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P a g e v  

 

 

1.  E x e c uti v e s u m m ar y  

A l ar g e r ai n st or m o n J u n e 2 3/ 2 4, 2 0 2 0 c o u p l e d wit h r u n off fr o m s n o w m elt, r e s ult e d i n e xtr e m e fl o w s i n 

t h e D or e Ri v er.  Si g nifi c a nt b a n k er o si o n o c c urr e d b et w e e n t h e Hi g h w a y 1 6 bri d g e a n d t h e C a n a di a n 

N ati o n al R ail w a y bri d g e d uri n g t hi s e v e nt. M ulti pl e pr o p ert i e s o n  D or v al R o a d , l o c at e d a dj a c e nt t o t h e 

ri g ht ( e a st) b a n k of t h e ri v er l o st si g nifi c a nt p orti o n s of t h eir pr o p ert y t o t hi s er o si o n.  

T h e R e gi o n al D i stri ct of Fr a s er-F ort G e or g e ( R D F F G , t h e Di stri ct) r e q u e st e d t h at M c El h a n n e y Lt d. 

( M c El h a n n e y) pr o vi d e a m or e d et ail e d a s s e s s m e nt or t h e D or e Ri v er at t hi s l o c ati o n  ( ar e a of i nt er e st 

A OI) . T h e o bj e cti v e s of t h e a s si g n m e nt i n cl u d e d: 

•  H y dr a uli c a s s e s s m e nt of  t h e c urr e nt a n d a nti ci p at e d fl o o d i m p a ct t hr e at of t h e D or e Ri v er t o r e si d e nt 

p u bli c s af et y a n d pr o p ert y;  

•  Pr o vi d e d e ci si o n s u p p ort t o l o c al g o v e r n m e nt E M r e s p o n s e pl a n f or i m m e di at e r e s p o n s e a n d p u bli c 

s af et y al erti n g tri g g er s;  

•  Pr o vi d e sit e o pti o n s f or d e pl o y m e nt of t e m p or ar y fl o o d pr ot e cti o n m e a s ur e s a n d l o n g -t er m p er m a n e nt 

i nfr a str u ct ur e o pti o n s; 

•  C o n s oli d ati o n of w or k d o n e b y v ari o u s st a k e h ol d er s o n t h e c o n diti o n of t h e D or e Ri v er t h at w o ul d 

s u p p ort p o st e v e nt pl a n ni n g a n d s y n c hr o ni z e s h or eli n e miti g ati o n pr oj e ct s;  

•  P ot e nti al l o c ati o n s f or a d diti o n al fi x e d m o nit ori n g a n d o pti o n s f or e n h a n c e d l o c ali z e d p u bli c s af el y 

n otifi c ati o n s, w h er e h a z ar d o u s c o n diti o n s ar e pr e s e nt;  a n d  

•  I d e ntifi c ati o n of t e m p or ar y d e bri s m a n a g e m e nt sit e s n e ar t h e D or e Ri v er f or i n cr e a se d c o n str u cti o n 

a n d d e m oliti o n w a st e a s r e c o v er y b e gi n s . 

T o m e et t h e s e o bj e cti v e s, M c El h a n n e y, t e a mi n g wit h B G C E n gi n e eri n g I n c. ( B G C), a gr e e d wit h t h e 

Di stri ct t o t h e f oll o wi n g S c o p e of W or k:  

•  C o m pl et e Li D A R a c q ui siti o n a n d a d et ail e d c h a n n el s ur v e y.  

•  C o m pl et e a h y dr ol o gi c a n al y si s f or fl o w s o n t h e D or e Ri v er t o pr e di ct t h e fl o w s f or v ari o u s r et ur n 

p eri o d s. T h e p ot e nti al eff e ct s of cli m at e c h a n g e o n  t h e pr e di ct e d fl o w s will al s o b e a s s e s s e d. 

•  D e v el o p a 2 -di m e n si o n al ( 2 D) h y dr a uli c m o d el of t h e D o r e Ri v er i n t h e st u d y ar e a. 

•  C o m pl et e a n a s s e s s m e nt of b a n k er o si o n a n d c h a n n el c h a n g e of t h e D or e Ri v er wit hi n t h e st u d y 

r e a c h a n d d e v el o p a pr o b a bili sti c m o del t o pr e di ct t h e m a g nit u d e of f ut ur e er o si o n e v e nt s.  

•  C o m pl et e r e gi o n al s c al e a s s e s s m e nt of u p p er  D or e Ri v er w at er s h e d g e o m or p h ol o g y a s it r el at e s t o 

p ot e nti al d o w n str e a m fl o o d c o n c er n s wit hi n t h e A OI, i n cl u di n g t h e cl a s sifi c ati o n of tri b ut ari e s pr o n e t o 

d e bri s fl o o d s or d e bri s fl o w s, a n d i d e ntifi c ati o n of d e e p -s e at e d l a n d sli d e s t h at c o ul d c a u s e t e m p o r ar y 

bl o c k a g e s of t h e m ai n w at er c o ur s e.  

T h e r e s ult s fr o m t h e v ari o u s c o m p o n e nt s i n t h e S c o p e of W or k w er e t h e n r e vi e w e d a n d 

r e c o m m e n d ati o n s w er e pr o vi d e d r el ati n g t o t h e pr oj e ct s o bj e cti v e s. 
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2 0 2 0 D or e Ri v er Fl o o d E v e nt  

A p e a k fl o w of 1 6 9  m 3 / s w a s r e c or d e d d uri n g aft er n o o n of J u n e 2 3 r d, 2 0 2 0 at t h e W at er S ur v e y of C a n a d a 

g a u gi n g st ati o n o n t h e D or e Ri v er. T hi s c orr e s p o n d s t o a 7 0 -y e ar t o 1 0 0 -y e ar r et ur n p eri o d e v e nt f or t h e 

w at er s h e d. T hi s e v e nt r e s ult e d i n si g nifi c a nt b a n k er o si o n o n t h e ri g ht b a n k of t h e r i v er wit hi n t h e st u d y 

r e a c h. A p pr o xi m at el y 1. 2 h e ct ar e s of l a n d w a s l o st t o er o si o n, wit h t h e D or e Ri v er’ s t h al w e g l at er all y 

mi gr ati n g u p t o 5 0 m at s o m e l o c a ti o n s.  

A s e c o n d, s p er at e e xtr e m e fl o o d e v e nt o c c urr e d S e pt e m b er 1 -3, 2 0 2 0. T hi s fl o o d e v e nt h a d a  p e a k fl o w 

of 1 4 8 m 3 / s w hi c h i s e q ui v al e nt t o a 2 5-y e ar r et ur n p eri o d fl o o d e v e nt.  D e s pit e t h e hi g h fl o w s, mi ni m al 

a d diti o n al b a n k er o si o n o c c urr e d i n t h e st u d y r e a c h.  

B a n k Er o si o n A s s e s s m e nt  

R e m ot e s e n s e d i m a g er y ( e. g. a ir p h ot o s fr o m 1 9 4 6 –  2 0 2 0 , s at ellit e a n d dr o n e i m a g e s)  w er e a n al y z e d t o 

e v al u at e c h a n n el c h a n g e s i n t h e s u bj e ct r e a c h of t h e D or e Ri v er.  Air p h ot o a n al y si s s h o w e d t h e D or e 

Ri v er w a s m o difi e d  b et w e e n 1 9 5 8 a n d 1 9 7 6.  Ri v er m o difi c ati o n s d uri n g t hi s p eri o d i n cl u d e d c h a n n el 

r e ali g n m e nt, ri p r a p b a n k ar m o uri n g at v ari o u s l o c ati o n s, a n d t h e c o n str u cti o n of b er m s. 

B a n k er o si o n m o d elli n g w a s p erf or m e d t o e sti m at e t h e m a g nit u d e of f ut ur e er o si o n e v e nt s wit hi n t h e A OI.  

T h e m o d el r e s ult s pr e di ct e d f ut ur e er o si o n d uri n g a 2 0 0 -y e ar fl o o d e v e nt t o b e i n t h e r a n g e of 1 0 m –  6 0 

m b a s e d o n t h e e xt e nt a n d l o c ati o n s of d e p o sit s i n t h e ri v er i n O ct o b er 2 0 2 0.  Er o si o n will li k el y 

c o n c e ntr at e at t h e o ut si d e of e xi sti n g b e n d s a n d c o nti n u e t o i n cr e a s e t h e r e -m e a n d eri n g of t h e ri v er.  

H y dr ol o g y  

A fl o o d fr e q u e n c y a n al y si s w a s p erf or m e d o n t h e fl o w r e c or d fr o m a W S C ( W at er S ur v e y of C a n a d a) 

str e a m g a u gi n g st ati o n ( D or e Ri v er n e ar M c Bri d e - # 0 8 K A 0 0 1) l o c at e d a p pr o xi m at el y 2 k m u p str e a m of 

t h e pr oj e ct l o c ati o n.  T h e g a u g e m e a s ur e s ri v er l e v el, a n d t h e c orr e s p o n di n g fl o w, i n t h e D or e Ri v er. It 

h a s b e e n o p er ati n g c o nti n u o u sl y 5 8 -y e ar fl o w r e c or d a n d c a pt ur e d t h e fl o w s d uri n g t h e 2 0 2 0 e v e nt s.  T h e 

r e s ult s of t h e a n al y si s ar e pr e s e nt e d i n t h e t a bl e b el o w.   

R et ur n P eri o d ( Y e ar s)  P e a k I n st a nt a n e o u s Fl o w ( m 3 / s) 

  

2 0 0  1 8 6  

1 0 0  1 7 3  

1 0  1 2 9  

2  9 3  
 

H y dr a uli c M o d el  

A 2 -di m e n si o n al h y dr a uli c m o d el w a s d e v el o p e d f or t h e A OI. T h e m o d el r eli e d o n t o p ol o g y d eri v e d fr o m 

LI D A R a n d c h a n n el  b at h y m etr y i nf or m ati o n a c q uir e d aft er t h e S e pt e m b er 2 0 2 0 fl o o d e v e nt.  T h e 2 0 0 -

y e ar r et ur n p eri o d fl o o d e v e nt pr e di ct e d 3 ar e a s of i n u n d a ti o n ( o v erl a n d fl o o di n g) s h o w n i n t h e fi g ur e 

b el o w.  T h e pr e di ct e d w at er s urf a c e el e v ati o n a n d v el o citi e s c a n b e u s e d a s d e si g n p ar a m et er s f or 
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s u b s e q u e nt d et ail e d d e si g n s. 

 

W at er s h e d G e o m or p hi c O v er vi e w  

A q u alit ati v e d e s kt o p l e v el o v er vi e w of t h e D or e R o v er w at er s h e d, u p str e a m of d e v el o p e d ar e a s, w a s 

c o m pl et e d t o i d e ntif y, at a n o v er vi e w l e v el of d et ail, g e o m or p hi c pr o c e s s e s o c c urri n g wit hi n t h e w at er s h e d 

t h at c o ul d i nfl u e n c e d o w n str e a m fl o o d h a z ar d or c h a n n el c h ar a ct eri sti c s wit hi n t h e A OI. G e o h a z ar d s 

i d entifi e d wit hi n t h e w at er s h e d i n cl u d e s n o w a v al a n c h e s, cl e ar -w at er fl o o d s, st e e p cr e e k pr o c e s s e s 

( d e bri s fl o w s, d e bri s fl o o d s), r o c k sli d e s a n d r o c k f all o n st e e p, u p p er v all e y sl o p e s. L a n df or m s i nt er pr et e d 

a s d e e p -s e at e d sl o p e m o v e m e nt w er e al s o i d e ntifi e d  w h er e l ar g e e n o u g h ( o n t h e or d er of m a n y t e n s t o 

h u n dr e d s of t h o u s a n d s of c u bi c m etr e s) t o p ot e nti all y r e s ult i n a t y p e of c h a n n el bl o c k a g e r ef err e d t o a s 

l a n d sli d e d a m, wit h i m pli c ati o n s f or d o w n str e a m fl o o di n g. W hil e d e e p-s e at e d sl o p e m o v e m e nt l a n df or m s  

w er e i d e ntifi e d i n m ulti pl e l o c ati o n s wit hi n t h e u p p er w at er s h e d, n o i d e ntifi a bl e s urf a c e e vi d e n c e s h o w e d 

l a n d sli d e da m i m p o u n d m e nt s or o ut br e a k fl o o d s i n r e c e nt ti m e s ( si n c e 1 9 4 7). T hi s i n di c at e s t h at t h e 

hi st ori c r et ur n p eri o d of l a n d sli d e i m p o u n d m e nt s i s li k el y gr e at er t h a n 1 0 0 y e ar s.  A n o ut br e a k fl o o d t h at 

w a s t h e r e s ult of a s n o w a v al a n c h e c h a n n el bl o c k a g e o c c urr e d  o n M a y 2 6, 1 9 8 6. It r e s ult s i n d e str u cti o n 

of u p str e a m f or e str y bri d g e s a n d ot h er d a m a g e.  

B a s e d o n t h e pr e s e n c e of a b u n d a nt sl o p e -s c al e l a n d sli d e l a n df or m s a n d v all e y g e o m etri e s t h at ar e 

c o nfi n e d e n o u g h f or ri v er bl o c k a g e, B G C c o n cl u d e s t h at t h e p ot e nti al  e xi st s f or l a n d sli d e d a m s t o f or m 

a n d f ail, wit h p ot e nti al f or el e v at e d fl o o d or d e bri s fl o o d di s c h ar g e t h at c o ul d r e a c h t h e A OI. T h er e i s al s o 

p ot e nti al f or el e v at e d fl o o d di s c h ar g e s t o o c c ur f oll o wi n g t h e f or m ati o n a n d f ail ur e of ( m o stl y w et s pri n g) 

s n o w a v al a n c h e d a m s.  
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C o n cl u si o n s  

T h e D or e Ri v er e x p eri e n c e d a 1 0 0 -y e ar fl o o d e v e nt o n J u n e 2 3, 2 0 2 0 r e s ulti n g i n si g nifi c a nt er o si o n i n 

t h e c h a n n el.  Pr e vi o u s e n gi n e eri n g w or k s c o m pl et e d i n 1 9 5 8 –  1 9 7 6 n arr o w e d a n d str ai g ht e n e d t h e ri v er, 

r e s ulti n g i n hi g h er fl o w v el o citi e s a n d s h e ar str es s f or a gi v e n fl o o d fl o w a n d a m plifi e d t h e er o si o n.   

Gi v e n t h e c urr e nt c h a n n el m or p h ol o g y, t h e D or e Ri v er i n t h e A OI h a s a l ar g er h y dr a uli c c a p a cit y t h a n it 

di d pri or t o t h e J u n e 2 0 2 0 fl o o d e v e nt. T h er e i s still a ri s k of f ut ur e b a n k er o si o n. S h o ul d er o s i o n 

miti g ati o n a n d b a n k pr ot e cti o n o pti o n s b e c o n si d er e d wit hi n t h e A OI,  t h e d e si g n s s h o ul d m ai nt ai n t h e 

wi d er ri v er g e o m etr y a n d w or k wit h –  r at h er t h a n a g ai n st –  t h e n at ur al t e n d e n c y of t h e ri v er t o m e a n d er. 
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2.  I ntr o d u ctio n  

T h e D or e Ri v e r, a tri b ut ar y t o t h e Fr a s er Ri v er, i s l o c at e d a p pr o xi m at el y 4 k m n ort h w e st of M c Bri d e, B C . 

A l ar g e r ai n st or m o n J u n e 2 3/ 2 4, 2 0 2 0, c o u pl e d wit h s n o w m elt, r e s ult e d i n e xt r e m e fl o ws  i n t h e D or e 

Ri v er.   Si g nifi c a nt b a n k er o si o n o c c urr e d b et w e e n t h e H i g h w a y 1 6 bri d g e a n d t h e C a n a di a n N ati o n al 

R ail w a y bri d g e  d uri n g t hi s  st or m e v e nt . Multi pl e pr o p ert i e s o n  D or v al R o a d , l o c at e d a dj a c e nt t o t h e ri g ht 

( e a st) b a n k of t h e ri v er l o st si g nifi c a nt p orti o n s of t h eir pr o p ert y t o t hi s er o si o n.  A s p art of t h e e m er g e n c y 

r e s p o n s e i n t h e aft er m at h of t h at fl o o d e v e nt, t h e R e gi o n al Di stri ct of Fr a s er-F ort G e or g e ( R D F F G , t h e 

Di stri ct ) r e q u e st e d M c El h a n n e y Lt d. ( M c El h a n n e y) t o pr o vi d e e n gi n e eri n g s u p p ort (i n s p e cti o n, r e p orti n g) 

o n r e c o v er y a cti viti e s t h at w er e o c c u rri n g. M c El h a n n e y pr oj e ct e n gi n e er L u c y S w a n k  w a s o n -sit e J ul y 1 st , 

2 0 2 0. A s u m m ar y of t h e a cti viti e s c o m pl et e d a n d M c El h a n n e y’ s i niti al a s s e s s m e nt of t h e st u d y ar e a i s 

pr o vi d e d i n a T e c h ni c al M e m o d at e d J ul y  3 , 2 0 2 0 a n d i s i n cl u d e d i n A p p e n di x A . 

S u b s e q u e nt t o t h e s e a cti viti e s i n S e pt e m b er 2 0 2 0, t h e Di stri ct r et ai n e d M c El h a n n e y  t o pr o vi d e a m or e 

d et ail e d a s s e s s m e nt of t h e s e cti o n of D or e Ri v er b et w e e n t h e Hi g h w a y 1 6 bri d g e a n d t h e C N R Bri d ge.  

