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1 INTRODUCTION

A GeomorphologicaBaseline Study is required as part of the Lower Whanganui River
Managenent Strategy projetteing carried out by the Wanganui District Council to
manage channel alignment and riverbank stability and to pravideformation base for
other worls. In particular, thestudy is required to provide a historical context of changes

in the lowner Whanganui River to assistumdeastanding the current processplanning

and design work, and predicting future changes both (a) naturally occurring, and (b) as a
result of any futurenanagementodifications.

Tonkin + Taylor Ltd (TH) have been commissioneg the Whanganui Btrict Council
to undertake &ower Whanganui River Management Strategy (the &jandCoastal
Systems Ltd (CSLhttp://coastalsystems.co.rfrdve been subcontractedprepare the
Geomorphological Assessmdhenceforth referred to as the Baseline Stididyyvhich
thefull Terms ofReference are attached as Appendix A.

Briefly, the study is to extend from the Cobham Bridgmme 3.7 km upstreario the
rivermouth andnclude approximately 2 km aoast to either side, with tipgimaryfocus
beingthe estuaryand prt areaand the rivermouth/coast being teecondary focusThe
time of interest is from the late 1806sthe present, with particular emphasisice the
1990s.The studywill identify temporal morphologyport and river control structures,
notableextremeevents review the literaturand undertakbigherlevel (broad)analyss.
The study willalsosummarise availabl@lriving) proces information

Rather than begin with a staatbne literature reviewhe various consultant, resident
engineer and academic ¢ohutions are incorporated withtherelevant sections.
Sectiors 2 and 3 cover the primary focus area with Secti@h@nologicallydescibing

the morphological nature amlanagemerassociatednodificationsup to the present day
andSection 3 providig thehigh-level (broad)analysis othese changesNote, a
SUMMARY of harbour developmentorks, morphological changand analysiss
included as Section 3.3 he rivermouth and adjacetwastaredescribed in Section 4.
Section Ssummarisetheenergy and sediment regimes (sedimé&dgs, riverhydrology,
waves andavind) thatdrive morphological change Conclusions andecommendations
are containeth Section6. Pertinentnformation sources used in the study are
summaised inAppendix B and archivanaterialsare listed inAppendix Cwith electronic
files also providedContouredathymetriebetween 1893 and 2015 are included as
Appendix D and Appendix E contains the sampling density for the two digital surveys
(2006 and 2015).
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2 ESTUARY and PORT AREA MORPHOLOGY

2.1 Background

Theearliest use of the river for colonial navigation is diésd in, forexample, King

(1969 with the earliest comprehensive map be:
Settlement Plan of 18472 his map igeproduceds Figure 1 and has had the modern

shorelines, port and navigation structures superimposed for compai$aneare

severalpoints of note on this earliest megeluding no Corrlis Islandin Figure 1 the

green outline locates the present featute) large reclamation immediately upstream of

the present Port, a shortened South Spit, a very widemmouth, and &lorth Spit with

ribbortlike sandbars extending upstream for several hundred metres. This coastal

morphology indicates tame ofvery hich littoral sediment supply sikely entrance

shoalingand frequent channel changesuld beinevitable,making navigdon hazardous
andchallengingas confirmedby he 1846 Cookds $B4pd)it Al mana

Figure 1 TheNZ Company 1842and Settlement Bh is the earliest detailed mapthe lower
Wanganui River including South Spit and coastlMarked are: th&€obham Bridgén grey, the
2013riverbanksin greenthe 2015structuresn black,andthe 2013coastlinein blue.

Information sources: Wanganui Regional Museum, Wanganui District Cou

The shoreline on the 58 cadastral plarms overlaid in Figure 2along with the 1842

shoreline and demonstratdamatic changsince 1842with the entrance against the

North Head and an extended South Spit, i.etythieal configurationfor this inlet

Greater stability could be expected with the entrance againsiotiie Head and

interestingly thé&kev. Richard Taylor wrote inthaid-1 8 6 0 s t hlgthe bariwasr me r
supposedo be allbut impassable, but now vesselsconsiderabl®durthernmanage
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Figure2 The plan accompanying John BI

shoreline and the 1856 cadas{®D 10552)shoreline superimposed.

Informationsources Wanganui Regional Museum and Wanganui Harbour Board Arch

tofindt hei r way over
the Town wharves) has beeregtly improved by snagging afeggoting[bundled
branchest he si des and t hi
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The firstc o n s u | t awas @reparad & B2 byrarineengineer James Balfir. His
wasa descriptive manuscript thadted the need for river training, protectimiithe

eroding North Head and the need farcanprehensive bathymetric survey, but considered
theriver bar beyond the Heads too exposed to improve.

The nextconsultands reportwas that oflohn Blackett in 1874ndthis was accompanied
by a plan feproduced above &sgure 2)thatincludedsome channel depths. The single
(south) spitand entrancegainstthe NorthHead areagain evident although the spad
narrowed since the 1856 surveindicating a reductioim littoral sediment. Blackett was
particularly concerned at ttstate of the spit with waves washing across it in heavy gales

and his caubn waswell founded as the spit breached in February 1877al$b

discussedt lengththe need to train the rivandhelocatedthe limestoneoutcrop upriver
near Kawhaki which was later used extensively farilding rivercontrol structures. He
again suggested thidite North Head needed protection and conceptually discussed

construction ofh North Mole
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2.2 Stage 1 development (1876 to 1885)

In 1876 theWanganui Harbour and River Conservators Baead formed with its main
concern beingo provide sufficient deptof water for vessels to reattte TownWharfi
some 7 km upstream from the Head$ie Board obtained the services of consulting
marineenginees Messrs Barr and Oliver teport on works to achieve thabjective. A
bathymetricsurvey was undertaken 1877and based orthe resultingchart proposals
werepreparedor the protection of thé€recently breached) Soutlpi§ internal training
walls from the Heads tahe Town Wharves protection of théNorth Headand aNorth
Mole.

Barr and Ol iare earkedby pedlngs o Figures3, with completed works
shown in bold and nenompleted shown by dashed lin&ébe spitprotection was
conpleted in 188. The internal training walls wei®00 feet {52 n) apart and
constructed to df tide level with their rationale being to conservetitial prismto
ensurescourof the rivermouth bar. Of note is the propossduary sectiofred dashed
line) designed t&keepthe channel wekhway from the vulnerable South SpiHowever,
only theupper section (Town Wharves to Landguard Bluf@s constructedvith this
alignmentmodified somewhat upon advice of renowned m&gngineer Sir John Gde
The northern walterminatedsomewhat beyonddndguard Bluffwith a winggroyneon
the northern wal(see Figure 3) apparently to encourageitgoingflows away from the
(vulnerable)spit. These internal works were compleiadL880.

Figure 3 Protection and training works proposed by Barr and Oliver (red) with eventual
(current) structures depicted in black. The base map is the 1877 cadastral plan Sendi1he8
February 1877 breach in the South Spit is clearly discernable.

Information Sources: Wanganui Harbour Board Archive, Wanganui District Council and LINZ

%1
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The finalStage work wasconstruction of a&orth Molein 188485. This molevas
raised to pring high tide level and was designed to turn the kdvb ihto the direction of
predominant wave approla (to assist navigation), and to concenttaéeflowto ensure
maximumscour orthe barocated some 500 m out from the headswever, the original
plan was for a 900 m long structure that tapered inhheigwn to low tide leveand
would terminate at a depth of 4.25 m below low walée eventuastructure wa260 m
long (Figure 4)and while reducing lateral migration of the chann&uld hawe had only
limited effect on bar scour.The Stage worksremained largely unaltered until tbaset
of Stage 2 in 1908 with investigations beginning in 1894.

