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Executive Summary

Theshort steep upper catchmerdf Lake Stream igrone tolandsliding angslopes arewell-coupled
with the stream channelLandslides have delivered significant volumes of sediment to the upper
Lake Stream channel apdovided source material for debris flows in the uppbagnel.

A significant debris flow evetrtlocked the primary (eastern) channel of Lake Stredrthe apex of
the upper Lake Stream Fan at an unknown ddteis eventdiverted flow and sediment transfer
down a western channel course.

The western channel is now the primary channel for Lakea8trand thismeans that Crows Nest
channel is now the primary channel in the lower catchm@iite original Crowslest channel does
not have the capacity to accommodate sediment and discharge supplied to it bydskern Lake
Stream channel and it has enlarged and adjusted position accordingly.

Lake Stream is in a state logightened sensitivity following a serie$ storms altering routeways of
flow and sedimenin the catchment. Sediment conveyance is likely to remain high for some time.
Direct interventionin the catchment to manage sediment is unlikely to be successful while the
catchment is in this state.

Anactive slope failure remains in the upper catchment, which will continue to deliver large volumes
of sediment to the upper Lake Stream chanrigébris flows are likely to mobilise landslide debris
within the upper channel and contribute to ongoing chanmmstability, as the river ravorks
significant sediment volumes associated with these mass fldwsubstantial lag of sediment
remains in the upper catchment to be-morked, even if there were no further landslides or debris
flows. The former (easternyke Stream channel remains blocked by a significant debris flow lobe.
Attempts to reopen this stream course risk remobilising significant quantities of sediment (including
boulders) down the eastern course of Lake Stream.

The most pragmatic andustainable approach to sediment managemanfpresentis to let nature
run its course and adapt infrastructure and lanse accordingly. To do otherwise is to embark on a
losing battle with a disturbed and highly active sediment conveyor

Monitoring of the active geomorphic processes and associated sediment transfers is recommended
in order to understand the rate and trajectory of adjustment in Lake Stré&aemeration of a robust
databaseand understanding of processes, risks and respsmsekey triggerevents willenable a
pro-active and precautionary approach to managing sediment in Lake Stream.
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1. Introduction

1.1 Aim& context

The aim of this work is toeview the condition of Lake Stream catchment and recent changes
observed in the catchment using available information provided by West Coast Regional Council and
I R &sieansp2cfionWest Coast Regional Council has beamitoring a large highly active slip

in the Upper Lake Stream catchmeMonitoring of the slip for over a year has revealed that with
recent rain events in July 2021, and January / February 2022 substamdiatities ofsediment have
beenreleased causm increasing levels of damagdewnstream where sediment is impacting lower
watercourses and landThis report is intended to inforna strategy to addressnanagement of
sediment delivery in Lake Stream catchmtmteduce the environmental impact of theseggesses.

1.2 Lake Stream catchmeahd geomorphology

Lake Stream catchmewbmprises amall,narrow, steep catchment drainingn area of ~% km? on

the northern flanks of Mt Rochfort (Figure, Ipgether with alargerlower catchment(~4.5 knd),

which crosses an alluvial fan and then drains northeast through humped and hollowed paddocks to
join the Whareatea River (Figwé & 3.

Lake Stream Catchment

Imagery: composite 2023

o

Figure 1.0blique 3DGoogle Earttimage of theLake Stream catchmerfapproximate boundary)
lookingonto the Rochfort Range front. The catchmentigided into upper (lighter blue) and lower
(darker blue) segmentsighlighting the steep, narrow nature of the upper catchment in contrast to
the much gentler and larger loweatchment.



Figure 2.Topo map extract (leftof Lake Stream catchment. Lake Stream proper drains north from
Lake Rochfort (labelled). WhareatBaver is labelled in the right of the extract, the confluence with
Lake Stream is ~300 m south of the Stillwater Ngakawau railwayTlivee extent of the hillshade
digital elevation model (DEM) (right) is indicated by the black rectangle on the topo rtagTte
Location of the alluvial fan formed at the range front is shown in FigukéeBical black arrow on
DEM indicates location of Lake Stream landslide scarp.
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Figure 3.Lake Stream alluvial fan. The approximate extent of the alluvial fan is marked on the topo
map extract in red. The feature shows up particularly well in the coloured DEM overlaying the
hillshade (cf. Figure 2) (right)akeStream Fan (LSF) and ChristrBagam Fan (CSF) are labelled.



