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Consent Number: 67316

Bay of Plenty Regional Council
Resource Consent
Pursuant to the Resource Management Act 1991, the Bay of Plenty Regional Council, by a
decision dated 23 January 2014,

Hereby Grants to:

DEPARTMENT OF CONSERVATION

A resource consent:
a)

Under section 12(1)(d) and 15(1)(a) of the Resource Management Act 1991 and Rule 9.2.4(b)
of the Bay of Plenty Regional Coastal Environmental Plan to undertake a discretionary activity
being to Discharge Contaminated Coastal Water from the Kaituna River

to the Maketu Estuary; and
b)

Under section 12(3) and 14(1) of the Resource Management Act 1991 and Rule 10.2.4(f) of the
Plenty Regional Coastal Environmental Plan undertake a controlled activity being to Divert

the Course of the Coastal Water; and
c)

Under section 12(2)(a) of the Resource Management Act 1991 and Rule 12.2.4(a) of the Plenty
Regional Coastal Environmental Plan undertake a discretionary activity being for Culverts

to Occupy Space in the Coastal Marine Area.

Subject to the following conditions:

1

Purpose
For the purpose of diverting Kaituna River water through Ford’s Cut into the Maketu Estuary for
enhancement purposes.

2

Location
Fords Cut, upper Maketu Estuary as shown on B.O.P.R.C. Plan Number RC 67316 submitted
with the application for this consent.

3

Quantity
The quantity of water diverted from the Kaituna River to the Maketu Estuary shall be
approximately between 100,000 m3 and 150,000m3 per tidal cycle.

4

Map Reference
NZMS 260 V14 110 774.
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5

Legal Description
Control structure: Road Reserve, Block VI, Te Tumu SD (Western Bay of Plenty District).
Fords Cut: Pt S1, SO38964, Block VI, Te Tumu SD (Western Bay of Plenty District).

6

Diversion

6.1

Provision shall be made to ensure that the passage of fish through the structure is unimpeded at
all times that the gates are open.

6.2

The top level of the diversion control structure shall not be less than 2.20m (Moturiki Datum).

6.3

The diversion structure shall be fitted with gates that shall be shut in the following conditions:

7
7.1

a)

When Kaituna River flows at Te Matai exceed 120m3/sec.

b)

During major sea storms.

Monitoring
In February each year the consent holder shall undertake three surveys over a half tidal cycle,
at high tide, mid tide and low tide, all sites as described in Schedule 1 of this consent, and
measure the following parameters:
i)

E. coli

ii)

faecal coliforms

iii) enterococci
iv) ammonium nitrogen
v)

nitrate nitrogen

vi) total nitrogen
vii) dissolved reactive phosphorus
viii) total phosphorus.
ix) salinity.

7.2

In February each year the consent holder shall sample five shellfish samples (at least two pipi
and two cockles) from the central estuary as close as possible to the previous year’s sampling
site (see advice note 6), and test for the following parameters:
i)

E. coli

ii)

faecal coliform bacteria

iii) enterococci.
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8

Reporting

8.1 The consent holder shall forward the results of the monitoring required by conditions 7.1 and 7.2
(including the locations the shellfish samples were taken from) within one month of completion of
the analyses or monitoring to the Chief Executive of the Regional Council or delegate (Advice
Note 1).

9

Maintenance

9.1

The consent holder shall ensure that the culverts provided for under this consent are adequately
maintained in a structurally sound condition at all times, and shall undertake any maintenance
work immediately, if so directed by the Chief Executive of the Regional Council or delegate.

9.2

Any scour or erosion of the Coastal Marine Area at the entrance or exit points of the culverts,
shall be effectively stabilised, to the satisfaction of the Chief Executive of the Regional Council or
delegate

10

Maintenance

10.1 The consent holder shall maintain records of the date that any maintenance activities are
carried out on the any structures authorised by this consent.

10.2 The consent holder shall forward a copy of records required by condition 10.1 to the Regional
Council within 48 hours of its request (see Advice Note 1).

11
11.1

Review
The Regional Council may under s.128(1)(a)(ii) and/or (iii) of the Resource Management Act
1991, within one month of receipt of each years’ monitoring required under condition 8.1 of this
consent, serve notice on the consent holder of its intention to review the conditions of this
consent (Advice Note 5) for the purposes of:
i.
ii.
iii.

12

dealing with any adverse effect on the environment shown by the monitoring
required by conditions 7.1 or 7.2.
reviewing the determinants to be monitored and frequency of monitoring
required by conditions 7.1 and 7.2.
reviewing the maximum quantity specified in condition 3.

Term Of Consent
This consent shall expire on 31 December 2018.

13

Resource Management Charges
The consent holder shall pay to the Bay of Plenty Regional Council such administrative charges
as are fixed from time to time by the Regional Council in accordance with section 36 of the
Resource Management Act 1991.
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14

This Consent is hereby granted under the Resource Management Act 1991 and does not
constitute an authority under any other Act, Regulation or Bylaw.

Advice Notes
1

Unless otherwise stated all information required under this consent shall be directed to the
Manager Pollution Prevention, Bay of Plenty Regional Council, PO Box 364, Whakatāne 3158,
or fax 0800 884 882 or e-mail notify@boprc.govt.nz and should include reference to the
consent number 67316.

2

This consent does not authorise the holder to modify or disturb any archaeological or historic
sites within the area affected by this consent. Should any artefacts, bones or any other sites of
archaeological or cultural significance be discovered within the area affected by this operation,
written authorisation should be obtained from the Historic Places Trust before any damage,
modification or destruction is undertaken.

3

The consent holder is advised that non-compliance with consent conditions may result in
enforcement action against the consent holder and/or their contractors.

4

The consent holder is responsible for ensuring that all contractors carrying out works under this
consent are made aware of the relevant consent conditions, plans and associated documents.

5

Sections 128 to 132 of the Resource Management Act 1991 set out the process of a review of
consent conditions by a consent authority.

6

The sites to be monitored should be in the lower to middle estuary. The consent holder is
advised to seek Councils Senior Environmental Scientists advice on suitable sampling
locations.
DATED at Whakatane this 24th day of January 2014
For and on behalf of
The Bay of Plenty Regional Council

Mary-Anne Macleod
Chief Executive
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Schedule 1 Water quality monitoring sites in Maketu Estuary for
condition 7.1 for Consent 67136, based on NZMS 260 series
grid plot.

Site
Site 1

Location
Fords Cut

NZTM map reference
1900830
5815884

Site 5

Mid estuary

1902383

5814975

Site 9

Mid to lower estuary

1896228

5811747

BOP210269

Kaituna wetland pump site

1898876

5816407

BOP110029

Te Tumu

1900808

5816430

BOP240008

Kaituna side diversion structure

1900780

5815930

BOP150005

Maketū boat ramp site

1904290

5815493
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Level	
  1	
  
89	
  Grey	
  Street	
  
PO	
  Box	
  13009	
  
Tauranga	
  	
  3141	
  
	
  
T	
  
07	
  571	
  8289	
  
F	
  
07	
  571	
  8290	
  
C	
  
021	
  1084157	
  
s.miles@ryderconsulting.co.nz	
  

	
  

14	
  August	
  2014	
  
	
  
	
  
	
  
Bay	
  of	
  Plenty	
  Regional	
  Council,	
  Natural	
  Resource	
  Operations	
  
C/-‐	
  Opus	
  International	
  Consultants	
  Limited	
  	
  
Concordia	
  House	
  
Payne	
  Street	
  
PO	
  Box	
  800	
  
Whakatane	
  	
  	
  	
  3158	
  
	
  
	
  
Attn:	
  Stephanie	
  Brown	
  &	
  Simon	
  Banks	
  
	
  
	
  
Dear	
  Stephanie	
  and	
  Simon,	
  
	
  
Resource	
  Consent	
  Application	
  67958	
  –	
  Bay	
  of	
  Plenty	
  Regional	
  Council	
  –	
  Kaituna	
  River	
  Re-‐Diversion	
  and	
  
Ongatoro/Maketu	
  Estuary	
  Enhancement	
  Project	
  –	
  Request	
  for	
  Further	
  Information	
  (s92	
  RMA)	
  
Ryder	
   Consulting	
   Limited	
   has	
   been	
   engaged	
   by	
   the	
   Bay	
   of	
   Plenty	
   Regional	
   Council	
   to	
   process	
   your	
  
application	
  for	
  resource	
  consent	
  on	
  their	
  behalf.	
  	
  We	
  have	
  undertaken	
  a	
  preliminary	
  assessment	
  of	
  your	
  
application,	
   conducted	
   a	
   site	
   visit	
   and	
   received	
   specialist	
   comments	
   and	
   have	
   identified	
   that	
   further	
  
information	
  is	
  required	
  to	
  assess	
  the	
  application.	
  
The	
  required	
  information	
  is	
  set	
  out	
  as	
  follows:	
  
1.	
  

DHI	
  Modelling	
  and	
  Associated	
  Reporting	
  
a) Sediment	
  Load	
  from	
  the	
  Kaituna	
  River	
  
The	
  peer	
  reviewers	
  of	
  the	
  DHI	
  and	
  Economos	
  reports	
  have	
  raised	
  concern	
  over	
  the	
  fact	
  that	
  the	
  
morphological	
   model	
   has	
   not	
   incorporated	
   incoming	
   sediment	
   from	
   the	
   Kaituna	
   River.	
   	
   They	
  
consider	
   that	
   the	
   exclusion	
   of	
   this	
   input	
   raises	
   doubt	
   over	
   the	
   model’s	
   ability	
   to	
   realistically	
  
provide	
  an	
  indication	
  of	
  future	
  morphological	
  behaviour.	
  	
  In	
  particular,	
  they	
  raise	
  concern	
  over	
  
the	
   potential	
   that	
   the	
   model	
   has	
   underestimated	
   morphological	
   effects	
   immediately	
  
downstream	
  of	
  the	
  new	
  diversion	
  channel.	
  
Information	
  requested:	
  
(i)

Additional	
  model	
  runs	
  are	
  carried	
  out	
  that	
  include	
  bedload	
  and	
  suspended	
  sediment	
  load	
  
from	
  the	
  Kaituna	
  River;	
  and	
  

(ii) A	
  discussion	
  on	
  the	
  outcomes	
  of	
  these	
  additional	
  model	
  runs	
  is	
  provided.	
  
b)	
   Use	
  of	
  ‘Typical	
  Year’	
  
The	
  peer	
  reviewers	
  have	
  raised	
  some	
  concern	
  over	
  the	
  use	
  of	
  the	
  year	
  2006	
  as	
  the	
  ‘typical’	
  year	
  
and	
   note	
   that	
   there	
   is	
   a	
   large	
   difference	
   between	
   the	
   long-‐term	
   sediment	
   transport	
   rate	
   and	
  
the	
   modelled	
   2006	
   rate.	
   	
   They	
   also	
   note	
   that	
   it	
   appears	
   that	
   2006	
   has	
   been	
   considered	
   as	
   a	
  

Dunedin	
  (03)	
  477	
  2119	
  

	
  	
  	
  Christchurch	
  (03)	
  381	
  0382	
  

Tauranga	
  (07)	
  571	
  8289	
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‘typical’	
  year	
  based	
  solely	
  on	
  littoral	
  drift	
  transport	
  and	
  consider	
  that	
  river	
  flows	
  will	
  also	
  be	
  a	
  
key	
  physical	
  process	
  affecting	
  the	
  system.	
  
Information	
  requested:	
  
(i)

Further	
  justification	
  of	
  the	
  selection	
  of	
  2006	
  as	
  the	
  ‘typical’	
  year;	
  

(ii) Further	
  consideration	
  and	
  discussion	
  on	
  whether	
  2006	
  represents	
  a	
  ‘typical’	
  year	
  in	
  terms	
  
of	
  river	
  flows;	
  and	
  	
  
(iii) Additional	
  model	
  runs	
  and	
  reporting	
  that	
  stem	
  from	
  points	
  1	
  b)(i)	
  and	
  (ii).	
  
c)	
  

Outputs	
  from	
  ‘Typical	
  Year’	
  Morphological	
  Model	
  

	
  

The	
  peer	
  reviewers	
  note	
  that	
  there	
  are	
  measureable	
  differences	
  at	
  both	
  the	
  Te	
  Tumu	
  Cut	
  and	
  
the	
   Estuary	
   inlet	
   for	
   the	
   one	
   year	
   simulation.	
   	
   They	
   raise	
   concern	
   over	
   the	
   fact	
   that	
   no	
  
allowance	
  for	
  any	
  enlargement	
  of	
  the	
  estuary	
  inlet	
  has	
  been	
  made	
  in	
  the	
  model	
  runs	
  and	
  the	
  
potential	
  effects	
  that	
  this	
  enlargement	
  may	
  have	
  on	
  tidal	
  flux,	
  flood	
  hazard	
  and	
  water	
  quality	
  
assessments.	
  
(i)

Additional	
   model	
   runs	
   are	
   carried	
   out	
   to	
   understand	
   the	
   morphological	
   response	
  
(particularly	
  at	
  the	
  Te	
  Tumu	
  Cut	
  and	
  Maketu	
  Estuary	
  entrance);	
  and	
  

(ii) A	
  discussion	
  on	
  the	
  outcomes	
  of	
  these	
  additional	
  model	
  runs.	
  
d)	
   Impacts	
  Upon	
  Other	
  Reports	
  
	
  

I	
  note	
  that	
  significant	
  reliance	
  has	
  been	
  placed	
  on	
  the	
  outputs	
  of	
  the	
  DHI	
  model	
  to	
  assess	
  the	
  
Project’s	
   potential	
   effects	
   within	
   the	
   various	
   specialist	
   reports	
   (in	
   particular	
   those	
   relating	
   to	
  
ecological	
   effects).	
   	
   These	
   reports	
   are,	
   therefore,	
   considered	
   to	
   be	
   sensitive	
   to	
   any	
   changes	
  
associated	
  with	
  the	
  additional	
  model	
  runs	
  requested	
  within	
  points	
  1	
  a),	
  b)	
  and	
  c)	
  of	
  this	
  request.	
  

	
  

Information	
  requested:	
  
(i)

Confirmation	
   be	
   provided	
   from	
   each	
   of	
   the	
   specialist	
   report	
   authors	
   that	
   they	
   have	
  
received	
  and	
  considered	
  the	
  revised	
  modelling	
  outputs;	
  and	
  	
  

(ii) The	
  various	
  reports	
  are	
  amended,	
  as	
  necessary,	
  in	
  light	
  of	
  the	
  revised	
  model	
  outs.	
  
2.	
  

Hamill	
  (2014)	
  Ongatoro/Maketu	
  Estuary	
  Condition	
  and	
  Potential	
  Effects	
  
Information	
  requested:	
  
(i)

Comment	
  on	
  the	
  rationale	
  for	
  the	
  site	
  selection	
  of	
  the	
  algal	
  assessments	
  transects;	
  and	
  

(ii) Comment	
   on	
   whether	
   the	
   four	
   composited	
   algal	
   samples	
   collected	
   are	
   considered	
   to	
   be	
  
generally	
   representative	
   of	
   nutrient	
   content	
   in	
   algae	
   throughout	
   the	
   estuary	
   and/or	
   the	
  
extent	
   of	
   possible	
   variation	
   in	
   other	
   areas	
   and	
   whether	
   this	
   has	
   any	
   bearing	
   on	
   the	
   total	
  
mass	
  of	
  N	
  and	
  P	
  estimated	
  to	
  be	
  present	
  in	
  algae	
  in	
  the	
  estuary.	
  
3.	
  

MacGibbon	
  (2014)	
  Terrestrial,	
  Avian	
  and	
  Wetland	
  Restoration	
  Ecology	
  
Information	
  requested:	
  
(i)

Comment	
   on	
   the	
   importance	
   of	
   the	
   time	
   of	
   year	
   that	
   construction	
   and	
   re-‐establishment	
  
activities	
   are	
   to	
   occur	
   in	
   terms	
   of	
   vegetation	
   and	
   avian	
   ecology	
   (i.e.	
   breeding	
   seasons,	
  
migration,	
  and	
  so	
  on)	
  and	
  proposed	
  mitigation	
  measures;	
  

(ii) Comment	
   on	
   the	
   vegetation	
   survey	
   methodology	
   (including,	
   but	
   not	
   limited	
   to,	
  
justification	
  of	
  vegetation	
  transect	
  localities	
  and	
  soil	
  chemical	
  characteristics);	
  
(iii) Comment	
   on	
   the	
   presence	
   and	
   significance	
   of	
   the	
   threatened	
   tussock	
   species	
   Poa	
  
billarierei	
   at	
   eastern-‐most	
   800	
   metres	
   of	
   the	
   spit	
   and	
   any	
   mitigation	
   measures	
   proposed	
  
during	
  the	
  pre,	
  during	
  and	
  post-‐construction	
  phases	
  of	
  the	
  Project;	
  
Dunedin	
  (03)	
  477	
  2119	
  

	
  	
  	
  Christchurch	
  (03)	
  381	
  0382	
  

Tauranga	
  (07)	
  571	
  8289	
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(iv) Salinity	
   models	
   of	
   average	
   river	
   flow	
   and	
   average	
   tidal	
   cycle	
   at	
   water	
   surface,	
   mid	
   water	
  
and	
  bed;	
  and	
  
(v) Further	
   comment	
   on	
   proposed	
   avian	
   monitoring	
   and	
   mitigation	
   recommendations	
   (for	
  
example,	
   whether	
   relocation	
   during	
   construction	
   is	
   appropriate	
   and	
   is	
   there	
   a	
   proposed	
  
avian	
  monitoring	
  regime).	
  
4.	
  

Log	
  Deflector	
  

	
  

Information	
  requested:	
  
(i) As	
  a	
  minimum,	
  please	
  provide	
  some	
  details	
  of	
  the	
  proposed	
  design	
  and	
  construction	
  of	
  the	
  
proposed	
  ‘log	
  deflector’.	
  	
  	
  
Please	
  note	
  that	
  these	
  do	
  not	
  have	
  to	
  be	
  final	
  and	
  the	
  purpose	
  would	
  be	
  to	
  enable	
  Council	
  
to	
   set	
   some	
   parameters	
   around	
   a	
   ‘final’	
   plan	
   for	
   later	
   certification	
   by	
   Council	
   (should	
  
resource	
  consent	
  be	
  granted).	
  

5.	
  

Culvert	
  Serving	
  the	
  Lower	
  Kaituna	
  Wildlife	
  Management	
  Reserve	
  

	
  

I	
  note	
  that	
  section	
  5.2	
  –	
  Construction	
  Activities	
  on	
  Page	
  50	
  of	
  the	
  AEE	
  sets	
  some	
  ‘likely’	
  dimensions	
  
for	
  the	
  proposed	
  additional	
  culvert	
  serving	
  the	
  Lower	
  Kaituna	
  Wildlife	
  Management	
  Reserve	
  but	
  a	
  
to-‐scale	
  plan	
  has	
  not	
  been	
  provided	
  showing	
  the	
  approximate	
  location	
  of	
  this	
  culvert.	
  

	
  

Information	
  requested:	
  
(i) Please	
   provide	
   a	
   to-‐scale	
   plan	
   identifying	
   the	
   proposed	
   approximate	
   location	
   of	
   this	
  
proposed	
  culvert;	
  
(ii) Please	
   clarify	
   the	
   maximum	
   dimensions	
   of	
   this	
   culvert,	
   maximum	
   earthworks	
   and	
   whether	
  
any	
   additional	
   works	
   are	
   proposed	
   (for	
   example	
   nature	
   and	
   likely	
   extent	
   of	
   erosion	
  
mitigation	
  measures;	
  	
  
Please	
  note	
  that	
  these	
  do	
  not	
  have	
  to	
  be	
  final	
  and	
  the	
  purpose	
  would	
  be	
  to	
  enable	
  Council	
  
to	
   set	
   some	
   parameters	
   around	
   a	
   ‘final’	
   plan	
   for	
   later	
   certification	
   by	
   Council	
   (should	
  
resource	
  consent	
  be	
  granted).	
  

Once	
  we	
  have	
  received	
  all	
  information	
  necessary	
  to	
  assess	
  the	
  effects	
  of	
  your	
  proposal	
  on	
  the	
  receiving	
  
environment,	
  we	
  will	
  continue	
  processing	
  your	
  application.	
  
	
  
Please	
  note	
  that,	
  for	
  completeness,	
  I	
  have	
  attached	
  the	
  memorandums	
  provided	
  by	
  the	
  peer	
  reviewers.	
  	
  
These	
  provide	
  a	
  fuller	
  discussion	
  of	
  the	
  reasons	
  for	
  the	
  information	
  requested.	
  	
  You	
  will	
  note	
  that	
  these	
  
reports	
  have	
  ‘fundamental’	
  and	
  ‘nice	
  to	
  have’	
  information	
  requirements,	
  some	
  of	
  which	
  I	
  do	
  not	
  consider	
  
necessary	
  to	
  request	
  at	
  this	
  stage.	
  	
  They	
  do,	
  however,	
  flag	
  some	
  issues	
  that	
  you	
  may	
  decide	
  to	
  respond	
  to.	
  	
  
For	
  clarity,	
  only	
  those	
  items	
  requested	
  within	
  this	
  letter	
  are	
  required.	
  
	
  
Please	
  feel	
  free	
  to	
  contact	
  the	
  undersigned	
  regarding	
  the	
  requirements	
  of	
  this	
  letter	
  by	
  telephone	
  on	
  (07)	
  
571	
  8289	
  or	
  by	
  email	
  at	
  s.miles@ryderconsulting.co.nz.	
  	
  
	
  
When	
  and	
  how	
  should	
  I	
  respond?	
  
	
  
In	
  accordance	
  with	
  section	
  92A(1)	
  of	
  the	
  Resource	
  Management	
  Act	
  1991	
  (RMA)	
  you	
  must	
  respond	
  to	
  this	
  
request	
  by	
  Wednesday	
  3	
  September	
  2014.	
  	
  You	
  may	
  either:	
  
a) Provide	
  the	
  required	
  information;	
  or	
  
b) Write	
  to	
  us	
  stating	
  that	
  you	
  will	
  supply	
  the	
  required	
  information,	
  but	
  require	
  a	
  longer	
  period	
  in	
  
which	
  to	
  do	
  so;	
  or	
  
c)

Write	
  to	
  us	
  stating	
  that	
  you	
  refuse	
  to	
  provide	
  the	
  required	
  information.	
  
	
  
Dunedin	
  (03)	
  477	
  2119	
  

	
  	
  	
  Christchurch	
  (03)	
  381	
  0382	
  

Tauranga	
  (07)	
  571	
  8289	
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What	
  happens	
  if	
  I	
  do	
  not	
  respond	
  or	
  refuse	
  to	
  provide	
  the	
  information?	
  
	
  
If	
  you	
  do	
  not	
  respond	
  by	
  Wednesday	
  3	
  September	
  2014	
  or	
  respond	
  indicating	
  your	
  refusal	
  to	
  provide	
  the	
  
requested	
   information,	
   then	
   under	
   section	
   92B(2)	
   of	
   the	
   RMA	
   we	
   must	
   continue	
   to	
   process	
   your	
  
application	
   but	
   your	
   application	
   is	
   likely	
   to	
   incur	
   extra	
   costs	
   and	
   it	
   may	
   be	
   recommended	
   that	
   the	
  
application	
  be	
  declined.	
  	
  If	
  your	
  application	
  is	
  declined,	
  you	
  have	
  the	
  right	
  of	
  appeal	
  (s120	
  RMA)	
  to	
  the	
  
Environment	
  Court.	
  
	
  
Yours	
  faithfully	
  
Ryder	
  Consulting	
  Limited	
  
	
  

	
  
Shanan	
  Miles	
  
Associate	
  &	
  Environmental	
  Planner	
  (Consultant	
  Processing	
  Planner)	
  

Dunedin	
  (03)	
  477	
  2119	
  

	
  	
  	
  Christchurch	
  (03)	
  381	
  0382	
  

Tauranga	
  (07)	
  571	
  8289	
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Opus International
Consultants Ltd
Whakatane Environment staff
Concordia House, Pyne Street
PO Box 800, Whakatane 3158
New Zealand

1 September 2014

t: +64 7 308 0139
f: +64 7 308 4757
w: www.opus.co.nz

Bay of Plenty Regional Council
c/- Ryder Consulting
PO Box 13009
Tauranga 3141
3-38751.00

Dear Shanan
Resource Consent Application 67958
Kaituna River Re-diversion and Ongatoro/Maketu Estuary Enhancement
Response to further information request
We write in response to the request for further information dated 14 August 2014 relating
to the Regional Council resource consent applications for the above. We have had
feedback from each of the relevant technical experts on the points raised and respond to
the request in the attached table.
In light of its discussions with its technical experts, the Applicant does not consider that
any further detail is required in order to notify the application, for the following reasons:
•

There is sufficient information contained in the applications, and the information
supplied here, for potential submitters to understand the proposal and the effects.

•

We consider that the DHI modelling questions are matters of detail that are
considered highly unlikely to impact on the overall findings. These details will
not affect which parties would choose to submit on the proposal, whether in
support or opposition, or the nature of submissions.

•

The ecology specialists have confirmed that the assessments in their reports will
not change as a consequence of the proposed sensitivity testing.

•

Responses are provided to Questions 2 to 5.

You will see in the table that, while DHI stands by its findings in respect of the
morphological behaviour of the entrance, it has undertaken to conduct sensitivity test
scenarios. The results of these and the associated commentary will be supplied to the
consent authority no later than 30th September.
‘Nice to haves’
The Applicant intends to respond to those items labelled as ‘nice to haves’. This response
will occur outside of the formal further information request process and will be provided
in time for preparation of the officer’s report.

242

Should you have any questions around the application, or this response, please contact
Stephanie Brown (07 308 8932) or Simon Banks (07 571 5767) or by email.

Yours sincerely

Stephanie Brown
Principal Environmental Consultant
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QUESTION

REPSONSE

1. DHI Modelling and Associated Reporting
a) Sediment Load from the Kaituna River
The peer reviewers of the DHI and Economos reports have raised concern over the
fact that the morphological model has not incorporated incoming sediment from the
Kaituna River.
They consider that the exclusion of this input raises doubt over the model’s ability to
realistically provide an indication of future morphological behaviour.
In particular, they raise concern over the potential that the model has
underestimated morphological effects immediately downstream of the new
diversion channel.
Information requested:
(i)

Additional model runs are carried out that include bedload and
suspended sediment load from the Kaituna River; and

(ii)

A discussion on the outcomes of these additional model runs is
provided.

