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1.0 INTRODUCTION

The Water Management Program's goals are to sustain a healthy water resource through
anticipating and planning for water uses. Water Allocation Plans are a means of identifying
water demands and ensuring that water use is compatible with the goals of a sustainable
environment. The many advantages include:

1. Knowing our position in advance for standard applications (pro-active management,
information available to applicants and public);

2. Reducing our response time by having plans in place prior to applications;

3. Eliminating separate studies and reports on each application (presently some
duplication);

4. Improving the consistency of our approach and decisions, regardless of individual staff;

5. Replacing or reducing most Water Licence Application Reports by pre-defining specific
allocation directions and decisions;

6. Being more comprehensive in the plan than in present reports;

7. And, eliminating the need for many referrals.

The following regional policy was developed to provide direction:

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.

Assessments undertaken as part of the water allocation planning process include: identifying the
surface water resources available, the instream requirements for fish, the existing and potential
licensable water demands and providing direction regarding further water licence allocations.

Input may be sought from other agencies. Referrals go to Federal & Provincial Fisheries
agencies and to Water Management in Victoria.



2.0 GENERAL WATERSHED INFORMATION

The Chase to Nanoose Water Allocation Plan area (Figure 1) is located on the east coast of
Vancouver Island in and around the City of Nanaimo. For the purpose of assessing water
supplies for allocation demands, the Plan area was divided into significant drainage areas as
shown in Table 1 and Figure 2.

Table 1 Drainage Areas

Drainage Area Area (km”)
Craig Creek 11.7
Enos Creek 2.7
Strudwick Brook 5.5
Williams Creek 1.8
Dublin Gulch 8.1
Indian Reserve Creek 1.0
Knarston Creek 7.6
Stewart Creek 4.2
Bloods Creek 4.2
Cottle Creek 3.8
Departure Creek 2.4
Nanoose Creek 32.6
Bonell Creek 47.8
Millstone River 93.2
Chase River 353
Richards Creek 11.5
Beck Creek 6.7
Other Areas 51.9
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3.0 HYDROLOGY
3.1 STREAMFLOW OBSERVATIONS AND MEASUREMENTS
3.1.1 Craig Creek

Craig Creek flows in a northerly and north-easterly direction from a maximum elevation of
500 metres to Craig Bay in the Strait of Georgia (Ocean). The total watershed area is 11.74
km?. Eikanger, Wall and Hamilton Creeks are tributaries to Craig Creek.

The following flows were observed in the Craig Creek:

- 1.5 cfs on March 19, 1985 at south-western boundary of DL 172 (method not
recorded),

- 43,200 gpd (0.08 cfs) on July 27, 1990 at Northwest Bay road culvert (bucket and
stopwatch),

- 0.24 cfs on August 27, 1986 above Northwest Bay Road culvert (6 inch modified
Parshall flume),

- Average low flows of 0.3 cfs during 1992 above Northwest Bay Road (6 inch
modified Parshall flume),

- Average low flows of 5.7 litre per sec. (0.2 cfs) during 1993 above Northwest Bay
Road (6 inch modified Parshall flume)

Wall Brook flows were measured at the dam on May 8,1979 and July 27, 1990 with 66,960
gpd (0.12 cfs) and 21,000 gpd (0.04 cfs) respectively by bucket and stopwatch. The
upstream drainage area is 0.5 km? as planimetered from 1:50,000 topographic maps.

3.1.2 Enos Creek

Enos Creek originates on Nanoose Hill (elevation 250 metres) and flows through Enos Lake
north to Ballenas Channel in the Strait of Georgia (Ocean).

Hydrometric station 08HB030 (Appendix A) on Enos Creek at the outlet of Enos Lake has
flow records for 1962 to 1976 inclusive. The drainage area to this hydrometric station is
1.68 km?.

Enos Creek has flow measurements taken by D. Kudrick during July to December 1982 and
July to September 1983 at Dolphin Road which record the creek as dry during August and
September both years. A measurement of 0.168 cubic metres per second (5.93 cfs) was
recorded at Dolphin Road on Feb. 16, 1983 by current meter.

Hydrometric station 08HB031 (Appendix A) on Enos Lake near Nanoose Bay has water
levels in 1962 to 1978. From these records it is noted that the lake level fluctuates 1.0 metres
(3.28 feet) annually.

Two reports have been completed on a water supply from Enos Lake by Walker and
Associates in June 1961 and Water Rights Branch in October 1973.



3.1.3 Strudwick Brook

Strudwick Brook has a drainage area of 5.5 km? as planimetered from 1:50,000 topographic
maps. The Engineer's report dated Oct. 10, 1958 states that this brook is dry between May
and November each year.

3.1.4 Williams Brook

William Brook has a drainage area of 1.82 km? and flows north into Nanoose Bay in the
Strait of Georgia (Ocean). There are no flow measurements on file.

3.1.5 Dublin Gulch

Dublin Gulch flows north into Nanoose Bay and has a drainage area of 8.1 km?. Flow
measurements recorded for water licences (file 0365142) in Dublin Gulch are 3 cfs on
March 13, 1974 at Highway, 0.1 cfs on September 29, 1979 below dam, and 4.5 cfs on Feb.
27, 1980 on lot 23 Plan 29314.

3.1.6 Indian Reserve Creek

Indian Reserve Creek flows from an average elevation of 107 metres in a northerly direction
into Nanoose Bay. Measured flow reported in water licence File 0199850 on Indian
Reserve Creek was 34,600 gpd (0.07 cfs) on September 10, 1974. Hydrometric stations
08HBO051 on Indian Reserve Creek (North Fork) and 08HB052 on Indian Reserve Creek
(South Fork) for years 1975 to 1979 indicate average flows of 0.001 cubic metres per second
(0.03 cfs) for the months of May through to October.

3.1.7 Knarston Creek

Knarston Creek parallels Indian Reserve Creek and has had a number of low flow
measurements recorded as follows:

- low 0of 0.015 cfs in 1977 from readings through the months of July to September
taken upstream of Superior Road,

- low of 1 litre per second (0.03 cfs) flumed on September 11, 1985 at Knarston Creek
near Lantzville,

- Hydrometric Station 08HB040 (Appendix A) on Knarston Creek at Superior Road
has flow readings for April to September for the Years 1970 and 1971 which indicate
low flows of 0.001 (0.035 cfs) and 0.002 (0.07 cfs) cubic metres per second for each
year in August.



3.1.8 Bloods Creek

Bloods Creek drains from Green Lake in a northerly direction into Nanoose Bay. Engineer's
report on File 0310385 states that Bloods Creek was dry on August 1, 1972. Zero flows
were also recorded in this creek for the months of August, September and October in 1989.

3.1.9 Nanoose Creek

Nanoose Creek is located south of the Nanoose Peninsula and tributary to the head of
Nanoose Bay (ocean) just north of Bonell Creek.

The watershed is approximately 10.8 km long with a maximum width of 4.3 km. The total
watershed of Nanoose Creek to the ocean is 32.6 km®. and the watershed upstream of the
Island Highway is 29.0 km®. The median elevation of the basin is 240 metres with the
highest elevation on Okay Mountain at 888 metres.

Originating on Okay Mountain, Nanoose Creek meanders in a northerly direction for
approximately 10 km. Near the Island Highway the creek turns east and flows parallel to the
Highway for about 4 km before crossing and meandering to the ocean.

The minimum recorded streamflow at the Island Highway Bridge was 0.001 cubic metres
per second (0.035 cfs). During the period of continuous flow measuring (1970-72), the
minimum monthly discharge was 0.010 cubic metres per second (0.35 cfs). Low flow
recording in 1992 and 1993 between July and September show minimum flows of 3.12
(0.11 cfs) litres per second.

3.1.10 Bonell Creek

Bonell creek is located south of the Nanoose peninsula and tributary to the Nanoose Bay
(ocean). The watershed is approximately 15 km long with a maximum width of 7.5 km. The
total watershed of Bonell Creek is 47.8 km? with 46 km? located upstream of the Island
Highway bridge.

This creek originates at Cottle Lake then flows through Boomerang Lake and northward to
Nanoose Bay. An unnamed creek flows through Round Lake and Kidney Lake to join
Bonell Creek at the 295 metre elevation. Another unnamed creek rises in the southwest part
of the watershed, flows through Okay Lake and connects to Bonell Creek at the 285 metre
elevation. The highest elevation in the watershed is on Blackjack ridge at 920 metres.



Flow measurements taken at the Island Highway bridge during the period 1959 to 1986 are
shown in Table 2.

Table 2 Streamflow - Bonell Creek @ Highway Bridge

Date Discharge m’/s Agency
Sept 12, 1959 Nil WSC
Sept 26, 1959 Nil WSC
Oct 13, 1960 Nil WSC
Jan 20, 1961 2.039 WSC
Jan 27, 1961 0.728 WSC
Sept 18,1961 Nil WSC
Nov 17, 1961 0.702 WSC
Nov 23, 1961 0.532 WSC
Feb 5, 1962 0.957 WSC
Aug 15, 1985 Nil BCE
Aug 27,1986 Nil BCE

From September 1990 to December 1991, a continuous flow measuring station (08HB079)
was installed approximately 5 km upstream of the Island highway bridge by Water Survey
of Canada. Streamflow measuring was initiated in response to a preliminary water supply
study (Bonell Creek Water Supply Feasibility Study, Chatwin Engineering Ltd., 1989),
proposing the use of Bonell Creek as a community water supply for the Regional District of
Nanaimo ( Nanoose peninsula) and the Lantzville Improvement District'. The data collected
from this flow measuring station located above the lower gravels reaches is shown in
Appendix A. The minimum daily flow of 0.001 cubic metres per second (0.035 cfs) was
recorded for a total of 29 days during the 16 month period of record. The minimum mean
monthly flow of 0.007 cubic metres per second (0.25 cfs) was recorded during July 1991.

The data confirms past observations that during the summer there is no flow in Bonell Creek
near the Island Highway while there is flow in the upper reaches of the creek. Near the
Highway, the creek has a gravel bed and water flowing into this reach percolates downwards
into the gravels and flows underground towards Nanoose Bay.

' The Bonell Creek Water Study was put on hold as the Regional District is pursuing the possibility of using the
Engishman River with storage on Arrowsmith Lake to serve the area from Lantzville to Qualicum Beach inclusive.



3.1.11 Millstone River

The Millstone River originates at the 619 metre (2030 ft) elevation around Lucid Lake, west
of Mount Benson which at elevation 1019 metre (3340 ft) is the highest point in the
watershed. Benson Creek flows from Lucid Lake in a northerly direction into Brannen Lake.
Several other small creeks (Metral, Heikkila, Jepson and Long) also flow into Brannen
Lake. The Millstone River drains Brannen Lake flowing generally in a southeasterly
direction into the Strait of Georgia at the Nanaimo Harbour. Downstream of the Brannen
Lake outlet, Divers, Cathers, Long and Westwood Lakes drain into the Millstone River. The
total drainage area of the Millstone river is 93.2 km? of which 46 km? is above Brannen
Lake.

There are two Water Survey of Canada hydrometric stations on the Millstone River-
Millstone River at Nanaimo (08HB026) and Millstone River near Wellington (08HB027)
The streamflow records are shown in Appendix A. From these records, the 7-day average
low flows for Millstone River are shown in Table 3.

Table 3 Millstone River - 7Day Average Low Flows

Drainage Return Period Estimate (m’/s)
Station Area
(ha)
Mean 5 year 10 year
08HBO032 Millstone R @ Nanaimo 86.2 0.009 0.003 0.002
08HBO027 Millstone R nr Wellington 46.1 0.015 0.000 0.000

Water levels were recorded on Long Lake near Wellington (08HB028) from 1973 to 1978
and on Brannen Lake Near Wellington (08HB026) from 1962 to 1978 (Appendix **). These
measurements indicate that Long Lake's water level fluctuated approximately 0.294 metres
(0.96 ft) each year and Brannen Lake's water level approximately 0.615 metres (2.0 ft).

In addition to the WSC Hydrometric stations, further information related to stream flows
and water volumes are available from past site inspections, reports and observations related
to water licence applications and other activity, these are:
- Govt. of Canada/Mines Department, 1969 flow readings in McNeil Creek at
Westwood Lake recorded zero flow August 6,
- Zero flow recorded at outlet of Westwood Lake on September 10, 1966 (Westwood
Lake assessment report Dec. 15, 1986),
- BCE, 1977 stream flow readings from July to September on the Millstone with
minimum reading of 0.08 cfs on August 20,
- Engineer's Report on file 0221007 recorded streamflow in the Millstone as 1 cfs on
August 7, 1958
- Approximately 20 cfs was measured at outlet of Lucid lake on April 29, 1974 by a
Fish and Wildlife technician.



3.1.12 Chase River

The Chase River originates on the south slopes of Mount Benson and flows eastward
through the southend of the City of Nanaimo to the ocean (cove near Nanaimo River
estuary). Several small streams including Harewood Creek and Cat Stream are tributary to
the Chase River.

The Chase River's total watershed area is 34.6 km of which 34.4 km? is located upstream of
the Island Highway. The maximum elevation within the drainage area is 900 metres and the
median elevation above the WSC station is 205 metres.

A Water Survey of Canada Station 08HB054 (Appendix A) was situated on the Chase River
at the Park Avenue bridge during the low flow E)eriod for the years 1976 to 1978 inclusive.
The drainage area above this station is 28.6 km”. The monthly mean discharges are shown in
Table 4.

Table 4 Chase River WSC 08HB054 Monthly Mean Discharges (m’/s)

Year Apr May June July Aug Sept Oct
1976 0.968 0.372 0.169 0.083 0.117 0.128 -
1977 0.502 0.216 0.073 0.067 0.066 0.146 0.216
1978 0.842 0.438 0.120 0.053 0.147 0.335 -
Mean 0.771 0.342 0.121 0.068 0.110 0.203 0.216

During 1985, several low flow measurements were also taken by BCE. On September 10,
the flow was 0.084 m’/s and on September 12, the flow was 0.089 m’/s.

