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4.0 EVALUATION OF CHANGES TO RIPARIAN ZONE 

4.1 River Engineering Processes 

4.1.1 Erosion 

Known areas of erosion along the north Milk River and Milk River were identified through a survey 
of landowners conducted by the MRWCC in support of this study.  AMEC prepared a list of 
questions for landowners, which the MRWCC distributed to landowners.  The results of the 
questionnaire are summarized in Table 4.1. 
 
The locations of these areas of erosion are illustrated on Figure 4.1.  This figure also shows the 
location of claimants that were documented in a report by Energy, Mines and Resources (1955).  
From Figure 4.1, AMEC, in consultation with MRWCC, determined that the areas of erosion 
could be grouped as follows: 
 

1. Upstream sub-reach of North Milk River 
2. Downstream sub-reach of North Milk River 
3. Milk River at Milk River Town 
4. Sand Bed Reach of Milk River 
 
Plan maps for each of the sub-reaches were prepared using recent (c. 2000) digital orthographic 
aerial imagery provided by PFRA.  On most of the maps (with the exception of the area around 
Milk River Town) the 1915 riverbank locations were marked to illustrate river channel movement 
since 1915.  These maps are illustrated on Figures 4.2, 4.3 and 4.6.  For the Milk River Town 
sub-reach illustrated on Figure 4.4, channel location information for other years was also 
available.  PFRA prepared this figure using mapping prepared by Alberta Environment, which is 
included in Appendix D.  As river location information for multiple years was available, PFRA 
also prepared a time sequence of river channel movement that is illustrated on Figure 4.5. 
 
The following observations have been made from Figure 4.5: 
 

• Most notable is the development of a cut-off channel in the downstream (right) portion of the 
sub-reach that occurred between 1915 and 1951. 

• Lateral movement of the channel banks occurred elsewhere along the channel.  This 
movement is consistent with downstream meander progression common to meandering 
river channels like the Milk River. 

• There appears to be a consistent tendency towards a more sinuous channel form.  This 
sinuous form would tend to lengthen the channel thereby decreasing the channel slope over 
time.  The tendency to decrease the slope could be as a result of: 
o a reaction within the channel upstream of the pre-1951 cut-off to the local channel 

steepening caused by the cut-off (which decreased the channel length and steepened 
the slope); and/or, 



Outside 
bank

Oxbow 
Cutoff

Straight 
Reach Other Open Water Ice Breakup Gradually Spring 

Freshet Ice Floes Summer 
Flood

1 13-2-12 W4 1939-2007 30 m in 67 years 0.45 Summer flow plus occasional 
spring ice jams. Mostly Occasionally 80% 10% 5% 5% Pasture/Deer Creek 

Bridge/Water Intake
Deposited sand produces little 
grass, eroded pasture is gone Main cause

2 18-2-11 W4 1939-2007 50 m in 67 years 0.75 Mostly Occasionally 80% 10% 5% 5% Rock and gravel underlay 1985 Main cause

3 NW 4-1-12 W4 1939-2007 Eroding x inside bend 50 m in 67 years 0.75 Mostly Occasionally 80% 10% 5% 5% Main cause

4 NW 26-2-17-W4 1976-2007 Eroding x x 50 m in 30 years 1.67 Use of river as a canal. x x x x x
Crop land/ Pasture/ 
Water Intake/ Power 
Line/ Gas Line

-
Some hand-placed rock and cut 
down bank 4 years ago - effective 
so far.

The ice is usually caused to "go out" by 
the addition of canal water, often at time of 
spring runoff.

5 SW 21-2-16 W4 1975-2007
On a back 
water so 
stable (?)

x (?) none (?) 2 m in 32 years 0.06 Water eating away at the 
edges on the outside turn. x x Crop land/ Pasture -

Our neighbours have been hauling 
cement blocks and rocks to the river 
for years.  They have had medium 
success.

-

6 NE 31-2-12 W4 1967-2007 Eroding x 3 m in 50 years 0.06 Irrigation diversion / June 
floods / ice. x x x x x x

Pasture/ Farmstead/ 
Farm Buildings/ Water 
Intake/ Riparian Areas

Loss of property, loss of 
Cottonwoods. - High water throughout the summer 

continually erodes river bank

7 NW 14-2-16 W4 1980-2007 Eroding x 7 m in 27 years 0.26
Extraordinary thick ice due to 
increased flow level in late 
fall.

x x x x Crop land/ pasture/ 
road/bridge Erosion of irrigated land base. No. It has increased erosion

8 NW 22-2-16 W4 1897-2007 Eroding inside bend 14-18 m in 20 years 0.7-0.9 Flooding and natural spring 
seepage. x x x Pasture/ Municipal 

property -
No - discussions have been held 
with AENV, PFRA, Town of Milk 
River.

