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Summary of Evidence — Prof. David Fox

Academic qualifications
* BAppSci
*  MAppSci (statistics)
* PhD (statistics)

Professional Societies

* Fellow Royal Statistical Society

* Member American Statistical Association
* Chartered Statistician (RSS London)

* Professional Statistician (ASA USA)

* Chartered Scientist (Science Council UK)
Awards

* Recipient of Edwards Deming Award (USA)
* Recipient of CSIRO Chairman’s Gold Medal (Aus)

R&D

* 45 publications in refereed journals

* 6 book chapters

Employment

30+ years universities in Australia; USA; UK
15 years Senior research management CSIRO (Aus)

10+ years company Director

Relevant Experience

Co-author of ANZECC/ARMCANZ Water Quality
Guidelines (2000; 2016)

Director, Adelaide Coastal Waters Study (1999-2006)

Director, Effluent Management Study (Melb. Water,
1998-2006)

Consultant statistician Port of Melbourne
Corporation Channel Deepening Project (2006-2007)

Consultant statistician Gladstone Ports Corporation
Western Basin Dredging Project (2009-2014)

Member, Dredge Technical Reference Committee
(GPC) (2010-2014)



Summary of Evidence — Prof. David Fox

My work

Two reports:

1. Statistical Considerations Associated with the Establishment of Turbidity
Triggers - Appendix 19 to the Applications (Statistical Report).

2. Recommended data processing and Trigger-Value Method's for the LCP CDP -
Appendix 20 to the Applications (Recommendations Report).

* Further technical updates to m-IFD method as per pre-circulated evidence

* Focus on statistical methodology for compliance (tier-three trigger level) and
advice for trigger values for internal management (tiers two and three trigger
levels) using SMART data from Vision Environment



Summary of Evidence — Prof. David Fox

Outline

1. Statistical QA/QC 3. ThelFD Approach

* Smoothing * Rationale

* Imputation * Precedents

* Conceptual development

2. Trigger Values * Strengths and weaknesses

* Rationale 4. The m-IFD Approach

* Best practice

* Conceptual development *  Overview

* Strengths and weaknesses * Implementation

5. Recommendations & Conclusions



Statistical QA/QC

Smoothing or Filtering

Filtering is a common method of reducing ‘noise’ and improving the quality of a signal or output
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Statistical QA/QC

Smoothing or Filtering

* ‘Raw’ turbidity signal is very noisy We can filter a little
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Statistical QA/QC

Smoothing or Filtering

* ‘Raw’ turbidity signal is very noisy ... orwe can filter a lot
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Statistical QA/QC

LRSS B T B0 0 e 1 o B A et e e e 8 St S B S B 1‘J
010ct  0BOcl

Site: OS7 (m=1 . k=38 )

LA B I A B U U o B A

measured
Min. : 0.05
1st Qu.: 3.10
Median : 6.75
Mean 1 6.13
1 8.40
123,70

filtered
Min, ¢ 0.2519
1st Qu.: 3.1321
Median : 6.7357
Mean 1 6.1299
3rd Qu.: 8.2757
Max. :15.7360

260cl  310cl DSMov  10Nov  15Nov 20Nov  25Nev  30Nov

Site: 086 (m=1; k=8)

measured
Min. : 0.050
1st Qu.: 1.400
 Median : 2.200
’ Mean 1 2.578
3rd Qu.: 3.500

Max . :14.350

THTITITTIUrT T T oy
270ct  01Nov O06Nev 11Nov 16Nov 21Nav  26Nov 01Dec

filtered
Min. 1 0.1583
1st Qu.: 1.4126
Median : 2.2290
Mean T 2.5781
3rd Qu.: 3.4861
Max, :110.6624

AR ST B S b B

NTU

NTU

200

15G

Site: 0S4 Benthic (m=1; k=8}

measured
Min. : 1.00
Ist qu.: 11.70
Median : 17.60
Mean @ 25,52
3rd Qu.: 33.19
Max. :193.10

filtered
Min. : 1.266
Ist Qu.: 12.524
Median : 18.698
Mean : 25,520
3rd Qu.: 34.422
Max. :118.614

TITETITTT TYTT

T LLEU I 0 B I 0 0 S 0t 1 e B

010cl 060ct 110¢t 160ct 210ct 260ct 2310ct D5Nov  11Nov  17Nov  23Nov  29Nov 05Dec

measured
Min. : 5.70
1st Qu.: 11.00
Median : 18.60
Mean : 26.32
3rd Qu.: 36.00
Max. :167.80

e ey

010¢t  030ct  0SOct

i li
A

Site: OS2 Benthic (m=1;k=8)

filtered
Min. : 6.808
1st Qu.:11.423
Median :20.734
Mean :26.315
3rd Qu.:36.946
Max. :92.081

f\’

