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Introduction

 Non Point Sources of Pollution (NPS) assessment
 Approach using the spatial analysis model and applied to
e The New Lynn catchment




Background

Nonpoint source pollution (NPS)

ARC ‘Sources and loads of metals in urban
stormwater’ Study 2005

ARC Contaminant load model (CLM) spreadsheet
Spatial Analysis



Scope

« To develop the Spatial Analysis Method for CLM and prepare,
analyse, compute and present information using ArcGIS.

Preparation
Analysis
Outputs
Discussion
Conclusions




Methodology

Data preparation and database development

« Contaminant yields for various source types based on
current and future land coverage

» Reductions efficiencies values for various treatment
options applied on different source types

e Input and output datasets

Development of spatial tools to calculate initial contaminant
loads

Development of spatial tools to calculate reduced loads



Data Description and Database Development

* Non-spatial Data
e Spatial Data
e Data Preparation
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Non-spatial Data

Contaminant yield values and treatment efficiencies
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File Edit Yiew Go Tools Window Help

9\ @ a 1 3= | W2 | Location:

X_

Excel spreadsheet

B 5 Yields_Efficiencies, mdb

-

Con_otherLUs_reduction_efficienc ]

Construction 12m
Conskruction 2
Conskruction G
Exotic production foresk
Farmed Pasture
Horticulture
Paveds
Retired Pasture
Road_reduction_efficiencies
Roads
Roof _reduction_efficiencies
Roof_surveved
Roofs
Stable Bush
Stream_reduction_efficiencies
UiEL_reduction_efficiencies
Urban Grass land
remap.dbf
remapl.dbf

D:AAEDETIE_MPS_WCCKYields_Efficiencies |

Cortents  Freview l Metadata]

[ Roaf_Type I Sediment I Zinc [ Copper I
¥ [Clay ] 5| 002 0.0005
|| Colorsteslicoloreote 5| 004 00008
| concrete 10] 002 00013
| copper 5| o Ell
| |Decramastic 5] 02 0007 |
| Galvanised steel poor paint 5| ME| 00008
|| Galvanised unpairted 5 22| noo0g |
|| Galvanised well painted 5| 015 00008
|| other materials 5] 002 oooos)
| slete 5| 002 00008 |
| |Unknown (ro galvanised steel| 7| 02| 00008
| Zincialuminium unpsinted | 5 03 00003

Record: ﬂi“—l‘jij

Showe W el cordsj

Presview: I Table
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Non-spatial Data

Average Dally Traffic (ADT) counts




Spatial Data

Spatial data feature Comment

Contour The slope analysis is based on the Lidar data contours.

The impervious area within the catchment is provided in various layers as roads, footpaths

Impervious Area -
P driveways.

) Stormwater lines data set contains valuable attributes that are used to aid the data preparation.
Stormwater Line

Stormwater point’s data set contains valuable attributes that were used to aid the data

Stormwater Point preparation.

Parcel Boundary Parcel boundaries with their attributes are provided from Council’s Spatial database.

District plan zone layer is sourced from the Council’s spatial database. This data has been

District Plan Zone o . . .
reclassified to suit land cover classes suitable for NPS analysis.

Road Network Road network layer is used to describe ADT

Stream River layer are sourced from Council’s Spatial database. The land cover (source type) is

Stream/River determined by calculating a typical width of the stream at critical locations.

Building footprints source from the Council’s Spatial database. This dataset was updated with

Building Footprints roof material values.

Locations for the existing stormwater treatment devices were provided. The catchments were
Stormwater Treatment Devices determined by observation of the stormwater networks, their discharge points and land
contours.

Railway corridor and the site at the Corner of Astley Ave / Margan Rd were identified as

Construction Sites construction site.

Aerial Images Used for helping determining the land cover (source type).




Data Preparation

Data sets created and/or refined to be valid model inputs

Created Spatial data

Description

Roof Building Footprints file updated with roof material type attributes
Road network file updated with traffic counts attributes. The layer comprises a number of
Road polylines from which the areas are calculated based on length and code area as per

ARC guidelines.