-

9 NE 20-2-16 W4 1976-2007 Eroding x 13 m in 30 years 0.43 Spring  flood levels and sand 
/ gravel bank base. x x Crop land/ Irrigation 

pivot

Loss of more area will limit the 
use of a small centre pivot from 
completing a circle cycle.

No erosion protection has been 
installed.

Present St. Mary River diversion water 
levels in the Milk River have not affected 
bank erosion - loss is due to spring break 
up.

10 SW 29-2-16 W4 1976-2007 Eroding x 10 m in 30 years 0.33 High flood levels during 
spring breakup. x Crop land/ Water Intake Loss of irrigation land and 

road.
No erosion protection has been 
installed.

The present flow levels of the St. Mary 
River diversion into the Milk River so far 
have not affected erosion though higher 
levels certainly could.

11 NW 28-1-22-W4 1975-2007 Eroding x 30 m in 30 years 1 Loose soil with no cover, and 
too much water too early. x x x Farmstead/ Farm 

buildings
River has taken part of the 
yard and some sorting corrals.

There was a plan with the County to 
divert the river and the project went 
and fell through, probably because 
of Fisheries and Oceans (90s).

When the water is put in, the river does 
not have a chance to control the force, the 
N. Milk is treated like a canal by the US 
and we have our hands tied when we try 
to make changes to it.

12 NE 30-1-22-W4 1990-2007 Eroding x 100 m in 20 years 5 Early release of water into 
the North Fork. x x x Pasture/ Road/Bridge/ 

Farmstead

Continuing to break the bank 
away and is nearing the farm 
road, also causes a hazard in 
the calving field for young 
calves.

No.

Has accelerated the erosion and the North 
Fork has never had the chance to 
stabilize, the channel naturally wouldn't 
handle this much water.

13 SW 5-2-21-W4 1990-2007 Eroding x Behind 
bridge pillar 10 m in 15 years 0.67

There was not proper rip-rap 
installed under the bridge 
and at access point for 
canoers.

x x Road/Bridge

There is now a dangerous 
eddy with large chunks of 
corrigated metal sticking out 
from the bridge pillar and the 
bank has eroded away.

Small cobble was placed by AB 
Transportation many years ago but 
has long since washed out.

Because it is so highly regulated, there is 
not much opportunity for trees and willows 
to grow and hold the banks together.

14 SW 30-2-9-W4 -2007 Eroding x 1 m in 2 years 0.5
Water diverted from the St. 
Mary's River into the Milk 
River.

x 
(Mostly)

x 
(Sometimes) x x 

(Sometimes) Farm buildings

The river is encroaching on our 
barn and a flowing well.  We 
have also had to move feedlots 
and corralls due to the loss of 
bank.

About 25 years ago a bunch of dead 
trees (large ones) were rolled over 
the river bank.  They protected the 
bank for several years until spring 
flooding swept them away.

The increased waterflow seems to 
undercut the bank at high flow times, 
causing about 2 ft of bank to drop in every 
year.  Ice jams have also been a problem.  
Sandy soil and unnatural water flows 
cause a greater erosion problem.

Location of Erosion
Survey 

No.
Legal Land 
Description

What Property is 
Affected?Primary Cause of Erosion

Erosion Occurs Mainly During:

TABLE 4.1

LANDOWNER QUESTIONNAIRE RESPONSES ABOUT RIVER EROSION

Period Rate of Erosion m yr-1 Erosion Protection?
When Does Erosion Occur 

How Has Property
Been Affected?

How has the St. Mary Diversion
Been Affected in Milk River?

Curent 
Condition
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Figure 4.5 Time Series Map of River Location near Milk River Town 

 

1915 1951 
1983 

1999/2000 

1915, 1951, 1983 and 1999 / 2000

Cutoff 1915 to 1951 
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o The continued reaction of the channel to diversion flows.  As discussed above, the 
channel will tend to initially steepen as a result of increased flows.  As happened following 
the post-1917 diversion, channel erosion also resulted in cut-off development, which would 
also tend to steepen the channel slope.  This steepening may be considered as an initial 
to intermediate term response to the diversion.  Following that, however, the channel 
would tend to reduce its slope by increasing its length, i.e. increasing channel sinuosity. 

• While the reach downstream of the cut-off is relatively short, it is important to note that the 
channel in the lower reach downstream of the cut-off is also becoming more sinuous.  This 
is consistent with the response of the channel to increased discharges from the St. Mary 
diversion. 

 

4.1.1.1 Erosion Rates 

Supplementary to information on erosion provided by landowners in Table 4.1, AMEC measured 
erosion rates from the figures noted above to provide comparative long-term erosion rates over 
the approximately 85 years since 1915.  These data are summarized in Table 4.2. 
 