M c El h a n n e y t e a m e d wit h B G C E n gi n e eri n g Lt d t o pr o vi d e  t h e r e q uire d s er v i c e s. T h e o bj e ct i v e s of t hi s 

a s si g n m e nt i n cl u d e d: 

•  H y dr a uli c a s s e s s m e nt of t h e c urr e nt a n d a nti ci p at e d fl o o d i m p a ct t hr e at of t h e D or e Ri v er t o r e si d e nt 

p u bli c s af et y a n d pr o p ert y;  

•  Pr o vi d e d e ci si o n s u p p ort t o l o c al g o v er n m e nt E M r e s p o n s e pl a n f or i m m e di at e r e s p o n s e a n d p u bli c 

s af et y al erti n g tri g g er s;  

•  Pr o vi d e sit e o pti o n s f or d e pl o y m e nt of t e m p or ar y fl o o d pr ot e cti o n m e a s ur e s a n d l o n g -t er m p er m a n e nt 

i nfr a str u ct ur e o pti o n s; 

•  C o n s oli d ati o n of w or k d o n e b y v ari o u s st a k e h ol d er s o n t h e c o n diti o n of t h e D or e Ri v er t h at w o ul d 

s u p p ort p o st e v e nt pl a n ni n g a n d s y n c hr o ni z e s h or eli n e miti g ati o n pr oj e ct s;  

•  P ot e nti al l o c ati o n s f or a d diti o n al fi x e d m o nit ori n g a n d o pti o n s f or e n h a n c e d l o c ali z e d p u bli c s af el y 

n otifi c ati o n s, w h er e h a z ar d o u s c o n diti o n s ar e pr e s e nt;  a n d  

•  I d entifi c ati o n of t e m p or ar y d e bri s m a n a g e m e nt sit e s n e ar t h e D or e Ri v er f or i n cr e a s e d c o n str u cti o n 

a n d d e m oliti o n w a st e a s r e c o v er y b e gi n s . 

T o m e et t h e s e o bj e cti v e s , t h e Di stri ct a n d t h e pr o j e ct t e a m a gr e e d t o t h e f oll o wi n g S c o p e of W or k: 

•  C o m pl et e Li D A R a c q ui siti o n a n d a d et ail e d c h a n n el s ur v e y . 

•  C o m pl et e a h y dr ol o gi c a n al y si s f or fl o w s o n t h e D or e Ri v er t o pr e di ct t h e fl o w s f or v ari o u s r et ur n 

p eri o d s. T h e p ot e nti al eff e ct s of cli m at e c h a n g e o n t h e pr e di ct e d fl o w s will al s o b e a s s e s s e d . 

•  D e v el o p a 2 -di m e n si o n al ( 2 D) h y dr a uli c m o d el of t h e D or e Ri v er i n t h e st u d y ar e a . 

•  C o m pl et e a n a s s e s s m e nt of b a n k er o si o n a n d c h a n n el c h a n g e of t h e D or e Ri v er wit hi n t h e st u d y 

r e a c h a n d d e v el o p a pr o b a bili sti c m o d el t o pr e di ct t h e m a g nit u d e of f ut ur e er o si o n e v e nt s .  
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•  C o m pl et e a n a s s e s s m e nt of t h e U p p er D or e Ri v er w at er s h e d a n d i d e ntif y p ot e nti al h a z ar d s o ur c e s 

i n cl u di n g: 

o  I nt er pr eti n g t h e w at er s h e d t err ai n, g e ol o g y, a n d g e o h a z ar d s. 

o  I d e ntif yi n g e xi sti n g l ar g e l a n d sli d e s t h at c o ul d p o s e a l a n d sli d e d a m o ut br e a k fl o o d h a z ar d. 

o  Cl a s sif y t h e s e l a n d sli d es  wit h r e s p e ct t o t h e li k eli h o o d of r e a c hi n g a n d d a m mi n g t h e D or e 

Ri v e r. 

o  Pr o vi d e r e c o m m e n d ati o n s  r el ati n g t o w at er s h e d g e o m or p h ol o g y i n s u st ai n e d fl o o d r e s p o n s e 

o n t h e D or e  Ri v er.  

T h e r e s ult s fr o m t h e v ari o u s c o m p o n e nt s i n t h e S c o p e of W or k w er e t h e n r e vi e w e d a n d 

r e c o m m e n d ati o n s w er e pr o vi d e d r el ati n g t o t h e pr oj e ct s o bj e cti v e s.  

Ar e a of I nt e r e st  

T h e ar e a of i nt er e st i s t h e 1 3 0 0  m l o n g r e a c h of t h e D or e Ri v er fr o m t h e Hi g h w a y 1 6 bri d g e t o 

i m m e di at el y d o w n str e a m of t h e M us e u m R o a d bri d g e  a s s h o w n i n Fi g ur e 1 . 

 

Fi g ur e 1  D or e Ri v er A OI   
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3.  R e c e nt Pr oj e ct Hi st or y a n d t h e 2 0 2 0 E v e nt s 

T h e M c Bri d e ar e a r e c ei v e d a p pr o xi m at el y 1 5 0  m m of pr e ci pit ati o n i n b et w e e n J u n e 1 st  a n d J ul y 3 r d, 2 0 2 0 

a s m e a s ur e d at t h e E n vir o n m e nt C a n a d a  M c Bri d e c li m at e st ati o n.  D ail y ( 2 4 -h o ur) pr e ci pit ati o n s  f or t h e 

s a m e p eri o d, pr e s e nt e d i n  Fi g ur e 2 , s h o w st or m s of 2 0  m m o n J u n e 1 4 t h a n d J u n e 2 3 r d, a n d 2 3 m m o n 

J u n e 3 0 t h a n d J ul y 1 st .  T hi s pr e ci pit ati o n, c o u pl e wit h s n o w m elt fr o m t h e u p p er D or e Ri v er w at er s h e d, 

r e s ult e d i n e xtr e m e fl o w s i n t h e D or e Ri v er.    

 

Fi g ur e 2  D ail y Pr e ci pit ati o n - J u n e 1, 2 0 2 0 t o J ul y 2, 2 0 2 0  - M c Bri d e Cli m at e St ati o n  

Fi g ur e 3  s h o w s  t h e pr eli mi n ar y fl o w r e c or d s fr o m t h e W at er S ur v e y of C a n a d a ( W S C) g a u gi n g st ati o n 

l o c at e d 2 k m u p str e a m fr o m t h e ar e a of i nt er e st.  Hi g h fl o w s ar e wit n e s s e d i n r e s p o n s e t o t h e r ai n e v e nt s 

n ot e d, wit h t h e p e a k i n st a nt a n e o u s fl o w of 1 6 9  m 3 / s r e c or d e d d uri n g aft er n o o n of J u n e 2 3 r d. 
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Fi g ur e 3  Fl o w ( Pr eli mi n ar y) - J u n e 1, 2 0 2 0 t o J ul y 2, 2 0 2 0 –  W S C # 0 8 K A 0 0 1: D or e Ri v er at M c Bri d e  

Er o si o n i s a n at ur al pr o c e s s i n m o u nt ai n ri v er s.  T hi s pr o c e s s i s oft e n a c c el er at e d d uri n g e xtr e m e e v e nt s 

d u e t o hi g h er w at er v el o citi e s ( er o si v e f or c e) , m o bili z ati o n of wo o d y d e bri s a n d b e dl o a d , a n d i n a d e q u at e 

h y dr a uli c c a p a cit y i n t h e c h a n n el t o c o n v e y t h e fl o w a n d d e bri s .  A l o g j a m w a s pr e s e nt at t h e u p str e a m 

e n d of t h e b ar/i sl a n d hi g hli g ht e d i n  Fi g ur e 4 .  M o bili z e d d e bri s w a s d e p o sit e d o n t h e l o g j a m i n cr e a si n g it s 

si z e a n d t hi s r e d u c e d t h e h y dr a uli c c a p a cit y of t h e c h a n n el at t hi s l o c ati o n.  Si g nifi c a nt er o si o n o c c urr e d 

at t hi s p oi nt i n t h e c h a n n el  w hi c h i n cr e a s e d t h e c h a n n el’ s h y dr a uli c c a p a cit y. T h e r e s ult w a s t h at t h e ri v er 

cr e at e d t h e n e w c h a n n el ali g n m e nt t h at i s pr e s e nt t o d a y ( Fi g ur e 5 ).  
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Fi g ur e 4 : N e w c h a n n el e xt e nt s o v erl ai n o n G o o gl e  s at ellit e i m a g er y of t h e pr e -fl o o d c h a nn el.  
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Fi g ur e 5 : P o st fl o o d dr o n e i m a g er y s h o wi n g n e w c h a n n el ali g n m e nt ( Dr o n e fli g ht o c c urr e d J ul y 2 6, 2 0 2 0)  
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Fi g ur e 6  s h o w s t h e d o w n str e a m si d e of t h e l o g j a m t h at f or m e d d uri n g t h e fl o o d e v e nt.  L o g j a m d e bri s 

w a s m o stl y r e m o v e d o n J ul y 1, 2 0 2 0 t o o p e n u p t h e c h a n n el.  

 

Fi g ur e 6  L o o ki n g u p str e a m t o w ar d l o g  j a m (r e d).  P h ot o t a k e n J ul y 1, 2 0 2 0.  

Fi g ur e 7  s h o w s t h e r e m ai ni n g d e bri s p o st d e bri s r e m o v al aft er t h e fl o o d e v e nt. 
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Fi g ur e 7  L o o ki n g d o w n str e a m t o w ar d s r e m n a nt s of l o g j a m ( P h ot o t a k e n N o v e m b er 3, 2 0 2 0) 

Fi g ur e 8  s h o w s t h e n e wl y wi d e n e d c h a n n el i n fr o nt of t h e  1 0 0 5 D or v al R o a d  pr o p ert y .   

 

Fi g ur e 8   L o o ki n g a cr o s s t h e c h a n n el fr o m t h e 1 0 0 5 D or v al R o a d  pr o p ert y. ( P h ot o t a k e n J ul y 1, 2 0 2 0)  

Fi g ur e  9  s h o w s t h e D or e Ri v er at hi g h fl o w al o n g t h e n e w c h a n n el f or m e d al o n g t h e 1 4 7 5 D or v al R o a d 

pr o p ert y.  

 

Fi g ur e  9  L o o ki n g d o w n str e a m t o w ar d s t h e 1 4 7 5 a n d 1 6 5 5 D or v al R o a d pr o p erti e s. ( P h ot o t a k e n J ul y 1, 2 0 2 0) 
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Fi g ur e 1 0  s h o w s t h e n e wl y er o d e d c h a n n el i n fr o nt of t h e 1 4 7 5 D or v al R o a d pr o p ert y at l o w w at er a n d t h e 

e x t e nt s of t hi s c a n b e o b s er v e d i n Fi g ur e 5 . 

 

Fi g ur e 1 0  L o o ki n g o ut t o w ar d D or e Ri v er fr o m b a n k s of t h e 1 4 7 5 D or v al R o a d pr o p ert y ( P h ot o t a k e n N o v e m b er 3, 
2 0 2 0)  

A s e c o n d sit e vi sit o c c urr e d  o n N o v e m b er 3 r d, 2 0 2 0 t o m e et wit h t h e r e si d e nt s of t h e i m p a ct e d pr o p erti e s.  

T h e r e si d e nt s w er e pr e s e nt e d wit h m a p s of t h e fl o o d ar e a b ef or e t h e ti m e of t h e sit e vi sit a n d a s k e d t o 

pr o vi d e t h eir o b s er v ati o n s.  R e si d e nt s g a v e  d et ail e d v er b al a c c o u nt s of t h e e v e nt  d uri n g t he vi sit.   T h e 

m ar k e d -u p m a p s wit h c o m m e nt s w er e p a s s e d o n t o t h e R D F F G w h o pr o vi d e d t h e m t o t h e c o n s ult a nt.  

4.  H y dr ol o gi c A n al y si s  

A h y dr ol o gi c a n al y si s  w a s p erf or m e d t o e sti m at e t h e fl o w, f or v ari o u s r et ur n p eri o d s, i n t h e D or e Ri v er 

wit hi n t h e A OI.  

4. 1.  D O R E RI V E R W A T E R S H E D  

T h e D or e Ri v er w at er s h e d dr ai n s a  t ot al ar e a of  4 1 8. 7  k m 2 , i n cl u di n g 4 1 1. 5  k m 2  u p str e a m of t h e Hi g h w a y 

1 6 bri d g e.  It i s c h ar a ct eri z e d b y st e e p, m o u nt ai n o u s, a n d gl a ci at e d t err ai n. T h e u p p er w at er s h e d i s 

f or est e d, wit h f or e st h ar v e sti n g h a vi n g o c c urr e d  t hr o u g h o ut t h e ar e a. Fi g ur e 1 1  pr e s e nt s a m a p of t h e 

D or e Ri v er w at er s h e d.  
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Fi g ur e 1 1 : D or e Ri v er W at er s h e d.  

T h e D or e i s a ni v al w at er s h e d w h o s e  a n n u al p e a k fl o w s ar e c o ntr oll e d b y s n o w m elt  a n d t y pi c all y o c c ur 

b et w e e n l at e M a y t o e arl y J ul y. Fi g ur e 1 2  pr e s e nt s t h e a n n u al h y dr o gr a p h s f or D or e Ri v er W S C st ati o n.  

T y pi c all y, t h e a n n u al p e a k fl o w o c c ur s d uri n g t h e s pri n g fr e s h et. S o m e l ar g e fl o w e v e nt s, h o w e v er, d o 

o c c ur i n t h e  l at e s u m m er a n d e arl y f all a n d ar e t h e r e s ult of l ar g e r ai nf all s. 
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Fi g ur e 1 2 :  A n n u al h y dr o gr a p h s f or D or e Ri v er W S C St ati o n ( 0 8 K A 0 0 1). 1 9 4 9 -2 0 1 3 ( 5 1 Y e ar s of R e c or d)  

4. 2.  F L O O D F R E Q U E N C Y A N A L Y SI S  

A W S C str e a m g a u gi n g st ati o n ( D or e Ri v er n e ar M c Bri d e - # 0 8 K A 0 0 1) i s l o c at e d a p pr o xi m a t el y 2 k m 

u p str e a m of t h e pr oj e ct l o c ati o n.  T h e g a u g e m e a s ur e s ri v er l e v el, a n d t h e c orr e s p o n di n g fl o w, i n t h e 

D or e Ri v er. It h a s b e e n o p er ati n g c o nti n u o u sl y 5 8 -y e ar fl o w r e c or d a n d c a pt ur e d t h e fl o w s d uri n g t h e 

2 0 2 0 e v e nt s.  

T h e d at a r e c or d e d at t h e g a u g e  h a s b e e n v erifi e d b y W S C u p t o t h e e n d of 2 0 1 3. Pr eli mi n ar y d at a f or t h e 

st ati o n i s a v ail a bl e t o t h e D e c e m b er 2 0 2 0.  

T w o fl o o d fr e q u e n c y a n al y s e s w er e p erf or m e d o n t h e a n n u al p e a k i n st a nt a n e o u s fl o w a n d a n n u al p e a k 

a v er a g e d ail y fl o w d at a f or t h e D or e Ri ver W S C  st ati o n : o n e a n al y si s r eli e d o nl y o n t h e v erifi e d d at a ( u p 

t o 2 0 1 3); t h e s e c o n d a n al y si s i n cl u d e d pr eli mi n ar y d at a f or 2 0 1 9 a n d 2 0 2 0.  

F or y e ar s w h er e o nl y a n n u al p e a k a v er a g e d ail y fl o w ( D) d at a w a s a v ail a bl e, t h e c orr e s p o n di n g a n n u al 

p e a k i n st a nt a n e o u s fl o w (I) w a s e sti m at e d b y pl otti n g t h e r el ati o n s hi p b et w e e n I a n d D f or y e ar s w h er e 

b ot h w er e r e p ort e d, t h e n a p pl yi n g t h e r e gr e s si o n e q u ati o n of t h at r el ati o n s hi p t o t h e a n n u al a v er a g e d ail y 

p e a k. T h e st ati sti c al a n al y si s w a s c o m pl et e d u si n g d e di c at e d s cri pt writt e n i n t h e R pr o gr a m mi n g 

l a n g u a g e. P u bli cl y a v ail a bl e al g orit h m p a c k a g e s, writt e n t o p erf or m s p e cifi c st ati sti c al a n al y si s li k e d at a 

a n al y si s, st ati sti c al di stri b uti o n fitti n g, a n d gr a p hi n g, w er e u s e d a s p art of t h e c o d e ( l m o m c o, g g pl ot 2). 

G e n er al m et h o d s e m pl o y e d i n t h e fl o o d fr e q u e n c y a n al y si s i n cl u d e d t h e f oll o wi n g st e p s:  

•  D et er mi ni n g t h e L -m o m e nt s f or e a c h d at a s et;  

•  Fitti n g u p t o si x st ati sti c al di stri b uti o n s t o e a c h d at a, i n cl u di n g:  
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o  G e n er al E xtr e m e V al u e ( G E V);  

o  T hr e e P ar a m et er L o g -n or m al ( 3 L N);  

o  L o g -P e ar s o n T y p e III ( L P 3);  

o  W a k e b y ( W A K);  

o  G u m b ell ( E V 1); a n d  

o  G e n er ali z e d L o gi sti c ( G L O).  

•  Vi s u all y a s s e s si n g t h e g o o d n e s s -of -fit f or e a c h di stri b uti o n a g ai n st t h e e m piri c al pr o b a bilit y 

di stri b uti o n of t h e d at a.  

T h e d et ail e d o ut p ut of t h e fl o o d fr e q u e n c y a n al y si s i s pr o vi d e d i n A p p e n di x B . R e s ult s of t h e t w o fl o o d 

fr e q u e n c y a n al y s e s ar e pr e s e nt e d i n  T a bl e 1 . 

T a bl e 1  Pr e di ct e d  P e a k I n st a nt a n e o u s Fl o w s f or t h e D or e Ri v er at t h e pr oj e ct l o c ati o n.  

R et u r n P eri o d  
( Y e ar s) 

P e a k I n st a nt a n e o u s Fl o w ( m 3 / s) 

 V erifi e d D at a  D at a i n cl u di n g pr o vi si o n al r e c or d  

2 0 0  1 8 6  1 8 9  

1 0 0  1 7 3  1 7 7  

1 0  1 2 9  1 3 1  

2  9 3  9 1  

 

T h e fl o o d e v e nt t h at o c c urr e d o n J u n e 2 3/ 2 4, 2 0 2 0 a n d l e a d t o t h e l o s s of pr o p ert y al o n g D or v al R o a d 

r e c or d e d a p e a k i n st a nt a n e o u s fl o w of 1 7 1 m 3 / s, w hi c h i s a p pr o xi m at el y e q ui v al e nt t o t h e 7 0 -y e ar  t o 1 0 0-

y e ar  fl o o d e v e nt. 