Figure 4 Construction of therginal North Mole underway in 1884 on left, and the final structure
curving into theprevailing wave direction several years later on the ritutte thebeach accretion
against the northern (right hand) side of the mole.

Source Alexander Tubull Library

2.3 Stage 2 development (1894 to 1939)

In 18945 consultantmarine enginedreslie Reynolds carried out extensive investigation
(including another comprehensive bathymetric survey and hydrological measurements)
into the effects ofheearlierworks, with particular emphasis on loss of tidal priang
prepared further development plans including the fytoréat Cadtecliff. Reynolds

planned to

fitrainthe main channel against a wptbtected South Spithen

fdirect the flow, by means @itending the South Spit protection workat across the
shallows (mudlats) characterising the caal/right side of the river, then
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flassisted by a curved stone deflection watending from the right bar(ko become the
future turning basiencompassing the Céetliff wharves)redirect the flow
smoothlyaround andnto double moles (keeping with Barr and Oliggeoriginal
proposed gnment) withthe jeteffect inducingmaximum scour of the bar.

1 the North Molewasto be raised to spring tide lelfor the landward sectiofgwering
to mean water for the seaward section, this being to minimise accretion of the
Castlecliffcoast shorelinhile ensuring jetting and scouring across the bar. By
comparison, the @ith Mole was constructed to mean water to facilitate tidal inflow
while constraining outflow (jetting).

The Boardwas impressed, bittwould takeanother 10 years to raise loans (via acts of
Parliament) and oveome the political challenges withihelections befor®eynoldsvas

commissioned to prepare constructionvdrags. It waghena further 3 years before works
would begin.

Reynolds substantiatontribution is depicted in Figure &verlaid upon the 1893
bathymetry. Of na, because the channel was redirected out from the spit and across the
ishal | owgswere uded ® ohfdl the original channeReynold$photographs
illustrating the construction methods are shown in Figure 6.

Castlecliff Whary

0to2.7| Tidal
[Oto=1.5" Chart Datum

ﬁ Subtidal

Figure 5 Stage 2 works designed hgslie Reynolds in 1895 (construction began in 1908) shown
blue lines Thered linesdefine other works to achieve the current layout. The original (1885) shor
North Mole showrnn black. The underlying map ike 1893 bathymetric charpon whichReynolds
based his design Information sourcesWHB Archive, Macky 1989Wanganui District Council

1893 bathymetry
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Figure 6 Early Stage 2 construction of North Mole ¢.1909, showing pile driving and wooden sta
(left) and sidetipping stone (right) Source Wanganui Regional Museum

While Reynolds was the primary designer of Stage 2, several other consultants and
resident engineers played a role either in development or response to environmental
consequence. It is also noted that approval was required from the Marine Department for
all structural works in the river and at the entrartt@wever, it appears thatructureon
thecoastwere at the discretion of the Harbd@io ar d 6 s mWRjieeeiR&E)e The E
various works and theghronologyare illustrated in Figure 7.

In 1918 marine engineef.W. Furket from theéPublic Works Department (PWD)
describedconsiderable ersionon the South Spih 191516 may be related to starvation

of littoral drift by the moleand recommenddakeach groynebe constructedBy 192Q

resident enimeerH.V.M. Haszard reportethe spit hadreachednd a stone groyneas

constructed on the South Beag@lwo additional beach groynes were construdtetio26

as a safeguard against further erosamjainu n d er Ha s z aThd locatiordof r e ct i o n
these three groynes are marked in Figure 7.

In 1919 consultanBlair Masonrecommendedonstruction ofnternal training walls
between Landguard artle South Spit, an8asin Wall completionwasurgently required.
Thehalf tidetraining wall along with extensions to the northern wall opposite and
downstreanof Landguard Bluff appedo havebeento keepflow in the Main hannel
rather tharallowing it toescapeacross the orth of the Estuary. The BasinalV
completion was required to assisturning flow into he moles.

In 1928 resident agineerHaszardeported completioof an entrance groyneff the
South Mole to further constrain the flow and increase jetting across tHe 828 a
groyne was lao constructed into the riveff the wharf at thebase of the South Molghis
groyne being referred to tl8outh MoleWharf [or Jetty]Groyne)to deflectflow across
the rivertoward the basin/wharves where sediméoi was occurring.Subsequent depth
measurementsresentedo the Board (Bgineets Reportg indicatedbothstructures were

COASTAL Report Title: Harbour Baseline Study: Lower Whanganui River Management Strategy
SYST EMS Reference No 201606 CRep Version: Final Status Unrestricted
‘‘‘‘‘‘‘ Client: Whanganui District Council Date: 17 March, 2016



11

effective,but both sibsequently felinto disrepair and both would be reconstructed, the
base groyne in 1950 and the entrance igean 1973.1n 1928awing groynewas also
added to thelownstream end dhe northen halftide wall; this appearso further direct
flow into the Main Channel and along the South Spit rather thawialj) it to take a more
northerlyroute.

N

<4~ Main (design) channel
« —Secondary (avoid) channel
= == Stone and wire mesh
groyne. Location uncertain: RE
report “between root of Sth
Mole and 1920 strone groyne”

S N St A

<4~ Main (design) channel
- —Secondary (avoided) channel

wANGANUI HARBOUR
-~ _GCENERAL PLAN _

— SHEWINC

___ ImprovemEenTs, FuruRe PROPOSALS ano CHANNEL
Fro ——

Proposed new works S———

Sou ,..«, i foct bolow A 0 5. lide,
T - PRICE, ONE SHILLING.

Figure 7 Chronologyfor Stage 2 works. Upper figure covers area marked by dashed r

line in in lower figure. The underlying General Plan appears to be for publicity purpos
Information sources: Gibk4962), King (1964)yarious plans and documents frékHB
Archives New Zealand Nautical Almanacs (see Appendix B).

In 1921, consultant BlaiMasonhadrecommendedaising North Mole above HWM to
make 1t 0§ Blavaver, by naiging the North Molesiough to prevent waves
washing sand into théver the adjacent shoreline wouttbve seaward, i.e. accretion
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would occur and with it wineblown sand hazards. Reynolisdpreviouslyrecognised
such ashoreline responsand his design had reduced the enlokight to seaward
accordingly These processes ateistratedin the photo and bathymetry depicted in
Figure 8. Then in 1929G.A. Lee recommendedaising both moles to above spring high
water, to increase the jettjreffect.

The mole extensia(wooded staging) wersompleted in 1921 accardy todata in

Kingb €1964) thesis (p97)At that time some 64,492 tons of stone hadrbplaced.
Subsequent raisingsedanother 76,863 torend this included increasing the height of the
seawardmost 330 m of the North Mole some 2 m above the mean high water spring level.
While his raising of thenoles may have improved jetting efficiencyvids to havex

significant effect on both theorthernand southern coasasd this willbe describethter

in Section 4. By the mid940s, stabilityof the South Spivasof mgor concern tdhe
Board

7! L
= 1225
N N e — /72,/‘72 S
L3 e P 20 e
F Ok 14 BTN 17 g g B LTS —
-z 17 163 /5}”- - /;! o
s 5 /%% 3 132
AP L L L N s
& & s g HPETET " z"
. % ppr B etk
D s B 154 19 3 313122007 B 2
e , ol -
: 5 3
N 5
rlzo 5 = 2
5 . e 7,
2 1921 bathymetric chart /- e

Figure 8 Effects of the low stone levels on North Mahethe 1920s. Upper bathymetry
shows shoaling (yellow) in the river adjacent to the North Mole where beach sand has
washedacross the low stonework. Bottgghotodepicts the wide inteidal beach and ave
action in the river adjacent to the mole indicating relatively shallow water.

