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e Hydrologic forecasting at Hydro
* The problem
e SLEIP

Short Term Forecasting
Outlook Forecasting
Operationalisation
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Why — Commercial stakeholder Tatmmania

Inform daily power station operation
* Keep the lights on.

* Maximise revenue from each mega litre.

4 &
e Avoid spill. "
B
* Operate in a volatile electricity market where spot -
prices can vary from -$1,000 to $15,000 | &
megawatt hour. \%;\f?'"
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Why — Assets & Infrastructure ] Hydro

Tasmania

stakeholders

e Dam Safety: Provide forewarning of flood
loading on major dams.

e Forecasting to manage construction flood risk
* 24/7 forecasting system to enable safe
construction during a dam upgrades.

* Best practise hydrology is part of being a responsible
dam owner.
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Hydro System

Hydro
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The Problem Te?sragnia

* Very good deterministic forecasts cannot support a risk-based decision making framework
and are difficult to assess against other variables (price, likelihood of spill, etc).

* After day 7 we need a better predictor of the future than climatology based on stochastic
sampling of historical inflows.



The Solution (part of) Hydro

oo Tasmania
Short — Long Range Ensemble Inflow Predictions

Historical Now 10days 1+months 20years

Short Term Forecasting

Outlook Forecasting

Long Term Stochastic Inflows

||\l

Forecasting Environment



Overview

What is being developed Hydro

Tasmania

N

Short-term inflows * 7 day best estimate forecast * 10 day forecast with uncertainty quantified
(0-10 days) (deterministic forecast) (ensemble forecasts driven by NWP)

Outlook inflows * Random resampling of historical * 1+ months forecast with uncertainty quantified
(1+ months) inflows (ensemble forecasts driven by climate model)
Long-term inflows * Stochastic inflow sequence with historical and
(20 years) future trends, uncertainty, wet/dry sequences

and extremes captured.



Short-Term Forecasting @ 1] Hudro
Modelling Method - -

Ensemble
NWP/Climate
forecasts
Rainfall pre-processing
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Short-Term Forecasting @) 14] Hyaro
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- Research Design -

Rainfall forecast analysis
Rainfall forecast calibration methods
Rainfall runoff model, routing and error model

Retrospective forecasts

Short-term: Jul 2019 — Jun 2021 (699 fi
Strict cross-validation
200 ensemble members

7 gauges in 3 catchments
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Short-Term Forecasting

Forecasting methods demonstrated to have equivalent or better performance
than the existing deterministic forecast with the additional benefits of
quantifying uncertainty, better prediction of peak flows, and extending to 10

days.
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Outlook Forecasting % Hydro
) Tasmania
Modelling Method - -

Coupled GCM
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Outlook Forecasting @ o] Hydro

O O Tasmania

- Research Design -

Rainfall forecast analysis
Rainfall forecast calibration methods

Retrospective forecasts

Outlooks: 1981-2018 (456 forecasts)
Strict cross-validation
200 ensemble members

4 gauges in 3 catchments

7o 35 0 75 km
N



Outlook Forecasting € 1] Hudro

Tasmania
- - Findings

Florentine node-10000401 Forth node-11004501

Skilful (climatology) to 1-month in
some seasons

Accumulations can be skillful to 2
months or more
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Long-term modelling |
R Hudro
Methodology - %

Tasmania

Time correlation

2
k=0

Bayesian Inference

Fourier Series
Spatial correlations Synthetic Inflows

Research still
Underway.

Climate trends



Operationalisation
Data and FEWS Configuration

-
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Delft-FEWS

Long term
inflow

prediction
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Short
Term
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Stochastic
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Operationalisation

Infrastructure

Trusted Corp Network and Devices

eneral FEW user t ]

Corporate LAN

| . —%
Corporate SOE I
-FEWS Operator Client (GUI) !
FEW SuperUser

-FEWS Configuration Manager (GUI)

)

