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THE THOMPSON RIVER BASIN PRE-PLANNING STUDY
HYDROLOGY '

SUMMARY

To properly assess the water resources and related resources
of the Thompson River Basin, a hydrometeorologic data base is required.
The purpose of this report is to give a general overview of the basin
climate and hydrology and to compile a list of the hydrometeorologic
stafidns_which have reliable data. Tables showing both active and
discontinued stations are presented by sub-basin. General spatial and
temporal trends of the various climatic components such as pfecipitation,
temperature, snow water equivalent, evapotranspiration and runoff are
shown with isomaps and graphs. The hydrometric, climatic, and snow course
networks have been reviewed as to their adequacy according to the specifi-
cation outlined by the World Meteorological Organization. It is con-
cluded that two remote stations equipped with Data Collection Platforms
{DCP's) be established in the North Thompson Basin to enhance the flood
warning capability on the Thompson River system. Streamflow,precipitation,
temperature, and snowpack data would be sent to the forecasting centre
either by satellite or by microwave. It is also concluded that the
hydrometric network is adequate in the Thompson Basin, but it would be
desirable to expand the meteorologic network by dperating more stations in
mountainous areas where at present the network is sparse, and operate one
or two more snow course stations in the Bonaparte River sub-basin'to comply

with the World Meteorologic Organization minimum requirements.
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THOMPSON RIVER BASIN PRE-PLANNING STUDY

1 INTRODUCTION

The Thompson River basin drains an area of approximately 55,900
square kilometres (including the Nicola sub-basin)} and has within its
boundaries varied climatic and hydrologic areas. An overview of the
basin's climate and hydrology is briefly given in the following

sub-sections.

1.1 North Thompson

The North Thompson sub-basin is approximately 21,500 square

_ kilometres in area. Heavy annual precipitation occurs in Wells Gray
Park, located in the Cariboo Mountains of the North Thompson sub-basin.
The North Thompson and Clearwater Rivers drain these high elevations
producing the highest unit runoff in the Thompson River basin. The major
tributaries to the Clearwater River are the Murtle and Mahood Rivers.

The Murtle:River is also located in Wells.Gray Park and produces a signifi-
cant amount of runoff, but runoff from the Mahood River originates on a
high western plateau which produces far less runoff per unit area due to
lower annual precipitation in this region. Mahood River flows ave

routed throﬁgh a series of lékes, namely Horse, Canim, and Mahood Lakes,
which attenuate peak flows on the river. Downstream of the confluence of
the Clearwater and North Thompson Rivers, the Barriere and Louis Rivers

drain two major sub-basins on the east side of the North Thompson River.

1.2 South Thompson - Shuswap Lake

The South Thompson sub-basin is approximately 16,400 équare
kilometres in area. . Large amounts of precipitatibn fall on the Monashee
Mountain range, in the South Thompson River'- Shuswap Lake sub-basin
producing heavy runoff from the mountains. The Adams, Eagle and Shuswap
Rivers originate in this range. The Adams River is routed through Adams
Lake and the Shuswap River is routed through Sugar and Mabel Lakes before
entering Shuswap Lake. The Salmon River basin to the south is far less
elevated and produces only a fraction of the unit runoff produced by those

streams originating in the Monashee Mountains. The South Thompson River



below Shuswap Léke does not peak as sharply as the North Thompson River due

to the lake storage available on the South Thompson River system,

'1.3 Thompson

The Thompson sub-basin excluding the Nicola sub-basin is approxi-
mately 10,700 square kilometres in area. The Nicola sub-basin drains
an area of about 7,280 square kilometres. Precipitation in the western -
part of the basin is very low and there is a net loss in the water budget
for this area. The Bonaparte, Deadman, and Nicola Rivers drain the
major sub-basins downstream of the confluence of the North and South
Thompson Rivers. These basins produce very little runoff in comparison

with the rest of the basin.

