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WATER ALLOCATION PLAN: QUENNELL-HOLDEN 4-21-20

1.0 Introduction

The two primary program goals related to the Water Management Program's water
allocation process is to ensure comprehensive planning for water use and to protect both
licensed rights and instream uses of water. In order to achieve these goals the following
policy and direction is required:

Regional Policy:
The region shall be subdivided into watershed areas and a water allocation
plan shall be prepared for each watershed area.
Water licence decisions will be made in accordance with approved plans.

Water Allocation Plans are a means for identifying water demands and ensuring that water
use is compatible with the goals of a sustainable environment. The plans are intended to
replace or reduce most Water Licence Application Reports by pre-defining specific
allocation directions and decisions.

The plans shall give directions regarding further water allocations by assessing the
following:
- surface water resources available;
- in stream requirements for fisheries, water quality, recreation and other uses;
- existing and potential water demands.

In the development of Water Allocation Plans, referrals are made to other agencies for
input and information (Federal & Provincial Fisheries, and the Water Management's
Water Rights & Hydrology Sections in Victoria).

The Quennell-Holden Water Allocation Plan is the first plan completed for the Water
Management Region 01 - Vancouver Island.



Quennell / Holden

2.0 General Watershed Information

The Quennell-Holden Lake watershed area is located on the eastern coast of
Vancouver Island, south of Nanaimo and north of Ladysmith Harbour. The
Allocation area (Figure 1) is 5254 hectares and included the Chemainus Indian
Reserve at the southerly end and the Harmac mill site at the north. Most of the land
is rural and forested, with small farms and pockets of subdivisions (North Cedar,
Boat Harbour and Yellowpoint).

It is a low lying area with the highest elevation at 93 m and the median elevation at
42 m. The main watershed covers 63 % of the Allocation Plan area or 3443
hectares and includes the two main lakes, Quennell and Holden. Several smaller
watersheds are associated with Greenway, Priest and Long Lakes. There is no
main river flowing through this Water Allocation Plan area, the streams within the
watershed connect most of the major lakes together and they all appear to go dry
during the normal low flow period, July to September..

The percentage of lakes within the watershed area is approximately 5 %, with the
two largest lakes, Quennell and Holden having surface areas of approximately 120
ha and 38 ha respectively.

The number of water licences is broken down and categorized as follows:

Irrigation 22 %
Domestic 71 %
Industrial 7 %

A review of the groundwater conditions in the Long Lake/ Priest Lake area was
completed by Ministy Of Environment, Groundwater Section in 1986, Appendix (A).
The majority of wells in the area are constructed in bedrock. There are variations
in the wells, with some areas indicating poor quality ( sulphur smell ) and others with
limited capacity, especially in the summer months.

The possibility exists that the Holden Creek valley contains an aquifer which may be
quite productive.

Quennell Lake is used extensively for recreation- water skiing, canoeing and fishing.
A Water Quality study is planned on Quennell Lake by provincial water quality

branch and the Federal Government. It is assummed this study will begin in 1992
and will investigate options to increase water quality in the lake.
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3.0 HydrologyHydroloqgy

3.1 Hydrometric Data

There are no long term hydrometric stations within the Holden/Quennell
watershed. The limited data and observations are as follows:

3.1.1 Quennell Lake water levels - WSC station #08HB055

As shown in Appendix (B1), water levels were recorded during the April-
October period for the years 1976 to 1980 inclusive.

3.1.2 Observation of Quennell Lake outflow to Holden Creek

In 1978, Mrs. M. Haley reported that there is no flow from the Quennel Lake
outlet to Holden Creek from the end of March to late December or early
January. During a year of exceptionally heavy rainfall, the flow may
commence in late November and continue until early April.

3.1.3 Holden Lake water levels - WSC station #08HB071

As shown in Appendix (B2), water levels were recorded during the April-
October period for the years 1980 and 1983 to 1985 inclusive.

3.1.4 Holden Creek streamflow

Only one measurement was taken at an unknown location on Holden Creek.
On May 21, 1980, the flow was 0.466 cfs.

3.1.5 Priest Lake water levels - WSC station #08HB066

Hydrometric Station #08HBB07 was established by the Hydrology Section,
Victoria in June, 1980 and streamflow was measured from June, 1980 to
September, 1982 inclusive. This data was collected and approved internally,
but was not accepted by Water Survey of Canada for publication. Results are
shown In Appendix (B2). The minimum discharge for 1980, '81, & '82 was
0.010 m3/s, 0.017 m3/s, & 0.016 m3/s respectively.

At the beginning of September, 1991, measurements were taken by the
Regional office at the same location as the discontinued station mentioned
above. The results are shown in Appendix (B3). The initial streamflow was
0.009 m3/s after an August of high precipitation. However, with a lack of
rainfall over the next few months, the streamflow steadily decreased to zero.
"No flow" conditions remained for the month of October.
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3.1.6 Unnamed tributary to Holden Creek

While Holden Creek flow ceased at the beginning of October 1991, a small
creek located 20 metres downstream of Stn. 08HBBO7I continued to flow
throughout October. The flow on October 10, 1991 was 0.0004 m3/s.

