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LOCATION.; 

The Terrace-Ki t imat  area i n   t h e  Skeena and K i t i m a t  R i v e r '   b a s i n s   i n   t h e  

n o r t h w e s t e r n   p a r t   o f   B r i t i s h  Columbia was a f f e c t e d   b y   f l o o d s   i n  November 

1978. Other  major  populat ion  centres  involved  were  Pr ince  Rupert ,   Lakelse,  
Smithers and H a t f i e l d   ( s e e   a t t a c h e d   f i g u r e   i n  Appendix I ) .  

. .  

, TIME 

The peak f lows  occurred on 1 November 197,8> and f l o w s   s t a r t e d  t o  subside  the 

nex t  day. The d u r a t i o n   o f   t h e   f l o o d  was, [ t hus ,   ra the r   b r i e f .  
, 

CAUSES 

The f l o o d  was caused by  prolonged  rainstorm  which began  on 29 October  1978 

and  peaked  on t h e   n i g h t   o f  31 October-1 November. This,   mult iday  storm 

dumped about 200 mm o f   r a i n ,   w i t h  amounts o f   o v e r  400 mm encountered  west 

o f   K i t i m a t .  The r a i n  was accompanied  by strong  winds o f  85-90  knots  from 

the  southwest. Damage  was mostly  caused  by  high  wind  and waves; washouts 

due t o   d e b r i s .  jams: f l o o d i n g  due t o  inadequate  local   drainage;  and  rock 

and mud s l i d e s .   F o r   d e t a i l s   o f - w e t e o r o l o g i c a l   c o n d i t i o n s   l e a d i n g   u p t o   t h e  

storm, see Appendix 1.1. 

FREQUENCY AND MAGNITUDE 

The r e t u r n   p e r i o d   f o r   t h e   m u l t i d a y   r a i n s t o r m  was e s t i m a t e d   t o  be i n   t h e '  .:' 

80 t o  100  year  range, The f l o o d   r e s u l t i n g   f r o m   t h i s   s t o r m  was defined  as 

a 30 year   event   for   the  over-a1 1 af fected  area,  a1 though  there 'was 

cons ide rab le   va r ia t i on   f o r   d i f f e ren t   s t reams .  As a f lood  event ,   therefore,  

the November 1978 f l o o d  was n o t  extreme. What  made i t  noteworthy was the 
amount o f  damage caused, by  the  combined  ef fect  o f  wind, waves and water.  

Except f o r   f l o o d i n g  i n  subdiv is ions  wi th   inadequate  loca l   dra inage,   there 

was l i t t l e   n o t i c e a b l e   i n u n d a t i o n   o f   t h e   f l o o d p l a i n .   F o r   d e t a i l e d   h y d r o -  

log ica l   analyses,  see Appendix 111. 
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ASSOCIATED ACTIVITIES 

The f l o o d  was no t   f o recas t   and   no   warn ing  was g i v e n   a s .   t h e   f l o o d   i t s e l f  was 
n o t  a p a r t i c u l a r l y   e x t r e m e   e v e n t .  Emergency  measures,  implemented  by t h e  

Province,  were  aimed  mainly a t   r e s t o r i n g   t h e   t r a n s p o r t a t i o n  and o t h e r   p u b l i c  
u t i l i t i e s  such  as  communicat ions,   hydro  and  natural   gas.   There  are  no  f lood 

c o n t r o l   s t r u c t u r e s   t o  speak o f  on  . the  a f fected  s t reams.  A few  people, 

employees. o f   t h e   B r i t i s h  Col  umbia  Highways  department, who were  t rapped 

because o f   s l i d e s  and  washouts,  had t o  b e   r e s c u e d .   F o r   d e t a i l s   r e f e r   t o  

newspaper c l i p p i n g s  i n  Appendix IV. 

DAMAGES 

Two persons,  both  employees o f  C a n a d i a n   N a t i o n a l   R a i l w a y s ,   l o s t   t h e i r  1 i v e s .  

F o r t u n a t e l y ,   n o   o t h e r   f a t a l i t i e s   w e r e   r e c o r d e d .  

E s t i m a t e s   o f   t o t a l  damage caused  by  wind,  waves,  water  and  sl ides  have 
increased  f rom $2 m , i l l i o n   r e p o r t e d   j u s t   a f t e r   t h e   s t o r m  t o  50 m i l l i o n  
pronounced l a t e r  by   the   Br i t i sh   Co lumbia   H ighways   Min is te r ,  M r .  A lex   Fraser .  

' ,  

An e s t i m a t e   i n   O c t o b e r  1979  by  Emergency  Measures O f f i c e   p l a c e s   t h e  damages 

around $7-8 m i l l i o n .  However, t h i s   e s t i m a t e  does n o t   i n c l u d e  damages t o  

r a i l w a y s ,   e t c .  It i s   a n t i c i p a t e d   t h a t   t h e   d e t a i l s  and o f f i c i a l   t o t a l   o f   a l l  

o f   t h e  damages will not   be  known f o r  some t ime.  

It shou ld  be n o t e d   t h a t   h i g h   f l o w s  and l e v e l s   i n   r i v e r s  and  lakes  were 
r e s p o n s i b l e   o n l y   f o r   p a r t   o f   t h e  damage caused.  However, damage breakdown 

a c c o r d i n g   t o   t h e   c a u s e   o f . d a m a g e   ( f l o o d i n g ,   w i n d ,   l a n d s l i d e s ,   e t c . )   i s   n o t  

a v a i l a b l e   a t   p r e s e n t .   F o r .   d e t a i l s   s e e   A p p e n d i x  V, t o  b e   i n c l u d e d   l a t e r  

when d e t a i l e d   i n f o r m a t i o n   o n  damages becomes a v a i l a b l e .  

FLOOD DAMAGE REDUCTION' MEASURES I N  ,EXISTENCE 

No F lood Damage Reduct ion  agreement   has  been  s igned  wi th   Br i t ish  Columbia.  

F lood damage r e d u c t i o n  measures,   such  as  forecast ing  and  warning,  f lood- 

p r o o f i n g ,   e t c . ,   a r e   n o t  known t o   e x i s t   i n   t h e   a f f e c t e d   a r e a ,   e x c e p t   f o r  some 
d y k i n g   i n   t h e   v i c i n i t y   o f  K i t i m a t .  
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PROPOSED FLOOD DAMAGE REDUCTION MEASURES 

N e g o t i a t i o n s   f o r   e n t e r i n g   i n t o  a j o i n t   f e d e r a l - p r o v i n c i a l   F l o o d  Damage 
Reduct ion  agreement   wi th   Br i t ish  Columbia  are  underway.  

PAST  FLOODS 

A comparable  f lood  occurred i n  1974 i n   t h i s  area. The 1978  flows  were 
g e n e r a l l y   h i g h e r ,   e x c e p t   f o r   t h o s e   i n   H i r s h  Creek  and Skeena R iver .  The 

1974 f l o o d  was n o t  accompanied by severe  wind  and  rainstorm  and  caused 

r e l a t i v e l y   m i n o r  damage. 

FUTURE REPORTS 

No f u t u r e   r e p o r t s   h a v e   b e e n   r e q u e s t e d   o r   p l a n n e d   a t   t h i s   t i m e .  

PREVIOUS REPORTS 

These a r e   i n c l u d e d  as Appendix 
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APPENDICES 

Appendix I :  Map Showing Af fec ted   Area .  

Appendix 11: Meteoro log ica l   Developments  Contr ibut ing t o  t h e  
Terrace  Area  Flood o f  E a r l y  November 1978. 

Appendix 111: Te r race -K i t ima t   F lood   Even t   o f  November 1978. 

,/j+" 

Appendix VI: Previous  Repor ts   on  Terrace-Ki t imat   F lood  o f  
November  1978. 

