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SUMMARY 

Objective 

The object ive o f  th is   s tudy  i s   t o  determine  the economic bene f i t s   t o  
Canada of .   rep lac ing  Zosel  Dam. The 'major o e n e f i t  t o  Canada and 

a r i t i s h  Columbia o f  replacing Zosel Dam i s  increased  security  against 

dam fa i lure.  which  would r e s u l t  i n  a drop i n  summer lake   leve ls  , i n  

Osoyoos Lake. 

The study' does n o t  examine the quest ion  o f   responsib i l i ty   for   losses 

tha t  would  occur-"because o f  the lower  lake  levels  nor does i t  examine 

the   bene f i t s   o f  a new s t r u c t u r e   t o  the United  States. The analysis 

o f   the  benef i ts  i s  kept  separate from the  question  of l i a b i l i t y  Of  

damages i n  the  event o f  the  present dam fa i l i ng .  

Proposed Replacement Structu.re 
The proposed st ructure i s  i n  the concept phase and the f i n a l  design 

and cost  est imates  are  not  avai lable. It will be located on the 

Okanogan River  near  the  present  Zosel Dam. 

Basic Assumptions 

If Zosel Dam f a i l s ,   l a k e   l e v e l s  will drop t o  908 f ee t   no r th   o f  Haynes 

Point and 906 f e e t  south o f  Haynes Point. ' This compares t o  the usual. 

summer e levat ion of approximately  911  feet. 

Economic l i f e   o f  a replacement dam i s  40 years. 

Discount  rate i s  10%. 

Demands f o r  water based recreat ion  are  increas ing  a t  an  uncompounded 

r a t e   o f  1.78% per  year. 

Resul ts   o f  Study 

The bene f i t s   t o  Canada or B r i t i s h  Columbia o f  a .replacement s t ruc tu re  

vary  according t o  the r i s k   o f   f a i l u r e   o f  Zosel Dam. Tnerefore, the 

benef i t s  were ca lcu lated  for  a number of r i s k  scenarios, where each 
scenario showed p r o b a b i l i t i e s  o f  dam f a i l u r e  over  the  next 10 years. 

Table '1 shows the bene f i t s   f o r  each r i s k  scenario. 
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TABLE 1 

Benefi ts  for  Different  Risk  Scenarios 

Risk 
Scenarios  Probabil i ty o f  Fai lure  Benef i ts  

Year  Year  Year  Year  Year  Year  Year  Year  Year  Year 
. .  ' 1 .  2 3 4 5 . 6  7  8  9 10 
""""" 

Scenario 
': ' . A 
: Scenario 

. , .  B 
Scenario 

c 
Scenario 

D 
Scenario 

E 
Scenario 

F 
Scenario 

G 
Scenario 

H 
Scenario 

I 
Scenario 

J 

1.0 

.9 

; '  - 8  

.7 

.6 

.5 

.4 

. 3  

.2 

.1 

-0 0 , o  0 0 0 0 0 0 

.1 0' 0 0 0 .  0 0 0 0 .  

.1 .1 0 0 0 0 0 0 .  0 

01 .1 .1 0 0 0 0 0 0 

-1 .1  .1 .1 0 0 0 .  0 0 

.1 .1 .1 .l. .1 0 0 0 0 

.1 .1 .1 . .1 .1 .1 0 0 ' 0  

.1 .1 .1 .1 .I .1 .1 0 0 

.1 .1 .1 .1 .1 .1 .1 .1 0 

.1 .1 .1 .1 .1 .1 .1 .1 .1 

. .  

$2', 029,000 

2,012,000 

1,980,000 

1,933,000 

1,874,000 

, 1,802 ,'OOO 

1,720,000 

1,627,000 . 

1,086,000 

543,000 

E. ' Conclusions 

A t  h i g h   r i s k s  o f  f a i l u r e ,   t h e   b e n e f i t s   t o  Canada or B r i t i s h  Columbia 
are in. the  order   o f  $2 m i l l i on .  However, the  benef i ts  are much lower 

a t  l ow   l eve l s   o f   r i sk .   Th i s   po in ts   ou t   t he  need t o   a r r i v e   a t  an 

acceptable  estimate  of  the  risks o f  Zosel Dam fa i l i ng   be fo re  any 

Canadian funds  are  committed  towards i t s  replacement. 

The benef i t s  were determined  using  a  data base tha t  was  weak i n  some 

areas.  Further f i e l d  surveys and consul tat ion with the  Province  of 

B r , i t i s h  Columbia and State  of Washington  would l i k e l y   r e s u l t  i n  a 

bet ter   data base  and more accurate  analysis  of   the  benef i ts.  
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. In t roduct ion 

Zosel Dam i s  located on the Okanogan River i n  the .State o f  Washington 

(Figure 1). Despite some seepage problems, the s t ructure is used t o  

maintain the l e v e l   o f  Osoyoos  Lake dur ing the summer, f a l l  and winter. 

However, i t  i s  now i n  a deter iorated  condi t ion and i s  no longer  able 
to   ma in ta in   l ake   l eve l s   w i thou t   r i sk   o f   f a i l u re .  . .  

Both B r i t i s h  Columbia and the S ta te   o f  Washington are concerned with 

the  p o s s i b i l i t y   o f   t h e  dam f a i l i n g .  A t  the request   o f  the S ta te   o f  

Washington,. .the  United  States Army Corps . o f  Engineers examined the 

s t ruc tu re  . ' " in.. 1978 and ' concluded t h a t  i t  was overstressed  at  normal 

..summer lake  el-evations.  Repairs t o  ensure the i n t e g r i t y   o f   t h e  dam 

were . .  done i n  1978 but were regarded as  temporary. A t  the 

In te rna t iona l  Joint Commission (IJC) publ ic  hear ing i n  December 1981, 

several groups  expressed  concern with the unsound .condi t ion-  of the 
dam,,,' and the -0soyoos Lake Board o f  Control recommended that  it be 
replaced within three  years. 

If . .  the' dam f a i l e d  and emergency measures were not taken, summer lake 

l e v e l s .  on  Osoyoos Lake wo'uld drop by a t   l e a s t  th ree  feet.. At these 

lake  levels,. most ,domestic and a g r i c u l t u r a l  water intakes would  be 

' inoperable.  Boat  launches would, for   the most part ,  be unusable and 

. s ign i f i can t   boa t ing   ac t i v i t y  on the   lake  would be los t .   Subs tan t ia l  

areas of   lake  bottom would be exposed, reducing the user-value  of 

these  areas f o r  swimmers and boaters. 

. .  

Proposed So lu t i on   t o  'Problem 

In' 1981 the   S ta te   o f  Washington app l i ed   t o   t he  IJC ' for   permiss ion  to  

replace Zosel Dam with a new st ructure.  The IJC granted an order  of 

approval on December  9, 1982 to  replace  the  present  structure,  with 

the  approval  being  contingent on a number o,f  conditions  specified. i n  

the  order. The S ta te   o f  Washington  has accepted  these  conditions and 

i s  ready t o  proceed with replacement o f  Zosel Dam. 

The proposed new st ructure would perform the same basic  function as 

the   o ld   s t ruc tu re  and would provide a more accurate  control   of   lake 

l e v e l s  i n  some years because o f  reduced seepage. The new s t ruc tu re  

would a lso be ab le   to   ma in ta in  an ex t ra   foo t   o f   s to rage on Osoyoos 
Lake which  could be u t i l i z e d  i n  drought  years. 
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A current  cost   est imate  of  t h e  new s t r u c t u r e   i s  n o t  avai lable,  

although  previous  estimates  by the United  States Army Corps o f  

Engineers (1979) were i n  the order o f  $4 mil l ion (U.S. Dol lars) .  NO 

agreement  on funding and no formal  requests t o  Canada fo r  sharing i n  

the  costs have been made. O f f i c i a l s  from B r i t i s h  Columbia and 

Washington  have  had discussions on cost-sharing, and the B r i t i s h .  

Columbia  Deputy M in i s te r   o f  Environment  has  requested  discussions. on 

cost-sharing  with the federa l  Deputy , M in is te r -  o f  Environment. " 

--Furthermore; . p r o v i n c i a l   o f f i c i a l s  have  expressed i n t e r e s t  i n  federa l  

assistance i n  determining  the  benef i ts  to Canada o f  a new st ructure.  

. .  

.Because fo rmal  negot iat ions on funding f o r  the new s t ruc tu re  may 

i n v o l v e   t h e   r e l a t i v e   d i s t r i b u t i o n   o f   b e n e f i t s  between the  part ies,  an 

ana-lysis o f   bene f i t s  t o  Canada  was undertaken. 

Obdective 

The o b j e c t i v e   o f   t h i s  study i s   t o  determine  the economic b e n e f i t s   t o  

Canada or  B r i t i s h  Columbia o f   rep lac ing  Zosel Dam. Other c r i t e r i a  

re la ted  to   funding  o f   a  new structure,  such  as. the l e v e l   o f   b e n e f i t s  

to  the  Uni ted  States and the respons ib i l i t y   fo r   losses   resu l t ing  from 
. .  

fa i lure  of   Zosel .  Dam, are not examinea i n  t h i s  study. 

