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Mr. M. M. Wiggins, C h i e f , 
Water P l a n n i n g and Management Branch, 
I n l a n d Waters D i r e c t o r a t e , 
404, 1001 West Pender S t r e e t , 
Vancouver, B. C. 

Dear Mr. Wiggins, 

We take pleasure i n s u b m i t t i n g t h i s I n i t i a l Environmental 
E v a l u a t i o n of C h i l l i w a c k Indian Reserves Dyking Options. 

The C h i l l i w a c k Indian Reserves Dyking Proposal was r e g i s t e r e d 
(P-65) under the Environmental Assessment and Review Process w i t h the 
P a c i f i c R e gional Screening and C o o r d i n a t i n g Committee (RSCC) 25 September 
1975, and the attached i n i t i a l environmental e v a l u a t i o n (lEE) was 
prepared. 

The C h i l l i w a c k I n d i a n Reserves Dyking Assessment Review 
Committee c o n s i s t i n g of Lands D i r e c t o r a t e , Inland Waters D i r e c t o r a t e , 
Canadian W i l d l i f e S e r v i c e , and F i s h e r i e s and Marine S e r v i c e have had an 
o p p o r t u n i t y to review the f i n a l d r a f t of t h i s l E E . R e v i s i o n s suggested 
by committee members have been taken i n t o account. 

As t h i s l E E of a dyking p r o j e c t i s the f i r s t of i t s k i n d 
known to the authors, c e r t a i n s e c t i o n s have been expanded beyond the 
normal scope of an lEE i n order t h a t the r e p o r t might serve as a 
u s e f u l r e f e r e n c e document f o r f u t u r e environmental e v a l u a t i o n s of dyke 
and bank p r o t e c t i o n p r o j e c t s . 

In the p r e p a r a t i o n of t h i s r e p o r t i t became c l e a r t h a t there 
was a paramount need f o r an assessment of the cumulative e f f e c t s of 
dyking p r o j e c t s . Dyke and bank p r o t e c t i o n p r o j e c t s i n the Lower F r a s e r 
R i v e r each c o n t r i b u t e to the r e d u c t i o n of r i p a r i a n h a b i t a t i n t h a t 
system. Xyfhile each p r o j e c t i n i t s e l f may r e s u l t i n only a r e l a t i v e l y 
s m a l l l o s s of r i p a r i a n h a b i t a t , the cumulative d e s t r u c t i o n amounts to 
many m i l e s of r i v e r bank, thus i n t e n s i f y i n g the l o s s of e c o l o g i c a l , 
a e s t h e t i c and r e c r e a t i o n a l v a l u e s . 

P o p u l a t i o n estimates p r o j e c t an i n c r e a s e of approximately 6,000 
f o r the Township of C h i l l i w h a c k (1971-1986)* and 450,000 f o r the Greater 
Vancouver R e g i o n a l D i s t r i c t (1971-1986)**. As the p o p u l a t i o n expands, 

* " L i v i n g f o r Today and Planning f o r Tomorrow" C h i l l i w a c k Progress 
Supplement, S e c t i o n A, 1975, p. 7. 
The Greater Vancouver Regional D i s t r i c t . The L i v a b l e Region 1976-1986. 
Pro p o s a l s to Manage the Growth of Greater Vancouver. 1975. p. 4. 
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i n c r e a s e d pressure w i l l be placed on a v a i l a b l e lands f o r w i l d l i f e 
and r e c r e a t i o n a l use. Thus, w h i l e r e c o g n i z i n g the need f o r a d d i t i o n a l 
f u n d i n g , we recommend the f o l l o w i n g f o r f u t u r e dyking programs: 

(1) That a comprehensive dyke and bank p r o t e c t i o n program be developed 
to i n c l u d e a multi-purpose p l a n n i n g concept f o r dyke and bank 
p r o t e c t i o n areas i n order to preserve and enhance the e c o l o g i c a l , 
r e c r e a t i o n a l and a e s t h e t i c values of these areas. 

(2) That a v e g e t a t i o n program be e s t a b l i s h e d to preserve or p l a n t 
t r e e s , shrubs and ground cover i n dyke r i g h t s - o f - w a y , t o enhance 
them f o r w i l d l i f e h a b i t a t and r e c r e a t i o n as w e l l as a e s t h e t i c 
v a l u e s . Such a program would r e q u i r e more plan n i n g to determine 
such things as p l a n t s u i t a b i l i t y , p l a n t a v a i l a b i l i t y , c o s t s , 
e n g i n e e r i n g c r i t e r i a f o r dyke s a f e t y , and dyke maintenance problems 
( r e a l and t h e o r e t i c a l ) . A p i l o t p r o j e c t i n v e g e t a t i o n p l a n t i n g of 
dyke rights-of-way should be i n c o r p o r a t e d i n t o the C h i l l i w a c k 
I n d i a n Reserves dyking p r o j e c t . 

(3) That w i l d l i f e easements be e s t a b l i s h e d i n areas of dyke r i g h t s - o f -
way which are capable of p r o v i d i n g n a t u r a l h a b i t a t f o r w i l d l i f e . 

Yours t r u l y . 

AK/ja M. Anne K e r r 

Stephen P. Wetmore 
on b e h a l f of the 

C h i l l i w a c k I n d i a n Reserves 
Dyking Assessment Review Committee 
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GLOSSARY 

ac r e - f o o t : The volume or q u a n t i t y o f water r e q u i r e d to cover 
one acre to a depth o f one fo o t . 

a x i a l flow pump: A pump i n which flow i s s i t u a t e d around o r i n the 
d i r e c t i o n o f , on or along an a x i s . The h i g h 
r o t a t i o n a l speed and h i g h pressures under which i t 
operates r e s u l t i n f i s h k i l l s . 

b l a n ket (as i n drainage o r underseepage b l a n k e t ) : A l a y e r o f m a t e r i a l s 
used to reduce or c o n t r o l the i n t e n s i t y o f seepage 
and h y d r o s t a t i c pressures t o the land s i d e o f a dyke. 
Gen e r a l l y an impervious blanket ( s i l t y m a t e r i a l ) i s 
used on the r i v e r side to reduce the volume o f seepage, 
and a pervious blanket ( f r e e d r a i n i n g m a t e r i a l ) i s 
used on the land s i d e to allow c o n t r o l l e d outflow o f 
seepage without damage to the dyke. 

cofferdam: A temporary s t r u c t u r e which surrounds or p a r t i a l l y 
surrounds an area which must be dewatered (often by 
pump) f o r c o n s t r u c t i o n o p e r a t i o n s . 

f i l t e r : A l a y e r o f pervious m a t e r i a l w i t h a c o n t r o l l e d gradation 
of p a r t i c l e s i z e s , designed t o all o w f r e e e x i t o f 
seepage water from the adjacent m a t e r i a l v^?ithout 
m i g r a t i o n o f s o i l p a r t i c l e s from e i t h e r the adjacent 
m a t e r i a l or the f i l t e r . 

forebay: A small r e s e r v o i r or area o r l o c a l l y widened canal 
j u s t upstream o f pumping f a c i l i t y from which water i s 
taken to supply the pump. 

GSC: Geodetic survey o f Canada datum; zero GSC i s the 
same as mean sea l e v e l . 

headworks (of a r e l i e f w e l l ) : The top p o r t i o n o f the w e l l c o n t r o l l i n g 
the outflow; g e n e r a l l y that p a r t v i s i b l e above 
ground. 
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redd: The spawning ground or nest of various f i s h . 

r e l i e f w e l l : A well whose purpose i s to reduce hydrostatic 
(artesian) pressures above the ground surface that 
otherwise would cause formation of sand b o i l s and 
possibly subsurface piping. R e l i e f wells also 
intercept and provide controlled outlets for seepage 
that otherwise would emerge uncontrolled landward 
of the dyke. 

r e l i e f p i t s , r e l i e f trenches: Similar i n function to r e l i e f wells 
i . e . to reduce u p l i f t pressures from seepage forces, 
but t h e i r physical dimensions are d i f f e r e n t . 

revetment: 

screw pump: 

s l u r r y : 

swale: 

A facing (as of stone or concrete) to sustain an 
embankment - synonymous xvith r i p - r a p . 

A pump i n which flow i s forced upwards between s p i r a l 
blades fixed to a cylinder, by rot a t i o n of the 
cylinder. (An Archimedes screv';) . I t operates under 
a low ro t a t i o n a l speed and atmospheric pressure and 
thus allows for the safe passage of f i s h . 

A watery mixture of insoluble matter (as mud). 

A very shallow, wide trench (side-slopes often 10:1) 
to the landward side of a dyke. 

three inch (3") minus: Refers to the gradation of the material, i . e . 
graded from 3 inches in. diajneter downwards. 

turnouts: A space adjacent to a narrow road or dyke i n which 
vehicles may park or p u l l into to enable others to 
pass. 
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I. INTRODUCTION AND ACKNOWLEDGEMENTS 

The purpose o£ t h i s i n i t i a l environmental e v a l u a t i o n i s t o analyze 
the p o t e n t i a l e f f e c t s o f two p o s s i b l e dyke alignments f o r the C h i l l i w a c k 
Indian Reserves (Figure 1 and Appendix A) and t o recommend the b e s t 
o p t i o n . Dyking i n t h i s area i s planned under the C a n a d a - B r i t i s h Columbia 
F r a s e r R i v e r Flood C o n t r o l 1968 Agreement. The c r i t e r i a e s t a b l i s h e d by 
the F r a s e r R i v e r J o i n t Program Committee s p e c i f i e s p r o t e c t i o n a g a i n s t 
recurrence of r i v e r l e v e l s equal t o those of the computed 1894 f l o o d 
p r o f i l e p l u s two f e e t of freeboard t o accommodate wave a c t i o n and e r r o r s . 

One alignment f o l l o w s t h a t o f the e x i s t i n g dyke which runs south 
along Young Road from Minto Landing t o Hope R i v e r , t u r n s west along the 
south bank o f Hope R i v e r through Skwah Indian Reserve (I.R.) #4 t o Wolfe 
Road, and along Wolfe Road to C h i l l i w a c k Mountain. (Figure 2 ) . 

The other alignment j o i n s the e x i s t i n g dyke system at Young Road, 
f o l l o w s the Fraser R i v e r w e s t e r l y (north of C l a r k e Road), cro s s e s the n o r t h 
end of S h e f f o r d Slough and runs along the east s i d e o f Coco-Oppello Slough 
at the edge o f Skwah I.R. #4 to connect w i t h the e x i s t i n g dyke at Wolfe 
Road (Figure 2) This dyke w i l l enclose a d d i t i o n a l Indian lands o u t s i d e 
the e x i s t i n g alignment. 

The Inland Waters D i r e c t o r a t e (IWD), Environment Canada i s the 
f e d e r a l agency r e s p o n s i b l e f o r the p r o j e c t . The p r o j e c t has been r e g i s t e r e d 
(25 September 1975) under the Environmental Assessment and Review Process 
w i t h the P a c i f i c and Yukon Regional Screening and C o o r d i n a t i n g Committee. 
A C h i l l i w a c k I n d i a n Reserves Dyking Assessment Review Committee, c o n s i s t i n g 
of F i s h e r i e s and Marine S e r v i c e , I n l a n d Waters D i r e c t o r a t e , Lands 
D i r e c t o r a t e and Canadian W i l d l i f e S e r v i c e was e s t a b l i s h e d f o r t h i s p r o j e c t . 
A l l members o f the committee have p a r t i c i p a t e d i n the review o f t h i s 
document and concur w i t h i t s recommendations. 

We acknowledge the a s s i s t a n c e o f Mr. John Preston f o r c r i t i c a l l y 
r e viewing S e c t i o n I I I o f the r e p o r t ; Dick Boak and Mike Mazalek f o r the 
maps and drawings, and S h e i l a T a l l e y f o r the f i n a l t y p i n g . Land use 
and c a p a b i l i t y maps were drawn by L i s s a Decker of Lands D i r e c t o r a t e . 
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I I . METHODS 

An environmental evaluation attempts to arrange, present, and 
evaluate p h y s i c a l , b i o l o g i c a l and s o c i a l effects of a proposed project. 
Currently there are an increasing number of methods for measuring 
environmental e f f e c t s . These range from the very general and descriptive 
to the s p e c i f i c and quantitative. A hierarchy has been suggested as: 
1) m u l t i d i s c i p l i n a r y teams, 2) c h e c k l i s t s , 3) matrices, 4) modelling.1/ 

Each project has a set of cha r a c t e r i s t i c s which dictates the 
appropriate method, type of data and extent of review and analysis 
required. Some of these cha r a c t e r i s t i c s are: 1) project s i z e , 2) concerns 
expressed by government agencies, 3) data and funding a v a i l a b l e , 
4) community i n t e r e s t , 5) resource commitments, and 6) the s e n s i t i v i t y 
of the environment. In l i g h t of the preceding we have chosen to use a 
checkl i s t method of assessment where the s i g n i f i c a n t interactions 
between the project and environmental components are noted (Table I , p.54). 
Using e x i s t i n g information these interactions are assessed. This method 
has shortcomings i n that the assessment i s more descriptive and less 
quantitative than are more sophisticated approaches. 

Major contributors of information were the: Lands Directorate; 
Canadian W i l d l i f e Service; Fisheries and Marine-Service; Water Quality 
Branch, I.W.D.; and Water Development Impacts D i v i s i o n , Planning D i v i s i o n , 
Projects Division and the Senior Hydraulic Engineer of Water Planning 
and Management Branch, IWD. 

Also contacted were: B r i t i s h Columbia Fish and W i l d l i f e Branch; 
D i s t r i c t A g r i c u l t u r i s t for Chilliwack area; Chilliwhack Township planners; 
Fraser-Cheam Regional D i s t r i c t Planner; Chilliwack D i s t r i c t Dyking Board; 
and Department of Indian and Northern A f f a i r s (DINA), Fraser Indian 
D i s t r i c t , Real Estate Advisor. 

The environmental effects have been evaluated i n the context of 

1/ Burchell, R.W. and D. L i s t o k i n . The Environmental Impact Handbook. 
Rutgers, The State University of New Jersey. 1975 
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e x i s t i n g and proposed s o c i a l and economic conditions i n the area with 
the view of recommending the best of the two dyking alignments. Unless 
s p e c i f i c a l l y c i t e d , background information on the proposals i s from 
correspondence on f i l e with Water Planning and Management Branch, Inland 
Waters Directorate, Vancouver. 





- 5 -

I I I . PROJECT DESCRIPTION 

A. BACKGROUND INFORMATION 

The Canada-British Columbia Fraser River Flood Control 1968 Agreement 
includes provisions for the reconstruction and replacement of e x i s t i n g 
dykes and the construction of dykes i n areas which are not protected. 
In 1969 the dyking of Chilliwack Indian Reserves #3, #4, and #5 was 
included i n the Program tinder the Agreement subject to a review of the 
economic j u s t i f i c a t i o n . In providing flood protection i t i s generally 
considered that the benefits should at least equal the costs before any 
project i s constructed. The e x i s t i n g dyke alignment protects: none of 
293-acre Skwali I.R, #3, approximately 87 of the 312 acres of Skwah I.R. 
#4, and about 80 of the 538 acres of Skway I.R. #5 (Figure 2). 

1. Alternative Alignments Considered 

The preliminary concept suggested an alignment which ran from the 
north end of Young Road, along the western perimeter of Skwali #3, 
thence along both sides of Hope Slough extending east through the 
Township and City of Chilliwack, thence along the northern borders of 
Skwah #4 and. Skway #5, thence near the western edge of Skway #5 and 
thence along Chilliwack Creek to j o i n the e x i s t i n g dyke at Wolfe Road. 

Chilliwack Township and City objections to t h i s alignment were: 
a) right-of-way, construction and maintenance access problems, and 
b) the adverse effects on many properties i n the area. Fisheries 
objected to the closure of a portion of Hope Slough which drains into 
Shefford Slough. The Indians were against the quantity of t h e i r land 
being taken up by dyke right-of-way. As a r e s u l t , between 1969 and 
1973 numerous alternative schemes for a dyke alignment from Minto 
Landing to Chilliwack Mountain were investigated from an engineering 
and economic point of view. 

Scheme 1 (Figure 3) included a structure on Hope Slough which 
would maintain slough water levels at 25 feet GSC (Geodetic Survey 
of Canada datum) to store storm runoff. This water would then 
be diverted v i a Coco-Oppello Diversion ditch and slough to Chilliwack 
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Creek pumping s t a t i o n thereby a l l e v i a t i n g the need f o r a pump 
s t a t i o n on Hope Slough. F i s h e r i e s objected to t h i s scheme on the 
grounds t h a t r e d i r e c t i o n o f salmon runs through the d i v e r s i o n would 
r e s u l t i n a high f i s h m o r t a l i t y unless the d i v e r s i o n was l i m i t e d to 
period s when the slough l e v e l was over 29 f e e t GSC. Without the 
storage c a p a c i t y the scheme would not save i n pumping c o s t s . The 
Indian Bands r e j e c t e d the proposal because they d i d not want a d i t c h 
through Skwah #4, and considered t h a t dyke ri g h t - o f - w a y would take up 
too much o f t h e i r land. 

Scheme 2 (Figure 4) p r o t e c t e d I s l a n d 22 as w e l l as Indian lands. 
This scheme was favoured by the Township o f C h i l l i w h a c k because o f 
t h e i r plans f o r the I s l a n d as a f u t u r e r e c r e a t i o n area. I t was 
r e j e c t e d by the Department of Environment on economic grounds. 

Scheme 3 (Figure 4) which ran along the v^^estern borders o f Skwali 
#3 and Skwah #4 to j o i n the e x i s t i n g dyke at the south end o f Coco-
Oppello Slough, excluded Indian Reserve #5. The Department o f the 
Environment considered that the cost o f b u i l d i n g a dyke around t h i s 
reserve would outweigh any net gain. The Indians were against any o f 
t h e i r land b e i n g taken up by.dyke right-of-way unless a l l t h e i r land 
was p r o t e c t e d . 

Because o f the d i f f i c u l t y i n reaching an agreement on a dyke a l i g n 
ment w i t h the Indian Bands concerned, two a l t e r n a t i v e alignments that 
d i d not cross Indian Reserves #3, #4 and #5 were considered. Imple
mentation o f Scheme 4 (Figure 5) r e q u i r e d t h e improvement o f two miles 
of e x i s t i n g dykes and t\io miles o f new dykes pl u s a pump s t a t i o n and 
floodbox on C h i l l i w a c k Creek. I t would have p r o v i d e d the same 
p r o t e c t i o n f o r the C h i l l i w a c k area as improvement o f e x i s t i n g dykes 
except p o r t i o n s w i t h i n Indian Reserves #4 and vrould not be p r o t e c t e d 
Scheme 4A (Figure 5) i n v o l v e d the r e c o n s t r u c t i o n o f 1.6 miles o f 
e x i s t i n g dykes plus over four miles o f new dykes, two pump s t a t i o n s 
and a d i v e r s i o n channel. I t would have l e f t unprotected a l a r g e area 
of land now p r o t e c t e d by the e x i s t i n g dykes. These two a l t e r n a t i v e s 
were r e j e c t e d due to higher costs and fewer b e n e f i t s than improvements 
to the e x i s t i n g alignment. 
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In May 1971 as a r e s u l t of d i s c u s s i o n s w i t h the Indian Bands, cost 
estimates f o r two more schemes were drawn up. Scheme l A (Figu r e 3) 
attempted to keep a greater p r o p o r t i o n o f the proposed dyke o f f Indian 
land and i n c l u d e Skway #5 i n the p r o t e c t e d area. This r e q u i r e d bank 
p r o t e c t i o n along S h e f f o r d Slough on p r i v a t e land l o c a t e d west o f Skwali 
#3. This scheme was r e j e c t e d on the grounds o f bein g too c o s t l y . The 
i n c l u s i o n o f Skway #5 behind dyke p r o t e c t i o n could not be econo m i c a l l y 
j u s t i f i e d . 

Alignment #3A (Figure 4) was r e j e c t e d as being too c o s t l y from an 
engineering standpoint. S h e f f o r d Slough had t o be crossed t w i c e , a 
pump s t a t i o n and floodbox were r e q u i r e d on Hope Slough, storage 
c a p a c i t y o f Sheff o r d Slough c o u l d not be u t i l i z e d , and bank p r o t e c t i o n 
works would be r e q u i r e d t o p r o t e c t the p r i v a t e p r o p e r t y west o f 
Skwali #3.. 

2. New Proposed Outside Alignment (Option #2) 

Agreement to the general alignment p r o t e c t i n g Skwali #3 and Skwah #4 
was obtained w i t h the Indian Bands i n 1972. In the s p r i n g o f 1973 a new 
dyke alignment was designed t h a t would run along the west s i d e o f 
Sh e f f o r d Slough on I s l a n d 22 and the east s i d e o f Coco-Oppello Slough, 
with a pump s t a t i o n on S h e f f o r d Slough downstream from i t s confluence 
w i t h Hope Slough (Figure 2). 

ITiis alignment was p r e f e r r e d because: a) i t would p r o t e c t Indian 
Reserves #3 and #4 while t a k i n g up only f i v e acres o f Indian l a n d f o r 
new dyke r i g h t - o f - w a y , b) i t avoided burying v a l u a b l e a g r i c u l t u r a l 
land west of Skwali #3 under dykes, c) the alignment on I s l a n d 22 
would be set approximately 200 f e e t back from the edge o f the S h e f f o r d 
Slough thus e l i m i n a t i n g the need f o r bank p r o t e c t i o n , and r e d u c i n g the 
amount o f underseepage works r e q u i r e d , and d) i t would allow S h e f f o r d 
Slough to be used f o r a d d i t i o n a l storage thereby a i d i n g i n t e r n a l 
drainage. In summary t h i s alignment appeared an acceptable alignment 
to the Indians at a reasonable cost. The Federal government considered 
i t d e s i r a b l e to p r o t e c t Indian lands from f l o o d damage, and t h e r e f o r e 
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agreed t o bear the a d d i t i o n a l c a p i t a l costs of t h i s alignment when 
the B.C. government i n d i c a t e d i t was not prepared t o c o n t r i b u t e to 
t h i s scheme. B r i t i s h Columbia would pay 50% o f what i t would cost 
t o r e c o n s t r u c t the e x i s t i n g dykes. 

