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and fronm the air, along vith otheg’data collected in the
field. indicates that in: the sonthirn Hackenzie RiVer~Delta,

—3 knaiysis~of~2—veex tine 1apse phptography in the field

the shape of an eroding bank is po itively correlated - with d

" the. erosion process ahd the rate and character of erosion.

-

) factors indicate the conplexrty of er051on processes:

current veloc1ty.. channel orientation to.. the ﬁind; ‘ice

content of the bank sedinent~‘ vegetation.' roots} vater-:

tenperature- and ace during break-up. Prediction of hank

er051on éannot be nade by. neasurxng these factors. There

are five different easxlyrdistinguished bank shapesv in the

study arta each Vlth its own naxinun and ninunun er051on

rates and nanner of eroszon. This '1nfornation allows the |

short-tern prediction of"’ eroding bank behav1or on the basis

of bank shapes and the' production’ of ia' nap shovxng the

' Poor correlations betveen bank erosion and the folloving

: eros1on rate category 1nto vhich each - bank fits. This,nap ‘

v nay be used in the planning bf construction in the area to‘

.,

. to 30 n/yr. 11. ) ,} B f_\‘ﬂ

.

o
'~

'é av01d rapidly eroding banks snch as those that nay erode up
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'\1 1 THE PROBLEH o : e . S S

} . . .

I ‘ |
' Bank eroszon processes in deltas that have pernafrostq .

bonded hanks are not fully un&eré&god. Literature coneerned
. . N ‘
vlth erosion,.~iu such an: envlronnsnt is ;genera11y~l

descriptlvé° only a fev aﬂthors'%Gill. 1972b ‘ Sni.th'q 1973)
haVe . attenpted pto, quantify speCifaé ptocesses.f ~mhe

uackenzle River; Delta 1s a site of 1ncreasing hulan actiwity ;

.-

) | . .
1nvolv1ng Ehn constructlon of buildlngs, wharﬁes, ,jkggs-;

petroleun st&iage tanks on various léVee banks in the

o )
delta. In order to‘avoid poot choices for sztes of such
. facil;tles, ‘Spec1fic 1nfornat1on about ‘the behaviorl of al}'v<

types of - banks 1n the delta 1s requireda Thls study provxdes
spec1f1c 1nforlat10n about bank erosion in. the Hackenzie

J Delta-'so that thls behavi&E‘can be #Qedlcte&. Stahle or
. ) ‘ »
prograd1ng banks wete not studied.’. . : .oﬁ.' T

v

" The vord “werosion® .as used in this stgny inplle3w
ot

remowal oﬁfuaterlal from a bank: site.< f:f=: ST gﬂ
_ ' - N . ' . . . . .. :; . . ) N ; . ;‘.‘:‘v‘ . “ ] v'., | o
: : o . ‘ ' - U& ~ £ I ) });'5 », 'L? ¥,
1. 2 AL ERRBTE APPROBCHES TO THB STUDY I T . b

Durzng the early Part of this study, 3 approacﬁesaver'

2 ®
con51q§red as- uethods of sle1ng the prohlelé”of predmctlmg
. "’v;_ . \:, el . ) -2 ". " S s #"ﬂ\
4 e u ,.,(. e .' .’“ _ . _\V;. . '. ‘
. 1Behavio - Bay 1nc1ude- rates, shapes, and lbcations of ¥ 1
deposition - erdsion; and vhether these processes are ‘*3
o E G a o . . Ll A
fconstant r cat stgvphuc - L | S < (* :ﬂ
& 1 : v I
. -“.'
g N - A
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bank erosion behavior' N ) L '

' ‘1.-' Erosion rates can be predicted by conparing bank

positionqlonﬁﬁkir photographs' of different years. This

14

‘ approach vas rejected because average discharge in any delta

2

'»distribntary may wary vith tine (Kolb and Van Lopik,a1966).
‘fThe drstribution of flov anong distributaries beconeSA more

variabl.-e 6w:Lth 1ncreasing distance from the_, delrta apex.v

ErOSion rates in the 1ast fev years of a 20 year period y

P

‘be different fron the rate averaged over ~the 20 years as ak

vhole.; However,,uhere er051on and depos1tion are found to -

he‘,constant._over a period of years, the channel may beA

considered*to-reSemble a channel 1n dynamic eguilibrium.'t<a.'

[

s

channel which maint&ins a constant plan shape or aidth over,f

many years usnally 1ndicates that it is in’ eguilibrium .orfﬁ_‘

} ."reglne" iBlench 966). An extrapolation of eros1on rates

deternined fron different—aged ,aiﬁ photographs of these'-7

o cha is"can be made with nore assurance than from channels

«

f which do not have ground-checked eroﬁion‘vrates' 51milar to

long terc average rates or fron thvse which are cha ging 1n

width or shape. . .*1_” o . /lff.

2. Er051on rates can be predicted by con51der1ng the ages of

successional vegetation on. advanc;ng po;nt bars and slip-off.~ E

i

slopes across the channel fron a. retreating cut-bank . This‘ .

¢ ch

'bllanc1ng'-erosion. Also, it will: not apply vhere hydraulic L

nnels’ are;_in dynanic equilibriun"»vith dep051t10n o

o

azz;oach “was rejected as it assnles 1ncorrect1y that aIl d; _f

g onetry 1s being altered hy the dep051tion of a n1d~channe1?;f“'°
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P

" .

exposure<of“rery ice—rich"sedfnent.

3. Eroding b

A

.

T
C N

ank hehavior in terns of rate and character of

A

'{ bar or;where-erosion_is“heing locallp ~accelerated - by the

'““-erosion——Tcatastropnlc §S* contlnuous), can ‘be predicted

| knowlng the:

1.3 THE APPROA

:The‘third

:practlcal for

'_neasurements

delta south of

Chapter 3,‘
Bank sites wer

studied 'frOI

process of erosion vandvthe bank shapes that

G

_result fron ‘this process.

CH USED IN THIS STODY .

approach was cons;dered to be the nost

testlng in thls fleld study.' Ohservatlons and K

vere ohtalned at bank sxtes in an area of the

z

0 -t
By

PR S
i

]
e

680 N (Flgure 1) by the methods outllned,<1n o

The data gathered are descrlbed 1n Chapter 4,

e establlshed in late August 1972 and then

JunG 7. to Augnst 29, 1973. Heasurements vere

- 11'1ted t° 9305139 channel banks and factors cons;dered o

relevant . "to

'f veloc1ty, pote

i

T

-erosaon\on ban

\ .:‘/

1;4'nssnnrrrons"“

fi Use of th

) 1 Long-terl (

N-

delta hanks;

bank 'eroszon. : These factors ‘are " current:

-«

nt1a1 for' wave erosmon,‘-andv hank' naterial_

A

k appearance vere noted

e thlrd approach 1nvolves 3 najoréJ

annual) erosxon vs 2-veek sunner er051on of

is- a consequence of channel sh1ft elther vith

7 o . o
characterlstlcs.' Other llnor factors and the. effects of -

e

sunptlon5°'

N .
SN

er051on balanced by dep051t10n or wlth slow .changes in f’

hydraullc geonetry to accomnodate changes 1n water, bed

© N -

w



L

'bankvchara@ieristics:' Basically, this assunption inplies
that the principles of hydraulic geonetry as ’ found hyﬁ

'ihnderson and uacKay (1973) apply -reasonably vell to. the

. R - A - . . . )
*study areae S N ' e

, 2. Short-tern (veek to week) behavior of eroding banks isn;

not..a result of changes in the hasic hydraulic geonetry " of

channels.‘ ”ThiS“- assunption inlies that sunner  flows "
relatIYe to. high flows during and after break-upz .p'n;t
' responsible(for najor alterations of channel geonetry.‘ uost-
: alluv1a1 channels of - the- uorld are altered only during bank- fi

| 'full or h:l.gh—vater penoas (Leopold at a,l., 196u)., This

-

) leaves ninor variations in bank shape Or er051on rate bein§7

)IA

"caused by £acfﬁrs nch as . thernal erosron, wave action,_[f

pernafrost characteristics, or root bonding.~

3. The 1972 and 1973 years’ of discharge .were‘ close to o
_"norna1"3 ThlS assnnption 1s neéessary for the reliahlef"
- prediction of er051on rates u51nq the 1972~1973 annual rateL‘,'

’h”but 1s not necessary for the prediction of bank behaV1or L or.

a description of the nanner of erOSion as current veIOC1t1es.5"

,at‘ bank ‘sites vere neasured relative to each other.__forf

[¢]

,,example,.a certain type of hank ‘Ulth . a- certain currentﬁ;7~

‘-veloCity 1s expected to alvays erode in the sane nanner.

zBreak-up is defined as ‘the time vhen/a channel contains
.. moving or broken ice. Termination .of "break-up " is. when ‘a -

..channel ‘does not have bank—to~bank ice: and the flood peakuV

: has passed.
‘3Quantity and pattern of flov (1nclud1ng peak flovs)

-closexto longjgern averages.-
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_Figure 1 The Mackenzie Delta, N:W.T.. Outiined Location is the Study Area. - -

