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• Brenda Mines Road at Mile Creek (Field Stop #33-36, Photo 30) - Excessive ditch line 
erosion was observed along the Brenda Mines Road as result of a plugged culvert at the 
Brenda Mines Road crossing at Mile Creek. A pond situated behind the plugged culvert 

was diverted along the road eroding the ditchline for-400 m down the Brenda Mines Road. 
The diverted channel also overtopped and eroded a crossing on the Silver Lake Resort 

Road. In September 2017 the majority of the ditchline along the Brenda Mines Road was 
repaired however it is not known if the plugged and the undersized culvert at the Brenda 
Mines Road and Mile Creek has been repaired. If this crossing has not been repaired to 
accommodate higher flows there is still a high likelihood that further surface erosion will 
occur in association with high streamflow events. 

o High surface erosion potential (high erosion potential and high sediment 
delivery) 

o Recommendation: The culvert at the stream crossing should be replaced to 
accommodate higher stream flows. Also a ditch block should be placed at the 
culvert inlet to prevent water from flowing down the ditchline. 

• Peachland Lake Spillway (Field Stop #38, Photo 38) - The east end of the Peachland 

Lake spillway channel that drains onto a steep valley slope was highly eroded (i.e. gully 
erosion). It is assumed this sediment source is directly connected to Peachland Creek. 

o High surface erosion potential (high erosion potent ial and high sediment 
delivery) 

o Recommendation: Additional review ofthe erosion at the end of the spillway 
channel is required in order to develop appropriate erosion and sediment 
control measures. 

• Ester Road south of Greata Creek (Field Stop #50, Photo 44) - Fine sediment is being 
delivered to Greata Creek at a small tributary that crosses Ester Road. The cutbank and 
fillslope of the road has failed as result of highly erodible soils (silty sand) and overland 
flow of water. Fine sediment from the failure is being deli vered to Greata Creek at thi s 
location. 

o High surface erosion potential (high erosion potential and high sediment 
delivery) 

o Recommendation: Additional review of this road section is required in order 
to develop appropriate erosion and sediment control measures. 

• Ester Creek Road (Field Stop #49) - A small non-classified drainage crosses the Ester 
Creek Road. Soils are highly erodible and fine sediment is being delivered to Greata Creek. 

o Moderate surface erosion potential (moderate eros ion potential and 
moderate sediment delivery) 
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o Recommendation: Additional review of this road section is required in order 
to develop appropriate erosion and sediment control measures. 

• Peachland Main - 16.5 km (Field Stop #56, Photo 47) - Surface flow over Peachland 
Main is entering Bolivar Creek on the uphill side of the road. A relatively large wedge of 

fine sediment was observed above the cul vert inlet directly adjacent to the stream channel. 
Also excess ive erosion and channel downcutting has occurred at the outlet of the 1500 mm 
culvert. The toe of the road fi ll is also eroded at this location. 

o High surface erosion potential (high eros ion potential and high sediment 
deli very) 

o Recommendation: Additional review of this road section is required in order 
to develop measures to prevent surface eros ion off of Peachland Main from 
entering Bolivar Creek. It should be noted that this culvert is located below 
two proposed blocks (KP 1146 and KPI147); therefore, the crossing should 
be reviewed prior to logging the blocks to ensure the culvert is properl y sized 
and to prevent further channel erosion at the culvert outlet. Boli var creek also 

crosses the Glen Lake FSR so the crossing at Glen Lake FSR should also be 
reviewed since it was not reviewed as part of this assessment. 

• Peachland Main at Bolingbroke C reek (Field Stop #58, Photo 50) - Bolingbroke Creek 

eroded Peachland Main in the spring of 201 7. Peachland Creek is directl y adjacent to 
Bolingbroke Creek in this location. The channel was excavated and a berm was placed 
along the channel to maintain flow down the creek during the spring freshet of 2017 (J. 

Hatch, personnel comm. August 29, 2017). 
o High surface erosion potential (high erosion potential and high sediment 

delivery) 
o Recommendation : The berm that was constructed along Bolingbroke Creek 

in the spring of20 17 to prevent eros ion of the road prism should be reviewed 
to ensure it is adequate to accommodate high flows in Bolingbroke Creek and 
to detennine if it is adequate to minimize surface erosion on Peachland Main 
from entering Bol ingbroke Creek. 

It should be noted that Urban Systems (20 ISb), Gra inger (20 I 0) and Golder (20 I 0) also completed 
a sediment source assessment in the Peachland Creek watershed. In all these cases the Munro FSR 
and Peachland Main at 6 km was identified as a high surface eros ion concern for potential water 
quality impacts at the District of Peachland 's water intake. Surface eros ion concerns were also 
identified at the Peachland Main crossing over Bolivar Creek and along Peachland Main situated 

directly along Bolingbroke Creek by Grainger (2010) and Golder (20 10). Additional surface 
erosion issues were also identified in these reports. In development of a plan to mitigate erosion 
and sediment delivery hazards these reports should also be reviewed. This recommendation was 
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also suggested during the February 26, 2018 meeting with the District of Peachland that a complete 
li st of surface erosion issues should be created to allow for planning and mitigation. 

3.2.3 Mass Wasting - Sediment Point Sources 

In addition to the sediment sources that were identified above (e.g. Munro FSR and Munro FSR 
landslide, Peachland Main - 6 km and the old trail east of Peachland Creek) no additional point 

sources of sediment (e.g. landslides) were identified that were related to forest development. 
However, it should be noted that Grainger (20 I 0) identified one " large slope failure" in the Upper 
Peachland Creek drainage area that was related to an earlier stream diversion (e.g. old Brenda 

Mines MacDonald Creek diversion) from the Trepanier Creek watershed. This slope failure does 
not appear to be a surface erosion concern based on a review of2013 Google earth images since it 
currently is well vegetated. Several shallow bank failures are also situated along Peachland Creek 
within the vicinity of Peachland Main (- 6 km) , these bank failures are considered natural and 
periodically contribute sediment to the channel (Photo 20). 

In regards to mass wasting the Peachland Creek watershed is considered to have a low mass 
wasting potential based on the relatively benign and stable terrain in the majority of the watershed. 
However, the steep sidewall slopes situated along Peachland Creek and Greata Creek have been 
classified as Class IV terrain with a small percentage of Class V terrain situated along the lower 
mainstem of Peachland Creek (refer to Appendix A, watershed condition map). 