The d e c i s i o n t o omit Indian Reserve #5 was agreed t o by the 
Department o f the Environment and Department o f Indian and Northern 
A f f a i r s a f t e r a study showed th a t the p r o t e c t i o n o f Indian Reserve #5 
was not economic. In June 1973 the Indians i n d i c a t e d t h e i r agreement 
w i t h the proposed alignment although no Band r e s o l u t i o n had been made. 
However, i n August 1973 the Skwah Indian Band which c o n t r o l s Skwali 
#3 and Skwah #4 passed a r e s o l u t i o n r e s c i n d i n g p r e v i o i i s r e s o l u t i o n s 
r e g a r d i n g dyke p r o p o s a l s . The new r e s o l u t i o n s t a t e d t h a t dyking must 
provide f l o o d p r o t e c t i o n f o r Skway #5, t h a t no r i g h t - o f - w a y would be 
granted f o r r a i l o r v e h i c u l a r use, and that any access would be f o r 
maintenance purposes only. The Band i s concerned about l o s i n g c o n t r o l 
o f the dyked area of-the Reserve. 

The Band s t i l l r e f u ses t o accept the new alignment, a f t e r assurance 
that the right-of-way would be used f o r dyke maintenance purposes o n l y , 
because i t does not p r o t e c t Skway I.R. #5. To date no i n d i c a t i o n o f 
the Band's r e c o n s i d e r a t i o n of the matter has been r e c e i v e d . Therefore 
the M i n i s t e r o f DINA has been asked t o e x e r c i s e h i s a u t h o r i t y under 
the Indian Act t o p r o v i d e right-of-way on the e x i s t i n g dyke alignment 
(Option #1) through Reserves #4 and #5 i n order t h a t the dyke t o p r o t e c t 
the C h i l l i w a c k area can be completed. 

B. DESCRIPTIONS OF PROPOSED WORKS AND CONSTRUCTION METHODS-'^ 

1. Upgrading the E x i s t i n g Dyke Alignment (Option #1) 

The slopes o f an upgraded e x i s t i n g alignment w i l l f a l l w i t h i n the 
e x i s t i n g surveyed r i g h t - o f - w a y , except where none e x i s t s i n the 500 
f e e t between Young S t r e e t Bridge and Cawley S t r e e t (Figure 2). 

21 Unless otherwise r e f e r e n c e d , m a t e r i a l f o r t h i s s e c t i o n i s from: B.C. 
~ Water Resources S e r v i c e . C a n a d a - B r i t i s h Columbia Fraser R i v e r Flood 

C o n t r o l 1968 Agreement P r o j e c t No. 5 - Township of C h i l l i w h a c k 
Contract No. 1, Dyke Reconstruction Tender Documents. 1975. 
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The sequence of construction procedure i s generally as follows: 

a) Clearing, grubbing and st r i p p i n g 

Clearing i s done within the e x i s t i n g right-of-way boundaries. I t 
includes the complete removal of a l l trees, stumps, downed timber, 
snags, brush, vegetation, etc. Also included are the removal of 
ex i s t i n g fences, gates, concrete, rock,and mowing- or burning 
of grass and other low vegetation throughout the entire length and 
width of the dyke working area. Clearing should be completed at 
least 0.5 mile i n advance of the reconstruction operation. 

Grubbing involves the entire removal and disposal by burning 
within the right-of-way of a l l embedded stumps, roots, and logs to a 
depth of 2 feet below the surface. It should be completed at least 
1,000 feet i n advance of st r i p p i n g operations. 

Stripping consists of the removal and s t o c k p i l i n g of the grass 
and t o p s o i l from the working area to a depth of s i x inches below the 
surface. I t includes s c a r i f y i n g of these stripped areas. Stripping 
w i l l be completed at least 1,000 feet i n advance of dyke reconstruction 
work. Stripped material w i l l be stockpiled adjacent to the work for 
l a t e r use as t o p s o i l on the slopes of the new dyke embankment. 

b) Excavation and construction of underseepage vsrorks 

Drainage ditches excavated adjacent to the dyke toe are a 
minimum of 3 feet wide and have side slopes of 4:1 on the water side 
and 8:1 on the land side. Drainage off-take ditches are constructed 
to convey water away from the dyke (Figure 6). 

Swales w i l l have a bottom width of not less than 6 feet and side 
slopes not steeper than 10:1. The top s o i l excavated from swale 
areas w i l l be removed, stored, and replaced i n a uniform layer after 
the swale i s excavated. Swales may be seeded a f t e r construction. 

Relief p i t s w i l l be constructed at the land side toe of the dyke 
where the height from the design r i v e r level to the land side toe 
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of the e x i s t i n g dyke i s greater than 4 feet (or as directed by 
the Engineer). P i t s are excavated to a depth equal to the height 
of the design r i v e r l e v e l above the e x i s t i n g land side dyke toe 
or 1 foot below the s i l t layer, whichever i s lesser. The minimum 
depth i s 4 feet. P i t s are generally 15 feet long and 2 feet wide. 
The p i t s w i l l be b a c k f i l l e d with sand and a 2 foot thick berm of 
sand and gravel w i l l be placed over the p i t . Continuous r e l i e f 
trenches have s i m i l a r width and depth c r i t e r i a as r e l i e f p i t s . 

A r e l i e f well consists of a v e r t i c a l column (12 inches i n diameter) 
of pea gravel, with a p l a s t i c pipe core and w e l l head which i s made 
of perforated concrete pipe with a concrete l i d (Figure 7). R e l i e f 
wells w i l l be located on the land side toe of the dyke at slough 
crossings, and could be up to 25 feet deep. 

S i l t y gravel blankets w i l l be constructed on the r i v e r side 
slopes of the slough crossings to reduce the amount of seepage. I f 
the land side slough bottom i s covered with water then a sandy 
gravel drainage blanket 2 feet thick wxll be constructed to extend 
100 feet from the land side toe.—^ (Figure 8) Construction of 
underseepage works w i l l take place during low r i v e r l e v e l s . An 
e f f e c t i v e s o i l s t e r i l a n t w i l l be applied to those areas to be covered 
by f i l t e r s , blankets or drains. 

c) Disposal of excavated material 

Material excavated from r e l i e f p i t s w i l l be spread, i n the form 
of berms, at the land side toe of the dyke between r e l i e f p i t s . 
Material from r e l i e f trenches, drainage ditches and swales w i l l be 
used i n the construction of berms, or disposed of by wasting either 
near the dykes i n a thin uniform layer or other suitable area, as 
approved by the Engineer and landowner. 

d) Dyke reconstruction and grading of dyke embankments 

The natural ground surface and e x i s t i n g dyke surface against which 
f i l l i s to be placed having been cleared, grubbed and stripped, w i l l 

3/ W i l l i s , C u n l i f f e , Tait § Co. Ltd. Preliminary Design for East 
Chilliwhack Dyke Reconstruction. For Canada-B.C. Fraser River Flood 
Control 1968 Agreement Project No. 5, Township of Chilliv^hack. 
December 1970, p. 5. 
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be trimmed, regraded and compacted i n p r e p a r a t i o n f o r f i l l placement. 

Granular f i l l m a t e r i a l i s used i n the c o n s t r u c t i o n o f land s i d e 
f i l l s , slough b l a n k e t s , water s i d e f i l l s , r e l i e f p i t and drainage 
d i t c h berms and t o r a i s e the dyke t o the r e q u i r e d h e i g h t . Granular 
f i l l m a t e r i a l w i l l be obtained from borrow p i t s o f the c o n t r a c t o r ' s 
choosing. In the event that m a t e r i a l i s o b t a i n e d from p i t s o r bars 
i n the Fra s e r R i v e r , excavation o f same w i l l be governed by the 
reg i x l a t i o n s and g u i d e l i n e s f o r Fraser R i v e r borrow p i t operations 

4/ 
se t out i n The Fraser R i v e r Dredging Guide.— 

S t o c k p i l i n g s i t e s f o r f i l l m a t e r i a l w i l l be c l e a r e d , grubbed, 
s t r i p p e d , and dra i n e d t o the nearest n a t u r a l o u t l e t (or one designated 
by the Engineer). The choice o f s i t e i s up t o the c o n t r a c t o r w i t h 
permission o f the landowner and approval o f the Engineer. A f t e r 
use the s i t e w i l l be r e s t o r e d t o the approval o f the landowner and 
a l l r e g u l a t o r y agencies and s t a t u t e s . 

The c r e s t o f a l l r e c o n s t r u c t e d p o r t i o n s o f the dyke w i l l be 12 
f e e t wide except where the dyke i s b e i n g used as a roadway i n which 
case the design c r e s t widths w i l l be: — 

Loca t i o n Width Surface 
Along Young Road 26 f e e t 18 f e e t paved, 4 f o o t shoulders 
From Cawley S t r e e t t o Corbould 16 f e e t 12 f e e t paved, 2 foot shoulders 
S t r e e t along Hope Slough 
Corbould S t r e e t t o j u s t south 16 f e e t g r a v e l 
o f W e l l i n g t o n Avenue 
Along Wolfe Road 24 f e e t 18 f e e t paved, 5 foot shoulders 

Trimming and grading o f a l l p o r t i o n s o f the dyke w i l l conform 
t o the f o l l o w i n g t o ensure t h a t a u n i f o m graded area i s achieved: 
s l o p e s : land s i d e 2.5:1 or f l a t t e r , water s i d e 2:1 or f l a t t e r ; 

4_/ Boyd, F.C. Fra s e r R i v e r Dredging Guide. F i s h e r i e s and Marine S e r v i c e . 
T e c h n i c a l R e p o r t & r i e s No. PAC/T-75-2. 1975. 

S/ W i l l i s , C u n l i f f e , T a i t § Co. Ltd. P r e l i m i n a r y Design f o r East 
C h i l l i w h a c k Dyke Re c o n s t r u c t i o n . For Canada-B.C. Fra s e r R i v e r Flood 
C o n t r o l 1968 Agreement P r o j e c t No. 5 - Township o f Q i i l l i v v h a c k . 
December 1970. p. 3. 
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c r e s t : 12 foot minimum wid t h ; t u r n o u t s : 1.5:1 or f l a t t e r ; 
access approaches: to conform t o e x i s t i n g widths and grades. 

Trimming of dykes i s c a r r i e d out a f t e r the g r a n u l a r f i l l has 
been p l a c e d and p r i o r t o seeding. Work may be suspended d u r i n g 
high r i v e r l e v e l s i f the c a p a b i l i t y o f the e x i s t i n g dyke appears 
to be i n jeopardy. 

e) Dyke s u r f a c i n g 

Granular s u r f a c e m a t e r i a l c o n s i s t s o f 1 i n c h minus crushed g r a v e l . 
Bituminous s u r f a c i n g c o n s i s t s o f an asphalt o f aggregate and b i t u 
minous m a t e r i a l . This type o f s u r f a c i n g w i l l be p l a c e d on the 
dykes: along Young Road; between Cawley S t r e e t and Corbould S t r e e t ; 
and along Wolfe Road. 

f) Fences, gates, c a t t l e guards, c u l v e r t s 

New barbed wire fences w i l l be c o n s t r u c t e d wherever e x i s t i n g 
fences are removed. Fences w i l l run on one o r both s i d e s of the 
dykes and t r a v e r s e the dykes i n c e r t a i n l o c a t i o n s . Fence posts 
w i l l be c o n s t r u c t e d from lodgepole p i n e t r e a t e d w i t h penta-
chlorophenol or chromated copper arsenate Type B. Gates w i l l be 
placed at p o i n t s where access may be gained t o the dykes from 
p u b l i c roads, where the fence t r a v e r s e s the dyke and at p o i n t s o f 
access to p r i v a t e property. 

C a t t l e guards w i l l c o n s i s t o f g a l v a n i z e d p i p e r a i l s w i t h concrete 
s u b s t r u c t u r e s . 

C u l v e r t s w i l l c o n s i s t of corrugated metal p i p e t h a t i s f u l l y 
a s p halt coated. I n l e t and o u t l e t d i t c h e s w i l l be c o n s t r u c t e d t o 
the c u l v e r t s . C u l v e r t trenches w i l l be b a c k f i l l e d w i t h c l e a n g r a v e l . 

g) T o p s o i l and seeding—'^ 

T o p s o i l and seeding w i l l extend along the f u l l l e n g t h o f the 
dyke (19,500 f e e t ) on both land s i d e and water s i d e s l o p e s from the 

B.C. Water Resources S e r v i c e . C a n a d a - B r i t i s h Columbia F r a s e r R i v e r 
~ Flood C o n t r o l 1968 Agreement P r o j e c t No. 6 D i s t r i c t o f D e l t a Contract 

No. 6 Tende^ Documents. A p r i l 1975. 
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dyke c r e s t to the lowest l e v e l s o f dyke c o n s t r u c t i o n work. The dyke 
c r e s t and slopes blanketed with g r a v e l or r i p - r a p w i l l not have 
t o p s o i l nor be seeded. T o p s o i l w i l l be spread to a t h i c k n e s s o f 
approximately 3 inches. Seeding of dyke slopes i s a p r o t e c t i o n 
against e r o s i o n by heavy r a i n . The seed m i x t u r e , a p p l i e d at 75 l b s . 
per acre c o n s i s t s of Creeping Red Fescue (Festuca sppQ 45%, 
Kentucky Bluegrass (Poa p r a t e n s i s ) 40%, Red Top Fescue (Festuca spp.) 
10%, White Dutch C l o v e r (Trifolixom repens.) 5%. 

The 13-16-10 f e r t i l i z e r a p p l i e d at a r a t e o f 300 l b s . per acre 
w i l l be a type t h a t permits complete suspension o f i n s o l u b l e 
p a r t i c l e s i n water f o r a p p l i c a t i o n by a power sprayer. 

A d d i t i v e s o f e i t h e r wood f i b r e mulch and asphalt emulsion, or 
the chemical T e r r a - a - t a c o r e q u i v a l e n t , i s combined w i t h f e r t i l i z e r , 
seed and water i n t o a s l u r r y . This i s a p p l i e d as soon as areas t o 
be seeded are ready and as soon as p o s s i b l e a f t e r the s p r i n g f r e s h e t 
recedes. No seeding i s to be done before s p r i n g f r e s h e t nor when 
the ground i s f r o z e n . A t y p i c a l improved dyke c r o s s - s e c t i o n i s shown i n 
Figure 9A. 

2. New Proposed Outside Alignment (Option #2) 

For the proposed outside alignment (Figure 2) the l i m i t o f the r i g h t -
of-way w i l l be two f e e t beyond the l a n d s i d e and r i v e r s i d e toe o f 
the dyke. The right-of-way width w i l l vary from 40 f e e t ( t y p i c a l l i m i t 
o f right-of-way) t o 120 f e e t at slough c r o s s i n g s . A 25 f o o t temporary 
easement w i l l be r e q u i r e d on the land s i d e of the dyke, d u r i n g 
c o n s t r u c t i o n . 

The c o n s t r u c t i o n methods and work f o r a new dyke are b a s i c a l l y the 
same as f o r r e c o n s t r u c t i n g and upgrading an e x i s t i n g dyke. There w i l l 
be l o c a l d i f f e r e n c e s according to l o c a t i o n , ground e l e v a t i o n , slough 
and r i v e r p r o x i m i t y , s o i l composition and p e r m e a b i l i t y , and ground 
water t a b l e s . 

The n a t u r a l ground su r f a c e w i l l be c l e a r e d and grubbed t o two f e e t 
beyond both the land side and water s i d e o f the new dyke. A l l t r e e s 
and brush w i l l be cut and, along w i t h a l l stumps and roots and other 
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o r g a n i c m a t e r i a l s , w i l l be disposed o f by burning or other approved 
means. A f t e r a l l f i l l m a t e r i a l s have been p l a c e d , embankment slopes 
w i l l be trimmed and graded to provide smooth, r e g u l a r slopes according 
to the design. 

The proposed new alignment runs through a g r a v e l o p e r a t i o n west o f 
Minto Landing. Agreement on a s u i t a b l e dyke design through t h i s 
o p e r a t i o n has been reached. Further west i s an emergency dyke er e c t e d 
by the Township o f Q i i l l i w h a c k , which i s p r o t e c t e d by r i p - r a p on the 
r i v e r s i d e . The proposed alignment w i l l run along the la n d s i d e o f 
t h i s emergency dyke. 

At slough c r o s s i n g s , dyke slopes w i l l be trimmed t o a 3:1 slope. 
Excavated m a t e r i a l may be used to f i l l the lower dyke slopes but 
o r g a n i c m a t e r i a l i s t o be removed. A p r e l i m i n a r y e n g i n e e r i n g report—''' 
on the new alignment i n d i c a t e s t h a t approximately 6 r e l i e f w e l l s w i l l 
be r e q u i r e d at the S h e f f o r d Slough C r o s s i n g . 

Where f e a s i b l e , the land s i d e toe o f the dyke w i l l be p l a c e d at 
l e a s t 200 feet back from the r i v e r or slough t o permit u t i l i z a t i o n o f 
any low' p e r m e a b i l i t y s o i l s at the surface t o i n c r e a s e the seepage path. 

8 / 
I t has been recommended by s o i l c o n s u l t a n t s — t h a t a 150 f o o t permanent 
r e s t r i c t i v e easement be p l a c e d along the e n t i r e dyke water s i d e to 
prevent excavation and d i s r u p t i o n and t o assure an adequate t h i c k n e s s 
o f r e l a t i v e l y iirpermeable m a t e r i a l t o reduce xonderseepage flo w s . 

Approximately 22 acres w i l l be b u r i e d by the dyke works, however, 
about 15 acres o f dyke s i d e slopes w i l l be reseeded. C o n s t r u c t i o n o f 
t h i s new dyke, which i s approximately 18,175 f e e t long, i s expected to 
take approximately 9 months. A t y p i c a l new dyke cross s e c t i o n i s shown 
i n Figure 9B. 

7/ A s s o c i a t e d Engineering Services Ltd. Dr a f t r e p o r t on Q i i l l i w a c k 
" Indian Reserves P r o j e c t . 20 August 1973 p. 3. 
8/ S o i l Consultants R i p l e y , Klohn f, Leonoff I n t e r n a t i o n a l L td. from 
~ l e t t e r on Water Pl a n n i n g § Management Branch f i l e , 23 June 1973. 
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3. Bank p r o t e c t i o n works and c o n s t r u c t i o n methods— 

R i v e r banks are r i p - r a p p e d i n p a r t i c u l a r l o c a t i o n s to p r o t e c t 
f l o o d c o n t r o l works from r i v e r current e r o s i o n and boat- or wind-
generated wave a c t i o n (Figure 10). I f the e x i s t i n g dyke i s upgraded 
bank p r o t e c t i o n work w i l l not be p a r t o f t h i s p r o j e c t . The proposed 
new alignment w i l l r e q u i r e p r o t e c t i o n beginning at a p o i n t 1000 f e e t 
west of Minto Landing and extending t o the e x i s t i n g bank p r o t e c t i o n 
works, a d i s t a n c e o f 1200 f e e t . The permanent bank p r o t e c t i o n r i g h t -
of-way i s 15 f e e t i n width from the top of the r i v e r bank. 

The sequence o f c o n s t r u c t i o n procedures i s g e n e r a l l y as f o l l o w s : 

a) C l e a r i n g 
A l l t r e e s , stumps, downed ti m b e r , snags, brush, v e g e t a t i o n , e t c . 

w i l l be c l e a r e d from the overbsmk and r i v e r s l o p e where bank 
p r o t e c t i o n i s t o be improved or c o n s t r u c t e d . The e n t i r e area w i t h i n 
the l i m i t s o f the foundation f o r the bank t o be p r o t e c t e d w i l l be 
grubbed o f a l l stumps, r o o t s , b u r i e d logs and o t h e r s i n d l a r m a t e r i a l . 
A l l h oles caused by grubbing operations w i l l be f i l l e d t o the lower 
l e v e l o f adjacent s t r i p p i n g o p e r a t i o n s . 

b) Debris d i s p o s a l 

A l l l o g s , brush, s l a s h and other d e b r i s from c l e a r i n g and 
grubbing operations w i l l be disposed o f by b u r n i n g w i t h i n the r i g h t -
of-way. 

c) Excavation 

Excavation c o n s i s t s o f removal o f m a t e r i a l , i n c l u d i n g e x i s t i n g 
r i p - r a p where necessary, i n p r e p a r i n g the foundation and a c h i e v i n g 
proper alignment of bank p r o t e c t i o n works. 

d) Bank f i l l placement 

Excavated m a t e r i a l s s u i t a b l e f o r bank f i l l p r o t e c t i o n or other 
work w i l l be used. The f i l t e r b l a nket w i l l be 1 foot t h i c k . 

9/ B.C. Water Resources S e r v i c e . C a n a d a - B r i t i s h Columbia Fr a s e r R i v e r 
~ Flood C o n t r o l 1968 Agreement P r o j e c t No. 6 D i s t r i c t o f D e l t a Contract 

No. 6 Tender Documents. A p r i l 1975. 
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Placement o f theoip-rap w i l l be synchronized w i t h placement o f 
bank f i l l to prevent damage to and losses o f f i l l . 

e) Rip-rap 

Rip-rap g e n e r a l l y c o n s i s t s o f dense, angular m a t e r i a l . The s i z e 
o f t h i s m a t e r i a l i s a f u n c t i o n o f the r i v e r c u r r e n t v e l o c i t y and 
the proposed slope of the bank p r o t e c t i o n works. The f i n i s h e d 
t h i c k n e s s o f the completed r i p - r a p measured p e r p e n d i c u l a r to the 
slope should be 2 f e e t . Bank p r o t e c t i o n n o r m a l l y has a slope o f 
2:1 but t h i s w i l l be decreased t o 2.5 to 1 i n the v i c i n i t y o f the 
g r a v e l o p e r a t i o n t o provide the optimum alignment i n t h i s r e s t r i c t e d 

10/ a r e a . — 

C. FLOODBOX AND PUMP STATION WORKS 

I. I n t e r n a l Drainage C h a r a c t e r i s t i c s 11/ 

a) The average d a i l y r u n o f f d u r i n g the F r a s e r R i v e r f r e s h e t p e r i o d 
(May, June, J u l y ) f o r Hope Slough i s 110 c f s . 

b) Peak flows f o r Hope Slough: 

Recurrence I n t e r v a l 
(Years) 

Winter 25 
10 

average 2.33 
Summer 25 

10 
average 2.33 

Peak D a i l y Flow 
1200 c f s 
1040 c f s 
695 c f s 
620 c f s 
420 c f s 
220 c f s 

c) Approximately 1430 a c r e - f e e t o f storage are a v a i l a b l e i n Hope 
Slough and S h e f f o r d Slough between water e l e v a t i o n s 28.0 f e e t and 
31.0 f e e t GSC w i t h the proposed o u t s i d e dyke alignment. 

10/ A s s o c i a t e d Engineering S e r v i c e s L t d . , op. c i t . , p. 4. 
11/ W i l l i s , C u n l i f f e , T a i t § Co. Ltd. P r e l i m i n a r y Design Towmship of 

C h i l l i w h a c k Pumping S t a t i o n A l t e r n a t i v e s on Hope Slough and Shef f o r d 
Slough. March, 1973. Appendix 1, p. 3. 



