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Executive Summary 

Pumping stations on the lower Fraser River are well known to impart significant 
mortalities on migrating salmonids, specifically smolts and kelts, that are out migrating 
from lower Fraser River natal streams to the estuary during the Fraser River freshet. 
Although several studies have determined that pumping stations kill out-migrating fish, 
little is known about pumping stations' ability to limit in-migrants from accessing natal 
and non-natal stream habitat during winter months. In this report, fish migration issues 
are scoped for ten pumping stations and associated flood boxes on the lower Fraser River 
from Hope to Richmond. The majority of pumping stations likely constitute a barrier to 
in-migrating juvenile salmonids, and kill out-migrating fry, smolts and kelts that exit their 
natal stream after the Fraser River freshet arrives. Each of the ten pumping stations is 
described, analyzed and discussed with the intent of developing recommendations for 
operational and capital changes and for further study. Research on the pumping stations I 
fish migration conflict by water resources and biology professionals from Canada and the 
United States is also presented. Options to address the conflict are discussed and include 
changing the type of pump, installing pump bypass systems, changing operational 
procedures at each facility, conducting fish salvage operations, allowing marginally 
productive land to flood, and installing higher volume flood boxes with lighter flap gates. 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



Table of Contents 
Executive Summary ...... ...... ....... ... ... ... .... .... .. .............................. ..................................... i 
Table of Contents .. ................................. ..................................... .................................... ii 
.List of Figures .. ........................................................................... .......... ......................... iv 
List of Tables ......................................................... ........................................... .............. v 
List of Photos ............. .. .. ...................... .......................................................................... vi 
List of Appendices ..... .................... ............................................... .......... ....................... vi 
Acknowledgements ... .................................... ................................................... ............. vii 

1.0 Introduction .. .......... ............... ......... ............................................................................. 1 
1.1 Report Structure ..................... .................................................. ...... ......................... 2 

2.0 Research of Fish Passage and Mortality associated with Pumping Stations and Flood 
Boxes ................. .. .... .............................. ...................... ........................................ .... 3 

2.1 Salrnonid Use of the Lower Fraser River System ................................................... 3 
2.1.1 Coho Salmon ........................... ....... ................................................................. 3 
2.1.2 Chum Salmon .............................................. ................................................... 4 
2.1.3 Chinook Salmon .......................................... ...... ....................... .. .................. .. 4 
2.1.4 Anadromous or Sea-Run Cutthroat Trout ................... .................................... 4 
2.1.5 Steelhead Trout .................................. ............................................................. 5 
2.1.6 Escapement information ....................................................................... ..... ..... 5 

2.2 Flood Protection in the Lower Fraser Valley ............................... ........................... 6 
2.2.1 The Drainage and Flood Control System ........... ...... ....................................... 6 
2.2.2 Abbreviated History of Flood Protection ...... .... ....... ... .................................. 11 

2.3 Pumping Stations ............................ .. .................................. ................................. . 12 
2.3.1 Pump Station Configuration ........................................................... .............. 12 
2.3.2 Pump Types ....................................................... ............................ ............... 12 
2.3 .3 Efficiency and Fish Passage Capability of Different Pump Types ............... 13 
2.3.4 Other Considerations of Fish Passage Through Pumping Stations .............. 16 

2.4 Flood Boxes .......... ........... .......................... ........................................................... 17 
2.4.1 Function ................................................. ... ................................................... . 17 
2.4.2 Flood Boxes as Fish Barriers .................................................. ...................... 18 
2.4.3 Fish Injury And Mortality .... ....... .................................................................. 19 

2.5 Summary of the Research of Fish Passage and Mortality associated with Pumping 
Stations and Flood Boxes ............................................. .................................... 20 

3.0 Selected Pumping Stations on the Lower Fraser River ............... ...................... ....... 21 
3.1 Introduction ........... ........................... .... .......... ............. .... .............. .......... ... ......... .. 21 

3 .1.1 Hatzic Watershed ............ ........... .... .... ...................................................... ..... 21 
3.1.2 Katzie Slough ......................... ... .................................................................... 25 
3 .1.3 Matsqui Slough and Tributaries .... ................. ............. .................................. 28 
3.1.4 McLennan Creek I Gifford Slough ............................................................... 32 
3.1.5 Miami Creek .............................. .................. ... ... ............... ............................ 35 
3.1.6 McLean Creek ... ....... ..... ..... .. ............ .. .................... ...... ... .............................. 37 
3.1.7 Mountain Slough .... ...................... ................. ........ ................. .... ...... .. ......... .. 39 
3.1.8 Nathan Slough ..................... ......... ..... .. ........... .. .. ........... ................................ 42 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams· 
May 1999 

ii Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



3. I .9 Chester Creek Pumping Station .. ... ........... ............. ... ........... ............... .. ........ 44 
3. I. I 0 Lane Creek Pumping Station ........................................................................ 4 7 
3. I. I I The Remaining Pumping Stations in the District of Mission .......... ............. 50 
3 .1.12 Flood Boxes within Mission ... .. ........................... ... ..... ................. .... .... ........ 50 
3 .1.13 Internal Drainage Flood Boxes in Mission ... .... .. ......... ... ......... .... .... ... .......... 5 I 

3 .2 Conclusions and Summary of Recommendations for Section 3 ............ ............... 51 
3.2.1 Hatzic Station .......... ... .. .......... ............... ... .. ..... .... ... ... .... ....... ... .................. .. .. 55 
3.2.2 Katzie Slough Station ..... ............ ............ ...................................................... 55 
3 .2.3 Matsqui Slough Station ............. ..... ..... ... .. ................. .......... .... .. .................... 55 
3.2.4 McLennan Creek Station ............ .... .... ....... ....... ...... .... ........... .. .. ................... 56 
3.2.5 Miami Creek Station ..................... .. ... ... ....... .. ........... .. ..................... ..... .. ..... . 57 
3.2.6 McLean Creek Station ................................................ .............. ........... .. ....... 57 
3.2.7 Mountain Slough Station ... .... ............................................................... .. ... ... 57 
3.2.8 Nathan Slough Station .. ........................ ... .............. ............ .. ......................... 58 
3.2.9 Chester Creek Station .............................. ................. ............. ................... ... . 58 
3.2.10 Lane Creek Station ................................................. ....... ................................ 58 

4.0 General Opportunities For Mitigation of Fish I Pumping Station Conflict .............. 59 
4.1 Introduction .... ...... ....... ....................... .. .... ........ .... .... ........................ .. ............... .. .. 59 
4.2 Improved Fish Passage Through Pumping Stations ............................................. 59 

4.2.1 Retrofit Pumping Stations with "Fish-friendly" pumps ................................ 59 
4.2.2 Pump Bypass Options ... ............... .... ............. ................................................ 60 
4.2.3 Improved Fish Passage Through Flood Boxes ............................................. 63 

4.3 Summary Of General Recommendations For Further Study ................................ 65 
Bibliography ............ .. .. .. ....... ...... ..... ............ .. ............... ......... ..... ... ... .. .. ................ ..... ... 68 
Personal Communications .. ................. ......... ..... ... ...... ........................... .. .............. ... .... 74 
Endnotes ... ..... ......... ... .. .......... ... .... ............... .... ... .... ... .. ... .. ....... .... ...... ..... .... ....... ..... ....... 92 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

iii Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



List of Figures 

Figure la-le: Lower Fraser River Pumping Stations and Dykes, Richmond to Hope, B.C . 
............... ............................................................................... ...... .................. ....... 8 

Figure 2: Monthly water levels of the Fraser R. at Mission for selected years between 
1969- 1992 ................. ................. ... ... ..................................................................... 9 

Figure 3: Average monthly pump station operating hours expressed as percentage of total 
annual hours for Matsqui Slough and McLennan Creek stations from 1974- 1987 . 

....................................... ........................ ............................................................ 10 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

iv Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



List of Ta bl es 
Table 1: Life histories of salmonids specific to streams in the Lower Fraser River. ......... 4 
Table 2: Escapement records and statistics for various watersheds from 1949-1985 ........ 6 
Table 3: Summary of fish passage study results through lower Fraser River pumping 

stations ..................................................... .. ........................................................... 14 
Table 4: Sustained and prolonged speed for coho salmon and cutthroat trout. ................ 18 
Table 5: Characteristics of the Hatzic Slough Pumping Station pumps ........................... 23 
Table 6: Pump start and stop dates for the Hatzic Pumping station between 1991-1998. 24 
Table 7: Characteristics of the Katzie Slough pumping station pumps ............................ 26 
Table 8: Characteristics of the Matsqui Slough Pumping Station pumps ........................ 29 
Table 9: Pumping hours for fish-friendly and non fish-friendly pumps for Matsqui Slough 

pumping station for 1998 ...................................................................................... 31 
Table 10: Characteristics of the McLennan Creek Pumping Station pumps .................... 33 
Table 11: Characteristics of the Miami Creek pumping station pump ............................. 36 
Table 12: Characteristics of the McLean Creek pumping station pump .................... ...... 38 
Table 13: Characteristics of the Mountain Slough pumping station pumps ............... ; ..... 40 
Table 14: Characteristics of the Nathan Slough Pumping Station pumps ........................ 43 
Table 15: Salmonids captured and transported safely around the Silverdale Pump Station, 

1997-98. ···················································································· ···························· 44 
Table 16: Characteristics of the Silverdale Pumping Station pumps ................................ 45 
Table 17: Salmonids captured and transported safely around the Lane Creek Pump 

Station, 1997-98 ....................... ............................................................................. 48 
Table 18: Characteristics of the Lane Creek Pumping Station pumps ............................. 49 
Table 19a: Summary of all watershed and pump station data and mitigative options for 

Chester Creek, Hatzic watershed, Katzie Slough, Lane Creek and Matsqui Slough 
pumping stations .... ................... ............................................................................ 53 

Table 19b: Summary of all watershed and pump station data and mitigative options for 
McLennan, Miami and McLean Creeks, Mountain and Nathan Sloughs ............. 54 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

v Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



List of Photos 
Photo 1: Hatzic Slough station: pump intakes (L), flood box (R) ...................... .... ......... 79 
Photo 2: Hatzic Slough station: flood box (L) and pump (R) discharge . ........................ 79 
Photo 3: Katzie Slough station: pump intakes (R), flood box entrance (L) .............. .. ..... 80 
Photo 4: Katzie Slough station: pump and flood box outfall... ........................................ 80 
Photo 5: Matsqui Slough station: fish pump and screen located in right forebay . .......... 81 
Photo 6: Matsqui Slough station: flood box outfall (R), pump outfall (L) ...................... 81 
Photo 7: Matsqui Slough station: entrance to flood boxes. Note hydraulic gate and slots 

for stop logs .................................... ............................ ....... .. ..... ... .......................... 82 
Photo 8: McLennan Creek station: fish pump and screen in left forebay ........................ 83 
Photo 9: McLennan Creek station: pump (left) and flood box (right) outfalls ................ 83 
Photo 11: Miami Creek station: flood box entrance (R), future pump house sump (L) .... 85 
Photo 12:Miami Creek station: flood box outfall. Note that gates are wide open with little 

flow . ...... ...... .. ...... ......................................... ....... ........................... .... ... ................ 85 
Photo 13: McLean Creek station: flood box entrance (L ), pump house (R) ........ .. ........... 86 
Photo 14:McLean Creek station: cast iron top-mounted flap gate on flood box outfall .. 86 
Photo 15: Hammersley pump station on Mountain Slough ............................................. 87 
Photo 16:Hammersley pump station: flood box outfall. Note hydraulic jump - possible 

barrier .................. .. ... ...... ... ...... ... .... ........... ... ......................................................... 87 
Photo 17:Nathan Slough station: older station (R), new station (L) with submersible 

pumps ........... .. ........................... .................................................... ... .............. ....... 88 
Photo 18:Nathan Slough station: flood box and pump outfalls .. .. ............ .............. ... ... .. . 88 
Photo 19: Silverdale station (Chester Creek): walkway to facilitate fish salvage during 

freshet. ..................... ...... ........................................................................................ 89 
Photo 20:Silverdale station (Chester Creek): new top mounted steel flap gate on flood 

box outfall . ................................................................... ... ..................................... . 89 
Photo 21 :Lane Creek station: Lane creek enters through culvert in center of pie ............ 90 
Photo 22:Lane Creek station: culverts lead to pump station behind embankment. .......... 90 
Photo 23:Lane Creek station: pump (L) and flood box (R) outfalls ................. ................ 91 

List of Appendices 
Appendix 1: Escapement Information for Matsqui Slough, Mountain Slough, Miami 

Creek and the Hatzic watershed. Source: Hancock et al. 1985 ............................ 76 
Appendix 2: Pump log data for Matsqui Slough pumping station for 1998 ..................... 78 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams • 
May 1999 

VI Alan R. Thomson and Associates & 
Connuence Environmental Consulting 



Acknowledgements 

This study could not have been possible without the kind assistance of many individuals. 
The authors wish to thank: 

Canadian sources American sources 
Tom Bird Katzie First Nations Ken Bates Washington State Dept. of 

Fish & Wildlife 
Eric Bonham MELP Jim Buell J.Buell and Associates 

(Portland, OR) 
Lynne Campo DOE Mike Chamblin Washington State Dept. 

of Fish & Wildlife 
Maurice Coulter- DFO John Clarke Delaware State Dept. of 
Boisvert Fish & Wildlife, Fisheries 

Section. 
Greg Cross Pitt Meadows Rod DenHerder U.S. Dept. of Agriculture -

Natural Resources 
Conservation Service 
(Renton, WA) 

Leslie Douglas Township of Langley John Easterbrooks Washington State Dept. of 

Jim Elliot DFO Warren Frizell 

Matt Foy DFO Jeff McGowan 

Stephen Frick MELP Al Mirati 

Greg Giles District of Mission Mark Schuler 

Bill Hamilton District of Mission Ed Zapel 

John Heinonen DFO 
Al Jonsson DFO 
Kon Johansen DFO 
Sylvia Letay MELP 
Sandy McCormick Pemberton Dyking 

District 
Rob McCullough District of Mission 
Darryl McDonald DAID 
Dave Nansen DFO 
Keith Paisley District of Kent 
Krista Payette MELP 
Jerry Pitney Village of Harrison 

Hotsprings 
Clive Roberts Township of Langley 
Marvin Rosenau MELP 
Fred Wodtke MELP 
Frank Wright City of Abbotsford 
Pamela Zevit MELP 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

VII 

Fish & Wildlife 
Water Resources Research 
Laboratory, Bureau of 
Reclamation 
Washington State Dept. of 
Fish & Wildlife(LaConnor, 
WA) 
Oregon State Dept. of Fish 
& Wildlife(Portland, OR) 
Natural Resources 
Conservation Service 
(Spokane, WA) 
Northwest Hydraulic 
Consultants (Tukwila, WA). 

Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



1.0 Introduction 
It is well recognized that significant amounts of fish habitat have been alienated in the 
lower mainland due to the ongoing flood proofing initiative of the last century. Areas that 
were once used by anadromous fish for rearing are now largely isolated from the Fraser 
River, its tributaries and many other smaller watersheds. Fish access to several important 
rivers and wetland areas is now impeded or controlled by dykes, pump houses, 
hydraulically operated flood boxes, and manual flow control structures. Although many 
of these structures have been designed and are operated to allow for fish migration, there 
is a growing belief that fish passage through and past these structures is far more impeded 
than previously believed. 

This study examines two classes of flood control structures: pump stations and flood 
boxes. 

Pump stations are located throughout the lower mainland and are primarily used to pump 
water from low lying ditches and water courses that surround farmlands and communities 
to receiving waters, usually the Fraser, Serpentine and Nicomekl Rivers or one of their 
tributaries. Pumps range in size from those privately owned and operated and found in 
many agricultural drainage ditches, to large multi-pump facility operated by 
municipalities or districts. Some of the larger pumping stations are known to kill juvenile 
fish or to impede migration, whereas fish mortalities are not known but highly suspected 
at many smaller pumping stations. 

Flood boxes play an equally important flood proofing role in many lower mainland 
rivers. However, unlike the large pumping stations, they are not well studied. MELP 
officials estimate that up to 500 flood boxes exist in the lower mainland, 200 in the 
Surrey Dyking district alone. Flood boxes allow upland areas to drain into the dyked 
receiving waters, but prevent rising waters in the dyked water body to flood areas outside 
of the dyke. Although flood boxes are designed to safely pass fish, and many do, there is 
mounting evidence that some don't. The widely held assumption that flood boxes safely 
pass fish has never been thoroughly tested in the lower mainland. In addition, many of 
the low gradient streams that are governed by flood boxes contain valuable coho habitat 
that is in many cases underutilized. This problem may be partially due to fish passage 
problems that involve flood boxes. 

This report explores the above issues as they pertain to ten pumping stations on 
tributaries of the lower Fraser River between Hope and Richmond. Each of the pumping 
stations is described, analyzed and recommendations are made as to what actions can be '°' 

taken to minimize the conflict between fish and flood proofing needs in the future. Data 
gaps are also identified and where appropriate recommendations are made to gather 
additional information such that resource managers may better determine the impact that 
facilities have on fish resources. The report also details current and ongoing applicable 
research by prominent water resources experts and professional biologists, both in 
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Canada and in the United States, and makes recommendations of how current research 
may apply to some fish migration problems experienced in the lower mainland. 

1.1 Report Structure 
The report is divided into four main sections. Section 1 introduces the report and report 
structure. Section 2 gives a detailed background to the issues and outlines past and 
current ongoing research efforts to address the fish I flood proofing conflict. Section 3 
examines ten watersheds in the lower Fraser River that are partially regulated by 
pumping stations and the impact these stations may be having on the local fish resource. 
Section 3 also examines all the pumping stations and flood boxes within the District of 
Mission and discusses the impacts on the local fish resources and possible mitigation 
procedures. Finally, Section 4 discusses several mitigative solutions to the general fish I 
flood proofing conflict that will both aid agencies and local governments to address the 
conflict and point to areas of additional research. 
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2.0 Research of Fish Passage and Mortality associated with 
Pumping Stations and Flood Boxes 

2.1 Salmonid Use of the Lower Fraser River System 
The lower Fraser River and delta is a vast floodplain ecosystem comprising tidal and 
freshwater sloughs, many streams and side channels, and forest wetlands. In addition to 
other marine and freshwater fish species found in these watercourses, there are eight 
species of anadromous fish that are native to the Fraser River system and two more that 
were introduced1

• Certain species such as chinook salmon (Onchorhynchus tshawytscha) 
can migrate several hundred kilometers upstream to preferred spawning and rearing 
habitat, while other salmonids including coho salmon (0. kisutch), chum salmon (0. 
keta) anadromous cutthroat trout (0. clarki clarki), and steelhead trout (0. mykiss) prefer 
lower Fraser River sections. Although the expansion of urban, agricultural, and industrial 
development has significantly reduced the habitat once available to these fish, many 
stocks continue to spawn and rear in the numerous small tributaries to the Fraser River. 

The life cycle phase of the salmonid species found in Lower Mainland streams that is 
relevant to this report is the migration phase. As will be discussed in detail throughout 
this report, flood proofing facilities impede and disrupt salmonid migratory patterns. As 
salmonids move within and outside flood proofed streams, they must successfully 
negotiate either a pump or a flood box to reach their destination, either in an up or 
downstream direction. Some species have to negotiate passage several times during their 
life span. A brief overview of the migratory needs of several salmonid species is 
presented below. 

2.1.1 Coho Salmon 
Coho salmon usually rear in small freshwater streams for one or two years and then 
migrate downstream to the marine habitats from late April to June. During their rearing 
stage coho will migrate up and down the stream corridor seeking the best habitat for the 
season. Typically in urban streams coho migrate from areas where poor water quality and 
high temperatures inhibit their growth to more suitable areas, such as deeper pools with 
adequate overhead cover. In the fall, coho juveniles will move back into quieter waters to 
avoid high flows, suspended sediments, and cold water temperatures. Coho smolts 
typically measure 100 mm fork length upon leaving rearing waters. 
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T bl 1 L"fi hi a e I e stones o f 1 "fi h L sa moru s spec1 ic to streams m t e ow er F raser Ri ver. 
Species Spawning period Downstream migration 
Coho salmon Nov. -Feb.j April-June 

peak mid May 
Chum salmon Nov.- Dec. April-June 

peak mid May 
Chinook salmon Aug.- Oct. Feb. - June" 
Anadromous cutthroat trout Feb.- April April-June 

peak mid May 
Steelhead trout Jan. -June April - June 

2.1.2 Chum Salmon 

Unlike coho salmon, chum salmon have a very short resident time in freshwater, and 
begin their migration soon after emergence from the gravel in the early spring. They 
usually migrate downstream at a slightly earlier or the same time as the coho smolts. 
Unlike coho smolts, chum smolts are small (less than 55 mm) upon leaving their natal 
stream. 

2.1.3 Chinook Salmon 

2 

Chinook salmon spawn in the larger rivers of the lower Fraser River system, such as the 
Pitt or the Harrison, typically between August and October. Upon emergence in the early 
spring, chinookjuveniles either migrate directly to the ocean, rear for 90-120 days in 
freshwater and then migrate, or rear for an additional year in freshwater. In one study that 
was conducted during downstream migration period from February to June 1989, Murray 
et al. (1989) found juvenile chinook rearing in small non-natal streams in the lower 
Fraser, including the Brunette River and Nathan Creek. No evidence was found that 
chinook had spawned in these streams where juveniles were found rearing. At all sites, 
chinook juveniles were found from zero to 6.5 km upstream, mostly in tributaries that did 
not have obstructions or passage barriers, such as water falls, culverts, flood control 
structures. By June, chinookjuveniles had left the tributary rearing streams and 
presumably migrated to marine environments. Murray et al. (1989) studied three of the 
streams included in this report that are hydraulically controlled by pumping stations and 
flood boxes. Notably, none of the streams contained chinookjuveniles. This issue will be 
discussed throughout the report. 