Corporate Wifi

icbalPosact

Delft-FEWS Pre-Production Client-Server Architecture Diagram

Hydro
Tasmania

Corporate Server VLAN. 10.67.57.x - HDC_SVR_Shard_lnfra

HD2 Tier 3 Cluster

. FEWS Archive Server

FE

Name: HD2PREFEWAAQ1

Trusted Corp Network and Devices

! Corporate LAN

y

Corporate SOE

App & nfra
Support Teams

hitps, 443

Corporate Wifi

Y

A

Existing: HDCPRDRDSHS06
or equiv support jumpbox

< htips, 443

RPORTO: Tier 3- 1 day lrﬁ,
Windows Server 2019

Backup: Tier 3 standard

File Server with Deltares Open Archive

inttps. 443

TOp for
support
(existing)

web service
D:\ data volume 200GB for fileshare

HT SFTP data manager app for
managing SFTP file transfers

WS Web Services Server

Name: HD2PREFEWSWO1

RPOIRTO: Tier 3-1day
Windows Server 2019
Backup: Tier 3 standard

Making data available via APIREST
and WMS-T services (web map layer)
Future data integration point

Access control by AD Groups
- only authorised users/applications

Medium term data storage
-longer termvhistorical data will be

uploaded and stored on HT SFTP site hitps, 443

Fileshare access control by AD groups

Source Control repo
—Deltares

FEWS Configuration
(e.g: Model. workflow, etc)

hitps:lirepos deltares.nlirepos/FEWS-SLEIP

Hydro Tasmania SFTP (HT-AIVS)
(sftp.hydro.com.au)

ECMWF ensemble forecast data retrieval
Long term/archive storage for ensemble data

Data retention and backup policy

Bureau of Meteorology - SFTP (external)
(sftp-reg.cloud bom.gov.au)

SSH key access

Ensemble forecast data retrieval only

SQL, 1433
X
SQL. 1433 I
e
hitps, 443
0L, 1433-
SQL Server AG Listener
(Existing: HDCPRESCO2L 1)
SQL, 1433

¥
Existing Shared Commercial Database Server

-

Name: HD1PRESCD2D01

‘Al server specs as per exisiing

60GB -dat

. FEWS Compute Servers

Name: HD2PREFEWCAD1

RPO/RTO: Tier 3 - 1 day
Windows Server 2019
Backup: Tier 3 standard

Computer node tasks

Executre FEWS Workflows e.g:

- Importing external data to central db
- Execute models

- Execute database admin tasks

- Export data

Name: HD2PREFEWCAD2

Same as HD2PREFEWCAD1

30GB -logging

Storage is a starting point only.
Model size may grow and disks can
be expanded accordingly

Database access vill controlled by
AD Groups

Connected to Networker for regular
database backup

Al configuration as as per existing
DBA Standards

FEWS Backend Server

Name: HD2PREFEWSAQ1

RPO/RTO: Tier 3 - 1 day

Backup: Tier 3 standard

Windows Server 2019
Access to the Admin Interface will
be authorised by AD Group

Web service will be running over
HTTPS with SSL certificate




FEWS Configuration — Work to date

Il & B8 57 e B8 B

5:Tasks  4:PlotOverview  Runinfo

6 : Data Viewer

File Tools Dashboards

» B 6 A R

Impart and process
E 1sm
ADFD
@ AccEss-ge
[ eCMWF-eps
[H seass
CHyPP
B rcmwr-eps
[E ecmwr-mean
SWIFT - ECMWF-mean
SWIFT - ECMWF-eps

Options ~ Help SLEIP module 01 (Stand alone)

2

workflows segment ECMWF-mean
Chypp_Ecmwf-mean_Forecast (workflow)
Ml updateSoftwareDelftadapters updateSoftwareModel_Template (GA)
Ml updateSoftwareChypp updateSoftwareModel Template (GA)
forecaststartProcessEcmwf-eps forecaststartProcessNWP_template (forecast length estimator)
@ chyppEcmwf-meanPreprocess chyppPreprocess_Template (transformation)
@ InterpolationSpatial Average subareas (process)
@ StatisticalEnsemble Mean subareas_mean (process)
@ User Simple subareas_mean_ens (process)
forecaststartChyppecmwf-epsPreprocess forecaststartChyppnwpPreprocess_template (forecast length estimator)
Bl chyppFcmwf-meanForecast chyppForecast_ Template (GA)
@ idChypp (id map)
@ idChypp (id map)
@ Export timeseries (process)
4 rain (sim) (P.sim);subareas (563);chyppEcmwi-epsPreprocesshourECMWE-MEAN (output timeseries)
@ Import timeseries (process)
& rain (sim) (P.sim);subareas (563);chyppEcmwf-meanForecast;hour,CHyPP_ECMWF-MEAN (input timeseries)
< 4 chyppEcmwf-meanPostprocess chyppPostprocess Template (transformation)
Accumulation Sum input (process)
StatisticalEnsemble Max input_max (process)
StatisticalEnsemble PercentileExceedence input_05Pct (process)
StatisticalEnsemble PercentileExceedence input_25Pct (process)
StatisticalEnsemble Mean input_mean (process)
StatisticalEnsemble PercentileExceedence input_75Pct (process)
StatisticalEnsemble PercentileExceedence input_95Pct (process)
StatisticalEnsemble Min input_min (process)