~ 25 -

2. D e s c r i p t i o n o f Works C o n s t r u c t i o n — 

The dyke alignments w i l l r e q u i r e c o n s t r u c t i o n o f a s m a l l dam, 
pump s t a t i o n and floodbox on e i t h e r Hope (Option #1) or S h e f f o r d 
(Option #2) Slough to accommodate i n t e r n a l drainage d u r i n g h i g h water 
l e v e l s when f l o o d gates are cl o s e d . The l o c a t i o n o f the dyke alignment 
has not been decided upon, t h e r e f o r e no f i n a l designs have been 
approved f o r the pump s t a t i o n works. However, a g e n e r a l i z e d sequence 
o f c o n s t r u c t i o n i s as f o l l o w s : 

a) Dewatering 

A cofferdam o r other d i v e r s i o n i s r e q u i r e d t o dewater the area 
t o enable c o n s t r u c t i o n o f the works. 

b) Excavation 

i ) c l e a r i n g t r e e s from the approach channels, 
i i ) excavation o f the approach and discharge channels, 

i i i ) e x c avation f o r c o n s t r u c t i o n o f pump s t a t i o n works ,̂  discharge 
p i p i n g and discharge S t r u c t u r e s , 

i v ) excavation and dredging o f m a t e r i a l from slough and forebay 
pond. 

c) B a c k f i l l i n g 

i ) p l a c i n g o f granula r f i l t e r m a t e r i a l f o r l i n i n g o f the forebay 
and approach channel, 

i i ) b a c k f i l l i n g c l e a n g r a v e l around pump s t a t i o n and. i n l e t v>;oi'ks, 
i i i ) b a c k f i l l i n g d i r t y g r a v e l around d i s c h a r g e s t r u c t u r e s , 
i v ) i n s t a l l a t i o n of r i p - r a p p i n g adjacent t o the flood b o x around 

discharge s t r u c t u r e s and over the g r a v e l b l a n k e t o f the forebay. 

d) C o n s t r u c t i o n o f pump s t a t i o n and floodbox 

i ) c o n s t r u c t i o n of concrete s u b s t r u c t u r e s f o r the pumphouse, 
i i ) c o n s t r u c t i o n and i n s t a l l a t i o n o f sheet p i l e cut o f f w a l l s 

f o r the pump s t a t i o n and floodbox s t r u c t u r e s , 

12/ B.C. Water Resources S e r v i c e . C a n a d a - B r i t i s h Columbia F r a s e r R i v e r 
Flood C o n t r o l 1968 Agreement P r o j e c t No. 5 Tot^nship of Q i i l l i w h a c k 
Contract No. 8 - Co n s t r u c t i o n of Pumping S t a t i o n s and Floodbox Tender 
Documents. September 1975. 
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i i i ) c o n s t r u c t i o n o f a concrete floodbox and i n l e t and o u t l e t 
s t r u c t u r e s , 

i v ) c o n s t r u c t i o n o f pump i n t a k e s t r u c t u r e s , 
v) i n s t a l l a t i o n o f discharge p i p e s , f i t t i n g s and appurtenances 

f o r the pump s t a t i o n , 
v i ) c o n s t r u c t i o n o f the discharge s t r u c t u r e s , 

v i i ) completion o f the mechanical, e l e c t r i c a l and s t e e l works f o r 
pump op e r a t i o n . 

3. Pumping A l t e r n a t i v e s and F i s h D i v e r s i o n F a c i l i t i e s 

Hope Slough has s i g n i f i c a n t runs o f coho salmon (Oncorhynchus 
k i s u t c h ) , and c u t t h r o a t t r o u t (Salmo c l a r k i c l a r k i ) which spawn i n 
the upper p a r t s o f E l k and D u n v i l l e Creeks. T h e r e f o r e , measures t o 
f a c i l i t a t e the saf e passage of f i s h have been considered i n the design 
o f pumping f a c i l i t i e s f o r both alignment o p t i o n s . Two a l t e r n a t i v e s 
are: 

a) The use of a x i a l flow pinups to handle approximately 90% o f the flow 
and a screw pump o p e r a t i n g simultaneously t o handle 10% o f the flow 
i n c o n j u n c t i o n w i t h s t a t i o n a r y f u l l depth screens to d i r e c t the 
smolts to the screw pun^) (Figure 11). 

b) The use o f a l l screw type pumps to t r a n s f e r a l l the flow and smolts 
over the dyke (Figure 12). 

The pumping f a c i l i t y would be i n vise f o r 15 t o 20 days on an 
average r e c u r r i n g frequency of every 3 years. 

The general design c r i t e r i a f o r f i s h d i v e r s i o n f a c i l i t i e s at the 
proposed pump s t a t i o n has been agreed to by the Department o f F i s h e r i e s . 
F u l l depth s t a t i o n a r y screens, w i t h adequate maintenance and o p e r a t i o n , 
would be acceptable. C l e a r openings f o r the screens should be 0.10 
i n c h e s — ^ w i t h the open screen area not le s s than 50% of the t o t a l 
screen area (2.5 sq. f t . o f net screen area per c f s ) . The approacli 

13/ P r e v i o u s l y 0.15 inches ( l e t t e r M.J. Holden t o R.A. Crouter 20 February 
1973) subsequently changed ( l e t t e r R.A. Crouter to M.M. Wiggins, 
14 January 1976 , .^pendix Bj . 
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v e l o c i t y ahead of the screens should be 0.4 ft/sec maximum during 
the operation of a l l a x i a l pumps. A t r a i n i n g wall from the 
floodbox and screw pumps should be used i n containing and di v e r t i n g 
the f i s h into the screw pumps. 

14/ 
4. The Hope Slough Pump Station P r o p o s a l — 

This proposal (a component of dyke Option #1) consists of a 
200 cfs capacity pump stati o n on Hope Slough near Young Road, and a 
floodbox with a capacity of 1200 cfs at a one foot head d i f f e r e n t i a l . 
Winter flows w i l l be drained to the Fraser River by the floodbox which 
i s to be s i z e d f c r the 1 i n 25 year peak da i l y winter flow ( i . e . 1200 cfs) 

Summer flows w i l l pass through the floodbox except when the 
Fraser River rises to a l e v e l between 27.0 feet GSC and 29.0 GSC 
(20 feet GSC at Mission) at the floodgate. The floodgates w i l l be 
manually closed between these r i v e r l e v e l s , depending on the anticipated 
flood conditions. When extreme high r i v e r l e vels are forecast, the 
floodgates w i l l be closed at 27.0 feet GSC; the pumps w i l l s t a r t 
operating and continue u n t i l the in t e r n a l l e v e l i s dra™ down to 27.0 
feet GSC. When the r i v e r l e v e l i s expected to exceed elevation 29.0 
feet GSC for only a few days, the floodgates w i l l be closed when the 
r i v e r l e v e l r i s e s to 29.0 feet GSC and pumping w i l l begin and continue 
u n t i l the r i v e r l e v e l drops to th i s l e v e l . The capacity of the pump 
statio n i s based on maintaining the i n t e r n a l l e v e l of Hope Slough below 
32.6 feet GSC during a design flood of the Fraser River. 

Pump data are as follows: 

maximum r i v e r l e v e l (design flood) 37.7 feet GSC 
maximum i n t e r n a l l e v e l 32.6 feet GSC 
normal int e r n a l drawdown le v e l 27.0 feet GSC 
minimum i n t e r n a l pumping l e v e l 25.0 feet GSC 

14/ W i l l i s , C u n l i f f e , Tait & Co. Ltd. Preliminary Design Township of 
Chilliwhack Pumping Station Alternatives on Hope and Shefford Slough. 
March 1973. Appendix 1, pp. 4-6. 







- 30 -

5. The Shefford Slough Pump Station Proposal—'^ 

This proposal (component of dyke Option #2) consists of a 325 
cfs capacity pump station on Shefford Slough about 800 feet west of 
the confluence of Hope and Shefford Sloughs. The floodbox would have 
a capacity of 1200 cfs at a one foot head d i f f e r e n t i a l . 

Winter flows w i l l be drained by the floodbox, which i s sized 
for the 1 i n 25 year peak d a i l y winter flow, ( i . e . 1200 c f s ) . Summer 
flows w i l l pass through the floodbox when the Fraser River l e v e l i s 
below 28.0 feet GSC (19.3 feet GSC at Mission). At 28.0 feet GSC 
the floodgates w i l l be closed manually, and the pumps started. The 
capacity of the pump stat i o n i s based on maintaining the in t e r n a l 
l e v e l of Hope Slough below 31.0 feet GSC during a design flood of the 
Fraser River. 

Pump data are as follows: 

maximum r i v e r l e v e l (design flood) 36.2 feet GSC 
maximum i n t e r n a l l e v e l 31.0 feet GSC 
normal i n t e r n a l drawdown l e v e l 28.0 feet GSC 
minimum i n t e r n a l drawdown l e v e l 25.0 feet GSC 

D. DYKE MAINTENANCE AND INSPECTION OPERATIONS—'^ 
Vegetation clearing i s required i n order to f a c i l i t a t e dyke 

inspection, repair, and emergency flood work. Vegetation, such as 
bushes and small trees, i s removed from the dyke right-of-way by hand 
clearing methods every 2 years, depending on the location and type of 
vegetation. Cattle grazing which i s allowed on most dyke slopes, keeps 
the vegetation short. C u l t i v a t i o n , crops and buildings are not permitted 
i n the right-of-way. 

In general, routine dyke inspections occur twice a year; once p r i o r 
to freshet to check for problems, and again during the winter months 

15/ Ibid. 
16/ From communications with R. Whitehead, Chilliwack D i s t r i c t Dyking Board, 

November 1975. 
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when necessary repair work i s done. The dyke crest i s regraded 
annually, p r i o r to freshet. Reports, issued tv\fo or three times a 
year, indicate the state of repair of the dykes and the p o s s i b i l i t y of 
flood. When the Fraser River l e v e l at Mission reaches 18-19 feet GSC, 
dyke patrols inspect the dykes continuously for weakness and any other 
problems. The Township of Chilliwhack i s responsible for dyke 
maintenance and inspections i n the study area. 
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IV EXISTING ENVIRONMENTAL CONDITIONS 

A. PHYSICAL 

1. Geomorphology 

The study area i s i n the Fraser R i v e r f l o o d p l a i n . E l e v a t i o n s 
of t h i s area, whose topography i s g e n e r a l l y f l a t w i t h a few depressions 
and sloughs, range from 20 to 35 f e e t GSC. Parent m a t e r i a l s have 
accumulated p r i m a r i l y by l a t e r a l a c c r e t i o n s from the F r a s e r R i v e r ; the 
s o i l s are d e r i v e d from these f l o o d p l a i n d e p o s i t s . — ' ^ Three major s o i l 
s e r i e s are i n the area being considered ( F i g u r e 13). The G r e v e l l 
S e r i e s i s c h a r a c t e r i z e d by coarse t e x t u r e s v a r y i n g from sandy loam to 
loamy sand; the s u b s o i l c o n s i s t s o f sand i n t e r s t r a t i f i e d w i t h 
m a t e r i a l s o f f i n e r t e x t u r e . Drainage ranges from w e l l d r a i n e d t o 
r a p i d l y drained. The Monroe S e r i e s has general p r o f i l e t e x t u r e s o f 
s i l t loam t o very f i n e sandy loam, w i t h minor v a r i a t i o n s t o s i l t y c l a y 
loeim. The s o i l s i n t h i s s e r i e s are moderately t o w e l l d r a i n e d . The 
F a i r f i e l d S e r i e s i s o f a s i l t loam and s i l t y c l a y loam t e x t u r e (medium 
to moderately f i n e textured) and these s o i l s are i m p e r f e c t l y drained. 

18/ 
2. Resource C a p a b i l i t y and U s e — 
a) A g r i c u l t u r a l c a p a b i l i t y 

The Canada Land Inventory (CLI) s o i l c a p a b i l i t y f o r a g r i c u l t u r e 
i s given (Figure 14). The area i s a complex o f c a p a b i l i t i e s r a n g i n g 
from 2-7 on a 7-class s c a l e (Appendix C ) w i t h the main l i m i t a t i o n s 
being moisture - low water h o l d i n g c a p a b i l i t y (M) , i n u n d a t i o n (I) 
and s t o n i h e s s (P). The F a i r f i e l d S e r i e s and the Monroe S e r i e s 
r e p r e s e n t , p o t e n t i a l l y , the most p r o d u c t i v e s o i l s f o r a g r i c u l t u r e . 

b) R e c r e a t i o n a l c a p a b i l i t y 

The area i s r a t e d moderately h i g h , ( c l a s s 3) (Appendix C) to 
moderate ( c l a s s 4) f o r outdoor r e c r e a t i o n ( F i g u r e 15). The dominant 

17/ Comar, V.K., P.N. Sprout and C.C. K e l l e y . P r e l i m i n a r y Report No. 4 
o f the Lower Fraser V a l l e y S o i l Survey. B r i t i s h Columbia Depai-tment 
o f A g r i c u l t u r e , Kelowna, B.C. J u l y 1962. 

18/ A s e r i e s o f overlays are provided i n Appendix C. 
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feature associated with class 3 lands i s outstanding angling 
opportunities. Canoeing i s the dominant feature associated with 
the class 4 lands. 

c) Waterfowl c a p a b i l i t y 

Land c a p a b i l i t y for the production of waterfowl i n t h i s area 
i s low (Figure 16); primarily classes S and 7 (Appendix C). The 
li m i t a t i o n s are inundation - excessive f l u c t u a t i o n of water l e v e l 
( I ) , free flowing water (B), and adverse topography (T). Along 
Young Road the area i s rated class 3 as a migration stop and 
wintering area. 

d) Ungulates c a p a b i l i t y 

The entire area i s rated as a complex of classes 3 and 4 i n the 
CLI land c a p a b i l i t y for w i l d l i f e - ungulates (deer). Tlie l i m i t i n g 
factor i s climate and s o i l moisture (Appendix C). 

e) Forestry c a p a b i l i t y 

The CLI land c a p a b i l i t y for forestry has not been completed f o r 
the area. 

f) Present resource use 

Most of the o r i g i n a l forest has been cleared and the land use 
outside the ex i s t i n g dyke alignment i s now pr i m a r i l y woodland-
pasture and a g r i c u l t u r a l (Figure 17). 

ITie non-Indian land to the north and east of Skwali #3 i s zoned 
for minimum 20- and 5-acre a g r i c u l t u r a l holdings. Approximately 
two-thirds of th i s land consists of improved pasture, vegetable and 
berry crops, while one-third i s i n pasture and hay. Skwali #3 i s 
leased for the production of forage crops, com and cereals. About 
40% i s i n hay and perennial forage and another 30% i s improved pasture 
while 30% remains i n the native state. One-half of private land 
acreage west of Skwali #3 i s improved pasture and the remainder i s uet-
land subject to inundation. Island 22 i s forest pasture. Skwah Ir4 i s 
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broken up i n t o 7-10 acre a g r i c u l t u r a l p a r c e l s which are used f o r 
pasture and some forage p r o d u c t i o n . A s t r i p o f non-Indian land 
north of Wolfe Road i s i n hay and improved pasture. Skway #5 i s 
c u r r e n t l y being leased f o r the production o f vegetable p r o c e s s i n g 
crops. 

Major r e c r e a t i o n a l land uses l o c a t e d o u t s i d e the e x i s t i n g dyke 
are; a mtin i c i p a l park l o c a t e d between the dyke and Hope Slough, and 
a playground on Skwah #4 adjacent to W e l l i n g t o n Road. There i s 
e x c e l l e n t bar f i s h i n g i n the F r a s e r R i v e r o f f I s l a n d 22. R e c r e a t i o n a l 
f i s h i n g occurs i n the S h e f f o r d Slough area near i t s o u t l e t i n t o the 
Fraser R i v e r . , 

The only i n d u s t r i a l a c t i v i t y i^fithin the study area i s a g r a v e l 
o p e r a t i o n l o c a t e d on Clarke Road. 

3. Hydrology and H y d r a u l i c s 

Water i n S h e f f o r d Slough and Hope Slough i s normally c l e a r 
throughout the year except during s p r i n g f r e s h e t when muddy f l o o d 
waters of the Fraser R i v e r mix with i t . S i l t a t i o n a s s o c i a t e d w i t h 
the back f l o o d i n g occurs i n Shefford and Hope Sloughs. Both Shefford 
and Hope Sloughs are f r e e f l o w i n g water bodies w i t h low v e l o c i t i e s . 
For peak flow data of Hope Slough see S e c t i o n I I I . 

At p r e s e n t , there i s a dam at the n o r t h end o f S h e f f o r d Slough 
which prevents Fraser R i v e r f l o o d waters from e n t e r i n g the Slough. 
However, t h i s dam washed out i n 1964 and would l i k e l y be v u l n e r a b l e 

19/ 
again i n the event of very high f l o o d w a t e r s . — 

Flow paths f o r high f l o o d c o n d i t i o n s are shown (Figure 18). 
I n t e m a l slough and groundwater l e v e l s are h i g h d u r i n g f l o o d peaks 
owing to e x t e n s i v e underground seepage from the Fraser R i v e r . This 
poor drainage a f f e c t s l a r g e t r a c t s of land adjacent to the r i v e r . 

Rip-rapping has been placed west of C l a r k e Road on a 2000 foot 
s t r e t c h along the south bank of the Fraser R i v e r . A substandard 
dyke extends west from Clarke Road to the n o r t h e r n p a r t o f I s l a n d 22. 

19/ P.S. Ross and Partners. P o t e n t i a l f o r Development and Impact of 
Pj^oposed Flood P r o t e c t i o n SkWali No. 3, Skwali No. 4 and Skway No.. 5 
Indian Reserves C h i l l i w a c k B.C. January 1971. p. FE-1. 
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The banks of the Island along this l a t t e r section are exposed to 
s l i g h t r i v e r erosion.. Some patches of rip-rap e x i s t along the west 
bank of Skway #5 but erosion i n th i s area i s s l i g h t . 

4. Water Quality 

Flows i n Hope and Shefford Slough exhibit seasonal fluctuations i n 
t u r b i d i t y . Turbidity from upstream sources i s greatest during winter when 
p r e c i p i t a t i o n i s highest. Turbid water from Fraser River back flooding 
mixes with clear water i n Shefford and Hope Sloughs during the spring freshet. 

A g r i c u l t u r a l runoff (e.g. from livestock wastes and f e r t i l i z e r 
applications) contributes to nutrient loadings i n Hope and Shefford Sloughs. 
Some pes t i c i d e s , applied to nearby crop producing f i e l d s , could be entering 
the waters of the sloughs. 

The municipal storm drainage system, part of which discharges into 
Hope Slough upstream of Young Street Bridge, may be contributing such things 
as heavy metals to the aquatic environment. Also, not a l l the houses i n the 
v i c i n i t y of Hope Slough are connected to the Chilliwack municipal sewerage 
system (which discharges d i r e c t l y into the Fraser River) thus septic tanks 
could be expected to contribute nutrients to Hope Slough. To properly 
assess the state of the water q u a l i t y of the streams and sloughs i n the 
Chilliwack area water q u a l i t y monitoring would have to be conducted. 

5. Water Use 

The water supply f o r the Township of Chilliwhack i s drawn from 
Elk Creek by a private waterworks system. Elk Creek, which flows into 
Hope Slough i s heavily licensed f o r water extraction. Hope Slough, 
upstream of Young Street Bridge, i s used as a receiving water for part 
of the discharge from the municipal storm drainage system. In addition , 
septic tank wastes from those houses i n the v i c i n i t y of Hope Slough 
not connected to the municipal sewerage system, drain into Hope Slough. 
A l l houses on Chilliwack Indian Reserves #3 and #4 have septic tanks; 
seepage from most of these drains into Hope Slough. Chilliwack's 
sewage treatment plant i s located on Wolfe Road and discharges into 
the Fraser River from a sewer pipeline on Skway Indian Reserve #5 
upstream of the mouth of Chilliwack Creek. 

There are no known pumping operations f o r i r r i g a t i o n purposes 
i n t h i s area. 
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B. BIOLOGICAL 

1. Fish 

Shefford Slough, and Hope Slough and i t s t r i b u t a r i e s Elk and 
Dunville Creeks and other small streams support coho salmon (1970 
h i s t o r i c high of approximately 1200), sea run (approximately 200) 
and resident (approximately 1000) cutthroat t r o u t , rainbow trout 
(Salmo gairdneri), carp (Cyprinus carpio), squawfish (Ptychocheilus 
oregonensis), and suckers (Catostomus spp.). Coho hold, i n Hope and. 
Shefford Sloughs i n September and October and spawn up r i v e r i n 
November, December and January. Juvenile coho emerge from the redds 
i n April-May and rear i n Shefford and Hope Sloughs and t r i b u t a r i e s 
u n t i l early i n the following summer when s m o l t i f i c a t i o n occurs. 
The system contains both age classes of juveniles during A p r i l - J u l y . 
A large population o f chum salmon (Oncorhynchus keta) and pink salmon 
(Oncorhynehus^gorbuscha) which spawn i n the main, stem Fraser River and.: 
Chilliwack Creek adjacent to the project s i t e , occasionally stray 
upstream i n Hope and Shefford Sloughs. 

Cutthroat trout begin migrating to spawning areas i n October 
and continue to move up r i v e r u n t i l May. Spawning begins as early as 
January and extends into May. The f r y emerge from the gravel i n 
June-July. Spawned cutthroat move downstream a f t e r spawning; less 
than 10% of these spawners return to spawn again. Resident cutthroat 
w i l l remain i n the system throughout the year. Rainbow trout resident 
i n Hope Slough move to the upper portions of the drainage to spawn 
i n A p r i l , May and June. 

Sloughs i n the Chilliwack area support a children's fishery of 
carp, suckers and squawfish. Carp spawning v\rhich i s d i s t r i b u t e d 
throughout the sloughs usually occurs i n A p r i l and May. Carp return 
to the Fraser River a f t e r spawning. Areas of Hope and Shefford Sloughs 
are used f o r recreational sport f i s h i n g . 
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2. W i l d l i f e 

Species of mammals which may be found in-the Ghilliwack dyke 
area include: muskrat (Ondatra zibethicus), mink (Mustela v i s o n ) , 
r i v e r o tter (Lontra canadensis), raccoon (Procyon l o t o r ) , opossum 
(Didelphis v i r g i n i a n a ) , beaver (Castor canadensis), red fox.(Vulpes 
vulpes), coyotes (Canis l a t r a n s ) , deer (Odocoileus hemionus), mice, 
voles and shrews. 

The area i s used by migrating and wintering waterfowl including: 
mallard (Anas platyrhynchos), common goldeneye (Bucephala clangula), 
bufflehead (Bucephala albeola), wood duck (Aix sponsa) , t e a l (Anas 
spp.). The large area of pasture offers good grazing f o r widgeon 
(Mareca americana) and Canada geese (Branta canadensis). This area 
does not have high waterfowl production values. 

