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Introduction

This atlas documents morphological changes along the
aluvial gravel-bed reach of Fraser River in the Lower
Mainland during the period 1912-1999 - essentially, for the
duration of the 20" century. Thereach extendsfromHunter
Creek (River km 153) to the Mission gauge (River km 86),
adistance of 67 km. Within thisreach theriver depositsthe
gravel portion of the sediment load that it carries out of the
upstream canyons. Deposition of the gravel is caused by
the reduction in river gradient when it enters the Lower
Mainland and approaches marine baselevel at the Strait of
Georgia. Thereduction ingradient reducesthe power of the
river to transport sedimentsonward.

Gravel is the first part of the river's sediment load
(consisting aso of sand and finer sediments) to be
deposited becauseit isthe largest material and requiresthe
greatest power to maintain itsonward transport. Becauseit
isheavy material, it is transported along the bottom of the
channel and deposited in bars within the channel, in
contrast to most sand, silt and clay, which are borne in
suspension by the river currents and may be deposited
wherever thewater flows. Theriver subsequently isforced
to flow around the gravel bars, thereby creating an
irregularly sinuous and divided (braided) channel pattern
and idands. This habit is called a wandering channel
(Dedloges and Church, 1989) because of the irregular
pattern of lateral channel shifting that occurs. Theresulting
network of perennial, seasonal and abandoned channels
represents aquatic habitat of exceptionaly high qudity.
Hence, thisreachisof special ecological value.

The aluvia gravel-bed reach can be divided into five
major subreaches with somewhat distinctive morphology
(Table 1; Figure 1). Gradient declines by 10x between the
upstream and downstream limits of the reach. This atlas
further subdivides the reach into 13 subreaches for more
detailed discussion.

The period of study is determined by the availability of
reliable documentation of river morphology. The primary
materials chiefly are air photographs taken between 1928
and 1999 by federal and provincial survey agencies. The
1912 map of the river (1913 Map of New Westminster
Didtrict) is also used as a primary reference. Reference is
madeto earlier information, but thequality of early surveys

is not sufficient for mapped comparisons to be made. The
time between mappings is approximately 10 years from
1949, but itisvariablein the earlier period according to the
availability of photos. In addition, the "1940" coverageis
assembled from several photographic projects executed
between 1938 and 1943. In the later period, actual inter-
map periods also vary according to the availability of the
best photos, which should be obtained at low flow in order
toreveal thegreatest detail of the channel morphology.

Distances quoted in the atlas are river kilometres above
Sand Heads, the mouth of theriver. Thedistances are based
on the main channel position in 1971 and may not be exact
for other dates because of changes in channel position.
Furthermore, the distances may not correspond exactly
withindependently reckoned distancessincedifferent lines
might be adopted for measurements aong the channel or
channel zone. The adopted distances are standard in work
reported from the UBC Department of Geography.

In the atlas, descriptions are facilitated by the adoption of
recognized namesfor river localities. These are mainly the
names of the principal bar/island groups. Such features
attract local names, but persistentislandsand side channels
also carry official names and the two may not coincide.
Hence, some names used in the atlas may vary from local
usage, athough attempts have been made to prefer the
latter. Names are given on the 1999 base map presented for
each reach. In the atlas, the terms “left bank” and “right
bank” are used. These terms conventionaly refer to the
banks of the river when the observer isfacing downstream.
Hence, the“right bank” is, in genera, the bank onthe north
sideof theriver or of anindividual channel.

Theatlasisorganized into 4 sections, each depicting two or
three subreaches. Each section consists of a sequence of
maps, each of which isageoreferenced air photo mosaic at
1:50 000 scal e depicting the river morphol ogy at the photo
date. The channel margin from the preceding map is
superimposed on each display so that channel changesin
the intervening period can be observed. The earliest
mosaic/map is based on the 1928 air photography (the first
on theriver), and the channel margins depicted on the map
of the 1912 survey are superimposed on that display. In
addition, at the end of each section there is a mapped
comparison of the 1949 and 1999 channels, showing the
net changeover the 50-year period of morereliablerecord.

The maps locate cross-sections at 1 km spacing for which
section surveys are variously shown for 1952, 1984 and
1999. These sections are based on channel surveys from
those dates. Each section of the atlasis accompanied by a
brief text summarizing the main changes observed in each

Table 1. Level One channel sub-reaches of the gravel-bed reach of lower Fraser River (after Church

et a., 2000).
£ 2 » 3 %
Z £ g Z , < E:
- g 5 3 £ s EE =
: Er 2 wr Er  Ep i
= g = o = F=  Z= % E L 2E
f |=8-] B 2 E= = [ ﬁ = =T =
E £z z g 2 B2E ZF £ g g5 8
7 3 -] =4 - - = s R - = = - o
Hope Wahleach  149-165  D.00M55 8766 214000  stable ‘“_‘5.'1“""_";':““"3'“'?.hl'“ _"“‘I;ll :
Cfl.‘l_']k gr.m_ channel with stahle
lateral buars
Cheam Agassiz 130149 0DO000S2 S0 8766 210000  mildly By midte 1TAne wIth
Bridee degrading surrounding bars; single
- : - dominant ¢hannel and majo
\L‘:Cl,sl'p;_l;ll"_-u' channels
Rosedale Harrison 1I8-130  0L.O0047 40 2766 90000 strongly multi-thread gravel channel
: b with large island-har
River aggrading 3 AR "
e 2 complexes: laterally unstable
Chilliwack  Vedder 00118 0O0DIE 26 9790 smiall  mildly ”!.“:"'1'.'_“““_ ﬁ“‘_“l _“h‘ll.””“'
River aggrading with diagonally extending
bars and subordinate islands
T T ——_ P
Sumas Mission BO-1000  DODDDES 16 - ST ] degrading #in gle-thread; griie st

sand

tramsition; submerged bars

* Based on gauges a Hope (first three reaches) and Mission (last two reaches). MAF = mean annual flood.
+ Transport is averaged for the period 1952-1999, estimated at the downstream end of the reach. Reported values represent bulk volumes.

4[} T T T T T T T T T T T T H'-’?,C'ff
- Hage Reach
III: r ) -:'.l' "H'.:l':'.":l.'i
35 AR -
E 30 r +~—— Cheam Reach — 1
— sope 000052
% 25 o
e Rosedale .'?n;;.s]t:.‘r .‘?r.-;_'-"f'.
= sinpe CLCHMME sl 3 N
< 20 |
E |=— Chilffvack Reaclt —- e
L Surnas Reach shope 0.00018 - _,
L i Missiorr  Shope 0000085 %
Roach | S
10 siope T o -1
0000055 | ="
i .d_'__#_f_-.”_'l"x‘:llh'i Stowgh Harrisan fiver
0  Mission TR ks :Fr Greyall Siough 005 Frnd Waleach Crook .
Sumas Men. _L ar e Grayell Slough LS End | Ruby Creck
1 1 1 | L 1 | 1 I| L L ] Ll | i 1
a0 80 100 110 120 130 140 150 160

DISTANCE FROM SANDHEADS (km)

Figure 1. Water surface profile with mgor reach bresks. The dates 1972 and 1974 indicate the years in which
the profiles were made. Both dates were years with above average floods.



reach. In those descriptions, referencesto specific sitesare
annotated by (xxA), (xxB), etc., where xx isthe date of the
base airphoto map (e.g., 1928), and the letter corresponds
withaletter ontheairphoto map.

A peculiarity of the presentationisthat reaches, subreaches
and river cross-sections are presented and discussed in
reverse enumerated order (from subreach 13 to subreach 1,
for example). That is because our survey numbering
systems proceeds upstream from Mission gauge, but the
logical order for interpretive discussion proceeds
downstream, with theflow.

Additional information presented in the atlas includes
talweg (deep channel) position on each of the survey dates,
the long profile along the talweg line at each date, and
information of gravel texture through the gravel reach,
collected between 1982 and 2001.

It must be recognized that each of the photomaps depicts
the river a a different flow, so that part of the apparent
change in bar deposits observed from map to map may be
due to water level changes. The superimposed channel
margins, however, represent vegetation edges, so that they
are consistently comparable with vegetated channel
margins seen on the later map. Comparisons before 1949
areprobably less accurate than later ones because the 1912
map may not be entirely reliable for features within the
channel zone (in a few places distinctly unusua island
features are shown). Furthermore, georeferencing of the
1928 photosmayhavebeenl esssuccessful thanoflatersets
both because of extreme distortion in those photos and
because of arelativelack of identifiablereference pointsat
that early date . Findly, the "1940" map is a collage from
several dates.

In interpreting the maps further, the flood history of the
river (Figure 2) should be kept in view. Mgor floods
transport much more sediment than the smaller onesand so
are capable of effecting major changes on the river. The
primary gauging record along the river is from the Hope
gauge (Water Survey of Canadastation 08M FO05; drainage
area217 000 km’) and is continuousfrom 1912. Thelargest
floodswithin the period of study occurred (inrank order) in
1948, 1972, 1950, 1964, 1955, 1997, 1921, 1999, 1920,
1967 and 1974. However, the highest known flow on the
river occurred in 1894, beforethe first reliable surveys but
near enough the early record to possibly have had specid
influence over it. Analysis of the flood records
demonstratesthat above average and below average floods
tend to be clumped into recognizable periods. Hence, the
period before 1925 was one of dominantly above-average

floods while the following period to 1947 had mainly
bel ow average ones. From 1948t0 1976 floodstended to be
very high (7 of the 11 highest flows occurring in this
period), and then low to near the end of the record (see
Figure3).