2.1.4 Anadromous or Sea-Run Cutthroat Trout 

Anadromous or sea-run cutthroat trout, like coho salmon, prefer to spawn and rear in 
small streams. Alevins typically emerge in the early summer and rear in their natal stream 
for 2-3 years. Parr of 1 +age migrate frequently throughout their natal streams seeking the 
best habitat for the given season5

• Dov.nstream migration of parr to the estuary or into the 
mainstem usually begins in mid-winter and peaks in the late spring. Many of these fish 
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will spend the summer in the estuary and mainstem and then migrate back to the small 
tributaries before the autumn rains. This activity may last from one to four years before 
the parr smolt and leave for the marine environment in the spring. Smelted cutthroat 
spend several months in a marine environment before returning to spawn in their natal 
streams in the fall. The following spring the kelts may migrate to marine environments 
again. Oregon data suggests that the out-migration of kelts precedes that of the smolts, 
and occurs in early April6

• 

2.1.5 Steelhead Trout 

Adult steelhead trout can enter their natal stream or river year round but usually return as 
either awinter run (November to May) or a summer run (May to October). Emergence 
from the gravel takes place from June to August. Juveniles usually remain in freshwater 
environments for between 2 and 4 years, them smolt during April to June. Adults may 
spawn more than once and can live to be 8 years old. 

2.1.6 Escapement information 
Escapement information is available for only four of the ten watersheds examined in this 
report. The data found in Table 2 was generated from published stream reports, and 
indicates an overview of the relative productivity of the watersheds for which data exists. 
This data can be used to help determine which pumping stations should receive priority 
attention for any mitigation works or additional research effort. 

The data reveals several facts: that Matsqui Slough watershed is the largest producer of 
coho within the period examined; the Hatzic Slough watershed overwhelmingly produces 
the most chum, primarily because of the chum hatchery on Chilqua Slough and coho 
production is generally much higher than chum production. Most of the other watersheds 
examined for which no escapement data exists would likely have small chum and coho 
runs. 

Interpretation and management decisions using these escapement figures must be made 
with caution. It is not clear in many cases how the data was collected, and whether the 
enumeration methodology was consistent over the years. In some systems, the counts 
likely under-represent the true numbers. For example, in Mountain Slough, coho and 
chum were first enumerated in 1978, although there is no apparent explanation for their 
sudden appearance. It is likely that they have inhabited the watershed before 1978, yet the 
escapement figures do not indicate this. Enumeration details for the four watersheds 
examined in this report for which escapement data is available are found in Appendix 1. 
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Table 2: Escapement records and statistics for various watersheds from 1949-1985. 

Matsqui Slough - Mountain Miami Creek, Hatzic 
Clayburn Creek, Slough, District Harrison Hot Watershed 
Abbotsford of Kent Sprin2s 

Coho Coho Coho Coho 
Total over period 6220 230 825 5830 
Mean 177.7 46.0 31.7 149.5 
Standard Deviation 155.2 87.1 56.4 130.8 
Range -Low 0 0 0 0 

-High 650 200 200 525 
Chum Chum Chum 

Total over period 300 50 55,892 
Mean 25.0 10.0 1,433.1 
Standard Deviation 0.0 13.7 2,252.1 
Range -Low 25 0 100 

-High 25 25 11,130 
Sources: statistics derived from raw escapement data in FHIPP Steam Summary 
Catalogues for the Lower Fraser River. 

2.2 Flood Protection in the Lower Fraser Valley 

2.2.1 The Drainage and Flood Control System 
A system of structures including dykes, pumping stations, and flood boxes constructed 
along the lower Fraser River controls drainage and minimizes flooding of low lying land 
in the valley bottom (see Figures 1 A - 1 C). While the valley bottom represents a 
floodplain ecosystem that was naturally subjected to inundation by high stage flows 
before major flood protection works were constructed on the Fraser and its tributary 
streams, flood protection initiatives aim to maintain a drainage system that will allow 
continued use of the rich floodplain land area for agriculture and rural habitation. About 
70,000 hectares of valley bottom land is under cultivation on over 5,000 farms in the 
Lower Fraser Valley, which combined generate over half of the province's farm 
production revenues7

• More than half of the B.C. population lives in the Lower Mainland 
and an unknown number are protected from annual Fraser River flooding by the dyking 
system. 

Dykes are elevated earthen berms constructed along rivers, streams and excavated 
channels or canals. Dykes are designed to contain high stage flows and protect areas 
lying outside of the dyked areas from flooding. Flood boxes are the culverts that extend 
through the dyke to allow gravity discharge of internal drainage into the mainstem when 
water levels are lower outside the dyke than inside. The key component of a flood box is 
a flap gate fitted onto the discharge end of the culvert, which only allows one-way flow 
(See Photo 14 for example). When high flows or rising tides on the mainstem close the 
flap gate and thereby prevents gravity discharge of the internal drainage water, pumping 
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is required for continued drainage to the mainstem. Flood boxes located near the mouths 
of tributaries and sloughs along the lower Fraser River are often closed for long periods 
during late spring and early summer when the mainstem freshet occurs. As a result, the 
flap gate closure period and the migration period always overlap. The duration of overlap 
is largely dependent upon when the freshet arrives and when the salmonids start smolting 
(See Figure 2). In some years when the freshet arrives late, it is likely that the majority of 
smolts leave their natal stream unimpeded through the flood boxes. In other years when 
the freshet arrives early, the pumps likely entrain the majority of smolts (see Figure 3). 
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Figure 2: Monthly water levels of the Fraser R. at Mission for selected years between 1969 - 1992. 
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Figure 3: Average monthly pump station operating hours expressed as percentage of total annual hours for Matsqui Slough and 
McLennan Creek stations from 1974- 1987. 
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2.2.2 Abbreviated History of Flood Protection 
Flood protection works have been undertaken in the Lower Mainland for over 130 years, 
starting in 1864 with private landowner initiatives in the Riclunond area and gradually 
expanding into the joint federal/provincial Fraser River Flood Control Program of the 
1990's 8• Determination and defeat, judging by the history of the Mission area marked 
early flood proofing initiatives along the lower Fraser. Kinneard et al. (1981) describe 
how the elevated Canadian Pacific Railway grade completed in 1885 along the north side 
of the Fraser River served for decades as a flood protection dyke in the vicinity of the 
Hatzic Prairie. At about the same time as the 1894 flood washed out portions of that 
railway grade, an administrative body was established and then reorganized several years 
later as the Dewdney Dyking District. A small pump and flood box was installed in the 
railway grade around the turn of the century. By the 1940's, flood protection works 
under the same section of railway grade consisted of a four-unit pumping station capable 
of pumping up to 80,000 gallons per minute and a much larger, concrete flood box with 
oak gates. The 1948 floods washed out this flood control structure. Following this event, 
the railway grade was no longer used as a primary dyke was, and the present day dyke 
(7.4 miles long, 30 feet high) was constructed with new pumps and flood boxes installed 
to drain the Hatzic Prairie. 

A comprehensive flood control program had been initiated at this time throughout the 
lower Fraser Valley. Across the Fraser River from Mission and downstream, agricultural 
land on the Salmon River floodplain had been completely inundated by the 1948 flood as 
well. The Salmon River pump station, dyke, and flood box structures were constructed in 
1949. Also on the south side of the Fraser River, opposite and slightly upstream of 
Mission, approximately 9,000 ha of floodplain (more accurately, lake bottom) had been 
developed for agriculture following the 1920 construction of flood protection works on 
the Sumas River9

• A system of dykes was first constructed along the lower Vedder River 
(Vedder Canal), Sumas River, and Fraser River to protect this area known as the Sumas 
Prairie from flooding. By 1923 the Sumas Pump Station was in operation, pumping 
drainage collected in the Sumas Canal and tributary ditches to the mainstem. This 
pumping station was operated for 60 years before being replaced by the present 
Barrowtown Station. 

Present day District Dyking Authorities established throughout the Lower Mainland 
administer the construction and maintenance of modem flood protection works under the 
BC Dyke Maintenance Act. Current design flood figures used to plan flood protection 
works in the Lower Fraser Valley are based on the 1894 freshet flood levels of the Fraser 
River (considered to be the approximate equivalent of the 1 :200 year design ifood) and 
high water marks identified during the wide scale flooding in 194810

• 

Figures 1 A - 1 C indicate the location and extent of the current flood protection structures 
on the lower Fraser River from Hope to Riclunond. 
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2.3 Pumping Stations 

2.3.1 Pump Station Configuration 
Pumping stations vary considerably in their size, pumping capacity, and design features, 
but a typical configuration involves a concrete intake structure, a trash rack on the pump 
intake to prevent debris from entering the pump, a system of lead and lag pumps if more 
than one pump exists, discharge pipes, and a spillway leading to the outlet (See Photo 
section for numerous examples). Pumping stations are often integrated with flood box 
structures, such that drainage water through the dyke may be either free-flowing (gravity 
discharge) or is pumped into the receiving water when the flood box is closed. Some 
pumping stations (e.g. French Creek, Washington State) have no flood boxes and rely 
exclusively on pumps for discharge to the mainstem 11

• 

Pump operation is usually automated and is governed by the water level in the forebay 
area of the pumping station. When the pump is turned on, water is lifted by the pump 
several metres above the intake elevation, and then discharged by pipes to the outlet 
structure on the downstream side of the dyke. If the pipe outfall is located below the 
flood water elevation in the receiving waters, the pipe outfall is fitted with a flap gate to 
prevent reverse flow when the pump is not operating. The pumped water is discharged 
into a concrete spillway. The roughness of the spillway and riprap is designed to 
dissipate energy associated with the discharge. · 

2.3.2 Pump Types 
Pump characteristics refer to the pump capacity, the total head developed by the pump, 
the power required to drive it, and the resulting efficiency12

• The type of pump chosen 
for flood protection works must have characteristics that are suited to the application, 
namely high capacity and efficiency, and low total head. There are three general types of 
pumps used for flood control purposes: 

1. Propeller pumps (a.k.a. axial flow pumps) force liquids in an axial direction only, or 
in other words they force liquids at right angles to the impeller blades; 

2. Centrifugal pumps (a.k.a. radial flow, or mixed radial/axial flow pumps) either force 
liquids at right angles to the impeller axis, or they give the liquids both radial and 
axial velocity. Propeller-type pumps have been the most widely used in flood 

"" protection works to date because of their efficiency in such operating conditions; and, 

3. Archimedes screw-type pumps are non-pressurized pumps that lift water using a tube 
wrapped around a long, rotating cylinder in the form of a corkscrew. 
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2.3.3 Efficiency and Fish Passage Capability of Different Pump Types 

2.3.3.1 Propeller Pumps 

Propeller pumps have had a long history of use for drainage and flood protection systems 
in the lower Fraser River. At the Salmon River pumping station built in 1949, for 
example, three self-contained propeller pumps had a combined capacity of almost 4 cubic 
metres per second (ems) or 58,525 U.S. gallons per minute (gpm) at 4.3 m total dynamic 
head 13

• These pumps, however, were not known as being "fish friendly". Russell (1980, 
1981) conducted fish mortality experiments at the Salmon River pumping station which 
revealed pump-related coho smolt mortality rates of 31.3% and 25.8% in successive years 
(see Table 3). 

Propeller pumps are also in use at the Matsqui Slough pump house. Coho smolt mortality 
tests conducted on Pump No. 4 indicated an average mortality rate of 70.2% after a 72 
hour observation period. While the study noted that stress and injury associated with 
recovery of the test fish may have inflated the total mortality rate, nonetheless an average 
of 47.3% of the test fish were recovered dead immediately after passing through the 
pump, the majority of them dismembered 14

• These figures were very similar to the results 
of tests conducted two years earlier at Matsqui Pump No. 2. Lougheed and Pike (1984, 
reported in Sookachoff 1986) determined immediate mortality rates of 33.3% and 67.3% 
mortality after a 72 hour observation period. 

Both the Salmon River and Matsqui Slough stations since these tests were conducted 
have been upgraded to include new pumps which are designed to be fish friendly. For a 
complete discussion of the success of the new fish friendly pump arrangement at the 
Matsqui pumping station, refer to Sections 3.2.3 and 4.2. 
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Table 3: Summary offish passage study results through lower Fraser River pumping 
stations 

Pumping Station 
Location 

Salmon River 

Salmon River 

McLennan Creek 

Matsqui Slough 

Matsqui Slough 

Erickson Creek 

Pump Type 

Vertical 
impeller 

Vertical 
impeller 

Vertical 
impeller 

Vertical 
impeller 

Vertical 
impeller 

Archimedes 
Screw 

Individual 
Pump 

Capacity 

I.I m31sec 
(16,300 

USG PM) 

NIA 

NIA 

2 m31sec 
(31,000 

USG PM) 

NIA 

2 m31sec 

Pump 
Speed 
(rpm) 

575 

NIA 

NIA 

580 

NIA 

NIA 

*I. Total of 135 coho salmon smolts (unspecified length) 

Immediate Fish 
Mortality 

(%) 

30.2 (av.)* 1 

23.0*2 

31.5 (av.) *3 

47.3 (av.) *4 

33.3*5 

0*6 

2. Total of 1500 coho salmon smolts (63 mm average fork length) 
3. Total of 117 coho salmon smolts (unspecified length) 
4. Total of219 coho salmon smolts (127 mm average length) 
5. Details not available at time of study 

Total Fish 
Mortality 

(delay time) 

31.3 % 
(48 hrs) 

25 .8% 
(48hrs) 

53.5 % 
(48 hrs) 

70.2% 
(72 hrs) 

67.3 % 
(72 hrs) 

0 

Source 

Russell 1980 

Russell 1981 

Russell 1981 

Sookachoff 1986 

Lougheed and Pike 
1984 (reported in 
Sookachoff 1986) 

ECL Envirowest 
1992 

6. Test included 80 coho salmon smolts (approx. average 100 mm fork length) and 91 cutthroat trout (200+ mm). No 
injured or dead fish recovered; 74% of coho and 89% of cutthroat were recaptured following test, and remainder were 
thought to have escaped net capture. 

Fish mortality associated with rota-dynamic f:umps is strongly correlated with the 
"probability of strike" by the impeller blades 5

• Factors influencing the probability of 
strike include distance between impeller blades, clearance between blades and pump 
housing, size of fish passing through the pump, and pump speed. A fish that is passing 
through a pump that is rotating at 9 to 10 rotations per second ( 600 rpm) has a significant 
chance of coming into contact with the pump impeller. Most pumps examined in this 
study rotated at speeds in the range of 495 - 875 rpm. Pumps used in the District of 
Mission rotate at 1200 rpm, by far the highest speed of any pump station examined 
during this study. 
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2.3.3.2 Centrifugal Pumps 

Four centrifugal pumps with a mixed-flow design were installed at Barrowtown Pump 
Station in 1984, replacing the set of vertical pumps that had been used for the previous 60 
years and were suspected of causing significant fish mortality 16

'
17

• This pumping station 
is now capable of pumping 10 ems (almost 150,000 USGPM) at 12 m total dynamic 
head. The new concrete pumps were designed to operate at two speeds (117 rpm and 175 
rpm), with fish mortality thought to be minimized at the lower speed. While larger 
pumps operating at relatively low speeds are understood to be more "fish-friendly" than 
smaller, high-speed pumps 18

, these centrifugal pumps still have significant pressure 
differentials that may lead to fish injury or disorientation. Significant pressure drops 
within the pump chamber can cause fish internal organs to rapidly expand and cause 
immediate death. Disorientation of fish that survive passage through a pump make a fish 
more susceptible to predation at the outfall area until reoriented. An additional problem 
of fish passage through centrifugal and most other pump types is that the fish may display 
avoidance behavior at the pump intake due to the unfamiliar hydraulic conditions. They 
then are sucked in backwards and as a result are more likely to sustain injuries19

• 

A different centrifugal pump design being experimented in California recently has 
generated renewed interest in the field of fish passage engineering. A screw/centrifugal 
pump, alternatively described as an internal helical pump, manufactured by 
WEMCO/Hidrostal has been operated since 1995 at the Red Bluff Research Pumping 
Plant located near Sacramento, CA. The pumping plant is operated by the U.S. Bureau of 
Reclamation for the express purpose of evaluating different types of pumps for their 
ability to pass fish, in part to fulfill a commitment to improve the passage of adult and 
juvenile chinook salmon through irrigation diversions along the Sacramento River. The 
pump is a variable speed unit (300-450 rpm) designed to pass up to 3 ems (100 cfs) at a 
total dynamic head of 6.75 m. The Red Bluff pump runs at 400 rpm and delivers about 
2.5 ems (85 cfs). This large pump was manufactured under special order, as its 1200 mm 
inlet is roughly twice the size of an "off the shelf' WEMCO pump, and it features a 
single-vane, helical screw-type impeller with a rotating conical shroud designed to 
prevent injury to fish on entrance to the pump20

• Preliminary evaluations of fish passage 
indicate that the screw/centrifugal pump is capable of passing smolts ranging in size from 
42 mm to 128 mm fork length with a 3% mortality rate or better21

• 

A much smaller centrifugal pump is used primarily in the food processing industry, but 
has application in passing fish around flood control structures. The recessed-impeller 
type pump is most often used at fish hatcheries to collect and transport fish. Information 
supplied by Cornell Pump Co. indicates that their fish handling pump features a patented 
offset volute design (the volute being the pump casing7 that minimizes injury. The 
design flow stream and pump casing are engineered such that fish are less likely to come 
into contact \.'vith either the cut water edge or the sides of the volute. Unfortunately, these 
pumps can deliver a maximum of less than 0.3 ems (approximately 4000 gpm). As 
reported by Envirocon (1986), a multi-pump installation would be required to achieve the 
flow capacity required at most flood protection works, and gains in fish passage success 
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would have to be evaluated against both extra costs and a significant reduction in 
efficiency. Alternatively, as suggested below in the discussion of pump bypass options, 
the fish pump can be incorporated into a system of larger pumps fitted with diversion 
screens and serve to pump mainly fish before they reach more damaging high capacity 
pumps, rather than pump the entire drainage flow containing the fish. This type of system 
is currently employed at the Matsqui Slough and McLennan Creek pumping stations 
(refer to Section 3 for additional discussion of these pumping stations) 

2.3.3.3 Screw Pumps 

There are several designs of Archimedes screw-type pumps currently in use. They appear 
to be the most "fish-friendly" pumps due to their low operating speeds, wide spacing in 
the screw flight, and the absence of pressure differentials and extreme turbulence. Small 
diameter, single screw pump installations have been used specifically to transport fish, 
while much larger screw pumps and multi-pump installations efficiently and safely lift 
both large volumes of water and entrained fish. The largest Archimedes screw pump 
installation noted in the course of investigation was built by Machinefabriek Spaans of 
Hoofdorp, Holland and installed in Cologne, Germany. A total of nine screws inclined 
side by side are reported to have a combined discharge of 20 ems (20,000 litres/second). 

Two Archimedes screw pumps were installed at the Red Bluff Research Pumping Plant 
in addition to the screw/centrifugal pump described above. These particular Archimedes 
screw-type pumps are of the rotating cylinder design, in which helical flights are welded 
to the inside of the cylinder body, and the entire unit is inclined at an angle of 38 degrees 
and then rotated by motor drive. Each 3.3 m diameter, 3-flight pump is supported both 
radially by a system of rollers, and at the top of the cylinder by a roller bearing22

• Each 
pump is capable of delivering approximately 3 ems ( 100 cfs) at 26.5 rpm, with the same 
vertical lift as the screw/centrifugal pump. A variable speed drive allows speeds down to 
1 rpm. Preliminary evaluations of fish passage indicate that the rotating cylinder 
Archimedes screw pump is capable of passing smolts ranging in size from 42 mm to 128 
mm fork length with less than a 1 % mortality rate23

• 

Two 2.4 m diameter Archimedes screw pumps were installed at the Erickson Creek Pump 
Station constructed in 1991 in Surrey, B.C. They represent the first installation in British 
Columbia of screw-type pumps. These pumps are of the more conventional Archimedes 
screw design, with flights attached to the screw impeller. Each pump is capable of 
delivering 2 ems at the rated operating head when Erickson Creek is at a low stage flow 
and the Nikomekl River receiving waters are high. ·An evaluation of their effectiveness 
in passing fish indicates that both coho smolts (approximately 100 mm fork length) and 
much larger cutthroat trout (200 mm fork length and larger) were passed without one 
observed mortality or injury at the time of passage. 

2.3.4 Other Considerations of Fish Passage Through Pumping Stations 

Given that fish mortality associated with pumps is in part a function of the size of fish 
passing through the pumping system, it can be reasonably expected that larger smolts and 
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kelts are more susceptible to pump injury. Consequently, out-migrating smelts that 
successfully pass through pumping stations are more likely to be of a smaller size class. 
Envirocon ( 1986) points out that in the case of cutthroat trout smolts, which are 
documented to have higher ocean survival rates in the larger size classes, the smaller fish 
which survived pumping are "unlikely to make strong contributions to adult returns". 
Further, repeat spawners are also susceptible to pump mortality due to their large size and 
the timing of their downstream migration (possibly coinciding with pump operation) after 
spawning24

• This issue has also been noted at the Hatzic pumping station for cutthroat 
kelts (refer to Section 3.2.1. for additional discussion). 

