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WEYERHAEUSER CANADA LIMITED 
Okanagan Falls Division 

Interior Watershed Assessment Procedure 
for the 

HYDRAUIC/KLO/POOLEY CREEK WATERSHEDS 
UPDATE REPORT 

1.0 INTRODUCTION 

This updated Interior Watershed Assessment Procedure (IWAP) report for the 
Hydraulic/KLO/Pooley Creek community watersheds has been prepared for Weyerhaeuser 
Canada Ltd., Okangan Falls Division, in order to comply with the Bill 47 regulation 
requirements within the Penticton Forest District. The objective of this report is to provide 
information regarding both the current watershed condition and the risks associated with 
proposed forest development plans for the period of 1998 to 2003. 

The initial IWAP was completed for the entire Mission Creek watershed including the 
Hydraulic, KLO and Pooley watersheds in 1996. The purpose of this updated watershed 
assessment is to: 

determine the current watershed condition and identify impacts that may be associated 
with past forest development (updated to 1998); 

provide landscape level recommendations regarding the hydrologic impact of proposed 
forest development plans for the watersheds for the period of 1998 to 2003; 

comply with the requirements of the Forest Practices Code Operational Regulation that 
watershed assessments must be completed and considered in the forest development 
plans for community watersheds. 

2.0 KEY WATERSHED ASSESSMENT ISSUES 

An initial Watershed Assessment Committee (WAC) meeting, that included BC Environment, 
Penticton Forest District, South East Kelowna Irrigation District (SEKID) and Dobson 
Engineering Ltd. was carried out in late October to discuss the current condition of the 
watershed and to identify concerns within SEKID's community watersheds [refer to 
Appendix D- WAC Meeting Minutes]. At the initial WAC meeting the following issues and 
concerns were identified: 

the potential impact on channel stability andlor water quality from increased peak 
flows resulting from the proposed forest development; 

the potential for reduced channel stability and water quality impacts in the canyon 
portion of Hydraulic Creek that is situated directly above SEKID's water intake; 
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compliance with water quality objectives set by BC Environment for the protection 
of drinking water, irrigation and aquatic life; 

the potential for reduced water quality as result of range and recreational use in the 
watershed; 

For assessment purposes, the SEKIDYs community watersheds have been divided into two 
main watersheds: Hydraulic Creek and KLO Creek. The two points of interest for the 
assessment were located at the confluence of Hydraulic Creek with Mission Creek and the 
confluence of KLO Creek with Mission Creek [Appendix B ] .  The KLO Creek watershed 
includes Pooley Creek, the upper drainage area of the KLO Creek watershed above SEKIDYs 
diversion ditch and the lower drainage area of the KLO Creek watershed. The Hydraulic 
Creek watershed includes only the drainage area below the McCulloch Reservoir since flows 
into Hydraulic Creek are controlled at the McCulloch Reservoir and the spillway for the 
reservoir drains into Wilkinson Creek. 

One sub-basin was created above the outlet of the McCulloch Reservoir. The sub-basin area 
includes the upper portion of the KLO Creek watershed, the Affleck Creek community 
watershed, and the remaining area that drains into the reservoir [Appendix B ] .  It should be 
noted that this is the entire drainage area that can be diverted or drains into the McCulloch 
reservoir when water is being diverted from Pooley Creek and the upper portion of KLO 
Creek. The reason for the overlap of the of the McCulloch Reservoir sub-basin and the KLO 
Creek watershed is due to the fact that the upper KLO Creek watershed area can be either 
diverted into the McCulloch reservoir or can be released directly down KLO Creek depending 
upon SEKIDYs water supply requirements. 

TABLE 1 
Sub-basin and Watershed Areas in the 

~ y d r a u l i c / ~ ~ ~ / ~ o o l e ~  Creek Watersheds 

3.0 WATERSHED CHARACTERISTICS 

Sub-basin / Watershed 

McCulloch Reservoir sub-basin 

Hydraulic Creek at POI 1 

KLO Creek at POI 2 

Hydraulic Creek and KLO Creek are located in the southern portion of the Mission Creek 
watershed and both creeks drain to the northwest into Mission Creek approximately 10 km 
from Okangan Lake, east of the City of Kelowna. The area of the Hydraulic Creek watershed 
below the McCulloch Reservoir is 55.3 km2. The entire KLO Creek watershed encompasses 
an area of 71.7 km2. Elevations in the watersheds range from 540 m above sea level at 
Mission Creek to over 2100 m at the summit of Little White Mountain. The lower portions of 

L the creeks flow through narrow rock canyons with upland plateau areas situated on the 
Okanagan Highland area. 

Area (km2) 

8 1.9 

55.3 

71.7 
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Soils within the watersheds are typically moderately coarse to coarse textured morainal 
material with minor components of colluvium on steeper slopes and organic and glacio- 
fluvial soils on gentler slopes. Bedrock consists of metamorphic rock of the Okanagan 
Plutonic and Metamorphic Complex: primarily gneiss with other rocks of granitic 
composition. Outcrops of extrusive bedrock (volcanic) are also present along the lower 
portions of the watershed. These rocks include basalts, andesites and volcaniclastics of the 
Karnloops Group. Both bedrock types have been subject to jointing and faulting. 

The majority of the watersheds are located within the Montane Spruce biogeoclimatic zone 
with Interior Douglas Fir in the lower elevations, Englemann spruce and Sub-Alpine Fir in 
the upper elevations. 

Normal precipitation within the watershed is 700 rnm annually measured at the McCulloch 
Station (elev. 1250 m). Sixty percent of the watershed is above the 1 300 m contour (H60 
line based on the entire Mission Creek watershed). Peak flows at the mouth of Hydraulic 
Creek are typically in the 1 to 4 m3/s range. Peak flows up to 35 m3/s have been recorded at 
the mouth of KLO Creek but are typically in the 1 to 4 m3/s range. 

