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PREFACE

Hydrology in British Columbia has been studied widely as a science and applied
extensively in water resource studies. The primary source of information and data used in
hydrologic applications is the federal government which produces streamflow and climatic
data in standard condensed form. There is a general need for standard procedures for
estimating streamflow characteristics of ungauged watersheds. This is a report of a project
that was originated by the Water Inventory Section of the Resources Inventory Branch and
funded by the Corporate Resource Inventory Initiative (CRII). The purpose of this work
was to compile an inventory of streamflow information required by hydrologists and
engineers to make hydrologic estimates for water management and the planning and
preliminary design of water resource projects. A series of tables, charts and maps were
produced to enable the estimation of various streamflow parameters at ungauged sites in
the province.

The hydrology inventory project was initiated in the 1995-1996 fiscal year under
the general direction of C.H. Coulson, Unit Head of the section, with the compilation of
hydrologic data summary sheets and maps. Coulson initiated the original project plan and
designed the format of the datasheets. With the assistance of D.H. Richdale he extracted
all the streamflow and climatic data from Environment Canada sources in electronic form
and transferred selected data to preprogrammed excel spread sheets. After the completion
of some 500 datasheets, he produced 1:2,000,000 scale provincial maps for mean annual
runoff and for 10- and 100-year frequency peak flows. In this phase of the project he was
assisted by D.E. Reksten who provided instantaneous-to-daily peak flow ratios and
checked short duration precipitation estimates, short-record hydrometric stations and the
isoplets on 1:600,000 scale working maps. The provincial maps and a draft version of the
report have been distributed to ministry regions and private consultants.

A second phase of the hydrologic inventory project was conducted by W.
Obedkoff who compiled and summarized summer and annual seven-day average low
flows for inclusion in all datasheets. This particular aspect of the work required
considerable hydrologic judgement in determining low flows during seasons and years for
those hydrometric stations which contained gaps in records. Missing low flow data were
not estimated but the many stations with missing records thus had total data maximized.
Obedkoff used these data to graphically regionalize summer and annual low flows and to
map low flow hydrologic zones. The product in this case was a 2,000,000 scale provincial
map of zones with zone graphs rather than isopleths. With the assistance of D.K. Evans, a
geography co-op student, he defined 17 hydrologic zones for British Columbia based on
the results of this project and the hydrologic zones earlier defined by Ingledow and this
ministry.
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1 INTRODUCTION

Hydrologic investigations require summarizing and analyzing available
hydrologic data using standard periods, methods and formats so that the information is
consistent and allows direct comparison from one site to another. The federal
government produces streamflow and climatic data in standard condensed form, but only
in an observed or real time form, with gaps for missing data. Except for Environment
Canada’s 30-year Climate Normals publications, there is no published source for
standard-period summarized hydrologic data. This report describes the CRII inventory
project in which hydrologic characteristics were compiled into a series of standardized
tables and charts and regionalized provincial graphs and maps to enable the estimation of
various streamflow parameters at ungauged sites in the province. This information is
intended to assist hydrologists and engineers to make informed estimates for water
management and the planning and preliminary design of water resource projects.

Two basic forms of spread sheets, or datasheets, were compiled in this project,
one for streamflow data and the other for climatic data. The datasheets present various
hydrologic characteristics that can be used directly in water resource applications, studies
and regionalizations. For purposes of comparison all datasheets are filed according to the
hydrologic zone for the station. These datasheets and maps and the hydrologic zones
defined earlier by Ingledow (T. Ingledow and Associates Limited, British Columbia
Hydrometric Network Study, April 1969) and this ministry (Hydrologic Zone Map, 1995)
were used to define 17 new hydrologic zones. These zones which cover the province are
shown on the map in Figure 1. A limited number of selected datasheets accompany this
report. These datasheets are also available individually in electronic form.

Two basic forms of map sheets of 1:2,000,000 scale covering the whole province
of British Columbia were produced showing regionalized streamflow characteristics.
One form of map presents annual runoff and peak flow isopleths. The other form
presents low flow hydrologic zones with accompanying regional graphs. Both map forms
enable the calculation of the streamflow characteristics for ungauged watersheds and can
be applied readily for water management and the planning and preliminary design of
water resource projects. The maps are available in both hard copy (73 cm x 87 cm) and
electronic form.

Sources of data used in this project were the standard discharge data published by
Water Survey of Canada (WSC) and climatologic data published by Atmospheric
Environment Service (AES) of the federal government. Other sources include BC Hydro
and the US Geologic Survey.

2 STREAMFLOW DATASHEETS

The compilation of streamflow data, the period of record used, the procedures for
estimating missing data and the formats for presenting the summarized information are
described in this section. Annual values are based on a calendar year, rather than a water



year (October - September). Available data were compiled for the 1960 to 1995 period
which encompasses the “normal” period, 1961 - 1990.