1.4 Purpose and Scope

A number of meteorologic, snow course and hydrometric stations have
been established in the basin to monitor precipitation, temperature, snow
water equivalent,Astreamflow, etc., The purpose of this report is to
compile lists of stations for which hydrometeorologic data are available.
To present the station 1listings, the basin is divided into three
hydrologic sub-basins (see Figure 1); ' |

North Thompson River above Kamloops

South Thompson River above Kamloops

Thompson River below Kamloops (except Nicola River sub-basin)
All of the basin will be considered in this report excepting the Nicola

River sub-basin which will be reviewed in a separate study.

In addition to presenting an inventory of available hydrometeorologic
data stations, the general spatial and temporal trends of various climatic

components will be shown using isomaps and graphs.

The hydrometric, climatic, and snow course networks were also
reviewed to determine if the density of each network was adequate. There
are basically three types of stations within a network: . '

Principal or base stations
Secondary stations
Special stations
The principal stations are continuous and supply the basis for

statistical studies. Secondary stations are operated only long enough




to establish a good correlation between them and principal stations and
other physiographic and climatic variables; Special stations are operated
for specific purposes or to augment the network of base and secondary
stations. The networks were analyzed with respect to their adeQuacy for
regional runoff studies and long term data collection. Guidelines set

out by the World Meteorologic Organization were used for this analysis.




2 THE METEORQLOGIC NETWORK

Atmospheric Environment Service (AES), Environment Canada, is
responsxble for the federal meteorologic network in British Columbia.
Besides this network, the Resource Analysis Branch (RAB), of the Mlnlstry

" of Environment operates a provincial climate network.

In 1978, there were 38 federal stations and no provihcial stations
operating in the Thompson River basin. There were 102 AES stations that
were discontinued prior to 1978 and 243 provincial stations that were
operated for a limited time in the late 1960's and early 1970's.

A listing of AES stations and RAB stations collecting temperature, pre-
cipitation, and evaporation data is shown on Table 1. Figures 2a and 2b

show the locations of the AES stations within the basin,

The active station density on the Thompson River basin is approxi-
mately one station per 1450 square kilometres. According to the World
Meteorological Organization, mountainous regions of temperate zones
indicate a minimum network density of one station per 100-250 square
kilometres, while more arid zones may have a sparser network. At present,
AES tries to operate their base: station network with a maximum of 150 .. .- -
kilometres between stations. An additional local network of short term
stations is also operated. The stations tend to be well distributed -
throughout the basin, but are concentrated in valley bottoms and in popu-
lated areas and are lacking in more mountainous terrain. However, the
operation of climate stations in mountainous terrain is difficult because
of lack of observers in these areas, technical problems with measuring
precipitation at high elevations, and accessibility to these remote stations. .

These factors make it very difficult to meet the WMO guidelineé.

2.1 Mean Annual Precipitation

Figure 5 provides an isomap of mean annual precipitation. This
map is based largely on the isomap prepared for the.whole province by
the British Columbia Agro-Climatology Committee, ARDA, in 1965-1966 for
the Canada Land Inventory. The isolines on the map indicate conditions
on a regional scale only and may not indicate conditions at specific sites.
However, a definite areal distribution pattern of precipitation can be
seen over the Thompson River basin. Due to orographic effects, -the

largest amounts of precipitation fall on the Wells Gray Park area in the




Cariboo Mountains and on the east side of the basin in the Monashee

" Mountains. The density of the network at these higher.elevatiOns is quite
'spafse and therefore, it is difficult to delineaté isolines accurately.
The area above 1000 mm was delineated with no attempt being made to estimate .
the maximum precipitation within the areas. Snow course data was used
‘where possible to supplement winter precipitation data in draftiﬁg the
final isolines. |

Precipitation in the river valleys and in the Bonaparte River
basin is low, with the mean annual evapotranspiration exceeding preci-
pitation. The area directly around Kamloops Lake and in the valley
downstream of the lake receives the least amount of annual precipitation

in the basin.

