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ABSTRACT

Non point source pollution (NPS) has long beenregated form of pollution within our
natural systems. With an increase in the demandjdality crops and staple foods, there

have been added pressures on water systems tovithgacreasing NPS pollution (NPS-P).

The effect and importance of scale on the assessth&PS pollution has been identified as
a pivotal component in the assessment of such tpalls; in particular the translation of

processes from a field to a catchment scale. dttharefore become important to further
investigate and research the processes involvidnsporting and retaining pollutants at each

measurement scale.

A number of models have been developed for sinarlatatchments, however none of the
suitably address the issue of NPS pollution andttheslation of processes from the field
through to the catchment scale. Each model relsedrails to effectively address processes
over varying scales, and tend to concentrate oarticplar scale of observation. Thasea

distinct lack of a capable mechanism that assd@¢B&spollution across varying scales within

a catchment.

The Water Research Commission (WRC) NP®#Bject aims at eventually developing a
successful model that addresses the issue of agpddBS pollution across a number of
different scales. This study aimed at assessiegldhds of sediments and nutrients at
different scales and included the establishment aksearch catchment in the Mkabela
Catchment outside Wartburg in KwaZulu-Natal, ané tollection and interpretation of
rainfall, runoff and nitrate data for a full yedrsampling. The sampling provided valuable
data for the calculation of pollutant masses anacentrations within the Mkabela
Catchment. Non Point Sources are generally more dilute witbpsaded solids and nitrate in
particular tending to have a high transport depeodaipon summer events with a high intensity

and low duration.

A varying degree of scales were monitored during study, ranging from plot to catchment
scale in order to assess the varying influenceNB& Pollution (Nitrate and Suspended
Solids). Monitoring was conducted through reseangthanisms ranging from runoff plots

at the plot scale to catchment scale flumes.
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It was found that scale has a varying influence MRS pollution, with pollutant
concentrations measured to be at a maximum atdledcale, with a value of 13.54mg/| of
nitrate measured within the cane fields from ev@ntSuspended solid values taken from
within the water samples were most apparent aplibtescale, within the runoff plots, with a
maximum of 2866.7mg/l measured during event 3 dk Wewas evident from measurements
and results obtained for each of the 10 sampledts\vbat the main influencing factor of the
nitrate concentrations and suspended solid values thwe nature of the event. Summer
rainfall events (high intensity and short duratigmpvided large overland flow volume that
contributed largely towards the high concentratiofisboth nitrate and suspended solids,
whereas the winter rainfall event (low intensityddong duration) contributed little to the

concentrations of nitrate and suspended solids.

In contrast to nitrate concentration, the largestate loads by mass were measured during
event 1 at the large catchment scale (Bridge 2 avtotal cumulative load of 74.17kg nitrate
estimated to have been yielded at the catchmeitgtouThe majority of nitrate are yielded
from the agricultural lands where farming practitessd to the application of chemicals pre-
planting and post emergence. Suspended solidagexpa similar trend to that of nitrate,
with an increasing cumulative yield measured thhmug the catchment, resulting in a total
13414kg of sediment being measured at Bridge 2s ihiteresting that Event 1 measured the
largest cumulative loads for both nitrate and sodpd solids; however it was recorded as an
average intensity event (19.1mm/h) in comparisoth#largest sampled intensity event of
165.9mm/h (Event 4) during the study. This mayaltteibuted to the fact that the event
coincided with the planting schedule of the sugaecarops, and so the bare nature of the
agricultural fields resulted in increased overldlogv, and hence nitrate and suspended solid

transportation.

Data collected during all the events clearly shbat the impoundment (a farm dam) acts as a
water quality filter by retaining many of the nteapollutants when they enter the dam as

channel flow.

In summary, the controlling processes governing {RP8iovement varied through the
differing scales, with crop size, artificial chemli@pplication, nature of the event and timing

during the year all contributing in varying mannatshe differing scales.
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Future research within th&/RC-NPS-Pproject should continue with sampling from the
designated research points and add several maserseaf data to the already comprehensive
first season of sampling. In addition, once a @eable number of seasons have been
sampled and analysed within the Mkabela Catchnibat,nitiation and development of an
effective, representative scaled NPS-P model ttiditesses the movement and retardation of
pollutants is necessary to be able to successfutigiel and predict the movement of NPS-P
through catchment systems. In particular the effeétthe controls afforded by such features
as road crossings, wetlands and farm dams shouldkea into account in the modelling of

sediment and nutrient movement from field to catehtrscale.

Vi



TABLE OF CONTENTS

1. INTRODUCTION
2. WHAT IS NON-POINT SOURCE POLLUTION (NPS-P)?

2.1
2.2

2.3
2.4
2.5
2.6

Origin and Definition

Factors Affecting NPS-P Monitoring and Assessime
221 Water quality

222 Assessment of NPS pollution sources
2.2.3 Environmental factors

Sediments

Nutrients

Pesticides

Scale of Assessment and Monitoring

3. SCALING OF NPS-P

3.1
3.2
3.3
3.4
3.5
3.6
3.7

3.8
3.9
3.10
3.11

4.1
4.2

Process Scaling
Observation Scale
Operational Scale

Scale Problems

Upscaling and Downscaling
Scaling Tools and Modelling
NPS-P Models

3.7.1 CREAMS Model

3.7.2 SWRRB Model

3.7.3 BASINS Model

3.7.4 SWAT Model

3.7.5 Summary of Models
Lumping of Processes and Hydrological Fram&svor Scaling
Errors in Scaling

NPS-P Scale Issues

Resolving scale issues in South Africa

MKABELA CATCHMENT OVERVIEW

Overview

Topography and Catchment Discretisation

Vil

Page

© 00 00 N O

10
10
11
12
12
13
14
14
16
16
17
17
17
18
18
19
20
21
21
24



4.3 Land Use
4.4 Soil Survey
4.5 Catchment Monitoring and Data Collection
45.1 Runoff Plots
4.4.2 Flow gauging H-Flumes
4.4.3 Additional sampling and monitoring points
4.4.4 Meteorological Station
5. PLOT TO CATCHMENT SCALE SAMPLING RESULTS AND DG3JSSION
5.1 Sampling points
5.2 Gauged Sampling Points
521 Runoff Plots and Flume Data
5.2.2 Observed Overland Flow Characteristics
5.2.3 Observed Flume Characteristics
524 Flume Concentrations
5.3 Ungauged Monitoring Sites
53.1 Nitrate Loads
5.3.2 Sediment Loads

6. CONCLUSIONS AND RECOMMENDATIONS

7. REFERENCES

8. APPENDIX

viii

28
29
32
33
36
37
38
39
39
40
40
41
43
49
55
59
61
66
70
76



Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 4.4:
Figure 4.5:

Figure 4.6:
Figure 4.7:
Figure 4.8:
Figure 4.9:

Figure 4.10:

Figure 4.11:
Figure 4.12:
Figure 5.1:
Figure 5.2:
Figure 5.3:
Figure 5.4:
Figure 5.5:
Figure 5.6:

Figure 5.7:

Figure 5.8:

Figure 5.9:

Figure 5.10:

LIST OF FIGURES

Page
Mkabela Catchment Location WithinNKZ ..., 21
Sampling Points within the Mkabeltcment .................ccoiiiiiiiiiiniiene 22
Digital Elevation Model of the MkdaeCatchment...............cccoooeeeiieninnnne. 25
Flow Directions of the Mkabela Cabent Modelled using SWAT .............. 26
Watershed Delineation of the Mkaligddchment as Modelled by
1Y N 27
Land Use of the Mkabela Catchment..............ccccoiiiii s 28
Hillslope Classification of the Uppékabela Catchment ......................... 29..
Photographic Representation ofétfdfand Furrow Adjacent Profiles............. 31
Location of RP1, RP2, F1, and Fainithe Upper Mkabela
CatChMENT ... e 34
Differing Stages of Cane Growth witRiP1 between September 2005
AN MAY 20086. ......ccoiiuiieeeiiie e e e e 35
Tipping Bucket System and CollecButket .............cocooevviiiiiiiiiieeeee, 36
Flume 1 (left) and Flume 2 (right)tloé Mkabela Catchment...................... 7..3
Observed Overland Flow and Flumelasge (Event 4) ..........ccovvvvieneen. 4.4
Observed Overland Flow and Flumeastitarge (Event 1) .........cccoocevvvieeennn. 46
Observed Overland Flow and Flumasziiarge (Event 7) ..........ccccvveeneeeeeee. 49
Nitrate Concentration and Event ibgtaph - Event 3, Flume 1..................... 51
Nitrate Concentration and Event kbgtaph - Event 7, Flume 2.................. 52
Suspended Solid Concentration arehEMydrograph - Event 3,
FIUME 2. e et e s 53
Suspended Solid Concentration arehEMydrograph - Event 7,
FIUME 2. 54
Nitrate and Suspended Solid Conaéotrs: Small to Large
Catchment Scale, EVENt 3 ... 56
Nitrate and Suspended Solid Conaéaotrs: Plot to Large Catchment
SCAIE, EVENE 9. ..o e e ee e 57
Cumulative Suspended Solids Loadp.(Kg.......ccooeevvviiiiiiiiiiiieeeii e, 64



Table 4.1:
Table 4.2:
Table 4.3:
Table 5.1:
Table 5.2:
Table 5.3:
Table 5.4:
Table 5.5:
Table 5.6:
Table 5.7:

LIST OF TABLES

Page
Sampling Method SUMMATY ..o eeeeeiiiia e 23
Yo ]| T 1 0 1 1= P 30
Sampling PoiNt DeLaAIIS.........coceieieiie e 33
Rainfall and Intensity Values for thenT@ampled Events ..................cceeveniie 39.
Catchment DraiN@ge ArBaS........ccceeemieeiiiieeeiiiiie e e e e e e ae e e e e e aeeaas 40
Runoff CharacteristiCS: EVENT 1-L0uumuu .. oieeieieiiiiiiaie et eeeea e 41
Nitrate Loads Excluding Upstream Comniitns (kg/ha) ...........ccoovveeiiieinnnnnn. 60.
Cumulative Nitrate Loads (KQ/N@) ..........ooooiiiiiiiiiiii e 61
Suspended Solid Loads (kg/ha) Excludipgtream Contributions ..................... 62
Cumulative Nitrate Loads (KG/ha) ......cc.uueveeiiiiiieiiiii e, 63



1. INTRODUCTION

Non-point source (NPS) pollution has long been egjarded and underestimated as a
substantial contributor to water quality (Pegrand &orgens, 2001). Water quality has
primarily been concerned with immediate, direct &g such as point source pollution, and
has thus largely ignored the effects of NPS palutivhich is a less direct, less immediate
source of pollution, yet may be just as degradinghe water resource. The latter half of the
20" Century has seen farming transformed quite corsfifie Production rates have
increased largely to meet the demands of a growiopulation throughout the world.
Deforestation and soil erosion have increased asuat of changes in land use and large-
scale irrigation and, as a result, traditional faugnpractices have often been replaced by
intensive monoculture. The modern changes in aljwi® have thus resulted in increases in
NPS pollution from monoculture (and hence an ineedareliance on chemical fertilizers and
pesticides). This, coupled with an increase in rinenber and concentration of livestock
(resulting in animal wastes becoming a problemerathan a resource), have lead to such
increases in NPS pollution. Although agro-indadtrpractices are continually being
rethought, with sustainability now a key concemirieultural NPS pollution needs to be
addressed as a priority.

There has recently been a greater understanding@reptance of the importance that NPS
pollution plays in the overall study of water qtsl{as opposed to point source pollution),
and so an increase in time and effort has beemrglapon the quantification of the sources of
NPS pollution. Such pollutants include sedimempathogens, nutrients (leading to
eutrophication), salinity and pesticides and therses include fertilizer application, erosion
and animal waste. All of these sources are comtoaagriculture, and hence agricultural
practices need to be further understood through cthesideration of processes such as
pesticide and nutrient application, local scaleoffirtharacteristics and the movement of
nutrients and pollutants through the soil profieale is particularly relevant in such studies.
In order to effectively assess the translation afcpsses from one scale to the next, the
mechanisms at each scale need to be addressedl doadtes generally define a point, and
have strong relations with the field scale. Withive field scale, hillslope processes and
lateral movement mechanisms are vital in order éfind hillslope scale relationships.
Furthermore, small and large catchment scales cwnbeveral processes that control the

smaller scales. The key to modelling such largates is the ability to accurately translate



processes from a smaller scale to a larger schledoing so, we may be able to better
understand and predict the effects of NPS pollutiorwater quality and related issues, such
as the ability to locate the local source of NP8upion based on observed poor water quality

at the catchment scale.

Issues of scale are of particularly relevance todeno science and problem solving.
Problems are often scale specific, and so an utasheling of dominant processes at different
scales is vital. In order to identify sources dP® pollution at a catchment scale, it is
important to understand and be able to quantifytthasfer mechanisms that occur when
translating from field to receiving stream to lasggmle catchment. It has therefore become
particularly important to be able to not only betiderstand the effects of NPS pollution,
but to understand particularly smaller field scafiiects and impacts. Several catchment and
field scale models exist. These models generaligvige users with representative
mechanisms through which specified catchment psasemay be modelled on a catchment
scale. A notable absence in current modelling age& is the lack of understanding
regarding the translation of processes from onke doahe next. Lorentz (2005) suggests that
there are several excellent profile (local) scatadets, as well as good field and catchment
scale models. However, their integration and thedation of mechanisms between these
scales is an issue that requires greater attenfitis translation is a vital component of NPS
pollution if one wants to identify and assess timpact of sources on streamflows and the

effect of remedial measures.

The key question involved in such a study relatesthte translation of processes and
mechanisms from one scale to the next. Catchmewlets have been favoured over field
scale models. These models are based on field tHataare translated and lumped to
represent catchment characteristics, and henctelanoant model is produced. This has been

widely accepted as a method through which catchseaie models have been developed.

Water quality is seldom assessed on a field sc@enerally speaking, measurements are

made in major river basins at the catchment seaid, assumed to be representative of that
whole catchment. This method is acceptable, pealithat the catchment is the scale at

which results are being utilized. It is, howeuemacceptable to assume that such results are
evenly distributed over the entire catchment. Baent modelling relies largely on the

relationship between surface and subsurface preses¥ that is, therefore, key to defining
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the hydrological processes that may regulate theement of NPS pollution. It therefore
becomes vital to be able to identify, quantify amodel such processes in order to more fully
understand the paths that NPS pollution takes tiwrcrop (field scale) through to the main

river channel (catchment scale) and within therrolennel.