The criteria used in selecting hydrometric stations for antlysis were:
natural flow (or flow with minor regulation)
minimum of 12 years substantially complete monthly flow data
measured instantaneous discharge.

The following streamflow characteristics were compiled:
monthly flow
annual flow
monthly flow variation
normal annual runoff
instantaneous peak flow and date of occurrence
seven-day average low flow.

The standard format of compilation of the streamflow data is shown in Figure 2
for a hydrometric station with complete 1960-1995 data, Figure 3 for a station with data
missing during the period and Figure 4 for a station measuring reservoir inflow.

2.1 Annual and Monthly Streamflow

Monthly and annual discharges are shown in the datasheets in m*/s. The normal
value is for the 1961-90 period. Not all stations had a complete monthly record for the
1960 to 1995 period. Where necessary, estimates were made to fill in missing values. If
daily flows were missing for a portion of a month, they were estimated by comparison
with a nearby similar station. If monthly discharges were missing for infrequent
intervals or for continuous periods of 3 to 4 months, they were also estimated by
comparison with a nearby station. If insufficient months were available to determine
annual discharge, the annual value for each missing year was estimated by correlation
with those of one or more nearby stations.

Monthly streamflow values for the normal period in mm (referred to as “runoff”
rather than “flow”) were obtained by the formula:
86.4Qn/A
where: Q is the normal monthly discharge in m’/s
n is the number of days in the month
A is the drainage area in km’.

For the months with missing values in the 1961-90 period monthly normals were
computed from the available record during this period. The annual runoff in mm was
calculated using the above equation based on the normal annual discharge and the value
365.25 in place of the number of days in the month. This value is always for the 1961-
90 period and as a result, the sum of the monthly runoff values does not always add up to



this annual amount. However, an exception was made for short-record hydrometric
stations (Section 8).

Annual discharges are summarized in graphical format as “Percent of Normal” to
illustrate the annual streamflow variation or the departure from normal for each year.
Monthly discharges for the normal period are summarized in graphical format as
“Percent of Annual” for each month.

Figure 2 Hydrometric Station Complete Datasheet (Fraser River at Shelley):

This form is for a station with a complete monthly record for the period 1960-95. No
estimates had to be made.

Figure 3 Hydrometric Station Partial Datasheet (Greata Creek near the Mouth):

In this case, there are no data available prior to October, 1970, but annual discharge
estimates were made by correlating annual values with those of nearby stations. This can
be done with some reliability for annual, but not for monthly streamflows due to uneven
monthly runoff distributions between different elevation watersheds. The mean monthly
streamflow values are normalized using the data available within the 1961-90 period (in
this case, 1971 or 72 to 90). The monthly flow variation was plotted using the available
data. This variation is not seriously affected by missing data, and is mainly for
illustrative purposes.

Figure 4 Reservoir Inflow Datasheet (Nechako Reservoir Inflow):

Reservoir level and outflow data are available for some reservoirs allowing the
calculation of inflow amounts on a monthly basis. Although not providing instantaneous
peak flow or 7-day low flow data, they do provide reliable monthly and annual flow
data. In this case only monthly and annual data are summarized as shown in Figure 4.

2.2 Peak Flow

Annual maximum instantaneous discharges were used for compilation in the
datasheets rather than maximum daily discharges. Date of occurrence is included as this
indicates the type of peak flow event (rainfall, snowmelt, rain-on-snow). No estimates
for missing years were made except for those which had only maximum daily discharge
published. In this case the instantaneous peak flow was estimated using a ratio of
instantaneous to daily peak flow based on data for other years or other nearby similar
stations. The “average” peak flow is presented rather than the “normal” as all available
data from 1960 to 1995 are used so as to maximize the sample size for frequency
analysis.

Frequency analysis was carried out on these peak flow data. The analysis
provided recurrence interval or return period estimates for four flood frequency



distributions. The results for all the stations in a hydrologic zone (41 1995 ministry
zones) were reviewed and one distribution which overall provided the best results was
selected for the zone. In most cases the best distribution was the log-Pearson type III,
however the three parameter log-normal and the Pearson type III were selected in some
zones. The criteria of selection was based on comparison of estimates, the graphical fit
and the K-S statistic.

The flood frequency data are summarized in the Instantaneous Peak Flow graph
which shows the frequency analysis results in terms of return period flows as ratios to the
10-year return period “index” peak flow. The 10-year return period instantaneous peak
flow was used as it can be estimated with some reliability with the available data and
provides a more stable value for relating to other return periods. It is also assumed to be
related to bankfull flow. The 10-year return period peak flow is shown in the datasheets.

