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COVER PICTURE: ‘''The Hatzic Break"

The scene minutes after the Fraser River
burst through the Canadian Pacific Railway
embankment near Hatzic¢ on June 3, 19438;
this embankment then formed part of the
Lower Fraser Valley dyking system.

Photo courtesy of the Vancouver Sun. ¥




FRASER RIVER JOINT ADVISORY BOARD

British Columbia Canada

G.E. Simmons N.H. fames

B.E. Marr W.R. Hourston
EM, Clark

P.M. Brady

December 31, 1976

The Honourable Roméo LeBlanc, P.C., M.P., The Honourable James A. Nielsen, M.L.A.,
Minister of Fisheries and the Environment, Minister of the Environment,

House of Commons, : Parliament Buildings,
Dttawa, Ontario, KIA OH3. Victoria, British Columbia, V8V 1X5.
Gentlemen:

In fulfilment of Clause 26 of the Agreement Covering a Plan for Flood
Control in the Lower Fraser Valley, British Columbia, made on May 24, 1968
between the Governments of Canada and of the Province of British Columbia, the
Advisory Board is pleased to submit herewith copies of its "Fraser River Upstream
Storage Review Report', dated December 1976.

The Board respectfully draws your attention to its recommendations
contained in the Highlights and Chapter 8 - Conclusions and Recommendations.

Yours respectfully,

Members Canada Members for British Columbia

Npor”
N.H. B.E. Marr,
Direttor, Water Planning and Management, Deputy Minister,
Inland Waters Directorate, Ministry of the Environment.

Department of Fisheries & the Environment.

Z 2 Lot el

E.M. Clark, G.E4 Simmons,

Regional Director, Assistant Deputy Minister -
Pacific and Yukon Regiom, Water and Air

Inland Waters Directorate, Ministry of the Environment.

Department of Fisheries § the Environment.

(- R PHE 2. -
W.R. Hourston, P.M. Brady,
Director, Intergovernmental Affairs, Director, Water Investigations,

Fisheries Management, Pacific Region, Ministry of the Environment.
Department of Fisheries § the Environment.







HIGHLIGHTS

The Fraser Valley faces a continuing and serious flood threat.

Floods greater than that of 1894 can and will occur, resulting in damages
in the order of $500 millions, always with the attendant risk to human
life,

The current dyking program will only increase the reliability of protection
against floods up to the 189%4 level.

Additional flood protection is essential.

This can be achieved by upstream storage or diversion.

RECOMMENBATIONS

1. Construct Lower McGregor Diversion.

2. Complete present dyking program.

3. Further develop flood forecasting procedures.

4, Continue present provincial flood plain management policies,

5. Formalize past reservoir operating arrangements for flood regulation.
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CHAPTER 1
INTRODUCTION
1.1 The Flood Hazard
1.1.1 General

The Fraser River traverses its 90,000 square miles of drainage basin for
850 miles from its source in Mount Robson Provincial Park to its mouths at the
Strait of Georgia (Plate 1-1), This drainage basin is essentially a plateau
comprising most of south-central British Columbia, with extensive mountain
ranges forming its eastern and western limits. The river is the largest in the
Province, with a long term annual mean flow of 96,000 cubic feet per second
(cfs) recorded at Hope, where it emerges from its deep gorge in the Coast
Mountains and flows its final 100 miles through the Lower Fraser Valley to the
sea,

The annual spring snowmelt freshets of the FraserRiver system pose the
principal flood hazard to those of its flood plain areas which have been
encroached on by settlement and development. Autumn or winter rainfall flooding
occurs in some locations, but its effects are localized and not generally
disruptive. The same is true of occasional winter inundation resulting from
channel obstruction due to ice jam formation. Extremely high tides sometimes
cause or aggravate flood conditions near the mouths of the river, especially if
they occur in association with storms,

The flood plain areas in the Fraser River drainage basin prone to
inundation by spring snowmelt freshets occupy only about one-half of one percent
of the total basin; but they include most of the Lower Fraser Valley, parts of
the key interior communities of Kamloops, Prince George and Quesnel, and a
portion of the Pemberton Valley on the Lillooet River. Segments of the principal
railway and highway facilities serving the Province are located on these flood
plains, as are two of the most important airports, The Lower Mainland economic
region in and adjacent to the Lower Fraser Valley contains more than half of
the population and much of the commercial and industrial development of the
Province, as well as the principal port facilities serving Western Canada.

The annual threat of disruption in this economic region through inundation
by the spring snowmelt freshet of part or all of the 185,000 acres of flood plain
area in the Lower Fraser Valley constitutes the most serious flood hazard in the
Fraser River system.

1.1.2 The Probable Maximum Flood

The probable maximum flood (pmf) is considered to be the greatest flood
that could conceivably occur at a given location on a river system; and it is
computed on the assumption that all contributing factors would reach their
critical magnitudes simultanecusly. The likelihood of simultaneous occurrence
of critical magnitudes of all factors is extremely remote, hence pmf values do
not serve as a foundation for design of flood protection or control measures.




A description of the method of computation of these values is contained in the
background document on this subject (Reference: Annex II, 1-1); and the
computed values for locations representing the four principal flood-prone areas
in the Fraser River basin are given in Table 1-1.

TABLE 1-1

PROBABLE MAXIMUM FLOOD PEAKS AT REPRESENTATIVE LOCATIONS

Location Peak Flow Peak Elevation
(cfs) (feet ms1)
Fraser River at Mission 1,400,000 40
Thompson River at Kamloops 350,000 1,160
Fraser River at Prince (eorgs 550,000 1,890
Fraser River at Quesnel 600,000 1,565

1.1.3 Major Floods of Record and Their Consequences

The greatest Fraser River flood in the past century occurred in 1894, when

the flood plain areas were in the very early stages of settlement and development.

The Lower Fraser Valley was sparsely populated; and Kamloops, Prince George and
Quesnel were essentially frontier settlements. The Canadian Pacific Railway was
the only surface transportation route spanning the Province, and it had been in
operation for less than a decade. Damage estimates for this flood are lacking,
but losses would have been comparatively small and local in nature, except
possibly for those suffered by the railway. However, this flood demonstrated the
hazard of Fraser River flood plain occupancy.

The continued presence of this hazard was emphasized in 1948, when the
Fraser River flood was the greatest since that of 1894. The passage of five
decades had witnessed the transformation of the Lower Fraser Valley into a
highly developed agricultural area, with commercial and industrial development
becoming appreciable and suburban residential areas beginning to make their
appearance. The Canadian National Railway and the Trans-Canada and Lougheed
Highways had been built through the Valley, and the largest airport in the
Province had been developed on Sea Isiand, The 1948 flood inundated some 55,000
acres, nearly one-third of the entire Lower Fraser Valley flood plain area; and
resulting costs of relief, rehabilitation and repairs approached $20 millions.
All domestic surface transportation and communication facilities between the
Lower Mainland region and the rest of the Province were severed; except for air
transport, one-half of the Province's total population was virtually isolated
from the rest of Canada. Only minor damage occurred in the Kamloops, Prince
George and Quesnel arecas, owing to the limited development on the flood plains
in these areas at that time.

e




1.1.4 The Flood Hazard Today

Growth in all of these areas has progressed rapidly since 1948, The Lower
Fraser Valley flood plain population and its commercial and industrial develop-
ment have increased enormously; municipalities such as Chilliwack, Coquitlam,
Richmond and Delta now have extensive suburban residential and associated service
developments. Roberts Bank is the first superport in the Province and Kamloops
and Prince George have become focal points for transportation and distribution
in Central British Columbia. Substantial resource industries have been developed
at both of these centres as well as at Quesnel, with much of this expansion
taking place in the flood plains of these three communities. The scope and
magnitude of the increases in development both in the Fraser River basin and
elsewhere in the Province, coupled with the increasing interdependence of all
regions on the transportation and communication networks, have intensified the
significance of the Fraser River flood hazard of today compared with that of 1948,

Inundation of the Lower Fraser Valley flood plain by a flood of the 1894
magnitude could cause damage of more than $300 millions at mid-1972 development
and price levels; and substantial damage could be expected at the interior
communities. This potential damage is increasing each year, as the Valley and
these interior communities are among the more rapidly developing areas of British
Columbia. This more intensive development will result in correspondingly
increased disruption of business, industry, utility operations and transport
services whenever a major flood occurs, causing hardship and economic loss far
beyond the limits of the flooded areas.

Greater floods than that of 1894 can and will occur in the Fraser River
system; only the specific year or years of their occurrence cannot be predicted.
The best estimate from statistical analyses indicates a one-in-three probability
that the 1894 flood will be equalled or exceeded during the 69-year period (1973
to 2032} selected for this review of System E. This risk may be grester or less
than has been stated, due to available data limitations; but the results of these
analyses do indicate the very appreciable hazard from floods of the 1894 or
greater magnitude.

The probability of occurrence of these large f{loods becomes increasingly
remote as they become greater in size up to the probable maximum flood (pmf) as
defined in 1.1.2. Occurrence of the pmf would inundate all river valley lands
and probably cause extensive scouring action on the flood plains and adjacent
river banks with consequent changes in river channel configuration, especially
in the Lower Fraser Valley. A rough estimate of the damaging effect of the pmf
is given hereunder to illustrate this extreme case.

Under mid-1972 development and price levels the damages resulting from
occurrence of the pmf would aggregate $500 millions, of which $410 millions would
be in the Lower Fraser Valley and the remainder in the Kamloops, Prince George
and Quesnel areas. Residential damages would constitute the largest single
damage category and would involve 26,000 homes, necessitating the evacuation of
nearly 120,000 people. These figures would become 66,000 and 300,000 respectively
by the year 2000, on the basis of current zoning pelicies and growth trends.




Occurrence of the pmf would cause complete severance of all domestic
surface transportation and communication facilitles connecting the Lower Mainland
region with the rest of the Province. Partial or total interruption of air
transport could be expected to result from airport and ground access route
inundation. The complete disruption of industrial and commercial operations in
the flooded areas, together with the lack of surface and probable lack of air
transport, would cause widespread privation and severe economic loss over most
of the Province; and the effects would extend far beyond provincial boundaries.

1.1.5 Explanation of the Hazard

The flood hazard in the Lower Fraser Valley flood plain is caused
primarily by excessively high rates of spring snowmelt runoff; the seriousness
of this hazard is due both to the magnitude and to the duration of the resulting
high water levels,

The natural channel of the Fraser River in much of its course through the
Lower Fraser Valley is bankfull when the water elevation at Mission, in the
central portion of the flood plain, is about 18 feet msl. The annual peak water
elevation recorded at Mission during the 80-year period from 1894 to 1973 has
exceeded 18 feet in two of three years, 20 feet in one of three years, and 22
feet in one of eight years. On five occasions in the 25 years from 1948 through
1972, the annual peak elevation recorded at Mission approached or exceeded 23
feet, one of these occasions being the flood of 1948 (Table 1-2). The highest
water level known to have occurred since settlement began in the Valley about
125 years ago was in 1894, when the peak elevation recorded at Mission was
26.00 feet,

The flood hazard in a dyked area is aggravated by the duration of high
water levels:; dykes tend to deteriorate when subjected to high river levels for
extended periods, and so become a less reliable means of flood protection. The
flood plain of the Lower Fraser Valley is dependent on dykes for protection when
the water elevation at Mission exceeds 18 feet; and this condition usually
prevails for a month or more during high freshets, River current velocities rise
with rising water levels, increasing the occurrence of bank erosion and scour,
which tend to weaken dykes. When high freshets occur, the rise in the water
elevation at Mission from 18 feet to the peak usually extends over two to three
weeks. Duration of peak or near-peak levels intensifies the tendency for dykes
to deteriorate; and in high freshet years the water elevation at Mission has

remained within one-half foot of the peak for from four days to two weeks. These

duration conditions are shown in Table 1-2 for the six highest annual freshets
recorded at Mission.




TABLE 1-2

FRASER RIVER AT MISSION

RECORDED DATA ON THE SIX HIGHEST ANNUAL FRESHETS - 1894 to 1973

Year 18564 1948 1850 1564 1967 1872
Peak Water Elevation (feet msl) 26,00 (24,98 1 24.441 22,96 | 22,97 | 23.56
Days above 18 Feet 33 38 29 48 34 49
Days from 18 Feet to Peak {1) 12 18 8 16 20 24
Days Within 0.5 Foot of Peak (1) 4 14 6 g 7 4

NOTE: (1)} Including day on which peak occurred,

The major dyke extension and improvement program now underway in the
Lower Fraser Valley as described in Chapter 4 will relieve the recurrent flood
threat to a large extent; but it cannot eliminate the possibility of dyke
failure. Foundation conditions in the Valley limit the height to which dykes
can be built safely without excessive costs; and the dyke heights involved in
the current improvement program are considered to be approaching this limit
in many locations. Flood control through upstream storage or diversion of water
from the river system would provide added protection to the Lower Fraser Valley
flood plain by reducing both the peak water elevations and the duration of high
water levels. Such control also would offer protection teo the interior
communities if it were located upstream from them,

1.2 Previous Studies
1.2.1 Fraser Valley Dyking Boaxd

The urgent need for immediate remedial action following the 1948 flood
resulted in the establishment in July 1948 by the Governments ¢f Canada and of
British Columbia of the Fraser Valley Dyking Board to construct, repair,
strengthen and veconstruct dykes in the Fraser Valley. Time did not permit
the performance of exhaustive engineering investigations and economic studies;
but this Board did develop dyke design standards and set the criterion that
crest elevations of new or repaired dykes were to be two feet above the highest
known water level. The rehabilitated system of dykes was completed just prior
to the 1950 high water and successfully withstood that freshet, which was third
highest of record at Mission, being sxceeded only by those of 1894 and 1948,

1.2.2 Dominion-Provincial Board, Fraser River Basin

The damage and disruption caused by the 1548 flood emphasized the need for
a greater measure of flood protection for the Lower Fraser Valley than would be
provided by the Fraser Valley Dyking Board restoration program, This need,
together with the growing demand for electric power, led to the establishment
late in 1948 of the Dominion-Provincial Board, Fraser River Basin, to study and
report on '"the water resources and requirements of the area comprising the Fraser
River watershed", with primary attention to power, fisheries, floods, water
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supply, and recreation. This was the first approach to multiple purpose
examination of the Fraser River system.

From the outset the Board was seriously hampered in its endeavours by the
lack of essential basic data. Its main effort was directed toward accelerating
the systematic accumulation of these data, and several years of intensified
activity by the appropriate agencies were required to remedy this deficiency as
far as possible. Inm 1955 the two Covernments replaced this Board under new Terms
of Reference.

1.2.3 Fraser River Board

This Board was instructed to submit by June 1956 an interim report on
flood control, and to provide by June 1958 a preliminary report of its findings
with respect to the effective regulation of the river system for flood control
and power and the resultant effects on navigation, fisheries, silting, erosion
and irrigation.

The Board's June 1956 "Interim Report into Measures for Flood Control in
the Fraser River Basin'" was limited essentially to an examination of methods to
provide flood control in the Lower Fraser Valley, with an indication of the
limitations on flood control that may be imposed by other resource interests
or by economic feasibility. In this report the Board noted the deterioration
of the Lower Fraser Valley dykes and recommended their improvement, restoration
and maintenance in accordance with the Fraser Valley Dyking Board design
standards and criterion. The Board also recommended that no other program of
permanent flood protection be initiated pending completion of studies to
determine the effects of storage that would be provided by multiple purpose
projects.

In its June 1958 "Preliminary Report on Flood Control and Hydro Electric
Power in the Fraser River Basin" the Board pointed out that overall river system
development plans would be in basic conflict with the preservation and enhance-
ment of the fisheries resources of the system, which is the world's greatest
spawning river system for salmon. The Board therefore recommended that further
consideration of multiple purpose development of the river system be based on
a partial development proposal to include storage and power projects that would:
(a) provide a substantial degree of flood control; (b) interfere as little as
possible with fish migration and reproduction; and (c) be economically viable
from its production of electrical energy. The Board further recommended System
A, one of the three partial development proposals outlined in its Preliminary
Report, for further investigation and study, both of its projects and of its
possible effects on various interests in the river basin. The Board repeated
its 1956 warning that deterioration of the Lower Fraser Valley dykes had
occurred, and again recommended their improvement and restoration.

In response to a further directive from the two Governments in 1959, the
Board subsequently modified and revised System A, describing it as System E in
its September 1963 "Final Report on Flood Control and Hydro-Electric Power in
the Fraser River Basin' {Plate 1-2 and Reference: Annex II, 1-2}. In this
report the Board recommended: (a) that the existing Lower Fraser Valley dyking =
system be improved and maintained to withstand a flood crest of 26 feet at
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Mission; (b) that appropriate arrangements be made for the operation of the
existing Nechako River and Bridge River reservoirs to facilitate flood control
whenever necessary; and {c)} that the components of System E be considered as
providing the minimum flood control required in conjunction with (a) and (b).
Components of System E also would provide flood protection to the low-lying

areas of Kamloops, Prince George, Quesnel and other smaller riverside communities.

1.2.4 Canada-British Columbia Committee

This Committee was established by the two Governments in 1966 to review
the Lower Fraser Valley dyking improvement proposals contained in the Fraser
River Board's 1963 Final Report and to determine requirements for sea dykes,
improved drainage and pumping capacity, and erosion protection. In its 1967
report on this assipnment, the Committee outlined a plan for protection including
these items, at an estimated cost of $33 millions.

1.3 Authority for Review

On the basis of the plan for protection reported on in 1967 by the Canada-
British Columbia Committee, the two Governments agreed to participate in the
implementation of a program of flood control works in the Lower Fraser Valley,
and in a review of the System E upstream storage and diversion projects. This
implementation program and project review were authorized by the '"Agreement
Covering a Plan for Flood Control in the Lower Fraser Valley, British Columbia",
dated May 24, 1968, and Amending Agreements Nos. 1, 2 and 3, dated April 11,
1969, April 29, 1974 and October 5, 1976 respectively (Amnex I).

Clauses 25 to 27 of the May 24, 1968 Agreement provide for further
studies; and Clause 26, which specifically directs the review covered by this
report, states:

26, In any event, Canada and the Province, no more than two
years after the date of this Agreement, shall jointly
initiate a review of the program of upstream storage set
out in the "Final Report of the Fraser River Board on
Flood Control and Hydro-Electric Power in the Fraser River
Basin", dated September 1963, including any additional
measures, with a view to recommending further flood
protection, utilization and control of the water resources
of the basin,

1.4 Review Objective

In accordance with Clause 26 the Fraser River Joint Advisory Board
initiated arrangements in November 1969 for this review of upstream storage
and diversion proposals. Work in several areas of study commenced almost
immediately, and terms of reference were developed and given formal Board
approval in September 1S971.

The objective of this review was to develop an integrated plan for further
flood protection, utilization and control of the water resources of the Fraser
River basin, with particular emphasis on flood protection for the Lower Fraser
Valley, through utilization of dykes, upstream storage reservoirs and diversioms.

~]
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1.5 Scope of Review

Completion of the system of dyking projects now under construction in
accordance with the May 24, 1968 Agreement will provide most of the Lower Fraser
Valley flood plain with a substantial degree of protection against inundation.
This review of System E upstream storage and diversion projects and the
examination of alternative possibilities have been conducted to evaluate the
flood control that could be provided to supplement this protection., Additional
field data have been obtained where required to confirm or alter the findings
contained in the September 1963 Final Report of the Fraser River Board
(Reference: Anmex II, 1-2)., The accumulation of additional hydrometeorological
data during the period that has elapsed since preparation of the 1963 Final Report
has given an improved basis for the hydraulic and related studies performed
during this review.

Updated construction cost estimates have been developed for each project;
its potential accomplishment has been examined in terms of flow regulation; and
the benefits and damages ascribed to it have been assessed in monetary terms
wherever possible. An assessment has been made of the flood control potential
of the existing Nechako River and Bridge River developments,

Alternative combinations of these projects have been selected and the
benefits and damages ascribed to each combination have been evaluated in both
qualitative and quantitative terms. The magnitude of possible floods and the
probable consequences of such extreme flow conditions have been described; and
flood forecasting, flood routing and flood plain zoning have been discussed in
relation to defence against the flood hazard.

In recognition of the importance of environmental aspects, special
attention has been given to the envirommental impact on local and regional
resources that could be expected from the development of each project or
combination of projects. The tangible ecological and environmental benefits
and damages attributable to each project, singly or in combination, have been
derived and considered in conjunction with the intangible ecological and
environmental consequences of each in the process of project selection.

The performance of this review required the conduct of numerous new
studies and the examination of previous studies and investigations. The report
and documents covering these studies and investigations constitute background
material for this review; and they are listed in Annex II at the end of this
volume.

1.6 Limitations

The widely varying inflationary trend of the economy during the review
and preparation period for this report has imposed a severe limitation on the
current validity of the figures for cost estimates and benefit derivations
contained herein. Mid-1972 price levels have been used for all of these figures.

Ypstream project ecological assessment results reported herein reflect
primarily the separate judgements of those agencies most involved with each
resource, owing to the inability of the Board's Ecology Committee to reach
consensus regarding several factors basic to resource evaluation.
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CHAPTER 2
FLOOD DEFENCE
2.1 Defence Against the Flood Hazard

Occupancy and use of flood plains or tidelands constitute an invasion of
the natural domain of a river or the sea; and the continued success of this
invasion depends on the adequacy of the defence measures provided to sustain it.
The Fraser River system clearly illustrates such an invasion, particularly in
the Lower Fraser Valley; and the experiences of floods and near-floods as in
1948 and 1972, coupled with the risk of greater floods, demonstrate the potential
inadequacy of existing protective measures, Various methods of flood defence
are defined briefly hereunder, followed by descriptions of existing Fraser
River system defences.

