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SUMMARY 

1. OBJECTIVE 
The o b j e c t i v e   o f   t h i s   s t u d y   i s   t o  assess the  economic f e a s i b i l i t y   o f  

p rov id ing  dykes for  three  areas  of  Kamloops. 

2. PROPOSED DYKES 
The proposed  dykes  would  protect  areas NT1, T1, and T2 as d”-I i n  

Figure (1 1. 

3 .  BASIC  ASSUMPTION 

The basic  assumptions  used i n  the  study  are: 

1. economic l i f e   o f  dykes i s  35 years, 

2. has ic   d iscount   ra te i s  7%, 

3. r e a l  dyke cons t ruc t i on   cos ts   a re   app rec ia t i ng   a t  

1.% per  year, 

4. base year i s  1982. 

4. RESULTS  OF STUDY 
Table 1 provides a summary o f   t h e   r e s u l t s   o f   t h e  economic analys is  O f  

dyking  areas NT1, T1, and T2 of  Kamloops. 

TABLE 1 

Benefits,  Costs,  Benefit-Cost  Ratio, and Net  Benefi ts - KamlooDs 

Dyking Benefi ts P ro jec t  B/C Net P.V of 
Areas New Dykes costs  Rat io  Benef i ts  

$ (000) $ (000) $ (000) 

1) NT1 2,922 4,445 .7 -1,523 

2) T 1  7,787 7,836 1 .o - 49 

3) T2 1,218 1,856 .7 - 638 

4) N T l + T l  10,709 12,072 .9  -1,363 
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5. CONCLUSION 
This  study has q u a n t i f i e d   a l l   o f   t h e  economic benefi ts  which  could  be 

obtained  f rom  the  construct ion  of   dykes i n  three  of   the  key  dyking 

areas of Kamloops (NT1, T 1  and  T2). The s tudy   resu l ts  show t h a t   t h e  

construction  of  dykes is m a r g i n a l l y   j u s t i f i e d  i n  only  one area ( T I )  

and that   the  o ther   areas NT1 and T2 and a combined p r o j e c t  (NT1 and 

T1) are  not   economical ly  v iable.  



A. INTRODUCTION 

An ea r l i e r   s tudy   o f   bene f i t s   assoc ia ted  with f lood  p ro tec t ion ,  i n  the  

Kamloops area, showed that   three  dyk ing  area NT1, T 1  and T2 (see Map 

1) had bene f i t s  and resu l t i ng   bene f i t - cos t   ra t i os   o f  any 
significance.A' The other  four  areas  analysed  by  the  study, T3, 

T4,  NT2 and ST1,- had i n s i g n i f i c a n t   b e n e f i t s  and r e s u l t i n g  
benef i t -cost   ra t ios.  A reconnaissance o f   t h e  Kamloops area 

f l o o d p l a i n   i n  mid  1977  and  again i n  t h e   f a l l   o f  1981 showed tha t   very  

l i t t l e  new development  had occurred i n  any o f   the   dyk ing   a reas .  As a 

r e s u l t  i t  was concluded  that  onlv  the  three  areas NT1, T 1  and T2 were 

l i k e l y   t o  show changes i n  the i r   benef i t -cos t   ra t ios .   There fore   on ly  

these-three  dyking  areas  are examined i n  d e t a i l  i n  t h i s   r e p o r t .  

There a r e   s w e r a l  reasons why the   bene f i t s   es t ima ted   i n   t h i s   s tudy  . 

will d i f f e r  from  those  prepared i n  t h e   e a r l i e r   r e p o r t .   F i r s t ,   s i n c e  
t h e   e a r l i e r   r e p o r t ,  some  new development  and i n t e n s i f i c a t i o n   o f  

a c t i v i t y  has  occurred.  Secondly,  the r i v e r   p r o f i l e  has been updated 

and re f ined.   Th i rd ly ,   be t te r   topograph ic  maps and a i r  photographs 

are now a v a i l a b l e   t o   e n a b l e   a n a l y s t s   t o   i d e n t i f y  more p rec i se l y   t he  

areas  flooded and the  degree o f   f l ood ing .   F ina l l y ,   s i nce   t h i s   s tudy  

examined a smaller  area, a much more d e t a i l e d  and in tens i ve   ana lys i s  

o f   benef i ts  i s  poss ib le .  

This  update makes  some r e l i a i t e  on the  data  co l lected  for   the  1971 
study.  For  the most pa r t ,  however, the  data  used i s  new. 

B. OBJECTIVE 
The o b j e c t i v e   o f   t h i s   s t u d y   i s   t o  assess the  economic f e a s i b i l i t y  o f  

p rov id ing  dykes for  three  dykinq  areas NT1, T 1  and T2 a t  KamlooPs 

Since  areas NT1 and T 1  can  be j o i n e d   t o  form one continuous  dyke, 

there fore   e l im ina t ing .   the  need for  the  cost   of   the  separat ion,   an 

- 1/ Environment Canada, "Kamloops Area-Benefit  Study,  Inland Waters 
D i rec to ra te ,   Pac i f i c  and Yukon Region,  Unpublished  report,  February 
28, 1973. 
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assessment o f   benef i t s   fo r  a combined p r o j e c t  (NT1 & T1) i s   a l s o  

prepared. 

PROPOSED  DYKES 

The proposed  dykes t o   p r o t e c t  areas NT1, T 1  and T2 are shown i n  

Map (1). 

BASIC  ASSUMPTIONS 

The basic  assumptions used i n  th is   s tudy  are:  
1. The economic l i f e  o f  the  proposed  engineering works i s  35 years. 
2 .  The d iscount   ra te i s  7%.1/ S e n s i t i v i t y   a n a l y s i s   i s   p r o v i d e d  

us ing 6%, 8% and 10% discount  rates.  

3. Real  growth and p r i c e  change i s  expected t o  be 1% per  year. 
S e n s i t i v i t y   a n a l y s i s  is provided  using 0% and 2% growth  rates. 

4 .  Real dyke cons t ruc t ion   cos ts  will appreciate  a t  1% per  year  over 

the  next  35 years .   Sens i t i v i t y   ana lys is  i s  provided  using 0% 

and 3% growth  rates. 

5. Base year i s  1982. 

PROJECT COSTS 

Appendix 2 out l ines  the  expected  pro ject   costs .  It provides an 

est imate  o f   the  costs   o f   const ruct ing each  dyke a l t e r n a t i v e   t o   F r a s e r  

River  Program standards, and shows the  annual  maintenance  costs  which 

new dvkes  would r e q u i r e   t o  keec, them a t  f u l l  program  standard. 

Wherever appl icable,  r ight-of-way  costs  are  included i n  the   ana lys is .  

FLOOD  DAMAGE CRITERIA 
1. Res ident ia l  and Associated Damages 

a. Res ident ia l   S t ruc tu ra l  and Content 

1) Res ident ia l   S t ruc tu re  

Houses i n  Kamloops were found t o  be  genera l ly   s imi lar  

2/ A 7% discount   ra te i s  used i n  the  study because the  Fraser  River 
Joint  Advisory  Board  agreed t o  use t h i s   r a t e  i n  a l l   i t s   s t u d i e s .  The 
Treasury  Board o f  Canada  recommends the  use of a d iscount   ra te O f  10% 
for   the  year  1975. 

- 



- 3 -  

to  those i n  the Lower Mainland. Minor differences were 
not  expected to  have significant  effect  on the damage 
estimates. 

U n i t  damage curves  for  residential  structures  for  three 
house classes ( A ,  B and C )  were prepared i n  the  report 
"Estimating Flood Damages i n  the  Fraser River Basin".- 
These u n i t  damage curves were used i n  the  current s t u d y  
t o  prepare  separate  structural damage curves  for  houses, 
apartments, and  condominiums. 

3/ 

Structural damage curves  for houses were prepared by 
combining main floor,  basement  and exterior  (Chilliwack) 
damage curves of A ,  - B  and C class houses i n  the 
appropriate mix i n  which they  occur. 

The mix of house classes ( A ,  B and C )  was obtained i n  
the  following way: (1) the 1971 average house value of 
A ,  B and C class houses was updated using  the B. C. 
Assessment Authority residential  price index,- 4/ (2)  

the upper value o f .  C and B houses was established by 

calculating an average  of the updated C and B c lass  
houses and B and A houses (Appendix 4 ) ,  (3 )  a complete 
list. of the  assessed  values of a l l  floodplain homes a t  
Kamloops  was obtained from the B.C. Assessment Authority 
office i n  Kamloops, (4) the mix of A ,  B and C Class 
houses was established by placing each floodplain home 
into its appropriate  class based on its assessed  value. 

- 3/ Book, A . N . ,  Princic R . ,  I1Estimating Flood Damages i n  the  Fraser  River 
Basin, Water Planning and  Management Branch, Fisheries and 
Environment  Canada, December 1975, pp. 41-55. 

- 4/ B.C. Assessment Authority,  Appraisal Systems Division Composite Cost 
Indices.  Residences, Frame Structure. 
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The percentage o f  houses w i t h  basements was obtained 
from a f ie ld  survey. An indication of the mix of house 
classes ( A ,  B and C) and percentage o f  houses w i t h  
basements i n  each dyking d i s t r i c t  is displayed i n  
Appendix 5 .  

A s t ructural  curve for  apartments was obtained by u s i n g  
the main floor damage curves (structural  damage only)  of 
50% C c lass  houses and 50% B class houses without 
basements. A structural  damage curve for  condominiums 
was prepared us ing  the main floor damage curves 
(structural  damage only) f o r  50% C class houses and 50% 

B c lass  houses  without basements and the  exterior damage 
curves fo r  Chilliwack type  houses. 

2) Content 
U n i t  damage curves  for  residential  content were prepared 
for  three house classes ( A ,  B and C) i n  the  report 
llEstimating Flood Damages i n  the  Fraser River Basin".- 
These curves were used i n  the  current s tudy  to  prepare 
content damage curves  for  houses,  apartments and 
condominiums. 

5/  

Content damage curves f o r  houses were prepared fo r  each 
dyking area by taking  into account the mix of house 
classes ( A ,  B and C) and the  percentage o f  houses wi th  

basements i n  that  area. The mix o f  house classes and 
the  percentage w i t h  basements used i n  the s t u d y  is 
described under Residential  Structure. 

A content damage curve f o r  apartments and  condominiums 

- 5 /  Op. C i t . ,  Book, A . N . ,  Princic, R.', p .  40 
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was prepared  using  the  main  f loor damage curves  (content 

damage on ly )   fo r  50% C c lass  houses  and 50% B c lass  

houses. 