5.  H y dr a uli c M o d elli n g  

A 2 -di m e n si o n al ( 2 D)  h y dr a uli c a n al y si s w a s c o m pl et e d f or t h e ar e a of i nt er e st . W e e m pl o y e d t h e 

H y dr ol o gi c E n gi n e eri n g C e nt er - Ri v er A n al y si s S y st e m ( H E C -R A S) v 5. 0. 7  c o m p ut ati o n al m o d eli n g 

s oft w ar e f or t hi s a s si g n m e nt. D e v el o p e d a n d m ai nt ai n e d b y t h e U S Ar m y C or p s of E n gi n e er s,  t h e 

s oft w ar e i s r e c o g ni z e d a s a n i n d u str y  st a n d ar d a n d i s fr e el y a v ail a bl e t o t h e p u bli c.  

Pri m ar y i n p ut s f or t h e 2 -D h y dr a uli c m o d el i n cl u d e d a di git al el e v ati o n m o d el ( D E M)  of t h e c h a n n el a n d 

s urr o u n di n g gr o u n d, fl o w i nf or m ati o n  d e v el o p e d i n o ur fl o o d f r e q u e n c y a n al y si s, i n t h e f or m of i n p ut 

h y dr o gr a p h s , a n d h y dr a uli c r o u g h n e s s ( M a n ni n g’ s “ n”) f or ar e a s i n t h e m o d el d o m ai n.  

U si n g t h e pri m ar y i n p ut s, t h e m o d el p erf or m s a s eri e s of c al c ul ati o n s o v er t h e m o d el d o m ai n. B a s e d o n 

t h e s e c al c ul ati o n s, t h e m o d el  pr e di ct s  t h e w at er s urf a c e el e v ati o n ( a n d w at er d e pt h), w at er v el o citi e s , a n d 

dir e cti o n of fl o w ( c urr e nt v e ct or) f or ar e a s wit hi n t h e m o d el d o m ai n.  
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5. 1.  LI D A R A N D SI T E S U R V E Y  

Li g ht D et e cti o n a n d R a n gi n g ( Li D A R)  pr o vi d e s d et ail e d t o p o gr a p h y of a n ar e a. Li D A R w a s fl o w n  f or t h e 

st u d y ar e a i n S e pt e m b er  2 0 2 0 . P o st -pr o c e s si n g of t h e d at a pr o d u c e s a “ b ar e e art h” v er si o n of t h e d at a, 

w hi c h eli mi n at e s b uil di n g, str u ct ur e s , a n d v e g et ati o n fr o m t h e s urf a c e, r e s ulti n g i n o nl y gr o u n d p oi nt 

el e v ati o n s b ei n g r e p ort e d.  Li D A R  d o e s n ot p e n etr at e b e n e at h w at er’ s s urf a c e . T o i n c or p or at e t h e D or e 

Ri v er c h a n n el  b ott o m, a sit e s ur v e y of t h e c h a n n el w a s c o m pl et e d  i n e arl y O ct o b er 2 0 2 0, d uri n g l o w er 

w at er  c o n diti o n s.  A D E M w a s d e v el o p e d fr o m t h e c o m bi n e d Li D A R a n d c h a n n el s ur v e y  i nf or m ati o n. 

C h a n n el s h a p e w a s a s s u m e d f or v ari o us s e cti o n s of t h e ri v er i n t h e st u d y ar e a. T h e s h a p e a n d c h a n n el 

el e v ati o n s w er e a dj u st e d b a s e d o n t h e c h a n n el s ur v e y p oi nt s . T h e r e s ult i s a c o m bi n e d D E M t h at 

pr o vi d e s a b a si s f or h y dr a uli c m o d eli n g. Fi g ur e 1 3  s h o w s a r e pr e s e nt ati o n of t h e c o m bi n e d D E M f or t h e 

st u d y ar e a.  

 

 

Fi g ur e 1 3  Di git al El e v ati o n M o d el ( D E M). B a s e d o n Li D A R a n d C h a n n el S ur v e y ( 0. 2 m x 0. 2 m gri d)  

Pri m ar y  i n p ut s f or t h e 2-D h y dr a uli c m o d el i n cl u d e d t h e Li g ht D et e cti o n a n d R a n gi n g ( Li D A R)  of t h e 

c h a n n el a n d s urr o u n di n g gr o u n d, fl o w i nf or m ati o n, i n t h e f or m of i n p ut h y dr o gr a p h s, f or t h e u p str e a m 

e xt e nt of t h e m o d el ( u p str e a m b o u n d ar y c o n diti o n) f or t h e s c e n a ri o s e x a mi n e d. U si n g t h e pri m ar y i n p ut s, 

a s w ell a s ot h er p ar a m et er s s u c h a s c h a n n el / o v er b a n k r o u g h n e s s ( M a n ni n g’ s “ n”), t h e m o d el p erf or m s a 

s eri e s of c al c ul ati o n s o v er t h e m o d el d o m ai n i n or d er t o pr e di ct t h e w at er s urf a c e el e v ati o n ( a n d w at er 

d e pt h), w a t er v el o citi e s a n d dir e cti o n of fl o w ( c urr e nt v e ct or) f or ar e a s wit hi n t h e m o d el d o mai n.  
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5. 2.  M O D E L S C E N A RI O S A N D R E S U L T S  

F o ur fl o w s c e n ari o s w er e m o d ell e d u si n g t h e p o st fl o o d e v e nt ( c urr e nt) c h a n n el g e o m etr y.  T h e s c e n ari o s 

i n cl u d e d:   

•  S c e n ari o # 1: 2 -y e ar fl o o d e v e nt.   

•  S c e n ari o # 2: 1 0 0 -y e ar fl o o d e v e nt.   

•  S c e n ari o # 3: 2 0 0 -y e ar fl o o d e v e nt.   

•  S c e n ari o # 4: S e pt e m b er 1 -3, 2 0 2 0 r e c or d fl o w ( p e a k fl o w = 1 4 8 m 3 / s) 

T h e fl o w e v e nt s r e c or d e d i n J u n e/ J ul y w er e n ot m o d el e d , si n c e t h e c h a n n el h a s c h a n g e d si g nifi c a ntl y,  

a n d t h e m o d el w o ul d n ot r efl e ct t h e w at er s urf a c e el e v ati o n s or w at er v el o citi e s e x p eri e n c e d o n t h o s e 

d at e s.  T h e r e s ult s of t h e h y dr a uli c m o d eli n g ar e pr e s e nt e d i n Fi g ur e 1 4 t o Fi g ur e 1 7. T h e b a c k gr o u n d 

i m a g er y i s fr o m 2 0 1 6. 

T h e 2 -y e ar fl o o d e v e nt of 9 3 m 3 / s w a s m o d ell e d, a n d t h e pr e di ct e d w at er e xt e nt s a n d v el o citi e s ar e 

s h o w n i n Fi g ur e 1 4 . 

 

Fi g ur e 1 4  S c e n ari o # 1: 2 -y e ar fl o o d e v e nt  s h o wi n g pr e d i ct e d w at er v el o citi e s i n m/ s ( c ol o ur gr a di e nt) a n d dir e cti o n of 
fl o w ( arr o w s) 
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T h e 1 0 0 -y e ar fl o o d e v e nt of 1 7 3 m 3 / s w a s m o d ell e d , a n d t h e pr e di c t e d w at er e xt e nt s a n d v el o citi e s ar e 

s h o w n i n Fi g ur e 1 5 .

 

Fi g ur e 1 5  S c e n ari o # 2 1 0 0 - y e ar fl o o d e v e nt  s h o wi n g pr e di ct e d w at er v el o citi e s  i n m/ s  ( c ol o ur gr a di e nt) a n d dir e cti o n 
of fl o w ( arr o w s)  

T h e 2 0 0 -y e ar fl o o d e v e nt of 18 6  m 3 / s w a s m o d ell e d , a n d t h e pr e di ct e d w at er e xt e nt s a n d v el o citi e s ar e 

s h o w n i n Fi g ur e 1 6 . 
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Fi g ur e 1 6  S c e n ari o # 3 2 0 0 -y e ar fl o o d e v e nt  s h o wi n g pr e di ct e d w at er v el o citi e s  i n m/ s ( c ol o ur gr a di e nt) a n d dir e cti o n 
of fl o w ( arr o w s)  

5. 2. 1.   S c e n ari o # 4: S e pt e m b er 1 -3, 2 0 2 0 hi g h w at er e v e nt  

A l ar g e fl o o d e v e nt o c c urr e d b et w e e n S e pt e m b er 1 -3, 2 0 2 0.  T h e p e a k i n st a nt a n e o u s fl o w r e c or d e d o n 

t h e D or e Ri v er w a s 1 4 8 m3 / s ( pr o vi si o n al) w hi c h i s e q ui v al e nt t o a 2 5 -y e ar fl o o d e v e nt. T h e pr e di ct e d 

w at e r e xt e nt s a n d v el o citi e s ar e s h o w n i n Fi g ur e 1 7 . 

A R E A 1  
A R E A 2  

A R E A 3  
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Fi g ur e 1 7  S c e n ari o # 4: S e pt e m b er 1 -3, 2 0 2 0 hi g h w at er e v e nt  s h o wi n g pr e di ct e d w at er v el o citi e s i n m/ s ( c ol o ur 
gr a di e nt) a n d dir e cti o n of fl o w ( arr o w s)  

5. 3.  DI S C U S SI O N O F M O D E LI N G R E S U L T S  

T h e h y dr a uli c m o d el r e s ult s pr e di ct  t h e e xt e nt of i n u n d ati o n a n d a s s o ci at e d w at er v el o cit y a n d dir e cti o n of 

fl o w u n d er v ari o u s fl o w s c e n ari o s. W h at i s a p p ar e nt i s t h at e v e n u n d er t h e 2 0 0-y e ar fl o w, t h e ri v er i s 

c o nt ai n e d wit hi n it s br o a d er c h a n n el o n it s a p pr o a c h t o t h e D orv al R o a d pr o p erti e s  a n d t hr o u g h t h e 

~ 9 0 ° l eft b e n d d o w n str e a m of t h e H w y 1 6 bri d g e . T hi s ar e a w a s s u bj e ct t o t h e m o st s e v er e er o si o n d uri n g 

t h e J u n e 2 0 2 0 e v e nt w hi c h c a u s e d  t h e c h a n n el t o wi d e n si g nifi c a ntl y.  A s a r e s ult , th e h y dr a uli c c a p a cit y  

of t h e c h a n n el (t h e fl o w it c a n c o n v e y wit hi n it s b a n k s) in  t hi s s e cti o n h a s i n cr e a s e d.   

5. 3. 1.  O v erl a n d Fl o o di n g/I n u n d ati o n  

T h e m o d el pr e di ct s t h at, u n d er e xtr e m e fl o w s, t h er e ar e t hr e e ar e a s t h at ar e s u bj e ct t o o v erl a n d 

fl o o di n g/i n u n d ati o n wit hi n t h e ar e a of i nt er e st :  

•  t h e l o w-l yi n g, f or e st e d ar e a a b o v e t h e w e st b a n k of t h e ri v er u p str e a m of t h e mill sit e (Fi g ur e 1 6  

Ar e a  1 );  

•  a hi st ori c  fl o o d c h a n n el l o c at e d t hr ou g h  1 6 5 5 D or v al R o a d  (Fi g ur e 1 6  Ar e a 2) ; a n d  

•  t h e ar e a i m m e di at el y u p str e a m of t h e C N R a n d M u s e u m R o a d bri d g e s (Fi g ur e 1 6  Ar e a 3) . T hi s 

a p p e ar s t o b e t h e r e s ult of a m o d er at e b a c k w at er eff e ct fr o m t he s e  cr o s si n g s .  

T h e i n u n d ati o n i n Ar e a 1  o c c u pi e s a l o w -l yi n g d e pr e s si o n ar e a o n t h e b e n c h a b o v e t h e c h a n n el . T h e 

a p pr o xi m at e w at er d e pt h  f or t h e 2 0 0-y e ar fl o o d i s 0. 8  m .  Fl o o d w at er i n  Ar e a 2  i s n ot  u n e x p e ct e d si n c e it 

i s a hi st ori c c h a n n el of t h e ri v er. T h e w at er i s d e e p er t hr o u g h t hi s s e cti o n, d u e t o t h e gr o u n d t o p o gr a p h y. 
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W at er v el o citi e s ar e r el ati v el y l o w, h o w e v er t hi s c h a n n el m a y r e-a cti v at e a n d c o n v e y m or e fl o w u n d er all 

fl o w c o n diti o n s.  I n u n d ati o n i n Ar e a  3  a p p e ar s t o b e t h e r e s ult of a b a c k w at er eff e ct  fr o m t h e bri d g e 

cr o s si n g s. T hi s s u g g e st s t h at t h e h y dr a uli c o p e ni n g of t h e str u ct ur e s i s sli g htl y u n d er si z e d t o c o n v e y t h e 

pr e di ct e d fl o w. T h e w at er i n u n d at e s t h e l o w er b e n c h a dj a c e nt t o t h e c h a n n el b a n k. 

6.  B a n k Er o si o n A s s e s s m e nt  

B G C c o m pl et e d a d et ail e d b a n k er o si o n a s s e s s m e nt  f or t h e s u bj e ct r e a c h of t h e D or e Ri v er. T h e w or k 

i n cl u d ed :  

•  a di s c u s si o n of t h e fl u vi al er o si o n ,  

•  a n a s s e s s m e nt of hi st ori c al a eri al i m a g er y of t h e ar e a of i nt er e st s p a n ni n g  t h e y e ar s 1 9 4 6 t o 2 0 2 0 ;  

•  a di s c u s si o n of pr e vi o u s er o si o n pr ot e cti o n w or k s c o m pl et e d ;  

•  a q u alit ati v e a s s e s s m e nt of hi st ori c b a n k er o si o n ; 

•  m o d el t o pr e di ct t h e m a g nit u d e of f ut ur e er o si o n; a n d  

•  di s c u s si o n s  a n d c o n cl u si o n s b a s e d o n t h e  a n al y si s . 

A t e c h ni c al r e p ort t h at s u m m ari z e s t h e w or k c o m pl et e d i s i n cl u d e d i n A p p e n di x C . 

7.  G e o m or p h ol o gi c O v er vi e w –  D or e Ri v er W at er s h e d  

B G C c o m pl et e d a g e o m or p h ol o gi c o v er vi e w of t h e D or e Ri v er w at er s h e d . T h e o v er vi e w id e ntifi e d 

g e o m or p hi c pr o c e s s e s o c c urri n g i n t h e w at er s h e d t h at c o ul d i nfl u e n c e d o w n str e a m  fl o o d h a z ar d or 

c h a n n el c h ar a ct eri sti c s  wit hi n t h e A OI.   

T h i s a s s e s s m e nt i s i n cl u di n g t h e B G C’ s r e p ort wit hi n  A p p e n di x C . 

8.  C o n cl u si o n s a n d R e c o m m e n d ati o n s  

W e pr o vi d e d t h e f oll o wi n g r e c o m m e n d ati o n s r el at e d t o t h e o bj e cti v e of t h e st u d y, b a s e d o n o ur 

a s s e s s m e nt r e s ult s. 

8. 1.  F L O O D H A Z A R D  

T h e h y dr a uli c a s s e s s m e nt, er o si o n a s s e s s m e nt, a n d g e o m or p hi c a s s e s s m e nt of t h e D or e pr o vi d e c o nt e xt 

f or t h e a nti ci p at e d fl o o d h a z ar d a nd p ot e nti al i m p a ct wit hi n t h e A OI .  

T h e h y dr a uli c m o d eli n g s u g g e st s t h at , gi v e n t h e c urr e nt c h a n n el c o n diti o n, o v erl a n d fl o o di n g  s h o ul d n ot 

b e a m aj or i s s u e, wit h t hr e e ar e a s b ei n g i d e ntifi e d a s pr o n e t o e x p eri e n c e s u c h fl o o di n g . T h e l ar g e st fl o o d 

h a z ar d i s wit hi n t h e c h a n n el it s elf, w h er e t h e w at er i s d e e p e st a n d fl o wi n g t h e f ast e st.  D uri n g hi g h w at er,  

p e o pl e s h o ul d r e m ai n 1 0  m fr o m t h e ri v er b a n k  a n d e xtr e m e c a uti o n s h o ul d b e e x er ci s e d w h e n p e o pl e  

v e nt ur e cl o s er  t h a n t hi s di st a n c e t o t h e ri v er.   
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T h er e r e m ai n s a ri s k of er o si o n  wit hi n t h e ar e a of i nt er e st.  Wit h a n a b s e n c e s of er o si o n  pr ot e cti o n 

m e a s ur e s, e sti m at e s  r a n g e 1 0  m t o 6 0 m f or b ot h b a n k s, d e p e n di n g o n t h e l o c ati o n wit hi n t h e st u d y ar e a.  

Er o si o n i s m or e li k el y t o o c c ur o n o ut er b e n d s.   

T h er e i s p ot e nti al f or l a n d sli d e d a m s t o f or m a n d f ail i n t h e u p p er w at er s h e d , t hi s w o ul d r e s ult i n el e v at e d 

fl o o d di s c h ar g e a n d a s s o c i at e d d e bri s tr a n s p ort. T h er e i s al s o t h e p ot e nti al f or a v a l a n c h e d a m s t o f or m 

a n d f ail.  T h e M a y 1 9 8 6 fl o o d  e v e nt i s t h o u g ht t o b e t h e r e s ult of a n d a v al a n c h e d a m . 

8. 2.  Ri v er M o nit ori n g a n d R e s p o n s e  

T h er e a r e m ulti pl e e xi sti n g r e s o ur c e s t h at c a n b e utili z e d t o pr o vi d e e n h a n c e d l o c ali z e d p u bli c s af et y 

n otifi c ati o n s.  T h e D or e Ri v er c o nt ai n s a n a cti v e W at er S ur v e y of C a n a d a ( W S C) g a u g e 2 k m u p str e a m 

fr o m t h e aff e ct e d ar e a t h at c a n pr o vi d e n e ar r e al ti m e fl o w s a n d w at er l e v el s i n t h e D or e Ri v er.  T h e 

g a u g e d at a i s a c c e s si bl e t o t h e p u bli c a n d c a n b e u s e d b y r e si d e nt s a n d l o c al a ut h oriti e s t o h el p m o nit or 

t h e sit e.  