3.1.7 Priest Lake water levels - WSC station #08HB066

As shown in Appendix (B4), water levels were recorded for January -
December, 1979.

3.1.8 Observations at Priest Lake outlet

Date Reported by Observations
11/21/68 W.D. Lasell no outflow in summer
09/19/69 W.D. Lasell no outflow in summer
11/30/70 W.D. Lasell no flow at time of inspection
05/17/73 W.D. Lasell seasonal flow only
11/19/73 D. Williams no outflow at time of inspect
11/04/74 D. Williams nil at inspection

3.1.9 Streamflow measurements on Priest Creek

As shown in Appendix (B5), gauge heights were recorded at a station
identified as #08HB B05 on Priest Creek. Although a site description or stage
discharge curve were not provided, the data sheet does show that flow
ceases between April and November.

3.2 Streamflow Estimates

3.2.1 Low Flow Conditions

From the observations and measurements shown in Section 2.1, the
streamflow ceases within the Quennell-Holden Water Allocation Plan area
during the dry season. The streamflow during low flow conditions shall be
considered zero for all creeks within this allocation plan.
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3.2.2 Annual Volume Available

Due to the lack of long term measurements in this watershed, the annual
volume of water available in the basin was calculated by two methods - by .
regionalization of the flow characteristics from nearby gauged streams and
by calculating runoff volume from annual precipitation.

3.2.2.1 Regionalization Method

Data on several nearby gauged basins were compiled and are shown
in Table (1) (page 4). Three stations (Millstone R. & Bings Cr.) were
monitored year round and two stations were only monitored for the
summer months (French Cr. & Glenora Cr.).

By plotting a regional curve of the mean discharges versus drainage
areas for nearby gauged basins, an adequate relationship was
developed and shown in Figure (2). For the 34.43 km2 Quennell-
Holden basin, the winter (October - March) mean flow was estimated
at 1. 81m3 /sec and the summer (April - September) mean flow was
estimated at 0.30 m3/sec. Annual mean discharge was then
calculated at 1.06 m3/sec. Therefore, by regionalization, the annual
volume available for the Quennell-Holden drainage area may be
estimated at 33,500 dam3.

3.2.2.2 Precipitation Method

The nearest Precipitation station is located at Cassidy Airport, with 33 years
of record. The annual precipitation (PPT) is 1103.6 mm.

The monthly PPT in mm is as follows:

JAN 177.5 JUL 22.6
FEB 117.1 AUG 32.7
MAR 108.4 SEPT 45.3
APR 57.5 OCT 101.2
MAY 38.4 NOV 161.4
JUN 39.7 DEC 201.8




QUENNELL LAKE\HOLDEN LAKE WATERSHED PLAN

DATA AVAILABLE FROM NEARBY GAUGED BASINS WITH SIMILAR CHARACTERISTICS

Glenora Cr near | Bings Creek @ Quennell Millstone R Millstone R@ | French Cr @
Duncan mouth 08HA016 Holden @ Wellington Nanaimo Coombs
08HA056 Watershed 08HB027 08HB032 08HB038
Distance from Quennell/Holden 35 km SSE 32 km SSE 18 km NW 18 km NW 57 km NW
2080 1550 3443 4610 8620 5830
Drainage Area (ha)
Median Elevation (m) 130 140 42 335 - 200
Mean Discharge (m>/s)
October-March - 0.84 - 2.58 4.07 -
April-September 0.14 0.11 - 0.54 0.71 0.5
Annual - 0.464 - 1.56 2.41 -
7-Day Avg Low Flow (m°/s)
Mean 0.015 0.017 - 0.017 0.123 0.001
5 year recurrence 0.012 0.011 - 0 0.018 0
Precipitation (mm) Duncan Forestry Nanaimo A Parksville
October-March 832.9 832.9 867.4 867.4 867.4 722.2
April-September 209.4 209.4 236.2 236.2 236.2 241.7
Annual 1042.3 1042.3 1103.6 1103.6 1103.6 963.9
Table 1
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The annual potential evapotranspiration as calculated by Air Management
Branch, Ministry of Environment for the Nanaimo area is 526.2 mm with the open water
evaporation at 745.0 mm. (refer to Appendix C ).

Total potential annual yield for the watershed area is:
1103.6mm x 3443ha = 37,997 dam® or (30,791 acre feet)

Average Annual Yield minus the Potential Evapotranspiration and open water
Evaporation is:

PPT 1103.6mm x 34.43km? = 37,997 dam®
minus PE  526.2mm x 32.71km? = 17,212 dam®
minus E  745.0mm x 1.72km? 1,281 dam®

Total 19,504 dam® (15,812 acre feet)

Where: PPT = precipitation
PE = potential evapotranspiration
E = evaporation

The Monthly Potential Evapotranspiration rates indicate there is a deficit
during the April to September period, therefore, there is no excess flow
during that time. It is assumed then, that the yield available in the watershed
area is only during surplus PPT periods - October to March.