The content uni t  damage curves were prepared from data 
based on 1971  dol lars.  These were updated t o  1982 

d o l l a r s   u s i n g   t h e   5 t a t i s t i c s  Canada,  Consumer P r i c e  
Index  for  Canadav1./  Since  indices were ava i l ab le ,  

res ident ia l   con ten t  was d i v i d e d   i n t o  two categories; 

f u r n i t u r e  and appliances. For the  purpose of  t h i s   s t u d y  

i t  was assumed that   the  va lue  o f   res ident ia l   content  was 

made up o f  1/3  appliances and 2/3  furni ture.  One index, 

weighted  according t o   t h e  assumed r a t i o   o f   f u r n i t u r e   t o  

appliance, was generated fo r  use t o  update  the 
res ident ia l   con ten t  damage curves t o  1982 d o l l a r s  (see 

Appendix 16). 

3) Combined S t r u c t u r a l  and Content Damage 

Res iden t ia l  damages a t  Kamloops were estimated  using 

un i t  damage curves  which combines b o t h   s t r u c t u r a l  and 

content damages. Separate  curves were prepared t o  

ca l cu la te  damages t o  houses, apartments and  condominiums. 

For houses  a  combined un i t  damage cu rve   ( s t ruc tu ra l  and 

content)  was prepared  for each o f  three  dyking  areas. 

For apartments and  condominiums only one curve was 

prepared.  This  curve was in tended  to  be used t o  

ca l cu la te  damages t o  apartments and  condominiums i n  any 
o f  the  dyking  areas. The un i t  damage curves for houses, 

apartments and  condominiums used i n  the Kamloops study 

are shown i n  Appendix 6 .  

- 6/ S t a t i s t i c s  Canada,  Consumer Pr ice  Index for  Canada, Main Components, 
Sug-groups and Selected  Items,  Furniture,  Appliances,  Catalogue NO. 
62-010 p .  35. 
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Damage t o  mobile homes (both  structural and content) was 
prepared us ing  a different procedure. First an average 
market value of mobile homes  was obtained by contacting 
various  dealers i n  the Kamloops area. Then a u n i t  
damage curve was prepared by applying a percentage- 
damage curve used by the U.S. Federal  Insurance 
Administration to  the market value of  mobile homes.  The 
u n i t  damage curve used to  estimate damages to  mobile 
homes i n  Kamloops is shown i n  Appendix 6. 

The  number of residential  u n i t s  l ikely  to   suffer  damage 
a t  each flood  stage and dyking area was obtained from 
a i r  photographs and  from field  inspection. Appendix 7A 

- 7D provides an- estimate of t h e  residential  u n i t s  
subject  to  flooding and the  associated  dollar damage a t  
each flood  stage and dyking area. 

b. Loss of Use of Dwelling 
Loss of use  of  dwelling was estimated us ing  the procedure 
described i n  the  report  "Estimating Flood Damages i n  the 
Fraser River  Basinvg.Z/ In  general,  the procedure was to  
take  the number of houses inundated a t  each river  stage and 
m u l t i p l y  t h i s  by the  total  number of days dur ing  which they 
could  not be occupied times  the  rental  value .of the homes. 
To allow a reasonable  period  for  the  restoration of  services 
(water,  hydro,  etc. ) , clean-up and repairs   to  houses,  the 
following  additional time was added to  the  duration of 
flooding t o  give  the to t a l  evacuation  period. 

~ 

- 7/ Op. C i t . ,  Book, A . N . ,  Princic, R . ,  pp. 98-99. 
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TABLE 2 

Evacuation  Period 

Flood  Depth Above 

Main F loor  

Per iod  o f   Evacuat ion 

Less  than 1 foot 

1 and 2 feet 
More than 2 feet 

Dura t ion   o f   f lood   on ly  

Dura t i on   o f   f l ood  + 45 days 
D u r a t i o n   o f   f l o o d  + 60 days 

The month ly   ren ta l   va lue   o f  houses was taken t o  be 1% of  the 
market  value o f  an average  house (excluding  land) i n  the  
dyking  area. The monthly rental   value  of   apartments,   mobi le 

homes and  condominiums was' taken t o  be 1% of  the damages a t  

t he  +3.0 meter  level.. An estimate  of  the loss of  use O f  

r es iden t ia l   dwe l l i ngs  i s  provided i n  Appendices 7A - 70. 

c. Ex t ra  Food Cost 
It i s  genera l ly   fe l t   that   res idents   o f   f looded  areas  would 

have t o  pay s l i g h t l y  more for food than  they  normally do. 

This  would  be  the  case because they  would be forced t o  buy 

food i n  smal ler   quant i t ies   than  usual .  

Ex t ra  food  cost was estimated  using  the  procedure  described 
i n  the  repor t   I IEst imat ing  F lood Damages i n  the  Fraser   River  

Basin1'.i/ I n  general,  the  approach was t o   t a k e   t h e  number 

o f  houses inundated a t  each f lood   s tage,   mu l t ip ly  th is  by 

the  appropr iate  average number o f  persons  per house, then 

- 8/ Ib id. ,   p.  100 
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m u l t i p l y   t h i s  by  the  per iod  of   evacuat ion and f i n a l l y   t h i s  
t o t a l  by  the  estimated  extra  food  cost  per  person  per day. 

The extra  cost   of   food i n  1971 was es t imated  to  be $ .38 per  

person  per day.  For  1982 the   ex t ra  food cost  i s  assumed t o  
be  $1.14 per  person  per day.?' An est imate  of   the  extra 

food  costs  for  each f lood  stage and dyking  area is provided 
i n  Appendices 7A - 7D. 

2. Commercial Damages 

Commercial damages were estimated  using  the  techniques and the 

unit damage curves  out l ined i n  the  report  ' IEstimating  Flood 

Damages i n  the  Fraser  River  Basintf.- lo/ The repor t  used  a f i e l d  

survey to   es t ,ab l i sh   s tage damage curves fo r  20 d i s t i n c t  groups  of 

commercial  categories. Average d o l l a r  damages were ca lcu la ted  

per  square  meter o f  establishment  for each . 3  meter of  

f lood ing  .- 11/ 

The  damages for each o f   t h e  commercial  categories were updated i n  
the  fo. l lowing manner. The propor t ion  o f  damage t o   s t r u c t u r e  , 
inventory ,  and fu rn i tu re  and  equipment was i d e n t i f i e d   f o r  each 

category  of   establ ishment.   Appropr iate  indices were se lected 

(which r e f l e c t   p r i c e  changes  between 1971 and  1982) for each of 

s t ructure,   inventory ,  and fu rn i tu re  and equipment for the  var ious 

9/ - 

10/ 

11/ - 

S t a t i s t i c s  Canada,  Consumer Pr ices and Price  Indexes, Consumer P r i ce  
Indexes f o r  Regional   Ci t ies,  Vancouver, Food, Food Away From Home. 
Cat. No. 62-010. 

Op. C i t . ,  Book, A.N., P r inc i c ,  R., pp.  49-55. 

Appendix 8A provides a l i s t   o f  the categories  for  which  average  stage 
damage re la t i onsh ips  were  determined.,  Appendix  88 shows the  average 
square  meter damage a t   i n t e r v a l s  o f  . 3  o f  a  meter for  each category 
f o r  1971. 
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commercial  categories. A weighted  index was generated  for each 

type  of   establ ishment  by  adding  the  three  proport ional  damages. 

The basic  steps  involved i n   e s t i m a t i n g  commercial damages i n  th is  

study were: (1) i d e n t i f y  and assign  indiv idual   commercial  
establishments t o   t h e i r   a p p r o p r i a t e   c a t e g o r i e s  (Appendix 8A) ; (2 )  

determine  the  e levat ion  o f  each establ ishment.   by  the  use  of  
topographic maps and s i t e   i n s p e c t i o n ;  (3) determine  the  height  of 

the  main f loor  above ground l e v e l   f o r  each establishment  by  use 

o f   a i r  photographs and s i t e   i n s p e c t i o n :  (4) est imate  the  f loor  

area o f  each establishment  by  use o f   a i r  photographs and s i t e  

inspect ion;  and (5) ob ta in   t he   do l l a r  damage fo r  each 

establ ishment  by  mult ip ly ing i t s  f loor   area  t imes  the  appropr ia te 

unit  damage estimate. An estimate o f  the  potent ia l   commerc ia l  

damages a t  each stage i s  provided i n  Appendices 1 A  - 1C. 

3 .  , I n d u s t r i a l  Damages 
I n d u s t r i a l  damages, as a r e s u l t   o f   f l o o d i n g ,  were prepared i n  an 
e a r l i e r   r e p o r t   e n t i t l e d  "Kamloops Area - Benefi t  Study".- 
These damages, were or ig ina l l y   es t imated  by  on-si te  inspect ion 

and discussion with p l a n t  management. Because o f   t h e   d i f f i c u l t y  

o f   e s t i m a t i n g   i n d u s t r i a l   s t r u c t u r a l  damages, the  est imates 

prepared i n  t h e   e a r l i e r   r e p o r t  were updated t o  1982  and were used 
i n   t h i s  report.- 13/ TO account  for  plant  expansion, i t  was 

assumed t h a t   p l a n t s  grew i n  d i rec t   p ropor t i on   t o   t he   i nc rease  i n  
the  number o f  i t s  employees. The number o f  emloyees  employed by 

i n d u s t r i e s   a t  Kamloops i n  1982 was obtained from Employment and 

Immigration Canada, D i s t r i c t  Economist,  for  the area- . An 

12/ 

14/ 

Environment Canada, "Kamloops Area - Benefit  Study",  Inland Waters 
D i rec to ra te ,   Pac i f i c  and Yukon Region,  Unpublished  report,  February 
28, 1973. 

B.C. Assessment Author i ty ,   Appra isa l  Systems D iv is ion ,  ComDosite Cost 
Indices, Commercial  and Indus t r ia l   S t ruc tu res .  

Mr. R. Smelser, D i s t r i c t  Economist, Employment and Immigration Canada. 
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e s t i m a t e   o f   p o t e n t i a l   i n d u s t r i a l  damages a t  each flood  stage i s  

provided i n  Appendices 1 A  - 1C. 

