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CHASE CREEK HYDROLOGIC ASSESSMENT

Impact of Mountain Pine Beetle
Infestations on Peak Flows

                                                                                    
 1.0 INTRODUCTION

At the Chase Creek Watershed Advisory Committee meeting that was held at the
Quaaout Lodge on March 31, 2004, it was noted that the mountain pine beetle
was at elevated levels in portions of the watershed and that the initial watershed
management plan was no longer applicable.  It was recommended that a “risk
analysis/hydrologic impact” of future harvesting be undertaken.  The following
report was completed by Dobson Engineering Ltd. (Dobson) at the request of
Riverside Forest Products Limited (Riverside), Tolko Industries Ltd. (Tolko), and
BC Timber Sales (BCTS), to estimate the hydrologic impact of the current
mountain pine beetle infestation as well as the potential impact if the beetle was
to attack all of the remaining lodgepole pine in the snow sensitive zone in the
watershed.  As requested, the equivalent clear-cut area (ECA) evaluation utilizes
the results of the Ministry of Forests, Forest Sciences Program Extension Note 67
(Schnorbus et. al. 2004) investigating the influence of forest development on the
quantity of flows in a snowmelt hydrologic regime.

There was considerable discussion at the March 31st meeting regarding the
epidemic expansion of the beetle in the watershed.  Due to this recent rise in the
beetle population in 2003 and the expected expansion in 2004, the management
direction provided in the report titled Chase Creek Watershed Management Plan
approved in 1999 was no longer achievable.  This report summarizes the results
of loss of forest cover and peak flow impacts from two unique scenarios.
Scenario 1 illustrates the “worst case” for peak flows should all the susceptible
pine succumb to the mountain pine beetle and assumes the loss of all mature
lodgepole pine within the snow sensitive zone of the Chase Creek watershed.
Scenario 2 illustrates what the expected impact will be as a result of the loss of
currently identified infested pine (2003) within the timber harvest landbase
portion of the snow sensitive zone.

The reader is reminded that this is an assessment of the loss of the mature pine
due to insects.  The impacts on peak flow have been assessed based on the loss
of forest cover and the resulting increase in water yields due to changes in water
balance (i.e. increases to snow accumulation and snowmelt).  Timber harvesting
is not considered in the initial assessments since it is not the cause of the loss of
forest cover, it is the beetle.  The impacts of proposed salvage harvesting are
considered separately since the harvesting is proposed in response to the beetle
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and is focused on those areas that will have limited impacts on the water
resource. 
Conclusions arrived at within this report are based on modeling which
incorporates recently acquired information.  The first is the results of snowline
research in the Chase Creek watershed that was initiated by Riverside in 1999.
As a result of this research a more refined determination of the snowline position
was achieved.  The snowline delineates the portion of the watershed with a
melting snowpack during the peak flow period (addressed in greater detail in
section 3.0 - Snow Sensitive Zone Determination).  Research conducted each
spring since 2001 confirms that the recently revised snow sensitive area is
smaller than that originally suggested by the H60 line proposed in the Interior
Watershed Assessment Procedure.  The second piece of information is the
Ministry of Forests Forest Sciences Program Extension Note 67 released in 2004
that summarizes the results of research into the impacts of timber harvesting on
peak flows in the Upper Penticton Creek research watersheds.  The results of this
article suggest that increases to peak flows related to ECA are less than
previously suspected for watersheds with similar morphology and geographical
setting.

 2.0 HYDROLOGY RESEARCH

2.1 Application of Current Research Findings

Extension Note 67 (Schnorbus et. al. 2004) presents the results of
streamflow modeling that used the Distributed Hydrology-Soil-Vegetation
Model (DHSVM).  The study investigates the influence of forest harvesting
levels on streamflows in the Upper Penticton Creek (UPC) watershed,
specifically 241 Creek.  This watershed is small (~500ha) with a
snowmelt-dominated hydrologic system.  Elevations range from
approximately 1600m to over 2000m.

Extension Note 67 defined the increase in peak flow discharge by event
return period.  The model results confirm that peak flow discharge
increases with increasing harvest level.  For presentation, the graph from
Figure 2 in the extension note is reproduced in Figure 1 below.

The results show that the larger, less frequent flood events are affected
by changes in harvest level1 (percent of watershed area cut) to a greater
extent than the smaller, more frequent events.  At a 20% harvest level,
peak flows may be increased by 0, 4, and 10% for return period events
of 2, 10, and 50 years, respectively.  At 40% harvest level, peak flows
may increase by 4, 10, and 19%, respectively.  These results suggest
that, for watersheds in the Southern Interior with similar morphology to
upper Penticton Creek, the average peak flow event (approximate 2-year
return interval) may be increased by a maximum of 4% and the smallest

                                                          
1 Harvest level refers to loss of forest cover that can be the result of insects and disease, wildfire or
harvesting. For the purposes of this report it should be considered to be loss of forest cover due to mortality
of lodgepole pine infested by the mountain pine beetle.
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channel forming event (approximated by the 10-year return interval) may
be increased by up to 10%.
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FIGURE 1
Maximum changes in daily peak flows with increasing

harvest level in the 241 Creek watershed
(Extracted from Schnorbus et. al. 2004; Tr refers to return period of flow)

2.2 Application to Watershed Management

The 241 Creek drainage is situated in the snow sensitive zone in the
Penticton Creek community watershed: the portion of the watershed with
a melting snowpack during the peak flow period (addressed in greater
detail in section 3.0 - Snow Sensitive Zone Determination). Because the
research summarized in Extension Note 67 was specific to snow sensitive
zones, this research should only be applied to other regional watershed
areas that also lie within the snow sensitive zones rather than the entire
watershed. In terms of predicted peak flow impacts (% peak flow
increase) resulting from canopy removal within the snow sensitive zone,
the values outlined in the research are considered maximum impacts
when extrapolating the results to the entire watershed. This is based on
the rationale that, during the peak flow period, streamflow contributed
from areas outside of the snow sensitive zone are from the draining of
soils (i.e. matrix flow) rather than from snowmelt. Peak flows are less
affected by matrix flow than by surface runoff from snowmelt.  In
addition, most of the flow volume during the peak flow period is
generated directly from melting snow in the snow sensitive zone.
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The research article investigates the impacts of forest harvesting (loss of
forest cover) on streamflow assuming that all harvesting is completed at
the same time with negligible hydrologic recovery.  In reality harvesting
in most watersheds is carried out over decades and includes adjustments
for various stages of hydrologic recovery.  In this report because there is
a history of past harvesting as well as the current loss of forest cover due
to beetles, the equivalent clear-cut area (ECA) combines the two effects
to represent the overall impact on peak flows.