2.1.1 Methods of Defence

Methods devised for defence against the hazard of inundation may be
classified in four general categories: (1} containment of the river or sea;
(2} control of river flow; (3} restriction of land use; and (4) prediction of
high water levels. Methods included in the first two of these categories pre-
vent or deter the occurrence of occasional or periodic inundation; those in the
third category accept such occurrence but endeavour to minimize its effects;
while those in the fourth category forecast or warn of the probability of such
occurrence.,

2.1.1.1 Contaimment of the River or Sea

Dykes are embankments built to protect adjacent land areas againmst
inundation; they do not alter river flow or tidal range, but contain the river
within a defined channel or channels, or restrain the sea from entry. They
usually occupy only a small proportion of the protected land. The degree of
protection provided by dykes depends on their height, which frequently is dic-
tated by the prevailing foundation conditions. High water occurrence increases
pressure against the dykes, accelerates their erosion, expedites their satura-
tion and damage due to underseepage, and may cause overtopping. Any of these
processes can result in dyke failure; and the reliability of the protection
dykes offer is contingent on their continued systematic inspection and mainten-
ance. Dyke construction frequently necessitates the installation of internal
drainage and pumping facilities to minimize flooding of the protected land by
seepage through and beneath the dykes, and to offset interference with the
natural land drainage pattern.

Channel improvements include realignment to eliminate oxbows and sharp
bends, dredging, removal of debris, installation of weirs or drop structures,
and provision of bank protection. Each of these measures contributes to one or
more of the following: stabilization of the route of the river; increases in its
gradient; enlargement of its channel capacity; and reduction of bank or channel
erosion. Increased gradient and capacity assist in lowering river levels up-
stream; while stabilization of banks and channel facilitate the river's passage.
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2.2.5 Use of Existing Storage During the 1972 Freshet

Storage utilized for flood control may be classified generally as one of
three types: anticipatory, flexible and emergency. Anticipatory storage 1s
located far from the flood-prone area and therefore must be utilized in advance
of the flood period, Flexible storage is located near enough to the flood-preone
area to permit its effective operation during the appreach to the flood crest.
Emergency storage is adjacent or very close to the flood-prone area; and its
use normally is limited to the period shortly before the flood peak to effect
last-minute peak reduction or relief.

in response to requests made early in 1972 by the British Columbia Water
Resources Service, both the Aluminum Company of Canada Limited {ALCAN) and the
British Columbia Hydro and Power Authority (BCHPA) cooperated fully in making
storage for flood control purposes available at their respective developments,
and in decreasing generation at those locations where such action reduced
inflows to the Fraser River.

ALCAN arranged for the discharge of 10,000 cfs more than normal spiliage
from the Nechako Reservoir during the period from April 13 to May 10, which
lowered the reservoir level by an extra two feet and so provided about 400,000
acre-feet of anticipatory flood control storage. This storage was utilized
during the period from May 11 to June 22, when outflow from the reservoir into
the Fraser River system was curtailed completely.

BCHPA made the entire 1,370,000 acre-feet of storage capacity in
Carpenter and Downton Lakes available as flexible fiocod control storage, most of
which was utilized before and during the freshet. Output from Bridge River
Generating Stations Nos. 1 and 2 was decreased to some extent during the period
and to spinning reserve from Jume 13 to 17, reducing inflows to the Fraser
River,

BCHPA also heid the top six feet of Stave Lake storage capacity available,
thus providing about 100,000 acre-feet of emergency flood control storage,
which was utilized from June 13 to 17, the latter being the date when the peak
of the freshet was recorded at Mission. Output from the Stave Falls and Ruskin
Generating Stations was decreased to spinning reserve, which together with the
decrease from the Bridge River Generating Stations obliged BCHPA to activate
its Buprard Thermal Generating Station to replace lost generatiomn.

2.2.6 Effect of Existing Storage During the 1972 Freshet

The effect of the use of existing Nechako River and Bridge River storage
for flood control purposes prior to and during the 1972 freshet was to achieve
a reduction of approximately 40,000 cfs in the peak flow of the Fraser River at
Hope. This corresponds to a reduction of about 1.3 feet in the peak elevation
at Hope, and a consequent reduction of perhaps one foot in the peak elevation
at Mission. The use of existing Stave Lake storage achieved some additional
reduction in peak elevations downstream from Mission.



Without the relief provided in 1972 by the existing upstream storage,
the Fraser River at Hope peak elevation probably would have been about 126.25
feet, and the peak flow about 500,000 cfs; the peak elevation at Mission
probably would have been about 24.5 feet. The corresponding risk of dyke
failure in the Lower Fraser Valley would have been substantially greater.

2.2.7 Need for Additional Flood Protection

The recurrent flood threat to the settled and developed flood plain
lands of the Fraser River system arising from its annual spring snowmelt
freshets is one of disturbing frequency; five floods or near-floods have occurred
in the 25 years from 1948 through 1972. The winter snowpack in the basin
offers the potential for a spring snowmelt flood almost every year. Such
occurrence depends primarily on the weather conditions before and during the
freshet, which cannot be predicted on a long range basis. The hazard in
dyked areas is increased by prolonged duration of high water levels.

This flood hazard was clearly demonstrated in 1972, when peak water
elevations approached or exceeded the 1948 records. Substantial damage was
sustained in Kamloops, Prince CGeorge and Quesnel, where flood defences were
inadequate or non-existent. Major inundation and consequent extensive damage
were averted in the Lower Fraser Valley flood plain; but seepage adversely
affected crop production and caused grave concern for the safety of the dykes
at numerous locations. This concern was intensified by the extended duration
of high water conditions, the elevation at Mission remaining above 18 feet
for seven weeks (Table 1-2).

The positive and appreciable degree of flood control provided by the use
of storage on the Nechako and Bridge Rivers prior to and during the 1972 freshet
illustrated the effectiveness of upstream storage in reducing this serious
hazard to downstream flood plain areas. Diversion of flow upstream from these
areas would be similarly effective.

The conditions experienced in the Fraser River system in 1972 emphasized
the need for protection of its flood plain areas beyond that to be provided
by the present dyking program, and hence the requirement for this review of
upstream storage and diversion possibilities. The major thrust of this review
has been directed toward further reduction of this flood hazard to the Lower
Fraser Valley flood plain, as inundation of this area by a major flood would
cause by far the greatest part of the consequent damage and disruption in the
entire Fraser River system.
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CHAPTER 3
ANALYSIS CONCEPTS AND TECHNIQUES
3.1 Overall Approach

Formulation of the System E program was based on the requirement in its
terms of reference that the Fraser River Board report on ''the engineering and
economic feasibility of a partial hydro-electric power development of the Fraser
River that would provide flood contrel on the Fraser River to the extent
considered necessary..... " {Reference: Annex II, 1-2). This review of the
System E program was conducted "..... with a view to recommending further flood
protection, utilization and control of the water resources of the basin.”

(May 24, 1968 Agreement - Annex I}. The primacy assigned to measures for further
flood protection and the need for special attention to the possible ecological
consequences of river control works on local and regional resources dictated the
approach to project analysis adopted for this wreview.

The following economic criteria were adopted to provide a uniform basis
for achievement of comparable results by the several groups involved in the
various analytical techniques:

a. The referent area for study purposes to be the Province of British
Columbia,

b. All monetary evaluations to be at mid-1972 price levels.

¢. The economic life of storage and diversion projects to be considered
as 60 years.

d. The economic life of dyking projects to be considered as 35 years,
with an allowance for rehabilitation of these projects to be included
in the 36th year of project analysis.

e. The cconomic 1life of thermal and nuclear projects to be considered
as 30 years.

f. A system time horizon of 60 years (1973 to 2032 inclusive) to be used
in cconomic analysis. (Within this system time horizon, the various
benefits and costs attributed to upstream projects were computed
approximately in accordance with the assumed in-service dates of the
projects.)

g. Costs and benefits to be incrementally increased for real growth in
value to the time of their occurrence and discounted to 1972 present
worth for comparison purposes.

h. A non-inflationary discount rate of seven percent per annum with a

sensitivity indication at six percent and eight percent per annum to
be used in all analyses.
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i. An incremental real growth rate for each resource, over or under a
base inflation rate determined as the average annual percentage
increase in the Consumer Price Index for the period from 1967 to 1971
inclusive, to be developed and justified by the group studying the
resource.

3.2 Hydrologic Evaluation

This secticn presents the methods used to calculate the effects of up-
stream storage on streamflows and flood levels in the Fraser River basin.
Topics included are flood probability analyses for present conditions on the
river and for various combinations of upstream storage developments, the
selection of sample years of streamflow data in the Fraser basin, flood routing
procedures, and the methods used in simulating storage reservoir operation
during a flood period.

3.2.1 Flood Frequency Determination

To assess the damages that would result from floods over many years, it
is necessary to determine the probabilities of occurrence of floods of any given
magnitude. Such probabilities are determined by analysing all floods that have
occurred in the recorded past and determining a cumulative frequency distribution
of the flood peaks. This cumulative frequency distribution can be plotted as a
"flood frequency curve” which gives the probability of any given magnitude of
flood peak elevation or discharge being equalled or exceeded.

Flood frequency curves were prepared for four specific locations: Mission,
Kamloops, Prince George and Quesnel, each representing one of the four principal
flood-prone areas of the Fraser River system. At each of these locations a
discharge-frequency curve for the river was derived utilizing all available flood
records, some of which required adjustment to remove the effects of regulation
by the Bridge River and Nechako River Reservoirs. This provided a base flood
frequency curve representing the natural or unregulated flood regime of the river
at that location,

A standard period of 1948 and 1950 through 1972 was adopted for studies
of project flood control operation. Discharge-frequency curves then were derived
for this study period for each of the above-noted locations, with the river:
{a) under natural conditions; (b) under present conditions (incorporating the
effects of existing upstream storage development); and (c) under the conditions
that would prevail with each upstream project, or selected combination of
projects, in operation. The discharges for several recurrence intervals were
extracted from each of the (¢} curves; and the results were converted to
elevation-frequencies for inclusion in the report.

3.2.2 Study Flow Data Selection

There were two basically different requirements for streamflow data within
the study. The first was to allow the simulation of generating station operation
requiring values of mean monthly discharges for all months at all proposed power
projects. The second was to allow the simulation of flood control operation of
all proposed storage reservoirs, requiring mean daily discharge values at all
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reservoir sites and at sufficient other points within the Fraser basin to define
the streamflow pattern.

The study period chosen for power determination was the 40 years beginning
in July 1928 and ending in June 1968. This period included 1929, the year of
lowest annual mean flow of record, as well as several high flow years, and also
overlaps the period chosen for the flood control studies. This study period is
compatible with the computer model of the British Columbia power system used to
evaluate the power potential of the System E projects,

Mean flow values were computed for each month in the 1928 to 1968 period
at each System E project site. For years when recorded data were not available,
mean flow values were estimated by correlation to the nearest stream that had
dependable records, using the Langbein method of streamflow correlation
(Reference: Annex II, 3-1j.

The study period adopted for flood control simulation was 1948 and 1950
through 1972, as insufficient daily flow data were available for the 40-year
period to develop the more specific flows needed for this purpose. Mean daily
flows were compiled for this period, which includes several large freshets,
Several sets of synthetic records for large spring freshet flows also were used
for the flood control analysis (Reference: Annex II, 3-1).

A base data network of 21 gauging stations in the basin and the computed
natural inflow to the Nechako River Reservoir, was selected early in the study
to defire flows throughout the basin and to supply data for flood control studies.
(Figure 3-1). Using these base stations, a mathematical model of the basin was
assembled to compute the respoase at any point on the river to streamflow changes
at any other point.

Work required to complete the data for each of these base stations
included filling in periods of missing records, adjusting data to allow for the
effects of existing storage develcpments, and computing inflows to the natural
lakes. This work made daily streamflow data available for the freshet period at
each of the base staticns for natural conditions as well as for present conditions
with the current pattern of regulation from the Bridge River and Nechako River
developments.

3.2.3 Flood Routing Procedures

Flood routing simulates the attenuating effect of the river chamnel in
changing the characteristics of the flood wave as it moves downstream. All
changes in river flows due to the operation of upstream storage reservoirs are
subject te these attenuating effects and were routed to the flood-prone parts of
the basin as part of the regulation studies. The flood control benefits were
based on the changes in the routed flows at the flood damage areas.

In the regulation studies, the rcuting was accomplished using a polynomial
method of routing adapted from the UBC Watershed Model developed at the University
of British Columbia (Reference: Annex II, 3-2). This method of routing utilizes a
convolution calculation to determine the downstream flows from upstream flow
values, Using this method, the effect of any upstream increment of streamflow



can be determined at the downstream point from the relationship:
Q. =L’ K. Q
D,t = n=lagl nti U,t-n

the increment of discharge,

where Q

K = empirically derived constants defining
the routing characteristics,

U  represents the upstream location,
D represents the downstream location,
t is the current time period,

lag 1 is the lag in days until the first
significant contribution occurs,

lag 2 is the lag until the last significant
contribution occurs,

n  ranges between the value of lag 1 and
lag 2.

This method of routing is particularly convenient for regulation studies,
as reservoir holdouts (the amounts of water stored each day) can be routed
directly to the flood control point and subtracted from the natural flows there,
Most other methods can route only the total flows in a river and not such
increments of flow.

The polynomial method is somewhat less precise than other routing methods,
for there is no change in routing effect with changes in the magnitude of flow.
Tests have shown, however, that this has negligible effect on routing in the
Fraser River in the range of flows that occur during the flood regulation period.

The multiphase reservoir routing method used in the SSARR computer program
of the United States Army Corps of Engineers was applied in preliminary routing
tests and served to evaluate the polynomial method. This method is much more
detailed and treats a river channel as consisting of many small lakes, each
providing a small storage effect. It can easily be calibrated to match the
observed routing effects in a river without any measurements of the river chammel
characteristics. A SSARR routing model was prepared for the Fraser River early
in the study and was found to produce good routing results. However, the poly-
nomial method was found to produce almost equivalent results; it was much more
convenient for regulation tests and permitted a large saving in computer time;
hence it was adopted for study use.

The Modified Puls Method of routing, which depends on the relationship
between lake storage and lake outflows, was used where routing through lakes
was necessary. This method also was used for backrouting lake flows: 1i.e.
computing lake inflows from observed values of lake outflows,
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3.2.4 Flood Control Requirements

The protection afforded by flood control storage reservoirs would not be
required in most years, as the spring freshets seldom reach damaging flood levels.
Therefore, the full design storage volume of every reservoir need not be reserved
each year for flood control purposes. However, the amount of storage to be made
available for flood control must be decided early in each year; and this storage
must be available at the begimning of May.

The amount of storage to be reserved each year for flood control depends
on the total freshet velume forecast; and it must be adequate to check the worst
flood that could be expected from the existing snowpack under adverse weather
conditions. Flood danger exists in many years, but does not materialize because
the adverse weather sequence does not occur, In the present studies, the volume
of storage required each year at each reservoir was determined on the assumption
that the reservoirs would be operated under a realistic set of rules to protect
against forecast flood danger. This determination of storage volumes was
accomplished by first simulating the operation of the reservoirs for flood
control assuming that the total usable reservoir volume was available each year,
measuring the volume that was actually needed to protect against the flood danger,
and comparing this with the volume refilled after the flood danger was past.

The volume needed to control the flood each year was compared to the volume fore-
cast for that year to establish a relationship. For these tests, the danger
level was considered to be 24.00 feet water slevation at Mission.

In actual storage reservoir operation, the decision as to the storage to
be reserved each vear is based upon the successive forecasts of the freshet
volume for that year. Normally, in operating a reservoir to protect against a
snowmelt flcod situation, a forecast of the total freshet volume is made early
in the year and a program of reserveir evacuation is followed as dictated by that
forecast. As spring approaches more accurate forecasts are made, based upon the
accumulated snow in the basin, The target flood control storage is adjusted to
suit each new forecast and the evacuation program revised accordingly.

All proposed reservoir designs have sufficient outflow capacities to allow
complete evacuation from full pool level to the lowest required flood control
level during the period January through March. Relisble forecasts of the freshet
volume are available each year at the beginning of April, giving time to adjust
the reservoir level by the first of May if necessary, as the flood danger
normally does not occur before mid-May. It has been assumed that in actual
operation the reservoirs would be evacuated as outlined above to bring them to
their required drawdown levels at the end of March. If these levels were not
low enough to meet the requirements based on the April forecast value, sufficient
further releases could be made during April to provide the required storage
capacities by the end of April.

In the flood control simulation studies, the required storage was
estimated on the basis of the April 1 forecast of the freshet volume. An
envelope curve was developed for each reservoir site relating the storage
required to the forecast freshet volume, based on all years of the study period.
These curves were adjusted where necessary to ensure that the required storage
would have been reserved in all flood years; and they provided the estimates of
storage needed at each reservoir each year for flood control purposes.



3.2.5 Long Term Forecasting

A basic requirement of the flood control operation of a reservoir is an
overall forecast of runoff giving an estimate of the total volume and of the
probable time distribution of the runoff over the freshet period. These items
are the only data available for seasonal planning and are the normal prime basis
for flood control operating plans. Long term forecasts have two components; the
April to September volume, and an estimated critical hydrograph shape function
that defines the worst expected pattern of runoff.

The April to September volume forecasts were prepared for all years in the
study period by the British Columbia Water Resources Services. Those for the
later years had already been published, and those for the earlier years were
recalculated using available snow records and applying current forecasting
techniques. Such forecasts were prepared for various parts of the basin to
provide predicted inflow volumes at each reservoir and freshet volumes in the
Fraser River at Missiom,

For computed years of synthetic streamflow data, it was necessary to
produce synthetic forecasts of April to September volumes. A multiple regression
model was developed interrelating historical forecasts at the various forecast
points and relating these to the corresponding observed flow volumes. This
regression model was used within a Monte Carlo technique, which adds random
variations from the model to generate sets of forecasts for each synthetic year,
based upon the synthetic flows and the observed errors in past forecasts. These
volume forecasts were used in the studies, not only to estimate the size of the
flood that could be expected, but also to check the probability of refill of the
reservoir in each year and to indicate when refilling must begin to ensure a full
reservoir at the end of the freshet,

The time distribution of runoff was estimated at Mission, the location
representing the most important flood damage area in the basin, as a critical
hydrograph shape that could be applied to any forecast volume. This hydrograph
is defined as a series of straight lines rising to and falling from a single peak
and fitting a base flow recession curve falling to a fixed point at the end of
September. The volume under the hydrograph between April 1 and September 30 must
equal the April to September forecast volume. The concept is illustrated in
Figure 3-2.

The critical hydrograph was derived from the 1948 flood when warm weather
persisted throughout the snowmelt period to produce a steeply rising runoff
pattern. This gave an estimate of worst expectancy, comparable to that which
would be obtained with more detailed modelling using a critical weather sequence.

The long term forecast is revised daily during the runoff season; and the
remaining forecast volume is derived daily by subtracting the total runoff after
April 1 from the original April to September forecast. Although the critical
hydrograph shape factors remain constant, the predicted hydrograph changes in
magnitude according to the remaining forecast volume.
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3,2,.6 Short Term Forecasting

The proposed System E reservoirs are located so far upstream from the
major flood area in the Lower Fraser Valley that changes in reservoir outflows
do not reach the Valley until three to four days later. This time lag requires
reservoir storage decisions to be made in anticipation of flows in the Valley
three to four days later; thus short term forecasts of flows at Mission are
essential to effective use of the storage.

Short term streamflow forecasts usually are made using basin modelling
procedures in which weather forecasts are applied to the basin, and snowmelt
and runcff are simulated by computer calculations to produce forecast values of
streamflow, Such forecasts at a downstream point on a large river have two basic
components; the water that is currently in the river at the upstream points routed
to the downstream point several days later, and the simulated fiows from the
downstream areas of the basin routed a lesser amount of time later. The required
weather forecasts applicable to the present study data could not be obtained for
all study years, so a method of simulating streamflow forecasts was derived that
is independent of weather data and based only on the prior several days' stream-
flow records.

Several procedures for simulated four-day forecasts at downstream points
were tested, The procedure selected for use is based on routing the observed
upstream flows and estimating the worst expected flows over the subsequent
several days at other points in the basin. All the observed and estimated flows
are summed in a convolution routing procedure to forecast the streamflow at the
downstream point. This process was tuned so as to forecast the most rapid rise
likely to occur on the river, thus providing synthetic short term forecasts
similar to those that would occur if a warm weather forecast were applied to a
basin model. As a large portion of the flow in the Lower Fraser Valley consists
of water already in the system four days earlier, this approach provided workable
forecasts for use in reservoir regulation studies.

3.2.7 Flood Control Operating Procedures

The day-to-day operation of the upstveam storage works has been simulated
using several years of streamflow records. The simulations have been based on
reservoir operating rules similar to those which would be used under actual
operation. These rules reserve most of the storage until the flood threat is
greatest, then allocate the storage at all reservoirs to produce the largest
possible reduction in the peak of the worst flood that could reasonably be
expected. Some storage space is maintained as long as any appreciable flood
threat remains.

In actual operation of such reservoirs, the only prior knowledge of the
peak would be forecast infermation and this must be the basis of operating rules.
Although recorded streamflow data have been used to test the effect of reservoirs,
the simulation procedures have assumed no prior knowledge of these streamflows.
All decisions within the simulations are made using only reccrded flows from
prior days and simulated forecasts of future flows or runoff volumes. Mathemat-
ical optimizing techniques were utilized prior to the simulation studies to aid
in developing the operating rules used in the simulations and to establish the
limits of the flood control capabilities.
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In the flood control simulations, a day-to-day model has been applied to
the freshet flows for each of the years in the study period. This model consists
of a computer program that each day checks the storage contents and the expected
inflows for each reservoir and decides when to store water at each of the
reservoirs. For every day, the model carries out the following basic steps:

i. A prediction of the worst expected remaining freshet flow is made,
as outlined in 3.2.5.

ii. A four-day forecast of the flow at the flood control point on the
river is made, as outlined in 3.2.6.

iii. The predicted freshet runoff volume for inflow to each reservoir is
checked; and if there is any significant chance that the reservoir
could not refill before a specified date, storing is begun immediately
at the maximum allowable rate.

iv. A target regulated discharge for the flood control point is computed
by fitting the total available flood control storage into the peak
of the predicted hydrograph.

v. Each reservoir is ranked in terms of its available storage volume
relative to the predicted total inflow. Reservoirs having larger
relative storages are called on first for flood control.

vi. If the four-day forecast at the control point exceeds the target
flow, the amount by which the target is exceeded is scheduled for
storage, This scheduled storage is allocated to each reservoir in
sequence according to the relative-storage rankings, until the
scheduled storage is contained, or all reserveirs are storing at
their maximum allowable rates.

vii. All holdouts at the reservoirs are routed to the flood locations to
calculate the regulated discharges at those points.