4. Income Losses 
Primary and secondary income losses  include a l l   r e t u r n s   t o  

labour ,   land,   capi ta l  and entrepreneurship  which  would  be l o s t   t o  

the  province as a r e s u l t   o f  a flood.  Primary income losses   re fe r  

t o   l osses   i ncu r red  by  f loodplain  f i rms  forced  to  shut down 

because o f  a f lood. Secondary losses   re fe r   to   losses   by  

non-f loodplain  f i rms  forces  to  reduce  product ion when a f l o o d  

destroys  their   markets or source o f  raw mater ia ls .  

a. - Primary In'come Losses 
Two methods were used t o  ca lcu late  pr imary income losses 
depending on whether  production o f   f l o o d p l a i n  firms could  be 

deferred or t ransferred  to   o ther   non- f loodpla in   f i rms i n  

B r i t i s h  Columbia or  not .  I f  product ion  could  be  deferred or 
t rans fer red ,   the   on ly   losses   to   Br i t i sh  Columbia  would  be 

f r i c t i o n a l   l o s s e s  caused  by  delays and ex t ra   sh ipp ing  

costs. I n  th i s   s tudy ,   t h i s   cos t  was assumed t o  be 2% o f   t h e  

va lue   o f   t he   t rans fe r red  or  deferred  production.- 15/ If 
product ion  could  not  be deferred or  recovered  by some other  

B r i t i s h  Columbia firm income losses were ca lcu la ted  i n  the  

fo l low ing  manner: (1) each f i r m ' s   d a i l y  gross value  of 

product ion was establ ished  e i ther   by  contact ing  the firm 

d i r e c t l y  or through  secondary  sources;- ''' (2) each f i r m ' s  

value added p o r t i o n   o f   i t s  gross income was ss tab l i shed by 

consul . t ing  the  publ icat ion "The Input-Output  Structure  of  

- 15/ Book, A.N., P r i n c i c  R., "Estimating  Flood Damages i n  the  Fraser  River 
Basin, 1) Water Planning and Management Branch, F isher ies  and 
Environment Canada,  December 1975,  pp. 73-76. 

- 16/  Ibid.,  pp. 77-78. 
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the  Canadian Economy 196111;- 17/ and, ( 3 )  primary  income 

loss was ca l cu la ted   by   mu l t i p l y ing   t he   f i rm 's   da i l y  income 

(value added) b y   t h e   t o t a l  number o f  days ou t   o f  
production .- 18/ 

It was assumed t h a t  no  income losses  would  occur i n  the  

commercial  sector. It was a n t i c i p a t e d   t h a t  income losses   o f  

f loodplain  establishments  would  be made up by  gains  by 

bus iness   loca ted   o f f   the   f loodp la in  or  by  postponement o f  

purchases t o  a l a t e r  date. 

b.  Secondary  Income  Losses 

Secondary  income losses were est imated  by  ident i fy ing  and 

examining  the  various  forward  and  backward  l inkages  between 
f i rms  on and o f f   t h e   f l o o d p l a i n .  The steps  involved were as 
fol lows: (1) take   t he   res idua l   o f   t he   g ross   da i l y   p roduc t i on  
(af ter   deduct ing  the  f i rm's   va lue , added) calculated  under 

primary income loss; (2) i d e n t i f y   t h e   p o r t i o n   o f   t h e  

res idua l   p roduc t ion   supp l ied  by B. C. i n d u s t r i e s  ;g/ (3)  

estimate  the  value added p o r t i o n   o f  each o f   t h e   s u p p l y i n g  

industries;- 20/ (4) calculate  the  weighted  average income 

loss (value added p o r t i o n   o n l y )   o f   t h e   s u p p l y i n g   i n d u s t r i e s ;  

and, ( 5 )  calculate  the  secondary income loss by  mu l t ip ly ing  

the  weighted  average income loss t imes  the  res idual   gross 

d a i l y  income .- 21/ 

Dominion  Bureau o f   S t a t i s t i c s ,  "The Input-Output   St ructure  o f   the 
Canadian Economy1',  The Queen's  Pr inter,  Ottawa,  Ontario,  August 1969. 

For a more deta i led  explanat ion see the  report   ' IEst imat ing  Flood 
Damages i n  the  Fraser  River  Basin,"  by A.N. Book, and R. P r inc i c .  

I b i d .  

I b i d .  

For a more deta i led  explanat ion see the  repor t ,   "Est imat ing  F lood 
Damages i n  the  Fraser  River  Basin, It by A.N. Book, and R. P r i n c i c ,  pp. 
73-86. 
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5. Damage t o  Roads 
Damage t o  roads were estimated  using  the  data and the  procedure 

described i n  the  report  I IEstimating  Flood Damages i n  the  Fraser 

River  Basin11.22/ Road  damages were estimated  using  two  sets  of 

values; a va lue   o f  $2,000. per   mi le  ($1,240 per km) was used t o  
estimate damages for f loods   o f   less   than 7  days  and  $9,000 per 

m i le  ($5,590 per km) for  f loods  longer  than 7  days.  These values 
were conver ted  to  damage per  k i lometer and were updated t o  $3,840 

and $17,330 (1982 d o l l a r s )  for  f l o o d i n g   o f   l e s s  and more than 7 

days respective1y.g’  Estimates  of  road damages a t   v a r i o u s  

f lood stages and dyking  areas  are  presented i n  Appendix  9. 

6. Damage t o  Schools 

Damage to   schools  was estimated  using  the  procedure and u n i t  

losses  prepared i n  the  1971  report ,   I IEst imat ing  Flood Damages i n  
the  Fraser  River Basing1.- 24’ Unit losses were put  together  for  

each ind i v idua l   schoo l  by  combining  f lood  depth  curves  expressing 

the  percentage loss per   foot   o f   f looding  t imes  the  market   va lue 
o f  the  schoo1.E’ The market  values  for  the  various  schools  by 

s i ze  (number o f  classrooms) and leve l   o f   educat ion  had o r i g i n a l l y  

been obtained  from  the Department o f  Education.  Since  market 

values  used i n  the  Fraser  River  report  were for  the  year 1971, 

these  had t o  be  updated t o  1982 dol lars.- 25/ Estimates  of 
school damages f o r  each area and f lood  stage  are  provided i n  

Appendix 10. 

- 22/ Op. C i t . ,  Book, A.N., Pr inc ic ,  R., pp.  92-94. 

- 23/ S t a t i s t i c s  Canada, Const ruc t ion   Pr ice   S ta t i s t i cs ,  Highway Construct ion 
Price  Index, B.C. Total,  Catalogue No. 62-007, p. 24. 

- 24/ Op. C i t . ,  Book, A.N., P r inc i c ,  R., pp.  96-98. 

- 25/ See Appendix  16. 

- 26/ See Appendix  16. 
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7. Damage to   U t i l i t i e s  
a. Sewage Systems 

T h i s  report assumes that any lengthly  flooding of sewage 
systems would require them to  be cleaned.  Province  of 
British Columbia engineers (Water Investigations Branch) 
estimated  that i t  would cost $7,000-$8,000 (1978) to  clean 
and repair  the sewage system i n  North Kamloops. For the 
purpose  of t h i s  analysis it was  assumed that  these  costs 
would be incurred  as a resul t  of a 345.95 m flood. This  

figure was converted to  damage per hectare ($44 i n  1978) so 

i t  could be used to  calculate damages for  different  flood 
stages. The 1978 u n i t  damage ($44) was then  increased t o  
$77 per hectare  to b r ing  i t  to  the base  year 1982. Since 
cleaning o f  sewage systems involves mainly labour,  the 74% 

increase  reflects t h e  change i n  labour  costs between 1978 
and 1982.27’ An estimate of the damages to  the sewage 
systems for each area and flood  stage is provided i n  
Appendix 11. 

b.  - Water Supply Systems 
Damages to  the water supp ly  system were f e l t   t o  be similar 
t o  damages to  the sewage system. The procedure used t o  
estimate damages result ing,  from flooding of  water s u p p l y  
l ines  was the same as  that  used for  estimating damages t o  
the sewage system. 

c. Gas Distribution Systems 
British Columbia  Hydro  and  Power Authority, i n  1971, 

indicated  that gas d i s t r i b u t i o n  f a c i l i t i e s  would require. 
cleanup and restart ing procedures costing $30 per  gas u s i n g  

- 27/ S t a t i s t i c s  Canada, Employment Earnings and Hours by I n d u s t r y  for 
Provinces and Regions, British Columbia,  Average Weeklv Earnings, All 
Employees (Construction, Bui ld ing  s . i .c .  400-4211, Vancouver, 
Catalogue No. 72-002. 
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household flooded.- 28/ Th i s  was updated t o  $110 (1982 
dollars)  to  reflect  the  increase i n  costs  Since 1971.- 
An estimate of the damages to  gas  distribution  facil i t ies i n  
each area and flood  stage is provided i n  Appendix 12. 

29/ 

8. Miscellaneous Damages 
a.  Debris Removal and Cleanup Costs 

Analysis of past  floods 'have shown a sizeable  expenditure 
for  the removal o f  debris, sand and gravel from flooded 
areas. Flood damage claims  following  the Vedder River  flood 
of December 1975 showed  an average  cost of $80 per acre 
($198 per hectare)  for  the removal o f  debris and general 
cleanup  of land.- 30/ T h i s  figure was updated to  $487 per 
hectare  for 1982 and used i n  the  current s tudy .  An estimate 
of  the  cost of debris removal  and general clean-up for each 
area and flood  stage is provided i n  Appendix 11. 

b.  - Damage to  Outbui ld ings  
Damage to  outbuildings was estimated u s i n g  the same 
procedure established i n  the 1971 report  "Estimating Flood 
Damages i n  the  Fraser  River Basin11.- The report assumed 
that  outbuildings would have to  be repaired and painted a t  a 
cost of $40 per  outbuilding.. This  figure was updated t o  
$108 per  outbuilding to  refiect   the  increase i n  b u i l d i n g  

~ 

- 28/ Value taken from background data used i n  the  preparation o f  the  report 
IIEstimating Flood Damages i n  the  Fraser River  Basina1 by A.N.  Book, R .  
Princic, December 1975. 

- 29/ Op. C i t  . , Sta t i s t i c s  Canada, Employment Earnings and Hours, Catalogue 
NO. 72-002. 

- 30/ From information  supplied by the Province  of British Columbia, Water 
Investigations Branch. 

- 31/ Op. C i t . ,  Book, A.N., Princic, R . ,  p.  96. 
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repai r   costs   f rom  1971  to  1982.- 32/ 

The number o f   bu i ld ings   f looded were i d e n t i f i e d  by  using 

enlarged a i r  photographs and v e r i f i e d  by f i e l d   i n s p e c t i o n .  

Damages were estimated  for each stage by mu l t i p l y ing   t he  

number of   bu i ld ings  f looded  t imes  the uni t  loss. An 

est imate  of   the number of bu i ld ings   f looded  a t  each area and 

flood stage i s  provided i n  Appendix 13. 

c .  Cost o f  Evacuating  People 

The report   "Est imat ing  Flood Damages i n  the  Fraser  River 

Basin", used $1.50 per  person as the   cos t  of moving 

residents  f rom  their   f looded homes and back again.- 

This value was updated t o  $4.30 t o   r e f l e c t   t h e   i n c r e a s e  i n  
t rmspor ta ton   cos ts  between 1971 and 1982.2' 

33/ 

l h e  number o f  people  evacuated from  each dyking  area was 

obta ined  by  mul t ip ly ing  the number of  residences  f looded a t  

each stage  times  the  average number o f  persons  per  family i n  

Kamloops (3.0 persons  per  family) .- 35/ An es t imate   o f   the  

number o f  people  evacuated a t  each dyking  area and f lood 

stage and the  assoc iated  do l lar  loss i s  provided i n  Appendix 

14. 

d .  Miscel laneous  Structural  
A hockey  arena and o t h e r   r e c r e a t i o n a l   f a c i l i t i e s  on MeArthur 

- 32/ S t a t i s t i c s  Canada,  Farm Input  Prices  Index,  Bui lding  Repairs, 
Catalogue No. 62-004. 

