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Introduction 
 
This project proposes to develop mapping and analysis techniques that approximate the alluvial channel 
and floodplains for the Huu-ay-aht First Nations (HFN) directly managed lands. The lack of this data 
prevents appropriate representation of riparian management areas in strategic, tactical and operational 
planning and represents a limited understanding of riparian management risk throughout HFN lands. Once 
completed, this data will allow for improved riparian area management through identification of floodplains 
and potential risk associated with existing riparian management standards, ability to adjust riparian 
management areas to account for specific alluvial features, and aligning operational riparian management 
with sustainable timber supply analysis and site specific riparian management area assumptions. 
Completion of this project will satisfy the fulfillment of an information gap noted in the Watershed 
Framework and the Watershed Renewal Fund. 
 

Methodology 

Source Data 
 
The majority of the data used for this analysis was provided by Meridian Forest Services Ltd. (MFS) (Table 
1). Freshwater Atlas streams were downloaded from the BC Geographic Warehouse (BCGW) and the Timber 
Harvesting Land Base (THLB) was compiled by Forest Ecosystem Solutions (FESL) as part of previous projects 
for Huu-ay-aht First Nations. 
 

Table 1: Data used for floodplain mapping project 

Dataset Source Vintage (if known) 
1m resolution LiDAR DEM MFS June 2015 
Classified streams MFS 2017 
Freshwater Atlas streams BCGW 2018 
Waterbodies (lakes, etc.) MFS 2017 
Roads MFS 2017 
Culvert locations MFS 2018 
20cm resolution orthophotos MFS 2015 
Timber Harvesting Land Base (WFP MP#4) FESL 2003 
Recent depletions (1996 to 2018) MFS 2018 
 

LiDAR Stream Network 
 
The LiDAR DEM used for this project is extremely detailed. It was noted that stream data provided by HFN 
and the Provincial streams in the Freshwater Atlas were captured at different resolutions and did not match 
the LiDAR DEM. Figure 1 shows an example of this.  
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Figure 1: Example of a stream offset from the LiDAR 

For consistency between the stream and LiDAR data, the ArcGIS FLOWACCUMULATION function was used 
to generate a stream network based on the LiDAR DEM. The following issues were identified while 
generating the LiDAR stream network: 
 
1. Streams crossing roads 
 
Due to the level of detail in the LiDAR, roads form a barrier to the streams, as shown in Figure 2. To resolve 
this, culvert locations were provided by MFS, and additional stream-road crossings were identified 
manually. At each culvert site, a line was run through the road, buffered by 2m each side, and given the 
elevation of the lowest point below the road. The LiDAR DEM was updated with these “ditches”, and then 
the FLOWACCUMULATION function re-run. The resulting streams are shown in Figure 3. 
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Figure 2: Streams blocked by roads 

 
Figure 3 Same streams after adding culverts 
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2. Lakes 
 
Where streams cross through lakes, the LiDAR stream network created numerous parallel lines. These were 
cleaned up by using a skeletonizer utility, originally made for BC MSRM, to make a clean network. Figure 4 
shows the results of this process on Sarita Lake. 

 
Figure 4: Skeletonizer process 

3. Stream Cleanup 
 
Once the streams were generated in raster, they were converted to vector format to make a network. 
However, some manual clean-up was required as shown in Figure 5. The first example is of a “diamond”, 
and the second of a “lattice”.  
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Figure 5: Stream clean-up examples 

Once all the clean-up was completed, stream names and classes were assigned based on the HFN classified 
streams dataset. The LiDAR stream dataset was used to define floodplains. For more information on the 
stream network process, see Appendix 1: LiDAR Stream Network Methodology. 
 
 

Cross Sections 
 
For this analysis, only the anadromous sections of streams were used. A list and map of these streams was 
provided by Marc Gaboury, and from this information the streams were identified in the LiDAR stream 
network. The streams used are shown in Figure 6 and listed in Table 2. For each of these streams, cross-
sections were generated perpendicular to the stream flow at that point. The cross-sections extended out 
until they reached a maximum elevation above the stream, or for a maximum distance on each side, 
whichever came first. 
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Figure 6: Anadromous sections of streams used in floodplain mapping project 

 
Table 2: Anadromous sections of streams 

Stream Name Length (km) 
Sarita 10.2 

South Sarita 13.7 
Sabrina 3.7 

Sabrina 1 1.3 
Hunter 4.4 

Frederick 6.6 
Fred1 0.4 
Fred2 0.6 
Fred3 0.6 

Pachena 9.8 
Rousseau 4.1 

F-Trib 0.9 
E-Trib 1.1 



  Methodology 
 

  7 

         

Stream Name Length (km) 
Pach1 1.8 
Pach2 0.3 
D-Trib 0.9 
U-Trib 0.9 
C-Trib 0.7 

Shaky Bill’s 1 1.0 
Shaky Bill’s 2 2.2 

Sugsaw 0.5 
 
Initially, the cross-sections were spaced 50m apart, with a maximum elevation of 10m above the stream or 
a maximum distance of 1.5km. After reviewing the results, the decision was made to space the cross-
sections 25m apart in most locations, but on steeper gradients to space them 5m apart. The maximum 
elevation above the stream was reduced to 5m, and the maximum distance from the stream to 1km on 
each side. These parameters were then used in the final version.  
 
