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1.0  INTRODUCTION 

1.1 PROJECT BACKGROUND 

In March 2004, British Columbia Timber Sales (BCTS) – Strait of Georgia Division 

retained Summit Environmental Consultants Ltd. (Summit) to conduct watershed 

assessment updates for the Haslam/McNeill Watershed (referred to herein as “McNeill 

Lake Community Watershed”) and Sliammon Community Watershed (Figure 1.1).  

BCTS currently has tenure in parts of these watersheds.  Other licensees in McNeill 

Community Watershed are: Weyerhaeuser Company Ltd. - Northwest Hardwoods 

Division (“Weyerhaeuser”), and Terminal Forest Products Ltd. (“Terminal”).  The 

Sliammon Community Watershed includes one private woodlot licence (WL1672) in 

addition to the BCTS tenure.  As the main licensee in both watersheds, BCTS initiated 

these updates in order to prepare Forest Stewardship Plans, which are regulated under the 

British Columbia Forest and Range Practices Act (FRPA).  These Plans are to be 

consistent with objectives set by the B.C. provincial government for 10 resource values 

[FRPA Section 5(2)a].  The values that are addressed by watershed assessments are water 

and fish.   

 

The most recent watershed assessment for McNeill Lake Community Watershed was 

completed in March 1997 (Summit, 1997), and the most recent assessment completed for 

Sliammon Community Watershed was in November 2000 (Carson Land Resource 

Management Ltd. [CLRM], 2000).  This document presents the results of the updates 



completed in both watersheds in 2004.  The updated assessment was completed in four 

phases: 

 

Phase 1 Office assessment including review of previous studies and current aerial 

photographs and forest development plan maps; 

Phase 2 Field assessments;  

Phase 3 Post-field watershed condition assessment; and 

Phase 4 Reporting. 

 



 

 

 

 

 
 

Figure 1.1 Location of the McNeill Lake and Sliammon Community Watersheds.  



 

1.2 PROJECT OBJECTIVES 

The general objectives of the study were to identify and evaluate hydrologic risks of 

forest development, and to provide guidance on avoiding or minimizing risks to water 

quality and aquatic habitat.  To meet these objectives, the specific tasks completed as part 

of Phases 1-3 (office, field and post-field assessments) were: 

1 Assessment of previous restoration and deactivation work; 

2 Assessing the current watershed condition and completing the Watershed Report 

Cards; 

3 Completing a risk analysis of sediment delivery, peak flows, channel stability and 

riparian function; and  

4 Completing a summary of existing conditions in the watersheds based on the 

results of the above-noted tasks. 

 

Once the existing conditions of the watershed were defined, considerations were made 

for the future development based on the proposed harvesting that is scheduled in BCTS’s 

2004 forest development plans (BCTS, 2004a; 2004b). 

 

Methods are presented in Section 2, and the results are reported in Sections 3 (McNeill 

Lake Community Watershed) and 4 (Sliammon Community Watershed).  Section 5 

provides considerations for future forest development, and the conclusions and 

recommendations are presented in Section 6.  The detailed equivalent clearcut area 

(ECA) calculation tables are provided in Appendix A. 

 

1.3 GENERAL WATERSHED DESCRIPTION 

1.3.1  McNeill Lake Community Watershed 

The McNeill Lake Community Watershed drains into Malaspina Straight in the vicinity 

of Harness Island (Figure 1.1) at 49o 35.8’ N latitude and 124o 0.9’ W longitude.  It is 

situated on the western coast of the Sechelt Peninsula on the lower slopes of the Caren 

Range.  Haslam Creek is the mainstem for the watershed and provides the domestic water 



supply for the Pender Harbour area (Map 1).  The intake, which is the point-of-interest 

“POI” for this study, is located about 750 m upstream of the mouth, just above Highway 

101.  The study area is approximately 14.3 km2.  The watershed is located within the 

Sunshine Coast Forest District and its land base supports forest harvesting, power 

transmission (B.C. Hydro high voltage transmission mains), and recreational activities 

such as camping, fishing, and hunting.    

 

There are two major streams in the McNeill Lake Community Watershed; Haslam Creek 

(above and below McNeill Lake) and Tributary #1 (tributary draining west into McNeill 

Lake) (Map 1).  A third minor tributary (Tributary #2) was identified in the assessment, 

and drains southeast into McNeill Lake.  Haslam Creek and Tributary #1 have been 

previously classified by BCTS as S2 and S3 streams, respectively, while all other streams 

in the watershed have been classified as S4 (Matt Roberts Contracting Ltd. [MRC], 

2001).  These streams support resident fish (mainly trout).  The lowest reach of Haslam 

Creek, downstream of the intake (POI), has been classified as Class “A” (salmon) fish-

bearing waters.   

 

Bedrock geology within the McNeill Lake Community Watershed is primarily quartz 

diorite and granodiorite (Roddick and Hutchinson, 1972).  Surficial deposits are 

predominantly glacial till, with pockets of organic soils in bedrock-controlled depressions 

(Hudson and Wise, 1995).   

 

Stream discharge information for Haslam Creek is available from a Water Survey of 

Canada Station (#08HB0005 - Haslam Creek near Cassidy at 49o 2’ 24”N and 123o 54’ 

28”W) (Environment Canada, 2001).  The station in Haslam Creek was active in many of 

the years between 1914 and 1998.  Within that period the mean annual discharge was 

4.38 m3/s, and the average flow in the month with the highest average flow (December) is 

8.07 m3/s.  The largest maximum daily discharge recorded for Haslam Creek is 65.1 m3/s 

on November 4, 1955.  One other notable flood occurred in 1954, which recorded a 

maximum daily discharge of 62.6 m3/s. 

 



The McNeill Lake Community Watershed lies within the Coastal Western Hemlock 

(CWH) biogeoclimatic zone.  Temperature records from the nearest climate station 

(Station #1043152 – Gibsons Gower Point Station at elev. 34 m) show that normal daily 

air temperature is 10.2oC, with the coldest mean monthly temperature occurring in 

January (3.7oC) and warmest in August (17.6.oC) (Environment Canada, 2004).  Mean 

annual precipitation is 1,369.1 mm with 45.7 mm of that falling as snow (water 

equivalent).  The study area is located between 100 m (POI) and 900 m a.s.l., therefore, 

temperatures in the upper watershed are generally cooler and precipitation levels are 

higher, with significantly higher proportion falling as snow.   

 

Previous assessments in the study area has been completed since 1996 (summarized in 

Table 1.3), beginning with a Level 1 Coastal Watershed Assessment Procedure (Summit, 

1996).  Terrain stability mapping (Terrain Survey Intensity Level “TSIL” D) by Ryder 

and Associates was completed in 1996, followed by a reconnaissance Level 2 Channel 

Assessments of the watershed (Summit, 1997).  The terrain mapping determined that 

Class IV and V terrain and highly erodible soils were located mainly in the upper 

elevations (above 800 m a.s.l.) of the watershed.  Summit (1997) found that 

Haslam/McNeill watershed has been affected by historic riparian harvesting, but that 

natural restoration processes combined with a low sensitivity to impacts (both natural and 

resulting from the McNeill Lake dam) have left no persistent impacts.  The report also 

recommended that appropriate riparian management areas (RMAs) be maintained, and 

that proposed development (at the time of that study) would likely have negligible effects 

on water quality and fish habitat if that was done.  

 

In September 1998, Aqua-Tex Scientific Consulting Ltd. (1993) completed a preliminary 

water quality study of Haslam Creek for the South Pender Harbour Water Supply (Aqua-

Tex, 1998).  While the water sampled was considered “high quality” (based on a single 

sample at five locations), several recommendations were made as a result of the study, 

some of which were followed up for the current assessment (see Section 3).  Aqua-Tex’s 

recommendations relevant to this assessment are: 

1 Carry out a Proper Functioning Condition assessment of Haslam Creek above the 



reservoir; 

2 Conduct deactivation or proper maintenance of roads having failed culverts; 

3 Remove the main channel bridge crossing above the domestic intake; and 

4 Complete more detailed water quality monitoring in partnership with other 

licensees, including installing water quality monitoring stations and temperature 

data loggers. 

 

Finally in March 2001, the Ministry of Forest initiated an intensive Level II road 

deactivation assessment and prescriptions study.  Several deactivation prescriptions were 

developed (with some implemented) as a result of high priority sites outlined from the 

Summit (1997) assessment.  However reduced Forest Investment Account (FIA) funding 

resulted in the suspension of the majority of works that were recommended.     

 

Table 1.3 Summary of Previous Assessments and Works for McNeill Lake 
Community Watershed. 

 

Study or Completed Relevant Works Source Year 
Completed 

Level 1 Coastal Watershed Assessments: 
Haslam/McNeill/Siversands & Sliammon Watersheds 

Summit (1996) 1996 

Terrain Stability Mapping (TSIL D) Ryder and 
Associates (1996) 

1996 

Haslam/McNeill, Silversands and Sliammon Creeks 
Watershed Assessments 

Summit (1997) 1997 

South Pender Harbour Drinking Water Supply: 
Preliminary Water Quality Survey – Haslam Creek 

Aqua Tex (1998) 1998 

McNeill Lake Community Watershed Level II 
Assessment and Prescriptions (Road Deactivation 
Report) 

Matt Roberts 
Contracting 

(2001) 

2001 

Culvert and bridge removal following recommendations 
made from Summit 1997.  Works reported by BCTS 
(Meyer, T., pers. comm., 2004). 

BCTS and 
various 

contractors 

post-1997 

Bridge installation and streambank armouring following 
culvert and bridge removal (mentioned above).  Works 
reported by BCTS (Meyer, T., pers. comm., 2004). 

BCTS and 
various 

contractors 

post-1997 

 



 

1.3.2  Sliammon Community Watershed 

Sliammon Community Watershed is located northwest of Powell River within the 

Sunshine Coast Forest District (Figure 1.1).  Sliammon Creek flows into the Straight of 

Georgia at the community of Sliammon (Sliammon IR #1) (49o 53.8’ N latitude; 124o 

36.3’ W longitude), about 4.5 km northwest of Powell River.  For this study, the 

watershed point-of-interest (POI) is the outlet of Sliammon Lake, where the drinking 

water intake is located, which is about 3.5 km upstream of the mouth.  Sliammon Lake 

Community intake provides the domestic water supply for the Sliammon First Nation.  

Sliammon Lake is drained by Sliammon Creek.  The study area (defined as the area in the 

watershed that drains above the POI) is about 43.8 km2.  The study area is comprised of 

two sub-basins and a residual area.  There are three major streams in the watershed: 

Appleton Creek, Tributary #1 and Tributary #2 (Map 2).  Upper Appleton Sub-basin is 

situated above the confluence of Appleton Creek and Tributary #2, Upper Sliammon 

Sub-basin drains Tributary #2, and the Sliammon (Residual) Unit is comprised of 

Appleton Creek (lower) below the confluence of Appleton Creek and Tributary #2, 

Tributary #1 and Sliammon Lake.  

 

The land base supports forest harvesting and recreational activities such as camping, 

fishing and hunting.  A fish hatchery owned and operated by the Sliammon First Nation 

is situated on Sliammon Creek near the mouth.  Additional watershed description and 

land use history is provided by CLRM (2000). 

 

The bedrock geology in the area is primarily quartz diorite and granodiorite (Roddick and 

Hutchinson, 1972).  The surficial geology is predominantly glacial till.   

 

Most streams draining to Sliammon Lake in the Sliammon Community Watershed 

support resident trout populations.  The lower reaches of Sliammon Creek (downstream 

of the intake “POI”) support both natural and hatchery raised salmon populations 

including: Chum, Pink, and coho (CLRM, 2001). 

 



Stream discharge information for Sliammon Creek is available from a Water Survey of 

Canada Station (#08GB005 – Sliammon Creek near Powell River at 49o 53’ 54”N, and 

124o 36’ 6”W) (Environment Canada, 2001).  This station was only active between 1949 

and 1951, and therefore limited data are available for Sliammon Creek.  Within that 

period the mean annual discharge was 2.07 m3/s, and the mean flow in the month with the 

highest average flow (November) was 3.08 m3/s.  The maximum daily discharge on 

record for Sliammon Creek within that period was 11.4 m3/s on November 27, 1949.   

 

The area is within the Coastal Western Hemlock biogeoclimatic zone at the lower 

elevations and the Mountain Hemlock zone in upper elevations.  Climate normals (1971-

2000) at the nearest climate station (Station #1046390 – Powell River Station at elev. 52 

m) show an average daily air temperature of 10.6oC, with the coldest mean monthly 

temperature occurring in January (4.0oC) and warmest temperature in August (18.3oC) 

(Environment Canada, 2004).  Mean annual precipitation is 1,103.7 mm with 31.6 mm of 

that falling as snow (water equivalent).  Sliammon Community Watershed is situated 

between 120 and 1,080 m a.s.l., therefore, temperatures in the watershed are expected to 

be generally cooler and precipitation levels are expected to be higher, with significantly 

higher proportion falling as snow.   

 

Previous assessments in the Sliammon Community watershed include a Level 1 Coastal 

Watershed Assessment Procedure (Summit, 1996), terrain stability mapping (TSIL D) 

(Ryder and Associates, 1996), and a reconnaissance Level 2 Channel Assessment 

(Summit, 1997).  Results of Summit (1996) watershed assessment indicated that the 

channel and riparian index ratings were moderate, while the peak flows and mass wasting 

indexes were low.  The terrain stability mapping (1996) determined that highly erodible 

soils and Class IV and V terrain were situated mainly in the upper elevations (above 800 

m a.s.l.), and Summit (1997) determined that the channels were moderately sensitive 

through the areas with historically logged riparian areas.  In November 2000, Carson 

Land Resources Management Ltd. (CLRM, 2000) completed an updated watershed 

assessment of Sliammon Community Watershed.  Conclusions and recommendations 

from that report included the following: 



 

Sliammon Community watershed is in good condition.  Forestry development plans 
(at that time) should be implemented with due diligence as per the Forest Practices 
Code, and that they can be carried out without causing degradation to local 
hydrology and water quality.   

 

Finally, a number of the recommendations from Summit (1997) for culvert and bridge 

removal and replacement have been implemented since 1998 (Meyer, T., pers. comm., 

2004).  Some of these works were inspected for the present study (see Section 2).  Table 

1.4 provides a summary of previous assessments and works for the Sliammon 

Community Watershed.   

 

Table 1.4 Summary of Previous Assessments and Works for Sliammon Community 
Watershed. 

 

Study or Completed Relevant Works Source Year 
Completed 

Level 1 Coastal Watershed Assessments: 
Haslam/McNeill/Siversands & Sliammon Watersheds 

Summit (1996) 1996 

Terrain Stability Mapping (TSIL D) Ryder & 
Associates (1996) 

1996 

Haslam/McNeill, Silversands and Sliammon Creeks 
Watershed Assessments 

Summit (1997) 1997 

Watershed Assessment of Sliammon Community 
Watershed, Powell River, B.C. 

Carson Land 
Resources (2000) 

2000 

Road deactivation including bridge and culvert removal and 
replacement following recommendations made in Summit 
1997.  Works reported by BCTS (Meyer, T., pers. comm., 
2004). 

BCTS & various 
contractors 

Post-1997 

 

 

1.4 ROUNDTABLE MEETINGS 

As part of BCTS planning process, roundtable meetings were held October 25, 2004 

(Sliammon) and October 26, 2004 (McNeill Lake), following submission and review of 

the draft report.  Members were encouraged to provide comments and feedback regarding 

the findings and recommendations of the study.  Those comments have been incorporated 

herein.  The Roundtable Meeting recommendations are presented in Section 6.0.   



 

Members of the Roundtable Committee for McNeill Lake Community Watershed 

include: 

1 Mr. Denis Barlow* Ministry of Water, Land and Air Protection (604) 582-5277 

2 Ms. Jane Hofweber* Ministry of Water, Land and Air Protection (604) 582-5205 

3 Mr. Trevor Egely* Weyerhaeuser Company Ltd. 

(Northwest Hardwoods Division)  (604) 485-3127 

4 Mr. David Marquis* Terminal Forest Products Ltd. (604) 717-1213 

5 Ms. Teresa Fortin* Sunshine Coast Regional District 

(Planning Department)   (604) 885-2261 

6 Ms. Bobby Bennett* South Pender Waterworks District (604) 883-2511 

7 Mr. Dave Manson Fisheries and Oceans, Canada (604) 883-0454 

8 Mr. Tim Adams* Vancouver Coastal Health Authority (604) 885-8711 

9 Mr. Bill Hughes* B.C. Timber Sales (250) 286-9389 
Notes: 
* Attendees at the October 26, 2004 Roundtable Meeting. 
 

Sliammon Community Watershed: 

Members of the Roundtable Committee for Sliammon Community Watershed include: 

10 Mr. Harry Maynard Sliammon First Nation (604) 483-9646 

11 Mr. Lee George Sliammon First Nation Hatchery (604) 483-4111 

12 Ms. Ann Paul* Sliammon First Nation (604) 483-9646 

13 Mr. Denis Barlow* Ministry of Water, Land and Air Protection (604) 582-5277 

14 Ms. Jane Hofweber* Ministry of Water, Land and Air Protection (604) 582-5205 

15 Mr. Doug Swift Fisheries and Oceans, Canada (604) 883-0454 

16 Mr. Bill Hughes** B.C. Timber Sales (250) 286-9389 
Notes: 
* Attendees at the October 25, 2004 Roundtable Meeting. 
**Attended Roundtable Meeting via. teleconference.  Mr. Noel Poulin, Ministry of Forests – Powell River 
Field Office attended meeting on his behalf. 
 