2.3 Limitations

In applying this research information to the management of other
watersheds in the Southern Interior, the limitations of the research and
its extrapolation must be clearly recognized.  First, the research is based
on modeling and, as such, the results are only as accurate as the model
represents the true watershed characteristics and processes.  Second, the
accuracy of the research results for high return periods is limited by the
inherent lack of field data for such events.  Third, the extrapolation of the
results to other regional watersheds assumes that the watershed
characteristics and hydrologic processes are similar.  In general, this third
assumption is likely reasonable for most high elevation watersheds in the
region, but should be evaluated for each watershed individually.  A
determination was arrived at that the characteristics of the Chase Creek
watershed did in fact adequately match those of the study case.

The modeling, including the results presented in Figure 1, does not
account for roads as part of forest development.  Because of this, any
intercepted subsurface flows that are connected directly to the channel
network would effectively increase the length of the channel network
during periods of runoff and could lead to greater peak flow impacts than
are suggested by the research results.  As long as the majority of
intercepted flows are drained onto the forest floor through cross-drains
and not connected to the streams, the overall impacts of roads on peak
flows should be negligible.

 3.0 SNOW SENSITIVE ZONE DETERMINATION

The evaluation of peak flow hazards in the following sections only incorporates
ECA calculations for the Chase Creek snow sensitive zone.  The snow sensitive
zone was mapped and analyzed for three consecutive years starting in 1999.
Each year, a series of mapped snowlines was evaluated against the stream flow
hydrograph to determine the snowline position that corresponds to the start of
the peak flow period.  The lowest of the selected lines from all three years of
surveys was selected as the representative snowline (refer to map in
Appendix D).  The entire area above this selected snowline is considered the
portion of the watershed that is sensitive to loss of forest cover in terms of
impacting snow melt and peak flow generation.
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In the Chase Creek watershed, the mapped snow sensitive zone constitutes the
upper ~40% of the watershed area.  Similar results were found by Dobson
Engineering Ltd. for the Mission Creek, Peachland Creek, Trout Creek, and
Shingle Creek watersheds (30, 22, 36, and 26%, respectively).

Using the mapped snow sensitive zone is an improvement over the H60 concept
outlined in the 1999 Interior Watershed Assessment Guidebook as it represents
the actual snow cover conditions in the watershed that contribute to the peak
flow in Chase Creek.  The snowline mapping process has been peer reviewed
and is considered to better represent the snow sensitive zone (Dr. R. Winkler and
D. Gluns, Southern Interior Forest Region, personal communication).

 4.0 IMPACTS OF LOSS OF FOREST COVER ON PEAK FLOWS DUE TO
MOUNTAIN PINE BEETLE INFESTATION

Based on discussions with Ministry of Forests, Riverside, Tolko, and BCTS staff,
mountain pine beetle infestations are a major concern in the Chase Creek
watershed.  In terms of hydrologic impacts, any loss of forest cover has the
potential to affect the watershed hydrology (i.e. timing and volume of flows)
through reduced evapotranspiration and associated increases in water yield.
Peak flows are a product of snowmelt and respond to changes in forest cover in
the snow sensitive zone.  As such, loss of forest cover within this zone for any
reason, such as mortality from mountain pine beetle, can affect peak flows by
increasing ECAs.

4.1 Scenario 1 – Loss of All Mature Lodgepole Pine in the Snow
Sensitive Zone

In the Chase Creek watershed, approximately 33% of the remaining
mature forest in the snow sensitive zone is lodgepole pine.  If, as a worst
case scenario, all of the remaining mature lodgepole pine in the snow
zone was killed by beetle (assuming no harvesting), when combined with
previously harvested blocks, it would have the effect of increasing the
ECAs for the snow sensitive zone to 52%, 59%, and 58% for the Upper
Chase and Charcoal sub-basins and the watershed, respectively (Table 1).
Applying these ECAs to the curves in Figure 1 suggest that the impact on
peak flows would be to increase the 10-year peak flows by 15%, 18%
and 18% and the 50-year peak flows by 24%, 27% and 27% respectively
for the Upper Chase and Charcoal sub-basins and watershed.
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TABLE 1
Scenario 1 - ECAs assuming mortality of all lodgepole pine

in the Snow Sensitive Zone

Drainage
Area of

Mature Pl
(ha)1

ECA
(%)2

Upper Chase 951 52
Charcoal 2,592 59

Watershed 4,962 58
1. Includes only forest inventory polygons where lodgepole pine is the leading species.
2. ECAs include past development.

4.2 Scenario 2 – Loss of Currently Infested Lodgepole Pine in the
Snow Sensitive Zone to December 31, 2004

This scenario illustrates the impact on peak flows of the loss of all of the
currently identified infested lodgepole pine plus past development in the
watershed as of December 31, 2004.  The purpose of this scenario is to show the
estimated impact of the loss of the forest canopy on peak flows with the trees
still standing.   Combining the current estimates of the infested stands (including
the Information blocks) with previous harvesting, assuming that these stands
would be dead by December 31, 2004, the ECAs would increase to 35%, 35%
and 33% respectively for the Upper Chase and Charcoal sub-basins, and Chase
Creek watershed (Refer to Table 2). If the Information blocks are excluded the
ECAs would increase by 34%, 31% and 30%.  Applying these ECAs to the curves
in Figure 1 suggest that the impact on the mean daily peak flows would be to
increase the 10-year peak flows by 8%, 8% and 8% and the 50-year peak flows
by 17%, 17% and 16% for the Upper Chase and Charcoal sub-basins and Chase
Creek watershed when the I-blocks are included. When the I-blocks are
excluded, the mean daily peak flows would be to increase the 10-year peak flows
by 8%, 7% and 7% and the 50-year peak flows by 16%, 15% and 14%.