Forest development in the watersheds has taken place since approximately the early-1960s 
with the majority of harvesting in the 1980s directed towards the control of Mountain Pine 
Beetle infestations. Weyerhaeuser Canada Limited is the only forest licensee that is currently 
operating in the watersheds. 

3.1 Water Supply System 

The South East Kelowna Irrigation District (SEKID) supplies water for both 
domestic and irrigation purposes. The principal source of water for SEKID is 
Hydraulic Creek with storage reservoirs that include the McCulloch Reservoir 
(Hydraulic Lake, Minnow Lake and Haynes Lake) and Fish Lake, Browne lake and 
Long Meadow Lake. In addition to the natural watersheds of the reservoirs, water 
is diverted into Hydraulic Creek above the McCulloch Reservoir from Canyon 
Creek, Pooley Creek, Stirling Creek and Affleck Creek. 

The reservoirs start filling about the first of April with draw down commencing 
about the middle of June. During spring runoff when the McCulloch Reservoir is 
full water is spilled into Idabel Lake via the South Dam (Idabel Lake is located in 
the West Kettle River watershed). If required, diversion ditches from KLO Creek 
and Pooley Creek can be closed to reduce the flow into the McCulloch Reservoir. 
Therefore, in wet years the flow in KLO Creek can be unregulated without 
diversion. Treatment facilities at the intake on Hydraulic Creek consist of settling 
ponds, screens and chlorination. 

In 1982 to 1983, to improve water quality, sections of Hydraulic Creek 
downstream from Hydraulic Lake were channelized where the creek flowed 
through a swampy meadow [Appendix B]. 
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4.0 METHODS 

This updated watershed assessment is based upon the original Interior Watershed 
Assessment procedure completed for the entire Mission Creek watershed in 1997. This 
updated watershed assessment includes a reconnaissance level channel assessment procedure 
(Re-CAP), identification of sediment source concerns and a risk assessment of 
Weyerhaeuser's forest development plans for 1998 to 2003. The risk assessment included 
proposed ECA's for the Weyerhaeuser's current forest development. The reconnaissance 
level channel assessment procedure is based upon the Channel Assessment Procedure 
Field Guidebook (December 1996) and Channel Assessment Procedure 
Guidebook (December 1996). The sediment source information was based upon road 
assessment work carried out in 1995 and was updated to include deactivation work carried 
out in 1997 along with information obtained from the reconnaissance level channel 
assessment procedure. 

The following information was reviewed for this assessment: 

Integrated Watershed Restoration Plan completed by Dobson Engineering Ltd. Refer 
to report title: Integrated Watershed Restoration Plan for the Mission 
Creek Watershed, Volume 1 (March 1997) 

Road condition surveys (1994-1995) assessment completed by Dobson Engineering 
Ltd. Refer to report title: Results of Watershed Field Assessments (March 
1996 )  

Access Management Strategy completed by Dobson Engineering Ltd. Refer to report 
title: Access Management Strategy Plan for the Mission Creek 
Watershed, ( 1  996-1 997) 

Watershed assessment completed by Dobson Engineering Ltd. Refer to report titled: 
Interior Watershed Assessment for the Mission Creek Watershed, 
( 1  996-1997) 

Mission Creek Restoration Deactivation/Restoration Earth Works and 
Revegetation Prescriptions Map completed by D.R. Estey Engineering Ltd., 
August 1997 

Water quality assessment completed by BC Environment. Refer to report titled: 
Okanagan Area, Hydraulic Creek and its Tributaries, Water Quality 
Assessment and Objectives (Undated) 

Assessment of Organic Matter Sources in Hydraulic Creek (November 
1989) completed by Madrone Consultants Ltd. 

Hydraulic Creek Water Quality Study, 1987 Results) completed by Larrett 
and Dobson, 1987. 

Hydraulic Creek Erosion Study (October 1988)  completed by Madrone 
Consultants Ltd. 

Personnel communication with Stu Mould of Mould Engineering Ltd. 

Weyerhaeuser Canada Ltd.'s 1998 to 2003 Forest Development Plan 
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5.0 RESULTS OF THE OFFICE ANALYSIS 

The current watershed report card for the Hydraulic Creek watershed, the KLO Creek 
watershed and the McCulloch Reservoir sub-basin is presented below in Table 2. 

TABLE 2 
Watershed Inventory Information 

Note: The watershed report card is based upon the original Interior Watershed Assessment 
report card completed in March 1997. 

Unstable Slopes 
(km) 

Number of Stream 

Length of Stream Logged 

6.0 RESULTS OF FIELD ASSESSMENT 

to the Streambank 
(kmlkm) 
y 

Unstable Stream Channel 
(kmlkm) 

The current watershed condition was based on five primary impact categories: stream 
channels, peak flows, surface erosion, riparian buffers and landslides. These impact 
categories were assessed based upon potential impacts that the existing forest development 
may have on water quantity and water quality. 

Combined Total based on Original IWAP (March 1997) 

Y 
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6.1 Peak Flows and Stream Channels 

6.1.1 ECA's 

ECA's within in the Hydraulic Creek watershed (POI I), the KLO Creek 
watershed (POI 2) and the McCulloch Reservoir sub-basin is currently 36%, 
26%, 29%, respectively. ECA's above the H60 line in the Hydraulic Creek 
watershed, KLO Creek watershed and the McCulloch Reservoir sub-basin are 
16%, 24% and 25%, respectively. 

6.1.2 Roads 

Another indicator of potential impacts on peak flows is the density of roads 
within the watersheds and the sub-basin. The main impact roads may have on 
peak flows results from the interception of both surface and sub-surface flows 
by ditchlines and re-routing water directly into streams. The re-routing of the 
runoff can reduce the time required for water to reach a stream which, in turn, 
could increase peak flows. 