In this manner, the flood control operation at each reservoir is simulated
using rules that attempt to maximize the flood protection according to the
storage available. The target for flood control is tailored to the current
available storage and to the long-term prediction of possible flood flows;
however, the target is never allowed to exceed a specified maximum flow at which
the water elevation would reach the dyke design level. Storage in each reservoir
is limited by a specified minimum outflow requirement.

This procedure schedules flood control storage in terms of a single
control point on the river. In most cases, this point has been selected as the
Fraser River at Mission and has provided effective control at other locations
in the system, When the Hemp Creek project was studied by itself or together
with the Lower McCOregor diversion project, the control point was selected as
Kamloops and this procedure also gave effective control at Mission.
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3.3 River Regime and Sediment Studies
3.3.1 Scope

River regime and sediment studies were carried out to evaluate the
potential effects of System E construction on the river regime upstream and
downstream from the proposed reservoirs, and of reservoir sedimentation; and
to design a program to measure such effects (Reference: Annex II, 3-3).

3.3.2 General Aspects

The sedimentation effects of river damming are manifested in changes of
the river regime upstream and downstream from the reservoirs and in each
reservoir itself, as follows:

1. General raising (aggradation} of the river bed upstream from the
reservoir, usually associated with flooding.

ii. Sediment entrapment by the reservoirs with corresponding loss of
storage capacity.

iii. Reduction of the sediment load of the river downstream from the
reservoirs and change in the geometry of the river, mainly degradation,
due to sediment deprivation and to changes in the hydrograph of flow
resulting from reservoir storage operation.

These effects may have serious consequences on existing developments with
social and economic components and on the ecology of the river and its valleys.
Naturally the magnitude and significance of these effects vary widely.

Some of the aforementioned effects are of a cumulative nature while others
occur quickly in response to their causes. The loss of reservoir capacity due
to siltation is a cumulative process continuing throughout the lifespan of the
reservoir. The aggradation of the river bed upstream from the reservoir follows
reservoir siltation up to a certain level and then more or less stabilizes in a
f'mnormal regime", manifested by a low rate of change. The alteration of river
geometry downstream from dams is a much faster process and most of it occurs
rather quickly; but the reduction of the sediment load of the river due to
reservoir entrapment is a continuous process lasting for the lifetime of the
reservoir. Consequently the delta of the viver at its outlet suffers a continuous
and equal reduction in its rate of nourishment; and this may result in reduction
of its rate of advancement, or even in recession of its front. Therefore,
planning of river damming should include serious consideration of sedimentation
and should provide for the monitoring of change in order to allow for remedial
measures in response to adverse effects.

3.3.3 Methodology

Mobile boundary hydraulics, which includes river engineering, is often
termed an ''inexact science" and this may constitute an euphemism, The greatest
advances in the state-of-the-art have been made relatively recently; and some
vempirical theories' have been devised which can be applied only in conjunction
with field measurements and professional judgement. ‘
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However, these "theories' can be applied only in cases of canals, canal-
ized rivers, and with some difficulty in tame rivers running through flood plains
and carrying sediment consistent with that of the river bed and banks. This is
not the case with the System E rivers; and therefore field measurement and
professional judgement constitute the entire basis for evaluation of their
sediment regime.

As existing data were sparse and inadequate, additional data were
collected expressly for the present studies. A most important part of the
investigation was the field inspection program carried out for visual evaluation
and assessment of conditions, especially in the upper reaches of the Fraser River
and its tributaries. The design of the program to measure change thus has been
based on available data and professional evaluation,

Predictions of the consequences of System E development on the Lower
Fraser River and its delta have been based mainly on available data which for
this reach of the river are rather plentiful, and on the assessment of those
effects of System E in the upper reaches that will be felt as far as the river
delta.

3.4 Navigation Evaluation
3.,4,1 Impacts on Navigation and Related Activities

The benefits and damages from Fraser River regulation were estimated on
the basis of information collected in the field and from secondary sources
(Reference: Annex II, 3-4). Records of high, average and low freshets and
minimum monthly flows were examined in the context of their effects on navigation
and related activities. Deep-sea shipping, towing, dredging and debris removal
were identified as the operations most likely to be affected by river regulation.

The opinions of authorities involved with deep-sea shipping were combined
with historical evidence to determine the effect of high water flows on shipping.
The benefits of reducing these flows were then computed as a function of the
physical changes that would occur withriver regulation,

All mills and towing companies using the Lower Fraser River as a trans-
portation artery were queried regarding traffic volumes and flows, log storage
costs, and the effects of current velocity on towing costs. Their contributions
of data were applied to the three freshet levels and to the low monthly mean
levels to determine the benefits and damages resulting from reducing peak flows
and from supplementing low flows.

Dredging costs and net revenues from the sale of river sand were assumed
to be a direct function of the rate of sedimentation in the Lower Fraser River.
Proportionate changes in net revenues and dredging costs were predicted from the
estimated effects of regulation on sedimentation.

Rough calculations were made of the reduction in volume of Lower Fraser
River debris that would result from regulation of peak freshet flows. These
calculations formed the basis for estimates of change in debris collection and
disposal costs and of reduction in damages to boats.
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The navigation benefits to be credited to each upstream project or project
combination were determined by prorating the maximum benefits available from
complete system E development among the various projects and combinations in
direct proportion to the respective project and combination capabilities in the
reduction of peak freshet flows at Mission.

3.4.2 Future Impacts

Changes in the benefits and damages from river control over time were
projected to the year 2000 on the basis of past trends and prospective develop-
ments. Regulation benefits were assumed to increase at the predicted rates of
expansion of deep-sea shipping, towing and dredging operations. No real price
changes were anticipated for these operations. However, price changes were
expected to affect the size of debris disposal benefits because of the demand
for more effective and costly disposal techniques, and changes were estimated
accordingly.

3.5 Potential Flood Damage Evaluation
3.5.1 Costs of Floods and Benefits of Protection
3.5.1.1 Property and Income Losses

Floods destroy property and disrupt economic activity thereby inflicting
losses on an economy. These losses are classified as "primary" and ''secondary™
damages. Primary damages occur directly to activities located on a flood plain.
They include residential, agricultural, commercial, industrial and other property
damages, losses of profits and income of those employed on the flood plain, and
costs of transferring or deferring flood-disrupted production. Secondary damages
are permanent income losses that occur in industries located off the flood plain
as a consequence of flood-inflicted severances of linkages with suppliers and/or
consumers. In this study, primary and secondary losses were considered true
losses only if no British Columbia firms could compensate for the production
setbacks (Reference: Annex II, 3-5).

Potential flood damages over a given period were calculated as the sum of
average annual damages anticipated over that period. The computation was based
on estimates of the probability of various river stages and damages occurring in
any one year (3.5.4). Future changes in the level of flood plain development
and damages that would occur in the absence of improved protection were
incorporated into the analysis in the projection of the stream of annual damages.
This stream of damages was discounted to its present value or worth. It was
assumed that people would be willing to pay for flood protection an amount equal
to the benefits they would receive, these benefits being calculated as the
reduction in the present value of average losses over the specified period.

3,5.1.2 Risk-~Taking

The average annual value measure of damages does not account for a second
cost of floods - the cost associated with risk-taking. Besides being concerned
with mean values, people may wish to avoid large losses in a catastrophic flood
or they may wish to reduce the variance of the distribution of losses. 1f people



are willing to pay a premium for avoiding risk-associated costs, then estimates
based on the average value of damages and benefits understate the true benefits
of flood prevention by the amount of the risk premium (unless alternative methods
- such as insurance - are available to reduce risk at a lower cost)}.

3.5.1.3 Intangibles

A third cost of floods is labelled "intangibles'". This includes costs
difficult to describe in monetary terms, such as loss of life and psychological
and social upheaval. Of these costs, loss of life frequently is claimed to be
the most significant element in the justification of flood control projects.
Few deaths actually have resulted from Fraser River floods; and it is question-
able whether structural measures are an effective means of reducing this cost.
Therefore intangibles were largely ignored in this flood damage study.

3.5.1.4 Cost of Restricted Use

A final cost associated with a flood plain locaticn exists if floods
prevent flood plains from being used for certain purposes. This cost can be
lowered by building protective structures that reduce potential damages and
enable more intensive development to occur on the flood plain. The benefits of
this protection are emhancement benefits (or project-induced benefits). They
are equal to the difference between the profits an activity could earn off the
flood plain and those it could earn on the flood plain, given flood protection
and the initial set of prices and rents. In the Lower Fraser Valley such
potential benefits exist only in undyked areas. They represent a very small
portion of the total flood prevention benefits.

3.5.2 Existing Damage Potential

Potential primary and secondary losses were estimated for all types of
property and activities on the flood plains of the Lower Fraser Valley and of
Kamloops, Prince George and Quesnel.

Residential damage estimates were based on an '"average house' concept.
Assessment rolls and field survey data were used to determine average unit
structure and content damage functions for high (A), medium (B), and low (C)
quality houses. These were combined to form total unit-damage curves for each
house class in 34 flood plain areas. A single unit stage-damage function was
developed for each area by combining the damage functions of A, B and C class
houses weighted according to the numerical importance of the houses in each area.

Total potential commercial damages were estimated for each dyking area
from sample field data. They were calculated using unit stage-damage functions
per square foot of flood area that had been established for 20 commercial
categories. Potential industrial damages were identified in a field survey of
all flood plain firms.

Estimates of agricultural losses were based on generalized unit-damage
functions. The crop mix in each floodable area was calculated and combined with
information on the potential damage per crop type to obtain a weighted average
of crop damage per acre for each area. This was, in turn, applied to the acreage
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floodable in various freshets to determine the total damage by dyking area in
different floods. Estimates of other agricultural losses were derived largely
from secondary sources.

Industrial field survey data were used to estimate primary and secondary
income losses and transfer costs. Data were collected on outputs, inputs, and
incomes of flood plain firms and on their capacity to transfer or defer production,
Information to supplement the field survey data was obtained from Statistics
Canada.,

Estimates of other '"miscellaneous' damage were based on information from
individual companies {e.g. railways) and secondary sources.

3.5.3 Future Damages
3.5.3.1 Growth on Flood Plain and Real Value Changes

To determine the size of future potential damages, changes in the level
of flood plain development were projected for the years 1973 through 2000. No
changes were predicted beyond the year 2000 because of uncertainties underlying
forecasts into the distant future. The "most likely'" growth pattern for each
dyking area was estimated by extrapolating historical trends that had been
modified to account for factors such as zoning plans and land scarcities. The
effect of a “"zero growth'" alternative on the size of damages also was determined
to show the impact of stringent zoning restrictions on damage potential.

"Most likely" changes in the real value of losses were predicted for the
years 1973 through 2000 by historical trends projected into the future. The
sensitivity of the estimates to errors in price projections was tested by making
two alternative forecasts: one with no changes of prices predicted; and the
second with the real rate of change of agricultural crop prices assumed to be
three percent per annum instead of the historical minus one percent.

3.5.3.2 Damages

Three principal projections of future potential flood damages were made,
the first being the ''most likely'; it was based on probable changes in growth,
productivity and real values of flood plain activities. The second provided a
minimum limit to the range of possible future damages; it was calculated on the
assumption that the price structure and level of flood plain development would
remain constant over time. The third illustrated the sensitivity of damage
estimates to minor errors in projections; it was computed by raising the "most
likely" rates of change for each damage category by one percent per annum (e.g.
changing three percent to four percent).

Two secondary projections were made as described in 3.5.3.1. One of these
was based on the assumption of zero price change, and the other on the assumption
that agricultural crop prices would rise at the rate of three percent per annum.

3.5.4 Average Annual Damages

Estimates of the probability distribution of flood damages, used to
determine the average annual value of losses, depend largely on information on
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streamflow characteristics. The traditional approach involves establishing the
historical frequency of recurrence of yearly peak river discharges. .A cumulative
frequency distribution is developed to reflect the frequency at which specified
rates of discharge are equalled or exceeded, Past events are assumed to mirror
future conditions so that the historical probability distribution of discharges
defines the probability of given discharges being equalled or exceeded in each
consecutive year in the future. A typical frequency discharge curve 1s presented
in Figure 3-3 as:

Q = Q(p) (1)

where Q = discharge in cfs and p = a measure of probability ranging between 0
and 1.0,

Associated with the discharge at a given point along a river is a unique
water level or stage. Thus a relationship between discharge and stage can be
established and described as the following function (Figure 3-4):

S = 5(Q) (2)

where S = water level in feet. A stage-frequency curve is then created by
substituting equation 1 into equation 2 (Figure 3-5). It describes the frequency
with which a given water level is equalled or exceeded and is represented by:

S = S[Qp)] (3)

When a river overflows its banks and inundates its flood plain, it causes
flood damage. The amount of damage that occurs depends on the level of economic
activity on the flood plain and on flood characteristics such as the velocity of
the current and the depth of flooding. For any specific area, damage is assumed
to be contingent on the stage to which the river rises. Thus a fourth function,
a stage-damage function, is required in the analysis. It is shown in Figure 3-6
as:

D = D(S) (4)
where D = flood damage in dollars.

The final equation necessary to enable the computation of the average
annual value of damages to be made is formed by substituting equation 3 into 4,
This gives the result D = D (S5{Q(p)]) or more simply:

D = P(p) (5)

where p = the probability of incurring damages. It ranges from 0 to 1.0. This
last equation represents the damage-frequency function shown in Figure 3-7. It
is interpreted as defining the probability that given magnitudes of flood damage
will be equalled or exceeded in any one year. The area under this curve
represents the average annual value of flood damage under the assumption that no
changes in flood plain activities or prices occur over time.

- 24 -



DETERMINING THE AVERAGE
ANNUAL VALUE OF FLOOD DAMAGES
Figure 3-3
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Estimates of damages were required for a 60-year time period. Since
normal growth in economic activity and relative price changes are expected to
alter the structure of flood damages over this period, these factors had to be
incorporated into the analysis. This was done by estimating the potential floeod
damage for each relevant flood and for each year under study, given projected
changes in prices and economic activities on the flood plain. Thus a stream
of damages was computed for each flood for a span of 60 years,

The current value of each element in this stream of damages was calculated
and these values were summed to give the present worth of flood damages for each
flood stage under the assumption that each stage occurs annually. The present
worth of the total value of flood damages over the required 60 years was obtained
by integrating the resulting ''total present worth of damage-frequency” curve.

3.5.5 Allocation of Benefits Among Dykes and Upstream Projects

Determination of the econcmic feasibility of a flood control system
requires both the derivation of the total benefits and the identification of the
elements of this total provided by each component of the system. If dykes
prevent damages, they must be credited with the value of these damages; if
upstream storage or diversion projects reduce the frequency of occurrence of
given water elevations downstream, appropriate damage prevention benefits must
be attributed to each project.

Dykes may fail at water elevations lower than their design levels, and
therefore they cannot be credited with preventing all damages that would occur
with water elevations up to these levels. Ideally, the benefits would be
measured as a function of the probability of dyke failure at various water
elevations. Technical problems associated with the establishment of such
probabilities dictated the adoption of an alternative "confidence level"
criterion as a basis for estimating flood damage prevention benefits. Confidence
levels for individual dykes were established as those water elevations up to
which the dykes were considered to be reasonably reliable against failure; these
were generally equivalent to the water elevations at which dyke patrols are
intensified, equipment is committed for emergency action, and concern arises
regarding dyke stability.

Elements of the dyking systems in the Lower Fraser Valley were classed
as "unimproved" or ''improved" dykes for analysis purposes. Unimproved dykes
are those contained in the projects listed in Table 4-2 and are generally
below the construction standard outlined in 4.1, Improved dykes are those
contained in the projects listed in Table 4-1; they include those being
rehabilitated or extended under the ongoing dyking program to the standard
outlined in 4.1. Both Tables 4-1 and 4-2 list the projects as at May 24, 1875,
It was assumed that unimproved dykes would prevent the occurrence of all damages
when water elevations were below their establiished confidence levels, which
ranged from 21 feet to 23 feet at Mission, and none of the damages when water
elevations were above these confidence levels. Likewise it was assumed that
dykes built or improved to the above-noted standard would prevent the occurrence
of all damages when water elevations were below 24 feet at Mission, 50 percent
of the damages when water elevations were between 24 feet and 26 feet at Missionm,
and none of the damages when water elevations were above 26 feet at Mission.
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With this dyke ''confidence level" criterion as a base, flood damage
preventlon benefits were allocated among dykes and upstream storage or diversion
projects in the order in which these various components were expected to be
added to the system, Figures 3-8 and 3-9 illustrate the mechanics of determining
the benefits attributable to each component, assuming improved dykes and
upstream projects as first added components, respectively. {Conditions under
which Figures 3-8 and 3-9 would not be used for determining benefits are
presented in the background document on this subject (Reference: Annex II, 3-3,
page 19).

In both Figures 3-8 and 3-9 the damage-frequency function curve D
represents entirely natural river conditions, with no dykes or upstream projects
in existence. The benefits credited to the unimproved dykes with the river
system under natural conditions are represented by the area A, between the
damage-frequency function curves D and D,; and these unimproved dykes prevent
all damages that would occur with water e%evations of a probability of Py or
greater under these conditions.

The existing storage developments on the Nechako and Bridge Rivers
described in 2.2.3 reduce the flood damage potential and probability existing
under natural river conditions. They shift the entire damage-frequency function
from Curve D, to Dy and the probability from P, to P,, and are credited with the
benefits represented by Area A, in both figures. The damage-frequency function
curve D, therefore represents present conditions, reflecting the flood damage
prevention accomplishments of the unimproved dykes and the Nechako-Bridge
storages.,

Figure 3-8 illustrates how benefits are credited to improved dykes and to
upstream projects, if dyke improvements precede upstream project construction.
Improved dykes provide full protection against all water elevations up to 24 feet
at Mission, with a probability of occurrence of P, under present conditions; they
are credited with all benefits included in the area Az, between P and P In
addition, these improved dykes are assumed to prevent éO percent of the éamages
resulting from water elevations between 24 feet and 26 feet at Mission; and this
50 percent is represented by Areasz, with probabilities of occurrence ranging
between P, and P. under present conditions. The total benefits accruing to the
improved éykes thus are Ag; plus Ag,, and the damage-frequency function curve D,
represents the system under these conditions. The residual damages under curve
Dy would be reduced by the upstream projects which would shift the damage-
frequency function from curve D, to Dr and receive credit for the benefits
represented by Area A,. (This area as illustrated indicates the effects of one
or two upstream projects; if all of the System E projects were built, the area
would extend almost to the vertical axis.} This figure portrays the actual
situation in the Lower Fraser Valley, where dyke improvements will be essentially
completed prior to upstream project construction.

Figure 3-9 illustrates the allocation of benefits between upstream
projects and improved dykes if upstream project construction precedes dyke
improvements. Upstream projects will shift the damage-frequency function
curve from D to D! and be credited with the benefits represented by Area A..
The residual damages under curve D,' would be reduced by dyke improvements, which
would shift the damage-frequency curve to D (the same as D; in Figure 3-8).
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The dyke improvements would be credited with the benefits represented by areas
Agy plus A5, the latter area representing 50 percent of the damages between 24
feet and 26 feet at Mission,

The "confidence level" approach used to allocate the estimated flood
damage prevention benefits among improved dykes and upstream projects produces
correct results only if the improved dykes prevent exactly 50 percent of the
damages resulting from water elevations in the range between 24 feet and 26 feet
at Mission. If these dykes prevent more than 50 percent of the damages occurring
from water elevations in this range, the actual property and income losses are
overstated by the amount in excess of 50 percent; and this amount increases to a
maximum of 50 percent if the dykes prevent all damage up to their design level of
26 feet at Mission. At its maximum, this amount would be equal to Area A;, in
Figure 3-8, which has been determined from examination of the flood damage data
to represent about 70 percent of the total damages under curve D;. Therefore,
up to 70 percent of the flood damage prevention benefits in the Lower Fraser
Valley credited to upstream projects may represent a value assigned implicitly
to risk aversion and intangibles (3.5.1.2 and 3.5.1.3), the percentage being
contingent on the ability of the improved dykes tc prevent more than 50 percent
of the damages resulting from water elevations in the 24 feet to 26 feet range
at Mission.

Both tidal and river conditions affect two Lower Fraser Valley municipal-
ities, Richmond and Delta, which are protected by sea and river dykes and are
divided by Highway 499. If river dykes fail during water elevations of 24 feet
or less at Mission, this highway would act as a partial dyke, reducing flood
damages in those parts of these municipalities lying west of it. The exact
amount of this reduction could not be determined because of the unpredictability
of such factors as the point during the tidal cycle at which the river dvkes
would break, the speed of dyke repair, and the duration of flooding. Allowance
for the mitigating effects of the highway therefore was made by assuming that
the areas west of it would suffer only one-half of the flood damages that would
occur if there were no obstruction to water elevations of 24 feet or less at
Mission,

3.6 Ecological Evaluation

Evaluation of the ecological consequences that would result from the
development of System E involved a series of economic analyses to estimate, in
monetary terms wherever possible, the environmental impact of each System E
project on other resources utilizing the rivers and areas that would be affected
by each project. The benefits and damages were determined by this procedure with
the intent of making them comparable with other values attributable to the
projects. General analysis criteria are stated in 3.1; and the principal back-
ground document for this evaluation is the Fraser River Ecology Committee Summary
Report (Reference: Annex II, 3-6). The Ecology Committee did not reach
consensus regarding several factors basic to evaluation of upstream project
ecological consequences; hence its Summary Report reflects primarily the separate
opinions of those agencies most involved with each resource.

