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Long-Term Integrated Watershed Planning

o Auckland Council's Wai Ora Healthy m

Waterways Programme

O Auckland Unitary Plan (AUP)

O National Policy Statement for
Freshwater Management (NPS-FM)

O 10 watersheds in Auckland with
Integrated Watershed plans being
developed

O Fresh Water Management Tool (FWMT)

O Collaboration with Morphum

rrrrrrrrr

Environmental & Paradigm
Environmental




The Freshwater Management Tool

* Describe the current state of water in Auckland's
watersheds, including the water issues that need to be
addressed

» Develop potential water and land management
scenarios to address the issues identified in Stage 1

« Communicate the action plan for addressing the issues
identified and explored in Stages 1 and 2




FWMT Process Overview
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Runoff
Data | Nutrient Stormwater
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* Climate / Raln. Metals . . . .
Watersheds * Land Use / Soils - e » Time series after implementation
z — * Slope / Imperviousness Suspened solids of optimised action plan

* Impoundments Bacteria

* Point sources / takes Battena

* And much more

Model Output

* Continuous simulation time
series of flow & contaminants
for each subwatershed and

reach outlet

Phytoremediation ~ Settling

Sorption
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Model Inputs

DEM and Boundaries
define Subcatchments

Land Cover, Slope
and Soll for HRUs

Aquifers, Streams
Lakes and Treatment
Devices

SINEICELCS
and Discharge
Time Series

Loads, Water
Quality and
Flow Data for
Calibration




Data Synthesis

Modelled

Land
Responses

Evapotranspiration

B Precipitation

LT-uef
9T-Inr
9T-uer
ST-Inr
ST-uer
vi-nr
vI-uef
eT-Inr
€T-uer
ct-nr
cT-uer
TT-Inr
TT-uer
oT-Inr
OT-uer
60-Inr
60-uef
80-Inr
80-uer
L07INf

yauow /ww

Meteorological

Geological

Parameter Groups

Hydrologic Response Units




Pakuranga Creek
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Data: Successes, Challenges and Lessons

O Successes
O Initial running of the LSPC
model is demonstrating the
quality of data : |
O Great array of available A NP —
datasets | " |
* VCSN '
 Lidar RS
O Fantastic data library and s TR SRR
resource for the Auckland
catchments

re

O Challenges

Characterising rural land use
Alignment of different
catchment boundaries
Processing time

Data gaps and deficiencies
Data incongruencies — varying
use and control

OO0 OO

500
m




First Pilot Model Runs (No parameter adjustment)

Calibration Metrics

(07/01/2006 - 06/30/2017)

Relative
Mean Error

Total Annual Volume

Highest 10% of Flows

Annual Baseflow Volume -10.6% <10%

W o

Lowest 50% of Flows

Annual Storm Volume

Summer Storm Volume

Baseflow Recession

Calibration Metrics

Seasonal Total Volume _ -9.1% - 5.3%
Seasonal Baseflow Volume -10.6% -19.1% -22.2% -
Seasonal Baseflow Recession ‘_----
Nash-Sutcliffe Efficiency (E)* 0.81 0.85 0.76
*E=1 Perfect match of modeled to observed Performance Metrics
0<E<1 Model predictions as accurate as observed mean [ VeryGood  Good

E<O Observed mean better predictor than model

eryGona-
R

Good
5-10%
10 - 15%
10 - 15%
10 - 15%
15 - 30%
10 - 15%

3-5%

Recommended Error Criteria

Fair
10 - 15%
15 - 25%
15 - 25%
15 - 25%
30 - 50%
15 - 25%

5-10%

Relative Mean Error

>15%
>25%
>25%
>25%
>50%
>25%
>10%

Fair

Initial results
highlight the power
of high-resolution
model setup for
reducing
calibration burden
(land uses,
subwatershed and

weather).

Will adjust baseflow/
groundwater
parameters regionally




Normalized Streamflow (mm.)