2.3 Seven-Day Average Low Flow

Daily discharges were used to compile seven-day average low flows in the
datasheets. The periods selected for analysis were June-September and the calendar year.
For each period in each year of record of a hydrometric station the minimum value of the
seven-day average discharge was computed. Estimates for missing years or for gaps
within years were not made, however, the great number of annual records with daily
discharge gaps were analysed and a great number of the low flow values were judged to
be valid. In these cases the annual hydrograph, when compared with those of several
neighbouring representative hydrometric stations, showed that the seven-day average low
flow in the record gap would have been higher than the one present within the period
analysed. This procedure maximized the sample size for a station for frequency analysis.
As for the peak flow portion of the datasheets, long-term averages for the low flows were
based on the whole record rather than 1961-90 “normal” within the 1960-95 set.

Drought frequency analysis was carried out for both the June-September and the
calendar year data sets. The 10-year recurrence interval low flow is shown in the
datasheets. Again, the frequency results of the various distributions were reviewed for
the best overall distribution fit in each hydrologic zone (41 1995 ministry zones) and in
every zone the log-Pearson type III was selected.

The drought frequency data are summarized in the Annual 7-Day Low Flow
graph which shows the frequency analysis results in terms of return period flows as a
ratio to the 10-year return period “index” low flow. (The June-September seven-day low
flow graph is not shown but is available in the computer file version.)

3 PRECIPITATION DATASHEETS

The compilation of the precipitation data, the period of record used, the
procedures for estimation of missing data and the formats for presenting the summarized



information are described in this section. Annual values are based on a calendar year,
rather than a water year (October - September). Available data were compiled for the
1960 to 1995 period which encompasses the “normal” period, 1961 - 1990.

The criteria used in selecting climate stations for analysis were:
recording precipitation gauge with rainfall intensity data
substantially complete monthly data for the normal period
10 years of rainfall intensity data during the normal period.

The following climatic characteristics were compiled:
monthly precipitation
annual precipitation
normal monthly and annual precipitation
maximum daily precipitation and month of occurrence
short duration rainfall for 1, 2, 6, 12 and 24 hour periods
precipitation excess estimated via the Thornthwaite water balance model.

The standard format for the compilation of the precipitation data is shown in
Figure 5, Precipitation Station Complete Datasheet (Mission West Abbey), for a climatic
station with complete 1960-1995 data and in Figure 6, Precipitation Station Partial
Datasheet (MclInnes Island), for a station without short-duration rainfall data.

3.1  Annual and Monthly Precipitation

The monthly and annual precipitation data are shown in the datasheets in mm.
The normal value is for the 1961-90 period. Not all stations had a complete monthly
record for the 1960-95 period. Where necessary, estimates were made to fill in missing
values. If daily or monthly precipitation data were missing at sporadic intervals or for
continuous periods less than four months, estimates were made by comparison with a
nearby station. If insufficient months were available to determine annual precipitation,
the annual value for each missing year was estimated by correlation with those of one or
more nearby stations.

Monthly “excess” precipitation values were estimated using the Thornthwaite
water balance method (Thornthwaite, C.W. and J.R. Mather, Instructions and Tables for
Computing Potential Evapotranspiration and the Water Balance, 1957) and represent
the excess water available for runoff at the location of the climate station. The annual
total excess precipitation was used with the values from other climate stations and runoff
from hydrometric stations to define normal annual runoff on a regional basis (see Section
4).

Annual precipitation data are summarized in graphical format as “Percent of
Normal” to illustrate annual precipitation variation or the departure from normal for each



year. Monthly precipitations for the normal period are summarized in graphical format
as “Percent of Annual” for each month.

3.2  Maximum Daily Precipitation

Annual maximum daily precipitations in mm and the months of occurrence are
tabulated in the datasheets, along with the averages for the period of record. Frequency
analysis was carried out on these data and the results from the Gumbel distribution (the
AES standard) were used to obtain the 10-year recurrence interval estimates. The graph
of annual maximum daily precipitation with return period is included in the computer file
version of the datasheets (an example graph is shown on Figure 6).

3.3 Short Duration Rainfall

Rainfall intensity data in mm were tabulated in the datasheets for five standard
durations (24, 12, 6, 2 and 1 hour) for each year of the available period of record.
Estimates for missing years were not made. The “average” values are presented rather
than “normal” as all available data from 1960 to 1995 are used so as to maximize the
sample size for frequency analysis.

Frequency analysis was carried out on these rainfall intensity data and the results
from the Gumbel distribution were used to obtain the 10-year recurrence interval
estimates. The results of the frequency analysis were summarized in the Short Duration
Rainfall graph. For each standard duration, the rainfall amounts for six standard return
periods (2, 5, 10, 25, 50 and 100 years) were plotted as a ratios to the 10-year return
period “index” rainfall.