Paved Surfaces other than roads

Impervious Area file updated by erasing roads areas and intersected with District Plan file to
assign residential, commercial and industrial LU values

Source Type dataset/codes:
Urban Grass Lands

Stable Bush

Urban Stream

Road

Residential

Industrial

Commercial

Construction site — 6 months
Construction site — 12 months

District Plan Zone file updated with Source Type Codes

Stormwater Treatment Catchments

Newly created file representing stormwater treatment catchment areas

DEM

Digital elevation model Developed from LIDAR contour data

Slope

Surface slope file derived from digital elevation model and reclassified (i.e. <10; 10-20; 20<
degrees)
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Source Types
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Tools developed to

Model Development

e Calculation of initial contaminant load
Initial Load = Source Area x Source Contaminant Yield

calculate initial
contaminant load

File Edit WView Bookmarks Insert Selection Tools Window Help

DEES 28X o

Editor «

| & [10.85

ENFAPSE Y= 0

= | oo |

EX=] v

O

+ 3
e
&
-3

(£% ArcToolbox

30 Analyst Tools

ana

Analysis Tools

Cartography Tools

Contarminant Load

% Contarninant Load
:Dn Zonstruckion_3ite 12m
:h Zonskruckion_Site 2m
:Dn Zanskruckion_3ite G
:h Exotic Production Forest
o Farmed Pasture
oo Paved Surfaces
o Retired Pasture

o= Road
oo Roof

o= Stable Bush
o Urban Grass Lands
o= UrbanStrean

OO0O0REOOOOOODOOROOOO0OO0

Paved Surfaces
LU
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Road
Option3
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Roads with ADT walues
LandUse_foranalysis
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Roof Materials
Road_area
Roof_Material_Surveyed
Parcel_LINZ
SW Treatmen Devices
Treatment Catchments
Land Use

ARC_CLASS
M Bush
B Commercial
B Con_12m

Con_6m
B Industrial

Residential

Road

Urban Grass Land

@ ArcToolbox
+- i@ 30 Analyst Toals
+- 8 ana
+- P Analysis Tools
4] a Cartography Tools
=& Contaminant Load
Contaminant Load
@ Construction_Site 12m
B %= Construction_Site 2m
! Som Construction_Site 6m
}‘A- Exotic Production Forest
Jom Farmed Pasture
om Paved Surfaces
Jo= Retired Pasture
= Road
¥o= Roof

%= Stable Bush
Som Urban Grass Lands
Y= Urbanstream
om Select features and calculate selected fields
wom Select fetures and save them as a layer
+- & Conversion Tools
4] a Data Interoperability Tools
+- @ Data Management Tools
4] a Geocoding Tools
+- @ Hydro Prospecting
4] a ImporkExportEQD
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+- @ server Tooks
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Initial Contaminant Load - Roads

Calculate Length

\ 4

& Input Road layer Road

<=

[ i

4 Cutput Calculated Initial Load Calculates Inital Contaminat (Sediment
| Tinc, Copper and TPH) Loads

Intersect with SW

Treatment Catchment
Calculate Area Layer

(Road Length x A)

v

QK Cancel ‘ Environments... | << Hide Help Toal Help

— \ Calculate fraction of
R o Add CL Fields Road area draining to
el N/ management option
=== ~ ‘\_I —\ .
/>~ \ A train
I\-. J/ : ,I
\ .J'.'H--., .
X \ Calculate CL Fields
Join (Road Area x —
Contaminant Yield) Calculate initial load
RdADT | 188 | Zinc | Copper | TPH
<1000 | 4| 0.0214705882) 0.0069779412 0.1073529412 v
1000-5000 | 30.058823529 01073525412 00348857059 06367647055 'r by
S000-20000 18029411765 0.5367647059 01744485294 2 6538235294 \.: [N ~
20000-50000 | 29912195122 1.0BG2926529 0347195122 53414634146 E\/ ——-I-' N I -
S0000-100000 | 300 228125 074140625 11.40625 - | \\_‘ il
100000 _ 300 35322580845  1.1479835971 17.661200323 S N
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Reduced Contaminant Load