DHI stands by the findings that since the important hydrodynamic behaviour will not
be significantly changed with the proposed option (i.e ebb tide volume and volume of
water through the entrance for the majority of floods) the morphological behaviour of
the entrance will not be significantly impacted. We believe this would be the same
situation if river supplied sediment were to become more significant.
However, to address this it is proposed to carry out some sensitivity simulations to
assess morphological / sediment transport behaviour for typical year and extreme
flood scenarios with sediment supply (approx. 30,000 m3 /yr) included at upper
boundary of the model. This will illustrate if there are any impacts of increased river
sourced sediment on the findings of comparative assessments between the existing
situation and the proposed option.
If the river is actually almost at a tipping point (due to sinks being filled in), where bed
loads are about to increase significantly, then this may be a concern for the perceived
impacts of re-diversion moving forward. The big question is whether additional bed
load would lead to infilling at the river mouth. We consider that the present situation
is not “sediment limited” so to speak. There is plenty of sediment supply from the sea
on flood tide (gross transport of 400,000 m3 / yr along Maketu coastline) and there is
probably already a dynamic balance between the flushing and the cross-section.
Proposed Action: Carry out a small number of sensitivity test scenarios and comment
on any potential for increased river supplied sediment.

b) Use of ‘Typical Year’
The peer reviewers have raised some concern over the use of the year 2006 as the
‘typical’ year and note that there is a large difference between the long---term

DHI does not agree with the statement that there is a large difference in the predicted
long term rate and the 2006 rate. For the ten years simulated the rates range from
50,000 m3 /yr in a westerly direction to 250,000 m3 / yr in an easterly direction. With
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QUESTION
sediment transport rate and the modelled 2006 rate.
They also note that it appears that 2006 has been considered as a ‘typical’ year
based solely on littoral drift transport and consider that river flows will also be a key
physical process affecting the system.
Information requested:
(i)
Further justification of the selection of 2006 as the ‘typical’ year;
(ii)

Further consideration and discussion on whether 2006 represents a
‘typical’ year in terms of river flows; and

(iii)

Additional model runs and reporting that stem from points 1b)(i) and
(ii).

c) Outputs from ‘Typical Year’ Morphological Model
The peer reviewers note that there are measureable differences at both the Te Tumu
Cut and the Estuary inlet for the one year simulation. They raise concern over the
fact that no allowance for any enlargement of the estuary inlet has been made in the
model runs and the potential effects that this enlargement may have on tidal flux,
flood hazard and water quality assessments.
(iv)

(v)

Additional model runs are carried out to understand the morphological
response (particularly at the Te Tumu Cut and Maketu Estuary
entrance); and
A discussion on the outcomes of these additional model runs.

REPSONSE
this variability in transport rates along the coastline in mind, we believe that 52,000
and 81,000 m3 / yr is actually quite comparable.
We consider that 2006 is not atypical (i.e. a drought year or contains an irregular
number of flood events). 2006 is a good year since it contains a number of flood
events but also a period of approximately four months where no significant flood
events occur. As a result you see any changes in the response of the river and estuary
mouths for a range of conditions with and without the proposed option.
We think it is important to note that the behaviour of the mouths is not only
investigated for the typical year. The response of the mouths has also been assessed
for the conservative situation of prolonged low river flow with adverse wave climate.
We believe that the combination of this assessment with the typical year assessment
is suitable for illustrating that impacts of re-diversion will be not significant for the
long term behaviour of Te Tumu Cut.
Proposed Action: Provide additional discussion of 2006 flows.
It is DHI’s opinion that differences in bathymetry highlighted by PDP is just illustrating
the non-linear effects of the sediment transports equations and probably limitations
of the models (i.e. we are not including all processes i.e. such as wind-blown
sediment).
It is important to understand that the models are not meant to be used to predict final
locations of what are by their very nature dynamic channels, instead they are used to
understand any likely overall changes to the size (width and depth) of these channels.
We believe it is more important to look at the cross section area of the entrances and
channels through the deltas and not the actual channel locations themselves.
With regard to the slight enlargement of the estuary entrance, it is our opinion that it
is unlikely to have a significant impact on tidal flux or flood hazard assessment.
However, we propose one simulation to determine if a larger estuary mouth impacts
the flow in and out of estuary. In addition, simulations to determine if a larger estuary
mouth will result in more chance of coastal flooding at Maketu will be carried out. We
would account for fact that flood flow from river will be partially prevented from
entering the estuary during the highest risk flood events where these coincide with
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d) Impacts Upon Other Reports
I note that significant reliance has been placed on the outputs of the DHI model to
assess the Project’s potential effects within the various specialist reports (in
particular those relating to ecological effects). These reports are, therefore,
considered to be sensitive to any changes associated with the additional model runs
requested within points 1 a), b) and c) of this request.
Information requested:
(vi)

Confirmation be provided from each of the specialist report authors
that they have received and considered the revised modelling outputs;
and

(vii)

The various reports are amended, as necessary, in light of the revised
model outs.

2. Hamill (2014) Ongatoro/Maketu Estuary Condition and Potential
Effects
Information requested:
(i)

Comment on the rationale for the site selection of the algal assessments
transects; and

REPSONSE
elevated sea levels. We suggest flood scenario 4 is most appropriate here.
Proposed Action: Carry out a small number of sensitivity test scenarios.
The authors of the ecological reports can confirm they have discussed the information
requests relating to the modelling with DHI. The opinion of the authors is that the
assessment and conclusions reached in the Hamill (2014) and MacGibbon (2014) are
not affected by any of the proposed sensitivity testing proposed in a) to c) above.
It is recognised that the Maketū estuary is a dynamic system and that there will be
spatial and temporal variability.
No amendments to Hamill (2014) and MacGibbon (2014) are necessary.

The transects sampled for algal biomass and the nutrient content of algae and
sediments were chosen to reflect a range of algae cover as indicated by the aerial
mapping of algae cover (see Figure 2.1 in Hamill 2014). We only sampled areas where
there were the aerial mapping showed algae accumulations and the results were
combined with the estimate of algae cover to estimate the biomass and nutrients over
the entire estuary. We deliberately did not sample Ulva growing in the channel of the
lower estuary because the intent of the investigation was to estimate the biomass and
nutrients contained in the accumulations of algae and underlying mud.
The monitoring of algae cover using transects was primarily intended to provide an
indication of temporal variability. The transects assessing algae cover were located in
the mid-estuary and southern estuary because the extent of algae cover in this part of
the estuary was known to be variable, it is highly visible part of the estuary, and it is
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(ii)

Comment on whether the four composited algal samples collected are
considered to be generally representative of nutrient content in algae
throughout the estuary and/or the extent of possible variation in other
areas and whether this has any bearing on the total mass of N and P
estimated to be present in algae in the estuary

REPSONSE
easily accessible for repeated measurements.
Yes, the composited algae and mud samples are considered to be representative of
algae accumulations in the estuary. Macroalgae typically accumulate in bands parallel
to the shore or channels. Our transects bisected these bands of algae in order to
capture the variability in biomass etc in an unbiased way.
There will be a high degree of spatial and temporal variability. An indication of the
spatial variability within transects is seen in the replicates of the biomass (wet weight)
in Table 1 below.
The calculations adjusted for differences in algae cover in the estuary. Samples
collected from Papahikahawai lagoon were different from those collected in the main
estuary (i.e. higher N content and lower density), and these samples were used only
for estimates of biomass and nutrient content in the lagoon itself.
This work was intended to provide a broad scale estimate of biomass and nutrient
content of accumulated algae and mud in the estuary. It is not sufficiently quantitative
to allow a statistically robust comparison of algae biomass before and after the rediversion. The monitoring proposed for assessing the effects of the re-diversion are
described in the AEE, and includes regular aerial mapping of algae cover.

3. MacGibbon (2014) Terrestrial, Avian and Wetland Restoration Ecology
Information requested:
(i)

Comment on the importance of the time of year that construction and
re---establishment activities are to occur in terms of vegetation and
avian ecology (i.e. breeding seasons, migration, and so on) and
proposed mitigation measures;

Proposed construction activities may have some minor impact on wetland bird
breeding along the western edge of the Titchmarsh wetland if construction work in
this area occurs during the wetland bird breeding season – broadly September to
December. The noise and disturbance caused by excavators etc will discourage birds
nesting along the wetland edge adjacent to the proposed diversion channel. The only
effective mitigation of the effects of this activity would be to avoid construction
activity along the western edge of the Titchmarsh wetland during breeding season.
Main channel construction activities are not expected to have any significant effect on
birds occupying other parts of the Maketu estuary and lower Kaituna River.
Migratory bird species are not likely to be affected by the proposed construction work.
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(ii)

Comment on the vegetation survey methodology (including, but not
limited to, justification of vegetation transect localities and soil chemical
characteristics);

REPSONSE
The estuary tidal mud flats preferred by migratory species are generally well removed
from the proposed construction areas.
While there is likely to be a period when algae is flushed through the estuary and
some increased sediment load may occur during construction this is not expected to
have any prolonged impact on wading and shore bird food sources.
Planting of the areas proposed for vegetative restoration should occur from May to
the end of September when soil moisture conditions are reliable, except in the wettest
areas where other times of year may also be suitable. This planting will not have any
adverse effects on bird breeding success because the land to be planted is mostly
open grassland or salt meadow unsuitable for nesting.
The vegetation survey methodology consisted of a walk-over of all vegetation on the
Maketu Spit, around the margins of the estuary and alongside the lower river from just
upstream of the Titchmarsh wetland down the river to the coast and to the Ford’s Cut
junction with Maketu Estuary, and the establishment of vegetation transect lines at
various locations along the estuary and lower Kaituna margins. The transect lines
were located at sites that represented areas where changes in water salinity and
chemistry might have different effects on the estuary and lower river margin
vegetation. Transects have been located at intervals along the Maketu spit, across the
southern edge of Papahikahawai Island, through the remnant salt marsh area beside
Maketu Road, and across the Titchmarsh wetland. Access to the Brain land and Ford
Island was not available, consequently transects could not be installed in these areas.
Transects will be added to both locations if access should be approved in the future.
The intention with these transect lines and the accompanying marked vegetation plots
is to be able to detect and record any significant changes in vegetation composition
post re-diversion. The transects traverse the narrow bands/zones of vegetation that
occur from the tidal part of the estuary through to the fully terrestrial substrate that
occurs above the spring tide zone.

(iii)

Comment on the presence and significance of the threatened tussock
species Poa billarierei at eastern---most 800 metres of the spit and any
mitigation measures proposed during the pre, during and post---

The Poa billiardierei plants growing on Maketu spit will not be affected by the changes
that are likely to occur as a result of river re-diversion. This species is an inhabitant of
the terrestrial sandy substrate along the spit and does not grow in the wet estuarine
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construction phases of the Project;

REPSONSE
margins that are likely to change. It should also be noted that most of the Poa
billiardierei on the spit have been planted.

(iv)

Salinity models of average river flow and average tidal cycle at water
surface, mid water and bed; and

The average salinity levels predicted by the DHI modelling can be extrapolated from
the DHI report (Tables 9-3, 9-4 and 9-5). Predominant upper quartile and lower
quartile salinity levels and changes are likely to be more significant influences on
vegetation changes than average figures.

(v)

Further comment on proposed avian monitoring and mitigation
recommendations (for example, whether relocation during construction
is appropriate and is there a proposed avian monitoring regime).

As stated above, the effects of the project on estuarine and lower river bird life are
expected to be minor. Furthermore, monitoring of the bird population, using standard
estuary bird census methods, is unlikely to be able to identify changes in bird diversity,
abundance or behaviours that are directly attributable to the re-diversion.
Consequently, no avian monitoring regime is recommended as necessary.
Relocation of estuarine of wetland birds would be impractical and unnecessary (even if
it could be achieved). If construction timing avoids bird breeding season the effects on
bird life are not expected to be significant and do not warrant any additional
mitigation measures.

4. Log Deflector
Information requested:
(i)

As a minimum, please provide some details of the proposed design and
construction of the proposed ‘log deflector’. Please note that these do
not have to be final and the purpose would be to enable Council to set
some parameters around a ‘final’ plan for later certification by Council
(should resource consent be granted).

The log deflector is shown on drawing sheets 2 and 16 (extract below). It is a structure
designed to prevent debris in the river entering the backwater created by the
proposed ‘Corbett Fill No 2’. The fill is proposed to end as shown on the drawing so
that the existing users of the river launching area (Boy Corbett, Motiti Barge Operator)
can continue to use this location. The log deflector needs to let water into the
embayment but prevent debris (floating and submerged logs and weed mats) from
doing so. It is proposed that it be constructed in a similar fashion to that shown on
Photo 1, i.e. driven wooden piles with horizontal rails. The vertical height of the
structure will be designed to prevent debris entry between low tide and flood levels.
Using driven piles will reduce the construction effects.
The exact detail will be finalised during detailed design.
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REPSONSE

5. Culvert Serving the Lower Kaituna Wildlife Management Reserve
I note that section 5.2 – Construction Activities on Page 50 of the AEE sets some
‘likely’ dimensions for the proposed additional culvert serving the Lower Kaituna
Wildlife Management Reserve but a to---scale plan has not been provided showing
the approximate location of this culvert.
Information requested:
(i)

Please provide a to---scale plan identifying the proposed approximate
location of this proposed culvert;

As stated in the application, modelling has been done on an option to convey more
water from the Kaituna River into the Lower Kaituna Wetland Management Reserve.
The option chosen (a 900mm culvert located at intake 2) showed that the reduced
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QUESTION
(ii)

Please clarify the maximum dimensions of this culvert, maximum
earthworks and whether any additional works are proposed (for
example nature and likely extent of erosion mitigation measures; Please
note that these do not have to be final and the purpose would be to
enable Council to set some parameters around a ‘final’ plan for later
certification by Council (should resource consent be granted).

REPSONSE
volume into the wetland caused by the project could be mitigated but the exact detail
needs to be discussed and agreed with the stakeholders. However it is likely that the
culvert will be no larger than 1200mm in size and it will be located between Intake 1
and Intake 2. It will be very similar to the existing 1800mm culvert at Intake No 2
(photos attached) and it will have the required erosion protection on both its river
inlet and wetland outlet.
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Question 2 (ii) - Table 1: Algae biomass samples that were summarised in Table 2.2 of Hamill 2014.

Site
A
A
A
A
A
B
B
B
G
G
G
G
G
H
H
H
H
H

Site name
upper estuary
upper estuary
upper estuary
upper estuary
upper estuary
Papakahawai lagoon
Papakahawai lagoon
Papakahawai lagoon
Mid estuary drains W
Mid estuary drains W
Mid estuary drains W
Mid estuary drains W
Mid estuary drains W
Mid estuary drains E
Mid estuary drains E
Mid estuary drains E
Mid estuary drains E
Mid estuary drains E

replicate
1
2
3
4
5
1
2
3
1
2
3
4
5
1
2
3
4
5

total wet
wet
total wet weight
weight (g) weight (g) (kg/m2)
100.33 188.9
0.76
778.07 866.6
3.47
696.33 784.9
3.14
103.5 192.0
0.77
121.8 210.3
0.84
2452.9 2591.5
10.37
2603.4 2742.0
10.97
2040.8 2179.4
8.72
1192.9 1269.4
5.08
575.9 652.4
2.61
1842 1918.5
7.67
1940.9 2017.4
8.07
1904.7 1981.2
7.92
1442.4 1519.8
6.08
790 867.4
3.47
107.41 184.8
0.74
504.6 582.0
2.33
991.96 1069.3
4.28
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Question 4 Log Deflector

Photo 1 Example of log deflector
Question 5 Culvert Serving the Lower Kaituna Wildlife Management Reserve

Intake No. 2 culvert
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Intake No. 2 culvert
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Location Plan – culvert to be located between Intake No. 1 and No. 2
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Steve Everitt B.E (Hons), MIPENZ

Phone 07 308 2440 • Fax 07 308 2208 • Mobile 0274 522 872
steve.everitt@xtra.co.nz
www.waterline.net.nz
Engineering House • 1st Floor • 240 The Strand • PO Box 474 • Whakatane

17th March 2014
KAITUNA RIVER REDIVERION AND WETLAND CREATION PROJECT
CONSIDERATION OF DON PATERSON’S OPTION
OVERVIEW
Don wants the system to be re-configured to behave as it did prior to the constructed
entrance at Te Tumu (1950s) except maintain a flood release at Te Tumu and keep Fords
Cut as it is.
He requires a fuse-able sand/concrete weir across the te Tumu entrance and re-diversion of
water from the river back into the old route of the river at Te Tumu and into the estuary via
Papahikahawai Channel. He proposes a cut through Fords Rd in this location that is large
enough to take the full flow of the river. The fuse-able block at Te Tumu is to prevent high
salinity inflows from the sea through Te Tumu entering the estuary. The block is to be fuseable with a permanent low point for triggering the breach for flood relief
He is adamant the flow down Papahikahawai Channel is the only way to prevent erosion of
the back of the spit and get the main channel back along the marae foreshore in the long
term. To achieve this he requires the spit to be deliberately breached at its narrowest point
opposite the marae. He contends this arrangement and subsequent morphological changes
of the estuary mouth will cause the main channel to meander southwards toward the marae
and then turn east then north out Maketu Entrance. He will not consider any other possibility.
He also wants to constrain the river by retaining the causeway from Brain Land to
Papahikahawai Island (referred to by Don as the 1971 rock protection) and by creating the
preferential flow path down Papahikahawai Channel. As time goes by and the spit stabilises
opposite the marae then the 1971 rock protection could be removed. He has also requested
some culverts under the 1971 rock protection.
Figure 1 shows the features of the Paterson Proposal.
QUALITATIVE ASSESSMENT
Table 1 on the following pages contains qualitative assessments of his proposals and
possibilities of further work.
SUMMARY
Salinity - The blockage at Te Tumu will have a major benefit for the estuary by preventing
saltwater entering the lower Kaituna River and upper Maketu estuary. A one-way flow
structure is not required – a simple bridge is necessary to get water under Ford Rd.
Measures will be required to manage erosion on the river bend.
Drainage scheme operation – It is likely that existing operation of the drainage scheme will
be adversely affected. There are mitigations to offset the potential resulting rise in upstream
day-to-day water levels e.g. improve drainage scheme
Flood scheme operation – The proposed fuse-plug will be unreliable during floods. It is relied
on at Whakatane but at that location a deliberate block in the river has not been built.
Alternatively, likely rises in upstream water levels will require mitigation e.g. stopbank rise,
detention areas for flood waters, operable gate at Te Tumu. Such mitigations were
considered in the June 2012 report and were discounted on cost and consentability. This
fuse-plug block is not recommended.
C:\Data\BoPRC\Kaituna Rediversion\Consultation Records\Don Patterson\Paterson Resolution Rev 3.doc
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Papahikahawai Channel – There is no guarantee that flow down this channel, at significant
cost and risk, will realise the benefit claimed (i.e. prevention of future spit blow-out). It will
also reduce the flow into the southern estuary and the resulting benefits of that flushing flow.
This idea is not recommended. Instead, other options should be investigated to either
prevent spit blow-out or to manage it when it occurs.
Deliberate spit breach – The likelihood of spit breakthrough now and after the project is high
but not certain. The deliberate, resultant sand introduction into the estuary is a major adverse
effect that might not occur if the spit is left to behave naturally. This idea is not
recommended. Instead, other options should be investigated to either prevent spit blow-out
or to manage it when it occurs.
Navigation, fishing – Navigation and fishing will be lost at Te Tumu. The entrance at Maketu
will re-enlarge in the mid to long term.
CONCLUSION
Reliable timely flood release at Te Tumu is a major uncertainty of this proposal. With
the current state of science and technology the only known potential solution that
provides high reliability is a gate structure.
OTHER UNCERTAINTIES TO BE RESOLVED
Assuming this major uncertainty can be resolved there are other uncertainties that need to
be investigated:
1. The effect on day-to-day water levels upstream as they impact on the operation of the
drainage scheme. This can be checked with the existing hydraulic model.
2. The effect of high water levels in the river and at Maketu township as they impact on
flood levels, up to the point the Te Tumu block is overtopped (above this level the
behaviour of the block is subject to the major uncertainty above). What is the maximum
flow in the river and estuary before the block is overtopped and what water level changes
does it cause in the river and in the estuary? This can be checked with the existing
hydraulic model.
3. The effect of putting the river through Papahikahawai Channel on erosion and stability of
this channel. Because the deliberate spit breach is not recommended any modeled
bathymetry must not include the breach but rather assume the flood tide delta has been
eroded away. This can be checked with the existing hydraulic model.

DISCLAIMER
This is an engineering assessment only and takes no account of landowner or stakeholder
opinion or of ecological effects. These were noted in the June 2012 Report when the full
diversion option was dismissed.
Prepared by S C Everitt, 17th March 2014.
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Figure 1 Features of the Paterson Proposal (approved by Don Paterson email 6 March 2014)

Te Tumu - sand
block and small
concrete
overtopping weir.
Crest level
RL0.75m approx.
Erodes in flood

River – new cut from
river to Papahikahawai
Lagoon, 100m across,
invert RL -1.0m
tapering up to estuary
bed. Bridge over

Papahikahawai
Channel – shaped to
handle mean winter
flow (42 cumecs), 55 m
wide, invert RL -1.0m.
Tapers at both ends up
to estuary level.
Spit Cut –
excavated channel,
55m wide, invert
RL -1.0m.

Fords Cut and Culverts
– leave as is

1971 Rock causeway –
leave in place; install
four, 1m diameter
culverts invert RL -0.5m
with inlet and outlet
channels
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Table 1 Qualitative Assessment of Issues
Issues
Saltwater Intrusion
The top of the fuseable structure weir is set higher
than mid tide to prevent saltwater entering from the
ocean into the estuary. To achieve this objective we
discussed RL0.5m.
Triangular in vertical direction to create the
preferential flow path and so it can overtop in the
same location on a high tide or high river to clear any
sand on the sea side in order to initiate scour during
flood.
Don wants higher rather than lower (to prevent saline
water entry) and non-erodable eg. fixed weir. Across
partial width of channel only. Flood flow will
commence scour on fixed portion then spread wide to
scour sides and then down.

Qualitative Assessment

Resolution

This option will significantly increase the amount of freshwater into the estuary (this
option represents the Full Flow Diversion Option of June 2012). Only at very high tide
will saltwater come in over the weir for a couple of hours and then water from the
Kaituna will be able to flow out over the weir as the tide recedes. From a salt-water
intrusion idea this makes sense. The lower the weir (to accommodate the flood
release) the more water into the estuary from the sea, the saltier the water and the
more water can backflow out of the estuary. End result of a low weir is reduced water
volume and higher salt concentration in estuary.
After first construction, sand will accumulate on the sea side up against the structure
and beside it. The high tide and river flow will keep top clear. Suggested abandoning
the fixed weir option and use sand that is kept at a low enough level to breach (e.g.
Whakatane). It will need to scour quickly in a flood. Permanent channel and
overtopping will help this. The crest level is crucial – not so high that sea or river level
cannot flow over it often enough and not so low that it defeats the purpose of less
saltwater inflow or it scours too often. These are complex issues that cannot be
determined with any certainty.
th
What is high-tide level in the sea? Checked tide-river levels. On April 4 highest water
level in the river was RL1.04m @ 13:15pm and mid-tide was RL0.35m @ 16:30pm.
So the weir should have a level closer to RL0.9m but in order to be sure water still
flows over it during high tides or high river levels it could be at RL0.75m. At this level
water would flow out to sea over its top for a period of about 2 hours.
How wide – flood trigger location only, assume 20 metres

No modeling is required to
confirm the benefits of this idea.
All previous work has confirmed
the need for a block at Te Tumu
to maximise freshwater volumes
into the estuary.
Wide v-notch weir. Set lowest
point of weir at RL0.75m and
slope up each side at slope of
say 1 in 100 (1cm per metre).
Rise per ½ width is 10cm.

BUT NOTE that a fixed structure and its abutting sand accumulation in this location
will significantly raise water levels upstream, both daily and in floods. See following
issues.

C:\Data\BoPRC\Kaituna Rediversion\Consultation Records\Don Patterson\Paterson Resolution Rev 3.doc

Page 4 of 7
259

Issues
Drainage Levels
Blocking the river flow at Te Tumu has the potential to
raise water levels upstream on a daily basis, thus
adversely affecting the operation of the drainage
schemes; unless mitigation is provided. Don believes
this mitigation can be provided by widening his new
entrance to Papahikahawai Channel. A second
mitigation is to upgrade the drainage schemes.

Flood release
The weir would extend across a small width of the
existing channel (perhaps 20m). In this way any large
flood could scour from the permanent channel around
each end of the structure. The existing mole would
prevent this on the true right, but on the true left
scourability could be assumed. The existing mouth
scours both laterally and vertically to allow flood
passage, which the weir would prevent. Don proposes
the true left lateral and vertical scour could be
provided. Furthermore extra flood relief is provided
through Papahikahawai Channel.

Qualitative Assessment

Resolution

Phil Wallace modeled this (Option H – Te Tumu blocked, Fords Cut open,
Papahikahawai open) – drainage levels raised by 0.7 to 1.0m. Don previously
requested Option P be modeled (cut down Fords Rd and allow river to overflow along
a significant length) and considered it to be successful – it was but it included the
opening at Te Tumu.
Don’s option proposes to replace the channel to the sea with a channel to the estuary
then to the sea. This lengthens the flow path from the drain outlets to the sea and
increases the flow resistance. Intuitively this will make the drains flow slower. Don
disputes this with his own observations of the estuary being a bath-tub that takes a
long time to fill. Analysis of water levels in the river (where drains currently discharge),
in the estuary and in the sea show significantly lower water levels in the river than in
the estuary during the lower part of the tidal cycle. Less gravity drainage will occur
and more pumping will be required.
However, this adverse affect might be able to be mitigated by improving the drainage
schemes

Run hydraulic model and extract
water level data. Establish at
what flow the sand block will
overtop and check upstream
water levels

Without mitigation, this weir and sand block will impede flood flows and hence raise
water levels upstream. However, conversely the new opening from the river into
Papahikahawai Channel may provide flood relief. Phil Wallace (March 2009) modeled
a variation of this (fixed weir at Te Tumu 70m wide at RL0m; opening to
Papahikahawai) and concluded that “ … Option H could be built so that the mouth
opens out to release floodwaters when required, so as to have no impact on design
flood levels…”.
Assume the mole is removed and replaced with sand. On true left assume a scour
channel is excavated and back-filled with sand. Assume trapezoidal shape with 100 m
bottom width at RL -2.0m. Total outlet width is 120m.
Structure requires erosion protection on river side to force river to bend or resand it to
reflect its natural condition; will require regular maintenance and has to be re-built
after flood.
A theoretical structure can be designed to achieve the required flood relief and no
flood modeling is required.
However there are major questions about its reliability listed below including those
raised by Phil Wallace:

How would the mouth be maintained between flood events so it would be
easy to open when required?

How to deal with the risk that the mouth would not open sufficiently when
required?

How will the bed erosion protection behave in a flood – got to erode?

How is scour prevented normally?

The issues around this option are
almost insolvable. Even if they
could be solved there would
remain so much uncertainty that
the risks would be unacceptable.
This issue of flood protection for
upstream assets and landowners
is of significant consequence.
Could re-run hydrodynamic
model with full Paterson
bathymetry and weir across Te
Tumu. But Phil has already
shown it is conceivable but he
had the same questions.
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Issues

Qualitative Assessment

Resolution

Spit Morphology
The opening through the spit from Papahikahawai
Channel would be made where it is currently eroding
opposite the marae because “it is going to go
anyway”. After creation the river mouth would migrate
back to its existing location, as it has done many
times, and erode the large toe of the spit with it and
hence re-create the deep water again

Don is very concerned about imminent breach of the spit opposite marae. BoPRC
agree (ref meeting MOWS).
Disagreement on the morphological behaviour of this location.
Don believes the erosion is aggravated by flow introduced in 1996 when the Fords
Culverts were commissioned. Causes a dominant flow against the back of the spit,
erodes it and the sand is dumped in the Maketu entrance causing the spit toe and
flood tide delta to enlarge. He wants flow back down the Papahikahawai Channel to
deflect the flow from Fords Cut, erode out the spit toe and allow sand to re-establish
on the eroded bend. Don wants to “re-set” this location by deliberately breaching the
spit in this location.
Aerial photos show the flood tide delta was building (1977) and breaching occurred
(1994) well before the 1996 flow re-introduction.
Basic disagreement on the morphology of this area will be difficulty to prove
conclusively. Uncertainty will remain about the likelihood of another spit breach. This
has been and always will be a natural phenomenon.
Purposely breaching the spit and causing the subsequent adverse effects (sand reintroduction) in order to gain an uncertain long-term benefit is less wise than taking
the risk that the spit might not breach.