Road densities within the watersheds and the sub-basin range from 
approximately 1.5 km,krn2 to 2.0 krn/km2. Road densities in this range are 
considered high but, based upon field observations of the condition of the 
roads and associated ditchlines, there is limited evidence to suggest roads are 
contributing to increased peak flows. The majority of roads are situated on 
relatively flat terrain. Road ditchlines do not appear to be conveying large 
amounts of water and are considered highly permeable given that the majority 
of roads are located on deep tills. 

6.1.3 Stream Channels 

Mainstem channels in the Hydraulic Creek and KLO Creek watersheds were 
characterized as having stable to slightly disturbed, boulderlcobble step-pool 
and cascade pool morphologies [refer to Re-CAP results -Appendix B]. In the 
early 1980's portions of the mainstem of Hydraulic Creek were channelized to 
improve water quality, as a result the mainstem of Hydraulic Creek has lost 
some of its complexity but is still considered stable. Upper stream reaches 
situated within the McCulloch Creek sub-basin are characterized as stable 
riffle-pool and cascade-pool cobble/boulder channels. Limited channel 
disturbance were noted above the McCulloch Reservoir mainly due to the low 
stream gradients. 

Throughout the watersheds, no evidence of extensive bank or channel 
instability was noted and impacts from possible increases in peak flows 
associated with past development were not discernible. 

Stream channel concerns have been identified in the Idabel Lake area as result 
of water from the spillway flooding Idabel Lake and washing out the road into 
the lake. Channel conditions within the Idabel Lake area were not assessed as 
part of this watershed assessment since this area is located within the West 
Kettle River watershed and is not situated within a community watershed. 
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6.1.4 Peak Flow/Stream Channel Hazard 

ECA and road density within the watersheds and the sub-basin are at a level 
that increased peak flows can occur but there was no evidence of moderately or 
severely disturbed channels. It is important to note that the McCulloch 
Reservoir has greatly altered historic streamflows in the Hydraulic Creek 
watershed. The drainage area within the Hydraulic Creek watershed that 
contributes to peak flows at POI 1 has been reduced by approximately 40% as 
result of outlet control at the reservoir and since there is no spillway on the 
McCulloch reservoir into Hydraulic Creek. As a result peak flows within the 
lower Hydraulic Creek watershed are much lower then historical peak flows 
since construction of the reservoir. Therefore, impacts to peak flowslchannel 
stability are a low hazard in the Hydraulic Creek watershed. Impacts to peak 
flows 1 channel stability are considered to be a moderate hazard within the 
KLO Creek watershed and the McCulloch Reservoir sub-basin based upon the 
current ECAs and channel conditions. 

6.2 Road AssessmentISurface Erosion 

In order to determine the surface erosion concerns within the watersheds and the sub- 
basin the road assessment work completed in 1995 was reviewed and was updated by 
including deactivation work carried out in 1997. A total of 13 moderate to high priority 
sites were identified in the road assessment [Table 3 and 41. The majority of surface 
erosion problems were caused by improper road drainage. Problems included collapsed 
or failed wooden culverts, plugged metal culverts, failing and eroded ditchlines, and/or 
lack of proper drainage (i.e. ditches). Remedial work was carried out on the majority of 
these sites in 1997 [Table 3 and 41. Deactivation of these road sections should have 
reduced the major point sources of surface erosion associated with forest development 
within the watersheds. Two moderate priority sites have not been addressed within the 
KLO Creek watershed. Summarized in the Table 3 is the total distance of roads that 
have been deactivated within in the watersheds and the McCulloch Reservoir sub-basin. 

No forest development related surface erosion concerns were identified during the 
overview flight of the watershed in the summer of 1998. One area that may be a surface 
erosion hazard is the rocklgravel quarry situated within 100 m of KLO Creek. However 
this site was not inspected on the ground and the actual water quality hazard at this 
location is not known. 

TABLE 3 
HigWModerate Priority Sites in the KLO Creek Watershed 

Site 

1 
2 

Priority 

I 1 road 

Current Statusldeactivation level Road 
# 

100 
105 

I 

6 
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Problem 
(1995) 

7 

Road Surface erosion 
Stream running down 

5 1 160 1 sediment transport 

160.3 

H I semi-permanent deactivation, culvert removed or 

1 60.4 

M 
M 

standing water, 

not done 
not done 

surface erosion 
road surface erosion 

M 
backed up, crossditches and waterbars installed 
semi-permanent deactivation, waterbars installed 

M semi-permanent deactivation, crossditched and 
waterbars installed. 
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TABLE 4 
HighIModerate Priority Sites in the Hydraulic Creek Watershed 

and McCulloch Reservoir Sub-basin 

TABLE 5 
Total Kilometers of Road Deactivation within the HydraulicIKLO Watersheds 

b 

Site 

12 

13 
14 
15 

17 
18 
19 

27 

6.2.1 Surface Erosion hazard 

Watershed 
Unit 

Hydraulic 
Creek 
Watershed 
Lower KLO 
Creek 
Watershed 
McCulloch 
Reservoir 
Sub-basin 

Surface erosion hazard is moderate for the watersheds and the sub-basin based 
upon the amount of deactivation work carried out in 1997 and the results of the 
overview flight in 1998. No large point sources of sediment exist but the 
current road density is considered to be a large dispersed source of sediment 
throughout the watersheds and the sub-basin. 

