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Introduction 

Upon completion of their Sustainable Forest Management Plan (SFMP) the Morice and Lakes 
Innovative Forest Practices Agreement (IFPA) provided a management framework to licensees to 
implement the goals and objectives of the plan. One of the many goals of the plan was for the 
maintenance of water quality. In 2005 a Stream Crossing Quality Index (SCQI) was developed as an 
assessment tool to investigate and document hazard levels associated with accelerated erosion and 
sediment delivery at stream crossings (P. Beaudry and Associates Ltd. 2005). This work was 
incorporated into the Forest and Range Evaluation Program (FREP) protocol for effectiveness 
monitoring of forest practices by the Ministry of Forests and Range. As a stand alone activity to 
assess the hydrological risk of watersheds as an element of SFMPs this provincial protocol makes 
provision for use as a FIA standard for watershed assessments. This field-based inspection procedure 
can be used to systematically identify the location and frequency of problematic stream crossings at 
the watershed level (P. Beaudry and Associates Ltd. 2006). Field procedures developed provide a 
means to quantify the effect of forestry and range related disturbances on water quality and how that 
impact might be mitigated. The estimation of the amount of fine sediment generated from roads and 
cut blocks, as a proxy for impact on streams, provides the means to evaluate the performance of 
forest and range managers in their objective to sustain water quality.  

Specifically, stream crossings can be evaluated and rated for siltation hazard and generic 
recommendations can be made for remedial work on high hazard crossings. Through the use of a 
Water Quality Effectiveness Evaluation (WQEE) Checklist and guidelines a high priority watershed, 
Upper Nechako Reservoir Watershed 211, was evaluated. This report summarizes the methodologies 
and results to date following that investigation.   

 

Photo 1. Site Y21119. Here there was a long 
uninterrupted length of exposed road sloping (2 -10% 
grade) to the stream. The upstream left road ditch made 
the greatest contribution to the WQ Index. The area of 
this component was 1350 m2. This site received a High 
rating. Its WQ Index is 9.53, the highest in the watershed.  

Photo 2. Site Y2119. The road slope at this site was 2-
10%. Connectivity to the stream for both the left and right 
road surfaces was only 0.2. The areas contribu ting 
sediment to the stream were relatively small (~200 m 2). 
The site is also on a low use road.  This site received a 
Very Low rating. Its WQ Index is 0.171. 
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Objectives 

The objective of this project is to conduct stream crossing field evaluations in watersheds identified as 
sensitive in the Morice and Lakes IFPA Sustainable Forest Management Plan. For the purpose of this 
evaluation the primary characteristic of interest is turbidity, which is a measure of the cloudiness of 
water. When forestry related disturbances generate fine sediment that is then transported to a stream, 
turbidity pulses occur which degrade water quality. The purpose of the investigation is to identify point 
sources of sediment in the watershed. Such sources or sites occur where ever roads, harvesting, or 
livestock disturbed terrain come in close hydrological proximity with natural drainages.  

Specific objectives of this project are to: 
• Perform site hazard assessments for accessible stream crossings in the targeted watersheds. 
• Assign a hazard rating to each stream crossing using the Forest and Range Evaluation Program 

(FREP) assessment criteria Form 3 and WQEE guidelines. 
• Recommend generic remedial work for high and very high hazard crossings. 

In order to carry out these objectives a list of watersheds with their corresponding priority, number, 
group, order, area, and the number of crossings at stream / road intersections was supplied for 
investigation. Initially, in 2008, a total of eleven watersheds listed in the Nadina Forest District as 
sensitive, covering an area greater than 2000 km2 with approximately 1167 crossings, were submitted 
for evaluation. In 2009 one of the watersheds from the original list was dropped and replaced with 
another watershed. Additionally, a further ten watersheds were added to this list, expanding the 
project to a total of 21 watersheds covering 3322 km2 with a possible 1500 crossings (see Appendix 
1). Each of the watersheds provided for investigation was prioritized from one to five. This report 
documents the investigation of Upper Nechako Reservoir Watershed 211. Upper Nechako Reservoir 
Watershed 211 is listed as having a priority of 4 in the Morice TSA with 4th order, an area of 181.1 
km2, and approximately 23 crossings (see Appendix 1). Approximately one quarter of the watershed 
was investigated during the 2009 field season. As such, this report is considered an interim report until 
the remainder of the watershed has been investigated. 
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Method 

In September 2008, DWB Consulting Services Ltd. was retained by Tweedsmuir Forest Ltd. to 
complete a stream crossing assessment project in the Nadina Forest District. The Forest Investment 
Account (FIA) standards applied to the project. Specifically, site data collection standards were based 
upon the Forest and Range Evaluation Program (FREP) a Protocol for Evaluating the Potential Impact 
of Forestry and Range Use on Water Quality (Water Quality Management Routine Effectiveness 
Evaluation, March 2008). The site assessment and data collection in this project completed tasks #2 
to #4 in the WQEE protocol for stream crossings only, using the stream definition found in the FPC 
Riparian Management Guidebook. A slightly modified Form 3, from the WQEE protocol, was used to 
record site assessment information (see Appendix 2). Range information and the mass wasting 
contribution were excluded from the assessment. A WQEE protocol task 4 approach was used to 
identify management factors contributing to high and very high sedimentation observations, and 
appropriate remedial action recommendations were made. Finally, technical reports and project 
activity reports summarizing the watershed investigations were completed and the results of the 
crossing assessments utilized Morice & Lakes IFPA reporting templates. Additionally, all required 
maps, digital data and accompanying reports were submitted. 