A current NPS pollution study at the University KivaZulu-Natal aims at investigating the
translation relationships that exist between preegsind mechanisms at different scales from
field to catchment. It is funded primarily by tiéater Research Commission (WRC) and is
being conducted under the supervision of Ninhamn8Hacorporated and academics from
institutions across South Africa. The initial hyfpesis for the project is that sediment,

nutrient and pesticide transport (NPS pollutionprgely event-based (Lorentz, 2005).

This study aims to investigate, define and descifileeissues related to NPS pollution and
associated scaling issues. Scaling and the ttaorslaf processes from one scale to the next
forms the crux of the overall NPS-P study as welthas literature review. Additional issues
addressed through this document will concentrata meview of four water quality and touch
partially on NPS pollution models, namely CREAMSYBRB, BASINS and SWAT. These
reviews concentrate on the respective models’ gthsrand weaknesses in performing NPS-P
modelling for specified scales, and their strengthganslating processes from one scale to
the next.



2. WHAT ISNON-POINT SOURCE POLLUTION (NPS-P)?

This section defines the concept of Non-Point Seupollution and reviews the factors

affecting NPS-P as well as methods for assessidgeanediating NPS-P.

2.1 Origin and Definition

To effectively define NPS pollution, one needs déasider the National Water Act (Act 36 of

1998: 1xv), which defines pollution as:

“alteration of the physical, chemical or biologic@roperties of a water resource so as to
make it:
» less fit for any beneficial purpose for which ityrreasonably be expected to be used, or
* harmful or potentially harmful

- to the welfare, health or safety of human beings

to any aquatic or non-aguatic organism;

to the resource quality; or

to property.”

For the purpose of this study, NPS-P will be comsed as anything that changes the quality
of the water within the Mkabela Catchment whethdve physical, chemical or biological,
with specific reference to differing scales thaplgpwithin the catchment and their varying
effects on NPS-P.

The exact pathways that NPS pollution follow arenewhat vague, although it is generally
believed and assumed that it results from atmosplagposition, precipitation, surface
runoff, interflow, drainage, seepage, groundwali@w for river course modification (Pegram
and Gorgens, 2001). Simply defining NPS pollutam all sources not classified as point
sources is inadequate, as there is no real definiti point sources within the National Water
Act either. Pegram and Gorgens (2001) therefoier dfieir own definition of point sources
as “discernable and confined sources of pollution thdischarge from a single (point)
conveyance, such as a pipe, pitch, channel, tuonebnduit.” Furthermore, NPS may be

diffuse/intermittent or concentrated. Diffuse Np@&lution contributes to the contamination



of water resources over a large area, and derieegely from agricultural runoff.
Concentrated NPS-P, according to Pegram and Gor@&td), is largely associated with
localised activities such as mining, feedlots, fdisdand industrial sites, however for the
purpose of this study, these sources are not cemesido be NPS-P generators. Impacts in
terms of NPS pollution are varied. Surface and se&ace runoff sources (i.e. streamflow)
are relatively immediate, whereas impacts origngafrom groundwater discharge are often

delayed as a result of to the time taken for comants to move through the soil and

geology.

2.2 FactorsAffecting NPS-P Monitoring and Assessment

2.2.1 Water quality

Pegram and Gorgens (2001) identify four elementgaiér quality pollution that they believe
form the backbone for water quality monitoring aagsessment. These elements cover the
mobilisation (i.e. movement), impacts and effe¢tsantaminants.

» Production: refers to the production of the pollutant, uguat the source, and includes
generation, deposition, application and the natasailability of pollutants. Such
processes therefore include variables such as isativin and attenuation.

» Delivery: refers to the movement of the pollutant from sleeirce to the surface water
environment, involving such processes as surfacgheff interflow and groundwater
flow.

 Transport: refers to the movement through the surface wat@ironment, involving
advection, dispersion and diffusion.

* Use refers to the way in which, and by whom, theotese is utilised, either directly,

or via abstraction.

The assessment of NPS pollution is generally onlyesponse to a water quality concern.
Domestic, agricultural or industrial sectors/udegsome affected, and so the need to conduct
a water quality assessment becomes evident. Vdatdity, as described by Pegram and
Gorgens (2001), is the term used to describe holivtiae physical, chemical and biological

character of water matches the requirements cigio@tic environment and human uses.



2.2.2 Assessment of NPS pollution sources

Analysis of such pollution requires different medbdo be implemented according to whether
the problems are acute (short term), transienventedriven. Sub-catchment analysis allows
for finer spatial and temporal details to be expthrand hence site specific results may be
deduced. Non-point sources occur in differing fermnd hence have differing water quality
effects. Impacts of various sources are relateth¢tors such as climate, natural features
(such as soils and topography) and human actiiesh as agriculture), all collectively or
individually involved in the production and deliyeof contaminants within an area. The
assessment of non-point sources is highlighted dyrdn and Gorgens (2001) as a vital
component that adds to the understanding and stiulyS pollution. These authors highlight
the following points upon which NPS assessmentsighue based:

» the combination of hydro meteorological and nateriditions, as well as the land use

in the area, and
» the transition from one land use to another, fratjyeas a progression from undisturbed

land, through agricultural activities, to urbanisedas.

Agricultural sources are the major source of défpsllution that this project aims to address.
The exact area that contributes diffuse pollutéatdefined by Heathwaitet al., (2000) as

depending on the coincidence of source (soil, @og management) and transport (runoff,
erosion and channel processes) factors. Furthermtre authors suggest that the
“biochemical reactivity and mobility of differenutrients determines the spatial extent of the

contributing area and the degree of environmerghl’r

2.2.3 Environmental factors

Land use, soils, geology, slope and climate aid eibmponents of the study, as they govern
the transport properties, both surface and subseirfaf sediments, nutrients and toxic
compounds. Several factors therefore either emhanaeduce the rate of transport. The
following have particular importance in governimgrtsport properties:

» Climatic and hydrological factors: Higher intensity rainfall results in greater aviy
potential, and hence a greater chance of surfapeffrypotential. Interflow and
groundwater discharge on the other hand, delivesalived contaminants that have
infiltrated and leached from the land. The differes in seasonal rainfall have a
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controlling effect on whether nutrients are trangpo above the surface of sub surface,
having a marked effect on the translation of preesdrom a small to a large catchment
scale.

» Natural features: Soil permeability affects the rate of infiltratioand hence the ratios
that exist between surface and subsurface watenlo@y governs deep percolation and
groundwater discharge, while topography influerstesmflow and peak discharge and
hence the delivery of particulate matter.

e Agricultural activities:

» Grazing by livestock may contribute to sediment Id/ighrough
overgrazing, while defecations from livestock addhogens to the soils
and, eventually, the receiving stream.

= Croplands, especially if managed poorly, are preminsuppliers of
sediments associated with high surface runoff. rihats (fertilizers) and
pesticides are often washed away and removed frelasfvia surface
runoff.

= Irrigation of crops can increase salinity levelsaafters, especially those
associated with high concentrations of return ffoom field to stream.

Accumulated nutrients, metals, pesticides and sedlisntend to settle and accumulate in
rivers at low flow or in impoundments such as dambese constituents may be re-mobilised

under certain high flow conditions, acidity or dike&ed oxygen (anaerobic) regimes.

Heathwaiteet al., (1989, 1990) believe that land management practds@nage the soil
surface (through deep compaction and soil degmaasind hence serve as significant sources
of polluting flow. The frequencies of runoff andosion events are thought to be spatially
limited and may be confined to higher rainfall etgefHeathwaite and Dils, 2000). When
these higher rainfall events do occur, nutrientoled topsoil is mobilised (including manure

and plant residues), hence serving as a diffudatsi pathway.

2.3 Sediments

Sediments can be made up of minerals and organitemaHigh intensity storms dislodge
surface particles, and transport them in suspensit;mm main channels. Sediments are
minerals and organic matter. Wind erosion of gumlticles have also bee observed.

Sediment is the most widespread pollutant of seriaaters. Heathwaitet al., (1989, 1990)

7



believe that erosion and sedimentation are twd pitacesses in the understanding of NPS-P.
Erosion refers to processes that dislodge and gomhsediment over the land, whereas
sedimentation refers to the similar processesabatr within streams. Turbid water resulting
from sedimentation affect the productivity and flioicing of the aquatic environment as it
decreases light penetration, thereby stressingntipertance of so-called filter feeders and
aquatic plants. Furthermore, with high sedimeiaid8) storage space (volume of dams) is
decreased, thereby increasing the possibilityadding. Sediments absorb pathogens, heavy
metals and toxic substances (such as pesticidelsjramsport them into the aquatic system,
creating possible toxic compounds that pollute degrade. It is important for researchers to
understand erosion and surface runoff to be abkectmrately understand and predict NPS

pollution.

2.4 Nutrients

Nutrients, mainly nitrate and phosphates, may oidied by sediments and thus degrade
water resources. Excess concentration levels obgiates and nitrate may lead to the
process of eutrophication, i.e. the situation whbkege is an excessive algae infestation within
an aquatic system. Such infestation can resuttlondy, discoloured waters with strong
odours and a lack of dissolved oxygen as a resutieodecay of algae and plant material.
Again, surface runoff (as with sediments) is theimm@zause of NPS pollution in terms of
nutrients. Nutrients are generally yielded frommi@gtural fields onto which fertilizers are
applied. A major gap in the identification of adies leading to diffuse pollution is how
nutrients are retained within landscapes and retbasto river systems or subsurface flow
paths. There are multiple pathways for nutriemtstravel from fields. Unpredictable
reactions and attenuations of nutrients, as wedraded soils, can occur well beyond the area
of nutrient application, and hence “the mobilisatiand fate of pollutants and fate of
pollutants within and from agricultural fields ismaajor challenge to research on nutrient
pollution” (Heathwaiteet al.,2003).

2.5 Pesticides
Pesticides are widely used for agriculture, domesind industrial application. Certain

pesticides may be strongly absorbed by organicematid, once again, can be transported via

surface runoff to the main river channels.



2.6 Scaleof Assessment and Monitoring

Scale is a vital issue regarding NPS-P assessméltte scale at which measuring and
modeling takes place is influenced by the rangediversity of non-point sources within the
area of interest, together with the aims and gadithe study. Spatial representation
generally concerns itself with two vital issues,mady the scope (spatial extent) and

resolution (spatial disaggregation) required far @imalysis (Lovelét al.,2002).



3. SCALING OF NPS-P

Many disciplines, including Hydrology, gather infieation at the small scale (e.g. runoff,
interception and infiltration). This informatioa then used to build models at different scales
to that at which the information was gathered (eajchments). This often assumes that
information properties remain the same over a changscale, an assumption that is now
being questioned from several scientific cornefhe sections below discuss the problems
involved in such assumptions, and try to creat&earer picture as to why such assumptions
are no longer justifiable. Schulze (2000) sugg#sts such assumptions lead to the issue of
‘scaling problem's The author suggests that the so-calledaling problem’is two fold,
namely;
« what model, or set of assumptions, is appropriataepply to a problem at a particular
scale of space and time
* being able to apply a set of concepts that withalfor information gathered, or a model
developed at a particular scale, to be used in myagimilar predictions at other scales
(whether they be larger or smaller scales).

These two problems form the basis upon which th&/MERC project is based upon.
3.1 Process Scaling

Catchments are complex natural systems that digplalyiscale dynamics where multiple
processes operate concurrently, and hence watesigaarent issues (such as water quality)
are challenging. The process scale is definedeltt and Gorgens (1995) as the scale that
natural phenomena exhibit. This scale is saidetait of our control and not fixed, as it
depends on the varying processes involved. Presegserating over smaller scales tend to
occur more frequently than processes operating lavger scales, while smaller scale events
have been noted to show more variability (Jewittl &orgens, 1995). Water resources
management involves an integrated approach thatidens physical, chemical, biological,
ecological and socio-economic processes that apaeratr differing spatial and temporal
scales. Scale is defined by Lovel al., (2002) as felative size or extehtand scaling
simply means transferring processes (in this cke®) one scale to another. It is widely
accepted that environmental issues cannot be soalelirectly (Beven, 1989). The kind of

measurements that characterise a point sample’(dmay well differ from those taken at
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hillslope scales (1 kA Bloschl and Sivapalan (1995) suggest thatescdould be
considered from one of two perspectives, namelycgss scale (the scale that natural
phenomena are observed at) and observation scaterrfdned through the method of
measuring the phenomena). Management, the ultigakof water resource studies, relies
solely on the acquisition of efficient, effectiveformation. The analysis of management
strategies are at best as accurate as the infeamagion which they are based. The scale at
which the data are obtained therefore becomes tauptor This however, still leaves a gap in

the translation of NPS pollution from one scalanother.

The issue of integration has become important tconty hydrology, but most of the natural
sciences, with a global move towards multivariablesessment of the natural world.
Integration, in some cases, offers a solution testssues, and a GIS/modeling system is
such a tool that aids this process. The main ealile problem, as discussed by Saraeino
al., (2004), is that the modehtust represent the hydrological processes in thermaathat is
most consistent with the observations, while staypysically realistic and computationally
practical. It becomes important that while we strive tacamplish shortfalls within scale
issues, we do not jeopardise the accurate andstieafnodelling of processes. Data, as
previously stated, are collected and recorded @in@g scales, and so true management plans
and suggestions therefore need to be effectiveading such data sources; to be able to take
mechanisms and responses at one scale and trahglateéo another scale is a skill that needs

to be mastered.
3.2 Observation Scale

This is the scale at which humans choose to statlyral phenomena, and is dependent upon
the choice of the observer. Technological andskizal constraints generally define the scale
at which observation is conducted, and so the obsés limited to a fow-dimensional slice
through a high-dimensional cakéLevin, 1992). An observation scale may be defirby
several characteristics, namely the spatial/tempotent of a dataset, the resolution of data
samples and the grain (i.e. the area of and tirkentdo attain each sample). These three
classifications are called thecale triplet (Levin, 1992) suggests that in an ideal studg, th
largest extent with high resolution (i.e. a higmgéing frequency) should be employed as far

as possible.
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3.3 Operational Scale

The nature of the study at hand generally defihesoperational scale at which it is sampled.