Ring-necked pheasants (Phasianus colchicus) and ruffed grouse 
(Bonasa timbellus) are present and numerous passerine species may be 
expected during migration and nesting season. Great blue heron (Ardea 
herodias), American b i t t e r n (Botaurus lentiginosus) , bald eagle (Haliaeetus 
leucocephalus), marsh hawk (Circus cyaneus), r e d - t a i l e d hawk (Buteo 
jamaicensis) , bam owl (Tyto alba), and short-eared owl (Asio flammeus) 
could be expected i n the area. 

A l i m i t e d amount of marsh and pothole habitat i s present, however 
good upland cover i s available. No p a r t i c u l a r population i s dependent 
on the area for i t s s u r v i v a l . Hunting, practiced by Indian Band members, 
i s of l i g h t i n t e n s i t y . 

3. Vegetation 

The Chilliwack area i s within the Coastal Douglas-fir (Pseudotsuga 
menziesii) biogeoclimatic zone On the flood p l a i n vegetation types 
are controlled primarily by flooding and drainage. Flood frequency and 

20/ Krajina, V.G. "Biogeoclimatic Zones and C l a s s i f i c a t i o n of B r i t i s h 
— Columbia". Ecology of Western North America, Vol. 1, February 1965, 

pp 1-34. 
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duration i s related to land elevation while drainage i s dependent on 
s o i l and water table c h a r a c t e r i s t i c s . 

The majority of the area i s infrequently flooded. The forested 
land i n the better drained Grevell S o i l Series (see Geomorphology) 
contains a Symphoricarpos type of association with t y p i c a l species 
being northern black cottonwood (Populus trichocarpa), western red 
cedar (Thuja p l i c a t a ) , red alder (Alnus rubra) and waxberry (Symphoricarpos 
albus). 

In the Monroe and F a i r f i e l d Series, with moderate to poor drainage, 
Lonicera-Rubus type associations might be found. Typical species i n 
these areas are northern black cottonwood, red alder, black twinberry 
(Lonicera involucrata), and salmonberry (Rubus s p e c t a b i l i s ) . Along 
frequently flooded sloughs, creeks and r i v e r channels h o r s e t a i l (Equisetum) 
and willow (Salix) associations are present. 

In areas where plant communities are re-establishing after d i s 
turbance by man's a c t i v i t i e s (e.g. a g r i c u l t u r a l fence l i n e s and pasture) 
evergreem blackberry (Rubus l a c i n i a t u s ) , waxberry and w i l d rose (Rosa spp.) 
are common. Various grasses are growing on dyke side slopes along most 
of the e x i s t i n g alignment. (See photographs. Appendix A). 

ECOLOGICAL SYSTEMS 
The shore regions of streamways are dynamic zones of continuous b i o l o g i c a l 

chemical and physical interactions between land and water bodies. These 
shore ecosystems are comprised of a var i e t y of both t e r r e s t r i a l and aquatic 
f l o r a and fauna. 

Two components of the Fraser River ecosystem of p a r t i c u l a r i n t e r e s t 
i n the Chilliwack area are the t e r r e s t r i a l communities of the flood p l a i n 
and the aquatic community which supports anadromous f i s h . The types of 
plants and therefore animals which inhabit the flood p l a i n are dependent, upon 
the periodic flooding and sedimentation of the Fraser River freshet. Changes 
i n t h i s regime either n a t u r a l l y (e.g. v i a r i v e r meander) or by man's 
a c t i v i t i e s (e.g. dyking) w i l l r e s u l t i n s i g n i f i c a n t changes i n t h i s community. 

The aquatic community supports anadromous f i s h which r e l y upon 
passing from the main stem Fraser River into t r i b u t a r i e s to spawn. Young 
f i s h also pass out of the t r i b u t a r i e s and back into the main r i v e r . 
Structures obstructing these movements a l t e r the aquatic system. 
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Of i n t e r e s t a l s o are the sloughs which are pr o d u c t i v e areas used by 
young and ad u l t b i o t a . Here again d i r e c t or i n d i r e c t a l t e r a t i o n s 
of the h y d r o l o g i c regime a l t e r the land-water i n t e r a c t i o n which 
d i c t a t e s the type o f e c o l o g i c a l system which can f u n c t i o n . 

D. SOCIAL 

1. Flood P l a i n Zoning 

The e n t i r e C h i l l i w a c k area i s s i t u a t e d i n the p r o v i n c i a l l y d e s i g 
nated Fraser R i v e r f l o o d p l a i n zone. Ihe Lower Mainland Regional 
Plan has designated a l l land w i t h i n t h i s zone as a g r i c u l t u r a l w i t h 
the exception of urban areas which were e s t a b l i s h e d p r i o r to the 
i n t r o d u c t i o n o f the Pl a n . Any change i n zoning from t h a t l a i d down 
i n the Regional Plan must have the approval o f the B.C. M i n i s t e r o f 
M u n i c i p a l A f f a i r s . Recommended f l o o d c o n t r o l requirements i n f l o o d 
p l a i n zones are tha t no b u i l d i n g s h a l l be c o n s t r u c t e d : a) w i t h i n 100 

f e e t o f the n a t u r a l boundary o f any other n a t u r a l water course, and 
b) on ground surface l e s s than two feet above the two hundred year f l o o d 
l e v e l where i t can be determined. The Township a l s o adheres to f l o o d 
p l a i n r e g u l a t i o n s under the N a t i o n a l B u i l d i n g Code. 

A l l land outside the e x i s t i n g dyke alignment, i n c l u d i n g Indian 
Reserve l a n d , has been zoned f o r a g r i c u l t u r a l use under the Regional 
Plan and has been i n c l u d e d w i t h i n the p r o v i n c i a l A g r i c u l t u r a l Land 
Reserve (Figure 19), However, zoning by a m u n i c i p a l , r e g i o n a l or 
p r o v i n c i a l a u t h o r i t y does not apply to Indian Reserves. I t appears 
th a t the f l o o d p l a i n zoning of Indian Reserves can only be enacted under 
S e c t i o n 81 of the Indian Act which s t a t e s t h a t the c o u n c i l of a Band 
may make by-laws f o r the purpose of d i v i d i n g the reserve i n t o zones 
and p r o h i b i t i n g or r e g u l a t i n g the c o n s t r u c t i o n of b u i l d i n g s i n any 
such zones. 

The Federal government i s i n the process o f developing a n a t i o n a l 
Flood Damage Reduction Program i n cooperation w i t h i n d i v i d u a l p r o v i n c e s . 
Program p r i n c i p l e s i n c l u d e the d e f i n i n g and mapping o f f l o o d r i s k zones. 
Within high f l o o d r i s k zones there w i l l be no c o n s t r u c t i o n o f f e d e r a l 
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f a c i l i t i e s , nor u t i l i z a t i o n of federal funds for construction unless 
adequate flood damage reduction measures are incorporated. Disaster 
assistance w i l l be c u r t a i l e d i n designated areas, and provinces and 
municipalities w i l l be encouraged to place appropriate r e s t r i c t i o n s 
on land tise. Flood hazard information w i l l be communicated to the 
p u b l i c , industry andi i u n i c i p a l i t i e s . Program concepts, proposed accords, 
and flood r i s k mapping agreements are currently (December 1975) being 
discussed by Federal and B r i t i s h Columbia p r o v i n c i a l authorities. 

2. Land Ownership and Status 

A portion of Island 22 and the adjacent i s l a n d to the northeast 
i s leased from the Province f o r grazing. A Map Reserve of approximately 
45 acres has been established f o r the use, recreation and enjoyment 
of the public on the southern portion of Island 22 bordering Shefford 
Slough (Figure 20). The P r o v i n c i a l Parks Branch has indicated that 
t h i s area has potential f o r f i s h i n g , swimming and picnicking.;, The 
remainder of Island 22 i s held p r i v a t e l y . A c i t y park extends along 
the south shore of Hope Slough from Young Road to Marshall Avenue. 

There are approximately 45 dwelling units located outside the 
e x i s t i n g dyke alignment i n the area of concern. These are primarily i n 
the easterly portion of Skwah #4 between Wellington Avenue and Hope 
Slough (which i s being developed for low density, single family Indian 
housing), and along the west side of Young Road. Although a survey of 
the e x i s t i n g dyke alignment through Indiaji Reserves #4 and #5 has been 
registered with the Federal Department of Energy, Mi.nes and Resources, 
i t appears that the right-of-way i t s e l f has not been properly registered 
with the B r i t i s h Columbia Land Registry Office. Also, neither a dyke 
nor a dyke right-of-way exists i n front of the 5 houses which are 
located i n the 500 feet along Hope Slough between Young Road and 
Cawley Street. 
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3. Projected Land Use and Status of Regional Plans 

It i s expected that, i n the future, the remaining wooded area of 
Skwali I.R. #3 w i l l be cleared and u t i l i z e d f o r forage and crop 
production..?!./ The pol i c y of the Department of Indian and Northern 
A f f a i r s i s to discourage r e s i d e n t i a l development i n t h i s reserve. A 
subdivision plan has been drawn up for the eastern portion of Skwah #4 
and houses are being b u i l t despite a present, and possible future lack 
of dyke protection (Figure 21). I t i s possible that i n the future 
the subdivision w i l l be expanded to the eastern boundary of the reserve 
and to the west into the a g r i c u l t u r a l area north and west of Wellington 
Avenue. The area behind the dyke between Ashwell and Wolfe Road offers 
potential f o r r e s i d e n t i a l development. The remaining portion of Skwah #4 
that i s cleared aid outside the dyke w i l l l i k e l y remain i n pasture and 
forage crops. 

The thrust of development i n the Township i s being concentrated 
to the south of the e x i s t i n g City of Chilliwack where services (sewers, 
etc.) are or w i l l be available. 11/ The future population of t h i s 
developing area i s projected to be 90,000. No further urban expansion 
of F a i r f i e l d Island i n the north i s planned although land i s being 
sought f o r use as a park. The Township would l i k e to develop a l l or 
portions of Island 22 for a recreation area, including a marina. 
However, land acqu i s i t i o n costs may be p r o h i b i t i v e . They would also 
l i k e to have r i v e r s i d e parks along a l l r i v e r banks. 

Plans are to have the s t r i p of land adjacent to Wolfe Road 
removed from the A g r i c u l t u r a l Land Reserve and zoned for low density, 
low r i s e apartments of approximately 18 units per acre valued at about 
$30,000 each. Given the proposed nev̂ ; dyke alignment and Indian 
wi l l i n g n e s s , the p o s s i b i l i t y exists that future development of a 

21/ From communications with E. Backman, Real Estate Advisor, Department 
of Indian and Northern A f f a i r s , Vancouver, November 1975. 

22/ From communications with D.J. Wilson, Assistant Planner, Township of 
Chilliwhack, 30 October 1975. 
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commercial J i n d u s t r i a l , or r e s i d e n t i a l nature could occur on Indian 
lands adjacent to development along Wolfe Road. However, development 
would not extend to the edge of Coco-Oppello Slough. Also, with an 
upgraded alignment and willingness on the part of the Indian Band, 
the area of Skwah I.R, #4, located behind the e x i s t i n g dyke could be 
developed for r e s i d e n t i a l use. 

It should be noted that the above schemes, except f o r the plans 
for- the land adjacent to Wolfe Road, are only speculatory with no such 

' development proposals foreseen i n the near future. Although the 
Township would l i k e improved flood protection, the alignment of the -
dykes w i l l not a l t e r s u b s t a n t i a l l y , i f at a l l , t h e i r future development 
plans. 

4. Archaeological and H i s t o r i c a l Resources 

The P r o v i n c i a l Archaeological Sites Advisory Board indicates 
that the general area i s quite r i c h archaeologically; f i v e s i t e s of 
importance have been i d e n t i f i e d but none w i l l be affected by dyking 
operations. 23/ (Figure 17) Each s i t e has been i d e n t i f i e d on the basis 
of surface finds and no excavations have taken place. 

The only i n d i c a t i o n of any s i t e of h i s t o r i c a l importance i s the 
Royal Canadian Engineers rock cairn located on the south side of 
Wolfe Road near Chilliwack Creek (Figure 17). This cairn indicates 
that a structure which used to house surveyors during the international 
border survey of 1858-1863, was located near t h i s s i t e . 

5, Summary of afenefit Analysis of the Proposed Dyking Alignment 

In 1971 a benefit study 24/was done for three Chilliwack Indian 
Reserve alternative dyking proposals. Scheme #3 (Figure 4) of that 
study i s s i m i l a r i n alignment to the new proposed outside alignment 

25/ From communications with C. Rafferty, P r o v i n c i a l Archaeological 
Sites Advisory Board, V i c t o r i a , November 1975. 

24/ Planning D i v i s i o n , Water Planning and Operations Branch. Canada 
Department of Energy, Mines and Resources. Chilliwack Indian Reserves 
Alternative Dyking Proposals Benefit Study. A p r i l 1971. 
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i n that i't would protect Indian Reserves ^3 and #4. However, the 
new alignment protects an additional 82 acres of a g r i c u l t u r a l land, 
52 acres bush land, and 40 acres of Shefford Slough, plus releases 
17 acres on Skwali #3, and 2 acres on Skwah #4 from dyke right-of-way 
usage. 

1975 estimates of benefits f o r dyking the Reserves d i f f e r from 
25 / 

those reported i n 1971 f o r the following reasons:— 

a) Estimated a g r i c u l t u r a l losses are higher than recorded i n 1971 owing 
to more refined estimates of crop losses, and r i s i n g crop prices 
between 1971 and 1975. 

b) Residential damage estimates are di f f e r e n t owing to refined methods 
for estimating damages, higher repair costs, and the addition of 
new housing between the proposed and e x i s t i n g alignments. 

c) The 1975 method for assessing benefits of developing the reserves 
r e s i d e n t i a l l y i s di f f e r e n t from that used i n 1971: 

i ) i t appears that although the proposed dykes w i l l be protecting 
new houses, the b u i l d i n g of these i s not dependent on the 
new alignment; 

i i ) Indian Band plans show no i n d i c a t i o n that Reserve land w i l l 
be leased for r e s i d e n t i a l development; 

i i i ) presently unprotected non-Indian land, f o r which development 
was assumed given dyke protection, i s now within the 
p r o v i n c i a l l y designated A g r i c u l t u r a l Land Reserve and i s 
l i m i t e d to 5 acre parcel minimums. 

d) Costs of the proposed alignment have been assessed at about twice 
those of Scheme #3 considered i n the 1971 report. 

e) Flooding of presently unprotected land i s less frequent and less 
severe than the 1971 report indicated. The 1971 design r i v e r levels 

25/ Information supplied by Planning D i v i s i o n , Water Planning and 
Management Branch, Inland Waters Directorate. November 1975. 
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were based on r i v e r e l e v a t i o n s o c c u r r i n g under n a t u r a l c o n d i t i o n s . 
However, r i v e r l e v e l s are r e g u l a t e d by the Nechako and Bridge R i v e r 
dams and thus the frequency o f design l e v e l f l o o d i n g i s reduced. 

Conclusions r e s u l t i n g from the recent c o n s i d e r a t i o n o f the new 
alignment i n d i c a t e that the 1975 f l o o d damage pr e v e n t i o n b e n e f i t s 
are l e s s than $100,000. Therefore the new proposed o u t s i d e alignment, 
whose 1975 estimated cost i s $1.0 m i l l i o n — ' ' over and above th a t o f 
an \jpgraded e x i s t i n g alignment, i s unecomonic. 

26/ 1975 updated costs o f dyking p r o j e c t s f o r Q i i l l i w a c k Indian 
Reserves s u p p l i e d by P r o j e c t s D i v i s i o n , Water Pla n n i n g and 
Management Branch, Inland Waters D i r e c t o r a t e . 

file:///jpgraded
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V. SIGNIFICANT ENVIRONMENTAL INTERACTIONS AND POSSIBLE MITIGATION NE.^URES 

A. PHYSICAL 

1. Geomorphology 

a) Option #1 (Upgraded E x i s t i n g Alignment). No s i g n i f i c a n t environ
mental interactions are anticipated. 

b) Option #2 (New Proposed Outside Alignment). The presence of a new 
outside alignment w i l l cause a change i n the hydrologic regime 
(See Section V.A.3) i n the previously undyked area behind the new 
alignment. The resultant d r i e r conditions could affect the p h y s i c a l , 
chemical and b i o l o g i c a l c h a r a c t e r i s t i c s of the s o i l i n t h i s area 
(See Section V.C, f o r ramifications). 

2. Resource Capability and Use 

a) Option #1 

During construction there w i l l be a temporary loss of pasture 
land i n the 25 foot temporary working easement on the land side of 
the dyke. Expansion of the dyke cross-section w i l l reduce the 
amount of land available for grazing i n the right-of-way. However, 
th i s expansion w i l l increase the dyke surface area and thus the grass-
seeded area which may be available f o r grazing use i n some areas. 

Access to the municipal park which extends along Hope Slough 
from near Young Road to Marshall Avenue, w i l l be iiiroeded during the 
9 month dyke reconstruction period. Vegetation removal i n the park 
for dyke reconstruction could affect i t s recreational use. 

Dyke crest roads could be b u i l t to incorporate b i c y c l e paths and 
turnouts for parking spaces and p i c n i c areas. This would have the 
effect of inducing recreational use of the dykes aiid areas accessed 
by the dykes. Owing to a commitment made by the Township of 
Chilliwhack, public access to dykes on Indian Reserves w i l l be 
r e s t r i c t e d . 
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b) Option #2 

The new proposed outside alignment w i l l protect approximately 
840 acres more than the e x i s t i n g alignment as follows: Skwah I.R. 
#4 - 200 acres, Skwali I.R. #3 - 327 acres. Island 22 - 57 acres, 
private property north-east of Skwali #3 - 131 acres, private 
property west of Skwali #3 - 47 acres, private property south of 
Skwah #4 - 24 acres, municipal park plus private property east of 
Skwah #4 - 14 acres, and slough area - 40 acres. Approximately 22 
acres w i l l be covered over by the proposed alignment thus eliminating 
land f o r e x i s t i n g and potential a g r i c u l t u r a l use. However, grass-
seeded dyke slopes and rights-of-way which may be available for 
grazing i n some areas w i l l compensate for t h i s loss to some degree. 
A permanent r e s t r i c t i v e easement which w i l l l i m i t the type of land 
use, w i l l l i k e l y be placed on a 150 foot wide s t r i p extending from 
the dyke toe along the entire water side of the dyke. 

The protection from high water levels afforded to areas behind the 
new alignment w i l l allow these acreages to be more intensively and 
extensively u t i l i z e d for a g r i c u l t u r a l production (See Section V.D.). 
A change i n the hydrologic regime i n the area behind the proposed 
dyke could produce subsequent changes i n the s o i l c h a r a c t e r i s t i c s 
and vegetation succession. 

The dyke crest road on the new alignment could give better access 
to woodland and grazing areas on Island 22 and. r e s u l t i n greater 
a g r i c u l t u r a l use of the area. 

That section of the dyke extending west from Clarke Road could 
be an access route t o , and increase the use of, recreational areas 
on Island 22, without intruding upon Indian lands. However, there 
i s a p o s s i b i l i t y that a c o n f l i c t could develop between increased 
recreational t r a f f i c on Clarke Road and e x i s t i n g truck t r a f f i c 
from gravel operations located on t h i s road. 

The proposed dyke would pass through the recreational map reserve 
on Island 22 (Figure 20), thereby reducing some of the recreational 
value of this area. 
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Residential and i n d u s t r i a l development which could r e s u l t from 
flood protection would reduce the ca p a b i l i t y and use f o r f o r e s t r y , 
agriculture and recreation i n t h i s area. 

3. Hydrology and Hydraulics 

a) Option #1 

As the basic dyke structure and associated f a c i l i t i e s such as 
ditches are already i n place, reconstruction of the e x i s t i n g a l i g n 
ment (with the exception of the pump station) w i l l have l i t t l e 
e f fect on thehydrologic characteristics of the area. However, 
groundwater levels i n the immediate v i c i n i t y of the dyke could be 
lowered s l i g h t l y owing to improved drainage ditches on the land side 
of the dykes. 

During pump stati o n construction, temporary diversions w i l l caxise 
some erosion i n the immediate v i c i n i t y . This w i l l be repaired. 
Hope Slough p r o f i l e w i l l be the same as at present during normal 
water levels. During high flood l e v e l s , Hope Slough w i l l be closed 
between 27 and 29 feet GSC, depending upon anticipated flood 
conditions, and pumps w i l l begin operating (See Section I I I . C . ) . 
Surface and groundwater runoff w i l l improve on lands behind the 
ex i s t i n g dykes during flood peaks with pump operation. This could 
improve a g r i c u l t u r a l production. Flows i n Hope Slough are of low 
v e l o c i t y and do not carry a s i g n i f i c a n t sediment load. Therefore, 
no sediment build-up i s anticipated behind the proposed Hope Slough 
pump sta t i o n . During closures of Hope Slough back-flooding of the 
Fraser River i n t o slough areas behind the pump st a t i o n w i l l be 
eliminated, thus reducing the i n f l u x of sediments from the Fraser. 

b) Option #2 
Vegetation removal and ditching f o r dyke construction w i l l cause 

increased surface runoff and erosion i n the immediate v i c i n i t y of 
the dyke, however the sequence of construction procedures should 
reduce the p o s s i b i l i t y of s i g n i f i c a n t erosion problems. Constructio 
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diversions w i l l i n e v i t a b l y cause some erosion i n the immediate 
v i c i n i t y of the proposed Shefford Slough pump station s i t e . Tliis 
w i l l be repaired. 

The e x i s t i n g substandard dyke at the north end of Shefford 
Slough could be overtopped and s i g n i f i c a n t l y damaged during very 
high floods, thus allowing Fraser River flows to enter Shefford 
Slough. However, a new, raised dyke along the proposed outside 
alignment would be capable of handling higher floods and would 
therefore eliminate the p o s s i b i l i t y of the Fraser River developing 
a major channel through Shefford Slough. This would preclude 
adjacent property losses from r i v e r erosion. The s l i g h t r i v e r erosion 
on the north bank of Island 22 i s expected to continue with the 
new alignment. The dykes i n the v i c i n i t y of Minto Landing w i l l be 
protected from r i v e r current erosion and wave action by rip-rapping. 