The areas of erosion along the river identified for this project have been prepared from 
responses obtained by the MRWCC to a request distributed to landowners.  It represents a 
sampling of areas along the river where erosion has occurred, as illustrated on Figure 4.1.  
These sites might not identify all areas where erosion has affected land and facilities or could 
potentially affect both existing or proposed infrastructure.  Additional work would be required to 
characterize historical river erosion patterns and erosion rates along the entire length of the North 
Milk and Milk rivers.  One approach which could be undertaken to fill in this gap would involve 
digitizing images of the 1915 riverbank locations and overlaying them on recent aerial photo 
imagery of the river, such as that illustrated on Figures 4.2, 4.3, 4.4 and 4.6.  With this 
information and knowledge of the locations of infrastructure such as roads, buildings, etc., 
vulnerable facilities could be identified.  Set-back distances could be compared to erosion rates 
to prioritize sites for future investigation. 
 
The areas of erosion identified from landowner responses during this study do not necessarily 
indicate representative locations.  For instance, on the North Milk River, the two reaches 
illustrated on Figures 4.2 and 4.3 include bridge crossings, which are locations where the river 
channel is ‘locked-in’ and not free to move.  A similar instance is on the Milk River (Gravel Reach) 
which includes the highway bridge crossing at the Town, as illustrated on Figure 4.4.  Regardless 
of the presence of bridge crossings, these locations may still be important locations to monitor, 
as they represent locations where local landowners are concerned about erosion.  Other locations 
without bridge crossings may also be considered. 
 
Erosion monitoring should be undertaken at locations that are representative of average 
conditions within each of the three characteristic river reaches.  In addition, specific monitoring 
programs may target vulnerable sites identified by landowner responses or from information 
obtained through examination of historical river movement in relation to existing or proposed 
facilities and infrastructure. 
 



1 13-2-12 W4 1915 to 2000 50 m in 85 years 0.59 1939-2007 30 m in 67 years 0.45
2 18-2-11 W4 1939-2007 50 m in 67 years 0.75
3 NW 4-1-12 W4 1939-2007 50 m in 67 years 0.75
4 NW 26-2-17-W4 1976-2007 50 m in 30 years 1.67

1915 to 1951 90 m in 36 years 2.50

1951 to 1983
Cut Off formed, 

no longer in 
SW-21-16-W4

6 NE 31-2-12 W4 1967-2007 3 m in 50 years 0.06
7 NW 14-2-16 W4 1980-2007 7 m in 27 years 0.26
8 NW 22-2-16 W4 1983 to 2000 15 m in 17 years 0.88 1897-2007 14-18 m in 20 years 0.7-0.9

1915 to 1951 30 m in 36 years 0.83
1951 to 1983 30 m in 32 years 0.94
1983 to 2000 5 m in 17 years 0.29
1915 to 1951 30 m in 36 years 0.83
1951 to 1983 30 m in 32 years 0.94
1983 to 2000 5 m in 17 years 0.29

11 NW 28-1-22-W4 1915 to 2000 15 m in 85 years 0.18 1975-2007 30 m in 30 years 1
12 NE 30-1-22-W4 1915 to 2000 140 m in 85 years 1.65 1990-2007 100 m in 20 years 5
13 SW 5-2-21-W4 1915 to 2000 30 m in 85 years 0.35 1990-2007 10 m in 15 years 0.67
14 SW 30-2-9-W4 -2007 1 m in 2 years 0.5

TABLE 4.2
EROSION RATES OVER 85 YEARS

Period Rate of Erosion m yr-1Survey No. Legal Land 
Description Period Rate of Erosion m yr-1

Measured from Orthophotos 
(Figures 4.2 to 4.5)

Reported from Landowners Questionnaire
(Table 4.1)

Site not present on Orthophotos
Site not present on Orthophotos
Site not present on Orthophotos

Site not present on Orthophotos
Site not present on Orthophotos

10 m in 30 years 0.33

Site not present on Orthophotos

10 SW 29-2-16 W4 1976-2007

0.43

5 SW 21-2-16 W4 1975-2007 2 m in 32 years 0.06

9 NE 20-2-16 W4 1976-2007 13 m in 30 years
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Erosion monitoring may be accomplished at two levels of detail.  The first, represented by plots 
obtained from comparative aerial photos is illustrated on Figure 4.4.  This can be accomplished 
for all areas along the river and is dependent only on the date and scale of the aerial photos.  
Finer detail can be obtained by surveying bank locations.  The rate of movement can be more 
closely determined both laterally along the bank and in time.  For instance, erosion resulting from 
ice action can be determined by pre- and post-break-up surveys.  Additional surveys during the 
open-water season can identify the erosion resulting from the diversion flows in concert with 
natural flood peaks occurring at a particular location.  The surveying can employ current GPS 
techniques or ‘old-fashioned’ erosion stakes. 
 

