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Abstract 

Property boundaries in Alberta that are defined by rivers are subject to the 

doctrine of accretion. A review of the history and development of this doctrine 

reveals that it accommodates all types of river channel change, including 

episodic movement, and that it is the overall progress of the change rather than 

the moment to moment process that should be considered when addressing 

whether an event is accretionary or avulsive. A behavioural model developed 

here for wandering gravel-bed rivers in southern Alberta indicates that change to 

these rivers is largely episodic and is mainly due to non-overbank peak seasonal 

flows rather than floods, but that rapid change can occur in response to certain 

events. Application of the behavioural model and the interpretation of the 

doctrine of accretion developed here to the 2000 Robertson v Wallace court case 

supports the judge’s rulings in all three disputed reaches. 
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You cannot step twice into the same river. 

-  Heraklitus, Fragment 41 
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Chapter One: Introduction 

In 2000, the Alberta court case of Robertson v. Wallace (Nation, 2000) 

brought to light legal and geological questions which remained unanswered after 

the judge’s  ruling.  The relevant part of the case centered on a debate as to 

whether a river, which served as the boundary between two properties, had 

moved through accretion or avulsion. The main difficulty arose from the fact that 

the river had not simply shifted position laterally; it had changed from a two-

channel system to a one-channel system, abandoning the westernmost channel 

around a previously mid-channel island.  This type of change is neither avulsive 

nor accretionary in the geological sense of the terms, and the legal sense of the 

terms in that context was unclear.  Such a discrepancy can arise because the law 

adopts scientific terms for its own use at a given point in history, both the 

scientific and legal uses of the terms then evolve, and ambiguity develops. In the 

present example, the law assumes that all types of river movement are avulsive 

or accretionary, while the geological perception is of a wide spectrum of 

processes that can occur simultaneously. This research was undertaken, in part, 

to clarify how the legal terms should be applied to the geological realities.  

Property boundaries in Alberta are defined for the most part by the 

Dominion Land Survey lines and registered according to the Torrens Land 

Registration System (Figure 1-1) (Barnett, 2001). This results in regular, relatively 

easily managed property titles and boundaries.  However, for property titles 
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registered before 1887, natural landscape features such as rivers were often used 

to define property boundaries. The law is aware that rivers move, and 

compensates for this through the doctrine of accretion, which states that slow 

and imperceptible movement of a river bed results in movement of the property 

boundary along with the river bed, whereas sudden changes in the position of 

the river bed leave the property boundary at the previous position. This works 

well in situations where a property-bounding river moves through classical 

meandering or avulsion.  However, Alberta by and large is a post-glaciated 

terrain (Harris and Waters, 1977) which furnishes poorly sorted bedload to its 

rivers (Shaw and Kellerhals, 1982). This results in the majority of its rivers, rather 

than following the familiar meandering or braided patterns, being wandering 

gravel-bed rivers (Desloges and Church, 1989)1. These wandering gravel-bed 

rivers do not effect work on their channels on an on-going basis, but rather do so 

only episodically, during peak annual discharges. In geological terms this is 

neither accretion (a constant and gradual build-up of material) nor avulsion (a 

rapid change in the position of a river channel). How the law should treat such 

episodic change necessitates interpretation of the doctrine of accretion; what 

constitutes slow and imperceptible versus sudden and perceptible movement? 

                                                 
1
 There is a trend to transition to sand-bed rivers to the south and east edges of the province, however, sand-

bed rivers have different morphological responses to varied discharges than gravel-bed rivers and are not 

addressed herein. 
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This thesis will illuminate the relationship between the legal and 

geological understanding of the terms avulsion, accretion, and river channel 

change by examining the history, development, and current use of the legal 

terms. In doing so, it expresses the idea that underlying the explicit question of 

the legalities of river channel movement within Alberta is the broader issue of 

how the law accommodates new scientific understanding, and examines what 

responsibility lies upon the scientific community to express information so that it 

may be interpreted clearly within existing law. In order to address the geological 

issues related to this case appropriately, this thesis also defines the majority of 

Alberta’s rivers as wandering gravel bed rivers and lays out a general model for 

their movement and behaviour.  
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Figure 1-1 A) The Torrens land registration system uses the Township Grid to 
define property boundaries (Government of Alberta, 2005) B) Each township is 
broken into 36 sections, each of which in turn may be referenced by quarter 
sections or legal subdivisions (Barnett, 2001) 
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Chapter Two: History and Development of the Doctrine of Accretion 

2.1 Introduction 

There is an apparent discrepancy between the current legal and geological 

definitions of the terms accretion and avulsion. By reviewing the history and 

development of the doctrine of accretion, this chapter addresses the  

question “Does the doctrine of accretion as it is currently applied and interpreted  

accommodate all aspects of river movement?” 

La Forest gives a comprehensive discussion of the doctrine of accretion in 

Water Law in Canada (1973), which can be summarized as:  Property bounded by 

a water body is entitled to increases resulting from deposition of alluvium or 

from recession of the waters provided these increases occur gradually and 

imperceptibly. Correspondingly, gradual and imperceptible erosion of land from 

a property, either through removal of soil by the water or by encroachment of the 

water upon the land will result in losses; this is considered accretionary.  In 

contrast, sudden changes in water level or the course of a river do not result in 

accretion or loss and the property boundary remains unchanged; this is 

considered avulsive.  The actual term accretion, defined in terms of the doctrine, 

is given by Judge Lamont in Clarke v. The City of Edmonton (1930):  

The term "accretion" denotes the increase which land bordering on a river or 

on the sea undergoes through the silting up of soil, sand or other substance, or the 

permanent retiral of the waters. This increase must be formed by a process so slow 

and gradual as to be, in a practical sense, imperceptible, by which is meant that the 
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addition cannot be observed in its actual progress from moment to moment or from 

hour to hour, although, after a certain period, it can be observed that there has been 

a fresh addition to the shore line. The increase must also result from the action of the 

water in the ordinary course of the operations of nature and not from some unusual 

or unnatural action by which a considerable quantity of soil is suddenly swept from 

the land of one man and deposited on, or annexed to, the land of another. (p.13) 

2.1.1 Legal Scope of This Thesis and Legal Definitions 

2.1.1.1 Legal Scope 

The research in this chapter seeks to elucidate the current legal approach to 

issues dealing with fluvial accretion and avulsion where a river is the defined 

boundary between two properties, whether both privately owned or one private 

and one Crown. This thesis does not address other legal issues that may arise 

with respect to accretion, as for example when accretion results in overlapping 

property boundaries (ie. Andriet v Strathcona(O'Brien, 2008)), or any situation 

other than that defined in the first sentence of this section. 

2.1.1.2 Legal Definitions    

Private property that is bound by a water body or watercourse extends only to 

the bank of the water body. The bank is defined in the Alberta Survey Act 

(Crown, 2010b), section 17 (2) as the line where the bed and shores cease. The bed 

and shores are then defined in section 17 (3) as the land covered or affected by 

water such that no vegetation exists or such that there is a distinct change in the 

type or character of the vegetation from that of the adjoining land.  In this thesis, 



 

7 

the bed and shores are referred to as the river channel. These bed and shores are 

property of the Crown, defined in the Alberta Public Lands Act (Crown, 2010a), 

Section 3, where the banks and beds of all naturally occurring bodies of water 

and watercourses is declared to be vested in the Crown. Therefore, any change to 

a river channel results in a change to Crown property. Contest between a private 

landowner and the Crown is the most common case where accretion comes in to 

play, however it is also possible to have a contest between two private 

landowners where a water body or watercourse serves as the boundary between 

the two.  

2.1.2 Scope of Chapter 2 

If the movement of a river channel is not continuous but rather seasonal or 

episodic, is it still accretionary?  This will be addressed by examining the 

historical basis of the doctrine of accretion and precedent cases from within 

Canada, Australia and the United Kingdom (the laws of which are all based on 

the English Common Law, and are therefore all legally relevant to each other and 

can provide precedent in similar cases).  First, however, a brief examination of 

how science and law interface and an introduction to the scientific principles of 

accretion and avulsion will put the discussion in context. 
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2.2 Scientific Basis for the Discussion of Accretion in Law 

2.2.1 Philosophy of Science v. Philosophy of Law 

It can be difficult to navigate the relationship between science, which 

exists in order to describe the physical universe in the simplest and most correct 

terms possible , and law, which  exists in order to support “legally enforceable 

expectations (“rights”), duties to respect those rights, and means of redressing 

violations of rights (“remedies”)”  in human society (Goldfarb, 1988).   

Scientific “truth” changes quickly as new research refines or even 

overturns previous ideas.  Scientific paradigms hold sway only so long as they 

explain the greatest amount of data in the simplest terms.  When new research 

produces data that do not appear to support a previous interpretation, either a 

new theory must be produced to accommodate them or more research must 

commence to determine how the exceptions relate to the old theory. In both cases 

the new data must be incorporated into any future contemplations of that 

subject.  

Law changes slowly through new judicial interpretations and through 

legislation which may be influenced by many factors aside from any current 

scientific theory relating to the subject.  In the case of common law doctrines, 

their scientific bases may be hundreds of years out of date. Reconciling two 

systems which deal with information in such different ways can seem daunting.  

Fortunately in most cases existing laws can be interpreted to support new 
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information and when they cannot, mechanisms do exist to make the required 

changes.  In his treatise Water Law (1988) William Goldfarb elegantly describes 

this process:  

“[L]egal decision making is flexible enough so that rules based on 

outdated science do not necessarily result in bad decisions. Law-makers find 

ways to resolve controversies equitably, even if it requires sophistry. Then, at the 

point where the legal stable becomes too Augean with untenable rules, 

conflicting rules, and distorted precedents, a supreme court or legislature will 

intervene and wash away the solid waste.”(p.8) 

Sometimes, however, the onus to resolve ambiguity lies as much upon the 

scientific community as the legal.  

2.2.2 Science of Accretion 

Accretion is the gradual, imperceptible build-up of alluvial material 

(Bridge, 2003).  It can occur anywhere land is bounded by water, whether fluvial, 

lacustrine or marine. The issues addressed in this chapter are concerned with the 

fine details of accretion in certain fluvial circumstances and therefore a basic 

explanation of the scientific process of fluvial accretion follows. 

A river is defined as: A large natural stream of water flowing in a channel 

to the sea, a lake, or another river (Soanes and Stevenson, 2005).  The important 

element in this definition is “in a channel”. Flowing water in and of itself does 
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not make a river. Rather, the interaction of the water with the channel it occupies 

defines the river.  

A river channel is composed of a bed and two banks. An active channel 

defines the river by prescribing the course that any water flow (discharge) must 

follow. Therefore a channel is active even when there is no discharge, as long as 

any future water flow will follow it. An inactive channel is one that no longer 

directs water flow, as that flow has been diverted elsewhere (Leopold, 1994).  

The width, depth and form of river channels change constantly, adjusting 

to internal and external influences (Lewin, 1977).  These influences are variations 

in discharge, sediment supply, or channel capacity as well as the simple physics 

of flowing water (Bridge, 2003). The mechanisms of adjustment are lateral 

migration, avulsion, and transfer of flow between two active channels. An 

avulsion occurs quickly and suddenly and results in perceptible change in the 

position of the active river channel.  Lateral migration can also cause significant 

change in the position of the active river channel, but does so gradually and 

imperceptibly. When there are two (or more) active channels in a river, there can 

be a dynamic relationship where one channel or the other captures more or less 

of the discharge by adjusting its bed, banks, and bars. Both this gradual transfer 

of flow and lateral migration have traditionally been conceived to occur on a 

more or less continuous basis (Bridge, 2003). The model of wandering gravel bed 

movement in the following chapter indicates that lateral migration and gradual 
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transfer of flow can also occur through the accumulated minor effects of 

numerous seasonal or episodic high discharge events. 

2.2.2.1 Meandering and Lateral Migration 

The term planform refers to the visual pattern of a river channel as seen 

from the air. Leopold and Wolman (1957) defined the three major patterns: 

meandering, braided and straight.  More recently an additional pattern was 

identified; the wandering gravel-bed planform is a stable state with 

characteristics of both meandering and braided (Desloges and Church, 1989; 

Nanson and Knighton, 1996). Meandering is the most prevalent state for rivers. 

Leopold (1994) states that 90% of valley length worldwide is occupied by single-

channel meandering rivers. Meandering is due to the natural process of lateral 

channel bed migration. This takes place when one river channel bank is eroded 

while material is accreted on the one opposite. However, due to the nature of 

hydraulic flow, this erosion and deposition do not take place uniformly over a 

channel, but shift to alternate sides of the channel (Charlton, 2008). This results in 

the river channel developing alternating “meandering” loops (Figure 2-1).  

Within fluvial environments this mechanism is the primary cause of 

accretion or erosion. Land on the inside bends is accreted to while land on the 

outside bends is eroded. This process may occur continuously or it may occur 

intermittently to seasonally as discharge levels in a river fluctuate. 
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Figure 2-1 Meander development. An initially straight channel has a sinuous 
thalweg (region of greatest velocity and depth). Erosion occurs at the outside 
bends of the thalweg and deposition at the insides. Eventually meanders develop 
and migrate laterally. From Mount (1995), adapted from Keller (1972) 

 

Low winter flows often do not have enough force to carry channel bed 

material at all, while peak spring or summer flows can carry a large quantity, 

thereby increasing the rate of lateral migration significantly (Knighton, 1998). 

Individual meanders migrate laterally until it becomes more energetically 

efficient for the stream to cut a new channel across the meander neck (one form 

of neck cutoff) or across the meander loop itself (chute cutoff) (Figure 2-2). A 

second type of neck cutoff can occur when two arms of a meander loop migrate 

into each other (Figure 2-2). 

2.2.2.2 Avulsion 

Bridge (2003) states that “avulsion is the process whereby [an active river 

channel] shifts relatively abruptly from one location to another on the floodplain 

surface in favour of a new gradient”. There are two elements to this concept: 

first, there is a change in channel position, and second, it happens rapidly. 
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Cutoffs that occur gradually are not avulsions, as is supported by numerous 

studies which define cutoffs and avulsions separately (Schumm, 1971; Lewin, 

1977; Erskine, McFadden and Bishop, 1992; Sinha, 1996; Phillips, 2008). One 

significant exception to this distinction is Slingerland and Smith’s (2004) 

comprehensive review of river channel changes, where all channel relocations 

are defined as avulsions, whether rapid or gradual, even those which occur over 

hundreds of years. That definition is so broad as to remove any usefulness for the 

term in the context of this paper; if all channel changes are avulsive then there is 

no need for the doctrine of accretion. Therefore, to retain clarity for the legal 

discussion, avulsions are here defined as only those changes in channel position 

that occur rapidly.  

The mechanics of an avulsion involve many factors. When the flow in a 

given channel overwhelms the capacity of the channel to carry it, a previously 

existing weak point in either bank may give way providing a conduit to the 

lower floodplain. The greater energy efficiency of this new course causes the 

flow to divert through the breached bank. The narrowness of the conduit 

combined with the greater than normal discharge from the original channel 

produces an extremely rapid flow rate and very high stream power through the 

breach. This results in rapid erosion both at the breach and along the new flow 

course, creating a new channel (Charlton, 2008; Bridge, 2003). 
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Figure 2-2   Cutoff Types.  (developed from Bridge, 2003; Selby, 1986; Bates and 
Jackson, 1984; Jones and Schumm, 1999; Phillips, 2008; Constantine and Dunne, 
2008)   

A) Migration Neck Cutoff: Two arms of the meander loop migrate into each other, 
eroding away the narrow neck of land between them and short-circuiting the loop.  
One or both mouths of the old channel may become plugged, creating a restricted 
backwater or an oxbow lake respectively, or a two-channel system may be 
established. Significant channel straightening occurs, but a sharp bend may remain.  

B) Neck Chute Cutoff: During flooding overbank flows erode a gully that connects 
the two arms of the loop at its nadir. One or both mouths of the old channel may 
become plugged, creating a restricted backwater or an oxbow lake respectively, or a 
two-channel system may be established. This type of cutoff produces maximum 
channel straightening. 

C) Chute Cutoff: During flooding overbank flows erode a gully that connects the 
two arms of the loop across the loop itself. One or both mouths of the old channel 
may become plugged, creating a restricted backwater or an oxbow lake respectively, 
or a two-channel system may be established. Overall sinuosity and channel length is 
decreased by this type of cutoff but a significant portion of the loop may remain. 
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Avulsion is not scale dependent; small portions of a channel may be 

rerouted or almost the entire length of the river can be affected (Jones and 

Schumm, 1999). An avulsion may be partial or full, a partial avulsion results in a 

two-channel system, while a full avulsion changes the original channel from 

active to inactive (and abandoned) while the new, more energetically efficient 

path becomes the active channel. The important point of an avulsion is that it 

occurs abruptly and perceptibly.  

 

2.2.2.3 Gradual Transfer of Flow 

When a river bank is breached or a pre-existing channel is intersected but 

only a portion of the river’s flow is diverted, two situations can occur. The river 

may establish an anastomosing or distributive pattern. The former consists of 

two or more stable channels that split and rejoin, and the latter of two or more 

stable channels that split but do not rejoin. In each case all stable channels are 

simultaneously occupied by the river’s flow continuously thereafter. Alternately, 

the flow of the river may continue to occupy the original bed but begin to divert 

to the new channel over time such that the original channel is eventually 

abandoned (Bristow, 1999). A chute cutoff is an example of this (Allen, 1965). An 

important factor in such gradual transfers is the bedload material of the river; 

channels composed of sand are more likely to effect such transfers in a truly 

accretionary manner, with regular daily flows able to move bedload on an 
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ongoing basis. In contrast, regular daily flows throughout the year are often not 

strong enough to move bedload in channels composed of gravel (pebble, cobble 

and boulder sized material), and these rivers rely rather on large episodic flows 

to move bedload. This is of particular importance in Alberta where virtually all 

rivers (with a few notable exceptions) are gravel-bed, as it implies that all 

movement on these rivers is episodic rather than continuous. However, despite 

perceptible bedload movement during such episodic flood events, changes to the 

channel bed and bars during each event are essentially imperceptible. 

Nevertheless the cumulative effect of numerous episodic flood events can result 

in significant and perceptible change in the position of the active channel over 

time.  

The following section (2.2) of this chapter shows that where episodic 

change in river channel position is imperceptible in its progress (although 

movement of some bedload may be perceived during a given high discharge 

event), the movement is accretionary according to the law.   A review of the 

development of the doctrine of accretion, from its earliest origins through to 20th 

century interpretations, will show that this is the clear and correct application of 

the doctrine. 
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2.3 The Doctrine of Accretion in Historical Context and Relevant Case Law 

2.3.1 Historical basis of the Doctrine of Accretion 

2.3.1.1 Roman and Medieval Laws and Treatises 

The doctrine of accretion is a descriptor of a property right; the right to 

ownership of alluvial  increases to one’s land.  In its first incarnation in Roman 

law accretion was an aspect of accession; that is “where the property of one 

person is so intermixed with the property of another that either it cannot be 

separated at all, or cannot be separated without inflicting damage out of 

proportion to the gain.” (Hunter, 1903) p.274) Where two properties were so 

intermixed the law was called upon to determine which property was the 

principle and which the accessory; the underlying assumption being that the 

principle property could exist without the accessory but not the other way 

around.  Once it was determined which was which, the accessory property was 

deemed to accrue to the owner of the primary property. The issue of 

compensation for the lost property was dealt with on a case by case basis but in 

the case of alluvial deposits, as the material is assumed to derive somewhat 

equally from all lands upstream, compensation was not at issue (Hunter, 1903). 

These are the institutes pertaining to accession of land to land from Justinian: 

20. Moreover an addition which the river makes to your land by alluvion is 

yours by the law of nations: and alluvion is an imperceptible increase; that being 

considered to be added by alluvion which is added so gradually that you cannot 

perceive how much is added at each instant of time.  
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21. But if the violence of the river force away a portion from your field and 

carry it to the field of your neighbour, it is clear that it remains yours. Although, 

doubtless, if it remain attached to your neighbour’s field for a considerable time, and 

if the trees which it may have borne along with it have fixed their roots in that field 

of his, from that period the trees are regarded as accruing to your neighbour’s field...  

23. Again, if the river, leaving its natural channel altogether, begin to flow in 

another direction, the original bed belongs to those who possess the lands along the 

bank, in proportion, of course, to the breadth of each man’s land measured along the 

bank; and the new bed begins to be of the same character as the river itself, namely 

public. But if after a while the river return to its former channel, the new bed again 

belongs immediately to those who have the lands along its bank.  

24. The case is entirely different, supposing a man’s land be completely 

flooded, for the flood does not alter the character of the land; and therefore if the 

water retire it is clear that the field remains the property of him to whom it 

originally belonged. (Abdy and Walker, 1876) 

 

 Thus ownership of gradual and imperceptible accumulations of alluvial 

material against a parcel of land vests in the proprietor of that land. In contrast, 

ownership of a piece of land which moves swiftly and perceptibly from one place 

to another vests in the original proprietor.  Justinian does not use the terms 

“accretion” (accretio) or “avulsion” (avulsio), and in fact “avulsion” does not occur 

at all in Roman juristic documents but rather the terms are used in Roman 

literature regarding the Institutes (Berger, 2004). Indeed avulsion as it is used in 

the modern context, a sudden or abrupt change in the position of an active river 
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channel, can only be obliquely inferred from “the river, leaving its natural 

channel altogether, begin to flow in another direction”.  Nonetheless these 

Institutes form the essential basis for the doctrine of accretion by delineating 

changes in ownership based on increases from alluvial deposition and from 

water movement. Importantly they also introduce the terms “gradual and 

“imperceptible” which are the fundamental discriminators between accretion 

and avulsion.  

An additional aspect of the doctrine of accretion is introduced by Justinian 

in a discussion of transaction risks:  

3.2.3 Now when the contract of buying and selling is complete (which we 

have already stated is so soon as agreement has been arrived at, in the case where 

the business is done without writing): the risk attaching to the article sold falls at 

once upon the purchaser, and , therefore, if a slave die or suffer injury in any part of 

his body, or if a house be destroyed wholly or partly by fire, or if a field be wholly or 

partly carried away by the force of a stream, or be made considerably smaller or less 

valuable by an inundation, or by trees being thrown down by a tempest, the loss is 

the purchaser’s and he is obliged to pay the price, although he has not obtained the 

article. For the vendor is clear of responsibility for anything which happens without 

his fraud or negligence. So, again, if there be any accrual to the land by alluvion after 

the sale, this goes to the profit of the purchaser: for the benefit ought to belong to the 

same person as the risk (Abdy and Walker, 1876) . 