34 Rational 10-Year Peak Flow

Peak flow was estimated using the rainfall intensity-duration-frequency results in
the rational method and is shown in the graph of the precipitation datasheets. In this
procedure the B.C. Rational Formula method for estimating instantaneous peak flows for
small watersheds (<25 km®) was used. The method is described in Section 7.5 of the
Manual of Operational Hydrology in British Columbia. The graph gives estimates of 10-
year return period peak flows for forested watersheds (100-year return period graphs are
also available in the computer file version of the datasheets). Estimates for various sloped
watersheds are shown, for steep to intermediate, moderate to rolling and flat. These
estimates of instantaneous peak flow were used in conjunction with the estimates derived
from hydrometric stations to enhance the data base available for peak flow mapping. To
determine peak flows for return periods other than 10 years the ratios from the graph
described in Section 3.3 can be used.



4 MAPPING

Selected data from the datasheets were mapped for the purpose of estimating
hydrologic characteristics for ungauged watersheds. The following characteristics were
mapped in the form of overlays on 1:600,000 scale landform maps:

gauged watershed outline

precipitation station location

normal annual runoff in mm

10-year peak (instantaneous) flow for a 100 km® watershed

100-year peak (instantaneous) flow for a 100 km® watershed.
The runoff and peak flow values for individual stations were labeled on the appropriate
overlays and isolines were interpolated and drawn between these values using the general
topography shown on the landform map as a guide. The 1:600,000 scale maps were
digitized and incorporated to the ministry’s TRIM data base.

4.1 Annual Runoff

Annual runoff values from the datasheets were plotted on map overlays directly.
The values extracted wére normal annual runoff (mm) from the streamflow and reservoir
datasheets and excess precipitation from the precipitation datasheets. Isolines for the
province were drawn for the following annual amounts in mm:

50, 100, 200, 500, 1000, 2000, 3000, 4000.

Estimates for ungauged watersheds can be interpolated directly from the isoplets on the
map. Monthly distribution can be estimated from the datasheet for a nearby hydrometric
station.

4.2 Peak Flow

Peak (instantaneous) flow values in m’/s for a 10-year recurrence interval were
normalized for a 100 km® watershed. These values were plotted at the watershed centroid
and isolines were mapped. The values were calculated by adjusting the 10-year values as
shown on the datasheets by the formula:

Q (100/ A)o.ns
The “slope” value of 0.785 is a constant for the whole province and was determined by
plotting and comparing peak flow against drainage area for each hydrologic zone (41
1995 ministry zones). Isolines for the province were drawn for the following amounts in
m’/s:

5, 10, 20, 30, 40, 50, 100, 200, 300, 400, 500.

Estimates of 10-year peak flow for a 100 km® watershed can be interpolated directly from
the 10-year peak flow map. To convert this estimate to an estimate for a different size
watershed, the following formula can be used:

Q(for 100 km®)*(A / 100)*™



The 10-year peak flow estimate for the watershed can be converted to another recurrence
interval by using the frequency ratio graph shown on the datasheet for one or more
nearby hydrometric stations.

Peak (instantaneous) flow values in m’/s for a 100-year recurrence interval for a
100 km” watershed using the formula shown above were also plotted and isolines were
mapped. The “slope” value was reviewed for each hydrologic zone (41 1995 ministry
zones) but no change was found necessary. Estimates for the 100 year peak flow for a
100 km” watershed can be interpolated directly from the 100-year map and values for
watersheds of other drainage sizes can be determined from the second formula above.

The application of the peak flow maps to estimate peak flows at ungauged
watersheds for sizes and flood frequencies other than those mapped (10- and 100-years)
may produce different estimates for the same watershed. This result occurs because of
unexplained variation and because different zones were not always based on the same
flood frequency distributions. The distributions chosen were the same within each zone
but the same distribution often produced different frequency slopes within a single zone.
When applying the peak flow maps this problem can be minimized by applying the
frequency map that is closest to frequency in question of the problem basin.

5 LOW FLOW REGIONALIZATION

The regional analysis of low flow indicated that a mapping approach, as was done
for normal runoff and peak flow with simple large scale variation, was not found
adequate. Instead, the low flow was regionalized using procedures developed in earlier
studies done in the Section. In this procedure low flows (m’/s) are plotted against drainage
area (km®) on log-log graph paper and regional curves are drawn to represent low flow zones.
It was generally found that such zones are much larger, covering larger drainage areas, than
runoff zones and are best represented by a series of asymptotic curves that converge from
wide sections at small drainages to a narrow section in the graph at very large drainage areas.
This curvature effect demonstrates the scale effects of both drainage area and regional low
flow variation.