Finally, some circumstances of the sedimentation history of
the river may have a significant bearing on observed river
channel changes. During the 18" and early 19" centuries,
theperiod of relatively cool climateknown asthe*Littlelce
Age’ may have created conditions of increased sediment
supply from certain mountain tributaries of Fraser River.
Perhaps moresignificantly, thelatter half of the 19" century
witnessed major sediment disturbances along the Fraser
itself and certain of its principa tributaries, including
extensiveplacer golddigging on theriver barsandterraces
and the major railway building projects along the Fraser
and Thompson rivers. Engineering disturbances continued
until after the mid-20" century with railway and highway
construction. Gravel and cobbles introduced into the river
and its tributaries by these activities would require many
decades to pass downstream into the Lower Mainland.
River channel changesinthe 20" century may in part reflect
themovement and deposition of thesematerial's.

Disclaimer

The interpretive notes accompanying the maps are
designed to identify major channel changes on a reach-
length basis. Whilst they might form the starting point for
more detailed study to determine the history of channel
changesat individual sites, they areby no meansexhaustive
and should not be substituted for detailed site studieswhere
practical problemswarrant suchinvestigations.
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Reaches11-13(Hunter Creek toSpringBar)

At Hunter Creek, Fraser River escapes confinement by mountain
slopes, landslide deposits and terraces and becomes fully aluvia
(thatis, ariver flowing entirely initsown deposits). In fact, thereach
downstream to Wahleach Bar (Laidlaw: km 146) hasremained stable
in recent decades, but changes occurred herein thelate 19" and early
20" centuries. In 1912, ri ght bank side channels at VVasasus Island, at
Wahleach Island, and at Seabird I1sland were much more active than
today. Thelatter, Maria Slough, was amajor channel of 200 to 300 m
width withinwhich several islands occurred. Petersisland waslarger
than today and the main channel downstream was confined to the left
side of the contemporary channel between Peters Island and Spring
Bar. A complex set of minorislandsexisted at Spring Bar.

a)1912-1928

Theright bank side channel entrances were severely restricted or cut
off by railway construction late in the 19" century so that, by 1928,
they were already substantially reduced. Between 1912 and 1928 up
to 350 m of erosion occurred on the upstream side of Peters Island
(28A), with atotal lossof 40 ha. At Seabird Island, two huge scallops
were eroded from the island front, one with up to 1000 m of bank
retreat at the point of maximum change (28B), the otherwithover500
m at the maximum (28C). In al 200 ha of land were converted from
floodplain to channel in front of Seabird Island. Mean retreat rates at
thesethree sites (250 m at 28A, 470 m at 28B and 230 m at 28C) are
among the largest recorded erosion values within the entire gravel
reach. Therewas only minor compensating floodplain creation along
the left bank, but the islands at Spring Bar coalesced into severad
larger units(28D). These events, which greatly increased the channel
areain the reach, probably reflect substantial deposition of gravel in
the channel, but details of deposition are not clearly depicted on the
1928 photos. In al, the expansion of channel areaamountsto 305 ha
inreaches11-13 between 1913 and 1928.

b) 1928 - 1940

From 1928 to 1940 the Vasasus and Wahleach |sland back-channels
stabilized but el sewhereriverbank erosion continued, with about 150
m retreat at Peters Island (40A) and major erosion (up to 350 m) at
Seabird Island (40B). This erosion altered the main channel
alignment and began to modify the downstream morphology. Flow
was increasingly directed toward erosion resistant materials along
theleft bank (40E), then towardstheislands at the head of Spring Bar
(40D) which were trimmed several hundred metres. The left-hand
channel at Spring Bar was opened considerably, affecting the head of
Herrling Island (reach 10). Although significant erosion (up to 150
m) was al so observed along lower Seabird Island (40C), an emerging
mid-channel gravel bar indicates that this area was becoming a
significant depositional environment. The material likely originated
at Seabirdlsland (40B).

€) 1940-1949
Between 1940 and 1949 the channel remained stable above Peters

Island, while modifications continued downstream. The 1949 photos,
the first series that shows channel morphology at low water levels,
clearly depicts large sediment bodies upstream (49C) and
downstream (49D) of Peters Island, The emplacement of these bars
drove the major erosion at Peters and upper Seabird Islands over the
preceding few decades. Thef ormer hasbecomeWahleach Bar and we
refer to thelatter asPeters Bar. Sediment congestion wasnotable here
in 1949.Anadditional 75m of retreat occurred a ong the downstream
margin of Petersldand (49A), while an additional 400 metres was
eroded along Seabird Island (40B) as the main channel was forced
along theright bank of theisland. Here, an emergent bar had formed
by 1949 and now protects the site from further significant retreat. A
large deposit at Spring Bar (49E) isthe evident reason for the erosion
on mid Seabird Island. These deposits forced the main flow of the
river into the left channel branch about the Spring islands (49F),
trimming an additional 175 m off them. The establishment of
vegetation on some of the new surfaces indicates incipient
stabilization of theserecent deposits.

The juxtaposition of erosion and deposition is not accidental.
Material eroded from upstream is transferred into the next
downstream sediment deposit, hence material from Petersisland has
formed Peters Bar, the erosion thereby induced on upper Seabird
Island leading to the sedimentation at Spring Bar and erosion at
middle Seabird Island. At the upstream end of the reach, the 206 ha
growth of Wahleach Bar representsthe sediment influx intothereach,
estimated as 10.3 million m’ of sand and gravel over theQyears, while
at the downstream end, material eroded from middle Seabird 1sland
haspassed into the next downstreamreach aong Herrling Island.

d) 1949- 1962

Inthelatter half of the 20" century, changesin thisreach have become
much more restricted. The most significant continuing erosion has
been at Peters Island, where the long convex bend of the channel
about Wahleach Bar continued to moveinto theisland between 1949
and 1962 (62A) as the consequence of continued sedimentation and
channel division at the western end of the bar. However, at the west
end of the idand, vegetation stabilized earlier bar deposits there
(62B) so that the total vegetated area did not change much. There
continued to be erosion at upper Seabird Island (62C) but by 1962
sediment deposition into the channel between Seabird Bar and the
island (62D) reduced flows along the island margin. Vegetation
expanded substantially on severa bars, especially on Spring Bar
(62E). Vegetation signifies the buildup of bar gravelsto arelatively
high level. After vegetation becomes established, sand istrapped and
buildsthesurfaceeven higher to establish newislands.

e)1962-1971
Between 1962 and 1971 therewas|limited new erosion of established

channel banksexcept at Petersidand (71A), whereerosion continued
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a a lower rate than previously experienced. The channel between
Wahleach Bar and Petersisland (71A) was choked with sediment by
1971, with substantial sediment accumulation near the eroding shore
of the idand which probably reduced the force of flood flows
impinging on the island. Elsewhere, there was limited erosion at the
head of Spring Bar (71B) and only limited extension of vegetation
cover,mainly onchannel bars.

f)1971-1983

Between 1971 and 1983, two major floods (1972; 1974) were
experienced, but they appear to have had relatively limited effect in
these subreaches. By 1983, persistent erosion at the waist of Peters
Island threatened to cut the island in two (83A). Downstream, there
was visible erosion at the Spring I1slands (83B) while at Peters and
Seabird bars, extension of established vegetationis evident (83C).

g) 1983-1991
After 1983 there was very limited erosion in the reach. Petersisland

hasnot, infact, been severed and iscurrently protected by arock wall
constructed in the early 1990s. There was, however, considerable
extension of vegetation on the channel bars. There were few high
flowsin thisperiod, which partly accountsfor thistrend. Butitisalso
known (Church et al., 2001) that the reach hasbeen degrading in the
latter half of the 20" century so that, nearing the end of the century,
some of the bars established before 1950 were probably elevated
above norma water levels as the result of this process, further
facilitating island production. General lowering of the channel
bottom is evident from the cross-sections, especially in subreach 11
where a distinct deepwater channel of some 500 - 700 m width is
increasingly evident. At Spring Bar (91A) the right-bank channel
again becomes fully active in this period (XS 128 - 124). It is
noteworthy that, whilst there has been considerable extension of
island surfacewithin the channel zone, the outer limits of the channel
zone have remained largely the same throughout the latter 20"
century.

h) 1991 - 1999

A significant development evident in the middle part of the reach
(Peters - Upper Seabird) by 1971, and throughout the reach by 1991
(but most evident on the 1999 low water photos) isthe establishment
of aregular meandering pattern. The meander wavelengthis5km so,
for aprincipal undivided channel width of about 500 m, the ratio of
meander wavelength to width is about 10:1. The value is set by the
prior position of the major riffles (channel crossover points) between
the successive major bars, of which there are four in the reach (two
per meander). Thisratio falls within the range observed for aluvial
channels, so that it might be expected to be stable. The major channel
change created by meander development is the renewal of the right
bank branch about Spring Bar. Thebar is, today, anisland/ medial bar
complex (i.e., with major channels on both sides; 99A) but in the
futuretheright bank channel islikely to become dominant.

