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The Tsawwassen Ind ian  Reserve  F lood  Contro l  Works were i n i t i a t e d  under 

the  Canada-Brit ish  Columbia  Fraser  River  Flood  Control  Agreement  (1968) 

t o  c o m p l e t e   t h e   r i n g   o f   d y k e s   p r o t e c t i n g   D e l t a   m u n i c i p a l i t y   f r o m   f l o o d i n g  

by t h e  sea. Sea dyke   cons t ruc t i on   a long   t he  seaward  edge o f  a n a t u r a l  

s a l t  marsh, t h e   l a r g e s t   i n   t h e   F r a s e r   R i v e r   e s t u a r y ,   s t a r t e d  i n  1975 b u t  

was halted  by  Environment Canada because i t  would  have  al ienated some 

200 ac res   (81   hec ta res )   o f   p roduc t i ve   i n te r t i da l   we t lands .  An 

env i ronmenta l l y -p re fe r red   dyke   a l ignment   loca ted   fu r ther   in land  a long a 

road  t ravers ing   the   Ind ian   Reserve  was n o t  a n   a c c e p t a b l e   a l t e r n a t i v e   t o  

t h e  Tsawwassen I n d i a n  Band. The e leva ted   road  wou ld   have  a f fec ted   the i r  

sea v iews  and  d iv ided  the i r   land .  The r e s u l t i n g  impasse l a s t e d   f o r   n i n e  

years,   but  was f ina l l y   reso lved  by   the   deve lopment   o f  a unique,  a l though 

more c o s t l y ,   f l o o d   c o n t r o l   d e s i g n .  The des ign   inc ludes  a b reakwa te r   w i th  

several  openings i n  i t  t o   p e r m i t   t i d a l   i n u n d a t i o n .  It prov ides  the 
r e q u i r e d   f l o o d   p r o t e c t i o n   w i t h o u t   t h e   s o c i a l   i m p a c t s  o f  e l e v a t i n g   t h e  

Reserve  road and still p r o v i d e s   f r e e   t i d a l  exchange  between t h e   s a l t  

marsh  and a d j a c e n t   t i d a l   f l a t s .  The p r o j e c t  was successful ly  completed 

i n   t h e   s p r i n g   o f  1986 a t  a cos t   o f   app rox ima te l y  $2.0 m i l l i o n .  

Envi ronmenta l   surve i l lance and inundat ion  moni tor ing  were  under taken 

d u r i n g   c o n s t r u c t i o n   o f  the p r o j e c t .  The r e p o r t  documents t h a t   a l l  

m i t i g a t i n g  measures i d e n t i f i e d  by  government  resource  agencies,  during 

the  environmental  screening  process,  were  conformed  with and observed t o  

be e f f e c t i v e .  The success o f   t h e   p r o j e c t   d e s i g n  i s  con f i rmed   by   t i da l  

i n u n d a t i o n   m o n i t o r i n g   r e s u l t s .  The Tsawwassen s a l t  marsh  continues t o  be 

an i n t e g r a l   p a r t  o f  the  Rober ts  Bank t i d a l   f l a t  ecosystem  prov id ing 

de t r i tus -based  nu t r ien ts ,   f i sh - food  o rgan isms and  a r e f u g e   f o r   f i s h  

species.  The s a l t  marsh also  remains a v a l u a b l e   w i l d l i f e   h a b i t a t   f o r  

water fowl ,   shoreb i rds  and l a r g e  numbers o f   g rea t   b lue   herons .  The r e p o r t  

a l s o   r e v i e w s   t h e   r e t r e a t   o f   t h e   l e a d i n g  edge o f   t h e   s a l t  marsh  which  has 

occurred  over  past .decades and d iscusses   the   long   te rm  e ros ion   p ro tec t ion  

t h a t   t h e   f l o o d   c o n t r o l   d e s i g n  will l i k e l y   p r o v i d e .  Government  agencies 

con t inue   t o   mon i to r   t he   success   o f   t h i s   un ique   p ro jec t   wh ich   i nco rpo ra tes  

f l ood   con t ro l   w i th   we t land   p rese rva t i on . .  
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RESUME 

Le  projet  de  lutte  contre  les  inondations  de  la  reserve  indienne  de 
Tsawwassen a ete  entrepris  dans  le  cadre  de  l'accord  federal-provincial 
de  lutte  contre  les  inondations d u  Fraser  dans  le  but  de  completer 
l'endiguement  protegeant la municipalit6  de  Delta, en Colombie- 
Britannique,  contre  les  inondations  maritimes. La construction  d'une 
digue  en  bordure  du  plus  gros  marais  maritime  de  l'estuaire d u  Fraser 
debuta  en  1975.  Toutefois  cette  construction  fut  aussit6t  arrete6  par 
Environnement  Canada  parce  qu'elle  aurait  aliene 200 acres (81 hectares) 
de  marals  intertidal  productif.  Par  contre, 5 1  aurait  CtP  preferable, d u  
point  de  vue  de 1 'environnement,  de  placer la digue a 1 'interieur  de  la 
reserve  indienne  de  Tsawwassen  sur  le  chemin  qui la traverse,  mais  cette 
solution  n'etait  pas  acceptable  pour  les  amerindiens. La digue  aurait 
diminue la vue  qu'ils  avaient  de  la  mer  et  divis6  leur  territoire. 
L'impasse  dura  neuf  ans  mais  elle  fut  finalement  resolue  par  le 
developpement d'un modele  unique,  mais  plus  coOteux,  qui  assura  la 
protection  contre  les  inondations.  Ce  modele  comprend  un  brise-lames 
avec  plusieurs  ouvertures qui permettent a la maree  d'inonder  le  marais 
maritime  Tsawwassen.  Cet  ouvrage  protege  la  reserve  contre  des 
inondations  causees  par  des  vagues  de  maree  trop  elevees  et  permet  le 
mouvement  journalier  de la maree  entre  le  marais  maritime et la  plaine 
c6tiere;  les  repercussions  d'ordre  social  qu'aurait  comportees  le 
relevement d u  chemin  sont  ainsi  bvitbes.  Le  projet  fut  complete  avec 
succes  durant  le  printemps  de 1986 au  coot  approximatif  de 2 millions  de 
dollars. 
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Le  present  rapport  decrit la supervision d u  projet et la  surveillance  des 
inondations  qui  ont  et6  effectuees  durant la construction  de  l'ouvrage 
pour  rdpondre  aux  exigences  environnementales.  Ce  document  confirme 
aussl  que  toutes  les  mesures  d'attenuatlons  recommandees a la  suite  de 
l'examen  prealable d u  projet  par  les  agences  gouvernementales  furent 
appliquees et se  montrerent  efficace.  Le  succes  de  ce  projet  unique  se 
confirme  par  les  resultats  de la surveillance  des  inondations.  Le  marais 
maritime  de  Tsawwassen  continue  de  faire  partie  integrale  de  l'ecosysteme 
de la plaine  c8tiere d u  banc  Roberts; i l  est  une  source  d'elements 
nutritifs a base  de  detritus,  ainsi  qu'une  source  de  nourriture  et un 
refuge  pour  les  poissons.  Le  marais  intertidal  reste un habitat  precieux 
pour  les  oiseaux  d'eau et de  rivage  ainsi  que  pour  un  grand  nombre  de 
herons  gris-bleus.  Le  rapport  etudle  aussi  l'erosion d u  marais  qui s'est 
produite  depuis  les  dernieres  decennles et demontre  que  cet  ouvrage  de 
protection  contre  les  inondations  protegera,  probablement,  le  marais 
maritime  contre  l'erosion.  De  toute  facon  les  agences  gouvernementales 
continuent  de  surveiller  le  fonctlonnement  de  cet  ouvrage qui incorpore 
le  contrele  des  inondations  avec la preservation  des  terres  humides. 
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INTRODUCTION 

The Tsawwassen Ind ian  Reserve  F lood  Contro l  Works was a p r o j e c t  

i n i t i a t e d  under  the  1968  Canada-Brit ish  Columbia  Fraser  River  Flood 

Cont ro l  Agreement. I t  I s  l o c a t e d   i n   t h e   m u n i c i p a l i t y   o f   D e l t a  and 

completes  the  f lood  cont ro l   works  des ignated  under   the Agreement f o r  

t h e   m u n i c i p a l i t y .  