' . in Which Erésion was Observed .and Measured R PRI



A najor pr0$1el is thev deterlination of a "nornal"l"

annual flov for the uackenzie and Peel Rivers. . Stage- )

discharge statious have been estabbished only very recently s

:, on the Arctic Red River and on the Backenzie River above its o

'; confluence vith‘ “the Arctic Red Rlver. ' Discharge

recent and sporadic Vlth the record of break—up discharges.

o~

neaSurenents‘ of the Peel River above ‘Ft. ucPherson are L

: nissing,d;AOne 'can only judge "norlalcy“ by experience v1th o

the rivers." Natives of the. area and H.L. wOod of the Waver
B , .
Survey of Canada in. Inuvik agreed that the nackenzxe Riyerj

water levels vere close to "nornal" in 1973 and that the,e

Peel River water levels were above nornal.‘ Thls Is'the

prine reason vhy erosion rates for- different bank types vere
given such broad ranges 1n this study to allov for the' fact

: . \ L
thgt there, are #ariations 1n flov 1nto the delta ‘from one’_‘

year to the next that have not been accurately neasuredn

..'4
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'iz 1. THE uncxruzrz DELTA o |

The phys1cal geography of the uackenzie Delta area ~has

~pbeen'_ well descrlbed by Hackay (1963).n- The folloving

: sections rev1ew the aspects 1nportant to a study of erosion -

gln the delta.

o : (‘f - _ﬁ?-
2. 1.1 GEQLOGY' ' '

The nackenzle Delta occuples a former estuary betueen‘

- the Rlchardson uountalns to the vest and the Caribou Hllle(

" the ,east (Prgure 1).s_ It . has been estlmated that theﬂf"

fnode;n delta has been aggradlng at 5 nn/yr for the past"

7, 000. years'. (Johnston\ nd Brown, 1965) dueh to ~1and

'subnergence‘) The sane 1nvestlgators reached bedrock at 85 n ‘ef

:1n bore-holes near Inuv1k » The Plelstocene uackenzie Delta’

%

‘has nndergone emergence and 1s no longer part of the actlve f

Jhpresent-day delta. ,Tectonlc novelents ulll haVe a long-tern

"effect on er051on as ubnergence .vonld decrease it “and~;g”

-

:'energence vonld 1ncrease xt. Johnston~‘and Brovn (1965)

describe the~top 30 n of the sedlnent as "thinly stratlfled Lti

fsandy 511t. alth layers of deco-posed organlc naterlal

‘fthroughout" Thls statenent 1s only partly correct, as nuch

'nndeconposed naterlal such asv roots and drlftwood is

o

' present, due to beconlng peruanently frozen before it can be

,.deconposed,

L3
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Ths del;at has an:'area of gpproxilately "6, 500 klzf L

representing an accﬁhulation {fog, ;sedilent **fron fthe;r%~3“

nountainous ' hasins ‘of the vestern, tributaries of they;p.-f”

uackenzie River 'such’ as'}he Liard, uountain, g@lle, »Arctic;pf<33§

B Red, ‘and Peel Rivers.,-‘

S 3
l'-'

‘12 1. 2 H‘DROLOGY aun CLIHATE

ﬂuch of the uacken21e River basin of 1 801, , 600 - kn2 is'
wlthln the subarctic cllmatic zone.' This clinate results 1n'.ej,.f

flov vinter flows, a very high sprlng flov, and ‘1.noderate-:

\

L sunmer floi.l As an 1ndlcation of these flows, the uackenzlei “

Rlver. at Nornan Hells nay have a late wlnter flow of. 2800

na/sec, a spring peak of 19,500 m3/sec (late Hay or early

‘i

| ‘June),' and the sumner flow nay excee& 1u.000 m3/sec in Junel.7“"”'

gg;and July (Anderson and uacxay, 1973). e

Break-np Of the Hackenzie Rlver occurs over a .2  week '
- ,' perJ.Od as’"‘ descr:l.bed hy HacKay (196 5) . It Pr09resses~ . S
' dovnstrean fron the warner reglons of ‘the: southvest, flnallyf':?~

reachlng the delta 1n late uay.' Break—up is accolpllshed by?e-

the delta,=therefore, occur durlng break—up. w‘

\ N

rlse in water level (often alded by ice jans) thCh/ﬁiﬂ‘
flushes the ice, from ‘the delta and floods nost of;gﬁ'V;f

al portions.f.~Bank-fu11 stage and the‘ annual'* -

'; takes place early 1n October :[~

", lhutarles freeze over and the 1ceff:ff”?
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| g study of the disttibntion 'of delta flow has heen
'<j‘started by Anderson and uacKay (1973) with prelininary |
____resnlts__indicating__that__flnu_*is__greatly__a1tered_hg_the____i__
' :'fornation and developnent of an ice cover which varies vith'- Y
;;lany _different factors 4n addition to clinate._ he extent:
.'fto which these alterations affect spring and sunner. flov'
ldistributions is fnot yet knovn. nydrologic and geonorphicﬂﬁ”
"}Lstndies in the'delta vould Be‘ Significantly aided ~by-
;conplete' record of discharges into the delta fron both the~t
:Hackenzie and Peel Ri#ers.,“ o
2.1.3 PERMAFROST - - B ‘, L | |
| The clinate of the 'regioni surrOnnding the uackenzieh‘
. Delta g's ‘one witw mean annual tenperatures significantly‘|
: belou 00 c And can be classed as arctic (warmest nonth less,-”
than 1oo C). ' This resnlts in pernafrost thicknesses of np_
’ to 365 n in the adjacent tundra areas (Jessop, 1970).;i Gill,l"‘
(1973c) ‘hasA shown that break-up ice flushing Significantly~?
wﬁﬂ*?d“°9§-:the —delta albedo conpared to the . surrounding:-fd”"“
'U'tundra."’Theﬁdairr-i" also warned by western Arctic low-f
":jpressnrexsystens canSinQ a wedge of varn air to extend &nvnx""&"
v;the nackenzie Valley fron the south (Abrahansson, 1966). Theil:e-‘f
‘;resnlting snbarctic clinate vin the -sonthern.and central”'
.i‘parts of the delta. together with the iﬁfi&eacéf‘af'”iafgejf‘
.”;nunbersii'of. vater ; bodies, ‘ causes.f pernafrost to be,‘n{tl'“
iV:Ziscohtinuons (Gill 1973d';5l1th 1973) and generally 1ess%i'r.
.,xthan_ 100 - thick (Johnston and Brown, 1964).1 No pernafrostnganzjji

e
: _79 o ‘>;:' ‘



is found beneath 1arger distributaries, nany of . the - 1akes,

“or' . recent slip-off - slopes ‘f nd_‘ point-har deposits

":j(Brown,‘1956' Gill, 1973d- Snith, 1973). Per;;EFBEt is

fouhd in levee sedilents and older p01nt-bar dep051ts'_-

SQith (1973) ,has descrabed in detail the pernafrost'p

distribution factors in the delta.. 3As“ all erosion 'SiteSi .

..occur at places -where pernafrost is present._‘snith's ‘

”

'_‘description' of pernafrost degradatlon ~isf~‘of-p'ﬂnterest-

l'although he neglects latent heat effects aﬁd does not give ‘a’

'wnaximun ' posslble rate 'ofw thaw penetratlon. uore;'

' vgeOgraphical research 1s needed on the relation between thawl‘

” . l ¢

penetratlon and’ bank erosion as ice‘ 1n pernafrost' is a

- v

@

*.sedlnent cementing agent and cbnsequently the naxinun rate‘f

t of. thaw 1s a lllltlng factor for er051on. J

2. 1 u GEOHORPHIC canmcrnnls‘rxcs

”e

without the presence of permafrost cau51ng detailed

’1d1fferences, the ’ uackenzxe gelta would havev geonorphlc 'f

‘characteristics s1n11ar to other-(active, deltas in the

"VOrld _ There are}.nany thernokarst lakes 1n the delta,z

' 1ocations of 1ce vedge fornation, and places vhere '1ce-'

.len51ng has raised :parts of the delta above flood levels.. K

- W1nd er051on of p01nt—bar depos1ts occurs_fin‘ the delta ;

'-‘durlng ‘winter. (Glll. .1972a)» as lt’?does in-~nany other*

(NS

per1glac1al env1ronnents. The presence of pernafrost alters )

fthe appearance of erodlng banks fron what VOuld be 'expected

for':such banks 1n a varner clinate. The therno—erosaonal

o



niche (hereafter referred to as niche), for example, is “a .

