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SYNOPSIS

In November 1972, the Water Resources Service received a request from
the British Columbia Forest Service to investigate the feasibility of
irrigating Crown lands within the southerly portion of the East Kootenay

Valley, to permit more intensive prbduction of forage crops.

It was stated that the development of the Libby Reservoir (Lake Koocanusa)
and the sﬁbsequent loss of lands -through flooding, had resulted in '
increaéing land use pressures, and that the availability of Crown range,
on which a substantial number of small ranching operations are currently
dependent, would be seriously curtailed. To avoid this, as well as permit
more scope for the successful inﬁegration of all uses, it was suggested

that more intensive forage production practices are required.

In the spring of 1972, the Forest Service cultivated and seeded approximately
300 acres of Crown land on the east side of the resefvoir, about three

miles north of the International Boundary, and it was suggested that this
site might be suitable for an irrigation feaéibility study. (See

Drawing No. 5106-1). However, when it became apparent from initial
_investigations that adequate water supply might not be readily available

near the proposed site, it was decided to expand the study area.

This report considers several alternaﬁive sources of water supply to sexve
an estimated 47,470 acres of irrigable land, situated in that portion of
the East Kootenay Valley lying between Lake Koocanusa and the Galton

Range and extending northwards from the International Boundary to the

Community of Elko.

It is estimated that the total design peak system demand would be about
315,200 U.S. gallons per minute and the annual water requirement, 115,760

acre-feet.

Of the principal sources of water supply proposed in this report, it was
assumed that the surface streams draining into the Grasmere Valley would
be‘developed initially, at an estimated cost varying from about $550 to
to!$1800 per acre. v

For the development of groundwater, water supply systems were designed
for 50-acre, 100-acre and 150-acre farm units, at assumed well depths

of 100, 200 and 300 feet, respectivelly.

Estimated cosfs of supplying water from production wells have been

‘summarized as follows:
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Groundwater Supply

Total Estimated Costs
(including well and pump)
Depth of Well

100"

200" 300"
50—acre‘Farm Unit 38,200 43,100 55,800
100-acre Faxm Unit 71,880 77,880 90,480
- 150-acre Farm Unit 84,000 90,000 102,600
. ' As it was not possible at this time to provide a firm estimate of potential

water supply from the other sources, hypothetical values were used in

assessing the required demand.

A preliminary design and cost estimate was prepared for both a pumping

system and an alternative gravity system, to serve an estimated 16,000

and 28,300 acres, respecitvelly.

The preliminary cost estimates have been summarized as follows:

Elk Ri&er Supply -

Pumping System
Gravity System

It is assumed that financing would be available under the ARDA Program;:

Estimated Costs

$ 36 Million
$ 60 Million

with the Federal and Provincial Governments contributing 75% of the

Capital Cost, and the landowners contributing the remaining 25%.

- The required revenues could be obtained by imposing the following charges,

shown for both ARDA and Non-ARDA parcipitation:

Groundwater Supply

Total Required Annual Revenue

50—acre- Farm Unit

ARDA
Non-ARDA

| 100-acre Farm Unit

o ARDA
Non-ARDA

150-acre Farm Unit -

ARDA
Non-ARDA

. Elk River Supply
Pumping System - 16,000 acres

ARDA
Non-ARDA

Gravity System - 28,300 acres

ARDA
Non-ARDA

$ Per Acre
Depth of Well

100" 200’ 300"
45 50 65
110 125 160
45 50 60
110 120 140
36 41 50
85 95 108
105
300
80
260
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As these costs are based on limited field information, they are intended
only to indicated the irrigation possibilities within the study area,

and to serve as a general guide for future land-use planﬂing.

It is recommended that if further studies are to be considered, the

following programs should be carried out:

1. Groundwater Exploratory Program
2. Detailed Soils Survey

3. Detailed Mapping Program

4. Hydrometric Program

5. Assessment of power reguirements and facilities
to meet the Potential Demand.
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INTRODUCTION:

In November, 1972, the Deputy Minister of the British Columbia Forest
Service requested that a preliminary investigation be carried out by
the Water Resources Service to consider the feasibility and cost of
irrigating lands within the southerly portion of the East Kootenay

Valley to permit more intensive production.

It was stated that the development of the Libby Reservoir (Lake
Koocanusa) and the subsequent loss of land through flooding, had
resulted in progressively increasing land use pressufes for such things
as park development, re-settlement of displaced persons and highway
relocation, as well as the displacement of large;wild ungulate
populations from their traditional winter range in the valley bottom.
As additional land use damands develop, the avallablllty of Crown range
on which a substantial number of small ranching operations are
currently dependent will be seriously curtailed. To avoid this, as
well as to permit more scdpe for the successful integration of all

uses, more intensive forage production practices are required.

" In the spring of 1972, the Forest Service cultivated and seeded

2.
2.1

approximately 300 acres of land on Lot 354, K.D. within the project
area. It was suggested that this site, which lies approximately
200 feet in elevation above full reservoir level of Lake Koocanusa,

might be suitable for an irrigation feasibility study.-

However, when it became apparent from initial investigations that
adequate water 5upp1y might not be readily available near the site;
and that alternatlve sources of water supply would have to be investi-
gated prior to considering the economical development of any lands for
irrigation, the study area was expanded to include all arable lands
lying south of Elko, and bounded by the east shore‘of Lake Koocanusa,

the foothills of the Galton Range and the Canada-U.S. Boundary.

While the water supply proposals and costs‘presented in this report are
based on preliminary information only, they will serve as a general
guide in future land-use planning, and as to whether further studies

would be warranted.

DESCRIPTION OF AREA

General Description

The study area, whichvis situated within the southerly portion of the
East Kootenay Valley, liés between Lake Koocanusa on the west (Libby
Reservoir) and the Galton Range to the east; and.extends from the
Canada-U.S.'Boundary northerly to the community of Elko. (See Key
Map) . ' i | |
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With the exception of the Grasmere Valley, which lies at the foot
of the Galton Range, and the Tobacco Plains Indian Reserve No. 2,
which lies immediately north of the International Boundary, the

study area is generally contained within the Elk Provincial Forest.

The natural vegetation of the area consists of range grass, with

' scattered forest cover. The agricultural lands within the lower

Grasmere Valley are fof the most part being irrigated for the production
of forage crops. Water supply for these lands is being obtained from
the several streams flowing into the valley off the slopes of the |
Galton Range. The remaining areas are generally undeveloped and

suitable only for the grazing of cattle.

Over the 20 mile section of the East Kootenay Valley under study,

there is a considerable variation in the recorded precipation and
temperatures for the area, as shown in Table No; 1. (Abstracted from
"Climate of British Columbia, British Columbia Department of Agriculture”,

listed as Reference No. 1)

TABLE NO. 1

.,PRECIPITATION AND TEMPERATURE RECORDS
EAST KOOTENAY VALLEY

ASTEROLOGICAL  Elev. : ~ M.A.* M.A.* - MAXIMUM MINIMUM
STATION " G.§.C. . PRECIP.  TEMP.  TEMPERATURE  TEMPERATURE
Feet "+ - :mm co - Cco ' ) co
ELKO 3,080 584 6.3° 38.9° ' -33.9°
NEWGATE 2,325 406 6.4° 43.3° -40.°

* Mean Annual

Highway No. 293, which traverses the Grasmere Valley; provides direct
access to the area from the Southern Transprovincial Highway, and
in addition, provides a link with the U.S.A. at Roosvillé, Montana.

Both U.S. and Canadian Customs have been established at the point of -

_entry. The area is covered also by a network of secondary roads, most

" of which are unimproved.

A general store is situated at Grasmere, approximately 9 miles north of
Roosville. In addition to improved facilities at Elko, the area can
also be served by Cranbrook, approximatley 40 miles to the west, and

by Fernie, approximately 21 miles to the north.

The majority of the farm operations are situated within the Grasmere

Valley.

A list of the land owners within the study area, is included as

Appendix “A",
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2.2 Geological Description

The Kootenay River, which originates in the Canadian Rocky Mountains,
flows southward down the broad valley of the Rocky Mountain Trench,

leaving the trench about 10 miles south of the International Boundary.

Origihally, the trench floor was covered with clay till from the last
glacial advance. However, during the period of deglaciation, the

surface was modified by meltwater as the glacier receded to the north.

During this phase, a glacial lake was formed by the damming of the
Kootenay River, covering the floor of the trench to a considerable
depth of water. Streams from the adjacent mountains deposiited their
loads close to, or along, thé shore of the lake, the outwash deposits

ranging in size from sand to boulders, containing less than 20% of clay.

The outwash was reworked by the streams, with much of the material
being carried into the léke and further reworked and resorted by 1aké
currents. - The coarser materials formed deltas radiating from the
mouths of the tributaries. The deltaic deposits, which grade into
and interfinger with the outwash, are well sorted and range from.
coarse sand to medium gravel. Interfindgered with these deposits

are lake bottom deposits of silt, clay and fine to medium sand,
resulting from the settlement of sédiment from the turbid lake water.
The latter deposits rest'on the till. However, many of the drumlin-
like hills of till were nof completely covered by these lake deposits
and now form streamlined mounds projecting above the relatively level

lake—-floor surface.

After recession of the glacier, the glacial lake drained and the
Kootenay and Elk Rivers cut through the lake-bottom_deposits to form
inner valleys from 200 to 300 feet deep. '

In the early 1970's, the Libby Dam was constructed on the Kootenay
River in northwestern Montana. Lake Koocanusa which was created by
the dam, is about 90 miles in length, and extends some 40 miles

into Canada.

A more detailed geological description of the area is shown in "A
Preliminary Evaluation of Bank Storage Associated with Libby Reservoir,
in Northwestern Montana, prepared by the U.S. Government, 1970,

and listed as Reference No. 2 in this report.

3. IRRIGABLE LANDS AND SOIL WATER REGUIREMENTS

3.1 Irrigable Lands .

Before proceeding with the study, the Soils Branch of the British



Columbia Department of Agriculture was requested to provide information
on the classification of agriculture soils within the study.area,

including soil water requirements.

In submitting this information, the Soils Branch advised that they were
able to provide good prelimiﬁary estimates for each of the soils with
respect to duty of water, peak flows per acre (for grower use) and design
flows per acre, but that the areas should be more clearly delineated and
field~checked to verify the estimates prior to using them for design
purposes. (See Appendix "B" for soils>report, prepared by the

British Columbia Department of Agriculture).

Consequently, a field inspeétion was carried out in June, 1973, by repre-
sentatives of the Department of Agriculture and Water Resources Service.
The purpose of the inspection was both to inspect the specific areas that
may be considered suitable for the development of irrigation and to

become familiar with the general area.

The area inspected included both sides of the Libby Reservoir, extending

from the U.S. Boundary to'the-Elk River, a distance of about 13 miles.

On the easterly side of thé reservoir, the agricultural lands are
interspread throughoutv'the'area. However, on the westerly side of the
reservoir, with the exception of a small area already under irrigation,
adjacent to the U.S. Boundary, the lands were considered unsuitable.for
agriéultural dévelopment, and therefore, have not been‘included in

this study.

‘Lands suitable for irrigation were divided into three broad categories;

namely; "High, Moderate and Low Suitability", based'on such criteria as
soil type, topography, and general cfop suitability. Areas with high
suitability were felt to have the best soil and topoéraphic features and
the potential for a widé range of crops. Areas of low suitability were
primarily ones with poor scil conditions ‘(stoniness, gravels or shallow)

or complex topographic limitations. 211 other soils suitable for

~irrigation were placed in the moderate category.

Lands not recommended for irrigation at this time were placed in the
"Unsuitable"” category. Basically, these areas were considered to be
too steep for cultivation and irrigation. With more detailed information,
in particular with respect to topography, some refinement of unsuitable

soil boundaries may be possible.
The total acreage classified as irrigable in the 75,110 acres of land
inspected by the Department'of Agriculture is estimated to be about

47,470 acres.

Areas considered suitable for irrigation are shown on Drawinngo. 5106-1.

...5




3.2

3.3

Soil Water Requirements

Design peak flows (for grower use) of 6.0 and 6.5 USgpm per acre, and
corresponding annual water requirements of 2.0 and 2.5 acre-feet per

acre, respectively, were recommended.

In establishing the design flows, the British Columbie Department of
Agriculture considered such factors as overall efficiency of irrigation,
topography of land, variable soil conditions, etc. To allow for these
factors, approximately 10% was added to peak flows per acre to arrive

at the recommended design peak flows.

The higher peak flow values would apply to the high and low categories

of soils; namely, Flagstone and Elko-Skaha soils, (sandy soils), andAto

those areas of moderate suitability that are shown as Elko and Skaha soils.

The lower peak flow values would apply to the remaining moderate categories

that are dominately Wycliffe and Plumbob soils (developed on till).

For system design purposes, 5% has been added to the recommended water

requirements to allow for conveyance losses.

The areas of different classes cf irrigable lands and their respective

water requirements are summarized in Table No. 2.

A more detailed soils description of the area is shown in "Soil Survey of
the Upper Kootenay and Elk River Valleys in the East Kootenay District
of British Columbia", British Columbia Department of Agriculture, listed

as Reference No. 3.

During a normal irrigation season, water distribution is generally
carried out over a 140 day period, commencing about May lst and ending

about September 15th.

On the assumption that the seasonal irrigation demand for the East
Kootenay area would be comparable to that established for the Okanagan
Valley, the estimated monthly distribution of irrigation demana for the

study area has been summarized in Table No. 3.

Domestic and Industrial Use
]

The present study ‘is mainly.concerned with the feasibility of devel-
oping irrigation supply for the area, and domestic and industrial supply

are considered to be incidental use only.

If the area is developed, the supply of water should be more than

adequate to include the additional domestic and industrial demand.

-



TABLE NO. 2

SUMMARY OF IRRIGABLE LANDS AND SOIL WATER REQUIREMENTS

el e b e

Total Area

DESIGN ) WATER TOTAL
SUITABILITY TOTAL PEAK TOTAL DUTY ANNUAL
OF AREA ACREAGE FLOW PEAK FLOW ACRE- WATER
UsGPM/ USGPM FEET REQUIREMENT
ACRE ACRE-FEET
1. GRASMERE VALLEY
High 2,260 6.5 14,690 5,650
Moderate: :
Elko-Skaha 1,170 6.5 7,605 2.5 2,925 -
Silt Loam 940 6.0 5,640 2.0 1,880
Low 670 6.5 4,355 2.5 1,675
Irrigable 5,040 32,290 12,130
Unsuitable 3,500
Total Area 8,540
INDIAN RESERVE NO. 2 ,
High 1,160 6.5 7,540 2,900
~Moderate:- ' )
Elko-Skaha 3,695 6.5 24,020 2.5 9,240
Silt Loam 2,880 6.0 17,280 2.0 5,760
Low 0 6.5 0 2.0 0
Irrigable 7,735 48,840 17,900 -
Unsuitable 2,915 '
Total Area 10,650
BALANCE OF STUDY AREA SOUTH OF ELK RIVER
High 4,165 6.5 27,075 10,410
Moderate: . ’
£lko-Skaha 4,355 6.5 28,310 2.5 10,890
Silt Loam 8,885 6.0 53,310 2.0 17,770
Tow 935 6.5 6,080 2.5 2,340
Irrigable 18,340 114,775 41,410 .
Unsuitable 11,540 .
Total Area 29,880
BALANCE OF STUDY AREA NORTH OF EILK RIVER
" High 1,035 6.5 6,730 2,590
Moderate:
Elko-Skaha 11,170 6.5 72,605 2.5 27,925
Silt Loam 4,150 6.0 24,900 2.0 8,300
Low 0 6.5 0 2.5 0
Irrigable 16,355 104,235 38,815
Unsuitable 9,685 '
Total Area 26,040
SUMMARY :
Irrigable 47,470 300,140 110,255
Unsuitable 27,640 :
75,110



TABLE NO. 3

ESTIMATED DISTRIBUTION OF MONTHLY WATER DEMAND

IN ACRE-FEET

1. 2. 3. 4.,
MONTH PERCENT GRASMERE - INDIAN BALANCE BALANCE TOTAL
OF VALLEY  RESERVE SOUTH OF NORTH OF MONTHLY
TOTAL ANNUAL NO. 2 ELK RIVER - ELK RIVER REQUIREMENT
REQUIREMENT
May 21 2,547 3,759 8,695 8,150 23,171
*(82) (121) (280) (2863) (747)
June 23 2,790' 4,117 9,524 8)927 25,379
(93) (137) (317) {298) (846)
July 25 3,033 4,475 10,351 9,704 27,586
(98) (145) (334) (313) (890) -
August 23 2,790 4,117 9,524 8,927 25,379
. (90) (133) (308) (288) (819)
Sept. 1-15 8 970 1,432 3,315 3,107 8,830
(65) (96) (221) (207) (589)
Sept. 16-April. O 0 0: 0] 0 0
(0) (0) (0) (0) (0)
TOTALS 100 12,130 17,900 41,410 38,815 110,255
* NOTE: Figures in brackets are the average demand in acre-feet per'day.
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POTENTIAL CROP PRODUCTION

An assessment of potential crop production in the area was made by'the
Farm Economics Branch, British Columbia Department of Agriculture.
(See Appendix "C"). V

.
The Farm Economics Branch stated that crop production in the area is -
presently limited to hay crops (Alfalfa and alfalfa-grass mixtures), one
marginal orchard, and some very limited grain production involving less
than 50 acres per year. The majority of the study area is presently '
native range capable of supporting one anihal—unit—month on 3 to 4 acres,

during the period May through September.