4.1.2 Sedimentation 

The sediment derived from channel bank erosion along the North Milk River and the Milk River 
is transported downstream and deposited within the channel or on the floodplain.  In addition to 
the erosion of the channel banks itself, the river transports sediment derived from tributary inflow.  
As noted above, the badlands area along the lower sand bed reach of the Milk River contributes 
substantial volumes of sediment to the river.  If the river has sufficient energy or capacity to 
transport the incoming sediment, then the channel will establish a state of quasi-equilibrium 
where channel bed levels similar to existing conditions will result.  If the energy or capacity to 
transport sediment is inadequate, the channel will either widen to increase transport capacity 
and/or adjust its slope to provide additional energy.  Sediment will otherwise be deposited on 
the floodplain and in neighbouring oxbow channels during periods of overbank flooding. In-
channel sediment will continue to move downstream and sediment deposited above bankfull 
level will only be liberated when bank erosion occurs or cut-off channels are created. 
 

4.1.3 Channel Stabilization Measures 

For the North Milk and Milk Rivers, a range of channel stabilization methods can be employed, 
including: 
 

• bank armouring using riprap and underlying granular filter or non-woven geotextile (filter 
cloth); 

• articulating concrete blocks or A-Jacks and underlying granular filter or non-woven 
geotextile (filter cloth); and, 

• spurs or groynes extending out from the riverbank to break up the current along the bank 
and promote sedimentation in between the spur structures. 

 

Bank armouring using riprap or articulating concrete blocks is likely to be the primary form of 
bank stabilization employed along the river.  Ice action precludes the use of gabion baskets or 
gabion mats, as ice movement has been known to tear the wire mesh.  Ice action also may limit 
the use of bio-engineering in association with ‘hard’ armouring near the toe of the bank to only 
those cases where the bank slope to be protected extends above the elevation of ice action.    
 
Alternatively, vegetation plantings could be integrated into the bank armouring at the time if 
construction, such as illustrated below, thereby providing the shade and cover that enhances 
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local fish habitat. If the vegetation doesn’t survive, or is periodically scraped away by ice action, 
the integrity of the bank protection system won’t be affected.  

 
Source: ErosionDraw, (http://www.erosiondraw.com/new.htm) by Salix Applied Earth Care, Redding, 
California. 
 
Riprap or concrete blocks at the toe would need to be designed to withstand hydraulic forces of 
the water flow during design flood conditions as well as ice forces.  The bank stabilization 
measures would need to extend a sufficient distance upstream and downstream along the 
affected area and be adequately ‘keyed-in’ to the bank to prevent outflanking of the measures 
due to channel shifting and river currents. 
 
Spurs or groynes have not historically been used for bank stabilization along the Milk River.  
The opportunity exists to use this form of bank stabilization on the Sand Bed reach of the river 
where sediment loads are high.  Spurs would not be well suited to the North Milk River and 
potentially for the Gravel Bed reach of the Milk River where suspended sediment loads are much 
lower.  The spurs can be constructed either as ‘impermeable’ structures such as sand / gravel 
projections out into the channel or as ‘permeable’ structures comprising pile and timber framework 
filled with trees and branches.  The layout of these structures needs to consider the length 
projecting out from the bank, the distance the landward end of the structure is keyed into the 
bank, the angle of the structure to the flow, and the spacing of the structures.  Scour protection 
at the outer end of the structure also needs to be provided. 
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4.2 Ice Jam Effects  

The objectives of the assessment of ice effects were to determine:  the locations of historic ice 
jam events along the river; evidence on the role of ice jam activity with respect to bank erosion 
processes; evidence as to whether the existing diversion affects ice jam processes; and 
assessment of potential new diversions on ice jam processes. 
 

4.2.1 Historic Ice Jam Activity 

The availability of information on documented ice jam events along the study reach is limited.  
The following information sources were examined to establish the existence and location of 
historic ice jam events. 
 

• Alberta Environment (ANEV) records, River Engineering Branch; 
• Water Survey of Canada (WSC) hydrometric records; 
• published reports; and, 
• Interviews with persons known to have local experience with ice jam activity along the study 

reach. 
 
The following information sources were found to contain evidence of historic ice jam events 
occurring along the study reach.  Most of the correspondence was related to the potential for ice 
jam-induced flooding.  The correspondence regarding the 1976 jam at the Coffin Bridge was 
related to flooding and the potential for damage to the bridge as a result of the ice jam. 
 

• AENV letter dated 29 January 1976 (file reference:  RE 11-11A); 
• AENV letter dated 28 April 1976 (file reference:  RE11-11A); 
• AENV letter dated 29 August 1979 (file reference:  RE 11-11A); 
• AENV “Ice Jam Problems – Investigation”, record dated 20 March 1997; 
• Statements documented in Purcell (1956); 
• Report on “Reconnaissance of Milk River and Observations of Erosion”, 29 November to 

01 December 1955 (Department of Energy, Mines and Resources, (EMR), 1955); and, 
• Telephone conversation with John Ross, Milk River Cattle Co., SW 30-2-9 W4 (Nov. 2007). 
 