Water  Planning and Management  branch^ 
In land   Wate rs   D i rec to ra te  
P a c i f i c  and Yukon Region 
Vancouver, B.C. 
Pel  ephone : 666-3356 
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APPENDIX I 

MAP SHOWING  AFFECTED  AREA 
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METEOROLOGICAL  DEVELOPMENTS  CONTRIBUTING  TO  THE 
TERRACE  AREA  FLOOD OF EARLY NOVEMBER 1978 
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Ncteoro logica l   Developmcnts   Cont r ibu t ing   to   the  
Te r race  Area Flood of Ea r ly  November, 1978" 

D. 6.  S c h a e f e r ,   S c i e n t i f i c   S e r v i c e s  
Atmospharic  Environment  Service,  Vancouver 

I n t r o d u c t i o n  

A m u l t i - d a y   r a i n f a l l   e v e n t ,   h e a v i e s t  on October  31 and 
November 1, 1 9 7 8 ,   r e s u l t e d   i n   s e r i o u s   f l o o d i n g   i n   t h e   N o r t h   C o a s t  area 
su r round ing   Te r race ,   Br i t i sh   Co lumbia ,  What fo l lows  i s  a d e s c r i p t i o n  
o f   t h e   r a i n s t o r m   i n c l u d i n g   c o n s i d e r a t i o n  of t h e   a n t e c e d e n t   c o n d i t i o n s ,  
t h e  s p a t i a l  p a t t e r n  of p r e c i p i t a t i o n   r e v e a l e d  by d a t a   f r o m   c l i n a t o l o g i c a l  
s t a t i o n s  in t h e  area a n d   t h e   t e m p o r a l   d i s t r i b u t i o n   o b t a i n e d   f r o n   r e c o r d i n g  
ra ingauge   records   f rom  Ter race   Ai rpor t .   S torm  f requency  estiinates are 
g i v e n   b o t h   f o r   s h o r t ' d u r a t i o n s  (5 m i n u t e s   t o  24 h o u r s )   f o r   T e r r a c e   A i r p o r t  
a n d   f o r  the mult i -day  s torm f o r  a number of s t a t i o n s  i n  t h e  area. F i n a l l y ,  
a d e s c r i p t i o n  of t h e   s y n o p t i c   f e a t u r e s  of t h e   s t o r m  is provided.  

Antecedent   Condi t ions . 

A l i s t i n g  of t h e   d a i l y  maximum and minimum tempera tures   and  
d a i l y   r a i n f a l l ,   s n o w f a l l   a n d   t o t a l   p r e c i p i t a t i o n   f o r  Terrace A i r p o r t  f o r  . 
October  and November, 1978, i s  p r e s e n t e d   i n   T a b l e  1. For   purposes   o f  
compar ison   the   long- te rm  averages   for   the  s i t e  fo r   Oc tobe r ,   wh ich  i s  
n o r m a l l y   t h e  wettest month of t h e   y e a r ,  are  as fo l lows:  mean d a i l y  
maximun tempera ture  8.g0C, mean d a i l y  minimum t e n p e r a t u r e  3.7OC, mean 
r a i n f a l l  226.6 mm, mean snowfa l l  5.3 c m  and mean t o t a l   p r e c i p i t a t i o n  231.9 m 
(Canadian  Normals ,   1941-1970,   Temperature   and  Precipi ta t ion,   Atmospheric  
Environment   Service,   1975) .  I n  t h i s  c o n t e x t  i t  c a n   b e   s e e n   t h a t  temperatures 
were gene ra l - ly   above   no rma l   du r ing   t he   f i r s t   twen ty   days   o f   Oc tobe r .   P rec ip i -  
t a t i o n  up to   October   29 ,  a l l  i n   t h e   f o r m   o f   r a i n ,  was j u s t   o v e r  60 p e r c e n t  . 
of the  monthly  nozmal.  

Dur ing   Oc tobe r ,   f r eez ing  levels on   t he   Nor th   Coas t   i nd ica t ed  
by   a tmosphe r i c   t empera tu re   p ro f i l e s   t aken   tw ice   pe r  day a t  t h e   r a d i o s o n d e  
s t a t i o n  a t  Anne t t e ,   A laska ,   gene ra l ly   ave raged   abou t  1500 metres. F reez ing  
l eve l s   r eached   3000 ,me t re s  on  Oc,tober 6 and c l o s e   t o   t h a t   h e i g h t   o n   t h e  
f o u r t e e n t h   a n d   t h e   s e v e n t e e n t h .   T h e y   f e l l   b e l o w  1000 metres on t h e   e l e v e n t h ,  
t h e   n i n e t e e n t h  and d u r i n g   t h e   c o o l ,   d r y   p e r i o d   i n   t h e  six days   imqed ia t e ly  
p r e c e d i n g   t h e  f l o o d  p r o d u c i n g   r a i n s   t h a t   b e g a n  a t  the   end   of   the   month .  

By r e f e r r i n g   t o   f r e e z T n g   l e v e l s  in c o n j u n c t i o n   w i t h   p r e c i p i -  
t a t i o n   d a t a ,  i t  c a n   b e   s e e n   t h a t   t h e  most s i g n i f i c a n t   s n o w f a l l   t o   b e  
d e p o s i t e d  on the   mounta ins   sur rounding   Tcr race  a t  e l eva t ions   be low  1000  
metres would l i k e l y   h a v e   f a l l e n   o n   O c t o b e r  1 9  nlthotrgh  amounts were 
a p p a r e n t l y   n o t   l a r g e .  KO snow fell a t  t h e   e l e v a t i o n  of T e r r a c e   d u r i n g   t h e  
month.   Thcse  factors  would t e n d   t o  l i m i t  t h e   c o n t r i b u t i o n  of sno\jrr.elt t o  
the   coming  f lood   event .  
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R a i n f a l l   P a t t e r n  

D a i l y   p r e c i p i t a t i o n   t o t a l s   f o r  39 s t a t i o n s   i n   t h e   s t u d y  area 
f o r   t h e   p e r i o d   f r o m   O c t o j e r  29 t o  November 2 ,  1978, are l i s t e d   i n   T a b l e  2 
a long   w i th   t he   r e spec t ive   accumula t ed  5-day t o t a l s .  It should  be  noted 
t h a t   v a l u e s   g i v e n  are f o r   t h e   c l i m a t o l o g i c a l   d a y ,   w h i c h  may d i f f e r   f r o m  
o n e   s t a t i o n  t o  t h e   n e x t .  A t  f i rs t -order   Atmospheric   Environment   Stat ions,  
such as Ter race   A i rpo r t ,   t he   c l ima to log ica l   day   ex tends   f rom 2200 PST 
(0600 GbiT) o n   t h e   p r e v i o u s   d a y   t o  2200 PST o n   t h e   d a t e   i n d i c a t e d .  A t  
nearby Terrace PCC the   pe r iod   runs   f rom  1000  PST o n   t h e   d a t e   i n d i c a t e d  to 
1000 PST on  the  fol lowing  morning.  A t  t h e   m a j o r i t y  of s t a t i o n s   t h e  
c l ima to log ica l   day   ex tends   f rom 0800 PST t o  0800 PST on   t he   fo l lowing  
morn ing .   The   r e su l t i ng   t abu la t ion  may, t h e r e f o r e ,   i n d i c a t e  more or less 
p r e c i p i t a t i o n  on a g iven   da te   depending   on   the   t iming   of   the   event   wi th  
r e s p e c t   t o   t h e   c l i m a t o l o g i c a l   d a y  of t h e   s t a t i o n   i n v o l v e d .  

Although much of t h e   r a i n f a l l  was c o n c e n t r a t e d   i n  a two t o  
t h r e e   d a y   p e r i o d ,  i t  was d e s i r a b l e   t o   i n c l u d e  lesser amounts  which  occurred 
a t  the   beg inn ing   and   end  of t h e   s t o r m   a t  some s t a t ions .   F ive -day   p rec ip i -  
t a t i o n   t o t a l s . a s   l i s t e d  i n  Tab le  2 were t r a n s f e r r e d   t o   a n   i s o h y e t a l   n a p  
f o r   t h e   s t o r m  a s  p r e s e n t e d   i n   F i g u r e  1. $he 200-mil l imetre   isohyet  
d e l i n e a t e s   a n  area i n   e x c e s s   o f  50,000 Lm between Terrace and   Pr ince  R u p e r t  
and  extending  f rom  the  Alaska  bord 'er   southward t o  Ocean Falls. Amounts i n  
excess of 400 mm are i n d i c a t e d   i n   t h e   m o u n t a i n o u s   r e g i o n   b e t w e e n  K i t i r n a t ,  
F a l l s   R i v e r   a n d   H a r t l e y  Bay. It s h o u l d   b e   n o t e d   t h a t   t h e s e   i s o h y e t s  are 
v e r y  much smoothed  and are based   upon  da ta   b iased   toward   lower   e leva t ions .  
The c o n f i g u r a t i o n  of t h e  300 and 400 mm i s o h y e t s   r e f l e c t s   l a r g e   b l o c k s  of 
h i g h e r   e l e v a t i o n   m o u n t a i n o u s   t e r r a i n   b u t   u n d o u b t e d l y   t h e  t r u e  p a t ' t e r n  is  
much m o r e   c o m p l e x   w i t h   c o n s i d e r a b l y   g r e a t e r   p r e c i p i t a t i o n   l i k e l y  a t  sozae 
favoured si tes.  