IEENEENEN

Time zero: 24-03-2022 22:00:00

Forecast length: default

edit run options

Logs Kim Raobinson

Current system time: 25-03-2022 08:00 AEST

2 Map ﬂg Plots @ Grids @ Forecasts E; Starttask (D Database E Monitor

Navigator O X

23:30:59 GMT 09:30:59 AEST Stand alone -44356, 142.517

0.0 MB/s

884 MB

Hydro

Tasmania
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[ File Tools Dashboards Qptions  Help SLEIP module 01 (Stand alone) - o X

I ® 5 67 e BB
o . ;

7 selections -

Filters

 precipitation by source

chyppEcmwf-mean
sea:

4:PlotOverview  Runinfo

Ecmwi-

> observations

> drip-dsep

> sleip_shorterm_chypp_Ecmwf
> sleip_outlook_cclyr_Ecmwf
temsim

> sleip admin

v

Locations.

W Am river [A/B Mersey] - S624L1

@ Arthurs lake [at pump station] - S418L1

@ Augusta lake [at intake] - S155L1

X Augusta lake East [No.1 Site] - S972L1
arrington lake [at dam] - S604L1
astyan [power station] - S333L1

@ Binney lake [at dam] - S169L1

'V Boggy Marsh rivulet [at Bashan road] - S7¢

@ Bradys lake [at Bradys lake] - S168L1 s 2 ~ ! Florentine river [at Eleven Road bridge] - S1369L1
X Bradys lake [at dam Leakage weir VO] - S1 ent »

6:DataViewer 5:Tasks

4 i J ! = =
'V Break O'Day river [at Killymoon] - S191L1 & ~/SES6 22 s max 1] [swit,

'V Bronte canal [B/L intake] - S166L1 - —Qsim.corr 03Pct [1] [swift_ecmwi-mean]
@ Bronte lagoon (at dam] - S167L1 / —Qusim.corr 25Pct [1] [swift_ecmwf-mean]

Brumbys creek [B/L Palmers Rivulet] - S157

'V Brumbys creek [at No.3 Weir] - S489L1

@ Burbury lake [at Crotty dam] - S298L1 corr 95Pct [1] [swif

@ Butiers Gorge Mini Hydro [power station] 8 N i : 1] [swift_eci

X Butlers gorge [meteorological] - S881L20 SSXH 25 [Ellerslie Road] - 1844120 =
utlers gorge [power station] - S511L1 e 5 . " i 325

@ Catagunya lake [at dam] - $592L1 of X 7 a’ N

n Inawer statinn -

Q.sim.corr mean [1] [swift_ecmwi-mean )

T 75Pct [1] [swift_ecmwf-mean]

Parameters
water level (obs)
water level (sim)
flow (obs)
X flow-natural (calc natural)
flow (sim)
flow (sim, error corrected)
flow (sim, uncor)
X inflow-natural (obs)
inflow-natural (sim)
inflow-total (sim)
«

discharge (m3/s)

Qualifiers
) 25%poE

lsros @ oias EFforecasts 57 Starttask € Database BB Monitor

Logs  Kim Robinson Current system time: 25-03-2022 08:00 AEST 232204 GMT 09:22:04 AEST Stand alone 39860, 144061 15042022 16042022 17042022 18042022 19.042022 004202 2042 204202 04202 2404202 2504202
0:00 000 o000 0:00 000 o000 w00 000 o000 000 000
Derwent SWIFT chypp-ecrwf-mean - forecast run: [1] DE forecast 14-04-2022 15:00.00 AEST Current

EZ Navigator




SLEIP modelling system scale Hydro

Tasmania

e Catchment area: 23,000 km?

e > 100 forecast points

e >1000 time series feeds from
Hydrographic DB

e 3 * Rainfall forecast ensemble feeds

* 5 * modelling software packages

* Many models

e Short term and outlook forecasts
generated autonomously.

e 500,000 time series generated for each
complete update.
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Project timeline and status Tasania

2021 2022 2023

Research

Operationalisation and System Buildout

Transition to production
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Kim Robinson
Senior Hydrologist
Kim.Robinson@hydro.com.au
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