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Abstract:

The Clayburn Creek watershed, Abbotsford, Britighu@hbia has undergone numerous changes
in the recent past. These changes have dramwticaetbased the number of high water flow
events. High flow events on this fish bearingatneare causing increased erosion along the
stream channel increasing the sediment load odtleam. These events can be correlated to
increasing development and population growth upstré'om Clayburn Village within the
Clayburn Creek watershed. Mapping of the streammssowith a Trimble GPS along with the
plotting of numerous cross sections across tharstiehannel will allow the researchers to
determine if any changes are occurring within tineasn channel in the future. Measurement of
precipitation and stream turbidity values will aléhe monitoring of rainfall events and their
impact on the watershed. With developments bexpgeded and new developments being
planned for upstream locations it is necessarytmohent the present state of the watershed and
to collect baseline data. This knowledge if useddsist in the implementation of effective
mitigation practices may alleviate future flood eigefrom impacting historic Clayburn Village.
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1.0 Introduction

Development surrounding the Clayburn Creek water$tas quickened the response rate
of the creek from precipitation events, increaseddediment loading in the stream and
increased the discharge rates within the watereoditsere is evidence of flooding, erosion and
deposition within th hannel li kely related tormslng development pressures within the

A watershed. Residential, commercial

and heritage properties within the
village have been affected by these
changes to the stream. The research
that has been gathered at Clayburn
Creek prior to six new development
sites should influence the social policy
relating to the human need of
responsible development. Residential
developments within a watershed need
to be examined in the context of flood
mitigation, this data will help
influence the variance / set back
distances required for future
development within an urban setting

Figure 1. Clayburn Creek flooding residential areaof adjacent to a watercourse. This will
Clayburn Village on January 10, 2007.




help to develop methods of residential developrttgitare more sustainable to the ecosytem
which in turn will help reduce the risk to humanlfaee by mitigating flood events within a
residential area. This report has been preparetthéoUniversity College of the Fraser Valley,
specifically with regard to social policy proposat the Ministry of Environment - Intergrated
Flood Hazard Management. This report discussesttimnaissance of the surrounding riparian
zone and watercourse of Clayburn Creek beginnirigarsummer of 2007. This fish bearing
creek runs adjacent to agricultural lands, resideateas, institutional facilities and other
common areas such as roads, bridges, and constrnoctéside watercourses. The historic use in
the surrounding lands is varied, however; notablde significant past environmental damage
done by the historic Clayburn Brick Company. Feho# areas within the village are visible
where the burners once were and presently contataminated soil. Fortunately, the area has
also maintained some natural beauty in stretchesagm from Clayburn Village. Downstream
there is evidence of urbanization and its assatiaggative effects. What happens within the
section of Clayburn Creek surrounded by Claybuifaye will be better understood by mapping
and analyzing field data. This will be accompldiieom examining the creek from the
schoolhouse location and upstream to the areaathatot yet as heavily impacted. Research is
needed prior to more changes taking place. Thelalewvents that are taking place should utilize
stream setbacks that are able to mitigate the féy@ahts experienced by residential
developments.

2.0 Background
Clayburn Creek located in southwest British Coluerfildws through the village of
Clayburn. The headwaters of Clayburn Creek aratémtabove the village near the Auguston
development which is currently undergoing phas€Ryburn village is in a low lying
floodplain near the Fraser River. According todesits, during the great flood event in mid
1948, Clayburn Village, the first company town intBh Columbia, was fortunate enough to be
missed by the rising waters of the Fraser. Thegmehas not seen high water levels from the
Fraser River but has seen a substantial mcreaﬂ;ectbarge and turbidity from development
upstream. Madeline Hardin, : : e F 1 ! \
President of the Clayburn Village ¥+
Society, in August of 2007 &
expressed her concerns to Stevel g
Marsh of the University College e
of the Fraser Valley Geography &
Department of the increased flooc
events during the fall and winter
of 2006/2007.