Sources: WHB Archive, John Souter collection
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2.4 1940s South Spit Breach

The harbourappears to ha/come closest to functioning as desigdedng the1930s and
1940s, but the lat#940s were@lominated by one eventthe breach in the South Spite
following account is compiled frortine Harbour Mastey monthly and annuakports,
Resident Engineaand Supervis@ tonthly and annuakports,and accounts froring
(1964. The various morphologicaéatureseferred to are depicted in Figure 9

Leading up to thereach on 18 August 194the spit had become vulneralallengmuch
of its 2.5 kmlengthwith actual breaching occurring on occasion but thegarally
closing During this timeHarbour Board staftarriedout a range of practive
conservation measurasan effort to prevent a major breadlwhat made the 18 August
breach different wathatthe wave event was immediately followed bffced on20
August Theresuting opening wa270m longat MHWS leveland its base waklm below
chart datum.Beach and dune samere carried directly into the Mainh@nneland this
began reducing navigatiorpth

By the end of 1946 thatuation had worsened and the Public Works Depart(fanD)
offeredassistanceRenewed breachingccurredn July 1947 (Figure 9 shows aerial

views at high tideyvith overwash sand creatirgdeltawhich crossed theavigationlead

line inthe Main hannel.lt is noted that the late 1940s wapexiod of relentless gtms

and high seas, likelgn El Nino eventln January 1948, the PWD had taken over work

closing the breach by constructiagontinuous wall using 3 to 5 tdlocks of concrete

By May 1948thenavigationchannel hadeducedtdigut t er 0 anshaped | ar ge
shoal (described by the Hydhreb oSiup drawitsear aass ¢
h i Ihadiodmed opposite the breach.vBr flow was carryindittoral overwash sand as

far as the BasirShipping to town wasow via a hew landward channghg Balgowrie or

North Channel)around the landward side of tfisland which is heceforth referred to as

theDome $&oalor Dome

In Figure 9(lower), an arrow from the new fiWlabepo chan
suggests breaching was templatel, i.e. an entirely new estuamgirbour configuration

was considered.nlJuly 1948stone was removed from the half tide training wall where

the new channel nets the Main Channelopposite Landguard Bluffi t eacouage

improvement of thigNorth) channefor navigation and to redudlw in the restricted

spit(Main) channel so the amount sénd washing downstream to Basin would

diminishdo This stone wathen used to help close the breac@more economical

alternative to concreteln August 1948 the spit breled again but by late 194&had

beensealed, having been open for over two years.

A substantial amount of littoraland appears to have eetdthe Etuary during this time
and it took durther two years of dredgin@ur machinesverehired)to reurn the Main
Channelto navigabledimensions for all vessels using the Town WharvEsere is no
mention in the records of any reinstatement of the half tide wall opposite Lan@jutird

COASTAL Report Title: Harbour Baseline Study: Lower Whanganui River Management Strategy
SYST EMS Reference No 201606 CRep Version: Final Status Unrestricted
S e Client: Whanganui District Council Date: 17 March, 2016



14

A comprehensive bathymetric survey was undertaken later in 1948 and this is reproduced
as Figure 10 whichrpvides scale tthe features in the sketch (Figure 9). Sediment
transport pathways (inferred by morphological signatuaesjncluded in Figure 1(0hd

show breach sedimentoving upstream in the centre of the estuary (along the-dome

shoal) and downstream around the mardiigdimensions of the Bmeindicatesa
substantialolume of sediment entered thet&ary via the breach and this was &véa
longer-term effects on morphagical behaviour

Figure 9 South Spit Beachon 57-1947 (upper photos) taken at high/ebbing tide and as sket
by Harbour Board staff in 1948 (lower) wislnirrounding morphological &ures referred to in the
text having been marked.

Source lan Moore (photos) and WHB Archive.
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Castlecliff Wharves Sediment transport directions ~ mm—p

‘/M\ as inferred from morphological signatures
e 8 (from aerial photography and bathymetry)

Half tide wall partially removed
to help open northern channel.
Stone used for Spit protection

0to2.7| Tidal
Chart Datum

Subtidal

Breach R N NP ) o=

Landguard Bluff

Figure 10 Estuary bathymetry in mid to late 1948 compiled from a survey carried out by the
Public Works Department in July to October 1948. The dotted black lines locate training wall:
other structuresThe concrete protection wadllong withriver groynes onstructed during the late
1950s are shown in red.

Datasource WHB Archive, Macky 189
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2.5 1950s morphological adjustments and control works

During the 19508 series of secondacgntrol workswere used to either adjust river flow
and sedimentatioassociated with the South Spitdach effects or to prevent its
reoccurrence. The following accouwfitthese workstheir effectiveness arntieir fate,is
againcompiled fromHarbour Mastemonthly and annuakports, Resident Engineand
Supervisor monthly and annuajports,andKing (1964).

A consequence dhe South Spit breach was littoral sediment washit@the riverand

being transported downstream where it caused shoaling about the Turning Basin entrance
andreduced depths alorige adjacent wharves. A structural response to this was re
establishing the wooden pile am@ling groyneat the base of th8outh Mole, i.ethe

South Moleletty [Wharf]Groyne described earlier in Section ZThis groyne was
extendedsome300 feet 91 m) into the rver between May 1949 and July 19%@h the

intended effec eventuatingoutgoingflow wasdeflected toward the Basin whedepths

did increasewhile depths decreased in the lee of the groyne, iaénsighe South Mole
immediately seaward of the groyneContinuedshoaling about thevharvedead to
approvalby the Marine Departmerfaf ur 25 68r f eet ( 7168 pg)mbext ensi
1951 Howeaewsdrmrwad i denf er r eacs i ans lWespa rintsie &7 b u

( nat urmaplrldggroyne isdepicted on the right side Bfgure 11 a1955 plan
showingexisting and proposed works.

To cdmpltdhe storyJdJefiGtyheeSout hwhlerd¥tBenti on:
feex0. 7)J avp/r ymbary 1958 in an ef{oheatbededu.
Tanae thank )hadsadawal éopefdhi cd, gasyedpdai ned |
become probl e&mdtlioowa Inlgy sloanreg er.e d u b Siown hi n si
Mo IJee Gr p wragu b s e gex & @ ththgg(61l 8 . Bndn)st ren§bbBened
to help achieveThgrsoyonrsitgwlaisa le vprudlpapha ¢ @ .nt aakne ra
in early I1P9hoWEivmtr ea pspuebasreajieumpimaggtr a.p h s

By 1951 thhlhenMddi it ad] acent e¢ionStoatt dnd Slpy tdr ddg
t he NmanrmelC, i necnliundgi nhga pidtgsu bodpa d B Ib etfeend | u st

to the modified fl ow regi me. As noted abo
apparent response to the sedi merhtardedomethe
in thé&5&ar Imakil negx ta¢ mprl anfn etdhlee t T @ytde Mo |l e
unnecesHshbgwst 1952veublmad®dheasdescri bed in t
engi 6seemont lwlhye nr éeepdtatbe esland bank i mmedi at el
Sout hJ&esreyne and oppiodehtee THO W &Iz aBda@mkih n

| arger and oschaaliloonwesrh)o warg oiwn t Fhi g three chlann el m
toward the Basinmnnenmtodan oNg la nwdh adrefp.t h s

C
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g TANAE GROYNE
Constructed 1959-60

cpoved alfered posi1om
/el Froyme
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Figure 11 Existing and proposed river control works (upper) and spit control works (lower
control works as depicted in the 1955 Harbour Board drawing. Highlighted features mark
structures which were subsequently built. The Tanae Bank, as defined by LWOST, f@ 19
shown by the dashed black line, 1957 by the green line and 1958 by the red line. Note up)
lower parts are from the same drawing.