TABLE 2
Scenario 2 – ECAs assuming the loss of currently infested lodgepole

pine by December 31, 2004 within the Snow Sensitive Zone

Drainage Area
(ha)

Estimated forest cover
loss by Dec.31, 2004

(ha)

Past
Development

(ha)

Combined
Area (ha)

ECA
(%)

Combined
Area (ha)

ECA
(%)

Including 
I-blocks1

Excluding 
I-blocks

Including I-blocks Excluding I-blocks

Upper Chase 5094 95.4 65.4 1677 1771.5 35 1742.4 34
Charcoal 7064 838.2 576.5 1603 2441.2 35 2179.5 31

Watershed 15044 1208.7 781 3777 4985.7 33 4558 30
1. I-blocks are Information blocks that are included in the development plan in order to
provide flexibility in planning.
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 5.0 CURRENT WATERSHED CONDITION (2004) 

A ground-based field review was conducted in the Chase Creek watershed in May
2004.  Two channel sections in the headwaters of the upper Chase Creek sub-
basin that were planned for review were not accessed due to snow cover.
However, data for these two channel sections available from past assessments
was reviewed and the data are incorporated in the report.  The results of the
field investigations and subsequent analyses are provided below.

5.1 Peak Flows

Based on the research findings discussed above and the current ECA
values calculated for the snow sensitive zone (Table 3), estimated
increases in peak flows from the upper Chase and Charcoal sub-basins
and the watershed are approximately 16%, 12%, and 13% respectively
in terms of contributing to the Chase Creek watershed 50-year peak flow
event.  Contributions to the 10-year peak flow event may be elevated by
8, 5, and 6%, respectively.

TABLE 3
Current ECAs (December 31, 2003) for the Snow Sensitive Zones

Drainage

Current 
Equivalent Clear-cut

Area (%)
Upper Chase 33
Charcoal 23
Watershed 25

 Growth of trees is modeled using Variable Density Yield Predictor (VDYP) and site index values.
 Site index values are updated using the BC Ministry of Forests Site Index estimates by Site

Series (SIBEC) - Second Approximation published in 2003.
 All stands ≥12m in height are considered to be fully recovered, hydrologically, and have been

excluded from the ECA calculations.
 Snow zone ECA is calculated as the non-recovered area in the snow sensitive zone divided by

the total area of the snow sensitive zone.
 Refer to Appendix A for more ECA details.

Peak flow related channel disturbance was not observed in the Chase
Creek watershed during the May 2004 field investigations; however, any
potential peak flow disturbance may have been masked by past channel
disturbance caused by terrain instability and private land development.
Photos presented in past Dobson Engineering Ltd. reports (1997a, 1997b,
1996) do not suggest evidence of peak flow impacts.  The current ECAs
in the watershed are all considered low except for the upper Chase sub-
basin snow sensitive zone ECA, which is considered moderate (refer to
Table 3).  The mainstem channels in the sub-basins and the residual area
are generally unstable and sensitive to peak flows (sites 12 and 13; refer
to photos 1 and 2 in Appendix C).  The headwater channels are generally
stable and robust.
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5.1.1 Upper Chase Creek

Upper Chase Creek has been disturbed by past landslides and
bank failures through the lower and middle reaches.  Several of
the slides initiated from an old road adjacent to the channel on
the north slope.  The Upper Chase Creek Landslide Inventory
(Turner 1996) indicates that there are at least 73 landslides in the
upper Chase Creek sub-basin.  Of these, approximately 8% of
landslides were caused by erosion undercutting by channel flows.
Channel aggradation is the most likely cause of erosional
undercutting (site 2; refer to photos 3 and 4).  Silvatech (2002)
also noted that bank erosion in fine textured tills is a chronic
source of sediment and that slope movement continues in areas
where bank erosion is active along the toe of slides.

Overall, the mainstem channel is moderately robust with boulder
dominated substrate and is slightly to moderately aggraded.
Photos provided in several Dobson Engineering Ltd. reports
(1997a, 1997b, 1996) show that the headwater channels are also
boulder dominated and highly robust (photo 5).  Road related
impacts have been extensive throughout the sub-basin, but many
road sections are now deactivated.  The primary concerns for
peak flows are the potential for additional bank failures related to
erosional undercutting and potential bank erosion along Chase
Creek mainstem through the residual area.  The sub-basin is
considered moderately to highly sensitive to peak flows.

5.1.2 Charcoal Creek

Charcoal Creek is stable and robust in the headwaters, but has
been disturbed through the middle reaches by riparian harvesting
on private lands and grazing (sites 8 and 11; refer to photos 6
and 7), through the lower reaches by landslides (site 12; refer to
photo 8) and the failure of the spillway below China Lake dam.  It
is reported that the spillway failed in the early to mid-1970s
causing channel incision and erosion along Charcoal Creek and
delivery of large volumes of coarse sediment to Chase Creek
(Northwest Hydraulic Consultants Ltd. 1997).

Hydrogeomorphic (flood or landslide derived) disturbance was
observed in the middle reaches at site 9.  Silvatech (2002)
attributed this disturbance to the 1996 flood event, and also
identified six landslides in the steeper uplands.  The Charcoal
Creek mainstem is low gradient, sinuous, gravel dominated, and
slightly to moderately aggraded through the middle reaches.
Through the lower reaches, the channel is cobble/gravel
dominated, slightly to moderately aggraded, and moderately to
highly sensitive to peak flows.  The primary concerns for peak
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flows are the potential for additional bank failures related to
erosional undercutting and potential bank erosion through the
middle reaches and along Chase Creek mainstem through the
residual area.