The City of Abbotsford surrounds
Clayburn Creek which is nestled
between the Cascade mountain
range in the east, the Coast
Mountains in the north and Moun
Baker to the south. The

Source: http://gsc.nrcan.gc.ca/urbgeo/geomapvagésispace_600e.gif
Headwaters of the creek are Figure 2. Clayburn Creek is surrounded by mountairs within the
located on the western slope of  Fraser Valley



Sumas Mountain. Eventually draining into the Fr&ger, Clayburn creek has many tributaries
and flows through natural landscapes, urbanizeasaaad agricultural areas. The lower reaches
are being altered by erosion and deposition in namags due to increased flows. The response
rate of rain events entering the creek is quickgmimd there is an increase to the sediment
loading of the creek waters. This quicker respaoaseis likely due to development and also
possibly climate change or variability of climateesidential flooding has happened on 5
occasions in the previous 3 years within Claybuiltaye.
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Watersheds of ) & 1y g ool !;“\: Legend

Abbotsford (L.~ b Gt} o remsam Within the village is an

* Sub-watersheds

L T SR T e assortment of small home based
. NS ' S businesses and cottage

" : industries. The heritage
schoolhouse was flooded
recently and experienced
extensive damage. A loss of
revenue from rentals of the
schoolhouse and the basement
suite in the building is one of
the negative impacts that the
increased flooding have caused.
There have been two restoration
projects of the schoolhouse
partially funded by the
provincial and municipal
governments that have taken
place in the last decade.

| | e
Source: www.fraservalleyconservancy.ca/watershed.h
Figure 3. The Clayburn Watershed, part of the largr Georgia
Basin, drains the western slope of Sumas Mountain.

3.0Methodology

A stream habitat walk is a simple and useful apghoa observing, identifying and
analyzing the surrounding areas of a stream'’s aghithich allows for proper assessment of the
environment and collection of associated data.s Tethod, otherwise known as StreamWalk; is
utilized within the EPA protocol as a screeningd tooobserve ‘first hand’ issues regarding the
stream’s health. This method is less costly tithergprocedures as it is routinely performed
mainly through volunteer efforts and requires mialitnaining and basic equipment. While the
Stream Habitat Walk is primarily used to promotélpuawareness and encourage local
volunteers to get involved rather than for scieniihportance; the method is valuable for
programs and environmental stewardship groupsdsted not only in water quality, but also in
stream habitat and surrounding eco-systems. Addillip, accessibility and low cost allows for
continued monitoring and observation of changestriam habitat and physical characteristics;
therefore providing comparable data that could bewarious user groups; such as
environmental, government officials, and developers

Preparation was mainly completed within the ¢la@s environment, over the previous
four years, including lectures and notes on thécbastruments and procedures to follow while
collecting field data. On site education was aswiority. The EPA website was referenced
with regard to river and stream monitoring, bioesssnent protocols, habitat assessment and



physical characteristics pertaining to water gyalifurbidity was discussed in previous
education including previous field experience.

Site monitoring is important to any study of wadeality to develop a baseline data
schematic. A baseline is important to documenhgka that may be occurring over time that
would not normally be discovered without formalalabllection. Decisions concerning the
watershed management should not be made withoalif@aslata to provide evidence to support
any decisions made. Evidence of impacts and clsashigeumented within the studies allow for
better judgment and evaluation by community offcta better manage the watershed. Many
levels of government, fish, stream and park prataagroups, stewardship groups and others
with specific interest to the site use data fromrionitoring of streams. Different requirements
and interest groups require different fields ofadatth different levels of quality assurance to
feasibly use the data collected. Users of the daltacted can be for a number of potential
purposes. These needs must be accessed pridlection to ensure the validity of the data to
the multi purpose groups. Various purposes of dalfaction include: stream protection,
screening and zoning of the lands surrounding thershed. Parameters, or objectives of the
study must be properly determined prior to thet sththe study to ensure quality and
consistency problems will be alleviated. A specgfoal based approach is necessary for the data
to be valuable and useful. Data quality needstexamined during the discussion of
parameters to determine the level of quality needéds is examined in five different ways
including: accuracy, precision, completeness,esgmtativeness and comparability (EPA,
accessed Oct., 2007).

Sampling considerations involved methods that showdlude: how the samples are
collected, which sampling equipment will be used; preparation that would be needed,
protocols to be followed and whether samples vélbinalyzed in the field or transported to a
lab. Reasons for specific monitoring sites chasest be included within the study parameters.
Criteria for site assessment includes represeetatiss, ease of identification on a map, water
flow conditions throughout the year, convenience p@armission for access and inflows of
tributaries and runoff from structures. A samplprggram should be similar in time of day and
season for best results. Coordination of the aetaagement and presentation should be
developed with a plan to interpret, adapt, stockraanipulate within a data base. Quality
assurance must be addressed to insure to cregditilihe data collected. By adhering to the
program and ensuring the training is consistertibility of the data collection is maintained.
“Only if the same location is consistently samptash temporal changes in the water quality be
interpreted with confidence. Therefore, accurataiyten station location descriptions (that
identify key landmarks and give the site a simpld anambiguous name) must be prepared on
the first visit to every sampling site. All fieldeasurements should be entered directly into the
field logbook while in the field” (EPA website, FeeSampling Manual, pg. 4).

