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EXECUTIVE SUMMARY

The Nicola River Watershed Present and Future Water Demand Study is intended to support the
development of the Nicola Water Use Management Plan (WUMP). The principal objectives of the
study are to:
e Quantify current (2006) water demand by sub-basin and sector on an annual, monthly and
weekly basis (August and September only) within the Nicola watershed;
e Compare water demands with licensed quantities in the watershed in order to identify
potential water licensing issues;
e Evaluate irrigation efficiency in the watershed; and
o Develop future projections of water demand taking into account expected growth and climate

change.

This report summarizes the methods used in the study and the assumptions that were necessary in
order to develop water demand estimates, compile water licence information, and actual use data. An

evaluation of this information was the principal task of this study.

Agriculture demands the greatest volume of water (76%) annually in the Nicola watershed. By
comparison, the industrial and domestic sectors represent about 11% and 8% of total annual demand
in Nicola watershed, respectively. Water demand from the business/commercial, institutional, and

recreation resort sectors represent the remaining 5%.

Overall, 99% of the agricultural water used is for irrigation in the Nicola watershed. If irrigation
efficiencies are assumed to be consistent with the literature (i.e. MAFF 2005), it appears that the
current surface water licences are sufficient to meet the total irrigation requirement in all but the
Middle Nicola (and Clapperton) sub-basins. In the Middle Nicola and Clapperton sub-basins (as well

as other sub-basins) groundwater is used to meet irrigation requirements.

Comparison of demands and licensed quantities in the non-agricultural sectors is not straightforward
and is generally precluded by the overlapping water use between sectors and sub-basins and the

relatively greater use of groundwater in these sectors.

To assess future water demand, three (3) scenarios and two (2) time periods were modeled.

Descriptions of each of the adopted scenarios are provided and the results are tabulated in order to
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facilitate direct comparison with the current (2006) demand estimates. The following highlights the
projected future water demands in the watershed:

e By 2020, total annual water demand in the Nicola watershed is expected to be 4% higher than
it is currently if “low” growth and no climate change were assumed (Scenario A). If climate
change is accounted for (Scenario B), total annual water demand is projected to increase by
10%. If climate change and “high” growth were experienced across the basin (Scenario C),
total annual water demand is projected to increase by 43%.

e By 2050, “low” growth alone (Scenario A) is expected to increase total annual water demand
by 14%. With the effects of climate change (Scenario B), total annual water demand is
projected to increase by 22%. Under the influence of climate change and high projected

growth, total annual water demands are expected to be 124% higher than it is currently.

It is expected that by converting to more efficient irrigation practices it may be possible for the
agricultural sector to reduce water use by 10% overall. Also, through a focussed demand
management program up to a 30% reduction in water demand in the domestic, recreation and resort
and institutional sectors could be achieved. Currently, a 30% reduction in these sectors would
represent only a 4.0% savings overall. However, by 2050 a 30% reduction in water use by the
domestic, recreation and resort and institutional sectors could represent a 10% savings overall.
Potential savings in the industrial and business and commercial sectors is also possible, but since each
business and commercial sector activity is unique, improvements in estimates for water use efficiency

can only be made accurately on a case by case basis.

The information presented in this report is intended to provide basic information necessary to develop
a comprehensive Water Use Management Plan for the Nicola watershed. Before such a plan is
developed, it will also be necessary to evaluate water supply and develop a better understanding of

groundwater processes — tasks which are being initiated under the WUMP process.
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1.0 INTRODUCTION
1.1 PROJECT BACKGROUND

As a result of projected economic and population growth, increased water demand, recent
drought conditions, and the projected impacts of climate change, it is becoming evident
that there are increasing pressures on the water resources of the Nicola River watershed
(“the Nicola watershed”; Figure 1.1). In order to understand and alleviate these
pressures, and avoid conflicts between various water users, the residents of the Nicola
watershed have endorsed the development of a Water Use Management Plan (WUMP)

that balances social, economic, traditional, and ecological values (NWCRT 2006).

A phased approach to developing the WUMP was adopted at the outset of the process in
November 2004. Phase 1 in fall 2005 involved development of the planning process and
workshops to determine knowledge gaps. One of the identified knowledge gaps is
detailed information on water demand (and actual water use) in the Nicola watershed.
Up-to-date information on water demand (and water supply?) in the Nicola watershed is
required to assess water availability for licensing and allocation and to balance future

population and economic development as well as traditional and ecological values.

On April 26, 2006 the Nicola Watershed Community Round Table (NWCRT) issued a
Request for Proposals (RFP) to conduct a “Present and Future Water Demand Study”
(WUMP-2006-S01). A contract for this study was subsequently awarded to Summit
Environmental Consultants Ltd. (Summit) on July 19, 2006. This report presents the
findings of the study.

! Assessment of water supply is beyond the scope of this study.
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Figure 1.1 Location of the Nicola watershed and selected sub-basins.
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Section 1.0 of this report outlines the background and objectives of the study. Section
2.0 summarizes the methods used and the information compiled. To provide context to
the study, Sections 3.0 and 4.0 briefly describe the Nicola watershed and the land use
patterns among its sub-basins, respectively. Descriptions of off-stream water demand
(and water use where available), organized by sub-basin and sector are provided in
Section 5.0. Information on water licences for instream flows and recommended
instream flows developed by the Ministry of Environment are presented in Section 6.0.
A brief description of future water pressures in the watershed is presented in Section 7.0.
This leads into Section 8.0, where estimates of water demand for a select number of
scenarios are presented. An evaluation of the available data and discussion of confidence
in the estimates provided is presented in Section 9.0. Study conclusions and

recommendations are presented in Sections 10.0 and 11.0, respectively.

In order to facilitate effective communication among various parties, a glossary of
technical terms relevant to this study is provided in Section 13.0. Of particular
importance are the definitions of water demand, actual use and estimated use adopted for
this study. Demand refers to the quantity of water that is required to satisfy the needs of
an average water user over a defined period. Within the agricultural sector, crop water
demand is the optimal quantity of water required to meet the needs of a crop. Water use
within the agricultural sector represents the quantity of water obtained or withdrawn from
the source (i.e. surface water and/or groundwater). Measurements of the quantity of
water obtained from the source (e.g. by water metering, weir, etc.) provide information
on actual use. Estimated use in the agricultural sector refers to any estimate of the
quantity of water withdrawn from the source, which is usually based on demand and
assumptions of irrigation efficiency. The definition of irrigation efficiency used in this
study is the percentage of the water withdrawn from the source that is beneficially used
by the crop. Irrigation efficiency reflects water losses due to distribution system losses
(e.g. leaks), evaporation, and poor irrigation practices (e.g. over-watering). Irrigation

efficiency increases as water losses are reduced.
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For all other sectors assessed in this study (Industrial, Business/fCommercial, Domestic,
Institutional, and Resorts and Recreation), demand is defined as the quantity of water
required to optimally maintain their respective activities. Demand in this context is
extremely difficult if not impossible to quantify. For example, it is not possible to define
what quantity of water is actually needed by a domestic water user. What is needed
would vary widely by user and would depend on lifestyle and many other factors.
Instead, we can determine what quantity is used, either through measuring (i.e. water
meters) or estimating using expected water use rates for specific types of facilities. The

former would be termed actual use, and the latter would be termed estimated use.

As in the agricultural sector, water use in the non-agricultural sectors reflects the quantity
of water withdrawn from the source and includes losses through the distribution system
and potential consumption of water in excess of what is actually needed. Given the
difficulty in defining what quantity is actually needed, in practice, estimated use and
demand in the non-agricultural sectors are often considered analogous. Therefore, for
this study demand and estimated use in the non-agricultural sectors can be considered to

be equivalent unless noted otherwise.

1.2 PROJECT OBJECTIVES

The general objective of this study is to determine current (2006) and future (2020s and

2050s) demand (and actual use where available) for water in the Nicola watershed.

Specific objectives of the study include the following:

1 To quantify and compare current demand, actual use (if available) and licensed
quantities in the Nicola watershed by sub-basin and sector at annual, monthly, and
weekly (August and September only) time scales;

2 To identify where (i.e. in which sub-basins and sectors) discrepancies between
current demand, actual use, and licensed quantities occur;

3 To estimate the capacity for improving irrigation water use efficiency in the

agricultural sector; and
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4 To estimate future (2020s and 2050s) demand by sub-basin and sector, and
identify uncertainties related to future demand from climate change, changes in

land use, and water conservation practices.

Whereas in-stream water use information was compiled for this study, an assessment of

in-stream flow requirements was beyond the scope of this study.
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2.0 METHODS

2.1 ORGANIZATION

The Nicola WUMP process uses a committee structure consisting of a Planning Team,
Multi-Stakeholder Committee (MSC), and various sub-committees and advisory groups.
The Nicola Watershed Community Roundtable provides administrative support to the
process and acts as the main contact (NWCRT 2006).
responsibilities of key individuals in the Nicola WUMP process that provided guidance

to the Present and Future Water Demand Study. Collectively, these individuals formed

the “working group” for the study.

Table 2.1
Demand Study.

Key individuals that provided guidance to the Present and Future Water

Responsibility

Name

Program Manager - Nicola WUMP Planning Team

Katherine Gizikoff

Administrative Support — Nicola Watershed

Community Round Table

Elizabeth Salomon-de-Friedberg

Multi-stakeholder Advisory Committee (MSAC)

George Armstrong, resident

Bob Hamaguchi, Highland Valley Copper

Gene Huber, rancher

Technical Advisory Group (TAG)

Jeptha Ball, Ministry of Environment

Craig Beeson, Ministry of Environment

Mike Edwards, Ministry of Environment

Bruce McFarlane, Ministry of Environment

Jeff Guerin, Fisheries and Oceans Canada

2.2 PROCESS

Summit met with the working group in person in June 2006. At that time, the Program
Manager approved a timeline for the completion of the study. Maps, data, reports, and

other relevant information needed to complete the work were assembled beginning in
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July 2006. The process of information collection, assembly, and review is outlined in
Section 2.0.

On July 19, 2006 a start-up meeting was held in Merritt between Summit and the
working group. During this meeting, Lars Uunila, P.Geo. of Summit presented an
overview of the methods to be used in the study and solicited input from the group on
data sources, sub-basin delineation, and major water users (by sector) in the Nicola
watershed. The list of major water users developed during this meeting was the basis on
which the study team developed a consultation strategy with stakeholders to obtain

information for the study.