COASTAL Report Title: Harbour Baseline Study: Lower Whanganui River Management Strategy

SYST EMS Reference No 201606 CRep Version: Final Status Unrestricted
e T Client: Whanganui District Council Date: 17 March, 2016



18

Entrance Groyt
~ (re-est 1973)

Figure 12 Oblique aerial photo taken on 25 April 1994 at 1500 hrs. The three

groynesextending from the South Mole are marked and the asterisk locates the

of the breach in the Turning Basin Wall which occurred about a month later.
Source Coastal Sigms Ltd Archive
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Figure 13 Wanganui harbor and estuary in 1956/57 with area of morphologically inferrec
channel development (scour) marked along with directions of sediment transport and are
recent shoaling in the main channel.

Source Navy Chart NZ 4612 (survey 1956jditional soundings from WHB 1957).
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Finally, betweaenmnrliustaasframematieda®® 2t he | engt h of
from t Mol outoh be yBo rnod etalciehn 1(tHdo& eldd 55 proposal
11)or pvhicdl ogdune fsriogm atthuirse ssy ir d@n tu Fre 1a@eBrbiea |
photographs

2. 8960s toddwmdsal i ng

This period was charactedd by development proposatlse introduction of private
company administratiom the late 1980s, reducinprt operations and maintenance,
structuralchangesn the Basirand recreational boating developments.

Three prt development schemes have been pgegsince the 1960Riddell (1967,
1970), Payne, Sewell and Associgtes78, andWDC (1993, and while these proposals
contained some new process informatibltLean and Bugess 1969;Tonkin andTaylor
1983;Patterson 1991, 1992), they did not evetg did not leatb anyactual
morphologi@l change

Changes that did occur in the basia shown in Figure 14n May 1994 a 90 m long
breach(excavated down to Chart Datumasopenedn the Basin Wall with a dredged
channelinking the breach to the wharves (Figsie, 14. Theinitial purpose of this

breach was tmaintain water movemémvithin the Basin during thdalling stage of a

flood, therebyreducingbackwater sedimentatiorHowever, flood flows were found to

take a straighter path across thasBithereby bypassing Number 2 Wharf and No 3 Wharf
so a350 m pileandtyre permeabldraining wall wasconstructed to direautgoing flow
towardand alonghe wharvegFigure 14.

1986-91 * 50 m marina (M)

* 50 m earth groyne (EG)
1991-96 * Boat ramp (BR)

* Breach basin wall (BBW)
1989-04 * Marina removed

* 350 m pile training
wall (PTW)

<~ = = Preferredflood path

Figure 14 Structural changes from the 1980s to present superimposed on a 2008 aerial p
The dashed red line locates the preferred flood path.
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The emaining structures in Figure 14 were carried out to assist recreational boating and
includea 50 mmarina that was removed by 208hough some piles remain. A&arth

groyne had a brief existence before being replaced by the boat hawmmving he boat
rampis the focus of present engineerimgestigations.

The North Mole hadtrengthening carried out near geawardend in the 1960s and early
1970susingconcrete blockghat werepouredin-situ. From the late 1970s, demolition
rubble(concrete wittreinforcing steelvasplaced against the seaward side of theemol
beginningat the beach end adow cost strengthening/maintenarmoeasureAt the beach
end of this moleéhe 3 m wide crest increasingdabout 7 m by 1980, 11 m by 1990 and 16
m by 2000 with the width tapering to seaward.

The South Mole also had somencrete blok strengthening carried out in the 1960s/70s
after whichthe staging/railwayused for the concrete making operatioag become
inoperative.

In 1973 the original 920s entrancergyneoff the South Molaevas reconstructeib
improve the jetting effect dhe moles. Th&994 remnantare evident in Figure 12 and
today justa couple opiles remain.During the1960s the whafetty at the landward end
of the South Moldell into disrepair and tay only some of the pileemain bepnd the
mole end

In 1998, Horizons Regional Councéuwied out astudy of the lower reaches of the
Whanganui River (Willians, 1998) The studyeported orthevarious protection works
present and their conditiorThe fourriver groynes in the 1948 breach area were sound
and variougraining/protection walls immediatejownstreamwhile ina poor statewere
still functioningreasonably effectivg. Immediately upstream of the SouttoM landward
end Williams described largeand potentially problematierosion embaymenreferred
to in the present report #se South Mole Embayment

C
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2.7 2000Dntoevaademgs s

This finaltime periods characterized by an increasing awarewésse role of
protection/controstructures and the need tbeir maintenancealong withgreater
understandingf their purposevithin the context of specifiestuary and rivenouth
processes

The peiod begarwith the Wangnui District Councilhaving concerns as to the stability

of the NorthMole following the extensivelumping ofdemolitionrubbleduringthe
previoustwo decades Reports were commissioned from OPUS (2002) and Massey
University (2002) covering the integrity of the structure #reknvironmental

implications Briefly, the former(Opus)reportdocuments thstructureas being

Amar ginal | y st ab Wwisemotta replenishtthe sidesiwitldsuitaldy A u n
chosen mater i al 0 ified1ha effects the strecturadhadpo r t i dent
beach/dune processasid statedhat future dune instabilityas likely and would
eventuallyrequiremanagement interventiorSince thatime the District Council has

carried out controlledubble and stonplacement on the malalbeit primarily for
recreational hazard mitigation and visual appearance rather than addressing the base
stability of the structure.

Following on from the concermaised byRiver Engineer Mr Garry Williams (Williams,

1998),a subsequenteport was commissioned by the Wanganui District Council and

Horizons RegionaCouncil (Williams, 2004)to investigataiser requirements and how

these related to remedial measu®s | | i ams not eahddaly2000sivdshe 19 9
period of relatively high intensitfpr floods with exceptionallyhigh activityand channel

reworking in 1998. William 6 findings includedhe following:

1 breaching of the Basin 8 hadcontributed to siltation upstream of the breach (the
Q-Westreach) and this situatiaghouldbe resolved, possibly by sealing the breach.

1 while thereport speculated as tauss of the erosion emlyanent at the endf the
South Mole it recommendedurther investigation

1 abathymetric survey of the lower estuary was required with possible futarerical
and physical modellingand

1 of particular concern was the lack of clarity abo@nagement responsibilities and
legal status based on current legislation of the harbor and its facilities and assets. The
report recommended formulating an asset managgphan to define standards and
requirements and financial arrangement between partie

In 2006, the Waganui District CouncitommissionedVr lan Moore[Geologist, Land
Management Constant and previously Wanganuidirict Manager for Horizons
Regional Council]to carry outperiodicground inspectionand repeat photograpligr the
purmpose of informing the council of high risk developméngtability that required action.
It appears this approach (observation andrdbiog change over time) was suggested by
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Dr Jeremy GibljCoastal Sientistjwho visited the Wanganui Coast at that tiamel

provided general management comment to council officessMo or e 6s i ni ti al r
was in February 2006 and provided a general description of the physical state of the spit
and potentiadriving forces along with numerous photographgv8ral recomnendations
were maddor more quantitative monitoringThe following report in January 2010

included comparison photos of 2006, 2008 and December Z808ion fronting

structures sealing the 198abreachwerenoted along withkexpansion othe South Mole
Embayment Sability issues alonthe landward end of the Souttole were also

mentioned as well dsredune erosion along the South Beabtoore agairmrecommended
more detailed monitoringlong with research into the original protection works and
observation of flood effects. The next report was December&0m@ with an update
February 2011 describing observed effects of a flood e242Bnuar011. Thee

repors noted ongoing erosion alongetlpit riverbank with signifigat loss of vegetion

and exposure of early protection warksecommendethatthe gap between the river
groynes and original breach protectioal\weededo be addresskand river dynamics

need to be better understood by studying available data and undertaksigectam

sounding between thérport ard portat no less than six monthly intervals.