Summary
This history, with the emplacement of a major volume of channel

sediment early in the 20" century, and island growth and channel
simplificationinthelatter half, suggeststheinflux of high volumesof
bed material between the late 19" century and the early 20" century,
and a substantial reduction of incoming bed sediment since. Such a
history is consistent with the known degradation in these reachesin
the latter half of the century. In thislater period, substantial volumes
of sediment have been passed downstream into reaches 8 - 10,
creating significantinstability there.
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Reaches8-10(Herrlingldand to Car ey Point)

There is a persistent history of channel instability in these reaches.
Two major zones of sediment deposition and channel shifting, one
along middle and lower Herrling Island (subreach 10) and the second
in the vicinity of Greyell Island (subreach 8), are separated by
subreach 9 in the vicinity of Ferry and Powerline Islands. The latter
reach has remained much more nearly stable. It includesthe Agassiz-
Rosedale bridge point and was the site of a WSC gauge (08MF035;
drainage area218 000 km®) that operated between 1966 and 1986.

The 1912 survey showsthat there already were complex island groups
at Herrling and Greyell Idlands. At the bridge site there were active
secondary channels behind Ferry Island and the island that is today
known as Powerline Island. Sloughs (floodplain channels) on both
banks were still active (cf. Maria Slough) or had only relatively
recently been cut off, sothey weremapped assubstantial channels.

a)1912-1928
Between 1912 and 1928 theright bank complex of secondary channels

opposite middle Herrling Isand (28A) appears to have changed
considerably, with both erosion and deposition, and vegetation
development, occurring. (It must be borne in mind that the 1912
surveymight not beentirely accurateinitsdepi ction ofwithin-channel
features; someof the changesin this areaappear to berather unlikely.)
At upper Herrling Island it appears that idand extension and
consolidation occurred (28B), whilst at middle Herrling Island, major
erosion occurred along the main channel left bank (28C) due to the
incursion of ariver bend around adevel oping mid-channel bar/island.
Bank retreat of up to 350 m occurred. Similarly, on the right bank
opposite lower Herrling Island (28D) up to 500 m of bank retreat
occurred and an area of 75 hawas lost. At the same time there was
erosion along the lower part of what was then Herrling Island proper
(28E). The dramatic channel widening was the consequence of a
rapidly developing bar/isand complex in an area of major
sedimentation at the lower end of Herrling Iland. The entire arealies
on and upstream of a major diagonal riffle that crosses the channel
from the Powerline Island corner to the lower end of Herrling Island
(28F). Sedimentationisapt to be persistent at thissite, aswell, because
the river immediately downstream makes aright bend into areach of
restricted width where the channel is fixed against high ground
upstream from Ferry Idand. Hence, backwater and slackening
currents would occur in the sedimentation area. In this period
significant erosion occurred on the left bank opposite the riffle,
upstream of thehigh ground (28G).

The secondary channel behind Herrling Island was also activein this
period. The configuration of the channels about Spring Island (farther
upstream) would have fed a substantial amount of water into this
channel. Between 1912 and 1928 it appears that sedimentation
substantially exceeded erosion in the upstream portion of the channel.
The downstream sequence sedimentation-erosion is common in
secondary channelswith limited sediment transporting capability.

Barsthat grew into Powerline and Ferry 1lands were established near
the end of the 19" century and, during the period 1912-1928,
developed into significant islands. The secondary channel behind
Ferry Island moved left while, on the right bank, Cheam Slough aso
wasactive.Around the downstream right bend, asignificant bar/island
developed in the channel near Hopyard Hill (28H) whilst
compensating erosion occurred on both banks of the river. Farther
downstream major erosion occurred on the right bank (28l) opposite
the growing bar/island complex of Gill I1slands off Greyell Island. Up
to 350 m of bank retreat occurred on the Kent side of the river,
providing sediment for significant deposition and the disappearance
of amajor secondary channel in the corner immediately upstream of
Mt.Woodside(28J).

There was a substantial reduction in secondary channel capacity
through Greyell 1dand itself during this period, in effect creating the
singlelargeidland by the coalescence of several earlier ones. Yet at the
downstream limit of the island (and of reach 8) and the downstream
end of Jesperson (Greyell) Slough (28K), major erosion occurred.
Bank retreat of 400 m was experienced. This was the consequence of
the river being forced to the left by sediment deposition in front of
Mt.Woodside (28L: the sediments are not obvious on the photomap
see40l).

Behind Jesperson Slough and Carey Point, a substantial network of
sloughs appears to have shrunk dramatically in size between the two
dates. These channels were cut off or controlled early in the century
and it is likely that the apparent change represents mainly the
difference between the 1912 cartographic conventions and the 1928
photo. Apparent shifts at several sitesalong these channelsare also an
artifact of imperfect registration of thesetwo early records.

Overdl, there is abundant evidence of lateral instability in these
reaches during this period, with bank erosion and compensating bar
deposition. Substantial sediment influx and outer banks still largely
unprotected arethereasonsfor these phenomena

b) 1928- 1940

By 1940, erosion of theisland head at SpringBar(see40D:reaches11-
13) had increased flow conveyance along the left channel and further
caused 150 m of erosion along the downstream end of that island
(40A), doubling left channel width. The establishment of this larger
channel caused significant erosion at the head of Herrling Island and
set themain flow firmly against theright bank at the head of reach 10.
Immediately downstream, the channel experienced significant
sedimentation with the growth of severa islands at 40B and
immediately left along the right bank (40C; see also 49B). A small
island at the head of thisgroup waseroded but did not appreciably alter
flow alignment along the concave edge of Herrling Island, since very
little erosion is observed. Meanwhile, deposition at 40C forced the
channel directly south, eroding a significant island (40D), thence
towards the right bank opposite lower Herrling Island (40E) where
lossof another 375m (36.5 ha) wasobserved.Material that waseroded
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here was likely deposited along the downstream end of Herrling Island,
possibly asfar asHopyard Island.

There was substantial erosion at the head of Powerline Island (40F), likely
caused by the channel shift into the right bank immediately upstream, but
high water levels preclude amore definitive statement. Minor erosion along
thehead and | eft bank of Ferry | sland suggeststhismaterial wasnot deposited
there, but further downstream near Hopyard Hill where a major bar had
formed by 1943 around the existing island (43G). From Hopyard Island
downstream, 1943 photography has been substituted because of a large gap
in the 1940 coverage. Since water levels were much lower in the 1943
photography, additional details of bar formation can be observed. Island
consolidation continued in the Greyell-Gill Islands area whilst the river
swung wide to the right around continued sediment accumulation outside
Gill Idand (43H). This created continuing significant erosion on the Kent
shore and the downstream end of Greyell-Gill 1slands (both 150 m of retreat)
as amore sinuous talweg was devel oping. The major area of developing bar
and idand in front of Mt.Woodside (Carey Bar: 43l) likely was already
largely present in 1928, though material eroded from the Kent shore was
addedtoit.

Inthisperiod, the most striking instability wasin reach 10 (Herrling Island),
with the corner upstream of Powerline Island appearing to act like achoketo
onward movement of sediment (the appearance of deposits hereis obscured
by highwater in 1940, but isvery clear onthe 1949 |ow-water photographs).
The pattern of instability in reaches 8 and 9 was much more regular and
modest. Bed material being fed into those reaches past Powerline Island
probably waslargely derived fromthe major erosion oppositelowerHerrling
Island (40E, 49D).

) 1940- 1949
From 1940 to 1949, the head of Herrling Island wasfurther eroded (49A) as

the left bank channel previously established aong Spring Bar was
maintained. The channels immediately downstream along the outer side of
upper and middle Herrling Island (49B) experienced additional
sedimentation and therewas dramatic devel opment of barsandisland surface
inthe area. (Some spectacular gravel sheets are visible on the photomap.) At
the same time, there was 75 m of erosion on the right bank opposite and the
network of minor channelstherelargely silted up. Immediately downstream,
there was massive deposition, marking the establishment of Tranmer Bar
(49C). Thisdevelopment drove bar and island erosion at mid-Herrling Island
asthe channel wasforced to the left. Immediately downstream again, ahuge
area of bar deposits became consolidated at lower Herrling Island (49D),
driving continued major erosion on theright bank. Itislikely that much of the
sediment here and in Tranmer Bar originated asfar upstream as mid-Seabird
Island (reach 11, upstream). Losses in this period opposite lower Herrling
Island were again up to 300 m and totaled 23 ha. Deposition at lowerHerrling
Island blocked the downstream end of Herrling secondary channel and
extendedinto the“bay” erodedinthe preceding decades(28G).Accordingly,
theHerrling channel continuedto shrink.

There was continued erosion at Powerline Island (49E), but aso
compensating bar deposition, apparently at least in part a response to
downstream movement of the major riffle at this site due to the massive
sedimentation at Herrling Island. A minor bar on the southwest corner of the
isand began to grow downstream. Ferry Island remained stable in this

period, while gravel accumulations along the north side of the island
produced minor compensating right bank erosion. There was also additional
sedimentation around Hopyard Island (49F) (again, mgjor gravel sheets are
visibleonthephoto),with somecompensating scour on theleft bank.

Island consolidation continued in the Greyell-Gill Islands area whilst the
river continued to swing wide towards the right around growing sediment
accumulation at Gill Island (49G), causing an additional 100 m of
compensating erosion along the Kent shore. This material continued to be
deposited at the growing Carey Bar complex (49H), joining previously
separated bar andisland depositsinto asingleunit and significantly reducing
the size of the secondary channel along Mt. Woodside. This bar growth
further resulted inlimited erosion ontheleft bank near Carey Point (491).

d) 1949- 1962
In 1962, themain channel still held to theright bank opposite upper Herrling

Island. Accordingly, there was modest additional sedimentation against the
island and erosion on theright bank (62A: upto 75 mof retreat). Tranmer Bar
continued to grow outward into the main channel during this period,
producing ashoal areain the main channel and causing continued significant
erosion on middle Herrling Island (62B). There was a so significant erosion
at the back of Tranmer Bar. Thereisevidence of continuing sedimentation at
thetail of lower Herrling Idand, particularly at itsnorthwesterly limit (62C),
with significant erosion continuing on the opposite bank. Thelength of shore
subject to erosion was, however, substantially reduced by 1962 (1 km versus
2.5kmin1949). The outward growth of Tranmer Bar wasasignificant factor
inthischange.

