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Figure 3.4.1:   

Headwater Stream Formation (Selby, 1982) 
 
The primary influence of urbanization on basin morphometry is an alteration of drainage density, 
as natural conveyance features are ditched, channelized or replaced altogether by pipelines and 
'end-of-pipe' stormwater management facilities.  While this approach to stormwater management 
attempts to replicate the water quality and quantity function of headwater swales, it can not 
address the form, habitat and sediment delivery aspects of a fluvial network.   Stormwater 
management ponds are designed to mitigate flooding which typically implies a conservative 
design methodology which results not only in the removal of particulate matter or 'bad' sediment, 
but also the removal of 'good' sediment from the network.  Frequently, this design technique also 
produces a moderating effect on the flow regime of the system by augmenting low flow 
conditions and reducing peak flows through attenuation. 
 
Another important element of true headwater areas is the greater proportion of first order 
streams. A headwater area is found at the subwatershed divide. In this area, there will be more 
first order streams than further downstream in the watershed. This is one reason why headwater 
areas are referred to as production areas (see Figure 3.4.2). Given these channels, this area 
produces the energy (from rainfall and corresponding runoff) and sediment to drive the 
downstream sections.  
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Figure 3.4.2:   

Transition Zones Along a Fluvial System (modified from Schumm, 1977). 
 
In order to assess the potential impacts of the proposed development on the streams within the 
Mount Pleasant Lands in North West Brampton, a detailed fluvial geomorphological study was 
undertaken. The study inventoried and characterized the local channel systems. It also included a 
specific focus on headwater channels, since the majority of the study area was comprised of a 
headwater drainage network. The morphology of the headwater portion of a drainage network 
provides an indication of the hydrological and sedimentological behaviour of the overall system. 
Therefore, an understanding of headwater systems should facilitate any subsequent assessment of 
the lower branches within the subwatershed. 
 
The headwater field sites consisted of two small groups of low-order channels located in Milton 
Business Park 2 (Figure 3.4.3). Each site consists of two first order swales that feed into a second 
order channel. Two monitoring transects with two sediment traps per transect were installed on 
each swale and the channel, and a pressure transducer was installed at the downstream limit of 
each site. Sediment traps were installed flush with the bed to minimize disturbance to flow and 
bedload transport, and were emptied after large precipitation events. Sediment traps were also 
installed on each bank adjacent to in-stream locations to assess the source of sediment in the 
channel.  Longitudinal profiles of all channels were completed to determine local gradients and 
monitoring adjustments in swale profile. All surveyed information was tied into a local 
temporary benchmark as a long-term control point. 
 
The pressure transducer setup consisted of mounting pressure transducers inside a 2-inch 
diameter PVC pipe and wrapped with a non-woven geotextile to prevent excessive sediment 
accumulation around the sensor head; air vents were drilled into the top and bottom of the pipe to 
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release internal pressure as the flow stage rose and fell. The pipe itself was attached to a 3-foot 
wooden stake that was hammered into the bed and the sensor was positioned 10 centimetres 
below the channel invert inside of a plastic container to ensure accurate measurement of the 
lowest flow stages. Given the uncertainties associated with the flashy nature of the flow regimes 
for these systems, sensors were programmed to sample at 1 minute intervals to ensure high 
resolution data of the rise, peak and ebb of flows following a precipitation event.  Spot flow 
measurements were taken to determine discharge under various flow stages for each site. This 
information can be used to develop stage-discharge relationships. 
 

 
Figure 3.4.3:   

Milton SUS study area and field site locations. 
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3.4.3 Results 

 
Rapid Assessments 
 
Due to the extensive scale of the study area, the rapid assessment work concentrated on the 
Phase 3 and Business Park 2 lands.  Upon covering these areas, supplemental work was 
undertaken to address the remaining Phase 1 and Phase 2 Sherwood lands.  Figure 4 illustrates 
reaches walked within the study area, as well as their relative RGA condition as an indicator of 
overall channel stability.  The results of the rapid assessment work indicate that the drainage 
characteristics of the Phase 2 Business Park and Phase 3 lands are typical of headwater systems 
within Southern Ontario, with the majority of drainage features characterized as swales (i.e., 
features lacking a defined bed and banks).  The exceptions to this generalization were the 
portions of the west and central branches of Sixteen Mile Creek which flowed within the 
Business Park 2 and Phase 3 lands, in addition to selected higher order streams accumulating 
flows from the upstream swale features. In general, the low order streams were found to be stable 
or ‘in regime’, while the downstream sections of channel exhibited evidence of stress through 
active adjustment. Appendix ‘E’ provides a photographic record of general geomorphic 
conditions observed within each reach, while Table 3.4.1 provides a summary of the rapid 
assessment scoring results.  The following sections provide a more detailed account of the rapid 
assessment results for the main branches of Sixteen Mile Creek within the study area. 
 