T h e B. C. Ri v er F or e c a st C e ntr e i s a n ot h er r e s o ur c e t h at c a n b e u s e d i n c o nj u n cti o n wit h t h e W S C g a u g e 

d at a.  T h e Ri v er F or e c a st C e nt er pr o vi d e s “ b ull eti n s, m a p s, a n d w ar ni n g t o i nf or m t h e p u bli c a b o ut 

c urr e nt a n d u p c o mi n g str e a mfl o w c o n diti o n s”.  

8. 2. 1.  W S C G a u g e  

T h e D or e Ri v er W S C g a u g e ( D or e Ri v er n e ar M c Bri d e 0 8 K A 0 0 1) pr o vi d e s r e al ti m e w at er l e v el a n d fl o w 

d at a f or t h e D or e Ri v er.  A n y o n e c a n a c c e s s t h e r e al ti m e g a u g e d at a vi a: 

htt p s:// w at er offi c e. e c. g c. c a/ s e ar c h/r e al _ti m e _ e. ht ml . T h e g a u g e r e p ort s t h e c urr e nt  w at er l e v el a n d 

c orr e s p o n di n g fl o w ; it d o e s n ot pr oj e ct f ut ur e fl o w s i n t h e ri v er. A p p e n di x D  d e s cri b e s i n d et ail h o w t o 

a c c e s s t h e r e al ti m e W S C g a u g e d at a  f or t h e D or e Ri v er G a u g e. 

8. 2. 2.  B. C. Ri v er F or e c a st C e ntr e  

T h e B. C. Ri v er F or e c a st C e ntr e h a s t hr e e l e v el s of w ar ni n g s/ a d vi s ori e s it i s s u e s.  T h e s e ar e a Hi g h 

Str e a mfl o w A d vi s or y, Fl o o d W at c h, a n d Fl o o d W ar ni n g.  T h e t hr e e w ar ni n g s ar e d e s cri b e d a s f oll o w s:  

 A Hi g h St r e a mfl o w A d vi s or y  i s gi v e n w h e n “ Ri v er l e v el s ar e ri si n g or e x p e ct e d t o ri s e r a pi dl y, 

b ut t h at n o m aj or fl o o di n g i s e x p e ct e d.”  

A Fl o o d W at c h  i s gi v e n w h e n “ Ri v er l e v el s ar e risi n g a n d will a p pr o a c h or m a y e x c e e d b a n kf ull.  

Fl o o di n g of ar e a s a dj a c e nt t o aff e ct e d ri v er s m a y o c c ur.”  

A Fl o o d W ar ni n g  i s gi v e n w h e n “ Ri v er l e v el s h a v e e x c e e d e d b a n kf ull or will e x c e e d b a n kf ull 

i m mi n e ntl y, a n d t h at fl o o di n g of ar e a s a dj a c e nt t o t h e ri v er s aff e ct e d will r e s ult. 

T h e i s s u e d a d vi s ori e s/ w ar ni n g s c a n b e f o u n d h er e: htt p:// b crf c. e n v. g o v. b c. c a/ w ar ni n g s/i n d e x. ht m  a n d t h e 

w e b sit e al s o i n cl u d e s a m a p of t h e l o c ati o n s w h er e w ar ni n g s/ a d vi s ori e s h a v e b e e n i s s u e d.  

https://wateroffice.ec.gc.ca/search/real_time_e.html
http://bcrfc.env.gov.bc.ca/warnings/index.htm
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T h e c o m bi n ati o n of t h e a d vi s or y a n d a c c e s s t o n e ar r e al ti m e fl o w d at a o n t h e D or e Ri v er c a n a s si st i n 

h el pi n g r e si d e nt s a n d l o c al a ut h oriti e s i nf or m e d a s t o t h e p o s si bilit y of e xtr e m e fl o w e v e nt s . 

8. 2. 3.  Vi s u al O b s er v ati o n s  

T h e r e al -ti m e W S C g a u g e u p str e a m of t h e A OI pr o vi d e s i m m e di at e i nf or m ati o n o n fl o w i n t h e D or e Ri v er . 

W hil e  hi g h fl o w s ar e vi si bl y e vi d e nt  t o  l o c al r e si d e nt s, t h e g a u g e pr o vi d e s a v al u a bl e t o ol  t o a s s e s s t h e 

p ot e nti al fl o o d h a z ar d. W e r e c o m m e n d t h at a n y r e a di n g a b o v e t h e a v er a g e a n n u al p e a k fl o w ( Q 2) b e n ot e d 

a n d r e si d e nt s  s h o ul d  b e  c a uti o u s  ar o u n d  t h e w at er c o ur s e.  If  fl o w  i n cr e a s e  a b o v e  t h at  fl o w,  e x c e e di n g 

c a uti o n s h o ul d b e e x er ci s e d.  

C o u pl e d wit h w e at h er f or e c a st s a n d ri v er f or e c a sti n g c e nt er a d vi s ori e s, t h e Di stri ct c a n i s s u e a p pr o pri at e 

w ar ni n g s t o r e si d e nt s.   If r e si d e nt s n oti c e e v e nt s s u c h a s a b uil d u p of d e bri s i n t h e c h a n n el  d uri n g a fl o o d 

e v e nt  t h e y c a n c all t h e E M B C n u m b er at 1-8 0 0 -6 6 3 -3 4 5 6 a n d r e p ort t h e i n ci d e nt.  E M B C will t h e n c o nt a ct 

t h e R D F F G. 

8. 3.  F L O O D P R O T E C TI O N M E A S U R E S  

T h e 2 0 2 0 e v e nt w a s t h e r e s ult of fl o o di n g  w hi c h c a u s e d si g nifi c a nt b a n k er o si o n.   T h e t hr e at p o s e d t o t h e 

pr o p erti e s w a s d u e t o l a n d l o s s, a n d n ot i n u n d ati o n of str u ct ur e s fr o m fl o o di n g.   

8. 3. 1.  T e m p or ar y  M e a s ur e s  

T e m p or ar y fl o o d miti g ati o n m e a s ur e s g e n er al l y i n v ol v e t h e d e pl o y m e nt of p ort a bl e di ki n g m e a s ur e s  i n 

ar e a s k n o w n t o b e pr o n e t o o v erl a n d fl o o di n g. T h e s e w o ul d i n cl u d e s a n d b a g gi n g, “a q u a -d a m s ” ( w at er 

fill e d bl a d d er s), w at er fill e d H D P E b arri er s , et c.  I n t h e ar e a of i nt er e st, o v erl a n d fl o o di n g/i n u n d ati o n 

a p p e ar s t o b e r e stri ct e d t o l o w -l yi n g, w et , f or e st e d ar e a s ( Ar e a 1), hi st ori c c h a n n el s ( Ar e a 2 ), a n d ar e a s 

s u bj e ct t o b a c k w at er  d u e t o bri d g e s i m m e di at el y d o w n str e a m ( Ar e a 3). D e pl o y m e nt of t e m p or ar y fl o o d 

miti g ati o n m e a s ur e s at t h e s e l o c at i o ns  w o ul d n ot pr o vi d e si g nifi c a nt b e n efit a n d ar e n ot r e c o m m e n d e d.   

8. 3. 2.  P er m a n e nt  M e a s ur e s  

P er m a n e nt  fl o o d pr ot e cti o n m e a s ur e s i n t h e f or m of di ki n g ( di k e s or fl o o d w all s) w o ul d n ot pr o vi d e  

si g nifi c a nt b e n efit, si n c e o v erl a n d fl o o di n g i s n ot a l ar g e t hr e at t o pr o p ert y or i nfr a str u ct ur e.  C o nti n u e d 

er o si o n, e s p e ci all y o n o ut er b e n d s  of t h e ri v er , r e m ai n s a p o s si bilit y.  

A n  eff e cti v e p er m a n e nt b a n k er o si o n pr ot e cti o n m e a s ur e i s t o ar m o ur t h e ri v er b a n k wit h ri pr a p. Fi g ur e E -

1 i n A p p e n di x E  s h o w s t h e pr o p o s e d ri pr a p e xt e nt s .  A n y b a n k pr ot e cti o n  m e a s ur e s s h o ul d m ai nt ai n t h e 

wi d er ri v er g e o m etr y. T hi s will all o w t h e ri v er t o f oll o w it s n at ur al t e n d e n c y t o m e a n d er wit hi n it s a cti v e 

fl o o d pl ai n. 

T h e ri pr a p w o ul d b e r e q uir e d t o b e i n st all e d al o n g 1 ,2 0 0 m of t h e ri v er b a n k.  A n e sti m at e of t h e ri pr a p 

si z e i s Cl a s s 2 5 0 k g i n st all e d at a t hi c k n e s s of 1 m. O n c e t h e ri pr a p i s i n st all e d, b a n k st a bilit y will al s o 

b e n efit fr o m r e v e g et ati o n.   

W e n ot e t h at t h e s e ar e c o n c e pt u al l e v el d e si g n e sti m at e s a n d e n gi n e eri n g d e si g n of a n y b a n k er o si o n 

miti g ati o n m e a s ur e m u st b e c o m pl et e d.  
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8. 4.  D E CI SI O N S U P P O R T T O L O C A L G O V E R N M E N T E M E R G E N C Y  R E S P O N S E P L A N F O R 

I M M E DI A T E R E S P O N S E A N D P U B LI C S A F E T Y A L E R TI N G T RI G G E R S 

A s  st at e d  i n  s e cti o n  7. 2. 3 , r e c or d e d  fl o w s  pr o vi d e d  a  g o o d  i n di c ati o n  of  fl o o d  h a z ar d.  U n d er  hi g h  fl o w  

s c e n ari o s,  t h e m o d elli n g s h o w s a c c e s s a n d e gr e s s t o t h e sit e will n ot b e c o m pr o mi s e d d u e t o cl e ar w at er 

fl o o di n g. 

8. 5.  T E M P O R A R Y D E B RI S M A N A G E M E N T SI T E S  

E xtr e m e  fl o o d e v e nt s ar e c a p a bl e of tr a n s p orti n g a n d d e p o siti n g l ar g e q u a ntiti e s of d e bri s . R e m o v al a n d 

di s p o s al of d e bri s i s s o m eti m e s r e q uir e d. T h e R D F F G h a s t h eir L e gr a n d D e m oliti o n a n d C o n str u cti o n 

W a st e L a n dfill w hi c h i s l o c at e d n e ar M c Bri d e a n d will b e a bl e t o pr o vi d e a n ar e a t o st a g e a n d s e p ar at e 

a n y a d diti o n al c o n str u cti o n a n d d e m oliti o n w a st e, a s p er t h e R D F F G’ s R e gi o n al S oli d W a st e Pl a n.  

9.  Cl o si n g  

T h e a s s e s s m e nt h a s b e e n pr e p ar e d b y M c El h a n n e y f or t h e b e n efit of t h e R D F F G .  T h e i nf or m ati o n a n d 

d at a c o nt ai n e d h er ei n r e pr e s e nt M c El h a n n e y’ s b e st pr of e s si o n al j u d g e m e nt i n li g ht of t h e k n o wl e d g e a n d 

i nf or m ati o n a v ail a bl e t o M c El h a n n e y at t h e ti m e of pr e p ar ati o n. 

M c El h a n n e y d e ni e s a n y li a bilit y w h at s o e v er t o ot h er p arti e s w h o m a y o bt ai n a c c e s s t o t hi s r e p ort f or a n y 

i nj ur y, l o s s or d a m a g e s uff er e d b y s u c h p arti e s ari si n g fr o m t h eir u s e of, or r eli a n c e u p o n, t hi s d o c u m e nt 

or a n y of it s c o nt e nt s wit h o ut t h e e x pr e s s writt e n c o n s e nt of M c El h a n n e y a n d t h e R D F F G . 

W e t h a n k y o u f or t h e o p p ort u nit y t o w or k o n t hi s pr oj e ct. Pl e a s e d o n ot h e sit at e t o c o nt a ct u s if y o u h a v e 

a n y q u e sti o n s.  

 

Y o ur s tr ul y,  

M c El h a n n e y Lt d.   

 

Pr e p ar e d b y:  

 

L u c y S w a n k, EI T  

H y dr ot e c h ni c al Pr oj e ct E n gi n e er  

R e vi e w e d b y:  

 

 

 

D o u g J o h n st o n, P. E n g.  

S e ni or H y dr ot e c h ni c al E n gi n e er
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1 0.  R ef er e n c e s  

B C Mi ni str y of Tr a n s p ort ati o n a n d I nfr a str u ct ur e ( M o TI).  2 0 1 9.  S u p pl e m e nt t o T A C G e o m etri c D e si g n 

G ui d e H y dr a uli c s C h a pt er.  
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A P P E N DI X A – D O R E RI V E R FL O O DI N G 

A S S E S S M E N T T E C H NI C AL ME M O (J UL Y 3, 

2 0 2 0) 
 



 
 
 
 
 
 
 

 

 

M c El h a n n e y  

1 2 –  5 5 6 N ort h N e c h a k o R o a d, Pri n c e G e or g e B C C a n a d a, V 2 K 1 A 1                                                           

T el. 2 5 0 -5 6 1 -2 2 2 9 | T oll Fr e e. 1 -8 6 6 -4 5 1 -2 2 2 9 | F a x. 1 -8 5 5 -4 0 7 -3 8 9 5  | w w w. m c el h a n n e y. c o m  P a g e 1  

 

O ur Fil e: 2 3 4 1 -0 2 7 5 0 -1 5  

T E C H NI C AL M E M O  
T o  

R e gi o n al Di stri ct of Fr a s er -F ort G e or g e ( R D F F G)  

Fr o m  

L u c y S w a n k , H y dr ot e c h ni c al EI T  

M c El h a n n e y Pri n c e G e or g e  

R e  

D or e Ri v er Fl o o di n g A s s e s s m e nt  

D at e  

J ul y 3 , 2 0 2 0 

 

T h e D or e Ri v er , l o c at e d w e st of M c Bri d e, B C, e x p eri e n c e d a 1 i n 1 0 0 -y e ar fl o o d e v e nt  ( pr eli mi n ar y 

e sti m at e s)  o n J u n e 2 3/ 2 4, 2 0 2 0.  T h e fl o o d c a u s e d  m ulti pl e pr o p ert y o w n er s al o n g D or v al R o a d t o l o s e 

si g nifi c a nt p orti o n s of t h eir pr o p ert y t o er o si o n.  O n J u n e 3 0, 2 0 2 0 E n v ir o n m e nt C a n a d a r el e a s e d a 

s p e ci al w e at h er st at e m e nt f or c e ntr al a n d n ort h er n B C .  A  st or m  m o vi n g w e st fr o m Al b ert a  w o ul d c a u s e 

pr ol o n g e d, a n d h e a v y r ai nf all t hr o u g h o ut t h e r e gi o n .  T h e h e a v y r ai nf all h a s t h e p ot e nti al t o  tri g g er 

fl o o di n g wit hi n t h e U p p er Fr a s er W at er s h e d, i n cl u di n g t h e D or e Ri v er.  T h e p ot e nti al f or a d diti o n al 

fl o o di n g l e d t h e R e g i o n al Di stri ct of Fr a s er-F ort G e or g e ( R D F F G) t o r e q u e st M c El h a n n e y t o a s s e s s  ar e a s 

t h at c o ul d b e f urt h er d a m a g e d b y fl o o din g fr o m t h e D or e Ri v er.  

T h e p ur p o s e of t hi s m e m o i s t o s u m m ari z e t h e o b s er v ati o n s m a d e d uri n g t h e sit e vi sit, pr o vi d e c o m m e nt s 

o n w at er fl o w s a n d t h e p ot e nti al f or i m m e di at e i m p a ct s ( wit hi n t h e n e xt f e w d a y s) t o t h e ar e a. It d o e s n ot 

i n cl u d e d e si g n r e c o m m e n d ati o n s or l o n g-t er m i m p a ct s. 

1.  Sit e Vi s it  

T h e sit e  vi sit w a s att e n d e d b y L u c y S w a n k , a h y dr ot e c h ni c al e n gi n e er fr o m M c El h a n n e y , a n d D e a n 

S c h n ei d er , a R D F F G r e pr e s e nt ati v e. T h e vi sit o c c urr e d  b et w e e n 9: 3 0  a m a n d 3: 0 0  p m o n J ul y 1 st , 2 0 2 0. 

O n sit e at t h e s a m e ti m e w a s t h e c o ntr a ct or hir e d t o r e m o v e t h e d e bri s j a m ( P h ot o 1) t h at h a d f or m e d 

d uri n g t h e J u n e 2 3/ 2 4 fl o o d e v e nt.   T h e sit e vi sit f o c u s s e d o n  t h e D or e Ri v er fr o m t h e pr o p ert y at 9 0 5 

D or v al R o a d n ort h t o 1 6 5 5 D or v al R o a d.   T h e pr o p erti e s m o st aff e ct e d w er e 9 0 5, 1 0 0 5 ( P h ot o s 2 a n d 3), 

1 4 7 5 ( P h ot o 4 ), a n d 1 6 5 5 D or v al R o a d ( P h ot o 5 ).  T h e s e pr o p erti e s h a d e x p eri e n c e d t h e gr e at e st 

pr o p ert y l o s s.  T h er e i s c o n c er n r e g ar di n g t h e v ul n er a bilit y of t h e c o m m u nit y p u m p h o u s e . It w a s n ot e d 

t h er e i s a v e g et at e d b er m b et w e e n t h e p u m p h o u s e a n d t h e ri v er . Th e t h al w e g (m ai n c h a n n el ) of t h e ri v er 

i s l o c at e d a w a y fr o m t h e a dj a c e nt ri v er b a n k wit h m ulti pl e gr a v el b ar s i n b et w e e n  t h e b a n k a n d t h e 

t h al w e g at t hi s l o c ati o n ( P h ot o 6). 
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At t h e ti m e of t h e sit e vi s it, t h e fl o w i n t h e ri v er w a s a p pr o xi m at e 6 5  m 3 / s, a s m e a s ur e d a n d r e p ort e d at 

t h e W at er S ur v e y of C a n a d a ( W S C) g a u g e l o c at e d 2 8 0 0 m u p str e a m of t h e sit e.  T hi s r e pr e s e nt s 

a p pr o xi m at el y 6 5 % of t h e a v er a g e a n n u al p e a k fl o w (t h e 2 -y e ar fl o o d e v e nt) i n t h e w at er c o ur s e .  Gi v e n 

t h e w at er c o n diti o n s at t h e ti m e of t h e sit e vi sit , t h er e w er e n o ar e a s i d e ntifi e d a s b ei n g i n i m mi n e nt 

d a n g er  o f si g nifi c a nt er o si o n .  