The operational scale is defined by Jewitt and &asg1995) as the scale at which the study

or management actions focus, and may also be eef¢oras the working scale. Should the

goal of a study be the runoff relationships thastketween different crops at the hillslope

scale, then the hillslope will act as the operatiatale.

3.4 ScaleProblems

Harvey (1997) and Bugmann (1997) identify six swlchallenges that exist with regards to

hydrological responses:

Spatial heterogeneity in surface processes. Natural landscapes display
heterogeneity which influences different proceseedifferent ways. Such processes
are spatial and temporally variable dependant upmpography, soils, rainfall,
evaporation and land use and can vary markedlydbasehe relevant influences of
these factors.

Non-linearity in response. Vertical and horizontal variances in processeglf as
soil permeability, through flow and overland floagcur in the hydrological system.
Differences in responses of processes are madeeéetwillslope and channel
processes for example. Nature operates non-liaearso it is important that it is not
assumed to be linear.

Processes require threshold scales to occur. Processes, such as interflow, have
threshold values, above which they occur and beaong@nant processes. Threshold
values for interflow may be different on a gentlepgs next to a river than on a steep
slope further away.

Dominant processes change with scale. Certain processes, which may be dominant
at the hillslope scale, may be insignificant atéhechment scale, and vise versa.
Development of emerging properties. For example, the enhancement of evaporation
at the edge of a well-irrigated field surrounded &aydry environment while
evaporation over the irrigated field would be s@gsed by a vapour blanket of air

with a reduced vapour pressure deficit (also knawithe “oasis effect”).
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» Disturbanceregimes. Scaling issues arise as a result of changesasutie building

of dams or land use changes and urbanisation.

3.5 Upscaling and Downscaling

Upscaling and downscaling are the two methods titowhich data scales are altered to
formulate more effective, relevant strategies amtleustand the influence of varying
processes at different scales. Upscaling invotlakig data which describe processes from
small scale studies and using it to predict sinpl@rcesses/phenomena at larger scales, with
the assumption that they operate similarly on Isotiles. Downscaling is generally accepted
as an easier process, as it largely consists efrdgges of smaller scales, and so may easily
be broken down into such smaller scales or origieséarch(Saracinet al, 2004). Renard
and de Marsily (1997) suggest that progress in gevfnupscaling has been observed in the
study of subsurface hydrological processes. Thosvs an initiative to further understand and
attempt to enhance the process of upscaling. Sirmgyregation of data/information in an
attempt to upscale may not be sufficiently accuratBand (1997) suggests that such
assumptions of uniformity for the area where thiadgsimple aggregated, is only true where
uniform wet or uniform dry conditions over a largea or catchment exist. Variations in such
conditions lead to inaccurate conclusions due ¢oviirying degrees of influence that dry and
wet areas have on a catchments response, and pesea problem to the issue fo scaling in
research. These kind of uniform catchment conditiare rarely present which poses an issue

of accuracy.

Surface processes have not yet shared the sameegsimms in terms of understanding and
upscaling efficiency. Furthermore, Saracetal.,(2004) acknowledge that one of the major
contributions within natural sciences was the gainacknowledgement of the existence of
naturally defined scales at which processes, bbtfsipal and ecological, occur. Processes
within systems generally occur within a naturallgfided unit or scale. Renard and de
Marsily (1997) suggest that, when considering thscaling of surface hydrology processes,
it may often require that data be downscaled f{irdb these naturally defined scales/units),
and only then be re-aggregated or upscaled. Siatpiging data at the scale of measurement
is no longer necessarily applicable due to theimgrinfluences that influence, either more or
less, the behaviour of processes within a catchna¢nvarying scales. This may be

particularly relevant when considering the trangtabf processes. Breaking processes down
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into their naturally defined units may provide avemue through which effective process

translation may be achieved.

3.6 Scaling Toolsand Modelling

Quinnet al.,(2004) consider hydrological integrated manager(rérgrs or catchments) to be
a vital component of scaling issues. They sugtiest support tools, the crux to integrated
hydrological management, are central to scale ssimeparticular the choice of tool to be
used. Engineering is suggested to have dominaséchmment management for several
decades. However, the engineering approach hamthedeen identified as a potential
problem as it no longer adequately provides requimeanagement results for catchment

management, largely due to the changes that haredizserved in land use.

Different tools translate processes in differenysyaand so the choice of tool is vital to the
translation process. Quirgt al., (2004) suggest that physically based models bd tse
generate information on a small catchment scalehytoy upscaling, provides information on
the hydrology of the catchment as a whole. Catctiraeale meta-models are then used to
mimic the dynamics of physically based models, lgussed in conjunction with a GIS.
Natural conditions are however somewhat differet, ainless flow routing is performed, this
would perform as a linear model. GIS models hawvere recently, become a popular basis
upon which decision support systems may be basgach approaches have largely been
utilised to assess large scale catchment nutrieaegses (Vinegt al., 2000; Casselét al.,
2001). These have, however, not been widely us#tedield to hillslope scale, which is the
scale at which agricultural land management detssioeed to be made, and the scale at

which this project aims to investigate.

The power of models in the upscaling and trangiatgrocess cannot be ignored.
Hydrological processes are complex, and modelsigeecan easy and effective means through
which upscaling and the translation of processeyg b done accurately (Cassel al.,
2001). This statement has however been widely topunesl, as detailed by Quinet al.
(2004), the more that science has managed to uaddrgprocesses themselves and the
varying influences they have on scaling, and soet®otave become a less accurate manner
through which to achieve upscaling success. Anyfof management is based on a need for

information, or a need to improve whatever is bemgnaged, such as the environment.
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Hence, certain information needs to determine tadesat which a study may be conducted,
or at which processes may be quantified. The sgad@ which most studies are conducted is
generally the catchment scale. Management progesmane designed especially within

Africa, to benefit as many stakeholders as possiid so the smaller scales (plot and field)
are often sacrificed to satisfy the majority stakdbr (such as government or a regional

body), or as many stakeholders as possible.

Quinnet al., (2004) suggest four different scales that exishiwia river basin network, and
offer recommendations as to which models would st buited to modeling at the respective
scales.

* The point scale is the smallest of all. A 1-dimenal physically based model
with boundary conditions and physical propertiesach layer is suggested for
modelling purposes at this scale.

* The next scale up (the plot) would be adequatedgrieed by a 3-dimensional
physically based model similar to that of the paicle.

* The hillslope and catchment scale, probably thetmaodely used scale of
modelling, is suggested to be most effectively nedléhrough the use of a
guasi-physical distribution function model, withnfttions covering variables
such as topography and soils.

* The largest scale, the regional or basin, is cohesively modelled using
MIR (Minimum Information Requirement) models basexh statistical
distributions for each of the constituent subcatehts. MIR models generally
consist of scaled up physically based models, aadhe simplest of all, while
still maintaining the significance of the physigalbased parameters of the

model.

3.7 NPSP Models

Several pollution based models exist, both Non-P8ource and Point Source. Of particular
importance for this study are the processes th@t gedel identifies and incorporates within
the respective models. Several relevant NPS mdumlse been identified and are briefly
described below, with the view of gaining a beitesight into the processes and mechanisms

involved in NPS pollution at different scales
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3.7.1 CREAMS (Chemicals, Runoff and Erosion from Agricultural Management
Systems) Model

CREAMS(Knisel, 1980) is a field scale model developechwite aim of predicting runoff,
erosion and chemical transport from agriculturahagement systems. Key to this model is
the scale at which it operates, namely the fiealesc The model defines a field as having the
following criteria:

e asingle land use,

» relatively homogeneous soils,

» spatially uniform rainfall and a

» single management practice, such as conservalfimgetior terraces.

For the proposed study hypothesis (that sedimedtrartrient transport are largely event-
based), this model would be ideally suited as tanteslel, as it operates on individual storms.
However, it may also be used to predict long tewerages for up to 50 years (Fost¢ral.,
1980).

3.7.2 SWRRB (Simulator for Water Resourcesin Rural Basins) Model

The SWRRBnodel (Williams.et al.,1985) is a distributed version of td&REAMSmodel that
was developed as a simulator of hydrological, sediation and nutrient transport in large,
complex rural catchments. It is a continuous tsnale model that allows for sub-catchment
delineation, hence accounts for regional differsrinesoils, land use, topography and climate
(Arnold and Williams, 1995).

The SWRRBmodel is divided into five major components, nameleather, hydrology,
sedimentation, nutrients and pesticides, and ire®jwocesses such as surface runoff, return
flows, percolation, evapotranspiration, transmissiosses, pond and reservoir storage,

sedimentation and crop growth.
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3.7.3 BASINS (Better Assessment Science | ntegrating Point and Non-point
Sources) Model

BASINS Better Assessment Science Integrating Point andobdiah Sources (EPA, 2001) is
one of the most widely used point and non-pointre®umodels around the world. Coupled
with the SWAT (Neitschet al., 2001) model, BASINSprovides opportunities for complex

modeling that assess mechanisms related to painN&$ pollution.

BASINS is a model developed by the US EnvironmeRtattection Agency (EPA), and is a
multipurpose environmental analysis system thasaimaid in the assessment of watershed
and water quality based studies (BASINS User MariaBA, 2001). The modelling system
is designed to be flexible, with the catchmentedming the main scale of operation. It can
however, support analysis at a variety of scalésgumols that range from simple to more

sophisticate.

3.7.4 SWAT (Soil Water Assessment Tool) Model

SWAT (Neitsch et al., 2001) is the most comprehensive and complex oftral models
discussed in this documenBSWATis largely designed for large catchment and basale
modelling. It is a physically-based model thatessgs nutrients (namely nitrogen and
phosphorous) in detail, as well as the fate andspart of pesticides both in stream and
through/over the soil profile. Although addressihg major issues required within this study,
SWATs scale of operation ignores the small scale daties observed within the upper
Mkabela Catchment.

3.7.5 Summary of Models

The abovementioned models, nam&REAMS(Knisel, 1980),BASINS(EPA, 2001) and
SWAT(Neitschet. al, 2001) are relevant and operate well at the sdalewhich they are
designed. Th8ASINSandSWATmodels operate at a catchment scale, whered3REAMS
model identifies processes at the smaller, fielalesc The requirements for the WRC-NPS
project focus on the field/plot scale, and thetrefship that exists between the translation of
processes at such a scale through to larger caithsnales. CREAMSwould therefore be

considered an ideal model for the field/plot saald the investigation of dominant processes
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at this scale. When translation issues regardiosgaling of processes are considered, then it
would be relevant to usBASINSto assess the manner in which processes are a@scal
Having analyzed these, it is clear that no existmagel truly plies to the current hypothesis

of this study and project, in particular the assesg and inclusion of scaling issues.

3.8 Lumping of Processes and Hydrological Frameworksin Scaling

The concept of lumping, a common method of areasmieg, is coming under increasing
pressure as scientists begin to question the seikebind lumping and the lack of attention
given towards important processes at smaller scdliebas been suggested in several texts
(e.g. Quinret al.,2004, Bloschl & Sivapalan 1995,Saracetal, 2004) that the hydrological
world is in great need of a multi-scaling hydroleji framework. This need stems from the
uncertainty that exists within the hydrologicaltémity as to how measurements should be
done, how to build and run models, how to aggregabeesses and how to inform policy
makers for decision making, largely based on thé#iracale nature of hydrology. It is by no
means a foregone conclusion that all measuremeatscale-specific. Certain mechanisms
and processes, such as the water balance or theergycles, are applicable at all scales, and
so Beven (1989) suggests that such variables et the basis of a combined monitoring

and modelling strategy for addressing scaling issue

3.9 Errorsin Scaling

Various types of errors may be experienced throsgdling issues, largely due to spatial
irregularities and generalisations across spatiales. Haufleret al., (1997) suggests that

scale related errors may be classified into orntevoftypes of errors;

* Errors of commission.

* Errors of omission.

An error of commission (Hauflest al., 1997) refers to the occurrence of a process iaraa
where it is in fact realistically not present. Buen error is a common occurrence when
attempting to solve a problem or investigate a kiypsis on a scale that is too small.
Assumptions regarding what is perceived to be fFapriate scale of assessment have been

shown to be misleading in terms of appropriateessalection.
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An errors of omission (Haufleat al.,1997) refers to one that fails to predict the omce of
a process that is actually present within an argas type of error is generally common at a
single (as opposed to varying) scale that commagpres processes that only become

evident at larger scales.

3.10 NPS-P Scale I ssues

Direct reference to scale issues in assessing am-pource (NPS) pollution is made in

Schreier and Brown. Soil erosion and excess mifriare considered the two most prominent
and important non-point sources that originate frgnicultural activities. The scales upon
which they are observed vary from plot to fieldsstmall and large catchments, to entire river
basins. Schreier and Brown’s 2004 work quanti@igsess nutrient applications through the
use of a nutrient mass balance model that is lingel GIS. Their results showed that while
farm based budgets helped the farmer with his/kesgnal planning and management, the

results could not easily be scaled up, largelytduesry large spatial uncertainties.