T

' . . f L. e .
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-f signlfggant feature ~and vill be discussed along with other"

- 11

. factors 1n Chapter u

2.1.5 vzcnrnrrou UL R S
;- Plant eci?ZE}xtf fhe delta is descrlbed by 6ill (1971,,'7
’

'1972a.‘ 1973a,

bk/

The uackenzie Delta has general features counon to lostc“~‘

.58

. ’ 3
© - deltas 1nc1uding levees, convex banks Vlth point bars -and-‘

slap-off slope31 concave banks undergoing er051on, Lnter-

levee ba51ns contarning 1akes, a conplex pattern of shlftlng _‘ﬂ

.sdistriburarles, reversing channels, and  low. islands. The
f"subaerial ’ 1andforms,“are built_vby irregularv.sedinenr.d

fdeposition during Jspring floodS"under the processes ‘off‘

alluvxatlon connon to other world deltas._gﬁin

<]
“~

closely t1ed to the fluv1a1 envxronnents and’ the 1rregular.t‘

-»depositlon of alluv1un nentloned 'above.iz Sltes of actlve

.and E. arvegse) and felt-leaf w1llow_;(Sa11 alexen51s).'“'

‘foLess actt€g= depos;tlonal locatlons are. colonlzed by balsam -

t

(Salix ‘spp.), and a varlety "of forbs and nosses.vvﬂighhﬂ
seldon-flooded 51tes (usually the upper portlons of . levees)f“
:v1th 1ouer dep051t10n rates are occupled by an edaphlc;:

"{cllmax assoc1atlon donlnatedqby whlte spruce (plcea g_auca).'

‘~

Slnce nost eros1on tafes place belou the rootlng level/_'

.

Cy ,e). . Vegetatlon ‘has -a dlstrlhuta.on_.f~

depositlon are donlnated by equlsetum (Egulsetun fluv;atlle';f .

jrl.pOplar (gopulus halsamlfera), alder (Alnus CrlSp )' Ulllowy~"7'

jof 11v1ng plants, ,'egetatlon,'has,llttle_d;rectveffect on.hr,



.

' '_eroSion;, However, vegetation affects the character of the

127

i pernafroSt _ beneath 'it; . This' is. expressed by smith = -

(1973. p 1“3)"7"Vegetatlon cover affects the ground therlal

kregrme through controls exercxsed on the surface energy-'

_balance. s nev layers of. alluvium are adﬂed to the soil'ah

surfaCe;'the ;pernafrost surface rlses, free21ng another ‘177-'

“*1ovéf layer of sedinent.‘ uaterial free21ng beneath the cold

"tand humldgnlcrocllnate of a spruce forest is more 11kely to"

L~

have'a hlgher'xce»content than naterial frozen under the

:1nf1uence of the conparatlvely uarner and drler nlcrocllnate '

-

of the balsan poplar assoc1ation.- The presence of 1ce-r1ch -

flsedanent has ‘an’ effect on the~behav1or of erodlng banks .VSp R

: S _ e SR co L -
: shoun in Chapter u.' B ' ‘ﬂj e e

._ * . '*A o
2.1 6 HUMAN ACTIVITY

The hunan act1v1ty 1n the Hackenzre Delta most relevant“ﬁ-""

P

bank erosion 1nvolves boat trafflc...gave_actlon mayﬂbef~"*

"an inportant eros1on agent.. uany of the delta channels aredﬂ-‘

'_used by boats of varlous 51zes ranglng fron snall canoes to"

"vilth heavy boat traffic are expected to be eroded nore due

”f:to nan-uade vave actlon. ThlS effect is: less 51gn1ficant onfv
L'.large 'channels »eroded by luch natural vave actlon but 1s:
. thlghly 51gn1f1cant on . snaller channels.' Boat waves nay be:
addlng to the er051on rate of 2.n a year (uackay, 1963) of~_

””the bank of- Hnsky Channel at tﬁgy tovn of Aklav1k. Ihef‘~

erosion hazard along the channel borderlng Aklav1h is one offhdtzo'
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o

the reasons vwhy the Govérnmemt of Canada decided in 1953 to'.

_move the town, S 5

©13

2.2 CHOICE OF THE sruny AREA e .fﬁ_," S

o The study area in the delta south of ‘680 N uas‘.chosen

‘for several reason5° J.

1. The apex} of the delta 1s the 51te of highest fluv1a1 s

”energy and therefore the sate of hlghest banks 'and hlghest_~

g

fer051on.rates. The higher the rate and the larger the scale
“'of-ﬁerosionl‘atv‘ ~ bank _studied,._.he none accurate the

*neasurenent.of"its behay;or'for the -ethods used in thls o

“~fstudy. f»hg,‘ T ,7.-" v

- - . A

‘ 2. Based upon extensive: f1e1d reconnalssance-durlng 1971 "
) and 1972, I found that the area. has all vatietles of eroding:

~hank types on. all sizes of channels at nany dlfferent

'onaentatlons to the preI‘nllng vlnd.

D

” g3.» uost of the channels in the area are deep enough to be
”'nav1gated by a\boat Hlth an outhoard notor.; A hovercraft or'

halrboat vould he-requlred 1n the northern'br "outer" delta a

e,

ebecause of shallov uater.'

4. The - Study area is suff;cxently access;ble fron Ian1k t°fl

;ald f1e1d loglstlcs..,:"

_5; No prev1ous studles of er051on had been done 1n the"

,_Study area.. | ~

Most erodlng banks in the':stndj 'area~ are ‘found.'on

.1 lenees and~ 1slands vhlch on August 16, 1973, averaged 8 nj*

" abdve simmer low_ uater level. The area has all ”the:5,7”

E -
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. aﬁg snall reversing channels and one large one, the sectidn-h

Ia:

.‘ . .. ) ) " .

deposition and vegetation features discussed earlier. . There .

of Peel.Channel above and belov Indian village (?‘gure 2).n

uany 1arge ice vedges (Plate 1) and freguentaoccurrences of3u

e e

. 1ce-r1ch sedinent (Plate 2).. are found 1n exposed sections of

'levees ind{!Lting relative stability 1n_.the pastu of nany »

.levees and their white spruce plant'aSSOCiation.:.-v A5

v

2 3 CHOICE AND DESCRIPTION OF THE BANK SlTES ll-' _

. Banks that are not 51gn1f1cantly eroding annually are:
prograding 901nt—bars which nay be teuporarily eroded by‘
‘istrandline . erOSion"_;(PlateQB). 'stable banks of 5“314;

-.channels covered-with vegetation’l?late u);-land relatively

;”stable' banks eroding at'such~a‘s16i;rate.that wegetation is '

-(.

able to 'grow ,6 then (?1ate“5). 5Eroding”~banks t"‘\rere

classrfied 1nto the 5 ma jor fdnilies of shapes d;scussed in

section u 1. 'In August, 1972,‘a total ‘of 20 51tes uere‘
: ,1._.

"selected v1th at least 3 representing each category of anktd'

' shape. Sites uere chosen fron channels ?f different Sizesbf"

K and 'conpass orlentations.‘ Locations are shovn in Figure 2.-: .

Five Sites uere not neasured during 1973 as 15 were found to

’ be the most that could be 'handled by nyself ,and vone_sr

ass1stant;3 Details jof the 1ocations and appearances of the-“

' remaining 15 sites aSSLgned letters in- Figure 2 are'

. o Lo SR -

v ap tera™ used by Glll (1972b) to describe ninor erosion

by wave- actidn, creating.step-like fores on a hank,. ‘each
step corresponding to a vater level (see section u 2 6).
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‘}Ai‘gur,e' 2 Bank Sites Established for the Observation and Measurement . -
of the Erosion in the Study ‘Area. Lettered Sites are Described in Section 2.3 ‘

S S . . ’ - &
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] have been upf:umed by 1ts formation.

Plhte, 2 Taking a’ sample from a bank with i.ce

Plate 1 An ice wedge in a bank with 'ice-rich sediment

‘ wet »appearance of the "thawing sediment and '1ce layers

Al luvium layers

. ‘,.‘

<rich "é’ed’:liﬂeﬁtl ’N.o te the

; Ll B

.
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" ern
described as follovs.;l_Th -V‘;-, ~ ‘f' SRR pujﬁq~4}[hf;?“f;‘ﬂ;£c
oh _4519_53__1 *1300 1s-i“h o fdf?
Site A was ,located along a reaf‘ orientated in K nw 'hﬁﬁ
dlrection.l The bank vas overhangin' and had a deep niche. ??
Ice 1ayers vere v1sxh1e 1n the th/vlng bank face and current
velocity vas. falrly Thé sxte vas occupied by a mature
vhlte spruce forest nd represented the erosion of a forner‘ .

} stable levee 10cat10n. Large stunps vith ’vell developed

p-:adventltrous root;ngﬁ//ere seen in the bank naterlal..im uf‘1§[5
Site a (67° CERS u‘ 13uo 37- v) e IR

“At 51te B erOsxon of a preV1ous polnt-bar dePOS1t ':tsf,li;*"

'7oécurr1ng., Current veIOC1ty vas very hlgh as shevn by largel

V“hoiis”eand~ eddles;., The bank was overhanglng and had a

shallov n1che‘ No 1ce 1ayers were 'vlslble in-‘theﬁ hank e

~face.‘ The reach of the Peel Rlver at th1s site"has;_~7

] revers1ng flov durlng break—up.-f l-w f'f~ 7:d(szQ';ﬂ~”
Slte C (670 w 13“0 u3| g) e r(r"

) ' Thls sxte appeared to be representatlve of the concave
' bank ‘at thls bend of@the Peel Rlver.; 51n11ar to site A, 1t ju~q'5'

was an erodlng levee. Hovever, thls channel reaqh d1d 'notﬂh*“"

_!