Here the reference to alluvium increasing the property is almost 

incidental; it is implicitly understood. However the juxtaposition of the alluvium 



 

20 

reference with the axiom that either benefit or risk should belong to the person 

who bears the other is significant.  The association of these two concepts within 

the Institutes themselves suggests that the risk/benefit justification is the basis 

on which the rule was created.  

In the 13th century Bracton (Bracton, 1250) compiled the laws of England, 

now known to have been assembled for the most part by others and added to in 

the 1250s by Bracton himself. Much of the law can be seen to have been taken 

directly from the Institutes of Justinian, but the Bracton volume includes some 

interesting observations and rationalizations, and where the law of England 

differed from Roman Law, Bracton describes the English law instead. Bracton 

describes the English common law regarding transaction risk with the same 

references to alluvial increase and the risk/benefit justification as the Institutes, 

although interestingly by that time the law had changed to place the burden of 

risk upon the seller until delivery had taken place (Bracton, 1250)2.44). Bracton’s 

discussion of this law is important for another reason; in his ruling in  Attorney-

General v. M’Carthy , Judge Palles states that Bracton established that the rule of 

alluvial increase was no longer simply a construct of the civil law because “[B]y 

inserting this passage in his book on the laws and customs of England, [Bracton] 

presents it to us as part of those laws and customs” (Palles, 1911). 

Some further reasoning as to the basis of the rule of alluvial increase was 

supplied by Robert Callis in 1622 in his treatise on laws pertaining to sewers. 
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Callis used a case from 1348 to demonstrate the rationale against the Crown 

gaining ownership of lands left by recess of the sea. The water movement in his 

example was that of a river but he argued that the same principle applied to 

changes of the sea level. 

The case was, that river of water did run between two lordships: and the soil 

of one side, together with the river of water, did wholly belong to one of the said 

lordships; and the river by little and little did gather upon the soil of the other lord, 

but so slowly, that if one had fixed his eye a whole day thereon together, it could not 

be perceived. By this petty and unperceivable increase, the increasement was got to 

the owner of the river: but if the river by a sudden and unusual flood had gained 

hastily a great parcel of the other lord's ground, he should not thereby have lost the 

same.- And so of petty and unperceivable increasements from the sea the King gains 

no property, for de minimis non curat lex (Callis, 1622) 

Changes so minimal that they could not attract the notice of the law, Callis 

stated, cannot accrue to the king. Callis had a strong influence on the 

development of the doctrine of accretion.  Blackstone, in his sweeping 1765-69 

treatise on the common law of England, cites Callis extensively with regard to 

lands gained and lost by water movement, both marine and fluvial . Blackstone’s 

treatment of the subject also re-establishes the risk/benefit justification for the 

doctrine: 

And as to lands gained from the sea, either by alluvion, by the washing up 

of sand and earth, so as in time to make terra firma; or by dereliction, as when the 

sea shrinks back below the usual watermark; in these cases the law is held to be, that 

if this gain be by little and little, by small and imperceptible degrees, it shall go to 

the owner of the land adjoining. For de minimis non curat lex: and, besides, these 

owners being often losers by the breaking in of the sea, or at charges to keep it out, 
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this possible gain is therefore a reciprocal consideration for such possible charge of 

loss. [...]In the same manner if a river, running between two lordships, by degrees 

gains upon the one, and thereby leaves the other dry; the owner who loses his 

ground thus imperceptibly has no remedy: but if the course of the river be changed 

by a sudden and violent flood, or other hasty means, and thereby a man loses his 

ground, he shall have what the river has left in any other place, as a recompense for 

this sudden loss (Blackstone, 1765-1769).  

Another influential treatise that dealt with alluvial increases to land was 

Sir Matthew Hale’s De Jure Maris (Hale, 1888). His authority is often referred to 

concerning the medium high tide mark as the boundary between Crown and 

private lands on marine fronting property, stated here: 

1. That the dominion and ownership of the British Seas, and of the creeks, 
bays, arms, ports, and tide rivers thereof, are vested, by our law, in the Crown. 

2. That this ownership includes aquam et solum; both the water, its products 
and uses, and the land or soil under the water. 

3. That such ownership includes the shore, as far as the reach of the high-
water mark of the medium high tide [between the springs and the neaps]. 

4. That the land subject to spring tides, and high spring tides, is no part of 
the sea, or sea-shore ; but belongs to the title and ownership of the terra firma.  

5. That by grant from the Crown, a subject may have a lawful ownership of 
a certain portion of the sea, its creeks, bays, arms, ports, or tide-rivers, and of the 
shores thereof, tarn aqua quam soli.  

With respect to the ownership of alluvial increases, Hale indicated that 

they vested in the Crown unless they were so imperceptible that it could not be 

shown the sea had ever covered that land: 
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The King hath a title to maritime increments, or increase of the land by the 

sea...The increase per alluvionem is when the sea, by casting up sand and earth, doth 

by degrees increase the land, and shut iself out further than the ancient bounds west. 

The reason why this belongs to the Crown is, because, in truth, the soil where there 

is now dry land was formerly part of the very fundus maris, and consequently 

belonged to the King. But, indeed, if such alluvion be so insensible that it cannot be 

by any means found that the sea was there, idem est non esse et non apparere, the 

land thus increased belongs, as a perquisite, to the owner of the land adjacent 

(Hale, 1888). 

Thus Roman and medieval English law and treatises established the basic 

form of the doctrine of accretion. Its further development and refinement to the 

broad and comprehensive doctrine applied today was an iterative process of 

judicial interpretations building one upon another through the 17th to 20th 

centuries.  

2.3.1.2 Historical Case Law  

In 1824 the landmark case of Rex v. Lord Yarborough (Tenterden, 1824) 

synthesized two centuries worth of discussion and conjecture about the nature of 

alluvial additions and the import of the word “imperceptible”.  At issue was 

ownership of some 450 acres of salt marsh which had accumulated against the 

seawall of the North Cotes demesne between 1300 and 1818. The key debate 

centered on the fact that a Crown commission claimed ownership of the newly 

formed land for the Crown, relying on the fact that the right of the subject 
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proprietor to alluvial increases depends on the accumulations being gradual and 

imperceptible. The Crown argued that an addition of many cubic yards per year 

results in a perceptible increase. The judge found the evidence of the witnesses 

indicated the opposite; all four witnesses testified that despite relatively large 

increases in land area each year (averaging approximately 5.5 linear yards per 

year), “no one witness has said that it could be perceived, either in its progress, 

or at the end of a week or a month.”  (Tenterden, 1824) This observation served 

to support Lord Tenterden (Judge Abbot)’s critical discussion of the meaning of 

imperceptible:  

And considering the word “imperceptible” in this issue, as connected with 

the words “slow and gradual”, we think it must be understood as expressive only of 

the manner of the accretion, as the other words undoubtedly are, and as meaning 

imperceptible in its progress, not imperceptible after a long lapse of time 

(Tenterden, 1824). 

This characterization of imperceptibility has been accepted as the 

authoritative definition in all major accretion cases since ((Judicial Committee, 

1915; Chelmsford, 1859; Lamont, 1930; Wilberforce, 1982).  It is also important to 

note that Lord Tenterden does in fact use the term “accretion”, thus formally 

associating the doctrine of alluvial increases with that term (Tenterden, 1824). 

Another important aspect of the doctrine was considered in 1859. Lord 

Tenterden’s discussion of accretion, while clear, left open the question of whether 

the accretion must occur as a result of natural processes in order for ownership in 
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the accreted material to vest in the proprietor of the land to which it attaches. 

Attorney-General v. Chambers (Chelmsford, 1859) addressed this question. At issue 

was the determination of the medium high waterline in the county of Llanelly, 

Wales, in order to settle a number of minor land disputes between private 

owners and the Crown. The surveyor came to the conclusion that in certain areas 

artificial embankments extending into the bay had resulted in accretion against 

the foreshore, thereby artificially changing the position of the medium high 

waterline. The Crown therefore asked the court to rule as to “whether the well 

known rule of law as to the right of land gained from the sea is applicable to a 

case where the alluvium or dereliction has not been the result of merely natural 

causes” (Chelmsford, 1859) With no precedent to call upon, Lord Chelmsford, 

the presiding judge, looked at the underlying basis for the doctrine. He stated 

that “de minimis non curat lex” did not satisfy him because accretion after some 

time could result in an increase that would not be beneath the notice of the law, 

and he then asserted preference for Baron Alderson’s explanation for the 

doctrine in The Hull and Selby Railway Company (Alderson, 1839): “That which 

cannot be perceived in its progress is taken to be as if it never existed at all”.  

Lord Chelmsford’s interpretation of “de minimis non curat lex” seems inconsistent 

with its interpretation in Rex v. Yarborough and Callis, wherein it was the 

increments themselves which were found to be beneath the notice of the law, and 

that ownership of the resulting large increase could not be removed when the 
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minor gains had been granted. When taken in that sense, “de minimis non curat 

lex” supports Lord Chelmsford’s argument at least as strongly as Baron 

Alderson’s phrase. The distinction is not markedly important, however, as Lord 

Chelmsford gave more weight to the principle of reciprocity and used it to justify 

his conclusion that accretions produced by artificial means should be treated in 

the same manner as those produced naturally:  

It must always be borne in mind that the owner of lands does not derive 

benefit alone, but may suffer loss from the operation of this rule; for if the sea 

gradually steals upon the land, he loses so much of his property, which is thus 

silently transferred by the law to the proprietor of the seashore. If this be the true 

ground of the rule, it seems difficult to understand why similar effects, produced by 

a party’s lawful use of his own land, should be subject to a different law, and still 

more so if these effects are the result of operations upon neighbouring lands of 

another proprietor. Whatever may be the nature and character of these operations, 

they ought not to affect a rule which applies to a result and not to the manner of its 

production (Chelmsford, 1859). 

Lord Chelmsford did however hold that if operations were carried out 

with the intent of creating such artificial accretions, ownership would not vest in 

the proprietor of the land but in the crown.  

 

A third important consideration arose in the 1911 case Attorney General v. 

M’Carthy (Palles, 1911). Justin M’Carthy, proprietor of an ocean-fronting 

property in Kerry, Ireland, had restricted public access to land which had 
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accreted to his property, although he had not restricted access to the foreshore 

adjacent. The Crown argued that the newly formed land did not accrue to the 

M’Carthy property as the mean high water mark on the property before the 

accretion occurred could be determined on a map dating from 1843. Judge Palles 

dismissed this claim by referencing first Rex v. Yarborough and then Gifford v. Lord 

Yarborough. The relevant issue in Rex v. Yarborough is that the boundaries of the 

North Cotes demesne have “fixed and known boundaries on all sides, except 

where they abutted on the sea” (Best, 1828), and most importantly that  

 

[The traverse] did not deny the existence of marks or bounds, or of the 

extent of land by which the former high water mark could be known, or that it was, 

in fact, unknown...it could not have been alleged, as a matter of fact, that there were 

no such marks or bounds, because it was proved at the trial that the land between 

one of the sea-walls mentioned in the inquisition and another sea-wall, still more 

remote from the sea, was formerly covered by the sea; and, therefore, at least one of 

the existing sea-walls must have been a sufficient mark of former high water (Best, 

1828). 

 

Judge Palles firmly states that this in itself should have been enough to 

dismiss the argument of the Crown in M’Carthy; the Crown in Rex v. Yarborough 

treated the traverse as sufficient, thus confirming that ownership of accreted land 

vests in the proprietor of the land to which it accrues, regardless of the ability to 
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determine a former medium high water mark, or indeed any boundary 

delineated previous to, or still identifiable since, the accretion. To further endorse 

the point, Judge Palles refers to Gifford v Lord Yarborough.  This was a special case 

settled by pro forma judgement which arose from a writ of error to the House of 

Lords regarding Rex v. Yarborough. Judge Palles summarizes the matter:  

 

The error assigned was that it appears by the record that the land was 

gained from the sea by alluvion, but the defendant did not allege any custom or acts 

whereby the title of the King to the land so gained was barred or defeated; and that 

the matters alleged by the traverse were not sufficient in law to bar such title of the 

king. ...They then stated the ultimate conclusion at which they had arrived; that 

there is a custom by which land from which the sea is gradually and imperceptibly 

removed by the alluvion of the soil becomes the property of the person to whose 

land it is attached, although it has been the fundus maris, and as such the property 

of the King (Best, 1828; Palles, 1911).  

 

This settled any question as to the authority of Rex v. Yarborough; no 

outstanding arguments against it stand. Therefore Judge Palles concludes that: 

This establishes, as against the Crown, the absolute right of the owner of 

lands adjoining the sea to any accretion thereto which accrues by the gradual and 

imperceptible action of “alluvion”; and I hold that, after determination, it is 

competent to us, or to any Court, to hold that this right is conditional upon the non-
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existence of marks sufficient to designate the former high water mark (Palles, 

1911)2.  

This section demonstrates that the basic framework of the doctrine of 

accretion, laid out by the Institutes of Justinian and Bracton, was rationalized and 

fleshed out by the treatises of Callis, Hale and Blackstone and most importantly 

by the precedent setting Rex v. Yarborough and further by Chambers and  M’Carthy 

such that by the early 20th century the doctrine existed substantially as it is 

interpreted today. 

2.3.2 Interpretation of the Doctrine of Accretion in 20th Century Case Law 

2.3.2.1 Consideration of the History of the Doctrine in its Application 

In Water Law in Canada, La Forest states that the underlying reasons for the 

doctrine of accretion “form no part of the rule, whatever part they may have 

played in establishing it.” (La Forest, 1973). He references Attorney General of 

British Columbia v Neilson (Kerwin, 1956) for this argument. In that judgement 

Judge Kerwin referred to the elements of “the general advantage from the 

standpoint of utility of giving the adjacent owner the added land which 

otherwise would remain less usable; and the maniorableness of the reclaimed 

portion, that is, its capacity to be worked by hand for ordinary land purposes 

                                                 
2
 Palles C.B. goes on to note that failure by Lord Chelmsford L.C.to consider Gifford v. Yarborough in 

Chambers resulted in an error of interpretation relating to the issue of original boundaries, an error that had 

been widely repeated. In an attempt to prevent future repetition of the error, Palles C.B. undertook a 

thorough discussion of subsequent cases. He firmly stated, however, that these subsequent cases were 

mentioned merely to illustrate the misinterpretation and that authority for his decision in M’Carthy rested 

solely on Rex v. Yarborough and Gifford v. Yarborough. 
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such as the raising of herbage or crops.” (Kerwin, 1956 p.15). These arguments 

are derived from Lord Hale’s justification in De Jure Maris for the ordinary high 

tide mark as the boundary between Crown and private lands on marine-front 

property. Judge Kerwin’s argument against considering these elements was “But 

these features of convenience and utility are irrelevant when the change of the 

tide line is perceptible, and they must be taken to be equally so when the change 

is imperceptible.” (Kerwin, 1956)  The importance of this observation can be 

illustrated by replacing these later justifications with the fundamental 

benefit/risk reciprocity justification of the doctrine. To apply Judge Kerwin’s 

reasoning to that element results in the following statement: “Whether the 

property owner bears the risk of losing or gaining land is irrelevant when the 

change of tide line (or any bounding water line such as a river channel) is 

perceptible, and it must be taken to be equally so when the change is 

imperceptible.” In other words, because the property owner does not lose or gain 

land in the case of avulsion or sudden ingress or recess of the sea, whether he 

bears the risk of gaining or losing property is irrelevant when the water 

movement is gradual; the loss or gain occurs regardless. I have shown that the 

risk reciprocity justification of the doctrine, far from being irrelevant, is indeed 

the fundamental basis for it. And yet when Judge Kerwin’s reasoning is applied 

it can be seen that the law itself can be applied without reference to that basis.  

Thus La Forest’s premise that the doctrine is complete in and of itself is 
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supported and it follows that “... [historical considerations] which, while they 

may have been considered pertinent to the formulation of the rule, are not 

embraced within it nor can they be taken into account to supply a want of what 

the rule calls for as its necessary condition.” (La Forest, 1973 p.226). Thus, 

interpretations of how the doctrine of accretion may be applied to a given case 

must be restricted to whether a water boundary has changed on a property and if 

so whether the change occurred through accretion or avulsion. However, this 

assertion does not take into account the situation where the necessary condition 

of defining which process has taken place has been fulfilled, but where the 

geological situation is complex.  In that situation, the development, history and 

philosophical basis of the law must be considered. 

 

2.3.2.2 Determining Accretion versus Avulsion 

The decisive judgement in Rex v. Lord Yarborough asserts that accretion is 

that increase of land which occurs imperceptibly in its progress, though the 

resulting accumulation is perceptible after a long lapse of time. Though the rate 

of change in that case was more or less 5 ½ linear yards per year, by no means 

does that imply that all slower rates are imperceptible and all faster rates 

perceptible. The question of whether the movement of any given water boundary 

was accretionary or avulsive must be determined on a case by case basis.  In 

Clarke v.  Edmonton (Lamont, 1930), Judge Lamont points to the line of reasoning 
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of the Privy Council in Secretary of State for India v. Raja of Vizianagaram (Indian 

Appeals Court, 1921; Indian Appeals Court, 1921), that a rate of change which 

might produce perceptible change in an English river, for example, may result in 

imperceptible adjustment in an Indian or Canadian river, and he further 

underscores the need to take local conditions under consideration, quoting their 

Lordships of the Privy Council in Srinath Roy v. Dinabandhu Sen. “In this latter 

case their Lordships point out that in proposing to apply the juristic rules of a 

distant time or country to the conditions of a particular place at the present day, 

regard must be had to the physical conditions to which the rule is to be adapted.” 

(Sumner J, 1914).  

Given that no particular rate can determine imperceptibility and the need 

for the doctrine to accommodate local conditions, it becomes the term “progress” 

in the definition by Lord Tenterden  in Rex v Yarborough  that gains importance.  

The condition of accretion is not that the process causing the accretion is 

imperceptible, as at any given time in an ongoing process some movement of 

alluvium may be perceived, but that there is imperceptibility in its progress. That 

is, no increase in the dimensions of the land being accreted to can be perceived at 

any given time. This distinction becomes especially important in cases where the 

process causing increase is seasonal or episodic. The following examples support 

this interpretation. 
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2.3.2.3 Clarke v. City of Edmonton 

Between the years of 1910 and 1925 a bench of land accumulated against 

the river bank which had previously been the surveyed boundary of River Lot 21 

of the Edmonton Settlement in Alberta, Canada. This bench constituted a 

significant piece of land, being some 1400 ft (426.76m) long and up to 80 ft 

(24.38m) wide at its widest. In 1925, after discovering that the City of Edmonton 

had for five years been dumping garbage on the eastern end of this bench, Edwin 

Clarke, registered owner of Lot 21, sued for trespass. In the initial trial Clarke 

was awarded trespass damages for the mainland portion of his property which 

the City`s workers crossed to access the bench, but the trial judge held that 

Clarke did not own the bench. His first appeal was dismissed and the subsequent 

appeal was heard by the Supreme Court of Canada. Clarke claimed that the 

bench constituted an accretion to his land by riparian right, while the City of 

Edmonton claimed first that the bench did not constitute an accretion and second 

that Clarke did not have ownership thereof. The defendant’s first point rested 

mainly on the assertion that given the size of the bench and that it had built up 

over the period of only 15 years it could not be deemed to be an accretion. After 

hearing evidence from two witnesses that accumulation of sediment on the 

bench could not be perceived “moment to moment”,  Judge Lamont held that the 

bench was indeed a true accretion: 
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The test, in my opinion, is not the number of years it took the 

bench to form, nor yet whether an addition to the shoreline may be 

apparent after each flood (Lamont, 1930), but whether, taking into 

consideration all the incidents contributing to the addition, it properly 

comes within what was known to the Roman law as "alluvion", which 

implies a gradual increment imperceptibly deposited, as distinguished 

from "avulsion", which implies a sudden and visible removal of a 

quantity of soil from one man's land to that of another, which may be 

followed and identified, or the sudden alteration of the river's channel. 

(Lamont, 1930).  

 

He further supported this by agreeing with the dissenting opinion of 

Judge Beck from the earlier Appellate Division decision : “It is far from enough 

to prevent a true accretion to be able to say that, for instance, after a flood it can 

be ascertained by measurement or even observed by visual examination that a 

few inches or even a few feet have been added laterally to the border line”. 

(Lamont, 1930).  Given that the bench constituted a true accretion, Judge Lamont  

held also that ownership of the bench vested in Mr. Clarke and he awarded 

trespass damages. 
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This decision clearly emphasizes that it is the progress of the accumulation 

which must be imperceptible. A supporting conclusion was determined in 

Southern Center of Theosophy v. South Australia. 

2.3.2.4 Southern Center of Theosophy v. South Australia  

Between the years of 1911 and 1975, 20 acres of land accumulated against 

the eastern, originally lakeside boundary of a property held by perpetual lease in 

South Australia. In 1975 the proprietor of the lease applied to the crown for a 

declaration that the 20 acres constituted an accretion to the original property, 

specifically requesting confirmation that the property still had lake frontage. 

Originally granted, the decision was overturned on appeal by the Crown, which 

decision was then appealed by the proprietor and that appeal was heard by the 

High Court of Australia. The new land was the result of longshore deposits with 

some contribution from windblown sand dunes. The Crown opposed the 

proprietor’s ownership of the accreted lands on two major arguments. The first 

was that the terms of the lease specifically excluded accretionary gains because 

the eastern boundary was delineated by a line on a map rather than described as 

the water’s edge. The presiding Judge, Lord Wilberforce, dismissed this 

argument by referencing M’Carthy, where Judge Palles had determined that the 

ability to discern the original property boundary did not change the status of 

accreted lands. Lord Wilberforce also used the reasoning from Nigeria v. Holt 

where the Supreme Court held that to grant Crown ownership of lands accreting 
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between a sea fronting lot and the foreshore would result in an unfair and 

undesirable outcome: 

To suppose that lands which, although of specific measurement in the title deeds, were 

de facto fronted and bounded by the sea were to be in the situation that their frontage to the sea 

was to disappear by the action of nature to the effect of setting up a strip of land (it might be 

yards, feet, or inches) between the receded foreshore and the actual measured boundary of the 

adjoining lands, which strip was to be the property of the Crown, and was to have the effect of 

converting land so held into inland property, would be followed by grotesque and well-nigh 

impossible results, and violate the doctrine which is founded upon the general security of 

landholders and upon the general advantage (Judicial Committee, 1915).  