Schreider and Brown (2004), in their study of tveparate catchments in Nepal and Canada,
suggest that a multi-scale approach, rather thegcabng up approach, is required to address
the problem of identifying NPS pollution. SoureadSNPS-P problems may be identified and
monitored spatially using a GIS, by overlaying saVeifferent aerial images that allow for
the observation and quantification of changes mdl&ypes and uses. Nutrient inputs and
infiltration rates, for example, are altered by mg@ment practices and cannot be assessed as
in the previous examples in Nepal/Canada. In sades (where management practices alter
conditions and processes), field surveys and/orettiod need to be implemented. Erosion,
on the other hand, is a little more difficult toamtify. Changes are largely visible from aerial
images and are poorly observed spatially due tepiigodic nature of the processes involved.
Schreier and Brown (2004) found that through tretirdies of the Nepalese catchment
sediment budgets remained relatively similar betwtde plot and mini catchment scales,
with greater uncertainty existing at the plot scdiee to the ever changing conditions that
occur. The plot scale is more susceptible to ceamgcause of the small scale upon which it
operates, and hence natural process thresholdeamiy overcome. Furthermore, they
suggest thatéstimating erosion rates and sediment budgets diffarent scales requires a

combination of approaches that includes the usemoflels based on topography, site
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conditions and land use, and the determination exfirsent yields using sediment rating

curves, hence an assessment at different scalequeged”

Scaling certainly does have its uncertaintiesis tlearly highlighted by Schreier and Brown
(2004), Quinret al.,(2004), Bloschl & Sivapalan (1995) and Sara@hal, (2004), that gaps
exist in the understanding of processes betwederelift scales. Aggregating data is assumed
to effectively represent processes at a largeeschis assumption has long formed the basis
of catchment scale models; however the need toawepmanagement practices at the smaller
scales (such as fields and plots) has questionedaticuracy behind aggregation. It is
therefore important that we attempt to better ustdead the translation of processes from one
scale to the next as opposed to assuming lineaavimlr, and so the understanding of
influencing processes and their degree of influsnoeer varying scales becomes vitally
important

3.11 Resolving scaleissuesin South Africa

Jewitt and Gorgens (2000) offer several examplescale issues in South Africa. Jewitt and
Gorgens (1995), in their study of the rivers of Kmiger National Park, recognise the fact
that the scales at which the different discipliieamely ecology, geology and hydrology)
operate would not be easily matched, and that dissawere evident. Hydrological research
and models generally operate at a catchment ocatdbhment scale over a daily time step.
Geological models focus on channels with measur&neovering the seasonal time step,
whereas ecological models tend to consider datzegad at the biotope scale (using varying
scales of vegetation occurrence as the determsuaging factor) with point measurements
being the dominant source of information. The lgmge was clearly to merge these
disciplines into a single scale of operation toalde to effectively model the rivers of the
Kruger National Park.
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4. MKABELA CATCHMENT AND FIELD INSTRUMENTATION

41 Overview

The Mkabela Catchment (a subsidiary of the Mgernckraent) is located in the sugar belt of
the KwaZulu-Natal midlands, one kilometer easthe town of Wartburg (30.68 DD East,
29.37 DD West). The Mkabela catchment covers aa af approximately 36.8KnfFigure

4.1) with a headwater sub-catchment (that has lddtanstrumentation), covering an

approximate area of 2.8Km

Wire

KwaZulu-Natal
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Figure 4.1 Mkabela Catchment location within KwaZiatal (Germishuyse and le

Roux, 2006)

The Mkabela Catchment was selected as the reseatchment of choice as it provided
logical, accessible sampling points with generaltyform and homogeneous fields of crops,
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thereby decreasing the number of additional cragei§ip factors that may contribute further
to NPS-P, and further complicate the analysis tifefampling points a various nested scales

are shown in Figure 4.2.

Figure 4.2 Sampling points within the Mkabela @atent (Germishuyse and le Roux,
2006)

The Mkabela Catchment has been instrumented ariaiff scales so as to assess the effects
of NPS-P on waterway pollution in relation to theimg of application. Nine monitoring
points were pre-determined within the catchmenstedtegic locations as per the listings
below:

* Monitoring Point 1 - Runoff Plot 1

* Monitoring Point 2 - Runoff Plot 2
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e Monitoring Point 3 - Flume 1

e Monitoring Point 4 - Flume 2

* Monitoring Point 5 - Dirt Road
* Monitoring Point 6 - Dam Entry
* Monitoring Point 7 - Dam Exit
* Monitoring Point 8 - Bridge 1

* Monitoring Point 9 - Bridge 2

Table 4.1: Sampling Method Summary

Sampling Grab

Point Name Automatic Sampling? | Samples? Scale
1 RP1 Y - Tipping Bucket N Field
2 RP2 Y - Tipping Bucket N Field
3 Flume 1 Y - ISCO/Datalogger N Small Catchment
4 Flume 2 Y - ISCO/Datalogger N Medium Catchment
5 Dirt Road N Y - Manual | Medium Catchment
6 Dam In N Y - Manual | Medium Catchment
7 Dam Out N Y - Manual | Medium Catchment
8 Bridge 1 N Y - Manual Large Catchment
9 Bridge 2 N Y - Manual Large Catchment

The Soil Science department at the University ofaBwu-Natal Pietermaritzburg has the
instrumentation and knowledge to be able to acaedsanalyse water samples taken from the
field for the presence of nitrate. The departmeriquipped with a continuous flow analyser
for the detection of such nitrate. A filtered saenjd passed through a column containing
granulated copper-cadmium to reduce nitrate taaitrhe nitrite (that originally present plus
reduced nitrate) is determined by diazotizing wsthifanilamide and coupling with N-(1-
naphthyl)-ethylenediamine dihydrochloride to formhahly colored azo dye which is
measured colorimetrically. A sample of 10-100mhéeded to be able to effectively perform

both tests. It has been suggested that therpassable bias of approximately 0.01mg/l.

Furthermore, suspended solids (SS) are determinadthe same samples. Suspended solids
were tested at the University of KwaZulu Natal'd saoisture laboratory by technician John

Ngeleka. A 200ml sample was taken from the catctirs@mple and placed in a beaker. 5ml
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of Hydrochloric Acid was added to the sample tgls#ttle the sediment. Once the sediment
had settled, the water was taken out of the bealker the remaining sample was left to dry,
ensuring that all moisture was drawn out of theirsedt sample. The dry product is then
weighed and the weight of the beaker subtracten fifus value to determine the amount of

suspended solids present in each of the samples.

Each of the ten events was sampled and monitoretbughly enough to have gained
valuable datasets for all measurables in ordefféztavely assess the movement of pollutants

such as nitrate through the catchment system fremail to a large scale of observation.

4.2 Topography and Catchment Discretisation

The topography of the Mkabela Catchment is a mdgterminant in the movement and
behaviour of NPS pollution. A digital elevation ded (DEM) allows for watershed

delineation, and was generated for the Mkabelaldagot using pixel sizes of approximately
21m x 21m from 5m contour intervals obtained frohi0D00 maps purchased through the

Surveyor General (Germishuyse and le Roux, 2006ha#/n in Figure 4.3.

The DEM of the Mkabela Catchment enables the detation of flow directions based on

altitudinal differences and slope.
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Figure 4.3 Digital elevation model of the Mkab&atchment (Germishuyse and le Roux,
2006)

Drainage networks describing the process of graagtyng on slopes, the associated channel
links and catchments are fundamental concepts dnolggy which describe the transport of

water and associated material out of a local regf@@allaghan and Mark, 1984).

These flow directions are important when considefPS-P and its movement through a
catchment, and were produced using the SWAT mdttelb(d et al., 1994) and are shown in

Figure 4.4. If the source is identified, then grwlutants movement can be tracked through
the catchment based on the flow directions detdilldw, and hence preventative measures

can be implemented and predictive models can belodjeed.
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Figure 4.4 Flow Directions of the Mkabela Catchidodelled using SWAT
(Germishuyse and le Roux, 2006)

Burnset al, (2004) suggest that the biggest complicatiom@ated with automatic channel
extraction and flow directions lies with the apmiate drainage density that one should
utilise. If catchment structural information isedsto drive hydrological models, the
consistency of the derived stream network and mgatiehaviour needs to be addressed.
SWAT allows the user to be able to specify the ¢mearea/percentage) of the catchment's

watersheds.

The DEM of the Mkabela Catchment was then useclioeate watersheds f&WAT SWAT
discretisizes watersheds in different mannErgure 4.5 indicates the catchment delineation
performed bySWAT
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Figure 4.5 Watershed delineation of the Mkabelaiaent as modelled by SWAT
(Germishuyse and le Roux, 2006)

When assessing the needs of this study, the la@fehment sizes produced by tB&VAT
model are sufficient for the nature of this studyis appropriate scale is further substantiated
by Goodrichet al., (2000) who proposed that a drainage density ofcqipately 0.65 to
1.52 x 10° m for catchments greater than 1 ha was adequakénfematic runoff modelling in

semi-arid regions.
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43 Land Use

The land uses of the Mkabela Catchment are domdratesugar cane as shown in Figure 4.6.
(Germishuyse and le Roux, 2006). The upper catohmentains small areas of vegetable

cropping and forestry, while the lower reachespd@eted to pine, wattle and poplars.
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4.6 Land Use of the Mkabela Catchment (Germishayskle Roux, 2006)
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4.4 Soil Survey

A soil survey of the Mkabela Catchment was condilitie Le Rouxet al., (2006) from the
Department of Soil, Crop and Climate Sciencesatthiversity of the Freestate (Figure 4.7).

The survey was completed to support the hydroldgind soil science research as part of the
WRC'’s NPS-P project.

Varying scales of survey intensity were carried within the Mkabela Catchment, with the
area draining through to flume 1 being surveyedhatmost intensive scale (using a hand
auger on a 50m grid) and the area draining thraadlume 2 being surveyed on a 100m grid.
The balance of the Mkabela Catchment was derivettansferring soil survey information
from existing soil maps.

Homogeneous sequences of soil distribution (fromastcrto the drainage line of the
topography) are classified as hillslopes. Le Retnal., have classified the Mkabela study
catchment into nine hillslopes, with greatest \#@siegs observed in the upper catchment,
largely due to the detail of survey conducted. uFégd.7 indicates the hillslope classification
of the Mkabela Catchment at a scale of 1:100 000.

Figure 4.7 Hillslope Classification of the Upper diela Catchment (le Roex al.,
2006)
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Table 4.2 Soil form Key

Soil Key | Soil Type

We Westleigh

Av Avalon

Gc Glencoe

Lo Longlands

Ka Katspruit

Gs Glenrosa

Cv Clovelly

Ass Ass. Of Wasbank, Avalon and Bainsvlei Soils

Varying types of soils were found through the syrirem well drained soils dominated by
Hutton and Clovelly (with occurrences of Griffinh&tlands, Inanda, Magwa, Kranskop,
Nomanci and Oakleaf being observed) to moderateyndd soils of Avalon, Glencoe,
Longlands, Westleigh, Cartref and Tukulu. Krrodstand Katspruit forms (poorly drained

soils) were also observed.

The upper catchment is dominated by two Westleggmfhillslopes (Figure 4.8), containing
poorly drained soils that are dominated by clayshwavident mottling, possibly due to
vegetables having been planted on these soilsnwiti@ catchment. The morphology of the
soils suggests that the underlying material coukll iee impermeable, thereby creating
saturated conditions experienced during high rdipriods. Le Rowset al., suggest that a
water table probably develops a month after thesrhave begun, and lasts for another 4 or so

months, varying in its distance from the soil soefa
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Figure 4.8 Photographic Representation of In feeld Furrow Adjacent Profiles

The Avalon hillslopes are characterised by welladleped soft and hard plinthic horizons,
connected through soil macro-pores that enhancengadility between the layers, hence
anability for NPS-P to infiltrate these soils. Eheare typical of the furrows and areas around
the furrows in which the flumes have been constdictThe water table in this plinthic layer
is located within and below this layer, with thedhéayer being semi-permeable. The Avalon
hillslopes are generally higher in relief than téestleigh hillslopes, and the underlying
material was observed to be Ecca sedimentary radkshe Natal Group sandstone.
Morphological observations of the hillslopes indecathat the underlying material is
impermeable, as water tables form in the subsai, so drainage is largely dependant on
lateral movement. The Avalon hillslope is expediedather water during the rainy season,
with lateral drainage being the primary means aiewenovement. The water table is present
for shorter periods of time than the Westleigh fotargely due to the lateral drainage and
slope characteristics of the Avalon form. The Awaform is particularly good in retaining
water and holding large volumes of soil water, ¢hgraiding the growth of sugarcane. Being
further up the topographical slopes of the uppedchraent, the water draining from the

Avalon forms contribute to the lower lying Westleifprms.

The Longlands hillslope makes up the remaining fowh the upper Mkabela Catchment.

This form is common throughout the greater Mkab€atchment, however, are most
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concentrated in the upper north eastern cornesvelly soils dominate the crest of this form,
Wasbank soils the midslope and Kroonstad soilddtem of the form. Longlands forms are
generally sandier than the Avalon, with steepepedoand a sandy parent material being the
major contributors. The sandier nature of this faesults in quicker drainage and poorer

water holding capabilities than the Avalon.

The middle sections of the Mkabela Catchment, enNbrth West slopes (facing south east),
are dominated by Glencoe hillslopes. Glencoe faresdominated by a hard plinthic subsoil
on steepish slopes, with underlying Natal Groupdstome, giving this form similar water

holding characteristics as the Avalon hillslopecept for the effect of steeper slope and

higher relief (hence much shallower and poorer mabdéding capabilities).

The Cartref hillslopes occur in the middle of tregahment, and on the opposite side of the
Glencoe hillslopes (facing North West). Natal Grosandstone again dominates the
underlying material. However, the soils are gsheallow and sandy, and so the water holding

capabilities of this form is poor.

The Hutton hillslope occurs towards the end ofdhichment in an area that is characterised
by steep slopes and gorge incisions into the t@mgr. Shallow Glenrosa soils dominate the
steeper slopes, while well drained deep Huttorssmitur on the flatter slopes of the crest and
lowlands. The underlying material is once agairtaN&roup sandstone. Being a shallow
soil, the Glencoe has very poor water holding caipial, while the Hutton may be classified

as having moderate water holding capabilities @sbesandy component exists).

4.5 Catchment Monitoring and Data Collection

Nine monitoring points have been identified witlie Mkabela Catchment for monitoring.
Four of these points, namely runoff plot 1 (RPupaff plot 2 (RP2), flume 1 (F1) and flume
2 (F2), have been instrumented with permanent rmong structures. The remaining five
sampling points, namely Dirt Road, Dam Entry, Darit,EBridge 1 and Bridge 2 have, for
the purpose of this study, served only as grab Eapgints. However permanent monitoring

structures will be constructed at these locatioitsimvthe near future.
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Table 4.3 Sampling Point Details

Sampling Point # Description Scale:

1 Runoff Plot 1 Plot

2 Runoff Plot 2 Plot

3 Flume 1 Field

4 Flume 2 Field

5 Dirt Road Small Catchment
6 Dam Entry Medium Catchment
7 Dam Exit Medium Catchment
8 Bridge 1 Large Catchment
9 Bridge 2 Large Catchment

4.5.1 Runoff Plots

Two runoff plots (sampling points 1 and 2) have rb@®nstructed and installed in two
separate sugarcane fields of the upper Mkabelah@etat (Figure 4.9). Both runoff plots
were installed in sugarcane fields of differing wtio stages with the aim of assessing the
runoff characteristics of the different stages ofjaacane for the same event (i.e. equal

rainfall, intensity and storm characteristics).
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Figure 4.9 Locations of RP1, RP2, F1, and F2 withenUpper Mkabela Catchment

The runoff plot consists of a 22m x 2.5m plot tfesds into a collection trough at the bottom
of the plot. The trough channels the runoff wateéo a pipe that feeds a tipping bucket
system installed further down the plot at a levelotv that of the trough level, thereby

creating a gravity gradient that ensures that timeff water flows through the pipe and into

the tipping bucket system. The tipping bucketesystonsists of a bucket with a capacity of
two liters of runoff water. Each tip equates t8rim of rain. As the bucket reaches it's two
litres capacity it tips, and in doing so logs thpedn the mechanical and Hobo logging devices
attached to the system.
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Figure 4.10 Differing stages of cane growth witRiR1 between September 2005 (left) and
May 2006 (right)

The tipping bucket system (Figure 4.11), once welitre capacity has been reached, tips the
runoff volume into a splitter system that has fexét pipes. One of these five pipes channels
the runoff water into a collection bucket from wiiwater samples were taken for nitrate and
suspended solid testing, the other four allowirgimoff water to exit the system. The data
collection process for the runoff plots is a thstep, in field process, and two step laboratory

process.