On August 14, 2006, the NWCRT issued a news release for publication in the Merritt
Herald. This news release is reproduced in Appendix A. The purpose of the news
release was to solicit information from water users and stakeholders and inform them of
the study in advance of direct communication (with selected water users) by the Program

Manager and Summit.

On September 22, 2006 Summit submitted Progress Report #1 to the working group in
Merritt. The purpose of this meeting was to discuss the progress of the study, discuss
issues facing the study team, and revise the schedule. In addition, a list of definitions
was reviewed with the goal of maintaining clear effective communication among the

working group and Summit.

Summit presented Progress Report #2 to the working group on November 30, 2006 in
Merritt. The key item of discussion during this meeting was the development of
scenarios to assess future (2020s and 2050s) water demand in the Nicola watershed. The

scenarios adopted by the group are discussed in Section 8.0 of this report.

Following technical analyses, draft and final reports summarizing the study were

prepared.
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2.3 STuDY TASKS

The study terms-of-reference outlines 11 main tasks for the study:

1. Review background information;
2. Consult with key water users/stakeholders;
3. Determine current demand and water use (where available) by sub-basin,

sector, and source on an annual, monthly and weekly basis (for August and

September?);
4. Summarize water licences by sub-basin and sector;
5. Summarize water licences for instream use (i.e. conservation) by sub-basin

(monthly basis, plus weekly basis for August and September)

6. Convert all quantities to m® and m*/s;

7. Compare water demands and actual use (if available) with licensed quantities
to determine where discrepancies may exist;

8. Conduct an agricultural GIS mapping exercise and field study to support
demand calculations. Identify the following:
a. area of currently irrigated land by sub-basin;
b. types of irrigation methods used and their efficiencies; and
c. number of ranches using each type of irrigation method,;

9. Analyze water demand changes as a result of implementing irrigation
efficiencies and water conservation practices;

10. Develop future demand scenarios by sector and sub-basin (3 scenarios for 2
time periods); and

11. Evaluate confidence in the data, potential for improvement, compare optional

approaches and recommend the best means to reduce uncertainty.

2 For both August and September, five (5) weeks were defined for this study. Weeks 1 though 4 in each
month consist of seven (7) days. Week 5 in August consists of three (3) days, while week 5 in September
consists of 2 days.
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Methods used to complete the above-noted tasks are summarized in Sections 2.4 through
2.8.

2.4 INFORMATION REVIEW

Section 2.4 summarizes the work done to obtain and review relevant information and
identify data gaps and weaknesses. These weaknesses are highlighted within Section 2.4

and are summarized in Section 9.0.

2.4.1 Types of Information Reviewed

There is a great deal of existing information that was useful in completing this study.
The following list outlines the major types of information reviewed:
e Terrain Resource Inventory Mapping (TRIM) of the watershed,;
e Digital orthophotos (2004) of the watershed,;
e Climate data;
e Soils mapping;
e Water licence information;
e Groundwater well records;
e Present and projected land use information from several sources;
e Water use records available from water utilities;
e Previous water demand and water supply studies; and

e Reports on water management and climate change in the B.C. Southern Interior.

In analyzing the issues affecting water in the Nicola watershed, we relied heavily on the
results of discussions among the working group, and consultation with stakeholders.
Although the working group provided information on a broad range of topics, some
interests may not have been represented in the group. The size and diversity of the
watershed make it difficult to represent all interests on a working group. Nonetheless,
the authors of this report are confident that the majority of the water users in the Nicola

watershed have been identified.
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24.2 Information Sources

Information for the study was compiled from a large number of sources. Based on
discussion with the working group, a list of key water users in all sectors was developed.
Since water use in the Nicola watershed is dominated by the agricultural sector, Summit
developed a strategy to consult with 27 of these key users. The strategy also included
consultation with First Nations and key users in other sectors. Section 2.5 outlines the

consultation conducted for the study.

In addition to key water users, federal, provincial, and local agencies and others were
contacted during the course of the study. These included:

e Thompson Nicola Regional District;

e Ministry of Environment (MOE);

e Ministry of Agriculture, Food and Fisheries;

e Fisheries and Oceans Canada;

e Indian and Northern Affairs Canada;

e Statistics Canada;

o City of Merritt;

e District of Logan Lake;

e Major and minor water utilities;

e Lower Nicola Indian Band;

e School District No. 58;

e Local business representatives in the Forestry, Retail, Services, and Mining

sectors; and

e Community Futures Development Corporation.

2.4.3 Specific Information Reviewed

This section highlights the relevant information that was compiled for the study and the

key gaps in information that was identified.
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Background Reports
During the start-up meeting, the working group and Summit identified a number of
directly relevant background reports for the study. These included the following:
e Nicola Basin Strategic Plan Technical Document (MOE 1983);
¢ Nicola River Basin Management Strategy Phase 1 Scoping Study (Urban Systems
2005);
e Report on Phase 1 of the Process Leading to a Nicola Water Use Management
Plan (NWCRT 2005);
e The Water Quality of the Tributaries of Nicola Lake (Holmes 1988);
e City of Merritt Water Conservation Strategy Final Report (Urban Systems 2003);
e Engineering Feasibility Study on Rebuilding outlet of Nicola Lake (Bergman
1983);
e Coldwater River Watershed Recovery Plan (Nelson et al. 2001);
e Conflicts Between People and Fish for Water: Two British Columbia Salmon and
Steelhead Rearing Streams in Need of Flow (Rosenau et al. 2003);
e Environmental Impact Assessment of Basal Aquifer Dewatering Project (Summit
2002); and

e Trepanier Landscape Unit Water Management Plan (Summit 2004).

Based on a review of these documents, MOE (1983) provides the most relevant
information for the present study. Like the present study, MOE (1983) provides an
analysis of water demands on a watershed-scale. However, the information is outdated
and may not accurately reflect current conditions. Furthermore, a number of
assumptions, particularly associated with irrigation, may not be accurate. The assumed
area under irrigation, for example, appears to be 30% more than the area identified in this
study and by Statistics Canada (see Section 2.6.1). For these reasons, the MOE (1983)

estimates should be interpreted cautiously.
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Water Licences

The analysis of licensed quantities of water required the compilation of all water licences
in the Nicola watershed and determination of their precise location. Licence data,
organized by stream hierarchy, was obtained from hardcopy output from the Water
Licence Information System (WLIS) provided by the Ministry of Environment.
However, most seepages and springs are omitted from this dataset since they are not
included within the stream hierarchy. Therefore, it was necessary to cross-reference
digital point-of-diversion (POD) files and the online water licence database to identify
missing licences. Given the format of the water licence dataset, it is possible for several
points-of-diversion under a single licence to each have a licensed quantity attributed to it.
Therefore, in order to avoid counting a licence more than once, it was particularly
important that the data was screened for multiple points-of-diversion. To simplify
comparison, all water use (provided in various units) was converted to metric units (i.e.

m®).

A summary of the current water licences (both for offstream and instream use) by sub-
basin and sector on an annual basis is provided in Appendix D. Estimation of licensed
water quantities on a monthly time-scale and weekly time scale (for August and
September) was based on the conditions of the licences (i.e. period over which
withdrawals are permitted) and assumptions on licence apportionment.  These
assumptions were developed and refined based on published information, agency input,
consultation with licence holders on water use patterns, and analysis of factors (i.e.

potential evapotranspiration rates) that directly influence water use patterns.

In addition to the water licence database, we compiled a list of the current water
allocation restrictions in the watershed (Appendix ). This list identifies the streams that
the Ministry of Environment has identified as having some concern associated with water

licensing.
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Groundwater Data
To determine the distribution between groundwater and surface water used in each
sector, data was obtained from the following sources:
e BC MOE water wells database;
e Municipal water utilities including Merritt, Logan Lake, and Lower Nicola Indian
Band;
e Agriculture questionnaires; and

e |Industries and businesses.

The BC MOE water wells database provides the location of drilled water wells, and basic
information on the installation of the well, the geology as reported by the driller, and the
intended use of the water well. Additional information is also provided in a “notes”
section. The well use categories include:

e Domestic;

e Commercial and Industrial;

e lIrrigation;

e Municipal;

e Institutional;

e Unknown;

e Abandoned; and

e Observation (Other).

Wells in the MOE database were categorized by sub-basin and by well use by importing
the geographic coordinates of each well onto a base map using GIS software (Table 2.2
and Tables E-1 and E-2 of Appendix E). The following rules were applied in assigning
well use to the land use sectors for this study:

e Wells with irrigation use are considered to be in the agricultural sector;

e Wells with commercial and industrial use were considered either one or the other

sector depending on sub-basin specific factors;
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e Wells with “unknown” use were considered as either domestic or irrigation
because over 80% of the wells on the data base are either for domestic (70%) or
irrigation use (10%). To determine which category applies, we have applied the
following rule: if a well is within 150 m of an irrigated area and had a high yield,
then the well was assigned to an irrigation use; if the well was further than 150 m

from an irrigated area, then it was assigned to a domestic use.

A major deficiency of the database is that it includes only about half the actual number of
wells, according to Rod Zimmerman, Manager of the Water Wells Database, Ministry of
Environment. Mr. Zimmerman has concluded from case studies throughout the province
that in general only 50% of all water wells that are drilled are listed in the database. This
is due to many factors including the fact that submission of logs by well drillers is on a
volunteer basis, well logs are incomplete, well records may be out of date, and staff
shortage issues at the MOE. Also, if a well was drilled since 2000, it is likely not to have
been imported into the database. To estimate the number of wells, we have doubled the
number of wells on the MOE database to account for the under-representation of the

actual number of drilled wells.
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Table 2.2 Summary of domestic and irrigation wells per sub-basin.

