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ABSTRACT

A shoreline survey of Ckanagan Lake was conpleted in 1971
whi ch eval uates in social and econom c terns, danage that may
occur if the level of this |ake fluctuates outside its norna
operating range. A prelimnary survey was al so conpleted on the
consequences of high water |evels on Osoyoos Lake. This latter
survey is being extended to elevation 920 in 1972 as a result of
t he fl oodi ng which occurred around Osoyoos Lake during the 1972
spring freshet. The results of this extended survey wll be
publ i shed in an addendumto this report.

A separate report is being prepared on the engineering
aspects of the shoreline survey which will include commerci al
wharves, the floating bridge at Kel owna, and the effect of
extrene | ow water on water supply intakes around Ckanagan Lake.

O her mainstem | akes were not included in this survey as the
opportunity for water storage is insignificant conpared to that
of Okanagan Lake, and levels on these | akes are controlled
primarily for recreational purposes.



SUMVARY

The objective of this task was to survey and evaluate, in social and
econom ¢ terns, damage that night occur shoul d Ckanagan and Osoyoos Lakes
fluctuate outside their nornal operating ranges. The survey assessed potenti al
damage to several categories of devel oped shoreline |anduse, including
recreational, residential, transportational and conmmrercial uses. For Ckanagan
Lake, the nature and extent of such damage was neasured for 0.5 foot
increnents up to 2 feet above the present maxi mum el evation of 1123.8 feet and
for 0.5 foot increnents down to 3 feet below the present mininumof 1119.8
feet. For Osoyoos Lake, danage estinmates were restricted to 0.5 foot
increnents up to 2 feet above the present maxi num of 912 feet, as m ni num
el evations are effectively controlled by a natural sand bar. Al information
gathered in the inventory was neasured in appropriate econonic, social and

envi ronnent al val ues and stage-danage curves were constructed.
The main findings of the surveys were as follows:

1. Econom ¢ damage to shoreline property around Okanagan Lake resulting
fromflooding would be relatively small for the first foot above the
present nmaxi mum (I ess than $100,000.), but would rise rapidly to $600, 000.
if the |ake rose two feet. Econom ¢ damage occurring at |ake | evels three
feet bel ow present m nimum woul d al so be snmall, as | ow cost adjustnents
can be nmade to navigation wharves provided such occurrences are
i nfrequent. These econonic cost figures do not include possible danage to

t he Kel owna Fl oating Bridge.



Soci al disbenefits due to | oss of opportunities associated with
private boat docks; private property and buil di ngs, and environnental
costs due to | oss of opportunity at public recreation sites, should be
regarded as an inconveni ence during short-term fluctuations (a few
nont hs) as nmany adjustnments woul d be available. A recurrence of a
prol onged drought such as occurred in 1929-32 may produce |ong-term

costs to the tourist industry.
Exposure of shoreline around kanagan Lake at drawdowns of

up to 3 feet would be greatest around the Sunmerland, Ckanagan M ssion
and in the Vernon Arm Cenerally, exposure would be greater around
devel oped sites than in undevel oped areas, and could present a |large

envi ronnent al cost during prol onged drawdowns.

Simlar conclusions apply to potential flood damage up to 2 feet
above present maxi mum | evels for Gsoyoos Lake. Direct econonic damage
to residential and commercial properties appears to be small ($27,000),
but flooding of canpsites and sonme notels could create significant
envi ronnental and social costs plus sone | oss of potential tourist

revenues.

On the basis of a mathematical simulation of the operation of
kanagan Lake over the past 50 years of record (1921-1970), direct
annual econoni c damage to existing shoreline |anduse is estimated at
$3,110. This figure does not include possible [ong-terminpacts of

severe | ake | evel fluctuations on tourism



These damage data do not include seepage problenms associated with
hi gh water |evels. Such problens give rise to flooding in basenents
and crawl spaces causi ng damage to furnaces, septic tanks and water
systems. Al though the econonmic costs of cleanup are not |arge, seepage
probl ens can create consi derabl e personal inconvenience. None of these
probl ens was analysed in this report because of the difficulty of
identifying properties that may be affected, but will be incorporated

into this sumer's field survey.

Damage potential was relatively Iarge on Indian Reserves, parti-
cularly those in the North Arm of Okanagan Lake. Sub-division of fore-
shore for sumrer cottage devel opnents has occurred w thout any planning
or devel opnment controls (Indian Lands are outside the jurisdiction of
the Regional Districts) and because | ake | evels have not risen above
1123.5 feet in recent years, encroachnment bel ow the naxi mum | evel s has

t aken pl ace.
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PREFACE

This report presents an analysis of the socio-econonic inplications
of extrene |ake level fluctuations on Ckanagan and Gsoyoos Lakes. Ckanagan
Lake nornally fluctuates over a four foot range (1119.8 to 1123.8 feet) and
controls alnmost 75 per cent of all storage potential within the entire Okanagan
wat ershed. As the opportunity to increase this storage capacity to avoid
flooding and to supply water in drought periods is being considered in the
Ckanagan Study, it is inmportant to understand the social, econom c and
envi ronnent al consequences of such extreme fluctuations on existing shoreline
| anduse.

It should be understood that this report assumes that Okanagan Lake
will not be intentionally raised above its operating maxi num |l evel of 1123.8
feet, but will only flood during abnormally high inflow years (such as occurred
in 1972). If the alternative to raise the operating |level on a pernanent basis
was consi dered, the socio-econom ¢ anal ysis would have to be extended to
i ncl ude expropriation costs. The actual costs of the high water |evels on
Ckanagan Lake during the 1972 freshet will be estimated by field sanpling this
sunmer and presented in a later report.

Gsoyoos Lake was included in this shoreline survey because of
its flood potential in high runoff years. An understanding of the
soci o-econoni ¢ costs of such flooding will be extrenely useful in
devising an inproved operation of the entire main-stemsystem The
survey described in this report only exam ned fl ood danmage potential to
a level of 914 feet. (Canadian Geodetic), i.e. two feet above the
operating maxi num of 912 feet. In |light of the fl ooding problens on

Gsoyoos Lake in the freshet of 1972, Gsoyoos Lake will be re-surveyed



this summrer, and flood damage potential up to 918 feet (Canadian
Ceodetic) will be assessed. Furthernore, the actual danmage occurring
to private properties, recreational sites and | ost revenues as a result
of this year's flood will also be deternmined. This information will be
presented in a later report along with the up-dated costs of flooding
on Okanagan Lake.