Very few ice jam events have been documented through the study reaches.  The information 
sources listed above document only the following ice jam events (the existence of additional 
documented events may be found through a more exhaustive literature review). 
 

• 20 January 1976 – ice jam on Milk River near Section 29-2-16 W4. 
• 18 March 1976 – ice jam on Milk River, Coffin Bridge near Sections 1 and 12-215 W4. 
• 1978 – ice jam on Milk River south of Manyberries (“a few ice jams along the reach” near 

Twp. 2 Rge. 7 W4. 
• 1979 – “3 or 4 ice jams between the Town of Milk River and the residence of Mr. W.J. Snow”. 
• 1997– ice jam on Milk River at Milk River. 
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While the list of documented events found during this investigation is short, descriptive accounts 
by the person interviewed, and text within the above documents, suggest that the formation of 
ice jams along the Milk River is a regular occurrence.  The AENV letter dated 29 August 1979 
suggests that “during the annual spring break-up, ice runs and ice jamming are a regular 
phenomenon on most rivers which go through a freeze-thaw cycle… [and] the Milk River is no 
exception”. 
 
Discussions with John Ross revealed that ice jam events occurred periodically along the 
Milk River.  Several events had occurred over years of his recent memory and that a significant 
event occurred adjacent to his property some 10 to 15 years ago.  During this significant event 
water levels rose approximately 10 feet and ice overtopped fences.  Damage to cattle fences 
from ice action has become problematic.  Mr. Ross also noted one instance where an ice jam 
formed a channel cut-off downstream of his property. 
 

4.2.2 Bank Erosion Processes 

Ettema (2002) provides a comprehensive review on alluvial channel response to river ice 
processes.  Some of the processes are well understood, others are identified only in concept, 
and some processes are in the early stages of recognition by the river ice research community.  
The following processes were identified as the most significant contributors towards bank erosion 
on the Milk River. 
 

1. local scour; 
2. channel-thalweg adjustment; 
3. bank destabilization; and, 
4. meander loop cut-off. 
 
These four processes are listed in increasing order of significance with respect to both the 
degree of permanence and relative impact.  Figure 4.7 provides a schematic representation of 
these processes (further described below).  These processes are difficult to quantify and 
attempts to do so were beyond the scope of this study.  The following description of these 
processes provides a means for understanding the impacts of river ice processes on bank 
erosion.  This understanding may form a basis for assessing the relative importance of river ice 
processes with respect to channel erosion activities and the potential need for further study. 
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Figure 4.7 Schematic of Bank Erosion Processes 
Due to: (a) local scour, (b) channel-thalweg adjustment, (c) bank destabilization, 
(d) premature meander loop cut-off, and (e) combined bank erosion processes 

 

local scour

ice jam

grounded toe

bed

(a) Local scour.

water level

(b) Channel-thalweg adjustement.

(c) Bank destabilization. (d) Premature meander loop cutoff.

open water
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loop due to high ice jam water levels – resulting
in meander cutoff.
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(e) Combined bank erosion processes 
(adopted from Ettema, 2002).

Thalweg shift and bank-toe erosion (local scour)
combined with bank destabilization processes
(e.g. bankfast-ice loading).

Shorefast ice breaking away and destabilizing
banks (“bankfast-ice loading”).
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4.2.2.1 Local Scour 

Local scour may occur as a direct result of the presence of an ice cover.  When the ice cover is 
fixed to the bed / bank or if it is thickened to the point where it no longer floats freely in the 
channel, flows under the cover are forced through a reduced area causing higher velocities.  
These higher velocities may result in scour in localized areas.  The more extreme condition of 
local scour occurs at the downstream limit (or “toe”) of an ice jam when it becomes partially 
grounded (the ice jam makes contact with the bed).  Figure 4.7(a) presents an illustration of this 
extreme case of local scour. 
 

4.2.2.2 Channel-thalweg Adjustment 

In some instances, the presence of ice will limit the flow to some portions of the channel and 
redirect increased flows to other portions of the channel or to another separate channel path.  
The channel sections receiving these flows may deepen and create new preferred pathways for 
future open water flows.  These processes become more significant during the formation of thick 
freeze-up ice accumulations that remain in place over the entire winter period. 
 