. .  

Method of   Analysis 

TWO bas ic   a l te rna t ives   to  immediate  replacement  of Zosel Dam are 
considered: 

(1) Carry. ou t   m i t iga t ive  measures t o  reduce the  losses  . that would 

occur from a fa i lure  o f   the  present   Zosel  Dam. 

(2) Replace  Zosel Dam a t  a l a t e r  date. 
* 

. .. 

With each . o f  these  al ternat ives some costs and  damages could  occur 
which  would be prevented  by  immediate  replacement o f  Zosel Dam. The 
value  of  these  costs and damages are  sav ings  a t t r ibutable  to   a  new 

dam and represent  upper l i m i t s   t o  the benef i t s   o f   rep lac ing  the dam 

a t   t h i s  time. An ana lys i s   o f   t hese   a l t e rna t i ves   i s  done i n  the n e x t  

sections. 
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1 . Al ternat ive One: M i t i ga t i ve  Measures t o  Reduce Losses 
The quest ion  o f  when to   car ry   ou t  these mi t iga t ing  measures was 

. -. 

f i r s t  addressed. Two options were considered: 

(1) Wait un t i l   t he   p resen t   s t ruc tu re   f a i l s  and then modify ' 

intakes,  boat  launches and docks so. t ha t  they are  usable  at  
. .  

, .  . . ;the lower  lake  elevations; and, 
. ,  

. .  
. . (2) undertake  modif icat ions  to  intakes,  boat launches and docks 

1. .:. '; , 
I : .  . . ' -  ,: 

1 .; - .  that   the  best   opt ion was (1) above, which was t o  modify-  intakes, 

I . -  

. '  . . .  . .  
. . . . .  . .  " .  . '  immediately or  as soon  as .possible i n  . order t o  minimize 

. .  . 

losses i n  the event  of a dam fa i l u re .  . .  . .  

Based  on a prel iminary  analysis  (sect ion E.2) i t  was determined 

launches and docks when the present  Zosel Dam f a i l s . .  It -was 
, found  that   th is   a l ternat ive  could be ca r r i ed   ou t   a t  a r e l a t i v e l y  

,,low- cost and would  prevent a major po r t i on   o f   t he   ag r i cu l tu ra l  

and recreat ional   losses  that  would  otherwise  occur 'a t   the  lower  

- ' lake  levels. Some immediate losses , t o   a g r i c u l t u r e  and 

. .  
. .  . .  

I 
I 

: recreat ion would probably s t i l l  occur  since  modif icat ions  to 

intakes-,  launches and docks could not be made immediately i n  the  

event  of a dam fa i lu re . ,  There  would a lso be some cont inuing 

.. .annual  losses to   boaters  and beach-users  because o f   subs tan t i a l  
. . ,  exposure o f  lake-bottom i n  some areas.  Table 2 summarizes the. 

costs and losses  associated with t h i s   o p t i o n  if Zosel Dam were 

t o  f a i l .  

TABLE 2 

Losses Associated with Failure  of  Zosel Dam 

Loss 

Cost o f   rep lac ing  in takes,  
launches and  docks 

Occurrence 

Single  capi ta l   cost   occurr ing i n  
year o f  dam fa i l u re  

Short  term  losses  to One-time loss  occurr ing i n  year 
agr icu l tu re 'and  recrea t ion  o f  dam f a i l u r e  

I Long term  losses to  Recreat ion Continuing  annual  losses cornmenc- 
due t o  lake-bottom exposure i n g  i n  the year o f  dam f a i l u r e  
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We cannot predic t   exact ly  when the present  Zosel Dam will ' f a i l ,  

although  evidence  suggests tha t  the risk o f  f a i l u r e   . i s  

s ign i f i can t .  I f  the   p robab i l i t y   .o f   fa i lu re  can be estimated 
over a number o f  years, we can express  the  losses  described i n  

Table 2 on an annual f low basis.  This i s  shown i n  equation (1). 

where: c i  =,  cost i n  'year i 

KC = cap i ta l ' .   cos ts   o f   mod i f i ca t i ons   t o  
intakes,  boat  launches and docks 

STL = short   term  losses  to-   .agr icul ture and 
recreat ion 

. .  
RL = continuing  annual  recreational  losses due 

t o  exposure o f  lake-bottom 

p i  = p robab i l i t y   t ha t  the present  Zosel Dam 
will f a i l  in '  year i 

P i  = probabi l i ty   that   the  present  Zosel  Dam 
. .  will f a i l  or  has a l ready  fa i led by year i. 

I f  the present  Zosel 'Darn i s  replaced by a new dam, then the 

costs i n  equation (1) will not  be incurred. The annual  savings 

o f  a new  dam are  thus  equal t o   t h e  annual  costs shown. i n  

equation (1). 

The b e n e f i t s   t o  Canada will be less  than or 'equal t o  .the present 

value  of  these  savings.  This  condition can  be expressed as: 

I 

where: PVB = Present  value o f  the benef i ts  

n = l i f e   o f  replacement dam 

r = in te res t   ra te .  
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Since a year by year quantified  estimate of the risk of Zosel 
Dam fai l ing was no t  available,  the  benefits were calculated over 
a  range of probabili t ies of dam fa i lure .  

Alternative Two: Replace t h e  Dam a t  a Later Date 
A t  low levels  of r i s k  of fa i lure ,  it may be  more economic t o  
delay  construction of the replacement dam i n  order t o  realize a 
saving on the  interest   costs .of the  capital  investment. 
How&&, a r i s k  is taken i n  that  the  present dam could f a i l  w i t h  

l i t t l e  warning resulting i n  agricultural  and recreational 
losses,   that  would occur  before a new  dam could be constructed. 
I t .  is assumed that  the f u l l  recreational season ' would . pass 
-before a new  dam would be constructed and lake  levels . -  restored. 
If the  saving from waiting  another  year is greater '  than the 
cos t s  o f  waiting, then construction of a new  dam should be 
delayed. In  other words the replacement structure s h o u l d  be 
delayed i f  equation ( 3 )  holds. '  

. .. 

( 3 )  r X KN = p i  (AL + BTL + BCL + C I )  

where: r = i n t e re s t   r a t e  

KN = cost t o  Canada or  British Columbia of 
new  dam 

AL = agricultural   losses which would occur 
before  modifications  could be  made t o  
intakes t o -  accommodate lower lake  levels 

BTL = losses t o  recreational  boaters  while. 
boat  launches a re  unusable 

BCL = losses t o  beach users due t o  lower lake 
levels  

C I  = costs of modifying intakes t o  operate  at- 
-lower  lake  levels 

p i  = probability of the  present dam fai l ing 
i n  year i. 
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The losses  represented i n  equation ( 3 )  are   s im i la r  t o  out  not  

the same as the  short term losses (STL) shown i n  equation (1). 

The d i f fe rence  l ies   in   losses   to   recrea t iona l   boaters   and '   the  

costs o f  modifying  boat  launches. I n  equation ( 3 )  which 

represents a  comparison o f  costs  over a single  year, i t  was 

found t o  be . less   cos t ly   to   lose  a f u l l  year o f  recreat ional  

-boating  than  to  replace the boat  launches and docks. The  BTL i n  

equation ( 3 )  thus  represents  the  value o f  a f u l l  season of 
]boating, .,while the STL term in '  equation (1) includes  only a 

p o r t i o n   o f  the value of' a f u l l   b o a t i n g  season plus t h e  costs  of 

modifying  launches and docks.  Losses t o  beach users  are 

equivalent i n  both  equations  although i n  equation (2) they  are 

grouped w i th  .annual boat ing  losses  in to  the RL  term: : 

. .  

. . .  

' .  ... 

Equation - ( 3 )  can be rearranged to   g i ve   t he  maximum cost a t  which 

immediate  replacement o f  the s t ruc tu re  would be pre ferab le   to  

waiting  another  year as displayed by equation ( 4 ) .  This 

. equat ion  represents   the  cr i ter ion  o f   opt imal   t iming of the  

-:replacement s t ructure.  

( 4 )  KN = pi (AL + BTL + BCL + CI)/r. 

I f ' t h e  replacement dam were t o  be b u i l t  immediately,  equation 

( 4 )  .represents a limit on the economic r e n t   t o  Canada or B r i t i s h  

Columbia . Thus the equation  represents a limit to  the   bene f i t s  

o f  immediate  replacement o f  Zosel Dam. Since we do n o t  have  a 

quant i f ied  est imate  of   the  present  structure  fa i l ing,   equat ion 

(4) i s  solved  over a range o f   r i s k  estimates. 

. .  