The project utilized a combination of TRIM maps and shape files, that were supplied by Morice & 
Lakes IFPA, showing individual watersheds with roads, streams, and planimetric information. From 
the maps, field locations were confirmed using UTM coordinates. Every accessible main, secondary, 
branch, and deactivated road in the watershed was investigated using a 4 x 4 pickup or ATV as 
required. When a road was encountered that was marked by private property signs, unless home 
owners could be contacted, stream crossings on private property were not assessed.  

The Forest Practices Code (FPC) of BC Fish Stream Identification Guidebook Second Edition Version 
2.1 August 1998 was consulted for the definition of a stream reach. Once identified in the field, all 
stream crossings at road interceptions, within the watershed, were investigated and evaluated.   A 
Protocol for Evaluating the Potential Impact of Forest and Range Use on Water Quality, March 2008 

was used to evaluate all stream/road crossing intersections. Drawn from this guidebook was Form 3 
and the tables used to characterize the individual components identified on the form.  Form 3 was 
tailored slightly to conform to the parameters of the project and then used to evaluate the crossings 
encountered. Minor changes were made to form 3 to meet the requirements of the project as the field 
work progressed. Form 3 with its accompanying explanatory notes can be found in Appendix 2. 
Following the use and completion of Form 3 the total fine sediment that is generated from the site can 
be ascertained. This is the volume that can potentially contribute sediment to the aquatic environment.  

In order to evaluate each of the stream crossings the size and characteristics of all potential sediment 
sources must be determined. The mini catchment area is visually surveyed and broken up into eight 
discrete parts. These parts include the four ditches that feed the stream, the two running road 
surfaces to the left and right of the crossing and the two areas surrounding the inlet and the outfall of 
the crossing (see Appendix 2 Column 1). In the case of a clear span bridge or a culvert that has been 
removed the CIA (culvert intake area) and the COA (culvert outflow area) are taken to be the areas 
between where the road ends and the stream begins. For example these might be the banks above 
the stream but below the bridge abutments.  

Each of the parts is assessed independently and a source hazard score is determined. First the area 
covered by the component is estimated. Then the area is multiplied by each of the modifiers as 
determined systematically while at the site. There are four modifiers to be considered: the connectivity 
between the artificial and natural drainage, the portion of fine sediment in the eroded or erodible 
material, the exposed portion of erodible surface area, and the estimated depth of erosion expected 
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for the surface of the component. Finally a total is calculated for the whole site by adding up the eight 
component parts (P. Beaudry and Associates Ltd. 2006). 

In order to determine the connectivity between the artificial and natural drainage the effectiveness of 
any sediment control structures (berms, vegetation, slope gradient, etc) that may impede delivery of 
suspended sediment to the stream was considered (see Appendix 2 Column 2: Tables 2 & 3). 

To estimate the portion of fine sediment in the eroded or erodible material Column 3, Table 4 in 
Appendix 2 was referenced. The appropriate parameters were chosen. Values ranged from none, 
little, half, a lot, and all. Their corresponding values are given in the table. 

Column 4 is a simple determination of the actual area that makes up the component and the 
estimated area of the component that is exposed to erosion. If an area was covered in thick 
vegetation or rip rap or had another alleviating factor this value was considered zero. 

Column 5 is an estimate of the depth of surface erosion for each of the components. The measured 
depths of surface erosion for gravel roads ranges widely depending on the climate, the amount of 
traffic, the condition of the surface material, and the length and slope of the portion of the road in 
question. On British Columbia roads erosion rates between 0.1 and 20 mm are representative. This 
corresponds to a range of 0.05 and 10 m3 of fine sediment generated per 100 meters of road (FREP, 
2008). Surface erosion predicted depths are summarized in Tables 5 a, b, and c in Appendix 2. 
Estimates of the depth of erosion for the surface of each of the other six components (4 ditches, 
inflow and outflow areas) are found in Table 6 of Appendix 2.  