W e n ot e  t h at at t h e ti m e of pr e p ari n g t hi s m e m o, t h e fl o w i n t h e D or e Ri v er al m o st d o u bl e d o v er t h e 

f oll o wi n g ni g ht, wit h a p e a k of 1 1 3 m3 / s o c c urri n g at 2: 3 5 a m J ul y 2n d . 

C h a n n el er o si o n t h at r e s ult e d fr o m t h e J u n e 2 3 r d e v e nt h a s si g nifi c a ntl y wi d e n e d t h e c h a n n el i n m o st 

pl a c e s. I n cr e a s e s  i n fl o w fr o m t h e c urr e nt l e v el will h a v e l e s s dr a m ati c i n cr e a s e s i n w at er s urf a c e 

el e v ati o n si n c e t h e w at er will o c c u p y t h e e ntir e ri v er wi dt h a v ail a bl e t o it.  

T h e t h al w e g  i n t h e u p str e a m p orti o n of t h e r e a c h a p p e ar s t o b e i m m e di at el y a dj a c e nt t o t h e ri g h t b a n k. It 

tr a n siti o n s t o t h e l eft si d e  of t h e c h a n n el i n t h e mi d dl e of t h e r e a c h.   Fi g ur e 1 pr o vi d e s a s k et c h of t h e 

e sti m at e d l o c ati o n ( bl u e li n e)  of t h e c urr e nt t h al w e g .  T h e r at e of er o si o n s h o ul d d e cr e a s e a s fl o w 

d e cr e a s e s. W e r e c o m m e n d st a k e s a n d/ or p ai nt m ar ki n g s b e i n stit ut e d al o n g t h e b a n k t o m o nit or t h e 

l o c ati o n s a n d r at e s of er o si o n. It w o ul d b e a d v a nt a g e o u s f or t h e er o si o n m o nit ori n g t o b e c o n d u ct e d b y 

pr o p ert y o w n er s a s t h e y will b e a bl e t o pr o vi d e m or e fr e q u e nt m o nit ori n g of t h e ar e a s of c o n c e r n.  T h e 

a p pr o xi m at e l o c ati o n of t h e ri g ht b a n k at t h e ti m e of t h e sit e vi sit i s s h o w n i n Fi g ur e 1.   It i s e x p e ct e d t h at 

t h e c h a n n el t o t h e l eft of t h e l o g j a m will r e m ai n a s e c o n d ar y c h a n n el.  It i s u n c ert ai n if t h e l o g j a m will r e-

e st a bli s h at it s c urr e n t l o c ati o n gi v e n t h e l ar g e s hift i n t h e t h al w e g.  Sit e p h ot o gr a p h s al o n g t h e l e n gt h of 

t h e ri v er r e a c h ar e pr e s e nt e d i n P h ot o s 1 t hr o u g h P h ot o 6. 
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Fi g ur e 1: O v er vi e w m a p of ar e a s h o wi n g e sti m at e d l o c ati o n of t h e n e w  ri g ht b a n k (r e d)  a n d e sti m at e d 

l o c ati o n of t h e ri v er t h al w e g ( bl u e) 

 

 

9 0 5 D or v al R o a d  

1 0 0 5 D or v al R o a d  

P u m p h o u s e  

1 4 7 5  D or v al R o a d  

1 6 5 5  D or v al R o a d  

L o g J a m  
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P h ot o 1: E x c a v at or r e m o vi n g d e bri s j a m  
 

 

P h ot o 2 : L o o ki n g u p str e a m fr o m t h e e d g e of t h e pr o p ert y l o c at e d at 1 0 0 5 D or v al R o a d  
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P h ot o 3 : L o o ki n g d o w n str e a m fr o m t h e e d g e of t h e pr o p ert y l o c at e d at 1 0 0 5 D or v al R o a d .  Pr o p ert y li n e 

u s e t o e xt e n d o ut t h e gr a v el b ar n o w i n c e nt er of c h a n n el.  

 

 

P h ot o 4 : L o o ki n g u p str e a m fr o m e d g e of 1 4 7 5 D or v al R o a d.  Pr o p ert y  pr e vi o u sl y  e xt e n d e d 5 0 + f e et i nt o 

t h e ri v er. 
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P h ot o 5 : B er m c o n str u ct e d a cr o s s l o w ar e a b y h o m e o w n er at 1 6 5 5 D or v al R o a d  
 

 

P h ot o 6: Ri v er c h a n n el a n d gr a v el b ar s i n fr o nt  of b er m pr ot e cti n g c o m m u nit y p u m p h o u s e  

 

 

 



O ur Fil e: 2 3 4 1 -0 2 7 5 0 -1 5 | J ul y 2, 2 0 2 0

T e c h ni c al M e m o | Pr e p ar e d f or R e gi o n al Di stri ct of Fr a s er -F ort G e or g e ( R D F F G)

D or e Ri v er Fl o o di n g A s s e s s m e nt P a g e 7

T h e a s s e s s m e nt h a s b e e n pr e p ar e d b y M c El h a n n e y Lt d. ( M c El h a n n e y) f or t h e b e n efit of t h e 

R e gi o n al Di stri ct of Fr a s er -F ort G e or g e .  T h e i nf or m ati o n a n d d at a c o nt ai n e d h er ei n r e pr e s e nt 

M c El h a n n e y ’ s b e st pr of e s si o n al j u d g e m e nt i n li g ht of t h e k n o wl e d g e a n d i nf or m ati o n a v ail a bl e t o 

M c El h a n n e y ’ s at t h e ti m e of pr e p ar ati o n.

M c El h a n n e y Lt d. d e ni e s a n y li a bilit y w h at s o e v er t o ot h er p arti e s w h o m a y o bt ai n a c c e s s t o t hi s 

r e p ort f or a n y i nj ur y, l o s s or d a m a g e s uff er e d b y s u c h p arti e s ari si n g fr o m t h eir u s e of, or 

r eli a n c e u p o n, t hi s d o c u m e nt or a n y of it s c o nt e nt s wit h o ut t h e e x pr e s s writt e n c o n s e nt of

M c El h a n n e y or t h e R e gi o n al Di stri ct of Fr a s er -F ort G e or g e .

W e t h a n k y o u f or t h e o p p ort u nit y t o w or k o n t hi s pr oj e ct. Pl e a s e d o n ot h e sit at e t o c o nt a ct u s if 

y o u h a v e a n y q u e sti o n s.

Y o ur s tr ul y,

M c El h a n n e y Lt d.

L u c y S w a n k, EI T D o u g J o h n st o n P. E n g       

H y dr ot e c h ni c al Pr oj e ct E n gi n e er S e ni or H y dr ot e c h ni c al E n gi n e er



 

 

 
H y dr ol o gi c a n d G e o m or p hi c A s s e s s m e nt of t h e D or e Ri v er | R e vi si o n # 1 

Pr e p ar e d f or t h e R e gi o n al Di stri ct of Fr a s er - F ort G e or g e 
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A P P E N DI X B – D O R E RI V E R FL O O D 

F R E Q UE N C Y A N AL Y SI S 



Fl o o d Fr e q u e n c y A n al y si s

0 8 K A 0 0 1  D O R E RI V E R N E A R M C B RI D E W at er s h e d Ar e a: P u blis h e d: 4 0 9

M e as ur e d: 4 0 8. 4

I N S T A N T A N E O U S
Pr o b of 

N o n- e x c e e d a n c e R et ur n P eri o d G E V

3- P ar m 

L o g- N or m al L o g P e ar s o n III W a k e b y

G e n er ali z e d 

L o gisti c W ei b ull  G u m b el

0. 5 2 9 3. 0 2 9 3. 0 2 9 2. 8 5 9 3. 0 7 9 3. 3 9 9 2. 9 1 9 2. 9 8

0. 8 5 1 1 4. 5 3 1 1 4. 6 9 1 1 4. 6 6 1 1 5. 8 1 1 1 2. 9 8 1 1 5. 8 2 1 1 4. 4 9

0. 9 1 0 1 2 8. 7 3 1 2 8. 7 9 1 2 9. 2 5 1 2 9. 9 3 1 2 6. 7 5 1 2 9. 7 6 1 2 8. 7 3

0. 9 5 2 0 1 4 2. 3 2 1 4 2. 1 7 1 4 3. 4 1 1 4 2. 4 5 1 4 1. 2 1 4 2. 1 3 1 4 2. 3 8

0. 9 6 2 5 1 4 6. 6 3 1 4 6. 4 1 4 7. 9 5 1 4 6. 1 9 1 4 6. 1 1 1 4 5. 8 7 1 4 6. 7 2

0. 9 8 5 0 1 5 9. 8 8 1 5 9. 3 9 1 6 2. 1 1 1 5 6. 9 5 1 6 2. 3 5 1 5 6. 8 9 1 6 0. 0 6

0. 9 9 1 0 0 1 7 3 1 7 2. 3 1 7 6. 4 9 1 6 6. 5 4 1 8 0. 3 7 1 6 7. 1 7 1 7 3. 3 1

0. 9 9 5 2 0 0 1 8 6. 0 5 1 8 5. 2 4 1 9 1. 2 2 1 7 5. 1 2 0 0. 5 1 7 6. 8 7 1 8 6. 5 1

0. 9 9 8 5 0 0 2 0 3. 2 3 2 0 2. 4 9 2 1 1. 3 6 1 8 5. 0 1 2 3 0. 8 8 1 8 8. 9 6 2 0 3. 9 2

0. 9 9 9 1 0 0 0 2 1 6. 1 9 2 1 5. 7 1 2 2 7. 2 1 9 1. 5 7 2 5 7. 1 4 1 9 7. 6 5 2 1 7. 0 8

A V E R A G E D AI L Y

Pr o b of 

N o n- e x c e e d a n c e R et ur n P eri o d G E V

3- P ar m 

L o g- N or m al L o g P e ar s o n III W a k e b y

G e n er ali z e d 

L o gisti c W ei b ull  G u m b el

0. 5 2 7 5. 0 7 4. 9 7 4. 8 7 5. 2 7 5. 3 7 4. 8 7 5. 1 1 7 1 1 7 1 1 4 8. 6

0. 8 5 9 3. 3 9 3. 5 9 3. 5 9 4. 3 9 2. 0 9 4. 5 9 3. 5 8 2. 2 8 2. 2 6 4. 5

0. 9 1 0 1 0 5. 6 1 0 5. 7 1 0 6. 1 1 0 5. 4 1 0 3. 9 1 0 6. 6 1 0 5. 6 5 2. 7 5 2. 7 3 6. 6

0. 9 5 2 0 1 1 7. 5 1 1 7. 5 1 1 8. 5 1 1 6. 0 1 1 6. 5 1 1 7. 5 1 1 7. 3 4 5. 1 4 5. 1 2 9. 4

0. 9 6 2 5 1 2 1. 4 1 2 1. 2 1 2 2. 5 1 1 9. 4 1 2 0. 8 1 2 0. 8 1 2 1. 0 4 8. 2 4 8. 2 3 2. 4

0. 9 8 5 0 1 3 3. 2 1 3 2. 7 1 3 5. 1 1 3 0. 3 1 3 5. 1 1 3 0. 5 1 3 2. 4 6 0. 5 6 0. 5 4 4. 0

0. 9 9 1 0 0 1 4 5. 0 1 4 4. 2 1 4 7. 9 1 4 1. 9 1 5 1. 1 1 3 9. 6 1 4 3. 7

0. 9 9 5 2 0 0 1 5 6. 9 1 5 5. 8 1 6 1. 2 1 5 4. 2 1 6 9. 2 1 4 8. 2 1 5 4. 9

0. 9 9 8 5 0 0 1 7 2. 8 1 7 1. 3 1 7 9. 5 1 7 1. 9 1 9 6. 6 1 5 9. 0 1 6 9. 8

0. 9 9 9 1 0 0 0 1 8 5. 0 1 8 3. 3 1 9 4. 0 1 8 6. 4 2 2 0. 5 1 6 6. 8 1 8 1. 0

0. 4

St ati o n N u m b er Y e ar  A n n u al A v e D ail y I n st a nt a n e o u s I n st. Us e d E m p Pr o b R a n k C o u nt I / D r ati o

0 8 K A 0 0 1 2 0 1 3 9 7 1 1 8 1 1 8 # R E F! 9 5 1

0 8 K A 0 0 1 2 0 1 2 1 3 2 1 5 4 1 5 4 # R E F! 1 1. 2 2

0 8 K A 0 0 1 2 0 1 1 1 1 9 1 5 3 1 5 3 # R E F! 2 1. 1 7

0 8 K A 0 0 1 2 0 1 0 5 6. 2 9 8. 9 9 8. 9 # R E F! 2 4 1. 2 9

0 8 K A 0 0 1 2 0 0 9 6 7. 5 8 3. 7 8 3. 7 # R E F! 3 1 1. 7 6

0 8 K A 0 0 1 2 0 0 8 6 4. 2 8 1. 9 8 1. 9 # R E F! 3 6 1. 2 4

0 8 K A 0 0 1 2 0 0 7 9 2. 3 1 0 0 1 0 0 # R E F! 1 9 1. 2 8

0 8 K A 0 0 1 2 0 0 6 5 3. 6 6 7. 5 6 7. 5 # R E F! 4 8 1. 0 8

0 8 K A 0 0 1 2 0 0 5 6 9 8 1. 8 8 1. 8 # R E F! 3 7 1. 2 6

0 8 K A 0 0 1 2 0 0 4 5 9. 1 8 3. 2 8 3. 2 # R E F! 3 2 1. 1 9

0 8 K A 0 0 1 2 0 0 3 6 7 7 2. 8 7 2. 8 # R E F! 4 4 1. 4 1

0 8 K A 0 0 1 2 0 0 2 8 0. 5 9 9. 6 9 9. 6 # R E F! 2 1 1. 0 9

0 8 K A 0 0 1 2 0 0 1 9 5. 3 1 1 3 1 1 3 # R E F! 1 1 1. 2 4

0 8 K A 0 0 1 2 0 0 0 5 7. 7 7 6. 8 7 6. 8 # R E F! 4 1 1. 1 9

0 8 K A 0 0 1 1 9 9 9 8 6. 5 1 3 3 1 3 3 # R E F! 5 1. 3 3

0 8 K A 0 0 1 1 9 9 8 4 9. 8 6 7. 3 6 7. 3 # R E F! 4 9 1. 5 4

0 8 K A 0 0 1 1 9 9 7 8 5. 3 1 1 4 1 1 4 # R E F! 1 0 1. 3 5

0 8 K A 0 0 1 1 9 9 6 5 3. 9 6 4. 2 6 4. 2 # R E F! 5 0 1. 3 4

0 8 K A 0 0 1 1 9 9 5 8 5 1 0 3. 8 2 # R E F! 1 7 1. 1 9

0 8 K A 0 0 1 1 9 9 4 6 3. 1 8 2. 9 8 2. 9 # R E F! 3 3

0 8 K A 0 0 1 1 9 9 3 6 4. 2 7 6 7 6 # R E F! 4 2 1. 3 1

0 8 K A 0 0 1 1 9 9 2 6 1 9 3. 8 9 3. 8 # R E F! 2 7 1. 1 8

0 8 K A 0 0 1 1 9 9 1 7 7. 3 1 2 8 1 2 8 # R E F! 6 1. 5 4

0 8 K A 0 0 1 1 9 9 0 8 6. 7 1 0 2 1 0 2 # R E F! 1 8 1. 6 6

0 8 K A 0 0 1 1 9 8 9 7 6. 3 8 0 8 0 # R E F! 3 8

0 8 K A 0 0 1 1 9 8 8 6 0. 9 6 8. 8 6 8. 8 # R E F! 4 7 1. 0 5

0 8 K A 0 0 1 1 9 8 7 8 8. 9 1 2 1 1 2 1 # R E F! 8 1. 1 3

0 8 K A 0 0 1 1 9 8 6 9 2 1 1 1. 2 2 # R E F! 1 4 1. 3 6

0 8 K A 0 0 1 1 9 8 5 6 6. 6 7 1. 9 7 1. 9 # R E F! 4 6

0 8 K A 0 0 1 1 9 8 4 7 7. 3 1 0 5 1 0 5 # R E F! 1 6 1. 0 8

0 8 K A 0 0 1 1 9 8 3 5 4. 8 7 2. 3 7 2. 3 # R E F! 4 5 1. 3 6

0 8 K A 0 0 1 1 9 8 2 8 8. 1 1 0 6 1 0 6 # R E F! 1 5 1. 3 2

0 8 K A 0 0 1 1 9 8 1 6 2 7 3. 8 7 3. 8 # R E F! 4 3 1. 2 0

0 8 K A 0 0 1 1 9 8 0 5 1. 3 6 2. 8 6 2. 8 # R E F! 5 1 1. 1 9

0 8 K A 0 0 1 1 9 7 9 7 3. 1 8 2. 1 8 2. 1 # R E F! 3 4 1. 2 2

0 8 K A 0 0 1 1 9 7 8 6 1. 7 7 7. 9 7 7. 9 # R E F! 3 9 1. 1 2

0 8 K A 0 0 1 1 9 7 7 6 7. 4 8 8. 9 8 8. 9 # R E F! 2 9 1. 2 6

0 8 K A 0 0 1 1 9 7 6 7 7. 6 9 9. 1 9 9. 1 # R E F! 2 3 1. 3 2

0 8 K A 0 0 1 1 9 7 5 8 2. 7 9 3. 2 9 3. 2 # R E F! 2 8 1. 2 8

0 8 K A 0 0 1 1 9 7 4 8 4. 7 9 9. 4 9 9. 4 # R E F! 2 2 1. 1 3

0 8 K A 0 0 1 1 9 7 3 8 9. 2 1 0 0 1 0 0 # R E F! 1 9 1. 1 7

0 8 K A 0 0 1 1 9 7 2 1 0 6 1 1 3 1 1 3 # R E F! 1 1 1. 1 2

0 8 K A 0 0 1 1 9 7 1 7 3. 1 8 5. 5 8 5. 5 # R E F! 3 0 1. 0 7

0 8 K A 0 0 1 1 9 7 0 1 0 4 1 1 2 1 1 2 # R E F! 1 3 1. 1 7

0 8 K A 0 0 1 1 9 6 9 8 5 9 8 9 8 # R E F! 2 6 1. 0 8

0 8 K A 0 0 1 1 9 6 8 1 1 8 1 3 8. 6 9 # R E F! 4 1. 1 5

0 8 K A 0 0 1 1 9 6 7 1 3 1 1 5 2. 4 3 # R E F! 3

0 8 K A 0 0 1 1 9 5 2 6 4. 3 8 1. 9 4 # R E F! 3 5

0 8 K A 0 0 1 1 9 5 1 1 0 6 1 2 6. 0 1 # R E F! 7

0 8 K A 0 0 1 1 9 5 0 7 9. 9 9 8. 4 3 # R E F! 2 5

0 8 K A 0 0 1 1 9 4 9 6 0 7 7. 4 # R E F! 4 0

- -

- -

- -

- -

- -

- -

- -

- -

Fl o w ( m 3 /s)

Fl o w ( m 3 /s)

A N N U A L R E C O R D S

Y = 1. 0 5 6 9 X + 1 3. 9 8 4
R² = 0. 7 6 5 7

5 0
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I n st a nt e o u s v s.  A v e D ail y A n n u al P e a k Fl o w s
0 8 K A 0 0 1 - D o r e Ri v er at M c B ri d e
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0 8 K A 0 0 1 - D or e Ri v er at M c Bri d g e
A n n u al P e a k I n st a nt a n e o u s Fl o w s



0 8 K A 0 0 1  D O R E RI V E R N E A R M C B RI D E I N C L U DI N G 2 0 1 4- 2 0 2 0 P R O VI S O N A L G A U G E D A T A W at er s h e d Ar e a: P u bli s h e d: 4 0 9
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1. INTRODUCTION 
The Regional District of Fraser-Fort George (RDFFG, the District) issued an emergency scope of 
work request to complete a sustained emergency assessment of Dore River (emergency 
assessment), located about 4 km northwest of McBride, British Columbia (RDFFG, 2020). 
Drawing 01 provides a location map of the watershed. The request followed notification to the 
District by the Water Stewardship Division of the BC Ministry of Environment (WSD) about flood 
and erosion hazards to people and development within an area of interest (AOI) shown in yellow 
on Drawing 02. 