: L
have “an’ orlentatlon favourable (see sectlon*u 2 2) to the
: thlte spruce éan send out lateral roots. 1nto newv .
addltions of alluvluq enahllng it to survive the assoc1ated
upvard ‘movement of- the pernafrost surfape occurrlng 1n such

' envlronnents.ﬁ.' REREEINE DT R N A LT , x[lfﬁ



~'P1ate 3 A point-bar near Reindeer Station eroded By strandline erosicm
(hy permiséion, Don Gill) ‘ : -

v o

‘Plate 4 A stabldibank of a smail chandel:



bank .of the Peel Chann




’ - "' “ .. 20

<

1§revailingyiindjdirection{‘_Ice‘1ayersiueref§isih1edfin‘ﬁthe L

;hn;;bank;face:‘ 7d'_-'4n_" ERA e

site D (670 uo- N 1300 34 W)
Slte D was situated on a concave bank of the reversxng
’ part of the Peel River. The appearance of the bank was_'”

7sin11ar to that of 51te C.

.

Slte E (670 39-'u 13uo 1u- w)

L

SLte E vas typacal of an erodlng 1sland wlth a wlllou- I

4 ftalder plant assoc1at10n, 1ou ice—content sedlnent, and Vefy

| m‘

' fllttle vegetation nat overhang.f Current was faarly strong

/ -
'and the orientatlon of the channel reach Has Nﬁ.-

. . ) o CL ' . : e L =T ? o

Site F (670 uzv 13a° 32¢ W) *g_a.',,.-j« PV

: J?This‘site:uas‘very sinllar to E. llthough slte F%'ﬁasf’
'-uonn afconveifbank, 1t vas belng eroded by the current conlng

'idutfof3the'channel runnlng past Indlan vlllage.‘~0r1entat10n-

' to wind -was similar thE.but,fetCh ;n,a»thNﬂ* dlréctlon was .
less. : SR . :
- e R ."‘ , :

Slte G- (670 uz- u 13ao 37- ay

Slte G vas* on’ a convex bank belng eroded by current

m.-'. o

| c0m1ng fron the Peel R1ver to the south and enterlng the f“fi
T5Pee1 Channel to the north. Thls bank vas, nuch louer than _

'dnthe others (un 1nstead of 8n) and uas' anf erod}ng sllp—off

"4‘slope$;;l



Site a (670 ua'- : 13u° 12' w)

i

S

Site ﬂ vas ‘on a short concave levee bank of the Hiddle'l

ZChannel just downstrean fron the entrance of very snallf”

*channel _at a clearing for navigational markers.v There were,rwf

K

.no trees at this Site although balsan poplar ,vas ‘presentffffﬁ

"before the clearing vas done. 'Ai':i?”_;ffv’f., ' rtvwx’ .uﬁll

.;y;-l'__ TS . e
‘site I (570 37-'3 13uo usr w)

-‘Sinilar,-to- 51te c, this sxte was’ on a concave hank of*?'ﬂg

‘fﬁhe‘éeel‘River;”

Slte a (670 39 n_ iaud=37'-wy'

nlthough located at a convex hank, 51te J vas. “Ca 'shortfa~jr
"C‘sectloi of concave levee being eroded by current coning ffon’i

-Vtthe Peel River entering the branch that flons touard Indlan;ffj@

. village.

Slte K (670 56' f 1340 6' n)

Slte K vas on a. concave levee of the East Channel andi{f‘n

‘vas chosen as a representative erosion s;te for this 51ze ofﬂi17e

‘,channel. |

Slte L (570 ualif 13uo 12- )

site'_i; vas selected ‘as representative .of the nanyt'flm
llocations along the concave series of eroding 1evees of thekf'

duiddle Channel that “have beaches.ﬂ A NNW orientation and7' e



IR : e , RN : .;év%* f& R Ql}qd;g
,nany kiloneters»_of open—vater fetch nake natural wave~;_ L

Z‘erosion ‘a significant factor along this reach-of the Hiddle T:ﬁ-%ﬁf

“ﬂChannel._'f‘ RSO .j’» “,,f;f oy f:v,a“f;ﬂ-{€ﬁ3'

L l’_V_i__]7 Site " (670 us- N 13uo 12- n)
‘»Site " was very 51nilat to L except for a larger heach: o

‘,‘and \a few pebbles on it carried by 1ce fron banks upstneam?‘g;jﬁf’

.

"‘iof P01nt Separation. There was no .neasurable currentiz“ L

"';.51tes had neasurable current within 2 1 3 frou the bank

' "of roughly the»sane Size at the sane;grlentation, although

g ]connon characteristics-~'

“fveloCity atoSites L and " when they vere chosen.- All otheriﬂf}iffﬁ

gi,ﬁf' Site N (670 u3' N 13uo 3u- w) ' hh" o
e This site uas chosen as’ being representative of erodingfii_ffﬁﬂ
~H1evees along channels the size of the Peel Channel. It |

'igonj a concave bank, some. parts: of vhich had vegetationf’

-,

: f}growing on its slopes.:"

Slte o (670 u9-‘i 13ao 3v w)

Site 0 uas very 51m11ar to s1te N, being on a channel

'3the bank naterial was nore bonded hy roots and driftwood -Jii:?iif

As a: sunnary. the following QTO“PS °f bank s;tes had :?ﬁfi’:ﬁ

‘v

R






CHAPTER 3

B nnsznnca uzrnons

“Vg3 1 HEASURBEENT oF Enosxou
3. 1 1 nxn puoroennpas '
In August, ﬂ973, a hellcopter was used to deternlne the :

:ilocation at that tlne of an erodlng bank ilth reference to

"s;landnarks such as large trees Lr the shoreline of :a lake.

. .

_These locatlons were narked on'-the largest“ scale 'bf?t»_W

_ s ‘ ' EE
Lo photographs avaxlable for the ,partlcular area. Lateri'.I

36 2 IN THE PIELD

r.

Hficompared | these‘ wlth relevant locatlons found on 7Aif;ﬁ:
f;jphotographs of the area for the years. 1950,_ 1962. 1965:

P51971 | and 1972.:' Usang"a scaleb rule,v the“d1Stance‘and‘~.
’ffconstancy of bank retreat over a 23 year perlod .could be h

“measured.--t'*f'._f.‘l“ :;_'_,vﬂ 3 rﬁ,"

[ Horlzontal control p01nts vere establlshed in late

'_August of 1972 at the 51tes descrlbed 1n sectlon 2 3._ These

’51P01nts were elther trees marked v1th survey tape or' stakes»"‘

’gdrlven 1nto the ground. Vertlcal novenent of the trees or R

-

'hstakes through frost-heave would not affect the accuracy of

1horlzonta1 measurenents.A A netal tape was used to measure

”:»ffrom the control p01nt to the end of a portable scale narkervf;"

”fafflxed 0 the edge of the bank by neans of ca PlPe drlven

51i1nto» the ground fAn, exanple of such an 1nstallatlon 1s

:shovn dlagramnatlcally in Flgure 3.._.1'f:@1"7‘"




™ . L
- [RTAI

Rl

TR 25 )

Stereo photographs such as th ggxr 111nstrated inh“,w;?h

'?“'horlzontal control point the helght‘ﬁf

”;Plate 6 vere taken of the bank and scale narkers. Fron theu"f

f.I .i i' ablen to Obtalh the distanceffgglhe bank face to the -

level. the shape of the bank- and the egﬁent to Vthh roots_

‘b T R
and drlftwood were 1ncorpor§ted the fsedlnent.3 ‘The
'purposeb of stereo - photography s.];to7a;ensure : that-r

3o

-measdrenents 'uere taken as close as" p0851b1e to the scale

e bank above uater;3_~"

markers, as scale 1n photographs varles. '1thebper5pect1ve, ﬁiha,ﬁ

.These photographs' uere‘ taken at each 51te once 1n Augustg"

I 1972 and. every 2 weeks :i 1973 from the.‘termlnatlon off.”

‘hhreak-up t° the end Of August. The dlfference betveen the 25Tfim

"~August measurenents was regarded as 1 year of er051pn and”gff}f”"

the dlfference between 2 bl-ueekly neasurements was taken as

:‘zbe1ng 2 weeks of erosion. The vert1ca1 bank face vas usedb_;s
the/ area of er051on for each bank if sloughed naterlali;:f“
‘iwas belng renoved by current or wave actlon._ SOne banks hadfﬂuw :
:“slough later1a1 removed for only a 11n1ted tlme durlng there

’7year. Por these banks,_the erOS1on face of the slongh slopef“‘

"vas used for neasurenent._%!“

51The' tlme perlod of 2 Heeks vas choSen as a result of.e"

prellnlnary observatlons 1n 1972 thch 1nd1cated that no]>

'hvmeasurable changes occurred }over 1 week perlod a;hany o

'except the fastest—erodlng banks.