Following on from the 2010/201Mooreinspection repost the Wanganui District
Council and Horizons Regional Councdmmissionediver engineeMr Garry Williams
to undertake &urther review of erosioand to propose programme of repaivorks. The
Williams (2011)report focused on the following:

1 between the concrete block wall at the site of 1946 breach, and the terminus of the
half tide training wall extending downstream from Landguard Bluff, an embayment
had formedTo prevent thiembayment further enlargirand outflanking the
adjacent concrete block wéfronting the 1946 breachd low stone groyne was
recommended across the river flaighe upstream end of the wahg plansare
included in Appendix CThis work was completd in May 2014.

1 erosim was now occurring alone site of the 1946 breach ath@ original concret
block protection wall wasxposedthis area had been stable in 198&h gaps
existingbetween the waknd thefour pile and waling groyne3 o prevent the
groynes being syéct toflandward flow concentrations and associated structure
stressed gapsbetween theoncrete blok wall and the groyneshouldb e A pl uggedo
with stoneand at the upstreaembayment (planacluded inAppendix C) This
work wascompleted in May014.

1 the embayment at the end of the South Mole desxribed as beingore active than
in 1998 angosed an increasing risk ofiger/seafibreaking though Control using
rock protection was considerdulit a lattice of driven piles from a barges
favoured, with numericahodelling being used to finalise the desighis design
work has not occurred.

YST EMS Reference No 201606 CRep Version: Final Status Unrestricted

COASTAL Report Title: Harbour Baseline Study: Lower Whanganui River Management Strategy
-S »»»»» Client: Whanganui District Council Date: 17 March, 2016



25

1 the South Mole was considered to be subsidhitp gaps occurring in places and
underminingoccurringwhere the 1950s concrete repdd8 Figure 11)hadbeen
carriedout The report concluded thataintenance toppingp along the molevould
be required at some time in the future.

The analysis irSection 3provides data angrocessexplaration relating tassues raised by
Williams and Moore.

Mr Mo dmaleepast dated October 20fécuses on the ales and records
observationsrbm a site inspection witMr Peter Atkinsonéngineer with the Port of
Taranaki)on 28 May, 2014along with subsequent obgations and discussionghe

most recent work on the North Mole was considered cosmetic work and there was a need
for additional maintenance works to ensure structural integmifyarticular the need for a
more supportive bas&aps in the loweBouth Mde permitted wave penetration and this
threateed the integrity of thetructureas did ongoingerosion/undermining of the section

in the vicinity of the old Tanae Groyne (repaired in the late 1950s). The South Mole
Embayment was also noted wgbmeconcen. The report concluded/recommended the
need for bathymetric soundinggre needetb understand (driving) channel changes]

thati ni t i al Apatchupo wor ks istheomolesashd fmeideunder t a
basalsupport where needgdith more comprehensive remedial wdr&ingstagedater.

It also recommended that@sdeasibility to the South Mole along theo8th Spit be
investigatel along with investigation of a suitable rock source with a view to stockpiling

for emergency and fure use.

NotethatMr At ki nsonés subsequent retirne@ment r es
taking on the role of Portdvisorsto the Whanganui District @il in 2015 Theirfir st

request was for the present Baselitgd$ to be carried out, a study that was also

suggested by Mr Moore and Mr Williams as a means to proceed with definingiharbo
protectionworksand improvements.
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3 ANALYSIS and DISCUSSION

3.1 Methods

An initial high-level quantitativeanalysiscarried out irAugustSeptember 2016tilized
bathymetric data surveyed 1893, B21, 1948and 2006 along with part surveys from
1956, 1983 and993 These seven bathymetric samples are reproduced in Appendix D.
The 1893vathymetrc data representbepostStage 1 and pr8tage Zharbour
developmentvorks The 1921bathymetrywas surveyeduring Stage 2 just after the
moles had been extended to their final lergihbeforethey were raised to their final
heightwith stone anaoncrete. 8the 1921 surveyepresentboth andan intermediate
developmental form and also is indicative of thelpmeach(South Spitform. The 1948
samplewas taken as sealing tB®uth Spit Beach was completed sepresents the
breachaffected bathymetry. The 2006datarepresentpostbreachadjustedoathymetry
While, the 58 year timspan between the 1948 and 2006 data sets is excessive, the 1957,
1982 and 1993 part surveys are helpful in identifying iatewvey changeAerial and
satellite imagey (1942, 1960, 2065, 1974, 1980, 1982, 1986, 1991, 1996, 1998, 2000,
2004, 2008, 2009, 2012011,2012, 2013a, 2013hwere also used to assist in defining
inter-survey bathymetric change and to furtltemtify sediment transport direction using
exposed (intetidal) bedformsNote details of all data sources are summarised in
Appendix B

At the time of the initial analysis, onthhe 2006 bathymetry waavailabledigitally as

X,y,Z datgpoints the remainder being contooraps which were found to beo spatially
inaccuratdor directdigitzation The alternative was to locdtansects ocrosssections
(referred to hereafter a&ctionswhich bestrepreserdd the available data coverage and
the apparent range morphology form). Eachbathymetricsample was georeferenced
each sctionthereby deriving acceptabdpatial accuracyt/- 2.5 m).The locatiornof the 9
sections are depicted Figure 15 and heprofilesat each sectiohave beemsuperimposed
upon thecorrespondin@006profile in Figure 16

At aprogress presentation ind@ber 2018he advantage gfrocuring and including a
current bathymetric datand corresponding spring low tide/low river flow aerial
photography was recognised amalv surveys were undertakentdgrizons Regional
Council in November 2015 and lhyawrie Cairns and Associates: Survey Services and
Aerial Photography on 26 December 201Note anaeral survey was also undertakby
the Wanganui District Counailn 27 August 2018Jnfortunately the ide and river flow
at the time of photographyad been such that thpyevented expgure of the lower inter
tidal eguary, although some useful information was still captured. By contrast the 26
December 2015 photography was taken with the water levebagpng chart datum.

YST EMS Reference No 201606 CRep Version: Final Status Unrestricted

COASTAL Report Title: Harbour Baseline Study: Lower Whanganui River Management Strategy
-S »»»»» Client: Whanganui District Council Date: 17 March, 2016



27

Figure 17 shows theew 2015 bathymetric contours superimposed upon the 2015 Lawrie
Cairns aerial photograph the centre imagd-or comparisor2006 bathymetric contours
aresuperimposed upon the 2004 aerial photograpthe top mage and the net

bathymetric change between the two digital bathymetries (2006 andi2&t®wnin the
lower image.

The bathymetric sampling density for the 2006 and 2015 surveys are depicted in Appendix
E. The 2015 survey clearly has a muleigher samplingate butupper marginglongthe

right side of the rivewere notalwayscovered By contrag the2006 survey has a much

lower sampling densitynd this requireéxtensive interpolation in placés.g. SectiorB).

In addition,the samplig differencesesulted insomeartifactsas a 10 m wide

representative aseabout data pointsas requiredo derive a satisfactory number of net
change pointsMetadata detailing equipment and processing specifications have not been
provided, sdypical accuracy is assumed/{ 0.5 m position and +0.05 m elevation

All datasetswere convertetb NZMG and Wanganui Chart Datuasing official
conversionsFinally, we note that inconsistencies are clearly discernable 00 data

within the BasinChannel elevations being greater than elevation on the adjacent flats.
Analysis of recent change within the Basin could therefore not be included in the present
analysis.