While it is recognized that fish injury and mortality in pumping stations is most likely to 
result from direct contact with the pump impeller, other features of the pwnp and the 
pumping station flow stream may contribute to the injuries. Possibilities include fish 
injury at pump intakes, diversion screens, discharge flumes and energy dissipation 
structures, as well as mortality due to increased predation either at the outlet or during 
periods when water is impounded at the inlet. A review of the literature indicates that 
this issue is not well documented for small pumping stations and is implicitly considered 
to be relatively insignificant compared to pump-related mortality. However, the 
exhaustive studies ongoing at Red Bluff Research Pumping Plant address "fish
friendliness" throughout the entire flow stream of the pumping operation. For example, 
several modifications were made along the flow streams of each of the pumps "to 
facilitate safe fish passage", including the installation of baffles "to control sweeping and 
approach velocities on wedge wire screens in the plant in order to prevent injury to 
passing fish" 25

• The study design also involves the use of both treatment and control 
samples of fish introduced to and collected from the pumping station flow stream at 
various points, in an effort to assign passage-related fish injury and mortality to specific 
segments of the system. The results of standardized biological evaluation studies 
conducted in 1997 and 1998 are not yet available. 

2.4 Flood Boxes 

2.4.1 Function 

A flood box is the culvert or set of culverts that provide hydraulic connectivity through 
dykes that separate internal drainage areas and the receiving waters. The size of the flood 
box is dependent upon the expected flood water discharge rate and capacity requirements. 
A typical flood box measures 1.2 m by 1.2 m and can be up to 50 min length. A flap gate 
mounted at the discharge end of the culvert allows the gravity discharge of flow in a 
downstream direction only, therebycacting as a check valve by preventing back flow from 
the mainstem when the mainstem water level exceeds that behind the dyke. The flap gate 
is mounted either with a horizontal hinge (i.e. it is "top-hinged") or, more recently, with a 
vertical hinge ("side-hinged"). See Photos 12 and 14 for examples of both flap gate 
configurations. Positive head differential against the upstream face of a flap gate will 
open it to release drainage, and the pull of gravity will serve to close the horizontally 
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hinged gate in the absence of significant head differential. Conversely, positive head 
differential on the downstream face of either a horizontally or vertically hinged gate will 
close it. When high flows on the mainstem close the flap gate, the water behind the dyke 
must be either temporarily stored or else pumped over the dyke to the mainstem receiving 
waters. Flood boxes may be located anywhere that small watercourses intersect a dyke, 
or they may be installed in tandem with a pumping facility at the outlets of larger 
tributary streams. 

2.4.2 Flood Boxes as Fish Barriers 

Flood boxes are located at the outlets of numerous Fraser River tributary streams that 
provide spawning and rearing habitat for anadromous fish. They represent an obvious 
barrier to fish migration when the flap gates are closed, forcing smolts to either migrate 
downstream by way of pumping stations or otherwise rear or hold in the impounded 
water until such time that the flap gates open. Closed flap gates also would prevent the 
upstream migration of spawners, although anecdotal information suggests that flap gates 
are rarely completely closed during the fall in-migration due to the low water levels in the 
Fraser River. Some flood boxes likely represent a fish barrier even when the flap gates 
are open, to the extent that in-migrating fish of different sizes or swimming abilities have 
difficulty passing into or through the flood box. Extensive research has been conducted 
on adult and juvenile swimming speeds (see Table 4). It is probable that velocities within 
flood boxes during winter and spring months could exceed 0.5 mis that would prevent 
juvenile coho, for example, access into a tributary from the Fraser River mainstem. Other 
possible obstructions to passage would include flood box outlets perched above the 
mainstem water surface and restrictive gap width when the flap gate is only partially open 
due to limited head differential. 

T bl 4 S t . d d a e us ame an pro onge d spee d fi h or co o sa mon an d tthr t t t cu oa rou. 
Species and life stage Sustained speed (m/s) Prolonged speed (m/s) 
Coho 

Adults 0.0 - 2.7 2.7 - 3.2 
Juveniles (120 mm) 0.4 - 0.6 
Juveniles (90 mm) 0.3 - 0.5 
Juveniles (50 mm) 0.2 - 0.4 

Cutthroat 
Adults 0.0 - 0.9 0.9-1.8 
Juveniles (125 mm) 0.0 - 0.38 0.38 - 0.75 
Juveniles (50 mm) 0.0-0.15 0.15 -0.3 

Source: Chilibeck, B. 1992. 

Finally, any of the above-noted obstructions to fish passage would effect not only the 
smolts and spawners normally associated with these tributaries, but also effect other 
species such as chinook juveniles salmon seeking nutrient rich non natal streams to rear 
in before migrating to the estuary. 
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A thorough review of the literature and discussions with both fish biologists and 
engineers who are involved in fish passage-related work indicates that the main concerns 
are with certain types of flap gates operating under certain flow conditions. As 
summarized by Eliason ( 1986): "These structures have historically blocked fish migration 
into potentially productive fish habitats since most of the gates do not open sufficiently 
under a low head differential and create a velocity barrier to upstream migrants under a 
high head differential." While no empirical data describing these effects is known to 
have been reported to date, at least one biologist has personally observed dead in
migrating coho salmon below flap gates (gates described as "heavy" and "small") located 
at the Nooksack River and Cougar Creek26

• Other officials in both Oregon and 
Washington reported that flap gates (and in particular, horizontally hinged gates made of 
cast iron) represent a significant fish passage barrier27

'
28

• Further, with respect to different 
age classes of anadromous fish, flap gates are thought to be barriers to both juvenile and 
adult salmonid passage29

• 

2.4.3 Fish Injury And Mortality 

There are only a few references in the literature to fish injury or mortality specifically 
associated with flap gates or flood box structures. During a study of pump-related fish 
mortality at the Salmon River pumping station, Russell (1980) conducted one test offish 
passage through a flap gate and associated concrete outlet structure. Of the 35 coho 
salmon smolts introduced into the pump discharge flow, 34 were recovered by seine net 
below the flood box and the remaining smolt was unaccounted for. Russell repeated this 
test procedure in a subsequent pump mortality study on McLennan Creek where, of 31 
coho salmon smolts introduced into the pump discharge flow, all were recovered but 7 
died within a 48-hour observation period. This 22% mortality rate was attributed to 
"injuries the smelts sustained after they glanced off a flap gate and concrete beam and 
were forced against a rip-rap apron" 30

• 

The degree to which fish mortality associated with increased predation that might be 
attributed to flood boxes is currently unknown. It is plausible that smolts are more 
vulnerable to predation, either upstream of closed flap gates or immediately downstream 
of pumping facilities or flood boxes, especially given their possible disorientation or 
injury after negotiating such structures. 

Finally, fish mortality has been linked with gated impoundments of estuarine systems as a 
result of altered tidal exchange. Reported experience on the Delaware River confirms 
fish kills (of both resident fish and important migratory populations of juvenile sea-run 
trout, striped bass, and white perch) associated with estuary flap gates that have turned 
former saltwater marshes into essentially freshwater impoundments31

• It is speculated 
that changes in dissolved oxygen levels, changes in water temperatures, and changes in 
the mix of saltwater with freshwater in gated estuaries may have a significant adverse 
effect on juvenile salmonids in particular, as they require time to adjust to the marine 
environment during that phase of their life cycle32

•
33

• 
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2.5 Summary of the Research of Fish Passage and Mortality 
associated with Pumping Stations and Flood Boxes. 

It is clear from understanding the smolting periods of the salmonids found in lower 
mainland streams, the hydrology of the Fraser River and the operation of flood proofing 
structures at the mouths of many lower mainland streams that a conflict exists between 
fish migration needs and the needs of communities to protect flood prone lands. All 
salmonids found in lower mainland streams smolt between April and June. The arrival of 
the Fraser River freshet at this time results in flood box flap gates closing and the start of 
the pumping season. Salmonids that smolt after the flood box flap gates have closed 
either must delay smolting a year by residing in their natal stream or else leave the stream 
via the pumps. 

The research is fairly conclusive that fish that migrate either through pumps during the 
smolting season or at other times of the year may sustain injury or death. Various fish 
mortality studies conducted at lower mainland pumping stations within the last two 
decades found that between 30% and 70% of fish that were passed through various pump 
configurations were killed. Flood boxes fitted with heavy top mounted flap gates also are 
believed to block up-streaming migrants under both low and high flow conditions that 
occur throughout any given year. 

The following section examines eight pump stations on the lower Fraser River and 
considers the effect that each has on migrating salmonids given the information presented 
above. 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

20 Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



3.0 Selected Pumping Stations on the Lower Fraser River 

3.1 Introduction 
In order to determine the applicability of the information presented in Section 2, ten 
lower mainland pumping stations were examined to determine whether a fish migration I 
pumping facility conflict exists. The stations that are examined are located in the 
following watersheds: 
• Hatzic Watershed; 
• Katzie Slough; 
• Matsqui Slough; 
• McLennan Creek; 
• Miami Creek; 
• McLean Creek; 
• Mountain Slough; and, 
• Nathan Slough. 

The second part of this section involves examining all of the pumping stations and flood 
boxes in the District of Mission. Eventually every pumping station and flood box that 
may impact upon fish in all lower mainland jurisdictions will be examined using a format 
similar to that which follows. The stations that are examined within the District of 
Mission include: 

• Chester Creek; and, 
• Lane Creek. 

All ten watersheds examined in this section has a pumping station at the confluence of 
the watershed and the Fraser or Pitt River. Each pumping station consists of one or a 
series of pumps and flood boxes. Each watershed is introduced, and all fish resources and 
watershed quality are described. The pumping station physical and operational 
characteristics are also outlined, and the fish I facility conflict discussed and analyzed. In 
all eight cases, there are several issues that require additional analysis before substantive 
conclusions can be made of the degree of conflict and what the best migitative solutions 
are that will address the conflict. These issues analyzed, discussed and summarized at the 
conclusion of each sub section. All the information presented in this section is also 
summarized in Tables 19a & 19b. 

3.1.1 Hatzic Watershed 

3.1.1.1 Introduction 
The Hatzic Slough pumping station is located at the outlet of a 9,000 hectare drainage 
that includes Hatzic Slough and Lake, Lagace, Scorey, Belcharton and Draper Creeks 
(see Figures 1 A - 1 C). The station is located on the north side of the Fraser River 
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approximately 10 km west of downtown Mission. The general area is known as "Hatzic 
Prairie" and the middle and lower sections of the watershed are low elevation flood plain, 
while the upper watershed is remote and mountainous. The area has suffered many 
serious floods in the last century and is now surrounded by a series of dykes and flood 
control structures. 

3.1.1.2 Fish Resources and Watershed Quality 

The Hatzic watershed contains a wide variety of resident and anadromous fish, including 
coho, chum and cutthroat trout. It is suspected that the vast majority of cutthroat trout in 
the system are anadromous34

• Coarse resident fish are found primarily in the Slough and 
Hatzic Lake, while the salmonids reside or utilize the upper sections of the watershed. 
Hatzic Slough is used primarily as a migration route for coho, chum and cutthroat trout as 
spawning habitat is considered marginal35

. Very little is known about salmonid utilization 
of Hatzic Lake, although juvenile coho, cutthroat and rainbow trout have been sampled in 
the lake during the summer. Chum salmon are suspected of spawning at some creek 
outlets36

. The vast majority of spawning and rearing occurs in the upper watershed, in 
Lagace, Scorey, Belcharton and Draper Creeks, and in the upper sections of Chilqua 
Slough. A chum hatchery was implemented in the headwaters of the Chilqua Slough in 
1984, and accounts for the dramatic increase in chum salmon returns since that time. Two 
sturgeon of approximately 2 m in length were also caught in the lake in June of 1981 37

• 

The Hatzic Prairie watershed is dominated by agricultural land in the low lying areas and 
logging operations in the upper forested areas. Sedimentation and debris torrents, due to 
either natural or logging-related activities, have caused significant damage to many of the 
small tributaries used for coho and chum spawning and rearing. Sedimentation and 
sediment dredging have damaged or eliminated many spawning grounds. In the lower 
watershed, agricultural activities withdraw water for irrigation purposes and have 
removed riparian vegetation in some areas. Water quality has not been documented 
thoroughly enough to determine trends. However, if agricultural practices in the Prairie 
area resemble those in most other areas of the lower Fraser River, then water quality is 
likely degraded due to pesticide and herbicide applications, livestock management and 
riparian vegetation removal. FP AP lists all of the lower gradient valley bottom streams as 
"Endangered'', while the upper watershed and higher gradient streams are considered 
"Threatened "3 8

• 

3.1.1.3 Pump Station 

The Hatzic pump station, located in the Dewdney Area Improvement District at the 
confluence of Hatzic Slough and the Fraser River, was installed in 1949 (see Photos 1 
and 2). With only a few minor changes and ongoing maintenance, the original pumps 
remain in place and are recognized as being undersized for the watershed area being 
served39

. Four concrete flood boxes were also built in 1949 adjacent to the pump house 
and have a total area of 14.4 square metres, are approximately 52 m long and are 
mounted with top-hinged cast iron flap gates40

. The pumping station consists of a 
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concrete base with a wooden superstructure that houses two identical pumps of the 
following characteristics: 

Pump Make Type Total Station 
No. C~~~ 

1,2 Paramount 
1.22 m dia. 

Propeller axial 
flow drainage 

USGPM 
96,000 

Power 
(HP) 

m 
495 350 

Major flood events in Hatzic Prairie usually occur between November and February, and 
June and July of any given year. Such floods usually occur during the freshet when the 
flood boxes are closed due to high Fraser River water levels and when regional storms 
drop significant amounts of precipitation in the watershed. The flooding in the fall and 
winter months is due in part to undersized flood box discharge capacity. Numerous 
studies have documented the flooding process and the ensuing problems (Wigmore, 
1983; Ministry of Agriculture, 1980). In 1992 Dewdney Area Improvement District 
contracted Associated Engineering (1992) to analyze the flooding issue and make 
recommendations to alleviate flooding problems. The study's recommendations 
concerning the pump house and flood box configuration that are relevant to this report are 
as follows: 

• increase pumping capacity from 48,000 USGPM to 114,000 USGPM, a 138 % 
mcrease; 

• install a fish-friendly submersible vacuum pump complete with inclined and hinged 
screen in front of the lead pump, similar to the arrangement at the Matsqui Slough 
pumping station; 

• provide only coarse trash rack screens on the remaining pump intakes and flood 
boxes; 

• increase flood box area from 14.4 square metres to 28.8 square metres, a 100% 
mcrease; 

• install side mounted flap gates on the discharge ends of the flood boxes. 

However, since the completion of the study, none of the above infrastructure 
recommendations have been installed or built41

• 

As with all other pumping stations, the spring pumping season is largely dependent upon 
the arrival of the Fraser River freshet in the spring of each year. The pumps generally 
begin to pump water from the Slough into the Fraser River when the Fraser River reaches 
2.62 m (GSC). The pumping season can commence as early as March (in 1994) and end 
as late as late August (in 1998). The pumping schedule since 1991 is shown in Table 6. 
When the freshet arrives, the flap gates shut and remain closed until the Fraser River 
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recedes to below 2.82 m, generally in late August. During this time, the pumps are on for 
an average of 10 hours per day42

. 

Table 6: Pump start and stop dates for the Hatzic Pumping station between 1991-
1998. 

Year Date that pumping starts and Date pumping ends and gravity 
2ravity dischar2e ends dischar2e starts 

1991 May6 August 6 
1992 May 1 August 26 
1993 May 1 August 23 
1994 March 28 August 2 
1995 April 27 July 17 
1996 April27 August 2 
1997 April 25 August 17 
1998 April28 August 29 

Source: McDonald, D. Per. comm. 

The Department of Fisheries' involvement with the operation of the pumping station has 
been minimal. Associated Engineering (1992) reported that Fisheries, in commenting on 
the proposed pumping station and in particular on the screening of pump intakes, 
"demanded approach velocities that can be as low as 0.15 m. /sec, resulting in very large 
screen structures'', and that Fisheries suggested they might "levy a tax on the operating 
municipality based on the fish loss due to pumping stations and its economic impact in 
the fishing industry." Local DFO staff have had no dealings of note with the station or 
operators in the last 5 years43

. However, DFO now requires that future pumps installed at 
this facility must be fish-friendly44

. 

3.1.1.4 Discussion of Pump Operation and Fish Migration 
Fish mortality tests were first conducted on the Hatzic pump station in 1949 shortly after 
the pumps were installed (Anon., 1949). In this study dead Kamloops trout were placed 
in the fore bay area. It was found that the degree of carcass mutilation due to contact with 
the propeller blades was directly related to size. Fish over 120 mm had a greater than 
55% chance of being mutilated and Kamloops trout of the same size as coho smolts had a 
33 % probability of being mutilated. 

Since these tests were performed in 1949, the pumps have not been reconfigured and 
likely still cause significant mortality to all migrating salmonid species. George (1983) 
commented that "the pump, when in operation, poses a serious threat to out-migrating 
salmonids (smolts and kelts). Fish greater than 170 mm are killed attempting to pass 
through the pump and consequently most anadromous species are depressed." George 
(1983) also noted that repeat spawning cutthroat were almost absent from Hatzic Lake. 
Only a small percentage of female cutthroat spawners are sexually mature on their initial 
spawning migration. Successful female spawners would have to pass through the pumps 
or the flood box twice (in the downstream direction) before returning to spawn. Since the 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

24 Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



older female spa'A-ners are larger than 1 70 mm, it is plausible that the anadromous 
cutthroat population is depressed. George (1983) concluded that the absence of older 
more sexually mature cutthroat in the Hatzic system might prevent the system from 
becoming fully seeded. 

It is clear from all the studies completed on the Hatzic drainage that the pump station and 
flood boxes are due for replacement or at the very least a major overhaul. The pump is 
old and inefficient, and the flood boxes are undersized. No current plans to replace the 
station are known of and replacement or at least an upgrade may not happen in the near 
future. Although Associated Engineering (1992) study found the pumps to be operating 
outside of the recommended service range, they also noted that "there is no reason to 
believe [the pumps would] not continue to do so." The cost for installing a new fish
friendly pumping station complete with new flood boxes was estimated at $2. 7 million in 
1992 dollars. As upgrading the station is likely well beyond the financial resources of the 
local dyking district, external funding sources and initiative will likely be required for the 
flooding issue (and the fish/pump conflict) to be addressed properly. Of all the pump /fish 
migration conflicts examined in this report, the one that exists at the Hatzic pumping 
station is likely of the most concern. In order to address this problem, it is recommended 
that the level of overall interest by all governmental and non governmental groups that 
have an interest in the upgrading or modifying of the station be determined. If there is no 
likelihood of the station being upgraded for flood reliefreasons in the near future, a plan 
should be developed by DFO and others interested in fish passage issues to address the 
fish mortality problem. Reasonable options of installing fish bypass systems without 
upgrading the rest of the station may exist yet require further analysis to be identified and 
developed. 

3.1.2 Katzie Slough 

3.1.2.1 Introduction 
Katzie Slough is located in Pitt Meadows and drains a large flat lowland on the northwest 
side of the confluence of the Pitt and Fraser Rivers (see Figures IA- 1 C). The entire 
drainage is located on the Fraser River delta and as such, is located behind dykes on both 
the Fraser and Pitt River. Before the dykes were built around Pitt Meadows, Katzie 
Slough flowed south into the Fraser River near Port Hammond and the Katzie Indian 
Reserve. Land developments inside the watershed include urban subdivisions in the upper 
areas, large agricultural areas (blueberry, livestock and tree farming), a golf course and 
the CP Intermodal yard. 

3.1.2.2 Fish Resources and Watershed Quality 
Katzie Slough contains mostly coarse fish and cutthroat trout45

. One 1983 DFO report 
also lists coho salmon as inhabiting the Slough, although this is the only coho reference 
found in all databases46

. Recent spot sampling in the Slough by environmental 
consultants only found resident coarse fish during late summer periods in isolated 
pools47

. However, the Katzie band caught one chinook juvenile in an 18 hour set Gee trap 
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70 m upstream of the pumping station in April 199?48
. In addition, a cursory biophysical 

survey completed in September 1978 found healthy cutthroat populations and good 
habitat49

. Since that time, significant land development has taken place and the water 
quality has likely degraded. It is likely that if salmonids did inhabit the Slough during the 
summer months they would be in locations where cool groundwater upwelling occurred. 
Salmonids may inhabit the Slough during the winter and leave the system in search of 
higher quality habitat in the spring as water quality degrades. Although a recent 
biophysical assessment has not been completed on the Slough, it is suspected that 
salmonid habitat is marginal due to sluggish flows, poor water exchange, marginal 
riparian areas and most importantly, poor water quality especially during summer 
months. It is therefore likely that salmonids that did utilize the Slough for over winter 
rearing would be natal to other streams and would in-migrate to Katzie Slough sometime 
in the fall. 

Water quality in Katzie Slough is suspected to be marginal during the summer periods for 
salmonids due to the reasons mentioned above. No water quality data are available that 
indicates monthly water quality parameters. FRAP considers the watershed as 
"Endangered." The majority of the watershed is dominated by agricultural activities, and 
water quality is likely highly impacted by agricultural runoff and water withdrawals for 
irrigation. 

