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INTRODUCTION

The philosop_hy and the process of water management are undergoing great change in Canada
and British Columbia. Since publication of the Pearse report (Pearse et al. 1985) on Federal
Water Policy, the trend has been toward management of water resources on a watershed basis
and toward recognition of water as a valuable asset iather than a free good. This latter change is
reflected in a trend away from managing supply and toward managing demand for wateiand
toward more realistic pricing of water use (Tate 1990). In British Columbia, the Provincial
environmental legislation is being rewritten to reflect these new attitudes. Furthermore, the
Province, the Federal government and the municipalities within the Fraser River basin have
entered into an agreement to manage water resources in the Fraser basin according to principles
of sustainable development (Agreement Respecting the Fraser Basin Managemenf Program
\992). These changes in philosophy and approach to water resources management all require a
firmer base of technical knowledge about how much water is available within a watershdd and
how much is being used. At present, neither the total supply, nor the current rate of use is
known with any accuracy for Canada or the Fraser basin (Healey and Wallace 1985, Dorcey
199 1).

In 1991, Westwater Research Centre published an extensive review of water use in the Fraser
River basin as part of a larger study of water in sustainable development (Boeckh et al. l99l).
Thtt rgpon- builds on that wol!, updates and amends some of the data, expands the analysis of
agricultural water use and adds an historical perspective. The three objettives of the fresent
study were to update the existing data sources on water use within the Fraser Basin, to examine
trends in water use over time and between regions, and to attempt a more comprehensive
assessment of the use of water.fgr agqcultural purposes. Previous-studies, including that by
Westwater (Boeckh et al. 1991), have highlighted the need for better data on water use in thL
agricultural sector. In this study we compared two methods for estimating irrigation water use,
an analysis based on license data and an analysis based on field surveys. Based on this
cgmpqison, we make recommendations about where future study and data collection efforts
should be directed.

In Part One of this report we update the water use data for the Fraser Basin from the 1989
figures presented in Boeckh et aL(1991) to 1992 and we use historical data to identify trends in
water use in l3 subbasins of the Fraser River. In Part Two we provide a more detailed analysis
of water use in the Salmon, Bonaparte and Nechako watershedi. Methods for estimating water
use for irrigation purposes are compared in these three watersheds.



SUB-BAS/NS:

1. Lower Fraser
2. Lillooet
3. Middle Fraser
4. Bridge-Seton
5. Chilcotin
6. West Road
7. Quesnel
8. Thompson
9. South Thompson

10. North Thompson
11. Nechako
12. Stuart
13. Upper Fraser

PACIFIC

OCEAN

Map of southern British
showing the 13 sub-basins

O Kilometres 
300

UPPER REGION

MIDDLE REGION

THOMPSON REGION

LOWER REGION

Columbia and the Fraser River basin
used in this report.

N

I

a
-
4
d
ri
e
€
e
C
e
d
C
C
e
e
e
e
C
C
e
C
e
C
e
C
e
d
C
C
e
r=
e
rt
e
C
e
?
ei
C
e
i
f
e
t?
;
rf
C
d
*
t?
t:
*
?:

:

tr
l"---qil
Eiji-iJ

ffitllt
l.:']t:nl:ft

Iii*llilll

ffi

Figure 1:

Water Use in the Fraser Basin. 2



=,

-
-

=
-'
-
-
-
-U
ul

2
5
a
5
5
a
2
2
a
5
a
a
5aa
q
q
aaa
a
q
q
q
tq
q
{q
q
q
+,q
a
t
t
Iaaa
A
-

Westwater's previous.water use studf Jpgeckh et al., 1991) used data defined by water precinct
boundaries to determine water use within the 13 sub-basins. 

- 
This uppio".h required'a grear

deal of 3gpro-ximation and interpolation as the precinct and sub-basin'boundarieiwere seldom
compatible. For example, if 30% of a water prbcinct fell within a sub-ba sin,30Vo of the water
use attributed to the precinct was applied io the sub-basin. This method is based on the
assumption that water use is evenly disdbuted through the precincts. In areas where water use
was.evenly distributed this method was accurate; howevir, where water use was unevenly
distributed, the method was inaccurate.

Since the time of this first stqdl', the Water License Branch has switched to using watersheds as
the basis for delineating sub-basin boundaries instead of using water preciicts. The data
collection for this study was, therefore, greatly simplified. The s-ub-basin boundaries matched
up in all cases except tle plov]Tciil government's i00-Fraser warershed. For oui purposes, it
was necessary to suMivide this-lar_g_e basin into the Salmon portion of the Stu^an-salmon
drainag.e, J!"-Btidge-Seton, and the Upper, Middle and l.ower Fraser sub-basi; bt;.f.rence
to detailed information on strqlm source and precinct. Details as to how the licenr" hutifor the
l*gt.l0O-Fraser watershed were subdivideb into the sub-basins defined Ui West*arer are
included in Appendix B.

Detailed information on i.rrigation water licenses for three smaller basins was used to explore
how licenses were issued over time, the average size of irrigated farnri, and the conversion
factors used to calculate water_requirements f6r irrigation. -These s-u1q basins-were the
Salmon River watershed in the h*er Fraser sub-basin, the Bonapanr-niu.r watershed in the
Thompson sub-basin and the Nechako sub-basin (Figure l).

1.1.2 Data Limitations

In working_with the data base and the data itself, several constrainn or limitations became
apparent. The first practical obstacle to overcome was the conversion of the data into one
common uni.-of measurement for water volume. Water was recorded in such units u, *, feet,
gallons, cubic feet and cubic metres for various time periods. aU of ttrip dutu were convertedto cubic metres using the-conversion factors shown in Appendix C. 

-Co"ili"; 
aii of tne

measurements not only took time, it also imposed a level of ifproximation, and ttterJUy ieduced
the accuracy of the data. I - ------r '-

Water Licenses can be obtained for over 45 different categories of water use. The distinction
benveen the categories is often not readily apparent. Extra donsultation with the License Branch
tJ$.Yas required in order to understind ihe categories contained in the data baie. The
definitions of the major categories are contained in Appendix A.

A water license can be granted in perpetuity if it is used accord.ing to the terms of the license and
the Water AcL Some water licenses date back to 1865. As w-ill be discussed in pan i, ii ii
difficult to determine whether or not the licenses gr9 being used in the manner prescribed in the
license or if the license is being used at all. In addition, thE volume of water aci.rally b"ilg used
Py lttq license holder is not usually measured or monitored in any way. Both of ihese factors
limit the reliability of license data in estimating water use.

The volume of water licensed for use in irrigation is determinrg by the land area to be irrigated
multiplied by a coefficient of water use foi the crop to be irrigaled. We discovered that the
coefficients used to calculate the appropriate volume of water fdr an area of land traue cttanged
dramatically over time in some regions. For_example, in the Bonaparte warershed an 1871
license granted 663 acre feet of water for 220 acrei of land. In the same watershed, a 1975

Water Use in the Fraser Basin. 3



license granted 200 acre feet of water for 200 acres of land. The issuing. of licenses in

;;rd;f:t-i"Au6r ihe aUitity to change the licensed volumes of water in light of increased

icnowledle and changing supply and demand patterns.

1 . 1 .3 Opportunities For Improving Data

The following suggested changes in the data base would reduce, to some degree, the constraints

noted t:tt' 
sub-divide the l0o-Fraser warershed into smaller units (e.g. upper, Middle and

Lower Fraser);

make use of one standard metric unit for water volume measurement in the data

base (e.g. cubic metres); and

rn uooi,i "",,, 
l;:'J ;i,j:l;::: :::ff 

":','ffi 

,'o.,,, u se c o u rd be gre a,r v
enhanced if the licenses were monitored periodically, or issued for limited time -qeriods to

determine wtreiher or not the licenses are 
-being 

used as prescribed. Up to date addresses of
license holders would be required to do this and, at present, ttris information is not curent. The

;;i rigrificant improvemeirt to this data set would-come about t\ou-g-h the use of water meters

or so-E other reliable means of measuring water use by license holders and a corresponding
water use reponing system. Further study would be requ.ired to determine the practicality and

cost of imple'mentiig and maintaining a metering and monitoring system

1.1.4 Presentation of Data

As noted in Section 1.1.1, rhe data collected for this study is based on watershed boundaries

rarher than the precinct boundaries used to tabulate the 1989 data presented in Boeckh et al.

iiggil. Co1npuhsons between the 1989 and1992 sub-basin data sets cannot be made with any

arg1g; of ceriainty because of the different methods employed.. The total figures.and.the use

"uirgory 
data cah be compared with confidence because they aggregate all sub-basin

boundaries.

Water Licenses by Sub-Basin

Table I shows the total number of licenses in each sub-basin and the allocated volume. The

Nechako *upirfrrO clearly has the highest volume of water allocated (53'62-3.5 cubic

rnrtr.tln.), refl;ting the use of water for poyer generation at Alcan's Kenney.Dlm. The

ili;h;;dber of lic-enses are found in Souin rnompson (5,285 licenses) whe_r9 irrigation is

the main watir use. The Lower Fraser has high vilues in both-categories (24,269.1 cubic

.itr.iln . and2,i1A1icenses), reflecting the conEenration^o^f population in this sub-basin- The

t;tesf increase in the nu-b"t of licen-ses from 1989 to 1992 was in the Nechako (270 to 623

iiclnse$. rrte grearesr decline in this period too\ place in West Road (316 to 87 licenses). ftt
F;.6;increaies in volume of water allocated-between 1989 and 1992 were in the South

Tho-pron *d-Chilcotin. Both regions experien c1{a lNVo increase in volume. The Bridge

Seton'and the Middle Fraser botliexperienced 60Vo declines in volume of water allocated

b"t*rrn 1989 andL992. Overall, alth6ugh licenses have increased in numberby 3L9, volume

allocated declined 4,157 cubic metres.
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Table 1: Water Licenses in the Fraser Basin by Sub-baSh, 1989 and 1992

Source: B.C. Water Licerue Data Base and Boecl<h et. al., I99I

Water Licenses by Type of Use

Table 2 indicates the number and volume of licenses per use category. The licenses have been
summarized into the major water use categories. Domestic use of water constitutes the highest
number of licenses (8,389) but the lowest volume of water (I2.1 million cubic metres/yr.).
Although the number of licenses has increased slightly from 1989 to 1992, the volume-has
remained constant. The second highest water use category by number of licenses is irrigation
(6,243 licenses). This figure has decreased slightly from the 1989 figure of 6,352. Power
generation and storage account for the largest volume of water (35,754.3 and 45,993.3 million
cubic metres/yr. respectively). Conservation is also a high volume water use at 3,736.2 cubic
metres/yr.