For this project inventory graphs of 10-year recurrence interval seven-day low
flow for each station were plotted against drainage area for each of the preliminary 41
hydrologic zones. The plots were analysed and regrouped to define larger low flow
zones; these are shown in Figure 7. The graphs are shown in Figures 8 and 9. These
graphs can be used for estimating 10-year low flows for ungauged watersheds by
defining their areas and identifying the appropriate zone. To determine low flows for
other recurrence intervals, the graph for one or more nearby watersheds, as shown on
their datasheets, can be used.



6 HYDROLOGIC ZONES

The practice of the application of regional procedures and techniques in
hydrology for estimating characteristics at unmeasured sites has shown that the most
practical approach involves the use of hydrologic zones. A hydrologic zone is defined as
an area were hydrologic characteristics are homogeneous and data collected in the region
can be extrapolated to estimate characteristics at ungaged sites. A hydrologic zone can
be defined on a map using two basic procedures, a mapping study of physiographic and
hydrologic features, and a statistical evaluation and comparison of a large number of data
within a zone. Due to the paucity of data and the practical experience in the Water
Inventory Section with regionalization the mapping procedure was chosen in this project.
The procedure employed mapped hydrologic characteristics and geomorphologic
features, statistical graphical plots and previous zone definitions.

The focus of hydrologic zone definition in this study was streamflow and its
associated causes. Most recent work (41 1995 ministry hydrologic zones used in data
workup in this project) was based on a meeting of a group of hydrologists that defined
the zone boundaries based on subjective judgement and data-based maps, including
ecoregions and biogeoclimatic zones. The 29 Ingledow hydrologic zones were defined
with zone boundaries following drainage boundaries to facilitate network planning and
ease of application to set drainages. However, hydrologic zone boundaries do not
necessarily follow drainage boundaries and the procedure adapted on this study used a
large degree of smoothing in zone boundary definition. Along with the regionalized
maps produced in this study, the following information sources were used in defining
hydrologic zones:
T. Ingledow and Associates Limited, British Columbia Hydrometric Network
Study, April 1969

Danard, Maurice, Reports 15 to 25, prepared for Water Investigations Branch,
Water Resources Service, Province of British Columbia, 1975-80

Farley, A. L., Atlas of British Columbia, 1979

British Columbia Natural Resources Conference. British Columbia Atlas of
Resources, 1956

Fisheries and Environment Canada, Hydrological Atlas of Canada, 1978

British Columbia Environment, Groundwater Resources of British Columbia,

1993.

The procedure used in this study in defining hydrologic zone boundaries followed
a series of steps that included mapping physical and hydrological features. Map overlays
on top of the 1:600,000 scale work maps (with outlined watersheds) used earlier to map
streamflow isolines were used to plot boundaries of geologic (including soils and
permeability), groundwater (including aquifers), physiographic and precipitation zones
and the Ingledow hydrologic zones. The low flow zone boundaries (Section 5) were
found to be in basic agreement with the physical feature boundaries and were used to
define broad preliminary zones. The precipitation and Ingledow hydrologic zone
boundaries were then used to subdivide and refine the large preliminary zone boundaries.
Regionalized streamflow maps produced in this study were used to make further checks



and refinements to the boundaries. The final outcome was a provincial map of 17
hydrologic zones. However, three zones had one of their streamflow characteristics
subregionally defined. (Zone 9 was split into 9A and 9B to distinguish annual runoff,
Zone 12, into 12A and 12B to distinguish peak flows and Zone 16, into 16A and 16B to
distinguish low flows). Most of these zones are larger in area than the 29 Ingledow and
41 ministry referenced zones but further refinement/subdivision to explain local
streamflow variation cannot realistically be made at this time without a substantial
graphical/statistical analysis of the data within each zone. In the sections below a
description is given of each hydrololgic zone. The zones are grouped in the larger low
flow zones of Figure 7 and are shown individually in Figure 1.

6.1 Coast Mountains Low Flow Zone
Zone 8: Skeena-Nass Basin

The Skeena-Nass Basin is the northern most of three transition zones between the
Coast Mountains and Interior Plateau. It extends along the lee side of the Coast range
from the Stikine in the north, to Morice Lake in the south. The eastern boundary is
defined by the Coast low flow boundary. The western boundary stays to the east of the
Coast Mountains spine, keeping most of the glaciers in the Coastal Mountains Zone.
Precipitation is higher in the south due to the lower altitude of the Coast Mountains in
that area but is lower in the north as the Boundary Range intercepts much of the
moisture.