Another less apparent process contributes to thalweg adjustment.  Given the same hydraulic, 
geometric, and bed material properties, flows under ice covered conditions tend to reduce 
thalweg sinuosity; meander loops tend to straighten and shorten as illustrated on Figure 4.7(b).  
The basic rational for this process is as follows.  Under the same flow conditions, the presence 
of an ice cover increases the resistance to flow resulting in an increase in the cross-sectional 
area passing the flow and a reduction in flow velocity.  The net effect is to reduce the hydraulic 
gradient.  As the hydraulic gradient reduces, the channel seeks a new alignment to achieve a 
balance between the resistance to flow presented by the channel properties and energy imparted 
to the flow by gravity – the channel tends to straighten to achieve a higher hydraulic gradient. 
 

4.2.2.3 Bank Destabilization and Erosion 

In the context of this report, bank destabilization and erosion describe processes that work 
towards degradation of the banks directly by ice abrasion / scour and bank-fast ice loading or by 
less direct means which cause a reduction in soil stability.  There are two primary processes 
that impact the banks directly.  The first, easily envisioned process is characteristic to spring 
break-up where large competent pieces of ice gouge and abrade the banks.  This process can 
be more severe where channel sections present features that protrude into the flow or through 
sharp bends.  The second process is less intuitive and may not be of serious consequence for 
the Milk River.  During freeze-up the shore fast-ice freezes to the banks.  During the winter 
season, flows decrease and water levels drop.  Large sections of ice then break away from the 
banks removing material from the banks – as illustrated on Figure 4.7(c). 
 
The following documented accounts from local residents support the existence of these processes 
occurring along the Milk River (EMR, 1955): 
• “Mr. Hoyt says he has watched the floating ice after spring break-up scraping away the banks 

on the outside of bends.” 
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• “Mr. Dobracane says he has watched floating ice in the spring wear away the river banks.  
His opinion is that this is the whole cause of the erosion and that the summer flow has very 
little effect”. 

• The EMR (1955) report concluded by stating, “One of the main causes of erosion is 
undoubtedly the abrasive effect of floating ice after break-up in the spring.”  

 
The presence of ice along the banks contributes to bank destabilization and erosion by less 
direct means.  As the banks and shore fast-ice freeze, there is potential for a local increase in 
groundwater levels within the banks causing an increase in seepage pressures, thereby 
reducing the stability of the banks.  During spring break-up the water levels drop relatively 
quickly as compared to an elevated water table in a bank comprised of cohesive soils.  In this 
case “rapid drawdown” effects further reduce soil instability.  Also, the effects of freeze-thaw 
cycles that weaken the banks are exacerbated by the presence of ice.  Figure 4.7(e) illustrates 
a combination of these processes. 
 

4.2.2.4 Meander Loop Cut-off 

Figure 4.7(d) provides a schematic plan view of the development of a meander loop cut-off.  
When an ice jam forms through a reach of meandering loops the upstream water levels may 
rise to the point where they overtop the banks.  The overtopping flows may then extend across 
the neck of a meander loop.  If this condition is sustained long enough to cause erosion across 
the neck down to bed levels, then a cut-off occurs.  Meander loop cut-offs have been observed 
on the Milk River by local resident John Ross and the following account obtained from AENV 
records documents a condition where the processes towards meander loop cut-off were 
initiated.  Mitigative action was taken in this instance to prevent development of a full cut-off.  
“The Coffin Bridge jam was over a mile long and had grounded out.  The normal flow had been 
going under the jammed region but could not accommodate the increased flows which occurred 
at this time.  Water was flowing around the jam over a pasture, along the road ditch and then 
back to the main channel.” 
 

4.2.3 Impacts of Diversion Activities on Ice Jam Processes 

Due to the difficulties associated with quantifying ice jam process, the impacts of diversion 
activities on ice jam processes can only be examined from a qualitative to quasi-quantitative 
level.  What follows is an attempt to characterize the impacts of diversion activities based on the 
information collected and scope of this study. 
 

4.2.3.1 Frequency of Ice Jam Occurrence 

While evidence suggests that ice jam activity along the Milk River occurs with some regularity, 
insufficient data exists to easily quantify the frequency of occurrence of ice jam events.  However, 
inspection of reported peak annual flows at representative WSC gauges within the study reach 
provides a means of assessment on the potential of ice jam activity.  The number of instances 
corresponding to peak flows under ice-affected conditions as compared to those under open-
water conditions suggests the relative importance of ice effects within the gauged reach.  When 
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high flows occur during ice-affected periods it is plausible that conditions are favourable for ice 
jam formation.  Further, where a significant number of reported peak flows occur during the ice-
affected period it is reasonable to anticipate a strong potential for periodic ice jam occurrence. 
 