On the average, there are about 130 frost-free days in the study area.
This ensures at least 2 and perhaps 3 alfalfa cuttings per year, at a

yield of 5 to 6 tons per acre.

It was further stated that the area may have some limited potential for
irrigated grain crops. Corn silage production is doubtful, or at
least very marginal, for even the early maturing low-heat-unit- requiring

varieties.

- It appears that the prevailing climatic conditions would allow the

commercial production of low-heat requiring vegetable crops, such as
the cole crops. Tree-fruit production, at the beét, would be marginal.
The area does have a high potential for potatoe production  (either seed
or table stock), with expected yields, in the order of‘12 to 15 tons

per acre.

SOURCES OF WATER SUPPLY

To meet the potential irfigation_demand as shown in Table No. 2, several
possible sources of water supply were examined.
These sources are listed as follows:

1) Lake Koocanusa

2) Edwards Lake and Loon Lake

3) Surface Streams - (Galton Range)

4) Groundwater

5) EIlk River
The potential development of these sources of supply is discussed below:

Lake Koocanusa

Lake Koocanusa Reservoir, which was formed by the recent construction
of the Libby Dam in the State of Montana under the Columbia River Treaty,

provides both downstream flood control and power generation.




The elevation of the reservoir at full pool level is 2459 feet (Geodetic),
some 200 to 300 feet below. the avefage level of Tobacco Plains. The bed
elevation of the (Kootenay River) at the International Boﬁndary is

approximately 2,310 feet.

The proposed operational cﬁrves of the reservoir, included as Appendix "D"
(Abstracted frém Reference No. 2), have been compiled from 30 years of

flow records of the Kootenay River, covering the period 1929-1958.

The curves show that with a drought year, re-occurance interval of one

in 30 years, that at the beginning of May (Commencement of irrigation
season), the level of the reservoir would be at elevation 2,287, twenty-
three feet in elevation below the bed of the river channel at the
International Boundary. Similarily, in a mean year, with an occurance of
about once in 15 years, the level of the reservoir would be about

2,350 feet, or 40 feet above bed level at the Boundary. At this elevation,

the reservoir would extend some seven miles upstream from the Boundary.

Even under maximum yield conditions the reservoir level would be
approximately 60 feet below full pool elevation at the beginning of May,

rising to full pool level towards the end of June.
Although the supply would be adequate, the wide fluctuations in reservoir
level during the irrigation season, would present major problems to

the pumping of irrigation supply.

The operation of Lake Koocanusa Reservoir is described in more detail

in Reference No. 2.

Edwards Lake and Loon Lake

Edwards Lake, which contains a surface area of about 100 acréé is
situated on the north boundary.of Indian Reserve No. 2, and Loon Lake,
which contains a surface area of about 75 acres, is situated a further
two miles to the north. The lakes, which lie about 1% miles to the west
of Grasmere Valley, are separated from the valley by a ridge of high

ground.

These lakes appear to be groﬁndwater expressions as they are not fea
by any surface streams. However, Edwards Lake is fed by a faifly
large spring, originating near the tow of the ridge. The lakes should
be monitored to assess their yield, but from field observations the

supply would appear to be limited.

Some storage development has already taken place on Edwards Lake. for

 the irrigation of lands adjacent to the lake.
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5.3

Surface Streams

Potential water supply from surface streams within the study area, would
be available from about twelve streams which drain into the Grasmere

Valley off the Galton Range.

As a considerable portion of the stream flows are lost to groundwater
storage within the valley, it would be necessary to divert the stream

flows above the valley bottom to minimize seepage losses.

The development of storage supply to supplement the low summer flows

of the streams was considered. However, from an office study of existing
air photography and topographic maps, there would appear to be little
possibility of developing adequate storags supply within the tributary
basins. Therefore, the potential of these streams for surface irrigation

supply would be limited to minimum summer flows.

A preliminary hydrometric program carried oﬁt in 1974, indicated that
the total yield from the catchment area during the period of record,
June to September, would be about 33,000 acre-feet during an average
year. The yield in a wet year for the same period would be about 57,000

acre-feet, and in a drought year about 15,000 acre-feet.
Up to the present time, water licences have been issued authorizing
the diversion of about 4,800 "acre-feet of water from these streams for

the irrigation of some 1,920 acres of lands.

A list of water licences appurtenant to the study area, is included as

Appendix "E".

Groundwatexr Supply

(a) 'Preliminary Groundwater Assessment

A preliminary assessment of the groundwater possibilities within the

- study area was made in 1974 by the Groundwater Division of .the Water

Investigations Branch. (See Appendix "F" for a report on "A Preliminary

Groundwater Assessment for the East Kootenay Valley, 1974")
The groundwater assessment was divided into three sections as follows:

1. A review of available data.

2. Preparation of a preliminary groundwater assessment
report, including: :

(2a) Geological map of the study area.
(b) Proposal for a test-well drilling program

3. Production well construction and cost estimates.
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1. Review of Available Data

Reference was made to the "Preliminary Evaluation of Bank Storage
Associated with Libby Reservoir in Northwestern Montana", mentioned

earlier in the report.

According to this paper, as ice moved down the trench, it ground and
compacted the underlying deposits into clay till. Following the damming

of a 400-foot deep lake, streams from the adjacent mountains deposited

' their bed-load along the easterly shore of the lake. This material was

reworked by the streams, the coarser material forming deltas radiating
from the mouths of the tributaries, the finer material forming lake

bottom silt, clay, and fine to medium sand.

The deltaic and outwash deposits are shown in Figure 3 of this paper
(included in the report as Appendix "G"), representing a diagramatic
geologic section across the Rocky Mountain Trench, below the Internation-

al Boundary.

The lake bottom deposits are shown to be adjacent to the maximum stage
of the Libby Reservoir, while the outwash deposits are situated on the

easterly side of the Tobacco Plains.

Groundwater level fluctuations due to active storage, are expected to be
less than 10 feet, at a distance of ﬁwo niles or more from the reservoir,
and betweén 30 to 50 feet, adjacent to the reservoir. It was indicated
that.it_WOuld take several years for the inactive bank storage.to build
up (water which will not return to the reservoir under pfesumed operating
conditions). It was also indicated that very little active bank storage

would be available for irrigation production wells.

In conclusion, well construction in the glacial lake deposits will be
very difficult and éxpensive, if very fine aquafier materials are

encountered.

However, the possibility of obtaining groundwater in the outwash gravels
underlying major meltwater channels, which in turn overlay till or

impermeable clay and silt, is considered good.

A more complete description of the surficial geology of the area is

contained in the preliminary groundwater assessment report.

2. Preparation of a Preliminary Groundwater Assessment Report

(a) Geological Map of the Study Area

A one inch to one half mile surficial geological map of the study area
was prepared from existing air photos, reports, associated soil maps of

the area, and reconnaissance field work. (See drawing No. 5106-2:
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"Geological Map of Study Area showing proposed location of Groundwater

Test-hole sites").

(b) Proposal for a Test-hole Program

Test drilling is recommended in order to obtain shéllow sub-surface
information on the groundwater potential of the area. The test-holes,
if successful in encountering shallow outwash aquifiers, should be

‘ completed as monitor wells.

A decision to’complete geophysical surveys, and deep exploratory test-
holes into the Eugene Formation of the Elk River Area (Potential
supplementary groundwater supply), should not be made until the results
of the shallow test-hole program have been evaluated. A paper, |
"Late Genozic Geology of the Southern ﬁocky Mountain Trench, British

. Columbia™, by J. J. Caque, University of British Columbia, 1973,

§ suggests that although the character of.sediments beneath the Eugene

L ' Formation is not known, these sediments fill a structural basin near the

E Elk Rivér, to a depth of 1500 meters. The péper concludes thaﬁ the deeper

i | , sediments below the upper till.may be permeable énough to transmit

: abundant groundwater supply. This source ceuld be an alternative

% - Vsupply to the proposed diversion from Elk River, described later in

!

this report.

ﬂ _ The location of the proposed shallow test-hole sites are shown on

3 Drawing No. 5106-2.

1

! . The objectives of the test-holes are:

a) To assess and monitor the recharge effects from Lake Koocanusa
on shallow outwash acquifiers, and on the lacustrine deposits

situated near the south end and west side of the study area.
b) To assess and monitor the groundwater potential of shallow outwash
deposits overlying till in other parts of the study area.

€

| Deep test-hole drilling would not be part of the initial program, as it

would require different drilling methods and techniques.

Approximately 14 test-holes are proposed, ranging in depth from 100 feet

to 150 feet, for an overall cost of about $65,000 (1976 price level).’

. 3. Production Well Construction and Estimated Costs

It is not possible to provide reasonably accurate cost figures on the
construction of production wells, until the test-well program has been
completed. However, for the purpose of this report, tenative costs have

been prepared, based on the preliminary groundwater assessment.
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The following estimates, which are based on a number of assumptions,
provide for well capacities ranging from 350 U.S. gallon per minute
to 1000 U.s. galloné per minute, sufficient to irrigate farm units from

50 acres in size to 150 acres, respectively.

PRODUCTION WELLS

PRELIMINARY ESTIMATE OF COSTS

Well Farm ~ Assumed Est. Cost
Capacity Units Septh Of Production Well
U.S. g.p.m. Acres Of Well " 1976 Prices
Feet $
350 - 1000 50 - 150 100 9,320
350 - 1000 50 - 150 200 12,720
350 - 1000 50 - 150 300 19,245

The above costs do not include chargss for moving eduipment to and from

site, supervising personnel, or special drilling and construction problems.

Detailed cost estimates for 100-foot and 300-foot deep cable tool test

production wells in the Kootenay area, are shown in Appendix "H".

(b) Revised Groundwater Assessment — Grasmere Valley

"In 1975, a further assessment was made with regard to potential ground-

water charge in the Grasmere Valley, based on more recent hydrometric
data. (See Appendix "I" for "Preliminary Groundwater Assessment for the

Grasmere Valley" and Appendix "J" for initial test-well drilling program).

The figures presented in the assessment demonstrate that a considerable
volume of water is lost to storage in the Grasmere Valley, repiesenting
a large percentage of the available surface flow from the twelve
tributary watersheds draining into the valley. Such a high loss would
ind}cate the highly permeable nature of the creek beds.

Consequently, it would appear that not only does the area have a good
poténtial for groundwater, but in view of the above loss, the Grasmeré
Valley has a good capacity for groundwater recharge. ' Consequently,
recommendations are made proposing that initially two test-holes be

drilled in the Grasmere Valley.

Elk River

Supply from the Elk River was also considered. As diversion from the

river, either by pumping or by gravity, would require extensive diversion

and distribution works, and consequently, would be more costly than the
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.other proposals, this source should only be considered as a supplementary

supply for a later stage of development.

Two alternative proposals were considered:

(a) Supply by Pumping

By siting a pumping plant near the Phillips Bridge on-the 0ld Highway
No. 93, or alternatively, near the bridge on the new Highway No. 93,
approximately 16000 acres of land could be served.in the area lying
south of the Elk River. A hydrograph of the river near the proposed
pumping plant shows that the flow would be sufficient to meet the

maximum monthly aveiage demand of this system (See appendix "K-1").

(b) Supply by Gravity-

By siting an intake upstream of the existing Elko Power Dam, owned by
the British Columbia Hydro and Power Authority, a gravity.suppiy system>
could be constructed to serve approximately 28,300 acres of langd lying
both south and north of the Elko River. As the Authority has prior ’
water licences authorizing the diversion of 900 cubic feet per second
for power generation, there may be insufficiént flow in a dry year to

meet the demand of the proposed system.

The hydrograph of the Elk River, at Fernie, included in Appendix "K-2",
shows that in a year of low flow similar to the conditions experienced

in 1970 the defficiency could be about 15,000 acre-feet. If the

.intake was sited downstream of the power dam, the available fldw”during

a dry year would be sufficient. However, booster pumping would be

required.

POWER REQUIREMENTS AND AVAILABLE POWER SUPPLY .

For the purpose of this study; it has been assumed that the‘potential
irrigable lands would be developed in stages. It has also been assumed
that the Grasmere Valley area would be developed first, followed by the~

other sub-areas.

Based on the pumping systems proposed in this report, the estimated power
demand and annual energy consumption, for each of the above areas;

have been summarized in Table No. 4.

The aﬁailability of power supply for the area was discussed with the

British Columbia Hydro and Power Authority officials at Fernie.

The Hydro officials indicated that the existing 25 K.V., single phase
transmission line, which runs through the Grasmere Valley, has only
sufficient capacity to supply the present demand. The capacity of the

line is limited to serving up to 40 horse-power motors.

‘To meet the potential demand of about 1.2 M.W. in the Grasmere Valley
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area, a new 25 K.V., 3—phase line, would'be required possibly from Elko,
a distance of about 18 miles. A new 25 K.V. sub-station would also be

required.

To meet the potential demand of about 22 M.W. for the entire study
area, a new 60 K.V., 3-phase line together with a 60 K.V. sub-station,

would be required. The new line could branch off from the existing

"Cranbrook-Fernie transmission line, which is about 30 miles north of

the center of power demand.

Without firm design plans it would be difficult to estimate accurately
the required capital costs for the new power supply facilities. However,
fqr a preliminary assessment, it is estimated that to meet the

potential power demand of the Grasmere Valley, the cost of constructing
the new transmission line and sub-station couid'be about $600,000.00, or

for the entire study area, about $1,200,000.

\

"As any required capital cost contribution for the new major power supply

facilities is unknown at the present time, this cost item has not been

considered in comparing costs of the various proposals included in

this report.

WATER SUPPLY PROPOSALS

General Description of Proposals

One of the main problems in developing the proposed study area, would
appear to be the supply of adequate irrigation water at an economical

cost.

As mentioned previously, the potential development of the fivé water
supply'sources, and the limitations in developing these sources, were
examined. Based on the results of this examination, the development of

the lands within the study area would be expected to take place in

.Progressive stages.

It is reasonable to expect that as most of the existing farms within the

area are situated in the Grasmere Valley area (listed as Sub-Area No. 1

'in the report), the development of the remaining agricultural land

in this area would be considered first. The area is already being served
from the several streams draining into the valley, and additional supply
from these streams, plus groundwater supply, should be more than adequate

to serve the area.

A small acreage is being served from Edwards Lake. The availability of
water supply from both Edwards Lake and Loon Lake will not be. known

until a monitoring program has been carried out.
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TABLE NO. 4

ESTIMATE OF POTENTIAL POWER DEMAND
AND ANNUAL ENERGY CONSUMPTION

SUB-AREA IRRIGABLE PEAK ANNUAL ESTIMATED

ANNUAL

allowance for losses.

Water Requirement: Quantity from Table No. 2 plus 5%

allowance for losses.

Estimated power demand:

4

KW = USgom X Head (400') X 1.864 X 10

Efficiency 0.7

Energy Consumption:

KWH = Acre-feet X 400 foot head X 1.024

Efficiency 0.65

LANDS FPLOW WATER POWER ENERGY
(ACRES) DEMAND REQUIREMENT DEMAND CONSUMPTION
(USGPM)  (ACRE-FEET) (KW) (103k.w.)
Grasmere Valley 5,040 33,900 12,730 : 3,620 8,020
Tobacco Plain 7,735 ' 51,300 18,790 5,460 11,900
Indian Reserve: :
No. 2
Balance of Study 18, 340 120,500 43,480 12,840 27,400
Area South of
Elk River
Balance of Study 16,355 109,500 40,760 (Gravity Supply
Area North of - no pumping required)
Elk River
TOTALS 47,470 315,200 115,760 21,920 47,320
NOTES: Peak Flow Demand: Peak Demand from Table No. 2 plus 5%

...17



If frequent drought intervals are acceptable, lands adjacent to Lake
Koocanusacould.be served by pumping from the lake. However,bas mentioned
previously,bthe large flﬁctuations in reservoir operating levels, in
particular during the irrigation season, would present major problems

in pumping irrigation supply.

From a preliminary assessment of groundwater possibilities, it would
appear that sufficient groundwater supply may be available to supplement
the supply from surface streams in the Grasmere Valley area if required,
and in addition, might serve a portion of Sub-Area No. 2 (Indian Reserve
No. 2) and Sub-Area No. 3. (Area south of Elk River 1lying between

Indian Reserve No. 2 and Lake Koocénusa). Again, the aVailability of
ground water will not be known until a test-well program has been

implemented.

Preliminary studies indicate that the potential Surface supply and
groundwater supply within the study area, would not be sufficient to
meet the total design_demand of about 110,000 acre-feet per annum.
It would appear, however, that adequate supplementary wafer supply

could be obtained from the Elk River, either by pumping or by gravity.

" In view of the high cost of developing this source, it should only

be considered aé a supplementary supply in the final stages of

development of the area.

It has also been suggested that supplementary water supply may be

~available from a deep aquifier in the Eugene Series in the vicinity of

7.3

the Elk River. Supply from this source is only speculation at this
stage and would be costly to evaluate. Development of the various

sources are more fully described as follows:

Supply from Surface Streams in Grasmere Valley

It has already been suggested fhat the first stage development of the
study area could be ﬁheifull development of the farm lands within
the Grasmere Valley. '

i
If is anticipated thét sufficient water supply would be available from
the surface stream presently serving the area. The cost of supply from
these streams would vary according to the physical layout and size »
of the system. 1In the Okanagan Valley, comparable costs have ranged
from about $550 per acre to $1,800 per acre.

Supply from Groundwater

The cost of supply from groundwater will also vary, according to the
depth and capacity of the well, and the size of farm unit being served

per well.
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Preliminary'design and cost estimates have been prepared for three
pProduction well systems, to cover a range in depth of well from 100
feet to 300 feet, and to serve farm unit areas per well ranging in size

from 50 acres to 150 acres.