 



2.0  METHODS 

2.1 ASSESSMENT OF PREVIOUS RESTORATION AND DEACTIVATION WORKS 

Restoration and deactivation works have occurred in both watersheds since the most 

recent watershed assessments were undertaken.  The office component for this task 

involved contacting BCTS – Powell River Field office to obtain information and reports 

regarding these works and current status.  BCTS provided Summit with an update of 

works to-date, supplemented with deactivation prescription reports and verbal 

confirmation of works completed.  That information was reviewed prior to fieldwork to 

become familiar with the restoration and deactivation works previously prescribed and 

completed. 

 

On April 22 and 23, 2004, Summit conducted field investigations of some of the works 

carried out since 1997.  Observations and recommendations (where judged to be needed) 

were documented in the field.  Section 3 of the present report summarizes those 

recommendations. 

 

2.2 ASSESSMENT OF WATERSHED CONDITION AND WATERSHED REPORT 

CARD 

2.2.1  Overview Assessment 

The overview assessment consisted of compiling watershed information and making 

basic measurements of physical basin parameters.  This information is presented on Maps 

1 and 2, and is summarised in Sections 3 and 4. 

 

Stream reach breaks were adopted from previous studies and reviewed in the office using 

topographic information and the available aerial photographs (1994 and 2003).  

Identification of channel morphology and characteristics were based on this information.  

Aerial photographs reviewed for the McNeill Lake Community Watershed were: 

 

1 Year 2003 30BCC03040   #047-050  

2 Year 1994 30BCB94079  #050, 052, 111-114, 136-142, 176-178 and 



180 

 

Aerial photographs reviewed for Sliammon Community Watershed were: 

 

3 Year 2003 30BCC03036   #131, 171-174, 177-181, 215-218 

4 Year 2003 30BCC03037  #002-006, 053-057 

 

2.2.2  Field Investigation 

The reconnaissance field investigation consisted of a single day in each watershed, April 

22, 2004 in McNeill Lake Community Watershed and April 23, 2004 in Sliammon 

Community Watershed.  Temperatures were around 15-20oC both days and the sky was 

clear, however an early morning rainstorm on April 23, 2004 made road conditions in 

Sliammon muddy.  The field investigation involved driving and/or walking some of the 

main haul roads, active secondary roads and permanently deactivated roads.  Information 

regarding road conditions and sediment sources were noted.  Channel conditions were 

evaluated throughout both watersheds at accessible representative sites.  In addition to the 

channels, stream crossing were evaluated where they could be accessed by vehicle or by 

foot.  Any evidence of anthropogenic disturbance was noted and the area estimated, and 

any areas where restoration efforts would reduce risks to water quality or fish habitat 

were identified. 

 

2.2.3  Post-Field Work Analysis and Watershed Report Cards 

Once the fieldwork was completed, the information gathered was combined to estimate 

channel response potential.  This parameter combines channel sensitivity and watershed 

routing efficiency, and reflects the inherent potential (i.e., risk) for channels to change in 

response to changes in the peak flow regime (i.e. caused by forest harvest and/or road 

development).  In channels with a low channel response potential, a relatively large 

change in watershed-wide ECA is required to produce a unit of channel change.  In 

contrast, high response potential channels require a smaller change in ECA to produce the 

same impact.  The procedures for estimating these parameters are outlined in Appendix 



C.  Channel response potential provides information for assessing risks to channel 

stability.   

 

The Watershed Report Cards for both watersheds were updated.  The specific objective 

of this task were to compile indicators of the present and future watershed condition 

[based on the current Forest Development Plans (March 15, 2004)].  Methods for 

calculating the watershed indicators for both watersheds (total boundary areas) are 

presented in Appendix B and summarized as follows:   

1. Percentage of watershed harvested; 

2. Existing equivalent clearcut areas (ECAs); 

3. Existing road densities; 

4. Road lengths with a moderate and high sediment hazard; 

5. Total number of landslides entering streams (natural and development-related); 

6. Existing road lengths on unstable or potentially unstable slopes (defined as Class 

IV or V, depending on the intensity level of the available terrain mapping);  

7. Number of existing stream crossings; 

8. Length of stream logged or with non-functional riparian forest; and 

9. Length of disturbed stream channel. 

 

2.3 RISK ANALYSIS 

2.3.1  Introduction 

The approach to risk analysis used in this assessment is a systematic use of information to 

determine hazard and consequence at a particular site, thereby allowing 1) an estimate of 

the risk associated with resource development and 2) the development of appropriate 

strategies to minimise risk (MOF, 2002).   Typical elements of risk, as summarised in 

MOF (2003), include: 

1 Forest resources, including visual quality, wildlife habitat, and soil productivity; 

2 Water quality and fish habitat; 

3 Infrastructure, such as transportation corridors or utility corridors; 

4 Public and private property including buildings, land, recreation sites, cultural 



heritage features; and 

5 Human life. 

 

2.3.2  Risk Analysis Framework 

For the purposes of this assessment, we specifically evaluated the risk of past and current 

development in the watershed to water quality and fish habitat from: 

1 Sediment delivery to the stream network from point sediment sources (i.e., 

landslides) and non-point sediment sources (i.e., roads); 

2 Peak flow regime; 

3 Channel stability; and 

4 Riparian function. 

 

As outlined in MOF (2003), risk is often defined either qualitatively or quantitatively as 

the product of probability and consequence.  Risk analysis involves determining the 

probability of occurrence of a specific hazard (e.g., landslide) and that landslide being a 

hazard to and affecting the specific element, and may involve estimates of the expected 

damage effects on the element at risk and consideration of the element’s worth (MOF, 

2003).  Details of the risk methods, definitions and rating matrices are provided in 

Appendix C.   

 

The risk ratings for McNeill Lake Community Watershed and Sliammon Community 

Watershed are provided in Section 3.0 and Section 4.0, respectively.  In those sections, 

the risks are summarized by category (sediment delivery, peak flows, channel stability, 

and riparian function) and are presented with explicit reference to the framework 

provided by Equation 1.3 (Appendix C).   

 

2.4  ASSESSMENT OF PROPOSED DEVELOPMENT 

Risk to water quality and fish habitat from proposed development, as indicated on the 

BCTS - Forest Development Plan (March 15, 2004), were assessed.  The assessment 

involved identifying 1) the potential for indirect (ECA-related) impacts as well as 2) the 



potential direct impacts of road building and forest harvesting on the flow regime, 

drainage patterns, and general terrain stability.  This was completed through aerial 

photograph review of the location of the proposed blocks and roads to identify general 

drainage patterns and terrain conditions.  The locations of selected proposed blocks were 

reviewed on the ground.  Detailed ground-based inspections (i.e. Terrain Stability Field 

Assessments) were beyond the scope of this investigation.  During the ground-based 

review, drainage conditions and the terrain stability associated with the proposed 

development was inferred based on local (but not necessarily site-specific) observations.  

 

Current watershed conditions (e.g., channel stability, slope stability) associated with past 

development (i.e. cutblocks and roads) were also taken into account during the 

assessment of future development risks. 
 

 

3.0 MCNEILL LAKE COMMUNITY WATERSHED 

3.1 CONDITION OF PREVIOUS RESTORATION AND DEACTIVATION WORKS 

This section summarizes the current condition of restoration and deactivation works that 

have taken place since 1997.  The restoration sites that were visited were limited to those 

that were accessible during the reconnaissance field days. 

 

BCTS – Powell River Field Office reported that no WRP funding was expended in this 

watershed.  However, BCTS reported that following recommendations made from 

Summit (1997), they had replaced one unstable culvert with a bridge, and removed the 

Haslam Creek mainline bridge.  A Level 2 road deactivation assessment and prescription 

study was conducted in the watershed in 2001 (MRC, 2001).  A copy of that report was 

not made available prior to conducting the 2004 field work, therefore most of the 

recommendations from the Level 2 assessment could not be evaluated.  However, the 

2004 field investigation did cover approximately 4-5 road systems that were the subject 

of recommendations outlined in the MRC (2001) report.   

 

Haslam Creek Mainline Bridge Removal: 



This bridge was removed and the banks were pulled back and armoured in 1998.  During 

the 2004 field inspection it was apparent that both banks were adequately pulled back and 

the left bank was well armoured.  However, the right bank appeared to not have adequate 

armour.  Evidence of human use (including foot tracks and ATV tracks) and wildlife 

tracks were observed on the exposed side slopes, causing erosion right down to the 

stream.  Lack of armour has resulted in enhanced sediment delivery to the channel as well 

as destabilization of the lower banks.  This site presents a water quality hazard as the 

domestic water intake is directly downstream.  Placement of additional bank stabilization 

structures (e.g. rip-rap) along the length of channel affected by the right bank crossing 

would benefit this site by reducing the sediment delivery while stabilizing the bank.  

Refer to Map 1 for this site location and Section 3.2 for recommended restoration efforts 

for this site. 

 

Lower McNeill Lake Forest Service Road (south side of Haslam Creek to Highway 101): 

The road closure above the former bridge crossing (mentioned above), temporary 

deactivation with installation of new culverts that are backed up by shallow cross-ditches, 

ditch line construction, ongoing road maintenance and sedimentation control efforts have 

been carried out on this road.  From observations made during the 2004 field 

investigation, the road restoration and deactivation appeared to be well thought out, in 

good condition, and functioning as intended.   

 

Upgrades to Menarche FSR (north of Haslam Creek): 

Restoration activities on Menarche FSR included restoring sections of this road and 

upgrading to a Class 5 FSR.  Overall the road appeared to be in good condition with no 

significant risks to road failure or instability.  However, several culverts appeared to be 

perched at their outlets.  These conditions create potential barriers to fish passage, if fish 

are present.  In addition, one culvert at the tributary crossing directly southeast of 

proposed BCTS Block 580-27 (Map 1) was plugged.  This has created ponding in a 

marshy area at the upstream side (west of the road).  Continued ponding could result in 

road instability and potential crossing failure.  The GPS coordinates of the plugged 

culvert and perched culverts were documented (see Section 3.2). 



 

3.2 WATERSHED REPORT CARD  

The Watershed Report Card data is presented in Table 3.1.  Table 3.1 also includes the 

1997 results for comparison.  This section describes the sources of the information, and 

compares the 1997 results with the 2004 values calculated in this report.   

 

 

 



Table 3.1 Watershed Report Card for McNeill Lake Community Watershed. 

 Year of Assessment 1997 (1) 2004 

 Total Watershed Area = 1,428 ha.  Below 300 m = 599 ha, 300-800 m = 721 m, above 800 m = 109 ha. 

1 Percentage of Watershed Harvested (%) N/A 39.7 
Existing ECA (end 2004) 
     Total ECA (%) 16 19 

 

     Total ECA (Ha) 233.0 266.2 
3 Total Road Density (km/km2) 2.1 2.0 (2) 
4 Length of Road as Moderate and High Sediment Hazard (km) 1.7 (3) 1.5 (4) 

5 Total Number of Landslides entering Streams 3 (5) 0 
6 Length of Road on Potentially Unstable Slopes (km) 1.6 0.9 
7 Number of Stream Crossings 10 21 (6) 
8 Length of Stream Logged to the Streambank (km) 5.6 6.9 (7) 

9 Length of Disturbed Stream (km) 0.2 (8) 0.9 (9) 

Notes: N/A Indicator not part of previous IWAP.  Bolded numbers indicated that the indicator values 
have decreased since last reported. 

1. Taken from Summit (1997).  Data based on calculations made prior to the 1999 CWAP 
guidelines (MOF/MELP, 1999), which changed some procedures. 

2. Decline in road density in 2004 can be attributed to permanent road deactivation and road 
reclamation. 

3. Reported as length of road on erodible soil (Summit, 1997). 
4. Based on office review (roads on highly erodible and unstable terrain [Ryder & Associates, 

1996]) and 2004 field inspections. 
5. The inventory of landslides in 1997 was of landslides that did not enter streams.  In McNeill 

Lake Community Watershed, there are no landslides that enter streams therefore are a negligible 
risk for sediment delivery and to channel stability. 

6. Increase accounted for by a combination of post-1997 road building as well as more precise GIS 
mapping available in 2004. 

7. Measure of length of channel logged from recent and historic logging, measured from BCTS’s 
2004 FDP.     

8. This is the estimated length of disturbed channel section at and downstream of the BC Hydro 
ROW (Summit, 1997). 

9. Measurement is based on a combination of field-verified stream disturbance at and downstream 
of BC Hydro ROW, measured riparian disturbance along Tributary #1 upstream of BC Hydro 
ROW; and point channel disturbances associated with stream crossings as outlined in Table 3.3 
(Section 3.5). 

 



Equivalent Clearcut Area Estimates: 

Since 1997, harvesting in the watershed has totalled 33.2 hectares.  Table 3.2 provides 

existing ECAs to the end of 2004 and forecasted ECAs (end-2004) with proposed 

development.  The existing ECA (end-2004) is estimated to be 18.6% (266 ha).  Of that, 

150.8 ha are in the typical rain on snow elevation band of 300-800 m (MOF/MELP, 

1999).  The detailed ECA calculations, with a list of existing and proposed development, 

are provided in Appendix A. 

Table 3.2 Existing and Forecasted ECAs in McNeill Lake Community Watershed.  

Existing ECAs (with tree 
growth to end-2004) 

Forecasted (end-2004) ECAs 
(includes Proposed Development) 

 

% ha % ha 

Below 300 m 14 82.1 25 (1) 152.4 (1) 

300 – 800 m  21 150.8 21 150.8 

above 800 m 31 33.4 31 33.4 

Total ECA 19 266.2 24  336.6 
Notes: Existing ECAs includes roads with assumed 20 m clearing widths. 

1. Increase accounts for proposed cutblocks and new road development. 
 

 

The forecasted ECAs in McNeill Lake Community Watershed, according to BCTS’s 

current 2004 forest development plan, show planned development of eight cutblocks.  If 

all proposed development was completed by end-2004, the ECA will increase to 24% 

(336.6 ha).  All proposed harvesting, including new roads (70.3 ha) is planned in the 

elevation band below 300 m a.s.l.  It is important to note that this forecasted ECA is the 

“extreme-case” scenario that assumes all proposed logging will be harvested by end-

2004.  Actual forecasted ECAs would be lower as proposed development would likely be 

spread out over the five-year duration of the FDP, and hydrologic recovery of existing 

blocks will help reduce actual ECAs.  

 

 

 

Road ECA Considerations: 



Peak flows can be influenced by the presence of roads, through ditch line interception of 

surface and sub-surface flows, which potentially transports water to streams faster then 

under natural conditions.  The ECAs shown in Table 3.1 and 3.2 for McNeill Lake 

Community Watershed have been determined using all cleared areas, such as cutblocks, 

cultivated lands, private development, and roads.  Assuming an average clearing width of 

20 m, the present total area of roads (excluding roads in new cutblocks and clearing 

areas) is approximately 33.6 ha.  There are approximately 3.3 km of proposed roads in 

the watershed, therefore the estimated clearing area for those roads is 6.5 ha.   

 

3.3 ROADS AND SEDIMENT SOURCES  

Based on the previous watershed assessments, fine sediment delivery from the roads is 

considered a minor contribution to the natural sedimentation processes that are occurring 

within the study area.  Road density measurements are obtained from BCTS’s 2004 FDP 

and both main forest roads and trails are included in Table 3.1.  No significant changes 

occurred with regards to the condition of the roads and sediment sources since 1997, 

although the road density has declined since 1997.  This can be attributed to road 

reclamation and permanent road deactivation.  The total length of roads and trails in the 

watershed is about 28 km, creating a total density of 2.0 km/km2 (Table 3.1).   

 

A combination of field verification and existing terrain stability mapping (Ryder and 

Associates, 1996) was used to identify roads considered as moderate and high sediment 

hazards.  Roads located on highly erodible soils and on potentially unstable terrain were 

considered to be a moderate sediment hazard.  These assigned hazards were either 

confirmed or modified during the 2004 field investigation, based on soil erosion 

production and sediment delivery as defined in Section 3.5 and in MOF and MELP 

(1999).  Based on the field investigation, approximately 1.5 km of roads were given a 

moderate sediment hazard rating, which is slightly less than 1.7 km of roads on erodible 

soils reported in 1997 (Table 3.1).  With the exception of two road networks and one 

point sediment source road (discussed below), the overall condition of the roads appeared 

to have improved since 1997, likely due to regular maintenance, proper road deactivation, 

and better road construction practices.  