3.1.2.3 Pump Station 
The pumping station is located approximately 30 m upstream of the confluence of the 
Slough with the Pitt River (see Photos 3 and 4). The existing pumping station, known as 
the Kennedy Pumping Station, was constructed in 1983 under the auspices of the Canada 
- British Columbia Fraser River Flood Control 1968 Agreement. It replaced a smaller 
pump house and flood box structure. The present pumping station consists of four flood 
boxes with side mounted flood gates and four pumps with the following characteristics: 

T bl 7 Ch a e f h K . Sl h aractenst1cs o t e atz1e oug pumpmg stat10n pumps. 
Pump Make Type Total Station Impeller Power 
No. Capacity speed (HP) 

(USGPM) (rpm) 
1 - 4 ABS VUP-704 95,000 590 112 

Pumpen submersible propeller 
axial flow 

The pumps' operation is automatically controlled and switched by the water level in the 
Slough. The pumps turn on and off in a pre-determined sequence at pre-determined water 
levels. Typically the pumps run during the Pitt River freshet from May to August. Pump 
cycling is largely dependent upon the water level of the Pitt River, the amount of 
precipitation in the Katzie Slough watershed, and the amount of upwelling groundwater. 
There were no special fish passage provisions required by DFO when the Kennedy 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

26 Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



station was installed in 1983. Since installation, DFO has not had any significant 
involvement with the station. 

3.1.2.4 Discussion of Pump Operation and Fish Migration 
Dykes and the pumping station have governed the hydrology of Katzie Slough watershed 
for several decades. In addition, water quality in the Slough has likely degraded in the 
last few decades. As such, it is not surprising that salmonids are not known to inhabit the 
Slough, although sampling during the winter months is required to confirm this belief. It 
is likely that the Slough's water quality is acceptable during the winter months for in
migrants seeking non-natal stream refuge from the Pitt River mainstem. It is not clear 
whether the current flood boxes act as in-migration barriers during fall and winter 
months. To determine the impact of the flood boxes, further research needs to be done on 
the local watershed and Pitt River hydrology, water levels, water velocities and 
operational characteristics of the flood boxes, and pump cycling. It is suspected that 
juvenile coho or other species seeking refuge or non-natal water rearing opportunities 
could access the Slough during winter months when the flood box gates are open and the 
water velocities inside the flood boxes are low. How often this situation occurs however, 
is not known and should be examined more closely. The fact that only a single chinook 
was sampled in the Slough in the spring points to possible in-migration access problems 
though the flood boxes, as smolting chinook are known to hold in side channels during 
their migration to marine environments. Salmonids that did manage to access and over
winter in the Slough and smolted late in the spring would necessarily pass through the 
pumps and sustain injuries. Early out-migrants would likely pass through the flood box 
before the Fraser and Pitt River freshet arrives in May. 

Without the benefit of a detailed bioinventory, it is suspected that Katzie Slough 
primarily functions or has the potential to function as an over-wintering non-natal stream 
for salmonids. This assumption should be checked however by conducting a detailed 
bioinventory and water quality sampling program to determine salmonid over-winter 
rearing use, potential spawning sites (likely in groundwater upwelling areas), and factors 
limiting salmonid utilization of the Slough. If the surveys conducted in the late winter 
find adequate rearing water quality but no salmonids, then the flood box would be 
suspected of being an in-migration barrier. If it is determined that salmonids do over
winter in the Slough in significant numbers, then the pump station's operating 
characteristics should be examined more closely to determine whether a fish/pump 
conflict exists. If a conflict does exist, operational or physical change options may exist 
to increase safe smolt out-migration during the freshet. 
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3.1.3 Matsqui Slough and Tributaries 

3.1.3.J Introduction 

Matsqui Slough is located on the Matsqui Prairie in the City of Abbotsford at the 
northern end of Gladwin Road and drains directly into the Fraser River (see Figures IA-
1 C). The slough's confluence with the Fraser River is directly south of the City of 
Mission on the south bank of the Fraser River. The Slough and tributaries drain 
approximately 7, 770 hectares of mostly agricultural land, with the most significant 
tributaries being Page, Willbrand and Clayburn Creeks. Drainage for agricultural 
purposes is difficult in the southern most section of the watershed due to both depressed 
areas and the high middle section. Hence, flooding is common in the southern section. 
The Matsqui Slough pump station (also known as the Gladwin station) through which all 
the flood waters drain is located immediately upstream of the confluence of the Slough 
and the Fraser River. The District of Abbotsford is wholly responsible for the pumping 
station's maintenance and operation. 

3.1.3.2 Fish Resources and Watershed Quality 

Of the salmonids, coho, chum, chinook and pink salmon, cutthroat trout and steelhead 
trout are known to inhabit Matsqui Slough and its tributaries50

•
51

• The better fish 
spawning habitat exists in the tributaries and not in the Slough itself. Clayburn Creek is 
the most productive, with spawning in the middle reaches upstream from the confluence 
with Stoney Creek. Summer rearing of the entire system is marginal, however, due to 
poor water quality and extreme low flows during summer months. In the Slough itself, 
low dissolved oxygen levels can form a barrier to in-migrating salmon adults bound for 
spawning grounds further up the watershed52

. Historically, coho have been recorded in 
Clayburn Creek since 1950. Chum and pink salmon were also consistently recorded 
between 1950 and 1969, but within the last 30 years only chum have been noted only 
twice by fisheries officers. Steelhead have consistently been recorded in Clayburn Creek 
since 1972. Refer to Table 2 for a summary of escapement statistics or Appendix 1 for 
complete escapement details. 

Matsqui Slough and tributaries pass through a mixture of cultivated lands and mixed 
urban/rural development. As a result of agricultural practices, drainage projects, 
residential and commercial developments, both water quali2; and quantity have degraded 
to the point where salmonids populations are "Endangered" 3

. Water quality tests in the 
Slough and in Page Creek indicate low dissolved oxygen and high nutrient 
concentrations, most likely caused from algal die-off and agricultural animal manure 
inputs54

. In addition, withdrawals for irrigation purposes exceed the naturalized summer 
seven-day low mean flow. To address th~emand for irrigation water, the District of 
Abbotsford installed a bi-directional pump in the early 1990s at the pumping station to 
pump water from the Fraser River into the Slough during the late summer when natural 
flo\vs are minimal and irrigation withdrawals are high55

. This operational mode is 
discussed in more detail below. 
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Clayburn Creek, the system's most productive tributary, is also considered "Endangered" 
by FRAP for many of the same reasons as Matsqui Slough, including concentrated urban 
development in close proximity to the stream. Water quality is better than that in the 
Slough, especially in upland areas where riparian vegetation has been preserved and 
agricultural and urban development is minimized. However in the lower sections of 
Clayburn Creek, water quality issues remain a concern, especially total anunonia 
concentrations and temperature levels. Many lower sections of the creek that pass 
through agricultural areas are dyked and have no riparian vegetation, and water 
withdrawals for irrigation far exceed the seven-day mean low flow56

. 

3.1.3.3 Pump Station 
The current Matsqui pumping station was built in 1973 and has been modified several 
times since then (see Photos 5 and 6). The current station houses the following pumps: 

T bl 8 Ch a e t . ( arac ens ics o fth M e . Sl hP atsqm oug ump mg s ( ta 10n pumps. 
Pump Make Type Capacity Impeller Power 
No. (USGPM) speed (rpm) ffiP) 
1&2 Peerless Propeller 30,000 710 200 

3 

4 

5 

6 

7 

axial flow 
Paramount Propeller 32,000 680 200 

axial flow 
ABS Submersible Propeller 31,000 594 170 

axial flow 
Flygt Submersible YUP Propeller 35,000 590 275 
705 axial flow 
Flygt Submersible PL Propeller 15,850 875 120 
7060 axial flow 
Aqualife Model 1080-P Hydraulic 1,109 unknown unknown 

drive 
Total station capacity (approx.) 145,000 

The station also has four concrete square flood boxes with side mounted flap gates on the 
outfalls. One of the flood boxes has an electrically operated sluice gate on the box's 
entrance. This feature is discussed in detail below. 

The operation of the station's pumps is, relative to other pumping stations, complex 
because the City of Abbotsford has several operational objectives for the station. The 
station has to satisfy basic flooding issues during winter storms and the Fraser River 
freshet, allow fish to pass safely, and maintain adequate water levels during the late 
summer and fall for irrigation purposes. The station operates in four modes: summer, 
irrigation, drainage, and winter. 
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• Summer mode: This mode is set to begin March 1 and lasts until sometime between 
August 1-30. Pumps No. 5 and No. 7 (the fish-friendly pump) are the lead pumps and 
can usually handle all the pumping needs for this period. 

• Irrigation mode: In years when the Slough water level is low during late summer and 
early fall (due to low Fraser River levels), stop logs are placed in front of the flood 
boxes to maintain high water levels in the Slough (see Photo 7). Bi-directional pump 
No. 6 is reversed and pumps water from the Fraser River into the Slough when 
required. Irrigation mode lasts from sometime between August 1-30 until mid 
September. 

• Winter and drainage mode: From mid-September to April 30th, the pumps are set to 
turn off and on in an ordered sequence according to set water levels in the Slough. As 
water levels pass the first set point, one pump turns on. If the water level continues to 
rise, a second pump turns on. If the water level remains constant, the first pump will 
remain on until the water level drops to a preset water level. The pumping set points 
and pumping sequences are computer controlled but can be remotely overridden by 
station operators from the City's office. 

Of particular interest for this study are the "summer" and "irrigation" modes. 

During the summer mode, Pump No. 5 is the lead pump during the summer freshet. In 
1992, the District installed Pump No. 7, a fish-friendly submersible vacuum pump 
complete with hinged screen in front of Pump No. 5. When the water level in the forebay 
exceeds a pre-determined level, Pump No. 5 starts. After a 30 second delay, Pump No. 7 
starts and continues to pump until Pump No. 5 shuts down. The fish-friendly pump is 
mounted on a sloping screen in front of the lead pump. The screen mesh openings are 
small enough to prevent smolt sized salmonids from passing through the screen. The fish 
are forced down the sloping screen to the bottom, where the fish pump intake is located. 
The fish are sucked into the vacuum pump and passed around the pumping station in a 
pipe and deposited via a concrete flume into the Fraser River. The other five pumps will 
start automatically in sequence if the lead pump is unable to maintain or reduce the water 
level in the forebay area. Pump No. 5 is the only screened pump for the smolting period, 
and is typically on 6-8 hours per day during the freshet. During other pumping modes the 
screen is in the up position and the fish pump inoperable. Smolts would certainly be 
drawn into Pumps No. 1-4 if all or any combination were running during any operational 
mode. 

In irrigation mode, water le.vels are maintained in the Slough by inserting stop logs in 
front of the flood boxes. In the event of a significant regional summer storm, one of the 
flood gates has an electrically operated slice gate that can be easily opened to allow flood 
waters to exit through one of the flood boxes in case the pumps are unable to handle the 
sudden increase in water volume. Lastly, Pump No. 6 is bi-directional and pumps water 
from the Fraser River into the Slough when Slough water levels drop below a certain 
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level. In this manner during low precipitation periods, farmers can irrigate their fields 
using water from the Slough without fear of depleting the water resource. 

DFO ' s last significant involvement with the pumping stations was in 1990 when the fish 
pump and screen were installed57

• 

3.1.3.4 Discussion of Pump Operation and Fislt Migration 

Although a significant amount of time and energy has been expended over the fish/pump 
conflict at the Matsqui Slough pumping station, a fish I pump conflict still exists. One of 
the concerns with the current pumping arrangement is that only one of the pumps is 
screened and combined with a fish-friendly pump. Smolts or any other migrating fish can 
easily be sucked into the remaining five pumps when they are operational. A review of 
the operations manual for the pumping station indicates that the "summer [operational] 
mode" is set for the months April-June. During this time, Pump No. 5 is the lead pump 
with the fish pump in operation. An analysis of the operational data supplied by the City 
of Abbotsford for the 1998 operating season indicate that during May, the peak migration 
smolting period, non fish-friendly pumps were in operation 33 % of the total pumping 
time (for additional detail concerning pumping hours for each pump during 1998, refer to 
Appendix 2, otherwise refer to Table 9). 

Table 9: Pumping hours for fish-friendly and non fish-friendly pumps for Matsqui 
Sl h . . fl 1998 oug pumpmg stat10n or 

Month Hours of operation Percentage of time pumps 1-4,6 
Pum12s 1-4, 6 Pum12s 5 and 7 in operation (non fish-friendly). 

April 0.24* 0.08* 75 % 
May 107.33 220.85 33 % 
June 0 362.82 0% 
* hours are likely related to pump and motor maintenance. 

It is difficult to determine the degree of impact the operation of the non fish-friendly 
pumps has on fish populations. Certainly some smolts would be entrained in Pumps Nos. 
1-4 and 6 during all operational modes, including summer mode. Determining an 
entrainment figure and resulting impact is difficult when more pumps than Pump No. 5 
are running and is dependent upon understanding: 

• which section of the channel (thalweg or banks) in the forebay area is more 
attractive to migrating fish. If fish congregate along the right bank when 
migrating then the impact may be lessened since the fish-friendly pump is 
located along the right bank. If the smolts (and other migrating juveniles) 
prefer the center of the stream where the current is faster and the non fish
friendly pumps are located, then the impact could be quite significant. If the 
smolts prefer the left bank, the impact could be very high as they would have 
to swim across the entire forebay area towards the right bank to escape 
entrainment in the non fish-friendly pumps; 
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• when the smolts arrive at the pumping station and what triggers them to leave 
the system. If high flows in the creek trigger migration, then it is likely that 
entrainment in non fish-friendly pumps is high, since more of the pumps are 
operational at the same time during flood events. A detailed analysis of daily 
pumping logs would be required to determine the severity of this issue. Such 
an analysis is highly recommended; 

• whether other fish (notably coho fry) are migrating downstream to habitat 
downstream of the pumping station. If juveniles are migrating, then the timing 
or migration time triggers should be determined and contrasted with the pump 
operation. 

These issues require further analysis before the severity of impacts of the non-fish 
friendly pumps running during migration period can be determined. 

The use of stop logs to raise the water levels in the Slough during late summer low flows 
is another issue of concern (see Photo 7). The use of stop logs essentially prohibits fish, 
in this case juvenile coho or resident trout, from leaving the system during August and 
part of September. Notably, this is the period when water quality is the poorest, as water 
temperatures are typically elevated and dissolved oxygen levels suppressed. Under these 
circumstances, juveniles migrate and seek out reaches with better water quality. 
Placement of the stop logs at the pumping station effectively traps juveniles in the creek 
and in habitats that are sub-optimal, and in some areas lethal. In the case where pumping 
is required during the irrigation mode (during a short intense rain storm), the lead pump 
remains Pump No. 5. that is coupled with the fish-friendly pump. This issue requires 
further analysis, possibly even some sampling at the pumping station mouth when the 
pumps are running during the late summer to determine whether juveniles are attempting 
to migrate past the station. If juveniles are attempting to leave the system, this points to a 
need to address either allowing safe passage at irrigation times through the flood boxes 
(i.e. remove the stop logs and reconfigure irrigation procedures) or address the water 
quality (and likely quantity) during summer months by augmenting areas with 
groundwater, enhancing known summer rearing areas to increase holding densities, or 
other options. 

3.1.4 McLennan Creek I Gifford Slough 

3.1.4.1 Introduction 

McLennan Creek is located in Abbotsford and drains approximately 4,360 hectares of 
primarily agricultural land. The mouth of the creek is approximately 76.5 kilometres from 
the mouth of the Fraser River (see Figures IA- IC). The present pumping station, named 
the McLennan Creek or the "Glenmore" pumping station, was built in I 973 and is 
located I 00 m upstream from the confluence with the Fraser River on Gifford Slough. 
McLennan Creek comprises most of the drainage area, and contains the more valuable 
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fish habitat than found in Gifford Slough. The City of Abbotsford is wholly responsible 
for the pumping station's maintenance and operation. 

3.1.4.2 Fish Resources and Watershed Quality 
McLennan Creek and Gifford Slough support several salmonid populations, namely 
coho, chum, anadromous and resident cutthroat, steelhead and rainbow trout58

• No 
escapement number records are available for either the creek or the Slough. In addition, 
few biological studies exist on this system, presumably for the reason that the Matsqui 
Slough-Clayburn Creek watershed is 1.5 km to the west and has almost identical 
morphology, land use and drainage problems, and has been studied extensively. One 
could assume that the salmonid species present and densities would be similar. 

Water quality indicators in Gifford Slough and McLennan Creek are similar to those in 
the Clayburn Creek-Matsqui Slough watershed. Gifford Slough and McLennan Creek 
suffer from low dissolved oxygen concentrations, high fecal coliform counts due to 
improper manure handling and high temperatures during summer months59

. However, 
other indicators, such as urban development and water withdrawals for irrigation reveal 
relatively better water quality conditions than in Clayburn Creek and Matsqui Slough. 
However, both systems suffer from narrow or non-existent riparian areas, and intensive 
agriculture activities that result in poor water quality. FRAP biologists have rated the 
watershed as "Endangered". 

3.1.4.3 Pump Station 
The present McLennan pump Station (see Photos 8 and 9) was installed in 1973 and 
houses the following four pumps: 

T bl 10 Ch a e t . . arac enstlcs o f h ML t e c ennan C kP ree ump mg s tat10n pumps. 
Pump Make Type Capacity Impeller Power 
No. (USGPM) speed (HP) 

(rpm) 
1&2 Peerless Propeller 28,200 710 200 

axial flow each 
3 Flygt Submersible PL Propeller 28,055 590 295 

7060 axial flow 
4 Aqualife Model 1080-P Hydraulic 1109 NIA unknown 

drive 
Total pumping capacity (approx.) 85 ,500 

The pumping operation at the McLennan Creek pumping station is'similar to the Matsqui 
pumping station operation except that there is no bi-directional pump that draws water 
from the Fraser River during dry spells. The Flygt submersible pump coupled with the 
Aqualife fish pump and screen and is the lead pump during the "summer" mode when 
smolts are leaving the system. 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

33 Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



The station also has two square concrete flood boxes with side mounted gates on the 
outfall. During the summer irrigation season in years that the river water level is low, 
stop logs are placed in front of both flood boxes to raise and maintain the water level in 
the Creek. The stop logs are usually inserted during August and are not typically removed 
until mid-September. 

DFO has had no involvement -with the station since the installation of the fish pump. 

3.1.4.4 Discussio11 of Pump Operation and Fish Migration 

Except for the issues that deal specifically with the bi-directional pump at the Matsqui 
Slough pumping station, the fish passage issues at the McLennan Creek station are 
similar to those at the Matsqui Slough pumping station. Due to time constraints, the 
pumping cycling data from the McLennan Creek station were not analyzed. It is 
recommended that this be done in order to understand further the impact the station has 
on migrating salmonids. Such an analysis would likely reveal that the fish-friendly 
pumping arrangement is not as functional as currently believed, for the same reasons as 
discussed in the Matsqui Slough pumping station section (For a complete discussion of 
the fish-friendly pump, see Sections 2, 3.1.3 & 4.2). 

The flood boxes at the McLennan Creek station may pose a barrier to in-migrating 
juvenile salmonids seeking upstream natal or non-natal habitat. Water velocities observed 
(although not measured) during a February storm in the flood box appeared to exceed the 
sustained speed for coho juveniles of 0.3 - 0.5 metres per second (See Table 4). This 
matter requires additional observation and study to determine whether in fact it is of 
concern for this station. 

The use of stop logs to raise the water levels in the Slough during late summer low flows 
is another issue of concern. The use of stop logs essentially prohibits fish, in this case 
juvenile coho or resident trout, from leaving the system during August and part of 
September. Notably, this is the period when water quality is the poorest, as water 
temperatures are typically elevated and dissolved oxygen levels suppressed. Under these 
circumstances, juveniles migrate and seek out reaches with better water quality. 
Placement of the stop logs at the pumping station effectively traps juveniles in the creek 
and in habitats that are sub-optimal, and in some areas lethal. In the case where pumping 
is required during the irrigation mode (during a short intense rain storm), the lead pump 
remains Pump No. 2 that is coupled with the fish-friendly pump. 

This issue requires further analysis, possibly even some sampling at the pumping station 
mouth when the pumps are running during the late summer to determine whether 
juveniles are attempting to migrate past the station. If juveniles are attempting to leave 
the system, this points to a need to address either allowing safe passage at irrigation times 
through the flood boxes (i.e. remove the stop logs and reconfigure irrigation procedures) 
or address the water quality (and likely quantity) during summer months by augmenting 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

34 Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



areas with groundwater, enhancing known summer rearing areas to increase holding 
densities, or other options. 

3.1.5 Miami Creek 

3.1.5.1 Introduction 
Miami Creek is located in the Harrision-Lilloet habitat management area, and drains into 
Harrison Lake immediately west of the Village of Harrison Hot Springs (see Figures IA 
- 1 C). An old pump housed in a building that resembles a windmill pumps water from 
Miami Creek into Harrison Lake when Harrison Lake is in flood, usually from May to 
August. The water level in the lake, and the dates the flood box gates close are dependent 
upon the rate and extent of snowpack melting and rainfall. The Village of Harrison Hot 
Springs administers and maintains the pumping station. 