O her main-stem | akes - Kal amal ka and Skaha were not included
in this shoreline survey as the opportunity for water storage is
i nsignificant conmpared to the potential on Okanagan Lake. Lake |evels
i n Kal amal ka and Skaha are carefully controlled by danms and are main-

tained primarily for recreational purposes.



| NTRODUCT1 ON

The | evel of Okanagan Lake normally fluctuates within a four-foot
range (1119.8 to 1123.8 feet GD.). Although |lake levels are controlled to
sone degree by a damat its outlet near Penticton, the large variability of
inflows into the watershed and the difficulty of accurately forecasting this
annual runoff indicate that fluctuations outside this four-foot range are
possible. In the event of such extrene fluctuations, some damage w |l occur
to existing | and use around the shoreline.

This report is designed to evaluate in soci o-econom ¢ val ues the
types of damage that m ght occur to shoreline | and use around bot h Ckanagan
and Osoyoos Lakes should their |evels exceed the designated maxi num and
m ni mum el evations. The report presents in sone detail the field survey
programme carried out during the sunnier of 1971 to determ ne the stage
damage curves for both | akes and is divided into four sections. The first
section discusses the objectives of the task, the evaluation approach and the
scope of the study; the second section details the techniques used in the
shoreline survey and interpretive methodol ogy; the third section presents the
main results of the survey and, finally, the fourth section discusses the

conclusions and the inplications of these results.



2-1

OBJECTI VES AND SCOPE

OBJECTI VES

The objective of this study was to survey and evaluate in
soci al and econoni c val ues, danamge that could occur shoul d Ckanagan
Lake |l evels fluctuate outside the normal four-foot range. The sane
obj ective was applied to Gsoyoos Lake though damage estinmation was
restricted to inpacts of |ake |levels exceeding the maxi num | evel of

912 feet.
SCOPE

The survey assessed potential danage to several categories
of devel oped shoreline | and use including recreational, residential
transportation and comerci al uses. For Ckanagan Lake, the nature
and extent of damage for these |l and use categories was inventoried
for 0.5 foot intervals up to 2 feet above the present nmaxi num of
1123.8 feet and for 0.5 foot increments down to 3 feet bel ow the
present mininmum of 1119.8 feet. The information gathered in the
i nventory was then neasured in appropriate social, environnental and
econom ¢ val ues and stage-damage curves were constructed. Danmage
that could not readily be nmeasured in quantitative units was

docunented in qualitative terns.

The shoreline survey around Osoyoos Lake was restricted to
assessing potential damage that could occur at 0.5 foot increnents
up to 2 feet above the recommended maxi mum el evation of 912 ft. No
survey of damage resulting fromlow | ake | evel s was undertaken as
the minimumlevel is effectively controlled by a natural sandbar. In
bot h surveys, the assunption was nade that no damage woul d occur

within the normal fluctuation range.



METHODOL OGY

The devel opnent of a nmethodol ogy i nvolved four stages. Firstly, a
nmet hod had to be designed to inventory types of shoreline danage that m ght
occur to various |and use categories and secondly, a nethodol ogy was needed to
i nterpret and anal yse these data in terns of the actual damage in economnic
ternms that mght occur. Thirdly, field survey techniques had to be devi sed
whi ch woul d provide an acceptable | evel of accuracy within the tine
constraints of conpleting both | akeshore surveys by early Septenber. Finally,
an eval uati on nethodol ogy had to be designed that was consistent with the
overal | eval uation approach presented by J. O R ordan (July, 197l). This
approach identified the three major study objectives of econom c grow h,
environnental quality and social well-being as the basis for establishing

val ues. Each of these stages will be discussed in turn.

3-1 DANMAGE | NVENTORY

Initial field checks indicated that damage coul d occur in
three general categories; direct physical danmage to property (land),
di rect physical damage to structures, and indirect damage through the
| oss of revenue to conmercial operations. As the |latter category was
encountered infrequently, inventory collection forms were designed to
acconmodate the first two categories only, the indirect damage being

col l ected by individual interviews.

The inventory formwas designed and revised after severa
field checks (see Appendix A). First of all, data had to collected to

neet the scope of the study; that is, on the
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INCREMENT

basis of 0.5 increnments up to 2.0" above 1123.8' and down to 3.0" bel ow
1119.8'. This forned the horizontal axis of the inventory matrix sheet.
Secondly, the formhad to acconmodate damage to both property and structura

devel opnents as indicated by the vertical axis of the matrix.

I nformation on property danage was determ ned by recording on the
i nventory sheet the wi dth between each 0.5 contour interval, the |length of
property frontage and a description of the property. Property was described
in tw ways; inmproved (lawn and | andscaped areas) and uni nproved (sand,
gravel and waste areas). Different types of damage could occur in each

case.

This type of information can best be shown in a diagramof a

hypot heti cal exanple (Figure I).

& &
17125.8'
HOUS E
/0’ El 11254 GARAGE (2.0’ INCREMENT )
1254° ,
no bsmt. 1125.3
10’ (1.5 INCREMENT )
1124.8'
10' Lawn (1.0 INCREMENT )
{ 124.3'
5' (0.5  INCREMENT )
Sand 1123.8'=High Water
‘—/,_\____JwAcfua/ Warer Line
'—-——-’—/
«— Boat Dock Top EI 1124.0'
Ground El.1119.0'
Property Frontage—100' .

Figure 1. Hypothetical Shoreline Property Plan




In this case, the first 0.5 foot increment (1123.8 to
1124. 3 feet) above high water would be recorded as 5.0"' wide,
100" long and as uninproved | and; the second increnment (1124.3 to

1124.8 feet) as 10.0' wi de, 100" long and inproved | and.