R2-II 
 
Bankfull dimensions along Reach 2-II ranged from 11-20m wide and 0.25-0.70 m deep.  The 
channel flowed through a well-defined valley system, with scrub forest dominating the riparian 
corridor, beyond which a mixture of agriculture and urban development represented the 
dominant forms of land use.  Channel widening represented the prevailing geomorphic process, 
although evidence of degradation and planform adjustment were also observed.  Fallen/leaning 
trees and extensive basal scour, in addition to exposed bridge footings, exposed underlying clay 
till and the formation of chutes and islands provided confirmation of these processes. 
 
R7-III 
 
Bankfull dimensions along Reach 7-III ranged from 11-25 m wide and 0.5-1.0 m deep.  Land use 
varied from a mixture of scrub meadow/forest and agriculture to manicured lawns associated 
with a golf course.  Several sections of the reach displayed anomalously wide widths which may 
have been associated with channel disturbances that included road crossings, golf cart crossings 
and beaver dams.  RGA results indicated that the reach was stressed or Transitional.  The 
prevailing geomorphic processes affecting this reach were widening and aggradation, as evident 
through the formation of bars and a soft, unconsolidated bed, as well as basal scour and exposed 
tree roots.  These results are consistent with the aforementioned channel disturbances. 
 
R7-IV 
 
Bankfull dimensions along Reach R7-IV ranged from 11-29 m in width and 0.5-0.80 m in width.  
Similar to R7-III, land use varied from a mixture of scrub meadow/forest and agriculture to 
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manicured lawns associated with the adjacent golf course.   This reach was subject to extensive 
beaver activity, adding to the existing anthropogenic disturbances which included road crossings 
and numerous cart crossings.  As a result, numerous sections of the channel had become over-
wide.  RGA results found the reach to be in a state of active adjustment which was taking the 
form of widening, aggradation and planform adjustment.  Evidence of these processes included 
basal scour, exposed tree roots, siltation in pools, bar formation, island formation and re-working 
of bar deposits. 
 
R7-IX 
 
Bankfull dimensions along Reach R7-IX were identified in the range of 4-6.5 m wide and 0.1-0.3 
m deep although the channel itself was difficult to discern in sections.  Substrate was consistent 
throughout the length of the reach, comprised of a mixture of clay, silt and sand and reflective of 
the underlying Halton Till.  A dense vegetative buffer of tall herbaceous species and grasses 
surrounded the channel, with agriculture dominating the adjacent land use.  Terrestrial vegetation 
was also present within the channel itself.  RGA results found the stream to be stable or ‘in 
regime’ with only minor evidence of planform adjustment, widening and degradation in the form 
of poorly formed bars, basal scour and an overall lack of depositional features. 
 
Phase 1 and 2 Lands 
 
Rapid assessment work within the Phase I and II land focused on tributaries to Sixteen Mile 
Creek draining the Phase I Bristol and Phase II Sherwood lands.  Lands within the Phase I 
Bristol boundary have almost entirely undergone development although this development 
remains in various stages from complete to grading activities.  As a result, only the tributaries 
along the southern extent of the Bristol lands remain unaffected.  Reach SE-3-E has been 
replaced with a stormwater management pond, while Reaches SE-3-D and SE-3-F flow through 
newly established residential developments.  Only portions of SE-3-B and SE-4-A have 
remained largely intact.  Within the Phase II Sherwood Lands, none of the reaches appear to 
have been disturbed extensively to date by development activities.  These reaches were largely 
characterized by undefined swales, with the exception of a portion of the western branch of 
Sixteen Mile Creek (reaches SWS-2-D-1 and SWS-2-D-2) which displayed a more defined 
watercourse with evidence of geomorphic processes. 
 

Phase 1:  Bristol Centre Tributary 
 
Through the Milton SUS study, the Centre Tributary was walked in order to evaluate post-
development conditions and channel performance.  Results presented in Figure 3.4.4 indicate 
that all of the reaches constructed as part of the Bristol development were found to be stable or 
‘in regime’.  Reaches A, B, B2, E, F2, F3 and G all exhibited minor evidence of aggradation, 
however, this is expected given that the site walks were conducted during low flow conditions 
where fine sediments tend to be stored temporarily within the watercourse.  During higher flow 
events, it is expected that these materials would be transported downstream. 
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Figure 3.4.4:   

Rapid geomorphic assessment results indicating channel stability on a reach basis. 
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TABLE 3.4.1: 
RAPID ASSESSMENT RESULTS FOR THE STUDY AREA. 