Road 
# 

429 

453 
460 
457.2 

57 1 
800 
800 

1032 

- 
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Priority 

M 

M 
M 
H 

H 
M 
H 

M 

Problem 
(1995) 

Road washout, ditch 
erosion 
Surface erosion 
Surface erosion 
Surface erosion direct 
sediment transport to 
creek 
slope failures 
Crushed culvert 
Direct sediment 
transport into Browne 
lake from road 
surface erosion 

DOBSON ENGINEERING LTD. 

Current Status/deactivation level 

Semi-permanent, culverts removed, waterbars and 
crossditches installed 
Semi-permanen t 
Semi-permanent 
Semi-permanent 

Semi-permanent 
Semi-permanent 
Semi-permanent 

Semi-permanent 

Semi-permanent Deactivation 

Distance (km) 

23.3 

14.2 

32.8 

Permanent Deactivation 

Density 
(km/km2) 

0.42 

0.37 

0.40 

Distance (km) 

5.2 

2.7 

4.6 

Density 
(km/km2) 

0.09 

0.07 

0.06 
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6.3 Riparian Buffers 

Approximately 20% to 40% of area adjacent to streams has been logged in the 
Hydraulic Creek watershed, KLO Creek watershed and the McCulloch Reservoir sub- 
basin. Little evidence of channel instability associated with riparian harvesting was 
identified in the watersheds and the sub-basin but there is high amount of roads 
adjacent to streams that can be considered as dispersed sources of sediment. 

6.3.1 Riparian Buffers Hazard 

Based upon the amount of riparian harvesting that has occurred and the amount 
of roads adjacent to streams within the watersheds and the sub-basin, the 
riparian buffer hazard for the watershed is considered high. 

6.4 Landslides 

In the KLO Creek watershed six landslides were identified from the reconnaissance 
level channel assessment. All of these landslides were situated within the steep canyon 
of KLO Creek. Three of the landslides are related to the Kettle Valley Railroad with the 
remaining landslides considered as natural. All of these landslides have contributed a 
small amount of material into KLO Creek with limited impacts to stream channels. 

In the Hydraulic Creek watershed two landslides were identified from the 
reconnaissance level channel assessment. Both of these slides were located within the 
steep canyon of Hydraulic Creek of Hydraulic Creek. One of these landslides was 
related to saturation of the slope as result of diverted water from an abandoned 
irrigation flume and the remaining landslide was considered natural. No landslides were 
identified in the McCulloch Reservoir sub-basin. 

6.4.1 Landslide Hazard 

The landslide hazard for the KLO Creek watershed, the Hydraulic Creek 
watershed and McCulloch sub-basin is considered low based upon the low 
number of landslides and limited impacts to stream channels. 

C 
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7.0 RISKS OF FUTURE FOREST DEVELOPMENT 

7.1 Peak Flow Hazards 

Proposed ECA's for the watersheds and the sub-basin are shown below in Table 6. 

TABLE 6 
Current and Proposed ECA's in the Hydraulic Creek and KLO Creek Watersheds 

and the McCulloch Reservoir sub-basin 

*ECA projections for 2004+ do not include any projected growth on plantations beyond 2003. 

UNIT 

Watershed1 

Sub-basin 

Hydraulic 
Creek 
KLO Creek 
McCulloch 
Reservoir 

No forest development is planned within the Hydraulic Creek watershed over the next 
five years, therefore, the current ECA of 36% will decrease to 32%. Since there is no 
proposed forest development within the next five years increases in peak flows are not 
a concern in the Hydraulic Creek watershed. After 2003 Weyerhaeuser Canada Ltd. has 
two cutting permits (CP 174 and CP 175) proposed in the watershed with projected 
ECA's near 37%. Approximately 90% of the area to be harvested beyond the year 2003 
is situated below the H60 line. This proposed development beyond the year 2003 is 
considered to be a low concern in regards to increased peak flows or reduced channel 
stability. This low concern is based upon the location of proposed blocks below the 
H60 line, reduced spring freshet flows as result of the controlled outlet at the 
McCulloch Reservoir and the relatively stable condition of stream channels within the 
watershed. 

The proposed forest development within the KLO Creek watershed will increase the 
ECA from 26% to 29%. ECA's within the McCulloch Reservoir sub-basin will 
increase from 29% to 3 1%. ECA's above the H60 line are projected to increase from 
the 25% to 28% in both the KLO Creek watershed and the McCulloch Reservoir sub- 
basin. ECA increases within the 2% to 3% range are considered to be small and peak 
flow 1 stream channel stability impacts associated with the proposed forest development 
should not cause channel instabilities. Potential impacts from peak flows associated 
with the proposed forest development are unlikely based upon the current condition of 
channels and the fact that past ECA's within this area have exceeded the 25 to 30% 
range as a result of salvage logging to address Mountain Pine Beetle infestations. 

EQUIVALENT CLEARCUT AREA (ECA) 
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Current 

36.4 

25.5 
28.8 

1998 

36.2 

24.9 
27.9 

2000 

35.6 

26.3 
28.3 

1999 

35.8 

24.8 
27.6 

2001 

34.9 

27.2 
29.7 

2002 

33.7 

27.7 
30.9 

2003 

32.3 

28.9 
31.0 

2004 plus 

(Info. B I O C ~ S )  

- -  - 

- 36.6 -. - ' 
30.0 
32.4 
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Projected ECAYs beyond the year 2003 are in the 30% to 32% range for the KLO Creek 
watershed and the McCulloch Reservoir sub-basin. Potential peak flow impacts 
associated with further development beyond 2003 are considered to be a moderate 
concern. Future decisions on whether ECA can exceed 30% should be based upon the 
condition of stream channels after the current forest development plan period. 