Specific qualitatative
morphological assessment of this
area and its behaviour; by DHI.
To be reviewed by Jim Dahm
and coastal scientist agreeable
to Don and BoPRC.
Ben Tuckey advises that the
sediment transport rates are so
low that a numerical model will
not answer the questions.
Deliberate spit breach is not
recommended.

Not a major point of contention, Install 4 culverts to aid water circulation

Leave rock protection in place for
model and add culverts.

Causeway
The 1971 rock protection would remain in place for
the length of time it took for the toe of the spit to erode
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Issues
Papahikahawai Channel
Papahikahawai Channel would have to be deeper and
wider to provide the capacity needed for the river. Don
proposed this might scour itself if the materials would
allow and that they be checked for their composition
and scour resistance. The model would have to
assume the final configuration to check flows and
flood levels. I restated my position that I would not
support the proposal to put the normal flow of the river
down Papahikahawai Channel for fear of continual
break-out along the spit negating the objectives of the
project. Don’s opinion remains that this channel was
at times a major flow path based on cyclical course
changes of the river from the south to the north of the
island. I contend the main flow has always been to the
south of the island, with odd excursions around the
north after breaching at Te Tumu, based on both
historical survey information and observed typical
meander patterns of rivers. Don proposes that the
erosion be monitored and corrected with rock lining if
necessary.
Navigation
On the navigation issue Don proposes that the works
described above will create the necessary navigable
channel down Papahikahawai Channel and out
through Maketu entrance.

Qualitative Assessment

Resolution

Accept – major flow through channel has occurred on occasions sometime in past
More efficient Papa Channel will certainly allow significantly flows of water down into
the estuary and out to sea. Major excavation work will be required to create this
channel or long durations of self scouring. If the latter, the channel will not be efficient
when the project is commissioned and water levels upstream will be high. Will
therefore have to either stage the flow diversion or excavate.
Risk of scour of both the spit and of Papahikahawai Island.
Flows down this channel will not benefit the majority of the estuary to the south of the
island
Option does not allow staging.
Opening size – use size of river in channel just upstream of proposed bend. And
extend this cross-section all the way down Papahikahawai Channel

Set up bathymetry as proposed
with channel discharging into
lower estuary.
Results from hydrodynamic
model would give indication of
expected scour velocities.

If Don’s proposal could be shown to be successful then a much improved entrance at
Maketu would result and fishermen and boaties could once again return to that
entrance.
This option negates all navigation through and fishing at Te Tumu. Will have major
objections.

No modeling required.

C:\Data\BoPRC\Kaituna Rediversion\Consultation Records\Don Patterson\Paterson Resolution Rev 3.doc

Page 7 of 7
262

Pim de Monchy
Bay of Plenty Regional Council
P O Box 364
Whakatane

DHI Water and Environment Ltd
ecentre, Gate 5, Oaklands Road
Massey University, Albany
Auckland 0632
PO Box 300 705
Albany, Auckland 0752
New Zealand
+64 9 912 9638 Telephone
info.nz@dhigroup.com
www.dhigroup.com

Ref:
44800461

Init:
BJT

Date:
13 October 2014

Dear Pim

Concerning – Sensitivity Tests to Provide Further Information Requested by PDP
Attached with this letter is an addendum outlining the sensitivity testing that DHI carried out for the
Kaituna River Re-diversion and Maketu Estuary Enhancement Project to provide further information to
PDP as a result of a formal s92 request that was submitted. There is nothing from this additional work
that changes the findings of the original assessments.
Please feel free to contact me with any questions you have about this additional work.
Best regards

DHI

Ben Tuckey
Principal Scientist
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Kaituna River Re-diversion and Maketu Estuary Enhancement Project Sensitivity Tests to Provide Further Information Requested by PDP
1. Introduction
Pattle Delamore Partners Ltd (PDP) has been engaged by Bay of Plenty Regional Council
(BoPRC) to review some technical aspects of the resource consent application for the Kaituna
River Re-Diversion and Maketu Estuary Enhancement Project. Following this review a section 92
RMA request for further information was formally submitted.
To provide the information requested by PDP, sensitivity tests of the calibrated models of the
Kaituna/Maketu system have been carried out by DHI. The sensitivity assessments have been set
up to address two general queries. Firstly to quantify the potential implications of including
sediment supply from the Kaituna River (which was deemed not significant for the original
assessment) and secondly to determine the effects of a larger estuary mouth (compared to the
original study) on hydrodynamics, morphological behaviour and water quality.
2. Sensitivity Test to Assess if Additional Sediment Supply will Impact Findings of One Year
Morphological Assessment
A conclusion of the original study was that the amount of bed material supplied by the Kaituna
River to the Kaituna River mouth (7,000 to 8,500 m3 / year) was small compared with sediment
supplied by littoral transport (estimated to be between 45,000 to 52,000 m3 / year). For this reason
bed material supplied from the Kaituna River was not considered for the morphological
assessment from the original study.
The prediction of 7,000 to 8,500 m3 / year bed load from the Kaituna River was taken from the
2006 NIWA report (Impacts of Climate Change on the Coastal Margins of the Bay of Plenty). PDP
have highlighted that this report also suggests that there will be a time when the bed material from
the river will significantly increase as the river reach below Te Matai aggrades. It is suggested that
the river supplied bed material may even increase to 30,000 m3 / year. DHI contacted one of the
authors of the report (Murray Hicks) to get some context into when this increase can be expected,
however this was not investigated as part of the NIWA study and Mr Hicks was unable to provide
an estimate of the time-frames associated with the predicted increase in bed load.
To assess what impact the delivery of additional sediment from the river may have on the
morphological behaviour of the river mouth compared to the findings of the original report, the one
year simulation was re-run with a bed material supply rate of approximately 15,000 m3 / year to the
river mouth included. This is less than the estimated 30,000 m3 / year predicted for the future but
sufficient for determining the impact of bed material supply from the river on the year long
simulation findings. The current river bathymetry cannot realistically transport 30,000 m3 / year of
sediment for a typical year, this could only occur when the river aggrades in the future, hence why
only 15,000 m3 / year was simulated.
The comparison of the predicted evolution of the bathymetry at the Kaituna River mouth for the
existing and proposed situations during the year long simulation is shown in Figure 1 to Figure 6.
The comparison of the behaviour of the river mouth is similar to the original assessment (hence
the original findings do not change), with the following observations:


For the first six months of the year the bed levels at Kaituna River mouth are not
significantly altered by the proposed option.



A large flood event occurs (peak flow = 130 m3/s at Te Matai) on 7th August 2006, the
flow that passes through the Kaituna River mouth is reduced for the proposed option as
some of the flood water is diverted to the estuary. Subsequently after eight months (1st
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September 2006) the morphology of the river mouth changes between the existing
situation and the proposed option. There is predicted to be an increase in bed levels
through some of the river mouth bar with the proposed option compared to the existing
situation. It should be noted that the predicted deepening of bed level for this area for the
existing situation is overestimated due to the scaling method of the year long simulation
(see original report for more details).


Over the final four months the combination of lower river flows and reasonably high
wave energy results in a bar forming over the river mouth again for the existing situation
and the predicted morphology changes of the river mouth with or without the proposed
option begin to converge.
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Figure 1

Kaituna River mouth bed level for typical one year simulation after two months for existing (top) and proposed situations (bottom).
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Figure 2

Kaituna River mouth bed level for typical one year simulation after four months for existing (top) and proposed situations (bottom).
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Figure 3

Kaituna River mouth bed level for typical one year simulation after six months for existing (top) and proposed situations (bottom).
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Figure 4

Kaituna River mouth bed level for typical one year simulation after eight months for existing (top) and proposed situations (bottom).
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Figure 5

Kaituna River mouth bed level for typical one year simulation after ten months for existing (top) and proposed situations (bottom).
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Figure 6

Kaituna River mouth bed level for typical one year simulation after twelve months for existing (top) and proposed situations (bottom).
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3. Sensitivity Test to Assess if Additional Sediment Supply will Impact Findings of Extreme
Flood Event Morphological Assessment
A second sensitivity test was carried out to further address the PDP concern with regard to
sediment supply within the river. The morphological model was re-run for the extreme flood event
(1% AEP flood flow coinciding with a mean tide) with the proposed option as per Section 7.4 in the
original report. However this time the model was set up so that 60,000 m3 of sediment with a
diameter of 0.2 mm would reach the Kaituna River mouth during the flood event. The aim of the
sensitivity assessment was to determine if the additional sediment would impact the scour
behaviour of the river mouth during the event and alter hydrodynamics during the flood event. This
has been assessed by comparing the peak flow through the river mouth and the peak flood levels
within the lower river from the original and sensitivity simulations.
For the original assessment the predicted peak flow through the river mouth for the extreme flood
event was 406 m3/s, while for the sensitivity assessment the predicted peak flow through the river
mouth for the extreme flood event was 396 m3/s.
Peak flood levels for the extreme flood event were extracted from locations within Figure 7 and are
presented in Table 1. The sensitivity assessment indicates that with additional sediment supplied
during the flood event there is some effect on flood levels at the entrance, but upstream of the
entrance there is no significant impact on flood levels or the split of flow through re-diversion
channel and the Kaituna River mouth.

Figure 7
Table 1

Locations within river where water levels extracted for peak flood levels
Comparison of peak flood levels at selected locations in river for proposed situations for extreme flood event for original
simulation and sensitivity assessment (with additional sediment delivery during the flood event).

Situation

Peak Flood Level (m)
Pt 1

Pt 2

Pt 3

Pt 4

Original

2.48

1.99

1.82

1.29

Sensitivity

2.49

1.99

1.81

1.53

Difference

0.01

0.00

-0.01

0.24
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4. Sensitivity Test to Assess if Larger Estuary Mouth will Impact Overall Hydrodynamics of
River and Estuary
Further sensitivity testing was carried out to address the PDP concern about the impact of a larger
estuary mouth on overall hydrodynamics of the river and estuary. The volume of water entering
and exiting the estuary and river for different times during a neap/spring tidal cycle was
reassessed for typical neap / spring tidal conditions and mean river flow (see Section 7.2 of
original report) with a larger estuary mouth for both the existing and the proposed situations. The
larger estuary mouth bathymetry for the existing and proposed bathymetries was taken from the
one year simulation from the original assessment (see Section 7.2 of original report). The final
bathymetry of the estuary mouth at the end of the one year simulation period was incorporated
into the bathymetries for the sensitivity assessment.
The comparison between the original simulation and the sensitivity assessment for changes to
volume of water which will enter and exit the river and estuary for the existing and proposed
situations is presented in Table 2 to Table 4. This comparison shows that although there is a
change in the overall hydrodynamics of the system with the large entrance, the changes are small
compared to the improvements to the estuary hydrodynamics due to the proposed situation.
It should be noted that the Maketu Estuary mouth is very dynamic. For periods when a significant
wave climate build bars over the mouth, there will be less water that enters the estuary through
the estuary mouth compared with periods when there is a deeper and wider channel through the
estuary entrance. For these periods when the estuary mouth is larger more water will enter into
the estuary through the estuary mouth and less will enter through the new re-diversion channel.
This type of behaviour occurs under existing conditions and the dynamic nature of the estuary
mouth will not change with the proposed option.
Comparing the proposed situation for original assessment and with larger estuary mouth, the ratio
of water exiting versus entering the estuary through the estuary mouth decreases from
approximately 1.9 to 1.7.
The difference between the volume of water entering the estuary from the river for the existing
situation between the original simulation and the sensitivity assessments is small (up to 5%
difference). The volume of water entering into the estuary from the river for the proposed option
between the original simulation and the sensitivity assessments changes by less than 8%. For this
reason we do not see any reason why the findings from the original water quality assessment
would change when considering a larger estuary mouth.

Table 2

Comparison of original and the sensitivity assessment (with large estuary mouth) of the volume of water entering Maketu
Estuary from Kaituna River for existing and proposed situations.

Original Assessment
Volume (m3)

Tide
Existing

Proposed

Difference

Neap

97,200

317,300

220,100

Mean

151,000

583,500

Spring

198,800

814,700

Sensitivity Assessment

Percentage Difference (%)

Volume (m3)

Percentage Difference (%)

Existing

Proposed

Difference

226

93,600

297,900

204,200

210

432,500

286

143,100

539,400

388,400

257

615,900

310

191,400

760,400

561,600

283

273

Table 3

Comparison of original and the sensitivity assessments (with large estuary mouth) of the volume of water entering and
exiting Maketu Estuary through estuary mouth for existing and proposed situations.

Original Assessment
Flood or Ebb

Volume (m3)

Percentage

Volume (m3)

Existing

Proposed

Difference

Difference (%)

Percentage

Existing

Proposed

Difference

Difference (%)

Flood

473,000

392,600

-80,400

-17

538,400

472,300

-66,000

-14

Ebb

588,300

734,900

146,600

25

646,800

788,400

141,600

24

Flood

824,600

680,900

-143,700

-17

931,200

818,200

-113,000

-14

Ebb

959,300

1,237,400

278,100

29

1,067,500

1,345,000

277,500

29

Flood

1,240,000

954,800

-285,200

-23

1,386,000

1,163,200

-222,900

-18

Ebb

1,423,300

1,772,000

348,700

24

1,538,400

1,923,500

385,100

27

Tide

Tide

Neap

Mean

Spring

Sensitivity Assessment

Table 4

Comparison of original and the sensitivity assessment (with larger estuary mouth) of the volume of water entering and
exiting Kaituna River mouth for existing and proposed situations.

Original Assessment
Flood or Ebb
Tide

Neap

Mean

Spring

Volume (m3)

Tide

Sensitivity Assessment
Volume (m3)

Percentage

Percentage

Existing

Proposed

Difference

Difference (%)

Existing

Proposed

Difference

Difference (%)

Flood

3,100

120,100

117,000

3,774

3,200

108,800

105,600

3,334

Ebb

1,722,800

1,622,800

-100,000

-6

1,727,000

1,636,500

-90,600

-5

Flood

134,600

502,000

367,400
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135,700

481,200

345,500

257

Ebb

1,846,300

1,779,000

-67,300

-4

1,855,200

1,804,000

-51,200

-3

Flood

423,800

1,007,700

583,900

138

424,800

971,500

546,800

129

Ebb

2,039,400

1,989,400

-50,000

-2

2,049,400

2,010,800

-38,600

-2

A comparison of the residual sediment transport patterns over the flood tide delta of the
estuary from the original and sensitivity assessments is presented in Figure 8. The small
changes in sediment transport patterns suggests that the original findings for this area will not
change when considering a larger estuary mouth.
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Figure 8

Residual sediment transports rates (m3/m) for flood tide delta of estuary for proposed option for mean river flow and
neap/spring tidal cycle for original (top) assessment and sensitivity assessment with larger estuary mouth (bottom). Note
vectors limited to 0.2 m3/m.
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5. Sensitivity Test to Assess if Larger Maketu Estuary Mouth will Impact Flood Risk in Estuary
To address the PDP concern about the impact of a larger estuary mouth on flood risk within
Maketu Estuary, Scenarios 3 (1% AEP River Flow and 5% AEP Sea Level) and Scenario 4 (5%
AEP River Flow and 1% AEP Sea) from the original study have been re-run with a bathymetry
incorporating a larger estuary mouth (as above). A comparison of the peak flood levels at different
locations in the estuary (as per the original study) for the original simulations and the sensitivity
assessment are presented in Table 5. The small changes in flood levels indicate that a wider
estuary mouth will not increase the flood risk for Maketu Estuary.
Table 5

Comparison of peak flood levels at different locations in the estuary (as per original study) for the original assessment and
sensitivity assessment with larger estuary mouth.

Scenario

Situation

Pt 1

Pt 2

Pt 3

Pt 4

Pt 5

Pt 6

1.79

1.78

1.78

1.77

1.76

1.72

1.78

1.76

1.76

1.75

1.74

1.71

Difference

-0.01

-0.02

-0.02

-0.02

-0.02

-0.01

Proposed - original

2.06

2.05

2.05

2.05

2.05

2.03

2.06

2.05

2.05

2.05

2.04

2.03

0

0

0

0

-0.01

0

Proposed - original
3

4

Peak Flood Level (m)

Proposed – sensitivity
test

Proposed – sensitivity
test
Difference
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Opus International
Consultants Ltd
Whakatane Environment staff
Concordia House, Pyne Street
PO Box 800, Whakatane 3158
New Zealand

25 November 2014

t: +64 7 308 0139
f: +64 7 308 4757
w: www.opus.co.nz

Bay of Plenty Regional Council
c/- Ryder Consulting
PO Box 13009
Tauranga 3141
3-38751.00

Dear Shanan
Resource Consent Application 67958
Kaituna River Re-diversion and Ongatoro/Maketu Estuary Enhancement
Response to ‘nice to have’ questions
We write in response to the ‘nice to have’ questions that were raised in the technical
reviews of the application documents. In our response to the further information
request, we stated that the Applicant intends to respond to those items labelled as ‘nice to
haves’ and that the response would occur outside of the formal further information
request process but be provided in time for preparation of the officer’s report.
Please find attached a response to the ‘nice to have’ questions.
Should you have any questions around the application, or this response, please contact
Stephanie Brown (07 308 8932) or Simon Banks (07 571 5767) or by email.

Yours sincerely

Stephanie Brown
Principal Environmental Consultant
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QUESTION
DHI Modelling and Associated Reporting & Economos Report
4. DHI and Economos reports state that accumulated sediment in the upper estuary
is going to be eroded and dispersed. We agree with this statement however, it this
sediment has been identified to have algal deposits and is anoxic. Can the authors
therefore, please assess the model outputs further and discuss where the potential
eroded sediment is likely to deposit.
5. The DHI report presents flood level estimates for various future events. Can
similar outputs please be provided for potential sediment transport rates. From
these plots, can discussion please be made on the potential effects that may occur.
The purpose of this question is to ascertain the long-term morphological risks of the
project due to effects such as climate change and sea level rise.

RESPONSE
It is DHI’s opinion that the majority of accumulated sediment in the upper estuary that
is eroded with the implementation of the proposed option will be transported out of
the estuary.

The sediment transport rates have been provided for the 1% AEP flood event
coinciding with a mean tide. DHI believe that this is sufficient and that investigating
sediment transport rates for additional flood scenarios will not add anything to
findings of the study.
DHI believe it is particularly not appropriate to include sediment transport rates for
the climate change scenarios since in reality the bathymetry within the river and
estuary will have most likely have changed significantly in response to increased sea
level and 100 years morphological change, hence the sediment transport rates
calculated with the current bathymetry would be misleading.
The flood risk assessment including climate change is still relevant though as it
provides insight to any additional flood risk with sea level rise.

6. The DHI report discussed that estuarine current monitoring instrumentation were
either biofouled or sank into muds. These issues led to the conclusion by DHI that
current results obtained may have been underestimated. Based on this conclusion,
can the authors therefore please provide discussion as to how the model were
calibrated, and if it were calibrated, how were the reduced flows compensated for.

In the model calibration within Appendix D DHI state “Predicted currents speeds at the
estuary entrance appear to be significantly higher than what was observed. This can
be explained by the periodic build-up of Ulva on the instrument as explained in Section
3.2. Data was collected close to the same location in 2008 and peak current speeds
were consistently greater than 0.5 m/s (DHI, 2009) which is more consistent with
predicted current speeds at this location. There is a reasonable match after 12:00pm
on 4th April 2013 when it appears the instruments have been cleaned of Ulva (see
Figure 3-9) and more realistic current speeds were measured.”
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QUESTION

RESPONSE
So to compensate for this erroneous data we looked at periods where it appeared that
the instrument was cleaned of Ulva (there was a reasonable match for these periods)
and then compared with magnitude of currents measured previously at location in
2008 (again a reasonable match achieved – keeping in mind data over 5 years old, this
is discussed further in next question). It is important to note that the model was not
solely reliant on current data for calibrating the hydrodynamics within the estuary.
Along with water levels at three locations within the estuary, the volume of water
entering and exiting the estuary over a tidal cycle was also measured along with the
volume of water entering into the estuary from Fords Cut. This is the key calibration of
the hydrodynamics of the estuary since it illustrates that the model is reproducing the
propagation of water through the estuary entrance and into the upper parts of the
estuary. The fact we obtain a reasonable match between measured and predicted
flow into and out of the estuary (and through Fords Cut), provides evidence that
suitable boundary conditions have been generated and that the estuary bathymetry is
also representative and selected model calibration parameters are suitable.
If the model was not providing a reasonable prediction of hydrodynamics within the
estuary we would see a corresponding over or under estimation of flow into and out
of estuary and would not be getting such a good match for initiation and termination
of flow through Fords Cut since the time for the tide to propagate up to Fords Cut
would be wrong.

7. Following on from the above question, Figure 3-9 of the DHI report indicated that
current measures measurements at the estuary entrance had an approximate peak
velocity of 0.6 m/s. However, in reference to figure 7.13, it illustrates that the
modelled maximum current speed for the same location (for the proposed option)
ranges between 0.5 - 0.75 m/s. Can the authors please provide discussion on this
flow occurrence. This question is to determine whether model outputs have been
correctly validated or not. Based on these results modelled presented, we are led to
believe that current speeds may have been underestimated.

The observations in the request highlights why using old data for these types of
studies in dynamic environments for more than a sanity check is no suitable.
Comparing the LIDAR data from 2008 with 2013 indicates that the channel at the
location of the current meters was narrower (approx. 30%) at this time. Therefore you
would expect large magnitude current speeds at this location in 2008. Therefore DHI
do not believe the model is under predicting currents at this location.

8. Section 1.6 of the Economos report, states that spit breaches are likely to be
reduced in the future or possibly prevented once the project has been implemented.

The spit is an unstable feature and breaching has been a natural process. Following
the Te Tumu diversion spit breaching has always been in the lower estuary adjacent to
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QUESTION
Whilst we agree that the potential spit breaches may be reduced, we do not believe
that they will be prevented in the future. Based on historic breaches of the spit,
these occur during significant storm events. Modelling carried out did not account
for all storm event processes, therefore it is not plausible to state that breaches
could be possibly prevented. It is suggested that this issue is clarified for the purpose
of not setting a public expectation that may not be accurate.

RESPONSE
the flood tide delta. Growth of the flood tide delta has exacerbated the effects by
“pushing” water against the back of the spit causing erosion – with breaching
occurring when the spit is narrowed sufficiently to be overtopped by major waves.
If the channel on the estuary side is no longer encouraged by the flood tide delta to
erode into inside of spit, there will be a wider spit and a significant storm event will be
less likely to breach the spit.
The application states (section 8.6):

“The existing risk of the Maketu Spit being breached is high due to erosion
resulting from the ongoing expansion of the flood tide delta. The delta is a
negative effect arising from the 1956 diversion, and its expansion is causing flow
to be pushed against the Maketu Spit at this location. The serious nature of the
present spit erosion means that there is a high risk a spit breach will occur in the
short term, with or without the Project. This is a naturally occurring process and
part of the existing environment. Therefore, no mitigation of this existing risk is
proposed as part of the Project.
The Project will arrest the current expansion of the flood tide delta, and over time
the delta is expected to reduce in size. This will significantly reduce the risk of
serious erosion along the landward side of the spit and the associated risk of
breaching in the medium to long term (and possibly even preventing these
breaches), resulting in long term benefits to the estuary. However, the Project may
slightly increase the risk of erosion and a subsequent breach for a short period
immediately following re-diversion. This risk will reduce as the channel and flood
tide delta dimensions adjust to the altered sediment transport residuals.”
MacGibbon (2014) Terrestrial, Avian and Wetland Restoration Ecology
Assessment of Objective 1: “The potential effects of re-diversion on the terrestrial
and wetland vegetation including the estuarine margins and areas of salt marsh,
Maketū Spit and Wildlife Management Reserve and lower Kaituna River margins”.
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QUESTION
1. The report highlights the importance sedimentation, erosion and salinity may have
(had) on vegetation present / not present. Therefore, additional modelling of
sediment load could provide valuable information with regards to predicting likely
effects / limitation on vegetation survival / establishment.

2. Please comment on the usefulness of vegetation maps (utilising anticipated
environmental changes as discussed in report) which demonstrate anticipated
vegetation type and area of zones, at least 5 years post re-diversion. This may
include but not be limited to development of three maps; worst case scenario, most
likely and best case scenario. This would be a beneficial visual aid for the community
to easily interpret and may provide the community and others with an indication /
timeline of when they could expect to see the benefits of this project.
3. Please provide an indication of the likely frequency of vegetation monitoring
during construction, post construction and post vegetative establishment.

4. Please provide comment as to the expected timeline to which the new 27.5 ha
wetland will be established and should thus be able to be inhabited by avian species.
5. Please provide comment on saline intrusion under/through Maketū spit and how
this may influence estuarine margin vegetation, lower littoral areas and anticipated

RESPONSE

The amount of sediment that is deposited in the upper estuary following re-diversion
will determine the extent of the estuary that may be able to be re-claimed as salt
marsh. Modelling has already highlighted where additional sediment may accumulate;
additional modelling is unlikely to provide any more definitive information than we
currently have. We will have to wait to see whether sediment deposition and other
factors are sufficient to attempt salt marsh re-establishment or for natural processes
to extend the salt marsh area.

Vegetation maps would really only serve to visually illustrate the changes from the
current state to the predicted mature future state post re-diversion. The speed of
transition will depend on local growing conditions and other environmental factors
and any attempt to map the transitions would be guesswork and of limited value.

It is recommended that some additional vegetation transects are established preconstruction on the private land that was not available to establish survey transects
(Brain land) and other areas that have been determined to have a greater risk of
change (Titchmarsh wetland and southern edge of Papahikahawai Island). After that,
monitoring of the established vegetation transects is not considered to be necessary
until after the re-diversion has occurred. Once yearly monitoring of the transects for
several years (possibly up to 5 or at least until there is evidence of some stability and
reduction in change) following re-diversion is recommended.
Table 10 of the AEE outlines the proposed monitoring.
The timing of wetland construction is one that will be made by Bay of Plenty Regional
Council.
There is some salt water intrusion through the Maketu spit now. The re-diversion is
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QUESTION
establishment of freshwater wetland on the southern-side of the spit.

6. Please provide comment on how prevention of weed succession is to be
controlled in high nutrient enriched environments.

7. Sediment modelling and deposition, and area inundated, length of time inundated
are very important aspects required to assess effects on terrestrial and wetland
vegetation. If there are changes to DHL (2014) this report will need to be rereviewed by the author.

RESPONSE
unlikely to change the nature of any intrusion of movement salt water through or
under the spit so no change in estuarine margin vegetation from this cause is
anticipated.
Weed invasion will be managed in the same way irrespective of the nutrient status of
the environment. Planted areas will require regular releasing (probably twice or three
times yearly) for a period of up to 5 years to enable the planted native to establish and
grow and to reduce the potential for invasive species to establish and over grow the
natives. In any estuarine margin areas where existing vegetation will be exposed to the
altered estuarine flow weed growth will be monitored and problem weeds controlled
if they arise.
If the DHI modelling predictions, especially related to the area to be inundated, were
significantly altered aspects of the terrestrial and wetland restoration report would
have to be revised. However, the DHI further work (sensitivity testing) undertaken by
DHI in response to the s92 request has not changed the conclusions.