First Pilot Model Runs (No parameter adjustment)

[ Precipitation —0Observed ——Modeled ® Normalized Monthly Streamflow
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First Pilot Model Runs (No parameter adjustment)

Modeled Streamflow

Observed: 8222

[ Precipitation

300

(‘wuw) uoneiididaid

o o

o o o o o o

o o o o o o

[\l < (Vo) o0 — —
- 910¢/T/L
.~ ST0T/T/L
. ¥102/T/L
_ €T0T/1/L
- T10T/T/L
- 1102/T/L
_ 0T0T/T/L
- 6002/T/L
- 800¢/1/L
. L00T/T/L

| | 900¢/1/L

o o o o o o

[Fp] o LN o n

o o — —

(‘ww) mojjweais pazijewton




Top-Down
Weight-of-
Evidence
Modelling
Approach

start here
1

Assess Available Data
Define Modelling Objectives
(e.g. inventory, quality control)

adapt

Assess Data Gaps

Unrepresented Processes?
(e.g. deep GW, eutrophication?)

5 validate 2

Confirm Predictions Define Model Domain
Are Model Responses Robust? Model Segmentation

(e.g. regionally & across conditions) (e.g. subcatchments, parcels)

Represent Processes Set Boundary Conditions

Adjust Rates and Constants Spatial and Temporal Inputs
(e.g. parameter calibration) (e.g. meteorological)

calibrate




Model Outputs

O The LSPC model for each watershed is being developed and calibrated instream with an emphasis on
hourly or finer time series outputs for the following “primary” constituents:

O OO0OO0OO0o

Flow rate

Sediment (total suspended solids)

Bacteria (E. coli and Enterrococci)

Metals (total zinc and copper)

Nutrients (total nitrogen and phosphorous))

O In addition, the LSPC model for each watershed will include outputs for additional “secondary”
constituents:

)

O OO

Temperature

Nutrient species (nitrate, nitrite, organic nitrogen, ammonia, phosphate and organic phosphorous)
Dissolved oxygen, biochemical oxygen demand

Phytoplankton, chlorophyll-a




Sediment (at Source)

Sediment (Delivered to Mouth)
o i o) ; w2 v I
2 éf, 4&}1& ¥ Legend
' ~ ¢ N © Flow Gauges (USGS & SCVWD)
¢ Sediment Gauge (USGS)
—— Stream Segments
Il Waterbodies
== Almaden-Calero Canal
\3 [ Calibration Catchment
" [ Guadalupe Watershed

»
N

Legend

©  Flow Gauges (USGS & SCVWD)
Y Sediment Gauge (USGS)

4 — Stream Segments

Bl Vaterbodies

"~ Almaden-Calero Canal

| [ Calibration Catchment

- [ Guadalupe Watershed

Sediment (kg/ha) ! % Sediment Load Originating from Subbasin
[J<44 E[1<20%

] 44-78 W ] 20%-30%

] 78-110 L [ 30%-40 %

[ 110- 140
140 - 170
/ . B 170-210
9/ x Bl 210- 240

ﬁ,’ B > 240

7 24 ~
[VasonalReservoir)  Los Alamitos Percolation” Ponds = N 5

& | [0 40 % - 50 %
h 50 % - 60 %
B 60% - 70 %
B 70%-80 %

LN

>

I AcIRacoranir, ‘

Average Annual Model Results: 10/1/1999 —9/30/2015

Determination of yeild at source or after
delivery




FWMT Process Overview

LS PC Current Cﬁggg}ent State Baseline Conditions S U ST AI N

Runoff
Data | Nutrient Stormwater
76 ~ Datalnput utrients Management Model
* Climate / Raln. Metals . . . .
Watersheds * Land Use / Soils - e » Time series after implementation
z — * Slope / Imperviousness Suspened solids of optimised action plan

* Impoundments Bacteria

* Point sources / takes Battena

* And much more

Model Output

* Continuous simulation time
series of flow & contaminants
for each subwatershed and

reach outlet

Phytoremediation ~ Settling

Sorption
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Action Plans for
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Watershed Plans
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Storm Volume Reduction (%)
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Example Interventions (Urban)

Source Control
(1) « Enhanced sweeping
e Zinc roof reduction

* Reduced brake pad emissions Linear

Bioretention

(3) Parcel-scale Retention and
Use

With: Opportunities
and Cost
Functions

(4)Downstream
Wetlands and
Basins




Example Interventions (Rural)