The alluvial fan at theange frontis a compound feature thadtasdeveloped over an indeterminate
period of timein response tosediment deposited bypoth Lake Streanand Christmas Strean(cf.
Figures 2 & 3). It appears unlikely that MyerStream has contributed to the alluvial famits present
form, sincethere is no geomorphological evidenceafy fan feature at the point it exits the range
front. Lake Stream and Christmas Strelaaveboth developeddiscrete fansat the apex of the larger
compaund alluvial fan feature I(SF and CSFigure3). Lake Stream is the most northerly of these
contributing systemsand is currently the only stream flowiragross thesurface of the compound
fan. Christmas Streamppears incised into the fan surface and flows in an easterly direction to join
Myers Stream.

Alluvial fans aredepositional featureformed where a streamemerges from a confined narrow
valleyat arange fron. The absence of confining valley sides allows the stream to migrate &eely
spread its loadn an apronof deposits. Stream channels tend ttobk with sediment, prompting an
avulsion which is therapid switching of the channeb another location on the fan. The convex
shape of alluvial fans makes prediction of these channel positions diffistikam channels are
generally not incise@vhen the alluvial fan is actively formitgnd channed are ofen perched on the

top of the fan Blockage of channels and diversion of water and sediment into a new course
generally takes place rapidly afslassociated with flood events, when energy oK A & W3S 2 Y 2 NLJF
g2N] Q Aa AvulsiBrtriygering Hodkges can reflect deposition of sediment transported
under Newtonian flowwithin the stream channel. In addition, higher energy mass flows (debris
flows and debris floods¢an mobilise large volumes of sediment, often also of a very coarse size,
including boulderswhich may completely overwhelm the stream channel.

Beyond the alluvial fan, Lake Stream flowsorth-east acrossa flat coastal plaintowards its
confluence with the Whareatea River. This lekevation, low gradient plain is characterised by
wetland and humped and hollowepaddocks, dained by a network oflitches, such as therdin

that parallels Crows Nest Road (cf. Figure T3)is geomorphic settinggroduces low gradient
channels, in contrast to the steepstream across the fan, and even steeper channel emanating
from Lake RochfortFigure 4).
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Figure 4. Lake Stream profileThe step in the profile at ~1600 18 visible inthe oblique 3D
perspective in Figure 5.



Figure 5The upper Lake Stream profile flattens around 1500 m before steepanhing600 m at the
apex of LSF (cf. Figures 3 &@pogle Earth imagemagery date 2023.andslides are visible on the
true right of the upper Lake Stream valley.

1.3 Lake Stream geologyd slope failures

Lake Stream catchment lies within the Kongahu Fault Zone on the western margin of the West Coast
Basin and Range Province (Figured3).the west of Mt Rochfort, Tertiary Brunner Coal Measures
have collapsed onto th coastal plairin a largescale failure complednwood, 1997) mapped most
recently as landslide adjacent to the geomorphological coastal environment by Barrell et al. (2021)
Slope failures in the Brunner Coal Measures are a combinatiatee and shabw translational

rock and debris slides developed along bedding planes, fault crush, shear zones and joints (Inwood,
1997). This setting indicates a geology predisposed to mass failures, into which Lake Stream has
deeply incised (cf. Figure 2). It is thfare not surprising thathe steep slopes confining the upper
reaches of Lake Stream have been subjectetment landsliding(cf. Figure 5). The most recent of
which is the catalyst for this report.
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Figure 1.7, Sketch map and cross-section illuswating major structural slements of the West Coasl

(Adapted from Nathan ¢l al 1986)

Figure 6.Geological setting for Lake Stream catchment at the western margin of\vtbet Coast
Basin and Range Province in the Kongahu Fault Zone (séiguee 1.7, Inwood,297).

