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Overview

This Technical Note has been prepared to describe BMT’s proposed method for developing the
hydraulically equivalent hydrology (HEH) models for the RFD 2022 Major Update project. BMT note that
two prior HEH methodologies were developed by Moreton Bay Region Council (Council)!, and ARUP/
HARC?, and were provided as part of the project brief. BMT has considered these prior methodologies
and developed a revised method with the aim to build a hydrologic model that has hydraulic
equivalence at nominated points whilst limiting the divergence to the hydraulic model outside of these
nominated points. The method uses the in-built stream routing before applying any additional (artificial)
storage. The method also used an alternative approach to developing the artificial storages by using the
continuity equation. In addition, assessment criteria have been formalised to inform the suitability of the
selected stream routing or the derived artificial storage.

The nominated points (referred to as HEH points in this Technical Note) were selected to meet the
requirements of the 2022 RFD update project. This approach limits revisions of the HEH modelling
when including additional points for future projects. However, it is noted that some locations are
influenced by backwater (tidal zones, large dams), or have unaccounted additional storage (local road
crossings, farm dams, off-river waterbodies), where hydraulic equivalence will only occur at the
nominated points.

Aim

The aim of the HEH model methodology is to ensure that the hydrologic model (WBNM) hydrographs
provide a reasonable ‘match’ to the hydraulic model (TUFLOW) hydrographs at nominated HEH points
across the catchments. The match is considered in respect to peak discharge, the timing of the peak

discharge (maximum) along with other minor ‘peaks’, and the general shape of the rising and falling
limbs of the hydrograph.

The purpose of the HEH (WBNM) model is to select ‘critical’ temporal patterns and durations in the
hydrology model when using the latest Australian Rainfall and Runoff (ARR2019) guideline. This
selection process is expected to limit the simulation of all temporal patterns and durations for each
annual exceedance probability (AEP) design events in the hydraulic model to just the ‘AEP neutral’
simulations. This process is expected to reduce the number of hydraulic simulations required and

1 Moreton Bay Regional Council (2022), “Calibration and HEH Modelling for BCC Catchment (WBNM and TUFLOW)”
2 ARUP (2021), “Regional Flood Database ARR 2019 Pilot Study: Part 1 Methodology Report & Part 2 Pilot Study
Report”
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provide a more efficient procedure in temporal pattern and duration selection, and to reduce the
complexity of the application of the ARR2019 guideline.

BMT’s method is designed to initially use WBNM'’s stream lag factor as a primary source of ‘matching’
the two different hydrographs. If a satisfactory match cannot be achieved through adjustment of the
stream lag factor, then a second step of adding ‘artificial’ storage to improve the match between the two
hydrographs is undertaken.

Comparison points, where the match is assessed, are selected within each catchment. Throughout this
Technical Note, these locations are referred to as ‘HEH points’ which have been defined as points of
interest (POI) in the RFD 2021 Major Update project. The group of contributing sub-catchments to each
HEH point is referred to as the ‘HEH Area’. An example of sub-catchments, the HEH points and HEH
areas are shown in Figure 1.1.

© HEH Point
[ HEH Area
] Subcatchments

HEH Area 1

HEH Area 3

HEH Area 2

HEH Area 4

.

HEH Area 6

HEH Area 5

Figure 1.1 Layout of sub-catchments, HEH Points and HEH areas

The remainder of this Technical Note includes the following sections:

o Definitions

e Specifications — number of model simulations, and identification where artificial storages may be
required.

» Proposed matching criteria for peak discharge, the timing of the peak discharge (maximum) and the
general shape of the hydrographs at each HEH point.

* A step by step run through of the process to ‘match’ the HEH (WBNM) model and the TUFLOW
model at an HEH point.
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Definitions

¢ Annual Exceedance Probability (AEP) — this terminology is used when referring to design rainfall-
runoff events using Australian Rainfall and Runoff 2019 (ARR2019) methodology.

¢ Average Reoccurrence Interval (ARI) — this terminology is used when referring to design rainfall-
runoff events using Australian Rainfall and Runoff 1987 (ARR1987) methodology.

¢ Lag Parameter (C.) — the parameter within WBNM used to influence the storage within each sub-
catchment.

e Stream Lag Factor (Cs) — the factor within WBNM used to influence the storage within channels that
‘links’ the upstream sub-catchment to the downstream sub-catchment (channel routing). The
storage to flow relationship is non-linear and the calculation is dependent on the associated lag
parameter of the downstream sub-catchment.