 

Of the 1.5 km of roads with moderate and high sediment hazard, about one km is in road 

networks located above 300 m elevation (Map 1).  The majority of these roads and trails 

are situated on the unstable terrain and highly erodible soils.  Halfmoon Bay F.S.R. is one 

road that is currently active that has been assessed as a moderate sediment hazard due to 

its location on unstable terrain and erodible soils.  Based on the Level II road deactivation 

report (MRC, 2001), BCTS upgraded this road in 2000 with new cross drainages, 

therefore it is likely that the sediment hazard has been reduced.  However, based on 

limited field checks, we could not verify this in 2004.  Furthermore, it is possible that 

other roads similar to Halfmoon Bay F.S.R. have been either upgraded or adequately 

deactivated since 1997, also contributing to a reduction in the sediment hazard. 

 

Roads on unstable slopes have decreased since 1997 (0.9 km in 2004 compared to 1.6 km 

in 1997).  This is attributed to a combination of road reclamation and permanent 

deactivation as well as more accurate mapping in 2004.  The total number of stream 

crossings has increased significantly from 10 (in 1997) to 21 (in 2004).  Again, this is 

attributed to a combination of new road development and more precise mapping.   

 

All 3.3 km of proposed roads (mentioned in Section 3.2; Map 1) within the McNeill Lake 

Community Watershed will be completely new roads, and thus may contribute to a 

potential increase in the sediment hazard.  However, no new roads are proposed for areas 

of unstable terrain or on highly erodible soils.  In addition, the proposed roads are not 

expected to cross any S1-S3 streams in the watershed.  These roads are situated on the 

plateau, north and upslope of McNeill Lake (Map 1), therefore any sediment delivered 

from these roads will drain to the lake and the risk of sediment delivery potential to the 

DOLC intake from these roads is low. 

 

Site specific sediment hazards related to roads and road crossings are presented in terms 

of risk ratings in Table 3.3 of Section 3.5 (Risk Analysis). 

 



3.4 CHANNEL CONDITIONS AND RIPARIAN FUNCTION 

Following the comparative review of current conditions and 1997 conditions, the field 

assessment confirmed that no significant changes occurred to the condition of the 

channels and riparian areas.  The channel and riparian conditions are outlined in the WAP 

Watershed Report Card by two factors: length of stream logged to stream bank and length 

of disturbed channel.  Although there is a reported increase of 1.3 km of logging along 

the streambank since the previous study in 1997 (Table 1.3), it is likely due to errors in 

mapping at that time.  According to BCTS’s current FDP, about four proposed cutblocks 

are located near streams.  Appropriate riparian management of these cutblocks are 

necessary to minimize the potential for channel and riparian instability. 

 

The 1997 Level 2 Channel Assessment procedure (CAP) of the McNeill Lake 

Community Watershed concluded that the stream sections upstream of the McNeill 

drinking water intake (Map 1) have a low channel sensitivity and low instability 

(Summit, 1997).  During the 2004 field inspections, we investigated two channel sections 

downstream of McNeill Lake (upstream of the domestic intake), and several channel 

sections at key road crossings upstream of McNeill Lake in the watershed.  The 2004 

investigation confirmed that no changes have occurred since the 1997 CAP, with the 

exception of some potential riparian disturbance that occurred during post-1997 

harvesting adjacent to McNeill Lake Tributary #1 (Map 1) upstream of the B.C. Hydro 

right-of-way (ROW).  One other notable disturbed section was observed at and 

downstream of the BC Hydro ROW on Haslam Creek.  While this site (Site 7; Map 1) 

consists of a sediment source (15 m2) at the crossing (Table 3.3), there was large woody 

debris (LWD) accumulations combined with sediment wedges immediately downstream.  

This site and stream section was identified in Summit (1997) and also in the Level II road 

deactivation report (MRC, 2001), but is still a sediment source. 

 

Haslam Creek downstream of McNeill Lake shows very slight impacts from past 

harvesting and exhibits low sensitivity to future impacts.  Further riparian growth has 

occurred at this site since 1997 and it appears that this section can be characteristic of 

local disturbance with relatively low instability and sensitivity.  Overall, the streams are 



generally stable and have low sensitivity to future impacts. 

 

Field inspections of the channels and riparian disturbed sections near adjacent road 

sections and crossings determined that no additional channel instability and sensitivity 

was observed, however five sites associated with road crossings were observed (Table 

3.3; Map 1).  These sites typically have about 15-20 m2 of exposed soils and are thus 

potentially sites of instability if not re-vegetated.   

 

3.5 RISK ANALYSIS  

This section is a summary of the Anthropogencic Impact Ratings given for the types of 

risks associated with sediment delivery, peak flow regime, channel stability, and riparian 

function.  These risks are evaluated using the risk analysis framework outlined in Section 

2.3, and the risk rating definitions provided in Appendix C.  The risk analysis is based on 

the current conditions and level of development in the watershed and is intended to guide 

forest management in the near future.  Discussions of the risks associated with future 

development are provided in Section 5.0.  A summary of the risk assessment of road 

point and non-point sediment sources is presented in Table 3.3.  A summary of the risk to 

the peak flow regime is provided in Table 3.4.  Finally, a summary of the risk to channel 

stability and to the riparian function is presented in Tables 3.5 and 3.6, respectively. 



Table 3.3 Risk assessment of roads in the watershed affecting water quality and/or 
fish habitat in McNeill Lake Community Watershed. 

 
PROBABILITY [P(HA)] RISK [R(S)] 

 of Sediment Delivery affecting water quality and/or fish 
habitat 

 

McNeill Lake FSR 
(Site 1) 

Moderate, while the majority of the road 
may be low sediment risk, the right bank 
of the former crossing at Haslam Creek 
presents a sediment hazard due to 
unvegetated and unprotected banks.  Both 
water quality and fish habitat are at risk. 

Moderate 

Stabilize the right bank by 
placing riprap and vegetating 
the exposed soils.  Restrict 
access to the channel via the 
right bank. 

McNeill Lake trail 
(Sites 3a and 3b) 

Moderate, this low-lying trail runs 
adjacent to the shoreline at both sites 
indicated on the map.  During the 
inspection water was ponding on 
unvegetated portions of the road and 
delivering sediment into the lake.  This 
presents a sediment hazard that may affect 
fish habitat. 

Moderate 
Vegetate the road/trail sections 
adjacent to McNeill Lake and 
ensure that the trail is blocked 
for vehicle and ATV traffic. 

Middlepoint (MP)  
Spur 1 (Site 4) 
(Referred as L1 Rd 
in MRC, 2001) 

Moderate, the main crossing at Tributary 
#1 (Map 1) and 2 additional crossings in 
the proximity have been removed but not 
adequately pulled back, armoured and 
revegetated.  This presents a low risk to 
water quality (as the stream drains to the 
lake), however it presents a higher risk to 
fish habitat. 

Moderate 

Properly pullback the banks to 
2:1 slope, armour and vegetate.  
Disregard if the road is to be 
upgraded for future 
development. 

Middlepoint (MP)  
Spur 1 (Site 5) 
(Referred as M1 Rd 
in MRC, 2001) 

Moderate, the main crossing at Tributary 
#1 (Map 1) has been removed.  It requires 
additional armour and revegetating.  This 
site presents a low risk to water quality, 
however is a high risk to fish habitat. 

Moderate 
Armour and vegetate.  
Disregard if the road is to be 
upgraded for future 
development. 

Menacher Road 
(Site 6)  
(Referred as McNeill 
FSR in MRC, 2001) 

Moderate, two culverts are partially to 
fully plugged.  Water is damming up 
adjacent to the road (west side).  Potential 
beaver impacts here, creating a sediment 
hazard from road fillslope becoming 
saturated and eroding.  Presents a low risk 
to water quality (upslope of McNeill 
Lake), however it is a risk to fish habitat. 

Moderate 
Crossing likely requires a larger 
structure (e.g. forestry arch or 
bridge).  Clear plugged culverts 
in the short term. 

Powerline Road 
(Site 7) 
(Referred as K Rd  
in MRC, 2001) 

Moderate, crossing is removed at Haslam 
Creek.  It is not adequately armoured or 
adequately vegetated.  The site presents a 
risk to fish habitat. 

Moderate 
Armour and vegetate crossing.  
Disregard if the road is to be 
upgraded for future 
development. 

Remaining roads 
and trails in the 
watershed. 

Low, the overall roads and crossings are 
considered to be either stable with no 
significant road erosion occurring. 

Low No work recommended. 

Overall Watershed Sediment Risk Rating LOW (1)  
Note: 

1. This is the combination of the sediment delivery potential and the sediment erosion potential used 
to describe the likelihood that sediment produced from a road section (i.e. crossing) is delivered to 
the stream network and affecting water quality and/or fish habitat.  Formerly referred to as 
Sediment Impact Rating.  Sediment risk rating can be Low, Moderate or High. 

 



Table 3.4 Risk to the peak flow regime from existing forest development in McNeill 
Lake Community Watershed. 

 

PROBABILITY [P(HA)] RISK [R(S)] 
 of increased Peak Flows due to existing 

development 
 

McNeill Lake 

Low – the existing ECA is 
18.6%.  No evidence of peak 
flow change effects was 
noted.   

LOW 

No work recommended, however as 
forest development progresses, 
monitoring peak flows and channel 
conditions should be conducted by a 
qualified professional if the overall 
ECA is projected to exceed 20-25%. 

    
Overall Watershed Peak Flow Risk Rating LOW (1)  

Note: 
1. Peak flow risk rating (formerly referred to as peak flow impact rating) is defined as the likelihood 

that peak flows (equal to or greater than the annual maximum daily discharge) have been 
increased by human activity.  Factors taken into account in the Peak Flow Risk Rating are ECA 
and Watershed Routing Efficiency.  This rating does not imply channel change as a consequence.  
Peak Flow risk rating can be Low, Moderate or High. 



 

Table 3.5 Risk to channel stability from existing development in McNeill Lake 
Community Watershed. 

PROBABILITY [P(HA)] RISK [R(S)] 
 of Channel Instability  

Haslam Creek 
(downstream of 
McNeill Lake) 

Low, the level of development 
draining to this lower reach is 
low.  Overall the reach shows 
little disturbance, is stable, and 
exhibits a low sensitivity to 
future impacts.  

LOW 

No works recommended with the 
exception of Site 1 (Map 1) associated 
with pulled stream crossing and 
previous restoration works.  Right bank 
requires armouring and revegetating. 

Haslam Creek 
(upstream of McNeill 

Lake) 

Moderate, section of reach at 
and directly downstream of 
B.C. Hydro ROW on Haslam 
Creek (refer to Site 7; Map 1).  
LWD and sediment 
accumulation likely as a result 
of BC Hydro clearing. 
 
Low, (remaining channel 
upstream of McNeill Lake)  
Overall reaches are stable and 
exhibiting low sensitivity to 
future impacts. 
 

MODERATE 
 
 
 
 
 
 

LOW 

Recommend conducting a detailed 
channel assessment and prescriptions 
for the removal of debris and sediment 
(if necessary). 
 
 
 
 
No work is recommended. 
  

Tributary #1 
(upstream of McNeill 

Lake) 

Low, some potential post-1997 
harvesting of riparian areas 
upstream of B.C. Hydro ROW 
may produce some localized 
channel instability, however 
overall the reaches are stable 
and exhibiting low sensitivity 
to future impacts. 

LOW 

Monitor channel to determine if 
riparian harvesting has impacted the 
channel, otherwise no work is 
recommended. 

Tributary #2 
(draining southeast 
into McNeill Lake) 

Low, overall stream appears to 
be stable and exhibits low 
sensitivity to future impacts.  
 
There are three potential fish 
barriers related to perched 
culvert outlets and one plugged 
culvert along Menacher Road 
(near Site 6).  No impacts 
associated with disturbance and 
stability however there is a risk 
of fish habitat due fish passage 
concerns. 

LOW 

Recommend conducting stream 
classification at the following crossings 
to determine if crossings are a potential 
fish barrier: 
 
Site 6 – 10U 1428503E, 5494634N 
 
Site 6a – 10U (get BDJ) 
 
Site 6b – 10U 0428612E, 5495085N 
 
Site 6c – 10U 0428880E, 5495310N 
 
Disregard mitigation if streams are not 
fish-bearing. 

Overall Watershed Channel Stability Risk Rating LOW (1)  
Note: 

1. Channel stability risk rating (formerly referred to as channel stability impact rating) is defined as 
the degree to which anthropogenic activity has affected the channel stability.  Channel stability 
risk rating can be Low, Moderate or High. 

 



Table 3.6 Risk to riparian function from existing development in McNeill Lake 

Community Watershed. 

PROBABILITY [P(HA)] RISK [R(S)]  of loss of Riparian Function  

Haslam Creek 
(downstream of 
McNeill Lake) 

Low, the level of non-
functional riparian cover 
along the channel is 
minimal.  Logged areas 
have revegetated 
adequately. 

LOW No work is recommended. 

Haslam Creek 
(upstream of McNeill 

Lake) 

Low, the level of non-
functional riparian cover is 
minimal.  Historic riparian 
harvesting along the channel 
appears to be adequately 
revegetating.   

LOW No work is recommended. 

Tributary #1 
(upstream of McNeill 

Lake) 

Moderate, some potential 
post-1997 harvesting of 
riparian areas upstream of 
B.C. Hydro ROW may have 
impacted riparian function.   
 
Low, (remainder of reaches) 
Overall the level of non-
functional riparian cover is 
minimal as historical logged 
areas appear to have 
adequately revegetated. 

MODERATE 
 
 
 
 
 
 

LOW 

Monitor channel to determine if 
riparian harvesting has impacted the 
channel. 
 
 
 
 
No work is recommended. 

Tributary #2 
(draining southeast 
into McNeill Lake) 

Low, the level of non-
functional riparian cover 
along the tributary is 
minimal. 

LOW No work is recommended. 

Overall Riparian Function Risk Rating LOW (1)  
Note: 

1. Riparian Function risk rating (formerly referred to as riparian function impact rating) is the degree 
to which natural riparian function has been disturbed.  This impact rating incorporates both the 
level of past disturbance and the level of recovery of the riparian vegetation.  Riparian Function 
risk rating can be Low, Moderate or High. 
 



 

3.6 SUMMARY OF EXISTING CONDITIONS AND RISK 

The existing condition of the McNeill Lake Community Watershed is summarized as 

follows: 

1 Previous restoration and road deactivation has been carried out effectively and 

have reduced the sediment delivery risk in the watershed as a result; 

2 There are some “point source” sites associated with newly deactivated roads;  

3 The low sensitivity of the McNeill Community Watershed stream network has 

remained unchanged since the previous assessment in 1997, and evidence of 

ECA-related disturbance to stream channels having taken place since 1997 was 

not detected; 

4 The overall risk to sediment delivery, peak flows, channel stability and riparian 

function in the watershed is low; and 

5 A total of eight locations meriting restoration were identified within the watershed 

(see Section 3.5).  

 

 



4.0  SLIAMMON COMMUNITY WATERSHED 

4.1 CONDITION OF PREVIOUS RESTORATION AND DEACTIVATION WORKS 

This section describes the current condition of restoration and deactivation works that 

have taken place since 1997, based on the field reconnaissance and information provided 

by BCTS. 

 

Site 3 - Appleton Creek at Mainline Bridge Crossing (referenced as Site 2 in Summit-

1997): 

This site was given a moderate priority for restoration in Summit (1997) due to an 

unstable and non-vegetated spoil pile adjacent to Appleton Creek.  BCTS reported that 

during the new bridge construction at this site in summer of 1997, all surrounding areas 

were stabilized and revegetated.  During the 2004 investigation, no notable impacts were 

found and the restoration efforts are judged successful.   

 

Site 5 - Sliammon Creek Tributary Crossing (referenced as Site 4 in Summit-1997): 

This site was identified as a sediment source in 1997 due to the road surface and stream 

banks being bare and non-vegetated, but rated as a low priority for restoration.  BCTS 

reported that grass seeding was carried out and the adjacent road access deactivated in 

1998.  We inspected this site on foot in 2004 because of the inaccessibility created by the 

road deactivation and overgrowth.  The road and banks appeared to be well armoured.  

No issues requiring additional work were observed.  Water was flowing down one 

portion of the steep deactivated road east of the crossing, however, creating a sediment 

source, which is described in Section 4.5 (Table 4.3). 

 

Vicinity of New Bridge Crossing on Theodosia FSR (Site 6 in Summit–1997): 

This moderate priority site (a roadside ditch requiring regular maintenance that drains 

directly into Sliammon Creek) has been maintained annually by BCTS.  No issues were 

observed during the 2004 inspection and maintenance efforts appear to be effective in 

controlling the release of sediment. 

 



Site 11 – Vicinity of Wooden Bridge (Site 7 in Summit-1997): 

At the time of the 1997 assessment this crossing was scheduled for upgrading.  Summit 

(1997) recommended that the upgrades include effective drainage and sediment control.  

From the 2004 inspections, the bridge is still present and the road and ditch appeared to 

be in good condition.  No visible impacts related to the road upgrades were found.  

Restoration efforts appeared to be satisfactory. 