- ’_:3 2 nmsrmrurn'r or THE “EROSION. nc'rons
'_"3 2.1 CURRENT vm.ocm'! o
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W
EN

_lllr____“_Current telocltymdltferences——at——bank——locataons——were——~—-
k& gneasured with l?m current neter (OTT propeller type) at? L
’a'dlstance of 5 " fron the bank and below' the“vater,:ff¥
..surface. Water depths rat this location were alvays 2m; or?; :

‘fCAAre;‘ Por shallow flows thlS method of current measurenent
"T_isf not 'sultable due to the reductlon of veloczty near the}
» bed of the channel. 1 The dlstance and depth used ' Sfﬂf
. necessary to reduce the turbulence effects of fallen treesf'f
v:and subnerged stumps.; Appearance of the 1§ter tsurface was;l"
’noted‘at the sane tlme. Current veloclty was measured everytfﬁfi

-

aZ; weeks, at each bank 51te- vhere there was a measurable o
T . . . » o ‘ &

B

’current.“'
s3'24éhVIﬁPhjLi,ﬁ;
dind:.directi&hfitéﬁé Speed eudél ueasured bxhciél'7(
blcontlnuously-recordlng anenoneter (Lambrecht mechan1ca1 wlndﬁfff*
.f:recorder,v Hoelfle type) at the srte 1nd1cated 1n Flgure 2;:h]:a
'ﬂThls locatloh was bare of vegetatlon and far fron any largey
:v»obstructlons.tl The- anenometer fi : put 1n posmtlon at thefiﬁm

7ffftern1nat10n of. hreak-up and renoved the last veek of Lng&%t :tjl@,;

-»}3 2 3 HATER szra
"f:f“‘_ Hater depth close to’ each hank 51te was neasured elther_:;vﬂ'*

’rQulth a long pole or. a recordlng electronic echo sonnderfi~fﬂf

S

.V(RaYtheon Fathoneter).., Thls ,nethod uas used to obtainhrff
B - O »/
"lﬂfornatlon on the underwater slopeé;t each bank.. Soundlngs‘}__



Plate 6 (In | the pocket) A stereo pair taken at site G from which ban_k
.. retreat was measured : (see Figure 3) All scale markers haver R
0 5 m. divisions. B A R L B
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/‘

"in‘ the bank tovard or avay . fron the sample 1ocatlon.;w'

2,

| ——

several tons nay fall unexpectedly. o

¥

3 2 u SEDIHENT CHLRACTERISTICS

Sanples vere taken fron each bank and -tested" in. the
s ) . .

size. .,g,;ai

~iere not takén near large overhanging banks or ,beneatn;

”is: usually quite strong at- _such locationé?and blocks of

Integrated sampllng of the bank face. vas attelpted but‘

was’ found to be 1npract1ca1 because of the 8 n helght of

many bank faces and the fact that 1ce vasnypresent in tne.

/
»

sedlment in irregular .layers. Hhere 'no‘»segregated ice

layers were . present, salples for lOlsture content and{ilguld

‘ 11m1t were. taken fron at least 3 representatlve locatlons on

s

a bank face. At 51tes where 1ce 1ayers were found? a sanple

layer.n“In;'all cases, sanples uere taken fron frozen bank

faces as thawlng nay cause water to move’ to other' locatlons

[

”; hiches because of the danger to life and qu;pnent. Cnrrent ,

1aboratory fotr field moisture content,.liquid'iinit,'and E

Lol

was taken from »an( 1ce- 1ch layer‘ and from - an’ adjacent«

uaterlal was ChlsEIGd fron the hank face uf%t a' shovel~ ,r-~

axe,» put 1nto "pr-Lock" plastlc bags, and sealed. 7;;1

‘.

a lack of trne and egulplent for analysas 1n the fleld
!

the laboratory,. all 'sealed bags vere velghed

.

-'A opened, and then veighed after belng oéLn for 1 veek. After

i . .-

A

’

removal fron the bag, each salple vas oven drxed ‘2nd velqhed

[ i

salples were shipped by air to Edlontéﬁ Alberta as there vas"%ﬂ'

[ 2N

.
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..again;c} this way,~ noisture content as a percentage by:h«f,‘

oy weight uas obtained As all sanples vere taken Hhen frozen[i

these ueights can&pe considered to be‘ the percentage byil
\d-weight of ice in the soil assuning unfrozen vater content to_i
be nininal. | | “ ,»-...n

‘fli o Lignid linit, the arbitrary poznt -athﬁhich a fine?fb

grained soil becones a lquId,' vas deternined using the~w'

R

American‘ SOC1ety for Testing and uaterials procedure D423- o

— e

“‘,«.sa. ‘The- particle sizes in the sanples aid. not allow the test!i'“

1" to be rnn on all samples such as’ those _Hlth‘ high sando'
. contents. o ;'. - g1” el ;
Particle 51ze distribution of the sanples was obtained

hi{ by 51eve and hydroneter nethods (ASTH fDu22«60T)._"F1fteen

sanples vere analyzed to ohtain upper: and lover’linlts:for if

particle sfzes in the sanples. Sedinent siZe will have anv”'

"effect on the cohes1on and nOisture content of thavedV'“'

'Lsedinents. f'

- 'f Depths to frozen material wexe not neasured at every"
. e N _ o
T 51te due to the nany variations in denth and lack of time to55

| .} take an adeguate nunbﬁﬁ;of leasurenents.. A pit such .as the-;fﬂ;

l'

one shown 1n Plate au was dug at represe tative locations to'f

give an 1nd1cation of? a‘ typical profile of the frOZenﬁ_

" material snrface. ‘J"}' -?,“
P 1 . ¢ <]
| L‘."S:f."3-‘-.oBsBRvn'rIons ‘OF BANK BEHAVIOR. . - . ~-.

‘ Exten51ve ' notes were taken negarding ‘the v151ble
effects of the erOSion prOCess at each hahk. ‘

- S, s

B tﬂ.{‘ {.; .
N

]

- ~.'.; =, ’ \._. ,‘...T_.;
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Sloughlng ogcurs at nany bank faces. Sloughing isn the
“gefalling away of’small blocks (several cn3) fron the vertical

SRRt R

= face of a bank } The size of these blocks, where they

E,accumulated, and the type of surface left on the' bank; £ace

hwere all noted- . h,Ff:‘_a o ',h :

SOil flov occurs‘at bank faces vlth ice*rlch sedllent.

w

. Thav1ng releases vater fron’ segregated ice layers which

;”isaturates surrounding thawed sedlnent layers cau51ng them to

_ T
';becone iunstable.- The novenent, appearance, and location of
- these flows were noted. ' B

.Have action tends to undercut a. bank at the waterllne

v

N and build up a beach with loosened mater1a1 by svash andi:"

3 R

'4backvash,L_The‘ extent and locatlon of undercutéing and ..

. beaches_ nere"noted along Ulth the approxlnate helghts of_;_if'

"ivaves produc1ng both features.‘

The therno—er051ona1 nlche has been _observed bf *nanyf'
authors worklng 1n deltas wlth pernafrost-bound banks._
Depths‘and-locatlons of theSe features were noted althoughi

t penetration, of the larger nlfhes‘(nore than 3 n) was only'f

i(

':estlnated due to the hazardous 51tuat10n at such locatlons.:jgfzn,;

:'Undernlnlng and the welght of the overhang1ng block of soxli
‘glncreases the-ten51on 1n the bank along a vertlcal llne fronf,ﬂ

fthe apex of the nlche to the top of the bank. Eventually,d:

'the tens1on Outbalances the ten51le strength of thef,

s@dlnent. fallure occurs. and the block fa115v 1nto the'fftwf“y

,_channel._" Notes were. nade on the 51ze of the blocks, thee::ak'

. ‘&

'-”51ze and locatlon of tens1on craCks, .and the nature of'f-

;':”
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features that provide zones of weakness such as the ‘sides of

L

DR



RESEABCH RESULTS

Thls chapter presents the data obtalned by the nethods
;aoutllned in Chapter 3.; Thls is done by tahles» and graphs;.»
,‘vith explanatlons of each 1n appropriate sections. Hherei'x

;approprlate, subjectxve observatlons are illustrated urth_
‘hphotographS-‘,;«‘fjﬂ'g‘ T SRS 1‘{...-‘ :hf" '”g ’
'u 1 nmx snnprs B S R R E T

In sectlon 2 3, 5 groupséof bank sxtes uere descr;bed ¢

- each Hlth connon characterlstlcs. Flgures 4 to 6 1llustrate@= -

. d1agranmat1ca11y the "typlcal" shape for each group., Even

though ne bank appears exactly the same as 1n the dlagraﬁ[f}

'7'_each flts 1déo one of the 5 categorles. Banks appear nost'

"~;51m11ar to the dlagrans durlng the nonth of hugust. Plates'f}]

’”:7 to 13 are ‘of. banks 1n each. category., Note that the vmajor L

characterlstlcs g such ‘as slough accumulatlon 1,slopesdf‘

"h(hereafter ref red to as' "slough slopes"). faces, ?Eﬂd}«.f
) Lo

n1ches appear the.sane as 1n the dlagrans.j;

S EJ .
thls study. Each shape nay be described as follovs. -.shapegpf

'l_1 has an overhang of bank laterzal (excludlng vegetatlon naty_;j

'woverhang).‘ shape 2 has a vertical bank face for the ent1re}i

"jhelght of the bank or has a slough slope extend1ng less than“

";fhalfway up the bank face-' shape 3 has a, slough slopef_'

Bank ,shape fcategorles \are\referred to as "shapes" 1n",“

~extend1ng nore than halfuay up the bank face- shape u is aﬁ:f

._shape 3 v1th a beach~ shape 5 1s a shape 3 'lth strandllne'f%f

.33



4~ INITIAL-NICHE DEVELOPMENT———————— BN

. _"-{. probable

| face \ 2 N : L "1 Nate: bank frncturo and romovol of

N P I the fallen block: producoso
A shope 2 bonl:

‘new niche .