Estimated actual number
Sub-basin Number of wells reported* of wells® .
Estimated
Number of
people
Unknown Unknown supplied by
use; use; groundwater
Domestic assumed assumed for domestic
Use Domestic® | Irrigation | irrigation®* | Domestic | Irrigation use °
Clapperton 3 3 0 0 12 0 29
Coldwater 30 62 0 5 184 10 438
Guichon 22 22 0 1 88 2 209
Lower Nicola 56 22 5 17 156 44 371
Mid Nicola 21 12 4 10 66 28 157
Moore 2 0 0 1 4 2 10
Quilchena 6 3 0 0 18 0 43
Spius 7 7 0 2 28 4 67
Stump Lake 9 2 0 1 22 2 52
Upper Nicola 0 8 0 3 16 6 38
Entire
Watershed 156 141 9 40 594 98 1414
Notes:
1. Number of wells reported on Ministry of Environment water wells database.
2. Doubled to correct for MOE database under representation.
3. Includes wells with unspecified use if greater than 150 m from an irrigated area.
4. Includes wells with unspecified use if less than 150 m from an irrigated area.
5. Multiplied by 2.38, number of persons per household based on 2001 Census data for Merritt.

For other land use sectors, the MOE database does not provide sufficient information to
determine the amount of groundwater used. The agriculture questionnaires asked local
farmers and ranchers to provide information regarding the distribution of water used by
source (groundwater or surface water). From this information, we were able to obtain
estimates of the distribution for the agricultural sector in some sub-basins. For other
sectors, information regarding the distribution of groundwater and surface water was
provided directly from the water purveyors, such as the City of Merritt, District of Logan
Lake, Lower Nicola Water District, small private water utilities, and individual

businesses and industries.
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Land Use Data

In order to develop water demand estimates, an analysis of land use in the Nicola
watershed was conducted. This included assembling detailed land use information, and
where possible data on typical water use in each sector. For the purpose of this study
land use was divided into the following six (6) main sectors:

Agriculture;

Industry;

Business and Commercial;

Domestic;

Institutions; and

o 0 M L D

Recreation and Resorts.

First Nations could be considered an additional category within the Nicola watershed.
However, since water use by First Nations may include one or more of the above-noted
main sectors, we have classified water use by First Nations into the appropriate sector

listed above.

The land use analysis also included the compilation of information on where, when, and
how much urban, economic, and resource development is expected to occur in the
watershed in the future (to the 2020s and 2050s). Land use data were somewhat
problematic as some of the required information is not available for the entire study area,
not available for the periods of interest, or are not available in a convenient format (i.e.
data is not typically organized by sub-basin or watershed but rather by an administrative
unit). Information on projected land use beyond the 2020s is generally unavailable.
Therefore, the population projections to the 2050s were based on assumed continuous
growth in urban areas at presently projected rates, assuming no change in the overall land

use distribution. This is further discussed in Section 7.0.

Population Data

Population data for the Nicola watershed was obtained from the following sources:
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e Thompson Nicola Regional District;
e City of Merritt;

e District of Logan Lake;

e BC Stats;

e Small water purveyors; and

e Community Futures.

The majority of the people in the Nicola watershed reside in the City of Merritt and the
District of Logan Lake. Combined, these two (2) urban areas have a population of
10,300. The City of Merritt straddles the Coldwater and Middle Nicola sub-basins (as
well as a minor portion in Lower Nicola sub-basin). Therefore, it was necessary to
estimate the distribution of population between the sub-basins. This estimate was
facilitated by consultation with City of Merritt public works staff and a review of maps

and orthophotos.

Indian reserve populations were obtained from the BC Stats Indian Reserve Census (BC
Stats 2006). Population data for 2001 was available for 12 out of 33 of the reserves.
Typically, data is not available for the small reserves for confidentiality reasons (Pliezier
2006). So we assumed zero population on the 21 reserves with no information.

Therefore, it is possible estimates underestimate the actual First Nation population.

The population in rural areas could not be calculated from census data because the census
boundaries do not correspond with watershed boundaries; therefore, within each sub-
basin populations were estimated by summing the estimated number of ranches and the
number of households in rural areas. The population residing in rural sub-divisions was
estimated based on information from water utility managers from Harmon Estates, Lower
Nicola Improvement District, Brookmere Water Users, and Ridgemark Estates Water
Users. The number of individual rural households was estimated by summing individual
domestic groundwater wells identified in the BC MOE water well database (Section

2.4.2) and the estimated number of households with a domestic surface water licence.
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The sum of the ranches and rural households was then multiplied by 2.38 persons per
household to obtain the population in rural areas in each sub-basin. The value of 2.38
persons per household is based on 2001 Census data from Merritt, and is close to the

provincial average of 2.5 persons per household in BC (Statistics Canada 2006).

Based on the information compiled, the estimated total population in the Nicola
watershed is 15,045 (Table 2.3). This is slightly lower than the population estimate by
Urban System (2005) of 16,000. Potential reasons for this discrepancy may be due to the
following:
e The Urban Systems estimate may have been rounded up to the nearest thousand;
e No population data or number of households was available from at least four (4)
rural sub-divisions. We were not successful in contacting representatives from
Lower Nicola Water Society, Lookout Road Water Users, Lac Le Jeune
Conservation Association, and Nicola Lakeshore Developments;
e No population information was available for 21 of the 33 reserves. However, it is
likely that few or no persons live on some of these reserves; and
e |t is possible that some rural households do not hold water licences. These would

therefore not be accounted for.
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Table 2.3

Sub-basin Estimated 2006 Population
Coldwater 7,364
Guichon 3,300
Lower Nicola 1,867
Middle Nicola 1,822
Upper Nicola 303
Stump Lake 111
Spius 91
Clapperton 67
Quilchena 62
Moore 58
NICOLA WATERSHED (Total) 15,045

Key Information Gaps

Estimated population by sub-basin in the Nicola River Watershed.

Based on the information compiled and reviewed, the following key information gaps

and challenges were identified:

Digital soil mapping in a format that could be used for GIS analysis was
unavailable;

Very little information on groundwater use is available;

Groundwater information available from the MOE database is incomplete (and
likely represents only 50% of the actual wells);

The variation in sub-basin delineation in the Nicola watershed makes direct
comparison between sub-basins used in this study with those in other studies
challenging;

Water supply and use information from First Nations was unavailable;

Population data is generally unavailable at the scale of this study. Furthermore,
such data is based on administrative boundaries and not sub-basins as used in this
study; and

Very little actual water use information is available, particularly in the

agricultural sector, which is a dominant water user in the watershed.
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2.5 CONSULTATION WITH WATER USERS

Key Water Users

In an effort to obtain accurate estimates of water demand and use in the Nicola
watershed, Summit developed a strategy to consult with the key water users in the basin.
In total 52 key water users were identified by the working group and Summit. While this
list was not intended to be exhaustive, it does provide a reasonable distribution of water

users by sub-basin and by sector.

News Release and Introduction to Study

Prior to contacting key water users, a news release was prepared by the Nicola WUMP
administrator and published in the Merritt News and Merritt Herald (Appendix A). This
was followed by phone calls to a select number of key water users by the Nicola WUMP
Program Manager. These water users were informed of the study, and were asked if they
would be willing to provide information to the study team. A list of those who expressed

a willingness to participate was developed and provided to Summit.

Water Use Questionnaires

Two (2) separate questionnaires were developed by Summit in consultation with the
Nicola WUMP Program Manager and the Administrator. The first questionnaire was
developed for the agricultural sector (Appendix B), and the second was developed for
First Nations (Appendix C). The questions were aimed at guiding the user to provide
relevant information that would facilitate the best possible estimate of yearly, monthly,

and weekly (in August and September) total water demand and use.

A total of 23 questionnaires were mailed out to the key agricultural users on August 15,
2006 and follow up calls were made to all recipients over the following months. At the
time of reporting, a total of 14 questionnaires had been returned to Summit for evaluation

in the study.
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A total of seven (7) First Nation questionnaires were passed out in person to First Nations
key users by staff of the Nicola Tribal Association in early November, 2006. At the time

of reporting, no questionnaires had been received by Summit.

Phone Calls

In addition to follow-up calls to all recipients of agricultural questionnaires, all
reasonable attempts were made by Summit to call identified key water users in the other
major sectors. In total, attempts were made to contact 29 key water users from sectors
other than agriculture. Receiving prompt responses to our calls was problematic
throughout the course of the study. Useful information was obtained from approximately

12 of the identified water users. This information is detailed in Section 5.0.

2.6 ESTIMATION OF CURRENT WATER DEMAND

The analysis of water demand by sub-basin and sector is the core of this study. The
methods used to develop water demands varied by sector, and are described below. The

results are provided by sub-basin and sector in Section 5.0.

2.6.1 Agriculture

The main use of water in the agricultural sector is for irrigation of crops such as grass and
alfalfa to support ranching operations of beef cattle (Urban Systems 2005). To identify
the volume of water needed to satisfy the needs of a crop and the irrigation efficiencies,
several tasks were performed:
e The area currently under irrigation and the areas of dominant soil types were
identified in each sub-basin using high resolution orthophotos and GIS software;
e Irrigation demands were estimated by calculating the soil moisture deficit (SMD)
for each sub-basin; and
e A field reconnaissance was conducted to review the irrigation methods in use in

the watershed, and assess the potential for irrigation expansion.
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Further details on the methods used in the study to determine agricultural water demands

are provided below.

GIS Analysis
The following outlines tasks completed in the GIS analysis:

e Currently irrigated areas were mapped visually on 2004 high resolution
orthophotos. Irrigated areas were identified based on the colour, change in
shape/pattern from surrounding areas (e.g. circles for centre pivot irrigation
methods) and location. Valley bottoms, zones of agricultural land reserve (ALR)
and private land, gentle or level terrain (0-2%), cleared land, and points of water
diversion and well locations were used as guides to assist the identification of
irrigated land;

e The total irrigated area per sub-basin was calculated using ArcGIS software. The
results of this analysis are summarized in Table 2.4.

e A comparison of the irrigated areas obtained through this analysis with areas
obtained using other methods was made. The values using GIS are lower than
that reported in MOE (1983) but compared well with the 2001 Census of
Agriculture. The MOE (1983) reported 10,240 ha and the 2001 Census of
Agriculture reported 6,439 Ha. The 1983 MOE report provides a footnote that
states that the area of irrigable lands was estimated by Y. Barhard and Ministry of
Environment. The report does not provide any other information regarding the

methodology.
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Table 2.4 Estimated areas under irrigation as of 2004 by sub-basin in the Nicola

watershed
Estimated area currently under
Sub-basin irrigation (ha)

Clapperton 0
Coldwater 442
Guichon 824
Lower Nicola 1,035
Middle Nicola 1,269
Moore 34
Quilchena 375
Spius 75
Stump Lake 510
Upper Nicola 1,485
NICOLA WATERSHED (Total) 6,049

Estimation of Irrigation Demands

Irrigation demands were estimated in each sub-basin according to the procedure outlined
in the BC Irrigation Management Guide (Ministry of Agriculture, Food and Fisheries
2005). The Soil Moisture Deficit (SMD), which is the difference between the Climatic
Moisture Deficit (CMD) and the Soil Water Storage (SWS) was calculated to the month
of April. In the other months, SMD equals the CMD. The SWS is relevant only to the

month of April because in that month water stored over winter is available in the soil.