 

Sliammon Creek Tributary within cutblocks at headwaters (Site 8 in Summit-1997): 

This site was given a high priority in 1997 due to water flowing across and down into a 

log dump where it was saturating the fill.  Summit (1997) recommended woody debris 

removal and fill pullback at a ford crossing.  BCTS reported that all works recommended 

by Summit were completed with disturbed areas totally revegetated in 1998.  Due to 

snow conditions this site could not be accessed in 2004, so the adequacy of the work 

could not be verified.   

 

4.2 WATERSHED CONDITION AND WATERSHED REPORT CARD  

The Watershed Report Card data is presented in Table 4.1, and includes the 1997 and 

2000 results.  This section describes the sources of the information, and compares the 

previous results with the 2004 values calculated in this report.   

 



 

Table 4.1 Watershed Report Card for Sliammon Community Watershed. 

 Year of Assessment 1997 (1) 2000(2) 2004 

 Total area = 4,386 ha.  Below 300 m = 987 ha, 300-800 m = 2,028 ha, above 800 m = 1,371 ha. 

1 Percentage of Watershed Harvested (%) N/A N/A 19.9 
Existing ECA (end 2004) 
     Total ECA (%) 8.9 11 9 

 

     Total ECA (Ha) 389.0 503.7 400.9 
3 Total Road Density (km/km2) 0.8 0.9 0.9 
4 Length of Road as Moderate and High Sediment Hazard (km) 0(3) 0(3) 2.1(4)

5 Total Number of Landslides entering Streams 0 0 0 
6 Length of Road on Potentially Unstable Slopes (km) 2.8 N/A 5.0(5)
7 Number of Stream Crossings 17 N/A 20 
8 Length of Stream Logged to the Streambank (km) 8.9 N/A 9.3(6)
9 Length of Disturbed Stream (km) 0.2 (7) N/A 0.2(8)

Notes: N/A Indicator not part of previous IWAP.  Bolded numbers indicated that the indicator values 
have decreased since last reported. 

1. Taken from Summit (1997).  Data based on calculations made prior to the 1999 CWAP guidelines 
(MOF/MELP, 1999), which changed some procedures. 

2. Taken from Carson Resources Land Management (2000). 
3. Reported as length of road on erodible soils (Summit, 1997; Carson, 2000). 
4. Based on office review (roads on highly erodible and unstable terrain [Ryder & Associates, 1996]) 

and 2004 field investigation. 
5. Increase accounted for by a combination of post-1997 road building as well as more precise 

mapping available in 2004. 
6. Measure of stream logged from recent and historic logging, measured from BCTS’s 2004 FDP 
7. This is the estimated length of disturbed channel sections from Summit (1997). 
8. Measurement is based on a combination of field-verification at several crossings and measured 

riparian disturbances from aerial photographs and 2004 FDPs. 
 

 

Equivalent Clearcut Area Estimates: 

Historic harvesting in the watershed has totalled 873.8 hectares.  Table 4.2 provides 

existing ECAs (assuming tree growth to the end of 2004) and forecasted ECAs that 

include proposed forest development.  The existing ECA whole-watershed is estimated to 

be 9.1% (400.9 ha).  Of that, 129.3 ha (2.8%) are in the 300 - 800 m elevation band 

where rain-on-snow events are common (MOF/MELP, 1999).  The detailed ECA 



calculations, with a list of existing and proposed development, are provided in Appendix 

A. 

 

Table 4.2 Existing and Forecasted ECAs in Sliammon Community Watershed.  

Existing ECAs ( with tree 
growth to end of 2004) 

Forecasted ECAs (includes 
Proposed Development)  

% ha % ha 

Upper Sliammon Sub-basin 

Below 300 m 0 0 0 0(1) 

300 – 800 m 6.5 36.0 6.6 36.3 

Above 800 m 21 123.7 22 125.7 

Upper Appleton Sub-basin 

Below 300 m 0 0 0 0 (1) 

300 – 800 m 6.3 17.5 6.3 17.5 

Above 800 m 17 126.7 17 126.7 

Lower Sliammon (Residual) 

Below 300 m 2.0 19.9 3.1 30.1 

300 – 800 m 6.3 75.8 10 119.0 

Above 800 m 3.4 1.3 3.4 1.3 

     

Total ECA 9.1 400.9 10 (1) 456.6 (1) 
Notes: Existing ECAs includes roads with assumed 20 m clearing widths. 

1. Increase accounts for proposed cutblocks and new road development (assumes 20 m clearing 
width). 

 

 

The forecasted ECAs in Sliammon Community Watershed, according to BCTS’s current 

2004 forest development plan, include the areas of 10 planned cutblocks.  If all proposed 

development would occur by end-2004, ECA will increase to 10% (456.6 ha) from the 

current 9.1%.  There are 55.7 ha of proposed development (including roads) in Upper 

Sliammon Sub-basin and Lower Sliammon (Residual) unit.  No new roads or cutblocks 

are proposed in Upper Appleton Sub-basin.  It is important to note that this forecasted 



ECA is the “extreme-case” scenario that assumes all proposed logging will be harvested 

by end-2004.  Actual forecasted ECAs are expected to be lower as proposed development 

would likely be spread out over the five-year duration of the FDP, and hydrologic 

recovery of existing blocks will reduce the ECA to a level slightly below the current 

situation.  

 

4.3 ROADS AND SEDIMENT SOURCES  

The delivery of fine sediment from roads is considered a minor contribution to the 

sediment load of streams and lakes in the study area.  Road density measurements were 

obtained from BCTS’s 2004 FDP, and both main forest roads and trails are included in 

Table 4.1.  There have been no significant changes in the condition of the roads and 

sediment sources since 2000.  Road densities have only slightly increased since the 

original watershed assessment was completed in 1997.  The total length of roads and 

trails in the watershed is about 40.5 km, creating a road density of approximately 0.9 

km/km2 (Table 4.1).   

 

A combination of field verification and existing terrain stability mapping (Ryder and 

Associates, 1996) was used to identify those roads considered as moderate and high 

sediment hazards.  Roads located on highly erodible soils and on potentially unstable 

terrain were considered to be a moderate sediment hazard.  These assigned hazards were 

confirmed or modified during the 2004 field investigation, based on soil erosion 

production and sediment delivery as defined in Section 4.5 and in MOF and MELP 

(1999).  Based on the field investigation, approximately 2.1 km of roads were given a 

moderate sediment hazard rating (Table 4.1), which is significantly more than 0 km roads 

on erodible soils reported in 1997 (Table 4.1).  The increase is likely attributed to more 

precise GIS mapping of erodible soils polygons in 2004.  With the exception of one road 

network and one point sediment source road (discussed below), the overall condition of 

the roads appeared to have improved since 1997 and 2000, likely due to regular 

maintenance, the deactivation of some roads, and better road construction practices.  

 

Of the 2.1 km of roads with moderate sediment hazard, about 1.8 km is associated with 



the road networks associated with historic logging on the plateau between 300 and 800 m 

elevation (Map 2).  The majority of these sediment hazard sites are on roads and trails 

situated on the unstable terrain and highly erodible soils.  Based on conversations with 

BCTS-Powell River Road Supervisor, BCTS has carried out some upgrades to the roads 

or implemented deactivation since 1998, therefore it is likely that the sediment hazard 

presented by the 2.1 km has been reduced. 

 

Roads on unstable slopes have increased from 2.8 km in 1997 to 5.0 km in 2004.  This 

increase likely is attributed to a combination of post-1997 road building as well as more 

precise mapping in 2004.  The total number of stream crossings has increased slightly 

from 17 (in 1997) to 20 (in 2004).   

 

There is about 3.8 km of proposed roads (see Section 4.2; illustrated on Map 2) within the 

Sliammon Community Watershed.  Of the 3.8 km, approximately 2.6 km is proposed in 

the Lower Sliammon (Residual) unit and 1.2 km in the Upper Sliammon Sub-basin.  

These roads may contribute to a potential increase in the sediment hazard.  However they 

are not expected to cross any S1-S3 streams in the watershed.  In addition, all proposed 

roads are situated on the plateau, north and upslope of Sliammon Lake (Map 2), therefore 

potential sediment delivery from these roads will drain to the lake and the risk of 

sediment delivery to the community domestic intake from these roads is low. 

 

Site specific sediment hazards related to roads and road crossings are presented in terms 

of risk ratings in Table 4.3 of Section 4.5 (Risk Analysis). 

 

4.4 CHANNEL CONDITIONS AND RIPARIAN FUNCTION  

Comparison of current conditions to the reported 1997 conditions, it appears that no 

significant changes have occurred to the channels and riparian areas.  The channel and 

riparian conditions are described in the WAP Watershed Report Card by two factors: 

length of stream logged to stream bank and length of disturbed channel.  Approximately 

0.4 km of logging adjacent to the streambank has occurred since the previous study 

(1997), therefore the total distance logged is 9.3 km (Table 4.1).  According to BCTS’s 



current FDP, about four proposed cutblocks are located near streams.  Appropriate 

riparian management of these cutblocks are necessary to minimize channel and riparian 

instability (e.g. the FRPA default riparian buffer widths). 

 

Summit carried out a Level 2 Channel Assessment Procedure (CAP) of Sliammon 

Community Watershed in 1997, of which the stream sections upstream of the Sliammon 

Lake (Map 2) were identified as having moderate channel sensitivity (Summit, 1997).  

The reconnaissance channel assessment (CLRM, 2001) carried out in 2001, determined 

that the majority of reaches in the watershed were bedrock controlled and lined with 

bedrock and coarse alluvium.  However, that report indicated that historic logging around 

1900 has contributed to excess LWD and SWD in the system, which contributed to 

channel degradation of some reaches above Sliammon Lake.  During the 2004 field 

inspections, we investigated several channel sections upstream of Sliammon Lake at key 

road crossings.    The 2004 investigation confirmed that while the riparian function of 

many of the reaches above Sliammon Lake appear to be somewhat compromised, the 

overall sensitivity of the streams in Upper Sliammon Sub-basin and Tributary #1 of 

Lower Sliammon remains moderate (due primarily to previous riparian impacts and high 

levels of LWD and SWD in the systems).  The general sensitivity of the channel in Upper 

Appleton Sub-basin remains “low” due to the bed and banks generally consisting of 

coarse colluvium and bedrock.  Furthermore, the overall riparian function in the system 

appears to be improving. 

 

Field inspections of the channels and riparian disturbed sections near adjacent road 

sections and crossings determined that no additional channel instability and sensitivity 

was present. Three point sites associated with road crossings were, however, noted to be 

sediment sources (Tables 4.3 and 4.5; Map 2). 

 

4.5 RISK ANALYSIS  

This section is a summary of the Anthropogenic Impact Ratings given for the types of 

risks associated with sediment delivery, peak flow regime, channel stability, and riparian 

function.  In this section, these risks are evaluated using the consistent risk analysis 



framework outlined in Section 2.3, and the risk rating definitions provided in Appendix 

C.  The risk analysis is based on the current conditions and level of development in the 

watershed and is intended to guide forest management in the near future.  In this section 

we have not explicitly analysed risks associated with future development.  Discussion of 

the risks associated with future development is provided in Section 5.0.  A summary of 

the risk assessment of road point and non-point sediment sources is presented in Table 

4.3.  A summary of the risk to the peak flow regime is provided in Table 4.4.  Finally, a 

summary of the risk to channel stability and to the riparian function is presented in Tables 

4.5 and 4.6, respectively. 



 

Table 4.3 Risk assessment of roads in the watershed affecting water quality and/or 
fish habitat in Sliammon Community Watershed. 

PROBABILITY [P(HA)] RISK [R(S)] 
 of Sediment Delivery affecting water quality and/or fish 

habitat 
 

Upper Sliammon Sub-basin 

Theodosia (Theo) 
F.S.R. Spur 2  
(Site 2) 

Moderate, the log box culvert at this 
location appears to be degrading and 
could potentially fail.  This site 
presents a risk to both water quality, 
and to downstream fish habitat. 

MODERATE 
Remove logs at crossing and 
replace with proper metal 
culvert, French drain or ford. 

Theo Spur #3  
(Site 4) 

Moderate, this site is a 30 m section 
of road that has water flowing down 
with no cross-ditches.  This site 
presents a risk to both fish and water 
quality downstream. 

MODERATE 
Install cross-ditches along 
the road to intercept flow 
from the ditch. 

Upper Appleton Sub-basin 

Theodosia FSR 
(Site 5) 

Moderate, this site is at the south 
ditch adjacent to the main bridge 
crossing over Appleton Creek.  
Sediment in the ditch is being 
delivered directly into the channel.  
This site presents a risk to both fish 
and water quality downstream. 

MODERATE 
Install sump in ditch for 
ditch flow to settle prior to 
discharging into the creek. 

Lower Sliammon (Residual) 

Theo Spur 1 
(Site 1) 

Moderate, this site is a 20 m segment 
of road that has water flowing down 
the centre and discharging into an 
erodible and unstable fillslope above 
Tributary #1.  This site presents a risk 
to fillslope failure and to both fish and 
water quality downstream,. 

MODERATE 

Re-establish road ditch and 
install cross-ditches at 
locations not draining over 
unstable fillslope.   

Remaining roads 
and trails in the 
watershed. 

Low, the overall roads and crossings 
are considered to be either stable or 
with no significant road erosion 
occurring. 

Low No work recommended. 

Overall Watershed Sediment Risk Rating LOW (1)  
Note: 

1. This is the combination of the sediment delivery potential and the sediment erosion potential used 
to describe the likelihood that sediment produced from a road section (i.e. crossing) is delivered to 
the stream network and affecting water quality and/or fish habitat.  Formerly referred to as 
Sediment Impact Rating.  Sediment risk rating can be Low, Moderate or High. 

 
 



Table 4.4 Risk to the peak flow regime from existing forest development in 
Sliammon Community Watershed. 

 

PROBABILITY [P(HA)] RISK [R(S)] 
 of increased Peak Flows due to existing 

development 
 

Upper Sliammon 

Low – the existing ECA in 
this sub-basin is 14.1%.  No 
evidence of peak flow 
change effects was noted.  

LOW 

Upper Appleton 
Low, the ECA is 13.9%.  No 
evidence of peak flow 
change effects was noted. 

LOW 

All sub-basins 
including Lower 

Sliammon (Residual) 

Low, the ECA (end-2004) 
will be 9.1%.  No peak flow 
changes have been observed 
with this current level. 

LOW 

 

Overall Watershed Peak Flow Risk Rating LOW (1)  
Note: 

1. Peak flow risk rating (formerly referred to as peak flow impact rating) is defined as the likelihood 
that peak flows (equal to or greater than the annual maximum daily discharge) have been 
increased by human activity.  Factors taken into account in the Peak Flow Risk Rating are ECA 
and Watershed Routing Efficiency.  This rating does not imply channel change as a consequence.  
Peak Flow risk rating can be Low, Moderate or High. 

 



Table 4.5 Risk to channel stability from existing development in Sliammon 
Community Watershed. 

 
PROBABILITY [P(HA)] RISK [R(S)] 

 of Channel Instability  

Upper Sliammon Sub-basin 

Tributary #2 

Moderate, (Site 3) log box 
culvert buried beneath ford 
crossing appears to be 
degrading and at risk of 
failing.  A crossing failure 
could create instability to 
portions of the channel 
immediately downstream. 
 
 
Moderate, (remainder of 
stream channel) Substantial 
riparian logging since the 
turn of the century, however 
the reaches appear to be 
relatively stable.  However, 
with loss of mature riparian 
cover and abundance of 
LWD in the system, there is 
a risk of instability due to 
channel avulsions and 
aggradation.  The stream 
exhibits an overall  
moderate sensitivity to 
future impacts.  

MODERATE 
 
 
 
 
 
 
 
 
 

MODERATE 

Recommend removing logs from the 
crossing and stabilizing with available 
coarse material.   
 
 
 
 
 
No work is recommended, although 
best management practices regarding 
riparian area management should be 
carried out with future blocks adjacent 
to the stream. 

Upper Appleton Sub-basin 

Appleton Creek 

Low, some riparian logging 
appears to have deposited an 
abundance of LWD and 
SWD.  However, coarse bed 
and banks in the reaches 
present relatively stable 
conditions.  The overall 
stream sensitivity is low.  . 

LOW No work is recommended.  



Table 4.5 Risk to channel stability from existing development in Sliammon 
Community Watershed (continued). 

 
Lower Sliammon (Residual) 

Appleton Creek 
(Lower) 

Low, coarse banks and 
substrate result in stable 
reaches and low sensitivity 
in this channel.  The level of 
development is low. 

LOW No work is recommended.  

Tributary #1 

Moderate, extensive 
development and riparian 
logging has occurred in the 
headwaters depositing an 
abundance of LWD and 
SWD into the system.  
Overall the stream bed and 
banks indicate a relatively 
stable stream despite the 
historic riparian impacts.  
However the risk to stability 
is elevated due to extensive 
debris in the system creating 
potential for damming and 
avulsions.  The overall 
sensitivity is considered to 
be moderate. 

MODERATE 

No work is recommended, although 
best management practices regarding 
riparian area management should be 
carried out with future blocks adjacent 
to the stream. 