T h e   t e m p o r a l   d i s t r i b u t i o n   o f   t h e   r a i n f a l l  is w e l l  i n d i c a t e d  by 
t h e   c o n t i n u o u s   r e c o r d   f r o n   t h e   t i p p i n g   b u c k e t   r a i n g a u g e  a t  T e r r a c e   A i r p o r t .  
A mass-curve  of   accumulated  precipi ta t ion  based  on  those  records is presen ted  
i n   F i g u r e   2 .   C o n t i n u o u s   r a i n f a l l   b e g a n   a b o u t   1 6 3 0  PST on  October 30. 
Greatest rates- of accumulat ion for p e r i o d s   g r e a t e r   t h a n   o n e   h o u r   o c c u r r e d  
d u r i n g   t h e   f i r s t   m o r n i n g  of t h e   s t o r m  ( i - e ,  between  midnight  and  noon  on 
October  31) a l t h o u g h   r e l a t i v e l y   h e a v y   r a i n   a l s o . f e l l  at t ines  d u r i n g   t h e  
morning  and  afternoon  of  Sovember 1. A shower  between  1800  and  1900 PST 
on November 1 marked t h e  e n d   o f   s i g n i f i c a n t   r a i n f a l l ,   a l t h o u g h  a few l i g h t e r  
s h o w e r s   o c c u r r e d   d u r i n g   t h e   f o l l o w i n g   n i g h t .   L i g h t   p r e c i p i t a t i o n   f e l l   d u r i n g  
the   pe r iod   f rom November 2-4 w i t h L a   f u r t h e r   i n t e n s i f i c a t i o n   o n   t h e   f i f t h   a n d  
s ix th .   Dur ing   t he   . pe r iod ,   however ,  i t  was t h e   d e l u g e  of October 31 and 
November 1 that:  was r e s p o n s i b l e   f o r   t h e  major f l o o d   i n   t h e  area. 

_. Storm  Frequency  Estimates 

The r e t u r n   p e r i o d ,  or  i n v e r s e  of t h e   p r o b a b i l i t y  of occur rence ,  
of a s to rm i s  a f u n c t i o n  of t h e   d u r a t i o n   o f   t h e   e v e n t   b e i n g   c o n s i d e r e d .  I n  
any  given case, r e t u r n   p e r i o d s  may b e   e s t i m a t e d   f o r  a number o f   d u r a t i o n s  
for which a compara t ive   da t a   base  is a v a i l a b l e   f o r   f i t t i n g   t o   a n   a p p r o p r i a t e  
s t c t t i s t i c a l   d : i s t r i b l . t t - i o n .  The d u r a t i o n  of g r c a t e s t   i n t e r e s t  w i l l  o f t e n  
depend on t he   t ime  of c o n c e n t r a t i o n   ( r e l a t e d   t o  area) of the   wa te r shed   be ing  
c o n s i d e r e d .  :In t y p i c a l   u r b a n   d r a i n a g e   p r o b l e m s   t h i s  may range  f rom  minutes  
t o   h o u r s , w h e r e a s   i n   l a r g e   w a t e r s h e d s   p e r i o d s  of s e v e r a l   d a y s  may be more 
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I w t h e   p r e s e n t   c a s e ,   r a i n f a l l  intcnsity-duration-frequency 
curves  are a v a i l a b l e   f o r   T e r r a c e   A i r p o r t   f o r   d u r a t i o n s   f r o m  5 m i n u t e s   t o '  
24 hours   (F igure  7 ) .  I n   a d d i t i o n ,   t a b u l a t i o n s   o f   m u l t i - d a y   p r e c i p i t a t i o n  
extrenes f o r   f i x e d   p e r i o d s   f r o m   o n e   t o   t e n   c l i m a t o l o g i c a l   d a y s  were nade 
a v a i l a b l e  by the   Cl imato logy   Div is ion ,   Resource   Analys is   Branch ,  B. C. 
M i n i s t r y  of t h e   E n v i r o n m z n t   o r ,   i n   t h e  C a S t  o f  T e r r a c e   A i r p o r t ,  werz 
previous ly   ava i lab le   wi th in   the   Atmospher ic   Envi ronment   Serv ice .   For   any  
g i v e n   d u r a t i o n   d a t a   w e r e   f i t t e d   t o   t h e  Gumbe1 ex t r eme-va lue   p robab i l i t y  
d i s t r i b u t i o n   i n   o r d e r   t o  estimate t h e   r e t u r n   p e r i o d s   o f   p r e c i p i t a t i o n  
amounts   observed  during  the  s torm.  

Table  3 i n d i c a t e s   t h e   o b s e r v e d   s h o r t - d u r a t i o n   p r e c i p i t a t i o n  
extremes fo r   t he   c l ima to log ica l   days   o f   Oc tobe r  31  and November 1, 1976, 
a t  Terrace A i r p o r t  a s  well as t h e   e q u i v a l e n t   i n t e n s i t i e s  of r a i n f a l l .  F o r  
du ra t ions   o f   one   hour   o r  less p e a k   i n t e n s i t i e s   o c c u r r e d   d u r i n g   t h e   s h o w e r  
w h i c h   e f f e c t i v e l y   e n d e d   t h e  storm. The  shower w a s  unremarkable ,   wi th  
e s t ima ted   r e tu rn   pe r iods   r ang ing   f rom  unde r  2 y c a r s   t o   a b o u t  3 years f o r  
a d u r a t i o n  of 1 hour .   For   durat ions  f rom 2 h o u r s   t o  24 hours   peak  
i n t e n s i t i e s   o c c u r r e d  on the  morning  of   October  31 w i t h   e s t i m a t e d   r e t u r n  
p e r i o d s   i n c r e a s i n g   f o r   l o n g e r   d u r a t i o n s   t o  35 y e a r s  a t  24 hours. 

A n a l y s i s   o f   m u l t i - d a y   p r e c i p i t a t i o n  statist ics is somewhat 
less s a t i s f a c t o r y   t h a n   t h a t  f o r  sho r t -du ra t ion  i n t e n s i t i e s  s i n c e  one nust 
r e l y   o n   f i x e d - p e r i o d   t o t a l s   a n d   t h e s e  may v a r y ,  as previous ly   ment ioned ,  
d u e   t o   t h e   t i n i n g . o f   t h e   e v e n t .   T a b l e  4 p r e s e n t s   r e c o r d e d  extremes f o r  
pe r iods   f rom  one   t o   fou r   days  a long  w i t h   e s t i m a t e d   r e t u r n   p e r i o d s .  Estimates 
l a b e l l e d   T e r r a c e  A (1) are based   upon  an   ana lys i s  of 17 y e a r s   o f   r a i n f z l l  
extremes c a r r i e d  out: by the  Atmospheric  Environment  Service; The remainder  
o f   t h e  estimates are b a s e d   o n   a n a l y s e s   o f   t a b u l a t i o n s  of mul t i -day   prec ip i -  
t a t i o n   e x t r e m e s   p r o v i d e d  by the   Resource   Analys is   Branch .   Per iods   o f   record  
used  ranged  from 10 y e a r s  at Smithers  A t o  46 y e a r s  a t  F a l l s   R i v e r .  Twenty- 
t h r e e   y e a r s  of p r e c j - p i t a t i o n  extremes were a v a i l a b l e   f o r   T e r r a c e  A (2). I n  . 
most i n s t a n c e s   s n o w f a l l   c o n t r i b u t e d  l i t t l e  t o   e x t r e m e   e v e n t s , r e n d e r i n g  
similar c u r v e s   f o r   r a i n f a l l   a n d   t o t a l   p r e c i p i t a t i o n .  However, e x t r a p o l a t i o n  
t o  l o n g e r   r e t u r n   p e r i o d s ,   b a s e d  on t h e  mean a n d   s t a n d a r d   d e v i a t i o n  of t h e .  
e x t r e ~ e a ,   d o e s   i n v o l v e  a d e g r e e   o f   u n c e r t a i n t y   t h a t   v a r i e s   f r o m  s i te  to  
s i t e .  

AS was seen i n  F igure  2 ,  t h e   f i x e d  1 and 2-day p r e c i p i t a t i o n  
t o t a l s   f o r   T e r r a c e   A i r p o r t   c o i n c i d e d   e x a c t l y   w i t h   t h e   e x t r e n e s   f o r  24 and 
48 hour s   obse rved   du r ing   t he   s to rm.  The one-day  extreme of 1.14.8 mm 
e s t a b l i s h e d  a new reco rd   fo r   any  month f o r   T e r r a c e   A i r p o r t ,   a l t h o u g h   1 1 6 . 6  mn 
had  been  observed  in  December,  1933 a t  Ter race .  The  two and  thrce-day 
e x t r e n e s   i n  1 9 7 8  were g r e a t e r   t h a n   t h o s e  of 1933 b u t ,   f o r   t h e  4-day p e r i o d ,  
a g r e a t e r  amount ( 2 3 4 . 2  mm) was measured a t   T e r r a c e   i n   O c t o h e r ,  1935. 