By using different methods, regionalization and precipitation, two average annual
volumes have been estimated - 34,000 dam?® (section 2.2.1) and 19,504 dam®
(section 2.2.2). Given the fact the watershed area used in the regionalization
estimate had higher median elevations and the watershed is in a water deficit
condition during the summer months, the conservative result of 19,504 dam® annual
available volume will be used for the Quennell-Holden Lake watershed.

There fore, the unit yield for this Quennell-Holden Water Allocation Plan area
is 5.66 dam® /ha (1192 acre feet/mi?)
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3.3 Lake Volumes Lakes Volumes

The following information has been collected from the Fisheries Branch, Ministry of
Environment:

3.3.1 Quennell Lake

This is the largest lake within the Water Allocation Plan area, with a surface
area of 119.8 ha and a volume of 4,159 dam®. The mean depth is 3.5 metres
and the maximum depth is 6.9 metres. There are no distinct inlets to the lake
and there are two outlet channels on the north east arm of the lake which
connects it to Holden Lake. The lake consists of several elongated arms and
is generally fairly shallow and warm in the summer.

Volume minus open water evaporation' = 3975.0 dam?® (3222.5 acre feet)
3.3.2 Holden Lake

This is the second largest lake, with a surface area of 37.6 ha. and a volume
of 1,652.5 dam>. The mean depth is 4.4 metres and the maximum depth is
6.5 metres. The lake is fairly shallow and warm in the summer. The outflow
is Holden Creek, which is tributary to the ocean.

Volume minus Evaporation = 1513.9 dam?® (1227.3 acre feet)

3.3.3 Greenway Lake

This is a small lake, with a surface area of 2.2 ha., and a volume of 72 dam?.
This lake's outflow goes in both directions during the winter months, to the
north and to the south. The area surrounding the lake is quite flat.

Volume minus Evaporation = 63.8 dam® (51.7 acre feet)

10
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3.3.4 Priest Lake

A small lake, with a surface area of 2.3 ha., and a volume of 109 dam®. The
inlet and the outlet are at the north end of the lake.

Volume minus Evaporation = 100.5 dam® (81.5 acre feet)

3.3.5 Florence Lake

Florence Lake is a "man-made" lake or reservoir on Priest Creek that was
created by construction of an unauthorized and inadequate dam.
Unsuccessful attempts were made to have the developer responsible for
construction of the dam (Meadowlark Developments Ltd.) remove or improve
the works. Landowners/users surrounding the lake have discussed the
possibility of assuming responsibility for operation and maintenance. The
issue was unresolved at time of this report.

Almost all the lakes within the Quennell-Holden Water Allocation Plan area have
beaver activity at the outlets.

4.0 Instream Flow Requirements and Licensed Demand

4.1 Instream Values

Both Quennell Lake and Holden Lake are productive fish habitat. The problem with
maintaining fish stock is the warm water temperatures during summer caused by
the shallow depths. However, this shallow depth also provides for very good habitat.
See the memo addressing this situation from Peter Law, Fisheries Biologist in
Appendix ( D ). Fisheries recommendation is not to allow any further withdrawal on
these two lakes.

As the streams within this watershed stop flowing during the summer months, there
is no minimal instream flow requirement for fisheries.

Both Quennell Lake and Holden Lake have heavy recreational use.

The other lakes in the watershed should be maintained at close to the existing
levels for aesthetic value and for the enjoyment of those living around the lakes.

11
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4.2 Licensed Demand

Total licensed demand for the watershed is as follows:

Irrigation
Storage
Domestic
Industrial

289.45 acre feet
133.6 acre feet

59,600 g.p.d. (80.16 acre feet p.a.)
31,500 g.p.d. (42.37 acre feet p.a.)

TOTAL per annum (subtracting Storage) = 278.38 acre feet (343.38 dam®).

4.2.1. Licenced Demand for Individual Lakes

QUENNELL LAKE

Licenced purpose

Annual

6 mo. Apr. -Sept.

90 day

(acre feet) acre feet) normal low flow
(acre feet)
Irrigation 135.0 135.0 135.0
Domestic and Industrial 33.4 16.7 8.2
(24, 850 gpd)
Total 168.4 151.7 143.2
HOLDEN LAKE
Licenced purpose Annual 6 mo. Apr. -Sept. 90 day

(acre feet)

(acre feet)

normal low flow
(acre feet)

Irrigation 4.7 4.7 4.7
Domestic and Industrial 7.4 3.7 1.8
(5,500 gpd)

Total 121 84 6.5

12
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PRIEST LAKE
Licenced purpose Annual 6 mo. Apr. -Sept. 90 day
(acre feet) (acre feet) normal low flow
(acre feet)
Irrigation 11.8 11.8 11.8
Domestic and 27.6 13.8 6.8
Industrial (20,500 gpd)
Total 39.4 25.6 18.6
GREENWAY LAKE
Licenced purpose Annual 6 mo. Apr. -Sept. 90 day
(acre feet) (acre feet) normal low flow
(acre feet)
Irrigation 0.0 0.0 0.0
Domestic and 10.8 54 2.7
Industrial (8,000 gpd)
Total 10.8 54 2.7

4.3 Projected Demand

A large residential development including a golf course is proposed for the Boat
Harbour area. Preliminary plans indicate a connection to the North Cedar
Waterworks district system. As recommended in the North Cedar Water Study,
April 1985 by Chatwin Engineering Ltd. ( Water Library # 8524 ), the waterworks
district would use "wells" in the Nanaimo River flood plain or the Holden Creek
aquifer to supply this additional demand.
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5.0 Conclusions

Given the similar characteristics of the lakes and streams within the Quennell-Holden
Water Allocation Plan area, conclusions are considered applicable to all sources. Some
anomalies may occur with effuent streams being recharged by groundwater, however,
these streams are infrequent exceptions.