The overall decline in volume of water used between 1992 and 1989 results primarily from a
decline in the reported water use for power generation and pulp mills. The overall increase in
licenses reflects increases in conservation and other industrial use.
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SUB-B ASIN
NUMBER OF LICENSES VOLUME

(mitlion m3/yr)
l9 89 L992 1 9E9 199 2

Upper Fraser

Stuart-Salmon

Nechako

West Road

Quesnel

Chilcotin

Bridge-Seton

Middle Fraser

North Thompson

South Thompson

Thompson

Lillooet
lnwer Fraser

TOTALS

601

t63
270

316

591

s36

753

2,5&
2,000

4,7&
2,499

339

2,642

17,ggg

688

56

623

87

508
y2
769

2,gM
2,110

5,285

2AEg

281

2224

18,317

139.5

38. I
53,488.5

25.5

199.8

160.8

11,246.4

76.7
239.9

444.9

6M.9

167.8

24,269.1

91,791.9

317.9

6.6

53,623.5

9.7

405.5

47r.5

5,159.6

287.0

409.1

1,507.0

816.4

t52.6

24,469.9

g7 ,63 5.2

Water Use in the Fraser Basin. 5



Table 2:

Source: B.C. Water Licerce Data Base ard Boeckh et. al., I99I

L.2 MUNICIPAL WATER USE DATA (MUD)

The Municipal Water Use Data (Environment Canada 1983, 1986, 1989, 1992) provides

information bn water used within municipal systems and includes data on the source of water

supply, volume of water used, end use of water, and. population served by-the water source.

ThAd data complimenr rhe license data by defining tlre source of water lnd, in particular, by

i-niiuding groondwarer data. The volume and population data also allow for calculation of per

capita water consumption.

1.2.L Data Collection

Municipal Water Use Data (MUD) are -colleqrcq every three years by Environment Canada

(Inland Waters Directorate). The data collected refer to the previous Yjars' water use and waste

aT;A;ges; for example, lgg} data refer to 1991 measurbments. Since MUD accounts for
warer firhdrawal and^waste discharge services supplied by the municipuliry to users. within the

t"u"icipal boundaries only, correclons need to be made for municipalities which supply

servicei outside their boundaries. Environment Canada maintains municipal water use data in a
computer data base.

Water Licenses
r992

in the Fraser Basin by Category of Use, 1989 and
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TYPE OF USE
NUMBER OF LICENSES VOLUME

(million m3/yr)

t989 1992 I 989 199 2

Watenvorks

Domestic

Pulp Mills
Mining
Other Industrial

lnigation
tand Improvement

Power generation

Storage (power)

Storage (other)

Conservation

TOTALS

380

8,298

8

55

895

6,352

307

r28
l4

1,249

312

17,ggt

365

8,389

7

50

l2s l
6243

252

r32
l8

1,283

327

1 8,3 17

322.2

12.r

490.0

r00.6

168.0

693.6

r3t.2
4A,762.2

45,993.3

340.4

2,778.3

91,791.9

323.7

12.l
22r.7

91.3

341.0

681.1

131.7

35,754.3

45,993.3

348.8

3,736.2

t7 ,63 5.2
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MUD are colle.t{ by questionnaire. The questionnaire used is included in Appendix D. In
1992, questionnaires were mailed out by Environment Canada to municifatities with a
population of 1,000 or more. Numerous foilow-up phone calls, teners, and faxes increased the
1992 response rate to Environment Canada from-approximately 75Vo to l\}fto. We obtained
qopies of these completed questionnaires for the purpose of this study. In addition, we made
direct contact with municipalities having populations of 500 or moie. Environment Canada
provided 1983, 1986, and 1989 data on computer disks. Detailed summaries of the MUD data
by municipality are provided for 1983 , 1986, 1989 ud 1992 in Appendix E.

Information on categolry of-water use, water source, gaily flow at water plants and populations
lerved (Questions 4, "1,8, 10, and 1l from the MUD_questionnaires) was used in this study.
Data were summarized and grouped by sub-basins. The sub-basins of Quesnel, West Roai,
and the Chilcotin are not discussed in this section as they lacked municipalities with populations
of over 500. _Co-nverlely, the Lovrer Fraser sub-basin, wirh its li.rge urban pofulation,
dominates the final results.

This study was undertaken in a similarmanneras Boeckh et al., (1991). Results in this secrion
differ slightly from the earlier study due to differences in interprerarion of 1989 raw data
benveen this study and Boeckh et al.

1.2.2 Data Limitations

The 1992 data were not available from Environment Canada in their final form at the time of the
study. Therefore, raw data needed to be interpreted and summarized in the tables below for the
yeq. I?9-2. -Previous years' raw data were compiled by Environment Canada and were subject
to slightly different interpretations and error corrections.

Yunjg:palities d9.no!."lways have easily accessible records of how much water is being used.
In addition, municipalities report average daily flow rates in different units and raw data ieeded
to be converted into cubic metres per day. The use of conversion factors may have added to
inaccuracies.

YpV municipalities do not kqtp accurate counts of numbers of people using their warer supply.
Information related to municipal populations and populations-served by ihe municipal water
sqpPly is often taken from the most recent federal census and therefore mly be several yeats out
of date.

Yuny municipalities "had no idea" what percentage of their water went to Domestic,
Commercial and Institutional, and Industrial uses in response to Question 4 on the MUD
g.uestionnaire. Municipalities do not keep nack of these percentages nor do they necessarily
classify the usage categories in the same manner as is used in the MIID questionnaire.

The quality o.f the data is limited by the person who fills in the form. Follow up phone calls
with explanations of the purpose of this study (and other similar studies) increased the time and
effon respondents put into filling in the 1992 MUD form accurately.

The subjective nature of much of the data reporting, particularly related to end use of water,
reduces the accuracy and reliability of the municipal data.

Water Use in the Fraser Basin. 7



L.2.3 Opportunities for Improving Data

The municipal data would be more reliable if accurate measurements of end use were taken by
municipalities (particularly domestic use), if uniform units were applied, if population records
were kept up to date, and if time were taken by qualified persons to ensure the accuracy of the
forms.

1.2.4 Presentation of Data (1983' 1986' 1989' and 1992)

Source of Water Supply

Table 3 reveals that the Lower Fraser depends mostly on surface water for its water supply.
The Grearer Vancouver Water District (GVWD) supplies most of this surface water to its
approximately 1 .4 million users (1992) within the Lower Fraser sub-basin study area. r

However, the percentage of water drawn from surface and groundwater not provided by the
GVWD in the Lower Fraser has increased from 3Vo in 1983 to 8Vo in 1992 reflecting growth
and increased demand in communities outside the GWVD.

In the Lillooet sub-basin, there has been a shift from surface water only (98Vo in 1983) to
surface (84Vo) and groundwater (I6Vo) in 1992. The resort municipality of Whistler accounts
for most of this change. Whistler developed rapidly during this time period and switched from
surface only to combined surface and groundwater in 1989.

The Thompson sub-basin also used primarily surface water until 1986 but now uses both
surface and groundwater sources. Municipalities in the South Thompson sub-basin continue to
rely mostly on surface water. However, there was a 20Vo increase since 1983 in users
dependent on groundwater supply only.

The Middle Fraser continues to use groundwater only or a combination of surface and
groundwater. Variations between years are most likely attributable to reporting errors. The
municipality of Lillooet relies on surface and groundwater. The switch to surface only in
Bridge Seton in 1989 could be a reponing error. Municipalities in the Nechako are increasingly
relying on groundwater for their water source. The remaining three sub-basins show no
change. Overall, their is a trend towards greater use of groundwater for municipal water
supply, although surface water sources still predominate (Table 3).

Percentage of Water Used in Each Sub-basin

The Lower Fraser accounts for the majority of municipal water use in the entire Fraser Basin
(85 to 87Vo). This figure is surprisingly stable given the high rate of population growth in the
Lower Fraser. The Thompson's percentage of total water use is second highest in the Basin.
This percentage has declined over time, (7 to 6Vo) although the actual water use in the sub-
basin, measured in cubic meters per day, has increased. In the Lillooet sub-basin the percentage
of total municipal water use has increased, reflecting gowth in the municipality of Whistler.
Summarized results for the entire Fraser basin are presented in Table 4 below.

I This study used the same GVRD municipalities as Boeckh et al, 1991. The GVRD draws its water supply
from three sources: the Capilano Reservoir, Seymour Falls and Coquitlam Reservoir. Only the Coquitlam is in
the Basin and it provides only about lT%o of the average daily flow to the GVRD. Municipalities on the North
Shore of Bunard Inlet were not included.
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Table 3: Municipal Water Use - Populations Served and Water Source
(1983 - reez)
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POPULATION SERVED

GROUIT{DWATER ONLY . AS A PERCEI{T OF ALL SOI.'RCES

SURFACE & GROI.ND WATER . AS A PERCENT OF ALL SOURCES

SURFACE WATER ONLY . AS A PERCEIVT OF ALL SOURCES

SUB.BASIN l9&3
(No. of oeoole)

19t6
(No. of oeoole)

19E9
(No. of oeoole)

t9B2
(No. of oeoole)