The design requiremenﬁs for the variation in depth of well and farm

unit area, are shown in tabular form.

An allowance for possible charges for installing short power supply

lines to individual wells has been included in the estimates.
Details of the proposed systems are described as follows:

(1) Supply for 50-acre Farm Unit

On the assumption that the well would be located centrally within the
farm unit, the irrigable lands would be within a radius of 800 feet
from the well; conseqﬁently, the lands could be serviced from a portable

system.

The required yield of the well would be about 400 U.S. gallohs per

minute, to supply an annual requirement of about 120 acre-feet.

The well installation would include a submerged pump, operated manuélly.
The design operating head of the pump'is based on the assumption that the

maximum drawdown would be eQual to the depth of the well.

TABLE NO. 5

WELL DESIGN REQUIREMENTS

(50-Acre Farm Unit

Depth of  Assumed Dynamic Capacity of Selected Annual

Well Head of Pump Pump Horse Power Pumping

(feet) (Feet) _ (USGPM) of Pump Energy
(KwH)

i

100 250 325 30 47,260

200 350 325 50 66,165

300° 450 325 60 85,070

As domestic supply has not been provided for, a storage tank, and a

separate well for domestic use, would be required.

{(2) Supply for 100-acre Farm Unit

The required yield of the well would be about 650 U.S. gallons per minute,

to supply an annual requirement of about 230 acre-feet.
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In addition to the pump installation, about 3,000 feet of buried

distribution pipelines would be needed to provide

1,000 feet of the well.

Well design requirements are shown in Table NQ. 6.

TABLE NO. 6

WELL DESIGN REQUIREMENTS
(100-Acre Farm Unit)

service to within

Depth of Assumed Dynamic Capacity of Selected Annual
Well Head of Pump Pump Horse Powear Pumping
(Feet) (Feet) {(USGPM) of Pump Energy

(KWH)
100 250 650 60 90,585
200 350 650 100 126,820
300 450 650 125 163,050

Domestic Supply could be provided

by the addition of a storage tank to

the system, which would also help to balance the pump operation.

(3) Supply for 150-Acre Farm Unit

The required yield of the well would be about 1,000 U.S. gallons per

minute, to supply an annual requirement of about 340 acre-feet.

In addition to the pump installation, about 4,000 feet of buried

distribution pipelines would be needed to provide service within 1,000 feet -

of the well.

Well design requirements are shown in Table No. 7.

TABLE NO. 7

WELL DESIGN REQUIREMENTS

(150-Acre Farm Unit)

Depth of Assumed Dynamic Capacity of Selected Annual
Well Head of Pump Pump Horse Power - Pumping
(Feet) (Feet) (USGPM) of Pump Enerqgy

(KWH)
100 250 975 100 133,910
200 350 975 150 187,470
300 475 975 175 254,425
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7.

4

Domestic supply could be provided by the addition of a storage tank to

the system, which again, would help to balance the pump operation.

Supply from Elk River

The distribution system, which would be completed pressurized, could be
supplied from two alternative supply systems:

(1) Supply by Pumping from Elk River

As it is not possible at this time to provide a firm estimate of the
potential supply from the other sources, in particular from groundwater,
it was necessary to use hypothetical values in assessing the required

demand from the Elk River.

Consequently, the pumping system was designed to serve about 16,000

acres of Sub-areas 2 and 3, lying within the westerly portion of

Tobacco Plains.

l1(a) A 12,000 K.W. pumping station sited on the Elk River near
Phillips Bridge on the 0ld Highway No. 93, to deliver 240 cubic
feet per second against a total dynamic head .of 400 feet.

The water would be treated by settling and screening.

1(b) 24 miles of distribution main and lateral pipelines, ranging in
size from 84-inch to 30-inch diameter. A ) _
For estimating purposes, the proposed pipelines are assumed to
be of steel manufacture; however, alternative makeé may

be considered.

1(c) Distribution sub-systems to serve the individual parcels of land.
In the absence of a planned land development, the pipelines have
been laid out to follow the existing roads in the area, and to

convéniently serve the agricultural lands.

(2) Supply by Gravity from the Elk River

As an alternative to pumping, the supply could be obtained by gravity

from the Elk River, from an intake situated near Elko.

An additional 8 miles of diversion pipeline, including a tunnel, would
be required, to connect the intake with the diversion pipeline at the

pumping site, described previously.

Approximately 12,300 acres of additional agricultural lands could be

served.

The alternative system would consist of the following components:

2(a) An intake on the Elk River sited above the Elko Power Dam,

‘capable of handling a flow of 425 cubic feet per second.
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8.

2(b) Two miles of 12-foot diameter tunnel, or alternatively a
108-inch diameter pipeline laid up to 50 feet in depth, to .

pProvide a gravity flow.

2(c) Fifteen miles of diversion and trunk main pipelines,

ranging in size from 108-inch to 30-inch diameter.

2(d) Disttibution sub-systems to serve a total of about
28,300 acres.

Diversion by canal as an alternative to a pressurized piepline, was also
considered. However, in view of the irregulaf topography along the
diversion route, which would fequire the construction of a number of
syphons and drop-structures, the pressurized pipe line was found to be
more ecomonical. In addition, the capacity of the canal would have

to be increased to allow for conveyance losses. Furthermore, many of

the individual users would have to install booster pumps.>.

Details of the proposed pumping and grav1ty systems from the Elk River
are shown on Drawing No's. 5106-3 and 4.

CAPITAL COSTS

' Details of the cost estimates of the proposed systems are shown in

1

Appendix "L".

As the study has been based on minimal information, the design and
cost>estimates will only provide a préliminary assessment of the
irrigation possibilities within the study area. Further information.
would be required before a final design and costs could be prepared.

Estimates of cost used in this report have been based on 1976 prices.

The cost estimates have been summarized as follows:

Groundwater Supply

FARM UNIT ' _ ESTIMATE OF COSTS

in Dollars
(1976 Prices)

) Depth of Well in Feet

' 100 200 300
Total Estimated Capital'Cost _
50-acre Farm Unit : 38,200 43,100 55,800
100-acre Farm Unit 71,880 77,880 90,480
150-acre Farm Unit . 84,000 920,000 102,600
Estimated Capital Cost Per Acre A
. 50-acre Farm Unit . 764 862 1,116
100-acre Farm Unit ' 719 779 905
150-acre Farm Unit 560 600 680
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8.2 Elk River

(2) Pumping System

Pumping Station $ 8,100,000

Main Pipelines 17,269,000
Distribution System 4,800,000
TOTAL $ 30,169,000
Engineering & Contingencies, allow 20% 6,034,000
Total Estimated Capital Cost =~ - $ 36,203,000

say $ 36,000,000
Capital Cost pexr Acre (16,000 acres) 2,250

(b) Gravity System .
Diversion Works $ 8,680,000

Main Pipelines ' 31,744,000
Distribution System : 8,490,000

TOTAL | $ 48,914,000,
Engineering & Contingencies, allow 20% ' 9,783,000
Total Estimated Capital Cost $ 58,697,000
. . ‘say $ 60,000,000
Capital Cost per Acre'(28,300 acres) 2,120

9. ANNUAL COSTS FOR THE PROPOSED SYSTEMS

9.1 Operxration and Maintenance

The annual operating and maintenance costs are estimated to be 0.75%
of the conveyance and distribution system works, 1.5% of the capital
cost of structures and buildings, and 3% of the electrical and pumping

installations.

9.2 Pumping Power Costs

The annual power costs for pumping are based on British Columbia
Hydro_and. Power Authority rates applicable for the year 1976,
listed as follows: ,
Schedule No. 1401 - Applicable for pumps under 100 H.P.

‘ Irrigation Season: 1.15¢ per KWH

Non Irrigation Season: 1.15¢ per KWwH for the first 150 KWH
and 9.0¢ per KWH for the remainder.

Schedule No. 1402 - Applicable for pumps over 100 H.P.
Irrigation Season: 0.9¢ per KWH
Non Irrigation Season: 0.9¢ per KWH for the first 500 KWH_and

9.0¢ per KWH for the remainder.

KWH = Acre-feet X 1.024 X head

Pumping Efficiency 65%



9.3

Amortization Costs

It is assumed that financing would be available under the ARDA Program

to construct the proposed systems, with the Federal and Provincial

Goverhments contributing 75% of the Capital Costs, and the landcwhers

contributing the remaining 25%.

It is also assumed that the area would finance its share of the Capital

Cost by issuing 10%, 25-year term sinking fund debentures, the estimated

interest on the sinking fund being 7.5% compounded annually.

~ The annual costs have been summarized as follows:

9.4

Summary of Annual Costs for Groundwater Supply

ANNUAL COSTS

' REQUIRED REVENUE

$ $
NON-ARDA ARDA NON-ARDA ‘ ARDA
FARM Cost Cost Charge Charge
UNIT Total Per Total Per Total Per Total Per
Cost Acre Cost Acre Revenue Acre ~ "Revenue Acre
. 50-Acre Farm
Depth Well
100 - . . 5,400 108 2,115 42 5,500 110 2,250 45
200 6,240 125 2,540 51 . 6,250 125 2,550 51
300 8,078 162 3,278 66 8,100 162 3,300 66
100-Acre Farm
Depth Well
100 10,885 107 4,500 45 11,000 110 4,500 45
200 . 11,555 1lie 4,855 49 12,000 120 5,000 - 50 =
300 13,480 135 5,690 57 14,000 140 6,000 60
150-Acxre Farm
Depth Well .
100 12,390 - 83 5,165' 34 12,750 85 5,480 36
200 13,637 91 5,892 39 14,250 o5 6,200 41
300 15,844 106 7,024 47 16,300 108 7,050 50

Details of the annual operating and maintenance costs are shown in

Appendix M1-M3.
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9.5 Summary of Annual Costs for Elk River Supply -

(1) Pumping System ANNUAL COSTS

Non-ARDA ARDA .

Assistance Assistance
Operation and Maintenance $ 330,000 - $ 330,000
Pumping Energy 199,700 199,700
Amortization of Capital Cost 4,149,272 1,037,318
Administration ' : ' 100,000 100,000
Total Annual Operating Costs - $4,778,972 $1,667,018

Revenue Required per acre to meet
annual operating costs, based on $ 300 $ 105

16,000 acres of benefitting lands.

(2) Gravity System

Operation and Maintenance ‘ $ 367,000 $ 367,000
Amortization 6,752,000 1,688,000
Administration : ' 125,000 125,000

Total Annual Operating Costs $ 7,244,000 $2,180,000

Revenue required per acre to meet annual
operating costs, based on 28,300 acres $ 260 . 80

of benefitting lands.

Details of the annual operating and maintenance costs are shown -

in Appendix "M4 & M5".

10. SUMMARY

This report presents proposéls for the irrigation of some 47,470 acres
of arable land within the'eaétern Kootenay Valley. The study area,
encompésing a total area of about 120 square miles, lies between

Lake Koocanusa on the west and the Galton Range on the east, -and extends
northerly from the Canada-U.S. Boundary to the Community of Elko.

Lands suitable for irrigation were divided into three broad categories
by the British Columbia Department of Agriculture; namely, "High,
Moderage and Low suitability", based on such criteria as soil type,

topography and general crop suitability.

An assessment of potential crop production in the area was madé by the
Farm Economics‘Branch, Provincial Department of Agriculture. At the
present time crop production is limited mainly to hay crops. However,
the area may have some limited poténtial for irrigated grain and crops.
The peak system demand for the study area which has been based on a
.peak monthly irrigation .demand of 6.0 to 6.5 U.S. gallons per minute
per acre plus an allowancé of 5% for system losses, is estimated to

be 315,200 U.S. gallons per minute. The annual water requirement is
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‘would be required to assess the potential supply.

estimated to be 115,760 acre-feet.

As this study is mainly concerned with the feasibility of developing
irrigation supply for the area, domestic and industrial supply are con-

sidered to be incidental use only.

On' the assumption that the development of irrigated lands would be
developed in progressive stages, the study area was divided into four

sub—-areas as follows:

1. Grasmere Valley Area
2. Tobacco Plains Indian Reserve No. 2
3. Balance of area south of Elk River

4. Balance of . area north.of Elk River

Acreageé and water requirements for the four sub-areas are shown in
Table No. 2. To meet the potential irrigation demand as shown in
Table No. 2, the following_sources of water supply were examined:

1. Lake Koocanusa (Libby Reservoir) '

2. Edwards Lake and Loon Lake

3. Surface Streaﬁs

4. Groundwater Supply

5. Elk River

An assessment was made on each of the sources as follows:

1. Lake Koocanusa

Supply by pumping from Lake Koocanusa should be adequate, except during
extreme drought periods. However, fluctuations in reservoir level

during the irrigation season could present problems.

2. Edwards Lake and Loon Lake

As these lakes appear to be groundwater expressions, a monitoring program
/

3. Surface Streams

A total of twelve streams drain into the Grasmere Valley off the Galton
Range. Although a considerable portion of the stream flows are lost to
groundwater storage within the valley, preliminary studies indicate
that sufficient supply may be available from the catchment areas to
serve all the irrigable lands within the Grasmere Valley area. Without
storage supply the potential of these streams would be limited to their

base flows during the irrigation season.

To minimize seepage losses, it may be necessary to improve some of the

existing irrigation systems.




4. Groundwater Supply

Preliminary studies indicate that certain areas, in particular the
Grasmere Valley, have a good potential for groundwater supply. However,
in order to assess the groundwater potential of the area, a test-well

drilling program would be required.

5. Elk River

.on the assumption that the water supply for the initial stages of

development of the area would be from the afore-mentioned sources,
adequate supply would be .available from the Elk River for the development

of the remaining lands.

To meet the potential power demand of about 1.2 Mega Watts, a new trans-
mission line and sub-station would be required, at an estimated cost of

about $1.2 million.

It is reasonable to expect that as most of the ekisting farms within

the area are situated in the Grasmere Valley area (Sub-area No. 1), the

~development of the remaining agricultural lands in the area would be

considered first, to be supplied from the surface streams draining

into the valley, or from groundwater,'if required.

Limited acreage may be supplied from Edwards Lake and Loon Lake.
: /
Within certain limits of reservoir drawdown, lands adjacent to
Lake Koocanusa could be served using portable pumping systems. However;
under extreme drawdown conditions, in particular during major drought

periods, pumping may not be feasible.

As mentioned previously, the groundwater potential would require a test
well drilling program to prove up the potential of all areas. (See
Drawing No. 5106-2). The area fo be first tested, and where the ground-

water potential is believed to be high, is in the Grasmere Valley.

Cost estimates of a water supply system based on wells are given for 50,
100 & 150 acre farm units - assumming, however, that test production wells
can be constructed sucbessfully at the sites of the proposed test holes,

shown on Drawing No. 5106-2.

As it is not possible at this time to provide firm estimates of the
potential supply from the other sources, hypothetical values were used in

assessing the required demand from the Elk River.

‘A preliminary system design and cost estimate was prepared for both a

pumping system on the Elk River near the Philips Bridge on Highway No. 93
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(0old) and a gravity System,’supplied from an intake sited up~-stream of

the power dam at Elko.
Estimates of cost used in the report have been based on 1976 prices.

Total estimated system costs have been summarized as follows:

. Groundwater Supply ' Estimated Costs - $
Depth of Well
100" 200' 300'
50-acre Farm Unit 38,200 43,100 55,800
100-acre Farm Unit _ 71,880 77,880 90,480
150-acre Farm Unit ' 84,000 90,000 102,600
Elk River Supply ' - Estimated Costs -~ $
Pumping System ' 36 million
Gravity System _ 60 million

Detailed cost estimates are shown -in Appendix "L".

It is assumed that the financing of the water supply development would
be available under the ARDA Programme, with the Federal and Provincial
Governments contribﬁting 75% of the Capital Cost, and the landowners

contributing the remaining 25%.

The required revenues could be obtained by imposing the following
charges:

Groundwater Supply Required Annual Revenue
$/Acre

Depth of Well

100 200 300
50-acre Farm Unit |
ARDA 45 . 51 66
Non-ARDA : 110 125 162
100-acre Faxm Unit

' ARDA | 45 50 60
. ' ' Non-ARDA 110 120 140

150-acre Farm Unit » |
' ARDA 36 41 50
Non-Arda 85 95 ‘ -108
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Elk River Supply Required Annual Revenue

$/Acre
Pumping System‘
ARDA ' 105
Non-ARDA . 300
Gravity System v |
) ARDA . ' - 80

Non-ARDA 260

Details of the annual operating and maintenance costs are shown

in Appendix "ML

RECOMMENDATIONS

As the water supply proposals presented in this réport are based on
very limited information, they are intended only to indicate the

ir;igation possibilities within the study area.

1f, however, further studies are to be considered, it is recommended that

the following programs should be carried out.

1. Groundwater Exploratory Program

As a necessary prerequisite.tb the preliminary test well drilling program
outlined on the Foweraker report, it is recommended that the groundwater
potential of the Grasmere Valley, East Kootenay District, be firsi
assessed by a test drilling program asboutlined in_the reviséd ground-
water assessment reports. (Appendices "H" to "J"). Furthér test-hole
drilling could follow, usiﬁé the test-hole sites shown on Drawing

No. 5106-2, but is is very likely that several of these sites will have
to be changed as new subsurface information from previous test-holes

is evaluated.

The cost estimate for the first two test-holes in the Grasmere Valley,
including pumping tests and monitoring eQuipment, is $22,095.0Q'

(1976 prices); while the cost of the entire test-hole program is estimated
to be $65,000.00 (1976 prices), & with present price increases éan be

expected to go much higher.