Summary 

I n  summary, the re  are two separate  factors  which limit 'the 

bene f i t s   o f   t he  replacement s t r u c t u r e   t o  Canada or B r i t i s h  

Columbia. 

. .  
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(1) The benefi ts  are  less  than or equal   to  the present  value Of 
the savings o f  . replacing  the dam over the best 

non-replacement al ternat ive.   This limit i s  expressed i n  

equation (2) .  

( 2 )  The benef i ts  are  less  than 'or equal t o  a c e r t a i n   l e v e l  which 
s a t i s f i e s  the c r i te r ion   fo r   op t ima l   t im ing  of  the repkcement 

structure.   This limit i s  expressed i n  equation (4). 

The..two.-limits will not  necessari ly be equal,  but  both will vary 

. .  . .  . . accord ing  to  ' t he  r i s k  o f  f a i l u r e  o f  the  present  Zosel Dam. 'In 
. .  .order.  to-  define t.he bene f i t s   t o  Canada or B r i t i s h  Columbia we 

; .  can estimate the  two l i m i t s   a t  each l e v e l   o f   r i s k  and choose 

. .  . .  

whichever i s  less. 
. .  

- . E .  Ana lys is -o f   M i t iga t ive  Measures t o  Reduce Losses 
. .  

1. ; General  Assumptions 

a) I f  Zosel Dam fa i l s ,   l ake   l eve l s  wiil drop t o  908 fee t   nor th  
. : o f  Haynes Point  and  906 f e e t  sou.th o f  Haynes Point (see -. 

. .  . 
F igure 2). The two l ake   l eve l s  would  occur because o f  a 

. .  sand bar  running  across the lake from Haynes Point.  This 
compares to   the   usua l  summer e levat ion of about  911  feet. 

b)  The ' demand for   boat ing and swimming  on  Osoyoos lake will 

grow a t  an uncompounded r a t e   o f  1..78% annually from current 

, l eve l s  as projected by Phipps and James (1980). 

c )  I n t e r e s t   r a t e   i s  10%. 
d) Base year i s  1982. . .  

e )  Economic l i f e   o f   t h e  replacement s t r u c t u r e   i s  40 years. 

2. Costs of  Modifying  Intakes,  .Boat Launches and  Docks 
A prel iminary  analysis showed that   modi f icat ion  o f   in takes,   boat  

launches ana docks was the  best   a l ternat ive  to   const ruct ion of a 

replacement dam. The intakes  could be modif ied  to  operate  at  

the lower   lake  leve ls   a t  . a c o s t   o f  $39,000 ( inc lud ing 

engineering and administrat ion).  I f  Zosel Dam were t o   f a i l ,  

.. , 
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FIGURE 2 UNREGULATED LAKE 
LEVELS DUE TO FAILURE 
OF ZOSEL .DAM 
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these  modifications would ' a l l ow   i r r i ga t i on .   t o   con t i nue  on the 
2,900 .acres o f  orchards and vineyards  around the lake. Annual 

gross  production from t h i s  acreage is i n  the   m i l l i ons   o f  

do l lars ,  so there  i s  little doubt tha t  . the modif icat ions of  

intakes would be. worthwhile. The estimated  cost o f  modifying 

boat  launches and docks t o  operate a t  lower  lake  levels i s  

, $201;,000 . while the annual  value o f   recrea t iona l   boat ing  on 
Osoyoos . Lake' i s  est imated  to be $84,000 (Appendix A). Since 

mcs't"' o f  . the  annual  value o f   boa t ing  would be i os t   w i thou t  

mod ikca t ions   to   boat '  launches and docks, these  modifications 

would be a '   be t te r   a l te rna t ive  t o  doing  nothing i n  the event o f   ' a  

-dam f a i l u r e  . 

The .estimated  costs o f   mod i f i ca t ions  t o  intakes,  launches and 

docks are summarized i n  Table 3 .  These  were based on a st ior t  

f i e l d  survey of i n s t a l l a t i o n s  on Osoyoos Lake and are  .considered 

t o  be rough  estimates  (Environment Canada, January  1982). 

.Item Cost Estimate 

Boat Launches $ 120,000 
Docks 10,000 
Intakes 25 , 000 
Contingencies 45,000 
Administration,  Engineering 40,000 
and Supervision 

To t a l  $ 240,000 

The t o t a l   c o s t   o f  $240,000 would be considered as  a s ing le  

savings  occurring i n  t h e   f i r s t  year i f  we were ce r ta in   t ha t  the 
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p r e s e n t   s t r u c t u r e  would f a i l  within  one year. If we' assume less 
than  100% risk o f  the s t r u c t u r e   f a i l i n g   w i t h i n   o n e  year, the. 
$240,000 is d i s t r i b u t e d  over  a number o f  years weighted by t h e  

p r o b a b i l i t y   o f  failure i n  each year. 

Shor t  Term L o s s e s   i n  the Event  of a Dam F a i l u r e  
Information is limited on the e x t e n t  o f  l o s s e s  which would occur '  
be fo re .   ad jus tmen t s   cou ld  be made t o  t h e  i n t a k e s ,   b o a t   l a u n c h e s  
and  docks. It is thought  t ha t  emergency  procedures  such as 
dumping f i l l  : in  t h e  river channel   could be u s e d   t o   m a i n t a i n  lake 
l e v e l s   t e m p o r a r i l y  whi le  ad jus tments  t o  t h e  s t r u c t u r e s   t o o k  
place. However,. i f  Zosel  Dam fa i led  completely,  l a k e  l e v e l s  
would drop ,   qu ick ly   and  there might be a .  s h o r t  1 per iod  when 

. .  

in takes   could   .no t   opera te   and   boa t  access would be restricted. 

The fol lowing  assumptions are made: 
I .  

The dam will f a i l  du r ing  t h e  freshet, I .  which is i n  l a te  June. 
The.re would be a 10 day   per iod   dur ing  which i r r i g a t i o n  water 
would-. n o t  be a v a i l a b l e .  T h i s  would r e s u l t   i n  a 15 p e r c e n t  
d rop  in t h e  cherry. c rop ,  5 p e r c e n t   d r o p   i n  t h e  peach c r o p  
and a ' 1  percent   d rop  f o r  a l l  o the r   c rops .  
25 pe rcen t   o f  the b o a t i n g -   d a y s   i n  the season  would be l o s t  
due . , to ' t h e  time needed f o r  des ign ,   con t r ac t ing   and  
c o n s t r u c t i o n  of  the launches  and  docks.  A va lue  o f  $2.61 
per   boa t ing  day is used as c a l c u l a t e d  i n  Appendix A. 

1 

Table 4 summarizes the l o s s e s  tha t  
mod i f i ca t ions   cou ld  be made t o   i n t a k e s ,  

1 . These estimates were made by the author   and  

would take place before 
boat   launches  and  docks.  

are c o n s i d e r e d   t o  be very 
rough. Officials a t  Agr i cu l tu re  Canada i n d i c a t e  t h a t  c r o p   l o s s   c o u l b  
va ry   subs t an t i a l ly   depend ing   on  weather cond i t ions   and  s o i l  types 
(Stevenson, 1982). 
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TABLE 4 

Losses Before  Modifications Can  Take Place 
to   In takes,  Boat Launches and  Docks 

Type of Loss Amount 
. .  
. .  

. I  

. . .  
. .,. Reduced cherry  crop $ 174,000 

. Reduced peach crop a7, ooo 
' .-I: ,Reduction i n  other  crops 43,000 

: . L  Reduction i n  boating days 21,000 

' ... ..Total. $ 325,000 

1-- ' . 

. -  
. .  

. .  The t o t a l   o f  $325,000 would be considered a single  savings 
. .  ,.,'. occurr ing i n  the f i r s t  year i f ,  we assume that   the dam Wili f a i l  

, .'within one.  year. I f  t h e   r i s k  is less  than 100 percent,  the 

", '. $325,000 would be d is t r ibuted  over  a number o f  years  weighted by 

. .  t h e   p r o b a b i l i t y   o f   f a i l u r e  i n  each year. 
. .  

. .  . .  . . . . . .  . . .  

4. Losses i n  Recreat ional   Qual i ty due t o  Lower  Lake Levels 

- ' There, will be continuing  annual  losses because o f  reduced 

. . . ' qua l i t y   o f   rec rea t i ona l  areas at   lower   lake  leve ls .  The two 

ma jo r   ac t i v i t i es  which  would  be af fected  are beach use and 

recreat ional   boat ing.  
. .  

a.  Losses t o  Beach Users 

The lower ing   o f   the   lake   leve ls  will cause an increase i n  the' 

distance f r o m  the' water 's edge t o   t h e  developed beach areas. I n  

some areas the beach users would  have t o  walk an add i t i ona l .  400 

f e e t   t o  reach  the  water Is  edge and t h i s   i s  expected t o  cause a 

l oss  i n  recreational  Lalues. It was  assumed tha t  the beaches 

could  not be adjusted t o  accommodate the lower lake  elevat ions 
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Since  the  usual  high  lake  elevations would s t i l l  be experienced 
i n  the  freshet. The value o f  t h e .  losses was calculated by 

' est imat ing the upper and lower bounds and then  taking  the 
average o f . t h e  two. 