3.2.4 Riparian Function and Condition 

Riparian function and condition were assessed within the watershed utilizing the riparian , stream 
and aquatic indicators mentioned in Table 1.0. These indicators were used to classify the riparian 
areas in the watershed into one of four categories based on the approach summarized by 
Tschaplinski and Pike (20 I 0). The four categories are: 

• Properly functioning condition 

• Properly functioning condition, limited impacts 

• Properly functioning condition with impacts 

• Not properl y functioning 

Applying thi s approach riparian areas were observed to be properl y functioning or properly 
functioning with limited impacts throughout the majority of the Peachland Creek watershed. The 
amount of riparian area logged along mainstem channels in the watershed is low; therefore, a very 
high proportion of main stem channels have intact, properly functioning riparian areas. No channel 

instabilities associated with the removal of riparian vegetation were identified in the watershed. 
Although nol directly observed in this assessment cattle grazing was identified to be impacting 
channel stability and riparian conditions in the Greata Creek sub-basin and along portions of 
Peachland Creek (e.g. Peachland Main - 6 km and Munro FSR stream crossings) (Urban Systems 
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20 15). Based on the above infonnation and orthophoto images, overall riparian areas are in a 
properly functioning condition within the Peachland Creek watershed and its sub-bas ins. 

3.2.5 \Vatershed Sensitivity (Peak Flows, Sediment Supply and Channel Sensitivity) 

The current sensitivity (i.e. potential for hydrologic disturbances that could affect the intake or 
water supply infrastructure) of the watershed and its sub-basins to the current level of forest 

development was evaluated based on the likelihood for increased peak flows, likelihood of adverse 
stream channel changes (i.e. susceptibility of stream channels to change as result of increased peak 
flows), potential for increased sediment to stream channels and the current condition of riparian 
areas . The overall sens itivity of the watershed was used to describe the potential cumulative 
hydrologic effects of sediment sources, sediment delivery, riparian conditions and potential peak 
flow increases associated with the current level of forest development in the watershed and at the 
District of Peachland's water intake. 

Peachland Creek sub-basin: 

The current sensiti vity of the Peachland Creek sub-basin to the current level of forest development 

is considered moderate. Rationale for th is rating is based on the combination of the following: 

• The current ECA and the ECA above the H 40 line are at a level in which there is a moderate 
likelihood for increased peak flows. 

• Stream channels are considered to have a moderate sensitivity to increased peak flows or 
sediment delivery. The moderate channel sensitivity is associated to the cascade-pool and 
riffle-pool channel morphologies that contain medium sized textured beds and banks (e.g. 

cobble and gravels) that are susceptible to channel adjustment during significant peak flow or 
sediment delivery events. 

• Surface eros ion from Peachland Main (-6 km) and along the old trail that is situated north of 
Peachland Creek are currently chronic sediment sources that are likely affecting water quality 

at the District of Peachland water intake. 

Factors that reduce the sensitivity of the Peachland Creek sub-bas in to potential hydro logic 
disturbances include the following: 

• There is strong evidence to suggest that peak flows have been attenuated due to storage in the 
Peachland Lake reservoir. Attenuation peak fl ows most likely reduces peak flows from the 
upper Peachland Creek drainage; however, approximately 70% of the Peachland Creek sub­
basin is situated below Peachland Lake and is not buffered by Peachland Lake. 

• Riparian areas adjacent to mainstem channels are properly functioning with no evidence of 
bank instability or widening. 
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The current sensitivity of the Greata Creek sub-basin associated with the current level of forest 

development is considered low. Rationale for this rating is based on the combination of the 
following: 

• Stream channels are considered to have a moderate sensitivity to increased peak flows due to 

changes in peak flows or sediment delivery. The moderate channel sensitivity is associated to 
mainstem channels that are characterized as having riffle-pool channel morphologies that 

contain medium sized textured beds and banks (e.g. cobble and gravels) that are susceptible to 
channel adjustment during significant peak flow or sediment delivery events. 

• There is no potential for attenuation of peak flows since there are no major storage reservoirs 
in thi s sub-basin. No storage reservoirs are situated in the lower portions of the sub-basin; 
therefore, the majority of this sub-basin is unbuffered from the water intake. 

Factors that reduce the sensitivity of the Greata Creek sub-basin to potential hydrologic 

disturbances include the fo llowing: 

• The current ECA and the ECA above the H40 line that are at a level in which there is a low 
likelihood for increased peak flows that could significantly affect channel stability. 

• Riparian areas adjacent to mai nstem channels are properly functioning with limited evidence 
of bank instability or widening. 

Peachland Creek Watershed: 

The overall sensitivi ty of the Peachland Creek watershed to potential hydrologic di sturbance based 
on the current level of forest development is considered moderate at the District of Peachland water 
intake. This rating is based on the current ECAs for the watershed, the moderate sensitivity of 
channels to increased peak flows and the moderate attenuation of peak flows at the watershed level 
assoc iated with the Peachland Lake reservo ir. 

However it should be noted that the lower mainstem of Peachland Creek situated below Hardy 
Fa ll s was acti vely eroded in the spring of 2017 and is considered highly sensitive to peak flows or 
sediment inputs. Although this channel is considered highly sensitive to peak flows it is unlikely 
that the current forest development exacerbated the current channel condition. As mentioned above 
channel disturbance in thi s area resulted from a unusual spring freshet event that was primarily 
driven by higher than normal rainfall and mid-elevation (- 1000 m to 1400 m) snowmel t that 
resulted in wide spread di sturbance in mid elevation watersheds being flooded or disturbed 
throughout the Okanagan and Thompson regions. Also the majority of the channel bank erosion 
was likely attributed to the blockage and damming of debris and water behind several of the foot 

bridges that are present in the Hardy Falls Regional Park. As result water was di verted around the 
foot bridges causing significant channel and bank erosion. 
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Table 3.4. Watershed sensitivity to the current level of forest development at the watershed and 
sub-basin scale. 