From the limited streamflow records, low flow conditions are summarized in Table 5.
Lakes in this watershed include three Colliery Park Lakes on the main stem of the Chase
River and Harewood Lake tributary to Harewood Creek. The Greater Nanaimo Water

District maintains an open storage reservoir beside the Chase River in Colliery Dams which
is not part of the Chase River water storage supply.
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Table 5 Chase River WSC 08HB054 - Summary of Low Flow Conditions

Minimum 1985 Low Flow Measurement 0.084 m’’s
WSC Stn 1976-78 - Min Daily 0.017 m’/s
" - Min Mean Monthly 0.068 m’/s
" - 1976 Avg 7day Low Flow' 0.071 m*®
"-1977 " : 0.022 m’/s
"-1978 " : 0.024 m’/s

' - RER Water Licence file #0355097

3.1.13 Richard Creek

The Richard Creek flows in a northerly direction from Richard Lake at the south side of the
City of Nanaimo from a maximum elevation of 220 metres into the Nanaimo River estuary.

Drainage area for Richard Creek is 11.5 km? as planimetered from a 1:50,000 maps. There
is no flow in Richard Creek for a short distance before it joins Beck Creek in the low flow
periods.

3.1.14 Beck Creek

Beck Creek flows parallel to Richards Creek from Beck Lake to Nanaimo River estuary.
Flows downstream of Beck Lake are zero in the summer.

3.1.15 Stewart Creek

Stewart Creek flows into Nanoose Bay. There are no flow records.

3.1.16 Other Small Watersheds

Several springs and small "lakes" have been measured or flows estimated:

- Lewis Spring - in Water Licence File 1000489, the flow was reported as 1 gal/min.
in Aug. and Oct.
- Benjamin Spring - in water licence File 0270772, the flow was reported as 10
gal/min. in Dec 1969 by E.W. Weeks,
- Cozens Spring - in water licence File 1000077 the flow was recorded as 5000
gal/day in August 1984,

11



- Lyons Spring - in water licence File 0281886 the flow was estimated as 6000
gal/day in September 1976,

- Alton Springs - in water licence File 0342209 a pump test recorded the supply from
this spring at 7500 gal/day in October 1976,

- Melvin Spring - in water licence File 270642 this spring was estimated at 300 to 400
gal/day.

- Arthur Lake - no outflow was reported in water licence File 0317145 for this "lake"
in August 1973 and surface area was recorded as 3 acres.

Several springs have dugouts or ponds associated with the works.

12



3.2 MEAN ANNUAL DISCHARGE

Within the Plan area, the only long term streamflow measuring stations operating on an annual
basis are located on the Millstone River and Enos Creek. For these watersheds, the Mean Annual
Discharges are based on actual measurements. For all other watersheds within the Plan Area that
have limited or no measuring, an estimation of the Mean Annual Discharge is utilized.

3.2.1 Millstone River

From the available WSC streamflow records on Millstone River, the mean monthly and
annual discharges are shown in Tables 6 and 7 with the streamflow hydrographs are also

shown in Figures 3 and 4.

Millstone River Streamflow Hydrology

Millstone River Streamflow Hydrograph
@ WSC Stn 08HB032 Nanaimo

@ WSC Stn 08HB027 Wellington
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Figure 3 Millstone River at Wellington Figure 4 Millstone River at Nanaimo WSC

WSC 08HB027 - Streamflow Hydrograph 08HBO032 - Streamflow Hydrograph

Table 6 Millstone River near Wellington (WSC 08HB027)

Distribution of Mean Annual Discharge
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec MAD
%MAD 189 169 183 116 64 18 7 3 1 26 144 281
m’/s 2.94 2.64 2.86 1.81 0.99 0.27 0.10 0.04 0.02 0.40 2.25 438 1.56

The mean annual discharge was 1.56 m*/s at WSC Station 08HB027 located at the
Brannen Lake outlet to the Millstone River. As the upstream drainage area is 46.1 km®, the
mean annual runoff is 1067 mm and the annual yield is 49,196 dam®
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Table 7 Millstone River (@ Nanaimo (WSC 08HB032)

Distribution of Mean Annual Discharge

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec MAD
%MAD 232 188 160 96 50 19 5 1 1 30 166 254
m’/s 5.37 4.37 3.70 2.23 1.16 0.44 0.11 0.03 0.03 0.70 3.86 5.88 2.32

The mean annual discharge was 2.32 m’/s at WSC Station 08HB032 located at the
Bowen Road bridge over the Millstone River. As the upstream drainage area is 86.2 km’, the
mean annual runoff is 849 mm and the annual yield is 73,164 dam

3.2.2 Enos Creek

The annual volume of water Enos Creek Streamflow Hydrograph
available in this area is estimated @ WSC Stn 08HBOS0
using the historical streamflow
summary for Enos Creek at outlet of
Enos Lake (station 08HB030,
Appendix A). The mean annual
discharge was 0.036 m*/s at the
WSC station for the period 1962-
1978 inclusive. The mean monthly
and annual discharge is shown in

Table 8 with the streamflow Figure 5 Enos Creek @ WSC 08HB030
hydrograph shown in Figure 5.
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Table 8 Enos Creek @ Outlet of Enos Lake (WSC 08HB030)

Distribution of Mean Annual Discharge

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec MAD
%MAD 328 211 194 72 17 19 3 0 0 6 92 261
m’/s 0.12 0.08 0.07 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.03 0.09 0.04

As the upstream drainage area is 1.68 km?, the mean annual runoff is 676 mm and the
annual yield is 1,135 dam’.
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3.2.3 Estimation of Mean Annual Discharge in Ungauged Basins

As the other streams within the Allocation Plan area that have limited or no streamflow
records, the hydrologic characteristics of these watersheds must be inferred from regional
Water Survey of Canada stations. The stations used in this analysis are listed in Table 9. The
stations are all located on the east coast of Vancouver Island in the same bio-climatic zone
and have a similar stream profile and aspect.

Table 9 Regionalization of Streamflow

Regional Water Survey of Canada Stations

Station Station Name Drainage Median Mean Mean
number Area (km®) Elevation (m) Discharge Annual
(m’/s) Runoff
(mm)
08HB032 | Millstone @ Nanaimo 86.2 260 2.32 849
08HBO027 | Millstone @ Wellington 46.1 340 1.56 1067
08HA003 | Koksilah @ Cowichan Stn 209 508 9.63 1453
08HAO001 | Chemainus @ Westholme 355 620 19.1 1697
08HB002 | Englishman @ Parksville 324 570 13.9 1353
08HB003 | Haslam Creek @ Cassidy 95.6 595 4.38 1445
08HB030 | Enos Cr @ Enos Lake 1.68 80 0.036 676
08HAO16 | Bings @ mouth 15.5 170 0.46 936

Several methods based on median elevation, drainage area and precipitation were compared,

with a median elevation - annual runoff relationship being the most efficient. The

relationship is shown in Figure 6.

Therefore, estimation of streamflow in ungauged basins located in the Allocation Plan area
is based on the median elevation - mean annual runoff relationship. By using the slope and

y-axis intercept from the regression line (R*=0.92), the following formula is derived.

y = 1.62x + 547

where

y = mean annual runoff (mm)

x = median elevation (m)
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Figure 6 Mean Annual Runoff at Gauged Basins
The mean annual runoff (mm) can be converted to Mean Annual Discharge (m’/s) by using

the watershed area of the ungauged basin. The Mean Annual Runoff and Mean Annual
Discharge for ungauged basins within the Plan area are shown in Table 10.

Table 10 MAD for Ungauged Basins

Drainage Area Median Elevation (Metres) Annual Runoff ~ MAD
(km?) (mm) (cms) #

Craig Creek 11.7 90 693 0.25
Strudwick Brook 5.5 40 612 0.11
Williams Brook 1.8 60 644 0.04
Dublin Gulch 8.1 270 984 0.02
Indian Reserve 1.0 70 660 0.16
Knarston Creek 7.6 200 871 0.21
Bloods creek 4.2 100 709 0.09
Departure Creek 2.4 70 660 0.05
Cottle Creek 3.8 140 774 0.09
Nanoose Creek 32.6 240 936 0.97
Bonell Creek 47.8 390 1179 1.79
Chase River 34.6 205 879 0.96
Beck Creek 6.7 50 628 0.13
Richards Creek 11.5 85 684 0.25
Stewart Creek 4.2 80 677 0.09
* Annual Runoff = 1.62(median elevation)+547
# MAD(cms) = drainage(km?) x annual runoff(mm) x 0.0000317
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In order to develop a monthly streamflow hydrograph based on the above estimate, the
average of the monthly percentages of MAD at each WSC gauged basin was used. The resultant
distribution of MAD is shown at the top of Table 11. At all of the regional gauged basins, the
minimum mean monthly flow was less than 10% of Mean Annual Discharge. The months where
mean monthly discharge is greater than 60% are November to April inclusive.

For the major ungauged streams within the Plan area, the estimated distributions of MAD
are shown in Table 11 with the streamflow hydrographs are shown in Appendix B.

Table 11 Mean Annual Discharge for Ungauged Basins

Chase to Nanoose Water Allocation Plan - Ungauged Streams
Estimated Distribution of Mean Annual Discharge
Jan | Feb | Mar Apr | May | June July Aug Sept | Oct | Nov Dec
% MAD used for 201 187 154 102 60 27 11 4 6 45 165 248
Mean Monthly Flow
STREAM MAD MEAN MONTHLY FLOW (m?/s)

Craig 0.25 0.50 | 047 0.39 | 00.26 0.15 0.07 0.03 0.01 0.01 | 011 0.41 0.62
Strudwick 0.11 022 ] 0.21 0.17 | 00.11 0.07 0.03 0.01 0.004 | 0.007 | 0.05 0.18 0.27
Williams 0.04 0.08 | 0.08 0.06 0.04 0.02 0.01 0.004 0.002 | 0.002 | 0.02 0.07 0.10
Dublin 0.02 0.04 | 0.03 0.03 0.02 0.01 0.005 0.002 0.001 | 0.001 | 0.01 0.03 0.05
Indian 0.16 0.30 | 0.30 0.25 0.16 0.10 0.04 0.02 0.006 0.01 | 0.07 0.26 0.40
Knarston 0.21 0.42 | 0.39 0.32 0.21 0.13 0.06 0.02 0.008 0.01 | 0.09 0.35 0.52
Bloods 0.09 018 | 0.17 0.14 0.09 0.05 0.02 0.01 0.004 | 0.005 | 0.04 0.15 0.22
Departure 0.05 0.10 | 0.09 0.08 0.05 0.03 0.01 0.006 0.002 | 0.003 | 0.02 0.08 0.12
Cottle 0.09 018 | 0.17 0.14 0.09 0.05 0.02 0.01 0.004 | 0.005 | 0.04 0.15 0.22
Nanoose 0.97 1.95 | 1.81 1.49 0.99 0.58 0.26 0.11 0.04 0.06 | 0.44 1.60 241
Bonell 1.79 3.60 | 3.35 2.76 1.73 1.07 0.48 0.2 0.07 011 | 0.81 2.95 444
Chase 0.96 193 | 1.79 1.48 0.98 0.58 0.26 0.11 0.04 0.06 | 0.43 1.58 2.38
Beck 0.13 0.26 | 0.24 0.20 0.13 0.08 0.04 0.01 0.005 | 0.008 | 0.06 0.21 0.32
Richards 0.25 0.50 | 047 0.39 0.26 0.15 0.07 0.03 0.01 0.01 | 011 0.41 0.62
Stewart 0.09 018 | 0.17 0.14 0.09 0.05 0.02 0.01 0.004 | 0.005 | 0.04 0.15 0.22
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3.3 LAKES, PONDS, SWAMPS AND MARSHES

The available data for lakes, ponds and swamps in the plan area is summarized in Table 12

Table 12 Lakes, Ponds and Swamps - Available Data

Lake Surface Area Volume Bath Depths Max/Mean Control Comments
(ha) (dam3) Survey (m) on Lake
Enos 18.2 866 yes 13/6 yes waterworks, irrigation
Schooner 7.82% 77 no 2/1 yes industrial (golf course)
Green 13.06* 759 yes 9.0/5.7 no irrigation use - beaver activity at outlet
Cottle 2.75% - no - -
Lost 1.9* - no - -
Boomerang 10.9 567.4 yes 12.5/5.2 no
Cottle 2.8 106.1 yes 9.1/3.8 no
Kidney 6.9 331.8 yes 14.6/4.8 no
Okay 4.2 - no - no
Round 3.7 170.1 yes 10.0/4.6 no
Brannen 46.1 - yes - no fisheries/aesthetics
Westwood 62.7 2714 yes 7.0/4.3 yes fisheries/land improvement
Long 33.6 2047 yes 14.0/6.0 no fisheries/ recreational/ aesthetics
Diver 15.5 521 yes 7.0/3.3 no fisheries/ recreational
Witchceraft 4.62% - no - yes man-made with control in poor
condition
Cathers 4.5 85 yes 3.8/1.9 yes irrigation/fisheries/ aesthetic
Buttertubs 18.2 185 mean 1.0 yes bird sanctuary
Lucid 3.9 59.9 yes 3.0/1.6 no fisheries
Colliery #1 1.43 78.8 yes 10.0/6.0 yes recreational
Colliery #2 1.42 80.1 yes 10.0/5.6 yes recreational
Colliery #3 0.6 13.5 yes 6.0/2.0 yes recreational
Harewood 7.59 - yes max 7.2 yes recreational
Richards 3.6 57.7 yes 3.5/1.6 no irrigation/fisheries/ aesthetic/beaver
activity at outlet
Beck 7.3 - - max 3.4 no fisheries/irrigation
* as measured from NTS 1:50000 maps
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4.0 INSTREAM FLOW REQUIREMENTS

Maintaining the natural stream environment and instream uses is of paramount importance for
present and future generations. Maintaining water for the fisheries resource is a key factor in also
providing instream flow requirements for water quality, recreational, aesthetic and cultural
values. The Provincial Ministry of Environment policy is:

In situations where a water allocation decision will significantly impact instream uses
of water, the comptroller or regional water manager may refuse the application or
include water licence conditions to protect the instream use.