As shown in Figure 7, where streams meander, the cross-section lines crossed each other and formed a 
confusing web. However, where streams ran more or less straight, the cross-section lines were more 
parallel and easier to follow.  

 
Figure 7: Example cross-sections, Shaky Bill’s 2 Creek 
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Using different water depths, the ArcGIS TOPOGRID command was used to generate a water surface, using 
the cross-section lines as input. For each cross-section, the water surface elevation at the point it crossed 
the stream was provided. Note: LiDAR does not penetrate water so LiDAR elevations for the wetted surface 
of the stream are water surface elevations on the date the LiDAR was taken (June 2015). The cross-section 
line was then treated as a “contour” line at the new trial floodplain elevation. TOPOGRID interpolates a 
surface based on the input elevations. The streams were assessed separately. 
 
In a situation like in Figure 7, where the cross-sections are intersecting each other multiple times, the 
TOPOGRID function does not work well. To resolve this, all cross-sections that re-crossed the stream were 
cut off halfway between the two stream crossings. Also, the TOPOGRID output was reviewed manually, and 
some cross-sections were either removed or cut off.  
 
The water surfaces generated by TOPOGRID were compared to the LiDAR DEM surface. Wherever the water 
was above the ground level was tagged as floodplain for that water depth. This method of defining a 
floodplain was based on http://desktop.arcgis.com/en/arcmap/10.3/manage-data/las-dataset/floodplain-
modeling-using-lidar-in-arcgis.htm.  
 
Based on a hydrological analysis of the Sarita River Water Survey of Canada (WSC) gauge station (08HB014), 
floodplain water depth for the Sarita River WSC gauge site was determined for a 5yr return period flood 
(mean daily discharge of ~385m3/s) (Appendix 2: Hydrologic Rationale). A 5yr return period flood at the 
Sarita WSC gauge equated to a flood level that was similar to the flood prone width for a moderately 
entrenched stream, as defined by Rosgen (1996). Floodplain water depths were then estimated for the 
other ungauged streams in the Sarita and Pachena River watersheds by calculating water depths above the 
LiDAR water surface elevation using estimates of flood prone width and a determination of channel 
entrenchment at the various LiDAR cross sections. For each watercourse the appropriate floodplain water 
depth (i.e., 1.0 to 4.0m) was added to the LiDAR water surface elevation (June 2015) to determine the 
upland floodplain limits of the potential 5yr return period flood elevation on the LiDAR cross section. 
 

Field verification 
 
In the spring of 2018, one floodplain surface was generated and mapped for each stream. The depths used 
were 3m for Sarita, South Sarita, Sabrina, and Pachena, 2.5m for Hunter and Rousseau, and 2m for all other 
streams. 
 
A subset of cross-sections on Sarita, South Sarita, Sabrina, Frederick, Pachena, Rousseau, E-Trib, and Shaky 
Bill’s 2 were flagged for field verification. A total of 70 cross-sections were field sampled between August 
and October 2018 by Meridian Forest Services Ltd. For each cross-section, the field crew noted the location 
of the stream, the left and right banks, and the left and right active floodplain edges. Also noted was the 
distance between the centre of the stream and the floodplain edge, and the depth. Figure 8 shows an 
example of the cards filled in by the field crews, and Table 3 shows the compiled field work results. A full set 
of field cards is provided in Appendix 3: Field Cards.  
 

http://desktop.arcgis.com/en/arcmap/10.3/manage-data/las-dataset/floodplain-modeling-using-lidar-in-arcgis.htm
http://desktop.arcgis.com/en/arcmap/10.3/manage-data/las-dataset/floodplain-modeling-using-lidar-in-arcgis.htm
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Figure 8: Example field card 

 
 
Table 3: Field work results 

Creek xsect id Reach Field 
checked 

Flooding 
Evidence1 

Floodplain 
edge ok 

Model 
depth 

(m) 

Field 
depth 

(m) 

Wetted 
width 
(m) 

Bank-
full 

width 
(m) 

E-Trib 

e1 E1 Y B Y 

2 

  4.8 5.3 

e2 E1 Y L Y   6 6.6 

e3 E1 Y R Y   2.9 3.8 

e4 E1             

e5 E1 Y B N 1.54 1.7 3.5 

e6 E1             
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Creek xsect id Reach Field 
checked 

Flooding 
Evidence1 

Floodplain 
edge ok 

Model 
depth 

(m) 

Field 
depth 

(m) 

Wetted 
width 
(m) 

