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Abstract 

The transport of woody debris from urban surfaces, through local urban waterways, to constriction 

and blockage risk locations is not well understood. Flume trials have identified debris and watercourse 

dimensions as influential factors on debris movement, and large woody debris movement has been 

traced in the natural rural environment using time series photography, active transponders, and field 

surveys. Using novel passive transponder technology, small woody debris has been traced through 

an urban case study watercourse to establish key influential factors on urban debris transport. 

Through incorporating urban debris transport detail into the source and deposition process, a 

complete picture of urban debris transport can be created, supporting effective culvert and trash 

screen design, watercourse maintenance and blockage risk assessment. This case study highlights 

that factors beyond watercourse depth and velocity are influential in debris movement within an urban 

watercourse. Debris dimension and source location upstream are shown to significantly affect the 

potential for debris to reach a downstream constriction, illustrating a possible distance limitation in 

nuisance flow debris blockage risk. 

Key Words 

Urban debris transport; Flood risk; Blockage; Urban gross pollutants; Passive integrated 

transponder technology 

1 Introduction 

Urban watercourses differ from large rural rivers in size, flow capacity, nature of the flood plain and 

bank composition, landscaping and the level of anthropogenic modification.  Most importantly, from a 

flood risk perspective, urban watercourse blockage has the potential to cause harm and damage 

during flood events. The importance of urban watercourse constriction blockage is acknowledged in 

key flood management guidelines provided by Authorities, including the Environment Agency 

(Graham et al. 2009) and the Construction Industry Research and Information Association (CIRIA) 

(Balkham et al. 2010). The design of culverts, the use of trash screens to prevent culvert blockage, 

the management of urban waterway banks, and the movement of woody debris in artificial (flume) and 

in rural watercourses have been examined in theory and scaled physical modelling (Cherry and 

Beschta, 1989; Young, 1991; Braudrick and Grant, 2001; Wallerstein et al., 2001; Mazzorana et al., 

http://www.sciencedirect.com/science/article/pii/S1001627913600256#aff1
http://www.sciencedirect.com/science/article/pii/S1001627913600256#aff1
http://www.sciencedirect.com/science/article/pii/S1001627913600256#aff1
http://www.sciencedirect.com/science/article/pii/S1001627913600256#aff1
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2011). The scale model and rural large woody debris analysis provide insight into influential factors for 

debris transport, but are not directly transferable to urban watercourse.  

Factors expected to influence constriction blockage include the quantity and type of debris 

available, the amount of this material traveling to the constriction, and the constriction characteristics. 

The quantity and type of debris provided through urbanisation has been evaluated in an international 

array of studies (Armitage and Rooseboom, 2000; Wallerstein and Arthur, 2012; Allison et al., 1997; 

Cornelius et al., 1994). This research establishes the significant proportion of vegetative and woody 

debris in urban waste. While this data informs the provision extent of the urban debris transport 

process, many culvert, screen, and constriction design guides and models make debris provision 

assumptions that do not include reach and management specific details (Roso et al., 2004). To 

advance these assumptions, debris delivery to a specific constriction must be defined and the factors 

influencing delivery included in the design of any blockage risk or prediction analysis. Current 

assumptions of the transport process include the influence of debris dimension, buoyancy, channel 

and flow characteristics, entrainment or entry location, turbulence, and flow/flood event characteristics 

(Braudrick and Grant, 2001; Bocchiola et al., 2008). The relationship between each of these 

influencing factors and debris transport has not yet been considered using urban field case studies, 

and, thus, current constriction design and blockage assessments continue to employ generalised 

debris flow input rather than reach and location specific information. 

2 Current research 

Urban debris, also identified as urban gross pollutants, are defined as material, refuse, and 

discarded matter that has been damaged, destroyed, or is no longer in use.  It can be comprised of 

residential waste, industrial or commercial refuse, landscape and garden material, polluted sediment, 

and miscellaneous items (such as cars, mattresses, road signage) (Wallerstein and Arthur, 2012). 