The analysis techniques utilized in evaluating the impact of System E
development on the anadromous fish, sports fish, wildlife, recreation and



forestry resources of the project areas are outlined in 3.6.1 to 3.6.3 hercunder.
The effects on mining and archaeological resources also were examined, and it was
estimated that the impact on mining would be too slight to warrant quantification;
also that adequate knowledge of the archaeological resources of the project areas
could be retained by provision of an appropriate investigatory and artifact
collection program at sites within these areas prior to project construction.

For these reasons no further reference is made in this chapter to mining and
archaeological resources,

3.6.1 The Anadromous Fish Resource

The Fraser River system provides spawning and rearing areas for all five
species of Pacific salmon {chinook, sockeye, c¢oho, pink and chum) and for steel-
head trout. The young of these species migrate from their freshwater habitats
to the ocean and return as adults to complete their life cycles. The steelhead
are only a very smull proportion (perhaps one or two percent) of the total
anadromous population, and an even smaller part of the commercial catch; hence
the evaluation was based entirely on the salmon.

3.6.1.1 Present Stocks and Potential Capacity

A field survey of the streams that would be affected by System E was
conducted Juring the summer and autwnn of 1971 and 1972, with observations being
made on species distribution, population size, stream bed composition, and water
conditions. An inventory of salmon populations for the period 1957 to 1972 was
obtained from field reports. Escapement figures were taken from records main-
tained by the Fisheries and Marine Service of Environment Canada and by the
International Pacific Salmon Fisheries Commission (IPSFC}. These records were
compiled from counts conducted from fixed-wing aircraft during the spawning
period. A tagging and recovery technique was utilized to gstimate chum
populations. Visual counts for many races were made from boats, shore and
aircraft. The presence and distribution of juvenile chinook and coho were
determined by sampling to augment available data on the fresh water rearing
period and the timing of downstream migration.

The potential productive capacity of all streams in the Fraser River basin
upstream from System E project sites was estimated on the basis of chinook
spawning requirements, which were determined by evaluation of physio-chemical
parameters and accessibility, Evaluation of potential rearing capacity was
based on water quality, velocity, substrate characteristics, streamside cover
and pool-riffie relationships, supported by sample catches of juvenile salmonids
at a number of sites.

Existing water quality and water temperature regimes in the Fraser River
and major tributarics downstream from the project sites were determined from data
obtained during a field program conducted from May 12 to August 27, 197Z, when
eight sets of samples were taken at 14 sampling sites.

llydrologic changes at the project sites and in downstream reaches of the
rivers that would result from System E development were computed from the results
of initial regulation studies to assess the impact on salmon stocks. Anticipated
flows at Grand Canyon, Cariboo Falls, Clearwater and Mission, based on flood



control requirements at Mission and assuming Nechako River and Bridge River
storage facilities operated for flood control, were developed and analyzed for
the freshet periods of a typical wet year (1967) and an average year (1965).
Probable flows during the low flow periods of 1967-68, 1965-66, and a dry year
1955-56 weTre estimated on the basis of a preliminary assessment of power
generation requirements.

3.6.1.2 Salmon Production Changes and Population Losses

The impacts of System E on salmon populations were derived from estimated
reductions in egg-to-adult survival rates, based on early assessments of the
physical effects of project development and the forecast changes in water quality
and quantity. Losses to salmon populations in areas immediately downstream from
projects were based on actual losses recorded for similar areas on other rivers
in British Columbia and Washington. The impact on all Fraser River salmon
populations further downstream was based on IPSFC research which has related the
survival of Chilko Lake sockeye to the river discharge during the time of seaward
smolt migration.

Bstimated losses to the commercial fishery were developed by compiling
for each geographical area the average annual escapement figures for each species,
applying to these figures the appropriate catch to escapement ratio, followed by
the estimated percentage reduction in survival rate. Losses to saltwater sport
and tidal bar catches were calculated in terms of the reduction in total return
expressed as percentages of the pre-development catch, assuming maintenance of
escapement. Losses to river fisheries (Indian and sport catches) were estimated
either by assuming them as proportionate to the commercial and saltwater loss,
or by assuming maintenance of total escapement and no loss except where a project
(such as Grand Canyon without fish passage facilities) would block the return of
a race to its natural spawning area.

3.6.1.3 Present Worth Estimates

The present worth of the Fraser River commexcial salmon fishery was
calculated on the basis of net economic value, utilizing 1972 data. The net
value computation was based on the assumption that society assoclates a social
value with the fishing and related processing and wholesaling industries, that
renders their operation less efficient than it would be with the application of
their "most efficient” current technology. It is estimated that salmon could be
caught by seines and weirs for approximately 15 percent of their landed value
if society wished to forego social objectives; hence the net potential value of
the fishing operation was calculated as 85 percent of the landed value. It also
was estimated that in the absence of social goals, fish processing and whole-
saling could be carried out for 50 percent of the current markup from the landed
to the wholesale value. The combined net value of fishing, processing and
wholesaling was reduced by 2.5 percent of the gross wholesale value to allow for
management costs, and was increased by three percent of the gross wholesale value
to account for retail profit accruing inside the referent area. The resulting
net values per pound for the various salmon species were converted to values
per fish, utilizing average weights for each species.
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The United Nations Food and Agriculture Organization 1967 estimate of
2.7 percent annual increase in world foed demand was used as the rate at which
the price of fish would increase over and above that of other consumer
commodities. It was assumed that achievement of the full potential production
of Fraser River salmon would be realized in even increments over the 60 years
following 1972. Net values of potential production and the losses to both
present and potential production attributable to each project were calculated
to yield annual catch loss values. The net loss ascribed to each System E
component combination was projected for real growth and discounted to give the
present worth of the loss to the commercial fishery.

Recreational and preservation values of the Fraser River system salmon
resource were calculated from data obtained by direct guestionnaire invelving
nearly 4,000 respondents to interviews in two zones, (1) the Lower Fraser Valley,
and (2) the river system from Lytton upstream. Respondents were asked to
evaluate swimming, boating, fishing and viewing activities in relation to local
municipal services costs. Zomne 2 respondents also were asked to evaluate the
fishing activity separately, to determine what portion of the value of all other
activities could be credited to fish. An annual increase of six percent in
salmon recreation was applied over the ensuing 60-year period in developing
recreational value figures based on the survey data. This six percent growth rate
was based on increased participation, followed by real value appreciation should
areal and catch opportunity reach saturation during the period. Preservation
values also were derived from the survey data for all relevant component
referent groups.

The loss to the Indian food fishery attributable to System E development
was computed on the basis of an extensive study completed in 1972; the report
thereon is entitled "Indian Fishing and its Cultural Importance in the Fraser
River System', published jointly in 1973 by the Union of British Columbia Indian
Chiefs and the Fisheries and Marine Service of Environment Canada.

3.6.2 The Sports Fish, Wildlife and Recreational Resources

Assessmentsof recreational use of the natural resource base are considered
to constitute a valid basis for social and economic evaluation; and nearly all
evaluations were made on this basis. As much of the Clearwater River basin lies
within Wells Gray Provincial Park, more basic data for measurement of the
physical resources were available for the Clearwater project areas than for
those located elsewhere.

3,6.2.1 Measurement of the Physical Resources

Investigation of the sports fish resource was based primarily on available
agency informatiom, supplemented by additional field surveys as necessary. Lake
characteristics and production capabilities were assessed from data on physical
and chemical characteristics, nutrient content, area of food producing littoral
zone, adjacent accessible spawning areas and resident fish species. Streams
were examined above and below proposed floodlines to determine spawning habitat
available in their existing state, after flooding, and as potential. Physical
stream characteristics given specific attention were width, discharge, bottom
composition, turbidity, and the presence of obstructions. Measurements of stream
gradient were made, as this has been determined as a major factor in trout

distribution.
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Examination of the wildiife resource included assembly of available agency
information on populations, resident hunting, guiding and trapping, airphoto
interpretations and additional field surveys. Populations of game animals were
estimated from examination of winter aerial counts and known hunter harvests.

The limited use of traplines in the project areas was recognized in estimating
sustained fur harvests. Loss of habitat is a major concern for wildlife in the
project areas, and proposed reservoir areas were classified by vegetative types.

The outdoor recreation resource was assessed from available agency data,
supplemented by a survey conducted in Wells Gray Park which included an
enumeration of visitors, personal interviews, mail questionnaire and field
observations. Information regarding visitors to other project areas was obtained
from people familiar with their respective recreational resources. Recreational
evaluations of areas were based on ground slope, soil drainage, aesthetics of
vegetative cover, presence of historic and archaeological sites, existence of
interesting natural phenomena, availability of wildlife viewing areas, navigabil-
ity of watercourses and presence of fishing opportunities. These areas were
classified into seven recreational classes, using as criteria the opportunities
for camping, boating, fishing, viewing wildlife, seeing natural phenomena,
visiting historic sites and examining man-made structures. Recreation activities
evaluated included those now available in the project areas, those potentially
available with preservation of the existing environment, and those which could
be available after project development.

3.6.2.2 Evaluation of the Resources

The values of the sports fish, wildlife and recreational resources
administered by the Province were assessed under two conditions: {a} with
preservation of the existing environment; and (b) with development of System E
projects. These values then were compared to ascertain the direction and extent
of the impact of project development. Since many of the values of these
resources could not be quantified meaningfully, they were separated for analysis
purposes into quantifiable and non-quantifiable categories. '

Quantifiablie benefits include both the commercial values of the resources
and the direct benefits to recreationists. The benefits from commercial use of
the resources, such as trapping and the provision of guiding services, can be
evaluated at market prices., No similar market process exists for the evaluation
of direct benefits to recreationists, campers, canoeists, fishermen, hunters,
hikers and visitors; consequently it was necessary to develop a representative
measurement process for evaluation purposes.

Non-quantifiable benefits from these resources consist of the opportunities
provided by the natural environment for such uses as general education and
specialized research. The option value concept refers to the premium that people
place on maintaining an area for such use, and so preserving their choice to use
it in future. Preservation value refers to the premium that society might place
on retention of certain areas in their natural state. Most of these non-
quantifiable benefits depend on preservation of the natural environment.
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Commercial use of the resources within the project areas is limited to
trapping and guiding; and estimates of the magnitude of these activities were
compiled from license and trophy fee records. An allowance was established for
benefits arising from expenditures by non-resident hunters.

Evaluation of recreational benefits was based on use in terms of recreation-
days; but there are no normal market processes to establish their value on a
basis commensurate with that of other goods and services. Values for users
vesiding in British Columbia were based on what they would have to be paid to
willingly abstain from such recreation. Values for non-resident users were based
on what they would be willing to pay per day of use of an area, Allowance was
made for resource management costs where applicable.

3.6.2.3 Present Worth Estimates

Trends in the relative value or price of any commodity depend on the
interaction of the forces of supply and demand. Forms of outdoor recreation
depending on natural enviromment availability rely on a supply which can be
augmented only to a limited extent; and the demand for them is increasing
significantly, and presumably will continue to do so with a growing population
possessing more leisure time and higher per capita income.

Studies indicated an expected annual rate of increase in the real value
of recreation opportunities in the range from two to six percent, varying with
the particular area. The increase in demand for hunting was forecast to be low
to moderate, for fishing and boating moderate to high, for camping and hiking
very high, also for visiting and viewing; and these forecasts were used in
determining the estimated future rate of growth in real value for each activity
in each project area, Present worth estimates were derived on the basis of the
general analysis criteria stated in 3.1, with the intent of making them comparable
with those derived for the other resources.

3.6.3%3 The Forestry Resource

The following assumptions were made in evaluating the impact of System E
on forestry: all merchantable timber would be salvaged prior to flooding or
would be made available for post-flooding cleanup operations, the costs to do so
being considered as part of the reservoir clearing and logging costs; the effect
of loss of land through inundation would be measured by the loss of annual yield
from the flooded area, and the result of this loss on the local economy; the
effect of the reservoirs on logging practices would be determined by comparison
of the present development pattern with the possible pattern applicable after
adjustment to the changed conditions imposed by reservoir formation.

The following items were not considered in the evaluation procedure: the
effect of disruption of existing logging plans and patterns that would be caused
by reservoir formation or by relocation of current operations as required to
expedite the removal of merchantable timber from the reservoir areas; the possible
future increases in allowable annual cut through improved forest management; the
cost of storing large volumes of timber when water transport, adopted after
reservoir formation, cannot be used due to ice or low water levels; and the
possible delays in log transport owing to congestion of traffic on access roads
during project construction.
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3,6.3.1 Factors Governing the Physical Resource

The allowable annual cut is increasing, but the rate of increase cannot
yet be predicted on the basis of past performance. The initial gain from rough
to the present close utilization standard has been much greater than was
anticipated; any continued uniform increase would significantly change the
present worth of the estimated forestry losses. The indicated loss in the amount
of allowable annual cut is an actual rather than a probable loss. All Public
Sustained Yield Units involved have the cut fully committed and are located in
areas of rapid forest industry expansion. The annual yield from Crown Lands was
used as the basis for calculating yield from alienated timber lands.

2.6.3.2 Current and Future Values

The value of the lumber and chips produced by the sawmill was deemed to
be the market level which best reflected the value of the forest industry to the
Province, This is the value used to illustrate the economic losses to the forest
industry that would result from System E development.

Future forest product values are difficult to forecast because of extreme
price fluctuations. During the period from 1935 to 1871, the annual growth rate
of the industry was about three percent; and in the period from 1952 to 1971, the
annual rates of increase in timber cut and lumber production were 4.6 and 4.4
percent, respectively. In contrast the forest products price index rose 34
percent from 1970 to 1971, and rose a further 30 percent from 1971 to 1972.

The principal cause of these fluctuations in forest product prices is that
some 80 percent of production is exported, with price levels determined by United
States and world market conditions., Additional factors affecting prices include
severe winters, long fire seasons, labour problems and rail car availability. A
further condition affecting future prices is the approach of the annual timber
cut towards the allowable maximum, when prices will be affected by external
factors such as the cost of substitute materials and consumer preferences,

3.7 Provision of Proiect Cost Data

Appraisal of the various projects required the provision of cost data
based on mid-1972 price levels. Adjustment of available cost estimates to
reflect mid-1972 price levels was restricted to those estimates prepared since
mid-1970; new cost estimates were prepared for projects costed prior to that time,
and for alternative or new projects selected for consideration. The project
costs finally adopted for review purposes and the background references thereto
are contained in Chapter 4.

3.7.1 System E and Alternative Projects

The original design data compiled by the Fraser River Board were used to
prepare new cost estimates for all of the System E projects except Lower McGregor.
These new estimates were hased on April 1971 price levels and were adjusted
subsequently to reflect mid-1972 price levels, The original Lower McGregor
Diversion project design was altered materially and the new design was costed to
October 1972 price levels; the resulting cost data were accepted as comparable to
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those for the other System E projects which reflect mid-1972 price levels.
Alternative projects for which designs and cost estimates were prepared on a
comparable basis to those for the System E projects were Lower McGregor Non-
Diversion, and Hobson Lake with an earthfill main dam,

Flowage and clearing costs for these projects were estimated from Fraser
River Board data, using current timber inventory information and alienated land
values together with recorded increases in highway and railway construction
labour and equipment rates. Construction labour costs were derived by assessment
of construction methods for each operation; computation of manpower requirements
for major work items; and application of labour rates, fringe benefits and
working conditions negotiated by the Construction Labour Relations Association
of British Columbia. Equipment and material costs were obtained from manufac-
turers or from actual supply prices experienced on current construction projects
in British Columbia. Indirect costs, such as mobilization, camps and overhead,
were estimated in a similar manner, and together with a markup of 15 percent,
were incorporated in the direct costs.

Engineering and administration costs, which include such items as extra
field and laboratory examinations, office engineering and on-site supervision of
construction, and accommodation for these purposes, were estimated as 10 percent
of the total direct cost. Contingency allowance was set at 10 percent of the
total direct, engineering and administration costs. The cost of interest during
construction was based on a rate of 6.5 percent per annum, which was generally
applicable in mid-1972, applied for the project construction period. The
addition of the interest cost to the direct, engineering and administration
costs, and to the contingency allowance, provided the total capital cost,

3.7.2 Dyking Projects

The present rehabilitation and extension program for the Lower Fraser
Valley dyking system involves some 45 projects in and adjacent to the Valley.
Cost estimates for each of these projects were prepared at various times since
mid-1970 with close adherence to the design and construction standards given in
4.1. These estimates were adjusted where necessary as outlined in 3.7.4 to
reflect mid-1972 price levels.

Dyke right-of-way costs were based on land values provided by provincial
and municipal assessment authorities. Construction labour costs were derived by
computation of manpower requirements and application of labour rates, fringe
benefits and working conditions negotiated by the Construction Labour Relations
Association of British Columbia. Equipment and material costs were obtained from
suppliers or from actual supply prices experienced on local projects. An overall
amount of 25 percent of the total construction cost was provided to cover
engineering, administration and contingencies. Interest during construction was
not provided in these estimates; most of the active construction periods are
relatively brief, reducing the significance of this item in determining total
capital costs.

The inclusion of the Kamloops area under the May 24, 1968 Agreement

(Annex I} was formally approved in 1974 and resulted in the preparation of a
redesigned dyking proposal for that area, replacing the one prepared originally
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for this review. The cost estimates for the redesigned Kamloops proposal were
prepared on a basis essentially similar to that for the Lower Fraser Valley
dyking project cost estimates. However, allowances of 15 percent for engineering
and administration and of 25 percent for contingencies were provided in view of
the lesser amount of subsurface and dyke materials data available for the
Kamloops area. These estimates were prepared using December 1974 prices; and
they were adjusted as outlined in 3.7.4 to reflect mid-1972 price levels.

Subsequent examination of the cost estimates for the original and the
redesigned Kamloops dyking proposals indicated that the latter were more complete;
also that the unit prices used in the preparation of the latter agreed morTe
closely with those encountered on Qak Hills reconstruction and on Lower Fraser
Valley projects compieted or under construction., It was apparent that the cost
estimates for the original proposal would have been substantially higher if they
had been prepared on the same basis as those for the redesigned proposal.

Prince George and Quesnel dyking proposal cost estimates were prepared in
the same way as those for the original Kamloops proposal, being based on pre-
liminary designs and limited field data. Recomputation of the Quesnel proposal
cost estimates on the basis used in preparing those for the redesigned Kamloops
proposal gave an increase of about 35 percent in the direct construction costs,
which was adopted and also applied to the Prince George direct construction
costs. Allowances of 15 percent for engineering and administration and of 25
percent for contingencies were added to these increased direct construction cost
figures, and the resulting total construction cost figures are given in Tables
4-4 and 4-5.

3.7.3 Other Projects

Several other flood protection measures were given limited examination,
and preliminary or very approximate cost estimates were prepared for them to
permit their comparison with projects included in System E and alternatives.

Cost estimates for the negative storage projects on the Clearwater River
system were compiled using the same procedure as that outlined in 3.7.1 for the
System E and alternative projects. However, the contingency allowance was raised
from 10 percent to 15 percent in view of the limited topographical information
available and the lack of geological and subsurface data for the project sites.
The costs of access roads were allocated proportionately among the various
projects; otherwise individual project construction was assumed in compiling the
estimates and no reference was made to possible cost savings from concurrent
construction of several projects. These estimates probably are less accurate
than those for the System E and alternative projects; but they are considered
adequate for benefit-cost comparison purposes, '

The Kamloops Lake outlet by-pass channel cost estimate is very approximate,
and serves only to illustrate the order of cost magnitude that might be involved
in the provision of such a channel. The lack of surface and subsurface data
along the tentatively selected by-pass channel route, and the absence of infor-
mation on the possible erosion effects arising from changes in the natural flow
pattern at high water levels did not permit preparation of a cost estimate of
acceptable standard for benefit-cost analysis purposes.
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The cost estimates for three alternative possibilities of storage
regulation in Harrison Lake are very approximate; they are intended only to
illustrate the order of cost magnitude invelved in the development of one of
these possibilities. The structure costs were derived by updating on an index
basis the estimates for designs prepared in earlier Fraser River studies. The
flowage costs were estimated from data compiled during limited field investiga-
tions in 1972, Preparation of a cost estimate of a standard acceptable for
benefit-cost comparison purposes would necessitate the prior acquisition of
detailed surface and subsurface data and probable redesign of the project.

3.7.4 Adjustment of Costs to Mid-1972 Levels

Construction costs experienced during the 1970-1974 period, both for
projects in the Lower Fraser Valley dyking program and for other projects being
built in British Columbia, demonstrated an increasingly rapid rate of rise.
Examination of these costs suggested that this rate of rise approximated the
following percentages on a per annum basis for the periods indicated: eight from
1970 through 1972; 12 in 1973; 16 from January to June 1974; and 20 from July
1974 forward, These rates were adopted, compounded annually, and applied to the
nearest quarter year to obtain the adjustment factors shown in Table 3-1, which
were used to adjust cost figures to mid-1972 price levels.

TABLE 3-1

FACTORS FOR COST ESTIMATES ADJUSTMENT TO MID-197Z7 LEVELS

Original Cost Factor for Original Cost Factor for

Estimate Date Mid - 1972 Estimate Date Mid - 1972

Cost Level Cost Level
Jul 1/72 1.0000 Jul 1/72 1.0000
Apr 1/72 1.06200 - Oct 1/72 0.9804
Jan 1/72 1.0400 Jan 1/73 0.9615
Oct 1/71 1.0600 Apr 1/73 (0.9335
Jul 1/71 1.0800 Jul 1/73 ¢.9071
Apr 1/71 1.1016 Oct 1/73 0.8821
Jan 1/71 1.1232 Jan 1/74 0.8585
Oct 1/70 1.1448 Apr 1/74 {.8255
Jul 1/70 1.1664 Jul 1/74 0.7949
Oct 1/74 0.7571
Jan 1/75 0.7227

3.8 Power Output Determination

The determination of individual project power outputs was approached on
the basis that each project would be connected to the entire British Columbia
interconnected power system as anticipated by the British Columbia Energy Board
(BCEB) to be operational in 1980. This system would comprise virtually all of
the existing generating stations in British Columbia and those proposed for
operation by that time. Each generating station would be operated for the

- 46 -



greatest benefit to the capabilities of the entire interconnected system, thus
taking advantage of the flexibility of operation possible in such a large system.