Climatic Moisture Deficit (CMD) is defined as the negative difference between effective
precipitation and potential evapotranspiration (PET). “Effective precipitation” is
described as the amount of precipitation that is actually added and stored in the soil. To
convert from precipitation to effective precipitation, the following rules were adopted (as
recommended in the BC Irrigation Management Guide), these rules are consistent with
those employed by the Farmwest website:
e Effective precipitation equals zero if daily rainfall is less than or equal to 5 mm;
and
e Effective precipitation equals 75% of the actual precipitation in excess of 5 mm
(Ministry of Agriculture, Food and Fisheries 2005).
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In general, total effective precipitation in the Nicola watershed is low during the
irrigation season. Our calculations indicate that it ranges between 17% and 27% of the

total precipitation for months April to October.

To calculate potential evapotranspiration (PET) in each sub-basin the Priestly-Taylor
Equation (Shuttleworth 1993)* was used with the following assumptions and data:

e Sunshine hours were based on data from the Kamloops Environment Canada
climate station. Kamloops is the closest climate station to the watershed with
sunshine hour data. Use of this data is acceptable given that Kamloops and the
Nicola watershed are located adjacent to one another and are in similar
biogeoclimatic regions;

e Other climate data (monthly mean temperature, maximum temperature, minimum
temperature, and precipitation) were determined for the center of the irrigated
zone in each sub-basin using ClimateBC software. The ClimateBC model
extracts and downscales monthly climate data for the 1961-1990 reference period,
and calculates seasonal and annual climate variables for specific locations based
on latitude, longitude and elevation using climate stations across the province and
PRISM bilinear interpolation and elevation adjustment (ClimateBC 2006). The
model was generated by the Centre for Forest Gene Conservation at the
University of British Columbia. Articles on ClimateBC have been accepted by
the International Journal of Climatology (2005 and 2006), and Agricultural and
Forest Meteorology (2005) and the model is publicly available for use as a
resource management tool. An evaluation of the results derived from the model
was completed. We compared the climate data modelled using ClimateBC with
the historical normal climate data (1961 — 1990) for the Merritt Station and

® The Priestley-Taylor equation is a simplified version of the Penman-Monteith equation that is suitable
where data are limited to standard meteorological measurements (ie: max, min, and mean daily
temperature; sunshine hours). It is considered reasonable at spatial scales of a few kilometers, but is not
sufficiently accurate to estimate PET at the field scale.
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compared the different sub-basins. We concluded that the modelled data was a
realistic interpolation;

e An albedo of 0.23 was assumed. This is the estimate albedo for grass and pasture
(Shuttleworth 1993);

e Priestly-Taylor equation coefficient of 1.74 for arid areas (i.e.: relative humidity
<60% in July) was assumed:;

e The daily climate data needed to calculate weekly values for August and
September is not available from the ClimateBC model. The nearest climate
station with daily data is located in Merritt. Therefore, average daily temperature
and precipitation data were determined based on available records to 2000
(Environment Canada 2001). Based on this data, monthly and daily PET values
were calculated for Merritt using the Priestley-Taylor equation. The weekly
distribution of PET (as a percentage of the monthly value) for August and
September was determined for Merritt. This distribution was then assumed
similar for all sub-basins in the Nicola watershed,

e The PET calculations were checked against the PET values posted on the
Farmwest web site (Farmwest 2007) for the stations in the Nicola River
watershed (i.e. Douglas Lake, Mamit Lake, Quilchena, and Spius Creek) and
reference evapotranspiration value for Merritt (MAFF 2005) to confirm they were
reasonable. The calculated PET was between 85% and 102% of reference values,
which are considered reasonable given differences between elevation and location

between calculated locations and measured stations.

As noted above, Soil Moisture Deficit (SMD) is the difference between the climatic soil
deficit (CMD), and the soil water storage (SWS) in April. SWS is defined as the total
amount of water that is stored in the soil within the plant’s root zone and is calculated by
multiplying the effective rooting depth by the available water storage capacity (AWSC).
The effective rooting depth is defined as 50% of the distance from the soil surface to the
bottom of the rooting depth. The AWSC is defined as the amount of soil water retained

in the soil between the field capacity and the permanent wilting point, and varies
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depending on soil texture and rooting depth. Finer soils hold more water than coarser
soils. To determine the SWS, the following tasks were performed:

e The distribution of soil types for each irrigated area was estimated based on
available soil maps (Department of Agriculture 1972 and 1976).

e Soil types were estimated by colour coding soil polygons within irrigated
boundaries on map sheets that covered an area of about 12 km by 8 km each by
soil type, and then visually estimating the percent per soil type per map sheet.

e The percent of each soil type per map sheet was then converted to hectares by
multiplying by the area for each map sheet calculated by GIS. If more than one
sub-basin was present on each map sheet, then the map sheet and soil polygons
were estimated within each sub-basin.

e Once the area of each soil type per map sheet was known, the soil types were
classified into dominant soil texture using the texture description for each soil
name and number of hectares per texture per sub-basin totalled.

e An AWSC was then assigned to each soil texture based on the BC Irrigation
Management Guide Table 2 — Water Conservation Fact Sheet (MAFF 2005).

e To convert to SWS, the average rooting depth is estimated at 45 cm, which
corresponds to the crop - grass (Van der Gulik pers. comm. 2007). It is important
to remember that, as reported above, the SWS was only applied in April
calculations because it is a calculation of water stored in the soil over the winter
that becomes available for plant use in spring; therefore, soil types only effect
PET calculations for the month of April. If the average rooting depth was larger,
for example, 1.2 m for alfalfa, the amount of water stored from winter that plants
could use at start of the growing season would be larger and therefore, a lower
PET value for the year would result. Table 2.5 presents a summary of soil types

per sub-basin.
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Table 2.5 Distribution of soil classes and the corresponding available water storage
capacity (AWSC).
Water
Storage
Capacity
Approximate Area by Soil | (mm water/
Sub-basin Texture Class m soil) Soil Name(s)* Texture Description®
50% | fine sandy loam 142 Riddell, Frances Moderately coarse and medium
17% | loam 175 Tunkwa Medium
Coldwater 14% | sand 83 Glossgy Coarse _
10% | clay loam 200 Manning Moderately fine
6% | loamy sand 100 Chasm Coarse and moderately coarse
3% | loam to clay loam 188 Timber Medium and moderately fine
45% | sand 83 Glossey Coarse
Guichon 22% | loamy sand 100 Gishorne Coarse & moderately coarse
17% | loam to clay loam 188 Tracchyte Medium and moderately fine
16% | loam 175 Tunkwa Medium
47% | sand 83 Godey, Glossey Coarse textured
25% | fine sandy loam 142 Frances Moderately coarse and medium
Lower Nicola 3% Fleet Creek, Ayimer, and
loamy sand 100 Glimpse Coarse and moderately coarse
5% | loam to clay loam 188 Tullee Medium and moderately fine
42% | fine sandy loam 142 Cache Creek, Frances Moderately coarse and medium
- 39% | loam to clay loam 188 Lac du Bois, Trapp Lake Medium and moderately fine
Mid Nicola
14% | sand 83 Commonage Coarse
4% | clay loam 200 Lundbom Moderately fine
Moore Creek 100% | sand 83 Godey Coarse textured
Quilchena 79% | fine sandy loam 142 Frisken, Frances Moderately Coarse and medium
21% | sand 83 Godey Coarse
34% | loamy sand 100 Fleet Creek Coarse and moderately coarse
Spius 34% | loam to clay loam 188 Timber Medium and moderately fine
32% | sand 83 Glossey Coarse
44% loam to clay loam 188 Tullee Medium and moderately fine
Stump Lake 35% | fine sandy loam 142 Frances Moderately coarse and medium
21% sand 83 Godey, Gwenn Coarse
49% | fine sandy loam 142 Frisken, Frances Moderately coarse and medium
Upper Nicola 40% | loamy sand 100 Glimpse Coarse and moderately coarse
7% | sand 83 Godey Coarse
3% | loam to clay loam 188 Trapp Lake Medium and moderately fine

1. Based on Department of Agriculture (1972 and 1976).
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Based on the above-noted methods, irrigation demands over the irrigation season (late
April to October) were calculated to range from 622 mm to 712 mm across the Nicola

River watershed, with an overall spatially weighted average of 664 mm.

To estimate the volumetric demand (in m®) for irrigation, irrigation demands (on a depth

of water basis) were multiplied by the areas currently under irrigation.

Example Calculation
An example of the agriculture demand calculation is presented here, for the Coldwater
sub-basin. As a reminder, the terms are defined as follows:
e Soil Moisture Deficit (SMD) = Climatic Moisture Deficit (CMD) (except for
April)
e SMD = CMD - (Available Water Storage Capacity (AWSC) X Rooting Depth of
0.45 m) (for month of April only)
e CMD = Absolute value of Effective Precipitation (EP) - Potential
Evapotranspiration (PET).