. .  

. .  . ,  , 

. .  
.. . The minimum value for-. beach losses was .calculated with the 

.i.". assumption tha t   recrea t ion is ts  would s tay  a t  their usual beaches 

...,.: . . .calcdated on the bas i s   o f   t he  t ime  it would t a k e '   t o  walk the  

. - .. edge. It was .assumed t h a t   t h i s  ' walk  would be made twice  per 

- - ., beach  day.. The detai led  calculat ions  of   these  losses . are shown 

. .  
,. . ' ' .  . . .  ' despi te  the exposure o f   t he   l ake  bottom. The losses were then 

. .  - . ' extra-:,di-s.tance .from the developed beach area t o  t h e  water's 

.. . .  . ,  

. .  

. -  . .  

. .  - - .  . .  . .  . i n  .Appendix B. The value  of  these'  losses,  considered as the  
. . . ~ .  lower bound estimate, i s  shown i n  Table 5. 

. .  . .  

. .  

. .  . . . The maximum value  for  the losses was based  on the assumption 
/ . t h a t   a l l  users o f   ser ious ly   a f fec ted  beaches  would t r a v e l   t o  

. .  
I .  

. - .  
, .  ... , 

. .  other. less af fected beaches. The c o s t   o f   t r a v e l   t o   o t h e r  
.....:.':,-:: beaches ,p lus   -cos t   o f   congest ion   a t   the  less af fected beaches 

' ' .;.-: . were taken as the maximum value  o f  beach  use losses due to   lower  

- ' . lake  - leve ls .  A beach was considered t o  be seriously  affected if 

. .  

. .  . .  
. .  . . . . .the- lower  lake  levels would r e s u l t  i n  i t s  average width 

.' .. ' (distance - f rom the water's edge t o   t h e   i n l a n d  edge of the beach) 

increasing  to  over 120 feet .  The 120 feet  width was chosen as 

' '  i t  i s  about the' average width  o f   major   publ ic  beaches . in  other 

. .  , . .  
. .  

. .  
pa r t s   o f   t he  Okanagan Basin. 

The cos t   o f   t r ave l   t o   l esse r   a f fec ted  beaches was based on ra tes  

developed i n  other  studies (see Appendix A, p. 32). The 

congestion  cost was calculated as $.18 per  person f o r  every . . 

ex t ra  100 people  per  acre. The cost was estimated by observing 

current   densi t ies  a t   var ious beaches 'and computing t rave l   cos ts  , 

between the beaches. It was  assumed t h a t  the d i f ference i n  
value between  a congested beach  and  a  non-congested  beach would 

I 
I 
I 
I 
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not exceed the t rave l   cos t  between the two. The value  used i s  

also- comparable t o  the $0.25 estimated by  McConnell  (1977) i n  a 

study o f  beach congestion. A s i g n i f i c a n t  amount o f  congestion 
. ' would  occur  since Osoyoos  Community  Beach' would be the  only 

major beach no t  ' s i gn i f i can t l y   a f fec ted  by a . drop i n  lake 

leve ls .   Deta i led   ca lcu la t ions   o f   cos ts   o f   t rave l  and. congestion 

I 
I 
I . :.:: .' :- . .  . . .. . ,. I. 

. .  . .  .' . 

. .  .. are shown, i n  Appendix B. 
. ,  . . . .  

. .  _ -  
. .  . .  . ,  .. ' The  ,'sum .o f   t he   . . t r ave l   cos t   t o  the less-affected beaches and the 

. -  
' . .  . . .co.st-of  ?congestion was taken  as an upper-bound  estimate ' o f  the 

. .. Value . .  l o s t  . i n  beach recreation.  This i s  shown in. the second 
. .  

column o f  Table 5. 

. .  . . . I  

, .  . .  . There i s  a  wide  range between t h e  lower bound ' o f  $17,000 and the  

. . . upper  range  o.f $216,400 f o r  annual  losses t o  beach  users,. We do. 

. ' n o t '  have any ' in format ion on how  many beach users would .stay a t  

. .  

. .  

I . .  . ... 

. .  . 

.. I .  the i r   present  beaches and how I many would  decide t o   t , r a v e l   t o  

. .  . . .  . .: - :.. o ther  beaches. I n  the absence o f   t h i s   i n f o r m a t i o n  we assume 
_ .  , .. . . .  

, . :. . . .  
. .  

. .  
. -  . .  . . .  

t h a t   h a l f   o f   , t h e  beach users  would  stay a t   a f fec ted  beaches  and 
. . .. 

. .  , .  . .  

I '  
TABLE 5 

. . Annual  Losses t o  Beach Users 

. .  . . .  
Lower  Bound Upper Bound Average 
Estimate : . Estimate 

Publ ic  . $ 2,500 $ 68,200 $ 35,000 
Commercial 11,600 119,200 65,400 
Resident ia l  2,900 29,000 15,950 

Tota l  $17,ooo 216,400 $ 116,700 

I . : .  

I 
I 
I ' '  

. .  

t h a t   h a l f  would t ravel   to   o ther   non-af fected beaches. The 

average o f  $116,700 was taken  as an approximation of   the  annual  

loss t o  beach users. 
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Losses t o  Recreational  Boaters 
Some recreational value associated w i t h  boating would still be 
l o s t  even i f  the.  boat launches and  wharves  were mooified t o  
operate . at lower lake  levels. ' The lower lake  levels would 
resul t  i n  the  area south of Haynes Po in t  being cut off from the 
rest--.o.f  the  lake and a  reduced surface  area for  other  parts of - . 

. .  the  lake.  Estimates of resulting  recreational  losses were  made 
for'  separate  launching  areas. 

L). South .-of  Haynes Poin t  - T h i s  area is served' by private 
. . ,launches a t  a number of resor t   s i tes .  Boaters .from t h i s  

. ,  'area  generally  stay i n  the south  basin and  can cross i n t o  
American water. A t  lower lake  levels they would be cut off  
from the 'a rea  nor th  of Haynes Poin t  and would have less  lake 
surface  area' south  of Haynes Point .  In t o t a l ,  it is 
estimated  that: they would lose 20 percent o f  the i r  normal 
boating-  area. It is .assumed t h a t  t h i s  reduction would 
resul t  i n  a 20 percent loss i n  annual recreational  value. 

. It is. estimated  that  there are 4,800 boater days annually' i n  

. .  

t h i s .  area  of . the . .  lake wi th  an annual  value o f  $12,500 based ' 

.on values  calculated i n  Appendix A. The annual loss. would 
' - therefore be equal t o  20 percent of $12,500, or about $2,500. 

. .  

ii) Haynes Point Launch  Area - Boaters  launching from t h i s  s i t e  
generally  stay i n  the  lake  area south  o f  Osoyoos. They 
would be cut off  from 85 percent of the i r  normal boating 
area i f  lake  levels were to  drop, since they would no longer 
be able   to  use the  area sou th  of Haynes Poin t .  However, it 
is expected that  these  boaters would substi tute the north 
basin  for  the  area sou th  of Haynes Poin t .  This  would still 
resu l t  i n  an estimated 30 percent loss  due t o  decreased  lake 
'size and increased  costs. The annual losses for the 12,800 

boater-days launched from t h i s  area would be $10,100. 

. ., 
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iii. Osoyoos Marina  Launch  Area - Most boaters i n  t h i s  area  stay 
i n  the n o r t h  basin and so would Dot be affected by the 

I . .  . ' ,  Haynes Po in t  cut-off. A 10 percent loss i n  value  associated 
. .  w i t h  reduced lake  area i n  the n o r t h  basin is ,estimated. 

With ' 14,400 annual  boater days the annual losses  are 
1 

. .. , .: . .  . estimated t o  be $3,800. 

. .  . . . .  

. .  

. ' :  5. 
. i  

. I n  'summary., t o t a l  annual losses t o  recreational  boating would be 
$16,400. - 

Stream of Savings  over Non-Replacement Alternative 
AS discussed i n  section D, the risk of the  old  structure  fail ing 
.will '..affect  the way savings  'associated wi th  the new ' structure 

'"are  ,distributed over  time. Assuming t ha t  r i s k  of fa i lure  is 100 

percent, - then  the complete cost of modifications t o  .intakes, 
boat.  launches and docks and the  cost o f  short-term  losses will 

-.represent's savings i n  the first year of the new structure. The 
:Costs ., due t o  reduced quality of recreational  areas will be an 
annual  savings  attributable t o  the new structure commencing i n  
the first year. This  stream of savings  over 40 years is shown 
for  the new structure i n  Table 6 .  

. .  