5.1.3 Residual

Chase Creek through the residual area is gravel/cobble dominated
and unstable through the upper and middle reaches.  Moderate
channel aggradation and braiding was observed along with severe
bank erosion (site 4; refer to photos 9 and 10).  The disturbance
is caused by several factors including the delivery of sediment
from the upper Chase and Charcoal sub-basins, and riparian
harvesting on private lands.  Forest development likely has not
been a factor in terms of potential peak flow increases, as the
current snow sensitive zone ECA for the watershed is low (refer to
Table 3).  Minor channel recovery was observed.  The channel is
more stable through the lower reaches where riparian vegetation
is intact and the channel gradient is greater.  Overall, Chase Creek
through the residual area is sensitive to peak flows.

Due to existing channel instability and the potential for additional
landslides caused by erosional undercutting, the watershed as a
whole is currently considered moderately sensitive to peak flows.

5.2 Landslides

As discussed previously, at least 73 landslides (Turner 1996) have been
identified through the canyon portion of upper Chase Creek.  Landslides
were also observed through the canyon portion of Charcoal Creek during
the May 2004 field review.  The impacts of hydrogeomorphic activity were
observed at site 9 in the Charcoal Creek sub-basin (refer to photo 11).
Several of the landslides in the sub-basins are related to old roads, but
other slides have subsequently occurred due to channel aggradation and
erosional undercutting.  The slides have caused moderate channel
aggradation throughout the sub-basins.  Instability in the spillway below
the China Lake dam has also contributed to the channel impacts.
Sediment has been delivered downstream to Chase Creek in the residual
area causing further channel aggradation and bank instability.  Overall,
landslides remain a high concern due to the sensitivity to peak flows and
the potential for erosional undercutting.
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 6.0 RISK ANALYSIS

Risk is the product of hazard and consequence.  For this study, peak flow
hazards are viewed with regards to ECAs changes.  The consequence is the
impact of that increase in peak flow on the channel.  The peak flow risk analysis
compares the change in the peak flow hazard from the current condition to that
estimated for each of the two scenarios.  The consequence of the changes in
hazard is estimated for each scenario based on the expected channel sensitivity.
Channel sensitivity is a function of the robustness of the channels to increases in
peak flow as loss of forest cover increases rates of snowmelt and runoff.  

As flows increase, so does water depth and shear stress on the bed substrate
and channel banks.  Increases in shear stress can lead to greater rates of bank
erosion and sediment transport, that is, the sensitivity of the channel to
increasing peak flow.  Peak flows in the watershed and sub-basin mainstem
channels are generated by flows from the snow sensitive zone.  Loss of forest
cover in areas below the snow sensitive zone has only minor impacts on peak
flows.  Changes in the forest cover below the snow sensitive zone does advance
the timing of the early portion of the spring freshet, but this shift in timing has a
low likelihood of impacting peak flows and channel conditions.  Because of this,
loss of forest cover in those portions of the watershed below the snow sensitive
zone is not a concern for peak flows.  However, loss of forest cover in the lower
watershed may have other forest management concerns such as visual quality
and biodiversity.

The following summarizes how risk levels were determined for each sub-basin
and for the watershed based on increases in peak flow resulting from the two
scenarios.  The risks are rated as low, moderate, or high based on the impact of
the estimated increases in peak flow hazard on the channel sensitivity.  The peak
flow increases of concern are for the 10-year and 50-year peak flow events,
based on the data presented in Figure 1.  The consequence rating is considered
high when peak flow increases can cause increases in channel disturbances that
in turn affects water quality, the fisheries resource, and private property.  The
City of Kamloops uses water from the Thompson River for its domestic water
supply and increased sediment delivery from Chase Creek has been a concern in
the past.  

6.1 Peak Flows

For the purposes of this assessment a “low peak flow” hazard means that
increases in peak flow related to the loss of forest cover are unlikely.  A
“moderate peak flow” hazard means that as a result of the loss of forest
cover, a related peak flow disturbance may occur, but would be generally
limited to localized bank scour in channel sections with above average
sensitivity.  A “high peak flow” hazard suggests that as a result of the loss
of forest cover, a related peak flow disturbance is likely with potential
impacts ranging from localized to extensive.
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The estimates of consequence used in Table 4 are based on the
reconnaissance level watershed assessment conducted in May 2004 and
not a detailed channel assessment.  The estimates of hazard levels in
Table 4 were determined by analyzing the peak flow increases and
associated increases in water depth and shear stress on the channel bed
for the two scenarios.  Using a representative channel site for each sub-
basin and the watershed, peak flows increases were estimated for ECAs,
that is, loss of forest cover, in the snow sensitive zone of 0, 30, 50, and
70% and for return period flows of 2, 10, and 50 years.  Regional return
period discharge curves and the results summarized in Extension Note 67
were used to estimate discharges.  Based on the channel observations at
each site, Manning’s Equation was used to approximate the flow depths
and bed shear stress was also calculated.  The results of these analyses
are provided in Appendix B.  Interpretations of the results are provided in
the following sections.

In selecting ECA values associated with low, moderate, and high peak
flow hazard levels, channel sensitivity was evaluated independently in
each of the two sub-basins (upper Chase, Charcoal) and for the
watershed.  Because the sensitivities of the three units to peak flows are
approximately the same, the resultant ECA guidelines are consistent
between the three units.  Typically in the past, the ECA levels associated
with low, moderate, and high peak flow hazards were considered <20%,
20-30%, and >30%, respectively.  Considering the results presented in
Technical Note 67 and the conditions in the Chase Creek watershed, the
ECA levels for peak flow hazard used in this assessment are; low peak
flow hazard - ECA<30%, moderate peak flow hazard - ECA 30-50% and
high peak flow hazard - ECA >50%.  Other studies provide similar
direction (Dr. R. Winkler, Southern Interior Forest Region, personal
communication).

It should be recognized that there are limitations to the following risk
ratings due to the reconnaissance level of the channel assessment and
the modeling limitations addressed previously.  Because of these
limitations, the ratings applied to the Chase Creek watershed are more
conservative than what the research and field observations might
suggest. 