3.1.5.2 Fish Resources and Watershed Quality 
Miami Creek is reported to support both coho salmon and cutthroat trout. Escapement 
records reveal that spawning coho were last recorded in 1969; however, the installation of 
the new flood box in 1993 enabled spawning fish to gain access Miami Creek for the first 
time in many years60

. The public works staff for the Village of Harrison Hot Springs also 
recall recently seeing spawners (species unknown) in the headwaters of the watershed. 
Spawners have also been noted excavating redds in the culvert that passes under 
Highway No. 961

. There are no records of the timing of spawning salmon in-migration er 
smolt out-migration for the watershed. 

The Village of Harrison Hot Springs is interested in conducting a much needed 
biophysical study of the watershed to determine presence and abundance of biological 
aquatic resources62

. Currently it is difficult to determine abundance and utilization trends 
of aquatic resources in the watershed simply because there are little baseline data 
available. It is recommended that in addition to conducting a standard biophysical 
inventory that the Village also enumerate spawning numbers, spawning locations, and 
emergent fry and smolting periods with detailed descriptions as to environmental factors 
that influence such periods. 

Before the dyke was placed to protect the area now occupied by the Village, the entire 
alluvial fan south of the Lake likely flooded each spring with the rising Harrison Lake 
water levels. Miami Creek was likely then a low gradient highly productive rearing area 
for several salmonid species. However, with the building of the dyke and subsequent 
rural and agricultural development Miami Creek more resembles a "swamp"63

. The 
middle and lower sections resemble many other Fraser Valley low gradient creeks that 
pass through agricultural land. Riparian areas are largely void of vegetation in the lower 
and mid sections, and agriculture runoff has resulted in excessive nutrient loading and 
algal blooms64

. Several upper sections are channelized and follow road and property 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

35 Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



aligrunents65
. Water withdrawals for irrigation purposes are considered moderate 

compared with other watersheds in the Fraser Valley. The naturalized summer 7-day low 
flow is 11 % of the mean annual flow66

. FRAP considers the watershed as "Endangered". 

3.1.5.3 Pump station 
The Miami Creek pumping station was installed in 1948 with a used pump and motor 
acquired from the Mission area67 (see Photos 10-12). The same pump and motor are still 
in use. Due to its age, little is known about the pump and there is local concern that the 
pump is unreliable because of its age. A coarse screen in front of the pump intake 
partially prevents debris from entering the sump area. 

Pump Make Type Capacity Impeller speed Power 
p No. SGPM rm 

1 Unknown Propeller 26,000 - Unknown 75 
axial flow 36,000 

Two new flood boxes and pump house foundation were constructed in 1993 under the 
auspices of the Fraser River Flood Control 1968 Agreement. Part of the dyke in the 
immediate area was also rehabilitated. The new flood boxes have two opposing side 
mounted flap gates that are set at approximately 4 degrees off vertical. The new flood 
boxes lower the creek water level by about 1 metre more than the old flood box did. 
Water flows freely out through the flood boxes at all times except during spring freshet 
when the flap gates are closed69

. 

The automatically operated pump is governed by the water level in Miami Creek in the 
sump area. During the spring and summer, Harrison Lake rises due to snow pack melt 
and precipitation in the Harrison and Lilloet River watersheds. The floodgates typically 
close in May and remain closed until August. The pumping station operates as needed to 
keep water levels in Miami Creek at preset levels. From discussions with Village staff, 
the pump only runs during the summer after a significant regional storm. During dry 
summers, such as in 1996 and 1998, the pump doesn't run at all70

• Unfortunately most of 
the pump annual records are not detailed enough to easily allow determination of 
pumping starUstop times and dates. The Harrison Lake water levels recede in time for the 
fall rains, and the current flood box capacity adequately handles fall and winter runoff. 

Apart from the motor being rewound once in recent years, the pumping station has 
received little attention. When the new flood boxes were installed in 1993, a concrete 
sump was poured to support 2 new pumps to be installed at a later unspecified date. The 
engineering drawings indicate that the new sump was designed to encase two traditional 
vertical propeller style pumps. The sump may be too small to house fish friendly screw 
pumps that will likel(' be required by DFO when the existing pumping station is 
eventually replaced7 

• 
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DFO's last major involvement with the pump station was in the early l 990's when the 
new flood boxes were built. Currently DFO and MELP sit on a Miami Creek committee 
that periodically examines fish related issues in the watershed. 

3.1.5.4 Discussion of Pump Operation and Fish Migration 
Miami Creek pumping station has long been suspected as killing or injuring fish, 
particularly migrating smolts. Given the record of other similar pumping stations in the 
lower Fraser River, this suspicion is not unreasonable. However, there are little data and 
no anecdotal evidence available to support this opinion. 

Whether the smolts leave Miami Creek through the flood box before the Harrison Lake 
water level rises, or are entrained in the pumps is largely dependent upon the rate of snow 
melt in the Harrison and Lilloet River watersheds and the rainfall in the Miami Creek 
watershed. During an average year the coho and chum smolt migration will likely peak in 
mid May, approximately the same time the Harrison Lake water levels begin to rise. In 
years that experience a wet spring and summer, and given the general coho and chum 
smolt migration timing and the flood gate closure period, some later migrating smolts are 
likely entrained and killed by the pump. However, in low precipitation years when the 
pump doesn't run, the late leaving smolts are trapped in the Creek and will either likely 
perish due to unfavorable water quality, or spend another year rearing hoping to smolt the 
following year. Hence the likelihood of salmonids becoming entrained in the pump is 
largely dependent upon the amount of precipitation and runoff in the Miami Creek 
watershed, and the amount of water withdrawals for irrigation purposes. The lack of 
salmonids is likely due to the fact that in some years the smolts can't get out of Miami 
Creek at all, because of gate closures during the smolting period. It is interesting to note 
that the local MELP habitat protection officer has never observed fish mortality at the 
station nor received public complaints concerning fish mortality at the pumping station72

. 

Given the above information coupled with the lack of biological knowledge and pump 
cycling information, it initially appears that the pump is not the most significant factor 
that limits salmonid migration. The limited data points to the dyke and the altered 
hydrology of the Creek as the limiting factors. However, it is difficult to assess the real 
impact of the pump station, flood box operation and the dyke in general on the salmonid 
population without additional biophysical data (as recommended above) and analysis of 
the pump cycling records. Further study to shed light on these data gaps is highly 
recommended. 

3.1.6 McLean Creek 

3.1.6.1 Introduction 
McLean Creek drains a small watershed (area estimated at 960 hectares) into the Pitt 
River immediately north of the City of Coquitlam I City of Port Coquitlam border. The 
station is within the North Deboville Dyking District which is administered by MELP 
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Region 2. McLean Creek is sometimes referred to as Alarm Creek or North Deboville 
Creek. Little is known about the biology, hydrology or the physiography of this small 
watershed. 

3.1.6.2 Fish Resources and Watershed Quality 
Very little is known of the fish resources in McLean Creek. Officially the creek only 
contains cutthroat trout 73

. However the Katzie band sampled for salmonids in April 1997 
and found 6 chinook ranging from 40-70 mm fork length and two small cutthroat trout 
upstream of the pumping station74

. The watershed is reported as having excellent rearing 
habitat75

, although the fact that coho were not sampled may be due to several issues: 
spawning habitat is negligible, the watershed suffers from lethal water quality conditions 
when salmonid are unable to out-migrate, the pumping station has eliminated any species 
natal to the creek due to poor access in both directions, or a combination of all three 
factors. 

3.1.6.3 Pump Station 

The pump station, known as the "North Deboville Pump Station" pumps water from the 
creek into the Pitt River during the freshet when the Pitt and Fraser Rivers are at high 
stage (see Photos 13 and 14). The pump station, originally built in 1938 at the present 
location, has the following characteristics: 

Pump Make Type Capacity Power 
No. SGPM 
1 Paramount 36 inch propeller 20,000 60 

axial flow 

The original pump and motor still exist, although both were rebuilt in 1992 when the 
pump house superstructure was replaced76

. Pump records were not available for analysis 
during this study. The records are kept in the pump house and only reveal the number of 
hours on the pump, with no date association. 

The existing flood boxes were installed in 1984 and have greatly increased the gravity 
drainage capacity relative to the older flood boxes. As a result, the pumps are only used 
occasionally during high water levels in the Pitt River, although during a local heavy 
rainstorm the pumps can run up to 23 hours per day77

• The flood box flap gates are round, 
top-mounted and made of cast iron. 

DFO has had no recent involvement with this pumping station. 

3.1.6.4 Discussion of Pump Operation and Fish Migration 

It is likely that since the watershed size is relatively small, and would receive little water 
from snowmelt, the amount of water requiring to be pumped during the spring and 
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summer freshet would be minimal. It is suspected that the pump only operates after 
summer rain storms when the flood boxes are closed due to the high Pitt River water 
level. However, seepage and upwelling may occur in the watershed, and thus would 
necessitate additional pumping. 

Since little readily available data exists that indicated when the pump is on during the 
spring and summer months, it is difficult to assess the impact the pump has on the 
salmonid population. However, there is no doubt that the flood boxes exclude salmonids 
attempting to in-migrate McLean Creek from other watersheds during the freshet, and 
perhaps even adults seeking spawning areas in the fall. A velocity barrier inside the flood 
box likely discourages fry from entering the creek during periods when the Creek and 
River water levels are equal, or during times when water is being discharged out the flood 
boxes. During the fall when water flows through the flood boxes is small, adult salmon 
seeking spawning sites may be unable to negotiate the small opening between the gate 
and the pipe (see Sections 2.4 and 4.2.3 for a complete discussion of this problem). 

It appears that without the aid of biological, hydrological or pump cycling data that the 
flood box gates are likely the most significant limiting factor to salmonid migration in 
both directions. It is recommended that additional information be gathered on salmonid 
utilization of the watershed, the local hydrology (specifically water levels) and pump 
cycling information. Although the flap gates on the flood boxes were recently installed, it 
is highly recommended that they be scrutinized to determine whether they pose a 
migration barrier as assumed. If the assumption is proven valid, the purchase and 
installation of side mounted gates (with provisions to keep Pitt River debris from 
jamming the gates open during freshet) should be considered. 

3.1. 7 Mountain Slough 

3.1. 7.1 Introduction 

Mountain Slough, part of the District of Kent, drains a small watershed of approximately 
3,100 hectares into the Fraser River 7 km due west of Aggasiz (see Figures lA- lC). A 
dyke and pump station at the confluence of the Fraser River and the Slough protects the 
area. Land development is predominantly agricultural in the low lands while in the 
mountainous upper watershed logging takes place. 

3.1. 7.2 Fish Resources and Watershed Quality 

Coho and chum salmon and cutthroat and rainbow trout are the only salmonid resources 
that are found in Mountain Slough. Coho and rainbow trout have been sampled in the 
upper reaches of Mc.Callum Ditch, a tributary to Mountain Slough, in the vicinity of the 
Mountain Institute in Agassiz78

. Coho are known to use the upper sections of the 
watershed, while chum utilize the lower kilometre of the Slough79

. Little else is known 
about the biological resources or water quality in the watershed. Due to the significant 
amount of agriculture in the watershed and the low base flows, the water quality likely is 
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very poor in the summer months, and contains high nutrients concentrations which can 
cause eutrophication and chronic weed growth. 

3.1. 7.3 Pump station 
The Hammersley pumping station pumps water from the sections of Mountain Slough 
that are located behind the dyke into the Fraser River. The station is of unknown vintage 
but the oldest pump was installed in 1956 (see Photos 15 and 16). The pump house 
contains two pumps of the following characteristics: 

Pump Make Type Capacity 
No. SGPM 
1 Peerless Propeller 23,500 

axial flow 
2 Fairbanks-Morse Propeller 11 ,500 870 

axial flow 

Power 

125 

50 

Two older style flood boxes that were likely installed in the 1950's pass gravity flow 
water during the fall, winter and spring periods around the pumping station. Unlike most 
other flood boxes, these gates are manually operated top mounted sluice gates, and when 
closed, remain closed until manually opened. They will not open with the fluctuations of 
the water level in the Fraser River, as flood boxes mounted with hinged flap gates will. 

The pump station' s operation is straightforward. When the Fraser River freshet arrives 
and the Fraser River water levels rise, the flood gates are manually closed. Water levels 
in the Slough rise and when a certain elevation is reached, Pump No. 2 is activated. Pump 
No. 1 will only start if Pump No. 2 is unable to maintain or draw down the water level in 
the Slough. The pumps typically will start running from March 10th to April 15th, and 
stop in the period of August 1st to September 15th. The pumps are considered undersized 
although the District of Kent rarely hires temporary pumps to draw down high water 
levels in the Slough80

• 

DFO has had no involvement with the pumping station for many years81
. 

3.1. 7.4 Discussion of Pump Operation and Fish Migration 
Relatively little is known about the potential conflict between migrating fish and the 
pumping station and flood box. Indeed, little is known about the fish and habitat values in 
the Slough itself. However, based upon discussions with DFO staff, District of Kent staff, 
and from anecdotal reports, the pumping station is believed to kill or maim migrating 
fish, specifically smelting coho and chum. A fisheries officer in 1978 described the 
station as " ... having a severe detrimental effect on migrating fry and smolts."82 Based 
upon fish mortality tests conducted in the lower mainland over the last 20 years, mortality 
rates of 25 - 70 % are likely (see Table 3). Unfortunately the pumps' cycling data are not 
in a usable format for the purposes of this report. However, water level data may exist 
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that would shed light on the operating characteristics of the pumps. It is recommended 
that this and other data be collected and analyzed, or other methods be utilized to 
determine the operating characteristics of the pumps. 

The arrival of the Fraser River freshet dictates the date the sluice gates on the flood boxes 
are closed and the pumps activated. Unlike hinged flap gates at most other pumping 
stations that open and close with changing Fraser River water levels, the sluice gates 
require an operator to raise or lower them. The result is that if the Fraser River water 
level drops for a short time after the gates have been closed, access in either direction 
through the flood boxes is not possible. Additional fish passage through the flood box 
would be possible with a side mounted flap gate mounted on the end of the flood box, 
although this may only increase the number of fish passage days slightly. 

The flood boxes may constitute a fish in-migration barrier. Initial observations of the 
flood box reveal that a velocity barrier might exist for juveniles attempting to access the 
upper watershed areas during times when the sluice gates are open. This may be due to 
undersized flood boxes, resulting in a high hydraulic gradient and high water velocity 
inside the flood boxes. Additionally, a significant head loss at the flood box entrance 
results in a water elevation drop of up to 0.5 m. during higher discharges83

. The result is 
that juvenile access to habitats upstream of the flood box may be restricted to times of 
low to extreme low flow. This item requires additional analysis and field assessment 
during the winter, spring and fall months when many species of salmonid juveniles in the 
Fraser River are seeking refuge in natal and non-natal sloughs and side channels. Further 
analysis of this issue is highly recommended. 

Another issue of concern involves the occasional running of the pumps when the flood 
boxes are fully open and water is being discharged to the Fraser River. This is done to 
increase draw down rates in response to requests from the agricultural community to 
drain the Slough faster. The result is that fish may be drawn into the pumps which are 
situated upstream of the flood boxes. It should be noted that the discharge capacity of the 
pumps is a minute fraction of the discharge capacity of flood boxes, even given the 
assumption that the flood boxes are undersized. Turning the pumps on to draw down the 
water levels likely makes little difference to the draw down time and results in higher 
electrical and pump maintenance costs. The solution to this issue involves discussions 
between representatives of the agricultural community and the District, and developing 
an understanding the costs and benefits of running the pumps for this purpose. 

While it is acknowledged (although not proven) that the pumps kill fish, simple and 
c~asily implemented solutions to address this problem are not apparent. However, a small 
measure to improve the situation involves reversing the pumping sequence such that 
lower speed Pump No. 1 is the lead pump. Fish mortality may be reduced slightly in this 
manner. How this change would impact on the overall operation, costs and maintenance 
of the pumping station is unclear and requires consultation with the District. There are 
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also a number of options for dealing with the larger fish mortality issue that are discussed 
in Section 4. 

3.1.8 Nathan Slough 

3.1. 8.1 Introduction 

Nathan Slough is a relatively small and poorly understood drainage of approximately 
1440 hectares that drains directly into the Fraser River on the municipal boundary 
between the Township of Langley and District of Abbotsford (see Figures IA- IC). The 
area is known as "Glen Valley" and has its own dyking district of the same name. Nathan 
Slough is not to be confused with Nathan Creek which is a much larger creek that drains 
mostly Abbotsford and flows into the Fraser River approximately 2 km. to the west of 
Nathan Slough. It appears from a review of airphotos that Nathan Slough and Creek were 
once connected, and that the lower sections of Nathan Creek were created to divert 
upland water from passing through Glen Valley. The lower 3.5 km section of Nathan 
Creek is both dyked and channelized. 

3.1.8.2 Fish Resources and Watershed Quality 

Little fish or other biological data exists for Nathan Slough. The FISS database indicates 
that cutthroat trout inhabit the Slough, although it is not clear if they exist upstream or 
downstream of the pumping station. A Langley Environmental Partners Society (LEPS) 
crew recently sampled for fish upstream of the pump station and found four coho 
juveniles in January 199984

• There is no habitat information currently for the system. 
However, from initial cursory field observations and air photo analysis, Nathan Slough 
appears to have poor winter rearing habitat, and little or no spawning habitat upstream of 
the pump station and marginal riparian or instream cover below an impassable culvert at 
881

h Avenue. 

Nathan Slough drains a mixed-use agricultural area. Hog and livestock operations, as 
well as cranberry and other crops are managed in the Glen Valley85

. The water quality is 
very poor during the fall and spring months, with very high ammonia concentrations, 
high fecal coliform counts and low dissolved oxygen levels. Benson Canal, a former 
creek that has been converted into a drainage ditch, has virtually no riparian zone left 
intact, and is likely a source for agricultural runoff that drains directly into Nathan 
Slough86

. Summer coho rearing habitat would likely be marginal for these reasons. 
FRAP considers Nathan Slough as "Endangered". 

3.1.8.3 Pump station 

Nathan Slough is regulated by a pumping station approximately 700 m upstream of the 
confluence with the Fraser River (see Photos 17 and 18). The station comprises of two 
separate pump houses. Representatives of the Glen Valley Dyking District could not 
confirm any details about the pumping station87

. However, it is known that one station 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

42 Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



was built or refurbished in 1950, and the other built at an unknown but suspected later 
date. The pumping stations are believed to have the following characteristics: 

T bl 14 Ch a e t . f arac ens 1cs o f h N h Sl h P t e at an oug ump mg St f a 10n pumps. 
Pump Make Type Pump Impeller Power 
No. Capacity speed (rpm) (HP) 

(USGPM) 
1 Paramount. Propeller axial Unknown Unknown 100 

flow drainage 
pump 

2 Fly gt Propeller axial 15,000* Unknown 120 
submersible flow drainage 

pump; model 7060 
3 Flygt Propeller axial 25,000* Unknown 150 or 

submersible flow drainage 175 
pump; model 7080 

*Note: capacity estimated from pump performance curves 

In addition, two flood boxes pass gravity flow water under the 1950 pumping station. The 
steel or aluminum flap gates are the typical side mounted and slightly off-vertical 
configuration of an estimated area of 4.5 square metres. Both gates appeared to open 
easily with marginal head. 

DFO has had no involvement with the pumping station within the last 5 years88
. 

3.1.8.4 Discussion of Pump Operation and Fish Migration 

As the Dyking District representatives were unable to furnish any operational data 
concerning the station, it is difficult to make specific comments concerning the impact of 
the station on the salmonid resource. Coho and chinook likely utilize the Slough below 
the pump station for rearing in the winter months. Murray et al (1989) found high 
chinook smolt densities in Nathan Creek, two kilometres to the west during May. The 
flood boxes appear adequately sized and are not suspected as constituting a velocity 
barrier during fall and winter flows, and as such, both species would be suspected of 
inhabiting the Slough upstream of the station. However, the flood box should be observed 
and water velocities noted during these times to confirm this assumption. If salmonids are 
utilizing sections above the station, then it is likely that the station kills out migrating 
salmonids that delay their migration until after the Fraser R. freshet arrives. A full 
biophysical inventory should be completed on the system during summer and winter 
months to determine natal and non-natal rearing of the system. Operational data may be 
available from other sources and should be analyzed to determine operating times and 
characteristics. 

Lastly, the culvert at 88th Avenue, approximately 300 min length, likely constitutes a fish 
migration barrier89

. If this assumption is correct, then the accessible habitat upstream of 
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the pump station is greatly reduced. Any plan to modify the pump station for fish passage 
should consider removal or modification of the culvert to open up the upper Slough 
sections to fish. 

3.1.9 Chester Creek Pumping Station 

3.1.9.1 Introduction 
Chester Creek pumping station is located on the western edges of the District of Mission 
and drains a small area of 660 hectares that is dominated by agricultural activities in the 
low lands and is forested in the uplands (see Figures lA- lC). 

3.1.9.2 Fish Resources and Watershed Quality 
Chester Creek contains coho and chum salmon, as well as cutthroat trout and possibly 
steelhead trout90

• Coho have been observed throughout the creek, whereas the upper limit 
of chum distribution is Silverdale A ve91

. 

To address the high mortality rate that the pumping station inflicts upon the salmonid 
population, the District of Mission has retained the services of Scott Resource Services 
since 1994 to conduct fish salvages at the pump station when the pumps are on during the 
smolting period. The consultant salvages salmonids using seine nets placed in front of the 
pump station. As a result, several thousand smolts and juveniles are safely transported 
around the pumping station. In 1997 and 1998, the Fraser River freshet arrived early 
necessitating the need for salvage (see Table 15). 