The minimum streamflow during the summer months (April - September) :5hall be
considered zero for all creeks.

Due to the sensitive nature of the fisheries habitat in Quennell and Holden Lakes and the
small volumes in the other lakes, large water withdrawals not supported by further storage

will have an adverse affect.

Watershed yield for the purpose of designing further water storage shall only be
considered available during the 6 month October - March high flow period.

The annual unit yield for this area is 5.66 damJ/ha (1192 acre feet/mi2)

6. 0 Recommendations

6.1 Licencing

All streams are to be noted as fully recorded.

No further licencing for any purpose ( for use during April - September) shall be
recommended on any creek unless fully supported by storage.

Only domestic (household use) licences will be recommended on any of the lakes.

Any applications for an increase in storage on any of the lakes, or proposal for
changes to the existing storage, must address the concerns of the other users
including fisheries & recreation) and of the surrounding property owners. The onus
will be placed on the applicant to reach a mutually agreeable position with
concerned parties.

Florence Lake: no further water licences shall be allowed until the responsibility for
operation and maintenance of the dam is resolved.

14
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If an applicant claims that the source is an anomaly to the conclu" ions presented in this
Water Allocation Plan, the onus wil be placed on the applicant to prove that unrecorded
water is available.

6.2 Technical and Inventory

Gauges on Quennell Lake and Holden Lake should be established to help determine the
annual acceptable lake levels for all users in the future. Gauges are also required to assist
in water quality and fisheries studies.

Low flow measurements in the Holden Creek basin should be continued as this area is a
potential source of water for proposed developments.

This Water Allocation Plan should be re-evaluated in 10 years, or when there is any major
development within the plan area.

Water Rights maps should be updated to indicate the area of the watershed boundary for
any future applications.

The Point of Interest (POI) database should be updated to note all sources within the plan

area as being fully recorded according conditions provided in this Quennell-Holden Water
Allocation Plan.

15
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WATER MANAGEMENT

4E) Doeest e B MEMORANDUM

-— BRANCH
To: Dr. J.C. Foweraker, Head Date:  March 18, 1986
Groundwater Section Qur File: 92 G4

Water Management Branch

Re: Woodlot Licence 003

As requested by Mr. B. Hollingshead, Regional Water Manager, a
review has been undertaken of available information on groundwater
conditions in the vicinity of the 1lands associated with the above.
Comments have been requested on the potential impact of logging on
groundwater quantity and quality on adjoining areas. The areas in which
logging is proposed are shown in Figure 1 and include Crown lot 113 (Area ‘
A}, Crown lots 50, 111, 115 and 124 (Area B), and private lots il and
100. Available well records on file with the Groundwater Section,
existing geologic reports and air photographs were examined for the
preparation of this report. Areas downslope of the proposed logging
activities, which may be potentially impacted are shown in Figure 1. The
downslope areas were delineated on the basis of topographic and surface
water drainage considerations.

GEOLOGY

Area A

Available geologic mapping (Muller and Jeletzky, 1970) indicates
this area is underlain by sandstone and conglomerate of the Upper
Cretaceous, De Courcey Formation. These rocks dip gently towards the
northwest and form a series of alternating northwest to southeast
trending bedrock ridges and linear depressions. Priest Lake, Long Lake
and a number of smaller ponds and swamps occur within these depressions.

-
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Northeasf-southwest trending lineaments probably reflecting fracture
planes 1in the bedrock and northwest-southeast striking lineaments
probably reflecting bedding planes (Figure 2) are evident on air
photographs covering the area. Areas downslope are also underlain by the
same rock types. According to available surficial geology mapping
(Ha]stéad,-1963) a varied stony, loamy and clayey marine veneer commonly
less than 1.5 metres in thickness mantles the bedrock. Alluvial deposits
of gravel, sand, silt, clay and peat are also found within the Long Lake

and Priest Lake depressions.
Area B and Private Lots 11, 100

These lands are ungerlain for the most part Dy sancstone and
conglomérate of the De Courcy rormation (Muller and Jeletzky, 1970).
Shale, siltstone and sanastone of the Cedar District rormation and the
Northumberland Formation have also been mapped along the western slope of
the Woodley Range facing Ladysmith Harbour and in Lot 11 respectively.
These strata strike northwest to southeast and dip gently towards the
northeast. The number of northeast-southwest striking lineaments
probany' reflecting fracture planes in the bedrock are eviaent on air
photographs covering the area. One major lineament through lot 111 has
been mapped by Muller and Jeletzky (1970) as a fault (Figure 3).
Halstead (1963) shows the higher elevations (above 90 metres) of the
Woodley Range locally covered by thin (less than 1.5 metres thick)
deposits of marine veneer comprised of gravel and sand overlying bedrock.
The eastern flank of the Woodley Range between the 90 and 60 metre
elevations is however mantled by marine gravels and sand overlying ground
moraine deposits of till with lenses of gravel, sand and silt. Below the
60 metre elevation contour clayey marine deposits up to 15 metres in
thickness overlie bedrock. Further eastward and downslope of the