If the r i s k  of fa i lure  is l e s s  than 100 percent, . the 
modification costs and shor t  term losses would be d i s t r i b u t e d  

. . over  a flumber of  years, weighted by the marginal risk of fa i lure  
i n  each year. The annual recreational  losses would be weighted 
by the accumulated probability of . fa i lure  i n  each year,  as was 
shown i n  equation (1). 

, .  

. .  

The present  value of the  savings  are  calculated over  a  range of 10 

different risk scenarios of dam fa i lure   as  shown i n  Table 7. These 
savings  define a maximum limit t o  the  benefits .  
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TABLE 7 

Probab i l i t ies  of Dam Fa i lu re  with Different  Risk  Scenarios 

Risk . .  
: Scenario - . A  , B C D E F G ' H  I J 

. ... , 

F. 

. .  

. .  . .  
. .  . .  

.Analysis  of  Replacing  Zosel Dam a t  a Later Date 

The b e n e f i t s   t o  'Canada will not  exceed a c e r t a i n   l e v e l   a t  which it 
becomes  more economic t o  de lay  const ruct ion  o f   the . dam. . This 

condi t ion was expressed i n  equation ( 4 ) .  

. , -  

. .  . 

(4) . KN I p i  (AL + BTL + BCL + CI)(r 
.,_. . .  

where: p i  - - p r o b a b i l i t y   o f  dam f a i l u r e  i n  year i 

AL = . a g r i c u l t u r a l  ' losses.  which.  would  occur 
before  modif icat ions  could be. made t o  
in takes 

.BTL = losses  to  recreat ional   boaters  whi le  boat 
launches  are  unusable 

. .  
BCL = losses   to  beach users due t o  lower  lake 

l eve l s  
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costs of modifying intakes  to  operate a t  
lower lake  levels 

interest   ra te  

' . . This  limit is calculated over  a  range of r i s k  of fa i lure  from 10 t o  
. ,  . .., - 100 percent,  as we. do not have a quantified  estimate of r i s k  Of 

.'. failure.  : The. agricultural   losses were estimated a t  $304,000 as  'shown 
' :-. , i n  Table 4. ' Losses' to  recreational  boaters were estimated a t  $83,500 

. . .  

. ,  . . .  . ' _. _. . -  
I .  

. 1 .  

, '  ' . .  . f rom Appendix A and the  losses  to beach users were estimated  as . .  

. .  .$116.,700 from Appendix B.' The cost of  modifying intakes was 
. -  ''.; estimated  :at $39.,000 as  discussed i n  Section E.2. Table 8 shows t h e  

.. . .--limits. to  &e Canadian benefits  defined by the cond i t ion  expressed i n  

. . .  , 

. .  . . .  

. .  
equation (4) .  I 

. .  

. .  

TABLE 8 
. 

L i m i t '  t o  Maximum Benefit Defined by Optimal Replacement Condition 
. .  1 

, .  . .  , .  
. .  
. .  

.. . .  ., , Current Year Ri sk  L i m i t  to  
. .. . . '  "..of Present Dam Failing Maximum Benefit . .  
. I )  

. .  

. .  100% , 5,432,000 
. 1 ,  

. .  
. ' 90 

80 C .  . .  

4,889,000 
4,346,000 

. .  . 
. .  . .  70 3,802,000 

. : 60 3,259,000 
50 2,716,000 

. .. . 40 
30 
20 

10 

2,173,000 

1,630,000 
1,086,000 

543,000 

G. Determining Maximum Canadian Benefits 

The benefits   to Canada are limited by the  conditions  expressed i n  
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equation  (2) and (4). A t  each leve l   o f   r i sk   the   benef i t s   a re   equa l  

t o   t h e   l e s s e r   o f   t h e  two l i m i t s .  Table 9 shows the   benef i t s   a t  each 

r i s k   l e v e l .  

TABLE 9 

. .  Bene'fits o f  Replacement Structure . .  
. .  . . .  

, .  . .  , . t o  Canada or  B r i t i s h  Columbia 
. .  . , .  . .  

. .  
:,. . . . . . . . . . .  

..!, '. Current, Year Risk : 
' o f  Present Dam 'Fa i l i ng  L i m i t  One* L i m i t  Two** Benef i ts  

. -  Maximum' 

..... 

. . .  
2,029,000 5,432,000 $ '2,029,000 

90  ~2,012,000 4,889,000 . .  2,012,000 

80 1,980,000 4,346,000 1,980,000 

. .  - '. . 70 . . 1,933,000  3,802,000  1,933,000 

. . ,  ' 60 . .'1,874,000 3,259,000 1,874,000 
. .  
. .  

': . . .  . -50  1,802,000 2,716,000 1,802,000 
' :,: 

, .  . . . . . . .  .40' . . . . . .  1,720,000 2,173,000 1,720,000 
. ,  . .  . .  . .  

. .  . ,  ' '30 -.: ; . . '. 1,627,000 1,630,000 1,627,000 
. .  . . .  . .  . . .  . . : 
. . .  .'.. 20 ' , ' . . ' ' , -  ' .  1,524,000  1,086,000  1,086,000 

. . . .  '. 10 ' . '  1,414,000 543,000 543,000 
. -  

. .  

- n  
*Limit One = Z--Ci/(l+r)i  (Equation  (2)) 

. .  . . i = l  
. .  

**Limit Two = p i  (AL + BTL + ,BCL + C I ) / r  (Equation.  (4)) 

10% i n t e r e s t   r a t e  i s  used f o r   b o t h   l i m i t s  . 

H. Non-Quantified Benef i ts  

A number of   o ther   poss ib le   benef i ts   o f  a new s t ruc tu re  have  been 

advanced  by in terested  par t ies ' .  However, since a pre l iminary 

analys is  showed t h a t  none- o f  these were of much s ign i f i cance  to  . 

Canada, no attempt was  made to .   quant i f y  them. .These are  discussed 

below. 
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I. 
1. Flood  Control  Benefi ts 

These were thought t o  be r e l a t i v e l y  minor  since  the new 

. s t ruc tu re  would not be able t o  prevent  f lood damage caused  by 

the Similkameen r i v e r  backing  up,  which i s  the major  source of  

f lood ' damage.  The new s t ruc tu re  would,  however  have a higher 

, . release  capacity  than the present   s t ructure and could  prevent  a 

1' ' ;  

I' '1.;. . ' .  
. .  . .  . .  p o r t i o n   o f  the damages t h a t  occur a t  low  f lood  levels. These 

. .  .. . . .  _. . . 
. ,  . 

r . ,  ' bene f i t s  were no t   quant i f ied  as they were not  considered 

. . .  , .  ' I  . , s i g n i f i c a n t .  . .  . .  
, .. 

, .  

. .  
. .  

. .  

. .  . : .2.- Benef i ts   o f   Storage and Conservation 
. .  .' ' .  The :-new s t ruc tu re  will be ab le   to   s to re .  an  extra-foot O f  water 

:. on Oso~oos Lake fo r  use i n  drought  years. The o l d   s t r u c t u r e  

does' n o t  have t h i s   c a p a b i l i t y  and has  a  further  problem with 

.. ' leakage. . However, i t . was f e l t  t h a t   t h i s   e x t r a  Storage " X I l d  

. . .  . - . 0nl.y ' be  a bene f i t   t o   t he  U.S., .since it would be used for 
I:.: . '  , ,  

I.. ' . ' I .  ..- downstream' i r r i g a t i o n  i n  the   .s ta te  of  Washington. It was 

. .  
. 

. '  

. . .  assumed that   d i f ferences i n  lake   l eve l s  due t o  the  extra  storage 

. .  :. -would  not  provide any s ign i f i can t   benef i t s :  ' 
. .  . . .. . 

'. 3. . Secondary Benef i t s  
. .  

. t '  Secondary. bene.f i ts were n o t  quant i f ied  a l though  there may be ' .  

1: ; 
I .:. 
I. I .  

I. 
I 
I: 

. .  . some basis for considering them. I f  some t o u r i s t s  cease  coming 

t o .  the Osoyoos area because o f  lowered  recreat ional   qual i ty ,  

then some o f  the accommodation  and service  capacity may , go . 
unused. If t h i s   p o r t i o n   o f   t o u r i s t  demand i s  not  

taken  up by slack accommodation .elsewhere i n  Canada then  there 

would  be  a net  secondary l o s s   t o   t h e  economy. However, - there  

' .may be cu r ren t '  excess demand f o r   t o u r i s t  accommodation i n  the 

Osoyoos area  which  would  take  up t.he excess accommodation l e f t  
by other   tour is ts   leav ing.  There was no way o f   es t imat ing   the  

drop i n  demand f o r   t o u r i s t  accommodation i n  the Osoyoos area or  
.the supply-demand condi t ions  for   other  tour ists  areas i n  Canada, 

so secondary benef i t s  were not  considered. 

. , '  

. .  

. .  