Figure 15 Section locations (red lines), numbers and names superimposed upon a 2013 :
photograph. Black lines locate river control structures.
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3.2 Section Results
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Figure 16 Section graphs superimposed upon the 2006 bathymetry on left, and 2015 bathyme
superimposed upon 2006 on right. Note constant scales in all graphs enable direct comparisor
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2006 bathymetry

2015aer|al photo L

I T o

Figure 17
Spatial bathymetric data; 2006 at top and 2015 centre se@ehimposed upon relevant aerial
photographs. Net intesurvey differences depicted in lower image.
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2004 aerial photo

Figure 18 Migration tracking of the Dom&hoal based on aerial photo centres
mass between 1948 and 2015 superimposed upon the 2004 aerial photograp

Th®omenmosst receaditrepséeédeaent repmdamastso rred folc
changewiidhert hseedi ment transport regime (rath
sedi ment trranspand whimeeg ttblei oD nglba m@eé sy st e ms
alternati veglgye rheadved ybuwereen 12tQ 1i5s fd otoeld ftl matd wh i
caused significant flooding upstream of t he
in the Estuary due Y al,cees sgt.arla ecgoghdtwiedles mp,ar an

sustained moderate events ar ei ccalpadh aen e
coastal settings.
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the Ebk|l Fie@dé SIoc2t.iBorma8p-pt eacihmesret does not

havfef eact ed et lnd ¢drt 1948 hpr scfaimeeeWwWkrah ON8das
1921. Howebeeachhei d pctahues eMaiammfniell | iaradl s cour i

t hBeal gownoer B8Bhekr i ghtv ascicdannoofd atthee t he t hen
Nor(thBhal g Cwrinenfed .2 @A6 |l per i s t endeipbgebtromwaf d
on the r i ghhktutantdhsd rgeh tsfesdciedmeesnitn dtetfe cadnt r e

profshaded Friegdu pieno fibalpehh® 8 06y mat hy i ndi cates
Bal gownrminemmeC rmapwyi beng the main channel abou

around the northern side of t he Dome.
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Figure 19 Downstrearmmigrating (yellow arrows) discrete sand bodies upstre
of the Basin Wall Breach. Note the subsurface extension across the Basin W\
Breach as depicted by the zero level contour in the lower photo. Dashed ligh
lines locate drainage chaels deflected by such sediment movement.

The 2015 Section 6 profile in Figure 16 shec
as the sections i mmediately wupstream: er oo
hal f terdesiwan |l at t he b,asaccoumitihaeygimph :o sihde n
t he main c¢ hatnon etlh eanrdi gahctr iossisd éni ¢f ctalse wii ¥ én n
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Geometrically speakingechthanaePR 0 3bsedtbnbetehnpg me bt y
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Sect, omelavi our that cops$debemiexmpeich edhgi Ma
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Figure 20 South Mole Embayment on Transect 7 (left), and shoreline graph for the HW
defined on aerial and satellite image between 1980 and 2015 (right).

3..8Sectiodmn@8ank Groyne

The 1921 profile depicts the most constrained chatmdigurationof all samplesin

1921 thepartly completedasin Wall wasstill upstream of Transectsd probably having
little, if any, effect at Transect 8. The 1948 prefdepicts a considerably wider Main
Channelthis being a product of the Turig®Basin Wall concentrating seawdtdws. In
addition,in 1921the South Mole had yet to be raised and South Bgittciial) sandwas
able to enter the rivermouth system about this locati®etween 1948 and 1993t left
side of the channel meainedrelaively stableThe 2006 channel displayed the greatest
crosssectional area of all samplasd as with Sections 6 and Jignificant retreahad
occurredon the sout side of the channéthadedrownin Figure 1§ 1 the period in
which the Tana8ank rediced in size and the Tan@eoynedisappearedl'he most recent
(2015)profile shows some erosion adjacent to the South Mole, deposition across the
centre of the river bed and sour closer to the North Mole.

The spatiatlifferencedata in Figure 17 show theid-channel accumulation ana@&h
Mole eroson are continuations of the Section 7 behavid originated immediately
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seaward of Section 7 respectively. The Maira@inel erosion on the North Mole side is a
new behaviour andossibly amorphodynamic response the upstream accumulatisnas
may bethemorelimited erosionalong the $uth Mole.lIt is also noted that the observed
sediment accumulatiofibetween the end of the Turning Basin Wall and South Mole and
adjacent erosiomithe vicinity of Number 1 Whaxis consistent with the inverse
deposition/erosion relationship recorded tigloout the Harbour Board records and which
resident enginas saightto replicate byconstruction of th&outh Mole Wharf Groyne in
1928.

3..X8Section 9: Fishing Platform

Dataonly from 1956wereavailable forthis site (which had earlier been rivermouth rather
than riverbed). While the chanmeihning adjacent to the NorMole remained relatively
stablein the earlier samplesherecession of th&anae Banlsince 1993 isigainevident
(shadedrown) in the 2006 profileThe 2015 profile shows a similar pattern to theti®ac

8 profile, butis more extreme witlmore extensive erosion along the South Midss
extensive mid channel deposition and more extensive enlargement and deepening of the
main channel along the North Mole.

Thespatial difference data in Figure hdicate thathe accumulation slugxtending
downstream hadreatly reduced in extebly Section 9 and only continuasother 150 m
with the erosioron each side, i.e. along eachtbé moles, increasing in spatial extent.

3.3 Summary

Thelower Whanganui Rer has a natural tendento bifurcatesmmediately dowstream
of Landguard Bluff. The kathymetric charts shotihe Bluff deflectgiver/ebbtide flow to
the norh resulting in a channel acras® northern estuaighe Northern or Balgownie
Chanrel). Flow in the other branch (the Main Channisljoward, and then alonthe
South Spit Theearly marine engineers decididt from Landguarthe navigation
channel (Main Channeghouldbedirectedtowardthe South Spiand northern flow
should be minimisedsointernaltraining walls weremplementedOncethe Main
Channeimet theSouth Spitan additional training wall movetie channekowardthe
centre of the original estuaryhis enabled to follow a smooth curveast the wharves
andtowards the sedghereby conservinthe momentunof river and ebb tidal flovbefore
jetting through the entrance and scouring the(lN& Figure 5) Subsequent engineers
built river groynes along the South Mole to furthensipain the flow andhinimise
shoaling about the Port/BagiNB Figure 11) They ako raisedoth moles above MHWS
and constructed amtrance groyne in 1928 (rebuilt1973 to increase the jetting effect
(Figure 12)
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Between 930 and the mid 194Qkis systenappears to have operatedsteffectivey.
However, the process ofeating such a system disturbed the coastal sediment badget t
such an extent that consequ8outhBeach erosion caused th@tgo be significantly
breached in August 1946 andvas not permanently closed until late in 19BRjures 9

and 10) During his time wave action washed a substarmbunt of littoral sediment
directly intothe estuary. River flow transported this sedimesdwnstream with effects in
the Turning Basin noted within a year or €pposite the breach, sand infilled the channel
ard formed a largelomelike shoal (the Dome sediment from which appears to have
migrated upstream under tidal floasd its effectsan be detected at Section The
constrained Main Channel together wihgeDome(Sections 2 and 3gsulted in the
expansion of the Balgownie Chanr{8ection 2 to 5and thisbecamehe navigation route
to thetownwharves. newasremoved fronthe half tidetraining wallopposite
Landguard Bluffto assishavigation angbrotectthe Spit.Once tke breach was sealed, two
years ofdredying using up to 4ired dredges restablished the Main Channbltthe
training wall opposite and downstream of Landguard nedseinstated The Main

Channel was closed for navigation in 1956 following furthertls&pit instability. While
ongoing stability of the spit has been maintained, only minimal channel maintenance
occurred thereafter.