Column 6 is the total score for the crossing component. Each of the components are summed to get a 
final crossing score of total fine sediment generated from the site (refer to Table 7. Appendix 2). The 
WQ Index is then used to classify the crossing into one of five sediment source hazard categories 
called Water Quality Concern Ratings (WQCR). These are considered Very Low when 0.2 m3 of fine 
sediment is generated, Low for values of 0.2 – <1 m3, Moderate for 1 – <5 m3, High for 5 – <20 m3 
and Very High for values > 20 m3. This procedure is a useful management tool (P. Beaudry and 
Associates Ltd. 2006) to identify the location and magnitude of erosion problems.  All sites that had 
hazard ratings of High or Very High were recognized and remediation measures were suggested. 

The final two columns of Form 3 (Column 7 & 8) allow for an on site, immediate appraisal of the 
problems and possible corrective measures to be applied. An extensive list of conditions leading to 
sedimentation and possible solutions are offered in Table 9. Appendix 2. Each of the components of 
the mini catchment were evaluated and remedial suggestions that could be employed were drawn 
from Table 9. 

Site Field Form Notes: 

I. A site field card was completed for each stream/road crossing. A summarized version of the 
cards can be found in the table in Appendix 3. The complete field information was digitized 
and can be found in Appendix 5 

II. Occasionally culvert dimensions were not included in the field form. When debris or road 
material covered the culvert, or when the road slope was too steep or dangerous to access, 
the outfall area culvert measurements were estimated or omitted as necessary. 

III. An overview map of the watershed with the crossing sites is found in Appendix 4. Digital Data 
File Linked to GIS Site Shape Files for the watershed is found in Appendix 5. 

IV. Photos were taken first looking up right road, then left road, then at any outstanding features.  
Site photos are found in Appendix 5. 



 

STREAM CROSSING HAZARD ASSESSMENT FOR UPPER NECHAKO RESERVOIR WATERSHED 211 IN THE NADINA FOREST 

DISTRICT 

5 

Results 

Each stream / road interception within the portion of the watershed investigated was examined.  
Surveys were conducted on these stream crossings and WQ Indexes were determined.  The crossing 
types that were encountered in the watershed included deactivated roads with deep ditches where 
culverts had been removed, roads fording streams, clear span bridges, and culverts (round, arched, 
metal, plastic, wood, some working as designed, some damaged). While the majority of crossings 
were found to be culverts and the field forms specified mini catchments CIA (culvert intake area) and 
COA (culvert outtake area) when a forded stream, clear span bridge or other stream crossing was 
encountered CIA and COA were taken to mean the area between the road and the stream. This area 
included the area under a bridge between the abutments and the stream or in the case of a culvert 
that had been removed the bank leading from the road down to the stream edge. 

While initial estimates of stream crossings within the watershed were 23, field verification confirmed 
40 crossings following investigation of approximately one quarter of the watershed during October of 
the 2009 field season. At least three quarters of the watershed remains to be inspected. Of the 40 
crossings encountered, zero (0%) scored Very High on the WQCR, 6 (15%) scored High, 22 (55%) 
scored Moderate, 7 (17.5%) scored Low, and 5 (12.5%) scored Very Low (Appendix 3).   

 

Graph 1. 

 

 

 

 

Distribution of Water Quality Concern Ratings for the 40 Stream 
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Interim findings showed that overall, the potential for increased stream turbidity (sediment) was Very 
Low to Moderate in the majority of the stream / road crossings in Upper Nechako Reservoir WS 211. 
A total of 30% of the stream crossings in the watershed generated a Low or Very Low concern. When 
Moderate scores were added to streams with Low or Very Low that number reached a value of 85%. 
Unlike other watersheds in the Nadina Forest District that typically had more Low then Moderate sites, 
WS 211 had 55% Moderate sites in the quarter of the watershed investigated to date. 

 

 

Photo 1. Site C2119a. Here there was a long 
uninterrupted length of exposed road sloping (> 10% 
grade) to the stream. Due to extensive grading of the 
road (a safety consideration), the exposed area is now 
much larger then the travelling surface. The road width 
is 10 m at this site. The greater slope and the larger 
area played a significant part in influencing the WQ 
Index. 

Photo 2. Site C2119b. In addition to the widened road 
the culvert is too short. Road fill has failed at the culvert 
outflow and material has sloughed into the creek and 
left exposed soils for further degradation. Connectivity t o 
the stream for both the left and right road surfaces is 
100%. The site is also on a heavy use road.  This site 
received a High rating. Its WQ Index is 6.19.   

Most of the crossings surveyed were carried out on streams that were less then 2 metres in widt h 
(37). Of the 40 stream / road crossings in the watershed 33 (82.5%) had a stream channel width of 
less then 1 metre. Four (10%) had a width of 1 – 2 metres and three streams (7.5%) had a width 
greater then 2 metres (Appendix 3).   
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Discussion 

Generally, in Northern British Columbia erosion problems occur on roads a) where large areas of soil 
have recently been exposed such as on new roads, b) on active roads that are made with poor quality 
road building materials and may have poor maintenance practices c) on recently deactivated roads 
that are still accessed by all terrain vehicles, or d) on poorly designed roads i.e. at stream crossings 
that are built in natural dips where long stretches of exposed road material supply sediments that may 
flow directly into the stream.  