(1) Source Control

* Reduced stock density

« Good farm practices

* Improve onsite WW systems

(2) Land Interventions

* Riparian buffers (1m, 5m, ...)
« Buffer strips

(2) Downstream
Wetlands and Basins




Example Opportunity
Screening (Max)

Street Retention Opportunity Screening

Infiltration Basin Opportunity Screening

W ARTESIA BOULEVARD

(7 caies—

RANCHO
DPOMINGUEZ

csTos csTo3
€504
=

DOLANCO
JUNCTION

T e
VISTA DI
JRONSIDES

OMITA

——-Las Ange}es River SESSSEE

HARBOR CITY.




Example Representation of

Structural Interventions
(SUSTAIN)

Unit Cost Functions

BMP
Category

BMP Types

Bioretention with Underdrain

Formulas For Estimating Total Costs !

Capital Costs

Cost = 17.688 (A) + 2.165 (Vt)
+2.64 (Vm) + 3.3 (Vu)

Annual O&M

Cost=2.54 (A)

Typical Designs

Table 1-2. Existing, Planned, and Proposed Public LID design criteria

Bioretention without Underdrain

Cost = 9.438 (A) + 2.165 (Vt) +

Cost =2.54 (A)

Parameter Value Units

Design Drainage Area Sized fo capture 85" percentile
Surface ENMP Footprint volume

Fonding Depth 9| in.

Depth 2|1
Soil Media Porosity 0.35 | nfa

Media Infiliration Rate 2 | in'fe

Use underdrain i underlyin .

soils are less than e 0.3 | infoy
Underdrain Depth 15|

Media Porosity 04 | nfa

Subsoil Infiliration Rate

Match underlying soils

Table 1-3. Regional EMPs on public parcels design criteria

Parameter

Value Units Notes

2.64 (Vm)
LID and i - -
Green Residential LID Cost =4.000 (A) --
Streets Permeable Pavement with
Urdardrain Cost =33.594 (A) + 3.3 (Vu) Cost=1.74 (A)
Permeable Pavement without _ -
oiaa Cost = 25.344 (A) Cost=1.74 (A)
Pump Cost = 56,227*(Pump Capacity.fs) + $1,207,7362
Regional Regional Project on Public Parcel Cost = THOT(ale 2o (Uit Cost = 1.918 (A)
BMPs 2.8 (Vm)

Design Drainage Area

BMF Footprint

Specified explicitly for
each Regional BMP

Surface | Ponding Depth 3K Assumed
Assumed to

Weir Length 25 i?"o?rl:’ allow free

i ovarfiow

Regional Project on Private Parcel

Cost = 139.01 (A) + 2.296 (Vt)

+2.8 (Vm)

Cost =1.918 (A)

Table 1-4. LID on Private Residential Parcels design criteria

Parameter

Value Units

Design Drainage Area

Sized to capture 857

Surface BMP Footprint percentiie volume
Fonding Depth 91 in.
Depth 2|

Soil Media Porosity 035 | na

Media Infiliration Rate

Nateh underiying soils




Example Routing Network

Rural / Low-Density

Agriculture Residential
Pasture Grass

Filter Strips
(1€/1D)

Residential
Impervious

Permeable
Pavement
(2A/2B)

Medium / High-Density

Residential Commercial
Grass Impervious

Permeable
Raingardens

B t
(3A/38) avemen

(4A/4B)

Downstream
Basins/

Wetlands
(8¢/8D)

Rights-of-Way

Sidewalks,

Low-Traffic

Permeable
Pavement
(6A/6B)

High-Traffic
Roads

Bioretention
(7A/7B)

Filter Strips
(1A/1B)

Natural or Unmanaged SUBCATCHMENT
Lands OUTLET




Cost Effectiveness Curve

35%

30% -

25%

20%

15%

10%

Effectiveness (% Reduction)

5% °

o All Solutions
@ Cost-Effectiveness Curve
~@- Selected Simulation

O% T T T
$0.0 $0.5 $1.0 $1.5

$2.0 $25  $30  $35  $4.0
Cost ($ Million)

$4.5




1st: Use cost-optimization to identify solutions to achieve a wide
range of contaminant load reductions for each watershed.