2. Soil Survey

A detailed soil surVéy to refine the irrigation classification and

delineation of soil boundaries.

The surveys could be carried out in stages to meet the requirements of

any specific proposal.
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3. Mapping Program

A detailed mapping program to provide base maps at a suggested scale

of 1:5000 and é minimum contour interal of one metre.

The mapping would be required for final design purposes and up-dating

of the soils information.

4. Hydrometric Program

Additional hydrometric information to provide a more accurate assessment

of the potential surface and groundwater supply.

5. Power Requirements

A comprehensive assessment of the power requirements and facilities

to meet the potential pumping demand.

J. W. Ngai, P. Eng.
Hydraulic Engineer

R, G. Harris, P. Eng,
Head, Survevs Section



LIST OF LANDCWNERS - APPENDIY AN ‘ 1
WITH STUDY AREA :
pIsT2ICT 10T PLAN OWER D=L APKS
10T : : ‘
123 Pcl, 1 DD 65641, ex. L., Traska
' Pcl., A, DD2576¢
o Pel, 3 DD 6230 L, Trasta
(‘ Pel. 5 DD 20466 L. Trasks
DD 2576G Crown Reverted
132 1535
: S5.L.B. Crown :
S.L.C. Crown . Conveyance Yo. 7035
S.L.H. i’ '
5.,L.K, ¥. E. Erown
Pcl, Assigned 3 R4 o
Rlk, 67 1181 Crown "Reverted
Blk, 62 Ls, 1-4 1181 Crown Reverted
_ Blk, 73 L. 1 17675 ' '
(' Blk, 74 L, 1-4 1181 N. H. Sandrerg
. 5 1181 J. C, Sandberg
Blk, 75 Ls, 1~ 1181 © Crown . Reverted
Blk, 78 Ls., 1-4 1181 N. H. Sandberg h _
Blk, 7¢ L. 1 1181 Crown RPeverted
Rik, & 1L, 2 7782 J. E. Sandrerg
L, 2 1181 F. C. Gunderson
L. 5&6 1181 J. C. Sancterg
Unsubdivided area in N.E. .
Crown Reverted

SO =GN n

Part of lot

-~ X6
S.L, 1
L. 2
Lo 3
oLe 4 & 5 west of
ctenay Piver
.L. 6
L. 7 - N3
Lying west of Rly R/W
- 53

Lying west of Bly R/W
Part lying East of Rly R/W

Pl 8067

Pt. S.L. 9-L.24 8067
-1.25 2067

s, 24 & 25,

Horan Holdings Ltd.,

Crown

Crcwn
Crown

Crowm
Crown

H. & M.I.E. Fairclough

H, & ¥.I.P, Fairciough

Crown

- Surveyoer Lake
Properties Itd.

P, Prutton
K.P, Holm

"Crown

" Crown

Reverted hithin Kikomun

Creek Park

1t e
1" 1t

" 144
17 "

Convsyance Ko, 7262
Kikormin Creek Park

Reverted within Kikommn
Creek Park '

Conveyance No, 1237
within Kikomin Creek Park

00..2
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DISTRICT 10T PLAN _ OWNER . PELAPKS
10T ‘ ,
S.L. 12 Fast of
S.L. 13 Kootenay River Crcwn Within Kixomun Creek Park
S5.L. 14 ‘ Crown Conveyance Ko, 1237
' o Within Kikomm Creek Park
S.L. 15 Crown 1 " " n
s.L., 16 Crowm 1 n 1n "
355 S.L. 1 X L0 Crown Reverted S.U.P. 5573
, ' Crosses L3
. S.L., 2 4 ' ' Crown : Conveyance lNo. 1232
S'Lo 3 . B ) . .
S.L. 4 . Crown ' Peverted
S.L. 5 , Crown, Reverted
(‘ S.L. 6, Ls 1-8 1211 Crown ' Reverted
S.L. 7 B} M. Phillips
Wi , B. Phillips
.5.L. 8 . : _ Crovn - Reserted S.U.P.
: Crosses Wi :
S.L. G W B. & J. Phillips
, C. & E, Phillips _
El ~ Crown ' Reverted
S.L. 10 ' : B. & J. Phillips
' C.E., Phillips
S.L. 11 Crown Reverted
S.L. 12 - ~ Crown Reverted
S.L. 13 ‘ Crown Reverted
( | S.L. 1 " | Crown  Reverted S.U.P. 5973
' S.L. 15 Crown , Reverted .
N S.L. 16 ' | "~ Crown = Peverted S.W. £
0288779
357 : ' 6582
‘ 1 K. B. Uphill
2 W.P. & B, Hack
3 R. Smolik
L R, ¥Watson
5 R, J. & W. Churchill
6 AW, T, Crimley
, ‘ 7 M, Uphill
' 8 G.B. & L.A. Sherret
Vi : ' R.G. & I. Dowling
10 , A. Fawley
11 M. Sosncwski
12 M.A. Ashcroft
13 . F. & I.P. Terry
1 ' H. Bachlet
15 W.D. Dunwoody

16 L.W. Stefano

creee3



DISTEICT 10T PLAM OWMER PEMAPKS
igr
17 " H. Stefzno
18 V. Uphill
1¢ H.W, Uphill |
20 AJJ.K, alen !
21 " D.S. & D.C. Class
S.L. 1 X 12, EX W. & T.Y, letcher
Plan 5469
Wi Crcwn Reverted
5.L. 2 Crown Recreation Res, 0320306 &
Agricultural Res. 0337262
S.L. 3 Crown S.U.P, 3043 & 3563 &
Summer Home Colony 0225449
S.L. 4 Crown Reverted
S.L. 5 Crown . Reverted
S.L. 6 Crown Reverted
S.L. 7 Crown .Reverted
S.L.. 8 Partly Crown Reverted
Covered by
Plan 6982 ‘
S.L. 9. no Crown " Reverted
S.L. 10 LU Crown ‘ Revefted
S.L. 11 " Crown Reverted, Recreation Res.
No. 0164657
S.L., 12. Crown Reverted
S.L. 13 Crown Reverted
S.L. 14 Crown Reverted, Recreatioﬁai Res.
No. 0194657
. S.L..15 C.L. Lancaster v
H
S.L. 16 x. 1 acre 1 -
C of T 69137 C.L. lancaster
S.L. 16 L.1 L107 K.W. & L.¥, Pichardscn
S.Le 16 L.2 & L1C7 M. T, & W.J, Carpbell
S.L. 16 Cof T ,
65137 W.H. Iancaster
22 .
S.L. 1 Crown Reverted S,U.P., Crosses N}
S.L. 2 Crown Reverted
S.L. 3 Crovm Conveyance No. 1232 -
S.L. h} _
5.L. 5 Crown Reverted
S.L. 6 Crown

Reverted S.U.P. 5973
Crosses wh :

weeesl




23,164 &

5916, 6638 &

7891
23416 A

5916

6638
7891

L & N.J. lancaster
E.D, & M.V, Altizer
Y. Irvine

R. & D, Ditis

- DISTRICT 10T PLAN =2 P=EHAPKS
LOT
S.Le 7 Crown .Reverted 5.U.P. 5973
Crosses W 3
S.L. 8 S.U.P. 5572
| (‘ Crosses H.E. %
S.L. G ex. :
Ply R/";“;’ I,, Traskza
S5.L. 10 ex.
Rly R/ L. Traska
S.L. 11 Pl 62 7185 I L. Traska
5.L, 12 Part 7185 I L. Traska
Fcl., 1 '
S.L. 13 Crown Reverted -
(’ S.L. 14 Crown Reverted
360 X 40 ,
S.Le 2 " n
S.L. 3 1t 17 .
S.L. 4 Crown Reverted
S.1. 5 Crovmn " Reverted
S.L. 6 Crown Reverted
S.L. 7 Crown Highways Reserve
- No, 021C39%
S.L.. 8 P.J, Beller
S.L. § Exc. Pl. -
: L5873 A,H, Helmes
S.L. G 4583 F &S Lightfoot -
S.L. 10 LW, & ¥.J. lancaster
S.L. 11 Crown - Reverted Highways Res,
( No. 021036
' S.L, 12 Crown " "
S.L. 13 Crown " n
s.L, 14 Crown " n
S.Le 15 Exe, P1, LW, & X, J. lancaster
23141 A
Pl 231414 HV. & E.M, Black

000-5



Pel. 4,
& L65L, 5L69, S
7964, 4345

Part-shown outlined in red on
Pl, 10GA751

L.A, Lé5L
Pecl. A DD 128891
X 27

S.L. 2, &
LN ] 3 ~ e
Pls, 5327, 5670 & 6035

L. L 5327
L. A 5670
L. A 6035

Green Valley
Services I1td,

J.A, & F.¥, Sineclair

Crows Xest
Industries 1tA4,
¥cDonald Ranch &
Lunber Itd,

¥.E. Poc

C. . Weed
E.K. QCestreich
S.W. Jewell

DIZTRICT - LOT PLAN ) PIEIDKS
1CT
361 L 50
S.L. 1 Crown Reverted
A/TW 0327406
S.L, 2 Crovwn Feverted, Agricultural Leas
No. 14613
(L.W.¥. Iancaster)
S.L. 3 ‘ Crown Reverted A/PW 0327.,06
S.Le 4 Crown Reverted, Hwys. Res, No.
- 021039,
S.L. 5 Crown Reverted n 1
S.L. 6 Crown Reverted,Highway Res. No.
0210394 & A/RW No. 0327406
S.L. 7 Crown Reverted A/RYW Ho. -327,06
S.L. 8 . G, Polivka | |
. SJL. G L.E. & EM, McInty
S.L, 10 L.E, & E.}. McIntyre
~S.L. 11 L.E., & Z,Y¥, lcIntyre :
S.L. 12 Crown Reverted
S.L. 13 Crown Reverted
S.L. 14 Crown Reverted
S.L. 15 ¥.C. Phillips
S.L. 16 w-%— L.E. & E.}, McIntyre -
Ez Crown - Reverted .
- Horan Holdings Itd.
Horan Heldings Ltd, &
H.L. Horan
‘North 10 chains H.E. Totten
Ex. ¥ 10 chains, 1096751, C.M, Sinclair
P1, Sxp. Pl. 192914, ‘

ooi--é



5245

Part outlined in red on

~ SK P1. 21973 A

S.L. 42

Crown

AS Pamell

DISTRICT - LOT PLAN CWZR PEMAPKS
10T
S.L. 3 C.Y. Weed :
S.Lo & K.}, letcher & T, Oliver
S.L. 6 ‘Horan Holdings Ltd.
S.L. 7 Horan Holdings Itd,
S.L. 8 ¥eDonzld Panch & ’
C Lurker Ltd.
S.L. § Ex. 3008 " "
L.A. 3003 C.G, Letcher
S.L. 10 McDonald Ranch &
Iurrer Ltd.
S.L. 11 1 "
S.L. 12 r n
s.L. 13 " "
S.Le 14 L.l 1144 F.T. % B Slee
" L,2 1144 T.C. Slee & Director
: ) L.3 111'& . V. :' ’ ) . 11
( L.k 1144 C & L Auld &
: I’cDorLa*d P& L Itd.
L.5~20 1144 - T.C. Slee & Director
) V.L.A,
L.21~37 1}i4 McDonald R & L Ltd,
L.38-41 1144 T.G. Slee & Dl*'ecbor
V.L.A,
S.L. 15 Ex. Pls.11k4 & R232, P.B., Salanski &
including 40 foot strips C.E. Lynn
adjoining P1. E 232 -
1142 See S,L. 14 _ -
A R232 Highway R/W
S.Le 16 C. Lynn
S.L. 20 }'cDOha"d R & L Ltd.
S.L. 21 T. O. Letcher :
S.L. 22 - E—% Crown Reverted
S 0.C.5.X.0.
S.L. 23 F. letcher
, S.L. 24 A, Hark
: 5.L. 27 X 27 McDonald R & L Itd.
(- S.L. 29 Pcl.l - B.C. Hydro
Ex. Blk. A . 950 .
S.L. 29 Blk A B.C. Hydro
S.L. 29 Blk A 950 Ex J. Cutts
~Pel. 1
S.L. 29 Blk B 950 B.C. Hydro
S.L. 29 Blk B 9158 L
S.L. 29 Bik C 950 J. Cutts
S.L. 29-S.L. 30 Crown
S.L. 31 Ex, 9203 E.C. letcher &
B.C. Tel. Co.,
9203 B.C. Tel. Co,
. S.L. 32, Pc1 B DD264571 ; F. Letcher
(’ Rem. Pcl A Exp. F1 17377 A.R. Wipple
S.L. 33 A, Pamell
S.L. 40, Pcl A SK P11, :
<~ 22016A E.C. Letcher
i S.L., 41 -~ DF & GT Gorrie -

" oozcoo7



_DISTRIST 1oT CWN=R PEMAPKS
Icr
6235 Pcl, A DD782271
" Ex. BCS Rly R/W and
"Pls 7137 & 8067
(‘ L.1 7137 P.A. Koss
- L. 2 7137 G.L. Koss
L. 3 7137 J.A. Gray
L. 4 7137 D & G Alessio
L. 5 7137 F.D. Basarab
L. 6 7137 PD & M Basarab
L. 7 7137 D & LF Smith
L. 8 7137 . T & S Sajban
L. 9 7137 M. Gilson
L.10 - - 7137 CH & ME Simms
L.11 7137 FE Poty
L.12 7137 WS Mosely
- L.13 7137 JW Henderson
L.14 7137 KL Apps
( L.15 7137 N Sidco .
L.16 7137 Hudock Holdings
L. 1 8067 GR Sharpe
L. 2 8067 IR & GR Sharpe
L. 3 8067 GW Sharpe
L. 4 8067 DW .Davidson
L. 5 8067 SE Thome
L. 6 - 8067 M. Mindek, :
L. 7 8067 ER & MB Fitzpatrick _
L. 8 8067 J. Mindek & ER Fitgpatrick
L. 9 8067 J.W. & I.B. Davidson
- L.10 8067 V Hornquist -
L.11 8067 F. Horsely
L.12 8067 AM, Fetzko
L.13 8067 J.W. Fetzko
L.14 8067 D.F. & J.B. Bruce
L.15 8067 L. & G. Bettran \
g L.16 8067 HR & ND Mclauglan
L.17 8067 Mid West Holdings Ltd.
L.18 8067 W.R. & K.E, Currie &
‘ Director V.L.A.
s L.19 8067 ~ 8.J. & P.B. Dumin
( L.20 8067 C.V.0. Holm
: L.21 8067 E.L. Glass
L,22 8067 P. Toma
, L.23 8067 G.W. & C.M, Mott
6677 ' Crown
885l 8153 Horan Holdings Itd. &
: H.L. Horan
Remainder Crown
SL9L Ex. Pl. 8045 {cDonald R & L Ltd.
. 8045 " 1
K 314 E.K. Ostreich -
11520 Crown Conveyance No. 7492
16923 Crown
14031

A.S. Parrell
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_APPENDIX "B" I

Soils Report & Recommendations
on Water Requirements

Soils Divisicn, .
Court House,
Kelownz, British Colimbie, )
March &, 1973
Mr. R.G. Harris, Chief,
VWater Supply and Investigations Divisioxn,
‘Dept. of Lands, Forests, “and Water Resources, Rl
Parliament Buildings, A ’
Victoria, British Columbia ' »
A . LIAL RSO
Dear Mr. Harris: ViCT3aIS, 3. C.
Re: Irrigation Feasibility Study, ,
East Xcotenzy Valley (Libb‘y Reservoir);

was held in 1953.

"production of Agmculture Csp= o"ﬁ ity maps.

" can provide good pr=11m3_n:.ry esti

(@

Your fils No. 0290050-35‘

In reply ’c.o your lstter of February 23 on the above, our soil
survey of the area dates from the e..rly 1950ts, and ths Reclamation
Comrittee meeting which initially assigned duty of water requirements

Little additional field work has bsen dons since 5 .
except that the East Kootenay area was rapidly chec d in 1968 for the -~

lro

2O

lee, he suggests we
he soils in regarxd
) and design flows
2 more clearly

es before any actual

In discussing your regusst with Cra_f' Brow
s for each of
to duty of water, peak flows per acre (for grow:r u
per acre. It is suggested, however, that the arezs b
delineated and fi e_d checlfecx to verify such estim
des:Lgn work takes place.

Srmata
LU

)
v
S52

mns
na

Compar:v_ng the soil map with the area outli you sent, the soils
are predazinatly Elko (E), Saha (S2) and Flagstons (F). A11 ithese soils
have similar requirements, and the irrigation recomnendations are as.
follows: . -

Duty of water:
Peak Flow/acre
Design Flow/acre

il
oNI™NDN
Wi O Wn

i

L PNS md

c.c. C.H. Brownlee
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APPEZXDIX "B™ IT

Soils Branch,
Court Houss

Kelownz, B‘f‘l‘blsh Colurbia,
VY 1J2

October 18, 1973.

FORZ3TS
c=7s. OF L ND3 T Y
AND WATER RESOURCES

WATER RESS
Mr. R. G. Harris, Chief, - o .
Water Supply & Investlgatlon Division, _ OCT 291973 - .
Dept. of Lands, Forests & Water Resources, L oL s
Parliament Buildings,. , . o -7 mAlLROOM
"~ Victoria, British Columbia. S . S . VICTORIA, B. Cs

Dear Mr. Harris:

re: Irrigation Feasibility Study,
East Footenay Valley (Libby Reservo:u:),
Your File No. 02904650-F :

Undér separate cover please find our preliminary map oub]j_rﬁ_ng areas -

suitable for irrigation development as per our terms of reference in the
jeal

above study. Basically the area mappad is enclosed by the Elk River on the
north, Libby Reservoir on the west, U. S. border on the south, and Highway
93 on the east. The valley bottom between Grasmere and Roosv:l.lls= was. not
included as this is presently largely developad.