Table 4.3 provides a summary of the ratio of peak flows occurring under ice-affected conditions at 
WSC gauges representative of reaches susceptible to ice jam formation.  Bearing in mind that 
the percentage of instances where annual maxima occur under ice effects does not clearly 
indicate the presence of an ice jam, this crude analysis suggests that conditions are favourable 
for the development of an ice jam approximately once in every five years at these particular 
locations.  Ice jam activity is expected throughout most of the study reach and ice jams occurring 
elsewhere within the study reach are not represented by the gauges used for this preliminary 
analysis.  Therefore, it is likely that the frequency of an ice jam occurring anywhere along the 
study reach is greater than suggested by this crude analysis. 
 

TABLE 4.3 
Ratio of Peak Flows Occurring under Ice-Affected Conditions 

 

Instances Where Annual Maxima 
Occur Under Ice-Effects Station 

Number Location Years of 
Record Number of 

Years 
Percent of Total 

Record 
11AA005 Milk River at Milk River 97 22 23% 
11AA031 Milk River at Eastern Crossing 95 20 21% 

 
AMEC’s scope precluded a detailed examination of the hydrometric records to determine if the 
St. Mary River diversion was operating at the time these peak discharges occurred.  If the 
MRWCC wishes to further examine the role of the diversion during break-up, then the hydrometric 
records could be analyzed further. 
 
More refined estimates on the frequency of ice jam occurrence are limited by the scope of work 
and availability of data.  Reliable identification of locations along the study reach that are frequent 
“hot spots” for ice jam activity is limited for the same reasons.  However, based on the information 
gathered during this study, the following characterizes the historic nature of ice jam behaviour 
along the Milk River. 
 

• Ice jam activity along the Milk River is a regular occurrence.  Depending on the prevailing 
hydrometeorologic conditions during spring break-up, it is plausible that these events are 
expected to occur at some point along the entire study reach more frequently than once in 
every five years. 

• Data on documented ice jam events is not sufficient to provide estimates on the potential 
impacts of diversion activities on the frequency of ice jam occurrence.  The development of 
qualitative estimates may be pursued to assess incremental impacts; however, these efforts 
are beyond the scope of this study. 
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4.2.3.2 Ice Jam Severity 

In the context of this study, the severity of an ice jam relates to the magnitude of the ice jam 
event.  Ice jams may occur during freeze-up, the winter period, or spring break-up.  Typically, 
ice jams occurring during the freeze-up period are of the lowest magnitude in terms of jam 
thickness and the height of resulting water levels.  Spring break-up jams are typically associated 
with the most severe type of ice jam resulting in the thickest ice accumulations and highest water 
levels.  Winter jams lie somewhere between the spectrum of severity bounded by the freeze-up 
and break-up ice jams.  This does not necessarily relate to the amount of damage resulting from 
an ice jam.  Winter jams may be particularly damaging when they refreeze in place and inundated 
areas remain under frozen ice for the remainder of the winter.  The presence of a winter jam 
also increases the likelihood of occurrence of a break-up jam at or near the same location. 
 
Diversion activities are not expected to occur during the freeze-up or winter periods.  Therefore 
the conditions for freeze-up and mid-winter period are expected to remain unchanged for 
purpose of this study.  This further implies that diversion activities are not expected to contribute 
to incremental changes in river ice processes causing bank erosion during the freeze-up and 
winter period. 
 
Break-up jams often result from the breaking, transport and subsequent accumulation of an ice 
cover due primarily to hydrodynamic forces driven by a substantial increase in river flows.  A 
break-up jam has reached its most “severe” state when it has achieved its so-called equilibrium 
condition.  To achieve equilibrium, a sufficient volume of ice supply is required to develop an ice 
jam section where the flow under the jam is near uniform and the water surface slope is nearly 
equal to the energy grade slope.  Through the equilibrium section depth to the phreatic surface, 
H, and ice jam thickness remain constant. 
 
The following process was adopted as an attempt to quantify the impact of diversion activities on 
the potential severity of spring break-up jams.  Based on reach averaged channel characteristics 
outlined in Table 3.3 and Table 3.4, determine the theoretical equilibrium jam thickness and 
resulting water levels for each distinct reach for various hydraulic conditions (discharge rates).  
The maximum achievable water level and thickness of an ice jam is primarily a function of:  the 
strength properties of the mass of ice acting as a continuum; the applied drag forces under the 
accumulation (relating to discharge and ice accumulation roughness); the downstream component 
of weight of the accumulation (relating to gravity and water surface slope), and the width of the 
channel.  Beltaos (1983) provided a convenient means for combining these effects through a 
simple dimensional analysis resulting in the development of the following non-dimensional terms 
relating depth and discharge for equilibrium ice jams. 
 

Non-dimensional depth = H/SoB 
Non-dimensional discharge = (q2/gSo)^1/3/(SoB). 