« Artificial storage — storage used in addition to that represented by the stream lag factor within the
HEH (WBNM) model. This is referred to as ‘artificial’ as it is in addition to the channel routing
storage applied to the model. This storage is implemented using the water level-storage—outflow
(HSQ) relationships at the downstream end of the channel link. HSQ relationships are level-pool
storages (or dam storages) which have a linear storage-flow relationship.
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Specifications

Model simulations

The HEH methodology will use Council’'s ARR1987 design rainfall events to inform the development of
the HEH model. Using ARR1987 provides a greater spectrum of peak discharges and catchment
responses than using a limited number of calibration events. BMT therefore proposes that a range of
ARI and durations are used.

At a minimum, one infrequent design event and one rare ARI event design event should be used,
however BMT recommends selection of at least two events in each bucket®. Given that the HEH
methodology is required to work up to the 0.05% AEP event (equivalent to the 2000-year ARI event), a
rare ARI event (2000-year ARI event) should also be used. For ease of implementation, scaling of
Councils existing 1000-year ARI event to the equivalent 2000-year event if the 2000-year ARI is not
available.

One short duration, one medium duration, and long duration temporal pattern should ideally be selected
for each ARI simulated (range of critical durations). However, the selection of these temporal patterns
will be dependent on the catchment characteristics, such as size and critical duration within each
catchment.

For the best outcome, simulation of a larger number of events (ARIs and durations) will give more
assurance that the HEH modelling achieves the desired results across a range of floods.

Identification of artificial storages at HEH point

The requirement to include artificial storages should be reviewed for each HEH point. At a high-level,
the need for artificial storage would be expected in areas with known storages (weirs, sand mines,
regional detention basins, lakes), large floodplain areas, tidally influenced areas, and transitions from
fast flowing narrow areas to slower flowing wide areas (or vice versa).

The following factors may be an indication that the addition of artificial storage is required:

¢ The ‘HEH calibrated’ stream lag factor of an HEH area is outside the WBNM recommended
guidelines of 0.5 for constructed earth channels and 1.0 for natural channels*. BMT notes that
higher or lower stream lag factor can also be used if the hydrographs match well across simulated
ARI and temporal patterns.

e The initial rising limb in the TUFLOW occurs much later than the WBNM (see example in Figure 1.2)

e Large differences occur in peak discharge and timing between different ARIs when using the same
duration.

e Large differences occur in peak discharge and timing between different durations applied for the
same ARI.

3 ARR1987 splits temporal patterns into two ARI buckets (above and below the 30-year ARI)

4 BMT notes that these values are understood to be based on a lag parameter of 1.7, the average value
found in the WBNM guidelines. Values may need to be scaled up or down with the selected lag parameter
best suited to the catchment (established during the calibration process).
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Figure 1.2 Example of the initial rise occurring in WBNM prior to TUFLOW
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Criteria for ‘matching’ the hydrographs at each HEH point

Hydrographs from WBNM and TUFLOW models at selected HEH points are required to be compared.
The purpose is to achieve a ‘match’ of the WBNM hydrograph to the TUFLOW hydrograph regarding
the following 3 criteria:

e The timing of the peak discharge between WBNM and TUFLOW should generally be within 15
minutes, in particular for HEH points in the upper catchment. This criterion of 15 minutes may need
to relaxed in the downstream parts of large catchments where greater emphasis can be placed on
matching the overall hydrograph timing and shape.

¢ The difference of the WBNM peak discharge should be within 10% (ideally within 5%) of the
TUFLOW peak discharge.

¢ The shape of the hydrograph should also be reviewed by eye, giving greater emphasis to matching
the rising limb®. Whilst parameterisation of the shape is at the modeller’s discretion, it is
recommended to either calculate the volumetric difference, with the difference being no less than
10%, or using the Nash-Sutcliffe calculation, achieving a criterion of the Nash-Sutcliffe calculation
greater than 0.95 (using TUFLOW as the ‘observed’ data).

Timing of the peak discharge is expected to be the most important of the above criteria as this can
significantly influence the peak flow magnitudes at confluences where flow converges.

Whilst ‘matching’ across all ARI and durations is desirable, BMT notes that each HEH point is only
required to ‘match’ well for durations around the expected critical duration based on ARR2019 (for
example, the HEH model should demonstrate a satisfactory match between WBNM and TUFLOW for
durations between the 30 minute and 2-hour storms if the critical duration is 1 hour).

5 Falling limbs can be dependent on baseflow which cannot be calculated in WBNM.
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Detailed Steps

A flow chart of the process for implementing the HEH model methodology is provided in Figure 1.3 and
further described in the following sections.

Flowchart

WBNM timing and peak
discharge is not representative
for stream lag factor.
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ARI events Point for artificial

in TUFLOW Analysis 17 72l Lo storage
y Area hydrographs &

Match achieved across all ARI and Match cannot be achieved
duration. Progress to next HEH with stream lag factor.

point until process is complete.