Recordi ng structural danage presented nore conpl ex
probl ems. Because early field reconnai ssance indicated that nost of
the structures around the shoreline were for residential purposes,
the inventory sheet was designed primarily for residential danage
estimation but could be adopted to other |and use categories. The
inventory formwas designed to record the increnent at whi ch danage
occurred to houses (foundations, basenments and main floors),
gar ages, boat docks and retaining walls. Criteria for recording
danmage included the point at which water would flood the structure
and the depth of flooding. Were there were retaining walls, no
damage to structures woul d be recorded unless the water |evel
exceeded the height of the wall. |In this case, an estinmate of
danmage to the retaining wall itself would be included on the
i nventory form Boat docks may or may not be damaged by hi gh water
| evel s, although it was considered inconvenient if the water rose
over top of the dock or if there was |ess than one foot of water at

the end of the dock.

Wth reference to the hypothetical exanple (see Figure |),
it is evident that the foundations of the house and garage woul d be
affected by the 1,5 foot increnent (1125.3 feet) and that the main
floors woul d be flooded at the 2 foot increment. Boat dock
operation would be inconvenienced if the | ake rose to 1124.3 feet
(0.5 foot increnent) or dropped below 1120.0 feet (within the nornma

operating range).



When structural damage was recorded for a property, a |l ega
description was obtained together with a reference nunber to |locate the
property in the filing systemand on aerial photos of the area. Wth
these data, information on the cost of structural damage coul d be
obt ai ned from assessnent rolls. Structural damage occurring to
properties other than residential was assessed by drawing a field

sketch and checki ng on danmage estimates with foll ow up interviews.

For eval uati on purposes, property danage was al so
classified according to | and use category and as such was recorded
on the inventory form The [and use categories chosen were as

fol | ows;

1. Residentia
Commer ci a
I ndustri al
Recreati ona

Agricultura

o ok W DN

Transportation

Land exposed at | ow water |evels was neasured at
approxi mately one-half mle increnents along the shore or at
sel ected reference points and recorded on air photos. This
informati on was transferred to naps at a |later date (see Maps 2
and 3). Two neasurenents were recorded; the distance from high
water mark (1123.8 ft.) to low water nark (1119.8 ft) and from

low water to 3.0" belowthis level (I116.8 ft.).



DAMAGE ESTI MVATI ON

The previous section outlined the nmethod of data
i nventory. The next step was to determ ne ways of measuring the
extent of this danage. Interviews were conducted with |andscape
contractors and insurance adjusters to determ ne danage estinmation
procedures. For the purpose of this task, it was assunmed that
estimates within about a 25 per cent |evel of accuracy were
appropriate. Tinme constraints did not pernit detailed tabul ations

so a uni form damage estinmation procedure was established.

Property damage was anal ysed in tw ways. Flooding of
uni nproved | and (sand, scrub) was considered an inconveni ence but
not an econom c | oss and was nmeasured in acres. Flooding of
i mproved |and (lawns, flower beds) was evaluated in dollar terms -
the cost of replacing the danage. Based on interviews with |and-
scape architects, a value of 25 cents per square foot was chosen as

average repl acement cost of inproved property.*

Assessnent of danage to structures involved a conpl ex
procedure. |If foundations only were affected and there was no
baserment then no economnmi ¢ danage was assessed, only an inconveni ence
factor. Total nunber of structures affected in this manner were
tabul ated. |If the structure had a basenent, damage coul d occur both
to the basement structure and its contents. Simlarly, at higher
| ake el evati ons, danmage could occur to nain building structures and

contents.

Informati on on cost figures was obtai ned from Keans Landscapi ng,
Penticton, B.C



In the case of structural damage, insurance adjusters
calculate this on the basis of market value of the building. The
mar ket value is determ ned fromthe assessed val ue whi ch was avail abl e
from nuni ci pal assessnent offices in Penticton, Sunmerland, Peachl and,
Kel owna and rural assessnent rolls for Vernon Assessnent District and

Kettle River Assessment District (Table 1 and Map 1).

The formula for converting assessed val ues into narket
val ues varied between Assessnent Districts. 1In some offices, the
assessed val ues were 50 per cent of market values but over all, the
range of conversion factors varied between 50 and 90 per cent. For
each area, district assessors provided the appropriate conversion
factor. The follow ng formul ae were then used to determ ne economc

damage to structures and contents:

Structural Danage

Basenent - 6% of market val ue

Mai n Fl oor - 30% of market val ue

Contents Val ue - 40% of market val ue of buil ding
Up to 6" of Water - 30% of contents val ue

Over 6" of Water - 100% of contents val ue

Basenent - average of $800 - Total Loss



TABLE 1

ASSESSMVENT DI STRI CTS AND ASSESSMENT ZONES 4

A Penti ct on
B. Sunmmer | and

1. Trout Creek

2.  Lower Summerland
C Peachl and

Kel owna
1. South Kel owna
2. North Kel owna

E. Kettle River

1. West Bench
2. North Beach
3. Naramat a

F. Vernon District

1. Cellatly
G een Bay
West bank

2

3

4. \Westside
5 Fintry

6. \Witeman

7 Gkanagan Landi ng
8. Ckanagan Centre
9. Mssion

G OGsoyoos Lake

Assessnent data for the sumer cottages built on the Indian
Reserve at the north end of Okanagan Lake were generally not avail able.
Only a smal | percentage had ever been assessed and, in all cases, there
was no |egal description for the properties. This probl emwas overcone
by talking to the assessor of
These subdi vi sions provided the basis of filing and retrieving data.
Final calculations were first of all made by assessment zones, next by

assessment areas, and finally, totals were derived for each | ake and each
| and use category (see Appendi x B and C)



the Vernon District and checking the assessnment files of these
properties that had been assessed. In nost cases, the buildings
were no nore than shacks which were used a few weekends each

sumer. Three types of structures were identified and an average

val ue attached to each: Type | - a shack with a val ue of $800;
Type Il - a cabin, but well constructed with a value of $1, 500;
and Type IlIl - a small permanent honme with a value of $6,000. Based

on a qualitative judgenent, the structure was placed in one of the
categories and recorded on the inventory form These figures were

then used as market values for damage estination

An average garage (or boat house) was val ued at $2, 000
and approxi mately $350 damage woul d occur if the water |evels
exceeded the height of foundation walls. Boat docks woul d not
recei ve any econom ¢ danage, but the owner woul d be inconveni enced
if he could not use his dock. In this case, the total nunber of
docks affected at each increment was recorded. Danage to public

boat ranps was recorded in a simlar nmanner.