Watershed 

Watershed, Peak Flow Likelihood 
C ha nnel Sensitivity 

Sensiti\'ity 
Sub-Hasin Attenuation of Peak Flow 

Rating 
(Pote ntia l for 

or Drainage Unit Potentia l Increases hydrologic 
disturbances) 

Upper Peachland Creek 
Good 

Drainage Unit 
M M M 

Mid Peachland Creek 
Poor L M L 

Drainage Unit 

Peachland Creek Sub-basin Good M M M 

Greata Creek Sub-basin Poor L M L 

Peachland Creek Watcrshed Moderate L M/I·I'" M 

... The lower mamstem of Peach land Creek SItuated below hardy falls was actIvely eroded m the sprmg of2017 and 

is considered highly sensitive to peak flows or sediment inputs. 

4.0 ASSESSMENT OF PROPOSED FOREST DEVELOPM ENT 

This section provides guidance with regards to proposed development in the watershed based on 
the current watershed conditions, potential hydrologic hazards/ri sks in the watershed and projected 
ECAs. 

4.1 Proposed Development 

The proposed forest development within the Peachland Creek watershed is approximately 1043 ha 
which would increase the overall ECA for the watershed from 20% to 28% and the ECA above 

the H 40 elevation from 25% to 35% (Table 4. 1). The proposed ECA level above the H 40 line will 
therefore increase the likelihood of increased peak flows from low to moderate. 

At the sub-basin level overall ECA would increase from 29% to 35% in the Peachland Creek sub­

basin and from 14% to 28% in the Greata Creek sub-basin. ECA above the H 40 elevation would 
increase from 33% to 40% in the Peachland Creek sub-basin and increase from 15% to 28% in the 
Greata Creek sub-basin. Current ECAs above Peachland Lake would increase by no more than 1% 
given limited proposed forest development situated above Peachland Lake. In the Mid Peachland 
drainage unit, current ECA would increase from 26% to 36% and ECA above the H 40 elevation 
would increase from 26% to 47%. Proposed ECA's in the Mid Peachland Creek drainage unit are 
considered to have a high likel ihood for increased peak fl ows. Proposed ECA's are considered to 

have moderate li kelihood for increased peak flows in the entire Peachland Creek sub-basin and the 
Upper Peachland Creek drainage unit. Proposed ECA's in the Greata Creek sub-basin are consider 
to have a low likel ihood for increased peak flows. 
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Table 4.1. Summary of proposed ECA's for the Peachland Creek watershed assuming all proposed 
blocks are harvested before the end of20!7. Note: ECAs were based on revised snow recovery 
estimates for pine dominated forests in the interior British Columbia using the methodology 
suggested in Extension Note 116 (Winkler and Boon 2015). 

[CA Abovc H4(I 

Total ECA 
Area Above ECA without Forest 

Area 
Sub-basin 

(ha) " .. Abo\'c H40 Health Factor (c.g. 
Mature Pine 

(h,) (%) (h,) (h,) (%) Mortality) 

Upper Peachland Creek 
2416 805 33 1860 674 36 639 

Drainage Unit 

Mid Peachland Creek 
4057 1442 36 

Drainage Unit 
892 416 47 415 

Entire Peachland Creek 
sub-basin (included Upper 6473 2247 35 2752 \090 40 1053 
and Mid Peachland Creek) 

Greata Creek Sub-basin 4496 1237 28 2029 574 28 573 

Watershed 12553 3539 28 4780 1664 35 1626 

Note: H40 elevatIon for the snow sensI tIve zone was calculated to be 1340 III based upon the entIre watershed area 
situated above the District of Peachland intake. 

Even though the likelihood for increased peak flows is considered low to moderate at the sub-basin 
level it is critical that careful consideration be given to ensure all existing and proposed road 
crossings and road drainage systems are adequate to accommodate large peak flows, prevent 
excessive erosion and concentration of surface drainage. This recommendation is primarily based 
on the fact that the majority of stream channel or surface erosion issues that were identified in the 

watershed were associated with upslope di version or concentration of surface drainage as result of 
road drainage or due to the combination of rapid snowmelt from recently harvested upslope 
cutblocks and concentration of stream flows due to road drainage. This recommendation is 
particularly important in light of climate change that has been projected to cause a higher frequency 
of extreme events (e.g. higher frequency of intense rainfall events, higher frequency of rain-on­

snow events that can generate larger than average stream flow events). 

4.2 Peak Flows and Channel Sensitivity 

Peak flows in the watershed and sub-bas in mainstem channels are typically generated by snowmelt 

from the snow sensi tive zone (above the H 40 elevation). Removal of forest stands through forest 
harvesting leads to increased rates of snowmelt and runoff and may result in increased peak flows. 
As flow vo lumes increase, so do water depths and shear stresses exerted on channel bed and banks. 
Increased shear stresses can lead to greater rates of bank erosion, sediment transport and reduced 
water quality. 
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As described above, the sensitivity of the watershed to potential hydrologic disturbances that could 
affect the water intake or water supply infrastructure are currently considered moderate for the 
majority watershed due to the combination of a moderate likelihood for increased peak fl ows and 
stream channels that are moderately sensitive to potential peak fl ow increases (Table 4 .2). The two 
exemptions or areas of particular concern include the Mid Peachland Creek drainage unit and the 
lower 1.2 km of Peachland Creek situated below Hardy Falls. 

Based on the proposed ECAs within the Mid Peachland Creek drainage unit and the observed 
channel di sturbance (e .g. Mile Creek) observed within thi s drainage unit a high watershed 
sens itivity rating has been assigned to the proposed level of development within thi s drainage unit 
(Table 4.2) 

The lower 1.2 km of Peachland Creek situated below Hardy Falls is cons idered to be highly 
sens itive to peak flows as result of recent channel instability associated with the 20 17 spring 
freshet , important spawni ng hab itat for kokanee salmon and the direct proximity of res idential 
buildings adjacent to Peachland Creek. Therefore, a high potential hydrologic di sturbance rat ing 
in association with the proposed development has been assigned to the lower Peachland Creek 
channel reach (Table 4.2). Currently the Regional Distri ct of Central Okanagan is in the process 

of developing plans to remediate the impacts from the 2017 spring freshet on the lower reach of 
Peachland Creek that are situated with in the Hardy Fa ll s Regional Park (W. Darlington, September 
6, 2017). Ideally these remediation plans should be developed to minimize future channel 

instability. 