The study of Clayburn Creek began with concerraafd events within the historic
village. The objective was to map the longitudé¢haf stream and document the creek and
surrounding riparian zone characteristics. Num&koss sections were completed after the
initial stream data. After hiking the creek a nianbf times taking pictures assessing the stream
for signs of erosion and deposition and attenditrgiaing session on the Trimble GPS Unit, the
collection of the data, water samples and oth@rmaétion on this partially developed area
surrounding the creek was begun. Water samplingjddoidity was done with a handheld
LaMotte 2020 meter. Calibration of the unit wasi@@rior to the start of each collection date
with a 1.0 NTU standard. Recalibration in thedielas done if necessary. Samples were taken



in flowing water from the stream bank with the Lafi¢osupplied glass containers fully
submerged and emptied prior to each sample. Armsttgank sample was used as the most
important issue regarding sampling is the sampkateéty (EPA website, Field Sampling
Manual, pg. 19). The water samples were obtaiyefdlimg a container held just beneath the
surface of the water, “commonly referred to aspaattigrab sample” (EPA website, Field
Sampling Manual, pg. 12). Immediate analysis whth Lamotte avoided settlement concern.
The majority of samples collected from streams r@wvets in British Columbia are grab samples
taken near the surface at one point in the cradsoseof the flow (EPA website, Field Sampling
Manual, pg. 18). The researchers while taking $asngnd collecting data were given the
opportunity to discuss stream issues with someleess of Clayburn Village. On many
occasions first hand accounts from the residemtisithd been affected by, or had witnessed the
changes in the creek flows in the recent past weted.

. Throughout the fall 2007 and winter of 2008 meaments of the stream and weather
data was collected. Detailed cross sections wargded of the mapped area as were water
samples for Turbidity at six sites. Sites werestd on the basis of being representative of the
reach in question and for allowing ease of acc8&dow is a map indicating all sites sampled
from Clayburn Creek.

Site one is behind the historic schoolhouse on W i&jreet. The basement of the
building has flooded on three occasions in the paat. Oral reports from numerous residents
- T have indicated
A sy that this is a new
event in the
history of the
schoolhouse.

The basement
was previously
rented out to
offset the
maintenance and
operation of the
heritage site.

Site two
is upstream from
the schoolhouse,
still on Wright
St., with easy
access at a small
bridge, with
minimal
trespassing on
privately owned
lands. The water
. _ . _ . samples were

Figure 3. Sampling locations surrounding ClayburnVillage. taken between
the bridge and
tree on the right bank of the creek Site thrdariher east on Clayburn Rd. where the creek
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crosses under and the road splits into an uppeloavet direction. Near the downstream culvert
opening where the City of Abbotsford has installedater flow meter and depth measurement
equipment samples were obtained.

Site four and five are further along on either afléhe bridge crossing over the creek at
the development site adjacent to Summit Bible @eallen the lower road. Site four is
downstream of the bridge on the left bank betweerbtidge and the protective metal gas
pipeline enclosure. Site five is upstream of thdde on the left bank on the rocks near the
sidewall of the culvert structure.

Site six is ~ 5 km further along the lower road @asing in elevation and decreasing
population density. An information sign statesgPaint Creek. At the foot of the pedestrian
bridge, before it crosses over Poignant Creeksémeple was taken from the banks edge
following the path on the downstream right bankigtnt to the waters edge.

Samples were taken from site one and two becauge afynamic changes happening in
flood events within the village core. The floodeets described by Madeline Hardin indicated
that they had been localized to the schoolhougeshiarch across from the schoolhouse and
residential homes within the village core adjaderthe creek. Site three is outside the core
village area and is occupied by various usersutioly commercial, low density residential,
recreational and small home based businesses.lolhidensity developed area is downstream
from a parcel that has been rezoned and is cuyrsiatied for mid density strata development.
Information before the development project startisnportant to understand and document the
changes that may come about because of the devehdpm

Sites four and five are at the foothills of thegreed development therefore requiring
documentation during the process to note any iseethat may arise due to increased runoff
and disturbed substrate materials from construaetidhe surrounding floodplain. Documented
land instability of the slopes on the right bankswdgscussed prior to sampling site selection.
Site six is a tributary of Clayburn Creek and flolwgher in elevation and in more natural
landscapes that are lightly tread upon but aresatigr used for recreational purposes. Users of
the area are resident, visitor and animals pets ascanines. This area has been less affected
by human activity than most inhabited areas withenFraser Valley. A standard stadia rod was
used to collect depth data within the creek itsdleasurements were taken to 2 significant
figures in meters. A Clinometer was used to caleuthe bank slope and the gradient of the
creek. Temperature was takerf@elsius of the water and air with a standard theneter read
at a minimum of 3 minutes. A standardized tapesmesmawas read in meters to measure the
width of the creek at various points, including tedtbank and bank full. Wetted bank is
calculated at the extent the water flow reachdaps the bank. Bank full measurements were
taken where the water has reached and the vegetatjast beginning to take root.