 

Where: H is the maximum attainable depth to the water surface level (m) 
 So is the slope of the bed (m/m) 
 B is the channel width (m) 
 q is the unit rate of discharge (m3/s/m) 
 g is acceleration due to gravity (m/s2). 
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Table 4.4 provides a summary of the computed equilibrium conditions for the various scenarios 
ranging from conditions prior to diversion activities (Natural) to current conditions (Recorded) 
and future proposed conditions (Scen. 1000 and Scen. 2000).  Hypothetical channel sections 
based on channel characteristics presented in Table 3.3 and Table 3.4 were used to compute 
an equilibrium ice jam using the default ice-jam parametric values and an adopted ice jam 
roughness.  The values reported in Table 4.4 are plotted on Figure 4.8 – data corresponding to 
observed equilibrium jams as reported by Beltaos (1995) are included for comparison. This 
provided confidence in the assumed roughness and adopted ice jam parameter values.  
Further, the adopted channel configuration produces ice jams that are physically possible. 
 

TABLE 4.4 
Summary of Equilibrium Jam Analysis 

 

Non-Dimensional Equilibrium 
Jam 

Thickness 

Mean 
Width

B 

Unit 
Discharge

q 
Slope 

So 

Depth to 
Water Level 

H Discharge Depth 
Reach /  

Scenario 
(m) (m) (m2/s) (m/m) (m)   

North Milk River       
1. Natural 1.04 22 0.40 0.0030 1.64 26.8 24.9 
2. Recorded 1.77 35 0.71 0.0035 2.54 19.9 20.7 
3. Scen 1000 2.3 43.8 0.81 0.0038 3.07 15.3 18.2 
4. Scen 1200 2.41 45.5 0.91 0.0038 3.24 16.0 18.5 
Milk Gravel Reach       
1. Natural 1.63 52 0.95 0.0019 2.81 36.8 28.4 
2. Recorded 1.84 62 0.93 0.0019 2.99 30.4 25.4 
3. Scen 1000 2.2 71.3 0.96 0.0021 3.29 23.8 22.1 
4. Scen 1200 2.26 74.4 0.97 0.0021 3.37 23.1 21.7 
Milk Sand Reach       
1. Natural 1.12 70 1.08 0.0007 2.95 112.6 60.2 
2. Recorded 1.17 91 0.93 0.0006 2.90 96.2 53.1 
3. Scen 1000 1.21 109.2 0.88 0.0005 2.93 89.2 49.8 
4. Scen 1200 1.24 113.8 0.87 0.0005 2.96 85.4 48.3 

 
The U.S. Army Corps of Engineers HEC-RAS model facilitated computation of the variables 
listed in Table 4.4.  The adopted composite roughness (combined roughness effects due to the 
bed and ice) was, ncomposite = 0.045.  The adopted roughness value produces equilibrium jam 
thicknesses that relate well to those observed in the field (see Figure 4.8).  The HEC-RAS model 
defaults were adopted for ice jam property values.   
 
Inspection of Figure 4.8 suggests that as non-dimensional discharge increases so does non-
dimensional depth.  As the relative magnitude-of-depth increases so does ice jam thickness.  
Where channel geometry (channel width and slope) remains constant, an increase in discharge 
is expected to generate an increase in water level and values plotted on the equilibrium jam 
curve would tend upwards and to the right.  However, when both channel geometry and discharge 
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change (as is the case for this study) values may tend either up or down along the equilibrium 
jam curve.  Figure 4.8 indicates a shift in values down and to the left along the equilibrium jam 
curve when moving from Scenario 1 through Scenario 4.  Initial inspection of the results presented 
on Figure 4.8 may lead one to believe that for this study, ice jam severity is decreasing.  
However, this is not the case.  The absolute change in water levels resulting from spring break-
up jams are expected to increase incrementally when moving from Scenario 1 through 
Scenario 4 (see Table 4.3). 
 
Based on the information gathered during this study, the following points characterize the potential 
impacts of diversion activities on ice jam severity. 
 

• Based on the information gained during this study, it is not possible to make a general 
conclusion on future trends in the frequency of ice jam occurrence.  All other factors being 
equal, increased flow rates increase the hydrodynamic forces acting on an ice cover.  
Without further study it is not possible to accurately assess the impact of these increased 
hydrodynamic forces on the frequency of ice jam formation and resulting ice jam severity. 

• Where conditions are favourable for the development of a break-up ice jam accumulation, 
an increase in the magnitude-of-discharge rates are expected to result in higher water levels 
and thicker accumulations than for discharge rates of lesser magnitude.  This suggests that 
future diversion activities will result in an incremental increase in the rate of erosion due to 
ice jam activity.  Sufficient information is not available to provide estimates on current erosion 
rates or incremental changes in erosion rates due to diversion activity. 
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Figure 4.8 Non-Dimensional Depth Versus Non-Dimensional Discharge 
(1) denotes natural conditions; (2) denotes recorded conditions; 
(3) denotes Scenario 1000; and (4) denotes Scenario 1200 
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