Zone 9: Coastal Mountains

The Coastal Mountains region extends for the entire length of the province, from
the Yukon border to the Lower Mainland. The northern Sub-Zone 9A (Northern Coastal
Mountains) is characterized by extremely rugged mountains with extensive permanent
snowfields and glaciers. The southern Sub-Zone 9B (Southern Coastal Mountains) is
characterized by steep slopes capped by permanent glaciers, but not as extensive as the
northern region and produces significantly less annual runoff than Sub-Zone 9A.
Precipitation is high along the entire coast with the moist maritime air forced to rise over
the range as it heads west. The coast is broken by many fjords and channels formed
during glacial periods. The high elevations of the mountains at the southern and northern
ends of the range still contain many glaciers today. Although most of the precipitation
falls as rain at the lower altitudes, the presence of many large icefields and snowpacks at
higher elevations, have an impact on hydrographs with spring freshets. The mountains
were formed from granitic intrusions, and the rocks exposed by repeated periods of
glacial erosion. Much of the range remains unfractured, keeping groundwater to a
minimum, except in valley bottoms where previous glacial periods deposited large
amounts of sediment.

10



Zone 10: Queen Charlotte Islands

The Queen Charlottes form the northern extension of the Insular Mountains that
extend to California. This region experiences heavy precipitation, particularly on the
western side of the islands due to moist maritime air beginning its rise to pass over the
Coast Mountains. Low elevations mean that most of the winter precipitation is in the
form of rain, creating hydrographs that are in phase with the precipitation. The island
mountains are composed of sedimentary rocks with poor drainage on the eastern coast.
Thus, much of this area of the Queen Charlottes has saturated ground and shallow
aquifers.

Zohe 11; Eastern Coastal Mountains

The central of the three Coastal transition zones, the Eastern Coastal Mountains
zone has a western boundary that roughly follows the spine of the Coastal Mountains
from the Nanika River, just north of the Nechako reservoir, to Taseko Lake, 100 km west
of Lillooet. To the east the zone is defined by the low flow boundary between the
Coastal and Interior zones, which falls roughly along the base of the Coast foothills.
Precipitation is higher in the western parts of the zone, where the zone is more exposed
to the maritime conditions. Many of the streams in the western section of the zone are
influenced by the glaciers of the coast mountains, but this influence diminishes as the -
range descends in the northern part of the zone.

Zone 17: Vancouver Island

The Vancouver Island zone includes all of the island except for the east coast
area, that is part of the Georgia Depression. The region has a very moderate climate with
heavy precipitation during the winter months. The climate of this zone is similar to that
of the Coast Mountains, but due to the low altitude and maritime influence of the zone,
most of this precipitation falls in the form of rain. Hydrographs of this region are in
phase with precipitation due to the minimal influence of snowpack on the hydrologic
regime. The zone is part of the Insular Mountains that extend from California to the
Queen Charlottes. The geology of the range is largely sedimentary limestones and
sandstones, that combined with extensive faulting through the island, allow for good
permeability of groundwater.

6.2  Georgia Basin Low Flow Zone

Zone 16: Georgia Basin

The Georgia Basin zone is sandwiched between the Coast and Cascade mountains
to the east and Insular Mountains to the west, with a depression that consists of the low
lying shores of the lower mainland area and the east coast of Vancouver Island. The

northern limit of the zone is Campbell River on Vancouver Island, extending southward
to Metchosin, also on Vancouver Island. The zone has a Mediterranean type of climate
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with wet, mild winters, and dry summers. It is the rainshadow provided by the Insular
range that creates the dry climate of the zone. Hydrographs of the region are in phase
with precipitation, with no available snowpacks in this low lying region, with the
exception of a few streams fed by the southern end of the Coast Mountains. The surficial
geology of much of the zone consists of deposition sediments overlaying granitic
intrusions. Bedrock fracturing and faulting through the zone creates the aquifers of the
Gulf Islands. Groundwater is a major source of water on these islands.

For the consideration of low flow, two subzones were defined. Zone 16A (Upper
Georgia Basin) is the region that covers Eastern Vancouver Island, the Gulf Islands, and
the Lower Mainland west of Langley. Whereas the subzone 16B (Lower Fraser Valley
covers the region from Langley to just east of Chilliwack.

6.3 South Interior Low Flow Zone
Zone 12: Southern Interior

The Southern Interior zone is distinguished by the Southern Interior Low Flow
Zone but is divided into two subzones, 12A and 12B, for interpretation of other
streamflow characteristics. Precipitation in this zone is fairly consistent, except in the
southern Hydrologic Zone 12B where a series of ridges alters the rainfall patterns and
produce higher regional peak flows over a greater area than in Zone 12A. The zone is
the driest in the province, with near desert conditions in some parts. On the plateaus of
the northern Hydrologic Zone 12A, the dry climate and soil types create a hardpan over
the surface, making the area less permeable to the available precipitation. The Fraser
basin aquifer is in the northeast corner of the zone 12A where the groundwater resources
produce abundant water supplies. In zone 12B there is a wide variety of rock types with
different permeabilities scattered throughout the zone. South of Kamloops, mountains
form a series of aquifers that run along the valley bottoms generally in a north-south
direction.