The effect of the new alignment on the Fraser River p r o f i l e 
w i l l be i n s i g n i f i c a n t . — T h e main r i v e r channel i n t h i s area i s 
about 4000 feet wide and there w i l l be considerable overbank areas 
remaining on both sides of the r i v e r . The 840 acres taken out of 
the flood p l a i n carry only a small proportion of the r i v e r flow at 
design flood l e v e l s . Upstream dyke elevations were not designed 
i n a n t i c i p a t i o n of a new outside dyke alignment, however, as noted 
above, any resultant r i v e r l e v e l changes i n the area w i l l not be 
s i g n i f i c a n t . Neither the p r o f i l e of Hope nor Shefford Slough w i l l 
be altered during normal water l e v e l s . Improvements to the sub
standard dykes at the north end of Shefford Slough w i l l s l i g h t l y 
reduce seepage from the Fraser River and thus reduce flow i n the 
Slough i t s e l f . 

Flow paths, after the new dyke construction, for high flood 
conditions are shown i n Figure 22. The Shefford Slough flood gates 
w i l l close when water levels reach 28 feet GSC and the pumps w i l l 

27/ Information supplied by Projects D i v i s i o n , Water Planning and 
Management Branch, Inland Waters Directorate. 





- 61 -

then operate to maintain i n t e r n a l slough levels between 25 and 31 
feet GSC ( i . e . lower than they would be under natural flooding 
conditions). Under these pumping conditions surface runoff w i l l 
improve during flood peaks and groundwater levels could be s l i g h t l y 
lower than would naturally occur. Although land drainage w i l l 
improve due to pumping, in t e r n a l slough and groundwater levels w i l l 
s t i l l be r e l a t i v e l y high during flood peaks owing to extensive 
underground seepage from the Fraser River. Underground seepage 
w i l l continue to affect large areas of land adjacent to the River. 
Given a design flood of 36.2 feet GSC and maximum allowable i n t e r n a l 
water l e v e l 31.0 feet GSC, the land area that would be inundated 
behind the proposed dyke alignment would be roughly s i m i l a r to that 
flooded i n 1972. 

Deposition of sediment might be anticipated at the mouth of 
Shefford Slough due to the configuration of the Fraser River at t h i s 
point, and to reduced overland flows into the Slough (Figure 22). 
No sediment build-up from Hope or Shefford Slough flows i s 
anticipated behind the proposed Shefford Slough pump st a t i o n due to 
low sediment loads. The pump station w i l l eliminate back flooding 
of the Fraser River into Shefford Slough f o r the duration of flood 
gate closure and thus w i l l reduce the sediment i n f l u x from the 
Fraser. 

Induced r e s i d e n t i a l development, should i t occur, w i l l increase 
surface run-off during rainstorms. This i s not considered 
s i g n i f i c a n t because the heaviest rains occur during the winter 
months when the flood gates w i l l be open. 

4. Water Quality 

a) Option #1 
During dyke reconstruction, vegetation removal, d i t c h i n g , excavatin 

and f i l l i n g w i l l increase the t u r b i d i t y of surface runoff i n sloughs 
and streams. Winter construction a c t i v i t i e s could increase 
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the t u r b i d i t y i n Hope Slough at a time when i t i s normally clear. 
During the process of vegetation removal, top s o i l s t o c k p i l i n g , 
burning, and f e r t i l i z e r application to reseeded dyke slopes, 
increased amounts of nutrients w i l l be leached from the s o i l and 
carried by surface runoff into drainage ditches, sloughs and 
eventually into the Fraser River. To reduce the t u r b i d i t y and 
nutrient loading r e s u l t i n g from construction a c t i v i t i e s , placement 
of stripped s o i l and other debris, and temporary roads should be 
r e s t r i c t e d to the land side of the dyke. In areas where the a l i g n 
ment runs next to waterways, the area on the water side of the 
dyke toe should be l e f t u ndisturbed.— 

The temporary diversion of Hope Slough f o r pump st a t i o n con
s t r u c t i o n w i l l increase erosion and thus t u r b i d i t y i n the adjacent 
waters. Federal Fisheries and Marine Service suggests that pump 
sta t i o n construction take place i n January, February and August 
subject to a review of the s p e c i f i c design of the works. Closure 
of Hope Slough during flood peaks, w i l l prevent the t u r b i d flood 
waters of the Fraser River from mixing with clear Hope Slough flows 
upstream of Ihe proposed pump st a t i o n . Consequently a water q u a l i t y 
gradient between Fraser River and Hope Slough flows w i l l be created 
at the punp st a t i o n . Effects of such a gradient are not known. 

b) Option #2 

As with Option #1 vegetation removal, ditching and diversions 
w i l l increase the t u r b i d i t y and nutrient loading of surface runoff 
into sloughs and streams. This i s espe c i a l l y the case along t h i s 
new alignment where there w i l l be greater physical disturbance than 
along the ex i s t i n g alignment. Measures to reduce the effects of 
construction a c t i v i t i e s on water q u a l i t y are outlined i n a.) above. 

28/ Fisheries and Marine Service requests a j o i n t on-site inspection by 
t h e i r s t a f f and the project engineer to determine more s p e c i f i c 
c r i t e r i a for s o i l s t r i p p i n g ( l e t t e r R.A. Crouter'to M.M. Wiggins 
14 January 1976) . 
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Turbidity levels in the Fraser River are lowest i n winter. 
Therefore, winter dyke construction, as well as increasing t u r b i d i t y 
i n Shefford Slough, may also create a measurable l o c a l increase i n 
t u r b i d i t y i n the Fraser River adjacent to the proposed alignment 
during t h i s period. Closure of Shefford Slough during flood peaks 
w i l l create a water qu a l i t y gradient between Shefford Slough and 
the Fraser River flows s i m i l a r to that described for Hope Slough. 

I f increased a g r i c u l t u r a l a c t i v i t i e s such as s o i l c u l t i v a t i o n , 
f e r t i l i z e r application and animal husbandry occur, t h i s w i l l 
increase the amount of nutrients entering the sloughs and Fraser 
River. Increased agriculture could also r e s u l t i n increased use 
of organophosphate pesticides. These substances may be leached 
v i a ground and surface runoff into adjacent sloughs and streams 
and assimilated into the biota. 

An increase i n r e s i d e n t i a l development behind the new dyke 
alignment would r e s u l t i n increased loadings of nut r i e n t s , trace 
metals and polychlorinated biphenyls, etc. to receiving waters 
from septic tanks and storm drainage systems servicing the area. 

5. Water Use 

a) Option #1 

Flows i n Hope Slough, at times of floodbox closure, would be less 
than normally would occur during the recession stages of the 
Fraser River owing to the li m i t a t i o n s of pump capacity. This may 
reduce the flushing rate for dispersion of wastes downstream of 
the pump station for a short period. However, pumping during flood 
peaks would increase the rate of waste dispersion at the upstream side 
of the pump stati o n than would otherwise occur under natural flood 
conditions. In natural flood conditions, waters of the Fraser 
River cause flows i n Hope Slough to back up. 

The present dyke alignment w i l l not affe c t the use of Elk Creek 
for Chilliwack's domestic water supply. 
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b) Option #2 

Waste dispersion characteristics under t h i s alternative would 
be s i m i l a r to that described for Option *1. 

Inundation of lands during spring freshet, either by direct 
flooding or flood-induced high water tables, prohibits planting of 
vegetable crops which y i e l d higher returns than cereals which can 
be planted l a t e r i n the season. Dyke protection and control of 
i n t e r n a l water levels by pumping during flood peaks would assist 
i n improving a g r i c u l t u r a l production. 

The proposed dyke alignment w i l l not d i r e c t l y affect water used 
for domestic purposes. However, any r e s i d e n t i a l growth induced as 
a r e s u l t of protection offered by a new dyke alignment could put 
pressure on the e x i s t i n g capacity of the Elk Creek waterworks 
system. Also increased r e s i d e n t i a l development could put pressure 
on the assimilative capacity of the receiving waters of the sloughs 
i f the new houses are on septic tanks. I f new houses are connected 
to the City's sewerage system, t h i s addition would increase the 
loads to the Fraser River to which the sewage system discharges 
d i r e c t l y . 

BIOLOGICAL 

1. Fishery 

a) Option #1 and Option #2 

Any type of construction a c t i v i t y such as vegetation removal, 
diversions, and ditching, which results i n increased s i l t a t i o n i n 
Hope Slough could r e s u l t in direct f i s h mortality by covering up 
food organisms and by smothering eggs. Timing of construction i s 
c r i t i c a l i n order to avoid creating: 1) increased t u r b i d i t y at a 
timevhen f i s h are migrating up the sloughs and 2) increased 
s i l t a t i o n during incubatory periods (See Section V.B.4.). Borrow 
p i t s i n the Fraser River, depending on t h e i r l o c a t i o n , could create 
a disturbance of egg-laying substrate. Guidelines to lessen any 
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adverse effects are outlined i n the Fraser River Dredging Guide.— 
Flood control f a c i l i t i e s such as pump st a t i o n and floodbox works 

could v i r t u a l l y eliminate runs of various f i s h to Hope Slough and 
i t s t r i b u t a r i e s . Closure and resultant delays to f i s h during t h e i r 
migration to spawning grounds could cause high pre-spawning mortality, 
and reduce spawning success for those surviving the delay. Thus 
the design of the pump station and associated works and timing of 
i t s operation i s c r i t i c a l . — T h e pumps w i l l be i n operation f o r 
15 to 20 days on an average recurring frequency of every three years 
(See Section I I I . C ) . Those peak flows which require flood gate 
closure h i s t o r i c a l l y occur i n June. No major upstream migration of 
any f i s h species occurs at t h i s time. Juvenile salmon and spawned 
adults (e.g. cutthroat trout) proceeding downstream would also be 
affected by closure of the channel. Screw pumps incorporated into 
the preliminary design of the pump s t a t i o n , appear capable of handling 
downstream movement of juveniles, but direct adult mortality could 
r e s u l t depending upon the p i t c h of the screw pump. Delays i n the 
downstream movement of spawned f i s h are not so c r i t i c a l as during 
spawning migration. C r i t e r i a f o r water intake f i s h protection 
f a c i l i t i e s are given i n Appendix B. A water q u a l i t y gradient created 
at the pump stations during floodgate closure may affect mj.grating 
f i s h . 

A c c e s s i b i l i t y to Fraser River and Shefford Slough f i s h i n g areas 
o f f Island 22 may be increased with the new alignment v i a the dyke 
crest road. This could increase the e x p l o i t a t i o n rate of the 
fishery resource. 

2. t V i l d l i f e 
a) Option #1 

Vegetation removal and additional land buried during the 

29/ Boyd, F.C. op. c i t . 
30/ Fisheries and Marine Service requests that subsequent pump station 

designs be submitted for review ( l e t t e r R.A. Crouter to M.M. Wiggins 
14 January 1976). 
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reconstruction of the e x i s t i n g alignment w i l l reduce the abundance 
of food and cover for w i l d l i f e . Clearing of trees and shrubs 
should be selective. Fish and W i l d l i f e a u t h o r i t i e s should work 
with on-site engineers to determine s p e c i f i c requirements. Planting 
dyke slopes with species of vegetation which w i l l enhance w i l d l i f e 
habitat would mitigate construction damage (See Section V.B.3.). 

Dyke vegetation burning and mowing c a r r i e d out to f a c i l i t a t e 
inspection w i l l also reduce food and nesting cover available for 
w i l d l i f e and may cause some di r e c t m o r t a l i t y , p a r t i c u l a r l y to 
nesting birds. Therefore dyke maintenance work should be r e s t r i c t e d 
to the f a l l , no burning should be done a f t e r March 1st, and no 
mowing should be done from mid-March through July. 

b) Option #2 

Vegetation removal and land taken up by the proposed outside 
alignment w i l l reduce the amount of food and cover available to 
w i l d l i f e to an even greater extent along t h i s alignment. The 
planting and inspection mitigation measures suggested i n a) above 
apply to t h i s option as w e l l . Where the dyke passes through areas 
capable of providing natural habitat f o r w i l d l i f e , easements could 
be established i n dyke rights-of-way which p r o h i b i t domestic 
grazing or other a g r i c u l t u r a l uses. 

The land i n the area east of the: north arm of Hope Slough near 
Young Road, i s an important migratiion or wintering area for water
fowl. This c a p a b i l i t y may be reduced when water levels i n the 
area are lowered as a res u l t of the new dyke, thus possibly causing 
changes i n the d i s t r i b u t i o n of migrating b i r d s . The new dyke, by 
r e s t r i c t i n g flooding and seepage w i l l a l t e r the hydrologic regime 
of potholes and depressions which are used by w i l d l i f e . Access to 
recreational areas on and near Island 22 v i a Clarke Road and the 
new dyke crest road, w i l l increase the p o s s i b i l i t y of greater 
exploitation rates by hunting. 

Increased r e s i d e n t i a l and a g r i c u l t u r a l a c t i v i t i e s which could 



result from the new alignment w i l l , by reducing the amount of 
food and cover a v a i l a b l e , affect the abundance and d i v e r s i t y of 
w i l d l i f e species i n the area. 

A residual impact a r i s i n g from this new alignment i s that change 
i n water levels between the two alignments could a f f e c t vegetation 
species and t h e i r succession which i n turn would af f e c t the 
composition of w i l d l i f e species which w i l l use the area (See 
Section V.C.). 

3) Vegetation 

a) Option #1 

A c t i v i t i e s such as vegetation removal, d i t c h i n g , road construction, 
burning and land burying undertaken during the course of dyke recon
struction w i l l obviously affect vegetation i n the dyke right-of-way 
and i n the 25 foot temporary working easement to the land side of 
the dyke. Some ornamental bushes, trees, and flower gardens i n the 
front yards of residences adjacent to the.dyke w i l l be removed. At 
the north end of Young Road some f r u i t trees, alder and maple 
(Acer spp.) trees w i l l have to be removed unless other arrangements 
can be made. Towards the Young Street Bridge several cottonwoods 
as w e l l as ornamental bushes, pine (Pinus spp.) and maple trees i n 
front yards adjacent to the dyke w i l l be affected. Eight large 
shade trees near the banks of Hope Slough may have to be removed 
i n the area between Young Road and Cawley Street where no dyke 
presently e x i s t s . Small conifer trees situated on the slough side 
of the dyke i n the municipal park are l i k e l y to be affected by 
dyke reconstruction. Some large shade trees and r i p a r i a n 
vegetation i n the park are also near the toe of the dyke. On the 
land side of this section, numerous areas located within the r i g h t -
of-way presently used as gardens v ^ i l l be buried, at least p a r t i a l l y , 
by an upgraded dyke. South of Wellington Avenue where the e x i s t i n g 
dyke crosses Skwah I.R. #4, maple, cottonwood and some alder trees 
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as v^rell as blackberry and other bushes located at the toe of the dyke-
immediately behind the dyke fence may have to be removed. The vegetation 
i n several front yards and a group of cedar trees along Wolfe Road may 
also have to be taken out for dyke reconstruction. Vegetation i n the 
v i c i n i t y of the proposed Hope Slough pump station s i t e , north and east 
of the Young Street Bridge w i l l be removed p r i o r to construction. 

A provision i n the tender document ensures that vegetation removal 
w i l l not exceed that necessary for execution of the contract. In order 
to f a c i l i t a t e t h i s provision, and a l l e v i a t e any other adverse i-mpact . 
associated with vegetation removal, i t i s suggested that the following 
measures be considered: 

1) that contractors contact residents whose yards and fences might be 
affected by construction even though these may be within the legal r i g h t -
of-way; 
2) that parks, f i s h and w i l d l i f e authorities be consulted to advise on 
s p e c i f i c vegetation removal requirements. 

Given an average dyke height of 8 feet and 2.5:1 side slopes, 
approximately 16.5 acres of dyke slope w i l l be reseeded with grasses 
and clover a f t e r reconstruction of the e x i s t i n g dyke. Retention or 
replanting of native trees and shrubs as well as ground cover i n the 
right-of-way would further enhance the ecological values of the dyke area. 
However, to ensure that the safety of the dyke i s not placed i n jeopardy, 
root b a l l s of the vegetation must not penetrate the dyke foundation nor 
i t s t h e o r e t i c a l extension (Figure 23). To f a c i l i t a t e t h i s requirement 
might necessitate the placement of additional s o i l on the basic dyke 
structure, and the planting of only those vegetation types whose root 
c h a r a c t e r i s t i c s are f l a t , spreading and medium shallow. Appendix D gives 
examples of vegetation native to the Lower Mainland which have these 
ch a r a c t e r i s t i c s . Shrubs, a r t i f i c i a l l y interspaced with herbaceous plants 
should allow r e l a t i v e ease i n dyke inspections. This spacing would l i k e l y 
remain for decades. Most shrubs i n the Chilliwack area would require 
about 8-10 inches of t o p s o i l , and for most herbaceous plants, which have 
shallow roots, 4 inches of t o p s o i l should be adequate.-^'' 

31/ From communications with Dr. V.C. Brink, Agronomist, Department of 
Plant Sciences, University of B r i t i s h Columbia, Vancouver, December 1975. 
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Option #2 

Construction a c t i v i t i e s including vegetation removal, d i t c h i n g , 
road construction, burning, and land burying w i l l reduce the 
vegetation along the new alignment, i n the dyke right-of-way and 
temporary easement. This disturbance w i l l be most severe along 
the new right-of-way where there has been no previous construction 
work, e.g. through Island 22 and east of Coco-Oppello Slough. 

Currently, only certain types of grasses and forbs are tolerated 
and a l l other vegetation i s cut or burned i n the right-of-way during 
dyke maintenance and inspection operations. I f a greater d i v e r s i t y 
of vegetative species that would be acceptable to engineering 
c r i t e r i a were planted (See (a) Option #1) t h i s would enhance the 
value of the dyke areas. 

A change i n the hydrologic regime behind the new dyke alignment 
could r e s u l t i n a corresponding change i n vegetation associations 
and succession i n the area behind t h i s alignment (See Section V.C). 

The proposed outside alignment w i l l require protection from 
Fraser River currents beginning approximately 1000 feet west of 
Minto Landing and extending to e x i s t i n g bank protection works just 
west of the gravel operation on Clarke Road. During construction 
of bank protection works, a l l vegetation on the bank and berm i s 
removed and maintenance operations do not permit re-establishment 
of natural vegetation. Rivers and natural and semi-natural 
r i p a r i a n areas provide highly productive habitat for a variety of 
f i s h and w i l d l i f e as well as being a e s t h e t i c a l l y a t t r a c t i v e . 
However, e c o l o g i c a l , aesthetic and recreational values have been 
s a c r i f i c e d for engineering e f f i c i e n c y . A b r i e f review of the 
l i t e r a t u r e indicates that alternatives e x i s t that would allow for 
preservation of some ecological values i n some bank protection areas. 
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JOURNAL OF THE HYDRAULICS DIVISION, 
PROCEEDINDS OF THE A.S.C.E., VOLUME 101, 
NUMBER HYS , MAY 1975 — P. SSI . 
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A few suggestions— are: Construction and maintenance of bank 
protection works could be carried out from the water side by barge 
or r i v e r dredge so as to disturb as l i t t l e vegetation as possible 
outside the construction area. A steep bank protection slope 
(e.g. 2:1) would allow for an expanded berm, between the riprrap 
and the dyke, on which vegetation could be planted (Figure 24). 
However such a slope would require larger rock material to protect 
i t , and would make access to the water more d i f f i c u l t . Another 
alternative i s the use of a more shallow bank protection slope 
(e.g. 3:1). Though t h i s would decrease berm width and thus the 
amount of vegetation which could be grown, the smaller rock 
material used would allow r i p a r i a n vegetation to become established 
more r e a d i l y , and allow for greater ease of access to the water. 

Combining d i f f e r e n t methods of bank protection provides greater 
opportunities f o r preserving or re-establishing r i p a r i a n vegetation. 
Revetment such as rock rip-rap could be used on bank slopes up to 
a sustained high flow elevation leaving the uppermost slope area to 
be planted with vegetation (Figure 25). Another option i s to 
place quarry stone (or s i m i l a r material) on the lower portions of 
the r i v e r bank which are subject to more severe and more frequent 
r i v e r current v e l o c i t i e s but use c e l l u l a r cement blocks, which 
permit vegetation growth i n the cells., on the upper portion of the 

33/ 
bank. Tests of c e l l u l a r concrete structures have been made-—' 
but a p i l o t project to determine t h e i r s u i t a b i l i t y i n Fraser River 
flows may be required. 

The land adjacent to the planned bank protection works between 
Clarke and Young Roads i s a potential r e s i d e n t i a l area. Incorporation 
of some of the measures outlined above would increase the value of 
t h i s r i v e r view property and would be more acceptable a e s t h e t i c a l l y 
to prospective residents, and to recreationists i n general. 

32/ Mifkovic, C.S., and M.S. Petersen. "Environmental Aspects-Sacramento 
Bank Protection". Journal of the Hydraulics D i v i s i o n , Proceedings of the 
the A.S.C.E., Vol. 101, No. HY5, May 1975~pp. 543-555. 

33/ Parsons, D.A., and R.P. Apmann. " C e l l u l a r Concrete Block Revetment". 
Journal of the Waterways and Harbours Di v i s i o n . Proceedings of the 
A.S.C.E. Vol. 91, No. WW2, May 1965, pp. 27-37. 
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C. ECOLOGICAL SYSTEMS 

1. Option #1 

No s i g n i f i c a n t disruptions to ex i s t i n g ecological systems are 
anticipated. 

2. Option #2 

The new proposed outside alignment may r e s u l t i n residual impacts 
which could affect s i g n i f i c a n t l y the t e r r e s t r i a l and aquatic 
ecosystems of the area. 

I f the t e r r e s t r i a l ecosystem i s no longer influenced by flooding 
but s i g n i f i c a n t groundwater seepage i s present, the vegetation 
communities w i l l remain r i c h i n deciduous and shrub growth. I f no 
seepage i s present then, i n time, vegetation succession w i l l progress 
to a type dominated by conifers (e.g. Douglas-fir). This w i l l lead to 
podzalization of the s o i l s . The re s u l t i n g natural system w i l l be 
less diverse and less productive. 

A new outside dyke alignment could induce changes i n land use 
which could lead to repercussions f o r the aquatic ecosystem. 
Increased a g r i c u l t u r a l a c t i v i t y w i l l increase nutrient and pesticide 
loadings to surface and ground waters. Increased r e s i d e n t i a l 
development could increase nutrient loadings to the system through 
septic tank seepage, and increase storm drainage discharge which 
may contain concentrations of trace metals and polychlorinated 
biphenyls. These loadings could affect the aquatic b i o t a i n the 
system. The significance of these changes i s unknown. 