Ret ai ning wall s coul d be damaged due to wave action and
ground swelling. It was assunmed that this would occur if the water
overtopped the wall. Under these circunstances, the total |ength
of the wall was recorded and a replacenent cost of $7/ft. was
estimated (assunming an average wall is 8 inches thick and two feet

hi gh) .

Speci al problens for determn ning econonic damage to
rail way docks, the bridge at Kel owna and the lunber nill at Kel owna

were encountered. The B.C. Water Investigations Branch requested



damage i nfornmation on these structures. No infornmation was avail -
able fromthe Kel owna Lunber MIIl and the B.C. Departnent of

H ghways i ndi cated that danage estimates of |ow water levels to
Kel owna Bridge woul d require detailed studies. Thus, the economc
damage data presented in the next section do not include data on
these structures. Additional information on the CP.R and C.N.R
operations were obtained by Dr. J. 0'Riordan in Septenber (see
letter in Appendi x D), and these damage data were i ncorporated

into the econoni ¢ damage cal cul ati ons.

There could be potential |oss of revenue to conmercia
operations (narinas and canpgrounds) in the event of extrene |ake
| evel fluctuations. Marinas could |ose revenue through the sale
of gas and the rental of dock space at both high and | ow wat er
levels. Interviews were carried out at each | ocati on where danage
occurred to deternmine total |oss of gas sal es per season and the
rental charge/nmonth for docks. The field survey determined the
i ncrenent where it would be inpossible to use the gas punps or
rent nooring space. Canpgrounds would | ose revenue if sone of
their sites were flooded. The field survey indicated the nunber
of sites flooded at each increnent and the interview determ ned
the charge per day and the period of operation. The charge

mul tiplied by the nunber of days gave a seasonal |oss figure,

which is a maximumestimate as it is assuned that canpsites woul d

be occupied if no flooding occurred.y

¥ These assunptions may be revised as a result of investigating the
consequences of the 1972 fl ood on OGsoyoos Lake. |t appears that sone
tourists cancell ed booki ngs for July and August when they heard of

fl oodi ng problens on Osoyoos Lake in June. |f these tourists do not
cone to the Ckanagan at all, their potential expenditures should be
accounted as costs to flooding.
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SURVEY TECHNI QUES

Fiel d survey techniques for both on-shore and off-shore
areas had to be devised to provide an acceptable | evel of
accuracy within the specified time constraints. Follow ng a
peri od of experimentation, the field survey nethods described
bel ow were determ ned with the co-operation of a surveyor from

the B.C. Water Resources Service.

On-shore surveying involved the determination of 0,5
contours up to two feet above high water mark of 1123.8'. The
| ake | evel was checked daily and used as a datum point for the
survey. The survey nethod invol ved using a hand |level rod and
paci ng to determ ne contours and distances. Property wi dths were
determ ned from property plans where available. The field survey
i nvol ved 3 people; one to operate the hand |level, one as rod nan
and for pacing, and one for conpleting the inventory forms,

i ncl udi ng sket chi ng where necessary.

O f-shore surveying was required to determ ne the anount
of land exposed at |ow water |evels and point out which boat
docks becane i noperable. The depth of water off the end of a
dock was determ ned by rod soundings. D stances of |and exposed
were found by using a boat and rod sounding (using the | ake | evel
as datun) to determine [ow water |evel (1119.8') and 3.0" bel ow
this level (1116.8'). At each of these points, a range finder
was used to determine the distance fromshore. Only the two
points were |located as the slope of beach was found to be
constant in nost cases and because it was difficult to obtain
accurate soundings at 0.5 foot increments. This information was
recorded on air photos and later transferred onto a nap (see Map

2).



3-4 EVALUATI ON PROCEDURES

Final cal cul ati ons of shoreline danage were neasured in ternms of
the multiple objectives of econonmic growh, environmental quality and
soci al well-being. Damage under the economic growth objective was accounted
in dollar terns and any inpact that could properly be assessed in dollars
was included in this category. Damage occurring under the environnmental and
soci al objectives were accounted in quantitative but non-nonetary units on
the followi ng basis. Any inmpact on the recreational and aesthetic qualities
of the shoreline that were affecting the public at |arge rather than the
i ndi vi dual property owners were accounted under the environmenta
objective. If the results of this sumrer's work on the inpacts of high
water levels on recreation indicate that tourists do in fact avoid the
vall ey, their potential expenditures foregone will be included in the
econom ¢ objective. Any effects on the | oss of opportunities by private
property owners due to fluctuating |ake | evels were accounted under the
soci al well-being objective. On this basis, final calculations resulted in

danmage being included in the foll ow ng categories.

A. Environnenta

1. Nunmber of public boat ranps inconvenienced.
2. Area of public recreation sites flooded.
3. Distance exposed at | ow water
B. Soci al
1. Area of private property fl ooded (inproved and uni nproved),
2. Number of private boat docks inconveni enced.
3. Nunmber of buil dings affected.
C. Economi c
1. Potential direct damage to property and structures.

2. Potential |oss of revenue.
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Damage accounted for under the environmental and soci al
obj ectives were primarily inconvenience factors in which society at
| arge or individual property owners would suffer a |loss of opportunity
in the use of certain facilities. Care was taken in final calculations
to avoid the possibility of double counting. However, in sonme cases it
was felt that two distinct types of damage could occur fromthe sane
data base. For exanple, the flooding of private property has an
i nconveni ence factor but, if one property owner has | andscaped part of
his property, then he would incur an additional economnm c damage

associ ated with repl acenment costs.