Zone 15: Northern Cascade Mountains

The Northern Cascade Mountains zone is the southernmost of the transition zones
and lies in the northern Cascade Mountains between the Coast Mountains and the Fraser
Plateau. Most of the zone lies in the Fraser catchment area from just east of Taseko Lake
to the Stein River near Lytton. Being a transition zone, its conditions change markedly
in space with precipitation decreasing from the southwestern side of the zone to the
northeastern side. The zone lies within the Coast Mountains intrusions which minimize
the availability of groundwater. This zone lies wholly within the South Interior Low
Flow Zone.
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6.4 North Interior Low Flow Zone
Zone 1: St. Elias Mountains

The St. Elias Mountains zone in northwestern British Columbia contains some of
the highest mountains in the province. The uplift that these mountains cause leads to
high precipitation on windward slopes, and very dry air descending on the leeward sides.
Due to both the high altitude and latitude of the region, much of the precipitation falls in
the form of snow. Glaciers dominate the hydrology of many of the streams throughout
the zone.

Zone 2: Yukon Plateau

Sheltered by the Coast and St.Elias mountains, this region experiences very little
precipitation. Unlike the transition zones to the south, the Yukon Plateau makes a very
homogeneous unit, with similar precipitation, geology, and terrain throughout the zone.
The terrain is mostly flat, in a series of broad valleys or plateaus. The rock of the zone is
a mix of fractured lavas and sedimentary rock, creating a moderately permeable zone.

Zone 3; Cassiar Mountains

The Cassiar Mountains zone has boundary that follows the edge of the Cassiar
Mountains, which also coincides with the geological boundary of the zone. The geology
of the zone is similar to that of the Coast Mountains, being formed mostly through
granitic intrusions, leaving the bedrock with very little capacity for groundwater.
Precipitation increases marginally in this area compared to the Yukon Plateau to the
west, due to the uplift of the air passing over the mountains.

Zone 4: Liard Basin

The Liard Basin zone is bounded to the west and south by the Cassiar and Rocky
mountains, and to the East by the Liard River. The western part of the zone is the flat
Liard Plains; the eastern part is made of the fading Rocky Mountains or Liard Plateau.
Precipitation is consistent throughout the zone, and similar to that of the Great Plains to
the east. Permeability is better in the western part of the zone; the eastern part of the
zone contains the shales of the plains.

Zone 6: Northern Rocky Mountains

To the west, the Northern Rocky Mountains zone is bounded by the Rocky
Mountain Trench, and to the east by the western edge of the Great Plains. Unlike the
Rockies to the south, these mountains are not in the rainshadow of another range to the
west, with this resulting in higher precipitation relative to surrounding zones. The
geology is made of sedimentary rocks, similar to the Great Plains to the east, but the
orogeny that formed the mountains also faulted and tilted the strata, creating a more
permeable region than the plains.
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Zone 7: North Central Interior

The North Central Interior zone consists of a series of ranges running mostly in a
northwest-southeast axis. The ranges’ southern extent is just north of the 54th parallel,
along the boundary between the Northern and Southern Interior Low Flow Zones, and
the western boundary is the Low Flow boundary between the Coast and Interior. To the
north, the zone is bounded by the Cassiar Mountains and the Yukon Plateau, and to the
east by the Rocky Mountain Trench. Precipitation is moderate throughout the zone.
Permeability is fairly good throughout the zone due to the mainly sedimentary and
fractured nature of the bedrock.

6.5 Southeast Mountains Low Flow Zone
Zone 13: Columbia Mountains

Bounded by the Rocky Mountain Low Flow Zone to the west, and the Columbia
Mountains ridge to the east, the Columbia Mountains zone extends from the US border to
the Bowron Lakes. After descending through the Interior system, air is again forced to
rise to cross this range, increasing precipitation within the zone. Permeability is variable
throughout the zone, with mountains built from intrusions and contact metamorphism,
and valleys laid with glacial deposits with better capacity to store groundwater.

Zone 14: Rocky Mountain Trench

The Rocky Mountain Trench zone includes the eastern lee slopes of the Columbia
Mountains, the Rocky Mountain Trench south of Mackenzie, and the western slopes of
the Rocky Mountains. Precipitation is dependent on altitude within this zone, with little
precipitation in the bottom of the rocky Mountain Trench, and higher amounts of rain
along the mountains that border the trench. Permeability is good, with the heavily
fractured and tilted sedimentary formations of the Rocky Mountains.