LOWER FRASER
LILLOOET
THOMPSON
SOUTH THOMPSON
NORTH TIIOMPSON
MIDDLE FRASER
BRIDGE-SETON
NECHAKO
STUART
UPPER FRASER

TOTAL FRASER

t,223,495
l,5gg

73,790
17,930
1,925

93,362
1.604
6,175
2284
l,gg3

1.414.056

l,?55,27n
2,691

73594
17,930

1,925
853m

1,601
6,W
228/.
1,841

1.44t.466

l,43l,l6l
2,773

67,9W
19J60

1,692
79,900

1,635
5,604
1,983
1,8t9

L.6t2.934

t563,t27
5,40

77,W5
19,200
l,@2

78,734
2,500
5,955
1,900
1,825

1,757,6E

SI.JB.BASIN t9E3
% ofTotzl

l9t6
% otTotzl

l9t9
% olTotzl

t992
th ofTof.al

LOWL.K f.RASLR
LILLOOET
THOMPSON
SOUTH THOMPSON
NORTH THOMPSON
MIDDLE FRASER
BzuDGE.SETON
NECHAKO
STUART
UPPER FRASER

37o
27o

l47o
7lo
0Vo

90?o
07o

3\Vo
lO07o

0Vo

4%
27o

l4lo
77o
07o

1007o
0Vo

387o
1007o

0Vo

27o
79o

l49o
l69o
0?o

769o
0Vo

699o
t0070

09o

27o
lVo

137o
277o

07o
l00Vo

07o
739o

lO07o
09o

SUB.BASIN l9t3
% ofTofzl

1986
% olToszl

l9t9
% olTotzl

t992
% of Total

LUWb,K T.KASbR
LILLOOET
THOMPSON
SOUTT{ THOMPSON
NORTH THOMPSON
MIDDLE FRASER
BRIDGE-SETON
NECHAKO
STUART
UPPER FRASER

3Vo
O7o

0Vo
ll%o

100?o
l07o

1009o
07o
09o
07o

4Vo

0Vo
07o

llTo
l$AVo

07o
l00Vo

09o
0Vo
Olo

5Vo
7ZVo
8l9o
5l7o

1009o
22?o

0Vo
0Vo
07o
0Vo

8Vo
847o
83Vo

07o
100?o

07o
l0O7o

O7o

0?o
O7o

SIJB.BASIN t9t3
% ofTatzl

t9t6
% of Totzl

l9E9
% of Totel

t992
% of Tof,zl

LOWLR I.RASLR
LILLOOET
THOMPSON
SOUTH THOMPSON
NORTH THOMPSON
MIDDLE FRASER
BRIDCE-SETON
NECHAKO
STUART
I.JPPER FRASER

947o
98lo
867"
829o

0Vo
07o
07o

627o
0Vo

1007o

9U',lo
989"
901o
82Vo

07o
07o
07o

62?o
07o

1001o

937o
267o

47o
327o

07o
07o

1009o
287o

07o
1009o

9OVo
l57o
47o

737o
0Vo
07o
O7o

277o
o?o

l00vo
Sowce: Muicipal Waler Use Data Basc, Inland Waters Directorate, Environment Canafu
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Table 4: Municipal Water Use By Sub-basin (1983 - 1992)

Source: MunbipalWater Use Data Base, InlandWaters Directorate, Envirorvtunt Canada

End Use of Municipal Water

Domestic use represents the highest of all municipal uses and has increased from 54Vo to 68To

since 1983. Inbustrial use hls declined as a percentage of the total from 22Vo to 1'0Vo.

Institutional and Commercial uses increased from 24Vo to32Vo between 1983 and 1989 and then

dropped to ZIVo in 1991.

Table 5 gives the estimates for p-ercentage use in the categories of Domestic, Industrial,
Commerc-ial and Institutional, and Other. The Other category includes system losses and flows
f-;ilniiipatities that were unable to estimate the preceding user classes. The data are to be

inirtptrrcd ai estimations onll and.not exact measured units. Year to yeu variations depend, in

part, on different individuals' opinions.

The percentage of water use. unaccounted for likely varies depending on how much time and

effon is expeiOJ UV dara collectors in confirmirg the lgues wittr the municipalities. Data for

1989 stand out in this regard with a very low volume of water unaccounted for.
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SUB.BASIN 19 83 1986 198 9 1992

Toul Use Vo of Totzl

(m3/day) Basin

Total Use 7o of Total

(m3/day) Basin

Total Use 7o of Total

(m3/day) Basin

Toral Use 7o of Total

(m3iday) Basin

LOWE.R T.RASL.K

LILLOOET

THOMPSON

SOUTH
THOMPSON
NORTH
THOMPSON
MIDDLE FRASER

BRIDGE-SETON

NECHAKO

STUART

UPPERFRASER

TOTAL FRASER

8Z9,nE 85.0190

1,169 0.1270

70,535 7.2370

t3,676 l.40lo

1,175 0.1270

51J07 5.287o

3,t82 0.3390

3,&2 0.3770

158 0.027o

1,159 0.L2Vo

975,4E1 10o.oo%

928527 86.r7vol

4,2Ag O.ZlU"l

67,104 6.237o1

13,6'16 l.27lo

53,486 4.961o

3,182 0.301o

4,t67 0.391o

1,402 0.13?o

62E 0.067o

1,077,556 100.00%

0.1Ir75

954,955 87.64Vo

5,060 0.4670

66,048 6.A67o

15,308 r.4070

1,033 0.097c

38,802 3.567c

3243 0.30E

3,917 O36E

2N 0.O2q.

l,l l0 0.10q.

1,089,676 100.00%

1,030241 65)4"/o

22,324 1.851o

71334 5.927o

16,409 l.36lo

1,309 0.ll%

52,989 4.&q.

3,300 0.27E

4,362 036q.

1,000 0.08q

1,067 o.WE

1to4J3s 100.00e1

Water tJse in the Fraser Basin' l0
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Table 5: Municipal Water Use - End Use Estimates (1983 - 1992)

DOMESTIC

SI.JB.BASIN r983 1986 19t9 1992
(mJ/dav) 7o of Total (mJ/dav) Vo of Total (mr/dav) Vo of 1'otal (mr/day) 7o of -l'otal

LOWER FRASER
LILLOOET
THOMPSON
SOUTI] THOMPSON
NORTH THOMPSON
MIDDLE FRASER
BRIDGE-SETON
NECHAKO
STUART
UPPER FRASER

TOTAL

3t9,t't3
8

I 1,340
6,953

705
30,392

0
0
0
0

368.571

539o
l07o
85Vo
60Vo
60Vo
69Vo
I.I/A
N/A
N/A
N/A

54Vo

3)U,UU /
9

I1,340
6,953

705
30,506

0
0
0
0

399.600

5TVo
lOTo
85Vo
6O9o
6OVo
69Vo
N/A
N/A
N/A
N/A

547o

4E6,792
9

42,967
9,48

620
21,558

0
0
0
0

561,394

549o
l07o
7 4Vo

72?o
60Vo
689o
N/A
N/A
N/A
N/A

s6%

297,512
59E

ffi,325
l0,l99

E38
9,927
2,475
3,433

700
382

386.389

66Vo
649o
867o
73Vo

l00Vo
65Vo
754"
79Vo
707o
63Vo

8%

INDUSTRI,AL

SUB.BASIN 19&3 l9E6 l9E9 twt
(mJ/dav) 7o of Totel (mJ/dav) 9o of Totzl (mr/dav) 7o of Total (mJ/dav) 9o of Totzl

LUWL,K T.KASER
LILLOOET
THOMPSON
SOUT}I THOMPSON
NORT}I THOMPSON
MIDDLE FRASER
BRIDGE-SETON
NECHAKO
STUART
UPPER FRASER

TOTAL

143,926
0

293
995

0
2,672

0
0
0
0

147,E86

24'/o
07o
29o
9Vo
O7o

6Vo
N/A
N/A
N/A
N/A

22%

l)op60
0

293
994

0
3,076

0
0
0
0

Lffi,949

23Vo
0Vo
2Vo
94o
0Vo
7Vo

N/A
N/A
N/A
N/A

22%

109,001
0

7,103
704

0
2,427

0
0
0
0

119,235

lZTo
OVo

l29o
5Vo

0Vo
89o

N/A
N/A
N/A
N/A

12Vo

49,W9
0

6,152
780

0
1,365

0
6l

100
32

57.569

llTo
0?o
97o
67o
0Vo
99o
OVo

l9o
l0Vo
57o

t0%

II.{STITUTIONAL AN D COMMERCIAL

SUB.BASIN r983 1986 1989 1992
(mr/dav) 7o of Total (mr/dav) 9o of Total (mr/dav) Vo of Total (mr/dav) 7o of Total

LUWb.K.IKASL.K
LILLOOET
THOMPSON
SOUTH THOMPSON
NORTH THOMPSON
MIDDLE FRASER
BRIDGE-SETON
NECHAKO
STUART
UPPER FRASER

TOTAL

t43,8t2
7t

1,652
3,729

470
10,849

0
0
0
0

160.5t3

24Vo
90Vo
l2Vo
32Vo
40Vo
25Vo
N/A
N/A
N/A
N/A

24Vo

166.,929
78

1,651
3,729

470
10,754

0
0
0
0

l83.6ll

25Vo
909o
t2?o
327o
4OVo

24Vo
N/A
N/A
N/A
N/A

25%

3W,243
84

8,240
3,045

4t3
7,512

0
0
0
0

319,537

34Vo
90Vo
l47o
239o
4OVo

24Vo
N/A
N/A
N/A
N/A

329o

107,362
342

3,865
3,009

0
3,996

825
838
?m
l9l

L2A,627

249o
36Vo

5Vo
22Vo

O7o

76Vo
257o
l9Vo
20Vo
32Vo

2r%

UNACCOIINTED

SUB.BASIN 1983 1986 1989 t992
(mr/dav) 7o of Total (mr/dav) Vo of Total {mr/dav) 7o of Total (mrldav) Vo of Total

LOWER FRASER
LILLOOET
THOMPSON
SOUTH T}IOMPSON
NORTH THOMPSON
MIDDLE FRASER
BRIDGE-SETON
NECHAKO
STUART
L?PER FRASER

TOtrAL

2t9,236
1,090

57,252
2,000

0
7,593
3.182
3,&2

158
I,159

295312

30V"
l09o
807o
l4Vo
0Vo

l4Vo
1007o
l00Vo
lNVo
l00Vo

2J5,0'l5
4,997

54,784
2,000

0
8,500

0
0

158
r)26

326.530

257o
lIVo
8OVo

l5Vo
07o

707o
0Vo
0Vo

lAOT,
lAOTo

5E,919
496
7,737
2,lll

0
7,305
3,243
3,917

2W
l,l l0

E9.50E

6Vo
l09o
79o

l3Vo
0Vo

20Vo
lA07o
lA0Vo
ta0?o
IAOVo

575,t42
2l,383

992
3,702

47t
37,7N

0
3l

0
463

639,EE4

ffiVo
lNVo

lVo
25Vo
3UVo
757o

0Vo

0Vo
07o

5O9"

Source: Municipal Water Use Data Base, Inland Waters Directorate, Envirorunert Canad.a
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Per Capita Consumption

Table 6 shows the total water use in each sub-basin divided by population to give a per capita
water consumption rate. Due to the uncertainty of the end use data provided above, the total
water use figures were thought to provide a more accurate representation of consumption than
by using the domestic use figures.

The greatest increase in per capita water use over the years 1983 to 1992 occurred in the Lillooet
sub-basin (4.1 m3/day in 1992). The municipality of Whistler accounts for this high water
consumption rate. While the permanent population of Whistler is now 4,590, the number of
bed-units (hotel rooms and time-share condominiums) is presently 28,496 and is projected to
increase to 52,500 by the year 2000. Most of these units are occupied lUAVo of the time
reflecting Whistler's year round resort facilities (personal conrmunication Joe Paul, Municipaliry
of Whistler). Because the water volurne estimate for the sub-basin is divided by the permanent
population and does not incorporate the recreation and tourist population, the per capita
consumption figure attributes all water use to the permanent population whereas much is used
by the high transient population. Using the sum of the permanent and transient population for
Whistler in the calculation, rather than the permanent population alone, reduces per capita
consumption in the Lillooet sub-basin to 0.76 m3/day, generally similar to other tabular values
(Table 6).