Appendix A2
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proposed logging area a varied stony, loamy and clayey marine veneer less

than 1.5 metres in thickness mantles the bedrock. |
‘ |

GROUNDWATER CONDITIONS

Available well record data on file indicates that the majority of
domestic wells in the region are constructed in bedrock. Fracture zones

and lithologic contacts constitute the major water-producing zones in the

bedrock. ‘Widespread fracturing in the bedrock appears to be more
important than individual major fault zones in governing the regional
availability and movement of groundwater. Some faults may act as
relative barriers to groundwater flow and can be associated with boor
quality (saline) groundwaters. Locally shallow dug wells, completed in
Tow lying areas within the unconsolidated deposits may also yield
domestic supplies. Wells and springs reported to occur downslope of the
proposed logging areas are shown in Figure 1 and listed in Tables 1 and
2. Coordinate locations for these sites are from water well location
maps on file with the Groundwater Section. Table 1 indicates, there are
forty-nine reported domestic wells situated downslope of Area A (DL113).
Reported well depths range from 3 to 122 m. Twelve wells are reported
east of Area B (well depths ranging from 6.7 to 145 n) and a further 26
"wells (well depths ranging from 9 to 138 m) are reported along the
southwesterly facing slope of the Woodley Range along Ladysmith Harbour
(Figure 1). The majority of reported well yields are generally low
(<.3 L/s) although a few individual wells may yield 0.6 to 2 L/s. The
current status of these wells is presently unknown; some may not be in

use due to poor water quality or limited capacity. Others for which

records -are not on file may also exist. A field inventory would be
required to confirm the status of these water sources.
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Groundwater supplies for many residents, particularly in the area
north of Yellow Point and along the north shore of Ladysmith Harbour may
be marginal due to limited well capacities, variations in water quality
and significant well density. Water conservation measures in these areas

'may be required for some résidences during the late summer months.

Regionally éreas of groundwater recharge and discharge have been
recognized in terrains underlain by the Nanaimo Group. Generally upland
_areas act as groundwater recharge areas where infiltration of
precipitation and surface water scurces occurs. In these areas
groundwater Tlevels may lie several metres below the ground surface.
Wwater levels in topographically low lying areas are generally closer to

ground surface or uncer flowing artesian conditions indicative of

groundwater discharge conditions. These latter areas are generally
localized at the toe of slopes, within valleys and along coastal

shorelines.

Based on available water level data and topographic considerations
the proposed locging areas appear situated for the most part in
groundwater recharge areas. Areas below the 40 metre contour elevation
appear to lie within groundwater discharge areas. ' '

Available groundwater qua]ity‘analyses in the vicinity of Woodlot
licence 003 are listed in Table 3. From the limited data available and
known water quality variations elsewhere in wells completed in the
Nanaimo Group it is expected that groundwater quality would vary locally
both areally and with depth. Coastal wells along Ladysmith Harbour and
Stuart Channel may be subject to sea watér intruéion resulting in
elevated concentrations of sodium and chloride. Locally high iron
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concentrations and sulphurous smelling groundwaters may be a problem at
certain times of the year (late summer months).

POTENTIAL EFFECTS OF PROPOSED LOGGING ACTIVITIES

The effects of logging on groundwater quantity and quality are
difficult to quantify. Removal of a large portion of timber from a
watershed often leads to increased annual runoff due to the reduction in
evapotranspiration. Effects on groundwater regimes however are little
understood. An increase in annual runoff might imply reduced groundwater
recharge but it is cenerally found that there is an increased component
of - subsurface discharge (groundwater inflow) to streams which would
suggest increasec croundwater recharge. Available long-term (10 year)
water 1eve1. gdata from bearock observation wells in fractured bpearcck
aquifers'in tne southern coastal region of British Columbia (Kohut et al,
1984) indicate groundwater levels respond cyclically on a seasonal basis
to climatic variations. Groundwater recharge (infiltration of precip-
itation to the . groundwater regime) occurs as water levels rise 1in
response to fall and winter precipitation. Thereafter waterlevels

decline during the dry summer months.

Due to the relatively thin soil cover in Areas A and B (including
the associated private lands) and the limited storage capacity of the
bedrock, extensive reﬁova1 of forest cover and soil disturbance (road,
skid trails, etc.) in upland areas may have a noticeable effect on
groundwater recharge. Nherévforest'cover and undisturbed soil conditions
are present this likely contributes to sustaining the period during which
groundwater recharge occurs during the winter months. With forest cover
removal and soil disturbance, water levels in. the bedrock might be
expected to rise more rapidly in response to fall-winter precipitation.
With reduced moisture retention capacity of the materials overlying the
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bedrock, this may then be followed by a relatively early recession of
" water levels during the dry summer months. The net effect could be
greater seasonal extremes with higher water levels during the winter
months but possibly lower water levels occurring somewhat earlier auring
the summer season. Low water levels during the late summer months can be
accompanied by a deterioration in water quality during these periods.
Where well supplies are already marginal the situation could be

aggravated.

