percent weight loss for all the cement blocks.

The Effect of Speed on Abrasion

The average y-intercept increased with speed for

blocks of equal size. This agrees with observations made

by Wentworth (1919) and Kuenen (1956) . On the average, the

abrasion rate increases as the speed is reduced for

samples of equal size. The difference in the slopes is

small suggesting that speed has only a moderate effect on

the rate of abrasion. This relation is contrary to

observations made by Kuenen (1956) . Although he suggested

that speed is a minor factor in abrasion rates, Kuenen

found that abrasion rates increase with speed. The

difference in results may be caused by the number and
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intensity of impacts produced by each apparatus.

The decrease in the abrasion rate with speed can be

explained by analyzing the impact characteristics as the

revolutions per minute are increased. Table 7 shows that

although the average number of impacts per minute

increases as the speed increases, the average number of

impacts per metre decreases with speed. Clasts abraded at

increasing speeds experience a reduced number of impacts

per metre, but at an increased intensity. This results in

a large weight loss initially because fewer intense hits

produce larger chips than many less intense collisions.

After the angular portions of the clast are removed, the

number of impacts becomes important, producing reduced

weight loss with distance as the speed is increased.

No clear relationship exists between the abrasions

rates and the amount of material lost over the first

kilometre for cement blocks versus speed. The slopes are

similar implying that the abrasion rate is not greatly

influenced as the revolutions per minute are increased.

The range of y-intercepts and slopes for cement and

dolostone blocks abraded at each speed are shown in Figs.

25a to 25d. Clasts tumbled at 10 RPM generally produce

higher y-intercepts than those obtained at a speed of 5

RPM. Clasts abraded at 10 RPM usually generate higher

slopes than those obtained at a speed of 20 RPM. As a





95

Dolostone
•iise





96

Y INTERCEPT





97

Y INTERCEPT

CO

SLOPE

ui-





9«

o

O
3

8
J.

Y- INTERCEPT
8 S o

1.

3
c+
-0

-J

n

3

3
CL

U)
*-»

o
o
-0

'A

o
3

O
rj

3
Ci

9
a

3

a

00

SLOPE





99

Y -INTERCEPT

c

vn
a.

<
at

in

ft
H-
o
3
CO

3

-J
n
CO

a

«
3
a.

o
?
CO

o
"1

o
a
r>

:»

3

O

71

CO

SLOPE



'l&iEll^'



100

result, a speed of 10 RPM seems to be the most effective

abrasion speed for cement and dolostone blocks.

Experimental Data Versus Stream Data

The slopes and y-intercepts obtained from the abrasion

of cement blocks in the laboratory and cement blocks

placed in Twenty Mile Creek and Cazenovia Creek are shown

in Table 8. The slopes of laboratory and field abraded

clasts are similar indicating that the abrasion mill may

adequately duplicate the natural abrasion rate of

sediment. The y-intercepts for laboratory abraded

samples are usually greater than those obtained from the

field abrasion equations suggesting that the tumbling

apparatus does not accurately reproduce the initial loss.

As a result, the abrasion mill is 30 to 400 percent more

effective in producing weight loss in the cement blocks

than Twenty Mile and Cazenovia Creeks. This may be caused

by a more intense tumbling motion created by the abrasion

apparatus

.

The correlation coefficients for the cumulative

percent weight loss of field abraded cement blocks are

lower than those obtained from the abrasion of cement

blocks in the laboratory. This indicates that although

distance is probably the most important parameter in clast

abrasion, other factors are involved. Some of the blocks

placed in both streams may have moved periodically,





10]

sustaining impacts in place. Laboratory abraded samples

experienced only abrasion with distance. Also the

movement of blocks in the abrasion mill differs from the

motion of channel sediment which may slide and saltate

along the streambed.