7.2 Surface Erosion 

The most significant concerns within the two watersheds and the sub-basin is the 
potential for increased delivery of sediment into the McCulloch Reservoir, SEKIDYs 
water intake and Mission Creek. In review of past water quality assessments there is an 
indication that forest development reduced water quality. Since the majority of surface 
erosion is associated with dispersed sediment sources throughout the watershed it is 
important that strong attention is given to minimizing sediment in areas with new road 
construction and on existing roads where active hauling will occur. Level C terrain 
mapping that includes surface erosion potential information has recently been completed 
for the watersheds and should assist in avoiding increased surface erosion. 

Development of blocks beyond the year 2003 should be based upon water quality 
information associated with the development of the 1998 to 2003 forest development 
plan. Several of the proposed blocks scheduled beyond 2003 and their associated roads 
are situated upslope of the canyon area in the Hydraulic Creek watershed. This area is 
of particular concern since any sediment that is delivered to streams can be delivered 
directly into SEKIDYs water intake. Particular attention should be given to developing 
blocks and roads within this area to ensure that water quality at SEKIDYs water intake is 
not impacted. 

7.3 Riparian Buffers 

Potential impacts to riparian buffers associated with the proposed forest development 
are a low concern, given adherence to appropriate riparian management strategies for 
the purposes of maintaining streambank stability and water quality. 

7.4 Landslides 

Potential impacts from increased landslides associated with the proposed forest 
development are a low concern, since the majority of harvesting or road construction is 
proposed on low gradient terrain. Level C terrain mapping has recently been completed 
for the watersheds and should assist to minimize the risk of future landslides. 

8.0 WATER QUALITY OBJECTIVES 

Provisional water quality objectives have been set for the Hydraulic Creek system to 
minimize impacts to designated water uses (drinking water, irrigation water and recreational 
fisheries) associated with forest development activities. The water quality objectives include 
criteria levels for turbidity, suspended solids, microbiological indicators and water 
temperature. Criteria for monitoring locations and the frequency and timing of sampling have 
also been developed. 
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9.0 CONCLUSIONS 

9.1 Existing Watershed Conditions 

Overall stream channels appeared stable with limited evidence of impacts from 
potential increases in peak flows that may be associated with past forest 
development. 

The majority of priority sites for surface erosion from roads appear to have been 
addressed with the deactivation of 82 km of road in the watersheds. 

An extensive amount of riparian buffers have been harvested throughout the 
watershed. But little channel instability associated with the riparian harvesting was 
observed. Fish habitat may have been impacted due to a loss of large woody debris 
and shade in some of the tributary channels. 

Six landslides were identified in the KLO Creek watershed and two in the 
Hydraulic Creek watershed. All of these landslides are located with the canyon 
portions of the watersheds and are related to the Kettle Valley Rail Road, diversion 
of water from an irrigation flume or natural causes. Some of the landslides 
contributed a small amount of material into the mainstem creeks with limited 
channel impacts. 

9.2 Proposed Forest Development 

The proposed forest development plan for the period of 1998 to 2003 for 
Weyerhaeuser Canada Ltd., Okanagan Falls Division, is considered to be a low 
concern for impacts to stream channel stability or increased peak flows in the 
Hydraulic Creek watershed, KLO Creek watershed or the McCulloch Creek 
Reservoir. 

Surface erosion is a concern within these watersheds and the sub-basin. It is 
important that close attention is given to minimizing sediment in areas with new 
road construction and on existing roads where active hauling will occur. 

The proposed forest development should have minimal impacts on riparian 
conditions, provided that appropriate riparian management strategies are carried out 
for the purposes of maintaining streambank stability and water quality. 

Increased landslides associated with the proposed forest development are a low 
concern since the majority harvesting or road construction is not proposed on 
unstable terrain. Level C terrain mapping has recently been completed for these 
watersheds and should assist in developing appropriate development strategies to 
avoid future landslides and surface erosion problems. 

C 
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10.0 RECOMMENDATIONS 

To minimize potential cumulative impacts from forest development the following 
recommendations are provided: 

! Appropriate road construction and block development measures should be 
to ensure that the proposed forest development will not exceed 
objectives. 

I 

Following the completion of the proposed development, roads associated with the ' I  cutting permits should be deactivated or maintained to a level appropriate with 
anticipated future use. Natural drainage should be maintained or restored within all 
blocks and on access roads. 

0 
\. 
\ '\ 
i, 

4 f f l  
Conduct post-harvesting inspections of the blocks,,to ensure natural drainage patterns 
have been maintained. Any disturbances identified should be mitigated as required. 

Establish a monitoring program on the mainstem channels to assess potential 

f to stream channel stability and sediment movement in order to develop 
ECA levels in the sub-basin and the watersheds. 

I 
To minimize potential cumulative impacts from issues that are not related to lhe forest 
development plan the following recommendations are provided: w -.\ 

L \ 5 Periodic monitoring of inactive roads (i.e. non-status) anQecently deactivated roads 1 should be carried out to ensure that sediment issues are addriG&T 
9 

\% 

Consideration should be given to developing a long-term forest development plan for 
the watersheds. ' The long-term sustainable level of harvest and associated ECAs for the watersheds 
should be based on information collected from the channel monitoring sites, 
streamflow information, the long-term forest plan to ensure that stream 
channel stability and water quality are protected. 

RSIdd 

\ 

\ 
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APPENDIX A 

Re-CAP Procedure Details 

The reconnaissance level channel assessment procedure (Re-CAP) involved both 
office and field work. The mainstem channel is examined in its entirety at a 
reconnaissance level and specific reaches are identified for more detailed assessment. 
The procedures used are based on the Channel Assessment Procedure 
Guidebook (dated December 1996) and the Channel Assessment Procedure 
Field Guidebook (dated December 1996). 

The purpose of the Re-CAP is to: 

Determine the present channel conditions and the extent of disturbed reaches 
along the mainstem channel. 

Identify aniareas for potential rehabilitation work. 