Bank-
full 

width 
(m) 

e7 E1 Y R N 1.5 2.7 2.7 

e8 E1             

e9 E1             

e10 E1 Y L N 1.8 2.1 3.3 

Shaky Bill's 2 

sb1 S1       

2 

      

sb2 S1             

sb3 S1             

sb4 S1 Y B N 1.83 8.2 8.5 

sb5 S2 Y B Y   5.9 7.2 

sb6 S2 Y L Y   8.9 9.3 

sb7 S2 Y R Y   10.7 10.9 

sb8 S2 Y N Y   7.5 7.9 

sb9 S2             

Pachena 

pach1 P1       

3 

      

pach2 P1             

pach3 P1 Y N N 1.5 33.5 38.4 

pach4 P2 Y L N 2 20 21.2 

pach5 P2 Y B N 2.01 19.9 21.1 

pach6 P2 Y R N 2.67 22.3 25 

pach7 P2 Y L N 2.84 11.7 17 

pach8 P2 Y L Y   17.3 18.9 

pach9 P2 Y B N 2.24 7.4 18.3 

pach10 P2 Y B N 1.96 13.7 18.1 

pach11 P2 Y B ?   7.9 8.4 

pach12 P3/P4             

pach13 P3/P4             

pach14 P3/P4 Y B N 2.87 13 13.9 

pach15 P3/P4 Y B Y   9 10.1 

pach16 P3/P4 Y B N 2.08 7.8 24.8 

pach17 P5             

pach18 P6 Y L N 2 4.7 5.5 

pach19 P6 Y L N 1.9 4.2 4.9 

pach20 P6 Y R Y   7.9 8.4 

pach21 P6 Y R N 1.5 4.5 5.9 

pach22 P6 Y N N 1.5 5.5 8.5 
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Creek xsect id Reach Field 
checked 

Flooding 
Evidence1 

Floodplain 
edge ok 

Model 
depth 

(m) 

Field 
depth 

(m) 

Wetted 
width 
(m) 

Bank-
full 

width 
(m) 

pach23 P7 Y N N 1.5 5 12 

pach24 P7 Y L Y   5.6 7.9 

Sarita 

sar1 1       

3 

      

sar2 1             

sar3 1 Y B N 3.05 52.3 66.1 

sar4 1 Y L N 3.27 48.6 49.4 

sar5 1 Y R N 3.16 39.8 43.5 

sar6 1 Y R N 2.8 25.8 29.3 

sar7 2 Y R N 2.1 46.5 47.8 

sar8 2 Y N N 2.6 45.6 46.2 

sar9 2 Y N N 2.4 56.8 62 

sar10 3 Y B Y   35 74.2 

sar11 4 Y N Y   23.8 25.6 

sar12 4             

sar13 4             

Frederick 

fred1 13       

2 

      

fred2 13 Y B Y   5.2 12.6 

fred3 14 Y B Y   10.2 12.5 

fred4 15 Y B Y   10.9 11.3 

fred5 15 Y R Y   14.2 15.8 

fred6 16             

fred7 16             

fred8 16/17 Y R Y   3.9 10.8 

fred9 17 Y B Y   7 10.4 

fred10 17 Y L Y   5.8 11.6 

fred11 17 Y B Y   6.8 10.1 

Rousseau 

rous1 R1 Y B N 

2.5 

2.2 25.4 36.4 

rous2 R1 Y R N 1.5 15.2 18.2 

rous3 R1 Y B N 1.8 14.5 30.2 

rous4 R1 Y B Y   14.5 15.5 

rous5 R1 Y B Y   6.8 8.5 

rous6 R1 Y B N 3.88 19.2 29.4 

rous7 R1 Y B N 3.41 13.6 17.3 

rous8 R1 Y R N 3.79 18 28.9 

rous9 R1 Y R Y   6.8 12.9 
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Creek xsect id Reach Field 
checked 

Flooding 
Evidence1 

Floodplain 
edge ok 

Model 
depth 

(m) 

Field 
depth 

(m) 

Wetted 
width 
(m) 

Bank-
full 

width 
(m) 

rous10 R1 Y R Y   15.1 29 

rous11 R1 Y R Y   6.9 21.9 

rous12 R2 Y L Y   12 17.4 

Sabrina 

sab1 34 Y N N 

3 

2.2 14.4 16.5 

sab2 34 Y R N 2.1 12.5 15.6 

sab3 34 Y N N 2.3 11.5 16.4 

sab4 35 Y N Y   8.3 14.5 

sab5 35 Y R Y   10.6 13.9 

sab6 35 Y L Y   5.5 17 

South Sarita 

ssar1 20 Y L Y 

3 

  14.1 37.7 

ssar2 20/21 Y B N 1.9 23 41.2 

ssar3 22 Y R Y   21.8 22.5 

ssar4 22 Y L Y   28.3 32.5 

ssar5 22 Y L Y   14.2 24.3 

ssar6 24             

ssar7 28             

ssar8 29             
1Flooding evidence codes: R = right bank, L = left bank, B = both banks, N = none 
Field depths shown as red text were estimated based on GPS location and LiDAR elevation, not measured in 
the field. 
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Flood surfaces 
 
For the final version of the floodplain model, a range of potential floodwater depths was used for each 
stream. The depths were chosen by Marc Gaboury, based on the size and channel type of the stream, and 
the field observations. Further information on the methodology can be found in Appendix 2. The different 
depths were 0.5m apart, and a minimum of 4 different depths were run per stream. So for example, 
Frederick was run 4 times, with water depths 1.5m, 2m, 2.5m, and 3m. The minimum and maximum depths 
used for each stream are shown in Table 4.  
 

