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Setting

Focus on surface and
shallow ground water

Regions

= Northland
= Auckland
WEILE] o)

Bay of Plenty

Manawatu-Wanganui

confining bed centuaries - millennia
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Canterbury

Southland confined aquifer x



Water contains lots of information

(signals)
Lots of information in water regarding proceSSesz/ Age
* Redox Recharge
_—— altitude
* Major ion facies
—— Recharge
Mechanism

* |sotopic

e Saturation indices ‘ I Pathway

* Physical and biological sign Redox
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= Water Composition - Water-rock

interaction

Not just N,P, sediment, and microbes




Relationship between landscape attributes and
Orocesses

Landscape attributes control the variation in processes that
determine water composition

condensation

Key processes are:
e Atmospheric

* Hydrological
 Redox
 Weathering

These processes occur in both natural state
and areas of intensive land use




Hydrological
Process-

Attribute Layer
(H-PAL)

Landscape controls over:
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Water source (where does the
water in a stream or aquifer
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originate from), . s RotBS e 4 :
Recharge mechanism (the broad . et LR . u’
scale mechanism/process by > SR L3NG B { .
which water reaches an aquifer ‘ - o T
or stream), and =,
Water pathway (fine scale coarse mixed gravel fine sand clay

mechanism/process controlling gravel and sand/silt and silt
the pathway water takes —

bypass flow, overland flow,

lateral drainage and deep

drainage).




Water source

Alpine

- Bedrock

Lowland (including moraines)

- Mixed

Natural bypass

\ Lakes

- Bedrock with alpine headwaters

Water Source anc

Recharge Mechar

ISM

Regional Scale Domain

Important for understanding

o w N

Altitude of water source
Recharge flux
Dilution potential

Transport mechanism



Hydrological
-low path

’ Water Pathway

(Catchment to Farm scale)

natural bypass flow

* Deep drainage

soil cracks

*  Qverland flow

_ * Artificial drainage
ey

~* Lateral flow

%% . . .4 Natural bypass




Deep drainage Artificial subsurface drainage density

Overland flow risk (% effective rainfall)

0.0-2.0 - High - Very high

2.1-4.0 - Moderate High
P a1-60 Low Moderate

| Verylow to none
I 6.1-80 . l
Waituna L n

- 8.1-10.0 [ilt]u g i None (not agricultural) ”
I 10.1-120 Waituna Lagoon

Waituna Lagoon

[ |

Waituna Creek’ Waituna Creek
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Turbidity (NTU)
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Overland flow of Developed Land (%)

Craws Creek

Hydrology PAL
Developed Land

Low artificial drainage, high deep drainage,
<2% annual rainfall as overland flow

Low artificial drainage, high deep drainage,
2-6% annual rainfall as overland flow

- Low artificial drainage, high deep drainage,
>6% annual rainfall as overland flow

- Moderate artificial drainage, moderate deep
drainage, 2-6% annual rainfall as overland flow

- High artificial drainage, low deep drainage,
>6% annual rainfall as overland flow
Natural State

High deep drainage, <2% annual rainfall
as overland flow

High deep drainage, 2-6% annual rainfall
as overland flow

- High deep drainage, >6% annual rainfall
as overland flow

Waituna Lagoon
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Moffat.Creek
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Contribution

xr/




Redox Process-
Attribute Layer
(R-PAL)

Soil and aquifer reduction potential
controls:

denitrification

the solubility, leachability and
mobility of redox sensitive
species

low
electron donors

coarse gravel

mixed gravel
and sand/silt

fine sand/silt

lignite/coal

high
electron donors




Soil Reduction Potential
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Moderate Moderate
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- Low - low

Waituna Lagoon

Geology Reduction Potential
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Soil Reduction Potential ~ Geological Reduction Potential




TN (mg/1)
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Integration - Conceptual Model

Weathering f
Hydrological i

Atmospheric

Redox Potential

Hydrochemistry
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Water Quality




N, PSand M
Susceptibility

Risk of loss for dissolved species of N

and P (left)
Inherent risk primary control:
Redox status

Deep drainage
Added risk through:
Overland flow

Artificial drainage

Risk of loss for particulates — P, S and M

(right)

Inherent risk primary control:
Overland flow

Added risk through:
Artificial drainage

Nitrate and Nitrite Nitrogen
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Inherent Risk by Deep Drainage

