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1 INTRODUCTION 

1.1 GOALS AND OBJECTIVES FOR THE FLOOD FREQENCY ANALYSIS 

The goal of the Flood Frequency Analysis is to provide current 20 & 200-year storm event flow rates in the Salmon and White 
Rivers for the Strathcona Regional district and the Village of Sayward. Updated estimates of flood discharges are required 
because the last assessment occurred in 1995. Since then, more data has been collected and the Salmon River diversion has 
been decommissioned. The Salmon River is now receiving all runoff from its watershed, and as such, estimated peak flows 
will understandably be greater than those calculated in past studies. The updated rates can be applied to future floodplain 
maps, hazard maps, and risk assessments should they be undertaken.  

Specific objectives and deliverables of the study included: 

1. Review of past hydrologic studies to be used as a comparison to the results of this study. 
2. Review of past reports to establish historic diversion dam peak flows 
3. Hydrologic analysis based on historic recorded data collected within the Salmon River watershed. 
4. Results of the hydrologic analysis at given locations along both the Salmon and White Rivers. 
5. Recommendations regarding potential floodplain and hazard mapping in the future 

 

2 THE STUDY AREA 
The last comprehensive floodplain study covering the Salmon and White Rivers Floodplains was completed in 1995 (BC 
Ministry of Environment, 1995)3. That study reviewed 1980 floodplain maps with the intention of updating data and providing a 
design brief as one was not included as part of the 1980 mapping project. In the 1995 study, 200-year flood extents and 
elevations for the two rivers were confirmed based on sensitivity analyses performed using hydraulic modeling software. As 
part of the 1995 study, floodplain maps were updated with current aerial imaging and topographic data. The previous study 
area, see Figure 1, covered the floodplain of the Salmon River up to 25km from the tidewaters at Kelsey Bay to above the 
confluence of Memekay River. The 200-year peak flow rates discussed in the 1995 study where compared to the resulting 
peak flow rates in this assessment. 

Subsequent draft reports from 2016 (McMillan Jacobs Associates, 2016) and 2017 (Klohn Crippen Berger Ltd., 2017) 
regarding the diversion dam rehabilitation and final decommissioning projects respectively consisted of frequency analyses of 
the watershed on the Salmon River at the diversion dam. These reports where used as references to establish peak flow rates 
at the diversion dam and as comparisons to the frequency analysis results of this assessment. 
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Figure 1: 1995 Salmon and White Rivers Floodplain Mapping Study Area 
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2.1 THE WATERSHEDS 

The Salmon River extends from the Village of Sayward from its mouth in Kelsey Bay at the Johnstone Stait for 78 km to its 
headwaters. The total drainage area of the Salmon River is 1323.6 km2, including the 366.7 km2 White River catchment area, 
which has its confluence with the Salmon River just upstream of the Salmon River Bridge on Highway 19. The Salmon River 
watershed ranges from sea level up to 1,849m at the peak of Crown Mountain which is within Strathcona Provincial Park.  

The White River flows for 45.4 km from its confluence with the Salmon River. The White River watershed topography ranges 
from about sea level up to 2,163m at Victoria Peak.  An overview of both watersheds is shown on Figure 2. 

Significant snowpack can accumulate in both the Salmon and White River watersheds at higher elevations during the winter 
months.  However, peak discharges, resulting from spring snowmelt, are generally smaller than those peak flows associated 
with heavy rainfall events, during large frontal storms from the Pacific Ocean in late fall and/or early winter. As a result, peak 
flows in the Salmon and White River system occurs most frequently between October and February when higher precipitation 
is prevalent.  

 
 

 

  
 

 

Figure 2: Salmon and White Rivers Catchment Areas 
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3 HYDROLOGIC ANALYSIS 

3.1 AVAILABLE HYDROLOGIC DATA 

There are four (4) Water Survey of Canada (WSC) hydrometric stations that are located within or the same hydrologic region 
as the Salmon and White River basins. These stations provide the flow data that is required to complete the complex 
statistical analysis to estimate peak flow rates. These stations are listed below in Table 1, and their locations are shown on 
Figure 3. 