The magnitude of any effects of logging on the groundwater regime,
however, on an énnual basis, will aepend upon the relative Jocation and
area logged, methods of logging ana climatic variations. Accoraing to
tne anagement and wWorkinrgc plan, (Barkér, 1985), it is indicatec tnat
acoroximately 8 percent of the total area of 39& nectares may be
clearcut with clearcut opening sizes normally limited to 7 ha. Based on
the proposed annual cut of 1350 m this would be -equivalent to
approxfmate]y 6 hectares to be logged each year.

In consideration of the limitations on clear cutting, aesignated
areas for clear cutting and magnitude of the annual cut, it would appear
unlikely that these logging activities during the five year term of the
plan would have a major impact upon' the groundwater regime and existing
wells, providing natural drainage features are not appreciably altered.
Suitable undisturbed buffer areas adjacent to surface water bodies and
along the southwesterly facing slope of the Woodley Range along Ladysmith
Harbour should be considered.

SUMMARY AND CONCLUSIONS

Groundwater from bedrock wells and shallow dug wells are an
important source of water supply for residents situated downslope of the
proposed logging areas. Well density is significant particularly along
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the northern shore of Ladysmith Harbour and north of Yellow Point.
Available supplies in these areas may be marginal due to limited well
capacities, variations in water qua]ity and well density. Water
conservation measures may be required during the late summer months. The
proposed logging areas are situated for the most part within groundwater
recharge areas which supply bedrock aquifers downslope. The proposed
methods of logging and limited annual cut however, would probably not
have a major impact upon the groundwater regime and existing wells
providing natural drainage courses are not altered. Undisturbed buffer
zones adjacent to surface water bodies and along the southwest facing
slope of the Woodley Range along Ladysmith Harbour are recormended.
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WELL LOCATION DATE DEPTH AQUIFER MAJOR . NON-PUMP ING REPORTED YIELD —
CO-ORDINATES COMPLETED (feet) TYPE PRODUCING ZONE WATER LEVEL gpm. L]
- © (feet) BELOW GROUND <
: (feet) e
- .
X5, Y9 #1 1954 204 sandstone 170 - >0.5 =]
2 1961 80 sandstone/shale 40, 72 - 2+ @
3 1959 125 bedrock - - 1.3 =
9 1952 -= -- -- -- == <
5 1967 100 sandstone 54 6 0.5
6 1968 85 sandstone - 8 15
7 1973 200 sandstone/shale 123,167,195 33 2.3
8 1973 400 shale-granite -- 20 1.5
9 1979 84 shaley sandstone 15 47 1
X5, Y8 #1 1957 80 sandstone - 9 2.4
3 1957 54 sandstone 52 30 8
4 1962 83 sandstone - 15 10+
5 1962 20 sandstone -- 2 --
6 1962 24 gravel - surface -
7 1962 68 shale 33,54,67.5 8 9.6
8 1955 53 sandstone 10,45 17 5.5
10 1962 5 bedrock - - --
12 1950 116 sandstone/shale -- -- 2
13 1965 105 sandstone 100 5 2
14 1965 156 sandstone 40,62,80,120,154 14 10
16 1971 100 sandstone 98 25 5
17 1971 216 shale 100,155,197 92 0.3
18 1969 174 sandstone ) - 26 6
20 1972 90 shaley sandstone 47,57,83 20 12
21 1972 311 sandstone - 113-116,155-157 39 2
174-177,199-203 .
28 1973 130 shaley sandstone -- 55 1.5
31 1976 140 shaley sandstone 83,129 28 5
32 1977 230 sandstone 165 45 15
38 1979 392 shaley sandstone 385 78 1
41 1978 84 sandstone 21,80 20 2
42 1981 142 sandstone 98,131 35 3.5
43 1975 228 sandstone 226,228 54 30
44 1975 400 shaley sandstone 319,356,396 56 4
45 1981 - 162 shaley sandstone 94 70 1.25
46 1975 240 -— 236 -— 9
a7 1979 310 shaley sandstone 300 61 7
48 - 260 sandstone - 55 8
X4, Y8 #4 - 10 sandstone -- 0 -
17 1973 110 shaley sandstone 58,80,103 48 4
52 1982 265 sandstone - 93 6
R7Sec.1#2 1966 105 sandstone 76,92 2 8
4 1967 119 sandstone 45 12 25
5 1970 122 sandstone/shale - - 8
6 1970 94 sandstone/shale -~ 53 1
7 1969 97 shaley sandstone 36,64 15 2.5
8 1974 135 shaley sandstone 74 22 0.5
9 1974 110 shaley sandstone 76 45 1
13 1977 166 shaley sandstone 120,158 87 0.5
14 1978 292 shaley sandstone 172 5 0.25




