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Background

Motivation

Sediment quantity and quality
affects ecological integrity of
rivers.

Objective

Predict sediment concentration in
rivers at low flow.
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soil and hillslope processes
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Implementation

is distributed under

h IOW_COde 'hE‘.-C eative Commons Attribution 4.0 License

- interoperable
- high performance

An Interoperable Low-Code Modelling Framework for
Integrated Spatial Modelling

Alexander Herzig®, Jan Zoerner, John Dymond, Hugh Smith, and Chris Phillips
Manaaki Whenua - Landcare Research, Land Use and Ecosystems, New Zealand (herziga@landcareresearch.co.nz)

An Interoperable Low-Code Modelling Framework for Integrated Spatial Modelling
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Soil Processes

sequential processing

- extract rainfall input
- calc soil water budget

- calc depth of saturated
water in soil profile

TIME model

Run TEST Time series
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Calibration

SedNetNZ = T5FC 3 *P*

... landslide(cohesion) + surficial(k(shear stress)) + earthflow(speed) + gully(density) ...

REC catchments: n=13232
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Time steps per year: m=2922




precipitation soil saturation erosion
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Sediment Transport Model

MANAAKI WHENUA - LANDCARE RESEARCH




Sediment transport model (River model)

* Suspended sediment routing model

» Coupled with dynamic erosion process model
Flow
depth
Link eroded materials from sources to sinks through the river
network

* Itis 1-D model:
¢ Depth-averaged SSC

% Cross section-averaged SSC

From: Allen PA (2008) From landscapes into geological history. Nature



» Should represent geomorphic processes:

+ Deposition and re-entrainment of sediment within the
channel or in floodplains

% Sediment connectivity in river network
 Impact of particle size
» Need continuous flow records for whole river network:

% Coupled with catchment hydrological models
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» TEST-River components will be modelled
independently for each fraction:

¢ SSC routing (through river network)
% Deposition (at each reach segment)
% Re-entrainment (at each reach segment)

* Fractions will be summed at each time step to

calculate total SSC, and total erosion and deposition.
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Input data
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« Model Boundary data:

*Water depth

\/
“Flow data *Water discharge

g
vDepth

v

*Sediment conc (C)

“»Sediment data-Particle size
*Cohesiveness

« In-river data: g/\%
. *Water depth = a
“Flow data *Water discharge

\4

*River bed slope

< River characteristics"-¢"9th of river reaches
«Connectivity of river reaches



Model output:
« Sediment concentration
e Particle size

* Sediment load

t2

Sedimentload=f SSC:Q:At
t1

 Visual water clarity

Using a separate sub-model

Sediment load

(kg/s)

th 2 Time :

Event load (t)
Model o%pd- outlet

a
>

Time
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« Mass conservation variables:
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» Stationary state:

Changes through time (not

space)

. (Ei—Di)At h .
Ciprq = + —tci,
2htyq ht+1

* Oreti River data
(Wallacetown monitoring
site)

— River netowrk
® QOreti at Wallacetown
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* Good agreement between modelled and observed

sediment concentration and event load

« Conceptual model framework has

been published in WRR
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Key Polnts:

# A new physically based thecry
of suspended sdiment transport
wilh sediment deposition and
re-enizzinme ot rates is presesed

+ The theory provides user-defined
size Fraction classes istegrating at
ench time sep to determine total fine
sediment ransport

+ The cplimization of parameters
obtined using the calibration event
provide accurate prediction of
sdiment dysamics for sven st
events
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Abstract Interpreting the links hetween transient in-channel fine sediment storage and the dynamics of
suspended sediment transport during flood events helps the understanding of river geomorphology, and also the
impacts of fine sediment on water quality and bed habitats of rivers and TEceiving envi

‘We present a unique physically based model of suspended sediment transport which is intimately coupled

with fine sediment deposition and re-entrainment processes within the gravel bed. This multi-size fraction
theory provides unigue information about the effect of fine sediment size classes due to their dynamics and
associated river bed changes in net deposition. The data from a series of flood events from the Oreti River,
located in Southland, New Zealand were used to test the ability of this theory to provide a description of the
dynamics of the fine sediment size distribution, their concentration, load, and rate of river bed deposition and
E-entrainment. After calibration of the model using the data from one flood event, the mode] provides good
agrement between observed and modeled fine sediment concentration and event load for seven subsequent test
events. One of the main applications of this theory in future is for routing suspended sedi o i

and changes on fine sediment deposition down a river network.