2 DEGRADING NICHE

A vegetatlon Wil
mat overhang{ - .
e face R

degradmg mche roof

" '3 OVERHANGING BANK ™ " - .

<. ot S RPN
B ' . R A
(S o, ' LR
. S

o degradmg niche.‘.fédfv, IR

- O
-t
o

' Figure 4 Diagrammatic Side Views of Bank Shape Category 1, in 3 Stages

_Iracture location ~ -+ '
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- Figure 5" Diagrammatic Side Views of Bank Shape Categories 2and 3 .
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‘ P1ace‘7 & bank with shape 1, at: stage ‘1; within a few days of initialj‘ :

5 ¥973), .

T
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Plate 13 Abankwith shape 5 Goiee oy, -

P



'{;eros1on steps below the slough slope. Shapehs is the mbét

\“gconnon eroding bank shape in the uacken21e Delta :with over

";{fsox of the erodrng_,banks inf the study area having this

\hp_u 2. 1 CURRENT

7.a5measurements after June 7 9.

. - . R . .
. s P [ S . -

Vshape.'

N R . - L B . e . o

v

'u 2 THE unaoa Enosxou Pncroas

ol Table .]1ff’isr abstracted from j current E veloc1ty
?fmeasurements for each s;te.‘ Heasurenents‘taken betveen June
;'7 and 9, 1973, are used to represent current Vé1001tles at
('lthe termlnation of hreak-up. Some 51tes were not measured} s

hat thlS tlme. o “Sumner .average" J?s' the average of alljt'

P

Varlatlons in current veloclty 5 m. from a‘fbankjfvary'V

fwlth other factors 1n addltlon to channel dlscharge. fTheSe;r?f:h

ifactors may-_be- fallen blocks, beaches, '6rf 1arge trees‘*l

obstructing water flov. R *T/cf'“bw

o

-u;z.z‘wxnnl” ARIERIE (_7f;;].a.t -dxﬁg};lfﬁzirr-;]xfff

Plg“re 571.is 'd Hlnd rose ‘for the locatlon marked 1n5”3

Flgure 2 fron June 7 to hugust 25,j11973.f mThe' preva:.llng.'._-.*-"‘-t.‘w

HlndS’ are from the N and Nw although the strongest wlnds:'-'"

.come from the SW ‘ _ . .
_mable 2 lists the 1ength of open-vater fetch 1n a.’NNWf;

_direction from' each bank s;te, Hlnd blovlng upstream and‘

over an open-water fetch of 1;§kav or more produces muchﬂ“f'

~;1arger' vaves than the same ulnd velocxty blovlng downstréamﬁjw
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A

or over a short open-uater fetch.‘ hannels orientated in

y o
€

Ty &2

N ‘or HH directlon display nore evidence of vave erosion;h

—————along .their banks__than~_channels__orientated t‘in ‘ other""

dlrections. : Ev;dence of wave “erosion’ 1s 1n the forn of

‘.-‘*\Q‘
‘ '»\' \ Coev

(section 4.4.5). .
3

elther beaches (sectlon u u.u) or’ strandline nerosion' stepse‘:

glllransu (1952) concluded that banks a10ng channels-':

'",[?orientated-tfavourably f to gthe'A preva;llng v;nd, have“‘,

-
.

accelerated erosion rates. -

FRE

~ u 2 3. snnmnu'r CHLRACTERISTICS Cos o o },.' &

Table 3 llsts average fxeld m01sture content and llquldﬁ
= 11m1ts for aLl samples taken fro"each szte., The s1tes havel

been dlvlded 1ntp two groups.u The f1rst group«had 1ce-r1ch E
: 5,.sed1nent as 1nd1cated by v1s1b1e segregated 1ce 1ayers'iin?f

4‘then eroding bank face.f The second group d1d not have these'

«gfvlafers.

o -

-

dbwn the éhavlng bank face. f'Ihe’ second gronp exhlbltsQ”

sloudhlng of blocks less than 75 cn3 ln»volune.g

‘

R Plgure 8 shows the upper and lover llnlts 'of partlclejfk
sxze dlstrzbutlon h' ail _sanples taken fron thavlng'bank”?

facesa 'Irhe DSO 51zes are 0. 05 nn (51te H) ‘ 0. 09 lm (s:.tei~

\

A bank later1a1 sample becones darker 1n!%g§or Hlth the}

- RS

ad‘i‘lon of‘n01sture.. Oven dry, -ost sanples are éf veryv.

B

'.{"-‘ T

Bank 51tes of the flrst gronp exh1b1t soil flow

E NI

’ liqht tan. color.:‘ In a llquld state, they are a verx dark},f.f.

g bronn (10!83/2 on the nnnsell soil color' chart),:f Pr°299*n; !
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’7.;panxa naierini"fin“”fné pr0cess of thaving vill have a dark“";nj*?

48

'h:broun color 1f it contains nuch ice.f The distinctlve color.f}‘

; ’itenperatures ngise: very qulckly (appr011nately 10C/day) and

ieof banks with 1ce—r1ch sedllant nakes their identlfication T

”very easy. The1r dark color is 1n contrast to the light5f'

»'brovn (1OYR5/3) ,of lov ice content naterial and the’ tan_‘gf

~ color: (1OYR6/3) of sloughed materlal. Even though noisture_ﬁ7*ﬁ]

contents : of - hank faces varied fron veek to week, the color,

difftrence betveen low 'and hlgh 1ce content materlal;

1“remained,dlstrnct.‘

~

“ 3 THE HINOR EROSION FACTORS

4. 3 2l ROOTS f;jgih{mmf"

4, Plate 14 1llustrates the effect of bondlng by roots 1nh'i

the bank materlal." The center of the nlche roof has»};¢f:f

'retreated less than the\surrounding parts of the nlche rooff

,conta1n1ng less roots.

"4u 3. 2 WATER TEHPERLT&RE o

-

Glll (1972b) found that vater temperaturesfnduring_;f

,"break-up éi Close to_ freezmng.:_ -This: conflrns my own .

temperature'observatlons at" Ian1k durlng the 1973‘ﬂbreak-.f“”“'

up: Temperatures vere neasured thhln fﬁ'z'of the vater:~‘

surface but observatlons 1n prev1ous .years' 1nd1cate .thate;‘,rff

“-.;temperature 1s unlform throughout a channel due to nlxlng.{ﬂﬂfﬂj

'5lnhedlately' after the' f1na1 passage ~ofif 1cer Hater?{'

;then renaln relatively hlgh (130C to 1SOC) for the festr

_‘0.5;
L .
L




LN

.‘».
L

Plate 14 Roots retarding the perturbation of*
N ,;pho§o)..: :




the sunuer.., hish Of 20°C vas recorded on July 31, 1973 in;:"a‘“

TR .

the—ﬂiddle—thanne - f;_“ f;h,f “_:f’;fhﬁ;;“'”7

Frozen silt is nore diftlcult to erode than unfrozenfw o

F,5511t. Eroslon 1s therefore expected to be less durdng break-g[V

“ i

_up vhen-uater‘ teuperatures ,are lov -even though currenti

hvelocitles are hlgh. B Colplicating factor is sediment.‘f'“‘

' ”denslty.h A loose slough slope, even though 1t is frozen,

‘ffulll» be‘ eroded uore"eas1ly than denser in—situ bank fac_ﬂr.

‘~“uateria1.¢vh°

Plgures 9 and 10 show that erosion of 1n-situ bauk facejf~;7T

Rl

'{-[material 1s greatest just after the ternlnatlon qf breagrup3.".f?
-’ Sl

I

"’vhen current Veloc1t1es are h1gh and uater tenperatures are;'g'g;

- rlslng rapldly above freezlng. A 1ocation Hhere - therno€

\\

. erosuonal nlche bnornally develops on a bank Qf the Eastff,iid

lcfbreak-up. The nlche”has not 1nlé}ated durlng break-up hut;fgﬁ;ﬂ

..tschannel near Inuvik vas observed dj‘ly dnrlng and aftefff”fﬁ’

Vf 1n the week after the ternlnatlon f break-up uhen wateer f;‘

.

;ffftemperatures had rasen suff1c1ently to supply enough heat to-

léfthe 5011 to overcone the latent heat of fus1on. f557'7

R

Plgures 111 .and 12 shov that nost eros1on occurs atfﬁf”:7

"*dshapes 3 u,'and 5 durrng break-up vhen loose slough slopes§h7fh

ubullt durlng the prevaous suuuer a e carrled avay.;l.f

“ 3 3 BREAK UP ICE
‘Ic abrasion agalnst :

norually be expected to caus,
“'i‘ .

found hoth by nyself and Gl.l (1972h) not to be the case forlgf;rﬁ

.

aukswlé‘rlng break-up ‘wouldf‘fA;f

sagnlflcant er051on.- Thls“Vasﬂf’ﬂﬂh



R E

'Ttwo reasons"ifTTf*ﬂ~rfi,ﬁﬂ'-wr'g“rd_'i 'jﬁf' fJV ‘;:_/4.;

”.f;fjta uxcept for—south*facing hanks, uost hanks are fro7b . at ”tfﬁ

hﬁfthe tlne ‘of break-up..u

: were also deSCrlhed by Glll (1972b).