Identify any potential impacts to the channel stability as a result of the proposed 
forest development. 

Office Work 

The first step is to break the mainstem channel into reaches. Air photos, TRIM 
topographical maps and other resource information are used to identify reach breaks. 
Reach breaks are usually located at significant changes in channel gradient, changes 
in discharge (tributary confluences), changes in hillslope coupling and changes in 
channel morphology [Figure 1 Appendix B].  

A comparison of pre- and post-forest development air photos is used to identify any 
channel disturbances which can be attributable to forest development. A longitudinal 
profile of the mainstem channel for each sub-basin is also plotted to assist in 
identifying changes in slope [Appendix B].  

The factors used to determine reach breaks, as well as the length and level of 
disturbance for each reach is provided [Tables 1 & 2 Appendix B]. 

Upon completion of the field work (outlined under "Field Work") a summary of the 
channel characteristics and disturbances for each reach is completed [Appendix B].  



Field Work 

The objective of the field assessment is to determine the length and severity of 
channel impacts from past forest development and other land uses and potential 
future impacts. 

The amount and type of information collected at the field locations was based on the 
level of existing or proposed forest development, aerial observations, accessibility 
and professional judgment. 

Information collected at each field assessment site includes: 

Channel characteristics - channel gradient, bankfull channel width and depth, 
bed materials (including size of the largest stone on the bed that is moved by 
flowing water), bank materials, amount and orientation of LWD and riparian 
vegetation 

Channel morphology 

Representative photos of the reach 

Channel disturbances - evidence of channel degradation or aggradation 

Field forms and photos are completed for each reach [Appendix B] 



APPENDIX B 

Re-CAP Procedure Results 

-Reach Break and Location Map 

-Longitudinal Profiles 

-Reach Break and Disturbance Summary 
(Tables 1 and 2) 

-CAP forms (office and field) and Photographs 







TABLE 1 
Reach Break and Disturbance Summary - Hydraulic Creek 

Each progressive reach is different than the preceding 0% for at least one of the codes in the features 
column. For example Reach HI3 is different than Reach HA because of a change in channel form and 
gradient - (AF,S). 

Sum of moderate and high disturbance channels = 0 km 
Sum % of moderate and high disturbance channels = 0% 

Reach and 
length (km) 
HA - 0.22 
HB - 0.50 

HC - 1.50 

HD - 1.00 

HE - 8.30 

HF - 3.30 

1=14.82 km 

TABLE 2 
Reach Break and Disturbance Summary - K.L.O. Creek 

AS=Change in gradient AF=Change in channel form/type 
AQ=Change in volume (tributary input) AH=Changes in hillslope coupling 

Stream length in each disturbance class (krn) 
Features 

--- 

AS,F 

AS,F 

AF 

AF 

AS,F,H 
-- 

None 
(Sorother) 

--- 
0.50 

1.50 

1 .OO 

8.30 

3.30 

c=14.60 km 

Each progressive reach is different than the preceding one for at least one of the codes in the features 
column. For example Reach KB is different than Reach KA because of a change in channel form and 
hillslope coupling - (AF,H). 

Channel 
type 

CP-c:D 1 
SP-b:S 

CP-c: S 

CP-c : ~ ~ l u u l r ~ l z d  

CP-c:S 

RP-g/s:S 

- 

Reach and 
length (km) 
KA - 0.70 
KB - 0.62 

KC - 7.18 

1=8.50 km 

Sum of moderate and high disturbance channels = 0 km 
Sum % of moderate and high disturbance channels = 0% 

Low 
(A1,Dl) 

0.22 
--- 

--- 
--- 

--- 
--- 

x=0.22 km 

AS=Change in gradient AF=Change in channel form/type 
AQ=Change in volume (tributary input) AH=Changes in hillslope coupling 

Features 

--- 
AF,H 

AS,F 

Moderate 
(A2,D2) 

--- 
--- 

--- 

--- 

--- 

--- 

z=O km 

High 
(A3,D3) 

--- 
--- 
--- 

--- 

--- 
--- 

c=O km 

Channel 
type 

CP-c:A 1 
CP-b:A1 

CP-b:Al 

Stream length in each disturbance class (km) 
None 

(S or other) 
--- 
--- 

--- 

C=O km 

Low 
(Al, Dl )  

0.70 
0.62 

7.18 

C=8.50 km 

Moderate 
(A2, D2) 

--- 
--- 
--- 

C=O km 

High 
(A3, D3) 

--- 
--- 

--- 

1=O km 



APPENDIX B 

Channel Assessment Forms 

Form 1 - Classifying channel reaches 

Form 2 - General assessment of channel morphology 

Form 3 - General assessment of channel impact values 

Form 4 - Identifying changes in large channel morphologies 

Form 5 - Detailed assessment of large channel morphology 

Form 6 - Detailed assessment of large channel impact values 

Form 7 - Mainstem channel impact values 

Form 8 - Summary of assessments performed 

Field form 1 - Field data 

b Field form 2 - Disturbance summary 



Form 1 - Classifying channel reaches 

Form 2 - General assessment of channel morphology - N/A 

The General Assessment was not completed for K.L.O. and Hydraulic Creeks as these 
small channels are not clearly visible on the air photographs. 