- 33/ Op. C i t .  Book, A.N., P r i nc i c ,  R., p. 100. 

- 34/ S t a t i s t i c s  Canada, Pr ices and pr ice  Indexes, Consumer Price  Indexes, 
Regional   Ci t ies,  Vancouver, Transportation,  Catalogue No. 62-002. 

- 35/ S t a t i s t i c s  Canada, 1971 Census o f  Canada, Famil ies,  Famil ies  by  Size 
and type,  Catalogue 93-714, Vol. 2 - Par t  2,  June  1973, pp. 1-7. 
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I s l a n d  were expected t o  be flooded  by  a 200 year   re tu rn  

f lood. Damages t o  these f a c i l i t i e s  were estimated  using 

data  from Appendix  88,  Category 14, Recreation  Services. An 
est imate  of   the damages i s  provided i n  Appendix 1B. 

e. Park and Recreation Land 

Damage t o   r e c r e a t i o n   l a n d  was based on a 1972 repor t   by  G.E. 

Crippen and Associates Ltd.- 36/ The repor t   est imated  that  
recreation  areas  such as parks  would  suffer damages 

(cleanup , etc.  ) o f  about $145 per  acre ($358 per ha. ) o f  

f looded  land.  This  value was updated t o  $900 per   hectare  to  

re f lec t   cos t   inc reases   to  1982.- 37/ An es t ima te   o f   t he  
hec tares   o f   recrea t ion   land   f looded  a t  each dyking  area and 

for each flood stage and the  assoc iated  do l lar  loss i s  

provided i n  Appendix 15. 

FUTURE  DAMAGES 
1. Real Growth 

- 

The three  dyking  areas  vary  considerably i n  the i r   m ix   o f  

commercial, i n d u s t r i a l  and res ident ia l   estab l ishments and the 

amount o f   l a n d   a v a i l a b l e   f o r   f u r t h e r  development.  Area NT1 i s  
p r i m a r i l y   r e s i d e n t i a l ,  has  no i n d u s t r i a l  development,  a smal l  

amount o f  commercial  development,  and  has no vacant  land for  any 

further  expansion. Area T 1  has no i n d u s t r i a l  development , 
considerable  commercial  development, and  has no vacant  land  for  

r e s i d e n t i a l  development.  Area T2 i s   p r i m a r i l y   i n d u s t r i a l ,  has  a 

smal l  amount o f ,  commercial  development and  has some land  

avai lable  for  expansion. 

Very l i t t l e  change  has  been observed i n  the  commercial  sector  of 

- 36/  Crippen, G.E. and Associates  Ltd.,  "Flood  Control  Study  of  Fraser 
River Below  Hopelf,  Vancouver, January  1972. 

- 37/ S t a t i s t i c s  Canada, Employment Earnings and Hours? Employment Earnings 
and  Hours  by Indus t r y   f o r  Urban  Areas.  Average Weekly Earnings, 
I n d u s t r i a l  Composite fo r  Urban  Areas, Kamloops Catalogue No. 72-002. 
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the  three  areas  since  the  last s tudy  (1971). Based  on ' t h i s  
observation it was  assumed that no large  scale commercial 
development would occur i n  these  areas. However, because  of t h e  
large commercial component of area T1 ,  i t  was  assumed that  some 
intensification of act ivi ty  would occur. 

Although there is substantial  land  available  for  industrial growth 
i n  area T2, most of it is owned by the  existing  industries. Any 
new development, therefore, is l ike ly   to  be related  to  these 
industries.  Since it appears that  new industrial  construction on 
the  floodplain is complying w i t h  the  provincial government 
requirement t o  flood proof to  the 200 year  return  flood, new 
industrial  development is not  expected to   resul t  i n  significant 
increases i n  damages. 

2. Real Price Change 
"Real price changes"  over  time are  increases or  decreases i n  the 
value of damageable  goods re la t ive   to   a l l   o ther  goods i n  the 
economy (i .e.  relative  to  the consumer price  index). Real 
changes i n  the  value of damageable commodities are normally 
forecast from the analysis of his tor ic  changes. Because of  the 
extreme var iabi l i ty  i n  these  prices, however, no attempt is made 
to  project  real  price changes over  time for  individual damage 
categories. 

3 ,  General 
T h i s  s t u d y  provides  three  alternative  projections of future  flood 
damages. A ra te  of 1% per  year is used as  the "most l ikely"  
pattern of growth. T h i s  estimate is based on the  best  prediction 
of probable growth  and productivity change and the most l ikely 
change i n  the  real value of  floodplain  activity. The second 
projection , or  "absolute minimum", is based on the assumption 
that  there would be no growth or  real  price  increase Over time. 
The t h i r d  projection is designed to  examine the  Sensitivity of 

\ 
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damage estimates o f   s m a l l   e r r o r s  i n  pro ject ions.   Th is  i s  done 
merely  by  increasing  the llmost l i k e l y "   r a t e   o f  change for  each 

damage category  by 1% per  year. The growth  project ions i n  th is  

study  are assumed to  cont inue  over   the  per iod 1982-2017. 

H. BENEFIT-COST  ANALYSIS 

1. Benef i t s  

Using  the  physical  parameters  of  depth,  duration, and extent  of  

f l ood ing  and the  damage c r i t e r i a   d e s c r i b e d   e a r l i e r  i n  the   repo r t ,  
p o t e n t i a l  damages were est imated  for  each o f   f o u r   r i v e r   s t a g e s  
ranging  from 344.12 M t o  346.83 M (see  Appendices 1 A  - IC) 

Next  average  annual damages were ca lcu la ted   fo r  each o f   t h e  dyke 

areas  separately and f o r  a combined area (NT1 & T1) us ing   the  
frequencey  data i n  Appendix 3 and t h e   f l o o d  damage information i n  
Appendi.ces 1 A  - 1C (Figures 2-5).  To  make t h i s   a n a l y s i s  

comparable with s imi lar   s tud ies  prepared  for   the  Fraser   River  

Flood  Control  Program  and t o  some extent  account  for  the  reduced 

r e l i a b i l i t y   o f  dykes at  higher  water  elevations,  an  adjustment 
was  made t o   t h e   t o t a l   a v a i l a b l e   b e n e f i t s .  A t  f l ood   e leva t i ons  

between 346.56 M and 346.83 M (1 ft . below  dyke  design)  the new 

dykes were assumed capable o f   c a p t u r i n g   o n l y  50% o f  t he   ava i l ab le  

benef i ts? ,To  show t h e   e f f e c t   o f   d i f f e r e n t   c o n f i d e n c e   l e v e l s  

on benefi ts  average  annual damages a re   a l so   ca l cu la ted   f o r  dyke 

confidence up t o   t h e   d e s i g n   l e v e l  and f o r  two fee t  below  design 

l e v e l .  Average annual damages for  the  dyking  areas and var ious 

dyke conf idence  levels  are  d isplayed i n  Appendix 18. 

Benef i ts  were generated  using  the  average  annual damages and t h e  

appropr ia te  d iscount   factor   for   the  three  growth  scenar ios 

- 38/ I n  the  Fraser  Flood  Control   Study,  the dyke design was 26 ft. (Mission 
gauge)  and the  100% conf idence  leve l  was e s t a b l i s h e d   a t  24 ft., 2 ft. 
below i t s  design  level .  Upgraded  dykes captured  only 50% o f   t h e  
benef i t s  between 24 ft . and 26 ft. 
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o u t l i n e d   e a r l i e r .  The present  value  of  benefi ts  for each O f  the  

dyking  areas i s  shown i n  Appendix  19. A summary o f   t he   resu l t s  

i s  provided i n  Table 3. 

Table 3 
Present  Value o f  Dyke Benef i t s  (1982-2017) 

Dyke Benef i ts* 
Area ( $000 1 

1) NT1 
2) T l  
3) T2 
4) NT1 & T2 

2,922 
7,787 
1,218 

10 , 709 
~ - ~ ~~~ ~~ 

* Using 7% discount   ra te,  35 y e a r   p r o j e c t   l i f e  and  most l i k e l y  
growth  ra te and p r i c e  change. Confidence l e v e l  of new dyke 
1 foot  below  design  level .  

2. costs 
Appendix  2 provides an es t imate   o f   the   cap i ta l   cos ts ,   r igh t -o f -way 

costs , and the  annual  maintenance  costs  of  the Kamloops dykes.- 39/ 

The present  value o f  the  maintenance  costs were ca lcu la ted  

assuming  a r e a l   c o s t   a p p r e c i a t i o n   r a t e   o f  1% per  vear and us ing  a 

d i scoun t   ra te   o f  7% per  year. I n  order   to   conduct   sens i t i v i t y  

analysis,  future  maintenance  costs were calculated  using  two  other 

ra tes   o f   apprec ia t ion ;  0% and 3% (Appendix 17). 

Pro jec t   cos ts  were obtained  by  adding  the  calculated  present  value 

of  the  maintenance  costs o f   t h e  dykes t o   t h e   c a p i t a l  and 

right-of-way  costs o f  these dykes (Table 4). 

- 39/ See Appendix 28, Right-of Way Costs, f o r  an explanat ion  of  
right-of-way  costs. 
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TABLE 4 
Project  Costs - Kamloops 

Area Cap i ta l  Cost Maint . Cost  Right-of -Way Pro jec t  
o f  New Dyke o f  New Dyke cost*  cost  

($000 1 ( $000 ) ($000 ( $000 ) 

(1) NT1 4,054 391 " 4,445 
(2 )  T 1  4,255 411 3,170  7,836 
(3 )  T2 1,692  164 " 1,856 
(4) NT1 & T2 8,119  783  3,170  12,072 

* Pre l iminary  est imate  obta ined  f rom  the  Prov ince  o f   Br i t ish Columbia, 
Water Inves t iga t ions  Branch. 

3. Benefit-Cost  and  Net  Benefits 

Table 5 summarizes the   bene f i t - cos t   ra t i os  and net   benef i ts   for  

each  d,yking  area. These were ca lcu la ted  from the  est imated 

bene f i t s  and costs  der ived  dur ing  the  study. 