D. SOCIAL 

1. Option #1 

The reconstructed dyke w i l l be confined within the e x i s t i n g 
right-of-way. Some private use has been made of this right-of-way. 
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and thus the front yards of approximately thir t e e n houses situated 
along the west side of Young Road and eleven along the east may 
have vegetation and fences removed during dyke reconstruction 
(See Section V.B.3.)- No dyke nor right-of-way e x i s t s between the 
Young Street Bridge and Cawley Street along the south side of Hope 
Slough. Five o f the s i x houses situated i n th i s stretch are l i k e l y 
to s u f f e r extensive property and associated vegetation losses i f 
thi s land i s expropriated for a t y p i c a l dyke right-of-way. The 18 
residences situated immediately adjacent to the dyke between Cawley 
and Corbould Streets, plus 2 near Marshall Avenue and 2 near 
Wellington Avenue w i l l also have fence lines and gardens removed f o r 
the dyke reconstruction. Yards most affected along the entire 
right-of-way w i l l be those to the land side of the dyke where there 
w i l l be a 25 foot temporary working easement. Vegetation removal i n the 
dyke right-of-way and at stock p i l e s i t e s w i l l l i k e l y be ae s t h e t i c a l l y 
displeasing u n t i l vegetation on the dyke slopes i s re-established. 
In order to mitigate the effects of vegetation removal, clearing 
in/and near dyke rights-of-way should be s e l e c t i v e , and width of 
temporary working areas through r e s i d e n t i a l areas and parks should 
be reduced. 

Both the raised dykes and the pump s t a t i o n may be objectionable 
because they obstruct nearby residents' view. Persons residing i n 
the v i c i n i t y of the e x i s t i n g alignment, e s p e c i a l l y those from Young 
Road to Corbould Street,and near Wellington Avenue, w i l l experience 
tenqjorary disturbances and inconveniences from construction noise, 
truck t r a f f i c and burning. Construction a c t i v i t i e s could cause 
s i g n i f i c a n t disturbance i f they are not l i m i t e d to daylight hours. 
The tender documents ensure that public disturbance i s minimal. 
For example,all necessary precautions must be taken to prevent 
damage to property at or adjacent to the s i t e , and a dust p a l l i a t i v e 
must be put down where a dust nuisance may be created. 

T r a f f i c i s r e l a t i v e l y constant over Young Street Bridge. During 
floodbox and pump station construction, r e s t r i c t i o n of t r a f f i c 



- 74 -

movement could cause congestion problems. However, tender documents 
c a l l for arrangements to be made i n advance of construction, for 
closures of any roads and provision of s u i t a b l e detours to ensure 
the least interference with pedestrian and vehicular t r a f f i c . 
Of p a r t i c u l a r concern are construction a c t i v i t i e s , e s p e c i a l l y truck 
t r a f f i c , along the section of the alignment next to a school yard, 
where the safety of school children could be endangered. Upgrading 
the e x i s t i n g alignment w i l l involve improvements to public roads, 
e.g. Young and Wolfe Roads. 

Construction of the e x i s t i n g alignment whose 1975 estimated cost 
was $1,600,000, w i l l provide temporary employment and related 
economic benefits to the Chilliwack area for the duration of the 
project. Of t h i s amount, approximately 50% w i l l go towards labour 
costs. 

The alignment of the dykes w i l l not s i g n i f i c a n t l y a l t e r 
Chilliwhack Township's projected future development plans. Residents 
of Chilliwhack f e e l secure behind the present dykes (_as do most 

34/ 
residents behind dykes i n the Lower M a i n l a n d ) — Therefore, up
grading the alignment w i l l not necessarily stimulate private develop
ment a c t i v i t y behind the e x i s t i n g dykes. 

I f the e x i s t i n g dykes were upgraded, the non-Indian a g r i c u l t u r a l 
and r e s i d e n t i a l development p o t e n t i a l on lands outside the dykes may 
be reduced because of the flood hazard and marketing problems a r i s i n g 
from a lack of, and no prospect of dyke protection. Financial and 
management assistance that the Indians may require i n developing t h e i r 
lands themselves, may be d i f f i c u l t to obtain due to the flood r i s k 
involved i n the development. 

34/ Information supplied by Planning D i v i s i o n , Water Planning § 
Management Branch, Inland Waters Directorate. 
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Option #2 

A survey of the right-of-way f o r the new proposed outside 
alignment has been made but the actual right-of-way has not been 
obtained. Therefore a l l landowners whose property may have to be 
bought or expropriated along t h i s alignment w i l l be affected by 
construction a c t i v i t i e s such as vegetation removal and land burying. 
In addition, those persons residing or using land to the land side 
of the dyke w i l l be subjected to disturbances i n the 25 foot 
temporary working area. 

Construction a c t i v i t i e s i n general w i l l be a e s t h e t i c a l l y d i s 
pleasing to residents near the east end of the alignment and users 
of recreational areas. However, much fewer residents w i l l be 
affected here than along an upgraded e x i s t i n g alignment. I f 
Island 22 and adjacent areas are opened up f o r recreational use 
due to the greater ease of access with the new dyke crest roads, 
the resultant increase i n t r a f f i c and people may be disruptive to . 
the r u r a l l i f e s t y l e of residents i n the Clarke Road-north. Young 
Road area. 

The proposed outside alignment w i l l provide flood protection 
for an additional 800 acres of land. Flood damage prevention 
benefits w i l l accrue from a reduction of: a) physical damage to 
ex i s t i n g buildings and t h e i r contents, bridges and roads, and 
costs of replacement and repair of affected property; b) a g r i c u l 
t u r a l crop losses and livestock losses; c) loss of income due to 
interruption of business; d) cost of flood f i g h t i n g , evacuation, 
and care and. r e h a b i l i t a t i o n of flood victims. In addition, land 
behind the proposed dyke alignment, p a r t i c u l a r l y land under 30 feet 
GSC, w i l l not be subject to flooding or substantial crop losses by 
flood-induced high water tables as frequently. Thus, long term 
income-producing potential such as an increase i n a g r i c u l t u r a l 
production, and a change to crops which y i e l d higher returns, can 
be r e a l i z e d . For example, hay-pasture land may be converted to 
produce cash crops behind dykes. Prospective buyers, lessees, and 
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developers may be more i n c l i n e d to invest i n r e s i d e n t i a l develop
ment i n the area i f there i s less l i k e l i h o o d of flood hazard owing 
to dyke protection. 

Construction of the new alignment w i l l provide temporary employ
ment and related economic benefits to the Chilliwack area f o r the 
duration of the project. Approximately 50% of the estimated 
$2,700,000 costs (1975) of t h i s alignment w i l l go towards labour 
costs. 

The economic impact of taking 22 acres of a g r i c u l t u r a l and bush 
land out of production f o r the new dyke right-of-way i s i n s i g n i f i c a n t . 

Even considering the benefits noted above, project costs s t i l l 
outweigh the net benefits and thus the new dyke alignment i s an 
uneconomic proposition (See Section IV.D.5.). 

The sig n i f i c a n c e of the s o c i a l values of a new outside alignment 
appears questionable i n l i g h t of the less than enthusiastic response 
of the prime benefactors, the Indian Bands of Skwali I.R. #3 and 
Skwah I.R. #4, towards a Federal government o f f e r of v i r t u a l l y a 
"free" dyke (See Section II I . A . ) . 
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CONCLUSIONS AND RECOMTffiNDATIONS 

From an environmental point of view there do not appear to be any-
unacceptable impacts which would necessitate the elimination or 
r a d i c a l modification of either alignment proposal. However, the 
upgrading of the e x i s t i n g alignment i s the least detrimental. I t 
i s recommended therefore that this alignment be followed, taking 
into account pertinent recommendations below. It i s acknowledged 
that some of these recommendations may be currently practiced. 

1. In and near dyke rights-of-way, clearing of trees and shrubs 
should be minimized i n order to preserve the ecological and 
aesthetic value of dyke areas. 

2. Adjacent to waterways, the area to the water side of the dyke 
should be l e f t undisturbed. 

3. Placement of stripped s o i l and other debris, and construction of 
temporary work roads should be r e s t r i c t e d to the land side of 
the dyke where possible. I f i t should become essential to 
conduct such a c t i v i t y on the water side of the dyke, a l l pre
cautionary steps should be taken to prevent entry of materials 
into the streamway. 

4. Precautions should be taken i n upgrading the e x i s t i n g alignment 
to ensure that an h i s t o r i c a l cairn located on Wolfe Road near 
Chilliwack Creek i s preserved. 

5. Dyke maintenance operations including mowing should be conducted 
i n the f a l l and early winter months. No burning should be done 
after the f i r s t of March u n t i l the f a l l . 

6. The preliminary designs and operating schedules of the pvrnip 
station for either option (as outlined i n t h i s report) are 
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acceptable to Fisheries and Marine Service. However, Fisheries 
personnel should be consulted during the f i n a l design phase of 
the pvimp station for review and comment of plans and proposals. 

7. Pump station construction periods should be discussed with the 
Fisheries and Marine Service (Appendix B contains correspondence 
r e l a t i n g to this topic). 

8. Fish screen specifications for the pump station works should be 
discussed with the Fisheries and Marine Service (Appendix B 
contains correspondence r e l a t i n g to this t o p i c ) . 

9. No pumping operation of any kind s h a l l be permitted to handle 
winter flows. The floodbox gates should be manually operated 
and should remain open from August to A p r i l of the following year. 

10. The Township of Qiilliwhack should be made f u l l y aware of and 
s t r i c t l y enforce these aforementioned pump station s p e c i f i c a t i o n s 
and operation schedules. 

11. In order that water l e v e l specifications can be s t r i c t l y observed 
and enforced, manual water le v e l gauges should be i n s t a l l e d on 
the upstream and downstream sides of the pump stati o n . 

12. Bank protection slopes should be steepened (e.g. 2:1) i f prac
t i c a b l e to preserve and increase the width of the e x i s t i n g berm 
between the rip-rapped bank and the dyke, and thus allow f o r 
vegetation growth. At si t e s where the difference i n berm width 
between dif f e r e n t slopes (e.g. 2:1 and 3:1) i s not a c r i t i c a l 
f a c tor, a f l a t t e r slope with smaller sized riprap material would 
be desirable to allow vegetation to become established more 
ea s i l y within the bank protection works. 
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13. Vegetation regrowth should be encouraged i n the entire berm 
area between the riprapped bank and the dyke toe. In emergencies, 
i f repairs to the riprap cannot be done from the r i v e r , trucks 
could drive over the vegetation to reach the bank protection works 

It i s recoimnended that the following improvements which would be 
b e n e f i c i a l for w i l d l i f e , recreation and aesthetics be undertaken, 
provided additional funds can be obtained: 

14. Trees, shrubs and ground cover which are unavoidably l o s t during 
dyke (re)construction, should be replaced i n order to preserve 
and enhance the ecological and aesthetic values of dyking areas. 

15. Lowering of the top of the rock revetment from i t s present l e v e l 
at the top of the r i v e r bank, to a sustained high-flow elevation 
so that r i p a r i a n vegetation can be promoted on the upper slopes 
of the bank, should be investigated. 

16. The p o s s i b i l i t y of incorporating c e l l u l a r cement blocks, i n 
which vegetation can be planted, into the upper portions of the 
bank protection works should be investigated. This, or a s i m i l a r 
method, should be used i f vegetation growth alone would not 
provide s u f f i c i e n t ' p r o t e c t i o n from r i v e r currents i n certain areas 

17. In order to enhance dykes for recreational use, turnouts, b i c y c l e 
paths and boat launching ramps (the l a t t e r for Option 2 only) 
should be incorporated into sections of the alignment i n the 
f i n a l design. Locations and speci f i c a t i o n s of these f a c i l i t i e s 
should be drawn up i n consultation with p r o v i n c i a l parks, 
f i s h e r i e s , w i l d l i f e and municipal authorities. 

18. For bank protection areas to be more a e s t h e t i c a l l y pleasing and 
provide some value for recreational use as well as w i l d l i f e 
habitat, measures to promote ecological values are required. To 
accomplish t h i s , both construction and maintenance operations 
for bank protection works should be conducted from barges or 
r i v e r dredges wherever f e a s i b l e , to ensure as l i t t l e vegetation 
as possible i s damaged. 
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APPENDIX A 
Photographs o f the e x i s t i n g (Option #1) 
and proposed (Option #2) dyke alignments 

E x i s t i n g Alignment 
23 Dec. 1975 

From Clarke Road 
l o o k i n g north on 
Young Road, C h i l l i w a c k . 

P o t e n t i a l s i t e o f Hope 
Slough pump s t a t i o n up
stream o f Yoimg S t r e e t 
b r i d g e . 

Hope Slough, l o o k i n g 
downstream from Young 
S t r e e t b r i d g e - no dyke 
e x i s t s i n t h i s area. 



E x i s t i n g dyke through Skwah Indian 
Reserve #4, near Wellington Avenue 
l o o k i n g east. 

E x i s t i n g dyke through Skwah Indian 
Reserve #4, north o f Wolfe Road 
l o o k i n g northeast. 
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Looking southwest from 
Young Road along the 
proposed dyke alignment. 

Looking east at bank 
protection works and 
gravel operation along 
the Fraser River, near 
Clarke Road. 

Bank protection works 
which extend to top of 
the emergency dyke, 
looking west along the 
Fraser River. (Proposed 
alignment would run a l 
ong inside of emergency 
dyke). 
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I Looking north along 
' proposed alignment on 
Island 22. 

11 

Looking north across 
Shefford Slough to 
Island 22 near proposed 
Shefford Slough pump 
station s i t e . 
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APPENDIX B 

January 14, 1976 

Mr. M. M. Wiggins, Chief 
I n l a n d Waters D i r e c t o r a t e 
Water P l a n n i n g & Management Branch 
1001 West Pender S t r e e t 
Vancouver, B. C. 1165-36-F35 

A t t e n t i o n : Mr. Steve Wetmore 
Ms. Anne Ker 

Dear S i r : 

Re: F r a s e r R i v e r F l o o d C o n t r o l Programme 
C h i l l i w a c k I n d i a n Reserve - Dyking, Pump 
S t a t i o n and Floodbox P r o p o s a l - RSCC P-65 

Reference i s made t o the l e t t e r s dated September 25 t h , 1975 and 
October 6 , 1975, from the I n l a n d Waters D i r e c t o r a t e , P a c i f i c 
and Yukon Region, t o the RSCC and t o F. C. Boyd„ F i s h e r i e s and 
Marine S e r v i c e , r e s p e c t i v e l y , and t o the subsequent meeting 
r e g a r d i n g the s u b j e c t matter h e l d at 1001 West Pender S t r e e t , 
Vancouver, on October 16th, 1975, attended by the f o l l o w i n g : 

M. M. Wiggins, P. Eng. 
Kc Redpath, P. Eng. 
E. T a y l o r , B i o l o g i s t 
J . M c N a l l y , P. Eng. 
S, Wetmore, P. Eng. 

I n l a n d Waters D i r e c t o r a t e 
Lands D i r e c t o r a t e 
Canadian W i l d l i f e S e r v i c e 
F i s h e r i e s & Marine S e r v i c e 
I n l a n d Waters D i r e c t o r a t e 

and the subsequent o n - s i t e i n s p e c t i o n of November 10th, 1975, under
taken by the f o l l o w i n g : 

M. Noble, B i o l o g i s t 
B. Cox, B i o l o g i s t 
B. Usher, T e c h n i c i a n 
B. T u t t y , B i o l o g i s t 
L. D u t t a , P» Eng. 

Canadian W i l d l i f e S e r v i c e 
F i s h and W i l d l i f e Branch 
F i s h and W i l d l i f e Branch 
F i s h e r i e s & Marine Siorvice 
F i s h e r i e s and Marine S e r v i c e 

The f o l l o w i n g are the comments on the proposed dyke alignments 
as d e t a i l e d on the drawing attached t o the September 25thy 1975 
l e t t e r and the Report, P r e l i m i n a r y Design, Pumping S t a t i o n 
A l t e r n a t i v e s on Hope and S h e f f o r d Slough, C h i l l i w h a c k Township, 
March, 1973. 

Fisheries - Pacific Region 
1090 West Pender Street 
Vancouver, B.C. 
V6E 2P1 

Peches • Regior, du Pacifique 
1090 rue West Ponder 
Vancouver (C.-B.) 
V6E2P1 
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The F r a s e r R i v e r F l o o d C o n t r o l Progranme, C h i l l i w a c k I n d i a n 
Reserve Dyking, Pump S t a t i o n and Floodbox p r o j e c t , may 
p o t e n t i a l l y a f f e c t the m i g r a t i o n of a s t o c k of coho salmon 
that have had a r e c e n t (1970) h i s t o r i c h i g h of I200f. T h i s 
p o p u l a t i o n a c t i v e l y spawn i n s m a l l areas i n the upper reaches 
of E l k and D u n v i l l e Creeks which fl o w i n t o Hope Sl o u g h , thence 
i n t o S h e f f o r d Slough. The a d u l t m i g r a t i o n to these streams 
commences i n November, peaks i n e a r l y December and ends i n 
January. Hope Slough i s u t i l i z e d by the coho as a h o l d i n g a r e a 
d u r i n g maturation i n the l a t e f a l l p r i o r to spawning. J u v e n i l e 
coho emerge from the redds d u r i n g A p r i l and May and r e a r i n Hope 
Slough and i t s t r i b u t a r i e s u n t i l the f o l l o w i n g y e a r when s m o l t i f i c a 
t i o n occurs d u r i n g the e a r l y summer months c o i n c i d i n g w i t h the 
F r a s e r R i v e r f r e s h e t . T h i s system supports both age c l a s s p o p u l a 
t i o n s of j u v e n i l e coho d u r i n g A p r i l - J u l y of any g i v e n year. 

F i s h e r i e s and Marine S e r v i c e p r e f e r s the a l t e r n a t i v e ( r e h a b i l i t a t i o n 
of e x i s t i n g dykes and new Hope Slough pump s t a t i o n near Young Road) 
shown on F i g u r e 1, r a t h e r than A l t e r n a t i v e 3 (new dyke alignment, 
pump s t a t i o n at f o o t of W e l l i n g t o n Road),, shoivm on F i g u r e 3, on the 
f o l l o w i n g grounds: 

a. Streambanks of the S h e f f o r d Slough w i l l be l e f t 
u n d i s t u r b e d . 

b. N u t r i e n t f l o w from the upland areas w i l l not be 
i n t e r c e p t e d by dyke. 

c. Present salmonid l i f e c y c l e s w i l l remain u n d i s t u r b e d . 

d. Large areas of the Hope Slough and S h e f f o r d Slough 
w i l l be l e f t i n i t s present n a t u r a l s t a t e and the 
present use of the areas f o r r e c r e a t i o n a l s p o r t 
f i s h e r y w i l l continue u n a f f e c t e d . 

However, i f other c o n s i d e r a t i o n s make the adoption of an a l t e r n a t e 
dyke alignment more d e s i r e a b l e , t h i s S e r v i c e w i l l not o b j e c t to 
the adoption of A l t e r n a t i v e 3. 

I t i s our understanding that f o r both a l t e r n a t i v e s , v i z . . A l t e r n a t i v e s 
1 and 3, w i n t e r flows w i l l be d r a i n e d to the F r a s e r R i v e r by a f l o o d -
box capable of h a n d l i n g 1 i n 25-year peak d a i l y w i n t e r flows and that 
no pumping o p e r a t i o n of any k i n d w i l l be i n v o l v e d i n h a n d l i n g w i n t e r 
f l o w s . I t i s a l s o understood that the floodbox gate w i l l be 
manually operated, and that t h i s gate w i l l ramain open from August 
to A p r i l of the f o l l o w i n g year, d u r i n g the e n t i r e l i f e of the 
p r o j e c t . 

F i e l d data to s u b s t a n t i a t e the f a c t that no pux.ping w i l l he r e q u i r e d 
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to handle i n t e r n a l drainage d u r i n g the l a t e s p r i n g and e a r l y 
w i n t e r months appears scanty. We would a p p r e c i a t e r e c e i v i n g 
your comments on t h i s aspect of the o p e r a t i o n of the pump 
s t a t i o n i n view of F i s h e r i e s ' concerns, should h i g h F r a s e r 
R i v e r d i s c h a r g e n e c e s s i t a t e pumping concomitant t o a d u l t 
m i g r a t i o n . Please r e f e r t o Page 1 of amendments t o Hope 
Slough pumping a l t e r n a t i v e s , f i r s t seventeen l i n e s . (A photo
copy of t h i s page i s enclosed f o r easy r e f e r e n c e ) . 

I t i s our understanding that the o p e r a t i o n and maintenance of 
the f a c i l i t i e s a f t e r being b u i l t w i l l be the r e s p o n s i b i l i t y of 
the D i s t r i c t of C h i l l i w a c k . We request you ensure t h a t the 
M u n i c i p a l i t y of C h i l l i w h a c k becomes f u l l y aware and undertakes 
to s t r i c t l y e nforce these s p e c i f i c a t i o n s and o p e r a t i o n schedules. 
We would a p p r e c i a t e r e c e i v i n g a copy of the document v e r i f y i n g 
t h i s f a c t f o r our r e c o r d s . 

Pumps 

Please r e f e r t o pages 5 and 6 (memorandum from Cameron to Marr, 
December 4 t h , 1972). 

The breakdown of h a n d l i n g of discharges o f 25 c . f . s . by screw 
pumps and 175 c . f . s . by screened a x i a l f l o w pumps i s acc e p t a b l e . 
However, up to t h i s time, we have no experience i n the use of 
screw pumps f o r t r a n s p o r t i n g f i s h . I have i n s t r u c t e d my s t a f f 
to c a r r y out l i t e r a t u r e search and i n v e s t i g a t i o n s i n t h i s r egard. 
In the i n t e r i m , your design may proceed on the b a s i s of your 
p r o p o s a l w i t h c e r t a i n f l e x i b i l i t y to s l i g h t m o d i f i c a t i o n i n the 
l i g h t of our f i n d i n g s . 

Screen s p e c i f i c a t i o n s f o r a x i a l f l o w pump f o r f i s h d i v e r s i o n : 
(Please r e f e r to a l e t t e r from Mr. M. J . Holden t o Mr. R. A. 
Crouter dated February 20th, 1973, Page 2 of Appendix 2 ) . The 
c l e a r openings f o r the screens of 0.15 i n c h was s p e c i f i e d to 
d i v e r t coho smolts o n l y . Due to t h e ' l a r g e p o p u l a t i o n of chum 
and pink salmon which spawn i n the mainstem F r a s e r R i v e r and 
C h i l l i w a c k Creek adjacent to the p r o j e c t s i t e , i t i s our 
recommendation that the screen opening s i z e should be such as 
to exclude these f r y from the i n t a k e should they s t r a y upstream 
of the pump f a c i l i t y p r i o r t o floodbox c l o s u r e and commencement 
of pumping. The opening f o r t h i s purpose s h a l l be 0.10 i n c h and 
a copy of sc r e e n i n g s p e c i f i c a t i o n s i s enclosed f o r your r e f e r e n c e . 