8. Please provide comment as to how the existing salt marsh may be protected from
erosion and how this will be monitored. For example, protection of the saltmarsh
edge using material to create a graduating slope.

The remaining sections of salt marsh, particularly the largest area next to Maketu
Road, are not predicted to face increased erosion as a result of the re-diversion. The
Maketu saltmarsh has been surveyed and its estuarine edge delineated so that any
significant change can be recorded.
If significant sediment loss and erosion of the leading edge of the salt marsh should
become prevalent there are no proven techniques known that could prevent salt
marsh loss. However, this situation is not expected.

9. Outside the scope of report reviewed, but worthy of note: Near farm nutrient (and
microbial bacteria) contributions were discussed, however no discussion around
point source discharges in the catchment was provided, particularly from agricultural
drains. These drains can be significant contributors to water quality deterioration
and should be included in mitigation activities. Improving on farming practices can
significantly reduce contamination loading. A catchment scale approach should be

The point source discharges from farm drains and the nutrients arising from the wider
catchment will have little or no impact on the terrestrial and wetland vegetation of the
estuary. The issue of nutrient loads and any changes arising from the re-diversion are
covered in the report produced by Keith Hamill (Hamill, K. 2014. Kaituna River Rediversion Project: Ongatoro/Maketu estuary condition and potential ecological
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QUESTION
included for improvement as a whole, in order to reduce pressure on the receiving
environment - Ongataoro / Maketū Estuary and ocean. Although a brackish Lake
system rather than estuarine, many lessons can be learned from experiences and
knowledge of water and sediment dynamics in Lake Ellesmere / Te Waihora. Suggest
making contact with Environment Canterbury and share knowledge of past
experiences

RESPONSE
effects”).
It is noted that Opus ecology team members are directly involved in the restoration
activities at Te Waihora.

Assessment of Objective 2: “The potential effects of re-diversion on the avifauna and
avian habitat on and around the margins of the estuary”.
1. The last avian survey appears to have been undertaken in 2013 by OSNZ, given the
significance of particular ‘hot spots’ around the Ongatoro / Maketū Estuary and
Kaituna River for shorebirds and wetland birds and status of many of those birds
(Section 4.1.1.2). Please comment on if a survey will be conducted prior any
construction activities. Furthermore, given the inconsistencies with survey
methodologies, please provide comment as to the development of an avian
monitoring programme and how previous inconsistencies with survey methodology
will managed.

OSNZ may choose to undertake bird surveys in the estuary prior to construction but
additional surveys before construction are not considered necessary. Single surveys
provide only a picture of diversity and abundance at one point in time; a true picture
of trends and changes can only be obtained over prolonged periods and from multiple
surveys. Opus have obtained those trends from the historical data collected over the
past decades; an additional survey pre-construction will add little to our state of
knowledge.
It is important that surveys continue to be undertaken using the method that has been
used in the past, otherwise the ability to compare future collected data with historical
data will be lost. If the bird survey methodology is to be improved or changed it will be
necessary to run the new method in parallel with the old for some years to understand
the relationship between the two methodologies. This is not something that has been
addressed yet.
Table 10 of the AEE outlines the proposed monitoring.

2. Please provide comment as to the expected timeline for the new 27.5 ha wetland
to be able to be inhabited by avian species.

It is likely that the new wetland area will show increased usage by some bird species
immediately it is removed from stock grazing and farming practices. Others will come
as conditions become favourable to each species and species not currently present
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QUESTION

RESPONSE
discover the habitat.

Assessment of Objective 3: “The potential effects of establishment of up to 27.5 ha
of wetland on the ecology of the estuary and its surrounds. Consideration is also
given to the likely effects of re-vegetation of Papahikahawai Island, including both
the southern wetland portion and the remaining terrestrial portion of the island”.
1. It is important that field technicians are competent in plant identification, this will
limit the likelihood that native plants are mistaken for weeds and that weeds are not
inadvertently forested as natives.

Agreed.

2. Where practicable consideration should be given to eco-sourcing plants to help
maintain local unique characteristics.

Agreed.

3. Given the expected high nutrient concentrations, consideration should be given to
locating high nutrient stripping plants such as Raupo at the inflows of freshwater
wetland areas.

Because raupo is not salt tolerant and much of the new wetland area is predicted to
receive at least some salt water intrusion, raupo is unlikely to be in most of the
recommended species mixes. If some of the farm drains flowing into the estuary are to
have wetlands established between the drains and the estuary raupo would be a plant
species that could be used but this is not currently part of this project.
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25 Adams Road, Thornton Bay, Thames

Ph: 07 8682 315 Fax: 07 8682 314
Mobile: 0274 718 219

E-mail: jdahm@xtra.co.nz

MEMORANDUM
TO:

PIM DE MONCHY; STEVE EVERITT; STEPHANIE BROWN

FROM:

JIM DAHM, ECO NOMOS LTD; BEN TUCKEY, DH1 LTD

SUBJECT:

EFFECT OF PROPOSED RE-DIVERSION ON TE TUMU ENTRANCE AND BAR

DATE:

11 FEBRUARY 2015

As requested, we provide additional comment on the potential effect of the proposed rediversion on the Kaituna River entrance and bar (at Te Tumu Cut) to address concerns raised
by submitters in regard to potential effects on navigability.
A number of submissions were received concerning navigability at Te Tumu Cut. In
summary, the submissions seek:
•

Reassurance that the existing navigability will be maintained

•

24/7 navigable access

•

A permanent depth monitoring system

This further comment complements and expands upon the information already provided on
these matters by the numerical hydrodynamic modelling (DHI, 2014). In particular, the
memo assesses the issue of navigability and reviews modelling predictions using empirical
relationships developed from numerous field investigations of entrances and bars around
the world (including New Zealand). The need for, and utility of, any monitoring is also
discussed.
The memo has the following structure:
-

Section 1 explains the key drivers that affect tidal and river entrances and bars on sandy
coasts;

-

Section 2 discusses the dynamics of the Te Tumu entrance and bar using conceptual
models of entrance and ebb-tide delta morphodynamics and predictive empirical
formulas developed from numerous investigations and field measurements at entrances
within New Zealand and around the world
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-

Section 3 summarises the predictions of the earlier numerical modelling in regard to the
Te Tumu entrance and navigability

-

Section 4 uses the predictive empirical formulas discussed in Section 2 to test the
predictions of the numerical modelling in regard to limiting bar depths and other factors
that could affect navigation.

-

Section 5 discusses monitoring considerations and options.

-

Section 6 provides a brief summary of findings and recommendations.

1

Key Factors affecting Entrance and Bar Dynamics

Entrances with bars (the latter known technically as ebb tidal deltas) are widely used for
navigation. Accordingly, they have been extensively studied around the world (including in
New Zealand) to identify the factors that affect navigability – including entrance and bar
stability, morphology of channel and bars, and bar depths (e.g. Bruun and Gerritsen, 1959;
O’Brien, 1969; Jarrett, 1976; Walton and Adams, 1976; Hayes, 1979; FitzGerald and
FitzGerald, 1977; Marino and Mehta, 1987; Hume and Herdendorf, 1990, 1992 & 1993; Hicks
and Hume, 1991 & 1996; FitzGerald, 1996; Fitzgerald et al., 2001; Kraus, 2008).
These numerous investigations and measurements have determined that the complex
dynamics of entrances and bars on sandy coasts are primarily controlled by the following
factors and the balance between them:
•

River and tidal flows

•

Waves and wave generated currents

•

Longshore sediment transport and bypassing

Variation in these factors and in the balance between them results in complex and often
significant dynamic changes in entrance and bar morphology; including cross-sectional area
of the entrance, entrance stability, depths over the bar, the area and the volume of
sediment contained in the bar, and the dynamics of the bar.
It is now well established by such investigations that morphologic properties such as the
minimum depths over entrance bars, the volume of sediment contained within the bar, the
area of the bar and minimum entrance cross sectional area typically increase with increased
outflows and decrease in response to increased wave energy (e.g. see useful summary by
Kraus, 2008). Accordingly, a range of predictive empirical relationships have been developed
which can successfully quantify the morphologic characteristics of entrances in terms of just
a few parameters, particularly tidal prism and wave energy (Kraus, 2008).
The following section briefly summarises some of these key relationships and conceptual
models and applies them to the Te Tumu Cut.
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2

Entrance and Bar Dynamics of the Te Tumu Cut

2.1

Te Tumu Cut

Figure 1 provides a view of the Te Tumu Cut and ebb tidal delta (i.e. bar) during typical low
or mean river flow conditions. Other views of the entrance (from available historic Google
Earth photography) are also included in Appendix A.
Note the large volumes of sand deposited on the true left (looking downstream) or western
side of the entrance channel; reflecting the net eastwards littoral drift along the coast
(Figure 1). A rock wall and groyne on the true right (eastern) bank (Figure 1) maintains
positional stability of the entrance. In the absence of this engineering control, the entrance
would migrate eastwards over time with considerable associated entrance and bar
instability.

Figure 1: Low tide view of entrance and bar (ebb tidal delta) at Te Tumu (Aerial photograph from
December 2012)

At the Te Tumu Cut, the various factors (outlined in Section 1 above) which control entrance
and bar morphology and bar dynamics vary significantly over time.
For instance:
−

River flows vary from approximately 20 cumecs (cubic metres per second) at low flows
through to peak flows of 10-20 times this (e.g. the 5% AEP and 1% AEP peak flows are
presently estimated to be in the order of 260 and 400 cumecs, respectively). Mean flow
is approximately 35 cumecs.
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−

Waves vary significantly over time. For instance, while mean wave height is about 1.15
m; calm and low wave height (0-1 m) conditions are very common and there are also
periods characterised by waves > 2.5 m height (see Figure 4.3 in DHI, 2014). There is also
significant seasonal variation in wave height (e.g. Figure 4.4 and 4.5 in DHI, 2014) and
other characteristics (e.g. northeast swell waves dominate from December to April; with
local wind-generated waves more apparent from May to November and wave directions
ranging from north westerly to north easterly) (DHI, 2014).

−

Longshore sediment transport varies. While net longshore sediment transport is
eastwards over long periods of time, the net transport is highly variable (e.g. while
typically about 52,000 cubic metres per year, it can be as low as 5000 cubic metres in
some years) (DHI, 2014). Gross longshore sediment transport towards the entrance is
also very high – estimated to average about 400,000 cubic metres per year (DHI, 2014).

−

Sediment bypassing causes dynamic changes in channel and bank morphology. The
longshore sediment arriving at the entrance has to be bypassed and the mechanisms by
which this bypassing occurs results in changes in significant morphologic changes which
can influence navigation. The volumes of sediment that have to be bypassed past the
entrance also vary significantly over time.

The considerable variation in these various factors and in the balance between them results
in the entrance and bar being very dynamic as outlined in the following sections.

2.1

Entrance cross-section area

Various investigations have established that there is a very strong relationship between tidal
prism (the volume of water entering or discharging each tide) and minimum entrance
channel cross sectional area. Predictive relationships relating tidal prism to minimum
entrance cross sectional area have been developed for tidal and river entrances in many
coastal areas including the United States (e.g. O’Brien, 1931 & 1969; Jarrett, 1976) and
various New Zealand coastal environments (Hume and Herdendorf, 1990).
These relationships relate minimum cross sectional area to spring tidal prism as a power
function:

Ac = CPn

(1)

Where Ac is the minimum cross-sectional area of the entrance channel; P is the spring
tide prism and C and n are empirical coefficients.
The nature of the relationship between tidal prism and minimum cross sectional area varies
with other factors such as wave energy and longshore drift and so predictive relationships
are generally developed for coasts where these factors are broadly consistent.
At theTe Tumu Cut, the tidal prism during typical (particularly mean and low) flows varies
from about 1.6-2 million cubic metres (DHI, 2014). These values are towards the lower end
of the values characteristic of stable east coast North Island entrances as established by the
work of Hume and Herdendorf (1990). This means that at low flows, the forces maintaining
the entrance are low relative to the wave forces and wave driven longshore drift which act
to narrow and shallow the entrance. Accordingly, under low flow conditions the entrance
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and bar tend to be shallow and less stable, making navigation difficult. Under these
conditions, constriction of the entrance also increases flow velocities (e.g. Hume and
Herdendorf, 1993) – the interaction of waves and currents (particularly on outgoing tides)
further complicating navigability.
The significant variation in river flows also results in significant dynamic variability of the bar
over time. For instance, the modelling by DHI indicates that the Te Tumu Cut and associated
ebb tidal delta (bar) are considerably scoured during major floods (e.g. Figure E-3 of DHI,
2014). After these events, wave-driven longshore transport carries sediment into the
entrance narrowing the entrance back to more typical dimensions, and waves progressively
reduce bar depths to more typical conditions (DHI, 2014).
These model results are also consistent with field investigations at other river entrances
along the Bay of Plenty coast which have documented significant dynamic changes in the
cross sectional area of river entrances over time in response to variations in river flow (e.g.
Kench, 2004a & b; Dahm and Kench, 2002 & 2004). For instance, Kench (2004a & b)
documented changes in entrance plan-form and cross section at the Rangitaiki River
entrance based on repeat surveys conducted between July 2000 and October 2004. He
noted that entrance width at high tide varied from 49 to 143 metres, the higher value
occurring after a major flood (estimated as approximately Q100) in July 2004. Similarly,
entrance cross sectional area varied from about 147 to 451 m2.

2.2

Minimum depths over the bar (ebb tidal delta):

It is well known that the limiting depth over an outer bar at any point in time tends to reflect
a balance between outflows and wave action (Figure 1); depths increasing with increased
outflows and decreasing in response to increased wave energy (Buonaiuto and Kraus, 2003).

Figure 2: Factors influencing limiting depth (hc in above diagram) over entrance bars (diagram from
Buonaiuto and Kraus, 2003). Note also the seaward slope of the delta (β) which is also briefly
discussed in the main text.

Modelling indicates that waves interacting with outflows enhance lateral spreading of the
outflows and limit their seaward extent (Olabarrieta and Rockwell, 2014). Increasing wave
effects and dominance has also been shown to increase the steepness of the seaward slope
of the ebb tidal delta (i.e. angle β shown in Figure 1) (Buonaiuto and Kraus, 2003).
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Accordingly, for any given flow, increased wave action will tend to reduce limiting bar
depths. Conversely, increasing flows will tend to increase limiting depths.
In a study of entrances along the Atlantic, Gulf and Great Lakes coasts of the US, Buonaiuto
and Kraus (2003) found a high correlation between the minimum or limiting depth in the
main channel over the bar and tidal prism and wave height. They found that the minimum
depth could be well predicted by equations involving tidal prism and/or wave height.
The limiting depths over the bar at the Te Tumu Cut will therefore change quite significantly
in response to changes in outflows and waves and the balance between these processes.
For instance, with significant increase in outflows as observed between low flows and floods,
it is known that bar depths at the Te Tumu Cut increase significantly for a short period – as
also demonstrated by the numerical modelling (e.g. Figure E-3 of DHI, 2014).
Similarly, significant wave events can reduce depths at Te Tumu, particularly during low
flows. In the absence of survey data, it is difficult to reliably quantify the effect of waves on
bar depths at Te Tumu during low flows – but it is likely that depths will vary by at least 0.20.4 m. The effect may even be more significant. For instance, data presented by Buonaiuto
and Kraus (2003) (their Table 3) indicates that limiting bar depths at a relatively small
entrance in Florida (New Pass – tidal prism about 8 million cubic metres) varied by 1.25 m
(ranging from 1.25 to 2.5 m) over 4 separate surveys.
Work by Hume and Herdendorf (1992) on entrances along the northeast coast of the North
Island (Northland to Bay of Plenty, inclusive) also noted the role of littoral transport in bar
depths. They found that the ratio between limiting bar depth and the maximum depth in the
entrance gorge varied from 0.2-0.8; with lower ratios (and therefore lower bar depths)
characteristic of areas where there is more pronounced littoral drift.
On the Bay of Plenty coast where littoral drift is high relative to other entrances on the
northeast coast, they found that bars are relatively shallow (bar/throat depth ratios of 0.20.3) and tidal velocities high. This reflects the increased longshore transport of sand into the
entrances.
As discussed in Section 2.3 below, bypassing of this longshore sediment transport past
entrances also affects bar depths and channel stability.

2.3

Sediment Bypassing of the Te Tumu Cut

Significant volumes of sediment are moved alongshore to and past the Te Tumu entrance by
wave-induced littoral drift. DHI (2014) estimate that gross littoral drift (i.e. sediments
arriving at the entrance from both the east and west) is in the order of 400,000 cubic metres
per year; with a net drift to the east (estimated to average 52,000 cubic metres per year but
highly variable from year to year).
Tidal and river entrances like the Te Tumu Cut present an obstacle to littoral drift. In
technical parlance, the process by which longshore sediment transport gets past entrances is
known as bypassing.
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The processes by which sediment is bypassed have been studied at numerous entrances
around the world and it is well established that these bypassing processes can significantly
affect entrance and bar morphology; including channel stability, location and limiting bar
depths (e.g. Bruun and Gerritsen, 1959; Fitzgerald, 1982; Fitzgerald et al., 2000; Guadiano
and Kana, 2001).
In a study of a large number of entrances around the world, Bruun and Gerritsen (1959)
found that the effect of bypassing on entrance and bar dynamics can be broadly classified
according to the ratio between the tidal prism (i.e. the discharges keeping the entrance
open) and the total volume of wave-driven longshore sediment transport reaching the
entrance. They broadly classified entrances in terms of bypassing and inlet stability using
the ratio between the spring tidal prism (P) and gross longshore transport (Mtot) (Figure 3).

Figure 3: Broad classification of bypassing and inlet stability proposed by Bruun and Gerritsen (1959)

At Te Tumu Cut, the low flow spring tidal prism is approximately 2.04 million cubic metres
and the gross annual littoral drift is estimated at approximately 400,000 cubic metres –
giving a ratio value of approximately 5. Such low ratio values are typical of entrances with
shallow, dynamic and unstable bars (Figure 3) at which navigation is difficult and dangerous.
Conversely, for short periods after high flows and floods the Te Tumu entrance is typical of
more stable and mixed energy systems with greater bar depths and improved navigability.
More recent work has identified that the mode of bypassing at entrances similar to Te Tumu
tends to involve a cyclical pattern of bar changes over the ebb tidal delta; often
accompanied by changes in the depth and location of the ebb channel. Fitzgerald et al
(2000) provide useful conceptual models illustrating the different cyclical patterns of bar
changes by which sediment bypassing can occur (Appendix B).
Bypassing most typically occurs in the direction of net drift – which is from west to east at
the Te Tumu entrance. The net drift to the east means that deposition of sand on the
western side of the entrance channel constricts the entrance (e.g. Figure 1; see also
Appendix A) and increases flow velocities. Under natural forces without human intervention,
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this process would result in net eastwards migration of the Te Tumu entrance over time –
similar to Model 1 shown in Appendix B. This model is very similar to the processes that
operated at Maketu over long periods of time prior to human intervention – with the river
periodically breaking out at Te Tumu and then migrating alongshore until positional stability
was achieved with the entrance at Maketu against the base of the Town Point headland. The
process repeated (probably only over centuries) when the Kaituna River once again broke
out at Te Tumu.
However, the rock groyne along the eastern margin of the Te Tumu Cut prevents eastward
longshore migration and now provides locational stability for this entrance. At positionally
stable inlets, the bypassing processes are typically similar to conceptual models 2-4 shown in
Figure 4. These are briefly described as follows:
•

Model 2 – Stable inlet processes: This situation involves a stable entrance throat (i.e.
non-migrating) and a stable main ebb channel through the ebb tidal delta (“bar”).
Sediment deposited on the updrift side of the entrance (western side at Te Tumu Cut) is
scoured by discharging currents and carried out and deposited onto the ebb tidal delta.
This deposited sediment is then reworked by waves to form landward migrating swash
bars which eventually migrate and attach to the adjacent shorelines.

•

Model 3 – ebb tidal delta breaching: Occurs at tidal entrances that have stable entrance
positions but where the main ebb channel over the bar cyclically migrates downdrift. In
essence, sediment accumulation on the updrift side (western side of the bar at Te Tumu)
causes a downdrift (eastern at Te Tumu) deflection of the main ebb channel. Eventually
the deflected channel breaks out more seaward and isolated a bar/slug of sediment
which then gradually moves onshore and attaches to the downdrift shoreline.

•

Model 4 – Outer channel shifting: This is similar to ebb tidal delta breaching but the
deflection is limited to the seaward of the main ebb channel and the bypassing transfer
involves smaller volumes of sand.

It is important to bear in mind that these conceptual models summarise processes that
occur over time and are simple models of very complex processes. Any particular entrance
such as Te Tumu may exhibit elements of the various models over time.
Examination of available historic aerial photographs on Google Earth (Appendix B) and field
inspections suggest the position of the main ebb channel over the ebb tidal delta is relatively
stable but is subject to some deflection – suggesting bypassing processes and associated bar
and channel instability are most similar to Models 2 and 4 (Figure 4).
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Figure 4: Bypassing models most similar to Te Tumu Cut (adapted from Fitzgerald et al, 2000).
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Recent field observations undertaken by BoPRC illustrate the dynamic instability of the bar
in response to wave forces during low flows. For instance, Figure 5 shows observations of
bar morphology and outflow current pattern made on Sunday 1 February 2015. It can be
seen that at this time, outgoing flows bifurcated with a small secondary channel to the west
of the main channel also drawing some of the outflows (see blue arrows in Figure 5).

Figure 5: Observations of channel and bar morphology and associated outflow current pattern as
observed by BoPRC volunteer monitoring Sunday 1 February 2015.

This bifurcation of outgoing flows reduces outflows in the main channel and therefore also
potentially reduces bar depths relative to those that would occur with similar river flows –
particularly in the presence of wave action. On other occasions, build up on the western side
of the entrance precludes outflow through the secondary channel (Figure 6). Under these
conditions, the outgoing flows will be more concentrated in the main channel.
At the time of the February 2015 observations, there had also been a period of northeasterly wave action which tended to deflect the main channel slightly westward. Field
observations indicated that even within the main channel, flows were concentrated more to
the western side - so bar depths probably varied across the end of the main channel.
These observations illustrate that bypassing processes and subtle variations in wave
characteristics (height, period and direction) and outflows result in dynamic variation in the
location of the main channel and limiting bar depths – complicating navigability at the Te
Tumu entrance.
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Figure 6: View of Te Tumu Cut and bar on 25 April 2005. Note the exposed bar seaward of the
entrance on the western side of the entrance - essentially precluding any significant bifurcation of
outflows at that time.

2.4

Volume and area of ebb tidal delta

Various investigations have also established that the area and volume of ebb tidal deltas is
strongly related to tidal prism and wave energy (Walton and Adams, 1976; Marino and
Mehta, 1987; Hicks and Hume, 1991 and 1996). The volume of sediment stored and the area
of the ebb tidal delta increase with tidal prism and decrease with increased wave energy.
For instance, Walton and Adams (1976) demonstrated that the equilibrium volume of ebb
tidal deltas along the ocean coasts of the United States are related to tidal prism by an
equation similar in form to Eq. (1). They determined slightly different values of the empirical
coefficients according to the level of wave energy being low, moderate, or high. Hicks and
Hume (1991 and 1996) have developed similar relationships for New Zealand entrances.
Various studies have also found a strong relationship between tidal prism and the area of an
entrance bar or ebb tidal delta – including investigations along the New Zealand coastline by
Hicks and Hume (1991 & 1996) and along the Florida coastline by Gibeaut and Davis (1993).
These relationships and earlier work also show the influence of wave energy – bars tending
to decrease in area (for any given tidal prism) as wave energy increases (Walton and Adams,
1976; Marino and Mehta, 1987; Hicks and Hume, 1996). Hicks and Hume (1996) also found
that the volume of littoral drift also appeared to influence ebb tidal delta volumes in some
cases.
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These relationships indicate the area and the volume of sediment stored in the ebb tidal
delta at the Te Tumu Cut is likely to vary considerably over time in response to the variations
in river flow and wave energy and the balance between these factors; being markedly higher
after high river flows/floods and periods of limited wave activity than during periods
characterised by low river flows and higher waves. This is also consistent with the modelling
by DHI (2014).

2.5

Summary

It has been well-established by investigations over the last 100 years that the various
morphologic characteristics affecting entrance navigability (e.g. minimum channel crosssectional area; area and volume of the ebb shoal; minimum depths over the bar; bar
dynamics and stability) are primarily determined by the balance between outflows (e.g. tidal
prism) and wave forces (e.g. wave height and energy; longshore drift). For any given coast
such as the Bay of Plenty, the morphologic characteristics of entrances and bars can often be
successfully quantified in terms of just a few parameters, particularly tidal prism.
These various relationships indicate that the ebb tidal delta (i.e. bar) at Te Tumu Cut is likely
to be extremely dynamic over time in response to natural variations in river flow, wave
energy, longshore drift and sediment bypassing, and the balance between these factors.
The various relationships also indicate that the Te Tumu entrance is likely to be particularly
dynamic at low flows. At such times, the outflows are less able to counteract wave action
and to scour the volumes of littoral drift arriving at the entrance. This results in increased
bar and channel instability and reduced depths, making navigation naturally difficult and
dangerous.

3

Modelling Predictions in Regard to Navigability

The modelling outlined by DHI (2014) involved a one year simulation to provide a picture of
the potential morphologic effects of the re-diversion at Te Tumu Cut and Maketu Estuary
entrance.

3.1

Te Tumu Cut

The modelling results in relation to Te Tumu Cut are discussed in Section 7.2 of DHI (2014)
and the contrast in bar conditions between the existing situation and the proposed rediversion are shown in their Figures 7-17 to 7-22.
During the first six months of the simulated year, which included some significant wave and
elevated river flow events, the modelling predicts no significant adverse impact of the rediversion on bed levels. The modelling actually predicts a slight increase in depths (by a few
centimetres) with the re-diversion; though DHI (2014) note this is likely to be a product of
the scaling method rather than a real change.
The modelling indicates that the proposed re-diversion may result in some reduction in
outflows through Te Tumu Cut during flood events since some of the flood water is diverted
to Maketu Estuary. Nonetheless, the modelling predicts that the bar will remain deep and
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scoured during such events (see Figure 7-20 of DHI 2014 which contrasts bar conditions after
floods for the existing and proposed situations). While the morphologic modelling does
predict the re-diversion will result in a slight decrease in depths during high flows, DHI
(2014) note the predicted bed level change is likely over-estimated due to the scaling
method used in the simulation. Nonetheless, additional modelling was conducted to better
confirm the effect of the proposed re-diversion on discharges at Te Tumu Cut during high
river flow events. This modelling indicated that for the majority of high river flow events
there is no difference in peak flow or current speed before and after the proposed rediversion (see Figure 7-30 of DHI, 2014). Accordingly, there should be little to no change in
bed levels.
During the final four months of the simulated year, river flows were typically low and there
was a reasonably high energy wave climate (DHI, 2014). The modelling indicates that a bar
developed across the river mouth under these conditions, with the overall morphology of
the river mouth similar for the existing situation and the proposed re-diversion. However,
while the morphology is similar, the morphologic modelling predicted slightly decreased
depths (<5 cm) over the bar with the re-diversion under these conditions (see DHI, 2014 Figures 7-20 to 7-22).
These model predictions have given rise to concern among a number of submitters – as the
flow conditions modelled in these four months are more typical of the low flow river
conditions that characterise the high use summer period when bar depths are often at a
minimum. Users were concerned that any significant reduction in bar depths could further
complicate bar navigability during low flows.
DHI (2014) however caution in regard to these model predictions, noting that the
simulations overstated the effects of the August flood event on the entrance bathymetry
due to the scaling method used. DHI also carried out extra analysis showing that this flood
event would actually not have had a significant impact on the entrance bathymetry when
comparing the proposed and existing situations. If the final four months of the simulation
had reflected this (i.e. had been conducted with the same starting bathymetry for both the
existing and proposed situations), the proposed option would not have shown any negative
impact on the entrance bathymetry (and possibly an improvement). I.e. The change is a
function of modelling difficulties and not a real effect. DHI note that it is the tidal prism
which ultimately ensures the mouth remains open and conclude that overall the river mouth
morphology will not be impacted to any meaningful degree by the re-diversion.