A Hobo Weather Station was set up in a residerdtkpard as it was an ideal location in
the heart of Clayburn Village. Theft and vandalisere minimized by location but yet it was
accessible and indicative of the microclimatic dtinds found within the village. The main
weather station is located at the Abbotsford Aitpanich may not be close enough to
extrapolate for use within Clayburn Village with aluaccuracy. Sensors in the weather station
measured: Relative Humidity (%), Temperatd@)( Precipitation (mm), Air Pressure (K
Pascal’'s), and Dew Poirft§). These values were measured during October @0@3 and
including January 2008.



4.0 Data Presentation

Precipitation measured at Clayburn Weather Station
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Figure 4. Daily precipitation amounts for Novemberand December 2007.

Table 1. Turbidity (NTU'S)

Date Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Oct.15, 2007 2.4 1.3 1.5 1.2 0.95 1
Oct.19, 2007 17 17 18 17 18 8.2
Oct.22, 2007 40 45 34 32 31 16
Nov.14, 2007 2 1.8 2.1 2.2 1.8 1.4
Nov.16, 2007 9.2 7.7 6.7 6.8 6.7 3.4
Nov.19, 2007 1.5 1.3 1.1 1 1.1 0.85
Dec.03, 2007 1000 190 150 - - -
Dec.04, 2007 22 21 21 21 21 13
Dec.05, 2007 - 30 21 - - -
Jan.11, 2008 27 26 22 23 22 19
Jan.14, 2008 55 60 65 60 60 39
Jan. 24, 2008 2.6 2.4 - - - -



5.0 Discussion
The discussion that follows includes: physical elageristics of the stream and stream
bank, biological properties and habitat assessnientsth high and low gradient streams.
Further to this are the examination of SHIM datheoted of the watercourse and riparian zone.
The stream channel was found to have little sutestampaction and was comprised of
sand and other fine sediment deposition. Thisfremgient in the village core. Fine sands and
other particles made up a great percentage ofithenel bed decreasmg the stablllty Gravels
and cobbles show evidence of being carried FER W g
downstream and deposited. Rip Rap lined
various points along the banks with a few
boulders scattered within the stream.

also been documented to have been transferf*™
downstream by high water flows. This area of;
the stream course is not in equilibrium as
shown by the erosion and depositional chang™
that are occurring. Bank stability is a key iSS|a=55
due to increased erosion from increased runc. . e«
and intensity of water flows. Sloughing of =~
bank materials is evident within much of the ‘&
stream channel. The yeQet&.lt'on along the Figure 5. Usual flow conditions illustrating

banks are not conducive to increased bank erosion and mitigatior along the chantel.

stability as they are predominantly shallow root

systems including invasive plants such as blackbery and other non native plants. Slide

scars are present in areas upstream from Claybillag®. Numerous slides have allowed

eroded materials to enter the stream including redtees, boulders and fine grained material
such as sand and clay.

Prior to the city dredging in September 2007 thenctel had a substantial amount of
cobble sized material that had been deposited fn@wious high flows. This material raised the
channel bed by more than a meter in some areaspl€bwith an increase in water discharge

N “7Z this enabled the creek to flood its banks more
frequently. After dredging was completed the
channel is deeper and wider allowing for the
increased flows to travel through the channel
without spilling over its banks onto residential
property. Although this is the hope it is still
weather dependant as heavy rainfall increases the
sediment deposition within the channel. Aiding
in the efforts of restoration, the City of
Abbotsford is protecting the banks of the creek
with burlap, rip rap, sandbags and other
modifications. Some areas have been dredged in
an attempt to control the flooding experienced
Figure 6. In channel deposition of cobble within the village core. Unfortunately much of
material within the Village reach of Clayburn the burlap is already being torn away from the