LI M TATI ONS AND ASSUMPTI ONS

The actual estimates of danage presented in this prelimnary
report should be treated with sone care, as they depend on a nunber of
assunptions. First, it is assuned that under flooding conditions, no
precautions will be undertaken by shoreline residents to protect their
property. In the case of the Gsoyoos flood during June, 1972, nany
property owners placed sandbags around their property, thus
consi derably reducing structural damage. Furthernore, additiona
precautions such as renoving furniture to higher levels in the house,
or in some cases evacuating the house conpletely would reduce danage
to contents. Second, the econonic and social costs of these energency
actions were al so not accounted, though presumably they are | ess than
the reduction in flood damage otherw se they would not be undertaken
The re-survey of Osoyoos Lake this sunmer will assess the costs of al

energency and protective neasures.



Third, the recreational costs were sinply based on
potential |oss of revenue during the actual flood period. |If
tourists go el sewhere in the Ckanagan valley, there is no net
economic loss to the valley as a whole. But if tourists decide to
avoid the valley conpletely on account of either high or |ow | ake
levels, then their total potential expenditures plus the nultiplier
i mpacts of these expenditures within the Okanagan econony should be
accounted as a cost. During the survey of 1971, no data were
avail able to assess the total recreational inmpacts, but this sumer,
t he soci o-economic group will attenpt to determine in nore detail the
recreational inpacts of high water on Okanagan and Osoyoos Lakes.
Fourthly, loss of revenue was based on an estinmate of the nunber of
units (canpsite or notel) flooded. Experience fromthe 1972 QOsoyoos
Lake fl ooding indicated that this assunption nmay have to be revised
to account for other factors such as |oss of access to an entire
canpsite or seepage into sewage systems which creates a health

hazard.

This report only covers indentifiable danage and thus omts
certain aspects of potential inconvenience. For exanple, seepage
i nto basenents, craw -spaces and septic tanks will undoubtedly occur
with high | ake levels, but actually properties that could be affected
were difficult to identify in a field survey. Econonic costs wll
likely be small, but social inconvenience could be significant and
attenpts will be nade this sumer to assess the consequences of such
damage. Costs of adjustments to the Kel owna Fl oating Bridge al so
have not been included in this report. |In June, 1972, water was

punped into



tanks on the bridge which enabled it to operate successfully at Okanagan

| ake |l evels of 1124.5 feet.

Finally, all danage was based on calmwater levels. Additiona
danmage could result fromwave action during storms, but as the extent of
such damage woul d be al nost inpossible to assess froma field survey, it

has been onmitted fromthis report.
RESULTS

Tabul ati ons for each | anduse category for Ckanagan and Osoyoos
Lakes can be found in Appendix B & C at the end of this report. These
tabul ati ons were interpreted according to the eval uation procedures
described in the previous section. The results are shown both in tabul ar
formand graphically in the form of stage-damage curves (incremental and

cunul ative) for each category.

4-1 OKANAGAN LAKE

The results for Ckanagan Lake include danage that will occur

at both high and | ow water |evels.

4-1.1 Environnental Danmge

In terms of public boat docks affected (see Table 2 and Fi gures
2 and 3), there appears to be a linear relationship between the
nunber of ranps affected and the water |evel at both high and | ow

areas. The mmjor inconveni ence would occur during the period March
to Novenber.

A simlar linear relationship between water depths and damage
is evident for areas of public recreation sites flooded (Table 3 and
Figures 4 and 5) due to the regular slope of the foreshore. Mst of
the recreational sites are sandy beaches (see tabul ation sheet for
recreation areas in Appendix B) and, as the beaches at Penticton and
Kel owna are al ready crowded during July and August, if the |ake were
to exceed the naxi mumrange during these nonths, recreation val ues

could be significantly reduced.



TABLE 2

PUBLI C BOAT RAMPS | NCONVENI ENCED ( OKANAGAN LAKE)

(i) Cumulative

Increment
High

1.5' - 2.0°
1.0' -~ 1.5°*
0.5' - 1.0°
0.0' - 0.5°
4' Fluctuation
0.0' - 0.5
0.5' - 1.0*
1.0' - 1.5°"
1.5' - 2.0
2.0'" - 2,57
2.5'" - 3.0
Low

TABLE 3

(1ii) Incremental

O OWMOOL OW Funw F?

AREA OF PUBLI C RECREATI ON SI TES FLOODED ( OKANAGAN LAKE)

(1) Cumulative

Increment
0.0 - 0.5°"
0.5 - 1.0
1.0' - 1.5!

1.5' - 2.0'

(ii) Incremental

Sq. Ft. Acres Sq. Ft.
299,910 6.885 299,910
623,555 14.315 323,645
923,470 21.199 309,915
1,271,990 29.201 348,520

Acres
6.885
7.430
6.884
8,002
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4-1.

2

Survey nethods showed a |inear relationship between water
| evel s and exposure of shoreline (Figure 6). The data gathered in
the survey are nore rel evant when associated with specific | ocations
than for the | ake as a whole. Therefore the graph shows the
rel ationship using arbitrary units of distance, while Maps 2 and 3
i ndicate the spatial distribution of various categories of exposed

shorel i ne.

If water |evels drop below the |ow water mark (1119.8') the
| ake bottomwi Il be exposed which, in many areas, consists of nud and
weeds. The negative aesthetic val ue associated with the exposed
areas could have detrinental effects on the community and upon the
tourismindustry, especially if these | ake I evels occurred during the

sumer nont hs.

Exposures of less than 100 feet between 1119.8 feet and
1116.8 feet were generally restricted to undevel oped sections of
the shoreline. For the nore devel oped sections, especially south
of Kel owna at Okanagan M ssion and in the North Arm exposures of
500 and even 1000 feet were indicated when | ake | evels reached
1116.8 feet. Because of their association with devel oped areas,
shoreline exposures would likely represent a significant 'cost

wi thin the environnental val ue objective.