3.2

Maketu Entrance

The one year simulation predicts that the proposed re-diversion will have a no more than
minor impact on bed levels through the Maketu entrance – though the simulations do
suggest some minor deepening in the main entrance (see Figures 7-23 to 7-29 in DHI, 2014).

4

Review of Modelling Predictions

This section reviews the modelling predictions (Section 3) using the empirical relationships
discussed in Sections 1 and 2, above. As noted above, these empirical relationships have

297

been developed by investigations and measurements of tidal entrances and bars at
numerous sites within New Zealand and around the world. I.e. they are based on real world
measurements of actual entrances and bars and not just on theoretical considerations.
The primary concern of users in relation to the impact of the proposed re-diversion on
navigability relates to potential impacts during mean and low river flows. These are the
conditions when bar depths are typically at a minimum. They also tend to be the conditions
that coincide with the higher use summer period.
As noted in Sections 1 and 2 above, it is very clear from numerous investigations that the
primary influences on bar depths and bar dynamics are:
•

Outflows – as reflected in tidal prism and peak flows

•

Wave energy

•

Longshore drift and sediment bypassing

The proposed re-diversion has no influence on wave energy or longshore drift. Accordingly,
any effect of the re-diversion on bar depths can be assessed by considering the influence on
tidal prism and peak outflows. As outlined earlier, tidal prism and peak outflows have a
significant influence on bar depths and other entrance morphologic properties.

4.1

Te Tumu Cut

For mean flow (“typical”) conditions, the numerical modelling predicts that the proposed rediversion will result in a very small decrease in discharges from Te Tumu Cut for mean flow
(“typical”) conditions. The predicted decrease ranges from 2% (spring tide) to 6% (neap tide)
(see Table 7.3, DHI, 2014). The limited reduction in outflows reflects the fact that the river
flows diverted through the estuary are largely balanced by increased tidal inflows.
In terms of influence on depths over the outer bar, the changes in outflow tidal prism
predicted by the modelling have been used to estimate the relative change in bar depth that
may accompany the re-diversion for neap, mean and spring tide conditions - using the
relationship between tidal prism and limiting bar depths developed by Buonaiuto and Kraus
(2003). This empirical relationship was developed for tidal entrances with mean annual wave
heights ranging from 0.4 to 2.43 m and a spring tidal range of 0 to 2.74 m. Te Tumu Cut lies
within these wave and tidal conditions and so the relationship should provide reasonable
estimates of limiting depth over the ebb tidal delta (bar) at Te Tumu Cut. However, in the
absence of measurements from the bar to confirm the applicability of the relationship, the
equation is best regarded as providing an indication of the relative change in depth for the
different situations - rather than absolute predictions of limiting bar depth. Results are
presented in Table 1.
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Table 1: Effect of predicted changes in outflow tidal prism on bar depths at Te Tumu Cut

Tide

Situation

Outflow Tidal
Prism (m3)

Estimated
Limiting Bar
Depth (m)

Neap
Neap
Mean

Existing
Proposed Diversion
Existing

1722800
1622800
1846300

0.96
0.94
0.98

Mean

Proposed Diversion

1779000

0.97

Spring
Spring

Existing
Proposed Diversion

2039400
1989400

1.02
1.01

Change in
Bar Depth
(m)
0.02
0.01
0.01

It can be seen that the slightly reduced tidal prism is likely to have little to no effect on
limiting bar depths – with relative changes for neap, mean and spring tide conditions all in
the range of only 1 to 2 cm (Table 1). Changes of this magnitude are simply not measurable
and considerably less than the natural dynamic variability (at least 0.2-0.4 m and probably
more) that occurs during low flows in response to natural variations in the balance between
outflows, wave forces and wave-driven longshore sediment transport
For low flows, the modelling also predicts a slight decrease in the outflow tidal prism (2%
reduction for neap and mean tides and a 3% reduction for spring tides) (DHI, 2014).
However, examination of the time series of flow indicates that it is only the initial part of the
ebb tide where the ebb volume is lost with the proposed re-diversion – as shown in Figure 7
for mean tide conditions where the ebb tide flows are slightly delayed.

Figure 7: Predicted outflows for the seven day 5 year low flow conditions showing existing (blue line)
and proposed (black line) situations. (Diagram supplied by DHI).

Over most of the ebb tide, the proposed re-diversion actually has slightly higher outflow
rates (Figure 7), including slightly higher peak outflow rates (Table 2). Accordingly, if
anything, the re-diversion may increase bar depths. However, in our opinion, the increase in
peak flow rate is so small that it is unlikely to measurably increase bar depths.
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Table 2: Effect of proposed re-diversion on outflows for the seven day five year low river flow
conditions at the Te Tumu Cut (Data supplied by DHI).

Tide

Peak Flow (m3/s)
Existing
56.3
70.7
87.6

Neap
Mean
Spring

Proposed
57.1
71.5
88.0

Consideration of the effect of the change in tidal prism on other morphologic properties was
also examined, including:
•

Bar volumes and bar area using the relationships developed by Hicks and Hume
(1991 & 1996)

•

Minimum entrance cross-section using the relationships developed by Hume and
Herdendorf (1990)

•

The effect on bypassing and associated bar dynamics and stability using the ratio
developed by Bruun and Gerritsen (1959).

In all cases, the empirical relationships suggest the change in tidal prism at low and mean
flows will have no measurable effect on these various parameters (i.e. bar volumes and size,
minimum entrance cross section).
Overall, the various predictive empirical relationships suggest the proposed re-diversion is
not likely to have any measurable effect on bar depths or other morphologic properties at Te
Tumu Cut for either low or mean flow conditions. This supports the conclusion reached by
DHI (2014).

4.2

Maketu Entrance

As opposed to the Te Tumu Cut, the numerical modelling predicts that the proposed rediversion will significantly increase outflow tidal prism at the Maketu entrance – by around
25% on neap tide conditions, 29% on mean tide conditions, and 24% on spring tide
conditions (Table 7-2 of DHI, 2014). The potential effect of these changes on bar depths at
the Maketu Entrance is presented in Table 3.
Table 3: Effect of predicted changes in outflow tidal prism on bar depths at the Maketu entrance

Tide

Situation

Outflow Tidal
Prism (m3)

Estimated Bar
Depth (m)

Neap
Neap
Mean
Mean
Spring
Spring

Existing
Proposed Diversion
Existing
Proposed Diversion
Existing
Proposed Diversion

588,300
734,900
959,300
1,237,400
1,423,300
1,772,000

0.66
0.71
0.78
0.855
0.90
0.97

Change in
Bar Depth
(m)
0.05
0.075
0.07
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It can be seen that while the increase in outflow tidal prism is significant, the depths over
the bar are only likely to increase (i.e. get deeper) by 5-7.5 cm (Table 3). These changes will
not be measurable and are not likely to make a significant difference to navigability at the
entrance. This is consistent with the modelling which indicated no significant change.

5

Monitoring of Navigability

The earlier DHI modelling concluded that the proposed re-diversion would not have any
measurable effect on bar depths or navigability at the Te Tumu Cut for either low or mean
flow conditions. For this reason the resource consent applications did not propose
monitoring navigability at the Te Tumu Cut.
A number of submissions have however requested that monitoring (particularly depth
monitoring) be undertaken – reflecting a desire on their part for some check/test of the
accuracy of the modelling and scientific predictions. This section reviews monitoring options
and then provides recommendations.

5.1

Monitoring Options

The following monitoring options were considered:
•

Measurements of outflows to check model predictions

•

Measurements of bar depths before and after re-diversion

•

Incident reporting

Measurement of Outflows
This option would involve measurement of outflows after the re-diversion at both low and
mean flows to test model predictions.
As noted in Section 1, there is a close relationship between outflows (e.g. as represented by
tidal prism) and bar depths. The modelling predicts that the proposed re-diversion will not
significantly impact outflows during low and mean flow conditions (see discussion in Section
3 and in DHI, 2014). Accordingly, both the modelling and the check of model predictions
using empirical relationships predict that the proposed re-diversion will not measurably
affect depths over the bar and navigability at low or mean flows (see discussion in Sections 2
and 3 above). However, these predictions obviously depend critically on accurate modelling
of the impact of the proposed re-diversion on outflows.
Measurement of outflows after the re-diversion would therefore provide a very direct and
simple test of the modelling predictions. If the measured outflows are consistent with model
predictions, then this will confirm that the re-diversion will not measurably impact on bar
depths.
However, the “before” and “after” measurements would need to be conducted at exactly
the same river flow and the same tidal conditions (i.e. same tidal range and same high and
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low tide levels). Wave conditions would also need to be similar as waves can affect outflows.
Bar conditions should also be similar.
These requirements would impose significant difficulties and, at best, could only be met
approximately. There would inevitably have to be some correction to the measurements to
make them comparable. Nonetheless, even if the exact field conditions could not be
replicated, the approach should provide useful and indicative results provided the
measurements are designed and conducted with appropriate care
Measurement of Bar Depths
This option is one that is favoured by submitters. However, it is an extremely complicated
and difficult option and would involve considerable difficulties and expense and is unlikely to
yield reliable results.
For instance:
•

Bar depth varies considerably with waves and bypassing as discussed in Sections 1 and
2. Accordingly, for any given river discharge, numerous repeat measurements (both
before and after re-diversion) would be required to pick up the natural variation that
occurs. In essence, the work would require numerous bar surveys to develop “best fit”
relationships between outflows and limiting bar depths for Te Tumu Cut (i.e. similar to
the relationship discussed in Section 1 above) over a range of river discharges - to see if
any significant changes were evident.

•

Practicality: In terms of bar depths, the predicted effect is likely to be less than 1-2 cm at
low flows (the flow conditions of most concern) (e.g. Table 1). It is simply not possible to
measure changes of this scale.

•

Variability in bar depth: As noted earlier, natural bar depths are likely to vary
significantly over time due to changes in river flows, wave conditions, longshore
drift/bypassing and the balance between these various factors. A very significant
number of measurements would be required to define the variation in bar depths with
conditions. Moreover, as the natural variability in bar depths with waves and bypassing
(probably at least 0.2-0.4 m) considerably exceeds the scale of the expected change (less
than 1-2 cm for any given discharge) (see Table 1) it would not be possible to reliably
identify any changes from natural variability – even with numerous accurate and repeat
surveys.

•

Accuracy requirements: Accurate hydrographic surveys would be required as otherwise
the potential error of measurement (probably in the order of +0.2-0.3m) would far
exceed the predicted change. Even with accurate hydrographic surveying in very good
conditions, it would be difficult to achieve accuracies better than +0.05-0.1m – again in
excess of the likely measured change.

•

Scope of survey required: In our view, it would be important to survey the entire bar on
each occasion. This would be required to ensure that the location of the limiting depth is
accurately identified. As noted earlier, the location of bars and the main ebb channel is
likely to vary over time with wave conditions and sediment bypassing – particularly
during low flow conditions.
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•

Cost: The cost of the monitoring is likely to be relatively high. For instance, we believe
detailed monitoring sufficient to develop useful relationships between outflows and bar
depths for the “before re-diversion” and “after re-diversion” situations would cost at
least $50-75,000 and could be considerably higher. It is also unlikely, for the above
reasons, that the monitoring would be conclusive

Overall, this option is likely to be very expensive and is unlikely to provide a practical or
reliable test of modelling predictions.
Incident Reporting
Use of incident reporting has also been suggested as a possible form of monitoring – to
assess whether the re-diversion results in a wider range of incidents on the bar than the
existing situation.
However, there are many factors that can influence incident reporting and we believe this
option is not likely to provide an objective and reliable measure of any bar changes effected
by the proposed re-diversion.
Nonetheless, we concur with Single (2014) that incident reporting is important for managing
navigability and safety and that such monitoring should be part of good management of user
safety – but not as a requirement for monitoring the effects of the proposed re-diversion.

5.2

Summary

In our opinion, the only potentially useful and reliable monitoring to test the model
predictions would be measurement of outflows. How, as noted in Section 5.1, even this
monitoring would be difficult and is likely to be indicative only.
In our view, monitoring is unnecessary from a scientific and engineering perspective - as it is
clear from the earlier modelling, and the above considerations, that the proposed rediversion will not have any measurable effect on limiting depths over the bar at Te Tumu Cut
or on other aspects that affect navigability of the entrance (e.g. entrance cross-sectional
area; bar stability and dynamics).

6

Summary

Numerous investigations over the last 50-100 years have established a range of useful
predictive relationships that can be used to estimate various morphologic properties at river
and tidal entrances; including minimum entrance cross section, limiting bar depths, area and
volume of ebb tidal deltas, and the nature of sediment bypassing and associated bar
dynamics. These empirical relationships have been extensively used in the design and
assessment of works at tidal and river entrances.
The predictive empirical relationships are typically related to tidal prism as a power function,
with the relationships influenced by the wave environment of the particular coast.
These various relationships suggest that waves, longshore drift and bypassing are likely to
result in the Te Tumu Cut having a dynamic ebb tidal delta with varying bar and ebb tide
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channel depths and locations – particularly during low flow conditions. The procedures
reinforce that the Te Tumu Cut is naturally a difficult and dangerous bar to navigate,
particularly during low river flows. Depths will temporarily improve during higher flows and
floods when outflows tend to be more dominant over wave and longshore drift processes –
but these changes are likely to be relatively short-lived once river flows decrease.
The predictive empirical relationships have also been used to assess the likely scale of any
effect of the proposed re-diversion on limiting bar depths and other factors that could
impact on navigation at Te Tumu Cut and Maketu entrance – as a cross-check on the
predictions of the numerical modelling reported by DHI (2014).
The assessment confirms that the proposed re-diversion is not likely to have any measurable
effect on limiting bar depths and navigability at low and mean flows. For instance, any effect
on limiting bar depths will be less than 1-2 cm – compared to natural variation of at least
0.2-0.4 m and probably more. The review therefore supports the conclusions of the earlier
numerical modelling.
We emphasize that the empirical procedures used in this memo are based on detailed
investigation and measurements at literally hundreds of entrances around the world. These
include entrances on the east coast of the North Island and within the Bay of Plenty. i.e. The
procedures were developed using real-world measurements and not just theoretical
considerations. In addition, the procedures have been developed, tested and refined by
numerous workers and investigations extending over at least the last 50-60 years.
We appreciate that some submitters with livelihoods and activities critically dependent on
bar depths desire some form of monitoring as a further test of the scientific predictions. We
recognise this could also be useful for Council; as this bar is very shallow and dangerous and
the re-diversion could otherwise end up being wrongly blamed for problems experienced by
some bar users.
However, we firmly believe that the effects of the re-diversion on navigability will not be
measurable at low flows and recommend that no monitoring is required.
If monitoring is nonetheless desired, the most useful and reliable test would be
measurements of outflows before and after the re-diversion. The “before” and “after”
measurements could be conducted under low and mean flow conditions and should ideally
be similar to those modelled. To be useful the “before” and “after” measurements would
need to be conducted at identical river flow and tidal conditions. Bar and wave conditions
should also be similar. These requirements would impose considerable field difficulties on
the measurements. Nonetheless, if the work is appropriately designed and conducted it
should provide a useful indicative test. If the measurements indicate that outflows are not
significantly altered, this would confirm that the re-diversion had no measurable impact on
entrance and bar navigability.
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Kaituna Landscape and Visual Effects

Introduction

The purpose of this technical note is to provide advice on specific queries raised by the Bay of
Plenty Regional Council (BoPRC) and Western Bay of Plenty District Council (WBOPDC)
associated with the Kaituna River Re-diversion and Ongatoro/Maketu Estuary Enhancement
Project, Supply of Further s92 Information.
This assessment is a desktop assessment, and has been undertaken based on analysis of
aerial photos and the Notice of Requirement and Resource Consent Application, prepared by
Opus, July 2014.
Specific issues raised by the Consenting Officer for comment are related to the following:
•
•

2

Effects/nature of the earthworks activities (removal of the causeways, minor
recontouring along southern edge of island and widening of Ford’s Cut); and
Effects of the new footbridge on the visual audience.

Potential Visual Effects

Background
This assessment considers the existing landscape character and visual amenity as a baseline
for assessing the potential effects that the proposed activities will have on the Maketu
Estuary, wetland and wider coastline.
A comprehensive assessment of the landscape and visual effects of the proposed works is not
provided here other than general comments.
Landscape Assessment
Landscapes that are considered to be most sensitive to change include environments with a
high degree of ‘naturalness’. The degree of naturalness of an environment is determined by
considering the level of modification or change, when compared to a totally natural or ‘pristine’
environment. Therefore, a landscape with a high degree of ‘naturalness’ is one that is void of
any development or evidence of interference by people. Conversely, a landscape that is
significantly modified by a greater level of development or change by human intervention is
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considered to have a low degree of ‘naturalness’. It is accepted however, that man-made
structures can form part of a relatively natural environment, and retain some degree of natural
character.
Landscape effects are assessed in terms of the potential impact of change on the existing
environment (i.e. the natural character values of an area and a surrounding landscape).
Visual Assessment
A Visual Assessment describes the existing landscape, its visual qualities, where it can be
viewed by the general public and surrounding land uses. This assessment considers perceptual
factors, attune with the definition of amenity values provided in the Resource Management Act
1991, which states ‘those natural and physical qualities and characteristics of an area that
contribute to people’s appreciation of its pleasantness, aesthetic coherence, and cultural and
recreational attributes’ (Resource Management Act 1991, section 3).
The magnitude of visual effects on the viewing public, and the visual amenity of the coastal
environment is determined by the nature and scale of change relative to the existing
environment.
Consequently, the following features can potentially have adverse effects on the landscape
character and visual environment:

2.1



Dominant structures and/or development patterns in open landscape areas, or
elevated positions (noticeable scale and form).



Design elements that are of a complex visual design such as large bridge
structures, concrete retaining walls, abutments and the like (incompatible with
the natural character and have a dominant visual effect on the estuary).



Modification of natural landscape elements and/or natural landscape features.



Loss of large areas of indigenous vegetation.

General Landscape Comments

It is clear when examining the historical data and aerial photographs of the subject site that,
over time, the natural landscape character and patterns of natural processes have changed.
The estuary and surrounding area has been significantly modified and are characterised by
human elements, although the shoreline is more natural in character.
The estuary and surrounding area is not considered to be pristine, nor does it exhibit
significant visual amenity values. This evaluation is made for the reason that the natural
processes and patterns have been disrupted over time by land conversation for farming which
have impacted negatively on the natural character and quality of the landscape.
Visibility of the proposed works will generally be limited due to flat land and subsequently this
work will have a low viewing angle across the landscape. Visual exposure is mainly focused on
a small number of vantage points within close proximity to the proposed works. Given the
limited viewing opportunities of this landscape unit, small scale change of a similar nature to
landscape features currently present within this landscape are not considered to cause any
significant averse visual effects on the area.
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Proposed Footbridge
While the proposed footbridge will introduce a man made element into the landscape, it is
considered that this structure will not discernibly alter the amenity and character of the wider
landscape.
In terms of visual effects, and given the large expanse of the coastline and estuarine area
within which the proposed footbridge will be located, the proposed structure will not
dominate views towards these areas. This is because the proposed bridge will be in the same
position as the original causeway, and will in fact be smaller in appearance and scale to that
of the existing structure. Furthermore, the proposed bridge will be open underneath and
therefore less visually prominent than the existing causeway.
Given the context of this already modified landscape, the proposed footbridge is deemed to
present a relatively small change to the existing landscape character.
It is recommended that the visual effects (i.e. linearity) of the proposed bridge could be
softened through careful consideration of its built form, finishes and materials so as to be in
keeping with the coastal setting e.g. timber, low reflective finishes, visually recessive colours
and natural stone.
Proposed Earthworks
The existing artificial causeways currently visually define sections of the estuary’s edge, and
contrast with its natural shape, profile and form. In addition, these structures currently prevent
the natural tidal flow of the estuary. As a result of this the Papahikahawai Creek is characterised
by stagnating water, algae growth and rubbish gathering on the surface of the water, affording
the Creek a neglected and to some extent ‘polluted’ appearance.
By removing these man made elements, the natural processes of the estuary will be reinstated
and improved. Proposed works will return the island, estuary margins and wetland to a
condition more in keeping with its natural character and appearance. The proposed
earthworks will also enable natural flushing of the estuary, thereby improving the ecological
qualities of the environment.
In terms of scale, the proposed modifications are of such a small nature that they are
considered to have a less than minor adverse effect on the existing landform, and will in fact
have a positive ecological benefit on the environment.
Although the natural character and values of the site will initially be affected by earthworks
(during the construction phase), there is a significant benefit in enhanced natural character
and perceived visual amenity values resulting from the removal of the artificial causeways.
Loss of Vegetation
The vegetation cover throughout the estuary environment has been significantly affected over
time by farming processes and is considered to be highly modified. Consequently, the proposed
earthworks will have a limited impact on native vegetation and is not considered to have any
adverse effects on existing vegetation patterns.
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Conclusion

The landscape and visual effects of the proposed works are considered to be less than minor.
There are a number of areas where the proposed works will have a positive effect on the
landscape character and visual amenity of the area.
Construction activities are likely to introduce landscape and visual effects, however these are
considered to be less than minor due to the relatively small scale and short duration of the
proposed activities.
While the proposed works will bring about a permanent change to the landforms within the
estuarine environment, the size, form and massing of the proposed earthworks and footbridge
are considered in keeping with the landscape character of the estuary and wider coastline, and
will have positive benefits to the overall landscape unit. The proposed works will not only
enhance and compliment the landscape character but return it to a more natural state.
In terms of visual effects, the flat nature of the landscape generally constrains views towards
the estuary. For distant viewing audiences construction of the bridge and removal of the
causeways is considered to have no discernible adverse visual effects. For closer vantage
points the proposed works the changes will be positive due to the perceived natural effect that
the proposed works will have on the setting and its amenity.
It is also important to highlight that for most viewers the more naturally coherent estuary
margins and free flowing channel will likely be perceived as positive, that is, contributing to
the positive visual amenity and a high quality natural environment.

Stefan Steyn
Landscape Architect
NZILA (Registered)
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Bay of Plenty Regional Council
c/- Ryder Consulting
PO Box 13009
Tauranga 3141
3-38751.00

Dear Shanan
Resource Consent Application 67958
Kaituna River Re-diversion and Ongatoro/Maketu Estuary Enhancement
Response to PDP memo
Please find attached additional information to address the matters that are raised in the
PDP memo dated 14 November 2014.
If there are any matters that would benefit from the experts talking directly to each other
please do not hesitate to contact them or request that we make the contact.
I trust the attached information addresses the last of the matters raised formally.
Should you have any questions around the application, or this response, please contact
Stephanie Brown (07 308 8932) or by email.

Yours sincerely

Stephanie Brown
Principal Environmental Consultant
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Kaituna River Re-diversion and Ongatoro/Maketu Estuary Enhancement – Response to PDP memo dated 14 November 2014
Matter raised in PDP memo

Response
Please note additional information was provided on 25th November in response to
the ‘nice to have’ questions

2.1.1 Sediment load from the Kaituna River

Please see attached navigation memo, FAQs and DHI letter dated 4 March 2015.

Therefore, based on the information provided to date (modelling outputs) and
the considerations above, we consider that there is a risk that the proposal will
result in an increase in bed levels in the Lower Kaituna River between the
proposed new diversion and the River Mouth and at the river mouth bar. This
could lead to reduced navigability, adverse wave conditions, and reduced flood
release capacity at the river mouth. In other words, we believe there is greater
uncertainty in the effects at the mouth than the DHI report and additional
modelling conveys.
We suggest a monitoring programme is developed to measure channel
morphological change at the river mouth, with mitigation as required to address
any related effect that may impede navigation. We also note in Section 3.2.1 of
this letter that increased bed levels could result in reduced flood-release capacity
at the river mouth and therefore increase flood risk in the Lower Kaituna River.
2.1.3.1 Salinity
It is noted that the effects on salinity at Titchmarsh intake have been quantified
in Section 9.3 of the DHI modelling report (Tuckey, 2014), however neither of the
reports comments on how the predicted increase in salinity relate to stock
drinking water standards or the risk of increased salinity on the irrigated land.
Therefore other mitigation measures may need to be considered (for example,
storage and/or a different intake location) should the potential for unacceptable

BoPRC have offered to install a salinity monitoring device to sample the water in
the river that shuts off the pump when salinity exceeds an agreed threshold. The
cost of the device and the control circuitry and its installation will be at BoPRC‘s
expense.
BoPRC will also supply a new 30,000 litre storage tank for Mr Titchmarsh’s
installation and use. This is in recognition that at that times the extraction period
will be slightly shorter than it is presently and so extra storage will be necessary to
supply the farm.
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Response

effects be realised. We also note that the proposed mitigation for the project
effects on water intakes has not been agreed with Mr. Titchmarsh.

We are waiting for a response from Mr Titchmarsh.
The consent condition proposed is:
Prior to diverting water into the new diversion channel, the Consent Holder
shall install a salinity monitoring device that shuts off the existing water intake
when the salinity makes the water unsuitable for use as stock drinking water
on Sec 5 Blk V Te Tumu SD, Kaituna Pastoral Farms Ltd. The Consent Holder
shall also provide a 30,000 litre tank for the landowners installation for storage
for water.
In relation to irrigation water, water is presently extracted from the river on the
low tides for about 3 to 4 hours per day. The short duration reflects the good
water holding capacity of the soils (A Titchmarsh 28 Feb 2013). The Project will not
affect this operation.

2.1.3.2 Blue-green algae, shellfish collection and bathing suitability
assessments
We therefore consider that mitigation measures should be proposed by the
applicant to reduce faecal coliform concentrations, such that the probability of
exceeding New Zealand guidelines for shellfish gathering is equal to or better
than the current situation.