. .  
. 
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dam i s   h i g h l y  dependent on t h e  r i s k  o f  Zosel Dam f a i l i n g .  The 

benef i t s   a re   subs tan t ia l   a t   h igh   leve ls  o f  r i sk ,   ou t  become lower  as 

I .  r i s k  o f  fa i lure  dec l ines.  Once t h e   r i s k  o f  f a i l u r e   i s  . below 30 

. . .  . ::..percent the  benef i ts   dec l ine  qu i te   sharp ly .  An examination o f  the . 

-, , ' present.  Zosel Dam and  an est imate  of  the r i s k  o f  i t s   f a i l i n g  should . .  

.-'.!..>..: . be, 'made .:in: order $0 a r r i v e  a t  a re l iab le   est imate o f  the benef i ts .  

. .  . .  

... , . .  
: . .  . . .  

. .  . .  

. :. I .  assumption t h a t  the  present  Zosel dam would f a i l .  It did   no t   look   a t  

' : .  . , .  the-  qu.estion o f   respons ib i l i t y   fo r   ma in ta in ing  the present  structure 

; .: and l i a b i l i t y  for  --barnages tha t  would  occur i n  the event ' o f  a dam 

failure. This question would be re levan t   t o  the  decision whether or  

, I .  . ., . .  
. . . .  

. . .  . . .  

. .  . . . .  
.. ' n&.' to "  commit Canadian funds. The l e v e l  o f  benef i ts  to  the  'Uni ted ' 

.: -States  might  also b.e, examined . in order t o  be ce r ta in   t ha t  Canada's. . . 

..:' ' p ropor t iona l  share o f   the   cos ts  would not  exceed i t s   p r o p o r t i o n a l  

z : . ' .  share o f  t h e  benef i ts .  

. .. . .  . . .  

. -  

, - .. 
. .  - 

. .  . . .  , - ,.- ' . .  . 
I . . .  . .  . .  . . .. , .. , 

. .. . . .*. ._ - - .  . . .  ,:.. _.. . .  
. .  . . .. 

'' . :. . It should' be noted  that   th is   s tudy has  a number o f  weaknesses. I n  

. . .p   a r t i cu la r  ,. the  evaluat ion  o f   recreat ional  losses due t o  low lake 

. ' l e v e l s .  was "highly  subjective, and changes i n  the assumptions  can  have 

s ign i f i can t   ' e f f ec ts  on the calculated  losses.  Further  refinements in 

. . the  valuat ion  of   recreat ional   losses would n o t  be possible  without 

. . 7 .  

. .  

. '  actual ly  observing  the  ef fects  of   low  lake  levels-  on recrea t ion is ts  ' 
.or else  undertaking  ,surveys  to ask recreat ion is ts   to   est imate 

sub jec t i ve l y   t he i r   l oss  i n  user-values. , . 

Sources o f  da ta   fo r   th is   s tudy  were l i m i t e d   t o  federal.  government 

' departments and to   in format ion from published documents. This 

l i m i t a t i o n .  may have reduced the accuracy o f  some of   the  data used, 

par t i cu la r ly   da ta  which was gathered  from f i e l d  surveys where l i m i t e d  

manpower  was avai lable.  A more re l iab le   da ta  base might have  been 

provided i f  consul tat ion had taken  place with the  S ta te   o f  Washington 7 
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and the  Province of B r i t i s h  Columbia., 

The. s t u d y  also  ,suffers from a scarcity of data i n  determining s h o r t  
term losses i n  the  event o f  a fai lure  of Zosel Dam. These losses may 
vary substantially from those  estimated i n  the s tudy ,  depending upon 
how quickly emergency measures could be  imp1emente.d i n  the  event o f  a 
dam. fai lure .  If emergency measures were undertaken. immediately a f t e r  . .  . ' 

dam fai lure ,  then most of  the shor t  term losses  estimated i n  t h i s  ' . 
. .  

: ' s tudy  could .be .prevented. On the  other hand, the  actual  losses could 
be: :m&h higher  -than  the s t u d y  estimates i f  a delay were t o  occur , i n  

. ,  

undertaking emergency measures. 
- .  - 

. .  , - 

c 

. 

. 
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APPENDIX A 
\ 

VALUATION OF RECREATIONAL BOATING 

An estimate  of  the  value of recreational  boating on  Osoyoos  Lake  was 
needed to  calculate  losses  that would  be associated. with lclwer lake 
levels. T h i s  appendix outlines  the methodology  and data used to  estimate 
t h i s  value. 

Methodology 
An extension- of the Clawson-Knetsch travel  cost method  was used to 
estimate  the  value  of  recreational  boating. T h i s  method has two basic 
steps which are: 

A )  estimate  the r e l a t ionsh ip  between travel costs t o  t h e  recreational 
s i te  and the  rate of  participation from different areas; and, 

3) construct a demand curve for  recreation  at  the  site by increasing  the 
cost  of u s i n g  the s i t e  i n  increments and calculating numbers O f  users 
based on the  participation  cost  relationship i n  step A. 

The Participation Rate Model 
The relationship  described i n  step ( A )  was estimated  econometrically us ing  
Cross section  data from 28 regions o f  o r i g i n .  Two formulations were used: 

(1) EDi = f(D.OS, 1 DiOK, DiNO, Yiy PCi) 
(2 )  EDi = f(FCiy MCi, DiOK, DiNO, Yiy PCi) 

where: B D i  = boating days per '100 population on  Osoyoos 
Lake  from region i 

DiOS = distance i n  miles from region i to  Osoyoos  Lake 

PiOK =- distance i n  miles from region i to  nearest 
alternative  lake i n  the Okanagan Basin 

D i N O  = distance i n  miles from region i to the nearest 
alternative  lake  not i n  the Okanagan Basin 

Y i  = per capita income i n  region i 
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PCi = populat ion  o f   the  largest   c i ty  i n  region i 

F C i  = f i x e d   c o s t   o f   t r a v e l   t o  Osoyoos from region i 

MCi  = marginal  cost o f  a boating day  on  Osoyoos  Lake 
fo r   recrea t ion is ts  from region i. 

I n  the f i r s t  formulation,  dist,ance t o  Osoyoos  Lake i s  used  as a proxy  for 
the average cost  of   'a  boater day. Some problems ar ise  with the 

formulation because v i s i t o r s  from distant  regions  tend  to  stay  longer i n  
the Okanagan and average out  the  travel  costs  over a greater number of 

days. Thus  an increase i n  distance  travel led does not  necessari ly mean 

an  increase i n  average costs  per day o f  use. An attempt i s  made t o  
account for th is  problem when the demand curve i s  derived i n  the Second 

stage of   the  analysis.  

I n  the second formulat ion,   costs   are  d iv ided  in to   f ixed  costs   o f   v is i t ing 

t h e   s i t e  and marginal  costs  per  boater day. Fixed  costs were considered 

t o  be the   cos ts   o f   t he   re tu rn   t r i p   t o   t he  Okanagan Basin from the  region 
o f  or ig in .  For boaters who l i v e  i n  t h e  Oitanagan Basin,  these f ixed  costs 

were taken t o  be zero. The marginal, or  dai ly   costs   o f   boat ing had a 

number o f -  components including  the  , ,cost   of   the  return t r i p  from the 
accommodation i n  the  aasin t o  the  lake,  the  cost. o f  accominodation,  and 
the  extra  cost   of   food  for   the day. For basin  residents,  the  costs  of 
accommodation  and extra  food were zero. I n  cases where residents from 

other  parts o f  the  Basin  t ravel led  to Osoyoos  Lake for   boat ing i t  was 
assumed tha t  these t r i p s  were day-trips. 

Both  formulations  included  the  distance to   a l te rna t ive   lakes ,   reg iona l  

incomes  and the  populat ion  of  , t he   l a rges t   c i t i es  i n  the  region. The 
populat ion  variable was inc luded   to   re f l ec t   t he   ava i l ab i l i t y  of  urban 

based recreat ional   a l ternat ives.  

Pa r t i c i pa t i on   ra te  models as i n  equations (1) and (2) were also 
formulated for  other  lake  regions i n  the  Basin. This enabled a  more 
e f f i c i e n t   j o i n t   e s t i m a t i o n  procedure t o  be used and allowed  comparisons 

t o  be made between the  dif ferent  regions. 
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The regions  considered were: 
1) Osoyoos  Lake 
2)  Penticton  region (Skaha Lake  and  Okanagan  Lake South)  
3) Kelowna region (Okanagan  Lake Central 
4)  Kalamalka  Lake 

Results of Estimation 
Estimates  for  the  participation  rate model, as  formulated i n  equation (1) , 
are shown i n  Table, A-1. .The  model f i t s  t h e  data  quite well f o r   a l l  four 
regions and  most explanatory  variables have coefficients  that  are 
s ta t is t ical ly   s ignif icant .  Two of  the  variables, income  and population 
o f  largest c i ty  i n  region are not significant. 