Research conducted across Northern Island, UK, identified land use type, social economy (income), 

and catchment characteristics as the three key influencing factors in culvert blockage by urban debris 

(Wallerstein and Arthur, 2013).  Armitage and Rooseboom (2000) usefully describe urban waste 

according to industrial, commercial, and residential land use.  

Table 1 illustrates the predominance of vegetative matter, woody debris and leaves, in urban gross 

pollutant composition. As a result of landmark research by Allison et al. (1997) on debris composition 

across the urban landscape, Marais et al. (2004) used field data to create a land use specific debris 

loading rate, defining the proportion of vegetative matter in this load. It is estimated that vegetation 

comprises approximately 85% of debris in residential areas, decreasing to 36% across industrial land 

(Marais et al., 2004).  
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Table 1. Urban debris loading estimations (% of total mass) 

 Residential Commercial Industrial General urban 

 Armitage and Rooseboom (2000) 

Marais et al. (2004) 

Wallerstein  

and Arthur 

(2012) 

Allison et al. 

(1997)* 

Cornelius 

et al. 

(1994) 

Domestic waste 14 33 64 21 24 20 20 

Non domestic 

waste 

12 2  

Vegetation debris 85 67 36 78 60 77 80 

Misc. 1 - - 1 4 1  

Urban debris load 

(dry) 

(kg/ha/annum) 

0.53 – 96,  27-155 - 20-40 0.53-1.35 

*estimations from graphical presentation 

Research completed by Wallerstein and Arthur (2012) and Armitage and Rooseboom (2000) 

illustrates that vegetation is a significant component of culvert blockage. Culvert and constriction 

blockage can result in significant increase in flood risk, through elevated flood levels and diverted flow 

paths through the urban area (Rigby et al., 2002). This was recently acknowledged in Australian 

Rainfall and Runoff revision (Project 11) where culvert conveyance calculations (He, energy loss at 

the culvert entrance) include a blockage ratio (BR) (Weeks et al., 2009). This incorporates the flood 

level impact of relative culvert blockage extents to specific culvert constrictions, illustrating the flood 

risk impact of urban debris build up within urban watercourses. The blockage ratio takes into account 

the use of trash screens as well as unprotected culverts in estimating potential blockage flood risk 

impact.  

Culvert and constriction blockage estimation has been undertaken using case studies and 

laboratory experimental analysis. Large scale analysis has been undertaken to identify the influential 

catchment characteristics (Streftaris et al. 2013; Wallerstein and Arthur 2012) while detailed 

laboratory research has defined specific elements of debris and culvert blockage activities. The field 

research presented in this paper functions to help create the research bridge (Fig. 1) between the 

catchment and blockage point research, enhancing catchment blockage analysis with watercourse 

and debris specific characteristics. This in turn informs debris deliver with respect to screen and 

culvert screen blockage potential. 

Fig 1 Urban debris source-pathway-sink research linkage 

Urban debris load 

 

Armitage and Rooseboom 

(2000); Marais et al. 

(2004); Wallerstein and 

Arthur (2012); Alison et al. 

(1997); Cornelius et al. 

(1994) 

Catchment level 

characteristics 

influencing blockage 

 
Wallerstein and Arthur 

(2012); Streftaris et al. 

(2013) 

Transport of 

urban debris 

 

Research Bridge 

Constriction 

characteristics influencing 

blockage 

 

Blanc et al. (2012); 

Mazzorana et al. (2009); 

Hygelund and Manga (2003); 
Bocchiola et al. (2008) 
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2.1 Influential debris detention parameters  

Catchment scale culvert blockage analysis identifies influential catchment characteristics affecting 

culvert blockage potential (Streftaris et al., 2013). Wallerstein and Arthur (2012) constructed a 

predictive debris transport tool using land use, social deprivation indices, and catchment 

characteristics to describe debris blockage potential within a specified river reach. This model 

provides a monthly or seasonal indicator of debris transport success and potential screen/culvert 

blockage. The probability of a significant debris load delivery to a screen (Pd), is calculated using the 

logistic function and yeilds a catchment and climate specific debris delivery potential rather than event 

based analysis using the following equations: 