The power production capabilities of each project or combination of
projects were determined in the manner used in the BCEB 1972 studies of power
development in British Columbia., This was accomplished by simulating in a
mathematical model the operation of the interconnected system both with and
without the projects under review, and by determining from these simulations the
differences in the energy load carrying capabilities of the system,

The basic tool used for these study tests was the mathematical model
nSimulation of Hydro Resources under Monthly Operation' (SHRUMO), developed by
International Power and Engineering Consultants Limited (IPEC) for BCEB and
operated by IPEC for the present study (Reference: Annex II, 3-7). SHRUMO
simulates the operation of a selected group of generating stations representing
a system, using a sequence of historical streamflow records to meet a specified
annual energy load distributed on a monthly basis. The generating station
operations in the simulations are those required to meet the assigned loads
within specified turbine flows and reservoir elevatioms. Stored water is drafted
as required to meet the loads on a predetermined priority basis. Energy from
each generating station is computed using the average of the reservoir elevations
at the beginning and end of each month. Station capacity is computed using end-
of-month elevations. SHRUMO does not optimize system output, but optimization
is approximated by judgement in establishing operating rules. The effect of
changing operating rules can be tested readily, and these rules were changed
during the progress of the power study.

All study tests were made using streamflow data for the 40-year period
from July 1928 to June 1968 inclusive. Most of the available data for the
project sites were recorded between 1948 and 1968; and these data were extended
where necessary to cover the entire 40-year period, using the correlation
techniques outlined in 3.2.2. The study test period also included the 1928-1958
period which has been used in other studies of power developments in British
Columbia.

Using the SHRUMO model, the output of each combination of projects was
determined by the following procedure. First, the system load carrying
capability without the projects under review was determined by running the
simulation using all the 40 years of streamflow data repetitively, each time
increasing the energy load to be met by the system until the point was reached
where any larger load could not be met without violating the specified system
limitations. The annual load level at that point was defined as the system firm
load carrying capability. Next, the projects under review were added to the
simulation and the same procedure was used to determine the modified system firm
load carrying capabilities.

Several different project combinations and reservoir level and outflow
constraints were tested in this manner. However, it was not necessary to test
all projects separately because the average energy potential and dependable
capacity for each project do not vary in such a large system unless the amount of
storage available changes upstream or at the site. Each project under review was
credited with the average at-site energy it produced over the 40-year period in
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the simulation run that produced maximum system firm energy. Each project also
was credited with a dependable generating capacity equal to that it was capable
of providing in the critical month of the tested period, i.e. the month having
the highest load demand in a period of low streamflow.

It was determined that constraints imposed by operating requirements for
flood control had no significant effect on power potential; and it therefore was
unnecessary to develop revised power output determinations incorporating such
constraints,

3.9 Power Value Derivation

Any System E or alternative project development almost certainly would be
carried out by the British Columbia Hydro and Power Authority (BCHPA), the
preeminent electrical energy production and distribution agency in the Province.
BCHPA therefore was requested to propose an appropriate at-site value for power
produced by these projects to be used in project evaluation. In response to
this request BCHPA provided power benefit data for each project under review,
based on the costs of obtaining equivalent energy and capacity from the two
lowest cost alternative sources which could serve the same purpose with respect
to BCHPA system requirements. BCHPA also provided cost estimates of the trans-
mission construction required to comnect each project with the BCHPA transmission
system, and of project and transmission operating costs. The economic criteria
used in computing these data were essentially those outlined in 3.1.

The lowest cost alternative power sources selected by BCHPA for determina-
tion of power benefit data for the projects under review were the initial phases
of its Revelstoke hydroelectric and Hat Creek thermal electric projects, which
are scheduled in its recommended generation plan to begin service in 1981 and
1983 respectively. The Revelstoke project would be located on the Columbia River
about three miles upstream from Revelstoke, and its initial installed capacity
would be 1,800 MW in four units operating under 420 feet of head. Project
operation would be essentially run-of-river, as almost three-quarters of the flow
through the project would consist of regulated storage releases from the upstream
Mica development., The average annual enmergy production of this initial phase
would be 7,970 gigawatt~hours (GWh).

The Hat Creek project would be located adjacent to and would utilize
BCHPA's estimated 478 million-ton coal deposit in the Upper Hat Creek Valley
nearly 20 miles east of Lillooet. The four-unit 2,000 MW generating station
would consume about 11.4 million tons of coal per year, involving the annual
removal of some 32 million tons of waste rock and overburden, Water supply would
be conveyed by pipeline from the Thompson River. The average annual energy
production would be 13,680 GWh.

In determining power benefits, construction of all projects was assumed to
commence in April 1972. In-service dates for the projects under review were not
scheduled on a unit basis, as the total installed generating capacity of each of
these projects is less than that of a single unit of either Revelstoke or Hat
Creek. Comparison of the average annual energy production from any of these
projects with the BCHPA planning forecast of energy demand from 1975 through 1980
showed that the output from any of the projects could be fully utilized in a
relatively short time in meeting the incremental energy demand.
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September and October 1978 were the respective in-service dates assumed
for the first units of Revelstoke and Hat Creek, compared to those of October
1976 and July 1977 assumed for the projects under review. The alternative energy
supply during the interim periods between the in-service dates of the projects
under review and those of Revelstoke and Hat Creek could be provided by the
existing Burrard thermal electric generating station. The estimated cost of this
provision was included when costing Revelstoke and Hat Creek.

The BCHPA generating system is forecast to be capacity critical from 1986
onward; and it was necessary to estimate the cost of providing supplementary
capacity where Revelstoke or Hat Creek would be capacity deficient when compared
with the projects under review. This was done on the basis of providing peaking
units at the Mica generating station to be in service by 1986. The estimated
cost of this provision was included where necessary when costing Revelstoke and
Hat Creek.

The cost of Hat Creek coal was derived by BCHPA on the assumption that this
coal could command the same mine mouth price as equivalent quality coal purchased
in Montana and North Dakota for thermal electric generation in the United States.
Four samples of similar types of sub-bituminous coal mined in these two States
were selected and their average mine mouth price was adjusted by the relationship
between their average heat content value and that of Hat Creek coal. The result
was further adjusted to 1972 price levels, giving $2.17 per ton as the cost of
Hat Creek coal.

In developing the cost estimates of energy and capacity from Revelstoke
and Hat Creek, BCHPA applied real cost escalation rates estimated from Statistics
Canada price index data for the period from 1961 to 1974 inclusive. United States
wholesale price index data also were used in estimated real cost escalation rates
for fuels used in thermal electric generation.

The system time horizon used in determining the power benefits is somewhat
shorter than the assumed economic life for hydroelectric projects, but longer
than that for thermal electric projects; hence replacement of the Hat Creek
project was included during this time horizon. The real cost of thermal electric
energy has declined steadily over the past half century owing to decreased cost
per unit of capacity and to increased efficiency in fuel utilization, and this
trend was projected into the future. The replacement thermal electric project
would not necessarily use the same fuel as the original; but it would incorporate
technological improvements achieved during the economic life of the original.
These improvements were estimated by BCHPA to average two percent annually in
reduction of real capacity and energy costs.

A new thermal electric generating station enters a power system with a
certain load factor; but its rate of use declines as it ages, and as further new
capacity capable of higher efficiency in operation is added to the system. This
decay in the load factor was assumed by BCHPA to average one percent annually
over the econcmic life of the station.

These various real cost escalation rates and technological change factors

are listed in Table 3-2 for the most likely rates of real growth and price change
projected to occur in the referent area during the system time horizom.
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Interest during construction represents the cost of capital invested in a
project during its development. BCHPA assumed that all such investment during
a year was made and therefore borrowed at the end of that year. This cost was
incorporated as the present worth in 1972 of the sum, at the end of the project
completion year, of the total capital investment plus the interest om each
annual increment plus one year's interest on these two items,

TABLE 3-2

ESTIMATED REAL COST ESCALATION RATES

AND TECHNOLOGICAL CHANGE FACTORS (1)

Average Escalation Rate or Change Factor Variation
Per Year (2)
(%)
Construction Cost Escalation Rate 0.35

(Hydro and Thermal)

Operation Cost Escalation Rates
(Hydro and Thermal)

Operations and Maintenance 2.25
Administration and General 2.25
Interim Replacement .35

Operation Cost Escalation Rates
(Thermal only)

Coal 1972-1974 17.0

1975-2000 (3) 1.0

Burrard Fuel 1972-1%74 13.8

1975-1978 (4) 2.0

Variable Maintenance 2.25

Decrease in Capital Costs per Unit of Capacity 2.0
(Thermal)

Decrease in Operating Costs per Unit of Capacity 2.0
{Thermal)

Decay Factor of Generating Station Use (Thermal) 1.0

NOTES: (1) As developed by BCHPA.
(2} For most likely rates of real growth and price change,
(3} Relative prices assumed to remain constant after 2000.
{4) Burrard operation required only until 1978, when Revelstoke or
Hat Creek is assumed to come into service.
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Annual fixed operating cost allowances used by BCHPA are given in Table
3-3 for both hydroelectric and thermal electric projects and for transmission
facilities.

TABLE 3-3

ANNUAL FIXED OPERATING COST ALLOWANCES

Percentage of Construction Cost
Fixed Operating Cost Hydroelectric | Thermal Electric { Transmission
Project Project Facilities
Operations and Maintenance 0.15 1.45 0.6
Administration and General 0.0375 0.3625 0.15
Interim Replacement 0.2 0.35 0.1
Insurance 0.1 0.25 0.1

The foregoing costs are referred to as fixed operating costs which apply
regardless of continuity of project operation. Thermal electric projects also
are subject to variable maintenance costs which have been estimated by BCHPA
as 0.3 mills per kWh plus fuel costs.

The data from BCHPA that were utilized in the assessment of the projects
under review appear in 6.4 and 6.7,
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CHAPTER 4
PROJECT DESCRIPTIONS AND COSTS
4.1 Lower Fraser Valley Dyking Projects

In accordance with the terms of the May 24, 1968 Agreement and Amending
Agreements (Annex I}, the dyking system in the Lower Fraser Valley is undergoing
systematic rehabilitation and extension under a sixteen-year program to provide
more adequate protection against inundation of Valley flood plain lands
{Plate 4-1). Projects involving about 159,000 acres of the approximate total
of 185,000 acres of Valley flood plain lands are under examination, design,
construction, or are essentially complete (Table 4-1). Projects involving
a further 21,000 acres of Valley flood plain lands remain under consideratiocn
(Table 4-2}.

About 155,000 acres of the total of 159,000 acres involved in the 22
projects in active progress under this dyke rehabilitation and extension
program would be affected by development of the upstream storage or diversion
projects reviewed in subsequent chapters of this report (Table 4-1). Another
19,000 acres involved in 17 of the 21 projects for further consideration like-
wise would be affected by development of these upstream storage or diversion
projects (Table 4-2).

Two projects considered under the May 24, 1968 Agreement are located in
adjacent drainage areas south of the Lower Fraser Valley (Plate 4-1). The
Serpentine-Nicomekl Rivers Project (No. 44) includes repair of two river dams,
and reconstruction of 10 miles of sea dykes and of 49.4 miles of river dykes.
Repair of the dams protecting 12,280 acres of land has been authorized; but
reconstruction of the river dykes proved to be uneconomic, and this part of
the project therefore did not receive approval. The very small Crescent
Beach Project (No. 45) is one for further consideration.

Under Amending Agreement No. 2, dated April 29, 1974 (Annex I}, the
provisions of the May 24, 1968 Agreement were extended to cover the Kamloops
area. An outline of dyke reconstruction already completed and of possible
further dyking to protect other low-lying parts of Kamloops is given in 4.2.1.

The projects in Table 4-1 involve more than 220 miles of dykes along the
Fraser River and its principal tributaries, the Harrison, Vedder, Sumas,
Alouette, Pitt and Coquitlam Rivers, and the Strait of Georgia. These projects
are being designed and constructed to provide a dyking system and associated
bank protection with minimum variation in dyke crest elevations and in
uniformity of design and construction standards. This dyking system will
offer a substantial degree of protection to 85 percent of the flood plain lands
in the Lower Fraser Valiey against inundation from spring snowmelt floods up to
levels equivalent to 26.00 feet at Mission, the maximum 1894 flood level,
with two feet of freeboard at thesec levels. The sea dykes bordering the
western delta lands also are to be improved where necessary to prevent entry
of the sea during extremes of the tidal cycle, even when aggravated by storm
occurrence,
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TABLE 4-1

LOWER FRASER VALLEY DYKING PROGRAM UNDER MAY 24, 1968 AGREEMENT

PRIORITY PROJECTS COMPLETE, IN PROGRESS, OR UNDER ACTIVE CONSIDERATION (1)

Projects Affected by Upstream Storage Or Diversion

No. (2) Location or District Area River Estimated
Involved Dykes (3)|Total Cost(4)
(Acres) | (Miles) (31,000}
1 Kent (Agassiz-Harrison Mills) 7,450 11.9 2,491
2 Harrison Hot Springs 250 0.9 160
3 East and West Nicomen 5,320 21.7 6,000
5 South Dewdney 5,170 7.3 2,111
6 Mission 300 1.8 520
8 Maple Ridge 8,380 14,3 3,546
10 Pitt Meadows No. 2 1,060 5.4 {(5)
13 Coquitlam 3,050 8.3 2,580
16 Chilliwack 26,560 20.5 6,200
17 Abbotsford (formerly Sumas) 22,140 14.7 6,858
18 Matsqui 10,040 7.2 2,614
19 Glen Valley 2,350 6.3 1,400
20 Salmon River (Fort Langley) 1,232 0.8 427
23 South Westminster 1,500 4,2 2,456
24 Delta 29,000 10.0 8,181
25 Richmond (excluding Sea Island) 30,000 19.0 11,668
31 New Westminster {(Queensborough) 700 4.3 1,365
36 Chilliwack I.R. Nos. 3 & 4 (6) 890(7) 2.8 849
Sub-Total 155,392 161.4 59,426
Projects Unaffected by Upstream Storage or Diversion
33 Delta Sea Dykes (8) 29.8 (8)
34 Richmond Sea Dykes {(9) 21.3 9
42 Coquitlam River 2,350 4.7 1,568
43 Vedder River 1,245 6.0 1,577
Total 158,987 223.2 62,571
NOTES: (1) As at May 24, 1975.

(2) Program project numbers as shown on Plate 4-1,
(3) Except for Projects Nos. 33 and 34.

(4) At mid-1972 price levels.

(5) Estimated Total Cost jncluded in figure for Project No. 8.
(6) To be financed with Federal funds,

(7) Includes 228 acres of non-reserve iand.
(8) Area and Estimated Total Cost included in figures for Project

No. 24,

(9) Area and Estimated Total Cost included in figures for Project

No. 25.
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TABLE 4-2

LOWER FRASER VALLEY DYKING PROGRAM UNDER MAY 24, 1968 AGREEMENT

PROJECTS FOR FURTHER CONSIDERATION (1)

Projects Affected by Upstream Storage or Diversion
No.{2) Location or District Area River . Estimated
Involved Dykes Total Cost(3)
(Acres) (Miles) ($1,000)
4 North Nicomen 250 2.3 700
7 Silverdale 500 2.5 623
9 Albion 200 1.7 544
11 Pitt Meadows No. 1 1,175 6.2 2,016
12 Pitt Polder 6,200 11.7 5,473
14 Colony Farm 700 5.5 1,098
15 Trapp Road 150 1.5 210
21 West Langley 425 1.8 485
22 Barnston Island 1,400 6.2 1,810
26 Tretheway 465 2.8 854
27 Alouette 1,625 6,2 1,890
28 Derby 800 3.3 1,464
29 East Langley 600 1.6 1,262
30 Maple Ridge Road 13 235 0.2 92
35 Seabird Island I.R. 3,540 9.3 3,704
36 Chilliwack I.R. No. 5 398 2.3 1,288
37 Katzie I.R. No. 1 42 0.8 280
38 Coquitlam I.R. 94 0.9 191
Sub-Total 19,299 66.8 23,984
Projects Unaffected by Upstream Storage or Diversion
39 McMillan Isiand I.R. (4) 740 - 201
40 Matsqui I.R. (4) 1,000 - 419
41 Popkum I.R. (4) 200 - 117
Teotal 21,239 66.8 24,721
NOTES: (1) As at May 24, 1975.
(2) Program project numbers as shown on Plate 4-1.
(3} At mid-1972 price levels,
(4) Projects consisting of bank protection only.
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New dykes in this system are designed to meet these basic requirements,
while improvement of existing dykes to do so involves primarily three general
work components: raising dyke crest elevations and establishing minimum crest
widths of 12 feet; building up the dyke side slopes to suitable grades; and pro-
viding seepage control for dyke stability through the provision of filtering
trenches, wells or berms.

An integral part of dyke rehabilitation and construction is the provision
of bank protection wherever erosion occurs to threaten dyke stability. Some 50
miles of new and improved bank protection required under this program imvolve
the placement of rock riprap in sizes up to 2,000 pounds in water up to 60 feet
deep, with current velocities up to 15 feet per second (ten miles per hour) .

Achievement of relatively uniform design and construction standards for
all projects from the widely varied conditions of the many existing elements
has required detailed investigation of each existing element and each site of
new work. The fulfillment of this requirement and the conduct of essential
negotiations have been very time-consuming; consequently the sixteen-year
program is in its ninth year, but actual construction and reconstruction are
in their seventh year. Nevertheless substantial progress has been made, with
projects costing about $63 millions at mid-1972 price levels being completed, or
under construction, design or active consideration (Table 4-1).

4.2 Other Dyking Projects

In accordance with the objective of this review of upstream storage and
diversion projects in the Fraser River system, primary emphasis has been direc-
ted toward the provision of additional flood protection for the Lower Fraser
Valley. However, the inclusion of the Kamloops area under the May 24, 1968
Agreement by the April 29, 1974 Amending Agreement No. 2 (Annex 1), and the
growing importance of Prince George and Quesnel to the provincial economy,
warrant consideration of protective measures to minimize the flood hazard
existing in the low-lying areas of these communities. Brief outlines of
preliminary plans for this purpose are given hereunder; these plans are very
tentative and may be altered substantially before a decision is reached regarding
the construction of any of them.

4.2,1 Kamloops

The City of Kamloops, with a population of 55,000, occupies 88,500
acres along and adjacent to the confluence of the North and South Thompson
Rivers (Plate 4-2). Low-lying areas of the city are subject to spring snowmelt
freshet inundation. The highest freshet elevation in 60 years of record
occurred in 1972, when the Oak Hills area was flooded due to dyke failure and
other city areas narrowly escaped inundation. Fragmentary available data
indicate that this 1972 recorded peak elevation was about five and one-half feet
lower than that of the 1894 flood, which was adopted as the basis for the Oak
Hills dvke reconstruction completed in mid-1974.

Preliminary designs and cost estimates have been prepared for a dyking

system to protect other city areas from a flood with an average recurrence
interval of 200 years (Reference: Annex II, 4-1). This systenm includes nearly
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15 miles of dyke in 11 sections shown on Plate 4-2, together with nearly one-
half mile of flood wall, for protection of 3,000 acres of flood-prone city land.
Each dyke section would protect a separate area and could be constructed
independently.

The basic dyke design provides a top width of 12 feet, side slopes of 3:1
(horizontal to vertical), and two feet of freeboard allowance plus a six-inch
gravel layer as maintenance road surface. Steeper riverside dyke slopes (1.5:1)
with riprap cover would be used where space is limited, or flood walls of steel
sheet piling or o€ concrete would be built instead. Dykes replacing existing
roads would have a top width of 32 feet and freeboard allowance of one foot plus
a nine-inch gravel layer, plus paving where necessary. Two small channel dams,
one including a boat-way, would be bullt at the entrances to McArthur Slough.

No subsurface investigations were made to confirm dyke foundation conditions.

The estimated total capital cost of this dyking system, based on mid-1972
price levels, is $9.6 millions, including an allowance of $3.0 millions for dyke
right-of-way acquisition. The construction cost figures given in Table 4-3
include allowances of 15 percent for enginecering and administration, and of 25
percent for contingencies.

TABLE 4-3

KAMLOOPS DYKING SYSTEM COST ESTIMATE

Dyke Area Dyke Flood Wall Construction
Section Protected Length Length Cost
(acres) {100 feet) (100 feet) (31,000)
Tl 550 129 - 16 1,501(1)
T2 430 124 - 534
T3 1,090 187 3 1,456
T4 238 75 - 126
NT1 172 133 - 1,268
NT2 28 33 - 280
NT3 45 32 - 182
NT4 350 75 - 494
ST1 43 48 - 624
5T2 21 18 1 167
ST3(2) - - - 11
Total 2,967 854 20 6,643

NOTES: (1) Includes $232,000 for the two channel dams, and $223,000 for the

boat-way.
{2) Consists of very minor work in Dallas to protect several residences.




4.,2.2 Prince George

The City of Prince George, with a population of 34,500, occupies 16,000
acres adjacent to the confluence of the Fraser and Nechako Rivers (Plate 4-3 ).
Low-lying areas of the community are subject both to spring smowmelt freshet
inundation and to winter flooding from ice jam formation. The most severe
inundation in the past 60 years occurred during the 1972 freshet; there is no
record of the 1894 flood level at this locatiom.