Lands suitable for 1rr1gatlon were divided into three broad
categories, High, Moderate and Low, based on such criteria as soil type,
tooooraphy, and general crop suitebility. Areas with High suitability .
(shown in red) were felt to have the best soil and topographic features
and the potential for a wide range of crops. Areas of Low sultability
(shovm in yellow) are primarily ones with poor soil conditions (stoniness
or shallow to gravels) or complex topograph.c limitations. All other
soils sultable for irrigation were placed in the Moderate cabegory.
With more detailed survey and inspsction I believe some areas of Moderszte
could. be separated into higher or lower categories on the basis of soils
and topography. -

Land not recommended for irrigation at this time was placed in
the Unsultable category. Basically, these are areas considered too
steep for cultivation and irrigation. While irrigated range may be
possible on some lands within thls cauecrory I suspect severe practlcal
limitations.



APPENDIX B! II

Again; with more detailed information (particularly topography)
some refinement of Unsuitable boundaries would be possible.

In regard to irrigation requirements, the valuss previously suggested
(letter of March 8/73) would apply to the High and Low categories, and to
those areas of Moderate sultabl.llty that are shown as Elko and Szaha soils
(see Soil Report No. 5). The remaining Moderate categories are dominantly
Wycliffe and Plumbob soils (developed on till) and I would suggest the
following :er:Lgatlon recommenda'clons for these:

2.0_Acre feet'
5.5 U.S.G.P.M.
6.0 U.S.G.P.M.

Duty of water
Peak flow/acre
Des:n.gn flow/acre

nuon

Unfortunately I didn't have a suitsble base map for duplicabion .
so have prepared one copy only. If you plan on preparing a new map pcrhaps
you could send copies to both Mr. Mo:,her and myseh.

I regret that I have not been able to get this information out to
- you before this, but something always ceme up to prevent its completion.

Yours ver'y truly,

C. H. Bromlee,
Soils Branch.

CHB/jef

c.¢. G. Mosher




APPEXDIX ®ph III

Sept. 17, 1976

Mr. R. G. Harris, Hezd
Surveys Section

Water Resources Services
Department of Environment
Pzrliament Buildings |
Victoria, B. C. o
vav 1X5

rrigation Feaalblhty St.udy

Dear' Sirs: - Re: ) .
' ' ' t Kootenay Valley. Your File 0290650-F

Bzs
5223

As per your requesr. in your. 1ett.er of Au"ust 2[;,/76 we have
extended the area of soils information with resn°ct to irrigable
lands to include the Grzszere Valley and the area lying between
the Elk River and the Libby Reservoir extending from the confluence
of the Elk River and Reservoir to Elko. The northern boundary of

~ the latter area is shov"z on the attached maps in red. .

The seme crl’t,erla relaulve to soils, topography, suitability
class, and general crop suitability were applied to the above areas

~as to the original arez. Recommendations relative to suitability

and irrigation requireosnts (duty of water, peak ;10*1/acre, and
design flow/acre) are the same as outlined in our letters of

March 8/73 and October 18/73. In this ragard there is a falrly
high percentage of the irrigable lands in the Grasmere Valley

that are mapped as a Wigwem Complex. These soils have been tent—
atlvely trezted the saxs as Wycliffe and Plumbob m_th respect to
irrigation *'equlremenu. : '

In regerd to your guestion re: :er:Lgar.lon season I would
suggest at this stage tnet you consider the areas under study to |
be comparable with that of tne Okanagan Valley. In addition, I

would recommend that ths conthly distribution of irrigation demand
outlined in your letter of P-Lgust 2L;/76 be used for the study area.

As befcre, we are sending our only copy of nbn su._tablllty
maps (2 shests of 1:50,G00). ihen you have ed 2 suitable
maen(s), we would ano:’eciatv £w0 coples and ;
originals for our records.
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Mr. R. G. Harris, Head : APPENDIX "B 1V
Water Irvestigations Branch e e
Pa e Two

ect. 17, 1976

I indiceted in our telephO;xe conversation, further
n ¥ be reguired to further
¢t prcceed in £11 or
3=r .
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Yours very truly,

%W@_

C.H. Brovn_e P, Ag. _
"Assistant Head Soils Branch

CH.B mb

c.c. A. Schor1

2 Attach:




APPENDIX "(C'*.

Rm. 202, 135-10th Ave. S.,
Cranbrook, B.C.,
Yovenber 1, 1976

B.A, Hackett, Ksead,

Farm Econoz=ics 3ranch,
B.C. Dedi. of Lgriculiture,
Victoria, 3.C.

Dear »Mr. BHacket::

Re: Irrigezstion Fea

sibili
Vzlley - Potential £

ty Sthdy, East Kootenay = | —_— ;liy.’
or Crop Production R . -

C-op prdduction'in_the-area at present is limited to hay crops (alfalfa”‘_

a*d alfalzfa —grass mixtures), one margirzl orchard (about 12 acres of apples-and

ma plusbs), znd some very limited grain production (oats and barley companion .
crops wvith qlfalfa may be taken off as grain rather than green feed in odd

years. 7TIne acrez ge avolved is less thzn 50 per year). The majority of the .

study arez is preseantly native range czpzble of supporting one arrmal unit month
on 3 to & acres - sezson of use being ¥Mzy through Septembexr. . o Co el

rr l*" N

The frost-iree period of the study zrea is considerably greater than at . .
_Cranbreok (estinate approximately 130 frost free days compared to 98 for :a,,3f3;i-~;a?
Cranbreook). Tnis ensures at least 2 arnd ?erhaps 3 alfalfa cuttings per year L
.enablinz 5 to 6 tons per acre yields, .

The area nay have some limited potential for irrigated grain crops. Corn
silage production in this area is doubtful or at best very marginal for even
the early maturing low heat unit requr-ho varieties. . . =

I have discussed the production potential of horticulture crops in the study
. area with lMike Sanders, District Horticulturist, Creston. It appears that
clizatiec conditions would zllow the possibility of commercial scale production

of low heat reguiring vegetable crops such as the cole crops. Tree fruit T
production would be &t best marginal. The area does have a higher potential for -
potatoe production (either seed or tablz stock). Expected yields may be in the. .
order ¢f 12 to 15 tons per acre for potatoes. ' '

"n

¥r. Rodney L. Davis, Agriculturist, Cllmate and Data Services, Environment

and Lané Use Committeaz Secretariat, Victoria, may have scme current information
on Cliraté Capedility for Agriculture fer the study area.. Tnis iaformation is .
not presently zvailable a2t this office.

I hope this informetion will be of some use tq you.

Yours very truly, -

MIM:hj . ' . ‘ \// %f//b{[/la

Alalmberg,
cc: Mike Sanders : Dis rlct Aorlcultur st
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APPZNDIL "E" -]

LIST OF WATER LICENCES

APPURTENT TO STUDY AREA

- LICENCE SOURCE

e,

PRIORITY QUANTITY LICENCEE
DATE NO. TRIG PCWER DCMESTIC ‘
: AC.FT. = CZz3. IMP.GPD,
Cct.1l0, 1906 . F.L.564L4 ¥Elk River 550 - B.C.Hydro & P. L.
Dec.16, 1922 F.L.5645 " 340 - on
A : ' 200
Jul.22, 1922 F.L.7873 Raymond Ck. 37 500 A.S. Parasll
" - FelL.9342 " B6.15 500 " '
‘ 7/.*? 1000
 Oct.16, 1900 F.L.3464 Maguire Ck. 150 500 ' M.C..Phillips
- 0ct.19, 1923 C.L.Lh2247 " 171 . 500 L.% E. McIntyre
Jun.10, 1958 C.L.25791  ® 250 . u .
© Jul.lh, 1960 GC.L.25968 n 130 S.Z. Qesko
Sep. 8, 1970 C.L.39442 " 75 - €, Polivka :
Nov.l6, 1973 App.03522169 -V 500 - Director V.L. Aht
"  App.0328606 » 1000 : " o
n App.0328607' n 1000 G. Polivka
_ 776 3300
¥ay 7, 1901 F.L. 3686 ‘Red Canyon Ck. 70 500 - L.%¥. Larncaster
Nov. 4, 1901 F,L.6374 . " 113.5 2.J. JCTau’hlln
Jan.22, 1922 F.L.6378 " 1¢.5 500 - &. Bolzes
Mar, 3, 1931 F.L.11910 n co . - R.J.%V. RBeller
Oct. 3, 1937 F.L.11911 n €1.5 ‘A. Holmes
Sep.18, 1963 F.L.21355 " : 500 E.V. Black -
- Jan. 9, 1968 C.L.40302 n 25 - RJ.2V. Beller
. May 7, 1958 C€.L.35798 " 500 ¥, Irvire '
"aug. L4, 1969 C.L.37680 " 500 E.& M. tltizer
Aug.24, 1971 C.L.41080 " 500  2.R.% D.N. Dilis
Apr.30, 1974 App.0323035 © 200 L.9e% N.J. Lar-
' : . caster, S
} 582.5 3000
¥ov. L, 1901 F.L.9341 Bowman Ck. 109 C.J. Lancaster
Fet.15, 1965 C.L.30836 " 100 " R.J.& V. Beller
: i 2Cce . :
Feb. &, 1908 F.L.6175 Howard Ck. 17 R.J. McLauzhlin
_ Feb. L, 1908 F.L.6175 Stone Ck. 1?7 R‘J. McLaughlin
Feb.15,.1965 C.L.30337 Bare 3pring 500 R.J.& V. Bellnw
.ul. 1, 1965 C.L.30838 o 0.5 (Fish Culturz) © -
. T : 0.5 500

e S I RO A TR et i S~ SO AP POAS 9 aye . Mo
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LIST OF WATER LICENCES

APPURTENT TO STUDY AREA
PRIGRITY  LICENCE SOURCE QUANTITY LICECEE
ATE NO. IRRIG. PO%ER DOMIZSTIC
.‘ 5C,FT CFs. IMP.GPD.
Feb, L, 19083 F.L.5177 Flag Creek 79.5 500 R.J. McLaughlin
Sep. 4, 13512 F.L.3975 " 500 A. Hark
Sep., L, 1312 F.L.3976 " 33.75 "
Feb.25, 1513 F.L.3373 L 10.75 500 D. Gorrie o
Jun.15, 1923 F.L.9357 w 56.25 C.J. Lancaster
Aug.l1l2, 1936 F.L.13644 - 75 " L o
Feb.19, 1933 F.L.12303 " : 25.25 A. Hark :
Mar. 8, 1943 P.L.13645 " 5.5 - D. Gorrie
o 291.00 1500 S
Oct 23, 1896 F.L.9090 WilIie Phillips €x. 1kl 10 000 Dept. of Indian Afj
sép .25, 1906 F.L.3833 n 270 500 C.M. Sinclair
oct. - 19 "FoL.20 n 1 000 Gresen Valley Servig
- Oct ?’ 57 FL 363 | ~'_ - ol z B y 0
.Sep.23, 1896 F.L.9090 Reserve Ck. FS Dep. of Tndian AfE,
Nov. 9, 1955 C.L.23505\EdWards Lake 500 B. Phiilips '
Feb.1l1l,. 1963 C.L.28589 Scherf Ck. 375 1500 P.P. Salanski & .
. ‘ C.E. Lynn .
Jul.31, 1963 C.L.23552 Village Ck. 2000 Dep. of Indian Aff,
Apr.23, 1965 C.L.31244 Conner Ck. 2 62 : E.C. Letcher -
- o : Letcher Brook ’ o . ' »
- Apr.23, 1965 C.L.31245 Letcher Spring - (W=ks)5000 E.C. Letcher
Cct. 9, 1907 F.L.4397 Miller Ck. 22.5 550 McDonald - . &
Sep. 3, 1924 F.L.9373 " . 31,85 500 Lumber Ltd. .
Feb.11l, 1963 C.L.23538 " 240 T.J. Slee
“May 13, 1964 . C.L.29208 "o - - 503w :
| | 295.35 1500
Oct..10, 1907 F.L.4452  Rainbow Ck. 37.5 1000) . - ULl
Sep.. L, 1952 C€.L.21800 n 175 - ) McDonald Ranch & |
. Sep. 4, 1952 F.L.16392 " 1.0 ) Lumber Ltd. .
B - "212.5 1.0 1000..
O0ct.12, 1899 F.L.3131 Gordon Spring 30 .593' Horan Roldings Ltd
Dec.12, 1399 F.L.L4646 n 1000 '
Nov.20, 1924 ,F.L.5381 Bed Brook b 503 A.R. ¥Wipple |
Oct.12, 1955 C.L.22928 Willie Phillips (Stock)3000 Horan Holdings Itd
- Lake _ .
0ct.12, 1955 C.L.22927 Horan Davis Laks (5t2ck)1000 !
Teb.1l1l, 1963 C.L.28435 Slee Brook 30 T.J. Slee ‘
Febl.15, 1 €.L.23590 Slee Brook 7.5 1030 WMcDonald Ranch &
Feb.15, 963; -299 . Lumber Co.& L.iuld
"-‘t.23, 1964 C.L.302283 Roos Spring 500 C.G.Letcher




PRIORITY  LICENCE SOURCE QUANTITY LICENCEER
. DATE NO. I2RIG, PCVWEZR IDOME3TIC
:‘Co ET J?S. I:‘:P.G’PD.
Jul.29, 1966 C.L.34927 Johnson Spring 2000 Kootenay-Okanaszan
' Indian Agency
Jul.29, 1866 C.L.35216 u 3000 Minister of
_ National Revenue -
Aug. 6, 1973 F.L.42564 " 500 T.0. Letcher -
Oct.BO, 1972 C.L.4L4216 Jewell Sprin -2 500 - e Jewell,'
Aug._,, 18¢3 F.L 4645 Phillipps Ck. 335 200 Horan Holdings Ltd.
Oct. 9, 1900 F.L.11335 e €8 Dep.of indian Aff.
Nov. 28, 1905 F.L.3702 n 42.5 200 Subdivided into & :
' E.C.Weed; S.W.Jewel
M.E.R003E.K.QOestre—-
_ S . ich SR
Dec.19, 1905 F.L.3690 Phillipps Ck. 24 ~10C C.M. Veed
Feb.19, 1907 F.L.6475 n 30.5 'F. Letcher.
Feb. 7, 1508 F.L.6476 u L9 oo _
Jul.l¢, 1930 C.L.42406 n 25 C. Letcher . -
Apr.lk, 1943  C.L.42407 " 37.5 McDonald Ranch % |
) - Lumber Co. o
Mar.2l, 1972 C.L.41575 n ‘1000 E.X. Oestreich
May &4, 1973 C.L.42695 " 300 icDonald Ranch &
: : ' Lumber Co. :~;,;‘
Phillipps Ck.  91l.5 1500 o
_ total '
Jur.18, 1964 C.L.29934 Kootenay River 300 L. Traska

~
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APPENDIX “F"' o

September 30, 1974

i - S Files: 0273896-5
: V239014-8

NOTES ON A PRELIMINARY GROUNDWATER ASShSSﬂEVT FOR THE EAST KOOTENAY VALLEY"
(LIBBY RESERVOIR)

INTRODUCTION

At the request of Mr. R.G. Harris, Chief, Water Supﬁly and Investigations-
Division, a preliminary assessment has been made on the possibility of ob;
taining groundwaier supplies for irrigation in the EastAKooteﬁay Valley. |
The study area lies between the Libby Reservoir andvthe eastern wall of
thgiRocky Mountain Trench - the width is apout 4 miles. The area eitendéil

from the International Border north for about 10 miles to the Elk River.
The preliminary groundwater assessment has been divided into three parts:

1. A review of available data.
2. Preparatlons of a preliminary gro"ncwater assessment report 1nc1ud1ng
(2) 'a I-inch to % % mile surficial geology map based on air-photo inter-
pretation, field reconnaissance and Clague's report and mép;
(b) . a proposal for some test holes for subsurface information and for
: completion as monitor wells. ' |

3. Production well construction and costs estimates.

' Test product1on wells by cable tool method would only be warranted, if results

are suff1c1ently encouraging from the test hole program.

It is recommended that a dec151on to cox pleue geophy51cal surveys.and

‘deep rotary test holes to the bedrock profile of the valley floor should not

be made .until the results of a shallower test hole program can be evaluated.

1. REVIEW OF AVAILABLE DATA

(a) . Preliminary Evaluation of Bank Storage Associated with Libby Reservoir
~in Northwestern Montana.Geological Survey Water Supply Paper 1899 - 1970.

" ‘The magnitude of active bank storage is controlled by transmissivity

and storage coefficient. The model study indicates that geoloolc data .

ceeedl2
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necessary to evaluate bank storage accurately need only be collected on

-about one fourth of the length of the reservoir (specifically between

Rexford and 8 miles south of the Elk River mouth) and within 2 miles of
the reservoir edge. According to this paper, as ice moved down the.
trench, it ground and compacted fhé'underlying depoSits into clay . till.
Following damming of a 400-foot deep lake, streams from the adjacent
mountains deposited their loadvalong the foot of the steep walls of

the trench. The outwash deposits range in size from sand to boulders
and céntain less than 20 percent clay. Further sorting prbduced deltas
of coarse sand to medium gravel which interfinger lakeward with lake
bottom deposits of clay, silt and sand. The lake deposits rest on till.
After recession of glacial conditions, the glacial lake &rained and the

Kootenay River entrenched itself 200 to 300 feet into the lake bottom

deposits. Figure 3 in this paper shows a diagrammatic geologic section -

across the Tobacco Plains below the International Border. ' Adjacent to .
the maximum stage level of the Libby Reservoir are the glacial lake -
bottom deposits. These grade with interfingering to the east into deltaic
deposits which in turn interfinger with outwash deposits near the valley

mountain wall.