C o n s t r u c t i o n of the Dyke through the Ind i a n Reserve, A l t e r n a t i v e 3 

The f o l l o w i n g r e s t r i c t i o n s s h a l l apply: 

I Extent of s t r i p p i n g of t o p s o i l f o r dyke - c o n s t r u c t i o n 
s h a l l be determined at s i t e . T suggest t h a t an o n - s i t e 
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i n s p e c t i o n be undertaken j o i n t l y by your p r o j e c t 
engineer and a member of my s t a f f , p r i o r to the 
p r e p a r a t i o n of f i n a l drawings and tender documents 
to s e t t l e t h i s i s s u e . 

I I S t r i p p e d s o i l and o t h e r d e b r i s s h a l l be d e p o s i t e d 
on the i s l a n d above the dyke alignment, away from 
the stream. 

I l l Temporary roads f o r movement of equipment and h a u l i n g 
m a t e r i a l s s h a l l be b u i l t on h i g h e r ground, away from 
the stream. 

IV Streambank between the toe of the proposed dyke and 
the floodway s h a l l be l e f t u n d i s t u r b e d , i n i t s n a t u r a l 
s t a t e . 

V No t i m i n g r e s t r i c t i o n s f o r dyke c o n s t r u c t i o n s h a l l be 
imposed by t h i s S e r v i c e as long as the aforementioned 
c o n d i t i o n s are s t r i c t l y adhered to d u r i n g c o n s t r u c t i o n . 

C o n s t r u c t i o n of the E a r t h - f i l l e d Dam and Pump S t a t i o n across the 
S h e f f o r d Slough ( A l t e r n a t i v e s 1 and 3) 

a. Timing of c o n s t r u c t i o n w i l l be of concern to us. For 
the purpose of p l a n n i n g o n l y , the months of January, 
February and August may be considered as a l l o w a b l e 
time p e r i o d . These are, however, s u b j e c t t o change 
upon review of your proposed c o n s t r u c t i o n methods 
and c o n s t r u c t i o n drawings, f o r example, use of 
c e l l u l a r cofferdams, method of segmenting the stream 
c r o s s - s e c t i o n , use of land-based equipment, equipment 
on barges, e t c . 

b. This phase of the c o n s t r u c t i o n s h a l l be planned i n 
c o n s u l t a t i o n w i t h my t e c h n i c a l s t a f f . We a l s o request 
you to forward the p r e l i m i n a r y p l a n s and p r o p o s a l s to 
t h i s o f f i c e f o r review and comment. 

Please note t h a t X. K. Dutta, P. Eng. (666-3285) and B. T u t t y , 
B i o l o g i s t (666-3304) of my s t a f f \ ' ? i l l be a v a i l a b l e f o r d i s c u s s i o n 
on any aspect of t h i s p r o j e c t . 
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Your courtesy i n r e f e r r i n g t h i s matter f o r our review and 
comments i s s i n c e r e l y a p p r e c i a t e d . 

LKD/cz 
BT 
End. 

cc. A. C. Cooper, D i r e c t o r 
I n t e r n a t i o n a l P a c i f i c Salmon 

F i s h e r i e s Commission 

G. A. West, Re g i o n a l D i r e c t o r 
F i s h and W i l d l i f e Branch, Bumaby 

M. Noble 
Canadian W i l d l i f e S e r v i c e 

I . S. Todd, Chief 
F r a s e r River-Johnstone S t r a i t -

Juan de Fuca D i v i s i o n , F i s h e r i e s 
and Marine S e r v i c e 

L. S. Freeman, D i s t r i c t S u p e r v i s o r 
New Westminster, F i s h e r i e s and Marine S e r v i c e 

J . Hipp, F i s h e r y O f f i c e r 
C h i l l i w a c k 



0281550 - B-17 

January 4, 1973 

Ch i l l i w a c k I n t e r n a l Drainage 

Amendments to Hope Slough Pumping A l t e r n a t i v e s 

A l t e r n a t i v e 1 - Pago 4 

a) amend "Summer Operation" to read as f o l l o w s : 

Summer flows w i l l _ pass through the floodgates except when the Fraser 
'•Rivcr'riscs"yo' a level'between 27.0 feet G.S.C. and 29.0 feet G.S.C. 
at the floodgates. The floodgates w i l l be manually closed between 
tlicse r i v e r l e v e l s , depending on the a n t i c i p a t e d f l o o d conditions. A 
r i v e r l e v e l of_29,0-fcet G.S.C. at the floodgates i s equivalent t o a _ 
r i v e r l e v e l of 20.0 feet G.S.C. at Mission. 

V.'hcn extreme high r i v e r l e v e l s arc f o r e c a s t , the floodgates w i l l be 
closed at 27.0 feet G.S.C. The pumps s h a l l s t a r t pumping when the 
i n t e r n a l water l e v e l of the slough r i s e s to 27.5 feet G.S.C. and s h a l l 
cut out when the i n t e r n a l l e v e l i s drawn down to 27.0 fe e t G.S.C. 

When tl i c r i v e r l e v e l i s expected to exceed e l e v a t i o n 29.0 feet G.S.C. 
f o r only a few days, tlic floodgates w i l l be closed when tl i c r i v e r 
l e v e l r i s e s to 29.0 feet G.S.C. and pumping s h a l l be s t a r t e d . 

c 
During any freshet which the floodgates are closed, the pumps s h a l l be 
stopped and the floodgates opened when the r i v e r l e v e l f a l l s to 29.0 
feet G.S.C, provided i t i s apparent that peak conditions have passed 
and the r i v e r l e v e l continues to drop. 

T'nc capacity of the pump s t a t i o n i s based on maintaining the i n t e r n a l 
l e v e l of Hope Slougli below 32.6 feet G.S.C. during a design f l o o d of 
the Fraser River. The average summer runoff flow has'been co-bined 
witli tl^c undo rsccjiagc rates as given i n section A-6. The r i v e r I c v c l i 
l U i r i n g t h c (l(V.i)'.ii f lood aro based on the Fraser River Bo.ird design 
flood hydri))'. iMpli. 

b) amend "iUi)iip Data" to read as follows : 

maximum r i v e r l e v e l (design flood) 57.7 feet G.S.C. 
maximum i n t e r n a l l e v e l (design flood) 32.6 feet G.S.C 
normal i n t e r n a l drawdown l e v e l 27.0 -fcot G.S.C. 
minimum i n t e r n a l drawdown l e v e l 25.0 feet G.S.C. 
screw pump: 25 cfs capacity with a maximum l i f t of 15.0 f e e t 
a x i a l flow pumps: 175 cfs t o t a l design discharge capacity at 

a design s t a t i c lioaU o f 9.0 f c o t . 



Department o f t h e E n v i r o n m e n t 
F i s h e r i e s and M a r i n e Se-i-vicc 

WATER INTAKE FISH PROTECTION F A C I L I T I E S 

PROVISIONS OF THE FISHERIES ACT - SECTION 2 3 

I n t h e P r o v i n c e s o f B r i t i s h C o l u m b i a , M a n i t o b a , Saskatch2v:an 
and A l b e r t a , t h e Northv;est T e r r i t o r i e s cind t h e Yukon T e r r i t o r y , 
e v e r y d i t c h , c h a n n e l o r c a n a l c o n s t r u c t e d o r a d a p t e d f o r c o n d u c t i n g 
v;ater f r o m any l a k e , r i v e r o r s t r e a m , f o r i r r i g a t i n s j r n a n u f a c t u r i n ^ , 
d o m e s t i c o r o t h e r p u r p o s e s , s h a l l I f t h e M i n i s t e r deams i t n s c o s s a r y 
i n t h e p u b l i c i n t e r e s t , be p r o v i d e d a t i t s e n t r a n c e o r i n t a k e v.'ith 
a f i s h g u a r d o r a m e t a l o r w i r e g r a t i n g , c o v e r i n s o r n e t t i n g , so 
f i x e d as t o p r e v e n t t h e passage o f f i s h f r o m any l a k e , r i v e r o r 
s t r e a m i n t o s u c h d i t c h , c h a n n e l o r c a n a l . 

Such f i s h g u a r d s s h a l l have meshes o r h o l e s o f s u c h d i m e n s i o n s 
as t h e I - I i n i s t e r may p r e s c r i b e , and s h a l l be b u i l t and n a i n t a i n c d 
by t h e ov:ner o r o c c u p i e r o f s u c h d i t c h , c h a n n e l o r c a n a l , s u b j e c t 
t o t h e a p p r o v a l o f t h e M i n i s t e r o r o f s u c h o f f i c e r as he may a p p o i n t 
t o examine i t . 

The ov;ner o r o c c u p i e r o f s u c h d i t c h ^ c h a n n e l o r . c a n a l s h a l l 
m a i n t a i n s u c h f i s h g u a r d i n a good'and e f f i c i e n t s t a t e o f r e p a i r , 
and s h a l l n o t p e r m i t i t s r e m o v a l e x c e p t f o r renev;al o r r e p a i r and 
d u r i n g t h e t i m e s u c h r e n e w a l o r r e p a i r i s b e i n g e f f e c t e d t h e s l u i c e 
o r g a t e a t t h e i n t a k e o r e n t r a n c e s h a l l be c l o s e d , and t h e p a s s a g e 
o f f i s h i n t o t h e d i t c h , c h a n n e l o r c a n a l p r e v e n t e d . 

SPECIFICATIONS FOR INTAKE STRUCTURES V7ITH STATIONARY SCREENS 

1. S c r e e n , M a t e r i a l : ' The s c r e e n m a t e r i a l s h a l l be e i t h e r 
alumintim, s t a i n l e s s s t e e l , b r a s s o r b r o n z e . 

2. S c r e e n Mesh S i z e : C l e a r o p e n i n g s o f t h e s c r e e n ( t h e s p a c e 
betVv'een s t r a n d s ) s h a l l n ot e x c e e d 0.10 inch'"'. The open 
s c r e e n a r e a s h a l l n ot be l e s s t h a n 50% o f t o t a l s c r e e n a r e a . 
The recommended s c r e e n i s 8 s t r a n d s p e r l i n e a l i n c h , s q u c i r e -
mesh v/ire c l o t h w i t h .028 o r .025 i n c h d i a m e t e r v j i r e . 

3. S c r e e n A r e a : A minimum u n o b s t r u c t e d s c r e e n a r e a o f 10 
s q u a r e f e e t s h a l l be p r o v i d e d f o r each c u b i c f o o t p e r 
second'-'"-' e n t e r i n g t h e i n t a k e . The r e q u i r e d s c r e e n a r e a 
s h a l l be i n s t a l l e d below minimum w a t e r l e v e l . ( S c r e e n 
a r e a l o s t by f r a m i n g s h a l l n ot be i n c l u d e d a s p a r t o f t h e 
u n o b s t r u c t e d s c r e e n a r e a . ) 

4. S c r e e n S u p p o r t : The s c r e e n s h a l l be a d e q u a t e l y s u p p o r t e d 
'.•;ith s t i f f e n e r s o r "back-up" m a t e r i a l t o p r e v e n t e x c e s s i v e 
s a g g i n g . 

5. S c r e e n P r o t e c t i o n : The i n t a k e s t r u c t u r e s h a l l , v;hero 
n e c e s s a r y , be e q u i p p e d v ; i t h a t r a s h r a c k o r s i m i l a r d e v i c e 
t o p r e v e n t damage t o t h e s c r e e n f r o m f l o a t i n g d e b r i s , i c e , e t c . 

0.10 i n c h = 3/32" ( a p p r o x i m a t e l y ) 
One c u b i c f o o t p e r second = ^50 U.S. g a l l o n s p e r rp.inute 

= 375 I m p e r i a l ( g a l l o n s p e r minute 
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6. S c r e e n A c c e s s i b i l i t y : The s c r e e n s h a l l be r e a d i l y a c c e s s i b l e 
f o r c l e a n i n g and i n s p e c t i o n . ( S c r e e n p a n e l s o r s c r e e n 
a s s e m b l i e s V'fhich cannot be removed f o r c l e a n i n g , i n s p e c t i o . n 
and r e p a i r s s h o u l d be a v o i d e d . ) 

7. A l l o v / a b l e Onenln.'rsS: The p o r t i o n o f the i n t a k e s t r u c t u r e 
v.'hich i s submerged at maximum v/ater l e v e l s h a l l be d e s i g n e d 
and a s s e m b l e d such t h a t no open ings exceed 0 .10 i n c h i n w i d t h . 

8. D e s i g n and L o c a t i o n : The d e s i g n and l o c a t i o n o f the i n t a k e 
s t r u c t u r e s h a l l be such t h a t a u n i f o r m flov,'- d i s t r i b u t i o n i s 

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

PH0C5DURSS FOR IMSPSCTION AND APPROVAL OF IK^TAICS S0:TVUCTUA5S 

D i v e r s i o n s l e s s t h a n one c u b i c f o o t p e r rjecond: T h e ln ta ! : e 
s t r u c t u r e s h a l l be c o n s t r u c t e d i n a c c o r d a n c e v j i t h t h e to'j?Q^olr.^ 
s p e c i f i c a t i o n s . Upon c o m p l e t i o n o f c o n s t r u c t i o n p r i o r t o o p e r a 
t i o n , the owner s h a l l c o n t a c t a l o c a l r e p r e s e n t a t i v e o f t h e 
F i s h e r i e s i M a r i n e S e r v i c e , Department o f the E n v i r o n u e n t p t o 
a r r a n g e f o r on s i t e i n s p e c t i o n and a p p r o v a l o f t h e i n s t a l l a t i o n . 
(Permanent ly submerged s c r e e n s must be i n s p e c t e d p r i o r t o 
i n s t a l l a t i o n . ) 

D i v e r s i o n s g r e a t e r t h a n one c u b i c f o o t p e r s e c o n d : The O'.rnor 
s h a l l submit t o t h e R e g i o n a l D i r e c t o r o f F i s h e r i e s , Departznent 
o f the E n v i r o n m e n t , 1090 VJest Pender S t r e e t , V a n c o u v e r 1 , B . C . , 
d e t a i l e d p l a n s o f the p r o p o s e d i n s t a l l a t i o n f o r r e v i e v / and a p p r o v a l 
p r i o r t o f a b r i c a t i o n . The p l a n s s h a l l c o n t a i n t h e fo l io- . - ' ing 
i n f o r m a t i o n : i n t a k e s t r u c t u r e l o c a t i o n and d i m e n s i o n s , mazrisuia 
c a p a c i t y o f d i v e r s i o n ( e x p r e s s e d e i t h e r i n c u b i c f e e t p e r s e c o n d , 
U . S . o r I m p e r i a l g a l l o n s p e r m i n u t e ) , s c r e e n d i r a e n s i o n s , s c r e e n 
m a t e r i a l , mesh s i z e , f a b r i c a t i o n d e t a i l s and rcinimur^. ;.'ater l e v e l 
at the i n t a k e s i t e . 

The i n t a k e s t r u c t u r e s h a l l t h e n be c o n s t r u c t e d i n a c c o r d a n c e v - ; i th 
the a p p r o v e d p l a n s . Upon c o m p l e t i o n o f c o n s t r u c t i o n and p r i o r t o 
o p e r a t i o n , the ov;ner s h a l l c o n t a c t the l o c a l r e p r e s e n t a t i v e o f 
F i s h e r i e s £ M a r i n e S e r v i c e t o a r r a n g e f o r on s i t e i n s p e c t i o n and 
a p p r o v a l o f the i n s t a l l a t i o n . ( P e r m a n e n t l y subraerged s c r e e n s 
nvast be i n s p e c t e d p r i o r t o i n s t a l l a t i o n . ) 

ALTERNATE F I S H PROTECTION F A C I L I T I E S 

S e l i J - c i o a n i n g t y p e s c r e e n s o r i n f i l t r a t i o n - t ^ / p e i n t a k e s a r e 
sometimes u s e d v/hen d i v e r s i o n s p r e s e n t major m a i n t e n a n c e and 
c l e a n i n g p r o b l e m s . E n q u i r i e s c o n c e r n i n g t h e Depax-tment•s r e q u i r e 
ments f o r t h e s e t y p e s o f s t r u c t u r e s s h o u l d be d i r e c t e d t o t h e 
F i s h e r i e s £ M a r i n e S e r v i c e , 1090 V7est Pender S t r e e t , Vancou\^er 1, 
5 . C . 

R e v i s e d F e b r u a r y 2 3 , 1972. 
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Series of Land Use and C a p a b i l i t y ! 
Overlays, w i t h C a p a b i l i t y D e s c r i p t i o n s ' 



Wl LD LI FE -WATE R FOWL 

DESCRIFTIVe LEGEND 

In general, the needs of all waterfowl ore much alike,- each individual and species 
must be provided with a sufficient quality and quantity of food, protective cover, 
and space to meet its needs for survival, growth, and reproduction. The ability 
of the land to meet these needs is determined by the individual requirements of 
the species or group under consideration, the physical characteristics of the 
land, and those factors that influence the plant and animal communities. 

On this mop the land is divided into units on th.e basis of physiographic char
acteristics important to waterfowl populations. The degree of limitation osso-
ciated with each unit determines its capability class. The subclass denotes the 
primary factor that causes the limitation. 

This classification system is based on two important considerations. 
• Capability ratings are established on the basis of the optimum vegetafiona! 

stage (successional stoge) that can be maintained when good wildlife manage
ment Is practiced. 

• Capability ratings assigned do not reflect present land use (except in extreme 
cases such as heavily populated urban areas), ownership, lack of acces", distance 
from cities, or amount of hunting pressure. 

cuss 1 LANDS IN THIS CLASS HAVE N O SIGNIF ICANT 
LIMITATIONS T O THE PRODUCT ION OF WATERFOWL. 

Capability on these lands is very high. They provide a wide variety and abundance 
of important habitat elements; rolling topography is well suited to the formation 
of wetlands. Predominont water areas on these lands are both shallow and deep 
permonent marshes, and deep, open water areas with well-developed marsh 
edges. 

lends in this special class are Class 1 areas that also serve as 
important migration stops. 

LANDS IN THIS CLASS HAVE VERY SLIGHT LIMITA
T IONS T O THE PRODUCT ION OF W A T E R F O W L 

CLASS IS 

CLASS 2.' 

* 

Capability on these lands is high but less than Class 1. Slight limitations'are due to 
climote, fertility, or permeability of the soils. Topography tends to be more un
dulating than rolling; a higher proportion of the water areas than in Class 1 are 
small temporary ponds or deep, open water areas with poorly developed marsh 
edges. 

lands in this special class are Class 2 areas that also serve as 
important migration stops. CLASS 2S 

CLASS 3 LANDS IN THIS CLASS HAVE SLIGHT LIMITATIONS 
T O THE PRODUCT ION OF WATERFOWL. 

Capability cn these lands is moderately high, but productivity may bs reduced in 
some years because of occasional droughts. Slight limitations are due to climate 
or to characteristics of the land that affect the quality and quantity of habilat. 
Thft.̂ fl Inndc hove, o hioh proportion of both temporary and semipermanent shallow 
marshes poorly interspersed wirh d»»p marshes and bodies of open water. 

lands in this special class are Class 3 areas that also serve as 
important migration stops. CLASS 3 S 

tLAss:3ii 
lands in this special class may not be useful for waterfowl pro
duction, but are important as migration or wintering areas. This 
class has no subclasses. 

l A N D S IN THIS CLASS HAVE MODERATE LIMITATIONS 
T O THE P R O D U C T I O N OF WATERFOWL. 

Copability on these lands is moderofe. limitalions are similar to those in Class 3, 
but the degree is greater. Woter areas are predominantly temporary ponds, or 
deep, open waters with poorly developed morsh edges, or both. 

CLASS 5 LANDS IN THIS CLASS -HAVE MODERATELY SEVERE 
LIMITATIONS T O THE PRODUCT ION O r W A T E R F O W L 

Capability on these londs ismoderotely low! Limitations.are usuolly a corribination; 
of two or more of-the-following factors: climate, soil moisture, permeability, 
fertility, topography, solrnity, flooding, and poor interspersion of.wate^ areos! 

•.f:aAss.6: LANDS IN THIS CLASS HAVE SEVERE LIMITATIONS 
T O THE PRODUCT ION OF WATERFOWL. 

Copability on these lands is very low. Limitations ore easily idenlifled. They may 
include aridity, salinity, very flot topography, steep-sided lakes, extremely porous 
soils, and soils containing few available minerols. 

CUSS 7 
LANDS IN THIS CLASS HAVE S U C H SEVERE LIMITA-
T IONS T H A T A L M O S T N O WATERFOWL ARE 
PRODUCED. 

Capability on these lands is negligible or nonexistent. Limitations are so severe 
that waterfowl production is precluded or nearly precluded. 

S U B C U S S E S 

With the exception of Class 1, and special Class 3M, the classes are divided into 
subclasses occording to the nature of the limitations that determine Ihe class. The 
following subclasses ore used to denote significanl limiting factors that may offect 
either the wolerfowl or the ability of the land to produce suitable hobltot con
ditions. 
SUBCLASS A: oridity — The limitation is an arid condition of fhe land or the 
susceptibility of the land to periodic droughts, which results in low pond water 
levels or premature drying of marshes in the breeding season. 
SUBCLASS B: free-flowing wafer—The limitation is usually due to fast or excess 
woter flow, which inhibits development of marsh habitat otong the stream edge. 
It may olso be due to a lock of flow through low-lying lend, which results in 
habitat of poor quality. 
SUBCLASS C: climate — A combination of adverse climatic foctors may act to 
reduce favoroble habitat and the production and survivol of woterfowl. 

^ SUBCLASS F: fertility — The limitation is insufficient nutrients in the soil and water 
for optimum plant growth. 

^ SUBCLASS G: landforin — Poor distribution or interspersion of marshes or 
basins may be a limiting factor of the land ond may prevent the development of 
optimum waterfowl habitat. 
SUBCLASS I: inundation — The limiting factor is excessive water level fluctuation 
or tidal action, which odversely affects the habitat or fhe nesting success of 
waterfowl. 
SUBCLASS J : reduced marsh edge — The limitations are topographic features 
that adversely affect de\ jlopment of optimum marsh conditions along the edge 
of water areas. 

^ SUBCLASS M: soil "moisture — Poor water-holding capacity of soils, which ad
versely offects the formation and permanency of water oreas. 

* SUBCLASS N: odverse soil and water characteristics — Excessive salinity, alkal
inity, acidity, lack of essential troce elements, or abundance of toxic elements 
may limit the development of plant and animal communities essential for water
fowl production. 

^ SUBCLASS R: soil depth — Restriction of the rooting zone by bedrock or other 
impervious layers may limit development of suitable plant communities. 
SUBCLASS T: adverse topography —..Either steepness or flatness of the land 
may limit the development or permanency of wetlands. 

^ SUBCLASS Z: water depth — Excessively deep or shallow waters limit the 
development of optimum waterfowl habitat. 