It is also important to note that there is little evidence to link channel disturbance with ECA alone 
(BC Mini stry of Forests 1999; Grant et a!. 2008), in isolat ion from other affects such as riparian 
disturbance and increases in sediment supply. As stated by Grant et a!. (2008) " ... no field studies 
explicitly li nk changes in peak flows to changes in channel morphology". The interplay of many 

additiona l factors can cause changes in channel morphology. These factors include increased 
sediment loads to stream channe ls from landslides, poor riparian conditions that result in loss of 
channel bank stability and channel morphologies (e.g. forced riffle-pool or rime-pool channels) 

that are sensitive to increases in peak flows (Grant et al. 2008). Hogan and Luzi (2010) also 
provided a hierarchy of the potential of forest practices activ ities to influence channel conditions. 
This hierarchy highlights how channel impacts are likely greater in watersheds with high levels of 
mass wasting and high proportion of vegetation removal di rect ly along mainstem channels as 
compared to watersheds that may have high proportion of the watershed area logged but with 
limited mass wasting and ri parian logging. The above information highlights the importance of 
ensuring all road structures, road ditchlines, cross-drain culverts and stream crossings 

situated below proposed development are sufficient to maintain natural drainage patterns to 
accommodate stream flo\\'s associated with the potential increased peak flows. Also 
maintenance of properly functioning riparian areas to maintain channel and bank stability 
is important. 
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Table 4.2. Watershed sensitivity to proposed forest development at the watershed and sub-basin 

scale. 

Wa tershed 
Peak Flow Li kelihood of 

Channel Se nsitivity 
Sensiti\'ity 

Watershed or 
Attenuation Peak Flow (Potentia l fo r 

Sub-Basin 
Potentia l Inc reases 

Rating 
hydrologic 

disturbances) 

Upper Peachland Creek 
Good 

Drainage Unit 
M M M 

Mid Peachland Creek 
Poor 

Drainage Unit 
H M H 

Peachland Creek Sub-basin Good M M M 

Greata Creek Sub·basin Poor L M M 

Peachland Creek Watershed Moderate M M/H* M/H* 

*A high potentml for hydrologiC disturbance ratmg has bccn aSSIgned to thc lower 1.2 km of Peachland Creek sltuatcd 
directly above Okanagan Lake due to its current channel sensitivity. 

4.3 Surface Erosion and \-Vater Quality 

As already mentioned a key element at risk is water quality at the District of Peachland water 
in take; therefore, it is important that all proposed forest development is carried out in manner that 
will avoid potential erosion and sediment delivery issues that could affect water quality at the 
District of Peach land water intake. The primary sediment source related to forest development is 
forest roads either from events originating from roads or from erosion of exposed soils within the 
road prism (Maynard 200 1, Gillie 2007); therefore, proposed roads were the main focus of this 
portion of the assessment even though an overview of proposed cutblocks was also completed. As 
stated by Maynard (200 I) surface is usually not a major concern from undisturbed c1earcut areas, 
except for roads and bladed trail s, recent landslide and gull y scour, sensitive landforms and sites 
with extensive surface disturbance. 

In thi s assessment the potential fo r increased surface erosion and sediment del ivery as result of 
proposed forest development were assessed based on the following; 

• Inventory of proposed roads and number of stream cross ings by drainage un it 

• Invento ry of proposed roads situated on Class IV or V terra in stab ility polygons 

• Inventory of proposed roads situated on moderale to very high surface erosion polygons 

• Office review of individual proposed cutb locks and road locations within the watershed 
using a bare-earth hillslope map with 5 m contours (refer to Appendix A for bare-earth 

map). 
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It should be noted that the potential for increased surface erosion and the effects on water quality 
were based on an office based assessment using the above mentioned infornlation. This 
infornlation is suitable to assist in forest planning; however, this assessment was not detailed 
enough to substitute for sit e-specific, operational recommendations and decisions. The terrain and 
surface erosion mapping used in this assessment was completed by Maynard (200 I). 

Inventory of Proposed Roads and Stream Crossings 

A total of 51.9 km of new road is planned to access the proposed development with 23.4 km of the 
proposed road situated above the H40 line (Table 4.3). As shown in Table 4.3 the majority of the 
proposed roads are situated in the Mid-Peachland and Greata Creek drainage areas. The majority 
of proposed development in these drainage areas are situated below Peachland Lake and Glen Lake 

reservoirs in the unbuffered area (i.e. no reservoirs are present downstream) of the watershed 
upstream of the intake. In this area if surface erosion/sediment delivery to stream channels occur 
it has a higher likelihood of effecting water quality at the intake. 

Table 4.3. Summary of length of proposed roads in each of the sub-bas ins, drainage units and 

residual area in the Peachland Creek watershed. 

Basin Length of Proposed Roads (km) Number of 
Above H40 Line Below H40 Line Basin Total New Stream 

Crossings 
Upper Peachland Creek 0.7 0.0 0.7 0 

Mid Peachland Creek 12.3 12.6 24.9 6 

Greata Creek Sub-basin 10.4 14.2 24 .6 17 

Residual above Intake 0.0 1.7 1.7 I 

Watershed Total 23.4 28.5 51.9 24 

Terrain Stability and Surface Erosion Potential Mapping 

Terrain stability and surface eros ion potential mapping was completed by Maynard (2001). As 
stated by Maynard (2001) Terrain Survey Intens ity Level C mapping at a scale of 1:20,000 was 
carried out in the Peachland Creek watershed to provide interpretations of terrain stability and 

surface erosion potential to indicate an expected response of terrain to conventional forest 
development operations (road construction and clearcut harvesting). The surface erosion potential 
mapping was used to determine the likelihood of proposed roads effecting water quality from each 
of the sub-basins (Table 4.4). As summarized in Table 4.4 in the Greata Creek sub-basin there are 
approximate ly 2.5 km of proposed road situated on Class IV terrain. Also within the Mid­
Peachland drainage unit and in the Greata Creek sub-basin sections of road are situated on 

moderate to very high surface erosion potential (refer to Table 4.4). As identified by Maynard 
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(200 I) ratings for surface erosion are a qualitative assessment of the likelihood for generating 
sediment by overland water flow during and after forest development and presume the mineral soil 
is exposed. Thus areas of main concern related to the proposed development are roads and bladed 
trails situated on or above terrain Class rv and V polygons and moderate to very high surface 
erosion polygons. Details regarding the rating of surface erosion potential polygons and sediment 
delivery polygons are provided in Appendix II and III in Maynard (2001). 