The p ro jec t   a rea ,  commonly  known as t h e  Tsawwassen s a l t  marsh, i s  

p r i m a r i l y   w i t h i n   t h e  Tsawwassen Indian  Reserve and i n c l u d e s   t h e  

200 acre  (81  ha)   accret ion  west   o f   the  Ind ian  Reserve  road,   between 

the  Roberts Bank and Ferry   Terminal  causeways ( F i g u r e   1 ) .  

1 

The f l o o d   c o n t r o l   w o r k s   i n i t i a l l y   s t a r t e d   i n  March  1975  and 

c o n s i s t e d   o f  a dyke  a l ignment   a long  the seaward  edge o f   t h e   m a r s h   t o  

enc lose   the   accre ted   land .   Th is   a l lgnment  was used  as t h e  

Tsawwassen I n d i a n  Band wou ld   no t   accept   cons t ruc t ion   o f  a h ighe r  

dyke on the   Reserve   road  wh ich   wou ld   a f fec t   the i r   v iew  o f   the  sea 

and d i v i d e   t h e  Reserve.  However, c o n s t r u c t i o n  was stopped  by  the 

fede ra l   M in i s te r   o f   t he   Env i ronmen t  on  June  30,  1975. The 

stop-order was issued i n  response t o   p u b l i c   o p p o s i t i o n  and 

env i ronmenta l   concerns   a r is lng   f rom  the   a l ien t ion   o f  some 81  ha o f  

p o t e n t i a l   f i s h  and w i l d l i f e   h a b i t a t .   C o n s t r u c t i o n  had c o n s i s t e d   o f  

s t r i p p i n g   t o p s o i l   a l o n g  2.6 km o f  the   a l ignment ,   p lac ing  i t  i n  a 

windrow  towards  the  landside and load ing  sand  on the  al ignment  as 

t h e  f i rst  dyke l i f t .  The main t i d a l  channel  of  the  marsh was 

untouched  by  the  1975  const ruct ion  but   the  smal ler   t ida l   channels  

were  b locked.   Af ter   the  s top-order ,   two  b locked  channels   were 

reopened t o   p e r m i t  some t i d a l  exchange. 

The accre ted   land  was t r a n s f e r r e d   b y   B r i t i s h   C o l u m b i a   t o  Canada i n  
1973 f o r   t h e  use o f   t h e  Tsawwassen I n d i a n  Band. 
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FIGURE 1 Location  mop of the Tsawwossen  Indian  Reserve  Flood  Control  Works  (aerial  photo  dote  1971 ). 
Inset  aeriol  photo  (doted  Sept.27.1974)  looking  north  ot  the  Tsawwassen  Salt  marsh  prior  to 1975 
dyke  construction. The  Salt marsh is west of the  Indian  Raserve Road and  boundad to   the  nor th  
and  south  by  the  Roberta Bank and  Ferry  Terminal  Causewsys.  Photo  courtesy of Delta  Municipality 
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Subsequently,  from  1975 t o  1984 many meet ings  were  held among 

r e p r e s e n t a t i v e s   o f   t h e   f e d e r a l   d e p a r t m e n t s   o f   I n d i a n   A f f a i r s  and 

Northern  Development ( D I A N D ) ,  F isher ies  and Oceans (DFO) ,  and 

Environment (DOE) ,  t he   Tsawassen   Ind ian  Band and the   F rase r   R ive r  

Jo int   Adv isory  Board  to   reach  an  agreement   on  an  acceptable  f lood 

con t ro l   des ign .  The a l te rna t i ves   d i scussed  and i n v e s t i g a t e d  had t o  

s a t i s f y   t h e   f o l l o w i n g :  

1 .   f l o o d   p r o t e c t i o n  needs o f   t h e  Band and m u n i c i p a l i t y ;  

2 .  t h e   B a n d ' s   r e s t r i c t i o n   o f   n o t   a l l o w i n g   c o n s t r u c t i o n   o f  a h i g h e r  

dyke  on  the  Reserve  road; and, 

3 .  resource  agencies '   concerns  to   conserve  and  protect   the 

e c o l o g i c a l   i n t e g r i t y   o f   t h e   s a l t  marsh. 

I n   e a r l y  1984 a more c o s t l y   d e s i g n ,   d e s c r i b e d   i n   S e c t i o n  11, was 

agreed t o  by a l l   t h e  concerned  par t ies.  D I A N D  agreed t o   c o n t r i b u t e  

t o   t h e   h i g h e r   p r o j e c t   c o n s t r u c t i o n   c o s t s  o f  t h i s   d e s i g n   t h u s  

p r o v i d i n g   f l o o d   p r o t e c t i o n   f o r   t h e  Band b u t   a v o i d i n g   t h e   s o c i a l  

Impac ts   t ha t   t he   l ess   cos t l y   des ign   ( ra l s ing   t he   Reserve   road )   wou ld  

have  had. 

I n  accordance  with  the  Environmental  Assessment  and  Review  Process 

(EARP)  Gu ide l ines   Order - in -Counc i l   (1984)   and  p r io r   to   p ro jec t  

implementat ion,   the  concept   and  the  deta i led  des ign  were  screened 

fo r   env i ronmenta l   e f fec ts .   In land  Waters  and  Lands  (IW/L)  screening 

procedures  were  fol lowed ( I W D  1985) a n d ' t h e   s c r e e n i n g  was c a r r i e d  

o u t   w i t h   t h e   c o o p e r a t i o n   o f   s e v e r a l   f e d e r a l  and p r o v i n c i a l   r e s o u r c e  

agencies. The resu l t s   were  as f o l l o w s :  

Prel iminary  screening  completed  March  18,  1985  (Screening  Report 

No. WPM-84-01 f i l e d   i n   t h e  IW/L screen ing   reg is t ry )   gave 

approva l - i n -p r inc ip le   t o   t he   des ign   concep t ;  and, 
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Formal  screening  completed  June 27, 1985 (Screening  Report  No. 

WPM-85-01 f i l e d   i n   t h e  IW/L s c r e e n i n g   r e g i s t r y )  gave  approval t o  

imp lemen t   t he   p ro jec t   w i th   t he   i nco rpo ra t i on   o f   mon i to r i ng  and 

m i t i g a t i n g  measures. 

The p r o j e c t  was cons t ruc ted   du r ing   t he   pe r iod   o f   Ju l y  5, 1985 t o  

March 3 ,  1986. 