Estimates for t h e  second formulation i n  equation (2) are shown i n  Table 

A-2. The  income  and population of largest   ci ty were not  i n c l u d e d  i n  t h e  

estimated model, as  preliminary  estimations showed t h a t  thtzy ;Yere not 
significant and d i d  not affect  the  coefficients O F  other variables. A 
dummy binary  variable is included for Okanagan residents  (i.e.  the 
variable is equal to  one for  regions w i t h i n  the Okanagan  and zero for 
areas  outside  the Okanagan) . The purpose of  the dummy variable- was to  
account for any differences between  Okanagan residents 2nd vis i tors  
because of such factors  as knowledge of the  area and abi l i ty  t o  use the 
lakes on weekends  and .evenings. 

As can be seen from t h e  high R2 values i n  Table A-2 the marginal cost 
formulation results i n  an extremely good fit of the model to  the  data- 
The marginal cost,  fixed  cost and distance t o  nearest  alternative  lake i n  
'the Okanagan are  significant i n  a l l  equations. The distance  to 
alternative non-Okanagan lakes was not  significant i n  any of the 
equations. 

The dummy variable, while significant i n  some regions, is not of a 

. .  
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consistent  s ign i n  the  four  regions. The  dummy var iable was also  h ighly 
correlated with f ixed  costs which caused d i f f i c u l t i e s  i n  estimation. 

When the dummy var iable was l e f t   o u t  o f '  the  equation  there was l i t t l e  
change i n  the R2 and the   coe f f i c ien ts   o f   o ther   var iab les  were no t  

affected  except  for  f ixed  costs. 

Despite  the good fit o f   t h e  models, caution  should be taken i n  judging 
t h e   r e l i a b i l i t y   o f   t h e  estimates. As mentioned, there i s  h igh 

mu l t i co l l i nea r i t y  i n  the  data  which makes  some coef f ic ients   sens i t ive  to  

di f ferent model speci f icat ions.  The h igh R2 values  are  part ly due t o  

the  nature o f   t he   va r ia t i on  i n  the dependent var iab le,   par t ic ipat ion 

rate.   Part ic ipat ion  rates for  regions'  adjacent to   lakes   a re  about  two 

orders  of magnitude higher  than  part ic ipat ion  rates from  other  regions. 
The estimated models have h igh R2 values because they p red ic t  high 

par t ic ipaton  ra tes  for   reg ions within the  basin and low pa r t i c i pa t i on  
r a t e   f o r   a l l   o t h e r  regions. 

Calculat ing  the Demand Curves 

AS discussed ear l ie r ,  demand curves  can  be  constructed  using  the 

est imated  part ic ipat ion  rate models. The procedure i s  straightforward 

for  the  marginal  cost model shown i n  Table A-2.  The marginal  cost i s  
increased  by an increment f o r  each o f   t h e  28 regions, and t o t a l  
par t i c ipa t ion  i s  calculated  using  the  est imated  part ic ipat ion  rate 
equation. The. marginal  cost. i s  increased  again and par t i c ipa t ion  i s  
re-calculated. This procedure i s  repeated u n t i l  t o t a l   p a r t i c i p a t i o n  i s  
n i l .  The increments i n  marginal  cost  per  boater day are  equivalent  to 

admission prices, so a price-quanti ty demand re la t ionship i s  obtained. 

The procedure for  construct ing a  demand function  using  the  distance 
formulation o f   t h e  model estimated i n  Table A-1 i s  d i f f e ren t  from the 

above procedure, i n  that  distance,  rather  than  marginal  cost i s  
incremented. For example, t o  represent a  one dol lar  increase i n  the 

average cost  per  user day, i t  would  be  necessary t o  increment  the  mileage 
by an amount equiva lent   to  one do l l a r  i n  cost. This procedure becomes 
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complicated wi th  vis i tors  who stay  for more than one n i g h t ,  because t h e .  
travel  costs  get averaged out over the  length of their stay. Thus t h e  
length of time spent i n  the Okanagan will affect  the  distance increment 
corresponding t o  a u n i t  increment i n  the per day cost   a t   the   s i te .  I t  
was  assumed that  visi tors who lived wi th in  90 miles of the s i t e  stayed 
for an average of  one day, vis i tors  from 90-250 miles  stayed  for an 
average of  five days, and visitors from over 250 miles  stayed for an 
average of 10.5 days. These averages were taken from a  separate survey 
of Okanagan tourists (Phipps . and James, 1980). Mileage increments 
corresponding to a u n i t  increase i n  average  per day cost   a t   the   s i te  were 
calcu$ated on t h i s  basis. The  demand curve was then calculated by 

incrementing mileage by the determined increments and calculating 
participation from the model i n  Table A-1. 

. .  

The  demand curves for  boating on Osoyoos  Lake, derived from the two 
models, are shown graphically i n  Figure A-1. 

The Value of Boating 
Since  the  actual market price  for using the  lakes is zero,  the whole area 
under the demand curves  represents  the consumer sur?lQs for  recreational 
boating. The total  consumer su rp lus  values can  be divided by the number 
of user-days to give an average  value  per day. The consumer su rp lus  
values  are shown for t h e  different  lake  regions i n  Table A-3. 

It  was f e l t   t ha t  the marginal cost formulation gave more reliable  results 
than  the average cost  (distance) formulation because of the  less 
restrictive assumptions of the model.  The per day values are  also more 
consistent wi th  expectations. The per day values are  close  for  all  areas 
except- for Osoyoos which is significantly lower. The  low  Osoyoos value 
is reasonable  considering t h e  low resident  population,  the  smaller . lake 
size and poorer water quality  relative  to  other  regions i n  the Basin. 

I n  conclusion,  a  value  of $2.11 per user day (1980 dollars) is 
recommended as  the  value  for  boating on  Osoyoos  Lake. Inflated t o  1982 
dollars,  the value is $2.61 per  day. The  number of boater days is 
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TABLE A-3 

Consumer Surplus Values o f  Recreational 
Boating i n  the Okanagan i n  1980 

I 

'I 
I 
,I 
I 
'I 
I 

Distance  Formulation Marginal Cost Formulation 

Total Value Total  Value 
Per Year (1980$)  Value Per Day Per Year Value Per Day 

osoyoos $ 84,000 $ 2.80 $ 63,300  $2.11 

Penticton 254,000 3.77 299 , 700  4.44 

Central 
Okanagan 306 , 000 2.11 654 , 000 4.51 

Kalmalka 132,000  3.77  172 , 600 4.93 

estimated t o  have increased from 30,000 i n  1980 t o  32,000 i n  1982 g iv ing 

a to ta l   va lue   o f  $83,500 for  recreat ional   boat ing i n  1982. 

Data Sources 

1) Total Boater Days per Lake Region 
These  were estimated from a e r i a l  counts made by the  Fish and Wi ld l i fe  

Branch o f   t h e  B.C. M in i s t r y   o f  Environment  (1980). Three spot counts 
were  done on each  day f o r  a  30-day  sample over  the May t o  October 
period. These spot  counts were then  increased by a fac to r   re f lec t ing  
the f u l l  leng th   o f   the  season, dai ly  hours o f  use and  number o f  

people  per  boat. The fo l low ing ' to ta ls  were estimated. 

Region 

osoyoos 
- Penticton 

Kelowna 
Kalamalka 

Boater Days (1980) 

30,000 

67 , 500 
145 , 000 

35,000 

2 )  Points   o f   Or ig in  f o r  Boaters 

This\ information was obtained from data  gathered i n  the "Okanagan 
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Boat Launch User Surveyvv carr ied  out by the  Parks Branch o f   t h e  B.C. 

M in i s t r y   o f  Lands, Parks and Housing (1979). The regions o f  o r i g i n  

were c lass i f i ed  under B.C. reg iona l   d is t r i c ts ,   A lber ta  (one region) 

r e s t   o f  Canada (one region) and the U.S. (one region). The survey 

also  provided  information on number o f  people  per  boat and other 
ac t i v i t i es   pa r t i c i pa ted  i n  by ' the  boaters  while i n  the Okanagan. 

Altogether 11,727 par t ies  were sarveyed a t  major  boat  launches i n  

each region. Because o f   t he   l a rge  sample s ize it.. - i s  f e l t   t h a t   t h e  
r e s u l t s   o f   t h e  survey  are  quite  representative  of  the  boating 

population. The  number o f  boaters  from each p o i n t   o f   o r i g i n  i s  
calculated by mul t ip ly ing   the   re la t i ve   d is t r ibu t ion  from the sample 

t imes  the  total   boater day estimates. 