This was an average size (181.1 km2) watershed among those submitted for inspection in the Nadina 
Forest District.  When observed in a watershed, high sites were usually found in clusters, often along 
one road. In general it was noted that higher use roads in the watersheds had higher WQ values. The 
interim results of the survey of Upper Nechako Reservoir Watershed 211 show that 6 (15%) stream 
crossings had a High or Very High sediment source hazard rating. Each of the High sites was located 
on Nadina FSR which is a heavy use road.  

 

Figure 1. 

 

Figure 1 clearly displays the generalization that higher use roads have higher WQ ratings. In Figure 1a 
High use roads have a few High sites and a majority of Moderate sites. Figure 1b shows Moderate 
use roads in the investigated portion of the watershed to have no High sites, some Moderate sites but 
a majority of Low sites. Low use roads have no High sites, some Moderate and Low sites but a 
majority of Very Low sites (Figure 1c). The single site found on a Deactivated road also received a 
Very Low rating (Figure 1d). 
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Nadina FSR is a Heavy Use, main road in the Watershed. It has been extensively graded, a safety 
consideration, which has resulted in very large road component areas. As WQ indexes are based on 
component areas, sites with extensive grading often result in High or near High scores. The noted 
observed conditions contributing to stream sedimentation for the six high sites (Y21119, Y21118, 
C2119, C2115, C2114, C2111) encountered in the watershed were 3A (no opportunity to prevent 
drainage reaching stream), 5A (insufficient and/or poorly placed culverts, cross drains and wing 
ditches), 10A (large areas of bare soils), 12A (low quality road material), and 21A (storm flow not 
dispersed). To reduce stream sedimentation possible solutions to the above problems include capping 
the road with a good quality road material, crowning the road to encourage runoff directly off the road, 
and the use of strategically placed wing ditches.  

In addition to the above, four sites (C2115, C2116, C2117, C2119) had culverts that were either 
buried or partially buried by road material at the inflow or the outflow ends. It appears that this is a 
result of the grading of the road. Although these culvert ends were at least partially buried, they were 
all still functioning. The upstream portion of the culvert at C2117 is partly crushed as well. The most 
prudent course of action would be to replace the culverts. However, culvert extensions could be 
installed temporarily until the culverts were due for replacement. At the time of replacement longer 
culverts should replace the existing culverts.  A second option for each of the culverts would be to 
over-steepen the road fill around the inflow and outflow ends of the culvert and place rip rap armouring 
on the area. These actions should alleviate all problems on the Nadina FSR. The following table is a 
list of sites in the watershed that require remedial activity to improve their WQ ratings.  

Table1. 

Site ID Road Reference Easting Northing Volume 
(m3) 

WQ 
Rating 

Conditions 
Leading to 
Sedimentation 

Remedial Activity 

Y21119 95.5km Nadina FSR 631506 5966690 9.5312 H 5A, 10A, 21A Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C2114 88km Nadina FSR 637982 5969323 7.732 H 3A 5A 12A Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

Y21118 95.7km Nadina FSR 631314 5966674 7.0792 H 3A, 5A, 21A Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C2119 89.9km Nadina FSR 636941 5967195 6.19 H 3A 5A 12A Add temporary extensions until replacement of culvert, or 

steepen and armour slope. Add cross drains and/or wing 

ditches, improve road building material, and crown roads. 

C21115 93.3km Nadina FSR 633941 5966221 5.8604 H 3A 5A 12A Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C21111 91km Nadina FSR 636311 5966850 5.72 H 3A 5A 12A Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C21110 90km Nadina FSR 636814 5966975 4.91 M 3A 5A 12A Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 
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Y21117 96.3km Nadina FSR 630573 5966661 4.8274 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

Y21113 98.1km Nadina FSR 628398 5966391 4.6822 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

Y21112 102km Nadina FSR 626369 5963867 4.3093 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

Y21116 97.3km Nadina FSR 629493 5966627 3.926 M Cross drain 

connects directly 

to stream and 

swamp 

Remove existing cross drain and replace with strategically 

located crossdrain and/or wing ditches, improve road 

building material, and crown roads. 

C2115 88.5km Nadina FSR 637969 5968572 2.692 M  Add temporary extensions until replacement of culvert, or 

steepen and armour slope. Add cross drains and/or wing 

ditches, improve road building material, and crown roads. 

C21119 94.5km Nadina FSR 632803 5966226 2.552 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C2117 89.4km Nadina FSR 637511 5967719 2.382 M Upstream 

culvert partly 

crushed 

Replace damaged culvert or add temporary extensions 

until replacement of culvert, or steepen and armour slope.  

Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

Y21120 95.1km Nadina FSR 631963 5966601 2.32288 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C21120 95.1km Nadina FSR 632397 5966495 2.1 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C21113 92.5km Nadina FSR 634639 5966483 1.8902 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C2116 88.7km Nadina FSR 637871 5968278 1.656 M  Add temporary extensions until replacement of culvert, or 

steepen and armour slope. Add cross drains and/or wing 

ditches, improve road building material, and crown roads. 