Overall Watershed Channel Stability Risk Rating MODERATE 
(1)  

Note: 
1. Channel stability risk rating (formerly referred to as channel stability impact rating) is defined as 

the degree to which anthropogenic activity has affected the channel stability.  Channel stability 
risk rating can be Low, Moderate or High. 

 



Table 4.6 Risk to riparian function from existing development in Sliammon 
Community Watershed. 

PROBABILITY [P(HA)] RISK [R(S)]  of loss of Riparian Function  

Upper Sliammon Sub-basin 

Tributary #2 

Low, a vast majority of the 
stream up to the headwaters 
has had extensive historic 
riparian logging.  Although 
significant quantities of 
LWD and SWD can be 
found in the stream systems, 
there quantities do not have 
an adverse effect on riparian 
function.  Overall, the 
riparian function is on an 
upward trend.  

LOW No work is recommended. 

Upper Appleton Sub-basin 

Appleton Creek 

Low, with the exception of 
historic riparian harvesting 
during the turn of the 
century near 800 m 
elevation, the majority of 
Appleton Creek has natural 
riparian cover.  Logged 
riparian impacted areas are 
exhibiting upward trends 
and revegetating.   

LOW No work is recommended.  

Lower Sliammon (Residual) 

Appleton Creek 
(Lower) 

Low, the majority of Lower 
Appleton Creek has natural 
riparian cover or a full 
revegetated buffer.  In areas 
where there is sparse 
riparian cover, it appears 
that the riparian area is 
revegetating and at an 
upward swing.   

LOW No work is recommended.  

Tributary #1 

Low, with the exception of 
historic riparian harvesting 
at the headwaters, the 
riparian function appears to 
be partially functioning with 
an upward trend.  No risk of 
riparian loss was exhibited. 

LOW No work is recommended. 

Overall Riparian Function Risk Rating LOW (1)  
Note: 

1. Riparian Function risk rating (formerly referred to as riparian function impact rating) is the degree 
to which natural riparian function has been disturbed.  This impact rating incorporates both the 
level of past disturbance and the level of recovery of the riparian vegetation.  Riparian Function 
risk rating can be Low, Moderate or High. 



 

4.6 SUMMARY OF EXISTING CONDITIONS AND RISKS 

The existing condition of the Sliammon Community Watershed is summarized as 

follows: 

 

6 Remediation of sites recommended in the 1997 watershed assessment have been 

carried out effectively and have reduced sediment delivery in the watershed;  

7 The low to moderate sensitivity of the Sliammon Watershed stream network to 

future impacts from changes in the flow regime has remained unchanged since the 

previous assessments in 1997 and 2000; 

8 There were no ECA-related disturbance (i.e. from changes in peak flows) to 

stream channels detected in the watershed;  

9 Three point sources of sediment associated with stream crossings that were 

removed were identified; 

10 The overall risk to water quality from sediment delivery, changes in peak flows, 

and riparian function in the watershed is low; 

11 The overall risk to channel stability in the watershed is moderate; and 

12 A total of five moderate priority restoration opportunities were identified within 

the watershed (see Section 4.5).   

 

 

5.0  CONSIDERATIONS FOR FUTURE DEVELOPMENT 

5.1 MCNEILL LAKE COMMUNITY WATERSHED 

The existing McNeill Lake Community Watershed ECA (end-2004) is about 19%.  

According to BCTS’s 2004 FDP, the forecasted “extreme-case” ECA (including road 

development) will be 24%.  About eight blocks are proposed for harvesting.  Of which, 

five are proposed by Weyerhaeuser, and three are proposed by BCTS.  Terminal Forest 

Products have interest in the watershed, but have reported that no blocks are scheduled 

for harvesting within the next five years (Moore, J., pers. comm., 2004).   

 



All proposed blocks are located on the plateau and drain into McNeill Lake (Map 1).  

None of the blocks are situated on or above Class IV and V terrain or on highly erodible 

soils, therefore any changes in peak flows associated with these blocks will likely be 

reduced by storage to low-lying depressions, wetlands, and McNeill Lake.  Furthermore, 

no proposed blocks drain directly into the lower reaches of Haslam Creek, or more 

specifically, no blocks drain directly to the community domestic water intake on Haslam 

Creek. 

 

In summary, although the proposed ECA levels are somewhat above the threshold (20%) 

where peak flow effects are typically detectable (Bosch & Hewlett, 1982; Stednick, 

1996), lake storage effects in the watershed will dampen peak flows in the reach below 

the lake.  The forecasted ECA value is the “extreme-case” scenario that assumes all 

proposed logging will be harvested by end-2004.  Proposed development would likely be 

spread out over the five-year duration of the FDP, therefore hydrologic recovery of 

existing blocks will reduce the ECA so that it is unlikely to actually reach 24%.  In 

addition, the low sensitivity rating of the McNeill Community Watershed stream network 

has remained unchanged since the previous assessment in 1997.  Therefore the present 

and forecasted ECAs present only a low risk to channel stability.  Despite this, we 

recommend the use of best management practices and some restoration work, as outlined 

in Tables 3.3, 3.5, and 3.6, because of the consequences of any increased sediment load 

to water quality.   

 

According to BCTS’s current FDP, about four proposed cutblocks are located near 

streams:  

1 Weyerhaeuser Licence F.L. A47297, Blocks 580-27 and 580-29B; and 

2 BCTS’s Licence A71837, Blocks 3 and 4. 

Appropriate riparian management of these cutblocks are necessary to minimize channel 

and riparian instability.  We recommend that the default buffer widths under FRPA be 

maintained, unless customized strategies to minimize risk are developed. 

 

Finally, future development (beyond the proposed five–year plan) should adhere to the 



Community Watershed ECA maximum guideline of 20% for any proposed development 

draining between McNeill Lake and the domestic water intake.  In addition, ECAs 

exceeding a maximum of 25% in areas draining into McNeill Lake should be conducted 

with more than usual care to ensure natural drainage patterns are maintained and that 

ditches and culverts are regularly inspected and maintained.  Furthermore, all proposed 

blocks situated on or draining over Class IV and V terrain or on highly erodible soils 

should have block specific assessments (i.e. “flat-over-steep” assessments) carried out by 

qualified terrain personnel.  Specific planning should focus on strategies to minimize 

risks to water resources and potential slope failures. 

 

5.2 SLIAMMON COMMUNITY WATERSHED 

The current Sliammon Community Watershed ECA (end-2004) is about 9%.  According 

to BCTS’s current 2004 FDP, the forecasted “extreme-case” ECA (including road 

development) will be about 11%.  About 10 blocks are proposed for harvesting, of which 

eight are proposed by BCTS and two blocks are proposed by private woodlot licensee to 

the south of Sliammon Lake. 

 

All proposed blocks are situated upslope and drain towards Sliammon Lake.  Of the 10 

blocks, seven are not situated on or above Class IV or V terrain or on highly erodible 

soils.   The three blocks of CP A58197 in the Upper Sliammon Sub-basin are, however, 

situated on and above Class IV and V terrain and highly erodible soils (Ryder & 

Associates, 1996) (Map 2).  The sizes of these blocks are about 13 ha each.  A significant 

portion of these blocks drain into the small unnamed lake prior to discharging into a 

branch of Tributary #2 (Map 2), therefore some dampening effects will occur.  Tributary 

#2 is considered to be moderately sensitive to changes in peak flows.  Given the moderate 

sensitivity and that unstable terrain and highly erodible soils are present, we recommend 

block-specific (“flat-over-steep”) assessments for these blocks, as per the Community 

Watershed guidelines (MOF, 1996). 

 

In summary, the proposed ECA levels are below the threshold (20%) where peak flow 

effects are typically detectable (Bosch & Hewlett, 1982; Stednick, 1996).  In addition, the 



“low” sensitivity of Appleton Creek and “moderate” sensitivity of Tributaries #1 and #2 

has remained unchanged since the previous assessments in 1997 and 2000.  Therefore the 

present or forecasted ECAs present a low risk to channel stability.  However, given the 

extensive historic logging of riparian areas (especially in the headwaters of Tributary #1 

and throughout Tributary #2), the stream sensitivity could change.  Therefore we 

recommend best management practices and some restoration works, as outlined in Tables 

4.3 and 4.5.   

 

Finally, future development (beyond the proposed five–year plan) should adhere to the 

Community Watershed ECA maximum guideline of 20%.  Where ECAs exceed the 

maximum threshold, more than usual care should be conducted to ensure natural drainage 

patterns are maintained and that ditches and culverts are regularly inspected and 

maintained.  Furthermore, all proposed blocks situated on or draining over Class IV and 

V terrain or on highly erodible soils should have block specific assessments (e.g. “flat-

over-steep” assessments) carried out by qualified terrain personnel.   

 

 

6.0  CONCLUSIONS AND RECOMMENDATIONS 

This study presents the results of the watershed assessment update for McNeill Lake 

Community Watershed and Sliammon Community Watershed.  The study was completed 

through a combination of office work and ground-based field work in April 2004.  As 

part of the watershed assessment update, restoration opportunities were identified and 

guidance was provided for future forest development with the focus of minimizing 

potential risks to water quality and fisheries resources in the watersheds.  The following 

conclusions are subject to the Summit’s disclaimer statement presented in Section 9.0. 

 

 

6.1 MCNEILL LAKE COMMUNITY WATERSHED 

Current Watershed Condition: 

The following conclusions are made regarding the current condition of the McNeill Lake 



Community Watershed.  Recommendations are provided in bold. 

13 Remediation of sites recommended in the 1997 watershed assessment appear to 

have been carried out effectively and have reduced the sediment delivery risk in 

the watershed;  

14 The channel sensitivity of the McNeill Community Watershed stream network is 

low, and has remained unchanged since the assessment in 1997; 

15 Evidence of ECA-related disturbance to stream channels was not found in the 

watershed.  Since 1997, there has been no new channel disturbance other than 

several point sources of sediment associated with newly deactivated or removed 

stream crossings; 

16 With the exception of point source sites described in Tables 3.3, 3.5 and 3.6, the 

overall risk to sediment delivery, peak flows, channel stability and riparian 

function in the watershed is low; and 

17 A total of eight restoration opportunities were identified within the watershed: all 

sites are considered moderate priority.  All sites are summarized in Section 3.0 

and illustrated on Map 1.  To reduce the risk of sediment delivery and 

potential channel instability we recommend carrying out the restoration as 

described in Tables 3.3, 3.5, and 3.6 of Section 3.0.  

 

Future Forest Development: 

It is unlikely that increases in ECA associated with proposed development by BCTS and 

Weyerhaeuser will result in changes to the hydrologic regime (including peak flows) or 

channel stability.  Specific recommendations regarding the proposed development in 

McNeill Lake Community Watershed are provided in Section 5.0.  Those 

recommendations (in bold) are summarized as follows: 

1 Proposed cutblocks and roads situated near existing water bodies, including 

lakes should be managed with adequate riparian corridors to reduce 

sedimentation, maintain water quality and fish habitat.  If riparian 

harvesting is required then Best Management Practices should be applied; 

2 For any proposed development (beyond five-year plan) in areas draining 

between McNeil Lake and the domestic intake, planners should adhere to the 



Community Watershed ECA maximum guideline of 20%;  

3 ECAs exceeding a maximum of 25% in areas draining into McNeill Lake 

should be conducted with more than usual care to ensure natural drainage 

patterns are maintained and that ditches and culverts are regularly inspected 

and maintained; and 

4 All proposed blocks situated on or draining over Class IV and V terrain or 

on highly erodible soils should have block specific assessments (e.g. “flat-

over-steep” assessments) carried out by qualified terrain and forest 

engineering personnel.  Specific planning should focus on strategies to 

minimize risks to water resources and potential slope failures. 

 

Roundtable Meeting Recommendations: 

The following recommendations in bold were developed and finalized during the 

Roundtable Meeting on October 26, 2004: 

1 In support of future development, BCTS should seek relevant water quality 

data that is currently being collected and analyzed by the South Pender 

Harbour Water District (SPHWD);  

2 BCTS request that the SPHWD inform them if raw water quality is poor for 

a prolonged period of time (e.g. more than 2-3 days); and 

3 Roundtable Committee Members (Section 1.4) be included with any future 

watershed assessment procedure updates undertaken in the McNeill Lake 

Community Watershed.  

 

 

6.2 SLIAMMON COMMUNITY WATERSHED 

Current Watershed Condition: 

The following conclusions are made regarding the current condition of the Sliammon 

Community Watershed.  Recommendations are provided in bold. 

18 Recommended remediation of sites identified from the 1997 watershed 

assessment were carried out effectively, and have reduced sediment delivery risk 

in the watershed;  



19 The sensitivity of the Sliammon Watershed stream network has remained 

unchanged since the previous assessments in 1997 and 2000.  Overall channel 

sensitivity is moderate, with low sensitivity in Appleton Creek Sub-basin and 

moderate sensitivity in Upper Sliammon Sub-basin and Lower Sliammon 

(Residual) unit; 

20 ECA-related disturbance to stream channels was not detected in the watershed 

during the 2004 field visits.  Since 1997, there has been no new channel 

disturbance other than point sources associated with removed stream crossings; 

21 Overall risk to sediment delivery, peak flows, and riparian function in the 

watershed is low, but several point sources of sediment should be repaired 

(described in Tables 4.3 and 4.5); 

22 The overall risk to channel stability in the watershed is moderate; 

23 A total of five restoration opportunities were identified within the watershed: all 

sites are considered moderate priority (described in Section 4.0 and illustrated on 

Map 1).  To reduce the risk of sediment delivery and potential channel 

instability we recommend carrying out the restoration as described in Tables 

4.3 and 4.5 of Section 4.0.  

 

Future Forest Development: 

It is unlikely that increases in ECA associated with proposed development by BCTS and 

the private woodlot licensee will result in changes to the hydrologic regime (including 

peak flows) or channel stability.  Specific recommendations regarding the proposed 

development in Sliammon Community Watershed are provided in Section 5.0.  Those 

recommendations (in bold) are summarized as follows: 

5 Planned cutblocks and roads situated near existing water bodies, including 

lakes should be managed with adequate riparian corridors to reduce 

sedimentation, maintain water quality and fish habitat.  If riparian 

harvesting is required then Best Management Practices should be applied; 

6 ECAs exceeding a maximum of 20% in areas draining into Sliammon Lake 

should be conducted with more than usual care to ensure natural drainage 

patterns are maintained and that ditches and culverts are regularly inspected 



and maintained;  

7 The three planned blocks of CP A58197 are situated on and above Class IV 

and V terrain and highly erodible soils in the Upper Sliammon Sub-basin 

(Map 2).  A significant portion of the blocks drain to Tributary #2 (which is 

considered to be moderately sensitive to changes in peak flows).  Given the 

moderate sensitivity and that unstable terrain and highly erodible soils are 

present, we recommend block-specific (“flat-over-steep”) assessments for 

these blocks as per the Community Watershed guidelines; and 

8 All future blocks situated on or draining over Class IV and V terrain or on 

highly erodible soils should have block specific assessments (e.g. “flat-over-

steep” assessments) carried out by qualified terrain and forest engineering 

personnel.  Specific planning should focus on strategies to minimize risks to 

water resources and potential slope failures. 

 

Roundtable Meeting Recommendations: 

The following recommendations in bold were developed and finalized during the 

Roundtable Meeting on October 25, 2004: 

4 In support of future development, BCTS should seek relevant water quality 

data that is currently being collected and analyzed by the Sliammon Indian 

Band in the watershed;  

5 BCTS request that the Sliammon Indian Band inform them if raw water 

quality is poor for a prolonged period of time (e.g. more than 2-3 days); and 

6 Roundtable Committee Members (Section 1.4) be included with any future 

watershed assessment procedure updates undertaken in the Sliammon 

Watershed.  
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8.0  GLOSSARY AND ACRONYMS 

Aggradation 
 

Upbuilding of the bed of a stream channel by continued deposition of bed load. 

Alluvial Channels Alluvial channels flow through sediments transported and deposited by the stream 
under the current hydrologic regime.  Alluvial channels are classified as follows: 
• Dune-ripple channels have a sand bed with typical bedforms being lower-

regime plane beds, ripples, sand waves and dunes.  Point bars may also be 
present. 

• Riffle-Pool channels are characterised by alternating sequences of pools, bars 
and riffles typically spaced every 5 to 7 channel widths.  They are typically 
associated with a floodplain and a meandering pattern. The bed is typically 
composed of sand, gravel and cobble sized particles. 

• Cascade-Pool channels encompass the “glide”, “riffle”, and “rapid” 
morphologies used in the fisheries literature, and are generally featureless and 
straight.  The bed may be composed of sand, gravel, cobble and boulder sized 
particles. 

• Step-Pool channels are confined by valley sides, and are characterized by 
longitudinal steps formed by large particles which dissipate much of the water’s 
kinetic energy in the form of turbulence.  Flow is subcritical at the pools, and 
supercritical over the steps.   

• Steep Cascade channels are confined and have a bed composed of large, 
randomly placed particles producing jet-and-wake flow. 

 
Alluvium Any sediment transported and deposited by running water. 