McElhanney Ltd. (McElhanney) was retained by RDFFG to complete the emergency scope of 
work, which included a hydrogeomorphic hazard assessment within the AOI. McElhanney 
subcontracted BGC Engineering Inc. (BGC) to complete a portion of the work under the terms of 
a contract between BGC and McElhanney dated October 16, 2020. Specifically, McElhanney 
requested that BGC provide assessments in the following two areas, as input to a flood 
assessment and subsequent mitigation planning within the AOI: 

• A summary of upper Dore River watershed geomorphology as it relates to potential 
downstream flood concerns within the AOI. 

• An assessment of bank erosion within the AOI.  

Sections 2 and 3 provide a description of BGC’s methods and results for the two tasks noted 
above. They have been written for insertion into a larger report to be prepared by McElhanney for 
the RDFFG. The watershed assessment was based on desktop analyses of available remote-
sensed imagery (satellite imagery and air photos) and information from BGC’s hydrological 
analysis software, River Network ToolsTM1. The bank erosion assessment involved a desktop 
analysis of available imagery, as well as the use of a predictive bank erosion model. 

 
1 RNT is a web-based application developed by BGC for analysing hydrotechnical geohazards associated 
with rivers and streams. 
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2. WATERSHED GEOMORPHOLOGIC OVERVIEW 
This section provides a qualitative overview of Dore River watershed upstream of development 
(i.e., upstream of Water Survey of Canada (WSC) stream gauge 08KA001, about 2 km upstream 
of the AOI). The objective of the assessment is to identify, at an overview level of detail, 
geomorphic processes occurring within the watershed that could influence downstream flood 
hazard or channel characteristics within the AOI.  

BGC considered the following information sources in the desktop-based assessment2: 
• Satellite imagery as visible via Google Earth 
• Historical air photos as listed in Appendix A 
• Geological information 
• Watershed morphometrics (area, stream length) obtained via BGC’s hydrological analysis 

software, River Network ToolsTM.  

The glaciated watershed of Dore River encompasses about 419 km2 and contains several named 
and unnamed tributaries (Drawing 01). It has a total watershed relief of about 2254 m that extends 
from 710 m above sea level at the Fraser River confluence to 2,964 m at Chevron Peak.  

Bedrock geology in the watershed consists of an assemblage of old (> 500 million years) 
sedimentary and low-grade metamorphic rocks, including limestone, dolostone, mudstone, 
siltstone and phyllite, rocks that are often associated with widespread deep-seated landslides due 
to their low rock mass and frictional strength, heavy weathering and disintegration into clay-rich 
materials that promote landsliding (Province of BC, 2014). Logged, forested lower valley slopes 
are blanketed by till mostly covered by coalescing steep creek fans that provide sediment to the 
main channels. Upper slopes contain steep, exposed bedrock partially covered in thin colluvium, 
with rapidly retreating small cirque glaciers present on dominantly north-facing slopes at the 
highest elevations. 

Geohazards identified within the watershed include snow avalanches, clear-water floods, steep 
creek processes (debris flows, debris floods), rock slides and rock fall on steep, upper valley 
slopes. BGC also identified landforms interpreted as deep-seated slope movement, which are 
described further below. 

Drawing 01 displays stream channels classified by predicted geomorphic process type (debris 
flow, debris flood, or flood) according to statistical methods described by Holm, Jakob, and Scordo 
(2016), who related stream process type to class limits for Melton Ratio3 and maximum stream 
length upstream of a given stream segment (Table 2-1). While the study AOI is downstream of 
the runout zone for debris flows or debris floods in the upper watershed, such events from 
tributaries are the dominant sediment source to Dore River. Downstream implications to the AOI 
include effects of sediment supply on channel characteristics, including channel aggradation, 
migration, and bank erosion. BGC notes that statistical classification of stream process type has 

 
2 No fieldwork was completed. 
3 Watershed relief divided by the square root of watershed area. 



McElhanney Ltd. March 10, 2021 
Dore River Sustained Emergency Response – Geomorphic Assessment FINAL Project No. 1572006 

BGC ENGINEERING INC. Page 3 

limitations described by Holm et al. (2019) and does not indicate hazard frequency or magnitude; 
it is provided here as context for hazard types occurring in the watershed.  

Table 2-1. Class boundaries using total stream network length for watersheds without a mapped 
fan. 

Process Melton Ratio Stream Length 
(km) 

Floods < 0.2 all 

Debris floods  
0.2 to 0.5 all 

> 0.5 > 3 

Debris flows > 0.5 ≤ 3 

Drawing 01 also indicates scarps (red outlines) at the crest of slope movement landforms. The 
landforms indicated on Drawing 01 are interpreted as being large enough (on the order of many 
tens to hundreds of thousands of cubic metres) to potentially cause blockage of a main channel, 
with implications for downstream flooding. There is also evidence of past landslides having 
impounded Dore River in the past. Figure 2-1 shows one example on the south side of Upper 
Boreal Creek, where slope movement has pushed the channel toward the north side of the valley 
bottom. Subject to field confirmation, BGC interprets that phyllitic texture rock is contributing to 
the relative abundance of large-scale slope movement within the watershed.  

Estimation of the likelihood, characteristics, and magnitude of landslide-dam outbreak floods 
requires the assessment of a chain of events including landslide occurrence, the formation and 
failure of the dam, and the characteristics of downstream flood or debris flood discharge. Such 
assessment is outside the scope of this study. BGC examined air photos from 1947 to 2006 to 
search for landslides occurring and blocking main stem channels but did not identify surface 
evidence (e.g., vegetation scars or fresh channel deposits) with obvious relation to recent (since 
1947) landslide dam impoundments or outbreak floods. This indicates that the historic return 
period of landslide impoundments is likely greater than 100 years. 

Eugene Runtz of Runtz Forest Management Ltd. (October 23, 2020) provides a detailed account 
of a flood event occurring on May 26, 1986. Mr. Runtz described the event as follows: 

The flooding occurred on the late afternoon of May 26. The weather was sunny, 
extremely hot with a strong, gusting East wind. Temperatures at 4:00 PM were 
near 100 degrees Fahrenheit (37 deg C) (thermometer reading). I was heading 
from the mill to the bush where ZFI [Zeidler Forest Industries Ltd.] had several hoes 
working to protect culverts and bridges from high runoff. I stopped on the Prince 
George side of the Highway Bridge on the Dore River as a loud noise was heard 
upstream. When I looked upstream a large wall of water and debris was coming 
towards the bridge. The water was careening from side to side reflecting off the 
trees on the edge of the stream. The water was acting like a slinky that you would 
shake sideways. I put the truck in reverse to get away from the bridge. Just before 
the water hit the bridge, much of the main force of water went sideways down the 
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road towards the housing area. Wood stringers and decks of two of the ZFI bridges 
at 2 and 6 km cleared (over top of the highway bridge) and went down stream. 

As described by Mr. Runtz, subsequent helicopter inspection within the upper watershed identified 
a snow avalanche that buried the main Dore River channel at an unspecified location to a depth 
estimated at 40 ft (13 m). The sudden release of water impounded by the snow avalanche deposit 
was attributed as the source of flooding. Dore River gauge data4 for May 26, 1986 does not show 
extreme flood discharge (approximately 4-year return period flows) but is flagged as “E” 
(Estimated), suggesting lower confidence in the data. It is not known whether the “E” is associated 
with flood-related damage to the gauge. Based on Mr. Runtz’s account, BGC concludes that the 
flood characteristics as described are typical of an outbreak flood.  

Based on the presence of abundant slope-scale landslide landforms and valley geometries that 
are confined enough for river blockage, BGC concludes that the potential exists for landslide dams 
to form and fail, with potential for elevated flood or debris flood discharge that could reach the 
AOI. Based on the account of Mr. Runtz, BGC concludes that there is also potential for elevated 
flood discharges to occur following the formation and failure of (mostly wet spring) snow 
avalanche dams. Consideration of such scenarios could form part of Dore River flood frequency 
analyses.  

 
Figure 2-1. Google Earth image of Upper Boreal Creek sub-tributary of Dore River Watershed 

(Location #1 on Drawing 01) The red line indicates the crest of a slope movement 
feature that has pushed Upper Boreal Creek towards the north side of the creek 
(section delineated in blue). A steep creek fan (white outline) is also confining the main 
stem from the north. 

 
4 WSC gauge 08KA001. 
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3. BANK EROSION ASSESSMENT 
Bank erosion involves the erosion of sediment from the margins of a river, resulting in bank retreat. 
Bank erosion may occur gradually; in low gradient, meandering rivers erosion is often 
concentrated at the outside of bends and is roughly balanced by deposition of eroded material in 
point bars along the inside bank of downstream bends, enabling the river to maintain a consistent 
width over time as it shifts across its floodplain (Church, 2006; Fuller, 2007). Erosion may also 
occur as rapid widening during large flood events. This erosion type is especially common in 
steeper rivers with non-cohesive bank material (e.g., sand and gravel), and occurs when the 
sediment at the toe of the bank is fully mobilized by the flow, resulting in undercutting (Eaton, 
2006; Darby et al., 2010).  

The June 2020 flood caused significant erosion in the form of rapid widening along the reach of 
the Dore River that extends from Highway 16 to Museum Road (the AOI). This erosion involved 
both the outward migration of meander bends and general channel widening. An avulsion also 
occurred, with the river carving a new path on the floodplain in one location.  

In the following section BGC presents a historical imagery assessment used to evaluate past 
erosion within the AOI, as well as bank erosion modelling to predict potential future erosion. The 
historical assessment is intended to provide context for the 2020 flood event, showing both natural 
and manmade changes to the river from 1948 to 2020. The bank erosion modelling provides 
estimates of potential future erosion during a 200-year flood event and was calibrated to 
reproduce the measured erosion from the June 2020 flood event.  

3.1. Historical Imagery Assessment  

3.1.1. Qualitative Assessment 
BGC used air photos, satellite imagery, and drone photographs from 1948 to 2020 to evaluate 
changes in the size and position of the Dore River over time. BGC extended the qualitative 
analysis several hundred meters upstream and downstream of the AOI (Drawings 04 to 07) as 
notable changes had been recorded upstream of Highway 16 and downstream of Museum Road 
in historical documentation provided by the RDFFG. The total reach length considered in the 
qualitative assessment was 3.4 km. The quantitative evaluation of erosion (Section 3.1.3), as well 
as the bank erosion modelling (Section 3.2, were restricted to the 1.3 km of river length within the 
AOI, which extends from Highway 16 to Museum Road (Drawing 08 and 09).  

Table 3-1 summarizes the imagery used in the historical assessment, as well as notable changes 
in the Dore River and surrounding land use observed in each image. The imagery used in the 
historical assessment is shown on Drawings 04 to 07 for eight of the historical assessment years5, 
and drone photographs obtained following the June 2020 flood are shown on Drawing 08. 
Significant changes within the assessment reach are labeled on the drawings.

 
5 The 1991 air photo is not shown in the drawings as there was little observable change. However, it was 
used to estimate erosion over the period from 1987-1991 and 1991-1996 in the quantitative erosion 
assessment.  
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Table 3-1. Imagery used in the historical Dore River assessment. 

Date Roll Photo 
Numbers Scale 

Description 

Land Use Dore River 

1946 
(Drawing 04) 

BC313 95-97 Unknown • Minimal land clearing aside from an 
area north of Museum Road on the 
east side of the river 

• Museum Road and CN Railway 
present but Highway 16 not yet built 

• No riprap or other alterations noted  

1958 
(Drawing 04) 

BC2510 7, 8 Unknown • Extensive land clearing on the east 
side of the river 

• Dore River Road built on the west 
side of the river 

• Sawmill site cleared on the west side 
of the river 

• No riprap or other alterations visible  

• Minor erosion at the outside of 
meander bends since 1946 

• Expansion of vegetated islands  

7/31/1973 
(Drawing 05) 

BC7505 162, 163 1:15,000 • Highway 16 constructed but bridge 
not yet present over the Dore River 

• Extensive residential and industrial 
development on both sides of the river 

• Land cleared on the east side of Dore 
River upstream of Highway 16 

• Realignment/channelization of Dore 
River upstream of Highway 16 and 
also west of the sawmill (meander 
bend cut off) 

• Riprap added intermittently over a 
stream length of 1.3 km 

• Berm constructed on left (west) bank 
upstream of Highway 16 

• Erosion at outside of bends in non-
channelized areas 
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Date Roll Photo 
Numbers Scale 

Description 

Land Use Dore River 

9/26/1976 
(Drawing 05) 

BC7894 136, 137 1:20,000 • Highway 16 bridge over Dore River 
completed 

• Berm suspected to have been 
constructed along right (east) bank of 
bend downstream of Highway 16 
(1005 Dorval) 

6/7/1987 
(Drawing 06) 

BCC566 80-82 1:15,000 • Additional residential development on 
both sides of the river 

• Significant bank erosion throughout 
reach 

o Island removed by erosion 
upstream of Highway 16 

o Erosion on right bank of bend 
downstream of Highway 16 
and elimination of berm 
visible in 1976 (1005 Dorval) 

• Sediment deposition visible on 
floodplain downstream of Museum 
Road (2500 Museum Rd.) 

• Additional mitigation completed in 
1986 not visible in the 1987 air photo 

8/22/1991 BCB91105 53, 54 1:15,000 • Little observable change from 1987 • Little observable change from 1987 

8/14/1996 
(Drawing 06) 

BCB96100 204, 205 1:40,000 • Land clearing on the west side of the 
river north of Museum Road 

• Minor erosion throughout the reach 

• Formation of vegetated island 
upstream of CN Railway bridge 
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Date Roll Photo 
Numbers Scale 

Description 

Land Use Dore River 

9/6/2006 
(Drawing 07) 

BCC06147 37, 38 1:20,000 • Industrial development on the west 
side of the river north of Museum 
Road 

• Minor bank erosion throughout the 
reach 

• Island formation downstream of the 
Highway 16 bridge and in multiple 
locations downstream of Museum 
Road 

• Riprap less visible than in earlier 
years 

8/19/2019 
(Drawing 07) 

Google Earth - - • Little observable change from 2006 • Moderate erosion throughout the 
reach concentrated at outside of 
meander bends 

7/26/2020 
(Drawing 08) 

Drone 
photographs 

- - • No observable change from 2019 • Extensive erosion along the right 
(east) bank of the meander bend 
downstream of Highway 16 (1005 
Dorval) and across from the former 
sawmill (1475 and 1655 Dorval) 

• Limited erosion in areas with riprap 
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3.1.2. Mitigation History 

1958-1973 Channelization 

The Dore River was modified between 1958 and 1976, as shown in Drawing 05 and described in 
Table 3-1. The approximate locations of riprap and berms constructed during this timeframe are 
shown on Figure 3-1. River modifications during this period involved the realignment of the river 
to cut off a large meander bend located west of the former sawmill (Drawing 05). The river was 
also narrowed over a stream length of 400 m upstream of the newly constructed Highway 16 
bridge through berm construction on the west side of the river and extensive riprap placement 
along both banks (Drawing 05; Figure 3-1). Presumably, much of this work was intended to protect 
existing infrastructure and to create more favorable conditions for further development.  

Within the AOI, riprap was added intermittently to maintain the new channel position and to limit 
erosion. An additional berm appears to have been constructed between 1973 and 1976 along the 
right (east) bank at the 1005 Dorval property to limit the river width within the bend and to protect 
water intakes (Drawing 05; Figure 3-1).  
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Figure 3-1. Berm and riprap locations visible in 1973 and 1976 air photos. Dashed lines represent suspected riprap or berm locations, 

and the solid red lines indicate riprap that is clearly visible in the imagery. Image source: 1976 air photo, Government of 
British Columbia.
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1986 Post-flood Mitigation 
An outbreak flood occurred on May 26, 1986, as described in Section 2. According to historical 
documentation provided by RDFFG, the 1986 flood damaged 10 km of the Dore River Forest 
Service Road (FSR) and caused extensive damage to several properties on the west side of the 
Dore River upstream of Highway 16 (3317, 3189, and 3311 Dore River Rd. properties; Drawing 
06). Erosion of riprap placed during the earlier river channelization (between 1958 and 1976) also 
occurred in the residential area upstream of Highway 16 (Drawing 06). 