Following the 1948 bathymetric survey, it was 58 years before another full survey of the
Estuary was undertakeBq06 and a comparison showagreatly reduced Dome Shoal,
subgantial infill of the Northern Gannel angignificanterosion along the length the

South Molei.e. loss of the Tanae Bankimited bathymetric data availabbetween the
1948 and2006bathynetric surveys, coupledwith aerial photographyives some insigh

as to what happened during thé&&eyears.

The Tanae Bank expanded in the 1950sthadNorthern @annelappeared to be infilling.
However,during the midate 1990s morphodynamic shikeems to haveccurredthat
lead todownstream and spitward displacement of the Dome, development of the North
Channel to join the Main Channel downstream of the Ddwmss of the TanaBank and
an erosionaembaymentorming at the landward end dhe $uth Mole This shift or
change in statevas possiblycaused by series of floodascorrespondence with Port
staff in the late 1990s indicated a morpholog@nging food event had occurred in
1996 and theN | WARydrological record shows several significant floods occurred
during the nd to late 1990svhich could hae driven the observed changé&se flood
events may also have coincided walthreshold exceedan@aused by the somewhat
inevitableongoing increase in the size of thrth Chanrel where it splits fom the Main
Channel near Landgard, i.e. that areahere the traimg wall had not been reinstated.

A possible third influence was the Basin Wall Breach giveoaiscidentalestablishment
in 1994 However, the broad analysias indicate@nly localised effectswvith possible
channel enhancement immediatefstream and sonegosion downstream.
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The hgh resolution 201Bathymetricdata showsome significant changesd further
illustrates the dynamic nature of the Estuary and Port afHaste is some evidence (noted
above in Sections 3.2.3 and 3.2.7) that the June 2015 flood event may have hdukan un
influence on the November 2015 da@ nterpretation needs to be mindful of possible
bias where differences between the 2006 and 2015 data are small.

The 2006 to2015bahymetic changeFigure(17) showsinfill of the Main Channelfrom

well above Landguard (Sectiontb)the 1946spit breach aregSection 3).Development

of a Northern Channel is evident opposite Landg(lanth up and downstrearahd

around the northern margin of the Dome Shoal where it meets the Main Channel about
Sections 4 to 5Within theCentréLower Estuary nesedimentaccumulatiorhas been
occurring in places over 1 m deelNet sediment accumulation is also occurring along the
northern side of the Estuary and is moving toward the Basin Wall within disarede
bodies one of which is about to reach tBasin Wall Beach.The Main Gannelfrom
Section 3o the Turning Basin Wall/basefahe Suth Mole(i.e. Sections 6/7has

deepened sligly as it is forced toward thep8 by the estuargedimentaccumulatios.

Also of particularnoteis theseawardextension of the Estuagccumulatiorbeyond the
Turning Basin, i.e. intthe Tanae Bank areapupled withchannel deepeningom near

the Wharves toward tieivermouth.The present datsoshows a ongoingloss of
sedimennext to the South Mole (from Section 7 toward fieemrmouth)

C
S

OASTAL Report Title: Harbour Baseline Study: Lower Whanganui River Management Strategy
YST EMS Reference No 201606 CRep Version: Final Status Unrestricted

»»»»» Client: Whanganui District Council Date: 17 March, 2016



44

4 RIVERMOUTH and COAST

This section describes the physical nature and changes tisaecthedanstudy area, i.e.
therivermouth and adjacent coakgs undergonéduring the period obport andharbour
development.Since 1989 Coastal Systems Ltd have undertaken extensive monitoring of
the Wanganui Coast and somaterials in thisSection weralerived from that source.

4.1 Introduction

The Wanganui Rermouth andadjacent coast can be classifiederms of several ratios

QDWright and Col emands (19 7tRe)iverdlischacge®r ge ef f
wave poweratio. The Wanganui ratio is relatively low and comes betwberwave
dominated Shoalhavenvr (NSW) with little deltaic development (Wright, 1985)
and the Westport Rivermouth which Hdistinctdeltaic development (Kirk et al 1986).

(2) Boothroyds (1985)ide or wave dominated entrance indexs@mewhat similabut
was developed for tidal inlets rather than freshwater dominated rivermouths. As with
Wright and Col emandés index, Wanganui | ies

B3Brunn and Gerritsenbés (1959) I|littoral dri
(a)inlet bypassvhere littoralsediment moving into the inland is thenetted
outto join the downdrift coast, or
(b) bar bypassvhere littoralsediment crosses the mouy way ofthe seward
bar, with the lattemechanisnbeing inherently difficult for navigation except
for small vessels.
The mechanism applying to a particular inlet/coast depends on the ritioraf drift
to tidal flow, with a higher value, as applies to the Wanganui settidgzating thebar
bypasanechanism predominates

These classifications appeamnsgtent with observaticast Wanganui, shdueddeltac
morphology beingevident in Figure 21in addition the inlet is asymmetric with the
southerly offset beingroduedby the net NW to SE directed wind and wave energy as
described in therocesssection (5). Whilghe persistence of a well defined rivermouth
barsupports théar bypassnechanismijttoral sedimentdoes move into the inlet (Macky
1988), indicating some inidypass occurs.

4.2 Morphology

Approachingthe rivermouth along the northwest coalse foreshore narrows and steepens
toward the North Mole from ~87 nslppe =0.033) some 3 kralongshoredown to 44 m
(slope =0.064) some200 m from theNorth Mole(Shand 1990). Thepremole (1879)

beach width was200m (slope =0.019 (Gibb, 1962, showing the moles have had a
temporal as well as spatial impact. By comparison the ScedabHBoreshorehas

COASTAL Report Title: Harbour Baseline Study: Lower Whanganui River Management Strategy
SYST EMS Reference No 201606 CRep Version: Final Status Unrestricted
‘‘‘‘‘‘‘ Client: Whanganui District Council Date: 17 March, 2016



45

maintained a greater dth closer to the Mol€150 m recent.€. 160 m in 1885yhich
reduces t@approxmately 90 m somel.5 kmsoutheast of thevermouth

Wanganui

‘:e'\ /\—>°'tv

Figure 21 Extended study area with 5 and 10 m bathymetric contours sh
to define the offset subaqueous delta (Navy Chart NZ 46).

Typical rivemouth morphologys illustrated in Figre22 andrivermouthmorphologyand
behaviouris described in detail b$hand (1990)Briefly, at timesan inner balies
between the mole ends mainbaris always presergbout 150 m beyond the mole ends
and at times more seaward outer bar is pres#éms latter batypically having subdued
form, i.e. little difference if any in crest and landward trough heightvell defined and
relatively deep channel exists between the end dfitreh Mole and the main bar and a
primary inlet channel originatingear the end ohe North Mole is typically offset to the
southas itintersectghe main bar. These feaéisrare evident in Figur€2and their spial
variatiors, which can be considerable, are defined and illustiatEdyure 23.

The coastal morphology to the north of the rivermouth typically consists of an inner bar at
times crossed by rip channels, a main bar that is typically linear in the longshore direction
and separated from the inner bar by a well defined longshore troxdyht imes a

(subdued) outer bar exigiShand et al., 2004)Overall, the morphological configuration

is linear in the longshre direction and described agodimensional. These features

merge with the corresponding rivermoutiorphology as illustrateith Figure 22.