LogitPd = α+(logNL*β1)+(SL* β2)+(logQn* β3)+(logR* β4)+(logAG* β5)+(logSU* β6) 

+(logSO* β7)+(logU* β8)+(ID* β9)    [1] 

Pd = (elogitPd/(1+elogitPd))     [2] 

where NL is the contributing upstream watercourse length, SL is the channel slope, Qn is the 

discharge and AG/SU/SO/U/R are catchment land use characteristics; agricultural, suburban, 

suburban open space, urban, and rural, respectively (Wallerstein and Arthur, 2012). ID is the social 

deprivation indices for the catchment defined as an income domain score in decimal percentage. This 

score is defined in Scotland through census information and is geographically clustered by land use 

and economic areas (Wallerstein et al. 2013). Pd places weight on catchment characteristics and land 

use than debris dimension or detailed watercourse flow characteristics, therefore, providing a large 

scale blockage estimation for a given reach.  

The blockage factor, as described by Bocchiola et al. (2008) is designed to assess the debris 

detention within a watercourse reach. Hygelund and Manga (2003) define blockage as the ratio of 

debris diameter (Dlog) to water depth (dw). Bocchiola et al. (2008) extend this to include debris length 

(Llog) and watercourse width (WFl) in their equation [3]. 

  
         

      

                                                                                    3  

In Hygelund and Manga’s (2003) studies blockage was found to increase as debris drag increases, 

until a blockage of 0.3 is met. After 0.3 the drag was found to be independent of blockage (Hygelund 

and Manga, 2003).  

2.2 Screen debris load prediction 

Blanc et al. (2012) completed detailed analyses of urban, blockage causing, debris movement. The 

research focused on debris dimension and flow characteristics in laboratory flume experiments. This 

work defined the influencing factors of debris dimension and culvert screen design on screen 

blockage potential. The key influencing parameters were identified to be debris length (L), screen bar 

spacing (S) width, and the relative velocity. Relative velocity is a function of the flow (Q) at a specified 

screen position (P) (angle (A) and distance the culvert is set back from a screen). Thus, the flow 

velocity was measured at stationary, consistent point upstream from the screen, providing the velocity 
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relative to this location. The potential for an item of debris to become blocked (D) is described as a 

function of these key parameters and provides a % probability outcome (Blanc et al. 2013): 

D = (A,S,L,Q,P)      [4] 

Dr Blanc’s thesis provided design guidelines for known debris size, flow conditions, and culvert 

entrances, including a nomograph (Fig. 2), to maximise or minimise debris detention (Blanc 2013).  

 

Fig 2 Trash screen blockage estimator designed by Blanc (2013). The isoline illustrates the 

estimated blockage for a 45° angle screen with 0.15 m bar spacing. This estimated blockage results 

when available debris is 0.5 m in length and the relative velocity is 1.6 (Blanc 2013). 

This research illustrates the importance of not only urban debris loading but also debris dimension 

on culvert blockage potential. Past research defining urban debris composition provides an 
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understanding of what material may reach an urban watercourse (Allison et al., 1997; Wallerstein and 

Arthur, 2013; Cornelius et al., 1994). Blanc et al. (2012) identifies constriction blockage parameters. 

To link understanding of catchment level blockage potential characteristics to blockage point (culvert 

specific) influential parameters, an appreciation of debris transport is vital. 

3 Novel debris tracing experiment 

3.1 PIT tag tracing methodology 

The objective of this research was to identify the key influencing factors on small woody debris 

(SWD) movement through an urban watercourse. To date, tracing SWD movement through streams 

has been difficult due to the environmental constraints (wet environment, varying rainfall and flow, 

varying bank conditions). Large woody debris has been traced through river systems using aerial 

photography, video monitoring, culvert monitoring, and land survey methods (MacVicar et al., 2009). 

These methods require significant technical and/or personnel support and are less appropriate for 

smaller urban stream circumstances. 

A novel tracing technology was employed to identify small woody debris movement through an 

urban watercourse.  Transponders are a new scientific tool allowing remote monitoring of movement. 

Active transponders provide a signal from the tagged item’s location whenever an antenna passes by. 