It is most important to understand that for scenarios 1 and 2, the risk is a
function of the loss of forest cover caused by mortality of the lodgepole
pine in the snow sensitive zones due to the mountain pine beetle, not
forest harvesting. 
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TABLE 4 
(a) Risk ratings as a function of past harvesting in the Snow Sensitive Zone as

of December 31, 2003 

Increase in Peak Flow
(%)6

Sub-Basin/
Watershed

Risk1 Peak Flow
Hazard

Consequence2 ECA3 (%)

10-year4 50-year5

Upper Chase Moderate Moderate Low 33 8 16
Charcoal Low Low Low 23 5 12

Total Watershed Low Low Low 25 6 13

 (b) Scenario 1, Risk ratings as a function of loss of all lodgepole pine in the
Snow Sensitive Zone

Increase in Peak Flow
(%)6

Sub-Basin/
Watershed

Risk1 Peak Flow
Hazard

Consequence2 ECA3 (%)

10-year4 50-year5

Upper Chase High High Moderate 52 15 24
Charcoal High High Moderate 59 18 27

Total Watershed Very High High High 58 18 27

(c) Scenario 2, Risk ratings as a function of loss of forest cover (including I-
blocks) in the Snow Sensitive Zone as of December 31, 2004 

Increase in Peak Flow
(%)6

Sub-Basin/
Watershed

Risk1 Peak Flow
Hazard

Consequence2 ECA3 (%)

10-year 50-year
Upper Chase Moderate Moderate Low 35 8 17

Charcoal Moderate Moderate Low 35 8 17
Total Watershed Moderate Moderate Low 33 8 16

(d) Scenario 2, Risk ratings as a function of loss of forest cover (excluding I-
blocks) in the Snow Sensitive Zone as of December 31, 2004 

Increase in Peak Flow
(%)6

Sub-Basin/
Watershed

Risk1 Peak Flow
Hazard

Consequence2 ECA3 (%)

10-year 50-year
Upper Chase Moderate Moderate Low 34 8 16

Charcoal Moderate Moderate Low 31 7 15
Total Watershed Moderate Moderate Low 30 7 14
1. Risk = risk of hydrologic impacts, i.e. channel instability, as a result of increases in peak flow
2. Consequence = channel sensitivity to changes in peak flows
3. ECA refers area of lost forest cover due to MPB + past harvesting
4. Increase in peak flow from 10-year return period event, refer to Figure 1
5. Increase in peak flow from 50-year return period event, refer to Figure 1
6. Approximate increases in the 10-year and 50-year peak flow events compared to baseline of 0% ECA

6.2 Channel Stability – Upper Chase Creek

Upper Chase Creek is boulder/cobble dominated and the channel bed is
moderately robust to peak flows (site 2; refer to photo 12); however,
peak flows are a concern due to the potential for landslides caused by
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erosional undercutting.  The primary concern is the potential for increases
in water levels, as this would increase the rates of erosional undercutting.
In addition, Chase Creek through the middle and upper reaches of the
residual area is sensitive to increases in peak flows.  Based on the
channel conditions and the peak flow results presented in Appendix B,
snow sensitive zone ECA levels for the watershed in its current condition,
scenario 1 and scenario 2 are presented in Table 4.

The peak flow results presented in Appendix B suggest that, based on the
channel dimensions at site 2, water depth during a 50-year peak flow
event would be approximately 6cm greater (0.74m to 0.80m) at an ECA
of 30% compared to an ECA of 0% (i.e. assuming no harvesting).  The
shear stress on the bed substrate would be approximately 9% greater.
Water depth is the primary concern in the upper Chase Creek sub-basin
since the main hazard is the potential for additional landslides caused by
erosional undercutting.  A water depth increase of 6cm and an increase in
bed shear stress of 9% (217N/m2 to 236N/m2) are not likely to
exacerbate the channel condition.  The potential for erosional
undercutting increases with increasing water depth.

6.3 Channel Stability - Charcoal Creek

Charcoal Creek is stable and robust in the headwaters, but gravel/cobble
dominated and moderately to highly sensitive through the middle and
lower reaches.  Based on the channel conditions and the peak flow
results presented in Appendix B, snow sensitive zone ECA levels for the
watershed in its current condition, scenario 1 and scenario 2 are
presented in Table 4.

The peak flow results presented in Appendix B suggest that, based on the
channel dimensions at site 11, water depth during a 50-year peak flow
event would be approximately 6cm greater (0.63m to 0.69m) at an ECA
of 30% compared to an ECA of 0% (i.e. fully recovered sub-basin).  The
shear stress on the bed substrate would be approximately 9% greater.
Water depth and bed shear stress are both of concern in the Charcoal
Creek sub-basin since bedload transport and erosional undercutting of
landslides are both relevant hazards.  A water depth increase of 6cm and
an increase in bed shear stress of 9% (31N/m2 to 34N/m2) are not likely
to exacerbate the channel condition.  As discussed above, the potential
for erosional undercutting and bedload transport increases with
increasing water depth.

6.4 Channel Stability - Residual

Chase Creek is highly unstable through the middle and upper reaches of
the residual area.  The channel is gravel/cobble dominated and highly
sensitive to peak flows. Based on the channel conditions and the peak
flow results presented in Appendix B, snow sensitive zone ECA levels for
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the watershed in its current condition, scenario 1 and scenario 2 are
presented in Table 4.

Flows through the residual area are influenced by forest development in
the snow sensitive zones of both sub-basins and the residual area.
Because of this, water depth and shear stress along the Chase Creek
mainstem need to be evaluated based on the combined impacts from all
three units.  The flow analysis presented in Appendix B incorporates
contributions from all areas upstream from site 13 and the following
paragraphs discuss the results.

The peak flow results suggest that, based on the channel dimensions at
site 13, water depth during a 50-year peak flow event would be
approximately 9cm greater (1.05m to 1.14m) at an ECA of 30%
compared to an ECA of 0% (i.e. fully recovered sub-basin).  The shear
stress on the bed substrate would be approximately 9% greater.  Water
depth and bed shear stress are both of concern through the residual area
since bedload transport and overbank flows are both relevant hazards.  A
water depth increase of 9cm and an increase in bed shear stress of 9%
(154N/m2 to 167N/m2) are not likely to exacerbate the channel condition.
As discussed above, the potential for erosional undercutting and bedload
transport increases with increasing water depth.