Instream fisheries flow requirements are based on a modified version of the Tennant (Montana)
Method as shown in Table 13.

Table 13 Fisheries Criteria

Modified Tennant (Montana) Method Instream Flow Requirements
Flows Description
30-60% MAD Excellent spawning/rearing
20-30% MAD Good spawning/rearing
10-20% MAD Fair spawning/rearing
5-10% MAD Poor spawning/rearing
>5% MAD Severely degraded spawning/rearing

In drainages where fish are present, the minimum flow required to sustain the fisheries resource
for fair spawning and rearing habitat is 10% of the Mean Annual Discharge (MAD). Therefore,
the following Regional policies were developed to implement the Provincial directive.

The minimum flow required to sustain the fisheries resources for spawning and
rearing is 10% of the Mean Annual Discharge (MAD); unless a more rigorous analysis
indicates a different minimum flow requirement.

For streams where the natural mean monthly flow falls below 10% of the MAD,

extractive licensed demands should only be allowed for the period of months when the
mean monthly flow is above 60% of the MAD
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For streams where the mean 7-day average low flow falls below 10% of the MAD,
extractive demands should only be allowed for the period of months when the mean
monthly flow is above 60% of the MAD (Figure 1.3). Where the mean 7-day average
low flow remains above 10%, then the 7-day low flow amount above 10% MAD is
available.

Withdrawals from natural water bodies (lakes, ponds, swamps and marshes)
supporting natural fisheries resources shall not reduce the shoal area more than 10%.

All streams within the Plan area have minimum mean monthly discharges of less than 10% of the
MAD (Section 3.2). Extractive demands are only available during the period November to April
inclusive when mean monthly flow is greater than 60% of MAD.

4.1 IDENTIFIED FISH VALUES

Fisheries habitat information for streams within the Plan area is shown on Figure 7. Fisheries
values are described below for the major streams,

4.1.1 Craig Creek

Craig Creek has important fish values for both Coho salmon and Cutthroat trout. However,
the gravel bar at the mouth prohibits the upstream movement of salmon and trout until the
flow increases to allow them to move upstream to spawn.

4.1.2 Enos Lake

Enos Lake contains a population of Sticklebacks which are only found in the Lake itself.
The Committee on the Status of Endangered Wildlife in Canada has classified this species as
"threatened" because of the threat to subdivision and water withdrawals from Enos Lake.
This will become an issue when further development is proposed.

The lake outflow is reportedly dry during July to October and therefore does not contribute
outflow to maintain low flows downstream in Enos Creek.

4.1.3 Green Lake

Green Lake has been stocked with Rainbow and Cutthroat trout over the last four years.
The outlet of Green Lake supports a spawning population of lake fish that leave the lake to

spawn in the creek. It is assumed the progeny of these fish are able to get back into the creek
before it drys.
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The lake outflow is reportedly dry in July, August and September and therefore does not
contribute outflow to maintain low flows downstream in Bloods Creek for fish. However, it
should be mentioned that Bloods Creek has a run of Coho salmon and Cutthroat trout in the
lower section.

4.1.4 Nanoose Creek

Nanoose Creek is a valuable producer of Cutthroat trout, Coho and Chum salmon.
Steelhead trout are observed up to 4 km. from the mouth.
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4.1.5 Bonell Creek

Although the mouth of the Bonell Creek dries up in the summer, Chum can enter and leave
between fall and spring. Coho fry hatch in the spring and spend a year in the upstream pools
before leaving the following spring.

Lakes (Boomerang, Cottle, Kidney, Okay and Round) within the Bonell watershed are
actively stocked and supports a moderately strong sports fishery.

4.1.6 Millstone River
The Millstone River is accessible to anadromous fish to Brannen Lake. Smolts from the Big
Qualicum hatchery have been stocked in the lower Millstone on a number of occasions and

Steelhead trout have been observed spawning in the upper reaches of the lower Millstone.

A fishladder has been placed in the Millstone River at the Falls site at Bowen Park to
accommodate fish movement in the lower reaches .

Brannen, Cathers, Divers, Long, Lucid, and Westwood Lakes have been stocked with either
Rainbow or Cutthroat trout.

During the low flow period, Brannen Lake contributes a significant percentage of the
downstream flow in the Millstone River.

4.1.7 Chase River
There are fish in the Chase River, Harewood Creek, Cat Stream and their associated lakes.
The Collery Dam Lakes are stocked, however, the remaining lakes in the Chase River

system maintain natural populations of trout. The outflows are regulated from these lakes to
maintain downstream flows in the Chase River for fish.

4.1.8 Beck (Hong Kong) Creek

Beck Lake maintains a natural and stocked population of fish. There are reports of no
outflow during the summer months and, therefore, the lake does not contribute to
downstream flows in Beck Creek during the summer for fish.

Hong Kong Creek is heavily used by adult Cutthroat trout and Coho salmon.

4.1.9 Richard Creek
Richards Lake maintains a natural and stocked population of fish. There are reports of no

outflow during the summer months and, therefore, the lake does not contribute to
downstream flows in Richards Creek during the summer for fish.
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There is limited information on fish or fish flow requirements for other small streams in the Plan
area. These small streams experience "no flow" conditions for approximately six months of the
year and it is unlikely that they maintain sufficient flows to support any significant fish
populations. Therefore, it will be assumed that there are no instream flow requirements on other

small streams in the plan area unless further studies indicate otherwise.

5.0 LICENSED WATER DEMAND

5.1 EXISTING LICENSED DEMAND

Water licence information is available on the WLIS database. For the Plan area, a list of water
licences within this Plan area are shown in Appendix D. A summary of the existing licensed

demand by purpose is shown in Table 14.

Table 14 Licensed Demand Summary

Licensed Demand by Purpose
Purpose Quantity/Units Equivalent Low Flow & Volume *
litres/second dam3
Waterworks 767000 gpd 39.95 528.1
Domestic 117925 gpd 6.14 81.2
Irrigation 453.87 acft 71.26 559.8
Industrial 366.4 gpd 91.09 383.1
Total Extractive Demand

Storage 791.34 acft -124.24 -976.1
Total Unsupported Demand -33.15 -593.0

* based on 90 day irrigation period
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Existing licensed water demand is summarized by the percentage each represents of the total
water demand during the low flow period in Figure 8.

Licenced Demand - Low Flow Period

Domestic 5.0%

Waterworks 34.5% Irrigation 35.5%

Land Improvement
Industial 25.0% &Conservation 0.5%

Figure 8 Existing Water Demand

5.2 PROJECTED DEMAND

Over 20 water licence demands are pending as of November 1993. A summary of the pending
applications by purpose/use is shown in Table 15 and is detailed in Appendix E.

Most of the population is served by community water supplies (Appendix F). The Greater
Nanaimo Water District is the largest supplier of water with two member districts, namely the
City of Nanaimo and the Southwest Extension Waterworks District. This water system is
supplied from the Nanaimo River watershed (Jump Creek) which is outside the Chase to
Nanoose Allocation Plan area. The other community water supplies are located to the north of
the City and include Lantzville Improvement District, Sunset Beach Improvement District,
Williams Spring Waterworks District, and the Specified Areas on the Nanoose peninsula which
are operated by the Regional District of Nanaimo. These smaller systems have both surface and
groundwater sources that are experiencing problems with meeting the increasing water demand.
The Regional District is studying the feasibility of using the Englishman River watershed as a
source of water for all water systems located from Lantzville to Qualicum Beach inclusive.

Future water demands in the plan area are anticipated to be for domestic, irrigation, and small
industrial (associated with agricultural and commercial) purposes. Some waterworks purpose
demands associated with subdivision development outside of existing community water utility
areas where groundwater is inadequate. There is insufficient water in the plan area for process
water or for significant hydro electric development.

25



Table 15 Licence Application Summary

License Application by Purpose
Purpose Quantity/Units Equivalent Low Flow & Volume *

litres/second dam3

Domestic 3000 gpd 0.16 2.1
Irrigation 112 acft 17.81 138.0
Industrial 2595 gpd 118.48 3193.9
Total Extractive Demand 136.45 3332.0
Storage 2582 acft -117.96 -3185.0
Total Unsupported Demand 18.48 147.1

* based on 90 day irrigation period

6.0 CONCLUSIONS

The population of the Allocation Plan area is rapidly increasing. The greatest increase in
development and population is within areas served by community water supplies. For future
demand, the City of Nanaimo will continue to use water supplied by Nanaimo River watershed
and the Regional District of Nanaimo is pursuing the use of the Englishman River both of which
are outside the Plan area.

During the summer low flow period, there are zero flow or flows below 10% of mean annual
discharge in all streams within the Plan area.

There is fish and fish habitat in all significant streams within the Plan area. Fish migration,
rearing and habitat maintenance are limited by existing low flows. The fish agencies and local
sports groups are very active in fish stocking and enhancement work in the creeks and lakes.
Further extractions of water from Brannen and Green Lakes may reduce the critical low flows
downstream. To maintain primary habitat for fish in the lakes the shoal area or top 6 metres (20
feet) of the lakes height shall not be reduced by more than 10%.

Recreational use of the water systems are high in the Plan area.

Brannen Lake has a high nutrient level in the water and any water withdrawal in the summer
months will aggravate water quality (see Whately letter in appendix)

Brannen, Cathers, Divers, Long and Westwood Lakes all have adjacent residential development
that may be affected by storage proposals.
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Estimated evaporation losses from lakes is 0.3 metres per year.

To maintain primary fish habitat in the shallow Beck Lake and Richard Lake, no further water is

available for significant extractive demands during the period from May to October unless

further storage is developed to support the demand.

Diversion structures must be capable of maintaining existing base flows and providing fish

passage.

There is adequate water available during the high flow period (November through April) for
storage to support water use during the low flow period (July through September) demands
without adversely affecting instream fish flow requirements. A summary of water from
significant streams during the high flow period is shown in Table 16.

Table 16 Water Available during High Flow Period

Water Available during November to April inclusive

Drainage Drainage Area (km?) Volume Available

dam’® ac-ft
Craig Creek 11.7 4263 3456
Strudwick Creek 5.5 1920 1556
Enos Creek 2.7 1286 1043
Williams Creek 1.8 808 655
Dublin Gulch 8.1 366 296
Hardy Creek 7.6 3732 3025
Indian Reserve Creek 1.0 3447 2794
Stewart Creek 4.2 1694 1373
Cottle Creek 3.8 1696 1375
Bloods Creek 4.2 1694 1373
Departure Creek 2.4 888 720
Nanoose Creek 32.6 17685 14337
Bonell Creek 47.8 32428 26290
Millstone River 93.2 78808 63890
Chase River 34.6 16973 13760
Beck and Richard Creek 18.2 6567 5323
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7.0 RECOMMENDATIONS
7.1 DOMESTIC

A domestic water licence shall be 2,273 1/day (500 gpd) for each rural dwelling as indicated on
the plan attached to the water licence application. This amount will allow for the maintenance of
0.10 hectares (0.25 acres) of garden associated with the dwelling. It is not appropriate, where the
primary source of domestic water supply is insufficient, to issue additional water licences for the
maintenance of green lawns and gardens.

A domestic water licence should not be used as evidence of a "adequate water supply" for
subdivision development and speculative purposes. Large subdivisions shall be encouraged to
form an approved community water system.

To ensure an adequate water supply, applicants should be prepared to develop storage or use lake
storage. For the average dai13y demand of 1,136 I/day (250 gpd) for a five month period (150
days) a volume of 0.17 dam” (6000 ft’ or 0.14 acre feet) is to be recommended. This requires a
reservoir or dugout approximately 6.1 m (20 feet) wide by 9.1 (30 feet) long, with an average
depth of 3.4 m (11 feet) allowing for 0.3 m (1 foot) for evaporation loss.

A spring shall be licensed for an individual domestic water demand provided that it is 30 m apart
from any existing licensed springs. Multiple water licensing of one spring will be permitted if
water is available. The onus is on the applicant to determine the flow yield and to satisfy the
written concerns and objections of existing water licensees.

A water licence for domestic use shall not be issued to a residence within a community water
supply area unless written leave to do so is obtained from the community water supply
agency.

Measuring or regulating (i.e. meters) is not usually required on domestic water use. But
screening of intake works shall be required to prevent fish or debris entering the works.

7.2 WATERWORKS

Waterworks purpose demand includes the carriage or supply of water by a municipality,
improvement district, regional district or private utility for the purpose of providing water to a
residential area.

Water required for waterworks licences shall be based upon a ten year projected maximum daily
and annual demand; except that a longer projected demand period shall be authorized where the
capital cost of construction of works must be amortised over a longer period.

Adequate balancing storage on the distribution system shall be required to ensure that the rate of
withdrawal from the source during short term or maximum hour demand does not exceed the
maximum daily demand. Good conservation techniques must be practised at all times and no
increase in the amount of water in the existing community waterworks licences shall be allowed
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unless meters and other conservation measures have been used.

It is recommended that the applicant for a waterworks water licence be required to provide the
ten year projected maximum daily and annual demands and the projected volume of balancing
storage.

All waterworks water licence applications require a storage at the source stream except where
the water supply is from a lake that has water available within 10% of the shoal area.