In field data collection process:
» Download Hobo logger using the Hobo download sauittl
* Record and reset the mechanical logger;

» Take a water sample from the collection drum angdtgrdrum before next event.

Laboratory process:
» Download Hobo data onto computer and verify recorifes with mechanical logger
reading;

» Perform nitrate and suspended solid tests on therwamples.

35



Figure 4.11  Tipping Bucket System (left) and Cdilet Bucket (right)

Data obtained from the runoff plots, in conjunctith meteorological data specific to the
particular event that occurred, gives clear indicet as to the runoff properties of the
Mkabela Catchment, the soils in the upper catchraedtthe influence that different stages of

sugarcane have on runoff properties.
45.2 Flow gauging H-Flumes

Two H-Flumes (sampling points 3 and 4) were corstéd within the upper Mkabela
Catchment. The two flumes, based on similar previdesigns were constructed during the

latter stages of 2006 by a local bricklayer.

The process of constructing the H-Flumes was madieby the relatively high level of the
bedrock within the upper catchment, eliminating tieed to construct deep foundations. The
dimensions of the two flumes were based on estsnat@eak flow obtained by applying the
SCS-SA model to the two proposed H-Flume sites.sufmary of the SCS-SA output

estimates for the two proposed sites are detailé@gppendix A.
Initial designs for the H-Flume (taken from an éxig UKZN sampling project elsewhere) to

be located at site 2 needed to be modified to adctar the large storm flow estimates

obtained through the SCS-SA model runs, and sofltree dimensions were adjusted
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accordingly. Housing for the instrumentation wasistaucted next to each flume, and the
relevant instrumentation installed (Figure 4.12)he housing holds the ISCO sampler and
MC logger apparatus. The ISCO sampler is conneeiada black PVC pipe, to the stilling
well at the bottom of the flume. The ISCO sampfeconnected to the MC logger which
monitors the flow rate passing through the H-FluméVhen the flow rate changes
significantly (a predetermined value programmed itie MC logger), a signal is sent to the
ISCO sampler that triggers the pump to take a wsderple. The time, date and flow rate at
which the sample is taken is recorded by the memmagule within the MC logger.

Black PVC Stilling Instrumentation Wing

Piping Well Housing Wall

Figure 4.12  Flume 1 (left) and Flume 2 (right) loé tMkabela Catchment

After observing several early season events, FIamas found to have been under designed
for the given catchment size. The wing walls ahd flume side walls were therefore
increased in size and length to ensure that thergead flow rates from the catchment could
be accommodated. As the design was based on tBeSB8(Model, it is suggested that the
input data was possibly too vague, and that a beittelerstanding of exact processes

controlling this small catchment would have ledtsound initial design.
4.5.3 Additional sampling and monitoring points

Representative event grab samples (taken duringiew@ ensure full sets of scaled data were
obtained for as many events as possible) were takeand when the storm hydrograph rose,
peaked and dissipated. Water samples were takenlepth of flow estimates recorded for

each event. Water samples were taken to the ladvgréor nitrate and suspended solid

37



testing. Channel morphology at each of the ungausgenpling points has been measured,
and rating curves have been produced for eachesttlocations. The rating curves provide a
means through which an estimate of flow rates duan event can be made for each of the

sampling points.

4.5.4 Meteorological Station

A Campbell Scientific Automatic Weather Station (A)Vhas been installed within the
catchment. The purpose of installing the AWS isataurately measure catchment specific
variables such as rainfall (both volume and timiofgrainfall events), wind speed and
direction, radiation, and temperature. Such memsents provide more accurate data than
having to rely on the closest South African WeatBereau (SAWB) station which is located

some 3 kilometres west of the Mkabela Catchment.
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5. PLOT TO CATCHMENT SCALE SAMPLING RESULTSAND
DISCUSSION

Ten events with full data sets from the nine sangppoints have been observed through the
catchment monitoring period (6/11/2005 to 28/4/2006Additional events have been
observed and recorded. However due to samplingcimacies, such as faulty MC loggers,
flat batteries and broken ISCO samplers, full sétdata representative of all the observation

scales were not always obtained.

5.1 Sampling points

Scaling is seen as fundamental to the understanofingPS pollution and its movement
through a catchment, and so it was decided that foril sets of data representing all nine
sampling points (and therefore varying scales) ddag considered for analysis within this

study. Table 5.1 details the nature of the temesveampled and analysed.

Table 5.1 Rainfall and Intensity Values for the Bampled Events

Event Date Rainfall (mm) Intensity (mm/hr)
1 2005/11/06 22 19.1
2 2005/11/18 18 7.2
3 2005/12/10 30 24
4 2006/01/01 47 166
5 2006/01/18 29 145
6 2006/02/06 13 12.8
7 2006/03/03 17 11
8 2006/03/12 18 6.1
9 2006/03/28 16 4.1
10 2006/04/28 11 3.8

Full sets of data include water samples and adsokcidtrate and suspended solid data for all

nine sampling points, (initial soil water conteatalwere not used).
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Water samples collected at each of the nine s&tioming the course of rainfall events were
analysed for nitrate and suspended solids condmmsa These analyses, when combined

with the discharge, allowed for estimation of rigrand suspended solids loads.

When referring to the catchment scale, the findimge based on the sampling point
catchment drainage areas as detailed in Table 5.2.

Table 5.2: Catchment Drainage Areas

Sampling Point Catchment Drainage Area (ha)
Runoff Plot 1 0.015

Runoff Plot 2 0.02

Flume 1 17

Flume 2 58

Dirt Road 330

Dam In 888

Dam Out 132

Bridge 1 1500

Bridge 2 1310

The events were sampled automatically at the ruploffs and flumes and manually at the
“grab sample” stations. The results are discusspdrately for the automatic and manual
sampling and observed trends highlighted.

5.2 Gauged Sampling Points

Sampling points comprised automatic gauged samgliagons (Runoff plots and flumes) as
well as stations along the stream network whichewariodically hand sampled.

5.2.1 Runoff Plots and Flume Data
This section below identifies the trends measuredha plots and flumes. Dominant

processes at each of the scales are identifiedielisas the trends shown between different

events and their season of occurrence. The rurméfmes measured at the plot scale, in
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combination with the nitrate and suspended solidceatrations and loads measured, are

compared with each other and between similar da@sored for Flumes 1 and 2.

5.2.2 Observed Overland Flow Characteristics

Ten events were sampled and measured during tiy,sand the runoff data is shown in

Table 5.3.

Table 5.3 Runoff Characteristics: Events 1-10

Runoff Nitrate Nitrate
Nitrate SS I Volume Runoff Load Load
(mg/l) (mg/l) % Diff | (mm/hr) (L) (mm) % Diff (kg) (Kg/ha)
E1l RP1 12.1 1800 19.1 184 3.485 2.226 421.7
RP2 11.9 2133 16 19.1 138 2.614 25 1.646 311.8
E2 | RP1 6.5 800 7.2 44 0.833 0.284 53.8
RP2 7.3 733 -9 7.2 20 0.379 55 0.146 27.7
E3 | RP1 11.4 2067 24 202 3.826 2.309 437.3
RP2 10.7 1467 -41 24 100 1.894 50 1.071 202.8
E4 (| RP1 12.9 2867 165.9 300 5.682 3.861 731.3
RP2 12.5 2333 -23 165.9 146 2.765 51 1.831 346.8
ES RP1 6.5 2467 145 124 2.348 0.811 153.6
RP2 7.3 1800 -37 145 24 0.455 81 0.176 33.3
E6 | RP1 9.4 733 12.8 142 2.689 1.331 252.1
RP2 0.83 267 -175 12.8 48 0.909 66 0.4 75.7
E7 | RP1 3.5 800 11 22 0.417 0.076 14.4
RP2 4.2 600 -33 11 36 0.682 -64 0.152 28.7
E8 | RP1 0.2 533 6.1 46 0.871 0.008 1.6 0
RP2 0.2 467 -14 6.1 38 0.720 0.006 11 0
E9 | RP1 0 0 3.1 0 0.000 0 0 0
E
10 RP2 0 0 2.9 0 0.000 0 0 0

Table 5.3 shows that overland flow was recordedefegnts 1 to 8, and that nothing was

measured for event 9 and 10. The rainfall intéssithat were recorded during this period

were too small to generate any overland flow.
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Nitrate concentrations were measured for Events 8 for both runoff plots. Measured
concentrations between the two plots showed a segll percentage difference, except for
event 6. Event 6, when compared to the three pusvevents, yielded an unusually high
number of runoff plot tips when considering thesimgity of the event. This may be attributed
to the antecedent soil moisture conditions crehtethe three previous high intensity storms.
The relatively low intensity event of 12.8mm/h thiare resulted in much higher than
expected overland flow measurements due to thadlreaturated conditions of the soil. In
addition, the field that runoff plot 1 was constagin may well have been top dresses with a
very small amount of fertilizer. This top dressiwguld have been completed by the farmer
in response to the growth stage of the youngerrsaga. A similar process was done on
runoff plot 2 at an earlier stage in the studyi jusfore event 2, and the increase in nitrate

concentration within plot 2 can be seen in Tabg 5.

Nitrate concentrations may have some correlatiothéosuspended solid concentrations in
that nitrate have been observed to show a similanteresponse trend (increase and decrease)
during each event,. The transport of particulat#alé is not uncommon and has been
recorded in many case studies to date (Kjerfve319¥he largest effect on the suspended
solid yields is the vegetation itself. Plot 1, @sviously discussed, has younger sugarcane
than that of plot 2, and so effects such as vegetatover and root depth influence the
amount of overland flow generated form plot 2. Jééactors will be discussed at greater

length later in this section.

The general trend is that plot 1 yielded greaténaté loads than plot 2, except for Event 7.
The yield measured from runoff plot 1 during evehtshows both the highest nitrate
concentration and load readings for all events $adnpWhen comparing the nitrate loads
between the two plots, runoff plot 1 yields muchrenthan that of runoff plot 2 (with both
plots having exactly the same soils). It may bactuded that the effect of the younger
sugarcane in runoff plot 1 is more marked when icemsg loads as opposed to
concentrations. These trends are also displayexhwalssessing the suspended solid loads,
and hence the younger sugarcane in runoff plotvingaa more marked effect on loads is also

true when considering suspended solids.

Antecedent soil moisture conditions, while not mead directly during this study, need to be

taken into account. Event 4 has the highest intersient, and also measured the highest

42



nitrate and suspended solid concentrations and Jasdwell as the largest volume of runoff
from the plots. This event was preceded by thersgdargest intensity event of the study,
only 3 days before, and so the water table andsoisture conditions within the soil profiles

were already saturated. This resulted in an iseréa overland flow and hence yields from
the plots. Antecedent soil moisture condition® dlave a similar effect on smaller intensity
events, with event 6 resulting in larger than expecunoff volumes and hence nitrate and
suspended solid loads due to the existence oflavkéder table and catchment soil moisture

conditions that showed signs of saturation.

In the runoff results detailed in table 5.3, itckear that RP1, the plot with the younger
sugarcane, yields greater runoff than that of Ri*all events except Event 7 and 8, the only
two winter rainfall events that yielded overlandvl It is clear that overland flow is more

prevalent from sugarcane fields with less vegetatiover and hence shallow root systems.

This trend was most evident during summer events.

The lower the percentage vegetation cover, theiméssception loss occurs, thereby adding to
the overland flow volume. Vegetation cover alsardases raindrop impact, and hence
enhances infiltration rates, thereby decreasingatheunt of overland flow occurring. Root
depth is also a contributor towards overland fldhwaracteristics. A more developed crop will
have a more developed root network, hence stafjlitie soil surface and subsurface. This
soil stability leads to an increase in infiltratioapability, and hence a decrease in overland
flow volume. Soil type is consistent across bathaff plots, and so differences in soil type
response did not need to be considered.

5.2.3 Observed Flume Characteristics

Flumes provided valuable data that allowed for toenparison of catchment responses
between both flumes and the runoff plots. This parison allowed for the assessment of
dominant processes that contributed to the movewfemitrate and suspended solids through

the upper catchment, from the field through toghmll catchment scale.

A detailed discussion of the observed responsekftlows. This is typical of the general

method of analysis for each of the 10 events.
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General trends show a lag between the two flumigsi(€ 5.1). Flume 1 generally has a very
sharp rising limb compared to that of Flume 2. sTimay be attributed to the location of the
flumes and the drainage areas. In additionreeponse of the flumes, as well as the plots, is

closely influenced by the nature and season oéveats.
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Figure 5.1 Observed Overland Flow and Flume DisphdEvent 4)

Table 5.3 shows measurement trends and correldbiewgeen the overland flow at plot and
flume scales for the summer Event 4. RP 1 hagthventh old cane at an average height of
500mm, whereas RP 2 has four month old cane atenage height of 1.1m (measured as the
smallest and largest visible plant average). Tifeceof the difference in growth stage is
clearly evident in Table 5.3. RP 2 was observetawe yielded almost half the volume of
runoff (0.146mm) than that of runoff plot 1 (0.3mm)jrable 5.3 shows that the rate of
overland flow measured at both plots displays simihitial surface runoff characteristics
(both curves follow a similar rising pattern), aftehich the effects of better infiltration,
vegetation cover and root depth take effect andedse the amount of surface runoff
measured by plot 2.
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There is a clear lag in runoff/streamflow generatizetween the observed datasets of the
runoff plots and the flumes. This can be expeasdhe flumes are located further down the
catchment, and tend to respond slightly slower thaonoff plot due to the fact that larger
flows are measured at a larger scale of observatidhe travel time is greater (due to
distance) and flumes also include a certain pomibfiow from subsurface contributions. It
may be proposed that where the two flume hydrograpket on the falling limb, that this
contribution is made up largely of subsurface flohhese trends are evident throughout most

measured datasets for Events 1 to 10 (Appendix B).