As a f o l l o w - u p   t o   p r o j e c t   s c r e e n i n g ,  and i n  accordance  w i th   the  EARP 

Guidel ines  Order- in-Counci l  and the  departmental   environmental  

sc reen ing   gu ide l ines ,  IW/L i n i t i a t e d   e n v i r o n m e n t a l   s u r v e i l l a n c e   o f  

t h e   p r o j e c t   c o n s t r u c t i o n .   T h i s   r e p o r t   d e s c r i b e s   t h e   s u r v e i l l a n c e  

ac t i v i t y   under taken   t o   ensu re   con fo rmance   w i th   t he   requ i red  

m i t i g a t i o n  and mon i to r i ng ,  and a lso  d iscusses  the  env i ronmenta l  

b e n e f i t s   o f   t h e   f l o o d   c o n t r o l   d e s i g n .  
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11. THE  PROJECT 

The  project  design  includes a breakwater  along  the  seaward  edge  of 
the  salt  marsh  to  dissipate  wave  action  (Figure 2). Several 
openings in the  breakwater  permit  tidal  flow  to  inundate  the  marsh. 
All openings  are  appropriately  sized  to  allow  the  natural  tidal 
regime  within  the  salt  marsh  to  continue  essentially  unchanged.  The 
openings  include  one 60 ft. (18.3 m)  gap in the  breakwater 
coinciding  with  the  location  of a natural  major  tidal  channel  and 
six  large  culverts  positioned  to  coincide  with  smaller  tidal 
channels.  Toe  ditches  along  the  landward  side  of  the  breakwater 
facilitate  tidal  flows  between  channels in the  marsh  and  the 
culverts. In addltlon,  the  project  raises  the  Reserve  road 
nominally  to  provide  an  inshore  still-water  protection  dyke. A new 
pump-floodbox  station  at  the  intersection  of  Brandrith  and  Reserve 
roads,  to  meet  the  drainage  requirements  of  the  surrounding 
farmland, is also  included. A proposed 800 ft. (243.8 m) 
interconnecting  ditch  between  drainage  areas  of  the  salt  marsh  has 
been  deferred  for  two  years  pending  review  of  inundation 
monitoring.  Detailed  design  plans  are  not  included in this  report 
but  are  available  from IW/L. 
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111. ENVIRONMENTAL  FOLLOW-UP 

A .  Requ i red   M i t i ga t i on  and  Conformance 

Dur ing  the  formal   env i ronmenta l   screening o f  t h e   p r o j e c t ,   r e q u i r e d  

m i t i g a t i n g  measures  were i d e n t i f i e d  by the  Depar tment   o f   F isher ies 

and Oceans (DFO), Canadian W i l d l i f e   S e r v i c e  (CWS) and B.C. F i s h  and 

W i l d l i f e  Branch (F&WB). These were   incorpora ted   dur ing   p ro jec t  

c o n s t r u c t i o n ,   t o g e t h e r   w i t h   t h e  t e r m s  and c o n d i t i o n s   p e r t a i n i n g   t o  

m i t i g a t i o n   g i v e n   i n   t h e  Tender Document (1985).  These m i t i g a t i n g  

measures  were  observed  and  documented f o r  conformance  dur ing  the 

approx imate ly  35 s i t e  v i s i t s   i n i t i a t e d  under  the  environmental  

s u r v e i l l a n c e   a c t i v i t y   o f   t h e   p r o j e c t .  The r e s u l t s   o f   t h i s   a c t i v i t y  

a re  summarized i n  Table 1 and the  accompanying  Plates  (1-14).  For 

more d e t a i l s  on m i t i g a t i o n ,  IW/L Screenlng  Report No. WPM-85-01 and 

the  Tender Document (1985)  should be consul ted.  

The m i t i g a t i n g  measures s t ipu lated  by  the  government   resource 

agencies  were  implemented  as shown i n  Table  1.   For  the  most  part  

t h i s  was per formed  expedi t ious ly  and f rom  the  onset   o f   the 

c o n s t r u c t i o n   a c t i v i t y .  However, as mentioned i n  Table  1, a few 

dev ia t i ons   were   i den t i f i ed   immed ia te l y ,  due t o  IW/L s u r v e i l l a n c e  

a c t i v i t y ,  and  were r e s o l v e d   o r   r e c t i f i e d  as requ i red .  These 

deviat ions  were as fo l l ows .  

1 .   Dur ing   cons t ruc t ion   o f   the   sou thern   sec t ion  o f  the  breakwater ,  

waste  mater ia l  had been s idecas t  on t o p   o f  a windrow  remaining 

f rom  the 1975 cons t ruc t i on .   A l though   th i s   s idecas t   ma te r ia l  was 

removed  by t h e   c o n t r a c t o r   t o   p r e - 1 9 8 5   c o n d i t i o n   ( P l a t e   1 5 ) .  DFO 

and F&WB also  requested  removal o f  t he  1975 m a t e r i a l   t o   g r a d e  

l e v e l .   T h i s   a d d i t i o n a l  work was c a r r i e d   o u t   ( s e e   P l a t e   1 6 )   t o  

t h e   s a t i s f a c t i o n  o f  DFO and F&WB. 
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TABLE 1 

SUMARY OF HAJOR MITIGATING HEASURES AND CONFOR)4ANCE. 
Note DFO - Department of  Fisheries and  Oceans, CWS - Canadian Wi ld l i fe  Service 

and FBWB - B.C. Fish and Wi ld l i fe  Branch 

Hit igat ing Heasures Specified Agency  Conformance Plate No. 

1. Construction Timing 
In-water ac t i v i t i es   t o  be undertaken 
September 1 t o  February 2 8 ;  no 
objection  to carmencement o f  
controlled  construction  activit ies 
i n  mid-July. 

2. Site  Preparation 
a) Clearing and str ipping  for  the 

breakwater t o  be confined to  
area between waterside and 
1 andsi de toes. 

b) Pushing, stockpi 1 i ng or burning 
o f  any debris  or waste material 
on sa l t  marsh or mud f l a t  not 
permi t ted. 

3. Breakwater Construction & Road  Base 
Preparation 
a) A l l  borrow material  other than 

fran land-based sources t o  be 
referred  to DFO. 

b)  Sidecasting  or  stockpiling  of 
fill material,  topsoil and waste 
material  not  permitted on mud 
f l a t  or sa l t  marsh. 

c) Rip-rap placed t o  avoid  burial 
o f  marsh along  the seaside toe 
of the breakwater. 

DFO and 
F8WB 

OF0 and 
cws 

DFO and 
c#Js 

DFO 

DFO and 
cws 

OF0 and 
FBWB 

1. 
Construction began af ter   July 5,  1985 - 
on high ground along 1975 dyke 
a1 ignment. In-water ac t i v i t i es  such 
as excavation fo r  bank protection 
were  done from la te  August  on  and 
during  low-tide  periods  to  minimize 
sediment generation. 

2. 
a) Ac t iv i t y  remained within  the  confines 1 

of the staked toe area except fo r  an 
i n i t i a l  problem on the southern 
section of the breakwater which was 
remedied (see p. 7 ) .  

b) Debris and waste material were kept 
within staked  toe area and trucked 
o f f - s i   t e  to  an approved disposal s i t e  
on the  Indian Reserve. 

3. 

a) All borrow material was fran land - 
based sources. 

b) Waste material was hauled out  to 3 & 4  
approved disposal  site. F i l l  and 
topsoi 1  hauled i n  as needed. Some 
i n i t i a l  problems o f  encroachment  on 
sa l t  marsh by road base preparation 
were corrected (see p. 14). 

c)  Construction method fo r  slope 
preparation and p l a c k n t   o f   r i p - r a p  
avoided bur ia l   o f  marsh. Haterials 
were unloaded on breakwater and 
placed on slope by backhoe. 

2 

5 
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TABLE 1 (Continued) 

Hi ti gat i ng kasures Speci f i ed  Agency  Conformance  Plate No. 

d) To prevent  erosion  and  sediment 
generation,  place  fill  and 
compact it imnediately  following 
stripping  and  clearing; 
grass-seed  lands1  ide  and  rip-rap 
seaside  slopes  as  soon  as 
possible. 

4. Toe Ditches  and  Culvert  Installation 
a)  Waste  material  from  toe  ditch 

excavation  be  removed  from  site 
to  approved  disposal  area. 

b) Invert  of  culverts  and  toe 
ditches  not  higher  than  invert 
of  dendri ti c channel s . 

c)  Dendritic  channels  blocked  off 
during  1975  dyke  construction  be 
opened  to  culverts  and  ditch 
system. 

5. Floodbox/Punpstation  Construction 
Care  to  minimize  release  of 
sediment during placement  and 
removal  of  cofferdams. 