2.2 Annual and Monthly-Precipitation Variability

Figure 11 shows a number of stations which have been selected to
show the monthly variability of precipitation throughout the year. The
winter months receive the heaviest precipitation throughout the basin

-with spring precipitation normally being quite low. Summer precipitation
in the south central portion of.the basin.as-a percentage of.the total:
annual precipitation is higher than in other regions in the basin. This
is due primarly to a larger number of summer convective storms in the
region. Figure 11 also shows the variation in annual precipitation for
the same stations. The variation from vear to year tends to be slightly
more pronounced in the valleys than in mountainous regions. For example,
the coefficients of variation, Cv, for Kamloops'A is 0.20 whefeas for

Blue River North in the North Thompson sub-basin Cv is 0.14.

2.3 24-Hour, 25-Year Return Period Precipitation

Figure 6 is an isomap of the 24-hour, 25-year return period rain-
fall in the Thompson River basin. This map is based on Danard's report

24-Hour Rainfall Amounts For Various Return Periods For South-central

And Southeastern British Columbia (Report #21). The 24-hour precipitation

increases from approximately 30 mm in the southwest of the basin and

Kamloops Lake region to 55 mm in Wells Gray Park.

2.4 Mean January and July Temperatures

Figure 7a and 7b show isomaps for mean January and July temperature

based on isomaps prepared for the Canada Land Inventory in 1965-1966.




The isolines on the map indicate conditions on a regional scale only

and may not indicate conditions at specific sites. Temperature decreases
with an increase in altitude and this is demonstrated by the more mount-
ainous areas having relatively lower temperatures while valleys have

milder winters and hotter summers.

2.5 Annual and Monthly Temperature Variability

Figure 12 shows the average monthly temperature variation through-
out the year for a number of selected stations. January is the coldest

month while July is the hottest month on average throughout the basin.

Summer months tend to be more stable in terms of temperature from
year to year. For example, the mean July temperature at Blue River North
varies from a minimum of 14.5° C to a maximum of 19.2° ¢ during the period
1958-1977. The mean January temperature during this same period varied
from -2.4° C to -18.5° C.

2.6 Mean Annual Potential Evapotranspiration

The isomap shown on Figure 8 illustrating mean annual potential
evapotranspiration is based on-the.isomap prepared for the Canada Land
Inventory in 1965-1966. Evapotranspiration computations were made using
Thornthwaite's equation. Evapotranspiration tends to decrease with a
decrease in temperature or an increase in elevation, however, it is fairly
uniform throughout the basin, ranging from a mean of less than 500 mm in
the mountainous areas and greater than 600 mm in the south central portion

of the basin.




3 THE SNOW COURSE NETWORK

The provincial Water Investigations Branch of the Minisﬁry of
Environment is responsible for the snow course network in British Columbia.
At present there are 35 snow courses and one snowpillow operating in the
Thompson River basin. Normally snow courses are installed at high elevation
locations to improve the monitoring of accumulated winter snowfall. Valley
precipitation stations do not at times reflect the amount of preciﬁitation
falling on mountainous regions, which are the heavy runoff producing areas.
Table 2 shows a listing of snow courses located within the Thompson River
basin and Figure 3 shows their locations. The World Meteorologic Orgéniza—
tion suggests that one course per 2000 - 3000 square kilometres is a rea-
sonably good network density for homogenious regions and one course per
5000 square kilometres for homogenious plains regionms, The.density of the
existing snow course network is one station per 1500 square kilometres.

The network appears to be suitable for most of the basin except for the
Bonaparte sub-basin and Horse Lake areas. The snow course network is
operated primarily to ensure that the data needs of water resource managers
are met, but it may be advantageous to establish one or two snow courses in

this region to monitor the snowpack in this relatively water short area.

3.1 Mean April 1 Snowpack Water Equivalent

The isomap of April 1 water equivalent shown in Figure 9 was
derived using data over the past ten years for specific snow course locatioms.
Precipitation data and topography were used as guides to drawing the isolines,
Snow course water equivalents tend to increase with elevation and this is
demonstrated by snow courses in the Monashee Mountains and Wells Gray Park

and in the river valley between Lytton and Kamloops.