Right bank erosion in the period continued onto the upstream end of
Powerline Island, whilst the bar on the downstream side broadened and
extended downstream toward the now extant Agassiz-Rosedale Bridge. The
net effect of changesat the downstream limit of reach 10 wasto significantly
reduce the bend angle as theriver entered reach 9 (62D), thus reducing flow
resistance and sediment choking effects there. (A significant guidebank is
evidentinthedownstreamend of Herrling secondary channel).

At Ferry Idand, the back-channel was silting up in this period, but a
significant, crescent-shaped mid-channel bar appeared (62E) off the
downstream tip of Island 32 (the downstream part of the Ferry Island pair). It
is reasonableto suppose that this represents an early indication of increasing
bed material transfer through the erstwhile “ choke point” upstream. With the
growth of this bar there was corresponding erosion of Hopyard Island. That
erosionwassubstantially greater thanisindicated by themapped comparison
of vegetation lines, since substantial unvegetated bar surface was al so swept
away. Part of the material was deposited on the diagonal riffle immediately
downstream.

Farther downstream, acomplex situation devel oped in the 1949-1962 period
as continued sediment accretion on outer Gill 1lands (62F) and at Carey Bar
(62G) appearsto have substantially reduced channel conveyance.Whilst this
prompted continued erosion ontheK entshore (100to 150m),despiteitsnow
being partially riprapped, and on outer Greyell Island, it also appearsto have
produced the diversion of substantial flow into the channel system through
and behind the Gill 1lands and Greyell 1sland, with significant erosion near
theavulsion point (62H) near the upstream end of reach 8. Attheotherendof
the reach, there was island development on Carey Bar and the Carey Point
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arearemained stablefor thefirst periodin therecord.

€) 1962-1971
Between 1962 and 1971 therewere very limited changes along upper Herrling

Island, giving the appearance that a stabilizing trend observed in the reaches
upstream was propagating into subreach 10. Tranmer Bar continued to grow
outward, causing significant compensatory erosion on the outer bank of
middle Herrling Island (71A). The photomap illustrates some dramatic but
probably transitory sediment deposition in the channel immediately
downstream (71B). Lower Herrling Island appears to have largely stabilized
and reduced erosion (up to 75 m maximum) was experienced during this
period on theright bank opposite.

However, river action around Powerline Island eroded the head end of it,
enlarging the side channel behind the island and extending the deposit on the
downstream end so that alongitudinal bar now extended right under the main
span of therelatively recently constructedA gassi z-Rosedale bridge (71C). At
Ferry Island, the downstream bar expanded dramatically to establish the
modern Big Bar (71D). Part of the sediment volume involved in these
developments probably originated in the continued erosion at mid-Herrling
Island.

The growth of Big Bar caused substantial erosion of Hopyard Island (71D).
The eroded sediment was spread downstream over the erstwhile diagonal
riffle (71E) to form alarge right bank bar that would ultimately evolve partly
into a new idand on the riffle and partly into modern Hamilton Bar.
Sedimentation here significantly reduced the conveyance in the old main
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channel. Thisdevelopment, in turn, caused increased flow diversionand
dramatic erosion a Gill Idands (71F), further opening the channels
through the Gill Idand area. These developments stabilized the
foremerly eroding part of Kent Shore (71G), although some erosion
occurred farther downstream. While there were changes of detail at
Carey Bar (71H), no major changes occurred there, nor at Carey Point, in
thisperiod.

f)1971-1983
Between 1971 and 1983 two major floods passed through the river. In

subreach 10, they did not change previously established trends. There
were minor extenstions of vegetation on upper Herrling Island, but
remarkably little change in the channels, implying little sedimentation
there. Tranmer Bar continued its growth (83A), the deposited materia
having moved into the reach from subreach 11. The surface of Tranmer
Bar continued to be very active, with both erosion and vegetation
establishment occurring. Astheresult of Tranmer Bar growth, the outer
edge of mid-Herrling Island continued to be eroded. Lower Herrling
Island remained stable, with substantial extension of vegetation cover
(83B), and the opposite right bank (83C) was stabilized as the result of
riprap placement. These developments forced sediment eroded from
mid-Herrling Island through into subreach 9.

Insubreach 9, the bar extension of Powerlinelsland continued (83D) and
theriver established asmooth transition through the former abrupt bend.
Big Bar (83E) continued its growth. (The relatively high stage of the
1983 photos prevents al details being visible.) Old Hopyard Island
entirely disappeared and anew Hopyard | sland began to devel op (83F).

Major developments occurred in the upper part of subreach 8. In
response to the growing sedimentary congestion in the area, anew main
channel opened up through the back of Gill Bar (83G). Theisolated area
to the right developed into the core of modern Hamilton Bar. Flow
through the Gill/Greyell 1dands continued to effect erosion there (83H).
The redirection of flow at Gill Bar led to the development of a deep
channel behind the Carey |sland/bar area on the front of Mt.Woodside
(83l; see XS 84, 86), and to the devel opment of amajor channel through
the Carey Idand/Bar (83J) that directed flow squarely at Carey Point
(83K). By 1983, mgjor erosion had commenced at that site, with up to
125 mof bank retreat visibleontheupstream corner.

Q) 1983-1991
During 1983-1991 there were no major floods.Atmany sites, substantial

vegetation extension occurred during the period. Nonetheless, river
channel changes set in train during the preceding period continued.
Upper Herrling I sland remained stabl e, with vegetation extension. There
was significant vegetation growth also on Tranmer Bar but
sedimentation continued onthe downstream side, leading to awide shoal
zoneinthechannel (91A) and continued erosion on mid-Herrling Island.
The locus of the erosion shifted downstream, however, and began to
remobilizethematerial deposited thereearly inthecentury.

At Powerline Idland the downstream bar continued to grow (91B) and
significant sedimentation occurred in the side channel. (A substantia
patch of vegetation developed on an artificially constructed mound of

sediment on the bar upstream of the bridge, the product of pipeline
excavations.) Big Bar continued to build downstream, and vegetation
was well established on the upper part, and aso on the new Hopyard
Island. Persistent sedimentation behind the established idand at
Hamilton Bar (91C) extended this feature and essentially attached it to
theright bank where, years before, the main channel had passed. M ostof
the sediment involved in these devel opments probably derived from the
erosion along lower Herrling Island, although the channel along the left
bank at Ferry |sland was being significantly deepened during the period
(seeXS98and 100).

Two significant channels were present about Gill Islands (91D,E). The
left branch flowed aong the front of Greyell Island, causing erosion
there (91E), most of the materia being deposited immediately
downstream. The right branch flowed against a now extensively
riprapped Kent shore, thence to Mt.Woodside and toward Carey Point.
Meanwhile, the former wide, shallow summer channel (91F) between
Gill Islands and the upstream part of Carey Island silted up so that Carey
Island was annexed to Gill Islands. The spread of vegetation in the Gill
Island area and on the downstream portion of the now truncated Carey
Bar, the consequence of the generaly low freshets in these years,
undoubtedly helped to fix the new channel alignments. At Carey Point
(91G), more than 100 m of erosion occurred, for aloss of 5 ha (XS 80).
Theerosion progressed west along the shore asthe aignment of themain
channel dowly rotated clockwise. Sedimentation at the downstream end
of Greyell channel appearsto have been at least partly the cause of this
evolution, although erosional so occurred a ong outer Carey Bar.

h) 1991 - 1999

Between 1991 and 1999 no major changes occurred in subreach 10 but
there were important adjustments of flow alignment, portending future
changes. Continued but limited extension of Tranmer Bar sustained
erosion a mid-Herrling Island (99A), but therewasnof urthererosionon
the downstream part of the bar. Established trends continued at
Powerline Island, the downstream extension of the bar having now
grown to project a smooth extension into the right bank (99B). This
extension, and the deepening of the channel along the left bank led to
increased spill of high water into the secondary channel behind Big Bar,
leadingtoerosion at |sland 32 (99C).

Big Bar continued to extend to the point that the channel between Big
Bar and Hopyard Island (99D) became only asummer riffle. Thisforced
nearly al of the main flow against thetip of Hopyard Hill, from where it
turned west toward Gill Island. Erosion on upper Gill Island (99E) led to
sedimentation downstream (99F), where the channel turns abruptly left.
The abrupt turn reduced conveyance here and increased summer flow
through the Gill/Greyell idand group. Since 1999 this trend has
continued and it appearsthat anew main channel isdevel oping to the l eft
of the main idlands in the Gill Islands group (XS 90). At Carey Point
(99G), erosion continued to move west asthe main channel established a
more rectilinear path past Carey Bar. Sediment deposition on outer
Carey Bar and infront of themouth of Jesperson Slough were part of this
development (seeX S78fortheresultingleftward shift of thethalweg).