6. Dredqi ng Floodbox/Punpstation 
Outfall  Channel 
Care  to  minimize  release  of  si 1 t or 
silt-laden  water  into  the  main 
channel. 

DFO d) -lied  as  expeditiously as possible 6 
but some delay in seeding  due  to 
inclement  weather in fall  of  1985. 
Rip-rap  was  placed  before  the high 
tides  and  storms  of  fall  of  1985. 

4. 
DFO and  a)  Waste  material  was  hauled  to  approved 
cw5 disposal  site  on  the  Indian  Reserve. 

DFO b) Culverts  assembled  next  to  site, 
lowered  into  place by dragl  ine  and 
surveyed  to  meet  designated 
elevations  as  approved by DFO. 

- 

1 to 10 

DFO  and  c)  Blocked  dendritic  channels  within  the 
cw5 culvert/di  tch  system  were  opened. 1 1  8 12 

5. 
Cofferdams  placed  above  and  below work 

DFO  area  at  low  tide  and  removed  after 
floodbox  canpletion  at  low  tide  to 
prevent  sediment  generation.  Water  from 
existing  drainage  system  bypassed 
construction  area  and  discharged  over 
grassed  area  below  construction  area  to 
reduce  erosion  and  sediment  generation. 

6. 

Dredging  done  at  low  tide by a dragl  ine  13 8 14 

disposal  site  on  Indian  Reserve. 
DFO  and  dredgate  disposed  at  approved 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

P L A T  X 1 8 July  1985 

Backhoe  used alongslde  the  bul ldozer for s t r l p p l n g  
a c t l v l t y   t o  ensure  better  edglng  control   a long  the 
staked  toes o f  the  breakwater. 

P L A T  X 3 8 Ju ly  1985 

Debrls and waste mater la l  were p i l e d  and kep t   w l th ln   t he  
stacked  toes o f  the  breakwater.  Disposal was t o  an 

done on-slte. 
ln land  lnd lan  Reserve s l t e .  No burnlng of debr ls  was 

P L A T  X 3 22 July  1985 

Near the  malnchannel. h e r e   t h e r e  w s  no p r e b u l l t  1915 
base, the backhoe w r k e d  fron the  constructed base pad 
and d l d   n o t  encroach on the marsh  beyond the  staked  toes 
o f  the  breakwater. There was no s lde   cas t lng   o r  
s t o c k p l l l n g  of mater ia l  as t rucks  would  haul I n  f l l l  and 
on r e t u r n   t r l p  would  haul  out  excavated  material t o   t h e  
approved dlsposal   s l te.  

P L A T x 4 21 September  1985 

Placement o f  t o p s o l l  on the  lands l lde  s lope  o f   the 
breakwater.  Topsoil was trucked l n  as  needed (no 
s tockp l le  on the marsh)  and  scooped from the   t ruck   w l th  
a  backhoe  and p laced   d l rec t l y  on the  slope. 

Note  area  adjacent t o   l a n d s l l d e   t o e  o f  breakwater  can  be 
seen revegetat ing  af ter   remedlal   act lon removed mater ia l  
pushed  beyond staked  toe  (see  section 111.A.2). 

."..,i. ." , ' .. 

j 
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P L A T E 5 20 September  1985 

TO prevent  lmpacts and b u r l a l   o f   t h e  marsh a long  the 
seaslde  toe. a l l  bank pro tec t lon  work was done w l th   a  
backhoe  and trucks  working from the  top   o f   the  
breakwater. The toe  t rench was excavated  durlng lou 
t i d e   t o   p r e v e n t  sedlment  generation.  Excavated  material 
wa5 e i t h e r  used  as t o p s o i l   o r  f i l l .  as su l tab le .  

. .. 

P L A T E 6 2 June  1986 

The landsl lde  s lopes of the  breakwater were  grass-seeded 
I n   e a r l y  1986 a f t e r  some delay due t o   l n c l e n e n t  weather 
(heavy ra lns  and f r o s t )   I n   t h e  autumn o f  1985. Note  the 

d a l l y  t lda l   ac t lon   th rough the   cu l ve r t  I n   t h e  background. 
lack o f  vegeta t lon   In   the  c o l l e c t l o n  d l t c h  due t o   t h e  

PI, A T  E 7 12 Ju ly  1985 

Tecnporary cu lver ts  were l n s t a l l e d   a t  two dendrltqc 
channels  whlch had  been  reopened t o   t h e  sea f 0 l l W l n g  
the 1915 par t la l   dyk lng .   Th is  ensured  rnalntenance of 
the  s ta tus quo o f   t h e  marsh I n   t h i s  area p r l o r   t o   t h e  
I n s t a l l a t l o n  o f  the  large  arch  cu lver ts .  

t ype   cu lver ts .  The breakwater was excavated t o   t h e  
I n s t a l l a t l o n  of galvanized  (asphalt-coated)  arch  plate 

drslgnated  surveyed  depth  ensurlng  proper  drainage 
b r t u e n   d e n d r i t l c  channels, toe dl tchas and cu lver ts .  



P L A T  c 9 12  September  1985 

Durlng the lnstallatlon  of  culverts  excavated  materlal 
was stockpllad  on  the  breakwater  for  later use In 
backfllllng. 

P L A T 8 10 20 September  1385 

Installed  slngle  arch  culvert  deplctlng  the  system  of 
dendrltlc  channel (left). toe  dltch  (centre)  and  culvert 
(rlght). 

i 

P L A T  E 11 29 August 1985 " 

~~ -~ ~ ~~ ~ 

r m v e d  by dragline  and  dlrect  tldil  -exchange  was 

P L A r c 11 6 December 1985 

Vlew of  opened  dendrltlc  channel of Plate 1 1  once tldal 
exchange had been  restored  [photo  taken  durlng  an 
observed tide  of 5.6 ft (1.71 m) GCS at  Polnt Atklnson]. 

I n L 
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P L A  T E 13  21 September 1985 

O u t f a l l  channel  below  the  floodbox/pumpstation  showing 
t h e   s i l t e d - l n   c o n d l t i o n   t h a t  had b u l l t  up over  the 
years.  Dredging of 100 ft. (213 .4  m) o f  channel  bottom 
was requested t o   p r o v i d e  an ef fect lve  low-level   dralnage 
channel t o   t h e  sea. 

P L A T E 14 9 October 1985 

The o u t f a l l  channel was dredged w l t h  a d rag l lne  
operatlng  from moveable  pads on the  channel bank, thus 
pro tec t ing  marsh vegetation from damage. Dredged 
m a t e r i a l   ( s o f t   s l l t )  was  nmved by t h e   d r a g l i n e ,   i n  a 4 
day perlod. i n  progressive  steps  within  the  channel with 
f i n a l   t r u c k l n g   f o r   d i s p o s a l   a t  an  approved  disposal s i t e  
on the Reserve.  Release o f   s i l t   i n t o   t h e  main  channel 
was mlnimlzed by operat lng  a t   low- t ide  on ly .  

P L A T E IS 6 Decemher 1985 

Vlew  of the  sldecast  area  remainlng  from 1915. 

P L A T E 16 28 February 1986 

view of  the same sldecast  area as s h m  above (P la te  15) 
but  af ter   remedial  work t o  remove the  wlndrm  remaln lng 
from 1975 sldecastlng. 
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2. A t  ano the r   l oca t i on ,   was te   ma te r ia l  was pushed  beyond the   s taked 

l a n d s i d e   t o e  of the  breakwater  and  covered  marsh  vegetat ion 

( P l a t e  1 7 ) .  Remedial a c t i o n  was immediately  taken. The waste 

m a t e r i a l  was removed w i t h  due c a r e   n o t   t o   a l t e r   t h e   u n d e r l y i n g  

v e g e t a t i o n  and  disposed o f  a t  an  approved s i t e  on the  Reserve. 