One of the main purposes of the field and laboratory

abrasion study was to determine if abrasion could account

for the observed decrease in the average weight of

sediment along the Credit River. A speed of 10 RPM was

selected for the comparison because this speed produced

the greatest cumulative weight loss of dolostone. The

slopes obtained from the laboratory abrasion of cement

and dolostone samples were compared to the slopes obtained

from the field abrasion of cement. This was done in order

to determine the slopes of dolostone blocks if they were

abraded in Cazenovia and Twenty Mile Creeks. The same

operation was used to calculate the y-intercepts of

dolostone blocks if they were abraded in the two streams.

The relations are expressed by the equations:

Lab Slope (dolomite) Field Slope (dolomite)
(1) =

Lab Slope (cement) Field Slope (Cement)
.SPACE 1

(2) Lab Intercept (dolostone) Field Intercept (dolostone)

IjOb Intercept (cement) Field Intercept (cement)

The data used in the calculations appear in Tables 6 and

8. In determining the predicted slope of naturally abraded

dolostone, the highest abrasion rates were chosen for
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experimentally abraded dolostone and field abraded cement

blocks. This corresponded to the experimental abrasion of

an 8 cm dolostone block at a speed of 10 RPM and the field

abrasion of 8cm blocks in Twenty Mile Creek. The

smallest slope obtained from the experimental abrasion of

cement blocks was used. This corresponded to the

experimental abrasion of an 8cm cement block at a speed of

10 RPM. By using these values the maximum slope of

dolostone blocks if they were abraded in the two streams

can be obtained. The calculation is as follows:
Q.69 S_
0.87 0.81 S = 0.6if;

where "S" is the maximum predicted abrasion rate of

dolostone blocks if they were placed in Twenty Mile Creek.

In determining the predicted initial amount of abrasion of

naturally abraded dolostone blocks, the y-intercepts

associated with the slopes used in the previous

calaculation were considered. The y-intercept calculation

is as follows: Z 6(> Y

where "Y" is the predicted initial amount of abrasion for

dolostone blocks if they were placed in Twenty Mile

Creek.

The calculated slope and y-intercept were used to

predict the maximum cumulative percent weight loss of

naturally abraded dolostone blocks (Line C, Fig. 26) . In

Fig. 26 the maximum cumulative percent weight loss was

plotted for experimentally abraded limestone obtained from
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DISTANCE (KM)

Figure 26. Average cumulative percent weight loss
for Credit River cla^Sts (A^slculated from
Fig. U and ^ compared to mf^ximum rumulative
percent weight loss for:

(B) experimentallv abraded limestone
( Krumbein, IQLl)

;

(C) predicted abrasion of dolostone in
streams;

(D) experimentally abraded dolostone;
(E) experiment--} llv abraded limestone

(:Kuenen, 1956).
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Kruitibein (1941) (line B) , and experimentally abraded

limestone from Kuenen (1956) (line E) . Also plotted in

Fig. 26 is the maximum cumulative percent weight loss of

experimentally abraded dolostone (line D) . This

corresponed to the abrasion of an 8 cm dolostone block

tumbled at 10 RPM (Table. 6) . The average cumulative

percent weight loss observed along the initial 40 km reach

of the Credit River is approximately 97 percent (line A in

Fig. 26) . The maximum cumulative percent weight loss of

limestone experimentally abraded by Kuenen and Krumbein is

between 20 and 60 percent. The maximum cumulative

percent weight loss for experimentally abraded dolostone

and the predicted maximum cumulative percent weight loss

of dolostone are both approximately 30 percent. Therefore,

limestone and dolostone abraded under optimal conditions

can not fully account for the observed decrease in the

average weight of sediment along the Credit River. This

comparison assumes that the abrasion of sediment in Twenty

Mile and Cazenovia Creeks approximates the attrition of

clasts in the Credit River. It is also assumed that the

hardness of both the Gasport dolostone and the limestone

abraded by Krumbein and Kuenen are close to that of

limestone and dolostone present along the Credit River.
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SUMMARY and CONCLUSIONS

The rate of decrease in the mean sediment size and

weight per square metre along the Credit River study area

was found to depend on the channel gradient and the

channel width. The average weight and size of sediment

decreased by 25 to 40 percent along reaches with a

relatively constant channel width and stream gradient. A

75 percent decrease in the average size and weight of

clasts was observed along reaches with variable channel

widths and channel gradients. Sediment was usually better

sorted in wider portions of the channel than in narrower

stream reaches.