Event 4 is the highest intensity event of the Ifdgad events and shows the general trends
measured at the runoff plot scale and flume scatetie summer rainfall events. When
assessing events that occur further on in the sessth as frontal systems (Event 5, 7 and 8
for example) where the nature of the rainfall isarelcterised by a lower intensity, long
duration event, this lag is more marked (Append)x Bt is also evident that subsurface
contributions become more prominent during wintergs because of the decrease in surface
runoff during these events. Figures B7 and B8 ppéndix B show such trends. There is
also a lag between observed flow response at Flyraad that observed at Flume 2 (Figures
B4 and B5 in Appendix B), which may be attributedtihe location of Flume 2 within the
catchment, being situated at a larger scale todhfitme 1 as the channel flow and storm
contribution take longer to reach and contribut@ume 2 than they do flume 1 (Figure 5.1).
Intensities have been calculated for measured flpassing through each of the flumes.
When considering event 4 for example (the highastnisity rainfall event), Flume 1 reaches
a maximum intensity of 16.09mm/h after 24 minutebereas Flume 2 reaches a maximum
intensity of 5.71mm/h after 36 minutes. The runplfts reach a maximum intensity of
30mm/hr and 13mm/hr respectively for plots 1 anéhdicating a decrease in flow intensity
as overland flow moves into the channel systemis Would suggest that as overland flow
moves through the system, it's velocity is decrdadge to surface friction and obstructions,
the gradient changes in places to become moreegeatid some of the overland flow
infiltrates as it moves through the system. Thiidates that the smaller the catchment area,
the faster the time to peak flow. These calculatezhsities indicate that the upper catchment
responds that much quicker to stormflow than thiathe lower catchment, and this is
substantiated by the respective hydrographs inr€igu7, where Flume 1 displays a more

rapid rising and falling limb, and a quicker pehafr that of Flume 2. The two hydrographs
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then meet again and continue on a similar falliaggyn. This may be seen as the subsurface

contribution to the hydrograph, and the approadhédase flow level of the catchment.

Measured overland flow values also display simylazbnsistent trends for events 1 to 6
during the summer rainfall months. However, Evérdisplays a much larger volume of
runoff and sediment yield to that of similar intép®vents observed (Figure 5.2). Event 1 is
a standard event in terms of intensity for the sestson (of the study area) of 2006 however,
a large volume of runoff (0.184mm) was observednfrihe runoff plots in comparison to
rainfall measured. Figure 5.2 gives a graphicptesentation of the event from the field
scale, with both runoff plot 1 and 2 graphed adaihe event's hydrograph obtained from
Flume 1 (overland flow data discussed in sectidnl§. It is clear from Table 5.3 that the
timing of an event plays a vital role in the movernef nitrate and suspended solids through
the system, with particular reference to the pranseason of the crop in question. A bare
field with no crop, or a young crop, is expectedctmtribute more towards overland flow,
suspended solid and nitrate values, as well agaser the respective nitrate and suspended

solid loads yielded.
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Figure 5.2 Observed Overland Flow and Flume 1 Csgph (Event 1)
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Tillage and ploughing practices at the beginninghef planting season break up surface soil
and loosen the top soil. This aids the plantingcpss and initial growth stages of the seed,
but makes the soil more vulnerable to wet seasents\wof high intensity and low duration.
The first event of noticeable intensity thereforslatges a larger proportion of topsoil than
an event occurring at the end of the wet summertinsoand so suspended solid readings are
that much more noticeable during events at thé sfahe summer months as opposed to the
beginning of the winter months when soils are mautre stable and root networks have
developed and added more structure to the soillgsof

In general, it has been observed and measurethéhdiumes in the upper catchment display
different characteristics between summer and wimenths due to a change in rainfall
structure. In summer, a large volume of water @aghrough the flume in a short time,
resulting in high flow intensities and large loaafsnitrate and suspended solids and. It is
evident from the results that overland flow is treatest contributor to the rising and initial
falling limbs of the respective event hydrograpatier which subsurface flows contribute
largely. The antecedent soil moisture conditiomsrd) summer months contribute largely to
the hydrograph dominance of processes such asaodeflow. During winter months,
antecedent soil moisture conditions are much lowad combined with the low intensity,
long duration nature of the events during this eeasery little overland flow is observed and
so rainfall contributes directly to subsurface msses. The observed flows and intensities at
Flume 1 and 2 during these winter events are harge¢ to subsurface contributions and not
overland flow contributions.

The timing of the overland flow yielded in relatitmthe hydrograph of Flume 1 is consistent.
Overland flow from a runoff plot compared to thdttloe flumes increases proportionally as
the rising limb of the hydrograph increases, witlight lag in time. This lag in time may be
attributed to the time it takes for the rainfallrfgon to travel over the surface of the field/plot
and move through the runoff plot system to the ieggystem of both the plots and the
Flumes.

As a general observation (Appendix B), as therfgllimb develops, the frequency of runoff
yield decreases more markedly from RP2 than frorfi. RPhis may be attributed once again
to the difference in sugarcane growth stages bet®fel and RP2. It is at this stage of the

event that the difference in runoff characterisbesveen the two plots becomes evident. As
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the falling limb of the flume hydrograph develop®R1 clearly yields additional overland
flow volumes than that of RP2. Events 2 througl8tshow similar trends, with measured
overland flow similar for both plots at the begingiof the event, with differentiation between

the plots becoming more evident as the flume hyayaydevelops (refer to appendix B).

Further explanation of these general runoff tremamy be offered by considering the
saturation capabilities of the soils, in particudatecedent soil moisture conditions. Having
already mentioned factors such as vegetation cawat, depth and raindrop effect, the
saturation properties of the soils contained witthia two runoff plots will certainly vary
(based on these factors). RPL1 is therefore mkedylto reach saturation quicker than RP2
because of vegetation cover, root depth and rgmnohituences. The two overland flow plots
deviate at specific points throughout the 10 evenritkis specific point may be attributed as
the stage at which the soils in RP1 become saturaBnce the soils are saturated, a sudden
increase/peak in overland flow is evident for RRhbjle RP 2 continues at the normal non

saturated rate of overland flow generation.

Runoff characteristics are more easily identifialvleen events such as thunderstorms occur
(in this study, the summer months are typicallyrabterised by thunderstorm events, whereas
the winter months are generally characterised bgtél systems). It is evident from the data
gathered (Appendix B) that the larger events withsteorter duration display easily
recognizable and clearly identifiable runoff chaeaistics. Events 1 to 6 are all summer

rainfall events, and evidence of the nature ofrthkgts can be seen in Appendix B.
The winter rainfall events are that much hardesanfidently assess as there is no real pattern

or trend that is clearly evident. Characteristitsunoff properties are less easily identifiable

when an event has a low intensity and longer dumasuch as Event 7.
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Figure 5.3 Observed Overland Flow and Flume 2 Csgph (Event 7)

While the general trends described above areestitlent, it is that much harder to identify
and confidently propose these trends as representhdr these types of events (winter
rainfall). With such a small volume of surface offnbeing generated, a more erratic
hydrograph and runoff response is observed (Fi§uBg Winter events show several peaks
in the hydrographs for events 7 through to 10 (saglrigure 5.3), whereas summer events
show a single rise, peak and fall in the hydrogsafuin Events 1 to 6 (such as Figure 5.2).

These hydrograph characteristics are consistenegpected.

5.2.4 Flume Concentrations

Water samples were gathered throughout the Mkabatehment for the ten events selected
for analysis. The installed ISCO sampler gathesamples during events at each of the
Flumes, and analyzed for suspended solids andeitiditrate concentrations were measured
and graphed for all sampled events. Concentratwesi® further represented as loads to
enable comparisons between concentration and laehegs for the catchment. The general

trend is evident when assessing Appendix C. Sunewemts show a clear trend difference to
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that of the winter events. All summer events (Esehto 6) show a nitrate concentration
peak occurring before the hydrograph peak, whetteasvinter rainfall events (Events 7 to
10) show a much more erratic behaviour, with retrabncentration peaking after the
hydrograph peak. It has previously been identifiedt overland flow dominates the
hydrograph during the summer months. The nitraiacentration figures contained in
Appendix C would substantiate this conclusion, les niitrate peaks occur during the rising
limb of the event hydrograph. As the catchmentipoes overland flow, it transports nitrate
in solution with the initial volume of flow througto the flumes, resulting in a nitrate
concentration peak before the hydrograph peak. rafditconcentration then decreases
afterwards, as the amount of available nitrate dlessady been transported from the point
source. Figure 5.7 illustrates a typical summemeéwand response characteristics of Nitrate
Concentration in comparison to the event hydrographe rising limb of the hydrograph is
observed to contribute most to the nitrate conegiotn within the upper Mkabela catchment.
The nitrate concentration plot also displays a venyilar shape to that of the event
hydrograph, indicating that nitrate react more irdrately than overland flows within a

catchment.

When performing a general assessment of the tremesured from nitrate and suspended
solid concentrations in relation to the event hgdaphs, there is a clear increase in peak flow
between Flume 1 and Flume 2, however a noticeadteedse in the maximum nitrate and
suspended solid concentrations. Event 4 (Appefdix recorded a maximum flow rate of
2109nt/h at Flume 1, and 6274fh at Flume 2, almost three times the flow rat€lame 2
than at Flume 1. This can be expected, as Evevasithe highest intensity event of the 10
sampled events (165.9mm/h) and also recorded thleesi volume of rainfall at 47mm.
However, the recorded nitrate concentration drodpech 6.5mg/l at Flume 1 to 5.9mg/l at
Flume 2, and the recorded suspended solid contientsadropped likewise from 800mg/l to
533.3mg/l, largely due to the increase in chantmk fand the effects of dilution. The
decrease in nitrate concentration may be attribtdgte majority source of the nitrate, being
the plot itself. Flume 1 was located in the uppetchment, amongst newly planted
sugarcane, and so the application of chemical, mantaining nitrate, would have been more
prevalent at the plot scale, resulting in the hsghcentration of nitrate. In between the two
flumes, nitrate may be deposited en route eithénenfurrow channel or in field, resulting in
a decrease in the concentration at Flume 2. Funibre, the decrease in suspended solid

concentration may be attributed to the locatiothefbare, young crop plots as well. As will
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be described later in this section, soil particdes most susceptible to be dislodged and
transported from a bare field, or one that haswungocrop. These types of fields are most
evident in the upper catchment, above Flume 1, svttex gradient of the landscape is greater
than the gradient in between Flume 1 and FlumeeB¢cé resulting in more sediment being
mobilised in solution. As the gradient lessensrafflume 1, some of the larger soil particles
lose momentum and deposit in channel, as the glotithe channel flow decreases. These
result in a decrease of SS concentration meastifeldrae 2. Furthermore, the deposition of
soil particles in between the two flumes (as theaity of channel flow decreases during the
event aftermath) may also account for some of therehse in nitrate (in solution) and
phosphate (as attachment) concentrations.
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Figure 5.4 Nitrate Concentration and Event HydrpgraEvent 3, Flume 1

Event 3 and Event 7 will now de detailed to illaged the observations and trends identified
during the study.

While overland flow contributes most to the hydeggn during summer months, it has been

observed that subsurface flows contribute mostvenehydrographs during winter months

(as results for winter graphs show minimal to zeverland flow results, both at runoff plots
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and the flumes). This is further substantiated iwhensidering the winter event plots in
Appendix C, where the nitrate concentration pea$is ldehind the hydrograph peak.
Subsurface flow takes a considerably longer pet@othove through a catchment and reach
the flume, and so the nitrate concentration laglmaexpected, and confirms the thought that
subsurface flows are the most dominant during tilkeiwmonth events. Figure 5.4 illustrates
the delayed lag in nitrate concentration for a eir@vent. The falling limb of the hydrograph
is observed to contribute most to the nitrate cotradion within the upper Mkabela
catchment.
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Figure 5.5 Nitrate Concentration and Event HydrpgraEvent 7, Flume 2

The greatest yield of suspended solids (SS) isrebdeat the very beginning of the event.
Sediments are most likely to be yielded at thero@gg of the event when the initial forces of
runoff and raindrop impact dislodge the sediments teansport them in suspension as part of
the runoff component. After the first 2 to 3 ewgerthe topsoil exposed has been eroded due
to exposure to these events, and hence suspendktbads are high (such as those shown in
Figure 5.4 at Flume 1 for Event 3).
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For the summer events, the peak of SS concentratouars before the peak of the event
hydrograph, whereas during the winter events, thec@centration peak is after the initial
peak of the event hydrograph.

SS concentration is increased where there is baey) ground, and where there is loose soll
particles unbound to roots, vegetation or cropsth\Wepth in the soil, so the bond between
soil particles increases and becomes strongereasaorg the force needed to dislodge the
particle and transport it in suspension as a S3eréfore, the concentration of SS’s in
suspension depends on the crop present in a ifiglgrowth stage and the field’s agricultural
condition (recently ploughed or not). A typicahsmer event is illustrated in Figure 5.6, and

the peak of the suspended solids concentratideaslg evident.
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Figure 5.6 Suspended Solids Concentration and Higatograph - Event 3, Flume 1

Furthermore, the maximums in the SS concentratmncae closely with the peaks of the
nitrate concentration. This trend is consistent &l summer events, as illustrated in
Appendix C. Nitrate and SS display similar chagastics in the Mkabela catchment, even

though their mechanisms of transport are differéslution vs suspension). Further
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substantiation of this suggestion is based on #meptng data obtained from the ‘Dam In’
and ‘Dam Out’ points, where there is a marked desdn both nitrate and suspended solid
concentrations between the two points, clearlydating that dams act as natural water

quality filters. The Ungauged points within theatament will be described at a later stage.
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Figure 5.7 Suspended Solid Concentration and Bxgdiograph - Event 7, Flume 2

The suspended solid concentration trend duringMihéer events, such as Figure 5.8, may be
seen as more erratic. There is an initial peakancentration due to a small volume of
overland flow that occurs, after which subsurfalcevé contribute most to the hydrograph.
Subsurface flows are not conducive to the transpbguspended solids, as the velocity of
flow is often not great enough to transport thetipias. This is evident in Appendix C
(Graph 10 b), where only a small concentration uspgnded solids were recorded, most
probably having been generated through subsurfaas that had increased in velocity as the
event had progressed.