T h i s   a r e a ,   a s   i l l u s t r a t e d   i n   P l a t e  4 ,  qu ick l y   revege ta ted  

w i t h o u t   f u r t h e r   i n t e r v e n t i o n .  

3 .  There was a l s o  some encroachment  by f i l l  m a t e r i a l  on t h e  marsh 

s ide   o f   t he   Reserve   road   du r ing   t he   road   base   p repara t i on   [ i e .  

r a i s i n g   t h e   r o a d   n o m i n a l l y   t o  an e l e v a t i o n  o f  8.8 f t .  (2.68 m) 

GSC]. T h i s   o c c u r r e d   a t   t h e   j u n c t i o n  o f  Highway 17 and t h e  

Reserve  road,  and a t  4 l a y   b y s .  I n  a d d i t i o n ,   c o n s t r u c t i o n  o f  

t h r e e   R e s e r v e   p a r k i n g   l o t s   ( u n a s s o c i a t e d   c o n s t r u c t i o n   a c t i v i t i e s  

but   under taken  by  the same p r o j e c t   c o n t r a c t o r )   d i d   r e s u l t   i n  

some encroachment  on  marsh h a b i t a t .  Remedial a c t i o n   i n  terms o f  

m o d i f i c a t i o n s   t o   t h e   e x t e n t   o f  f i l l  was u n d e r t a k e n   t o   t h e  

s a t i s f a c t i o n  o f  DFO. 

4. D u r i n g   i n s t a l l a t i o n  o f  a d o u b l e   c u l v e r t  on t h e   n o r t h e r n   s e c t i o n  

o f  the  breakwater,  OF0 r a i s e d  some concerns   respec t ing   the  

a l ignment  o f  t h e   c u l v e r t s   e s p e c i a l l y   i n   r e l a t i o n   t o   t h e   s e a s i d e  

dra inage  channel   (P late  18) .  I t  was f e a r e d   t h a t   t h e  

o f f -a l ignment   wou ld   p romote   the   e ros ion  o f  the  seas ide  channel ,  

and p o s s i b l y   l e a d   t o   t h e   c r e a t i o n  o f  a  new dra inage  channe l   a t  

t h e  expense o f  marsh h a b i t a t .  An on -s i t e   mee t ing   t o   add ress  

t h i s   i s s u e  was immediately  arranged among DFO, IW/L and 

consu l tan t   p ro jec t   eng inee rs .  A d e c i s i o n  was  made o n - s i t e ,   w i t h  

no p ro jec t   de lays ,   t o   l eave   t he   a l i gnmen t  as  proposed  but 

p rov ide 'adequate   r ip - rap   p ro tec t ion   to   the   seas ide   channe l   banks  

a d j a c e n t   t o   t h e   c u l v e r t s .  All work was done as DFO requested. 

Fo l l ow-up   i nspec t i on  i n  December 1986  found  no  erosion  had 

occurred. 
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P L A T E  17 10 Ju ly  1985 

Vleu of the  s t r lpped  mater la l  pushed onto  the marsh 
beyond the  stacked  landslde  toe of the  breakwater. 

. .  

. .  . .  

P I, A T E IU 13  September  1985 

On-slte  meetlng between DFO. IWlL  and consul tant   project  
engineers of ASSoClated Englneer lng  Llnl ted t o  resolve 
OF0 concern u l t h   t h e   a l l g n m n t  o f  a  double  culvert .  
Natural  seaslde  dralnagt  channel I n  background. 

P L A z E 19 13  September  1985 

Oredglng of a  natural  seaside  channel  at  a  double 
cu lver t   loca t lon .  The drag l lnc  used mveable pads and 
uorked a t   l o u - t l d e .  

,, . 

P L A T E  ao 

A water  level  gauge, set   at   geodet lc datum, used t o  
w n l t o r   s a l t  marsh t i da l   l nunda t lon .  See sect lon on 
lnundatlon  Wonltorlng. 
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5 .  The seas ide   t i da l   channe ls   a t   t he   doub le   cu l ve r t s   were   heav i l y  

laden  w i th   so f t   sed iments  and  were  up t o  0.5 m above the   seas ide  

i n v e r t   o f   t h e   c u l v e r t s .   I n   o r d e r   t o   p r o v i d e   u n r e s t r i c t e d   t i d a l  

f l o w   t h r o u g h   t h e   c h a n n e l s   s e r v i c i n g   t h e   c u l v e r t s ,  DFO granted 

permiss ion   to   d redge  the   channe ls  wi th  a d r a g l i n e .  The work was 

per formed  as  fo l lows  to   min imize  env i ronmenta l   impacts   on  the 

marsh  and  water  qual i ty:  

- the   d redg ing  was done a t   l o w   t i d e   o n l y  and wi th  a d r a g l i n e  

s i t t i n g  on  moveable  pads t o   p r e v e n t  damage t o  marsh 

vege ta t i on   ( see   P la te   19 ) ;  

- the  work was s t a r t e d   f r o m   t h e   t i d a l   f l a t   a r e a   w o r k i n g  

towards   the   cu lver t .   Excavated   mater ia l  was  moved w i t h i n  

t h e   c h a n n e l   a r e a   u n t i l  i t  cou ld  be  loaded i n t o   t r u c k s   o n   t h e  

breakwater; and, 

- the   excavated   mater ia l  was d i s p o s e d   o f   a t  an  approved s i t e  

o u t s i d e   t h e   t i d a l   f l a t   a r e a .  

The work was done q u i c k l y  and r e s u l t e d   i n   n e g l i g i b l e   i m p a c t s  t o  

the   fo reshore  marsh. 
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6. I nunda t ion   Mon i to r i nq  and Resu l ts  

a.   Pre-Construct ion  Inundat ion 

The 200-acre  (81  ha)  accretion  between  the  Roberts Bank and 

Fe r ry  causeways  and  west o f   t h e   I n d i a n  Reserve  road i s  commonly 

known  as t h e  Tsawwassen s a l t  marsh. The highest  ground i n   t h e  

marsh  area i s  t h e  Tsawwassen Ind ian   Reserve   road  [e leva t ion  

7-8 f t .  (2.1-2.4 m) GSC]. The s a l t  marsh  has i n t e r n a l   r i d g e s  

[about 4.5 f t .  (1.37 m) GSC e l e v a t i o n ]   w h i c h   d i v i d e   t h e  marsh 

i n to   f ou r   d ra inage   a reas :   no r the rn ,   wes te rn ,   cen t ra l  and 

southern   wh ich   d ra in   th rough  t ida l   channe ls   on to   the   ad jacent  

Roberts Bank t i d a l   f l a t s   ( s e e   F i g u r e   3 ) .  A t  t i d a l   e l e v a t i o n s  

g rea te r   t han  4.5 f t .  (1.37 m) GSC an overf low  occurs  across 

t h e s e   i n t e r n a l   r l d g e s .  

As a r e s u l t  o f  c o n s t r u c t i o n   o f   t h e  1975 p a r t i a l l y   c o m p l e t e d  

dyke,   w i th  an  average  e levat ion  o f   approx imate ly  7 .0  f t .  

(2.13 m) GSC, t i d a l   b l o c k s  had r e s u l t e d .  The nor thern   a rea  was 

i so la ted   f rom  i nunda t ion   excep t  when t i d e s  exceeded  4.5 f t .  

(1.37 m) GSC 114.0 f t .  (4.27 m) t i d e s ]  and s p i l l - o v e r   f r o m   t h e  

c e n t r a l   a r e a   o c c u r r e d .   S i m i l a r l y  a seaward b a r r i e r  was c rea ted  

across   the   wes tern   a rea .   Most   o f   the   dendr i t i c   t ida l   channe ls  

were  blocked i n   t h i s   a r e a   e x c e p t   f o r   t w o   w h i c h  were  reopened, 

a f t e r   t h e  1975 s top-order , '   to   permi t  some t i d a l  exchange. The 

main t i d a l  channe l   ca r ry ing   seawate r   i n to   t he   cen t ra l  and 

southern  areas was untouched  by  the  previous  (1975)  dyking. 