The downstream distribution of a specific sediment

size was found to consist of: (1) a transport zone; (2) an

accumulation zone; and (3) a depletion zone. These zones

shift downstream for each decrease in sediment size and

roughly match the downstream decline in the mean sediment

size. Along a .285 km reach upstream from the dam at

Streetsville, the sediment distribution shifted

downcurrent for each finer clast size. These sediment

accumulations are associated with a rapid decrease in

sediment diameter in the direction of transport. Abrasion

is ineffective over the distance considered. Hydraulic

sorting enhanced by increases in the channel width and

water depth explains the sediment distribution along the
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.285 km reach. This provides sedimentary evidence that

selective sorting is active over the entire study reach

along the Credit River.

Within the Cazenovia Creek study area, 8 cm blocks

began to move during a discharge ranging between 10.66 cu

m/s and 15.82 cu m/s. The 6 cm blocks started to move in

a discharge between 6.15 cu m/s and 10.66 cu m/s.

Critical discharges predicted using Baker and Ritter's

method were closer to the actual values than those

obtained from Yalin's method. Yalin's method does not

consider hydraulic lift, influential in shallow flow

environments present within the Cazenovia Creek study

area.

Within the Twenty Mile Creek study reach the critical

discharge required to initiate the movement of both block

sizes was between 4.45 cu.m/s and 43.8 cu.m/s. Predicted

values using Baker and Ritters method were observed to be

too low. Predicted critical discharges obtained using

Yalin's method are more accurate. This is because Yalin's

method is based on tangential forces that would be more

effective than hydraulic lift in the deeper flow present

on Twenty Mile Creek.

Most of the cement blocks placed in Twenty Mile and

Cazenovia creek were transported through stream reaches

with a smooth bed and constant channel width. The blocks

in both streams accumulated in wider channel reaches. A
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decrease in the stream competence and increase in the bed

roughness occurred in wider portions of the channel . The

abrasion of blocks in both streams is best expressed as a

power function.

The percent weight loss with distance of laboratory

abraded dolostone is best described by a power function

while the weight of dolostone with distance decreases

exponentially. It was observed that chipping produced the

high rate of weight loss during the initial stages of

abrasion. The influence of crushing and grinding

increases as the clasts became more rounded. The average

rate and average initial amount of abrasion of dolostone

was slightly higher for 8 cm blocks compared to 6 cm

blocks. This suggests that abrasion is only moderately

influenced by the clast diameter for the size range

considered. The average initial amount of abrasion of

dolostone increases with speed. This is because the

increased intensity of motion created at faster speeds

resulted in a rapid removal of angular portions of the

blocks with distance. The average rate of abrasion

decreased with speed. This may be explained by the

reduced number of impacts per metre as the speed is

increased.

The average rates of attrition of cement blocks

abraded in the laboratory are close to those of cement

blocks placed in Twenty Mile and Cazenovia Creeks. The
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abrasion mill was found to produce greater weight loss

than stream action becauses of higher initial abrasion.

The correlation coefficients for the percent weight loss

with distance are lower for stream abraded samples. This

suggests that other factors such as impacts in place, the

size of the surrounding sediment and hydraulic sorting may

be involved.

The maximum cumulative percent weight loss of

dolostone and limestone based on field and laboratory data

is 33 to 75 percent lower than the weight loss observed

along the Credit River. This suggests that clasts abraded

under optimum conditions can not fully acccount for the

observed decrease in the average size of sediment in the

Credit River. Selective sorting and abrasion explain the

downstream distribution of sediment sizes along the Credit

River.
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APPENDIX I

Sediment si»e and weight data for sampling

stations along the Credit River.
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APPENDIX II

Weight percent data for sediment sizes

sampled along a 285 m reach directly upstream

from the dam near Streetsville.