3.2 Annual and Monthly Snowpack Water Equivalent Variability

The maximum snowpack in a season usually bccurs between April 1
‘and May 1, but the maximum snowpack may be observed later than this, especially
at higher elevations courses. Snowpack accumulation generally begins in
_late October or early November. Figure 13 shows the average variation of
snowpack water equivalent in the winter months for a number of selected

SNOW courses.

Seasonal snowpacks may vary significantly from year to year due to




the shortness of the snow accumulation season and other climate factors
such as ablation and drifting. This is especially true of lower elevation
stations. For example, Knouff Lake (#80) has a coéfficient of variation,
Cv of 0.32 compared to Tfophy Mountain No. 1 (#51) which has a Cv of 0.20
for the period 1958-1977. Figure 13 also shows the variation in April 1

snowpack for a number of selected snow courses for this period.



4 THE HYDROMETRIC NETWORK

Water Survey of Canada of the Inland Waters Directorate is responsible
for the hydrometric network in British Columbia. ‘Data is collected in co-
operation with Provincial and other agencies using conventional rivér gauging
methods. Flow records in the Thompson River basin began in 1911 and there
are now a total of 85 stations being operated in the basin. A listing of
both active and discontinued stations is presented in Table 3, and a location

map is shown in Figure 4.

The network is fairly dense and meets the guidelines for network
operation set our by the World Meteorologic Organizétion. The WMO recommends
that for mountainous regions of temperate zones, a minimum of one station
in 300 - 1000 square kilometres should be maintained. At p;esent, the
density of thé'hydrometric network in the Thompson River basin is one
station per 650 square kilometres. Water Survey of Canada is at present
in the process of reviewing the hydrometric network in British Columbia,

so some changes to the network may be made in the near future.

4.1 Mean Annual Runoff

‘The mean annual runoff for a number of mainstem locations and tri-
butary streams were computed to determine the areal distribution of annual
runoff per unit area (Figure 10).7 Where possible, data from 1958-1977 was-
used in the computations. An annual runoff pér unit area map prepared by

Ingledow in its report British Columbia Hydrometric Network Study was also

used to prepare the runoff isomap shown in Figure 10. Due to the large
variation of runoff with elevation, the isolines were draﬁn on a gross scale
and therefore the isomap is indicative of conditions on a regional scale
only and may not indicate conditions at specific.sites. However,'the'general
areal distribution of runoff is well defined. The higher elevation regions
in Cariboo Mountains located in Wells Gray Park produce heavy annual runoff
as do the higher elevation regions of the Monashee Mountains on the east

side of the basin. The high plateau regions around Adams Lake and also
around Canim Lake produce moderate annual runoff. The Salmon River area,

the area around Kamloops and the Thompson River valley are low runoff

producing areas. There are some areas producing zero runoff.



4.2 Annual and Monthly Runoff Variability

Figure 14 shows a number of stations which have been selected to
show the annual and monthly variability in streamflow within the basin.
The graphs show that snowmelt runoff contributes approximately half of
the annual runoff at these stations, Monitoring winter snowfall there-

fore is an important aspect in forecasting runoff volume and peak flows.

Annual runoff from mountainous areas does not vary greatly from
yéar to year, In this basin, the coefficient of variation for the selected
locations‘ranges from Cv of 0.13 for the Clearwater River near Clearwater
Station to 0.19 for the Shuswap River at Enderby. Because of these low
coefficients of variations, fairly accurate forecasts of seasonal runoff
volumes can bg made by using observed hydrometeorologic:data'as predictor

variables.

4.3 Streamflow and Seasonal Runoff Forecastin&

Severe flooding occasionally occurs at the confluence of the North
and South Thompson at Kamloops as a result of snowmelt in May and June.
The timing of both hydrographs is important, but the North Thompson tends
to arrive more quickly with higher peak flows whereas peak flows on the
South Thompson River are attenuated considerably by the lakes in the
South Thompson system.