1) Summary

The main features of the 20" century development in subreaches 10 to 8
were major instability at mid- and lower Herrling Islands early in the period,
continued in the form of the development of Tranmer Bar over the last 50+
years, and the persistence of major instability in subreach 8. Major channel
shiftsin subreach 8 have become more frequent after 1971. Thisdevelopment
probably is related to the channel realignment at the lower end of Herrling
Island, permitting increased bed materia transport through reach 9 to the
Hamilton-Gill-Greyell area. Theincreased sedimentationinreach 9itself isan
associated development. Over the long-term, significant isand building
occurred at lower Herrling Island (XS 106, 108) and at Gill Islands.

Reach 8
20
| 15
15_1\\/\. /‘\\ /V\’\"N Ta /f'M. I—'\f—l-
xs92 | 1 y . 1oiw M
5 5]
o+——T——T—T— 0
0 300 600 900 1200 1500 ‘ r ' o ‘
0 500 1000 1500 2000 2500
15 | \Ir"“\. f_h“_l ‘ ] 15
10 5( i‘/\/J \ 10 I3 3 |
XS90 | XS80 | !
5 5]
0 U | U I U | U | U 0 T | T | T I T | T
0 500 1000 1500 2000 2500 0 300 600 900 1200 1500
15— — 15
AN o\ 71 /7 104——= /
e a
10 \. .
Xs88 | m [E <] \WI XS 78 g_’
5 - _5_:
1 -10
0 U | U | U | U | U '15 T | T | T | T
0 500 1000 1500 2000 2500 0 200 400 600 800
15
| r—wvvu,—\ /—\\ W\
101 v
Xs86 | V \
5_
0 — T T T
0 1000 2000 3000 4000
15 —— 10
71\ 2 ‘V/\T 7 V] = —— 1999
10 | @
XS 84 W W ) E 1984
S 57
5] g — 1952
1 ] reference
o+——"tF17—"1— o
0 500 1000 1500 2000 2500 3000 0 200 400 600 800 1000

Distance from LB (m)

18



Reaches5-7 (Foster BartolL ower Yaalstrick Bar)

Subreach 7 includes the confluence of Harrison River, one of only two
significant tributatiesin the entire alluvial gravel-bed reach. Most of the
major featuresof the river channel have changed during the 20" century,
yet the outer banks of the channel zone have not greatly moved. In part
thisis because the channel is constrained by bedrock at Harrison Knob
and a ChilliwackM ountain (and, downstream, at SumasM ountain), and
partly it may bebecause extensiveriprap protection hasbeen constructed
inthisreach over theyears.

a) 1912-1928
Reader s should notethat registration of the 1913mappr oved difficult for

this reach because of map distortion, so that only apparently major
changescan beaccepted asassuredly real.

The 1928 channel gives the appearance of very low sinuosity, with 4
major island groups, each defining a major riffle. These occurred at
Harrison River (28A) and Lower Minto Islands (28B), both in subreach
7, a Wdlington Islands (28D) in subreach 6, and at (Upper) Yaa strick
Islands (28E) in subreach 5. Elementsof all four groupshave persistedto
this day. Substantial developments occurred in all four groups between
1912 and 1928. Atthe mouth of Harrison River, island growth forced the
river to move left, creating up to 575 m of erosion on the left bank.
Erosion extended upstream asfar asthe site of modern Foster Bar. Much
of the mobilised sediment undoubtedly was deposited in the Minto
Islands, causing further left bank erosion downstream from the early
settlement at Minto Landing. The left bank channel moved as much as
650 mintotheleft bank, creatingamuch morecircuitous path around the
isands. In 1912, theriver appearsto have passed mainly to theleft of the
Minto Idlands but, by 1928, the idands were amid-channel group witha
developing right bank channel north of them. This development was
possibly the consequence of increasing resistence to flow in the
increasingly curved left-bank channel. Immediately downstream from
Minto Islands (28F), a small mid-channel bar in the right-bank channel
represents the first development of modern Queen's Bar. A major
reorganization of the channelwasunderwayhereastheriver developed a
new path past amajor, late 19" century diagonal riffle that passed from
thedownstream end of Shefford SloughviatheMintol slandsto thetip of
Harrison Knob (see North and Teversham, 1979). A consequenceof this
reorganization was that the land area delimited by Shefford Slough
(28C) was by 1928 in alate stage of island consolidation and well onits
way to becoming incorporatedinto the adjacent floodplain (today known
asldand22).

Downstream, there was persistent erosion between 1912 and 1928
extending the entire length of subreach 6 along the front of upper
Nicomen Island. This resulted in 100 to 200 m retreat on the right bank
over adistance of 5 km (net land loss about 75 ha), whil st sedimentation
occurred on the right bank. In mid-channel, a series of small islands
appeared at the present-day position of Wellington Bar and were
evidently part of a newly forming diagona riffle that, today, runs from
Chilliwack Rock through Wellington Bar to Queen's Bar. The inception
of thisriffle turned the main river current to the right across it, so that
erosion and dissection of the Yaalstrick Islands group (28E) occurredin
the period, including erosion on the bank of Nicomen Island. In 1928,

though, the main flow of theriver still passed al ong the upper side of the
riffle, against theleft bank. ChilliwackMountainisabletoresist erosion,
but the areaimmediately downstream suffered significant erosionin this
period. The erosion was likely matched by substantial bar accumulation
in the considerably widened subreach, but thisisnot evident inthe high
contrast 1928 photographs.

b) 1928- 1938
The 1938 photographs reveal substantial sedimentation upstream from

the Harrison River mouth. Opposite the mouth of Harrison River, where
there had been mgjor left bank erosion in the preceding period, alarge
mid-channel bar (38B) devel oped adjacent to the Harrison Islands. This
forced one branch of themai nrivertofl owbetweentheHarrison | slands,
establishing a sharp corner against Harrison Knob, at the mouth of
Harrison River.Another branch flowed into former sloughs, establishing
what has since become upper Minto Channel. By 1943, this left-bank
branch had become dominant, so that theriver performed alarge S-bend
(ineffect, awell-defined meander) in front of Harrison River mouth (see
inset map on the 1938 photomap). Continued sedimentation around
Harrison Islands and on the mid-channel bar here consolidated a major
sediment body immediately upstream of the mouth of Harrison River.
TheMinto Idands area(down-stream portion of subreach 7) isadjacent
to the mgor settlement of Chilliwack. Photography from April, 1938
shows that the left hand channel about the islands (38A; modern lower
Minto Channel), formed only within the preceding two decades, had
already silted to the point that it was now only a summer channel. The
river passed by the islandsin a straight channel against the rock-bound
right bank. (Greater details of the developments described in this
paragrapharegiveninareport by ChurchandWeatherly, 1998.)

There were significant developments downstream as well. The small
mid-channel bars at Queen's had grown extensively, though alow-flow
winter channel remained along theright bank. Therewasal sosubstantial
growth by 1938 of the mid-channel bar off Iland 22 (38C). These
developments forced the main channel hard against the left bank along
Island 22, leading to 100 m of lateral erosion along a1200 m length. The
1938 photomap a so showsfor thefirst time major bar accumulations at
Wellington and Yaalstrick Islands, and near modern Webster Bar (38D).
Sedimentation at Webster Bar was promoted by slack water after the
main left-bank current was directed off the upstream end of Chilliwack
Mountain toward the Yaalstrick Islands. As these bars have grown,
erosion of adjacent islands and floodplain deposits (100 to 150 m) has
occurred. Extensive mid-channel sedimentation downstream from
Yadstrick Islands (38E), in the downstream portion of subreach 5,
promoted erosion up to 150 m on the adjacent left bank. and aong the
right bank further downstream. Much of the extensive bar sedimentation
evident inthe 1938 map probably datesfrom before 1928. The high flow
depicted in1928 having obscuredmuchbar detail.

€)1938-1949
Following the devel opments described in the last paragraph, the 1949

photomap shows the main channel in the upstream part of subreach 7
along the left bank. At the upstream limit of the reach deposition on the
siteof earlier erosion (49A) representsthe beginnings of Foster Bar. The
channels amongst the islands at the mouth of Harrison River (49B)
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silted up, leaving asinglemajor Fraser River channel infront of Harrison
Rivermouth. Harrison River had in effect extended itschannel tojointhe
main channel at the south corner of Harrison Knob. The Fraser channel
gtill has a meander form, but it is less tight than in 1938 or 1943, the
change having been accomplished by erosional trimming of the medial
bar (49C1) and compensating sedimentation on the Minto Islands side
(49C2). The 1949 scene shows the completion of the processes of the
preceding 21 years, the erstwhile mid-channel bar (49B) having become
part of alarge, right bank bar Harrison Bar immediately upstream of the
Harrison mouth. These changes led to a substantial reduction in flow
through the Minto | slands so that extensive siltation occurred there. The
source of the sedimentsthat were depositedin Harrison Bar and between
the Minto Islands was the upstream erosion in the preceding years at
Greyell Idandand Carey Point.