Figure 1.3 Flow chart for the HEH model methodology

Step 1: Simulate ARI events in TUFLOW

Select a range of ARI events and durations (using ARR87), refer to ‘Model simulations’ in the
Specifications section for guidance on this selection. Simulate the selected ARI and durations in the
TUFLOW model with plot outputs (‘PO’) included at each HEH point. Inflows to the TUFLOW are
required to be all ‘local’ flows derived from the WBNM model using the selected lag parameter from
calibration.

Step 2: Choose a HEH point for Analysis

Choose a HEH point to review the hydrographs against the ‘matching’ criteria. The initially selected
HEH point should be the most upstream point that is not yet ‘matched’. Only once an upstream HEH
point achieves a ‘match’ the downstream HEH point can be reviewed. Similarly at confluences, only
once the HEH points on both tributaries’ ‘match’, the HEH point at the confluence or downstream of the
confluence should be reviewed.
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Step 3: Choose a stream lag factor for the WBNM model

Choose a stream lag factor for the entire HEH area. The stream lag will be applied to all sub-
catchments within the HEH area. If different sections of the HEH area require different stream lag
factors, it is recommended that an additional HEH point is included.

The initial stream lag should be based on the WBNM recommended guidelines of 0.5 for constructed
earth channels and 1.0 for natural channels. The next iteration of the stream lag factor will be based on
the review of hydrographs in Step 4. A decrease in the stream lag factor will shorten the timing and
increase the peak discharge (‘peakier’ event), whilst an increase does the opposite.

Once a stream lag factor is chosen, the WBNM model should be simulated for all nominated ARIs and
durations.

Step 4: Compare against TUFLOW hydrograph

The hydrographs at the selected HEH point should be analysed against the criteria (refer to Criteria
Section). Where an HEH point does not meet the criteria across the nominated ARI events and
durations, either the modeller needs to revisit the stream lag factor (Step 3) or, if stream lag
adjustments are unlikely to achieve a desired match, consider adding an artificial storage (Step 5).

Should the modeller consider artificial storage, it is recommended that the stream lag factor is revisited
first, to generate ‘ideal’ hydrographs across the ARI and durations. The ‘ideal’ hydrograph for
implementing an artificial storage is when the peak WBNM discharge is higher and the WBNM timing is
earlier than that in the TUFLOW model. An example of an ‘ideal’ WBNM hydrograph prior to adjustment
using artificial storage (via application of a HSQ rating curve) is shown in Figure 1.4.
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Figure 1.4 Ideal WBNM hydrograph for application of artificial storage
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Step 5: Create an artificial storage

Note: This step presents averaging of the storage curves of different ARIs at nominal outflow positions.
BMT initially presented this approach to Council which provided good results, however the ‘averaging’
approach may require further refinement in areas with complex hydraulics during implementation (i.e.
road crossings, tidal zones, off-river body storages).

To develop an artificial storage for the WBNM model, a table of the storages (S), and outflows (Q) is
undertaken; the development of a S-Q curve. The S-Q curve requires calculations of storage at each
timestep from both the TUFLOW and WBNM results. An optional H-Q curve, using water levels (H) at
outflows (Q) can also be developed to indicate the water level at HEH points®.

For this section, ‘outflow’ refers to the discharge results extracted from TUFLOW, and ‘inflow’ refers to
the discharge results extracted from WBNM.

Develop the Storage-Outflow table
To develop the S-Q table, the following steps need to be undertaken:

1. Calculate the total accumulative storage for each timestep for all ARl and duration.
2. Construct the storage-outflow (S-Q) curves using the below calculations.

It is recommended to work from smaller magnitude ARI events towards the larger magnitude ARI
events.

Step 5.1 Calculate the storage at each timestep

The following equation is used to calculate the total accumulative storage at each timestep:

1
EAt ((It + 1) — (Q¢ + Qt—At)) +Sae =St D

Where S; is the storage to calculate at each timestep. The storage is calculated from the inflows
simulated in the WBNM (It and I.4¢), outflows simulated in the TUFLOW (Q:and Qt.at), and the storage of
the prior time step (Sta). Inflows and outflows are in cubic metres per second (m?/s), storage is in cubic
metres (m®) and time is in seconds (s). An example of the calculation is shown in Figure 1.5. Additional
notes to the calculation are as follows:

e Boundary conditions for the first timestep is zero for l.a:, Qrat and St.at.

e Timesteps between WBNM and TUFLOW need to be the same.

6 H-Q curves are optional as the H in the HSQ curve is an incremental indicator within the WBNM
software and can be applied as an ascending integer.
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Iteration WBNM TUFLOW Storage (m?)
Inflows Outflows
(m?3/s) (m?3/s)
t-At 60 4.1 3.9 1485
t 120 4.2 4.0
p.i A
7 7 N
At=Ti—Tear = I + lear = 4.1m3/s + Ot + Opat = 3.9m3/s + 60s (8.3m3/s
120s —60s =60s || 4.2m3/s =8.3m3/s 4.0m3/s = 7.9m3/s 7.9m?3/s) + 1485m3

Figure 1.5 Calculation of Storage

The ideal storage curve for each individual temporal pattern and ARI is where the storage increases
with flow on the rising limb to the peak discharge’. Where this does not occur, the modeller should re-
review the chosen stream lag factor in Step 3.