banks by high flows. Turbidity is a key issue as




Clayburn Creek is a fish bearing stream.
is a spawning habitat for salmon and is _
inhabited by resident fish species such as s
trout. Many other aquatic animals require §
this habitat in equilibrium to flourish.
Increases in Turbidity will decrease
dissolved oxygen, increase temperature
and damage breeding grounds by
depositing a layer of silt cutting off
oxygen. After short intense rainfalls the
water quickly turns brown and increases i
depth. After repeated days of heavy
precipitation the creek is over its wetted
bank depth and has measured values of
turbidity upwards of 200 NTU’sNormal
turbidity values within Clayburn Creek Figure 7. Same portion of channel as in Figure 6,
have been measured to be in the range ofiflustrating the dredging done by the City of Abbosford in
— 2 NTU’s. After intense rainfall and fall 2007.
flooding the creek leaves behind sediment
on the flood plain in the residential areas astiterats. Clean up of this is costly, and is the
resident’s responsibility. Clean up of the seditream be a repeated occurrence during the wet
season. Some home owners have spent a greatfaeahey trying to mitigate the flood events
at their property using boulders, raising elevatewels of their property and increasing
vegetation cover. During normal flow conditionssievident how much erosion occurs within
this creek. Attempts at restoration are clear Withmodifications visible to the naked eye.
Mitigation has been attempted in many areas ottiamnel. Some have remained helpful while
others have been destroyed by high flows. Seweeals of the creek are crossed by gas piping
contained within protective metal casings. Manyhaf metal casings are dented and damaged
from debris that is carried by
high flows. Material such as
mature trees are easily picked up
; 7 . ‘ - and carried downstream
g SaE ) e - damaging banks, the channel bed
O ERRN Ay o : . . .

, ! - and gas lines adjacent to vehicle
bridges crossing the creek. Some
residents have water lines and
personal bridges that cross the
creek that may be in danger of
damage from high water flows.

Rainfall was collected
within the village commencing
October 2007. In November
Clayburn Village experienced 19
out of 30 days with precipitation.
There were 3 days where values
over 10mm per day were measured. During the moinfrecember precipitation was measured

Figure 8. Debris damaged gas line that crosses thhannel at the
Wriaht Street bridae in Clavburn Village .



on 22 days. Values over 10 mm were measured dnh@ alays with the'3measuring 56 mm
and the 4 measuring almost 36 mm. Both months experiencaayrdays of precipitation only
exaggerating the effects of increased imperviougmses and increased flows of Clayburn
Creek. Concerns regarding future development @ndhpact on this heritage area and creek are
numerous at present. Future development is beéargmed for the Auguston and the Sandyhill
areas. Both of these are located within higheratiens of the tributaries to Clayburn Creek and
will likely impact the area greatly by removing uedl cover, and increasing the amount of
impermeable surfaces in the watershed. This leabgher floods and more frequent floods
with a greater potential for higher turbidity iretetream, higher temperature of the water within
the creek and greater concentration of other @oilgtentering channel.

Flooding is becoming more frequent and has not laegmmon occurrence prior to the
past few years. Flooding is also happening intlona that have not seen flooding previously.
The response rate to precipitation events mayssefeng. Within an hour of a short intense
rainfall event the creek is rising and turbiditynsreasing dramatically. Damage has been noted
on several occasions in residential and heritags #iat have not fallen victim to floods in the
past. Obstructions have been found to be frequihin the channel as the high flows carry
debris downstream and lodge it into other ripaviegetation or man made obstructions such as a
collapsed bridge located upstream from the Villaghis is a potential concern for the residents
downstream. There is a possibility that the olzsion will dislodge and cause a large debris
flow. This particular footbridge fell due to erosiand undercutting of its’ left bank. If this
stream was in equilibrium a collapse of the barnk lamdge would not have happened by these
forces. Future development is extensive and wigespthroughout the higher elevations of
Clayburn Creek watershed. There are 6 areas otarhayh density residential areas that will
directly impact the lower reaches. Increased rypaoilution and erosion from construction are
imminent. Mitigation attempts include detentiommgde and sediment berms to decrease response
rate and sediment entering the creek. Currertéy/Qity is in negotiations with developers with
regard to further protection from increased ruriiafin impervious surfaces, construction and
removal of vegetative cover.

Clayburn Creek contributes significantly to thedtiarge of Willband Creek downstream
from Clayburn Village (Dayton & Knight Ltd., Claybm Creek Drainage Study (July 1991) pg.
1-1). These low lying agricultural lands have gular occurrence of flood events that overflow
Clayburn Road. Prior to increased development @agt Knight state that “in a 100 year flood
event a very significant portion of Matsqui Prawd#l face flooding and will stay flooded for a
long time under current (1991) upland drainagequesi’ (Dayton & Knight, Clayburn Creek
Drainage Study (July 1991) pg. 1-1). Developme#tincreased significantly since this report
was written with two major residential areas, Augnsand Sandyhill, having been created or
expanded. Some of Clayburn Village is also seasw development spring up. Unfortunately,
developers were, as of 1991, only required to pi®gtormwater detention to a 10 year
frequency. The Clayburn Creek Watershed drains80 B@res of land on Sumas Mountain
western slope. It then continues to drain to ttedgui Slough and eventually into the Fraser
River (Dayton & Knight, Clayburn Creek Drainage &tyJuly 1991) pg. 2-1). Increased runoff
from higher ground development projects must beagad for the village and other low lying
areas to avoid flooding.