Comments: ‘ _ ,

From the 1970-foot fluctuations of reservoii storage it would dppear

from this paper we could expect between 80 and 120-foot fluctuations

in the study area. Groundwater level fluctuations, due to active storage;
are expected to be less than 10 feet at a distance of two miles or more .
from the reservoir and less than 20 to 50 feet closer to the reservoir.

The rise in level over a period of years due to inactive bank storage

may be as high as 50 feet. However, it is apparent that the distance

~ from the river and the 'lag time" are important factors governing

groundwater level fluctuations. From the graphs, the period mid May
to Mid June may be a period of minimum active storage during the start
of the irrigation season and may affect available drawdown and well

yield of wells located close to the reservoir. However,'demahd should

eeenl3
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be minimal for irrigation during this period. It would appear, however,
that much active bank storage will not be available for irrigation pro-
duction wells. From Gfaph No. 6 it is apparént that it will take
several years for inactive bank storage to build up. It could be con-
cluded from this paper that an assessment of the groundwater potential
should be, at this time, based on conditions prior to the filling of -
the Libby Reservoir and that the installation of monitor wells will -
provide continuing data required for further reassessments of bank

storage and groundwater potential at a later date.

Well construction in the glacial lake deposits will be very difficult
and expensive if very fine aquifer materials are encountered; and well
completion under these conditions may be questionable unless a cheap

long sand pack screen design is feasible.

Late Cenozoic Geology of the Southern Rocky Mountain Trench, British
Columbia by J.J. Clague, University of British Columbia, November,
1973.

"This 274 page paper is divided into six main chapters: 1.  Introduction;

2. The St. Eugene Formation and the Development of the Southern Rocky

Mountain Trench; 3. Glacial Flow Patterns and the Origin of Lake

Wisconsinan Till; 4. Sedimentology and Paleohydrology of Lake Wisconsinan

Outwash; 5. Gedgraphic History; 6. Applications of Geological Know-
ledge.

Bedrock Geology is summarized from Clague as follows:
The Galton Range, which lies to the east of our study area, is under-
lain by Upper Purcell rocks (siltstoﬁe, sandstone argillites) of

Precambrian age. Younger Cambrian rocks crop out at the north end of

_the Galton Range near its crest. The McGillinay Range to the west is

composed of Upper Purcell rocks.

‘Surficial Geology:

Thick deposits of semi-consolidated and unconsolidated sediments are



limited to the major valley bottoms and are of Tertiary and Quaternary

~age; the drift cover is thin or absent on the uplands. A deep basin

showing up to 1,500 meters of Tertiary sediments has been outline by
Gravity Surveys in the Elk River area. See attached Figure 6 taken

from Clague's report. The St. Eugene Formation, which represents the

only exposed part of these sediments, consists of floodplain and fan

facies which filled tectonic depressions caused by half graben block '

faulting.

The floodplain facies includes both high energy river gravels deposited
off tributary valleys and shallow lake or slack water silt and sand.
The fan facies consist of talus and fanglomerate deposited along the

margins of the proto-Rocky Mountain Trench and derived from adjacent

- fault bounded uplands. More discussion on the St. Eugene Formation in

the Elk River area is discussed further at the end of this section. The
thickness of Quaternary deposits has been estimated'by Clague-from
stratigraphic exposures along the mzjor river valleys in the Trench and
from seismic records where low velocity Quaternary sediments are dis-
tinguishable from intermediate velocity Tertiary deposits. In general,
Quaternaiy deposits are about 100 meters or less in thickness'along the

sides of the Trench, but are locally much thicker along the Trench axis.

Listed in order of decreasing age, the known deposits in the southern
Rocky Mountain Trench include the following: the St. Eugene Formation,
interglacial sediments, older drift, inter-drift sediments, younger

drift and post glacial sediments. A generalized composite section is
shown in Figure 8 from Clague's report. The younger drift is also called
the Wycliffe till, it is a "massive unsorted deposit of clay, silt, sand
and clasts ranging widely in size . . . Lenses of water worked sand

and gravel are present within the till sheet. Horizontally stratified
lake silts from 3 to 15 meters thick occur within the Wycliffe till

eereanan Ceenen Immediately prior to deglaciation, Wycliffe till covered

. .the entire Trench floor. This constructional surface was modified by -



lateral proglacial and subglacial meltﬁater as the glaciersﬁreceded.

The till, thus, was reworked locally into outwash; it was removed com-
pletely along the major rivér valleys during the following Halocene Epoch".
The Wycliffe till is dissected in the Rocky Mountain Trench by meltwater
channels, outwash underlying the channels is coarse and poorly sorted,
large valley trains, and Kame terraces occur along the margins of the
Trench. On the east side of the Trench, for. example, between Elko and
Red Canyon Creek is a large terraced and channeled outwash plain. Indi-z
vidual meltwater channels trend south and northwest from this outwash
surface towards the axis of the Trench. These deposits came from floods
from breaches of the ice dam in glacial Lake Elk. According to Clague
both samples of the outwash consist of ffom over 50 peréent to more than
90 percent gravel. The sediment is much coarser than the modern alluvium
of Kootenay River. Coarse channeled outwésh~near the Kootenay River.is
overlain by silty sand. The fine sediment probably accumulated during
later stages of channel flow as backwater deposits where the channel
intersected the ancestral Kootenay River. Meltwater channels are con-
spicuous features of the present landscape in the southern Rocky mountain
Trench. According to Clague, the channels vary in morphology and include
the following types: ‘

(1) Narrow, relatively deep channels cutting across.drumlins.

(2) Strictly lateral single walled channels.

' (3) Wide, relatively shallow, double walled channels underlain by

- -outwash. Most of the channels are cut in till and contain an outwash

fill which is generally a few meters in' thickness but in places is
thicker than 15m. Créss stratification and pebblé imbrication show,
according to Clague, that the outwash was deposited from water flowing
to the south, southwest and southeast away from the ice front. The
distance between the active ice front and the depositional site was.

probably short as most meltwater channels are pitted with kettles.

Clague briefly discusses groundwater in his report. He believes the‘

most accessible source of groundwater is Lake Wisonsinan outwash gravel

"underlying major meltwater channels which in turn overly till or impermeable

R



clay and silt.

Clague also mentions that the character of sedimenfs beneath the St.
Eugene Formation is not known but that these sediments fill a

structural basin near the Elk River 1,500 meters deep. The deeper -
sediments below the upper till may be pérmeable enough to traﬁsmit.

abundant groundwater,

2. PREPARATION OF A PRELIMINARY GROUNDWATER ASSESSMENT REPORT

(a)

One Inch to % Mile Surficial Geology Map

Air photos were used to obtain details of the glacial and inferglaciall
features of thevproject area. These photos areon file for detailed in-
spection when required. Clague's report and map, associated soils maps
for the area, field work by the writer, and the air photo study mentioned
above, together formed the basis for the attached one-inch to %>mi1e

surficial geology map of the area. The reconnaissance field work was

carried out by the writer on July 5,8 to July 12 inclusive.

Large areas of the attached surficial geology map prepared for this
report are covered wi;h till (Wycliffe till), an unsorted deposit covef—
ing a wide range of grain sizes from silt and clay up to boulders. |
Prominent meltwater channels disect the till sheet. Till thicknesses

in the project area are expected to be 50 to 100 feet thick, the till

. 1s expected to be underlain by further silts and clays down to river

level. Occasional lenses of gravels may be expected below the till also.

The meltwater channels (yellow) cut into the till surface contain coarse

and poorly sorted outwash. The silty sand (orange) overlying the outwash
(yellow) near the Kootenay River Valley (now Lake Kootcanusa) is expected

in many areas to be just a veneer over the coarser outwash below. Fine

glacial lake deposits would appear, nowever, to be extensive near present. -.

Lake Kootcanusa and may indicate limited active bank storage for well

development in this border area.
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(b)

Proposal for Test Hole Program and Construction of Monitor Wells

Shallow test drilling is recommended in order to obtain further shallow
sub-surface information on the groundwater potential of the area. The
test holes, if successful, in . encountering shallow outwash aquifers
should be completed as monitor wells. Careful sampling would be very
important in this test hole program particularly in potential aquifer

zones - Representative formation samples must be obtained at all times

particularly if a sand pack screen design is necessary. It is recommended.

‘that a decision to complete geophysical surveys and deep exploratory test

holes into the St. Eugene Formation of the Elk River area mentioned in
Clague's report should not be made until the results of a shallower test

hole program can be evaluated.

The proposed shallow test hole sites are confined to main access roads

to the project area and are located with two objectifésﬂin mind:

(1) ~to assess and monitor the fecharge effects from Lake Kootcanusa on
shallow outwash aquifers and lacustrine depoéits located near the
south end of the project area, and the west side of the area;

(ii) to assess and monitor the groundwater potential of shallow outwash

a

deposits overlying till in other parts of the project area,

It is believed that shallow exploration of the groundwater pbtential of

the impermeable relatively brown coloured till area shown on the surficial

. geology map is not warranted.

. Deep tesf hole drilling should nof be part of the initial program. It

requires different drilling methods and equipment and techniques.

The location of the test holes are shown on the attached map. Test hole

numbers 1, 2 and 3 are located on the west side of Lake Kootcanusa

at the south end of the project area.

They are expected to pass through a limited thickness less than 30 feet

of glacio fluvial and glacio lacustrine clay, silt and sand into under-



lying glacio fluvial gravel which in turn is underlain by till or clays
and silts. These three test holes are expected to be between 150 and
200 feet deep and are 1ntended to penetrate the surf1c1a1 deposits as
deep as the former river level of the Kootenay River. It is possible
that some recharge may be available fo these three wells from Lake -
Kootcanusa. The wells are located approximately 10, 40 and 20 feet,
respectively, above expected high water elevation in Lake Kootcanusa,

i.e., elevation 2, 470 2,000 and 2,480 feet above sea level, respectlvely

Test hole numbers 4, 5 and 6 are located on the east side of Lake
Kootcanusa in the middle and the south end of the project area. It

was originally decided to run a series of three test holes east from

the shofeline of Lake Kootcanusa along the easterly access road from

the Lake to Roosville. Howéver, the presence of till outcrops immediately
north of the road in the site locations could indicate that till would

be at shallow depths below the surface. Consequently, only test hole

No. 4 was sited in the area adjacent to the shoreline. Test hole No.

5 is located just east of the access near a small kettle; The siie
location of the test hole No. 6 is just south of what used to be called
"Flagstone'". Reworked gfavels may indicate better aquifer materials

at shallow depths at this site. All three holes should be drilled to the
river level, that is, 170, 180 and 165 feet deep for holes 4, 5 and 6,
respectively. The holes are also located, respectively, 30, 40 and 40

feet above expected high water elevation in Lake Kootcanusa, i.e., ele-.

~ vation 2,490, 2,500 and 2,500 feet above sea level, respectively.

‘The groundwater potential at test hole sites 7, 8, 9 and 10 would be

dependent largely on groundwater recharge from the eastern border
mountains to the south of the Elk River and arrangements are being made

by Mr. R.G. Harris to obtain the services of the Hydrology Division for

‘a preliminary assessment of the watersheds draining from the border

mountains to this eastern border area.

Test hole No. 7 is located in one of three alluvial fan deposits



(A, B or C on the surficial geology map accompanying these notes) Test

holes 8, 9 and 10 are located in outwash deposits south of Grasmere,

the depth of all four holes is expected to be less than 100 feet and
the bottom of these holes will be well above expected high water in
Lake Kootcanusa. Hole No. 9 is the only site selected within Indian

Reserve boundaries.

Test holes No. 11, 12 and 13 are located in the central part of the pro-
ject area in outwash deposits associated with meltwater channels. A

limited thickness of more impermeable overlying glacio fluvial and lacust-

rine clay, silts and sands is expected in holes 11 and 13. Test holes

11 and 12 are expected to be less than 100 feet deep. Hole No. 13 is
located less than 1/4 mile from Lake Kootcanusa and may receive limited
recharge from this source. Therefore, the No. 13 test hole should be
drilled to old river 1eve1,>i.e., 240 feet deep. Elevation of hole No.
13 is 2,600 feet or 140 feet above expected high water level iﬁ Lake

Kootcanusa.

Test hole  No. 14 is located in the prominent terraced and channeled =

outwash plain situated between Elko and Red Canyon. The expected depth
of this test hole is between 100 and 150 feet. '

In summary, these 14 test hole sites have been selected for a preliminary

test drilling program.

Hole Nos. 1-3 are expected to be 150-200 feet deep, hole Nos. 4, 5 and 6
are expected to be 170,‘180 and 165 feet deep, respectively. Hole Nos.
7, 8, 9, 10, 11 and 12 are expected to each be 100 feet deep. Hole No.
13 is expected to be 140 feet deep. Hole 14 is expected to be between
100 and 150 feet deep. ' |

Total minimum. expected footage for 14 holes is 1,800 feet, the maximum
footage expected is about 2,000 feet. Deepest holes expected are Nos..

1-3 which may be as deep as 200 feet, the minimum drilling depth in any
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hole will be about 100 feet. Note any future contract specifications
should allow the field engineer to complete these holes at a lesser

depth if required.
Estimated costs for the test drilling program are as follows:

Mobilization o _ . $ 2,000
Site clearing (especially tést holes Nos 5 and 11) $ 1,000

Drilling and casing 6-inch diameter holes at
$20.00 per foot

Minimum 1,800 feet of drilling ' $36,000

Maximum 2,000 feet of drilling ~ $40,000
Development and well completions
Setting screen and development per hole ‘ § 500
Cost of screen and fittings per hole $§ 750
Cost for development and well completions in
say 10 hole - $12,500
Total estimated cost of program '
Minimum . : - $51,500
Maximum ' - $55,500

" No estimate is included here for costs of supervisory personnel and special

well construction or drilling problems.

PRODUCTION WELL CONSTRUCTION AND ESTIMATED COSTS
Test-production wells by cable-tool method would only be warranted, if

results of test hole drilling are sufficiently encouraging. Only after

. the completion of the test hole program will it be possible to give

meaningful cost figures for test production wells capable of supplying

these limited acreages within the study area.

On the basis of our pfeliminary groundwater assessment some tentative
costs have been prepared for production well drilling at the Tequest
of Mr:: R.G. Harris. The production wells would have a minimum capacity -

(of 350 U.S. gallons per minute - enough to irrigate a 50 acre unit up
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(b)
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@)
(e)

()

(g)
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to a probable maximum of 1,000 U.S. galions per minute wells for ifriga-

tion of 150 acre units.

The following estimates were prepéred by Mr. D.J. Johanson and give the
construction costs for 100, 200 and 300-foot deep wells. It should
be emphasized these figures are based on a number of assumptions which -

may prove to be invalid on the basis of data obtained from a test hole

© program

Estimated costs for a 100-foot deep production well capable of delivery
between 350 and 1,000 U.S. gallons per minute:

Drill and case 12-inch diameter hole to 100 feet at N
' 3,400

$34.00 per foot $
12-inch drive shoe $ 150
25 feet of 12-inch screen at $140.00 per foot ' - $ 3,500
12-inch screen fittings 8 205
Cost of setting and pulling test pump, moving on and off

site - 40 hours at $32.00 per hour $ 1,280
Standby - waiting on screen;“etc.'at $26.00 per hour -

estimate 8 hours - v § 208
24 hour pump test at $24.00 per hour - $§ 576
Cost of 100 feet deep 12-inch diameter well with 25 feet A

of screen and 24-hour pump test . $ 9,319

Note part of a $1,000 mobilization and demolization fee must be allotted

to each well depending on number of wells drilled. Alsimilar fee must be

i
allotted for pump test equipment. No cost estimate is included here for

supervisory personnel and special drilling and well construction problems.

(2) Estimated costs for a 200-foot deep production well capable of delivery

between 350 and 1,000 gallons per minute. -

Costs for this well will be similar to that for the 100-foot deep well .

given above except for item No. 1 (a)
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Drill and case 12-inch diameter hole to 200 feet at

$34.00 per foot ‘ | | $6,800
Therefore cost of 200 feet deep 12-inch diameter

well with 25 feet of screen and 24-hour pump test

will be $9,319 plus §3,400 o $12,719

Mobilization charges as above
No cost estimate is included here for supervisory personnel and

special drilling and well construction problems.

Costs for a 300-foot deep well would, if required, have to inclﬁde

additional costs for two casing sizes 16-inch and 12-inch. Estimated

" costs for a 300-foot deep well completed with 25 feet of 12-inch

diameter screen and 24-hour pump test will be approximately $19,245..

- Mobilizations, supervision, etc., as mentioned above.

It was mentioned in the discussion of Clague's péper that the character
of the sediments beneath the St. Eugene formation is not known, but |
that these sediments fill a structural basin near the Elk River, some
4,900 feet deep. These tertiary sediments have been outlined by gravity
surveys (see Figure 6 of Clague's report attached) Clague feels these
sediments lying below the upper till may be permeable enough to trans-

mit abundant groundwater.

To-evaluate this assumption would be very costly and could require further

geophysical work and expensive deep rotary test drilling with heaVy

T F e k.