Pas t   s tud ies   descr ib ing   the   vegeta t ion   o f   the   sa l t   marsh   were  

c a r r i e d   o u t  by H i l l a b y  and Bar re t t   (1976)  and  Olmsted  and  Fink 

(1982).  Vegetation  mapping  by Moody (1986)  detected 

successional  change  toward  more t e r r e s t r i a l  communities i n   t h e  

n o r t h e r n  and western   sec tors   s ince  1975,  as a r e s u l t  o f  l i m i t e d  

w e t t i n g   o f   t h e   s a l t  marsh i n  these  areas. 
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b. I nunda t ion   Mon i to r i ng  

During  the  environmental  review  phase,  the  Department  of 

F i she r ies  and Oceans (DFO)  was concerned   tha t   t he   f l ood  

protect ion  breakwater   des ign  could  reduce  the  water   exchange i n  

the  marsh.  Accordingly DFO spec i f ied   two  a reas  o f  fo l low-up 

m o n i t o r i n g   t o  be under taken  dur ing   the   cons t ruc t ion   o f   the  

breakwater. 

1)  Breakwater Gap a t   t h e  Main  Tidal  Channel 

DFO recommended a moni toring program be integrated w i  th the 

staged construction  activit ies  to determine  the 

ef fect iveness   of  the design gap s i z e   i n  maintaining d a i l y  

t i d a l  f lows  to the marsh. 

DFO was concerned tha t   the   b reakwater  gap a t   t h e   m a i n   t i d a l  

channe l   m igh t   be   t oo   res t r i c t i ve  on incoming  t ides  i n  t h e  

range  o f  4 . 5  f t .  (1.37 m) GSC and t h e r e b y   a f f e c t   w a t e r  

l e v e l s  and d u r a t i o n   o f   I n u n d a t i o n   i n   t h e  marsh. DFO added 

t h e   s t i p u l a t i o n   t h a t  i f  mon i to r i ng   resu l t s   demons t ra ted   t ha t  

t i d a l   i n u n d a t i o n  was a l t e r e d ,   t h e n   m o d i f i c a t i o n s  t o  t h e  gap 

s i z e  would  have t o  be made. 

ii) I n t e r c o n n e c t i n g   D i t c h  

DFO recommended a maximum two year moni toring program be 

initiated  to  assess the e f f ic iency   o f  the reopened channels 

i n  the northern and western  areas i n  restoring pre-1975 
t i d a l  inundation  to  these  areas. 

The design had s p e c i f i e d   c o n s t r u c t i o n  o f  an  800 f t .  

(243.8 m) i n t e r c o n n e c t i n g   d i t c h   l i n k i n g   t h e   c e n t r a l  and 

nor thern   d ra inage  a reas   (F igure  2 ) .  The purpose was t o  

improve  the  inundat ion and t h e   f l u s h i n g   o f   w a t e r  and 

de t r i t a l   ma t te r   f rom  the   two   d ra inage   a reas  t o  t h e  sea. 

However, DFO subsequen t l y   reques ted   t ha t   t he   cons t ruc t i on   o f  
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t h e   i n t e r c o n n e c t i n g   d i t c h  be de fe r red  due t o   t h e   d i f f i c u l t y  

i n   g e t t i n g   c o n s t r u c t i o n  equipment t o   t h e   s i t e   w i t h o u t  

caus ing damage t o   t h e  marsh.  Another  reason  for   the 

deferment was t h a t  an i n t e r c o n n e c t i n g   d i t c h   c o u l d  become 

superf luous  once  the  b locked  channels i n   t h e   n o r t h e r n  and 

wes te rn   d ra inage   a reas   were   re tu rned   t o   f u l l   f unc t i on  by t h e  

c u l v e r t / t o e   d i t c h   s y s t e m .  DFO i n d i c a t e d   t h a t   t h e  need f o r  

t he   i n te rconnec t ing   d i t ch   wou ld  be determined  by  the  resul ts  

o f   the   mon i to r ing   p rogram.  

The monitoring  program  conducted was a j o i n t   u n d e r t a k i n g  

be tween  the   p ro jec t   consu l tan t   eng ineer  and IW/L 

env i ronmen ta l   s ta f f .  The d e t a i l e d   r e s u l t s   a r e   r e p o r t e d   i n  

the  Associated  Engineer ing  (1986)   post -const ruct ion 

h y d r a u l i c   r e p o r t .  The monitor ing  program was des igned  to :  

- observe   under   d i f fe ren t   p ro jec t   cons t ruc t ion   s tages ,  

wa te r   l eve l  changes i n   t h e  marsh f o r   t i d e s   i n   t h e   r a n g e  

o f  4 . 5  f t .  (1.37 m) GSC; 

- r e p o r t  on t h e   e f f e c t i v e n e s s   o f   t h e   g a p / c u l v e r t / t o e   d i t c h  

system i n   r e s t o r i n g ,   t o  p re -1975   cond i t i ons ,   t he   da i l y  

t i d a l  exchange t o  a l l   d r a i n a g e   a r e a s   o f   t h e  marsh. 

Water l e v e l  gauges set   a t   geodet ic   datum  (P late  20)   were 

i n s t a l l e d   a t   i n t e r n a l   c h a n n e l s   o f   t h e   s o u t h e r n ,   c e n t r a l  and 

nor thern  dra inage  areas as shown i n   F i g u r e  4 .  These gauges 

were  read  s imul taneously   a t   10  minute  in terva ls   dur ing  the 

r i s e  and f a l l   o f  a h i g h   t i d a l   c y c l e .  The readings  were 

taken on July  18,  August 27 and  November 1 5 ,  1985 when h i g h  

t i d e s  were   p red ic ted   to   reach  o r   exceed 4 . 5  f t .  (1.37 m) 
GSC. These mon i to r ing   da tes   a lso   cor responded  to   th ree  

d i f f e ren t   s tages   o f   comp le t i on   o f   t he   b reakwa te r /gap /cu l ve r t /  

t o e   d i t c h  system. The r e s u l t s   o f  the w a t e r   l e v e l   m o n i t o r i n g  

a long   w i th   t he   co r respond ing  marsh inundat ions   a re  shown i n  

F igure  4 .  
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c .   Const ruc t ion  and  Post -Construct ion  Inundat ion 

A t  a l l   t h r e e   d i f f e r e n t   s t a g e s   o f   c o n s t r u c t i o n   n e g l i g i b l e  

d i f f e r e n c e s   i n   w a t e r   l e v e l s  were  recorded i n   t h e   s o u t h e r n  and 

c e n t r a l   a r e a s   o f   t h e   m a r s h .   I n   p a r t i c u l a r ,   n o   d i s c e r n i b l e  

d i f f e r e n c e s   i n   w a t e r   l e v e l s   o c c u r r e d   a f t e r   t i d a l   f l o w s   i n   t h e  

a rea   o f   t he   ma in   channe l   were   res t r i c ted   t o   t he   des ign  gap 

(compare Ju l y   18  and  August 27 w a t e r   l e v e l s   i n   F i g u r e  4 ) .  On 

a l l   t h r e e   m o n i t o r i n g   d a t e s   t h e   o b s e r v e d   t i d a l  peaks i n   t h e  marsh 

a g r e e d   c l o s e l y , w i t h   t h e   r e c o r d e d   t i d a l  gauge s t a t i o n   r e a d i n g s   a t  

Point   Atk inson.  