Organic and Ammoniacal Nitrogen
Dissolved Reactive Phosphorus
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Added Risk

Low artificial drainage, Low runoff risk

Low artificial drainage, Low runoff risk
- Low artificial drainage, High runoff risk
W\ Moderate artificial drainage, Moderate runoff risk
7/, High artificial drainage, High runoff risk

Natural State (No contaminant risk)

Particulate Phosphorus

Sediment
Microbes
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Potential way of viewing physiographic information
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Natural State
(No contaminant risk)




Numerical Model: Symbolic Regression

The Target Expression:

Search for a formula ff )

that satisfies the equation: TKN =f(SRP.. OLF)

1. Hypotheses based on the process level | «come
understanding (conceptual model) ey Ontone

Formula building-blocks: Name Complexity

Basic

M Constant
2- I n put ta rgEt exp re55|0n Integer Constant
Input Variable
Addition
Subtraction
Multiplication

3. ldentify solution

= R =t =b =k =& =& =k

Best Solutions of Different Sizes

~

Size Fit Solution

B4 TEN = 0.6SRP +0.000156 OLF" +2.16e-5 OLF" — 1.07— 0.0941 OLF — 227e 6 OLF" —8.2e-50LF —(
50 TEN = 0.59SRP +0.000207 OLF" — 1.05 — 0.0856 OLF — 2.72e 5OLF" — 0.000589 OLF" — 0.182 sin{cos(
29 TEN =0.651SRP + 0.0869 OLF + 0.0319SRP” + 7.29¢-5 OLF" + 1.01e-5 OLF" — 1.61 — 0.0458 OLF SRF
28 TEN = 0.655SRP + 0.00020LF" — 129 - 0.0883 OLF — 2.63-SOLF" - 0.000569 OLE" — 0.154 sin(5 47 -
e TKN = 0.651 SRP +0.0839 OLF + 0.0299 SRP” + 0.000101 OLF" — 1.58 — 0.0439 OLF SRP — 1.33e-50L,
23
1

TEN = 1415RP +0.00226 0LF" = 2.63 = 0.0733 OLF — 0.000396 OLF’ = 0.102 5RF
TKN =0292SRP +0.0767 OLF + 0.0295SRP" = 0.741 - 0.012 OLF"
19 TKN =0.58SRP +0.026 0LF +0.00721 OLF SRP + 0.0036 SRP” — 1.8 — 0.00863 OLF" — 0.0019 OLF'S.

2

TEN = 0.759SRP + 0.0363 OLF — 1 56 — 0.00955 OLF" — 0.0263 SRP*
" TKN = 0581 SRP + 0.0384 OLF — 126 — 0.0101 OLF"
10 TEN =0.794 + 0.2085in(0.0545 + 16 55RP)
8 TKN =0.824 +0.17sin(0.514 + 16.3SRP)

5 TEN =06+ 0175in(5.73 + 0291 OLF)

y m TEN =071




Numerical Model: Symbolic Regression

Report and Analysis Tools

Select Task:  Variable sensitivity report -

Result (calculated on entire dataset)

4. Check sensitivity, direction and

DRP = 0.1642 + 0.007068*SAD + 0.01491*SRP? + 0.004225* SAD*SRP? - 0.09512* SRP - 0.01606*SAD*SRP
m a n it u d e Variable Sensitivity % Positive Positive Magnitude % Negative Negative Magnitude
g SRP 15197 100% 15197 0% 0

SAD 0.32582 100% 0.32582 0% 0

DRP = 0.2372 + 0.01855*SAD*SRP + 0.01899*SRP? - 0.06324"SAD - 0.1298*SRP

. . Variable Sensitivity % Positive Positive Magnitude % Negative Negative Magnitude
5. ldentify best solution based on accuracy |« :
. SAD 027738 100% 0.27738 0% 0
a n d CO m p I eX I ty DRP = 0.4699 + 0.007075*SAD*SRP - 0.01344*SAD - 0.08388*SRP - 0.2613*cos(5.287 + 0.5243*SRP)
Variable Sensitivity % Positive Positive Magnitude % Negative Negative Magnitude
SRP 1.3622 100% 1.3622 0% 0
SAD 0.41836 100% 0.41836 0% 0

Water quality models for Waituna
Catchment: T B

o size 17 @

TN, NNN, TKN, TP, DRP, TSS, Clarity, oal | |

Turbidity and E. coli : &
R2>0.95 R .
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Complexity
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