Soci al Damage

The area of private property inundated again displays a
linear relationship which is due to the regul ar topography of the
shoreline (Table 4, Figures 7 and 8). The acreage is relatively large
as many dwel |l ers have property lines extending to the high water mark

(1123.8 feet).
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TABLE 4

AREA OF PRI VATE PROPERTY FLOODED (I MP. & UNIMP.) OKANAGAN LAKE

(1) Cumulative é (i1) Incremental
Increment Sq._Ft. Acres 3 Sa._ Ft. Acres
0.0' - 005. 1’055,294 2“»226 } 1,055’291“‘ 2“0226
0.5' - 1.0° 2,079,723  47.774 | 1,024,429 23.548

1.,0' - 1.5° 3,226,413 74.068 1,146,690 26.294
1.5 - 2.0" 4,439,925 101,927 1,213,512 27.859

During the field survey, it was obvious that a | arge nunber
of private boat docks would be inoperable within the present
fluctuation range (Figures 9 & 10) Because the graph coul d not be
constructed on the assunption that no damage woul d occur within the
normal fluctuation range, it was adjusted according to the follow ng
assunptions. Low water |evels have occurred historically during the
winter and in early spring before there is nuch use of boat docks but,
by June, the level is usually within two feet of the maxi mum (1123.8
feet). People appear to have adjusted to the rhythm of |ake |eve
fluctuations and tend to build to high water | evels rather than | ow
water levels. The field survey indicated that there was about a 2-
foot range (1123.0 to 1121.0 feet) within which all docks woul d
operate effectively. The projections shown are a qualitative

assessment of what would occur within the fluctuation range.

The informati on presented does not indicate that people wll
be unable to use their boats but rather that they will suffer

i nconveni ences in doing so.
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NO.

TABLE 5

BOAT DOCKS | NCONVENI ENCED ( OKANAGAN LAKE)

(i) Cumulative
Increment No,.
High
1.5 - 2.0°¢ 635
1.0* - 1.5° 495
0.5' - 1.0 35
0.0' - 0.5" 228
4* Fluctuation 473
0.0' - 0.5 577
0.5' - 1.0* 627 |
1.0' - 1.5° 711
1.5 - 2.0° 804
2.0' - 2.5° 859
2.5" - 3.0" 891 |
Low ‘ ;
TABLE 6

{(i1) Incremental

No.

140
139
128
143
473
147

93
55
32

OF BU LDI NGS AFFECTED - HOUSES, MOTELS, GARAGES, ETC

( OKANAGAN LAKE)

(1) Cumlative

Increment lo.
0.0' - 0.5° ' 79
0.5' - 1.0° 160
1.0 - 1.5° 247
1.5 - 2.0° 393

(ii) Incremental

No.
79
81

87 .
146

Tabl e 6 shows the relationship between the nunber of buil dings

affected at various high water levels. Again, a linear relationshipis

indicated up to 1.5 feet above nmaxi mum | eve

becones exponenti al

i nconveni ence

at which point the relationship

There woul d obvi ously be consi derabl e amount of



above present high water.
clearly how residents fee

hi gh water.

to | akeshore dwellers if the | ake | eve
The curve (Figure 11 and 12) shows quite

safe at devel oping property close to the

TABLE 7

was to rise nore than a foot

POTENTI AL DI RECT DAMAGE ( OKANAGAN LAKE)

(i) Cumulative (i1) Incremental
Increment Damage Damage
0.0' - 0.5' $ 38,732.75 $ 38,732.75
0.5' - 1,0°* 99,265.25 60,532.50
1.0 - 1.5° 229,804.50 130,539.25
1.5 - 2,0° 575,286.50 345,482.00
4" Fluctuation

0.0' - 0.5" 4,000.00 4,000.,00
0.5' - 1.0" 4,000,000 0
1.0* - 1.5 6,000.00 6,000.00
l.5' - 2.0° 6,000.00 0
2,0' - 2.5¢ 6,000,00 0
2.5' - 3.0 6,000.00 0

4-1. 3 Econoni ¢ _Dannge

Previ ous stage-danmage curves for the social and environnental value
functions have tended to be linear in form In the case of econonic
damage to property and structures (Table 7 and Figures 13-15), the
st age- damage curve is exponential, a relatively small anmount of fl ood
damage (| ess than $100,000) occurring at |evels below 1124.8 feet but
rising rapidly to $600,000 at 1125.8 feet.

The main reason for the exponential curve in the econonm c val ue
function is that nmost property owners have not inproved their |and bel ow

1124.3 feet (6 inches above nmaxi num | ake |evels) and,



FIGURE |/

1T

ol
i

INCREMENTS IN FEET

ecti

40
350
30

o
]
Q 2 w

SONIGTINE JO ON

100
50|
0



FI GURE 12

T T T T T T J. 1 T T T T T T s T T TIT T
3 T T 1. 1 1 T T L B
g2 t : ! I ; f : ! e i HH R T P “
i 1 t T T T 1 T T 1 t T 1 T ¥ T 1 T
T 1 T : t T - T+ T t HHT ; T
H t 1 T T T t T T
IREEE 4 1 il iy o T v 1 L T T Tt
t agd Lf : SaEEeszmnE
N W 1 T
Enadd 3a; FEOs 1 ESaRuBanEEah
T 3 ST e 3
1 mEiRefugdpgas
T T ]
i : b T + T Tt
T T t + + T e T | T T
T I b t
~+ t P + 4+ ¥
1 4 T
. ! - T SR T T T T H
L T T
T +
b . 1
T T it +
dessuRBeun: T t T
) nas t T T
T E T EH TR T T 1 it
T : } L R 1 P
L 7 1 b ! 1 T Ty an
T T T 1 T ¥
T .N_ 1 T ¥ T +
T Hy I
1
T
HE O i ety I
» 1 i Hm e
T a1 T I
+ t +
I 18 %) I T
o t o HT i r T
{ T T 1 ;
i i 1 i
au! t
H T : +
'
) = I o
b y + i
uaa ey o 1t b
SEsepashs: s = L : H w
! ™ ; : HH
1 1 1]
il 3 aan . HHT a H
+ o + T
T ia 5 + -
t 4
1 ERES T
o
- : FHEH
1] 1 ; t
]
» e T [ =33 T } + t 1
$ i T a: i jana, ﬂ + i I
i
+ + 1
T T
H T " BEApsus H
i T 3 !
1 1
T T
T . -
T s =g i T § -
it T {HA+H T H
y ¥ 1 I H il
: H tt =t}
T ine ; 1% t
: , adunni t 1
EinEeyRasas Ty
T
F ke gRuwns nddni = -]
1T LTy
) : ;
! 1 1
1T I 3n e : i T T
NumE N M- ans i
I, W T 1 T 1 1) 1N ! T
1 T 1 T i t
1 1 1 t-4
e 1 = ] +
1 + I8 T
T T T T
\», T 1 +
I t T
+ 1 1 B3 1 f 1
1 . 1 + i
. e
i spa
T
T
. 1
+
T . :
T ¥
1 ; 1
« ¥ Wr— 7 T 1)
T I T a3 +
+ f
T T T
; !
T 1
t na T T T
T ] i
1 t i t
i 1 ~1
!
T T
T
: +
T |
T 1
T
T T
T
1 1
T
] B t
t