TABLE 5 
Benef.its,  Costs,  Benefit-Cost  Ratios and  Net Benef i ts 

Kamloops 

Dyke Benefi ts  of Pro jec t  Benefit-Cost Net 
Area New Dykes costs Rat ios Benef i ts 

($000 ( $000 1 ($000 1 ($000) 

(1) NT1 2,922 4,445 .7  -1,523 
(2)  T 1  7,787 7,836 1.0 - 49 
(3)  T2 1,218 1,856 .7 - 638 
(4) NT1 & T 1  10,709 12,072 .9  -1,363 

4. Sens i t i v i t y   Ana lys is  
Appendix 21A - 21D prov ides   benef i t -cos t   ra t ios   fo r   the ,   th ree  

dyking  areas  of Kamloops (NT1, T1, T2 and NT1 T I )  under  various 
assumptions o f  growth  and r e a l   p r i c e  change for  both  benef i ts and 

dyke cons t ruc t i on   cos ts   a t   d i f f e ren t   d i scoun t   ra tes  (6%, 8% and 
10%). Note t h a t  i n  only  one dyking  area, T1, i s  the  benef i t -cost  
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r a t i o  almost  equal t o  1. For  the same dyking  area and  more 

relaxed  assumptions, most l i k e l y   r a t e   o f  growth and d iscount   ra te  

of  lo%, t h e   b e n e f i t - c o s t   r a t i o   i s   o n l y  .7. Furthermore, if a 

dyke  confidence o f  two feet  below dyke design i s  used  (dyke 

confidence  used t o  assess benef i t s  o f  lower  Fraser  River  dykes) 

t h e   b e n e f i t   c o s t   r a t i o   f o r  T 1  drops t o  .94. 

I. GENERAL COMMENTS 

The purpose  of   benef i t -cost   studies  of   dyking  areas,  carr ied  out  under 

the  Fraser  River  Flood  Control  Program,  has  been to   quan t i f y   t he  

b e n e f i t s   a v a i l a b l e   t o  any new dyke const ruct ion and to   rank   p ro jec ts  

i n  o r d e r   o f   p r i o r i t y .  A methodology fo r   es t ima t ing  damages and 

c a l c u l a t i n g  dyke b e n e f i t s  was establ ished i n  t h e   e a r l y   p a r t   o f   t h e  

program. An approach fo r   updat ing   f lood  damages  was a lso  estab l ished 
e a r l y  on i n  the  program and  had  been appl ied i n  most instances  wi thout 

a l t e r a t i o n .  To s a t i s f y   t h e  second pa r t   o f   t he   s tudy   ob jec t i ve ,   rank ing  

O f  p ro jec ts ,  i t  is necessary to   mainta in   cons is tency i n  the  method o f  

analys is  and  approach  used t o  update damages. This  has been  done f o r  

the  most p a r t .  

A major change has been made i n  the   ca l cu la t i on   o f   bene f i t s   a t  

Kamloops which  has made these  benef i t s   la rger  and makes i t  d i f f i c u l t  

t o  compare them with other  studies  elsewhere.  This change involves 

the  use o f  a higher  conf idence  level   for   the  reconstructed  dykes i n  

tha t   a rea .  

Changing the  confidence  level  of  improved dykes i n  the Kamloops area 

h a s   t h e   e f f e c t   o f  making b e n e f i t s  i n  th i s   a rea   l a rge r .  I n  the  case  of 

a l l  Lower F r a s e r   r i v e r  dykes the 100% confidence l e v e l   o f  improved 

dykes was es tab l i shed  a t  2 f e e t  below t h e i r   d e s i g n   l e v e l .  A t  Kamloops 

the  100% conf idence  leve l  was es tab l i shed   a t  1 foot  below  the  design 

l eve l .   Th i s  change makes b e n e f i t s   a t  Kamloops about 5-7% higher  than 
they  would  be i f  the  2 foot   conf idence  leve l   had been  used. 
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A change such as that   in t roduced i n  the  Kamloops study can b ias   t he  

a n a l y s i s   i n   f a v o u r  o f  l e s s   j u s t i f i a b l e   p r o j e c t s .  I n  order  to  maximize 

t h e   r e t u r n  on the  avai lab le  funds  for  dyke c o n s t r u c t i o n   a l l   p r o j e c t s  

should  be  evaluated  using  the same techniques and  methods o f   a n a l y s i s ,  

unless  there i s  a j u s t i f i e d  reason  for   making  the  part icular changes, 

i .e .   the  conf idence  leve l  o f  dykes a t  Kamloops i s  h igher  because the  

ma te r ia l  used f o r   t h e i r   c o n s t r u c i t o n   i s   s u p e r i o r   t o   t h a t  used 

elsewhere. 

J.  CONCLUSION 

This  study  has  quant i f ied a l l  o f  the  economic benef i ts  which  could be 

obtained from the   cons t ruc ton   o f  dykes i n  three  of   the  key  dyking 

areas o f  Kamloops (NT1, T 1  and T2). The s tudy   resu l ts ,  show t h a t   t h e  

c o n s t r u c t i o n   o f  dykes i s  m a r g i n a l l y   j u s t i f i e d  i n  only  one area ( T I )  

and t h a t   t h e  two  other  areas NT1 and T2 and a combined p r o j e c t  (NT1 & 

T1) are  not   economical ly  v iable.  
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APPENDIX 1 A  

FLOOD  DAMAGES - SUMMARY 

AREA:  KAMLOOPS NT1 - 
1982 DAMAGES ($000) 

TYPE OF DAMAGE  FLOOD  STAGE (M) 
344.12  344.98  345.95  346.83 

1) Resident ia l  and Associated 
a)   St ructura l  and content 157.6  1.109.4 4,219.9 
b)  Loss o f  use o f   d w e l l i n g  
c )   Ex t ra  food cost 

Apartment  and Condominiums 
a)   S t ruc tura l  and content 
b )  Loss o f  use 
c )   Ex t ra  food cost 

Mobile Homes 
a)   S t ruc tura l  and content 
b )  Loss of  use 
c )   Ex t ra  food cost 

Commercial 

I n d u s t r i a l  
a )   S t ruc tu ra l  and Inventory 
b )  Income (primary) 

Roads 

Schools 

U t i l i t i e s  
a) Sewage systems 
b )  Water supply systems 
c )  Gas d i s t r i b u t i o n  systems 

Miscellaneous 
a) Clean-up costs 
b)  Outbui ldings 
c)  Evacuating  people 
d )  St ruc tu ra l  
e )  Parks ;and recrea t ion   land  

89.8 
25.4 

- - - 

- 
- - 
- 
- 
- 
- 

55.5 

- 

1.8 
1.8 

10.3 

11.7 
1.8 
2.7 

2.2 
- 

238.9 
67.5 

266.0 
20.4 
11.8 

- 
- 

91.2 

- 
- 
- 

75.4 

114.7 

3.5 
3.5 

33.2 

21.9 
5.4 
6.5 

2.8 
- 

9,948.6 
529.6 
149.5 

1,755.7 
109.9 

57.7 

- 
- 
- 

205.6 

- 
- 
- 

172.1 

318.1 

5.4 
5.4 

63.5 

34.1 
6.9 

11.4 

4.0 
- 

TOTAL PRIMARY DAMAGES 194.2  1,312.4 5,182.6 13,377.5 
7 )  Secondary Income Loss 

a )   I ndus t r i a l  - - - - 
TOTAL SECONDARY  DAMAGES - - - - 

TOTAL DAMAGES 194.2  1,312.4  5,182.6  13,377.5 



APPENDIX 1B 

FLOOD  DAMAGES - SUMMARY 

AREA : KAMLOOPS T 1  - 
lsT82 DAMAGtS ($000) 

TYPE OF DAMAGE FLOOD STAGE ( ~ j  
344.12  344.98  345.95  346.83 

1) Resident ia l  and Associated 
a j -  St ruc tu ra l  and content 
b )  Loss o f  use o f  dwe l l ing  
c )   Ex t ra  food cost 

Apartment  and Condominiums 
a)   St ructura l  and content 
b )  Loss of  use 
c )   Ex t ra  Food cost 

Mobile Homes 
a)   St ructura l  and content 
b )  Loss of  use 
c )   Ex t ra  food cost 

Commercial 

I n d u s t r i a l  
a )   S t ruc tura l  and Inventory 
b ) Income (primary) 

Roads 

Schools 

U t i l i t i e s  
a) Sewage systems 
b )  Water supply systems 
c )  Gas d i s t r i b u t i o n  systems 

Miscellaneous 
a) Clean-up costs 
b )  Outbuildings 
c)  Evacuating  people 
d )   S t ruc tura l  
e)  Parks and recrea t ion   land  

131.5 
22.7 

7.0 

- - 
- 

15 .O 
5.7 
3.4 

- 
- 
- 
- 

15.6 

- 

1.7 
1.7 
6.3 

10.7 
.8 

1.2 - 
- 

1,678.6 
156.8 

48 .a 

162.4 
18.5 

7.8 

442.8 
33.4 
20.0 

257.2 

- 
- 

79.7 

- 

5.2 
5.2 

32.7 

32.6 
3.5 
8.1 

1.1 
- 

8,957.2 
. 407.6 

168.4 

1,774.2 
116.3 

65.4 

1,710.3 
84.0 
50.4 

2,067.2 

- 
- 
- 

107.4 

114.7 

10.4 
10.4 
90.2 

65.7 
12.6 
17.3 

48.4 
- 

21,211.1 
1,053.6 

326.1 

3,565.2 
207.0 
121.4 

3,745.5 
129.7 

77.8 

3,913.4 

219.1 

318.5 

11.6 
11.6 

112.9 

73.1 
14.3 
22.2 

234.7 
48.8 

TOTAL PRIMARY DAMAGES 223.3 2,994.4  15,878.1  35,417.6 
7 )  Secondary Income Loss 

a )   I ndus t r i a l  - - - 
TOTAL  SECONDARY  DAMAGES - - - 

- 
- 

TOTAL  DAMAGES. 223.3  2,994.4  15,878.1  35,417.6 



APPENDIX 1 C  

FLOOD  DAMAGES - SUMMARY 

AREA:  KAMLOOPS T2 

1982 DAMAGES ($000) 
TYPE  OF  DAMAGE  FLOOD  STAGE (M) 

344.12  344.98  345.95 346.83 

1) Resident ia l  and Associated 

7) 

8) 

9) 

a )   S t ruc tura l  and content 
b) Loss o f  use of   dwel l ing 
c)   Ext ra  food  cost  

Apartment  and Condominiums ' 

a )   S t ruc tura l  and content 
b) Loss of  use 
c)   Ext ra food cost 

Mobile Homes 
a)   S t ruc tura l  and content 
b) Loss of  use 
c )   Ex t ra  food cos t  

Commercial 

I n d u s t r i a l  
a )   S t r u c t u r a l  and Inventory 
b )  Income (primary) 

Roads 

Schools 

U t i l i t i e s  
a ) Sewage systems 
b)  Water supply systems 
c )  Gas d i s t r i b u t i o n  systems 

Miscellaneous 
a) Clean-up costs 
b)  Outbui ld ings 
c)  Evacuating  people 
d )   S t ruc tura l  
e)  Parks and recrea t ion   land  

206.3 287.4 

93.3 333.7 424.3 
2,259.7  4,236.9 

6.9 26.5 97.2 

2.7 10.8  13.5 
2.7610.8 13.5 , - - ,. - 

TOTAL PRIMARY  DAMAGES - 122.6 2,916.0 5,158.0 
7) Secondary Income Loss 

a )   I ndus t r i a l  - 84.5 684.9 1,225.4 

TOTAL  SECONDARY  DAMAGES - 84.5 684.9 1,225.4 
TOTAL  DAMAGES - 207.1 3,600.9 6.383.4 



APPENDIX 2 

Cost Associated With Dyke Construction - Kamloops 

A. Dyke Construction and Maintenance  Costs 

Dyke  Dyke Costs* Annual  Maintenance Cost (1982)"" 
Area  (1982) 0-15 Yrs 16-35 y r s  

$ $ $ 

1) NT1 4 , 054, OOOt 20 , 300t 40, 500t 
2) T1  4,255,000+ 21,300+ 42,600' 
3) T2 1,692,000+ 8 , 500+ 17,200+ 
4) NTl+T1 8 , 119,000 40,600 81 , 200 

* Dyke costs were provided  by  the Water Invest igat ions Branch, B.C. 