A f t e r   t h e   c u l v e r t / t o e   d i t c h   s y s t e m  was c o m p l e t e d   d i r e c t   t i d a l  

access was r e s t o r e d   t o   t h e   n o r t h e r n   a r e a   b u t   w a t e r   l e v e l s   w e r e  

about 0.1 f t .  (3.05 cm) lower   than  those  recorded  a t   o ther  

gauges f o r  most o f  t h e   h i g h   t i d a l   c y c l e   ( s e e   F i g u r e  4 ) .  The 

d i f f e r e n c e  was almost  0.2 f t .  (6.10 cm) l ower   du r ing   t he  

20-mlnute peak f l o o d i n g   p e r i o d .   T h i s   d i f f e r e n c e   i n   w a t e r   l e v e l  

was l i k e l y  due i n   p a r t   t o   r e t a r d a t i o n   o f   t h e   s p i l l - o v e r   a c r o s s  

t h e   i n t e r n a l   r i d g e   b y  marsh  vegetat ion.  I n   a d d i t i o n ,   t h e  

i n v e r t s   o f   t h e   d o u b l e   c u l v e r t s   p r o v i d i n g   f l o w s   t o   t h e   n o r t h e r n  

area  were a t  a s l i g h t l y   h i g h e r   e l e v a t i o n  because  they  had  been 

p l a c e d   t o   s u i t   e x i s t i n g  marsh t i d a l  c h a n n e l   i n v e r t s .   U n t i l   t h e  

cu l ve r t / t oe   d i t ch   d ra inage   sys tem became o p e r a t i o n a l ,   i n u n d a t i o n  

o f   t h e   n o r t h e r n   a r e a  was dependent  on  overf low  across  the 

i n t e r n a l   r i d g e   f r o m   t h e   c e n t r a l   a r e a   [ a t   t i d a l   e l e v a t i o n  4 . 5  f t .  

(1.37 m) GSC o r   g r e a t e r ] .  The w e s t e r n   a r e a   s i m i l a r l y  depended 

on o v e r f l o w   f r o m   t h e   c e n t r a l   a r e a   b u t  had some d i r e c t   t i d a l  

access to   t he   f o reshore   t h rough   two   sma l l   t empora ry   cu l ve r t s  

i n s t a l l e d   d u r i n g   c o n s t r u c t i o n .  The c o m p l e t i o n   o f   t h e  

cu l ve r t / t oe   d i t ch   sys tem  g rea t l y   improved   the   i nunda t ion   o f   bo th  

o f   these  a reas ,  as shown by   the   approx imate   inundat ion   pa t te rn  

o f  November 15  (see  Figure 4 ) .  On t h a t   d a t e   t h e   h i g h   t i d e  was 

est imated  to   cover   between  66.8  to   70.8  ha  o f   the  81 ha marsh 

(AEL 1986) . 
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The a r e a l   e x t e n t   o f   t h e   i n u n d a t i o n  and movement o f  w a t e r   i n t o  

the  marsh i s   i l l u s t r a t e d   i n   P l a t e  21.  These panoramic  p ic tures 

show  a g e n t l e   t r a n s f e r   o f   w a t e r   t h r o u g h   t h e  gap i n   t h e  

breakwater   a t   the  main  channel   [a  maximum observed   ve loc i t y  o f  

2.8  f t . /sec  (0.8  m/sec) AEL 19861,  overbank  f low  of   the  channels 

and a gradual   spreading  of   seawater  through  the  marsh 

v e g e t a t i o n .   V e l o c i t i e s   i n   t h e   t o e   d i t c h e s ,   c u l v e r t s  and 

channels   a lso  appeared  to   be  low  [ less  than 3 f t . / s e c  

(0.9 m/sec) AEL 19861.  Dur ing  the  monitor ing  program  only a 

s l i g h t  head d i f f e r e n t i a l  was observed  across   the   cu lver ts ,  

c o n f i r m i n g   t h e  adequacy o f  t h e   s i z i n g   o f   t h e   c u l v e r t s .  

d .   Moni tor ing  Conclus ions 

The r e s u l t s  o f  t h e   m o n i t o r i n g   p r o g r a m   I n d i c a t e   t h a t   t h e   d e s i g n  

o f   t h e   f l o o d   c o n t r o l   w o r k s  has n o t   a l t e r e d   t h e   t i d a l   i n f l o w  and 

o u t f l o w   o f   t h e   s o u t h e r n  and cent ra l   a reas   o f   the   marsh .  The 

exchange o f   w a t e r   i n   t h e   n o r t h e r n  and  western  areas i s  v i r t u a l l y  

r e s t o r e d   t o   n a t u r a l   ( p r e - 1 9 7 5 )   c o n d i t i o n s   b y   t h e   c u l v e r t s ,   t o e  

d i t c h e s  and the   dendr i t i c   channe ls  opened t o  them.  During ebb 

t i d e   c y c l e s   t h e   r e t u r n   f l o w s   t h r o u g h   t h e   i n s t a l l e d   c u l v e r t s   f a n  

o u t   o n t o   t h e   t i d a l  mud f l a t s .  These resu l ts   were   re -conf i rmed 

by   he l i cop ter   survey  o f  t h e  marsh d u r i n g  a p r e d i c t e d   P o i n t  

A t k i n s o n   h i g h   t l d e  o f  5.3 f t .  (1.61 m) GSC on November 7, 1986. 

However, a e r i a l   s u r v e y   d i d   r e v e a l   t h a t   t i d a l  exchange o f   t h e  

no r the rn   a rea   cou ld  be  even f u r t h e r  enhanced  by  extending  the 

t o e   d i t c h   n o r t h  beyond t h e   d o u b l e   c u l v e r t   t o   i n c l u d e   t w o   b l o c k e d  

channels .   Th is   extens ion o f  t h e   t o e   d i t c h   i s   u n d e r   r e v i e w   b y  

the  resource  agencies.  An added b e n e f i t   o f   t h e   t o e   d i t c h  

extension  would  be t o   ' e l i m i n a t e   c o n d i t i o n s   w h i c h  now  make t h i s  

a rea   p rone  to   mosqu i to   rear ing .  
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IV. POST PROJECT-ENVIRONMENTAL ANALYSIS 

A .  E r o s i o n   P r o t e c t i o n  

H i s t o r i c a l   s t u d i e s  have  used a e r i a l   p h o t o g r a p h s   t o   e s t a b l i s h   w h e t h e r  

t h e   l e a d i n g  edge  and a r e a l   e x t e n t   o f   t h e  Tsawwassen s a l t  marsh  has 

changed  over  t ime.  Medley  and  Luternauer  (1976)  compared  aerial 

photographs  spanning a 20-year  period  from  1954  and  observed a 

r e t r e a t   o f  some 20 m o f   t h e  seaward  edge o f   t h e   s a l t  marsh. Beak 

(1977) compared  1932  and  1977 ae r ia l   pho tog raphs  and reported  an 

approximate  15  ha  reduction i n  marsh   a rea .   A l though  th is   re t rea t  

was o c c u r r i n g   a t   c e r t a i n   s i t e s   p r i o r   t o   c o n s t r u c t i o n   o f   t h e   F e r r y  

Causeway (1960)  and  Roberts Bank Superport   (1970),   Luternauer  (1976) 

conc luded  tha t   the   Rober ts  Bank Superport  causeway probably  
c o n t r i b u t e d   t o   t h e   a p p a r e n t   r e t r e a t   b y   b l o c k i n g   o r   d e f l e c t i n g   t h e  

suspended  sediment  which  wou'ld  have  migrated i n t o   t h e   a r e a .   T h i s  

i s o l a t i o n   o f   t h e  Tsawwassen s a l t  marsh  f rom  longshore d r i f t  and 

r i v e r   s e d i m e n t a t i o n   p r o c e s s e s   i s   c l e a r l y   v i s i b l e   i n   F i g u r e  1 .  