The Bridge-Seton sub-basin has a consistently high per capita consumption (1.32 - 1.98
ml/day), which is 2 - 3 times higher than most sub-basins. The Thompson and South
Thompson also have above average per capita consumption rates. These consumption rates
reflect the dry climate found within these subbasins. The data for the Sman-Salmon sub-basin
reveals very low per capita consumption for the years 1983 and 1989. The reasons for this are
unclear and are most likely recording errors. The l,ower Fraser per capita use has declined from
0.68 m3/day in 1983 to 0.66 m3/day in 1992.

Table 6: Per Capita Water Consumption (1983 - 1992)
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S UB.BA SIN
1983 1986 1989 1992

Poph Water Use

(m3/day)

Per

Capiu

Pwh w Ster U se

(m3/day)

Per

Capiu

Poph w ale r U se

(m3/day)

Per

Capiu

Foph Water Use

(m3/day)

Per

Capita

IJOWER FRASbR

LILLOOET
THOMPSON

S. THOMPSON

N. THOMPSON

MIDDLE
FRASER
BRIDGE.SETON

NECHAKO

STUART

UPPERFRASER

TOTAL

1223,495

1,59[

73,79(

17,93(

r,9?f.

83,362

1,604

6,17:

228/
l,gg3

1.414,056

829,n1

l,16!

70,53:

13,6lt

l,l7:
51,501

975,48

3.18i

3,&t
l5{

l.l5!

0.6t

0.72

0.9(

o.7(

0.61

o.62

l.9r

0.59

0.0i

0.6r

0.69

rzss22c
2,691

73594

17,93C

1,925

85,30(

1,60{

6,W1

2284

1,841

1,448,48(

9-ltsz,
4,2U

6l,lu
13,67(

l,l7i
53,48(

3,18i

4,16:

t,Nt
621

t,0n,55(

u.t4

1.56

0.91

0.76

0.6r

0.63

1.98

0.68

0.61

0.34

0.74

l,43l,l6l
z.n3

67,W
19,560

l,@2

7g,gm

1,635

5,&
1,983

1,819

r,6t2,934

9)4,9))
5,060

66,018

15,308

l,B3
38,802

3,243

3,917

?ffi
I,l l0

1,089,676

U.O/

1.82

o.91

0.7t

0.61

0.49

l.9r

0.7(

0.1(

0.61

0.6f

l,)o3,lzl
5,W

77,095

rg2m
1,692

78Jgq

2,500

5,955

l,9m
I,825

t.757.46

1,o30,241

22,324

7rj34
16,409

lSos

52,989

I

I

\2n$3:

,3fr

,362

,00c

,06i

3

4

u.66

4.10

0.93

0.85

0.77

o.67

t.32

0.73

0.53

0.58

0.69
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1.3 INDUSTRIAL WATER USE DATA

The Industrial Water Use Data @nvironment Canada 1981, 1986) provide information on the
number of industrial operations Taking use.of water and the amouni of water being taken in by
the industries. The data allow for comparison of water use between various indistries. Th?)
industries are grouped into paper and ailied, chemical, wood, food, mineral, thermal and other
industrial categoqes.. The breakdown by sub-basin also provides insight to rhe distribution of
industries within the basin.

1.3.1 Data Collection

Information on water use in the industrial sector was obtained from the Industrial Water Use
Data base GWLID). This computenzed,data base was created in 1981 by Environment Canada
to manage informatlg! regarding water use for manufacturing, mineral 

-extraction 
and thermal

power enterprises. This data base is updated through the use of questionnaires every five years.

The data are organized by hydrometric codes, sorted into sub-basins and then further organized.
in terms of SIC1.codes (see Appendi* -I fog hy{lometric cod_e_s). The system of grluping
industrial enterprises folloyed that u.sed by Bo6ckh et. al. in 199'l (see Afpendix Gi- 

-Watei

intake and water consumption were then eiamined by industrial claisificaiibn and geogaphic
location, lp3lul and tempgpl trends in industrial witer use were identified by ro,fipuf;ng' the
1981 and 1986 data The 1991 IWUD were unavailable at the time of this study. 

- r---'

1.3 .2 Data Limitations

The data base and the information it contains are limited by a number of constraints. These
consrraints are described below and include absence of information on small operations
estimations used where data. are missing _double counting and missing data poinir'*it6 no
estimations and boundary definitions. In most cases, it was possiUte to overcome the
constraints and improve the accuracy of the data presented.

Small Operation Omissions

Small operations are not accounted for in IWUD. Consequently, those operations which were
not among_ lqe_lighest water users (within the top 1.1 S_IC groups in 1981 and the top 14 SIC
goups in.l986) have been omitted from this analysis. tn aOOition, those operdtions ieponing
less than 4500 cubic meters of annual water use have been excluded.

Data Estimations

The mailed survey questionnaires had a total response rate of 70% in 1981 and Tl7o in 1986.
Estimations of water uqe. by industries that failed to return a qgegtlonnaire were made by
Environment Canada and included on the database (fate and Scharf 1981, 1986).

I Standard Industrial Classification (SIC) as defined by Statistics Canada, groups similar rypes of industrial
operations such as pulp and allied products and assigns them a code (two digit level for a mi.lor division and a
four digit level for the finesr division).

Water Use in the Fraser Basin. I3



Double Counting

Operations that include both thermal and manufacturing components are sent two separate
questionnaires from Environment Canada. We found that some companies misunderstood the
questionnaires and reported their total water use on both forms instead of separating the
volumes (see Appendix H for questionnaires). This resulted in double counting large volumes
of water. For, example, one company reported that their thermal operation had an annual water
intake of 11 ,949,115 mr. Exactly the same volume of annual water intake was reported for
the manufacturing ponion of this company. Clearly, this double counting will skew indusury
totals.

Missing Data

Another limitation encountered inciuded missing data points. In 1981, a pulp and paper
company (indicated by its SIC), reported its thermal intake but did not report its manufacturing
intalie. That same company in the 1986 survey; however, did report both intake volumes for
the two operations of its plant. Thus, a volume of water, approximately 24 million cubic meters
annually, was not recorded in 1981. Several othermissing data points were found throughout
the information for source of intake in the 1981 database.

Basin Boundaries

Only those operations that are physically located within the basin are included in our analysis.
However, some operations lying outside of the basin boundaries draw their water from within
the Fraser River Basin. For example, Alcan, which diverts a large volume of water from the
Fraser Basin and.discharges it into the Pacific Ocean, is not included in this analysis due to the
physical location of the plant.

I .3 .3 Opportunities for Improving Data

Consultation with IWUD analyst Dave Scharf of Environment Canada, allowed us to separate
grouped totals and account formissed entries on the 1981 database. Funhermorg, by supplying
us with the names and locations of some of the industries, he made it possible for us to group
some of the border operations into the appropriate sub-basin. These new volumes were then
added to their respective industrial classifications and locations.

Without the names of the companies (1981) and with the changes in geographic codes and SIC
codes from 1981 to 1986, it was difficult to match individual operations in the two surveys.
Use of the data would be simplified if the codes remained constant. The reliability of the
questionnaires themselves could be improved by conducting follow up telephone interviews.
Ttrls may be especially beneficial in co-generating operations such as sawmills and pulp-mills in
which ehormous volumes of water are used. Inclusion of all those who draw water from the
Fraser River Basin regardless of the physical location of the plant would provide a better
estimate of industrial water demand on the watershed. Finally, making the IWUD, MUD and
census data collection periods consistent would greatly facilitate comparison among the data
bases.
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1.3 .4 Presentation of Data

Figure 2 demonstrates the distribution of industrial operations by industry. This covers the
entire Fraser Basin. There is an increase in most industrial sectors from 1981 to 1986, with
slight declines in the mineral and thermal categories. The most dramaric increase took place in
the "other" category.

Figure 3 illustrates industrial water intake by sub-basin. The Lower Fraser, Middle Fraser and
Thompson account for the majority of industrial water use in the Fraser Basin. Of these three
sub-basins, the Lower Fraser recorded the highest annual intake in 1986 (455 thousand cubic
menes) and the lowest in 1981 (276 thousand cubic metres). The Middle Fraser was the
highest in 198L (402 thousand cubic metres) but second highest in 1986 (440 thousand cubic
metres). The Thompson is the only sub-basin to show a decline from 1981 to 1986.

Figure 4 presents data on water intake by industrial category. The paper and allied category is
clearly the dominant industrial use of water, using 624 thousand cubic metres in 1986. The
next greatest user was the chemical industry, which also showed a notable increase in use from
46 thousand cubic metres in 1981 to 180 thousand cubic metres in 1986. The greatest use by
this sector was still less than L/3 that of the paper and allied users. Increases in water use also
took place in the wood, food and other categories. Decreasing water use occurred in the mineral
and thermal categories but total water use in these two sectors is very small.

Water Use in the Fraser Basin. 15
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I.4 HYDRO.ELECTRIC POWER GENERATION

I .4 .L Data Collection

Data on water used for the purpose of power generation was collected from B.C. Hydro and
from Alcan's Kenny Dam in Kitimat. B.C. Hydro provided summary records of recent and
historical data.

The data included in Table 7 provide information on total storage, total live storage and average
annual electricity generated. Live storage is the amount of water that can potentially run through
the nrrbines. These figures represent the maximum volume of water that can be drawn annually
from within the Fraser basin. The total storage column represents the total reservoir capacity,
including live and dead storage. The volurne of dead st6rage is "removed" from the Fras6r
ly{em only once. The average electricity generated has been calculated over the period 1970 to
L99L

Table 7: Hydroelectric Generation Facilities

( I ) Run of river plants with negligible storage

(2) Storage datns with rn power producing facilities
( 3 ) Data ard conversion factors obtairud from Alcan

Sources: Sysrerns Operation, B.C. Hydro,Vancouver, B.C. ard Kenney Darn, Alcan, Kitinat, 8.C., 1992

SUB.BASIN DAM TOTAL
STORAGE

(mil. m3/yr.)

LIVE
STORAGE

1mil. m3/yr.)