Preliminary designs and cost estimates have been prepared for a dyking
system that would protect these low-lying areas from a flood with an average
recurrence interval of 200 years under natural river flow conditions (Reference:
Annex II, 4-2). Some 22,400 feet of dyke shown on Plate 4-3 would be required
to protect the four areas A to D, totalling 1,300 acres of flood-prone land.

The basic dyke design for this sytem is almost identical to that for
Kamloops (4.2.1), the main difference being that the inboard slope of the
dykes is 2.5:1 throughout, and the riverward slope is increased to 2.5:1 where
space for dyke construction is limited. The same provisions have been made for
riprap protection where necessary. No subsurface investigations were made to
confirm dyke foundation conditions,

Area A is completely separate from Areas B, C and D; hence dyking to pro-
tect Area A would be an independent project. Areas B, C and D abut one another
in portions of their respective boundaries; any one of them could be protected
independently, or two or all three dyked in combination, thus offering several
alternatives for consideratiom.

The estimated total capital cost of the dyking system required to protect
all four Areas A, B, C and D, based on mid-1972 price levels, is $4.7 millions,
The construction cost figures given in Table 4-4 include allowances of 15
percent for engineering and administration, and of 25 percent for contingencies,

TABLE 4-4

PRINCE GEORGE DYKING SYSTEMS COST ESTIMATES

Area(s) Area Dyke Constyuction | Right-of-Way Total
Included Protected Length Cost Cost Cost

(acres) (100 feet) {$1,000} {$1,000} ($1,000)

A 70 58 638 56 694

B 885 120 1,327 204 1,531

B,C 1,200 151 1,649 277 1,926

B,D 957 134 3,323 268 3,591

B,C,D 1,272 166 3,646 340 3,986

A,B,C,D 1,342 224 4,284 396 4,680
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4.2.3 Quesnel

The Town of Quesnel, with a population of 6,300, occupies 3,500 acres
adjacent to the confluence of the Fraser and Quesnel Rivers, and includes the
settlement formerly known as West Quesnel located on the right bank of the
Fraser River opposite the confluence (Plate 4-4). Low-lying areas of the com-
munity are subject to spring snowmelt freshet inundation. The most severe
flooding in more than 40 years of record occurred in 1972; there is no record
of the 1894 flood level at this locatiom.

Preliminary designs and cosi estimates have been prepared for a dyking
system that would protect these low-lying areas from a flood with an average
recurrence interval of 200 years under natural river flow conditions {Reference:
Annex 1I, 4-3). Some 16,500 feet of dyke in five sections shown on Plate 4-4
would be required to protect 150 acres of flood-prone land.

The basic dvke design for this sytem is essentially identical to that for
Kamloops (4.2.1); and the same provisions have been made Tor rock riprap pro-
tection where necessary, No subsurface investigations were made to confirm
dyke foundation conditions.

The estimated total capital cost of this dyking system, based on mid-1972
price levels, is $1.4 millions. The construction cost figures given in Table
4-5 include allowances of 15 percent for engineering and administration, and
of 25 percent for contingenciles.

TABLE 4-5

QUESNEL DYKING SYSTEM COST ESTIMATE

Ty

Section Area Dyke Construction Right-of-Way Total
& Note. Protected Length Cost Cost Cost
{acres) {100 feet) ($1,000) (81,000) ($1,000)
A{L) 37 49 503 Nil 503
B(1) 27 30 242 Nii 242
C{2) 28 31 184 48 232
D(1) 24 27 235 72 307
£ (1) 31 28 5l 27 78
Totual 147 165 1,215 147 1,362

NOTES: (1) Sections A and B are interdependent; they must be built as a unit
to protect the area imvolved. The same condition applies to
Sections D and E.

2} Section C is independent; it protects an individual area.
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4.3 System E Upstream Storage and Diversion Projects

Lower Fraser Valley development in mid-1972 was such that some §300
millions damage would have resulted from total inundation of its flood plain
lands; and Valley development is continuing its vapid expansion. Completion of
the dyking program outlined in 4.1 will provide 85 percent of these flood
plain lands with substantial protection against inundation from spring Snow-
melt floods up to the 1894 level. This degree of protection approaches the
maximum that can be provided by dyking, due both to the limitations on dyke
heights imposed by soil and foundation conditions, and to the lowered reliabil-
ity of dykes when saturated for extended periods of time. Flood levels higher
than that of 1894 can and will occur; with the occurrence of such floods the
failure of dykes designed to the 1894 level becomes increasingly probable.

Spring snowmelt flood occurrences at Kamloops, Prince George and
Quesnel closely parallel those in the Lower Fraser Valley (Table 2-2}. Flood
plain development in these communities is increasing steadily; and their growth
intensifies concern regarding possible flood plain inundation. Dyking projects
for their protection are outlined in 4.2; but the limitations of dvkes as
protection against inundation of these flood plains are similar to those
prevailing in the Lower Fraser Valley.

Additional and move reliable protection against flood plain inundation
can be provided by the development of upstream storage and diversion projects.
The emergency operation for flood control purposes of the existing storage
developments on the Nechako and Bridge Rivers as described in 2.Z.5 has
demonstrated the effectiveness of this means of flood control on the Fraser
River. The one diversion and five storage projects contained in System E (Table
4-6) would, in conjunction with the dyking and drainage program now under way,
- reduce the flood hazard in the Lower Fraser Valley to a relatively remote
possibility; and those of the projects situated upstream from Kamloops, Prince
George and Quesnel, respectively, would offer corresponding protection at these
locations.

The following summary descriptions of System E and alternative projects
incorporate the results of the current review, which included office reassess-
ment of the diversion and storage projects, and additional site investigations
at Lower McGregor Diversion (104) and Hemp Creek (142) - (References: Annex 11,
4-4, 4-5, 4-53. Substantial changes were made in the former design for Lower
McGregor Diversion (104); and new designs and cost estimates were developed for
an alternative Lower McGregor Non-Diversion project and an alternative dam for
the Hobson Lake (153} project. Only minor modifications of the former designs
for some of the other projects were found to be desirable.

The project description and cost estimate for Lower McGregor Diversion
(104) are based on those prepared by consultants (References: Annex II, 4-7 and
4-8), as are those for the Lower McGregor Non-Diversion and Hobson Lake
alternatives (Reference: Annex II, 4-8). The other project descriptions are
condensed from those prepared by the Fraser River Board (Reference: Annex 1L,
1-2), with their cost estimates adapted from censultant reports {(References:
Annex IT, 4-8 and 4-9). All cost estimates given herein are at mid-1972 price
levels.
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4.3,1 Lower McGregor Diversion (104)

This project consists of a dam and associated works located in the Lower
Canyon of the McGregor River, about 20 miles upstream from its confluence with
the FEraser River and 50 miles northeast of Prince George; and a diversion to the
Peace River system via James Creek and the Parsnip River. Project data are
shown in Table 4-6 and the general project arrangement on Plates 4-5 to 4-8.

The McGregor River - Peace River diversion route 1s via James Creek and
Pacific and Portage Lakes through the divide to Arctic Lake near the headwaters
of the Parsnip River, which flows into Williston Lake (Plate 4-8). A spillway
structure would be instalied at the divide to reduce channel scour during
passage of McGregor River flood flows, and to prevent the migration of pike
from the Peace River system to the Fraser River system. This structure, with
crest elevation of 2,455 feet and crest length of 450 feet, would be protected
against erosion by a concrete wall across its downstream end extending 30 feet
below the water surface.

The reservoir created by the project would extend some 45 miles upstream
on the McGregor River, and about 25 miles upstream on Herrick Creek from the
McGregor-Herrick confluence. The diversion would carry the probable maximum
flood peak inflow of 182,000 cfs without raising the reservoir elevation beyond
2,480.3 feet (Reference: Annex II, 4-10). However, if the diversion were
blocked the emergency overflow structure and the low level and high level outlets
would carry this peak inflow without raising the reservoir elevation above
2,493,2 feet, which is 1.8 feet below the crest of the dam as designed; the
crest could be raised a minor amount if considered necessary.

Future return of McGregor River water to its natural course downstream
from the main dam, if desirable, could be through a hydroelectric power
generating station. The design provides sufficient space for intakes and
tunnels through the left abutment, and for a generating station on the left
bank downstream from the diversion tunnel outlet. Minor rock benching 400 feet
northeast of the left abutment could be done during main dam construction to
facilitate future underground power intake excavation under full Teservoir
conditions.

The project construction schedule extends over a five-year period. The
estimated total capital cost, based on mid-1872 price levels, is $136.4 millions,
as shown in Table 4-7.
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TABLE 4-7

LOWER McGREGOR DIVERSION PROJECT COST ESTIMATE

Item Estimated
Cost

($1,000)

Reservoir Clearing 8,500
Flowage 7,200
Access and Site Preparation 5,100
Diversion Tunnel and Low Level Qutlet 15,300
Main Dam 37,500
Cutoff Trench, Blanket and Slope Protection 10,500
Emergency Overflow Structure and High Level Outlet 5,300
Excavation for Future Power Intake 600
Divide Channels and Spillway 7,000
Total Direct Cost 97,000

Engineering and Administration 3,700
Contingencies 10,670
Total Construction Cost 117,370

Interest During Construction 19,075
Total Capital Cost 136,445

4.3.2 Grand Canyon (111)

This project consists of a dam, fishway and generating station located on
the Fraser River about one mile downstream from the entrance to the Grand Canyon,
eight miles upstream from Sinclair Mills and 50 miles east of Prince George; and
a low saddle dam near Longworth, about eight miles upstream from the main struc-
ture. Project data are shown in Table 4-6 and the general project arrangement
on Plate 4-9. This site was selected from three possible alternatives in this
reach of the Fraser River: Grand Canyon, Clsson Creek and Giscome Canyon
(Reference: Annex II, 4-11).

The reservoir created by the project would extend 50 miles upstream to
the vicinity of Crescent Spur, The probahle maximun flood peak inflow of
295,000 cfs would be passed by the discharge facilities without raising the
reservoir elevation above 2,135.6 feet, which is 4.4 feet below the crest of
the dam (Reference: Annex IT, 4-10}.
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The spillway located in the main river channel would discharge into pondage
created by a low concrete barrier dam upstream from the tailrace. Entrance
from the river to the fishway on the left bank would be through a junction pool
adjacent to the barrier dam., The tailrace area on the right bank would be
connected to the junction pool by a transportation conduit in the barrier dam.
The auxiliary water supply required during the adult fish migration period
would be provided from the pondage created by the barrier dam.

The project construction schedule extends over a three-year period. The
estimated total project cost, based on mid-1972 price levels, is $119.2 millions,
as shown in Table 4-8.

TABLE 4-8

GRAND CANYON PROJECT COST ESTIMATE

Item Estimated
Cost

($1,000)

Reservoir Clearing 17,340
Flowage 20,330
Access and Site Preparation 485
Diversion 2,035
Saddle Dam 2,530
Main Dam, Spillway, and Fishway Exit 15,500
Power Intake 10,010
Generating Station 5,770
Generating Station Equipment 11,045
Qutlet Works 2,660
Fish Facilities and Barrier Dam 1,905
Switchyard 25
Permanent Staff Housing 165
Total Direct Cost 89,780

Engineering and Administration 8,980
Contingencies 9,875
Total Construction Cost 108,635

Interest During Construction 14,580
Total Capital Cost 119,225
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4.3.3 C{(ariboo Falls (89)

This project consists of a main dam and a saddle dam located on the
Cariboo River about two and one-half miles downstream from Cariboo Lake, eight
miles northeast of Likely and 45 miles southeast of Quesnel, together with a
generating station on the left bank of the river about 2,000 feet downstrean
from the dam. Project data are shown in Table 4-6 and the general project
arrangement on Plate 4-10.

The reservoir created by the project would include Cariboo Lake and about
14 miles of the Cariboo River channel upstream from the Lake. The probable
maximum flood peak inflow of 66,000 cfs is less than the total discharge
capacity; hence the design could be modified by reducing the size of the spill-
way channel, and that of the two gates to one-half of their present capacity.
The resulting total discharge capacity would carry the probable maximum flood
peak inflow without raising the reservoir elevation above 2,837.0 feet, which is
3.0 feet below the crest of the dam (Reference: Annex II, 4-10).

The project construction schedule extends over a three-year period. The
estimated total project cost, based on mid-1972 price levels, is $55.3 millions,
as shown on Table 4-8,



TABLE 4-9

CARIBQO FALLS PROJECT COST ESTIMATE

Item Estimated
Cost

($1,000)
Reservoir Clearing 4,300
Flowage 630
Access and Site Preparation 930
Diversion 1,840
Main Dam 3,495
Saddle Dam 2,120
Spillway 4,800
Power Intake 3,025
Power Conduits 4,170
Generating Station 2,540
Generating Station Equipment 10,870
Control Works 2,645
Switchyard 100
Permanent Staff Housing 205
Total Direct Cost 41,670
Engineering and Administration 4,165
Contingencies 4,585
Total Construction Cost 50,420
Interest During Construction 4,915
Total Capital Cost 35,335

4.3.4 Hobson Lake (153}

This is the farthest upstream of the three storage and power projects on
the Clearwater River, all of which are situated within or adjacent to Wells
Gray Provincial Park. Two additional power projects are located on the Clear-
water River downstream from the southern boundary of the Park.
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The Hobson Lake project is located on the Clearwater River 60 miles up-
stream from its confluence with the North Thompson River and 120 miles north of
Kamloops. It consists of a main concrete buttress dam containing the spillway,
nearly one mile downstream from Hobson Lake; a concrete arch dam on Lickskillet
Creek, which enters the Clearwater River about one and one-half miles downstreanm
from the main dam; an underground generating station near the left bank of Lick-
skillet Creek; and a secondary rockfill dam at Summit Lake, in a low valley
leading from the northwestern shore of Hobson Lake to the Quesnel Lake drainage.
Project data are shown in Table 4-6, and the general arrangement on Plate 4-11.

The reservoir created by the project would include Hobson Lake and three
miles of the Clearwater River upstream from the Lake. The probable maximum flood
peak inflow of 29,000 cfs is less than the total discharge capacity; hence the
design could be modified by replacing the four spillway gates with two somewhat
smaller ones, so that the resulting total discharge capacity would carry the pro-
bable maximum flood peak inflow without raising the reservoir elevation above
2,880 feet, which is 3.0 feet below the crest of the dam (Reference: Annex 11,
4-10}.

The project construction schedule extends over a four-year period. The
estimated total project cost, based on mid-1972 price levels, is $49.4 millions,
as shown in Table 4-10.

The much greater rise in cost of concrete construction than in that for
earthwork during the period from 1963 to 1972 prompted examination of one of the
System E projects to determine whether a substantial saving in cost could be
achieved through replacement of concrete dams by earthfill or rockfill ones.
Hobson Lake was selected for this purpose, as suitable materials for earthfill
construction are available within reasonable haul distance of the site.

The main concrete buttress dam containing the spillway was replaced by an
earthfill dam and separate concrete spillway. The Lickskillet Creek concrete
arch dam was not changed, as the site was not considered suitable for an earth-
fill structure without extensive excavation. The spillway structure capacity
was reduced from that of the original design, which had been shown to be of much
larger capacity than necessary. Project data are shown in Table 4-6, and the
changes in the original general arrangement on Plate 4-12.

The construction schedule for the revised project extends over a four-
year period. The estimated total project cost, based on mid-1972 price levels,
is $49.3%3 millions, as shown in Table 4-10,

The difference in estimated total cost between the original and the
revised designs is less than one-quarter of one percent, without allowing for
possible lowering of the original design cost by reduction of the spillway capa-
city as outlined above, It is apparent that no saving in cost would be achieved
through replacement of the concrete main dam by an earthfill one.
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TABLE 4-10

HOBSON LAKE PROJECT COST ESTIMATES

BEstimated Cost

Item Concrete Earthfill
Main Dam Main Dam
($1,000) ($1,000)
Reservoir Clearing 3,965 3,965
Flowage Nil Nil
Access and Site Preparation 1,805 1,805
Diversion 450 980
Concrete Main Dam and Spillway 4,145 -
Earthfill Main Dam - 1,525
Spillway - 1,520
Summit Lake Rockfill Dam 2,960 2,960
Lickskillet Arch Dam 2,460 2,460
Power Tunnel Intake 1,065 1,065
Surge Tunmnel Intake 750 750
Power Tunnel and Penstock 6,270 6,270
Surge Tunnel 1,075 1,075
Generating Station 3,080 3,080
Generating Station Equipment 4,520 4,520
Tailrace Tunnel 2,255 2,255
Tailrace Channel 1,170 1,176
Qutlet Works - 490
Switchyard 105 105
Permanent Staff Housing 55 55
Total Direct Cost 36,130 36,050
Engineering and Administration 3,615 3,605
Contingencies 3,875 3,963
Total Construction Cost 43,720 43,620
Interest During Construction 5,685 5,670
Total Capital Cost 49,405 49,290
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4.3.5 C(Clearwater-Azure {142A)

This is the second of the three storage and power projects on the Cleax-
water River along its southerly course through Wells Gray Provincial Park.

The Clearwater-Azure project is located on the Clearwater River 40 miles
upstream from its confluence with the North Thompson River and 100 miles north
of Kamloops. It consists of the main dam and upper generating station three
miles downstream from Clearwater Lake, three saddle dams upstream from the
main dam, a diversion dam downstream from the main dam, and a power canal
leading to the lower generating station. Project data are shown in Table 4-6
and the general arrangement on Plates 4-13 and 4-14.

The reservoir created by the project would include Clearwater and Azure
Lakes, and extend upstream to the tailrace of the Hobson Lake Generating
Station (4.3.4). The probable maximum flood peak inflow of 91,000 cfs could
be carried by the total discharge capacity without raising the reservoir eleva-
tion above 2,382.4 feet, which is 12.6 feet below the crest of the dam; hence
the design could be modified by reducing the spiliway width to 230 feet. The
resulting total discharge capacity would then carry the probable maximum flood
peak inflow without raising the reservoir elevation beyond 2,388.5 feet, which
is 6.5 feet below the crest of the dam. Some further reduction in spillway
width might be considered in the final design (Reference: Annex II, 4-10).

The upper generating station discharge would be diverted from the river
channel by a rockfill dam with crest elevation of 2,163 feet, built about
4,000 feet downstream from the main dam and immediately upstream from the
reservoir spillway discharge re-entry point. A power canal on the left bank
extending 6,000 feet downstream from the rockfill dam would convey the water to
the lower generating station. This power canal with bottom elevation of 2,113
to 2,115 feet would carry only the maximum upper generating station discharge,
and would contain an ungated spiliway 300 feet wide with crest elevation of
2,154 feet and an adjacent sluiceway containing three gates 9 feet wide by 15
feet high with sill elevation of 2,144 feet to return releases from the upstream
site outlet works to the river.

The project construction schedule extends over a four-year period, with
construction at the upper and lower sites being undertaken simultaneously. The
estimated total project cost, based on mid-1972 price levels, is $91.6 millions,
as shown in Table 4-1l.
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TABLE 4-11

CLEARWATER-AZURE PROJECT COST ESTIMATE

Estimated
Ttem Cost

($1,000)

. Reservoir Clearing 3,455

i Flowage 160

| Access and Site Preparation 1,685

;  Upper Bevelopment

{  Piversion 4,445

{ Main Dam 6,260

¢ Saddle Dams 2,395

E Spillway 9,820

! Power Intzake 1,615

! power Tunnel and Penstocks 2,475

i Generating Station 2,865

! Generating Station Equipment 8,205

! Control Works 3,880

! Switchyard 45

i Lower Development

! Diversion 95

¢ Canal Entrance 480
Spillway 305
Power Canal and Forebay 3,860

:  Intake Bulkhead and Penstocks 5,995

1 - .

i Generating Station 2,725
Generating Station Equipment 6,200
Switchyard 20
Permanent Staff Housing 55

Total Direct Cost 66,980
Engineering and Administration 6,700

. Contingencles 7,370

: Total Construction Cost 81,050

? Interest During Construction 10,535

Total Capital Cost 91,585

Er-_-.. _
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4.3.6 Hemp Creek (142)

This is the farthest downstream of the three storage and power projects
on the Clearwater River in its course through Wells Gray Provincial Park.
Most of the reservoir would be within the Park, although the project structures
would be situated a short distance downstream from its southern boundary.
Project data are shown in Table 4-6 and the general project arrangement on
Plate 4-15, '

The Hemp Creek project consists of a dam and generating station located
on the Clearwater River 15 miles upstream from its confluence with the North
Thompson River and 80 miles north of Kamloops.

The reservoir created by the project would extend about 20 miles upstream
on the Clearwater River a short distance above its confluence with the Murtle
River. The probable maximum flood peak inflow of 136,000 cfs is less than the
total discharge capacity; hence the design could be modified by reducing the
size of the spillway channel and replacing the five gates with three somewhat
smaller ones or two larger ones, so that the resulting total discharge capacity
would carry the probable maximum flood peak inflow without raising the reservoir
elevation above 2,015.0 feet, which is 5.0 feet below the crest of the dam
{(Reference: Annex II, 4-10).

The project construction schedule extends over a five-year period. The

estimated total project cost, based on mid-1972 price levels, is $154.2 millions,
as shown in Table 4-12,
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TABLE 4-12

HEMP CREEK PROJECT COST ESTIMATE

Item Estimated
Cost

{$1,000)
Reservoir Clearing 2,125
Flowage 85
Access and Site Preparation 1,930
Diversion 10,215
Spillway 9,970
Dam 26,730
Grouting 9,045
Power Intakes and Gateshaft 4,110
Power Tumnel and Penstocks - 6,770
Generating Station 7,970
Generation Station Equipment 19,850
Control Works Intake and Gateshaft 2,050
Control Works Tunnel 4,225
Control Works 3,535
Switchyard 410
Permanent Staff Housing 620
Total Direct Cost 109,640
Engineering and Administration 10,965
Contingencies 12,060
Total Construction Cost 132,665
Interest During Construction 21,560
Total Capital Cost 154,225

4.3.7 Granite Canyon (194A)

This is the upper of two run-of-river power projects on the Clearwater
River downstream from the Hemp Creek storage and power project (4.3.6). Energy
production at these two projects would depend on the rate of discharge from
the Hemp Creek project.
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The Granite Canyon project consists of a dam and generating station
located on the Clearwater River six miles upstream from its confluence with the
North Thompson River and 72 miles north of Kamloops. The site is near the upper
end of a canyon where a small island divides the river into two channels.
Project data are shown in Table 4-6 and the general project arrangement on Plate
4-16,

The 585-acre headpond would have a normal maximum elevation of 1,585 feet,
with infiow thereto being regulated by Hemp Creek operation. The spillway
capacity provided at Granite Canyon was based on the spillway capacity at Hemp
Creek; and reduction of the latter as proposed in 4.3.6 would indicate a
corresponding reduction in the Granite Canyon spillway section.