Reduced Load =

Initial Load — (Initial Load x Fraction of Area draining to a BPO x Load
Reduction Efficiency)

Load Reduction Efficiency (RE) =
RE BPO 1 + (1-RE BPO1) x RE BPO2 + (1-RE BPO2) x RE BPO3

1Ahh n
P or B
Lot L L
A e i
O e )

i
{ CLM Road Input

Yield Tvpe
| TPH =
15t mngmnt option Znd mngmnt option 3rd mngmnk option

i Zatchpits cleanedlx,l'_:i i Zatchpit filker _:i i _:i
F

Catchpits cleaned 1)y
Catchpits cleaned 2xy
Catchpits deaned Jxfy_ |
Catchpits cleaned 4=y
Construcked wetland

Calculate !




Results

« Option 1

Contaminant loads calculated for the current NPS source types
 Option 2

Contaminant loads calculated changing NPS source type for the site at
the Corner of Astley Ave / Margan Rd to a construction site open for
12 months

« Option 3

Contaminant loads calculated assuming the site at the Corner of Astley
Ave / Margan Rd is a fully developed residential site (with assumed 65
% imperviousness — 50 % building and 15 % paved surfaces)



Option 1




Option 2

Opsion 7 irital Sacmeet Loads

Mormabued by srea
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Summary of the NPS loadings Options 1 to 3

nad

5 Fi
Roofs 384,303 - 1.880 1.701 188 241 238 2 a ] 0 - - -
Paved Surfaces Commercial 280.208 - 28.021 27.871 1.150 15 14 i) 15 14 ] - - -
Paved Surfaces Indusirial 18.878 - 244 184 550 2 'R} 1 2 1 2 - - -
Paved Surfaces Residential 38,280 - 788 508 280 3 kA | 1 a ] a - - -
Urban Grass lands 378,234 - 18.270 11.321 4,949 - - - - - - - -
Urban Stream Channel 54,118 - 3Z4828 324,688 - - - - - - - - -
|Construction Site & months 8,025 - 5,122 8,122 - - - - - - - - -
Construction Site 12 months 32,343 - 278.181 271,088 7.083 - - - - - - - -
Stable Bush 20,228 - 1,114 1,114 - - - - - - - - -

Road =] T

Foofs 364,303 - 1,580 1,701 189 241 238 2 a a a - - -
Paved Surfaces Commercial 200.208 - 20.021 27,871 1.150 15 14 u] 15 14 i - - -
Paved Surfaces Industrial 16,875 - 544 184 650 2 1 1 2 1 2 - - -
Paved Surfaces Residential 28,280 - 788 508 280 3 2 1 a 0 a - - -
Urban Grass lands 200,344 |- 668,300 13,235 10,634 2,701 - - - - - - - - -
Urban Siream Channel 54.118 - 324,688 324,688 - - - - - - - - - -
[Construction Site & months 8.025 - 8.122 8.122 - - - - - - - - - -
[Construction Site 12 months 58,233 54,820 514,040 348,160 284 280 - - - - - - - - -
Stable Bush 20,838 - 1,114 1,114 - - - - - - - - - -

283,877

- L] 7
Roofs 387,783 33420 2,058 1,701 as7 245 243 3 a ] a - - -
Paved Surfaces Commercial 250,206 - 28.021 27,871 1,150 15 14 Ju] 15 14 a - - -
Paved Surfaces Industrial 18,878 - 244 184 a50 2 1 1 . 1 2 - - -
Paved Surfaces Residential 48,352 10.083 o8y 562 435 3 3 1 o ] i) - - -
Urban Grass lands 332681 |- 43,553 14,385 10.880 3.506 - - - - - - - - -
Urban Stream Channsal 54,118 - 324,688 324,608 - - - - - - - - - -
'Construction Site § months 8.025 - B.12x2 B.122 - - - - - - - - - -
‘Censtruction Site 12 months 32,343 - 278.181 271.088 7.083 - - - - - - - - -
Stable Bush 28.838 - 1.114 1,114 - - - - - - - - - -