Table 4: Floodwater depths used in floodplain modelling 

Stream Name Minimum Depth (m) Maximum Depth (m) 
Sarita 2 4 

South Sarita 2 4 
Sabrina 2 4 

Sabrina 1 1 2.5 
Hunter 1 2.5 

Frederick 1.5 3 
Fred1 1 2.5 
Fred2 1 2.5 
Fred3 1 2.5 

Pachena 1 3.5 
Rousseau 2 3.5 

F-Trib 1 2.5 
E-Trib 1 2.5 
Pach1 1 2.5 
Pach2 1 2.5 
D-Trib 1 2.5 
U-Trib 1 2.5 
C-Trib 1 2.5 

Shaky Bill’s 1 1 2.5 
Shaky Bill’s 2 1 3 

Sugsaw 1 2.5 
 
Once each floodplain was generated, the output was edited by removing all isolated polygons not attached 
to the main river as shown in Figure 9. The orange isolated polygons were all removed, leaving only the blue 
in the cleaned up version.  
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Figure 9: Example of floodplain cleanup 

After clean-up, the floodplains were mapped and sent to Marc Gaboury and Bob Bocking for review (Figure 
10). 
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Figure 10: Sarita River floodplains at different depths 

 

Effective Operational and Enhanced Floodplains 
 
Based on local knowledge and expert opinion, two floodplains were defined – effective operational and 
enhanced. The effective operational floodplain is estimated to represent the approximate 5-year floodplain 
level. The enhanced floodplain reflects a more conservative floodplain for additional riparian protection 
where desired. 
 
Some of the longer streams were divided into 2 or more reaches, and for each stream or reach a flood 
depth was chosen for the enhanced level, then the effective operational level was set at 0.5m lower. In 
some places, the floodplain edge was manually defined, and alluvial fans where tributaries join the main 
stream were also manually added to the floodplains. The floodplain edges were simplified from the original 
model output – the furthest outside edge was used.  
 
Figure 11 shows the effective operational floodplain for the Sarita estuary and lower Frederick. The 3.5m 
flood level was used as the basis for Sarita (purple on map), and the 1.5m level for Frederick (blue on map), 
but there were some changes. The darker purple delineates where the Sarita and Frederick flood levels 
overlap. The orange hatched area shows the effective operational floodplain. Streams whose floodplains 
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entirely overlapped with larger rivers (e.g. Shaky Bill’s 1) were removed. E-Trib was also removed from 
further analysis due to its small size and because its exact location is unclear. 
 

 
Figure 11: Effective operational floodplain for Sarita estuary 

Table 5 shows the depths used for each stream for the enhanced and effective operational floodplains. Each 
stream was also assigned a riparian class, based on the data received from MFS. Changes from the source 
data are indicated in the “notes” field.  
 

Table 5: Enhanced and effective operational depths, and stream classes 

Stream 
Enhanced 
floodplain 
depth (m) 

Effective 
operational 
floodplain 
depth (m) 

Stream Class Notes 

Sarita Estuary 4 3.5 S1 Changed from S2 
Sarita 3 2.5 S1 Changed from S2 
South Sarita (lower) 2.5 2 S1 Changed from S2 
South Sarita 2.5 2 S2  
Sabrina 2.5 2 S2  
Sabrina 1 2.5 2 S2  
Hunter (lower) 2 1.5 S2  
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Stream 
Enhanced 
floodplain 
depth (m) 

Effective 
operational 
floodplain 
depth (m) 

Stream Class Notes 

Hunter 2 1.5 S4 Changed from S5 
Frederick 2 1.5 S2  

Fred1 n/a n/a n/a Completely within Frederick 
floodplain 

Fred2 2 1.5 S4  
Fred3 manual manual S3  
Pachena below 
Rousseau confluence 3 2.5 S1 Changed from S2 

Pachena between 
Rousseau and Pach2 2.5 2 S2  

Pachena above Pach2 1.5 1 S3  
Rousseau 3 2.5 S1  
F-Trib 2 1.5 S2  
E-Trib n/a n/a n/a Too small, remove 

Pach1 n/a n/a n/a Completely within Pachena 
floodplain 

Pach2 1.5 1 S3  
D-Trib 2 1.5 S4  
U-Trib 2 1.5 S3  

Shaky Bill’s 1 n/a n/a n/a Completely within Pachena 
floodplain 

Shaky Bill’s 2 (above 
Bamfield Main) 2 1.5 S3 Changed from S6 

C-Trib 1.5 1 S4  
Sugsaw 2.5 2 S2  
 
The total area of the floodplains is shown in Table 6. Note that all tributaries are connected, so the Sarita 
watershed includes South Sarita, Sabrina, Sabrina1, Hunter, Frederick, Fred2, and Fred3, and the Pachena 
watershed includes Rousseau, Pach2, F-Trib, D-Trib, U-Trib, C-Trib, and Shaky Bill’s 2. 
 

Table 6: Floodplain area by watershed 

Watershed Effective operational 
floodplain area (ha) 

Enhanced 
floodplain 
area (ha) 

Sarita 392 444 
Pachena 227 259 
Sugsaw 0.8 0.9 
Total 619 704 

 
Figure 12 shows the difference between the effective operational and enhanced floodplains for the lower 
part of the Sarita River. 
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Figure 12: Effective operational and enhanced floodplains, lower Sarita 

Riparian Buffers 
 
Once the effective operational and enhanced floodplains were finalised, each was buffered as per FRPA 
guidelines, based on the stream class in the HFN Streams dataset provided by MFS. Riparian reserve (RRZ) 
and management zone (RMZ) buffers were applied separately. Note that the full RMZ width was applied, 
but only a portion of the total retention is required in this zone. Table 7 shows the buffer widths for each 
class. 
 