Table 15: Salmonids captured and transported safely around the Silverdale Pump 
Station, 1997-98. 

Year Species No. captured 
1997 Coho salmon 3,999 

Chum salmon 0 
Cutthroat trout* 562 

1998 Coho salmon 1938 
Chum salmon 108 
Cutthroat trout* 708 

*Assumed majority sampled were anadromous. 
Source: Walter, A.R. et al. 1998, 1998a 

When captured Peak migration 
Mid-late May Mid May 

Mid-late May Mid May 
Mid May-early June Mid-late May 
Mid May-early June Mid-late May 
Mid May-early June Mid-late May 

In 1997, 3,999 coho smolt and fry, and 562 cutthroat trout were captured. The consultant 
was able to estimate the peak migration time during the sampling period based upon 
CPUE calculations but he noted that the actual number of fish salvaged did not indicate 
the total of out-migrants nor the actual migration peak. Occasionally the Fraser River 
receded enough for the flap gates to open and allow fish unobstructed passage around the 
pumping station. In addition, the majority of the smolts had likely left Chester Creek 
before the flood box gates shut due to rising Fraser River water levels. In 1998, the 
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salvage operations captured 193 8 coho fry and smolts, 108 chum smolts, one sockeye 
smolt and one rainbow trout. Portions of the chum sampled were likely from the 20,000 
released from the Stave River Salmonid Enhancement Society out planting program. 
Between 1994 and 1996, however, the vast majority of smolts left the creek via the flood 
boxes before the Fraser River freshet arrived at the end of May92

. The consultant also 
noted that a significant percentage of the coho salvaged appeared to be fry, indicating that 
the fry are moving downstream during the late spring. 

Little information exists about watershed quality and factors that may affect salmonid 
productivity. FRAP rates the watershed as "Endangered" due to riparian vegetation loss, 
channelization, and water quantity problems93

. 

3.1.9.3 Pump Station 
The Silverdale Pumping station is located approximately 6.5 km. west of central Mission 
along Highway No. 7. It consists of a pump house with 2 identical pumps and one flood 
box (see Photos 19 and 20). A coarse trash rack protects the intake area from floating 
debris. The pump house was expanded in 1983-84 to include an additional pump that 
effectively doubled the pumping capacity of the station. 

Table 16: Characteristics of the Silverdale Pum ing Station 
Pump Make Type Pump Power 
No. Capacity (HP) 

SGP 
1&2 7,500 each 50 

15,000 

The pumps' operation is controlled by the elevation of water on the upstream side of the 
pump house (i.e. the water level in Chester Creek). Each pump is set as either lead or lag. 
As water rises behind the dyke, the lead pump starts and continues to pump until the 
water level drops to the "off' water level. If the water continues to rise, the lag pump will 
automatically start at a predetermined water level. With both pumps on, the water level 
should recede until the set point where both pumps stop. The pump timing logs were 
unavailable for analysis. 

The flood box at the Silverdale pumping station consists of one concrete box 1.8 m by 1.8 
m by 13 min length on a 0.4% slope. A top-mounted double hinged flap gate installed in 
1997 is mounted on the outfall. The flap gate requires approximately 0.15 m of head to 
open at least 0.3 m94

. 

DFO has had no involvement with this pumping station other than to approve fish 
salvages that have taken place in the last two years95

. 
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3.1.9.4 Discussion of Pump Operation and Fish Migration 

As with most pumping stations on the lower Fraser River, the most significant pumping 
schedule on Chester Creek corresponds with the coho and chum smolting period. It is an 
undisputed fact that the pump station imparts significant mortalities on smolting chum 
and coho. The high impeller speed (almost twice that of many other lower Fraser R. 
pumps studied) greatly increases the probability of contact between the fish and the 
propeller blades, resulting in mortality. The District of Mission engineering and 
operational staff have taken it upon themselves to address the pump related fish mortality 
issue by hiring an environmental consultant to conduct a fish salvage for the latter part of 
the smolting period, usually about four weeks in May and June. From all indications, the 
District is committed to continuing this practice until alternative solutions of ensuring 
smolts pass safely by the pumping station is found. They have invested several thousand 
dollars upgrading the area in front of the pump house to make seining more efficient and 
less costly. Although no study has been conducted to determine the cost/benefit of 
alternative solutions, the District is of the opinion that an alternative such as a new fish 
friendly pump would more costly in the long term. However, the District is willing to 
experiment with changing the pumping schedule or other parameters if it can be proven 
to be both beneficial to fish and the District. One such experiment may be in forcing the 
fish to stay in the Creek by temporarily screening the pumps until the Fraser recedes and 
flap gates open (or until an agreed upon "late date" with the DFO) thereby allowing safe 
unimpeded passage to the Fraser R. The impact on the salmonids due to a several week 
smolting delay is unclear, and requires analysis and discussion. One study by Walter et 
al. (1998a) recommends the installation of a fish friendly screw pump while recognizing 
the prohibitive cost involved. 

The data collected and analyzed in Walter et al. (1998a) reveal that most coho and 
cutthroat smolts (and presumably kelts) enter the Fraser River through the flood box 
before the freshet forces the flap gate shut. Since the migration period had been closely 
monitored beginning in 1994, fish salvage operations have only take place twice in the 
last 5 years. In addition, Walter (l 998a) notes that in both cases where salvage operations 
took place, a significant percentage of smolts had likely left Chester Creek before the flap 
gate shuts. This belief is borne out by the fact that in the spring of 1997 the Stave Valley 
Salmonid Enhancement Society released 20,000 chum into the creek. The consultant only 
salvaged 108 of them from mid May to early June, and thus it is assumed that the vast 
majority exited the creek through the flood box before mid May. Hence it appears that 
over the last 5 years the vast majority of coho and chum smolts have left the system 
safely and unimpeded. It is only the smolts that attempt to leave the system late in the 
smolting period in the minority of years that require assistance in the form of a salvage to 
reach the Fraser River safely. 

The sampling data also reveal that substantial number of coho juveniles are attempting to 
leave Chester Creek during the spring, presumably to rear in the lower sections of the 
Slough or to seek out other rearing streams that offer higher quality habitat. The 
implications of this are two fold: that the pump is killing juveniles as well as smolts that 
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are not salvaged, and that coho juveniles (O+) must make their way back up through the 
flood box into the headwaters in the fall before the onset of winter flood events in the 
mainstem Fraser. For the late date out-migrators, this means having to pass through the 
pump station twice before reaching the ocean as a smolt if the salvage operation fails to 
capture them. This finding is more relevant to all the other flood-proofed streams with 
drainage pumps on the lower Fraser than to Chester Creek. The non-smolting juveniles in 
Chester Creek have the benefit of a fish salvage to ensure their safe passage to 
downstream rearing habitats. Juveniles in virtually all other streams do not. This finding 
broadens the issue to be resolved from smolt entrainment in pumps to smolt and juvenile 
entrainment in pumps. 

The District of Mission currently spends on average $7 ,000 annually during salvage 
years. If the last five years is any indication of the fiscal amount and District staff 
resources required to ensure that fish are afforded safe passage past the Silverdale 
pumping station, then other fish passage options such as installing a fish friendly screw or 
vacuum pump initially appear without the aid of a cost-benefit study economically 
unattractive. However, an analysis of the relative costs and benefits of the current 
practices versus other fish passage options should be completed and is highly 
recommended. This analysis could also be expanded to include other systems that are 
known to kill migrating fish. 

Lastly, the flood box flap gate may pose a barrier to upstream migration of juveniles 
during the winter or spring months. Although the gate swings easily, a velocity barrier 
may exist during higher flows. The gate operation should be observed under different 
flow conditions and seasons when juveniles and possibly chinook smolts are attempting 
to migrate into Chester Creek. 

3.1.10 Lane Creek Pumping Station 

3.1.10.1 Introduction 
Lane Creek is a relatively small watershed of approximately 400 hectares that drains a 
highly urbanized area of Mission. The Creek drains directly into Mandale Slough on the 
north bank of the Fraser River (see Figures la - le). 

3.1.10.2 Fish Resources and Watershed Quality 
Mandale Slough contains chinook, chum, coho and sockeye salmon, and cutthroat trout96

. 

Lane Creek, which drains into the top of Mandale Slough, contains coho and chum 
salmon, and rainbow and cutthroat trout97

. The species present (see Table 17) is based 
upon one fish salvage report (Walter et al. l 998a) and may not be indicative of all species 
present. Other standard sources detailing fish species present in water bodies contain no 
biological information on Lane Creek. 
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As with the Silverdale pumping station, the District of Mission hires an envirorunental 
consultant to conduct fish salvage operations if smolts are still upstream of the pumping 
station at the start of the Fraser River freshet. Based upon salvage data, the species 
present have the following migration characteristics: 

Table 17: Salmonids captured and transported safely around the Lane Creek Pump 
Station, 1997-98. 

Year Species No. When captured Peak migration for 
captured capture period** 

1997 Coho salmon 2,906 Late May-late June Early-mid June 
Chum salmon 0 
Cutthroat trout* 0 

1998 Coho salmon 913 Mid May-mid June Mid May 
Chum salmon 7 Mid May-mid June Not determined 
Cutthroat trout* 4 Mid May-mid June Not determined 

* Assumed majority sampled were anadromous. 

Although the data reveal when the peak migration times occurred during the sampling 
period, it is highly likely that many smolts and kelts migrated before sampling 
commenced. Thus the peak migration time is likely in the early to middle period of May 
for all species. 

Lane Creek watershed has been largely culverted and as such contains little rearing or 
spawning habitat. The District of Mission installed 30 m of spawning gravel in 1995 near 
Durieu Street which accounts for most of the spawning habitat in the entire system. 
However, fish presence sampling at this site in the fall of 1997 found that only cutthroat 
trout were utilizing the spawning area as rearing area. 

Since Lane Creek drains a highly urbanized watershed, water quality is likely a problem. 
Unfortunately water quality data are unavailable for this watershed. However, it may 
suffer from the same afflictions that plague other streams that drain urbanized areas: low 
base flows, high and perhaps lethal-to-fish summer water temperatures, low dissolved 
oxygen and above normal water pollution concentrations (i.e. hydrocarbons, suspended 
sediments, nutrients, and detergents etc.98

) . FRAP rates the watershed as "Endangered". 

3.1.10.3 Pump Station 
The pump station on Lane Creek is located approximately 300 m. west of the Mission 
Bridge on the north side of the Fraser River (see Photos 21 - 23). The facility was 
constructed in 1979-8G·and contains two pumps of the following specifications: 
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Table 18: Characteristics of the Lane Creek Pum ing Station um s. 
Pump Make Type Pump Impeller Power 
No. Capacity speed (HP) 

SGP 
1 & 2 Unknown. Propeller axial 7,500 50 

flow 

A coarse wooden screen that surrounds the pump house building protects the pumps' 
intakes. Water enters the pump gallery pond from two culverts that pass under the 
southbound road to the Mission Bridge. The water is then discharged through two 
flexible pipes into Mandale Slough. Fish mortalities had been noted before 1998 at the 
outfall when the water was discharged onto an angular rock apron99

• The District of 
Mission rectified this problem by using a "Big O" pipe to redirect the discharge water 
into the Slough. 

The flood box pre-dates the construction of the pumping station. Judging from the poor 
condition of the top hinge-mounted wooden flap gate, the flood box may be 40+ years old 
and is acknowledged as being undersized. The flap gate requires approximately 0.3 m. of 
head to open slightly100 and appears quite heavy and is likely a barrier under most flow 
conditions for in-migrating juveniles and adults. The pumps often run during the winter 
months even when water is draining through the flood box. The District plans to replace 
the flap gate and increase the capacity of the flood box within the next two years. 

DFO has had no involvement with the pumping station in recent years other than to 
permit fish salvages. 

3.1.10.4 Discussion of Pump Operation and Fish Migration 
The fish sampling done by Scott Resource Services seems to confirm the theory that the 
flood box is a barrier to juvenile movement from the Slough into the creek. Fish presence 
sampling in September in the creek only found cutthroat trout and only seven coho 
between 70 and 96 mm in fork length. This information coupled with the large numbers 
of O+ juveniles sampled in the spring indicates that either coho yearlings do not over
winter in the creek for unknown reasons, or else they have not returrled from downstream 
migration completed the previous spring. Both juvenile and adult coho would typically 
move into the Lane Creek upon arrival of the fall rains would likely face a velocity 
barrier in flood box during this increased runoff period. The few coho that were sampled 
in the fall either were able to return up through the flood box or never left Lane Creek 
initially. If the District decides to delay the modification of the flood box, it is 
recommended that sampling both upstream and downstream of the station be done later 
in this fall season (November or December) to determine firstly whether juveniles are 
attempting to access the Creek and secondly, their ability and success rate at negotiating 
the flood box. 
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The migratory pattern observed in Lane and Chester Creeks illustrates what problems 
migrating fish face in creeks that are governed by flood proofing facilities. In these two 
creeks (and presumably many other lower Fraser R. streams), coho may pass through or 
around the pumping station and flood boxes (upstream and downstream) a minimum 
three times before reaching the Fraser River and proceeding to the estuaries at the mouth 
of the Fraser River, and then once again upon returning to spawn. Coho which smolt at 
year 2+ must pass through or around the pumping station and flood box a minimum 5 
times before heading to sea. If one assumes a 50 % average mortality rate over the age 
classes, the probability of a late migrating 2+ coho smolt successfully passing 
downstream through the pumps 3 times is about 12.5%101

• 

As Lane and Chester Creek pumping stations operate in virtually the same manner and 
share the same problems with respect to fish passage, refer to the "Analysis" section 
under the Chester Creek heading and to Section 4 for discussion of the various mitigative 
options. The issues at Lane Creek of most immediate concern are the flood box and the 
flap gate. Since the District is planning on replacing them in the near future, the 
outstanding concern is the pump house. As described in the Chester Creek section and 
Section 4, a further study on alternatives other than replacing the pump with a fish 
friendly pump or other pumping arrangement should be pursued. 

3.1.11 The Remaining Pumping Stations in the District of Mission 

Two other pumping stations of note exist within the District of Mission. They are located: 
• at the west end of Cooper Avenue, approximately 400 m. due south of the Silverdale 

pumping station. This station is known as "Pump station No.3". The small pumping 
station drains farmland during periods of excessive rainfall, and pumps water directly 
into the Fraser River. Since there are no fish habitat values in the land being drained 
and fish access is not possible, Station No. 3 does not warrant further discussion; 

• south of the CPR tracks and immediately south of Windebank Creek. This pumping 
station is known as the "Fiberglass pump station" and drains an industrial area during 
periods of excessive rainfall. As with Pumping Station No. 3, since there are no fish 
habitat values in the land being drained and fish access is not possible, the Fiberglass 
pump station does not warrant further discussion. 

3.1.12 Flood Boxes within Mission 

There are four flood boxes that drain directly into the Fraser River from the District of 
Mission. They are: 
• At the south end of Commercial Street; 
• 100 m. east of Bank Street; 
• 400 m. east of Bank Street; 
• 100 m. west of Bank Street. 

All of these flood boxes drain road and storm runoff from areas that are neither 
considered fish habitat nor fish accessible, and thus do not warrant further discussion. 
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3.1.13 Internal Drainage Flood Boxes in Mission 

There is one flap-gated culvert in Mission that drains fish habitat and whose function is 
not related to a pumping station. Home Creek discharges into Windebank Creek just 
below Highway No. 7 through a culvert with a top mounted cast iron flap gate on the 
discharge end. The upper reaches of Home Creek contain resident (cutthroat) fish102

• 

However, Home Creek flows through approximately a mile of storm drain between the 
upper inhabited reaches and Windebank Creek. As it is unlikely that salmonids would 
attempt to access Home Creek through the flood box and flap gate, this flood box will not 
be considered further. 

3.2 Conclusions and Summary of Recommendations for Section 3 
The overwhelming conclusion that can be reached from Section 3 is that our 
understanding of the impacts that the ten selected flood proofing structures have on 
migrating fish is limited. Some systems have been moderately studied, yet some 
questions remain; other systems are relatively obscure and unknown and require further 
examination. At most pumping stations examined additional analysis is required before 
any significant action can be taken. Some of the additional analyses required is 
straightforward and simply requires examination of existing data. Other analyses require 
generating additional biological and hydrological data. It is clear from the research that 
the traditional high speed axial propeller pumps cause mortalities ranging from 30-70% 
on fish that are entrained in the pumps. It is not clear what percentage of the smolting 
population, on average over the years, migrates through the flood boxes and bypasses the 
pumps altogether. It is also clear that the flood proofing structures have disrupted the 
natural hydrological cycle of the low land areas and thus the ability of juveniles to access 
these areas during the Fraser River freshet. It is not clear under what flow conditions 
juveniles are unable to access these upland areas due to either gate closures, restrictions 
or velocity barriers. These and other questions require further thought and analysis. 

Several themes common to most of the pumping stations examined during this study are 
presented below: 

• All pumping stations examined operate in the same manner. The arrival of the Fraser 
River freshet in the spring forces all flap gates shut. Water levels behind the dyke rise 
and the drainage pumps automatically commence pumping water over the dyke into 
the Fraser River until gravity discharge begins in the late summer. All pumps 
examined are the axial propeller type and rotate in the range of 495-875 rpm (District 
of Mission pumps being the exception. They rotate at 1200 rpm). 

• Pump stations and flood box operation effects several different life phases, not solely 
smolting salmonids as widely believed. Juvenile salmonids that over winter in 
freshwater habitats (steelhead, coho, rainbow, cutthroat) may seek habitats 
downstream of the pumping station, and attempt to out migrate during periods when 
pumps are active and the flap gates closed. Thus the pumping station likely imparts 
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significant mortality on fresh water rearing juveniles. In addition, flood boxes may 
pose as a barrier to in-migration in the fall, either by remaining shut during low flow 
periods, or by the resulting velocity barriers during high runoff events. Flood boxes in 
this manner likely impact both adults returning to spawn and juveniles seeking 
smaller natal or non natal headwater habitats. 

• Pumping stations have a significant impact on both steelhead and anadromous 
cutthroat populations. Fish mortality rates are strongly correlated with size. Out 
migrating kelts that must pass through a pump impeller have a greater chance of 
sustaining an injury than juveniles due to their size. This is of particular concern in 
the Hatzic watershed and the Matsqui Slough watershed (both watersheds have 
known steelhead and/or anadromous cutthroat populations). The problem is likely 
acute in some other watersheds; however, there is little data to verify this concern. 

• Some "fish friendly" pumping configurations may not be as "fish friendly" as 
previously thought (Matsqui Slough and McLennan Creek pump stations). Other 
pumping stations thought to impart significant mortality rates on fish populations may 
be more benign than previously thought (Miami Creek). It is difficult to assess the 
degree of the fish I pump conflict without additional analysis. 

• A flood box flap gate that is side mounted and made of light weight material poses 
less of a barrier to in-migrating fish than a top mounted cast iron flap gate. 

• DFO has had no recent involvement in al! ten pumping stations examined other than 
to comment on pumping station modifications. 

However, many of the conclusions and recommendations made in Section 3 are specific 
to each pumping station and flood box configuration. The following is a summary of the 
action items for each of the ten stations reported on. Tables 19a and 19b are a summary 
of the all the pertinent information found in Section 3. 
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~ 

Chester Cr. 

Hatzic 
watershed 

Katzie Slough 

Lane Cr. 

Matsqui 
Slough / 
Clayburn Cr. 

1urii!!ic!iQD 

District of 
Mission 

Table l 9a: Summary of all watershed and pump station data and mitigative options for 
Chester Creek, Hatzic watershed, Katzie Slough, Lane ~reek and Matsqui Slough 
pumping stations. 

Watenhed details Facili!:r details Fish information 

Wa!rnh!:!l ~ FRAP ra!ing ~ Facility Location fuh..SJ1 Escaru;men! Smolt nQn natal Fi~h mortality 

~ ~ ~ (avg annual timing ~ known 
1949-1985) of stream 

Make 

100-049300 660 Endangered Agriculture Pump/ 6.5 km. west of co NIA Apr- Likely No tests but not known 
forest Flood box Mission on Highway June known 

7 as fish killer; 
High propeller 
speed 

ST NIA not known 

CCT NIA 
CM NIA Apr-

June 

Dewdney Area 100-058500 9,000 Upper: Agriculture Pump/ lOkm. W. of co 150 Apr- Likely yes; test done in Paramow1t 
Improvement 
District 

Pitt Meadows 

District of 
Mission 

City of 
Abbotsford 

Threatened Loggin~ Flood box Mission at Fraser R. 
Lower: 

Endangered 

100-026700. 2,715 • Endangered Agriculture Pump/ Kennedy Rd and Pitt 
02800 Urban Flood box River 

100-053200 400 Endangered Urban Pump / W 1 km. from 
Flood box Mission bridge 

100-054300 7,770 Endangered Agricultural, Pump / At N. end of Gladwin 
rural Flood box Rd. at Fraser R. 
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CM 

CCT 
RB 

CO? 

co 

CM 

CCT 
co 

CM 

PK 

CCT 

ST 

CH 

53 

1433 

1433 

NIA 

NIA 

NIA 

NIA 
178 

25 

31 

NIA 

20 

NIA 

June 1949: 48.3% 

Apr- Likely no 
June 

May Hard to No tests but 
access; known 
would if as fish killer; 
could High propeller 

soeed 

Apr- Likely Yes; two tests 
June before 

fish pump 
Apr- installed 
June 1986:47.3% 

1984:33.3% 
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Paramount 

ABS 
submersible 

ABS 
submersible 
ABS 
submersible 
ABS 
submersible.. 

not known 

not known 

Peerless 

Paramount 

ABS 
Submersibl" 
Fly gt 

Submersibl" 
YUP 705 
Fly gt 
Submersibl<: 
PL 7060 
Aqua life "Fish 
pump'" Model 
1080-P 

Pum11 details Pla nt concern! Qptions lo consider 

~ Pump Power Speed Fish b)'Jlass Operational concerns Physical plant concerns !2EQ_ Immediate Long Tenn 
~ (fill provision Involved? 