Desp i te   t he  documented h i s t o r i c a l   r e t r e a t   o f   t h e  Tsawwassen s a l t  

marsh, Moody (1985)   be l i eved   t ha t ,   apa r t   f r om some e r o s i o n   a t   t h r e e  

l o c a t i o n s ,   t h e   l e a d i n g  edge o f   t h e  marsh  had  remained s t a b l e   s i n c e  

1975. The Department o f   F i s h e r i e s  and Oceans (Ennis  1983) when 

rev iew ing   t he   p roposed   f l ood   con t ro l   op t i ons ,  was no t   conv inced  tha t  

t h e r e  was any apprec iab le   ne t   l oss   o f   t he   marsh   occu r r i ng .   Ye t ,   i n  

1976, t h e   t r u n c a t i o n  and c o l l a p s e   o f   t h e   l e a d i n g  edge o f   t h e   s a l t  

marsh  near   loca l   promontor ies had  been noted  by  Luternauer  (1976).  

These same erosional  processes  were still observed  by  the  authors i n  

1984, p r i o r   t o   t h e   c o n s t r u c t i o n   o f   t h e  Tsawwassen Ind ian  Reserve 

F lood  Contro l  Works (compare  Plate 22 and Plate  23) .  



~ "_ 
P L A l ' 1  U 

1976  photograph o f  the  actlve  process of truncatlon  and 
collapse of the  leadlng edge of the Tsawassen salt 
marsh  near local prcmntorles (photo  courtesy of J.L. 
Luternauer.  Geologlcal  Survey of Canada.  Vancouver. 8.C.) 

P L A Z ~  1 3  

1986 photograph  lllustratlng  the same 1916  erortonal 
processes shmm above. The survey  pln  demarcates  the 
'leadlng  edge of the local prolpntory  as of June 2. 1986. 

P L A T .  24 

Photograph of the S a m  locatlon  and  reference  pln s h w  
ln Plate 24 above, but taken  approxlmately 8 m n t h s  

p r m n t o r y  had  eroded back by 35.1 cm. 
later  on  February 5. 1987. The leadlng  edge of the 

P L A T S  35 

map the  leadlng  edge of the  Tsaluassen  salt  marsh  on  the 
Illustration of the  eroslon  survey  technlques  used  to 

seastde o f  the  breakwater  (photo  Aprll 23. 1986). 
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To con f i rm   these   obse rva t i ons   o f   p rog ress i ve   e ros ion ,   base l i ne  

surveys  were  conducted  using a survey  inst rument   (Kern K1-RA 

Theo lod i te )   se t  on  bench  marks  estab l ished  on  top  o f   the  breakwater  

(see  P late  25) .  The c o n f i g u r a t i o n  and l o c a t i o n   o f   t h e   l e a d i n g  edge 

of  the  marsh was  mapped a t   f o u r   s e l e c t e d   a r e a s ,   s u c h   t h a t   f u t u r e  

d e t a i l e d   r e s u r v e y   c o u l d   p r o v i d e   q u a n t i f i c a t i o n   o f   e r o s i o n   ( s e e  

F igure  5 ) .  The surveys  were  carr ied  out  between  Apr i l   15  and 

May 30, 1986. 

Dur ing   the   base l ine   surveys  a t o t a l   o f  seven s tee l   rods   were   a lso  

i n s t a l l e d  and  surveyed i n  as   re fe rence  p ins   to   demarca te   the   lead ing  

edge o f   l oca l   p romon to r ies .  The re fe rence  p ins   were   loca ted  23 t o  

75.5 m f rom  the   t op   o f   t he   b reakwa te r .   A f te r   app rox ima te l y   e igh t  

months, i nspec t i on   o f   t he   re fe rence   p ins   i nd i ca ted   measurab le  

e r o s i o n  had a l ready   occu r red   a t   p romon to r ies   i n   t he   f ou r   a reas .  

The e r o s i o n  measured a t   a r e a  one was 2 and  12.5 cm, a t   a rea   two,  

30.5 and 35.7 cm, a t   a r e a   t h r e e  10.7 cm and a t   a r e a   f o u r  3.7  and 

26.9 cm. A comparison  of   photographs  taken  of   the same re fe rence 

p i n   a t   a r e a  two shows  how t h e   l e a d i n g  edge o f   the   p romontory  had 

eroded  back  by  35.7 cm (compare P l a t e  23 and Plate  24) .  

The i n i t i a l   o b s e r v a t i o n s   i n d i c a t e   t h a t   t h e   e r o s i o n   o f   m a r s h  

promontor ies i s  p rog ress ing ,   p robab ly   due   t o   t he   f ocus ing   o f  wave 

energy. I f  t h e   h e t e r o g e n e i t y   o f   m a r s h   m a t e r i a l   i s   p r e v e n t i n g  a 

s t a b l e  marsh f r o n t   f r o m   b e i n g   e s t a b l i s h e d   t h e n  i t  i s   l i k e l y   t h i s  

e r o s i o n  will con t inue   un t i l   a r res ted   by   t he   new ly -cons t ruc ted   f l ood  

cont ro l   b reakwater .  The breakwater will then  serve   to   secure   the  

a r e a l   e x t e n t   o f   t h e  marsh now p ro tec ted   by  it. 

b 
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B .  E c o l o g i c a l   I n t e g r i t y   o f   t h e   S a l t  Marsh 

P r e s e r v a t i o n   o f   t h e   T s a w a s s e n   s a l t   m a r s h ,   t h e   l a r g e s t  marsh o f   i t s  

t y p e   i n   t h e   F r a s e r   R i v e r   e s t u a r y ,   i s  an a d d i t i o n a l   m a j o r   b e n e f i t  o f  

t h e   f l o o d   c o n t r o l   p r o j e c t .  By f a c i l i t a t i n g   t i d a l  exchange  between 

t h e   s a l t  marsh  and t h e   a d j a c e n t   t i d a l   f l a t s ,   t h e   p r o j e c t ' s   d e s i g n  

will reverse a t rend  towards  an  upland  plant  community.   Further,  

f i sh   a re   p rov ided   access  t o  t i d a l   c h a n n e l s ,   t h e   p o s s i b i l i t y   o f   f i s h  

s t rand ing  i s  prevented and d e t r i t a l   i n p u t s   t o   t h e   n e a r b y  mud f l a t s  

a r e  e n h a n c e d ,   t h u s   c o n t r i b u t i n g   t o   p r o d u c t i v i t y   i n   t h e   e s t u a r y .  

P e r m i t t i n g   f u l l   t i d a l   i n u n d a t i o n   e n s u r e s   t h a t   t h e   i m p o r t a n t   r o l e   o f  

t h e  marsh i n   t h e   c o n t e x t   o f   f i s h - f o o d   c y c l e s  i s  p ro tec ted .  The 

p rese rva t i on  o f  t h e   e c o l o g i c a l   f u n c t i o n i n g  o f  t h e   s a l t  marsh - t i d a l  

mud f l a t  ecosystem will a l s o   s e c u r e   t h e   q u a l i t y   o f   h a b i t a t   u t i l i z e d  

by f i s h   s p e c i e s ,   l a r g e  numbers o f   g rea t   b lue   herons  and o the r  

w i l d l i f e .  The n e t   e f f e c t s  o f  t h e   p r o j e c t  will be an o v e r a l l  

improvement t o  t he   p roduc t i ve   capac i t y  o f  t h e   s a l t  marsh  and es tuary .  

C .  Summary Statement 

The Tsawassen  Ind ian  Reserve  F lood  Contro l   Pro ject   repor ted on here 

demonstrates a  model approach t o   t h e   r e s o l u t i o n  o f  f l o o d   c o n t r o l ,  

s o c i a l  and e n v i r o n m e n t a l   c o n f l i c t s .  The approach  and  resul ts 

achieved  are  complementary t o   o t h e r   f e d e r a l   w e t l a n d   p r o t e c t i o n  

s t r a t e g i e s  and cou ld  be a p p l i e d   i n   o t h e r   e s t u a r i n e  and coasta l   areas.  
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