 
Annual Peak Daily 
Discharge 
 

The highest daily discharge in a stream recorded over a period of one year. 
 

Anthropogenic Adjective describing actions caused by human activity. 
 

Anthropogenic 
Impact Rating 

An estimate of the existing disturbance to the watershed determined to be as a result 
of human-related activity, such as forest, agricultural, or urban development. See also 
Peak Flow Impact Rating, Channel Stability Impact Rating, Riparian Function 
Impact Rating, and Sediment Impact Rating. 
 

Bank Erosion 
 

Removal of material from the side of a stream channel.  This may be the result of 
particle by particle removal, frost heave, groundwater movement and the 
dislodgement and fall of material and the subsequent entrainment of particles by 
flowing water, abrasion by ice, and mass failure of the bank. 
 

Bankfull Flow The discharge that fills a channel but does not spill out onto the floodplain.  Bankfull 
flows are often assumed to recur with a return period of about 1.5 to 2 years. 
 

Bed Load  
 

That portion of the stream load moving close to the stream bed by rolling, sliding and 
low leaps. 

Bedrock 
Channels 

Bedrock channels lack a continuous alluvial bed, and have little or no valley fill.  
They are the result of a transport capacity much higher than sediment supply, and are 
often the result of catastrophic scouring as a result of a debris flow. 
 

Biogeoclimatic 
Zone 

A geographic area with broadly homogeneous macro-climate and associated 
vegetation, soils and animals.  In British Columbia, each forested zone occurs under a 
broadly similar macro-climate and is usually named by one or more of the dominant 



tree species which are capable of self-regeneration on most of the zone’s habitats 
(e.g., Coastal Western Hemlock, Interior Douglas fir).  In B.C., the biogeoclimatic 
zones are further subdivided into sub-zones, variants, and Phases. 
 

Channel 
Confinement 
 

The degree to which the valley sides restrict the lateral movement of the stream 
channel. 

Channel Coupling The degree to which sediment produced on the hillslopes is delivered (by landslides 
or surface wash) to the stream channel without intervening storage on the river 
floodplain. 
 

Channel 
Disturbance 

Channel disturbance is an assessment of the level of anthropogenic disturbance to the 
stream channel.  Channel disturbance is classified as follows:  
  
• Not detectable: There is no physical evidence of anthropogenic disturbance to 

the stream channel.   
• Slight:  While spatially limited disturbances are identifiable, the large majority 

of the stream Reach is undisturbed.  Disturbances upslope of the stream channel 
that may or may not have impacted the channel may be present.  This may 
include such disturbances as stream crossings and logging adjacent to the stream 
but with a suitable riparian management area retained.  

• Moderate:  Anthropogenic disturbance is widespread throughout the Reach, 
affecting more than ¼ of the Reach length.  Disturbances upslope of the stream 
channel, where present, likely have impacted the channel.  This may include 
roads parallel to the stream channel, selective logging of the riparian area and/or 
logging of one stream bank, and occasional landslides Reaching the stream 
channel.  

• High:  Disturbance is both widespread and severe, affecting more than ½ of the 
Reach length.  This may include logging of the riparian area, skidding or yarding 
across the stream channel, channel diversions due to failed or improperly placed 
culverts, or frequent landslides Reaching the stream channel.  

• Extreme:  Disturbance is ubiquitous, affecting ¾ of the Reach length or more.  
There is evidence of widespread alteration of the stream channel and/or 
extensive inputs/removals of sediment or debris from the stream channel.  This 
level of disturbance is only rarely encountered, and may include skidding and/or 
road construction within the wetted perimeter of the stream, or extensive and 
severe landslides Reaching the stream channel. 

 
Channel 
Morphology 
 

The characteristic shape and organization of the landforms within the stream channel. 
 

Channel 
Response 
Potential 

The degree of potential impact from indirect (i.e., ECA-related) effects, based on 
channel sensitivity and watershed routing efficiency according to the following table. 
 

Channel Sensitivity 
Watershed Routing Efficiency 

 

 
Low 

Moderate 
High 

 

Not sensitive or slight 
Low 
Low 



Low 
 

Moderate 
Low 

Moderate 
Moderate 

 

High or Very High 
Low 

Moderate 
High 

 

 
Channel Pattern The characteristic shape of a river channel, as seen from above (i.e. plan view). 

 
Channel 
Sensitivity 

This is an assessment of the potential for the channel to change in response to future 
disturbance.  Channel sensitivity is classified as follows:  
 
• Not sensitive: The channel is unlikely to change its channel pattern, cross-

section, or slope as a result of any level of disturbance.   
• Slight:  The channel may undergo changes in channel pattern, cross-section, or 

slope when subject to a high level of disturbance.  However, the extent of 
channel changes will be limited due to immobile boundaries (e.g. bedrock) 
and/or small volumes of stored alluvial sediment.  

• Moderate: The channel may undergo changes in channel pattern, cross-section, 
or slope when subject to moderate or high levels of disturbance.  The extent of 
the channel changes may be limited in places due to immobile boundaries and/or 
small volumes of stored alluvial sediment.  

• High: The channel may undergo changes in channel pattern, cross-section, or 
slope when subject to moderate or high levels of disturbance.  The extent of the 
channel changes increases with the degree of disturbance, and it not generally 
limited by immobile boundaries or the extent of alluvial sediment.  

• Extreme: The channel may undergo changes in channel pattern, cross-section, 
or slope when subject to slight to moderate levels of disturbance. The extent of 
the channel changes may be drastic in response to any degree of disturbance.  
Such channels are usually associated with deposits of highly erodible, non-
alluvial sediments, such as lacustrine silts and fine sands. 

 
Channel Stability Refers to the average channel width, depth, slope, and sinuosity; these parameters do 

not change over time in a stable channel, but one or more of them may change in an 
unstable channel. 
 

Channel Stability 
Risk Rating 

Channel stability risk rating is defined as the degree to which anthropogenic activity 
has affected channel stability (this is not the same as “channel stability” per se).  This 
impact rating incorporates the influence of both direct disturbance (such as road 
crossings and riparian logging) and indirect disturbance (such as increased fine 
sediment supply from roads, and increased peak flows).  Note that a naturally 
unstable channel would receive a low rating if it had not been impacted by human 
activity.  Additionally, a channel that was disturbed by human activity in the past but 
which has recovered to the pre-disturbance stability level would receive a low rating.  
The channel stability risk rating was determined by aerial photo examination and 
field observation.  A “low” rating means that anthropogenic changes in stability 
affect a small proportion of the mainstem length and/or that the change in overall 
basin channel stability is small.  A “high” rating means that a substantial proportion 



of the mainstem has been affected, and that the channel stability in the basin has been 
altered. 
 

Clast A coarse sediment particle, usually larger than 4 mm in diameter.  
 

Colluvium Material transported across and deposited on slopes as a result of mass movement 
processes (i.e. primarily by gravity, not running water). 
 

Colluvial 
Channels 

Exhibit only minor sediment transport by fluvial processes, and fluvial processes are 
not considered to govern the deposition, transport or sorting of the sediment.  Debris 
flows and/or avalanches dominate the sediment transport regime 
 

Competence The largest particle size transported by flowing water under the current hydrologic 
regime in a stream. 
 

Consequence The effect on human well being, property, the environment, or other elements of 
value; or a combination of these.  Consequence is composed of spatial probability, 
temporal probability, and vulnerability (probability of loss of life, or proportion of 
loss, or damage to, property, the environment and other elements of value).  For an 
element other than human life, an element’s worth can be introduced and a 
consequence value determined (CSA, 1997). 
 

Discharge Rate of fluid flow expressed as a volume per unit of time (e.g. m3/s). 
 

Equivalent 
Clearcut Area 
(ECA) 
 

The total area clearcut reduced by an amount that accounts for the hydrologic effects 
of forest regrowth. 
 

Floodplain 
 

Belt of low, flat ground, present on one or both sides of a stream channel, subject to 
inundation by a flood and underlain by alluvium. 
 

Glaciofluvial 
Deposit 

Material moved by glaciers and subsequently sorted and deposited by streams 
flowing from the melting ice.  The deposits are stratified and may occur in the form 
of outwash plains, deltas, kames, eskers, and kame terraces.  
 

Hazard A source of potential harm, or a situation with a potential for causing harm, in terms 
of human injury; damage to health, property, the environment, and other things of 
value; or some combination of these (CSA, 1997). 
 

H60 The elevation in a watershed above which lies 60% of the watershed area.  Peak 
flows are thought to be more sensitive to forest harvest above H60.  This concept is 
based on a 1950s Colorado study in a snowmelt-dominated mountain watershed, and 
has been confirmed in recent research in a similar watershed in the Kootenays.  Its 
applicability to plateau environments is less certain. 
 

IWAP Interior Watershed Assessment Procedure: a process for assessing the risk that prior 
harvesting-related activities have impacted a watershed; outlined in a guidebook 
developed by Ministry of Forests. 
 

Large Woody 
Debris (LWD) 

Fallen trees or pieces of wood with diameter greater than 10 cm (trunk sections, 
branches or roots) situated in streams or lakes. 
 

Mass Wasting 
 

Spontaneous downward movement of soil, surficial materials, and bedrock under the 
influence of gravity; does not include the action of fluid agents. 



 

Peak Flow Risk 
Rating 

Peak flow risk rating is defined as the likelihood that peak flows (equal to or greater 
than the annual maximum daily discharge) have been increased by human activity.  
Factors taken into account in the Peak Flow Risk Rating are ECA and Watershed 
Routing Efficiency.  This rating does not imply channel change as a consequence. 
 

Reach A relatively homogeneous length of stream having a sequence of repeating structural 
characteristics (or processes) and fish habitat types.  The key factors used to 
discriminate between Reaches are discharge, sediment load, channel pattern, channel 
confinement, gradient, streambed material and bank material. 
 

Riparian Area An area of land adjacent to a stream, river, lake or wetland that contains vegetation 
that, due to the presence of water, is distinctly different from the vegetation of 
adjacent upland areas.  
 

Riparian 
Condition 

The degree to which the riparian area has been altered; a riparian area may be 
natural, may exhibit an extensive buffer or equivalently have been subjected to 
selective logging, may exhibit a partial buffer, or may have been logged to bank.  
 

Riparian Function 
Risk Rating 

The degree to which natural riparian function has been disturbed.  This risk rating 
incorporates both the level of past disturbance and the level of recovery of the 
riparian vegetation. 
  

Risk The chance of injury or loss as defined as a measure of the probability and severity of 
an adverse effect to health, property, the environment, or other things of value (CSA, 
1997). 
 

Salmonid Fish of the family Salmonidae, including salmon, trout, chars, whitefish, ciscoes, and 
grayling.  It generally refers to salmon, trout and chars. 
 

Sediment Delivery 
Potential 

The potential for sediment to be delivered to the stream network.  There are three 
sediment delivery potential classes:  
 
1-2: No or minimal delivery of sediment from roads to any stream system, sediment 
commonly delivered to forest floor, with no surface runoff during the wet season. 
 
3: Sediment delivery is partially disconnected from the stream network, disconnected 
by flat terrain and/or discontinuous drainage routes.  
 
4: Sediment is delivered to stream network directly or via ditch drainage or surface 
runoff routes.  
 

Sediment Erosion 
Potential 

The potential for soil erosion including erosion of road cut and fill and the running 
surface.  There are three sediment erosion potential classes: 
 
1-2: The road surface is armoured and/or re-vegetated and ditches are functional and 
stable.  Cutslopes are stable and/or vegetated and fillslopes are vegetated. This is 
typical of low-use roads and/or highly erosion-resistant road prism materials. 
 
3: The road surface is stable with little or no rutting on the road surface. The cutslope 
is stable with only localized cutslope erosion.  The fillslope is generally stable and 
erosion localized.  This is typical of active forest roads and/or recent temporarily 
deactivated road sections. 
 
4-6: The rates of erosion of the road surface, cutslope and/or fillslope are substantial 



and little or no stabilizing vegetation is on the cutslope or fillslope. This is typical of 
roads through unstable terrain, roads on erosion-prone surficial materials, roads 
through seepage zones, and new roads. 
 

Sediment Hazard This is the combination of the sediment delivery potential and the sediment erosion 
potential used to describe the likelihood that sediment produced from a road section 
is delivered to the stream network.  Sediment hazard can be Low, Moderate or High. 
  

Sediment Risk 
Rating 

Sediment risk rating is defined as the degree to which human activity has increased 
the rate of sediment supply to the stream channel, relative to background rates.  
Sources of anthropogenically-derived sediment include landslides, roads, range areas, 
and areas in agricultural production.  A “low” rating means that the proportion of 
total sediment delivered to the channel has not been changed by human activity.  
Where a previous anthropogenic sediment source has been stabilized (e.g. through re-
vegetation), a low risk rating would be given.  A “high” rating means that the 
proportion of the total sediment delivered to the channel related to anthropogenic 
activities has increased.  This could have occurred for example through an increase in 
the frequency and/or magnitude of mass movement events. 
 

Sediment Size Refers to the b-axis diameter of a particle.  Sediments are classified as: silt (>0.004-
0.062 mm), sand (>0.062-2 mm), gravel (>2-64 mm), cobble (>64-256 mm), and 
boulder (>256 mm). 
 

Stream A stream is any Reach with a continuous bed scoured by water or contain observable 
deposits of mineral alluvium.  Note that the bed or banks can be locally obscured.  
 

Sub-basin A sub-unit of a watershed, usually defined as the watershed of a tributary channel.    
 

Surficial Material Layer of non-lithified mineral particles overlying the bedrock.  It may be derived by 
weathering of underlying bedrock or by transportation and deposition from other 
locations by fluid agents.  These geologically young materials, usually of Quaternary 
age, are classified as to their genesis, hence the terms alluvium, colluvium, 
glaciolacustrine sediments, and till. 
 

Talus 
 

Accumulation of loose rock fragments derived by rock fall from a cliff. 

Till Material deposited by moving ice sheets or glaciers, without subsequent modification 
by other transport processes.  Till is often a diamicton, consisting of a fine matrix 
(usually sand or silt) and larger clasts (gravel, cobble and boulder-sized particles). 
 

Watershed An area of land that collects and discharges water into a single main stream through a 
series of smaller tributaries.  Watershed is synonymous with catchment or drainage 
basin. 
 

Watershed 
Advisory 
Committee 
 

A technical group formed to provide specific watershed information and make land-
use recommendations. 

Watershed 
Routing 
Efficiency 

Watershed routing efficiency is defined as the relative rate of transmission of runoff 
from an arbitrary point in a watershed to the mainstem channel.  It is used in 
conjunction with channel sensitivity to assess the potential for ECA impacts on the 
mainstem channel.  It is an intrinsic property of a watershed, i.e. it is not related to a 
particular forest development plan.  It is assessed by considering relevant watershed 
characteristics, including:  presence and extent of lakes and wetlands, potential for 
losses to groundwater (a function of soil permeability and depth), slope gradient,  



extent of stream network, and extent and location of road network. Watershed routing 
efficiency is assigned a value of Low, Moderate or High. 

 



 

9.0  DISCLAIMER 

Subject to the following conditions and limitations, the investigation described in this 

report has been conducted in a manner consistent with a reasonable level of care and skill 

normally exercised by qualified registered professionals currently practising under 

similar conditions in B.C.: 

1. The investigation described in this report has been limited to an appropriate scope 

and budget as specified in our agreement with British Columbia Timber Sales – 

Ministry of Forests – Strait of Georgia. 

2. The investigation described in this report has been limited to the scope of work 

described in the work program. 

3. The investigation described in this report has relied upon previous reports and 

information provided by third parties concerning the study area.  Except as stated 

in this report, we have not made an independent verification of such historical 

information. 

4. The investigation described in this report has been performed in the context of 

existing government regulations generally promulgated at the date of this report.  

Except as specifically noted, the investigation did not take account of any 

government regulations not in effect and generally promulgated at the date of this 

report. 

5. The information and interpretations presented in this report must be applied with 

due recognition of the inherent limitations of the office and field procedures 

employed.  The information presented is based on office review of historical 

information, followed by limited field checking.  Interpretations based on the 

office and field work cannot reflect variations in characteristics that occur at 

smaller spatial scales than the information used.  In addition, there is a limited 

level of accuracy associated with the office and field procedures.  Field 

inspections consist of inspections of the ground surface or stream at one location; 

and our judgements concerning the three dimensional extent of the characteristics 

of the ground or stream are derived from interpretation of this information.  In 

addition, the entire study area is not inspected on the ground, which further limits 



the accuracy. 

6. The findings and conclusions are valid only for the specific location identified in 

the report. 

7. Conclusions and recommendations are valid as of the date of the report.  Since 

conditions may change over time, the interpretations and conclusions contained 

within this report may require updating in the future. 

 

This report is intended for the exclusive use of British Columbia Timber Sales – Ministry 

of Forests – Strait of Georgia.  It may not be used or relied upon in any manner 

whatsoever, or for any purpose whatsoever, by any other party.  Summit Environmental 

Consultants Ltd. makes no representation of fact or opinion of any nature whatsoever to 

any person or entity other than British Columbia Timber Sales – Ministry of Forests – 

Strait of Georgia. 