50
90

0 O 0 O 0
<) m 7] "2} < 2]

SIONIGTINE HO ON

140
130
120
1O FHHR
100

IN FEET

INCREMENTS

20
o]



RENERN

b 1

TR

i

1T

It
TITT

3T

H

1

£

s

T
1

F

600

550

500

450

(o] (o]
] " 3

(§ 40 5,000/) F39vwWVa OIWONOI3F

250

20

]

10

obi

1.5 2.0
IN FEET

1.0

0.5
INCREMENTS

0.0

FIGURE 13

- 35 -



| o
|
 |[FwRRw
¥
) i
|
i
|

8000 4

7000

8
o

5000

:

ECONOMIC DAMAGE IN §

300

2000

1000

b
HH

INCREMENTS IN FEET

FI GURE 14



T + t T 1 + ; THH
1 i T r T T T T I | T inn
T + T I 1 1 T e T 1 RS
3 =i ' ;
T
T
t
i H T H
F *
:
i T
- T
T H T o T =
] i 1
EREEE P
mman
= T
1 1 T
T
1 T
it 1
+ ;
H ' !
1 ! -
i = I
i T T
T
1 T
1
1
t =
T Tt + s
1 t
+ I
t n T
11 T T
T
T
S\
ol
- £ N1
b
1« 1 L
1 T H
1 T
T t
T
: : :
= } T I
+ T
1 1 i + 1
t T - i :
T
1 T 1 ! I
T t ;
,;, T T +
e 1 1 T T m
T T : |
1 ml 1 L) 1
T 1 1 1 + L
1 + = + ;
! ! ; T
T
i H 1 T
. I
s I o
A m T HT
! Frr
L 1
7
1 FE
s
I
t
T
1
T
an
:
1
! ]
»
o H
1
:
1
T
T
o+ e ;
1 T
+H T T t
H _
L L i

300

(s

(o]
(=}

s s,000/) 39VWYA 2IWONOIT

200

O’J

INCREMENTS IN FEET

FI GURE 15



al t hough such fl oodi ng woul d be an inconvenience, it would not give
rise to large econonic | osses. Because there are nunerous inproved
property and structural devel opnents above 1124.8 feet (one foot above
maxi num), potential flood danage at these el evations increases

significantly.

Because railway barge traffic is gradually disappearing from
kanagan Lake, the economic inplications of both high and | ow I ake
| evel s on such resources would be mnimal (see Fig. 14) On May 31
1972 C.P.R ceased its |lake barge traffic so only C. N R operates on
the | ake, and the Company can adjust its tracks wi th shins whenever
the | ake fluctuates outside the nornal four-foot range. Costs of

shimmng are estimated at $1, 000 per dock per season and because

of lowtraffic volunmes at Westbank, Peachland and Naramata only the

. . /
docks at Penticton and Kel owna woul d be adjusted.é In the event of

a prol onged drawdown, the shinms would remain in the tracks all the
time, thus reducing operational costs. Thus, no |arge-scale
structural changes to warfing facilities have been considered, (see
Appendi x D). As barge traffic appears to be an econonically marginal
enterprise, alternative transportation by truck during extrenely | ow

drawdown woul d not appear to be a large additional cost.

The nost inportant potential cost of |ow water |evels on Ckanagan
Lake invol ves possible structural adjustnents to the Kel owna Fl oating
Bridge. It is understood that the bridge is presently designed to
wi thstand | ake I evels down to 1118.8 feet, but that detailed analysis
woul d be required to estimate the extent of possible structura
alterations which would enable the bridge to withstand | ake |evels

down to 1117.0 feet.

I . . .
4 Fi gure 14 which shows costs of short-term adjustnents to railway
warfs shoul d be reduced so that total costs are $2, 000.



Extrenme | ake I evel fluctuations also result in econonmc costs to
certain comrercial operations due to potential |oss of revenue. Sone
comrercial marinas will not operate effectively at extrenely high and | ow
wat er | evel s and, consequently, potential |oss of revenue fromrentals
and gas sales is quite sensitive to such |ake | evel fluctuations (Table 8
and Figures 16-20). Actual gas sales foregone will likely be sinmlar to
potential |osses, but actual rental losses will likely be small because

stalls are usually rented before freshet occurs.

Few canpsites are devel oped bel ow 1124.8 feet but, if |ake levels
rise above this elevation, there will be a considerable potential revenue
| o0ss. Because the few canpgrounds are crowded in early sumer (when
maxi mum fl ood probabilities occur), the actual |oss of revenue may be
significantly less than the potential as canpers could easily nove to dry
sites. As nmentioned earlier, studies this sumer should inprove the
accuracy of econonmic costs to tourismassociated with high water |evels.

4-1.4 Annual Danmmge

During the sumrer of 1971, a prelimnary evaluation of a nunber
of alternative ways of operating the main-stem system was undertaken
Included in this evaluation procedure was the existing or "null"
operation procedure. A mathenatical nodel for sinulating |ake |eve

fluctuations over the 50 years of record (1921-1970) was devel oped at the

. . L . / .
University of British Col unbia 2 and t he number of occasi ons when the

| ake woul d have fluctuated beyond its nornmal four-foot operating range

wer e not ed.