M in i s t r y  o f  Environment. 
** Maintenance costs were est imated  to be 0.5 percent   for   the  f i rs t  15 

years and 1.0 percent  for   the  next 20 years o f   t h e  dyke costs. 
+ Includes the cost   o f   separat ing dykes NT1 and T1, estimated t o  be 

$132,000 and maintenance costs $700 for  f i r s t  15 years and $1,300 
for  subsequent. 20  years. 

B. Right-of-way  Costs 

Of the  three  dyking  areas  under  consideration  only  area T 1  would be 
required t o  have any amount o f   l a n d  purchased for  right-of-way. 

Most o f   t h e  dyke i n  area NT1 would e i t h e r  be constructed on the 
exist ing  road  r ight-of-way or on municipal owned land.  Project  
r ight-of-way  costs  for   th is  area  are  est imated  to be  zero.. The dyke 
i n  area T2 would a lso be  constructed  pr imari ly on the   ex i s t i ng  

alignment. The addi t ional   land  which would be required would 
probably  be  obtained  from  the  existing owners a t  no cost .   Pro ject  
right-of-way  costs  for  area T2 are  a lso assumed t o  be  zero. The 

s i t u a t i o n  i n  area T 1  i s  very   d i f fe ren t .  For about  two-thirds o f   i t s  

length,   the dyke would  cross  pr ivate  resident ia l   property.  As a 

resul t ,   r ight-of-way would have t o  be purchased  from  the  property 

owners. Preliminary  estimates  by Kamloops C i ty   au thor i t ies   pu t   the  
c o s t   o f  purchase o f  right-of-way a t  $1.9 m i l l i o n   f o r  1976.""" This 
cost i s  updated t o  $3.17 m i l l i o n  (1982 do l la rs )   us ing   the  
res ident ia l   p r ice   index  (Appendix 16). 

*** Prel iminary  est imate from B.C. Water Invest igat ions Branch 
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APPENDIX 4 

House Values a t  KamlooDs 
- Data  used t o  c l a s s i f y  houses a t  Kamloops 

Average Value o f  Houses i n  Kamloops by  class,  1971 and 1982 

YEAR A 

HOUSE CLASS 

B C 

28,506 15,100 6,456 

1982" 79,817 42,280 18,077 

* B.C. Assessment Author i ty   res ident ia l   pr ice  index 

L imi ts   estab l ished  for   the purpose o f  c l a s s i f y i n g  houses 

62,625 31,060 
A 1 B 1 C 

low limit low limit 

of A of B 
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APPENDIX 6 

- Average Damage - Various   Levels  o f  Flooding 

Flooding DAMAGE BY AREA - 1982 DOLLARS 
Meters Above Houses Apt. Is* Condo.'s** Mobiles*** 