L\J’t;; prm wkj

LA Bt B e § e e LR T
070ct  080ct  110=t  130et  150¢t  170¢t  190ct  210ct  230ct

SSR U—




NTU

NTU

20

10

20

10

measured
Min. : 0.05
1st Qu.: 2.00
Median : 2.75
Mean : 3.30
3rd Qu.: 4.15
Max. $22.10

010ct  060cl  110ct

measured
Min. HEN
1st Qu.: 2
median : 3
Mean 4
3rd Qu.: 4
Max. 122

1 I EE
010ct  0680cl  110ct

050
.450
.550
.166
.950
.100

Site: 052 {m=1;k=8)

filtered
Min. : 0.8436
1st Qu.: 2.0281
Median : 2.7748
Mean : 3.3000
3rd Qu.: 4.1568
Max . :1%.1537

LAtER i S B ey e e SR o S e i I S o e B | T T
160cl  210ct  280ct 310t 05Nov  10Nov  15Nav  20Noy

Site: 084 (m=1,k=8)

filtered
Min, 1 0.5002
1st Qu.: 2.5852
Median : 3.6006
Mean : 4.1657
3rd Qu.: 4.8656
Max ., 117.6507

i PETTTTeTT
160ct  210ct  260ct  310ct 05Mov  10Nov  15Nov 20Nov  25Mov  30Nov

LU I B U 0 0 S48 0 B B8 08 A

25Nov  30Nov

e

NTU

150

250

200

100

Statistical QA/QC
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Statistical QA/QC
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Statistical QA/QC

Site: UH1 {m=1 ; k=8) Site: UH2 {m=1 ; k= 8}
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Recommendation

* Use of the Kolmogorov-Zurbenko (KZ) filter using 4 iterations over 2
hour averaging window



Statistical QA/QC

Data Imputation

* Gaps in the recorded turbidity signal are to be expected

Site OS1 Benthic
PR

EXAMPLE

200-

2 72 months data from 0S1
benthic logger (September —
December)




Statistical QA/QC

Data Imputation - example from Gladstone Port Project

160
1404
120
100

804

1 3 day gap |||

Mean Turbidity

1 I t Ll LI Ll Ll T ) T
1/04/2011  5/04/2011  10/04/2011 15/04/2011 20/04/2011 25/04/2011 30/04/2011 5/05/2011  10/05/2011 15/05/2011




TSS-NTU relationships

Relstionship between NTU & TES
CH1 CH2 osi os2
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Depth-profile surface NTU
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TSS-NTU relationship

Relationship between surface NTU & surface TSS from depin-profiling
Outliers omitted
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Trigger Values — ‘Regulatory’ framework
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Value of indicator

Trigger Values

Conceptual Basis

?
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Strength of disturbance

Value of indicator
at which
ecological
damage has
occurred

‘Threshold value’
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management
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Trigger Values

Best Practice

The ANZECC Guidelines are a definitive source of information

However

* They are only guidelines. Trigger values in the guidelines are best regarded as
defaults in the absence of better information

Chapter 3 — Aquatic ecosystems

Table 3.3.11 Default trigger values for water clarity (lower limit) and turbidity (upper limit)
indicative of unmodified or slightly disturbed ecosystems in New Zealand

Ecosystem types Upland rivers®® Lowland rvers

Clarity (m™)*®  Turbidity (NTU)®®  Clarity (m™) Turbidity (NTU)

0.6 41 08 5.6

* The Guidelines encourage site-specific investigations to inform development of
monitoring programs



Trigger Values

LPC CDP is consistent with ANZECC Guidelines

Compliance
level
99 > (Tier Three)

L =

Value of indicator

Internal
/ management

— /A ___ > required
f : (Tiers One and
| ! Two)

] |

Strength of disturbance




Trigger Values

Standard Practice

* Recent large-scale capital dredging programs in Australia have embraced the
concepts of intensity, frequency, and duration (of turbidity exceedances)

— the IFD approach
* Adapted from unpublished work of McArthur et al. (2002)
* Shown to be flawed (so standard practice # best practice)

* Modified IFD approach proposed for LPC CDP corrects the flaw and re-
establishes equality in the equation above.