J.C. Foweraker

equipment.
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- APPENDIX "H"™

October 4, 1974

File:

. COST ESTIMATE FOR 100-FCOT AND 300-FOOT DEEP
. CABLE-TOOL TEST PROBUCTION WELLS
‘ IN KCOTENAY AREA

Wells to produce minimum 350 gpm to 1,000 gpm.

1.

U1 AW N

7.

100-FOOT WELL

Drill and case 12-inch diameter hole to 100 feet
at $34.00 per foot

12-inch driveshoe
25 feet of 12-inch screen at $14O 00 per foot
12-inch screen fittings

Cost of setting screen and developing, settlng and pulllno

test pump, moving on and off site, 40 nours at $32.00 per hour

Standby - waiting on screen, etc., at $26 00 per hour,
estimate 8 hours

' 24-hour pump test at $24.00 per hour

Cost of 100-foot deep, 12-inch diameter well with 25 feet
of screen and 24-hour pump test

Part of the mobilization and demobilization of the drill rig and
test pump would have to be added to the above cost.

300-FOOT WELL

1.

- Drill and case 16-inch diameter hole to 120 feet

at approximately $40.00 per foot
16-inch driveshoe

Dr111 and case 12-inch diameter hole from 120-300 feet
at $34 00 per foot

12- 1nch driveshoe

120 feet of overlap 12-inch casing at $15.00 per foot

25 feet of 12-inch stainless telescopic screen
at $140.00 per foot
12-inch screen fittings

Setting screen, developing, setting test pump, running overlap
casing, moving on and off site, etc., 48 hours at $32.00
per hour ' ’

0239014-B

'$ 3,400
$ 150

$ 3,500

$ 205

$ 1,280

- $ . 208 -

$ 576

$ 9,319

$ 4,800
$ 350

$ 6,120
$ 150
$ 1,800

$ 3,500
$ 205

. $1,536
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9. Standby - waiting on screen, etc., at $26.00 per hour,
estimate 8 hours

10. 24-hour pump test at $24.00 per hour ,
‘Cost of 300-foot deep, 12-inch diameter well W1th 25 feet

of screen and 24- hour pump test

Part of the mobilization and demobilization of the drill rig and -

test pump would have to be added to the above cost.

Mobilization and demobilization of well drilling equipment, crew
and casing to Kootenay area to be divided equally among the
total number of test holes drilled -~ Total

Mobilization of test pump to be divided equally among total
number of test production wells pumped : Total

(No allowance has been made for casing recovered, rental of
screen, special well deblgn, such as gravel packing, or super-
vision fees)

D. Johanson

Technician
Groundwater Division

O ("'
s

$ 208

$ 576

- $19,245

$ 1,000

$ 1,000




APPENDIX ftI"

PRELIMINARY GROUNDWATER ASSESSMENT FOR THE
( GRASMERE VALLEY EAST KOOTENAY DISTRICT

Hydrometric data supplied by J. Cheng (Hydrology Division) has permitted a more
reliable evaluation of the groundwater potential of Grasmere Valley (4 miles

\
east of the Kootenay River). Initial results show the area to be of great poten-

tial for groundwater.

INTRODUCTION

Twelve small watersheds drain from the east into the Grasmere Valley. These

watersheds have similar area elevation characteristics, which Cheng expects

~ to indicate a similarity in potential of both water storage and runoff.

Recorded measurements of surface flow at two hydrometric stations on one of the

watersheds (Phillipps Creek) are presented (fig. 1).

These figures show a substantial drop in surface flow from that recorded at an

elevation of 3,800' in the watershed area of Phillipps Creek and that situated
at an elevation of 2,800' on Phillipps Creek in the Grasmere Valley. Irrigation
projects between these two measuring stations are licenced for 1,069;5 ac.ft./yr. 
It is assumed that the balance of this water is lost to the ground.
WATER BALANCE

A crude water balance equation is used to calculate that volume of water that

may be lost to the ground.

Difference in surface flow between station - diverted irrigation water
= water loss to ground. '

Assuming that the total volume of licenced water (1,069.5 ac.ft.) is diverted

-during a 4-month dry season then:-

Average{mggg flow for the upper station from June to September is:
50.15 cfs or 12,135.47 ac.ft.
Similarly for the lower station:-
27.425 cfs or 6,636.39 ac.ft. .
So (12,135.47 - 6,636.39) - 1,069.5 = 4,429.58 ac.ft. or 18.31 cfs.




Therefore during the irrigation season of a year of mean runoff, about 30 per-

cent of the basin yield is lost to groundwater storage.

Average maximum flow for the upper station from June to September is:-86.6 cfs =
20,955.77 ac.ft. RN

Similarly for the lower statioﬁ:-
'58.125 cfs = 14,065.29 ac. ft. i

So (20,955.77 - 14,065.29) - 1,069.5 = 5,820.98 ac.ft. or 24.06 cfs

Average minimum flow for the upper station from June to September is:-

23,275 cfs = 5,632.17 ac.ft. _— s24 o mea

3

Similarly for the lower station:-
9.84 cfs - 2,381.12 ac.ft.
So (5,632.17 - 2,381.12) - 1,069.5 = 2,181.55 ac.ft. or 9.02 cfs.
Thus,'during the irrigation season in a year_of minimum runoff, nearly 40 percent

of the basin yield is lost to groundwater storage.

If these figures are extrapolated over the 11 remaining watersheds, it can be

seen that a considerable volume of water is lost to the ground.
Area of Phillipps Creek watershed is 22.18 square miles (Fig. 2)

Total watershed area to the east of Grasmere Valley in 60.08 square miles.
Volume of water lost to ground storage from Phillipps Creek during the irriga-
tion season in a year'of mean runoff:- :

4,429.58 ac.ft. from 22.18 square miles
So from 60.08 square miles is 11,998.61 ac.ft.
Again during a year of maximum runoff:-

'5,820.98 ac.ft. from 22.18 square miles

" So from 60.08 square miles is 15,767.56 ac.ft.

Again during a year of minimum runoff:-
2,181.55 ac.ft. from 20.18 square miles
So from 60.08 squafe miles is 5,909.27 ac.ft.
These calculations are based on the assumption that a similar percentage of the

basin yield of each watershed area is diverted for irrigation purposes.



During the remainder of the year, when no surface flow is diverted for irrigation,

theipercentage of basin yield lost to the ground may even be greater than 40
percent. During the months of January through to-March, no measurements aré
~recorded at the lower station, presumably because of freezing problems; so the
following calculétions of the volume of water lost to the ground from surface

flow are for the months of April, May and October through to December.

During a year of mean runoff some 25.88 cfs (per month) is recorded at the upper
hydrometric station and 12.19 cfs at the lower.

So 25.88 cfs - 12.19 cfs = 13.69 cfs or 53 percent of basin yield is lost to
groundwater. ' A

This rate of flow, lost to groundwater storage over a period of five months rep-

resents a volume of 4,127.37 ac.ft. of water.

Similarly during a year of maximum runoff:-
45.84 - 26.46 = 19.38 cfs. or 6,144.32 ac.ft.

42 percent of basin yield is lost to groundwater storage.

Similarly during a year of minimum runoff:-

13.02 - 3.12 - 9.9 cfs or 2,984.73 ac.ft.
- 75 percent of basin yield is lost to the ground.
Tb extrapolate these volumes of water ovef the total eastern watershed of 60.08
square miles would indicate the volume of water supplied to groundwater storage
in the Grasmere Valley during the months of April, May, October, November and

December.

During periods of mean flow 11,180 ac.ft. are lost to groundwater storage in

Grasmere Valley.

Similarly during periods of maximum flow some 16,643.41 ac.ft. are available
for groundwater recharge and 8,084.88 ac.ft. during periods of minimum flow.
So the total volumesof water.available as potential groundwater recharge in the
Grasmere Valley are:- -
during a mean year: 11,998.61 + 11,180 = 23,178.61 ac.ft. (for months of
April through to December) : | | |
during a year of maximum runoff:- 15,767.56 + 16,643.41 = 32,410.97 ac.ft.
during a year of minimum runoff:- 5,909.27 + 8,084.88 = 13,994.15 ac.ft.
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DISCUSSION

Some assumptions were made in the application of a simplified water balance
equation to this problem. The volume of water diverted for irrigation is not

a measured volume, but an estimated requirement for the area to be irrigated.

It is assumed that the maximum permitted volume is used. If more than this
volume is used, then less water is available for potential groundwater storage
It is assumed that there is no surface input to the stream between the two
hydrometric stations. The heavily timbered slopes and the lack of an obvious
surface channel (from maps and aerial photographs) suggest that this is the case.
Any surface input into the flow system would increase the volume of water lost

to ground storage. Maps of the area show two surface channels emerging from

Phillipps Creek. Air photo examination of the area shows only one active sur-

face channel and remnants of now cultivated abandoned channels. John Gilvert of
the Canada Water Survey, stationed at Cranbrook reports that water flows in the
metered channel only. (Personal communication from Don Reksten). So no surface

flow is lost from the system.

To extrapolate the potential recharge figures for the whole of the eastern water-
shed region implies a hydrologic continuum down the length of Grasmere Valley.
Such a continuity cannot be demonstrated, but it is thought probable that a

continuous water table exists beneath the valley floor.

CONCLUSIONS

The figures presented demonstrate that a large volume of water is lost to storage
in the Grasmere Valley, and that this loss represents a significant:percentage

of the available surface flow. This percentage is generally in excess of 30
percent: and may exceed 50 percent as demonstrated by the flow figures for.
Phillipps Creek. Such a high percentage loss demonstrates the highly permeable
nature of the creek bed. Thus, it is concluded that permeable aquifer material
is available for the storage of groundwater. The large volume of water lost to
the ground and the absence of continuous surface low channels along the length

of Grasmere Valley support this conclusion.

These figures indicate potential recharge only, and do not consider groundwater

storage or return flow from irrigation.



GEQLOGY

Grasmere Valley comprises a glacial outwash channel, infilled with glaciofluvial

gravels and clays, which locally are buried by recent colluvial and alluvial

fan deposits. These sediments comprise the upper 100 feet of a great thickness
of unéonsolidated and semi-consolidated Quaternary and Tertiary sediments.
Clague (1973) suspects that the total thickness of sedimentsvwithin this section
of the Rocky Mountain Trench is in the order of 1,500 meters. The deeper older

tills and gravels may be saturated and even perméable, but it is expected that

~ water quality would not meet the required standards. Gravels'and sands in the

upper 100 feet are considered to have the greatest potential as aquifer materials.

GROUNDWATER PRODUCTION

There are few producing wells in the Grasmere Valley. Commonly clays, hardpans
and tills are encountered during drilling and consequently wells are usually
shallow and low yielding, (less than 5 gpm). Gravels interbedded with clays and
hardpan were intersected in a well near Grasmere, and some 200 gpm pﬁmped. A

water sample from this well showed the following:-

Total hardness 225 ppm
Fe Nil
C1 o Less than 12.5 ppm
' pH ' "Little over" 8

Little demand has been placed on the groundwater resources of the Grasmere Valley.

Two production wells near Cranbrook, some 40 miles to the north-west, yield a
combined total of 1,500 gpm. These wells are drilled in gravels of a large out-
wash channel. Permeability of the aquifer gravel is very high. The groundwater

here contains between 400 and 500 ppm total dlssolved solids of which the bulk
is Ca 2+ and HCOS, with lesser amounts of Mg and SOi .

GROUNDWATER REQUIREMENTS

Requirementé for irrigation are in the order of 350 US gpm for a 50 acre unit, up
to a probable maximum of 1,000 US gpm for a 150 acre unit. The area extending
south from the Elk River to the border between the Kootenay River and Grasmere

Valley contains 43,560 acres of potential irrigable land. Such an area requires
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63,050 ac.ft. of water, double the available recharge during a year of maxi-
mum runoff. Over a four month irrigation season, a constant flow in the order

of 260 cfs will be required.

It is not anticipated that such a volume of water can be extracted from the

ground.

GROUNDWATER EXPLORATION AND RECOMMENDATIONS

A considerable volume of recharge is supplied year round from the eastern water-
shed region. Some of this recharge could be intercepted by wells located on
recent fan deposits, but it is felt that a greater storage potential exists

within the outwash gravels.

Proposed test holés 8, 9, 10 12 and 14 are located on the outwash gravels within
and adjacent to Grasmere Valley. Detailed geologic mapping of these sites, com-
bined with geophysical exploration techniques are'required to pinpoint the deepest
sections of the gravels. It is felt that a test hole in the region of Rodsville‘
is required. A further program of drilling may be recommended when test pro-

duction results have been analysed.

J. Petrie
Geologist
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Jan,
Feb.
Mar.
Apr.
May
June
July

Aug.

Sept.

Oct.
Nov.

Dec.

MONTHLY DISCHARGE Figure 1 (from Cheng)

PHILLIPS CREEK (UPPER STATION at 3,800') -

Max. Mean Min. Mean Precip.
(cfs) (cfs) {cfs) (inches)
10{3 10.3 10.2 0.58
10.6 9.4 8.7‘ 0.48
8.5 7.7 6.8 0.44
29.9 14.3 8.4 0.78
114.0 71.5 27.4 4.04
178.0 112.0 48.0 _ 6.13
97.3 49.3 22.3 _ 2.79
31.9 | 21.4 11.7 1.21
39.2 17.9 11.1 0.98
46.8 | 19.9 11.3 o 1.12
27.2 13.2 8.3 0.72
11.3 0.5 9.7 0.59

PHILLIPPS CREEK (LOWER STATION at 2,800')

TOTAL  19.86

Max. Mean Min, Mean Precip.
(cfs) (cfs) (cfs) (inches)
22.5 5.8 0.01 0.14
76.8 44.9 15.6 1.12
148.0 77.1 © 33.5 1.86
54.8 24.0 5.7 0.60
11.9 4.0 0.1 0.10
17.8 4.6 0.06 0.11
19.7 6.9 0.0 0.18
11.6 2.5 0.0 0.06
1.7 0.85 0.0 0.02
TOTAL 2.19




i» () ig. 2 Table showing areas of the watersheds on the eastern
. slopes of Grasmere Valley :

Watershed Area (square miles)

Phillipps Creek 22.18
Rainbow Creek 2.62
bMiller Creek 2.85
Scherf Creek - 3.51
Reserve Creek 2.62
Connen Creek © 1,87
Willie Phillipps Creek 3.73
Bowman Creek 2.19
Red Canyon Creek 6.64
Maguire Creek 6.36
’’’’ Raymond Creek 3.31
€; Donald Creek 2.20
Total 60.08 square miles

(@
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APPENDIX "J"

page 1
Dr. J. Foweraker, Head J. M. Petrie'
Groundwater Section : Geologist
Hydrology Division Groundwater Section
Water Investigations Branch June 15, 1976
Re: East Kootenay Valley Irrigation Study 02439014-B

INITIAL TEST WELL PROGRAM

It is suggested that this area can be considered for an exploration
drilling program to evaluate hydrogeologic and geologic conditions of
the Grasmere Valley. The reasons behind this proposal are twofold:

1. It is anticipated that some form of large-scale agricultural

development requiring significant volumes of water is to go ahead
in this area. Preliminary evaluations of the groundwater potential
by Foweraker and also Petrie (file 0239014-B, September, October 1974,

. March 1975, and May 1976), as well as a water supply evaluation by

" J. W. Ngal (April 1976 - draft report only) indicate that a ground-
water supply is worthy of further investigation. Unfortunately,
very little hydrogeologic data is available, and therefore, an
exploration program based on such sketchy data must be very
flexible to allow for unanticipated conditions. We are experiencing
difficulty in writing contracts to give the project engineer
the necessary degree of flexibility. This difficulty, combined with
the costly delay in obtaining new site agreements can greatly '
limit program sccpe with a consequent decline in the quality of
the end product.

2. There is a lull at present in project work for the Groundwater Section,
and should some projects be cancelled, we may be in the position of
having undercommitted staff. I have outlined a flexible hydro-
chemical program for Saanich Peninsula to efficiently utilize
some manpower (memo, June 1976, 0239013), but pr03ect commltments
will be required.

Format of Initial Test Program'

Foweraker outlined a comprehensive exploration program for the East
Kootenay area (September 1974, 0239014-B) involving 14 test-holes and
-as.-much as 1,800-2,000 feet of drilling. As a necessary prerequisite
for such a program, I recommend that two test-holes be drilled in the
outwash gravels of the Grasmere Valley. (The potential of this area
has been outlined in a preliminary assessment - March 1975, 0239014-B).
These wells would be drilled 150-200 feet into or through these outwash
gravels, screened, pump tested and completed as observatlons wells.
Such a program would allow evaluation of:




-- subsurface geology

-- aquifer character and potential

-- hydrochemistry .

-- elevation and fluctuations of the water table

-~ examination of the feasibility of groundwater
development in the Grasmere Valley.

‘Estimated Costs

400 feet of 8-inch diameter cable-tool drilling

at $23.00/ft. ' $ 9,200.00
2 five-foot lengths of nominal well screen
(including bail bottom and packer) 720.00
2 eight-inch drive shoes : ' - 150.00
80 hours of hourly rated work at $26.00/hr ' . ‘ 2,080.00
2 pumping and recovery tests .- » 3,000.00
- mobilization of equipment to and from project area » 1,000.00
2 Stevens F recorders plus housings and mountings © 2,000.00
Total $ 18,150.00
Expenses:
Preliminary trip to obtain site agreements,
6 days at $45/day . -8 270.00
Supervision of well construction and testing,
75 days at $40/day : 3,000.00
Supervision by engineer, 15 days at $45/day o 675.00

Total Expenses $ -3,945.00

Total estimated cost is therefore: , $ 22,095.00

The location of these test-holes is not critical and hence site
agreements are probably readily obtained from any agreeable land owner.