Table 4.4. Summary of the length of proposed roads situated on terrain stability Class rv or V 

polygons and moderate to very high surface erosion potential pol ygons as identified by Maynard 
(200 I). Length of proposed roads on Class I to III terrain are not shown. 

Terrain Stability Surface Erosion Potential 
(Proposed Road Length) (Proposed Road Length) 

Drainage Unit Class IV Class V 
Low Surface Moderate High 

Very High 
Erosion Surface Surface 

terrain terrain 
Potential Erosion Erosion 

Surface 
(km) (km) 

(km) (km) (km) 
Erosion (km» 

Upper Peachland Creek 0 0 0.7 0 0 0 

Mid Peac hland Creek 0 0 14.3 8.0 2.2 1.3 
Greata Creek Sub-basin 2.5 0 7.8 9. 1 5.0 2.8 

Residual above Intake 0 0 0 1.7 0 0 

Watershed Total 2.5 0 0 1.9 0.7 0 

Review of Individual Proposed Cutblocks and Road Locations 

An office review of indi vidual proposed roads and cutblocks using ArcG IS was completed to 
assess the likelihood for increased surface erosion and delivery as result of proposed forest 
deve lopment to the District of Peachland water intake (refer to Appendix E for details). Factors 

that were considered in the review included the proximity of the proposed development to 
moderate to very high surface erosion polygons, proximity of the proposed development to Class 
IV or V terrain , road-stream connectivity to streams, location of wetlands or lakes that may buffer 

sediment transport, fie ld review infonnation, topographic factors such as the slope gradient, slope 
shape and slope length, and presence of terrain features that may indicate areas susceptible to 
generating surface erosion as result of forest development (e.g. excessive gullied terrain, old 
lands lide scars) based on a bare-earth hillslope map with 5 m contours of the entire watershed. The 
bare-earth map was generated from LiDAR data that was used to generate rasters having a I m by 
I m pixel size for the entire watershed (refer to Appendix A for bare-earth map). 

Based on this office review the majority of proposed roads and cutblocks are considered to have a 
low potential to increase surface erosion and affect water quality at the District of Peachland water 
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intake (refer to Appendix E). The following cutblocks and associated access roads were 
highlighted as requiring further on the ground assessment or planning to ensure increased surface 
erosion and delivery of sediment are minimized: 

• KPJ094 1<23 - This proposed block is situated adjacent to Mile Creek and a tributary 
channel to Peachland Creek. Also moderate and high surface erosion polygons and Class 
rv terrain are situated below the proposed block. Both stream channels were eroded at the 
old trail situated below this block (Field Stop #22 and #23). The proposed spur road for 
this block does not appear to be a surface erosion concern since it is situated on relatively 
flat terrain and is not in close proximity to any stream channels. An existing spur road 
located on the south end of the block has the potential to divert and concentrate flows that 
could cause surface erosion downslope into Peachland Creek. 

Recommendation: 
o It is critical that natural drainage patterns be reviewed and maintained both within 

the block and below the block. This recommendation is particularly important at 
the lower end of an existing spur road situated on the south end of the block. 
Drainage along the existing spur road may concentrate surface flows down the road 
ditch line onto Class IV terrain; therefore, the spur road should be deactivated to 

ensure natural drainage patterns are maintained. Consideration should also be given 
to deactivating the road crossings at the old trail to avoid further erosion. 

• KP1128 556 - This proposed block is si tuated on moderate surface erosion potential 
polygon with the northwest portion of the block situated on Class IV terrain. Also the 
existing access roads situated on the northern portion of the block cross a relatively deep 
gully. 

Recommendation: 
o It is suggested that the northwest portion of block should be reviewed by 

terrain/surface eros ion specialist to ensure surface erosion potential is not increased 
after development of the proposed block. Also the two stream cross ings on the 
existing access roads on the lower (northern) portion of the block should reviewed 
to ensure surface erosion and sediment delivery is not an issue. 

• KPI129 556 - The west portion of the proposed block is situated slightly on or above a 
high surface erosion potential and above Class IV/V terrain. 

Recommendation: 
o Ensure terrain instability associated with Class V and IV is not increased below 

the proposed block. Ensure natural drainage patterns are main tained. 

39 

58 of 130 



Peachland Creek Community Watershed Assessment 
Final (Revised) Report - November 5, 20 18 

• KPI149 K20 - This proposed block and access road is located on moderate surface erosion 
potential polygon with a high sediment delivery potential. Also the north end of the block 
is situated above Class TV terrain . The upper access road crosses three gull ies visible on 
the bare-earth map that may be susceptible to surface erosion in association with road 

construction. 

Recommendation: 
o The gu llies situated along the upper access road should be rev iewed to ensure 

surface eros ion is not increased. 

• KPtl67 K23 - This proposed road and block are situated on a moderate surface eros ion 
potential polygon and above gullied terrain that was observed to have eroded fine 
sands/sil ts (situated above Field Stop #49) with sediment deli very to Greata Creek. The 
proposed block could increase stream fl ow along the Ester Road further increasing erosion 
and sediment del ivery to Greata Creek. 

Recommendation: 
o The stabi li ty of the gu llies and road drainage along Ester Road should be reviewed 

and upgraded prior to development of the proposed block to minimize potential 
surface erosion to Greata Creek. 

• KP1l68 - The west portion of this proposed block is si tuated on and above Very High and 
High surface erosion potential polygons and Class V/TV terrain. Also an existing road and 

switchback are situated in relati ve ly close prox imity to the Class V/IV terrain. 

Recommendation : 
o Road drainage below the swi tchback on an existing road on the west edge of the 

block should be reviewed to ensure surface runoff will not be concentrated onto 
Class V and IV terrain and Very High and High surface erosion polygons. Ensure 
natural drainage patterns are maintained along all existing and proposed access 
roads. Ensure slope instability or surface erosion potential are not inc reased 
downslope at the west end of the block. 

• Be TS K7GS - This proposed block and access road is situated on moderate surface 
erosion potential polygon and Class IV terrain with two stream cross ings proposed to 

access the block. 
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o The moderate surface erosion potential and Class IV terrain should be included 
in road and block forest development planning considerations to ensure surface 
erosion delivery to Glen Lake is avoided. 