*?Aa 3. u VEGETATION
‘?occupied*ty a. u1li'n or a balsan poplar plant assoclatlon.

'ﬁfound to he less at 51tes that vere occupled by ;a vlllou-l

1,}alder plant assocxathn.;
R e

"“ju a uonpnorocrc EFFECTS OF uaaon ARD uruon ansron racrons f'

.f~2 Delta ice-.“candles" at break—up.” Heltlng of/crystal}
'boundarles forus 1ndividua1 “candles" tha; nornally range 1.53'
. | in lengih and 5 Cl 1n dlaneter. Thls veak, broken ice[if'n

f.‘bullds up_along cut-banks, protectlng then.ﬁ'_ shear "llner-;‘y.

?a"‘:‘ o

i“f!separates lOVlng and statlonary ice: (Plate 15).4; °(.du;?:”;'
b'f:j’ Hass1ve uacken21e vaer 1ce not weakened by candling;h
ﬁhﬁ;tends to rlde up over the tops of banks (Plate 16) at sharp l;hf:
fiabends ot channel d1v1sions causing broken stens of klllov:iﬁj“d
.:}(Plate 17) and snall 1ce-pushed rldges (Plate 18) 1n placesf}“

v_’where sone of the bank naterlal has thawed. These featuresj.

Ice-rlch sedlnent and the' resultlng flow: of thawed[i”‘

:materlal down_ bank faces 'ls seldon associated wlth 51tesj7

& '5!"'«..

" An overhanglng vegetatlon mat, vhlch .shades the bank

'W”,face from solar radlatlon and’ retards thaw penetratlon. '35 ‘?{‘?l

—— .
,_4h : BRI . W

Bank .shapes, discussed 1n sectlon a.1, reflect the sum 7

‘*‘ftotal of the snaller—scale effects observed ln the fleld and



.”:Plate 15 ‘Break_- up.

RV .

X

Moving ice on the left is_sep rated from bank
by shear Iine.ﬁ

protecting stationary 1ce on the tight

N

Plate 16 Massive Mackenzie River ice pushed onto a bank at the
of East and Middle Channels. B

jgnctioh'



" Plate 17° Willow stéms broken by the ice pushed up in PYate{16. .

w

N

Plate 18 Ridges ‘of alluvium formed by the ice showm il Plate 16.



"7 heat sup ply By

v

~described in the following sections.. .
4.4, 1 THERHO-EROSIONRL NICHES ' o

- The . therno—eros1onal nlche vas the nost obvxous effect’

.

the. study~area. _Nlches 1n three

' erved in

_1s ‘nrtzated by a combinatlon of efficient ‘

the water along Ulth current and vave actlon{:ff a.

v

,f"dhlch relOVe 1nsulat1ve thawed materlal, penetratlng the _3
’ bank 3 to 5 m,xn less than ug hours (Glll 1972b)., The-roof i

of the niche then beglns to thav through exposure' to heat’

‘ trancﬁerred from the 'alr and 1nfra-red radlatlon fron the-f .

g wwater. } Dep051ts"of _mater1al (flowlng ;“cr_' sloughlng)L

accumulate on  the niche . floor to build pf*gﬁ snallﬁiﬂ"?'”

-accumulatlgn’slc (stage 2)., Approxlmately a mon%h after"'

'the nlche isn'lnf 1ated. it has“been conpletely destroyed'
‘leav1ng a large accumulatlon slope and 'al nlnor overhang,,{;ﬂ
(stage.m3).rf If- current veloc1ty or wave actlon 1ncreases,;x'ﬁ'
the accunulatlon slope nay be flushed away and a nev nlche l';f,
1n1t1ated All thermo-er051onal nlches develop in frozea_ : .
bank materxal at locatlons of current veloc1ty 1n ‘excess ' of
30 cn/sec.' Niches are. nuch deeper in ;ce-rich sedlnent than
- ’ ;.__-\

}in sedlnent ulthout v151b1e 1ce layers (approxlnately 16

vs 5 m).~,r_'v”" SR ia ' R _ e

Have—eroded Aisches (theruo-er051ona1 ‘niches’ 'fcrned |

' wlthout the a1d“~of current) 'are‘efcund Lin- frczen'bank'



vPlate:19~ A

wave - e

bl

fpded'h?chefat.sitéfH;V
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-
/i
.

+s+%¥+%naterial"at—locattoés ﬁith noderate average sunner current

'f;velocity and hlgh wave actlon. A vave-eroded n1che is shown
Plate 513;‘ There 1s a n1che at a hlgher level than the';

,;one belng eroded at the tine of photoqraphy.u ‘5*f5“f
'u “ 2 BLOCKS, TENSION CRACK%, ICE WEDGES no e

Ten51on cracks, fallen blocks, and'giCe wedges are ﬂ

‘*assoc1ated vlth r51tes where deep nlches have developed 1n

””bank

]'1ce~r1ch,sed1nent%4shape 1).- Before a block falls from ia”'”

,‘deruined'*bj-a,niche;'a_tension;crackfappears'initheg‘w% e

'levee surface (Plate 20).. After a block falls ‘1nto theﬂ
'lchannel (Plate 21), the 51des of ice. wedges'nay be exposed '
Y | :
‘_(Plate 22) in the former locatlon of the ten51on crack Thls

. wedges are _comnon ana if one~ 1s jljﬂ'}

.’_.

'orle tated parallel to the hank 1n a ten51on zone.v The 1ce*:

wedge, helng a plane of vertlcal weakness, wlll be exposed;~9 .

bt

'e’_upon breakage of the bank.,: Thls process has" also been

"i-ohserved by Halker and Arnborg (1966). - Ice vedges only'

.iappear 755{ . 51tes vhere 1ce-r1ch Sedlment present.{~n

'efGenerally, srzes of fallen blocks are nuch snaller at 51tesf‘}_7f

'f5a_that do not have 1ce-r1ch sedlment (Plate 23) bec\use ofﬁ:

) - e
;13gshallover niches at such 81tes (sect1on u 4 1). R

.,‘. B
L.

“u 4. 3 DEPm:‘i PERHAFROST

: Plate 20 shows ‘an. excavatlon on a shape 3 bank qég into

e .
N the top of the slough slope vhere 1t net the thav1ng bankg

o AN .
;-face. - All unfrozen nater1a1 was remOVed. It can be séenf
R - I ' ' '
;‘,.n"".':.“ . K .

‘ . Y 7‘: ) ’



Plate 20 A tension crack in -
. the top of a bank -

A),

HPlate 21 A block. (outlined) that has fallen from bank wiiﬁ sha§é¢1 
-~ -and ice-rich sediment L _ . - T
: B ]
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Welge exgosed by the breaking away of a

P](ate 23 A small®
: ‘4lowticé cunt:em-t? sediment




““PlategiA A pit-ﬁug touthe surface of frozen material at a.

W shape 3;» The stick is 1 m long e N _Uz,'v g,_ 'ﬁff .
.).“ e, E ) o S . o R L ,.‘ . -.." l,b 3 ., ."_ . ]
L '1»' S » S T BRI .. .. : S



e - . . . o ',“‘; : . . n . _._

K

o that there is very little thaved naterral Qn . the hank face

~'.~parallels the snrfage.‘ k Sllllar situatlon was

g frdntlsplece) 1nd1cat1ng the 51n11ar1ty of hank eroszon

and that ~the A top of. the_frozen_nateriAl_heneath_the_slope_s_;__

-

7D ST
other sites vtth slough slopes. : A phot"u: ki '-reselbling ;f{

Plate guﬂ, uas publlshed by walker "‘loy (1969,

. -h.

processes 1n other deltas._

""- u(t '\w soA

uear vertical face oﬁ the bank is_ fonnd.l.v.up
) d
g sedlment banks, frozen mmterlal within 2 cm

surface wh:.ch 1s l:l.quld and flonung. In l!l.ow lce? coate’nt '. ;\

baqgr,udepth %o frozen naterlal 1s up to 104‘en fron( the i,jf'
'>i>'surface which is nnder901ng sloughxng.' j ‘9 ‘? I '; )
. . 2 A' . : . . . . Rt . ~ 3 b ‘ ,;‘.‘%Jﬁ‘
_-4.4.4 BEACHES: ' R EE ;a'” | _jcfb\
Platet lév.illnstrat%s 'bank shape :; and the béaaﬁif“ 'é

..