Clayburn Creek contains both riffle areas and potilss not channelized to any degree
and is natural in appearance but remains in clos&act to urbanization and future development.
Pool depth varied, particularly after dredging wampleted. The depth of most pools varied
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from .5 m to 1.5 m. Materials deposited in theatn bed include silts, muds and an abundance
of sands. Various locations have major depositaafl within the stream course. A mix of
sands and gravels were present at a majority adtteam bed examined. Cobbles varying in
diameter from 2 — 10 inches were found sporadictgr dredging had been completed. Upon
collecting data at the lower reaches of the stuahameters, the stream bed consisted of higher
values of sands, silts, mud and gravels with algpeatentage of cobbles being found in this
region. Further upstream the stream bed includechrmore cobbles and gravels with a lower
percentage being made up of sands, silts and nmetuded in this segment are boulders, rip rap,
bank stabilization and armouring. Within the \giéacore area there were boulders over 10
inches in diameter, but this was limited with rislaly few areas and concentrated in areas that
have had previous stabilization procedures. [eunntpstream just before site 3 larger particles
were found in much higher percentages. Bouldetdange cobbles are the abundant stream bed
composition with fines, gravel and sands still entbut to a much less degree. The stream bed
itself was not stable and was not embedded in antapf the stretches traversed. In places the
abundance of sand made the trek much more diffichile safety was jeopardized by the
collapsing or shifting stream bed under minimalgiibearing. Compaction of the stream bed
is quite low in a majority of places within thelaje core area, while there are a few locations
that medium compaction is apparent.

Within the stream naturally occurring debris wasgrd to be plentiful with twigs, leaves
and small branch limbs floating in the stream cewnsd deposited on the waters edges. Crown
closure of the area is between 41 — 70 %, with thireest cover. The banks of the creek also
contained shrubs at around 34 — 66 % with bothdod high being documented with the
average height less than 3 meters. Few obstrisctuene noted and will be discussed further
into the investigation. Vegetation within the simewas minimal with episodes of iron coloured
algae growth found in the initial hike up the creeldugust, 2007. The stream bank was
covered in many spots with invasive blackberry legsimon native grasses, ferns and ivy’s.
Stream banks were being degraded in many plac#sgwidence of erosion and bank collapse.
Many stream banks were actively adding eroded mahterthe stream. Garbage and other waste
such as leaves, clippings, discarded bricks and/rotrer items were noted in the channel.
Large items such as part of a concrete foundatainwere occasionally noted. Some active
uptake of the stream water was present as weret dioev discharge pipes from the adjacent
private properties. Water sampling site three dsiveam from the bridge has an inflow from a
culvert that is grated to stop debris from entering

Generally the water appeared near to clear. Ekmepto this were post rainfall events.
The creek measured between ~ 5 meters and ~ 6 metiersvith a meandering planform. The
stream banks consisted of a majority of fine matearmoured in places with rip rap and burlap.
Undercutting was evident at a majority of outerdseand in straight sections as well. Bank
slopes alternated from having a slight slope of -tG steeper bank of 20 Artificial bank
modifications were evident as discussed withinrgport. The channel shape was found to be
shallow narrow in moderate flows and deep and whdeugh after rain events.

The local watershed can potentially be affecteduryounding and upstream land use.
Residential single family dwellings are becomingskr and expanding within the watershed
area. More roads are being built reducing theipas/ground space available to reduce
infiltration of precipitation. New developmentstinn the watershed are expanding while there
remains a large amount of agricultural land usgownstream areas. Most of the adjacent farms
are growing crops such as blueberries. Upstreane éire hiking paths and recreational
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activities that are becoming more utilized with therease in population in the area. Previous
land use in Clayburn Village included a brick planthe early 20 Century. Against many odds
this creek is still home to much wildlife and fisBucks, raccoons, rats, birds and fish, including
salmon, have been documented throughout this studyortunately there are some fish barriers
that do impact the spawning rates.