A20

STATION NUMBER 1

PHI SIZE WEIGHT PERCENT

STATION NUMBER 2

PHI SIZE WEIGHT PERCENT

-7.50





A21

STATION NUMBER 3

PHI SIZE





A22

STATION NUMBER 5

PHI SIZE WEIGHT PERCENT

STATION NUMBER 6

PHI SIZE WEIGHT PERCENT

7.50





A23

STATION NUMBER 7

PHI SIZE WEIGHT PERCENT

STATION NUMBER 8

PHI SIZE WEIGHT PERCENT

-7.50





A24

STATION NUMBER 9

PHI SIZE WEIGHT PERCENT

STATION NUMBER 10

PHI SIZE WEIGHT PERCENT

-7.50





A25

STATION NUMBER 11

PHI SIZE WEIGHT PERCENT

-7.50





A26

APPENDIX III

Abrasion and transport data for cement

blocks in Twenty Mile and Cazenovia Creek,





Large cement blocks in Twenty Mile Creek
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Small cement blocks in Twenty Mile Creek
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Large cement blocks in Cazenovia Creek

BLOCr.





Small cement blocks in Cazenovia Creek

A34

BLOCK





A3 5

APPENDIX IV

Timed measurements used to calculate

the number of impacts and the distance

tumbled in the abrasion mill.
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APPENDIX V

Abrasion data for dolostone and

cement blocks tumbled in the laboratory,
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TUMBLING SPEED 10.0 SF-
TOTAL DISIAHCE 0.2: KM
JjThL IIMl: Q.L i-3(S

..•'4': q-,

1044.03
i044.0E:
i. V *i4 « / J-'

LAiiGE LHMENi BLOCKS
RUN NJrtBEjT

i^LN DISTANCE
KUN iinE
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r
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LAaUE C£>;.iM ELuCK
1-<UN ;vuttbEli

km DISTANCr
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RUN NUMfcl,.=<

RUN II 1STAN J I:

RUN TIML
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SftALL DuLUSTjNE ELQCKS
RUN NUMBEK
RUN DISTANCE
RUN TIME
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i. V
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RUN mfthtU
RUN DISTANCE-
RUN TWE

ROCK NUhBtK
ORIQ. WI,
STARTING WT.
tiNAL wr.

LAKUE DDLOSIufsc BLDi

C.39 Kh
O.IS HRS

L020.49
1020. 4^

:j(^BLiNG SPEED
COXAL DISTANCE
:ciAL tint

3Qt,35

3^4.12

388.71
BBS. ;

i

3/2.20

iO.2 R?M
0.3v KM
0.2 HHS

LARGE DOLOSIONE BLOCKS
RUN NUMBER
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LAKGE uULUcIOnE Bi.3CKh

hJfH DISTANCE 5.45 r,?i TOIA^ DISTANCE 18.S:0 KH
RUN Hi-!! 4.00 hkb -JIAL ilMt 3.0 -!!(S

ftOCK -JttsEF
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SMhuL CEhENT BLOCKS
RUN NUMBER 1

RUN DISTANCE 0.39 Kf<

RUN TIME O.ib hRS

TUMBLING Sh'EEt i9.3 5:?H

TOTAL DISTANCE G.3S KH
TOTAL TIME 0.2 rdS

ROCK NUMBER
CRIQ. WI.
STARTING wl.
FINAL yi.
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APPENDIX VI

Binomial numbering system used to label

cement blocks abraded in the laboratory and

in streams.
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JYIHBOL
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APPENDIX VII

Equal-tails statistical table used to

test the significance of correlation coefficients

calculated from field and laboratory data.
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