 7.0 RISKS FROM HARVESTING BEETLE INFESTED LODGEPOLE PINE

The harvesting proposed by the licensees for 2004 and beyond to salvage beetle
infested timber can be represented by Scenario 2.  Harvesting has been planned
with consideration for risk to other watershed resources.  The objective for the
harvesting has been to balance the various risks.  Proposed development is
limited to stands dominated by beetle infested lodgepole pine.  A summary of the
proposed development and associated ECAs (assuming that all proposed
development occurs in 2004) within the snow sensitive zone of the Chase Creek
watershed is presented in Table 5.  Appendix A contains hydrologic recovery
projections that can be used to calculate actual ECAs as development is finalized
in the future.  Based on the hazard/risk direction provided in the above sections,
the peak flow hazards for the proposed development would be moderate for the
two sub-basins and the watershed.  Due to low consequence ratings for the
watershed, based on the low likelihood that the increases in peak flow would any
significant impact on bed load transport, the peak flow risks associated with the
proposed harvesting are considered to be moderate (Tables 4(c) and (d)).
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TABLE 5
Proposed development and ECAs in the infested pine dominated stands of the

Snow Sensitive Zone

Area of Infested Pl (ha)
Drainage Snow Zone

(ha)
Snow Zone

(ECA %)
Snow Zone

(ha)
Snow Zone

(ECA %)
Including I-blocks Excluding I-blocks

Upper Chase 94.5 35 65.4 34
Charcoal 838.2 35 576.5 31
Watershed 1208.7 33 781 30

 Refer to Appendix A for more ECA details

As has been previously stated it is the loss of forest cover as a result of the
beetle that has the greatest impact on peak flows. At the ECAs suggested in
Table 5, the peak flow hazard, by applying the results of Extension 67, are
considered to be moderate for both sub-basins and the watershed (Tables 4(c)
and (d)).  The actual removal of mountain pine beetle infested trees by
harvesting would have very limited additional impacts on peak flows, as a stand
of dead trees effectively behave similarly to that of a clear-cut in terms of
hydrological function.

Construction of access roads can increase stream flows due to the interception of
subsurface drainage; however, as long as ditch flows are directed onto the forest
floor rather than directed into the channel system, the impacts of roads on peak
flows would be minimal.  

Harvesting beetle infested trees can provide measurable benefits.  Early and
aggressive harvesting of the stand might suppress the rate of expansion of
beetle populations and subsequently reduce the overall amount of salvage
harvesting.  The removal of beetle killed trees would also reduce the risk of
wildfire by reducing the fuel load.  Since reforestation is scheduled within 1 – 2
years after harvesting, logging would also increase the rate of hydrologic
recovery in the watershed.  It has been estimated that hydrologic recovery can
be advanced by up to 30 years through harvesting timely silviculture operations.

Due to the high rates of mountain pine beetle infestation and high rates of
spread, harvesting should be planned at the basin level and all options for
minimizing hydrologic and landslide impacts should be considered, particularly in
the event that ECAs/peak flows are at high levels or where harvesting may be
proposed on gentle over steep terrain.

Based on Dobson Engineering Ltd. field investigations throughout the province,
most forestry related hydrologic impacts in BC have resulted from either terrain
instability or loss of riparian vegetation.  The impacts of terrain instability can
include channel aggradation and increased rates of bank erosion.  Riparian
harvesting can lead to channel instability through the loss of large wood
recruitment to streams and through the loss of bank stabilization/roughness. 
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Large wood creates channel roughness, which slows the flow of water, reduces
erosion, and traps sediment.  Dead trees (e.g. dead lodgepole pine) are valuable
for short-term recruitment to streams as large wood.  Live trees provide long-
term recruitment.  Tree roots increase the strength of soils, thereby, increasing
the stability of channel banks.  The bank and floodplain roughness that the trees
provide reduces flow velocities during flood events, thereby, preventing erosion.
With this, maintenance of riparian vegetation is important, particularly for basins
with high ECAs and highly mobile, alluvial channel substrate.  Usually not all
trees in the riparian zone need to be retained for sufficient protection.  It is
important to assess the need for wood recruitment on a reach basis.  In terms of
retained stem sizes, the larger the stream, the larger the diameter the wood to
maintain channel stability and function.

 
 8.0 CONCLUSIONS

♦ The proposed development would result in moderate peak flow hazards
(moderate risks) throughout the watershed, whether the Information blocks
are included or not.

♦ The loss of forest cover due to mountain pine beetle infestations can affect
the watershed hydrology and is considered to impact ECAs.

♦ The removal of beetle infested stands through forest development should
cause negligible additional peak flow impacts compared to leaving the dead
stands.

♦ Maintenance of riparian vegetation is important, particularly for basins with
high ECAs and highly mobile, alluvial channel substrate.

♦ Channel disturbance caused by potential peak flow increases related to forest
development was not observed in the Chase Creek watershed.

♦ Due to historical landslides and private land activities, the mainstem channels
in the watershed are generally unstable and sensitive to peak flows.

♦ Channel impacts have resulted from terrain instability and private land
activities.

♦ Surface erosion and riparian function hazards are low concerns in terms of
the potential impacts of future forest development on the watershed
condition.

♦ It is appropriate to apply Extension Note 67 to the Chase Creek watershed
since the basin morphology is similar to that of the Penticton Creek
watershed.
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 9.0 RECOMMENDATIONS

♦ All options to aggressively suppress beetle expansion should be considered to
minimize the future spread of beetles and subsequent peak flow impacts.

♦ Riparian vegetation should be retained, where practical, to maintain channel
stability in reaches with highly mobile alluvial substrate, particularly in basins
with high ECAs.  In addition, these reaches should be explored for side
channel access to relieve flood stress.

♦ For future beetle suppression activities in riparian areas, the need for wood
recruitment as in-stream large wood, should be assessed during the site plan
stage based on the specific channel requirements.