All four velocity — depth regimes are apparenthvitthe watercourse including, slow —
deep, slow — shallow, fast — deep and fast — shall@enerally the water reaches both banks and
little exposed substrate is exposed but thereare sreas that water does not reach both banks.
Channel alteration is present with dredging, bankcairing and shoring structures present in at
~ 30% of the stream. Burlap, riprap, tires and bagd have been used to reinforce stream
banks. Only one weir was documented and it wadively low. Riffles and bends are
relatively frequent thus enhancing the stream habiBoth banks of the stream bear the scars of
erosion with sloughing obvious, undercutting extemsind are moderately unstable. The
potential increases during high flow events. Rride from native plants is lacking while
invasive plants are taking over. Invasive blackiesroften line both banks. Human activities
have had significant impact on this stream. Theash habitat is well suited in its natural form
to be colonized and sustain an adequate habitatdor creatures and fish. Mixtures of
substrate materials are present and there areapesd available for fish resting during
migration.

During the initial evaluation of August 16, 200iétwater flows were moderate and fairly
clear. A build up of slime on the bed with an iiiored algae was noted in places.
Accumulations of cobbles were noted in various tiece spanning up to ~ 2 meters wide and
many more long. Undercutting was present with goritg of tree roots exposed along the
stream banks within the village reach. Evidenchkigh flow damage were apparent on pipes
that crossed the stream just below bridges. Cteasxaked wood structures were immersed in
water and garbage was present. Major obstructiaimén the stream were few apart from the
deposits of cobble. Water extraction and humaaration of some banks and surrounding zones
were noted. Dredging of the stream bed was alowspleted by September 24, 2007 leading to
an increased ability of the creek to flow in som&aal areas. These critical areas of the reach
have overflowed its banks previously on numeroussions hence mitigation of the deposition
of cobbles was necessary. Prevention of floodingsidential areas is of importance.

The unfortunate drawback of dredging was apparemare fine particles were exposed
to erosional processes by the flowing water. Sareas were also artificially enhanced to
protect from fast rising water. Burlap was spiketitd many banks that were previously showing
signs of erosion and others that had been torrt dpang the dredging procedure from heavy
machinery. Track marks were still visible in mafythe top of bank areas along the creek
Vegetation was destroyed along both banks whergrtheel, cobble and boulders were removed
from. The soft and fine bank material was realdéyng wash away by the higher flows that run
through the creek after precipitation events. dased runoff adds to the extent of erosion and
sloughing present. In addition to burlap that wiased after this date, black plastic sediment
fences were placed on the left bank, just pri@ite 3, adjacent to blueberry fields. This armour
helps with erosion of the bank but does not hinlderinvasive blackberries that have overtaken
the banks in many areas of the stream.

September 30 2007 the creek was experiencing high flows agptkeious day included
over 20 hours of rain. The rains had begun oneSelper 28 at ~ 4:00 pm and lasted near to
noon the next day. The typical water flow throtlgé creek is shown below (Figure 9), in stark
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contrast, under the same bridge, to the high fle®e in the previously in Figure 8. The water
is clearly brown from suspended sediments. Thisesed turbidity of Clayburn Creek is due to

: : - a combination of erosion of the
upstream banks and from runoff.
October ¥, 2007 a small
overcast break in conditions that
had allowed the stream to
narrow back to its typical flow
= volume. Sand deposition was
#' documented within the channel.
The water was nearly clear
except for near large amounts of
fine sand deposition. The
stream bed is visible with
substrate recognizable to the

: T discerning eye.