Plain Language Summary This study introduce a new theory for determining suspended sediment
transport and deposition and re-entrainment of deposited fine sediments in gravel bed rivers. We ested the
theory using data from the Ometi River and found good agreements between observed and predicted suspended
sediment concentration during flood events and suspended sediment load.

1. Introduction

Fine sediment storage in gravel-bed rivers has deleterious effects on the habitats occupied by benthic inverte-
brates and native fish species (Buendiaet al., 2014; Jowett & Bousead, 2001; Liske & Hilton, 1999) and impacts
hiogeochemical processes such as nutrient and carbon cycling (Gottselig et al., 2014). Deposited fine sedi-
ments impacts hyporheic exchange process in rivers by clogging the bed, reducing bed permeability and subse-
quently hampering the hyporheic exchange (Crenshaw et al., 2002; Fox et al., 2014; Mendoza-Lera et al., 2017;
Packman & MacKay, 2003; Preziosi-Ribero et al., 2020; Teitelbaum et al., 2021). In addition to the hydrological
and ecological impacts, in-channel fine sediment storage contributes to catchment sediment budgets (Walling
et al., 1998; Walling & Quine, 1993). These fine sediment patches are highly mobile and ame transported in
intermittznt suspension, by upwardly directed turbulent water motions (Church, 2006), through a river system.
Suspended sediments are the first materials to be re-entrained at the start of flood events. Flocculation of fine
sediments and cohesive effects may impact on the re. inment of deposited sedi due to an increase of
critical shear stress (Haddad et al.. 2022). However, there was no evidence at all of cohesion between the range of
fine sediment particles observed in our field study of the Oreti River. As a consequence, the theory developed in
this paper also assumes no cohesion between the particles of fine sediment. To emphasize this difference, sedi-
ment removal from a non-cohesive deposit is described as “re-entrainment,” as distinct from the “entrainment™
of cohesive sediment.

———— e




* Routing sediment particles in:
% Space (down a river network)

% Time (through flood event)
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« Manawatd River catchment

» Three monitoring sites with intense sampling regime:

% Tiraumea at Ngaturi,
% Pohangina at Mais Reach

% Manawatu river at Teachers College.

River network
Cther monitoring site
M STEC site

Pohangina at Mais Reach

Manawatu at Teachers College
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10 20
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» High frequency sediment data are necessary for designing efficient sediment management measures and reduce
fine sediment supply to downstream aquatic ecosystems

» Impact of fine sediment on rivers can be quantified with the three attributes:
< Suspended sediment concentration  (djrect estimate)
% Fine sediment deposition (direct estimate)
% Visual water clarity (indirect using fine sediment concentration and size

gradings with aseparate sub-model)

 This model provide estimates for all three attributes of concern



Conclusions & Outlook O

» We developed and implemented a soll erosion and sediment transport model
that predicts sediment concentration in rivers.

» We are finalizing the calibration

A\

Model performance will be evaluated over the next month..... paper

» Temporal soil erosion and sediment transport model will be run with soil
conservation scenarios to test the assumption that reduction in mean sediment
loads result in the same relative reductions in sediment concentration at low flow






Need for event-scale sediment models

* Models are needed to predict fine sediment
and its relevant attributes at:

*»Different locations within the catchment,

s»*Sufficiently high frequency to define
dynamics during flood events.

« Common methods do not adequately
represent variations in sediment dynamics
throughout the catchment:

Pt Y

“*Sediment tracing: hardly capture the
temporal resolution of sediment sources

“*Sediment monitoring: not information about

the spatial variation of sediment generation s
addadcni

“*Empirical erosion models: Static information

**Mass-conservation based models: lack
geomorphic processes