C2118 89.8km Nadina FSR 637140 5967400 1.404 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

Y21115 97.5km Nadina FSR 629174 5966607 1.184 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 

C21114 92.7km Nadina FSR 634537 5966457 1.1504 M  Add cross drains and/or wing ditches, improve road 

building material, and crown roads. 
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Recommendations 

Upon completion of their Sustainable Forest Management Plan (SFMP) the Morice and Lakes 
Innovative Forest Practices Agreement (IFPA) provided a management framework to licensees to 
implement the goals and objectives of the plan.  The third objective, as listed in the introduction of this 
report, was to recommend generic remedial work for High and Very High hazard crossings. A detailed 
discussion of the implementation of these recommendations can be found in the discussion section of 
this report. Following the investigation of each individual site Table 9 was consulted (Appendix 2) and 
conditions leading to sedimentation and the corresponding recommendations were noted for the 
different mini components within the site if they received a High or Very High rating.   

Interim results concluded that after investigating approximately 25% of Upper Nechako Reservoir 
Watershed 211, the overall water quality in it is well protected. The majority of stream crossings found 
in this watershed do not present significant erosion or sediment delivery problems. At this time, of the 
40 crossings encountered in the watershed, six sites require remedial activity. While not red flagged 
an additional fifteen sites would benefit, and reduce their WQ rating, from similar corrective activities 
(see Discussion). Each of the sites that requires remedial activity has been addressed individually in 
the site field forms (Appendix 2) with the conditions leading to sedimentation as noted in Table 9a and 
their corresponding recommendations as found in Table 9b. A detailed discussion of the 
implementation of these recommendations can be found in the Discussion section of this report. The 
recommendations for each site are summarized and placed in Table 2 below. 

 

Table 2. 

Site ID Road Reference Remedial Activity 

Y21119 95.5km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C2114 88km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

Y21118 95.7km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C2119 89.9km Nadina FSR Add temporary extensions until replacement of culvert, or steepen and armour slope. Add 

cross drains and/or wing ditches, improve road building material, and crown roads. 

C21115 93.3km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C21111 91km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C21110 90km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

Y21117 96.3km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

Y21113 98.1km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

Y21112 102km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

Y21116 97.3km Nadina FSR Remove existing cross drain and replace with strategically located crossdrain and/or wing 

ditches, improve road building material, and crown roads. 

C2115 88.5km Nadina FSR Add temporary extensions until replacement of culvert, or steepen and armour slope. Add 

cross drains and/or wing ditches, improve road building material, and crown roads. 
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Site ID Road Reference Remedial Activity 

C21119 94.5km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C2117 89.4km Nadina FSR Replace damaged culvert or add temporary extensions until replacement of culvert, or 

steepen and armour slope.  Add cross drains and/or wing ditches, improve road building 

material, and crown roads. 

Y21120 95.1km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C21120 95.1km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C21113 92.5km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C2116 88.7km Nadina FSR Add temporary extensions until replacement of culvert, or steepen and armour slope. Add 

cross drains and/or wing ditches, improve road building material, and crown roads. 

C2118 89.8km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

Y21115 97.5km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

C21114 92.7km Nadina FSR Add cross drains and/or wing ditches, improve road building material, and crown roads. 

   

 

The WQ Index procedure confirmed that 85% of the sites in that portion of the Upper Nechako 
Reservoir Watershed 211 investigated had a WQ index of Moderate or lower, however twenty-one 
(52.5%) of the sites investigated and listed above (Table 2) require some work to significantly improve 
(lower) their WQ index. The remainder of the stream crossings found in the watershed do not present 
significant erosion or sediment delivery problems.  
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Appendix 1  List of Watersheds and their Statistical Information 

      Table 1. Sensitive Watersheds 
Priority Watershed Group Order Area (km2) * # Crossings Licensee 

Morice TSA 
1 147 Francois Lake 4th 227.7 128 Canfor 
1 194 Francois Lake 3rd 19.6 11 HFP 
2 105 Bulkley River 5th 33 2.7 140 Canfor 
2 189 Francois Lake 3rd 22.2 26 HFP 
2 227 Upper Nechako 

Reservoir 
5th 513.0 185 BCTS 

3 183 Morice River 3rd 37.1 21 Canfor 
3 145 Morice River 3rd 33.3 14 BCTS 
3 190 Francois Lake 3rd 15.5 31 HFP 
4 **42 Takla Lake 3rd 14.4 9 Canfor 

Lakes TSA 
1 47 Babine Lake 4th 589.5 473 BCTS 
4 61 Bulkley River 4th 212.2 129 BCTS 