AVG. ANNUAL
ELECTRICITY

GENERATED
(Gw/h)

La,IoielBridge Seton

South Thompson

lower Fraser

SUB.TOTAL

Nechako

TOTAL

I-a Joie

Terzaghi @ridge River)

Seton (l)
Sugar I-ake (2)

Shushwap Falls (l)
Wahleach

Coquitlam (2)

Buntzen

Alouette

Stave Falls

Ruskin

Kenney (3)

726.3

1,025.7

2t.0
176.0

0.0
63.6

l,g2g.g
7.1

210.r
579.4

l9.l
4,Ug.g

23,847 .0

28,604.1

72t.4
l,0l3.g

2r.0
r52.9

0.0
61.0

169.8

5.5

209.9

155.9

l9.l
1,828.1

4,100.0

6,630.4

150

2,420
3m
N/A

40

250
N/A
190

30

280

330

4,320

6,500

10,490
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Table g records turbine discharge from 1984 to 1991. The total annual turbine discharge

,"pilirn6 trtr *ount of water-r.e"Our1ed. to generate electricity for that year P-lus the "leftover"

water thar was;piilrd" itrr t*bini oisch.arEe data for the Kenney -d.- includes o.nly the water

that is returned back into the Fraser Basin.- In addition to this volume is |Pproximately ?37 5

million cubic meges of warer required annually to generale_electriciV:-This water does not re-

enter the Frasrin*iry-it ii divoirO via tunnel-to A-lcan's Kemano facility and then discharged

into the Kemano River.

Table 8: Turbine Discharge (1984 - 1991)

* approximated annual average - discharges to the Pacific Ocean via the Kemano River (does twt tlow to the Fraser)

Sources: Systerzs Operation, B.C. Hydro, Vatrcouver, B.C. an'd Kerney Darn, Alcan, Kitimat, B'C', 1992

L.4 .2 Data Presentation

The Kenney dam on rhe Nechako river has by !. Fr largest tot4 storage, representing almost

90Vo of the totuf 
-rtirugr 

for ttti Fraser Basin. It also prdduceq tle_qgatest annual amount of
.[r"i.iiv tosoo 

-cwffil. 
The Bridge $veJ Dam gen-erate s 242a GW/h making it th.e second

highest grn.rulot of rtrctricity in.t1e Basin. ThJturbine discharge-lgures for each facility

flucruate over ii*", alttrougtr tt et is an increase of less than LVo from 1984 to 1991.

SIjB.BASIN DAM l9t4
(million

^3lyt)

t ru5

(miJlion

'n3/yt)

19t5

(million

^3Ml

19t 7

(millicr

.3/yt)

9ttI
(million

rn3/yr)

I 989

(million

rn3/yt)

199 0

(m.illion

-3/yt)

(millian

-3/n)

t 991

La Joie8ridge Seton

South Thompson

Lower Fraser

Nechako

TOTAL BASIN

I: Joic

Tcrzaghi @ridge Rivcr)

Scton

Suger l:kc

Shushwap Falls

Wahleach

Coquirlam

Buntzen

Aloucrrc

Suve Falls

Ruskin

Kenncy'

nrr. r rl

,.rur.trl
,.orr.rrl

*rol
,, ,.orl
rl r.rzl

I

N/Al

790.06

249.E4

3,731.40

4,665.66

3.400.00

L9,477.9t

,,rro.rj
,.oru.rJ

,.rrr.u)
I

I.vAl
I

654.0S

199.43

N/A

44r.33

0.00

2,452.61

3,3 I E. t(
3,400.0(

17.701.0t

,.ora.ru[

z.tegtgl
,,orr.uol

Nrol
l

439.96

196.7 4

N/A

5 83.49

6t.'13

3,559.l 9

3,t69.37

3.400.00

I t,032.53

,,roo.rJ

,,,,,.,J
,,or r.rd

*rol
I

5 8 0.6q

135.48

N/A

579. t9

396.38

3,543.13

3,t96.39

3,400.0(

19.147.22

,,rro.aal

2,t23.ttl
,.r ru.oul

*rol
aro. , ul

I

r et.63l

N/A

631 .r4

52E. l 3

3,662.32

4,299.94

3.400.00

20,6t0.52

|,267 .81
I

2,496.51

2.EM.45

N/A

6E9. I 4

69.5 8

N/A

613.05

330.72

3,411.71

4,204..6t

3,400.0(

t9,2t7.7 t

, ,rrr., ol

2.669.961

,.orr.rrl
I

N/A]

77 6.51

23t.00

N/A

623.73

306.92

3,778.83

4,436.32

3,400.00

20,sts.25

t,216.41

l,tzs.ed

3,r92.97

N/A

6.,.6.E?

227.22

N/A

665.2:

234.3:

3,723.11

4.151.5'

3,400.0(

2l.l t3.9:
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PART TWO: COMPARISON OF METHODS
FOR ESTIMATING IRRIGATED AREA

2.0 INTRODUCTION

Three watersheds within the Fraser Basin were selected for more in-depth examination of
agricultural water use. The main objective of this analysis was to compare two methods that
have been applied in the past to estimate water use for irrigation purposes . The methods
compared were air photo analysis with field surveys, and the use of water license data.
Originally we had planned also to use information on agriculnrral water use from the most recent
census; however, at the time of this study, the census data were not available in a form that
would allow for this comparison. The three test watersheds were: the Bonapafie, located north
of Cache Creek in the Thompson sub-basin; the Salmon, located south of Fon Langley in the
lower Fraser sub-basin; and the Nechako sub-basin in the north eastern pan of the Fiasir basin
(Figure 1).

After reviewing existing data sources and consulting with the contract authority, we decided to
compare the methods in terms of their ability to estimate area of land irrigated. This unit of
measurement was chosen rather than volume of water used in irrigation because almost all
available volume dhta is derived through the use of area measurements multiplied by various
water use coefficients.

The three watersheds were selected to represent different types of agricultural communities.
The Salmon watershed is in the Municipality of Langley, locaied in the Lpwer Fraser sub-basin
and has a west coast marine climate. The community in the Salmon River watershed has a rural
tradition, although proximity to Vancouver is resulting in a shift towards suburban residential
development. The farms in the Salmon are predominantly small commercial or hobby farm
operations. The Bonaparte r /atershed is located in the dry southern interior of the province.
Th.e rggion is predomilan_tly agricultural, with large fanns growing hay and feei grains.
Irrigation is used extensively in this basin. The Nechako is in the cool and dry central i-nterior
of the province. The major land use in the sub-basin is foresury. Farming in this area has been
predominantly ranching but is.ngw beginning to include crop production based on irrigation.
Both agriculture and the use of irrigation are expanding in the Nechako sub-basin.

2.I LICENSE DATA

2.1.1 Data Collection

The license data were obtained from the B.C. Water License Branch as outlined in Section
1. 1.1. Detailed records for the three regions were sorted into various water use categories. The
data were used to determine the number of licenses and volume of water used in each type of
water use. Percentages of each total were calculated to determine the significance of eactr water
use type in the three regions.

Tt i.ig-ution licenses were funher examined to determine the a.rea of tand to be irrigated by the
allocated volume of water. The volume measurements noted in the licenses were calculated by
using a water use coefficient multiplied by the area of land to be irrigated. The area of land was
the original unit of measure.

Water Use in the Fraser Basin. 19



For most licenses, the water license data base includes the date of issue, acreage to be irrigated,
and a licensed water allocation in acre-feetlyear. These records allowed us to calculate the
conversion factor used to determine a water license allocation as the ratio of water allocation to
acreage to be irrigated. We used these data to compare the history of license allocation, the size
of irrigated acreages, and conversion factors used among basins. \

In the Salmon watenhed a more detailed examination of the water licenses was undertaken. A
telephone survey was conducted of the irrigation water license holders. The license holders
werb asked whether or not they were making use of their licensed water allocation this year.

2.1.2 Data Limitations

At present, use of groundwater for the purpose of irrigation does not require a license. In areas
such as the Nechako and Salmon, where the use of groundwater is common, the license data on
their own do not represent the extent of water used for irrigation. This is significant in the
Nechako, for instance, where groundwater is the source for 73Vo of municipal water (Municipal
Water Use Data, presented in Table 3, Section 1.2.4).

As indicated in Section L.L.Z,Table 1, the Water License Data Base contains information on the
amount of water allocated to the license holders. There is no system at present to monitor the
use of the allocated water or even to ascertain that the allocated water is being "put to beneficial
use" as required under the Water Act. Through the telephone survey conducted in the Salmon
Watershed, we discovered that l8 of the 28 license holden who responded to our survey were
not making use of their allocated water (see Table 9 below). This unused water accounted for
over half of the water allocated for irrigation in the Salmon Watershed and737o of water license
holders who responded to our survey. In using the license data, recognition must be given to
the fact that the data base includes both active and inactive licenses.

Table 9: Salmon Watershed Telephone Survey

Discussions with farmers in the Nechako watershed indicated that, in areas where irrigation was
expanding, farmers applied for and received water licenses prior to putting irrigation equipment
into operation. The lag time between receiving a license and beginning to irrigltg may.be
several years. Therefore, the data base includes active, inactive and also potentially active
irri gation operations.
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LICENSE IN USE
1992

RESPONDENTS Vo OF TOTAL
LICENSES

VOLUME
( m3/yr)

Vo OF LICENSED
IRRIGATION

VOLUME

Yes

No

No Response

TOTALS

l0

l8

13

4t

24

44

32

r00

107,495.80

285,393.95

133,050.71

525,940.46

2t

54

25

100
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2.1.3 Opportunities for Improving Data

Because groundwater use in not licensed, the license data base does not contain information on
groundwater. This information could be added to the data base only if groundwater use
required a license or if surveys were carried out and the results were provided to the Water
License Branch. The licensing of groundwater is being considered for inclusion in the revisions
to provincial water legislation.

In cases where one is interested in excluding the potential and inactive irrigation operarions from
the active ones, monitoring of the license holders would be required. This would be most
beneficial to carry out in regions with changing land use patterns (i.e. either into or out of
agriculture or irrigation).

2.1.4 Presentation of Data

Salmon Watershed

Irrigation accounts for 66Vo of the number of water licenses and, 70Vo of the water volume
allocated in the Salmon Watershed (Table 10). It is clearly the dominant licensed warer use.
The licensed volume of water (525,940.51 m3/yr) corresponds to 183 hectares of land licensed
for irrigation. These data have not been altered to reflect the occurence of inactive licenses.

In the Salmon River watershed, most current licenses were issued in the 1950's, with smaller
numbers issued in the 1940's and 1960's through 1980's (Figure 5). None of the currenr
licenses was issued before 1940 and no new licenses have been issued in the 1990's. Thus, the
development of rygation agriculture in the Salmon River watershed was primarily a post-Ww
II phenomenon,. although the region wag cleared for farming much earlier.- The development of
irrigation after the War.may reflect a shift from ranching and dairy farming to row cropping and
fruit growing in the region.

As noted earlier, irrigation acreages.in the Salmon River watershed tend to be small. Acreages
licensed for irrigation were primarily less then 5 acres, although a few farms are in the sfze
ranges 20-50 acres and 50-1d0 acres (Figure 6).