Travel Costs 

It was  assumed t h a t   a l l  boaters  t ravel led  to  the Okanagan by 
.automobile. The cost  per  mile was calculated i n  the  fol lowing manner: 

Travel Cost Calculations 

car  cost   per  mi le based on 
1980 federal  government ra tes 

per person cost   for  average 
pa r t y   s i ze   o f  3.15 

time  cost  per  person assuming  50 
MPH a t  a c o s t   o f  $1.65 per  hour. 
$1.65 i s  based on average  of 1/4 
the average i n d u s t r i a l  wage for 
adul ts and 1/12 for  chi ldren* 

Total  

data  indicates  that  boaters  spent 
62% 'of t h e i r  days i n  the Okanagan 
boating and 38% o f   t h e i r  days on 
other   act iv i t ies .  
To get  travel  costs  associated 
with boat ing  mult ip ly  by .62 

7 I m % i E E )  
Cost e r   M i le  

22rd 

.22/3.15=.07 

-1.65/50 = .033 

.lo3 - 

.62 X .lo3 = .064 

* Guidelines  suggested by Cesario i n  "The Value o f  Time i n  Recrea- 
t ion  Benef i t   Studies" Land  Economics Vol. 55 No. 1,Feb. 1976. 
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Distances t o   t h e  Okanagan centres  f rom  d i f ferent   reg ional   d is t r ic ts  
were taken  from  standard t r a v e l  maps. A lbe r ta   v i s i t o rs  were  assumed 

t o  have s tar ted from a point  halfway between Calgary and  Edmonton. 
V is i to rs  from other  provinces were  assumed t o  have s tar ted from  a 
point  halfway between Regina and  Winnipeg. A s l i g h t  increment i n  
mileage was added t o  distances  from Vancouver I s land   t o   t he  Okanagan 

account for   the  fer ry   costs .  

Accommodation  and  Food Costs 
There was no d i rect   in format ion on the amount boaters  spent on these 

items, b u t , i t  was  assumed that  they had the same expenditure  patterns 

as.  the  general  tourist  populat ion i n  the Okanagan. Average 

accommodation costs were obtained .from B.C. Min is t ry  o f  Tourism 
"Accommodation  and  Campground Directory" (1980). 

Expenditures on food were obtained  from  data i n  Water  Based 

Recreation i n  the Okanagan Basin  (Canada-British Columbia, 1974) and 
in f l a ted   t o  1980 terms.  Only expenditures on food over what  Would 

have  been spent a t  home were included. 

Accommodation  and food  costs were calculated  for   recreat ionists i n  
four  regions  of   the Basin. I n  1980 dol lars ,   the  da i ly   cost   per  

person was calculated  .to be $6.78 i n  the Osoyoos region, $7.50 i n  the 
Penticton  region, $8.38 fo r   the  Kelowna region and $7.30 for   the 

Vernon Region. 

Income  and Population 

Per capi ta  regional  incomes  were based on  estimates  from Trade and 

Commerce Magazine (1977). Population  data  for 6. C. were obtained 
from B.C. Min is t ry  o f  Municipal  Affairs (1980). Population  data  for 

Alberta. and the   res t  o f  Canada  were obtained  from  Statistics Canada. 

I 
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APPENDIX B 
LOSSES TO BEACH-USERS 

1) Effect of Low Lake Levels 
A field survey was carried  out i n  order  to determine the  effects of 
lowering the  lake  levels on beach areas (Environment  Canada, May 
1982). Estimates were made  on the amount of lake bottom that would 
be exposed a t  t h e  new lake  levels. It was found that  areas o n '  the 
east  side of the  lake and  Haynes Point were the most seriously 
affected. The  main pub l i c  beach (Community Beach)  and  Legion Pub l i c  
Beach, both on the west side,  were judged to  be not seriously 
affected. Table 6-1 shows the  effects of a drop i n  lake  levels on 
the beach areas. 

Number.of  Beach-Users 
The  number of people a t  each  beach was obtained us ing  two different 
methods. For public beach areas,  counts were made as  part of  the 
Okanagan Basin Implementation Agreement (Ph ipps  and  James , 1980). 

For commercial resort  areas, beach days were calculated on t h e  basis 
o f  accommodation available i n  the  resorts. I t  was  assumed that each 
person-unit  of accommodation represented 60 beach-days. Accommodation 
figures were taken from the Br i t i sh  Columbia Ministry of  Tourism 
(1980). For private beach-users, beach days were calculated on the 
basis of 180 days for each household on the water front. 

Table 8-2 gives Beach days for t h e  Osoyoos  Lake area. 
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TABLE 6-1 

Effect o f  Low Lake Levels on  Beach Areas* 

Beach  Area Normal  Beach Width1 Beach Width a t  
Low Lake Levels2 

East  Side  Resorts, South  Basin 25 - 40' 

Van Acres Resort, North  Basin 20 
Commercial  Beach S t r i p ,  North  Basin 40 

Haynes Point Beaches 10 - 15' 

East Osoyoos Public Beach 65 

Osoyoos  Community  Beach 25 
Osoyoos  Legion  Beach 40 ' 

150 
750 I 
250 

300 
400 

65 
65 

1. Normal beach width refers t o  width o f  sandy area a t  911' lake 
elevation. 

2. Width a t  low lake  levels  refers- t o  distance from inland edge of  beach 
to waters edge when lake  levels  are 908' north of  Haynes Point and 
906' south of Haynes Point. 

*Data source ; . f ie ld  survey (Environment  Canada, May 1982) 

I 
I 
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TABLE 8-2 

Beach  Days i n  the Osoyoos Lake Area i n  1980 

Beach Area 

Private  Residential 
Osoyoos  Community  Beach 

East Osoyoos Beach 
Osoyoos Legion Beach 

Haynes Point 
East  Side  Resorts 

Van Acres Resort 
Commercial Beach S t r i p  

Beach  Days 

36,000 

46,000 
15,000 
8,000 
9,000 

78,000 
32,000 
77,000 
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3. Losses t o  Beach-Users 

The lower bound estimate  of  losses t o  beach users was calculated on 

the  bas is   o f   the  t ime i t  would requ i re   t o  walk the  ext ra   d is tance  to  
the  waters edge at   the  lower   lake  leve ls .  It was  assumed t h a t   t h i s  

walk  would  be made twice  per beach-day. The costs  of   t ime were the  
Same as those  used i n  Appendix A. Table 8-3 gives  the  lower bound 

estimate  for each  beach  area. 

TABLE 5-3 

Lower  Bound Estimates  for Annual Losses t o  Beach Users 

Beach 

Pr ivate  Resident ia l  

Community  Beach 

East Osoyoos  Beach 
Legion Beach 

Haynes Point 
East  Side  Resorts 

Van Acres Resort 
Commercial Beach S t r i p  

Tot a1 

Total  Extra  Distance Walked 

775 fee t  

0 fee t  

1,120 feet -  .. . 

0 feet 

800 feet 

120 feet 

2,170 fee t  

520 fee t  

Extra  cost  

$2,900 

0 

1,750 

0 

750 

835 

7,195 

3,575 

$17,005 

In  order to   ca l cu la te  an upper bound estimate  for beach losses i t  was 

assumed t h a t   a l l  users  from  seriously  affected beaches would t r a v e l  
t o  Community  Beach,  where the   e f fec t  o f  lower  water  levels would no t  

be  severe. Travel  costs were calculated  according  to  the  rates used 
i n  Appendix A. Congestion  costs were calculated on the   bas is   o f  

$0.18 per  extra 100 people  per  acre. This f i gu re  was a r r i v e d   a t   b y  
examining the  current   densi t ies  o f  use a t   t h e  commercial beach s t r i p  

and Community  Beach  and comparing the  dif ference i n  dens i ty   to   the  
t ravel   costs  between the  ten areas.  Table 6-4 gives  the  t ravel  and 
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congestion  costs for each  beach area. 

/ 

The average o f  the  lower and upper bound estimates was chosen t o  

represent  the "most l i ke ly "   va lue  o f  losses t o  beach users.  This 
value is equal t o  $116,700 annually. 



- 41 - 
I 
I 
I 
~I 

TABLE 8-4 

Upper  Bound Estimate o f  Annual Losses t o  Beach Users 

Or ig ina l  
Beach  Area 

Pr ivate  Resident ia l  
Community  Beach 
East, Osoyoos  Beach 
Legion Beach* 
Haynes Point 

East  Side  Resorts 

Van Acres Resort 
Commercial  Beach Str ip** 

Distance t o  
Community 

Beach 
(Miles ) 

1.9 
0 

.7 

.5 

2.1 

1.8 
1 .o 

.5 

Travel 
costs 

$ 

15,010 
0 

3,240 
0 

4,082 

30,145 

6,912 
42,250 

Congestion 
costs 

$ 

13,980 
40,005 

13,045 
0 

7,820 
16,598 

6,809 

16,498 

Tota l  
costs 

$ 

28,990 
40,005 

16,285 
0 

11,902 
46,743 

13,721 
58,748 

Total  Costs $101,639  $114,755  $216,394 

* Not af fected by low l ake   leve ls  
** It i s  assumed that   recreat ion is ts  who o r i g i n a l l y  Went t o  

t h i s  beach area would  walk t o  Community  Beach. M i  other 

recreat ion is ts   are assumed t o   d r i v e   t o  Community  Beach. 
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