The Crown’s second argument was that that portion of the new land 

which was primarily due to the accumulation of windswept sand should not be 

considered an accretion. This consisted of two issues; first that accretion should 

apply only to that material deposited by water, and second that even if accretion 

did apply to windswept sand the rate of increase and the nature of the 

movement could not be considered “gradual and imperceptible”. Lord 

Wilberforce disposed of the first part of this argument by applying “adjustment 

and expansion by the use of analogy”  (Wilberforce, 1982) to the doctrine, as the 

common law allows for. While first clarifying that his reasoning must only 

address the “alteration of a land/water boundary” so as not to pre-empt other 

issues, the judge stated that accretionary additions must certainly include 

materials deposited by any agency:  
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  In relation to such an alteration there seems to be no reason in principle 

why the doctrine should be confined to such changes as are effected solely through 

fluvial action: a logical category would be that of natural causes which would 

embrace additions to (or detractions from) land brought about by the action of either 

or both elements, water and air. It is common ground that changes caused by human 

action (other than deliberate action of the claimant) are within the doctrine of 

accretion,  Brighton and Hove General Gas Co. v. Hove Bungalows Ltd.  [1924] 1 Ch. 

372; Attorney-General v. Chambers  (1859) 4 De G. & J. 55; Clarke v. City of 

Edmonton  [1929] 4 D.L.R. 1010, a fact which is inconsistent with the proposition that 

accretion is confined to the natural action of water. Indeed in Attorney-General v. 

Chambers, Lord Chelmsford L.C. said at pp. 68-69 that the rule applies "to a result 

and not to the manner of its production.  (Wilberforce, 1982 p.552).  

Lord Wilberforce further supported this conclusion by reasoning that no 

logical separation exists between sand added to the new land through direct 

deposition from dunes and sand added by water deposit, as the sand within the 

water had been made available from drifting sand elsewhere along the shore.  

Having established that windblown sand deposits may cause accretion, 

Lord Wilberforce then considered the issue of imperceptibility. Drawing on the 

authority of Rex v. Lord Yarborough and outlining a history for the development 

of the doctrine substantially the same as that which I have outlined in previous 

sections, Lord Wilberforce considered the evidence relating to the sand dune 

movement. The Crown presented evidence that moment to moment movement 
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could certainly be discerned on the dunes, occasionally even at the rate of one to 

two inches in an hour or two to three feet in a day and claimed such rapid 

movement could by no means be considered imperceptible.  After laying out all 

of the evidence regarding the dune movement, Lord Wilberforce concluded that 

“the evidence was not such that [the trial judge] was bound to draw an inference 

that any sudden movements of the dunes were necessarily accompanied by 

consolidated intrusions of the shoreline into the lake. “ (Wilberforce, 1982)  Thus 

while at times sand dune movement may have been rapid (the process), the long 

term result of dune migration was imperceptible encroachment upon the 

lakeshore (the progress) and therefore truly accretionary. This decision also 

clearly emphasizes that it is the progress of the accumulation which must be 

imperceptible. 

2.4 Conclusions 

At the outset of this chapter the question was posed “Does the doctrine of 

accretion as it is currently applied and interpreted accommodate all aspects of 

river movement?” The answer simply stated is yes.  

To understand what constitutes accretion in the eyes of the law, the 

development of the common law doctrine of accretion was examined. The basis 

for the law appears to be the idea that since a landowner is exposed to the risk of 

losing land if the water encroaches upon his property, he should therefore also 

be privy to any gains which occur through changes in the water line. These 
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intertwined ideas are repeated in legal treatises throughout the 1200’s to 1800’s. 

From these are drawn the basic tenets of the doctrine of accretion; all gradual and 

imperceptible accumulations of alluvial material to a given property accrue to 

that property, whether the deposits arise from natural or artificial conditions and 

whether or not the original property line can be determined.  

Two major cases were then examined which dealt with the issue of what 

constitutes an imperceptible increase, Clarke v. Edmonton and Southern Center of 

Theosophy v. South Australia. In both cases the ruling was returned that it is the 

progress of the accumulation which must be imperceptible rather than the 

moment to moment process.  

Thus, the common law doctrine of accretion can be shown to apply to and 

to accommodate all three types of river movement:  gradual accretion, episodic 

accretion, and avulsion.  This conclusion elegantly illustrates the significance of 

the reciprocal obligation between the legal and scientific communities to promote 

clarity and understanding.  
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Chapter Three: A model to describe the movement and behaviour of 

wandering gravel-bed rivers in Alberta. 

3.1 Relating the morphology and hydrological regimes of Alberta’s wandering 
gravel-bed rivers 

3.1.1 Introduction 

In order to properly apply the correct legal terms to the channel changes 

of any given river reach, one must first have a solid understanding of how that 

river behaves under both normal flow and flood conditions. Southern Alberta is 

largely a post-glaciated terrain (Harris and Waters, 1977) which furnishes poorly 

sorted bedload to its rivers (Shaw and Kellerhals, 1982) These rivers do not effect 

work on their channels on an on-going basis, but rather do so only episodically, 

during peak annual discharges. Rivers conforming to these criteria are 

commonly referred to as wandering gravel-bed (Desloges and Church, 1989; 

Wooldridge and Hickin, 2005)  in other areas, but the term has to date mostly 

been used informally in Alberta (D. Smith, pers. comm.).  

This chapter investigates the gravel-bed rivers of southern Alberta to 

provide a more solid framework for their classification as wandering gravel-bed, 

and outlines a generally predictive model for their movement and morphological 

response to their hydrological regime.  While the evidence presented here is 

restricted to southern Alberta, the principles apply to any river which has poorly 

sorted bedload, which flows through poorly sorted sediment, and which is 
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subject to a nival-dominated, rainfall-punctuated flow regime.  The model can 

therefore be generalized over large areas of the province.  

Airphoto evidence (Figure 3-1) and  field-based observations show that 

the majority of southern Alberta rivers alternate between single and multi-

channel reaches, have irregular sinuosity, and have gravel beds. Nanson and 

Knighton’s (1996) classification of anabranching rivers (those with more than one 

channel) classifies rivers with these attributes as “gravel-dominated laterally 

active” rivers. Rivers that meet these criteria have also been described as 

wandering gravel bed rivers (Desloges and Church, 1989; Wooldridge and 

Hickin, 2005), and this is the term used throughout this paper.   

Morphological change in wandering gravel-bed rivers occurs primarily as 

a result of bank and bar-material transport by annual seasonal peak discharges 

rather than movement of channel-bed material. Seasonal peak discharges 

mobilize channel-bar and channel-bank material that has been previously 

destabilized during large floods (Wooldridge and Hickin, 2005). The channel bed 

is much more stable than its banks and bars due to cluster bedforms (small scale 

bedforms that stabilize the bed), formed during long flood recessions as a result 

of size selective deposition (Wittenberg and Newson, 2005).   

A review of annual hydrographs for southern Alberta’s rivers shows them 

to be nival-flood dominated, with storm rainfall contributing to peak discharges. 

Small to medium size wandering gravel-bed rivers in southern Alberta were here 
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found to have long recession times for storm-induced floods. Cluster bedforms 

resulting from these long recession times contribute to stable channel-beds.  Only 

one example of a large river was examined; on the Bow River, flood recession 

times were found to be relatively shorter, but the channel morphology has been 

very stable for over 100 years. This stability can be explained by a change in 

weather patterns in the 1930’s which has resulted in a lack of destabilizing flood 

discharges since then.   

Together, all these lines of evidence lead to a behavioural model for 

wandering gravel-bed rivers under a nival-flood dominated hydrological regime. 

. 

3.1.2 Classification of Southern Albertan Gravel-Bed Rivers  

The classic tri-partite classification by Leopold and Wolman (1957) 

divided rivers into braided, meandering and straight, based on their planform, or 

pattern as viewed from above. Their division criteria were bankfull discharge (Q) 

versus channel slope (S). While this classification has been very useful in that it 

provided the basis for much academic investigation, it has since been shown to 

be overly simplistic (Simpson and Smith, 2001; Nanson and Croke, 1992; Brierley 

and Hickin, 1991).  Anabranching rivers and their various sub-types now make 

up a significant fourth classification (Nanson and Knighton, 1996).  Nanson and 

Knighton (1996) further demonstrate that the Q v. S criterion does not adequately 

discriminate between anabranching sub-types and their single-channel 
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equivalents. They suggest a genetic, process-driven classification is the best way 

to discriminate between channel types, as this provides information on how the 

river forms rather than simply describing how it looks. This classification is 

summarized in Figure 3-2. The figure differentiates between single-channel and 

multi-channel planforms, but the single-channel components of that classification 

are not treated in detail in Nanson and Knighton (1996). However, airphoto and 

field investigation of the gravel-bed rivers of southern Alberta has shown that 

they are for the most part multi-channel, or they alternate between single and 

multiple channels (Figure 3-1), and are therefore adequately described by 

Nanson and Knighton’s scheme (1996) (Figure 3-2).  

Using Nanson and Knighton’s (1996) scheme then, “Type 5: gravel-

dominated, laterally active anabranching (or single-thread) rivers” (represented 

by “braided” in the figure) is the categorization that best describes southern 

Alberta’s rivers. This refers to rivers which “often exhibit a dominant channel 

accompanied by several anabranches, but may also alternate downstream 

between multi- and single-chanelled reaches. The dominant channel commonly 

braids... Specific stream power varies from about 30 to 100 W/m2, hence there 

can be vigorous lateral activity... Avulsion channels incise into existing 

floodplains, but in some cases islands grow vertically to floodplain height from 

large bars stabilized by vegetation within the channel (Nanson and Knighton, 

1996).”  
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Figure 3-1 Representative examples of wandering gravel-bed rivers in southern 
Alberta. A) Little Red Deer River B) Old Man River C) Bow River at Banff D) 
Brazeau River 
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Figure 3-2 Nanson and Knighton’s (1996) classification of rivers. Divisions are 
made based on stream power, sedimentology, fluvial morphology and formative 
processes. Readers are referred to that publication for detailed descriptions of  
Types 1-6. 

 

While the Type 5 classification is mostly appropriate, as a descriptor it is 

unwieldy. Also, examination of time-series airphotos of rivers in southern 

Alberta indicates that vigorous lateral activity is not common. Nanson and 

Knighton’s Type 5 classification still applies, as lateral instability is only 

presented as a possible element and not a necessary condition. However, if 
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lateral instability is removed, the remaining criteria for Type 5 anabranching 

rivers correspond with those for the simpler term “wandering gravel-bed rivers”, 

as described by Desloges and Church (1989). They use the definition originally 

set out by Neill (1973): (Wandering gravel rivers)… “…exhibit irregularly 

sinuous channels, sometimes split about channel islands and in some places 

braided. Seasonal or perennial side channels – subordinate anabranches of the 

river – are common.” (p.360). 

To date there is not any literature specifically supporting or disputing the 

widespread use of this term for the rivers in southern Alberta, however it has 

been used in discussion between fluvial geomorphologists (D.Smith, pers. 

comm.).  The basis for this informal use is that Neill’s(1973) original definition of 

the term addressed the Athabasca river in northern Alberta, where the surficial 

conditions correspond to those in southern Alberta (Harris and Waters, 1977).  

This thesis therefore proposes that the gravel-bed rivers of southern 

Alberta be classified as wandering gravel bed, and this term will be used 

throughout.  

 

3.1.3 Sedimentology of Wandering Gravel -Bed Rivers 

An important aspect of the wandering gravel-bed river concept is that 

these rivers require a high, poorly sorted sediment supply, such as that provided 

by a post-glacial landscape (Desloges and Church, 1989). This poorly sorted or 
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non-uniform supplied sediment, consists of boulders down through to glacial 

dust. While the finer materials are transported as wash-load and quickly 

winnowed, bed-load nonetheless is highly multimodal, as highlighted by Shaw 

and Kellerhalls (1982) (Figure 3-3).  

Stable channel-bars are a dominant feature of wandering gravel-bed rivers 

(Desloges and Church, 1989; Nanson and Knighton, 1996; Fuller, Large and 

Milan, 2003). In the literature, channel bars are defined as large-scale bedforms  

(Knighton, 1998; Bridge, 2003; Charlton, 2008). However in practice, bars must be 

distinguished from the topographic lows of the channel-bed; they are 

topographically high depositional features, storage units for the traction-load 

which is moved only by high flows (Schumm, 1972; Knighton, 1998; Charlton, 

2008). The topographic neutral or low of the channel-bed comprises those areas 

where scour-and-fill is the dominant process (Knighton, 1998). Bars are not static 

features, but rather material is added to and removed from them on a regular 

basis (McLean, Church and Tassone, 1999; Wooldridge and Hickin, 2005). In 

many cases these bars have matured into vegetated islands, but at least parts of 

these are still actively reworked. 
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Figure 3-3 Bedload distributions for some Alberta rivers (from Shaw and 
Kellerhalls 1972). More than one mode is apparent for most rivers shown and 
Shaw and Kellerhalls’ accompanying sediment descriptions indicates that the 
supplied sediment is generally poorly sorted. 
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Wooldridge and Hickin (2005) undertook a systematic ground-penetrating radar 

survey of the channel bars in two British Columbian wandering gravel-bed rivers 

(Figure 3-4). They found that lateral accretion and slip-face deposits (down-

stream prograding deposits) were both common, but that the majority of bar 

material consists of parallel, horizontal, continuous vertical-accretion deposits.  

Scour and fill deposits also occur, but only infrequently, and generally in 

response to channel constriction by adjacent accreting bars.  

In addition to the internal architecture, bars can generally be 

distinguished from the channel-bed by the lack of cluster bedforms on the former 

(Wittenberg and Newson, 2005). 

 

Figure 3-4 Woolridge and Hickin's (2005)depositional model for wandering 
gravel-bed rivers. Most bar material consists of parallel horizontal deposits. 
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3.1.4 Bed-load transport in Wandering Gravel-Bed Rivers 

Carling (1988) showed that bankfull discharges may not be the effective 

discharge (that which induces full bed mobility) in gravel bed rivers. He 

Figureindicates that overbank flood discharges, 30% greater than bankfull, are 

required. This parameter may not apply in every case; for example Wittenberg 

and Newson (2005) studied a gravel-bed river where effective discharges 

occurred well below bankfull. However, Emmet and Wolman (2001) supported 

Carling’s findings, indicating that when a streambed is armoured, effective 

discharge is approximately 30% greater than bankfull discharge. Therefore, the 

channel-bed in wandering gravel-bed rivers is generally reworked only during 

effective overbank floods.  

3.1.4.1 Transport of Channel-bar and Channel-bank Material  

In contrast to the relatively stable channel-bed, sediment transfer between 

channel-bars and between channel-banks and bars occurs during regular 

bankfull discharges (Wittenberg and Newson, 2005; Wooldridge and Hickin, 

2005) even though the positions and overall configurations of channel-bars may 

remain similar over decadal scales (Wooldridge and Hickin, 2005). The vertical 

aggradation of bars occurs during greater-than-bankfull-discharge flood events.  

During these floods, bedload “sheets” or “waves”, composed of material eroded 

from upstream banks and bars, are carried downstream and re-deposited on 

channel-bars (McLean, Church and Tassone, 1999). Deposition on the bars is due 
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to the reduced depth and therefore reduced flow velocities over these 

topographically high features (Knighton, 1998; Bridge, 2003; McLean, Church 

and Tassone, 1999). Wooldridge and Hickin (2005) found that vertical accretion 

deposits (representing these bedload sheets) are the most prevalent strata in 

channel bars in wandering gravel-bed rivers. The bedload sheet material is 

deposited en masse, with little size selection or structural cohesion (McLean, 

Church and Tassone, 1999), which allows it to be easily reworked. Wooldridge 

and Hickin (2005) indicate that these mass material transfers do not significantly 

change the morphology of the bed, banks, or bars at the time of their deposition. 

However, subsequently, seasonal peak flows erode and entrain the material on 

the edges of banks and bars and transfer it downstream, depositing it on the 

edges of other banks and bars, causing morphological evolution of both 

upstream and downstream features (Wooldridge and Hickin, 2005). Fuller et al. 

(2003), investigating changes to a wandering gravel-bed river after a chute cutoff, 

had similar findings. They state that “...bars, which are products of multiple 

episodes of aggradation in bigger floods, may be reworked by minor floods” 

(p.318).  

3.1.4.2 Channel-bed Material Transport and Cluster Bedforms 

In wandering gravel-bed rivers higher discharges are required to mobilize 

the bed material than is required to mobilize material in the bars (Carling, 1988; 

Fuller, Large and Milan, 2003). The concept that varying discharges affect 
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varying channel elements was verified by Surian et al. (2009). Surian et al. (2009), 

were looking at the braided Tagliamento river in Italy, and found that channel-

formative (effective) discharges were lower than formative discharges  for either 

low or high channel-bars. This is contrary to findings for wandering gravel-bed 

rivers, where higher discharges are required to mobilize the bed than the banks 

and bars (Fuller, Large and Milan, 2003; Wittenberg and Newson, 2005). 

Nonetheless,  Surian et al.’s (2009) significant finding is that channel, low bars 

and high bars all have different formative (effective) discharges.   

The phenomenon of stable channel-beds with respect to channel-bars in 

wandering gravel-bed rivers is due to the existence of small-scale bedforms 

called cluster bedforms (Brayshaw, 1985; Brayshaw, Frostick and Reid, 1983). 

These bedforms consist of an obstacle clast, stoss clasts and wake or lee clasts 

(Figure 3-5).  
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Figure 3-5 Cluster bedforms. Above: The arrow indicates direction of flow. 
The obstacle clast is in the center with stoss clasts outlined in purple to the left 
and lee side clasts outlined in green to the right (Sheep River, Alberta). Below: 
Schematic cross-section of a cluster, after Wittenberg and Newson (2005). 

 

These bedforms tend to be randomly distributed on gravel channel-beds 

and are hydrologically very stable groupings, with each set of clasts protecting 

and reducing relative bed-roughness for the other clasts in the bedform.  

Reducing the relative bed-roughness deflects turbulence and causes locally 

reduced flow velocities, which decreases the likelihood of entrainment for each 

clast. This acts to reduce the depth of the transported sediment layer and 

therefore to increase the overall stability of the bed (Wittenberg and Newson, 
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2005). Wittenberg and Newson (2005) performed a series of experiments on the 

wandering gravel-bed river South Tyne, UK, monitoring the creation, movement 

and destruction of cluster bedforms. They found that while it is the peak flood 

discharge that regulates the break-up and movement of the clasts in cluster 

bedforms, the deposition and formation of the clusters is regulated by the 

recession limb of the flood. Specifically, longer flood recession times allow for 

greater size-selective deposition, which is critical to the formation of bed-

stabilizing cluster bedforms. Rapid flood recession results in equal deposition of 

all clast sizes, which develops a hydrologically “weaker” bed, or a bed where 

each clast is more susceptible to entrainment in subsequent flood events. Figure 

3-6 is taken from Wittenberg and Newson (2005) and shows the relationship 

between peak discharge (Qp) and flood recession time (time to return to base-

flow discharge levels from peak discharge) for the South Tyne river. From the 

graph it can be seen that for peak flows they term “high” (Qp>100m3/s), 

recession times were between 125 and 240 hours (approximately 5 to 10 days). 

Wittenberg and Newson observed that the formation of new cluster bedforms 

occured only during such large floods, when full bed mobility had been 

achieved. During “moderate” flows (Qp 40-100m3/s) wake clasts were entrained 

and moved downstream but new wake clasts took their place (selective 

entrainment), and during “low” flows (Qp 9-40m3/s) little or no change occurred 
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in existing cluster bedforms and bedload transport was limited to open bed clasts 

(those not involved in a cluster bedform). 

 

 

Figure 3-6 Wittenberg and Newson’s (2005) Peak Discharge (Qp) v Recession 
Time for the South Tyne Wandering Gravel-bed River. Modified to include flood 
categories. 

 

Cluster bedforms are not entirely static features. Billi (1988) showed that 

selective entrainment of stoss and wake clasts can and does occur during 

discharges which induce partial-bed mobility. Without entrainment of the 

obstacle clasts, however, transport of the stoss and wake clasts is limited as they 

tend to be trapped by other clusters nearby downstream. Cluster bedforms, 

therefore, must be thought of as individually transient, and it is the quantity and 

distribution of them across the channel-bed that is the stabilizing factor.  
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 The phenomenon of cluster bedforms explains both the relative stability 

of the channel-bed and the relative instability of channel-bars in wandering 

gravel-bed rivers. Channel-beds with large cluster bedform populations are 

much more hydrologically stable than channel-bars, which have fewer, if any, 

cluster bedforms. As floods recede, stream power diminishes more quickly on 

topographically higher features such as channel bars, creating fewer cluster 

bedforms; this leaves the bars more susceptible to erosion and reworking (Fuller, 

Large and Milan, 2003; Wittenberg and Newson, 2005). 

3.1.4.3 Effects of Lateral Migration on Channel-bed and Channel-bars 

Channel–bed adjustment can also take place in wandering gravel-bed 

rivers in response to upstream events. Scour or aggradation of the bed may occur 

during large floods in areas where the channel has become narrow either 

through bar growth or bedrock outcropping. As well, bar growth combined with 

bank erosion does result in channel-bed migration over time (Fuller, Large and 

Milan, 2003). The effect of this lateral migration is to cause irregular meandering, 

which can result in normal meandering processes such as neck and chute cutoff, 

which, if rapid, in turn can result in both upstream and downstream scour or 

aggradation (Hooke, 1995; Fuller, Large and Milan, 2003).  