To forecast peak flows, the hydrologic processes are simulated usiﬁg
large computer models. Using snow survey results and daily meteorological
data, the streamflow at various points is modelled, the results being com-

.pared with flows recorded at Water Survey of Canada gauging sites. Using
meteorological forecasts supplied by the AES and by routing water downstream
it is possible to make streamflow and stage estimates up to 5-days ahead.
The major area of concern is normally at the confluence of the North and
South Thompson Rivers at Kamloops, but streamflow forecasts are made at
the following locations: '

Thompson River at Kamloops

South Thompson River at the outlet of Shuswap Lake
Clearwater River near Clearwater Station

North Thompson at Birch Island

North Thompson at MclLure
Thompson at Spences Bridge

and estimates of lake levels are also made for Shuswap and Kamloops lakes.



Seasonal volume runoff forecasts are made on February 1, March 1,
April 1, and May 1, of each year for the following stations: '
Clearwater River near Clearwater Station.
North Thompson at McLure
South Thompson near Chase
Thompson River near Spences Bridge
The April 1 and May 1 forecasts are publisked in the Ministry

of Environment's publication, Snow Survey Bulletin.

4.4 Conclusion and Recommendations

The text has given a general overview of the climate and hydrology
of the Thompson River basin and has discussed the hydrometeorologic net-

works in some detail,

Therehare a number of problems concerning the water resources in
the basin especially in extreme water years. In high runoff years, flooding |
is a serious problem in river valleys and around lakes, particularly in
the Kamloops and Shuswap Lake areas. In low runoff years, water supply

becomes a critical problem, particularly in and around the Kamloops area.

" An:accurate assessment of the hydrology is required to determine .
what measures should be undertaken to solve specific hydrologic problems.
To obtain an accurate assessment of the hydrology, the hydrologist will
require certain detailed hydrometeorologic and physiographic data to
provide peak flow estimates, design hydrographs, low flow durations, etc.
It is therefore suggested that the following reéommeﬁdations be considered
for implementation to ensure that more complete and reliable data is avail-
able for the purpose of real-time streamflow forecasting or when future
hydrology studies are undertaken to assess conditions for specific sites.
It is recommended that: _

1. two remote Data Collection Platforms (DCP's) be established in the
North Thompson basin to enhance flood warning capability. North
Thompson River flows are highly variable and can change rapidly from
day to day and are therefore, critical during the spring freshet, but
difficult to model. At present, meteorological data from the valley
bottom stations of Blue River, Vavenby, Salmon Arm and Kamloops are
used in streamflow simulation but additional meteorological data
from a higher level station would be of considerable benefit. One

DCP should be installed at a high elevation site from which real-time



temperature and precipitation data could be relayed via satellite

or microwave to the forecasting centre. One possible site for this
installation is at the Mt. St. Anne snowpillow. The snowpillow data
could also be relayed and would provide a very-useful check on the

model simulation.

During a major flood, it is essential that data from indicator
streams be available to show trends before they are apparent on the
main stem of the rivers. At present, Bone Creek near Blue River in
the North Thompson is read daily, but during a critical flood period,
the ability to get readings on indicator streams on demand is essential,

Therefore, a DCP on this or another indicator stream is recommended.

one or two snow courses be established in the headwaters of the
Bonaparte sub-basin. Snow course data is sparse in this area and
additional data would be beneficial in undertaking water supply studies

in this water short region.

consideration be given to installing several precipitation stations
at higher elevations in areas that are sparsely covered at present.
Monthly precipitation storage gauges or precipitation recording.gauges

could be potentially useful in the following areas:

Wells Gray Park
Canim - Mahood Lakes
BonapartelLake

' Adams River above Adams Lake
Shuswap River above Sugar Lakes

North Barriere Lake

special hydrometric stations be established as required for specific

studies.

existing co-operation with AES and WSC regarding the operation of

networks be continued.
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