To maintain primary habitat for fish in the lakes the shoal area or top 6 metres (20 feet) of the
lakes height shall not be reduced by more than 10%.

Diversion structures must be capable of maintaining existing base flows and providing fish
passage.

7.3 IRRIGATION

The soil type, crop rooting depth and climatic characteristics determine requirements for
irrigation. The soils in the Chase to Nanoose Water Allocation Area, for the purpose of potential
irrigation demands, were classified into groups as indicated on the Soils map found in the
Appendix G. Many of the soil associations on the map were composites of two or three soil
associations. Composite map symbols were used on the soils map where two or three soil
associations are intermixed or occupy such small areas that they cannot be separated at the scale
of the mapping. Only the predominant soil association was considered and colour mapped for
irrigation requirements. Where more specific soil assessment are made available for a given
area, that soil assessment may be used to assess irrigation demands.

Areas identified as predominately rock outcrop, coastal beach or tidal flats were assumed to have
no potential irrigation demand.
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Table 17 Irrigation Requirements

Annual Irrigation Requirements for Chase to Nanoose Allocation Plan Area
(inches of water per acre)
Effective Rooting Depth Shallow Medium Shallow Medium Deep Deep
1.5 ft 2.0 ft 3.0 ft 4.0 ft
Lettuce Peas Brussel Sprouts Alfalfa Grapes
Pasture Species Potatoes Corn (sweet) Corn (field) Fruit trees
Cranberries Tomatoes Clover (red) Raspberries
Clay Loam & Silty Clay Loam 18 15 12 9 12
Gravelly Sandy Loam 24 18 15 12 15
Organic 15 12 12 6 9
Gravelly Loamy Sand & 24 24 18 15 18
very Gravelly Loamy Sand
Availability Coefficient = 0.5

It should be noted that these annual irrigation water requirements are for sprinkler irrigation
systems only.

Irrigation gun or flood irrigation systems require greater irrigation quantities and should be
discouraged. If irrigation gun and flood irrigation practices are to be used then suitable meters
shall be installed and water withdrawals limited to the equivalent annual irrigation requirements
for sprinkler systems. As the equivalent annual irrigation water requirements for sprinkler
systems may not be adequate to sustain crops using these less efficient methods of irrigation, the
applicant may be required to reduce crops, limit the acreage irrigated or convert to a more
efficient sprinkler irrigation system.

Trickle irrigation can reduce water requirements by 35% and should be encouraged where
practical.

All irrigation water demands must be supported by storage development. Storage required to
support irrigation demands is the total required amount as per crop and soils, plus an additional
allowance for evaporation and other losses from the storage reservoir.

The maximum irrigation system flow rate shall not exceed 19.1 1/sec (4.2 imperial gals. per
minute) per 0.4 hectare (1 acre), and users must be encouraged to employ good agricultural
practices (field size, system selection and farm management) to conserve water.

The authorized period of use for irrigation shall be from April 1 to September 30.

All intake works in fish bearing waters shall be screened as per the Fish Screening Directive
found in the Appendix H.
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7.4 INDUSTRIAL AND COMMERCIAL

The tables in Appendix I indicate the quantity of water required for small commercial or
industrial purposes.

Commercial fish hatcheries and/or rearing purposes shall require an industrial water licence.
Use of water by government and non-profit organizations will be licensed as conservation
purpose. Information on fish species and size, water temperature requirements and operating
methods will be required in support of an application for a water licence. Fish Farm and Waste
Management Permits will also be required.

Off-stream storage is required for fish ponds for commercial fish farming.

7.5 POWER (RESIDENTIAL)

The application for a water licence for small hydro power project shall provide all information,
measurements, calculations and specifications to prove power development feasibility. The form
" Information Required in Respect of an Application for Power Purposes" shall be completed by
the applicant.

Water returned to the stream after hydro power generation may be licensed for subsequent water
demands. Diversion of water away from subsequent use should be discouraged.
7.6 LAND IMPROVEMENT

Land improvement purpose is the diversion of water to improve drainage, to protect from
flooding, to prevent erosion or to divert and use water for aesthetic purposes.

For land improvement drainage and aesthetic channel works, the works and operational
requirements are authorized in the water licence. No water quantity is specified.

Water required for land improvement aesthetic ponds shall be the volume of the pond to be
created. All storage recommendations shall be required.
7.7 CONSERVATION

Conservation purpose is the use and storage of water or the construction of work in and about a
stream for the enhancement of fish or wildlife for non-profit purposes.

To maintain flows in streams through the June to October period and for fish rearing ponds,
storage development will be required. Works in stream/channels and in and around lakes,
marshes, and other bodies may be authorized to conserve fish and wildlife without a quantity
being specified in the water licence. Timing constraints may apply for the construction of work.
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7.8 STORAGE

Storage purpose is the impoundment of water, either on-stream or off-stream, in a dugout and/or
behind a dam. An additional 0.3 metres (1.0 ft) depth over the surface area of the storage
reservoir or natural water body is to be allowed for evaporation and other losses.

Major (ie greater than 100 dam’ (81 acrefeet) or storage dam height greater than 10 metres)
storage development will require engineering and environmental impact reports in support of the
application. Lesser storage may require reports.

Design plans must be submitted and accepted in writing before construction commences on any
proposed dam over 3.0 metres (9.8 feet) in height or on storage of 10 dam® (8.1 acre feet) or
more.

All storage greater than 30 dam” shall require water level recording and the results shall be
submitted to the Regional Water Management office annually.

Off-stream storage is to be encouraged at all times, with off-stream sites that are:
- outside the high water winter wetted perimeter of any watercourse,
- not accessible by fish, and
- do not adversely impact on flows in any watercourse(s) during the dry period.

Instream storage works are to be constructed during the period June to October. The design of
reservoirs need to consider upstream and downstream migration of adult and juvenile fish and
provision for fisheries flows. Mitigation work will be required for loss of spawning areas in the
creeks affected by any storage. In those systems where the MAD drops below 10%, any water
licence must be supported by storage.

The Applicant must obtain separate written agreement, easement or right-of-way for works or
flooding affecting other lands.

Total storage volume created by a control structure shall be licensed. The dead storage created
in most cases have some intrinsic value such as providing conservation of fish and wildlife or
aesthetic value.

Diversion of water in to storage will be between November 1 and March 31.

7.9 ALLOCATION PLAN REVISION

The Chase to Nanoose Water Allocation Plan should be reviewed and updated on or before April
1999
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APPENDIX A

Hydrometric Records



YRAR
1978
1877

1978
_ mmaw

YRAR
1978

1977

nRaAN

YRAR

1078
1977

1078
1979

yean

1978
1891

YEAR

1970
131

INDIAN RESERVE CREEK (NOATH FORK) NEAR LANTIVILLE - STATION NO. O8HBOSt
MONTNLY AND ANNUAL MEAN DISCHARGES IN CUBIC METRES PER SECOND POR THE PERIOD OF RECORD

JAN . rEB naR arn Jul Jut AUS sgr oct Nov oee MEAN
.ee een’ cen 0.003 0.002 0.002 ¢.002 0.002 cee . .- e
. e.903 0.002 0.002 0.001 0.001 0.00t - cea .
LR ®.002 0.001 0.001 e.00¢ o.001 cea oo ces
.ee ooz 0.001 e.001 0.00t o.001 -ee cee vae ® .
cen .ee .o ©0.003 . 002 0.002 0.002 0.001 9.001.  ©.001 .o . ..
LOCATION - LAY 40 18 o4 N
LONG 124 07 18 W NATURAL FLOW

INDIAN RESERYE CRERK (MORTN FORK) MNEAR LANTIVILLE - STAYION NO. OOHBOBY
ANNUAL EXTREMES OF DISCHMARGE AND ANMUAL TOTAL DISCHMARGE POR THE PRRIOD OF RECORD

MAXIMUM INSTANTANEOUS OISCHARGE MAXIMUM DAILY ODISCHARGE MINIMUM DAILY DISCHARGE TOTAL DISCHARGE
(n?/s) (w¥/s) (m%/s) ({gam?)

b ®.001 ON F‘l 18 ¢ -

@ <« EXTREME RECOROED FOR THE PERIOD OF RECORD e

IMOIAN RESERVE CREEK (SOUTH PFORK) WEAR LANTIVILLE - STATION NO. OSHOOS2
MONTHLY AND AMNUAL MEAN DISCHARGES IN CUBIC METRES PER SRCOND FOR THE PERIOD OF RECORD

JAN rus MAR arn nay Jun JquL Aue ser ocy nov onc MEAN

“ee T s .. e.001 0.001 0.00t ° ° ° . . “e- “ae

sae .- ©.001 0.001 ° .0.001 ° ° ° ’

eae 0.001 0.001 0.001 0.00% 0.001 0.001 aes

... e.001 0.001 0,001 s.001 o.00% 0.001 cee “es

ees cee aee e.001 0.001 0.001 0.001 0.001 0.001% . .-- “es .ee
LBCATION = LAT 49 15 04 N

LONG 124 ©F 18 W NATURAL FLOW

INDIAN RESERVE CREEK {SOUTH FORK) NEAR LANTZIVILLE - STATION NO., O8HBOS2
ANNUAL EXTRAEMES OF DISCHARGE AND ANNUAL TOTAL DISCHARGE FOR THR PERIOD OF RECORD

MAXIMUM INSTANTANEOUS D!SCHARGS MAXIMUM DAILY DISCHARGE MINIMUM DALILY DISCMARGE TeTAL DISCHAAGR
*/s) (m?/3) tm?/s}) ({dam?®)

s « EXTREME RECORDED FOR THE PERIOD OF RECORD v o=

KNARSTON CAEEX AT SUPRRIOR RDAD - STATION NO., OBNHBOAO
MONTMLY AND AIIUllAIlli OISCHARGES 1IN CUBIC METAZS PEA 3ECOND FOR THE PERIOCO OF RECORD

JAN res AR APR MAY Jun JUL ave sar [ 134 nov oec MEAN
o
bl o.083 e.030 0.004 e .0012 ©.001 0.009 e veo cee .o
s 0.188 o.028 e.0 ©.008 6.002 0,009 LA LR caa “ss
. e ce o, 12% o0.028 o .0008 e.004 0.002 0.002 LAl e e cee
LOCATION - LAY 49 14 82°8 DAAINAGE AREA, 3.00 ha'
LONG 124 08 O3 W NATURAL FLOW

KMARSTON CREEK AT BUPERIOR ROAD - STATION NO. OBNDO4S
ANMUSL EXTAEMES OF DISCHARGE AND ANNUAL TYOTAL DISCHARGE FOR THE PERISO OF ARCORS

MANIMUM INSTANTANROUS DISCHAASE MAXIMUM DAJILY OISCHAREGE MINIMUN .l!l' DISCHARSE TOTAL DISCHARGE
(m®/3) . (n?/8) (m?/8) dan?)
... cee . ©.001 OM JUL 19 ees
o cee . oM AUS 38 o vee

" - ENXTREME RECOROED POR THE PERIOCD OF RECOMND ' aee

YRANR
1578
1077
1978
1970

MEAN

YRAR

1978
1877

1878
1970

S L R LR R L LR L R

YRAR
1078
1977
1978
17

MEAN

YEAR

1078
1977

1978

Yeam

197¢
1N

MEAN

YEAR

1%
17




INQS CREEK AT QUYLET OF Ew0$ LAKE - STATION NO. O8MBOJO
MONTHLY AND ANNUAL MEAM DISCHARGES IN CUSIC METRES PER SECOND FOR THE PERIDD OF RECOAD

JaN ras MAR APR MAY Jum JuL Ave L 114 ocY nov osc HEAN
cea e e ©.004 ©.008 o.00 0.00t ° © 0.008 0.048 ©.1900 s
¢.oa8 0.008 ©.008 0.008 ©.002 ° ° 6.001 ©.004 ©.003 0.118 0.002 ©.038
©.242 0.148 - ©0.017 ¢.008 ° ° ° ° ° ° ° 0.001 0.034
0.078 o.008 ¢.018 9.007 0.007 ° [ ° ° ©.003 o.028 o.o08 c.028
o.188 0.082 0.124 0.088 ¢.028 0.013 0.007 0.001 ° 0.018 0.003 [ 17 ] 0.048
0.127 c.0688 0.10% 0.028 9.009 ©.004 ° o ° ©.003 ©.002 0.103 ©0.037
©.183 0.003 0.081 ©.042 0.02s 0.007 0.002 4 ° 0.002 ©.071 0.103 ©.084
0.048 °.088 0.023¢ ©.033 o.00)3 0.001 ° © ° ©.001 ©.008 0.133 0.028
0.107 0,073 0.088 ©0.038 0.0013 0.001 ° ° ° ° 0.001 - O.182 ©.038
©.134 Te.0T 0.118 6.030 ©.001 ° [ ° © ° -0.001 9.080 0.038
0.087 ©.078 o.114 0.073 0,008 ©0.008 ° ° o ° ° 0,003 0.038
0,147 ©.03% ©.028 °.000 ©,001 ©.00} ° ° ° ° ©.047 ©.187 0.038
0.148 0.002 0.184¢ 0.034 0.012 ©.002 ° ° ° ° ©0.008 ©.078 0.048
0.103 0.088 o.088 0.018 0.0012 ° ° ° ° ©.011 0.231 v “ee
e 0.073 0.073 ©.022 0.001 ° ° ° o ° ° ° XX
o.o008 ©.029 0.0a1 0.018 0.001 ° ° ° ° ° o o.088 o.018
ses 0.080 0.031 0.017 ©.003 ° ° ° ° ° ° ° LR
MEZAN o.118 0.07¢ 0.070 ©.028 0.008 ©.007 0.001 ° (] 0,002 0.033 o.008 0.038
LOCATION - LAT a 17 13 N DRAINAGE AREA, 1.63 km®
LONG 124 00 32 W REGULATED
EWO0S CREEK AT OUTLET OF ENOS LAKE - STATION NO. O8HDOYO
ANNUAL EXTREMES OF DISCHARGE AND ANNVUAL TOTAL OISCHARGE FOR THE PERIOD OF RECDRD
YEAR MAXIMUM INSTANTANEOUS DISCHARGE MAKIMUM DAJLY DISCHAAGE MINIMUM DALY DISCMARGE TOTAL DISCHAARGE YRAR
(m®/s}) (m?/8) (m?/s) (dan?)
1902 --- 0.377 ON WOV 30 e ON JUN 29 “en 19¢2
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1 o - prioind - - : 1. 1
wem - . . . . . 1
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MILLETONE RIVER AT NANAIMG - STATION NO. O8HBO32