Step 5.2 Construction of the ideal storage-outflow curve

The ideal S-Q curve is developed from considering multiple S-Q curves for different ARIs and durations
at nominal locations in the model. It is therefore a representative average S-Q curve for each point. It is
envisioned that the ‘ideal’ S-Q curve can be developed using the following method:

e Extract the calculated storages in Step 5.1 from position points (herein referred to as ‘nominal
outflow positions’) based on the outflow using either of the following methods:

- the average storage of the rising and falling limbs of the S-Q curve for each duration of each ARI
as shown in Figure 1.6 (developed using the ideal hydrographs in Figure 1.4), or

- the storage of only the rising limb of the S-Q curve for each duration of each ARI (where the
ideal hydrographs are not possible)

e Average the extracted storages across all ARIs at each nominal outflow position. It is recommended
that a minimum of 3 individual storage calculations are used for the average.

Figure 1.7 shows an example of the average S-Q curve across multiple durations and ARIs based
on storages extracted from the rising limb (thick red line in Figure 1.7). BMT notes that there may be
a trade-off between overestimating and underestimating the S-Q curve depending on duration or
ARI. Hence, the averaging should preference the extracted storages from durations that align more
closely with the critical duration at the HEH point (i.e. a HEH point with a critical duration of 1-hour
should average durations from approximately 30 minutes to 2-hours).

e To extrapolate to a 0.05% AEP event and beyond, it is recommended that three durations with a
peak discharge above the 0.05% AEP is simulated. Alternatively, a polynomial or linear trendline
can be used to extrapolate to higher discharge. Figure 1.7 show a linear extrapolation of the
average S-Q curve (shown as red dashed line).

The water levels (H) in the HSQ curves can be included using an ascending integer (0, 1, 2, 3, ...) or
developing a H-Q curve method described below.

BMT note that nominal outflow positions will need to be limited to the maximum lines allowed for the
HSQ curve in WBNM.

7 Where storages do not increase in WBNM (the HSQ tables), the model produces erroneous results.
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Figure 1.7 Example of an averaged S-Q curve (storages extracted from the rising limb of each

duration and ARI)
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Develop the HSQ rating curve (optional)

To extract water levels for the H-S-Q table, a rating curve of the water levels at the nominal outflow
positions are extracted from the TUFLOW results. The ideal water levels would be the average of the
rising limb and falling limb discharge for all simulated ARI events and durations as shown in Figure 1.8.
The water level is then joined with the calculated S-Q table above using the nominated outflow
positions.

It is noted that each rating curve should be reviewed for hysteresis. If notable hysteresis is present,
caution will need to be taken when developing the H-S-Q table. In such circumstances, the H-S-Q table
may require additional effort recognisiing that an ideal solution may not always be achieved.
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Figure 1.8 Rating curve with hysteresis

Implementation into WBNM

The developed HSQ table is placed into WBNM into the ‘Outlet Structures Block’. The required
variables used for the implementation of the HSQ are listed in Table 1.2. The variables can be
referenced from WBNM'’s ‘runfile structure’ documentation (known as WBNM_Runfile.pdf).
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Table 1.2 Outlet Structures Block Variables

HSQ Variables Comment

DESCRIPTION_OF_OUTLET_STRUCTURE
SUBAREA_NAME

STRUCTURE_TYPE

DISCHARGE_FACTOR BLOCKAGE_TIME
(optional)

SUBAREA_TO_WHICH_FLOWS_ARE_DIRECTED

DIRECT_TO_TOP OR_BOTTOM_OF_SUBAREA
DELAY_OF_DIRECTED_FLOWS

NUMBER_OF_POINTS_IN_ELEVATION-
STORAGE-DISCHARGE_RELATION

Table of ELEVATION (metres)
STORAGE_VOLUME (thousands m3) DISCHARGE
(m3/s)

INITIAL_WATER_LEVEL_IN_STORAGE
SURFACE_AREA
STORAGE_FACTOR
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HEH point name (should be the same as the sub-
catchment specified in the TOPOLOGY BLOCK)

HSQ
0

Same as that specified in the TOPOLOGY BLOCK
for the HEH point

TOP
0

Number of nominal outflow positions. Limits may
apply in WBNM.

The developed HSQ curve at the HEH Point. Values
should be ascending from the previous line.

Same as lowest water level (H) from the HSQ curve
0
1
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