Russell, S.O and McNeill, K Y. "Qutput fromU B.C Mathematical Mbdel
of the Operation of the Miin-Stem Ckanagan River", University of
British Colunbia, July 1971.
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TABLE 8

POTENTI AL LOSS OF REVENUE ( OKANAGAN LAKE)

(i) Curulative (ii) Incremental
Increment Gas Sales Campgrounds  Boat Dock Rental Gas Sales Campgrounds  Boat Dock Rental
High (Loss/Season) (Loss/Season) (Per Month) (Loss/Season) (loss/Season) (Per Month)
1.5 - 2,0 $24,800 $25,460 $ 590 $ 0 $ 8,740 $ 115
1.0 - 1.5° 24,800 16,720 L7s 0 15,580 75
0.5 - 1.0" 24,800 1,140 400 10,000 1,140 0
0.0' - 0.5° 14,800 0 400 14,800 0 1400
4' Fluectuation 0 0 0 0 0 0
0.,0' - 0.5¢ 4,800 0 £85 : 4,800 0 €85
0.5' - 1.0 4,800 0 740 i 0 0 55
1.0' - 1.5" 4,800 0 775 0 0 35
1.5' - 2.0 16,800 C 1,010 12,000 0 235
2.0 - 2.5° 26,800 0 1,090 10,000 0 80
2.5 - 3,0 26,800 0 1,135 0 0 s



This mat hemati cal nodel assumed that the present (1970) water consunptive

needs on the nain-stem systemwould be net for each year of record.

The results of this mathematical sinulation are shown in Table 9,

whi ch presents the percentage of occasions that Okanagan Lake woul d

fluctuate outside its normal operating range. |In fact, flooding would

. 6/ . .
have occurred on two occasions while low |l evel s woul d basically be

restricted to the sinulation of the 1930-33 drought, when the |ake |evels
woul d remai n bel ow t he m ni mum operating range for 30 nonths. Because of
the inmportance of this drought, its inplications are discussed in nore

detail in Appendix K

~  This nodel assumed that Ckanagan Lake could be drawn down below its
m ni mum operating | evel of 1119.8 feet during high runoff years to
accommodat e the freshet. This assunption may be revised in |ater
runs of the nodel and the inplications on flood damage assessed.



Hange in Feet

TABLE 9

PERCENTAGE OF OCCASI ONS WHEN OKANAGAN LAKE WOULD FLUCTUATE I N THE RANGE | NDI CATED-

SI MULATED OPERATI ON OF THE LAKE FROM 1921-1970

Corments dJ. F M A M J J A S 0 N

o

1116.8-1119.8
1119.8-1123.8

1123 3 8“112“‘. 8

Eelow 8.0 8.0 10,2 14,4 4.0 2,0 2.0 6.0 6.0 8.0 8.0 &.C
Normal 92.0 92.0 689.8 85.6 94.8 94.6 97.6 94.0 940 92.0 92.0 92.0

Above 0,0 0,0 0,0 0.0 1.2 3.4 C.4 0.0 0.0 0.0 0.0 0.0

Yeoar
7.0
92.0

0.4



Table 9 indicates the relatively small proportion of occasions
when Ckanagan Lake woul d have fluctuated beyond its present range.
Consequently, total socio-econon c damage when averaged over the 50 year
period is considered to be small. Actual annual, damage estinmates were
made by interpolating costs of each occurrence of extrene |ake |eve
fluctuati on agai nst the stage-danage curves for each sel ected | anduse

category discussed earlier in the paper

In the case of the | anduse types accounted under the
envi ronnental and soci al goals, damage was estimated in unit-days which
represented the total opportunity lost in days during the period of

extreme high or low water levels. Thus, if 10 private boat docks were

rendered i noperable by high water for two months (60 days), a total of 600

boat - dock- days woul d be |l ost. To account for seasonal variations in use
(for exanple, boat docks are mminly used during the sumer nonths), each
soci al and environnmental |anduse category was adjusted by a nonthly

wei ghting factor (Table 10).

The total damage in dollars (econom c objective) and unit-days
(soci al and environmental objectives) for all extreme events in the 50
years of record was sunmmed and the total divided by 50 to obtain annua

danmage values (Table I1). Although the total damage woul d be relatively

| arge, because such extreme events occur so infrequently, the annua

damage is considerably reduced in size and inpact.

For a nore detail ed discussion of the inpact of a prelininary selection

of alternatives on shoreline | anduse see O R ordan J. "Prelimnary
Eval uati on of Shoreline Danage Around Ckanagan Lake", Water Managenent
Servi ce, Departnent of the Environnment, Vancouver, B.C



Public Boat
Access Ramps

Private Boat
Docks

Public
Recreation
Beaches

Marinas

Campgrounds

MONTHLY WEI GHTI NGS | N DAYS FOR SHORELI NE DANVAGE

TABLE 10

(Maxi mum 31)

Jan. Feb. Mar. Apr.

0 o - 5 10
0 0 5 10
0 0 0 0
0 0 0 0
0 0 0 0

May June July Aug. Sept. Oct. Nov. Dec.
15 25 31 31 20 10 5 0
15 25 31 31 20 10 5 0

5 15 31 31 10 0 0 0
20 30 31 31 20 10 0 0
10 20 31 31 10 0 0 0



TABLE 11

TOTAL AND ANNUAL DAVMAGES FOR SELECTED LANDUSE CATEGORI ES AROCUND OKANAGAN

LAKE FOR SI MULATED OPERATI ON 1921-1970

Total Damage Annual Damage
Economic Costs
Property Damage (%) 117,000 2,340
Loss of Revenue 38,750 775
Total Economic Costs 155,750 3,115
Environmental Costs
Public Boat Ramps(Ramp days) 3,920 78.L
Public Recreation Sites(Acre days) 345 6.9
Land kxposed(Area days) 42,165 843.3
Social Costs
Private Property Flooded(Acre days) 2,6L2 5248
Private Structures Flooded(sStructure days) 8,540 170.8
Private Boat Docks(Boat dock days) 253,430 5068,6

In Iight of a reassessnment of assunptions in damage eval uation

procedures (see section 3.2.1), sone of the Figures in Table 11 may be

revised. It appears that econom c danage to property and structures coul d

be over-estimated as emergency protective nmeasures would |ikely be under-

taken. Sinmilarly, total

boat - dock days is represented as a maxi num figure,

as fewresidents use their boats every day during the sunmer. The costs of

fluctuating | ake levels to the tourist industry nay be underesti mated and

i mproved figures will be available after this sumer's field work.