The project construction schedule extends over a two and one-half year
period. The estimated total project cost, based on mid-1972 price levels, is
$62.0 millions as shown in Table 4-13.



TABLE 4-13

GRANITE CANYON PROJECT COST ESTIMATE

ITtem Estimated
Cost

($1,000)
Reservoir Clearing 225
Flowage Nil
Access and Site Preparation 350
Diversion 380
Earth Dam 1,455
Intake 18,4140
Spillway 13,175
Generating Station 2,315
Generating Station Equipment 10,325
Switchyard 15
Permanent Staff Housing 55
Total Direct Cost 46,705
Engineering and Administration 4,670
Contingencies 5,140
Total Construction Cost 56,515
Interest During Construction 5,510
Total Capital Cost 62,025

of Kamloops.
arrangement on Plate 4-17.

4.3.8 Clearwater (141)

This is the lower of two run-of-river projects on the Clearwater River,
where energy production would depend on the rate of discharge from the Hemp
Creek project upstream.

The Clearwater project consists of a dam and generating station located
at the head of a short rock-walled canyon on the Clearwater River three miles
upstream from its confluence with the North Thompson River and 70 miles north
Project data are shown in Table 4-6, and the general project
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The 160-acre headpond would have a normal maximum elevation of 1,405 feet,
with inflow thereto being regulated by Hemp Creek operation. The spillway
capacity provided at Clearwater was identical to that provided at Granite
Canyon; and reduction of the latter as proposed in 4.3.7 would indicate a
corresponding reduction in the Clearwater spillway section.

The project construction schedule extends over a three and one-half year
period. The estimated total project cost is $28.8 millions, based on mid-1972
price levels, as shown in Table 4-14.

TABLE 4-14

CLEARWATER PROJECT COST ESTIMATE

Item Estimated
Cost

($1,000)
Reservoir Clearing 70
Flowage Nil
Access and Preparation 110
Diversion ' 2,360
Spillway 5,430
Impervious Blanket 715
Power Canal and Intake Bulkhead 2,040
Generating Station 4,555
Generating Station Equipment 5,965
Switchyard 25
Permanent Staff Housing 70
Total Direct Cost 21,340
Engineering and Administration 2,135
Contingencies 2,350
Total Construction Cost 25,825
Interest During Construction 2,940
Total Capital Cost 28,765
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4.4 Other Projects

Several alternative possibilities for upstream storage and channel improve-
ments were examined during this review of the Fraser River Board's System E
program. These included a Lower McGregor non-diversion project, improvements to
the outlet of Kamloops Lake, and the provision of negative storage or a combina-
tion of positive and negative storage on Stuart, Quesnel, and the Clearwater
Basin Lakes. Examination of these alternatives was preliminary in scope, but
was sufficient to determine whether any of them warranted further consideration,

4.4,1 Lower McGregor Non-Diversion

In earlier studies described in its 1958 Preliminary Report, the Fraser
River Board had formulated its System A program, which included Lower McGregor
as a non-diversion project. System E as presented by this Board in 1963 was
evolved from System A, but included a Lower McGregor diversion project similar
to the one described in 4.3.1. Review and updating of the non-diversion project
has been conducted to allow comparison of the respective merits of each of these
alternative development possibilities.

This non-diversion project consists of a dam and generating station in
essentially the same location as that proposed for the main dam of the diver-
sion project, in the Lower Canyon of the McGregor River about 20 miles upstream
from its confluence with the Fraser River and 50 miles northeast of Prince
George; and a small saddle dam located at the divide between Portage and Arctic
Lakes. Project data are shown in Table 4-6, and the general arrangement on
Plate 4-18.

The reservoir created by the project would extend more than 40 miles
upstream on the McGregor River, and more than 20 miles upstream on Herrick Creek
from the McGregor-Herrick confluence. The discharge facilities would carry the
probable maximum flood peak inflow of 182,000 cfs without raising the reservoir
level above 2,463.3 feet, which is 11.7 feet below the crest of the dam
{Reference: Annex II, 4-10).

The project construction schedule extends over a five-year period. The

estimated total project cost, based on mid-1972 price levels, is $180.4 millionms,
as shown in Table 4-15,
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TABLE 4-15

LOWER McGREGOR NON-DIVERSION PROJECT COST ESTIMATE

Item Estimated
Cost

($1,000)
Reservoir Clearing 11,0600
Flowage Nil
Access and Site Preparation 3,100
Diversion Tunnel 10,550
Main Dam 30,300
Saddle Dam at Divide 50
Right Bank Cutoff 18,200
Spillway 6,155
Qutlet Works 4,855
Power Intake 16,460
Penstocks 5,975
Generating Station 7,930
Generating Station Equipment 13,555
Switchyard 75
Permanent Staff Housing 45
Total Birect Cost 128,250
Engineering and Administration 12,825
Contingencies 14,110
Total Construction Cost 155,185
Interest During Construction 25,205
Total Capital Cost 186,390

The $11 millions figure given in Table 4-15 above for the estimated cost
of reservoir clearing was provided by the British Columbia Forest Service as a
revision of the $6.5 millions figure used in preparing the original cost estimate
{Reference: Annex II, 4-8). '
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The total capital cost figures of $136.4 millions given in 4.3.1 for the
Lower McGregor Diversion project and of $180.4 millions given above for the
alternative non-diversion project are not directly comparable, as the former
figure includes no costs for generation facilities. The estimated total capital
cost of the storage features of the non-diversion project is $118.4 millions. As
a storage project it might be comparable in some respects with the diversion
project; but it would not provide water for additional generation at existing
stations.

The figure of $118.4 millions should not be considered to represent the
cost of a project designed to provide flood control only, as the total live
storage capacity provided by the non-diversion project is greater than the pro-
ject flood control storage requirement., A single-purpose flood control project
at this site would require a smaller dam and probably lesser seepage control
treatment, with a consequent reduction in cost from the $118.4 millions figure.
No design and cost estimate were made for this smaller project, as it still
would involve a relatively large investment providing for no use of the storage
except on an occasional basis for flood control purposes. The higher cost and
lesser benefits of the non-diversion project, when compared to those of the
diversion project, indicated that the non-diversion project did not warrant
further consideration.

4.4.2 Negative Storage Possibilities

The risk of recurring flood plain inundation in the Lower Fraser Valley
and at Kamloops, Prince George and Quesnel can be reduced to some extent by the
construction of dykes and associated works. Further reduction of this risk
requires the development of headwater diversions and/or the creation of upstream
storage. The construction of dams for either of these purposes has varying
ecological and environmental consequences on local and regional resources. The
provision of negative storage capacity beneath the normal surface elevations of
existing lakes may have lesser consequences on the natural environment.

4.4.2.1 Stuart and Quesnel Lakes

Two of the largest natural lakes in the Fraser River system are Stuart
and Quesnel Lakes, with approximate surface areas of 89,000 and 67,000 acres,
respectively. These lakes are an attractive size for possible negative or posi-
tive storage development; but they both are on the routes of major salmon runs.
The creation of storage on either of them would result in river flow regime
changes and interference with free passage of the upbound adult spawners and the
downbound smolts. These resuiting effects were deemed to be so adverse as to
preclude further consideration of these lakes for storage purposes.

4.4.2,2 (learwater River System Lakes

Five Clearwater River system lakes were examined for possible creation of
negative storage: Murtle, Hobson, Clearwater, Azure and Mahood. All of these
lakes are within Wells Gray Park; and the creation of positive storage on any of
them would cause substantial disturbance to the natural enviromment of this Class
A Provincial Park. The Clearwater River system does not contain any major
salmon spawning areas nor form part of any important salmon migration route.
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Flood contrel storage in the Clearwater River system would have substantial
effect in the Kamloops area about 100 miles downstream, and lesser effect in the
Lower Fraser Valley some 300 miles away. Preliminary examination of negative
storage possibilities (Reference: Annex II, 4-12) therefore was based on the
provision of sufficient storage capacity to reduce the Thompson River at Kamloops
1854 flood peak of about 300 years average recurrence to the 1972 freshet peak
of about 30 years average recurrence. This reduction from an estimated peak
water elevation of 1,138.1 feet msl and flow of 178,000 cfs to the 1972
recorded peak elevation of 1,132.4 feet msl and flow of 148,000 cfs would require
storage capable of lowering the peak flow by 30,000 cfs. Such a peak flow
reduction at Kamloops would lower the 1894 flood peak at Mission by perhaps 0.2
to 0.3 feet, Analysis indicated that accomplishment of this 30,000 cfs peak flow
reduction would require more than 400,000 acre-feet of negative storage, the
specific amount depending on the natural inflows and the outlet capacities
provided at the selected storage locations.

All negative storage would be beneath the natural high water levels of the
lakes, with adequate outlet control works provided to lower lake levels to their
maximum drawdown condition prior to the onset of forecast high freshet
occurrence, the available storage then being used at the approach of maximum
runoff conditions. Fuil use of the storage would be infrequent, possibly once in
10 years on the average.

Each project would consist of gated outlet control works capable of
passing stipulated flows at maximum drawdown level and of eliminating outflows
from the lake between maximum drawdown and full storage levels, the latter
being the natural high water levels. An ungated overflow weir would be incorpor-

~ated in each project where practical to provide self-regulation of lake levels
during the extended periods when storage would not be required for flood
control, The weir crest level would be such that natural high water level
would not normally be exceeded during periods of heavy runoff. Flashboards
would be provided for installation on the weir crest when forecasts indicated
the need for the full range of flood control storage.

During the examination it became apparent that the construction of the
required outlet control works for Azure Lake would not be practicable. The
small difference (five to eight feet) between Azure Lake levels and those of
Clearwater Lake immediately downstream would necessitate very extensive
dredging of the connecting chamnel to establish a drawdown level for Azure
Lake sufficientiy below its natural low water level to provide appreciable
negative storage. This site therefore was given no further consideration.

The Wells Gray Park location of these projects requires that their visual
impact be minimal. The possibility of eliminating the overflow weirs from the
project designs through lowering the outlet works was examined by limited
review of the designs for Clearwater and Mahood Lakes. The Clearwater Lake
outlet channel would require substantial lengthening and deepening in rock;
the resulting cost increase and the greater visual impact of the extended
channel adjacent to a Provincial campground were considered to make this
alteration impractical. The Mahood Lake outlet tunnel and works could be
lowered without adverse visual impact; but the required additional length of
tunnel and related channel improvements downstream would drastically increase
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the project cost. Partial lowering of the outlet works at either project
would not be as costly as full lowering; but it would not provide the same
amount of controlled storage. Thus more projects or larger ones would be
required to achieve the proposed degree of flood control. It was concluded
that elimination of the overflow weirs is not a practical alternative.

Project data for the designs incorporating overflow weirs are given in
Table 4-16 for Hobson, Clearwater, Murtle and Mahood Lakes. These data
include two storage capacities at Hobson Lake, and one at each of the other
threc locations. A two-year construction period was estimated for each project;
however, several of them could be built during the same period. Estimated
costs are based on mid-1972 price levels, and the method of cost derivation 15
outlined in 3.7.3.
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TABLE 4-16
NEGATIVE STORAGE PROJECT DATA
Approximate Daily Flow at OQutlet(Z)
Surface Natural Average T
.ak Ax ’ . o ..
Lake ea Levels{l) Maximum of Maxima Minamum
High Low
{acres) (feet) (feet) (cfs) {cfs) {cfs)
Hobson 8,600 2,820 2,819 10,300 6,800 181
Hobson 8,600 2,820 2,810 10,300 6,800 181
Clearwater 8,500 2,228 2,218 31,300 23,800 520
Murtle 19,100 3,502 3,495 11,000 7,100 182
Mahood 8,000 2,059 2,051 9,630 5,700 56
Qutlet Works Overflow Weir
Capacity Gates
at Max. Flash-
Drawdown Sill Crest Board
Lake Level No. Width | Height | Level }Length| Level Height
(cfs) (feet) | (feet) | (feet) | (feet) | (feet) | (feet)
Hobson 8,700 5 30 35 2,790 150 2,817.0 5.0
Hoebson 8,700 5 30 20 2,805 150 2,817.0 3.0
- Clearwater | 30,000 6 28 28 2,205 600 2,222.5 5.5
o Murtle 11,000 3 30 28 3,477 150 3,496.0 6.0
Mahood 8,000 1 21 21 2,012(3)] 120 2,053.0 6.0
Negative Storage
Maximum Full Estimated
Drawdown Storage Storage Capital
Lake Level Range Level Capacity Cost(4)
B " (feet) (feet) (feet) (1,000af) | (51,000)
Hobson 2,787 23 2,820 188 17,070
Hobson 2,812 8 2,820 69 16,070
Clearwater 2,218 10 2,228 85 6,370
Murtie 3,491 11 3,502 210 &,310
Mahood 2,039 20 2,059 160 3,856
NOTES: (1) Obtained from topographic paps--precise msl elevations not available.
(2) Obtained or computed from published records.
{3} ‘Tunnel outlet--others arc open channels.
(47 At mid-1972 price levels.
4 - 8 -




The projects for which data are given in Table 4-16 were selected for
examination from the numerous variations of outlet capacity and related
storage capacity tested for each site during the analysis; and several
combinations of these projects would provide the required 30,000 cfs peak flow
reduction at Kamloops. Three of the most iikely combinations are shown in
Table 4-17.

TABLE 4-17

NEGATIVE STORAGE PROJECT COMBINATIONS

Storage
Combination Lake Estimated
Range Capacity Capital Cost
(feet) {1,000 af) ($1,000)
A Hobson 8 69 16,070
Clearwater 10 85 6,370
Murtie 11 210 8,510
Mahood 20 160 3,890
Total 524 28,840
B Hobson 23 198 17,070
Murtle 11 210 8,510
Mzhood 20 160 3,890
Total 568 29,470
C Hobson 23 198 17,070
Clearwater 10 85 6,370
Murtle 11 210 8,510
Total 493 31,950

Each combination in Table 4-17 would cost about $30 millions and would
accomplish the required 30,000 cfs peak flow reducticn at Kamloops. No further
consideration of these negative storage possibilities appeared to be warranted,
in view of their high cost and adverse envirommental effect on Wells Gray Park
to provide a limited measure of flood control downstream.

4,4.3 Kamloops Lake Qutiet Improvement

High water elevations at Kamloops are increased to some extent by the back-
water effect which occurs naturally on Kamloops Lake during excessive inflow
periods. This backwater effect might be reduced by improvement of the existing
outlet rhannel, or by construction of a by-pass channel at the outlet to convey
part of the outflow occurring under high runoff conditions.
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The Fraser River Board examined the possibility of improving the existing
channel at the outlet and for some distance downstream. The extensive channel
modification required would be costly and would increase water velocities both
upstream and downstream, intensifying the erosion process in this reach where
unstable bank areas are numerous. The channel is on the migration route of
one of the largest Fraser River salmon runs; and the increased velocities
and intensified erosion probably would have an adverse effect on fish migration.
This Board therefore concluded that the channel improvement possibility warrant-
ed no further consideration (Reference: Annex II, 1-2).

In the present review, preliminary examination was made of the possibility
of constructing a by-pass channel at the Kamloops Lake outlet to provide suf-
ficient additional outflow capacity to reduce the 1894 flood peak elevation of
the lake to the 1972 freshet peak of about 30 years average recurrence, which
was recorded at Savona as 1,129.98 feet msl., This reduction in peak elevation
would require by-pass channel capacity in the 37,000 cfs range and total
capacity of the natural and by-pass channels in the 180,000 cfs range at
lake elevation of 1,130 feet msi.

Reconnaissance of six possible by-pass channel routes indicated that the
least costly would be 3,500 feet long, with inlet invert elevation of 1,110
feet msl. The selected route would require about two million cubic yards of
excavation, and construction of highway and pipeline crossings. The channel
would be trapezoidal in cross-section, with longitudinal slope of 1:700,
bottom width of 60 feet, and side slopes of 1:1; it would be concrete-lined
to withstand water velocities of up to 25 feet per second. The inlet and
outlet works would have concrete wingwalls and aprons; gates in the inlet works
would regulate channel use, which would be infrequent, perhaps only once
in 10 years.

Data limitations precluded the compilation of a cost estimate sufficiently
accurate for benefit-cost analysis, and dictated allowances of 15 percent for
engineering and administration and 25 percent for contingencies. It was
assumed that the construction period might be three years. A rough estimate
of the total project cost, at mid-1872 price levels, is $13.4 millions, as
shown in Table 4-18.
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TABLE 4-18

KAMLOOPS LAKE QUTLET BY-PASS CHANNEL PROJECT
APPROXIMATE COST ESTIMATE

ITtem ' Estimated
Cost

{$1,000)
Right-of-way 30
{hannel - Excavation 3,400
- Lining 4,000
- Underdrains and Filter Blanket 150
- Crossings (Highway and Pipeline} 665
inlet Works and Gates 150
Outlet Works 90
Total Direct Cost 8,485
Engineering and Administration 1,275
Contingencies 2,440
Total Construction Cost 12,200
Interest During Construction 1,200
Total Capital Cost 13,400

Only part of the reduction in backwater effect achieved at Kamloops Lake
outlet by construction of a by-pass channel would be felt at Kamloops, which
is about 25 miles upstream from the lake outlet. The substantial cost of pro-
viding only minor relief to the Kamloops area, which would be limited to periods
of extreme flood conditions, indicated that this possibility did not warrant
further consideration.

4.4.4 Harrison Lake Regulation

Harrison Lake, with an approximate surface area of 55,000 acres, and with
substantial tributary inflow, is strategically located for the development of
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fiood control storage to reduce peak water elevations in the Lower Fraser
Valley downstream from Chilliwack. The Harrison Hot Springs townsite and
resort area are located on the flood plain at the south end of the lake, near
its outlet into the Harrison River, which flows southwesterly about 12 miles
to its confluence with the Fraser River. The general flood plain elevation
is about 40 feet msl, and it is protected by a dyke with crest elevation
approximately 45 feet msl located between the beach foreshore and the main
street of the town., Harrison Lake and River are used extensively for log
transport and barge supply to lakeshore logging camps and settlements; and they
form part of the migration route of the Birkenhead River salmon run, while
the lake provides rearing area for salmon spawned in the river tributaries.

Under 1948 water conditions, storage in Harrison Lake could be regulated

to reduce the peak water elevation at Mission by up to 1.1 feet, as shown in
Table 4-19, considering three regulation possibilities.

8 -



TABLE 4-19

FLOOD CONTROL ACCOMPLISHMENT OF HARRISON LAKE REGULATION

ON FRASER RIVER AT MISSTON UNDER 1948 WATER CONDITIONS

Daily Mean Water Elevations - 1043

Level of Develcopment Harrison Lake Fraser River at Mission

Maximum Minimum Maximun Reduction

(feet ms1)] (feet ms1)| (feet msl)| (feet)

-

Natural {(recorded) Conditions 43.5 28.3 24 .87 -

Present Conditions (with
Nechako and Bridge Reservoirs) 43.0 28.3 23.87 1.G0

With Regulation Possibility

A - Positive Storage 49,5 28.3 23.36 .51
B - Positive Storage 63.5 28,3 22.76 1.11

{ - Negative Storage and
Pumping (15,000 cfs

pumps 43.5 11.2(1) 22, 11

~1
(@3}
[

NOTE: (1} Pumping would have commenced on March 1, 1948 to lower the lake
to this elevation. In a year of high January-to-April runcff,
15,000 ¢fs pumping capacity would not have been sufficient to
reduce the lake elevation by the required amount. In 1968 the
January-to-April runoff was the highest of record, and the minimum
lake elevation achieved with 15,000 cfs pumping capacity would
have been 21.5 feet msl.
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Regulation of Harrison Lake outflow by any of the three possibilities
listed in Table 4-19 would necessitate the construction of a dam with spillway,
fishway and associated works at the lake outiet, the dam crest height depending
on the adopted possibility. The provision of negative storage suggested in pos-
sibility C also would require pumping facilities of at least 15,000 cfs
capacity, which could be installed adjacent to the dam and spillway.

Possibility A or B would involve the construction of a higher dyke at
the south end of the lake; with possibility C, use of the existing dyke would
require that it be rebuilt and raised in places to provide adequate freeboard.
The existing dyke interferes to some extent with ground floor lake views from
the resort facilities; and even minor raising of this dyke at intervals would
aggravate this adverse effect.

Minimization of the visual impact of the required dyke and preservation
of the aquatic recreational and service facilities would require replacement of
the existing dyke in all possibilities with a new paved, lighted and landscaped
promenade dyke about one-quarter mile offshore, forming a recreational lagoon
fronting on the town. The existing service facilities on the southeast shore
would be relocated outside the promenade dyke and adjacent to it, and would be
sheltered by a new breakwater. In possibilities A and B the access road to
these facilities would be raised above maximum storage level, while in possibil-
ity C the new location would be dredged to permit low water access to these
facilities.

Elsewhere on Harrison Lake residential and recreational development is
confined mainly to the southeast and southwest shores and adjacent offshore
islands. Logging camps and operations are distributed around the lakeshore.