Table 7: Riparian buffer widths 

Stream Class RRZ (m) RMZ (m) 
S1 50 20 
S2 30 20 
S3 20 20 
S4 0 30 
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The floodplains and buffers were overlaid with the Timber Harvesting Land Base (THLB) and recent 
cutblocks, and the results summarized. Table 8 shows the total area, THLB, Non-harvesting land base 
(NHLB), excluded land base (EXLB), and no data areas for the effective operational floodplain and riparian 
buffers. Table 9 shows the same information for the enhanced floodplain and riparian buffers. ‘No data’ 
areas are private land parcels and Indian Reserve areas that have no forest cover information and were 
excluded from the last timber supply review. Figure 13 shows the land base netdown combined with the 
enhanced floodplain and buffers for part of the Sarita River. The black line shows the boundary between the 
land base netdown and no data areas. Overall, 19% of the effective operational and 20% of the enhanced 
riparian area is THLB. 
 

Table 8: Riparian areas netdown – effective operational floodplain 

 Area (ha) THLB (ha) NHLB (ha) EXLB (ha) No data 
(ha) 

Percent 
THLB 

Floodplain 619 59 196 33 332 10% 
RRZ 410 91 179 6 134 22% 
RMZ 211 84 67 2 58 40% 
Total 1,240 234 442 41 524 19% 

 

Table 9: Riparian areas netdown – enhanced floodplain 

 Area (ha) THLB (ha) NHLB (ha) EXLB (ha) No data 
(ha) 

Percent 
THLB 

Floodplain 704 77 223 34 370 11% 
RRZ 393 101 166 6 121 26% 
RMZ 206 85 64 2 55 41% 
Total 1,304 263 453 41 546 20% 
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Figure 13: Enhanced floodplain and buffers overlaid with land base netdown 

 
Previous harvest (between 1996 and 2018) has occurred on 86 ha of the effective operational riparian area 
(20 ha of THLB), and 97 ha of the enhanced riparian area (26 ha of THLB).  
 
Figure 14 and Figure 15 show the age class breakdown of the THLB in the effective operational and 
enhanced riparian areas. The majority of the THLB is between age 1 and 80 (age class 1 to 4), with about 
10% older than 250 (age class 9). 
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Figure 14: Age class breakdown in the THLB, effective operational riparian area 

 

 
Figure 15: Age class breakdown in the THLB, enhanced riparian area 
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HFN LiDAR Stream Network Methodology 
In the process of mapping floodplains, shortcomings were discovered with the existing stream 
data for the study area. Streams were missing, or offset from the LiDAR DEM location, either 
due to changes since the stream data was captured, or because of the scale the data was captured. 
It was decided to generate a stream network that matched the LiDAR DEM data, since the 
LiDAR DEM is the most detailed and accurate data available. The new stream network was 
generated by modeling the flow and accumulation of water over the LiDAR DEM surface. 

Processing Steps 

1. Fill Sinks 
In order to generate a stream network, there must not be any “sinks” in the DEM. A sink occurs 
when all the surrounding cells are higher, and leads to breaks in modeling water flowing across 
the surface.   

 
Figure 1: Illustration of Sinks from Arc/Info Help 

2. Run Flowaccumulation Command 
The ArcGIS Spatial Analyst command “FLOWACCUMULATION” pours virtual water over the 
landscape and sees where it flows. Each cell in the output receives the value of the number of 
upstream cells that flow into it. Figure 2 shows how the output looks, and two different options 
for defining streams. 



 
Figure 2: Flowaccumulation Output and Classification of Streams 

3. Classify Flowaccumulation output to make streams 
The output from Flowaccumulation has values ranging from 0 to several hundred million. To 
identify streams, a cut-off of 20,000 was used. This appeared to give a reasonable output without 
including too many tiny creeks. Using this cut-off ended up with approximately 1,450 km of 
streams within the study area. 

Initial review of the LiDAR streams showed that the roads were causing a problem. Due to the 
high level of detail in the LiDAR DEM, many streams were running along beside the road and 
unable to cross (Figure 3). To resolve this, we located likely culvert sites along the roads. 



 
Figure 3: Example of Streams Blocked by Road 

4. Cut ditches across roads 
At each culvert site, a line was run through the road, buffered by 2m each side, and given the 
elevation of the lowest point below the road. The LiDAR DEM was updated with these 
“ditches”, and then steps 1, 2, and 3 were re-run. Figure 4 shows the same streams after this 
process. 



 
Figure 4: New Streams After Cutting Ditches 

5. Clean-up streams 
The streams derived from the Flowaccumulation command are a 1 m2 raster. To make a useable 
stream network, the streams were converted to vector, then cleaned up to remove small glitches. 
There were several thousand short line segments (less than 4m long), many of them were 
“diamonds” in the middle of the stream, like the one shown in Figure 5. 

 
Figure 5: Example of stream clean-up 



Another common issue where two streams join is the “lattice”, like this one shown in Figure 6.  