IUSGPM\ 
Propeller 7,500 50 1200 Fish salvage by Pump runs during Flood box possibly an No Conduct an analysis of whether the current Consider 
axial flow env. consultant smolting and upstreaming migration barrier practice of "trap and transport" is cost effective install ing a fi sh 

migration period in light of other fish bypass options friendly pump or 
pump bypass 

Propeller 7.500 50 1200 Fish salvage by Detennine whether the flood box is a barrier to 
system 

axial flow env. consultant upstream migration 

Propeller 48,000 350 495 No Pump runs during Pumps considered undersized No Many studies have recommended that the pump Consider 
axial flow smolting and station be upgraded to a larger facility. However, installing a fish 

migration period in recent years there has been little interest in friendly pump or 
addressing the chronic flooding problems. Before pump bypass 
DFO considers retrofitting options for the system 

Propeller 48,000 350 495 No station. those who are considered key players in 
axial flow upgrading the station should be polled to 

detennine their current interest in doing that. If 
there is no interest, DFO should consider 
retrofitting the station. 

·Propeller 23,750 112 590 No Pump runs during Little is known about operation No Conduct a detailed bioinveotory of the Unable to 
axial flow smolting and and watershed, with particular attention paid to over- comment without 

migration period timing offlood box closures. wintering rearing habitat, possible spawning sites. additional data 
and abundance of over-wintering populations. 

Propeller 23 ,750 112 590 No Conduct water quality sampling in the winter and 
· axial flow summer months. 
Propeller 23,750 112 590 No Assess the flood boxes for possibility as 
axial flow migration barriers during the winter and spring 
Propeller 23,750 112 590 No months. 
axial flow 

Propeller 7,500 50 1200 Fish salvage Pump runs during Flood box likely barrier to No Conduct an analysis of whether the current Consider 
axial flow smolting and adults and juveniles at certain practice of"trap and transport" is cost effective installing a fish 

migration period flows in light of other fish bypass options friendly pump or 
pump bypass 

Propeller 7,500 50 
system 

1200 Fish salvage 
axial flow 

Propeller 30,000 200 710 No Non fish friendly All pumps but No. 3 are not fish No Determine migration pattern of smolts so that the 
axial flow pumps still run friendly. Pump No. 3 only fish impact on smolts of running the pumps in_ the 

during smolting friendly in spring and summer current configuration can be assessed. 
Propeller 32,000 200 680 No period to handle Fish friendly pump along one Detennine timing of smolt arrival and what 
axial flow flood events. bank; smolts may migrate down triggers smolting in the system. 
Propeller 31,000 170 594 No Placement of stop middle of Slough wheo Detemine whether coho juveniles are migrating 
axial flow logs during late more than Pump # 3 with the smolts. 
Propeller 35,000 275 590 yes summer I fall results operational. See report for Conduct further analysis on the impact on rearing 
axial flow in barrier to details. juveniles of damming the slough with stop logs 

migrating fish. during irrigation period 
Propeller 15,850 120 875 No Fish fiiendly 
axial flow pumping 

arrangement has not 
1,109 not not known This is the fish been proven to work 

known pump as intended. 



Waterbody 

McLennan Cr. 

Miami Cr. 

McLean Cr. 

Mountain 
Slough 

Nathan Slough 

L 

Table 19b: Summary of all watershed and pump station data and mitigative options for 
McLennan, Mian1i and McLean Creeks, Mountain and Nathan Sloughs. 

Watershed details Facili!:J'. details 

Jurisdiction Watershed Drainage FRAP rating Land use Facility Location 
code area (ha) tvll!< 

City of 100-053600 4.360 Endangered Agricultural Pump/ Northern end of 
Abbotsford Urban Flood box Gilmore Rd. 

Village of 110-232100 1,991 Endangered Agricultural Pump/ Immediately west of 
Harrison Hot Flood box the Village; drains 
Springs into Harrison Lake 

North JOO- 960 Endangered Agricultural; Pump/ Immediately north of 
Deboville 0267076 forest Flood box the Port Coquitlam I 
Dyking District Coquitlam border on 

the Pitt River 

District of Kent 100-083600 3,100 Endangered Agricultural; Pump/ 7 km. W. of Aggasiz 
forest Flood box on N. side of Fraser 

R. 

Glen Valley 100-045200 1,440 Endangered Agricultural Pump/ At River Road on tl1e 
Dyking District Flood box Langley I Abbotsford 

boundary on the S. 
side of the Fraser R. 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

Fish information 

Fish 
Species 

co 

CM 

PK 

CCT 

CH 

co 

CCT 

not 
known; 
CH 
sampled 
once 

co 

CH 

CCT 

co 

54 

Esca11ement Smolt non natal Fish mQnality 
(avg. annual timing use known 
1949-1985) of stream 

NIA Apr- Likely Yes; before fish 
June friendly 

pump installed: 
1981 :31.5% 

NIA 

NIA 

NIA 

NIA 

32 Apr- Unsure No 
June 

NIA 

NIA not Likely if No 
known could 

gain access 

46 Apr- Likely; No but highly 
June access is suspected 

difficult 
10 

NIA 

NIA Apr- Likely No 
June 
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Make ~ 

Peerless Propeller 
axial flow 

Peerless Propeller 
axial flow 

Fly gt Propeller 
Submersible axial flow 
PL 7060 
Aqua life "Fish Hydraulic 
pump" Model drive 
1080-P 

not known Propeller 
axial flow 

Paramount Propeller 
axial flow 

( 

Peerless Propeller 
axial flow 

Fairbanks- Propeller 
Morse axial flow 

Paramount Propeller 
axial flow 

Fly gt Propeller 
submersible axial flow 

Fly gt Propeller 
submersible axial flow 

Pum11 details Pum11ini:, station I fish mii:,ration conflict. Options to consider 

Pumn max. Power Speed Fish bvnass Operational concerns Physical plant concerns DFO Immediate Long Tenn 
Capacity (fill provision Involved? 

(USG PM) 

28.200 200 710 No Non fish friendly All pumps but No. 3 are not fish No Analyse the pump cycling data as was done with 
pumps still run friendly. Pump No. 3 only fish Matsqui Slough. 
during smolting friendly in spring and summer. Conduct further analysis on the impact on rearing 
period to handle Fish friendly pump along one juveniles of damming the slough with stop logs 
flood events. bank; smolts may migrate down during irrigation period. 

28,200 200 710 No Placement of stop middle of Slough when Determine whether the flood boxes pose as a 
logs during late more than Pump # 3 velocity barrier to in-migrating juveniles. 

28,055 295 590 Yes summer I fall results operational. See report for 
in barrier to details. 
migrating fish. Flood box likely an in migration 

1,109 not This is the fish Fish friendly barrier under cenain flows. 

known pump pumping 
arrangement has not 
been proven to work 
as intended. 

Up to 75 not known No Pump runs during Pump is old; flood boxes likely DFO/MELP Conduct a full bioinventory of watershed. Additional data 
36,000 smolting and do not represent a fish barrier sit on Miami Determine present escapement, migration I required before 

migration period during non freshet periods. Creek smolting period. long term options 
committee that Analyse the pump logs in detail to determine the can be considered 

meets number of days that pumps are on during 
occasionally smolting period. 

20,000 60 not known No Pump runs during Flood boxes likely are in- No; MELP Conduct a full bioinventory of watershed. Consider 
smolting and migrating fish barrier during Water Branch, Determine present escapement, migration I installing a fish 
migration period most flows Surrey smolting period. friendly pump or 

administers Conduct an analysis on the watershed hydrology pump bypass 
station to determine flood box opening periods. system 

Collect (if possible) pump eyeing data and 
analyse. 

35,000 125 595 No Pump runs during Flood box likely barrier to in- No Examine tl1e flood box under different flow Consider 
smolting and migrating fish during winter and conditions to determine whether it constitutes a installing a fish 
migration period spring in-migration barrier. friendly pump or 

50 870 No Discuss with District and agricultural community 
the need to run the pump when the flood boxes 
are open. 
Determine pump cycling times from alternative 
sources. Use this info. to determine impact on 
smolts and migrating juveniles. 

not known 100 not known No Pump runs during No Conduct a full bioinventory of watershed. Consider 
smolting and Detennine present escapement, migration I installing a fish 
migration period smolting period. friendly pump or 

15,000 120 notknown No Collect pump data from alternative sources and 
analyse to detennine impact on salmonids. 

25 .000 150 I not known No 
175 



3.2.1 Hatzic Station 

• Of all the pump /fish migration conflicts that exist in the lower mainland, the one that 
exists at the Hatzic pumping station is likely the most pressing of all. In order to 
address this problem, it is recommended that the level of overall interest by all 
governmental and non governmental groups that have an interest in the upgrading or 
modifying of the station be determined. If there is no likelihood of the station being 
upgraded for flood relief reasons in the near future, a plan should be developed by 
DFO and others interested in fish passage issues to address the fish mortality 
problem. Reasonable options of installing fish bypass systems without upgrading the 
rest of the station may exist and yet require further analysis to be identified and 
developed. 

3.2.2 Katzie Slough Station 

• A detailed biophysical should be conducted to determine both spawning potential and 
winter rearing potential for all salmonid species. Surveys should be conducted in the 
late summer and spring months. If the surveys conducted in the late winter find 
adequate rearing water quality but no salmonids, then the flood box would be 
suspected as being an in-migration barrier. If it is determined that salmonids do over
winter in the Slough in significant numbers, then the pump station's operating 
characteristics should be examined more closely to determine whether a fish I pump 
conflict exists. If a conflict does exist, operational or physical change options may 
exist to increase safe smolt out-migration during the freshet. 

• As it is not clear whether the flood boxes act as in in-migration barrier during the fall 
and winter months, further research needs to be done on the local watershed and Pitt 
River hydrology, water levels, flood box water velocities and operational 
characteristics. Pump cycling information should also be collected and analyzed. 

3.2.3 Matsqui Slough Station 

• It is difficult to determine the degree of impact operation of the non-fish friendly 
pumps have. Certainly some smolts would be entrained in Pumps Nos. 1-4 & 6. 
Determining an entrainment figure and resulting impact is difficult when more pumps 
than Pump No. 5 is running and is dependent upon understanding: 

1. which section of the channel (thalweg or banks) in the forebay area is more 
attractive to migrating fish. If fish congregate along the right bank cwhen 
migrating then the impact may be lessened since the fish friendly pump is 
located along the right bank. If the smolts (and other migrating juveniles) 
prefer the centre of the stream where the current is faster and the non-fish 
friendly pumps are located, then the impact could be quite significant. If the 
smolts prefer the left bank, the impact could be very high as they would have 
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to swim across the entire forebay area towards the right bank to escape 
entrainment in the non-fish friendly pumps; 

2. when the smolts arrive at the pumping station and what triggers them to leave 
the system. If high flows in the creek trigger migration, then it is likely that 
entrainment in non-fish friendly pumps is high, since more of the pumps are 
operational at the same time during flood events. A detailed analysis of daily 
pumping logs would be required to determine the severity of this issue. Such 
an analysis is highly recommended; 

3. whether other fish (notably coho fry) are migrating downstream to habitat 
downstream of the pumping station. If juveniles are migrating, then the 
timing or migration time triggers should be determined and contrasted with 
the pump operation. 

These issues require further analysis before the severity of the non-fish friendly pumps 
running during migration period can be determined. 

• The use of stop logs to raise the water levels in the Slough during late summer low 
flows is another issue of concern. This issue requires further analysis, possibly even 
some sampling at the pumping station mouth when all pumps are running during the 
late summer to determine whether juveniles are attempting to migrate past the station. 
If juveniles are attempting to leave the system, this points to a need to address either 
allowing safe passage at irrigation times through the flood boxes (i.e. remove the stop 
logs and reconfigure irrigation procedures) or address the water quality (and likely 
quantity) during summer months by augmenting areas with groundwater, enhancing 
known summer rearing areas to increase holding densities, or other options. 

3.2.4 McLennan Creek Station 

• It is recommended that pumping cycling data be analyzed in order to further 
understand the impact the station has on migrating salmonids. Such an analysis would 
likely reveal that the fish friendly pumping arrangement is not as functional as 
currently believed, for the same reasons as with the Matsqui Slough pumping station 
(For a complete discussion of the fish friendly pump, see Sections 2 and 4). 

• The issue of the flood boxes may pose a pose a barrier to in-migrating juvenile 
salmonids seeking upstream natal habitats, or seeking out a non-natal rearing stream 
requires additional observation and study to determine whether in fact it is of concern 
for this station. 

• As with the Matsqui Slough station, the issue of salmonid migration being restricted 
by placement of stop logs during the late summer months requires additional thought 
and discussion. 
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3.2.5 Miami Creek Station 

• The fact that little is and the lack of biological knowledge of the watershed, and pump 
cycling information, it is difficult to assess the impact of the pump station and flood 
box operation on the salmonid population. It is reconunended that a complete 
bioinventory of the watershed that includes collection of migration timing data be 
conducted. In addition, the pumping records require further analysis to determine 
whether the severity of the impact on salmonid populations. Further study to shed 
light on these data gaps is highly reconunended. 

3.2.6 McLean Creek Station 

• It appears that without the aid of biological, hydrological or pump cycling data that 
the flood box gates are likely the most significant limiting factor to salmonid 
migration in both directions. It is reconunended that additional information be 
gathered on salmonid utilization of the watershed, the local hydrology (specifically 
water levels) and pump cycling information. Although the flap gates on the flood 
boxes were recently installed, it is highly reconunended that they be scrutinized to 
determine whether they pose a migration barrier as assumed. If the assumption is 
proven valid, the purchase and installation of side mounted gates (with provisions to 
keep Pitt River debris fromjanuning the gates open during freshet) should be 
considered. 

3.2.7 Mountain Slough Station 

• It is reconunended that the flood box be examined in more detail to determine 
whether it is an in-migration barrier to juvenile fish. 

• The issue of running the pumps during times when the flood box is opened requires 
examination and discussion with the District and the agricultural conununity. 

• Unfortunately the pumps' cycling data are not in a format that is usable for the 
purposes of this report. However, water level data may exist that would shed light on 
the operating characteristics of the pumps. It is reconunended that this and other data 
be coliected and analyzed, or other methods be utilized to determine the operating 
characteristics of the pumps. 

• While it is acknowledged (although not proven) that the p~ps kill fish, simple and 
easily implemented solutions to address this problem are not apparent. However, a 
small measure to improve the situation involves reversing the pumping sequence such 
that lower speed Pump No. 1 is the lead pump. Fish mortality may be reduced slightly 
in this manner. How this change would impact on the overall operation, costs and 
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maintenance of the pumping station is unclear and requires consultation with the 
District. 

3.2.8 Nathan Slough Station 

• A full biophysical inventory should be completed on the system during summer and 
winter months to determine natal and non-natal rearing of the system. Pump station 
operational data may be available from other sources and should be analyzed to 
determine operating times and characteristics. 

3.2.9 Chester Creek Station 

• An analysis of the relative costs and benefits of the current fish salvage practice 
versus other fish passage options should be conducted. 

• The flood box flap gate may pose a barrier to upstream migration of juveniles during 
the winter or spring months. Although the gate swings easily, a velocity barrier may 
exist during higher flows. The gate operation should be observed under different flow 
conditions when juveniles and chinook smolts are attempting to access the Creek. 

3.2.10 Lane Creek Station 

• Since the District is planning on replacing the flood boxes in the near future, the only 
concern is the pump house. If however the District decides to delay the modification 
of the flood box, it is recommended that sampling both upstream and downstream of 
the station be done later in this fall season (November or December) to determine 
firstly whether juveniles are attempting to access the Creek and secondly, their ability 
and success rate at negotiating the flood box. 

• As described in the Chester Creek section and Section 4, a further study on 
alternatives other than replacing the pump with a fish friendly pump or other pumping 
arrangement should be pursued. 
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4.0 General Opportunities For Mitigation of Fish I Pumping 
Station Conflict 

4.1 Introduction 
Based upon current literature and experience with pumping facilities on the lower Fraser 
and throughout the Pacific Northwest, it is clear that fish injury and mortality occurs to 
varying degrees at flood protection structures. Resource managers, facility operators, 
environmental consultants and drainage engineers have over the years attempted to 
address the fish I pump station conflict. A much smaller group has addressed the fish 
passage problems associated with flood boxes. Some of the findings and current 
techniques to improve fish passage through both pumping stations and flood boxes are 
discussed below. 

4.2 Improved Fish Passage Through Pumping Stations 

4.2.1 Retrofit Pumping Stations with "Fish-friendly" pumps 
Limited testing of the high speed, axial flow propeller-type pumps used at several 
facilities along the Fraser River indicates mortality rates of between 25% and 70% for 
entrained coho salmon smolts. In contrast, large screw pumps whose capacity is 
comparable to more conventional axial flow or centrifugal pumps inflict injury on less 
than 2% of the entrained fish. Variations on the centrifugal pump also hold promise of 
reducing fish mortality. Retrofitting of existing stations may be possible by replacing 
conventional propeller pumps with different designs that can meet both drainage 
pumping and fish passage requirements. Given that intake structure dimensions and 
configuration are substantially different for a vertically mounted impeller versus an 
inclined screw pump, it may be significantly more cost effective to build new facilities 
(e.g. the Archimedes screw pump installed at Erickson Creek in Surrey) rather than 
retrofit existing ones. 

On a cautionary note, discussions with engineers who have been testing the large 
Archimedes screw pumps and the screw/centrifugal pump at Red Bluff Research 
Pumping Station reveal that these special order pumps are expensive and require 
extensive engineering adaptation and maintenance. The cost of buying the screw pumps 
and building the superstructure exceeds the financial resources of most jurisdictions 
bordering the lower Fraser River. In addition, fish mortality experiments planned at Red 
Bluff Research Pumping Station for the period 1995 to present have been periodically 
hampered by mechanical failures of both pump types that have resulted in significant 
maintenance problems and expenses 103

• Anecdotal accounts suggest that the Hidrostal 
screw/centrifugal pump is especially problematic as a result of its asymmetry; the pump 
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is hard to keep balanced, drive shafts tend to break, and excessive turbulence develops in 
the impeller housing 104

. 

The design of new or retrofitted facilities featuring such "fish-friendly" pumps should 
carefully consider other components of the pumping facility and its flow stream to 
identify and minimize potential sources of passage-related fish injury. 

4.2.2 Pump Bypass Options 

In light of the fact that pump retrofitting is expensive, attempts have been made to 
improve fish passage at existing facilities through various means of fish bypass around 
the pumps. Options include the installation of bypass structures, manual fish salvage and 
transport, and changes to flood protection procedures to minimize the temporal overlap of 
fish migration and pump operation. 

4.2.2.J Bypass Structures 

Bypass structures typically involve the use of a diversion screen to keep out-migrating 
fish from entering pump intakes, diverting them instead to an alternative bypass route. In 
this manner fish are entrained in a secondary flow stream while the primary discharge is 
lifted over the dyke by way of conventional drainage pumps. Diversion screens, it should 
be noted, must be appropriately designed, installed, and maintained to successfully 
prevent fish from being entrained in pump intake flows or becoming impinged on the 
screen105

• Experimental investigations conducted by ECL Envirowest (1991) 
recommended that for fish bypass structures to be effective, their maintenance should 
include an underwater inspection of diversion screens prior to the annual freshet to ensure 
that fish are unable to be inadvertently bypass the screen through holes or gaps between 
the screen and the sump walls. 

Louvers are less widely used in flood control facilities than diversion screens but serve 
the same purpose by different means. Louvers are vertical slats set perpendicular to the 
intake current and arranged in a diagonal fence in the path of downstream migrating fish, 
such that the fish are diverted to the bypass route' 06

• While capital and operating costs are 
thought to be lower for louvers than for diversion screens, in part due to the relative ease 
with which they can be cleaned of fine debris, they may be less efficient because of the 
requirement for constant flow at the intake to make the louver system work. 

Finally, alternative technologies for fish diversion into bypass structures include both 
deterrent and attractant guidance systems including sound projectors, electric pulses, and 
strobe lights. Studies conducted by BC Hydro as reported by IRC (1996) concluded that 
further research into these technologies was required due to their limited guidance effect 
on coho smolts. 