An illustrative example of rapid channel adjustment due to a chute cutoff 

is described as part of the study by Fuller et al. (2003). They undertook a detailed 

digital elevation model observation of the effects of a chute cutoff on the gravel-
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bed river Coquet, UK.  Bed-scour was the first process to occur following the 

cutoff, with very high rates of bed material transfer out of the reach in the first 3 

months. Lateral erosion then followed, greatly increasing the sinuosity in the 

reach. Some of the material entrained during this lateral expansion was re-

deposited as bedload sheets, initiating new bars and expanding others, but a 

significant portion was transported out of the reach. Following the initial 

vigorous adjustment, a period of 13 months, the reach was observed to be 

morphologically sensitive to moderate floods, although bar aggradation occurred 

only during large floods (Fuller, Large and Milan, 2003). This represents a return 

to the dominant wandering gravel-processes.  

 

3.1.5 Flow Hydrographs and Recession Times 

Rapid adjustments aside, wandering gravel-bed rivers effect 

morphological change mainly through bar and bank modifications (Fuller, Large 

and Milan, 2003; McLean, Church and Tassone, 1999; Wooldridge and Hickin, 

2005), while the bed remains relatively stable. Channel-bed stability is increased 

by the presence of cluster bedforms, the creation of which is dependent on slow 

flood-recessions. Therefore a full understanding of the relative importance of 

cluster bedforms to channel morphology in a given area requires analysis of the 

hydrological regime and flood hydrographs of that area.  
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3.1.5.1 Hydrological Regime for Southern Albertan Rivers 

Figure 3-7 shows a characteristic hydrograph for a nival (snow and glacier 

melt)-dominated, rainfall-punctuated flood regime (Church, 1988). Under such a 

regime, base-flow discharge from snow and glacier melt increases rapidly in the 

spring, peaking in spring or early summer. Snow and glacier contributions then 

decrease, describing a generally logarithmic curve, dropping quickly from the 

peak then tapering gradually down to winter levels. Throughout, storm rainfall 

punctuates the curve with sharp peaks that drop off quickly (Figure 3-7).  

 

Figure 3-7 Characteristic Hydrograph for nival-flood dominated, rainfall-flood 
punctuated regime. From Church, 1998. Snow and glacial-melt increase sharply 
in the spring then taper off on a logarithmic curve. Storm rainfall contributes 
sharp peaks. 

 

 Church (1998) states that in semi-arid climates nival-flood makes up the 

majority of annual run-off, with rainfall contributing the major flood peaks. Days 
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of high solar radiation can also contribute to peaks, as nival discharge increases 

on those days.  

Southern Alberta is a semi-arid climate (Government of Alberta, 2009). A 

comparison of many 2010 annual hydrographs for rivers across southern Alberta 

indicates that the nival-dominated, rainfall-punctuated regime describes them 

well. These hydrographs can be seen in Appendix A and are represented here by 

the Sheep River hydrograph for 2010 (Figure 3-8). The nival flood is marked by 

increasing base-flow from mid-April to mid-June, after which it drops off in a 

logarithmic curve. Punctuating the base-level rise and fall are several steep 

rainfall storm events, some of which follow days of higher than average solar 

radiation and some of which do not. The increase in discharge levels in mid-

September can be attributed to increased precipitation followed by a sudden 

increase in daytime temperatures, and is a relatively consistent feature on 

southern Alberta annual hydrographs (Appendix A).  

 

3.1.5.2 Peak Flow Recession Times for Small to Medium Southern Alberta 
Wandering Gravel-bed Rivers 

In order to compare cluster-bed formation in southern Alberta rivers to 

the parameters of Wittenberg and Newson’s (2005) cluster bedform study, 

hydrographs were analyzed for a random sampling of small to medium size 

southern Alberta rivers that have recording stations (Appendix B).   
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Figure 3-8 Annual Hydrograph for the Sheep River at Okotoks, 2010 
(Environment Canada, 2010). Rainfall and solar radiation data also from 
Environment Canada. 

 

Hydrographs are from 2005, 2008 (years in which overbank flooding 

occurred in many rivers) and 2010 (a year in which bankfull discharges occurred 

in many rivers but little to no overbank flooding occurred). 

 Small to medium rivers are defined here as those where the upper bound 

of the upper quartile of maximum daily flow at the selected recording station is 

no greater than 170 m3/s. This division is based on a noted gap between the 

maximums of the three rivers that give their names to the basin or sub-basin, the 

North Saskatchewan, Bow, and Oldman, and all other rivers in these basins. The 

highest maximum of the upper quartile bound of the smaller rivers was from the 

*Preliminary Data  
Subject  to Revision  
09/11/2010 
@07:04 
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Belly River at Moon River Road, at 170 m3/s, and even that was significantly 

higher than average, whereas none of the recording stations for the three large 

rivers recorded a maximum for the upper quartile bound lower than 250 m3/s. 

Small to medium size rivers were chosen for comparison with Wittenberg and 

Newson’s data because the upper bound of the upper quartiles for the small to 

medium rivers in Alberta fall within the flow ranges defined in that study. 

A hand-drawn base-flow level was drawn in for each hydrograph using 

the local minimum method (Healy, 2010; Tallaksen, 1995) and the recession times 

for independent peak flows were counted from the inflection point of the peak to 

the return to base-flow (Appendix B). In this context, base-flow is “the portion of 

flow that comes from groundwater or other delayed sources” (Tallaksen, 1995 

p.350), where delayed sources include snowmelt (Santhi et al, 2008). Figure 3-9 is 

the resulting peak discharge v. recession time graph.  

For each individual river, larger discharges tend to have longer recession 

times. Wittenberg and Newson’s flow categories for the South Tyne are shown 

for comparison. Their “low” flow category begins at 9 m3/s because that was 

their lowest observed value, but peak discharges less than that would also be 

“low” peak discharges. 
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Figure 3-9 Peak discharge v flow recession times for representative small to 
medium size wandering gravel-bed rivers in southern Alberta. South Tyne flow 
categories are superimposed. 

 

For the eight rivers assessed here, four best fit a linear curve and four a 

power curve (Appendix C). While no one type of trend can be applied to all the 

rivers,  these curves do establish that larger peak flows have longer recession 

times. For example, the Nordegg river data (orange circles) show that flows in 

the “low” category have recession times of 96-192 hours (4-8 days), while those 

in the “moderate” and “high” categories have recession times of 288-312 hours 

(12-13 days)(Figure 3-9).  
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It is possible to compare the rivers in Figure 3-9 with Wittenberg and 

Newson’s findings for the South Tyne regarding recession times and competence 

for creating cluster bedforms. This is due to the fact that these southern Alberta 

rivers and the South Tyne have comparably sized bedload material (Table 1). 

Kellerhals, Neill and Bray (1972) provide grain size distribution data for three of 

the rivers in Figure 3-9: the Little Red Deer and Highwood Rivers, and Pekisko 

Creek. South Tyne grain size populations are given as a range because the 

median grain size in each category was found to vary depending on time of year 

(Wittenberg and Newson, 2005). D50 is the median grain size and D90 is the grain 

size below which 90% of a sieve sample falls. Peak discharge recession times for 

the small to medium southern Alberta rivers are relatively long in comparison to 

those of the South Tyne (Figures 3-6 and 3-9).  For the South Tyne, peak 

discharges in the “low” flow category defined by Wittenberg and Newson (Qp 9-

40m3/s), all recede to base-flow levels between 0 and 60 hours (2.5 days) (Figure 

3-6).   

Wittenberg and and Newson (2005) observed that on the South Tyne such 

low peak discharges do not create cluster bedforms, but only allow some minor 

bedload rearrangement. 
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Table 1  Grain Size Populations for South Tyne (UK) and Select Southern 
Alberta Rivers. 

River D50 (mm) Grain Size Category D90 (mm) Grain Size 
Category 

South Tyne 8-54 Very Coarse Gravel 86-117 Cobble 

Little Red Deer 7 Very Coarse Gravel 105 Cobble 

Highwood 5 Very Coarse Gravel 101 Cobble 

Pekisko Creek 0 Very Coarse Gravel 114 Cobble 

 

Of the peak flows on the Alberta rivers in Figure 3-9 that fall within the 

low-flow range, only one has a recession time of less than 60 hours, while the rest 

range from 70-216 hours (2.9-9 days). Similarly, “high” flows on the South Tyne 

(Qp >100m3/s) have recession times of 125-225 hours (5.2-9.3 days)(Figure 3-6). 

For the southern Alberta rivers, flows above 100m3/s had recession times of 127-

360 hours (5.3-15 days), with the majority falling between 200 and 300 hours (8.3-

12.5 days)(Figure 3-9). Full bed mobility would not be maintained for the full 

recession time in either the southern Alberta rivers or the South Tyne, however, 

the longer recession times for the southern Alberta rivers are significant as they 

imply that size selective deposition would occur over longer periods than in the 

South Tyne and that correspondingly, higher proportions of cluster bedforms 
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may be found occupying the bed surfaces of wandering gravel beds in southern 

Alberta rivers.  

 The higher density of cluster bedforms created during long recession 

times  lend greater stability to the bed and increase the required effective 

discharges (those which result in full bed mobility) for small to medium southern 

Alberta rivers. Wittenberg and Newson (2005) address this concept, calling such 

density effects a “memory” of previous floods, which affects sediment transport 

in subsequent floods. The practical effect is that a very high magnitude flood 

with a correspondingly long recession time serves to decrease the effectiveness of 

subsequent floods, such that even a moderately high magnitude flood, which 

might have had significant effect on the channel-bed under other conditions, 

may have little or no impact if it follows a very high magnitude flood. This is not 

a permanent effect; bankfull or higher discharges, which partially mobilize the 

bed, will with time initiate enough selective mobility of grains within cluster 

bedforms that some clusters will lose their protective organization and a more 

open bed will be created, allowing lower-magnitude floods to produce full bed 

mobility and erasing the “memory” (Wittenberg and Newson, 2005).  

Longer recession times and higher density cluster bedforms may explain 

the discrepancy between the less-than-bankfull effective flows on the South Tyne 

and Carling (1988) and Emmet and Wolman’s (2001) findings that effective 

discharges are 130% of bankfull discharge in gravel-bed rivers. The quantitative 
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relationship between recession times, armouring density, and effective discharge 

is a point for future investigation. 

3.1.6 Large Wandering Gravel-Bed Rivers and Effective Discharges 

The question arises as to whether there may be long-reaching implications 

of the “memory” effect in large wandering gravel-bed rivers like the Bow river in 

Alberta.  

3.1.6.1 Attributes of the Bow River 

The Bow river is defined here as a large wandering gravel-bed river. Its 

upper quartile of maximum daily flow at the Calgary recording station is 

approximately 250 m3/s, and it is irregularly sinuous and gravel-bedded 

throughout. After it leaves the Rocky mountains it is geologically unconfined (its 

banks are erodible and may be reworked), however within the cities of Cochrane 

and Calgary mechanical stabilization limits bank erosion in some places.  Below 

the Horseshoe Dam near Seebe, the median grain size  (D50) is approximately 

40mm, in the very coarse gravel/pebble range, and D90 (the grain size above 

which only 10% of the population occurs) is 65mm, just falling into the cobble 

category (Kellerhals, Neill and Bray, 1972).  

The Bow river is heavily regulated by hydroelectric dams. The Horseshoe 

Dam, built near Seebe in 1911, is a run-of-the-river dam, meaning that it uses the 

river’s discharge as it comes and has no storage capacity (TransAlta, 2009). The 

first dam that created storage and regulated flow on the Bow was the Ghost dam, 
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which began operating in 1929 (TransAlta, 2009). The flow record from 1911-1929 

for the Bow at Calgary is therefore useful as it provides information about the 

hydrological behaviour of the Bow before it was regulated.  

3.1.6.2 Bow River Discharges and Recession Times 

The hundred-year peak discharge for the Bow River at Calgary is 

calculated to be approximately 1980m3/s (Neill and Watt, 2001). Figure 3-10 is 

the peak discharge (m3/s) v. recession time (hours) graph for independent floods 

on the Bow over the period of record (1914-present). Independent floods were 

designated as those which rose from the nival curve to a single peak and 

returned to the nival curve with a simple concave curve, indicating a single 

storm event. Trend lines were calculated using Excel’s algorithms for 

exponential, linear, and power trends, and the coefficient of determination (R2) 

calculated for each (Appendix C). The coefficient of determination describes how 

well the variation in the x or y variable is explained by the variation in the other. 

That is, an R2 value close to 1 means that the variation in x explains almost all the 

variation in y, or that the data perfectly match the trend line. Therefore the R2  

closest to 1 indicates the best-fit line.  The following analysis is based on these 

calculations, however it should be noted that the data set is limited (particularly 

on the greater-than-bankfull discharge end), and that the R2 values do not 

indicate particularly strong fits for any of the curves, with the largest R2 being 

only 0.56. This indicates that the size of a given flood and the time it takes to 
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recede, while correlated, are not entirely dependent on one another, which may 

indicate that other factors than volume must be taken into account when 

studying flood recession. This is a possible area for future investigation.  

The green exponential trend line in Figure 3-10 suggests flood recession 

times for the Bow of more than 580 hours (>26 days) for a hundred-year 

(1980m3/s) flood. Such a long recession time would in turn imply extreme size 

selective deposition and cluster bedform development, creating a channel-bed 

that would be exceedingly resistant. Airphoto examination shows that very little 

morphological change has occurred on the Bow for the period of record (1926-

2010), supporting this hypothesis3 (Appendix D). However, the largest flood 

currently on record had a maximum peak flow of 1310 m3/d (in 1932), and took 

only 136 hours (5.7 days) to recede to baseflow levels. In addition, the R2 for the 

exponential curve is only 0.3, a relatively poor fit. The power trend has an R2 of 

0.33, almost as poor as the exponential, while the linear trend has an R2 of 0.56, 

suggesting at least a moderate fit. The linear trend indicates that recession times 

for large floods such as the calculated 100-year would be in the range of 250 

hours (10 days). As well, the individual Bow annual hydrographs (Appendix E) 

show that peak discharges drop off very quickly, dropping below bankfull 

discharge levels (approximately 650 m3/s, (Neill and Watt, 2001)), after only two 

                                                 
3
 The exception to this is directly upstream of the Carseland Dam, where channel shifting and island 

abandonment is much more prominent than elsewhere in the system, likely due to increased sediment 

deposition as the stream power diminishes next to the dam (Appendix D). 
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or three days. This implies that full bed mobility would only occur for three days 

at most, although some size selective deposition would continue to occur 

thereafter. While three days is certainly enough time to create cluster bedforms, 

as shown by Wittenberg and Newson (2005), it is unlikely it would create an 

exceptionally high density of such bedforms or the resulting extremely resistant 

channel-bed. Other explanations for the lack of morphological change on the 

Bow River must therefore be invoked.  

A report issued by the Alberta Transportation and Civil Engineering 

Division (Neill and Watt, 2001) reviewed flood analysis reports for the Bow River 

and concluded that a major shift in rainfall patterns occurred after 1932 and has 

resulted in peak discharges no higher than bankfull levels since that time. This is 

sufficient explanation for the relative channel-bed stability of the Bow River 

during that time. However it does not explain the lack of morphological change 

in the banks and bars of the river, which, according to the model of wandering 

gravel bed rivers developed herein, should experience change during annual 

seasonal peak discharges. In addition to human bank-stabilizing activity, two 

factors may explain the lack of change in the banks and bars. Channel bars and 

banks are destabilized during greater-than-bankfull floods, both by sediment 

entrainment and by deposition of upstream sediment on the tops of bars, and it 

is this which allows them to be reworked by subsequent lower flows. 
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Figure 3-10 Peak discharge v recession times for the Bow River. 1932 data point is 
from a flood which occurred after the river was dammed, but which has been 
calculated to have been reduced only by 13% due to dam storage (Neill and 
Watt, 2001) It is included to substantiate the upper end of the data spectrum. The 
green line is the calculated exponential trend, which indicates very high flood 
recession times for large floods. The blue and red lines are calculated linear and 
power trends respectively, both of which indicates more moderate flood 
recession times. 1980 m3/s is the estimated 100 year flood discharge value. 

 

It is possible that since no greater-than-bankfull discharges have occurred, 

and also because upstream dams have trapped any coarse sediment that might 

have become entrained and deposited downstream, this destabilization has not 

taken place, and therefore no morphological work has occurred on the Bow since 

the storage dams were built in 1929 and the rainfall patterns changed in the early 



 

71 

1930’s. It will be interesting to observe how future climatic patterns shift and 

whether the new bankfull discharge regime will continue to dominate or 

whether rainfall patterns may again induce much larger peak discharges, and in 

turn how the morphology of the Bow will adjust to either scenario. 

 

3.1.7 Conclusions Relating the Morphology and Hydrological Regimes of 
Alberta’s Wandering Gravel-bed Rivers: A Behavioural Model. 

The irregularly sinuous, gravel-bed rivers of southern Alberta, most of 

which alternate between single and multi-channel reaches, can be classified as 

gravel-dominated laterally active anabranching (Nanson and Croke, 1992; 

Nanson and Knighton, 1996), or more simply, wandering gravel-bed rivers 

(Desloges and Church, 1989; Wooldridge and Hickin, 2005). These rivers, which 

have a very poorly sorted sediment load, exhibit a model of morphological 

adjustment where channel beds remain relatively stable and changes to channel-

bars and banks effect most of the morphological modification (Wooldridge and 

Hickin, 2005). While large flood discharges do move significant volumes of 

bedload material, this does not result in major morphological adjustment. Rather, 

such adjustment is the cumulative effect of annual peak discharges. This is due to 

two processes. The first is that channel bars and banks are destabilized during 

large (30% greater than bankfull) floods.  The high discharges erode material 

from upstream banks and bars, shearing it off and carrying it as a sheet of 

entrained material. This material is then deposited  in undifferentiated sheets on 
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downstream bars, causing vertical aggradation but no significant visible change 

to the bars (Mclean, Church and Tassone, 1999;  Wooldridge and Hickin, 2005; 

Fuller, Large and Milan, 2003). Subsequently, the unorganized bar material can 

then be eroded piecewise and transported by  less-than-bankfull discharges. The 

second process is channel-bed stabilization by bedforms called cluster bedforms. 

Cluster bedforms deflect stream energy, reduce transport of surface clasts and 

reduce the depth of the transported layer (Wittenberg and Newson, 2005; 

Brayshaw, 1985; Brayshaw, Frostick and Reid, 1983). Channel-bars have fewer 

cluster bedforms and are therefore less stable than channel-beds, because the 

clusters are created due size selective deposition during long flood recessions 

and stream power declines too quickly over the topographically-high channel-

bars to create these clusters. Due to these two processes, channel-beds in 

wandering gravel-bed rivers tend to be relatively stable while the channel-bars, 

after initial destabilization by effective discharges, are then susceptible to erosion 

by discharges lower than the effective discharge. 

Rapid morphological adjustment can occur to the channel-bed, banks and 

bars in wandering gravel-bed rivers when bank erosion and the resulting 

channel meander produce an upstream avulsion such as a chute cutoff. After 

such an event the reach downstream will be sensitive to more moderate 

discharges, with a return to the regular regime as larger floods re-establish 

cluster bedforms and stabilize the channel-bed.  



 

73 

 

Cluster bedform formation is dependent on long flood recessions which 

allow size selective deposition. Annual hydrographs for small to medium size 

wandering gravel-bed rivers in southern Alberta show that recession times for 

greater-than-bankfull discharges are sufficiently long to produce large numbers 

of cluster bedforms, which results in the observed stable channel-beds. In the 

large Bow river, very little morphological change has occurred over the past 84 

years. Flood recession times are relatively short compared to peak discharges, 

indicating that cluster bedforms are less important as a bed stabilizing factor. 

Instead, a change in climatic patterns has reduced rainfall flood magnitudes to 

approximately bankfull levels, and upstream dams have trapped coarse 

sediment that could have been transported by such floods. Combined, these 

factors have reduced morphological change on the Bow to negligible levels for 

the period of record. 

These findings provide the basis for a generalized behavioural model for 

wandering gravel-bed rivers under nival-dominated hydrological regimes:  
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Generalized behavioural model: 

Wandering gravel-bed rivers under nival-dominated hydrological regimes 

1) Most morphological change in channels is due to reconfiguration of channel 

bars and banks rather than the channel bed 

2) The majority of morphological channel change is effected by annual 

seasonal high flows rather than moderate discharges year round or periodic 

major floods 

3) In the case where an upstream avulsion occurs (such as a chute or neck 

cutoff), or in the case that normal lateral adjustment processes cause 

constriction, rapid upstream and downstream channel-bed modification can 

result. 

 

 
In addition to its geomorphological applications, this model can be used 

to help determine which legal terms are appropriate for the channel change in a 

given reach of wandering gravel-bed rivers in Alberta. 

 This model is supported by three case studies of rivers in Southern 

Alberta. 
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3.2 Case Studies 

The following case studies are examples of changes between two-channel 

and one-channel systems in three small to mid-size Alberta rivers where the 

changes can be shown, by a comparison of time-series airphotos and discharge 

records, to have occurred over years in which no overbank flooding (and 

therefore no effective discharges) took place. In order to find appropriate subjects 

for these case studies I assessed every named gravel-bed river in the North 

Saskatchewan basin and the Bow River and Old Man River sub-basins of 

southern Alberta.  The case-study sections of the Threepoint Creek, the Baptiste 

River, and the Sheep River are the most comprehensive examples out of the 

many identified in the broad survey; many other multiple-to-single channel 

shifts were found but often the airphoto coverage was too sparse to strongly 

support or detract from the argument, or flood records did not exist over the 

appropriate time period.  These three cases, however, show unambiguously that 

major changes in channel and bar configuration took place over years where no 

overbank flooding occurred, and the changes are therefore due to seasonal peak 

discharges that were bankfull or lower.  

3.2.1.1 Airphotos 

The majority of the airphotos used in this study are from government of 

Alberta surveys flown between 1926 and 1998, used to assess forestry and other 

resources. The remainder are from industry-funded surveys, the data from 
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which were later made public. High-resolution copies of the airphotos shown 

here are included in Appendix F. The airphotos in each series were taken at 

varying times of the year. Dates are included in the summary tables where 

available, but the precise dates on which historical photos were acquired are 

often not available and only the year is noted. Some of the channel differences 

between airphotos, therefore, may be due to variation in water levels, 

particularly when a channel appears to be narrowing and widening. These 

changes are worth noting nonetheless, as airphotos presented later will 

demonstrate that channels that show significant constriction are usually found to 

have been abandoned in subsequent photos and some of the narrowing therefore 

reflects true changes to the channel.   