 

In accepting delivery of this report, British Columbia Timber Sales – Ministry of Forests 

– Strait of Georgia hereby agrees that any and all claims which it may have against 

Summit Environmental Consultants Ltd. or any of its servants, agents, or employees 

arising out of or in any way connected with the investigation described in this report or 

the preparation of this report, whether such claims are in contract or in tort, and whether 

such claims are based on negligence or otherwise, shall be limited to a total amount equal 

to the fees payable to Summit Environmental Consultants Ltd. under our contract with 

British Columbia Timber Sales – Ministry of Forests – Strait of Georgia. 
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DRAFT

McNeill Lake Watershed - ECA Calculations for "Existing" blocks adjusted for green-up (to 2004)

Haslam Creek 
Watershed Area (km2)

Haslam Cr. 
Roads

Existing 
Length (km)

Proposed 
Length (km)

Existing 
Road Density 

(km/km2)

Total Road 
Density 

(km/km2)

Existing Length 
on erodible soils 

(km)

Proposed Length 
on erodible soils 

(km)

Existing Length 
on unstable 
terrain (km)

Proposed Length 
on unstable 
terrain (km)

No. of Creek 
Crossings

Area Above 800m 1.09 Above 800m 2.20 0.00 2.02 2.02 1.65 0.00 0.80 0.00 0
Area 300 to 800m 7.21 300 to 800m 14.72 0.00 2.04 2.04 7.68 0.00 0.08 0.00 15
Area Below 300m 5.99 Below 300m 11.07 3.34 1.85 2.41 0.00 0.00 0.00 0.00 6
Total 14.28 Total 27.99 3.34 1.96 2.19 9.33 0.00 0.88 0.00 21

Opening
 #

Polygon
 # Area (ha)

Dominant 
Species Site Index

Date of 
Latest 
Survey

Inventory 
Height in 

Latest Survey 
(meters)

 Projected 
Tree Height 

to 2004 
(meters)

Projected 
Hydrologic 

Recovery to 2004 
(%)

Projected ECA to 
2004 (ha)

Above 800m line 
702 092G0511103 0.6 FD 3 1996 3.0 3.5 25 0.4

092G05177 0.5 CW 15 1985 8.0 8.7 75 0.1
092G05179 0.8 CW 15 1985 4.0 5.7 50 0.4

23 092G051900 0.5 HW 14 1980 10.0 9.6 90 0.1
23 092G061665 17.8 HW 14 1978 3.6 5.9 50 8.9

092G061691 1.5 CW 15 1985 4.0 5.7 50 0.7
1 092G061794 7.9 BA 14 1994 3.3 2.9 0 7.9
21 092G061834 0.7 HW 14 1983 11.3 8.0 75 0.2
21 092G061834 0.1 HW 14 1983 11.3 8.0 75 0.0
23 092G061841 7.1 BA 14 1979 9.0 6.7 50 3.6
23 092G061849 10.8 BA 14 1982 8.0 6.7 50 5.4
23 092G061861 20.2 HW 21 1981 11.3 15.3 90 2.0
19 092G061867 0.6 HW 18 1992 12.5 15.4 90 0.1
23 092G061967 11.1 HW 14 1980 10.0 9.6 90 1.1

Roads  - 2.6 0 2.6
Subtotal 33.4

300m to 800m
092F070562 4.3 FD 20 1985 14.0 17.5 90 0.4
092F070619 11.3 FD 26 1985 14.0 19.0 90 1.1

702 092G0511103 3.1 FD 3 1996 3.0 3.5 25 2.4
092G05131 0.3 FD 27 1991 22.5 26.1 90 0.0

63 092G05155 26.0 FD 23 1991 16.5 20.2 90 2.6
092G05177 0.0 CW 15 1985 8.0 8.7 75 0.0

68 092G051873 39.1 FD 18 1983 13.0 12.3 90 3.9
20 092G051902 0.0 HW 14 1987 3.5 4.8 25 0.0
20 092G051902 19.6 HW 14 1987 3.5 4.8 25 14.7
20 092G051904 19.8 HW 14 1987 4.0 5.0 50 9.9
46 092G061536 8.0 FD 28 1981 18.0 22.8 90 0.8
46 092G061537 37.9 FD 28 1981 18.0 22.8 90 3.8
46 092G061538 9.0 HW 27 1981 16.0 21.2 90 0.9
58 092G061543 4.2 FD 28 1981 18.0 22.8 90 0.4
58 092G061543 2.7 FD 28 1981 18.0 22.8 90 0.3
20 092G061678 38.8 HW 14 1987 4.0 5.0 50 19.4
63 092G061682 62.7 FD 14 1991 1.1 2.0 0 62.7
46 092G061731 0.0 PL 12 1968 6.0 8.6 75 0.0
46 092G061731 0.3 PL 12 1968 6.0 8.6 75 0.1

092G061744 3.1 FD 26 1985 14.0 19.0 90 0.3
21 092G061834 7.3 HW 14 1983 11.3 8.0 75 1.8
23 092G061841 4.4 BA 14 1979 9.0 6.7 50 2.2
23 092G061849 1.8 BA 14 1982 8.0 6.7 50 0.9
64 092G061865 28.4 FD 22 1981 14.0 18.0 90 2.8
19 092G061867 0.2 HW 18 1992 12.5 15.4 90 0.0
58 092G061901 3.6 FD 27 1981 17.0 21.5 90 0.4
76 092G061941 12.9 FD 29 1982 16.8 22.3 90 1.3

Roads 17.7 0 17.7
Subtotal 150.8

Below 300m
11 092F060208 1.6 FD 27 1997 2.5 5.7 50 0.8

118 092F060305 0.1 FD 27 1994 2.6 6.4 50 0.0
092G0511247 4.4 27 2001 0.0 0.0 0 4.4

118 092G05119 0.6 FD 27 1994 2.6 6.4 50 0.3
118 092G05119 0.0 FD 27 1994 2.6 6.4 50 0.0
118 092G05119 0.0 FD 27 1994 2.6 6.4 50 0.0
118 092G05119 0.7 FD 27 1994 2.6 6.4 50 0.4
118 092G05119 0.0 FD 27 1994 2.6 6.4 50 0.0
118 092G05119 0.0 FD 27 1994 2.6 6.4 50 0.0
118 092G05119 0.5 FD 27 1994 2.6 6.4 50 0.3
118 092G05119 4.5 FD 27 1994 2.6 6.4 50 2.2
118 092G05126 3.1 PW 12 1991 0.1 1.3 0 3.1

092G05129 4.9 DR 23 1985 18.0 21.1 90 0.5
092G05131 27.2 FD 27 1991 22.5 26.1 90 2.7
092G05137 5.3 FD 27 1991 22.5 26.1 90 0.5
092G05138 6.3 FD 27 1991 22.5 26.1 90 0.6

118 092G051837 0.0 FD 18 1991 0.2 1.6 0 0.0
118 092G051837 3.5 FD 18 1991 0.2 1.6 0 3.5
98 092G0611026 0.7 FD 27 1995 0.4 2.5 0 0.7
98 092G0611027 1.4 CW 23 1995 0.4 1.8 0 1.4
62 092G061694 5.8 FD 18 1991 0.4 2.0 0 5.8

142 092G061711 5.3 FD 27 1991 22.5 26.1 90 0.5
092G061724 3.9 DR 23 1985 18.0 21.1 90 0.4
092G061744 6.1 FD 26 1985 14.0 19.0 90 0.6

117 092G061746 4.2 PW 15 1991 0.2 1.6 0 4.2
118 092G061747 0.0 FD 18 1991 0.2 1.6 0 0.0
118 092G061747 5.3 FD 18 1991 0.2 1.6 0 5.3
61 092G061954 3.9 FD 18 1993 3.7 4.6 25 2.9

117 092G061968 2.7 FD 18 1991 0.2 1.6 0 2.7
118 092G061969 1.7 PW 15 1991 0.1 1.5 0 1.7
106 092G061977 6.1 FD 18 1990 0.2 1.6 0 6.1

092G05115 1.0 H 14 1985 33.0 34.6 90 0.1
Hydro ROW 16.9 0.0 0.0 0 16.9

Roads 13.3 0 13.3
Subtotal 82.1

Haslam Creek Summary
Projected 

ECA to 2004 
(ha)

Projected ECA 
to 2004 (%)

Above 800m line 33.4 30.7
300m to 800m 150.8 20.9
Below 300m 82.1 13.7
Total 266.2 18.6

Haslam Creek 
Harvesting

Existing Area 
(ha)

Proposed 
Area (ha)

Above 800m 80.08 0.00
300 to 800m 348.92 63.83
Below 300m 127.83 0.00
Total 556.83 63.83

Notes:
1.  All data used for ECA calculations were provided by BC Timber Sales, Ministry of Forests 
2.  Methods for ECA calculations are consistent with the Coastal Watershed Assessment Procedure Guidebook, Second Edition, April 1999. 
3.  Projected tree heights were estimated using Site Tools Version 3.2m.
4.  ECA calculations include road right-of-ways outside of cutblocks.
5.  Roads calculations were based on a 20 m road width.
6.  Roads were assumed to represent strip cuts (<50 m wide).
7.  Watershed area was calculated using TRIM watershed boundaries above the community waater intake.



Upper Appleton Creek Watershed - ECA Calculations for "Existing" blocks adjusted for green-up (to 2004

Upper Appleton Creek 
Watershed Area (km2)

Upper Appleton 
Cr. Roads

Existing 
Length (km)

Proposed 
Length (km)

Existing 
Road Density 

(km/km2)

Total Road 
Density 

(km/km2)

Existing Length 
on erodible soils 

(km)

Proposed Length 
on erodible soils 

(km)

Existing Length 
on unstable 
terrain (km)

Proposed Length 
on unstable 
terrain (km)

No. of Creek 
Crossings

Area Above 800m 7.54 Above 800m 6.67 0.00 0.88 0.88 0.03 0.00 0.00 0.00 2
Area 300 to 800m 2.80 300 to 800m 1.34 0.00 0.48 0.48 0.00 0.00 0.00 0.00 1
Area Below 300m 0.00 Below 300m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
Total 10.34 Total 8.01 0.00 0.77 0.77 0.03 0.00 0.00 0.00 3

Above 800m line 
43 092F097572 6.3  13 1999 0.0 0.0 0 6.3
72 092F097573 0.2 BA 26 2001 0.4 0.0 0 0.2
71 092F097754 0.7 CW 22 2001 0.4 0.2 0 0.7
70 092K0071022 5.4 CW 22 2001 0.4 0.2 0 5.4
71 092K0071031 0.9 CW 22 2001 0.4 0.2 0 0.9
71 092K0071031 0.1 CW 22 2001 0.4 0.2 0 0.1
6 092K007675 26.6 BA 23 1980 0.3 9.3 90 2.7
5 092K007694 39.1 BA 14 1990 2.0 4.7 25 29.4

705 092K007695 26.0 BA 23 1997 0.5 1.4 0 26.0
43 092K007697 11.4 BA 23 1994 0.9 3.4 25 8.5
4 092K007704 27.4 HW 22 1984 1.2 9.9 90 2.7
4 092K007705 7.8 FD 27 1991 12.0 15.7 90 0.8

35 092K007706 0.4 HW 14 1992 0.4 3.3 25 0.3
705 092K007776 0.4  10 1994 0.0 0.0 0 0.4
711 092K007801 25.5  22 1997 0.0 0.0 0 25.5
71 092K007806 1.6 CW 22 2001 0.4 0.2 0 1.6
71 092K007806 2.0 CW 22 2001 0.4 0.2 0 2.0

Roads  - 13.3 0 13.3
Subtotal 126.7

300m to 800m
17 092F097148 0.1 BA 14 1997 5.5 5.2 50 0.0
2 092F097540 1.0 HW 18 1997 6.5 8.9 75 0.2

43 092F097572 0.9  13 1999 0.0 0.0 0 0.9
71 092F097754 2.0 CW 22 2001 0.4 0.2 0 2.0
5 092K007694 0.0 BA 14 1990 2.0 4.7 25 0.0
5 092K007694 0.3 BA 14 1990 2.0 4.7 25 0.2
4 092K007704 0.1 HW 22 1984 1.2 9.9 90 0.0
4 092K007704 0.6 HW 22 1984 1.2 9.9 90 0.1
4 092K007705 1.3 FD 27 1991 12.0 15.7 90 0.1

35 092K007706 12.1 HW 14 1992 0.4 3.3 25 9.1
71 092K007806 5.3 CW 22 2001 0.4 0.2 0 5.3

Roads 2.7 0 2.7
Subtotal 17.5

Below 300m
0 0.0
0 0.0

Roads 0.0 0 0.0
Subtotal 0.0

Projected 
ECA to 2004 

(ha)

Projected ECA 
to 2004 (%)

Above 800m line 126.7 16.8
300m to 800m 17.5 6.3
Below 300m 0.0 0.0
Total 144.3 14.0

Upper Appleton Creek 
Harvesting

Existing Area 
(ha)

Proposed 
Area (ha)

Above 800m 181.74 0.00
300 to 800m 23.64 0.00
Below 300m 0.00 0.00
Total 205.38 0.00

Notes:
1.  All data used for ECA calculations were provided by BC Timber Sales, Ministry of Forests 
2.  Methods for ECA calculations are consistent with the Coastal Watershed Assessment Procedure Guidebook, Second Edition, April 1999. 
3.  Projected tree heights were estimated using Site Tools Version 3.2m.
4.  ECA calculations include road right-of-ways outside of cutblocks.
5.  Roads calculations were based on a 20 m road width.
6.  Roads were assumed to represent strip cuts (<50 m wide).
7.  Watershed area was calculated using TRIM watershed boundaries above the community waater intake.
8.  16ha. of proposed development in Woodlot 1672 was not included in these ECA calculations. No digital mapping for this harvesting was currently available.

Upper Appleton Creek Summary

Opening
 #

Polygon
 #

Dominant 
SpeciesArea (ha)

Projected ECA to 
2004 (ha)

 Projected 
Tree Height 

to 2004 
(meters)Site Index

Projected 
Hydrologic 

Recovery to 2004 
(%)

Date of 
Latest 
Survey

Inventory 
Height in 

Latest Survey 
(meters)



 
 
 
 
 
 
 
 
 
  

 
 

Appendix B 
  

Watershed Report Card Methods 
 

 
 
 
 
 
 
 
 
 
 
 



Methods for Calculating Indicators for the Watershed Report 
Cards 

 
Equivalent Clearcut Areas (ECAs): 
Existing (end-2003) ECAs were calculated for each watershed including the sub-basins in 
Sliammon Community Watershed using the most recent forest cover maps, and ISSA 
(forest opening) files provided by BCTS (dated May 2004).  ECAs were determined for 
each elevation band (below 300 m, 300-800 m, and above 800 m)1, but were not 
weighted2.  Projected changes to ECAs due to proposed development were calculated 
based on the Forest Development Plan provided by BCTS at the beginning of this project.  
Since no schedule of block development was available during the compilation and initial 
calculations of ECAs, all proposed blocks were conservatively assumed to be developed 
by the end of 2004.  This means that the estimated ECAs due to proposed development 
are likely to be slightly higher than actual ECAs since the estimates would not take into 
account re-growth (and hydrologic recovery) occurring between end-2004 and the actual 
year of development.  Blocks classified as “information” blocks were included in the 
proposed ECA calculations.  Site Tools version 3.2, a computer model produced by the 
Ministry of Forests, was used to forecast the growth of replanted blocks to the end of 
2004.  Road clearings were included in the ECA totals, assuming a standard clearing 
width of 20 m.  Burned areas were assumed to be clearcut with no recovery.  A summary 
of existing and proposed ECAs for each sub-basin is presented in Section 3.0.  Detailed 
tables (e.g., block information) used in the calculation of ECAs are provided in Appendix 
A.  
 
Road Length and Density: 
Existing, proposed, and total (existing plus proposed) road lengths and densities [i.e., the 
length of road per unit area (km/km2)] were calculated for both watersheds (including 
sub-basins in Sliammon) based on the road network information included digital TRIM 
and Forest Development Plan files provided by BCTS.   
 
High Sediment Hazard Roads: 
Existing roads representing a high sediment hazard were identified in both watersheds.  
The sediment hazard rating (low, moderate, and high) is based on the combination of 
sediment production potential and sediment delivery potential of any given road segment.  
Sediment production potential is a function of the road material.  Fine-grained sediment 
(e.g., clay and silt) results in a relatively higher sediment production potential and coarse 
sediment (e.g., gravel, cobbles, and boulders) result in a lower potential.  Sediment 
delivery potential is a function of the proximity and degree of coupling of the road to the 
stream network.  Sediment hazard ratings are illustrated on Map 1 and Map 2 and in 
Tables 2.4 and 2.5 in the Risk Analysis Section 2.4. 
                                                 
1 Elevation bands are based on research of three watersheds on the Sunshine Coast that have shown that the 
rain-dominated zone corresponds to the 0-300-m band, the transient snow corresponds to the 300-800-m 
band, and the snowpack zone corresponds to the area above 800m (MOF/MELP, 1999).  
2  Earlier versions of the CWAP procedure weighted the ECA of the mid-elevation band by a factor of 2X.  
All ECA values in this report are unweighted, but the effects of harvesting in the mid-elevation band are 
considered in the assessment of risks. 