Small fish pumps installed in tandem with a conventional drainage pump should be 
considered when safe fish passage is required. An inclined screen fitted upstream of the 
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main pump in the sump area deflects fish to the bottom of the sump as is the case at the 
Matsqui Slough and McLennan pumping stations. The intake to the fish pump is located 
at the bottom of the screen. Fish are entrained into the fish pump and safely discharged to 
the receiving waters. As described above in the discussion of pump types, fish pumps are 
typically recessed impeller-type centrifugal pumps of the kind used in the food 
processing industry. A standard Aqualife fish pump with a capacity of 0.08 ems (75 
Lisee) and diversion screen were installed at the Matsqui Slough and McLennan Pumping 
Stations in 1990 to provide safe fish passage around the facility. An assessment was 
made by ECL Envirowest (1991) of the efficiency with which the fish pump successfully 
passed hatchery coho smolts. After the tests were completed, it was determined that only 
27% of the hatchery fish placed in front of the pump were accounted for and were 
confirmed as passing through the fish pump. While the study recommended further 
assessment using an improved experimental design, it concluded that the overall 
mortality rate due to the fish pump and holding pens was 6.6%"107 It is important to 
emphasize that Envirowest was only able to confirm that the fish that passed through the 
friendly pump suffered much lower mortalities than those that would have passed through 
the propeller pump. What the study could not conclude was that thefishfriendly pump 
prevented fish from becoming entrained in the main pump. The fact that 73% of the fish 
placed in the forebay were unaccounted for after the tests were completed suggests that 
the test results are inconclusive. One of two explanations exist: the fish either escaped 
from the holding pen in front of the pump intake, or that they somehow bypassed the fish 
pump and screen altogether, and became entrained in the main pump situated behind the 
fish pump. The experiment did not test for the latter possibility, and thus it remains 
unclear as to the fate of the majority of smolts. Hence, since the fish bypass system 
employed at Matsqui Slough and McLennan Pumping Stations effectively remains 
untested, it is recommended that the original test be repeated immediately with tighter 
experimental controls and better methodology. 

As an alternative to the use of centrifugal or volute fish pumps, small Archimedes screw 
pumps that pass fish around the large propeller pumps have been used with excellent 
results. Week et al. (no date) studied the passage of juvenile steelhead, chinook, and 
coho salmon through a modified prototype Archimedes screw pump. The study is 
informative not only for its test results, but also for the information it compiles describing 
alternative pump sizes and their relative characteristics (i.e. speed, discharge, and head) 
which would be useful in preliminary investigations into applying the technology at 
different pumping stations. The screw pump evaluated in this study was 75 cm in 
diameter, 300 cm long, with three internal helical flights welded to the pump cylinder. 
The design was modified so that the leading edge of the flights tapered into the bottom 
end of the cylinder to reduce chop at the entrance to the pump, thereby minimizing the 
potential for injury to fish and also providing an appropriate hydraulic environment for 
fish uptake. The pump was operated alternately at speeds of 24 rpm and 13.75 rpm. Fish 
used in the study were of various species and sizes, including steelhead (ranging in size 
class from 1000 fish/lb. to 7.5 fish/lb.), chinook salmon (ranging in size class from 1000 
fish/lb. to 134 fish/lb.), and coho salmon (1 2.1 fi sh/lb.). At the start of testing, a gap 
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observed between the bottom of the screw and the faceplate produced 8 mortalities in the 
smaller size classes of fish. Following modification to eliminate the gap, more than 1000 
test fish were introduced to this system and none were killed during passage through the 
screw pump. There were no delayed mortalities following a 9-14 day observation period. 

In addition to the volute and screw-type fish pumps described above, an "air lift" has 
been used as an alternative fish bypass system for downstream migrating salmonids. The 
Black River Pumping Station located at the confluence of Black River and Green River in 
the Renton Valley, WA, is designed to pass migrating coho and other fish in the river 
system. Coho smolts are diverted from the main pump intakes through the use of 
diversion screens and drawn into the bypass pipes measuring 45 cm in diameter and 21 m 
in length. Vertical lift of fish is achieved through the use of a 100 h. p. rotary compressor 
that jets compressed air into the bottom of the water column, creating bubbles that 
provide the lift. Both the bypass pipe and fish ladder (for upstream migration) installed at 
the facility have automatic closure gates to prevent back flooding when the Green River 
rises. No evidence of fish mortality has been observed. Gate closure is not considered to 
represent a problem during the usual November fish in-migration as the gates are 
reportedly closed for up to only a few days at a time, and this normally occurs during 
peak flows in December108

• 

4.2.2.2 Trap And Transport 

Russell ( 1980, 1981) recommended a trapping and transport progran1 as one means of 
addressing the problem of fish mortality. A system of either fish fences, floating traps, 
beach seines, minnow traps or combination of the above was proposed for the lower 
Salmon River during the period of smolt migration, with the salvaged fish transported 
around the pumping station and flood box for release downstream. Russell (1982) 
specifically recommended against the use of beach seine nets for fish salvage following 
fry salvage trials at various pumping stations, "due to the restricted volume of water 
seined per set, the design of pump fore bay (most bays had numerous fish refuge areas 
where seines could not reach them) and the presence of rip-rap bank stabilizing in seine 
dry-up sites". Additionally, beach seining was suspected of flushing fish upstream into 
holding areas with vegetative cover, thus undermining salvage attempts. In-stream 
fences and live-traps custom-designed to the dimensions of individual pump forebay 
were recommended as the most reliable fish capture methods, with the use of live boxes 
(to be emptied daily) for collection109

• Some injury and/or mortality would be expected to 
occur as a result of fish handling. The District of Mission and the Township of Langley 
currently employ the "trap and transport" method at Chester and Lane Creeks, and 
Salmon R. pumping stations respectively. 

4.2.2.3 Modified Operating Schedule 

Russell ( 1980, 1981) recommended that the operating schedule for the Salmon River 
pumping station be modified to accommodate fish migration, by way of both delaying the 
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spring start-up of the pumps and opening the flood box gates intermittently during low 
tide. Envirocon (1986) further explored this proposal for delayed start-up of pumping 
operations on the Salmon River, indicating the possibility of raising the pump-activation 
water level datum (i.e. the sub-flood water level at which the gates are closed and the 
pumps started) without actually inundating agricultural land. Based on a comparison of 
available fisheries enumeration data and adaptations to the pumping station activation 
schedule, Envirocon (1986) demonstrated that in certain years (depending on the onset 
intensity of the freshet) a delay in pump activation of up to 3 or 4 weeks was conceivable, 
and this delayed pumping during peak migration would significantly decrease mortality. 

On the one hand, this proposed means of improved fish passage would be the easiest of 
all bypass options to implement, given that no additional installations or expenditures are 
required. However, the potential costs associated with this option include increased 
exposure to the risk of flooding, or at the very least there would be poorer drainage and 
resulting reduced agricultural productivity. Given that the schedule for flood box closure 
and pump operation is determined by way of monitoring rising water levels and 
predicting in advance their effect on the flood protection area, it is unclear how much 
flexibility there is for discretionary changes to operating procedures. During this study, 
those responsible for drainage were asked if there was flexibility in changing the set 
points on the pumps. All responded that there was no or very little additional flexibility in 
the pumps' operation. Increasing the set points at which the pumps tum on would result 
in increased flooding and lost agricultural productivity. 

4.2.3 Improved Fish Passage Through Flood Boxes 

According to one estimate there are "perhaps thousands of flap gates installed in North 
America"110

, and there appears to be wide acceptance of the belief that most of these 
gates represent a partial barrier to fish passage. Some of the flap gates examined in this 
study were top mounted and fabricated of heavy cast iron. Improved fish passage through 
some of these structures appears to be a simple matter of modifying the gate such that it 
is mounted near vertical ("side-mounted") and made of lighter weight material (see Photo 
12). The off-vertical suspension is aimed at maintaining some effective force of gravity, 
but not so much that the gate remains shut under a low head differential. Similarly, a 
gate made of aluminum, fiberglass, or plastic is thought to be more likely displaced by 
outflow and to remain open under conditions of hydraulic equilibrium (e.g. at slack tide 
on tidal systems). Eliason (1986) recommended that vertical slide gates and multiple gate 
structures be modified to include at least one side-mounted flap gate to ensure fish 
passage. However, this idea requires further study given the concern that a series of flood 
boxes witQ.only one fitted with a light-weight gate may result in a velocity barrier to in 
migrating juveniles at critical access times. 

In discussing options for improving fish passage through flap gates, Bates (1992) 
endorses the "method used in Canada" of modifying top-mounted gates so that they 
swing from the side instead. He notes that the gate hinge hardware must be modified to 
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be able to support the weight of the gate, and recommends that for optimum performance 
the gate should be rotated less than 90 degrees so that it is suspended slightly off-vertical. 

Bates (1992) supports his additional recommendation that flap gates be made oflighter 
weight materials with data in the form of hydraulic characteristics curves for flap gates 
made of cast iron vs. aluminum. Derived from a static hydraulic model, the curves depict 
the relationship of gate opening (gap in feet) to flow (cfs) for the differently weighted 
flap gates. Submergence of the gate and pressure head is also accounted for in the 
theoretical model, but velocity head is not. For any given downstream water level 
(submergence) and head differential, the aluminum gate is open more than twice as wide 
as the iron gate, while under no conditions is the iron gate open wide enough to comply 
with U.S. fish passage standards. Bates also points out that the lighter gate has a 
significantly greater flow capacity under all conditions, with the result being that gravity
feed drainage will occur more rapidly. Only one gate in a flood box system of parallel 
culverts should be made of lighter weight material, so that there is no "competition" for 
flow. The use of light-weight flap gates though can cause operational problems. 
Aluminum flap gates installed at the Salmon River pump station occasionally become 
warped and out of alignment, presumably due to debris becoming stuck in the gate as it 
closes on a rising Fraser River water level 111

• However, the Surrey Dyking District is 
experimenting with a PVC flap gate with fiberglass stiffeners and neoprene seals in the 
Nicomekl River watershed with apparent success. The gate was installed in August 1997 
on an ABS pipe and initial findings are that the gate requires less maintenance, passes 
more water and is two-thirds the cost of a traditional corrugated pipe with a cast iron flap 
gate. However, the District is hesitant to install lightweight gates on pipes 600 mm or 
larger due to the increased likelihood of large debris passing through the flood box and 
damaging the gate 11 2

• From these few findings, it appears that the choice of flap gate 
material should take into account the likelihood of damage from debris from both 
upstream and downstream sources. In addition, provisions should be made to ensure that 
large debris not come in contact with the flap gates. 

Finally, Bates (1992) describes the use of mechanical or electrically powered "gate 
operators" designed to prevent flap gate closure until rising water levels activate a 
floating switch mechanism that trips a latch. Such automatic floating gates apparently 
now are being produced under the name of Watermans Self Regulating Tide (SRT) Gates 
and are being installed in Washington State for testing in 1999. At the Y orkson and 
Salmon River pump stations, the Township of Langley chains up one of flood box gates 
from mid summer to January to allow for in-migrants to access the lower reaches of the 
watershed. The gate is closed if water levels threaten to flood low lying land. The 
Township is examining the idea of installing an automatically controlled sluice gate to 
replace the chain-up method due to the agricultural community' s concern over the lack of 
water level control 113

• 

Throughout the states of Washington and Oregon, reportedly there has been a growing 
awareness of flap gates as barriers to fish migration 1 1 ~. Flood boxes are being retrofitted 
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with lighter weight flap gates, and the trend in replacing top-mounted flap gates with 
side-mounted gates (a trend which apparently started at the initiation of DFO Pacific 
Region) is well established there. Habitat biologists in Whatcom County, WA, recently 
have been encouraging area farmers to leave manually operable flap gates open during 
the period of salmonid migration 115

• And in the Yakima basin, many flap gates installed 
by the US Army Corps of Engineers have been entirely removed because fish passage 
was deemed to be more important than back watering in the river system116

• 

Anecdotal information suggests in the Pacific Northwest there is a growing belief that 
reclamation of estuarine wetlands and aquatic habitat is more important than the 
continued integrity of drainage control systems; especially so in situations where low 
economic returns from marginal farm land protected by dykes, plus the cost of dyke 
maintenance, is weighed against the costs associated with the loss or deterioration of high 
quality fish habitat. It is important to note that this idea is highly contentious and may 
involve significant changes to traditional land use practices. However, in some 
circumstances it may prove the best alternative when compared to other options for 
addressing fish I pump facility conflicts. At the very least this concept should be 
subjected to a rigorous cost I benefit analysis to determine the best use of the land in 
question. There may be higher value in allowing low elevation areas that can be proven 
as marginally productive to be returned to active flood plain during the spring freshet. 
The cost I benefit analysis may indicate that it is cheaper to compensate land owners for 
temporary loss, conversion or sale of land rather than to install flood proofing facilities 
that cost millions of dollars to build, maintain and operate, but still cause fish migration 
and habitat degradation problems. When many of the flood proofing facilities were 
installed decades ago, environmental issues were not included in the cost I benefit 
analysis. Now that environmental issues are better understood, and somewhat 
quantifiable, the true costs of flood proofing facilities have risen and the benefits have 
dropped. Additional research and discussion of this idea is recommended to determine its 
applicability to flood proofing facilities on the lower Fraser River. 

4.3 Summary Of General Recommendations For Further Study 
Several of the ideas that were introduced in the above sections and require additional 
analysis and discussion are summarized below. 

• A more in-depth literature review of the migration patterns of the different salmonids 
may shed light on the impact that particular stations have on fish migration and 
abundance. Although this study touched on the main migration trends, there is much 
fish migratory pattern and preference- related literature that could not be reviewed 
given time constraints. Such a review may shed light more definitively some of the 
concerns or unknowns posed in this report. 

• Additional fish mortality testing of the fish friendly pump arrangement of the type 
found at the Matsqui Slough and McLennan pumping stations should be conducted as 
soon as possible, ideally before or during the smelting period in the spring. There is 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

65 Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



concern that this particular fish bypass arrangement may not be as effective as 
previously thought. The environmental consultant who conducted the initial tests 
(ECL, 1991) made some recommendations that should be considered for future fish 
mortality testing. Tighter controls and a better testing methodology are required if the 
test is to be conclusive. 

• Some intriguing alternatives to using expensive screw pumps to transport fish safely 
around dykes were mentioned in this report. Due to the overview nature and 
timeframe of this report, extensive research into some of the more promising 
technologies was not possible. The option of using compressed air to lift water (and 
juvenile fish) over obstacles is particularly appealing. It is recommended that 
additional research be conducted as to the details of such technology and of the 
applicability to flood proofing related fish passage barriers that exist in the lower · 
Fraser River. 

• There are wide-ranging opinions on the type of flap gates can meet the both drainage 
and fish passage needs. Lighter gates hold promise but there are circumstances under 
which they can cause maintenance problems. Heavier gates that appear in most cases 
more resilient and robust can cause fish migration problems. Most of the sources that 
commented on the benefits of the lighter gates were not those who have to maintain 
them. A comprehensive polling of drainage engineers and supervisors and field 
personnel would likely lead to a better understanding of the circumstances under 
which lighter gates could work, and how to modify existing gates to achieve both fish 
passage and drainage needs. 

• Some of the alternatives to pumping stations and flood control that are being pursued 
in the U.S. should be considered for the lower Fraser River. There may be 
opportunities to convert marginally productive low lands protected by dykes and 
pumping facilities to flood areas during or part of the freshet period. A cost benefit 
study could indicate whether the costs of flood proofing facility maintenance I 
installation I upgrade plus environmental costs outweigh the benefits of no or reduced 
facility maintenance I installation I upgrade with increased fish habitat productivity 
and reduced mortality. Such an analysis of the issues involved is highly 
recommended. 

• Only ten of the approximately 40 pumping stations in the lower mainland were 
examined in this report. It is very likely that the remaining stations impart mortalities 
on fish populations at a similar rate as do the stations examined in this report. Some 
stations not identified in this report may require only minor modifieation in order to 
become fish friendly. In addition, modification of a flood box to allow returning 
adults to access spawning grounds or juveniles access to prime rearing areas costs 
relatively little and is easily implemented when compared to other habitat 
management programs that are designed to increase instream habitats at considerable 
cost and administrative time. It is recommended that this initiative of examining 
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pumping stations and flood boxes in the lower mainland continue such that the 
magnitude of the problem can be identified and the worst offending pumping stations 
and flood boxes can be modified. 
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Year 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

Total 
Mean 
SD 
Range -
low 
Range-
high 

Appendix I: Escapement Information for Matsqui Slough, Mountain Slough, Miami Creek and 
the Hatzic watershed. Source: Hancock et al. 1985. 

Matsqui Slough Clayburn Creek Mountain Slough 
Col Cml Pkl St Col Cm 

65 25 
138 
200 25 

75 25 
75 
75 25 25 
75 
75 25 25 
75 25 
75 25 25 
75 25 
75 25 25 
75 25 

200 25 25 
200 25 
200 25 

75 
105 
232 
200 75 
200 0 
200 
500 50 
650 
600 20 
200 20 

25 25 
350 25 
260 25 200 25 

0 0 0 
26 0 30 25 

100 
400 27 0 0 
150 15 0 0 
194 19 

Matsqui Slough Clayburn Creek Mountain Slough 
Col Cml Pkl St Col Cm 

6220 300 250 201 230 50 
177.7 25.0 31.3 20.1 46.0 10.0 
155.2 0.0 17.7 14.2 87.1 13.7 

0 25 25 0 0 0 

650 25 75 50 200 25 
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Miami Ck Hatzic Lake Drainage 
Co Col Cml 

50 650 
0 650 

500 525 
50 575 

150 1050 
500 850 

200 125 900 
275 300 
100 500 

75 50 400 
75 225 900 
25 125 500 
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Appendix 2: Pump log data for Matsqui Slough pumping station for 1998. 

Month Pumping hours for each pump Pump Total hours for fish % non fish 
Mode friendly and non- friendly pumps on 

fish friendly pumps. 
Pum12 1 PumQ 2 Pum12 3 PumQ 4 PumQ5 Pum12 64 Mode Pum12s 1- PumQ5 

1,2 
NFF NFF NFF NFF FF NFF NFF FF 

Jan 119.4 148.1 106.1 124 35.1 9.85 Winter 507.45 35.1 
Feb 0.4 0.4 0.2 0 0 0 Winter 1 0 
Mar 0 0 0 0 0 0 Winter 0 0 
Apr5 0.1 0 0.1 0 0.08 0.04 Summer 0.24 0.08 
May 35.1 30.7 0 5.1 220.77 36.59 Summer 107.49 220.77 
Jun 0 0 0 0 262.82 0 Summer 0 262.82 
Jul2 10 23.4 -1 3 0 35.57 0 Irrigation 32.4 35.57 
Aug 10.3 7.2 0 0 227.2 38.36 Irrigation 17.5 227.2 
Sep 0 0 0 2.7 11.15 0 Irrigation 2.7 11.15 
Oct 0.1 0 0 0.1 0.14 0 Winter 0.2 0.14 
Nov 41.5 67.4 120 102.3 74.9 16.48 Winter 347.68 74.9 
Dec 11.6 69.5 80.1 63.1 32.63 0.07 Winter 224.37 32.63 
Sum 228.5 346.7 305.5 297.3 900.36 101.39 
Notes: 
1. NFF: Not fish friendly; FF: Fish friendly. 
2. Irrigation stop logs installed. 
3. Value for Pump 3, July: this negative value is due to an error in the original pump log data. However, the error is 

minor and is of no consequence. 
4. Pump 6 is thefeversible pump and pumps water from the Fraser into the Slough during "Irrigation" mode. Sum 

value includes pumping water from the Fraser into Slough. 
5. Values for April are likely associated with pump and motor maintenance. 

Source: City of Abbotford pumping records for Matsqui pump station 1998. 
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Photo 1: Hatzic Slough station: pump intakes (L), flood box (R). 

Photo 2: Hatzic Slough station: flood box (L) and pump (R) discharge. 
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Photo 3: Katzie Slough station: prnnp intakes (R), flood box entrance (L) . 

Photo 4: Katzie Slough station: pump and flood box outfall. 
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Photo 5: Matsqui Slough station: fish pump and screen located in right forebay. 

Photo 6: Matsqui Slough station: flood box outfall (R), ptm1p outfall (L). 
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Photo 7: Matsqui Slough station: entrance to flood boxes. Note hydraulic gate and slots 
for stop logs. 
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Photo 8: McLennan Creek station: fis h pump and screen in left forebay. 

Photo 9: McLe1man Creek station: pump (left) and flood box (right) outfalls . 
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Photo 10: Miami Creek ptm1ping station: old flood boxes under station. Also note the aged 
screen in front of the sump . 
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Photo 11: 

Photo 12: 

Miami Creek station: t1oocl box entnmce (R), future pump house sump (L) 

Miami Creek station: flood box outfall. Note that gates are wide open with little 
flow. 
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Photo 13: McLean Creek station : flood box entrance (L), pump house (R) . 

Photo 14: McLean Creek station: cast iron top-mounted flap gate on flood box outfall. 
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Photo 15 : 
Hammersley 
pmnp station 
on Mountain 
Slough 

Photo 16: 
baiTier. 

Hmm11ersley pump station: flood box outfall. Note hydraulic jump - possible 
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Photo 17: Nathan Slough station: older statiol1 (R), new station (L) with submersible pumps. 

Photo 18: Nathan Slough station: flood box and ptm1p outfalls. 
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Photo 19: 
freshet. 

Silverdale station (Chester Creek): walkway to facilitate fish salvage during 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

89 

Photo 20: 
Silverdale 

station (Chester 
Creek): new top 

mounted steel flap 
gate on flood box 

outfall. 

Alan R. Thomson and Associates & 
Confluence Environmental Consulting 



Photo 21: Lane Creek station: Lane creek enters through culvert in center of pie. 

Photo 22: Lane Creek station: culve1is lead to pump station behind embankment. 

Study of Flood Proofing Barriers in Lower Mainland Fish Bearing Streams -
May 1999 

90 Alnn R. Thomson and Associates & 
Confluence Environmental Consulting 



Photo 23: Lane Creek station: pump (L) and tloocl box (R) outfalls. 
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