3.2.1.2 Bankfull and Effective Flood Discharges 

As discussed in section 3.1.3, bankfull and effective discharges are of 

significant import to wandering gravel-bed morphology. Discharges up to and 

including bankfull levels effect change to channel banks and bars, while effective 

discharges which mobilize the channel-bed in gravel-bed rivers appear to need 

to be 30% greater than bankfull (Carling, 1988; Emmett and Wolman, 2001).  

There are many ways to define bankfull discharge, some of which are 

statistical and others of which depend upon field measurement and observation 

(Williams, 1978). The definition used in this study follows Wolman and 

Leopold’s (1957) description of bankfull as incipient overflow, the point just 
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before which the stream will overflow its banks. In the case of uneven banks, this 

is understood to mean the lower.  

Recurrence interval refers to the probability of any given discharge 

occurring in a given year. So for example, if a 100 m3/s discharge has a 1 in 50 

chance of occurring in a given year, it has a 50 year recurrence interval 

(Hydrology Sub-Committee, 1982). This may also be referred to as return period. 

The recurrence interval for bankfull discharge has historically widely been 

accepted as 1.5 years as a base assumption (Wolman and Leopold, 1957; 

Williams, 1978; Simon, Dickerson and Hines, 2004), however bankfull discharges 

can commonly have a recurrence interval ranging from 1 to 32 years (Williams, 

1978), and in the case of under-fit rivers (those in which the discharges which 

created the valley were much higher than the current hydrological regime 

produces), a river may not reach bankfull levels for tens or hundreds of years 

(Kellerhals, Neill and Bray, 1972).   

Kellerhals, Neill and Bray (1972) estimated bankfull discharges for 110 

river reaches in Alberta, using on-site measurements. The extreme variation in 

bankfull return periods (1.4 to >100) does not give much confidence that a useful 

generalized recurrence interval can be defined. However, in working with the 

hydrologic data, it became apparent that for most reaches in southern Alberta 

there is a distinct statistical break between two discharge populations. For 

example, Figure 3-11 is the recurrence interval versus peak discharge plot for 
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Threepoint Creek, and it shows two distinct discharge populations above and 

below 52 m3/s.  

This phenomenon was also noted in a report cited in the Neill and Watt 

(2001) case study of the Bow River. While there is no statistical analysis to 

support the claim, their report postulates that the discontinuity separates within-

bank peak annual discharges and over-bank flood discharges. Presumably this 

was suggested because the estimated bankfull discharge falls within the 

discontinuity, but further investigation would be required to determine the 

validity of the suggestion. 

To determine the recurrence interval distribution from peak flow data for 

each case study river, an Annual Maxima series analysis was performed. The 

maximum discharges for each year were first ranked from highest to lowest 

magnitude and the following plotting position formula was then applied 

(Knighton, 1984): 

 
T = n+1        (1) 

         M 

 T = recurrence interval 
 n = number of years of record 
 M = magnitude of discharge event 
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Figure 3-11 Threepoint Creek Recurrence Intervals. The two discharge 
populations are separated by the effective discharge threshold. Yellow line 
indicates 2.4 year recurrence interval. 
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The resulting data points were plotted on a Gumbel extreme values graph. 

At least ten years of continuous record are required for this method to have 

statistical relevance (Knighton, 1984)4.  

If Neill and Watt’s (2001) concept regarding the graphical discontinuity is 

extended to the case study rivers, a graphical break between two peak flow 

populations should exist for each river, representing in-bank and over-bank 

flows, and the respective bankfull discharge should fall within that break. Figure 

3-11 shows that this is not the case for the observed bankfull event at Threepoint 

Creek. The peak discharge rate for that event was 39.6 m3/s, which does not fall 

within the graphical break. However, the calculated effective discharge of 52 

m3/s,  (30% greater than bankfull) falls well within the break. This 

correspondence between the effective discharge and the graphical break was 

used to back-calculate bankfull discharge rates for the case-study rivers. 

The discharge rate for the observed bankfull event at Threepoint Creek 

was 39.6 m3/s, which corresponds to a 2.4 year recurrence interval for that 

stream. This 2.4 year recurrence interval has been chosen to represent bankfull 

for the case-study rivers, because for each river considered here, the calculated 

effective discharge (30% greater than bankfull discharge) when based on a 2.4 

                                                 
4
 When the method currently outlined was later applied to additional data sets, where a 10 year 

continuous record of yearly maximum instantaneous values was available it was used, and 
where it was not the yearly maximum daily values were used. These values do not vary 
significantly from each other but the data sets cannot be mixed, so one or the other was chosen 
for each river based on availability. 
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year recurrence interval,  falls clearly within the graphical break between two 

discharge populations (Figure 3-11). If Neill and Watt’s (2001) hypothesis is 

valid, therefore, the discharge value at the 2.4 year recurrence interval can serve 

as a rough estimate of bankfull for the case study rivers. While it is used here, 

further investigation is required to determine whether the graphical break 

between populations indicates a larger statistical correlation and whether that 

can be related to bankfull discharges on a regional scale. 

3.2.1.2.1 Additional Note: Stream Order 

1st order streams have no tributaries, 2nd order streams gather 1st order 

tributaries, 3rd order streams gather 1st and 2nd order tributaries, and so forth 

(Scheidegger, 1965). Stream order is used to give an impression of the size of a 

stream. 

3.2.2 Baptiste River 

3.2.2.1 Setting 

The Baptiste river is a 3rd order stream that originates from a small lake in 

the Alberta foothills, north and west of Rocky Mountain House, runs for 

approximately 112 km, and joins the North Saskatchewan river approximately 35 

km north of Rocky Mountain House (Figure 3-12). It gathers 18 tributaries, 2 of 

which are 2nd order streams themselves. The Baptiste river alternates between 

single and multiple-channel reaches, is irregularly sinuous and is gravel-bedded 
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throughout its length, therefore making it a wandering gravel bed river as 

previously defined.  

The areas of interest on the Baptiste river are three mid-channel vegetated 

islands located approximately 2km upstream from the confluence with the North 

Saskatchewan River (Figures 3-12 and 3-13). This area was selected due to the 

comprehensive time-series airphoto coverage over the three two-channel reaches. 

Airphoto coverage exists in approximately 10 year intervals between 1951 and 

1980, with finer (approximately 5 year) resolution between 1984 and 2007 

(Appendix F). Over the period of record, one channel has become abandoned on 

one side of each island, changing the reaches from two-channel to one-channel 

systems. 

 

Figure 3-12 Baptiste River, Alberta, Canada. 
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Figure 3-13 Area of Interest on the Baptiste River. Islands 1, 2, and 3 are 
indicated for reference. Direction of flow is from west to east and the recording 
station is indicated by the yellow arrow. 

 

3.2.2.2 Flow Record for Baptiste River 

The flow records for the Baptiste river were assessed to determine 

whether the channel abandonments mentioned previously are the result of 

channel-bed changes induced by effective-discharges, or channel-bank-and-bar 

changes accomplished by within-bank seasonal high flows . Unfortunately the 

flow recording station for the Baptiste River, which is located at the bridge just 

upstream from the confluence with the North Saskatchewan river, has only been 

functioning since 1984 so there is no direct flood record for this river before that 

year.  However the nearest recording station on the North Saskatchewan river is 
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located 35km upstream, and despite damming and flow regulation of the North 

Saskatchewan, a visual comparison of the flood records after 1984 for the two 

rivers show a very close correlation in flow patterns (Figure 3-14). This makes 

sense as the two rivers occupy the same general geographic area and climatic 

regime. The North Saskatchewan flow data can therefore be used as a proxy for 

the Baptiste in as far as determining whether floods occurred in a given year 

before it was dammed in 1972.  

The North Saskatchewan record indicates that on the N. Saskatchewan 

River before 1972, bankfull discharge (2.4 year recurrence interval) was 

approximately 770 m3/s, with effective discharges therefore being those over 

about 1014 m3/s (Figure 3-15). 

After 1973, average seasonal peak discharge dropped sharply, due to the 

1972 construction of the BigHorn Dam. Dams regulate seasonal flow levels but 

do not prevent large floods when rainfall on areas below the dams are significant 

contributors to flood discharges  (Neill and Watt, 2001). Such a flood can be seen 

in 2005 in Figure 3-16. Effective discharges occurred 8 times in the 37 years of 

record before 1973, in 1915, 1916, 1923, 1925, 1954, 1965, 1970 and 1972. (Figure 3-

16).  Flooding on the Baptiste river is assumed for the same years.  

The Baptiste River recording station came online in 1984. Bankfull 

discharge (2.4 year recurrence interval) is approximately 78 m3/s, with effective 

discharges being those over 101 m3/s (Figures 3-17, 3-18).  
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Figure 3-14 Comparison of North Saskatchewan and Baptiste Rivers Peak 
Discharge Records after 1984. The North Saskatchewan is flow-regulated so its 
peak discharges are reduced in magnitude, but the overall increase and decrease 
patterns are very close. 
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Figure 3-15 North Saskatchewan River Recurrence Intervals. Data points are for 
years before 1972 so no flow regulation effects are present. The two discharge 
populations are separated by the effective discharge threshold at 1014 m3/s. The 
yellow line indicates 2.4 year recurrence interval. 
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Figure 3-16 Flow Record for the North Saskatchewan River. The blue line 
indicates 1014 m3/s, above which peak flows are effective discharges.  

 

 

Figure 3-17 Flow Record for the Baptiste River. 101 m3/s, above which peak 
flows are effective discharges.  
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Figure 3-18 Baptiste River Recurrence Intervals. The two discharge populations 
are separated by the effective discharge threshold at 78 m3/s. The yellow line 
indicates 2.4 year recurrence interval. 
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3.2.2.3 Channel Abandonment Interpretation 

The airphotos for the Baptiste River are shown in Figures 3-19 to 3-21.  The 

changes are detailed in Appendix G. 

The southern channel around island 3 (green) was abandoned between 

1957-1967. Although it had been narrowing consistently beforehand, the 

abandonment of the channel could be construed as having been caused suddenly 

and perceptibly either by seasonal peak discharges or by flooding in 1965, as the 

time resolution on the photographs is not tight enough to make a definitive 

statement (Figures 3-19 A and B, 1957 and 1967).  

Similarly,  there is no way to distinguish whether the abandonment of the 

southern channel around island 2 between 1986-1991 should be attributed to 

seasonal peak discharges and therefore was gradual and imperceptible, or to 

flood discharges in 1989 and 1990 and was therefore sudden and perceptible 

(Figures 3-20 A and B, 1986 and 3-21 A and B, 1991). 

However, the abandonment of the northern channel around island 1 

between 1990 and 1995 can definitively be attributed to regular seasonal peak 

flows, and can therefore be described as gradual and imperceptible. The flow 

record shows that no floods over 101m3/s occurred between 1990 and 1998 

(Figure 3-17).  Figures 3-21 A and B (1991 and 1995) show that the northern 

channel around island 1 was abandoned between these years.  Therefore this 
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abandonment must have occurred during regular seasonal peak flows that 

moved available material from channel-banks and channel-bars. 

 

 

 

Figure 3-19 (A) Baptiste River Channel abandonments between 1951 and 1967.  



 

91 

 
 
Figure 3-19 (B) Delineated Baptiste River Channel abandonments between 1951 
and 1967 with overlay. Blue lines indicate flowing water. Islands are outlined in 
red (1), yellow (2), and green (3). Island 3 has become attached to mainland by 
the abandonment of its southern channel by 1967. Flooding occurred during 
these years so the mechanism for abandonment is unknown.  
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Figure 3-20 (A) Baptise River channel abandonments  between 1980 and 1986. 
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Figure 3-20 (B) Delineated Baptise River channel abandonments  between 1980 
and 1986 with overlay. Blue lines indicate flowing water. Islands are outlined in 
red (1) and yellow (2). No islands are abandoned between 1980 and 1986. Island 
2 became attached to the mainland between 1986 and 1991 by the abandonment 
of its southern channel (see also Figure 3-21). Flooding occurred during these 
years so the mechanism for abandonment is unknown. 
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Figure 3-21 (A) Baptiste River channel abandonments between 1991 and 2007. 
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Figure 3-21 (B) Delineated Baptiste River channel abandonments between 1991 
and 2007 with overlay. Blue lines indicate flowing water. Islands 1 is outlined in 
red (1). Island 1 became attached to the mainland between 1991 and 1995 by the 
abandonment of its northern channel. No effective flooding occurred during 
these years so the abandonment of the channel must be due to seasonal peak 
flows. 
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3.2.3 Sheep River 

3.2.3.1 Setting 

The Sheep River is a 4th  order stream that originates from a small alpine 

lake on the north-eastern flank of the Misty Range of the Rocky Mountains in 

Alberta, runs for approximately 112 km, and joins the Highwood River 

approximately 13km south of the Highwood’s confluence with the Bow River 

(Figure 3-22).  It gathers 42 tributaries, 10 of which are 2nd order streams and one 

of which is 3rd order.  The Sheep River alternates between single and multiple-

channel reaches, is irregularly sinuous, and is gravel-bedded throughout its 

length, therefore making it a wandering gravel bed river as previously defined. 

 

Figure 3-22 Sheep River. Study area is indicated by red box. 

 

The area of interest on the Sheep river consists of two sets of mid-channel 

vegetated islands located in a large circular bend approximately 6 km upstream 

from its confluence with the Highwood river (Figure 3-23). Airphoto coverage 

exists beginning in 1948 with approximately 5 year intervals between 1948 and 

1970, an 8 year gap between 1970 and 1978, and then approximately 3 year 
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intervals between 1978 and 1983. Individual photos are then available from 1991, 

2002, and 2007(Appendix F). Between 1948 and 2007 the island grouping 

changed significantly; many channels were created and abandoned.  These 

changes are detailed in Appendix G. 

 

Figure 3-23 Study area on the Sheep River. 1 and 2 designate the two groups of 
islands/bars under consideration. 
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3.2.3.2 Flow Record for Sheep River 

The closest recording station to the study area for the Sheep river is 1.5 km 

upstream from the area of interest, Sheep River at Aldersyde. However, the 

record covers only 1957-1965, missing the first 7 years of channel changes and 

does not have a long enough record to perform statistical analysis (Figure 3-24). 

 

Figure 3-24 Sheep River at Aldersyde peak flow record(Environment Canada, 
2010).  There are not enough data points to calculate a recurrence interval and 
perform an effective flow analysis from this gauge.  

 

The only recording station on the Sheep river that has a record over the 

earlier period reflected by air photo coverage (1951-1967) is at Buck Ranch 

(Figure 3-25).  
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Figure 3-25 Flood record for Sheep River at Buck Ranch (Environment Canada, 
2010). The blue line indicates the effective discharge threshold of 77 m3/s. 
Effective discharge floods occurred in 1951, 1953, 1963 1964, and 1967. 

 

As Buck Ranch is significantly (37 km) upstream of the area of interest and 

the Sheep river gains many tributaries in the intervening distance, flood data for 

this station on its own cannot be taken as definitive. However, when the Buck 

Ranch and Aldersyde records are compared they show a direct correspondence, 

indicating that the Buck Ranch record can be used to determine whether effective 

discharges occurred downstream (Figure 3-26). The latter part of the Sheep River 

record comes from the recording station at Black Diamond. This station covers 

1969-2010 (Figure 3-27). Gumbel extreme value plots of peak discharge versus 

recurrence interval for both stations are shown in Figures 3-28 and 3-29. 
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Figure 3-26 Daily maximum flow records for four recording stations on the 
Sheep River, overlain to show correlation. Magnitudes vary because of recording 
station location, but the increase and decrease patterns correspond. 

 

 

Figure 3-27 Flood record for Sheep River at Black Diamond (Environment 
Canada, 2010). The blue line at 65 m3/s represents the effective discharge 
threshold. Effective discharge flooding occurred in 1970,1975, 1981, 1990, 1992, 
1993, 1995, 1998, 2005 and 2008.  
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Figure 3-28 Sheep River at Buck Ranch Recurrence Intervals. The two discharge 
populations are separated by the effective discharge threshold at 77 m3/s. The 
yellow line indicates 2.4 year recurrence interval. 
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Figure 3-29 Sheep River at Black Diamond Recurrence Intervals. The two 
discharge populations are separated by the effective discharge threshold at 65 
m3/s. The yellow line indicates 2.4 year recurrence interval. 
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3.2.3.3 Channel Abandonment Interpretation 

The flow record at Buck Ranch (Figure 3-25) indicates that effective 

discharge flooding (discharge levels great enough to induce full bed mobility) 

occurred on the Sheep River in 1951 and 1953, and therefore island changes 

between 1950 and 1955, where the mid-island bar in island group 1 (orange) was 

translated downstream a significant distance and the southern lateral bar 

(yellow) becomes attached to the bank, could have been caused or affected by 

those floods in addition to seasonal peak discharges (Figures 3-30 A and B, 1950 

and 1955). However, no flooding occurred between 1955 and 1962 and the 

channel changes between these years must therefore have been due to normal 

seasonal peak flows. These changes are that the northern channel around island 1 

(orange), which had been nearly abandoned by 1955, has been reopened as a 

flowing channel, re-establishing the island (Figures 3-30 A and B, 1955 and 1962). 

Downstream, the large vegetated island 2 (red), visible in 1955, by 1962 has been 

split into two parts, 2a and 2b (both red), and 2a has become attached to the 

mainland,  indicating the abandonment of the westernmost channel around the 

1955 island (Figures 3-30 A and B, 1955 and 1962). 

The flow record for the Sheep at Black Diamond (Figure 3-27) shows that 

effective discharge floods on the Sheep occurred in 1970 and 1975, which means 

the changes between 1967 and 1978, the abandonment of the northern channel 

around island 1 (orange), the abandonment of the western channel around 2a 
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(red), and the development of a new island 2c (green) (Figures 3-29 A and B, 1967 

and 1978), could be due to  flooding and bed-load movement rather than simply 

normal seasonal peak flows and channel-bank and channel-bar material 

movement.  

Similarly, flooding occurred in May 1981, and the 1981 airphotos were not 

taken until sometime in September through November.  Therefore it is not 

possible to tell whether the changes between the 1978 and 1981 photos were 

caused by flooding  or by annual high flows. These changes are: 1978-1981, 

narrow western channel around island 2c (green) becomes extremely constricted, 

remaining island 2b (red) is sole mid-channel bar (Figures 3-30 A and B, 1978-

1981).  

However, no effective discharges occurred between the fall of 1981 and 

1983, and therefore the following changes must have been accomplished by 

channel-bank and channel-bar material movement during seasonal high flows in 

1982 and 1983: western channel around 2b constricted but flowing, eastern 

channel fully open, new island 2d (yellow) has formed to the south with a 

narrow channel on its southern side (Figures 3-31 A and B, 1983).  This indicates 

that the formation of island 2d occurred due to regular seasonal flows. Likewise, 

no flooding occurred between 2002 and 2004, which indicates that the 

abandonment of the eastern channel around 2b was due to seasonal high flows 

(Figures 3-31 A and B, 2002 and 2004).  
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Figure 3-30 (A) Channel Changes on the Sheep River between 1948 and 1981 
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Figure 3-30 (B) Delineated Channel Changes on the Sheep River between 1948 
and 1981. Blue lines indicate water-bearing channels. Vegetated islands and 
unvegetated emergent bars are outlined in bright colours and labelled according 
to text references. 
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Figure 3-31 (A) Channel Changes on the Sheep River between 1983 and 2007 
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Figure 3-31 (B) Delineated Channel Changes on the Sheep River between 1983 
and 2007. Blue lines indicate water-bearing channels. Vegetated islands and 
unvegetated emergent bars are outlined in bright colours and labelled according 
to text references. 
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3.2.4 Threepoint Creek 

3.2.4.1 Setting 

Threepoint Creek is a 3rd order stream that originates on Threepoint 

Mountain in the Rocky Mountains,  west of Millarville, Alberta, runs for 

approximately 64 km, and joins the Sheep River approximately 6km north-

northwest of Black Diamond (Figure 3-32).  

 

Figure 3-32 Threepoint Creek 

 

The river gathers 14 tributaries, 4 of which are 2nd order streams 

themselves.  Threepoint Creek alternates between single and multiple-channel 

reaches, is irregularly sinuous and is gravel-bedded throughout its length, 

therefore making it a wandering gravel bed river as previously defined. 

The areas of interest on Threepoint Creek are two former mid-channel 

vegetated islands located approximately 21km downstream from the source 

(Figure 3-33).  
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Figure 3-33 Threepoint Creek areas of interest. 1 and 2 designate the islands 
under consideration. 
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Airphoto coverage begins in 1926, with approximately 4 year intervals 

between 1960 and 1988, with 2 year intervals over the time period of 1977-1984, 

and 10 year intervals between 1998 and 2009 (Figures 3-35 A and B, 3-36 A and 

B). Airphoto scales range from 1:5000 to 1:30000. On airphotos with scales of 

1:20000 or above magnification is required to see channel details (Appendix G).  

Between 1977 and 1984 one channel around each of islands 1 and 2 was 

abandoned, changing the reaches from two-channel to one-channel systems. 

These changes are detailed in Appendix G. 

3.2.4.2 Flow Record for Threepoint Creek 

The closest recording station to the area of interest for Threepoint Creek is 

23 km downstream from the areas of interest, at Millarville.  Threepoint creek 

gains 5 minor tributaries and one significant tributary in this distance, so the 

flow levels at the monitoring station are somewhat higher than they would be at 

the area of interest, however the drainage area is so small that climatic conditions 

are likely identical throughout and relative increases and decreases in flow 

should be realistically reflected at the recording station. For the purposes of this 

discussion the flow levels recorded at the Millarville bridge will be used to 

represent flows on Threepoint creek. The Millarville flood record does not begin 

until 1966, so the cause of earlier changes to the channels and islands cannot be 

determined. Bankfull flows are 40 m3/s, and effective discharges are those over 

55 m3/s (Figure 3-11). Flows reaching these levels or higher occurred 10 times 
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over 45 years of record, in 1967, 1969, 1990, 1994, 1995, 1998, 2002, 2005, 2006 and 

2008 (Figure 3-34). 