(J1]
MONTHLY AND ANNUAL MEAN DISCHARGES IN CUSIC METRES Ppp SECONO FOR THE PERIOD OF RECOAD
JAN res MAR APR May Jun JUL Ave sep oct NOY oec MEAN YRanr
.- b - ©.377 ©.017 ©.087 0.988 5.0 .e- 1981
3.07 1,88 2. ©.804 0.087 0.084 2.87 6.24 1982
1.80 4,08 2. o.181 o.018 0.007 1.87 8.08 1983
4,30 1.78 o.738 0.489 s s e 1984
2.28 2.12 . 1ses
. aea .e- e .ee .= ©.03¢ 0,018 2.38 .03 .- 1588
.26 4.73 1,20 0.41 0.110 0.008 0.008 0.008 - 0.083 s.89 1987
4,23 2.93 2.42 o.881 o.880 0.148 ©.0484 ©.034 ©.182 8.84 4.13 1988
MEAN .78 4.83 3.83 2.27 1.30 0.439 °o.112 o.038 ©.038 0.884 3.8 8.1 2.41 MEAN
LOCATION - LAT 49 10 38 N DRAINAGE AREA, 88.2 kn?
LONG 123 S8 04 w NATURAL FLDW
MILLSYOME RIVER AT NANAIMO - STATION NO. OBHBO32
ANNUAL EXTREMES OF DISCHANGE AND ANNUAL TOTAL DISCHARGE FOR THE PERIOD OF RECORD
YRAR "MAXIMUM INSTANTANEOUS DISCHARGE MAXIMUM DAILY DISCHARGE MINIMUM DAILY DISCHARGE TOTAL DISCMARGE YRAR
(m?/s) (m®/8) (m?/8) (dam?)
.. .- ©.006 OW AUG 7
.- ON NOVY 28 0.011 0N JUL 28 200
e .7¢ OM DNC 24 ©.008 ON AUG 9 23 so0
... ON JAN 20 cea e
.-e - 0.004 ON SEP 21 = cee
28.7 AT 04:28 PST ON DEC 10 » ON DEC 10 0.008 ON » 27 70 300
23.8 AT 21:86 PET ON JAN 14 ON JAN 18 ©.014 DN SEP 13 80 100
* - ENYREME RECORDED POR THE PERIOD OF RECORD 78 00
€ - ESTIMATED

MILLSTONE RIVER NEAR WELLINGYDN -

STATION NOD. osHBO27

MONTHLY AND AMNUAL MEAW DISCHARGES 1IN CUSIC METRES PER SECOND FOR THE PERIDD OF RECORD
vear JAN res man arn MAY Jum Jut Aug sap (114 uov onc MEAN YRAR
1981 -ee cee t.38 1.28 0.212 0.088 0.030 0.028 °0.717 3.84 cee
1982 2.87 1,38 1.42 1.18 1.38 o.s08 .0 0.073 0.088 1.83 4.23 .81
1963 1.83 2.8 1.08 2.17 1.73 0.218 °.118 0.082 0.047 o.040 4.00 1,81
1984 .48 3.2 2.12 1.32 0.a80 0.382 0,122 0.087 0.028 “ee --. .o
1988 1.22 2.88 3.43 3.83 o.980 0.182 s .es .- 0.247 1.37 s.38 ans
1970 2,88 1.79 1.91 0.127 o.018 ©.004 0.004 0.018 1.31 4. 00 1.08
1971 3.7¢ 3.63 ©0.388 0.239 0.083 o.018 0.039 3.80 1.70
1972 3.81 s.98 0.038 0.207 0,003 0.003 0.003 °.231 4.93
1973 1.37 1.78 0.287 ©.048 5.003 0.001 0.07 2.98 7.88
1972 6. 01 .18 3.8 0.318 0.0414 ©.108 0.000 0.001 2.18 3.88
MEAN 2.08 2.08 2.8 1.8 o.002 0.273 0.104 0.048 o.021 0.387 2.28 4.38
L]
LOCATION - LAY 49 12 22 N DRAINAGE AREA, 48.1 ka'
LONG 124 03 O3 W NATURAL FLOW
MILLSTONE RIVER NEAR WELLIKGTON - STATION NO. 08MSO27
ANNUAL EXTREMES OF DISCHARGE AND ANNUAL TOTAL DISCHARGE FOR THE PERIOD OF RECORD
YEAR MAXIMUM INSTANTANEOUS DISCHARGE MAXIMUM DAILY DISCHARGE MIKINUM DAILY DISCHARGE TOTAL DISCHARGE YEAR
(m?/3) (n?/3) (m*/8) . (aam?®)
.. 0.023 ON AUG 30 .-
.- 0.048 On sSEP 47 800
.- .00 8o %00 |
.en 0.020 cee
—ee ©.008 ON JUL 14 -ee
.o ©.002 ON BE» 27 34 200
“ee ° oM JUN 23 = 83 000
cee 0.001 ON AUS 13 4 400
.o ° oN AUG 17 2 soo
1974 “ee ° € oN 3EP 18 52 300
® - EXTREME RECORDED FOR THE PERIOD OF RECORD 49 300
E - BSTIMATED M
~
CHASE RIVER NEAR NANAINOG - STATION NO. OSNDOSE
MONTHLY AND ANNUAL WMEAN DISCHARGES 1IN CUDIC METARS PAR SECOND POR THE PERIDD OF RECORD
rean JAN rae AR arn MAY JuN JuUL ser (13} wov oee MEAR vYeAR
1970 o.080 e0.188 0.003 see :!1:
1077 o.802 0.073 o8 .ee .es 107
1978 cae .e cen o,.842 0,120 9.083
MEAW e .ee s .77 e.343 0.121 e.088 ces cen aee MEAR
LOCATION » LAY 40 08 82 ¥
LONG 123 56 38 W REGULATRD




Sdev .J»—D’.M‘w.w,hw ..|Uo - !UJZNV L ATAS A0 - 02 ‘Gl NN *HretL s
' e PQ @ 1435 ¢ N AevL
. —— chysenipy 2a 2bsopIT obens g g oL ) YT 7 N DS
\Q\Nhl.ﬂ.&h.ﬂqc%‘u 31VC AB Q3ACUCAY — 2G> N0 1Sd 20 Lv §/oW \ﬂazh_.ch.z “39uVHIST . SNDINVINYIGNT W14Ixgw
7 31vQ A8 a3M03HD WAL AN B o Mo My X A TR E A 200" AYFINIBIA HNOIITLHTIRM  \peasitiay
yraave LYYW T 3L . PN P et s TG RlasAEAe
%Sz TOW  SWWNAZ (M 31VAAE OZHYdIHg
NIW L19°0 900°0 900°0 200°0 €000 110°0  1£0°3 9610 soved #3270 NI
XYW 0C°v 1100 1s£°0 Lis°0 ST0°0 6vo=0 vit=o s2°¢ 15170 19°2 Xv
N'E: \,nﬂm 162 9L Ceeg L*1y &£ °6C £C2 0612 02211 3C 0k ni—ﬁ
NY3W  G6°T 1ro°o £90%0 £50°0 100°0 £20°0 180°0 vvaco ze9°0 1s°1T TE
101, I9v*09 . 18600 v68°T _ €50°L. . _Z02°0..—. £6920. .__00L°2 ... ..22C°S2- ——06%6 T oo . 938°9% . V91D
It 2set sto*o 1150 €000 Tva o soveo zoseo 1<
e 0s el Y. _f66°D . _210°0__ 90D°D £HC°D. Lo Vi 2 0z20°*n ia0°1 961°0 £2%°0 1S%°0 ac
62  f0°2 1Tt TT0°0 900°0 £40°0 c00°0 zzo*0 1v0°0 8120 65420 364°0 62
82 8ve2 oget 606°0 1000 v00°0 $00°0 v20°0 Lv0°0 ziz=0 tos*a zveo ££5°0 82
L2 .0L*Z .. 6°T. . 2I0°0 .. _200°0 . €00°0..._.%00%0_.....620°0. . 1S0°0- .. .BT2%0 ... 216%0_...._003°0.. . 0I9°0 Lz
92 2%t 09°l *T0°0 800°0 zoo0 %00°0 v20°0 150°0 v£2°0 6£5°0 059°0 289°0 9z
c2 161L°0 0Ll Sl0°0 200°0 200°0 9800 2Z20°0 9c0*n P'Vrb <29°0 2832°0 281°0 (o4
v L6L°0 69°T £I0°0 L00°0 zooo v90°0 s20°0 150°0 692°0 089°0 2vL0 av6°0 ve
£2  Te8°0 102 £10°0 0t0°0 z00°9 v00°0 sz0°0 1£0°0 812°0 969°0 008°0 ot°1 £z
) -2 616%0 . 19°2. . L10°0 . 0T0°0 . _..200%0..—.__¥00°0_..__%20°0 — . Le0°0. _.LBZ°0.— . 069%0. —. 616°0 . .. 0C*T . .2z
_ 12 oLs°0 2zt £10°0 600°0 £00°0 $00°0 020°0 veo*o 90c°0 169°0 90°1 vt 12
az LEgen 210°0 cI10°0 400°0 50020 &I10°0 1C0°0 AECe0 _g02°9 21°1 sgeq 02
ol  166°0 St0°0 S10%0 v00°0 »00°0 zz0°0 5500 zLe°0 v9°0 steI sz*z 51
81 zret c0°z sto-o v10°0 S00°0 v00-0 120°0 650°0 vIveo 559°0 To-t 6c*2 81
LT Y2°T __....T2°Z _. . SI0°0 .. . 4L0°D 900°9.. 40020 £200__ G900 9WW0 . SOL0._ . GO°L..... 34°2 ... 41 .
9t 2s°1 £55°0 1100 s10°0 90070 L00°0 6100 9100 $05°0 SeL*0 Lret 98°2 I
o3 d v y-LA a S42°0 80020 LIinsn 900°0 100°0 €10°0 180°0 nnm.a (TYEE ] £C=1 21°< (vl ¢
T scez 182°0 600°0 8i0°0 800°0 900°0 T10°0 £80°0 8590 15270 951 visy vi
£1 siec sLz°0 800°0 6100 600°0 v00°0 vio*0 £60°0 L£1°0 6eL*0 tet L9°1 et
ZL oe°c vS1°0 800°0 0Z0°0.. ..L00°0 ... L00%0——.. .CI0%0 — . _660%0 — . .T48°0.. .. 324°0 .. ve I oEes 21
I ogee 3%0°0 600°0 z20°0 100°0 L00°0. s10°0 1rt-g vest 1690 0c-2 9zt T
OL [h“.n'n .\BnD.B \'pn.ﬂn-l—- 4\-"" \h’-—.—— *t00°D 100 \50“..: \554.” \hﬂh LX) | \\.VN‘J £c0¢c°n 18 4
' 6 65°¢ 000 600°0 0v0°0  800°0 1000 8100 vZieo £o°1 489°0 7 oweg Logeo 6
8 262z v0°0 609°0 890°0 t10°0 0t00 zz0-0 9IcT=0 £9°1 0L9°0 £5e¢ T1c-0 2
L g9t L20%0 600°0 260°0 ¥00°0 600°0_.. ...£2020 ... 6£I%0 ¥z a0 . wzeg zlc-0 L
9 2s°¢ 120°0 600°0 viieo £00°0 600°0 8200 6£1°0 95-2 3L9°9 30" 3520 3
s (L »20°g 8200°0 ) 8 AT <€a0°g nIneg £C0*n 6£1°0 21°¢ 211°Q0 I1S*Q 3
‘4 L19%0 0z0°0 9000 Loz*0 £00°0 T10°0 5£0°0 8ct 0 sz°¢ cvLed 1£€%0 v
€ 569°0 S10°0 900°0 £92+0 £00°0 z10°0 8500 Seie0 Sv6d 6v9°0 09°2 8550 £
2 suep v10°0 900°0 zeceo £060°0 . .SI0°0. . ggo-o 910 £15°0 +£5°0 vicp 2
I Leco cto<o 9000 1SC°0 -£00°0 S10°0 ov0 0 vLT%0 08E°0 - i6b°0 35£°0 1
8350 (£3q
. ﬁ( ARG 230 AON 130 43S 90y ane NS AUM Hdy Ny 934 lypQ AuQ
1
1661 NO0J ONODIS ¥3d SIULIN I1aNI NI IWVHISIO A UvQ (Rusmietasesy
. . L T 1S40 *3°8 *¥IANOINWA
] T 39vd ST 9 _
L~ &r. LT i o N



uogydiopud #p munor

ooy op anop

g 8 tanop
AL op SepLry

S0N0Y ¥Z US PIOOSY LONENTIOPIG
SOAQSL] 6D SepuLry

SONBY $Z LS PIOORY DN 8P BID
: S0AYSL Op SopuULY

S0NGY $T UG PUOSSY SN 8P WD

009101, UORENTOPLd S0P 8dA |, R0y

om0 suoRwNdioRiy

oOieN op sory)