6.6 Northeast Plains Low Flow Zone
Zone 5: Northeast Plains

The most distinctive in the province, the Northeast Plains zone is part of the Great
Plains that make up most of the Prairies and US Midwest. The zone lies in the
rainshadow of the Rocky Mountains, keeping the zone relatively dry. The continental air
masses that dominate the region make for cold winters; yet the warm summers create
uplift for convective storms that lead to the precipitation maximums during the summer
months. The geology of the region also differs greatly from the rest of the province.
The flat land of the zone contrasts with the mountains and hills that dominate the rest of
the province. The bedrock is sedimentary, but unlike other locations in the province that
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are of sedimentary origin, the Great Plains zone has not been tilted or faulted, leaving
large slabs of shale that do not allow for much permeation into lower strata. There are
three groundwater sources in the region, a shallow aquifer in the unconsolidated
sediments laid during glaciation, a confined aquifer below the shale, and a bedrock
aquifer.

7 WATERSHED SUMMARY TABLE

A summary of all watershed characteristics and hydrologic data compiled in the
datasheets is listed in the Table 1, Watershed Summary Table. This summary lists for
every station used the hydrologic zone, station name, station number, drainage area and
median basin elevation, where available, plus the following parameters derived from the
data:

normal annual runoff in mm
monthly distribution of normal runoff in %
10-year peak (instantaneous) flow for the watershed in m’/s
10-year peak (instantaneous) flow for a 100 km’ watershed in m’/s
ratio of 100-year to 10-year peak flow
10-year seven-day low flow for the June-September period in m’/s
10-year seven-day low flow for the calendar year in m’/s.
For climate stations which were used to estimate peak flow, the station name as shown in
the Summary Table includes a code for the watershed slope that was used to determine
the peak flow parameters, as defined below:
s - steep
i - intermediate
m - moderate
r - rolling
f - flat.
For further definition of the slopes and for the B.C. Rational Formula method used in
datasheet compilation, reference should be made to Manual of Operational Hydrology in
British Columbia.

8 SHORT-RECORD STATIONS

A number of streamflow stations with short records were added to the set of
datasheets and the Summary Table (noted with an asterisk). These stations, with a length
of record between eight and 12 years within the 1960-95 period, were added to
complement the data set but were not included in regionalizations. Estimation of missing
monthly flows was done in the same manner as for the other stations but missing annual
flows were not estimated. Instead, the normal was estimated by comparing the station’s
short-term record with the normal of a nearby station. Monthly averages are based on
the full record in the 1960-95 period. Frequency analysis of instantaneous peak flows
was carried out on all available peak flows including any recorded prior to 1960. Some

15



of the short-term stations were added in the final stages of compilation and were not
plotted on the 1:600,000 scale working maps.

The short-term stations, listed in Table 2, were used to demonstrate the
application of the regionalized information of this project. In these examples the
watersheds were outlined, as shown, on the 1:2,000,000 scale maps and streamflow
characteristics were interpolated and averaged for each problem basin. These estimated
map values were then compared with observed values with a percent difference. (The
peak flow 100 km” map estimates were converted to the actual drainage area by use of
the formula in Section 4). Note that the low. flow difference for Joe Ross Creek is large
(one order of magnitude) but the value is small. Large differences in small low flow
estimates are expected due to the nature of that level of flow; for example, a highly
permeable streambed can totally obscure a small quantity flow. This exercise was not
meant to be a test of accuracy of regionalized information as annual runoff, peak flow
and low flow are not well defined with short records.

9 REPORT DOCUMENTS

This report refers to a number of documents that are not included in the text but
are published under separate cover. The datasheets are available in both hard copy and
electronic form. The 1:600,000 scale work maps of watersheds, isoplets and hydrologic
zone boundaries were digitized and added to the ministry’s GIS database. The maps at
this scale (or any other scale) can be accessed with appropriate GIS software. For the
purposes of this report, maps showing the isoplets have been produced at the scale of
1:2,000,000 and are available in both hard copy and electronic form. Table 3 lists the
available documents as result of this project and this form (or a copy) many be sent, as
directed, to obtain these. (Note that 100 hard copy datasheets, of the recipient’s choice,
accompany this report and must be ordered separately.)
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Table 3 Document Order Form

(Reference Report: British Columbia Streamflow Inventory, March 1998)

Send Order to: Province of British Columbia
Ministry of Environment, Lands and Parks
Resources Inventory Branch
Water Inventory Section
Box 9344 STN PROV GOVT
Victoria, B.C. V8W 9M1

Name:

Company:

Address:

Telephone:

Facsimile:

DOCUMENT VERSION |QUANTITY| PRICE | TOTAL

Hard Copy| Electronic (Mar. 1998)] COST

(add GST)

PROVINCIAL MAPS

(Size: 73 cm x 87 cm)

(Scale: 1:2,000,000)

Hydrologic Zones $25.00

Low Flow Zones $25.00

Normal Annual Runoff $25.00

10-Year Peak Flow $25.00

100-Year Peak Flow $25.00

DATASHEETS $25.00

List Choice of 100 Hard Copies:

(included in price of report / extra: $0.25 each)
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Figure 8 June - September Low Flow Graph
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