REACH RSAT SCORE RSAT CONDITION RGA SCORE RGA CONDITION 

2-II 27 MODERATE 0.46 IN ADJUSTMENT 
7-III 25 MODERATE 0.36 TRANSITIONAL 
7-IV 24 MODERATE 0.41 IN ADJUSTMENT 
7-IX 17 LOW 0.14 IN REGIME 

7-VI-C 20 MODERATE 0.46 IN ADJUSTMENT 
CNTR TRIB RA 24.5 MODERATE 0.14 IN REGIME 
CTR TRIB RB 21 MODERATE 0.06 IN REGIME 

CNTR TRIB RB2 25.5 MODERATE 0.04 IN REGIME 
CNTR TRIB RD 24 MODERATE 0 IN REGIME 

CNTR TRIB RD2 22 MODERATE 0.04 IN REGIME 
CNTR TRIB RC 23.5 MODERATE 0 IN REGIME 
CNTR TRIB RE2 22.5 MODERATE 0.04 IN REGIME 
CNTR TRIB RE 20.5 MODERATE 0.04 IN REGIME 
CNTR TRIB RF 23 MODERATE 0 IN REGIME 

CNTR TRIB RF2 23 MODERATE 0.09 IN REGIME 
CNTR TRIB RF3 24.5 MODERATE 0.09 IN REGIME 
CNTR TRIB RG 26.5 MODERATE 0.07 IN REGIME 

BP-1-A 11.5 LOW 0.06 IN REGIME 
BP-1-A-1 18 LOW 0.22 TRANSITIONAL 
BP-1-A-2 -- BERM CHANNEL -- BERM CHANNEL 
BP-1-B 17.5 LOW 0.06 IN REGIME 

BP-1-B-1 17.5 LOW 0.06 IN REGIME 
BP-1-C-3 7 SWALE 0.06 SWALE 
BP-1-C-4 8.5 SWALE 0.16 SWALE 
BP-1-C-5 8.5 SWALE 0.16 SWALE 
BP-1-D-1 6 SWALE 0.04 SWALE 

BP-1-F 10.5 SWALE 0.04 SWALE 
BP-1-G 5 SWALE 0.04 SWALE 
BP-1-H 10 SWALE 0.17 SWALE 

BP-1-H-1 10 SWALE 0.17 SWALE 
BP-1-I 9.5 SWALE 0.13 SWALE 

BP-1-I-1 -- DEVELOPED -- DEVELOPED 
BP-1-X 11 SWALE 0.06 SWALE 

BP-1-X-1 8.5 SWALE 0.06 SWALE 
BP-1-L 13.5 SWALE 0.03 SWALE 

BP-1-L-1 13.5 SWALE 0.03 SWALE 
BP-1-L-2 13.5 SWALE 0.03 SWALE 
BP-1-M 8 SWALE 0.04 SWALE 

BP-1-M-1 8 SWALE 0.04 SWALE 
BP-1-M-2 8 SWALE 0.04 SWALE 

BP-1-N 8.5 SWALE 0.04 SWALE 
BP-1-O 8.5 SWALE 0.04 SWALE 

BP-1-O-1 8.5 SWALE 0.04 SWALE 
BP-1-O-2 8.5 SWALE 0.04 SWALE 
BP-1-O-3 8.5 SWALE 0.04 SWALE 
BP-1-O-4 8.5 SWALE 0.04 SWALE 
BP-1-A-5 -- SWALE -- SWALE 
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TABLE 3.4.1: 
RAPID ASSESSMENT RESULTS FOR THE STUDY AREA. 

REACH RSAT SCORE RSAT CONDITION RGA SCORE RGA CONDITION 

BP-1-A-3 -- SWALE -- SWALE 
BP-1-H-3 -- NOT ASSESSED -- NOT ASSESSED 
BP-1-H-4 16 SWALE 0.06 SWALE 
BP-1-H-5 16 SWALE 0.06 SWALE 
BP-1-V 18.5 SWALE 0.10 SWALE 

BP-1-V-1 18.5 SWALE 0.10 SWALE 
BP-1-W -- SWALE -- SWALE 

BP-1-W-1 -- SWALE -- SWALE 
BP-1-W-2 -- SWALE -- SWALE 
BP-1-H-2 18 SWALE 0.06 SWALE 
BP-1-C-1 13.5 LOW 0.28 TRANSITIONAL 
BP-1-C-2 16.5 LOW 0.25 TRANSITIONAL 
B-P-1-Y -- NOT ASSESSED -- NOT ASSESSED 
BP-1-D 18.5 SWALE 0.10 SWALE 
BP-2-A 15 LOW 0.15 IN REGIME 
BP-2-C 18 LOW 0.10 IN REGIME 
BP-2-B 8.5 SWALE 0.03 SWALE 