• BCTS K7J3 and K7J4 - The access road that passes through K7J4 includes four crossings 
that traverses relatively steep terrain. This access road also includes one major switchback 
and crosses gullied terrain on the northern end of the K7J3. Portions of the proposed road 
and block are also situated on moderate and high surface erosion polygons. 

Recommendation: 
o Ensure natural drainage patterns are maintained along the access road. Ensure all 

downslope road cross ings are adequately sized to accommodate potential increased 
peak flows. Gullied terrain is present at the northern end of the proposed block; 
therefore, ensure the road location (i.e. road cutbanks and road prism) does not 
increase surface erosion into the tributary channel (e.g. if necessary, consider 
relocation of this access road) 

• BCTS K7J2 - This proposed block and the lower access road are situated on a moderate 
surface erosion potential polygon and Class IV terrain. 

Recommendation: 
o The moderate surface erosion potential should be included in road and block forest 

development planning considerations to ensure surface erosion delivery to Glen 
Lake is avoided. 

• BeTS K7HJ - A portion of this proposed block is situated on a high surface erosion 
potenlial polygon and Class IV terrain with four proposed stream crossings. Two of these 
proposed stream crossings are situated within the proposed block. 

Recommendation: 
o Ensure surface erosion from block is not increased given high surface erosion 

potential. A void localized erosion from block. Also any proposed roads should be 
developed in a manner that does not increase surface eros ion potential. 

4.4 Mass Wasting 

It should be recognized that this watershed assessment is an overview level watershed assessment 
and is not sufficient to address specific development (cutblock or road) related terrain stability 
concerns. Terrain stability assessments should be completed by a qualified professional for 
proposed harvest and road construction where deemed necessary during the forest development 
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planning and layout process. Based on current practices it is understood that appropriate terrain 
stability assessments wi ll be carried out where required in thi s watershed and based on these 
assessments the potential for mass wasting to impact watercourses or water quality will not be 
increased. Avoidance of slope instability into stream channels is viewed as critica l to the 
maintenance of stream channel stability and water quality throughout the watershed since changes 
in instream sediment supply can have detrimental effects on channel conditions, fi sh habitat and 
water quality. 

As shown on the watershed condition map (Appendix A) and as described in Section 4.3 a small 
proportion of proposed development is situated on or above Class IV terrain ; therefore, it is critical 
that careful consideration be given to developing these areas so that the likelihood of mass wasting 
and sediment delivery is not increased to stream channels. 

4.5 Riparian Function 

There is no forest development proposed direct ly adjacent to the mainstem channels. Also it is 
assumed that appropriate riparian management practi ces that are consistent with forest licensees' 

forest stewardship plans for all proposed cutblocks that are in close proximity to unclassified or 
small streams will be adequate to minimize riparian disturbances that could have detrimental 
effects at the District of Peachland's water intake. This assumption is based upon the fact that no 

evidence was found that current riparian management strategies were inadequate to protect water 
quality at the District' s water intake. Therefore, there is a low likelihood that the proposed forest 

development wi ll impact riparian functions and associated water quality or quantity provided 
appropriate riparian management practices are implemented to maintain channel stability. It 
should be noted that an important component to maintain the stream channel stability can be 
achieved through maintenance ofproperJ y functioning riparian areas. 

4.6 Other Land use Considerations 

Past reports (e.g. Forest Practices Board 2012) have identified that other land uses (e .g. recreation 
and cattle graz ing) in conjunction with forest development can affect water quality. Therefore, it 
is essential that not only the potential direct effects on water from forest harvesting/roads be 
considered in the forest development planning process but the unintended consequences of forest 
development be considered. For example, forest harvesting can result in the natural loss ofbarri ers 
that normally would limit access to watercourses by cattle or recreational users (Forest Practices 
Board 20 12). In addition forest development can increase access of drainage areas/water courses 

to recreational users. 

In terms of risk to water quality, the most vulnerable portions of the watershed are the mainstem 
channels situated between the main storage reservoirs and the water intake. To further safeguard 
against potentia l water quality effects in these areas extra consideration should be given to the 
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maintenance of healthy riparian areas that adequately buffer these water courses from potential 
effects of forest development and other land uses. Also deactivation of roads when no longer 
required for forest development will also help to minimize potential water quality effects from 

other land uses. 

5.0 RISK ANALYSIS 

A partial risk analysis was used to evaluate the potential effects of proposed development (Wise 
2004). Definitions of the specific risk analysis terms can be found in Tolko 's Watershed Risk 
Management Framework (2018). The risk analysis was grouped into five main categories based 
on the primary elements at risk (Table 5. 1). 

Water Quality - A primary concern of the District of Peachland is the potential effects that forest 
development may have on water quality at the District's intake. Currently numerous issues have 
been identified in the watershed that are considered ongoing chronic water quality issues at the 
water intake. Mitigation of current surface erosion issues would most likely help to minimize water 
quality issues at the intake. Initial discussion regarding these issues occurred at the forest licensees' 

meeting with the District of Peachland on February 26, 2018. 

A significant amount of forest development is proposed within the unbuffered area immediately 
upstream of the intake and downstream of all reservoirs (e.g. Peachland Lake and Glen Lake 

reservoirs) (refer to Appendix A, watershed condition maps). In this zone any impacts to water 
quality (i.e. sediment inputs) and quantity have a higher likelihood of affecting the District's water 

intake. The second, upper zone, includes those areas upstream ofa reservoir (e.g. Peachland Lake 
reservoir and Glen Lake reservoir) . Runoff from the upper zone is stored before being released to 
the intake. Impacts to water quantity and quality in the buffered areas are considered a lower risk 
as measured at the intake due to the benefits of water storage. 

In recognition of the above mentioned water quality concerns an office based review of the 
proposed roads and blocks was completed. As described in Section 4.3 the majority of proposed 
roads and cutblocks are considered to have a low potential to increase surface erosion and affect 
water quality at the District of Peachland water intake (refer to Appendix E). A li st of cutblocks 
and assoc iated access roads were highlighted as requiring further on the ground assessment or 
planning to ensure increased surface erosion or delivery of sediment is minimized. Based on this 
information the risk to water quality and the potential likelihood of whether water quality will be 
affected is site specific and depends on how we ll eros ion and sediment control measures are 
applied in all phases of forest development (e.g. forest development planning, construction, and 
post-harvesting) to ensure potential erosion/sediment delivery issues are avoided. 