Within the AOI, erosion along the left (east) bank of the Dore River damaged the water intakes 
for the River Bend trailer park (Drawing 06). Similarly, erosion along the right bank eliminated a 
damaged training berm, resulting in erosion of the 1005 Dorval property and damage to water 
intakes at the 3115 River Bend Rd. property. Riprap also failed along the right bank further 
downstream, leading to damage along the 1475 and 1655 Dorval properties (Drawing 06). 
Overbank flooding occurred on the 2500 Museum Rd. property – located outside of the AOI 
immediately downstream of Museum Road – and is visible as deposited sediment on Drawing 06.  

The most significant damages from the 1986 flood occurred upstream of Highway 16, outside of 
the current AOI. As a result, most post-flood mitigation was also concentrated outside of the AOI. 
Extensive in-stream works were completed on the first 7 km of the Dore River FSR, including: 

• Road replacement  
• Riprap addition in several locations 
• Construction of a toe berm in an area with landslide activity at 5.3-5.5 km 
• Replacement of two bridges at 2.1 km and 6.35 km. 

Within the AOI additional riprap may also have been added along the ZFI property, at the CN 
Railway and Museum Road bridge crossings, and adjacent to other private properties. According 
to an October 23, 2020 account from Mr. Eugene Runtz: 

I met with Dave King immediately after the flight and Dave gave permission to push 
large boulders from the river for Rip Rap and channelize the stream as needed to 
protect ZFI and other private property… On May 27, rip rapping and channelization 
of the stream was started on ZFI property only. It was expanded to other private 
property the next day at the request of Mayor Kolida with the understanding that ZFI 
may not be compensated for the other property protection. The work took about 3 
days for all channelization and rip rapping with a D8 Cat… ZFI was only involved in 
the riprapping using river boulders and channelization. PEP officials were also 
involved with angular rock riprapping of the two Highways bridges and CN bridge 
over the Dore.  

BGC requested additional information from RDFFG regarding the extent of the 1986 mitigation, 
but RDFFG would not have been responsible for a response and did not have any records of 
these mitigation works. The mitigation efforts described by Mr. Runtz are not visible within the 
AOI on the 1987 imagery, likely because the riprap was simply added to replace riprap damaged 
during the flood. As a result, there is no obvious change in the extent of riprap, or channel 
alignment, between 1976 and 1986 on the available air photos.  
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3.1.3. Quantitative Assessment 
The historical imagery described in Table 3-1 was used to evaluate the amount of riverbank 
erosion between each image year, as well as changes in island size and flow paths. The 
quantitative assessment focused on the 1.3 km-long river section located within the AOI. Lidar 
obtained in October 2020 was first used to orthorectify the 1948 to 2006 air photos6. BGC then 
delineated the location of the channel banks and all mid-channel islands for each image year in 
a Geographic Information System (GIS). Finally, erosion was estimated by comparing the wetted 
channel area between image years.  

The erosion polygons shown on Drawings 04 to 09 indicate areas that become part of the wetted 
channel area through riverbank erosion – in other words areas that had changed from land to 
river – since the previous image. Table 3-2 summarizes the measured erosion within the AOI 
between each image year. The average erosion represents the total bank erosion within the reach 
divided by the river length within the AOI (1.3 km) and the maximum erosion represents the largest 
amount of erosion observed at a single location within the reach. Maximum erosion estimates are 
also provided for the 1005 Dorval property as well as the 1475 and 1655 Dorval properties, as 
these areas were subject to the largest amount of erosion from 1973 to 2020 (Drawing 08). Minor 
island erosion observed in the periods from 1958-1973 and 2019-2020 was not included in the 
bank erosion estimates. 

The highest average and maximum erosion was recorded in 2019-2020, measuring up to 40 m 
at the 1005, 1475, and 1655 Dorval properties and averaging 11 m throughout the reach (Drawing 
08). Throughout the remainder of the image history the average erosion varied between 1 m to 6 
m – representing an annual erosion rate of 0.1 m/year to 0.6 m/year – with maximum erosion of 
29 m in the period from 1958-1973 and 28 m in the period from 1976-1987 (Table 3-2). 

Since channelization (i.e., post-1973) erosion has typically been concentrated along the right bank 
of the river at the outside of a meander bend located directly downstream of the Highway 16 
bridge (1005 Dorval) and within a new bend that has formed across from the former sawmill (1475 
and 1655 Dorval). Drawing 08 shows that this erosion represents a re-meandering of the river 
over time; the river was straightened within the AOI prior to 1973 and has since been progressively 
increasing its sinuosity through right bank erosion at the 1005, 1475 and 1655 Dorval properties, 
and left bank erosion between the two bends. The length of the stream centerline has increased 
by 65 m over the 47-year period, resulting in an increase in the sinuosity from 1.35 to 1.42. 

 
6 Orthorectification was not required for the 2019 Google Earth imagery and the 2020 drone photographs 
as they were already georeferenced. 
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Table 3-2. Measured riverbank erosion within the AOI from 1946 to 2020. 

Image 
Interval 
Years 

Flood Date 
Flood 

Discharge 
(m3/s) 

Return 
Period 
(years) 

Average Erosion Maximum Erosion  

m m/year Reach (m) 1005 Dorval 
Property 

1475 and 
1655 Dorval 

Property 

1946-19581 - - - 5 0.4 9 0 0 

1958-1973 1967 153 28 6 0.4 29 0 0 

1973-1976 1974 99 3 1 0.2 7 0 0 

1976-1987 1986 112 4 6 0.6 28 17 1 

1987-1991 1987 121 6 1 0.3 13 2 2 

1991-1996 1991 128 9 2 0.3 12 5 12 

1996-2006 1997 114 5 2 0.1 13 3 13 

2006-2019 2012 154 30 4 0.3 20 13 20 

2019-2020 2020 171 74 11 11 40 39 40 
Note: 

1. The largest flood during this period is unknown as flow records were not available for all years from 1946 to 1958 at gauge 08KA001. 
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BGC used hydrometric data from the WSC gauging station located 2.2 km upstream (southwest) 
of the Highway 16 bridge (08KA001, Dore River near the Mouth) to determine the highest 
instantaneous flood discharge7 during each image interval (Table 3-2). The return period8 
associated with the largest flood was then compared with the measured erosion over the image 
interval to develop a regression between flood magnitude and bank erosion (both average and 
maximum) (Figure 3-2).  

 
Figure 3-2. Average and maximum erosion compared with flood return period for the years 1958 to 

2020. 

The analysis indicates that erosion is related to flood magnitude within the Dore River AOI; 
substantial erosion was observed in the periods containing the three largest floods (1958-1973, 
2006-2019, and 2019-2020). A large amount of erosion was also measured in the period from 
1976-1987, which contained the dramatic May 26, 1986 outbreak flood described in Section 2 
and Section 3.1.2 (Drawing 06). However, the maximum and average erosion for this period far 
exceed the expected values for a 4-year return period flood event based on the linear regressions 
presented in Figure 3-2. This apparent discrepancy may represent an under-estimate of the 1986 
flood discharge and associated return period; the WSC note that the peak instantaneous 
discharge of 112 m3/s is an estimate rather than a recorded value, and BGC believes it likely that 

 
7 The maximum instantaneous discharge represents the highest flow measured over a 15-minute interval 
throughout the year. 
8 Return periods for each flood event were provided by McElhanney. The discharge for the 2020 flood event 
is based on provisional data that has not yet been published by the WSC. 

1986 

1986 
2020 

2020 
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the gauge was damaged during the 1986 events based on the flood description in Section 2 and 
the gauge location several kilometres upstream of Highway 16.  

The quantitative analysis described above assumes that all erosion during an image interval can 
be attributed to a single flood event. It is possible in some cases that erosion may actually 
represent the cumulative effect of multiple floods over the period between images, especially as 
the number of years between images increases. BGC therefore also considered the average 
annual erosion over each image interval. Table 3-2 shows that the average annual erosion 
(m/year) was greatest during the periods containing the 1986 outbreak flood (1976-1987) and the 
June 2020 flood (2019-2020).  

BGC also used additional satellite imagery to evaluate the 2020 erosion in greater detail, as two 
large flood events occurred in a single year. The June 23, 2020 flood was the largest on record 
with a provisional instantaneous discharge of 171 m3/s and a return period of 74 years. However, 
a second flood9 on September 2, 2020, recorded a provisional instantaneous discharge of 
154 m3/s, making it the second largest flood in recorded history at gauge 08KA001 with a return 
period of approximately 30 years. A comparison of Sentinel satellite imagery obtained in May, 
August, and September 2020 confirmed that nearly all of the 2020 erosion could be attributed to 
the larger flood event on June 23. This was further supported by a comparison of the drone 
photographs obtained in August 2020 and the lidar obtained in October 2020, which showed little 
change in response to the September flood. The limited erosion in response to the large 
September 2020 flood is to be expected, as the earlier June flood widened the channel by an 
average of 11 m within the AOI, substantially reducing the shear stress (and erosive potential) of 
the second flood.  

3.2. Bank Erosion Modelling 

3.2.1. Model Overview 
BGC used a probabilistic model to predict the magnitude of future erosion events within the AOI. 
Bank erosion is a self-limiting process as channel widening lowers the flow depth and shear stress 
associated with a given flood magnitude. As a result, the maximum amount of bank erosion during 
a flood can be predicted if channel characteristics (e.g., grain size, channel shape) are known. 
The model details, inputs, and calibration are described in detail in Appendix B.  

The inputs to the model include the existing river geometry, roughness characteristics, and grain 
size distribution. Table 3-3 summarizes the model input values and the data sources used to 
determine each value.  

  

 
9 The WSC only records the single largest instantaneous maximum discharge each year and would 
therefore not typically have record of this second large flood event. However, BGC collects and stores all 
15-minute instantaneous discharge measurements throughout each year in the RNT for all real-time WSC 
gauges. 
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Table 3-3. Model input parameters. 

Model Input 
Parameter Mean Value Method 

𝐷𝐷50 Grain Size (m) 0.064 m The median grain size was estimated from 
photographs of the bed material taken by 
McElhanney at 11 locations throughout the 
AOI and analyzed by Split Engineering (see 
Drawing 09 for locations). 

Gradient (m/m) 0.008 m/m (0.8%) Average gradient was calculated over a 
stream length of 1.3 km (from the Highway 16 
bridge to the Museum Road bridge) using 
October 2020 lidar. 

Channel Width (m) 15-60 m (2019) 
20-108 m (2020 – total width) 
20-56 m (2020 – active width) 

Measured for each cross section using 2019 
Google Earth imagery for model calibration, 
and using 2020 lidar and drone photographs 
for modelling the future erosion. 

Shields Number 
(dimensionless) 

0.08 A threshold Shields value of 0.1 was initially 
used based on research by Eaton et al. 
(2020). The value was then adjusted to 
calibrate the model, resulting in a final value of 
0.08. 

Manning’s 
roughness 
coefficient 
(dimensionless) 

0.045 This mean roughness value is typical of 
mountain rivers with gravel- to cobble-sized 
channel bed material (Chow, 1959). 

Discharge (m3/s)1 171 (calibration) 
189 (200-year) 

The model was run with the June 23, 2020 
instantaneous discharge of 171 m3/s for 
calibration. A 200-year instantaneous 
discharge of 189 m3/s was used to model 
future erosion. 

Note: 
1. Discharge was not varied in the Monte Carlo simulation. 

The model was calibrated using the measured channel widths from the 2019 Google Earth 
imagery at cross sections located within the bends at the 1005, 1475 and 1655 Dorval properties, 
where the largest amount of erosion occurred in 2020. Although the maximum erosion measured 
was 39 m at the 1005 Dorval property and 40 m at the 1475 and 1655 Dorval properties (Table 
3-2), BGC used the average erosion throughout each bend – 27 m at the 1005 Dorval property 
and 30 m at the 1475 and 1655 Dorval properties – in the model calibration, rather than the most 
extreme erosion at the bend apex. The calibration process is described in more detail in Appendix 
B. 

3.2.2. Modelled Scenarios 
River widening during large flood events may reduce erosion during subsequent floods, as there 
are lower shear stresses (and less erosive potential) for a given flood magnitude in the widened 
river (Davidson & Eaton, 2018). The effect of recent widening was evident during the 
September 2, 2020 flood, which caused little erosion despite having the second highest recorded 
discharge since gauge 08KA001 first became operational in 1949. As a result, erosion modelling 
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based on the recently-widened river geometry is likely to be unconservative (i.e., to underestimate 
future erosion).  

As time passes following a large flood event, rivers typically narrow through vegetation growth on 
exposed bars and mid-channel islands (Bertoldi, Drake, & Gurnell, 2011; Davidson & Eaton, 
2018). Figure 3-3 shows that abundant sediment deposits were present within the Dore River AOI 
following the 2020 flooding. These exposed bars have the potential to form islands or to extend 
the floodplain into the river in the future, resulting in narrowing. To account for the recent widening 
on the Dore River – and the potential for future narrowing – BGC considered the following two 
scenarios in the predictive bank erosion modelling: 

• Scenario 1: existing widened river geometry (i.e., total width) 
• Scenario 2: future narrowed geometry (i.e., active width). 

In the first scenario future erosion was predicted based on the existing 2020 river width within the 
AOI (see Figure 3-3 for an example of total and active width). In the second scenario BGC 
considered only the active channel width at each cross section.
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Figure 3-3.  DEM hillshade based on October 2020 lidar data provided by McElhanney. Blue polygons show exposed sediment deposits 

or islands within the Dore River AOI. The black dashed arrow represents the total river width and the black solid arrow 
represents the active river width. 
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Figure 3-4.  Riprap locations observed during a post-flood site visit by McElhanney are shown (blue markers) with flow direction 

indicated by the blue arrows. Imagery source: inset photographs obtained by McElhanney on November 3, 2020, and 
background imagery from Google Earth, August 19, 2019. 
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3.2.3. Results 

The predicted erosion extents are shown in Drawing 09 for a 200-year flood event for both 
modelled scenarios. The extents represent the median estimated erosion (i.e., 50th percentile) for 
each scenario. The median erosion ranges from 0 m to 50 m during a 200-year flood event under 
the current (i.e., widened) river geometry, and increases to 11 m to 58 m if only the active width 
is considered. The latter is considered a more realistic representation of future erosion as rivers 
typically narrow over the decades following flood events through vegetation colonization of 
exposed sediment deposits (Bertoldi et al., 2011; Davidson & Eaton, 2018).  

As a comparison, the maximum erosion during a 200-year flood according to the linear regression 
presented in Figure 3-2 would be 87 m, with average erosion throughout the reach of 28 m. These 
historically-based estimates of erosion do not account for the higher elevation topography 
encountered as erosion progresses, the widened channel geometry following the 2020 flood, or 
the self-limiting nature of erosion during extreme flood events. As a result, the future erosion is 
likely overestimated based on the historical assessment and the results from the predictive 
modelling are preferred. 

Erosion is a stochastic process, and the distribution of erosion between the two banks is unknown. 
It was therefore assumed that the erosion could occur entirely on either side of the existing 
riverbank. However, erosion is likely to occur preferentially at the outside of bends, resulting in 
conservative estimates of erosion along the inside of bends or within straight reaches where 
erosion may be more evenly divided.  

Riprap also remains present at some locations within the AOI (Figure 3-4) and is likely to provide 
some degree of continued protection where it remains effective. The combination of higher 
elevation terrain and riprap, for example, limited the amount of erosion within the bend 
immediately downstream of Highway 16 during the June 2020 flood event (Drawing 08). 
Photographs obtained by McElhanney in November 2020 (Figure 3-4) show that the riprap 
remains present within the bend, though its effectiveness is unclear. 

3.3. Discussion and Conclusions 

3.3.1. Historical Assessment 

The historical assessment presented in Section 3.1 showed that significant bank erosion has 
occurred at multiple times in the past along the Dore River. Prior to 1973 the channel contained 
no visible mitigations (e.g., riprap) and had a higher sinuosity, with a large meander bend located 
to the west of the former sawmill. The Dore River and surrounding landscape was modified 
artificially in the period between 1958 and 1976. Over this 18-year period Highway 16 was 
constructed across the Dore River and extensive residential and industrial development occurred 
within the AOI. The Dore River was channelized within the AOI, as well as upstream of the 
Highway 16 bridge, with alterations including narrowing and realignment of the river upstream of 
the Highway 16 bridge and upstream (west) of the former sawmill (Drawing 05). The narrowing 
and straightening of the river, which increased the river gradient, increased the flow velocity and 
shear stress (and therefore the erosional potential) associated with subsequent flood events. 



McElhanney Ltd. March 10, 2021 
Dore River Sustained Emergency Response – Geomorphic Assessment Project No. 1572006 

BGC ENGINEERING INC. Page 21 

Since the channelization (i.e., post-1976) multiple erosion events have occurred. The most 
significant erosion is attributed to the outbreak flood in 1986 (Drawing 06) and the June 23, 2020 
flood (Drawing 08), though substantial erosion also occurred over the period from 2006-2019, 
likely in response to a 30-year flood in 2012 (Drawing 07). BGC understands that additional 
mitigation efforts were undertaken in response to the 1986 outbreak flood. Based on historical 
documentation provided by RDFFG these efforts were largely concentrated upstream of the AOI 
to repair damages to the Dore River FSR. Although riprap was also added to the channel banks 
within the AOI, it likely simply replaced riprap damaged during the 1986 flood; no change is 
channel configuration or riprap extent is visible between the 1976 and 1987 air photos.  

Since channelization (i.e., post-1976), erosion has concentrated along the right bank of the river 
at the outside of a meander bend located directly downstream of the Highway 16 bridge (1005 
Dorval property) and within a new bend that has formed across from the former sawmill (1475 
and 1655 Dorval properties). The result has been return to more natural meandering conditions 
within the artificially straightened section of the river located in the AOI; the length of the stream 
centerline has increased by 65 m over the 47-year period, resulting in an increase in the sinuosity 
from 1.35 to 1.42.  