Area =147 ha

TSS 01 694 t
USC (48 %) 333t
Construction sites (41 %) 285t
Urban area (12%) 76t

@ Road

B Roofs

(1 Paved Surfaces
Commercial

[ Paved Surfaces
Industrial

® Paved Surfaces
Residential

@ Urban Grass lands

B Urban Stream
Channel

[ Construction Site 6
months

O Construction Site 12
months

| Stable Bush

Outputs



Outputs

* Sensitivity

 Source type inputs (land use changes) tested through
option 1to 3

» Sensitive to TSS changes — difference in CLM loadings is
significant

« Minimal changes noted with heavy metals

' \ AN




Total study area 147 ha

Bush, stream, urban grass area of 46 ha.

Total SD area 101 ha
Currently treated area 34 ha.
Remaining area to be treated 67 ha

$ 70,535 /ha X 67 ha=%$ 4.7 mil
$70,535/ha X34 ha=%2.4mil

Implementation Costs 82,088 $/t

Outputs




Outputs

Spatial database with inputs/results of NPS analysis for
varius scenarios.

Database can be used interactively for further analysis
e.g sw treatment options, costs, interactions.

Maps visualising CLM results per each NPS type area

Normalised loads for each source expressed in kg/area/
annum

Kml/kmz (GoogleEarth file format) files representing
CLM results
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Cost Analysis

Total Service | Currently Treated |Future Treated Ctch Costs/ i Annual Annual SWQID Life Cycle| Asset Disposal Total Annual [Annual LCC per | Annual LCC per
Ctch Area Ctch Area Impervious Area Area Costs Maintenance Cost| Depreciation (Yrs) Cost Area [Roads 2
Option 1 ha ha ha $/ha $ 20 1 10 bl $iyr $lyr/ha Slyrit PPaved 3
[Subtotal

jarea
lserviced by

Wetland Only 104 34 67 140,00 9,380, Oﬂj 938,00 93, 8Uj 10 104,118 1,554 1,827 IcP 63
[Costs/ha. 140,00 14,000 1,40( 1,554 IRoof 38
[Total
IService
[Ctch Area 101

Option 2 ha ha ha $lha $ q 5 $lyr/ha Slyrit
[SWQID (Small Wetland,
IBioretetion, Prop
Device Swl) excl CPFB 101 34 67| 70,000f 4,690,00 938,000 93,801 50] 469,00 123,816 1,848| 2172
[Costs/ha 70,00 14,000 1,40( 7,00 92,4 1,848(

No of CP within No of CP Future
Treated Ctch Paved | Treated Ctch Paved Costs/ Annual Annual FB Life Cycle | Asset Disposal Total Annual | Annual LCC per [ Annual LCC per
Option 3A No Area Area CP Costs Maintenance Cost| Depreciation (Yrs) Cost LcC area Tone
CPFB no no no $ICP. $ q Yrs $ $iyr $lyrha Slyrit

ICPSing 424 83| 34: 1,300} 443,300 44,33 88,66 5| 44,33 620,62 i 124,124
ICPDoub 27| 7 2 2,600) 52,001 5,20 10,40 5| 5,20( 72,801 14,56
ICPSup 3 o 3 3,900 11,70 1,170 2,34( 5| 3,276|
Total CP 454 90 364 507,000 50,700 101,400 5 141,960 4,895 5,754
cp/ha 7l 3| 13{Costs/ha 17,48 1,748 3 d 1,74 24,47 4,895
[Serviced Area 63| 34 29
0
Option 3B
Balance Area Treated by SWQID 3 70,00 2,660,001 938,00 93,80 5 519,70 84,23 2 217| 2 Sﬁ
osts/ha 70,00 24,684 2,46 7,75 110,82 2,217
Option 4 67] 3,167,00 988,700 195,20