 

Figure 3-34 Flood record for Threepoint Creek at Millarville (Environment 
Canada, 2010). Blue line at 55 m3/s indicates the effective discharge threshold. 
Effective discharge floods occurred in 1967, 1969, 1990, 1994, 1995, 1998, 2002, 
2005, 2006 and 2008. 

 

3.2.4.3 Channel Abandonment Interpretation 

Figure 3-34 shows that no effective discharge floods occurred between 

1976 and 1989. In particular there is no flooding between 1980-1984, the years 

between which the second channel around each of island 1 and island 2 was 

completely abandoned (Figures 3-36 A and B, 1980-1984, Figure 3-37). The 

abandonment of these two channels therefore cannot be attributed to flooding 

but must have occurred due to processes that take place during regular seasonal 

peak flows.  
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Figure 3-35 (A) Channel changes on Threepoint Creek between 1926-1974. Island 
2 first appears in 1962, island 1 in 1966. An earlier island in a similar position to 
island 1 can be identified in 1926, but overlaying the photos indicates that the 
channel has migrated significantly farther east by 1966 so the two are not the 
same feature. Two open channels can be identified around both islands 1 and 2 
in all photos after 1966. 
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Figure 3-35 (B) Delineated channel changes on Threepoint Creek between 1926-
1974. Island 2 (yellow) first appears in 1962, Island 1 (green) in 1966. Blue lines 
indicate flowing water. An earlier island in a similar position to Island 1 can be 
identified in 1926 (orange), but overlaying the photos indicates that the channel 
has migrated significantly farther east by 1966 so the two are not the same 
feature.  
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Figure 3-36 (A) Channel changes on Threepoint Creek between 1977-1998. The 
eastern channel around each island is progressively narrowing and is abandoned 
by 1984. Larger photographs available in Appendix G. 
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Figure 3-36 (B) Delineated channel changes on Threepoint Creek between 1977-
1998. The eastern channel around each island (1 is green, 2 is yellow) is 
progressively narrowing and is abandoned by 1984. Blue indicates flowing 
water. 
 

Figure 3-37 Detail view of island 1 on Threepoint Creek over the timespan in 
which the western channel was abandoned. Eastern Channel is progressively 
narrowing and is abandoned in 1982 photo. Note north is down in these photos. 
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3.2.5 Conclusions from Case Studies 

Three case studies are presented here. In each, at least one channel in a 

two-channel system was abandoned over years in which no effective discharge 

floods occurred.  This indicates that these channel abandonments must be due to 

the movement of channel-bank and bar material during annual seasonal peak 

discharges. 

In each of the three case studies, numerous other channels were  

abandoned or islands created in the rivers during the period of airphoto 

coverage (detailed in Appendix G). The airphoto data is not constrained tightly 

enough to indicate whether the rest of these changes occurred due to annual 

seasonal peak discharges, effective flood discharges, or some combination of 

both. The inference can be made that floods were not the major contributors to 

these changes based on Wooldridge and Hickin’s (2005) and Fuller, Large and 

Milan’s (2003) assertions that emplacement of bedload sheets during effective 

discharges did not produce significant morphological change to banks and bars 

in the wandering gravel-bed rivers they observed. However, the data in this 

study are not detailed enough to support or disprove this inference and further 

field observations would be required to do so.  
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Therefore, the case studies provide support for the southern Alberta 

wandering gravel-bed river behavioural model by showing that regular seasonal 

peak flows do effect morphological change. 

 

3.2.6 Additional Observations  

Field observations of Island 1 at Threepoint Creek and Islands 1 and 2 at 

Sheep River were made in June, July, and October of 2009 and 2010, with 

additional observations in April in 2010.   

For all three islands, the now abandoned channels are easily identifiable 

as sparsely vegetated depressions between what was the island and the main 

bank (Figure 3-38). At the upstream end of each depression (abandoned channel) 

is a coarse grained, poorly sorted berm (Figure 3-39). 

My initial observations of these berms led me to hypothesize that the 

berm was deposited due to the waning of flooding which caused the 

abandonment of the channel. Evidence from this thesis has now shown that in all 

three of these cases flooding did not cause the channel abandonment. Therefore 

the origin and role of the berms are now unexplained, and provide an intriguing 

line of investigation for future research.  
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Figure 3-38 Threepoint Creek former island 1, looking northward.  The former 
channel is clearly visible as a sparsely vegetated depression between the former 
island and the mainland. 
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Figure 3-39 Threepoint Creek former island 1, looking southward. The coarse-
grained gravel berm is raised with respect to both the current and former 
channels. 
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3.3 Possible Challenges to Behavioural Model 

The behavioural model developed herein is based on several assumptions. 

If future work demonstrates these assumptions to be incorrect, the model will 

need to be adjusted or restructured. 

The first major assumption is that effective discharges for the beds in 

Alberta’s wandering gravel-bed rivers are 30% greater than bankful. No physical 

testing of this assumption has been done to date. If effective discharges are 

significantly less than this threshold, for example if bankful discharge was found 

to be effective for the beds, it would call into question the assertion that the 

majority of morphological change is due solely to changes to the banks and bars.  

A second, related, assumption is that long recession times are indeed 

resulting in high densities of cluster bedforms and therefore greater bed stability. 

Direct measurement of these features is needed to confirm this. If it is found that 

Alberta’s wandering gravel-bed rivers do not have significant numbers of cluster 

bedforms, the relative bed stability would again be called into question. 

Another assumption that needs substantial investigation is that the 

graphical break in the discharge v. recurrence interval graphs has a physical 

basis rather than being a statistical artefact. If it has no physical basis, in any 

future research the bankfull discharge for any given river would need to be 

measured directly rather than inferred from the graphs, and the current case 

studies would need to be re-evaluated. 
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Chapter Four: Application of the model: Robertson v. Wallace 

4.1 Robertson v. Wallace Background 

The introduction to this thesis cited a court case that raised the questions 

addressed herein. That was the 2000 Alberta Court of Queen’s Bench case 

Robertson v. Wallace. The basics of the dispute were that since the early 1900’s, the 

Robertson and Wallace families had owned property on either side of the 

Highwood River in section 7-19-28-W4M. The Wallaces owned the property to 

the north and west of the western bank of the river, the Robertsons owned that to 

the south and east. When the Wallace family prepared to sell their property in 

1994, they had a new land survey prepared as there had been some conflict 

between the two families regarding the exact location of the property boundary. 

The surveyor noted that the river had moved significantly since the original 

survey in 1890, and amended the property report to include the land to the west 

of the current western bank of the river (Figure 4-1). However this change was 

made without consulting the Robertsons, and it provoked legal action.  

The aspects of the legal suit that are relevant here pertain to the channel-

change processes that had occurred in the three reaches of the Highwood River 

that run through 7-19-28-W4M. As discussed in Chapter 2, the law addresses 

river channel changes through the “doctrine of accretion”, which states that slow 

and imperceptible movement of a river bed results in movement of the property 

boundary along with the river bed, whereas sudden changes in the position of 
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the river bed leave the property boundary at the previous position.   In Robertson 

v. Wallace, it was unclear to the judge as to whether the changes to the river 

channel in all three reaches were in fact gradual or sudden.   

 

Figure 4-1 1998 Survey Map of the Highwood River showing disputed reaches in 
Robertson v. Wallace. Dashed orange line represents the western bank in 1890, 
solid blue line represents the 1998 western bank.  

 

Dr. Osborn, an expert witness in the case, had testified that the channel 

movement on reach A was normal meandering movement and therefore 
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accretionary.  The judge accepted this testimony and thus the property boundary 

in reach A was amended to match the north and western bank of the 1994 

survey. In reach B Dr. Osborn demonstrated that two cutoffs had occurred; a 

migration neck cutoff that occurred before 1890, and a  neck chute cutoff that 

occurred after 1890. He testified that the movement in both cases was avulsive. 

The  pre-1890 event did not affect the property boundary because it occurred 

before the boundary was defined by the 1890 survey. The post-1890 neck chute 

cutoff also did not change that surveyed boundary because it was deemed to 

have been avulsive, and the Robertsons were granted ownership of the land to 

the south and east of the 1890 western bank.  Reach C was more complicated, as 

it involved a change from two channels to one.  The westernmost bank of the 

western channel was the original surveyed property boundary (Figure 4-1).  

Sometime after the original survey in 1890 and before a second survey in 1917, 

the western channel was abandoned and the eastern channel became the sole one 

active. This resulted in the westernmost bank now being that of the eastern 

channel.  

A second expert witness, Mr. Allred, the Alberta land surveyor who had 

created the new land survey for the Wallaces, also testified. Mr. Allred stated 

that he believed the change had occurred gradually; as the eastern channel was 

the larger to begin with, ongoing corrosive action slowly deepened the eastern 

channel and eventually allowed it to capture the entire discharge of the river, 



 

125 

which caused the western channel to dry up imperceptibly.  Dr. Osborn, an 

expert in the field of surficial geology, refuted Mr Allred’s claim. He conceded 

that Mr. Allred’s version of events was possible, but he then pointed to the 

numerous recorded floods between 1890 and 1917 and stated that it was more 

likely that a flood event deepened the eastern channel and that the drying up of 

the western channel was a perceptible event. Also, using the best understanding 

of the doctrine of accretion available at the time, Dr. Osborn argued that the 

change to a single-channel system, however it came about, should be considered 

avulsive since there would be a single moment at which flow must first cease in 

the second channel and that would be a perceptible event.  No definitive 

conclusion about the events that occurred in reach C was or is possible, given the 

lack of eye witness evidence for the channel changes. The honourable Judge 

Nation accepted Dr. Osborn’s interpretation, as she considered his qualifications 

better suited to assess this situation.  The river channel changes in reach C were 

therefore held to be avulsive and the original 1890 surveyed boundary through 

the western (now abandoned) channel was deemed to be the current property 

boundary.  

4.2 Application of the Model 

These conclusions can now be considered once again in terms of the 

behavioural model for southern Alberta’s wandering gravel-bed rivers that was 

developed in chapter 3.  The Highwood River alternates between single and 
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multiple-channel reaches, is irregularly sinuous, and is gravel-bedded 

throughout its length, and is therefore a wandering gravel-bed river as defined 

herein. Thus, the southern Alberta wandering gravel-bed river model can be 

applied.  

4.2.1 Reach A 

In reach A, the evidence for normal meandering movement was the 

increased sinuosity on that bend of the river, accompanied by distinct point 

bar deposits (scroll bars) on the inside of the bend. These can be seen in 

Figure 4-2 as yellow bands, delineated by bands of decreasingly mature 

vegetation. The wandering gravel-bed model indicates that the erosion of 

the outer bank, and the deposit of the point bars on the inner bank, would 

not have occurred as continuous processes throughout the year, but rather 

as seasonal episodic events. Under the interpretation of the doctrine of 

accretion as defined in chapter 2 of this thesis, seasonal episodic channel 

change is defined as accretionary. This was established by Judge Lamont in 

Clarke v. Edmonton (1930), where he stated that:  

“The test, in my opinion, is not the number of years it took the 

bench to form, nor yet whether an addition to the shoreline may be 

apparent after each flood, but whether, taking into consideration all 

the incidents contributing to the addition, it properly comes within 

what was known to the Roman law as "alluvion", which implies a 

gradual increment imperceptibly deposited, as distinguished from 

"avulsion", which implies a sudden and visible removal of a quantity 
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of soil from one man's land to that of another, which may be 

followed and identified, or the sudden alteration of the river's 

channel”.   

 

Under this interpretation, seasonal deposits on the point bars can be seen 

to constitute “alluvion”. The argument could be made that a single spring flood 

event may have emplaced the entire deposit, and that this should constitute 

avulsion. This is certainly plausible, as McLean, Church and Tassone (1999) 

indicate that bedload sheets are emplaced en masse during flood events. 

However,  (2005) state that these bedload sheets do not significantly alter the 

morphology of channel features, which implies that numerous such events are 

required to significantly increase the size of the point bar, or that a combination 

of flood events plus normal bedload movement accomplishes the growth. Both of 

these latter cases constitute accretion under Judge Lamont’s ruling. Therefore for 

reach A in Robertson v. Wallace, the original interpretation of (legally) 

accretionary channel-bed movement is supported as the most reasonable and 

likely conclusion. 
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Figure 4-2 2002 satellite image of disputed reaches (A, B, C) of the Highwood 
River in Robertson v Wallace (Google Earth). Reach A: Scroll bars delineated by 
bands of decreasingly mature vegetation are highlighted in yellow. Reach B: 
Oxbow lake from pre-1890 migration neck cutoff still exists. Post 1890 neck chute 
cutoff location is indicated. Reach C: Former western channel is still discernible, 
as is former mid-channel island. 

 

4.2.2 Reach B 

In reach B, the channel straightening between the two historical maps is 

fairly clear evidence that a neck chute cutoff occurred between 1890 and 1917 

(Figure 4-3). The 1890 map also shows a constricted backwater that was likely 

produced when a migration neck cutoff previous to 1890 caused abandonment of 

the full meander loop, leaving a backwater that became an oxbow lake when the 

later neck chute cutoff occurred.  
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Figure 4-3 Historical maps of disputed reaches of Highwood River.  Reach B: 
1890 map shows a constricted bend with an extensive backwater, created by an 
earlier migration neck cutoff  (dotted line indicates swampy banks). 1917 map 
shows a chute neck cutoff has occurred, abandoning the constricted backwater 
and creating an oxbow lake. Reach C: 1890 map shows 2 flowing channels 
around a large island. 1917 map shows only the eastern flowing channel, 
indicating that the western had been abandoned. 

 

Two possibilities exist for how the neck chute cutoff transpired : 1) a rapid 

avulsive event, or 2) a gradual constriction and abandonment.  The original 

interpretation for reach B was that the change was likely avulsive.  Given that 

there were several large floods between 1890 and 1917 that could have created 

overbank flooding that allowed an energetically favourable channel to be cut, 

rapid avulsion is a plausible interpretation. While there is not a great deal of 

literature that discusses the rate at which cutoffs occur, Allen (1965), states that 

chute cutoffs proceed slowly, and the wandering gravel-bed model indicates that 

1890 1917 
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most channel change occurs gradually. Therefore it is necessary to look at cutoff 

processes in further detail and to address what the legal perspective is on cutoff 

development. 

4.2.2.1 Cutoff Development 

In section 2.1.2.1of this thesis, , meander-bend cutoffs are introduced. 

There it is stated “Individual meanders migrate laterally until it becomes more 

energetically efficient for the stream to cut a new channel across the meander 

neck, (here distinguished as “neck chute cutoff”) or across the meander loop 

itself (chute cutoff).  A second type of neck cutoff can occur when two arms of a 

meander loop migrate into each other (“migration neck cutoff”)(Figure 4-4) .  
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Figure 4-4  Cutoff Types (developed from Bridge, 2003; Selby, 1986; Bates and 
Jackson, 1984; Jones and Schumm, 1999; Phillips, 2008; Constantine and Dunne, 
2008)  

A) Migration Neck Cutoff: Two arms of the meander loop migrate into each other, 
eroding away the narrow neck of land between them and short-circuiting the loop.  
One or both mouths of the old channel may become plugged, creating a restricted 
backwater or an oxbow lake respectively, or a two-channel system may be 
established. Significant channel straightening occurs, but a sharp bend may remain.  

B) Neck Chute Cutoff: During flooding overbank flows erode a gully that connects 
the two arms of the loop at its nadir. One or both mouths of the old channel may 
become plugged, creating a restricted backwater or an oxbow lake respectively, or a 
two-channel system may be established. This type of cutoff produces maximum 
channel straightening. 

C) Chute Cutoff: During flooding overbank flows erode a gully that connects the 
two arms of the loop across the loop itself. One or both mouths of the old channel 
may become plugged, creating a restricted backwater or an oxbow lake respectively, 
or a two-channel system may be established. Overall sinuosity and channel length is 
decreased by this type of cutoff but a significant portion of the loop may remain. 
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Assigning modifiers to these terms is necessary because, somewhat 

confusingly, the term “neck cutoff” is widely used to refer to two separate 

processes. The first involves the creation of a cutoff chute at the nadir or neck of 

the loop and the subsequent abandonment of the meander bend channel, while 

the second involves the migration of two arms of a meander-bend into one 

another and short-circuiting the meander bend channel, also resulting in its 

abandonment (Figure 4-4). A widespread review of the literature reveals that in 

almost any given paper, either no distinction is made between the two processes, 

or the authors use the term to exclusively refer to one of the two processes and 

do not discuss the other (see for example: Hooke, 1997; Morozova, G.S. and 

Smith, N.D, 1999; Mosley, 1975; Phillips, 2008; Gay et al, 1998). This can create 

significant problems when trying to clarify the application of legal terms to “neck 

cutoffs”, as one reader may interpret that the first process is being discussed 

while another reader may interpret that it is the second, and different 

interpretation must be applied to each. Therefore for the purposes of this paper, 

a neck cutoff that involves the creation of a chute is referred to as a  “neck chute 

cutoff”, while a neck cutoff that involves two arms of a bend migrating into one 

another is referred to as a “migration neck cutoff”. 

When reviewing the literature about cutoff development, there is initially 

a sense that there are conflicting views of how quickly or gradually cutoffs 
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progress. Careful examination reveals that rather, there are two aspects to cutoff 

progression: initiation and creation of the chute channel, and abandonment of 

the original channel, and that some authors refer to the former and some to the 

latter when discussing the pace of progression. For example, Allen (1965) stated 

that chute cutoffs develop gradually, while neck cutoffs proceed quickly, and is 

clearly referring to the abandonment of the old channel as the defining process. 

“…[in a chute cutoff] enlargement of the new channel and plugging of the old 

proceed gradually. Chute cutoffs are plugged mainly by bed load sediments, the 

active channel gradually becoming shallower and narrower…[in a neck cutoff] 

bed load sediment rapidly plugs the ends of the abandoned channel to give the 

familiar “ox-bow” lake (p.119)”.  Such plugging may occur when the new 

channel is less sinuous than the old and is therefore more energetically efficient. 

The more efficient channel will capture more of the discharge, resulting in a  

decrease in stream power in the old channel and a corresponding deposit of 

bedload (Hooke, 1995; Piegay et al, 2000; Micheli and Larsen, 2011). This “slow 

abandonment” interpretation is included in Walker and James’ Facies Models 

(Walker and James, 1992), lending it widespread acknowledgement. Conversely, 

Mosely (1975), observing both chute and neck cutoffs on the Bollin river in 

Devonshire, England, states that they are “catastrophic” events, but is referring 

to the creation of the new cutoff channel.  Hooke (2004) is also referring to the 

creation of new cutoff channels when he references numerous studies (including 
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his own data, again from the Bollin River) that indicate the occurrence of all 

cutoffs increases during periods with higher numbers of floods (although he 

points out that any given extreme flood may not induce cutoffs and that it is the 

clustering of flood events that causes clustering of cutoffs), which implies that 

both neck and chute cutoffs occur rapidly in response to floods.  Illustrating both 

sides of the discussion, Sinha (1996) points out that airphoto evidence from the 

Burhi Gandak river in India shows that all types of cutoffs there often take 50-100 

years to abandon the old channel bed, despite the fact that large flood events 

cause major avulsions of the main water-directing channel. Thus, in order to 

discuss the legal implications of a cutoff event, it must first be determined 

whether it is the creation of the chute channel (through neck or chute cutoff) or 

the abandonment of the original channel (through plugging) that defines the 

cutoff event. Before this can be determined, however, a clear picture must be laid 

out for how cutoff processes occur in wandering gravel-bed rivers. 

4.2.2.2 Cutoff Development in Wandering Gravel-bed Rivers 

4.2.2.2.1 Neck Cutoffs: Meander-Arm Migration  

In a highly tortuous meander path, both arms of a meander loop may be 

actively migrating in opposite directions, one in a downstream sense and one in 

an upstream sense. Alternately, both arms may be migrating in a downstream 

direction, but the upstream arm is doing so faster than the downstream arm. In 

both of these scenarios, the situation may arise where a narrow neck of land on 
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the inside bend of both arms is eroded entirely away, short-circuiting the bend 

(Constantine and Dunne, 2008) (Figures 4-4A, 4-5). The migration neck cutoff 

differs from a neck chute cutoff in that no chute channel is created or required in 

the former. Rather, it is as though a gate is opened between the two arms, 

immediately connecting them. In Alberta’s wandering gravel bed rivers, this 

final erosive breach could occur either during flooding or during annual seasonal 

peak flow. 

 

 

Figure 4-5 Imminent neck cutoff on Nowitna river, Alaska. Red arrow indicates 
overall flow direction to the right. Blue arrows show local flow direction: 
upstream arm is migrating to the right, downstream arm is migrating to the left. 
(Photo credit: Oliver Kurmis). 
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Hooke (1995; 2004), studied cutoffs on the meandering gravel-bed Bollin 

River, which can be usefully compared to Alberta’s wandering gravel-bed rivers 

because both have poorly sorted bedloads and only episodic effective discharges. 

The major differences between the two are that on the Bollin effective discharges 

may occur at any time of year and the banks are extremely erodible (Hooke, 

1995), while in Alberta’s  rivers effective discharges are restricted to the peak 

spring discharges and the banks are more competent, although still erodible 

(Smith, 2010, pers. comm).   

 Based on his observation of cutoffs on the Bollin River, Hooke states that 

for a [migration] neck cutoff, the inception of the new channel (that is, the breach 

of the channel-bank “gate”) may occur during a moderate discharge rather than 

solely during a flood event. In either case the subsequent bank erosion and 

sedimentation changes proceed rapidly and are extensive. These changes are due 

to the sudden increase in channel gradient, which in turn increases stream power 

over the new channel-bed (Fuller, Large and Milan, 2003). In a wandering gravel-

bed river the same would be expected, because in these rivers annual seasonal 

peak discharges can and do reconfigure the banks and bars. Therefore a neck in a 

wandering gravel-bed river may be breached during an effective flood event, but 

this can also occur during a non-flood annual peak discharge because the banks 

do not have the stabilizing structures that the channel bed does. In either case, 
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the sudden increase in channel gradient would have the same rapid, extensive 

effects on the neck cutoff banks and on the  upstream and downstream bed, as 

observed by both Mosely (1975)and Hooke (1995).  