_ iE
wthe waterhne at one" of these ;ﬁ.eac“hé'!d.‘, s.ﬁaeaches are found at

assoc1ated with thls sha Plate 25 1s,a closer v1ev, of

Uk

R, v

a11 -sxtes that do not’have as,hneasurable current veloclty

’“.. durlng the'%unner.. These 51tes have a- locatlon on a channel

I

e L e
'j; orlentated to the pregplllng;q;nd v1th{ a'. 1ong=‘QPenf!&ter C
SN U e
fetch 1n a NNH dlrectlon. LA -,",'~ B ST e

v:'*“. - S Cew R . - |

Q ﬂ 5 STRLNDLINE'EROSION ‘

Plate 13 '111ustrates strahdllne er051on steps as they
.4_ -

5 appeat on the 1ouer Eart of a shape 5 bank as observed uhlle

standxng ‘on the bank slope._ The featnres can be;~descrrbﬁ§“'

o



of C la air photo

'~6 100 m a1t1tude)

Erosion is. approxf¢

.ﬁ”mately 8 m/yt at this

location (near site E)

*A12848%1 (1950, from”'




Ll

".r : ' -'-."' h

;.asf steps 'of varying 51zas or a. series of niniature beaches
. 0 N ’

'xand ¢11!fsa__nach 11né&_o£~_steps ...... corresponds«—to—~a——uater§
Ctera e,

e ‘ .’ - n"vﬁr
“Ero sion o‘f‘“th‘é“slall‘“ "y :i'.ser:w

-,helght) and development of the "tread" is’ accoupllshed bpiq*'

Zwaves fron hoth boats aza natural wznd-lnduced ane actlon._iy'

L Strandllne eroszon is: fOﬂnd Only on bants wlth shape 5L
.ior on p01nt-bars ( er“S. N "f“_"; - ;'ﬁT?ﬂe*
. - - ' " 3

4.5 EROSION UITH TIHE

i

o e A
Plate 26 1s a portlon of Government of Canada air ph t )

\._O

inumber x128a8-11 (1950)." It is an example of o tlpulugust-
'1973 posxtlons' of many bank lengths were plotted so thatuf
e measurenents of hank retréat could be , made. . Qhese;iy‘

.?‘fmeasurements d&e llsted 1n Table u. ';,_">_g'3_
B Flgures 9. to 12, 111ustrate’var1at10ns zn‘Fr051on rates_f

'(slopes of the llnes) durlng the 1973 fleld dseason asffj

° ’
+

measured at each, of the s1tes descr;bed in sectlon 2 3. mhe%g,
.hearllest p01nt for each 11ue (neasured at the terulnatlon of '
'“*ﬁ“?bréak-up) approxlnates break-up er051on though 1t 1ncludes'”w"

S A R
v theqsiall anount _of er051on.' if any,_ that "ccurred igl_';g)

'.Septenberwq1972.;r; :?1 N ' :.,h. L o ‘2_“f@‘

- ‘¢

_ﬁrates through t'e Sumner. Blocks fell frouc’
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".'f‘_;,mab1e Aﬁwmosmu RATES MBAsmEb FROMATR, mmocums AT mcmons
. CHECKED BY HELICOPTER SURVEY.
o e sunvx!

Eros :lon Rate m/yr s

SHAPES' DETERMINED ‘BY BOAT -
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,up," Blocks did not fall fron sites C or}D.

Figure 10 shous that ;£0-51teS,AE and Fi_had7theksamel
';erosion pattern as sites A and B but erosion .raies75§éfe}
generally lower.' Blocks fell fron hotﬁhsites E and F. tvo'
dveeks after the ternination of break-up but the blocks were
. only half the Size of the’ones that fell from sites A and‘,i
B. The curve for Site G seeus‘:o fit better vith the curvesi?
for Sites N and 0 (Figure 12).; Site G had a very lov bank;
.'elevation (3 7 nf} compared to the other banks and cu;rent'
-:veloc1ty after break-up vas quite high (Table 1).

_ Figure 11 shous that bdlkh uith shape ' -avé a high':"

j‘erosltn rate .- during and immediaxely aftfj~

- erosion’ continuing erratically throughout the summer..“

Y a —

o Figure 12 shows a difference betveen the

ﬁ%nk’ shapes u (L and H) and 5 (N anéﬁO) Bo h shapes arerﬁ; oE

,most eroded durj%g aﬁg imuediately after bp ak—up 'uheng' :

S

( slﬂugh slopes ag? redeed No fqgther relov 1‘of material;l

oCcurs at shape 5 hanks bui sone naterial islrenoved by wave"”

'k

action fromnshape.a banks. No slough slopes were found ',';”

Coa kS ._;.‘

‘banks, Vlth these shapes‘ at ‘the ternination of hreak~up.x,

‘f//

Erosion faces of banks with‘shape 4 or 5 and haVing ice-riqh_.:."

A .  {

' sediment retreat continuously during the sumner.' Faces\”bft?

such banks? with low. ice content sediment,retreated too : °

slovly (less than 0. 5 m/yr) to _be neasured"b} the 'nethod

used.\ no . P . , .
0y v R A T L e - R
HQCkaYQ (1963). found an erosion rate of "over 2 m/yr".
3 e 42030 s SRR e o T
Jgw-root contentw shape 3  bapk at
Dt A : . o - - .

R

. -. o ,,“"-1‘ L
+for a lqow ice. contep




N .
dpar . . A L. et oo
vy . : . L

'~Aklavik For 51m11ar banks, Lonachenkov (1959),<nalker and

1

Araborg (1963) HeCloy (1969),' and G 6111"_(“1972b) Al foumd -

-

.er051on rates of "1 to 3 n/yr. For thermo-er051onal niche i
'locations"(bank shape 1),’the"saue authors;-found.,eros;on-
rates of close to 10 m/yr.-. - L f}

walker _and Arnhorg (1963) -describe bank shapes and.. i

H

~ erosion prOcesses in the Colv111e Delta 1dent1ca1 to -those

found in ny-study ar/ .« - o T _;-j e
! B ‘\ - " - . . . _‘ . Lo T

4. 6 REGRESSIO& ANALYSES T

In an attenpt to determlne vhich pf the erosxon factors"

are don;nant, in"the dynanlc process .of bank eros;on. a'_’
. . 5 :

nultiple‘regression ana1y51s 'v . applled tob the annual .

erosion “data obtained. at the 15 hank ‘sites descrlbed 1n¢T

l'section'2;3:- The dependent varlable used vas linear er051on;- .
sln meters fron August 1912 to August41973. .The'-lndependent;gl”
‘varlables used were- }'average"summer current (ﬁcurrenth
. factor“), length of open-vater fetch 1n a ‘uin ,direction
ti("vave :factor");. and the average dlfference betveen liq01dﬁ’i
“limit 'andi,nolsture content for ‘eroslon j-face samplest
}(ésédihent {ice'gﬁactor"). The results of thls analy51s*5re :."ll‘
i]llsted 1n Table 5. | A} , L o B -
G The- regressi‘mn coeff1c1ents arethe Avalues for f in thm
f'multiple regressron equat1on. j'§=~ atff f(x1) . f(x2) ﬂi P
v i »

'f(x3). ‘ Th y values .are values of the dependent varrable,ilwf'

i e
K '-‘n

-and x1, x2,_ and x3 a;e the. values of ‘the- Lndependent :fs-;

’;varlables.? T e a value 15 the y axls 1ntercept.-;
i S .//. -




\

. AL
- .(&.'.v . ,-

AR

wL'rIPLE LINEAR REGREssmN ANALYSIS OBTAIN- USING THE
UNIVERSITY OF\ ALBERTA mx *MLREGR 'ON IBM 360/67 COMPU;[‘ER ’

/ S R o : - . ~. ? o \?, «””\'\ :

T Variable . T . .
= _M;.i  G Erosion : . Regression‘ L o “. 'f, R
L : _ Fqctq; N COefficient“f o T

e

. .._’{.n W o . S . ‘ : . ,. St | . . . P
‘ - Curremt - . L A 5 SR .- LA

.(ém/Sec) S s e e T e

- (fetch in km) TR 31 R

._‘,":1- ‘»

L (lweight) L =0s07 G L

| T
SN L Sid

Y axis intercept' o 183 7 'é. N ’

. ‘~Mn1tiple Correlation TS R e
* .. Coefficient (R): 040 4§
Coefficient of 'Q“' o R ST
Determination (R®): -~ ° - . .0.16 L - . g0
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'phe mnltiple ' correla,t'.ldn coeff:.cient lndicates --.'t-he

combined tnterdependence of a;l 3 eros:n.on chtors uth

erosion. It is.. the product "mggent correlation

L \.'\-,!w,

. en. the .actual vaines of the ¢ependent vara.able (annual

: LN '1‘ e ‘3‘. N N A P . ’

e [ . o ~_

fg? " an,-d_ tl;_e values as : g:.ven by’ the -regrxess:.on e
vy . R i N N S

: '.":.x*?_‘; eq'ation., It may also. be regarded as the, ‘nan'num of the,q, “g '

_,_,3,\ ’, ‘~_ - . . ‘l N LS

"etiveen*‘the depen&ent var:.able an& '
a‘ll gunctlons g,f the, s"et '6f tlie 3 1ndgpendent vaﬁables. The .
'q ,"- ., X *” . -'\ b. B N .f‘

- nunbet 1 :Lmhca%s cbnu é endeace,,‘p ‘&hdlcates s

A": 0 wﬁ‘ T . ‘ I o
G 1&rdébenaence ’S or .Q:; R
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