An Indian reserve with village and church extends along the shore of Little
Harrison Lake and over the Lillooet River delta between Harrison and Little
Harrison Lakes. Shorelines are relatively steep except at river outlets. Flow-
age costs arising from impairment of these deveiopments would be substantial

for any of the three regulation possibilities; A and B would involve numerous
structure and access relocations, while C would require major wharf extensions
and a retention weir with fishway at the Lillooet River delta. Many nagivation
markers would have to be raised for possibilities A and B, and additional
markers would be needed for possibility C.

Data limitations precluded the compilation of cost estimates sufficiently
accurate for benefit-cost analysis, and dictated allowances of 15 percent for
engineering and administration and 25 percent for contingencies. The rough
estimates given in Table 4-20 are based on rockfill dams, concrete spillway
structures, fishways and associated works; and in addition, a concrete pump-
house for possibility €. A three-year construction period was assumed in all
cases. The estimated total costs of these three possibilities, based on mid-
1972 price levels, range from $40.4 millions to $51.7 millions, as shown in
Table 4-20.



TABLE 4-20

HARRISON LAKE REGULATION APPROXIMATE COST ESTIMATES

Regulation Possibility A B C
Reduction of 1948 Peak
Water Elevation at Mission (feet) 0.5 1.1 1.1
Maximum Harrisén Lake
Water Elevation {feet msi) 49.5 63.5 43.5
Elevation of Dam Crest (feet msl) 54.40 68.0 49.0
Estimated Cost ($1,000) ($1,000) {$1,000)
Reservoir Clearing 600 2,000 -
Promenade Dyvke and Ilowage in
vicinity of Harrison Hot Springs 5,560 7,000 3,800
Fiowage -- elsewhere on Harrison lake 6,000 7,000 5,000
Control Structure - Dam, Spillway,
tishway and Associated Works 13,500 16,700 12,500
= Pumphouse and 15,000 cfs Pumps - - 11,500
Total Direct Cost 25,600 32,700 32,800
Engineering and Administration 3,800 4,900 4,900
Contingencies 7,400 9,400 9,400
Total Construction Cost 36,800 47,000 47,100
interest During Construction 3,600 4,600 4,600
Tcotal Capital Cost 40,400 51,600 51,700
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In addition to the foregoing capital cost estimate, possibility C would
involve estimated pumping costs of $280,000 for any year when provision of
negative storage 1s necessary.

The foregoing estimates include no specific cost allowance for navigation
facilities at the lake outlet. It was assumed that the control structure
could be designed to permit water traffic passage at all times except for
periods when it must be used for flood control. In 1948, this period would
have been from six weeks to two months in June and July for possibilities A
and B, respectively; but it would have been about four months from March to
June inclusive for possibility C. Flood control operation probably would be
required on an average of only one such period in five or ten years; and the
periods could be somewhat briefer in those years when flood danger exists, but
is of lesser magnitude than in 1948.

If navigation requirements dictate the provision of a separate lock and
associated facilities, the additional construction cost might be $15 millions
for a lock 300 feet long and 60 feet wide, with eight feet minimum draft and
up to 35 feet lift. Provision of a separate lock would not necessarily lengthen
the assumed construction period. The annual costs of lock operation might be
$100,000, depending on the operational schedule.

Harrison Lake storage regulation could contribute significantly to flood
control in the Lower Fraser Valley; but its development and operation undoubt-
edly would be considered to have adverse effects on the great recreational
potential of the area, as well as on water transport and fish rearing and
migration. For these reasons it was not given further attention.
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CHAPTER 5
POTENTIAL PROJECT ACCOMPLISHMENT
5.1 Tlow Regulation by Diversion or Reservoir Operation

The upstream projects considered in this report and iisted in Table 4-6
provide flood control elther by diversion of tributary river flow from the
Fraser River basin or by reservoir storage. These flcod control methods differ
+o some extent, but both are effective in reducing peak river flows and levels
downstrean.

Total diversion of a river from its natural system, such as that proposed
in the Lower McGregor Diversion project, provides the most dependable flood
control downstream because the entire flow at the point of diversion, excepting
only releases for local or ecological needs, can be removed from the original
river system at all times. Such removal throughout the freshet period effects
maximum reduction in the main stem flow downstream. Optimum operation for
main stem flood control downstream is assured, eliminating any need for
detailed forecasts of flows in the diverted stream.

Reservoirs are limited in capacity and frequently cannot store all of
their inflow during the entire freshet period; hence their use must be
rationed as decided from forecasts of the magnitude and timing of the fliood
peak downstream, to have their capacity available at the most opportune time
to reduce this peak. Reservoirs of small capacity in relation to their inflow
require precise operational timing for effective flood control, while more
fiexible operation is possible for reservoirs with larger capacity-inflow
relationships. Two of the reservoirs reported on herein, Grand Canyon and
Hemp Creek, possess small capacities in relation to their respective inflows;
the remaining project reservoirs have large capacity-inflow relationships, and
in all but extreme flood yvears their flood control effects are timited only
by their inflows.

Low level outlet capacity is an important factor in the effectiveness of
flood control reservoirs, particularly those with small capacity-inflow
relationships. If the outflow capacity is less than the inflow rate prior to
the high water period, early reservolr storage occurs, reducing the capacity
available for flood control. The small amounts of this involuntary storage
found to occur in a few of the years used in the flood control testing
procedure were insufficlent to have any significant effect on the resulits of
these tests.

A1l of the flood control tests were conducted using streamflows represent-
ing present conditions in the Fraser River system, with regulation of the
Nechako River at the Nechako Reservoir and diversion to the Kemano River, and of
the Bridge River at the Downton and Carpenter reservoirs. The current
Nechako-Kemano development consists of a reservoir with a large capacity-inflow
relationship, together with a partial diversion out of the Fraser River system.
In years of normal flow some water is released into the Nechako River during
the freshet period; but in all recent high water years there has been sufficient
reservoir capacity to hold all of the net inflow during the high water period.



Net inflow is the total inflow less the quantity diverted out of the Fraser
River system. In all of the flood control test years the Nechako Reservoir
could be operated to withhold all of the net inflow during the entire flood
period; and when fleod control was desired it was assumed that there would be
no spill from the reservoir into the Fraser River system. The Bridge River
reservoirs also have large capacity-inflow relationships; and under normal
operation they store all of the inflow throughout the flood period except
releases for power generation purposes. '

5.2 Flood Routing and Flood Forecasting

The methods used for flood routing and flood forecasting were described
in 3.2; and the effects of these two factors on the flood control that could be
provided by the proposed reservoir and diversion projects are discussed here-
under.

The flood routing effect consists of two components, lag and smoothing,
both of which have been simulated in determining the regulated flows that
would result from flood control operation of the various projects. Lag is the
time required for a specific change of flow to traverse a reach of the river;
and the lag component is very important as flow adjustments at the reservoirs
are not reflected downstream in the Lower Fraser Valley until several days later.
This lag between flood control action at the reservoirs and its effect in the
Lower Fraser Valley requires all operating decisions to be made on the basis
of streamflow forecasts.

Smoothing of river flow is the reduction in magnitude and expansion in
duration downstream of significant and rapid changes in flow upstream; it is
caused by changes of stream gradient and channel storage capacity. It is most
noticeable in rivers with extensive reaches of gradual gradient and gently
sloping banks where any appreciable rise in flow substantially increases the
occupied cross-section. Few such reaches occur on the Fraser River main stem
upstream from the Lower Fraser Valley, or on its principal tributaries; hence
the smoothing component is small and has little overall effect on the regula-
tion process. However, it does tend to compensate to a minor extent for lack
of precision in streamflow forecasts. All simulated reservoir operations
routed through the river system downstream incorporated both lag and smoothing
components in the computation of regulated flows at Mission.

Two types of forecasts are involved in flood control simulations. The
long term forecast of seasonal runoff provides a basis for estimating target
regulated flows. In most years, these target flows will be higher than the
regulated flow that could be utilized if completely accurate forecasts were
possible. These target flows also must allow for adequate protection against
the worst flood that could occur under the given conditions. The second type
of forecast is the short term forecast made a few days in advance, which serves
as the basis for decisions to store water. Again, in order to protect against
the worst expected condition, these forecasts usually are higher than the flows
that actually occur. Although there are errors in the forecasts in terms of
predicting actual flows, their use together with a rational set of operating
rules gives a realistic simulation of flood control obtainable under actual
conditions, while providing protection against the worst likely occurrence.

- 91 -



B

The loss of efficiency in use of storage in the years when the worst conditions
do not occur is the price of such protection. Such loss is small for
reservoirs with large capacities relative to their inflows; but it is signifi-
cant for the Grand Canyon and Hemp Creek reservoirs, which are small in
relation to their inflows.

5.3 Characteristics of Flood Contrel Operation

The System E project storage capacities listed in Table 4-6 were those
designed by the Fraser River Board to meet both flood control and power genera-
tion requirements. If the design maximum reservolr operating elevations were
maintained, the active storage capacities of several of these projects could be
reduced and stiil satisfy flood control requirements without seriously affecting
power generation potentials. However, such storage reductions would not achieve
significant savings in project costs nor substantial reductions in environmental
effects for those projects which provide flood control requirements and incorpo-
rate rational designs for power generation. It may be possible to reduce
project sizes if power generation facilities are excluded, with some savings
in project costs and perhaps some reduction in resource damages.

Table 5-1 illustrates the project flood controel steorage requirements,
which vary from year to year depending upon the forecast volume of the spring
freshet. If there is likelihood of a large freshet, a large amount of storage
space must be reserved for flood control. Conversely, if there is likelihood
of only a small freshet, there may be no need to reserve any flood control
storage. The prime criterion is that there be available at the beginning of May
(prior to the freshet) enough storage space in the reservoirs to meet the flood
threat indicated by the volume of the freshet as forecast early in the year.
However, the operating rules used in these studies and described in 3.2 require
a small amount of flood control storage to be available in all years to
protect against unforeseen events.

The rules governing the reservation of project flood control storage are
summarized in Table 5-1. These storage amounts have been selected in relation
to the forecast freshet volumes to ensure adequate space for flood control
purposes in the simulations of reservoir operation. The reserved storage
amounts vary considerably from year to year; and representative amounts are
shown in this Table in terms of '"large, moderate and small" freshets. In
this context, the maximum amount of storage to protect against a large freshet
would be required about once in eight years and the amount for a moderate
freshet about once in five years; the minimum amount would suffice for about
half of all the freshets. The need to provide some protection against pessibie
cccurrence of the worst floed that could occur under the given conditions 1is
recognized in these criteria.

The large freshet storage requirements shown in Table 5-1 were used in
the studies leading to the derivation of all of the maximum water elevations
given in Tables 5-2 to 5-5 inclusive for various recurrence intervals, with the
projects in operation individually and in combination.
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The periods in which the reservoirs would be storing water varied in each
of the simulated freshets, depending upon when the peak occurred and the
accuracy of the forecasts of freshet volumes and of daily streamflows. It was
assumed that the reservoirs should always be completely refilled by mid-July
to satisfy other needs. This criterion was included as a constraint in the
operating rules for the simulations. Table 5-1 shows the approximate period
in which storing occurs at each reservoir in the large freshet years. These
periods might shift five or ten days in time from one year to another, but
they would be of the same general duration. Minimum outflows as listed in
Table 5-1 were used during these refill periods,

5.4 Potential Flood Control Accomplishment

The flood control accomplishment of each System E diversion or storage
project and of the alternative Lower McGregoT Non-Diversion storage project
was assessed individually and in various project combinations over a wide
range of flow conditions. Peak flows as modified by simulated flood control
operations of each project and combination were computed for each of four
locations in the river system adjacent to developed flood plain areas: Fraser
River at Prince George, Quesnel and Mission; and Thompson River at Kamloops.
Figures 5-1 and 5-2 illustrate the effects of project flood control operation.

Figure 5-1 depicts the 1948 freshet hydrographs for the Fraser River at
Grand Canyon and at Mission: (a) under present conditions (Mission adjusted to
incorporate the effects of Nechako and Bridge River reservoir regulation); and
(b) modified to include the effects of Grand Canyon project flood control
operation. Figure 5-2 contains the 1948 flood period flow hydrographs for each
System E diversion or storage project: (a) under present conditions; and {(b)
modified to include the effects of project flood control operation. This figure
also shows the flow hydrograph for Fraser River at Mission for the same period:
(a) under present conditions; and (b} modified to include the effects of all of
the System E diversion and storage projects in combined flood control operation.

Flood frequency curves based on the modified peak flows derived for each
of the four locations defined above were converted tc water elevation frequency
curves. Tables 5-2 to 5-5, extracted from these curves, give comparable
maximum water elevations at key locations for several recurrence intervals
under natural and present conditions, and with the various projects operated for
flood control individually and in combination, listed in order of increasing
flood control effect at Mission. The illustration immediately following
Table 5-2 shows these curves for the Fraser River at Mission: under natural
conditions; under present conditions; and with the following projects in
operation - Lower McGregor (Diversion or Non-Diversion), Grand Canyon, Lower
McGregor Diversion and Grand Canyon, and the complete System E. In Table 5-2
the differences between water elevations for "natural conditions' and those for
"present conditions! represent the effects at Mission of flood control operation
of the existing Nechako River and Bridge River storage developments. Those
in Tables 5-4 and 5-5 represent the respective effects at Prince George and
Quesnel of Nechako River development operation only, as these communities are
upstream from the Bridge River confluence. No significant storage developments
exist in the Thompson River system; hence in Table 5-3 water elevations for
fnatural conditions' at Kamloops are the same as those for 'present conditions".
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Table 5-6 illustrates the flood control accomplishment of each project
individually and in combination assuming the occurrence under natural conditions
of the floods that were used as the basis for dyke design in the project
described in 4.1 and 4.2. This accomplishment is expressed in terms of reduc-
tion of maximum water elevations at Mission, Deas Island, Kamloops, Prince
George and Quesnel from those that would occur under present conditions. The
elevations at Deas Island are included as being more representative for Richmond
and Delta than those upstream at Mission. The average recurrence interval of
140 years at Mission under natural conditions 1is that for the 1894 flood at
that location; for the same flood the average recurrence interval at Hope
is 200 years under natural conditions. Data on 1894 flood elevations at
Kamloops are fragmentary; but the flood with an average recurrence interval
of 300 years gives elevations approximating those believed to have occurred
in 1894. No such data exist for Prince George and Quesnel; the flood with an
average recurrence interval of 200 years was selected for dyke design as
probably being representative of 1894 conditions at these locations.

Table 5-6 shows that either of the two Lower McGregor projects would have
greater flood control effect at Prince George than at Quesnel, while the Grand
Canyon project would have greater effect at Quesnel than at Prince George. This
apparent reverse effect is due to the operating procedure being designed to
achieve the greatest possible reduction in the peak flow far downstream at
Mission, rather than at intermediate locations such as Prince George and Quesnel.
The effect results from the limited storing period available at the Grand
Canyon project, where storage capacity is small relative to inflow. The
regulated peak at Prince George would in fact occur after the Grand Canyon
reservoir had been filled and the entire inflow thereto was being spilled.

As this peak moves toward Quesnel it becomes somewhat smoothed by the
routing effect, giving a lower regulated peak and hence a greater net peak
reduction there than at Prince George.
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TABLE 5-2

FRASER RIVER AT MISSION

MAXIMUM WATER ELEVATIONS FOR VARIOUS RECURRENCE INTERVALS

WITH FLOOD CONTROL OPERATION OF PROJECTS INDIVIDUALLY AND IN COMBINATION

Maximum Water Elevation (feet msl)

Level of Development Average Recurrence Interval {years)
20 50 140 200 1000

Natural Conditions 23.9 25.0 26.0 | 26.4 | 27.8
Present Conditions 23.1 24.2 25.3 | 25.6 | 27.2
(with Nechako and Bridge Reservoirs)
Project(s)
Hobson Lake 22.9 24.1 25.2 | 25.5}27.0
Cariboo Falls 22.7 23.9 25.0 | 25.3 ] 26.8
Hemp Creek 22.6 23.8 24.8 | 25.2} 26.6
Clearwater-Azure 22.5 23.7 24.8 | 25.2] 26.6
Lower McGregor Non-Diversion 22,3 23.5 24.6 | 25.0] 26.4
Lower McGregor Diversion 22,3 23.5 24.6 | 25.0] 26.4
Lower McGregor Diversion and Cariboo Falls 21.8 23.1 24.2 | 24,61 26.0
Lower McGregor Diversion and Hemp Creek 21.8 23.0 24,2 | 24.6 | 26.0
Grand Canyon 21.8 23.0 24.1 24,51 25.8
Grand Canyon and Hemp Creek 21.5 22.8 23.9 | 24.31 25.7
Lower McGregor Diversion,
Cariboo Falls, and Hemp Creek 21.3 22,6 23.8 | 24.1] 25,6
Lower McGregor Diversion and Grand Canyon 20.9 22.3 23.5 § 23.9} 25.3
Complete System E 19.6 21,2 22.6 | 23.0} 24.6
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TABLE 5-3

THOMPSON RIVER AT KAMLOOPS

MAXIMUM WATER ELEVATIONS FOR VARIOUS RECURRENCE INTERVALS

WITH FLOOD CONTROL OPERATION OF PROJECTS INDIVIDUALLY AND IN COMBINATION

Maximum Water Elevation (feet msl)

Level of Development Average Recurrence Interval (years)
20 50 300 10006
Natural Conditions 1131.0 1133.2 1138.1 1141.1
Present Conditions 1131.0 1133,2 1138.1 1141.1

{with Nechako and Bridge Reservoirs)

Project{s)

Hobson Lake 1122.9 1131.7 1136.4 1139.3
Cariboo Falls 1131.0 1133.2 1138.1 1141.1
s Hemp Creek 1128.0 1128.8 1131.9 1134.1
ﬁﬁ Ciearwater—Azure 1128.6 1129.8 1133.9 1136.6
Lower ﬁcGregor Non-Diversion 1131.0 1133.2 1138,1 1141.1
Lower McGregor Diversion 1131.0 1133.2 1138.1 1141.1
Lower McGregor Diversion and Cariboo Fallg 1131.0 1133.2 1138.1 1141.1
Lower McGregor Diversion and Hemp Creek 1128.0 1128.8 1131.9 1134.1
Grand Canyon 1131.0 1133.2 1138.1 1141.1
Grand Canyon and Hemp Creek 1128.0 1128.8 1131.9 1134.1
Lower McGregor Diversion,
Cariboo Falls, and Hemp Creek 1128.0 1128.8 1131.9 1134.1
Lower McGregor Diversion and Grand Canyon | 1131.0 1133.2 1138.1 1141.1
Complete System E 1126.9 1127.9 1130.6 1 1133.0
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TABLE 5-4

FRASER RIVER AT PRINCE GEORGE

MAXIMUM WATER ELEVATIONS FOR VARIOUS RECURRENCE INTERVALS

WITH FLOOD CONTROL OPERATION OF PROJECTS INDIVIDUALLY AND IN COMBINATION

Maximum Water Elevation (feet msl)
Level of Development Average Recurrence Interval (years)
20 50 200 1000
Natural Conditions 1868.3 1869.9 1872.4 1875.5
Present Conditions 1865.5 1866.8 1868.9 1871 .4
(with Nechako and Bridge Reservoirs)
Project (s)
Hobson Lake 1865.5 1866.8 18¢8.9 1871.4
Cariboo Falls 1865.5 1866.8 1868.9 1871.4
Hemp Creek 1865.5 1866.8 1868.9 1871.4
Clearwater-Azure 1865.5 1866.8 1868.9 1871.4
Lower McGregor Non-Diversion 1862.9 1864.4 1866.4 1869.1
Lower McGregor Diversion 1861.4 1862.6 1864.4 1866.6
Lower McGregor Diversicn and Cariboo Falls|1861.4 1862.6 1864.4 1866.6
Lower McGregor Diversion and Hemp Creek 1861.4 1862.6 1864.4 1866.6
Grand Canyon 1863.0 1864.3 1866.3 1868.6
Grand Canyon and Hemp Creek 1863.0 1864.3 1866.3 1868.6
Lower McGregor Diversion,
Cariboo Falls, and Hemp Creek 1861.4 1862.6 i864.4 1866.6
Lower McGregor Diversion and Grand Canyon | 18558.6 1860.7 1862.4 1864.5
Complete System L 1859.8 1861.0 1862.8 1865.0
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TABLE 5-5

FRASER RIVER AT QUESNEL

MAXIMUM WATER ELEVATIONS FOR VARIOUS RECURRENCE INTERVALS

WITH FLOOD CONTROL OPERATION OF PROJECTS INDIVIDUALLY AND IN COMBINATION

Maximum Water Elevation (feet msl)

Level of Development Average Recurrence Interval (years)
20 50 200 1000
Natural Conditions 1547.4 1548.8 1551.2 1554.6
Present Conditioms 1545.6 1547.2 1549.6 1552.7

(with Nechako and Bridge Reservoirs)

Project{s)
Hobson Lake 1545.6 1547.2 1549.6 1552.7
Cariboo Falls 1544.3 1545.7 1547.8 1550.7
Hemp Creek 1545.6 1547.2 1549.6 1552.7
ié Clearwater-Azure 1545.6 1547.2 1549.6 1552.7
Lower McGregor Non-Diversion 1543.4 1544.8 1547.2 1550.1
Lower McGregor Diversion 1542.3 1543.7 1545.7 1548.4
Lower McGregor Diversion and Cariboo Falls} 1541.0 1542.3 1544.2 1546.7
Lower McGregor Diversion and Hemp Creek 1542.3 1543.7 1545.7 1548.4
Grand Canyon 15435.4 1544.7 1546.,7 1549.4
Grand Canyon and Hemp Creek 1543.4 1544.7 1546.7 1549.4
Lower McGregor Diversiom,
Cariboo Falls, and Hemp Creck 1541.0 1542.3 1544.2 1546.7
Lower McGregor Diversion and Grand Canyon |1540.5 1541.7 1543.5 1546.0
Complete System E 1539.4 1540.4 1542.0 1544.3
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