Because of the   co inc idcncc  o f  t i m i n g  ment ioned   above ,   re turn-  
pe r iod   e s t ima tes   fo r   one   and  two d a y s   f o r   t h e  r a t n f a l l  a t  Terrace A i r p o r t  
were maximized.  These  ranged from 40 t o  70 y e a r s   f o r   o n e   d a y   t o  95 t o  120 
y e a r s   f o r  tr;o days   depending   on   the   bas i s  of computation.  (The somewhat 
losJer e s t i m a t e   f o r  24 hours   g iven   i n   Tab le  3 is based on f l o a t i n g   t i m e - b a s e  
r e c o r d s   f r o n   t h e   t i p p i n g   b u c k e t   g a u g e   o v e r  a n iuc  y c a r   p e r i o d . )  At F a l l s  
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R i v e r   t h e   g r e a t e s t   r e t u r n   p e r i o d   e s t i m a t e d  was 85   yea r s   fo r   t he   3 -day  
p r e c i p i t a t i o n   t o t a l ;  a t  Kitimat Townsite i t  was 65 years for t h e  3-day 
t o t a l .  On t h e   f r i n g e s  OE t he   s to rm,   va lues  a t  Pr ince   Ruper t  A and 
Smithers  A were a l l  under   10   years   and   of ten  less than  2 yea r s .   Fo r  
the   mu l t i -day   even t   one   cou ld   t hen   cons ide r   t he   s to rm  to   have  had a 
r e t u r n   p e r i o d ' i n   t h e   r a n g e  of 80 t o   1 0 0   y e a r s   i n  many o f   t h e  areas most 
s e v e r c l y   a f f e c t e d .  

1: 

S y c o p t i c   D e s c r i p t i o n  

In p r e v i o u s   s e c t i o n s   t h e   o b s e r v e d   p r e c i p i t a t i o n   p a t t e r n s   a 3 d  
e s t i -na t ed   s to rm  f r equenc ie s  were p resen ted .   In   t he   fo l lowing   pa rag raphs  
t h e   s y n o p t i c   d e v e l o p m e n t s   w h i c h   l e d   t o   t h e s e   l a r g e   r a i n f a l l   a c c u n u l a t i o n s  
a re  d e s c r i b e d .  

On October 29 a r i d g e  of h i g h   p r e s s u r e   l a y   a c r o s s   t h e   N o r t h  
Coas t   bo th  a t  t h e   s u r f a c e   a n d   a l o f t .  A s t r o n g   f r o n t a l   z o n e   o r i e n t e d  
f rom  the   no r theas t   t o   t he   sou thwes t   had   en te red   t he   wes t e rn   Gu l f   o f  
Alaska  ahead  of  a deep  low  over  western  Alaska.  An excep t iona l ly   w ide  
and   un i formly   br ight   band   of   c loud   a long   the   f ront  was e v i d e n t  on t h e  
s a t e l l i t e   p i c t u r e s  of the   day .  

By t h e   a f t e r n o o n  of Oc tobe r   30   t he   f ron t   l ay   f rom  no r th  of 
t h e  Queen C h a r l o t t e   I s l a n d s  t o  the   sou thwes t .   A lo f t  a s t r e n g t h e n i n g ,  
warzing  and  moistening  southwester ly  flow a t  50-kPa (about 5500 netres) 
p a r a l l e l e d   t h e   s u r f a c e   f r o n t .  By the  morning  of  October 31, w i t h   t h e  
ra ins torm  under  way on the   Nor th   Coas t ,  a f r o n t a l  wave  moving  from t h e  
sou thwes t   had   r eached   t he   coas t   t o   t he   no r th   o f   t he  Queen C h a r l o t t e  
I s l a n d s   ( F i g u r e  3 ) .  Freez ing   leve ls   had   r i sen   f rom  under  1000 n t o   a l m o s t  
2000 m a t  Anne t t e ,   A laska .   Su r face   dewpo in t s   i n   t he  w a r m  s e c t o r  had 
reached 1 0 O C .  

Fol lowing  passage  of   the wave the   f ron t   r ema ined   quas i -  
s t a t i o n a r y   i n   t h e   a r e a   s i n c e  i t  was a l i g n e d   p a r a l l e l   t o   t h e  now s t r o n g  
sou thwes te r ly   uppe r  f l o w .  The 50-kPa c h a r t   f o r   t h e   a f t e r n o o n  of October 31 
is  p r e s e n t e d   i n   F i g u r e  5 .  Southwest  winds of 85 t o  90 k n o t s  were i n d i c a t e d  
t o   b e   c r o s s i n g   t h e   c o a s t  a t  t h e   l a t i t u d e  OE t h e   Q u e e n   C h a r l o t t e   I s l a n d s .  

The n a t u r e   o f   t h e   a i r n a s s   w h i c h  was t h e   s o u r c e   o f   t h e   s t o m ' s  
h e a v y   p r e c i p i t a t i o n  i s  r e v e a l e d   i n   F i g u r e   6 ,   w h i c h   d e p i c t s   t h e   P o r t   H a r d y  
rad iosonde   ascent   for   the   morning   of  November 1. The f r e e z i n g   l e v e l  was 
n e a r  3000 metres (70;kPa) and   t he   a i rmass  was c l o s e   t o   s a t u r a t i o n   f r o m  
t h e   s u r f a c e   t o  5000 metres w i t h   c o n s i d e r a b l e   m o i s t u r e  t o  h i g h e r   l e v c l s .  
Above 80-kPa the  wet-bulb  potent ia l   temperature   ranged  f roin 14 t o  16%. 
I n   t h e   a c t i v e   f r o n l : a l   z o n e  i t  can   be   assumed  tha t   th i s   a i rmass   es tended  
downward c l o s e   t o   t h e   s u r f a c e   s i n c e  maximum teapera tures   on   Novenber  1 
ranged  from :L2 to   14%  throughout  much of t h e  area. 

Subsequent  wave  development on t h e   f r o n t   l e d   t o   t h e   f o r m a t i o n o f  
a d c e y e n i n g  low p r e s s u r e  centre which  was  located j u s t  s o u t h  of Ocean 
S t a t i o n  "Papa" on  the  evening of October 31. By t h e   a f t e r n o o n  of November 1 
t h e   lo:^ had  reached   the   Alaskan   Panhandle   and   the   co ld   f ront   had   impinged  
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on   t he   ma in land   coas t   (F igu re  4 ) .  P e r s i s t i n g   s u r f a c e   d e w p o i n t s  i n  
t h i s   f i n a l  wave a t t a i n e d   v a l u e s   o f  1 2  t o  13OC. 

Modera te   showers   marked   the   passage   of   the   co ld   f ront ,  
fo l lowing   which   the  airmass cooled  and  dr ied  out   markedly.  By t h e  
morning  of November 2 t h e  50-kPa tempera tures  a t  Annette  had  dropped 
from peak  values ,  near -15OC t o  -35OC. The once   s a tu ra t ed  a i m s s  had 
d r i e d   t o  a 50-kPa dewpoint   temperature  of -5OOC; 90 knot  winds a t  t h a t  
l e v e l   h a d   d e c r e a s e d  t o  only 35 knots .   Freez ing   leve ls   which   had   reached  
3000 cetres were now well below 1000 metres, r e s u l t i n g   i n   t h e   f i r s t  low- 
e leva t ion   snowshowers . . o f   t he   yea r .   I n s t ab i l i t y   showers   wh ich   occu r red  
ove r   s eve ra l   days   fo l lowing   pas sage  of t h e   c o l d   f r o n t   g a v e  way t o  renevld  
m o d e r a t e   f r o n t a l   p r e c i p i t a t i o n  on November 5 and 6 b u t ,  compared t o  t h e  
de luge   of   October  31 and November 1, amounts were small and   d id  little 
t o  i n c r e a s e   t h e  damage tha t   had   been   done .  

Summary 

The r a i n s t o r m  of l a t e  October - e a r l y  November o n   t h e  
North Coast of Br i t i sh  Columbia was c h a r a c t e r i z e d  by a 200 m isohye t  ' 

d e l i n e a t i n g  an area.   of   over  50,000 km2 w i t h   p r e c i p i t a t i o n   v a l u e s   t o   t h e  
west of Kitimat i n   e x c e s s  of 400 mm. The r e t u r n   p e r i o d  of t he   mu l t i -day  
s to rm w a s  e s t i m a t e d ,  t o  be i n   t h e  80 to 100 y e a r  r ange .   Synop t i ca l ly  
t h e   s t o r m  w a s  c h a r a c t e r l z e d  by a f r o n t a l   z o n e   s t r e t c h i n g   f r o m   t h e   n o r t h -  
east t o  t h e   s o u t h w e s t   p a r a l l e l   t o  a s t r o n g ,  w a r m ,  mo i s t   sou thwss te r ly  
flow of a i r  a l o f t .  
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Table 1. Daily Prec ip i ta t ion  and Temperature for Terrace  Airport for 
October a d  November, 1978. 