 
               Table 1: Water Survey of Canada Hydrometric Stations used in Frequency Analysis for the Salmon River Watershed 

WSC Station ID Description Catchment Area (km2) 

08HD006 Salmon River near Sayward 1210 

08HD007 Salmon River above 
Memekay River 783 

08HD020 Salmon River Diversion 
near Campbell River 439 

08HD015 Salmon River Above 
Campbell Lake Diversion 268 
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3.2 PREVIOUS HYDROLOGIC ESTIMATES 

A previous study from February 1995 titled A Review of the Floodplain Mapping Study for the Salmon and White Rivers near 
Sayward BC presented a hydrologic assessment for the 200-year peak daily and instantaneous flow rates. The peak 
instantaneous results from the 1995 study are presented in Table 2 below. 

 

Figure 3: Water Survey of Canada Hydrometric Station Locations Considered in the Study 
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Table 2: Summary of Estimated Instantaneous Discharge from 1995 Report 

Location Catchment Area (km2) 
200-Year Return Period 

Peak Instantaneous 
Discharge (m3/s) 

White River at the 
Confluence with Salmon 

River (XS-57)* 
367 1060 

Salmon River at the 
Confluence with White 

River (XS-26)* 
849 1515 

Salmon River near 
Sayward (08HB006)** 1210 2140 

Salmon River near 
Sayward (XS-1)* 1324 2329 

  *Cross sections referenced on 1995 floodplain map (See Appendix A) 
  ** Water Survey of Canada hydrometric station 

 

3.3 2019 HYDROLOGIC ASSESSMENT 

The magnitude of the peak instantaneous design flows for the Salmon and White Rivers, for this study, have been estimated 
through a flood frequency analysis. This analysis utilizes peak flood records from hydrometric stations within the Salmon 
watershed. Due to the decommissioning of the Campbell River diversion in 2017, historic flows for the diverted water must be 
accounted for in the analysis to appropriately estimate flow rates. Based on data from BC Hydro (British Columbia Hydro and 
Power Authority, 2017) and the Water Survey of Canada (WSC), diverted peak  instantaneous discharge values were add to 
those recorded at the Salmon River above Memekay River (08HD007) and  the Salmon River near Sayward (08HD006). The 
peak diverted flow rates and their corresponding dates are outlined in Table 3 below. 

 

Table 3: Historic Peak Instantaneous Flows on the Salmon River Diversion near Campbell River (08HD020) 

Dates Peak Instantaneous Discharge 
(m3/s) 

1958- October 2010 43 

 October 2010 - 2011 15 

2011 - December 2013 0 

December 2013 – April 2014 5 

April 2014 – May 2017 15 

May 2017 - Present 0 (Decommissioned) 
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Irregularities in the data were discovered when comparing the peak instantaneous flows between station 08HD007 (Salmon 
River above Memekay River) and 08HD 015 (Salmon River above Campbell Lake Diversion). As evident in ??, upstream 
discharges were at times, significantly exceeding downstream discharge magnitudes despite there being no lakes or low 
gradient areas between the stations which could attenuate the flow and no diverted flow to Campbell Lake during such 
instances. This resulted in inconsistent results in the frequency analyses with lower than anticipated peak estimates for station 
08HD007. 

Table 4: Flow and Date Comparison Between WSC Stations 08HD007 & 08HD015 

Salmon River above Memekay River 
(08HD007) 

Salmon River above Campbell Lake 
Diversion (08HD015) Percent 

Difference Date 
Peak 

Instantaneous 
(m3/s) 

Date 
Peak 

Instantaneous 
(m3/s) 

31Oct1981 363.0 31Oct1981 239.0 34% 
25Oct1982 257.0 25Oct1982 161.0 37% 
11Feb1983 398.0 NA NA  

04Jan1984 349.0 04Jan1984 233.2 33% 
02Apr1985 126.2 19Oct1985 76.0  

10Jan1986 313.0 24Feb1986 207.0  

11Jan1987 433.0 11Jan1987 249.0 42% 
05Nov1988 306.0 05Nov1988 195.0 36% 
04Dec1989 311.0 09Nov1989 203.0  

23Nov1990 532.0 NA NA  

19Nov1991 335.0 02Feb1991 170.3  

30Jan1992 386.0 23Oct1992 274.0  

03Dec1993 437.0 03Dec1993 249.0 43% 
02Mar1994 306.0 02Mar1994 255.0 17% 
08Nov1995 484.0 08Nov1995 471.0 3% 
11Jan1996 390.0 05Apr1996 408.0  