♦ Consider remedial works at the toe of landslides at high risk from increased
peak flow levels within the Charcoal and upper Chase sub-basins to reduce
further erosion.  This may involve a combination of biostabilization
techniques.  To reduce shear stresses causing bank erosion, channel
widening may be an option where site conditions allow.

♦ In order to minimize the potential impacts of roads on peak flows, roads
should not unnecessarily increase the length of the channel network.  To
ensure this, ditches that are directly connected to the channel network
should not extend beyond the immediate gully drainage, cross-drains should
deposit flows onto the forest floor, and roads should be deactivated as soon
as possible following development.

♦ As stated in Extension Note 67, the results summarized in the extension note
should be applied only to the snow sensitive zones of watersheds in the
Southern Interior with morphologies similar to Upper Penticton Creek.

Original signed by Original signed by

                                            
D.A.Dobson, P.Eng. 
for R.Smith, R.P.F.,  Project Hydrologist

                                            
M.E.Noseworthy, P.Geo
Reviewer
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CHASE CREEK OPERATING AREAS

Sub-basin
Area with respect to 

snow line Licensee Area (ha)
Chase Residual Below BC Timber Sales 717.3

Upper Chase Above Riverside Forest Produsts 3,962.0
Upper Chase Below Riverside Forest Produsts 611.5

Charcoal Above Riverside Forest Produsts 5,414.1
Charcoal Below Riverside Forest Produsts 2,830.7

Chase Residual Above Riverside Forest Produsts 2,886.8
Chase Residual Below Riverside Forest Produsts 10,819.3

Upper Chase Above Tolko Industries 1,131.9
Charcoal Above Tolko Industries 1,649.5

Total 30,023.0

520-010/24035/July 2004



Watershed Report Card for Chase Creek 2003*

Basin Gross 
Area (ha)

Total
Harvested

Area
Ha
% 

ECA
ha
%

ECA
below

Snowline
ha
%

ECA
Above

Snowline
ha
%

Upper Chase 5,705.3 2,471.9

43.3

1,857.4

32.6

180.2

29.5

1,677.2

32.9

Charcoal 9,894.3 3,467.0

35.0

2,597.3

26.3

994.4

35.1

1,603.0

22.7

Residual 14,423.3 4,136.5

28.7

3,203.1

22.2

2,705.8

23.5

497.2

17.2

Watershed 30,023.0 10,075.5

33.6

7,657.8

25.5

3,880.4

25.9

3,777.4

25.1

June 2, 2004 Page 1 of 1
* Includes all blocks cut or projected to be cut in 2003



Chase Creek 10 year ECA Recovery*
Values in ha and %

Basin 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013Gross
Area
(ha)

Upper Chase 1,857.4

32.6

1,705.3

29.9

1,651.2

28.9

1,568.0

27.5

1,498.7

26.3

1,487.2

26.1

1,413.3

24.8

1,320.3

23.1

1,206.1

21.1

1,184.2

20.8

1,148.9

20.1

5,705.4

Charcoal 2,597.3

26.3

2,537.7

25.6

2,429.0

24.5

2,337.7

23.6

2,272.4

23.0

2,247.5

22.7

2,169.8

21.9

2,105.9

21.3

2,033.7

20.6

1,986.7

20.1

1,912.0

19.3

9,894.3

Residual 3,203.1

22.2

3,154.4

21.9

3,118.9

21.6

3,089.7

21.4

3,036.2

21.1

2,991.9

20.7

2,960.5

20.5

2,917.3

20.2

2,872.3

19.9

2,809.0

19.5

2,767.6

19.2

14,423.3

Watershed 7,657.8

25.5

7,397.4

24.6

7,199.1

24.0

6,995.4

23.3

6,807.4

22.7

6,726.6

22.4

6,543.6

21.8

6,343.4

21.1

6,112.1

20.4

5,979.9

19.9

5,828.5

19.4

30,023.0

August 11, 2004 Page 1 of 1
* ECA values calculated for December 31 of each year



Chase Creek 10 year ECA Recovery*

Values in ha and %
Above Snow Line

Basin 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013Gross
Area
(ha)

Upper Chase 1,677.2

32.9

1,537.8

30.2

1,484.2

29.1

1,406.1

27.6

1,337.4

26.3

1,325.8

26.0

1,265.6

24.8

1,173.0

23.0

1,062.6

20.9

1,044.5

20.5

1,010.3

19.8

5,093.9

Charcoal 1,603.0

22.7

1,558.8

22.1

1,477.1

20.9

1,415.1

20.0

1,373.7

19.4

1,360.9

19.3

1,311.9

18.6

1,276.0

18.1

1,226.8

17.4

1,200.1

17.0

1,136.5

16.1

7,063.6

Residual 497.2

17.2

494.0

17.1

487.6

16.9

480.8

16.7

475.5

16.5

467.8

16.2

462.7

16.0

456.1

15.8

446.6

15.5

441.1

15.3

424.2

14.7

2,886.8

Watershed 3,777.4

25.1

3,590.6

23.9

3,448.9

22.9

3,302.0

21.9

3,186.5

21.2

3,154.5

21.0

3,040.2

20.2

2,905.1

19.3

2,736.0

18.2

2,685.8

17.9

2,571.0

17.1

15,044.3

August 11, 2004 Page 1 of 1
* ECA values calculated for December 31 of each year



Chase Creek 10 year ECA Recovery*

Values in ha and %
Area below Snow Line

Basin 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013Gross
Area
(ha)