The increased meandering of the Dore River over time is consistent with the natural pattern of 
erosion observed in the laboratory experiments conducted at UBC upon which the probabilistic 
modelling of future erosion is based (Eaton et al., 2017; Eaton et al., 2020). In these experiments, 
the researchers started the experiments with an artificially straight, rectangular channel, which is 
similar to the channelized reach of the Dore River in the 1973 and 1976 air photos (Figure 3-5). 
Over the course of a single flood event the experiments conducted by Eaton et al. (2020) showed 
that the sinuosity of the channel centerline increased through erosion of the channel banks, with 
the eroded material typically depositing within the original channel (Figure 3-5). The result was a 
transition from an artificially straight experimental river to a meandering river flow path.  
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Figure 3-5.  In A) red polygons represent erosion and blue polygons show deposition following flooding in experiments conducted by 

Eaton et al. (2020). In B) red polygons indicate erosion observed between 1973 and 2020. Imagery source: Google Earth, 
August 19, 2020, and October, 2020 lidar DEM hillshade provided by McElhanney.  
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3.3.2. Predicted Future Erosion 
BGC used a probabilistic model to predict potential future erosion within the Dore River AOI. The 
model was first calibrated by simulating the June 2020 flood discharge (171 m3/s) using 2019 river 
widths measured from Google Earth imagery. BGC then used the calibrated model to predict 
future erosion based on the current (i.e., post-flood) channel geometry during a 200-year flood 
event. As river widening during large flood events may reduce erosion during subsequent floods, 
predictions based on the widened 2020 river geometry are relatively unconservative and may 
under-predict erosion. BGC also modelled the future 200-year erosion based on the active 
channel widths measured from October 2020 lidar data; this involved excluding parts of the river 
with large sediment deposits which may become vegetated islands or floodplain in the future. 

The resulting 200-year erosion predictions for both scenarios are shown on Drawing 09. Erosion 
is unlikely to impact properties on the west side of the river due to higher elevation terrain 
throughout much of the AOI and the limited development on the west side of the river within the 
floodplain. Erosion is predicted to occur on the west side of the bend (i.e., left bank) located 
immediately downstream of Highway 16, though photographs obtained by McElhanney in 
November 2020 show that riprap remains present within the bend. While this riprap may limit 
erosion within the bend relative to the model predictions (Drawing 09), the effectiveness of the 
riprap is unclear. Erosion does, however, have the potential to continue to impact several 
properties along the east side of the river within the AOI in the future, extending from the 1005 
Dorval property to the downstream extent of the 1475 and 1655 Dorval properties (Drawing 09).  

3.3.3. Conclusions 
BGC conducted a qualitative and quantitative historical assessment of erosion within the Dore 
River AOI, as well as predictive modelling of future erosion. The main conclusions from the 
analyses are: 

• The Dore River was artificially modified significantly between 1958 and 1976. Over this 
period the river was narrowed, realigned, and reinforced with riprap and gravel berms, 
hence disturbing natural channel pattern and evolution. 

• Over the subsequent period from 1976 to present the river widened and eroded at its 
margins, most notably along the right bank at the 1005, 1475 and 1655 Dorval properties, 
and along the left bank between the two properties. 

• Erosion was greatest during the periods with the largest floods, and flood magnitude was 
correlated to both the average erosion within the AOI and the maximum erosion extent at 
specific locations.  

• Significant erosion occurred in response to the 1986 flood event despite a low recorded 
discharge and associated return period (4-year). BGC believes this may be due to gauge 
malfunction during the outbreak flood. Mitigation works conducted in response to the 1986 
flood were mainly concentrated upstream of the AOI along the Dore River FSR and are 
not visible within the AOI. 

• The pattern of erosion has resulted in a return to meandering conditions of the river over 
time since the river was straightened in 1958-1976. This is a natural tendency of a river in 
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this environment. The sinuosity of the channel centerline has increased, resulting in a 
longer flow path. This adjustment to straightening is a typical river response and is 
consistent with laboratory experiments as well. 

• Predictive modelling shows that erosion extents could vary from 0 m to 50 m during a 200-
year flood event (depending on the location within the AOI) if the river maintains its current 
widened geometry in the future. 

• If the river narrows over time – either naturally or due to mitigation efforts – the predicted 
erosion during a 200-year flood event will increase to 10 m to 60 m based on the extent 
and location of deposits within the river in October 2020. 

• The modelling does not account for potential future impacts of climate change, which may 
increase the peak discharge – and erosion – associated with future flood events. 

• Erosion has the potential to impact the properties on the west side of the river immediately 
downstream of the Highway 16 bridge and properties along the east side of the river 
extending from the 1005 Dorval property to the CN Railway bridge.  

• The modelled erosion shows the maximum potential erosion for both banks. The actual 
erosion will likely concentrate at the outside of existing bends, which are likely to erode to 
nearly the full modelled extent, while less erosion is likely to occur at the inside of bends. 
As a result, the pattern of future erosion is likely to continue to increase the sinuosity of 
the river centerline (i.e., continued re-meandering of the straightened river).  

• Riprap remains present intermittently within the AOI and may limit the predicted erosion 
in some locations. For example, it appears to have limited the erosion during the 2020 
flood at the bend immediately downstream of Highway 16. Although it remains present 
throughout that bend, its integrity and effectiveness are unclear. 

• An avulsion that occurred near the 1475 and 1655 Dorval properties was located within a 
historical flow path of the river, visible in the 1948 air photo. This flow path may be 
reactivated in the future. 

• Previous engineering works completed in 1958 to 1976 (and potentially reinforced in 1986) 
narrowed and straightened the river, resulting in higher flow velocities and shear stress 
for a given flood flow and amplifying erosion. Future mitigation efforts should maintain a 
wider river geometry and work with – rather than against – the natural tendency of the 
river to meander. 
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Airphoto No. Year Airphoto No. Year Airphoto No. Year 

BC2510:6-9 1960 BC7512:92-98 1975 BCB91120:270-268 1991 

BC2511:49-47 1960 BC7514:116-119 1975 BCB91120:41-44 1991 

BC2518:59-54 1960 BC7514:86-81 1975 BCB96100:198-205 1996 

BC2519:35-40 1960 BC7516:248-261 1975 BCB96100:99-97 1996 

BC2520:93-86 1960 BC7517:151-142 1975 BCB97029:122-129 1997 

BC2521:20-42 1960 BC7517:177-185 1975 BCB97029:85-81 1997 

BC2522:75-55 1960 BC7894:136-138 1978 BCC06145:196-201 1961 

BC313:103-95 1947 BC7894:215-212 1978 BCC06145:205-206 1961 

BC313:22-25 1947 BC7895:122-111 1978 BCC06146:192-183 1961 

BC313:39-35 1947 BC7895:204-216 1978 BCC06146:217-228 1961 

BC313:85-89 1947 BC7895:33-37 1978 BCC06146:63-60 1961 

BC314:36-43 1947 BCB91100:207 1991 BCC06146:97-103 1961 

BC314:53-47 1947 BCB91100:210-209 1991 BCC566:113-118 1987 

BC320:64-68 1947 BCB91100:222-220 1991 BCC566:12-7 1987 

BC7505:164-161 1975 BCB91105:140-150 1991 BCC566:132-126 1987 

BC7505:199-203 1975 BCB91105:223-216 1991 BCC566:148-153 1987 

BC7505:212-216 1975 BCB91105:26-39 1991 BCC566:156 1987 

BC7512:101-110 1975 BCB91105:50-55 1991 BCC566:30-37 1987 

BC7512:237-223 1975 BCB91105:84-71 1991 BCC566:52-41 1987 

BC7512:59-54 1975 BCB91117:107-113 1991 BCC566:70-82 1987 

BC7512:72-64 1975 BCB91117:48-43 1991 BCC566:97-83 1987 
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B-1 MODEL OVERVIEW 

BGC used a probabilistic model to predict the magnitude of future erosion events within the AOI. 
The model builds upon research conducted at the Biogeomorphic Experimental Laboratory at the 
University of British Columbia (Eaton, Mackenzie, Jakob, & Weatherly, 2017; Davidson & Eaton, 
2018; Mackenzie, Eaton, & Church, 2018; Eaton, Mackenzie, & Booker, 2020). The model relies 
on the following assumptions: 

• Bank erosion occurs when coarse material on the riverbed is mobilized, as destabilization 
leads to undercutting of the banks and rapid retreat. 

• The threshold for erosion can be defined in terms of the critical shear stress, 𝜏𝜏𝑐𝑐 required 
to fully mobilize the coarse fraction (𝐷𝐷84)10 of the bed material.  

• Erosion occurs rapidly during a single flood event and proceeds until the flow depth and 
shear stress decline back to the critical value, leading to re-stabilization of the coarse 
fraction of the bed material (𝐷𝐷84) and preventing further widening. As a result, the 
magnitude of bank erosion can be predicted based on flood discharge. 

Figure B-1 shows a conceptual representation of the model used in the analysis. As reach-
averaged shear stress is directly proportional to average channel depth, the threshold for 
widening is expressed in terms of a critical depth. Figure B-1 shows that the river remains stable 
until the critical depth is reached. Once the critical depth has been exceeded, the river widens 
until the depth reduces back to the critical depth and the bed re-stabilizes, preventing further 
erosion.  

Laboratory experiments by Eaton et al. (2020) show that the threshold for river widening occurs 
at a dimensionless shear stress (i.e., Shields Number) of approximately 0.1, when considered 
relative to the median riverbed grain size (𝐷𝐷50). This is two to three times the shear stress required 
to entrain the 𝐷𝐷50 (i.e., initiate sediment transport) and approximately equal to the shear stress 
required to fully mobilize the 𝐷𝐷84. The experiments showed that the channel banks remained 
stable when as much as 80% of the sediment on the bed surface was in motion, and only widened 
when the coarse fraction was entrained by the flow (Eaton et al., 2020). Widening typically 
progressed until the dimensionless shear stress reduced back to a value of approximately 0.1. 

 
10 It can also be expressed in terms of the median grain size (𝐷𝐷50) for convenience but exceeds the shear 
stress required to simply mobilize the 𝐷𝐷50 (i.e., the shear stress needed for in-channel sediment transport) 
by two to three times. 
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Figure B-1. A simplified schematic showing the approach used to model widening on the Dore 

River. The riverbed and banks become unstable when the critical depth is exceeded 
as the coarse material on the channel bed is mobilized by the flow. The channel then 
widens until the depth decreases back to the critical value and the coarse material re-
stabilizes. 

BGC used the threshold described above to estimate the critical depth (𝑑𝑑𝑐𝑐) for initiation of channel 
widening:  

𝑑𝑑𝑐𝑐 =  0.1∙�𝜌𝜌𝑆𝑆−𝜌𝜌𝑓𝑓�𝐷𝐷50
𝜌𝜌𝑓𝑓𝑆𝑆

  [Eq. B-1] 

where 𝜌𝜌𝑆𝑆 represents the sediment density (2,650 kg/m3), 𝜌𝜌𝑓𝑓 is the density of the flow, and 𝑆𝑆 is the 
gradient (i.e., slope) of the river. In the case of clear-water floods the flow density 𝜌𝜌𝑓𝑓 is simply 
equal to the density of water (1,000 kg/m3). 

The critical discharge (𝑄𝑄𝑐𝑐) was then estimated using Manning’s equation: 

𝑄𝑄𝑐𝑐 =  1
𝑛𝑛

 𝑑𝑑𝑐𝑐
1.67𝑆𝑆0.5𝑊𝑊0 [Eq. B-2] 

where 𝑆𝑆 is the channel gradient, 𝑊𝑊0 is the pre-flood channel width, and 𝑛𝑛 is Manning’s roughness 
coefficient. Once the critical flow is established, the amount of bank erosion 𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 required for the 
river to re-stabilize can be estimated based on the ratio of the flood discharge (𝑄𝑄𝑖𝑖) to the critical 
discharge (Eaton et al., 2017): 

𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑊𝑊0 �
𝑄𝑄𝑖𝑖
𝑄𝑄𝑐𝑐
− 1�  [Eq. B-3] 



McElhanney Ltd. March 10, 2021 
Dore River Sustained Emergency Response – Geomorphic Assessment Project No. 1572006 

BGC ENGINEERING INC. Page B-3 

B-2 MODEL SETUP AND CALIBRATION 

The model was run for 15 cross sections spanning a stream length of 1.3 km from the Highway 16 
bridge to the Museum Road bridge. BGC used a Monte Carlo11 approach to predict erosion; the 
model was run 1,000 times with the model inputs (Table 3-3) selected randomly from a normal 
distribution of possible values. This approach explicitly incorporates variability in model inputs, 
and unlike deterministic models, provides probabilistic estimates of bank erosion.  

The model was calibrated using the measured channel widths from the 2019 Google Earth 
imagery at cross sections located within the bends at the 1005, 1475, and 1655 Dorval properties, 
where the largest amount of erosion occurred in 2020. The model was run with the June 23, 2020 
discharge of 171 m3/s, and the Shields number was adjusted to reproduce the average erosion 
measured within these two bends. Although the maximum erosion measured was 39 m at the 
1005 Dorval property and 40 m at the 1475 and 1655 Dorval properties (Table 3-2), BGC used 
the average erosion throughout each bend – 27 m at the 1005 Dorval property and 30 m at the 
1475 and 1655 Dorval properties – in the model calibration, rather than the most extreme erosion 
at the bend apex. The resulting calibrated model used a Shields number of 0.08. 

B-3 TOPOGRAPHIC ADJUSTMENT 

BGC used the calibrated model to estimate the potential future erosion during a 200-year flood 
event. Research on rivers with non-cohesive banks shows that the actual magnitude of erosion 
that occurs is dictated by the elevation of the surrounding landscape relative to the riverbed (Bufe, 
Turowski, Burbank, Paola, Wickert, & Tofelde, 2019). Assuming that the same volumetric rate of 
bank erosion occurs, a river surrounded by higher elevation topography will experience a lower 
total erosion distance (𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) than one with lower elevation topography during the same flood 
event. BGC therefore adjusted the predicted erosion to account for higher elevations in some 
areas, including a terrace on the west side of the river.  

The topographic adjustment was not considered in the model calibration as the terrain elevations 
within the eroded areas was not known prior to the June 23, 2020 flood (i.e., pre-flood lidar is not 
available) and the bends used to calibrate the model are located adjacent to relatively low terrain, 
limiting the need for topographic adjustment in the calibration locations. 

 
11  Monte Carlo methods (or experiments) are based on computational algorithms that rely on repeated 

random sampling to obtain numerical results. It is used to solve problems that are deterministic in 
principle. 
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A p p e n di x D:  W S C G a u g e D at a U s er s G ui d e  

A n a cti v e a n d m ai nt ai n e d ri v er g a u g e alr e a d y e xi st s 2 k m u p str e a m of t h e sit e.  T h e D or e Ri v er W S C 

g a u g e ( D or e Ri v er n e ar M c Bri d e 0 8 K A 0 0 1) pr o vi d e s r e al ti m e w at er l e v el a n d fl o w d at a f or t h e D or e 

Ri v er.  A n y o n e c a n a c c e s s t h e r e al ti m e g a u g e d at a vi a: 

htt p s:// w at er offi c e. e c. g c. c a/ s e ar c h/r e al _ti m e _ e. ht ml .  

T h e u s er will t h e n b e dir e ct e d t o t h e di s pl a y s h o w i n  Fi g ur e A .  A c c e s s t h e g a u g e b y e nt eri n g t h at st ati o n 

n u m b er f or t h e D or e G a u g e ( 0 8 K A 0 0 1).  

 

Fi g ur e A  –  W S C g a u g e s e ar c h di s pl a y s cr e e n  

Aft er cli c ki n g “ s e ar c h”, t h e u s er will t h e n b e br o u g ht t o t h e s cr e e n s h o w n i n  Fi g ur e B . 

 

 

St e p 1: e nt er g a u g e n u m b er  

 

St e p 2: cli c k s e ar c h  

 

https://wateroffice.ec.gc.ca/search/real_time_e.html


 

 

 

 

Fi g ur e B  –  W S C g a u g e s e ar c h r e s ult s p a g e  

Cli c ki n g t h e “ Vi e w R e p ort” b utt o n will bri n g t h e u s er t o t h e s cr e e n s h o w n i n  Fi g ur e C .  T h e gr a p h will di s pla y 

t h e w at er l e v el a n d di s c h ar g e f or t h e p a st w e e k.  T h er e i s a d el a y of a n h o ur ( or m or e d e p e n di n g o n t h e 

st ati o n) wit h t h e g a u g e r e p orti n g t h e m o st c urr e nt fl o w d at a.  



 

Fi g ur e C  –  R e al ti m e W S C g a u g e d at a di s pl a y  
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P a g e B -2  

2 3 4 1 -0 # # # # -0 0  

A P P E N DI X E –  D O R E RI VE R P R O P O S E D 

RI P R A P E X TE N T S  



R ip ra p  E x te n ts

C iv ic  A d d re s s

S tre e ts

A p p ro x im a te  P ro p e rty  B o u n d a rie s

J u ly  2 6 , 2 0 2 0  D ro n e  P h o to

B in g  S a te llite

P ro je c t N o .

2 3 4 1 -2 1 1 0 7 -0 0

D a te

P ro je c tio n :  B C  A lb e rs
D a tu m :   N A D 8 3

A ll rig h ts  re s e rv e d . A ll c o n te n ts  (te x ts , tra d e m a rk s , illu s tra tio n s , p h o to s ,
g ra p h ic s , file s , d e s ig n s , a rra n g e m e n ts  e tc .) o n  th is  d o c u m e n t a re  c o p y rig h t o f
M c E lh a n n e y  L td . (M c E lh a n n e y ). N o  p a rt o f th is  p u b lic a tio n  m a y  b e
re p ro d u c e d , d is trib u te d , o r tra n s m itte d  in  a n y  fo rm  o r b y  a n y  m e a n s , in c lu d in g
p h o to c o p y in g , re c o rd in g , o r o th e r e le c tro n ic  o r m e c h a n ic a l m e th o d s , w ith o u t
th e  p rio r w ritte n  p e rm is s io n  o f M c E lh a n n e y .

D a te

J a n u a ry  8 , 2 0 2 1

D o re  R iv e r A re a  o f In te re s t
M a p  S h o w in g  P ro p o s e d
R ip ra p  E x te n ts

D o re  R iv e r A re a  o f
In te re s t M a p  S h o w in g
P ro p o s e d  R ip ra p
E x te n ts

F ig u re  1 -1

S c a le = 1 :2 ,0 0 0

  R ip ra p  L e n g th s  a n d  V o lu m e s

  A : L e n g th  3 5 0  m  V o lu m e  1 7 5 0  m 3

  B : L e n g th  2 1 0  m  V o lu m e  1 0 5 0  m 3

  C : L e n g th  5 1 0  m  V o lu m e  2 5 5 0  m 3

  D : L e n g th  1 3 0  m  V o lu m e  6 5 0  m 3
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