TABLE 3 '

-
s

y(

AVAILABLE GROUNDWATER QUALITY- ANALYSES, 1IN VICINITY OF WOODLOT LICENCE 003 «

M L]

—

+ 4 =

WELL DATE catt Mg* Ne x* S0,  ¢I” ALKAL INITY HARDNESS SPECIFIC M FLUOR1 DE TRON COMVENTS =]

COORDNATES SAMPLED TOTAL CONDUCTANCE S -3

Aemhos /cm j=5

, <
X2, Y6, 922 Aug- 76 294 2 1050 3.6 204 2180 138 1130 69500 7.6 - 0.2 -
x3, v8, N9 Mar. 82 - - 2% - -- - -- - 1310 8.8 0.99 - -

x4, Y1, 0 - - - —_ -- -- -- - 68 -- - - - Sulphuraus

x4, 8, 7 - - - _ - - - - 34 - 6.0 - 0.6 --
X5, 8, £37 - - - 6.5 — - -- - - 312 7.4 0.68 - -~

Concentrations

reported In mg/L except for pH (relative unlts).




WELLS/SPRINGS DOWNSLOPE OF PROPOSED LUGGING AKEA B LNLLUUIMa FKIVAIL LrnilS

>
WELL LOCATION DATE DEPTH AQUIFER MAJOR PRODUCING NON-PUMPING WATER REPORTED (o8]
. COMPLETED (feet) TYPE I0NE (feet) LEVEL BELOW GROUND YIELD |A1
(feet) gpm.
: X
X2, Y6 #1 1957 60 sandstone 18 17 . 0.4 ] .M
3 -- - -- -= 0 --
4 1956 30 sandstone 25-30 6 10 a
6 1955 46 sandstone/shale 42 15 10 . =3
10 1965 256 shaley sandstone 168 -- .2 <«
11 1966 90 shale 55 35 2
12 1966 70 shale 37,60 22 3
15 1968 80 sandstone -~ 15 2
16 1971 75 shaley sandstone 26,69 12.5 2
17 1972 60 shaley sandstone 15,26,31,46 14 2.5
20 1973 200 shaley sandstone - 15 .25
21 1973 80 shaley sandstone - 15 10
22 1975 114 shaley sandstone 59,84,108 43 .75
23 - 138 shaley sandstone 79 48 0.5
25 1976 120 shaley sandstone 39,52 9 1
26 1978 64 shaley sandstone 51 24 30
27 1977 65 shale - 20 20
30 1975 130 shaley sandstone 126 16 .5
31 1975 140 shaley sandstone -- 26 .3
33 1978 190 shaley sandstone 21 -- .05
34 1978 105 sandstone 35 20 5
35 1979 453 shaley sandstone 300 - --
36 1980 62 shaley sandstone 46 31 3.5
X3, Y6,#1 1973 40 shaley sandstone 35,38 3 5
2 1977 63 shale 30,34 17 3
5 1974 60 shaley sandstone 40 10 4
X4, Y6,#3 1979 475 sandstone 455 259 5
4 1975 125 clay/stoney sand 101 0 10
X4, Y7,#1 - - - - +1 1
X3, Y7.,#1 1962 - tin -~ 2 -
2 -- 22 - - -- -
3 1968 110 sandstone 100 22 4.5
4 1973 140 sandstone -- 6 3.5
6 -- 210 sandstone/shale 199-202 28 10
7 1978 290 shaley sandstone 280 10 15
8 1982 385 shaley sandstone 358 32 7
9 1982 363 shaley sandstone 363 35 30
X3, ¥8,#33 1980 200 sandstone - - a
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BRITISH COLUMBIA MONTHLY POTENTTAL EVAPOTRAISPIRATION
AND OPEN WATER EVAPORATION ESTIMATES CALCULATED
FROM THE PRICSTLEY ANC TAYLOR MODEL

kR.L. Davis, P.Ag.
Air Management Branch
Ministry of Envircnment

Monthly estimates of potential evapotransipiration and open'water
evaporation at 28 locations in BC are presented in this report. These
estimates were caluclated using the Priestley and Taylor (1972) formula,

1.26 (gé;) (Q*-6) (1)

LE

where: ) -1
LE = evaporation flux (MJ m = mo )

]
Q*= net radiation flux (M moc mo'l)
G = heat flux into either the soil or water boady

(14d m% mo™h
\
= psycnrometric constant (0.66 md Octhy

-
1)

= glope of the saturatian vapour pressure versus
Temperature curve at mean alr temperature

-
~T el

‘fmp "2

The Priestley ana Taylor approacn has peen wiadely agpiiea with cen-
siderable accuracy to estimate both potential evapotranspiration from
green vegetation (Davies and Allen, 1973; Rouse et al., 1977, Bailey, 1677,
Davis, 1978) and evaporation from shallow open water bodies (Stewart and

Rouse, 1976).

) Use of this model is limited in BC by the lack cf radiation data.
However, radiation can be estimated from temperature and sunshine data.