The calculation CMD and SMD for each month are shown in the following table:

EP PET' | CMD SMD in mm per soil type (C)
(A) (B) (A-B) (See Table 2.5 for AWSC for April)
fine loam to
loamy | sandy clay clay
Month | (mm) (mm) (mm) sand sand loam loam loam loam

April 4.14 72.62 68.48 31.13 23.48 4.58 0.00 0.00 0.00
May 5.52 122.52 | 117.00 | 117.00 | 117.00 | 117.00 | 107.00 | 101.00 | 95.00
June 8.02 149.35 | 141.33 | 141.33 | 141.33 | 141.33 | 141.33 | 141.33 | 141.33
July 8.77 175.94 | 167.17 | 167.17 | 167.17 | 167.17 | 167.17 | 167.17 | 167.17

August 5.83 146.32 | 140.48 | 140.48 | 140.48 | 140.48 | 140.48 | 140.48 | 140.48
Sept 6.70 81.05 74.35 74.35 74.35 74.35 74.35 74.35 74.35
Oct 6.82 29.89 23.07 23.07 23.07 23.07 23.07 23.07 23.07
Sum | 45.80 777.68 | 731.88 | 694.53 | 686.88 | 667.98 | 653.40 | 647.40 | 641.40

Notes:
1. Based on Priestley-Taylor Coefficient of 1.74 (arid areas).
2. For the purposes of this example, values are presented to two decimal places.
3. The values presented are considered significant to the nearest mm.
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In July, for example (bolded in the above table), effective precipitation is just 9 mm
compared to a PET of 176 mm, yielding a CMD of 167 mm. None of the moisture stored
in the soil during the previous winter is available to plants, so the SMD is equal to the
CMD. This means that 167 mm would need to be irrigated over the month of July to

satisfy a grass crop (or 1,670 m*/ha).

Moving up to a sub-basin scale, we introduce the irrigated areas obtained through GIS
analysis. The SMD for each soil texture is multiplied by the area of each soil texture of
irrigated land, and summed for the whole sub-basin, as presented in the following tables

for the Coldwater sub-basin:

Area of irrigated land by soil type in the Coldwater sub-basin (m?) (D)
loamy fine sandy loam to clay
sand sand loam loam loam clay loam
608,279.8 | 250,555.0 | 2,181,107.1 | 751,664.9 | 149,420.3 480,898.4

Notes:
1. For the purposes of this example, values are presented to one decimal place.
2. The values presented are considered significant to the nearest 1,000 m*.

Volumetric water deficit by soil type in the Coldwater sub basin (m®) (C/1000 X D
loamy fine sandy loam to clay
Month sand sand loam loam loam clay loam Total
April 18,933 5,882 9,980 0 0 0 34,795
May 71,169 29,315 255,190 80,428 15,091 45,685 496,879
June 85,966 35,410 308,248 106,230 21,117 67,964 624,934
July 101,687 41,886 364,619 125,657 24,979 80,392 739,220
Augus 85,452 35,199 306,407 105,596 20,991 67,558 621,202
Sept 45,227 18,629 162,170 55,888 11,110 35,756 328,780
Oct 14,034 5,781 50,321 17,342 3,447 11,095 102,019
Total 422,468 | 172,101 1,456,935 491,140 96,735 308,450 | 2,947,829
Notes:

1. Minor errors are due to rounding.
2. For the purposes of this example, values are presented to the nearest m°.
3. The values presented are considered significant to the nearest 1,000 m°.

As highlighted in the above table, for the month of July, a total of 739,220 m*® would
need to be irrigated in the Coldwater sub-basin to meet demands of a grass crop. The crop

water demand in the Coldwater sub-basin for the entire year is the sum of the irrigation
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demands for months April to October, and is 2,947,829 m®, as shown in italics in the
above table. Some rounding errors are incorporated into the equations; therefore, the

result is considered precise to the nearest 1,000 m? (i.e. 2,948,000 m%/yr).

The results for all watersheds are provided in Section 5.0 and Appendix F. The outcome
of the irrigation demand analysis indicates the amount of irrigation required to meet the
needs of a grass/pasture crop in a normal year (i.e.: the average based on 30 years of

data). The calculated irrigation demand is an estimate of the volume of irrigation that

would be “just right” considering the soil texture class, climate, and the assumed
grass/pasture crop. It does not account for distribution losses or for losses due to over
irrigation. Discussion of these topics is provided in Section 5.13 of the report. As noted
earlier, these estimates are appropriate for sub-basin scale investigations and may over or

underestimate values for specific farm fields.

Field Reconnaissance
A reconnaissance-level field survey was completed in October 2006 and the information
from this provided a basis to develop estimates of irrigation efficiency throughout the
watershed, and to identify the potential for future expansion of irrigated areas. Summit
conducted the survey by driving the major routes as follows:

e Highway 8 from Merritt to Spences Bridge;

e Meadow Creek Road from Logan Lake to Lac Le Jeune;

e Highway 97C from Logan Lake to Merritt;

e Highway 5A from Merritt to Stump Lake;

e Douglas Lake Road from Quilchena to Chapperon Lake;

e Coldwater Road from Merritt to the Kingsvale Interchange;

e Forest Service Road from Kingsvale Interchange to the Highway 5A intersection

near Corbett Lake; and

e Highway 5A from near Corbett Lake to Merritt.
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Based on the field reconnaissance, base maps of irrigated areas were refined, and the
method(s) of irrigation used in each irrigated area was specified. ~While some
information on which the methods of irrigation used by each ranch was obtained during
the field reconnaissance, the lack of base mapping available showing land ownership

precluded a full assessment of this.

Review of Irrigation Efficiency

Irrigation efficiency is defined as the total volume of water used “consumptively” (i.e.
evapotranspiration) divided by the amount of water obtained from the irrigation source
(Hillel 1998). Any result less than 100% indicates that water was lost during conveyance
and distribution and/or was drained below the rooting zone. Once the GIS and
reconnaissance field survey was completed, an evaluation of irrigation efficiencies was
completed with reference to application efficiencies published in the BC Irrigation
Management Guide (MOA 2005). An assessment of the potential for gains in irrigation
efficiency, and the potential resulting reduction in water use was then made. The results

are summarized in Section 5.13.

2.6.2 Industry

Industrial water users were interviewed regarding their actual water use, and if this
information was not available, their industrial practices. Actual water use information
was provided by Tolko Industries Ltd., Craigmont Mines, Highland Valley Copper, and
Norgaard. Aspen Planers Mill, and NMV Lumber provided information regarding their
industrial practices and information from these companies was assumed to represent
forestry sector businesses. The Lower Nicola Indian Band provided information

regarding small industrial practices on their reserves.

To account for the remaining (generally smaller) industrial activity, information on the
number of employees within the industrial sector was obtained from Statistics Canada,
Community Futures and company websites, as well as interviews with staff from the City

of Merritt and District of Logan Lake. For example, small businesses that we considered
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as industries included gravel pit operations, wood product operations, towing and salvage
operations. Care was taken not to double count employment numbers from different
sources. For the Middle Nicola and Coldwater sub-basins, Darrell Finnigan, City of
Merritt, Waste Water Treatment Plant Operator, identified that approximately 65%
percent of businesses in Merritt are located in Coldwater sub-basin and 35% are located
in Middle Nicola sub-basin. This proportion was applied to apportion industrial

employment numbers by sub-basin.

To calculate water demand from industrial business where actual use was not obtained,
the number of employees was multiplied by an assumed water use rate per employee.
These rates are based on the BC Sewerage Standard Practice Manual (MOH 2006)
assuming wastewater production is equivalent to water use. The rates identified by MOH
(2006) are considered minimum flow rates that must be designed for when determining
indoor plumbing requirements and include a safety factor. Therefore these values likely

slightly overestimate actual values of water use, but in general should be reasonable.

Based on MOH (2006), it was assumed that water use per employee for an industrial
building (without showers) is 45 litres/day. The daily rate was applied for 365 days per
year unless known otherwise from interviews. When truck washing was known to occur,
it was also estimated that trucks take about 1 hour to wash. Truck washes use on average
378 litres/truck (MOH 2006).

2.6.3 Business and Commercial

A list of businesses was compiled from Statistics Canada, Community Futures, City of
Merritt and District of Logan Lake. Information regarding individual business practices,
size of the business, and other relevant information useful for estimating water demand,
was obtained by searching business websites, as well as interviewing individual business
owners, staff from the City of Merritt, District of Logan Lake, and Lower Nicola Indian
Band. As with the industrial sector, we have assumed that 65% of businesses in the City
of Merritt fall within the Coldwater sub-basin and 35% lie within the Middle Nicola sub-
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basin (Finnigan pers. comm. 2007). Google Maps (2006) was used to locate some

individual industries.

Generally, the size of the business, and thus, water use is represented by the number of

employees; however, other factors are important including the number of seats in a

restaurant, the number of machines in a Laundromat, or the number of sites at a

campground. To calculate water demand in the business and commercial sector, the

number of relevant “units” that characterize each business was multiplied by an assumed

water use rate per unit (Table 2.6). These rates are based on the BC Sewerage Standard

Practice Manual (MOH 2006) assuming wastewater production is equivalent to water

use.
Table 2.6 Assumed unit water demands in the business and commercial sector.
Type of Facility Unit Assumed
water demand
(litres/day)
Restaurant seat 31
Laundromat wash 168
Large supermarket & meat department square meter of store space 3
Small dry goods store each 379
Automobile gas station island 2000
Car wash car 189
Motel full housekeeping person 118
Campgrounds non year round site 365
Double occupancy cabin resort (applied to B&Bs, guest | person 128
houses)
Year round Camping (applied to RV parks) site 545
Coffee Shop (applied to food and beverage services sub- | employee 36
sector)
Department store employee 36
Office no cafeteria employee 50
Town offices (applied to finance, insurance, and real employee 57
estate — other sub-sector)
Warehouse employee 132
Shopping Centre employee 5

Source: BC Sewerage Standard Practice Manual (MOH 2006).

Unless otherwise noted, all businesses were assumed to be operational all year. Some

businesses were noted to have a seasonal trend and therefore seasonal scaling factors
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were applied based on interviews. For example, some campgrounds are only open for
summer months. In this case, the daily values were only calculated for those months.
Furthermore, hotels, motels, and bed and breakfast operations are typically 75% booked
in winter months (Best Western 2006); we have assumed that in the summer they are
100% booked. All rooms were considered double occupancy. If no information could be
found on a business, it was assumed to be comparable to others in the area. Public
utilities were considered part of the Business and Commercial sector; however

government offices were considered part of the Institutional sector.

2.6.4 Domestic

Total domestic water demand was based on estimating the population of each sub-basin
(Section 2.4.3) and identifying a representative per capita domestic water demand. All
known major and minor water utilities were contacted for relevant information. The City
of Merritt provided population data as well as daily water use data from 1998 to 2006".
The District of Logan Lake provided population data as well as seasonal water use
estimates. Most water utilities did not provide useful information; however, Ridgemark
Estates Water Users Society (in the Guichon sub-basin) did provide actual water use
estimates and three (3) water utilities provided population data. We were unsuccessful at
contacting five (5) water utilities. Note that existing and proposed resort developments

(that include domestic use) were assessed under the sector “Recreation and Resorts”.