2009 Additions 
4 **213 Upper Nechako 

Reservoir 
3rd  18 Canfor 

4 50 Babine Lake 3rd 22.5 49 BCTS 
4 138 Morice River 3rd 35 16 BCTS 

/Canfor 
4 211 Upper Nechako 

Reservoir 
4th 181.1 23 Canfor 

4 205 Upper Nechako 
Reservoir 

3rd 39.5 12 Canfor 

4 206 Upper Nechako 
Reservoir 

3rd 22.5 6 Canfor 

4 150 Morice River 3rd 218.2 16 BCTS 
4 60 Bulkley River 3rd 77.7 50 BCTS 
4 24 Babine Lake 6th 565.4 70 BFP 
4 79 Francois Lake 3rd 42.8 16 BCTS 
4 80 Francois Lake 3rd 40.3 25 BCTS 

 

             *      Only mapped stream/road intersections are  included in this table – more stream crossings may exist in the field. 

           **      Takla Lake WS 42 cancelled and replaced with Upper Nechako Reservoir WS 213 
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Appendix 2  Field Form and Column Explanatory Worksheets 
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Structure Type: 
 

Functional Condition: 

CSB Clear span bridge WAD Working as designed 
BEC Bridge encroaching on channel CPC Culvert partly crushed 
WC Wood culvert NS No structure 
RC Round culvert BSD Bridge showing damage 
AC Arch culvert   
EC Elliptical culvert   
Ford Ford   
Deact Deactivated   
 
Column 1 Identify Individual Components of Site Within the Mini Catchment  
 
Table 1.  
All directions taken looking downstream from crossing 
LRS Left Road Surface 
LRD(U) Left Road Ditch (upstream side of road) 
LRD(D) Left Road Ditch (downstream side of road) 
  
RRS Right Road Surface 
RRD(U) Right Road Ditch (upstream side of road) 
RRD(D) Right Road Ditch (downstream side of road) 
  
CIA Culvert Inflow Area 
COA Culvert Outflow Area 
  
Note:     Where the crossing is not a culvert, but a clear span bridge or a ford, CIA is taken to be 
              the right side of the creek, and COA is taken to be the left side of the creek. 
 
MD (Machine disturbance) Heavy machine tracks: exposed, compacted, gouged,  or incised forest floor 
RG (Rills or gullies) Rills or gullies generated by artificially concentrated storm flow  
MF (Mass failure) Mass failure scar generated by forest harvesting and road related activities  
LE (Livestock evidence) Surface heavily trampled, overgrazed by livestock/evidence of fecal contamination  
OD (Other disturbance)  Other disturbed surfaces  
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Column 2 Estimating Connectivity   

Table 2.    

Estimated 
Connectivity Typical Example 

Actual 
Range 

Connectivity 
Value used in 

Column 2 

none Ditch-blocked interceptor culvert draining 70 m of road discharging onto 
long, hummocky forested slope (<0.1) 0 

a little Landslide with majority of failed material captured by alluvial terrace 
below (0.1 - 0.3) 0.2 

about half A small area of disturbed cutbank (50m2) with 2 meters of forest floor 
separation from stream (0.3 - 0.7) 0.5 

a lot Ditch-blocked interceptor culvert draining 200 m of road discharging 
onto a steep forested slope within 10 m of stream (0.7 - 0.9) 0.8 

all Ditch drainage running directly into stream or road surface drainage 
running off road bridge  (>0.9) 1 

 
 Estimating Connectivity       

Table 3. (area of disturbed drainage generating storm flow vs distance between outlet and stream)

Approximate Area of Disturbed Drainage Upslope of Storm Drainage Outfall (m2)  

Distance over 
Forest Floor 

between Ditch 
Outlet and Wetted 
Width of Stream 

(m) <10 10 - 50 50 - 100 100 - 250 250 - 500 500 - 1000 1000 - 2000 >2000 
0.5 - 1 0.5 0.8 1 1 1 1 1 1 
1 - 2 0.2 0.5 0.8 1 1 1 1 1 
2 - 5 0 0.2 0.5 0.8 1 1 1 1 
5 - 10 0 0 0.2 0.5 0.8 1 1 1 
10 - 20 0 0 0 0.2 0.5 0.8 1 1 
20 - 30 0 0 0 0 0.2 0.5 0.8 0.8 

>30 0 0 0 0 0 0 0 0.5 
 
Column 3  Estimate Portion of Fine Sediments Eroded/Erodible Material  

Table 4.        
Estimate of portion of fine 
sand, silt and clay in 
eroded/erodible material 
(excluding active road 
surfaces) Actual Range Value used in Column 3 

none      <0.1 0 
a little      0.1 - 0.3 0.2 

about half      0.3 - 0.7 0.5 
a lot      0.7 - 0.9 0.8 
all           <0.9 1 

* The evaluator should assign even lightly used 4x4 road surfaces with a value of 1 for the portion of fines eroded. 
 