[CP FB + SWQID [Costs/ha 47,26 14,757 2,91




Cost Analysis

Implementation
Costs

$

Wetland Only 9,380,000 / ‘

SWQID (Small Wetland,
Bioretetion, Prop

Device,Swl) excl CPFB 4,690,000—7C . 7y

CP FB 507,000 4

Balance Area Treated 7
by SWQID 2,660,000

CP FB + Balance
SWQID 3,167,000




Cost Analysis

Implementation
Costs
$
Wetland Only 9,380,000
SWQID (Small
Wetland,
Bioretetion, Prop /
Device,Swl) excl
CPFB 4,690,000
CP FB 507,000
Balance Area
Treated by
SWQID 2,660,000
CP FB + Balance
SWQID 3,167,000




| Implementation

Cost Analysis

Costs

Total Annual
LCC

$

$lyr

104,118

123,816

Wetland Only 9,380,000
SWQID (Small
Wetland, Bioretetion,
Prop Device,Swl)
excl CPFB 4,690,000
CP FB 507,000

Balance Area
Treated by SWQID

141,960

CP FB + Balance
SWQID

84,230

226,190




C Implementation

Costs

Cost Analysis

$

Annual
Total LCC per
Annual LCC Area

Wetland Only

9,380,000

$lyr $/yriha

SWQID (Small
Wetland,
Bioretetion, Prop
Device,Swl) excl
CPFB

104,118 1,554

CP FB

123,816 1,848

Balance Area
Treated by SWQID

141,960 4,895

CP FB + Balance
SWQID

84,230 2,217

226,190 3,376




Cost Analysis

Total Life Total Annual
Implementation| Cycle Costs | Annual | LCC per | Annual LCC
Costs (LCC) LCC Area per Tone
$ $ $/iyr | $lyr/lha $lyrit
Wetland Only 9,380,000 10,411,800 104,118 1,554 1,827
SWQID (Small
Wetland,
Bioretetion, Prop
Device,Swl) excl
CPFB 4,690,000 6,190,800 123,816 1,848 2,172
CP FB 507,000 709,800 141,960 4,895 5,754
Balance Area
Treated by
SWQID 2,660,000 4,211,500 84,230 2,217 2,605
CP FB + Balance
SWQID 3,167,000 4,921,300 226,190 3,376 2,976




Cost Analysis

Wetland Only

SWQID (Small
Wetland, Bioretetion,
Prop Device,Swl) excl
CPFB

CP FB

Balance Area Treated
by SWQID

CP FB + Balance
SWQID

Total Annual
Annual | LCC per
LCC Area

$lyr $/yr/iha
104,118 1,554
123,816 1,848
141,960 4,895
84,230 2,217
226,190 3,376




Area = 147 ha Outputs
TSS 01 694 t

USC (48 %) 333t
Construction sites (41 %) 285t

Urban area (12%)
61

@ Road

H Roofs

O Paved Surfaces
Commercial

O Paved Surfaces
Industrial

m Paved Surfaces
Residential

Urban Grass lands

40%

m Urban Stream
Channel

O Construction Site 6
months

O Construction Site 12
months

| Stable Bush




Key Aspects

Helps in decisions and responses

Utilisation of systems and procedures that exist in
variuous activity areas of Council

Existing Data utilisation for NPS + other analysis

Helps in collaboration and building up organisational
capabilities
Providing for innovation and learning.

LLH T




Conclusion

GIS approach to NPS model is effective and useful
tool for SW catchment management plans

Stores, manipulates and displays huge volumes of

data

Enables integration of spatial and non-spatial

datasets

Analytical capabilities
Customisation options

Easily adaptable

Opportunities for further analysis
Need for good quality datasets
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Conclusion

The NPS spatial assessment is an emerging approach to
analysis of environmental issues including impacts and

effects, level of services, demand, asset management,
prioritisation.

Esential tool in optimised decision making processes with
capability to explore and resolve complex relationships.
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