This program is a preliminary investigation of the groundwater resources
of the Grasmere Valley. It is realistically assumed that future
agricultural development in the area will utilize groundwater supplies.
Therefore, it is anticipated that the Groundwater Sections's water
supply study vote can be considered as a source of funds for this
preliminary investigation.

J. M. Petrie
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ESTIMATE OF CAPITAL COSTS

50 ACRE FARM UNIT APPENDIX "L" I

GROUNDWATER SUPPLY

ESTIMATE OF COSTS §

ITEM ' » C Depth of Well in Feet
' ' - 100 200 ' 300
Well Yielding 400 USgpm - drilling, developing 9,000 12,000 19,000
Submersible Pump 30 H.D. . 4,200 | _
50 H.P. _ 5,300
60 H.P. ' _ o B 6,500
Motor Controls ' o ~ 1,000 1,100 2,000
Deep-Well Cable | 1,500 1,500 ° 3,000
Valves & Piping ' ’ . 4,000 4,000 _ - 4,000
Mechanical Installations ' 5,000 5,000 5,000
Electrical Installation (Pump) 2,000 © 2,000 ©2,000
Power Facilities, allow ‘ 5,000 5,000 . ° 5,000
Total Estimated Construction Cost 31,800 35,900 46,500
Engineering & Contingencies, allow 20% 6,400 - 7,200 ( 9,300
Total Estimated Capital Cost _ . 38,200 - 43,100 55,800

Estimated Capital Cost per Acre - o 764 : 862 1,116



ESTIMATE OF CAPITAL COSTS APPENDIX "L" II
- 100-ACRE FARM UNIT

GROUNDWATER SUPPLY

ESTIMATE OF COSTS $

, ITEM ' Depth of Well in Feet
. 100 200 300
Well Yielding 650 USGpm - drilling,‘developing. 9,000 12,000 19,000

& screens

Submersible pump

60 H.P. . 6,500
100 H.P. . 8,000
125 H.P. _ : | 10,000

Motor Controls ' 2,000 2,500 2,500
Deep Well Cable ' 1,500 1,500 3,000
Valves & Piping v - 3,000 3,000 *: 3,000
Mechanical Installations 5,060 5,000 . 5,000
Electrical Installation ' 2,000 2,000 2,000
Power Facilities, allow : 5,000 5,000 - 5,000
Distribution Pipelines: 6 inch A.C.,

“including valves & fittings 19,500 19,500 19,500
Service Outlets: 7 @ 200' @ 6.50 1,400 1,400 1,400
5000 gallon capacity storage tank for
domestic supply , ‘ 5,000 5,000 5,000
Total Estimated Construction Cost | 59,000 64,900 75,400
‘Engineering & Contingencies, allow 20% : 11,960 12,980 15,080
Total Estimated Capital Coét 71,880 77,880 90,480

Estimated Capital Cost Per Acre ' 719 779 905




ESTIMATE OF CAPITAL COSTS APPENDIX "L" III

150-ACRE FARM UNIT

GROUNDWATER SUPPLY

ESTIMATE OF COSTS $

ITEM Depth of Well in Feet
100 200 300

‘Well Yielding 1000 USGpm - drilling, developing 2,000 12,000 19,000

& screens

Submersible Pump

100 H.P. _ 8,000
150 H.P. 10,000 ‘
175 H.P. | - ‘ , 12,000
Motor Controls | 2,500 2,500 4,000
Deep Well Cable 1,500 1,500 3,000
Valves & Piping 4,000 4,000 4,000
Mechanical Installations 5,000 5,000 5,000
 Electrical Installations 2,000 2,000 2,000
Power Facilities, allow 5,000 5,000 5,000
‘Distribution Pipelines: 6 inch A;C., including . .
valves & fittings 4000' @ 6.50 26,000 26,000 26,000
Service Outlets; 10 @ 200 _ A ‘ 2,000 2,000 - 2,000
5000 gallon capacity storage tank for '
domestic supply , » 5,000 5,000 5,000
Total Estimated Construction Cost 70,000 75,000 85,000
Engineering & Contingencies, allow 20% . 14;000 15,000 17,100
Total Estimated Capital Cost ) 84,000 90,000 102,600

Estimated Capital Cost Per Acre _ : 560 600 - 680



APPENBIX "L"IV

24

ESTINATE CF CAPITAL CO3T3
EIX PIVER SUPFPLY - PLMPING SYSTE
UNIT  QUANTITY UNIT EXTENS ION TOTAL
PRICE :

PUMPING STATICN AND
- INTAXE WORKS

Furping station to deliver HP 15,000 $ 500 $ 8,000,000  $

24,0 CFS against a head of _

' fest, @ 70% efficiency

Settlirg pond - capacity :

10 acre-feet 1.S. b $100,CC0 100,000

578,100,000
Incineswing & Contingencies, allow 20% 1,620,500 ' '
$ 9,720,000

MATDY PITETING

8l inch steel pipe - LOO! head feet 22,200 $ 250 6,216,000

72 inch steel pipe — 300! head feet 1,860 215 3,182,000

6o inch steel pipe — 350! head Cfeet 23,800 152 3,613,C00

L5 inch steel pipe - LOO' head feé’;' 29,1CC 70 2,037,600

42 inch steel pipe - LOO! head feet 15,500 6o 95%,C00

36 inch steel pipe — 300! head feet 1C, 550 52 516,000

30 inch steel pipe - 40017 head feet 15,¢cC 45 716,000

o | $17,269,0600
Engineering & Contingencies, allow 20% 3.454,C00
- $2O:723:OOQ -

DISTRISUTION SYSTRI

Varicus pipe sizes. acres 16,0C0 - 3C0 L,,8C0,000

Cost tased on existing : :

APDA Systems

Engineering & Contingencies, allow 20% ' 960,000 .

| 5,760,000

' $ 3_6:'2033000 :

say $ 36,000,000




ESTIMATE C7 CA2ITAL C
ELK RIVER - GRAVITY SISTEM

8
@

APPENDIX "L" V

UNIT QUANTITY vUNIT

s arde gl

Say

EXTZNS IOH T67AL
FRICE
 DIVERSION WORKS o
Intake - capacity 425 CFS  L.S. 1 $200,000 $ 200,600
Diversion Pipeline - | . |
( el or 50-foot depth :
h) 108 inch connector pipe feet 10,600 8,0C 8,488,000
- ' $ 8,680,000
Engineering & Contingencies, allow 20% 1,736,000 S
. - $ 10,416,000
MATN PIPELINES — North of Elk River Crossing (Pumping Station)
| 108 inch steel pipe — 150! head feet - 21,130 ~ - 380 8,030,000
84 inch steel plpe - 400t head " feet 10,560 280 2,957,000
54, mch steel pipe — 300'4.head feet 4,300 110 473,000
45-inch steel pipe — 300! head feet 10,560 70 739,000
42 inch steel pipe ~ 2001 head  feet 16,900 60 1,014,000
36 inch steel pipe-— 300! head ~feet 10,560 52 © 54,9,000
30 inch steel pipe - 300! head feet 15,840 L5 713,000
S | | 1%, 475,000
Engineering & Contingencies,*ailow_ZO% 2,895.000
‘ . i 17,370,000
¥AI PIPELTNE - South of Elk River Crossing
(S~e Pumplng System) 17,269,000
Englneenno & Cont mgancles, allow 208 3,454,000 ~ .
_ $ 20,723,000
DIRIBUTICN SYSTEM
" Various pipe sizes 12,300 300 3,690,000
. (Cost tased-on—existing = - :
ARDA System)
Engineering & Cbntingencies, allow 20% 738,000
. $ l",l}28,000
DISTRIBUTION SYSTEM - South of Elk River Crossing
. “_
Vgrious pipe sizes ~ acre 16,000 $ 300 4,800,000
ngineering & Contingencies, allow 20% _ 960,000 '
' $ 5,760,C00
TOTAL $ 58,697,000
$ 60,000,000




GROUNDWATER SUPPLY

ANNUAL OPERATING AND MAINTENANCE COSTS

50-ACRE FARM UNIT

APPENDIX "M" 1

FINANCING

ITEM IR NON-ARDA ARDA
Depth of Well . ~'lQO 200 300 100 200 300
-1. Amortization
Estimated Capital Cost 38,200 . 43,100* 55,800
ARDA Contribution 75% 28,650 32,325 41,850
Land Owners' , :
Contribution 25% 9,550 10,775 13,950

Total 38,200 43,100 55,800
Annual Interest Charge-10% 3,820 4,310 5,580 955 1,080 1,395
Contribution to 25 560 634' 820 140 160 205
year term sinking fund . g
yielding 7.5% interest (1.47%)

Total Amortization 4,380 4,940 6,400 1,095 1,240 1,600
2. Maintenance
Annual maintenance 480 540 700 480 540 700
estimated at 1.5% of '
construction cost.
{(Less engineering &
contingency allowance)
3. Pumping Energy _
Number of Acre-feet 120 120 120 120 120 120
Total dynamic pumping head 250 350 450 250 350 450
(Table No. 5) :
Number KWH = Acre—fee£ X head(feet) x 1.024

S Pumping Efficiency 65%

47,260 66,165 85,070 47,260 66,165 85,070
Energy Rate /KWH 1.15 1.15 1.15 1.15 1.15 1.15
Energy Cost $ ’ 540 760 978 540 760 978
4. SUMMARY OF ANNUAL COSTS
Amortization 4,380 £,940 6,400 1,095 1,240 "~ 1,600
Maintenance 480 540 700 480 540 700
Pumping Energy 540 760 278 540 760 378
$ 5,400 6,240 8,078 2,115 2,540 3,278




4,855

APPENDIX "M" 2
GROUNDWATER SUPPLY
ANNUAL OPERATING AND MAINTENAMCE COSTS
100-ACRE FARM UNIT
ITEM FINANCING
NON ARDA ARDA
Depth of Well 100 200 300 100 200 300
1. Amortization
Estimate of Capital Cost 71,880 77,880 20,480
'ARDA Contribution 75% 53,910 58,400 67,860
Land Owners' :
Contribution 25% 17,970 19,470 22,620
Total 71,880 77,870 90,480
Annual Interest Charge-10% 7,188 7,790 . 9,050 1,795 1,950 2,260
Contribution to 1,057 1,145. 1,330 265 285 330
25 year term sinking fund :
yielding 7.5% interest (1.47%)
Total Amortization 8,245 8,935 -10,380 2,060 2,235 2,590
2. Maintenance
Annual maintenance - 900 980 1,130 9200 980 1,130
estimated at 1.5% of
construction cost.
(Less engineering &
contingency allowance)
3. Pumping Energy
Number of acre-feet . 230 230 230 230 230 230
Total dynamic‘pumping head .
(Table No. 6) _ 250 350 450 250 350 450
Number KWH =
Acre-feet x head(feet) x 1.024 _ o
Pumping Efficiency 65% 20,585 126,820 163,050 90,858 126,820 163,050
Energy rate.: ¢/KWH 1.15 0.9 0.9 1.15° 0.9 0.9
Energy Cost $ 1,040 1,140 1,470 1,040 1,140 1,470
4, Administration
Assumed that the system
is administered on a
part-time basis allow 500 500 500 500 500 500
5. SUMMARY OF ANNUAL COSTS
Amortization 8,245 8,935 10,380 2,060 2,235 2,590
Maintenance _ 900 980 1,130 900 . 980 1,130
Pumping Energy 1,040 1,140 1,470 1,040 1,140 1,470
Administration 500 500 500 500 500 500
$ 10,685 11,555 13,480 4,500 5,690



GROUNDVWATER SUPPLY

~ ANNUAL_ OPERATING AND MAINTENANCE COSTS

150-ACRE FARM UNIT

FINANCING

APPENDIX "M" 3

M

ITE . NON ARDA _ARDA

DEPTH OF WELL 100 200 300 ~ Ioo 200 300
1. Amortization
Estimated Capital Cost 84,000 90,000 102,600
ARDA Contribution-75% 63,000 67,500 76,900
Land Owners Contribution .

25% 21,000 22,500 - 25,700
Total 84,000 90,000 102,600
.Annual Interest Charges : ' 1 .
10% . 8,400 9,000 10,260 2,100 2,250 2,570
Contribution to 25-year

term sinking fund,
yielding 7.5% (1.47%) 1,235 1,325 1,510 - 310 330 380
Total Amortization 9,635 10,325 11,770 2,410 2,580 2,950
2. Maintenance
Annual maintenance
estimated at 1.5% of
construction cost

(Less engineering & _
contingency allowance) 1,050 1,125 1,285 1,050 1,125 1,285
3. Pumping Energy
Number of acre-feet 340 340 340 340 340 340
Total dynamic pumping ' »
head (Table No. 7) 250 350 475 250 350 475
Number KWH = 133,910 187,470 254,425 133,910 187,470 254,425
Acre-feet X Head(feet)x1.024
Pumping efficiency 65% ‘ .
Energy Cost @ 0.9¢/KWH 1,205 1,687 2,289 1,205 1,687 2,289
4. Administration
Assumed that the system
is administered on a
part-time basis, allow 500 500 500 500 500 500
5. SUMMARY OF ANNUAL COSTS
Amortization 9,635 10,325 11,770 2,410 2,580 2,950
Maintenance 1,050 1,125 1,285 1,050 1,125 1,285
Pumping Energy C 1,205 1,687 2,289 1,205 1,687 2,289.
Administration 500 500 500 500 500 500
Total Estimated -
Annual Costs $12,390 13,637 15,844 5,165 5,892 7,204




APPENDIX "M" - 4

- ANNUAL OPERATING AND MAINTENANCE COSTS
PUMPED SUPPLY FROM ELK RIVER

Ambrtization

Estimated capital cost
ARDA contribution, 75% _
Land owners' contribution,’25%
| | Total
Annuai interest charge, 10%

Contribution to 25-year term sinking fund,
vielding 7.5% interest, (1.47%)

Total annual cost for amortization

Operating and Maintenance

Electrical and mechanical installations
3% of $5,000,000 (estimated capital cost

Pipelines and structures,
0.75% of $24,000,000

Total cost of operating and maintenance

Pumping Energy

Volume 35,200 acre-feet
Head 400 feet

KWH

acre—-feet x head x 1.024
efficiency 65%

22,182,000 KwH
Cost at 0.9¢/KWH

Administration

Salaries, 5 x $18,000

Office rental
Stationery, phone, heating, etc.

Total cost for administration
]

Summaxy of Annual Costs

Amortization
Maintenance
Pumping Energy

Administration

Total Annual Cost

FINANCING

$ 36,175,000

ARDA

$ 27,131,250

9,043,750

$ 36,175,000

3,617,500 904,375
531,772 132,943

$ 4,149,272 $ 1,037,318
150,000 150,000
180,000 180,000

$ 330,000 S 330,000
$ 199,700 § 199,700
$ 90,000 $ 90,000
6,000 6,000

4,000 " 4,000

S 100,000 $ 100,000
$ 4,149,272 $ 1,037,318
330,000 330,000
199,700 199, 700
100,000 100,000

$ 4,778,972 $ 1,667,018




APPENDIX "M" - 5

ANNUAL OPERATING AND MAINTENANCE COSTS
GRAVITY SUPPLY FROM ELK RIVER AT ELKO

FINANCING
NON ARDA ARDA
1. Amortization )
Estimated Capital Cost $ 58,886,000 _
ARDA contribution, 75% ‘ o $ 44,149,500
Land owners' contribution, 25% | 14,716,500
Total , S : $ 58,866,000
Annual interest charge, 10% N ’ 5,886,600 o 1,471,650
Contribution to 25-year term sinking fund,. g ' R
yvielding 7.5% interest (1.47%) . 865,400 . 216,350
Total annual cost for amortization : $ 6,752,000  $ 1,688,000
2. Operation and Maintenance
0.75% of $48,915,000 construction cost -8 367,000  § 367,000
43. Administration
Salaries, 6 X $18,000 ' ’ $ 108,000 $ 108,000
"Office rental : 9,000 9,000
Miscellaneous: Stafionery, phone, etc. 8,000 ' 8,000
Total cost for administration $ 125,000 $ 125,000
4. Summaryv of Annual Costs
Amortization . . | $ 6,752,000 $ . 1,688,000
Maintenance - ' 367,000 © 367,000
Administration = . ' 125,000 125,000
Total Estimated Annual Cost : ' $ 7,244,000 $ 2,180,000
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MAIN DIVERS!ON PIPELINE PROFILE SCALE: HOR. | INCH = 5000 FEET, VERT. | INCH = 80 FEET
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NOTES:

1. The proposed supply from the Elk River would be supplementary.

" to surface and groundwater supplies within the study area.  Th
project boundaries are arbitrary, based on the assumption that
"Grasmere Valley and adjacent lands would be served ffom;gfo7
water and local surface supply. . SO
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. 2. Two alternative systems are proposed:

S a. Pumping System - To serve 16,000 acres south of,thé,ﬁlk :
Yoo ~ River, with an intake situated at-Phillips Bridge, Highway
: No. 93. ‘ I
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~ b. Gravity System - To serve an additional 12,300 acresihcrthi
of -the Elk River, for a total of 28,300 acres, with an ‘int
'situated near Elko. A S
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; = - 3. Distribution sub-laterals are not shown. -
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Boundaries of ﬁfOposed gravity supply .

—_— i
—
St ond Rt

L - = o
.l:!uuul;lluul.!l.!!l.l.l_u L KLY

Main Pipeline - Diameter in inches and distance emm
o ' in miles from intake o
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Laterals - Diameter in inches ‘and distance in -
miles from main pipeline ‘
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