Winter events, where a low intensity and long doratainfall is experienced, often records

several peas in both the concentration values lamdhydrograph flows due the erratic nature
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of the rainfall, whereas the summer events showoeerolear trend and single concentration

and flow peaks.

5.3 Ungauged Monitoring Sites

The remainder of the Mkabela Catchment was sampiadually using grab samples at
intervals during each of the 10 events. A chanm@iphology study was conducted at each of
the ungauged sampling points, and rating curvese wagveloped using the channel
morphology data. Rating curves allowed for amesté of discharge at each of the ungauged
points. The key question in this study is the dkation of NPS pollution from the small scale
through to the large catchment scale, with an esiphan detailed observation within the
upper catchment. Nitrate and suspended solid ctorat®ns have been obtained for the
ungauged points for each of the ten events, anal somparison of concentrations may be
conducted. Appendix C contains the graphs for eddhe events. The graphs plot nitrate
and suspended solid concentrations over a sergsatés (using different locations), from the

point scale through to the large catchment scale.

General trends can be identified when assessingnitvement of pollutants through the
system for each of the events. Measured nitrateardrations are highest in the upper
catchment (Figure 5.9 below), and decrease ste#ttibugh to the large catchment scale.
This may be expected for several reasons. Finsitsgte are applied to the fields in the upper
catchment, and so the concentrations in the upgihment can be expected to be higher
because the scale of observation coincides withpthiet of nitrate application. The larger
scales of observation are further away from théesahapplication, and so the concentrations
measured at these scales are less due to the efffédtition. This may be attributed to the
volume of overland flow, channel flow and subsuefflow which is that much smaller in the
upper catchment, and so concentrations can be &xpéx be higher. At the larger scales,
there is a greater volume of channel flow, and@tcentrations become more dilute. When
assessing loads, however, there is an inverseiomdhaip that exists compared to
concentrations.. Throughout the observed datanitingte concentrations and loads, as well
as those of suspended solids, have decreased wedetthe ‘Dam In’ and ‘Dam Out’
sampling point. This may be attributed largelytite decrease in flow velocity as channel
flow enters the dam, causing SS to deposit withendam. Only an extremely large event

that has the capability to cause several currentee dam will mobilize the deposited soll
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particles and result in an increase or transfentoite and suspended solids through the ‘Dam
Out’ sampling point (Figure 5.8 and Appendix C)Samples taken from within the cane and
maize are understandably the highest, as surfax#frbas directly interacted with the point

of contact where chemicals have been applied.
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Figure 5.8 Nitrate and Suspended Solid Concentrsiti®&mall to Large Catchment Scale,
Event 3

The observed trend shown for suspended solidsn#asj with the greatest erodibility being

observed at the upper catchment scale. Land @t@arand condition are the influences on
this.

Scaled concentrations of nitrate and suspendedssale more consistent and display clearly
identifiable trends during summer months. The reanf the rainfall event, short duration
high intensity, is the major contributing factor tieis as overland flow is the dominant
process. Winter events, however, are more efrati@ature, and subsurface flow is the major

contributing process to Nutrients.
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Figure 5.9 Nitrate and Suspended Solid Concentrstid’lot to Large Catchment Scale,
Event 9

Winter rainfall events are that much more challeggio observe due to the low intensity
nature of the event, resulting in low flow conditgo During such low flow events, nitrate
concentrations are much lower than during summentsy and sediment load is less due to

the lack of overland flow. Event 9, for examplesasured zero overland flow.

The movement and concentration of both nitrate &%l through a system is directly

influenced by the volume of surface water withie #ystem, and so the intensity and volume
of rainfall is a vital component when consideriig tmovement of nutrients and sediments
through a system. For this reason, emphasis danatysis has been placed on the nature of

the events, namely summer or winter events.

This is evident when comparing specific eventshsag the nitrate concentration values from
Bridge 2 during Event 1 (summer event) to thatafesponding scale of observation but for
Event 10 (winter event). Event 1 measured a mitcancentration of 1.92 mg/l compared to
Event 10, which measured only 0.117mg/l, some hgegi less concentrated than an

equivalent sample taken during Event 1. Sedimeh és somewhat erratic during these
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winter frontal events. It would be expected fodisgent readings to decrease in general, as
sediment yield is largely dependent upon high isitgrevents that generate large volumes of

overland flow, hence mobilizing soil particles,vesll as ground and vegetation cover.

When comparing the sediment load values measur@ddyge 2 during Event 1 and Event 10,
both values were the same (66.7mg/l). This isr&ing for two events with such different
intensity characteristics. Measured suspended siddita (Appendix C) shows that the
sediment load at larger scales increases throwgkdhson from Event 1 (66.7mg/l) through
to Event 6 (886.7mg/l), after which it decreasestpossible base level of 66.7mg/l. The
increase coincides with the summer events, anddé@aease with the winter events,
suggesting that the nature of the event, combin#dtve vegetation cover is the controlling
factor when assessing the movement of NPS-P thrdiffgrent scales. The increase cross
the summer events may be attributed to two factdrise intensity of the events increased,
resulting in greater energy for transport and digement of particles. In addition, the
antecedent soil moisture conditions became monersedatl as events occurred. The soll
profiles therefore became saturated quicker, rieguih quicker generation of overland flows,
as well as greater volumes. This increase in amdrflow results in larger quantities of SS.
The majority of mobilization of sediment occurstla¢ plot and field scale. Sediment then
takes time to be transported through the catchmeathing sampling points such as Bridge 2

several events after it was originally mobilised.

Further substantiation of this is gained by comsigdethe sediment loads for RP1 from Event
1 through to Event 6. Consistent sediment conatatrs are measured of approximately
2000mg/l. This large sediment concentration invlager system is then added to the overall
system and passed through subsequent monitoringsseathin the catchment. These
subsequent monitoring scales clearly show an iser@asediment yield leading up to Event
6, indicating that the sediment originating frone tipper reaches of the Mkabela catchment
moves slowly through the system and is later measat a much larger scale. In order to
effectively monitor such movement and be able tcela timescale on sediment transport
within the Mkabela Catchment, it is suggested thdtacer study be completed for more

accurate results.

Although concentration is a useful indicator whemsidering NPS pollution, one needs to

consider it in conjunction with nitrate loads atcleaof the sampling points. Although

58



concentration may decrease as the scale of obmervaicreases, the total nitrate load

increases as the scale of observation increases.

5.3.1 Nitrate Loads

While concentration gives an indication of the pres of a nitrate in comparison to the
amount of water within a system, the total nitdated at a given scale is a vital consideration
in this study. The scaled trend observed whensassg nitrate loads is directly opposite to
that of concentration. Nitrate loads increasehasobservation scale increases, and so can be

seen as inversely proportional to concentration.

Seven observation points for Nitrate loads havenhesed throughout the study within the
Mkabela Catchment. Loads have been calculated for:
» Each segment as a separate entity that is areahtedidi.e. without any upstream
influences, expressed in kg/ha).
* The cumulative load observed at each observatiate gbat is area weighted (i.e. a
value at each observation scale that takes intoumtcthe loads generated from

previous observation scales, expressed in kg/ha)

Each of these assessments provides vital informatiben assessing the loads of nitrate

moving through different scales of observation.

When assessing each segment individually, it idexti that the largest contributing scales of
nitrate loads (kg/ha) are at the field scale ardlénge catchment scale, in particular during
Events 4 and 5 (in the upper catchment), where €liinrmeasured 0.18kg/ha and 0.06kg/ha
nitrate respectively for the two events. Table $hdws the load generation trends observed,

excluding upstream contributions.

59



Table 5.4 Nitrate Loads Excluding Upstream Contigns (kg/ha)

Segment Loads
(kg/ha) 1 2 3 4 5 6 7 8 9 10
Flume 1 0.02 0.01 0.04 | 0.18 | 0.06 | 0.01 | 0.00 | 0.01 | 0.00 | 0.00
Flume 2 0.00 0.00 0.00 0.15 | 0.03 | 0.00 | 0.01 |0.00 | 0.00 | 0.00
Dirt Road 0.00 0.00 0.00 | -0.01 | -0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Dam In 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Dam Out 0.01 0.00 0.04 | -0.02 | -0.01 | 0.00 | -0.01 | 0.00 | 0.00 | 0.00
Bridge 1 0.03 0.01 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Bridge 2 0.02 0.01 0.02 | 0.03 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

It is evident from Table 5.4 that nitrate load gatien is prevalent at the upper catchment
scale, with the Dirt Road and Dam Out often prodgaiegative load values. The Dirt Road
sampling point has a very low slope and a wide fdwnnel exists, promoting slow flows
and deposition within the channel. Negative valtmsDam Out are experienced during
events of medium to low rainfall volumes and intgns As mentioned previously, dams
within the Mkabela catchment have been observestt@s water quality filters, decreasing
the nitrate load and concentration moving throdghdatchment. Except for Event 1, 3 and
5, where high intensity events produced enough landr flow entering the dam and
turbulence within the dam to result in an increimseitrate loads at the spillway of the dam.
The major contributing factor would be the veloaiythe flows entering the dam. Mixing
also eliminates several temperature zones withenddom. Temperature zones often prevent
sediment and nitrate from moving within an impoumdita The increase in velocity of the
flows entering the dam has a huge effect on thaénginf water at different temperatures.
Assessment of each scale individually providesnalication as to where the largest loads of
NPS pollution are generated. The Mkabela Catchrhastthe largest loads produced at the
field and large catchment scale, with scales imwbeh contributing on a very small scale.
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Table 5.5 Cumulative Nitrate Loads (kg/ha)

Event:

Location (loads in kg/ha) 1 2 3 4 5 6 7 8 9 10
Flume 1 0.391| 0.19| 0.73| 3.01 11| 0.23 0 0.13 0 0
Flume 2 0 0 0| 852 | 272 0]041 0 0 0

Dirt Road 0.267 | 0.09 |0.376 | 041| 0.09| 0.39|0.03| 0.01 0| 0.03
Dam In 0.081| 0541875 | 2.83 1.16 | 0.42 2| 141 0.07| 0.05
Dam Out 1051 | 0.21|6.726 | 0.43| 0.34|0.085|0.71| 1.24|0.02 | 0.02
Bridge 1 4234 | 2091|2597 | 214 | 6.42 0923|337 | 186|062 | 0.01
Bridge 2 74.17 35| 58.23 | 61.6 65| 2.09|587| 477|061 | 0.73
Total kg/ha from
Catchment 74.17 35| 58.23 | 61.6 65| 2.09|587| 477|061 | 0.73
Rainfall (mm) 220| 180 | 300 | 470| 29.0| 13.0|174| 180 | 16.0| 11.0
Intensity (mm/hr) 191 72| 24016591450 128[11.0| 6.1] 41| 38

An alternative and informative means of represgnaimd assessing the nitrate loads was
through the cumulative loads for each scaled olgienv point. These values represent the
cumulative load monitored at that sampling poingluding contributions from upstream.
Table 5.5 shows the cumulative nature of the mitt@ads across the Mkabela catchment. It is
evident that the mass of nitrate measured increaglsscale, with the major contributing
scales being the large catchment scale (74kg faenEw). Interestingly, the largest
cumulative loads were observed during events lutiirao 4. These were not the highest
intensity events, however, the loads recorded neaglue to the application of nitrate on the
crops in the catchment. These were done beforetEvdhrough to Event 3, offering a

reliable explanation as to why events 1 to 4 mesastite most cumulative nitrate.

5.3.2 Sediment Loads

Sediment and nutrients in water bodies may alsgir@ie from sources other than those
associated with local farming practices, for examfpbm the atmosphere (Paerl, 1997),
remobilisation of bottom sediments (such is theedasthe Mkabela Catchment within the
dams) and bank erosion within stream channels (Mgal2005). While these variables have
not been measured directly in the catchment, imjgortant to take them into consideration
when assessing the results.
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Assessment of SS measured at each of the respsativaling points produces a set of results
that coincide with the results tabulated for naréwads over corresponding scales. Nitrate
loads were observed to experience a negative leadggment value during several events at
the Dirt Road and Dam Out locations. A similamtteexists for SS loads per segment. A
decrease in suspended solid loads was measureddreBflume 2 and the Dirt Road sampling
points. This may be attributed to the morphology alope of the Dirt Road sampling point,
being flat with a wide channel, thereby decreasihg flow velocity and resulting in
deposition of both suspended solids and nitrates waas measured with nitrate loads, the
location that showed the highest SS load was Flimend again Events 4 and 5 measured
0.538kg/ha and 0.349kg/ha, respectively, as the lawgest in comparison to the other

sampling points and events.