 
Figure 6: Another stream clean-up example 

6. Check stream direction and fill gaps 
Once all the cleanup was completed, checks were done to ensure that the stream network was 
fully connected (no gaps), and that all the stream lines pointed downstream. The stream direction 
is important for doing network analysis.  

There is a hole in the LiDAR DEM and orthophoto data due to a private land parcel. The HFN 
streams provided by Meridian continue through this area, but because there is no data, the 
LiDAR streams stop at the edge. Using the HFN streams, the gap was digitized and matched as 
well as possible between the two datasets. Figure 7 shows how the HFN streams were used to fill 
in the gap. 



 
Figure 7: Filling in Private Land Gap 

7. Add stream names where known 
Once the streams layer was complete, the next step was to manually name the streams and rivers 
where possible. To do this, the stream names provided by Marc Gaboury were used, as well as 
the Freshwater Atlas and NTS 1:50,000 topographic maps. Where there was a conflict between 
the name provided by Marc and one of the other sources, Marc’s name was used.  

8. Add lakes from HFN Waterbodies layer 
There are 22 lakes of various sizes within the study area boundary. The lakes were provided by 
Meridian as part of the HFN Waterbodies dataset, and the lake boundaries appear to have been 
digitized based on the orthophotos. The lake shores do not always match the LiDAR DEM. The 
Flowaccumulation function does not account for lakes, and the output can include several 
tributaries running parallel through the middle of the lake, or a stream running close to the 
shoreline.  

To clean this up, a Skeletonizer utility (initially made for BC MSRM) was used. The inputs for 
this are the lake polygons, and points on the edge of each lake where the streams enter and leave 
it. All the stream segments within the lakes were deleted, and replaced with the skeletonizer 
output. Figure 8 shows Sarita Lake before and after this process.  



 
Figure 8: Example of Streams within Lake Before and After Skeletonizer 

9. Add stream classification from HFN Streams 
The final step was to manually assign the stream classes (S1 through S6) from the HFN Streams 
dataset to the LiDAR streams. This could not be automated because two datasets do not always 
have the streams in the same location. There are many new streams in the LiDAR stream layer 
that do not exist in the HFN Streams, these were left as unclassified.  

A number of issues were noted when assigning the stream classes. Some of the rivers are 
classified as S2 from the source to the mouth – this seems unlikely. The Sarita River is S2 all the 
way along, but probably at least the lower part should be S1. Hunter Creek is classified as non-
fish (mostly S5), but Marc Gaboury’s data says it is a salmon-bearing stream. There are many 
cases where a fish-bearing stream flows into a non-fish stream (eg S3 above S6), or a larger 
stream flows into a smaller one (eg S1 above S2, or S5 above S6), which does not make sense. A 
field has been added to the output data indicating where this has happened so that the 
classification of these streams can be checked. 

Limitations of LiDAR Stream Data 

Although the LiDAR DEM is very detailed and is the most accurate elevation data available, 
there are still limitations to its use for stream networks. The first and most obvious issue is that 
the LiDAR DEM does not cover the entire watershed. Along the edges of the study area, this can 
lead to streams flowing the wrong way, gaps in streams, or incorrect calculations of stream order 
and magnitude. Figure 9 shows the extent of the LiDAR coverage, and the full Sarita Watershed 
(from Freshwater Atlas), including all tributaries. Since the LiDAR DEM does not cover the 
entire watershed, the LiDAR streams cannot be used to calculate stream order or magnitude. 



 
Figure 9: Comparison of LiDAR DEM Extent and Sarita Watershed 

Figure 10 shows an example of edge issues. The arrow points to the corner of a lake that is cut 
off by the LiDAR boundary. Because of this, the Flowaccumulation function cannot determine 
where the lake outflow is, and the streams flowing  into the lake end at that corner. Based on the 
Freshwater Atlas, the lake outflow is at the south-east corner, but without LiDAR DEM data for 
the entire area around the lake, Flowaccumulation does not find this. Note that this lake was 
manually cleaned up when the streams in lakes were skeletonized, and now the outflow matches 
the Freshwater Atlas. 



 
Figure 10: Edge Issues 

Another issue, which may or may not be a concern, is that when converting from raster to vector, 
it is possible to get a zigzag pattern along a stream. Where these were found, they were smoothed 
out, but there will still be a number of zigzag sections. Figure 11 shows a short zigzag example, 
each zigzag is approximately 1.5m long.  

 
Figure 11: Example of Zigzag Stream 

Even after cutting ditches through the roads, there are still some locations where streams are 
shown flowing along the side of the road. These may be cases where there was no clear culvert 
location (ie no evidence of a stream or gully below the road), or the culvert may have been 



missed. In other cases, the culvert location may have been clearly seen on the LiDAR DEM, but 
the Flowaccumulation function found that the water concentrated beside the road, instead of in 
the gully above the culvert. An example of this is shown in Figure 12. The red dot is the culvert 
location, and it seemed that the stream would flow down the gully above the culvert. However, 
the Flowaccumulation output showed the water collecting beside the road. 