Column 4       Estimate Surface Area of Identified Components 
  
Evaluators should estimate first the average length, then the average width of the area in 
question. 
On a scale from 0 to 1 evaluators should estimate the exposed portion of erodible surface.  
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Column 5 Estimate Depth of Erosion for Surface of Each Component 
 
Measured depths of surface erosion on gravel roads have a wide range depending on climate, amount of traffic, condition of 
surfacing material and length and gradient of any road segment.  
In BC erosion rates between 0.1 mm and 20 mm are representative. This corresponds to a range of 0.05 m3 to 10 m3 of fine 
sediment generation per 100 meters of road.  
Slopes are determined by measuring the average slope gradient of the road surface from the receiving waters to the farthest edge 
of the mini-catchment boundary. 
 If the evaluator is not familiar with how to assess road surface material quality on a given road system, they should default to 
average values. 
  
 
Table 5a.  Predicted Depths of Surface Erosion (m) from Road Surface of <2% Slope Gradient 
under Differing Conditions 
 
<2% Slope Road Surfacing Quality 
Road Use Paved or Coarse Ballast Good Average Poor 
Heavy use, all season road 0 0.001 0.002 0.005 
Moderate use, all season road 0 0.0005 0.001 0.002 
Light seasonal use (4x4 and 
occasional logging truck) 

0 0.0002 0.0005 0.001 

Deactivated (and unused) 0 0.0001 0.0002 0.0005 
 
 
Table 5b.  Predicted Depths of Surface Erosion (m) from Road Surface of 2 - 10% Slope Gradient 
under Differing Conditions 
 
2 - 10% Slope Road Surfacing Quality 
Road Use Paved or Coarse Ballast Good Average Poor 
Heavy use, all season road 0 0.002 0.005 0.01 
Moderate use, all season road 0 0.001 0.002 0.005 
Light seasonal use (4x4 and 
occasional logging truck) 

0 0.0005 0.001 0.002 

Deactivated (and unused) 0 0.0002 0.0005 0.001 
 
 
Table 5c.  Predicted Depths of Surface Erosion (m) from Road Surface of >10% Slope Gradient 
under Differing Conditions 
 
>10% Slope Road Surfacing Quality 
Road Use Paved or Coarse Ballast Good Average Poor 
Heavy use, all season road 0 0.005 0.01 0.02 
Moderate use, all season road 0 0.002 0.005 0.01 
Light seasonal use (4x4 and 
occasional logging truck) 

0 0.001 
 

0.002 0.005 

Deactivated (and unused) 0 0.0005 0.001 0.002 
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Column 5  Estimate Depth of Erosion for Surface of Each Component  

Table 6.         
Expected Annual Surface Erosion Expected on Surfaces Commonly Found Associated with Mini -Catchments 

Surface Erosion Ratings 

Typical Surface (other than road 
running surfaces) within Mini-
Catchments Draining Forestry-
Disturbed Sites. 

Estimated Annual Depth of 
Surface Erosion Expected 
under Existing Conditions 
(m) 

         

    

Forest floor, cutbanks, sidecast, fill slopes 
or ditch lines with good moss, grass or 
litter cover, or naturally or artificially 
armoured. (Generally associated with well 
established roads).   0   

Nil   Bedrock outcrop in any location.   0   

    
Colluvial/morainal stone rubble gravel in 
any location.   0   

    

Disturbed forest floor, cutbanks, sidecast, 
fill slopes or ditch lines with bare, 
unvegetated, unarmoured, unconsolidated 
surface material (other than lacustrine).   0.01   

High   

Generally associated with new roads and 
other recent disturbances. After a road 
becomes established, often only a small 
portion of a cutbank or road ditch is 
subject to erosion.)       

    

Natural or artificial surface with heavy 
livestock use and presence of compacted 
bare soil.    0.01   

Extreme   

Cutbanks, sidecast, fill slopes and ditches 
with no vegetation cover on stone-free, 
very fine sandy and silty lacustrine.   0.02+   

         
*  For any component, only that portion of exposed, bare, fine textured soil is considered to be erodible.  

*  In most cases, any disturbed surface will be made up of a portion of non eroding (vegetated or 
armoured) (0 mm surface erosion) or eroding (non-vegetated or non armoured) (10 mm erosion). The 
evaluator should estimate the portion of bare soil within the component being considered and prorate the 
actual expected sediment generated from that slope. (i.e. a 50 x 3 m cutbank with 60% unarmoured and 
un vegetated = (150 m2 x 0.6 x 0.01 m) = 0.9 m3) 
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Column 6 
 
By multiplying the results from Column 2 thru 5 together, we can get a value for the expected annual 
volume in m3 of sediment removed by surface erosion of the component under consideration. 
 
Column 7 
 
This is a list of possible conditions leading to sedimentation of the component in the mini catchment area. 
Refer to Table 9a. 
 
Column 8 
 
This is a list of possible means to reduce stream sedimentation from the component in the mini catchment 
area. Refer to Table 9a. 
 