Use of active transponders in the natural environment remains constrained due to their battery 

requirement, limiting both active field time and ability to function in riparian environments (Bradley and 

Tucker, 2012; Lamarre et al., 2005). Passive transponders are small vacuumed capsules that provide 

an individually identifiable signal when they pass close to an active antenna. The capsule functions 

when immersed and/or enclosed by natural material (i.e. wood, gravel or silt) and can remain 

functional in the riverine environment for extended periods (Nunnalee et al., 1998). 

Passive integrated transponder tags (PIT) were attached to a representative small woody debris 

sample set from an urban Scottish watercourse catchment (Fig. 3). The case study catchment, a 

reach of the Murray Burn, is small catchment (<100 km2) with urban, rural residential and rural 

agricultural land use. The reach under investigation flows between residential and educational 

allotments, constrained by boundary walls and landscaping. 

                   

Fig 3 PIT tags attached to site sourced small woody debris  
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Tagged debris was released from the left bank, right bank and centreline of the watercourse (Fig. 

4). The monitoring antenna was placed within the watercourse at a static selected downstream 

location, in front of a local culvert. Debris was released from three locations, increasing in distance 

upstream. Every debris element released was individually monitored and its transportation success, 

the successful movement from release location to the downstream antenna and catch net was 

recorded. 

 Fig 4 Sketch of field layout (not to scale) 

Tagged small woody debris was released onto the water surface parallel to the flow at 30 s 

intervals. Individual debris release times were recorded, in conjunction with the reach release 

location, longitudinal cross section release location (i.e. right bank, thalweg, left bank), and the 

individual PIT identification code. 81 tagged SWD were created and colour coded to form 3 identically 

representative debris sets. Each debris set was comprised of three debris diameters (10, 15, and 25 

mm) and three debris lengths (150, 350, and 750 mm), creating a total of 9 different debris 

dimensions. 

Table 2. Small woody debris experimental release summary 

Release Location Distance from the downstream 

monitoring antenna (m) 

Number of tests Experiment flow range 

at this location (m3/s) 

1 24 8 0.047-0.381 

2 66 6 0.04-0.306 

3 152 3 (2 successful releases) 0.079-0.33 

 

A minimum of three releases were attempted for each release location. Table 2 provides a 

summary of the debris releases. Three hours after the debris release the number of debris passing 

the antenna was notes (through visual inspection and antenna tracking recordings). The length of the 

experimental reach was walked and a visual analysis of the distribution of any trapped debris was 

noted, and detained debris was collected. 
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3.2 Reach results 

Sixteen tests were completed along the reach. The watercourse flow depth and velocity were 

monitored via a field doppler velocity meter (Greyline Stingray) and a static gauge (Scottish 

Environmental Protection Agency; gauging station) (Fig. 4). Over 1250 individual debris releases were 

individually recorded, creating a database of transport success, release and detention location, debris 

dimension and flow characteristics. 

The average flow rate prior to commencement of the experiments (an 8 week daily average) of 

0.13 m3/s was recorded. Figure 5 illustrates the stage-discharge curve for this small urban waterway. 

The bank full depth within the study reach is approximately 0.25 m. Three monitoring experiments 

were completed during flows above bank full rates (Fig. 5), an annual average recurrence, during one 

notable rainfall event. Thus, the debris monitoring experiments were undertaken during flow rates of 

up to approximately a 1-year storm level, with the majority of experiments running during average 

winter flow depths and velocities. 

 

Fig 5 Murray Burn stage discharge curve derived from SEPA gauging station data. Flow rates during 

woody debris monitoring are indicated as black points on the curve. 

The field tests created a comprehensive debris movement database. The database comprised of 

debris dimensions and unique identifier, release location (distance upstream from the antenna), bank 

or thalweg release location, flow depth, flow velocity, debris success or detention, debris distance 

travelled, and average debris velocity. A summary of the debris transport results, relative to each test 

undertaken, is provided in table 3. During each test 81 debris elements were released, 27 at each of 

the right bank, left bank, and within the thalweg. The resulting database comprised 1194 individual 

entries, with 102 elements ‘lost’ during the experimental process. 