Nid op seNy)
9540104 8D SopUUY

QWP omLY SXRipcUeL
SOARIOY 8P SOpULY

QWM SpWprEyy eIptiLe)

§!§=ﬂ.-_8§h§m

SUUNPROND SinieIpchse)
FUUSPHOND BN Simuigcuse |
SUUBPROND SRRy SIngrIphie)

[ 1
1

Dy
o9

0o
(¥ -4)

199
1988
09~
(1>}
ol
f..m _
11}

ANOINNV1IHE-3I18N0T02/VISBWNTOI HSLLIHE

2R932 /"N

s

(213

13

[ 13

[14
1 444

S¥
00
[ 44
cie
Ty

(44
90
ree
60

6L
S8l

96

o

L

L

144
cer

144
00

|44
zzr
o0z
1’eT
3>4
[ 44
8ce
(X
iy
see

il

1
34

T
i

ri

rt

14
TLir

Sy
0l

cly
£sT
ﬂ”—o
s
6e-
0'se
(%
Il
t44)

L
9
o'le
()3 ]
e'rg

e
7

4201
(1> ]

zei-
(.14}
Iy
ot

90~
L'L

e

. uopmdidesg Y sAeg
Mous s sheg
U Yim sing

PICOSH] JO SIBSA

W0y $Z U UONBYDIOe. ISeNID
PIC0SY] JO SuBe )\

SINOY P U| NBMOUS Is8IB0ID)
PuooaY JO mive,,

UNOY ¥2 U eIy IseRan

uoneydioeLd 9101, ‘vonmIAeq piepung

uopapdiaesd 19105
Hepmoug
ey -

PICOSY JO BIBe

QNPISAWS | Winuu SweIpg
PI008Y JO IBOA

CMRIOGWE ] WNWIXEYY SWeAXT

umpedwe ) AimQ ‘vonmaeq pispumg

aumesedwe) Ayeq
QNBR0WE | wnwuwy Aleg
GNRAdWe | winwixey Aeg

W28 MBI.p2I N.8IL.OY
ATIASNUVY



coas_n.oai. 8p ’Inor
eBeN op sinor
g ep smnop

SOAQIOL 6p SeguuY
90100y $Z US PIOISY UOIBNIOPIY
. SeAgiaY ap seuuy
SN0y $Z U PI0OSY O8N p eINyD
. SOAQIOY 0D SoguULY
SRINSY $Z US PIOJRY SiNid Op eIy

SO0 SUONBUCIOPLY $9p 6dhL Lwo3

99{00). suonwdidpg
oBen ep soiyn
enid 8p sey

$9AQI0Y 6p seQuuUY
QNP SBUNIN INjgdwe

SOAQI0H op SoguUY
DU oewpEYy IMRIpduie )

§.O.!§=ok-_ov§._.:8w

SUUSIPROND unmipduwe)
SUUSIPROND ORI SirmRIpchuwe)
SUUSIPNOND SPWIXUY errywpdwe |

vogendpaud ep sinof
eBieN op muno
“Nid ap snop

$6AQ{8Y 8p SepuUY

$8INBY $2 LS PIOJ6Y UOHENAIIRIY
songieY op seguuy

9010y §Z Ue Pr0OSY 8Bi6N Bp WD
$8A010 Op SegUUY

SO0y $Z US PIOOSY GINId 9P BINYD

9019104 suonEIdOP.d 9ep 0dAL LDl

setmi0) suonmdioprd
oBjoN op seryo
enig ep seyD

SoAgioY Op SeguUY
WX srewUN eIMBIPdWO |

80AQI6Y Op SEpUUY
SUIGIT BRINGH airyaIpduIe |

SuueponD unjesgdwe B op 6d4) ued3y
suuepRonD sumeipdwie )

88.380.32_:_222835»
suUSIPHOND xXeyy Or dwe

@ © o

NONN N NN~

NONN N

sel

(¥4}

oer
S8
oer
€091
v
ris

319
- 43

226

6151
1'sre
9768
(12 4
€8¢
S0
€01
g€t

Yori
ezt

§1

14X

€l
(334

14
L2

ey
9
e
[
9614

6l

8 9
0 0
8 9
€l cL

€, ooy
ri i

00 00
£l 2

€6 oor

roe €82
ey gz

00 00

16y @6z
6 )
0 0
6 L

"85 - gg

9  1es
v9 €9

00 00
55 8

S 12

v82  1'se

sy 9vE

00 00

1Sy 9¥E
£9 19

[ i
59 29

80t 1’9t

ch 91

1’8t oLl

801 StL

| &:18 €¢e

S
0
S

€
ree

143
00

€l
vee
413

00
€2

6S
Ve
0o
Ve
141
00
€92

29
vy

c9
€8¢
>4}
ool
y'EL
gee

9
0
9

14
€12
14

00
4
e
soz
g6z

662

]
0
8

i
v've

00
1 4
ez
i
L3
00
Sve

oL

[+]3

65
see
€9

00
65
§'ee
891
9'Le

oo
9'LE
19
V-
19
90¢e
£l
el

89l

[+])

ot

vi
62

ri

vl
v
i
Tey
00
TEr

8’9y

L9
g2
ot
68
Ly
LEL

1 4]

vi
6S
[414
912
[4:14
N84
o8
Ly
1’6
65
€8
09
4
o
L'e
ve
g6

(43

z

€l
98¢t

€l
§0¢€

€1
98¢
o
68
9

Ve .

-1

143
vye
I¥44
1 247
giv
598
06
28

19
L
g'LL
et
13
6l
L's

[:1%
19
Y6
19
[1::}
19
(4]
865
oISk
v'62
19
6€l-
491
ol
TE
LS

uonmydoey yim sAeq
MouS W sheg
urey yim sing

PIOOsY JO RIBGA
SMOY ¥2 Ul LONEIdRRL (SeTeRID
RIO0GY jO RIBOA
$INOY ¥Z U) IFMOUS 18O1RQUE)
PI0OOY {0 SIVOA

N0y ¥Z U NBUMEY ISP

uopSUAeId 910, ‘UORBINGQ PISPURIS

uopmdideld moy

: epmous

ey
PIOO8Y JO QIWEA

UNRNAWS ] WNWIUIKY SWeIpS
PI008] 0 w0

QunpEedwe | wnwpeyy swenxy -

uneiedwe | AfeQ ‘UONBNGQ AIRPUNS

wer M2l N.6.6Y
GNVISI Y10IgYD

uonendeld Yum skeq
MOUS yum sheq
urey ywm skeq

PI0OBY JO SIBOA

s1noy $Z uy uoneydivesd 1seleaIn
PICOBY JO SIBOA

SINOY HZ U} IRIMOUS 19678010
PucOeY JO MBOA

N0y ¥Z ) BJIBY ISeRaID

uopsdpeld W01 ‘UORBIAGG PIBPUBIS

uoimydioeud 19101,
liepmoug
Irejuiey

PIOO8Y JO 81807
ANRIetWo | WNWIUKY Swes

RIO08Y O S1BeA
argeledwe )| WMupey swenxy

aineiedwe) Areq ‘uotieineq prepuels
aummedwe) Agng

asnjpiedwe | wnuiui Aleg
enpiedwey wnupey Aeq

wg  M.ULS.ESL N.EL.6F
AVE FHUNULHVYJIIA ONIVNVYN

.




uonedPId op uINoP
BN op snor
aind ep snor

. $OAQI9Y 8p 8egUUY

90.N6Y ¥Z UG PIOOSY uOHBIdRPId
SOAQOY Op Seguuy

$01N0Y ¥Z ue piooay ebeN ep ey
$8AQI6Y 6P SepuUY

$eINBY ¥Z UB P10deY ejnid 8p eIny)

Sorel0] suonsudogid sop edAy veosy

01810 SUCRWIIY
BN op seymD
efnid ep sermy)

S0AR10Y Op Sopuuy
owING erewnN exmesodwe]

SOAQIeY 6p SeguUY
w3y epwixey eimeipdwe)

suueIpROND eImIpdwe] e ap edA) Lwol

suuspriony) eumuipdwe )
SULBIPAIOND eBWHUIN eMBRIedWwe |
LUSIPRONY ejewnEl e:melpduie |

uofeudad ep sinof
eBeN ep snop
einid op sinof:

S8AQIeY Op Seguuy

$9IN6Y $Z UB PIOSBY UONBIANSI
80AQI0L @D SeQUUY

S0INY $Z UB PI0OY 8BteN op ey
$OAQIOY 6p SopuUy

$8.NAY ¥Z UG PIOIBY BINld Bp AINYD

99[EI0L SUORRUTIORLY Sop 6dA ) w3

$9{910). sUONBYGIdRIY
ebieN ap soIyD
einid 8p seIyy

S6AQIeY ep seguuy
QW] Rty eJmeiedwe)
' 80AQI9Y Op SegUUY
owp erewixeyy sineigdwe

euLeIPIOND aIMIEIRpdWe) B op edky UBo3

suueIPROND aunjespduse |
SULMPROND ewiUIy eimeipdwe |
suusIPROND erBwnEy ainjespdwe |

- - - o@me O oo o o m e

- e

ges

SEL

9oy
9's€
ooy
6EEL
108
8’y
6998
[
e
€0
e
29
gElL

091
¥l
418

18
reL
e
£E9l

9C0L1

8'v00L

002-
L9
so
€e
6t
9l

3000 33NNV
30300 HY3A

8t

Ll
oor

8
-4 ¥4
0 4
g6y
resL
S
o'ist
901~
6EL
-
6t

rt
9

54

(-1}
oL
oLy
reL
0L
10z

(4:74
(421

14>
00e-
St
st
[
€0
e

030
EN

9l
91
£re

L8
€
oL

o)
°3: "4}

oL~
L
60
s
(x4
18

AON
AON

L)
VGO0 OO

aie
(44>

>4 43
90t
c6l

oL

oL

L

TLr
s9c
sy
00
e'sy
cE
[
4
zee
ot
(343
L
S02

1435 1nov

d3s

9

Ny~ ®o®
q

00
L
x4
ore
oy

00
1'or

tx4
r'ee
i
[34)

(333
661

[+ ]}
(]}
6'62
00
86
(¥4

) ree

00
L'6E
90
14 2
1}
- 48

Iy}
02

NIOP

NP

L R-X -]

oet
4
00
oel
o0l
00
[4:4
ot
Tl
ot
121

F443

[}

1%

z0e

20e
[4:1%
et
ree
-
Lig
'

o

§S
o8t

YW

AVIA

ot

952

e
vy
0€EL

{82

VLS
09
962
60
oe

(X4
g'El

HAY

HdY

14
0
14

601
se
s
ToL
1373
L ad
it
6’0

s

gl
ve

T2~
961
[
oS
1o~
104

HYW
HYN

INDINNV LIHE-3IGNOT0/VIENNTOD HSILIHG

”"
[}
14

8
(W3

L
[y 2>
t4: 4
§'ee
[44:]
1
oSt
143

[ 44

[
S'L

St
"
9r8
LeL
L'SS
¥es

[ X213

oet

€201

191~

[>4:]%
>4
(.1
S0~
1'e

A34
34

i
3
st

8
9'st
9'st
e
124

oo

[} <43

[ Y o
£el
[ 3]

10
€S

T
€ect

gLl
961
Ll

L 23
L=
(4]

NvF
NVl

o Lt o TWRT R 7] ]
“ouUg Y sAng
Uy Y sl

pscosy JO LRe

Lnoy #Z u vosudpesd IseTRRID
PuCO8Y JO sIBBA

SINOY P2 | TEMOUS IsoTIRID)
I0OBY JO BIOA

BINOY 92 U B ISeeID)

UomIdIRLd [0 "UONBASQ PrepUnS

uoneNdiosid o
opnous
ey

PIOOGY O BIRS
WMBINAUS) WL SWenXg -

PIOO6Y JO RINOA
QUNMBISALS | WILIIBYY Swenx]

wnmedwe | Amg ‘uoneireq prepuns
unmedwe) Ayeg

uneiedwe ] wmumyy 4eg
exmedwe ) wnupey Areg

Wiz MSSL2ZL N.OL.BY
SNHO ONIVYNYN

vorRidRely yim sdeg
MouS i sheg
Uy yim sfeg
paoosY JO RIBOA
IN0Y $2 W UL 1SeBRID

MY 2 Ul IR 1SOmear)
uogEde.d [10) ‘uoRRINGQ PIRPUBS

uoymididesy 0}

ffepmous

" ey
RI00eY JO suBSA

QUNMIOGWS] WNUUHY Bwenxy
RICOeY JO SIe8A

QUMBIOALIe | WINUNBYY SWexg

unmede ) Areq ‘vopmneg prepums

aunsiedwey Aijeq
aunpsedwe] wmupy Aeg
onresedwe ) wnumxey Areg

WoE MZ2S.£2L N.E.6F
Y ONIYNVYN



< e Ty © 2T —— g & g 0

AR ... - AeAReL . PR

- —— . ) . R / - . . N — T — \
- i - ‘B - ' 9t
N GO RN _ N : y 2 -~ —
A Y i AT e d e NG .. N Cottam & .
N 2 } : v * Madrona ) 3 ~-
J..: e ~ . 22 . Ma o!s_Aﬂ ~ 35 ~
s S e L. 138 ! 103 p— o : ! | .\ Douglas
RSN ﬂ.ﬁc :4.._; Epacine LANA 2wl g¢| ' s
: - ) ; ~ " T T PN SRS ., 7 .r.. .
P LI ER rp i) arksville  f Bxvade > . e N e gat ./»34___.. < Yeo Is
M S T ¢ ,.L.J/: » | 2 < . o g d e i
A= A . S _ B a1y TN J ~ , ~—
"o i - T . » . . . Dolphin
- o i 3 R et en : B RY e \! ! 3 ~~
. . b : - i Zo:%_;__ \ n.n. M\K_..:nrm_mmm _
o t ~ B Is
. Adals ﬂ.w /._n.r.u .
AN '
o y ~) 2 | Z
N o . - o g
4 l# - > = Southey /W
T ; % o o '3 |
e Py ’ ey Maude
RS - iWallis o5, "3y \
M e T . T et Py )
/.ll\u«O _— o e .J
IKJ‘W//“\r\vI ichard 18
- _ t &
t s === g ° ) Blunden;
[ AR - IREAL SERLIP . .
o . : Piy - A Lantzvill N
f . Fleet s antzvilie >
: , . R
Y =, N O
21 \ ] 2
h ENGLISHMAN RIVER A3 e 22¢ .y 1 L
t : 68 LJ% s n»)omx ! = 2T
S0 N ; K 469 ) [} e (13 — 11
- K 1< ~. —
) . ,
ve
Uw.:ﬂ.. /
! /
/s GW,R.\
\?\— -
/>
_ < n.@m:._; 1
b, 3 .- -
SMODE Cobles - - - 3
-~ 3
3 e

N e

Y Batchalor Pt gy

: ; %a?o_mnwo:
Gk ! @ e \

i -
)Nm::: LY maﬁ o

S
[
)
Duke N
) O T =S \11—%4
TN\ farmadad .,u%o%wgot. v_o.vsvw._s. ?Mwi:ﬂ? 28’ L_\/bﬂm/\r_ -
- . S e SN I
. ...ﬁc&h.uw L -
Y ) B, N\
) 0 N,
y " . N 526 \*
[ Y 73 X SIS ™
EZ2 STuDY AREA A 305 3 | AN IS SR
L reedar e e ,.
)

CONTOUR DESCRIPTION: | N 50 1] D= 2 o 1748 4 .. _ o ] _\'......J@J...