The conversion factor used to allocate water to irrigation acreage in the Salmon River watershed
was I ftlac in virtually all instances. In a few instances conversion factors of 1.5 and 0.5 ft/ac
were also used (FigureT).

Bonaparte Watershed

lrrigation is also the predominant licensed use of water in the Bonaparte (Table 1l). lrrigation
makes up 55.l%o of the total number of licenses and 48Vo of the total licensed volume.
Domestic use of water is the second highest in number of licenses (258), but an insignificant
percentage of the total volume. Conservation is the second largest water use by volume (29Vo)
but involves few licenses. The volume of inigated water (34,076,23A mz/yr) is based on a
licensed area total of 4,634.62 hectares. About 13 million m3/yr is licensed for srorage in the
basin. Most of this is probably used for irrigation.

Irrigation in the Bonapa:te River watershed has a much longer history than in the Salmon. The
earliest licenses were issued during the 1860's and a substantial number of licenses have been
issued each decade from the 1860's to the present (Figure 5). The greatest number of licenses
was issued during the decade 1910 to 1920 but the whole period from 1910 to 1980 was one of
active irrigation development in the region.

Water Use in the Fraser Basin. 2I



In contrast to the Salmon River watershed, irrigation acreages in the Bonaparte tend to be large.
Most farms are in the 20 to 50 acre size range and quite a few licenses are for acreages >100
acres (Figure 6). A substantial number of irrigation licenses are for acreages <5 acres,
however, indicating a great diversity of irrigation activities within the watershed.

Not only are the acreages irrigated in the Bonaparte River watershed large, so are the conversion
factors irsed to allocatE watei for irrigation. In recent years, conversion factors of 2,2.5, and 3
ft/ac have been about equally common in the licenses, although in some instances conversions
of I and 1.5 ftlac were used (Figure 7). The license data give no indication as to why such a
range of conversion factdn was used in this basin or the basis on yli_ch.a panicular conversion
was chosen. The Bonaparte watershed was by far the most variable in terms of conversion
factors used. The relatively high conversion factors used in this basin presumably reflect the
dry hot climate of the Thompson sub-basin.

Since licenses have been issued over such a long time in the Bonaparte watershed, we explored
how the size of irrigated acreage and conversion factors have 9langed over time in this basin. A
comparison of sizei of irrigated acreages before and since 1990 indicates no dramatic change iq
the distribution of acreages licensed for irrigation (Figure 8). More large acreages were licensed
prior to 1900 and irrigated acreages are grouped more tightty into the 20 to 50 acre size range
iince 1900. These changes probably reflect the evolving technology of irrigation and the
efficiency of different sized irrigation farming units.

Conversion factors for allocating water have also changed over time in the Bonaparte
watershed. Conversion factors used have ranged from 0.5 ft/ac to 3.25 ftlac. The average
conversion factor used was more than 2.9 ftlac in the 1860's and 1870's, declined to about 2
ftlac during the 1920's and 1930's and then increased again to about 2.4 ftlac in recent years
(Figure 9). During the period 1860 to 1879, when the average conversion factor was high,
only three conversion factors were used: 2.5,3.0, and 3.25 ft/ac; and by far the majority of
licenses were based on the 3 ft/ac conversion (Figure l0). During 1920 to 1939, when the
average conversion factor was low, six different conversion factors were used and conversion
factors of 1.0, 2.0, and 2.5 ftlac were all commonly used (Figure 10). Variations of this
magnitude in the conversion factors used to estimate irrigation water requirements impose an
additional complication into the interpretation of the irrigation license data.

Nechako Watershed

Irrigation makes up 49Vo of the number of licenses and accounts forjust over 40Vo of the
licensed volume in the Nechako watershed (Table 12). Again, domestic use involves a high
number of licenses but a negligible volume. The largest water use by volume (51.87o) is
attributed to conservation. The volume of water allocated to irrigation (13,246,515.1 m3lyr)
corresponds to 4,115.3 hectares of licensed land.

The first irrigation licenses for the Nechako sub-basin were issued in the 1950's and most were
issued in the-l980's, indicating the recent development of irrigation agriculrure in the watershed
(Figure 5). The Nechako watershed also has the largest acreages licensed for inigation (Figure
6). 

-The 
modal size of irrigation acreages is in the 50 to 100 acre size range but almost as many

Iicensed acreages are greater than 200 acres. The conversion factors used to allocate water to
irrigation acreage in the Nechako sub-basin are similar to the Salmon, most conversions being
done at 1 fVac although a few were also done at 0.5, 1.5, or 2.0ft/ac (Figure 7).
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Proportion of River Flows Allocated

As shown in Tables 10-12, the total licensed allocation of water in the three watersheds is
752,973 m3/yr for the Salmon, 70,963,979 mt/yr for the Bonaparte, and 33,061 ,146 m3/yr for
the Nechako. Historical streamflow data for these rivers suggests annual discharges ranging
from 31 to 63 million m3 for the Salmon (average 46 million m3), ranging from 77 :p264
million m3 for the Bonaparte (average 159 mi[ion m3), and averaging about 10,000 million 63
for the lower Nechako (The Nechako flow is regulated by Alcan Ltd. for power generation.).
With the completion of the Kemano project (Alcan Ltd.), the flow in the lower Nechako would
be furtherreduced. For the Salmon, therefore, the licensed allocation is only about l.6vo of the
average flow of the river and only 2.4Vo of the lowest flow recorded. This is a small allocation
of total flow. If one assumes, however, that the irrigation volume, which is the majority of the
allocation, is all taken during the summer period (Juty to September); then the licensed water
removals during the summer amorrnt to more than 25Vo of the summer flow. For the
Bonaparte, the licensed volume amounts to 44.6Vo of the average flow of the river and is 92Vo
of the lowest flow recorded. Ihit is a very large allocation of river flow. Twenty-nine percent
of the licensed allocation is for conservation purposes, however, so that if thii is subtracted
from the licensed allocation, the licensed allocation (presumably for off channel uses) drops to
32Vo of the average river flow. Agail, i{ *r assume that irrigation takes all its allocation diring
the summer months, then the presently licensed allocation in the Bonaparte is more than 90Vo if
the summer flow of the river. The presently licensed allocation of the Nechako is less than l Zo
of the river flow and will still be less than lVo even after completion of the Kemano project,
provided mole licenses are not issued. If one assumes that the majority of the removals of
water from the Nechako will occur in the summer months, the amount presently licensed for
removal is still less than lVo of the flow during July to September.

In terms of total river flow, therefore, only the Bonaparte is very heavily subscribed. Water
allocations from the Salmon could have a significant effect on low summer flows if all license
holders were to begin using their licensed allocation. The amount licensed from the Nechako is,
at present, a very small proportion of the flow of the river. Not all licenses are for removal of
water from the main stem of these rivers, however, nor are the removals from the main stem
necessarily ngT the gaug.ing station. Even though the licensed allocations may be a small
percentage of the whole river, there may still be problems with excessive removil from local
tributaries. Funhermore, without better information on the amounts of water actually being
used rather than the amounts licensed for use it is impossible to make any determinatioir of the
actual impact of the licensed water allocations on the hydrology and ecology of the river
systems. It is wonh noting, however, that evidence suggests that removals af 50Vo or more of
river flow have a very high probability of adversely affecting fishery resources (Mundie and
Bell-Irving 1986).
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Table 10: Salmon River Watershed License Summary, 1991

Source: B.C.Water Data Base, I99I

Table 1 1: Bonaparte River Watershed License Summary, 1991

Source: B.C. Water License Data Base, I99l

Table 12: Nechako River Watershed License Summary, 1991
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Source: B.C.Water License Data Base, 1991
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2.2 AIR PHOTO INTERPRETATION AND FIELD SURVEY

The air qhgto interpretation method was chosen to estimate area irrigated because this method
was used in several recent water use studies caried out for Enviroilment Canada (e.g. in the
Lower Kootenay-River Basin_(Fisher and Wipond Lg87), Ketrle-Granby Basin fgedio;ski and
Fisher 1986) and the-U^p^p9tKootenay Rivef Basin (Brownlee and Sherwood'1989)). 

-These

studies made use of 1:20,000 air photos to plot irrig-ated.land onto 1:20,000 caOasiiat maps.
Field surveys were carried out to confirm the results of the air photo interprerado;. The
irrigated qel identified on the maps was then planimetered to detenirine irrigutiO hectares. An
outline of the application of the air photo methd in our three test *Itersheds follows.
Discussion of this method is divided lnto four sections: selecting photos, selecting maps,
mapping from air photos, and field surveying.

2.2 .l Data Colleciion

SELECTING PHOTOS

When selecting photos for interpretation, several factors must be taken into consideration.
These include:- the type (satellit6, colour or black and white); time (in relation to growing
season); scale (large or small); and date (year) of the photos.

Types of Photos

Three typgs of pho-tos were available: black and white air photos; colour air photos; and land
satellite photos. These were compare{ fgt thr.o ability to iilustraie irrigation, u"uifuUiiity andcost. In terms of ease in identifying irrigated plots from phoros, it wis determined thiough
observation and discussion with remote sensing experts (personal communication with Dr.
Peter Murther and associates, Ptpt, of- Foresuy, U b.C.) ihat no particular typ; of fhoto is
better than another. The variations in shades of red lsateilite), green (colour) foa gr"'y (black
and white) were found to be tairly similar as indicators of irrigiiet ptoti.

Availabiliry o.f photos for the areas under investigation varied for each rype of photo. Coverage
by. satellite Photos is most limited and althoug! some areas. have beeti photlsr.pt J by tfie
Ministry of Forests, this minisury o4y releases photos fo1 lrojects conducied *ittr ttte tr,titiist y
(perl: colnm. Dr. Peter Munher). Coverage. bycglouT photoi was also very timfuO, *iitr onfy
small areas covered during a short time perioa. Black'and white photos *ere by far the most
lgadjly available in terms of area covered, dates covered and scalei produced. n furt, u set of
black and white photos were the only ones that provided fairly recent coverage of the t'G, t.rt
areas.