Water Supply JIl/rastmcture - Proposed forest development is considered to have low risk to 
cause damage of the District of Peachland's water intake infrastructure as result of landslides or 
disturbance to stream channels since the proposed forest development is situated we ll away from 
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the intake and is situated on relatively stable terrain. It should be noted that there still is the 
potential for further slope instability below the Munro FSR; however, recent relocation of the 

Peachland Creek should have minimized the potential for the movement of debris into the water 
intake infrastructure. 

Water QualltitylSupply - Overall changes to water quantity/supply associated with the proposed 
forest development that could have implications for stream channel stability, reservoir storage, low 
flows or fish are considered to be a moderate ri sk. This risk rating is based on the proposed 
moderate to low ECA levels for the watershed that could result in moderate increases in the 
frequency and magnitude of streamflows. However, it is important to note that proposed ECAs 
above the snow sens itive zone in the entire Peachland Creek sub-bas in and Mid Peachland 
drainage unit will likely result in the advancement in the timing of spring freshet runoff which 

could result in earlier and longer use of reservoir storage. However, the relatively large reservoir 
storage capacity in Peachland Lake wi ll help to mitigate advancements in the timing of spring 
freshet runoff associated with the proposed ECA in this sub-basin. 

Also proposed ECAs within the Mid Peachland Creek drainage unit are in the high range for 
potential changes in peak flows. At this level of development peak flow changes become highly 
uncertain. 

Fish and Fish Habitat - Fish and fish habitat is situated throughout the mainstem channels of the 

watershed; however, the primary habitat of concern is situated in the lower 1.2 km of Peachland 
Creek below Hardy Falls. Proposed forest development is considered to have a high risk rating for 
potential effects on the lower reach of Peachland Creek. This risk rating is based on the 
combination of high channel sens itivity, moderate likelihood for peak flow increases and the high 
vu lnerability rating of the disturbed main stem channel situated below Hardy Falls. Although direct 
impacts from proposed forest development are very unlikely the potential indirect, cumulative 
effects from changes in flood frequency are a concern. Improvements to the currently disturbed 
lower channel reach would help to minimize the potential risks. 

Fish and fish habitat situated within the remainder of the watershed are cons idered to have a 
moderate risk rating. This lower risk rating is mainly assoc iated with the fact that fish species such 
as brook trout and rainbow trout that are present in the remainder of the watershed are more robust 
and less sensitive to water quality or channel disturbance issues. Also the majority of channels 
situated above the District of Peachland intake were cons idered relatively stable with properly 

functioning riparian areas and intact fish habitat. 

Infrastrucwre - The potential effects of the proposed forest development is considered to have a 
moderate risk rating for infrastructure not related to the municipal water supply. Infrastructure of 

concern includes the Highway 97 bridge crossing near Okanagan Lake and residences situated on 
the alluvial fan near Okanagan Lake. The primary factors that contributed to this risk rating is the 
moderate potential for increased peak flows, channel sensitivity on the lower fan and the 
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vulnerability of these structures. Similar to above, improvements to the currently di sturbed lower 

reach of Peachland Creek would help to minimize potential ri sks associated wi th the proposed 
development . 

Additional infrastructure (other than the specific issues mentioned above) associated with roads 
(status and non-status roads) and stream crossings situated within the watershed are considered to 
have a low ri sk for potential effects from forest development. This is based upon the general 
observation that the majority of road structures were adequately designed to accommodate 
relatively large stream flow events. However, all road structures, road ditchlines, cross-drain 
culverts and stream crossings situated below proposed forest development should be evaluated to 
ensure these structures are adequate to maintain surface drainage patterns and to accommodate 
increased stream fl ows associated with upslope development and potential climate change effects. 
This recommendation al so pertai ns to non-status roads and trails. 
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Table S.1. Summary risk ratings associated with proposed development on water quality, water 

supply infrastructure, water quantity/supply, fi sh and fish habitat and downstream infrastructure. 

Watersh ed Surface 

Vulnerability 
Sensiti\'ity Likelihood Erosion 

Elements at Risk (Potential for of and 
Rating 

Hydrologic Occurrence Deliver y 

Disturbances) Potential 

Water Quality 

Risk 

L to H* 
Water quality allhe DiSlrict of Peachland waler 

H M M L to H* 
(see text 

intake (primarily turbidily and human- foc 
introduced pathogens) rationale) 

L 

Water Supply Infrastructure 
(low 

likelihood 
Potential damage to the District of Peachland 's 

M M L of large 
waler intakc infrastructure as result of 

landslides or disturbance to stream channels 
mass 

wasting 

events) 

Water Quantit y/Supply 
Changes to water quantity or timi ng of flows 

M M L N/A 
that could have implications for water supply, 
stream channel stability or fis h 

Fish and Fish Habitat 
Fish and fish habitat (primary focus is kokanee 

M /H H M M 
salmon habitat situated in the lower 1.2 km of 
Peachland Creek) 

Infrastructure 
Infrastructurc not related to municipal water 

supply (e.g. Highway 97 bridge crossi ng and M M L N/A 

residential homes situated directly adjacent to 

Peachland Creek below Renfrew Road). 

*Surface eros1On potential and dehvery are site specific and range from [ow to very high (details regardmg surface 
erosion concerns are described in Section 3.2.2 and Section 4.3). 
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6.0 SUMMARY AND RECOMMENDATIONS 

6.1 Key Issues and Elements at Risk 

Key resources at stake (elements at risk) in the watershed include the following: 

• Water quality at the District of Peachland water intake (primarily turbidity and human­

introduced pathogens); 

• Potential damage to the District of Peachland ' s water intake infrastructure as result of 
landslides or disturbance to stream channels; 

• Changes to water quantity or timing of flows that could have implications for stream 

water supply, channel stability or fish ; 

• Fish populations and habitat (primary focus is kokanee salmon habitat situated in the 

lower 1.2 km of Peachland Creek); and, 

• In frastructure not related to the municipal water supply (e.g. Highway 97 bridge 

crossing, residential homes situated directly adjacent to Peachland Creek below 

Renfrew Road and other road/stream crossing infrastructure). 