As Figure 2 alsoindicates, the morphological makeuptloé southern coast is markedly
different, consisting of tranverse bars and intervening chafirel$eatures orientated in a
more seaward rather than alongshore direction) which often link to large enrtayme
the intertidabeachthatcan result in localised foredune erosibrdeed, Harbour Board
records include a drawing showing the South Sipitreline characterised by embayments
during thel940s breaching (AppendiX) CThis threedimensionaimorphology diminishes
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Figure 22 Bathymetry surveyed on 2B1968 showing typical rivermouth morphology
merging with adjacent coastal morphology. The arrow located the primary inlet channe
the area enclosed by the dashed line marks the area sounded at 2 to 4 weekly interva
southern margin defines the southern lead, the northern margin defines the northern le
the centerline of the dashed area defines the central lead line. Depths are in feet belc
Chart Datum. Source: Shand (1990)

South Nole

G-line

River

North Mole

A-line
0 200 4.0m -
Secale in meters
Where: here:
7 : Circles locate mean distance to the depth parameter 115m
identified by the number (key in Fig. 11 and App.1ll).
# : outlier influence - see text and data App. E col. 11.
D Parameter range
* : Limited sounding occurs in these areas because of mole e, = 8r

proximity and this affects the determination of the
SOB and NTC distances (see Appendix D).

: This demonstrates the range of PIC angle variation 2m

about G-line but intersection points not constant.
Depth paramster range
Contour spacing seaward of outer bar uses gradients
Table 4, landward of outer bar uses mean depths Table
5 plus incorporates Table 4 values.

Note

Figure 23 A qualitative model of the Wanganui Rivermoutiorphological components
based on statistical analysis of parameter values derived from bar chart data.
Source Shand (1990)
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with increasing distaze southward of the rivermou#imd pre1980 aerial photos show the
change to linear forraccurred fromabout 2 km. However, tiE800 mlong marineoutfall
constructed inthe early 1980s some 3 km south of tivermouth has had a significant
effect upomearshore processes @l et §. 2005) such tha8D morphologynow

extends some 4km southtbe rivermouth(seeFigure24).

Figure 24 Wanganui coast (1993) with marine outfall (approximately) located. Line
bars and troughs (2D morphology) are evident on the far side of the rivermouth
(Castlecliff coast). Twalimensionality is also evident in bottom of photo (beyond 4 ki
from rivernouth), with transverse (thremensional) morphology from the rivermouth
to beyond the marine outfall.

Source CLS Archive

4.3 Longer-term behaviour

Of particular relevancesithe longeterm behsiour relaed to the frermouth jetties.

Before desgbing the effects on the adjacent coasts, the regular bar sounslimgsys at

two to four weeklyintervalssince 1926) can illustrate how the rivermouth itself has
adjuged to these structures. Figuredepictsmean annual minimum depths along the
North Mole line, i.e. the minimum depth of the main rivermouth IRespths reduced

from approximately 6 m (relate to Chart Datum) in 1926 to a little over 4 m by 1970 and
remained approximately stable thereaftdB. Chart Datum is ~1.5 m beloweaan sea

level. However, these annual data show considerablésgition about the fitted

equilibrium ling even moreso if the annual variatin shown in Figure 23 wascluded.
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Figure 25 Mean annual minimum depths between 1926 and 1992 along
line of the North Mole extended seaward (this being the line of most regu
soundings) with the fitted line being a locally weighted (Lowess) filter.
Elevation datum is MSL. Source McLean ad Burgess (1974)

The effectof the mole construction phases on the adjacent coaditiatested spatially in
Figure & in which shorelines for 1877, 1911, 1921 and 1942 are superimpose upon the
1942 aerial photo. The whitiashed arrow depicts sgstatic accretioron the Castlecliff
side of the rivermouthnd erosion along the South Spit siBeth these behaviours are
attributed to disruption of the n&tW to SE littoral drift which is numerically defined
Section 5

Threephases of mole developmere represented by these shorelines with the initial time
period (1877 to 1911) encompassthgStage 1 (short North Mole) effect, th& ime

period (1911 to 1921 encompassing Stage 2 lengthening of the moles, andithertba
(1921 to 1942) encompassing Stage 2 raising of the moles.

On the nath coast the shoreline rapidly budlitwardsto the end of the short mole
whereuporsedimenbypass resumed.gfatively lttle responsés evident on theaithern
shoreline. Lengthening the mol@s1921 and raising to lowater level limited seaward
migration of the northern shoreline; however, entrapment was still occurring and the
southern shoreline receded with breaching reported in 1920 in the vafitity 1877
breach.Raising of the moles to at least HWM (1921 to 1939) caused the northern
shoreline to undergo a significant seawardisisihent whildurther shoreline erosion
occurred along the South Spit which became critically unstabiegdilre 198s and
breached in 146 (red shaded area in Figui®.2
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1877 HWM effected by natural variation in sediment supply
1911 HWM north coast effected by Stage 1 (North Mole)

1921 HWM effected by Stage 2 mole length
1942 HWM effected by Stage 2 raising moles

Figure 26 Shoreline change from 1877 to 194@&derlying aerial photo). The bold wéiline
defines the original 1885 North Mole. The dashed white arrowsedeséhchange, while the
yellow arrow denotes change between 1911 and 1921, and the red arrow denotes shore
change between 1921 and 1942. Tieeded red area locates the 198Gpit breach.

Sources:New Zealand Aerial Mapping, LINZ, varioygans and documents from WH&chives

Coastal shoreline behaviour up to the present is depicted graphidaigune 27for three
discrete locations, specificalB00m north of the North Mole, 100 m south of the South
Mole and 1400 m south ¢fie South Mole which covers the site of the 1@86oreach

Since 1942Castlecliff Beach closer to the North Mole has continued accreting at a
decreasing rate indicating almost complete littoral bypass. The two South Beach sites
show overall accten following the erosion thatharacterised these sit@s until the
1940s. The sit@00 m fromthe South Mole shows marked shoreline fluctuatioitls the
1400 m site showing smaf fluctuations and there is particularly obviousorrelation

in fluctuationsbetween théwo sites. This pattern, along with the lack of fluctuations on
the Castleliff site suggests discretedimeninputsfrom the river rather thavariation in
littoral drift. Interestingly, the timing of the two peaks (early to mid 60s and late 90s)
follow periods when sediment slugs may have been reldéamadhe river(based on the
results and analysis in &®n 3). h particular following the late 1950s increase in stfe
theTanae Bank a time when considerable sediment was passing through the lower
river/mouth arepandsecondlythe onset of sediment loss in the lower river and Tanae
Bank area# the late 199Qs
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Figure 27 Coastal shoreline behavior from 1877 to the present for three coastal sites.
Mole development is marked along the baseline of each graph. Note the graphs for the
Spit sites have the same vertical axis scale so are directly comparable.

Data sources: various maps, plans and aerial photographs listed in Apper

4.4 Medium term behaviour

At a time scale of several yeabsrs and troughs on Chstiff Beach have been shown to
undergacycles ofnet offshore migration,e. bars form on the lower beactystematically
migrate seawarthen disperse (disappear) in the outer surf zone several yearthiatey
graphically depicted ifrigure B for a site some 1500 northwestof the North Mole.

The system appears to &&onsequence of thisgh energy environment, with seaward
bar migraton during storms exceeditgndward migration during intervening periods o
fair weather. As different morphological configations (plan shape) accomparers at
different crosssectionlocations(discussed further in Section 4.®)ere is a systematic
change irconfiguration during the offshore barigraion process

The rivermouth morphological configuration is an extension of thih moast
morphology (NB Figure 2), so itfollows that an underlyingffshore migratio pattern
could be expected also to occur at the rivermdutiieed, such a pattern has been
observedn bar soundingéShand2000), and this is shown Figure B. It also follows
that the rivermouth will likely also be predisposed to certain configuratiatifexrent
times, i.e. as bammigrate to different offshore locations, and this could weluence
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