Figure 9. Site 1 evaluation and mapping. October 18, 2007
mapping of the longitude of the
creek was initiated. It was overcast with anamperature of 10°8C and with the water
temperature slightly lower at 10.£. It was a moderate flow near the schoolhousejelow
site one. The channel was near to natural witbpem park area adjacent to the right bank and
agricultural lands on the left. The channel wasfle ipool over a 1 gradient. Crown closure
was 41 — 70 % in the resident spawning habitat.b&ls were present. The substrate consisted
of 50 % fines, 45 % gravels and 5 % cobble. ThHessate was compacted very low and moved
easily under every step. Rip rap was present aimdjlused to protect personal property. The
wetted width was 4.95 meters wide. Bank full wassasured at 5.68 meters. Wetted depth was
0.1 meter and bank full depth was 0.2 meters.tréam cover was ~ 40 %, consisting of mixed
forest in a primarily urban residential area. Téfebank was between 34 and 66 % shrubs
between 2 — 10 meters tall on & 2bpe. The bank was fine materials that werestadile and
will be cut away from higher than normal velocitgvi's. The right bank was mainly grasses.
Low shrubs covering ~ 5 — 33 % were noted on a sldyaak of 14. Again low stability of the
bank consisting of a majority of fines was docuredntinvasive blackberries do not help the
bank stability of the area as the shallow rooteystf the bush does nothing to stabilize the
bank.
Further excursions at Clayburn Creek show consigtehweather and stream conditions
including bank instability with a majority of finmaterials visible. Low compaction of the
stream bed was noted and a vast area of undegpti@sent in a majority of areas along the
channel. Increases in rainfall show increaseautidity readings throughout the study.
Normal ranges of Turbidity reading were ~1.0 NTUBile the maximum reading was ~200
NTU’s. After a substantial rainfall a reading ¢fQD NTU’s was documented after an error
code. The equipment was recalibrated prior tsswmnd value recorded. Elevated readings
were found to be normal after precipitation evenigreased water flows from precipitation
were documented in addition to elevated Turbid#gdings. Evidence of higher flows such as
debris dropped at the edge of the bank, bark manchleaf removal as well as burlap covered
with sediment deposits. Much organic debris ktethe edge of the water and more was
jammed in amongst tree trunks in and near the wategetation such as rushes was broken off
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from the high velocity flows. Old sand bags ligeboth banks and upstream branches were
trapped partway under burlap covered repair sifggoroximately halfway between site one and
three, water was lapping at a private deck thabmally dry. Other residential areas also had
evidence of flooding. Scouring and log jams aespnt along the reach studied. On occasion
the City of Abbotsford flow meter had debris orpibssibly obscuring readings. The banks of
this creek are being eroded by the high, fast thgwwater events. Further to this study cross-
section data was collected in various locationa@lhhe segment longitude that had been
previously mapped. This information will be acdblgswithin a map that is currently under
construction and will include obstructions, overdhs&ructures such as private property bridges,
modifications, documentation of fish; sand bagging deposition attributes will be accessible

6.0 Conclusions

Clayburn Creek has experienced a number of bdh&vents as well as over the bank
events onto surrounding floodplain. Evidence eksthhigh water flows include debris, erosion
and deposition within the channel, obstructionsiedrby the flow and severe damage to
pipelines crossing the creek. Undercutting oftieks is present along much of the segment
mapped in the village core area. Sites of depositf large cobbles, boulders, fine sediments,
and an increase in turbidity of the creek’s floma@und. Land use surrounding this area is
varied but pollution from agriculture, animal fedp®essibly from both a kennel and a veterinary
office), and increased dumping in urbanized areasributes to the degradation of the stream. It
is unfortunate that with development come so mdrallenges to attempt to maintain a balance
between artificial and natural landscapes. Inéngagdevelopment always corresponds with
decreased permeable surfaces to filter and tritlidevater before being released into the creek
and water courses draining the land the developsientipon. It is imperative to slow the peak
flows as they only gain speed with more impervilauml in the basin. It is already known from
previous reports that the 11 — 100 year range st®smmilar to the increased peak flow from
urbanized areas (Dayton & Knight, Clayburn Creek&ibage Study (July 1991)). Associating
this with the increased land development in tha aditional armouring and structural
stabilization of the creek are necessary to meighe increased frequency of flood events. This
is also necessary to provide a means to diminissi@n and its related negative effects.

Responsible development is an approach to helpitigate some of the negative effects
of urbanization. Reduction of the developmentdsrealistic at this point in time. Increasing
the detention pond size and creating a slow relesiseof captured waters would reduce the high
flow events found in Clayburn Creek. Prior to thereased water reaching the creek a diversion
could remove some of the storm waters and increlasexdf from developed impervious areas
away from the city storm system into areas thatldrabsorb and release at a slower rate. This
would help to reduce the velocity and quantity aftev eroding at the banks of the channel. The
channel can also be armoured and stabilized byenptantings with good root structures
alongside the removal of invasive species fromitimaediate stream side. This could strengthen
the slope stability and decrease erosion withounhay the rich habitat it supports. Important to
new development are the needs to assess the v@asahback that are currently in use. A wider
set back would enable the riparian zone to witltssme issues facing the stream. A healthy
riparian zone with plantings of deep rooted vegetateduces the sediment loading and erosion
found on watercourses. If a wider setback is mesaté is possible it will help to create a better
balance between development and watercourse hefalder set back could also be beneficial
to new development structures, such as residdrdraks, with a decreased risk to flood events.
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A healthy stream in balance does not flood its baasoften as one that is not in equilibrium. It
is imperative to continue to study this creek amdre research could be gathered by means of
the Stream Habitat Walk method with village, studerd other volunteers. Changes are

happening fast and the more data compiled with segmgthen the solutions found. Mitigation

of the urban development surrounding watercoursdsta associated effects are in need of
implementation.
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