The estimated per capita water use was calculated based on water use data collected by
the City of Merritt. The City of Merritt provided daily water use data from 1998-2006.
We have assumed this data is representative of current (2006) water use. To determine
domestic water use in the city, the total calculated demand from all other sectors was

subtracted from the water use data; as a result, the annual per capita domestic use for the

* The City of Merritt water use data is recorded near the source (i.e. wells). It therefore is a good measure
of the water used or extracted from the source. As in most other municipal water supply systems, there are
water losses throughout the distribution system. While they were not confirmed in this study, typical
losses are on the order of 10% (Beecher 2002). For the purposes of this report, such losses have been
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City of Merritt was determined to be 770 litres/person/day (Table 2.7). This value is
similar to other communities in the southern interior of British Columbia that are not
metered:

e Kamloops (unmetered): 820 litres/day;

e Kelowna (prior to metering): 775 litres/day;

e Vernon (prior to metering): 700 litres/day; and

e Trepanier Landscape Unit (near Westbank): 789 litres/day (Summit 2004).

Table 2.7 indicates the pattern in domestic water use for the City of Merritt throughout
the year and identifies the indoor and outdoor portions of total use based on the
assumption that outdoor use is effectively zero between November and March. The per
capita domestic water use presented in Table 2.7 and the estimated population by sub-
basin presented in Table 2.3 were the basis for developing domestic demand estimates for

the whole Nicola watershed.

The proportion of groundwater versus surface water used in the domestic sector was
determined by estimating the population supported by each source. In several sub-basins,
the source could not be confirmed for all of the population. It was therefore assumed that
the proportion of the population known to be supported by each source (based on the
available information) was representative of the actual proportion of the population

supported by each source.

ignored; thus unless noted otherwise, the domestic water demand and the actual water used or extracted
from the source are assumed to be equal.
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Table 2.7 Per capita water use for domestic purposes based on City of Merritt (1999-
2005) data.
Total domestic
water use Indoor domestic water | Outdoor domestic water use
(L/person/day) use (L/person/day) (L/person/day)

JAN 450 450 0

FEB 418 418 0

MAR 439 439 0

APR 749 446 303
MAY 951 432 520
JUN 1033 446 587
JUL 1456 432 1025
AUG 1352 432 921
SEP 875 446 429
OCT 573 432 142
NOV 455 455 0

DEC 447 447 0

ANNUAL 770 440 330
Aug Week 1 1448 432 1017
Aug Week 2 1481 432 1050
Aug Week 3 1410 432 979
Aug Week 4 1251 432 819
Aug Week 5 1120 432 688
Sept Week 1 1041 446 595
Sept Week 2 993 446 547
Sept Week 3 844 446 398
Sept Week 4 771 446 325
Sept Week 5 720 446 274

Information on the groundwater/surface water distribution was obtained or estimated

from the following:

e Municipal utilities (i.e. City of Merritt, District of Logan Lake); and

e Small utilities;

e Individual households supplied by groundwater (as determined in Table 2.2); and

e Individual surface water licence holders.
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To estimate the population in individual households supported by groundwater the
number of individual domestic wells was multiplied by 2.38 people/household®. A
similar procedure was done to estimate the population in individual households supported
by surface water. The number of surface water licenses issued to individual users was

multiplied by 2.38 to determine a population supported by that source.

Table E-3 in Appendix E presents a summary of the domestic groundwater/surface water

distribution estimates by sub-basin.

2.6.5 Institutions

Institutions include facilities that are municipal, provincial, and federal government-
funded or non-profit, including medical offices/hospitals, schools, firehalls, city and
provincial parks and campgrounds, a fish hatchery, government offices, churches, town
convention centres, recreation centres, arenas, ice rinks, municipal swimming pools,

townhalls, bandhalls, band offices, curling rinks, civic centres, day cares, and colleges.

Generating a list of these facilities and their employment or other details was completed
by researching the following sources:

e Merritt Service Directory;

e Merritt and Logan Lake websites;

e BC Parks websites;

e Community Futures data;

e Interviews with school personnel,

e Interviews with recreation centre personnel; and

e Interviews with Lower Nicola Indian Band members.

To determine the water demand for all institutional facilities (except parks) we multiplied

the number of units (for example, number of students, beds in a hospital, seating capacity

® The estimate of 2.38 persons per household is based on 2001 Census data for Merritt (discussed below
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of a townhall, number of campsites, number of visitors at a visitor centre) by an assumed
water use rate based on the BC Sewerage Standard Practice Manual (MOH 2006) using a
similar methodology as in the Industrial and Business and Commercial sectors. Each
business was classified by the categories in MOH (2006) as presented in Table 2.8. The
assumed daily water use rate was applied for 365 days per year unless known otherwise
from interviews or other sources. For government operated campsites, we adjusted
estimates for seasonal use. For day-use sites with picnic table facilities, we assumed each

picnic table would be used by 10 people per day for three months of the year.

Table 2.8 Assumed unit water demands in the institutional sector.

Type of Facility Unit Assumed water demand
(litres/day)

Medical Clinic employee 273
Dental Clinic chair 757
Senior citizen home resident 136
Office no cafeteria employee 50
Town Hall seat 19
Elementary school student 26
Day care employee 73
High School student 45
Church with kitchen seat 9

Non year round campground site 365
Ice Rink seat 11
Fitness Room/Gym person 38
Fire Station person 19
Hospital bed 409
Junior High School student 34
Visitor Centre visitor 23

Source: BC Sewerage Standard Practice Manual (MOH 2006).

For parks with irrigation requirements, water demand varies throughout the year. It was
assumed that the water demand for irrigated parks is similar to that of agriculture, using
the same climate data for each sub-basin, and using an average soil texture for parks

within each sub-basin. The area of parks was estimated using GIS software and high

under “Population data”.
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resolution orthophotos. Park irrigation requirements were estimated by multiplying the

calculated average soil moisture deficit by the estimated area of irrigated park land.

2.6.6 Recreation and Resorts

Water users in this category include current and near-future developments and private
recreational facilities such as golf courses, Merritt Mountain Music Festival, Merritt
Speedway, fishing resorts, spas, and ski resorts. Current restaurants, bed and breakfast
operations, motels, and hotels (which are generally in an urban setting) are not included
in this sector; rather, they are considered as part of the business and commercial sector.
A list of the main recreation facilities and resorts was compiled during the Nicola WUMP
October 1, 2005 Issue Workshop 1 minutes (2005), supplemented by researching the City

of Merritt website.

Except for golf courses and the domestic portion of resort developments, water demand
numbers for this sector were calculated based on MOH (2006) in a similar way as for the
industrial, business and commercial and institutional sectors. Each facility identified
within the recreation and resorts sector was classified into three (3) categories developed
by MOH (2006) (Table 2.9). Information on the size of the facility was collected by

researching individual development websites or by phoning facility operators directly.

When information on the size of a certain resort development was unknown, a
comparable operation was used as a surrogate. For Juliet Creek and Active Mountain
golf course developments, the golf courses were assumed to be the same size as Merritt
Golf and Country Club. For cabins, four (4) persons per cabin were assumed. For
proposed spa developments, pools were considered to be half the size of Merritt’s aquatic
centre. For Active Mountain’s proposed auto repair facility it was estimated that there
would be four (4) employees. If the facility was used for a portion of the year, this was
also considered. For the Active Mountain Raceway, it was estimated that there would be

the same number of weekend races as at the existing Merritt Speedway.
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Table 2.9 Assumed unit water demands in the recreation and resort sector.

Type of Facility Unit Assumed

water use
(litres/day)

Picnic and fairgrounds with showers (applied to Rodeo person 38

Grounds)

Industrial Building (applied to Active Mountain employee 75

proposed Auto facility)

Unspecific Office Space (applied to proposed square metre 613

commercial space)

Source: BC Sewerage Standard Practice Manual (MOH 2006).

Water demand requirements for golf courses were treated similar to that of parks and
irrigated fields as no actual use values were available from Merritt Golf and Country
(Wahnschaff pers. comm. 2007). The area of golf courses, determined from orthophotos
using GIS software, was multiplied by the calculated soil moisture deficit to determine

volumetric water demands.

Water demand for recreational lots was calculated as for domestic use by multiplying the
population by the per capita domestic water use rate identified from the analysis of City
of Merritt water use data. If population estimates were not available, it was assumed that
each proposed recreational lot would have one (1) household. The population was

estimated based on multiplying number of proposed lots by 2.38 people per household.

2.7 ESTIMATION OF FUTURE WATER DEMAND

Future water demand is related to projected pressures (e.g. population growth, land use
change) on water within each sector (see Section 7.0). Since there are many possible
changes that could occur within each sector in the future, there are a limitless number of
possible future scenarios. The process used to identify a number of realistic scenarios

and the projections based on these scenarios is outlined in Section 8.0.

2.8 EVALUATION OF DATA

The general goal of evaluating the water demand/use data was to identify where

confidence in the demand/use data and therefore overall water balance to be developed
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under other WUMP activities can be improved. In our evaluation of the available
information we reviewed the quality of the data and importantly the rationale and
assumptions used in estimating the data. Where different approaches were possible, we
compared these and identified which options reduced uncertainties and improved overall
confidence. All methods used to determine present and future water demand were

assessed and evaluated for improvements. This analysis is summarized in Section 9.0.
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3.0 BRIEF DESCRIPTION OF THE NICOLA RIVER WATERSHED
3.1 LOCATION AND PHYSIOGRAPHY

The Nicola Basin is a part of the Thompson Plateau and lies in the south-central portion
of British Columbia covering an area of 7,220 square kilometers. The major centres in
the Nicola Basin are Merritt, Logan Lake, Quilchena, and Douglas Lake. Highways that

transect the basin include Highways 5, 8, and 97C.