— the m-IFD approach



The m-IFD Approach

Rationale

* Need simple tool or mechanism to alert us to elevated turbidity - trigger-value

* Operationally — when to initiate a compliance response:

— assoon as a trigger is tripped X

— high rate of false positives

— environment resilient to episodic events of short-duration
— after some period of time in a tripped state
— after a certain number of trip incidences reached

— some combination of the above —



IFD-based Approaches

Precedents

* Rio Tinto — Cape Lambert, Western Australia (2 million m3)

North West Shelf, Western Australia
- Wheatstone 25 million m3
- Gorgon 8 million m3

* Inpex — Darwin (16.9 million m3)

Gladstone Port Corporation — Queensland (20 million m3)



The IFD Approach

Conceptual Development

Intensity

Frequency
V(&
- "ka/'fol;\*" x
3 Duration
v
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The m-IFD Approach

Conceptual Development

k exceedences

) & | out of ...
Exceedance rate = (1—a)-100% n turbidity
samples
during ...

Exceedance
durations

/ Time period=T
P 7

DOttty oo L. r:_t'i Y&




The m-IFD Approach

The important bits

k exceedences

Exceedance rate = (1-a)-100%

samples

during ...

Time period =7
Exceedance ) a &
— X, X, X, ® & & x

durations



The m-IFD Approach

1. Discrete sampling exceedance rate

s

k k exceedences

—_— — out of ...

n n-turbidity
samples

Exceedance rate = (1-a)-100%




The m-IFD Approach

2. Time-based exceedance rate

Exceedance rate = (1-«)-100%

Time period =T
Exceedance p %
xl + XZ + x3 ® + * xk

durations
\ )

Total exceedance ( . X'j
duration = =i



The m-IFD Approach

1. Discrete sampling exceedance rate E—
-
Exceedance rate (1 -¢)-100% — - outof.. Proportion Of time
n spent in exceedance
- state
Same
— . =
thing!
2. Time-based exceedance rate g

Fraction of samples
exceeding trigger

ik
Total duration lz;xr

E=mm —

Exceedance rate = (1 @) -100%




The m-IFD Approach

Proportion of time
spent in exceedance
state

Fraction of samples
exceeding trigger



The m-IFD Approach

All-important result .

Proportion of time = Fraction of samples

N\

Exceedance rate

Intensity level

LV TaBR No. of exceedances

Duration «———

Proportion of time
spent in exceedance
state

Fraction of samples
exceeding trigger

X 4\ ) .
Average duration [Ra=id Trigger-value Intensity



The m-IFD Approach

All-important result

Proportion o%me = F@n of samples

Exceedance rate

Intensity level

Duration «———— Average duration Trigger-value — Intensity




The m-IFD Approach

* Each turbidity signal has its own IFD ‘fingerprint’.
— different turbidity time-series have different {IFD} descriptors

* 2 series having the same {IFD} descriptors are (for our purposes) statistically equivalent

— |IFD-Equivalence ‘Theorem’: (my terminology)

{IFD} = {IFD}

series] series?2

= Series] = Series?2



The m-IFD Approach

Use of Background + Modelled turbidity

My position

To maintain the integrity of the IFD method, it is critical that the mechanics of the m-IFD approach be
underpinned by an analysis of empirical background data PLUS predicted additional turbidity due to dredging.

Why?
* Afuture turbidity signal that honours an IFD scheme derived from an analysis of baseline data has intensity-

frequency-duration components that are equivalent to the baseline turbidity signal. This means the turbidity
signal during dredging would be the same as the baseline turbidity signal.

Therefore under this scheme there can be no change of the background signal — no dredging



The m-IFD Approach

Use of Background + Modelled turbidity

Rationale

i.  Dredging (temporarily) increases turbidity and that increase has been quantified as part of the
modelling by MetOcean Solutions;

iil.  Approval of the project gives license to (i);

iii.  The monitored turbidity signal during dredging cannot honour a relationship between I,F and D
that was derived from background turbidity alone

iv. Thel, F, and D components of turbidity exceedances need to be adjusted to capture the
characteristics of the modified turbidity signal. Limits can then be placed on these components
which:

a) acknowledge the link between | — F = D components ; and

b) ensure that more extreme turbidity events during dredging are within the limits of what
has been predicted.



The m-IFD Approach

Implementation

Simple 2-step process:

1. For a chosen intensity level (1-a)determine the intensity trigger ¥_, ;

’

2. For a fixed monitoring interval [0.7] set a limit on the cumulative exceedance time
equalto a-T

A compliance response is required when the limit in 2 above has been (or is about to be) exceeded:;

* |suggest using T = 30 days (moving window)
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The m-IFD Approach

Ease of use — Graphical + Spreadsheet
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Questions?

Contact: Prof. David R. Fox

Email david.fox@environmetrics.net.au