03Nov1997 370.0 03Nov1997 263.0 29% 
23Jan1998 284.0 13Nov1998 206.0  

09Nov1999 285.0 09Nov1999 193.0 32% 
20Oct2000 183.0 20Oct2000 145.0 21% 
15Nov2001 320.0 15Nov2001 250.0 22% 
07Jan2002 310.0 12Dec2002 224.0  

18Oct2003 410.0 18Oct2003 301.0 27% 
15Nov2004 506.0 15Nov2004 410.0 19% 
24Dec2005 332.0 10Nov2005 268.0  

15Nov2006 458.0 15Nov2006 425.0 7% 
12Nov2007 431.0 12Nov2007 297.0 31% 
05Jan2008 211.9 17May2008 115.0  

16Nov2009 535.0 16Nov2009 546.0  

11Jan2010 439.0 11Jan2010 390.0 11% 
27Nov2011 482.0 27Nov2011 515.0  

04Jan2012 321.0 04Jan2012 401.0  

30Sep2013 152.0 30Sep2013 124.0 18% 
 Average 25.7% 

Grey cells represent flows on coinciding dates 
Red text represents upstream flows that exceed those downstream. 
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To deal with the inconsistency, an averaged percent difference of 25.7% between the two stations flows on coinciding dates 
was calculated and used to factor the peak recorded flows for all years at the Salmon River station above Memekay River. 
This resulted in a consistent relationship between flow magnitudes and areas within the watershed. 

To assess flood discharges in the both the Salmon and White Rivers, peak flood estimates from each WSC station within the 
basin were plotted against their respective net drainage areas. The resulting discharge-area relationships for the 20 & 200-
year return periods peak instantaneous discharges were developed using a Log Pearson III distribution which is consistent 
with previous analyses. Figures 4 and 5 show the 20 & 200-year frequency curves developed from the frequency analysis for 
each WSC hydrometric station, the best fit line for the data points, and the predicted discharges for the study areas. 
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Figure 4: 20-Year Frequency Curve for the Salmon River Watershed 
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Instantaneous peak flows for each of the drainages in the study have been estimated using the results of the flood frequency 
curve’s line of best fit equation. The equation is a power function as shown below: 

         20-Year Return Period: 𝑄𝑄20 = 5.92𝐴𝐴0.79 , in m3/s 

     200-Year Return Period: 𝑄𝑄200 = 9.78𝐴𝐴0.76, in m3/s 

    Where: A = Catchment area, in km2. 

The resulting estimated peak instantaneous flow rates are summarized in Table 5 below along with the results from the 1995 
study and the percent differences between the two. 
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Figure 5: 200-Year Frequency Curve for the Salmon River Watershed 



Strathcona Regional District 
Salmon & White Rivers Flood Frequency Analysis   

 2221-48783-0  P a g e  | 10 

Table 5: Summary of Estimated Peak Instantaneous Discharges 

Catchment Catchment 
Area (km2) 

2019 Peak Instantaneous 
Discharge (m3/s) 

1995 Peak 
Instantaneous 

Discharge 
(m3/s) 

Percent 
Difference 

Between 1995 
and 2019 200-

Year Estimates 20-Year 200-Year 200-Year 

White River at the 
confluence with Salmon 

River 
367 644 877 1060 18.8% 

Salmon River at the 
confluence with White 

River 
849 1253 1662 1515 9.3% 

Salmon River at the 
Mouth 1324 1783 2331 2329 0.1% 
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4 CONCLUSION 
The frequency analysis for the Salmon and White Rivers has provided estimated peak flow rates comparable to the results of 
previous studies, including consideration of the recent 2017 decommissioning of the Salmon River diversion dam. Current 
estimates, which account for the historically diverted flows, are within 0.1 – 18.8% of those estimated in 1995. The Salmon 
River sees high flows due in part to the watershed experiencing large magnitude rainfall events coupled with runoff from high 
elevation snowpack. The reintroduction of previously diverted flows, though not insignificant, does not appear have a 
substantial impact on the watershed in terms of peak flow rate estimates. Larger and additional available flow data sets have 
resulted in an updated discharge-area relationship which has led to different current peak flow predictions than those in 1995, 
but results are similar, as expected.  

As more hydrometric data becomes available and with ongoing climate change impacts, frequency analyses should be 
revisited to ensure predictions remain relevant and accurate. At the same time, floodplain maps should be amended with 
updated frequency results and topographic data.  
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