The physiography of the Nicola River watershed is characterized by predominantly
mountainous terrain in the southwestern portion (Cascade Mountains), high elevation
grasslands in the northeastern portion, and a large u-shaped valley and tributaries
transecting the watershed. The watershed ranges in elevation from about 210 m to 2,170
m. The Nicola River is the principal stream in the watershed flowing west towards the
Thompson River, with many tributary streams and more than 200 lakes. Four (4) of the
largest lakes in the Nicola basin are Nicola Lake, Douglas Lake, Chapperon Lake, and

Stump Lake.

311 Clapperton

The Clapperton sub-basin is the smallest sub-basin identified for this study and is
predominantly forested with some grasslands. Clapperton Creek flows into the Nicola
River near the outlet of Nicola Lake. There is a small population living in the Clapperton
sub-basin as well as few ranching operations, but no irrigated lands were identified in the

sub-basin. Highway 5 bisects the sub-basin.

3.1.2 Coldwater

The Coldwater sub-basin is the most southerly sub-basin consisting of mainly rugged
forested terrain with some irrigated land in the valley bottoms. Lakes are scattered across
the basin and the main water sources are the Coldwater River and its tributaries. The

southern half of the City of Merritt is located within the Coldwater sub-basin.
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3.13 Guichon

The Guichon sub-basin is the most northerly sub-basin in the Nicola watershed and is
characterized by broad valleys, rounded hills, and a few scattered lakes. Logan Lake is
located near Highway 97C and is the major urban centre within the sub-basin. Guichon
Creek flows into the Nicola River near the community of Lower Nicola. Water use in the
sub-basin is primarily for ranching, domestic use by Logan Lake, and industrial use by

Highland Valley Copper.

3.14 Lower Nicola

The Lower Nicola sub-basin consists mainly of forested and irrigated lands with several
ranching operations. The Lower Nicola sub-basin includes the community of Lower

Nicola and Craigmont Mine as well as the lower reaches of the Nicola River.

3.1.5 Middle Nicola

The Middle Nicola sub-basin consists mainly of irrigated land with some forested land
and rolling hills. Nicola Lake and the northern half of the City of Merritt are located
within the Middle Nicola sub-basin. Highway 5A parallels the south edge of Nicola

Lake within the sub-basin.

3.1.6 Moore

The Moore sub-basin is a small sub-basin located upslope of Nicola Lake consisting
largely of rangeland and forests. Relatively little irrigation occurs within the sub-basin.
However, a portion of the water obtained from the sub-basin may be diverted for

irrigation in the adjacent Stump Lake sub-basin.

3.1.7 Quilchena

The Quilchena sub-basin consists largely of rangeland and forested areas with rolling

hills. The sub-basin has a number of small lakes and the lower elevations include
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considerable areas of agricultural lands. Highway 97C transects the south portion of the

sub-basin.

3.1.8 Spius

The Spius sub-basin is largely a forested valley with a relatively small land base for
agriculture. Water obtained from Spius Creek may be used within the Lower Nicola sub-

basin.

3.1.9 Stump Lake

The Stump Lake sub-basin consists mainly of high elevation plateau and forested land
with many lakes, including Stump Lake. Stump Lake Creek flows to Nicola Lake;
however, for at least the last several years, water has rarely flowed down the creek into
the Nicola Lake as a result of declining water levels in Stump Lake (Gizikoff, pers.

comm. 2007). Relatively small areas are irrigated northeast of Stump Lake.

3.1.10 Upper Nicola

The Upper Nicola is the largest sub-basin and consists mainly of grazing lands and some
forested areas. Grasslands are found at lower elevations and forests cover the higher
elevation plateau. Three major lakes, Douglas, Chapperon, and Pennask, and several

smaller lakes are located in the Upper Nicola sub-basin.

3.3 OVERVIEW OF CLIMATIC REGIME

The Nicola watershed has a continental climate with warm dry summers and cool dry
winters. Given the elevation differences and the climatic gradient between the Coast
Mountains and the B.C. interior, annual precipitation in the watershed ranges from about
236 mm to 336 mm (Environment Canada 2006). Temperatures also vary across the
watershed depending on location and elevation. At the City of Merritt, mean annual
temperature is 7.1°C (Environment Canada 2006). Based on ClimateBC model output

(Wang et al. 2006), the range in mean annual temperature across the watershed is likely
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modest, from about 4 to 7°C. The daily average temperature at Merritt in July is 18.2°C.
In January the average daily temperature at Merritt is -5.2°C. Again, modest differences

(i.e. a few degrees difference) in these numbers are expected across the watershed.

34 OVERVIEW OF HYDROLOGIC REGIME

According to Obedkoff (1998), the Nicola watershed encompasses four (4) hydrologic
zones which reflect the hydrologic gradient from the relatively wetter Coast Mountains to
the drier interior plateau. These zones include:

e Zone 25 - Eastern South Coast Mountains;

e Zone 17 — Northern Thompson Plateau;

e Zone 24 — Southern Thompson Plateau; and

e Zone 15 — Fraser Plateau.

In general, the natural annual hydrographs for streams in the Nicola watershed are
dominated by snowmelt in the spring. Following spring freshet, streamflows steadily
decline towards a baseflow through summer, fall, and winter. In the drier eastern portion
of the watershed, occasional rainstorms are common, but typically produce only minor
peaks in the annual hydrograph. In the western portions (i.e. Coldwater and Spius sub-
basins), it is common for large fall floods associated with rainstorms and rain on snow

events.

Given the long history of water use in the watershed, several streams are affected by
water storage and withdrawals; the hydrographs of these streams tend to be characterized
by relatively lower peak flows in spring and increased base flows in summer and fall.
The increased base flow however is largely lost from streams because of withdrawals

principally for irrigation.

3.5 OVERVIEW OF GROUNDWATER RESOURCES

The main aquifers are located in the valley bottoms in thick layers of glacially-deposited

sands and gravels overlying bedrock. According to Ministry of Environment files, a total
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of 398 wells are located in the Nicola watershed. Over half of these are drilled in the

glacially deposited unconsolidated deposits (MOE 2006).

The highest yielding wells in the area are near Douglas Lake, Guichon Creek, the lower
portion of the Moore Creek sub-basin, and on the north side of Nicola Lake, yielding up
to 128 L/s. Near Logan Lake there is an artesian aquifer approximately 30 m thick (MOE
2006). There are three (3) known aquifers in the Merritt area: two (2) confined aquifers
located about 60 m to 100 m below ground surface, and a third, shallow but
discontinuous aquifer (within unconsolidated deposits), with reports of yields up to 120
L/s.

In the other areas, the majority of the drilled wells are located in the river valleys and it is
believed that some of the wells may be extracting river water or some groundwater under

the influence of surface water (Urban Systems 2005).
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4.0 LAND USE IN THE NICOLA RIVER WATERSHED
4.1 INTRODUCTION

The Nicola River Watershed supports a wide range of land uses including agriculture,
industry, business and commercial activity, institutions, and recreation and resorts. An
overview of these land uses is provided in this section. Details on land use in each sub-

basin are presented in Section 5.0.

4.2 AGRICULTURE

Agriculture accounts for the largest use of water in the Nicola River Watershed. Based
on discussion with the Nicola WUMP Technical Advisory Group, we estimate there are
approximately 45 large ranches within the Nicola River watershed including the largest
privately held cattle ranch in Canada, Douglas Lake Ranch (Douglas Lake Cattle
Company 2003). The majority of the water used is to irrigate fields in support of cattle

ranching.

4.3 INDUSTRY

Industrial activity in the watershed falls largely within the mining and forestry sectors.
Processing and milling activities for these sectors are concentrated near the major urban

center at Merritt and at Highland Valley Copper near Logan Lake.

Forestry
There are four (4) lumber mills operating in the City of Merritt. Although lumber mills
are concentrated in the city centre, forestry operations are carried out throughout the

watershed.

Mining
There are two (2) open-pit mines in the Nicola River Watershed, Highland Valley Copper
and Craigmont Mines, situated in the Guichon and Lower Nicola sub-basins,

respectively.
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4.4 BUSINESS AND COMMERCIAL ACTIVITY

Business and commercial activity is largely concentrated in Merritt and Logan Lake.
Business and commercial activity in Merritt supports not only the city but also residents
throughout the Nicola watershed as well as tourists traveling though BC's southwestern
Interior. Logan Lake businesses are mainly focused on servicing residents of Logan

Lake and local surrounding areas.

4.5 DOMESTIC

Water for domestic purposes is used by rural and urban households in the watershed.
The primary urban areas include Merritt and Logan Lake; both of these areas have their
own water utility. In rural areas, there are a few water utilities, but most households are

serviced by individual wells and surface water licences.

Waterworks

The major urban domestic water utilities are the City of Merritt and the District of Logan
Lake. Several other water purveyors or associations located within the Nicola watershed
were identified serving rural areas or sub-divisions (Table 4.1). One water utility
(Westbank Irrigation District) meets some of their water requirements by diverting water

from the Nicola watershed for use in the Okanagan.
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Table 4.1 List of existing water purveyors and associations identified in the Nicola

watershed.
Sub-basin Water Utility
Coldwater City of Merritt
Brookmere Water Users Community
Guichon District of Logan Lake

Ridgemark Estate Water Users Society
Lookout Road Water Users Association
Lac le Jeune Conservation Association

Lower Nicola Lower Nicola Waterworks District
Miller Estates Water Society

Middle Nicola City of Merritt
Harmon Estates

Moore -

Quilchena -

Spius -

Stump Lake Peter Hope Resorts

Upper Nicola Westbank Irrigation District

First Nations
First Nations populations are mainly concentrated in the Guichon, Coldwater, Lower
Nicola and Upper Nicola sub-basins. The Guichon sub-basin has the largest First Nation

population with 36% of the total population in the Nicola basin.

Individual Users

Rural residences are scattered throughout the Nicola watershed.

4.6 INSTITUTIONS

Institutions are concentrated in Merritt and Logan Lake mainly to support local
populations. Some First Nation band offices and town halls are also located in other sub-

basins, including Upper Nicola, and Lower Nicola.

4.7 RECREATION AND RESORTS

Recreational activity and resorts are located throughout the watershed. Recreational
destinations include golf courses, ski resorts, recreational property developments, winter

activity destinations other than skiing, spa destinations, summer activity (including
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horseback riding/ranching) destinations, fishing destinations, rodeo grounds, motor sport

destinations, and events such as the Merritt Mountain Music Festival.