Table 3. Summary of debris transport tests 

Test 

Release 

location 

Flow velocity 

(m/s) 

Successful debris 

transport 

Average debris 

velocity (m/s) 

1 1 0.436 65% 0.047 

0

0.1

0.2

0.3

0.4

0.5
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Test 

Release 

location 

Flow velocity 

(m/s) 

Successful debris 

transport 

Average debris 

velocity (m/s) 

2 3 0.429 0% 0.000 

3 1 0.432 61% 0.066 

4 2 0.446 10% 0.176 

5 2 0.437 8% 0.146 

6 1 0.409 27% 0.085 

7 1 0.412 17% 0.126 

8 2 0.418 6% 0.082 

9 1 0.389 36% 0.130 

10 3 0.756 12% 0.181 

11 2 0.705 37% 0.192 

12 1 0.996 91% 0.178 

13 1 0.602 93% 0.163 

14 1 0.603 95% 0.130 

15 2 0.605 25% 0.204 

16 2 0.585 51% 0.256 

 

3.2.1 Travel distance 

There was a significant decrease in debris transport success as the travel distance increased 

(Dist). Fig. 6 illustrates debris transport success significantly decreased as the release location moved 

upstream.  

 

 

Fig. 6 Debris success relative to the distance of travel, illustrated by the trendline. The distance of 

travel is calculated by the change in release distance upstream from the antenna.   

Debris transport success, the movement of debris from the release point to the monitoring antenna, 

was examined for each release location. Relative to distance travelled (y) debris transport success 

ranged from 0.02 to 4.5 sticks/m. The trend consistently followed a power function when examined by 

test and by release location, with debris transport success scaling relative to the distance travelled. 

                 [5] 

where α and β are coefficients relative to the details of the data set. β is negative and in this field work 

ranged from -1.6 to -2.856. α specifically relates to the number of sub sets within the data 

0

10

20

30

40

50

60

0 50 100 150 200N
u
m

b
e
r 

o
f 
s
u
c
e
s
s
fu

lly
 t
ra

n
s
p
o
rt

e
d
 

d
e
b
ri
s
 

Release locations (increasing in travel distance in meters) 



10 

 

(aggregation of data to debris dimension (9 debris dimension sub sets), event (16 test sub sets), or 

debris dimension within each event (144 sub sets)) and increases inversely to the number of sub sets.  

The power scaling of debris success relative to distance travelled holds some importance in future 

urban watercourse bank and floodplain design and management. A range of minor and moderate flow 

events were observed in this case study and the depth and velocity of flow were not found to 

significantly increase debris success when debris was released from the most upstream location. In 

line with the power trend, this suggests that there may be a distance limitation in debris transportation 

relative to debris dimension, flow conditions, and watercourse characteristics. With regards to urban 

watercourse management, this would suggest that vegetation management and landscaping may 

only be an effective debris control measure a specific distance upstream from a culvert or blockage 

risk point. Extending preventative maintenance and management further upstream may not 

significantly decrease the risk of blockage downstream. 

3.2.2 Debris dimensions and flow characteristics 

There was a notable trend in the dimension of successfully transported debris. Review of the entire 

dataset defined the consistently most successful and effective debris dimensions.  Figure 7 (a) and 

(b) illustrate the change in debris success with relative to release location and debris dimension. It 

was found that short (150 mm) and larger in diameter (25 mm) were overall the most consistently 

successful along the study reach of the Murray Burn. 

 

Fig. 7 Dimensions of successfully transported debris. Figure (a) illustrates debris success by debris 

length (mm), (b) illustrates debris success relative to debris diameter (mm).   