Upper Chase 180.2

29.5

167.5

27.4

167.0

27.3

161.8

26.5

161.4

26.4

161.4

26.4

147.7

24.2

147.3

24.1

143.5

23.5

139.7

22.9

138.5

22.7

611.5

Charcoal 994.4

35.1

978.9

34.6

951.9

33.6

922.7

32.6

898.7

31.7

886.6

31.3

857.9

30.3

829.8

29.3

806.9

28.5

786.5

27.8

775.5

27.4

2,830.7

Residual 2,705.8

23.5

2,660.5

23.1

2,631.2

22.8

2,608.8

22.6

2,560.8

22.2

2,524.1

21.9

2,497.8

21.7

2,461.2

21.3

2,425.7

21.0

2,367.9

20.5

2,343.4

20.3

11,536.6

Watershed 3,880.4

25.9

3,806.9

25.4

3,750.1

25.0

3,693.3

24.7

3,620.9

24.2

3,572.1

23.8

3,503.4

23.4

3,438.3

23.0

3,376.1

22.5

3,294.1

22.0

3,257.5

21.7

14,978.7

August 11, 2004 Page 1 of 1
* ECA values calculated for December 31 of each year
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Upper Chase Creek at Site #2

Width (m) 8
Slope (%) 3
Roughness 0.120

2 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 2.8 0.44 129.8 2.71 0.0 13.2
30 1.0 2.8 0.44 130.7 2.73 0.7 13.3
50 6.8 2.9 0.46 135.4 2.83 4.3 13.8
70 18.4 3.3 0.49 144.2 3.01 11.1 14.7

10 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 4.6 0.61 179 3.73 0.0 18.2
30 6.8 4.9 0.63 186 3.89 4.2 19.0
50 13.9 5.2 0.66 194 4.06 8.6 19.8
70 24.2 5.7 0.70 205 4.29 14.8 20.9

50 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 6.2 0.74 217 4.53 0.0 22.1
30 14.2 7.1 0.80 236 4.94 9.0 24.1
50 23.3 7.6 0.84 248 5.18 14.3 25.3
70 32.7 8.2 0.88 260 5.44 20.0 26.5

1 Tractive force can be used to approximate the maximum bedload particle size that is subject to incipient 
motion; Tractive force = Diameter (cm) 

520-010/24035/July 2004



Chase Creek Hydrologic Assessment

Charcoal Creek at Site # 11

Width (m) 10
Slope (%) 0.5
Roughness 0.030

2 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 4.5 0.38 112.1 2.34 0.0 11.4
30 1.0 2.8 0.38 112.7 2.35 -13.2 11.5
50 6.8 2.9 0.40 116.7 2.44 -10.1 11.9
70 18.4 3.3 0.42 124.5 2.60 -4.1 12.7

10 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 7.5 0.52 154 3.21 0.0 15.6
30 6.8 4.9 0.54 160 3.34 -10.5 16.3
50 13.9 5.2 0.57 167 3.48 -6.8 17.0
70 24.2 5.7 0.60 176 3.67 -1.6 17.9

50 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 10.1 0.63 186 3.88 0.0 18.9
30 14.2 7.1 0.69 202 4.21 -7.0 20.6
50 23.3 7.6 0.72 211 4.42 -2.5 21.6
70 32.7 8.2 0.75 222 4.63 2.3 22.6

1 Tractive force can be used to approximate the maximum bedload particle size that is subject to incipient 
motion; Tractive force = Diameter (cm) 

520-010/24035/July 2004



Chase Creek Hydrologic Assessment

Chase Creek at Site # 13

Width (m) 12
Slope (%) 1.5
Roughness 0.049

2 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 10.0 0.53 157.2 3.28 0.0 16.0
30 1.0 2.8 0.54 158.9 3.32 22.4 16.2
50 6.8 2.9 0.56 163.9 3.42 26.3 16.7
70 18.4 3.3 0.59 174.8 3.65 34.7 17.8

10 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 20.3 0.83 245 5.13 0.0 25.0
30 6.8 4.9 0.87 256 5.34 43.0 26.1
50 13.9 5.2 0.91 266 5.56 49.0 27.2
70 24.2 5.7 0.96 281 5.88 57.4 28.7

50 Year Flow

ECA
(%)

Flow Increase
(%)

Flow
(m3/s)

Depth
(m)

Shear 
Stress
(N/m2)

Shear 
Stress
(lb/ft2)

Increase in Depth
and Shear Stress

(%)
Tractive force1 

(kg/m2)
0 0.0 29.0 1.05 308 6.42 0.0 31.4
30 14.2 7.1 1.14 335 6.99 54.3 34.1
50 23.3 7.6 1.20 352 7.35 62.1 35.9
70 32.7 8.2 1.25 369 7.71 70.1 37.6

1 Tractive force can be used to approximate the maximum bedload particle size that is subject to incipient 
motion; Tractive force = Diameter (cm) 

520-010/24035/July 2004



APPENDIX C
Field Photos



PHOTO 1. May 2004.  Lower Charcoal Creek mainstem.  Unstable and sensitive to peak flow
increases.

PHOTO 2. May 2004.  Chase Creek mainstem showing moderate aggradation.



PHOTO 3. May 2004.  Upper Chase Creek.  Cobble/boulder dominated bed is moderately
robust, but banks are sensitive to peak flows as indicated by bank erosion.

PHOTO 4. May 2004. Upper Chase Creek.  Closer view of the eroding stream bank showing
development of undercutting.



PHOTO 5. August 1997.  Tributary to South Chase Creek.  Headwater channels boulder
dominated and highly robust.  From Dobson 1997.



PHOTO 6. May 2004.  Upper reaches of Charcoal Creek through low gradient section.
Riparian has been removed and is disturbed.

PHOTO 7. May 2004.  Charcoal Creek through private land holdings.  Severe stream bank
erosion attributed to loss of riparian vegetation and cattle grazing.



PHOTO 8. May 2004.  Lower reaches of Charcoal Creek, 150m from confluence with Chase
Creek.  Erosional failure and moderately aggraded channel.

PHOTO 9. May 2004.  Middle reaches of Chase Creek through residual area.  Banks
unstable with moderate channel aggradation.



PHOTO 10. May 2004. Middle reaches of Chase Creek through residual area.  Channel is
braided.

PHOTO 11. May 2004.  Lower reaches of Blanc Creek.  Banks slightly eroded.  Moderately
robust bed.



PHOTO 12. May 2004.  Upper Chase Creek.  Boulder/cobble dominated.  Channel bed is
moderately robust to peak flows.



APPENDIX D
Watershed Condition Map
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