. |
. ) Y
* =+ comew 1000 MM precipitation (40") = o il
M ~5 — e 1250 mm precipitation (50") : . 2 u_s
w5 N T
|/.H x_ N e \ > 1,-_ |1 p QH‘\W/
v .\v y ) DY I \ i . > . S P M A St ...\u 5.
= o FESCDA =/ . r 2= — e B! 4 S, ; SAWA VR 4
& AM J.W \*\., <= 2 i ot X 7% Ly Y220
I"a8) D> s =K 729 NG X4 m ' S \
@ 1]/ | \\ u/d\// u PRIT R, RIV RY VIR L A

,
L

)\A/ Su | & LIS CRANBERRY fLand st mA ‘Mg
by e T T Mactlpa “YWANDe ! ) ; g -
LN N/ _\ B 654y i I_ A H»U_ -H.UI_MHI! s ~ L}.u. oSk 7

Av A~ >\\ev 104

mw\% b
BR 1253 . b~
129 T ) * 9
0L P

S

\/‘vﬁ
3

MEAN ANNUAL PRECIPITATION
(BASED ON 1941-70 READINGS)

: - &

Scale 1: 250,000

/)




APPENDIX B

Streamflow Hydrographs for Ungauged Streams



ZZ0 | SL'0 | vO'0 [S000|¥00°0| LOO | 200 | SO0 [ 600 | PL'O [ ZL'O | 8L'O avn Jo'isia spooig
620¢ clo| w8 [ 29v | © 0 0 0 0 0 [ 8oL | zly | 01§ | 089 | eiaoipAY swnjoA! (SwoLZ'0)
601220 O 0 0 0 0 O [800]6L0[920|620| %09 OA0qD MOl4 Nee1d
2GS0 | S€°0 | 600 | LO'O [800°0| 200 | 900 | €10 | 120 | 280 | 6€0 | 2VFO AV JO'lsia] uojsipu)y
G082 o [te9 |9ee | O 0 0 0 0 O |92l | 92 | ¢6€ | vEV | ©I0DIDAY BWNOA| (SWo91'0)
€0 [9t0] O 0 0 0 0 0 |900]|sLl0|z0 ]| 20 %09 ©A00D MOI4|  eAlesey
7’0 | 920 | L00 | 100 [9000| 200 |¥O'C | L'0O [910[S20| €0 | €0 Qv JO'ISIa upjpu|
86C oo| 48 | ¥ | O 0 0 0 0 0 il | e | 68 | 99 | elaoioAy ewnioA] (swozo0)
v00|[200| O 0 0 0 0 O | 100|200 |200|€00| %09eA0qD MOl yono
G0'0 | €00 | 100 [ 1000 | 100°0{200°0|S00°0| LO'0 | 200 | €0°0 | €00 | #00 avn Jo'isia ujiang
959 200w/l (SOl | O 0 0 0 0 0 v | (8 | 8LL | OSL | SIADIOAY SWNIOA| (SWOY00)
- |so0|s00]| O 0 0 0 0 0 [200|v00|900|900| %09 OA0qD MOI4 yooig
1'0 | Z0'0 | 20'0 (2000|2000 (r000| LO0 | 200 | Y00 | 900 | 800 | 800 AV Jo'isidl  swolm
9961 00| vy [ 1€2 | O 0 0 0 0 0 | ¥8 | L12 | v/Z | 92€ | ©IQOIDAY ewnjoA| (SWOLL'0)
zo [L1o] o 0 0| O 0 0 [P00 | 'O [7L'O|SL0]| %099er0qo mod yooig
LC0 | 81'0 | SO0 [£00°0|#00'0| LO'O | €00 | 0O | LL'O|£10 | 120|220 Av Jo'ISid| XoImpnys
o6  [GLo|LeoL | 9vs | O 0 0 0 0 0 | 1€Z | voe | 829 | 092 | eiqoioAy ewnjoa
Wwo\|9zo| 0 0 0 0 0 0 |[LL'0O|pvL'0 |20 [GE0| %09 Orogo mold| (Swd GZ'0)
290 | VO | LL'0 | LOO | 100 | €00 | 200 [SL10{ 920|680 | VO | SO avw jo'isig] 9 B
ez [ S9L | sv | 9 v tlL | 2 | 09 |20l | ¥SL | £8L | 102 }SIP 1oy pesn QvIN %
avin %09
eAoqy | AV
IOA IDjOL | %09 | 9 | AoN | 190 [ides | Bny | Ainf [eunr | A\ | judy Yoo qed | uor swoeNs
_

©|qDJIDAY SOWNIOA PUD eBIDYyJs]q [PNUUY UDS JO UOHNGIYSI] PejoWls]

|

|

|

UD|d UO|DDO]Y 16jDM ©SOOUDN O} 8SDYD UM swupels pebnobun




Mean Annual Discharge (cms)

o
© w
w o

0.25

o
')

0.15

Q
p

0.05

Beck Creek Estimated Streamflows

602sMAD=0.08cms

Mean Annual Discharge (cms)

0.25

o
(M)

e
-t
[4]

e
-

Bloods Creek Estimated Streamflow

60%:MAD=.05cms

10%MAD

Mean Annual Discharge (cms)

Bonell Creek Estimated Streamflow

60°sMAD=1.07cms




cms)

Mean Annual Discharge (

o
o

05

o o o o
O - N W A

Jan

Feb

Knarston Creek Estimated Sreamflows

= Q a B o
E & g 5 3 3 3 oS 3 a
Months

Nanoose Creek Estimated Streamflow

‘E‘ 25 -

=

% 2

8

S 15

[ 7]

2

2 1

2 60%MAD=0.58cms

< 05 4

]

-]

= 0 5 a 5 = > o a5 o] > 1)
- &L g Z = 2 A o 2 a

Richards Creek Estimated Streamflows

"E‘ 0.7 T

< 06 4

&

] 05 4

_'g 0.4 -

a

2 0.3

E 0.2 - 60%MAD=0.15cms

5 011 10%MAD

g o = ;

March
April
May
June

July
Aug
Sept

Oct
Nov
Dec




APPENDIX C

Fisheries Concerns



Province of

Ministry of

British Columbia E{,‘;‘?;’,I‘f“‘ M E MO RAN D U M

To:

ATTENTION: G. Bryden
Re:

2569 Kenworth Road, Nanaimo, British Columbia V9T 4P7 / Telephone: (604) 758-3951

B. Hollingshead Date: June 10, 1988
Regional Water Manager
’ 0371

File:

WLA #1000838 for Diversion and Storage of Water

We request that this application be held in abeyance at this time,

in Vicinity of Bonell Creek ,70k, (ot

pending results of the engineering study commissioned by the Improvement
District. .

As discussed at our meeting with the consultants and Department of
Fisheries and Oceans (R. Eliasen) we have the following concerns:

1.

Low Flows Due to presence of chum salmon, coho salmon and sea-run

cutthroat trout in the system, reduction in the already critical low
summer flows would be unacceptable. Minimum flows equal to or greater
than current levels must be provided and fully supported by storage

at initial development stages.

Lake Storage Evaluation of using lakes present in the system as

reservoirs should include consideration of the following facts.

The lakes in question support a moderately strong sports fishery.
As small, low elevation lakes form a key component of the regional
fisheries plan, we would want to maintain recreational access and
resident trout spawning and rearing in inlets and/or outlets.
Design of impoundments would need to include fry migration fishways
in outlet dams and enhanced inlet spawning areas where currently
used gravels would be inundated during spring spawning periods.

Consideration could be given to creating storage in areas currently
forested where damming would be above anadromous waters and where a
completely new reservois would enhance both water supply and fishery
concerns. Suggestion was also made regarding joint works with
Department of Fisheries and Oceans and Ministry of Environment and
Parks, Fisheries Branch, regarding creating additional storage,
surplus to water supply needs, that would enhance critical low flows
in the summer and fall.




B. Hollingshead -2 - June 10, 1988

3. Supply Line Intake. Inventory mapping indicates anadromous access
to approximateTy the 500 ft. contour. Design of intake structures
within the anadromous portion would require that access past the

structure be maintained.

Yours truly,

R. R. Diederichs
Habitat Protection Technician
Fish and Wildlife

RRD/cb
cc: R. Eliasen, Department of Fisheries and Oceans, Nanaim® (South Coast Div.)
C. Harlow, Department of Fisheries and Oceans, Nanaimo (Front Street) N

Chatwin Engineering, Parksville
P. D. Law, Fisheries Biologist, Recreational Fisheries Program



APPENDIX D

Licensed Water Demand by Drainage and Purpose/Use
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APPENDIX E

Pending (1993) Water License Applications by Purpose/Use and Drainage
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APPENDIX F

Community Water Supply Map
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APPENDIX G

Soil Map
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Volcanic flows and pyroclastics,
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conglomerate, sandstone, shale, coal

E CEDAR DISTRICT FORMATION:
shale, sitstone, sandstone
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Glacial and postglacial deposits
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=7 ~~ GEOLOGICAL BOUNDARY (approximate)
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OF CANADA
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Fish Screening Information



Government of Canada
Department of Pisheries and Oceans

WATER INTAKE FISH PROTECTION FACILITIES

The Department of Fisheries and Oceans has prepared this document
as a guide to assist in the design and installation of water intakes and
fish screening in British Columbia and the Yukon Territory to avoid
conflicts with anadromous fish. Additional precautions must be taken at
marine intake locations where entrainment of fish larvae, such as eulachon
and herring larvae, is a possibility. The screening criteria constitutes
the Department's policy regarding the design and construction requirements
pursuant to Section 28 of the Fisheries Act.

PROVISIONS OF THE FISHERIES ACT - SECTION 28

Every water intake, ditch, channel or canal in Canada constructed
or adapted for conducting water from any Canadian fisheries waters for
irrigating, manufacturing, power generation, domestic or other purposes,
shall, if the Minister deems it neccessary in the public interest, be
provided at its entrance or intake with a fish guard or a screen, covering
or netting, so fixed as to prevent the passage of fish from any Canadian
fisheries waters into such water intake, ditch, channel or canal.

The fish guard, screen, covering or netting shall have meshes or
holes of such dimensions as the Minister may prescribe, and shall be built
and maintained by the owner or occupier of the water intake, ditch, channel
or canal subject to the approval of the - Minister or such officer as the
Minister may appoint to examine it.

The owner or occupier of the water intake, ditch, channel or
canal shall maintain the fish guard, screen, covering or netting in a good
and efficient state of repair and shall not permit its removal except for
renewal or repair, and during the time such renewal or repair is being
effected, the sluice or gate at the intake or entrance of the water intake,
ditch, channel or canal shall be closed in order to prevent the passage of
fish into the water intake, ditch, channel or canal.

PROCEDURES FOR INSPECTION AND APPROVAL OF INTAKE STRUCTURES

Diversions less than 0.0283 cms (one cubic foot per second): The intake
structure shall be constructed in accordance with spec fications indicated
herein. Upon completion of construction and prior to operation the owner
shall contact a local representative of the Department of Fisheries and

" Oceans to arrange for on-site inspection and approval of the installation.
Permanently submerged screens must be inspected prior to instgllation.

Diversons greater than 0.0283 cms (one cubic foot per second): The owner
shall submit to the Department of Fisheries and Oceans 2 sets of detailed
plans of the proposed installation for review and approval prior to
fabrication. Design drawings are required whenever the diversion gquantity
exceeds 0.0283 cms (1.0 cfs) or 817,200 L/day (180,000 Igpd) for industrial
diversions (calculated on the basis of 8 hours/day) or 123,350 cmy (100
ac.- ft./year) for irrigation diversions (calculated on the basis of 100
days/year and 12 hours/day). The plans shall contain the following
information: : .




1. 1Intake structure location and dimensions.