In subreach 6, continuing sedimentation occurred at Queens Bar (49D),
the material being moved downstream from the Harrison Bar area. By
1949, therewasonlyasummerchanneltotherightofthebarsothatithad
essentially become the right bank lateral bar it ill is today. The
sedimentation caused further erosion of theleft bank on I1sland 22. At the
downstream end of subreach 6 the channel was extensively reorganized
between 1928 and 1949 at Wellington Bar (note that 1938 photos do not
cover thisarea).Whilst the bar and islandsthere had significant channels
on both sidesin 1928, by 1949 the |eft bank channel was much reduced
and a new channel had cut through the middle of the bar, eroding away
much of the preexisting island group (49E). This channdl itself divided
into two branches, with most water being directed toward the left bank,
where it encountered the non-erodible shore at Chilliwack Mountain.
These developments directed substantial flow toward the Yaastrick
Islands, causing considerable erosion there (49F). The right bank
channels at Yaalstrick Islands was also active in this period as the result
of water being fed in from the right-bank channels at Wellington Island
(49G) so that there was substantial net |oss from the islands. There was
also further sedimentation on the left bank in front of Chilliwack
Mountain (Webster Bar, near 49F), the material being derived from
changes at Wellington Bar. The lower end of Yaalstick bar continued to
expand downstream (49H). An additional 300 metres of lateral erosion
along the left bank is not clearly associated with this bar growth, but
probably occurredin preceding yearswhen local channel alignment was
moredirectly onshore.

Therewere significant changes throughout this reach between 1928 and
1949, implying that there was a relatively high transfer of sediment
through the reach, but much sediment was also mobilised within the
reach astheresult of the major changesin thevicinity of Harrison River.
Itisinteresting to note that most of the observed changes occurred in the
first decade (to 1938) despite the passage of the 1948 flood. This
illustrates that, although big floods may transfer large volumes of
sediment, significant changes in channel alignment occur slowly over
yearstodecades.

d) 1949- 1962

Between 1949 and 1962, trends established in the preceding period
persisted. Foster Bar grew modestly, forcing the river to begin eroding
into the Harrison bar (62A). Some of the eroded material was deposited

at the riverbend around the bar (62B), promoting erosion of theleft bank
and renewed tightening of theriver bend at the head of theMintol slands.
(The river moved back toward the configuration it had in 1943, with
upper Minto Channel remaining a part of the main channel.) This
brought the river against Harrison Knob, where it was forced to resume
the 1949 alignment. A sthe result, the succeeding 8 kmreach, to thetail of
Welington Bar, experienced relatively little change throughout the
period. (Flow is relatively high in the 1962 photos, so that substantial
apparent reductionin bar areas appearsto haveoccurred, butissimply an
artifact of the water level.) At Wellington Bar, the right bank channel
captured thelarger part of the flow during the 1950s, whilst mid-channel
sedimentation at the tail of Wellington Bar (62C) held the flow against
theright bank sothat rapid erosion of the Yaal strick | slandscontinued.

Persisting in its alignment along the Yaalstrick Islands, the river aso
effected erosion of Webster Bar at Chilliwack Mountain (62D) and
continued to erode the left bank downstream (62E). Up to 150 m of land
was lost there and the bank has subsequently been riprapped to
discourage further erosion. During this period, it appears that the
Harrison confluence area was becoming a choke point for sediment
movement downstream, so that the several kilometre reach below that
point experienced only limited sedimentation or erosion.

€)1962- 1971
Duringtheperiod 1962-1971, Foster Bar grew dramatically (71A), much

of the sediment probably deriving from the actively eroding Gill Islands
area upstream (71F: Herrling Island to Cary Point map). This activity
pushed the entrance to upper Minto Channel, then the main channel,
downstream. It was thereby forced into Harrison Bar, leading to major
erosion of the bar. The eroded material was deposited on the left side of
Harrison Bar a short distance downstream (71C), forcing the left bank
channel into a more contorted configuration, and increasing the flow
spilling into lowerMinto Channel . Atthi sstage, therewasthe possibility
that lower Minto Channel might have become the main channel of the
river. However, sedimentation at Foster Bar aso pushed the main
channel to theright, initiating the devel opment of adeep channel against
the right bank (see XS76). Water directed along this bank promoted the
reopening of the right bank channel behind Harrison Bar (71B) and
considerably relieved the high flow conveyance in the left-bank
channels. It is likely that the right-bank channel reopening was aso
encouraged by high flow resistance through the tight bends, leading to
backwater and high water levels near the channel entrance. Flow came
together again at thetip of Harrison Knob and, with themainchannel still
guided by the Knob, therewas again little changein the ensuing 5 km, to
lower Queen's Bar. During the period of stability past Queen's Bar and
Island 22, therewasadeep central channel (X S58, 60).

The channel alignment past Queen's Bar encouraged flow into the left
arm about Wellington Bar, promoting sedimentation in the right arm
(71D; see also XS52) and sedimentation near the left bank immediately
upstream of Chilliwack Mountain to establish Grassy Bar (71E). This
development, as well as the right bank alignment adopted by 1962,
discouraged further major erosion at Yaalstrick Islands (71F). A notable
part of this development was the stabilization of the secondary channels
behind the islands. However, by 1971 it was clear that a very long
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diagonal riffle had developed across the river from Queen's Bar to
Chilliwack Rock (the downstream end of Chilliwack Mountain: 71H) so
that the river became very shallow through this reach. Significant
sediment accumulated below the riffle (71G) and there was some
erosion of the bars on the left bank side. However, the channel zone
generally remained stable through this period in the distal part of
subreach 5.

f)1971-1983
At Harrison Bar, the major flood of 1972 caused theriver to shift back

into the right bank channel (83A) it had partly occupied much earlier in
the century (refer to 1912 banklines on 1928 photomap), whilst the
highly sinuous left bank channel proceeded to silt up (83B). Significant
erosion occurred on the old islands near the mouth of Harrison River
while vegetation extended over the bar surface to the south. These
developments set in train the amalgamation of Harrison and Minto
Islandsinto asingle“super-isand”, and assured that the Minto Channel
would remain asecondary channel for decadesto come. However, italso
established two sharp corners at the mouth of Harrison River and at the
corner of Harrison Knob, substantially increasing flow resistance and
upstream backwater, and also inducing lateral flow oscillation
downstream. The initial result of this was increased sedimentation
immediately downstream of the Harrison Knob corner at Calamity Bar
(83C), but thelonger term consequence wasthe beginning of movement
of themain channdl to theleft (see XS66). At thistime, theensuing 4 km
to Queen's Bar till remained stable. In the longer term, significant
sedimentation occurred on the upstream end of Minto Island, onwhat is
known asthemodern Harrison Bar (83A).

At Wdlington Bar, some reconfiguration of the islands occurred, with
both erosion and sedimentation. Renewed erosion on outer Yaalstrick
Islands (83D) indicates an increase in current attack in this area. The
water level inthe 1983 photosistoo high for thecausesto bediscernedin
detail, but XS44 shows a dramatic rightward shift in the deepwater
channel location. In fact, a significant chute developed through the
diagonal bar at 83E, directing flow from theleft channel branch directly
towardtheislands. AtL ower Yaal strick, high surfaceswere eroded (83F)
but therewasconti nuedsedi mentation onto bars at |ower el evation.

) 1983-1991
By 1991, anisland was well established at Foster Bar, but sediment was

added to the bar edge. Substantial sedimentation occurred on modern
Harrison Bar, so much so that the major island (91A) was consolidated
here during the decade. The massive erosion at Carey Point fed these
developments and the choke represented by the sharp river bends at the
Harrison River mouth encouraged sediment deposition. Vegetation also
prograded at the upstream end of the Minto Islands as summer channels
through the idands silted up. Calamity Bar developed significantly in
this period (91B) but the channel downstream otherwise continued to be
stablethrough the 1980s, aperiod of dominantly low floods.

Upper bar surfaces were not so frequently inundated during the decade
and significant extension of vegetation is evident on Queen's and
Whélington Bars as well. Below Wellington Bar, flow continued to
impinge on the outer Yaalstrick Islands (91C), and continued erosion

occurred at amodest rate. At Lower Yaa strick, island formation began
with the main channel passing to theleft (see X S38). Low floods during
the 1980s created the conditionsfor substantial island establishment and
extension during this period since bartop vegetation was | eft to develop
relatively undisturbed.

h) 1991-1999

During the 1990s sedimentation persisted at Harrison Bar, which had
now becomeapart of theMintosuperisland, with the channel to theright
of it. Foster Bar essentially became a part of the overall sedimentation
zone upstream of the Harrison River confluence, with upper Minto
Channd reduced to being a summer channel across the bar surface
(99A). Caamity Bar grew substantially and the flow oscillation
established by the corner at Harrison Knob made itself evident by
erosion on Minto Island opposite Calamity Bar (see XS66 for lateral
channel movement) and corresponding deposition 1 kmdownstreamina
new left-bank lateral bar (99B: known, at this writing, as Bar “N”). A
further part of thisphenomenon wastheinception of erosion a ong upper
Queen's Bar (99C) after severa decades of stability and the growth of a
lobe of sediments downstream along the edge of Queen's Bar. That, in
turn, pushed theriver left so that adeep channel formed aong the Island
22 bank (XS58) and erosion of the bank was initiated. This instability
may be expected to propagate farther downstream. The wavelength of
the transverse oscillation (measured to the downstream end of
Welington Bar) is 4.8 km, giving aratio to channel width of about 9.5
not significantly different than that observed in the Spring Bar-Hunter
Creek reach upstream, soiit is apt to represent a stable meander mode of
the river. Sometime between 1984 and 1999 significant deepening also
occurred inMintoChannel (see XS66 - 62), but there were no significant
changesin position.