The proposed re-diversion is expected to increase the concentration of bacteria in
the lower estuary. This is an important issue which Hamill assessed in the memo
dated 16 July 2014.
Although there is expected to be an increase in the load of bacteria to the estuary,
in Mr Hamill’s view it will have negligible impact on the health risk for bathing. It
will still be rare for enterococci concentrations to increase beyond either the
‘surveillance’ mode, and only about 1% of samples will trigger resampling under
the ‘action’ mode.
As discussed in the memo, the model indicates that after the re-diversion the
shellfish gathering guidelines will continue to be met most of the time (i.e. the
median will be < 14 MPN/100mL), but the 90 percentile guideline will be exceeded
more frequently, increasing from about 12% exceedance to about 19%
exceedance after the re-diversion, i.e. this is respectively 2% and 9% more often
than the allowable 10% exceedance under the shellfish gathering guidelines. The
majority of exceedance is still likely to be associated with rain events. In practical
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Response

terms, this will not change the current advice to shellfish gathering, i.e. people
should avoid gathering shellfish from the estuary within two to five days of rain.
No specific mitigation measures are proposed.
2.2.2 Project effects on shoreline erosion risk
2.2.3 Proposed mitigation
It is reported by Economos (and also in the AEE Section 8.6), that rock protection
is to be placed:

The modelling uncertainties are addressed as described above.
However, the usual adequate margins will be incorporated into the design of the
erosion protection for all aspects of the Project to account for uncertainty

Along the southern bank of the new diversion channel to protect the
stop bank, with a 5 m berm also placed between the top of the channel
and the stop bank of the proposed diversion channel.
• On the outside banks of the minor bends in the new channel of the
proposed diversion channel
We concur with Economos that this proposed risk management measure is
appropriate, however, it is not clear whether this provides adequate mitigation
to deal with the modelling uncertainties.
•

2.3 Outstanding Questions from DHI and Economos Reports
1. DHI (and Economos) reports state that accumulated sediment in the
upper estuary is going to be eroded and dispersed. We agree with this
statement, however, this sediment has been identified to have algal
deposits and be anoxic. An uncertainty is where the potentially eroded
sediment is likely to deposit, and whether the locations of that deposition
may have an adverse effect to social, cultural, and environmental values.

See ’nice to have’ response (Question 4)

2. The DHI report notes that estuarine current monitoring instrumentation
was either biofouled or sank into muds. These issues led to the
conclusion by DHI that current monitoring results obtained may have
been underestimated. There is therefore uncertainty about how well the

See ’nice to have’ response (Question 6)

It is DHI’s opinion that the majority of accumulated sediment in the upper estuary
that is eroded with the implementation of the proposed option will be transported
out of the estuary.

In the model calibration within Appendix D DHI state “Predicted currents speeds at
the estuary entrance appear to be significantly higher than what was observed.
This can be explained by the periodic build-up of Ulva on the instrument as
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model was calibrated, and if it were calibrated, how the reduced flows
were compensated for. This creates uncertainty around the model
results for the estuary, and therefore the predicted effect. We cannot
assess the scale of that uncertainty.

Response

explained in Section 3.2. Data was collected close to the same location in 2008 and
peak current speeds were consistently greater than 0.5 m/s (DHI, 2009) which is
more consistent with predicted current speeds at this location. There is a
reasonable match after 12:00pm on 4th April 2013 when it appears the
instruments have been cleaned of Ulva (see Figure 3-9) and more realistic current
speeds were measured.”
So to compensate for this erroneous data we looked at periods where it appeared
that the instrument was cleaned of Ulva (there was a reasonable match for these
periods) and then compared with magnitude of currents measured previously at
location in 2008 (again a reasonable match achieved – keeping in mind data over 5
years old, this is discussed further in next question). It is important to note that
the model was not solely reliant on current data for calibrating the hydrodynamics
within the estuary. Along with water levels at three locations within the estuary,
the volume of water entering and exiting the estuary over a tidal cycle was also
measured along with the volume of water entering into the estuary from Fords
Cut. This is the key calibration of the hydrodynamics of the estuary since it
illustrates that the model is reproducing the propagation of water through the
estuary entrance and into the upper parts of the estuary. The fact we obtain a
reasonable match between measured and predicted flow into and out of the
estuary (and through Fords Cut), provides evidence that suitable boundary
conditions have been generated and that the estuary bathymetry is also
representative and selected model calibration parameters are suitable.
If the model was not providing a reasonable prediction of hydrodynamics within
the estuary we would see a corresponding over or under estimation of flow into
and out of estuary and would not be getting such a good match for initiation and
termination of flow through Fords Cut since the time for the tide to propagate up
to Fords Cut would be wrong.
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3.2 Comment of Water Level Effects
3.2.1 Effects on the Lower Kaituna River
As detailed in Section 0 of this letter there is a risk that the proposal will result in
increased bed levels in the Kaituna River between the proposed new diversion
and the river mouth and at the river mouth bar. This could lead to a reduction in
flood release capacity at the river mouth and hence higher water levels during
high river flows when the new culverts are closed. This effect has not been
assessed in the report.
3.3.1 Proposed Mitigation
As noted in Section 3.2.1 above, there is a risk that the project will lead to
reduced flood release capacity at the Te Tumu Cut resulting in higher water
levels in the Lower Kaituna River during high river flows when the new culverts
are closed. These effects have not been considered and therefore, it is
recommended that a monitoring programme and mitigation measures be
developed. Any proposed mitigation (and monitoring) should consider stop bank
levels in the Lower Kaituna River to maintain the required level of service for the
Kaituna Catchment Control Scheme.
4.2.1 Comment on report findings and level of effect expected
It is also considered that potential ecological effects relating to ongoing inputs of
sediment from the Kaituna River to the estuary following the re-diversion have
not been fully considered in the ecological assessment.

Response

The modelling uncertainties are addressed as described above. The existing flood
release capacity of Te Tumu entrance, and its inherent uncertainty, will remain.
Therefore the floodwater levels in the lower Kaituna River as described by DHI are
reliable.

Monitoring of water levels during floods is a standard flood management
procedure and will continue to be implemented post Project commissioning.

For the proposed option, the additional water from Fords Cut will flow through the
upper estuary where it will typically meet the water body from Maketu entrance in
the mid estuary. For the existing situation these water bodies meet more in the
upper estuary. The fact we have significantly more incoming water from Fords Cut
filling up the mid to upper estuary (by flowing through upper estuary) is why you
see a significant increase in current speeds and flushing for the upper estuary.
Once water reaches the end of the Cut this water will dissipate – there will be a
decrease current speeds as the estuary widens into the mid estuary. However,
while this occurs, the currents speeds are still enough to encourage significantly
more flushing of the upper estuary.
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In Hamill (2014) it is noted that there are expected improvements in the shellfish
community in the mid and upper estuary as a result of the re-diversion. As
discussed on page 48 (Hamill, 2014) "General increases in current speeds across
most of the estuary, and in particular an increase residual current speed towards
the ocean, will have overall positive impacts on the benthic invertebrate fauna by
improving the rate of food supply for filter feeders such as cockles and by reducing
the extent of the estuary that is currently degraded by accumulations of freefloating algae and the associated anoxic mud. Improvements will be particularly
evident in the upper estuary, mid-estuary south of Papahikahawai Island and in
what is currently Papahikahawai lagoon. The re-diversion is expected to have little
impact on the southern estuary, near Waitipuia Stream input."
4.3 Proposed Ecological Mitigation
it is highly desirable that appropriate vegetation and avian monitoring and
mitigation options are in place and agreed upon and monitored until sufficient
time has passed to measure ecological effects / success.
4.3.4 Avian ecology
At this stage, we cannot assess whether the originally recommended avian
monitoring is adequate as no avian monitoring plan has been provided.

4.3.1 Terrestrial and riparian vegetation
MacGibbon (2014) makes general recommendations for vegetation monitoring
to be undertaken at the Titchmarsh wetland, and the benefit of ‘preventative
mitigation’ and contingency provisions. We agree this monitoring would be
beneficial, however specific detail is not provided.

The AEE and proposed conditions identify the ecology monitoring. However no
avian monitoring is proposed.

The AEE and proposed conditions identify the ecology monitoring.

We agree with the general monitoring and mitigation options provided in Section
3.4.2 of the MacGibbon (2014) report. This section and Section 3.4.3 make some
useful suggestions around additional monitoring, but lack detail. Without
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specific monitoring plans and other mitigation detail we cannot assess whether
the proposed mitigation and monitoring are adequate.
4.3.3 Nitrogen loads and fish-friendly flap gate to Waitipuia Stream outlet
We support consideration of these measures, to maximise the positive ecological
outcomes of the project. The AEE notes that in relation to managing nutrient
inputs to see ecological improvements in the southern part of the estuary
(Section 8.8.4) “although outside the scope of this Project, BoPRC are working
with landowners to address this situation.” However, the AEE does not indicate
whether installing the fish-friendly flap gate has been considered.

5.2 Comment on Construction effects
We have difficulty reconciling the excavation and fill volumes provided in the AEE
and the report. Some volumes are provided in the AEE that are not given in the
report and some volumes given in the AEE are not the same as the volumes
provided in the report. The uncertainty of volumes means the proposed
durations of the various tasks in the construction programme and the effects of
the construction activities described in the report have some uncertainty.
The likely longer duration of some activities than indicated on the programme
will mean construction impacts on the local community will be longer than
currently contemplated. This possibility has not been considered.

A fish friendly flap gate (FFG) has not yet been installed on the Waitipuia Stream
outlet. It is Councils intention to add a fish-friendly attachment when the culvert
is upsized to mitigate the effects of the project on drainage. The Rivers and
Drainage team at Council have agreed that this outlet (referred to in their asset
management plan as Singleton’s Gravity Drain) be the highest priority for retrofitting.
Note that there is an allocation in the Council’s draft LTP for three FFG retro-fits
per year in addition to the budget set aside for the Kaituna River Re-diversion and
Ongatoro / Maketū Estuary Enhancement Project.

Corrected figures have been provided

The comments from PDP as to the programme’s optimism is acknowledged and
reflect its preliminary status and purpose to inform interested parties of the tasks
and constraints of the Project. In particular it was prepared to identify
construction activities that might conflict with important environmental
constraints e.g. whitebait spawning, intensive use of Ford Rd.
As the Project progresses through the approval processes (legal, property rights,
financial) the programme will be refined accordingly.
As an example of this, the proposal is scratched to build a new public boat ramp
and parking area along Ford Rd but rather retain its current location. This then
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negates the need to transport large volumes of fill from the Titchmarsh property
to Ford Rd. It also requires the public boat ramp to be closed while the channels
are closed and while the facility is upgrade, thereby reducing significantly the
interaction of construction activities with recreational boaties.
The critical activities that potentially effect environmental values are:
1. Construction and installation of the new culverts due to closure of Ford Rd.
The timing of the supply of the culverts, identified by PDP as optimistic, and
their installation will be a focus of future programming. However the duration
of the closure seems appropriate at 10 weeks; future effort will go into coordinating the overall programme and supply of the culvert units to time this
road closure to period suggested in the application (September, October) or to
any amended period. A contingency period will be included to allow for
unexpected foundation conditions.
2. Construction of the new stopbank using borrow from the Titchmarsh land. The
activity will occur within construction boundaries adjacent to which the
Titchmarsh house is the closest. This activity will generate dust, truck and
trailer traffic and noise which will be controlled by the usual management
plans as described in the application. As PDP point out, there is risk that the
construction will take longer than planned due to wet weather or wet soils.
The dust, traffic and noise mitigations proposed can be extended accordingly.
Delay of this activity will delay de-construction of the existing stopbank and
excavation of the new channel into mid to late summer. These activities will
also occur within construction boundaries now that no fill is required to realign Ford Rd and build a carpark. There is a risk that some of this good fill will
need to be carted across the new culverts to the salinity block. This will
require the proposed traffic management plans.
The soils available from the farm for new stopbank construction are expected
to be satisfactory if perhaps wet, based on stopbank construction using similar

8
319

Matter raised in PDP memo

Response

materials in the Bay of Plenty. Appropriate conditioning making use of usual
weather conditions will be applied. Geotechnical investigations will be
undertaken prior to detail design to confirm this. In the very unlikely event the
soils are unsuitable, then the soils from the existing stopbank will be sought on
condition that an acceptable construction risk due to flooding can be agreed.
This too is undertaken elsewhere in the Bay of Plenty. If in the last resort soils
have to be imported the costs may prove prohibitive.
3. Construction traffic past the Corbett house and marae. This constraint was
considered during initial programme preparation. However, negotiations are
underway for purchase of some of this property and relocation of the house
both of which disrupt the usual pattern of activity on this property. Until this is
better determined no effects assessment can be undertaken but these are
expected to be minimal and manageable within the agreement.
There is an intention to leave the downstream end of the existing Ford’s Cut
open during the works to enlarge and line the cut. There will be water flow
within the cut and silt will be mobilised when excavating below the water surface
to deepen the cut. The report claims that tidal flows in the upper estuary are
“slow” and therefore the effects will be minimal, and less than the effects from
installing a coffer dam to contain sediment-laden water. We are of the view that
the effects could well be much greater than assumed and should be managed in
a proactive way.

Widening of Fords Cut and generation of suspended sediment. To reduce this
potential effect further, the managers of the drainage scheme will turn off the
Ford Rd Drain pumps to prevent water discharging from this location, except in
heavy rain. Furthermore and as stated in the report it is proposed to have silt
screens and curtains available for use in this location.
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25 Adams Road, Thornton Bay, Thames

Ph: 07 8682 315 Fax: 07 8682 314
Mobile: 0274 718 219

E-mail: jdahm@xtra.co.nz

MEMORANDUM
TO:

PIM DE MONCHY; STEVE EVERITT; STEPHANIE BROWN

FROM:

JIM DAHM, ECO NOMOS LTD; BEN TUCKEY, DH1 LTD

SUBJECT:

EFFECT OF PROPOSED RE-DIVERSION ON TE TUMU ENTRANCE AND BAR

DATE:

11 FEBRUARY 2015

As requested, we provide additional comment on the potential effect of the proposed rediversion on the Kaituna River entrance and bar (at Te Tumu Cut) to address concerns raised
by submitters in regard to potential effects on navigability.
A number of submissions were received concerning navigability at Te Tumu Cut. In
summary, the submissions seek:
•

Reassurance that the existing navigability will be maintained

•

24/7 navigable access

•

A permanent depth monitoring system

This further comment complements and expands upon the information already provided on
these matters by the numerical hydrodynamic modelling (DHI, 2014). In particular, the
memo assesses the issue of navigability and reviews modelling predictions using empirical
relationships developed from numerous field investigations of entrances and bars around
the world (including New Zealand). The need for, and utility of, any monitoring is also
discussed.
The memo has the following structure:
-

Section 1 explains the key drivers that affect tidal and river entrances and bars on sandy
coasts;

-

Section 2 discusses the dynamics of the Te Tumu entrance and bar using conceptual
models of entrance and ebb-tide delta morphodynamics and predictive empirical
formulas developed from numerous investigations and field measurements at entrances
within New Zealand and around the world
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-

Section 3 summarises the predictions of the earlier numerical modelling in regard to the
Te Tumu entrance and navigability

-

Section 4 uses the predictive empirical formulas discussed in Section 2 to test the
predictions of the numerical modelling in regard to limiting bar depths and other factors
that could affect navigation.

-

Section 5 discusses monitoring considerations and options.

-

Section 6 provides a brief summary of findings and recommendations.

1

Key Factors affecting Entrance and Bar Dynamics

Entrances with bars (the latter known technically as ebb tidal deltas) are widely used for
navigation. Accordingly, they have been extensively studied around the world (including in
New Zealand) to identify the factors that affect navigability – including entrance and bar
stability, morphology of channel and bars, and bar depths (e.g. Bruun and Gerritsen, 1959;
O’Brien, 1969; Jarrett, 1976; Walton and Adams, 1976; Hayes, 1979; FitzGerald and
FitzGerald, 1977; Marino and Mehta, 1987; Hume and Herdendorf, 1990, 1992 & 1993; Hicks
and Hume, 1991 & 1996; FitzGerald, 1996; Fitzgerald et al., 2001; Kraus, 2008).
These numerous investigations and measurements have determined that the complex
dynamics of entrances and bars on sandy coasts are primarily controlled by the following
factors and the balance between them:
•

River and tidal flows

•

Waves and wave generated currents

•

Longshore sediment transport and bypassing

Variation in these factors and in the balance between them results in complex and often
significant dynamic changes in entrance and bar morphology; including cross-sectional area
of the entrance, entrance stability, depths over the bar, the area and the volume of
sediment contained in the bar, and the dynamics of the bar.
It is now well established by such investigations that morphologic properties such as the
minimum depths over entrance bars, the volume of sediment contained within the bar, the
area of the bar and minimum entrance cross sectional area typically increase with increased
outflows and decrease in response to increased wave energy (e.g. see useful summary by
Kraus, 2008). Accordingly, a range of predictive empirical relationships have been developed
which can successfully quantify the morphologic characteristics of entrances in terms of just
a few parameters, particularly tidal prism and wave energy (Kraus, 2008).
The following section briefly summarises some of these key relationships and conceptual
models and applies them to the Te Tumu Cut.
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2

Entrance and Bar Dynamics of the Te Tumu Cut

2.1

Te Tumu Cut

Figure 1 provides a view of the Te Tumu Cut and ebb tidal delta (i.e. bar) during typical low
or mean river flow conditions. Other views of the entrance (from available historic Google
Earth photography) are also included in Appendix A.
Note the large volumes of sand deposited on the true left (looking downstream) or western
side of the entrance channel; reflecting the net eastwards littoral drift along the coast
(Figure 1). A rock wall and groyne on the true right (eastern) bank (Figure 1) maintains
positional stability of the entrance. In the absence of this engineering control, the entrance
would migrate eastwards over time with considerable associated entrance and bar
instability.

Figure 1: Low tide view of entrance and bar (ebb tidal delta) at Te Tumu (Aerial photograph from
December 2012)

At the Te Tumu Cut, the various factors (outlined in Section 1 above) which control entrance
and bar morphology and bar dynamics vary significantly over time.
For instance:
−

River flows vary from approximately 20 cumecs (cubic metres per second) at low flows
through to peak flows of 10-20 times this (e.g. the 5% AEP and 1% AEP peak flows are
presently estimated to be in the order of 260 and 400 cumecs, respectively). Mean flow
is approximately 35 cumecs.
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−

Waves vary significantly over time. For instance, while mean wave height is about 1.15
m; calm and low wave height (0-1 m) conditions are very common and there are also
periods characterised by waves > 2.5 m height (see Figure 4.3 in DHI, 2014). There is also
significant seasonal variation in wave height (e.g. Figure 4.4 and 4.5 in DHI, 2014) and
other characteristics (e.g. northeast swell waves dominate from December to April; with
local wind-generated waves more apparent from May to November and wave directions
ranging from north westerly to north easterly) (DHI, 2014).

−

Longshore sediment transport varies. While net longshore sediment transport is
eastwards over long periods of time, the net transport is highly variable (e.g. while
typically about 52,000 cubic metres per year, it can be as low as 5000 cubic metres in
some years) (DHI, 2014). Gross longshore sediment transport towards the entrance is
also very high – estimated to average about 400,000 cubic metres per year (DHI, 2014).

−

Sediment bypassing causes dynamic changes in channel and bank morphology. The
longshore sediment arriving at the entrance has to be bypassed and the mechanisms by
which this bypassing occurs results in changes in significant morphologic changes which
can influence navigation. The volumes of sediment that have to be bypassed past the
entrance also vary significantly over time.

The considerable variation in these various factors and in the balance between them results
in the entrance and bar being very dynamic as outlined in the following sections.

2.1

Entrance cross-section area

Various investigations have established that there is a very strong relationship between tidal
prism (the volume of water entering or discharging each tide) and minimum entrance
channel cross sectional area. Predictive relationships relating tidal prism to minimum
entrance cross sectional area have been developed for tidal and river entrances in many
coastal areas including the United States (e.g. O’Brien, 1931 & 1969; Jarrett, 1976) and
various New Zealand coastal environments (Hume and Herdendorf, 1990).
These relationships relate minimum cross sectional area to spring tidal prism as a power
function:

Ac = CPn

(1)

Where Ac is the minimum cross-sectional area of the entrance channel; P is the spring
tide prism and C and n are empirical coefficients.
The nature of the relationship between tidal prism and minimum cross sectional area varies
with other factors such as wave energy and longshore drift and so predictive relationships
are generally developed for coasts where these factors are broadly consistent.
At theTe Tumu Cut, the tidal prism during typical (particularly mean and low) flows varies
from about 1.6-2 million cubic metres (DHI, 2014). These values are towards the lower end
of the values characteristic of stable east coast North Island entrances as established by the
work of Hume and Herdendorf (1990). This means that at low flows, the forces maintaining
the entrance are low relative to the wave forces and wave driven longshore drift which act
to narrow and shallow the entrance. Accordingly, under low flow conditions the entrance
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and bar tend to be shallow and less stable, making navigation difficult. Under these
conditions, constriction of the entrance also increases flow velocities (e.g. Hume and
Herdendorf, 1993) – the interaction of waves and currents (particularly on outgoing tides)
further complicating navigability.
The significant variation in river flows also results in significant dynamic variability of the bar
over time. For instance, the modelling by DHI indicates that the Te Tumu Cut and associated
ebb tidal delta (bar) are considerably scoured during major floods (e.g. Figure E-3 of DHI,
2014). After these events, wave-driven longshore transport carries sediment into the
entrance narrowing the entrance back to more typical dimensions, and waves progressively
reduce bar depths to more typical conditions (DHI, 2014).
These model results are also consistent with field investigations at other river entrances
along the Bay of Plenty coast which have documented significant dynamic changes in the
cross sectional area of river entrances over time in response to variations in river flow (e.g.
Kench, 2004a & b; Dahm and Kench, 2002 & 2004). For instance, Kench (2004a & b)
documented changes in entrance plan-form and cross section at the Rangitaiki River
entrance based on repeat surveys conducted between July 2000 and October 2004. He
noted that entrance width at high tide varied from 49 to 143 metres, the higher value
occurring after a major flood (estimated as approximately Q100) in July 2004. Similarly,
entrance cross sectional area varied from about 147 to 451 m2.

2.2

Minimum depths over the bar (ebb tidal delta):

It is well known that the limiting depth over an outer bar at any point in time tends to reflect
a balance between outflows and wave action (Figure 1); depths increasing with increased
outflows and decreasing in response to increased wave energy (Buonaiuto and Kraus, 2003).

Figure 2: Factors influencing limiting depth (hc in above diagram) over entrance bars (diagram from
Buonaiuto and Kraus, 2003). Note also the seaward slope of the delta (β) which is also briefly
discussed in the main text.

Modelling indicates that waves interacting with outflows enhance lateral spreading of the
outflows and limit their seaward extent (Olabarrieta and Rockwell, 2014). Increasing wave
effects and dominance has also been shown to increase the steepness of the seaward slope
of the ebb tidal delta (i.e. angle β shown in Figure 1) (Buonaiuto and Kraus, 2003).
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Accordingly, for any given flow, increased wave action will tend to reduce limiting bar
depths. Conversely, increasing flows will tend to increase limiting depths.
In a study of entrances along the Atlantic, Gulf and Great Lakes coasts of the US, Buonaiuto
and Kraus (2003) found a high correlation between the minimum or limiting depth in the
main channel over the bar and tidal prism and wave height. They found that the minimum
depth could be well predicted by equations involving tidal prism and/or wave height.
The limiting depths over the bar at the Te Tumu Cut will therefore change quite significantly
in response to changes in outflows and waves and the balance between these processes.
For instance, with significant increase in outflows as observed between low flows and floods,
it is known that bar depths at the Te Tumu Cut increase significantly for a short period – as
also demonstrated by the numerical modelling (e.g. Figure E-3 of DHI, 2014).
Similarly, significant wave events can reduce depths at Te Tumu, particularly during low
flows. In the absence of survey data, it is difficult to reliably quantify the effect of waves on
bar depths at Te Tumu during low flows – but it is likely that depths will vary by at least 0.20.4 m. The effect may even be more significant. For instance, data presented by Buonaiuto
and Kraus (2003) (their Table 3) indicates that limiting bar depths at a relatively small
entrance in Florida (New Pass – tidal prism about 8 million cubic metres) varied by 1.25 m
(ranging from 1.25 to 2.5 m) over 4 separate surveys.
Work by Hume and Herdendorf (1992) on entrances along the northeast coast of the North
Island (Northland to Bay of Plenty, inclusive) also noted the role of littoral transport in bar
depths. They found that the ratio between limiting bar depth and the maximum depth in the
entrance gorge varied from 0.2-0.8; with lower ratios (and therefore lower bar depths)
characteristic of areas where there is more pronounced littoral drift.
On the Bay of Plenty coast where littoral drift is high relative to other entrances on the
northeast coast, they found that bars are relatively shallow (bar/throat depth ratios of 0.20.3) and tidal velocities high. This reflects the increased longshore transport of sand into the
entrances.
As discussed in Section 2.3 below, bypassing of this longshore sediment transport past
entrances also affects bar depths and channel stability.

2.3

Sediment Bypassing of the Te Tumu Cut

Significant volumes of sediment are moved alongshore to and past the Te Tumu entrance by
wave-induced littoral drift. DHI (2014) estimate that gross littoral drift (i.e. sediments
arriving at the entrance from both the east and west) is in the order of 400,000 cubic metres
per year; with a net drift to the east (estimated to average 52,000 cubic metres per year but
highly variable from year to year).
Tidal and river entrances like the Te Tumu Cut present an obstacle to littoral drift. In
technical parlance, the process by which longshore sediment transport gets past entrances is
known as bypassing.
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The processes by which sediment is bypassed have been studied at numerous entrances
around the world and it is well established that these bypassing processes can significantly
affect entrance and bar morphology; including channel stability, location and limiting bar
depths (e.g. Bruun and Gerritsen, 1959; Fitzgerald, 1982; Fitzgerald et al., 2000; Guadiano
and Kana, 2001).
In a study of a large number of entrances around the world, Bruun and Gerritsen (1959)
found that the effect of bypassing on entrance and bar dynamics can be broadly classified
according to the ratio between the tidal prism (i.e. the discharges keeping the entrance
open) and the total volume of wave-driven longshore sediment transport reaching the
entrance. They broadly classified entrances in terms of bypassing and inlet stability using
the ratio between the spring tidal prism (P) and gross longshore transport (Mtot) (Figure 3).

Figure 3: Broad classification of bypassing and inlet stability proposed by Bruun and Gerritsen (1959)

At Te Tumu Cut, the low flow spring tidal prism is approximately 2.04 million cubic metres
and the gross annual littoral drift is estimated at approximately 400,000 cubic metres –
giving a ratio value of approximately 5. Such low ratio values are typical of entrances with
shallow, dynamic and unstable bars (Figure 3) at which navigation is difficult and dangerous.
Conversely, for short periods after high flows and floods the Te Tumu entrance is typical of
more stable and mixed energy systems with greater bar depths and improved navigability.
More recent work has identified that the mode of bypassing at entrances similar to Te Tumu
tends to involve a cyclical pattern of bar changes over the ebb tidal delta; often
accompanied by changes in the depth and location of the ebb channel. Fitzgerald et al
(2000) provide useful conceptual models illustrating the different cyclical patterns of bar
changes by which sediment bypassing can occur (Appendix B).
Bypassing most typically occurs in the direction of net drift – which is from west to east at
the Te Tumu entrance. The net drift to the east means that deposition of sand on the
western side of the entrance channel constricts the entrance (e.g. Figure 1; see also
Appendix A) and increases flow velocities. Under natural forces without human intervention,
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this process would result in net eastwards migration of the Te Tumu entrance over time –
similar to Model 1 shown in Appendix B. This model is very similar to the processes that
operated at Maketu over long periods of time prior to human intervention – with the river
periodically breaking out at Te Tumu and then migrating alongshore until positional stability
was achieved with the entrance at Maketu against the base of the Town Point headland. The
process repeated (probably only over centuries) when the Kaituna River once again broke
out at Te Tumu.
However, the rock groyne along the eastern margin of the Te Tumu Cut prevents eastward
longshore migration and now provides locational stability for this entrance. At positionally
stable inlets, the bypassing processes are typically similar to conceptual models 2-4 shown in
Figure 4. These are briefly described as follows:
•

Model 2 – Stable inlet processes: This situation involves a stable entrance throat (i.e.
non-migrating) and a stable main ebb channel through the ebb tidal delta (“bar”).
Sediment deposited on the updrift side of the entrance (western side at Te Tumu Cut) is
scoured by discharging currents and carried out and deposited onto the ebb tidal delta.
This deposited sediment is then reworked by waves to form landward migrating swash
bars which eventually migrate and attach to the adjacent shorelines.