Oct. P1ax.T 

1 
2 
3 
4 
5 
6 
7 
8 

' 9  
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

(OC1 

13.1 
10.2 
14.6 
10.5 
10.6 
16.5 
15.1 
12.3 
11.6 
9.4 
9 . 7  
7.5  
11.8 
13.9 
11.0 
11.9 
13.6 
13.6 
12.1 
9.8 
8.4 
6.7 
8.4 
5.6 
6.5 
8.8 
5.9 
4.2 
2.8 
9.3 
8.0 

P l i n  . T 
(OC> 

8.7 
7.5 

6.7 
6.9 
7.2 
9.0 
9.1 
4.3 
2.5 
4 . 3  
4 . 5  
3.3 
8.7 
7.9 
7.9 
10.2 
11.6 
6.2 
3.8 
3.7 
4.2  
3.6 

-0.1 
2.6 
2.0 

-1.2 
-2.2 
-2.9 
2.5 
1.0 

8.1 

Tr 
9.0 
0.7 
1.0 
Tr 

1.6 
31.2 
13.8 
19.8 

4 . 9  
10.8 
4.3 

T r  

0.8 
Tr 
1.6 
13.0 

T r  
Tr 

19.6 
8.6 

0.2 
Tr 

t 

8.8 
114.8 

Tr 
9 . 0  
0.7 
1.0 
Tr 

1.6 
31.2 
13.8 
19.8 
4.9 
10.8 
4.3 
Tr 

0.8 
Tr 
1.6 
13.0 

T r  
Tr 

19.6 
8.6 

0.2 
Tr 

8.8 
114.8 

Nov * 

1 
2 
3. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30  

Max. T Nin. T 
P C  1 (OC 1 
12.0 0.6 
6.2 0.8 
2.4 0.7 
3.2 0.2 
4.4 0.0 
4.7 1.0 
4.9 0.2 
4.6 -0.9 
1.8 -2.0 
-1.7 -5.0 
-1.2 -4.0 
-0.2 -3.3 
-1.0 -6.6 
0.7 -6.4 
2.8 0.3 
2.7 0.2 
0.8 -9.4 
-8.6 -13.0 
-7.8 -13.1 
-9.1 -13.5 
-6.6 -11.2 
-3.6 - 9.6 
0.0 - 4.2 
4.1 - 0.3 
4.5 1.2 
3.7 1.3 
5.0 2.8 
5.0 1.5 
1.9 - 0.5 
2.2 - 0.3 

Rain Snow 
(m) ( 4  

89.1 
8.4 Tr 
12.8  0.8 
1.6  1.8 

32.4  2.0 
42.4 
3.0 

1.0 
Tr 

4.0 

' 3.6 6.4 

Tr 0.2 
Tr 

9.8 

Tr 
Tr Tr 
0.4 
1.2 
Tr 
6.0 

Tr  8.8 
0.8 

Precip 

89.1 
8.4 
14.0 
3.6 

34.4  
42.4 

3 .0  
0.8 
Tr 

3.8 

8.2 
9.8 
0.2 
Tr 

Tr 
Tr 
0.4 
1.2 
Tr 
6.0 

7 .O 
0.6 
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Table 2. Daily  Precipitation (mm) for the Period October  29 to November  2, 

1978, for Climatological  Stations  on the Northwest  Coast of 
British  Columbia. 

Station  Name .Precipitation  Amounts by Precipitation Tot2 
Climatological Day for  the  5-DayPeric 

Oct.29  Oct.30  Oct.31 NOV. 1 NOV. 2 
Aiyansh 2% 1.4 
Bella  Coola  Tr 
Bella  Coola  B.C..  Hydro 0.0 
Boat  Bluff  7.2 
Bonilla  Island  Tr 
Cedarville 0.0 
Dryad  Point 0.4 
Ethelda  Bay 0.9 
Falls  River 10.0 
Hartley  Bay 9.9 
Hays  Mountain (W)* 9.0 
Hazelton  Temlaham 0.0 
Kemano ' 1.0 
Kildala 6.4 
Kispiox 0.0 
Kitinat Townsite 9.0 
Kitimat 2 ' 23.3 
Kitwanga 0.0 
Kitwanga (RAB) 0.0 
Flaxam #1 (RAB) 0.0 
McInnes  Island ' 0.0 
Murder  Creek 0.0 
Nora  Lee  North 0.0 
Ocean  Falls 0.0 
Ootsa  Lake  Skinsh 
Spillway 0.0 

Prince  Rupert A 3.0 
Prince  Rupert 
Flont Circle  20.6 

Prince  Rupert  R  Park 16.2 
Pr.  Rupert  Shawatlans 14.6 
Quick 0.5 
Rosswood 1.0 
Salvas  Camp** ' 8.0 
Smithers A 0.0 
Stewart A 1.0 
Tahtsa  Lake  West 0.0 
T,errace A 0.0 
Terrace,PCC 1.6 
Triple  Island  0.2 
Wistaria 0.0 

56.2 
3.0 
10.0 
75.4 
9.2 
24.6 
7.2 
23.6 
110.0 
88.9 
38.0 
10.2 
27.2 
59.4 
3.0 

6 3 . 9  
90.2 
18.0 
19.0 
1.0 
21.0 
15.2 
0.4 
4.6 

0.0 
17.2 

64.4 
48.3 
75.0 ' 

Tr 
62.4 
63.5 
Tr 

49.2 
Tr 
8.8 
51.2 
2.6 
0.0 

45.0 
82.4 
66.1 
160.0 
15.8 
81.3 
34.6 
82.1 
138.0 
146.1 
79.0 
42.9 
108.2 
122.4 
32.6 
130.0 
179.4 
49.4 
51.0 
11.0 
88.0 
0.0 
17.6 
40.1 

0.0 
46.8 

82.4 
64.6 
87.4 
18.6 
81.0 
E67.2 
30.0 
52.2 
38.1 
114.8 
85.9 
10.6 
2.0 

76.2 
19.4 
38.0 
95.8 
7.4 
41.8 
29.8 
66.1 
90.0 
96.5 
47.0 
22.0 
76.2 
48.3 
31.6 
64.0 
99.8 
36.3 
52.0 
3.0 
89.8 
30.4 
3.2 

105.4 

0.0 
55.3 

58.6 
52.6 
39.0 
2.3 
73.2 

, 58.0 
34.6 
68.6 
133.4 
89.1 
47.5 
14.6 
0.0 

5.4 
1.2 
5.5 
15.4 
1.6 
1.4 
5 .0  
0.6 
22.0 
26.2 
4.0 
2.0 
3.8 
5.6 
2.0 
8.0 
14: 3 
0.0 
1.0 
0.0 
1.4 
1.0 
0.0 
51.3 

0.0 
5.2 

9.4 , 

10.0 
8.4 
0.3 
8.4 
20.0. 
0.8 
31.9 
83.8 

8.4 
9.8 
Tr 
0.0 

184.2 
106.0 
119 -6 
353 -8 
34.0 
149.1 
77.0 
173.3 
370.0 
367.6 
177 .O 
77.1 
216.4 
242.1 

274.9 . 

407.0 
103.7 
123.0 
15.0 
200.2 
46.6 
21.2 
201.4 

69.2 , . 

0.0 
,127.5 

235.4 
191.7 
224.4 

226.0 
E216.7 
65.4 
202.9 
255.3 
221.1 
196.0 
28.0 
2.0 

21.7 . 

*Data  for  stations  indicated by RAB abstracted from recording  rain gauge charts 
provided by the Climc?tology  Division, Resource Analysis  Branch, B. C.  Ninistry of 
the  Environment. 

**Data  for the period  ending  on the morning of November 1 estimated. 
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Table 3. 

Duration 
- 

5 minutes 

10 minutes 

15 minutes 

30 minutes 

60 minutes 

2 hours 

6 hours 

12 hours 

24 hours 

Short-Duration  Precipitation  Extremes and Estimated  Return 
Periods  for  Terrace Airport f o r  the  Storm of October 31 - 
November 1, 1978. 

thount (mm) 

2.3 

3.5 

4.3 

6.5 

11.2 

17 i0 

45.2 

73.4 

114.8 

Intensity ( m d h )  

27.6 

21.0 

17.2 

13.0 

11.2 

8 . 5  

7.5 

6.1 

4.8 

Time of Occurrence 

Between 

1800 and 1900 PST 

on Nov. 1 

0600-0800 PST-Oct.31 

0300-0900  PST-Oct.31 

0000-1200  PST-Oct.31 

2200-2200  PST-Oct.31 

Return  Period 

Under 2 yrs. 

Under 2 yrs, 

Under 2 yrs. 