In geological terms, the rapid change in the main flow-directing channel, 

from the long meander to the “gate” by-pass, represents an avulsive event. From 

the legal viewpoint, given that this change is entirely due to gradual migration of 

the meander loop arms, the argument could be made that despite the rapid 

culmination the process leading to the change is entirely accretionary and that 

therefore the change itself should be considered accretionary. However, as soon 

as the “gate” material is eroded, the change in the river’s primary flow is rapid 

and perceptible, as is the rapid subsequent bank and bed scour.  Once the last  

material is eroded, the lateral migration process ceases and the scour process 

begins. This is an instance of a gradual and imperceptible process leading to the 

inception of a new, separate, rapid and perceptible process. Therefore, migration 

neck cutoff should be considered avulsive.  

4.2.2.2.2 Chute Cutoffs: Loop Chutes and Neck Chutes 

A distinction is made in the literature between neck chute cutoffs, which 

occur at the nadir or neck of the loop (where the two arms of the loop are 

closest), and chute cutoffs, which occur within the loop (Charlton, 2008; Erskine, 

McFadden and Bishop, 1992; Gay et al, 1998; Hooke, 2004) (Figure 4-4 B and C). 
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While there are some differences in how the old channel is plugged and 

abandoned in each case (Allen, 1965; Hooke, 1995; Piegay et al, 2000), the 

inception and creation of the chute appears to occur the same way in both 

situations. 

Descriptions in the literature of the exact processes of chute cutoff (both 

neck and loop) are not plentiful.  However, Hooke (1995) and Gay et al. (1998) 

cite Thompson’s (1984) PhD. thesis, which suggests that chute cutoffs in gravel-

bed streams develop from headcuts that migrate in the upstream direction, 

leaving a downstream gully, until they reach the upstream channel and the 

connection is made (Figures 4-6, 4-7). Gay et al. (1998) then support this 

hypothesis with observations of 5 cutoffs (two loop chute cutoffs, three neck 

chute cutoffs) on the Powder River, Montana, all of which exhibit this behavior. 

Micheli and Larsen (2011) support the concept of headcut gully chutes with their 

observations of chute cutoffs on the gravel-bed Sacramento River, California, 

where they show that overbank floods are required to initiate and create chute 

channels, which develop from downstream to upstream.  From a legal 

perspective, the important point is that the headcut-gully process requires 

overbank flooding to initiate.  

Gay et al. (1998), state that for the cutoffs they observed, in some the 

headcut gullies were completed in a single flood event, but that in most instances 

a number of flood events were required to complete the gully (that is, to connect 
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the two arms of the original river channel and create a chute). In the first case 

where the gully is created in a single flood event, the chute cutoff can clearly be 

classified as both legally and geologically avulsive, as both the process and the 

progress are rapid and perceptible. In the second case, where many successive 

floods are required to create the chute channel, it could be argued that this is a 

series of episodic events and that the development of the channel is gradual, and 

therefore a legally accretionary process. However this interpretation would be 

faulty because the episodic events creating the chute are not seasonal peak 

discharges, but floods each time.  

Judge Lamont (1935) defined episodic channel change as accretionary only 

where it occurred due to normal seasonal processes; changes due to flooding 

remain avulsive in nature.  Thus the chute channel created by numerous 

successive floods is still avulsive in nature. Therefore, given that flooding 

appears to be required to create chute channels, it appears that the creation of 

chute cutoff channels, whether loop chutes or neck chutes, must also be both 

legally and geologically avulsive events.  
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Figure 4-6 Headcut Gully on Powder River, Montana. Photographs from Gay et 
al.  (1998) A) Overland flow during overbank flooding erodes in an upstream 
direction B) Gully remains after water levels have fallen. 
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Figure 4-7 Headcut gully progression. A) Normal flow in meander loop, 
downstream arm has weak area in bank. B) Overbank flooding creates overland 
flow, which concentrates at weak area creating a knickpoint that migrates in an 
upstream sense. C) Continued overland flow widens and extends gully upstream 
until it connects with the upstream arm. D) Bedload deposits block mouths of old 
channel, creaing an oxbow lake; headcut gully is now the river channel. 
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4.2.2.3 Cutoffs in wandering gravel-bed rivers: legal perspective 

Section 4.2.2.2 shows that in wandering gravel-bed rivers, creation of a 

cutoff channel by either neck process or a chute, is almost certainly rapid and 

perceptible, and it seems that the accretionary or avulsive nature of the chute 

cutoff in reach B in Robertson v Wallace could easily be settled. However, section 

4.2.2.1 pointed out that is also necessary to determine whether it is the creation of 

the chute channel or the abandonment of the original channel that defines the 

cutoff event.  

It is possible that the law has considered whether it is the creation of the 

chute channel or the abandonment of the original channel that legally defines a 

cutoff event. Further investigation would be necessary to determine if it has, and 

any such judgments would be useful in future legal cases. However, a systematic 

review of every case from the Commonwealth that involved the term “accretion” 

brought to light no relevant judgments. The following discussion clarifies the 

geological processes involved in these concepts, and lays out an argument that it 

is irrelevant whether the cutoff event is defined by the creation of the cutoff 

channel or the abandonment of the original channel; in either case the result 

must be a legal avulsion.   

The previous two sections (4.2.2.1 and 4.2.2.2) established that in both 

geological and legal terms, the creation of a cutoff channel should be considered 
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an avulsive event.  Abandonment of the original meander loop (the old channel), 

however, can be rapid or gradual, or may not occur at all, if a stable two-channel 

system is established around a mid-channel island (Allen, 1965; Erskine, 

McFadden and Bishop, 1992; Hooke, 1995; Hooke, 2004; Micheli and Larsen, 

2011; Piegay et al, 2000; Sinha, 1996). In the instance when a cutoff occurs and the 

original channel is abandoned rapidly and in tandem with the creation and 

scouring of the cutoff channel, then it is clear that the entire event is both legally 

and geologically avulsive. The second possibility is that the old channel may be 

abandoned gradually, through silting or plugging, and this tends to occur due to 

seasonally episodic discharges depositing materials in the mouth and foot of the 

old channel (Allen, 1965; Hooke, 2004; Sinha, 1996). Flood deposits may also 

contribute to this process (Erskine, McFadden and Bishop, 1992; Hooke, 1995; 

Piegay et al, 2000). This slow abandonment of the original channel is the process 

Allen (1965) and Sinha (1996) refer to when they state that cutoffs can tend to 

take a long time to complete. Given that both seasonal and rapid, perceptible 

events contribute to these gradual abandonments, Judge Lamont’s definition of 

“accretionary” from Clarke v. Edmonton is again germane.  

“The test, in my opinion, is not the number of years it took the 

bench to form, nor yet whether an addition to the shoreline may be 

apparent after each flood, but whether, taking into consideration all 

the incidents contributing to the addition, it properly comes within 

what was known to the Roman law as "alluvion", which implies a 
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gradual increment imperceptibly deposited, as distinguished from 

"avulsion", which implies a sudden and visible removal of a quantity 

of soil from one man's land to that of another, which may be 

followed and identified, or the sudden alteration of the river's 

channel”.   

  

Seasonally deposited material is certainly alluvion, while any material 

deposited during flooding is not.  It is necessary then to look at the overall 

process of the abandonment: would it proceed without the contribution of the 

flood materials? If so, it can easily be designated as legally accretionary. If not, 

then two possibilities exist. One is that flood events at random intervals deposit 

plug materials, while simultaneously scouring the cutoff channel and making it 

more competent to carry the non-flood discharge, and that one such flood results 

in the cessation of flow in the old channel.  This would be an avulsive event, akin 

to the formation of chute channels (see section 4.2.2.2.1). The second possibility is 

that both floods and seasonal discharges deposit plug material, but that it is one 

of the seasonal events that causes the flow to cease. In this case, despite the 

similarity to the previous scenario, the seasonal, routine nature of this final 

deposit indicates that the abandonment should be considered accretionary. In 

practical application, unless the final event is observed it is impossible to tell 

these two apart. A generalization could be made as to which is more likely to 

occur, but the literature shows no strong indication that one or the other is more 
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prominent, and while the behavioural model developed herein suggests that 

seasonal discharges are the dominant ongoing process, it does not rule out the 

influence of flooding.  

Given these parameters, how should the abandonment of the old channel 

in a cutoff scenario be described? Geologically, in a wandering gravel-bed river, 

abandonment of the old channel is a gradual process (with the exception of 

single-flood avulsive abandonments) accomplished by episodic events, both 

seasonal and irregular.  Legally, a distinction must be made. This highlights the 

difficulty of applying a static, two-part classification to a complex geological 

process. However, in such a case, the philosophical basis of the law comes in to 

play.  LaForest (1973) stated that the ideas upon which the law is based have no 

bearing in its application, because there are “necessary conditions” that must be 

met in order to apply the law, and once these are determined the resolution will 

be clear. In this case, the “necessary conditions” are whether the abandonment 

process is slow and imperceptible or rapid and perceptible. However, LaForest’s 

assertion does not take into account a complex geological situation that cannot 

definitively be described in either way.  In that situation, the development and 

history of the law must again become relevant.  

The division between accretionary and avulsive river behaviour was 

developed in order to distinguish between sudden events that cause unexpected 

loss for a property owner and the inevitable and ongoing gradual adjustments of 
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a natural watercourse, which the property owner must accept as a condition of 

owning riparian property. This is the basis Judge Lamont used to define seasonal 

accumulations as accretionary. With this in mind, it can be argued that the 

gradual abandonment of the old channel in a cutoff situation should be seen as 

an accretionary process whether or not flood events contribute to the final 

cessation of flow, because the overall process is gradual (if episodic). The 

property owner could discern that the channel is in the process of being 

abandoned over time, just as a property owner could discern that the outer bank 

of a meander is migrating over time.  

What makes the case of a cutoff difficult, and the previous argument 

unsound, is when the bank of the original channel is defined as the property 

boundary and there is a parcel of land between the original and cutoff channels.  

If the abandonment of the old channel is used to define the cut-off event, and is 

defined as accretionary as in the previous paragraph, at the final determination 

of abandonment, the bank that had been defined as the boundary would cease to 

exist (as it can be a bank only so long as the adjacent land is affected by water 

(Crown, 2010b 17(3)). The bank on the opposite side of the parcel of land that had 

been between the two channels would then fit the definition of the boundary 

(Figure 4-8).  
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 In that same moment, the parcel of land would be suddenly removed 

from one owner’s property to that of the other. This removal clearly constitutes 

an avulsion: a “sudden and visible removal of a quantity of soil from one man's 

land to that of another“ (Lamont, 1930).  

Avoiding such a loss is the fundamental tenet on which the doctrine of 

accretion is founded, from the Institutes of Justinian (Abdy and Walker, 1876): 

21. But if the violence of the river force away a portion from your field and 
carry it to the field of your neighbour, it is clear that it remains yours. 

 

In the present case no visible movement or fluvial violence is required; 

defining the cut-off event by the accretionary abandonment of the original 

channel accomplishes the same feat of suddenly removing a discrete, identifiable 

body of soil from the property of the original owner and emplacing it against the 

property of another. In both the ancient and modern interpretations of the 

doctrine, that discrete, identifiable portion remains the property of the original 

owner. Landowners may only lay claim to additions of alluvion, a “gradual 

increment imperceptibly deposited”.  A substantial, discrete piece of land is not 

alluvion.   

Given this, the rate at which the abandonment of the old channel takes 

place is irrelevant. Ownership of the parcel of land between the channels, and 
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therefore the location of the property boundary, does not change whether the 

abandonment occurs slowly and imperceptibly or suddenly and perceptibly. 

Since the end result in any circumstance is that the boundary does not change, 

the abandonment of the old channel should in any circumstance be considered 

legally avulsive. 

The creation of a new chute channel has been shown to be an avulsive 

event both legally and geologically. The geologically avulsive or accretionary 

nature of the abandonment of the old, original channel has been shown to be 

irrelevant in terms of whether the property boundary will change, and either 

circumstance should be considered legally avulsive. Therefore, whenever a cutoff 

can be determined to have occurred, the property boundary should remain at the 

original location whether the flow of the river in the old channel was then 

diverted suddenly, gradually, or not at all.  
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Figure 4-8 A two-channel system around a mid-channel island, created by a 
cutoff event. The north-western channel is being abandoned gradually. If the 
abandonment of the north-western channel is used to define the cutoff event and 
that process is defined as accretionary, the property boundary (north-western 
owner in red, south-eastern owner in yellow) adjusts gradually to incorporate 
new land (B-D). The problem arises at the moment when the north-western 
channel is determined to have dried up, when the bank on the south-eastern side 
of the former island would then fit the definition of the boundary, instantly 
changing the ownership of that piece of land from yellow to red (i). To avoid the 
sudden removal of that land from the original owner, the creation of the chute 
channel should define the cutoff event, leaving the property boundary at the 
original red position (ii) but granting subsequent gradual accumulations on 
either side of the northwestern channel to the appropriate owner. 
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There is one further point to consider regarding ownership of the new 

land created as the old channel is abandoned. According to the reasoning 

presented here, if a cutoff event results in a two-channel system and the old 

channel is never abandoned, the property boundaries should remain as they 

were before the cutoff. In order to follow both the spirit and the letter of the 

doctrine of accretion, however, if the old channel is abandoned suddenly 

(creating an oxbow lake) or gradually (through accretion of bed-load deposits) 

the north-western property owner should be entitled to alluvial accretions on the 

north-west side of the old channel.  Where the abandonment process can be 

observed in progress over many years, the expansion of the northwest and 

southeastern properties can be measured by survey.  In the case of an historical 

abandonment, a mid-line survey would approximate the average accumulations. 

4.2.2.4 Conclusions for Reach B 

Historical maps show clear evidence that a neck chute cutoff occurred 

after 1890 in reach B (Figure 4-3). As it has been established that cutoffs should 

be considered both geologically and legally avulsive events, the original 

interpretation and judgement for this reach, that the property boundary should 

remain at the 1890 surveyed position, is supported. 
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4.2.3 Reach C 

In reach C the river changed from a two-channel system to a one-channel 

system, abandoning the western channel (Figures 4-2, 4-4). In Robertson v Wallace 

considerable deliberation occurred over whether the abandonment of the 

western channel was legally avulsive or accretionary. The final judgement was 

that the nature of the channel abandonment was avulsive. The following 

interpretation supports that judgement, although for different reasons than were 

originally considered.  

4.2.3.1 Channel Abandonment Processes 

Certain factors within in reach C itself likely initiated the abandonment. 

The western channel was significantly more sinuous than the eastern (Figure 4-

2), and therefore less energetically efficient over the distance covered. In 

particular there was a sharp bend at the entrance. These conditions would 

encourage deposition of bed-load material within or near the mouth of the 

western channel (Hooke, 1995; Piegay et al, 2000; Micheli and Larsen, 2011). Such 

deposition could occur during storm events or during seasonal peak flows, or a 

combination of both. This process is overall an accretionary one, and if it were 

the sole factor under consideration, abandonment of the channel could be argued 

to have been accretionary. 

During the same period in which reach C changed to a single-channel 

system, a neck chute cutoff occurred in reach B, only tens of meters upstream 
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(Figures 4-2, 4-4). The behavioural model developed herein states that in the case 

of a rapid upstream avulsion, rapid and substantial change can occur to both the 

upstream and downstream channel bed, with scouring being the primary 

immediate consequence.   It could be debated whether this scour happens 

quickly enough to be perceptible, but the adjustments studied by Mosely (1975) 

and Hooke (1995) are described by them as “castastrophic” and “very sudden” 

respectively, implying perceptible rates of change. This suggests that due to the 

avulsive cutoff event in reach B, the eastern channel-bed in reach C could have 

been rapidly scoured, allowing it to capture all of the Highwood’s discharge and 

causing the abandonment of the western channel in an avulsive event.  

Thus, two possibilities exist for the abandonment of the western channel, 

both of which are plausible. 

4.2.3.2 Legal Perspective and Conclusions for Reach C 

During Robertson v Wallace, much discussion centered on the precise 

application of the terms accretionary and avulsive with regard to cessation of 

flow (and the resulting abandonment of) the western channel. If the cutoff and 

scour relationship for wandering gravel-bed rivers had been known at that time, 

it is possible that the abandonment would have been quickly judged to have 

been avulsive, and the detailed discussions regarding the exact moment of 

cessation of flow in the channel would not have occurred. These discussions can 

now be examined in context of the discussions above.  
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When considering the abandonment of the western channel, the land 

surveyor (an expert witness) testified that he believed the process had occurred 

gradually. The opposing expert witness (a geologist) testified that flooding most 

likely contributed to the abandonment, but that more importantly, the moment 

at which water ceased to flow in the channel would be perceptible, and should 

be considered “avulsive” in the sense that it was a sudden change. The latter 

interpretation is the one the judge accepted. However, the final moment of flow 

in a channel is unlike the situation of a migration neck cutoff, where the gradual 

process triggers the new, rapid process of flow re-direction and bank-and-bed 

scour.  The gradual cessation of flow in a channel is simply the end result of a 

gradual process rather than the initiation of a new one. The understanding of 

“avulsive” and “accretionary” developed herein suggests that to define such an 

end result as avulsive ignores the intention of the doctrine, which is that the 

overall process should be considered rather than the moment to moment 

progress. So it is possible that, in a situation where no upstream cutoff had 

occurred and the abandonment process in a channel had been shown to be 

gradual, a judge may have deemed the abandonment accretionary. 

The abandonment of the western channel in reach C was not an isolated 

event on an otherwise static body of water, however. Rather, it was one event in 

the ongoing evolution of the river. To put the abandonment of the western 

channel in context, the history of its development must be considered. In 1890 
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reach C consisted of two channels around a mid-channel island, and by 1917 the 

western of these had been abandoned. The western channel was longer and more 

sinuous (Figure 4-3), suggesting that the eastern channel may have originated as 

a cutoff. If that is the case, the reasoning applied in section 4.2.2.1 (regarding 

reach B) pertains and the creation of the eastern channel would define the cutoff 

event. Thus in this case the abandonment of the western channel would be 

related to the avulsive event that created the eastern, and the property boundary 

would not change except to accommodate alluvial additions to the western bank 

during abandonment.  

It is possible that the eastern channel did not originate as a cutoff channel, 

but that the eastern and western channels developed simultaneously as a mid-

channel bar was deposited and grew, a common process in braided rivers 

(described by Ashmore (1991)) that also occurs in wandering gravel-bed rivers 

(Wooldridge and Hickin, 2005). In this case, it seems initially that the process by 

which the western channel is abandoned should decide whether the property 

boundary moves: if accretionary, the boundary moves, if avulsive, it does not. 

However, since the property boundary in Robertson v Wallace was defined as the 

western bank of the river, if the abandonment is ascertained to have been 

accretionary, the paradox of the sudden change in ownership of the island arises 

again. I suggest that in this situation, the intention of the doctrine of accretion 

should override the literal wording and the property boundary should be 
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assigned to remain at the western boundary of the abandoned channel, removing 

the need for a sudden transfer of ownership of the island.  

 

4.3 Conclusions 

The conclusions and rulings made in Robertson v. Wallace can now be 

viewed with a more complex understanding of the pertinent law and with a 

much more thorough model for the behaviour of wandering gravel-bed rivers.  

The interpretations and judgements on each of the three reaches have 

been supported: Reach A underwent normal lateral accretion, requiring the 

property boundary to adjust accordingly; reach B experienced a neck chute 

cutoff, which is an avulsive event, and the property boundary thus remained at 

its original position; and in reach C the abandonment of the western channel, 

whether accretionary or avulsive in itself, and whether related to an avulsive 

event that created the western channel or not, should not result in a major 

change in the property boundary, as that violates the intention of the doctrine of 

accretion.  

The case of Robertson v. Wallace provided an excellent venue in which to 

test the understanding of the doctrine of accretion and the behavioural model for 

wandering gravel-bed rivers developed in this thesis.  
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Chapter Five: Conclusion 

The Alberta court case of  Robertson v. Wallace in 2000 highlighted an 

apparent disconnect between the legal and geological definitions of the terms 

accretion and avulsion, and highlighted the need for a better understanding of 

the behaviour of rivers in Alberta. 

Despite the fact that the traditional definitions of the terms accretion and 

avulsion do not describe the geological behaviour of wandering gravel-bed 

rivers in some cases due to the episodic nature of change in such rivers, 

investigation into the history and development of the common law doctrine of 

accretion showed that all types of river channel movement, even episodic, can be 

accommodated under the current legal interpretation of the doctrine. Annual or 

seasonal episodic channel change is considered slow and imperceptible, or 

accretionary, under the law. Therefore, while the geological definitions and the 

legal definitions may still not correspond precisely, the legal definitions do not 

need to be expanded. However, in certain complex geological situations, the 

history and spirit of the doctrine of accretion, which is intended to minimize the 

risk involved in living adjacent to a water body,  must be brought into 

consideration in order to apply a sound decision. 

The legal perspective on river channel movement divides it into slow and 

imperceptible (accretionary) and sudden and perceptible (avulsive), and 

therefore in order to answer legal disputes as to the nature of movement in a 
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given river channel reach, an understanding of how Alberta’s rivers behave is 

required.  The gravel-bedded, irregularly sinuous rivers of Southern Alberta are 

defined herein as wandering gravel-bed rivers. A general model for the 

movement these rivers is set out and is supported by case studies. All of the 

components of the model are related to the poorly sorted bedload of Alberta’s 

rivers and their nival-dominated hydrological regimes. The model comprises 

three major parts:  

Generalized behavioural model: 

Wandering gravel-bed rivers under nival-dominated hydrological regimes 

1) Most morphological change in channels is due to reconfiguration of channel 

bars and banks rather than the channel bed 

2) The majority of morphological channel change is effected by annual 

seasonal high flows rather than moderate discharges year round or periodic 

major floods 

3) In the case where an upstream avulsion occurs (such as a chute or neck 

cutoff), or in the case that normal lateral adjustment processes cause 

constriction, rapid upstream and downstream channel-bed modification can 

result. 