Ground NT1 T 1  NT1 & T 1  NT1 & T 1  NT1 & T 1  
~~~ ~ 

0 

.3 

.6 

.9 

1.2 

1.5 

1.8 

2.1 

2.4 

2.7 

3.0 

+3 .O 

0 

5,460 
7,020 

11,700 

22,  ,150 

25,100 

27,300 

30,730 

31,500 

32,300 

32,600 

48,830 

0 

5,300 
8,270 

12,170 

20,440 

23,240 

25,120 

27,920 

28,550 

29,330 

29,640 

44,460 

2,800 

11,700 
13,600 

15,000 

16,500 

16,800 

17,300 

17,500 

18,700 
- 

2,800 

13,570 

16,220 

18,100 

19,800 

21,060 

22,000 

23,240 

24,800 

24,960 

25,120 

38,380 

0 
0 

1,150 

10,350 

14,950 

17,940 

19,550 

20,120 

20,700 

21,280 

23,000 

23,000 

* From r e p o r t ,   " E s t i m a t i n g   F l o o d  Damages i n   t h e  Fraser River  Basin",  
by A.N. Book and R. P r i n c i c ,  December 1975, Appendix A ,  page 29. 

Curve   pu t   toge ther   us ing   main  f loor  damage c u r v e s  for 50 p e r c e n t  C 
class houses   wi thout   basements   and  50 p e r c e n t  B class houses   w i thou t  
basements.  T h i s  was updated t o  1982 d o l l a r s   u s i n g  the B.C. 

Assessment   Author i ty   Res ident ia l  Price Index. 

** From repor t ,   l lEs t imat ing   F lood  Damages i n  t h e  Fraser River  Basin",  
by A. N. Book and R.  P r i n c i c ,  December 1975, Appendix A ,  page 21 and 
29. Curve  put   together   using  main f loor  damage c u r v e s  for  50 

p e r c e n t  C class houses  and 50 p e r c e n t  B class houses   w i thou t  
basements   p lus   ex te r ior   damages  for  Chilliwack type   houses .  T h i s  
was u p d a t e d   t o  1982 d o l l a r s   u s i n g   t h e  B.C. Assessment   Authori ty  
R e s i d e n t i a l  Price Index. 

*** Based on Percent-damage  curve  used by the U.S. Federal Insu rance  
A d m i n i s t r a t i o n .   T o t a l   v a l u e   p e r  mobile home i n  the Kamloops area i n  
1982 was estimated t o  be $23,000. 



APPENDIX 7A1 

KAMLOOPS - NT1 Houses 

LOSS OF USE - DAMAGE - EXTRA FOOD COSTS - 1982 DOLLARS 

Level of  Length Loss o f  Total  Loss Damage t o   E x t r a  food 
Flooding o f  Evac- Damage No. use per o f  Use Houses costs 

Flood above uat ion Per o f  House * 
Sta e Ground per iod House Houses Extra 

(MY Level (M) (DAYS) $ Food Cost $ $ $ 

344.12 .3 14 5,460 16  228/64 3,648 87,360 1,024 
.6 14 7.020 5  228/64 1,140 35,100 320 

0 14 25 228/64  5,700  1,600 

.9  23 11 700  3  374/106 1 ; 122  35; 100 318 
49 11,610  157,560  3,262 

0 25 - 82 . 407/115 33,374 - 9,430 
.3 25 5,460 39 407/115 15,873 212,940 4,485 

1.2 55 22,150 16  895/253 14,320 354,400 4,048 

.6 25 7,020  6  407/115  2,442  42,120 690 
344.98 .9 34  11,700 25 554/156  13,850  292,500  3,900 

1.5  73  25,100  5  1189/336  5,945  125,500  1,680 
1.8  81  27,300 3 1318/373  3,954  81,900 1,119 

176  89,758  1,109,360  25,352 

0 
.3 
.6 
.9 

1.2 
345.95 1.5 

1.8 
2.1 
2.4 
2.7 

28 
28 
28 
37 
59 
75 

88 
88 
88 

a4 

5,460 
7,020 

11,700 
22,150 
25,100 
27,300 
30,730 
31,500 
32,300 

- 41  456/129 18,696 - 5,289 

83 456/129 37,848 582,660 10,707 
82 602/170 49,364 959,400 13,940 

6  1221/345 7,326 150,600 2,070 
25 1367/386 34,175 682,500 9,650 
16  1432/405 22,912 491,680 6,480 

43 ' 456/129 19,608 234,780 5,547 

39 961/271 37,379 863,850 10 569 

5  1432/405 7,160 157,500 2,025 
3  1432/405 4 ,-296 96,900 1,215 

343 238,864 4,219,870 67,492 

0 32 - - - - - - 
.3 32 5,460 95 521/147 49,495 518,700 13,965 

.9 42 11,700 41  683/193 28,003 479,700 7,913 
1.2 64  22,150 43 1042/294 44,805 952,450 12,642 

2.1 92  30,730 39 1498/423 58,422 1,198,470 16,497 

.6 32 7,020  81  521/147  42,201  568,620  11,907 

346.83 1.5 80 25,100 83 1303/368  108,149  2,083,300  30,544 
1.8 87 27,300 82 1416/400  116,112  2,238,600  32,800 

2.4 92 31,500 6  1498/423 8,988 189,000 2,538 
2.7 92 32,300 25 1498/423 37,450 807,500 10,575 
3.0 92 32,600 16  1498/423 23,968 521,600 6,768 

+3.0 92 48 830 8  1498/423 11,984 390,640 3,384 
519 529,577  9,948,580  149,533 

* Monthly renta l   va lue - $488. 



I KAMLOOPS - T 1  

APPENDIX 7A2 

Houses 

LOSS  OF  USE - DAMAGE - EXTRA  FOOD  COSTS - 1982 DOLLARS 

I Level o f  Length  Loss o f   T o t a l  Loss Damage t o   E x t r a  food 
Flooding o f  Evac- Damage No. use per o f  Use Houses costs 

Flood above uatiorl  Per o f  House * I Stage Ground per iod House  Houses Ex t ra  

I 344.12 .3 14  5,300  17  207/64  3,520  90,100  1,090 
.6 33 8,270  5  490/152  2,450  41,350  760 

103  22,740  131,450 7,030 

( M I  Level (M) (DAYS) $ Food Cost $ $ $ 
0 14 - 81  207/64  16,770 - 5,180 

I 
I 
I 
1, 345.95 .9 46  12,170 110 682/212  75,020  1,338,700 - 23,320 

0 25 - 110 370/115 40,700 - 12 9 650 
.3 25 5,300 132 370/115 48,840 699,600 15,180 

.9 43 12,170 17 636/198 10,810 206,890 3,370 
1.2 66 20,440 5 978/304 4,890 102,200 1,520 

0 28 - 51 415/129 21,170 - 6,580 
.3 28 5,300 123  415/129  51,040 651,900 15,870 

1.2 69 20,440 132  1023/317  135,040 2,698,080 41,840 

2.1 84 27,920 5  1245/386  6,220 139,600 1,930 
407 9 550 8 , 957,160  168,420 

.3 32 5,300 10 741/147  7,410 53,000  1,470 

.9 50 :' 12,170  51  741/230  37,790 620,670  11,730 
1.2 72,  20,440  94  1067/331  100,300 1,921,360  31,114 

2.1 88 27,920 110 1304/405  143,440 3,071,200  44,550 

. 344.98  .6 43 8,270  81  636/198  51,520  669,870  16,040 

345 156,760  1,678,560  48,760 

.6 46 8,270 220 682/212  150,040  1,819,400  46,640 

1.5 69  23,240 81  1023/317 82,860 1,882,440 25,680 
1.8 84  25,120 17  1245/386 21,160 427,040 6,560 

639 

0 32 - - I 
1 
I 
.I 
I 

- - - - 
.6 50 \ 8,270 35 741/230  25,940  289,450  8,050 ' 

1.5  72  23,240  123  1067/331  131,240  2,858,520  40,713 
346.83 1.8 88 25,120 220 1304/405  286,880  5,526,400  89,100 

2.4 92 28,550 132 1365/423 180,180 3,768,600 55,836 
2.7 92  29,330 81 1363/423 110,400 2,375,730 34,263 
3.0 92 29,640 17 1363/423 23,170 503,880 7,191 

+3.0 92  44,460 5 1363/423 6,820 222,300 2,115 
1,053,570 21,211,110 326,132 784 

* Monthly  rental   value - $445. 
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I 
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KAMLOOPS - T 1  Mobile Homes 

LOSS OF USE - DAbiAGE - EXTRA  FOOD  COSTS - 1982 DOLLARS 

Level o f  Length Loss o f  To ta l  Loss Damage t o   E x t r a  food 
Flooding o f  Evac- Damage  No. use  per o f  Use  Homes costs 

Flood above uation  Per o f  Home * 
Stage Ground per iod  Home  Homes 

(M) Level(M) (DAYS) $ Food Cost $ . $  $ 
0 10 - 18  107/64 1 930 - 1,150 - 

344.12 .3 14 0 22 107/64  2;  350 - 1,410 
.6 14  1,150  13  107/64  1,390  14,950 830 

- .  

53 5,670  14,950  3,390 

0 25 - 49 192/115 9,410 - 5,640 
-3 25 0 9  192/115 1 730 - l', 040 " 

344.98 .6  25 1,150  18  192/115 3 ; 460 20,700  2 1070 
~~ 

.9  70  10,350 22 537/322  11,810  227,700  7,080 
1.2  70  14,950 13 537/322  6,980  194,350  4,190 

111 33,390  442,750  20,020 

0 28 - - 215/129 - - 
.3 28 0 26 215/129 5,590 - 3,350 

345.95 .9 73  10,350 49 560/336 27,440 507,150 ' 16,460 
1.2 73  14,950 9  560/336 5,040 134,550 3,020 

2.1 88  20,120 13 J 675/405 8,780 261,150 5,260 

.6 28 1,150 47 560/336, 10,100 54,050  6,060 

1.5 88 17,940  18 . 675/405 12,150 322,920 7,290 
1.8 88 19,550 22 675/405 14,850 430,100 8,910 

184 ' 

83,950 1,710,330 50,350 

1.2 
1.5 
1.8 
2.1 
2.4 
2.7 
3.0 

+3.0 

77 
92 
92 
92 
92 
92 
92 
92 

14 ; 950 
17 , 940 
19,550 

20,700 
21,280 
23,000 
23,000 

20,120 

26 
47 
49 
9 

18 
22 
13 

184 

- 
705/423 

. 705/423 
705/423 
705/423 
705/423 
705/423 
705/423 

18,330 
33,140 
34,540 
6,340 

12 , 690 
15,510 

9,160 
129,710 

- - 
466,440 
918,850 
985,880 
186,300 
383,040 
506,000 
299,000 

3,745,510 

11,000 
- 

19 , 880 
20,730 
3,810 
7,610 
9,310 
5 ; 500 

77,840 

* Monthly  rental   value - $230. 



I KAMLOOPS - T 1  

APPENDIX 7C1 

Aoartments 

I LOSS OF USE - DAMAGE - EXTRA FOOD COSTS - 1982 DOLLARS 

I 
I 
I 
I 
I 
I 
I 

Level o f  Length LOSS o f  Tota l  Loss Damage to   Ex t ra  food 
F lood ing   o f  Evac- Damage No. use per o f  Use Apts. costs 

Flood above uat ion per. 
Stage Ground per iod Apt.  Apt. Of %E$ 

(M) Level(M) (DAYS) $ Units Food Cost $ $ .  $ 
344.98 - - - - - - - - 

0 28 2,800  3  175/129 530 8,400 390 
(6)"" 

345.95 .3 73  11,700 - - - - - 
.6 73 13,600  14  455/336  6,370  190,400  4,700 

(28)  175/ ( 129)  4,900  3,610 
17 

(34)  11,800  198,800  8,700 

0 32 - - 
. 3  77 0 - 
.6 77  13,600 36 480/354  17,280  489,600  12,740 

(72)  200/(147)  14,400  10,580 

( 6 )  200/ (147)  1,200 880 

- - - - 
- - - - 

.9 92 15,000 3  573/423 1,720 45,000 1,270 

1.5 92  16,800 14  573/423 8,020 235,200 5,920 
346.83 1.2 92 16,500 - - - - - 

(28)  200/  (147)  5 600 4 120 

(106)  48,220  749,800  35,510 
53. 

*Monthly renta l   va lue $187. I ' **( ) shows other  apartment u n i t s  evacuated. 



APPENDIX 7C2 

KAMLOOPS - T 1  Apartments 

LOSS OF  USE - DAMAGE - EXTRA  'FOOD COSTS - 1982 DOLLARS 

Level  of  Length  Loss  of  Total  Loss Damage t o  Ex t ra  food 
F lood ing   o f  Evac- Damage No. use p e r   o f  Use Apts . costs 

Flood above ua t i on  Per o f  Apts . * 
Sta e Ground per iod Apt. Apts. Extra 

(M? Level (M) (DAYS) $ Un i ts  Food Cost $ $ $ 
0 25 2,800 10 156/115 1 , 560 28,000 1,150 

(lo)** 1,560 1,150 

(10) 3,120 28,000 2,300 

0 28 2,800 36 175/129 6,300 100,800 4,640 

.3 73 11,700 42 455/336 19,110 491,400 14,110 

345.95 .6 73 13,600 12 455/336 5,460 163,200 4,030 

.9 88 15,000 10 549/405 5,490 150,000 4,050 

344.98  .3 - - - 
1u 

- - - - 

(72) 12,600 9,290 

(42)  (175)/(129) 7,350 5,420 

(24)  (175)/(129) 4,200 3,100 

(10) (175)/(129) 1,750 1,290 
100 

(148) 62,260 905,400 45,930 

0 32 2,800 8 200/147 1,600 22,400 1 9 180 

.3 77 11,700 12 480/354 5,760 140,400 4,250 

.9 92  15,000 26 573/423 14,900 390,000 11,000 

1.2 92 16,500 36 573/423 20,630 594,000 15,230 

(8) 1,600 1,180 

(12)  (200)/(147) 2,400 1,760 
.6 77 13,600 - - - - - 

(56)  (200)/(147) 11,200 8,230 

(72)  (200)/(147) 14,400 10,580 
346.83 1.5 92 16 800 42 573/423 24,070 705,600 17,770 

(42)  (200)/(147) 8,400 6,170 
1.8  92  17 300 12 573/423 6,880 207,600 5,080 

(24)  (200)/(147) 4,800  3,530 

(10) (200)/(147) 2,000 1,470 
146 

(224) 124,370 2,235,000 91,660 

2.1 92 17,500 , 10 573/423 5,730 175,000 4,230 

*Monthly ren ta l   va lue  $187. 
**( ) shows other  apartment units evacuated. 



APPENDIX 701 