Under 2 yrs.  

3 yrs ,  

3 yrs. 

2 0  yrs.  

30 yrs. 

35 yrs.  
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Table  4 .  

S t a t i o n  

T e r r a c e  A (1)* 

T e r r a c e  A (2) 

F a l l s  River 

Mul t i -Day  Prec ip i ta t ion   Ext remes   and   Es t imated  
Re tu rn   Pe r iods  for S e l e c t e d   S t a t i o n s   f o r   t h e  
Period  October  29 t o  November 2,   1978.  . 

. 

P r , e c i p i t a t i o n  Amounts (mm) and Re tu rn   Pe r iods  (years) 

1-Day 2-Day 3-Day 4-Day 

A m t .  Ret.Prd.  Amt . Ret .Prd. 

114.8  40  203.9 

114.8 70 203.9 

_. 138.0 1 2  248.0 

. Kitimat  Townsite 130.0 10 194.0  

P r ince   Ruper t  A 55.3 4 2  102 .1  

Smi thers  A 34.6 3 64.6 

Amt . R e t  .Prd. Amt. Ret.Pr 

95  212  -7  85 221.1  90 

120  212.7  75  221.1 70 

30 338.0 . .. 85 360.0 40 

17 257.9 65 266.9  17 

2 119.3 t 2  124.5 t 2  

6 65.4 5 6 5   - 4  4 

* See tex t  r e g a r d i n g   s o u r c e  of c o m p a r a t i v e   d a t a   f o r   r e t u r n - p e r i o d  estimates. 
b 
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F:i.gurc 3 .  Sur face   Char t  f o r  0400 P.S .T . ,  October 31 (1200 C.N.T. ,  October 31), 1975. 
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TERRACE-KITIMAT FLOOD EVENT OF NOVEMBER 1978 
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Mr. Kreuder's  report  presents  the  hydrologic d a t a  for  this  f lood e v e n t i n e  
acceptable manner. Periods o f  record  are  far  too short (12  to  19 years)  to 
.determine  flood  magnitudes  in t e r m  of  recurrence  intervals  with any h i g h  degree 
of  confidence. The best t h a t  can be done is  to  o b t a i n  rather rough estimates o f  
recurrence  values. 

I n  November 1978 historical  extreme  discharges were recorded i n  five  streams 
tributary  to  the Skeena River below Usk. The Skeena River a t  Usk was high.for 
October b u t  well below flood  levels.  Fall  rains  ordinarily  cause  the  highest 
discharges o f  tributary  streams i n  this area. 

Of the  five  streams,recorded  data  for annual maximum discharges  of  the Zymoetz 
and the Zymagoti t z  Rivers  include bo th  fa1 1 rain and  snowmel t floods. For the 
Zymagoti t z  only two out of 19 appear  plainly snowmelt  and two snowmelt augmented 
by concurrent  precipitation. No attempt  to  separate  these  records  into  separate 
ser ies  i s  ju s t i f i ed  because the  effect  on resulting  recurrence  intervals  for  fall 
floods would  be negligible: 

I 
I 
I In the  record for the Zymoetz River,  seven of sixteen annual maxima appear t o  be 

I 

- - 

mainly snowmelt. Separation  into two ser ies  would reduce the  estimated  recurrence 
interval  for  the 1978 event from about 30 years  to a b o u t  17  years i n  terms  of 
rainfall  events (method of maximum likelihood f i t t i n g  applied  to Log Pearson I 1 1  
dist r ibut ion) .  Such separation i s  n o t  clearly v a l i d  and therefore   is   not  

I 
I 

I 
I 

recommended. 

For the  sake of consistency i t  i s  suggested t h a t  curves f i t t e d  (where possible) 
by the method of maximum likelihood assuming Log Pearson I11 distribution be 
adopted. I t  should be emphasized t h a t  recurrence  intervals can only be accepted 
as  approximations.  This  then  defines  the November 1978 flood  as an event t h a t  
can be expected to  occur, on t.he average,  about once i n  t h i r t y  years  for the 
Zymoetz, Kitimat, Exchamsiks  and L i t t l e  Wedeene Rivers. On the Zymagotitz River 
the  recurrence  interval was computed on the same basis  as  about  ten  years, 
although i t  was the  largest  in  nineteen  years of record. 

I t  seems realistic  to  describe  the  flood  as a thirty  year  event  generally i n  t h a t  
coastal  area. 
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Water Survey of C a n a d a   P r e l i m i n a r y   R e p o r t  
[' Vancouver ,  B .C .. F e b r u a r y  5 ,  1979 

Terrace - K i t i m a t  Flood of November 1 9 7 8 '  

The   Skeena   River   Bas in  

The  Skeena River  b a s i n   h a s   a n  area of a b o u t  2 0 , 0 0 0  s q u a r e  miles 
w i t h  m a i n   c h a n n e l s   o f   a p p r o x i m a t e l y  320  miles l e n g t h  from i t s  
s o u r c e s   o n   t h e   s l o p e s  of t h e  S k e e n a   M o u n t a i n s   i n   t h e   n o r t h   a n d  
B a b i n e   L a k e   i n   t h e  eas t  t o  i t s  mouth i n  Cha tham  Sound   nea r   P r ince  
R u p e r t .   P r o c e e d i n g   d o w n s t r e a m ,   t h e   S k e e n a  River  r e c e i v e s  several 

major t r i b u t a r i e s  as w e l l  as many m i n o r   o n e s ;   t h e  largest  are t h e  
Babine ,   Bulk ley   and   Zymoetz  Rivers .  
T h e   f u r t h e s t   d o w n s t r e a m   s t r e a m f l o w   g a u g e  i s  located a t  Usk (85 
miles from tlne m o u t h )   w h e r e   t h e   c o n t r i b u t i n g   d r a i n a g e  area is 
e s t i m a t e d  a t  1 6 , 3 0 0   s q u a r e  miles. C o n s i d e r a b l e   r u n o f f  volumes 
are c o n t r i b u t e d  t o  t h e   S k e e n a  River  below Usk by t h e   p r e c i p i t a t i o n  
g e n e r a t e d   i n  t h e  Coast Moun ta in   r ange .  T h i s  c o n t r i b u t i o n  can be 

e s t i m a t e d  f r o m  f l o w  measured  a t  h y d r o m e t r i c   s t a t i o n s   o n  t h e  

Zymoetz River ,  Z y m a g o t i t z   R i v e r   a n d   t h e   E x c h a m s i k s  River. 

' The Kit imat  River  B a s i n  

The Kitimat R i v e r  i s  a coas t a l  stream w h i c h   o r i g i n a t e s   n e a r   A t n a .  
Peak  and flows some 50 miles t o  i t s  mouth i n t o   D o u g l a s   C h a n n e l .  
The l a rges t  c o n t r i b u t o r s  are t h e  Wedeene River a n d   H i r s c h   C r e e k .  
The K i t i m a t  R i v e r   b a s i n   h a s   a n  area of a p p r o x i m a t e l y  780 s q u a r e \  
miles. Flows a r e  measured  a t  h y d r o m e t r i c   s t a t i o n s   o n   t h e  L i t t l e  

Wedeene R ive r ,  H i r s c h   C r e e k   a n d   t h e  Kit imat  R i v e r  below H i r s c h  
Creek .  

O c t o b e r  1 9 7 4  F l o o d  1 

E x c e s s i v e   r u n o f f   o c c u r r e d   d u r i n g   t h e  f i rs t  t w o  weeks i n  October 
and  was c a u s e d   b y   h e a v y   r a i n f a l l   a n d   h i g h   f r e e z i n g   l e v e l s   t h a t  
p r e v a i l e d .   F i f t e e n   i n c h e s   o f   r a i n   f e l l  a t  P r i n c e   R u p e r t   b e t w e e n  
t h e  1st a n d   t h e  10th of t h e  month w i t h  n e a r l y   f i v e   i n c h e s   o c c u r -  
r i n g   d u r i n g   o n e  24-hour period. On t h e  S k e e n a   R i v e r  a t  Usk new 
maximum m o n t h l y   a n d   d a i l y   d i s c h a r g e s   f o r  October were recorded. 