BP-2-B-1 8.5 SWALE 0.03 SWALE 
BP-3-A 13.5 SWALE 0.03 SWALE 
BP-3-B -- NOT ASSESSED -- NOT ASSESSED 
BP-3-C 26.5 MODERATE 0.38 TRANSITIONAL 
BP-3-C1 13 LOW 0.13 IN REGIME 
BP-4-C 24 MODERATE 0.25 TRANSITIONAL 
BP-I-J 11 SWALE 0.055 SWALE 

I-NE-1B-1 13 LOW 0.04 IN REGIME 
I-NE-1B-2 13 LOW 0.04 IN REGIME 
I-NE-2A 14.5 SWALE 0.04 SWALE 

I-NE-2A-1 14.5 SWALE 0.04 SWALE 
I-NE-2A-3 16.5 SWALE 0.07 SWALE 
I-NE-2A-2 14.5 SWALE 0.04 SWALE 
I-NE-2A-4 16.5 SWALE 0.07 SWALE 
SWS-5-A 10.5 LOW 0.19 IN REGIME 
SE-1-B 12 LOW 0.26 TRANSITIONAL 
SE-4-A -- NOT ASSESSED -- NOT ASSESSED 
SE-5-A -- SWALE -- SWALE 
SE-2-A -- SWALE -- SWALE 
SE-2-B 14 SWALE 0.04 SWALE 

SE-2-D-1 15 SWALE 0.04 SWALE 

SE-2-D-2 15 SWALE 0.04 SWALE 
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Detailed Field Investigation 
 
The results of the field assessment indicate that the landscape of the Milton SUS lands is 
dominated by two distinct geomorphic zones:  the Sixteen Mile Creek valley lands and the 
headwaters of Sixteen Mile Creek and Indian Creek.  The Sixteen Mile Creek main branches are 
characterized by permanently flowing channels situated within a defined valley setting.  The 
remaining portions of the study area, meanwhile, are typical of headwater systems with 
numerous undefined drainage features carrying surface runoff downstream to the main branches 
of Sixteen Mile and Indian Creek.  These features display moderate gradients and fine boundary 
materials characteristic of the underlying Halton Till Plain.   
 
Results of the detailed geomorphic fieldwork meanwhile are summarized in Table 3.4.2, with a 
detailed account of geomorphic parameters for each site provided in Appendix ‘E’.  Pebble count 
and bank material characterization are both indicative of the Halton Till parent materials, 
generally dominated by clay, silts and very fine sands.  Average bankfull dimensions, 
meanwhile, were typical of a headwater environment, with larger depths and widths restricted to 
the main branches of Sixteen Mile Creek.   

 
TABLE 3.4.2:   

CHANNEL CHARACTERISTICS FOR THE DETAILED GEOMORPHIC FIELD SITES. 

Parameter BP-I-B BP-2-A R2-II R7-IV R7-IX SWS-I-AI SWS-2-AI 

Bankfull Width (m) 4.62 3.87 14.2 16.7 5.14 0.97 1.73 

Bankfull Depth (m) 0.24 0.17 0.42 0.70 0.18 0.15 0.19 
Average Bankfull 

Gradient (%) 0.75 0.47 0.23 0.09 0.13 1.25 0.34 

Bed Material D50 (cm) 0.015 0.001 0.85 0.55 0.0002 0.035 0.0007 

Bed Material D84 (cm) 0.56 0.09 5.96 5.7 0.0029 2.51 0.014 

Bank Materials Cl/Silt N/A Si/cl/fs Cl/vcs/si Cl/si/vfs Si/fs Si/vfs 

 
Monitoring 
 
Monitoring of the six detailed field sites established as part of this study was conducted between 
fall 2007 and fall 2008.  To date, these sites have been re-visited a minimum of two times, 
including re-measurement of control cross-sections as well as erosion pins.  In the case of site 
BP-2-A, bank heights were insufficient to allow installation of erosion pins.  At this site, only 
cross-sectional measurements have been provided.  Results of the monitoring are presented in 
Appendix ‘E’, which indicates that the average absolute percent change in cross-sectional area 
over the monitoring period ranged from 0.01-4.14%, with site SWS-1-A-1 displaying the least 
amount of change, while site SWS-2-A-1 showed the greatest degree of adjustment.  All of the 
data presented, however, are well within the range of natural rates of geomorphic adjustment and 
error associated with repeated measurements.  In some cases (SWS-2-A-1, BP-2-B, R7-IX) this 
adjustment was in the form of aggradation, while others (SWS-1-A-1, BP-1-B) the trend was 
towards erosion through a combination of incision and widening. 
 