The cost of photos was taken into consideration. The costs for development of images from
film to print are as follows:

Sateltte I 50q.00 per image (approximately)
Colour $ 8.00 per image
Black and White $ 4.00 per image

The decision to use black and white photos- was. arrived at primarily by the availability of photos
but was.supporte{ !v our conclusion that the photo types lre equat in terms of accuracy ind by
the relative cosr of the photos.
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Time of Photos

The time the photos were taken in relation to the growing season is another consideradon in air

photo intrrprrtution. unron;ilit; nloro series 
-are notlo frequently taken that this factor can

be seriously considered in .h*riig'ptoto*.'F;tt";4trly,irtthu:of'y of the photo-s used for

this study were taken in July ;il{ifiii. e!.u;;; thdii irre drieit time of the growing season

and before harvest dme, on, *ould lxp9ct the photos. to. reflect th9 greatest contrast between

irrieated crops and non-irrigateJ nrtor.^ r-uJtiiyi;hit d-i"F;ncidei with opdmal conditions

f;;i.ki"g uii photos (i'e' clear skies)'

In selecting the scale 9! photos used, it was important to consider the size of the areas to be

i"*.v.n,rtt,'53a;i,i#33#J::H:i'"r#lstri:inln':;lll'1f;:*n::iiti,'$tr?:
(1:5,000 to 1:2

i TZO,OOO) provide a greater amount ot coverage'

.Large scale photos are apprgpri3te, for small areas of study, but the number of photos to

interpret becomes unmanagruul" iorrarge r*iv u,9"i.*rot "*i.ple, 
approximately 4'000 large

scale photos ;;ld huur-u"rn-n.idrd-to ,oi., the Bonupgnr *ateiiled (5,100 km2)' The

handling time'indioit *ur.r-uiing tutg. ;.1;ph"tos roi large areas such as the Bonaparte

impractical.

The predominanr type .of farming.in an area is also important in selecting a scale' where

cultivated plots are smau o, *r,iiJ land use parterns are not clear' more- detailed (large scale)

ohotos are requked. For e*amp[;; c p.r#"ii *"irtttt.l, *gtl 
"t lry farms are small hobby

iarms of less it un 5 acres. #fit:i";Trt0,000 prioior tt rse plots were difficult to interpret as

inigated or non-irrigated'

we expected that large scale photos-would ulrg provide detail thar would make identifying

distinctive irrigation patteqs easier. ry*;rr, ,trJ onry oistinitive irrigation pattern visible in

the three study areas was me ceilre nlvoi'ty;;;; i"ii*g.tion whicf, creat-es large circular

patches. These- parterns *rrr-+iriui. u, both ff8; and smatitclrt so there was no advantage in

using large scale Photos'

using the mosr recenr air photos availabre is particurarfv impon.l, ilT:as 
where land uses are

changing either into o, out'oiagricurture;ifi;;J#gution is g.radually being introduced'

Because small scale photos ;; ffi;;'tddy ;;1tiuurr, trtri ur utto Titt-ly to-be more recent' By

using sma' scale ptrotos, *J;,,, uut" r dJph".l d"r1"'sTgs6 t" 198i for the Bonaparte and

Nechako basins. Because ln, sur*on *'uirished is relaiively small, large scale photos were

available for 1988
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In the end, we chose large scale photos from 1988 for the Salmon' and

dating mostry no*-igggior the Iionapane and Nechako. The photos for

Nechiko were not all of uniform scale'

small scale Photos
the BonaParte and
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SELECTING MAPS

Complete 1:20,000 map coverage of the three study areas was gradually pieced together from
maps available through Maps B.C. and the B.C. Ministry of Forests. The maps are cadastral or
planimetric maps which allow for accurate area measurements. Topographic maps would also
allow the relief of an area to be accounted for. However, these maps are not yet available at
1:20,000 for the study ueas. Apparently the Terrain Resource Information Management
(T.R.I.M.) project will produce these maps for the entire province in the future.

MAPPING FROM AIR PHOTOS

In transferring information from air photos to maps, consideration must be given to several
potential sources of error. These include air photo distortion, different scales, replication of
information and interpretation of features. These potential sources of error were largely
overcome by making use of an imagery analysis instnrment called a Zoom Transfer Scope
(ZTS). This instrument has been used primarily by planners'to update maps from air photos.
The ZTS matches the two scales and superimposes the image taken from the air photo directly
onto the map.

Photo Distonion

Areas shown on air photos are distorted to varying degrees. Distortion increases with distance
from the centre of all types of air photos, depending on the flight angle when the photo was
taken. Distortion is also created in topographically diverse areas. At the outer edges of photos
in topographically diverse areas, area estimates can be off by 30Vo (pers. comm. Hans Schrier,
1992). The ZTS compensates for distortion by adjusting the direction and intensity of stretch
required to match a photo to a map. This matching of photo to map does not completely
eliminate errors due to distortion, however.

Different Scales

Because we wanted to reduce the number of photos viewed by using small scale photos in the
Bonapar:te and Nechako watersheds, the photos and the maps were in different scales. In past
uses of the air photo method, the air photos and maps have been of the same scale to avoid the
problem of scale adjustment. The ZTS has the ability either to magnify or reduce the image
projected from the air photo to match the scale of the map. The initial set up of the ZTS for a
panicular scale adjustment may take l5 minutes. Once set for a scale, however, each photo
takes 1 - 3 minutes to line up on the map.

Maooins Features

-

When an irrigated plot was identified on an air photo, the area had to be drawn on to the map in
the correct location and representing the correct size. This was straightforward with the ZTS
because the image of the photo was projected directly on the map. The feature, in this case an
irrigated plot, was then traced on to the map. In past studies, this transfer was made by spotting
a plot on a photo and then eye-balling the plot onto the map. This method left room for error in
locating the plot and accurately defining the area of the plot.

Intemretation

-

One of the most subjective elements of air photo interpretation involves the determination of
irrigated plots of land. In mapping the three test areas, all cultivated land was mapped and those
plots thought to be irrigated were shaded in. By using the magnification function of the ZTS,
we were able to observe details not obvious to the naked eye. In the Salmon watershed, this

Water Use in the Fraser Basin. 3I



aided in mapping the small plots, and in the Nechako and Bonaparte it helped to distinguish
between cultivated plots and clear cuts where plant succession had taken place. By using the
stereoscopic image function, we were also able to view areas in three dimension.

As noted earlier, irrigated plots were identified by observing variations in shading and
distinctive patterns. In most cases, however, the shading method was not very helpful.
Although a darker shade of grey does indicate a darker green field, the tone also reflects the crop
type and the crop height. For instance, some fields may have been irrigated, but had been
recently harvested at the time the photo was taken. These fields would not appear irrigated in
the photo. In areas where there was a great diversity of crops the photos showed so many
shades of grey, it was difficult to note a distinctive pattern in the shading. The centre pivot
irrigation was the only distinctive pattern found in our test watenheds.

Because the distinction between irrigated and non-irrigated plos was not obvious, all cultivated
land was mapped. Although estimations were made of what plots were irrigated, it was clear
that the determination of irrigated plots would have to be made in the field.

Mapping of the three watersheds took 10 person-days for the Salmon, 10 person-days for the
Bonaparte and 6 person-days for the Nechako. As the operators became familiar with the
equipment and technique, mapping time was significantly reduced.

FIELD SURVEYING

Field surveys were carried out in all three test watersheds during the month of July. This was
chosen as the time when the conditions were dry enough that irrigation would be taking place
and early enough in the growing season that most crops were not yet being harvested.
Precipitation was also unusually low during this time period, providing optimum conditions for
determinin g irrigated areas.

Two field investigators carried out the field work; one drove the vehicle and the other worked
with the maps. The maps delineated all plots of cultivated land and indicated those plots thought
to be irrigated. On the basis of their observations and discussions with farmers, the field
investigators marked the irrigated plots on the maps. The irrigated area was calculated from the
maps through the use of a planimeter. Each parcel was measured three times and then an
average of the readings was taken to represent the area. Each test watershed took five days of
surveying and mapping and half a day calculating the areas irrigated (with a two-person crew).
This included time the field crew spent orienting themselves on the maps and determining their
routes.

The Salmon Watershed

In the Salmon watershed the water table is very high, making the contrast benveen irrigated and
non-irrigated land unclear. Through discussions with farmers, it was discovered that irrigation
was used primarily for berries, turf and nurseries. This information guided the field
investigators to areas where these crops were grown. Irrigation equipment of various sorts
(e.g. sprinklers, hoses and drip irrigation) was identified in the fields. Land use patterns had
also changed since the time of the air photos; subdivision of farms into residential lots had taken
place in several cases.

The field surveys in the Salmon watershed demonstrated very clearly that the estimations from
the air photos were highly inaccurate. Of the 97 plots thought to be under irrigation (on the
basis of air photos), only 37 were found to be irrigating (on the basis of the field survey).
Also, an additional 85 plots were found to be irrigating that had not been identified through the
air photo interpretation.
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The Bonaparte Watershed

Field investigations in the Bonaparte watershed were much more straightforward. Almost all
cultivated land 

-wa.s 
bei-ng irrigated and the contrast between irrigated and non-irrigated land was

obvious in both the photos and the field surveys. The only-areas where the lrrigation was
difficult to ascertain was in the valley floors where the watei table was high. In s6me cases,

ltld investigators found new areas of cultivated land that were not indicated on the maps.
These were added to the maps using roads and other landmarks as guides. The identificationof
y.gur{ plots was far more accurate in this area, where the farms tended to be much larger than
in the Salmon watershed and where the distinctive centre pivot irrigation pattern was quite
common

The Nechako Watershed

Surrreys in the Nechako watershed once again relied lreatly on discussions with local farmers.
After identifying that hay and barley were the principle crops being irrigated, rhe field work
focused on these areas. Visual identification of equipment was then uied to locate the farms that
were irrigating.

The size of the Nechako watershed precluded a complete survey of the watershed. Instead, we
surveyed that portion of the watershed in the lower Nechako River between the settlements of
Fort Fraser and Isle Pierre (Figu.re 

-l 
1). This. porrion o! qhe warershed includes rhe majority of

the irrigation licenses and is relatively accessible by vehicle.

Burns Lake

Nechako River

Prince George

Figlre_ll. Itdup of the Nechako Watershed Showing the Area Surveyed by the
Field Crew in July 1992.

N

t

-

100 km

eservoir

Water Use in the Fraser Basin. 33



2.2.2 Data Limitations

The accuracy of the air photos for identifying irrigated crops was limited by the following

factors:. 
g1e date of the photos - in some cases land use changes had occurred since the

time of the photos;

o \f,/here irrigated crops had been recently hanrested, they appeared not to be

irrigated;

where the contrast btween irrigated and non-irrigated plots was low, irrigation

was difficult to detect;

small cultivated plors (under 5 acres) are easily missed in small scale photos;

. 
Bfiihg*ffil;| liloa*tt 

harvestins sometimes were difficult to distingursh from

o rDechanical error in estimating the area of small plos with a planimeter.