Currently the District is in the process of "eventual abandonment of the Trepanier Creek water 

source" through the installation of a water treatment plant facility at the Peachland Creek water 

intake to improve water quality treatment and to meet water quality standards and objectives set 

by the BC Ministry of Health (Urban Systems 2007, Urban Systems 2015a, District of Peachland 

20 16). The water treatment plant is projected to be completed in 2020. Once completed all of the 

District' s wate r will be obtained through the Peachland Creek watershed, highlighting the 

importance of this watershed as a stable and clean source of water for the District of Peachland. It 

should be noted that in order for the District to supply enough water to meet the entire demands 

from the Peachland Creek watershed current water li censes on Trepanier Creek would remain in 
place. Water from the Trepanier Creek watershed would ei ther be diverted to the Peachland 

Reservoir from the MacDonald Creek or from the Brenda Mine water treatment plant (Urban 

Systems 20 15b). 

6.2 Current Watershed Condition and Past Forest Development 

• The overall ECA and the ECA within the snow sensitive zone (i.e. above the 1-140 elevation) 

for the entire Peachland Creek watershed are 20% and 25%, respectively (refer to Table 

4.1). These ECAs for the watershed are considered to have a low likelihood for increased 

peak flows. At the sub-basin level, the current ECAs are considered to have a moderate 

likelihood for increased peak flows in the entire Peachland Creek sub-basin and the Upper 

Peachland Creek drainage unit. Current ECA's in the Greata Creek sub-basin and Mid 
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Peachland Creek drainage unit are considered to have a low likelihood for increased peak 

flows. 

• Detrimental or material changes to the other components of streamflow such as annual 
water yield, low flows and timing of flows associated with the existing level of 
development are considered to have a low likelihood of having a negative impact to 

downstream water users and supply. This statement is partly based on the storage and 
moderation of streamflows associated with the release of water from Peachland Lake to 
provide water for irrigation and fish conservation flows. 

• The majority of stream channels situated within the watershed were observed to be 
relatively robust with limited to no evidence of instability associated with past forest 
development. The majority of stream channels in the watershed were considered to have a 
moderate sensitivity to changes in peak flows or sediment delivery based on the main 
channel morphologies (riffle·pool and cascade·pool channels with gravel/cobble beds) 
present within the watershed. The lower reach (- 1.2 km) of Peachland Creek situated 
below Hardy Falls was actively eroded in the 2017 spring freshet event. This stream reach 
was considered to have a high channel sensitivity. Channel sensitivity was also observed 
on Mile Creek partly as result of upstream diversion of flows along the Brenda Mines Road. 

• The current sensitivity of the watershed to pOlential hydrologic di sturbances associated 
with the current level of forest development are considered low to moderate for the 
majority of mainstem channels situated throughout watershed; however, the lower 
mainstem of Peachland Creek situated below Hardy Falls is considered to be highly 
sensitive to potential peak flow increases. 

• Suspended sediment and elevated turbidity levels associated with the spring freshet and 
during high intensity rain stonns have been an ongoing issue for the District of Peachland. 
Surface erosion and sediment delivery from existing roads and cutblocks was considered 
low in the majority of the watershed based upon limited observed evidence of erosion 
concerns. However, several chronic ongoing surface erosion issues exist with the 
watershed. The main issues include the lower end of the Munro FSR, and Peachland Main 
(-6km). Additional road related surface erosion issues were also identified and the reader 
is encouraged to review Section 3.2.2 of thi s report. 

• The majority of the Peachland Creek watershed is characterized by a plateau with generally 
benign, rolling terrain with relatively gentle slopes; therefore, and as identified in past 
assessments, mass wasting/landslides are considered a low concern in the watershed and 
its sub·basins. However localized surface erosion and terrain issues (e.g. Munro FSR and 
Peachland Main (- 6 km) and an old trail situated northeast of Peachland Creek have 
contributed sediment into Peachland Creek and are a water quality concern. 
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• In the majority of the watershed riparian areas are considered to be properly function ing or 
properl y functioning with limited impacts. No stream bank instability associated with 

harvesting of riparian areas on Crown land was identified. 

6.3 Proposed Forest Development Summary 

• Within the next 5 years Tolko Industri es Ltd. , BC Timber Sales and Ntityix Resources LP 
propose to harvest approximately 1043 ha within the watershed with approx imately 466 ha 
of thi s development proposed above the H40 line. This would resu lt in proposed ECAs to 

increase into the 28% to 47% range for the watershed, its sub-basins and dra inage units 
(Table 4.2). At the watershed level the proposed ECA above the snow sensitive zone is 
considered to have a moderate likelihood for increased peak flows. At the sub-bas in and 
drainage unit level, proposed ECA's are considered to have moderate li kelihood for 
increased peak 110ws in the entire Peachland Creek sub-basin and the Upper Peachland 
Creek drainage unit. Proposed ECA's in the Mid Peachland Creek drainage unit are 

considered to have a high likelihood for increased peak 110ws; however, peak 110ws 
increases at the larger sub-basin level will be moderated by the attenuation of peak 110ws 

at Peachland Lake. Proposed ECA's in the Greata Creek sub-basin are consider to have a 
low likelihood for increased peak flows. 

• On the whole, detrimental or material changes to the other components of streaml10w such 
as annua l water yield and low 110ws associated with the proposed level of development are 
considered to have a low likelihood of having a negative impact to downstream water users 
and supply. This statement is partly based on the storage capacity and moderation of 
stream flows associated with the release of water from Peachland Lake to provide water for 
irrigation and fi sh conservation flows. 

• It is important to note that proposed ECAs above the snow sensitive zone in the entire 
Peachland Creek sub-basin and Mid Peachland drainage unit will likely result in the 
advancement in the timing of spring freshet runoff which could result in earl ier and longer 
use of reservoir storage. However, the relatively large reservoir storage capacity in 
Peachland Lake wi ll help to mitigate advancements in the timing of spring freshet runoff 
assoc iated with the proposed ECA in these sub-basins. 

• Approximately 5 1.9 km of road will be required to access the proposed development in the 
watershed. Soi ls range from low to very high surface erosion potent ial within the 
watershed. Based on an a office review of individual proposed roads and cutblocks the 
majority of proposed roads and cutblocks are considered to have a low potential to increase 
surface erosion and affect water quality at the District of Peachland water intake. However, 
several access roads and proposed blocks were highlighted as requiring furth er on the 
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