Form 3 - General assessment of channel impact values - N/A 

Sub-basin 
name 

--- 

Length of rnainstem channel (rn) 

Sub-basin name 

--- 

(a) Total 

--- 

Channel impact 

(b) 
Downstream 
of logging 

--- 

Observed 

(c) Total (b) 
with non- 
erodible 
channels 

--- 

Potential 
Observed 

c hanges=(e/a) 

--- 

Potential 
changes= [(b- 

c)-(d-e)]/a 
--- 

Observed CIV 

--- 

(d) Length of 
(b) with 

erodible and 
visible 

channels 
--- 

Potential CIV 

-- 

(e) Length of 
(d) with 
altered 

channel 
morphology 

--- 



Form 4 - Identifying changes in large channel morphologies - NIA 

Form 5 - Detailed assessment of large channel morphology - NIA 

Form 6 - Detailed assessment of large channel impact values - NIA 

Sub-basin 
name 

--- 

Length of mainstem channel (km) 

Sub- 
basin 
name 

(a) 
Total 

--- 

Channel impact 

(b) 
Downstream 
of logging 

--- 

(f) Length 
of (d) with 

altered 
channel 

morphology 
--- 

(c) Total (b) 
with non- 
erodible 
channels 

--- 

Observed 

changes= 
(f/a) 

(d) Length 
of (b) with 

large 
channel 

morphology 
--- 

CIV 

Potential 

(e) Length of 
(d) with 

erodible large 
channel 

morphology 
--- 

Observed 
changes = 
[(b-c)-(e- 

fill2 

Large channels 

CIV 
Observed 
changes= 

(f/d) 

Large 
Channel 

CIV 



Form 7 - Mainstem channel impact values 

Form 8 - Summary of assessments performed 

Sub-basin name 

Hydraulic 
K.L.O. 

General Assessment 
Analysis completed by: NIA 
Date of analysis: NIA 

Detailed Assessment - Aerial P h o t o ~ r a ~ h  
Analysis completed by: NIA 

Detailed Assessment - Field (Au~ustISe~tember. 19981 
Analysis completed by: Rob Scherer, Gary VanErnrnerik 

(a) Total 
mainstem 
channel 

length (km) 
14.82 
8.50 

Sub-basin name 

K.L.O. 
Hydraulic 

General 
assessment 

NA 
NA 

(b) Total length of 
moderate and high 
disturbed channel 

(km) 
0 
0 

Mainstem 
channel CrV 

0 
0 

(c) Impact 
ratio =(b/a) 

0 
0 

Channel 
Impactflnstability 

Rating 

0 
0 

CIV 

0.0 
0.0 

Detailed assessment 

Air photograph 
NI A 
N/ A 

Field 
x 
x 



K.L.0.-Hydraulic Channel Assessment - Field Form 1 

Sub-basin: Hydraulic Creek Date: 09/01/98 
Reach: HA Crew: SchererNanEmmerik 

Weather: Sunny 

S 1 Homogenous bed texture C1 Extensive riffles or cascades B 1 Abandoned channels 
S2 Sediment fingers C2 Minimal pool area B2 Eroding banks 
S3 Sediment wedges C3 Elevated mid-channel bars B3 Avulsions 
S4 Extensive bars C4 Multiple channels or braids D l  Small woody debris 
S5 Extensive scoured zones C5 Disturbed stone lines D2 LWD function 

D3 Recently formed LWD jams 

A (Erodible): l=Silt, 2=Sand, 3=Gravel, 4=Cobble, 5=Boulder 
N (Non-erodible): l=Till, 2=Colluvium, 3=Bedrock 

Comments: Bed materials are cobble and gravel and channel is partially degraded. The banks 
are eroded in places, but not significantly (the 97 flood likely played a role). The riparian 
vegetation is dominated by mature alder and the hills are decoupled. 



PHOTO HA-1. Reach HA - Upstream (Rl, P23) 

PHOTO HA-2. Reach HA - Downstream (R2, P22) 



K.L.0.-Hydraulic Channel Assessment - Field Form 1 

Sub-basin: Hydraulic Creek Date: 09/01/98 
Reach: HB Crew: SchererNanEmmerik 

Weather: Sunny 

S l  Homogenous bed texture C 1 Extensive riffles or cascades B 1 Abandoned channels 
S2 Sediment fingers C2 Minimal pool area B2 Eroding banks 
S3 Sediment wedges C3 Elevated mid-channel bars B3 Avulsions 
S4 Extensive bars C4 Multiple channels or braids D l  Small woody debris 
S5 Extensive scoured zones C5 Disturbed stone lines D2 LWD function 

D3 Recently formed LWD jams 

A (Erodible): l=Silt, 2=Sand, 3=Gravel, 4=Cobble, 5=Boulder 
N (Non-erodible): l=Till, 2=Colluvium, 3=Bedrock 

Comments: This is a bedrock canyon reach and field measurements were not recorded. The 
channel is stable. 



K.L.0.-Hydraulic Channel Assessment - Field Form 1 
e. 

Sub-basin: Hydraulic Creek Date: 09/01/98 
Reach: HC Crew: SchererNanEmmerik 

Weather: Sunny 

S 1 Homogenous bed texture C1 Extensive riffles or cascades B 1 Abandoned channels 
S2 Sediment fingers C2 Minimal pool area B2 Eroding banks 
S3 Sediment wedges C3 Elevated mid-channel bars B3 Avulsions 
S4 Extensive bars C4 Multiple channels or braids D l  Small woody debris 
S5 Extensive scoured zones C5 Disturbed stone lines D2 LWD function 

D3 Recently formed LWD jams 

A (Erodible): l=Silt, 2=Sand, 3=Gravel, 4=Cobble, 5=Boulder 
N (Non-erodible): l=Till, 2=Colluvium, 3=Bedrock 

Comments: Bed materials are cobble and boulder with intact stone lines. Banks are cobble 
and gravel and no erosion is evident. Riparian vegetation consists of pole sapling alder and 
mature cedar. The reservoir access road parallels the left bank and the hills on the right bank are 
coupled. The channel is stable. 