CONVENTIONS 
Large orabic numerals denote capability class. 
Small arable numerals placed after class or special class symbols indicate the 
approximate .proportion (in lenthsl of the complex represented by that class. 
The dominant class appears first in the symbol. 
Small upper-case letters placed after class or special class symbols denote the 
subclasses, i.e., limitations. 

* Denotes class or subclass not present on this map. 

EXAMPLES 

51 
An area of Class 5 land with topography and water depth limita
tions to waterfowl production is shown; 
A waterfowl production orea of which 7 0 % is Class 4 with limita
tions due to poor water holding capacity of the soils and fertility aIa'^f 
and 3 0 % Class 3 with limitations due to fertility and poor inter-
spersion of morshes. 
An important woterfowl production area of which 6 0 % is Class 1 

and 4 0 % Class 2 with o slight limitation due to interspersion of 1̂  2G 
wetland types is shown: 
An importont migration stop with little or no woterfowl production 
is shown: 

3IVI 



AGRICULTURE 

DESCRIPTIVE LEGEND 

In this classification the mineral soils are grouped into seven classes on the 
basis of soil survey information. Soils in classes 1, 2, 3 and 4 are considered 
capable of sustained use for cultivated field crops, those in classes 5 and 6 
only for perennial forage crops arid those in class 7 for neither. 

Some of the important factors on which the classification is based are: 
• The soils will be well managed and cropped, under a largely mecha

nized system. 
• Land requiring improvements, including clearing, that can be made 

economically by the farmer himself, is classed according to its limitations or 
hazards in use after the improvements have been made. Land requiring im
provements beyond the means of the farmer himself is classed according to 
its present condition. 

• The following are not considered: distances to market, kind of roads, 
location, size of farms, type of ownership, cultural patterns, skill or resources 
of individual operators, and hazard of crop damage by storms. 

The classification does not include capability of soils for trees, tree fruits, 
small fruits, ornamental plants, recreation, or wildlife. 

The classes are based on intensity, rather than kind, of their limitations 
for agriculture. Each class includes many kinds of soil, and many of the soils 
in any class require unlike management and treatment. 

CLASS 1 

CLASS 2 

£;OILS IN THIS CLASS HAVE NO SIGNIFICANT 
LIMITATIONS IN USE FOR CROPS. 

The soils are deep, are well to imperfectly drained, hold moisture well, and 
in the virgin state were well supplied with plant nutrients. They can be 
managed and cropped without difficulty. Under good management they are 
moderately high to high in productivity for a wide range of field crops. 

SOILS IN THIS CLASS HAVE MODERATE LIMITA
TIONS THAT RESTRICT THE RANGE OF CROPS OR 
REQUIRE MODERATE CONSERVATION PRAC
TICES. 

The soils are deep and hold moisture well. The limitations are moderate 
and the soils can be managed and cropped with little difficulty. Under good 
management they are moderately high to high in productivity for a fairly 
wide range of crops. 

SOILS IN THIS CLASS HAVE MODERATELY SEVERE 
mxm^^SB LIMITATIONS THAT RESTRICT THE RANGE OF 

CROPS OR REQUIRE SPECIAL CONSERVATION 
PRACTICES. 

The limitations are more ssvere than for Class 2 soils. They affect one or 
more of the following practices: timing and ease of tillage; planting and 
harvesting; choice of crops; and methods of conservation. Under good 
management they are fair to moderately high in productivity for a fair range 
of crops. 

SOILS IN THIS CLASS HAVE SEVERE LIMITATIONS 
THAT RESTRICT THE RANGE OF CROPS OR 
REQUIRE SPECIAL CONSERVATION PRACTICES, 
OR BOTH. 

The limitations seriously affect one or more of the following practices: 
timing and ease of tillage; planting and harvesting; choice of crops; and 
methods of conservation. The soils are low to fair in productivity for a fair 
range of crops but may have high productivity for a specially adapted crop. 

SOILS IN THIS CLASS HAVE VERY SEVERE LIMITA
TIONS THAT RESTRICT THEIR CAPABILITY TO 
PRODUCING PERENNIAL FORAGE CROPS. AND 
IMPROVEMENTPRACTICES ARE FEASIBLE. 

The limitations are so severe that the soils are not capable of use.fof susr ' 
tained production of annual field crops. The soils are capable of producing 
native or tame species of perennial forage plants, and may be improved by 
use of farm machinery. The improvement practices may include clearing of 
bush, cultivation, seeding, fertilizing, or water control. 

SOILS IN THIS CLASS ARE CAPABLE ONLY OF 
PRODUCING PERENNIAL FORAGE CROPS, AND 
IMPROVEMENT PRACTICES ARE NOT FEASIBLE. 

The soils provide some sustained grazing for farm animals, but the limitations 
are so severe that improvement by use of farm machinery is impractical. 
The terrain may be unsuitable for use of farm machinery, or the soils may not 
respond to improvement, or the grazing season may be very short. 

SOILS IN THIS C L A S S HAVE NO CAPABIL ITY FOR 
A R A B L E C U L T U R E OR P E R M A N E N T P A S T U R E . 

CLASS 4 

CLASS 5 

• CLASS 7 

This class also includes rockland, other non-soil areas, and bodies of water 
too small to show on the maps. 

ORGAN IC SOILS (Not p laced in capabil i ty c lasses) . 

SUBCLASSES 
Excepting Class 1, the classes are divided into subclasses on the basis of 
kinds of limitation. The subclasses are as follows: 

*SUBCLASS C: adverse climate-The main limitation is low temperature or 
low or poor distribution of rainfall during the cropping season, or a com
bination of these. 

•ifSUBCLASS D:undesirable soil structure and/or low permeability-The soils 
are difficult to till, absorb water slowly or the depth of the rooting zone is 
restricted. 

*SUBCLASS E: erosion damage-Past damage from erosion limits agri
cultural use of the land. 

*SUBCLASS F: fertility-Low natural fertility due to lack of available nut
rients, high acidity or alkalinity, low exchange capacity, high levels of 
calcium carbonate or presence of toxic compounds. 
SUBCLASS I : inundation-Flooding by streams or lakes limits agricultural 
use. 
SUBCLASS M: moisture-A low moisture holding capacity, caused by 
adverse inherent soil characteristics, limits crop growth. (Not to be confused 
with climatic drought). 

* SUBCLASS N: salinity-The soils are adversely affected by soluble salts. 
SUBCLASS P: stoniness-Stones interfere with tillage, planting, and 
harvesting. 

* SUBCLASS R: shallowness to solid bedrock-Solid bedrock is less than 
three feet from the surface. 

* SUBCLASS S: soil limitations—A combination of two or more subclasses 
D. F, M and N. 
SUBCLASS T: adverse topography-Either steepness or the pattern of 
slopes limits agricultural use. 
SUBCLASS W: excess water;-Excess water other than from flooding limits 
use for agriculture. The excess water may be due to poor drainage, a high 
water table, seepage or runoff from surrounding areas. 
SUBCLASS X: minor cumulative limitations-Soils having a moderate 
limitation due to the cumulative effect of two or more adverse characteristics 
which individually would not affect the class rating. (This subclass is always 
used alone and only one class below the best possible in a climatic sub-
region). 

CONVENTIONS 
Large arable numerals denote capability classes. 
Small arable numerals placed after a class numeral give the approximate 
proportion of the class out of a total of 10. Letters placed after class numerals 
denote the subclasses, i.e. limitations. 

* Denotes class or subclass not present on this map. 

E X A M P L E S 

An area of Class 4 land with topography and stoniness limita
tions is shown thus: 4̂ P 

An area of Class 2 with topographic limitation, and Class 4 
with stoniness limitation, in the proportions of 7:3 is shown 2 T 4 p 
thus: 



RECREATION 

DESCRIPTIVE LEGEND 
Seven classes .of land are differentiated on the basis of the intensity of outdoor 
recreational use, or the quantity of outdoor recreation, which may be generoted 
and sustained per unit area of land per annum, under perfect market conditions. 

"Quantity" may be measured by visitor days, a visitor day being any reasonable 
portion of a 24 hour period during which an individual person uses o unit of 
land for recreation. 

"Perfect market conditions" implies uniform demand and accessibility for all 
areas, which means that location relative to population centres and to present, 
access do not affect the classification. 

Intensive and dispersed activities are recognized. Intensive activities are 
those in which relatively large numbers of people may be accommodated per 
unit area, while dispersed activities are those which normally require a relatively 
larger area per person. 

Some important factors concerning the classification ore: 
• The purpose of the inventory is to provide.a reliable assessment of the 

quality, quantity and distribution of the natural recreation resources within the 
settled parts of Canada. 

• The inventory is of an essentially reconnaissance nature, based on inter
pretation of aerial photogrophs, field checks, and available records, and the 
maps should be interpreted accordingly. 

• The inventory classification is designed in accordance with present popular 
preferences in non-urban outdoor recreation. Urban areas (generally over 
1,000 population with permanent urban character), as well as some non-urban 
industrial oreas, are not classified. 

• Land is ranked according to its natural capability under existing conditions, 
whether in natural or modified state; but no assumptions are made concerning 
its capability given further major artificial modifications. 

• Sound recreation land management and development practices are assumed 
for all areas in practical relation to the natural capability of each area. 

• Water bodies are not directly classified. Their recreational values occrue 
to the adjoining shoreland or land unit. 

• Opportunities for recreation afforded by the presence in an area of wild
life and sport fish are indicated in instances where reliable information was 
available, but the ranking does not reflect the biological prodiKitivity of the 
area. Wildlife capability is indicated in o companion series of maps. 

CLASS 1 
LANDS IN THIS CLASS HAVE VERY H IGH CAPABILITY 
FOR O U T D O O R RECREATION. 

Class 1 lands have natural capability to engender and sustain very high total 
annual use based on one or more recreational activities of an intensive nature. 
Class 1 land units should be able to generate and sustain a level of use com
parable to that evident at an outstanding and large bathing beach or a nationally 
known ski slope. 

,CLASS;:2-^ 
LANDS IN THIS CLASS HAVE A H IGH CAPABILITY 
FOR O U T D O O R RECREATION. 

Class 2 lands have natural capability to engender and sustain high total annual 
use based on one or more recreational activities of an intensive nature. 

P ^ p 5 ^ « LANDS IN THIS CLASS HAVE A MODERATELY H IGH i'S'̂SM̂  CAPABILITY FOR O U T D O O R RECREATION. 

Class 3 lands have natural capability to engender and sustain moderately 
high total annual use based usually on intensive or moderately intensive activities. 

CUSS 4 
LANDS IN THIS CLASS HAVE MODERATE CAPABILITY 
FOR O U T D O O R RECREATION. 

Class 4 lands have natural capability to engender and sustain moderate total 
annual use based usually on dispersed activities. 

CUSS 5 
LANDS IN THIS CLASS HAVE MODERATELY L O W 
CAPABILITY FOR O U T D O O R RECREATION. 

Class 5 lands have natural capability to engender and sustain moderately low 
total onnual use based on dispersed activities. 

* v:-CLASSs^ LANDS IN THIS CLASS HAVE L O W CAPABILITY FOR 
O U T D O O R RECREATION. -. / 

Class 6 lands lack the natural quality and significant features to rate higher, 
but have the natural capability to engender and sustain low totol annual use 
based on dispersed activities. 

LANDS IN THIS CLASS HAVE VERY L O W CAPABILITY 
FOR O U T D O O R RECREATION. CUSS 7 

Class 7 lands have practically no capability for ony popular types of recreoHon 
oclivity, but there may be some capability for very specialized activities 
with recreation aspects, or they may simply provide open space. 

SUBCUSSES 
Subclasses indicote the kinds of features which provide opportuntly for recrea
tion. They are, therefore, positive aspects of lend ond do npt indicate limltolions 
to use. Features may be omitted from a unit, either becouse of the imposed 
three-feature limit, or because their presence was unknown or unconfirmed. 

The degree to which these features are judged capable, collectively, of 
generating ond sustaining use for recreation, determines the class. The sequence 
in which they are listed indicates the order of their significance. Subordinate 

•--̂ •Jeotures moy be-relatively, insignificant'Ond the ctqss of a unit-should .not be..'-
interp'reted to indicate the'copobility"of a secondary or tertiary feature. 
The subclosses are: 

SUBCLASS A — land providing access to water affording opportunity for 
angling or viewing of sport fish. 

^ SUBCLASS B — Shoreland copoble of supporting fo~iiy beach activities. In high 
class units this will include family bathing. In Classes 4 and 5, the activities 
may be confined to dry land due to cold water or orher limitations. 
SUBCLASS C — land fronting on and providing direct access to waterways with 
significant capability for canoe tripping. 

* SUBCLASS D—Shoreland with deeper inshore water suitoble for swimming or 
boot mooring or launching. 

* SUBCLASS E—Land with vegetation possessing recreational volue. 
* SUBCLASS F—Waterfall or rapids. 
* SUBCLASS G — Significant glacier view or experience. 
* SUBCLASS H —Historic or pre-historic site. 
^ SUBCLASS J—Area offering particular opportunities for gathering and collecting 

items of popular interest. 
SUBCLASS K—Shoreland or upland suited to organized camping, usually 
associated with other features. 

* SUBCLASS L—Interesting landform features other than rock formations. 
* SUBCLASS M—Frequent small water bodies or continuous streams occurring in 

upland areas. 
* SUBCLASS N—land (usually shoreland) suited to family or other recreation 

lodging use. 
* SUBCLASS O—Land affording opportunity for viewing of upland wildlife. 

SUBCLASS P—Areas exhibiting cultural landscape patterns of agricultural, 
industrial or social interest. 

* SUBCLASS Q—Areas exhibiting variety, in topography or- land and woter 
relationships, which enhances opportunities for general outdoor recreation 
such as hiking and nature study or for aesthetic appreciation of the area. 

* SUBCLASS R—Interesting rock formations. 
^ SUBCLASS S—A combination of slopes, snow conditions and climate providing 

downhill skiing opportunities. 
* SUBCLASS T—Thermal springs. 
* SUBCLASS U—Shoreland fronting water accommodating yachting or deep 

water boat tripping. 
* SUBCLASS V—A vantage point or area which offers a superior view relative to 

the class of Ihe unitls) which contain it, or a corridor or other area which 
provides frequent viewing opportunities. 
SUBCLASS W—Land affording opportunity for viewing of wetland wildlife. 

* SUBCLASS X—Miscellaneous features with recreational capability. 
SUBCLASS Y—Shoreland providing access to water suitable for popular forms 
of family boating. 
SUBCLASS Z—Areas exhibiting major, permanent, non-urban man-made 
structures of recreational interest. 

CONVENTIONS 
large arable numerals denote capability classes. 
Upper case letters denote subclosses. 
There may be area distortion due to scale limitations, particularly in the case of 
corridor-shaped units. 

* Denotes class or subclass not present on this map. 

EXAMPLES 
An area of Class 1 shoreland with very high capability to 
generote intensive family bathing and beoch octivifies, g 
fronting and providing access to a water body suited to J K 
family boating, and with a backshore suited to orgonized 
camping is shown thus: 
A complex unit containing Class 5 upland exhibiting 
diversity of natural landscape and possibilities for gothering 
and collecting; Class 3 shorelands with capability for lodging R Q 3 N V 
ond family boating, and Class 5 upland with viewing pos- ^ j ^ Y * ^ R 

sibilities and interesting rock formations; in the proportions 
of 4:3:1 is shown thus: 



WILDLIFE UNGULATES 

DESCRIPTIVE LEGEND 

in generoi, the needs of all ungulotes ore much aWVa-. eoch individuol ond species 
must hove a sufficient quality and quantity of food, protective cover, and space 
to meet its needs for survivol, growth, ond reproduction. The ability of the land 
to meet those needs is determined by the individual requirements of the species or 
group of species under coniiderotion, the physical characteristics of the land, and 
those factors, such as climate, that influence the plant ond onimol communities. 

On this map the land is divided into units on the basis of physiographic char
acteristics important to wild ungulotes. The degree of limitation associated with 
each unit determines its copobility class. The subclass denotes the prirnory foctor 
that causes the limitation. 

This clossif'cation system is based on two important considerations: 
* Capability ratings are established on the basis of the optimum vegetotionol 
stage (successional stage) that can be mointained with good wildlife monogement 
practices. 
* Capability ratings assigned do not reflect present land use (except in extreme 
coses such os heavily populoted urban areas), ownership, lack of access, distance 
from cities, or amount of hunting pressure. 

CLASS 1 LANDS IN THIS CLASS HAVE N O S IGNIF ICANT 
LIMITATIONS T O THE P R O D U C T I O N O F U N G U L A T E S . 

Copability on ttiese lands is high. They provide a wide variety and abundance of 
food plants and other habitat elements. 

Londs in this special class are Class 1 areos thot ore v/inler ranges 
on which animois from surrounding areas depend. CLASS IW 

CLASS 2 LANDS IN THIS CLASS H A V E VERY SLIGHT LIMITA
T IONS T O THE P R O D U C T I O N O F U N G U L A T E S . 

Capability on these londs is high but less than Class 1. Slight limitations are due to 
climatic or other factors. 

lands in this special class ore Class 2 areas that ore winter ranges 
on which onimals from surrounding areas depencL CLASS^W: 

CLASS 3 LANDS IN THIS CLASS H A V E SLIGHT LIMITATIONS 
T O THE P R O D U C T I O N O F U N G U L A T E S . 

Copobility on these londs is moderately high, but productivity may be reduced 
in some years. Slight limitations are due to characteristics of the land that affect 

- the quality and quantity of habitat, or to climatic factors thai limit rhe mobility of 
ungulates or the availability of food and cover. 

lands in this special class ore Class 3 areos that ore winter rongei 
on which animals from surrounding areas depend. CLASS 3W 

fcLASs;^':: LANDS IN THIS CLASS H A V E M O D E R A T E LIMITA
T IONS J O THE P R O D U C T I O N O F U N G U L A T E S . 

i 
I Capability on these lands is moderate, limitations ore similar to those in Class 3, 
! but the degree is greater. 

CLASS 5 LANDS IN THIS CLASS H A V E MODERATELY SEVERE 
LIMITATIONS T O THE P R O D U C T I O N O F U N G U L A T E S . 

Capability on these lands is moderately low. limitotions are usually o comblnotion 
of two or more of climate, soil moisture, fertility, depth to bedroct or other im
pervious layer, topography, flooding, exposure, and adverse soil choracteristics. 

LANDS IN THIS CLASS H A V E SEVERE LIMITATIONS T O 
THE P R O D U C T I O N O F U N G U L A T E S . 

Capability on these lands is very low. limitations ore so severe thol Ihey ore eosily 
recognized; for exomple, soil depth may be negligible or climolic foctors so 
extreme that ungulate populotions are severely reduced. 

CLASS 7 
LANDS IN THIS CLASS H A V t LIMITATIONS S O SEVERE 
T H A T THERE IS N O U N G U L A T E P R O D U C T I O N . 

SUBCLASSES 

With the e)kceptiofi"6f Class Ct"ti'e classes ore divided'into subclosses oi:cardihg' 
lo ihe noture of the limitofion!:, which determine the closs. In most coses the limito
tions do not effect the onimolj themselves, but rather the obilî / of the lend to 
produce suitoble food ond cover plants. For convenience the subclasses ore 
placed in two moin groups: those relating to climote ond those reloting to in
herent chorocleriiitics of the lond. 

CLIMATE 

The following ore used to denote significant climotic foctors thot may affect 
either the onimals or the ability of the lond lo produce suilob'e food ond cover. 

^ SUBCLASS A : aridity — Drought or oridity thot adversely oHecr* the hobitot. 
SUBCLASS C : climote — A combinotion of climotic fodors octing to reduce 
favorable hobitot, ond the production and survivol of ungulotes. 

^ SUBCLASS Q: snow depth — Excessive snow depth that reduces .̂e mobility of 
ungulotes ond ovoilobility of food plonts. 

* SUBCLASS U : exposure or aspect — Speciol climotic foctors, sucr os exposure 
to prevailing winter winds, thot odversely affect the onlmcls or their hobitot. 

L A N D 

The following subclosses ore used to denote significant characteristics of lond 
that limit its usefulness for producing suitable food and cover. Some moy also 
have a slight odverse effect on the ontmals. 

* SUBCLASS F: lenility — Lock of nutrients in the soil for optimum, plont grovvtti. 
5̂ - SUBCLASS G: landform — Poor distribution or interspersion of londforms neces

sary for optimum ungulote hobitot. 
^ SUBCLASS I: inundolion — Ê tcessive water level fluctuotion or lidol oction that 

adversely effects (he hobitot or survival of ungulates. 
SUBCLASS soil moisture — Poor soil moisture, either excessive or deficient. 

=V SUBCLASS N: odverse soil choroderistics— Excessive solinity, lock of essentiol 
trace elements, or obundance of toxic elements in the soil. 

^ SUBCLASS R: soil depth — Restriction of the rooting zone by bedrock, or 
other impervious loyers. 

^ SUBCLASS T : odverse topography — Either steepness or flotness of the land. 

i; U N G U L A T E IND ICATOR SPECIES 
Species of ungulotes for which capobilily ratings ore assigned ore shown by the 

jj following symbols: 
I* A Antelope f Elk 

C. .. Coribou * G Mountoingoot . 
D, .. .Dear (white-toiled deer, Columbia ^ Moose 

block-toiled deer, mule deer) ^ S Mountoin sheep 

C O N V E N T I O N S 

lorce crobic numerols denote copability class. 
Smoli orobic numerols ploced ofler closs numerol or speciol closs symbols indicate 
the cpproximoifc proportion (in tenths) of the complex that is represented by thot 
closs The domipon) closs oppeors first in the symbol-
Smoll uppfcf co'e k-fers placed ofter closs numerol or special closs symbols de
note the subclasses. I.e., limitotions. 
Upper cose italic letters ploced beneath the class numerol denote ungulote 
species. 

* Dfcftotei closv. subclass or ungulote species not present on this mop. 

EXAMPLES 

An ar»;o c-f Class 5 lond with topogtophy ond soil fertilily limiio- 5F 
tion* )o dftfcr produc'ion is shown: D 
/•Ti cf*r'j cf wt.ich 7n'^/r- i', Clô '- ^ (Of d'̂ Kr with liniitolions due lo Aq'^VJ^ 
snow dfrpt̂  bT\<i lopogtopt'y ond llO% is clot;. 3 winierinp oreo lor "̂ T 
tlV Of td Tr.oo'.t with iiighl limilclioni dur; lo inow dcp'h ^ ^̂ '̂  
Af. in.poflor.l wir.l#:rinfj or^-.O ff)( rir.nt Onr i niOuntoin r.hetp of wliich } \'̂ ^ 2\Vk 
'X'% ClqiL 1 ond <0% ,i C\oii 7 with illghi llniiiofior. due IG 
•txposftd l»cdroĉ . ii shown: 
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