1.4 Lake Stream connectivi;md sediments

Catchment connectivity refers to theansfer ofmaterial from source to sink in a catchment system.
Of particular interest in Lake Streamsediment connectivity, whiclis the connected transfer of
sediment from a source to a sivka sediment detachment and sediment transport (Bracken et al.,



2015). Sediment connectivity is controlled Imwpw the sediment moves between the various
geomorphic zones in a catchmeri{ey geomorphic zones are highlightedFigure 7.The source
zonein the catchment headwatersomprisedow order tributaries angslopes that are coupled with
these small, steepriver channed. Where sediment generated from thelope is delivered directly
into a channelconnectivity or slopechannel coupling, is strong.

transfer zong
{conveyor belt)

accumulation zone
(deposition)

Figure 7.The catchment sediment conveyor (from Brierley & Fryirs, 2005).

In Lake Stream,teep slopes in a narrow valley (cf. Figures 2 & 5) deliver sediment generated by
slope failure efficiently and directly into Lake Stream. Sldp&nnel coupling is strortgecause there

is very little opportunity for sedimerto be stored at the toe of thelopeand sediment generated by
slope erosion (landslidesy delivered directly into the channel (Figure &). turn sediments
delivered into the channel by mass movement processes are effectively conveyed downstream along
a steep, confined channekf( Figures 4, 9). Largescale slope failures injecting sudden, large
guantities of sediment will be likely to generate debris flows in this geomorphic sefimese will

travel downstreamuntil their energy wanes, t@ier as a result of drainageeducingpore water
pressures, or reduced gradieriDebris flow sediments comprise a large range of grain sizes from
boulder to sands, silts and claywhich reflect the sediments delivered to the channel from slope
failure (Figure 8)These deposits ameworked by stream flow processes over time, with preferential
entrainment and transport of finer grained materimlownstream Sediments are transferred
downstream as far as the river has sufficient energyrdamsport them.Therelativelysteep gradient

of Lake Stream across thalluvial fan means that gravel and cobble sized sediment can be
transported duringhigh flows. At the distal margins of the fan, towards the coastal plainyittes
gradient flattens considerably (Figure 4), which reduces streaangy for sediment transportand
YSrya GKFG GKA&A T2yS 2F GKS OFGOKYSyid Sldza G§Sa
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Figure 8. Debris supplied into the channel network from landsliding in the uppake Stream
catchment(lobe of sedimenin channehighlighted) Wetting and mobilisation of the material sitting

in the bed of the channel is likely to be in the form of a debris flow or debris figiwgn the steep
nature of thechannel bed at this point in the catchmeamd the apparent range of grain sizes in this
material The nature of sediment supplied to the Lake Stream channel from slope failure appears
include a range of crushed roflom the Kongahu Fault Zone, as well as boulders of more coherent
sandstones fronthe Coal MeasuredVCRC, suppliedated 18 February 2021.



Figure 9.Debris routed along the narrow, confined upper Lake Stream from the headwater source
landslide(WCRC, supplied), dated 18 February 2021.

1.5 Lake Stream overview

In summary, Lake Stream comprises a short steep upper catchment, where slopes are prone to
landslidingand weltcoupled with the stream channellhe upper catchment terminates at the apex

of an alluvial fanLake Stream steepens at the apex of the fan beftattening progressively across

the surface of this feature and running across low elevation, low gradient coastal $&diments in

Lake Stream are conveyed efficiently along a steep, confihadnel in the upper catchmenbebris

flows are likely generated by a combination of mass failures injecting significant quantities of
sediment directly to the channelnd wetting during significant rain event¥hese mass flonare

likely depositedas the channel emerges from its confined vall§jgnificantsediment transportoy

stream flow can mobilise sands and gravéischannelsacrossthe steep upper fan, before
depositing this material at the distal margins of the fan émel coastal plain



2. Reent geomorphic historseviewed

2.1 2014Cyclond_usi landslide

The catalyst for this reports the ongoing impact on Lake Stream sefdiment sourced froma
landslidein the upper catchmenbn steep slopescf. Figure 2Figurel0). This landslide was thought

to have been initiated during Cyclone Luidarch 2014 A sequence of Google Earth images of Lake
Stream provides someontext for this event (Figurgl). This sequence reveasme erosiorin the
catchment present in 2003 (da&st available Google Earth imagery), but more substantial slope
failure and sediment delivery after 201

Figurel0. Photos of upper Lake Stream landslide (WCRC, suppdi@#)d18 February 2021.