 
Table 7.         
Rating of Total Fine Sediment Generation from Site (independent of stream size) 
         
Total Volume of fine Sediment 
Generated (WQ Index)   

Site Sediment Generation 
Potential Classes 

General Level of 
Management 

<0.2 m3     Very low  Good 
0.2 - 1 m3     Low  
1 - 5 m3     Moderate  
5 - 20 m3     High  

 

> 20 m3         Very high   Poor 
 
 
Table 8.      
Rating of Water Quality Impact for Fish Bearing Stream Immediately Downstream from Site  
      

Width of Stream Channel in Fish Bearing Watershed 
WQ Index < 0.5 m wide 0.5 - 1.5 m wide 1.5 - 5 m wide 5 - 20 m wide > 20 m wide 

< 0.2 Variable Low Very Low Very Low Very Low 
0.2 - 1 High Moderate Low Very Low Very Low 
1 - 5 Very High High Moderate Low Very Low 

5 - 20 Very High Very High High Moderate Low 
> 20 Very High Very High Very High High Moderate 
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Table 9. Checklist of Conditions Leading to Sedimentation and Possible Solutions 
 

Activity of Concern 

Observed Condition(s) 
Contributing to Stream 

Sedimentation (Column 7) 

Possible Means to Reduce 
Stream Sedimentation 

(Column 8) 
1A. Road too close to stream 1B Seek alternate alignment 
2A. Road on steep, unstable slopes 2B. Avoid steep, unstable slopes 

Location of road                                   
(To be considered in future road 
alignments) 3A. No opportunity to prevent 

drainage reaching stream 
3B. Avoid long gradients 
approaching streams 

4A. Deep ditches direct water 
towards stream 

4B. Avoid deep ditches in proximity 
to streams 

5A. Insufficient and /or poorly 
placed culverts/cross drains 

5B. Increase number of strategically 
located culverts/cross drains 

6A. Bridge deck is lower than road 6B. Place deck higher than road 

Design of road and cutblock             
(To be considered in future road 
drainage and cutblock boundary 
design) 

7A. Heavy cut and fill slopes 7B. Use narrow road that follows 
natural breaks 

 8A. Wind throw 8B. Ensure riparian zone wind firm 
 9A. Excessive soil disturbance 9B. Minimize soil disturbance 

10A. Large areas of bare soil 10B. Armour, seed and protect bare 
soil 

11A. Excessive disturbance of wet 
soils 

11B. Avoid wet areas or use brush 
mat 

12A. Low quality road material 12B. Use better quality materials 
13A. Storm flow incision into native 
soil 

13B. Armour areas of concentrated 
flow 

Construction of road/harvesting of 
cutblock                                              
(To be considered during 
construction of road and harvesting 
of cutblocks) 

14A. Coarse sediment trail reaching 
stream 

14B. Construct sediment trap 

15A. Road rutted 15B. Use good quality materials and 
crown road 

16A. Road bermed 16B. Remove berms 
17A. Road used when wet or 
thawing 

17B. Avoid road use when wet or 
thawing 

18A. Unnecessary traffic 18B. Restrict traffic 

Management/Maintenance                
(To be considered during ongoing 
management and maintenance of 
road and cutblock) 

19A. Heavy logging debris in stream 
channels  

19B. Fall away, yard away from 
stream 

20A. High livestock densities 20B. Improve range management 
21A. Storm flow not dispersed 21B. Use Cross ditches, kickouts, 

cross drains, wing ditches 
22A. Failures on unstable slopes 22B. Pull back unstable material 

Deactivation                             
(Seasonally or permanently) 

23A. Old culvert blocked/collapsed 23B. Pull culverts and armour 
crossing 

Other 24A. 24B.  
(Taken directly from FREP Forest and Range Evaluation Program Protocol for Evaluating the 
Potential Impact of Forestry and Range Use on Water Quality) 
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Appendix 3  Summarized Tables of Site Field Notes.  

Legend 
 

Structure Type: 
CSB Clear span bridge 

BEC Bridge encroaching on channel 

WC Wood culvert 

RC Round Culvert 

AC Arch Culvert 

EC Eliptical culvert 

Ford Ford 

Deact Deactivated 

 

Functional Condition: 

WAD Working as designed 

CPC Culvert partly crushed 

NS No Structure 

BSD Bridge showing damage 

 

Mini Catchment Components 

LRS Left Road Surface 

LRD(U) Left Road Ditch (upstream side of road) 

LRD(D) Left Road Ditch (downstream side of road) 

RRS Right Road Surface 

RRD(U) Right Road Ditch (upstream side of road) 

RRD(D) Right Road Ditch (downstream side of road) 

CIA Culvert Inflow Area 

COA Culvert Outflow Area 

 

Conditions leading to sedimentation – See FREP Table 9 

Recommendations for remediation – See FREP Table 9 
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Appendix 4  Map 
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Appendix 5  CD - site photos & site data from field forms 

 

 

 

 