KAMLOOPS - T I  Condominiums 

LOSS  OF USE - DAMAGE - EXTRA FOOD COSTS - 1982 DOLLARS 

Level o f  Length Loss of  Total Loss Damage to   Ex t ra  food 
Flooding o f  Evac- Damage  No. use per o f  Use  Condo- cost s 

Flood above uat ion Per o f  Cond . * miniums 
Staae Ground Deriod Cond. Conds.. 

( M I '  Level (M) '(DAYS ) $ Food Cost $ $ $ 
345.95 0 28 2,800  24  359/129  8,620  67,200  3,100 

24 8,620  67,200  3,100 

0 32 2,800 - - - - - 
346.83 .3 77 13,570 - - - - - 

.6 77  16,220 34 984/354  33,460  551,480  12,040 

.9 92 18,100 24 1176/423  28,220  434,400  10,150 

58  61,680  985,880 22 190 

*Monthly renta l   va lue - $384. 



APPENDIX 7D2 I 
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KAMLOOPS - T 1  Condominiums 

LOSS  OF USE - DAMAGE - EXTRA FOOD COSTS - 1982 DOLLARS 

Level o f  Length Loss of  Total  Loss Damage to   Ex t ra  food 
Flooding o f  Evac- Damage No. use per o f  Use  Condo- costs 

Flood above uat ion Per o f  Cond . * miniums 
Stage Ground period Cond.  Conds. Extra 

(M) Level (M) (DAYS) $ Food Cost $ $ $ 
344.98 0 25 2,800 48 320/115  15 9 360 134,400  5,520 

.3 - - - - - - - 
48 15,360  134,400  5,520 

0 28 - 
345.95 .6 - - - 

- - - - - 
.3 - - - - - - - - - - - 
.9 88 18,100 48 1126/405  54,050  868,800  19,440 

48 54,050  868,800  19,440 

0 32 2 ,  a00 40 409/147 16,360 112,000 5,880 

. d  77 16,220 10  984/354 9,840 162,200 3,540 

.3 - - 
346.83 .9 - - - 

1.2 - - 
1.5 - - 
1.8 92  22,000 48 1176/423  56,450  1,056,000  20,300 

- - - - - 
- - - - 

- - - - - 
- - - - - 

98 82,650  1,330,200  29,720 

*Monthly renta l   va lue - $384. 



APPENDIX  8A 

I 
1 
I 
I 
I 
I 
I 
I 
I .  

Categories  for Which Average 

Stage-Damage Relat ionships Were Determined* 

1. Petroleum  Services - s e r v i c e   s t a t i o n s ,   b u l k   o i l   p l a n t .  
2. F inancia l   Serv ices - banks, t rust  companies, f inance companies. 
3. Grocery R e t a i l  - supermarkets,  medium-sized  grocery  store,  corner 

store,  grocery  wholesale,  confectionery  and  l iquor  stores. 
4. Hardware Stores - 
5. General  Stores - d ry  goods, feeds tu f fs  (eg. Buckerfields),  and 

va r ie t y   s to res .  

6 .  Reta i l   Stores -. essen t ia l l y   l a rge   re ta i l   es tab l i shmen ts .  

7. Furn i tu re  and Furnishings - furniture,  appl iances,  carpets,  draperies; 
a lso   inc ludes   pa in ts ,   te lev is ion .  

8. Small   Retai l   Trade - jewel lers ,   s ta t ionery,   music   s tores,  

photographic, f l o r i s t , '  needlework,  sporting goods, book 

shops, f ab r i c ,   b i cyc le  and mower stores,   etc.  

9 .  ' Retai l   Apparel  - men's  wear, l a d i e s '  wear and  footwear. 

10. Mechanical   Retai l  - machine shop, (i .e. wreckers,  parts, body  shop, 
r e t a i l  - air-cooled  engines). 

11. Bui ld ing  Suppl ies - lumber  yard (when associated with Ifdo-i t-yourself" 
type  stores),  sash and door,  glass - o f ten   inc luded  mi r ro rs .  

12. Contractor  Services  (smal l )  - electr ical , ,   p lumbing,  upholstery.  

13. Personal  Services - beauty  salon,  barbers,  laundromat,  dry  cleaners, 
and funera l  homes. 

14. Recreation  Services - t h e a t r e s ,   b i l l i a r d   h a l l s ,   b o w l i n g   a l l e y s ,   i c e  
rinks, bars,   etc.  

15. Hotel-Motel  Services - hotels,   motels,   autocourts.  
16. Transportat:ion  and  Communication  Services - p r i n t i n g ,  newspaper, 

publ ishers,   t ruck ing and f re igh t   serv ices .  

17. Profesional   Services - doctors,  dental.surgeons,  lawyers and 

so l i c i t o rs ,   ve te r ina r ians ,   op tomet r i s t s  and r e a l t o r s .  

18. I n s t i t u t i o n a l  Aspects - cour thouse  post   o f f ice,   hospi ta l .  



I 
I 
I 
I 
I 

19 Food Services - restaurant,   dr ive- in,   cof fee shops, cafes, 
delecatessens,  specialty foods, butchers,  bakers,  and 

s i m i l a r .  
20. Drug Stores - a l l  types and s izes  ranging from t h e   v e r y   l a r g e   t o   q u i t e  

small. 

* From report:  llEstirnating  Flood Damages i n  the  Fraser  River  Basinv1,  by 

A. N. Book and R. P r inc i c ,  December 1975, pp. 50-51. 



APPENDIX 88 

AVERAGE  DOLLAR  DAMAGE  PER SQUARE METER  OF  COMMERCIAL BUILDING AREA 
AT .3 METER  FLOOD  DEPTH  INTERVALS* 

Cumulative Damage ($) Various  Levels  of  Flooding ($1971) 

Category o f  meters. 
Establishment: .3 .6  .9  1.2  1.5  1.8 2.1 2.4 2.7 3.0 

1. Petroleum 
Services 28.0 37.7 45.2  53.8  54.9  54.9  54.9  54.9  54.9  54.9 

2.. F inanc ia l  
Services 24.7 34.4 57.0  62.4  63.5  63.5  63.5  63.5  63.5  63.5 

6 .  R e t a i l  
Stores 53.8  109.8  139.9  198.3  208.8 227.1 241.1  248.6  248.6  248.6 

9. R e t a i l  
Apparel 

10. Mechanical 
R e t a i l  

11. Bu i ld ing  
Supplies 

12. Contractor 
Services 

13. Personal 
Services 

14. Recreation 
Services 

15. Hotel-Motel 
Services 

16. Trans;. & 
Communic. 
Services 

17. Professional 
Services 

99.0  227.l  260.5  336.9 357.4 374.6  389.6  402.6  402.6  402.6 

22.6 33.4 50.6  71.0  86.1  96.9  108.7  108.7  108.7  108.7 

47.4  51.7  57.0  61.3  66.7 72.1 77.5 78.6  78.6  78.6 

21.5  29.1 37.7 48.4  61.3  67.8  71.0 74.3 76.4  76.4 

35.5 71.0  104.4  115.2  121.6  122.7  122.7  122.7  122.7  122.7 

14.0 19.4  36.6 38.7 39.8 39.8 40.9 40.9 40.9 40.9 

24.7 30.1 37.7 46.3 48.4 49.5 49.5 49.5 49.5 49.5 

36.6  59.2  81.8  103.3  123.8  143.2  143.2  143.2  143.2  143.2 

28.0  40.9 52.7 63.5  65.6  67.8  68.9 68.9. 68.9  68.9 
18. I n s t i t u t i o n a l  

Services 19.4  61.3  82.9  84.0  84.0  84.0  84.0  84.0  84.0  84.0 
19. Food Services 18.3  39.8 75.3 103.3  113.0  113.0  123.8  123.8  123.8  123.8 
20. Drug  Stores 14.0  42.0 74.3 107.6  152.8  160.4  167.0  167.9  167.9  167.9 

* From report  I IEstimating  Flood Damages i n  the  Fraser  River  Basin",  by A.N. Book 
and R. P r inc i c ,  December 1975, p. 54. 
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APPENDIX 16 

Price  Indexes Used i n  the  Study 

Source o f  Index Category 1971-82 
(1971 = 100) 

Residences, Frame St ruc ture  

B.C. Assessment Author i ty  Appraisal  
Systems D i v i s i o n  Composite  Cost Indices. 

Consumes Pr ice   Index   fo r  Canada, Main 
Components, Sub-groups  and Selected  Items, 
Furniture,  Major  Household  Appliances. 

S t a t i s t i c s  Canada  Consumer Pr ices and 
Price  Indexes, Cat. No. 62-010, Table 8. 

Consumer Pr ice  Indexes  for   Regional   Ci t ies,  
Vancouver, Food, Food away from home. 

S t a t i s t i c s  Canada  Consumer Pr ices and 
Price  Indexes,  Cat. No. 62-010, Table 9. 

Res ident ia l  

S t r u c t u r a l  

Res ident ia l  
Content 
Fu rn i tu re  

Appliances 

Ex t ra  Food 
costs  

Commercial  and Indus t r i a l   S t ruc tu res  (Frame)  Commercial 
( s t r u c t u r a l )  

B.C. Assessment Au tho r i t y ,   Appra i sa l   I ndus t r i a l  
( s t r u c t u r a l )  

Systems D iv is ion ,  Composite  Cost Indices.  Schools 

Farm Bui ld ing  Repairs.  - B.C. Out-Buildings 

S t a t i s t i c s  Canada, Farm Input   Pr ice  Index,  
Cat. No. 62-004, Table 3. 

Highwav Construct ion  Pr ice  Index, B. C. Tota l .  Roads 

S t a t i s t i c s  Canada, Construct ion  Pr ice 
S t a t i s t i c s ,  Cat. No. 62-007, Table 17. 

Employment Earnings and  Hours by  Industry Sewage Systems 
fo r  Provinces and Regions, B r i t i s h  Columbia, 
Average Weekly Earnings a l l  Employees (Con- Water Supply 
s t r u c t i o n  S. I. C. 400-421 ) , Vancouver. Systems 

S t a t i s t i c s  Canada, Employemnt Earnings and Gas D i s t r i b u t i o n  
Hours, Catalogue No. 72-002. 



I 
APPENDIX 16  (Cont  d 

Price  Indexes Used i n  the.Study 

I Damage Pr ice Change 

(1971 = 100) 
Source of  Index  Category 1971-82 

I 
1 
I 
I 
I 

Debris Removal & 
Clean Up Costs 2462 p 3  9 

8) Consumer Price  Indexes  for  Regional  Cities  Evacuating 2862 9 

Vancouver, Transportation.  People 

S t a t i s t i c s  Canada  Consumer Prices and 
Pr ice Indexes, Cat. No. 62-010, Table 9 .  

9) Consumer Price  Index  for  Regional  Cit ies Consumer Pr ice 2632 9 3 
All Items, Vancouver. Index 

S t a t i s t i c s  Canada  Consumer Prices and 
Pr ice Indexes,  Cat. No. 62-010, Table 9 .  

10) Employment Earnings and Hours of Industry  Primary Income 2922 9 

for Urban areas, Average Weekly Earnings, 
I n d u s t r i a l  Composite for  Urban Areas, 
Kamloops . (page 98) 

S t a t i s t i c s  Canada,  Employemnt Earnings and Parks and Rec-  25229 3 9 8  

Hours, Catalogue No. 72-002. rea t ion   land  

1. The pr ice  index  for  1982 i s  based on the  past  four  year  average 

(1978-81). 
2. The pr ice  index f o r  June 1981 i s  assumed t o  represent  the average for 

1981. 
3. The pr ice  index  for  1982 i s  based on the  past  three  year  average 

(1979-81). 

4. The pr ice  index  for   the 2nd quarter i s  assumed to  represent   the 

average for 1981. 

5. The pr ice  index for 1981 and 1982 are.  based on the  past two year 

average ( 1978-79). 

6 .  Price  index i s  for  per iod 1978-82 only.  
7. Price  index i s  f o r  per iod 1975-82 only. 
8. Price  index i s  for  per iod 1972-82 only. 



APPENDIX 17 

Pro jec t   Cos ts   fo r  Kamloops Dykes $1982" 

Dyke Rate o f  Real  Appreciation 
Area 0% 1% 3% 

Cost o f  New Dyke (Capi ta l   Cost)  
Maintenance  Cost  of New Dyke 
Cost o f  Riqht-of-way 

Total   Project   Cost 

Cost o f  New Dyke (Capi ta l   Cost)  
Maintenance  Cost  of New Dyke 
Cost  of  Right-of-way 

Tota l   Pro ject   Cost  

Cost  of New Dyke (Capi ta l   Cost)  
Maintenance  Cost o f  New Dyke 
Cost  of  Right-of-way 

Tota l   Pro ject   Cost  

$( 000 1 
4,054 
340 - 

4,394 

4,255 
358 

3,J.70 

7,783 

1,692 
143 - 

1,835 

$(OOO)  
4,054 
391 - 

4,445 

4,255 
411 

3,170 

7,836 

1,692 
164 
- 

1,856 

$( 000 1 
4,054 
531 - 

4 585 L 

4,255 
558 

3,170 

7,983 

1,692 
223 - 

1,915 

(2) NT1 + T 1  
0 k . t  o f  New Dyke (Capi ta l   Cost)  8,119  8,119 8 , 119 

(b) Maintenance  Cost  of New Dyke 682  783  1,064 
( c )  Cost o f  Right-of-way 3,170  3,170  3,170 

Total   Project   Cost 11,971  12,072  12,353 

* Using 7% d iscount   ra te  and 35 y e a r   p r o j e c t   l i f e .  
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