At Wellington Bar the extension of the island continued, expanding the
isand area. The left channel was clearly dominant and continued to
swing across the major riffle below Wellington Bar to attack Yaalstrick
Islands (99D). However, the main channel past the Yaalstrick Islands
was now firmly established on the right hand side of the channel, so the
extensive area of sedimentation in front of Chilliwack Mountain (99E:
Webster Bar) was beginning to consolidate into a very large lateral bar.
Lower Yaalstrick Bar (99F) now formed an equally large lateral bar on
the right bank with an established island core so the channel became
markedly sinuous here aswell. However, there wasvery limited erosion
of outer channel banksduring thisperiod.

i) Summary

In subreach 7 there have been dramatic changes over the period of study,
including major sedimentation above Harrison River confluence,
repeated realignment of the main channel, and the eventual
consolidation of Mintol slandsand and HarrisonBarintoasi ngle" super-
isand”. For much of the period, the river was unusually stable between
Harrison Knob and Wellington Bar, probably because of limited bed
material passage at the mouth of Harrison River. At present, theriver is
forced into two sharp corners around Harrison Knob, created high flow
resistence and upstream backwater while, downstream, the river has
begun to oscillate with wavelength about 4.8 km another indication of
limited sediment input. However, the oscillation mobilizes material

from eroding banks as the bends devel op, so that meander-style instability
isnow developing inlower subreach 7 and subreach 6.

Whlington Bar is a persistent mid-channel feature, but there have been
repeated flow switches about it. These several realignments of the main
flow about Wellington Bar have contributed to continuing instability inthe
Yaalstrick Island - Chilliwack Mountain area (upper subreach 5), which
includes persistent direct attack on the Yaalstrick 1slandsin recent decades.
However, the outer banks of the river, now extensively riprapped, have
remained relatively stable in most places since 1949. In the most recent
decade, lateral bar devel opmentsin subreach 5 havea so establisheda5km
meander scale, but the current morphology isone-half cycle out of phase
with that upstream. This circumstance, and further development of the
transverse oscillations, promise continued instability in subreaches 5

and 6.
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Reaches 1- 4 (Vedder River to Mission Old
Bridge)

In these reaches the river undergoes the transition from multi-
thread, gravel-bed channel to dominantly single-thread, sand bed
channel. The channel-pattern transition occurs near the mouth of
Nicomen Slough (river km 97), but gravel persists in the bed
sediments into the upstream limb of Matsqui Bend (km 90). It is
possible that over the course of the 20" century, there has been
downstream progradation of thegravel wedge.

a)1912-1928

Theriver in 1912 appearsto havehad the same general alignment as
today with the main exceptionsthat therewasa substantially larger
reentrant at the mouth of Vedder (Chilliwack) River and that the
main channel occupied the area known today as Strawberry Island.
Between 1912 and 1928 significant sedimentation occurred in both
these areas, with compensating erosion on the opposite bank of the
river. At the mouth of Vedder River, in subreach 4, sedimentation
over an areaof 88 hadisplaced thetributary mouth downstream by
1km (28A), whilst erosion of up to 600 m occurred aong a3.9 km
stretch on Nicomen Island (28B) (115 ha lost). Five kilometres
downstream, at the mouth of Nicomen Slough, bar sedimentation
created the foundation for Strawberry Island (28C) whilst, on the
opposite bank, erosion of up to 450 m occurred along 3.75 km of
floodplain in front of Sumas Mountain (28D; 59 ha). Much of the
materia at Strawberry Island probably came from area B. These
processes represent the intrusion of fine gravel into subreaches 3
and 4 and appear to represent fresh disturbance. Farther
downstream, there was erosion on the left bank on both limbs of
Matsqui Bend, amounting to bank lineretreat of upto 100 min the
period, and minor erosion on the right bank in subreach 1.
Otherwise, subreaches 1 and 2 were stable, implying that material
eroded from area D was either distributed over the bed of theriver
or wasevacuated fromthereach. It likely waslargely sand. Inthese
reaches the river has a dominantly sand bed and sand banks with
significant vegetative reinforcement. At Mission, the railway
bridge had been in placesincethe end of the 19" century with strong
bank reinforcement holding theriver in position.

b) 1928 - 1940

Between 1928 and 1940, minor erosion occurred of the recently
deposited sediment body at the mouth of Vedder River, but there
continued to be erosion, averaging about 100 m along a2 km front,
on the right bank opposite (40A) as mid-channel gravel bars grew
downstreaminto thereach from Yaal strick Islands. On the opposite
bank (40B), minor erosion occurred on the upstream limb of the
remaining floodplain remnant in front of Sumas Mountain. In
subreach 3, Strawberry Idand became well-established with
immature vegetation extending over a growing area and a bar
beginning to extend upstream. Minor erosion (less than 50 m)
occurred on the upstream limb of Matsqui Bend (40C), aswould be

expected for this position on a regular river bend. Otherwise,
subreaches1 and 2 remained stable.

) 1940- 1949
From 1940 to 1949, the channel shows remarkably little change

despite the passage of the very large 1948 flood. No significant
erosion is observed along outer channel banks or established
islands. The main changes appear to be new sandy bar deposits at
and near the mouth of Vedder River (49A) and downstream of the
formerly eroded floodplain along the front of Sumas Mountain
(49B). These deposits may have existed at the time of the 1940
photography but higher water levels on that date preclude
confirmation. A large bar wasby now fully formed ontheupstream
end of Strawberry |sland and extended into the back channel (49C).
The downstream portion of the backchannel carried Nicomen
Slough drainage to the main river, asit does today, whilst sand bar
growth occurredinthe downstream|eeof theisland.

d) 1949- 1962

The 1962 map reveas only minor changes in the reach, with
changes in detail of bars at the mouth of Vedder River, minor
erosion at some pointsalong Nicomen Island, further consolidation
of Strawberry Island, and some erosion on the upstream limb near
the apex of Matsqui Bend (see XS8 and 10). The channel behind
Strawberry Island has been reduced to a summer channel. Stageis
higher in the 1962 photomap than in 1949, and bar features are
partly hidden.

€) 1962- 1971
The 1971mapi sagai nal owstagemapandmanyofthebarfeatures

arerevealed to be surprisingly unchanged from 1949 (see features
at 71A and B). However, anewly devel oped bar appearsfor thefirst
time in the channel opposite the downstream end of Sumas
Mountain in subreach 2 (71C). XS14 revedls the feature to have
been present, however, since before 1952 and not to be devel oping
rapidly. Minor erosionis evident on the apex of Matsqui Bend but,
by thisdate, thebend was protected by riprap.

) 1971-1983

Stage is high in the 1983 photos and details of the relatively low
bars are hidden. The only notable shoreline change occurred
immediately upstream from the mouth of Vedder River, where an
erosional “scallop” developed in the shoreline (83A). This oddly
shaped development must be the consequence of offshore bar
devel opment (hidden from view) producing eddying flow along the
shoreline. Minor erosion occurred again in front of Sumas
Mountain (see XS20), which isrock-defended at the upstream end.
Strawberry Island was, by this date, effectively amalgamated into
Nicomen Island. The channel remained relatively stable in this
period despitethe occurrence of twomaj or floods.
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g) Post - 1983

The 1991 map, again, reveals few details of bar deposits. By this
date, however, there were extensive low bar deposits as far
downstream as the mouth of Vedder River (see XS30-34) and
continued erosion occurred near Vedder mouth (91A; well
illustrated by XS32). Farther down-stream, an offshore bar
appeared opposite the upstream limb of Matsqui Bend, extending
downstream into the apex of the bend near the right bank. XS10
reveals thisto be a new feature building significantly before 1984
anda1979Iow flow photograph showsan extensive sand dunefield
exposed in thislocation. Therewaslimited further change to 1999,
with minor erosion near the mouth of Vedder River and an apparent
extension of sedimentation in Matsqui Bend. The growth of the bar
in Matsqui Bend has dramatically narrowed and deepened the
channel here (see, especially X S10), moving the deep water toward
the inside of the bend even at the bend apex (XS8). In response,
small rotational failures have occurred on the left bank (see inset
figureon 1999 photomap). These devel opmentsmay portend future
stability problemsat thebend. Thegeneral stability of subreach1is
evident by X S2-6.

h) Summary

The most significant changes in this reach of the river occurred
before 1950. Since then, bank protection has played some role in
the stabilization of the channel. Erosion and sedimentation appear
tohavebeenincreasingly limited to bar featureswithin the channel.
The most notable feature of that devel opment was the appearance
of mid-channel barsin the upstream limb of Matsqui Bend. These
are sandy gravel or gravelly sand deposits of the gravel/sand
transition. Their appearance may signify downstream progression,
by as much as 5 km, of the gravel limit during the 20" century.
Restriction of sedimentation to the current channel zone has also
encouraged compensating erosion in the thalweg (XS 8, 10, 12)
which threatens to undermine the left bank at Matsqui Bend.
Indeed, local slumping of the bank hasbeen experienced hereinthe
late 1990s.
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Talwegand longprofile

The “talweg” (also 'thalweg’) of ariver channel is the path of the
deepest part of the channel. Because of bed undulations associated
with the bars, it is not a continuous line in the gravel bed reach.
However, with some generalization, acontinuous path of deep water
can be drawn satisfactorily. The talweg is shown in Figure 4 for the
threedatesof riverbed survey.

Upstream of mid-Herrling Island (upper subreach 11) the talweg
position has been essentially constant, except for minor movement at
Peters Idland, for half a century. This appearance emphasizes the
tendency for degradation and channel stabilization in this reach --
gravel input to the reach is passed through or, at least, exchanged
with an equivalent amount of gravel entrained localy, so no
significant, new, channel-deflecting accumulations of gravel have
developed within the period of the surveys. Despite the appearance
of channel switching about Spring Island, the talweg has remained
consistently in the left branch so that the regular meander
represented by the right branch is not yet fully expressed. A reason
for thismay be heavy bed armouring with the coarsest, least mobile
gravel in this degrading reach, leaving the river with limited
capability to scour deeply. A steeprifflein theentrance of thebendis
direct evidencefor this.