- 

PHOTO HC-1. Reach HC - Upstream (R2, P5) 

p p p - p p  

PHOTO HC-2. Reach HC - Downstream (R2, P6) 



K.L.0.-Hydraulic Channel Assessment - Field Form 1 

Sub-basin: Hydraulic Creek Date : 09/01/98 
Reach: HD Crew: SchererNanEmmerik 

Weather: Sunny 

S 1 Homogenous bed texture C 1 Extensive riffles or cascades B 1 Abandoned channels 
S2 Sediment fingers C2 Minimal pool area B2 Eroding banks 
S3 Sediment wedges C3 Elevated mid-channel bars B3 Avulsions 
S4 Extensive bars C4 Multiple channels or braids D l  Small woody debris 
S5 Extensive scoured zones C5 Disturbed stone lines D2 LWD function 

D3 Recently formed LWD jams 

A (Erodible): I=Silt, 2=Sand, 3=Gravel, 4=Cobble, 5=Boulder 
N (Non-erodible): l=Till, 2=Colluvium, 3=Bedrock 

Comments: This is a channelized reach upstream from the intake and detailed field 
measurements were not recorded. The channel is stable. 



PHOTO HD-1. Reach HD - Overview (RA4, P4) 



PHOTO HD-2. Reach HD - Overview (RA4, P6) 



K.L.0.-Hydraulic Channel Assessment - Field Form 1 

Sub-basin: Hydraulic Creek Date: 09/01/98 
Reach: HE Crew: SchererNanEmmerik 

Weather: Sunny 

S 1 Homogenous bed texture C 1 Extensive riffles or cascades B 1 Abandoned channels 
S2 Sediment fingers C2 Minimal pool area B2 Eroding banks 
S3 Sediment wedges C3 Elevated mid-channel bars B3 Avulsions 
S4 Extensive bars C4 Multiple channels or braids Dl  Small woody debris 
S5 Extensive scoured zones C5 Disturbed stone lines D2 LWD function 

D3 Recently formed LWD jams 

A (Erodible): l=Silt, 2=Sand, 3=Gravel, 4=Cobble, 5=Boulder 
N (Non-erodible): l=Till, 2=Colluvium, 3=Bedrock 

Comments: This reach has the same characteristics as reach HD, except it is not channelized. 
The channel is stable. 



PHOTO HE-1. Reach HDIHE - Overview (RA4, P8) 



K.L.0.-Hydraulic Channel Assessment - Field Form 1 

Sub-basin: Hydraulic Creek Date: 09/01/98 
Reach: HF Crew: SchererNanEmmerik 

Weather: Sunny 

S 1 Homogenous bed texture C1 Extensive riffles or cascades B 1 Abandoned channels 
S2 Sediment fingers C2 Minimal pool area B2 Eroding banks 
S3 Sediment wedges C3 Elevated mid-channel bars B3 Avulsions 
S4 Extensive bars C4 Multiple channels or braids D l  Small woody debris 
S5 Extensive scoured zones C5 Disturbed stone lines D2 LWD function 

D3 Recently formed LWD jams 

A (Erodible): l=Silt, 2=Sand, 3=Gravel, 4=Cobble, 5=Boulder 
N (Non-erodible): l=Till, 2=Colluvium, 3=Bedrock 

Comments: This reach is channelized through what used to be a wetland near the outlet of 
Hydraulic Lake. The channel is stable. 



PHOTO HF-1. Reach HF - Overview (RA4, P9) 



K.L.0.-Hydraulic Channel Assessment - Field Form 1 

Sub-basin: K.L.O. Creek 
Reach: KA 

Date: 09/01/98 
Crew: SchererNanEmmerik 
Weather: Sunny 

S 1 Homogenous bed texture C 1 Extensive riffles or cascades B 1 Abandoned channels 
S2 Sediment fingers C2 Minimal pool area B2 Eroding banks 
S3 Sediment wedges C3 Elevated mid-channel bars B3 Avulsions 
S4 Extensive bars C4 Multiple channels or braids Dl  Small woody debris 
S5 Extensive scoured zones C5 Disturbed stone lines D2 LWD function 

D3 Recently formed LWD jams 

A (Erodible): l=Silt, 2=Sand, 3=Gravel, 4=Cobble. 5=Boulder 
N (Non-erodible): l=Till, 2=Colluvium, 3=Bedrock 

Comments: This fan reach is slightly aggraded as evidenced by cobble deposits at the mouth 
of K.L.O. Creek. Material is transported through the canyon reach KB, and although some 
material is held up in reach KA, there are deposits reaching Mission Creek. 



I 

P 

I - 
PHOTO KA-1. Reach KA mouth - Overview (RA4, P13) 

PHOTO KA-2. Reach KA - Overview (RA4, P15) 



PHOTO KA-3. Reach KAIKB - Downstream (R2, P9) 



K.L.0.-Hydraulic Channel Assessment - Field Form 1 

Sub-basin: K.L.O. Creek 
Reach: KB 

Date: 09/01/98 
Crew: SchererNanEmmerik 
Weather: Sunny 

S 1 Homogenous bed texture C1 Extensive riffles or cascades B 1 Abandoned channels 
S2 Sediment fingers C2 Minimal pool area B2 Eroding banks 
S3 Sediment wedges C3 Elevated mid-channel bars B3 Avulsions 
S4 Extensive bars C4 Multiple channels or braids D l  Small woody debris 
S5 Extensive scoured zones C5 Disturbed stone lines D2 LWD function 

D3 Recently formed LWD jams 

A (Erodible): l=Silt, 2=Sand, 3=Gravel, 4=Cobble, 5=Boulder 
N (Non-erodible): l=Till, 2=Colluvium, 3=Bedrock 

Comments: This is a bedrock canyon reach and detailed field measurements were not 
recorded. Any sediment input to this reach is transported to the lower channel. Cobble and 
gravel deposits are located near the bottom of the canyon reach (Photo KA3). 




