A

160

Los Angeles (Arroyo Seco)

Target: 39%
Capacity: 72,035 m3

140

120

targets

2nd: Determine % pollutant load Cost: $112M NZD
reduction needed to attain water quality

100

80

60

40

Structural BMP Capacity (acre-ft)

20

B Regional BMPs (private)
Regional BMPs (High)
Regional BMPs (Very High)

I Green Streets

I LID (residential)

I LID (public)

B LID (existing/planned)

I | |ID (ordinance)

——|mplementation Cost

350

300

250

200

150

100

50

20-year Implementation Cost ($ millions)

3rd: Extract the optimized solution for the required %

load reduction, and it becomes the Watershed
Management Program

1233 m3 =1 ac-ft




Interventions

1233 m3 = 1 ac-ft

COMPLIANCE

TARGETS:
MEASURABLE
AND

ENFORCEABLE

o 5. 29

o 5S8 | 23
o) 5 = e =

< S 'g = e

U_? Q °© o O
o) ro >9%

© T — 5 5

@ @ 3 ©

2 sg 2=

@ £6 I8
640249 9% 1.66
640349 19% 0.94
640449  14% 0.15

640749 38%
640849 16%
640949 27%
641049 39%

641149 7%
641449 8%
641549 26%
641649 12%

642049 6%

Total

640549‘- 26.30
640649‘- 13.22

2.70

1.94

0.80

181

0.09

0.00

0.52

0.00

0.00

50.1

Low-Impact Dewvelopment

~ Ordinance

0.15

1.14

0.31

0.50

0.48

0.08

0.12

0.05

0.00

0.09

0.00

0.00

4.1

EWMP IMPLEMENTATION PLAN:
APPROACH TO ACHIEVE COMPLIANCE TARGETS,

SUBJECT TO ADAPTIVE MANAGEMENT
(BMP capacity expressed in units of acre-feet)

Planned LID

+ Public LID

0.38

0.14

0.54

2.07

0.81

0.36

0.07

0.18

Streets Regional BMPs
o 42 & & g
2 g2 =_ = s
< 5 mg o m
§ 2& EI E_ oF
S §8 &> 8T ©8
g ¢=- 8¢ & =28
x 0 3 ol ac
1.80 0.00 0.00 0.00 0.00
0.01 0.36/ 0.00 0.000 0.00
0.03 0.00 0.00 0.00, 0.00
3.14-- 0.00/ 0.00
0.33 3.98 0.00 0.00 6.44
0.48 298 0.00 0.000 0.00
122 035 0.00 1.00 0.00
0.02 0.22/ 0.00 0.00, 0.00
0.200 0.06, 0.00 0.00 0.00
0.09 0.35/ 0.00 0.000 0.00
0.000 0.00 0.00 0.000 0.00
0.30, 0.05/ 0.20 0.00, 0.00
0.01 0.00 0.00 0.000 0.00
0.000 0.00 0.00 0.00
7.6 18.0 14.0 1.0

Total BMP Capacity

(acre-ft)

»
[N

27.8

11.6

6.0

3.9

0.7

0.5

0.7

0.0

1.0




Action Planning — Costs and Benefits

O Action Plan Scenario
(Program of Works and
Source Control Initiatives)

Which scenario
(+targeted rate)
is supported by
community?

oo®
lde
o
P
Pt
o
o
.
o
.
o
o
.
o
.
3
o
o
.
o
o
3

Annual Cost of
Program Implementation [$M]
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FWMT - Looking forward

O Adaptive management

O Program not a plan

O Supports an array of programs and policy decisions
O Adapt and improve strategies through new data

O Incorporate multiple benefits

O Incorporate lessons learned from implementation

O Track progress toward tangible goals




Questions and Discussion

Auckland &%
r—
Council S=

M3RPHUM
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Dr Coral Grant
coral.grant@auckland.govt.nz

Caleb Clarke
caleb.Clarke@morphum.com

Dustin Bambic
dustin.bambic@paradigmh2o.com