Again, in subreaches 1-4 there have been only minor changesin the
talweg position over half acentury, chiefly at Strawberry Island and
in the apex of Matsqui Bend. This reach lies near and beyond the
limit of significant gravel transport and deposition, while the river
remains competent to transport sand. There has been very little
lateral instability inthisreach either, so that the stability of thetalweg
isconsistent with planform stability.

Subreaches 5-11 represent the reaches in which the main gravel
deposition has occurred during the second half of the 20" century,
and they have experienced dramatic lateral instability. Notable
maxima of transverse shifting arelocated at Big Bar, Hamilton Bar,
Gill Iand, Carey Bar, Harrison Bar, Wellington Bar and Yaal strick
Islands. These are the places where significant changes have been
described in the foregoing text. Interestingly, a quasi-regular
meander pattern between Agassiz and Harrison River has reversed
phase in the period, so that the 1999 channel is in anti-phase with
respect to the 1952 channel.

Between Harrison Bar and Queen's Bar, the channd was
anomalously stable (for this reach) during the period. That probably
is because the river has remained hard against Harrison Knob
throughout the period, and because areduced bed material load has
been transported past Harrison River mouth. Downstream from
Wellington Bar, the channel has shifted irregularly, though it has
remained on theleft side of the channel past Yaalstrick Ilands.

The long profile of the riverbed is conventionally the variation in
river bed elevation along the talweg. Figure5 (next page) showslong
profilesfor thethree survey dates. The sharplow pointsintheprofile
represent deeply scoured pools aong the channel. Most of these are
located on the outside of sharp bends where the current isforced to
“turnover” against abank. Near the upstream and downstream limits
of the reach, pools have been stable, at least in location, over the 50-
year period. However, in theintervening, unstable reach of theriver,
poolshavefilled, sometothe point of being replaced by riffles, inthe
period. This observation is consistent with the unstable, aggrading
character of the midreach of theriver.

A discernable trend over the period is that pools are becoming
shallower, except that there is little change in the upstream stable
pools. Correspondingly, riffles have been becoming higher, aswell
(Figureb). Bothfeaturesare consistent with aggradationin thereach.
Asareach-wide average, the aggradationamountsto40 cmover the
period 1952-1999 (Church, Ham and Weatherly, 2001), but material
in fact accumulateslocaly, chiefly onriffles and bar surfaces, some
of which havebeen persistent, and some of which have changed over
theperiod.

Talweg profiles from bathymetry

N 1999 survey

1984 survey

N 1952 survey

Mote: background map interpreted
from 1999 aerial photography
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Figure4: Taweg profiles for 1952, 1984 and 1999 from bathymetric data.
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Bedmaterial grainsize

Theriver depositsits gravel sediment load between Herrling Island
and Sumas Mountain, and this is the fundamental reason for long-
term aggradation in thereach. On adepositional gradient, the largest
and, therefore, comparatively the least mobile material is deposited
first. Hence, we expect bed material sizeto belarger at the upper end
of thereach than at thelower end. Thiscomparisonmaybecomemore
pronounced if degradation occurs (asit has) at the upper end of the
reach since the finer part of the material deposited there is
preferentially re-entrained andmovedfarther downstream.
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that have deposited by 1999 (the approximate location of several prominent poolsis also given). The smooth line above the
bed profile corresponds to the water surface profile (~7000 m’/s) in 1999 and is shown for reference.

In gravel-bed rivers, we also expect some differences to appear
between the material exposed on the surface to the full force of the
flow, and material under the surface, into which sand has infiltrated
through the pore spaces in the gravel. Hence, separate sampling is
conducted for surface and subsurface material. Finaly, it is clear to
anyone who looks that there is large variation in the texture of the
river deposits within the confines of a single bar. That is because
currents, and the movement of sediment over thebar are madehighly
variable by thefact of the pre-existing topography of thebar. So there
islargelocal variationinsediment size, typically asgreat asthetotal
variationinthemean grainsizeright through thereach.

Our sampling has been restricted to bar top and bar edge surfaces
since the deep channel of the river, always under flowing water,
remainsinaccessibleunlessvery elaborate and expensive procedures
areundertaken. At any individual location, thereis also awiderange
of grain sizes present. The range of sizes at a sampling location is
recorded as adistribution of sizes. Indicesof grain size are extracted
from the distribution in the form of grain size “percentiles’, for
example the median size (the size than which 50% of the grainsis
finer).

Figure6 (next page) showsthedistribution of surface grainsizedown
thereach. In particular, the median size (D,) and the Dy, Size, thesize
than which 90% of the grainsisfiner, are graphed. The D, Sizeisan
index of thelargest sizespresent. Thelarge scatter of data reflectsthe
bar-scalevariability mentioned above. Nonethel ess, there are evident
downstream fining trends in both sizes, reflecting the depositional
gradient of gravel alongtheriver.

Subsurface material is displayed in Figure 7. Both D, and D, are
finer than their surface counterparts. The subsurface material is
considered to reflect the grain size distribution of the material being
transported along the river, the surface representing a winnowed
subset of the full range of sizes. The subsurface plots show less|ocal
variability than the surface plotsand thedownstreamfining trendsare
Clear.

Thefraction of subsurface sediment that isfiner than 2 mm, thesand
fraction, isdisplayedinFigure8. It risesslowly downstream asthere
is less and less gravel remaining in the sediment load. It finaly
increases abruptly near km 100 where the bed undergoes atransition
from being dominantly gravel to being dominantly sand.

The data displayed in these plots have been collected over aperiod
of about 20 years but, since bed sediment is moved onward only
dowly, it is not expected that changes would be detected within 50,
or even 100, years, in comparison with the large local variability.
An exception to this statement is the possibility to detect the
progression of gravel into the sand reach at the downstream limit
of the gravel, but 20 years of sampling is too short a period even
for this.



160

* DB ® D50 —— DB0trend —— D50 trand

140

120

100

ao

Grain size (mm)

60

40

20

- .
" L L]
—
y = 1.0565x - 00.458 . e
L | ]
R® = 0.3357 Lo % o
* = s @ ¥ - “_'_H!-"ff
- -
. * . e
» . 'Hi--. L] “ L
* &
b * * sdn, » .
) ::f”ﬂ "
. . — + 4 m o i
* [P N L e
d‘"'j:-/ & '!ll = 2 . :‘ = — g
ﬂ_ﬂ_,ﬂ-’ L4 i . e . [ ]
- R S I = -
,H-f"’f .,".“.,. ‘; . Ty R m Mee y = 06816k - 40,045
- R S - 0361
i ____‘.____;__ - ks < 1.. [T £ [ A 0.3612
- ~ " .
= -
1
n
100 110 120 130 140 150

Distance from Sand Heads (km)

Figure 6: Fraser River surface grain size (mm) versus distance upriver (km).

160

Data collected in 1983/84 and 2000.

+ [Dan m DE} —— DBDtrend —— DOG&D trend

140

120

100

&4

Grain size (mm)

ED

40

20

B0

Figure7:

= 1.1846x - 88182
R* = 0.5013

% = ___——nL-_._ . . y = 0.3532% - 26,351
e & . R* = 0536
L ] -

aa 100 110 120 130 140 150

Distance from Sand Heads (km)

Fraser River subsurface grain size (mm) versus distance upriver (km).

160

160

100

|
|
|
20 |
[ * SBand fraction (2000) " Sand fraction {13834)
2000 - trand 188384 - trand
&0 E‘. I
gl
& |
E |
o
— |
€ |
E
E &0 !
o ¥ = SE+07x 68
E r
2 R® = 0.5380
= L0
-
£
=
E 40 |
g I N
| i *
a0 A .
| -
EI N }-l',_h_ " n LI
2" T e R A0 A* = 0.1369
20 i | [ [ L e L 2 . _———______¢
g AT L Iy T
-y LI s
10 |
|
|
o 1
&0 L) 100 110 120 130 140 150

Distance from Sand Heads (km)

Figure 8: Fraser River subsurface sand fraction (%) versus distance upriver (km).

Refer ences

1913 Map of New Westminster District. Compiled and drawn by D.R. Harris, CEPLS;
revisedin 1912 by Elliott & Hewett Land Surveyors. Issued by London & British North
AmericaCo. Ltd. at theDepartment of Agriculture.

* Church,M., Rempel,L. and Rice,S. 2000. Morphological and habitat classification of the
Lower Fraser River gravel-bed reach. Report to the Fraser Basin Council: 77pp.

* Church,M., Ham,D. and Wesatherly,H. 2001. Gravel management in lower Fraser River.
Report tothe City of Chilliwack: 110pp.

* Church,M. and Westherly,H. 1998. Historical changes of Minto Channel during the
Twentieth Century. Report preparedfor the City of Chilliwack: 19pp. + 19figs.

Dedoges,JR. and M.Church. 1989. Wandering gravel-bed rivers: Canadian landform
examples. The Canadian Geographer 33: 360-364.

North, M.E.A., Dunn, M.W. and Teversham, J.M. (1979). Vegetation of the Southwestern
Fraser Lowland, 1958-1880.M apat1:50,000.CanadaDept. Supply and Services.

* availableat http://www.geog.ubc.calfraserriver

y = -01402x + 30.578

55