1 
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On t h e  coastal  streams below Usk a n d   i n   t h e  Kitimat b a s i n  new 

maximum a n n u a l   d i s c h a r g e s  were repor t ed .   The   i n s t an taneous   peak"  

f l o w   v a l u e s  are shown below: 
Ins tan taneous   Peak   F lows   October   1974 

08EF005 
08EGOll 
08EG012 
08FF001 
08FF002 
08FF003 
08EF001 
08FE003 

Zymoetz R.  above 0 .K. C r  . 1 0 4 , 0 0 0  c f s  
Zymagoti tz  R .  n e a r   T e r r a c e   1 9 , 4 0 0  cfs 
Exchamsiks R. n e a r  Terrace 25,800 cfs 
Kitimat R .  below Hi r sch  C r .  7 1 , 4 0 0  cfs 
Hi r sch  C r .  near the Mouth  28,500 c f s  
L i t t l e  Wedeene R.  b e l .  Bowbyes C r .  7 , 5 5 0   c f s  

Skeena R.  a t  Usk 2 0 9 , 0 0 0   c f s  
Kemano R .  above Tailrace 31,400 c f s  

O c t .  1 5  
O c t .  1 5  
O c t .  15 

O c t ,  15  

Oct. 1 5  
O c t .  15 
O c t ,  10 
O c t .  1 5  

November 1978  Flood 

A s t a l l e d  weather s y s t e m   l y i n g   o v e r  t h e  n o r t h e r n   m a i n l a n d  over the  

end of October c a u s e d   h e a v y   p r e c i p i t a t i o n ,   e s p e c i a l l y  on t h e   3 1 s t  
of October   and November 1st. S e v e r e   f l o o d i n g   o c c u r r e d  a t  Terrace 
where  the  ' two-day t o t a l  p r e c i p i t a t i o n  was i n  excess of 200 mm. 
The t o t a l  of 114.8 mm on t h e   3 1 s t  was t h e   h e a v i e s t   2 4 - h o u r  t o t a l  
r e c o r d e d  a t  Terrace a t  any time o f   t h e   y e a r .  Land s l i d e s   o c c u r r e d ,  
h i g h w a y   b r i d g e s   a n d   s e c t i o n s   o f   r o a d s  were w a s h e d   o u t . -  Flows on 
t h e  coas t a l  streams peaked  on November 1st. P r e v i o u s   h i s t o r i c a l  
ex t r emes  were approached  or e x c e e d e d   o n .  most of t h e  coas ta l  streams 
where streamflow records have   been  kept  p r io r  t o  t h e  1974   f l ood  
even t .   Skeena  River a t  Usk peaked a t  a b o u t  150 ,000  cfs which i s  

I 
I 
I 
I 

less t h a n   t h e ' a v e r a g e  of t h e   a n n u a l   e x t r e m e   f l o w s   r e c o r d e d   s i n c e  
1953 a t  t h a t  s i te.  P r e l i m i n a r y  estimates of t h e   p e a k s  are shown 
below; t h e s e  esti.mhtes are d e r i v e d   f r o m   a n   i n t e r p r e t a t i o n   o f   t h e  
s t a g e   d i s c h a r g e   r e l a t i o n s h i p  a t  t h e   h i g h  water l e v e l s  recorded 
d u r i n g   t h e   f l o o d   e v e n t ,   a n d  are subject t o  c o n f i r m a t i o n  o r  r e v i s i o n .  

Ins tan taneous   Peak   F lows  November 1978 
08EF005  Zymoetz R .  above O . K .  C r .  1 1 1 , 0 0 0  cfs Nov, 1 

08EGOll  Zymagotitz R. n e a r  Terrace 1 8 , 7 0 0   c f s  Nov. 1 

08EG012 Exchamsiks R .  n e a r  Terrace 3 0 , 5 0 0   c f s  Nov. 1 

2 
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I n s t a n t a n e o u s   P e a k   F l o w s  November  1978  (cont inued)  
08FF001 Ki t imat  R i v e r  below H i r s c h  C r .  9 9 , 9 0 0   c f s  Nov. 1 

, .  

08FF002 Hirsch C r .  n e a r   t h e  Mouth 2 3 , 5 0 0   c f s  Nov. 1 
08FF003 L i t t l e  Wedeene be l .  Bowbyes C r ,  1 3 , 5 0 0  cfs Nov. 1 
08EF001  Skeena R.  a t  Usk 150 ,000 cfs Novo 2 
08FE003 Kemano R.  above  Tai l race 35,000 cfs ' Novo 1 

. 

'The storm a p p e a r s  t o  h a v e   c e n t r e d   a r o u n d   t h e  Kitimat-Terrace area,  
s i n c e   f l o w s   r e c o r d e d  a t  s t a t i o n s ,  e a s t  of t h i s  area o n   t h e  Morice . 

and  Nanika  Rivers  were n o t   n e a r  the i r  h i s t o r i c a l   e x t r e m e s .  

F r e q u e n c y   A n a l y s i s  

The  November  1978  peak flows r e p r e s e n t   t h e   h i g h e s t   f l o w s   o n   r e c o r d  
w i t h   t h e   e x c e p t i o n  of H i r s c h   C r e e k   a n d   S k e e n a   R i v e r  a t  Usk. The 
l e n g t h  of record of i n s t a n t a n e o u s   p e a k  flows r a n g e s  from 7 y e a r s  
o n  the Kemano R i v e r  t o  '19 y e a r s  on t h e  Z y m a g o t i t z   R i v e r .  The re- 
l a t i v e l y  shor t  record of f l o w  a t  a s i t e  may c o n t a i n  l a r g e  Sam-  

p l i n g  errors b e c a u s e   o f   c h a n c e   v a r i a t i o n s   i n   r a i n f a l l   d u r i n g   t h e  
p e r i o d   o f   r e c o r d ,   t h e r e f o r e  a s h o r t   r e c o r d  may be a p o o r   i n -  
d ica tor  of t h e  bas i c  l o n g - t i m e   d i s t r i b u t i o n  of f l o o d s  a t  t h e  s i te .  
N e v e r t h e l e s s ,  for t h e  p u r p o s e  of t h i s  s t u d y   f o u r   d i f f e r e n t   d i s -  
t r i b u t i o n s  were u s e d  t o  f i t  t h e   d a t a  a t  a l l  s t a t i o n s   e x c e p t   t h e  
Kemano R i v e r   w h e r e   o n l y   s e v e n   y e a r s  are ava i l ab le .  T h e   t y p e s  of 
d i s t r i b u t i o n s   t h a t  were u s e d  are:  Gumbel 1, Log Normal,  3 Para- 

meter Log N o r m a l ,  Log P e a r s o n  I11 by t h e  method of moments  and t h e  

method of maximum l ike l ihood ,  I n   a d d i t i o n  a power t r a n s f o r m a t i o n  
for  n o r m a l i z i n g  skewed d , i s t r i b u t i o n s  of t h e   p e a k  f l o w s  a t  e a c h  
s t a t i o n  was used  $0 estimate t h e  f lood p e a k s  a t  the v a r i o u s  re- 
c u r r e n c e   i n t e r v a l s .  As a n   a l t e r n a t i v e   e s t i m a t i o n   p r o c e d u r e  a 
b i - m o d a l   n o r m a l   d i s t r i b u t i o n  was estimated f o r  t h e   p e a k  flows; 
a s i m u l a t i o n , w a s   r u n  t o  e s t a b l i s h  a r a n g e   f o r   t h e   1 0 0 - y e a r   e v e n t .  
T h e   r e s u l t s   o f   t h e s e   e s t i m a t i n g   . p r o c e d u r e s   ( d i s t r i b u t i o n   f i t t i n g  
a n d   s i m u l a t i o n )  are shown i n   F i g u r e s  1 t o  7 ,  

3 
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C o n c l u s i o n s  

I t  i s  e v i d e n t  from t h e  above p r o c e d u r e s  t h a t  t h e  November  1978 ' 

f l o o d  was a n   e x t r e m e   e v e n t  a t  f i v e  of t h e  sites: Zymoetz, K i t i m a t  

Exchamsiks,   Zymagoti tz ,   and L i t t l e  Wedeene Rivers.  I f  o n e  makes 
t h e   a s s u m p t i o n   t h a t   t h i s   f l o o d   e v e n t   h a s   n o t   b e e n   e x c e e d e d   i n .  a 

h i s t o r i c a l  period l o n g e r   t h a n  t h e  e x i s t i n g ,   p e r i o d s  of record (12- 
1 9  y e a r s )  ). o n e   c a n   u s u a l l y   e x p r e s s  t h e  f l o o d  p r o b a b i l i t i e s  as re- 
c u r r e n c e   i n t e r v a l  T greater t h a n  the f i n i t e   s a m p l e   r e p r e s e n t e d   b y  
the s h o r t   s a m p l i n g  period. 
For example ,   t he   peak  flows o n   H i r s c h   C r e e k   ( n  = 1 3 )  when f i t t e d  

t o  the G u m b e l  1 d i s t r i b u t i o n   p r o d u c e d   a n  estimate of t h e  October 

1974 flood of T = 60 y e a r s ,   w h i l e   t h e   3 - P a r a m e t e r  Log N o r m a l  d i s -  

t r i b u t i o n   y i e l d s   a n  estimate of T = 20 y e a r s .   T h e  tab le  below 
l ists  t h e   r a n g e  of T fo r  t h e   f i v e  s i tes for t h e  November 1978 
e v e n t .  