Debris transport success was influenced by flow velocity. Debris released into the thalweg was 

found to achieve shorter temporary detention times (average debris velocity of 0.155 m/s) than debris 

released from either the right or left bank (average debris velocity of 0.108 m/s and 0.073 m/s, 

respectively). This trend was consistent from all three release locations. Transport success reflected 

watercourse sinuosity. The slight left hand bend (less than 25°) was noted to cause elevated debris 

detention rates inside the curve of the flow path. Debris velocity, the time taken for debris to travel 

from the release location to the antenna/culvert, was positively related to flow velocity, with debris 

movement achieving 10 - 48% of the flow velocity. There was a reduction in debris velocity variance 

as debris length and diameter increased (31% and 15%, respectively). Results showed a greater 
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frequency of high velocity outliers and velocity range in the upper quartile when compared to the 

dimension dataset mean. From this it can be inferred that the greater the debris velocity the lower the 

risk of temporary detention within the reach, prior to the culvert. 

3.3 Key influential factors 

A range of debris transport parameters were considered in identifying the key influential factors. 

Regression analysis was undertaken for the full range of recorded parameters to establish the 

strength of all possible relationships. From the array of parameters, including debris dimension and 

flow characteristics to roughness factor (Braudrick and Grant, 2001) blockage and hydrodynamic 

force (Mazzorana et al., 2009; Hygelund and Manga, 2003), the parameters with the greatest 

significance were identified to be Pd, B, distance between release/source and the constriction or 

blockage location (Dist), and water level (z). 

3.3.1 Blockage factor B 

Equation [3] illustrates that dimension of debris and flow characteristics influence the blockage 

factor. Capturing debris success relative to debris dimension, the blockage factor was calculated and 

graphically interpolated. Figure 8 illustrates the relationship between B and debris transport success 

(Ds). This relationship has an R2 of 0.545. An ideal predictive trend line was defined using the 

assumption that the linear relationship between detained woody debris and blockage should cross the 

X-Y axis at 0. Where there is no blockage risk (B =0) there would be an expected 0% detention rate, 

in an ideal system. Field analysis established the deviation from an ideal predictive trend line to result 

from travel distance required (initial debris detention variance) and Manning’s roughness coefficient 

‘n’, and depth influence (variance in slope). 

 

Fig 8. Comparison of ideal B to B values determined from field analysis 

The dataset was examined further, modifying B to account for the established debris dimension 

and watercourse characteristic ratios discussed in Blanc et al. (2012) trash screen blockage 

estimations.  

B was modified to 
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A strong linear correlation between Ds and B’ is illustrated in Figure 9 (R2 = 0.8777). Modified B’ 

provided a ratio of debris characteristics to watercourse characteristics. B’ appears to function as a 

strong Ds predictor, but is limited in consideration of the debris travel distance, and, therefore, is not 

considered to provide an ideal expected trend. 

 

Fig 9. Debris transport success relative to modified blockage values. Each point of the graph 

represents the average success rate of a debris type. 

3.3.2 Probability of a significant debris load delivery to a screen (Pd) 

The Wallerstein and Arthur (2012) Pd value was calculated for the field trials. It is noted that Pd is 

designed for month/season or annual debris loading predication, not event scale analysis. To 

examine Pd influence at event level, debris transport success was related to the debris transport 

predictive value appropriate to the season. The simple F-test and R2 analysis of Pd:Ds illustrated Pd 

to act as a moderately effective predictor, achieving an R2 of 0.44 complimented by a P<0.005. 

Composite elements of Pd are therefore considered significant in the analysis and prediction of Ds, in 

conjunction with B, Dist, and z. 

4 Research bridging 

Pd provides an effective seasonal and annual tool for debris provision and culvert blockage 

prediction. To extend this research down to specific (design) reach and nuisance event occurrences, 

and to provide detailed debris delivery information to support effective trash screen design and 

blockage assessment, further empirical analysis is required. To achieve this, the field research 

findings representing debris transport characteristics, provided through PIT technology, have been 

manipulated through regression analysis to identify necessary links between catchment level and 

reach specific trends in Pd, B, z, and Dist.  