2. Maximum discharge capacity of diversion.

3. Screen dimensions,

4. Mesh size.

5. Screen material.,

6. Fabrication details.

7. Minimum and maximum water levels at the intake site.
8. Provision for bypassing fish.

The intake structure shall then be constructed in accordance with
the approved plans. Upon completion of construction and prior to
operation, the owner shall contact the 1local representative of the
pepartment of Fisheries and Oceans to arrange for on-site inspection and
approval of the installation. Permanently submerged screens must Dbe
inspected prior to installation.

SPECIFICATIONS FOR INTAKE STRUCTURES WITHOUT PROVISION FOR AUTOMATIC
CLEANING

1. Screen Material: The screen material shall be either stainless steel,
galvanized steel, aluminum, brass, bronze, or monel metal. Stainless
steel is preferred since corrosion is greatly reduced.

2. Screen Mesh Size: Clear openings of the screen (the space between
strands) shall not exceed 2.54 mm (0.10 inch). The open screen area
shall not be less than 50% of the total screen area. The following
square-mesh wire cloth screens are recommepded:

- 7 mesh, 1.025 mm (0.041 inch) wire, 51% open, 2.54 mm (0.10 inch)
openings; or :

- 8 mesh, 0.875 mm (0.035 inch) wire, 52% open, 2.25 mm (0.09 inch)
openings; or _

- 8 mqsh, 0.700 mm (0.028 inch) wire, 60% open, 2.54 mm (0.10 inch)
openings.

3., Screen Area: A minimum unobstructed screen area (gross area) of 0.93
square metre (10 square feet) shall be provided for each 0.0283 cms
(1cfs) of water entering the intake. The required screen area shall be
installed below minimum water level., Screen area lost by framing shall
not be included as part of the unobstructed screen area.

4, Screen Support: The screen shall be adequately supported with
stiffeners or back-up material to prevent excessive sagging.

5. Screen Protection: The intake structure shall, where necessary, be
equipped with a trash rack or gimilar device to prevent damage to the
screen from floating debris, ice, etc. :

6. Screen Accessibility: The screen shall be readily accessible for
cleaning and inspection. Screen panels or screen assemblies must be
removable for cleaning, inspection and repairs.

7. Allowable Openings: The portion of the intake structure which is
submerged at maximum water level shall be designed and assembled such
that no openings exceed 2.54 mm (0.10 inch) in width.




8. Design and Location: The design and location of the intake structure
shall be such that a uniform flow distribution is maintained through
the total screen area.

9. Fish Bypass: The intake shall be designed to provide a transverse
velocity (the component of the velocity parallel and adjacent to the
‘screen face) to lead fish to a bypass or past the screens before they
become fatiqued. In no case should the transverse velocity be less
than  double the velocity through the screen.

SPECIFICATIONS FOR INTAKE STRUCTURES WITH PROVISIONS FOR AUTOMATIC CLEANING

The specifications are identical to those for intake structures
without provisions for automatic cleaning except that the minimum
unobstructed screen area (gross area) of 0.23 square metre (2.5 square
feet) need only be provided for each 0.0283 cms (1 cfs) of water entering
the intake. However, a regular cleaning and maintenance schedule is
required to ensure seals and screen panels remain in good repair preventing
impingement and entrainment of fish and debris, .

For these self-cleaning intake structures, the location, design
and juvenile fish avoidance system all affect operating characteristics.
The final design, therefore, may incorporate modifications reflecting the
best current technology available for minimizing adverse impact upon the
fisheries resource. '

ALTERNATE FISB PROTECTION FACILITIES

Enquiries concerning the Department's requirements for indirect
intakes, such as infiltration galleries and wells, for salt water ocean
intakes, and for new methods or devices for screening intake structures
should be directed to the -Department of Fisheries and Oceans, Senior
Habitat Management Biologist.

Conversion Factors:

449 U.S. gallons per minute (U.S. gpm).
374 Imperial gallons per minute (Igpm).
1.98 acre feet per day (Ac.-Ft./day).
28.3 litres per second (L/sec.).

0.0283 cubic metres per second (cms)

1 cubic foot per second (cfs)

0.10 inch

3/32" (approx.) = 2.54 millimetres



Addresses for Correspondence and Approvals

1. Senior Habitat Management Biologist
Fraser River, Northern B.C. and Yukon Division
Department of Fisheries and Oceans
Room 330, 80 - 6th Street
New Westminster, B.C. V3L 5B3 Phone: 666-6479

2. Senior Habitat Management Biologist
South Coast Division
Department of Fisheries and Oceans
3225 Stephenson Point Road
Nanaimo, B.C. V9T 1K3 Phone: 756-7270

3. Senior Habitat Management Biologist
North Coast Division
Department of Fisheries and Oceans
Room 109, 417 - 2nd Avenue West
Prince Rupert, B.C. vV6J 1G8 Phone: 624-9385

Other Federal and Provincial agencies having jurisdiction in water
withdrawals and construction pertaining to watercourses in British Columbia
include: .

1. Transport Canada
Canadian Coast Guard.

2. B.C. Ministry of Environment
Fish and Wildlife Management.

3. B.C. Ministry of Environment
‘Water Management.

4. B.C. Ministry of Agriculture and Food.
'5. B.C. Ministry of Lands, Parks and Housing.

It may be necessary that several or all these agencies also be
solicited for approvals prior to the installation of a water intake.

Revised January, 1986
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DEEP WATER WELL SCREEN

May be installed in lakes and the ocean.

SHALLOW WATER WELL SCREEN

May be instalied in lakes, pools, and stable areas in rivers.

Totally submerged cylindrical shaped stainless steel well screens provide for high intake capacity
and large percentage of open area permitting water to enter of low velocities. Silot opening shall
not exceed 2.54mm (0.10inch).

Double guide-rail

Screen stiffeners

VERTICAL PANEL SCREENS

May be installed in rivers, lakes and the ocean. Generally,
requires coarse frashrocks, @ siice gote in river ' =
installations, double sets of guide-rails, and stondby
screen panels to allow for cleoning and repairs.

LARGE STATIONARY WATER INTAKE SCREENS
(For pumps of @ capacity more than 28.3 L/sec [icfs, 449US. or 374 Igpm])



Byposs
channel A

RE VOLVING DRUM SCREEN, HORIZONTAL AXIS

Generally, instalied to divert fish from rrigation
canals Con be driven by o smoll motor or by o
poddle wheel To avoid juvenile fish impingement,
a bypass channel is required near the front of
the screen. Rubber seals ore necessary along
the base ond sides.

Bypass Channel

(returns fish, debris, and excess
flow to maln river) Unscreened water

tfrom main river)

/ fish screen

Rotating paddiewhee! and
attached cleaning brushes

Screened water
(ready for use) :

FINNIGAN SCREEN

The horizontal, seif - cleaning Finnigan Screen is another concept, generally installed fo divert
tish from irrigation or enhoncement projects. The stationary horizontal screen is kept clean by

o set of brushes ottached to a revoiving poddie wheel powered by the water current entering
the structure A portion of the flow, the suspended debris, and fish are directed fo the bypass
chonnel. The remainder of the fiow passes through ond below the screen for use 0s required.

IRRIGATION INTAKE SCREENS
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CONVENTIONAL VERTICAL TRAVELLING SCREEN

Moy be installed in rivers, lakes and the ocean. A common screening method utilized by industry,
these self- cleaning mechanical screens with modifications can prevent impact upon fish. Mounted
flush 1o the stream bank (shoreline) or as pier intakes within streams ond provided with an
opening on the downstream end between the intake screens ond trashracks, juvenile fish can
generally escape entrapment. Rubber panel, side, and boot seals are required to prevent
juvenile fish from gaining entry info the pumpwell. "A safe bypass system is essential fo
return juvenile fish with debris back to the walercourse. Automatic controls are also
necessary to ensure operation at o specitic minimum head differential.

LARGE INDUSTRIAL AND DOMESTIC WATER INTAKE SCREEN
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Industrial Water Requirements.



SCHEDULE B: INDUSTRIAL WATER

REQUIREMENTS (METRIC)

Type of Process

Water Requirements

Pulp and Paper Mills

404,558 litres/t

Paper Converting

20,603 litres/t

Saw Mills

6.25 litres/board-metre

Food Processing:
Meat Packing
Poultry Dressing
Dairy Products
Canned Fruit & Vegetables
Frozen Fruit & Vegetables
Malt Beverages

30 litres/kg. of carcass
44 litres/bird

7 litres/kg. of milk

851 litres/case 24-303 cans
93.3 litres/kg.

| 5688 litres/barrel of malt

Nitrogenous Fertilizers

88,778 litres/t

Phosphatic Fertilizers

110,879 litres/t

Hydraulic Cement

4,233 litres/t

Steel

195,162 litres/t

Iron and Steel Foundries

38,583 litres/t

Washing Sand and Gravel
Initial pond filling
Make-up water

880 litres/t , (one time)
130 litres/t/day (8 hrs.)

Primary Copper

441 litres/kg.

Primary Aluminum

411 litres/kg.
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SCHEDULE B:

COMMERCIAL USES

INDUSTRIAL WATER REQUIREMENTS

(METRIC)

Types of Establishment:

Water Requirements

Airports

13.65 1lpd per passenger

Apartments, multiple family

227.5 1lpd per resident

Bath houses

36.4 1lpd per bather

Camps:
Constr. camps, semi-permanent 191 1lpd per worker
Day with no meals 54.6 1lpd per camper
Luxury . 387 lpd per camper
Resorts with limited plumbing 191 1pd per camper
Tourists with central bath and toilet | 132 1lpd per camper
Cottages w/seasonal occupancy 191 1lpd per resident
Courts, tourist w/individual bath units | 191 lpd per person
Clubs: .
Country 378 lpd per resident
Country 191 lpd per member
Dwellings
Boarding houses 191 1pd per boarder
Luxury dwelling 378 1lpd per person .
Multiple family apartments 150 1pd per resident

Rooming houses
Single family

227.5 1pd per resident
191 1pd per resident

Factories

91 1lpd per worker

Hotels:
With private bath
Without private bath

227.5 1lpd per person
191 1pd per person

Hospitals

1,228 lpd per bed

Institutions other than hospitals

387 1lpd per person

Laundries, self service

191 1lpd per customer

Motels:
With bath and toilet .
With bath, toilet, and kitchen

150 lpd per bed
191 1pd per bed

37
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SCHEDULE B: INDUSTRIAL WATER REQUIREMENTS (METRIC)

COMMERCIAL USES

Types of Establishment:

Water Requirements

Parks:
Overnight with flush toilets
Trailers with individual bath units

95.5 lpd per camper
191 1lpd per camper

IIVPicnic:
With toilet
with toilet, bath house and showers

36.4 lpd per picnicker
7771pd/picnicker

Restaurant:
With toilet
With toilet, bar and lounge

36.4 lpd per patron
41 lpd per patron

Schools:
Wwithout cafeteria, gym or showers
with cafeteria
With cafeteria, gym and showers
Boarding

54.6 lpd per pupil
77 lpd per pupil

95.5 1lpd per pupil
382 1lpd per pupil

Service Stations

36.4 lpd per vehicle

Stores

1,515 lpd per toilet

Swimming Pools

36.4 1lpd per swimmer

Theatres:
Drive-in
Movie and Stage

18.2 lpd per car space
18.2 lpd per seat

Workers:
Construction
Office

191 lpd per worker
54.6 lpd per staff
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SCHEDULE B: INDUSTRIAL WATER REQUIREMENTS (METRIC)

AGRICULTURAL USES

Types of Agriculture Activity:

Gallon/day

Livestock Drinking:

Cattle

Dairy cattle (and servicing)
Goat

Hog

Horse

Mule

Sheep

Steer

45.5 lpd per animal
132 lpd per animal
4.5 lpd per animal
13.6 lpd per animal
45.5 lpd per animal
45.5 lpd per animal
4.5 lpd per animal
45.5 lpd per animal

Poultry:
Chicken (per 100)
Turkeys (per 100)

27.3 1lpd per 100
54.6 lpd per 100

Flood harvesting (cranberries)

2 dam’® per hectare

Crop suppression (potatoes)

.2 dam’® per hectare
(from Jan. to Mar.)

Frost protection and tree cooling

2 dam® per hectare

7/ 39
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REFERENCE MATERIAL FOR STUDY AREA
Stormwater Management Plans- Millstone River Basin- City of Nanaimo (Oct. 1982)
Millstone River Floéding Report- M.O.E (1986)
Ecosystems of B.C.- Prov. of BC (Feb. 1991)

Regional District of Nanaimo Regional Water Supply - Associated Engineering
Services Ltd. (1972) _

1977 Lowflow monitoring Program - M.O.E
1985 Lowflow monitoring Program - M.O.E
1993 Lowflow monitoring Program - M.O.E
Trout Stocking List - Prov. of BC (1987t01992)
Regional Water Study Update - Regional District of Nanaimo (May 1982)
M.O.E Water Licence R.E.Rs
M.O.E Survey and Mapping Branch
- Soil Legend-92 F/1&8 & G/4
- Terrain-92 F/1&8 & G/4
- Soil Capability for Agriculture-92 F/1&8 & G/4
Bonell Creek Water Supply Study - Chatwin Engineering Ltd.(Aug.1989)
Chase River Basin Drainage Study - City of Nanaimo(1981)
Cat Stream Drainage Basin Study - City of Nanaimo(Dec.1981)
Cat Stream Drainage Study - City of Nanaimo(May 1980)

Regional Groundwater Potential for Supplying Irrigation Water - Ministry of
Agriculture(1985)

Historical Water Levels Summary B.C. to 1987 - Environment Canada
Historical Streamflow Summary B.C. to 1990 - Environment Canada

Enos Lake Water Supply - A Review of Water AVailability and Current Licensing
Status - M.O.E.(Oct.1973)

Fish Habitat Inventory & Information Program

Summary Catalogue Subdistrict #17 (Nanaimo)- Fisheries and Ocean Canada (July
1988)