 
Figure 12: Example of stream flowing along road 

Attributes in Final Stream Dataset 

The final stream dataset is called “LiDAR_Streams_final_5April2018.shp”, and contains the 
following fields: 

• Watershed: This is the name of the major watershed the stream is part of (Sarita, 
Pachena, Sugsaw, Carnation). Streams outside these major watersheds have no value in 
this field. 

• Riv_Name: Stream name where known, see step 7 of the methodology 

• Lk_Name: Lake name where known, from the HFN_Waterbodies layer 

• Stream_Cla: Stream class (S1 to S6) taken from HFN_Streams layer, see step 9 of 
methodology 

• Chk_class: Indicates that stream class needs to be verified, as there is a larger class 
upstream (see step 9). 
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Hydrologic Rationale 
 

Flood frequencies for the Water Survey of Canada (WSC) hydrometric gauge station Sarita River 
near Bamfield 08HB014 were based on analyses by Chapman Geoscience Ltd. (19991. 

Table 1.  Flood frequencies for WSC Station 08HB014 based on Chapman Geoscience Ltd. (1999data. 

  

The following Figure 1 shows plots of flood frequency versus discharge at the gauge station 
using data in Table 1.  

                                                      
1 Chapman Geoscience.  1999.  Guide to peak flow estimation for ungauged watersheds in the Vancouver Island 
region.  Prepared for BC Ministry of Environment, Lands and Parks., Nanaimo, BC. 
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Figure 1.  Relationships between flood frequency and discharge for WSC Station 08HB014.  

A relationship was plotted between stage elevation and mean daily discharge for WSC Station 
08HB014 for the period January 1, 2011 to December 31, 2017 (Figure 2).  
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Figure 2.  Plot of stage versus mean daily discharge for WSC Station 08HB014: Sarita River near Bamfield, January 1, 2011 to 
December 31, 2017. 

Using the equation in Figure 1, additional return period discharges were estimated (Table 2).  
Also, stage elevations at various flood discharges were estimated using the equation from 
Figure 2 (Table 2).  
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Table 2.  Calculated flood discharges using equations in Figure 1 and water stage at gauge using equation in Figure 2. 

 

From Table 2, a mean daily flood discharge with a return period of 5 yr was estimated at ~385 
m3/s.  Stage elevation at a 5 yr mean daily flow of ~385 m3/s was estimated at 4.56 m. 

LiDAR imagery was flown June 17-23, 2015.  As LiDAR does not penetrate the water surface, it 
was assumed that the elevation of the stream channel shown on the LiDAR cross sections 
would be the mean water level over these dates (Table 3).  Therefore, the amount of water 
level increase above the mean June elevation of 1.319 m at a ~5 yr mean annual flow would be 
equal to:  4.56-1.32 m or 3.24 m. 

  

Water Stage 
at Gauge

Mean Water Stage 
at Gauge (June 17-

23, 2015)

Net Increase in Water 
Level at Specified 
Flood Frequency

100.0 0.01 748.27 5.93 1.32 4.61

50.0 0.02 664.26 5.65 1.32 4.33
33.3 0.03 615.11 5.48 1.32 4.16

25.0 0.04 580.25 5.36 1.32 4.04
20.0 0.05 553.20 5.25 1.32 3.93
16.7 0.06 531.11 5.17 1.32 3.85
14.3 0.07 512.42 5.10 1.32 3.78
12.5 0.08 496.24 5.03 1.32 3.71
11.1 0.09 481.96 4.98 1.32 3.66
10.0 0.1 469.19 4.92 1.32 3.60
5.0 0.2 385.18 4.56 1.32 3.24
3.0 0.3 336.04 4.33 1.32 3.01
2.5 0.4 301.17 4.16 1.32 2.84
2.0 0.5 274.13 4.02 1.32 2.70
1.7 0.6 252.03 3.90 1.32 2.58
1.4 0.7 233.35 3.79 1.32 2.47
1.3 0.8 217.16 3.70 1.32 2.38
1.1 0.9 202.89 3.61 1.32 2.29
1.0 1 190.12 3.53 1.32 2.21

Return 
Period 

Flood (yr)

Flood 
Frequency

Discharge 
(m3/s)

Sarita River Gauge Station (m)
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Table 3.  LiDAR Imagery for HFN Territory from June 17-23, 2015. 

Date Water Level 
(m) 

Discharge 
(m3/s) 

17-Jun 1.323 0.673 
18-Jun 1.322 0.660 
19-Jun 1.322 0.654 
20-Jun 1.320 0.635 
21-Jun 1.318 0.617 
22-Jun 1.316 0.597 
23-Jun 1.314 0.583 
mean 1.319 0.631 

Note:  Water level at WSC Gauge is based on an Assumed Datum 

The LiDAR cross section (#440) at the WSC gauge station is shown in Figure 2.  Note: Elevations 
for LiDAR are Geodetic. 

 

Figure 3.  LiDAR cross section at WSC Gauge 08HB014: Sarita River near Bamfield. 