Table 5.6 Suspended Solid Loads (kg/ha) Excludipgtidam Contributions

Event:
(Monitoring 1 2 3 4 5 6 7 8 9 10
Points) (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha)
Flume 1 2.2 0.8 5.0 21.7 20.0 1.5 0.0 0.6 0.0 0.0
Flume 2 0.0 0.0 0.0 0.1 8.0 0.0 0.5 0.0 0.0 0.0
Dirt Road 0.0 0.0 -0.1 -0.8 -2.4 0.3 -0.1 0.0 0.0 0.0

Dam In 0.0 0.0 0.3 0.5 0.2 1.0 0.1 0.1 0.0 0.0
Dam Out 0.2 -0.3 0.6 -3.9 -1.4 -6.6 0.0 0.0 0.0 0.0
Bridge 1 0.5 0.5 0.9 1.6 0.5 0.9 0.0 0.0 0.0 0.0
Bridge 2 0.0 0.2 2.7 8.3 -0.1 54 -0.1 0.0 0.3 0.3

The Dam Out sampling point displays similar chaggstics to that of the Dirt Road sampling
point, with several negative suspended solid regdmecorded for a number of events. The
readings are consistent with the nature of the agpoint, as was the case with the nitrate
measurements. Sediments entering the dam at wéttie the dam, largely due to the lack of
velocity within the dam that would initiate or conte transportation, and deposit on the dam
banks or floor. In summary, the greatest conthifguscales are the plot and field scale, and
the large catchment scale. The scales occurringetween these contribute very small

amounts to the overall cumulative suspended salides.
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Table 5.7 Cumulative Nitrate Loads (kQ)

Event:
(Monitoring
Points) 1(kg) | 2(kg) | 3(kg) | 4(kg) 5 (kg) 6 (kg) 7 (kg) 8 (kg) 9(kg) | 10 (kg)
Flume 1 36.6 13.4 85.4 368.7 340.2 24.7 0.0 9.4 0.0 0.1
Flume 2 0.0 0.0 0.0 773.6 802.9 0.0 36.9 0.0 0.5 0.0
Dirt Road 52.4 3.8 49.9 60.7 17.6 129.4 0.5 0.5 0.6 5.2
Dam In 8.1 48.0 350.4 537.7 207.6 1022.4 103.7 92.6 40.0 29.8
Dam Out 317 9.6 424.9 28.7 22.7 157.0 0.0 87.0 0.0 0.0
Bridge 1 729.9 | 807.2 | 1780.8 2502.7 799.9 1538.2 287.8 0.0 303.6 5.5
Bridge 2 793.7 | 1106.8 | 5287.3 | 13414.0 608.4 8625.4 219.9 0.0 736.8 417.3
Total kg from
Catchment 794 1107 5287 13414 608 8625 220 0 737 417
Rainfall (mm) 22.0 18.0 30.0 47.0 29.0 13.0 17.4 18.0 12.0 9.0
Intensity
(mm/hr) 19.1 7.2 24.0 165.9 145.0 12.8 11.0 6.1 2.8 2.3

Event 4 produced the largest mass of sediment &oynof the ten events recorded, with a
total of 13 414kg measured at the outlet of Bridg@.16kg/ha). The loads recorded clearly
show a response to the type of event that occurEagknts 1-6 clearly indicate that summer
events produce greater masses of sediment loaduinéer events. This can be attributed, as
with nitrate trends during similar type eventstite high intensity and short duration of the
summer events. Summer events generation largenesiwf water at high velocities, and
therefore induce particle dislodgement and trarigfion, resulting in higher readings of
suspended solids. In addition, summer events lzaeacterised by rain drops that are larger
and travelling at greater velocities than winteerg. Their impact with the soil results in
further particle and sediment dislodgement, resgltiin greater suspended solid

measurements.

When assessing Events 1 and 2, it is evident Heatatter yielded more SS (1107kg) than
Event 1 (794kg), yet it had much lower rainfalleinsity than Event 1. Event 1 was the first
of the season, and so the ground conditions wereadd compact. Event 1 most likely

performed as a ‘softening’ process, increasingstiiemoisture content and breaking up soil
clods. Event 2 then occurred, and the sedimentwaa yielded during Event 2 may well

have been as a result of the actions and inten§igvent 1. However, this didn’t apply to

Nitrate.
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When quantifying the total loads of sediments yaeldy each of the events, it is evident that
when assessed as a value per hectare, that theelk@atchment yields very little sediment
at its outlet point Bridge 2. The largest yieldenent, Event 4, yielded an average of 3.17kg
per ha across the entire Mkabela Catchment. Redsosuch low yields of sediment may be
attributed to good farming practices such as #lagd contour ploughing. . Siltation is an
obvious side effect that would influence the volumepacity of the impoundments as
sediments are deposited within the dams as a re$ufainfall events. Event 8 is an
interesting case study, as it yielded no sedimetiteaoutlet point. The event was a very low
intensity event (6.1mm/hr), and so sediment madtilan would have been extremely low, if
any occurred at all. Table 5.6 shows that sedimeast produced at the sampling point from
the field scale through to the Dam Out samplinghpafter which the sediment readings are
zero. This may be attributed to a large dam tkst®between Dam Out and Bridge 1. This
impoundment may be acting as a total sediment filtging small winter events, resulting in
minimal stream flow that contains on miniscule saehts that cannot be picked up by the
equipment used in this study.
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Figure 5.10 Cumulative Suspended Solid Loads (kg)
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Figure 5.10 illustrates that the catchment areavéxen the Bride 1 and Bride 2 sampling
points contributes most to the overall yield ofisgghts. This is again consistent with the
trends displayed by nitrate offering further evidernhat suspended solids and nitrate behave

very similarly to each other during rainfall evemigh reference to mobilization, transport,

loads and concentrations.
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6. CONCLUSIONSAND RECOMMENDATIONS

NPS pollution is subject to a variety of complerg®ss and influencing factors that affect the
movement of pollutants such as sediment and nitreiteigh a catchment. The movement of
pollutants through a system, across varying saal@bservation, posses a clear challenge in

the understanding of processes involved in thelagign and driving of such movements.

The importance of scale in such observations hgislighted the lack of suitable models to
effectively observe and measure the movement of pd#i8tants through a catchment, and so
the need for a comprehensive model that addressgmy scales of measurement is not only
lacking, but noticeably evident. Existing modelgls as SWAT, CREAMS, SWRRB and
BASINS are effective in addressing a specific sadleneasurement; however they fail to
model processes that influence NPS pollution acddésrent scales of observation and were
never designed to do so. The WRC-NPS pollutiodyshas identified the gap between scale
specific models and catchment representative modetsaims to close the gap between these
two through the eventual establishment of a catch#S pollution model that effectively
addresses the translation of processes (how thgyaral change over differing scales) and

NPS pollution from the field through to the catclmscale of observation.

The inherent vulnerability of land as affected kinfall patterns, soil type, slope and stream
density have been identified as major contributorshe transport of nitrate and suspended
solids within the Mkabela Catchment, all of whiale autside the farmer’s control. However,
this pattern of vulnerability is heavily modified/ band use management factors which are
under the farmer’'s control, including land use, Nl & inputs, cultivation practices, crop
management and manure management (Evans, 200§l&hear al, 2001). The Mkabela

Catchment shows signs of effective farming prastioe this regard, substantiated by the
measured results for suspended solids in particmtaere a maximum of 3.17kg/ha was

recorded during Event 4, a relatively low yield peit area.

The main purpose of this study was to assess theemment of NPS pollution through the
Mkabela Catchment, with the aim of identifying ntagontributing sites and processes within
the catchment. It is clear that the nature ofrttiefall event, combined with land use, slope

and soil type, is the most defining aspect wheresssg the transport of nitrate and
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suspended solids. Overland flow is the most dontipeocess during summer rainfall events,

where large volumes of flow occur in a short perddime, resulting in leaching, mobilizing

and transportation of both nitrate and suspendédsst larger scales. During the summer,

the initial few events yield the largest mass ofpmnded solids and nitrate due to them

coinciding with the preparation of the agricultul@hd and application of fertilizers. Winter

events however, are dominated by subsurface pregeard so nitrate and suspended solids

are less likely to be leached, mobilised and trarted due to the lack of energy in the

channel and subsurface flows.

It is believed that a clear gap exists in the miodebf NPS pollutants. The key conclusions

to be taken from the research period include thevitng:

the influence of dams on the movement of NPS poltuthrough a system affects the
water quality and movement of Nitrate and SS.

the preparation of agricultural land (followed bgirm) results in an increase in

suspended solid concentrations.

the application periods for pesticides and feeil& result in increases in sampled
concentrations when sampled close to applicatioioge

the subsequent stage of growth of crops resuls marked influence on overland

flow, and hence nitrate and suspended solid corat@ori. Developed crops decrease
the amount of overland flow, SS yields and nit@iacentrations.

topography influences the gradient of the land, hedce the transport of sediment
and nitrate in solution. Low gradient areas inMieabela Catchment, such as the Dirt
Road monitoring point, show clear signs of settimgl deposition, thereby decreasing
the SS moving through the system, until a largeméwnoves through and mobilizes
the particles again.

the nature and seasonal timing of the event hagjarnmfluence on the movement of

NPS pollution through a system, as well as the damti processes acting on NPS
pollution. Major rainfall events (summer eventsngrate greater overland flow, and
hence bigger SS yields. Minor rainfall events (etrevents) produce less overland

flow and more subsurface flow, decreasing the $#iyi

The following recommendations are made for futuesearch conducted within the

Mkabela Catchment, as well as general NPS pollugsearch:
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The development of an NPS model is crucial for atitely understanding and
monitoring NPS pollution. All current models f&il address the translation of process
from a field to a catchment scale, and it is thisklof adaptive characteristic that has
caused such a gap in existing models. To develiyiyafledged operational model
for NPS pollution will take some time and will neséveral more studies in varying
catchments from that of the Mkabela. Certain preeesieed to be included at specific
scales of observation. Groundwater and subsurfameement are particularly vital
when considering the small scale observation. Danusother impoundments have
shown a clear ability to filter NPS pollution out the mobile water system, and so
any catchment including such features needs tadecan impoundment option (for a
model) or section (for a research project).

Gradient and topography need to be identified withie river course system. Areas
of low gradient need to be measured regularly aachpared to upstream and
downstream measuring points to determine whethpogiton is occurring at that
point in the catchment. This obviously has a uagtact on the movement of SS and
nitrate through a system.

Although good results were obtained for a large Ineinof events during the sampling
period, the quality of the data will be improvedshl all sampling points become
automatic gauging points that are operationallynsou This would ensure that
samples are all taken at exactly the same timengwevents, as opposed to manual

grab samples which cause a minor lag in the results

For NPS-P remediation, measures must be targetétbs¢ areas of the catchment where
combinations of landscape and land management aendgihe highest risk of nutrient
pollution, in particular the field and plot scaleBargeting all subcatchments areas equally has
been shown to be neither cost-effective (EPA 2008),likely to reduce pollutant discharge
(Jokelaet al.,2004; Granluneet al.,2005). Farming practices in the Mkabela Catchraeat
very effective, as shown by the sediment yield ltesand so effort is being made to address
NPS pollution. In addition, several wetlands araind exist within the relatively small
catchment, thereby acting as water quality filemsl sediment traps throughout the Mkabela

Catchment. In terms of the overall Mgeni Catchm#rg Mkabela Catchment can be seen as
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a minor contributor to the overall NPS pollutionthwn this larger catchment (provided data

on the larger scale is available).

Future research within the WRC-NPS project shooldatioue to sample from the designated
research points and add several more seasonsafaltiie first year of sampling. This will
ensure a greater accuracy in observed trends dnmcde to the justification of the hypothesis
that scale contributes greatly to the movementamatentration of SS and nitrate through a
catchment. Tracing experiments or observationsldvalso be valuable in defining the

sources and pathways of the pollutants.

In addition, once a reasonable number of seasorestheen sampled and analysed within the
Mkabela Catchment, the initiation and developmédtroeffective, representative scaled NPS
model that addresses the movement of pollutantaigfiout a whole catchment is necessary
to be able to successfully model and predict thesemeent of NPS through catchment
systems. In particular the effects of the contedferded by the road crossing, wetland and
farm dams should be taken into account in the niodebf sediment and nutrient movement

from field to catchment scale.
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APPENDIX A

SCS-SA Output Estimates for Design of Flume 1 andE 2
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H-Flume 1 Proposed Site (SCS-SA Output Estimates):

CATCHVENT NAME : Wartburg
PROIECT NO : Vartburg#l
RUN NO #1

TOTAL CATCHVENT AREA (kn2) : 0.29
STORM | NTENSI TY DI STRI BUTI ON TYPE : 2
CATCHVENT LAG TI ME (h) : 0.44

COEFFI CI ENT OF I NI TI AL ABSTRACTION: 0. 10

CURVE NUMBERS: Initial Fi nal

Sub-catchment 1 60 60.0
RETURN PERI OD ( YEARS) 2 5 10 20
DESI GN DAI LY RAI NFALL DEPTH (rmm 55 76 87 102

DESI GN STORMFLOW DEPTH ( nm)
Sub- cat chrment 1 7.0 15.3 20.5 28. 4

TOTAL RUNOFF DEPTH (mm) 7.0 15. 3 20.5 28.4
DESI GN STORMFLOW VOLUVE
(t housands m3)

Sub- cat chrment 1 2.0 4.5 6.0 8.3

TOTAL STORMFLOW VOLUME 2.0 4.5 6.0 8.3
(t housands m3)

COVPUTED CURVE NUMBER 60.0 60.0 60.0 60.0

PEAK DI SCHARGE (nf*3/s) 0.3 0.6 0.9 1.3
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H-Flume 2 Proposed Site (SCS-SA Output Estimates):

CATCHVENT NAME
PROJECT NO

RUN NO

TOTAL CATCHMENT AREA (km2)

STORM | NTENSI TY DI STRI BUTI ON TYPE :
CATCHVENT LAG TI ME (h)

COEFFI C ENT OF | NI TI AL ABSTRACTI ON:

CURVE NUMBERS: Initial
Sub- cat chrment 1 60

RETURN PERI OD ( YEARS)

DESI GN DAI LY RAI NFALL DEPTH (nm

DESI GN STORMFLOW DEPTH (mm)
Sub-catchment 1

TOTAL RUNOFF DEPTH (nmm)
DESI GN STORMFLOW VOLUVE
(t housands m3)

Sub- cat chrment 1

TOTAL STORMFLOW VOLUME
(t housands m3)

COVPUTED CURVE NUMBER

PEAK DI SCHARGE (nf'3/s)

Wart burg
War t bur g#1
#2
2.00
2
2.17
0.10
Fi nal
60.0
2 5
55 76
7.0 15.3
7.0 15.3
14.0 30.6
14.0 30.6
60.0 60.0
0.6 1.4
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APPENDIX B

ISCO generated hydrographs, Runoff Plot 1 and RuPlof 2 Tip Data for Events 1 to 8 for
the upper Mkabela Catchment.
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APPENDIX C

Graphical Representation of Nitrate Concentratioh Suspended Solids versus Event

Hydrograph for Events 1 to 10.
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Figure C7 (c) Scaled Observation of Nitrate Coneitin and Sediment Load, Event 7
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Figure C8 (a) Nitrate Concentration: Event 8 Fluine
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Figure C8 (c) Scaled Observation of Nitrate Conegian and Sediment Load, Event 8
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Figure C9 (a) Nitrate Concentration: Event 9 FluZne
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Figure C9 (b) Suspended Solids: Event 9 Flume 2
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Figure C9 (c) Scaled Observation of Nitrate Conegian and Sediment Load, Event 9
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Figure C10 (a) Nitrate Concentration: Event 10 Fuln
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Figure C10 (c) Scaled Observation of Nitrate Cotregion and Sediment Load
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