 
Roads on Potentially Unstable or Unstable Terrain: 
Existing, proposed, and total (existing plus proposed) road lengths on unstable or 
potentially unstable slopes were estimated by overlaying the road network on the terrain 
stability information provided in the BCTS - Forest Development Plans (dated March 15, 
2004).  Segments of road that cross terrain mapped as class P or U or class IV or V were 
totalled for each watershed (including Sliammon sub-basins). 
 
Landslides: 
The total numbers of landslides entering streams were determined for both watersheds.  
The total number of landslides was determined from a combination of air photo 
interpretation, anecdotal information, and ground-based inspections.  No landslides were 
identified as entering the streams in both watersheds therefore are not considered to be a 
risk to water quality and fish habitat.  As a result, roads (mentioned above) and stream 
crossings (described below) were the general focus for sediment hazards in the present 
report. 
 
Stream Crossings: 
The numbers of existing and proposed stream crossings were calculated in the office by 
overlaying the road network information with the watercourse information on TRIM 
files. 
 
Riparian Conditions: 
The length of stream with non-functional riparian forest was summarised based on 
information obtained during the overview channel inventory.  For each mainstem and 
principal tributaries of both watersheds, the riparian condition was classified as:  

• Low - extensive buffer; selective harvesting; natural conditions; no or minimal 
impacts;  

• Moderate - partial buffer; intact banks; and  
• High - logged to bank; with or without stabilizing vegetation present.   

 
For the purposes of this assessment, the length of “non-functional riparian forest” was 
estimated by summing the length of channel classified as logged to bank without 
stabilizing vegetation present.  Risks to riparian function are addressed in Section 3.0 and 
Section 4.0. 
 
Disturbed Stream Channel: 
The length of disturbed channel was summarised based on information obtained during 
the overview channel inventory.  For each mainstem and principal tributaries of both 
watersheds, the channel disturbance was classified as:  

• Low - little or no evidence of direct impacts to the channel or riparian zone; 
• Moderate - moderate anthropogenic impacts to the channel or riparian zone; and 
• High - major anthropogenic impacts to the channel or riparian zone. 

For the purposes of this assessment, the length of disturbed stream channel was 
calculated by summing the length of channel classified as moderate or high disturbance.  
Channel disturbance is described in Sections 3.0 and 4.0. 
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Risk Analysis Methods and Ratings 
 
The general risk equation, as presented in MOF (2003), can be summarised as: 
    

R(S) = P(H) x [P(S:H) x P(T:S)] x V(L:T)  [Equation 1.1] 
 
Where: R(S) = Specific risk to a specific element from a specific event 

(e.g., landslide). 
P(H) = P(Hazardous Event) = probability of occurrence of a 
specific event and that event being a hazard to a specific element. 
[P(S:H) x P(T:S)] = probability of the specific event reaching or 
otherwise affecting the specific element, where: 

P(S:H) = probability of a spatial effect of the specific event 
on the specific element if the event occurs (e.g., the 
probability of the specific landslide reaching or otherwise 
affecting the specific element at risk). 
P(T:S) = probability of temporal effect of the specific 
event on the specific element, given a spatial effect (e.g., 
the probability of the specific element occupying that 
location when the landslide occurs). 

V(L:T) = vulnerability of the element, given a temporal effect.  
This accounts for the probability of loss of life or the proportion of 
loss, or damage to, property, the environment or other things of 
value. 

 
In the context of this watershed assessment, a Partial Risk Analysis approach was 
adopted.  Partial Risk Analysis considers the effects of a specific hazard on a specific 
element, but it does not explicitly evaluate the vulnerability of the element [V(L:T)].  
Such an evaluation is beyond the scope of this assessment, and requires obtaining specific 
information on the elements at risk (e.g., water quality, fisheries).  Therefore, we have 
conservatively assumed that V(L:T) = 1, meaning that if an element is affected by an 
event, total loss will occur.  The Partial Risk Analysis is summarised by Equation 1.2. 

 
P(HA) = P(H) x [P(S:H) x P(T:S)]  …[Equation 1.2] 

 
Where: P(HA) = P(Hazardous and Affecting Event) = probability of occurrence 

of a specific hazardous event (e.g., landslide) and that event affecting a 
specific element. 

    
For a stationary specific element at risk, P(T:S) = 1, therefore [P(S:H) x P(T:S)] = 
P(S:H).  If it is certain a specific event will reach or affect a stationary specific element at 
risk, then [P(S:H) x P(T:S)] = 1, and Equation 1.2 is reduced to P(HA) = P(H).  In this 
case, Equation 1.1 is also reduced to R(S) = P(HA) = P(H).  However, in the case where 
there is some uncertainty that a specific event will reach or affect a specific stationary 
element at risk, P(S:H) < 1.  Therefore Equation 1.2 is reduced to: 

R(S) = P(HA) = P(H) x P(S:H)   …[Equation 1.3] 



 
Since all elements at risk in this study are associated with the stream network (which is 
stationary), we have assumed throughout the risk analysis that P(T:S) = 1.  Therefore, 
P(HA) and R(S) were evaluated based Equation 1.3 and assigned relative ratings that 
vary depending on the element at risk. 
 
Risk Analysis Rating 
This section outlines the ratings used to assess the probability that historic activities in the 
watershed have affected current conditions, which are assumed to apply to the near future 
as well1.  The types of risk summarized in this section are those associated with sediment 
delivery, peak flow regime, channel stability, and riparian function.  In this section, these 
risks are evaluated using a consistent risk analysis framework outlined in Section 2.3 and 
summarized by Equation 1.3, and the results are conveniently presented in one of three 
risk categories (low, moderate, and high) to facilitate the assignment of priorities for 
future work.  The risk analysis is based on the current conditions and level of 
development in the watershed and is intended to guide forest management in the near 
future.   
 
Sediment Delivery 
The risk to water quality and/or fish habitat from sediment delivery is based on the 
probability of sediment reaching the mainstem or a principal tributary.  The principal 
source of mobile sediment include: 1) point sediment sources (i.e., stream crossings or 
road fill-slope failures) and 2) non-point sediment sources (i.e., sediment delivery from 
roadside ditches).  Only those sources that are classified as development-related were 
included in this analysis.   
 
Roads: 
With respect to point and non-point sediment sources from and roads, the element at risk 
is the stream network, and specifically water quality and/or fish habitat.  Equation 1.3 
presents the framework for assessing the risk of roads to the stream network.  In the case 
of roads, P(H) is based on the potential for road surface erosion (which depends on road 
characteristics), while P(S:H) is based on the potential for delivery of sediment from the 
road to the stream network.  P(H) was rated according to Table C.1, and is based on the 
estimated annual sediment production from roads [as outlined in MOF and MELP 
(1999)].  P(S:H) was rated according to Table C.2, which is adopted from MOF and 
MELP (1999).  The rating for P(HA), which is the combined probability of erosion 
potential and delivery potential to the stream network, is based on the matrix presented in 
Table C.3.  Tables C.1 through C.3 were used to rate the roads in the watershed.   

                                                 
1 In this section we have not explicitly analysed risks associated with future development.   



 

Table C.1 Rating table for P(H) associated with the risk of sediment production from 
roads. 

P(H) 
Rating 

Sediment 
production class 

Annual sediment 
production: range 

(m3/km of road 
length) 

Road description 

High 4-6 >30 
Severe erosion, gullying, and/or total 
washout; access generally difficult with 
a 4x4 

Moderate 3 3 to 30 
Moderate erosion (typical of erodible 
materials, average maintenance, high use 
roads). 

Low 1-2 <3 Light erosion (typical of well armoured 
low-use roads). 

Modified from MOF and MELP (1999). 
 

Table C.2 Rating table for P(S:H) associated with the risk of sediment delivery from 
roads. 

P(S:H) 
Rating 

Sediment 
delivery 

class 
Description 

High 3-4 

High level of sediment delivery.  Sediment delivered either directly or 
intermittently to the stream network via either or both ditch drainage or 
surface runoff routes.  Low gradients and intermittent nature of the 
connecting drainage routes potentially lead to partial deposition of the 
sediment originating on the roads.  

Moderate 2 

Moderate level of sediment delivery.  Sediment delivery partially 
disconnected from the stream network.  Disconnected by flat terrain 
and/or discontinuous drainage routes.  Low gradients and discontinuous 
nature of the connecting drainage routes lead to deposition of most of 
the sediment originating on the roads. 

Low 1 
No or minimal delivery of sediment from roads to any stream system.  
Sediment commonly delivered to forest floor, with no surface runoff 
evident or expected during the wet season. 

Adopted from MOF and MELP (1999). 
 

Table C.3 Rating matrix for P(HA) associated with the risk of sediment delivery 
from roads.  

P(S:H) Rating P(H) Rating High (H) Moderate (M) Low (L) 
High (H) High Moderate Low 

Moderate (M) Moderate Moderate Low 
Low (L) Low Low Low 

Note: The ratings for P(HA) assume P(T:S) = 1. 
 



 
Peak Flows 
This section summarizes the risk of forest development on the peak flow regime, which is 
relevant because peak flows can alter channels.  Equation 1.3 provides the framework for 
assessing the risk of forest development on the peak flow regime.  In the case of peak 
flows, P(H) is associated with the level of forest development (i.e., ECAs), while P(S:H) 
is associated with the watershed routing efficiency (Table C.5).  P(H) was rated based on 
current overall ECA according to Table C.4.  The ECA ranges associated with the ratings 
in Table C.4 are based on watershed assessment experience throughout B.C.  P(S:H), 
which is based on the watershed routing efficiency, is rated according to the watershed 
characteristics presented in Table C.5.  The rating for P(HA), which is the combined 
probability of ECA-related effects and watershed routing efficiency, is based on the 
matrix provided in Table C.6.   

 

Table C.4 Rating table for P(H) associated with the risk of forest development to the 
peak flow regime. 

P(H) Rating Current Overall ECA 
High Greater than 40% 

Moderate Between 20% and 40% 
Low Less than 20% 

 



 

Table C.5 Rating table for P(S:H) associated with the risk of forest development to 
the peak flow regime. 

 Watershed Characteristics 
P(S:H) Rating 

(Watershed 
Routing 

Efficiency) 

Lakes & wetlands Groundwater Stream network Road network Hillslopes 

High Few or no lakes or 
wetlands, affecting 
less than ¼ of the 
watershed. 

Soils are shallow 
and/or impermeable, 
with little loss of 
surface water to 
groundwater. 

Extensive channel 
network, resulting in 
rapid routing of 
precipitation or 
snowmelt from 
headwaters to 
mainstem. Headwater 
channels are well 
defined and relatively 
large. 

Roads extend the 
drainage network 
significantly, and 
cutbanks intercept 
subsurface flow, 
affecting a large part 
of the drainage basin 
(i.e. greater than 1/3 of 
the basin area). 

Terrain is generally 
steep (>70%) to 
moderate (50-70%) 
slopes 

Moderate Lakes and wetlands 
may be present, but 
only cause 
attenuation of peak 
flows from ¼ to ½ of 
the watershed. 

Limited areas of 
deep, permeable soil.  
Significant losses of 
surface water to 
groundwater may 
affect parts of the 
watershed, but not all 
of it. 

Relatively extensive 
channel network with 
few/no 
discontinuities.  
Headwater Reaches 
are well defined. 

Road network extends 
the drainage network 
to a degree.  Cutbanks 
intercepting 
subsurface flow are 
common, but the basin 
area upstream of such 
cutbanks is small (i.e. 
< 1/3 of the basin 
area). 

Terrain is generally 
moderate (30-50%), 
with local areas of 
moderately steep 
(50-70%) and gentle 
(5-30%) slopes. 

Low Frequent lakes and 
wetlands within the 
watershed, causing 
attenuation of peak 
flows from more than 
½ of the watershed.   

Soils may be 
permeable and deep, 
resulting in 
significant losses of 
surface water to 
groundwater, having 
much the same effect 
as lakes and 
wetlands. 

The stream network 
may be discontinuous 
in places, with much 
of the headwaters 
unchannelized or 
drained by indistinct 
channels. 

Road network does not 
extend the drainage 
network significantly.  
High, long cutbanks 
are rare, and the basin 
area upstream of the 
existing cutbanks 
where subsurface flow 
is likely captured is 
small.  

Terrain is generally 
gentle (5-30%) to 
moderate (30-50%) 
slopes. 

 

Table C.6 Rating matrix for P(HA) associated with the risk of forest development to 
the peak flow regime.  

P(S:H) Rating P(H) Rating High (H) Moderate (M) Low (L) 
High (H) High Moderate Low 

Moderate (M) Moderate Moderate Low 
Low (L) Low Low Low 

Note: The ratings for P(HA) assume P(T:S) = 1. 
 



Channel Stability 
In this section, the element at risk (from development in the watershed) is channel 
stability.  Equation 1.3 provides the framework for assessing the risk to channel stability.  
In the case of channel stability, P(H) is associated with the existing level and type of 
development and disturbance in the watershed, while P(S:H) is associated with channel 
characteristics, particularly channel stability and sensitivity.  P(H) was rated according to 
Table C.7, and is based on P(HA) for peak flows (which takes into account ECAs and 
watershed routing efficiency), and evidence of direct disturbance to the channel or 
riparian zone.  P(S:H) is rated according to Table C.8 and combines the channel response 
potential (e.g., risk from indirect factors; defined in Table C.9) and the risk of direct 
factors (e.g., existing channel stability and sensitivity to future disturbance).  The rating 
for P(HA), which is the combined probability of indirect and direct impacts on the 
channel and the inherent stability and sensitivity of the channel to direct and indirect 
impacts, is based on the matrix provided in Table C.10.   

Table C.7 Rating table for P(H) associated with the risk to channel stability. 
P(H) Rating Description 

High P(HA) for peak flows rated as “high” and/or major anthropogenic impacts to the 
channel or riparian zone 

Moderate P(HA) for peak flows rated as “moderate” and/or moderate anthropogenic impacts to 
the channel or riparian zone. 

Low P(HA) for peak flows rated as “low” and/or little or no evidence of direct anthropogenic 
impacts to the channel or riparian zone. 

 

Table C.8 Rating table for P(S:H) associated with the risk to channel stability. 
P(S:H) 
Rating Description 

High Channel may be stable or unstable and has a high to extreme sensitivity to future direct 
disturbance; channel response potential is high (Table 1.15). 

Moderate Channel may be stable or unstable and is moderately sensitive to future direct 
disturbance; channel response potential is moderate (Table 1.15). 

Low Channel is currently stable and is not or slightly sensitive to future disturbance; channel 
response potential is low (Table 1.15). 

 



 
Table C.9 Potential for channel response due to ECA changes. 

Watershed routing efficiency Channel Sensitivity High Moderate Low 
High High Moderate Low 

Moderate Moderate Moderate Low 
Low Low Low Low 

 
 

 Table C.10 Rating matrix for P(HA) associated with the risk to channel stability.  
P(S:H) Rating P(H) Rating High (H) Moderate (M) Low (L) 

High (H) High Moderate Low 
Moderate (M) Moderate Moderate Low 

Low (L) Low Low Low 
Note: The ratings for P(HA) assume P(T:S) = 1. 
 
 



 
Riparian Function 
In this section, the element at risk (from historic harvesting in the watershed) is riparian 
function.  Equation 1.3 provides the framework for assessing the risk to riparian function 
from historic harvesting in the watershed.  In the case of riparian function, P(H) is based 
on how the riparian harvesting was conducted (e.g., by maintaining buffers or not), while 
P(S:H) is based on the proportion of stream length where riparian disturbance has 
occurred.  P(H) was rated according to Table C.11, and is based on existing conditions of 
the riparian zone.  These conditions reflect both the degree of historic riparian 
disturbance as well as recovery since the disturbance.  P(S:H) is rated as outlined in 
Table C.12 based on the proportion of channel length that has evidence of riparian 
disturbance.  The rating for P(HA) is based on the matrix presented in Table C.13 (next 
page). 
 

Table C.11 Rating table for P(H) associated with the risk to riparian function. 
P(H) Rating Description of riparian conditions 

High Logged to bank; stabilizing vegetation present 
Moderate Partial buffer; intact banks 

Low Extensive buffer; selective harvesting; natural conditions; no or 
minimal disturbance 

 
 

Table C.12 Rating table for P(S:H) associated with the risk to riparian function. 
P(S:H) Rating Proportion of channel length with riparian disturbance 

High >50% 
Moderate 20-50% 

Low <20% 
 

Table C.13 Rating matrix for P(HA) associated with the risk to riparian function.  
P(S:H) Rating P(H) Rating High (H) Moderate (M) Low (L) 

High (H) High Moderate Low 
Moderate (M) Moderate Moderate Low 

Low (L) Low Low Low 
Note: The ratings for P(HA) assume P(T:S) = 1. 
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