The bankfull channel width was estimated at 40 m at a water level of ~3.23 m.  At the gauge 
station, the 4 m high banks suggest a moderately entrenched channel.  Using the equation:  

Entrenchment Ratio = Flood-prone Width / Bankfull Width 

and assuming a moderately entrenched channel with an Entrenchment Ratio of 1.4, flood-
prone width would equal 1.4 x 40 m or 56 m.  At a channel width of 56 m, the water surface 
elevation would be ~6.50 m.  The water level at the flood-prone width would be 3.27 m above 
the June 17-23, 2015 water level when the LiDAR imagery was taken.  This elevation increase of 
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3.27 m is quite similar to the estimated water level increase of 3.24 m above the June 2015 
water level that was estimated for a 5 yr return period flood (Table 2).    
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3 November 2018 
 
Chris Niziolomski 
Claire Tweeddale 
sent via email 
 
Dear Chris and Claire:
 
Re:  Field Re-examination of Floodplain Edge Designations 
 
Matt Neuwirth of Meridian Forest Services Ltd. (MFS) and I re-examined four cross sections to 
assess floodplain edge designations that were determined previously by the MFS crew.   
 
In the lower Sarita River, cross sections at Sar 3, 4 and 5 were re-examined. Claire had indicated 
that:  

  

For the lower Sarita, the locations of the edge of the floodplain as mapped by the GPS 
points (and as drawn on the field cards) are inconsistent with the depths provided.  If the 
depths are correct, the floodplain edge should be hundreds of metres further away from the 
stream. If the point locations are correct, the depths should be much less. 

 
We only re-examined the right bank floodplain edges at Sar 3 and Sar 4.  The location for the right 
bank floodplain edge at Sar 3, as identified by the MFS crew is acceptable, and appears to be ~3.0 
m higher than river baseflow water level (Figure 1). There is a flood channel that parallels the river 
at Sar 3 (Photo 1). We walked the length of this overflow channel upstream to Sar 4 and the 
channel did not show evidence of flood debris accumulations, and appeared to be inundated 
infrequently at probably >5 yr return period flows. (Note: if desired, it would be possible to 
estimate water levels through the cross section at our target 5 yr flow by using local channel 
morphology data and Manning’s equation). However, placing the right bank floodplain edge to the 
right of the overflow channel would provide a more conservative floodplain edge for the right 
bank. We may want to discuss this further to determine if selecting a more conservative floodplain 
edge would be a more prudent approach to achieve our long term stream protection objective. 
 
We re-confirmed the right bank floodplain edge at Sar 4 as identified by the MFS crew. It appeared 
to be ~3.3 m higher than river baseflow water level (Figure 2Figure 1). 
 

 
 
MN Gaboury Associates Ltd. 

2459 Holyrood Drive 

Nanaimo, BC  V9S 4K7 
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Figure 1.  Cross section Sar 3, Sarita River, Reach 1. 
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Photo 1. Flood channel on right bank of Sarita River between Sar 3 and Sar 4 cross sections. 

 
We only examined the left bank floodplain edge at Sar 5. The location for the left bank floodplain 
edge at Sar 5, as identified by the MFS crew, is acceptable and appears to be ~3.2 m higher than 
river baseflow water level (Figure 3). Similar to the right bank at Sar 3, there is a flood channel that 
parallels the river at Sar 5. We walked along a section of this overflow channel downstream to the 
IR#1 access road and found that the channel did not show evidence of flood debris accumulations, 
and appeared to be inundated infrequently at probably >5 yr return period flows. However, 
placing the left bank floodplain edge to the left of the overflow channel would provide a more 
conservative floodplain edge. 
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Figure 2.  Cross section Sar 4, Sarita River, Reach 1. 
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Figure 3.  Cross section Sar 5, Sarita River, Reach 1.  
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In the lower Pachena River, we re-examined cross section Pach 14. Claire had indicated that:  

 

For pach14, the GPS point for the floodplain edge does not make sense. The stream 
crossing may be right, the location of the Pachena river in that area is unclear, but please 
verify where the floodplain edges are (on both sides) if you can.  For pach14, it seems that 
the field crew read the xsection graph backwards. They've marked Bamfield Main on the 
right side, but it is actually on the left. The field point in the middle of the stream is on the 
creek we've called Pachena1 - far towards the right side, and the floodplain edge point is to 
the right of that. It's unclear from the LiDAR where the Pachena River actually flows, so 
their point may be in the right location, however, there's no mention in the field card that 
our mapped creek is in the wrong place, and they said they moved the left bank floodplain 
edge. 

 
There are two prominent distributaries, P3 and P4, of the Pachena River within this cross section.  
Flows are more predominant in P4 but P3 on the north side also carries water once it starts to rain 
(i.e., under relatively low discharges in Pachena River). It was evident that the MFS crew had 
mislabelled the location of Bamfield Main. We were able to only re-examine and confirm the left 
bank floodplain edge location which appeared to be ~3.2 m higher than river baseflow water level 
(Figure 4). To check the right bank floodplain would have taken the better part of ~5 hours as 
flows were too high to cross the river and it would have meant a significant hike on the north side 
of the river through overgrown logging roads/bush.  I believe the floodplain edge that the MFS 
crew identified on the right bank is likely acceptable.  
 
Please contact me if you wish to discuss any of my comments in greater detail.  

Yours truly, 

 

Marc Gaboury 
Senior Fish Biologist 
 
cc. Matt Neuwirth, Meridian Forest Services Ltd. 
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Figure 4.  Cross section Pach 14, Pachena River, Reach P3 & P4. 
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