Zymoetz River  
K i  t ima t  River 

25 y e a r s  t o  1 0 0 +   y e a r s  
20 y e a r s  t o  40  y e a r s  

Exchamsiks River  25 y e a r s  t o  40 y e a r s  
Li t t le  Wedeene River 25 y e a r s  t o  1 0 0   y e a r s  
Zymago t i t z   R ive r  a b o u t  20 y e a r s  

The h i g h e s t  estimates of T are  from t h e  G u m b e l  1 d i s t r i b u t i o n  . 
w h i l e   t h e  lowest are from t h e  3-Parameter Log Normal d i s t r i b u t i o n .  
The   range  of v a l u e s  of t h e   1 0 0 - y e a r   f l o o d   e s t i m a t e d  from t h e  bi-  
m o d a l   s i m u l a t i o n  of t h e   e v e n t  is l i s t e d  below f o r  e a c h  s t a t i o n  
and   shown  on   F igures  1 t o  7. 

Zymoetz River 117 ,000  - 167,000 c.fs 
Ki t ima t  River  9 4 , 8 0 0  - 121,000 cfs 
Exchamsiks River ' 26,600 - 33,800 cfs 
L i t t l e  Wedeene River  13 ,500  - 18 ,700  cfs  
H i r s c h  Creek  18 ,900  - 43,200 c fs  
Zymagot i tz  River  1 9 , 1 0 0  - 22,700 cfs 

Skeena River a t  Usk 261,000 - 348,000 cfs 
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PREVIOUS  REPORTS ON TERRACE-KITINAT 
FLOOD OF NOVEMBER 1978 
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CAUTION - This report is based on off-the-cuff  information  obtained 
from .various  sources. Most of the  information has not  been 
verified; in f ac t  i t  would take  several days before any 
'ver i f icat ion i s  forthcoming. 

Rainfall - Runoff Conditions 

m 

Prince Rupert - Terrace - Kitimat - Smithers  area o f  Norwest B.C.  was 
h i t  by a prolonged heavy rainstorm which peaked on the  evening  of 
1 November 1978. This  area was covered by recent snow which melted 
and added to  the intensi ty  and  volume of  runoff. 

I The rain = 1 : 25 year  event. 
The runoff would be of even higher return  period. 

I The effect   of  this 200 mm o f  rain was: 

I 
I' 
I 
I 
I 
I 

1 . a rapid  increase i n  the  water  levels  of 1 akes and r ivers  i n  the 

2. a number o f  land and mud s l ides .  
3. extensive  flooding,  disruption  of  traffic,  etc. due to  1 .  and  2 .  

Damage i n  the  Affected Area 

Damage to  date  includes.  the  following. 
1. Flooding i n  the   c i ty  of  Terrace i t s e l f   i s  not  serious. 

area. 

' 2. Highways leading from Terrace,  to Ki t i m a t ,  Pri rice Rupert, Smi thers 
a re  badly damaged. 

3. A number of highway bridges have been  washed o u t .  
4. Terrace  to  Smithers is  the  worst h i t  w i t h  damages estimated a t  

5. Mud s l ides  and  2 bridge  failures have occurred on the CPR.  
$5 million. 

01.1071 (12/74)  DOE-1071 
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6. Extens i  ve 
E l l s e .  P 

7. Extensive: 

damage has 
eop le   a re  b 

damage has 

o c c u r r e d   t o  homes i n  Remo and  around  Lake 

occurred i n  K i t i m a t .  

e i  ng  .evacuated. 

These damages will increase as r e p o r t s  come in .  

Present   Condi t ions 

1.  The weather  system . i s  moving  out o f  t he   a f fec ted   a rea .  

2. Streams  have s t a r t e d   t o   s u b s i d e .  

3. Necessary  suppl ies  are  being  brought i n  by  rescue  workers. 



1 
1 
I 
I 
1 
I 
i 
1 
I 
1 
I 
I 
I 

CAUTION - Th is   update  i s  b a s e d   o n   o f f - t h e - c u f f   i n f o r m a t i o n   o b t a i n e d  
from  various  sources.  Most o f   t h e   i n f o r m a t i o n  has n o t  been 
v e r i f i e d ;   i n   f a c t  it would  take  severa l   days  before  any 
v e r i f i c a t i o n   i s   f o r t h c o m i n g .  

P r e s e n t   S i t u a t i o n  

F lood  waters  i n  the   a f fec ted   s t reams   a re   subs id ing .  Damage t o   p u b l i c  
u t i l i t i e s  such  as  roads,   ra i lways,   gas  l ines,   e tc . ,  i s  w o r s e   t h a n   f i r s t  
thought.   Most o f   t h e   p e o p l e   e v a c u a t e d   f r o m   t h e i r  homes a r e   s t i l l  
s t a y i n g   a t   a l t e r n a t i v e  accommodations.  Emergency r e p a i r s   o f   h i g h w a y s  
and  br idges  are  underway. 

Damage Est imates 

Damage t o   p u b l i c  and p r i v a t e   p r o p e r t y   i s   e s t i m a t e d   b e t w e e n  $10 - $15 m i l l i o n .  
S i n c e   t h i s  damage i s  i n  excess o f  $1.00 pe r   cap i ta   popu la t i on , the   p rov ince  
i s   e n t i t l e d   t o   f e d e r a l   f i n a n c i a l   a s s i s t a n c e .  

Developments  Expected 

The P r o v i n c e   o f  B.C. ( t h e   P r e m i e r )   i s   e x p e c t e d   t o   c o n t a c t  Canada ( t h e  PM) 
f o r   f i n a n c i a l   a s s i s t a n c e .   T h i s   r e q u e s t   w o u l d   l i k e l y   b e  made t h i s  weekend. 

N e x t   r e p o r t ,  i f  needed, w i  11 be made on Monday, 6 November 1978. 



This  report  describes  the  observations made d u r i n g  an inspection (November 27- 
December 1 )  of  the  northwestern p a r t  of the Province (see  attached map) where 
a severe and prolonged rainstorm  occurred on or about 1 November 1978. 
The rain was a l so  accompanied by h i g h  winds.  The purpose of t h i s . f i e l d  
inspection was to  observe  the  after  effects of the  storm on a f irsthand basis. 

The locations  'visited  are  situated i n  the  vicinity of Terrace and were 
confined to  those  easily  accessible.  Areas north  of  Terrace towards Stewart 
and other  off-the-road locat ions were n o t  v i s i ted .  Also the e f f ec t  of the 
storm on rai l roads,  power  and gas l i nes ,   e t c .  was n o t  observed. 

The most severe damage was noticeable on the  Terrace-Smithers highway (No.16) 
u p  t o  about 50 miles  east  of  Terrace. The  damage  was caused by debris and 
h i g h  flows i n  the  streams  tributary  to Skeena River.  There was one culvert  
and three main bridge  failures on this s t re tch  o f  the highway. The f a s t  
flowing water washed out  the f i l l  behind and ,below bridge  abutments.. These 
abutments, which were n o t  on p i les  b u t  on footings, were then  carried down- 
stream  causing  the end spans to  collapse. The middle span supported by piers 
on p i l e s  remained inkact. The abutments are  now being founded on pi les .  

A number of minor washouts were also  noticed  along  this  route. There were 
also a few mud and rock slides  blocking  the highway. These were being cleared. 

" South  of Terrace on the  Terrace-Kitimat highway (No. 25) the  Kitimat  River 
washed out a long stretch  of embankment. Structures such as  bridges  etc. 
seemed t o  have handled the runoff \ v i  t h o u t  noticeable problems. A few minor 
washouts were also  seen. 
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West o f  Terrace and  in  the town of  Terrace i t s e l f ,  damage t o  highways and  
highway s t ructures  appeared t o  be minimal. 

(North of Terrace  area was not  inspected due to  accessibility  problems). 

Concerning private  property,  the houses and  cottages  along  the  shore  of 
Lakelse Lake were the  worst  affected. There was considerable damage done 
t o   s t r e e t s  i n  this lakeside  subdivision and many t rees  were uprooted. The 
major causes  here were the wind  and waves  which hit  these  dwellings. 

Copper River  Estates, a subdivision  east o f  Terrace, and Rem0 were also 
reported  to have suffered  property damage.  However, a t   t h e  time of   f ie ld  
inspection,  the  extent  of such damage  was d i f f i cu l t   t o   a sce r t a in .  

This report is  the t h i r d  one i n  a se r ies  o f  brief  interim  reports. A f inal  
and detailed  report,  following  the  outline recomnlended for   reports   to  be 
forwarded t o  the  United  Nations,.  will be prepared when a l l  of the r a i n f a l l ,  
hydrological and damage cost  information becomes available. 