The assumption is often made with small error that G = 0 on a monthiy
basis. ' -

The value of S can be estimated using the empirical technique described
by Dilley (1968). '

s » (25020/(T + 237.3)%) texp(17.2697/(T + 237.3)}  (2)

where: o
T = mean air temperature (°C).

Net radiation, Q*, can be estimated using the Linacre (1968) equation,

Q*= (1-r) K - 2.988(.2 + .8 n/N)(100-T) (3)
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where: -2 -1
solar radiation flux (MJ m © mo™")

the albedo (reflectivity of the surface)
hours of bright sunshine
maximum possible hours of bright sunshine (available froa

meteorological tables).

231 <+
[ I B I ']

: s i . L.
when longterm normals of solar radiation are nof available, it is
necessary to estimate normal K+ from an Angstrom regression equation as

follows:
Ke = Q (.21 - .565 n/N) (4)

where:
Q. = solar radiation flux at the top of the earth's surface

° (MJ m-2 mo-!) (available from meteorological tables).

Equation 4 was developed using solar radiation and hours of sunshine da:a
from several British Columoia climate stations.

fvapotranspiration is calculated using r = 0.25 and evaporation is
calculated using r = 0.07 in equation 3. Evaporation flux in M) m™¢ mo~4 1S
converted to mm mo -1 ysing the following conversion

1M m'2 mo "% = 0.423 mm mo '1.

REFERENCES:

3ailey, W.G., 1977: Atmospneric ang Surface Controi on Evapotransoirati:i”
Durina Sovbean MatJration.. Pn... inesis, —eci. JT secdrapny, McMistar
University, namiiton, untaric, l6Zo.

Davies, J.A. and C.D. Allen, 1973: Equilibrium, potential and actual
evaporation from cropped surfaces in southern Ontario. J. Apn]l. Mateaor,

12:649-657.

Davis, R.L., 1978: Pasture Productivity and Climate in the Peace River 2egion.
M.Sc. Thesis, Dept. of Geograrhy, McMaster University, Hamilton, C-tary2,

171p. -

Dilley, A.C., 1968: On the computer calculation of vapour pressure and specific
humidity gradients frompsychrometric data. J. Appl. Meteor., 7:717-71S.

Linacre, E.J., 1968: Estimating the net radiation flux. Agr. Meteor., 5:49-63.

Priestley, C.H.B. and R.J. Taylor, 1972: On assessment of surface heat Flux ,
and evaporation using large-scale parameters. Mon. Weather Rev., 100:81-92.

Rouse, W.R., P.F. Mills, and R.B. Stewart, 1977: Evaporation in high latitudes.
Water Resources Research, 13:909-914.

Stewart, R.B. and W.R. Rouse, 1976: A simple method for determining the evaporation
from shallow lakes and ponds. Water Resources Research, 12:623-623.
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2569 Kenworth Road, Nanaimo, British Columbia VOT 4P7 — Teléphone: (604) 758-3951

To: B. Cook/E. Riechert ' Date: May 28, 1991

Water Management
File: Quennel Lake

N/C PU

Re: Volume of Water Required to Maintain Fish
Habitat - Quennel Lake and Holden Lake

Recently you approached me about the vater volume of the above
lakes that would be necessary to maintain viable fisheries
habitat. The objective of your assessment is to define the
available vater quantities that could be licensed from these
lakes in the future. I have revieved the fisheries files for
both of these sites and recommend that any nev application for
vater vithdraval in the summer months be rejected due to the

problem of water quantity and gquality.

Quennel Lake

Upon revieving the bathymetry of the lake, ve find that 90% of
the lake volume is less than 6 meters 1in depth. This 1is a
very important factor in fisheries productivity, as fish
primarily feed in the limnetic zone of a lake. This 6m zone
represents the depth in the lake in vhich light can penetrate.
In the case of Quennel Lake, the mean depth of 3.5m is unique
for a typical lake on Vancouver Island, and makes it more
productive for fish growth. There are problems, hovever, vith
this shallov nature to the lake, especially in the summer
months. Fish will go to the deepest part of the lake to
maintain cogl wvater contact. Water temperatures can warm
considerably (23 degrees) and interact with the phosphorus
input of fertilizers and septic runoff, and this creates
significant algae blooms. On occasion, this causes a massive
fish kill when the algae dies in the late summer months

(September, 1990).

In 1988, the Fisheries Branch were toying with the idea of
increasing the flushing rate of this lake by introducing vater
from the Harmac Pulp Mill water line. - Costs vere exorbitant,

so the idea wvas terminated.
Concerning the licensing of wvater from the lake, it is thought
that this would reduce summer rearing.
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Holden Lake

Holden Lake's bathymetry reveals a lake that is essentially
100% littoral, and is considered to be totally accessible to

‘fish. In the summer months, the situation described above is

magnified wvith high vater temperatures and algae blooms. Fish
kills vere occurring on this lake with regularity in the early
1980's, until a local farm stopped operation (and
fertilizing). Water vithdravals froam this lake in the summer
months would reduce fish production in this lake.

P. D. Law
Fisheries Biologist

PDL/gb
WATER-MA .MEM
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