Lake Stream 2013

Figurell Sequence of Google Eaiiinages dating from 2003howing immediate historic context

of the event Note shadow in some imagery obscures the erosion scars on the true right of the
catchment Slope erosion and sediment lining the channel is evident in the earliest gbatwary
2003).
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2.2 Site visit, May 2022

2.2.1 Upper Lake Stream

Photos taken irthe upper Lake Stream catchment in a site visit in May22@®2eal the extent of
impacts sediment delivery from the landslide upstreaias had on thaipper channel (Figure 12

17). Debris flow deposits have filled the valley floor and Lake Stream is reworking this material.
Within the upper valley there appear toe alternating zones of incision and accumulati®tream
incision of the loose debritransfers materiala short distance until it is depositedhlternating
reaches of incision and deposition reflect pulsediment transfer along the channel systerm this
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Figurel2. UpperLake Streamindicating coarse sediment accumulatiomthe steep channel beth

a narrow, confined valleyNote thewide range of grain sizes from boulder to sand aelhtively
chaotic arrangement of material in the valley floor, indicating minimal reworking by fluvial
processesand typical of mass flow depositisl May 202 (ICF).
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Figure 13.Upper L&e Stream, immediately downstream from Figure ib2licating incision of the
channel bedwith terrace surfaces present (labelledlote thelarge range of grain sizes in the
channel (boulder to sandAnd a bouldery lag developing in the wetted channel, asirdistfrom
sandy matrix observed in cut faces of the terraddsMay 2022 (ICF).

Figure 14 Upper Lake Streantpcalaccumulation zone downstream frohacalincision zongFigure
13). This site showsnore evidence of fluvial reworking of the¢emaller)sediments, which are less
chaotially arrangedwith a smoothewsurface. Fewer boulders are evident henad they havdikely
beenburied by stream deposition of this material1 May 2022 (ICF).
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Figure 15.Upper Lake Streantoarse,bouldery lobe downstream from Figure 14, note significant
accumulation of sand downstream of large boulddrs.May 2022 (ICF).

Figure 16.Upper Lake Streamincision of lower debris flow deposits, notalley wideningand
chaotic arrangement of deposit indicative of mass fldeposition. Significant wood has been
recruited 11 May 2022 (ICF).
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Figure 17.Upper Lake Streanimit of debris flow deposits observed, looking upstream from the
lobe crest(top) and downstream towards this limifbottom). Approximate location given by red
waymarkeron topo map insertLake Stream now flows to the trdeft (western)margin of this
depositand is not visible in these photoshich aretaken midlobe. The rerouting of Lake Stream
towards the west is described in the tegtl May 2022 (ICF).

2.2.2 Middle Lake Stream (alluvial fan)

The debris flow lobe (Figure 17) has plugged ttwemer Lake Stream channel (Figure 18he
blockage of this eastern channel has resulted in reoccupation of former channel courses and / or
cutting of a new course to the wesfcross the alluvial fan, dowtream of the debris flow lobe,
along thenew (western)course of Lake Streanthere is evidence of gravelly splayger the fan
surface and subsequent downcuttirf§igures 19 & 20). Farther from the channel sediment splays

are more sandy in nature (Figure 2PYyior to apparent abandonmérof the eastern route of Lake
Streamthe stream was competent to transport bouldendere the gradient remained steep across

the fan (Figure 22)bufflattening of the gradient towards the distal margireduced flow
competence (Figure 23igures 22 and 23 also show far less flow compared with the western Lake
Stream channel (Figure 24).
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Figure 18Lake Streanchannelplugged by debris flow lobe.
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Figure 19.Lake Streamdistributary channel downcutting, following deposition of gravelly splays
across the fan surface.

Figure 20.Splays of coarse gravel and sand actbss fan surface, subsequently incised the
stream.
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