•

Model 3 – ebb tidal delta breaching: Occurs at tidal entrances that have stable entrance
positions but where the main ebb channel over the bar cyclically migrates downdrift. In
essence, sediment accumulation on the updrift side (western side of the bar at Te Tumu)
causes a downdrift (eastern at Te Tumu) deflection of the main ebb channel. Eventually
the deflected channel breaks out more seaward and isolated a bar/slug of sediment
which then gradually moves onshore and attaches to the downdrift shoreline.

•

Model 4 – Outer channel shifting: This is similar to ebb tidal delta breaching but the
deflection is limited to the seaward of the main ebb channel and the bypassing transfer
involves smaller volumes of sand.

It is important to bear in mind that these conceptual models summarise processes that
occur over time and are simple models of very complex processes. Any particular entrance
such as Te Tumu may exhibit elements of the various models over time.
Examination of available historic aerial photographs on Google Earth (Appendix B) and field
inspections suggest the position of the main ebb channel over the ebb tidal delta is relatively
stable but is subject to some deflection – suggesting bypassing processes and associated bar
and channel instability are most similar to Models 2 and 4 (Figure 4).
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Figure 4: Bypassing models most similar to Te Tumu Cut (adapted from Fitzgerald et al, 2000).
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Recent field observations undertaken by BoPRC illustrate the dynamic instability of the bar
in response to wave forces during low flows. For instance, Figure 5 shows observations of
bar morphology and outflow current pattern made on Sunday 1 February 2015. It can be
seen that at this time, outgoing flows bifurcated with a small secondary channel to the west
of the main channel also drawing some of the outflows (see blue arrows in Figure 5).

Figure 5: Observations of channel and bar morphology and associated outflow current pattern as
observed by BoPRC volunteer monitoring Sunday 1 February 2015.

This bifurcation of outgoing flows reduces outflows in the main channel and therefore also
potentially reduces bar depths relative to those that would occur with similar river flows –
particularly in the presence of wave action. On other occasions, build up on the western side
of the entrance precludes outflow through the secondary channel (Figure 6). Under these
conditions, the outgoing flows will be more concentrated in the main channel.
At the time of the February 2015 observations, there had also been a period of northeasterly wave action which tended to deflect the main channel slightly westward. Field
observations indicated that even within the main channel, flows were concentrated more to
the western side - so bar depths probably varied across the end of the main channel.
These observations illustrate that bypassing processes and subtle variations in wave
characteristics (height, period and direction) and outflows result in dynamic variation in the
location of the main channel and limiting bar depths – complicating navigability at the Te
Tumu entrance.
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Figure 6: View of Te Tumu Cut and bar on 25 April 2005. Note the exposed bar seaward of the
entrance on the western side of the entrance - essentially precluding any significant bifurcation of
outflows at that time.

2.4

Volume and area of ebb tidal delta

Various investigations have also established that the area and volume of ebb tidal deltas is
strongly related to tidal prism and wave energy (Walton and Adams, 1976; Marino and
Mehta, 1987; Hicks and Hume, 1991 and 1996). The volume of sediment stored and the area
of the ebb tidal delta increase with tidal prism and decrease with increased wave energy.
For instance, Walton and Adams (1976) demonstrated that the equilibrium volume of ebb
tidal deltas along the ocean coasts of the United States are related to tidal prism by an
equation similar in form to Eq. (1). They determined slightly different values of the empirical
coefficients according to the level of wave energy being low, moderate, or high. Hicks and
Hume (1991 and 1996) have developed similar relationships for New Zealand entrances.
Various studies have also found a strong relationship between tidal prism and the area of an
entrance bar or ebb tidal delta – including investigations along the New Zealand coastline by
Hicks and Hume (1991 & 1996) and along the Florida coastline by Gibeaut and Davis (1993).
These relationships and earlier work also show the influence of wave energy – bars tending
to decrease in area (for any given tidal prism) as wave energy increases (Walton and Adams,
1976; Marino and Mehta, 1987; Hicks and Hume, 1996). Hicks and Hume (1996) also found
that the volume of littoral drift also appeared to influence ebb tidal delta volumes in some
cases.
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These relationships indicate the area and the volume of sediment stored in the ebb tidal
delta at the Te Tumu Cut is likely to vary considerably over time in response to the variations
in river flow and wave energy and the balance between these factors; being markedly higher
after high river flows/floods and periods of limited wave activity than during periods
characterised by low river flows and higher waves. This is also consistent with the modelling
by DHI (2014).

2.5

Summary

It has been well-established by investigations over the last 100 years that the various
morphologic characteristics affecting entrance navigability (e.g. minimum channel crosssectional area; area and volume of the ebb shoal; minimum depths over the bar; bar
dynamics and stability) are primarily determined by the balance between outflows (e.g. tidal
prism) and wave forces (e.g. wave height and energy; longshore drift). For any given coast
such as the Bay of Plenty, the morphologic characteristics of entrances and bars can often be
successfully quantified in terms of just a few parameters, particularly tidal prism.
These various relationships indicate that the ebb tidal delta (i.e. bar) at Te Tumu Cut is likely
to be extremely dynamic over time in response to natural variations in river flow, wave
energy, longshore drift and sediment bypassing, and the balance between these factors.
The various relationships also indicate that the Te Tumu entrance is likely to be particularly
dynamic at low flows. At such times, the outflows are less able to counteract wave action
and to scour the volumes of littoral drift arriving at the entrance. This results in increased
bar and channel instability and reduced depths, making navigation naturally difficult and
dangerous.

3

Modelling Predictions in Regard to Navigability

The modelling outlined by DHI (2014) involved a one year simulation to provide a picture of
the potential morphologic effects of the re-diversion at Te Tumu Cut and Maketu Estuary
entrance.

3.1

Te Tumu Cut

The modelling results in relation to Te Tumu Cut are discussed in Section 7.2 of DHI (2014)
and the contrast in bar conditions between the existing situation and the proposed rediversion are shown in their Figures 7-17 to 7-22.
During the first six months of the simulated year, which included some significant wave and
elevated river flow events, the modelling predicts no significant adverse impact of the rediversion on bed levels. The modelling actually predicts a slight increase in depths (by a few
centimetres) with the re-diversion; though DHI (2014) note this is likely to be a product of
the scaling method rather than a real change.
The modelling indicates that the proposed re-diversion may result in some reduction in
outflows through Te Tumu Cut during flood events since some of the flood water is diverted
to Maketu Estuary. Nonetheless, the modelling predicts that the bar will remain deep and
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scoured during such events (see Figure 7-20 of DHI 2014 which contrasts bar conditions after
floods for the existing and proposed situations). While the morphologic modelling does
predict the re-diversion will result in a slight decrease in depths during high flows, DHI
(2014) note the predicted bed level change is likely over-estimated due to the scaling
method used in the simulation. Nonetheless, additional modelling was conducted to better
confirm the effect of the proposed re-diversion on discharges at Te Tumu Cut during high
river flow events. This modelling indicated that for the majority of high river flow events
there is no difference in peak flow or current speed before and after the proposed rediversion (see Figure 7-30 of DHI, 2014). Accordingly, there should be little to no change in
bed levels.
During the final four months of the simulated year, river flows were typically low and there
was a reasonably high energy wave climate (DHI, 2014). The modelling indicates that a bar
developed across the river mouth under these conditions, with the overall morphology of
the river mouth similar for the existing situation and the proposed re-diversion. However,
while the morphology is similar, the morphologic modelling predicted slightly decreased
depths (<5 cm) over the bar with the re-diversion under these conditions (see DHI, 2014 Figures 7-20 to 7-22).
These model predictions have given rise to concern among a number of submitters – as the
flow conditions modelled in these four months are more typical of the low flow river
conditions that characterise the high use summer period when bar depths are often at a
minimum. Users were concerned that any significant reduction in bar depths could further
complicate bar navigability during low flows.
DHI (2014) however caution in regard to these model predictions, noting that the
simulations overstated the effects of the August flood event on the entrance bathymetry
due to the scaling method used. DHI also carried out extra analysis showing that this flood
event would actually not have had a significant impact on the entrance bathymetry when
comparing the proposed and existing situations. If the final four months of the simulation
had reflected this (i.e. had been conducted with the same starting bathymetry for both the
existing and proposed situations), the proposed option would not have shown any negative
impact on the entrance bathymetry (and possibly an improvement). I.e. The change is a
function of modelling difficulties and not a real effect. DHI note that it is the tidal prism
which ultimately ensures the mouth remains open and conclude that overall the river mouth
morphology will not be impacted to any meaningful degree by the re-diversion.

3.2

Maketu Entrance

The one year simulation predicts that the proposed re-diversion will have a no more than
minor impact on bed levels through the Maketu entrance – though the simulations do
suggest some minor deepening in the main entrance (see Figures 7-23 to 7-29 in DHI, 2014).

4

Review of Modelling Predictions

This section reviews the modelling predictions (Section 3) using the empirical relationships
discussed in Sections 1 and 2, above. As noted above, these empirical relationships have
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been developed by investigations and measurements of tidal entrances and bars at
numerous sites within New Zealand and around the world. I.e. they are based on real world
measurements of actual entrances and bars and not just on theoretical considerations.
The primary concern of users in relation to the impact of the proposed re-diversion on
navigability relates to potential impacts during mean and low river flows. These are the
conditions when bar depths are typically at a minimum. They also tend to be the conditions
that coincide with the higher use summer period.
As noted in Sections 1 and 2 above, it is very clear from numerous investigations that the
primary influences on bar depths and bar dynamics are:
•

Outflows – as reflected in tidal prism and peak flows

•

Wave energy

•

Longshore drift and sediment bypassing

The proposed re-diversion has no influence on wave energy or longshore drift. Accordingly,
any effect of the re-diversion on bar depths can be assessed by considering the influence on
tidal prism and peak outflows. As outlined earlier, tidal prism and peak outflows have a
significant influence on bar depths and other entrance morphologic properties.

4.1

Te Tumu Cut

For mean flow (“typical”) conditions, the numerical modelling predicts that the proposed rediversion will result in a very small decrease in discharges from Te Tumu Cut for mean flow
(“typical”) conditions. The predicted decrease ranges from 2% (spring tide) to 6% (neap tide)
(see Table 7.3, DHI, 2014). The limited reduction in outflows reflects the fact that the river
flows diverted through the estuary are largely balanced by increased tidal inflows.
In terms of influence on depths over the outer bar, the changes in outflow tidal prism
predicted by the modelling have been used to estimate the relative change in bar depth that
may accompany the re-diversion for neap, mean and spring tide conditions - using the
relationship between tidal prism and limiting bar depths developed by Buonaiuto and Kraus
(2003). This empirical relationship was developed for tidal entrances with mean annual wave
heights ranging from 0.4 to 2.43 m and a spring tidal range of 0 to 2.74 m. Te Tumu Cut lies
within these wave and tidal conditions and so the relationship should provide reasonable
estimates of limiting depth over the ebb tidal delta (bar) at Te Tumu Cut. However, in the
absence of measurements from the bar to confirm the applicability of the relationship, the
equation is best regarded as providing an indication of the relative change in depth for the
different situations - rather than absolute predictions of limiting bar depth. Results are
presented in Table 1.
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Table 1: Effect of predicted changes in outflow tidal prism on bar depths at Te Tumu Cut

Tide

Situation

Outflow Tidal
Prism (m3)

Estimated
Limiting Bar
Depth (m)

Neap
Neap
Mean

Existing
Proposed Diversion
Existing

1722800
1622800
1846300

0.96
0.94
0.98

Mean

Proposed Diversion

1779000

0.97

Spring
Spring

Existing
Proposed Diversion

2039400
1989400

1.02
1.01

Change in
Bar Depth
(m)
0.02
0.01
0.01

It can be seen that the slightly reduced tidal prism is likely to have little to no effect on
limiting bar depths – with relative changes for neap, mean and spring tide conditions all in
the range of only 1 to 2 cm (Table 1). Changes of this magnitude are simply not measurable
and considerably less than the natural dynamic variability (at least 0.2-0.4 m and probably
more) that occurs during low flows in response to natural variations in the balance between
outflows, wave forces and wave-driven longshore sediment transport
For low flows, the modelling also predicts a slight decrease in the outflow tidal prism (2%
reduction for neap and mean tides and a 3% reduction for spring tides) (DHI, 2014).
However, examination of the time series of flow indicates that it is only the initial part of the
ebb tide where the ebb volume is lost with the proposed re-diversion – as shown in Figure 7
for mean tide conditions where the ebb tide flows are slightly delayed.

Figure 7: Predicted outflows for the seven day 5 year low flow conditions showing existing (blue line)
and proposed (black line) situations. (Diagram supplied by DHI).

Over most of the ebb tide, the proposed re-diversion actually has slightly higher outflow
rates (Figure 7), including slightly higher peak outflow rates (Table 2). Accordingly, if
anything, the re-diversion may increase bar depths. However, in our opinion, the increase in
peak flow rate is so small that it is unlikely to measurably increase bar depths.
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Table 2: Effect of proposed re-diversion on outflows for the seven day five year low river flow
conditions at the Te Tumu Cut (Data supplied by DHI).

Tide

Peak Flow (m3/s)
Existing
56.3
70.7
87.6

Neap
Mean
Spring

Proposed
57.1
71.5
88.0

Consideration of the effect of the change in tidal prism on other morphologic properties was
also examined, including:
•

Bar volumes and bar area using the relationships developed by Hicks and Hume
(1991 & 1996)

•

Minimum entrance cross-section using the relationships developed by Hume and
Herdendorf (1990)

•

The effect on bypassing and associated bar dynamics and stability using the ratio
developed by Bruun and Gerritsen (1959).

In all cases, the empirical relationships suggest the change in tidal prism at low and mean
flows will have no measurable effect on these various parameters (i.e. bar volumes and size,
minimum entrance cross section).
Overall, the various predictive empirical relationships suggest the proposed re-diversion is
not likely to have any measurable effect on bar depths or other morphologic properties at Te
Tumu Cut for either low or mean flow conditions. This supports the conclusion reached by
DHI (2014).

4.2

Maketu Entrance

As opposed to the Te Tumu Cut, the numerical modelling predicts that the proposed rediversion will significantly increase outflow tidal prism at the Maketu entrance – by around
25% on neap tide conditions, 29% on mean tide conditions, and 24% on spring tide
conditions (Table 7-2 of DHI, 2014). The potential effect of these changes on bar depths at
the Maketu Entrance is presented in Table 3.
Table 3: Effect of predicted changes in outflow tidal prism on bar depths at the Maketu entrance

Tide

Situation

Outflow Tidal
Prism (m3)

Estimated Bar
Depth (m)

Neap
Neap
Mean
Mean
Spring
Spring

Existing
Proposed Diversion
Existing
Proposed Diversion
Existing
Proposed Diversion

588,300
734,900
959,300
1,237,400
1,423,300
1,772,000

0.66
0.71
0.78
0.855
0.90
0.97

Change in
Bar Depth
(m)
0.05
0.075
0.07
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It can be seen that while the increase in outflow tidal prism is significant, the depths over
the bar are only likely to increase (i.e. get deeper) by 5-7.5 cm (Table 3). These changes will
not be measurable and are not likely to make a significant difference to navigability at the
entrance. This is consistent with the modelling which indicated no significant change.

5

Monitoring of Navigability

The earlier DHI modelling concluded that the proposed re-diversion would not have any
measurable effect on bar depths or navigability at the Te Tumu Cut for either low or mean
flow conditions. For this reason the resource consent applications did not propose
monitoring navigability at the Te Tumu Cut.
A number of submissions have however requested that monitoring (particularly depth
monitoring) be undertaken – reflecting a desire on their part for some check/test of the
accuracy of the modelling and scientific predictions. This section reviews monitoring options
and then provides recommendations.

5.1

Monitoring Options

The following monitoring options were considered:
•

Measurements of outflows to check model predictions

•

Measurements of bar depths before and after re-diversion

•

Incident reporting

Measurement of Outflows
This option would involve measurement of outflows after the re-diversion at both low and
mean flows to test model predictions.
As noted in Section 1, there is a close relationship between outflows (e.g. as represented by
tidal prism) and bar depths. The modelling predicts that the proposed re-diversion will not
significantly impact outflows during low and mean flow conditions (see discussion in Section
3 and in DHI, 2014). Accordingly, both the modelling and the check of model predictions
using empirical relationships predict that the proposed re-diversion will not measurably
affect depths over the bar and navigability at low or mean flows (see discussion in Sections 2
and 3 above). However, these predictions obviously depend critically on accurate modelling
of the impact of the proposed re-diversion on outflows.
Measurement of outflows after the re-diversion would therefore provide a very direct and
simple test of the modelling predictions. If the measured outflows are consistent with model
predictions, then this will confirm that the re-diversion will not measurably impact on bar
depths.
However, the “before” and “after” measurements would need to be conducted at exactly
the same river flow and the same tidal conditions (i.e. same tidal range and same high and
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low tide levels). Wave conditions would also need to be similar as waves can affect outflows.
Bar conditions should also be similar.
These requirements would impose significant difficulties and, at best, could only be met
approximately. There would inevitably have to be some correction to the measurements to
make them comparable. Nonetheless, even if the exact field conditions could not be
replicated, the approach should provide useful and indicative results provided the
measurements are designed and conducted with appropriate care
Measurement of Bar Depths
This option is one that is favoured by submitters. However, it is an extremely complicated
and difficult option and would involve considerable difficulties and expense and is unlikely to
yield reliable results.
For instance:
•

Bar depth varies considerably with waves and bypassing as discussed in Sections 1 and
2. Accordingly, for any given river discharge, numerous repeat measurements (both
before and after re-diversion) would be required to pick up the natural variation that
occurs. In essence, the work would require numerous bar surveys to develop “best fit”
relationships between outflows and limiting bar depths for Te Tumu Cut (i.e. similar to
the relationship discussed in Section 1 above) over a range of river discharges - to see if
any significant changes were evident.

•

Practicality: In terms of bar depths, the predicted effect is likely to be less than 1-2 cm at
low flows (the flow conditions of most concern) (e.g. Table 1). It is simply not possible to
measure changes of this scale.

•

Variability in bar depth: As noted earlier, natural bar depths are likely to vary
significantly over time due to changes in river flows, wave conditions, longshore
drift/bypassing and the balance between these various factors. A very significant
number of measurements would be required to define the variation in bar depths with
conditions. Moreover, as the natural variability in bar depths with waves and bypassing
(probably at least 0.2-0.4 m) considerably exceeds the scale of the expected change (less
than 1-2 cm for any given discharge) (see Table 1) it would not be possible to reliably
identify any changes from natural variability – even with numerous accurate and repeat
surveys.

•

Accuracy requirements: Accurate hydrographic surveys would be required as otherwise
the potential error of measurement (probably in the order of +0.2-0.3m) would far
exceed the predicted change. Even with accurate hydrographic surveying in very good
conditions, it would be difficult to achieve accuracies better than +0.05-0.1m – again in
excess of the likely measured change.

•

Scope of survey required: In our view, it would be important to survey the entire bar on
each occasion. This would be required to ensure that the location of the limiting depth is
accurately identified. As noted earlier, the location of bars and the main ebb channel is
likely to vary over time with wave conditions and sediment bypassing – particularly
during low flow conditions.
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•

Cost: The cost of the monitoring is likely to be relatively high. For instance, we believe
detailed monitoring sufficient to develop useful relationships between outflows and bar
depths for the “before re-diversion” and “after re-diversion” situations would cost at
least $50-75,000 and could be considerably higher. It is also unlikely, for the above
reasons, that the monitoring would be conclusive

Overall, this option is likely to be very expensive and is unlikely to provide a practical or
reliable test of modelling predictions.
Incident Reporting
Use of incident reporting has also been suggested as a possible form of monitoring – to
assess whether the re-diversion results in a wider range of incidents on the bar than the
existing situation.
However, there are many factors that can influence incident reporting and we believe this
option is not likely to provide an objective and reliable measure of any bar changes effected
by the proposed re-diversion.
Nonetheless, we concur with Single (2014) that incident reporting is important for managing
navigability and safety and that such monitoring should be part of good management of user
safety – but not as a requirement for monitoring the effects of the proposed re-diversion.

5.2

Summary

In our opinion, the only potentially useful and reliable monitoring to test the model
predictions would be measurement of outflows. How, as noted in Section 5.1, even this
monitoring would be difficult and is likely to be indicative only.
In our view, monitoring is unnecessary from a scientific and engineering perspective - as it is
clear from the earlier modelling, and the above considerations, that the proposed rediversion will not have any measurable effect on limiting depths over the bar at Te Tumu Cut
or on other aspects that affect navigability of the entrance (e.g. entrance cross-sectional
area; bar stability and dynamics).

6

Summary

Numerous investigations over the last 50-100 years have established a range of useful
predictive relationships that can be used to estimate various morphologic properties at river
and tidal entrances; including minimum entrance cross section, limiting bar depths, area and
volume of ebb tidal deltas, and the nature of sediment bypassing and associated bar
dynamics. These empirical relationships have been extensively used in the design and
assessment of works at tidal and river entrances.
The predictive empirical relationships are typically related to tidal prism as a power function,
with the relationships influenced by the wave environment of the particular coast.
These various relationships suggest that waves, longshore drift and bypassing are likely to
result in the Te Tumu Cut having a dynamic ebb tidal delta with varying bar and ebb tide
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channel depths and locations – particularly during low flow conditions. The procedures
reinforce that the Te Tumu Cut is naturally a difficult and dangerous bar to navigate,
particularly during low river flows. Depths will temporarily improve during higher flows and
floods when outflows tend to be more dominant over wave and longshore drift processes –
but these changes are likely to be relatively short-lived once river flows decrease.
The predictive empirical relationships have also been used to assess the likely scale of any
effect of the proposed re-diversion on limiting bar depths and other factors that could
impact on navigation at Te Tumu Cut and Maketu entrance – as a cross-check on the
predictions of the numerical modelling reported by DHI (2014).
The assessment confirms that the proposed re-diversion is not likely to have any measurable
effect on limiting bar depths and navigability at low and mean flows. For instance, any effect
on limiting bar depths will be less than 1-2 cm – compared to natural variation of at least
0.2-0.4 m and probably more. The review therefore supports the conclusions of the earlier
numerical modelling.
We emphasize that the empirical procedures used in this memo are based on detailed
investigation and measurements at literally hundreds of entrances around the world. These
include entrances on the east coast of the North Island and within the Bay of Plenty. i.e. The
procedures were developed using real-world measurements and not just theoretical
considerations. In addition, the procedures have been developed, tested and refined by
numerous workers and investigations extending over at least the last 50-60 years.
We appreciate that some submitters with livelihoods and activities critically dependent on
bar depths desire some form of monitoring as a further test of the scientific predictions. We
recognise this could also be useful for Council; as this bar is very shallow and dangerous and
the re-diversion could otherwise end up being wrongly blamed for problems experienced by
some bar users.
However, we firmly believe that the effects of the re-diversion on navigability will not be
measurable at low flows and recommend that no monitoring is required.
If monitoring is nonetheless desired, the most useful and reliable test would be
measurements of outflows before and after the re-diversion. The “before” and “after”
measurements could be conducted under low and mean flow conditions and should ideally
be similar to those modelled. To be useful the “before” and “after” measurements would
need to be conducted at identical river flow and tidal conditions. Bar and wave conditions
should also be similar. These requirements would impose considerable field difficulties on
the measurements. Nonetheless, if the work is appropriately designed and conducted it
should provide a useful indicative test. If the measurements indicate that outflows are not
significantly altered, this would confirm that the re-diversion had no measurable impact on
entrance and bar navigability.
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APPENDIX A:

VIEWS OF TE TUMU ENTRANCE (from historic aerial photographs on Google Earth)
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APPENDIX B:

CONCEPTUAL MODELS OF SEDIMENT BYPASSING (from Fitzgerald et al., 2000)
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Kaituna River Re-diversion and
Ongatoro/Maketū Estuary
Enhancement Project
January 2015

Kaituna Re-diversion Effects on Boating
Frequently asked questions
The Kaituna River Re-diversion and Ongatoro / Maketū Estuary Enhancement Project (the Project) aims
to re-divert 20 percent of the Kaituna River’s flow back into Ongatoro / Maketū Estuary. The Regional
Council has received a number of submissions from people concerned about the effects of the Project
on boat navigation through Te Tumu Cut. This set of frequently asked questions (FAQs) has been written
in response to those submissions and for other interested people.
If you have any questions that aren’t answered below or would like to discuss the project further, please
email pim.demonchy@boprc.govt.nz or phone 0800 884 881 extn 8518.
Will the existing navigability be maintained at Te Tumu Cut?
Question 1:
Yes. The changes to channel depth and bar height predicted for the Project are so small (1 – 2cm) that
they are not measurable and will make no difference to bar navigability.
Question 2:
What is a bar?
A bar is a build-up of sand outside the entrance of a river mouth, estuary, or harbour. Bars shift and
change as sand and silt is moved by river and tidal flows and wave action. Every bar is different. The
photograph below shows the sand bar at Te Tumu Cut (end of Ford Road) at low tide, January 2015.

Question 3:
Why can bars be dangerous?
Weather, current and tide conditions over bars can cause waves to break in an unpredictable pattern
that causes unstable and hazardous situations for boats. The bar at Te Tumu Cut is relatively shallow.
The location and depth of any channel changes frequently. Boat users crossing the bar have to watch
out for waves, strong currents and other users (e.g. fishers, surfers, swimmers etc.) as well as staying
away from shallow water.
The photo over page again shows the bar at Te Tumu Cut at low tide with a small ocean swell running.
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Question 4:
What affects boat access across the bar at Te Tumu Cut?
Bar navigability depends on interactions between river flows, the tidal prism (the amount of water held
in the lower Kaituna River between high and low tide levels), waves, currents, and sediment transported
along the coast and by the river. The interaction between these factors varies significantly over time,
meaning access through or around the bar also varies.
The form/shape of the bar is mainly controlled by the balance between the water flowing out of the
river mouth (outgoing tide plus fresh water from the Kaituna River) and the power of the waves (wave
energy).
The water depth over the bar and the cross sectional area of the channel at the entrance typically
increase when there is more water flowing out and decrease when there is greater wave energy.
For example, during high flows or floods in the Kaituna River, the depth over the bar may increase
significantly for a period – but becomes shallow again when low flows in the river coincide with high
wave energy.

Figure 1: Typical river entrance and sand bar shape.
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At Te Tumu Cut, there is almost always a channel through the outer bar as can be seen in the diagrams
(Figures 2 and 3) below. On the outgoing (ebb) tide, sediment is transported out to sea by the fast
current speeds which maintain channel depth. On the incoming (flood) tide, water comes in from all
directions and is countered by the river’s flow. The incoming tidal current across the bar is very slow.
This means there is very little sand movement back towards the river entrance.
Using different colours, the diagrams below show the situation as it is now, including:
•
•

depth of water at Te Tumu Cut – the blue shows deeper water.
direction in which silt and sand is moved (black arrows)- the length of the arrow shows how
much is moved in one tide.