The Nicola basin has a small number of existing resorts as well as several proposed small
to large-scale resorts. For the purposes of this study, we have assumed the proposed
resorts will be developed in the near-future and therefore we have included all known

proposals in current water demand calculations.

Golf Courses
There are three (3) existing golf courses in the Nicola watershed, located in the Middle
Nicola, Guichon, and Quilchena sub-basins. There are four (4) proposed golf courses:

two (2) in the Coldwater sub-basin and two (2) in the Middle Nicola sub-basin.

Ski Resorts

There is one (1) existing ski tour operation and one (1) proposed ski resort in the Nicola
River Watershed: Topnotch Tours Inc., located in the Spius sub-basin, is a small heli-
skiing and cat-skiing operation® and Juliet Creek Resort, located in the Coldwater sub-

basin, is a proposed development of a ski area and complex.

Other Development

Fishing and other summer and winter activity destinations are located in the Coldwater,
Quilchena, Upper Nicola, Guichon, and Stump Lake sub-basins. Recreational activities
such as rodeo, spa, motor sports, and events are concentrated mainly in Coldwater and

Lower Nicola sub-basins.

4.8 FIRST NATIONS

There are seven (7) First Nations Bands and 33 Reserves located in the Nicola watershed.

Table 4.1 lists these bands and their respective reserves and estimates of their population.

® 1t has come to our attention that Top Notch may not be operational at the time this report was prepared:;
however, as it is a minor water user, we have included it in our calculation.
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For purposes of this study water demand on reserves has been estimated within six (6)

principal sectors noted above.

Table 4.2 List of First Nations and reserves within the Nicola watershed.
Estimated Estimated
Band I.R. No. 1.R. Name population Band I.R. No. I.R. Name population
COLDWATER 1 COLDWATER 245 NOOAITCH | 1o NOOAITCH 117
2 PAUL'S BASIN 13 9 NOOAITCH GRASS
3 GWEN LAKE SHACKAN | 14 SHACKAN 1
COOK'S FERRY 1 KUMCHEEN 43 12 SOLDATQUO
7 KLOKLOWUCK 13 13 PAPSILQUA
LOWER NICOLA 1 NICOLA MAMEET | 997 EFCPSEA 1 NICOLA LAKE 172
14 ZOHT 2 HAMILTON CREEK | O
2 JOEYASKA 34 3 DOUGLAS LAKE 160
3 PIPSEUL 4 SPAHOMIN CREEK
4 ZOHT 33 5 CHAPPERON LAKE
5 ZOHT 6 CHAPPERON CREEK
6 LOGAN'S 8 SPAHOMIN CREEK
7 HAMILTON CREEK TOTAL 1,408
8 SPEOUS
NICOMEN 10 SQUIANNY
11 ENHALT
12 SKAYNANEICHST
13 NAYKIKOULTH

SKEIKUT

Source: BC Stats (2006)
- denotes no information available
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5.0 PRESENT WATER USE IN THE NICOLA RIVER WATERSHED
5.1 INTRODUCTION

The following section is organized by sub-basin and land use sector. Within each sector,
there is a brief discussion of the major users and the population known to be supported by
surface water or groundwater’, the current water demand estimate, actual use information
(if it was available), summary of licensed quantities (from surface source), and estimated

proportion of total water demand sourced from groundwater.

Table D.1 and Figure D.1 of Appendix D summarize all water licences by sub-basin and
sector. Table F.1 and Figure F.1 of Appendix F summarize all estimated current (2006)
water demand by sub-basin and sector. It should be noted that other than for the
agricultural sector, direct comparison between the licence and demand totals may not be
valid and should be made cautiously. There are several reasons for this, including:

e Licensed quantities include only surface water. Some portion of demand is from
groundwater;

e A considerable portion of the industrial, business and commercial, institutional,
and recreation and resort demand may be supplied by water purveyors who hold
waterworks licences — these licences have been included under “domestic”; and

e There may be situations where water demand by one sector (e.g. recreation and

resorts) is supported by licences for other uses (e.g. domestic).

However, within the agricultural sector, the comparison is generally valid since there is
relatively little overlap with water use from other sectors. In addition, based on results
from agriculture surveys completed by ranchers as part of this study, groundwater
distribution the component of agricultural water demand sourced from groundwater is

estimated to be relatively low (19%) in the Nicola watershed.

" In many cases, the source of water could only be identified for a portion of the population in a sub-basin.
Therefore, the number of persons known to be supported by either surface water or groundwater presented
in Section 5.0 for each sub-basin may differ from the total sub-basin population presented in Table 2.3. As
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5.2 CLAPPERTON

521 Agriculture

Based on the GIS analysis, there is no irrigated land within the Clapperton sub-basin.

Water Users
Based on surface water licence data, we have identified a total of nine (9) agricultural
water users sourcing water from the Clapperton sub-basin. The major ranch identified as

a “key user” is the Coquihalla Developments Corporation (Nicola Ranch).

There are eight (8) additional operations with irrigation and/or stockwatering water

licences including the Lower Nicola Indian Band.

Because there is no agricultural land in Clapperton, water is likely being withdrawn out
of the sub-basin and used downstream in the Middle Nicola sub-basin, where agricultural

activities occur.

Licensed Quantities (from surface sources)

The annual quantity of water licensed in the sub-basin for agricultural purposes totals
6,240,367 m>. Irrigation water accounts for 99.9%, while stockwatering accounts for the
remainder. It is likely that all of the licensed quantity is used in the Middle Nicola sub-
basin. In order to compare licensed quantities and estimated demands, it is recommended
that Clapperton values be combined with Middle Nicola values; this is presented in
Section 5.13.

5.2.2 Industrial

There are no known industrial water users in the Clapperton sub-basin.

described in Section 2.6.4, the total estimated sub-basin population (shown in Table 2.3) was used in
determining total water demand.
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5.2.3 Business and Commercial

There are no known water users for business or commercial purposes in the Clapperton

sub-basin.

5.2.4 Domestic

Water Users

There is an estimated population of 67 in the Clapperton sub-basin. This population
includes approximately 33 persons living on Zoht IR4 (BC Stats 2006). Of the total
population in the sub-basin, 29 are served by individual groundwater wells and 12 are
served by surface water licences for individual domestic use. The source of the water

could not be determined for the 26 people or 39% of the total sub-basin population.

Demand Estimate
The annual demand estimate for domestic use in the Clapperton sub-basin is 18,820 m®

per year.

Actual Use
No information on actual water use for domestic purposes in the Clapperton sub-basin

was identified.

Licensed Quantities (from surface sources)
Domestic water licences in the sub-basin account for 4,148 m® per year. This quantity is
held entirely by a few individual households. No licences for waterworks in the sub-

basin exist.

Groundwater Use
We estimate 71% of domestic water supply in the Clapperton sub-basin is likely supplied
by groundwater (Table E-3). An estimated 2% of all domestic water wells in the Nicola

watershed are located in the Clapperton sub-basin.
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5.25 Institutions

Water Users

There are no known institutional water users in the Clapperton sub-basin.

5.2.6 Recreation and Resorts

There are no known water users in the recreation and resort sector in the Clapperton sub-

basin.

Summit Environmental Consultants Ltd. FINAL REPORT
Project #466-01.02 — Nicola Water Demand Study 55 7-June-2007



53 COLDWATER

5.3.1 Agriculture

Water Users
Based on surface water licence information, we have identified a total of 18 agricultural
water users in the Coldwater sub-basin. The following is a list of key users identified in
the Coldwater sub-basin:

e John Anderson;

e Jon Peachey;

e Marilyn and Louis Cooke;

e Philip Chambers;

e Country Line Property Developments Corp;

e Alden and Louise Rushton;

e William C Strande;

e Hoigaard and Carey lver; and

e The Coquihalla Developments Corporation.

There are nine (9) additional operations with stockwatering and irrigation water licences,
including the Coldwater Indian Band, the Lower Nicola Indian Band, and the Active

Mountain Entertainment Corporation.

Demand Estimate
Based on the GIS analysis, there are 442 ha of irrigated land in Coldwater, which is 7%
of the total irrigated land in the Nicola watershed. The total annual crop water demand

estimate is 2,947,829 m?, i.e. 7% of crop water demand in the Nicola watershed.

Actual Use
Information on actual agricultural water use was obtained in two (2) responses to the
agriculture questionnaires. Estimates of irrigation demand based on these responses

range from 171 mm to 762 mm per year. While the lower estimate is considerably lower
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than our independent demand calculations (and seems erroneous), the upper estimate is
reasonably consistent with our estimate of the total irrigation season soil moisture deficit

in the Coldwater sub-basin (659 mm).

Licensed Quantities (from surface sources)

The annual quantity of water licensed in the sub-basin for agricultural purposes totals
6,637,436 m®. Irrigation water accounts for over 99.9%, while stockwatering accounts
for the remainder. The total licensed quantity is considerably higher than our demand
estimate suggesting either a relatively low irrigation efficiency (see Section 5.13 for
discussion), or more likely that some of the licensed quantity is not actively being used

(or is not available to be used).

Groundwater Use
We estimate a total of 10 wells support irrigation in the Coldwater sub-basin, meaning
that about 10 ranches/farms may be using groundwater wells as an irrigation water

source.

One key agricultural water user in the Coldwater sub-basin who completed the
questionnaire reported that 23% of water used was sourced from groundwater, and 77%

from surface water.

5.3.2 Industrial

Water Users
Four (4) industrial companies were identified as being key water users in Coldwater sub-
basin:

e Tolko Industries Ltd.;

e Aspen Planers (site 1 and part of site 2);

e NMV Lumber; and

e Ardew Wood Products.
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Tolko Industries Ltd., Merritt

There are 250 full time employees at the mill, in operation 250 days per year (Beech pers.
comm. 2006).

Aspen Planers, Merritt

Aspen Planers operates on two (2) sites and is situated in both the Coldwater and Middle
Nicola sub-basin. There are 150 full time employees at the mill, in operation 365 days a
year (Marshall pers. comm. 2006). Water is only used for domestic purposes and is not
used for industrial activities (Marshall pers. Comm. 2006). Truck washing is completed

off-site by contractors.

NMV Lumber

NMV employs about 25 people, and does not use water in their industrial processes,
except for some truck washing averaging 3 hours a week (Sandu