 
The model and legal research were applied to the 2000 Alberta Court of 

Queen’s Bench case Robertson v. Wallace, which concerned a fluvial property 

boundary. This application resulted in the conclusions that the creation of new 
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primary flow directing paths due to cutoff events is always avulsive, both 

geologically and legally; that cutoff events should be defined by the creation of 

the new flow directing path rather than the abandonment of the old; and that 

when one channel of a two channel system is abandoned (however that comes to 

pass), in order to adhere to the intention of the doctrine of accretion the property 

boundary should remain at the original location. The original rulings for all three 

disputed reaches were supported by the new interpretation of the doctrine of 

accretion and the behavioural model.   
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APPENDIX A: ANNUAL HYDROGRAPHS FOR ALBERTA RIVERS 

ILLUSTRATING TYPICAL NIVAL-DOMINATED REGIME PROFILE 

Annual hydrographs for a sampling of small to medium (upper quartile of 

maximum daily flow is <150m3/d at the given recording station) and large 

(>150m3/d) rivers in Southern Alberta. They demonstrate that the nival-

dominated, storm-punctuated profile is predominant for southern Alberta rivers. 

All data are from Environment Canada HYDAT: 

http://www.wsc.ec.gc.ca/applications/H2O/index-eng.cfm 

 

Template for Comparison 

A typical nival-dominated hydrograph (2 years of data shown) (Church, 1988). 

Spring rainfall flood peaks are superimposed on an increase in base-level from 

snowmelt runoff that wanes towards later summer. 
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Small to Medium Rivers 

Threepoint Creek near Millarville 

 

      

 

Sheep River at Black Diamond 
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Pekisko Creek near Longview 

      

       

 

Highwood River at Diebel’s Ranch 
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Baptiste River at the Mouth 
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Large Rivers 

Bow River at Calgary 

      

      

Oldman River near Brocket 
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APPENDIX B: ALBERTA ANNUAL HYDROGRAPHS FOR EIGHT SOUTHERN 

ALBERTA RIVERS WITH BASE-FLOW ANNOTATION 

 

Peak daily flow data for 2005, 2008, and 2010 were plotted against the day of year 

to produce annual hydrographs. The solid lines represent the hydrometric data, 

while the dashed lines in corresponding colours represent a hand-drawn local-

minimum baseflow level. Independent flood peaks were determined to be those 

which arose from the base level and which receded to base level with no 

significant change in recession slope. All data are from Environment Canada 

HYDAT: http://www.wsc.ec.gc.ca/applications/H2O/index-eng.cfm 

  

http://www.wsc.ec.gc.ca/applications/H2O/index-eng.cfm
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Baptiste River 
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Brazeau River 
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Highwood River 
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Little Red Deer River 
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Nordegg River 
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Pekisko Creek 
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Ram River 
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Threepoint Creek 
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APPENDIX C:  FLOOD RECESSION TIMES FOR SELECT SOUTHERN ALBERTA RIVERS AND FOR THE BOW 

RIVER 

 

Select Southern Alberta Rivers Independent Flood Peak Recessions 

River Year Peak Day 

Peak 
Flow  
 (m3/s) 

Baseflow 
 Day 

Base 
Flow  
 (m3/s) 

Hours to  
Recede 

Std Dev 
 Exponential 

Std Dev 
 Linear 

Std Dev 
Power 

Threepoint 
Creek 2005 198 7.05 201 3.32 72 

y = 
126.74e0.0039x 

y = 
0.4896x  
+ 140.16 

y = 
120.38x0.1016 

 
2008 146 124 153 13.5 168 R² = 0.1517 R² = 0.152 R² = 0.2062 

  
163 95.3 172 13.9 216 

   

  
245 1.27 248 0.77 72 

   

 
2010 137 4.77 145 1.74 192 

   

  
202 2.96 210 1.22 192 

   

  
215 2.05 222 1.05 168 

   

Ram 2005 137 48.9 146 22.3 216 

y = 
159.98e0.0012x 

y = 
0.2455x  
+ 186.31 

y = 73.018x0.283 

  
169 805 184 72 360 

R² = 0.2717 
R² = 

0.3166 
R² = 0.5982 

  
229 23.2 232 19.4 72 

   

 
2008 182 41.6 187 24.4 120 

   

 
2010 226 48.7 242 17.9 384 
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272 27.8 279 15.6 168 

   

Pekisko  
Creek 2005 198 3.89 202 1.79 96 

y = 
60.432e0.1051x 

y = 
11.938x  
+ 67.212 

y = 
84.746x0.2872 

 
2008 164 16.6 173 4.11 216 

R² = 0.4394 
R² = 

0.7422 
R² = 0.4028 

  
185 2.46 187 1.54 48 

   

  
218 0.549 219 0.355 24 

   

  
267 0.463 271 0.348 96 

   

 
2010 139 1.7 144 1.04 120 

   

Nordegg 2005 138 50.9 151 7.56 312 

y = 
148.26e0.0066x 

y = 
1.3438x  
+ 156.66 

y = 
129.98x0.1706 

  
254 118 267 10.9 312 

R² = 0.5929 
R² = 

0.6469 
R² = 0.5877 

 
2008 235 3.7 241 2.77 144 

   

  
267 3.14 275 1.99 192 

   

 
2010 142 9.07 146 5.84 96 

   

  
151 16 157 7.76 144 

   

  
161 137 173 9.72 288 

   

Little  
Red Deer  2005 230 4.64 235 2.52 120 

y = 
84.196e0.1851x 

y = 
15.852x  
+ 95.484 

y = 
96.182x0.3701 

  
275 7.12 281 4.25 144 

R² = 0.1331 
R² = 

0.0789 
R² = 0.1364 

 
2008 235 2.52 238 1.19 72 

   

  
267 2.97 274 1.59 168 
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Brazeau  2005 201 84.8 204 70.7 72 

y = 
76.369e0.0142x 

y = 
1.6061x  
+ 77.131 

y = 
38.767x0.3538 

  
211 81.7 217 55.7 144 

R² = 0.5436 
R² = 

0.4473 
R² = 0.6459 

 
2008 174 127 179 85.3 120 

   

  
222 44.9 225 40.6 72 

   

 
2010 140 51.9 145 22.1 120 

   

  
196 147 202 79.2 144 

   

  
226 98.5 233 52.7 168 

   

  
272 77.7 281 33.9 216 

   

Highwood  2005 180 537 190 54.3 240 

y = 
136.96e0.0012x 

y = 
0.2068x  
+ 140.9 

y = 
98.187x0.1291 

  
198 64 202 41.9 96 

R² = 0.4386 
R² = 

0.5045 
R² = 0.363 

  
274 46.5 283 32.7 216 

   

  
292 39.1 298 29 144 

   

 
2008 164 341 172 111 192 

   

 
2010 140 51.5 146 20.9 144 

   

  
193 34.7 198 22.9 120 

   

Baptiste 2005 254 131 264 16.1 240 

y = 
150.76e0.0038x 

y = 
0.7158x  
+ 152.71 

y = 
134.83x0.0843 

  
275 20.8 282 11.2 168 

R² = 0.3842 
R² = 

0.4434 
R² = 0.1486 

 
2008 267 6.42 276 2.43 216 

   

 
2010 142 23.1 147 10.6 120 
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151 28 157 11.9 144 

   

  
235 10.4 241 5.77 144 
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Bow River Independent Flood Peak Recessions 

Year Peak Day Value 
Baseflow 
Day 

Value2 
Days to 
Recede 

Hours 

1911 220 428 224 134 4 96 

1912 206 413 211 249 5 120 

1913 133 116 137 68.2 4 96 

1914 156 334 160 245 4 96 

  168 402 174 259 6 144 

  124 72.5 125 66.8 1 24 

1915 232 328 235 217 3 72 

1916 231 419 234 251 3 72 

1917 109 44.2 110 30.3 1 24 

  135 382 140 148 5 120 

1918 110 46.2 111 40.2 1 24 

  152 120 154 116 2 48 

1919 217 411 224 183 7 168 

1921 146 262 150 180 4 96 

1922 140 114 144 106 4 96 

  147 164 148 163 1 24 

  156 360 160 236 4 96 

1928 160 368 162 331 2 48 

  238 127 240 127 2 48 

1929 145 178 149 121 4 96 

1932 155 1160 160 345 5 120 

    1310       136 
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1931 126 27.7 128 20.5     

  155 192 157 149     

  162 260 166 160     

1932 144 240 150 96.8     

  243 165 247 135     

1933 109 45.3 112 36.8     

1934 94 90.9 98 33.4     

1935 182 306 186 212     

  189 261 193 183     

1936 245 72.2 248 56.1     

1937 250 97.7 252 73.6     

1941 240 132 243 79.3     

1942             

Std Dev 

y = 49.874e0.0011x R² = 0.3043 

        

 
Exponential 

      
    Std Dev 

y = 2.4934x0.6227 R² = 0.5613 
  

   

 Linear 

      
    Std Dev y = 0.0756x + 

58.746 
R² = 0.3336 

  
   

Power 
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APPENDIX D: BOW RIVER AIRPHOTOS, COMPARISON OF HISTORICAL 

AND RECENT MORPHOLOGY 

No major morphological change has occurred on the Bow River over the period 

of record (as early as 1926, mainly 1948 or 1950 – present) with the exception of 

directly upstream of the Carseland Dam. This lack of change is illustrated by a 

sampling of photos of the Bow at various locations. A full listing of the photos 

assessed is in the table below.  

The historical photos are scans of publically available images accessible from 

Spatial & Numeric Services, University of Calgary Library. Photos later than 2000 

are screen captures from Google Earth. 

Airphotos are catalogued by NTS (National Topographic System) mapsheet 

number, photo scale, year, flight-line number (often a two-part element) and 

photo number on that line. They are presented as follows:  

 

                   82J15 1987 – AS 877 4565: 55 
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Photos assessed for changes in Bow River Morphology 

Map Sheet Scale  Year Line Numbers 

82 I 10 1950 233-12 1542 11-16 

  10 1950 233-5 1542 7-14 

  16 1948 A11646 182-274 

  31 1962 
C62.651-5018 YC 
548 

126-137 
144-161 

  31 1962     

  40 1950 160-5014 1556 12-16 

82 J 25 1955 A15212 171 

82 O 8 1957 A16424 2655 
6-12 
26-31 

  10 1978 A 24912 66-76 

  15 1948 A11652 326-328 

  16 1950 A12969 139-219 
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Bow River at Banff 
82 O 8 1957 – A16424 2655: 10         2009 Google Earth 

  

N N 



 

188 

Bow River at Bowness 

82 O 16 1950 - A12969: 171     2008 Google Earth 

 
 

N N 
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Bow at Downtown Calgary 
82 O 15 1948 – A11652: 328      2008 Google Earth 

 
Note: The major changes at the downstream island are manmade; an erosion barrier was emplaces around the entire 

island and the lagoon was infilled to create the zoo parking lot. 
  

N N 
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Bow at Fish Creek 
82 J 25 1955 – A15212: 171      2008 Google Earth 

 
Note:  These photos illustrate the abandonment of the western channel around the island in the center of the photos, a 

process that does not require greater-than-bankfull flooding, as in the Threepoint Creek case study. 
  

N N 
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Bow at Cranston 
82 I 16 1948 – A11646: 266          2008 Google Earth 

  

N N 
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Bow at Carseland (No historical airphoto coverage of the actual dam area is available) 

 

N 

N 
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APPENDIX E: ANNUAL HYDROGRAPHS AND VALUE TABLES FOR THE 

BOW RIVER SHOWING RAPID FLOW RECESSION BELOW BANKFULL 

(650M
3
/D) FOR GREATER THAN BANKFULL FLOODS. 

 

For the period of record, floods greater than 650m3/d at the Bow at Calgary 

station occurred only in 1915, 1916, 1923, 1929, and 1932. This is attributed partly 

to damming, but mostly to major changes in atmospheric circulation patterns, 

which reduced the occurrence of major cyclonic storms over the Bow’s catchment 

area (Neill and Watt, 2001). 

 

Peak flood values and subsequent days until flow levels fall below 650m3/d are 

highlighted in yellow. Floods recede to below 650m3/d in 2 days in all cases 

except the largest (1160 m3/d) in 1932, which took 3 days. All data are from 

Environment Canada HYDAT: 

http://www.wsc.ec.gc.ca/applications/H2O/index-eng.cfm  
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APPENDIX F: CASE STUDY AIRPHOTOS 

Most photos are scans of publically available images accessible from Spatial & 

Numeric Services, University of Calgary Library. Photos later than 2000 are 

screen captures from Google Earth.  

Airphotos are catalogued by NTS (National Topographic System) mapsheet 

number, photo scale, year, flight-line number (often a two-part element) and 

photo number on that line. They are presented as follows:  

 

                   82J15 1987 – AS 877 4565: 55 
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Baptiste River 

83 B 15 1951 - 5229 2153: 190 

 

83 B 15 1957 – AS 723 5228: 231 

 

  

N 

N 

1 

2 

3 



 

201 

83 B 24 1967 – VC 1326: 63 

 
 

83 B 60 1980 – 42 AS 2157: 256 

 
  

N 

N 

1 

2 

3 

1 

2 

3 



 

202 

83 B 60  1984 - 84-103 Line 32 AS 3054: 193 

 
 
83 B 15 1986 – 86-227 IR Line 29 AS 3383: 54 

 
 
  

N 

N 

1 

2 

3 

1 

2 

3 



 

203 

83 B 40 1991 – 91-193 AP line 42B AS 4217: 140 

 
 
83 B 60 1995 – 95-094 AP Line 42 AS 4682: 139 

 
  

N 

N 

1 

2 

3 

1 

2 

3 
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83 B 2007 – Google Earth 

 
  

N 

1 

2 

3 
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Sheep River 
 
82 I 16 1948 – A111651: 378 

 
  

N 

1 

2 
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82 I 40 1950 – AS 171: 45 

 
 
  

N 

1 

2 
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82 I 25 1955 – A15445: 24 

 
  

N 

1 

2 
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82 I 31 1962 – YC 562: 126 

 
  

N 

1 

2 



 

209 

82 I 32 1967 – 5017 AS986: 62 

 
  

N 

1 

2 



 

210 

84 I 12 1974 – AS 1315 Line 10 225 

 
  

N 

1 
2 
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82 I 25 1978 – S78-200P Line 20 As 2945: 263 

 
  

N 

1 

2 



 

212 

82 I 60 1981 – 80-167P Line 20 AS 2340: 8 

 
  

N 

1 

2 



 

213 

82 I 30 1983 – 83-83P Line 10 AS 2746: 257 

 
  

N 

1 

2 



 

214 

82 I 20 1998 – AS 4990 LN-56: 170 

  

N 

1 

2 



 

215 

2002 – Google Earth 

 
  

N 

1 

2 
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2004 – Google Earth 

 
 

N 

1 

2 



 

217 

2007 – Google Earth

 

N 

1 

2 
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Threepoint Creek 
 
82 J 10 1926 – C.M. 36: 16 

 
 
  

1 

2 



 

219 

82 J 24 1960 – 2991: 37 
 

  

1 

2 

N 



 

220 

82 J 31 1962 – 5017 YC 577: 18 
 

  

1 

2 

N 



 

221 

82 J 31 1966 – 5017 R127: 3 

 
  

2 

1 

N 



 

222 

82 J 10 1972 – AS 1193 Line 57: 230 

 
 
  

2 

1 

N 



 

223 

82 J 31 1974 – AS1315 Line 11: 236   

  

2 

1 

N 
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82 J 31 1977 – As1599 Line 5: 34 

 
  

2 

1 

N 



 

225 

82 J 20 1980 – UAGII 3108: 2817 

 
 
  

2 

1 

N 



 

226 

82 J 20 1982 – AS 2659 Line 56: 36 

 
 
  

2 

1 

N 



 

227 

82 J 20 1984 – AS3083: 244 

 
 
  

2 

1 

N 



 

228 

82 J 40 1988 – AS3809: 201 

 
  

2 

1 

N 



 

229 

82 J 40 1998 - AS4990 Line 47: 189 

 

2 

1 

N 
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APPENDIX G: CASE STUDY TABLES 

Baptiste River 

Map Quadrant 
and Scale  

Year Airphotos Island 1 Island 2  Island 3 

83 B 15 1951 5229 2153 
190-191 

Both channels fully open Northern channel flowing  
but constricted, southern 
channel fully open 

Northern channel fully 
open, southern channel 
flowing but constricted 

83 B 15 1957 AS 723 5228 
231-232 

Both channels fully open Northern channel flowing 
with only slight 
constriction, southern 
channel fully open 

Northern channel fully 
open, southern channel  
mostly constricted, only 
minor flow 

83 B 24  1967 VC 1326 62-
63 

Both channels fully open Both channels fully open Northern channel fully 
open, southern channel 
fully closed, bar is now 
attached to mainland 
and is no longer an 
island. 

83 B 60 1980 42 AS 2157 
255-256 

Northern channel 
flowing but constricted, 
southern channel fully 
open 

Northern channel fully 
open, southern channel 
flowing but constricted 

N/A 



 

231 

83 B 60 1984 84-103 Line 
42 AS 3054 
193-194  

Northern channel very 
constricted, southern 
channel fully open 

Northern channel fully 
open, southern channel 
very constricted, possibly 
standing water 

N/A 

83 B 15 1986 86-227 IR Line 
29 AS 3383 
52-55 

Northern channel open 
but constricted at 
southeastern end, 
southern channel fully 
open 

Northern channel fully 
open, southern channel 
open but constricted at 
both ends. 

N/A 

83 B 40 1991 91-193 AP 
Line 42B 
AS4217 139-
140 

Northern channel very 
constricted, southern 
channel open 

Northern channel fully 
open, southern channel 
dry, bar is now attached 
to mainland and is no 
longer an island 

N/A 

83 B 60 1995 95-094 AP 
Line 42 
AS4682 139-
140 

Northern channel dry, 
bar is now attached to 
mainland and is no 
longer an island, 
southern channel fully 
open 

N/A N/A 

83 B 2007 
(approx). 

Google Earth N/A N/A N/A 
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Sheep River 

Map Quadrant 
and Scale 

Year Airphotos Island 1 Island 2 

82 I 16 1948 A 11651-378 Minor vegetation, 2 open channels to 
north and south, southern channel 
more constricted 

Vegetated sand bar on NW bank 

82 I 40 1950 AS 171 45-46 Well vegetated, 2 open channels Constricted channel open on NW side, 
main channel open to east 

82 I 25 1955 A15445 24-25 Attached to northern bank, remnants 
of northern channel at eastern end of 
bar, southern channel open 

Large, heavily vegetated mid-channel 
bar, unconstricted open channels to 
west and east 

82 I 31  1962 YC 562 126-
127 

Vegetated island, open channels to 
north and south 

Island has been split in half, western 
half (2a) is attached to western bank 
with remnants of old western channel 
visible but not flowing. Eastern half 
(2b) is mid-channel island, main 
channel to the west is wide and open, 
eastern channel is flowing but 
constricted. 

82 I 32 1967 5017 AS 986 
62  

High water levels obscure detail 2 islands visible, high water levels in all 
3 open channels. 
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84 I 12 1974 AS 1315 Line 
10 225-226 

High water levels obscure detail 2 islands visible, high water levels in all 
3 open channels. 

82 I 25 1978 S78-200P Line 
20 AS 2945 
262-263 

Bar is now attached to northern bank, 
wide open channel to south 

Westernmost bar (2a) is now attached 
to western bank, narrow central 
channel, easternmost island (2b) has 
been divided in two, (2bN) northern 
portion is now vegetated island with 
the narrow channel to the west and a 
wide fully open channel to east, 
southern portion (2bS) is now a bar 
attached to southern bank 

82 I 60 1981 80-167P Line 
20 AS 2340 7-
8 

N/A Narrow western channel extremely 
constricted, remaining island (2bN) is 
sole mid-channel bar  

82 I 30 1983 83-83P Line 
10 AS 2746 
257-258 

N/A Western channel around 2bN 
constricted but flowing, eastern 
channel fully open, new island (2c) has 
formed to the south with a narrow 
channel on its southern side. 

82I 20 1998 AS 4990 LN-
56 170 

N/A Western channel around 2bN fully 
open, eastern channel constricted  - 
standing water, 2c is now attached to 
mainland 
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  2002 Google Earth N/A Western channel around 2bN fully 
open, eastern channel constricted but 
flowing 

  2004 Google Earth N/A Western channel around 2bN fully 
open, eastern channel dry with 
standing water at northern end 

  2007 Google Earth N/A No current mid-channel islands. 
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Threepoint Creek 

Map Quadrant 
and Scale 

Year Airphotos Island 1 Island 2 

82 J 10 1926 C.M. 36. 16-17 Older 2 channel system exists Single Channel 

82 J 24 1960 2991- 37-38 Single Channel Single Channel 

82 J 31 1962 5017 YC 577 
17-18 

Single Channel Single Channel 

  1966 5017 R127 3-4 Small island exists with open channel 
to both east and west, east appears to 
be wider 

Small island exists with open channel 
to both east and west 

82 J 21  1972 AS 1183 line 
57 230-231 

Slightly larger island with open 
channels of equal width to east and 
west 

Large island with open channels of 
equal width to east and west 

82 J 10 1972 MA-546 28-29 Large slightly vegetated island with 
two open channels, eastern is slightly 
wider 

Large somewhat vegetated island with 
two open channels, eastern has mild 
constrictions in places 

82 J 31 1974 AS 1315 Line 
11 236-237 

High water levels obscure detail – 
island appears to be almost completely 
submerged 

High water levels obscure detail – 
island appears to be almost completely 
submerged 

82 J 31 1977 AS 1599 Line 5 
34-35 

Large vegetated island with two 
flowing channels, western channel is 
constricted somewhat 

Large vegetated island with two 
flowing channels, eastern channel is 
fairly constricted 
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82 J20 1980 UAGII 3108 
2816-2818 

Large vegetated island, eastern 
channel is open and flowing, western 
channel is very constricted but flowing 

Large vegetated island, western 
channel is open and flowing, eastern 
channel is very constricted but flowing 

82 J 20 1982 AS 2659 Line 
56 36-38 

Eastern channel is open but low, 
western channel is dry 

Western channel is open and flowing,  
eastern chanel is dry, bar is no longer 
an island 

82 J 20 1984 AS 3083 244-
245 

Eastern channel fully open, western 
channel is dry, bar is no longer an 
island 

Single Channel System 

82 J 40 1988 AS 3809 201-
203 

Single channel System Single Channel  

  1998 AS 4990 Line 
47 188-189 

Single Channel Single Channel 

 

 