Figure 2: Sediment transport for a typical
outgoing tide. The water is flowing fast
with the river’s flow behind it so it acts like
a jet and moves a lot of sand and silt out to
sea.

Figure 3: Sediment transport for a typical incoming
tide. The water is moving slowly because it comes in
from all directions and has the river opposing it. There
is very little sand movement from the sea back
towards the river.

Question 5:
What investigations did you do to assess the effect of the Project on bar navigability?
Extensive survey work was carried out to map the beds of the sea, estuary and river as well as the flows
of water, the wave patterns and a number of other factors. Sophisticated computer modelling was
completed to provide a picture of the potential effects of the diversion on the form and structure
(morphology) of the bars and channels at Te Tumu Cut and Maketū Estuary entrance under both normal
and unusual conditions. The modelling was reviewed by coastal scientists and river engineering
specialists.
A model simulation was run using weather, tide and other variables across a one year period. The
simulation examined changes based on a combination of significant waves, high river flows and low river
flows (based on historical data). Low river flows typically occur during summer, when use of the bar by
boats is highest, and when the depth of water over the bar can be shallow.
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Question 6:
What changes in river flows at Te Tumu Cut will occur as a result of the Project?
For average flow conditions, modelling predicts that the Project’s re-diversion of 20 percent of the
Kaituna’s flow into the estuary will result in a very small decrease in the volume of water flowing out to
sea through Te Tumu Cut on each outgoing tide. As shown in the table below, this predicted decrease
ranges from 2.5 percent (during spring tides) to 6.2 percent (during neap tides).
The very small reduction in Kaituna River outflows reflects the fact that the amount of river flow rediverted into the estuary is largely balanced out by the increased volume of water which will enter the
river mouth on the incoming tide (and then flow out again as the tide drops) .
The amount of water flowing out to sea through Te Tumu Cut on each outgoing (ebb) tide under
average Kaituna River flow conditions, measured in cubic metres (m3)
Neap tide
Mean tide
Spring tide
Existing
1,722,800
1,846,300
2,039,400
Proposed
1,622,800
1,779,000
1,989,400
Difference
6.2%
3.8%
2.5%
The following table shows the change in water volumes coming in through Te Tumu Cut on an incoming
tide as a result of the Project. As can be seen, the volume increases significantly. However, the effect of
this on the navigability will be negligible because the current speeds will stay low, as explained in
Question 7.

The amount of water flowing in through Te Tumu Cut from the sea on each incoming (flood) tide
under average Kaituna River flow conditions, measured in cubic metres (m3)
Neap tide
Mean tide
Spring tide
Existing
3,100
134,600
423,800
Proposed
120,100
502,000
1,007,700
Difference
3774%
273%
138%
During river flood events the modelling indicates that the proposed re-diversion may result in some
reduction in outflows through Te Tumu Cut because some of the flood water is diverted to the estuary.
This will not affect navigability as the channel at Te Tumu will still be scoured during flood events.
Question 7:
Will there be any changes in the amount of sediment moved?
The rate of sediment movement depends on the type of sediment and the speed of the current. Small
and light particles like mud and silt are easier to move than bigger heavier particles like sand and gravel.
As shown in Question 6, the re-diversion will allow higher volumes of water to come in through Te Tumu
Cut on incoming tides. However, this increased water volume on the incoming tide will still be moving
too slowly to shift much sand.
Incoming water flow across the outer bar is predicted to be so slow that there will be very little increase
in sediment movement back towards the river entrance. When the tide turns and goes out again it will
flow out quickly, acting like a hose that scours out the river entrance and channel through the bar. This
means a sand bank (or shoal) will not develop in the lower river and the channel depth across the bar
will not be decreased as a result of the Project. The outgoing tide will still dominate the transport of silt
and sand.
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Figures 4 and 5 below show channel flows post re-diversion, including:
• depth of water at Te Tumu Cut – the blue shows deeper water.
• direction in which silt and sand is moved (black arrows)- the length of the arrow shows how
much is moved in one tide.

Figure 4: Typical outgoing tide after
Kaituna River re-diversion. Outgoing flows
will still be strong enough to transport a
lot of sand out to sea.

Figure 5: Typical incoming tide after Kaituna River
re-diversion. Current speeds will be higher than
they are now, but still too low to transport much
sand into the river entrance.

Question 8:
Will the depth of water over the bar at Te Tumu Cut change?
Water depth over the bar at Te Tumu already changes regularly as part of natural processes. Based on
observations and studies at Te Tumu and other bars, the Project team’s investigations looked at the
relative changes in water depth over the bar.
The slight reduction in river outflows predicted (see Question 6) for neap, mean and spring tides is likely
to mean approximately 1cm reduction in water depth over the bar during mean and spring tides, and a
2cm reduction during neap tides. Changes of this size are not measurable and will make no significant
difference to bar navigability. In fact the water depth over the bar parallel to the beach already varies
regularly by at least 30cm, due to soft shifting sands and turbulent water currents.
The large change in water inflow does not affect the currents across the bar; rather it changes currents
in the river itself where no bar is present or able to form because the outgoing currents are so strong
they prevent accumulation of bar-forming sand.
Question 9:
Why isn’t safe boating access being provided at Te Tumu Cut 24/7?
Safe 24/7 boat access to the sea at Te Tumu Cut does not currently exist. Crossing the bar at Te Tumu is
something only experienced boat operators should attempt. The Harbourmaster and Coastguard do not
recommend crossing the bar after dark. Improving the conditions for boat access across the bar is
outside the scope of this Project, which is focused on works to enhance the Ongatoro / Maketū Estuary
environment.
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Question 10: What will happen at the Maketū Estuary entrance?
Conditions at the Maketū entrance are quite different to those at Te Tumu Cut. Modelling predicts that
the proposed diversion will significantly increase outflows at the Maketū entrance – by around 25 to 29
percent depending on the tide conditions. Inflows are also predicted to decrease substantially. This
means water depth over the Maketū Estuary entrance bar is likely to increase by 5 to 7.5cm.
Question 11
It is just a model, how sure can you be about the results?
Models by their nature predict what is likely to happen. The predictions on navigability depend critically
on accurate modelling of the impact of the proposed re-diversion on outflows. The model used is a
reliable representation of real situations, based and verified on years of observation of actual natural
processes. Modelling information has been used alongside expert advice from independent coastal
scientists. During the Project’s implementation, data will be collected to verify the model predictions.
Question 12
What monitoring is proposed?
Studies and modelling conclude that the Project is not likely to have any measurable effect on water
depths over the bar at Te Tumu Cut for either average flow or low flow conditions (when navigability is
typically most difficult). For this reason, and because there is so much natural variability in the
conditions at Te Tumu Cut, the resource consent applications did not propose monitoring of water
depths over the bar.
Observations of the bar at Te Tumu Cut will be made during summer, before and after the re-diversion.
Measurements of water flow rates and volumes will be recorded at Te Tumu Cut, the culverts under
Ford Road, Ford’s Cut, and at Maketū Estuary entrance, after the river is re-diverted. The information
collected will be compared with the observations made before the re-diversion, changes at other river
entrances and predictions from the model.
Measurement of outflows after the re-diversion will provide a very direct and simple test of the
modelling predictions. If the measured outflows are consistent with model predictions then this will
confirm that the re-diversion will not measurably impact on depths of water over the bar.
Question 13
Why can’t you dredge the channel to improve the bar?
The bar could be dredged but this would need to be done on a regular and ongoing basis to have any
long term benefit because the bar is constantly changing. Improving the navigable access across the bar
at Te Tumu Cut is outside the scope of this Project.
Question 15
What information is available on how to safely cross the bar?
The Harbourmaster and Coastguard have produced a video on how to cross the Kaituna River bar safely:
www.boprc.govt.nz/barcrossingvideos

For further information contact the Regional Council’s Project Manager Pim de Monchy on
pim.demonchy@boprc.govt.nz or 0800 884 881 extn 8518.
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Pim de Monchy
Bay of Plenty Regional Council
P O Box 364
Whakatane

DHI Water and Environment Ltd
ecentre, Gate 5, Oaklands Road
Massey University, Albany
Auckland 0632
PO Box 300 705
Albany, Auckland 0752
New Zealand
+64 9 912 9638 Telephone
info.nz@dhigroup.com
www.dhigroup.com

Ref:
44800461

Init:
BJT

Date:
04 March 2015

Dear Pim

Concerning – DHI Response to PDP Outstanding Issues for Kaituna River Rediversion and Maketu Estuary Enhancement Project
As a result of a formal section 92 request that Pattle Delamore Partners Ltd (PDP) submitted in
relation to the proposed Kaituna River Re-diversion and Maketu Estuary Enhancement Project,
DHI carried out additional model sensitivity testing to address a number of concerns that were
initially raised by PDP.
However, PDP still consider that there is a risk that the proposed re-diversion will result in an
increase in bed levels in the Lower Kaituna River between the proposed new diversion and the
River Mouth and at the river mouth bar. PDP’s concerns are that such increases in bed levels
could lead to reduced navigability, adverse wave conditions, and reduced flood release capacity at
the river mouth. The main reasons PDP provide for their concerns are that the proposed rediversion would result in:
•
•
•

An increase in flood tidal volume
A decrease in ebb tidal volume (albeit small)
A significant reduction in peak flows passing through Te Tumu during larger flood events
(such as 5% and 1% AEP flood events) thereby reducing the scouring of the river mouth.

Economos (and DHI) have provided additional information which further investigates and
discusses why the above changes will not have a noticeable impact on the navigation through Te
Tumu Cut (Effect of Proposed Re-Diversion on Te Tumu Entrance and Bar, February 2015). We
suggest that this is provided to PDP as response to their concerns around navigation.
It is DHI’s opinion that PDP are overstating the overall impact that the changes to the
hydrodynamics of the lower river will have on the flood release capacity at the river mouth. Similar
to the findings of the navigation assessment, for majority of the time, although there is a significant
increase in the flood tide volume, sediment transport within the lower river is ebb tide dominated
and so the changes to the flood tide volume will have negligible net effect on sediment transport.
Therefore, the increase in the flood tide volume will not noticeably impact bed levels in the lower
river. Although there is the potential for the bypass of some flood flows to the estuary, instead of
through the lower river for some flood events, any changes to lower river bed levels will only be
short-term. Subsequent flood events and ebb tide flows will produce bed levels in the lower river
which will not noticeably reduce the flood release capacity at the river mouth.
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There are other points made by PDP that we believe should be addressed:
•

PDP noted that the additional “sensitivity” assessment for the year long simulation was
run with a bed material supply rate of 15,000 m3 / year rather than the suggested 30,000
m3 / year. The reason for this was outlined in the document accompanying the sensitivity
tests, carried out to provide the further information requested by PDP. The current river
bathymetry cannot realistically transport 30,000 m 3 of sediment during a typical year.
Such a level of transport could only occur when the river aggrades in the future. It is
outside the scope of this study (and in our opinion the ability of numerical models) to
adequately predict the river bathymetry well into the future when a sediment transport
capacity of 30,000 m3 / year would be possible. Therefore, simulating a bed material
supply rate of 15,000 m 3 / year was deemed appropriate.

•

PDP note that for the extreme flood simulation sensitivity test (with additional sediment
supply included), that no model outputs were provided showing the morphological
changes between the existing and proposed situation, following the extreme flood flow
event. DHI would be able to provide these outputs, however we question if these are
necessary. For the simulated flood event there will be short-term changes in bed levels
for the lower river, since some of the flood waters will be diverted to the estuary for the
proposed option. As this impact will only be short-term (as discussed above) there will
not be a significant impact on navigability and flood release through Te Tumu Cut.

•

Throughout the document, PDP mention that there are uncertainties in the modelling
work, specifically about how well the model was calibrated. They believe this creates
uncertainty around the model results for the estuary, and therefore the predicted effects
of the proposed option. It is DHI’s understanding that these statements were made
before additional comment was provided to PDP about the model calibration, which we
believe negates the concerns PDP have around model calibration. It would be
appropriate to get further comment from PDP with regard to the model calibration as we
believe PDP’s current reported comments around model uncertainty are overstated and
if taken out of context may unreasonably reduce the confidence in the model predictions.

Best regards

DHI

Ben Tuckey
Principal Coastal Scientist
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Appendix 9 - Submissions
Bay of Plenty Regional Council Resource Consent
RC67958
Western Bay of Plenty District Council
NoR RC4944(L)
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I hereby make a submission on the following resource consent application(s):
Details of resource consent application(s)
Application number(s): BOPRC # 67958, WBOPDC 4944(L)
Applicant’s name: EBOP / BOP Regional Council ___________________________________________
Application site location: Lower reaches of the Kaituna River __________________________________
Type of consent(s) applied for: Notice of Requirement and Resource Consent _____________________
Closing date for receipt of submission: Thursday 9th October 2014 at 5.00pm _____________________

Tick the box to indicate your position (tick only one box):



I support the application(s)



I oppose the application(s)

Tick the box to indicate your position (tick only one box):

I wish to be heard in support of my submission.
I do not wish to be heard in support of my position.
1

I seek the following decision from the Bay of Plenty Regional Council (give precise
details):

MONITORING OF SEDIMENTATION
EBOP must provide a permanent depth monitoring system of the channel to ensure that minimum 1m
depth is maintained at all times.
POTENTIAL ADVERSE SEDIMENTATION EFFECTS AND CHANGES
a) The Coastguard Maketu unit supports the ability for EBOP to use recognised methods to enhance
sediment mobilisation to keep the Kaituna River mouth channel operational to ensure our 24 hour access
to the sea.
b) The provision for sand mobilisation within the approach of the Coastguard Maketu mooring, is
provided to ensure that navigable access is provided at all times, at the cost of the consent holder.
c) For the purposes of Conditions a), b) above, ‘Navigable access’ for these conditions is defined as
‘being a channel width of 6m wide and 1m deep at low tide, free of debris and obstructions’. The consent
holder shall undertake sand mobilisation within 24 hours of any advice received of un-navigable access
being noted, and advise Te Tumu Cut users included Coastguard Maketu of the time and scope of works.
These methods need to be detailed in the Resource Consent Application.

MOBILISATION OF SEDIMENTATION
This mobilisation of sedimentation must be undertaken immediately upon notification of the sediment
issue from regular monitoring (4.1). A time period must be clearly stated between monitoring alert (4.1)
and EBOP undertaking the approved method to re-open the channel.
Clear notification to the public, commercial users and Coastguard Maketu must be made immediately of
the danger of the bar and when it will be clear for navigation.
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RELOCATION OF THE COASTGUARD MAKETU FACILITIES
EBOP will both relocate and/or provide for a new jetty, buildings, water and power supply services from
its current site to the new proposed site in co-operation with the Coastguard Maketu Unit. The new unit
site will be required to be furnished with same utilities and security we have at present, this will be at the
consent holders expense and shall include, but not be limited to:
a)

A tie off jetty;

b)

Pedestrian access to mooring enabling unimpeded loading and unloading of equipment;

c)

Security of mooring, including a pedestrian gate;

d)

Exclusive car parking reserved from public by gate;

e)

Security lighting provided to car parking and mooring;

f)

Ability to undertake general vessel maintenance from mooring;

g)
Provision for hazardous substances containment on land, and its use on mooring, with associated
signage requirements;
h)

Life of mooring consents to be minimum 30 years, or consistent with Designation requirement;

i)

Fresh water, Power supply and location of shipping container to hold rescue equipment.

SECURITY AND LONGEVITY OF THE PROPOSED NEW SITE
To provide a permanent agreement to be in place for the new site facility, similar to current arrangements
and values.

THE PROPOSED CONSTRUCTION PERIOD AND ADVERSE EFFECTS TO COASTGUARD
MAKETU UNITS ABILITY TO OPERATE FULLY
Throughout the construction period Coastguard Maketu needs to be guaranteed 24/7 safe access in and
out of the Kaituna 365 days per year.

ACCOUNTABILITY, INCREASING RISK TO PUBLIC, USERS OF RIVER BAR AND RESCUE
CREW
If EBOP allows this access to the sea for Coastguard Maketu to be compromised, then EBOP become
directly accountable for any rescue boat damage, harm or loss of lives, to users of the Kaituna waterways
and our coastline. This would include increase risk to Coastguard Maketu crew of having to navigate an
unpredictable and changeable bar crossing and for the general public who use the waterways.
This accountability needs to be detailed in the Resource Consent Application.
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The reasons for making my submission are:

COASTGUARD MAKETU BACKGROUND INFORMATION
Coastguard Maketu is an Emergency Sea/River Rescue Service that operates out of the Kaituna
River.
The unit performs a vital and important role alongside the NZ Police, St John Ambulance and NZ
Fire and Rescue Services.
The unit is responsible for ‘Saving lives at Sea’, for the greater area of our rivers, coastline, and
offshore islands from Papamoa to Matata.
The main rescue vessel is a 12mtr twin jet vessel which is permanently moored on a jetty on the
edge of the river.
Currently on a summer weekend there can be over 100 boats using the Te Tumu Cut i.e. passing
over the bar twice in one day. These boats are currently launched from Bells Road and Corbetts
boat ramps.
Currently and for many years in the past, Coastguard Maketu has had access to the sea 24 hours a
day (365 days per year) over the Te Tumu Cut for its rescue craft with jet units.
To date our Eastpack rescue boat has never not been able to cross the entrance due to sand bars, on
average the depth of water is approximately 1 mtr under the hull of the craft at low tide.
This 24 hour access (365 days per year) to the sea must be maintained at all times in the future by
EBOP, for the safety of all users of the Kaituna River, the river bar known as the ‘Te Tumu Cut’
and public using the coastline from Papamoa to Matata.
Currently a third of the units emergency call outs involve crossing the river bar after dark.
Any deterioration of access to the sea will put the lives of our volunteer rescue crew at risk and all
people who use the waterways and coastline.
Coastguard Maketu supports the intent of the Kaituna Re-Diversion Project, however they are
very concerned that the matters as detailed in 4 below must be addressed before a Submission of
Support can be provided.
Extra sedimentation on the bar in the future will make it extremely dangerous for the boating
public and Coastguard Maketu. There will be a lot more accidents around the river bar.
The Coastguard Maketu Unit considers that the actual and potential effects of sedimentation of the
Te Tumu Cut, and the sedimentation of the landward and seaward areas of the Te Tumu Cut have
not been adequately investigated or addressed.
It is not appropriate to dismiss potential sedimentation issues and the potential adverse effects on
existing and future Kaituna rivers users.
As per the Ryder Consultants Report (14th August 2014), the peer reviewers of the DHI and
Economos reports have raised concern over the fact that the morphological model has not
incorporated incoming sediment from the Kaituna River. They consider that the exclusion of this
input raises doubt over the model’s ability to realistically provide an indication of future
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morphological behaviour. In particular, they raise concern over the potential that the model has
underestimated morphological effects immediately downstream of the new diversion channel. The
report clearly states that the modelling that EBOP have commissioned does not take account of a
3774% increase in inwards water flow and hence huge amount of sand to flow onto the bar.
We note that the hydrological re-modelling requested as part of the Request for Further
Information was not received or presented to the public before the Submission closing period.
Therefore not all information for consideration of this Application has been made available.
Should shallowing of the river occur, there is no provision for monitoring, and for sediment
mobilization to keep the bar clear.
Coastguard Maketu is unable to support the application until all the issues raised are addressed.

3

The general nature of any conditions I seek to be part of the consent, if this application is
granted are:

Full monitoring of sedimentation of the Te Tumu / Kaituna Cut
Potential adverse sedimentation effects and changes and the provision for comprehensive
sand mobilisation to maintain 24 hour access to the sea.
Mobilisation of sedimentation methods to keep access 24/7, with clear notification procedures
in place.
Full relocation of the Coastguard Maketu facilities, providing and not limited to: a tie off
jetty, pedestrian access, security, pedestrian gate, exclusive parking reserved from public,
security lighting to parking and mooring, provision for hazardous substances containment on
the land and mooring, life of mooring minimum 30 years, fresh water, power supply and
location of shipping container.
Security and longevity of the proposed new site for Coastguard Maketu – a permanent
agreement to be in place for the new site facility similar to current arrangements.
Throughout the proposed construction period Coastguard Maketu Unit’s need full ability to
operate safe access in and out of the Kaituna. This needs to be fully guaranteed 24/7, 365 days
per year for the period of the construction.
Full Accountability by EBOP of the possible increased risk to public, users of river bar and
rescue crew of Coastguard Maketu should the sea access from the Kaituna be compromised at
any point during the construction or following the construction. This needs to be detailed in
the Resource Consent Application.

A full documentation of this Submission from Coastguard Maketu is attached.
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Signature:

____________________________

Date:

___________________________________

(Signature or person making submission or person authorised to sign on behalf or person
making submission)

NOTE:

YOU MUST SEND A COPY OF THIS SUBMISSION TO THE APPLICANT AS SOON AS
IS REASONABLY PRACTICABLE, AFTER SERVICE OF YOUR SUBMISSION ON THE
CONSENT AUTHORITY
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Currently on a summer weekend there can be over 100 boats using the Te Tumu Cut i.e.
passing over the bar twice in one day. These boats are currently launched from Bells Road and
Corbetts boat ramps.
Currently and for many years in the past, Coastguard Maketu has had access to the sea 24
hours a day (365 days per year) over the Te Tumu Cut for its rescue craft with jet units.
To date our Eastpack rescue boat has never not been able to cross the entrance due to sand
bars, on average the depth of water is approximately 1 mtr under the hull of the craft at low
tide.
This 24 hour access (365 days per year) to the sea must be maintained at all times in the
future by EBOP, for the safety of all users of the Kaituna River, the river bar known as the ‘Te
Tumu Cut’ and public using the coastline from Papamoa to Matata.
Currently a third of the units emergency call outs involve crossing the river bar after dark.
Any deterioration of access to the sea will put the lives of our volunteer rescue crew at risk
and all people who use the waterways and coastline.
Coastguard Maketu supports the intent of the Kaituna Re-Diversion Project, however they are
very concerned that the matters as detailed in 4 below must be addressed before a
Submission of Support can be provided.
Extra sedimentation on the bar in the future will make it extremely dangerous for the boating
public and Coastguard Maketu. There will be a lot more accidents around the river bar.
The Coastguard Maketu Unit considers that the actual and potential effects of sedimentation
of the Te Tumu Cut, and the sedimentation of the landward and seaward areas of the Te
Tumu Cut have not been adequately investigated or addressed.
It is not appropriate to dismiss potential sedimentation issues and the potential adverse
effects on existing and future Kaituna rivers users.
As per the Ryder Consultants Report (14th August 2014), the peer reviewers of the DHI and
Economos reports have raised concern over the fact that the morphological model has not
incorporated incoming sediment from the Kaituna River. They consider that the exclusion of
this input raises doubt over the model’s ability to realistically provide an indication of future
morphological behaviour. In particular, they raise concern over the potential that the model
has underestimated morphological effects immediately downstream of the new diversion
channel. The report clearly states that the modelling that EBOP have commissioned does not
take account of a 3774% increase in inwards water flow and hence huge amount of sand to
flow onto the bar.
We note that the hydrological re-modelling requested as part of the Request for Further
Information was not received or presented to the public before the Submission closing period.
Therefore not all information for consideration of this Application has been made available.
Should shallowing of the river occur, there is no provision for monitoring, and for sediment
mobilization to keep the bar clear.
Coastguard Maketu is unable to support the application until all the issues raised are
addressed.
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4.

SUBMISSION POINTS (AS DETAILED IN THIS SUBMISSION).
4.1

NO MONITORING OF SEDIMENTATION
EBOP must provide a permanent depth monitoring system of the channel to ensure
that minimum 1m depth is maintained at all times.

4.2

POTENTIAL ADVERSE SEDIMENTATION EFFECTS AND CHANGES
a) The Coastguard Maketu unit supports the ability for EBOP to use recognised
methods to enhance sediment mobilisation to keep the Kaituna River mouth
channel operational to ensure our 24 hour access to the sea.
b) The provision for sand mobilisation within the approach of the Coastguard Maketu
mooring, is provided to ensure that navigable access is provided at all times, at the
cost of the consent holder.
c)

For the purposes of Conditions a), b) above, ‘Navigable access’ for these
conditions is defined as ‘being a channel width of 6m wide and 1m deep at low
tide, free of debris and obstructions’. The consent holder shall undertake sand
mobilisation within 24 hours of any advice received of un-navigable access being
noted, and advise Te Tumu Cut users included Coastguard Maketu of the time and
scope of works.

These methods need to be detailed in the Resource Consent Application.

4.3

MOBILISATION OF SEDIMENTATION
This mobilisation of sedimentation must be undertaken immediately upon notification
of the sediment issue from regular monitoring (4.1). A time period must be clearly
stated between monitoring alert (4.1) and EBOP undertaking the approved method to
re-open the channel.
Clear notification to the public, commercial users and Coastguard Maketu must be
made immediately of the danger of the bar and when it will be clear for navigation.

4.4

RELOCATION OF THE COASTGUARD MAKETU FACILITIES
EBOP will both relocate and/or provide for a new jetty, buildings, water and power
supply services from its current site to the new proposed site in co-operation with the
Coastguard Maketu Unit. The new unit site will be required to be furnished with same
utilities and security we have at present, this will be at the consent holders expense
and shall include, but not be limited to:
a) A tie off jetty;
b) Pedestrian access to mooring enabling unimpeded loading and unloading of
equipment;
c) Security of mooring, including a pedestrian gate;
d) Exclusive car parking reserved from public by gate;
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e) Security lighting provided to car parking and mooring;
f) Ability to undertake general vessel maintenance from mooring;
g) Provision for hazardous substances containment on land, and its use on mooring,
with associated signage requirements;
h) Life of mooring consents to be minimum 30 years, or consistent with Designation
requirement;
i) Fresh water, Power supply and location of shipping container to hold rescue
equipment.

4.5

SECURITY AND LONGEVITY OF THE PROPOSED NEW SITE
To provide a permanent agreement to be in place for the new site facility, similar to
current arrangements and values.

4.6

THE PROPOSED CONSTRUCTION PERIOD AND ADVERSE EFFECTS TO COASTGUARD
MAKETU UNITS ABILITY TO OPERATE FULLY
Throughout the construction period Coastguard Maketu needs to be guaranteed 24/7
safe access in and out of the Kaituna 365 days per year.

4.7

ACCOUNTABILITY, INCREASING RISK TO PUBLIC, USERS OF RIVER BAR AND RESCUE
CREW
If EBOP allows this access to the sea for Coastguard Maketu to be compromised, then
EBOP become directly accountable for any rescue boat damage, harm or loss of lives,
to users of the Kaituna waterways and our coastline. This would include increase risk
to Coastguard Maketu crew of having to navigate an unpredictable and changeable bar
crossing and for the general public who use the waterways.
This accountability needs to be detailed in the Resource Consent Application.

Signed ____________________ (Shane Beech)
President Coastguard Maketu
Dated 7th October 2014

Signed _________________________ (Geoff Oliver)
Secretary Coastguard Maketu
Dated 7th October 2014
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Office Use Only

From:

Full name: Don Paterson
Postal address: 28 Jellicoe Street, Te Puke

Phone numbers: Work: 573 9403
Fax: 573 9363

Home: 533 2036
Cell phone: 0274 517 947

Contact person (name and telephone number if different from above):
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