The accuracy of the field surveys in locating inigated plots was limited by the following factors:

road access was diffrcult in rural and wilderness areas, particularly ttre Bonaparte

and Nechako;

the visual contrast between irrigated and non-irrigatgq land was small to non-

i*irt"nt in the Salmon where the water table was very high;

not all farmers could be located to confirm the use of irrigation;

some types of irrigation equipment, such as drip or trickle irrigation, were

difficuli io see in the Plots; and

if an irrigared plot was found in the field that was not mapped from the air

photos, trte atia'ttuO to ur estimated using landmarks for spatial reference-

2.2 .3 Opportunities for Improving Data

The accuracy of the air photos is increased by using nely recent photos Td by using the largest

scale thar is ,ruionuute.^nir"piil;;;li urrd-otiipplicable to'areas with large size farms and

a high aegre" oi.ont urt between irrigaleo-*a non^-ioigated land. In any case, the air photo

interprerarion should atways beiofo*-ea up *itrt.groundproofing in the field' The more time
'roj|iil 

thr ft4d, the more accurate the results will be.
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2.2 .4 Presentation of Data

Once the field work was completed, the maps delineating irrigated plots were planimetered to
determine the area of land irrigated in each of the three watershedi. Estimates of area under
irrigation were also obtained from the analysis of license data. The results are shown below in
Table 13

Table l3: Estimates of Area Under Irrigation in the Salmon, Bonaparte and
Nechako Watersheds

WATERSHED AIR PHOTO/
FIELD DATA

(Hectares)

LICENSE
DATA

(Hectares)

Salmon

Bonaparte

Nechako

360.2

2s53.2

t707.8

183.0

4634.6

41t5.3

2.3 COMPARISON OF RESULTS AND METHODS

The two approaches to estimating area under irrigation (and by inference, the amount of water
used for irn^gation) Ciy: quite different results. This section includes some possible
explanations for these differences and recommendations for future work.

2.3.1 Salmon Watershed

In the Salmon watershed, the area derived through the air photo/field metho d G61.2hectares) is
almost double that obtained from the license data (183.0 hectares). This discrepancy mosr hkbly
results from the fact that a great deal of irrigation water in the Salmon is 

-drawn 
from

groundwqter, which does not require a license. The high figure for the air photo method is
particularly surprising gjyen that over half of the land licenied for irrigatioir was nor being
TtigateO at the time of this study and would, therefore, not be includedln the air photo/field
data. Because of the small plot size in the Salmon, it is also possible that the results from
planimeterin g are inaccurate.

2.3 .2 Bonaparte Watershed

In the Bonaparte watershed, the license results (4,634.6 hectares) are much higher than the air
photo/field results (2,553.3 hectares). Additional research was not conducted to explain the
discrepancy or to give more confidence to one set of data over the other. Both methods have
limitations in this region. The irrigated plots were easily detected from air photos, but the
phoros dated in some cases from 1986. The plots were readily detected from the field surveys
as the contrast of irrigated to non-irrigated was great. There may have been irrigated land that
had been developed since the ti-me of-the photos in areas that are not adjacenr io the mapped
plots. The field surveys stayed fairly close to the mapped cultivated areas and may have misseO
irrigation development in new areas. The license data may be high due to the existence of
inactive licenses as we found in the Salmon. In particular, as so many licenses in the Bonaparte
watershed date from long ago, it seems likely that some licenses, although never cancelled, Bre
inactive.
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2.3.3 Nechako Watershed

In the Nechako watershed, the resulrs from the license data_(4J15.3 hectares) are more than

double those Orti".O ttttough the air photo and field data (1,707.8 hectares). The primary factor

in this differenci is iir.iry tfi. o"rutrenrc of license holders wlro are not yet equipp* t9 irrigate.

Some farmers ;h; dld'inigation licenses in the Nechako said they )vere ryai.ting f9r flnalcing

u"roi. furctrasi"fi.igutioriequipmenr The licenses of those planning.to irrigate. in.the future

;;;H ;tpgar il fre tiiense dati 6ut not the air photo/field data. Aquict scan of the licenses in

the Nechato reveafed that a trigh percentage oi the licenses have Et! q$teg in the past five

t"'5. rrttii-it"tionr on the afi pirolo/rr.etd data in the Nechako included the date of the photos

and limited road access. gecausd irrigation is expanding in this region, recent.air ph.otos. would

t."e t ertrd g;;trv. 
-r"r*v 

pton not iho*n on ttr'e air pli-otos were visually estimated and added

to the maps in the field.

2.4 CONCLUSIONS

An integrated approach to manag.ing resources within the Fraser River basin, such as is

envision-ed in tni fraser River nciion Plan (1992) and the Agreement Respecting the Fraser

Basin Manage-rnt program (1992) will require good.technical information on water supply and

warer use. At present ihe information on bo-th suppll and use are inadequate. l*gng water

;il; agricufruial warer use is the second.largeif (in tenns of volume) Td tt tgf well
documjnted water use. Accurate and cost efficient methods to measure or estimate agricultural

water use are required

The comparison in three watersheds of methods that have been used in the past for estimating

inigation warer use illuminated several limitations of the methods.

The method of air photo interpretation combined with field surveys.proved most useful in the

dry Bonupuntrigibn where the contrast between-irrigated and qo_n_-iryg.ated land was obvious

# t[" aii phoos"and the farms were large. In the Salmon and Nechako watersheds, the air
ph". interprerarion could only be used is a guide.to map cultivated land, ggth.irrigated and

ffi-i11itut.iit. The field surveys werg essential in all cases to identify and verify the occurence

oi iriguied plots. Time spent'mapping could have been eliminattq Uv.ufing luryey .maps that

outline ttre cuitivated plo^ts. Thesti mips could then be used as a basis for the field surveys.

Extra time could be tak^en in the field to iatt< to farmers and verify the results.

When using license data, it is imponalt t.o recognize that it records the area of land that is

licensed for irrigation. itrr farmer mly be ini-gating tor.e: less, or no l*d at all. As we found

in the Salmon and Nechako watershedi, not all-license holders are.makil8 use of their allocated

*utrr, *O ttrir *ui pioUuUly tnre in the Bonapqrte as well. This is an important consideration

in warer tn*ugrrnrf,i Gru*e if all licensed {gationrvater us!{s began to use their allocated

water, water t""ppit;uy b"rome a problem. In the Salmon River watershed, for example,

warer use could hbriurr if il u6ntr h6lders began to exercise their right to draw water from the

river.

The license data provide only a general indication of irrigation^trends and patterns. The

.o-p*iiont Gi*,J.n regions ind 6ver time Tay be.limite4. bv the fact that the accuracy of the

Oara *iU depend on the d".grer and rate of land Js9 cfralge (i.9. ghalgg into orout of irrigation).

The license data in some regions such as the Nechako and the Salmon, where-irrigation is

intermitt"n, oi-in a iapiO ph?rr of growth, may be less accurate than in a well established
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agricultural area with a fairly constant use of irrigation. On the other hand, in an area with a
long history of irrigation licensing, like the Bonapar:te watershed, the license data may contain
many anachronisms unless it is reviewed and kept up to date.

lhis comparison was based on area irrigated rather than volumes of water used for irrigation.
The results of the comparison show that one cannot rely on the area data with much confidence.
Because the volume data in the literature is based on area estimations multiplied by water use
coefficients, it too is limited by the factors discussed above. The coeffi-cients ihemselves
attempt to incorporate a variety of complex factors (e.g. crop type, soil type, micro-climate,
etc.), are based on a series of assumptions, and are considered by many to be inaccurate.
Because the volume of water being used is of primary interest, rather than area of land irrigated,
means of estimating volumes without basing them on area estimates should be explored funher.

Several approaches might be taken to improve the information on water use by agriculture. The
first ll to improve the existing water license system in British Columbia. The license sysrem
provides the basis for obtaining good informaiion on potential and actual levels of water use.
For the license data base to serve this function, however, it needs to be updated so that inactive
license holders are removed from the system. Furthermore, there should be a requirement that
license holders renew their licenses at some reasonable interval (e.g. every 5 years). At each
renewal the license holder should be required to show that the licens6 hai been used as
intended, not simply h^eld in_ anticipation of use, or because the licensee thinks it may have
future value. Licensee's could also be required to keep records of acreages and crops irrigated
on an annual basis. Finally, use of groundwater for irrigation should be licensed. - We
understand that licensing of lioundwatir use is contemplated for the revised B.C. Water Act.
The addition o{ ryogndwater to the licensing program would provide an opportunity to
restructure the whole licensing system to provide bener information bn water use.

In our view, an effective and efficient licensing system is the key to having god information on
water use in the.long t9ry. In the short term, however, better-information on irrigation water
use could be obtained for selecle-d regions. by a _!!mber of techniques. For-example, a
questionnaire, similar to that used for collegli!"g MUD and IWUD couid be senr to irriladon
farmers at the end.of the growing season. While it is doubtful that farmers will know eiactly
how much waler they used, water use data that is considerably better than that which is now
available could be obtained through careful questionnaire desiln, with questions that could be
cross-referenced to provide accuracy checks. This approach-could be applied to the Fraser
River basin as a whole.

A second approach would be to enlist the assistance of a subset of interested farmers and have
them keep log books of their irrigation activities. Daily log entries on irrigation activities
combined with weather information, crop types, etc. would provide detailed information for a
sample o!_t_*gution farmers that could be expanded to provide estimates for all irrigation
farmers. We have used this technique successfully in the fishing indusrry to obtain data on
catch rates and fishing effort and we see no reason why it could not be applied in agriculture.
OlI. experience with fishermen was that many were very interested in such projects and
willingly participated. provided they were convinced that the results were not going to Ue used
to sanction them. This approach could be applied to smaller sub-basins oi individual
watersheds on the order of the size of the Bonaparte. Details of the log book design might
differ between regions with different approaches or styles of farming. The success of t[is
methodology depends on the technician developlng rapport with the farmer and providing
feedback to the farmer on results of the progmm and its implications.
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A third approach would be to conduct more detailed field surveys than we were able to do in
tfris pro:eit anO to incorporare the collection of information on rates of water use together with
area^of iand under irrigation and crop types. The field technician would make regular visits to
irrigation farms notin! when irrigation-equipment.was operatin& typ-e of equipment and its
*ui'"r delivery specifidarions, area and crop under.irrigation. 4 Doppler acoustic flow metre

could also be usdd ro record flow in the maih irrigation delivery line to provide a direct estimate

of short term water use. As with the log book approach, the success of this kind of intensive
data gathering would depend on the field technician obtaining the cooperation and assistance of
the farmers in the region.

The three approaches described above are nol mutually exclusive. All three.might be applied in

ttr" rurn. t !ion, or they might be combined in varioui ways depending on the characteristics of
a region and its accessibility.
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APPENDIX A

HOW TO OBTAIN A WATER LICENSE IN BzuTISH COLUMBIA
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