PIT tracing of small woody debris has enabled a detailed dataset to be created, defining SWD 

transport success, delivery velocity, and dimensional and watercourse characteristics for a specified 

reach, event, and constriction. Incorporating Pd and B into this matrix, a linear relationship can be 

derived from regression analysis. This equation, as a function of  

                                                                             [7] 
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where ‘n’ is the an average n for the reach cross section,  achieved a relative representation with an 

R2 of 0.8044 (total dataset analysis) and 0.8347 (event data set analysis). Consolidating function [7] 

using equation [2] and [3], and limiting the extent to significant parameters,  

   Ds = [a-b*Dist-c*(Pd)-d*(B)]1/2        [8] 

Equation [8] incorporates travel distance while achieving a predictive performance of R2=0.8251. a 

through d are coefficients specific to the debris, location and event characteristics. The predicted to 

actual ratio of equation [8], as illustrated in Fig. 10, is close to ideal (slope of 1).  This equation 

incorporates the four key influential parameters highlighted through this case study field trial and 

extends the catchment level Pd blockage model down to site specific scale. 

 

Fig 10. Predictive and actual Ds based of a Scottish field study site 

Equation [8] can be used to estimate the loading of debris on watercourses, and, therefore, the 

debris load input into the logit equations from Blanc (2013). Trash screen design, to ensure adequate 

culvert flow conveyance while preventing detrimental culvert blockage, can include consideration of 

reach and event specific delivery rates. This enables urban catchment and reach specific 

management of blockage risk through appropriate design. Furthermore, in a spatial framework, using 

the Pd delineation of debris type and the published urban debris loading rates, there is an opportunity 

to undertake an integrated blockage risk analysis for an urban watercourse network.  

5 Conclusions 

A novel debris tracing methodology has been effectively utilised to examine key transport 

influences within an urban watercourse. Through field trials within an urban Scottish case study 

watercourse, small woody debris transport characteristics have been defined during minor and 

moderate flow events. Analysis of the dataset created through PIT tracing has identified four key 

factors influencing urban (small woody) debris transport success. These are Pd, a description of 

catchment characteristics including the social deprivation index and land use type, B, a debris to 

watercourse dimension ratio, Dist, the distance debris needs to travel to reach the constriction of 

interest, and z the water level. 

Regression analysis of this unique urban debris transport dataset has provided an empirical 

description of debris success potential. Ds (equation [8]) incorporates catchment characteristics with 
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reach and event specific factors to provide a constriction relevant debris delivery analysis.  This 

research has used proof of concept methodology and novel technology, thus requiring further case 

studies across an extended range of watercourses and urban environments. However, the delineation 

of Ds advances urban debris analysis from catchment level delivery prediction to culvert, trash 

screen, and reach specific analysis. 

In conjunction with the definition of urban debris transport influences, the power relationship 

between travel distance (initial debris entrainment upstream from the constriction of interest) and 

debris transport success to the blockage risk location has been established. This relationship 

suggests that debris provision to an urban watercourse from an extended distance upstream does not 

significantly influence the constriction blockage risk.  Effective preventative management of bank and 

floodplain vegetation, therefore, should be extended up to this distance limit, with limited beneficial 

influence beyond this extent. 

The examination of urban watercourse debris transport characteristics has provided a link between 

catchment level urban debris analysis and constriction design and assessment. The ability to assess 

or predict potential small woody debris delivery to a specific constriction supports location specific 

design and risk analysis where previous generic urban assumptions have been employed. This 

enables catchment and reach specific characteristics to be included in constriction blockage analysis, 

increasing the accuracy and local validity of the assessment.  

6 Further research 

The PIT debris tracing field research used novel technology in the urban environment to identify 

urban debris transport characteristics and influential factors within an urban watercourse. Further 

extensive field studies are required to extend these findings across a range of watercourse and debris 

types. Current transport analysis of urban debris does not yet extend to non-vegetative material. 

However, PIT trace methodology enables diverse material and extended time scale analysis and 

further research would advance total urban debris transport movement knowledge. 

Conceptual modelling of urban debris movement and constriction blockage risk could graphically 

illustrate risk information to appropriate authorities. Definition of high risk blockage areas, specific 

culverts, screens, watercourse constrictions, or crossings would support more effective, focused 

reach and culvert management while informing design and development decisions with regards to 

local flood risk. Further extensive field analysis is required to extend this research to support definition 

of the key transport factors appropriate for conceptual model development.   
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